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NPEAHCIOBHE K YETBEPTOMY M3JAHHUKD

Aptop KHirn «Teopusi MeXaHHIMOB 0 MawpHy — Epyneei yue-
HELii, OCHOBaTeNh CODETCKON LKOALL TECPHH Malue M MEXaHH3MOE,
l'epoii Counannernyeckoro Tpyna, akapemnk Hean Heanoens Apro-
Goneeckrii (1905—1977). Ero xunra spfsercs KAGCCHUECKHM yyel-
HHEKOM, MHOIC JIET CAYMMHBLUINM COBETCKON BeCIEH TeXHHYeCKOH
wkode. Ona nepeselena HA PAA A3LIKOB M CBJa NPHEATA PO MHOPHX
3apyQesHEN TEXHNYECKNX WKONaX Kak yueOHHE W Kak PyKOBOACTPO,
Ha HOTOPOM BOCHHTHBAANCE H HOTOPOMY CNENOBANH MHOCHE NOKoJe-
HHA YICHLIX. Ho JHAMEHNE KHHI HE TCNLRKO B 3TO0M! KHHATa npeiacTag-
JsieT coficll HaYuYHHI TPaKkTaT, B KOTOPOM 3admiCHPOBAHD COCTORHNE
HaYKH O MallnHaX K KoHUY Tpertwell Yerpeptn XX Bexa.

HETEI}HH HallHCAHKER W COBCPHIEHCTEOREHIA HENIH COBNalaer no
BRpEMEHIL €O CTaHOBAEHHEM COBETCKON HAYYHON KOAH MeXamMEd
MALIHK, camel Goakwofi # aeTopHTeTHoR B Mupe. Bnepewe M. H. Apro-
Gonceckuii coctapna nocobie no KypCy TEOPHH MEXaHHAMOE M MAllHH
& 1930 r. Ha npotsmxenny nocnellytctiero AeciTneTis oH pabotan
Haj cocTapacuned yueGHuKa, NONGHpas LA HEFC HOBLIE MaTEpHATL
Ha OCHOBE HCCHeOBauyii. NPOBOJHMMEIX MM CaMBM M JADYTHMH yue-
Heimi. B 1940 r. on uspan yuweepcurerckuii nype «Teopus mexa-
HIISMCE H MalllHh», KOTOPHIi unTan & MOCKOBCKOM ynwBepcHTeTe,
a B 1945 1. — yueGHNK ATA BBICIUNX TEXHHYECKHX YHeGHBIX 3aBeic-
nui ToJ Haspannem «Kype Teopny MexannsMoR o Mallims,

B nocaepyioummx wagaupsx svoro yuelHHKa 0a PYCCKOM M WHO-
CTPaHilbIX A3LIKaX ABTOD NOCTOAHHO COBepLICHCTEOBan CroOH Kypc,
EECJISI B HErD HOBEIE Pasfentl. OTPaMalouine NoCneiHHe JoCTHKenHs
HAYKH, ¥ COKPallad MaTepuall, NoTepREWNG akTyansHocts. Tocnen-
HUit pa3 3107 y4eOnnK Oula wslan B 1975 r. npw su3ku astopa (rpene
Hapanne).

B coorsercTonm ¢ apiopekoll tpajnunedi NOCTOANHOrO 0GHORIEHIH
KYpca HaCTORLiCE, YCTBEPTOE H3NAHNE JIOTCAHEHO KPaTKHM HINoe-
HHEM HEKOTOPLIX NpoG/eM TEOPHE MEXaHHWSMOE M MAllHH, KOTOpLE
NONYYHAN 3HAYNTENBHOE PAZBHTHE B nocAe Hue JecatiaeTna. Pacuim-
PERO NpeacTaefeute O CHNAaX HHEPLUHHE B MeXaHH3MaX o JaHo KpaTKoe
H3NOMEHHe TEOPHN MawwH BnOpaunonnoro neficrensa (§ 63 rn. 13);
paccMOTpEHL! BONPOCH RHHAMHKH MEXaHHIMOD C NEPEMEHHBIMH Macs
cami {ry. 18) o pumamMuiy MEXaHHIMOE © HECKOSBRHMH CTerneHsiH



NPEOMCNOBHE a

ceoGonst (ra. 17), nonydweumx GoALWOe PacTpOCTPaHCHKE B COBpe-
MEHHOH TeXHIKE. 3TOT JoNOJHNTENLHET MaTepnan nanucan A. I1. Bec-
COHOBEIM.

Beejlenne HOBHX rocylapCTREHEHX CIAHIADTOE B MAIINHOCTPOE-
HEH, paspefoTka eanHell TEpMIHONOINN # YHRQHUNpORaHHe GyKeen-
HbIX OGO3HAYEHNHil BENHYNH B TEOPHH MEXaHWIMOB H MallnH moTpe-
ﬁOBaJ'J H npa HA }’tl HOM pEﬂHHTHPﬂBﬂHHH HaCTORLEro H3maHuA
E. H. Cxnapueers BneceHns neolXomHMBiX H3MEHEHHN B TeKCT H
pHC}fHKH, C mxpﬂ INeHHes CTung dBTODA KHUI'H H ero MEHEPH Hanoxe-
HHH MaT(’pHﬂJEE.

A. Il. Becconos, A. H. Boeosrrobos, H. H. Jlesumokud



H3 NPEOHCNOBHA K TPETBEMY H3JIAHHIO

Hacrosugifi yueGHuK N0 KYpCy TeOpHN MEXaHH3MOE H MaLllH 1eeT
cBoeft 3aflavell cOOBUNTL CTYNIBHTAM TOT MHHIMYM CBENeHNE, KOTOp i
HeoGXORUM UM LA CHAYH SK3ameHa no ofiuell yacTH kypca, BenoJ-
HEHHS KOHTPOJBHHX 38faHuil § npoexkta wam pacueTHO-TpagnyecKnx
pabor.

B ceasy ¢ teM, uTo QyHNAMEHTaALHO HIMEHHJICH OCHOBA Kypca
H MHOTHE €ro pasjesiel, OH HMEeT HOBOE Hazeanue «TeopHs mexaHus-
MOB § Mawmir, Takoe HazeaHile NpaBMJIBHO OTpasKaeT HAel0 yYel-
HHKa, o0Lennnsiouero HIJIoKeHne He TonLKO TEOPHIE MEXaHH3MOR,
HO H OCHOB COBPemMEeHHOR TeopHH MalumH.

Bynyus orpaHmien o0meMOM KHHFH, aBTop HE BKJIOUNA B Hee
HCTOpPHYECKHE M JureparypHo-Gnbanorpadmueckne of3opu, a takme
NOAPOGHBIE INTEPATYPHEE cCkil. OTMETHM TOSBKO, STO H3JOMEHHE
BCEro MmaTepHana CRefyeT YCTaHOEHEIIAMCH TpaZHMUHAM COBETCRob
WEONE, H BCE OCHOBHHE Pa3lieni! KYpPCa H3JOKEHL HJH HE OCHOBE
JAUHLX paspaboTok asropa, nan pa3paGoTOR ero yMEHNKOE 1t KodJer
o OpenoiaiaHyg.

[pu nanoxenny HEKOTOPHX HOBHX pa3liencs Kypca aBTopy OKa-
SallH HENOCPENCTEEHHYI0 TNOMOUEL, NPEIOCTABHE B €ro PacnopiikeHse
HeofiXonnMee mateprann, ero yuennkn Q. H. Jlesntckan, A. T, Opa-
kunoe, JI. 5. Haenwcrwil, 3a 4ro o npunockt uM crowo rayfoKyio
Gnaropaprocts. CooTBETCTEYHNIHE CCRLIKH YHTATENL HallleT B TeKCTe,

ABTOp BLIpaaeT NpHaHaTeNbHOCTE Takme PALY KOJNEr, npH-
HABLUNX y€acTHe B mnpocmorpe pyxonucH. Ocofyio GnarofapHocts
aptop enipaxaer H. H. Jlesurckomy, B. A. 3unossesy, 5. B. Snean-
wreitny, H. B. Cnepanckomy u Bcem unenam xadenpel MockoBckoro
oprena Jlennna aswaunornoro MuctHTyTa MM. C. OpIIKOHHKHuSE,
OKa3aBlinM GOABLIYIO NOMOLE AETOPY CEONMH COBETAMH.

Aprop Gaarogapit Takme unTaTenef, CTYZEHTOB, Npenofapatenedi
W HHMEHEPOB 8a MHOrCUNC/EHHLIE KPHTHYECKHE SameuaHds, noJy-
SCHHBIE HM NOCJe BRIMYCKa B 1967 rony xypea «Teopun meXanuamoes.

H. H. Apmobosescrud



BBEJEHHE

§ 1. MexanHKa MammuH W €€ OCHOBHLIE pasuenst

I". Pa3suTne cOBpeMeHHOH HaykH # TEXHHKI HEPa3PHEHO CEA3aHO
C Co3lalneM HOBHIX MalllHH, NOBRLIAWMIHX NPOH3BONHTENIEHOCTE H
ofinerdatiluy Tpys mofedl, a Takme ofecnednBalinuX CPENCTBA He-
CRENOBaHNA 3aKOHOB NMPHPOAEL W MKISHH YelioBeKa.

quJl'.':ICI COENAHHA MallHHE HEBJIACTCH YBCAHYEHUE NPOH3BOIHTE =
HoctH ¥ ofnerdenns (QHaHYeCKOTo TPYZAa YeNOBeKa MNYTEM 3aMeHM
YenoBeKa MallHHOHE. B HEKOTODLIX CAYYaAX MallliHa MOWET 3aMeHATh
YEAOBEKA HE TOJBKO B ero GH3HYeCKOM, HO B B YMCTEEHHOM TpyJe.
TEK, HaNpHMED, CHETRHO-peIlalRiiHe MalllMHEl 3aMEHAKT Ye0BEKa HIH
NOMOraioT eMy B NPOBCIEHHN HEOOXOUMMLIX MATEMaTHHECKHX Onepa-
unit, npdopuanorine Maninin o6paGaTBaoT GONLLIOE KOJHYECTEO
BaMUMEHHEX B HHX YEN0BEKOM CBelleHnil i fLaior emy TpefiyeMylo HH-
Gopsanro » T. 8. CosfaHHLE YENOREKOM MalUHHE MOTYT ynpab-
JIATL NPON3BCACTEEHHLIME 1 APYTHMI NpOleccaMy NG ONpeneieHHEM,
3apalee COCTABMEHHEIM mpolpaMMaM H B HEKOTOPHIX CAY4YasX aBTo-
MaTRYeckn ofeCneunBaTh NpoUecchl C ONTHMAaIbBHEIMAH pPE3yYIBETATAMH.

Harowen, Mawnnw MOTYT B HEKOTOPHX CAYYanX 3aMEHATE OTOENE-
HHE OpratHel 49eflCBeKs, Takne, HAaNMpHMED, HaK KOHeYHCCTH {HE-
XaHH3ML MAHHNYARTOPOB, NPOTE3H), Ceplue (HCKYCCTBEHHOE cepile)
T, A

Taxnm o6pasom, NOHATHEM MALINHE OXBaThiBaeTCH GOMBILOE YHCAO
CaMEIX pasfindHLX OOBEKTOR, NPHMEHAEMEX YENOBEKOM AR CBOMX
TpyAoBux W (manoncruvecknx yHxumil.

INoHaThe emammbas MOMer GLTE B OGOBIMEHHOM EHIE BEpaseno
Chenywiwny ofpasoM: MawUHa ecme Yempolicmeo, cos0asaemoe weno-
BEKOM OAR USYNEHUA U HENOABIOBAHLUA SAKOHOE NPUPODLL C HeAbIO obaee-
YEHURA UILNECKO20 1 YMCMEEHHOZ0 MPYda, YEeAUNEHUR €20 N pou3ecot-
MEABHOCKTIU 1 00ACSNEHNUA NYITEM YACMUNHOT UAN ROAHOM SQMEHE HEAD-
6ERa 8 e20 mpydoetix U USHOACZUNCCRUX YHKGUARX.

B Gonee kparkoft gopme noHATHE emalunnay MOMKET GLITL TAKME
Onperenero cnepyowsm o6pasoM: MAWIUNG €CTHE YCIMPOIICMBo, 6mon-
Hilouee mexanuueckue deunceHtn 0an npeobpas0sanin SHEP2ULL, NAMmE-
PUaaos u ungopmayuu € yeasx samensi 1Al obaeeuenin hususeckoe
U Ymemsennozo mpyda wenneexa.
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2. C TouKy 3penHs BHNONHAEMLIX maumuamy GyRRuuil MallmiL
MUMHO pasfiefiNTe Ha CJAeOYHLlle KJACCH:

a) SHEepreTHYECKHE MalllHaLL,

6) paboune MallHHL,

B) nndopMalHOHHLIE MalLHHLL,

r) KHGEPHETHUECKHE MALIHHEL.

Fuepeemuseckoll MauuHol Ha3LBaETCA Mallina, NPeNHAsHaYeHHas
ansi npeofpasoBaius Ji0GOIo BHAS IHEPriH B MEXAHHUECKYIO (1 Ha-
obopot). B nepBom cnyyae olla HOCHT HA3BAHWE Mauuliie-Opueamenn,
BC BTOPOM CJAYYAE — MAUILH-2CHEDOMON.

Pabowed mauwnofi HaskBaeTcR MalllHa, NpefHaziaveHHan JA
npeclpasoeanus Matepuanos. PaGoune MalmHE NOAPa3LeNAOTCH Ha
TPaHCNODPTHHE B TEXHOAOCHUECKHE Mallliii

Tparcnopmaof sauusod HasuiBaeTcs pufodas Mallkida, B KoTopoil
npeolpasoBague MaTepyala COCTONT TONBKC B H3MEHEHHH MONOIKEHHS
OCHOEHUTD NEPEMELlAEMOre OfBeKTA.

Texnonozuveckol maiitinod HaswBaeTen paloyan mMamnBa, B KOTo-
poit npenfpascBailie MaTepHala COCTOHT B naveHenud dopmul, cBoli-
CTBa H COCTOAHHA MaTepHalia wan ofpaGathiBaemorc obbexTa.

Hugopaayuonrol sauittnoll Ha3ulBaeTes Malliia 078 NOAYYCHISA
U npecfpazceannn wudopmanny. Mndopmannonnme Malmuel nog-
PasfenAlTCA Ha HOHTPOALHO-YOPABAAKILINE H MATEMATHYECKHE Ma-
LU HEL,

Koumpoasso-gn poeasioiyeld sicnuunioll HasLIBaeTCH MallWHa, KOTO-
pasi npeclpasyer NoNy4YaeMyl KOHTPONLHO-HAIMEPHTENbHYW HHOp-
MatlHI ¢ LebIo YNpaBnennna steprerpueckoll uin patoueil Malunmans,

Mamesamuuecrod maunod Ha3HBRETCR MalllHa, KOTopas npe-
ofipasyer HuOpMalno, NOJAYYaEMYID B BHIAE PasiHYHHEX MaTEMa-
THYECKHX O0pa30B, 3aflaHHuX B GOPME OTLEMLHLIX YHCER WY airo-
pPHTMOE.

Kubepremumeckofl maminnoll HasKBaeTes MallliHa, SaMEHAIONAF
IV HMHTHDYIWEA pasfiidlbe MeXadiuecine, GH3HOMOrHYCCK e 11K
GuonornyeckHe NPOLECCH, NPHCYLUHE HeJNOBEKY H KHBON NpHpONe,
1 obMaNAAR SJAEMENTAMH HCKYCCTBEMHONG GHTEAJEKTA.

INpoueccs npeoipazoBanus SHEPrHH, MaTtepHanoB H nugopuanun,
FLINCAHAEMEE MaWHHOA, B HEKOTOPLIX cliy4ank nponcxoast fes Heno-
CPeACTBEHHOIO YYacTHA YeloBeKa. Takie MalliHe NOJIYYHIH Hadbalie
Aaup-asmenames. MallnHE-2BTOMATI! HCRIIONAIT Y9acTHE Yedo-
BeKa B BHINCJAHEHHH CaMOro TeéAHOMOrHYECKOro Npouecca, HO OOEMHO
TpefvIOT NPHCYTCTBIS TAK Ha3hBAEMLIY onepomopod, T. e. Joned,
clelAny 3a paboToll MalUNH-aBTOMATOR, ONPEEARKILEE NporpasMMy
nx paboTH B KOPPEKTHPYIOILHY B HeoDXOAMMLIX CJOydasx paboTy
MEXBHHIMOB B CneudadbHEX YCTPOHCTE aBTOMATIKH,

Mpumepamy 3HepreTHYeCKHX Mallnl ADJAKTCA SJEKTPHYECKHE
ABHrateny, ABHTaTeN BHYTPEHHero cropalus, TypOHHL H T. I
K fpatcnoprHuiM MalliHaM OTHOCATCA JIOKOMOTHERL, TYpOoBO3bY
apToMOOUNH, TPAKTOPH, JANQPTE, TpaHCMOPTEPLL
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Muorcofipased Kilace TeXHONOTHYeCKHX MammH, K HHM npunanie-
WaT CTAHKH, TEKCTHABHEE MallHHLIL, MAaHHb, HCHOJALAYEMEIE B CEMb-
CKOM XO3AICTBE, MeTalNyprHYecKHe, NOAHrpagHyYecKiie, NHUEBLE
H LpyTrHe MallBHEL.

B cEfsH ¢ NOBHILEHHEM NPOH3BOARTENLHOCTH MallHM ¥ cKOpocTef
ABHKEHNA OTAENLHLIX WX OPTaHOB, @ TaKiKe B CEASH C TpefOBaHHAME
K BLICOKOMY KaduecTBY H3Jlesinil YeNIOBeK CTall HCOETHBATE HENpecao-
JMMLIE 3aTPYAHEHIIH B YOp&eRAciTHH MELlHHaMH, KOHTpOSE TEXHONOMH=
YeCcKHX npouecmu_ BEINOMHAEME X MallHHAMHE, H3MEDEHHH OTAeNEHEIX
NapaMeTpoB BHINyCKaemoll nponykusd ® T. A. B npexunx, Gonee
NPEMITHBHLIX MallHaX peakuns Yenopexa Obna poOCTaTodHOl AN
TOTO, YTo6L HIMEHHTE PEHHM JABMMKERHA H paloThl MallnHLEl, ECNH 3TH
peiME H pafoTa OTKJCHAIMCE OT HOpMafbHuX. Tenepk, Korza
NPOACAMHTENLHOCTE MHOTHX paCouHX NMPOLECCOB HAMEPAETCS BECHMA
MaALIMH AOJAAMH BpEMEHH, KOrZa MHOrHEe NpouecCsl ABNAKTCA HEnpe-
pLIBHEINM, QHIHOJOTHSA YENUBEKa NHMHTHPYET €rC HENOCPERCTBEHHYIO
peakUMio Ha OTKACHeHHe pafioyerc npouecca OT HUPMaALHOro Io-
ITOMY HeNOBEK CTaN COaflaBaTh HCKYCCTEEHHEE CPEXCTBa YNPABNEHHA,
KOHTPOA M HamepeHusi. TakuMH CpeacTBaMi, XOPOIIO H3BECTHLIMH
B TEXHHWKE, ABMAKTCH PailHUHEEC PETYJATOPH MW CHCTEME ABTOMATH-
YeCKONO peryinpoBaHHA pabounx npoueccoB, NpnGOpH KOHTPOJAS H
HAMEpEHIA NapaMeTpUB 3THX OpOueccoB W T. A B mexcropex cny-
yamX CTado uedecoofpasHbM CO3MaHHE cnenHalLHLX MalliH &If
YnpaBleHa npoleccaMil H HX KOHTPOJAA. Tak, HanpuMep, AR aBTO-
MaTH3alin KOHTpOAR pasMepob NOpIMHERHX KOAer, NafbIcE, LiapH-
KOE A WAPHKOMOAMHIEHKCE H MHOTHX JApyrnxX ofLeKkTop cTanu
COBHABATECA KOHTPOALAC-H3MEPHTENLHEIE MallliHi, KOTOpLE npo-
H3BOART HE TONLKO OGMEp Neranell, HO H WX COPTHPOBKY N0 pasMepaM
H ppyriM TnokasatenfiM. B coepeMeHHLIE aBTOMATHYECKNe JHHHH
BCTPaHERIOTCA PA3AHYHEE KONTPOJLHO-HAMEPHTEABHHE MallHHE H
npropsl, KOTOpLIE He TOILKG KOHTPOAHPYIOT Npouecc, HO W ynpas-
JIAKT HM, CHFHAIH3HDPYA H aBTOMaTHYECKH KDPPEKﬂfp}fH ITOT Opd-
Hecc B mpoiecce pabOTH ABTOMaTHHYECKHX JMHHI M cucreM. Takue
MALIHHE  Ha3LBIOTCH  KOHMPOABHO-YI DOSARIOLYILAL .

IInpokoe passuTHE KaK ANA YNpaBJeHHs H KOHTPOJAsS Hal Npouec-
CAMH, TaK H N9 3aMeHE YMCTBEHNOTO TPYAA YeNOEeKa NONYURIH J02k=
HECKUE MapitiHe. K STHM MalWHHaM OTHOCATCA CYUETHO-Pelalomye Ma-
IHHE, MalHHE, MOASJNPYIOmHE PasiHIHEE NPONECcC, HHpopMalH-
OHHEIE MALINHLL H Ap-

PacnpoctpalelHuM B HACTOALLEE BPEMA KACCOM MalllH ABAAIOTCA
Hﬂﬁﬂpﬂﬂmumi{lﬂ? MOLILHE. 3rH MallHHE COCCOGHM 2aMEHATE HEKOTO-
PHe ¢usnonoruueckue ¢yukupn genceera. Tlpuuepami Taksx MalliH
ABARKOTCH MallWHE!, ONO3HAIOUHE TOT HAH HHOH O6pa3, HanpHuep
OYKELI, H, cAefoBaTeNLHO, CNOCOOHEE Kak O YHTaTh; MalllHHH, BOC-
Nponapoisupe YENOBEYECKYD pedb N0 SafaHHLIM  AKYCTHUECKHM
CNEKTPaM; MalHHK, BHTOAHAIOUIHE pa3finyHLIE ABIMKEHHA MO YCTHOH
KOMaHe YyeloBeKa; MalliHe!, 3aMeHsollHe OTLeMEHEE Opradbl Yeso-
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BEKa (cepaue, NOMKH, KOHEYHOCTH M T. .} B YCIOBHAX MeLHIHHCKO,
ONepatuoHHeil HaK OHONOrHYecKOR HCCHENOBSTEALCKON NPaKTHER
HIH B CAYYaARN, CEAZAHHBIX C OpraHHYeCKHMH Hapy eHAMHA HOPMANEL-
Holl §msHonoran wencbeKa.

B nocnentne rojis CTalM cO3JaBaThCA KHOGEPHETHYECKHE MalllHHLI,
BLITOMHAICHLHE Tpﬂﬁ}'EMhrE MERAHHYECKHE IBHHEHHA C NOMOMmLMH COOT-
BCTCTBYIOUHX CHCTEM YOPaBNeHHA, B KOTOpLN ucnodssyiorces IBM,
GHOTOKH, CTENHanbHLE YNPaEIFIoUHe NPHBOOE W Y. . 0 — aBTo-
onepatopid, poboTLL. MaHHNYNATOPH, Walalouipe, nofsamomue W opy-
rie MalHHH. OTIHYHTENEHON HX OCOGEHHOCTHIO $IBNAETCH TC, YTO
paﬂmme Cprafi STHX MalllHHE BRINOAHAKT MeXaHHYeCKHe ABHMKeHHn,
cecficToeHHEE opraiaM 4YenoBeKa WM musothux. Hanpuwep, poGor
HMeeT Kak 6Ll «pyKy», BRINCGAHAKALYID 3afaHHLIE TEXHOAOTHYECKHE
onepauun. Hlarawinas MalinHa HMEET ¢HOTH® 1] B KAKON-TO Mepe Hui-
THPYET ABEIHENRA, CEOHCTEEHHLIE MHEBOTHEM HAK Haceromum. Tlonza-
HAILHE MaliiHel CRORMH SJIEMEHTAMI HAanOMHHART FyCceHHNY HJAR 3Me
H T. 1 Ho rnaeHEM B KuGepHeTHYECKHX MallmHaX SBANETCH HX
€OUYBCTBJEHIIED, T. €, OCHALWEHHE STHX MALLUWH H{!I':}?{'CTBEHHHM CCA3a-
HHEM C NOMOIELID COUTBETCTBYHALNX RaTUHKOB, HCKYCCTBEHHEIM 3pe-
HHEM C NOMOLLIO TENeBH3NOHHMX yorpoiicrs ¥ T. 1. C noMmomen
CNeuHalEHEX yNpasAsiomuX Maing podoTH, MaHuNYJSTOpH, Wars-
HHE B IpYTHE MalliHE OCHAaTen Kak fu «HICKYCCTBEHHLIM HHTE-
JIEKTOM?, T. €. N0 3aNCKEHHON B CHCTEMY ynpaBjeHUs NporpaMse
MOTYT BLINOAHATE TEXHOJIOTHYECK HE CnepapHy Toro wan le}’mm EHOA
B 34BHCHMOCTH OT CHTYALMH, HaNpuMep npn copre Kaknx-anbo ysioe
BLIGHpaTE Tpefyembie fletalin, pasiidas HX no GoOpMe, LBETY, reo-
METPIYECKHM napamerpaMd i 7. 1., NepeMemaTecsd no PaSNHYHEIM NO-
BEPXHOCTAM, COXONA TMPENSNTCTEHA Ha CDOEM NYTH HAN Nepellarieasn
uepes HHX, H T. A

&, C pasenTieM COBPEMEHHOI aYKH i TEXHHKN BCe LWHPe HCMOMb-
SYKTCH CHCTEMHL MalUpH aBromarnueckoro Aefictens. COROKYNHOCTE
MAINH-aBTOMATOB, COEAHHEHHLX Mexxny cololl w npeaHasHayeHHLIX
ANf BHNC/HEHHN CNPEAENEHRONC TEXHOAOTHYECKOTD npouecca, Hasbl-
BaeTCH asmosantueonoll  Alnted.

Pazpurnie CHCTEML! MallHH ABAAITCA KOMNJeRCOM MallnH pasfins-
HLIA KJAaccoB. Tak, HanpuMep, COBPEMEHHHE POTOPHLIE M JPYrue
AETOMaTHYECKHE JHHNN ABAAITCH KOMIJEKCOM, B KOTOpLI &xodam
SHEPreTHYeCKHE MallHHbl B BRAE SJNEKTPUNPHBONOE, TPaHCNopTHHE
MawmHe AR nepeMellerna obpabaTuBaeMoro o6peKTa B Brife poTopoB
HSTH TpaHCNOPTEPOE, TEXHONOMIYECKHE MalllWHE, HaMEHAOUIHE ¢OPM}F.
COCTAB HAN CTPYXTYPY OfipaliaThBaemoro ofneKTa, KOHTPONENO-YNpPa-
BAROLME MalUHHL, KOHTPOJNPYIOLINE KauecTBO H PasMephl NOmyyae-
MEIX NSNCNHIT 1 PETYANpYEIIHE pexuM NBHMKEHHA AsHrateledl n pa-
Bounx OpraHoB, H, HaKOHEL, JOrHYecKHe MallniHb, Npox3B0QALIHE
NOACYET KONMHYECTRa BLINYCKacmoll npofykukn. B HeKoTOpux passu-
THX MalMHHHX yeTpoficTRaX (YHELNH KOHTPONA W ynpaesiesus,
a8 Talie NUrHYecKHe QIyHKUHA MOTYT BHUIOJHATLCA HE CHeUHAMBHBEIMH
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MallllHaMy, a COOTRETCTEY HAILHMH I'[IJHEEPHMH 1 CHCTEMAaMH, OpTaHKYe-
cKN BXOAALHMH B COCTEE MawHHHOrO yerpoiictBa., Tak, Hanpivep,
aBTOMaT AR mapdoBanus Hagennii © NoMOUBID WAHGUBANLLOTO
Kpyra, npeictaEnarciipil colol TEXHOMOTHYECKYHD Malmiy, Hmeer
B CEGEM COCTABE SJEKTPONPHBOM, SBARICLMIICS SHEPrETHYECKod Ma-
MHHOH, ¥ YOpaEIaiilee YCTpoilcTeO, aBTOMATHYECKH KOMOEHCHDYIO-
uee usHoC DURGOBANEHOTC Kpyra. @pesepHuil CTaHOR-aBIOMAT,
an.ﬂC’mnmuﬂumﬂ cof0H TEXHOMOCHYECKY K0 MAallEHY. HMEET B CBOCM
COCTEBE 3JEKTPOAPHBOM, T. €. SHEPreTHYECKYIo MaWHHY, CHCTEMY
NpPOrpaMMHONG yOpapneHus, ABASIOUYIOCH YNPARNAIOUHEM yCTpOk-
CTROM, CHCTEMY HOHTPOAR TOMHOCTH HAMOTOBAEHKA HITEAHH H, Ha-
Konet, cncreMy nepepalorku nipopManni B BHOE CHETHO- PEINEILETD
yeTpoitcTBa, KoppexTHpylomero npouece. Hlawe npocTefline Malni-
HEE YCTpOficTBa, Kak, HanpuMmep, NapoBaf MelllHa, HMET CHCTCMY
ABTOMATHYECKOND peryanpeEaHns H yNpabieHHR B BHJE, HanpuvEpR,
HeHTpOGEIMHOIO pEryaaTopa.

PasenToe MallnHHCOE yeTpolicTBO, COCTOSILEE N3 ABHTaTeNd. nepe-
PATOMHLIX MEXaHH3MOB B pafodefi MalHHLI H B HEKOTOPRX ChAyYaaX
KONTPOJNLRO-YOPEBNSIUINK M CYETHO-PEIlAIOHX  YCTPOficTE, Halk-
BAETCH MOIMUHHBIM QEPEEAIMIOHN.

4. Tlpw coagaHniy MAlURHL 9€/0BEX NONbBYETCH BCEMH JOCTHHE-
HHAMH MaTEMaATHEH, MeXaHNKH, ¢}H3HHH. XHMHH, SJEeKTPOTCXHHKM H
SNEKTPOHHKH. Matimuu Moryt paforaTe o OCYWECTEAATE TpefyemMLie
ABEAMEHHA CBOHX DPI‘HHBE C NoOMOLEBED yc‘rpﬂﬁc'rﬂ. B CCHOBE KDTG]}!:IK
JMEIHAT pasfiuuHEe OpHHIKIH BEOCNDON3EENEHHA IBHKEHHA, TPOH3BOM-
cTEa paboThi W npecGpazoBaina sHeprin. Coppemetnbe Hanfioaee pas-
BHTHE H COBEpLIEHHEIE MallRHb OOLMHO HpefcTapiaiT cofol COBO-
KYNHOCTE MHOTHX YCTPOHCTE, B GCHOBY paboTe HOTOPHX NOJ0Me-
HEl MPHHUHNOE @ MEXEHHEH, 'PE'!T-I'I’OQJIIEHKH, SMNEKTPOTEXENKH H 3JEKT-
POHEKH.

Hayka, nayuamiiaa Mamniie, B OCHOBY palOoTH HOTOpLIX NOJAC-
WEHE NPHHUMNLL MeXaHRKH C TOMKY SPEHRA HCCAENOBAHHA 3aKCOHOB
BBIDKEHHA CTEEeRLHHY YCTpPoHceTs W MelicTBYIOMIHX Ha HMX CHA, HOCOT
HasBaHHE «MEXAHLKN ML,

5°. CucreMa Tesi, npellHasHaueHian AA NpeolpascoBalua ARIKE-
HIIF OJIHOPO WJIH HECKOJBKHX Tes B TpefiyeMue IBIHEHHR APYTEX Te/,
HasLIBaeTCH MexaHuamosm. MexanuaMul, BXOAALINE B COCTAE MalliHbL,
BeChMa pastoofpasHul. ONHE I3 HHX NpefcTaBARKT cofolo coueTalnd
TONE KO TBEDILIX TEA. .I],p:-,rrne HMEKT B CBOEM OCHOBHOM COCTaBE TH-
ApaBNHYecKHEe, NHeBMaTHYECKHE Tella IJTH SNeKTpHIeCKHE, MarllHTHEE
H Apyrie yerpoictBa. COOTBETCTRENHO TAKHE MEXAHHIME! HasLIBaloTes
eudpagaueck My, HHesMamMusECKiimu, arexmpuscertimd 1 7. 1. C Touks
BPEHHA WX (PYHKUNOHAJTLHOTO Ha3HAUEHINA MENAHH3MH  MallHHbl
COLINHG ZenATes Ha CAeLyHAlLHe BHJIEL

a) MexaHmaMu OBnratefieil M npecGpasoBateneil,

6) nepejaTouHLie MEXaHM3IMLL

B} HCROJHHTENLHBE MEXaHH3MEL,
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I) MexaHdaME YNpabJeHHs, KOHTPONA H PeryaHposaHus,

A} Mexamru3Mbl NOLAYH, TPAHCIOPTHPOEKY, NHTAHHST H COPTHPOBKI
ofpafaTmBaembIX cpell u OOLEKTUB,

€) MeXaHH3MEl aBTOMATHYECKOro CYeTa, B3BEWHBAHKS H YNAKOBKI
roroBofi nNpoAyKUHH,

Mexapuzsan deuzamescti GCYIMECTBARKT npecpasobalue pazany-
HHIX BHAOB SHEPTHH B MexamMeckyio pabory. Mexanuzmwm npeobpaso-
gameact (zerepamopos) OCYILECTENRAIOT NpeclpeactaHie MexallHiecKol
pabotu B Apyrie bpfk sheprin. K Mexannamasm neurarvenedl otHoCATCR
MEXAHMIMEL AEBHratenell BHYTpPEHHEro cropaHHf, NAPOBHX MallHH,
anexTponenrateneil, Typbun m ap. K wmexanwsMam npeofpazopa-
TEAeH OTHOCATCA MEXaHH3IME HACOCOB, KOMIPECCOpOB, FHAPONpPHEC-
JoB H Ap.

Hepedamousibie mexanusmo (npused) nuetor ceoefl sagavell nepenauy
AEHMKEHHA OT ABWTATENA K TEXHONOFHYECKOH MawHHe HAH HCNoJHH-
TENALHEM Mexahusmas. Tak Kak Ban ABHraress obuuno umeer Gonee
DHICOKYI0 4ACTOTY EpameHnf, 4eM OCNOBHON BAal TexHOMorivueckoi
MallMHE, 3ajauefl MEpPeNaTOuYHEIX MEXAHHIMOE ARBNAETCA YMeHbilie-
HHE MACTOTHl BpalleHusl Basa ABHratesis 10 YPOBHA HacTOThl Bpa-
IMeHlA  OCHOBHOTC BaAA TEXHOMOrHMECKOH MatlHHEL

HenostumenbHeuiu  MEXQHUSNAMU  HASLIBAIOTCA T€ MeXaHH3MbI,
KOTOpbIE HEMOCPEACTEEHHO CoameficTEYOT Ha ofpaaTeibacMyio cpeny
#nn obeexT. B WX 3apady BXOAHT H3MeHeHHe (OPME, COCTORHHSA,
noJdokenHs H ceoiictn ofpaGatmeaeMux cpent uad obwexta. K me-
NOMMHTENBHEIM MEXAHHIMAM, HANpHMEp, OTHOCATCA MEXAHHSMEI npec-
coB, aedopuupymwuy obpaaTHEaeMbll 00BEKT, MEXaHHIME! IPOXOTOR
O 3HEPro3epHOOYHCTHTEILHBIX MalHHaX, palfleTAiolHx CpeLy, Co-
CTOALLYIO H3 3€pHA H COMOME, MEXaHHIMK MeTaMN000pataTLIDAKIHE
CTAHKOB, H3MeHAwiHe GopMy 3aroTOBKH CHATHEM CTPYMKH [0 TOH
ipopru, Koropan TpeGyercs mo TEXHOMOMHYECKHM YCAOBMAM, Mexa-
HH3ME! MPOKATA CAHTKOB B OMIOMIHTAX H T. I ;

Mexanusyasu ynpassenus, KOHMPOAR U PESYALPOCAHUR Ha3b
BAIOTCH PasiHyHEE MEXAHHAME ¥ YCTpoficTEa A KOHTPOAS pasmepos
ofpabathipaeMux OOREKTOE, NANPHMEP MEXAHHYECKHE WYOH, CJe-
nyiomne 3a gpescit, ofpabarnipatonell KpHBORHHENHYI NOBEPXHOCTE,
H CHPHAJAH3upYiotiiHe 06 oTKAoHeHHH (pear oT 3aaHH0l TporpaMMu
ofpaCoTKH; perynsTopel, pEarHpywllie Ha OTKMONEHHE YTJIOBOH
CHOpPOCTH TJIABHONO BAJA MalluHBl B yeTaHABAHBAIOWHE HOPMANLHYIO
3ajaHHyK YIJIOEYIO CKOPOCTE 3TOr0 BANE, MEXAHHIM, PeryfHpYouHA
NOCTCANCTEC PACCTOSIHHA MENNY BANKAMW NPOKATHOrO CTaHa M T. I
K sTumM e MeXaHusMaM OTHOCATCA H H3MEpHTENbHEE  mMeXa-
HH3ME 10 KOHTPOMO pasMepoB, JabienHa, ypoened munxocredl
HT I

K mexartsaman nodauu, mpascnopmiposKi, RUmanin i copnipoeki
ofpal aTHEaeMEIX Ccpell H OGBEKTOE OTHOCATCH MEXAHHAME BHHTOBHIX
WHEeKOB, CHPeOKOBHX H KOBUIEBHIX 3MEBATOPOE AR TPAHCNOPTHPOEKH
H Oopadl CRINYYHX MaTepHaNoB, MeXaHH3ME Sarpy3oubuX GYHKepoB
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AAR WTYYHBIX 38N0TOBOK, MEXaHH3Mbl NOLAUH NPYTEOBOrO MaTepraia
B BLCARCYHLIX aBTOMATAX, MECXAHH3IME! COPTHPOBKH TOTOBCH npopyk-
LHH N0 pasMepad, Becy ¥ KOH(pHTYpauHn o T. L

Mexanusmsl gamoMQmUYecKo20 CHEMA, COGELIUBAHUR I YNAKOOKU
eomocolf npodykyti NPHVMEHAKTCA BO MHOTHX MadlHaX, B OCHOBHOM
BLIMYCKAKALNX MICCOEYIO IUTYYHY0 nponykudio. Heobxonnmo nsers
B BHAY, YTO TAKHE MCXAHHIMB, K&K MEXAHH3ME CYETa, BAECLIRBAHHA H
¥NakoBiH FoTOBOR NpoAyKunH, MOryT OuiTe M HCHOJHHTENLHEIMHE Me-
XAHHIMAMH, 2C/H OHH BXOIAT B CHEUHANbHEE MAUINNL, MpPEAHA3HE-
yAEMBLIEC U5 ITHX Onepan:il.

Tax, Hanpumep, B Maumpax anA pachacoBKH 4asn MeXaHHIMEI
BaBellHBAHHA # YNAKOBKH ABNAKTCA HCNOJHHTENRHEMH MEXaHH3-
mamid. B npoMbBloAeRHOCTH, HSrOTOBAAIOMEN WAPHKONOAWHTHHKR,
HMBHOTCA CHenHanbHEe MALMHE 145 yuaxoeky cobDpanHLIy UapHKo-
MOALHIHHKOE, B KOTOPBIX MEXaHH3ME YNAKOBKH fBAAIOTCA HCMOMHH-
TEMLILEMH MEXaHH3IMaMH, H T. ML

Hecmorps Ha pazunuy B QyHKUHOHANLHOM HAZHAYEHHH MEXa-
HH3MOE OTASALHLIX BHAOD, B HX CTPOEHHH, KHHEMATHKE H JAHHAMHKE
MHOPMO Ofiero.

Hanpuuep, MeXanH3M nNOpWHEBOrC ABHrATENA, MeXAHHIM KpH-
BOIHOHOND Npecca H MeXAHH3IM NOPHBOAA HO¥ME KOCHIKH HMEoT
B cuoefl OCHOBE OfHH M TOT MME KPHBOWHNHO-NON3YHHEN MEXaHH3M.
Mexanusm NpHBOJA pesua CIpOTAaNbLHOr0 CTAHKA M MEXaHH3M pOTOp-
HOTD Hacoca HMET B cBoell OCHOBE OAMH H TOT Hie KYyJAHCHEE Mexa-
nuaM. Mexanuawm peAyKTOpa, MEPefailere ABHKeHHe 0T ABHraresn
CaMOJIETA K €ro BHHTY, I Mexanusy audbeperunana asToMoGHIA HMEIOT
B cBoeli ocHOoBRe 3yOuaTeit MeXaHHsM M T. 1.

TosToMy MOMHO K HCCNEOOBAHHID MEXAHHSMOE C pasiHuyHeIMA
QYHELHOHANLHEIMH Ha3RAYEHHAMH NpHMEHATE oGiymue Merodkl, Gasd-
PYIWONHECA HA OCHOBHHX NpHNLHNAX coBpeMentoll mexannku. B mexa-
HHKe OOBIMHO pacCMaTPHBAKOTCA CTATHHA, KHHEMATHKA M AHHAMHKA
Kak afconlorTno TRepiaHX, Tak u ynpyrux Ttel. [lps uccnenobakum
MallifH H MEXAHHIMOB, KaK NPaBHN0, M MOMEM CHHTATE MWECTKHE
Tena, ofpazywilHe MeXaHHaM, aGCOMOTHO TEEPIHMH, TAK KaK nepene-
LEHHA, BO3HHKaILKe OT ynpyrix aedopsausit Ten, Manbl 10 OTHO-
WEeHHID K MepemMemieHAM cayMix Tesl B HX toyek. Ecan My paccua-
TpHBAEM MEXAHNIME KAK YCTPOICTEA, B COCTAE KOTOPHIX EXORAT TONLKO
TEEPAHE Tedd, TO LA HCCAeNOBAHHA KHHEMATHKH H LMHAMHEH MexXa-
HH3IMOE MOXHO MOJb30BATHCA METOAAME, H3NAraeMEIMH © TEOpeTHuYe-
ckoii mexanuke. Ecan e tpefyerca Mayuuth KNHeMATHKY H AHHa-
MHKY MEXaHH3MOE C YUETOM YNpYroCrd 3peHLeB, T0 AJIA 3TOr0, Kpome
WMETONROE TeopeTHYeCKOf MEeXaHHkH, Mul JOMMHHE ele npHMeHATh
MeTOAL, H3JaraeMble B CONPOTHEICHIH MaTepHaNos, Te0pHH YNRYLOCTH
H Teopuy konebannii. Ecan b cocran sexanuasg BBV OTE KA
rasoofpasiue Tena, 170 HeoOXOANMO NpHENSHAT Wadweiidd'
KHHEMATHEM H AHHaMHHH MeXaHH3MOB THpp@vexaHn oue-

s Yupnozir paivcruryry
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6°. Mexanura mewur npeictaBnseT cofofl HayKy, COCTOAILLYIO
H3 ABYX aycuunnub. Tlepean HOCHT Ha3BaHHE TEODPHA MEXaHH3MOB»,
a BTII}pHﬂ HOCHT HasepaHz TCODHA MALIHH».

B teopny mexautisMoB nsyvalnoT cBOCTEA CTHEAEHBX THNOBEIX Me-
XAHHIMOB, NPHMEHSEMBX B CAMBEIX pasnHYHBX Mallppax, npubopax
I yerpoficTeax.

Paccmarprpaetcn ofiian TeopHs ofipasoBaHHA MeXaHHaMOB Hai
COBOKYNHOCTH CBA3AHAEX Mexny cofoll ten, ofinafaiouiix pas-
AHunEvK opMamy nEisernn. Hayuaren kKuHeMaTHYeck®e W M-
HaMHYeCcKHe XﬂpaKT‘E’pHCTHI{H MEXAHHAMOE B ZaBHCHMOCTH OT HX
TEOMETPHYECKHX  NapaMeTpOoB H  NeACTDYIOUHX Ha MeXaHHIME
CHJ. -~

B TEOPHH MALIHK paccMaTpHBaeTCH COBOKYNHOCTE B3aWMHO CBRA-
3aHHEIX MexaHuamon, ofpaayioulHx mawmHy. 3Ta COBOKYTIHOCTE
Mozer OfpasOBLBaTE OTAENBHYIO MallHHY HAH MAlUHHHER arperat
HAH, HAKOHEU, MALUHHHOE YCTPOMCTEC, COCTOAWEe M3 KOMMJIeKCca
MALIHH, — TaK HASHBAEMYIO CHCMEMY MOIUIH gamosamuserkozo ded-
e,

B TeopuH Mawmp paceMarpHBaloTes TAKME BONPOCH  TEOPHH
CTpOEHHA MallMH, CBAzaHHLEe ¢ paspaboTKoil MEeTOAOB NOCTPOEHHNA
OpHHIHOAANLHEY  CXeM MalliH Kak COBOKYNHOCTH MeXaHH3MoB,
cliecneyHearoniell CNTHMANLHYK NPOH3BOAHTENBHOCTE MallMHBL [pH
HAHBBIrOpHef X yenoeHAx ee palorel.

Jlanee & TeopHn MallMH paCCMATPHEAIOTCA BONPOCH ABTOMATHYE-
CROTC YnpaBleHHa o peryjipobaHuA MallHH o MAlIHNHX arpe-
TaToE.

B Teopuio malwmp ofEYHO TAKMKe BRIAKYAETCA pAasAen TEopHH
ynpyrux KoneGanuil & Maumnax. B 3Tom paspene HayuaoTcn ynpyTrHe
Koae(aHHR NOIBHMHEX TEN, COCTABJAIMIHE MEeXaHH3IMLl, MALIMHEL,
koneGanuA onop W GyHIAMENTOD MALLKH, H HIJNATAKTCA METOLH JOKa-
musaiun woneGanuii ¥ BpelHLX WYMOBLX S(exTon.

“3}"1&“]‘.‘2 MEXAHHEH MALUMH HAYHUaeTCR C paziena TeopHH Mexa-
HIEMOB, TAK KaK, TOJRKO H3YYHE CcEOHCTEA OTRESLHEIX MEXaHH3IMOB
HJAH HX BHIAOE, MOXHO HE‘]’}EKDIEHTTJ K H3YHeHHIr COBOKYITHOCTH MeXa-
HE3VOE, o0pa3yiomKy Malliiy, T. e. K TEOpHH aMalllHH.

B manwHosm yuefituie vanaraercs TeOpHs MeXaHHIMOB M OCHOBEI
TEOpHH MallHH-aBTOMaTOE B ofibeMe, HeoOXoOMMOM ANA CTYAEHTOB
MEXAHHYECKHX M MalUHHOCTPOHTENEHHX CTIeHHATEHOCTEH.

TEE!]_IH!’-‘I‘ MeXaHHIMCE H MallHH ABRNHETCH nepwﬁ ﬂ.IIEHHnHHHﬂﬁ,
EBOAsel CTYIeHTOB B KPYT oOWHX ¥ CreuHansHuEx auconnnuy. B ee
3aflauy BXOAHT NOATOTOBKA CTYEEHTOR K CNYLAHHIO KYpPCOE Hetanel
MEUHH, TEXHONOMHH MALIMHOCTpOEHHA H KypCOB [0 pacyetry H KOoH-
CHPYHPOBAHHID OTREAEHEX BHAOE MALIHH B 32BEHCHMOCTH OT CIELHANE-
HOCTH, N0 KOTOpPOH NpoXofHT NOAroTOBEKa cTylenTob. Bmecre ¢ kyp-
CHV#H TEUFETH‘-IEEHDﬁ MEXAHHKH, CI’JHI’JO‘IHBJ']EHHE MaTepHanon u Jera-
Nl MamiH TEOpHA MeXaHHIMOB H MalluH ofpasyer BHKN OpeiMeTos,
ofiecneunpaoyX ofEHHIKEHEPHYIO TOLTOTOBKY CTYACHTOR.

-



§ 2 OCHOEHBIE MOHHTHA W ONPELENEHMSA 19

§ 2. OcHOBHLIE MOHATHA H ONPEECAEHHRA

I°. Teopus mexauuamos eCTb HAYKA, HAYYAKOWAR CIPOEHIE, KHHe-
MATHEY H IHHAMHKY MEXAHH3MOE E CEAZH C HX aHAJTHIOM H CHHTE30M.

[Mpobnemu TeOpHH MexaHH3MOB MOTYT OuiTh pasbuTa Ha nee
rpynne. [Neppas rpynna npofsen noCealeHa HCCARAUBAHHIO CTPYK-
TYPHEIX, KHHEMATHYECKHX H JHHAMHYECKHX CROACTE MEXaHH3MOE,
T. €. QHOAU3Y MEXOHUIMO0S,

Bropas rpynna npofineM noCBAlEHA NPOeKTHPUBAHHIO MeXaHu3-
MOE € 3afaHHEIMH CTPYKTYPHEIMH, KHHeMATHYECKHMH M AHHaMiue-
CKHMH CEoficTBaM# AR OCYIECTBAEHHS TPEOYEMBIX ABHMEHHIH, T.
CLHIMESY MEXQHUIAMOB.

JipmKenne MEXaHH3MOB 3ABHCHT OT HX CTPORHHA M CHJ, HAa HHX
peiicteyiomux. NostoMy yAoGHO NpH H3ZOMEHHH TEOPHH MEXaHH3IMOD
npoGJeMEl aHalu3a MeXaHH3MOE pasbuTh Ha JIBE YacTH:

a) CTPYHTYpPHBI U KHHeMarHyecKHH aHanus M

6) AHHAMHYeCKHEl aHANHZ MEXaHHIMOD. |

CTpyKTYpHHA 0 KHHEMaTHUECKHI AHAMHIE MEXAHH3IMOE HMEIOT
CEBOefi NENBE H3YUEHHE TEOPHH CTPOEHHA MEXAHH3MOB, HCCMEAOBAHMHE
BEH¥EHHA TeN, uX oOpasyuwny, ¢ reoMerpuseckoll Touity 3peHns,
HE3ABHCHMO 0T CHJ, DEISHEBAKILHX ABHMEHHE 3THX T

JNunamuueckiil aHANHIS MEXANHIMOB HMEET CEOEH LeNLIo HaydyeHHe
METCAO0E ONpEeNeJeHHA CHa, [eiCTEYIOuHX Ha Tena, ofipa3yiouike
MEXAHHIM, O BPEMA JIBHMEHHA 3THX Ted, H H3IYYeHHE BIAHMOCBAIN
MeHY ABIeHHAMH STHX Ten, cHiaMd, Ha HHX peficTOyIwHME, H
mMaccaMi, KOTOpuMH oOJafawT sTH Tena.

[Mpofaempl cHHTES8 MEXaHH3MOE y06HO HanaraTh o BHAAM MeXa-
HHAMOE, NOSTOMY 3afiaveil CHHTE3a ABAAETCA NPOEKTHPOBAHHE MeXa-
HH3Ma NPelBapHTEABENO BHOpaHHOH CTPYKTYPH MO 33faHHEM KHHE-
MATHUYECKHM M OHHAMHYECKHM YCIOBHAM.

Takum ofpasos, HacTOAHA KYpC TEOpHH MEXAHHIMOD H MallpH
pasmeneH HA CAEAYHHIHE YeThlpe yaciu:

a) CTPYKTYpHEIE M KHHeMarHIeCKHH aHanu3 MeXaniaMoE,

i) DHHAMHYECKHI AHANH3 MEXAHHIMOB,

B} CHHTE3 MeXaHH3IMOEB, )

) OCHOER TEOPUH MAWIHH-8BTOMATOD.

Z°. Beaknli MeXaHusM COCTOMT H3 OTHenbHuix netaneft (ren).
B sexanuamax cTapMOHAPHOTO THNA HEKOTOpHIE JeTalH ARIATCH
HEMOABMMHEIMH, APYIHE AETANH ABIKYTCA OTHOCHTENLHO HEX. B me-
XanH3May NOABHMHOIO THNA, KaK, HANpHMep, B ABLUTATENE CAMOJIETa
HAH aEToMOOMIA 33 HENCABHMHHE NeTand YCIAOBHO NPHHHMAIOTCH
JeTand, HeHIMEHHO CBA3AHHLIE C KOPMYCcOM CAMOJETA MAH aBTOMO-
6una. CornacHo 3TOMY B KPHMBOLWIHITHOM JABHTATENE BO BCEX CAyuanx
K HEMOLBMMHEIM JETATAM OTHOCATCA KOPOYC ABHIATENA, NORLIHOHHKNH
KOPeHHOIC Bana H APYTHE IeTalH; NOABHKACHBIMH BeTaNAMH CYHTATCA:
KoperHo# Bad, NOpIUHH, 30M0THHKODOE HAH KJlanaHHoe ycrpolicreo
H 1. A. Kampan nopewsHan petans wium rpynna feraneit, oOpasy-
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Uan OIHY HECTKYH NOABHMKHYID CHCTEMY TeJl, HOCHT Ha3pallie no-
dotaicnoss seena mexanuama. Takmnm oGpasom, nanpusep, WatTyH
ABHTATENA ABAAETCA OAHHM NOABHM(HEM 3EEHNOM, XOTA WATYH MOMET
COCTORTE H3 HECKONBKHX Jeranell: Tesa Waryna, KpHIeR, WartyHHEX
NoAWKNHIKGE, G0ATOR, CTArHEAICIIHY 3TH KPHWEKH, # T. A. Ho on
Bee me GyaeT ofHHM NOABHAHEM 3BeHoM, HOO BCE NETANH, H3 KOTOPBIX
WaryH coctouT, GyRyuH COejHHeHHl, 06PasyT OlIHY MKECTKYID CH-
CTeMy TE&Jl, HEe HMEIOWHX JABHXKEHHS APYT oTHOCcHTeabHO npyra. [Jle-
TanH, ofpasyilfe OAHO 3BEHO, MHOrAA HEe HMEIOT MEeCTKOH CBsi3M
meny cofow (Hanpumep, JeHTa Konoefiepa C JeTanamMH, €0 nepe-
HOCHMBIMH); TOTHA NpPH3HAKOM TOro, WTe OHH OTHOCATCA K ORHOMY
apeny, CAYHHT OTCYTCTEHE ABHMENHA HX OTHOCWJEILHO JpYr ppyra
H, CHRefoBaTe/bHO, BOSMOKHOCTE BEEOEHMS MEMAY HHMH HecTHof
ceBfsH Gea HiMEHEeHHf KHHeMarHKH Beell cHOTeME.

Bee HenonewsHEE aeTand ofpasyioT OOHY MECTKYID HEOOABHM-
HYI0 CHCTEMY Tell, Ha3HBAEMYo HENnoOGUICHEM S6eHoM HIH cmofikofl.
Tak, nanpusep, Kopnyc ABHIaTens, NODUHOHHKH KOpPeHHOTO Bana
H 7. n. obpa3ylor B COBOKYMHOCTH OIHC HENOABIKHOE 3IBEHO, HIH
CTOMKY.

Taxkum ofpasom, b MOGOM MeXaHHIME MH HMEEM OfHO Henodsus-
HOE SeH0 B OOHO WAH HECKONBKO HOOSHMCHBIX DEEHLES.

CrepoparelbHG, MEXAaNH3M MOXHO pacCMarpHBaTL KakK COBOKYI-
HOCTE HETIOABHA(HOMO ¥ NOLBHAHLIX 3peHben. [To/IBRMHbIE 3BEHbA EXO-
IAT B COBIHHEHHA MEnY coG0il HITH ¢ HeNOJBHAHEIM 3BEHOM TaK, HUTO
Brerflda HMEET MECTO BOBMOMMHOCTE ABHMEHHS OOHOrG 3BeHA GTHOCH-
TENLHO JpYroro.

Coeannente AEYX COMPHKACAIMIHXCH 3BEHLEER, BONYCKAKUEe HX
CTHOCHTRNEHOE ABHMKEHHE, HAILIBAETCH SHHeMamuueckod napod.

Cocokynuocth nopepXHociel, JHHAH H OTIeNBEHHEX TONEK 3DeHa,
TI0 KOTOPHM OHO MOKET CONpRKACATECA ¢ APYruM ipenoM, ofpaays
KHHEMATHYECKYIO rapy, HaskBacTCA SAEMEHMOM KUHEMOMUYECKON
Hapi.

CHereMa 3peHReD, COASAHHEX Mesny coboll KuHeMaTHUeCKHMH na-
pami, HasblBaeTcs runemamusecsol genso, Tagum o6pasoM, KOneH-
uarki pan Apurarens ofpasyer ¢ HeNnoOABHMHEM NOALHMHHKOM
oAny KiHeMarHueckyiwo napy. llatym ¢ KonenuaThim eanoM obpasyer
BTOPYH0 KHIEMaTHYECKYIO nmapy, NOplieH: ¢ LaTyHoM Tperbi, mop-
ImEHE 0 UHIHHAP SeTBEPTYI0, 4 COBOKYOHOCThL STHX KHHEeMaTHYecKHX
nap coctaenner KHHeMarHueckyw pent. OTciona cnepyer, 410 B OC-
HOBE BCAKONO MeXaHi3Ma JIeXHT KHHeMatHueckas uent. Ho He Bew-
HYE KRHEMATHUECKYI) LEME MOMHO HalBaTe MexanusmoM. Mexanuam
npeflaaHauen Aif OCYLECTENeHHA 3apanee 3afaHHEX 3aK0HOMEPHELK
npusennit. TlosToMy TONBKO T4 KiHemaTnueckas uent Gyner Mexa-
HH3MOM, 3BEHER KOTOPO# OCYLECTBAANT nefecoafpasiuie NBHFEHHA,
ELITEKAMIHE H3 HHEEHEPHRX NPOH3ECACTEEHHMX 3afiay, A48 BEINOJ-
HEHHA KOTOPHIX CKOHCTPYHPOBAH MeXanHam.



HACTL NEPBASA

CTPYKTYPHbIFF U KMHHEMATHYECKHUH
AHAJIN3 MEXAHH3MOB

OTHEN NEPBHH
CIPYKTYPHBIH AHANH3 H KJACCHOUKALHSA
MEXAHH3MOB

Fmama 1
EWHEMATHYECKHE DNAPH W KHHEMATHYUECKHE LENH

§ 3. KubemaTHuecHiie napsl B HX Khacougmuanan

1°. Kunesamuveckyso Rapy MO¥HO TaKHE ONPEISTHT: KakK No-
JIBHAHOE COGMMHEHME JIBYX CONPHKACANHXCA SBEHBLEE,
Boamosxipie COeHHPHHA 3BEHREE B KHHEMATHUECHHE NAPH BEChMA
passoobpasnu. Hanpsmep, Ha puc. 1.1 nokazana tak HasnBaeman
EPOUIMERBHAOR  KUKEMAMUNSCKAR Nnapa, B KoTopoll  coznuuenuHe
e i
-

Pac, 1.1. Bpowsrensnas Prc. 1.2. Ensenptiacckng
HEHEMATHYCCKAR NApa NaPpa B BIJIE IEYX HIcpmmgH s
CA UHAHIEDENCCHRE HOBepTs
nocTed

speHbes A u B ofipasyerca HByMA LNAMHIDAMH, HAXORAUMMHCA
B MOCTOAHHOM COOpPHEOCHOBEHHH, Bypiel BHYTpelHero upiaHHapa
NPenATCTEYIOT ABHMECHAK OHOTO LHIRHAPA OTHOCHTENLHO ApyIoro
B HaMpaBAeHHH OCH X—X, HO HE MPEnsTCTBYIOT BPAILEHHIO OQHOI0 H3
HHX OTHOCHTENILHO APYroro,

Ha puc. 1.2 nokasan ppyroil cnocol cociMHeHNs IByX sBeHber A
H B, 3ra kuHeMaTHuecKan mapa NONYCKAPT OTHOCHTENLNOE NeperaTH-
BaHHE, CROMBIMEHHE H BEPUCHHE.

Taxum obpaszom, Ha OTHOCHTENBHOE [BHXMEHHE KaXKAOIO SBEHA KH-
HeMaTHYECKOH Mapn HAKJAALIGAIOTCA OrpaHHuCHiEA, 3aBHCALGHE OT
cnocola coepHHeHHs! 3BeHRER mapel. 3Td orparduenus GygeM Haskl-
BATE LCAOBUAMU (6251 B KHHEMATHYECKHX Mapax.

2°, PaccMoTpHM Teneps, KakHe HE CBASH H B KAKOM KOJHYECTDe
MOryT OhiTe HANOMEHH HA OTHOCHTEAbHHE ABHIEHHA 3BEHLEB KHHE-
MaTHYeCKOR napel.
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Kax nspectio, B ofimem ciyyae Beakoe cBOGOJHO JBHIKYLNEecs
B npocrpaxctse afconorio Teepnoe Teno (puc. 1.3), nonometine koTo-
POTO ONpENENAeTcH TPeMA NPoHSBoJbHO BHOPAHHEIME Toukamu A, B
u C, o6aadaem wecmeo cmenenamu ceobode. B camom pene, nonoxenue
TBEDAOrD TENd B NPOCTPaHCTBE (PHECHPYETCA KOOPAKHATAMH TpPEX ero
Touex A, B u C, 7. e. IeBATLI KoopauHataMn: (Xa, Ya. Za), (@
U, Zp) H (Xe, Ve, 2g). Memny cobofi 5TH KOOPAMHATH CBA3AHE TPEMA
yenoBHaMH noctosHerea paccrosunfi: AB, BC, CA. Takum obpazom,
YHCJIO HEIADHCHMEX NAPAMETPOB, ONPERENAIIHY NOACHKEHHE TBep-
Joro Tefa B NMPOCTPANCTBE, PaBHO IIECTH H Teno olnajiaeTr wecmew
cmenenamu ceobode. Jlpumetnne Takoro Tena §omer GLTh Boerja npe-
CTABNEHO KaK BPAILEHHE BOKPYT H nMepeMellende BAMIb TPEX Npo-
HEBOJIBHO BLIOPAHHEIX B3aHMHO NepneHIHEYIApHLIX ocelt X, 4 H

3 z. Tawum ofpazom, B ofillleM Cayyae, TBEp-
goe Teno offiafaeT B NpPoCTPANCTEE 1WECThio

L?JJ 7 BHIAMH HE3ABHCHMEIX BOZMOMHLIN [BHIE
HHA: MpeMR poueruRsy soxpye ocell X, U,

Z W MPEMA NOCHYNAMEIsH Al OBUNEHUAMNY

edoat mex sve ocedl. Tostomy, ecnu Gei Ha

a T, NBHIMEHHE MEPBOre 3BEHA HHHEMATHYECKOH

napel, npHAATOr0 sa alcoMoTHO TBEpaoe
¥ 1eno, He GENO HANOMKEHO HHKAKHX YCJIOBRH
lt;:m: é.“ai.a“ma“'.?".ﬁ,*?,?;;'z‘.'ﬁ CHA3M, IEHHEHHE TAKOTO 3BEHA Moo Okl GEITH
cToe NPesCTARNEHO COCTORALLHM H3  [IECTH  BHILIE-
: YKAsaHHEIX NBHMEHHT OTHOCHTENLHO BHIGpaK-
HOH CHCTEMBl KOOpAMHAT Xy2, cBA3annofl co BropuM sseton. Kak ywe
CHASAHO BLIUE, BXOMOENHE 3BEHA B KUMHEMATHUECKYIO NADY C OpYTHM
3BEHOM HANAraerT Na OTHOCHTENBHBIE [BHIKEHHA 3STHX 3BEHBER yCIo-
BHA ceasn, OueBHIHO, YTO YICAO STHX YCJOBHA CBA3H MOMET OHITH
TOIBKO UEAEM B oi#H0 ObiTh MEHBINE [WeCTH, TaK KaK YE B TOM
CAyuae, KOMJa 9NCiao YenoBHi CBASH PABHAETCA [UECTH, 3BEHLA TEQAINT
OTHOCHTENLIYH [OABHKHOCTE H KHHEMATHYECKas Napa NepeXofidT
B HECTHOE COBIHHEHHE IBYX 3BEHBEB., TOUHO TAK HE YHCIO YCNOBHA
CBf3K He MOMeET OhiTh MeHbIUHM enpsHiel, #60 B ToM ChAy49aEe, Korna
HHCJAO YCIOBHE CBR3H PABHO HYJIIO, 3BEHbS HE CONPHKACAOTCA, H,
CAELOBATENBIO, KHHEMATHYECKAR Mapa NEPECTAeT CYLECTBOBATE; B Ta-
KOM CJIYHAE Me BMEEM [B8 Teld, HBHMYUHECS B NpPOCTPaHCTBE DRHO
HE3ARHCHMO OT ApYyTOro.

Hrax, uncno YCAoBHA CBA3H S, HAMOKEHHBIX HA OTHOCHTENLHOE
OFIHEHHE KAWJION0 3DEHA KHHEMATHUECKON NAPEl, MOMET PACOOJa-
rarbcA B npepenax or 1 ogpo B, T.e. 1< 8 <5 Crepoba-
TeNblo, uncno crenedHedi ceobomgel f apena kHHeMaTHTecHOH
Napbl B OTHOCHTENIBHOM JBHMEHHH MoXeT OpiTh BLIPAMENO SaBHCH-
MOCTRED

H=6—S5. (1.1)
Ha papencrea (1.1) enenyer, yto yneno crenenedl cRoGOMIE 3BEHA KHHE-
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MATHYECKOR Napel B OTHOCHTEILHOM JIBHHKEHHH MOMET H3IMCHATLCA
rarme ot 1 oo 5.

5°. CeasH, HanoWeHHHE HAa OTHOCHTEJNbHOE NBHIHEHHE 3BEHA KH-
HEMATHYECKON Nape, OrpaHHYHBAIOT Te BO3MOMHEE OTHOCHTE/LHBIE
NEHMEHHA, KOTOPHIMH offianamT speHbR B cBofopHoM COCTORHHH.
B peaynprate 3THX OrpanHyeduii HEKOTOPHE M3 IUECTH BO3MOMCHHX
OTHOCHTENLHEX BBHIKEHHA cEolONHO OBHAYILETOCH SBEHA CTaHOBATCH
AR Hero cBA3aHHEIMH. Hanpusmep, CcooTBercTBYIOIMM noRbopom
MHPHKEMI{H.IJ,HKCSI SNEMEHTOE 3BEHBER MOMHO YCTPAHHTEH BOSMOM-
HOCTH OfIHOTG M3 BPALLEHWH BOKPYT KaKof-mubo OCH WIH ONHOTO H3
NOCTYIATENBHEIX IBHMEHHE BAOJL KakoB-MHO0 OCH, HJIH OIHOBpEMEH-
HO OHOMO H3 npam;eﬁuﬁ H OgHOTO NOCTYNATENLHOTO IBHAEHHA H T. A

OcTaplivecn BOAMMKHEE OBMIMEHHA Moryt Oulme WAH HE3GENCU-
MbAl APYr OT Apyra, HaH e OuTh ORHO ¢ APYTHM CBA3AHE HAKHMH-
HHﬁ_‘}I‘ﬂ,h JONOAHHTEABHBMHE FeoMETPHYECKHMHE YCNOBHAMH, yCTaHan-
nuBaonME QyHKIHOHANRHYH CBASE MEXULy NBMesHamMu. Hanpwu-
Mep, B KHHEMaTHYecKoll mape BHHTA W rafiku (BHHTOBOH nape) Bpauie-
HHE BHHTA BOKPYT OCH BRIZBLIBAET €TO MocTynareibHoe  JIBHMeHHE,
npuyer ofa STH OBHMEHHS cBA3albl onpefenerHofl aHanuTHYECKON
BABHCHMOCTRED,

Cetapimmsecs HEIABHCHMHMH BOAMOMHLIE [BHMEHHA OnNpeneIsioT
yicao crenetedl cpofo/ib 3peHbes KHHEMaTHYeCKOH maph! B HX OTHO-
CHTEABHOM ABHHEHHH.

Ecan mexily npocTefilUHMH [BMHIKEHHAMH 3BEHA BOKPYI H BAOJL
TpeX KoOpIHHATHEIX ocelt X, ¥ n 2 (puc. 1.3) orcyTereyror kKakne-ubo
QYHEUHOHANBHEIE 3ABHCHMOCTH, T 3BEHO B 33BHCHMOCTH OT XapakTepa
CcEA3eH, HAnNaraevelX Ha ef0 OBHIKeHHE OTHOCHTEILHO ApYroro 3BeHa
KHHEMaTHYeCKOll naphl, ofiajaeT yneaom npoctefiinx iBixenyii ot 1
Bo 5. Uncno npocTefilunX KBHMEHHT MOMET 0KA3aT6CH OONBLIE YHCNA
cTenenefl cBoboibl, €CNH MENJY NPOCTENIIHMH - ABHMEHHAME yCTa-
HOBJNEHERI @YHKHHHHEJ]I:HME 3ABHCHMOCTH, ABMAKLIHECH  OOTOJ=
HUTEABHBINE YCIOBHSME CBSSH KAk, Hanpumep, B BUHTOBOI nape.

4°. PaccMOTpHM CHayada pasnHyHEE KHHEMAaTHYECKNe napsl, AAn
HOTOPHIX OTAETbhHRIE ﬂpD-‘.'.‘TEﬁI.IIHE BOSMOMHRE [BHIKEHHA HX 3IBELCB
dyikmonanbH0 Mexiy cobofi He ceasaust. Jlis sTHX nap 4uoay
YenoBuil CBA3M, HANATAEMEIX HA OTHOCHTENBHOE [BHAECHHE UX 3BEHLER,
COOTBETCTBYET TAKOE IKE YHCAO HCKJIHOUEHHBIX NpocTefilny BO3MOMXHEIX
DEHHEHHE 3THX 3BEHLED.

Bee wumemarhueckue Maphkl BENATCRd Ha Kogocs B 3aBHCHMOCTH
OT YHC/AA YCnoBHi CBA3H, HATATAEMBIX HMH Ha OTHOCHTeAbLHOE OBH-
MEHHE HX 3BEHLEB. TaK Kag YHCNO YCJOBif CBASH MoeT Ohith of |
Jo B, To uMcao KAatcoB map paBHO MATH, B COOTBETCTBUH C YEM MH
umeey kuuemaTiueckde nape I, 11, 1T, IV u V knaccon. Kaonace knne-
MaTHgeckoll napul MoWeT ObTL BCET/A onpefeneH, ecny OyAeT npuuaTta
BO BHHMaHHe saBrchmMocts (1.1). Mz sToro papenctea Haxommm

S=6—H, (1.2)
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Hs papeuciea (1.2) caeayer, wro uucno yenosufi csssu S, Hana-
FAEMEIX KHAEMATHueckoil napoi, OVOET BCErla PABHATRECA Pa3HOCTH
MEMHIY YHCHOM MECTh H TEM SHCIOM cTenedeldl cBolonnt, Kotopsim Gfina-
JEeT Kax(oe ageso napel B OTHOCHTenbHOM aBmwenu#. Ho, kak sto
Onifio mokasano Beiie, B PACCMATPHBAEMBIX [apax SUCAY cTeneHci
cBo0onibl COOTBETCTBYET TAKOE MHE YHCAO BOSMOMHLIX npocTedinx
ppiogennd. ChelopaTenbHo, €CAH NOACMHTATE YHCAO NPOCTEHRINY X
IBuyetnil, KoTopuiMe oflagaeT 3PeHo KHHeMaTHuecKolfl naph B oT-
HOCETE/AbHOM JIBHMKEHIH, M DBRIVECTE MONYYEHHOE YHCIO HS ILECTH,
TO MBl AOAYUHM HHCIO COAZEH, HanaraeMplXx JaHBOH HHHEeMAThUecH: i
napoit lia OTHOCHPCNBHOE [BHMeHNE e€
3RENEEB, H STHM CEMBIM ONPEIeTNM Kaace
napul. Pacemorpem HECKOMLKO OpHMEPOR.

5°. Ha puc. 1.4 nokasana kuwemati-
qeCKan Mapa, NPEICTABARIWAR  Cofcio
wap A, nepekaThBaIOUNiCH €O CHOMbM.€-
HHMEM N0 nAocKoctH B. Jlpmwenne wapa
OTHOCHTENBHO MACCKOCTH MoxeT OHTh pas-

JIOWEHO Na TPH BpPALEHHA BOKPYT oOCed
e b BB % % nnlfmﬂn?e no naockocTH B. Sro

ABHMEHHE B CBOW oOYepelh Moer (HTh
PE3IoMeHo ha ABIGKeHHs Bionb ocelt X n g. JlpHmeHHe Wapa BAOAL
BEPTHEAALICH OCH 2 HEBOSMOMKHO, HOTOMY uTO JBHINEHHE ofpakli-
YEHO MAeCKocThio B, a npw pBumensn B ofpaTHYO CTOPOHY Hapy-
WIAETCH CONPHKOCHOBEHHE 3IBEHRER, W, CAENOBATENBHO, KHHEMATHYE-
¢ CHAA napa nepecTaeT CyLecTEOBaTh. TakuM
J 0fHpasoM, ABHKeHNe Waps MoKeT OuTh npen-
CTABJIEHO KaK BPALLEHHE BOKPYT Tpex oced
H ABHMEHHE BAGMb [BYX OCeH, W 4HCIO Opo-
CTEHILHX ABHMEHHA, HOTOPHE MOMKET HMETH
map, paBHo natH. B stom coyyae gueno
crenesel cBofoant sEeHLEE maHHOR HHHeMa-
I THYECKOH Napsl paBHo OATH H YHCAO YCIO-
Puc. 1.5, Yermpexnopswmian  BHI CBR3H paBHO

HHHEMATHUSCKAA Dapa = —H=06—58=1].

[NosTomy napa, wsoGpawenuan Ha puc. 1.4, novkHa GeITh OTHECEHA
i napam I wnacea (namunodsuschan napa).

pumepon mapet 11 knacca MoMET cayHTE napa, NokasawHas Ha
puc. 1.5, npenctasnmiowan cofoll ummuuap A, nexamuil Ha nao-
croctH B, Ipumenne uunuaapa A oTHocHTenwHo maockoctd B, HAM
- Hao0opoT, CBOAMTCH K BPALUEHHIO BOKPYT ocell X M Z H CKOJBMEHHIO
BRofib ocell X W y. Takuw ofpasoM, uHcAo npocTeRWHX JBHMKEHHNA
LHIHHIpa PABHO uyeThipeM, T. €. QHCNo creneHedl ceofonsl M apena
KHHEMaTHUECKOH naphl papHo Yersipem. CaenoBaTenbHO, YHCAO YC/I0-
BHH CBAsH S pasHO

S=6—H=6—4=2,
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Hrak, nanman KMHeMaTHYeCKas napa [ouxia OLITh OTHECEHA K napawv
Il wnacca (uerbpexnodsuscHar napa).

Ha puc. 1.6 nokasan npumep napet 111 wnacca. 3peno A oranuu-
BaeTCs WAPOM, BXOARIEM B WAPOBYIO nosdocTh speHa B. [lsimienne
apena A oTHochTenbHO 3BeHa B, HiH HaobopoT, CBOAMTCA K BPalleHHio
BOKPYT ocefl X, y it 2. CenosaTeNbHo, YHCD CTENeHed ceobonn H asena
KHHEMATHUECKON mapw paBio TpeM. Uneno ycaopuii cesisu S pasio

S=6—H=6—3=3,

T. €. napa foakHa OuiTh orHeceda K napay 111 knacea (mpexnodsusic-
xan rapa), Ita napa noayunna Hassamne ogepuveckod (waposod).

Prc. 1.6, Lizpoeas TRex= uc. 1.7, Lunnsppuueckan -
NMoEEHRHER HHBCHOTRNeCHAR EBYAMOpEHEEAR HENEMOTHYECKRN
napa O&pa

Mpumepom napu IV knacca sBjseTcA napa, NOKa3aHmas Ha
puc. 1.7. Llpnungp A Haxopwrca B nonom uummunpe B. Jlepmwenne
usmHHapa A oTHocHTeABHO LRAMEApa B cBORMTCA K BpALIEHIO
H CKONLMEHHIO BOKPYT H Bpoab ocw x. Ywcno crenewedt ceoGonst H
pastio npywm. CrenoBarensto, uMeNO ycnoBuil cBasH S pasHo

S=6—H=6—2=4

Taxum ofpasom, 3Ta napa foaxHa Gbirk oTHecena k napam IV wnacca
(Peyxnodeuscrnan napa). Ta napa noAyunia HasBaHHe yuaundpuue-
ROl napst.

Ha puc. 1.1 nokazana kusemaTHyeckas napa V Khacca, Kake-
Aoe 3BEHO KOTOpoll ofifafaeT TONbKO ONHHM BOSMOMHLIM TpOCTedH-
LIEM ABHMEHHENM, 4 HMEHHO, BpauleHneM Bokpyr ocH ¥—x, [lostomy
yHCAo crenenefl ceoGoaul M sToll napnl pAERAETCR EAHHHUE, M, Cne-
JIOBATENIBHO, HHCAOD YCIOBHA CBRsH B 3Tof KHHemaTHuecKofl nape

S=6—H=6—1=35

Takum ofipasom, 5Ta Napa govkHa OulTh OTHECEHA K mapam V Kiacca
(oonodsuxcian nopa), 2Ta napa NOJYYHAA HasBaAHHE spajanent-
HOL  rapst,

Ha puc. 1.8 nokasana kumematThueckas napa V knacca, kaxuoe
H3 3BENBER KoTopofl offajaer TOMBKO OIHHM BOSMOMHEM #pocTedi-
MM OBHAKEHHEM, a HMEHHO, NoCTYNAaTeNbHLM JBHMEHHEM BIONb
OCH X,
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[NosTomy wncno crenenedt ceolons H 31oil napu pasuserca enu-
HHILE, H, CIEIOBATENbHO, YHCIO YCHOBHI CBA3H S B 5TOH KHHEeMaTHYe-
Ckoil Nape paBHo

S=6—H=6—1=05.

Taxum ofpasom, s1a napa nomkHa ObiTe oTHecena K napam V kiacca
(oOnonodeuacnan napa). 3Ta napa NONYYHAA Ha3BAHKE NOCTYNGMENt-
HOG nape,

Hrak, wuremarTiveckHe napsl B 3aBHCHMOCTH OT YHCAa YCIOBHI
CBA3H, HANAraeMuiX Ha OTHOCHTENLHOE NBHMEHHE UX SBEHBEB, MOTYT
GrlTe pasfefedstl Ha MATE KJASCCOB,

s OmnersM, 4TO NpYpaceMoTpeHHH Bos-
i MOMKHBIX [BUMENHHI, KOTOPEMH oOGaARaloT
Q” 30EHbA Nap B MX OTHOCHTENLHOM JBHIKEHHN,
HEOOXOHMO HMETD B BILLY, YTO 9TH IBHKERHA
" ROMDKHEL PACCMATPHBATLCA JiHIUb KAK BO3~

MOMHBIE A AAHHOTO MOMEHTA BPEMEHH.
6°. PaccMoTpeHubie BHIDE KHHEMATHYE-
o s QlMOUOELME AR N0 CKHE Maphl OTHOCHJNCL K mapam, Jnis KOTo-
CHag Napa PHX MEROGIHHAE BOAMOMHEIE ABHMEHHMA HX
3BEHLEB HE 3ABHCAT JApyr oT apyra. Ognako
B TEXHHKE BCTPEYAIOTCA KWHEMaTHUECKHE Naphl, JJA KOTOPHX OTHO-
CHTE/ILHEIE IBHMEHHA HX 3BEHBER CBASAHB KaKOH-NHGO0 NoNOIHHTE L
Hofi TeomeTprueckofl sapucumocthio. B KayecTse mpumepa paccmor-
PHM  OAHH BHL TaKoR napu, HauboJee YacTo BeTpeualomelics
B mexadusmaXx. [lycre, Hanpusep, orhocuTems-
HEIE JBHMEHHS 3BeHbeB napel 1V wnacca, nowa-
sadHoft wa puc, 1.9, cpasansl ycaoBHen, g0
3afiaHHOMY YIY @ MOBOPOT2 OAHOrO 3BeHa OT-
HOCHTEALHO APYTOro BOKPYr OCH X—X COOTBETCT-
BYET NOCTYDNATENLHOE NEpemMenieHye i BAOML Toil
#e ocH. B stom cayuae, X0TH SBEHBA Napsl HMeloT
H NOCTYIATENLHOE, H BPaIlATENLHOE ABHMEHHS, 5TH

ABHMEHHA CBA3AHBI YCJAOBHEM
Puc. 1.9. Buovonan

nopH h=Fh () [1*3}

H, Tak#M 00pasoM, Ha OTHOCHTENLHOE JIBHMEHHE 3BEHLEE Maphl Hano-
HEHA Cille OfHA JONOJIHHTEbHAS CBA3b, BHIPAKEHHAA COOTHOIEHHEM
(1.3). B sTom cayuae mapa nomkna GbITe ornecena we x 1V, a yme
K V knaccy. [Nogolutie naphl BechMa YacTo BCTPEUAWTCA B TEXHHKE H
HOCAT HasBaHHe suHMOSON napsi H3-3a BHHTOBOMO XapaKTepa OTHOCH-
TEANBHNO JBHMEHHR HX 3BEHBEB.

BuutoBan napa npeacraBnsier coGoil nsa asena A u B (puc. 1.9),
Lumunap B wmeer na cefe BHewmio BUHTOBYIO pessly b; cootpet-
cTBENNO B 3Bene A cpenaHa suyTpentss peavba a. Ilpu epamennn
spera A orHocHTeNbHO 3Beta B unn sena B oTHOCHTENbLHO aBeHa A
JBHMYIIEECH 3BEHO NEpeMelllaéTcA BioAk ocH X— X, HcHp, uto
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NOBOPOTY KaKOro-iHO0 3BeHa H& HEKOTOPLIA Yrofl @ COOTBETCTBYET
CEAZAHHOE C NOBOPOTOM NEpemMeLenHe h BOOAB OCH X — X, T. €. Bpa-
LIATENEHOE JBH#EHHE 3BeHA 3AKOHOMEPHO CBAZAHO € NOCTYNATEALHRIM
€ro IBHMEeHHeM, 3Ta cBAsbh Moer OuTb Jerko Noayueha. Ilna storo
PECcCMOTPHM BHHTOBYIO JIMHHIO, NPHHALJIEKAUYID KaKoMmy-Juio e
MEHTY 3BeHa fawHofl napel, [1ycTe 378 BHHTOBAA JIHHA NPHHALIEHNT
udaunapy B pammyca r (puc. 1.10). PassepheM nDoBepxHOCTh -
AuHApa B Ha NAoOCKOCTL; TOTja BMECTO BHHTOBOR JIHHHH NOJYYHM
NpAMYlo, HAKJIOHEHHYI0 K ropHsoHTy mnon yriom P, HasbiBaeMuiM
yeaon nodwema pestfm. Ecnw 3peno B (pic. 1.9) nosepuyTt Ha
noEstf ofopoT (Ha yron, paohkkif 25), 10

3TO 30EHO NEPEMECTHTCA BAOJbL OCH X —X

HA BeARUMAY A, KOTOpas HasLBaeTCs Hio-

2om eurma (puc. 1.10). Ecawu ke nopep- ]
“HyTh 3BeHO B Ha NPOMIBOABHO 3ANANHLIE =
yron , To OHO TEPEMECTHTCA BAOJL OCH 1
X — X Ha pesanyuny k"

b = —g-?;_ “4] Poe. (.00, BERTOBAR NWAHA
Al €6 PAIBCPTES B [WDCHOCTE

Coorrotnenne (1.4) Hanaraer cBssb Ha IBHMEHHe 3BEHBEB BHHTOBOR
Napel BAGE H BOKPYr ocH X — x. Tax kak ws pue. 1.10 cnenyer, uto

tgﬁ':_él?':

TO
W =rotgp = Co,

rie yepes C cfiosiayena noctoskitas, paeuas rtg f.

BHYTpH Kamnoro wnacca KHHEMaTHUECKHE napel moryt OuTh NoJ-
PASNENEHE lia BHOB B 3ABHCHMOCTH OT PamIHUHEIY COYETAHHI Nony-
CKAEMEIX HJIH OTPEHHYEHHBIX B HHX [BHMEHHSX.

7°. Knnematuueckue napbl AENATCHA Ha HusIHe H Buicuide. Kune-
MaTHYEeCKAR Mapa, KOTOPAA MOMET OHThL BHNOMHEHA CONPHKOCHORE-
HHEM 2IEMEHTOB €2 3BEHLEB MO NOBEPXHOCTH, HASKIBAETCA HUSLICTL
Kunemaryueckan napa, KoTopas MOMET CHITh BHNONHEHA CONPHKOCHO-
DEHHEM SJIEMEHTOB €€ 3BEHLEB TONBKO N0 JUHHAMN HJH B TOYKAX, HAIL.
BAETCA 66iCwed.

Tlprmepon HHSWER KPHEMATHUECKOR Napbl MOMET CAYKHTH napa,
nokasanHag Ha pHe. 1.1. B s1oil nape ssenbs conpukacatotes Lu-
JHHAPHYECKHME NOBEPXHOCTAMA. [lpHMepH! BLICIIMX map NpuBEneHnd
Ha puc. 1.2 n 1.4. B nape, usofpaxennoii Ha puc. 1.2, 3penbs conpi-
Kacaworced no Jinkpn. Ilna Toro yrolbl sneMesTsE KHHEMaTHYeCKHX nap
HAXOIMAHCE B NOCTOAHHOM CONPHKOCHOBEHHH, OHH AOMKHE OwTh
3aMKHYTBL 3aMbiKaHHe MoWer OuTh NuGo 2eoMempuueckus, muEa
CLLACBLM,
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leomerputieckoe saMbiKanie OCYUIECTRIAETCA COOTBETCTBYIOLHM I
FEOMETPHYECKHME (OPMEMH 3JEMEHTOB SCENBEE  KHHEMATHYECKOH
napel. Hanpumep, Bee nape, uzobpamernsie Ha pue. 1.1 w 1.6—1.9,
ABIAIOTCH 38MKHYTHMH EOMETPHYECKH, MOTOMY 4TO HacalHe ie-
MEHTOB 3BeHbEB 3THX nap olecnedHBaeTCA HX TEOMETPHUECKHMH
Gopsann.

Urofil napu, noxazaHhble ua puc, 1.4 v 1.5, GHIN 3aMEHYTEIME,
HeoOXoANMD LWAP W UHANHAP NPHXHMATE K IWIOCKOCTH KakoH-HHOYIL
cunoft, Cusosoe 30MaKaRLe OCYIECMBNREMER CUA0ll 8eca, CuA0d ynpl-
E0CMI NPYMEH W M. 1.

§ 4. ¥Ycaophbie H300paWEHHS KHHEMATHMECKHX Nap

1°. Tlpwn cxemaruyeckom nacOpakenny TEXaHH3IVOB Ha uepTemax
yoGHEE BMECTO KOHCTPYKTHBHOMO H300pameHs KHHeMATHUECKHX nap
H ZIBEHECE BBECTH YCJIOBHBE HX HEEHEPEH{EHHH‘ p&C‘E'MDTPHM YCaOBHBIE
HiobpameHns HeKoTopuix HanOosee ynoTpefHTENbHBIN KHHEMAaTHUE-
CHHX T1ap.

Ha puc. 1.11 nokasasm Ba BapHaHTa CXEMATHYECKOrD H3obpare-
HuA Bpatyatenbiol mape V khacca, cocrommedi us ssenves 4 » B,
Mepewdi sapuant (puc. 1.11, a) maer wsofpamenne, Gonee GaHsKoe
K KOHCTpYKIME, Bropol sapuant (puc. 1.11, 6) npeacrasnser coboi
YCIOBHOES HB(ﬁPE}]{EHHE. nNpHMEHACMOE Ha EHHEMATHHECKHY CXEMax.

Ha pue. 1.12 panm cxemaruseckue naolpameHHn BpaatenbHol
napet 'V kascca ans Tex cAy4aAeB, KOTAa OJHO H3 3BEHLEB Naphl
{aseno A) HenoABNMHO,

Ha pue. 1.13 paum cxemarHueckne H308pameHta nocTynatedbHol
napi! V knacca, a wa puc. 1.14 nokasanm cxemarHyeckne Haolpame-
IHA TOM e napel NpH HENOABHMHOM 3BeHe B,

Ha puc. 1.15 npencrabaessl cxemaTHyeckie H300pameHua BHETO-
Bolt mapw V wnacca.

B HexkoTopux chiyuanx HenfXoawMo LaTh NOJHOE NPENCTABJEHHE
O TEX JeMeHTaX, KOTOPHIMH CONPHKacAloTCH 3Belbd napel. B sTHX
CAy4afsX Ha CXEeMe noHOCTLBE) H TouNo Hsrﬁpamamm DDH]}HI{ECEI'D—
HeCH SJIeMEeHTH 3BEeHLEB. anI'-'I"prI H-‘SDﬁPﬂHL&HHH TadKEHX Dap noKa-
sauul Ha puc. 1.16. Ha puc. 1.16, @ kpyraeid poank A conpukacaercs
¢ KpuBoii a—a speHa B; na puc, 1.16, 6 ay6 A ogsoro syCuaroro
KoJleca conpHKacaercd ¢ 3yGom B apyroro ayGuatoro Kojeca.

JIBa ay0uaThix Koseca, BXOAALHX B KHHEMATHUECKYIO Napy, HMEOT
yenmopHoe maolpameHpe, nokasaHHoe Ha pae. 117,

2°. Beenem takme yeAoBHHE 0003HAYEHHA V1A 3BEHLEB, BXOAALIMY
B KHHEMATHHECKHE MNaphl.

Ecnn HeofiXoanuMo H3yyHTb ABHMEHHE TOJBKO JBYX TOYEK 3BEHA, TO
CXEMaTHYECKHOE HEIG".'IFIIE}KEHHE TAKOID SBEHA MOMHRO §pEncTabHTh
B nHAe, noxasadnHom Ha puc. 1.18. Ha stom prcyhke npencrasrieH
TOT cnyyall, Korjla 3Betio BXOAMT B JiBe Bpamarefibhne napel 4 u B,
Ha puc. 1.19 nokasaib cXeMaTHueckie H3oOpareHWA SBEHA, BXOJif-



£ 4. YOIOBHME HIOBFANMEHHE EHHEMATHYECKHX NAp Loy

Pue, 1.101. ClemaTHuCCKHE HaolpaAReHER

ppauiaTenkeol napw: @) Waclpamesmse o0

CREMATHISHPOBDNNBIMH HOBCTPYKTHIEREMH

dopMeme; 6} BapbpaEcnne,  NpnMeHREMOE
Ha HEHEMAITHYECKHN CHEMAX

T

£ f
g i
- ==

Pric. 1218, CresaTnutciue e TR T
ROCTYNAaTenbiol napks o) BsclpaxenHe oo
CXEMETHEHPOBANEE MK KOHCTPYHTHEEEIME
diopetemn;  6) H3OGpaBERHe, DREHMERAEMOC
HE HHECMOTHWECHKHY CXeMaXx! &) K0l pe ek
€ MENPOBAAKILEE B EWEe BasA; 2) W J) #ao-
GrateEr R, NPHMEHACHMWE Hd HHHEMATI0: KX
CHCMBX

=

4

Pre. 1,012, Cremaridetkpe HacOpaHeNER

EpEUITenbREOR DRpe € OfuEM Heio RN Kk

SBCHOM: a) maolpakeHHe o0 cmlmwag{m-

PaniMY KOHCTPYHTHENLNY dopaaue; 6) B

o) RoofpOmERNT, NPHMEHRCMEE B KHOCKE-
THUCCHHE CXEMAX

maofpasHenHn
TOCTYIIRTE. PR € OfHHM HEDOOENR-
ERMW SBCHOM! @) HIOOpAMEHHE o CHeMaTH-
SHPODAN HNME  HOBCTRYHTHERRMY  (opuams;
) uaofpameHHe NPHMERREMM HH HABCMA=
THIECHIA CXenaX, 4] Heofpowenne ¢ Hanpan-
apoel B eHpge neas; @ B &) waolpameiin,
NpHMEeHAEMEE HA  HHOCMATHYECKEN CACMaN

Pue, 1.14. CxompTHYCCHIE
o

Puc, 1.15. Cxemeravecse HaoCpaxients peavoboll napes &) Hsplpamenwe CO CHORETHARS

PoBAHHEME KOUCTPYRTHBOMMN o ani;

O w 0) HeodpaBEentn, TAMCHABMEN 118 HHnCMITI-

HECHHY CXEMEX

a - g
) ‘;’:::::

Puc. 1.16. Hsofpasmennn oawcwed noped
) NEpa ¢ HPYIIiLm HHOM A B EpHBONN-
Heftyes npodunem B 6] napa B eRoe geyA
KSCRmMECH BpiHeoarBcirEx aylken A 4 O

Pic. 1.17: CxenpTHRECHOC HEOOPaHEne
BTOTD MECXJRHIME B3 JBYK HOJCC



an Fa 1. KMHHEMATHYECKHE NAPE # KHHEMATHYECEME LLEMH

LEro B TP ppawarenschne napu: A, B w C. Harkowen, na pue. 1.20
NORA38HO cxemaTHueCcKoe wusobpameHHE 3BEHA, BXOAAUEI0 B TpH
Bpamatesbanle naps A, B v C ¢ napansiefblEMH OCAMH BpaLieHHA,
JMEHAIHMH B OOHOH NAOCKOCTH,

A
77

&
]
r &
¢ _E

i 74
x&& ity A
Prc. 1.18.  CxemeTevecHAe Puc. 1.19. 0), 6) w Piic. 1.20. CxemMetauveckos
Hopfpasennn  spend, BRONR- #) Peanuanme W= HanGpaenHe IBeNE, BXOHLH-
Eero b pese paipire i e K- Cpaniatn 3EEKE, BXO= WErS 6 TPE  npaleTenkHLIg
HeMaTHUECHWE Napl: o) wao- ESIUEre b TPH BpauLa- Daped: o) esofpasonHe 0o Cxe-
GpamenHe ©0 CXeMATINH[O- TeABHES KHHeMaTH- MATHAIRPOBREHALIMH  HORCTRYH-
BANUMME  KOHCTPYETHRhE M NECHEe naph THBHEMK GopMasH; () nao-
dopaamr; ) HIOGpEsene, CpancHie, BRIMEIREMOS 1B
OpRueHReMOoe HE HHAHEeMaTH- EHEEEMATHYECKIY CHEMAR

HECKAR CReMax

Ha npunaraesmoii Tabnnue | nokasanu yeaosHme 060sHaueHus Han-
Gonee pacnpocTpaHeHHLIX REHEMATHYECKHX Map, HCNONb3YEMEX B HH-
HeHepHolt NpaKTHie.

§ 5. KunemaTnueckse yenm

I°, Kunemamuuecodl yeneto HasHBaeTcs ClCTEMa SBEHLEE, CBH-
SAHHLIX Mex1y cobofi KHHEMATHYECKMMN napamu (tabaupa 1). Ha
prc. 1.2]1 noxazaHa kHHeMATHUECKaA 1€ML, COCTOSIULAT H3 HETHpEX

£
4
A
Pre. 1.21. Cxema HHHEM E- Puc, 1.2F. Cxewa npocrol
THUECHOR Lenn w3 YeTwpex OTHPLITEY HMHEM AT RO
ABHLEN LENH HE  YETHPEX AbeHbeD

speliben, OOpARYMILHX TPH KHHEMaTHYECKHE Napu. 3eedbs [ © 2
BAOAAT BO BpawateibHys napy A (V whacca), seenbn 2 u § — B no-
crynatenbhyto napy B (V wnacca) W, HakoHel, aeedbs 3 o 4 BXogaT
BO Bpawmatenseyo napy C (V rnacca).

KureMaTHyeckue ens QEeATCA HAa NPOCTHE U choxHbe, J1pocmod
Kunemaniiueciodl Yernsio HasHBAETCA TAKAA Uenb, Y KOTOPOR Kammoe
3peHO BXOAMT He Goviee wem B JBe KHHeMaTnueckue napui [lpumep
npoCToil 1eny ¢ BpawaresnbHuMi napamu 4, B u C (V kaacca) noka-
8aH Ha puc. 1.22

Croscnoll Ktinemamuseckol] yenerd HasHBacTcA Lenb, B KOTOPoOR
HMeeTcA xoTA Oul o HO SBeHO, BXoamuee Gonee yeM B JBE KHHEM3TH-
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yeckue napul. [lppmep Takoll Leni © BPAUIATETLIBIME NapaH A, B,
C, D v E (V nnacca) pau ua prc. .23
2. TlpocTsie 1 clOMHEBE KIHEMATHUYECKNE LT B CHOI0 ONEPEilb

JEMATCH HA SAMKHYMBE 1 HOSAMKHYMBLE. SauKHYMOT KURCRATLYECKo §

HENelo HASKEIBAETCA EHAEMATHYECKAR UEMNL, 3BEHLA Hﬂ‘mpnﬁ oﬁpaaym
OHH HAH HECKOJREO SAMEHYTHLX :-mHTj.’pﬂB. nIJHMEPH TAKHX IJ.EHE]'I
C BpALLATeLHIMH napamt {‘!‘i !{JIHECH} MoKasaHel Ha pHC. 1.24 v 1.25.

. L
[ & D
.ﬂ'r %f Tﬂ gl
£
F

Pee. 1,23, Cxems  Cpoms- Puc. 1.24. Cxemp  opo- Pue, 1.26. CXema  Cooms

uoft oTEpITOR uueuam" crofi SEMEAYTOR HENeMe  HOR  SAMHHYTOR  HHACMBE-

yerHolt wenm HA e THNCCKOR LEMH H3 WELTH  THYECHON LenE US WecTH
ABIHLCE BOCERCE BHEHRED

Hezomknymoli kunemamusecko Hensfd Ha3WBAETCH KHHEMATHYE-
cHAf NeNb, 3BeHbLA KoOTOpoll HE O0pasyloT 3aMEHYTHIX KOHTYPOB,
Ipumepamy Takux venell MOCYT CAYMHTE LUENH, NOKA3AHHHE Ha
puc. 1.22 w 1.23.

Fnaea £
CTPYKTY¥PA MEXAHK3IMOB

§ 6. Mexalusm M €r0 KHMHEMATHHECKAS CXema

I°. B § 1, 5" Ouno pano onpejencHHe MexaHuama B camom of-
weM  BHe.

Hie LaeTCR onpefeieHie MeXxaHHaMa HAK YACTHOM CAYYAA HKH-
HEMaTHUECKON UEnH.

Mexauramon HaskBAETCA TAKAA KHHEMATHYECKAR LENL, B I{D’!‘ﬂp[}ﬁ
NpH 3ajlaHHOM JBEHMEHHH ONHOTO HITH HECHONLKHX 3BEHLEB OTHOCH-
TENBHO JO60ro U3 HUX BCE OCTANBHEE 3BEHBA COBEPLIAICT ONHOZHAYMO
ONpEOENFEMEE NBHMEHHA.

Kak sugHo H3 sTOro onpeseneris, B ioboM MEeXaHH3IMe €CTh 3BEHO
gum HCCKOMIBKO SBEHLER), IBHIMEHHE KOTOPOTO ABMAETCA 3aAaHHBIM,

BENO (3BEHLA) MeXaHiaMa, KoTopoMy coolilaeTcs OBHMEHDE, npeol-
pasyemoe B TpelyeMoe JBHMEHHE NPYTHX 3B€HLEB MEX2HH3MA, HAzH-
BaETCH GXOTHBM SecHOM (6X0dNbLMIL Seenbamtl),

3ecHo (3Benbs) MexaHMsMa, coBepiiaomee TPEOYEMoe ABHIKEHME,
AR KOTOROro mpelidHasHateH MEeXZHH3M, Ha3BIBAETCH GUXOOHELM 288
HOM  (B6X00HELMI  3REHBAMLL).

JL15 COKPALCHNA BXOMHOE 3BEHO SAMEHAETCH TEPMHHOM «ax00y,
8 BLIXOHOE 3BEHO — TEPMHHOM €Gbixody,



§ 6. MEXAHH3M H EIM0 KHHEMATHUECKAR CXEMA 33

OcTafbHblE NOABHMKIHLIE 3IBEHBA MEXAHH3MA HASBIBAIOTCA Coedy-
HUMEABHBME RITH A0ONERCLTITTOMAH ML

B HEKOTODEIX CaytanX NpHHAMAKT TEPMEH sedityee 2ceq0 (3BeHbR),
Bedyugus seeriom HasbiBaeTCH S3BEHD, JNA HOTOPOTO CyMMa 3JEMeHTap-
HHX pabor BeeX BHENTHNX CHA, TPHIOKEHHBIX K HEMY, ABIAETCH nojo-
murentdoil. CooTBETCTBEHHO gedoaber 38en0A HASEIEEETCA 2BEHO, A
l{l'}‘.'l'l}[]ﬂm CYyMMa SMeEMEHTAPHREX p&ﬁ!’.‘ﬂ' BCeX _BHEHIHHX CHN, MOpHMICO-
HEHHRX K HesY, SABMRETCA OTPHUATEALHON HAH paBHa HYNHO.

B GoabloHHCTBE CAYYAEE BXOJHOE 2BEHO HAB-
JAAETCA H BEOYINHM, HO, KOHEUHO, MoryT OuTh Cay-
HaH HHBEPCHH, HOrfE BXOIHOE 3BEHO CTAHOBHTCH
EENOMBIM.

Kax sto Geno yrasato swiue (§ 2, 17), npn ki-
HEMATHYECKOM HCCAENOBAHHH MEXAHH3MOB H3Y-
yaercs HX ApdmKende. TlostoMy npH H3yYEHEH
CTPYKTYPEl M KHHEMATHEH MEXanH3MOB He off-
3aTeNLHO B KayecTBe BXONHOTO 3BEHA BHIOHpaTh
TO 3BEHO, K KOTOpOMY NpHJAOKEHA BHEUIHARA CHAAE,
NPHBOIHIIAS B JBHMEHHE MEXAHH3M.

2, Uroln H3y4YHTh JBHIKEHHE MEXAHH3MA, He- efil &
HOCTATOMHO 3HaTh CTPYKTYpY €ro, T.e. 4HOIo p
3BEHBER, YHCJID M HKJACCH] KHHEMATHYECKNX 1ap.
HeofxomuMo Takie 3HATE pASMEPE  OTAENBHEIX
ABEHLER, BJARANMIHE HA JIBHMEHHE, BIAHMHOE D0-
JIOMEIHE 3BeHEeB M T. 1. [losToMy npH Hayuelnu f
HBIDKEHUS SBEHBED MeXaRHana o0bINHO COCTaRNAOT !_I“’mm 2
TAK HAZLIBECMYK) KUHEMOMIMECKLD CXeml MEeXd- mn.«uu‘ Wi L He B

Fatut-wnft, M0
& .

I
af |
|
|

HUZMO, KOTOPAA ABNAETCH €ro KHHeMarHueckKodt IO ABELETCAR
a) naolpamenne o
MDHEJH:H}_ CXECMETHEH PODRSI Wk M
KunemaTHueckas cxeMa MEXAaHH3Ma CTPOHTCA wf‘::gfr";rl;ﬂ;w

B BrifpaHHOM MaclTale C TOYHBIM COOJIIONEHHEM  =ense. Dpuvenncwos
BCeX pasMepoB H (GOPM, OT KOTOPHIX 3&BHCHT  cxerax
IBHMKEHHE TOTO AW APYTroro sBeHa, JIpyTHMH clio-

BatH, ¢ colRoieHHeM TeX paamepoB M QopM, NpH HaMeHEHHH KOTO-
PHX HAMEHAWTCH MONMOMEHEA, CHOPOCTH H YCHOpEeHHA TOYEK Me-
xanuiMa. Ha wmnematHueckofi cxeme noimuo CHTh YyKazaHo Bee,
yro HeoOXojHMO /IR H3YYeHHR nIBHMeHus. Bee nuiuHee, ne Xapak-
TEPHOE TR ABHMEHHA, S0NKHO ORTE HCKMOYeHD, YTofibl He ymuuc-
HATE YEepTema,

PaceMoTprM, Hanpumep, MeXaHHam JBHIATENs, NOKasaHHLl Ha
puc. 2.1, @. Tak Kax Bee 3BeHLA ITOTD MEXaHHIMA ABHIKYTCHE napan-
NeNLHo opHolt obwel nnockocTH (naockudl mexanuas), 1O yTOOHR
HAYUHTE ABHMeHHe JoBOro 3BeHa, AOCTATOMHO HSYYHTL [BHIKEHRHe
Kaknx-nufo neyx ero touex. Hanpiumep, AJ8 "H3YUEHHA ABHMEHHS
Epupomnna AB pocTatoyso 3HaATh B KaMALE AAHHLA MOMEHT nono-
#enne npyx towex A u B nia uayuenns ApswenHs mwaryHa BC no-
CTATOYHO 3HATH B KaMObifl AAHHEIN MOMEHT NONOME@HHE ABYX TOuek B

2 H. H. Aprodoneocnuf
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u C. Torpa, noyeaysics ycAOBHBIMH 0003HAYEHHSAMH, YKA3aHHLIME Ha
piic. 111 u 1.20, cocrasnfeM KHHEMaTHYECKYIO CXeMy MEXaHW3Ma
(puc. 2.1, 6). Bee neoOXOAHMLIE PasMEPHI 3BEHLEB OT/NOMEHH B He-
KOTOpOM BrRIlpaiton macwTabe Jy MMM, KOTOPHIA OSHAYaeT, Y4T0 OOHH
MILLANMET YEpTeXa COOTBETCTBYET | MeTpaM RaTypHl, T. €.

I omind = py m

Cnouee COCTABHTL KHHEMATHYECKYH CXeMYy, €cTH 3PEHLA MeXa-
HH3Ma HMeoT OpOCTpancTReHHoe JBHmedne. B stoM coyuae kune-
MATHYECKSH CXEM# COCTARMAETCA B COOTBETCTBYIMIHX [POEKIHAX
HA JIBe HAH B HEROTOPHIX CAYHaAX Ha TPH B3aHMHO NepneHIHKy A pHEe
LAOCKOCTH.

§ 7. Crpyktypnan dopmysa kuHemaTHYeckol uenm
obuero THNa
-

I°. EcitH Ha IPHXEHNE 3BEHA B NPOCTPAHCTEE He HANOMEHO HHKa-
KHX ychaossfl CBA3H, TO OHO, HaK H3BECTHO, ofnafaer wWecThio CTene-
HaMH cpobogel. Toria, ecnH YHCNO 3IBEHBEB KHHEMATHYECKON Uenn

L paeHo k, To obwee uuclo creneHell cBobofipl, KO-
Topuy ofiafiaet k SBEHBER JI0 WX COELHHEHHA
B HHHeMaTlyeckwe napul, pasto Bk Coepunenne
ABEHLEE B KHHEMaTHOECKHE NMapPhl HAKNaIWBacT pai-
AHUROE YHCNO CcBA3CR HA OTHOCHTENBHOE ABHME-
HHE 3PeHnes, saBucHIlee oT kAacca nap (o, § 3).
Ecnon yncno map | wknacca, B woTOpRE BXORAT
3BEHLA FECT_‘MHTPHHE’IEMDﬁ EHHEMATHUECKOH LEenu,
paseo py, gHcno nap Il knacca — p;, yHeno nap
. LI wnacca — pg, uncno nap IV knacca — py H,
¥we. 2.2, Haops- HAKOHEN, YHelio nap V. Knacca — pg, TO u3 €k
Melne wiockore Me-  cremenefi CBOGOMBL, KOTOPLIMH OG/1aAaJIH SBEHBA N0
i ueThpex smembes  HX BXOWGEHHMA B EHHeMaTHYeCKHE mnaphl, Heobxo-
JIHMO  HCKJIOMHMTL Te CTeneHd cBobOnn, KOTOpEE
OTHHMAWTCA EBXOMJAEHHEM 3BEHBERE B HHHEMATHYECHHE I'IE]]H. Tﬂ[‘J‘lE
yHcAo crenenefi cpobomel [, KotopuiM ofunanaer ERHEMaTHYeCKas
1ens, pPaBHO

H = 6k — Bpy — 4py — 3ps — 2ps — - 2.1

B KOHCTPYEULHAX NpHMEHATCA OOLIYHO 3aMKHYTHE W He3aMKHY-
THE KHHEMATHYECKHE LENH, ¥ KOTOPHX OAHO H3 3BEHBLER HENOABHHKHO,
1. e. apasetcs cmogikodi. Hanpumep, B Mexauusme (puc. 2.2) apwra-
TENA BHYTPERHEro CTOPAHHS KPHBOWHI 2, WaTYH 3, nopuwens 4
H LHAHHOP ¢ paModi | o0pasyioT KHHEMATHYECKYHO enb, Y KOTOpo#H He-
NOMBHAKHLIM 3BEHOM (CMOGKOM) ABAAETCH WAIHHAP € paMoli jBura-
tena, ChenoBaTeNbHO, NPH H3YHEHHH JIBHAEHHA BCEX 3BEHBLER KHue-
MaTHUECKOE! 1|enH ABITaTens Mbl paccMaTpHBaen HX abrco/lOTHBIE Ne-
peMEIeHHS NPOHCXOASIHME OTHOCHTENBHO OAHOrO H3 3BEHLES,



§ 7. CTPYETYPHAR <QOPMYIA UENH OBUIErMG BHIA a5

NpHHEATOTO 33 Henofsmaioe (cTofiky). KuHemaruveckas nenn, co-
cTOMUAR H3 3BeHLeB 1, 2, 8 u 4, ABNAETCA 3aMiKHyTON, TaK KaK 3BeHbs
2 v 4 sxonaT B KHHemaTHveckne napul A 8 C co crofimofi. Fean onno
N3 3BeHbER KHHeMarTHyeckoil vend OyAET HENOABHMHEM, - To ofblies
yHCao cremexell cBofoAbl LenH yMeHbIWHTCA Ha IWeCTh H YHCAD CTene-
Heft ceoboas W OTHOCHTEILHO HENOABHMHOTO 3BeHa OyIeT paBHo

W=H—6. (2.2)

2. YUncno W creneHelt ciobonsl KHHeMaTHYeECKON LENH OTHOCH-
TeJbHO 3BEHA, NPHHATOTO 38 HENOJBHHOE, HAILBAETCH WHCAOM Chie-
nenerl ceobodsr KHHeMaTHUeCKOfl LenH WM, KPaTHO, CMEeneHen cap-
Godet. Topcrapnas B Gopuyay (2.2) emecto H ero oeipamenne u3
coorhowenun (2.1), nonayuaem

W ==6(k—1)—5p; — 4p; — 3ps — 2ps — p;. (2.3)

Ecau B papencree (2.3) ofoanaymre eemiumby £ — 1 yepes n,
TO NOJAYYHM

W = 6n — Bp; — 4ps — 8py — 2py — py, (2.4)
THE A — YHCAO noOsudHsE 3BEHLER KHHeMaTHyecKofl nenu. Papen-
cTB0 (2.4) HOCHT HaspanHe popMyAb NOCBUSCHOCMIL WIH CMpyKmyprod
dhoprayan Kunemamuveccold yenw ofiyezo eudc.

Qopumyna (2.4) snepshie, B HECKONBKO HHOM BHge, Omna naka
M. H. Comoptin B 1887 r. u pasputa A. T1. Mansiessiv B 1923 1. 0
HOCHT Hassauie Gopuynsl Comopa—Manuiesa.

Ecny kuneMaTHyeckan nenb ofpazoBala napamu Tofibko V Kaacca,
T0 Gopuyna (2.4) npunHMaer caenywunii BHI

Wmﬁﬂ_ﬁp‘.

Mpumep 1. Pscomotpum npiMep #a onpeRenedie uHcAda cTenenel] cBoBOmE 8-
HHYTO  KHHCMaTHGe: nem. Ha puc. 2.3 nowesadsl KHHCMETHUECHER LEML 0 M

PHe, 2.3, YerhpeNseeBHLR NPOCTPRICTEENHLE MEXaHHSM

e cxeMa , v it sseed [ (crofika) v 2 pxopat e napy A (V khaces); seedss
2n 8 —p napy B (V xnacca); seexts 8 1w 4 — B napE}C{W Kiacea) W, HAMOHED,
3eEHbR 4 1 1 (cToitna) srogat B oapy D (111 wascea). Qecno nopemsHex seenses n
PaBHC Tpew, ancac nap V knacea py paEmo Ieyw, sscne nap 1V wracca py paswo egu-
Hene o uneno nap 111 knacea py Teoxe pasko efimiue. [ToJcTaRNAR YHCTA SPeHbeR
H nap s gopMyay (2.4), noayvisem
W = Bn —bpg —4py — By =63 —5H-2 — 4] — 3.1 = 1,
T. €. PACCMATPUBAEHER HKHUEMSTHYECKAR LENb offd 59eT ONHON Crenenkio ceolol,
.2‘
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Mipsmep 2. Onpepennte sieso creneseil caobonm HE3EMEHYTON KHLEMaTHYECKGT
LN, nokasennol 1e pec. 2.4, a co cxemol (puc. 2.4, 6), y koTopoh ascrba 1 (cTolne)
H 2 pxopnt g napy A (111 knaces), ssewnn 2 0 3 b napy E (IV snicca) 0 spesns
3 B4 6 napy C (V wnacea). [lo dopyne (2.4) nonyusen

W= 6n— Bpy — 4ps — 3py = 6:3 — 5ol — &:1 — 31 = §,
T. & PACCMATPHEAEMER KHBEMATHNECKSS LeNb COIaESeT WECTHED CTONEHNMH cecfioft,

3%, Tak Kak MexaHusM npeacTaBnsier coGoil KHHEMATHYECKYID
Lenk co SEEHBEHME, HMEIOUHMHE BNOJHE DI'IPE..U.EJIEHHHE JRHMCHNA, TD
HEOOXONMO BHSICHUTL BOTPOC O TOM, KAK CEASAHA ONPENEJEHNOCTH
JNEHIHEITHYl SEEHEER MeXAHRSMa
C 4YHCJAOM €ero CcTeéneHeil cpo-
Gomwa. Kaw sto cnenyer s ¢op-
Myaul (2.4), crenenb NoiEHM-
HOCTH  XapaxkTepusyer wuc/o
crenenefi ¢BoBOIM MeXaHH3IMAa
OTHOCHTENILHO SBEHA, NMPHHHTO-
I'c 33 RenofiBkuxHoe (cToilky).
Torpa, ecaw mexanwsm ofaa-
H8eT oAHoil cTenennio ceofones,
TO OIHOMY H2 BECHLER MeXa-
HH3IMa MBI MOoiKemM l]pﬁ..ﬂl'lll(‘.ﬂ'l’b
OTHOCHTENILHO CTORKH Kanoii-
AuG0  BNOJIHE  onpefieleHHkii
3aKoH  jBumenun (odsy obof-
L{eHHIO Koopdunamy Mexarys-
Mgz}, HANpHMep BpaliaTepHoe,
Puc. 2.4. Hessuiwyron Upoctpancrociuen B [OCTYNATENLHOE MJK  BHHTO-

BOZ  [IBHMCHHE € 3afanHeimMy

cropocTAME. Tlpe stom  Bee
OCTAJIbHHE SEEHLS MeXAHH3Ma NOJYYaT BIIOJIHE ONPENe/eHHLIE NBH ie-
Husl, ABNAOHeCH QyHRUMAMK SafanEoro. Ecan mexanuam obnapaer
ABYMsi cTenerfiMi CBOGOAK!, TO HEOOXOMHMO 3afaTh ONHOMY H3 3BEILER
AEa HESADHCHMBEIX HEBMMEHHHA (Oee obobugennee KoopOUNRAME. MEXTHIS-
M@) OTHOCHTENIEHO CTORKH MMM JIBYM SBEHBHM N0 OJIHOMY HEIADHCH-
MOMY ABHMEHHI0 OTHOCHTENRHO CTOHKH HT. I Hanprep, Mexannsm,
NnoxasaHHefl Ha puc. 2.3, kax 510 GHNO BHFCHEHO, 06ManaeT oftHoll
cTenennio ceoGoan, Cllefiopatebio, coobiHE OMHOMY U3 €ro apeHLen
ABHHEHKE O OMPEIE/IEHHOMY 3aKOHY, MH MOJNyYaew BrOJHE Onpee-
JeHHbie JIBHREHHS BCEX OCTANbHHX SBEHLEE STOTO MEXZHHIMA,

Kamuan ns HesaBHCHMEIX memny coboii KOOpANHAT, ONpenesisio-
UHX NONOKEHHE BCEX SBEHLEE MEXAHNSMA OTHOCKTENLHO CTOMKH,
HasuiBaetTcs obobtennold koopOuxamold mexanussa.

3BeHo, KOTOPOMY DPHNHCHIBAETCH OIHA MAH HECKONLKO obofmen-
HBEIX KOOPNNAT MEXAHMSMA, HASLIBACTCH MONGABHILM S6EHOM.

Ilycts Gyger, Hanpumep, sajaH SaKOH BpALICHKSA 3beHa 2 {pwc. 2.3)
B BURE QYHKUHE @9 = ¢y (), rAe ¢y €CTb yro/l NoBopoTa spena 2,
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atl— Bé)CMH. Ecny sajano NBHMeHRe 3BeHa 2, To BCe OCTAJMbHEE
apeHbA OYAYT JABHTATLCA BROMEE ONpeleieHHEM ofipasoM, NpHYEM HX
pmDEenns OyAyT sapucert 0T Bupannoll QyHKUME @3 = @ (1)
Tlostomy sSEelio 2 MexaHH3MA OKA3IHBAETCH HAYAALHEIM SBEHOM.

Taxum ofpasom, SHaueHHE ¢, ONHO3HAWHO ONpELeNferT COoTBeT-
CTBYIOLLIE €My NOMOHEHHS 3BEHLEB MEXAHN3MA OTHOCHTENILHO CTORKH,
1 DOTOMY YTON @y €cTh 000BLerHas KoopOuKama paccuampusacsozo
MEXQHUSMA.

KuiemaTHyecxkas [enk, nokasannas ua puc. 2.4, xag 310 Guno
BHsICHEHO panee, ofNlanaer LecTwio crenensmu ceofoan. Caencsa-
TehEO, JUF ONpEIeNeHHOCTH JIBHIKENus DCeX 3BEHhEB HAl0 MMETh
sanaHHEMK 1ecTs obobmenHHX Koopiunar. Hanpusep, 3aKkonnl Bpa-
Jekns 3BeHa 2 BOKpYT Tpex ocefi, nepecexaiommxcs B rouxe O
33KOHH BpALEHNA K CKOVIbIKEHHs $BeAa § BOKPYr W BIONL OCH
@ — @ ¥, HAKOHEH, 3aKoH Bpawenns spena 4 BOKpyr ocu b —b.

B ocHOBHOM B KOHCTPYKUMAX MAlME B nprBopoB HCNOAB3YIOTCA
MEXAHMIME € ofsoll crenenstd ceofomr. B HeKOTOpPHIX KOHCTpPYE-
UHAK MAMHHE HAXONsT cele NPHMEHEHHe MEXAHHSMLL C AByMA u (odee
crenensnmi CEOGOAH. K TAKMM KOHCTpYRUMAM OTHocATCs nmdge-
peHnans asTomMobnMel, HEKOTOpHE MEXAHH3MBEL CUETHO-pellalonX
MAIMH W MaHHOYJATOPHL. '

§ 8. Crpyxtypuas ¢opMysa NACCKHX MCXaHHIMOB

1°. B §6 u 7 mu noxasamu, uto B ofuiem C1y4Yae YHCAO CTeneHel
cnoGoan mexanusma W voer OuTh ONpeneneHo no CTpyKTypHo#

gopuyne (2.4)
W = 6n — bps — 4ps — 3ps — 2ps — Pr.

[Mpumenienne 3TOH (OpMYJII BO3MOMHO TONLKO B TOM CIyuae,
ECllH HA ARHHEEHRA 30elbel, BXOOALIEX B COCTAE MEXAHH3ME, HE Ha/l0-
FEHD Kakux-mbo ofMy JONOIHKHTENLHLX YCIOBHMRA. 3TH yohobus,
ofiuiie 5 DBCEro MEXaHH3Ma B 1eTOM, MOTYT OuITh BechMa pasnool-
passm. Tak, Wanpumep, MOHO NoTpeboBath, wTolH Y MEXaHH3MA,
COCTOSLIErD HS OIHMX TOMLKO BpanlaTenbHuX nap V kJaacca, ocu Beex
THX nap OHAR NEpaifelbiH, NEPecekanuch B OHOM TouKe W T. A,
OrasnBacTcs, YTO TaKWe JONOJHHTEALHEC TpeDoBAHKHA CYLIECTBCHHO
HIMEHSIOT XAPAKTED JBIKENNHF MEeXaHH3IMa M HSMEHAKT COOTEET-
CTBEHHO BHJIL €10 CTPYKTYpHOH QopMy/nL.

INycth, HanpUMep, y MeXaHH3IMa, KOTOPHIl COCTOMT M3 KHHEMaTH-
YeCKHX BpauaTenbiikix nap V wjacca, ocm Beex Nap napasiienbHe
(puc. 2.5). Bubepes HENOIBHMKHYIO CHCTEMY KOODAHHAT X4Z TaKy
wTofk HanpaBaeNKe oCi X COBNAN0 ¢ HanpasieHnem ocel nap, 8 ock
Y Wz Jemann B NJACCKOCTH, TEpneHanKyAsnpHolt K ocAaM rap. Momxno
vorpa y\OemnThed B TOM, STO B 3TOM CNYY&€ TOYMKH Bpeliben Mexa-
nrama ABCD GyayT ABuraThea B NAOCKOCTAX, Napaiiefbuuix OLuod
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ofwed HenoppwxEol B0CKocTH S, conepxauiedl 0cH yu 2, 1 Ml Gyiem
HMETH TaK HasEIBAEMLN naockuld mexanussm, T. e, MeXanHsm, TOUKH
SBECHLEER ROTOROTD OMHCHBAM0T TpEE‘KTDpHH, JIEHANIHE B napaJeib-
HHX [JAOCKOCTAX,

Paccwotpim, kakme me ofulpe orpanuselins HANOMeHH Ha JABH-
WEHHA BCEX SEElLEB NMpHBEJEHHOrO BHILUE MeXAHH3MA YCIOBHEM na-
PAAAENLHOCTH Ocell BeeX KHHEMATHYECKHX nap. JoeHbs MeXAHHSMa
HE MOTYT COBEPILATL BPAILETE]LHOE IBHMEHHE BOKpDYr oCell ¥ u z,
MOCTYNaTeMbHO? ABHMEHHE BOONL OCH X, AL €. U3 wecmtiil f03MONHBE
Oeuncenud mpu ke moeym Gume ocy-
wecmenener. ClenoBaTensio, BOsMON-
HEIMH OCTAIOTCH CACLYIOULe Tpu JEH-
MENRA: BpallleHie BOKPYE OCH X HAH
ocefl, eff napalnensHHX, W nocTyna-
TeJbHEIE ABHIKEHHA BIONL OCcell ¢ 1 2.
B camom nene, nemxenne seenves AB
H CD ceonutca K EBpawenwio BOKpyr
oceil, napanieNbHeEX OCH X, a ABNEe-
Hre 3eeHa BC waw clomHoe naocko-
NApaniensHoe ABHMEHHE MOxeT Ouith
NpeICTARMEHD KAK EBpallEHHE BOKpYT
Fuc. 2.5, Mexewnsm  wapwwpuoro  OCH, TEPNEHHMEYAADHOH K nAOCKOCTH

VTP XaBE LR “ 8, H NOCTYNarellbHOE JIBIKeHHe, na-
pasnensioe ITOH NAOCKOCTH.

26. Ecan Ha NBEHMEHNE BLeX IBEHLER MeXAHHIMA B HenoM Hano-
HeHo TpH O0DWMK OrpaHMueHds, TO, OUEBHIHO, ST0 OOCTOATENLCTRO
JNONKHO OuTh YUTEHO Npy NONCYEeTe uiCAa cTenereli ¢BoGOaR! OTHEND-
HHIX 3EEHLEE | cTenenedl ceololii Mexaruama B uedom. Ecan B ofuem
chiyqse uucAo cTenenell cBofofll NOABHIKHLIX SPEHLEBE MEXAHHIMA
paBsioch Gul 61, rie n — YHCAO NOABHIKHEIX 3BEHLEB, TO LIS pac-
CMETPHEAEMOTO MEXSHHIMA €HCNO CTENEHER CBOOOIE  MONBHAMIILIX
spenbee Oyser (6 — 3) n = 3n. CoorsercTeenHo BMecTo 5p, ceaseil,
HaKAalkBaeMEIX Napamu V kaacca, B sToM Mexannsme napu V Kaacca
GynyT naknammears (5 — 3) p, = 2p, cedsefl, Tak Kak TpH CBH3H
Yie HANMKEHHW yCAOBKeM napadinenasHocT ocedl nap, u 1. A, Crpys-
TypHan GopmyNa mexanuama (2.4) Oyner Torna tamoii:

W=06—3n—0E—3)p—(4—23)p;,—(3—23)p,,
T. €, CTeneHb I:BDﬁDIlH NIIOCROTND MeXaHH3Ma ﬁ}-’}lﬁ"[‘ paEHEl
W — 3“ e Epﬁ — pi‘ {2.5}

30 ecTh cmpykmypras gopmyaa 0An  RAOCKUX  MEXQHISHOS
ofityeso auda,

B cocrae nnockux mexannsmop napil [, 11 v 111 kaaccor sxonnts
HE MOTYT, Kak O0JANA0UHE NPOCTPAKCTBEHHHIM XAPAKTEPOM BOAMOK-
HHX OTHOCHTENBHHX JBumenufi. M3 paccmotpenHoro npumepa cae-
AYeT, YTO €C/IN Ha JIBHAEHMe BCeX 3BeHLEB MEXAHHSMA B [eloM Ha-
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JI0WEHO HeKoTopoe ofinee AR BCEMO MEXaHHSMAa unCno ceasefi, 1o
HeOOXOAMMO YHMCNO 3THX o0WMX CEAsSell M3 CTPYKTYpHOH GopMyNik
MEXANH3MA HCEJIOYMTHL NyTEM BHYHTARMA YHCAa 3THX ceasefl w3
ypeaa crenesefi cpofonk BCEX NOJIBHMHEIX SBECHLEE MEXAHM3MAa H M3
ylCAd YCMOBME CBsi3W BCEX BXONAIMX B MEXaHHSM KHHEMATHYE-
CKHX map.

. Tlpun paccMOTpeHHH MAOCKHX MEXAHHIMOB H COCTABJEHHH MX
CTPYKTYPHEIX hOpMYJ Ml HMEJH B BHAY, 4YTO T€ CTeNEHH CEOCOILI,
KOTOPBIME COASASI0T 3BEHLS MEXAHH3MOB, M T€ YCNOBHA CBASH, KOTO-
phie HAMATAOTCS HA ABHMKEHHA SBEHhEB BXOXKJEHHEM HX B KHHEMAaTH-
YECKHE Naphl, PelalT B COBOKYNHOCTH BOnpoc of onpeflefieHHocTH
IEHMERMA MEXaHH3MA,

HeofixonumMo oTMETHTB, STO, KpoMe CTeneHell coofonm SBEHBEE H
censefi, AKTHEHO BO3AeHCTBYIOWHX Ha XapakTep NBHKEHHS MeXa-
HHSMOE, B HHX MOTYT ECTPETHTBCH CTENEHH cBOGON M YCNOBUA CEH3H,
He OKASLIBAIONIME RHKAKOTO BAHSIMUS HA Xapakrep JIBHMEHHS MeXa-
HHSMA B LesoM. YaneHne HS MEXAHH3MOE SBeHLCE H KHHEeMATHUECKNX
nap, KOTOPHIM STH CTeneHy cBOGOMN ¥ YCJIOBHA CBASH NPHHANNENKAT,
mMomeT OLTh clenaHo (e3 H3MeHeHWsi obulero XapakTepa ABHMEHHA
mexanuama B uenom. Takue cTenedn CEOOOME HASHEBAIOTCHA AULLKUMU
crmenenamu  ceoboder, a CBASH — USOBIMOYHBMU  BIR AOCCUGHBLMIL
CBASAMIL.

B xavectBe NpuMEpa pacCMOTpHM NACCKH{ MeXammuaM, noxasas-
Hufi Ha puoc. 2.6. Pasmepu 3BCHBED MeXalM3Ma YIOBJETBOpPHIOT
YCAOBHAM

AB=CD, AD = EF = BC, AE =BE wn DF = FC.

Takum colpasem, ¢urypa ABCD — pcerpa napaanenorpaum, H,
CAEOBATENLHO, PACCTORHNE Mexkay Touxasn F u E octaercs noctoni-
HEIM | PABHEIM pacCTOAHMIO Mexxay Toukamn A w D wan B u C. Torna
fe3 ECAKOrO HApYIIEHHA XApakTepa [BHIKEHWS MEXAHH3IMA MOMKHO
spero EF (nan BC) ynanuTh, Tak Kak 3TO 3BEHO, BXOAAUIEE B KHEHE-
MaTuueckue napw E p F, Hanaraer Ha ABHeHHE MEXAHHSMA YCIOBHA
cBssH, sABAAoumect nabumovnnmy. Pacemorpum nanee  gpyrimih
poiuk 6 (puc. 2.6), exonsuwii Bo Bpawareasnywo napy V wnacca H
CO 3BeHOM 4, CONpHKACAIOUMMCA C HHM NO NpaMoAnHefinoMy npo-
dmmio HC. Hetpynuo BijieTk, 4TO Mbl MOMeM CB0GOAHO NOBOpaYHEATh
poiuK 6 BOKpYr OCH, NpOXOmswed sepes Toury G, He OKasHBa# npH
STOM HHKAKOTO EAHAHKA HA XapaKTep ABHMKEHHS MeXaHH3Ma B LENOM.
Ceofionno NOECPAYHBAIOUACH POJIHK 86T ALLUHION CTENEND CeOhOILE.
MostoMy Bez BCRKOrO HAPYLIEHHS XADAKTEPA NIBHXMEHMA MeXaHH3Ma
B LEJOM MOMHO PONME YA3AHTH it 3BeHO 4 c0 3BeHoM 7 COeHNHTS He-
nocpencTeeHHo B KuHemarnueckyo napy IV knacea (puc. 2.7). Sae-
MeHTOM naps: 3sena 4 Gyner npamas KL, napaineasnan npavoit DC,
NPOXOAAWAA OT Hee HA PACCTONNHH, PaBHOM pajuycy pomika 6,
% snemenTomM napkl spena 7 Oyner Touka G.
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[Noayuennnie TaknM ofpasoM MexaHHsMH GYAYT BOCMpOM3BOHTH
AEMKEHWE 3BEHA 7 Mo TOMY M€ 3aHOHY, KOTOPHH OCYecTBIs/CH
NEPEOHAYAMLHEIM MEXaHUSMOM, HO NpH 3TOM npeobpascBaHibie Me-
¥aHuiMel GyayT oceofOXKEHH OT JHINHHX cTenexefi ceofojeH W H3-
ELITOUHKIX YCAOBHIT CBASH,

[lpy vecnenopaEmy CTPYKRTYPHE MEXAHH3SMA C MOMOWBIO CTPYKTYp-
HEX (fopMy/ HeoOXOIMMO YUHTHEBEATE BOSMOMHOE NpHCYTCTEHE JIMLI-
HiX crenchefi ceofonl H H3OWTOMHBIY yCnoBuil CBASH.

4%, BuaeneHne psbuTOMHLX CBAZEdl M AHIHEX cTeneHell cpofonng
E MEXAHHIMAX MpOILE BCero MoykerT GHTH CAENAHO NPH HIYYEHHH HX

Fwe. 2.6, CHeMa NOOCHOTO MEXS- Pac. 2.7. Cxemn ME XA,

HH3MO € MEcCHEHEMH CEASEMH H ocpoloICHROrG O  NOCCHBILX

arwEell crenenu coolons cesnnel B nmﬂaﬂ CTENEHH CRO-
ELl

KHHEMATHKY, Hanpuvep npf nocTpoeHHH mepemeuleHmi B cKopoctedl
seeHtes. Ecnn onpenenerite nepemeiieniii 30eHECE HJH HX CRopocTedi
moKeT Onmb cnedano Oes yYacTHR OIHOrO HJAH HECKONMLKHX 3EEHLER
MEXAHHSMA, TO 9TH 3BeHLA BHOCAT WM NACCHEHHE CBASH, HAH JHLI-
Hue crencnn ceofone. Hanpumep, nepememenne spena 7 (puc. 2.7)
MOMET GETL NOAYHEHO NEpeMenieHien SBeHwen 2, 4 u 4. Cnenona-
TEALHO, SEEHO § BHOCHT NACCHEHEIC CBRASH M MOXeT OubTh M3 paccmo-
Tperua uckmoveHo. Moo 6o Gul TakmKe NOKasaTh, 4TO M ONpene-
JIEHI€ CKOPOCTH 3BeRa 7 NpH 38J1aHHOM CROPOCTH 3BeHa 2 MOMKET OHTh
clenano 03 paccMOTpeHHy cxopocredl apexa 5.

B nanenefilues npe H3yueHM JBHMEHHS SBEHBEE MEXaHH3MOB
OymeM nNpeanofiaFath, YT0 BCE AHIIHHE CTencHH cooboibt i HabnTou-
HEIE YCJOEHA CEASH MpElBAPHTENLIO HCKNOUEHE H3 MEXAHH3MA yha-
JIEHHEM COOTBETCTEYHOLMX 3BeHbeB, H (yaeM YYMTHEBATh B MEXaHH3Me
TOMLKO Te CEASK H CTéneHM cBolOAM, OT KOTOPHIX 33BHCHT Onpele-
JAEHHOCTE el JIBHHEITHA.

§ 9. CTpyETYpa DAOCKHA MEXAHH3MOB

I°. B § 8, seply ocoforo XapakTepa NBHMEHHS TOYEK SBEHLEB
mexannama (puc. 2.5), HaMn OLUIO MOKASAHO, YTO CTPYKTYPHas dop-
MYJIa MAOCKHX MEXaHHSMOE (2.5) B ofileM cyuae HMEeT CRenyrolni

Enji:
W =23n—2p, — ps (2.6)
Ira dopMysa HocHT Haspanwe ghopmyae Yebeuwuesa.
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Kak BufHO H3 GopMynH (2.6), nApCKHE MEXAHHSME MOTYT OHTL
ofipasoBalbl SBEHLAMH, BXOIAIUMMH TOMBKO B KHHEMATHUECKHE
naput 1V 1 V kaaccoe, Tapu 1V Kaacca B nAockiX MexaHHsuax Ha-
AarakT opHO yCAaoBHe CBASH HA OTHOCHTENBHOE OBHIKENIHE eg JBEHBEE.
Tlapt: V k/iacca B MAOCKHX MEXaHHSMAX HANAralOT 1BA yCJAOBHA CBSISH
HAa OTHOCHTELHOE NBHMEHHE e SEEHBEB.

Tpumepor napu IV Knacca B nJOCKHX KHHEMATHYECKMX LENAX
MOMET CAYHHTH Napa, o0pasoBakilas SBeHbAMH A B B, BbinoNHEHHEMMH
B B/ ABYX LHAHEApHUECKHX MoBepXHoCTelt @ # P ¢ napannenbiuni
ociMit (prc. 2.8), NEPEKATHIEAIOWMXCH €O CKONBMEHHEM [pyr MO
IpYTY H NOCTOAHHO CONPHKACAOWMXCH N0 NPAMOIHHEHHEN obpasylo=

T
P v
f [N

Puc. 2.8, [lnocHeER  KH- Pic, 2.9, CreMn neocHoR Poe. 2.00, Cxema  nmos

HOMOTHRECHER NAP& KRpeMaTEYOCKoh nape crOfl KHHEMETHYECHOR na=

IV Enaccs, COCTONUELAR HE IV  waacca, cocvomuel pr IV wanaccs, cocTormel

AEYX ORAHHEPCER B3 ABYX HpHBOAHHeRHLIX 5 KphBEoaABEReROro spens
BULHBER H ABEHE& € OCTPHEM

MM STHX nopepxHocTell Ges cKoMbwehnsi BOAb ofpasyioux. 3ta
napa B CEUeHHH MJOCKOCTHIO, MEPTICHARKYAAPHON K 00pasylouus L~
MUHApOB, NAET JiBe COMPHKACAIOUIMECH KpHEHE o — o o p—p
(puc. 2.9), npencrapasowiHe co0of SJMeMEHTH SDEHLER [EpH.
BrophiM mpHMEPOM MOMKET CAYMHTh napa, ofpasoBaiias KpuBof
a — o, sRamoweiics saementod spena A, n ocrpuem C — snemen-
Tom spesa B (puc. 2.10). Bo Beex kunematnueckux napax IV waacca,
KaK 310 Guno yrasaHo Buiue (§ 3, 7°), SBeHbs CONPHKACATCR
HAH B mouke, HAW N0 NPAMOL; STH napel OTHOCATCH K GuCtuusm na-

[lapa IV kaacca B NAOCKOM MEXAHM3ME HCKIIOYAET BOSMOMMHOCTE
OLHONG Kakoro-AHG0 JABIKEHHA: Hanpusmep, napa, nokasannan Ha
prc. 2.9, ucK/ouaeT OTHOCHTENLIOE [BHKeHHEe SEEHBER Au B e Ha-
NpaBeHiH HOPMAJH n — A K KpHBLM ¢ — o H f — P, npoBesieRHOR
E Touke HX Kacauus. BoSMOMHLIMA NBYMS OTHOCHTEALHHIMH JIER-
JHEHMAMH SBEHRED STOH napkl AEJSIOTCH KaueHHe o CHKOJLMEHNg
onHoll KpuBOH no ApYroi.

Husiime napsl V KJacca, T. . napbl, B KOTOPHX KacahHe 3belbeB
NPOMCXOANT No NoBepXHOCTAM (cm. § 3, 7°) B MAOCKHX MeXaHHSMaX
spAsoTes Anbo Bpatateashum (pre. 1.1), mibo nocTynateabHMHA
(puc. 1.8), Tak KaK JIPYTHE HHSIIHE NApH, B YACTHOCTH BHHTOEHE,
HE MOryT BXOOHTEL B COCTAR MAOCKOrQo MexXaHHsMa B CHJAY npocTpan-
CTBEHHOTO AApPAKTEPA OTHOCHTEALHOND JIBHMEHHH HX SBeHbeB.
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H3 Tpex BoaMOMHEIX OTHOCHTEABHWX JBHMENH SBeHbER nap nnao-
CEHX MEXAHHIMOB BpallaTenbine |1 NoCTY NaTelbHEe RAPL HCKJIWOY AT
no zpa peumenns. BpamaTenwhan napa HCKAIOYEET BOSMOMHOCTD
NOCTYRATENLHEIX [BHIKEHNH BAONB JIBYX OCEH, MEMAHX B NAOCKOCTH
ABHMeHnsA 3peHneB. [locTynatentnas napa HCKMOYAET OAHO NocTyna-
TENILHOC NBHMEHHE H ONHO BpawlateNsHoe (BOKPYr OCH, NepleHin-
KYJASipHOH K NJIOCKOCTH IBAMEHNA 3DEHBER).

Knnemarnueckue napu V giacca B nAOCKHX MeXamusmax MOryT
Oute u ewcivi. Ha pue. 2011, g, HADPHMEP, NOKASANA BHICIIAA
napa V knacca, sneMeHTH speHnep A R
B xovopoli npeactaeisior cololl 1B XecT-
KO CBASaHHLE mMemay cobolt naockne Kpu-
Be o —ao u f — B, conpukacainuecs
C JIBYM#A JpPYTHME [VIOCKHMH KpHBHIMH
Y —y u 8 —8 Tawme mectro cessal-
HuMH Mexay coboit. Takee napu noay-
URAH HA3EAHHC ORyXmovewHmx nap, TaK
KaKk speHbst A M B conpukacaorcs B
meyvx toukax C wu D,

" Ha puc, 2.11, 6 noxasaua gpyras Bhic-
¢ 0 (7 v was napa V khacca, npeictanisioulas
& 26{:% speno A, ceommu gouuamm C oD
oNb3fLee B mpopesaX o —auf —f
S *"r vemmmcme neo.  3PEHA B. Snementamm, npruaifexaniim
OpEMERHE  Bwcliell  HHEEME. 3BEHY A, apnsiores ToukH C M D, a sne-
;W g gﬁm&-rflﬁnﬂ; MEHTAMH, MPHHALNEKAUNME 3BeHy [, —
ROE aneho ¢ iByMA naockuMy wpi-  MJIOCKHE KpuBhie o —au f — p. Taune
::':,*;;D“?m:;’f“ff ,,',';“.f,f,’nﬂ napsl NOAYYHIH HA3BAHHUE MPAEKmMOpHbX
TESLNEN NHCTHM ENYCEHEN nap, Tak Kak fOpH ABHAEHHH OOHOTO S3Be-
HA Mapkl OTHOCHTENLHO APYroro TOUKH
3BEHLEB OMMCHINAIOT CJAOMKHEE, HO DBOOMHE ONpelefeHHHe TPaeKTo-
pu. BricieR napoii V knacca mensiercs Takae napa, nokasaHHan
Ha puc. 2.11, e. Kpuban o — o, AEAAIOmMAncA sJeMeHTOM 3Bena A,
nepexaTeiBaercs es CKoMbenHs no kpHeoft P — B, aBamowefics
sneMeHToM 3peHa B. 3ta napa noayunna HaspaHue yemmpoudrod na-
pet, TAK kaK shementhl o —a H f§ — i spesven A B B sipasioren
BCerna HEHTpOHIAMI B OTHOCHTEAEHOM ABM#EHHH 3DCHLER HETH AR Ta-
KHM 00pasoM, Mbl BHIHM, YTO B MJIOCKHX MEXaHHSMAX HX MOJEHMKHLIE
3BEHLA HMEIOT N0 Tpu cTenenn ceolOb T. €. 1 SBEHLER HMEIOT 3n
crenenelt cooboan. Kamnas napa V knacca naknammieaer npe cea-
SH, T. €. p; Tlap HauAaMBalOT 2p; ceasefi. Kampan napa IV wknacca
HAKAANHIBAET OIHY CERSL, T. €. Py NAp HAKAaimBalor p, cemseil, Or-
CIONlA  HENOCPENCTEEHHO NOJgyYaeM, yTo uanchao crenedell ceofomu
W nnockoro mexannsma pasio W = 3n — 2py — p,, T. €. nofTyyaeM
Gopmyany (2.5).

2°. B saprcumocTs ot uncaa W, crosmero B nesoft wacti dop-

Myl (2.6), Mul MOMEM NOAYSHTE NIOCKHE MEXAHHIME C O/IHOM, IBYMS,




§ 8 CTP¥ETYPA TNMINOCCKHX MEXAHHIMOB 43

TpeMA H T. . CTENEHAMH ceobonel. Tak, Ha prc. 2.12 noxkazan wexa-
HHSM C ofHoll cTenennio cpobojikl, Ha prc. 2.13 — MeXaHusM ¢ aBymnA
crenensimp cBobonn 1 Ha puc. 2.14 — MeXaHn3M C TPEMHA CTENeHsMu
ceobonm. .

IMpy Myaecoi creners cBoOBONbL KNHEMATHUECKOH LeNH HH OAHO
HE SPEHLED He MOMET NENTAaThCA OTHOCHTENLHO HeNOIEHXHOrD 3BEHA,
W KiHemartHyeckas uens npeepamaerce B depuy (puc. 2.15).

Jlna onpenefeHHOCTH JBHMKEHHA BCex 3BeHLEeR MeXaHHama, olpa-
SOBAHHOIO KHHEMATHUYECKOH Nens C© OJHOH cTeneHbio CeobosH,
HeCOXOAHMO K HOCTATOMHO HMEThH SANAHHEIM 34KOH JIBHMEHHA OIHOMD
H3 3BEHLER,

sEomne AT e i A bemrrur e
Puc. 2,12, Cxema weXss P, 2.013, Creme mexa- Pue, 2.14. Cxema wsexas
HEAME EPEHPHOND 4e-  EHIME WAPHEPHOTC OATH- HHGME IHAPEHPHONG BOCh-

THPEXIEEHHHKE © olof-  aneHuEKa ©  ofobue HHb- MRAREHHERA C© oboluen-
weHHoll MOOpAMHATER @y MH EOUDEMHETOME Gp M Gy  HEMB RODPAHHETEMH g,
Uy B iy

Tax, anA Mexaunsma, nokasannoro Ha puc. 2.12, pocraroyHo
HMETh, HAOpHMEp, 33KOH ¢y = @y ({) M3MEHEHMs yria ¢, NOBOpOTA
seera 2 B QyHKUNKM Bpemery £, T. €. ofHy 060OIEHHYIO KOOpAHHATY
mexannssa. Tawum ofpazsoM, uYncAo creneHefl cpofonn KHHEME
THyeckoll nemm, u3 wortopofl ofipazoean me-
XAHHEM, ONHOBpEMEHHO ABJAETCA M YHCIOM
HE3ABHCHMBIX NapaMeTpoB, KJAH, YTO TO He,
obobLeHHKY  KOOpIHHAT, KOTOPLIMH — Mb
IOVIHE! 3A18ThCH, YToOL naHiad KHHemarTH-
yeckas ens Guina mexanusmom. [okasannas 3
Ha puc. 2.13 nens Gyner mexanysmomM, ecJiu, Fres .8, é:eﬁ"ﬂc oz
Hanpumep, GynyT 3aJlaHel YU NOBOPOTA cTenenso ceclok
H [, 3BeHLeE 2 H § B QYHKIHH BpemeHH L.

Jlns wuHemarndeckoll nermn, nokasawHofi na puc. 2,14, nymHo 8a1aTh
YINH NOBOPOTA G, §g H @q 3BeHbeB 2, 3 u 4 B gyuknun epemeny
HT. I

Oftqio B KayecTBe OGOGUIEHNHIX KOOpIHEAT GepyTest SaKoHH
JIBMIKEHUS 3BEHBEB, BXONAIIMX B KMHEMATHYECKHE Mapsl €O CTOd-
Kamu. B nexoropux cnyuasx Gosee ynolHo B KauecTne ofobuieHHON
KOOpAMHATH BHOpaThL 3aKOH JIBIGKEHHA Kakoro-Anbo Jpyroro seena.
Hanpumep, ans mexanmsma na pHc. 2.13 MOXHO BHOPATE SaKOHE
AEBUHEHNS 3BeHbeE 2 B 5 uad § n 4.

3%, K, nnockuM MeXaHR3MaM OTHOCATCHA TaKme MeXaHnsmu ¢ ofi-
HHMH NOCTYMATESNbHEIMH NAapasd, OCH JIBHMeHHA KOTOpHX napan-
JeNBHE OgHoR oblel NAoCKOCTH. 3Belba 5THX MEXANHIMOB HE HMEHT
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BOSMOMHOCTH BpallaTeNbHOTO JIBHMeHHA BOKPYT! OCH, NepheHIHKy-
JApHOHE K TAOCKOCTH HX NBHMKenks, T. €. OARAIT TOALKO JIByMA
crenennny ceofonm. INMpocrefiliny MeXaHHIMOM STOrC BHJa ABMAETCA
Kaunopoli Mexauusm (puc. 2.16).

Crpykrypuas GopMyaa STHX MeXaHHSMOB HMEET Clenylomuil sHu

W = 21 — p,. 2.7)
Sra dopmyna Ouina enepewie Bmibesiena B. B. JloGpoBONBCKEHM
B 1937 r. 1 HoCHT Ha3spbaume ghopmyat Hobposoascioeo.

Kak Buiio w3 GopMysH (2.7), nnockHe MeXaHHSMB STOro BHAA
MoryT ObiTh ofpasoBaHsl TONBKO mapami V KJacca, W Tak KaK B STHX

1,&

7

Prc, 2,17, Cxems Mexa Puc, 2,18, Cxesta wexa-
AREHHOMD ENHHOBDTD MNEXEs HHEAS © OORHHE NOCTY= HHAME C© OOHBEMH [NOCTYe

HHIME NETeNBWHME  NapaMb  H NareABHEMT  HapauH o
onucl CTeNeHLY CEOBOmH OEYME CTEDCHRME  CHQ<

MEXAHHIMAX SBEHBA MOCYT IFE‘I"]: TONLEO NOCTynareJbHOE NEHIMeHHE,
TO napel V Khacca B STHX MeXaHHSMax MOryT OuTh TONBKO NOCTYNa-
Tenuiuivi, Ha pre. 2.17 nokasan mexannsyM ¢ onHoil CTeNEHED CBO-
Goanl, 2 Ha puc, 2.18 — mMexanusM ¢ ABYMA cTeneHami CBODOAHL

§ 10. 3amena B NAOCKHX MEXAHH3MAX BLICLUMX Nap
HH3WHMMH

FF. Kag Gblo NoKasaHo BhIIE, MVIOCKHE MeXaHHSMB MOTYT HMETh
3pelibsi, BXOAANHE KaK B HHUSIIHE, TAK H B Bhicuiwe napel. Ilpn nsyve-
HHH ETP}H{T}'F]}I H KHHEMATHEH MIOCKHX MEXAHHIMOB BD" MHOTHX
cayvanx ynolHO SaMEHATh BLICIUME Mapkl KHHEMAETHHECKNMMH LEmAMH
HJIH SECHBLSIMH, BXOAALIAMH TOALKO B HHSIIHE BpamlaTe/nHbie i nocTy-
nareibueie nape V. kaacca. Tlpu sTof saMeHe JOMKHO yAOBAETBO-
pPATBCH YCloBREe, YTODH MeXaHH3M, NOJIYYEHHEIH MOCHE TAKOR 5a-
MeHH, ofnanan npexuell cTeneHnio cBOGOAL I YTOGH COXpaHHANCH
OTHOCHTENLHLIE B PACCMATPHBAEMOM NOJOMEHHH ABHMEHHA BCEX €r0
sBeHLEB. PAacCMOTPHM TpeX3BEeHHHA MeXaHHsM, NoKasaHHL Ha
pre. 2.19. MexaHuaMm COCTOMT MS JIBYX TONBHMHBIX 3BeHbeB 2 M 3,
BXOUAUKX Bo Bpallatensisie naphl V Kaacca A w B ¢o crofikofi [
n sucwyio napy C IV knacca, snemeHTw SBeHBEE a H b KoTopoi
npefcTaBasior coboio oxpyxHoctd pamnycoe 0,C u O5C. Coradcko
dopmysie (2.5) crenenb ceobonel Mexannsma Oyner

We=238ne=2p—py=32=22—1=1,
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MoHO noxasate, wto pacCMaTpHBaEMEE MEXANHIM MOMET GHTH
SaMeHeH SKBHBAZNEHTHLIM MY MeXAHW3MOM IApHHPHOTO YeThpex-
speHnika A0,0,8. Bricman napa IV wnacca B touke C samensieres
SBeHOM 4, BXomsuium B Toykax O, u O, Bo Bpamatenbime napa
V knacca. Tlonyuenuuii B pesy/ibTate SaMeHBl MeXaHHSM A0, 038
HASHBAETCR SOMEHAOULM MEXOHUIMOM.

Crenenn ceobopn W sameHsiowero mexanmnama fyier Toh e,
HTO H Y 3aBaHHOTO Mexanuama. Hmeem

W=3n—2p,=383—2.4=1,

Tak kak snemenTh @ W b spewren spIsMIOTCH OEPYHHOCTSIMH
¢ nentpamu B Toukax O, v O, 1o pnuna 0,0, ssena 4 oxasupaercs
nocrofitliof. Touno Tak e GyAyT noCTORHHLIME :
H pnnee AO; v BO, spenves 2 n 8. 3aMensomu]
vexaunsm AQ,0,B skenpanenTen SanannoMy u ¢
TOUKH SpeHHs 2aKOHOB ABHJKEHHA IBeHLEB 2 1 3.

2°, Pacemotpennuft cnocol nosiyuenun same-
HIIOLIErO MEXaHHsMa MOMHO ofofmrs. [lycrs
38720 MeXaHM3M C BuCEH papol, sAeMeHTH
SBEHBEE KOTOPOH DPeACcTABARIOT coGoli npoms- Pwc. 2.10. Cxena me-

BOJLHO 3ajaHHEIe KpHBWE @ H b (puc. 2.20). JIna  nepon b suge e

MOCTPOEHHSA CXeMBl SAMEHSIOIETO MEXAHHEME NPO-  abd XooKTeh u Sove-
Bony wopmank NN e Touke C Kacamus KpHEWX u s sy
orMeuaeM Ha HeR wentp Oy, w Oy KpHEN3HH

KpHBHX @ H b. Tlo-npexueMy uentpul Kpueussm O, o Oy bl cyp-
TaeM WapHupasMe, o6pasyiiUAMH BpaaTeabHLe napel, B KOTOpLIE
BXOAAT ycloBHke sbeRbs AQ; 1 0305, € 0nHOMN CTOPOHM, H YCTOBHME
seerbfl BOy 0 0,04, ¢ apyrofi cropomm.

Onicannas saMena npaBn/ibHa 15 3aJAHHOTO TOAOKERHS OCHOB-
HOro mexakHsma. B Apyrom nosoxennn cxema saMensiomero mexa-
HU3Ma OCTAHETCS TOW e, PasMepH e ero SpeHLeR H3MensTcs, nbo
DeHTPH Kpuensdet O; v 05 cMecTsTCR.

Hs nuddepenunamenoi FEOMETPHH M3BECTHO, HYTO OKpPYMHOCTH
KPHUBEHSHE B TOUKE KacaHus ¢ KPHEOH M CaMa KPHEAA SKBUBAAEHTHL
A0 NPOHIBO/IHKX BTOPOTC NOPAJKA BKMOYHTENLHO, W No3TOMY 3ame-
HAKWHI MeXaHH3M SKEHBAJEHTEH OCHOEHOMY B TaKO# e CTEneHH,
T. €. NOJOMEHMHA, CKOPOCTH H YCKOpPEHHA OJHOMMEHHBX TOuEeK Toro
H ApYTOro mexaHusma OYIYT ONHHAKOBLIMH.

- Ecam opun w3 conpukacaompxcs snementos Gyger npej-
CTARNNTH COGOM HEKOTOPYI0 KPHEYIO, a ETOpOI npamywo b (prc. 2.21),
TO UEHTp KpHBH3HH BToporo npodmas OyleT GECKOHCuHO YVaaneH.
Yenosnoe seeno 4 & atoy cyyae GY/eT BXOMNTE B LIEHTpPe KPHBHSIE 0,
SJeMeHTa 2 BO BpawaTeabHYIO napy V Knacca. Bropan epamarensuas
llapa, B KOTOPYIO NOMKHO BXOAHTH SBEHO 3, WMEET Och Bpainenus
%ecuo:aewn YAANEHHOH 1 NEPEXOJHT B NOCTYNATENBHYIO napy takme

kJacea.
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€. Jlanee posmomen cAyuaii, Korna ONMH HS CONpPHKACAIOIHXCH
SNeMEHTOE — KpPHBaf a, a JApyrofi — Tousa C (puc. 2.22). B stom
chyuge neHTp KpHBHSHE Oy snementa C coBnafiaer ¢ camoii toukoii C,
H NOSTOMY YC/NOBHOE 3BEHO 4 AOJIKHO BXOJHTL B JIDe BpauaTessHEe
napw V gaacca — B0 EpAWATENLHYIO napy € oCbio, NpoXoAsuei
uepes UenTp Kpuousnn Op KPHBOMMHEHOTO S/eMenta @, H BO Bpa-
luarenpHylo napy ¢ oceio, npoxonsiuieli uepes touky C.

N G
\t\:ﬁ
%

PHC. 2.20. Cxess MCKONESME € BEC- Frc. 2.21. Cxesa sMexsunsma © Does
mell Anpodl, SMEMERTH IBEHEEH KO- well napofl, SACMENTH SEBEELCH HWOTO-
Topof — npoRABCALHO BERAHNEE podl = NPOHSBORERG IARAMHLE HKPH=
RPMELE, W JOMEMHILLEIT M0 Mes BAH H NpAMEA, W DOMEHAKILEND Me-
KANNAME LWAPUHDHORD ST e XA BEH- KEHHIWMA © TPEMT DpEULETeS HBME

NHES H opkcll NOCTYRETeALHON [Epap

B Tom cnyuae, KOrNa OAMHM SAeMeHTOM SBNsIETCH npaman AC,
a JpyruM — touka € (puc. 2.23), saMena CBOIMTCH K NOCTAHOEKE

Pisc, 2,22, Cxems  mexanms- Fnc. 2.28. Cresa mo- Prc. 2.24. Cxema aawme-
md ¢ maciiefl nepofl, aSpeMeH- KaMHIMAa o 2 ErcHeR ERMMIEFD MeXBHHAME, S

TH SBeibed HOTOpof — ppo- napai, SNEMENTE  BRBBRENTHOND  MeEXaiiHl-
HIBOMBHO INJAHNEE Kpilbos B BEEHLER EoTopof = MY, CXéNE HOTOpOro Baoe
TONKS, H saseiRiomers K- npsAwsn N ToOWHa gplmelm HE pHe 2,23
Imunmma:yhlmru MExXn=

Hminin

YCJIOEHOTO 3BEHA 4, BXOLSUIErO B OANY NOCTYNATENLHYKr B OIHY Bpa-
MaTeNsnyio napel. Ock BpallaTefRHOR Napu 0 OCH NBHMERNHA nocry-
NaTeNLHOR Napn JOJMHEL NPOXOIHTH HSEPe3 TOUKY CONpHEOCHODE
HHA C. 3ameHsiownii MexannaMm nokasan ma puc. 9.24.

Takum obpasom, moboii noOCKHE Mexanmsm ¢ BRICIUHMH  NapamMi
IV kaacca momer GHTH 3aMeHEH MEXaHHIMOM, B COCTAD KOTOpOro
BXOANT TOMBKO HH3LIHE KHHeMmaTHYecKue maphl V Kaacca,

Ecan Bee Brciume napbi 1V knacca B naockom Mexanusme samemenn
HHSIWIHMK Napamy, T0 cTpykTypHan dopMyna (2.5) ans saversionero
MeXAHHEMA NOJYUYHT DHJ

W= an — EFII' {2.&}
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§ 11. Crpyxiypa npoCTPAHCTREHHBIX MEXAMM3IMOB

I°. B cospementom MalIHHOCTPOEHHH HAXOAAT MPHMEHeHIle nmpos
CTPAHCTBEHHbIE MEXAHKSMEl PASJIHYMLIX BHAOB. PaccMoTpHM CTPyxK-
TYPY HEKOTODHX H3 HHX.

Kak sto Gwwio nokasano B § 7, 2°, crpykrypras dopmysa nopo-
CTPaHCTBEHHOrO MeXanwsma obwero smaa Gyner

W = 6n — 5ps — 4ps — 3ps — 2P — . (2.9)

Hs gopmyns (2.9) crenyer, 4TO TH MeXaHH3Mbl MOTYT Gtk ofipa-
S0BAHE SBeHEAMH, DXONSULHMH B EHHEMATHYECKHe NApPH BCeX MATH
KJaccon.

Hz mmsmpx KHHEMATH-
yeCKHX rmap Hanfoliee yacTo
BCTpeualoTcsi naphl, CXe-
MaTHYeCKHe K300pamenns
KOTOpHX  [OKa3aHu  Ha
puec. 2.25.

Ha puc. 225, a, 6 u &
nokasaue nap V Kaacca:
BpamaTeNbHas, NocTyma-
TensHan ¥ BuHToBas. C sTe-
MH NapaMH Mul Y3#e 03HaKO-
MHARCE padsiie (§ 3).

Ecan s11 nNapbl BXOIAT  puc, 2,25, Cxems POCOPOCTRAUCIRBY KHHEMATHYE

CHHYX NAp o) Hsofpaxense nuuaTesuEch nepy oo
B COCTAB UPMTPHETMHMR CHEMETHIHPOBANHEIME KOHCTPYHTHEHWME opMmmang

MeEXAHHAMOD, TO HX YOAOB- o) cXemMaTH¥ecKOe Ss0fpamende np»mmnmmﬂra-
1, MPHMENACHOE HE KHHEMBTHUECHHY CHEMaYS 6) W
Hule 06o3HAYEHHA OOJUKHE ) TO WC ENA NOCTYRETENsRoH Napus; &) M a*) To Me

Hbers Dl MOKASAHHGIA A27 snirscech naps: :) x o) o we ks unsusppi
COOTRETCTEBEHHD Ha pHC. &) T e pAN Wapoeofl © NaALUeM DaPeE
295, a', 6 n &. Lpiuy-
npuueckan napa IV rhacca B ee yenoBHoe HaobpameHue MOKA3aHH Ha
prc. 2.25, en ", lllaponas napa 111 kaacca k ee yoiobHoe HaohpameHne
noxasadsl Ha prc. 2.25,0 u ', Haxonen, ua puc. 2.25, ¢ u ¢’ nokasaust
Iwaposas ¢ nadeieM napa 1V knacca wee yenoedoe usolpamerne.
Tak e, KaKk ANA NJIOCKHX MEXAHHIMOB, BHICIUHE MApH PASAHYHEX
KNaccon B3o0pamaored  © TOMHEIMM OYEDPTAHHAMH TeX SJeMEeHTOR
SpeHLER, C KOTOPLIMH OHH BYOASAT B Naphl.

2°. PaccMOTPHM HEKOTOpHIE NPOCTPAHCTREHHHE MEXAHH3MH, [pH-
MeHseMele B TexHuke. Ha prc. 2.26, 0 nokasan uernipexspeHuiiit
smexannaM ABCD sunburamomerocs waccs camoneta. [loasyn 2
IBHMETCH MO HENOABHMHON Hanpasastomedl J w waryrom 3 nepenaer
IBH#eHHE Onope 4 KOJIECA, KOTOpas NOBOpayHBaeTcsl BOKpYT ock D
penoapusxtoro spena /. 3penen 2 u 1 ofipasylor nocTynatennHylo
napy, sceibAa 2 n 3 H 3 v 4 — wapoeue naput 1 spenes 4 u | — Bpa-
HaTeMsnyio Napy. KHHeMaTHUECKAR CXeMa MeXaHH3Ma [oKasana
Ha puc. 2.26, 6. M3 paccMOTpeHHA MeXaHH3IMa BHANO, YTO 3BeHO 3
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ofnafaer nuuHel cTenenblo cBolOIn — BO3MOMHOCTEID ¢BOGOIHO
NOBOPAYKBATLCH BOKPYT CEoell nNpolodibHOR ocu. [lostomy onMa
H2 nap B whn C morna i GuTe sameHeda IAPOBDI ¢ nanbiem napod
(puc. 2.25, e u ¢'). Tak kak sta JHIINAR CTeNeHb CBOGOAN! HE OKa3L-
BaeT HHKaKOrD BAHAHHA Ha JBHMKeHHe MeXaHH3Ma, TO C TOYKE 3peHAR
MNPOCTOTH KOHCTPYKUHMH NPOEKTHPYIOT MEXAHH3M C JBYMS IUAPOBLIMH

Puc. 2.26. MexeuusM miaocm camo- Pue, 2,27, Cxema  pyfusTo-
Aeva: o) naobpamenie co CReMETH- VERDANADIT MEXEHAIME
ABPOBN M HOBCTPYHTHBHLIMEH

Gopuamn;  0) nsobpasenne, npHMe-
RReMoE @8 EHeMATHYRCKHE CXemax

napami. Eciu HCRMOSHTL M8 PACCMOTPEHHS YNOMAHYTYIO JIIUHIONW
crenenb cBofoar, TO CTpyKTypHas Qopmyana (2.9) mexanusma npes-
CTABHTCH Tak:

W = 61 — 5ps — 4py — 3ps — 20y — pr = 6:3 — 5.2 —
— 4.1 —=31=1

Tarum ofipasoM, MeXaHH3M HIACCH HMEET OIHY CTelelb CBOGOMLL.

. Ha puc. 2.27 noxasan syGuaro-uepBsiuHuii MexaHusm. Yep-
EAK £, BpallaAce B nOMnHnHEKax ctoiiku 1, neficteyer Ha ponek 3
Koqeca 4, KOTOpOe BpallaeTcs B NOJUIHNHEKe cTOHKH /. 3pennn [ u 2
i 3BeHbsi 4 W [ BXOAAT BO BpauiatesbHue napu. Tak Kak ponwk 8
CONPHKAcaeTcsl C BHHTOBON NOBEPXHOCTBIO uepBiKa 2 B TOUKe, TO
speHss 2 H 4 nocsie YCNOBHOTO CKPelfieHHA POJHKOD & ¢ KosecoM 4.
ofipasyior napy I knacca. Crpykrypuas gopMyna mexanusma Gyner

W = 6n — Bpy — 4py — 3ps — 2pg — py = 6-2 — 5.2 — |.1 = I,

Takum ofipasomM, paccMaTpHBaeMill sy0uaTo-tiepBAYHHI MeXaHHSM
obnagaer oAHOH CTeneHbio CBOGOAL.

4. CrpyrrypHasn dopmyna chepuuecKix MeXaHHIMOB, T. €. MeXa-
HH3MOB, TOYKH 3SBEHBEE KOTOPHX ONMHCHBAIOT TPEEKTOPHH, NeMaliHe
Ha KOHUeHTpnueckux chepax, Onna yrRasaHa pnepBué ABTOpOM 3TOM
kHird B 1936 r. Qopmyna Hmeer clienyowsi Br:

W = 3n — 2ps — pa.
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Takum obpasom, 4ns chepHHecKHX MeXaHHIMOE NpHMEHHMA dop-
myna (2.5).

Ha qopmynsl (2.5) chenyer, 410 chepryeckie MEXaHHSMbI MOTYT
kT 0OpA3OBAREI KHHEMATHYECKHMH NapaMH TOMLKO V u IV knaccos.
TMprmenmocTs GopMYyJE (2.5) k cpepuuecKHM MeXaHHiMam onpe-
NeNseTcs Ten, UTO Ha ABHMNEHHe SBEHLEB STHX MeXaHH3MOB HAJIOMEHO
TpR ofmHX OrpaHHuIeHHs.

BenelcTBHe TOTMD, HTO [ABHMeHHe TOYeK SBEHLED cihepHYecKHX
MEXAHH3MOB NpOHCXOANT MO MOBEPXHOCTSM KOHUEHTPHUECKH pats
fosiosenHEA cbep, SBEHER STHE MEXAHHIMOD HMEIOT TOMLKO Bpallia-
Tedblibie NBHMEHHS H He MOTYT HMETh MOCTYMATE/ILHGIX NBHKEHHIL

Lo

[

S22\
b o

0 F e
<

B

Prc. 2.28. Mopear npo- Puc. 2.29, Cxems MEXBHHI-
CTPERCTUCHNOTD  CHRPHISCKD= ME HONWOECHHE BYOUATHE Ko~
o MEXAHHAME nec

TMosTOMy B STHX MEXaHHSMAX SBeHbs MOPYT BXOLNTH TOJILKO BO Bpa-
marensHule mapsl Vo kjacca H BHCLIHE Naphl IV gnacca, umeioniHe
CONpHKACAHHE MO NPAMLM, MPOXONALLIM yepes obwkit UeHTp cheph-
YeCKHX HOHLEHTpHYeCKNX nopepxHoctefi. [Ipn sToM NOJKHO i} By
HCK e IH}CT}'HETMBHD-E NBHMeHHe BAOGMIL WHPHKBMIUIIIHKCH
NpAMEY B HANPABJEHHH K obigemy HeHTpY ciep.

Ha prc. 2.28 nokasau yerHpeXaBeniuifi cheputiecknil MeXaHHIM,
y Kotoporo apeuss [, 2, 3, 4 BXOJAT b HeTHpe BpallaTebHEe Naph.
Ocu Beex nap nepecekaiotcs B ofumeMm UeHTpe 0. TlpH BpaueHnH
speHa 2 Bokpyr OcH OA B HenoABHIKHOM RNOLUIMITHHEE crofikn |
apeno 4 NOAY4YaeT BpalarefbHOe NBHMEHHE B nofuHNHNKe cTofKH 1
(Bokpyr ocu OD).

CrpykrypHas GopMyla MeXaHHIMA Gyner

W=23—20—ps=33—2:4= I,

7. €, yKasaHHLl chepHuecKuil MeXaHHsM (puc. 2.28) obnanaer oaHof
crenenbio CBOGOMILL.

Ha puc. 2.29 nokasas MeXaHH3M KOHHHUECKHX 8YOUATHIX KOJICO.
Ock xonec 2 1 § nepecekaiotcst B obutem nentpe 0. B 3TOM ke LeHTpe
nepecekaiores nee ofpasyioline nopepxHocTH 3yGnes. [loatomy sToT
MEXaAHNIM OTHOCHTCH TAKNE k ChepHYeCKHM MEXaHHIMaM., 3pennn 1, 2
u [, 3 ofpasyior BpalaTeNbline Naphl. 3penia £ p 3 06pasyoT BHIC-
wyto napy IV kaacca, TaK Kak nepeMellierHe BAO/L ofipasyiolHX
nopepxHocTelt 3yOheB OTCYTCTBYET.
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Crpyxrypuas Qopmyna MexaHnsma faeT
WE &I‘-Eph—.ﬂ. _ 3'2_2‘2"—1'1 = l_

Tarwum ofipasoM, MexaHHsM ofnafaer oAHOH cTeneHbin crobonwl
5°. Ha puc. 2.30 nokasan TpexspeHHuIi BHHTOBOM MeXaHH3M.
ZBeHEH HTOT0 MEXSHHSMA HMEIOT BOZMOMNHOCTE TOJALKO ABYX JBHMme-
HHil: BpamareqsHOro BOKPYT ocH A — A § nocTynare/lbHOTO BIOJB
870i we oci. Takum ofpasoM, Ha BoeHLA MEXAHHSMA HANDWEHD YeTHpe
ofmux orpanngerns. Cneflopate/itHo, CTPYK=
TypHasi QopMyna 71oro Mexanusma Oyaer

A i gl
i AR . _
=Hﬁﬁ'-:i¢\i=“&m}u;h= W=2n— pyg
e E i
e IMocsie nomcTaHOBEH 4HCAE MOABHMHEX

3BEHLEE } KHHEMAaTHYECKHX nap noJiydaem

Prc. 2.80. Mogene wpex- W o= 2-2 — 3= I,
EEFHROMD BHHTOBOMG MeXa- -
HitBxa T. €. MexanusM obnanaer oIHOH CTeneHbIo

CBOGOIHL.

6°. Bue @HAM paccMoTpeHH MeXauusmul, o0pasobaHHBie Hs
SAMKHYTHX KHHeMaTHdecknX uenei. B HexoTOpuX coBpemenHbIX
MAIKHAX HCTOALSYIOTCA MACCKHE o NPOCTPaHCTBEHHHIE MeXaHHSMH,
oOpasobaHlible W3 He3aMKHYTHIX KMHEMAaTHUECKHX uenef. JTH UenH
HCMOJIESYIOTCA B MeXaHHUeCKHX MaHMNyasaTtopax, poborax, ara-
HUWKEX MallWHAX M APYTrEX ycTpoficTBaX, HMHTHPYILLHX H SaMeHs-
IOUHX PYKH H BOTH UelOBeKa.

Ha puc. 2.31, a nokasana KAHEMATHUYECKAaRA CXEMa MAHHITYJATOpa
Tina «MackoTs. Llens coflep#eT WeCTE DOABHAHBIX 3DEHLEB, BXOAs-
HX B IUECTE Bpamatesenelx nap. Ha wouue spena 6 waxofutcn
SaxpaT, KOTOpHI MOXeT CBOMMH ryGKaMp 3aXBaTLIBaTh TE€ HAM HHbie
ofvextl. Ecsin He yunteBaTh JEHMeHHe ryGOK 3axpaTa, T0 CTPYK-
TypHas (opMyaa Mexannsma (2.9) Gyzer

W= 6n —B5p; = 6.6 — 5.6 = 6.

Takum obpasoM, MeXaHHEM MAHHMYJATOPA STOFO THNA MMEET LIECTh
crenenelt ceofopn. Ha pre. 2.31, 6 nokasana skBHBaNeHTHAS CXeMa
C ecTLio crenelaMH cBobonsl. Tak kak B ocHoBHOl cxeme 2.31, a
ocH (@, b), (c, d} u (e, f) BpallaTeILHEIX Nap NONAPHO MEPeCEeKAINTCH
B toukax O, O; v 0, 10 coorBercTeenHo napu (A, B), (C, D) u
(E, F) mowuO sameHHTH cepHuecKHMH Napami ¢ madslamu. Toraa
mexanusm Oyner ofipasoBaH TpeMA SBeHBEAMH, BXOAMWEMH B TpH
cheprueckre naphl ¢ NamLLLAMH.

CASCTEHE CHOMHOCTE HOHCTPYKTHEHOrO ofopmienus cdepu-
HECHHX Map € najbUaMH B NpakTHEe NPHMENNITCH MeXaHHIMHL, Nno-
CTpOEHHEE N0 OCHOBHOH CXeMe.

B coepemeHHON npakTHKe NMPHMEHAIOTCH MexaHHsmul, oOpasoBan-
Hhle H3 HEe3AMEHYTHX KHHEMATHYeCKHX Lemel H ¢ Goablumm, uem
y paccmotpendoro (pec. 2.31, a) mexanuama, UHCAOM crenenedl cBo-
GogH. OTH MeXaluWsMbl MOTYT OkiTk OOpaIOBAHH KHEEMATHYECKHMH
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uapaMH Pas/JHYHEX KJACCOB H B PassiuyHOll Noc/efoBaTelbHOCTH MK
pacnojioxennn. Taknm ofpasoM, YHCAO BAPHAHTOB NOAOGHHY MeXa-
HHEMOE BeChMa BeJHKO.

Ha pic. 2.32 nokasaHu [iBa MeXaHHSMa MaHHOyasTopos. Mexa-
HHSM MaHMnynaTopa THna «Bepcartpams, cXeMa HOTOpOrO NOKasada
Ha puc. 2.32, a, HMeeT NATH NOABHIKHLIX SBEHLEB. Ou obpazoean ‘

d
[

1le

Pie. 2.31. KnneMaTHIeCKEE CXeMbl MEXSHHIME MAHHNYARTOPS THNe cMeEcKoTs: a) oCoowian
cxema) ) SUBHHANEHTHAR CXEsMA

BpalaresnaMy napame A, D 8 E B nocrynarednicive napams B, C.
Uucso creneneit ceobonn papxo

W = 6n — 5ps = 6-5 — 5.5 = 5,
T. €. MexaHu3M 00NAAGCT NATLIO CTEMEHAMH CBOGOMLL

Puc, 2,32, HHUSMETHUECKAE CNOLB MOXONHEMON MEEHNYAETODOR

Ha pue. 2.32, 6 nokasgHa CxeMa, MEXAHHSMA MaHKIYNATOpA,
EMEIOMET0 ueThipe NOADHMKILX SBeHa, KOTOpmil oOpasopan Bpaila-
TenbHEMI napami A, B, noctynatenwnoit napofl C wu wapoeoii na
poit D. Yucno creneneil ceofonn paguo

W=6n—5p; —3py=06-4—53—3-1=6,
T, €. MEXAOH3d OSNAZACT IUCCTLID CTENCUAMH coobOm.
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Kak yacTHHE cayuaH NPoCTPAHCTEEHHHX MEXanusMon MOryT OHTE
noayqers ® npocrefliune naocKHe MEXaHHSMBEl  MaHHNYJIATOPOB
(puc. 2.33). Ha puc. 2.33, @ # 6 nokasadbkl MaHHNYNATOPH ¢ TPEMA
crenensMi ceobopn, a Ha puc. 2.33, 8 — npocteiiluas cxema HCKyc-
croendoll «Horus (nepunyasiopa).

7°. Kunematnseckue napu 1, 11, 111 u 1V wsaccop B HEKOTOpHIX
cayyasx yAOGHO 3aMEHATE SKBHBAJEHTHEMH HM KHHEMATHYECKHMH

uensiMe, oipasosanHH-

f
“ /s wu napamu V Kaacca.
i Tak, uanpiusep, cde-
Z pUHeckKan napa c
3 NanellesM, NOKASaHHAR
& f

Ha puc. 2.34, a, MOXeT

o
Pre. 2.53. KuHaeMaTHSOCKHE CHeMEl NNOCHHY MEXAHHEMO® GeTh  3aMEHEHa KHHe-
MEENNYNRTOROR H ACRADYARTOD OB MaTHYECKOH HENEIG
(prc. 2.34, 6), cocto-
niiefi B3 TPeX SBEHLEB, DXOAHWHX B JBE BpamareibHHE HKIHEMa-

THueckne napel A # B, ocH kotopuix nepecekawTcs B touke 0. Takue

A

Puc. 2.8, KunoMGTHYOCHHE — COCRMECHHA! Puc. 2.350. HKRpemarTnueciic  coemMucHRN:
a) chepusecHns rlr:g.n © Daneues; 6} Kapian- a) cheprveckan nape; O) obepaveckoe coe-
'l W FEEP NHHEHHE

LETTH NOMYYHAN RasBaHue Kunemamuueckux coedunerud. Kunemarn-
YECKOe COBAMHEHHE, NoKasanHoe Wa puc. 2.34, 6, HaseBaeTcs rKap-
darseis nodeccor. Ha puc. 2,35, @ nokasada cofepuYeckan napa, a
Ha puc. 2.35, 6 — 3KBHBANIENTHOE € KHHEMaTHUeCKOE COeJHHEeHHe,
COCTOFLLEE W3 YeThlpeéx SBeHLEB, BXOAMUIMX BO BpAlaTEJbLHEE na-
put A, B w C, ocn kotopux nepecexatorcs B touke 0. Takoe ku-
HEMATHYECKOE COBNMHEHHE HABLBACTCH CEEPUUECKILE COPOUHEHUCH.

F'naea 3
ENACCHOMEALHA NNNOCKHX MEXAHHIMOB

§ 12. OchoeHoft npuHUMN o0pa3soBAHHA MEXAHH3IMOB

1°. Ocuopuoii npuHupn ofpasoBaHMA MEXaHHSMOE Obl)! BREpBRHE
copuynnposan B 1914 r. pyccknm yuensm J1. B. Accypom. Hv Guian
NPOAOJIKEH H PasBUT MeToll oOpasoBanHus MEXaHH3IMOB NyTeM noche-
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DOBATE/LHOrD HACNOBHES KHHEMATHUECKHX Lenedi, ofiaiaouiuy onpes
JENGHHEMHE OTPYKTYPHEIMH CBOACTBAMH.

31or METOA Jierko NpocNelHTb, paccMaTpupas Kakoft-nu(o kon-
KpeTHLil MeXaHH3M, HanpHMEp MEXaHH3M, noKasaHHui Ha pHoz. 3.1,
SroT MexaHHSM HMEeEeT NAThH NOABKMHHEYX 3BeHLen, ofinasyloiluy cems
Kuhemariyeckux nap V knacca, Cneposartensho, no gopmyne Yedn-
weea (2.5) uncnao ero crenenel ceofoatl paBHo

W = 81— Opy o 3:5 —2:7 = 1, @3.1)

T. 8. MexaHHam, nokasauHui Ha puc. 3.1, ofnanaer opmofi creneHblo
ceolone. BeifepeM B KauecTme HauaneHoro spedo 2. Torna mMexauusm
OyneT cocrOsiTe K2 HauanbHOTO 3peHa 2, ofnajammero onsolt cre
neHpio ceobonu, Ccrofikn [ w
sperses, of0pasymilHX HHHEMA-
THYECKYIO 1eMb, COCTOAuLYIQ HB
spenwee 4, 4, S 6.

[pouece ofpasoBaniia STOro
MeXaHiaMa MOWMHO MPEACTABHTL
Kak nochnefoBateNsH0Oe npHcoe-
AHHENAE K HaYaAbHOMy 3peny 2y Puce 3.1. Mogee lecTiaseknoro nrockoro
K crolige | KuHEMaTHUECHOH e
nu, cocroamed ns seensesd u 4. Torna nonyumM deTHipexsBeHHEIR
mexavuasn ABCD, obnanawommuit oanoil crenexsio ceolonan. Hanee
K apeHy 4 mexanusma ABCD n crofike | npHCOGIHHEM KHHeMaTHye-
CKYID 11eNk, COCTOHLLYE B3 3beHa 5 n nonsyna 6. Torna nonyusm wec-
THIBEHHES Mexanusm, obnafaowkil Takme ofHON CTeneHbly CRO-
Goibt.

HerpyaHo tenepk YcTAHOBHTH ONPEAEIEHHYIO 3aKOHOMEPHOSTDH
npouecca obpasopanna mexanusma. B camom pene, mofol mexaunsm
HMEET OJIHO HenolBmMHOE seeHo (cmodry). ¥ mMexadrsma, nokasan-
moro Ha puc. 3.1, croiikoii Oyner sseHo J. [anee, MexaHusM NOJKed
HVETE UHCIO HAYANBHEX 3REHLEB, PABHOE MHCAY €ro creneHedt cso-
Goaw (cm. §7, §°). B nawem cayuae mexauuau (prc. 3.1) ofnanaer
OHHHM HAaYalbHEM SpeHoM 2, TaK HaK cTeneHs coofons MexaHmsMa
corfacio {3 1) pasua W = [.

Tak kax nocne npucoennHenns speases 3, 4, § 1 6 yucno crenened
CROSONE BCETO MEXAHN3MA OCTanNoCh pasHEM W = 1, To, cnegoma-
TOALHO, KHHEMATHYECKasS 1LeNk, COCTOAWAR HB sBenses 3, 4, & u 6,
NpHCOEIHHEHHEX K  HavyanbHoMYy 3peny 2 u crofike [, ofaa-
AaeT Hynepoli crenedbio coGofL CTHOCHTENBHO TEX SBEHLEB, K HOTO-
pPHM 314 Uenb NPHCOCABHSAETCS.

2. BueneM noHfTHE © Tpynnax Accypa.

I'pynnoti Accypa Gynem HaseBaTh KHHEMATHYECKYIO 1€Nb C HyJle-
poi cTeneHbio cpoGoiL OTHOCHTENLHO TEX SBEHKEB, C KOTOPHIMH BXO-
AAT B KHHEMaTHUSCHHE napid Cﬂ'ﬂ'ﬁﬂﬂ.ﬂﬂﬁ MEMEHTH €¢ 3BEHLEB, H He
pacnafaiciyioca Ha Gomee npocTeie pend, obnalalomne TAKKE HyJe-
eoli cTenenwio coolonn.
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Ecin ofpaturecs ¥ Mexawmamy, nokasamHomy ua puc. 3.1, 7o
HETPYIHG BHAETb, Y4TO COBORYNHGCTL 3BeHbeR J, 4, § u 6 xora H obaa-
Jaer HyJeBoi CTEneHbLIO NMOABIDKHOCTH, HO He Gyier rpynnofi, Tak
K2K pacnajaercs Ha ABe KHHEMAaTHYeCKHe uenH, COCTOAILE HA 3BEHLER
d, 4 n b, 6, vamnan H3 KOTOpPHX oGnNafaeT HYNEBOR CTenelbio
ceofonel. B camom pene, wuHematHueckan uenks BCD coctownt ma
By 3peHLeB J W 4, BXOAAIINX B TPH BPALLATENLEEE KHHEMATHYECKHE
napt B, C u D, cnenosatensto, ee creners cpoboisl W, papxa

Wep=3n—2py=32—2.3=0.

Hanee, knpHemarrueckan penk EG cOCTOMT H3 ABYX 3BeHneB 4 v 5,
EXOAALHX B D€ BpamaTesbHue KuHeMatnueckux napel E 0 F u onny
¢ DNOCTYMaT&ILHY0 napy (noasyH 6 0 HenoABMM-

Hafl Hanpaﬂﬂﬁmaﬂf. Crenens ceofopgel sTOd
LenH paBHa

W,, = 3n — 2ps = 3.2 — 2.3 = 0,

caenoBaTeNEHO, Mexawmusm (prc. 3.1) ofpaso-

Pue. 5.2, Cxema rpncce. B8H [PHCOCTHHEHHEM K HaualbHOMY speHy 2

Autnsn epyoom 11 kmes 3 croiike | peyx rpynn: nepeofi rpynnil, co-

wore vetmpexsmenmuwn  CTORLLEH Ha spenbes J, 4, H BTopodi rpynnul, co-
crosied Hs apeHBeB 5 W 6.

87 Mpr nocnenopaTebHOM NPHCOSTHHEHHH FPYNN HeOGXOAMMO
PYKOBOACTBOBATLECA ONpefeneHHuME npapuaamu. Ilpn ofpasosannm
MEXaHH3Ma € ofHof CTenenbio cpobofbl meppas rpynna nNpHoOenH-
HAeTCH cpODOAHLIMH SJIEMEHTAMH SBEHLEB K Haya/lbHOMY 3BEHY
B K ctofike. IMocnenyiouige rpynne MOTYT NPHCOEIHHATLCH K JIOOLM
SBEHLAM NOJYYEHHOTO MEXAHHEMA TOJLKO TaK, YTOOH 4BCHLA rPYNN.
obsanani NOABHMHOCTLIO APYr OTHOCHTENLHO apyra. [lyets, Hanpw-
Mep. Mbl HMeeM ueThipexspeHHbili mexaunsm-ABCD (puc. 3.2), obpa-
soBzHHER HavanbHbeM speHoM 2, croiikofl 1 W rpynnofi, cocrosed
ua speHneB § ® 4. Creayiomas rpynna, coctosiuias #s sBedben §
H 6, mMomer OWTh NpHCOSAHHEHA K JioGLIM IBYM PASHLIM SBEHBAM
MEXaHNH3Ma, HANPHMEP K 3BeHbsM 3 w 4 (puc. 3.2), HO He K onHOMY
H TOMY € 3PeHy. Tay, HanpUMep, ecliE NpHCOeNHNTE 3BeHLR 5 u 6
K OAHOMY B TOMY e sBeny 3 (puc. 3.2), To kouryp FEG', ofpasosan-
HilE 2BeHLAMYE 3, § u 6, Gynet mecTkuM, 1. e. Gyner ¢epmoit. Herpyano
BHJIETH, YTO I8 TOro, 4Tofikl NOCKE NPHCOEIHHERNS FPYNIH €8 3BeH:LH
HMEJTH NOABHICHOCTE OTHOCHTE/bHO TEeX 3BEHLEB, K KOTOPHM rpynna
npHCOEAHHEHA, HeoOXoanMo, 9T00bI SaMKHYTHI KOHTYp, o0pasoBan-
HEE SBEHLAMH FPYOOL B SBEHBLAMH, K KOTOPHM OHa NPHCOENMHMTCH,
Ol noasmxHEM KoutypoM. Tak, Ha puc. 3.2 kouryp GCFE 6yner
obaapate noaBuMuocTeio. HerpyiHo Bmpets, 910 A48 TOrg, 9rodbl
Takol KoWTyp OBNafian NOABKMHOCTEI, HeoOXOMMMO, YTOOL BECHER
KOOTYpa BXOsIMAN OBl HE AcHEr 4eM € Hembipe KMHEMATHUECKNE Naph
{napu F, E, G u C ma puc. 3.2).
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§ 13. Crpyxrypuas KaaccHHEAUNA MICCKEX MEXAHIIMOA

I°. B cospeMensoM MaIUHHOCTPOEHHH OCODEHHO UBIPOKOE npn-
MeHeHHe MOJYYEMH NAOCKHE MEXaHHSMH, SBEHbS KOTOPBIX BXONST
B nape IV u V knaccop. [105TOMY OTAENLHD OCTAHOBHMCH Ha paccMo-
TPEHHH MPHHLKNOE KX CTPYKTYPHOH KJIAacCH(PHHALKE.

B § 12 Gwn ycraHoBNEH OCHOBHOR NpuHUWN o6pasoBaius Mexa-
HHSMOB, COCTORILEA B MOCHAEAOBATEALHOM NPHUCOEAHHEHHH K HAYAMb-
HHM 3BEHLAM M CTOHKE rpynn, crenedb cpoboam W, KOTOpLIX paBHa

W = C. (3.2)

JInsi nfocKkx mMeXaHHSMOB, SBEHLR KOTOPHX DXOART B napu IV

B V Knaccop, 510 ycJoBHE OylIET BHIASAAET: Tak:
an — ﬂpi - Py = 0. {3.3]

2, HazoneM yc/ioBHO HagYafisHOe 3BEHO K CTORKy, ofpasyiamne

KuHeMaTHYecKyio napy V knacca, smexanuszmon | xaacca (puc. 3.3).

A A

1

Puc. 5.3. Cxews wme- Puc, 8.4, CrexMs CRACEEOIT nes
EnuMawos | Knecce K BHHEMA

Obpaszosanxe mobOro NACCKOro MexaHmsMma MoweT OuTe npen-
CTaBAEHD KaK nocacdosamensioe npucoedurerte pynn, yooeretmsops-
wowux yeaosuro (3.3). Hanpumep, nepeas rpynna OpHCORAHHFETCH
K onHoMy mexanusmy | Knacca (asanoHoMY seewy W cTofike), caeny-
joman rpynna — aubo K sBeHeAM neppofi rpynnd, Anbo YacTHYHO
K 3BEHbAM NepBofi rpynnu n HayaJLHOMY SBEHY HJH K crofike M 1. n.

Ha pue. 3.4 pana cxemMa Mexadusma, o6pasoBaHHOTO NpHCOENNH-
HEHHEM K OfHOMY Mexanusmy | Kiacca (Havaasnoe speno 2 | croiika [)
CAeAyIipy KHHeMaTH4yecKux wuenefi: neppofl KuHeMaTHuecKoll uenu
ua svenwen 3, 4, 5 u 6, Bropofi — us 3BeHLeB 7 W 8§ u Tperwel —
us spensen 9 u 10,

MoMHO NETKO NpoDepHTh, WTO BCE 3TH KHHEMAaTHYECKHE Leny
JefACTBHTENEHD YAOBAETBOPAIOT yoloBHIO (3.2), T. €. He pacnajaioTcs
Ha foJee NPOCTHE FPYNn.l, K, CAENOBATENLHO, ABARIOTCH EPYAMaML,
Mexanuamel, ofpasovaHHHE NPHCOENHHEHHEM HECKOMLKHX Tpynn
K OOHOMY MEXaHH3MY | KAaCCa, TaK We Kak H caM OH, uﬁ.ﬂanam cTe-
netiio cnofonet, pasrol eHMIE, TaK KaK MPYONs HE H3MEHAIOT CTene-
HH cBO0OME OCHOBHOTO MEXaHKH3IWA, K KOTOPOMY OHH NPHCOeABRAITCA.

Mexauusmel Moryt Obits OOpasoBaHE! TaKMe B NPHCOEAHHEHHEM
FPYnn OfHOBPEMEHHO K HeckoAskKim Mexaunsmam | waacca. B stix
cAy4asnx crefieHt cBobOAH NOMYYaeMuX MeXaHuiMop OyAeT paBHa
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qHCAy mexannsmoB | kaacca, K KOTOpHM NPOH3BOAHTCHA Takoe NpH-
COENHHENHe FpynM, T. €. YHCAY HayalbHbX SBEHBER pPaCCMATpHBE-
eMoro mexamusma. Hanpumep, Ha puc. 3.0 nOKasan mexaHHSM,
06pasoBaHHLil NPHCOSMHHEHHEM TPYINL, COCTORLIEN H3 SEeHbeR 5
i 4, kK oproMy MexanusMy | Kaacca, a Ha puc. 3.6 nokasan mexa-
HH3M, ofipasoBauufl DpHCOENHHEeHHeM Takofl ke Ipyunsl K ABYM
mexaHusMam | Knacca.

3. Kag 6eno nokasano B § 10, sce BXopsiume B cocTaB NAGCKOTO
MexaHuaMa BeHCIMe KuHemaThyeckne napel IV m V Knaccos Mory?

&
g ry
£ 2
2 Howaar ol Mpomee o
ST NN A
A *AD a £
! ! f !
Puc. 3.5, Cxems wexanusume, ofpa- Puc. 3.6, CxoMa MexoBuoMa, oO0pos
sopaRNGRG NPECOEIHHEEHEEM  FRPYIns BOBEHBOMD NPECOCIHNeEHEECM TRYTNN
ppennel 8 B 4 K HavansHomny spexy ¥ eEcHbeE & ¥ 4 B NBYN MeXaHHaMaM
H & cvoflue I I wnacce, COCTORUIHM M3 HAUBALHEN

speiben £ B 8, maf_u!mm €0 CToR-
1]

GuiTh SaMEHeHH KHHEMaTHYeCKHMH uenfimy, obpasoBaHHEIMH TOMLKO
napamit V Knacca. 3peHbS NOJAYYEHHEIX yKasalHHM BHILE crnocofoM
SaMEHAIONIHX MEeXaHU3MOB GyayT COBepilaTe B paccMaTpHBaeMOM
noAo#HeRty OEMAEHHA TOTO 3e BHAA, 4WTO0 H nepboHadaibHuble, B co-
CTAB KOTOPHX BXOAHAN Boiciike naphl. TostoMy npH pacCMOTPEHHH
BONPOCOB O KAACCH(HKAINE MEXAHHSMOB MOXCHO OTPaHHUHTLCS pac-
CMOTpEHHEM MEeXaHN3MOB, B KOTOpWX BCE BHCLWIHE Naphl npeipapi-
TeILHO SaMEReNEl COOTBETCTBYIOUWMMH uenamu, ofpasoBaHHEMHE na-
pami V Knacca.
M3 cootromennn (3.3) cnenyer, 470 YC/AOEHE, KOTOPOMY AOJIMHLL
HOBJETBOPATE [PYNnH, B COCTEE KOTOPHX BXOIAT Naphl TOJBKO
{’ Kaaccs, MOMHD HamHcaTh Tak: 3n — 2py, = 0, oTRyna

3
pe=gm, @4

T. €. HHCAO nNap V gnacca, BXolflHX B rpynnoy, AOJMHO pAaBHATHCA

TpeM BTOPHIM YHCAa BXOOAIHX B HEE 3BEHBEB.
Tak Kak uncjia SBeHLEB H nap MOryT OHTh TOJBKO LEJEMH, TO

ycnoBHio (3.4) ynoBAeTBOPAIOT TOMLKO CHEAyIOUHe COYETaHHA SHCeN
3BEHLEE H KHHEM3THYECKHX nap, BxOASWMX B rpynny (raGmuua 2):
Tetnwue 2

Ne min 1 2 3 1 1 .

n 2 4 6 & . .
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3apaBasich pas/ENHEMI COUETAHHAMH STHX HHCeN, YAOBJETBOps-
BolEM YCRoBHIO (3.4), ME MOXEM NOAYYaTL FPYNOE pasTHYHOTO BHia,
Bee nonyyaeMHe Takiy o6pa3oM TPYNNH MOXHO pasbHTs 10 KiaccaM.
Kak 310 OyJieT NoKasaHo AaNee, Ielelie rpynn no kaaccam obycaos-
NEHO METONaMi KHHEMaTHYecKOTO H CHJIOBOTO @HAMNH20B, CBONCTBEN-
HEIMH CpyniaM Kawloro Kiacca.

4. [pocteiliee COUETaHHE YHCEs SBEHLEB # nap, YIOBACTBOpH-
routx yeaosuio (3.4), Gyner n = 2 u py = 3. Tak kax a‘l!nﬁaﬂ rpynna
[OC/IE CBOETO NIPHCOENHHEHHS K Haua/LHOMY 3BeHy M cTojfike ofpasyer
3aMKIYTYI0 KHHEMATHYECKYIO Henb, TO MOXKHO CAeNark BHBON, NTO
QHCN0 SJEMEHTOB, KOTOPHMH rpynia K UHM OpH- &
COELUHSETCH, He Moxcem Obime mewsive deyx. Tor-

Ila B paccuaTpuBaesoil npocrefieil rpynne, co-
cTosniel U3 Tpex KHHeMATHYECKHX nap, 3AeMEHTH

JIBYX SBEHLEH OCTaloTCH CBOGOQHBIMH W rpynna B &
ofleM BHOE MOMET HMETh DM, NOKaSaHHHA Ha £
prc. 3.7. Ha sToM pHCyhKe noKasaHa rpynna Puc. 3.7 Caeus xeves
BCD, cocToRuas H3 ABYX SBeHLEB H Tpex Bpaila- DepBOrC pHAA
TeNLHRX KHHEMATHUYECKHX nap. Ja rpynna Mo-

ser OuTh npHcoegnreda sAementamu B w D K peym moGum
speHbAM k 0 m vexanwsma. Tak Kak OQHHM H3 yoaoBHit nprcoemy-
HEHMs! TPYNUE SBJsSETCH ycAobBHe, 4T06H KOHUEBHMH 3neventamy B
o D rpynna ke npucocdunssace K odnoMy U moMy ke SecHy,
TO, CAel0BATENBHO, Fpynna MoxeT OLITh NpHCOENHHEHA K OfHOMY
mexanuamy | rsacca, oOpasoBaHHOMY HAYalbHEM SDeHoOM £ W
croitkoi [ (puc. 3.5), snementom B K Havanukomy sseny 2 H sae-
perioM D K crofike 1. TlonyueHHRN MexannsM OyleT HMeTE CTeners
ceofonp, paBHYIo @AMHMUE, TaK Kak npuco¢luHenne GRUIO Chedano
& odnomy mexaensmy | knacca. Ta e rpynna mosxer GHITE npHCOenn-
weHa H K deym mexaupamam | kaacca (puc. 3.6), HO B 5TOM coyyae
MexXaHHaM ofaanaeT CTeNneHs CBobolnl, paBlioil ABYM.

Tpynna, uMelonEs BBa 8BeHa | TPH napu V Kiacca, HAIHBAETCH
epyanot 11 kaucca emopoee nopsdsa uau deyxnosodsosod epynnod,
ubo npucoeprHeHHe STOH CPYNNE K OCHOBHOMY MEXaHHAMy DpOH3-
ROAMTCA AByMA nosojkamid BC u DC.

Hopsador zpgnnst onpedessemes YUCAOM 3AEMEHIN0S SEEHBOS, KOMO-
PN 2pynna NPUCOPBUHREMCA K OCHOSHOMY MEXQHUIMY.

lexaHH3MH, B COCTAE KOTOPHX BXONAT [PYNNE KNACCA He BHILE
BTOpOro, nasusalwTes mexanussmamuy 11 xasacca.

5. Ipynna, nsobpamennan ua puc. 3.7, AMeer 0Ba spela W TpH
BpallaTentHue napsl. Hasopem Takoe coueraHHe 3DeHBEE H pap
nepesiu eudor rpynnu 11 Knacca.

Bee nocaenyionpte pras rpynnd 11 knacca moryt Gume noslyuent
nyTeM 3aMeHH OTHENEMHX BpPAIUATENLHEIX O2p DapaMH NOCTYNATE b~
HHIMI.

Bmopeis eudos ABENAETCA TOT, DPH KOTOPOM nocTynarenkHofl na-
poit samenena odHa 63 Kpalinux BpamaTedbhbix nap (puc, 3.8).

-
“ar
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Tpemuil eud nokasan na puc. 3.9. 3necy noctynarensHoll napoil
3aMEHENd Cpe0HAL BpAlLATENbHAR mapa.

Yemeepmeui end waoOpawen na puc. 3.10. 3necs dee kpainue
Bpalate/ibHble naphl 3aMeMeHs JBYMA NOCTYNaTe/ILMBMH napamH.

Tlamei 6ud noxasaH Ha puc. 3.11. 3pect nocTynartensHbIMH
fapaMi 3aMeHeHs KPafiAs W cpednfs ppauaTetHHEe nNapH.

Kasanoce Obl, 910, cAEyf 00 NyTH SaMeHH BpallATeLHEX MAp
NOCTYNATENEHEIME, MOMHO OBUIO OBl 3aMEHHTL H BCE TPH BpallaTeb-
HEE NAPH NOCTYNATEAbHBIMH, HO MOMHO YOENHThECH, YTO B STOM CJlly-
Yae npH NpHCOSAHHEHHH K cTofike rpynna GyJieT HMETs OIHy CTEeneHs

£ ¥
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; 54
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Pue. 8.8, Cxema PFae. 3.8, Cxems Puc. B.010. Cxeme Prc. 3.01. Cxewms

¥
£ =

REYENUBOEHOEOR ABYXNCECLHOBOR LnyENOEoRKoneR ABY XNOECEHOBOA
FPYOMN Broporo [PYIME  TPETLEOO  FPYOON  YeToop=  FpynmW MATON
M EH# Tofh DHEE uMaa

cecBomb, T. €. NEPEXOLHT B NACCHHE MEXaHH3M C OJHEMH NOCTYna-
TeALHEIMH napaMd, nokasaHeuifl Ba pue, 2,17, Takum ofpasos,
B NNOCKHX MEXAHHEMAX C BpalATeNEHEMH, NOCTYNATEJLHEMH M
BHICUIHME TpaMH IV 1 V wnaccob uMeeTcs TONLKD AAms sudos spynn
Il kaacea.

BoALmHHCTBO COBpeMEHHLIN MEXAHH3MOB, NpHMEHAEMHX B TEX-
HHKE, NpHHAAAewNT K mexanuamam 11 wnacca.

6°. PaccMoTpiiM Teneps ETOpOE BOSMOMHOE COYETEHHE HHCEN
SEEHLEB H KMHeMaTHYecKHX nap, ofpasyiowwx rpynny. Corfache
pabencTBy (3.4), crenymiias no YHCAY 3BEHREB TPyNna AoJHAa
CONEPRMATEL Yemepe speHa W wecme nap V wnacca. Ins storo couera-
HHA MOTYT OBLITL NOJySeHH TPH THN2 KHHEeMATHYECKHX ueneil, cTpyE-
TYpHHE NPHHUHTE O6pasopaHis HOTOPHX pasiHyHE.

lNeppan wHHeMaTHYecKas wuenh, NOKasaHHWan Ha puc. 3.12, co-
cToHT K3 3BeHa EGF, or kotoporo HOYT TpH nosopka: EB, GCw FD.
3ta uenk npencTaBaseT coboi CAOHHYID HEIAMKHYTYID KHHeMaTiie-
cKy10 uene, noasercs epynnod 111 xiacca mpemeezo nopsdra W va-
suIBaeTCH  mpexnosodiosold epynnod. Tlpucoenunense stofl rpynna
K OCHOBHOMY MEXaHN3MY OPOHIBOAHTCH NOCPEacTBOM TPEX NOBOLKOE
EB, GC v FD ¢ spementamn B, C v D, sxogsiinme, B ofimeM ciayyae,
B NapH c0 3ReHLAMH K, m B [, npHHAIAEKaLHME OCHOBLOMY MeXa-
HHSMY .

Otawunrencnoit ocolentocTeio 3TOH rpynnel ABJAETCA 3BEHO
EFG, exopsiuiee B TpH KHHEMAaTHYECKHe napsl M ofpasymoulee Hexo-
TOPHIT MECTHH TPeYTONEHEE 3aMHYTEHH KOHTYP, cocToAwMi Kak 6w



£ 13, CTE¥YETYPHAA KAACCHOHEALHRE NAOCEHX MEXAHWNIMOR 59

B3 Tpex ssenweB EG, GF u FE, BXOOAUHX B TPH KHHEMaTHueckue
napul. 3sedo EFG Gynem nasmeats Gasuchews sseros. K ocosaomy
MeXallHsMy rpynna ppHcoennnena siementami B, C u D noromxos
EB, GC w FD (puc. 3.13). Snemenrom B oHa npHcoelHHeRa K HayYals-
HOMY speny k, a saementami C W D — K crofike m.

Mexanusmet, ¢ cocrmag Komopwx Exo0Rm Pynisl He esliue zpynn
1T kracca mpemeezo nopadka, rasesaromcn sexanusmanu 111 ksacea,

Taxum ofipazoM, wMexaHnsM, noKasanHeE Ha puc. 3.13, Renperca
mexanusmom 111 knacca.
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Pac, 3.12. Cremn Fiec. 8.1%. Cxema BB KatHNANME
TRE RN KO TIT knpcca © npRcocOHBEHBCR |
TRPYNNE € OOHHMH Bpa- Mexapsamy | wmacca ;Eexnumn-
CIATEALELIMYE  napaMK Kopali rpynn

7°. Bropan BO3MOMHEA KHHEMATHUECKAR NENb H3 YeTHIPeX 3BEHLEB
H IIECTH HH3IIHX nap NoKasaHa Ha pHc. J.14. 3Ta saMEHyTaR KHHe-
MAETHUYECKa2A LENE [IPHCMHHHETCH K 3BEHLAM £ W m OCHOBHOMD MeXa-
HHSMA He HJeMEeHTAMH NOBOLKOB, & CBOGONHLIMM 3Jementamn G u B,
npuHagnemaniumy GazucHeiM spevbiv EGF m CDB. B ornwgke ot
TOJILHO 4TO PACCMOTPEHHOR [PYNNH, JaHHER FPYNna, Kpose ORyX
GaznucHux sperven BCD w EGF, ofipasyiouluX nBa mecTKHY KOHTYpa,
HMEET OIHH NOABHMHBIN YemupEXCMOPONKLUE SOMKHYMbME  KoHmiyp
CEFD.

Fpynnel, B coCTap KOTOPEIX BXOJST HETHPEXCTOPOHHHE SaMKHYTHE
KOHTYpoI, Oynem otHocutk K gpynnas IV kaacca. Benencreue storo
rpynna, nokasaHHas ma pHc. 3.15, Aeanerca gpynnod IV ksacca
&Mopoeo noprdea, Tak KEK NPHCOEONHEHHE CPYNNbl K OCHOBHOMY
meXannamy | kjacca npouseoguTcs nBymA shementamu B w G
{pnc. 3.15); snemenrom B ona n’pnmenuuﬂemn K HAYEMLHOMY speHy 2,
a snementom G — K croiike 1.

Mexanusmet, ¢ cocmas komoptix exodam epynnel ne eoiue 1V kaacca
EMOpoes nopadea, Hadesaromes mexanussamy 1V Kaacea.

Takum ofipasom, MexannsM, NOKA3ZHHME Ha puc. 3.15, npen-
crasifer coffoil mexanuan 1V knacca.

Tperufi ROSMOMHEA BHI KuHeMaTHUECKON uenn H3 uernipex
SpeHbER H WeCTH KHHeMaTHYeCKHMX Nap nokKasan Ha puc. 3.16. 3ra
uent pacnandeTcii Ha Aee npocrefilde rpynnu Il wnacca — BCD
# EFG — 1 notoMy OTHOCHTCA K YK€ palee pacCMOTPEHHHM M He
NpencraBnaeT HHYero NpHHIHINHAALHO HOBOTO.

&. Ecii B cOCTAB MEXAHHIMA BXOJAT rPYnnH PasfiHYHEX KJac
COB, TO KJacc MeXaHHsMa ONpefenseTcd no TOH rpynne, KoTopas
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OTHOCHTCA K HauwbHcuemy Kiaaccy. Hanpumep, echn mexanuam obpa-
sopan gpyma rpynnasui: rpynnoft 1V xhacea w rpynnoit 11 kaacca,
10 OH fipDKeH OTh oThecel k mexanusmam IV kaacca.

[lpy onpeseneHuy kJacca MeXaHnsMa HEOUXONNMO YKASHEATh,
KakHe W3 SBEHLER ABMAKTCA HaYalbHEMH, HOO € Sgeuctsocmu om
et00pa HONAALHLIX SECHLEE MOJEN UIMEHSAMULCR KAOCC MEXQHUSMQ.
Hanpumep, ecau B meXaHuaMe, nokasannoM Ha puc. 3.13, 3a navane-
Hoe 3peno NpunfT, He sBeno AB, a seeno DF, 10 peck MeXaHH3M
tyner mexaunamon Il kaacea xkaw oOpasoBanmeidt AByMs rpynnaMi
I gaacca (rpynne FGC w EBA). Taxk kak rpynnsl 11 kaacea moryT

5,
s

Prc. %04, Cxema Pec. 3.15. Cxema MeKanmnsea Puc.  3.06. Emnrenmpriueciian
rpyone [V sanccs ¢ IV Hagccacrpynnoit » Bane  UeNk H3 SOTHPCX 3BCHLER, Dho-

BAMMHYTLEM  HONTYpOM SEMEHYTOND  WETHpEKCTOROH- MRLERUARCH BE ARe NBYXDOREDMI-
HETD HOWTYPE HOoRLE TRynns

6Lk TPYNNAMH TOMLKO BTOPOre MNOPAAKa (ABYXNOBORKOBEME), TO
B fafuheiines wsaoMenny Mul ne GyleMm yKasHBaTe NOPANOK rpynn
1 kaacca. .

9. Ecau B coCTEn MeXaHUsMa HapAly ¢ HHSIHMH KHHEMATHYE-
CRHMH NapaMH BXOLAT Take H BEICLUHE, TO, NOJB3YACE METOMOM
saMCHB SAISMEHTOB 3BENLEB BHICHINX Nap, wanoxennum v § 10, mMu
BCerfla CMOXenm Z3aMEHHTE BCE TaKHe naphl EHHEMaTHYeCKHMH LensamMHy
C MH3IHMH napaMi, NOCAe Yero KJaacc H nopaaox MexartiamoR MOTyT
6EITh Onpene’eHs. -

[MycTe, HAnpuMep, HMEeTcs MeXaHH3M, 30eNbA KoToporo 2 u 4
BXOART B Beicluyio napy H, xotopas siBasercs napoit IV waacca
(puc. 3.17). Tlapa H B nannom cayusae npeicTapnfer colofl coBOKyN-
HOCTH LBYX CcONpHEacaiiinXCcy l{pl!liblx au b. H3 KL‘.ITOPNK KpHBaERA O
HWECTKO CBA3aHa co aseHom 2, 8 kpuBaR b — co 3senom 4. [lposenem
gepes Touky H obwyio nopmans N — N x kpubeid a w0 b W oTMeTHM
Ha 510f nopManiy Todky G W F — HEHTPBl KPHBHSHEL STHX KpPHBBIX.
¥enopwoe spelo GF, BeefleHHOE IR 3amelthl BuClwel napy M, uneer
ANUHY, PABHYIO

GF = p; + pa

LHE Py 1 Py — pafiycH KpHEH3HE KPHBEIX a W b B To4re M, W BXognT
co 38eHOM 2 Bo BpauaTelibHyw napy G, @ co apeHoM 4 — BO Bpaa-
TelbHy!o napy F.

Cxema 3aMEHAIOMEND MEXaHUSMa npHBeiena Ha puc. 3.18. 3peno 6
B ofiliem Cyvae HMECT nepesMensylo RAMHY, ecli Py H Py B pa3IHIHNX
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TOUKEX KpHBLIX pasiHuHu. B sToM ciayyae mepemMeHHE! n AJHHN AG,
BG, CF w DF apenwes 2 u 4.

Ecan Hayanenmm GyneT seeHo 2, To MeXamksM Ha puc, 3.18 Gyner
HI1 wnacca, tax kax © 3TOM Clyuse ¥ OCHOBHOMY MEXZHH3Wy —
sexanusny | waacca (zeeo 2 w cToitka J) — NpHCORIMHAESTCA TPeX-
nosofkosan rpynna [11 wnacca, ofpasopannan spensame 4, 4, 5 u 6.
Ecan ke HaganbHuM 3peHoM Gyner seeHo §, TO MmeXaHmsm Gyner
IV knacca kax ofipasopannniil rpynnofi 1V knacca eroporo nopaska
W3 seeuwes 2, 8, 4 u 6. K ocHOBHOMY MEXAEUN3MY 5T Cpynna npH-
coe/iHpeHs saementams apyX nap A o D,

lMpu pacuneHeHHH MEXAHHIMOB Ha TPYNNE MOXHO PEKOMCHIAOBATH
NpphepanBaTecd TaKoll NoClenoBaTe/ILHOCTH.

Poe, 3.17, Cxems MenaHHIME © Prc. 2.18. Cxena MCXRNNIME
BECUER napof IV Hapcod, aeMERROUICTD MEXas
HHSM, CXeME HOTOROIG MOMassns

wa pHe. 307

[Mycrs ram mexaHnsm, cocTomuud us cTollkH, HaAYaseHOro sBeHa
(MM HAYAABHEX SBEHBLEB) H HECKOJNBLKHX TPYNN PasNHYHBIX KJIACCOB.
Hauknate Hajo € NONWTKH OTCOEOMHHTE OT MEXAHWSMA [pynnw
I1 knacca. Tpe srom HeoBxomHmo kKa®HA pas nocJe OTCOROHHEHHSA
rpynnel npoBepiTh, o6AagaeT Ji oCTABUascs KIHeMaTHYeCKaa Lenkb
Toit we cTeneHs10 CeoDoE, YTO H NepEOHAYATILHE MEXSHNEM, H YTo0k
He OCTaBanolh Boollie S/AeMEHTOB 3BEHLEDR, He BXONSIHX B KHHeMa-
THYeckue napd. Ecnnm nonuten otcoenwmenna rpynn 11 wkaacea
HEe nagvT EHHRA, TO HALD NEPEXOIHTH K NONBTEKEM OTCOEMHHEHHA
rpynn 111 kaacca. [ocne rpynn 111 waacca caenyer nepexonith
k rpynnam 1V kdiacca w 1. 4.

lNocne suineneHnsi BceX rpynn AO/MKHE OCTETLCA CTONRKA M Ha-
YaftHee SpeH0 (HayallbHble SBEeNLA).

o+

Fpseeep 1. Ha puc, 3,19 nokasan sexannsm enraiens. TpeGyercs onpepennts
KRaCC MEXaHISMa H MOPAROK NpUCCEinLenHEy rpynn. Kpueowsn 2 exoumt eo Bpa-
uarenLayte napy V kaascea co croiined 1. Janee watys § eXclT 5O HPALLETENEHYIO
napy V mAscca ¢ Kpieouwknon 2§ B0 Bpawarensyyo napy Vo KAscca © nopven 4.
Mopwens 4 BXOANT B NOCTYNATEABHYIO NApY V KAaCCa © WHALNAPOM, MECTRC CHpen-
Aeyibm of cTofikeil 1. C lwaryHou § po spanarentyyio napy V kracca EXGINRT S0eko 5,
E CBOG QHePCih EXOAALISE BO EPSEIETENLIHYI Napy V kRacca co spemom . 3eeHc 6
BXOMHT B0 Bpamareisiyio napy V knacca co croiikcdi f # po RpamatensHyio napy
V mnacca © warymew 7 womnpeccopa. llatys 7 exclnT o epamareisByw napy
V wnacca ¢ nopiunes § woMnpeccopa, BoTopull B CHOI0 CHEPEIL EXGHNT B NOCTY NATEME-
Hyio mapy V EAacca © umTHMEPOM, MECTKO CHperfenHem co crofikoii [, Chepoes-
TCAREG, MEXGHEIW COCTOMT M3 foCbMN RpaluaveisieX nep V knacca, degx nocryna-
TEARLX N3P V K53CCH B Cemy NONEWMUEN SEEHLER,
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Tawm odpasom, aveem n= T u pg = 10, Tax k2K 8 WEXEHHAME CTCYTCTBYHT
AHIHKE CTENeHH CROBOAN H NacCHBHRE CBRIN, TC CTEMEHE cBofofiH MEXAHMAME Onpe-
DenReTcA no gopayae Hetwmesa:

W= 3n— Opy —pe= 3T—2:10=1,

1. . MexammaM ofaagger odwod c1eneHE0 coolois H, CIELOBATENLHO, JOVIKEH HMETH
OAHO HEYANEHOE 3RO,

[lns onpesefesdn WRACCA MEXAHUSME 1 NOPAONS MPHCOCIHHEHHBEX g{‘nn o=
CTARHM HHHEMATHYECKYH) CReMy paccMaTpuBacuorc sexspmasa (pHc. 3.

Ecall 35 nmausieHoe SHen0 OpuiATh 3seno 2 (kpeeowsm AB pewrarens), 10

MEXANNIM foumed OuTh OteeceH K mexamsman 11 mascca, Tak kan oM ofipasonad

o Tpems rpynnarst 11 knacca, ws moTo-

1 phin NEpBEaR TPYNNA ofpasoBana see-

HeAMH F H 4, BEONHUHMK B 20 Bpas

matenehse nape 2, WS, 4 B opny

nocTynarensHyo napy 4, [, H ae-

t
i
i
j

-
o) B nnerch rpynneil 11 wnacca smopozo
T §§ BHEA, Bmgan rpynna  ofipasosasda
WL SBERLAME 5 B 6, BROLAUHME B TPH
L1 ppaleTeiLyge napu 3, 5; 5, 6 u 6,

I, w agmserca rpynmofl 11 wnacca
nepsoeo Bia. Harowey, Tpetss rpyn-
na ofipasosata seeksRmE 7 1 8, BXO-
ESLMMIT B 186 BpallaTebHue napR &,
THZ, 80 8 oaNy NoCTYNareasiyio
napy &, I, ® apisetca rpynnoi 11
KAacca emopoio BULA.

IMpy savanewom sepene & (nop-
WEHL  HOMOpPECCOpE) MeXaHusM  [pof-
sen Ouh oTeecen K Mexannusman 111

Fuc. A3.18, Mexannsm Prc, 3.20, Kane-
OERTETEAN Cor CKEMSTHSH-  METHWECKER CXE- HAACCA, 728K EAK B 9TOM CAyuiae Oo=

POnEHELIMI KOHCTRYk=  ME mexgHHane  TAAbHEE 3BEHLR H NAPE, B KOTOREE
wuBHEME  (OpMBMI BP0 ﬂ.ﬁil‘i!ﬂlm H3=  OHH BXOART, OOPAAYIOT NBE rpYNnG,
o P e, 318 | M3 KOTODMX OflHa — TPEXNOBOJKOBAN

rpynnia 111 waacca, a ppyrag — II
waacca. [Neppan rpynna ofipasosauna
speruHnn 2, 3, 4 w §, EXORMIOMME B NRTL BpRwaTeibHux nap 2, 1; 2, 5: 8. 5w
5, & u opHy nocrynetenkiyio napy 4, 1, a sropas rpynna Il wnacca mepeoro mmpa
obfasonana sseHeAMI 6 1 7, BXONRWHMA B TPH ApAmaTeibime nepw 6, 1,6, 7 07, 8.

Hanoneu, npi sagaienom seene 4 (NOpIUeHs ABHTETETA) MEXaHaM J0TkeH GulTe
oreeces B Mexaumsmas 11 khacca, Notody Y10, Tal e Hal W B NEPROM CAyuae,
Ml novyuses Tpu rpynna 11 kaacca.

Mpumep 2. Ha puc. 3.21, @ NoHasapa EHHEMATHUECKSN CHOMA HKYNAYKOBOTO
MeXEHNEMa paHTaTeaR. Kynavowx 2, apawanck Boxpyr ot A, peficieyer va ponnn 3,
cHIFWEI M2 Keumowemcs pruare 4. Pumer 4 poiviion § DepefiseT nefeHde Kha-
nany §, geiywenycs p Hanpasimiomex F. MexannsM cocionT 0 NRTH DONBHMELK
SBeHBER, YeTHpeX BpamatedsHex map Vo khacca, ogHoll nocTynateieHofl nape
V kanacca n x nap 1V knacca m ofnanaer NOAHON ONPENEAEHHOCTEID [AIDKEHHR
BLEX 3BEHLEE. Tem 0o Qopryie Yefuliepa nomyyvaesm

W=231— 2 —pg=8:5—2.5—2=3,

T, €. MEXANMSM OGNAABET AMUNLLMY CTEDEHRMN cBobojikt. STHM JHUIHWM CTENnensaM
ceoGOMIH COOTEETCIBYET ROIMOMKHOCTL Bpamenta ponnios 3 B 5 6okpyr ocelt C u £
{puc. 3.21, o). B eaMom pene, YoTpaHHE BOSMOMHOCTE TAKOTO BPAILCHHA, HanpHMep,
ECTHD CHPENER IR 3TOro podHEH § W § ¢ pryarom 4, MB e HIMEHWM ofmero xa-
PANTEPA KRIGEHNH MEXAHHIMA B UEAOM. [TesTomy fEa srena — poAREn & w5 — mo-
ryT GLITE YCTPEnEHE. KBK 30EHRS, PAIMEPE KOTOPLX be OHASHEMOT BAHAHRA Ha Hi-
HEMATHKY MeXaHnana,
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KHHeMATHYSCKAA CXEMa MEXSHNIMA NOCHE YCTPBHEHHA PosinKoE NpHBENena na
prc. 3.21, 6. IlnA seemennn kynauka 2 8 wnHemaTiueckyio napy 2, 4 IV kascca
© prHaroM 4 (8 Touke C) kpunan cynauna | SaMEHEHA TCOMETDHMECHHM MECTOM OTHO-
CHTEMRHEX MCVIOGKEHHE LeNTpa poiuKa 5, 8 A8 ReeNCHNS puuara 4 B Kuoneviame
weckyio napy 4, 6 IV kascca ¢ wiananom 6 (8 Touke F) niockocts a—a waanasa 6
n}"ﬁ;‘thm Ha paccToRHbe, pSEHOE DAAHYCY pOanKa 5 (T. B, SAHIMEET TOA0HCHIE
a .

Teneps nocse ycTpanenusi pOHKOR YHCAO NOABMMHHE SEEHRER CTAI0 P3BHO

M (n=3), uncio nap V xnacca — Tamme Tpem (g = ), a wacao nep
IV kascea — peym (g = 2). Jhonmwe ctenens  ceOfofkl TEMepk  OTCYTCTAYIOT,
H CTpyRTypHan GopMyna  AAR  PACCMATPHBAEMOTO MEXBHHIMA  NpHHIMAET Bil

We=ian—9p —ps=33—23—2=1,

T, € MexaHmsy offanset oduod CTEmeHLID CROGOmEL

Uroli OnNpefefnTh kN800 MEXANR3MA o NOPRACK Npil-
CoeTHHENHEN TPYON, HeodXoaHmo n PHTEIE KO DpOUE-
BECTH 3aMeiry seeX nuciwux nap IV wnacca kewemarHye-
CHIMH UEMHMH ¢ HRSIEHMHE napamit V kiscea. [lns samedwn
mapu 2, 4 IV waacca (puc. 3.21, 6) wepes Touny C na-
catun seeskes 2 W 4 nposogm wopmene N — A w npo-
(mmo wyRauka 2 B coenHuRem Touky B — pewip wpi-
EHani 3T0TC npotaiis B Touke © — o Toakod 4. Orpesor
BC ArngeTch  yonomMwiM  3peHOM §, BXONSIGHM B Ose
EpaulaTessiae nape Vo wnacca 4. 3 0 2, 3.

fas savens napw 4, 6 1V kaacen ssomm yoaoeioe
SHEHD .‘FJI'I.Q-'IEI}'H:I, BXCAALLIEE B OAHY BpluareibHylo na-
Py 4,8 V paacca W oonwy noctynarenuivie 8, € Teme
V waacce. Tlocne BRefesns YEASAHHEN ALIGE YCROBHEIX
SBEHLER, C MOMCUILE KOTOPHX Mbl SSMEHININ BEHCIINE 18-
PH, MB TCIYYHAN SOMCHRSICEUD  MEXONUZN, HHREMITINE-
CHAR CXCMA HOTOpOTD gads Ha poc. 3.21, e

MpH HasateHon  aewe KHHEMSTRRECHAA  LENk,
ofipasoRdHBAN NOIBMMHBEME s&8eHesMt 3, 4, 5 n 6, pac-
najaercs Ha nee rpynna I1 Knacca: rpynny us sseiked 8 Pue, 8.21.  Kynsuwosun
H 4, BXOogfukX 8 TPH BPBWETEIEHEE napu 2, 5; 8, 4 4, MEXEAKIN © JDYMR POJdH-
I, u rpynny w3 3eenben § o 6, exogsmux B omay spa- :m“ﬁﬂ::::'ﬂ,ﬁﬂ
LETETEHY0 napy 4, § u pee nocTynarefivHee nape 5,  aemoEs &) cxesa samens-
6w 6, I. MMeppas W3 STHX rpynn ecTh FpyANa nepeoec HUIETO. MeXakisn
BMA2, B BTOPAR — HAMOZD BUAA.

[lpr Heuanbuos ssene 6 KMHEMBTHYSCKAR nenb, oGpPASCEANHAR SEEHBSMN 5, 4,
4w 2, pacnansetcs ua ae rpynnu 1T miiscca npives rpynna, ofipasoranias ssennaMH,
8 w 2 — nepeorc BHIB, A rpyOna, ofpa3cEaHKAY peHEAME € B 5, — BTOPOTD BHIA,

Mpn HauasuuoM asene 4 Mw choBa nonyuses gge rpynnu 11 Knaces: opmy —
nEpAOZn pUEA (3seHen 2 B 8} W BTOPYI0 — namoso eBHpa (seenest § ¢ 6). Crenoes-
TENEHO, NpH ModoM HaYalcHOM SEEHe PACCMATPHEREMED MEXENEEM JONmMeH CLTh
otHecell & mexamnsmam 11 gnacca.

Das onpefesenis cTenewy cBOSOAH 3EMEHMIONIETC MEXAHA3MS, B HOTODOM BOe
EWCIURE MApH  BaMEHCHEL KMHEMATHUSCKHMM LENWMH € HHSIOMMH  DapaMi

{puc. 3.21, 6), socnonsayemcs dopmynchi Yefsunesa, Noayym
W=20n—2pp=235—-2.T= |,

TEK KaK 03 KupemarHueckol cxewn (puc. 3.21,8) meem n= 5, p, =7 g p,= 0.
Tanny ofipasom, mexanwsu o6rapzer 00xod cTeNeHbI0 cROBOH H, CIIEAOEATENLHD,
JOVHER HMETH OOHO BXOAHOE 3IBEHD.



OTHAEN BTOPOH
KHHEMATHYECKHH AHAJIH3 MEXAHH3MOB

Fnaea 4

KHHEMATHYECKOE MCCNENOBAHHE NNOCKHX PhIMAKHBIX
MEXAHHIMOB IPACHUYECKHM METOHOM

§ 14. Uentpouan B aGcoMOTHOM H OTHOCHTEALHOM ABHMEHHSAX

PP, Ocuoprofi sapavefl EHHEMaTHEH MEXAHHIMOB ABAAETCH H3-
yUeHHE ABHMKEHHS 3BeHbeB MEeXAHHSMOB BHE SaBHCHMOCTH OT CHJ,
BeBiCTBYIOUHY HA 5TH SBeHLA.

B Ma Teopernueckoit MEXANKHKH HSBECTHO,
YyTo NpH NJAOCKONapanieltHoM JIBAMEHHH
TBEpAOrD TeNia (3BeHa MEXaHuaMa) 370 JIBH-
MEHHE B KamAufl MOMEHT BpeMEHH MOMET
Tt MpencTaBAEHO KaK BpalleHHe BOKpPYT
\ HekoTopofl TONKH, HASHEBEEMON M HOHHGIM
\Hs; yenmpom epajenus. B Mexannsmax Mbl Mo-
e ke B e TEEN (RICCMATPUTIETS IBHMEHHE 3BEHLER oT-
omeanort. Tiepanphore mexs.  HOCHTENILHO cToliki H OTHOCHTENEHO JoGoro
:E“;“m;m';w;}‘gmﬁg e 3peHbed Mexanuama. Ecnn annxenwe ape-
EpauEHER HA OTHOCHTENBHO CToHKH OpHHATE 338 abco-
AOTHOE [BHIKEHME, TO COOTBeTCTBYHLN
MrHOBEHHLI! HeHTp Bpawendn Gynen DHasHBaTh MEHOSEHHOIM YERITPOM
epatyetus 6 abconomuon BeUeRLL paccuampusaenoeo seena. Ecim e
paccMaTpHBaeTcsi ABIKEHHE 3BEHa OTHOCHTE/IbHO JHoboro monshx-
HOrD 3BeHa MeXaHH3Ma, TO COOTBeTCTBYIOUMI MCHOBEHHEIH LEHTp
ppalenys OyleM HE3HBaTh MZHOBENHBIM UEHIMPOM EPAEHUA 6 Of:-
HOCUMEABHOM DRUMCEHNY POCCMAMPUANEMBE S0PHBES.

Ha puc. 4.1 naofpanena cxema MEXaHISMa WAPHAPHOTO HETH peX-
speHHiKa. MrHOBEHHbE UEHTpH BpAWEHHA 1peHbeR 2 u 4 OTHOCH-
TenbHo crofiku [ coBnajalorT cooTeercTBeHHO ¢© Toukamn A u D,
Ofo3HauiM STH LEHTPE CODTBETCTREHHD yepes Py 1 Pyy. MrHosenHEmM
LeNTPOM BPALEHNS SBeHa § OTHOCHTENbHO 38eNa 2 ABIAETCH TOUKE B,
KOTOPYI0 Mel ofosuauuM uyepes Py, Hakomel, MrHOBEHHHIE UEHTD
Bpauienns Pyy 3BeHa 4 OTHOCHTENLHO 3BeHA § coBnagzeT c Toukod O,




§ 14. UEHTPOHOAN © ABHXEHWAX 3DEHLEBR €5

2, Yrofiu RaliTH MrHOBEHHHI LEHTp BpalieHHs 3sena 3 oTHoow-
TeAsHo cTofikn I, cnenyer npoaofxuTe duuun BA u CD, Touxa nepe-
cevelin KOTophiX Pg, 0 OKA3LBAETCA LHEHMDOM M2HOAEHHO2) 8POLEHUR
asena 3 omuocumenssno cmodice I, K&K n3pecTHo W3 TeopeTHUecHoH
MEXAHHKH, MrHOBeHHHI UEHTp EpalleHHd pacnoflaraertcd Ha nepe-
CeYeHiH nepneHaHKyAApoB K HANPABJIEHHAM CKOPOCTEl TOYex 3BeHa.
B waobpamentoM Ha puc. 4.1 mexanuame munnk AB w DC xax pas
W SIBJAIOTCS MepneHanKyAspamy ¥ BEKTopaM ckopocTeil Toyex B u C.

Mruoeennsie newtpul Py, Py o Py, Hveto-
CIHE HijeKCcH, MpefcTasnsioure cobol coveTa- 7’,1&,
ouA wa wigp 1, 2, 3 no gpa, nemar na opnoft f,f

npamoli. Touno Tak xe Ba onHoilt npAsMoil newart ;
MIHOBEHHBE LeHTpH Pys, Py 1t Py, HHAeKCH s
KOTOpHIX  npencTaeinioT  coboli  coueTaHus /
undp 1, 3 u 4. Bro caeyer u3 H3BeCTHOH TeO- Y4

peMBEl MEXAHHEH O CJOHEHHH ABYX DpalieHuii 41 g/
BOKPYE napaiiefshbiX ocefi. PeayinrHpytowee % -
BpALUEHHe NPOHCXOAHT BOKPYT OCH, Jiexalued p WA & T i
HX TMJOCKOCTH W NapanfefbHol NepBuM OBYM. i {5
SITHM CBOJICTBOM MOMHO BOCHOJEBE3OBATLCA, Ha- ﬁ(
npHmep, AAA HAXOMIEHHS MIHOBEHHOrD LenT-
pa BpAmeHHs Py B OTHOCHTENGHOM ABMIKEHHHM  limimecmensyasero sero:
speHa 4 OTHOCHTENRHO 3BeHa 2. Mruopenmpifi ¥Mawe ¢ nocTpoenwumm
& Hefl UGeHTpAME MrHO-

LeHTp Bpawenns Py, nODKeH ORHOPPEMEHHO BENHOTO BPAENER
JiewaTe Ha npAMol, coeaHHAIEH MrHOBEHHEE
UeHTpH Py 4 Pys, 0 Ha npaAMol, coepubsiowiedt nentpu Py w Py,
T. €. MCHOBEHHEH LeHTp BpaieHns Py, JEXHT HA nepeceseHHy nps-
mMux CB w DA. 3ro cpolicTBO MIHOBEHHBIX UEHTPOB BpalleHHd B
MeXaHHSMaX Briepesie ObUIO YKa3aRo SHCAMICKHM  yyeHbiM  Ken-
HEAH.

3°. Veranopnennoe CBOHCTBO MPHOBEHHEIX UEHTPOB BPALLEHHS
NoZBOJAAET ONPENENHTh BCE MrHOBEHHLIE Il'E‘HTI}hI EpAIEeHHA SANaHHONO
MeXaHHIMa. YCTe HaM paH K]}HBHI.I.[HI'!HO-I.’!I’JJ]B}"HHHﬁ MEXdAHHIM
(pyc. 4.2). Obosnauum B Toukax A, B # € MPHOBEHHEIE UEHTpH Bpé-
wenns Py, Py v Pyg. Mruooennsii nentp Py, naxoautes s GecroBey-
HOCTH HE NpfAimMoll, NePneHAHKYAApHOH K OCH X — x NBHIKeHHA noJ-
syna 4. CoennHsies MrHOBEHHbIE LEHTPH Bpamenns Py 0 Py, o npo-
nomxaem npamyr Py P, No nepecedenust B Touke Pyy c npamofi
P3Py, T. €. npanofi, nepnesfMKyNApHOR K Hanpapasiomwei x — x
(touka Py, pacronaraercs B GeCKOHEYHOCTH), NOJAYHHEM MIHOBEHHb
LEHTp Bpatuenus Py speHa § oTHoCHTENMnHo seema [. Jlas waxomue-
HHS MrHOBEHHOrO UEHTPA BpaweHus Py, B IBHIKEHHN 3BeHa 4 oTHO-
CHTENIEHO 3BeHE 2 coepHHAEM MIHOBEHHHIE UEHTPH Bpaulenus Py,
H Py, 1 npoflonxaem sTy npAMyIo Ao nepecededus B Touke P,y ¢ nps-
Moil, coeiHuAIouell MIHOBeHHBe LeHTPH Bpawenus Py n Py, T. &,
¢ npsaMo#, nposeiennofi wepes Tosky Py nepneHfMkynspHo K Ha-
npaBaniomed ¥ — x.

3 M. M. Aprotonesciaf
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Ha pnc. 4.3 1 4.4 nokasauy MrHoBEHHEE IEHTPH BpPAIMEHHH ABYX
KYJIMCHL: % MEXanHsMoB, Mruopennnil uentp spawenus Fyy (pie. 4.3)
HaXOIMTCS B GECKOHEUHOCTH M NEKMT Ha NPAMOH, nepnesinKyIa pHoi
K npsamoit CB.

Ha pmnc. 4.5 nokasad KynaukoBwifi mexannss. Mruosennniil
LesTp Bpawenun P, 3pexa ? OTHOCHTENBHO CTOHKH J HaXolutcs
B Touke A, MruoBesnblii LEHTp Bpalenua Pa, 3nena § OTHOCHTENBHO
3pea 2 neXkT Ha HopMann n — n, npoeefentofi B Touke C K Opo-
dumo kynauka 2, — Ha npasofl, NepreHAHKy/AApHoR K npAdMoi

v
1Ry
Pre. 4.5. Cxema  wyame-  Pue, 4.4, Cxema  kymisc- Prc. 4.5. Cxema  Byman-
LETO MeXSHESMA © OnBOfl  HOPD MEXAHHIMA € ORYMA  HOROPD MEXANEIME © fos
e TYnaTEARHOE napol ® NOCTYNaTEAEHEAME  Oapa- HASBHHEMA e Well Mruce
€ nNoRa3sHEREME DPa :Hl'."ﬂ Ml H MOE3ISEHHEMH Ha BEHHEMA DEHTRaME REas=
LEET EMH ErHODEEHHEOrD metl LEHTPaMN MTEOREHED- Ojenns
EPaULeIHR ro Gposetsg

@ — a. Mrropennufi uentp Bpauienns Py, 3peda 3 OTHOCHTENBHO
apeHa | newwyr B GECKOHEYHOCTH Ha NpPAMOil, NepneHapKyJApHOi
K OCH i — y npmwenns spena 3. [lostomy sriopenHsfi nenTp Bpa-
wenua Py, apeHa § oTHOCHTENLHO 3neHa 2 MOXeT OhTh Halinen Kak
TOUKA NepeceueHs NPAMol Py, Py, COBAHBAIOIMEN MIHOBEHHEE LEHTPLI
Py u Py, 1 HopmaZin n — f, Nposeiexnol vepes touky C.

4°. KaK u3BeCTHO W3 TCOPETHUECKON MeXaHHKH, reoMETpHuUecKoe
MeCTO MrHOBEHHEIX UEHTPOB Bpalleiinsi o0pasyer Tak HaskHbaeMyl)
yermpoudy.

Ha pne. 4.6 nokasan yeThIpeX3BeHHH WAPHHPHBIT MeXaunsM
aHi mapanyeliorpaMMa, y KOToporo NPOTHBONONOMHLIE SBEHbS Mo-
napuo paeHel. Tlycte TpeCyercs MOCTPOMTE LEHTPOMAY B JIBHIKEHHIH
sBenia £ oTHocHTesbHo 3eena 4. OctanapimueaeM 3peno 4 (yCcJoBHO
npuitiiMaeM ero 3a crofiky). Mrioeesnufi nentp ppatenns Py, na-
xoanTes B nepecesesiny npsMeix AB u CD. INosopauwsaem 3neno AB
Ha nomnel ofopot. NeomerpHueckoe mecTo Towek Py, obpasyer nen-
Tpouay [y, KoTopam ANs A@HHOTO MEXaHHIMa HBJAHETCH SANHNCOM
¢ goxycamu B Toukax A u D. Tax kak 3a crofiky MB npHusiH
3eeHo 4, To uenTponla Lf;, npuuainexuT STOMY SBEHY M MOMET OblTh
€ HHM MecTKo coesmkena. Ecam tpebyercs NOCTPOMTE UEHTpOHAY
B IBHMEHHH 36eHa 4 OTHOCHTENBHO 3BEHa £, TO HAJIO YCIOBHO NPHHATE
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3a CTOIKY 3BEHO 2 M NOCTPOHTH BCE NOVIOKeHHS MIrHOBEHHOTO UeHTpa
P,,. Kpusas L, npencraensnoiias cofoli 31NC € GOKYCAME B TOY-
kax C # B, aBnsercs nenTpoufod B ABHMKEHUN 38ena 4 OTHOCHTENbHO
apena 2. Llewtponpy [, nprsHazjiesauyto sseny 2, Mol MOXeM
WECTHD COENMHHTEL C HHM, Tenepb ABHIKEHHS 3BeHa 2 OTHOCHTE/BHO
apena 4, WM HaoSopoT, 3BeHa 4 OTHOCHTELHO 3pena 2, MoryT Oulie
OCYULECTBIIEHE KajeHHeM %yr no Apyry 0Ge3 CKONLIKEHHA MOCTpoOeH-
HBIX 1eHTpon Ly, 0 L,,. B 3aBHCHMOCTH OT TOrO, KAKHE H3 SBEHLED
mexannasa ABCD GyfyT npussiTH 32 CTOHKY, HEHTPOMJE Hea v s
MOTYT GBiTh HEHTPOEAAMK HIH b abcOMIOTHOM ABMMKEHHH 3BCHA, HAH
B OTHOCHTEsLHOM. Tak, ocTaHaBHBas 38eHO 4 1 KECTKO CBH3AHHYIO C
HHM UEHTPORLY Lpg, MBI MOWEM BOCTIDO-
H3BeCTH afcoMIOTHOE JIBHMeHNe 3pena 2
Kay Kauesne 603 CKONEMeHEN NOABHIK=-
HOH DEHTPORAH [[y; MO HENOABHKHOH
menTponfie s,.

Taxum ofpasod, B STOM clyuae
uentpouasl L,y w L orasmeaiores
COOTBETCTBEHHO NOABHIKHOH #H Henof-
BHRHON UeHTpowfamH B afCoioTHOM
pemxkenuwn seena 2. HaoBoport, ecan
OCTAHOBHTE 3BEHO 2, TO UEHTponAa L,

GyneT HeroaBrMHOH ueHTpomloH, a Puc. 4.0, Cxema Wapenprore aurs-
uenTposia [y, Gy et noABmKioH LEHT-  nspasncacrpemma € nOMasaw#bMN
pouolt B aGCOMIOTHOM ABHIKEHHM " o o en S 4
speHa 4.

Ecnu Tenepn ocTaHOBHTH OAHO H3 3BeHber | uan 3, To obe uenTpo-
uisl Ly 1t [[;, CTAHYT NOABHMMHEIMH # KaueHHe oiHoll UeNTPOMIN NO
Apyrok Oyner FOCTIPOR3BOANTE OTHOCHTELHOE IIBHMEHHE 3BeHEEE 2 1 4
H UeHTPORAH [f,an L] 4, CYAYT yenmpoudasit 8 ormHoCUMenbHOM OBUIEHLL.

Ecnu ocranosuts 38eHo I, To uentponpa [, Gyner epawiatecs
BOKpyr ocn A, a uentpouna [y — poxpyr ocn B. Taxnm ofpasom,
Bpamenne soxpyr ocell A 0 B 3peHpes 4 # 2 no 3akody WapHEPHOTO
aNTHRNapaJJIeNioTpamMMa MOXeT OHT: BOCHpOM3BEJEHO TaKiKe myTeM
nocagkd Ha STH OCH ABYX (PHKUHOHHLIX SJJHNTHYECKHX KOJEC,
npodHsH KOTOPHX NMpeAcTasAAloT cobofl uewtponan Ly, u [, T. e
MEXaHK3M [IUAPHHPHOTO AHTHNApaJNJEeNOrpaNMa S3aMeHsercs Mexa-
HI3MOM QpHKUHOHHBIX SAJHNTHYeCKHX Kodec. Tawoe ABHMKEHHE
OKAHETCH BOIMOMHBLIM, BCAH MEXKNLY LEHTPOHAME YCTAHORIEHA CBA3E,
ofiecneyypaiuas ¥WX Jepxenue 0e3 CHONBMEHHY.

5°, Kag Guiio noKasaHo BHIUE, ANR Moforo MexankaMa B uolou
erg NoJaoHeHHH MOoryT CHITh OnNpeIeneHs BCe MrHOBEHHBIE LeHTpR
Bpalllennd B ABCONECTHOM M B OTHOCHTENLHOM ABHMEHHAX ero 3peHEBEE.
CrenpsatenpHo, ec/iin HMEBTCH MeXaHHIM, BOCTIPOHIBONALEE To HIN
HHOE ABMIKEHNE, TO TAKOS e ABHMeHHe 3BeHLeB MOmeT OulTh ocyLue-
CTBJIEHD MeXaHH3IMOM, TpeAcTabasiomus cofoff JiBe conpsikenHble
HERTPOHARL.

3I




(8 Tao 4 HCOCAENOBAHWE MEXAHHZMOB TPASHYECKHM METOLOM

Tak, wanpumep, nepesaya ApueHHs Mexay kpuBowmnamu AD
W CB wapuuprore astunapannencrpamua (puc. 4.6) mower OuTb
Eﬂel’lpﬂiaﬂﬂ‘ﬂEHﬂ ABYMA SAJHOTHYECKHMEH d)pHHlWGHHHMH HKoJecann.
an STOM 3aK0oHBl ABHEHHH 3BEHBEB OCTAKTCH TAKHMH Xe, Hak H LA
MEXannaMa mﬂpﬂ;{p:{nm EHTHHBPEJIMDTPEHMa. .M..EXEHHEMH. B HO-
TGPIJIH nepeinaya ABHMEHNA OCYLIECTBAHETCH L[EHTPDHMMH, HOCHT
HasBanue yenmpoudusx mexanusmos. [lpEKTHUSCKH pENKO MOMKHO
NNE30BATRCH ﬂEHTpmMTHMII MeXaHH3IMamMH Ha BCOEM MeJaTefbHOM
H]'lT‘E'PBEJ'EE JABHMEHHHA, TAK KaK B HEXKOTOPHX CH}?‘I&H]‘ II,E']]TPD\H,II.EMH
CAYHaT KpHEEE CNOXHOre BHa (caMonepecexaloinecs, © GecKonedHo
ynaneHHHMH TOYKaMH H T. 1.).

& 156, KuuemarHka HauAABHBLIX SBEHLES MEXAHHSMOB

I°. KnnemaTnyeCcKoe HCCJEHOBAHHE MEXaHH3MA, T. €, UIYHEHUE
Oeuncerun soerbes sexanusma Oes yuema cin, OBYCAORAUSMIOWLY SMO
deuscente, COCTOMT B OCHOBUOM B pPelUEHHH Tpex clAenylouHx
3afau:

a) onpejienieHse NEPeMEIlennfi SBEHLEE M TpaeKTopHil, ONHCHIBA-
EMHX TOMKAMH 3BEHLED,

) onpeliesenue CKOpoCTell OTHeNBHEX TOYEK 3IBeHBEEB H YIJIOBEIX
CKopocTell 3BeHLen,

B) ohpeaedefiiie YCKOPeHAA OTLeJbHBIX TOUEE 3BEHBEB H YT/IOBBHIX
ycKopennli apeHbeB.

Ecan mexanusM HMeeT ofiHy cTeneHs cBoOOO/M, TO NMEpEMELEHHR,
CKOPOCTH ¥ YCKOpPEeNEs 3BeHLeS H TDYEK MEeX2HK3IMa ABARIOTCA QYHK-
HHAME nepememesnil, ckopoctell H yckopenHH onHOrD H3 SBEHBER,
fOpHHATOrO 32 Hasvanohoe., Ecapn Mexanuss ofnajaer HeCKONBKHMI
CTENEHIMH CROOOMH, TO NepeMeLIEHI A, CROPOCTH H YCKOPEHHH 3BEHEER
H TOYEK MeXaHH3IMa CYTh QYHEUHH COOTBETCTBYIOWLNX NepeMerieHuf,
CHOpoCTefi H YCKOpEHHiT 3BEHBER MEXAHW3WA, NPHHATHE 32 Hayalb-
pee. Ilpn sron yweno HauanpHeX 3BEHLER NOMMHO OblTE paBHO YHCAY
crenenell cBOBOAB MEXAHHIMa HJH, YTo To me, yueny ofofuensbix
KOOPAHHAT MeXannsma,

2°, PaceMOTpHM Npeskie BCEro BONPOC 0 TOM, B Kakodt GopMe MOryT
GLITE 32120H 38KOHE JIBHMEHHH HavansHeX 38eHbes. B panwuefienm
5TH S2KOHE ME GyAeM HasHBaTL dysiuamy nepeseenudd, cropocmetl
A yoKopenudl,

Dyuryus nepemeuenull Moxker GuTh 3ajlana, HanpuMep, B aHalH-
THuecKoil GopMe B BHAe COOTBETCTBYHOWER ¢YHRIHH, CBASHBaIOWEH
nepemelleHie HayalpHOro 30eHa €O BpEMEeHEM.

Ecan nayajcHoe 3BEHO BXOAHT BO BpaulaTe/bHYylo Hapy co cToil-
koit (puc. 4.7, @), To sajazercd Qynwuma ¢ = ¢ (), roe ¢ — yron
NoBOPOTa HayalbHoro 3BEHA OTHOCHTENBHO HENOABHMXKNOH CHCTEMHE
koopaunar xOy, cessanroft co cTofikol, a f — BpeM#. Ecau navans-
HOE 3Belo BXOLHT c0 cTolikofl B nocTynaresbHywo napy (puc. 4.7, 6),
70 3afaetch QyHEnus § = §(f), rie s — nepeMellEHNE MPOHIBONLHO
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pefipaiioll TOYKH A HAYANBHOrO 3BEHA OTHOCHTENIBHO HeNofBnmHol
cncTeMe KoopauBar xOy, coR3auHofi co cToiikol, a {— Bpems.
QyusuHn ¢ = ¢ () n s = s (f) soryT CHTE Taxme safiannl rpa-
{HYeCKH B BHle KpHDWX (pHe. 4.8), rie no ocHnM OPAHHAT OTJAOMEHH
yrael nosopota ¢ (puc. 4.8, @) wm nepemewenns s (puc. 4.8, 6)
E NeKOTOPHX BHOpPAHHHEX
macwTabax pg M M, ay Hovanenve Y Mg oo
no ocas aboupce — BpeMd
{ B poifpanHom mMacuiTa-

[Nomesysice  rpadukan A
(puc. 4.8), nerxe onpefe- ©

N8B uMCHeHnpe anauenme ¢ Omedne
YIJIOB NOBOPOTA ¢ HIN nepe- &

MEI.I:J.EHIIQ § 32 mofoH  Bh- Poc, 4.7, Cxedb uaMaRbiEX  sNEnbLEE! O0) SEEHO,

ﬁ]:laHHhIf[ OTPE30OK BPEMEHH.  Axonsuice B0 Ipan@TefbHY® Napy o crofiEol;

Hanpumep, eciu BITTe Ha O o OROaAle b T fapy 6
L]

Kpueoi (puc. 4.8, a) nekoto-

Py TONKY i, To yroJl NoDopoTa ¢ HaYaJbHOTO 3peHa 0T Hayalib-

HOTO NOAOMEHHH, KOTAa @ paslo ¢y = 0, onpenenniM Tak:
1 — Go = Peb,
rie b — orpesok, EB3WThHI B MM

5
Y .
3 §
3 & 3
3 - &
i oy g Tnew = g €
a d

Piic. 4.8, Tpadire SagrElEX nepesegednl paS9ansiore snepad o) rpatum YyrhonsE mepes
wmewennl; &) rpaduR CHUSAREX nepeseenn
Coorteercreenno, speMda f;, 3a KOTOpOE HAYAJIEHOE 3EEHD Nobep-
HYJOCE Ha Yrovl ¢y, PaBHO
iy — lp = pa,
Tle @ — OTPEsoK, BEHTHN B MM.

. B HEKOTOPEX HHMEHEPHBIX 330a4yaX 3aKoH JBHMEHHA Ha-
HaJlbHOTC 3BEHa MOXKeT GRITE 3ajan e eHie GyHKUM{ CropocTell © =
= @ (f) nau v = v (f).

Torpa nepexon or ¢ynkuMn CKopocTell ¥ (YHEUHAM nepeMeiennit
MOWeT OHTE OCYILECTB/ICH NYTeM BHYHCAEHHA WHTErpaion

#y fy
%—%=jwwﬂ.a—&=jumm (4.1)
fe fa
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THE g, 5 W ly — yrod, nepemeilleRne M BPeMs, COUTBETCTBYOLE
HH‘IB-HI:HDH}’ NOJNICXMEHHID HAYAJBHOrQ 3IBCHA.

Ecnn, Hakoder, 3aKon ABHIKEHIHA HauaJbHOTO 3BEHA 33130 B BHOE
¢ynrnnil yexopennft € = e (f) wan a = a (f), To nepexor x QyHk-
LH$IM CKOpOCTEH OCYLECTBJAAETCH (yTeM BHIYHCJIEHHS HHTerpasios

fl- f’,
o — oo = | e, U;—m,=i‘ a(d)dt, (4.2)
fo L

FAe g, Ug H fy — YIVIOBaA CROPOCTE, JHHEfHad CKOpPOCTL 4 Bpem#,
COOTBETCTRYIOUHE HAYANLHOMY OONMKEeHHID HavaikHOro 3BCHA,
Onpenenne dryukukn ckopoctefi no pasencteam (4.2), MoxHO
onpefesHTE H QYHKIHH DoNowennii, nolbaysacs papencreann (4.1).
Taxum ofpasom, onpenenenue ¢yHKuHf nepeMeieniii No 3anaHHbIM
YHELHAM CKOpocTeli CBOIMTCH K DHYHCASHHIO OIHOTO H3 HHTErpajion
ﬁ.l}, a B cllywae 3ajauns gyuxkinil yerkopennii — ¥ nocnenoBarTeib-
HOMY BBIYMHCIIEHNIO ABYX HHTerpanoe (4.2) wm (4.1). Craenosareneno,
ECAN 3JAKOH ABHMEHHA HavalbHOTO 3BeHa 3aiad (QyHKUHAME CHO-
pocTell HAK YCKOpeHHD M 332HE HAYANLHLE YCNOBHS, TO MB MOWEM
Bcerga mepedTi B QYHKUHAM nepeMeLienu.

§ 16. Ananors cropecteli W ycxopeHHR

F. Tlpn xuHEMaTHIECKOM WCCJENOBANHN MEX2HH3MOB CHOPOCTH
H YCKOPEHHA 3BCHBECE H TOMEK, MM NpPHHALIEHKALMN, yAobHO Buipa-
HATH B qJ}"HHIJ,HH NoBOPOTA § HIH nepeMelieds 5§ HavalbHoro seeHa.

Tak, ecan yron nopopota ¢ kKakoro-nnGo k-ro Ssewa 3anan
B BHAE QYHELHE ¢y = ¢y (§), TO YTNODAA CHOPOCTE @) 3TOTC 3BEHA
MOMET OBITh OpeicTABNEHA TaK:

: 3 dp .

rfie @ — YrAoDas CKopOCTh HAYANLHOTO SBeHa, MMEIOWas pasuepe
o
HoeTE €Y, 2 o, = @i = —" ecTh Gespaswepias yrioBan cKo-

pocTe 3pena k., Deapasmepwas yrnosan CEOpPOCTH @k NHa3kIBaeTCs
aHAA02OM YeAosol cropocmiu SBeHa k.

Takum ofpasom, pneficrewTeNbHan Yriokas CKOPOCTb ) paBHA
IFPGHEI[EJ],EHHIO }'E'JIUUDFI CHOpOLTH @ HadadbHOrQ 3aBeHa Ha anaior
YraoBoil CKOPOCTH @ 3Bera k.

Judbeperunpys ypaenense (4.3) no Bpemenn f, novyunm Beslis
qHity yrioeoro yckopenus ey, ssena k. Humeem

_dey  d daog do _ dug dg do _
B2 S W)= ey =g T g

d 8 oo -
= 0f G oy = w'eg 0 = 0'Gi+egi,  (4.4)
rje ¢ — aHajlor yraoBoTo yCKOpeuHsi speHa k.
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2°, AwaNornuso MoryT ObiTE NoSyYeHB! YPABHENNHH AJH CHOpocTH
¥ ycKopeHHs Kaxoli-iuGo Toskn m 3seHa k. [lycte rp ectb pamnye-
BUKTOp, onpefensiowmii novioxenne Toukn m. Ha teopermueckod
MEXAHHER H3BECTHO, YTO CKOPOCTh Oy H YCKODEHHE @y, TONKH M MOTYT
GuTh NoJyuelE NOCAeNoBATENbHEIM ABYKpaTHEM AHGpepenuuposa-
HHEM painyc#-BeKTopa ry, No spexeun f. Faeem

drm dry, dg drm

Om =@ =g @ dy

e @ — yrJoBas CKOPOCTh HAUaNLHOTO 3BEHA, HMEIOLLAR pasmep-
HocT paple, a Oy = fm = d;g €CTb GHQA02 CKOPOCHIU MOYKW Im,
pmeioliiil  pasMepHocTes ANHHBL. Taxum ofpasoM, neficTRUTeNLHAH
CKOPOCTE Ty TOYMKH /M PaBHA MPOHSBEJEHHID YIJODOA CKOPOCTH
HaualkHOrO 3BEHA Ha AHAJOr CKOPOCTH Oy TOYKH M.

Iipddeperunpys Enipamenne (4.5) no BpeMesn {, NonyynM besu-
Wiy YCKOPERHS @y, TOUKH M. YCKopenne @y, & obiuen cliy4ae CoCToHT
H3 YETLIPEX COCTABAMIOUINX: HUPMAALHOZO YCKOPENMUSR, HANpasACHHO20
e00ay paduYCO-EEKNOPa Fpy, K €20 HOYAAY, MAOHSENGUOABHO20 JOKOPERLA,
HANPAGACHKOE) NEPREHOUKYARPHO K POaOLYCY-8eKMOPY Fq, OMHOCU-
MEABMOZ0 PEAMUSHOZ0 YCROPEHUR, HANPASAEHNO0 600as  paduycd-
BEKMOPA Fyyy W, HAKOHEL, KOPUOALCOSQ YCKOPEHLA, HONPASAEHHO20
NepneRJUKYARPHO K paOiuyjclj-eeKmopy .

Monsaysce paceHcTeoM (4.5), nonyyaem

_ doy, d ey dw 4% dy e
An=—g =g 0% = O O g =05 g =

== wip = l’.ﬂi"';-,-;, {4‘-5}

dog . - .
':m',"'_&'@— + T, =0y + E0y = 0'rntern. (4.6

B ypasnenyn (4.6) © n & — yrioBue CKOpPocTh H yCKOpeHHe Ha-
gaasHoro seena. Beawunnsl ©f n e, BXOnpuHe B ypabnenwe (4.6),
HMEIOT pasmepHocTh ¢ °. Benwunna anaiora cKOpocTH ©, HMeeT pas-
MepHOCTE piinHel. Bemwunna ag=r, = f‘;;;’ ECTR QHOMDZ YCHOpE
HUS TOYKM M, HMEOUAR TAKKE PAasMEPHOCTE JUTHHEL

Tpy nocTynarelnHOM NepeMellienMy 3BeHa & alaNor ero CKopocti
o603ua4aeTcs Si, 8 aHAJIOr ero YCKOPEHHS Sk.

Taxkum ofpasoM, CKOpoCTH H YCKOPEHHS 3BEHREE H MX TOUCK
MOryT OblTh BCErAa ERIPAMEHE 4€pe3 COOTBETCTBYIOUIME AHANOIH
CKOpOCTell ¥ YCKOpPeHNil ¥ yYrJoBHE CKOPOCTh U YCKOpPEHHE HAYANb-
HOre 3BeHa MEXaHHaMa, Eeann sakon ABHMEEHHR HaualLHODO 3IBEHA
safaun 8 Buae dyuxumi § =5 (@), rie § — Auuefiioe nepemelleHHe
HayaJbHOro 3BEHa, TO HAXOHIEHNE 2HANOrOB CHopocTedl u yCKopernil
MO¥eT OLiTh CeNano aHalorHyHo.

F°. Tek wmax asanorn cxopocteli B yckopeHHil 3aBHCHT ToJbKO
oT obobuwieniofl KOOpAHHATH! H HE 3aBHCAT OT BPEMEHN, TO KHHEMATH-
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SECHOE HCCNeloBAHHE MEXAHHIMA MOH(HO BECTH SHCTO FeOMeTPHIECKITM
nyren. JIns storo, ecliu HauaibHOe 3BEHO BXOLHT BO BpaLlaTesbHYIO
mapy, NOBOPAYHBANCT 270 HaE YTk ¢ H onpenledfioT NepeMellenHs Bex
ocTanunux spenbes. [lanee, ecny TpebyeTcA ONPEOSNHTH CHOPOCTH
H ycKopeHus 3pewa k u ero ToYkM M, To HAXOAAT AHENOMH CRopoCTel
H YCROPEHMA @y, &, Uy ¥ 4. H NOACTABAAKT HX 3HAYEHWA B ypaBue-
ups (4.3), (4.4), (4.5), (4.6).

Ecnn nasanpHoe 3peHO BpalilaeTcs € NOCTORHHOR yrioBoil CKO-
POCTHIT o2, TOr er'n YIAOBDE }’CKGPEHHE E paBHO HYAK, H Ml l'i!}.ll}"-iat?M
cheaytompe opMy s AR ckopocreil n yeropeHuf sBena k u ero
TOMKH M1

Wi = Wy = OFF, (4.7)
ef = o'ty = 0iqi, {1.8)
Up = Wl = Br,, {4.9)
G = © Oy = 6 I, (4.10)

JiBnienne HagadbHOro abehHa Mexainssa ¢ yraosofl CKOpOCThIO
w = const w8 = ( HocHT nazbBaHKHE REPHAMOHNINO 0 WAW OCHOBHOZD
CEUMEHUA MEXGRUSA,

Ecnu B pasencreax (4.3)—(4.6) npunsre YricByW CcHOPOCTH
w = 0, TO CKOPOCTH ), H U GYAYT TEKHE PABHH HYJIO, & pArsnCTLa
(4.4) 5 (4.6) npumyT Bua

Eh = Bty = E (i, (1.11)
O = BUg =t i, (4.12)

Jlpwenne wauancHoro speda, onuckiBaesoro pabesctBamu (4.11)
n (4.12), vocut Haspanite HaUAABHOO OsUeHL.

G HAYAIBHOM ABHAEHHHE MCXaHHWIMA YINOBaR CKOPOCTE o HAYZER-
HOTO 30BHA PABHA WY, M NO3TOMY HOpMaJibHLIE, OTHOCHTENLHLIEe
H KOPHOJHCOBH YCKOPEHHSl Br0 TOYEK TaKe papHbl HYMO. Takum
Oﬁpa3DhE. B HAUAARHOM OPHMEHHH 3BPHEA W TOUKH MEXaHHAME HMBHT
TOMBKO YTAOBRIE # TaHMCHUHAJBHBLIE ].-'CKUPEHHH, JIHMHHH .D,Eﬁl'_‘TBHH
KOTOpHX COBRAfawT ¢ NWHAAMHE feficTBHA cropocTell COUTBETCTBY-
WOWHE TOYSH 3GEHBEE.

Taxnm obpasoM, HCTHHHOE ABMMEHHEe Ka®I0ro MEXaHW3Ma MOMET
paccMaTpiBaTeen, B ofleM cy4as, COCTOHWMM H3 NepMafdelTHoro
H HAYAJBHOTO ABHMeHuil, W papeHcTea (4.3)—(4.6) momuo npeg-
CTALNTR TaKI

@y = @, (4.13)
e = €} + Ef (4.14)
U = Unm, (4.15)

@n = O+ Ome (4.16)
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NpowsBons McclefoBaine MEX2HHEMA B NEPMAHSHTHOM ABHMEH

H MOMb3YACH NOJYYBHHBIME BEJIHIMHAMH AHAMOTOB ¢4 H Fn, € fic-

MOULEI0 cooTHoLeHKE (4.11) u (4.12) moxno onpesenuts suagenns e

H @y, W, NONCTABWE uX B pasenctBa (4.3)—(4.6), onpenennTs HeTHHHLR
CHROPOCTH H YCKOpEHHHA 3BEHBRER MEXaHHamMa.

Pacemorpenste ABHMEHNS MeXaHH3Ma Kak COCTOMLIETO M3 nepma-
HEHTHOTO ¥ HauaJbHOrO ABHMeHwd Owwio npeinosmeno H, E. JKy-
HOBCKHMM.

BosMOoxHOCTE pasienbHoro paccMOTpPeHHs NEepMaHEHTHOTD H Ha-
YaNBHOTO ,EI.BH?KEHHI‘-* MEXAHHIME WMEET BaMHOE sHAYCHHE npy HooHe-
ANBAHHH HHHEMATHENR ¥ AHHAMKHEM MEXaHHIMOD, U’Hﬂ NoaBOMHET npH
KHHEMATHUECKOM HCCMENOBAHNK ONPEAGIATE NONOHEHNR, CKOpPOCTH
H ycKOpenus spebeB B QyHkuMH o6o0uERHON KOOpAMHATE MeXa-
HMama, a ne B QyHeumy Bpemenn. Hernwewifi saxon mamerenns obe
OfLIEHHON KOOPAKHATH OT BPEMEHM 3aBHCHT OT CHJ, neficTeyiouny
H BOSHHEAMILHE B MEXaHuaMe, H MOMeT OuTE OIpefefied ToIbKOD
NoCAe AHHAMHYBCKONG HCCAEnnBaHHA MEXaHHAMA, DIEPEJJ,EJ'IHE B pe-
3YALTaTe STOTO WCC/EIOBARKA 3AKOH MSMEHEeHWs oboluleHHON Koop-
JIMHATEL, HaNPHMER YINia NOBOPOTA ¢ HAYaNLHOTO SBEHA OT BpeMent f,
T. . ¢ = @ (f), MBl ONPEARNHM YIJIOBYIO CKOPOCTb STOTO SBEHA @ =
= —ST‘I'- = ¢ (f) n ero yrnoeoe yckopeHme € = -&;f- = §(f). Ilocae
STOrO, noiibaysice gopmynamu (4.3) n (4.4) w onpepeneHnbiMn npn
KHHEMATHYECKOM HCCNeNOBAHHH aHANOramy ckopocrell H yckopenwil,
HallmeM MCTHHHBIE CKOPOCTH W YCHOPEEHH BCEX 3BEHEEE MeXaHMIMa.

§ 17. Onpenesenme nonomeHnii ssewbes rpynn
H NOCTPOEHUWE TPaBKTOPHE, ONHCHBAEMBIX TOYKAM
SBEHBEB MEXAHHIMOB

F. Inn pewenusn 3afaun o NONGKEHWSX SBEHBED MEXAHHIMA
(nnana sexanuama) RoAmHE OWTH 38JaHb KMHEMATHUECKAS CXEMA
MEXAHHIMA W (DYHKIIHA NCPEMELIEHHIT HAYANLHOTO 3BCHZ A8 MeXa-
HU3MA C OHON CTeneHblo CBODOAM, WANH (YHKUMH nepeMewerud
HaYENbHEE 2EEHEER AR MEX2HHIMOD ¢ HECKOJBKEMMH CTENEHAMN CBO-
Goonl. i

Jlna onpepenerns nonomewuil sBEHLEE MeXaHuzMa CTRpORT Ero
KHHEMATHUECKYIO cXemy, woTopas npM rpadmueckom HoclefioBaHHi
AonmycHa OuTe NOCTPOeHa B 3apanee BUGpaHHOM Macurrabe. ¥ enosnyes
MacurTabuplii KOSOEIHUHEHT NOCTPOBHMA CXeMH MeX2HM3M2 Of03Ha-
HaTh HEPEs |4y, 4TO OSHAYAET YLCAO METPOB HATYPE, COOTBETCTBYIOLIES
ONHOMY MHANMMETDY CXembl, T. . | mM — p, . Takum obpasow,
ECAN  HeoOXomHmMo OOpEeARsiiTeE HCTHHHYI0O AJHHY Kakoro-apbo oT-
peaka, naolpaxenoro Ha CXeme, Hafo HaMEPHTL OTPE3OK B MM/JN-
METPaK #f peayneTaThl HIMEPEHHN MOMHOMMTE HA BRIGPANHYID Bemy -

UHHY i
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Kak frno nokasano 8 § 16, 108 KHHEMaTHYECKOrO HCCNENOBaHHA
MEXaHH3Ma JOCTATOYHO BHAYANE DACCMOTPETh MEPMAHEHTHOE ABHMEe-
HHE M CUMTAThL JBHMMEHHE HayalJbHOTO 3BEHa NPOHCXOIALINM € No-
crorHuoll ckopocTeio. Tlostomy B paneneiiies NpH KHMHEMATHYSCKOM
HeeAEoBaKHK MeXaHusma MH Oyaes BCerfa npeAnonararh detiacen ue
20 HONaALHOZ0 30EHO POSHOMEDHLM, 2 BCJIM HAYAJBHOE 3IBEHO B neii-
CTBHTEJILHOCTH ABHIKETCH HEPaBHOMEPHO, TO NOCAER MEPMAHEHTHOTO
JEHMHEHHR cJelyeT PacCMOTPETE AONOGIHWTEILHO W HadafsHoe [ABH-
WEHMe MEXAHWIMA.

2, Peenne 3a0a4d 0 NONOMEHHWAX MEXAHHIMA MOMHO NpOMS-
BoguTE N0 rpaduyeckHM MeTonoM, JHOD AMANHTHYECKHM,

y

Pic, 4.5, Cxems WecTHABSMBOND MEXaHNEMS, COCTORLEr: W3 cvollkn f, wasanweore seceas 8 #
AFYXNOROAKOBME rpynn &, § uw §, §

B paunoM naparpade paccMOTpHM rpadmueckuil MeTof peluenus
safaun o MMaHax NoJIoKeHK SBCHBER MEX2HUSNS Ha NPHMEpe LecTH-
seeHHoro mexanuasa 1l knacca, nokaaanroro Ha puc. 4.9, Mexannaum
COCTONT W3 HAYANLHOrO 3BEHa &, BpPALUAIOUETOCYH BOKPYT HENODBHM-
Hoit ocu A, ¥ron noeopota ¢y REnsetcs ofofiluennol koopanHaTofl
Mexannsma. 3peHo 3 BXoANMT BO BpaljateseHee napa B; m €y co
spenioM 2 W 3peHOM 4, BpaULAIOWNMHCH BOKpYT HeloABHmHON ocu D,
3peno § sXomuT Bo BpalaTeibusie napel E; 0 F; co spenou 4 0 not-
syHOoM 6, CKOAB3AWMM BA0AL oc Bya 3sena §.

Ecau paccumarpusatt NepMadeHTHOE ABHIKEHHE MEXaHW3Ma C no-
CTORHHGI YIMOBOH CKOPOCTEID, TO Touka [, OyneT nochefoBaTelLHO
sauuMaTE nonokewwn B,, B, B, ..., pAGHOMEPHO PacrnofIOMEHHLE
Ha OKpy#HocTH b, vnucanucii pagnycou AB, ns Touxu A. lpw 3anan-
HLIX pasmepax AAWH 3neHLeB § u 4 38eHO ¢ MOKET 32HHMATE 1Ba
nonoxennn: DC, w DC,, Tak Kax oKpysHoCTe d, NpoBelleHnan H3
Toukn By, MOMET NepecexaTs OKpyHOCTB ¢ B ABYX Toukax C; w Cj,
Taknu oiipasom, B OOLEM CAYYAE MOKET OLITE NOAYYCHO ABd SETHIpEX-
SPEHHLK IUADHHPHLIE MeXxanuama, Mexannam ¢ Koutypou AB,C,D
M mexanusm ¢ xortypom AB,CiD, Herpyano BapeTth, 4T Npn obxone
STHX KOHTYpOB AN NEpPBOro MeXaHusMa Mbl ToJAyYaeM nopslox GyKB
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AB,C,DA, 7. e. ofixon kouTypa Kak Cul NPOXOINT N0 Yacosof cTpenke,
a IR BTOPOTO MeXawnsma Mel Nosygaen nopsgok Gyke ABC\DA,
7. &, 00KOA KONTYpa NpOHCXOANT NPOTHB 9acopokl CTPeAkH. 3T0 ceoif-
CTBO BOSMOMKHOCTH NONYHEHHS TPH OQHHX W TEX e PasMepPEX 3EEHbED
ABYX pasHHIX MexanusMoB HOCHT HasBaune yeaosud clopku. lIcmx—
GeHHLE fBA MEXanH3Ma Pa3JHYHE N0 CBOHM KHHEMATHUECKHM CBO
crpam. Tay, nna mexauwsma AB,C,DA apenps £ u 4 UMBIOT YTAOBHE
CKOpOCTH OJHOTO W TOFO e 3HaKa, a AN MeXaHuimMa AB,CiDA
STH 3HakW NpoTHeBonoNoxHE. CheposatensHO, B 32BMCHMOCTH OT
KOHKpeTHOH HEMXeHEpHOH 3alagM Ka/lo OCTaHaBIHBATLCH Ha KaKoil-
ni60 oanofl kordMIypainn sexanusma. B uawem npumepe mel pac-
cuarpupaen Mexannan ¢ koutypor ABGDA. Toria us Apyx yraoe
G M G4, ONpEAENSIONK NONOX®@HWE 3BeHa 4, M OyaeM paccMaTpu-
BaTh Yroa ¢y, T. €. onpeleldaTe NepefaTciHyrn GyHELHO

Qs = Pa (@e)- (4.17)
CooTBeTCTBEHHO ANA 3peHa § mbl OyneM ONpeiedsTs NepeiaTouiyo
dyHELHIO

fs = ¢35 (g2 (4.18)

Auanoriyuno NpH NPHCOSAMHEHWH JBYXNOBOAKOBOIl rpynnul, cocTo-
Amel u3 szenbeB 5 W 6, MBI NOJYYHM ABA BOSMOMHBIX NOJMOKEHHA
noysyHoB 6 11 67, Tak Kak OXpyaHoCTH € pammyca £ F,; nepecexaiot
rpanyio Bya B apyx Toukax Fy u Fi. BubepeM notoxenne, B KOTOpOM
nopAnok OyKB TipH OOXOAE KOHTYp® 0o  YacoBoll cTpefike Oyfer
E,F,C,E,. Torpa nepenatounasn ¢yHkuus 3oexa 5 Gynert

G5 = G5 (ga). (4.19)

MNepeiatotsen Qyuxuns ana Toukn Fy nonsyua 6 Gyner coorhet-
CTLEIHO

sp = Si (@) (4.24)

8%, Texwn ofpazoMm, NOpAJAOK NOCTPORHHA 0MaHa [NOMOHEHIN
SEEHLED MEXaHnaMa OylerT cheayniHM.

Havocnm cuayasa na geprexe (pue. 4.9) remopmmmnmie ocu A
u D. Nanee paguycod, pacHuM fante spena AB, nposoinm okpym-
voets b, npeacTaBascuyo cof0l reOMeTpHuUBCKOe MECTO TOYEK [.
Ha s70ii okpy®HocTd HawocuM nodioserus By, By, B, ... Toukn H,
LNA KOTOpEIX TpebyeTcs OnpeieliTh NOACHEHNR BCEX 3BENLEB MeXa-
HuaMa. Ha pue. 4.9 HeoOXopHMEE OOCTPOEHHA TPOMIBENEHH LTA
nonowenns kpusowuna AB, enpegeasesoro Toukoil By. Jlas onpe-
JeneHus noncxeHHa Touky C us Toukn [ npoBoiuM OKpYMHHOCTE C,
npencTaBAfoulylo coboll NepBoe TROMETPHUECKOER MECTO TOHEK 24
U 13 Toukn B, papmuycom B,C npoBofnM OKPY®HOCTS d, ABNAICILYIOCH
BTCpHM reomeTpuueckum MecTom Touek €. Toska €, nepeceuenms
OKpYMHocTell ¢ W d w onpefeant nosoxenwe touky C,. locae no-
ctpoenns My C,D 3pena 4 nerko onpepeasercs u NONOKEHHE
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Tourn E. Crejopatensho, s Bropoit AByxnosoikosolt rpynna EF
BYAYT HIBECTHE! NOJOMEHNS Epafiiux KMHeMaTHYeCKHX nMap — ocu £
W oca o uwanpaenswowedl.

OcTaeTcs onpefennTs Nosiowenme ocH Fp, 9T0 MOWeT OWTe clie-
JlaHo, ecaH K2 TOUkH £ NPOBECTH OKPYIKHOCTE €. 109K2 Nepecederns
OKPYXHOCTH € ¢ npAMell B,0 0 onpenenuT nosomerHe Togke Fy,

Tarum ofipazoy, 33712438 0 NOCTPOSHHUY MI2N0E NOJOKEHHE 3BeHLER
mexanuama Il wnacca CBOAMTCH K NOCARAOBATEIBNOMY HAaXOHUIEH D
NoJoHEeHHH SPeHECR ABY XNOBOIKOBMWK FPYN, ¥ KOTOPHX H3BECTHLIME
ABAHIOTCH NONCMEHHH KpaiilHX S/JeMEHTOB KHHEMaTHYECKHX nap.
pﬂf_‘tmﬂ‘!‘pllﬂi 5TY 3ajaqdy A48 Fpynnkl Kaxqoro BHAa B OTHEIBHOCTH.

4. Tlyers 3apnasa rpynna 1l kaacca ¢
Tpems BpawatensHkimy napauy 5, C u D
(rpynna nepevzo eupa). [lo npeawinyuiemy
noaomeHHs Touex B w D wssecTHe, HOO
3BeHBR 2 u 3 HKOHUEBRIMH SJIEMEHTAMY 3BEHBEB
B w D BXoffT B KMHBMATHYECKHE NapH coO
speHbAMH f 0 4 OCHOBHOTO MEXaHH3Ma, H,
CASA0BATETLHO, 3AJla4a CBOAMTCHA K Ofpeae-
Pic. 1,10, Cxesn  anyxn.  “1CHHIO TIOMONEHIR TOYKH C (pue. 4.10). Nan
popkoBoll  rpymne pepnoro ONDEASNEHHA DOONOOHEHHA TO9EH C nocTy-

B naesM caenyinim  ofpzsom. Pastennnnes
mapunp B Toyke C # paccMaTpHBaes: BOs-
MOMHOE ABuxenwe sTofl Touky. Tak kak Touka B sauumaer Bnonie
OOpeEntIeHHCE NONOHEHNE, TO TOY KA C. HaxoMalancys Ha NOCTOHHHOM
pacctosuny BC o1 Touku B, MOKET 0nucaTs TONLKO OKP YIHOCTE A — &
panuyca BC. Touno tar e peaefcTeue nocronHeTsa pacetosuua DO
TOYKa C MOMET ONHCaTh BOKPYT TOYKH D TONBKO OKPYHIIOCTE 1 —1)
panuyca DC. Taknm o6pasom, recMeTpHYECKHM MECTOM BOSMOMHEIX
nonowennH Touky C ABARIOTCS nBe nyTH OKpyXHOCTER A — A n1—1.
Touxu nepecedeHun STHX OKPYMHOCTER W NAAYT HCTHHHOE MONOKEHHE
toukn C. Tak Kar ape okpymHOCTH B ofilieM cAyyae NepeceraloTes
B JIBYX TOYK2X, TO MEI nosiywaem ape Toukn C' w C", Bufop Todxm,
naiciiell MCTHHHOR TIGNIOMEHNE, MOXKHD ClIBjdaTh, NOAL3YACE yCIoBHEN
NOCASAOBATRIEHOCTH noJodeHu# Touku € (HenpepHBHOCTH Tpaer-
TOpEN) OpH ABHMKEHHM Beero mexanuswa, Ecaw oxpyswoctn b — A
¥ 7] — 7 ue GyAyT MMETH TOYEK MNEPeceyfHdfl, TO 3TO yKaWer, 910
NpH 331aHBbIX pasMepax 3peHLER IPynna He MomeT ObiTe mpHooeaN-
HEHa B nallioM NOJIOMEHHH K OCHOBHOMY, & cAH Ona Bee e Oyner
NpHCOEAHHEHA B APYrOM NOADMeHNH, TO MEXaHW3M ¢ Tawoil rpynnoi
HE CMOMET 32HATH PACCMATPHBACMOIO TMOJIOMKEHHS.

lNoctpoenws naanos nosnosenudt rpynn I1 knacca ¢ noctynatene-
HEIMH DapaMM  PellaoTcH  AHANOTHYNLIMH (PMEMAMH C NOMOULIO
LHPEYAA ¥ AHHEHAKH, NPH STOM NONE3YIOTCA METONOM TEOMETPHYECKHX
MeCT, KOTOPHMM ABJRIOTCA OKpymHooTH A — 4 8 v — 1.

5%, Inn naxoxpenus noacwennit nnockux Mexannsmoe [11 knacea
MOMHO TalKe NOJIL3OBATBCA METOAOM TreoMeTpHYeCKHX mecT. B omm-
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gpe or sexanusmoe [l mnacca, B wmexanwssax 111 wrnacca stuwm
IEOMET] HYECKHMH MeCTaM¥ MOTYT ObITh HE TOVIBKO OKPYXHOCTH WiH
NpAMBEIE, HO H EPHBLIE BLICIUMX NOPALKOB.

[ycts, nanpumep, nauwa Tpexnosopkopas rpynma Il knaeca
BCDEFG (puc. 4.11). INoacxenns toser B, E u ( aapautl, TaK Kak
rpynna KounessMu saesentamu B, E w G BXOINT B KHHEMaTHYECKHE
napel co spenssamu [, § # 7 ocuosworo mexannsma, Tpelyercs onpe-
JEIMTE TIONOMPHWE oOCTalbHeiX Towexk, Kak M ans  MexaHusmos
1l knacca, pasnenuuseM OQMH H3 mapHupos GasHcHOrC 3peHa J,
Hanpumep wapuup B Touke F. Torfa cucremu seenwes BCDE u GF
npuofperanT Kamjas OQHY CTeleHb cBOGOmBl, M 008 STH CHMCTEMH,
EC/IH CE1aTE HENDIBHIKHBMY 3BeHbs 1, § 1 7, Kak OGbl npespaaiorcs

. et p
Poc, 4.11, Cxena TP XN Poc. 4.12. K onpeneneniig nos

wOBGH Fpynoe noEeHEll BRCHBED  TReXTIOBOgKG.
Bof TRYNOE

B caMOCTOATENbHBE MEXANH3MEl C OJIHOH cTenenbio ceofonnt, Cucrema
BCDE (pnc. 4.12) cranoentcr mexaunssom Il wnacca, a cuerema
GF — mexanusmom 1 wnacca. CrpouM Tpaektopuio A — A 7ogkn F,
npuHaznemanedl watyny CD 9eTHpex3seHHOro WAPHHPHOTO Mexa-
nusma BCDE, woropas nocuT Haspawue (amyunof fpueod. Crpous
Janee TpaeskTopwuio 1) — 1) Toukn F 3pena GF. 310 — nyra okpym-
HoctH paamyca GF. Takum o6pasoM, TeOMETPHISCKHMH MECTaMH
BO3MOMHBIX DOJOMenn' Togex F spasioTcA Kpusas A — A u nyra
1 — 1. Tourw nepecesenua ' u F" sTHX ABYX reOMeTpHYECKHX MecT
H anyT BOSMOMHBE NOnomcHEA Touky F. Tag Kak mWaTyHHEE KpHBHe
ABAAIOTCA KPHBLIMM BbiclinX MoepAAKOBE To B OfuleM ciygqae Mul
MOMEM TONY9HTL HECKOILKO TOUEK NEpeceYeHHs STHX  KPHBHIX
¢ ORpY®HoeTHIO, (ueBuiHO, A0S BHOCPA CPeal 9THX TOYEK WCTHHHOR
HaAo NONb30BATECA YCAOBHEM NOCHELOBATEIBHOCTH TIONO “eHHUH TOYKH
F npn amsxesnn rpynnel. Onpeieise HCTHHHOR Nonomxesde Toun F,
MOMCHO NOCTPONTH HCTHHHLIE NOJOMEHHE BCEX OCTANbHBIX 3SBEHBLER
sexannama. MeTonom pasteiMHeHNS IapHHpa MOMKHO ONpefeihioc
NoJiowmeHHA BeEX Touek moboro mexanunsma 111 knacca.

6°. Ecan pafipensi NONOWEHHY 3BEHLEB MEXZHH3MA JJH A0CTa-
TOYHO OOMLINOTC 9HCAA 3&JaHHEIX NOVIOMEHHH HAGANLHOIO 3BEHa,
TO MOKHO TI OWTEH TP2EKTOPHH, OMHCHEBAEMEE OTAEILHEMH TOTKAMH
mexanuama. [lyets Tpelyetcs TOCTpOMTE Tpackropmio Touku E
MeXaHu3Ma IapHUpHOTO YerhipeXxspeHuuka (puc. 4.13). Pastupaem
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Prc, 4,03, CxemMa MexapHaMs LapHRPEOI® YETHECXIPERHHEA © [USTYHIEME HPHRDEMH §Cs
CROMBHAYE ToUeH

Puc. 4.14, Mexarustd CenoBopPolUMNEK. § = WaTyH; £ — KpAkclunn; § — shefio, Touks O
KOToporo (OHCHESET TREEHTOPHN Gw=(; § — HOPOMBCRY, § — KOAECO

Puc. 4.18, TecTomechTedbnan malinus, § —  Pee. 4,16, Tpatmeciio-nanpasnaaiyi
cTofHa; ¥ — HpHBOWND § — WatyH, TOYHAE WapHRpHER Mexaudan Yefiuess, | — crof-
AEME KOTOPONG of HEEBART TRACHTO R G—0] KE; £ — wpHboW®n, § — [Wwarys, youwa 5
4 — KOPUMBIERD; § == BEHE HOTOPOre CRHCHBEET TRAEHTOPIID Gy § ==
EOpaMEILAD
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TpaekTOpuio Toukw B wWa pmpeHanuaTe pabHeIX uactell H Haxompwm
cooTReTcTRyIOmKe nonowenns Toykn O, CoeuHAA B K&WIOM noac-
yeHHH Totikn B B C, waxonkM Ha seene BC ncnomenke toukm E,
O6Boas mocaenobaTedbHbe NofdoXenus Toyky E TnasHOR KpHBOR,
noayYaemM TPHEK’I‘DFIHIO TOSKH E.

K pome tpaektopus Touen E, na puc. 4.13 nokasant TpaeEToOpHH,
ONHMCEIBAEMBE PASAWIHEIMH TOYKAMH, ¥ECTEO CKPelVIeHHBMH c lia-
Tyuom BC.

Kark 0uA0 yrasapo BHIUE, TPASKTODHH TOYEE, NPWH2LAEHAILHX
WATYHY, HOCAT HABRAHHE [WAMYHHNX KPUSHX.

IllaTyHHEMH KPHBRIMH B HACTOALIEE Bpems LWHPOKO NOJBIYIOTCH
B TCXHHKE JI1f BOCOPOWSBEACHHR fBixeHun paboyux opranon pas-
JMYHBIX MammH w Mexauusmop. Flanpusep, B mexaunsme cendBopo-
wnaky (puc. 4.14), B rectomecunnHoft mawmne (pre. 4.15) v 1. A
Iﬂnﬂnme NPHMEHEHHE IUATYHHHE KPHBBE Hamfli B MeXanyuamaX
I1. J1. Yedtriwena (pue. 4.16). lllatynnee KpHEHE WAPHUPHOTO 9€TH-
pexseennnka ofllero Buza (pue. 4.13) sBasiores anrefpanyeckKuMu
EpMBHIMH mecToro nopsgra. HlatysHbie gpHBBe EpUBOIIMOHO-NON-
IYHHOrO MeXaHusMa — anrefpaHyeckMe KpWBLie YeTBepToro mno-
PHIKZ.

§ 18. Onpenenenne ckopoctell B yckoperwmi
rpynn 11 wiacca meToloM MIaHOB

I°. Onpeneaenne ckopoctell B yeropennit rpynn 11 knacca momer
6T NPOBEJIEHO METOIOM TiaHoB ckopoctelt  yekopenufi. Tak wak
mexapmamel 11 Kiacca ofipasopaHE nOCTEAOBATENBHBIM NPHCOEIHHE-
HHEM TPYNN, TO HIJCHEeHHe MeTONA IUIAHOB MOJKHO BECTH NPHMEHH-
TeABHO K pazavunsin Bujam rpynn Il knacca. Ananormuno sanave
O MJIaHay MeXaHH3Ma M3BECTHHMH OyAYT CKOPOCTH H YCKOPEHHA TeX
BJEMEHTOB 3BEHBEB, BXOASLIMX B KMHEMATHYECKWE Maphl, KOTOPLIMH
rpynna npHCOeAMHSEeTcH K OCHOBHOMY Mexaumsmy. Onpenenenmnio
6yAyT NOANEHaTE CKOPOCTH M YCEOPEHHA OTAENBHWX TOYEK rpynnk
H YINIOBEE CKOPOCTH W YCKOPEHHH SDEHBLEB.

Z. Paccmotpus rpynny Il kaacca nepsoro puja, woropas ofpa-
30BaHa ABYMH 3DEHbHMHM, BXOZSUMMH B TPH KHHEMaTHYECKHE Naphl
(pue. 4.17).

Auanoryuno sajaye o NOICHEHHAX rPYNN HSBECTHRIMH SBJISIOTCH
BekTOpbl cropoctefi Towek B u D KOHLEBBIX SJEMEHTOR Ipynid,
KOTOPHIMH 3BEHbA 2 1 § BXOIAT B KHHEMATHYECKHe Naphl co 3peHbaMu [
H 4 OCHOBHOTO MEXAFH3Ma, T, €, CKOPOCTH Ug M Uy. 1pefiyercs onpe-
HenuTH BEKTOp ¢ cROpocTH TodEw C.

Npumenue Toaryn C Momer ObTh BeErZia pas/ioXeH0 Ha NEPEHOCHO-
NOCTYNATENBHOE €0 CEOPOCTHIO ToUKy B Wan Tourn D W oTHOCHTENE-
HO-BpalllaTe/LHOe COOTBETCTBEHHO BOKpYFr Tourw B mam toumm D.
Torga pexTopHbie ypasHeRHA sl CKOPOCTH T TouEH C ByIyT HMETH
chenywinf Bua:

U¢=Ug-+ Ucp, U¢=Tp-+ Vep, (4.21)
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rie Uc, ¥ M Vp CYTh COOTEETCTBEHHO BEKTOPH AGCOJIOTHHX CKOpO-
crefi Touex C, B w D, Ucp u Ucp — BEKTOPH ckOpocTell Touky O
oTHOCHTeNBHO Toder B u D.

M3 ypasuennil (4.21) nonygaem

Vg - Uep = T+ Yop (4.22)

B ypassenuy (4.2]1) HspecTHEl N0 BENHYHHE H IAIPaBJCHHI) BEKTOPH
cHopocTell ©p H ©p. BerTopul Me cHOpOCTER Upog H TUop MIBECTHL
TOILEC TO Harbpamwum. Berrop ©ep ckopocT TOuEM O OTHOCH-
TenbHo ToukH B HanpapJien nepneniHKYJapHO K Hatipasnenmio BC,
a BeKTop Top ckopocTi ToYEM C omiocHTensHo Toukn [ nanpae-
ned MEepReHIHKYAAPHO K wanpasiennio DC.

P d d f
|
E ] P é
£ f
] [

Puc, 4.17. Jeyxnopomeonan rpYRNs Nepsoro Bufa: o) KHBEMATHYECKAR CXewma) @ maan
cHopocTel: 8 noBepnyTEA Dneay cRopooTed

Takum ofpasom, B ypasHennu (4.22) Hem3pecTHE TONBLKO BEH-
YHHE BEKTODOB CcrOpOCTEll Ugp W Uep, KOTOpBIE MOTYT OHTL Onpe-
feneHs NocTpoerneM nuasa ckopoctedt (puc. 4.17).

Bufiupaem p KadecTee NoMOcs NMana cKOPOCTEH TOYKY P, OTKIa-
nuBae ot Hee otpeskn (ph) B (pd), npeictapnsomue cofioll cEOpocTH
Up 1 Up Todek B u D B karom-2no NPOH3BOILHO BHOpaHHOM Maciy-
talie |, AAOUEM COOTBETCTBEHHO B | My — p, Mfc. [lpw BuiCope
BENMYHHE MaciuTaba p, PYKOBOACTBYWOTCH yi00CTBOM BbIYHCAEHHEH
u nocTpoenkil BekTopoB cropocTel.

Nas onpesenenns HCTHHNHHX BeNHYHH ckopocTedl Touyexk B n D
orpeaky (ph) n (pd), msmepeHHble B MH/VIHMETpaX, YMHOMHM Ha
BRIOpaHELIA MaciuTal i, NOKasHBAIOUME, CKONBEO EIHHHL CEOPOCTH
npuxomnTes na | wm coorsercTeyiowerc otpeska, [Nonyuum

vp = po (PB), Up = W, (pd).

Ornowxue otpeaxn (pb) ¥ (pd), nposenem yepes Togen b u d npambe,
HMEIOUIHE HANpaBJeHHe BEKTOPOB OTHOCHTENLHBIX CKOPOCTEH Ucp
1 D¢ p, NEPHEHIIKYARPHLEE K nanpabaenusam BC w DC (puc. 4.17, a).
Toyka ¢ OnpesenyT KOHel] BekTopa V¢ alcOMOTHOR cKOpOCTH TOYKK C
rpynner. Ckopocts U corfacHo ypaenenuswm (4.21) Bwipamaerc
otpearom (pc), COBAMHAIOUWMM TOMEY p ¢ nodyseHHoll Togwof c.
Benuuwnia 108 ckopoctd OypeT paBHa

g = Uy {PC}-
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Ovpesxn (be) u (de) npezcrapnsor coficll OTHOCHTRALHEIE CKOPOCTH
OUcp M Ugp B TOM e macirale, T. €.

en = Mo (BC),  Uep = Mo (do).

Crpenky y Bektopos na puc. 4.17, 6 nomxuel ObiTe NOCTABNEHE
Tak, 4T0OH yioBJeTBOpAaNcE ypaperns (4.21). .

Tpeyroaesukn pbe v pdc HasbBAOTCR NAGHAKU cKOpociell SEEHBER
2 u 8, a Qurypa pbedp nassiBaeTcs nAGHOM cKopocimell epynist BCD.
Toyka p niaHa HA3HBAETCH HAMAAOM HiIH NOMCCOM nAaHG cropoctiel,

Jins yaoferia rpaduyeckoro NOCTpoeHHE MJaH2 cropoctell BeeX
APEHLER TPYTIE HHOEA2 MA3H }'C.‘?BBHD NOBEPTRBAKT B OIHOM H TOM
e Hanpasnenun Ha yron p 90°. Torna BeKTOpH OTHOCHTE/BHBIX CKO-
pocteil Yoy W Vep OyayT Dapalyiefbiil HanpaB/leHHAM BC u DC.
Tarolt nnan CKOpOCTEfi Ha3HLIBAGTCH NOGEPHYMBLM NAGHOM  CRO-
pocmeil. Ha pue. 4.17, ¢ nsoOpaken [OBepHYTHil MiaH cEopocted,
npHYeM HANpABIEHHA BCEX CKopocTeil NOBEPHYTH Ha yroa 9(F npoTiB
OEIHENNA YacoBoil CTPRIKM.

Moap3ysce Man0M  CKOpocTeH, MOMHO ONPEIEJHTL YF/OBBE
CKOPOCTE by H @y 3penbes 2 w 5. Benuyunul STHX cropocteil onpe-
JensioTCH M3 PABEICTE

(4.23)

-

L, L
I""]‘S|="%f'- Im3|=’_'?"£'r

riie by 1 Iy cyTo aannel BC uw DC 3senpes 2 1 8.

[ycre rpynna BCD noctpOgHa B HEKOTOPOM NPOHSBOABHO Bhi-
Gpannosm macirtale |y, NpeicTapIsoleM coGOH YHCNO METpOB Ha-
TypH, mpuxomiumxes Ha | mm otpeska Ha cxeme. [lojcrapnss
E ypasuenns (4.23) smonyau ckopocTel tep W Ugp, BblpaMeHHble
B Maciiale p, YEPEs COOTHETCTBYIOIlLE OTPESKH Daana ckopocted,
¥ Anvuel speiee BC w DC, puipaxeHHHe B maciutale py, noaysaem

) e (de)
Imﬁl_p;{ﬂ-ﬁ'}' ![’-’El il&(ﬁc—‘}'

Oruowenne macwTabos p,/pu, Hueet pasveprocts ¢, Hanpasne-
HHA YRIOBHX CKOPOCTEH @y H @y MOTYT OBITE Olpeie/ ekl CIEIY UM
ofpazon. MECaeHno NPHKAAALBAR BeKTOPH Ugp M Uep ¥ TOuEE C,
BHIHM, 9T0 Bpallenne 3pena 2 NPOMCXOINT B HaNpapJeHlH BpalleHnn
gacopoil CTPRIKM, @ BpalleHte 3peHa § — B HanpaBfienny, ofipaTHOM
Epauenwo yacosoli crpeakn (pue. 4.17, a).

Jina onpepenenus ckopoctH Eakob-nubo touku £, Jedaned ua
ocy speda BC (puc. 4.17, a), umeed BeKTOpHOE ypaBHeHHe

Op = Ug -} Ve (4.24)

Cornacio SToMy ypaBHeduwo M3 Todku b nsana ckopocTedl npo-
BORHM HanpaplieHHe BEKTOpa Uep OTHOCHTENBHOR ckopoct Touky E
Bokpyr Toukd B, Tak Kak OTHOCHTEABHBIE CKOPOCTH MOOHX TOHEK,
JNealnx na ocu BC 3peHa 2, nepneHamEyNspHel kK ocH BC, 1O ode-
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BHAHO, YTO HaNpapneHHE BEHTOpA CHOPOCTH TUppCOBOANAET C HANpAaB-
JIEHHEM BEKTOpa CKODOCTH TUpp, T. €. OTPESOK IlNaHa ckopocteil (be),
cnpenensiolui CKOpOCTs Ugp, COBNALAET 110 HANPABNEHHIO € OTpEs-
koM (be). Benmunna oTpe3ka, onpenensioulero CKOPOCTh Ugp, Haik
Jercs u3 caenyomux coobpaxmenni.

Hmeenm
Ucp = Wglpe (4.25)
o
Ugp = Oylpe. (4.26)
Paznenns nounenno papewctso (4.26) Ha papencreo (4.25), nonyyaem
Jep _ eE (4.27)
Ch BC

Hz ypaenenns (4.27) caenyer, uto ckopoctd Touek E u € otnocH-
TeakHo Toukn B npsmo nponopuHOHanbHE PAcCTORHHAM STHX TOYeK
Ao touks B. Tlopcrannss BMecTo ckopocTell COOTEETCTBYIOUIME OT-
Pe3KH H3 naana cropoctell, noayuaem

po(be) _ Ipw
o (be) Ige '
OTKy 1a .
(be) = (be) 2= (4.28)
BQ

Hs ypapwenns (4.28) caenyer: wtofiel oNpeneniits oTPE3OK maaHa
cKopocTedt, dsofpamantiull OTHOCHTEABHYIO CROpOCTh Opp, Heol-
xoanmo oTpesok (bc), usobpamaiolliil Ha niane CKOpoCTeR OTHOCH-
TEIBHYID CEOPOCTh ©ge, PasfelliTe B TOM e OTHCLUEHHH, B KaKOM
Touka E neamt spero 2 pa cxeme rpyuntl (puc. 4.17, a).

Ornowus  noayuennulit otpesok (be) Ha nname cropocrefi
(puc. 4.17, 6) W coeannHs NOJYYEHEYIO TOUKY € HOMIOCOM MIaHa p,
nofydaen oTpesor (pe), Haolpamaomui b Maciutabe p, NOAHYIO
CEOpPOCT TOUKH Ug, T. €.

vg = My (Pe).

Ilns onpenenenus ckopocti Kakoil-nufo npoHssoibHoi Tourn F
apena 8 (puc. 4.17, o) coctasifeM clepyollHe BEETOPHEE Y paBHe !

U =0p+ Usrn = 9c-+ Ure (4.29)

H u3 ypaprennii (1.25) nonysdaest
Op + Opp = Ve + Upe.

BexTopu ©p 0 U ckopocTeft Touex D W C HaM HSBECTHH N0 Bey-
YHHE B HANPARMEHHIO, 2 BEKTOPH CKOpoCTel Tpp H Upe HSBECTHEI
TOMBKO NG HanpasienHwo. BerTop CKopoCTH Upp NEPHEHIHEYIApEH
k¥ otpesky (FD), a BeKkTOp CKOPOCTH ©pe NEPHEHIHKYASPEH K OT-
pesky (FC). M3 Toukn d nnaua ckopocrefl NPOBOAHM npAMYylo, neps
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nEHAHKYNAPHYIO K nanpasnenwio FD, a depes Touky ¢ — npamyo,
neprenfnKyIsapHyo K Hanpaeaenwio FC. Touka nepeceueHus f
npoeenennnx Hanpapaenni (puc. 4.17, 6) H onpefe/iMT KoHEl Bek-
qopa ¥ nodHofi ckopocTH Todkd F. OTpesck nnana, WaobpamarouHi
CHOPOCTE Tp, NONYHHM, COSAHHHE NOJIOC MNaHa p C roskol f. Tlo-
Jiyqaenm

Up = Wy [JD”

Paccmarpunasi Tpeyronbhuk cfd nnana cropocteit (puc. 4.17, 6)
1 Tpeyronpsuk CFD ua ssewe (puc. 4.17, 6), MOHKHO BHIETH, 4TO
orpeaku (cf), (fd) # (de) cooTRETCTRENHO NIEP-
neRakkyanpEe K otpeskan (CF), (FD) wu
(DC), 1. ..
(cf) L (CF); (fd) L (FD); (de) 1 (DC).

Takunm ofpasom, Tpeyronueuk cfd ua
nnane ckopocTefi, nacOpmxalowuil oTHOCH-
TEJBIHE CKOPOCTH Upg, Upp M Ugp, NOROGEH
rpeyroabiuky CFD rpynnm Ha ee cxeme o
NoBEpHYT OTHOCHTEJILHO HEro Ha yroi s 90F,
Sro coofictee nogofusl HIYPL OTHOCHTENE-
HEX cropocTell ma niane cropocTel dury-
pe 3pena Ha CXeMe MeXapHaMma No2sonsetr
OTPENEeNATE CKOPOCTH JHODHIX TOMEK 3ITOTQ  pye. 4.18. [lsyXnonosKopan
ZEEHA HE H3 YpPHBHEHHH, & TPafHYeCKH, OO ?ﬁﬁqﬁﬂfxﬁﬂh}umﬂ
crpoensem nogobuelX Guryp. OmveTHm, uYTo yeuoperuh
npopepkoil NPaEHALHOCTH FpafiHyecKoro no-
cTpoeHHs nofoOuEX Uryp Ha NiaHe HAsffeTcH NopaAok OywB na
cXene H Ha muane ckopoctedl. Tak, ecie nopspox Oyke Ha CxeMme
npi obXofe KOHTYpa 3DeHa 1o uacomofl crpenke Gyier C, D u F,
TO Ha NJaue CropocTell STOT NOPANOK NOAMEeH COXpaHHTLCH, T. €.
GyuBu MO/IFHEl HATH B ToM e nopsiske: ¢, d u f.

BexTophl BCEX NOAHEIX CKOPOCTER TOUEK 3BCHLER MMEIOT CBOHM
HayanoMm TOUKY p IJIAHA CKOPOCTEH, & BeKTOphl BCEX OTHOCHTENbHLIX
cropocTell coenunsior cofofl KOHUE! BEKTOPOB NOJHBIX CKOpocTel.
Ilpy noctpoenns nopoGHHX ¢uryp Ha NOBEPHYTHX MAaHaX CKo-

ocTell CToponH nogobuux ¢uryp OYAyT B3aiMHO NapanienbHbl
He. 4.17, a).

. Ipu onpefenenny yexopenuil rpynnel 11 knacea nepeoro suna
H3BECTHH BEKTOPH &y W @ NOIHLX YycKoperuii Touek B uw D
(puc. 4.18, a). Kpome Toro, nnan ckopoctefi TpynisE npennoiaraeTc
NOCTpOEHHBM, M, CAEOBATENLHO, MOMHO CUNTATE H3BECTHRIMH CHO-
poCTH BeeX sseHbeB rpynmul. Jna onpesenenws yckopemus @g TOW-
ki C, KaK u 1A onpefleleRua CKOPOCTH T Touks C, paccmaTtpHbaes
€€ [BHIEHHE KaK CNOMHOE, COCTORLLEe H3 NMEPEHOCHOrO MOCTYNATeNb
HOMO co CHOPOCTAMH H YCKOPeHHAMEH Touek B w D # oTHOCHTENBHOTO

&
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EPALIATENEHOTO BOKPYT STHX ToueK. Torlia pexTOpHHE YpARHEHHS I
OlIpEAE/IEHHA YCeKOpeHHN @g ToukH C OyDyT caelyloummu:

ac=as+talp+acs, @o=ap+aip-t+alp,  (4.30)

Tle @y W Gip — HOPMAaNBHLE YCKOPEHHS B OTHOCHTENRHOM JBH-
!

WEHHH, 4 ey W @cp — TAHTEHUHANLHLE YCKOPEHHS B TOM e [BH-

weHuH. Pewan cosMecTHO ypassedns (4.30), noaydaem

as+ ats+ ate = ap - atp -+ atp- (4.31)

B ypapwennu (4.31) useecTHH no BeAWYNHHE H HANPABNEHWIO BEk-
'N}pu agp ¥ ap Toder B u D. BerTopu nopMansHeiX yckopennl acs

H G¢p B OTHOCHTE/BHOM ABHIKEHHH MOIYT OHITH onpenenent. Benu-
HHHBl STHX YCKOpEHHH paBHRL

age = rFLB = wils, GED=@= @il

CropocTh Ugg M Ugp M YTJIOBHE CKCPOCTH @y H (3 MOTyT OHITH
onpelenensl N0 NOCTpoEHHOMY MnaHy ckopoctedl, gnuew L, u [,
seeHbeB £ H J onpedensioTesl no cxeme. [lonctaenss B nonyuendnie
paBeHCTBA LJMHEL HS MAaHa ckopocTell B MaciiTale ji, ¥ Co CXEMEl B
MaciiTabe p,, Doaydacm

byt de
dtp =BT m pa(n), alp= L (), @w3)
rae otpeskn (be) u (do) pommesl G6HTE B3ATH H3 MAAHA cKopocTed,
4 My ecTh MaciTal nhana yekopenui, Ralompll cOOTBETCTHEHHO
1 Mu = p, M/,

Tax xe gak # 418 cropocteil, npu enfope mMacTaba p, Niaua
Y€ KOpeHHil pyKOBOACTBYIOTCH YAcGCTROM BHYHCAEHHH 1 rpafuyeckux
noctpoenuit. Takum ofpazoM, ecni HeoOXOMMMO ONPENENHTL HCTHI-
HYI0 BENHUHHY EAKOro-nHGO YCKopeHHs, HAl0 COCTBETCTBYIOUHN oT-
pesck B MUANKMETpax, B3ATHH U3 mnaHa yckopeHHil, YMHOMWTL HA
BRIOpanHLil maciTab pg, NoEasHpaollul, CKoMbKO €IHRRL yCKope-
HHUR NpHXoAXTCS HA | MM OTNOIKEHHOro OTpesKa.

Bektop yckopenws @cp wanpaeied o1 Touks C K Touke B napan-
nensHo wanpasaeniio BC, a BeKTOp YCKOpeHHS @Cp HANPABNEH OF
Touki C ¥ Touke D napannensno nanpapnennto CD. Taknm ofpason,
HOPMANBLHHE YCKOPEHHS! @gp H @Cp RABECTHBL N0 BENUUHHE H HANpas-
nenyio. BexTOpH @6s M @tp W3BECTHH TONBLKC 10 HAMPABICHHIO,
Tlepsrit Hanpaenen nepnenMEYAAPHO K Hanpaenenio BC, sropoi —
nepnesfHKynapHo K Hanpasienuo CD. Taknm ofpasoM, B ypabue.
HHH (4.31) Ben3ReCTHHIME OCTAITCR TONBKO BETHYHHE BEKTOPOR YCKO.
penHi acs W abp, KOTOpLie MoryT OHTE onpelenensl CcAemyHilin
rpaj#yeckiM MocTpotHHEM.
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BuifupaeM B KayecTse MoJloca MNAaHa YCKOpeHHii TouKy =
(puc. 4.18, 6) u oTenajpeaen oTpeskn (nb) u (nd), npencTasnsiouue
B MaciiTabe p, yckopenusi Togek B u D. [lanee, nonssyfice ypasHe-
nnsive (4.32), BruucAsieM BENMYHHEL YCKOPEHHH @i H @cp W OTKAE-
nbBaen ns Touek b u d otpeskn (brg) B (dng), npescrasngioue B Mac-
urrafe p, STH yckopenrs. M3 nonyuennuix Todek fi; H 13 NPOBOMHM
npAMbe B HANpAaBNEHHAX BEETOROR TAHMEHOHANBHBIX }'EF.D[:IEHHﬂ ﬂi?ﬂ
W abp nepnediHKynfpo ¥ panpasnenusm BC u CD. Touka nepece-
ueHHs STHX NPAMEIX M A2CT KOHEL BEKTOpa @¢ MOJHOIC YCKODEHHS
Toukn C, 7. €.

e = Yo (7€),
lNocTpoenntie GHrypu sbiye U ndnge HOCAT HAasBaHHe 7LI0HOE LCKO-
penud seereee 2 W 3, a pca durypa nbnstngdn HA3EBACTCR NAGHOM
yekopenud epynns BCD. Touka n HasHBAETCS HAYOA0M WIH NOAOCOM
nAgHa yeropenid.

Coennuns Touks b ¢ d nnana ¢ Toukoil ¢, NONYYHM BEETOpEH 1071
HHX OTHOCHTENLHHX YCKOPEHHR dop W @cp. Hmeenm

acp = Pa (bC), Gep = pg (do).
Monyan yrioBuX ycKopenuii € o & spenses BC n CD GynyT pasHu

! '
fep __ brp
leel = 2 sl = =2 (4.33)
IMonetagnns B pasekcreo (4.33) cooTBETCTBYIONIHE GTPESKH, B3H-
Thie H3 NAaHA YCKOPEHHH H CO CXEME]L, TMOMy4Yaes

_ Ha {net) "y — b tnsc)
!a""l_'urIFC}' e pe (DC)

Ornotuenne MaciiTaGoB po/py, HMeeT pasmepHocTs ¢*. Hanpaenenus
YIAOBHIX YCKOpenHH £; H &; MoryT OHTh onpefenersl CAeAyinM
obpasoM. Tlepenocs MEICIEHHO BEKTOpH @fp # a@rp B Touky C
(puc. 4.18, a), BUARM, YTO HaNpaRJIEHHE g, COBIANAET C Hanpas/eHHeM
Bpalllennst YacoBoll CTpenrM, a HanpapJeHHEe &, MpOTHRONOICMKHO
HanpaeAe o BpPallcHiA 4acoBoil CTPEAKH.

Ilns onpenenenns yckopesufl Kakof-nu€o Toukn £, nesameit
na oc spesa BC (puc. 4.18, g), eocnonibayescs ypanHeHHEM

Qg = ap - Ggp. (4.34)

Kak wsBecTHO W3 TEOpeTHYecKoH MeXaHHKH, NMpH BpaulaTe/lbHOM
NA0CKOM ABHMEHHH SBEHA OKOJAO0 HEeKOTopoil TOYKH YCKOPEHHS! BCEX
Toyer 3BEHa NPONnopLUHOHANLHE! PaldyCcaM-BeKTOpaM, COeIHHAIOUIHM
HCCTEyeMEEe TOURH ¢ LeHTPOM BpALIEHHA, # HANDABJEHHA STHX yCKO-
penuit ofpaayioT ¢ STHMH pagHycaMu-BeKTopanMl NOCTORHHEE yroa ,
olipenenneMulii H8 YpaBHEHNS

lgp= r.:“
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rhie € €CTh YrioBO2 YcKopenHe 3SBeHa, # O — YI/0BaR CHoOpOCTh
apeHa.

Tak kaKk oTHoCHTENBHOE HBuMenHe 3peHa 2 okolo Toukuw B ects
DEMMEHHE Bpalatensloe, TC OYEDURHC, 9T0 OTHOCHTENBHEE YyCHOpe-
HHA BCEX ToueK 3peHa 2 6yayT ofpascBblBaTh ¢ PANHYCAMHE-BERTODAMH,
BHIXCAALIMME H2 Touku B, mocTosHuBR yroi p, yAoBReTBopsonpmi

COOTHOLUEHHIO
E

BC

tgp =22 (4.35)

ChenceatentHo, HanpabfellHe BeKTOPA @pp JOJNMHCO COBNAJATH
Ha [NaHe YCKOpPEeHHH ¢ HanpagfeH:leM BeKTOpa @pg, T. €. C Halpas-
nenuer ortpeska (be) (puc. 4.18, 6). Benuuuna e otpeska (be),
HaoOpamaolierc Ha NJaHe YCKopeHHi YCKOpPEeHHEe dpp, ONPENENHTCS
H3 YCAODHA NPONCPUHOHANBHOCTH YCKOPEHHH pafiHycaM-BeKTopanl, T, €,

e _ 'en (4.36)
Ton R

INopcTasnss p nponopirio (4.36) cooTEEeTCTBYIMEE OTPESKH Nnala
VCKOpPenuH, nonyuaen

pa)) _ 'en -
balbe) ™ Iop ?
oTKYnA

5 (te) = (bo) -EE. (4.37)

Mz dopmyan (4.37) cnepyer: yrof olpelennTs oTpescK nnana
YCKopeHnil, W3o0pamaloulMit oTHOCHTENIbHOE YCKOPeHHE dpp, Heob-
XOIHMO CTpe2cK naada,’ nacOpamanoiimi oTHOCHTENRHOE YCHope-
HHE Qcp, PEIIEIHTE B TOM KE OTHOHIEHHH, B KaKoM Touka £ nenut
apeno 2 cxetinl. OTnompe nonyyenHud otpesok (be) Ha mnane u coenn-
HNB TOYUEY € € TOuKof M, NOoTydYHM oTpesck (ne), usoOparkamoniuii
B MaciUTafe ||, NQIHCE ycKopeHHe Toukw E, T. e,

g = Hq (7€)

Jlns onpemenesis yCKOpeHHS MpoussoscHol ToukW F, RecTHo
cBAzanHoil co apedon 8 (puc. 4.18, @), MOMHO TAIGKE BOCHOILIOBATHCR
EHLIEHANOKENHHN NpaBunoM nopobus. JIng storo crponm Ha oT-
pezre (cd) nnaea ycropeHudl Tpeyroiwtnk cdf, nonofumf Tpeyrone-
unky CDF ua cxesme, Ho NOBEPHYTHI OTHOCHTEALHO HEro Ha yron g,
onpesejnemuii no gopayne (4.35). Tak Kak Bee CTOPOHB! TPEYTOMb-
wuka cdf nopepuyTH oTHOCHTENBHO Tpeyroieppika CDF na noctosm-
HHH yToa |, To NocTpoenHe nopofHore TpeyroEHEKS Ha [U18HC YCKO-
peHuil YAO6HO BECTH, 3BMEPAR YIJIEI MEMKIY COCEAHHMH cToporaMi DC,
DF w CD, CF. Ilpu ofixone kouTypa cdf B kakom-nnbo vanpabBiedin
nopsfiok OYKB JoJiKeH coBnafath © nopaAfkoM Oyxe xoutypa CDF.
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[Mo06H0 TOMY Kak ST0 HMEN0o MECTO B 3aMlaY€ O CKOPOCTAX, BEK-
TOpH NONHEX YCKOPEHHI BCeX TOYEK SBEHbEB HMEIOT CBOHM HauaioM
TOUKY 71 — NOIKOC Ndada YCKOpeHNH, & BeETOph BCeX OTHOCHTE/IBHELX
yekopeHrli coeuusiior coboH KOHI BEKTOPOB NONHEIX yCEOpenuH.
- 4", PaccitotpeM, Kak CTPOATCS I1aHE! CKOpocTell M yCKOpEeRHil,
KOrja rpynna ComepMT NOCTYNATEABHYIO napy, HanpuMEp, B Co-
crag rpynnsl I knacca BTopore BHAA (puc.4.19, @) BxoauT OopHa
noctynatensian napa D @ npe NCCHELOBATEALHO pacnofoeHHbe
ppamarensuse nape B u C. 3eeno 2
BXOmHT BO Bpamartenshyl napy B
co seeHoM I, TIPHHALIEMANHM OCHOBHO-
My MEXAHHSMY, & 3BEHO J§ RXQIMT B NO-
crynarensnyio napy D co seenom 4, npu-
HALIEH AN OCHOBUOMY MexanusMy. Ms-
BECTHHIMM ABJASIOTCA BEKTOP CKOpPOCTH Tp
Touky B W BEKTOpPE! CHOpOCTEH BCEX TOUEK,
npHnaLexanpx speny 4. Cle/loBaTe kIO,
M3BECTHA M YrAOBAA CKOPOCTE Wy STOTO
spena J36eH0 § CROJBSHT N0 OCH X — X
nanpasaaioed, npuranesxaied seeny 4. ¥
INpencrapnn sBeHO 4 B BHAE NJOCKOCTH S
¥ ofo3nayuM TOMKY nAockocTH 8, cob- o Y
nagamlyo L5 3aiaHHOrO NONCKEHHA ¢ . - o o fxn I
Toykoll C, uepes Cs. BexTop CKOPOCTH U,  rpynsa ivoporo .',,,,‘;,: bt e
TOYEH C‘ KaK HFHE!B.EL.HE}KHHE&F! IBERY 4 TuNecHan H?:{l:;nl‘rj: nRaM  eHo-
pzpecTed. Torma ans onpefencius ¥q —
perTopa ckopocTi Touru C — HeoGXONHMC COBMECTHO PELNTE  JBA
BEKTOPHLIX YpasHeHHR!

Te=1"p + Top, Yo=Y, + Vo {'ILEE]

OTKyRA
Os -} 9. 8= ¥¢, -+ Ycc, (4.39)

B ypasrenunX (4.38) u (4.39) vcc, €cTh BEKTOP CEOPOCTH TOYKH C
OTHOCHTENBHO SBena 4, a4 Yoy — BEKTOp CEopocT ToukH C oTHOCH-
TeabHO Todkk B. ’

B ypaptennu (4.39) BekTopH Uy H Tc, cKopocteit Touex B n Gy
H3BECTHR MO BEAWYHHE M HANpPABJIeHHIO. BeHTopH OTHOCHTENBHHX
cKopocTell Yoy It Uee, HSBECTHH TOALKC 1O HanpaeneHwio. Benmun-
Hhl_cKopocTell ¥cp, Vee, W cKopocTh Tc TOuky Conpenensiorcs Ha
NOCTpOEHHOTO NAaka ckopocTeil. [lna storo pxGupaen (pic. 4.19, 6)
NPOH3BOIBHYIO TOUKY p 38 NCIOC NIaHA CKOPOCTEd B OTKIANLBAEM OT
Hee HIBECTHWE BeKTOpH ©p H U¢, ckopocteii Towek B u G, v nupne
orpeskor (pb) u (pcy), uzoOpawaoupx B BuOpanHoM macirabe [,
3Ti cropocTH. Jlanee wepes Touky b npoBonum npsvylo B Hanpasie-
HHIl BEKTOP& CKOPOCTH Dgp, NEPNEHIHKYNAPHYIO K HANPABIEHHIC BC
(puc. 4.19, @), a uepes Toyry C; NPOBOIMM MPAMYI0 B HANpABNEHHH
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BEKTOPA ¥or OTHOCHTENEHON CHKOPOCTH, NAPALNEIBHYID OCH X — X
NocTynate/ibol napet D. Touka nepecevenns STHX Hanpasaenmuit
H LACT KOHell BeKTopa U¢ ckopocTy Touks €. Benuunna ckopocTH ©g
clipejiennercs no Qopmyne
Ug = Pp(pe).

CHOpoCTH OCTANBHEX TOYEK SEEHA ONpeleNsloTcR TAK e, KaK
E paHee PACCMOTPEHHOM clydae. YTNOBYI0 CKOPOCTH g 3BEHa 2
MO¥HO HailTH 2HANOrHYHO paHee PacCMOTPEHHOMY caygao. YraoBas
CKOPOCTh 3BenHa §, BXOLAULENo €O 3BeHOM 4 B NOCTYNATENLHYIO Napy,
HMEET Ty e yTIoBYIo CROPOCTb ty, YTo MW 3BeHo 4, T. e.

Gy == iy,
Jinn onpenenenus ckopocTH Kakofi-nuGo npousecdsnoll Toukn F

spena 3 (puc. 4.19, @) MomuO BocnonssoRaThCR BEKTOPHEM  ypaB-
HeHpeM

ﬂF o ﬂFn +t’!f"‘-le|' {4 '4ﬂ]

BexTop ©r, ckopoctd Toukn Fi, npumanrexamedi nnockoctH S,
T. e. sBerty 4, uam wssecter. CKOPOCTb Upp, paBHE CKOPOCTH Dec,,
TEK KaK 3peH0 & OTHOCHTENLHO 3BeHa 4 JBMKETCH NoCTYnaTelbilo,
H, CNElCBATENRHG, CKOPOCTH BCEX ToMEK 3BeHa 8 OTHOCHTENRHG 3ReHE: 4
paBHE Mesay cobofi. TlosToMy ypasuenne (4.40) Momxer GuTh nepe-
MNHCEHO TaK:

U = Up, + Ve, (4.41)

Cornacuo ypasrenmio (4.41) us Toukn [, (puc. 4. 19,6) oTkiansBaen
orpesok (fuf), pauuil m napannensuuit oTpesky (cic). PesyabT-
pytoumi orpesok (pf) 1 npencrasnser coboil B MaciuTabe p, abeomor-
Hylo cKopocTe Toukn F, 1, e

tp = po (pf).

5. Ina onpenenenus yckopenuil rpynnmt 11 kaacea eroporo Buna
NoOCTYnaeMm aHaToOrH4YHO PeLUIEHHID 3aKaYH O CECpPOCTAX, T. €. IIFIE,HII{)'
JdaracM, 9TO MIBECTHL! YCKopenwe @y Toukn B (puc. 4.20, a) u ycko-
pedisi BCEX ToueK 3BeHH 4, a (IeJODATENBHO, H €I yrJi0Bo€ YeKope-
nue £;. Co seenom 4 chpensifieM naocKoeTs S B HaXolM Ha 5Toil naoc-
KOCTH Todky C,, COBNajaiolylo B NaHHOM TNOJNOMEHWH ¢ Toukoill C
(puc. 4.20, ). MspecTnriMu fBNRIOTCA BEKTOpH @p 0 ¢, ycEopenni
Touer B o C,.

Yexopenne Toukn C onpefensiercs us ypaBHeHuil

ac=ap-+acs+ats, @c=ac,+déc, +aec. (442

OtnocHTensnoe (pensTHBHOE) YCKOPEHHE @fc, NPEICTEBNAET coO-
Gofi ycropenue Touky C OTHOCHTENILHO MJIOCKOCTH S, NpHHALTEKE-
mei sBery 4. Tak kaK och x — x HANpABNSIOUEH BMECTE C ILIOCKG-
CTEI0 § HMEET CJOMHOE BPAUlATENBHO-NOCTYTATEILHOE MBHMKEHHE,

To, KPoMe OTHOCHTENBHOrO YCKOPEHHS Gfc,, BO. BTOPoE ypapHeHHE



§ 18, CHOPOCTH M ¥CEOPEHHA TPY¥NO 11 #JAACCA B

(4.42) nommHo pofiTH B KOPHOMHCOBO YcKopeHue aie,. Pewas coe-
mecTHo ypasHenuns (4.42), nonydaen =

ap -+ ats -+ ace = ac, + ace, 4 Geee (4.43)
B ypasueunn (4.43) BekToph YCKOpeHWH @p W @c¢, HIBECTHH.
Beanunna yckopeHRs @gp onpelenneics lo qopuyne

A "
tce = —f —wﬁf—m—ih(b”}-

rne (bc) u (BC) cyTh oTpeskd, B3RTHE H3 NJ&HA CKopocTell ¥ co cXeMbl
MEXAHHIMA, iy, Bo H g — MaciiTabel JUTHH, CKOpocTell H yerOpenuil.
Bektop @y vanpapnen napannelbHo
nanpaenenmo BC ot toukn C w Tou-
ke B.

KaK H3BECTHO H3 TEOPETHUECHOH Me-
XaHUKH, KOPHOMHCOBO YCKOPEHHE (rc,
no Be/HYHHE paBHO

e, = 2o |vee, = 2| wg| pe (eic),

(4.44)
rie  otpesock (g,c) momxed GLImh B3fIT ¥
ni naana ckonoctedi (pue. 4.19, 6). Ha- '
NpaRJEHHE BEKTOPA KOPHONCORA YCHO- i &

penHA  wmomeT ObTe Hafledo ofwmMy
NpHEMaMH BeKTopnoil anrebpul. Mueen

i ; E
fce, = EmI » Uoe, {4'4‘}} Puc. 4.20. JEyEnoBOOHORER TDYI-
Hs pasenctsa (4.45) crenmyer, wto " “TEoHiEk Yevpem

BEKTOp @cc, NENHT B MJOCKOCTH JBH-

MEHHA MEXalmuaMa, H AN Onpelenends erc HallpaBaeHHA RocTa-
TOYHO Vop, — BEKTOP cKOPOCTH Touky C oTHOCHTENLO NAGCKOCTH § —
nopepHyTs Ha yran 90° B cTopoHy Bpamenns, oOYCIORNEHHOIC Yriao-
Boll cKopocThio ey, Taxum ofpasoM, BEKTOp @cc, NEpHeHAREYfpPeH
K oCH X — x Hanpaepnnioluel, & BelHYHHA €ro onpeleinTcd no ¢op-
myne (4.44) nofcrancskofl B sTy (opMyny 3afamncH yrioecli CcEO-
pocTH ©y; B ANHAL H3BeCTHOro H3 NNAH2 CcKopocTefl otpeaka (g0,
naobpakaollero B Maciutale pg CKOPOCTE Uce,.

BekTopul yexopeuuit aéx n @rc,» BXofauipe B ypabeneHune (4.43),
H3BECTHH TOJBKO Mo Hanpaeneniio. [lepBuii BeKTOp @ép NepreHmHKY-
nfpen K wanparneduio BC, a pTopoil BEKTOp @pe, NAPANNENEH OCH
X — x manpaenfiowedl noctynatenktHol napul D, TakuM oGpasom,
B ypaeneni (4.43) HensBecTHH TONBKO BEMWUHHBL yCKopeHnli @by

H ﬂ:—:c.. Ilng ux onpepedeHHs CTpoHM naad yckopendfl, Ilas sToro
(puc. 4.20, 6) pubupaen NPoHSBONBHYI0 TOYKY 7 3a nodjoc mnana
YCKopennit M oTKA&fuBaeM OT Hee H3DeCTHLIE YCKopenHs Touek B
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B C; B Bume orpeskos (mb) u (ncy), msofpamaomux B BLIOpan oM
Macirabe p, yCKOpeHus ap B ae,. Jlanee onpejensen yckopeHns agp
M @rg, W OTEAAmLBaen HX B Macitale p, B BHIe oTpeskom (bn)
B (csk). M3 Touek n u k nposoinM NpAMLe, HMEOLIHE HAMNpPABNEHHA
yoKopenuit @éy W dce,. YCKODEHHUE @pc, NAPAANENbHO OCH X — X
Hanpasnsollefi nocTynarenbHol napu D, & yokopenHe @ep NepreH-
Kynapuo x nanpapnenuro BC. Toyka ¢ nepeceuenns stux nByx wa-
nNpapaendil B JacT KOHE BeKTOpa @¢ NoAHoro Yokopetind Todgn C.
BenuuuHa nofHoro YcKopeHHs de Toukn C paena

e = by (16),
Benwuuns yrnopore yCKOpeHWA £, 3BeHa 2 paeda

_ EE.‘H _ pa(nc)
S S A

Hanpasqenye 3T0ro yckopeH#s ONpPeeHTCS TaK e, Kak H B pavee
paccMOTPeHHOH rpynine. Yr/oBok yCKopenHe ey sBeHa J paBno gy =
= g, TAK KAK 3BEHO J BXOMIMT CO sBetoM 4 B NOCTYNATEALHYIO Napy.

¥cKopenne nwofoit Touky, nexatielt va ausnn BC ssena 2, onpene-
NAeTCH NOCCTROEHHAME, AHANOTHYHLIME TeM, KEOTODLIE Ml IpHMeHAAN
[pH HCCNENoRAHHH TPYINB MEpEoro BHAA, T. €. NPHMEHeHHeM MpuH-
uHna nofiobes gUryp Ha Nnane ycKopeHui H Ha cXeMe MeXaHuawa,

¥ckopenne npomspofnHol Touxu F, npunagiexsamedi sseny J,
MozeT OuTs onpefenciio H3 ypasHeHHH

ar = ar, + Grr, + e, (4.46)

Yckopenne @p, Tours F,, npurainesauiell naockocTs S, H3BECTHO,
ufo yckopeHus BeceX Touek 3seda 4 ADNAWTCH sajauHEMe. YCEope-

NHE @Fp, PABHO N0 BEAMYHHE
arp, = 2| 0y | Upr, = 2 |i‘.ﬂ| |vee, = are,s

noToMy H9T0 Upp, = Ugc,. Y CKOPEHHE Qpp, PaBHO @Ff, = aEc‘,
THK EaK JBHMenne spena d oTHOCHTENBHO 3BeHa 4 ABNAETCA nocTyna
TeabubiM. Torsa ypaprenne (4.46) nanumeM Ttak:

ar = ar, + €cc, + ace, (4.47)

Bextopsl, cToamue B npabofi wacTl ypasvenus (4.47), uspecTHL,
M CHEfOBATENLHO, BEKTOP @p ONPEUENHTCS Kak MX TeoMeTpHYecKas
cyrva. Jlaa onpenenenns storo extopa ma Touku f, (puc. 4.20, 6)
oTRNanuBaey oTpesok (f4&'), papunil u napannensusifl oTpesky (ck).
Hanee us Touku &' oTknasueaem orpesok (&'f), pasusiil B napansens-
Hudl orpesky (kc), Pesynwtupyiommii orpesor (nf) v npepcrapnser
cufioit B MaciuTale |, nofHoe yckopenwe Toykd F, T. €,

ay = g (71f).



§ 18. CKOPOCTH H YCKOPEHHER TP¥NN 11 EJACCA o1

Brme Mul paccMoTpend nofpofHo 388Ul o NoCTPOCHHH CKopocTef
n yeropennii rpynn 11 enacca nepporo W Broporo Bunoe. Cocrasne-
HHE YpaBHEeHHH W MNOCTPOEHHe NNaHOB CKopocTell H YCHopeHmi
rpynn 11 knacca apyrax pupnoB GyneT aHanoruYHbM.

Pec. 4.21. Cxema npeclpasopansn rpyomd 11 kaecca sTopoit nnps

6°. Tlpn paccmorpernn kunematuiy rpynn II knacca ¢ noctyna-
TeJbHEIMA NapaMi YAOGHO MAaaHW STHX rpynn npecOpasoBaTh TaK,
w100 OCH MOCTYNATEALHBX Nap NPOXOIHAH Yepes NeHTp BpallaTeinb-
Hofl nape. HeTpyaso BHIETH, YTo HANPABNAIOMYIO ¥—x (puc. 4.21, a),

Pie. 4.22. Cxeda npeofipasonensa rpynns 11 wnaccs TpeTseroc BROa

no KoTopoil CKOJB3HT 3BEHO 3, BCETa MOKHO NEPeHeCTH NapansiellbHo
camoil cefe Tak, uTofbl OHA NPOXOAMNA Yepes ueHTp EpanlaTenbuof
naput C (puc. 4.21, 6). Tlpn sToM nepeMewenHH CEOPOCTH M yCKopes
HHH 3peHa § He H3MeHATCH.

Puc. 4.23. Cxems npeofipesopansa rpynns [1 gaacca SeTiepToro pnss

Auancruutice npeofpasoBaHHe MOMHO TPOBECTH M JAA [PYANH
Il knacca Tperwerc Bupa (puc. 4.22, a). 3néck ock x — x spena 2
MpoOXGAHT Yepes ock BpatlaTensHoll napu D (puc. 4.22, 6).

Ha pne. 4.23, 6 noxasano npecOpascBanne rpynna Il Kaacca
YeTBEPTOrC BHAA, 3Jeck OCH X — X M § — i, TPHHAANEHANHE SBEllk-
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aM 1w 4 (puc. 4.23, g), npoXolaT Yepes LeHTp BpalaTeaALHOMN napet C,
Hakonen, ma puc. 4.24, 6 oce x—x, npunasiexaman speHy 8
(prc. 4.24, a), npoxomuT uepes UeHTp BpamaTebHO nape B,

Yraszanueie npeofpascBANHS YNPOIAIT COCTABJEHHE KHHEMaTH-
UECKHX CXeM ¥ MOCTPOEHHE MMAHCE ckopoctell M yckopemuii rpynm,
HE H3IMEHFS KHHEMATHRH HCCRENYeMHX rpymi.

Pec. 4,24, Cxeme gpeclipasoveeun rpyoma 11 Enacen nsforo EHIA

Npumep. Ha pue. 4.25, 0 noxasan mecrnseenwufl mexanmmm 11 knaces, wme-
METIYECRaH CXEMS KOTOPOrC DNOCTPOeHE B 2apaiee BHEDEBNOM  MacinTale
I mimg— py m. szeﬁye'mﬂ ONPENENHTE CEOPOCTH W YCROPEHHA SECNLeD MEXaHEIME,
ECAH KPHEOLUND £ BPAILAETCH ¢ YIACHON CROPOCTEIO Gy W € YIVIOBLN YCEOPEHHEN ey,

Poc, 4,26, LlecTnapessbft MeXEHHSMI &) KNEGMATHVMECKER CXEMA: €) nnan ekopocTeil)
) OEAR YCHOPEHED B DCPMBHEHTHOM ABIHEHHH; £) TO e B HESaMLHOM ABMIENHE

Mexsamisn ofpasoBal DPHUOEIHHEMHEM K KPHECWIANY £ IByx rpyon II gnaccs:
TPYINE Brofofo BIES, coCToRued B apedees 8 u 4, o Fpynnul TpeThero BHiA, o=
crormed u3 sverces § 1 6, Tousy svera [ 1 38 a 6, COBNajaUPe B PRCCMETPHESE-
MoM nonoERHH ¢ Touxamk C u E, ofosuagnm vepes Cy u E;.

Hoa rpynne: BC waseen CREAYIRIYE CHCTCMY yPaBHeHHH A0 cnpelentHis CHO=
POCTel SBEELEE TPy

. Yc=%s+ % Pc="Y¢ 4 %cy
HTE
Pe+ Ocp =9, + T¢q,-
Tak kak o5 =0, 10 0= vg4 Ycs = Ve



§ 16 CHOPOCTH MW YCEOPEHHE TPYNON 11 KJACCA a3

[ns onpenesenns ycropernll speMbes rpynoet BC, mmeem cHeTeMy ypasmeund:
a;=08g+ 0tp+86p 8c=0¢, + 08¢, +Occp

8+ 6lg+ 0pp =8¢, + 85, + e,

Tar wax ook X — ¥ wanpasiswuell BENOABIDNHA, TO YCKODEHHE Of, ¥ KOpPHO-
micoso yeropenve @ge, = 0. Torlia onomarensroe ypasherie A onpeieeriia ye-
wopernll speseen rpynnu BC Gyper BMET: BRA

¢
ac=ag+0fp+ s =0¢cc,

Jas rpynne ED Gy en aMeTs CASTYIOWLYI0 CHCTEMY ypapsesnd} LNA OUPEReneHys
CROpOCTER  SBEHLER  TPYOMES:

%, =% +9%,,m Ve, =%t Y.
BAan .
UD +”E..D‘= L +'“.E,.,E'
Tak waw o =0, To
Ve, = 9,0 =%+ Y6

[ln% onpesenenms yokopeHull sientes rpynne ED Gypem mieTh CHCTEMY ¥pae-

neunii
G, =06p+8g,p+ af.ps  Op,=Cp+ 0%, + O,k

HiH
ap+ eg,p +ﬂ‘£.n =ag+ap g+ 0p,p

Tag wag ap= 0, 10

ag,

=a},p + 0k,p =g+ 0% e + Ok £ ]

PaccMotpind hepmanerinmnoe Osumenue wexarnava (§ 16), 1. e neduxenve, npH
KOTOpOM YTHOGa# CKOPOCTh Gy KPHBOWHAE 2 NOCTORMES, T. & Gy == const.

Jlrs nocTpoeHyA NOaka ChopocTell B NEPMABEHTHOM IBMMKEHEH W3 NPOHSBOIb-
voft Tougn o (pue. 4.25, 6) otinasuesem B macnrTate [y OTPEIER BE W pe, TpENCTaE-
anouwe coboll CKOPOCTH Uy B O Touek B v E. Benmurnu sTHX CcRopocTell CooT-
EETCTBEHHO PEEHH

Up = I '""‘2] !,Ap = I Wy | By {AB) = i, (P5),
vp = |0y | Ly =|0; |1 (AE)=p, (re),
TIE g — MacloTal gy ssedbes Mexamnzna. Ecni otpesmi pb W pe enlpats TR
Tmﬁl;r mneni mecto pasepctss (ph) = (AB) u (pe) = (AE), To nacmral pg, CROpoCTE
Oyner pagen
Mo = @allp.

OrpeakH pb ¥ pe OTRIaIMBAEN B HATPALIENIY, TEPOENIHEYIRPHOM E Hanpaese
fmo BE apena 2. [lanes qepes Tougy b OpoBofnM OpfAMYE - REAPAETEHRE CROPOCTH
U p. NEPIEHINKYAPHYIO K HaNpak LHH0 EC apena 8, & uepes TOUEY p — NpAKYID
£ HaOpSENEHIN CKOpOCTH ©,, Napajlienskyl oo x—x manpaensouledi. Toura ¢
NEpeceveritA BYX MPOBEIENHER NPAMEX LaCT KOHEL DERTOPE CKOPOCTH €, Toukn O,
Bennwuss cropocTh L Gyner pPaBHA
U= By (7).

Tak Kak CHOPOCTH U, W Up, PEBIH HYJIO, TO TONKH @ # d, 1 uzobpamaniime,
COoBMARAwT ¢ Hauanow nuaea cropocTedl, llanee wepes ToURY € NposoLHM TPAMYH:
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B UENDAEACHHH CEOPOCTH Of p, Daparieaenyio ool Dy nanpasimomedl, npuuaiie-
wawel spexy 6, & uepes TOoNKY P — B HaOpSENEHNH CKOPOCTH ©p o, MEPNEHINEY-
naphys £ Dy, Touka eg edeHiA A8YX NPOREREHHEE NPAMHX 080T HOBEL Bei-
TOpa CKOpOCTH Ug, Toukn Eg, npunapiesawel speny 6,
Beraunns cuopocin O, paewa
YE, = Py {pen_].
Jlns nocTpoerns NaaHa yoRopeHill B nepaanermaon Oaiscenti o1 N ORABOE-

HOF TOUKH 7 pm:.r4.25. ) OTRARAHBAEN B MaciTalic J, oTpeskn b v fie, NpeRCTaE-
ARolge yesoperns @ H . TaR KaE MH pacciaTPHESEY NEPNAHENTHOE IBH-

MEHIE MEXAHEIME, TO YCEOpEHHA ﬂ.ﬂ H ﬂL_ ToueE B 0 E anamoTes ToAsEo HOpMANL™
HUMH M papHuME 00 BeJHyHbBe

ag =il 4y = wip, (AB) = p, (nb),

g = 6yl 4 = 0, (AE) = p, (ne).

Bufspan orpeatn b B Ne COOTRETCTBEHHO papuemy otpeskan AE w AE, nomy-
YaeyM MECIUTal M, yoropenufl pABHHM g = o'

Tak wak yCKOpERRf 0, W ap Touek B n £ B NepMasenTuoM ADMHEHHE CYTe Hop-
MAENLEHE YCKOPEHHS, TO OTPESKH Bb w fir OTHAAILESEN NEPaLIETLEHO HAanpapne-
vHp BE ocu spena 2, Yokopenie @p Hanpagneno or Touss B E Touke A, a yexopu-
HEE @, T TOYEM £ K Toure A. Hatee wepes Touky b nposoJiM OpAMylo, DEpamieil-
KYlo kanpagnerino SC spena 5, 1 OTENADRIESEM Ha LES OTPesok by, NpefcTaBamio-
WHA yoeRopenke “:'B‘ Besrop EE'B Banpepies of Toyke C k Toure B ¢ pasen no
BEJIHYEHE

vég pg (Be)? (be)*
gt = = = mﬂ —_— b
;8 '[{.‘B e (EC) P (EC) !"a{ "3}'

Tak kak no npeggymeny p, = w.p, = @’y, To orpesok bn, pasen
(be)*
brigy = ———.

Uepea vouky rg NPOBOLHM TPAMYIO, MWLYo HarpaaieHde yexopernd alg,
nepneRIUkYIApEYye E wanpasaemno BC. Ilanee wepea TouRy 7T nNpodoguM OpaMyo
B HaNpEBJesHH YCKOPeHHs apc , Mapanjeisyyio ocv x — x. Touka € nepeceverus
OBYX NPOUEREHHEX NpAMHX 36T HOMWEN BEKTOPA YCKODEWNS @, Toukn C. Bennunwa
YCEOPEHHR @, papHa

g = B (1) = wips, (ne).

llanee yepes TouKY ¢ NpOBOANM MPAMYK B HANPSEAEHWH HKOPHONNCOBE YCHOpE-

uHA Gp p, NEPNEHANKYARPHYIO K oo Dy. Bemunma yexopenus Qf p ONPEREANTCR

0o gopmMyae
a' :"—‘21[1} Iﬂ . xm - 'l-'_,.-‘ v = FE {Pt“a}{-f‘fﬂ { E]
Bof LN Iy Dok py (DEg P 155)-

lNonyuernnii oTpesok ek OTHAATHEAEM Ha NpoBenenpoll npAMoll B HANpaBERENIH,
ONpEIENAEMOM HABECTUEM H3 TEOPETHUECHOH MEXSHHEH NpPaBiioM, COMJ8CHO Koro-

poMy [LIfi ONpEpElERis MENPABIEHHA KOPUONKCOBA YCROPCHMS @fp  HeolXommmo
BEKTOp oTHOCHTENLRGN CRopocTH @ (pre. 4,25, 6) nosepryTe Wa yrone 9" & na-
npastensy Yraosoll CHoPOCTH Wy Ssena O,



§ 18, CKOPOUTH M VCKCOFPEHMSA [PY¥NN 11 KJAACCA o5

Yepea TONKY & NPOBOMEM NPAMYH B HENPABJEHHE YCRODEHER a’E'E. nApanEnL-
mvio oo Dy, [anee ¥3 Totm 5T NAPSANENbLHO OCH Dy oTeNajnBacs OTPEICH Ting,
npescTaniAounil BOpMATEHOE YCHOpEHHE ":-'.D’ péBHoe Mo BETETHIE

i kD BE(P%6)® o (pe)® _
@G = =GBy — Y (EDy ~ P (71)-

ED
Bextop @, Hanpanien or ToukH Es w Toume D,

Ygepes NONYHEHEYE0 TOYKY Mg NPOBOLEM IRAMYIO B HATDAETEHRH yl:nupemma‘;- D
KOTOPOE TMEpNeNINKY EpEo K oct Dy, Touxa €y NEPECEYEHNA NPRAMUK, NPOSEIeHHEX
B HAOpEBAIEHNAX yoeEopeHnl a@lﬁ H a}':- (D OTPEETIT KOHEW BCKTOPE NOJNOTG yeKo-
penis Gg .

Bennuuua yCHOPENMS Qg pantad

Bg, = Ve () = o’y (7°)-

Jlnm yueta BINSHUA VIIOBOTO YORODEHMA € Ma KWHEMATHKY MEXAHISMA paC-
CMOTPIT KouachNoe ORUHKEHIS MeXaHRIME, Kak fwno noxasano B 5 16, & sToM Jom-
FEHHH CROPOCTE ROEX IBEHLER MEXEHHIMA pPEERH HYJIL. CJTEﬂ,wmffbm, JAR HAy-
QeHHE HENANBNOTD NEHMEHES MEXAHEIMa HN0 NOCTPOMTH TOABKD [MAH YCHOperHd
B EANANLHOM JEMMEHHA. Tak KeK & HaYAlLNOM ARIIKEHHH BCE HOpMANbBHEE H KOpRO-
JHCOBH YCKOPEHUR PERHE HYTIO0, TO YPanHEHHS AR NoCTpOCENN OAaHa yeropernil
OyayT MMETH CAERYIOUMH BMA -

e rpynnu BC

H A __ o H fyd
8¢ = drc, =6 Ocp,

H
pas rpynne DE "
a}, = ag,p=ag + 6¢,r.
umescoy «rx 0603MAYEHE BEKTOPH YCHOPEHHR B HAMANBHOM NRHMEHHH.

Nns onpescienss yokopennli SDEMEEE MEXAHHSME B HAYANLHOM JIEHMETUH
MOMHEO BOCTIOALIORETHCH  YIKC TOCTpOSHHNLM MuamoM cropoctel (pne. 4.25), T8k
KAK REKTOPH TAHNEHUHAMLHEX § PEIRTHBHHYX YCHCPEHMIT Napaineibibl COOTEET-
CTEYIOLUUM BeKTOpaM cropocTef, Fmeem

ai [og alsloce aCc, I°ce.» F
ap [9c, efip|® aifog u o
E\¥Ee, ®Ep|%Epr BE|TE H Gpk ﬁ Ve

Ecan Touky p (prc. 4.25, 6) subpart 3a Bauano (nasa yoropenndi B HAUAAEHOM
AEWHEHUN, 8 oTpe3o, Heolpamaiouull BeETOp YoKOopewui EE. NPHHATL pPHEBHLM
(o) == (pb}), 70 Oylem nmers

alp = g (pt°) = 13 (o),

o
Tie p,— Maclital TIaEA YeKopewnili B Hauanupom JsiokerdR. CooToETCTREHHO
TN Yy

o = o, = g () = 15 (pe), afp= g (6°) = pg (bc),
af, = aff = puf (peg) =g (pee), af = pg (pe) = (re),
df, e = P (¢'eg) = pa (ceg).
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Taxwe ofipaaan, MpH ONpEleiesy YOROPEHHN NEMHEE MEXaHHIMA B HAYATHHOM OBH-
HEHHN Be Tpefyerca MOCTPOCHHA @ ONNGIO MAaHa yeRopennll, & MOKHO Nodksc-
BATLCR MOCTPOEHHEN pauee maapom cxopocted (pwe. 4.25, 6). Hs ycnonmd

af=ay=ep (AB) =y, (p ), (s6)=(ot)=(4B)

CAejyeT, WTo Maciutal pf pagen
] Py
Mg =Bty = —=—Hg

TEE KAk P, = @7,

Ha puc. 4.25, 2 nokasam B maciTale jip COAOIIHEME AHHEEMH OTPEIRHE 1C,
b, fie u fey yoxopemult Tower ©, B, F u Eg B nepuadeHToon geumesnns K Huw
npufaniedsl oTpeskH oo, BB, ee B cpefl, NOKEIRIHRE WTRHXAM, MpecTaBT AKLHE

coiolt B macitale P, YCKOpERHR af, O, Op, Of. Hemhnuee yckopenus touek C,
B, E 1 Eg ¢ yueton HepansioMepHOCTH BpEIIEHRS BENYILEro SREHa pann (puc. 4.25, &)

o= pPo (e, ag= pg(mdY,

ag=p, {r..e“}. ap =p, (=ef).

[Mpe  pHKEeHEPHBD HCCTENOBAHNSY KEUEMASTHHE MEXSFHIMOB YIoOHD NpHEEMETH
YIAOEYI0 CHOPOCTE Gy HAYAALHOTO SEEHA § NEPMAHEHTHOM ABIMEHHH pasHOl =
= | ¢ Torpa macimalel py, Pe H Pe OYAYT YIORIETEOPSTH YCTOBHIO

By =pp= Pg -

lNocne mocTpoewns Maada cHOpoCTEll M YCHOPEMME B OPEIMOACMEHNN )y =
= ] ¢! nerxo CNPEREAHTE BCTHHHEE CEOPOCTH W YCKODEHHH N0 SA/laAHEM ©a H £y
{cm. & 16). [NocTpoenmee wa puc, 4.25, 6 H 6 NUlaHW CHOpOCTE H yCxopeHuil mawHo
PeccMaTpHBaTE MaK MAAHH SHatolol CkopoCrefi w yCropeHRL.

& 19. Onpenesense ckopoctedt o yesopenudi rpyon 111 kaacca
METOUOM ANRHOB

I°. Onpeneaenue ckopoctell B yekopennfl Mexanusuo 111 knacea
MO¥eT GLITE NMPOHSBEAEHO TAK HASLIBACMHIM Memodos ocobuix Modes
win mowex Accypa, no HMeRu pycckoro yuesoro J1. B. Accypa, npen-
JIOMMBLUIEro STOT METOL.

Oznakomnenne ¢ NPHMEHEHHEM STOMO METOJa HaYHEM ¢ 3afauy
onpefeneHns ckopoctedt W ycropenwuit rpynnel 111 knacca ¢ tpems
NOBOLKAMH.

[Nyere zanava rpynna 111 knacea ¢ Tpems noBopkams, npHueM
BCE BXOLALHE B TpyNNy KHHEMATHYECKHE NapLl — BpAIATENLHEE
(pHc. 4.26, a) 1 3a1auEl CKOPOCTH H yckopenHs Todek B, C u D kou-
LEBLX 3/eMeHTOB, ROTOPhIMH NoBonKH 4, § # 6 BAOAAT BO BpallaTek-
HHEe Naphl co seeneaAnMH I, 2 B § ocHoBHOrO MexanHsMa. Tpebyercn
ONPEIENHTE CKOPOCTH H YCKOpPEHHA 3peHneB rpynnsl. [pononsaest
ocH Noeonkoe 4 1 5 o nepeceyeHNns B ToUKe Sy, KOTOPYHO NpHMeM npu-
Hantemxamedt Sasncuomy sBeHy 7.

Torpa us nponseoabHOH TOYKH P IWOCKOCTH OTKAaAbBaEM OTPESKH
pb, pcu pd (puc. 4.26, 6), npefcTapnsioue B BRIGPAHHOM MaclUTa0e |y



§ 18, CKOPOCTH H YCHKOPEHHSA TP¥NIN III KJACCA g7

safnaniee cropoctH Toder B, C i D. Cropocte ©Us, ToMER S;, kag
npuHalfiexaliell SpeHy 7, ONpPeAcTHTCH M2 YPABHEHHA

Us, = Ve + Us,e = U5 + Ven + Us,e (4.48)

Us, = Ur -+ Us,r = Vg + Opc + Us,r-
B ypaerenusx (4.48) IBa nocnefHHX BEKTopa KaXIOro Ha ypaBie-
HuiT HanpagneHsl no ool npaAMoll, Tak Kak ofia BEETOPa NepnenRHEy-
nfApHe E obupM HanpaenenuaM S8 wnu 8§,C, 1. e. BEKTOp Us,p =

= Ugp + Us,pg NEPNEHIHKYARpen Hanpaenenuw S;B, a BekTop
Usc = Urc + Us,r NEpneHAHKyAAped K nanpasnenun S,C.

g

Pitc, 4.26. TpexnoBogHCBEA FRYHIDG © wmannwmu NAPEME 8) KHHEMETHUCCHART
cxemMe; O) nmal cHop i o) WM YoHOpeHHA

[onwsysice ypashennem (4.48), npoeosnuM uwepes Touky b nnana
CKopocTedl NpAMYio B HANPABJEHHH CKOPOCTH Us,s, NEPneHgHKYsp-
HYI0 K Hanpaesenuio S;B, a wepes Touky ¢ mnaHa cKopoctefl —
NpAMYIO B HANPABJIEHIH BEKTOPA CEOPOCTH Us,c, NEPNEHIHEYISApHYIO
K uanpasnenumio S;C. Touka s, nepecedeHds sTHX ABYX npsMBIX
Hi nlane crepocredi (puc. 4.26, 6) o npenctasnsfeT cofoft Kowenm
BEKTOpA CKOpOCTH ©s, Touke §;. Bemwumna cxopoctd stoll ToMkm

panHa
Us, = py (p51).
Coenmnnem aanee npamoii Touky S, ¢ Toukol G ¥ cocTapasieM Aas
onpefieiennst ckopocTH ToukH O clenyiomie ypaBHeHHs:
V5 = Us, + Ugs,, U¢ = Up 4 Vgp. (4.49)

Toneayncs ypapicmany (4.49), npoBosum wepes Toukn § B d
NIdua CKOpocTeli npsiMsie, HMEIOLLHE HANDABJEHHS CKOpocTell Us,o
H Ugp, COOTBETCTBEHNO NEPNERJHKYJISIPHBIE K HanpasleHHAM Gé;

4 MK oa
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¥ GD. Touka g nepeceyenns STHX ABYX NPAMEIX W JAeT KOHEN BEK-
TOpa cKopocTu ¥ Toyku G. Benwunka CKOPOCTH ¥g paBna

tg = P (PE).

3nas ckopoeTs Toukk G, cKopocTh Toukn E, onpenenseM Hs ypaBHe-
HHA

Ug=93+ U O¢= TP+ Cgp- (4.50)

CropocTs ©p ToukH F onpeneautcs us nofoOHA Tpeyronbhuka egf
nnana ckopoctedl TpeyroneHuKy EGF cxeMul, HIH e H3 ypaBHeHHI

U =%+ Vo O = V¢ + V- {45n

MNocTpoenKe BCEX STHX cKopocTeil nokasano wa puc. 4.26, 6.

Touky S, nepeceueHns ocefl ABYX NoBoIKOE yLeM HaskBaTh
ocobicti mouxod. Ocobas Touka MoxKeT OHTH NOJyYEHE NyTem nepece-
yenus ocefl AByx mobux noogkoB (puc. 4.26, 6). Takum obpasom,
B rpynne ¢ TpeMst HOBOAKAMH ME MOMEM NoJIyYHTh TPH ocobhie TOUK
8,, 8 1 83 u, nonesyAce Aoboil U3 KX, MOXHO DOCTPOUTL IJIAH CKO-
poctedi. Brifiop Toft Ay HHOIT M3 STHX TOUEK onpeleasieTcs ynoOcTeoM
rpadHuecKHx NOCTPOEHH.

HeofxonHMo HMeTh B BHIY, 9T0 Todku S, S; n S; npunadaescam
Gaaucromy soery EGF, a ne nonozigaM, Ba nepecedentH ocell KOTOPEX
OHH HaXOAATCH.

B ToM cayuae, Korga Bce STH TPH OCH NOBOAKOB TNEPEceKkaloTcs
B opHoil TouKe, ocofhe TOYKY COBMENLAIOTCH B OIHY, H B STOM Cly4ae
rpynna npuobperaerT ACOONHNTENABHYIO MIICBEHHYIO MNOLBHMHOCTD.

2, 3apgaua o6 ycRopenunx rpynnet 111 knacca ¢ Tpems noBopEaMu
pelIaeTcs AHANCrHYHO 3aja%e O CKOPOCTSX. 3/iech, TAK e KaK o s
alipefefienna cKopocredl, nm:_-.s%'eucn coofoil Toukelt S, ua aspene 7
(pic. 4.26, ). B KauecTBe TaKoll TO4KH MomeT Gurmh Buibpana suobas
Ha Tpex ocobux Touek. [locTpoenme yCKopeHHil DeeX TOYEK TRy
MoweT GHTR BHNOAReHC cnedyioumM ofipasoM. Bubupaem na nno-
CROCTH MpoH3BOMBHYI0 Touky 7t (puc. 4.26, 6) 3a noMioc MIawa ycKo-
penuii W OTKNaABBaEM o7 Hee oTpesky nb, e u nud, H3obpaxaiine
B MaciuTabe i, YCKOpeHHS g, 8¢ H ap Touek B, Cu D. ¥Ycropenue @s,
ocoboil TouRH S, OOPERENHTCA H3 YpanHeHwil

as, = g+ @i+ 05,6+ 0ip -+ as,e = ap+ a5+ as, s
(4.59)
as, = ac -+ @rc + as.r+ arc -+ @sr = ac+as,c+ ﬂg,c-

B ypaewennsx (4.52) cymmu HOpManbEHX H TAHMEeHUHAILHLX
yCKOpeHuit 115 KpaTKocTH obo3Hayent yepes peay/ILTHpYlOUHe Bek-
Topu @%,5, @%.c M €55, GS,c, NOTOMY NTO HANDARIEHHA OTHEL:
HEIX CJAArachHX CoBMajaoT,




& o0, MTHOBEHHEHA LEHTF ¥CEKOPEHHRA H PAIHYC KPMRM3HH o

Benpunin HOpMANbHEX OTHOCHTEARHLIX YCKOPeHRI onpenensicorcg
O6GBLIMHBEIM METOLOM M3 ypaBHeHH#

k| F4 N ey
dip = vip - US,.E e = g - Us,F
= , = , o EF
[ . Ies, lep ; Ies,

Hanpassienus STHX BEKTOPOB TAKIKE ONPEfe/IAIOTCA HIBECTHHIMH
merofamy. TaKk KaK oTaeNbHBe YIeHH Kamol W3 CyMM TaHreHuHank-
HEX YCKOpeHHE COBNARAIOT N0 HANPARMEHHIO, TO OTAENEHHE CHArae-
MHE STHX cyMM ocofic MoryT HE onpenennThes. Jins ux naxomwpenus
NIOCTATONHO 4Yepes KOHUH PEeSYNBTHPYIOIHX BEeKTOPOB HOPMANBHHX
ycKopeHult @,z W @S,c DPCBECTH JHHHH [AEHCTBHS BEKTOPOB TaH-
reHUHANEHEX YCKOPeEHit B HanpasiesnaX, NEpneHIHKyAsPHEX K BeK-
TopaM YEA3aHHHX HOPMAJILHEX yckoperuil. C stoll uensio of Touex b
H € MMaHa yCKopeHnH oTKNalnaeM orpeskd bng W ony, NpencTapianio-
wue B Macirrale p, YCEOpeHHR as,s B ds,c.

Janee uepez TOUKH As H Ry NPOBCAEM NpAMHE B HANpaBAEHHAX
yekopenuit @S,p ¥ @%,c, KOTCPHE COCTECTCTEEHHO NepreHfHKY/IApHE
% 5.8 u §,C. Touxa s, nepecedenHa STAX ADYX NPAMEE B L3eT KoHel
BEKTOpPA €s, NOJHOTO YCKOPEHHS TOYKH Sy, BEARUHHA KOTOPOro pasua

s, = Pa {TLS-l}
VYexopenne Toukn G nonyuaercss W3 ypazsenuf

i
@g = @s, -+ aGs, + Ggs,, €= €p -+ 4Gp + GGp-  (4.53)
Ot Touer d u s, nNaana ycKopeHHil oTKNaNMBAEM OTpesku dny,

I & Mg, NPEICTABASMIONIE B MacluTafie p, yCcKopenns aip W 033.-
Hanee yepes TOUKH rly M 11y HPODOJHN CPAMBEE B HANPABICHIAX TaAH-
renuHaibHEX YCKOpPeHHR @Gs, M QGp, NEPNeRIKYNAPHLE K oTpes-
Kam GS, » GD. Touka g nepeceyenus STHX NPAMEX H JI2€T KOHEL NoJ-
HOro yokopenus &g Touku . 3Han yoHopeuwe & Toukd G, nerko
ONpPEfentTs YCKOPEHNS OCTANLULIX TOYCK rpynne. Hanpumep, ycwo-
penne Touxy E conpepenwtes u2 ypaBnenuii

8r=ag+ @rc+cke, ar=as+ ais+ ks (4.54)

Yckopenne Touks F nafinercs W3 nomofius TpeyroneHHEA egf
nfaua yckopenuit Tpeyronbinky EGF cxemn.

§ 20. Mruosennwil LUEHTP yckopenuit
H pajHyc KPHBH3HB! TPaeKTORHH

I°. B § 14 pauu Guin pacemotpen Bonpoc 06 ONPENEEHHH MIHO-
DEHHEX LHEHTPOR DpaleHHA 3ECHBER MEXAHHIMOB. H,J'Iﬂ MITOT O3 BEeH-
HEX MEXAHHSMOB 5T 3apa4a YOIOAHACTCA TeM, UTo IS ofpeleneHHs
MTHOBEHHOTD HeHTpa BpaillcHIA OAHOTO HE NPpOMEMNYTOUHLIY IBClbLER
Mexanuama ofuyHo NpRHXCANTCR ONpejefifTh MrHOBEHHHE LEeHTPH H
BCEX OCTANLHEX 3BeHbeB, [losToMy B HEKOTOPHIX cilyuasx ynofuo

4%
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NoMCHeHHe MrHOBEHBOTO HeHTpa BPHUI_EHHH 3BEHAa ﬂﬂPEﬂEﬂﬂTh C no-
MOLIBIO erC MAaHa cKopoctefi, eclH TaKoBoH namiy OBl MOCTPOCH.
JIns 9T0ro MOMHO BOCNOABSOBATECA YCNOBHEM, HTC TOUKA SHEHa,
coBajalollasd B PACCMATPHBaEMHI MOMeHT BpeMeHH ¢ era MrHOBEH-
PLM UEHTPOM BpAlleNHs, AOJMHA HMETb CKOPOCTh, PABHYIO HyJHO.
Torpa 3anaya onpeneieHis MPHOBEHHOrO LEHTPA Bpallienksl 3BeHa CBe-
NETCH ¥ OTHCHaHHIO TOYKH 3BeHa, cCROpoCTh KOTopoil B AAHHEI MOMEHT
BperieHs paBHa HYJIO. 2
[Nycte sanano seeno GC n u3sBecTHbl CROPOCTH € H ¥g TOUER B
w C zroro avena (puc. 4.27, a). CrpolM naaW cKopoctel sBena
(prie. 4.27, 6). OnpenessieM janee TOUKY 3BEHE, CKOPOCTh Koropof
B HAHHEIH MOMeHT BpeMEHH pAaABHA
nymo. OueBNiRo, YTC HA nAaHe
cKopocTell CKopocTh STOH TOUKH HA0-
Fee—— 7% OpasuTcH BEKTOPOM, PaBHEIM HYMHO,
T. €. BEKTOPOM, COBNALAIOLINM C NO-
mocoM p naana ckopocredl. Kak 6u-
N0 MoKasaHo Belle, (QUTYPa, H30-
] fpamaiomas Ha NAase cropocTefi
Puc. 4.97. K enpeaencnum wrncpenso.  CHOPOCTH OTAENEHEX TOYWeK 3BEla,
ro_evtps pemens s o) G 1onoGHa QurYpe CAMOFG 3BeHa W
6) nagk cropocTol anekn NoBEPHYTE OTHOCHTCABHO HCE H&
yroa 90°. Torpa na spene BC MOx-
HO OTHCKATE TAKYIO TOMKY P, BEKTOp ckopoctd KoTOpoil Ha nnawe
ckopocTell copveriastes ¢ Toukolt p. Jlns sToro pocTarcukio Ha 3Belie
(puc. 4.27, a) nocTpoRT: TPEYFOJBHIK BCP, nopofuwmfi Tpeyroak-
uiky bep nnawa (pre. 4.27, 6). Ins sTore u3 ToudkH B npoBonid
NpAMYIO, GEPNEUIHKYNAPHYIO K OTPEIKY bp nhana, a B3 TOMKH C—
npsinyio, NEpPRENiMKYEAPHYIO K OTpesKy naama cp. Touka F nepece-
YeNHA ITHX ARYX NpRMHX H ABIAETC Toll TOYKOH 3BEHE, CKOpOCTh
KoTopoil B AaHnLifl MOMEHT BpEMEHH pabHa HYmo, T. €. Up = (.
Tax Kak noayuenuas Touka P coBnajiaeT ¢ MrHOBEHHEM UEHTPOM Bpi-
wenns asena BC, TO CKOPOCTH U M Ue Touek B u € SToro seeHa Mo-
ryT GbrTh NpeicTaBJenbl CHE/YIOUM obpasom:

ﬂﬂ=lm]£p5 11 1‘¢==|HJ‘[I'F.:-,

rie @ ecTh yrnopas ckopocib spena BC (puc. 4.27, a). Bennunna
cropoern moGoii Toukn D spena BC moxer GuTh onpejenena no gop-
Myng

ﬂn=|m|"Pm

HaANpALJIclLe e ee NCPHeHmKyaspuo K orpesky PD.

5, Ananorpuilo MPEOREeRHoMY LeHTPY BpALICHHA 3DEHa A0R oli-
LWEro CAyHasn ero ADHIKCHUS MOMeT fuiTh HaiijeHa ToYKa sBeHa, ab-
COMOTHOC YCRGPETINE KOTUGPON B AAEHNH MOMENT BPEMENH PABHO HYJHO.
Tr4 TOUKE HA3ZLIBACTCH MZHOGCHHLM LeHmpor yeropeHut. [lonomenne



§ 20. MTHOBEHHER LEHTP VYCKOPEHHR M PAIMYC KPHBMSHEL [0|

sToll TOUKH HA 3peHe MomeT OHTh BCETDA ONPELCAEHO, ECNH HIBECTER
naaH  ycKopewwit seena, [Ilyets, HanpuMep, nanc 3peHo BC
(puc. 4.28, a) w ero nnan ycxopennuii nibe (puc. 4.28, 6). M3 ceoiicrs
nnana yckopenuii cnenyer, yto TouKa spena [I, yckopemme motopoii
paBHO HYJIO, H3oOpaMaeTcs HA NNaHE YCKopeHHH BERTOPOM, PABHEM
HYJI0 H COBMajalomps ¢ Todkoil m nnana. Ytolel onpepennts Ha
sgere BC Touky, He HMEIOUIYIO YCKOPEHHS, HAZLO HA HEM MOCTPOHTE
¢urypy BCIL, nopobuyio ¢gurype ben unawa. INonyuennan touka [T
(puc. 4.28, @) u sBAsSeTCH MIHOBEHHEM [LlEHTPOM YCKCpenHil, TAK Kak
EclleficTEue Nofolua  Tpey-
ronsiiEoE BCII u ben yoko-
perre Touke Il pasno Hy-
mo, T.e an=0.

Toctpoeste  nopobHod
¢urypu  BCIl momxuo cue-
JaTh no yraas ¢ o ), H3-
MEpEHHBIM HA MJaHe yCKo-
penril (puc. 4.28, 6). 'I)atn{a a 4
nepeceYeHni I MpHAMELX BII Puc. 4.728. K ORpepencHERD MITCBERHOID UERTRE
u CT1 siBnsieTcs MriomenHbN Y oG b o e B yewepemh
uerTpoM yckoperufi. Ilpw
ofixone KouwTypoB TpeyroabHukos BCII w bhen s onmoM W oToM 3me
HAnpaeNeHHy NopAgok OyKE fonmked OMTH ONHHAKOBLIM.

Kax Omno nokazamo suie (§ 18, 5°, 4°), BeKTOp oTHOCHTEABHOTO
YCKOpPEHUA @pp NOUBEPHYT OTHOCHTENRHO 3BeHa BC wa yron p, onpe-
fdensieMuft no gopuyne

= I

i1 T (4.55)

m.’!'l

IJie £ ecTh yTJI0Boe ycKoperyie seeHa BC, @ ©® — ero yr/ioBasi CKOpoCTh.
Takumm ofpasoM, cropona be Tpeyronbuika ben ofpasyer co cTopo-
Hoil BC tpeyronsunka BCIl yron p. Besencrene nopobus Tpeyrosis-
ko ben w BCIl croponu mh o nie ofpasyior co croponamu IR
K IIC Tot e yron p, v BekTop @p ofpasyer yron p co croporoii BIT,
a4 BEKTOP @¢ — yron p co cropeHoil CIl. Bektopw afconiotHeix
YCHOPeRHl MmofielX Apyri#Xx Toyek 3IBeHA HAKNOHEHE! 0ON TeM e
i-{';?&ﬂ?l B K pagHycaM-BeKTopau, COSNHHSIDIMHM STH TOMEHM € Tod-
Ycxopense niofioll Toyks 3mewa momer OblTh Beerpa BLIPAMEHD
Uepel YCKOPEHHE MNePeHOCHOre NOCTYNATETLHOro JABHIKEHHA C YCE(-
penner Toukd 1l B ycxopenme OTHOCHTE/IBHOrO ABHIKGHHA BOKPYT
5Toit Toukd. Hanpumep, Bextop @ yckopenus touks B momer Guith
NpejicTaBiel B BHJE Clenyiolmedi recMeTpHYecKoi cyMME:

I 4
@p = @n + @en + Gkn = €gn + @b,

e an = 0.
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BeKTop yCKOpEHHS @fn Hanpasnen of TOUKH B K TouKe [, a ser-
TOp yeKOpenns @hp neprenyukyaspen K orpesky BIl (puc. 4.28, a).
Tar Kax

apn = w'lpn H ap = elym,

TO BEAHYMHA NOJAHOTD YCKOPEHHA TOUKH B paeHa
ag =V (din) + (@hn) =lonV o'+ €% (4.56)

Toune Tak e BeANYHEa yekopenns Toukn C pasia

Fil

—~— s d ac=micn,  ~(45T)
p d;\r-’f' roe NOCTOANNES M papHa m ==

1 I = l-"r w* -+ &2,
F | Takua  ofpasoMm,  noaube
X e YCKOPEHHA Brex TO4YeK 3BEHa
» . NPONOPUHOHANLHEL PACCTOAHHTM
lo s STHX TOYEK OT MPHOBEHHOTO LEHT-

i pa ycKopenuii.
Fuc. 429, X unpeRencHie IYCE  HJH- D'-IEIJ-H}I.IEQ. YTO ABHMEHHE TOU-

EEI‘SFHH rpammplm TONKE D}: o) cxemn agcws; KH 3BEHAE, CORNANAILEH © LUeHT-
rney exopoctell soewi: o) fasn yekopen - nog [}, Kak He umerowed yckope-
s, MoxeT O HTE C TONHOCTEID 0O
GECKONEUHO MAaNliX TPeTHErc nopf/ika NPHHATO 32 paBHOMEpHOE
npaMonHHefinoe.
5°. TloKamem Teneph, Kak ONPEAEANTE UEHTD KPHBHIHEL p TD&Ck-
ropun Kakoli-nuGo Toukn D speua EC (puc. 4.29, a), echyt n0CTPOEHEL
erc nnan ckopoctedt (puc. 4.29, 6) ¥ nAaH yekopennii (puc. 4 29, 6).
Llentp KpuBH3HE AEKHT Ha npamuit Dn, npopeiennoii vepes Touky D
(puec. 4.29, 6) nepneH/MKYAAPHO K BEKTOPY CKUPOCTH Up, T. e. nep-
NeHLHKYNApHO K OTpeaky (pd) naana ckopocrell (puc. 4.29, 6).
[Npamaa Dn seanerTcs HOPMEILIO K TPAEKTOPIY onuchLBacMoi Tourn [
B PAcCMaTpHBAcMOM NONOHEHHH STOH TOUKH H NPUXOAHT ¥Yepes uexTp
MrroBesnoro Bpawenusn P apena BC. BexTop nonHoro yckopeuns dp
Touks D npencrapnied Ha naaue ycopennii B Duje OTpeska {ndd)
(pic. 4.29, ¢). Pasnomnm BEKTOP @p NO HANPABACHIAM Dint u nepnex-
mHkyanproMy K Hemy. Cocrapnsiomas, Hanpabiennas no Dn, G6yper

HOPMATEHBIM YCKOpenHeM @p To4KH D. Hueen
]

= -“;} \ : (4.58)

OTKyfla H OnpefgiHTcs BEJIHYNHA paipyca KpHueHaHH p. [Nonyuaem
vk

- p= g . (4.59)
an

Bxan p, MOMHO HalTH NOJCHCHHE UENTPE KPHEIINE 0 rpaexTopui
Tourk D.
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§ 21. Nocrpoende KHAEMATHYECKHX AHArpamm

T°. Tlpu KNHEMATHYECKOM HCCNENIOBAHHH MEXAHHIMOB HEoBXOMH-
MO OHBAET NPOBOAMTE STO HCCAEIOBAHNE 3a NONHBHL LKA BHIKEHH:
HeoAenyemoro MexaHdaMa. JIns sroro amanuTHYecKoe wan rpﬂtlm'ie-
CHOe Hcclencepanue nepemellennd, ckopocrell o yckopenud! senetcs
Ans pafla noJoeHHil MeXaHHaMa, JIOCTATOYHO ONH3KO OTCTORIHX
zpyr ot fgpyra. [lonyueHHbie 3HAYElHS KHHEMaTHYECKHX BelHYHH
MOTYT OLITE CBEACHB! B TAOMHLE HAH NO NOJYYEHHLIM 3HAYEHHAM STHX
BEIHYHH MOryT ObITb MOCTPOEHb! Tpadiiky, HOCSLIHE HasBaHHe Kiune-
MAMUYECKUY Cuazpasa.

B 3aBHcHMOCTH OT Xapaktepa #

JOBHAEHHA  HCCAeLyeMBIX  3HeHbel
HIH OT/IeNbHEX TOYEK MeXaHH3Ma

MOryT OHTH NOCTPOEHH W paznny- AL e
Hble KEHHEMATH4YECKHe auarpammil. > ¥

B npakriyecknx sajauax TeopHw .
MCXAHHIMOB Hamlaad KHHeMATHYe- BOLINOHO-TICASYHIECTT MEXAHEINE

CHaf Auarpamma ofuitibo npelictas-

Jiset cofoil rpagHyeckoe H3oOpakeHHe H3MEHEHHS OJHOTO H3 KHHE-
METHHECKHX napaMeTpoBR 3BCHA: nepeMeliedysd, CKOPOCTH HAH YCHEO-
[PEHHA TOUKH 3BEHa HCCNENYEMOTO MEXaHHAMA B JYHKUHH BPEMEHH HIH
NEPEMELUEHHA HAYANBHOTO 3BEHE MEXanH3Ma, 1. e. B (yHKouH obob-
WEHHONH KOOPAHHATL,

Hanpumep, ecin Mbl HMeCM KPHEOLIMOHC-NOASYHHLHT MeXamuaM
(prc. 4.30), To ans nepemeliensii sg, CKOpocTell Te N yckopennfi ag
ToukH C, Kak nepemewamomefics npaMonnyeliHo, yLofHO CTPOHTE
HKHHEMATHYECKHe JHarpaMMel B BHIOE 3ARHCHMOCTER STHX BEenHYNH OT
Bpeucis § win oT oGolLenHol KOOpIHIETH @y, T. €. CTPOHTE rpadmye-
CEoe uaolpamerHe 3aBHCKEMOCTER

Se=5c(l ve=vg(l)y @Go=ag(l), (4.60)
HIIH
Sc=3S¢ () Uo=1tc(e) Gc=ac(gy), (4.61)
ECAH YTON @ noBOpoTa spena 2 prIGpan B Kayecrbe ofobuentol Ko-
OpIIHATEL

HEKOTOPLIX CayuanX Moer norpefoBaTLCA NMOCTpoeHue H Apy-
THX 32BHCHMOCTed, HanpuMep

Ug = tc(S¢) wam  ag = ag (s). (4.62)

3asucumocti (4.62) MoryT G nosnyuens H3 sapncHMoctedt (4.60)

HCKMoueHHeM H3 neppofl W oTopoll sanscHMocrell WaM M3 nepeoli u
TpeTheil 3aBHCHMOCTell mapamMerpa [

ECJIH HCCAENOBAHHD NOATERAET Yriopee HEPEMEEEI.[EHIIH Tz, ‘_i,-‘r‘J'lG-

BEIC CKOPOCTH g H YIIOBHE YCKODEHMA &5 latysa J (prc. 4.30),
1O MOMHO nocTpouth rpaduueckoe H3o0pPaKEeHHE 3ABHCHMOCTE

Ps=0s(l), = (f), & =¢e(h),
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uni _
gs = G5 (@), 3= 05(ga), &= ea(P),

8 TaK¥Ee 3IaBHCHMOCTH
oy = g (ga) MM &g = £ ().

% B gayecTse NpPHMEPa PECCMOTPHM NOCTPOEHHE KIHEMaTHYECKHX
Inarpaum se = S¢ (f), te = te ([} ¥ ag = ge (f) ANR nEpREAHERT-
HOro innxerna Toukn C KpHBOLIMNHO-NOMSYHHOTO MeXanHiMa ABC,
T. €. KOrjla KPHBOILHN Bpa-
LWEETCA € AOCMONHAON yeaosoll
cropocmsto vy (pue. 4.31, ak
Jna sToro MeTofamMH, YEa3aH-
uemH B § 17, nponapoiiy pas-
merky nyreit Touek B m C.
Orcuer nepememetnii Touxn C
yaofino BecTn OT Kpafivero ne-
BOTC  MOAOMEHHA NOA3YHE.
[Nposoauy npe oCH KOOPANHET
(puc. 4.31, 6) n na ocn abe-
HHeC  OTHAAILIDOEM :TTPEEDK
| mm, npeactaensnounit coboit
B Maclitale [y epems T ofl-
HOTU NONHOrC OGOpROTE KpHBO-
Lmng, 7. €.

T = Lf— = F!!p [4-63}

rie n— Y4cTOTa LpalleHHA
s \l\ ¥y kpupolmna B ofoporax
Tatal- 1 ot miunyty. H3 papescrna (4.63)
Puc, 4.591. KpHeolisnmo-nomsay el mesannsss NOVTY HiAes mMacwTab py Bpeme-

) HHpEMETRwCChan cxema: O) rpadusn, waobpa oy Hlucem
ALRKGHHE SEDHCHMEET 50 = Felih g = gl 0 60

a0 = g (N o=—r-  (4.69)

Orpesox | pasbunaen na 12 papubix ygcTed # b COUTBOTCTRY I0ULR X Tou”
Kax 1, 2, 5, ... OTEIaJiRBaEM paccTONHHA, fApoliieHHEE TOMKOM C
(puc. 4.31, @) or Kpailero JNEDOrc NOJNOMEHHT C, nonzyna. Tak,
g Touke 2 (puc. 4.31, 6) OTKAAAHBAEN B HANPARJEIHHH, NAPANIEALHOM
ccu opnuser, otpesox C,Cs, p Touke 3 — orpesok C,Cyn 7. 4. Ecan
orpeskn C,Cy, (C,Cs), ... OTKAZAMBATE NPAMO CO CXEMH (puc. 4.31, a),
70 MACIUTAD JHAIPANMH S = S ({) N0 ocH OpAHHAT fyner paceH p,
7. €. maciwTaby noctpoerns cxemul. C nonoxenns C., korjaa toyka C
safimer Kpaiince npanoe nonaoxerue (puc. 4.31, a), paccrons C:iCx
C,Cy BLHMHTAIOTCA H3 OPJHHATIL C,C,, ornoxenuon B noaomennn Cs,
M, TaKHM ofpazon, Kpipas Sg = S¢ (f) B NONOMEHHH, KOria KPHEO-



§ 21 MOCTPOEHHE FHHEMATHYECEWX DHATPAMM 105

umn 2 OpHieT B HAYANLHOE noJomenne, OYyAET HMETH OpamuHary,
papuyio_uymo. [lomysennan KpuBaa ABAAETCH Kpucol paccmoswud
mouky C o1 xpaiivero nesoro noacwenna nonsywa. Ecin mago no-
CTPONTE Kpusyro nymetd, npoiifesnus Toukoll C, T0 0T noamuenna C;
paccrosiuust C.C,, C,Cy nano nprbamiate K paEee OTIOMCHIOMY
crpeaxy C,C;. Ha puc. 4.31, 6 371a yacth Kpueci nyrell nokasana
LLITPH X AMH.

Taex Kak KpHBOLINN BPAUAETCA ¢ NOCTOAHHON yrAoBoH cHOpo-
CTBID (g, TO MOMHO CLHTATE, YTO N0 ocl aficliice OTACKEHD He BpeuMs £,
4 YrAH NOBOPOTE (P 30eHa 2, T.e. Auarpasun sp = sg (f), ve =
= e (f) W ac = ae (f) GyayT OIHOBPEMERHO H RHACPEMUEMH Sp =
= 5o (o), te == Ue (Gg) W e = a¢ (§g). Macwrab py, & sTHX AN3-
rpamMax no ocu abemnce Gyner paped pg = 2n/l, rpe orpesok [
podinen OHTE H3AT € YEPTEMKE B MWINHMETRAX.

5°. Ilas nocrpoeHus auarpamu ve = ve () B ar = g () or-
pe3ku, 13o6paxaiolie Ha naane cKopocTell i yeKopeHuil ckopocTh U
Il YCKOPEHHE G¢, OTKAAAMHPAIOT HA OpJIHN&TaX, NPOBCHEHHLIX D TOY-
kax 1, 2, 3, ... (puc. 4.31, 6), yuHTHBaA NpH STOM 3HAK CKOPOCTH Ug
H YCHKOPCHHR Op. EcAn OTpeskH OTHASNLIBAIOTCA HENOCPEiCTOEHHO
C MAaHOD cKopoerell M yckopeuudl, T0 Macirralbl OpAHHAT KpPHBHX
te = o (£} 0 6 = ap () Oyayt pasHel MaciuTabaM iy, H jty DAENOB
cropoctell 1 yekopeddii. ZTH e puarpaumel OyiyT M HarpamuaMi
ve = Ug () ¥ ¢ = dc (§a)-

IMocrpoenne JuarpaMM te = Ug (Sg) u ag = a¢ (s¢) ynobuo
I EEKOTOPHX cAyuanX BecTH HA cXeue caMoro Mexauuama (puc. 4.32).
s sroro vavato koopaiiat Gepen B Touke C) ¥ Ha OpiNHATAX, Opo-
pereHunx b roukax C,, Cy, Cs, ..., OTRASAHESEH OTPEIKH H3 MA#HA
ckupocTeit ¥ naana yexkopertdl, Rso0pamaonyue cKopocTH te B YCKO-
penns e Toniit C. Kpucas ap = ap (S¢) pan Xofa NoasyHa caepa
NANPARC W CNpahd HaJeso COBNAcT, ecay He YUHTLIBATL SHAKA YCKO-
PCHHA gp. Ecny cunrarth NOSCHHTENLHEMH YCKOpEeHHs, Hanpapne-
HHF KOTOPHX COBMAJAKT € HANDALJCHHAMI COOTEETCTEYIOLMX CHO-
poCcTei, 1 OTPHILA TENbHIMI, HANPABASNNS KOTOPRX MPOTHRONOACIHIEL
HANpapAeHHAM CKopoetel, To npn Xoie noasyna 4 copasa Hanepo
EPHBEYH ap = dg (5¢) Baflo cTpOMTE TAK, KAK 970 [MOKE38HC Ha
prc. 4 .32 wrpnxopoll nunned,

. B PHACCMOTPEHUBIX NPHMEPEX HeCAe/lyeMas TOUKE ABHTaNach
npaMoaHHedEo. Jlaa touex, dMMEOUNX KpnooluHeRHOE [DHIHEeHHE,
yaohuee CTPORTE KHHEMATHUECKHE AHAMPAMME, JMOIIC HE TONLLO
acoMoTHINe 3HAYEHNA CKOpoCTell W ycKopenuil HccnelyemuX Touer,
HO M HANPALJEHHH BEKTOPOR NOAHeX chopoctell o yexopernfi. Lna
STOr0 OTHN&IHBAEM BEKTODH cKopocTeli n yexopeiinil, nonyuenpne
Ha naaHax ckopocTell M yCKOpeHnH, n3 ofiqHX NOMKCOB p U I B MX
HeTHHEOM Hanpapdemid. Ecan nocie sTorc coepMinTs KOHUEL BeeX
BERTOPOR naapHol Kpnecil, 10 modyueHaas Anarpamyva Oy/ieT Haski-
BATBCA 2odozpaghon cROopoomuy HAN COUTBETCTRCHNO zodozpatbom yoKo-
Peru,
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P, 4.32. Crous HPHBOWEADKO-NORSYHHOTD MEXAMHIMA © nOCTpoeEELME A Hefl rpadusamm
CHGpoTTel B yohopeRbl DONSYHE

Puc, 4.58. Kpreoumopo-goasyesufl  sexulinst: @) HHIEMETHYECHAR cxenna: 6 rogorpad
cROpOCTH Tuukn £ 8) ropofpad yoROPenrin TouEn E

Puc, 4,54, Tpadesn YEROEOH CHOPOCTH B YIAUBOID yCROPCHIE WATYUA § KPHPOIIHNRO-T0-
SYUNOFD MEXBNIMG, CXLMa HoTofaro prolpamens ua poe &3l &
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Ha puc. 4.33, 6 n ¢ nokasarsl roaorpadel CKOPoCTH ¥ yCKOpenus
okl E waTyHa  KPHECIINNHO-NOASYHHOTO MeXadusua ABC
{puc. 4.33, a).

[NoctpoeHne pHarpaMy BEANYHH YIJOEHX nepeMmeltexnfl @q, yr-
JIOBHE!X CKOpOCTEH @y M YIMOBHX YCKOpeHMI g5 WaTyHa § MeXanHsua
ABC (puc. 4.31, a) MOXHO CAienaTh AHANOTHYHEIMH MPHEMEMY, NOJb-
SYACL cXeMOfi MeXaHH3Ma M ero mianaMH cKOPOCTH M YCKOpeHHH.

Ha puc. 4.34 noCTpoeHE [HATPaMME HSMEHEHHS BEJHYHH YTO-
BOll CKOPOCTH ®y H YIJIOBOIC YCKOPEHHS €5 B QYHKUHH BpeMens f
uJH yrAa ¢, NoBopoTa Kpueowmna 2, T. . wy = wy (), &5 = &5 ()
BIH Wy = O (@o), B3 = & (ge) AR waryna & wexamnzma ABC
(puc. 4.31).

Hanomennan uam Ha npHMepe KpHBOLHMHO-NOAIYHHONC MEXa-
AN3Ma MeToIHKa NOCTPOSHHA KHHEMaTHUECKHX JIHArpasMM momer Culib
npuMeHena [aa JCHX DAOCKHX MEX@HHSMOE KaK C HH3LINMH, Tak
H ¢ BEICIUMMHM KHHEMATHHECKHMH napanH.

§ 22, Kunemaruueckoe HCCICROBANME MEXAHHIMOB
METOROS AUATPamMm

7. Meron mHHEMATHYECKHX Auarpamm Moder OuTh HCNOILIOBAH
AR KHHEMETHYECKOTC HCCABNODAHHA MexaHuamoB. Tlokamew npume-
HEHHe MCTOMd KHHCMATHUCCKHX mHarpamM K HCCREIoBaHWED K(}HI{PET-
Horo mexauusma. llycrb, wanpumep, Tpe-
fyercA nNOCTPONTE JHATPEAMMEL  §p =
= Sp (1), te = ve (§) U 8o = ac (§)
Ann TouxH C Tonkarens § EYAaUROBOTO
MEXAHN3Ma, NOKasaHHoro Ha puc. 4.35,
B NepMaleHTHOM [BHMEHHH MexaHusma,
€CiH KyJIayoK Bpallaercs ¢ MoCTOAHHOf
YTAOBCH CHOPOCTEIO 6. HaxonuM nepeme-
wenna Todke C oTHoCHTENMBHO Kpaiinero
HHMKHEro ec monoxednus (nonowenne I).
Ilna storo uepes uemtp A Bpauienns
KyJnauka 2 npoeosum ayum: Al, A2,
A3, ... nop pasHEMK yraamu ¢. Ecnu us
uentpa A cuenars saceuxy pammycom AC
Hd OCH NBHMEHANA 3BeHa 5, TO OTPe3cK
(I—2") Gynet papen nepemellenyio skeia 3 : .
MpH NOBOPOTE KyJayka 2 Ha yrofl @ M3 Pec, 4.36. CXebo  kymnveosoro
MepBEOTCc BO BTOpoe modomeHHe, Touro Mo e e 2o
Tak e oTpesok (/—3') Gyner papen
Nepemelenuio 3BeHa § npu  nooopote Kyhauka 2 Ha yron 2
H3 MEPEOTC B TPEThE NOJCHKEHHE W T. .

Onpepennie nepemewmenna (1—2%), (1—8), (I—¢), ..., CTPOHM
B nponsgontAo BLIGpaHAHX Maclmalax pe W jt; AHarpaMMy So =
= 5¢ (g} {prc. 4.50).
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Ilnn nocrpoeHMs JMATpAMMEL AHAI0TA  CHOPOCTH sk = 8¢ (g}
HDJI[:BFEMEH FARHCHMOCTRID
L dsg  d[sg (9]

Sp = dvl'}'q = dq'g ¥ Eq.ﬁﬁ}

KOTOpPaA MOZBONHET ONPEAENHTE CHOPOCTH Ug rpadmuecknM andie-
PCHUHPOBAHHEN KPHDOH Se = sc (g). lna storo NpojloMxaeM OCk
afcuuce (pue. 4.306) naeso M OTKASJEIBAEM OTPEIOK (01), pasnstii & m.

Faigiw po g m“""ﬁ.ﬂ

j'"
Poc. 4,36, Tp due NyTH ToAKETENR MOXBHENEP 0O exemoll, nokasennefl na pac 4,35

TNanee pTouxax I, 2, 8,4, ... kpueci 5o = s¢ (f) npoooauM Keea-
GespHue, @ wepes Touky O — myun 01%, 02", OF, ..., Gapainen-
HHE NPOBEAEHHEM KACATEMLHENM. JIydH o1, 02, 08", ... oTceRyT
na ocH Se orpeskn (1—27), (1—8), (I—4"), ..., nponopuicEank-
[LE SHAMOT#M CKOPOCTER Sc 0 NONOMEHHAX 1, 2 38,4, 8, .. Hueen
ds
i, SR . B

sC s 1y gy (4.66)
Cfie o — Yrodl HaKdon# KacarelbHoH, NpoBEREHHON B COOTBETCTEYIO-
el TouKe KpHBOH s¢ = Sc {tp). TloMHOMEM 1 pasjeHM BRIPANE:

jite (4.66) ma penyuuny, pasuyio k nm. Fueen

£ I

S “';T:’E'klga' (4.67)
Ho peswunsa k ig o ans nacarellbHHX, NPOBEACHHBIX B padfiut-
HEX TOuKAX, papHaetch orpesxanm (I—Z27), (I=58), U—4") oo

orcekaemuM nyuamu 027, 03", 04", ... na ocn sq. CnellonaredibHo,
aHaJOrH CROpOCTE S¢ NMPONOPLUHOHANLHEL OTPE3KEM =2, (13",
(1—4"), ..., H3MEPCHHEM B MUJLITHMETpaX. Mecmralb pe AHANOTOB
cKopocTeli H3 ypapHeHHA (4.67) pasen
- K M- pan!
Ber = p,:ﬁ- [ hiad ]' (4.68)

[onyueHEbe OTPESKH, NPONOPLHOHANEHEIE AHANOIAM cHOopoCTedl S¢
qouki C, OTKASAHEBAEM Ha COOTBETCTBYIOULHX OpAMHATAX JIHATDAMNE

& = s¢ (g2} (puc. 4.37).
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Cropocrs Uz Toukn C onpeleaserca no gopsyne
Ve = Sy,
INp# noctoasroll yrioBoll CROpPOCTH 0, SBEHa 2 IuarpaMva s¢ =

= sc (§o) Ha puc. 4.37 sipafercA ORHOBPEMEHHO ANATPaMMON CKo-
pocTH Ue Toukd C B QyHKIMM yTaa @, noeopora KyJdauka 2 uaw

Tats=s 2 o miipndd
7 dist v gt Mg

T

r 2 F ¥ 5 F & 8 nm o B

Shgr

r.-w--,a?._m? i

I g1,

FPue, .87, Tpaduk ananora cnupeeTn TONRATENA MELAMIINE, CXEME KOTOPOMD NORISaHs we
poe. 4,33

opemenn f. MacwraCut L, CKODOCTH B i BpEMEHH ONpPEJenfiorcs Mo
thopasy iam

M-cTL I e
uw=urw[ ] pe=t [———m1 ]
Ilan nocrpoenns jnarpasmuul ¢ = s ((z) NONBIYEMCR SaBHCH-
LOCIBiO

sy d [5p (. n
dge . dipy ! [4'69}

na ncauﬂaalilnn KOTOPOH aHANOIH YCKOpenna s¢ moryT Cutes onpese-
JEHE  rpaguueckny  apddepenuuposabuen  KpupBo = &
(pue. 4.37). Huieem : “ e

5‘E=

= Bher

Be o,
Sc="l?tgﬁ‘=w?ﬁ tg b, (4.70)

rae p — yron maxsona KacarebHodl, npopesennoii B cooTeerCTERyIO-
et Touke Kpuboit s¢ = S¢ (). Tax wax peanwuna £ tg P pas
RACATENbHEIX, NPOBEACHHEIX B DASAMYHMEIX TOMKEX, DABHA OFpE3KaM
({=2%), (1—=3"), (J—4"), ..., T0, ChejovaTensHo, aHaNory yCKOpe-
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HHR pasHe otpeskam (1—27), (I1—87), (/—%) u T. ], HSMEpEHHEM
B MHJUTHMCTPEX M MOMHOMERHBIM Ha Maciural pe, onpefienneMenil U3
dopuyn (4.70) n (4.68),

e 'p%'h [_‘lﬂ”i] (@.711)

TMoayyennue OTpeskH, NPONOPUHOHANLHBIE AHANOTAM YCKODPCHHA e
touk C, OTKA@/LIBaeM Ha
COCTBETCTBYIOWHX  Op/iHH2-
Tax AMArpaMMb Se = S¢ ()
(puc. 4.38).

Yeropenne ap toukn ©
onpejenseTca no Qopuyne

ac = Sews

TMpy nocroguuodl yrio-
BOil CKOpOCTH @y 3pena 2
pnarpamma sc = Sc (§2) Ha
prc. 4.38 awnserca ONHO-
BpEMEHND HHATPAMMOH YCKO-
peens dg Tours C B QyHK-
LK yIaa ¢, NoBopoTd 3Be-
na 7 wiy epement L Macu-
Tal |1, YCKOpEeHHs onpeje-
aneres no dopuyne

Pac. 485, Cpadus analors YoHOpENHR TOAKATCNS o [H-c™®
MeRaNHENE o0 cxeMoll, noHsaanpol m poc 435 Pa = Hyt0 il

Meton rpaduueckore andipepeHLpOBaINA HE ARNAETCH AOCT aToy-
HO TOuHLIM, [105TOMY €r0 CJelyeT NPHACHATH AAS NpHOMHHEHIoro
onpelelleRHs CKopocTel M yekopenuil. [lng npoBepkH MpasHAbHO-
CTH MOCTPOEHHA MOMHO NONLICEATECH OMEBUAHBIMH YCAOBHAMH, WTO
CKOPOCTL Uy AGMIEHA ObTE paBHA HYJIO (puc. 4.37, nonowerne 7),
Korna nepemenicEne  Se (puc. 4.36) umeeT MAKCHMENLHOE 3HauE-
HHe, TOYHO TEK KE ycKopenne ag Gyner pasEo HY/MO B NOJOMKEHUH,
KOT/l2 CKOPOCTH U HMEET MAKCHMa/BHOE 3HAYEHUE, W T. I

%°. B paccMoTpesnoM MeXanHsue 3anada of onpeielleHHH CHROpPO-
cTefi W yCKopeHsil CBOJUINIACH K [IBYKPATHOMY Tpadiueckomy nngipe-
PeRIHpOBaN 0 3A0AHHON KpHDOil nepenelnenuil. B pape sanay 1eo-
PHH MEXaUH3IMOD H|'IIIXGILHTCH NoNLIOBEATECH }I}rI'EFp!ip-DHEHHEM KHHe-
maTHyeckux pHarpamm. Ilycie, nanpumep, sanaia {puc. 4.39, @)
JHATPEMMA YCKOpEHHS Q¢ KekoH-n0O TOYKN MEXZHH3ME, HMetoLedt
npsMoniEeiiHoe ABMMEHHe, B (YHKLMN Dpemend L Tpetiyerca no-
crpouTh AMarpamMme te =g (f) H S =S¢ (f). Oci abeunce
(puc. 4.39, a) pasGupaeTcs Ha papusie Y4acTKH H HI TOUEK 1, 2,
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3, ... nposonsTes opfuath ([—1"), (2—2°), (3—3'), ... Tlprpaue-
HHe CKOPOCTH Ug 32 npoMexyTok epemens Af = &, — 14 pasro

Iy
ve, — ve, = | acdt. (4.79)
i

Hurerpan, croamuéi B npanoit yactH cootHowenus (4.72), mower
GiTh BRIpaeR uepea naomane [11°2°2] mw?, orpammuensyio ockio
abcumee, opavHaramn  (I—I'), (2—2') u wpusot ae = ag (f)
(puc. 4.39, a), npuuem 5Ty nJCLENL ;

Halo YMHOHNHTE Ha NPOH3BC/IeHHE MACT-
TaloR pg M py. Fimeem
e, — Vg, = Pa-pe 0L [11°2°2). (4.73) ¢ |

Mnomans [17°2°2]  mower Ghites
onpefenelia naaniMeTpoM, HAJ0MEHHEM
Ha KPHEYIO g = de (f) MHAAHMETRORORN
CETHH, OOCTpOEHHEM HPHIJGF! HE MHA- §
JumeTpopoil Gymare HAH TyTeM 3a-
merne mnomany [11°2°2] paenosenn-
KHM NPEMOYTONLHEKOM RJH TPanenHed,
lNogcTaBnaa  NOAYNCHHOE  SHAYCHHe
. NCIany, NoACYHTEHHOE B KBaAPaTHRIE ¢
MHJAMRMETpEX, B pabexcTEn  (4.73),
onpefesfer NpHpalleine CKOPOCTH U
sa spema Af = #, — f,. Ecan ckopocTs
Ug, B NOAOennd ! paBHANACL HYMO  puc, 4.39. K myrerprponaso rpe-
{p:ﬁc_ 4_391 5}. TO C[{{}pECTI: z_lc. B M= gewon: o) rpabEs yoRoperHs  npa-

MR D el 5
JMOMENHH 2 papHa rpsduk ee .inu"m: o :ﬁ:;'m 2

te, = Papie-mian, [1I°2°2]. ki
TTonyucrnoe snavekye CKOPOCTH Vg, OTKAANLIBAEM B MacilTabe [,

Ha cpavuarte, npopenennoll B Touke 2 (puc. 4.39, 6) B nuse orpeska
(2—2') mm. Hmeem

U, = P [2—'2*_]
Tlanee onpezennem naomans 122°3°81 (puc. 4.39, @). Hmeen

£y
Ug, — Ug, = )[ ac df = pape-nn. [22'5°3),

[Tonyuenroe suaseHne NPUPAUEHNS CKOPOCTH Ug Ha yuacTre f —
—Ig oTRAaARBAEM B Basie oTpeska (3"—8') wa opuunate, npobene o
B rouge § (puc. 4.39, 6), npubasann K oTpesky (§'—3") oipesok (2—
—2').Ilponssons Taxe xe NOCTPOEHNS LA NOCTEAYIOWHX MPCMERYT-
KOB Bpemend, NONyuaeM JHarpamMy ve = v ({). Ilan Gonnmedi Toy-
HOCTH BRIMMCnelnil MOXIO NOJcueT niowanell bectd or nonomenns I,
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Torpa, mampumep, CKOPOCTE Ug, (puc. 4.39, 6) onpepenuTcs U3
YCIOBHA

1y
U, = j ﬂcdf = gty =TT [III'SE'S} - F-:r{ﬁ—"a’}-
fy

CKOpOCTh U, OMPEAeNHTCA H3 YCJOBHS
ty

ve, = J ac df = papre-nn, [11'4'4) = po(4—2)

u 1. 1. Cooteetcrmyiome otpesku (5—3'), (4—%'), ... OTRAANHIBAEN
Hé OpJMHATAX, NPOBEEHHBIX UYepes TOURH &, 4, ... (pwe. 4.39, 6).
Ananornuno MokerT OwTh TNOCTPoeHa JHarpammMa Ssg = S
(puc. 4.39, 6) HHTerpHPOBAHIEM IHATPEMMEL Ue = Ug (£) (pme. 4.39, 6).
Jina Tex e npoMexyTkoB BpemenH Af GyfeM uMeTh

fy

se, =,[ vedi = poe-nin [11'2°2] = ps (2—2),

Iy

sy = | vcdt = pts-n. 1S5 = G—3),

rne nnomany [1172°2], UF'8'8), ... NOICYHTLIBAIOTCS N0 ARATPaMMe
ve = vg (f) (puc. 4.39, 6), 8 OTpeskH (2—2), (8—3'), ... OTRJAIH-
BAICTCR B MacioTabe p, Ha OpAHHETEX JAHarpaMuel S = S (£
(puc. 4.39, &).

Fnapa b

KMHEMATHYECKOE HCCNENOBAHHE MNAOCKHX PHYAMHEIX
MEXAHH3SMOB AHAJIHTHHECKHM METCIOM

§ 23. Mexauu3m WAPHHPHOTO YETHIPEX3BEHHHKA

1°. B rnape 1V OH H3NoKeHs rpaduyeckie MeTOAL KHHEMATH-
YeCKOTO ananuag NAcCKHX MexarksmoB. I'pafuueckne METOMn Ha-
CASAHE M YHHBEPCRNbHE, Tak KK no3polaioT onpeleadaTh noJoxe-
filis CKOpOCTH i YCKOpEHHS 3BEHLEB MEXAHHIMOB Jobolt CTPYKTYPH,
Ho rpadmyeckHie METOL He Brerfa ofinanaior Toll TOYHOCTLED, KOTO-
pan GupaeT HeoOXOJMMA B HEKOTOPLIX KOHKPETHLIX saflayax aHAnu3a
MexamnaMop, B STHX ciyyasXx NpeAnoyTHTE/bHeEe NpHMEHEHHE aHa-
NMTHYECKHX METOA0B, € NOMOINBI0 KOTOPBIX HCCAENODAHNHE KHHEME-
UK MEXAHHIMOB MOMeT GLiTh CAEMAH0 C mMobOH CTENEHbID TOUHOCTH.
KPUME TCOro, AHANMTHYECKHE ZJEBHCHMOCTH No3poNRI0T DRABIATDL
E3EHMOCEASE KIHEMATHYECKHX MEPAMETPOB MEXEHHIME C ET0 MCTPRYC-
CKHMH TAPAMETPAMH, T. €. PA3MEpaME 3BEHLEE Ponb aHanHTHHECRNN
METCAOB KHHEMATHYECKOTO 8HA/N3d MeXaHH3MOB ccolenno BUSpOCLA
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B NOCHefHHE TOAL B CBA3H C TEM, HTO, HMES AHATHTHYECKHE BHpa-
AeHH, CBER3LBAOUHEe Mexny cofol OCHOBHBE KHHEMATHYECKHE M
CTPYKTYPHLIE NapaMeTpbl MeXaHH3Ma, MOMXHO BCETfid COCTEBHTL Mpo-
rpaMMy BeIYHCAeHHH JANR BRYHCARTEALHON MallMHE H C NOMOLLRIO
MaHHE NeNyuHTs Bce HeoliXofHMele pesyieTarsl. Haunem paccmo-
TPEHHE AHANHTHYECKNX METOI0B HCCAEfOBAHUA MEXaHH3MOB Ha npu-
Mepe MEXaHH3IMa IaAPHHPHOrD YeTHpeX3BerHnKa,

2°. Kax OGrno nokasamo spune B § 17, 8, npu npucoeiHueHyn
Leyxnosoikosoll rpynnst BCD, cocromwefl #z 3genwes & B 4, K Ha-
yannAoMy 3BeHy 2 W cTofike I (puc. 5.1) sta rpynoa Momxer ofpasoBaln
JIBA CHMMETPHYHO PACNONOHEeH-
HBIX OTHOCHTENLKO Npamol BD
Tpeyrouhnka: BCD u BC'D.,
Taxum ofipa3oM, TpH pasauy-
HEIX cnocobax npHCOeHHEeHHA
LEYXNOBOLKOBOH Trpynne  mMo-
ryT fbiTh NOAyYeHW JB& pas-
JIHYHEIX YeTHpeX3BeHHH X Wap-
HHPHEIX Mexanuama: ABCD u
ABC'D. Ecnn wmexanusm co-
pédH TaK, 9TC OCH €ro 3BeHLep ;
obpasytor wkoutyp ABCD, 1o 2T
NONCKEHHRA 3BEHBEE 2, 3 W 4 o o0 poo S
MexaHnsMa GyAyT CcOoOTBeTCT- HEHE € JIYMAE BCHTORHEIME KOHTY]EMN
BEHHO OMpelleNATRCA  YTIAaMK
Qg g H g (pue. 5.1). Ecan me mexaudsm cofpas Tak, 4ro ocu
erp 3peRbeB ofipasyior kouryp ABC'D, To nonomenus 3spedbes 2,
d# 4 GyayT onpenenaTeCA YIAEMH @, g3 H @i (puc. 5.1). TIpaman
BD w yron naknoua g, stoll npaMoli K ool Ax Gyaet ofupm nas oGonx
Kﬂm?g/pﬁﬂ ABCD w ABC'D.

J°. AnanuTHyecKoe HCCHe/IOBEHHE NJAOCKHY MEXaHH3IMOB yholmHee
BCETO BECTH METOMIOM BEKTOPHHX KOHTYPOR, noppoline paspaboTaHHem
B. A, 3unopreBuM. Tak, pasn npuMmepsa, nokasamHaro Ha pHc. 5.1,
YAOGHO Sallady © NONOKEHAAX 3BEHLER Pellarn, pasbupas 3amk-
HYTHH KouTyp ABCD ma ppa tpeyroasnuka ABD w BCD. Anano-
THYHO SaMkHYTHH KorTyp ABC'D momuo pastuTe H2 B2 TPeyrosin-
Hika ABD u BC'D. Torna ans sTHX KOHTYPOB MOryT GWThL Beerma
COCTARNEHE CNEAYIOMile BPCKTOpHEE YpPaBHCBHA:

ina wontypa ABD

Lt+s—4L=0, (5.1)
ana wouTypa BCD

L—l,—s8=10, (5.2)
Ans KonTypa BC'D

I —lLi—s=0, (5.3)

rie § — nepemMeHHsH Mo MOLYJIO BEKTOD, ONPelensiomuil noncKenne
Toyex B u D.
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PaccmoTpim papuant cfopku, nokasanuedi wa puc, 5.2, [an
3TOTC BAPHAHTA NPH 0OXONE KORTYPa N0 Y2COBOH CTPEJIKE HMEET MECTO
crenyommil nopaaok 6yke B koutype: BCDB. 3tor nopagok Gyke
KOHTYPa JO/KEH COXpaHfTLCA $a nonH# ofopor 3BeHa 2,

[NpoexTpyem eextopsl ypasuenust (5.1) ma ocH koopamuar Ax
H Ay, Hueen

lycos @+ scosg, — Il =0 (5.4)
H
I,sing, + ssing, = 0. (5.5)
Ms ypaeuenn#t (5.4) u (5.5) nonyuaem
Ty e L1 o
f —hosgt+ L ’

Yetpepth TPHIOHOMETPHYECKO-
rc Kpyra, B KoTopo#t pacno-
JOMEH  yroa @, NodHOCTLIO
ONpElenMTCs 3HAKOM YHCAHTe-
JIst H 3HAMEHATENA BhIPAERANRA
(5.6). He’rpgnm Ianlee H3 ypag-
HeHus (5.D) onpeleauTs Mo-

Ayan eekTopa §. Hmeem
Pwc. §.2. K onpepgonesmo nofcseHufl speowes sin
MOKBHIUMD WAPHEPROTD SOTHPOXIBeNIKE £ = _._,La 3 {5?‘}
sin iy

Hanee paccmatpuraen Tpeyroneuuk BCD. ¥raw HakioHa Bex-
TopoB Iy ¥ I} K BekTopy § 0DO3H&YSEM COOTBETCTBEHHO Qs W Qe
Hmeew Torpa crlenywouie AB2 ypaBHeHNs:

L =15+ 8 2Lscosqus (5.8)

u
fi = I+ 5° — 2038 o8 g (5.9)
Hz ypaemennii (5.8) u (5.9) onpenensem yraml Qs H Q. Hwmeem

3B—I—s -

Pya = AI'CCOS —'—ﬁr— (5.10)

H
(a; == ErCCOS ﬁ:isi. (5.11)

¥rau qg W Qg B OGIIEM CAYYAC MOTYT HMEThH 3HAK MJIOC HAH MH-
Hyc, T.e. YIORIETEOPATL MABYM BO3MOMHEIM BapHaHTam cOOpEH
(puc. 5.1). Tak Kaxk MH YCAOBHAHCE PHCCMATPHEATEL BAPHANT cHOpKH
BCDBE (puc. 5.9), To yrau ¢y, H (g GYIYT BCERIa HMETH OIHH H TOT Hie
IHAK H BeKTOp Iy Oyler poerlla pacnoflomed Bullle BEKIOpa §.
Hanee umeem

Que = Qg — Py - (5.12)
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H

Pas = Pz — Py {513}
OTKyA2

P = o+ @ (5.19)
H

Ps = Pgs + Q. (5.15)

Takum ofipasom, ecliu 3ajlaBEl LIHHEL 2BEHLEB MCXAHHZME 0 yrodn
NoBOPOTA Qg 3BEHa 2, TO ANA KaxJIoro NoNomeHts sena 2 MOTYT OLiTh
ONpERETIENN YT @y H 4, T. €. NOJOHEHHS 3BCHLEE 3 u 4.

PaccmoTpesnrfi MeToll onpegenenun YIAOB @g H @ Yepes npome-
HYTOUHBIC QYRKIHH G, Qgs, (g, M S JEIKO MOMET ObITh 3anporpan-
MHpOBEH H BBEeIeH B BB MHCINTENBHY K, MALIHIY.

4°. Herpyzo nonysuts ¢yueusn nonoxesus seewa § wny 4.
Hanpuwmep, diyuxnus nonomenns ¢4 = q, (py) MomeT Gure Hafinens
u3 ypaeuervsn (5.14), INoacranian 8 510 ypapHcHHe sHavenns Cas
H @, u3 ypaerenus (5.10) w (5.6), noayuaen

=1 —s —Iy sIn
@1 = Qus - @ = arceos “—y— -+ arctg — 2T (5.16)

MNMoncraenna B ypaenenue (5.16) snaucHue s, NOAYYEHHOE B3 TPEYIOTL-
uuka ABD (puc. 5.2) n pacuoe

5= }"’tf-'l' t;*— EJII?mS{PE'

Haiilem
P4+ O—R—P4 20 cosp, — Lsingy
= ArCCos fr— % 2% .
Bos 8 2,V E—2l,cosg, +-arctg —L s 4- 4
{6.17)

Awanoriuno momxer GHTL nonyyena GYHKIHA NONOMEEHS g =
= g (gg).

Nipusep. Pacemorphn stexansam LWSPHHPHOID YeTHpexsecuiena ABCD, cxema
KoTOpoIo Dokasaks Ha poe. 5.2,
UPEARIIM YIIH G5 U @y HaxIcHS K cTofike sucknen § n 4 Mexannmsna ABCD,
SCUN RAWHLL SBEMLER COOTBETCIREHHO Pankul Iy = 24, ly= 6, ly= 25 H I, — 19
# Kpreownn AR ofpasyer co crofikol yroa gy = 45°
H3 ypasuenun {5.0) NoayYsem

Q= —— 25 —B.sinds® 4,24
— lycos gy + I —fi-cosab° - 24 19.76
Tax KK YNCANTEIL, DpoNOpUNOHARL R 510 Tg: OTPHLATENEH, 8 SHAMEHATEN:, npo-

NOpUHOHaALHBEEE o6 G, TOSOMIMENEN, 10 BEKTOR 8§ pachJIOMed B YETBEPTOf wyer-
BEDTH B YIod )y paEes

=—{0.214,

Pg = 360°F — [%° = 348°,

Motyne sewropa s paeel, cormaces yparuenmo (6.7),

s o S"HPII:" 5in 45
? I ftsin% hﬁsin{l?‘]lbm'i'
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YInm Gy 0 Gy, onpeseaseen is ypaesen i (500 # B.11), Hucen
b, — 15 —st gt — |3 — 204"
S = g = mEa O

S+t 25— 1284 204
CO% gy == Dlgs 525.90.4 = 0,878,

Crenoeareso, Qae= 52 107 1 §ge= 28" 40", ¥rauw q W §5 Oyayr cooTeer-
CTHEHNG paBBLI

0= s §s= 8° 10 — 1 ¥ = 707 10

Oy = Gag 4 Pp = 28" M — 127 =16 40",

5°. Inm onpepeneuns ckopocTell H yockopeHnil 3BEHLER MeXaHHIME
WAPHHPHOTC 4eTHpeX3BeHHKKa (pHC. 5.3) CcocTaBNaeM BEKlOpHee
ypasHeHue samMpHyTocTH  Kohwrypa ABCD. Hueew

Lt+-bL+L=L1. (5.18)

[MpoexTupyn 3TC ypaslicHue Ha
ocy Ax u Ay, noaykaem

—4, L cos s -1 ;008 @u—=1I; cos gy,

Pue. B.83. H onpeponewnm ceopoctel o I 7 i
yeROpeHHD MEEBNMEME WAPHEPROPD SE- Iz sin @ + {3 sin gy = Iy sin Par

THPpEEISEHHAKS (5. 19}
ThE @y, Gg W @y — yIibl, ofpasoBaunbe ocAmy 3peHneB 2, 3w 4
c ochio Ax,
[ns onpelencnua aHanoros YIAODHX CKOPOCTEH Wy 0 @y SEEHBEE 3
# 4 anddepenunpyen ypasuenus (5.19) no olofiien ol KOOPIHHATE Gy,
TMonyuaex ;
— [, 50 g — Iy sin tpa-%- = —1,;sin ‘Fq—‘,gi".
(5.20)

el
1,008 ¢y 4 Lo COS g ,%:_ == hwﬁ%%-

Hmea 5 sy, 910 dgldqs = gy ECTL AHANOT YINORGH CKOPOCTH Gy
spena 3 B dy,/dgs = g €CTH aHaA0r yraotol CKOPOCTH o, 3EcHa 4
(cv. § 16), monyuaem

Iy sin @y + tye T5 S0 @y = g Iy 5iN @y,

li.l_z COS @y + H—a_!-'.‘a COs g = uuh CO5 (g,

Benuunn iy, 0 llg, BROAfIHE B ypapuerne (5.21), Haiubawics Takme
nepedamounting  ONACIIHIAKI, TEK KAK OHH PaBHH OTHOWCHHAM
YIAOBX CrOpoCTefl @y H ©; K YLJOBOH CKOPOCTH BXOIHOTO 3BEHA.
Hueenm

L

(5.21)

dgy _ dyatdt | w5 . G dedl o)
dipg — dygfdt Gy dyg — dygldt — wg "
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Hs yraon, BXolfaninx B nepBoe ypasuenne (5.21), suiynTaem obupi
yrod ifg, 4TO COOTHETCTBYET GOBOPOTY CCeH KOOpAHHAT xAy (prc. 5.3)
Ha obnft yron gg. Fseesm

Iy sin (@, — @3) = tgpdq sin (@, — q4),
OTKYA2 MOy4YaeM BHpRXEHHE IR 28HANOrE Uy yraoeoll cropocTH oy
Iy sin (g3 — Gs)
Ha2 = 750 (g — 99 (5.22)
lNocne apancriutore npeofpa3OBEHHA TOTO e YpaBHEHHA No-

BOPOTOM OCell KOOPIHHAT Ha YTOJ ¢y NoAY4aeM BhEIPamenne An aHa-
JOT8 Hgg YINOBOH CKOPOCTH g

o lasin {2 —¢3) e
Hae = b sin (g — qg) ~ (5-23)

[na cnpenenedun yYrioEHX yCKOPeHwd €; H £ 3pesner 3 W 4
mndpepenunpyeM no obofinenHoll KoopanHare ¢, ypapHenua (5.21),
uTo MPHBOAHT K yPABHEHHAM

lycos gz + ”3?._33 CosQs | ”.';ﬂfa sings = ”ng cosqQq - t,ly sin Qs

— L5 810 g — Ul SIN 3 - Uael s COS P = — il Sin @y - Uialy COS iy
(5.24)

TIE fisp M L4g — BHAJOTH YIAOPHX CKOpocTeH, i3z W Lz — BHANOTH
YIOBE L yokopenuil, panise nponspoltniM no ofobiuentolt KoopoH-
HaTe OT COOTEETCTRYIOWHX AHANOIOB YIJOBRIX CHOPOCTER Ugs H g,

Bennunne aHaNOroe ui: B s MOXEQ ONPeIeNHTh, eClH BhiNOJHNTE
npeclipasobalin  KOOPAHHAT NOCASNOBETENLHLEIM TNOBOPOTOM  ocell
KOOPIHHAT Ha YIAul ¢ H g Hueen

- I cos{ge — q.) 4 63l —efols cos (g — @)

Ujp = A Smfﬁ = ’ (5.25)
o heos(p —g) — iy by cos (pa—q )

RS fo s I%~—¢:} - (5-20)

HeTnanme cRopocTH g, @4 H YCKOPERHA By M €, SECHLEE § U 4,
cornacuo dopuynam (4.3) o (4.4), pachu

05 = Odly, Oy = ollys, 3= Oty | ealhy, & = O3llgg - eollp,
[fle Uy H E; — S2NANHNE YrNoBHE CKOPOCTE H YCKOpEHHE 3BcHa 2,

§ 24. KpuBowHNHO-NOASYHHEE MeXaHH3MbI

I°, YeTHpexspeHHEIM MEXZHHSMOM, IIHPOKO NPHMCHAEMEM B
TEXHHKE, ABNAETCA KPUBOIWUNNO-NOATYHHOIG Mexanusm (pnc. 5.4).
Kak w pa wapeupHOTO YeTHIDEXSBEHHHKE, YCAOBHMCA paccMa-
TPHeaTL TOT cnyyail cOOPKN MeXanuama, Korja npH ofxofe No yaco-
Boll cTpenke coxpaunercsi KOHTYD € nocheforarenshocthio O0ABCO.
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Ilng onpenenenns cKopocTeil M yCKOpeHHH SBCHBEB NpPENCTABHM
kontyp OABCO kak cymMy BeKTOpOB

a -l = Xc- (5.27)

TpoexTHpYR 5TO BEKTOPHOE YPARHEHHe HA OCH Ox w Oy, nonyuaem
1,008 @y - 15 005 @3 = Xgy @+ lain @+ Ly s @y =0, (5.28)

*

Hs eroporo ypagserus (5.28) nueem

sin gy = — 20l (5.29)
HeTpynro Buaeth, Y0 BekTop f3 MORET HAXOANTLCS TOILKO B nep-
Boil WAK WETBepTOfl 4eTBEpTAX, T. €. COS ¢y BCErfd MONOMHTENCH.
yl Ma nepeorc ypasuerus (5.28)
L s noay4aeM  BefHYHEY nepenelle:

R xg. Hmeen

xg = lscos gy, +

I, S g ENRY

45 Y 1= (EpEEy,
B 7 (5.30)
Puci:B.A. Cxtmn  RBNSCHMENG-fOORVRAOD B mexoTOphIX CAyuasxX Besan-
e etpes Och. spalenin Kpurousna THHY MEpEMEINEHus NoON3yHa 4
yaofiuee HSMEPATHL OT Kpahuero
NPABOr0 NPEAeNLECTO NONOMEHNR MEXAHHIMAE, KOTLA TOUKA C zanM-

maeT nonomenie Cy (puc. 5.4).
Torna penuysRa Nepemenientsn x OyneT paeda

X_—"DEQ—XG' — P’ (tg‘l"ta]g:—_ﬂ —Egcﬂ\s ‘F‘g—l‘a V I- — (—‘g'?m%'t'i)ﬂ.

(5.31)

2°. Ypapsenust AnA ONPENENeHHs YIAOBBIX cropocTeil H YIIOBHX

YCHOPEHHIT NOTYSHN ABYKPETHLIM AnddepentipuBaHIEM YpaBHeHH il
(5.28) nc obofuernoR KOOpIHHATE @y.

Ilns onpenenenns yracgof CKOPOCTH g WATYNA d H CROpOCTH Ug
nonzyHa 4 HMmeem

— I3 5in a2 — H3213 Sings = Xey I, cos a2 -I— el oSy = 0, {5+32}

AT

e tige = dofdpe W xo = dxeldg; — COUTBETCTBYIOINHE AHAJIOTH
ckopocTefl, AHanor CKOpOCTH X¢ OMpEIeNAETcs U3 NepBOre YpasHe-
Hps (5.32), eciin NOACTABHTL B HErO sHaueHue aHanord YIAoBoi CKO-
POCTH iy WATYHA § M3 BTOPOro YpaBHCHHA (5.32). Hneen

Iz cos gy sin {Qa — @) (5.33)

u!,i‘nﬁq}g " .t'g;=|'.'3 CO%5 Py

Hgn =
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Ilns onpelenenusi 8HAAOMOB YINIOBOMD YCKOPEHHS Uy aryna 3
H 2HATOra YCKOpEeHHA x¢ nosisyHa 4 nuddepenumpyem NO ¢ ypapHe-
HHs (5.32)

— 15,008 @ — Ul COS @y — Uisls 5in @3 = X
2 T2 4 3 A A ' [5.34}

— 18I0 gy — Whala sin @3 + s Ly cos s = 0,

rne tihe = dus/dg, w xg = dveldp, — ananorn  ycxopeuuii.
Hs eroporo ypassenns (5.34) onpenenfen aHanor yrioporo ycko-
peHH

Wit L, sin s 4 1l 500 @y o
Mg = T . {6.25)

OnpenenHe aganor yrioBoro
YCKOPEHEHA U3e, MOMHO, NOACTABHE
€ro SHaYeHHe B NepBol YpaBHe-  Pec. 5.5 Cxems  WpHBOLINBEG-ROASYHECTG
mue (5.34), onperennTe M aHA-  “iich wepes oon e S
JIOT Xy

HeficTEHTeNLHEE CKOPOCTH Up, ©y W YCKOPEHHS Gp W & PaBub

U = @Xe, 3= 0y, Oc=wiXc+ede, &= 0l edly,

THe By W E; — 3AJ2HHLE YrNOBLIE CKOPOCTH M YCHOpeHue 3Bena 2,

Ecnn oce Ax panpapnsomed noasyua 4 (puc. 5.5) npoxouur ge-
pes Touky A, To Bo Bropon ypasxerny (5.28) sennunHa a ofipamaetca
B HynL B ypasuense (5.29) npumimast puy

$In @, = — —-sin (5.36)

VYpaenenusn (5.32)—(5.35) octaiorca Gea uaneHeHwus,
Hast nepemeiiennil xg ¥ X NoNyuseM COOTBETCTBEHIIO

o al:m%—l—iaVI'——g—sln‘qﬁ; (5.37)

x =+ 19 — lycos g, — L,/ 1 — Feinte.  (639)

Hast onpenenenus ananoros ckopoctell u yCKOPEHHI MEXAHHIMOB
MOMHO HCTONL30BETH ypapienun (5.32)—(5.35).

3°. B HCKOTOPLIX MHMEHEPHBIX 3a784aX MOKHO NOJIL30BATHCH
UPlLﬁJTII)‘KEHHHMH YPABUEHEAME JNA CnpeieneHHf BEJHYHH X, X¢
H ¥c. O6YE0 npuOAIKEHEEMY QOpMyaMi NoNb3yIoTes B Tex cny-

Hanx, gorpa A = —:* < — T. € AngHa WwatyHa d (puc. 5.5) cy-
]
LecTrenyo fioaniwe - gnuebl Kpusoumna 2. Ins nonyuenus nputm-
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HeHHBX GOpMYN NSl X, X M X¢ PACKAAILIBAEM pajiKal, BXOA LM
© ypapweinn (5.38), & pag no dopuyne GuuoMa Hetoroma, Huees

s 12
(1 —m:-g—sln‘*q:-) = (1 —A2sin® @)% =
i o é—l’ sin® @y — -7;-?.‘ sin® @ — .. (5.39)

Ecnu orpannunToea AByMA NEpBeiMH 4neHaMy palla (5.39) n yyectn,
ro sin? g = Y, (1 — cos 2qy), TO ypapuense AJIA ONpeACNEHnA nepe-
meiesna x OyleT HMeTn BHA

x =l [(l +—E‘-)—~(ms-:;:,+—~i~'—m52<p,)]. (5.40)

CooTBETCTRERRO GHANOT CKOPOCTH Xg H AHANOT YCKOPEHHS Xc Onpele
JHTCA MO QOopMynan

% = b (s1n gy + 5510 26:) (6.41)
xp = L {cos gs -+ A cos 2gy). (5.42)

4. KpHpouMnio-non3yHHHE MEXaHHIMU [UHPOKO NPAMEHRIOTCA

¢ MEXaminaMax © runpo- win neesmoyctpoiictsavu. Ha puc. 5.6 no-
Ka3&H MEXEHHZM € NopiuHesM 4,

CKOMLIRMEM B HENoABHHHCA
wiaunape /. Bxoaruw sse-
HOM B 570V MEXaguswe sb-
nReTCH  noplern 4, nestomy
B wauecTie obofileHHC] Koop-
———=% [OHHaTH chaefgyeT ekCparh ne-
pemelierne X Tourn C urioka
Pic. 5.6, Cxema kpueownenc-ponsysaoro se-  NOPLUIHE 4.
KBHHAME € BROANBIE [ROAIYHLM EEKT(}]'.III{E ypaBHENHe
aaMKUyTOCTH KeuTypa OABCO
GyneT Tem e, 4TO M AR MEXauKsMa, nokasaHuoro ua puc. b4, nosto-
My As mexampava puc, 5.6 6yAyT YACBNETBOPATLCA  YDABHEZHMI
(5.27), (5.28) u (5.29). M2 ypasuenun (5.29) caenyer:

COS @y = }t‘f I — f"_‘qi.;‘:*._'l'qm —f!-;_ ";"!5' — {I;Siﬂiﬁlz -+ E.l'}_]- {5.‘13}

TMoscrapans cupaienne (5.43) B nepooe ypanuenne (5.28), no.1y yaey

Leosg. +3 6 — (Lsing: +a)° =*c (5.44)
o panee

Leosge—xe = — V I3 — (lysingz + @)’ (5.45)
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Boagomny npapyio u Aceyio uacTH ypaeseuns (5.45) B Keappar u
nocne HeCAOMHHX npeofpasoBannil nogyyaem

AUsxe (x_ﬂc sin @z — L‘ﬂﬁq}g) I, (6.46)

Hs puc. 5.6 caexyer, uro

[
Torna ypacstense (5.46) nepenniuem Taii
2yxc (g o sin @, — cos @g) = C° — xky (5.48)
re G° = — [ — @' — koncranra, Hs ypassenus (5.48) noay-
gaen ;
2l x, o
o cos (o - g2) = C* — x¢. (5.49)
Tak kax
cos o = : ' (5.50)

Vitwgta  yTremg’
7o ypasrenne (5.459) nonyuaeT chnenywuRi BHA)

e
COS (¢ o) o m . (5.51)

Orciofla OKOHYATEABLHO MONYYEeM BRIPAMCHHE ANS YINE (g NOBo-
pota seena 2 B GYHKUMH NEPEMEHHOIO PACCTORHHA Xo NOpHs 4
poas ccn Ox, HMueen

e X} —C#
¢y = —arclg — - arceos —————. (5.52)
*c 2, ¥ e —a?
Ins centpanbHOro KpHBOWHNHO-LATYHHOMO MeXapnsna a = 0, u
ypamienne (5.52) npumivaer Bl

,—CF

2.x,

'y = Arccos . (5.53)

Ananorn yrnceoft crepocTn ¢f M yrioboro ycKopeuust ¢% no oot
UEHHO KOCPAHHATE Ac MOTYT OhiTh NOVIYHEHH MyTeM LBYKPaTHOTO
Audpepeniiponatns  nuipaxenus (5.52) nan (5.53).

§ 25. Kynucuue mexaunasu

I°. PaccuotpuM onpepenennie nepemeienndl, cropocrefi u YCKO--
FeHHﬁ ABCHLED KYJNCHOMO MEXSHH3IME, NOoKasaddoro Ha pic, 5.7.
13 pextopuoro koutype ABCA nmeen

Ij. + fz = h. {5.54}
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¥pasrenns npoexunit Ra ocu Koopaunat xBy GymyT
I, cos g = Iy cos @, Iy + Iysin gy = Iysin gz (5.55)

Jns onpejenenusa yraa ¢y pasfeHM BTOPOE YPaBHEHHE Ha mepBoe.
[Monyuns

iy + Iy sin
gy = %ﬁ' (5.56)

Onpegeans  yron g, Haxogum [ = Vii+ B+ 24, sin g
Jlns onpejenenns aHancoroB cKopocTell 3BEHLEB MEXanusMa Ang-

(epenupyes no ofobwennol KOOpAHHAETE @y
ypassenus (6.55). [Noayuaem

— 1o 510 @y = — ugzly sIn @y + ¢ ,ccOs @y, (5.57)
1o COS @y = ugsly COS 1Py 4 Se e Sin gy,

e e = dgydps — ananor yriosofi ckopocTi
spena 4, a 8- = dsg,c /dgp, — ananor oTHO-
CHTENLHOH CKOPOCTH CHOMLMKEHHS 3BeHa 4
BADJAL OCH nonsyha J.

Ma yrnos nepEoro ¥ ETOPOro YpaBHEHHH

BrgnTaeM yroa . Maeewm

Pre. 5.7, Eneemainue-
CHER  CXeMO  HYALCAHOTD S = — o sin (g, — Qa), (5.58)

MEWANDAME B BHAD BaMis
HYTOPD  BERTUPHORD  #ull-

g b = _%,_, COS (G — ©a). (5.59)

. Hna onpenenenusn yckopenuii sBEHEEB MEXAHWSMA JndQepeHLl-
pyer no obofientoli KOOpIAHHATE g YypaBHenus {5.57)
— 12{1}5 g = — I!f-Jq. Cosqy — HSEII Sln gy —
= {ﬂr}';C]w sin g4 - (dc.cjs.p COS Pay
(5.60)
— losin gy = — il sIn @4 -} tasds COS Gy -
+ (0 .c)o cos g4 + (aG,c)o sin g,
e i (b c)e 1 (e,c)s — cOOTBETCTRYIONIME AHANOTH YFMOBOTO,

KOpHOMHCOGA W penaTHBHOTD YCKOPEHHH.
Briuwran WS Yraos nepsoro H BToporo ypaenenuit (5.60) yroa gy,

noyyaen

(de,c)o = wiahs — Lrcos (w: — Ga)s (5.61)
PRI Sl L (6:62)

Onpenefenie MCTHHHLIX cKopocTedi # yckopenii sBerbes MeXa-
HU3MA TP 3418HHHX YITOBOH CKOPOCTH @p M YTJOBOIO yCKOpEHNH
g, mMomeT OLITh CAENalo TaK, Kax NOKasaHo B § 16,
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2°. B mexanusmax ripoHACOCOB POTALMOHHOTO THOA © Bpauiaio-
LWHMHCA JIOMACTAMM, & TAKME B PaslHuHLX THAPO- HAH NHEBMON]H-
BOlaX TMPHMEHSAIOTCH MEXaHM3MBl C BXOAHHM NOpLUHEM Ha LuaTyhe,
CKONB3AMEM B KayalomeMcsi WM BpaialomeMcs uuannipe H, npu-
Hautexalien speny 4 (puc. 5.8). B stom mexanusme ofobwenHof ko-
opanHaroli GyneT nepenennoe paccroanne BC = s. BektopHoe ypas-
HeHue samkHyTocTH Koutypa ABCA Gyner

L+s+4a=0. (5.63)
CnpoekTipyem BekTopsl ypaesenun (5.63) na ocu Cx w Cy. Hmeen
I cos @y + Scos gy = 0, (5.64)

L sin @, + ssin gz - a = 0,
Hsz nepeoro ypaesenns (5.64) nosnyuaem

_f-nmsﬁ‘"a
5

Sin @y = ]/1 — L=, (5.65)

lNofctapnan BLipameHne BAA sin g Do BTO-
poe ypaedenne (5.64), nonyumm

- VPl RS e
Lsing,+a=—V & —l,co5 ¢u (5.66) »e= KOZHLIM fOp

Hedl Wa LUETyHe

COS @ ==
HJIH

Boseepen ofie wact  pacesctsa  (5.66) s weanpar. Hueem

Bsin® g, & - 2Lasings = s — licos’ g (5.67)
Hs ypaerennsi (5.67) nonyuaem
sl Si—g"— I3
T =g — * (5.68)
OTKY.Ia
gy = arcsin & "2‘3: 8 (5.69)

s Onpenesienns  ananora ckopocteli @ = dgp.lds n ananora
YCKOpeHH @z = d*@o/ds® neobxoaumo LBamIN Npofudrhepeniu poBaTs
ypaesenye (5.69) no cotuweunoit Koop/HHaTte s,

. Paccmorpum onpenenenwe mepemeliennii, cKopocteli u ycKo-
penuli sBEHREB MEXaHusMa, nokasaHvoro Ha puc. 5.9. INposonnium
oce Cf wanpaeasioweit B po nepeceuenus B Touke E ¢ ocewo Ay u
npefctaBumM Koktyp AECA kak cyMMy BEKTOpOB

&+ xp =1, (5.70)
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Ilpoektupyn sto BekToproe ypaBHeHHe HA OCH KOOpAHHAT, MONY-
uaeM

Xe=lcosg, B a=lsin g, (6.71)

Hs ypasuennit (5.71) naxonum
. Xo = aclg gy, (5.72)
b= e (5.73)

Ilns onpepenenusn aHafNoroe ckopoctefl xr u Ige, npopuddepen-
umpyem ypaerenus (5.72) u (5.73) no ofobmennoft KoopauHare ;.
Hmeem

dx, 1
x:_-=?pf—= -—{Em—. {5.?4}

. dl Cos
fcc,=‘g%+=—ﬂsmst“

COS Gy
=—a %% __ (575
Poc. 5.9, Cxema KyMUcHOMD wes I —cos? gy [ }
HKOREHEMNE T RBEYHA TRy Hamn

Jlnsi onpepenenus amanora ycKopeHuil xe ﬂlﬁl;ilEpEHlal}'E'M o

obofuenHoll Koopiunate g, sasicnmocts (5.74). Ilonyuaen
di ;

¥ Ry PR . Rk 1 I
8.2 X Fi Za P (5.76)
'F"’?;ﬂm Ina onpellenenun anancra ycro-
peria lopy HAAD  Opoxugepe R po-
BaTe 1o obolueHHol KoopInHaTe ypan-

Hepne (5.75). Toayuaem

‘ﬂ'cc, 1 4 cos® gy

2 Fee, = dpy 0 siPgy (6.77)

Herunbeie cKopooTs H  yoKOpehns

Hiria 6 amga Bony e % mean  3BEHBEB MEXAHM3MA ONpPELENsIoTes ana-

EhiM noOplineM Ha Kyneee JAOFHYHO paHee pECI:MGI‘pEHI—IHM Clly-
yanM,

4°, Ilnn ruppaBAHuecKOrc MEXaimusMa ¢ MOpIIHEM &, CKOJLIALIMM

B KaualoweMmcs OTHOCHTENsNO 3BeHa 4 uwaunape K (pwc. 5.10),

BEKTOPHOe YpaBHEeHREe 3aMKHyToCTH KOHTYpa AECA Gyner uMeTs BHA

a4 xo=8. (5.78)
IMpoekTupyem BexTopu ypasuennn (5.78) na ocw Ax n Ay, Hueem
sCos g = Xp, Ssing, = a. (5.79)

Hs sroporo ypaedenus (5.79) nonyuaen
sin g, = as, {5.80)



§ 88, K¥JHCHBEIE MEXAHH3IME! 125

Ham ,
g = arcsin (a/s). (5.81)
Ananor ckopocTH @i = dgu/ds ¥ ananor yckopenma g = diy,/ds®
CMpelenntoTes ABYKPATHLM AndepenuypoBannes ypasuenus (5.81)
no ofoluennoit koopaunare s. Ilepemelnenue x¢ 3seHa 2 onpejennerca

s nepBoro ypaenenus (5.79).
5°. Ha pue. 5.11 nokasan Ky ucHEN MEXaHNSM, BHXOIHOE SBEHO 4

KOTOpOro COBEpIIAET JIBHMEHNE MO rapMoHHueckKoMy sakony. Bektop-
Hoe ypasdenue ans woutypa ABDA Gyner y

I! + b= Ye. {552}

INMpoekTupyen sekTophl ypasHenus (5.82)
Ha ocH Ax w Ay. Tlonyuaem

bcos g2 = b, [ysings = yp,. (5.83)

Hs ypaenennit (5.83) noayuaeM, 9to nepeme- =%
ueHsHe fp, sBeHa 4 paeHo Prc. 6.11. Cxems Kyancs

HOro HEKB_.H.'HQIIH C nofiags
ye, = lasin g=: = b g g, (5.84) ®OU.ASsRVIEEMCE RO rEp

HOUHIECHOMY SBHOEY

Huddepenunpys ypasunenns (5.83) no xoopuunate g, noNnyuuy apa-
Jori ckopoctell yp, = dyp/dp: v b = dbldg.. Vmeen
4B, = lycos s, (5.85)
b = —I, sin g,. (5.86)
CooTeetcTeyiomue anmanor# yckopemnlt yp, = dyb fd¢. u b =
= db’[dg, GyayT paBHul
yp, = — Iz sin gy, (5.87)

" = —I, cos g, (5.88)

Kak Bmmiio uns ypaenennii (5.83)—(5.88), newkenne apena 4
AEHCTENTENBIO NPOHCXONHT MO TapMOHHYECKOMY sarony. Herunnme
CHOPCCTH W YCKOPEHHS TPH HEpaBHOMEPHOM BPALIEHIH HAYaNbHOTO
SBeHA MCKENH3ME ONPEIeNsioTcs Mo MeTomy, HanoxeHHomy B § 16,

6°. Ha puc. 5.12 nsobpamen ruppacnuuecknfi HaH nHEBMATHYE:
CKul Ky nHCHE MEXaHI3M ¢ TopLuren |, CEOMBSTUIM B HEMOLBHHHOM
unnunzpe fl. Bektoproe ypasmenwe samkuytcerw kcntypa ABDA

Cyner _
S+a=[. (5.89)

[poextupys ypaeuenue (5.89) na oct Ax, nonyyaes
l; cos @3 = s, (5.90)
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oTKYyna
gy = arccos (sfly). (5.91)

Anagsior ckopocTh @3 = dee/ds u ananor yckopenus gz = d’gq/ds’
ofpefensioTes IBYKpaTHEM JndxpepenipoBanneM ypaBHeHHi {5.91).
Herinyee cKOpoCTH M YCKOpeHHA MoryT GuiTh NOMYYeHH Mo MeTomy,
nanomentomy B § 16.

7°. Ha puc. 5.13 nokasana cxema KyaucHoro Mexanuama myQrt
Oneareiina. s gepresxa HeNoCpefcTBEHHO CREayer

Py = p T+ Cay. (5.92)

Hs ypasuenua (5.92) enepyer, yro asanor ckopocts qf = dgq/dg: =
= 1, T. e. YIMOBHE CKOPOCTH @y My 3BeHBEE 2 W 4 paBHbl MeXNY

o3
B8
5.4
L
[B7]

Puc, B5.12, Cxedn HynHCHOTD MEXEHHIME C Puc. 6.13. Cxomn Eimn;lm M

ARYMA DONSYHAMH H DXORBEM DOFLIRECM xonueMa wybTe Oannreius

o

coB0i0, MOSTOMY JAHHEH MEXAHI3M MOMET NEePeaBsTh BpallenHe
MEIY JEYMA SKCUEHTPHYHO pachionoennsmy sanavi A w B e no-
CTORHHOI YrAOBOH CKOPOCTBH) © = @y = ;. B HHMEHepHEIX KOH-
CTPYKLMAX YTON oy, OGHMHO PaBeH oyy = 90°. Ananor yexopenus s
paeel gz = 0

&. Fenu MexaHMam c© JBYMA MHEEMO- HAH rHIpounnuuaspamu K
u H, nokasanneifi Ha prc. 5.14, wmeeT BxognoH nopiuenk 4, TO chob-
wennoft KoopanKaroli Hyner nepeMenHoe paccrosHue s, Ms pue. 5.14
HeTNOCpencTiedno noyyuacM

= B
Q= ==’ (5.93)

rie 5 — mepenelenwe nopmes b, oTkyna

@, = arclg },.L. (5.94)

i— =i

Ananor cropoctn ¢ = dg,fds, w ananor yckopenHs ¢ = d'q,/ds;
MOMED MOAYYHTE Nocae AByKpatnoro AngdepesuypoBanis ypanke-
Hua (5.94).
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5. Mexanuam ¢ ABYMA THAPO- WK MHEBMOLIHHAPAME, NOKasam-
Hufl Ha puc. 5.15, MOMHO pacCMaTpHBaTE Kak OOpalleRHLE Mexp-
HuaM mygrel Onireiima (puc. 5.13). Ha pue. 5.15 nmeem

si=1 B—4. (5.95)
Amuanor ckopoctu § = ds/ds, u aHanor Yyckopeuus § = d's/fds;

Pirc. B.14. Cxems KymncHOTD MexanuaMa Puc, B.15, Cxems KyAHCHOROD MEXos
€ AUYMA HECTHO CERBORHBIMHE DI Mt HHIME © AEYMA NOPIDHASH, Sonky-
EHRICH B HEDOLEMMHEY LHANHIpER

onpefeinM nocne JABRYKPatHoro  AuddepeHlHPOBAHHS  YpaBHEHHHA
(5.95). Mcrunnnie CKOPOCTH W yCKOpeHHs OfpeieNsioTcs MeTojloM,
HaJomennsiM B § 16.

§ 26, llecTHaneHHME PHMAMHBIE MEXAHHIME

I°. Belle Mbl paccMOTpesH aHAANTHYECKHH Meton OIpeee i
NoNoMeHHH H AHANOrOB CKOpoCTell H YCKODEHMS WETHIPEX3IBEHNHX
PHUAMHNY MEeXAHHIMOB.

Inn BCEX BHACE 9THX MEXGHH3IMOE ONpefeNelne NooMeH i
SBEHLEB MOrno On OWTE CAGAaHO PAaccMOTPEHHEM OJHOTO HAW JByX
TPEYTONBHEIX KOWTYPOB. JIAS OMpeneneHus) aHanoroB cKopocted
H YCKOPEHHI MOMHO COCTARTATE BEKTOPHLIE YPABHENHS SAMKHYTOCTH
KOHTYDOR ¥ Jlan€e sTH YpapHEHHS] NPOEKTHPCBATL WA BSAWMAO (ep-
NEHIHKYASPHEIE UCH KCODAHHAT, A NOAYYEHHHE BHIPaMmeHHR ABaNIL
JNQEPERLIPOBATE 10 NpuHATOR of0binerHoll KoopauHate.

Moo 661210 Obl NOKE3aTH, YT0 B NPHEUNNE STOT METON ABAAETCH
COBCPLUEHHO OJULAM JUI MEXBHHEMOB C JIOOHM YKCIOM SBEHBEB | npH
HCAOMBSORAKIY BEIMHCAHTESLHEX MaLIHH MOMET OHTH BCOTHA COCTAB-
JIENA COOTBETCTBYIOWAR TPOrpaMMa JUif KHHCMATHYeCKOro amanusa
Mexannsmos molofi crpywrypu. Huwe s NOEZIKeM, KaK ananqtH-
YECKHH METON MOXKET OLITH NPHVENEH TS KHHEMATHYECKOTO SHANU3A
INECTHIBEHHEIX MEXAHUSMOE, 00Pa3OBaHHHX NPUCCEAHHEHNEM K Ha-
MANLHOMY 3BEHY ¥ CTCHKE JIBYX JBYXMOBOAKOBWX rpynn 11 knscca,

Ha puc. 5.16 nokazausl uwectuseennnie Mexammasel, ofpasoBan-
HHE [BYMA IpYnNMasMu, COCTOSIUHUMH U3 sBenben 3, 4 u 5, 6. B ofoux
MeXaHHIMAX 3BEHO & FPYNIL NPHCOEANNNETCR K 8BeHY 4, BXOASILEMY B
KUHEMATIUCCKYID napy co cTodKofi 1. Peluenue sagasy o nonomensax
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STHX MEXaHHSMOB CBOLMTCH K PacCMOTPEHHIO pAja TpeyroabHHKOB,
NOAYHEHHBIX NOCTE BEENEHHA BERTOPOB & H 8 ILNA MEXaHH3AMa, NOKa-
aannoro Ha pHe. 5.16, @, B BEKTOpa § ANA MEXAHHSME, NOKASGHHOTO
Ha puc, 5.16, 6. Buauane paccMaTpuBaloTCs ABa TPeyTOMbHHX KOH-
typa ABDA w BCDB (puc. 5.16, a).

C nomoibio ypasiennii, npusenensux B § 23, naxomutcs 3aBi-
CHMOCTE YTA18 (, OT NPHEATOrO 3a 00O0LIEeHNHYIC KOOPARHATY YIJAa @y —
dyuxnua @ = g (). Janee paccmarpHBatoTest 1Ba TPeyTOJbHHEA
DEGD w EFGE w oteckupacicid GYHKUHS g = (g (@4,

Pue, 5.16, LlecTHspeHERe MEXBHESME: 0) WADMHpHO-DRSAKHNE sexannan; §) wWapswpeo-
NOM3YHELE MeXRHERM

EcnH pellHTh COBMECTHO YpaBHEeHHRA

Pa = @5 (T2, Do = g (7, (5.96)

TO MOWHO HCNOABSOBATE YTOJ g, YTOOH NOAYYHTE HENOCPeCTBEeHHD
dyaRIHIO

Po = Ga (Fa)- (5.97)

CooTeeTcTREHNG AR MEXaHnusma, NMoKasaHHoro Ha puc. 5.16, 6,

© noMotkio ypaeweRnH, npueenernux B § 23, onpenensnercs GyHKIHA

@3 = @y () B Janee ¢ NOMOWBIO YPABHEHHH, NpHUBEIEHHHX B § 24,
oTHCKHBaeTcA GyHIuMA xp = Xp (7). Hcwmouan s ypasreruii

Os = Pa (F2)y Xr = Xp (Pa) (5.98)
Yrod @y, MORHO NOAYYHTE QYHEIHIO
xp = Xy (Ga)- (5.99)

Jlaa onpepenenna aHanoros cKopocTed H yeropennit coctannsiorcs
PEKTOPHLIE YpapHeHHs saMmkHyTocTH KOHTypon ABCDA w DEFGD
AR MEXaHWaMa, nokasamHoro sa puc. 5.16, a, w kontypos ABCDA
W EFDE pnn mexasusma, NMokasadHoro Ha puc. 5.16, 6.

[NpoekTupya cOCTABAEHHHE BEKTOPHEE KOHTYPH Ha JIBA B3aHMHO
nepnesaHKyiApHEX Hanpaeienus H AuddepeHunpyn ABayibl Noav-
yeHHHe YPAEHEHNA NPOEKLKil, onpejlesneM CoOTBETCTBYIOLIHE aHaNorH
CKOPOCTER ¥ YCKOpeHH.

2°. Heckoabko Gonee c/omHHM ABASETCA AHANHTHYECKOE Hoene-
JNOBAHHE LIECTHIBEHHLIX PHYANHEIY MEXaHH3MOB, Y KOTODHX IBYX-
nosojkosas rpynna Il kaacca, coctosulas 13 3senbes § u 6 (puc. 5.17),
BXOLAT B KuHeMaTHUecKne napul £ u G ¢ NOJBMIKHEMM 3SBEHBEMH 5
# 4. Oyrkwm notoxennh @ = @ (@) sneHpes 2 0 4 B @y = ¢y (§4)
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spenbes J # £ vermpexssennnra ABCD Moo MONYYHTE © MOMORIEED
ypaBHeHuil, npusenennux 5 § 23.
Ilanee cocragnsiem pextoproe ypasHenue SAMKHYTOCTH KOHTYpa
ECGFE. Hseem
bLta—b=1,. J (5.100)
YpaeHenun npoexiuii BEKTOPOE STOrG YpaBHEeHHA Ha ocu Ax
B Ay Gyavr
Is sin @, + a sin ¢, — b sin g, = I, sin Tas

.101
ly cos @y + a cos gy — b cos @, = 1, cos g, (6.101)

Yrau @ 4 Q¢ MOTYT OWTh onpeneners us ypasuennit  (5.101)
W Tem caMHn B sBnoH Qopue GymyT onpesenens  (yHKIHH
%=%{Wﬁ¢¢=%{¢e}- ¥

¥roe gy v gy MoryT OHTe Tan-
HE ONPeNeeHi, eclH Me Coe-
Auium ToukH E # G sextopom p

(pre. 5.17). Toraa ws Tpeyrons- &
Huka ECG wmowuo onpelenuts
A

peanuuny p. Mueem

=
=k =ibosigl =gy . [l D o
(5.102)
Y¥ron g, (pHc. 5.17) onpegensercs wus YpaBHeHH:
@p, = arcsin —E—- $in (Ps — @a). (5.103)

Torpa yrom g, 6yner paeen

T = 180° + @, + «,. (5.104)
Hanee us tpeyronvkuka EGF umeem

cos (g — o) = LB =M, (.105)

¥roa g, pasen
P = 360° — g, -+ g (5.106)

Cregosarensho,
sin (g — ) = Tp;' sin @y, (5.107)

Peiuasn coemectro ypaBitienus (5.105) u (5.107), momuo ONpejeanTh
YOGl 95 B gy,

H ONpejefieHHs aHaNoroB CKopoctefi yeKOpeHu#i mexanmusma
(puc- 5.17) vectxonumo NpoH3BECTH AByKpatiioe auddepenumpoBanne
ypaereril  (5.101). Tak kak peluenme 3sajau KHHEMATHUECKOTO

B H. H. Aprefonencrsn
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HCCAGNOREHIA SYAMHTIYeCKHME METONAMH, Kak NpaBHao, MpoBOLHTCA
HE BHYUHCAMTENBHHX MalunpaX, To cOHuHO GyHKIEH @, = G5 ()
H @y = g, (¢:) nonyuaior He B AEHOf QopMe, a Yepes NpoMeKyTouHEe
dYHEIMK, T. €. TAK, K8K STO OBIIO HEMH BHINE H3N0HEHO B pesyabTart
paccmoTpenna Tpeyrofennkos ECG u EGF (pue. 5.17).

Fnaee 6

KHHEMATHYUECKOE MCCNEAOBAHHE K¥JAUKOBBIX
MEXAHH3IMOB

§ 27. Onpegefense NONOEEHHH

1%, Bapava o NONOHEHHWAX KYMauKoDHX MEXaHHINOB, Y KOTOPHX
paj¥ycH KPHEHSHH OTASIBHEIX YYacTKOB NPofMs KyJauka saladbl,
pemactes oOIMHMH NpHEMAMH, HINOMEHHLIMH BHILE, NYTEM 3aAMEHLI
BLICIIHX Map KUNEMATHYECKHMH [EMAMH © HH3WMMK napadi (o,

I . § 10). Ipu sT0M nonyuaKTen Mes
XaHHIME TOALKO © DIHHMMH HHS-
WHMK napaMy. 3axaua of onpe-
JEeNeHHH MASHOE NoaoMenudi 3TuX
MEXAHU3MOB MoKeT OuTh pelueHa
OGLLHMH METOONAMH, HIJOHEHHB-
mi B § 17. 3ansua okasuBaercs
fonee CROMHOH, KOTAa paiuyce
KpHBHAHE NPpo(HIa HEHSEECTHbL
Torna pewenne wmomer OwTe
BLINCAHEHO IEOMETRPHYECKH MpH-
GiKeHHO ¢ NOMOLBI MEeTolla ob-
PAINEHHA NBHIKEHUA.

PaccuoTpiaM KyJAauKoBHH Me-
Xa8HN3M, Y KOTOpOro Kynauok [
Pue. G.1. HnnesmoTaueckan l:m WY an- BpalWaeTcs  BOKPYT HEPMTDPDﬂ
KOBOTG MEXSnM3ME © peugmoummcs kynsis  OCH /A {pﬂ'ﬂ. 6.1}, a smxonHOE
HOM H MTFWBMTL%IWWEB TOAKE= ABEHO E,HBHH{‘ETEE NOCTYNATENLHO

e nanpapasiomex C.

3a HaYANEHOE NOJOMCHHE MEXBHH3Ma OPHMEM NOJOMEHHE, MpH
KoTopom To4Ka B 3sanHMaer KpaiHee HHMKHEE Nonokenle B, u panunyc-
pextop AB = AB; = [ nonyyaertcs HaHWMEHBLINM.

B kauectse ofof0uEHHOR KOOpAMHATE NpHMeM yroll ¢y NOBOpOTa
Kyaauka { # OyieM paccMarpHBaTE MEpMEHEHTHOE JABHIKEHHE Mexa-
HH3Ma, Korja Kynayox | Bpauaercs ¢ noctoaniofi yraoeofl cko-

=k

POCTHIO @,
[lyctt kpusan P — P annsercn npodunen Kynauka I, Coofuimm
BCeMY Mexanusmy ofWyio YITIOBYIO CKOpOCTE @ = — w,. Torza

KyJauox I Kak Ou ocTanoBHTCA, a sseno 2 6yjeT BpalaTees € Yro-
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BOIl CKOpOCTBI0 © = — w; BOKPYT ocH A ¥ OIHOBpeMEHHO nepeme-
atkes B Hanpaepdsioiux © co CHOPOCTRIO U,

Ha tourkn A onycrum neprenzukynap AK Ha Hanpasrenwe ma-
npasnsiownx C u pannycom AK = y/I' — & ONMILEM OKPYXKHOCTE.
B ofpaienHoM JBHMEHHH HANpaRleHue nBHXKeHHs snena 2 Oyjer
BCErfld KACATENbHEIM K OKpyHHocTH pannyca AK.

Ha stoit okpymxHoeTd naxomim Touku K,, K, K;, ..., coorser-
CTBYIOUIHE DABHLM YLaaM @f & = o =gt ...

[Tosopaunpaem hanee 3eeHo 2 B HanMpaBAenHH YINOBOH cKOPOCTH
© = — o Ha yron g . Torna toyka K, safiver nonomenne K,
a Touka B,—nonoskenne B]. INepeveniaem nanee speno £ B Hanpasaaio-
ux C noTex nop, noka Touka B ne Kocretes npodwna Kynayka /. Ecan
34 HAYANLHOE MoJoHeHHe Touky B sBena
2 6u0 OpuHATO Noaowenne B,, To B0 s=aln
BTOpOM rNofiomenus Touka B saiimer
nonomenne B,. [lyets sb ° — nyths
npofinennsii 3peHoM 2 NpH NEpexone
w3 noaoxkenns I B noJoxkenne 2, papen

Sal bt 11, B

: Tast = p1 i
-5;4;‘ Ei [{KYB,!} _1”{23!)] o Puc, 6.2, Tpadei® uyT ToaKaTEeTR

= pl(KsBs) — sol = 1 (BiBa),  ™'ropere movssans wa pac. 6.1
rae py — macirral yeprea.
INonygennwii nyth s ovunanmeaeM & macwrabe py Ha rpaduke
8§z = 52{q1) (puc. 6.2) B BHge oTpeska b; = (B1By). Tloayuaem

st = py (BiBs) = pibe.

Janee oTkhagnBaeM Yron noBopora l;pf_a W HAXOOHM HOBOE NOJ0-

skeHue Toukn B 3pena 2 (puc. 6.1)—nonowenne By. Tommmti nyTs 85,
npofilenHtfi spenoM 2 OT HAYANLHOIC €ro DOJOMEHHS, pPaBeH

857 = [(KsBY) — (KsB})] = i [(KsBs) — sl = pu (B1By).

TMoayuernuit nyts orTnoxen na rpadure s, = 5 (¢,) B BHIE
orpeska b, = (ByB)) (puc. 6.2). AHanoruuHEMM NOCTPOEHHAMM
MOTYT OHITE Hail/leHH Bce NOc/ienyliue fONOKEHHA 3BEHa 2, H MOMET
BhITh HDCTIPGEH rpabuk s = 5 (qu) (pue. 6.2) 3a noanmii ofiopot
kKynayka I. Ecam orcwer nyrvefi, NpoxXoiMMEIX 3BeHOM 2, BECTH H3
HaUHASILErD #WAH HauUBLICIUErD erc noncwenwuli, To pasmep § Oyner
NOCTOSHALIM /1R BCEX NoJodkenuii 3Toro spena. Torga oTcuer nyredt
SpeHa 2 MOMHO BECTH OT BCNOMOTSTENbHON OKPYMHOCTH pagHyca l
(puc. 6.1), pasroro ! = v/ (AK)* + .. Ecan ock Hanpasasmoumx
3pena 2 nepecexaeT ock A Bpamesun Kyaayka (puc. 6.3, a), To pazuyc
OKpYMHOCTH, paBHHil kparuaiiweny paccroammio AK (pue. 6.1),
B STOM CAyyae oKA3MBAETCH paBHLM HyJo, W orpesku AB,, AB,,
AB,, ... (puc. 6.3, ) npencrarnsmior nymw, npoliienssie sseHoM 2
OT HAYANBHOrO NOCHEHHA, YBe/AHYeHHEE Ha NOCTORHHY IO BEIHYHHY 5.

5
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B stom ecnygae pas noctpoenms rpaduika § = & (¢,) nocraTodHo
OTNOMKTL Ha opaunatax oT ock Og, cooTBercTRyionme orpeskn AB,,
AB,, ... (pne. 6.3, 6). Iloctpons rpaduk, nepeHocum ock aGcimce

% .l
%. f"""\\
AL,
"3 el |3

HH L 7
%?m-—pﬁﬁ? -

Puc. 8.3, Eynaukosill MEXauHIM ¢ BPaulasiMCR KYTaYHOM R NOCTY DR TENLID JLDRH
TORHATENEM, HANPDARNEHRE ADHMERHN KROTOPONe NPOXOOHT YEped LENTP Bpauienns KYnsekad
. &) KuteMaTHyeckan cxems; O) rpadak oyt ToakaTenn

Eulllle Ha paccrosinme, pachoe orpesky (AB,)) = s/iy. TNoayses-
Hag pHarpamma K npenctasuT cobol rpaduk & = § (§), no-
cTpoeHHHI B Macurrabe py
geptexa (puc. 6.3, a).

2. Ilns  onpegeieHns
NONOMERHH  KYNaYyKoBOTO
MEXAHH3Ma ¢ KagamiiHMCcH
KOpOMEIC/IOM (pHC. 6.4) Modk-
HO TaKKe NPHMEHHTL METOR
oOpauienus neuxenns. Pac-
CMOTPHM NEPMAHERTHOE 1BH-
MEHHE MeXanHsMa, HKorgEa
¥rIOBAR CKOPOCTD 6 KYNay-
ka I npeHATa NOCTOSAHHOMN
H oOo0IEeEHHOH KoopaHHaTO
ABJAETCH YIoa gy NoBopoTa
kynayxa. [lyers  Kpusas
p — B Oyner npodunen Ky-
nayka /. B paccsatpubae-
MOM CIYYace 3agaua CBOAHTCH

K HaXOHJIEHHIO focneiosa-
Prc. G.4, Crems ByAsUkonoro RexanisMe ¢ Bpaps-

WGUIMCH  KYAZSKOM B Waumlcumics kopousicaow  TENBHEIX MOJNOMEHHE 3BeHa
2, vouxa B Kotoporo Haxo-

nutest wa npodune P —p. Coofriaen BreMy MEXaHH3My YIIOBYIO
CHOPOCTE @ = — (), PaBHyld no BefHYHHE H  [POTHBOMOMOM-
HYI0 MO HanpacleHHio yraceoll ckopoctd o, kynauka f. Torpa
Kynayok [ CTAHOBHTCA Kak Ol HeNOABHMKHEIM, & KOpOMBICAO
2 Bpamaetcid Bokpyr ocH O ¢ yriosoll CKOPOCTEID © = — @y




§ 27. CNPEAENEHHE TOJOMEHUA 133

Jm-}w -

u BOKpyr oc A ¢ yriopofi ckopocTeio @g. Ilpu stom Toyka A
Gyner nocqefoBaTe/bno sanumars nonokendn Ay, Ay, ... Tax
KaK YI/0BAs CKOPOCTh ©, NPHUATA MOCTOAEHOR, TO yram ¢,
o -ﬁ". .., OOpasyemule cooreercTeenso pannycamu 0A,, 0A,,
0Ag, ..., Oyayr paBHb Mexcny coboil.
[MoeopaunBaen koposecno 2 Bokpyr A, o _—
no conpukocHoeenun B touke By ¢ npo- S 46T TN
¢gunew P —f rynauka I. Ecan B ,‘%r N o
NepBOHAYaNbHOM NOADKEHHH yrod, of- '
pasyeMmitit sperom 2 ¢ panmnycosm 04, ‘ £
Ol paBeH g, TO Bo BTOPOM NOJOXNE- y i #
WU STOT yroJ GyneT paseH Qg+ ¢ . P
B tperhen MoNc:HeHHH STOT yrof Gyner
3 Pue, B.5. Tpadsue  yrag noeBoporta

pasen gy + ¢z . [onoxense KopoMelc- TOARETEAR EYASUKDSX MEXaNNILOS,
na 2 Gyzer onpeflefieHo, eclH 1s TOYeK - 3 i
Ag Ay, Ay, ... saceys EpuEyio i — B
ayramu pamuycoe AB = A8, = A.B, = ... Tlonyuetsne yIau gy,
o + g5 5 Go -+ ¢b 5, ... OTKNAIMEBaeM B NPORIBOALHO BLIGPAHHOM
MacmiTabe |ig, Ha opiMBarax rpadumka (puc. 6.5), rpe no ocu afenuce
OT/ICMEHE PABHEIE YFIAE @) B HEKOTO-
poM  NpoMIBOABHO  BHOGpaHHOM  Mac-
wrabe Jg,. [NepeMecTHE ock aficuice H3
NoNOIKEHUST @ B NONOMEHHE ¢f, OT-
CTORIEE Ha OpAHHaTY, H3obpamano-
myo & maciirabe pg, YIoa gy, noay-
gaeM AuarpaMmy ¢s = ¢, (§,) Yrooe
noBopoTa (¢, KopoMECha & B QYHKUHH
oODGIEHHOR KOOPOHHATHL Py,

3. Jlnn onpesenenus nonoxeruii
KynaukoBoro mexannsma (pue. 6.6), y
KoTOporo TolKaTeds 2 oKaHyHBaeTcs
naocKoeThIo d—d, Beoerpa KacateAsnod
E npodumic p—f kynauka I, mosuo
TaKMKe NpPHMEHHTb MeTon obpamenun
Jeumernn, Bee nocipoenns B STOM
cAyuae clleyeT B NOAHNTL AHAN0rHYHD
TeM, KOTOpPEIE ML OpPHMEHAAH A KY-
JagKoBOTD Mexarmazfa, OKAIAHHOTO BA b e ro gl HOBORG Mk
pﬂﬂ. E_B‘ a, H,D.EEI: HAAD MMETL B EM}'! O OAGCKHM ToJRaTe e
YTO KacaHKe Kynauka ! ¢ nNoCKOCTRED
d — d Gyper ve 6 Toukax Bs, By, By, ..., @ B TOUKaX BS, BS, B, ..., B
KOTOpEIX nAacckocTs d — d sanumaer nonokewme d, — dy, dy — ds,
dy — d,. Jlns nocrpoenys rpabika s, = 8 (¢y) Hago or ocH abeyuce
(puc. 6.3, 6) orenanweats orpesku AB,, AB,, AB,, ... (puc. 6.6) B
Maciitabe p,;, [Nocne storo naje nepeHecTd ock abCUKCe BRILLE Ha pac-
crosinne AB, = s,
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Jlns Kyhaukoporo MexaHHsMa, NoKasaHHoro Aa pc. 6.7, y Koo~
poro sseno 2 npenctaBiseT cofol niaockocTs Ad, BCeTa KacaTelsHyo
K npowmio i — P kynaura I, ofipauiaen ABHMEHHE H HAXOLHM nocye-

IoBatenbHue noaowenun Agdy, Audy, Ay, ... nnncm}EH Ad. Torna
&

onpegensites  yrme Gg - @b 5, go -+ 93 S g0+ 95, ..., aHa-
QEHNA KOTOPHX MOTYT GbITh OTJOMEHE B COOTBETCTBYIONEM Macirrale

Fue. 0.7, Cresa BEYNSYHCEORD MeXANMSME © DACCKEM KOPOMCHOM

He. (prc. 6.5) Ha opawnarax rpadmia. [lepemecTns och abcldce H3
MOJOMEHHS @ B NOMOMEHHE ¢, DTCTOALlee Ha paccTonuue, Hsolpa-
MEHHOE B MaclITale po, YIAOM §p, MOAYYUM JTHATPaMMY @a = 2 ().

§ 28. Onpenenchne ckopocTeit W ycKopenuli

1°. Ecau jasi KynauKoOBOTC MEXaHH3Ma ONPENEEHE MONOXKEHHS
BLIXOIHOTG 3BEHa 11 NOCTPOEHhI f'paEIJHKH RABHCHMOCTH NEpeMEelleEnHA
BHIXOLHOTO SBEHa B yHKUMH o000LIEHHON KOOpAWHATH, HanpuMep
Ins MexaHuaMma, norasapHoro Ha puee. 6.3 (rpadmEk s = 5 (@),
kan rpadmE gy = ¢ (¢) (pre. 6.5) ana mexawuama, noKalaHHOTO
Ha puc. 6.4, To iR onpefeneHuHA CKOPOCTER H YCKOpeHHH BLIXON-
HEIX SBEHBEB YNOOHEE BCETO NPHMEHHTH METON KHHEMATHYECKHX
Adarpams, wanoxerpmfi 8 § 22,

B camom pene, awanor §; cKopOcTH ©» speMa 2 (puc. 6.3) paeen

b g Oh

8 = (6.1)
CooTBETCTBEHHO aHanor 53 YCKOPEHHS ds

e B (6.2)

m -
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Has MexanusMa, NOKasanHoro Ha puc. 6.4, GyiaeM MMETE aHanory
YIJIOBLWX CKOpOCTEH M YCKODEHHil

Uy = {I.L'Izh p— %.% H by = {Bﬂ}q: b %- {6.3}

Taxum obpasom, ONpeneTeste CKopocTefl ¥ yCKOpenki BHIXOMHBIX
SBEHLES £ CBOAWTCA K ABYKpaTHoMy rpadmueckomy nuiiepeHiipo-
Banio rpaduKos 5, = § (§) (prc. 6.3, 6) 1 gy = G2 () (puc. 6.5).

HeobxoauMo oTMETHTE, YTO JBVEpaTHoe rpafuyeckoe nuddepen-
uipoBarie ofsNHO NaeT SHAYHTENBHbIE NOTPelHOCTH, oCOGEHHD B nH=-
arpaMmax  yckopeHuil, 3T0 SACTARIAET 1
nas noayderun Gonee TOYHEIX Pe3ynbTa-
70B NONB3OBATHECA NpH ONpenefenHl CKo-
pocTeil B ycKopeHuii MeTolOM I1aHOB
cropocTell #  ycKOpeHuil, H3/IOIHEHHEM
BHILLE,

Jas onpepeneHus STHM METORoM CHO-
pocteli # ycKopeHnH KYJIAUKCBHIX MeEXa-
HH3MOB HeoOXOIHMO 3HAThH PAAHYCH KpH-
B#3HE PA3MHYHEXK y9acTKOB npoduna Ky-
nauka. B mynaurax, npoduii KOTOPLX
ouepueHbl M0 AyraM OkpymmocTefi, na- e Bl K o T
pabon, SMARNCOE, OTpesKaM MpAMLIX Aaska
T. ., HAXOMJEHHE PAIHYCOB KPHBH3HLI
HE BCTpeyaeT HHKaKHX saTpyjneHnii. Ecan pannychl KpHBH3HEI
npodwinA Ky/JMaYKa HIDECTHH, TO METONOM 3aMEHH! BLICLIMX [dp Le-
nAME ¢ Husiwuvy napami (e, § 10) KyNauKOBBI! MEXaHHAM MOKET
ObTE BCErAA NPHBEAEH K MEXAHU3MaM TOMBKO C OJHHMH HH3ILIHMH
napamu. TOrna 3ajsya pelwaeTcss METOAAMM, H3JOKEHHBIMH B I7a-
Bax IV wau V.

Ecnp npodwmab Kynagka OoJy49eH H3MepeHHeM KOODAMHAT €10
TOYEK, TO Beelga MomeT OuTh MoAy4YeHa 3aBUCHMOCTE pajinyca-Bex-
Topa R ot yraa @ (puc. 6.8):

R = R(0). (6.4)

Ins onpenenenus papmyca KPuBMSHHL p B Toyke C npoBojHM Ka-
careaskyio [ — { Kk npodumo. Kacatenwnas { — { ofpasyer c pa-
IMycOM-BEKTOpOM R yron i, T@aHreHe KOTOpPOro, Kak STO HSBECTHO
i3 guddepeHusantHoll reoMeTpHH, paBcH .

R _ R
1 = TR =~ AR ©@V®" (&2}

[Tposonsm nop yraom 90° k kacatennwofi § — | Hanpaenenue Hop-
Manu . — n K npoguaio B Touke C M OTKAaAHBaeM Ha Hel panuyc
Kpupu3sm p = OC, paBnuil, KaK H3BECTHO,

LR + (Rt " :
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Muen dynkumio (6.4), sapapnyo wid rpadwyecks, wiH aHannTH-
YECKH, MOMKHO ONPENeNHTh SHaYeHHA YIMa P\ # Pajnyca KPHEHSHBI P,
Torpa kyaaukopsii Mexanusy (puc. 6.8) Moxer GuITb 3aMeHeH KEUBO-
UIHHO-NONSYHERM Mexanusyos AQC, ckopocTh H yekoperne Toukn C
KOTOpOro Moryt GHTR ONpelefeHl HIH METONOM [aHoB WIH aHanu-
Thueck# (em. ra, IV u V). M3 euipasenna (6.5) cnenyer, uTo pelHiHHa
dR/dB momer 6uTh onpeneieHa TEOMETPHYECKH, €M M3 ToukM A
npoeectn nepnepukyasp AB K paauycy R no nepeceuenns B Touke B
¢ Hanpaeaennem wopmand n — 1, Otpesok AB 6yner nponopuoxra-
qaex pesanupne dR/dO,

2°. Tloctpoeke nnaHoB cxopocTell W ycKopeHdH MOMKeT OuTh
TaKHe CNENEHo H 663 3aMeHtl BEICIUIMX Nap LenAMy ¢ HH3IKMYE napaMH.

-
Prc. 6.9, BEyrsunobrl MUXAEHSM © KaYBICHIRMCH KODODMECA0M! @) KHHEMETRUSCHAR CREMa;

&) nneE CropocTel: ) mnan Yeropesnil
Hanpumep, nycte TpeGyeTcd NOCTPOHTH NAAHBL CKOpocTel M
YCROPEHHH B MepMaHeHTHOM JBHMEHHH KYJIaYKOBOTO MEXaHH3Ma,
noKazanuoro Ha pue, 6.9, a, y kotoporo pammyc kpususum OpC
opoduas wynauka s Toure C paenserca p. Mweem caepyropme pek-
TOPHEIE YpabHeHus [Nis onpeneneHus ckopocTell B YCKOpeHuil:

Ve = Vo, + Ycucw (6.7)
ac, = Gc, + @e.e, + @G0, + aG,c (6.8)

unu, TaK Kak @¢, = ag, + ac,,1o
at, +ac, = ac, + at.c, + é.c, + ke, (6.9)

Ha pue. 6.9, 6 nocrpoes mnan ckopoctedi B MaciuTate orpeaka AC,
(prc. 6.9, a). Bennuunnl yekopenuil ag,, @o,c, ¥ Gc,c, ONPEENATCH
H3 COOTHOLEHH - .

DOy

o
cﬁ‘ﬂ nz.;_'. ﬂjé'!{:" = ElmlIuEeGl H agrcs =
By 4

[Mnan ycropenuii nocrpoen Ba puc. 6.9, 6 B Macitabe otpeska AC,
(puc. 6.9, a).
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Fnaea 7
KHHEMATHYECKOE HCCHNENOBAHHE MEXAHM3IMOE DEPENAY

§ 20. OcHOBHBIE KHHEMATHYECKHE COOTHOLICHRA

I°. B pasmuusnix MampHax ¥ npuGopax WIMPORO NPHMEHAOTCA
MEXSHHaMH JI1f BOCOPONSBEAEHUS BpallaTENBHOTO JIBHIKEHHA C NO-
CTOMHHEM NMEPEaTOMHEIM OTHOLICHHEM MEXKAY NBYMs# PESTHUHO sanan-
HHMH B fpocTpancrse oceMH. TakHe MEXAHHSML HOCAT HasBaHWe
MEXQHUIMOE REpedayl 6patamessHoeo Opusterus WM COKPELIEHHO
HExaHuanos nepedayn.

MexaHuaMel Tepenagd MMeloT cBoefi 3ajadedl BOCHpPOM3ECNEHME
BANAHHOTO NEepenaTodHolc  OTHOMWEeNHA MeX(ly ABYMA SBEHBAMM.
[MpocTefimuM MexaHisMoM Nepenats ¢ TBepALMH SBEHbAMH ARIAETCA
TpexsBen L MeXaHnsM, COCTOSLHE M3 JIBYX MOJEHIKHEIR SBCHLCE,
BXONALHX B JB¢ BpallaTeNbHue W OflHy Buiciuylo napy. [lna socnpo-
WABENEHHA TpeOYeMeX NepeflaToyHHIX OTHOLIEHHH B COBpEMEHHLIX
Mal#Hax ® Npuopax YacTo NPHMEHATEA CADHMHEE MEXAHHIME
nepegad, MMEIOI(HE KPOME BXOAHOTO H BEIXOHOTO 3BEHLEB, Bpalla-
IULEXCH BOEPYT 3afaHiblX ocefl, HECKONBED MPOMEXYTOYHHX SBEHLEE,
BpaIalouMxcs BOKPYT ceoux ocefi. [Ipumenenie CROMHEIX MeXaHu3-
MOB OOERCHSIETCS pasiuyHeMK npyundamy. Hanpumep, ocH BXOAHOO
M BEXOAHOTO 3BeHbeB MoryT ChlTh pacnofOMeHH Janeko ApYT oT
Ipyra, ¥ HeMoCpeicTBEHHasA Nepefaya BpalleHHs MpH noMolly nByx
SBEHREE noTpefioBana Gu co3navus nepefadi ¢ GONbIHMY rafapuTamy
apenbeB, ECAH NepeiaTCyHOE OTHOLUEHHE, KOTOpOe JONXKHO ocymle-
CTENATHCA MEXAHHIMOM MEpefadyH, OMEHE BEIHKO WK odeHb Malio,
TO KOHCTPYKTHBHO YAOGHO MEMAY BXONHEM H BEIXOJIHEIM SBEHBAMH
HMETh MPOMEKYTOYHEIE OCH C COUTBETCTBYIORIHMH 3BEHBAMM, Bpalia-
jomuMiicA BoKpyr Hux. [lepepaBasi BpanieHre C BXOAHOrO 3BEHa Ha
MPOMEKYTOYHEE 3BEHBSl H C HUX HA BHIXOAHOE 3BCHO, MH Kak Gul
NOCAEOBATENEHO OMOEABHBLMU CMYNEHANLY W3MEHACM NepenaTouHLIe
OTHOWIEHHA, NOAyYan B peayabTate Tpefyemue MepesaToyHbieé OTHO-
IeHHA Mexiy BXOMHEIM H BEHXOAHLIM 3BCHBAMH.

Takum o6pasoM, CAOKHHIA MEXaHHIM NEPEAatH MOMNO PasnenuTs
Ha OTJENBHEE YaCTH — CMETeHy, KaMmIas W3 KOTOPHX MpeicTab/ineT
coboil npa 3Bena, BXOAAIHX B BHCIIYIO Mapy. 3BeHbs 3TOH NapH,
KpoMe Toro, BXOZAT cO cTOfKOH B Huslime nape. Takan omjenbHasn
gacTb CNOKHOID MEXaNH3Ma ¥ HaseBaeTCH cmgnensio nepedadu. B co-
OTBETCTEMH € YKa3aHHBIM OLIBAIOT OAHO- W MHOPOCTYNEHYaTHe nepe-
Jlaus, no Gosibluel YacTH AByX- W TPeXCTYNEHYaTHE.

2. PaccMoTpHM KHHEMSTHYECKHE COOTHOLIEHHS B OfHOCTYMEHY:A-
TOM MeXaHHIME MEpefayu NpH Pasiu¥AbEX PacnofoMeRHsX oceh
EXOIHOTO W BHIXOAHOMG 3BCHLEE.

PacnoioieHHe oCell 5THX 3BEHLEB MomeT OHTh ClelyIomHM!

a) oCH NapajnenbHL,

) ocH nepeceKaloTcs,

B) OCH nNepeKpenHBakTC,
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Venosnmes HasuBATE OTHOLIEHHE YINOBOH CKOPOCTH OLHOFD 3BEHA
K YrioBoli cROpOCTH OPYrorc 3eeHa B MEXaHH3Me ¢ OnHOH CTeHENBED
NOABHIKHOCTH Repedamounsii omuotuentes W obosnavars Gykpoll u
¢ UnPOBHMH HHAEKCAMH, COOTBETCTBYIONHMH HOMEPAM paccMarpH-
BaemuX 3beHnen. Feam ocd Bpawenws Op w0, napannensHel
(puc. 7.1, @) W 3anankl TOCTOSHHLIE YIMOBHE CKOPOCTH @y H 08
sbenbes | W 2, To nepelaToyHOe OTHOLUCHHE K, PaBHO
iy {OaFo) _
Uys = —I':'L';_ - “—m— COI'LSL {?.I}
riie Py, — MrHOBEHHEI] HEHTP BPaNEHHA B OTHOCHTENBHOM [BHMKEHHH
sBexbeR | H 2,

Tax xar
PN
BT ey dgy?

rAe ¢, H §, — YIIHl NOBopoTa SBelbes I W 2, TO mepejarodynoe

Pue, 7.1. Cxems oanocTypoliuaToix AYONETHE Repepsyl o) nepaaess ¢ OHAEHOPESECENME
woaecamy; 6) Depegaya © KOHRVECKHME RORECAMHE; 0) nepefavi ¢ NepelpeiHBaliHMuch
CCAMH

OTHOWEHHE ;s MOMHO TAKIKE paccMaTpHBaTh KaK aHanor yraosoft
CKOPOCTH ty NPH BXOAHOM 3Bene 2,
aK KaKk Mbl pacCMATPHEAEM Nepefaud ¢ NOCTOSHHEM NepenaTod-
HLIM OTHOLIEHHEM, TO 1IERTPOHAEMH 8 OTHOCHTEILHOM IBHIKCHHH 3BEHbLEB
(puc. 7.1) ogasuBaioTcs OKPYHHOCTH paanycoB ry = (0,F) u ry =
= (0, F,). ChenoBate/bno, NMEpEnaToyHoe OTHOLIGHHE PaBHO
i Ty
g = —';'I"t {?'2}
3uak Munyc B pasencteax (7.1) ¥ (7.2) noxasunBaeT, YTo YrACBHE
CKOPOCTH @, H @), HMEWT pasHbie HanpaBNcHHA.
akuM ofpasom, nepenaua BPALIGHHA MeXay napanie/ibHbiMH
CCHMH € MOCTOAMHBNM NEPeraTouHLM OTHOILEHHEM MoMeT OHTh Beerjia
OCYWECTENEHA KPYTMHAMH LHMHHIPHIECKHMH KOJecaMH,
3°. Ilnn cayuan, Korja oce Bpawmenus Op u Oy spenves I u 2
{puc. 7.1, 6) nepecexatoren B Touke O ¥ 2ajaHBl NOCTOAHHEE YTNOBLIE
CKOPOCTH @y M @, Bpamenns 3Benbed | v 2, nepeiaToyHoe OTHOLIEHHE
paBHo

g = -:;—: = const, (7.3)
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M3 TeopeTHueckoil MEXaHHKH H3BECTHO, YTO B 3TOM CAyuae nBue-
nHE 3BeHA 7 OTHOCATENLHO 3béHa | NpOHCXOAHT BOKPYD MrHoBemnoR
ocH Bpamennn OP, nonoMeHne KOTopoil onpeenserca U3 CNEAYImUX
coobpamennit, :

Yeaosumen BekTOpy YIMOBOH CKOpOCTH NPHAaBaTh TAKOE HAMpPAL-
NeHHe, NpH KOTOpPOM, €CJIH CMOTPETh € KOHIla BEKTOpa yraoeoll cKo-
POCTH K Hauany, BpalleHHE BHAHO NPOHCKONALHM MPOTHB yacoBoil
crpenkn. Coobnyin 3penbas [ # 2 ofWylo YrioBYH CHOPOCTE — Gy,
Torga 3peno 2 GyneT HenoABHXKHEM, a 3seHo [ OyneT BpaulaThes
BOKPYT 0cH Oy ¢ Y7080l CKOPOCTLIO — @y H BOKPYT otk O ¢ yrnoeoit
CKOPOCTRIO . MruoBennas yrnoas ckopocth {2 spena | OTHOCH-
TesbHO 3BeHa 2 Oyper paBHa

2 = 0y + (— wy. (7.4)

OTEA2UMBAR BEKTOPE! @y W — @y B COOTBETCTBYIOULIX HaNpaBieHiinX
no ocam O, 1 Op, Haxonpny pesynbThpyiouii extop Q. Hanpanne-
}Ile 3TOro BeKTOPa ONPENeNsneT MPHOBEHHYIO och Bpanienna OF B oTHO-
CHTENbHOM ABikennn sseHbes | v 2. Tak Kagk yrioBBle CKOPOCTH @y
M ©, NPHHATE NOCTOAHHEMH, TO HanpaenenHe ocH OF HeH3NEHHO
H SKCOHIaMH B OTHOCHTEJILHOM [BIDHeHHH GYAyT /iBA KPYIJBIX KO-
nyca I u 2, uMeronme Kacanne no ofuiel oGpasyiomeii OP.

Britiepen na oct OP npousponenyio Touky M 1 nepeceyens akcoMuH
NAOCKOCTAMH, NPOXOARLMME Sepes ToyKy M o neprnesfnKynfpHEME
Kk ocam O, u 0,, Torna B cCYEHHH MONYYHM OKPYKHOCTH S, n 8,
conpukacalonecs 8 Touke M. Ilph BpameniH akcOHNIOB in 2 B0
KpyT ocefl Oy # Oy okpysHoCTH S, H S; nepexartiBatorcs Jes cKonb-
WEHHR DIpYyr no Jpyry.

s ckopoctn vy Toukd M Gynem users

Uy = 011 = @hy, (7.5)

The ry W ry — panuyce okpysuocreit Sy u S,. Popuyna (7.3) ¢ yue-
ToM papenctea (7.5) npumer Bug *
iy fa Sl'-naz {7"5]

ulﬁ=—=—’=

[ n sindy *

rne 6, u 8, — nonoeiKL yrAoe pacteopa KonycoB [ n 2.

Takun o6pason, nepeiaya BPapieHlis ¢ NOCTOAHHEIM NEPEJATONHEM
OTHOLECHHENM MEXAY nNepeCeKatonHMHCH ocAMH MokeT ObiTh Broerla
CCYLLECTRNEHA KPYTIBIMH KOHHYECKHMH KOJECaMH, NPEncTaBAonHMT
coboil yacth akcownoe I n 2.

4°. Tlepexopum K paccMoTpenmio cnysas, Korfa och Oy w Gy
speHBeB / H 2 nepekpelyBaioTca B npoctpanctse (puc. 7.1, &). Ilyers
BENAHHE NMOCTOAHNLIE YVIJIOBWE CHOPOCTH @y H @y BPallleHHA 3BCHLER 1
w 2. Iepegarounce ornowienne (cu. Gopsyay (7.3)) ans storo cay-
Has Tagkme pabBHO

s = % = const, (7.7
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Hs rteoperyueckoll MexaHHKH H3BECTHD, YTo B STOM Caydyae JBH-
HEHHeM 3peHa 2 OTHOCHTENBHO 3pena [ ARNAETCH BpalgHre DOKpYr
H CHOMLIKCHHE BIONb MIHOEEHHOH OCH Bpaulesns ¥ ckonbwxenua OF,
npoxopamed uepes touky O, Aemainylo Ra AHURR Kpardafilero pac-
cronnkn KL mewxny ocamu O w O, [Monomenue Touki O onpene-
JAeTcA H3 YCNOBHA

{ROY e &

rne 6, # 6, — yrnw, obpazoapnne ocamp O u 0, ¢ MruoBeHHOR
ocbto Bpamenns ¥ ckonbekenns OP, Yrnm & w 6, n uanpabnenne
MrHOGEHHOH OCH Epalenn s i ckonbxenns OF onpenensioTes, ecu coob-
mTh apeHbaM [ 1 2 ofiyyio YrAoBYIO CKO-
pocTE — y, TOrfia BEKTOp YTJIOBOR CKO-
pocti £ Bpatignns 38eHa [ OTHOCHTENIEHO
speHa 2 ONpPeNeNuTCs, eClH Yepes Tou-
ky L nposecrsn npamyio LN, napannemns-
uyio ocu 0, 1 OTA0XKHTL Ha STOR NpAMOi
BEKTOp YriopBoll ckopocTi e [lanee na
oci O, enenyer OTNOKNTE BEKTOP YTroBodH
CHOPOCTH — 0, cOfMIONan paHee yHaiau-
HOE YCAOBHE O HanpaBfleHHH STHX BEKTO-
pos. Hanpasnenpe MrHopensoil ocH Bpa-
wenHn 1 ckonsxenns OF napannentHo
OMaroHanH napasfenorpamma, noCTpoe-
_ HOro Ea BEKTOpax @, W — w;. YTJoBas
mﬁe%ﬂ?ﬁuf'ﬁoﬂiﬂu&u e ckopocth  p#Bra

Q = @, -+ (— @y). (7.9)

Hz noctpoenns (pue. 7.1) cnegyer, Y10 nepesaTodHOe OTHOLLIEHHE
paeHo

In
_ lya = 2k = 'Em%- ] (7.10)
Ecau yuecte ycnoBue (7.8), To nepenaToyHoe OTHOWEHHE Uy
MOMET OLTh NPEeNCTABNEHO TaKiKe CHCAyMluM 00pason:
oy (LOYcoshy
e T @il
Tak KaK yrnoBbie CKOPOCTH @y H g HamH GLTH NPHEATH NOCTORH-
HHME, TO NOCTOAHALIMH 6yayT B yrau 6, u 8, ¥ BO Bcex monomKeHHsX
3BEHLES J B 2 MrHOBEHHAR OCh BPALCHHA H CHKONEXKEHHA OylLeT 3a-
HHMaTh OZHO H TO JKE NOJOMXKEeHHE, 8 aKCOMAE B OTHOCHTEJLHOM JIBH-
KeHnE STHX 3BEHLEBR OYAYT Beerjia conpuKacaihesl CBOHMH oGpa3y-
owEMa no ofwelt npasoit OF, 2THMH akconpaMH SBJARIOTCH AuHE -
uamue zunepbonondst spamennn ¢ ocavin 0y u 0. Takum obpazom,
fepeliada BPALLEHHS MEXAY NEpPeceKaloniMHCH OCAMH © NOCTOSHHEIM
NEPEJIGTOUHEIM OTHOLUEHHEM MOMKET GLITh BCET/la OCYLIECTRNEHAa TIH-
nepGoaongHEMy  Kosiecamu  (puc. 7.2), npencraBasiomHmH  cofoi
wactn I’ w 2 unn 1%, 2, wom 17, 2" runepGonounos spamenun [ n 2.
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§ 30. MexanusMu QPHKUHOHHEIX nepeiad

I°. B uenoM psjie MexaHW3MOB, NPHMEHAEMHX B COBpEMEHHOf
TeXHHKe, HCNoMb3YIOTeA CHALL TPEHHA B KaYecTBe chfl, NpHBOIAUEX
B OBHIKEHHE 3BEHBA, HAH CHA, TOPMOZAWMX HX nBHmenus. Mexa-
HH3MEL, B KOTOPHIX HCNOML3YIOTCA CHJL TPEHHS, HOCAT Ha3BaHHCE
(puryuontisix sexanusnos, Ha puc. 7.3 nokasaHH Mexanusmbl ehpur-
LUoHHLY Kpyeitx yuausdpuseckux xonec. Tlepenaua nBHMKCHHA OT
kosieca | K Konecy 2 ocyIecTBAAeTcs cHAofl Tpenus Mexny obo-
NBAMH KOMEC, cosfaBaeMoll HaKATHEM OJIHOrO KOJNECA Ha Npyroe He-
kKoTopok chaoit.

Puc. 7.9, LpaungpssecHie DesTRONOHLE MEeXaHHOML! &) MrKaHBESM © BUELOHHM WECEHBEM
HOJEC; 6) MEXNEHIM € BRYTPEOHHM KECEHHEM KOSEC

Tak kak Koseca EXONAT B UeHTpousnyio napy (cu. § 9), B kotopoit
IOJTHHO HMETE MECTD YHCTo® KawueHne 6es npocKanbihBaHHA OJHOTO
3BEHa NO Opyromy, T0 (PHELMHOHHHE MEXAHMIMBL OTHOCATCR K Tak
HA3HBAEMEIM [EHMPOUTHBIN MEXAHUSHOM.

PpHKIHOHNLEIE MEXaHH3ME, NokasaHnHele Ha pHc. 7.3, HMElOT B Ka-
YECTEE SBEHLEE KpYI/ie UHAHHApHYeCKRe Koeca | B 2, ARNRIOUHECH
LEHTPOHAME B OTHOCHTENLHOM [BHMKEHHH SBEHLER, JTH MeXaHH3IMb
PPHELHOHHEX KOMec BOCTIPOHIBOAAT NePelaqy ABHEEeHHA ¢ NOCToAl-
HEM TIEPENaTOMHLIM OTHOWEHHEM, MrHOBeHHLIM LEHTPOM BpalleHHs
B OTHOCHTEABHOM JBIHMKeHHH OyneT Touka P, kacanms Konec | w 2.
Mexanuam, nokasannuil na prc. 7.3, a, 6yneT MeXaHHIMOM ¢ BHEL-
HHM KacanHeMm KOMEC, Y KOTOPOro YIMOBHE CKOPOCTH ©; H @y 3BEHLER [
H 2 uMeioT pasHue sHakH., Mexammam, nokazannwit Ha pue. 7.3, 6,
6yeT MEXaHHIMOM ¢ BHYTPEHHHM HACAHHEM KOMec, ¥y KoToporo yrao-
BHIE CHOPOCTH @y H @y SBenbeB /] B 2 HMOHT O/NHAKOBHE 3HAKH.

O6GoznaunM papuycs QPHRIHOHKLIX Konec | H 2 cOOTBETCTBEHHO
uepes ry M rp. B Touke gacanus Py koneca [ v 2 uMeoT ofinyi CHO-
pocte vp,, paBHYIO

tp, = @yf = gy, (7.12)

UTI{}';;.E noaygaes, 49TO HEPM&TU'H'M'E OTHOIIEHHE TaKHX MeXaHH3IMOB
pPaeno
My fy

et L (7.13)

g = ——
12 g [ n »
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Ffie 1, W fy; — YacTorTa Bpawenus konec § # 2; BepXHull 3HaK OTHO-
CHTCH K BHYTpeHHemy kacauuio (puc. 7.3, 6), a8 HHmHUHE — K BHEI-
Hemy (puc. 7.3, 4).

P, Opuryuornse xonuseckue koaeca 00HYHO MPEACTABNAIOT coboll
npaMiie yeeuennue konycH I w 2 (puc. 7.4); oMM sBNAIOTCA ancod-
Jasu 8 OMHOCHMEABHOM g@m:mu spennes | # 2, ocw Bpamenns A n B
KOTOpHX hepecekaiotcs B Touke O, Kacahne Konec NPOMCXOIHT 1O
ofiell obpasytomeii. C noMomko CHA TPEHASA, BO3HHKAIOMHX B TOUKe
KacaHus, MOMHO BOCTIPOHSBECTH BpaileHHe STHX KOJeC BOKPYT
oceii A u B ¢ yrnoBuMn CKOpoCTAMH @y H 0, MeXaHH3M KOHHYECKHX
$PHKIHOHELX Konec, nokasaHumii Ha puc. 7.4, @, HOCHT HaspaHue
MEXQHIAME KPY2AbK KORUHECKIY  (DPURKLUOHARNY KOAEC © EHCWIHIM
racanues, Ha pue. 7.4, 6 nokazaw mexanss KpyesblX KOHUNECKUX
PG UOHHBY KOABE € mympmum' KOCOHUEM.

P, 7.4. Eonneccine e HT pObgNNe MEXAAHIMEBS a) MEXBEEEM C BHELUEHM HACRHHEM HOAG;
ﬁ} MEXAHNIM € ENYTPEHRAM KaCAHHEM HKOJACC

Cornacto ypasuenuio (7.6) u prucy 7.4 mepenatoutioe OTHOLUEH#HE
pasHo
e O W I MR
“a =g, ng  n o osind ' (.19
TAE Ny M N, — 9acTOTa Bpawexus konec J u 2,
Ecam yron & = &, -+ &, mexay ocanu 1 u 2 (puc. 7.4, a) pasen
90°, o dopmyna (7.14) npunHuMaer Buj
T Fr
[ 13 = — i — p—} == a =
w= g === ig b =g by (7.15)
ﬂ"opu puyTpenneM kacauuH & Beersa mennme 90°,
. PaceMotpin mekoTophie APYyTHE BHAL MEXaHH3Mop GpHELHOH-
HEX nepemay. Ha puc. 7.5 nokaszaHa cxeda MexaHHzMma a06060d]
Gpuryuonnod nepedaun, uck | xectko ceszan ¢ ockio Oy, Bpana-
wielicas B HenogexHoM noawHnHrke A, Jluek J EXORMT B BHCIIYIO
KilHeMaTHueckyio napy M ¢ ponHkoM 2, BXOAAUIMM BO BPElUlaTeNb-
HYI0 napy B co seesom 8. Ponuk 2 ¢ nomowmio suuTOBOf napu C
MOMHO Depememath Bioak ocH O,. Touka M KOHTAKTA MOMET 3aHu-
MaTh pas/HYHLE NOJI0MEeHHs, onpejensesmsie paccrofnueM X, Ilepe-
JIATONNOE OTHOIUEHHE iy, PABHO

U, . IS o :
U =g ir, (7.16)
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Tpu nepemeinexns TOMKH KOHTaKTa M e nonowkenne M’ nepepa-
TOUHOE OTHOLLEHHE Uy, paBho HyMio. Ilpu x = r, nepenarounoe otHo-

HIEHre paBHO
iy = * - (7.17)

Ilpn nepeveitiesns ToYKH KoHTakTa M 3a Touky M', Hanpumep
B novodenne MY, muck [ MeHsieT HanpaenenHe Bpaulennsi. TakpM
ofipasoM, neperaTodHOE OTHOLIGHHE MOMET nAacHo MEHATLCH B Npe-

Ienax 2 B 4
| n i
— =y = .
gy g 7 I ”-5 F » ﬁ; -
L 1
Mexaupamel,  OCYIECTBIAIMIHE 7 =
MAaBHOe HEMEeHEeHHe nepenartoyHorD 4 .
OTHOLIEHHA, HAIWBAIWTCA MOXIMID-
sauy Gecomynenyamesrx nepeday Wi 4(1)
i/ Pass oy d. Puc. 7.5. Cxema mobonofi dpasunroERof
Ha pue. 7.6 nokasaH mMexaHus nepemaye

GeccTynenuaroil nepenass € ABYMSA '
auckamn [ w5 u npomexyTousnm poliikoM 2. Tlepeparousoe oTHo-

LIEHHE 15, MEXIY napaanentHeMH ocami Oy u O paso

Y :
I-!m-"'ml X ? (7.18)

T. e, NepelaTouHoe OTHOWEHHe He 3ABMCHT OT pajnyca pomnka 2.

&

(i Poe. 7.7. Crema 'ﬂ'r‘nmmlma NEpefiss
Prc. 7.8, Cxemn npofinofl npfopof dpix- H © HONMYeCHAMA DapafaiaMe B DQOMEes
uHonnofl mpegavs WY TORHEM POSTHEOM

Hanpaenenne epamenns oceii Oy w 0, omunakosoe. [Nepenarousce
OTHOLUEHWE [y MOMHO HSMEHATE B Npenenax

R Qi <R @.19
Ha puc. 7.7 nokasas mexannsm GeccTyneHuaToi nepenaum © Ko-

Huvecknmy GapaGauamu [ o 5§, MMMy paBHBE YRAH pacTeOpa
KoRycoB. TlepenaToyHoe OTHOIIEHHE Uy ONPENensercs no (Qopmy.ne
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(7.18). INepenatounoe OTHOLIGHHE Uy MOMHO HSMEHATH B NpPEACHax
% ‘QHH -".5; %"‘, {?.m}

rne r 1 f — manuii B Gonbuioli panuyew GapaGanoD.

Ha puc. 7.8 nokasaH MexaHnsm Geccrynenyartoli nepenaus ang
cnygas, korna ocn O, W (), speHnes [, 5 MepeCeKalTCH B TOYHE 0.
Ecny npoBecTH nAOCKOCTh, cofep-
mamyto ocn 00y n 00, 10 B ceue-
HHH npojwan GapabaHoe, Haxons-
[(HecH B CONPHKOCHOBCHHH ¢ poiH-
KoM 2, ARIAKTCA IOyraMH a — 4
okpyHocTH pamuyca ry. Ponuk 2
BpallaeTcn BOKPYT ocM J, KoTopas
BMECTE C POJIHKOM 2 MOMeT MoBopa-
UHBATHCA DOKPYT OCH, HANPanJieH-
HOll MepneHiHKYAAPHO K IIOCKOCTI, .
copepxameil ocn 0p u Oy [lepe-
IATOMHOE® OTHOWEHUE Mg Onpene-
Pre, 7.8, Cxema dpeiuounol nepega-  JIAETCH 110 myne (7.18), a npeneaw
WS Yoot DARECNIUM W Hpcatiinys nepwmui’omeu ::;:rHuLummn — BHIpa-

wmenner (7.20).

. Ina nazemuol paGoTm mexaHnsMob (PHELMHOHHEX Nepenad
HEODXOAHMO HCKJIUHTE NPOCKANLIHIEAHHE MEMAY CONPHKACAIIH-
Mucs konecamyl. Ilng sToro Hato, wrobb cHNa TPeHHA, BOSHUKAKILAA
MeXLY CONPHKACAOUIHMICH SNeMenTamy, Onna Aocrarcudoii, Tlocnen-
Hee [JOCTHIAETCH TPHAETHEM OLHOrC KoJdecd K ApYyromy OORYHO
€ noMOLLIED npyxul, TakuM ofpaszoM, CONPHEACAOMMECH SVEMEHTH
KOJIEC OKASHBAIOTCH CHILHO HAIDYMEHHBMH, J1epOPMEPYIOTCH H H3HA-
IWKBAKTCA B npouecce pafor. JledopManmsa conpHKacalomnxcn sne-
MEHTOR H HX NPOCKANThsblBAHKHE BLISHBAIOT HaHOC moBepxnocrell ka-
CaHUA.

Tlpe pacuerax sdderT npocKanbsbiBaHis O0LYHO YYHTHEIETCH
BEEAEHIEM Kos(pdHinerTa § oTHOCHTENBHOTO CRoNkMenun, Bemugnna £
pEBHARTCH

3 =%. (7.21)

rAe Uy H Uy — OKPYMHEE CKOPOCTH conpukacamumxea GpHKINOHHBIX
wonec 1 w 2. Cootsowenne (7.21) momer ObiTh NpefcTasneHo Tak:

i ] g7y
E-—l'—";nl'—' ; (7.22)

Gy

FUE iy H @y — YOAoBLE CKOpoCTH Koaec ] H 2, a8 rp B ry — HX pajiHycHL
Hs papencrea (7.22), suaf, 9To wy/ey = My, nonyuaem:
L
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Takum ofpazom, ecnd KOMMLEEHT OTHOCHTEALHOIO CKONBLHE-
nitg £ noctosHKell, TO NepelaToyHoe OTHOIIEHHE Ky, TAKMe NUCTORN-
HOE Il He PAaBHO OTHOLIEHHIO pagnycos (PHKUHOHHEIX KOJEC, HO emy
nponopunonankio. BeanunHa NepeiaToiHoro OTHOWEHWA Uy NOJY-
yaercs B STOM Clyuae HECKOMEKO GOJblie, HO HE3HAYHTENLHO, Tak
KaKk pennunHa koadeprupenta £ ofbiuHO pacnoniaraeTcd B npelienax
or 0,01 ao 0,08,

§ 31. MexaHHambl TPex3BeHHBIX 3y0uATHIX Nepepay
C HENOIRIEHLIME OCAMH

1°. Camoe WHPOKOE NPHMEHEHHE B MAWHHAX M NpHOOpax HAaXOART
ayGuamee mexonuansi. Ha puc. 7.9 nokasan mpexssertibill agGuameidl
MEXQHUAM, COCTORIHA Ha KPYriHX LHAHHADHYeCKHX 3yOYaTHX KO-
gec I n 2, Kawpoe koneco npen-
crapnser cobol0 KPYIIHI WHANHAD,
Ha MOBEPXUHOCTH KOTOPOro pacnono-
wensl 3y0eA, [lpa syfuarhix kone-
€a, HaXoIAHKXCH B CONpHKOCHOBE-
MM, CEOHMH sYObAMH obpasylor
ayGuartoe sauennenne, Ha pue. 7.9
MOKA3aH MeXaHHsM © sHeluHum ayb-
yarmsM SayenacHueM. YTA0BHE CKo-
pOCTH @ B @, KOJEC I u 2 sroro Purc. 7.8, Unnmnugprueckan  ayluetan
MexXanHsMa HMelT paiHele SHaHH. NEPCLAYA O BHeUl i 3EnenataneN 3y Ghes

Ha pue. 7.10 nokazan mexanuzm
C BHYMPeHRUM SpRamets BaYenieHies, YTIOBHE CKOPOCTH @y M Oy
wonec J W 2 3Toro MexaHMIMa HMeIOT OJHHAKOELIE 3IHAKH.

Ha pne. 7.11 nokaszan MeXasusm pecyioro sanenaeHus, ¥ Kotopo-
ro xoneco 2 npepcrasnser cofofl npaMoanHeliHyw syGyaryio pefiky.

[Mpocrefiwinm  MexaHHamoM 2yGuarTux nepenay HBAAETCH Tpex-
spernkii MexannaM. Ha pue. 7.9 u 7.10 nokazaunl mMexamuuamul Kpyr-
JHX URTHHAPHYECKHX KOJIEC, Y KOTOPHX DalHycHl f; M ry SEIAIOTCH
panHycaMi LUEHTPOMA B OTHOCHTEARHOM ABHMEHHW 3peHreE | w2,
H Touka F snisercd MrHoBeHHEM LEHTPOM BpPAILEHHA B OTHOCHTE b=
HoM apumennn. Ecnp s Mexamnsmax ¢pHKuMOHHHYX nepenay neH-
TPOHAE npescTananoT coboH rnagkHMe Kpyribe UHIHHIPHYECKHe
HOECa, TO B MEKaHu3Max syOuarHX nepenad woaeca AJA nepenads
Ipn¥eHns cHabmaores ayObAMK, NPodHIKR KOTOPHX NpeIcTARJSIOT
cofoli BsanMoornGaemee Kpuskie. Kak sto sugno us puc. 7.9 1 7.10,
OJ1f BO3MOMHOCTH NEPenau NBHMeHHA yacTe npoduas syGa BHNo-
HAETCA 88 NperenaMil UEHTPOKA paIHYyCOB ry H fy, 8 YacTh — BHYTPH
3THX weHTporl. OKpYHHOCTH PAJIHYCOB ry M 7y B TEOPHH MEXAHHIMOB
ay(uaTeiX nepenay HasHBAWTCH HowaibHbMU okpyackocmasy. Tlpo-
dmnw syGhes mogGHPAOTCA HE YCNOBHA, YTo0H lHOpMalk B HX TOUKE
KacaHHA BCErga NpoXojHniad Yepes NOCTORHHYW Touky P — Mrio-
BeHHLIt neHTp BpalieHHA B OTHOCHTEILHOM JBMMEHHH Kouec I H 2,
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Taxi ofpasom, ecin napectin pagnycs RAYAALKLIX OKpYy®RoCcTeR
KONEC, TO HSBECTHO W HX MEPEAATOYHOE OTHOLIEHHE, ONpPENe]ReMoe
no gopuyne

s = ;hm't— - ‘:—:- (7.24)
TIpakTiueckn orHowenne panycor yiofHee 3aMENsTh OTHOIIEHHEM
tncen 3yfben. Tak Kak paccTofHHE MeWAY COCENHNMM TpobHIAMM
8YObEB CONMPAMEHHHIX KOMEC JOMKHO OHTL N0 HAYANTLHHM OKPYH-
HOCTHM OJHHAKOBLIM, TO YHCO
ay0Lee 2, Ha KoMlece Z TaK OT-
HOCHTCH K 4nchy sylben 2, Ha

Puc. 7.10. Lnnunaprueckan syGuatas res Pwc, 7.11. 3yfueren nepepssn o pregs
PeRANE C BHYTPEHMEN SSUENREHHEN s¥ioen HEM SDEEANEAREM 3YCpen

Konece I, Kak JMiiia HayaiALHOR OKpYMHOCTH Kojeca 2 OTHOCHTCH
ATHHE HauanpHOH OKpYMHOCTH Kodeca /, 1. e.

A 2wy oy

A Zary n"

lNoacTapnas nonyueHHOe BHpaEHHe B dopuyny (7.24), momem
HaMHCATE:
o Mg Wy - s s

ﬂiz—ﬁgﬁg—i}?—i?, (7.25)

roe iy W ry — 9acToTa Bpallenns Konec | n 2,
Takum ofpazom, oTHoeHWe yncel sy6hen ayGuaThIX KPYrinix
KoJleC papHo OOPaTHOMY OTHOIIEHHEO YIJOBHX CKopocTefi STHX Konec,
Hanommim, 4T0 M YENOBHANCE MPHNHCHBATL NepPeaTONHOMY
OTHOLIEH KD 3HAK B 3aBHCHMOCTH OT HANPAEACHHA YIAOBRIX CHOPDCTEE&.
Tak kax npw sreturem sauennesiu (puc. 7.9) YENOBHE CKOPOCTH HoJNeg
HMEHoT PasHIHOe HanpasJeHHe BpaleHAnA, To ¥ BHEIHErO Sanernye-
HHH NEPEIATONHOE OTHOWeHue Beerja ompuyamessrce. Haobopor,
Y eHympetineso savennenust (puc. 7.10) nepenarounce ortHolLeHme
noaomumenvroe. Popmyna (7.25) oxpartnBaer oba ciyyas,
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HATO0 JKilL NOMAHTL, YTO B HEe KAMAYI0 H3 YIIOBHX CKOpOCTel o,
H @y C.-’Eﬁﬂ}@l‘ NOJACTABRNATE CO CBOHM SHAKOM.

YactanimM BHAoM TpexsBeHHoro syfuaTorc MexaHBsMa HBARETCH
MEXaHu3M ¢ peeynbin sauenseHuem (puc. 7.11). Koneco !, spawarce
BOKpYT ocH () ¢ yraosoll CKOPOCTRIO @y, NMPHEOMKET B NPAMOIHKeNHO-
nocTy natensHoe aprmenne peliky 2 co cRopoctbio 9. Koneco I umeer
HAYANBHYI0 OKpYMHOCTL Paanyca ry, a pefika 2 — HAYanbHYIO NpA-
My a—a, Lentpowpa paiuyca r, nepekathieaeTcs (3 CHOMLMEHHA
no npaAMoil a—a. Touka P SBASETCH MIHOBEHHEM LEHTPOM BpauleH

Pue. T.12, Hounueckan syGvaTan Pue, 7.13. Tunepfononntan  ayd-
nepefwya WITER Depefasa

B OTHOCHTe/LHOM IBIenHH sserbes I 1 2. CkopocTy @, 11 O, CBA3aHH
OYEBHINBIM YCIOBHEM

vy = oy (O4F) = wyry, (7.26)

HJH, TaK Kak v, = ds,/df w v, = dg,/dl, rne ¢, — yroa nopopota
Honeca [, a s, — nepesemenne peliky 2, 10, cieropaTentHo,

s dn
dt —  dt 'V

HIH )

. dsy
S = —— = Iy, 27
dep i (7.27)
Z. K TpexspeHHHM TPOCTPAHCTBEHHEIM MEXaHHSMaM syGuaThIX
nepejiay  OTHOCHTCH MEXaHHSMM KOMHYECKHX syOuaThX konee
(pHc. 7.12). Kax sro 6uno nokaszano B § 29, 3°, nepepatounoe otio-
UieHHE STOTO MEXAHWSMa pPaBHO

iy iy Fa st g

il e e i
e ny W Ay — 9acToTa Bpauiexns koaec 7 # 2. Ecau uncna syGhes

Koviec [ n 2 OynyT COOTBETCTBEHHO PaBHH 2, H 2, T0 (opmyna (7.28)

OpHMeT BH[L
thy == (7.29)
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3, Ias mexannama runepGonongaux konec (puc. 7.13), y koro-
poro uncaa syGhee Koviec J ¥ 2 COOTBETCTBEHNO PABHK 2; H 2, nepefia-
Touloe oTnollieHne paeno (M. § 29, 4)

oy _om sy rcosfy oz (7.30)

g | sindy  ncosty oz "

Tle r; ¥ fy — paguycH TOPACERX ceuennit runepGoioMLOB, HABIA-
KRpXCs akcoufamu. B wactom cnyuae, korpa 6, 4+ &, = O0°, 1. e,
EC/H OCH KoJeC BsaHMIo nep-
NeHIHKYIApHH, s PABHO

0y & I3
Hl.!—_-'_——‘—“r!—tgﬁl-

Gy 3

(7.31)
4. K TpexspeHHHM npo-
CTPAHCTBEHHEIM  MEXANHIMAM
syCuaTHx nepegay ¢ nepexpe-
WHBAKOHMHCA Nop yraom 90°
OCHAMH OTHOCHTCH MeXaHHaM
yepesyHoll nepedayu (puc. 7.14).
Yeperk [ ppainaeTca BOKpYT
ocH 0; € yrnoBofl CHOPOCTBIO )y
H NPHBOOHT BO BpalleHHe C
VEMOEOH CHOPOCTBIO ty YEPBAY-
HOe Koneco 2, Bpaltamuleecs

eokpyr ocn Os.
Ecns pacceyh 4epBRYHYIO
nepenavy nAOCKOCTENG, DEp-
Puc, 7.14. Yepnwapan nepensus NeHJHEYNRPHON K OCH KOJeca
# copepxatiell ock YepEAKa, TO
B STOM CEYeHHH NpH SBOJEBEHTHOM OWEPTAHMH npoduAel NONYYHM
pefiky @, CLenJAIUIYKCH ¢ MIOCKHM konecom 2 (puc. 7.14). Sra
ANOCKOCTL HASHEBASTCA AAOCKOCHBIO 2iaeH020 everia. UeperyHoe 3a-
LenJeHye Kak B [3BHOM CEYeHHH, TAK W B JIO0GOM, Napaiie/bHoM
emy, Momer OHThL NpeicTaB/eno Kak NOCKOe peedHoe IalenneHue.
Bpaumenue ueppayHoro kKoieca 2 © YIVIOBOH CKOPOCTBIO @y MOMHO
BOCNPOHABECTH NOCTYNATC/ILHEN ABHMeHenM peliki ¢ Blonk ocH O).
Urobid us pefikil @ nonyunTs YEpBAK, ROCTATONHO peilky nepeme-
aTh BHATORHM ABHMKEHHEM BAONE W BOKpyT ocu 0. Ecau npu noso-
poTe pefiki @ ha yrod, pasietii 2, 3y6 b pefiki nepementaeTcsl BIOJb
ocH O, Ha BeTHYNHY, PABHYIO WAFY P, TO MEl NOJYYaeM YEPBRK ¢ OHOM
HHTKOI, unn odnosaxodnwui vepesk (puc. 7.14). Ecau sy6 b pedixu a
NPH MOBOPOTEe HA yron 2n NPOIBHHETCA Ha BEIHYMHY, paBHylo 2p,

T0 MH TOJyyaeM deyxsaxodrsdi wepeax, w T. I

OcHOBHLIE KMHEMATHYECKME COOTHOLUEHHS AJA YePBAYHOH nepe-
Aauu MOryT GuTh nonyuens us GOPMyN LIS mexanusma runepbolio-
ranoil nepenaun. Kak Gbi1o noKasaro Bhille, NEPELATONHOE OTHOLEHHE
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IS EOJEC, OCH KoTopbix nepecekatorcs nod yonow 90°, cormacmo
dopuyae (7.31), pasho

L1} o Fi
Bye = F:' = z—f = —r-!!- te &y, (7.32)
rne ®, — yrnopas CKOPOCT YepBsKa [, ey — YIJOBA# CKOPOCTH
HEpBEHYIONO KOoJeca ,?, ry — papnyc HavalnsHoro LHAHIApE YepEAKA,
ry — PAgnyc HaYaNLHOrO UILTHHpPA YePBHYROTO KOJeca. Ecnn npn-
HATE 2, = 24 W 2y = 2, Tjle 2 — "HCN0 IHTOK WK 3aX0N00 yepEAKa,
a 2, — UNCAO 3YOLEB uepBANIOro Koseca, To Gopmyna (7.32) npumer
CHeNVIOILI BHA:

H1==%=-—:—;‘-=:—:tgﬁ;. {7.33)

Mz qopuyar (7.33) coenyer, yto NPH OLHO3AXOIHOM YepBSAKE ne-
PENATONHOE OTHOWEHHE PaBno uRCAY 3YObLER HA WEPBHUHOM KONECe,
npy IBYX3aXoHOM — YHCHY 3yOues, NEeNeHHOMY Ha LBa, NMpH TPEX-
I|AXOANOM — qncay syOnes, NeNeHHOMY Ha TPH H T. A. Takun obipa-
20M, NPH OJHOIAXOLHOM YePBAKE TpH KaxoM obopoTe wepssaka
KWleco NOBOpPauyHBAETCH HA OAHH ayf, npn aByXiaxoHoM — Ha JApa
ayGa, npH TPeX3aXoAHoM — Ha TPy sy6a k 7. 4. Ortiola CIEYET, uTO
yepeAtHON nepefavell MOMHO BOCTIPOHSBOAHTH Gobline nepecaroy-
Hule OTHOWEHHA, Tak, Hanpumep, eciu uucao 3yGheB Koseca pap-
uretca 80, a uepBAK HMEET TOJIBKO OJHY HUTKY, TO NEPEIATONHOE
OTHOIEHHE PaEBHO

oy Ty 80
I = I e T ——= I A
Lyp 0 Za 1 0.

§ 32. MexamusMbl MHOPOCTYNEHUATHX 3yOuaThix mepenady
€ HMenOABHKHBIMH OCAMM

I°. MexaHHaMH TpexsBeHHHX syOuarthix nepenau (oAHOCTYneHua-
THX fepenay), COCTOAILHE HI LBYX CONPAMEHHHX ayBuaTHX KOVIEC,
npencrapasior coboll npocteiiini BiA syGuatoro mexannama. [lepe-
NATOUHOE OTHOLIEHHE, KOTOPOE MOMUO BOCNPOHaBecTH onHoll napoi
aybuaTEX Konec, Hegenuko. Ha npakrmike e YyacTo NPHXOAMTCH BCTPe-
YATHCH ¢ HeOOXOIHMOCTEI) BOCTIPOHZBEREHHS SHaUHTEILHHE nepena-
Toynnx ormowennit. JIns ocyluecTENEHHR STHX NEPejaTodHuX OTHO-
enni MPHMEHAKTCH HOCHOABKO NOCTeN0oBATHIBEHO COSAHHEHNLIX
Konec, rfie, KpoMeé BXOAHOrO H BHIXOAHOTO, HMEIOTCH e NpOMexy-
TOUHLE KOJeca, T. 8. MHOMCTYneHYaTHe NepeiatH. Tarue cnomeLe
ayGyaThie MeXAHHAME MONYUH/AN HAIBAHHE MHOSOCHIYNeHYANIBX nepe-
dau waw pedyxkmopos. Mioroctynenyareie nepejayd, y KOTOPHX
OCH BpalieHus KOJeC HemofBmKibE, HOCHT Take Haspanne padosoeo
CoeduHeHUA.

PaccyoTpHM PRIOEOE COEIHHEHHe, NOKasawHoe Ha pue. 7.15.
Bxomnoe syGuatoe xoseco | cuenasmercs ¢ konecom 2. Ha ock Oy
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Koneca 2 #ecTKO HAcameHo Koleco 27, HOTOpOe CUeNNAeTcA C Koje-
com 3. Ha ocr O, xoneca 8 mecTko HacameHo xofeco 3" u 1. 1. Bu-
XOAHLEM KONECOM mBJAsieTcA Koneco §. 2
OGoanaunM Yraoeyly CKoOpocThs Koneca [ uepes oy, YIUORYIO
CKOpocTh Koaee 2 B 2 — yepes ©,, YrAOBYIO CKOPOCTH KOMC & H
3 —uepes @, u T.n Ofwee nepexaTodlioe OTHOIEHHE Bre-
o MeXaHHsMa PaBllo s = ©yfwg.
OnpenesinM NEpejaToONHOE OTHO-
medue LIA KUKDOR nape Kojgec.

Hmeen

oy . i -
g == oy ? Ly = w0y !
Pue. 7.15. Pagonce coepmbense sylaa- [F1)
TRE HOIEC Ugry = ::‘ ; Hps= ‘___;;l—., {?;34}
] ]

INepemnomne noayuennwe nepenatounme otrowenns (7.34), no-
JyuHM .
Wy Gy Gy Oy

LLLT]
Byl lyp = — s SR 38
1l glia-glig5 e e e =

Tak kak @fo; = uy, T
Hys = Uyalip-slia- 4l -s.

Takum obpasom, nepedamouroe OMHOLIERNE CAOITHOIL MHOSOCMYTEH-
wamotl  aybuamod nepedayi ecmb npouseedeHile BIFMBYX 00 CBOLLME
BHOKOMU REPeCamMOYHBLY OMHOWEHNE OmOeabhbix €20 cmyneted.

E ofuem ciyvae, korna B 3auenyeHdH HaxolHTces f Konec, (op-
Myfna pias ofilero nepejartodHOre OTHOIEHHR iy, MOMeT Otk Ha-
NHCAHA TaK:

i1}
Hip = 'T..;L = Uyllye M3ry o o0 Hgn—ip ne (7.35)
'f

Jna kamjoll cTyneHH nepenadn MMeeM

i Z
H[-g:i"r_"_"" 9l

1 3]

R . et B
Hi'a—ir?:‘_!_j-:

n

tgn=tyr n =k I v
{n—=I} Tty F IR

FIE Ty, Fo, Ty T3, <uey Ty — PAAHYCE HaYaNbHHIX OKPYHHOCTER Komec,
8 21, 2, 247y sy 2n — HHCTA 3yCLEB, NpuueM BEPXHHA spak Oeperca
NpH BEYTPeHHEM, a4 HIDKHAA — NpH BHEIIHEM SallenyeHu.
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Iopcrapans 8 pasercteo (7.35) BHpaKEHHA NEPELATOYHEIX OTHO-
weHuft oTHEMLHEX CTyneHed, nonydaeM

Fofglg.--Fn
o = [—]1)™. = ]}y
el o g FifgTgee e Find)” (=1 BZoZye e 2l

et . (7.36)

rfie m — uncao pHelnHnX zauensennil. Myoxurens (—1)™ nosponser
onpeneniTe 3HAK NePENATOYHONO OTHOWEHHE CAMKHOTO aybuaroro
mexannama. Kak sto 6o nokasako B § 31, I°, nepenatounoe OTHO-
LleHHe NapH KOJMeC ¢ BHEHHM SALETJIEHHeM HMEeT SHAK MHHYC,
a C BHYTPEHHHM 3auensnenHeM — 3HaK nmoc. CleLoBATEILHO, eCiH
ME HMEEM B PROOBOM COBIMHEHHH /1 BHEIUHMX 3auensiennfi, To npH
nepesaye ABHMEHHA OT OOHOTO Ba-
na K OgpyroMy npousoiiier m pas
HaMeHeHHe SHaka yrnopofi ckopoc-
. CoiepoBaTensio, OJAA ONpenene-
HHA SHAKA NepPelaToyHOro OTHO-
LeHHA PAOOBOTO COSAMHEHHS HAMLO

COOTBETCTEYIOLHE NPOHSBENEHHs OT- i -1 Cxews Boaotors s naies
HOIIeHH  panuycoe  HayanmbHHX GAMH
OKpY:KHOCTEH HAH 4Yncen 3yOhes

NOMHOMHTL Ha MHOXHTeAL (—1)™, BanTHil B CTCNEHH, COOTEETCTRYIO-
meft yncAy BHeWHHMX 3auenneHpil, B WHMeHePHEIX pacuerax MOXHO
TAKKE NOIBE30BATLCA (OPMYJIOi

Uy = :zﬂ—‘ = (—1)y"msttaeg «es Uity a (7.37)

2. lpu nepefaue ABHKEHHS MeXJy Banamu, HaXOLAUHMHCA
Ha GOMBIIOM PACCTORHHH EPYT OT ApYra, WiH mpH HeoOXOTHMOCTH
BOCNPOHSBEZIEHNA NEPENaTONHONO OTHOWEHHA ONpejeNeHHOr0 sHaKa
QaACTO I':IPHM'B!'IHETE‘B pRAOBEOS cOenHHeHHe KoNec, COCTORIEeS H3 pana
NOCAENOBATENREHO COSRHHEHHBIX HONEeC, Ka#Joe H3 HOTORPHX HMEeeT
cobcTEeHHY 0 ook Bpautenns (puc. 7.16). Obilee nepenatoyHoe OTHO-
IIEHHE TAKOTO PAACBOTO COEAHHEHNS, COCTOALLEN0 B paccMaTpHBaeMon
CJI}"IEE H3 HE"[‘HPEK KOJec, -PHBHIJ

Uy = 'ﬁ—: = (—1)" bpgbizstisg =

Fafoly Fa 23
= — =—_————— = ——,
Uygliaglizy s = e %

Kak enguo us sTof (OpMyJiH, BENHYHHA OOLEro NEpPenaTouHOro
OTHOLIIEHNA #,, HEe 3ABHCHT OT MNPOMEXYTOMHBIX sy(uarThX Kosec.
3o jgano noeos B TeXHHKE HAIWBATL TAKHE KONECA NAPAsumHbIMU.
B zeficTHTeILHOCTH e 3TH KOJIECa BERNOJHAKT CYUECTBEHHYIO POk,
saKmouaiowyiocs TG0 B O0eCTeyeHuH HaJNeMallero Hanpaenienin
BpalleHyA BuXonHoro Bana, ubo BeefeHHe TAKHE KOAeC BJHSET
Ha 3HaK nepeparouHoro oTHoeHus, nubo B Nepenave JBHMEHUA OpH
GonbLuoM MEROCEBOM PACCTORHMM.



162 Fa. 7. MCCNENOBAHHE MEXAHHM3IMOE NEPENAY - A

&. Onpenenetne ofmero nepeqaTouliono OTHOINEHKSA PALOBOIO CO-
enMIleHNA KPYrNuX KOHHUECKHX sy0uaThiX KoJiec mMoer ObTh BHOO-
HeHo mo Qqopmyne (7.35).

Mepenatounoe oTHOWeHNe OT Koseca | K KONECY i M B ITOM caydae
paexo

iy ; . Fyfafg---Fp ;

e = [TE Upgerghlaed oo e Uin—1y n = Fifgelyeses Fin_gye
Z4%2y -0 In
212023 <er Zipo gy

Ecin Bee npomexyTtoupkie Koseca — NapasuTeble, nepefaToyHoe
OTHOLIEHHE PABHO

iy In
Ecnu ocw BpallleHHA BHXOAHOTO KOmeca B pPAAOBEOM COelHHEHHH
napajne’btHa OCH BXOIHOrO HOJECd HAH, B YaCTHOCTH, COENMaJacT

¢ Hefi, TO NepesaToYHOMY OTHOLIEHHI) iy, Leneco0fpasHO NpHNHCATHL
1

/2' 3

Pre. 7.17. Cxess KBy XCTynenvaTod Prc. 7.18. Crema RAWYRCTYmeHsatol
KOHEGECKOH MepenEsi HORBRCCHod DEpeyayy

3HAK, 8 HMEHHO SHaK [I0C, eCJiH HANPABAENHA YINIOBHX cHOpoctTedt
EXONHOTO H EHIXOAHOIO KONeC COBNANAEIOT, H 3HAK MHHYC, eClH 5TH
HanpaeneWus npoTuBononokHH. Onpenenedne SToro 3Haka OyaeM
BeCTH Cefyiouiam ofpasom. B mecre Racakus wosec I n 2 (puc, 7.17
wian 7.18) nocraeum cTpesiky @ 0 b, npHyen, ecin CTpeNKa @ HAMpae-
JieHa OT MecTa KacaHHs, To B cTpenka b pomsua OuTL HAanpaeneHy
oT mecTa Kacamus (pue. 7.17) uam K Mecty kacamus (puc, 7.18),
Ha konecax 2, »eCTKO CEASAHHHIX © KoNecamy 7, B MECTAX KACAHHA
€ KoJecamy 3 cTanuM CTPEIKY € TOTO ¥e HanpaeieHHs, YT0 H CTpeNka b.
Torna crpenka d, corfiacHo BHINEYKa3AHHOMY YCAOBHIO, OylET HMeETE
Hanpaplenns: ang koaeca J Ha puc. 7.17 comnapawliee co crpel-
Koit 1, a iR kojeca § ma puc. 7.18 olpartHoe crpenke a. Ecnd
HATMPABJEHHA CTPeJOK BXOAHOTO H BHXOAHOrO KoJec cOBNEfalT
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(puc. 7.17), To 3HEK nNepenaTOMHOIO OTHOLICHHMS CJEAYET CYNTATE
nonoMHTe bHbM. EcnH xe nanpaBleHMs 3THX CTPENOK MPOTHEONO-
JoxHE (pvc. 7.1B), To suak nepefarOYHOrO OTHOLDEHNE ClAenyer
CYNTATE OTPHILATEBIEIM,

Npumwep. PaccuoTpeM pelyKTop, CXEMa ROTOPOro NIOKa3aHa na uc__?..!& Mycre
Qi syﬁEs Er0 EOJEC PEBHE 2y = 20, z; == B0, 2= 60, 2pr = Iﬁlz =4, g4+ em
= 15, g; = 256, Tpelyercs onpelenHTs obilee NEpelaTounoe CTHOILERHE PERYKTUpA.

Ofuiee NepefaToNice OTHOLEHHE pelyKTOPa My, cornacwo dopmynaM (7.36)

n (7.27), pasuc
by = (1) w800 = L7
o
2% 22 P
P P

MNepegarounce OTUOMERNE My OTRHLETENL HE,
MOTOMY 4TO YIER0 HHEWRHX savennenuli paspo 3.
Uneno ayfiber 2, HOAECA 2, BXOAAINEE B UHCTHTEL
H ZHAEMEHATEAL, MORHO COKpaTHTE, BOO ®ouaecn 2

I P
%. B3
4 g
RABARETCA NAPAINTHBIM, ﬂﬁﬂ:TﬂH-"IHH BATAHNEE YHTC= .

uy
Ia gyfhen, NOAYEAEM e Pue, 7.18. Cxens ayfRatoro
G024 .95 — 75 TperCTYICHYATARD PERYHTGRE

s == 55-16-15

4. K cnomnum syfuaTiiv MexaHHSMaM OTHOCHTCR TAKKE 3y6yathie
kopofkn nepenau. 3ybyamod kopebroid nepeday naswpaercs sy6uareil
MeXaHHSM, NEpPelATOYHOE OTHOLIEHHE KOTOPOTO MOMHO HSMeHSTH
ckaukooOpasHo no cryneusiv. KopoGkamu nepepau cuaGwaores
Te Maliune, paloune Opravh KOTOPEIX AONIKHHI BPAUATLCR € pas-
JIHYHEIMH CKOPOCTSMH B SABNCHMOCTH OT Ycnoenii paGors. Hanpumep,
ofipalioTKa pas/iHYHHEX JeTallefl Ha TOKAPHOM CTaHKEe NPOHIBOANTCS
NpH PasHHX CKOPOCTAX, MOSTOMY B MexaHH3M TOKAPHOTO CTalKa
BrIOHaeTcd  KopoOka nepenad. KopoSkn nepensy npumensiores
B ZETOMOCHMNAX AJf NOJNYYEHHR PAs/iHYHEX CKOPOCTEll ABHMKEHHS
apromofuns, Cxema W KoucipyktHeHOe odopmrenie kopoGok nepe-
Aau CuiBaloT gpesphiyaiing passoolpazweimMu. Ecau uwcno cryuesedt
PEry/NIHpOBaHKA CKOPOCTH HERENHKO, TO cxemMa KOpolkn noayyaeics
AOCTATOYHO MPOCTOH, npH GONBLIIOM e guCiIe cTynexedl peryanpoBa-
HHA KaK CXeMa, Tak H KOHCTPYKTHEHOE odopMJieHHe MOryT GuTh
BECHME CAOMTBIMH,

Kopolka nepenas coctout M3 syGuaThX KOJe€C, KOTOPHE MOTYT
GLTh BEClleHN B SallenfieHye B PasiHuHbX KOMOHHALMAX AR NOy-
HYeHHR NEepPefaTOYHHX OTHOLIEHHH, COOTBETCTBYHIUHX SaldHHMM CKO-
poctaM Bpauienns pafiouero oprata Maluie. Cnocoll nepekoyesns
OTAE/ILHBIX KONEC if NOJYYeHH: Pa3jiyHHX MNePefaTONHLX OTHOLIe-
HHH pasHoolpazibl, SaBHCAT OT KOHCTPYKTHEBHOTO OJOPMIEHHA Ko-
PoSKN H NOSTOMY SHECH HE PacCMATPHBAKITCH.

Ha puc. 7.20 nokasaHa cxema dgeThpexcTyneHYatoii KopoGku
¢ aeyms panami, Koneca Ha pany ! nocasess HarnyXo, Ha paiy 2
Koseca cuanT ceobonuo. Tlpr nomowm creunaibuoil WHNOHKY, He Mo-
Ka3aHHON Ha vepTeme, MOKHO MECTKO COSIHHHTL OOHO M3 HHMHAKX
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EoJec ¢ paroM 2, B COOTBEICTEHH C yem Memay eanamu | u 2 noay-
YAETCH TO WIH HHOE NepefiaTodHoe OTHOLIeHHE.

Kopofika, nokasannas Ha puc. 7.21, MMeer TpH Bana. Koneca,
CHAsilpe Ha pataX [ ¢ 2, BXOAAT B nepeliagy uepes npoMemyToyHoe
KoJleco, cuasuee Ha sany 4. Ha sany 3 ceof0GHO n0Caxeno TONLHO
OfHO KO/IECO, KOTOpO: MOMHO MEpefiBnraTh BAoNL Bana, Ban 3 moxuo
OTONEHIATE EMecTe ¢ KonecoM 3 or Konec, cHafiunx Ha sanax [ u 2,
nosopagueas seeno AB pokpyr ock A. Taknwm ofpazom, NPH NOMOLLH

T

EHA

1 e
= o]
¢ Poe, 7,20, Cxems weTh- Prc. 7.21. Cxema  weTupexcrynensatol
pexcTYDeHNAaTel  KopoS- KopolKH Nepefas ¢ TPeMA BERSME

KH TEPEiEs C ABYMS Rés
NEsA
KOMeca J MOMHO coeauiiste o0y napy Kojec, pacnofomeHHbX
ua Basax I w 2, Gnarojaps gemy OfiMH H3 Banoe [ unn 2 Gyner HMeTh
YeThIpe PasHYHbIe CKOPOCTH MPH OfHON B TOfl Me CHOPOoCTH APYroro
Bana,

§ 33. MexaHMaMB MHOrOCTYNeHMWaTHX 3yGuaTmx nepegay
X € MOABHKHBIMHE OCHM#

IF. B HekoTOpHX MHOFOCTYMEHuaTeXx sy0uatHiX nepefayax ocH
OTHeNLNLIK Konec ABAAIOTCH NOABMMHWMH, Takne ayfyathie Mmexa-
HH3MEH C GMUﬂ CTENEHEID EBUGQEH HASHIBAKITCH  MAOHEMAQDHBIMI
MeXOHUSMAMU, & ¢ ABYMA H Gonee creneHsamu CBOGOAE — Ougdepen-
HUGABHELMY MeXauuamaMu Win npocto dugdepenyuaranu, B stux
MEXANHIMAX KOMeCA ¢ NOABHMILIMH OCAMH BDaUledHs HASHBAKTCH
NAQHEMOPHE ML KofgaMn HITH oameasumasmy, 8 3BeH0, HA HOTODOM
PacnONaraioTes OcH caTenanToB, — sodusos. Ha cxemax sopwno
npuEATO ofosHayarh Oykeoil H. 3y0uaThie Koleca ¢ HeNOABHMKHHIMH
OCAMH BPAUIEHWA HA3LIBAIOTCH COAHEHABIMN WIH  HEHMPaibHbMU;
HENOABHIKHOE KOAECH — ONOPHbIAM. .

Ha pmc. 7.22, @, 6 nokasan B ABYX NPoeKIuMAR npocTefiuni
TpeX3BeHHE NAIHeTAPHEH MeXaHHsM, B KOTOpOM koaeco | sBnseTca
ONOPHEM, KoJeco 2 — caTeanwToM, & seeHo M — soannom. 3seno H
BXOAHT BO BpamareisHue napu Oy co crofikot u 0, c syOuarum
konecom 2. [lpw ppamesnn speHa H ¢ yrioBofi CKOPOCTHID @y KO-
Jieco 2 oferaer HenojBHMKHOE Koaeco J, Bpallasick € yraopoll CkO-
pOCTHI) @y BOKPYT MrHOBEHHOrO LeHTpa Bpawenua P.
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CBASL MENY YTVIOBHMIE CKOPOCTAMH @ H @y MOMET GHTL yora-
HOBJIeHA H3 pacemorpenus pue. 7.22, a. Ilna ckopoctd vp, Toukn 0O,
AsnAwedcs ofiel nis koneca 2 W Bonkna H, HMeeM ¢ yueTom sia-
KOB YrIOBHX cKOpocTell @y H ey

tp, = warg = —oy (r — ra). (7.38)
CJ]E,B.DBETEJIhHD, nepenaToyHOe OTHOLWEHHE Lay PEBHO
Ll R Yl L (UL . ORI
o o ===l —u. (7.39)

Hs pacemorpenun papencre (7.39) BMAHO, 9T0 NepelaTouHoe OTHO-
IIEHHE Liggy €CThL NEPefaTOYHDe OTHOIIEHHE NPH HenolBEHMHOM KoJlece [,
8 NEePefaTOuHOe OTHOLUEHIE Ly eCTh NEPEfATOYHOE OTHOLUeHHE TPex-
3BeHHOTO 3y OYATOro MEXAHHIMA C© KOJe-
CAMH, HMECIIHMH HenolpH¥MHRe OCH,
T. €. Kak 06 npy HENOOBHMHOM DOIHLNE
H. B panbuefutieM, urobui 3HaTH, NpH
KaKOM HENOABIHHOM SBeHe onpenenney
TO HJH AHOE [ePefaTOuHoe OTHOLIEHHE,
GynesM y nepejaTovHOrO OTHOLIEHHA B
CHOOK&X CTABHTE HHEEHKC TOMO 3BEHA,
KOTOpOE NPHHATO 34 HENOOBHMHOE,
Torpa ypaenenne (7.39) nepenyilemM T8RS puc. 7.22. Cxena  Tpexsnesnoro

NAEHETERROND MEXEHHAME
ul=1—ulfh,  (7.40)

Ypaeuenue (7.40) momer OwTh nNPENCTARNEHO ellle TaK:
) - ultr =1, (7.41)

T, € QA NIAHEeTAPHHX MEXAHHSMOB € KPYTIEIMK KONECAMH CyMMa
nepefaToyHEX OTHOLUEHHTT NPH Pa3/IHYHEX OCTAHARIHEAEMHX SEeHBAX
ECETfla paeHa elHHHLE. .

2. lnaverapueifl mexauusM, NOKasaHHHA Ha puc. 7.22, ofiniyHo
HCNOIBSYETCH KaK MeXAHHSM JNf BOCnpPONIBeleHMsl CAOMHOID JEH-
#eHHs pabovero OpraHa MalUHHH, SAKPEMEHHOTO © KoJecom 2,
Hanpumep, nas spawenus Jonactell MeLanok, NPHEOAOE LUNHKHAE e
zhonkoyGopouktx Mammi # 1. 4. HanGonee wmpokoe pacnpocrpa-
HeHHEe InaneTapHbe syluaThie MEXAHHSMBI NOJYUHAR B NAGHEMMAPHBLE
Pedyrxmopax, NpefHASHAYEHHHX A NOJYYeHHA HeoOXOMHMLX Nepe-
OATOYHHIX OTHOIEHH T MeR 1y BXOAKHM H BHXOJHEM BATaM# peny KTopa.
Ilpocrefunii Takoii penywTOp, COCTOMILMEI M3 YeTHpeX 3BEHLED
(puc. 7.23), momer ObTh NOAYYEH W3 MIEHETAPHOTO MEXaHH3Ma, No-
HasaHHOro Wa pHc. 7.22, ecJH B HETO BBECTH €lle ofHO sy(uaToe Ko-
f1eco § ¢ ocbio Oy, BXOAALLEE B 3aneeHne ¢ cateanwron 2 (puc. 7.23).

Ins onpenenenmsi MepefaToNHOrD OTHOMWenHA wuly) or pana O
K pany Oy 3TOrO PeiyKTOpa MOMHO BOCTOJLSOBAaTLCH (HOpMyJiof

(7.40). Hueem
U =1 —uit, (7.42)
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Tak kak, cornacuo pasenctey (7.37),
H
P = (D) gt = — g,
TO
iy = gy = 1+ glPug. (7.43

Fenu, cornacno yenoemie (7.36), BeectH B ypassenwe (7.43)
PEAMYCH HaYalbliX OKPYMKIOCTER Fy, fy, fy WIN yucaa aylbes z,,
2y, Z, To Gopmyna (7.43) noay-

n.? UHT CAenyIULiE Bui:
il [Lﬂ: 0, i
) e 02 i S
aud Blic s o =T
HIH
() . g
T I'I"“;—-W—-I‘l‘ z'z!=
Poc, 7.28. Cxema ueTHpEXSECRHOID mASHE
TEpBOrG Mexannsya Jiwescs =1 + il i 5 r‘r 45}
R g -

B enipancennax (7.44) u (7.45) paanyc r, koneca 2 o ero gucno 3yines 2y
COKPATHANCh, T. €. KONECo 2 ABJARETCH napasHiHbIM.
epefiaTogHoe OTROWeHe ufl) or sopuna Fl k konecy § penykropa,
nokasaHHoro sa pue. 7.23, moxer OGuTe onpenenenc H3 YpasHeuus
@ ! |
o o = 7.4
i i 9
HIH
1 %
= = X
U= T~ E {h47)
Cornacno pasencream (7.45) u (7.47) nepenatounnie orHowenus ull)
uoulll HMEIOT Shak MAC. JT0 CEMAETENLCTEYET O TOM, UTO YrioBhie
CKOpOCTH @y H @, (puc. 7.23) mmewor ogku u TOT Me 3Hak. Ecan
TpefyeTcs OnpeneinTh YIVIOBYIO CKOPOCTH @, catennuta 2 B QyHE-
LHH YIVioBROR CHOPOCTH @y BOaia [, TO MOMHCO BOCNONBEIOBATLCH
pasesicTeon (7.39). Hmeem

3 = Optlayy = O (1 — tizy), (7.48)

Paccmorpenukifi Hami nnaHerapHwifl pepykrop (puc. 7.23) HOCHT
Hazpanne pedyxmopa Hacesco.

Ha puc. 7.24 poxasan nnaveraphmfi penykrop thna Jlxemca
¢ KOHHYECKHM Komecom. COrnacko © npasmiom, ykasaHusM B § 32,
F, crpenku d u a y konec I ¥ 3 HMEIOT NPOTHEONONOKHEE Halpas-
nenus. ClenoBare/nno, nepenatounce oTHouienne wif!) Hmeer 3Hak
Mulyc H nepepatourme oruolesns wil) w uf)) onpefensiorca no

dopuynam (7.42), (7.46) unu (7.45), (7.47).
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&. Ha puc. 7.25 nokasal niaHerapHelli PenyKTOp, KOTOpHii}
HOCHT Haseaume pedyxmopa Masuda.
MNMepenatoutoe oTHOLIEHHE iy oT Bana Oy k wany Oy onpene-
nfetca no gopmyane (7.42). Hmeem
7z
ull —ﬁ_ = (1 — uff?) = 1 — (—1uptiy =1 — L. (1.49)
Hs papencrsa (7.49) caegyer, 9ro ecnn nopofparh yucna syChes 2z,
Zg, 2+ W 23 Konec 1, 2, 2 u 8 rak, yTo6rt BTOPOf WieH B YPAaBHEHHH

(s

T |

Pue, 7.24. Cxema TPEXaEeRs PHc. 7.26, CxeMa  weThipe
MOTQ IUAHETADHOTD MEXAHNS SpENNOTD AABHETAPROTD Me s
M ¢ KOHEYSCKEME HONCCAMDI HHaMa TEDS BENE € BHelds

REM sallenneHaen

(7.49) Cun Gnu3oKk K enululle, TO nNeperaToyloe orHolenne ulthd

Moxer OuiTe Beckma Mano., Kak Oyzer nokasaMo Hioke, pefyKTopH
Jlasuna ¢ MaEM NepefaTOyHEIM OTHOLLEHREM
oCIafa0T odeHL MansiM KosdpuUHeHTOM no- 2
nesHoro geficrenn. Boenpoussenenne Takux #1 7
OepeNaToqHBLIX OTHOIeHNH NPaKTHYeCKR BO3- o
MOXHO TpH GOnbIOM uHcne ofoporoe pxop-  fewd [/ | wa g
HOro SBeHa H ManoM uucie ofopoTos BHXOJ- 7 o
HOTO 3BeHA.

Ha puc. 7.26 nokaszana moanueaima
penyeTopa Jlaenfa ¢ caTenuToM, BXOLANIHM -
B JBa BHyTpenHux sauenneHns. Ilepenatou- oo ;6 Cxewms  wermpexe

HOEe OTHOLDeHHe H{'l._} or Bana 0., K Bany O BEENHOTD MAAMETERHOTD Mes
4 3 H o wasisays mHns Jeniae ¢ BRYy=

MoKkeT GuiTh onpeneneHo no dopmyne (7.49). TRENUHM BAleNAEENEN
Tak kak ofbiuso B SToft MOAMDHKALKH pe-
ayeropa Jlaeuna pXoasnM ABNAETCH BOMWAO H, TO nepemaTtouHoe OT-
Howenue uiff) or mana Oy k many O, onpemenutcs no Qopmynam
(7.46) u (7.49). Himeem , i

i) — P

his = ully T —25.2)/(3s%) (7.50)

Ha pue. 7.27 norasana monudukauus penykropa Iaemaa ¢ ko

HugeckumH Konecamu. IlepenatouHoe orHowerue ufy) or pana O,
K Bany Oy onpepeantcss no gopmyne (7.49), 3Hak y nepesarounoro
oTHowennsn wil)) Gyner MHHYC, TAK Kak crpenkn a # d (pwc. 7.24)
HMEIOT NpOTHBONONOKHLE Hanpaesennn. Teneph paceMoTpHM penyK-

)
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Top (pHc. 7.28) cMelraHHoro B8 C OIHHM BHEILHAM H OHHM BHYTPEH-
HiM sapeniesnes. |lepenarounoe oTHolenwe uil) or sana O,

K Bahy Oy Oyler paeno

W e | (— Ty gt = i
il = = uifh = | — (—Duffdulfd =14 AR

rhe 2, Zs, 23 H 23 — COOTBETCTBENHO yncna sybbes konec 1, 2, 2' u 8.

o

;b
. e e ¥
“r"l}" 7 Oy e [
& M : o rm
L 8 L

——

I~

PHE. 7.27. CXEMB  SETHPEXSHOH- Prc. 7.28. Cxesms woTRpexspos-

e NASHETAEPROTD MOERTHIME HOTO Mﬁlmm MEXnRHME

THRE jli.l'ﬂga T KORETWCCENMH - C BHEUIHAM B BIIYTPEHHME FaLin-
JICCHEN AEHHREMHA

Mpeeep. Ha pue. 7.29 nokasau caowiuf PefyeTop, ¥ WoToporo koneca I,
2, 2" u 3 ofpayor oaakeraprnil pelyrtop, 8 Eodeca 4 B § — DAEDCTYOENYETYHO
Depedsyy © HETUIBHAHBAN oorMH, O0lee HepeIaTOYHOE OTHOIIEHHE uﬂ.} Gy ner paBuo

{0 i)

£ Hip = Haztan
7 7 g I MEPERATOMEOE DTHOWENNE Ggy DPABHO
bgy™ == {_lj‘ir_:_"j;;:
Flee Loccea O L 4
T [ The zgr M 2q — 4icnd syGees Ronec & w4
) [leperatounoe OTHOLERKE u_\‘,}}, cornacuo gop-
& ﬁ i myhe {T.42), Gyaer pesso
z £
1 HY i . i |
™ uff) =t — o] s e i

Puc. T.2P. Crema  nAETAIBSAHO-
rO RASHETAPHOTD  MEXAMNNAME  rpe gz, Zyr #l 2 — COOTHETCTREHHO NHCIA
g aybven konec 4, 2, &' u 8.
Ecaw, sanpumep, 2, = 90, z = 3, zr = oQ, gy= 20, 2gr = 50, z; = 25, 0
OEpEfaTOUHOE OTUDIUEMHE [y PEBHO
5 i)
- M T T

— =

n Tousce ornowetme «iY Gyaer pasko
G 3

2.2 90.40
whd =1+ —— =1+ =7

11, CIEICRATEARED, OOULEE TEpEIATOYEDE oTHOWeHNE 4y} penyKTopa (pec. 7.29) paeun
1 Wy L SR " . SR
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Susk MUHEYE ¥ NEPEAaTONHORO CTROMEHNA 1))} DoKaweaeT, wTp BanM 0y m O spa-
DAKOTCA B GPOTHROTHOACHKHEY  HADpaRIeHHAX.

PacemoTpin Tenepe ciesy Ropobkn pepensy € monbisuoll ook, Ha pue. 7.30
DOKasdHa JBYXCTYNEHYATAA TUTEHETEpHAN KOpo0Ka Depenay, ofiHa H3 CTYDEeRCh Ko
Topoi DOYY3eTCR BaKpELTEHMEM KoVieca §, Bropan e — 3akpenieHHeM koneca 4,

Crpegeinm TEpeiaToyHOS OTHOLEHNE NN SAKPEONEHHOM Rodece § W Bpaiiaoe-
mepcn Bronoctyie wedaece 4. B stonm cayuae nomysaes

) ) (2 B g Tf3
(uip) =13 1—(=h 27 1 2
[pn mencopisxpoy Koaece 4 HOEXOAOCTYI0 KPYTH-
MeMCA KOTece & pneen

-

Z2ly

22

Mycrs, nanpemep, 2= 7 == 28, gz = 20, zr= 38,
gy = I8, zy= 27, Torna

; 98.18
() =1 —EAE = 0,526 u

() =1—ufl=1— (—1)?

: P 138, S g
(bl = 1 — o = 0,09, peat

£, Pacemotpad Kunematiry auddepediunance ¢ JABYMA cTene-
Huup ceObOmRL.

Mpumepom takoro pnddepeHnnana MOMeT CAYXKHTE MEXAHMIM,
NOKa3aHKKii Ha puc. 7.31, ¥y Koroporo coocHhl kKoneca 1, 2 u sopuno H.
Koneca I, 2 w popuno H spauiaiorca © YrAOBHMH CHKOPOCTHMH @y,
oy, M @y, Yneno crenedeli csofopwm W 3Toro Mexamuwama pae-
HO JIBYM.

B camom nene, wHeno NOARHMHEX SEeHLER
E MeXanusme n = 4, 4HCA0 ppauaTenbHEX
nap V wnacca py = 4. 1o 1pn napu O,
(; v Oy, B KoTOpbie BXoaaT agenba f, 2 u H
co crofikoil, i napa U,, B KOTOPYID BXOAHT
pomune H u seeno 8. Uncno map IV wkaac-
ca p, = 2. S0 pxopauie B 3aieINeHHe KO-
neca I, 8 u 8, 2. Caenosarensqo, No CTPYK-
TYpro# dopuyae gypeao W creneneit coolons

Pic, 7.38. Cxema  ayOuaro-

MeXaHnaMa o peddepeilHaaEHORD  Me-
KAHHIMA © OHAHHADHIECKHME
W_—.an_gph_ﬁ:a.q_z.f;_ﬂ:z_ HOCCEMN

TaknM ofpasom, AiA OnpeneNeHHOCTH ABIDKEHHA MeXaHuamMa OH
A0NeH HMEeTh Sa08HHEMH 3S8KOHE NBEHAHEHHA JBYX 3peHLER, T. €.
HMers Jipe 0600ueHHbE Koopannatn. Boofme rosops, BmGop stix
JBYX 3peHher MOMeET OhTe NponssoinkuM. Hanpumep, Mul momenm
SalaThCH 3AKOHOM JIBHIKEHWA 3Benbes 2 w M, T. €. 32KOMAMH nzMe-
HEHus yrnop noeopota ¢ W @p 3eenves 2 u H. Torpa, ouesnpno,
¥ron nosopora ¢, speHa I

P = @ (9, Gn). (7.51)
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l;ﬂg]npauuﬁy aufrpepennuposanns caomHuX QYHEIMA nonyuaem Hs

diy dpy  elipg dgy  dpy
d.!l = Pqe  df + dpy  dt 7 (7.52)
HAS, TaK KaK dygdl == wydyefdl = o, 1 doy/dt = oy, To, cheno-

DATENLHO,

g s - e e I
by == s (g I_ My Wyya [?"'5‘3}
Vpasuenne (7.53) censupaet yriaoese copocTh sserses 1, 2 n H.
Vrnonan CKopoCTh ©y Kodeca 8 He BEXoiuT B ypapuenwe (7.53), Tak
KaK KOoneco J FBARETCA NapasuTHHM. YacTHoie NpOH3BOJHLE OT
yraa ¢ no yrnam ¢, H @y CYyTh COOTRETCTRYIOULHE nNepelaTodHHE
OTHOIIEHHA Npn HenoismwkHuX 3peHbnx 2 n H. Hueenm

O (@)

Fa- =uff) n - =ull)

Vpaprenne (7.53) 7eneps MOMHO NepenicaTs TaK:
o, = u{f0, + uffo,,. (7.54)
Kar nams sto a0 nokasano eoile ((7.40)), nepepatounoe oTHOLIE-
nre ull) moxer OHTH NPEJICTAB/IEHD B CIELYHOLEM BIE:
WP =1 —pf (7.55}
Togcrasnna eupawenne aan uf]} 3 ypaexenus (7.53) B ypaepneHue
{7.04), umeen
o = ufffo, + (1 — ") oy,
OTKYIA Nonydaen
o) =, + ufg” {EE — mH}‘

Gy — fy —ny
H::;f-":-m‘_mﬁ = Ty — iy (?-56]
rfie ry, My W fy — YaCTOTH Bpamenns seenves I, 2w H.

Dopuyna (7.56) nocut naseanme gopmyane Buaasuca dan dudbdhe-
pertuaioe. Popuyna Brannca moker Oulte NONYYEHa TaKMKe C He-
NGIL30OBAIAEN TAK Ha3nBaeMoro setofia ofpauleHHA  JIBHIKETHA.
Ou coctoRT B CACLYIOULEM.

[Mycrh sBerb® MEXaHH3Ma, BXOAALNE B KHHEMATHYECKHEe NapH
€0 cTONKOM, NRIKYTCA C YINIOBHMH CKOPOCTAMH @, Oy H ©gy. OTHO-
CHTENLHOE [BHMEHHE 3BENLCE HE H3MeHHTCH, €CIH BCEM 3BEHBLAM
mMeXauusma coolilnTe AONOMHHTEILHOE BpalleHne ¢ Hakoii-nufo of-
wedl  yrnoeoil ckopoctio. CooliruM BreM SBEHLAM MEXaHH3Ma n0-
NONHHTEILHO: Bpanenue BOKpYT ool Oy ¢ yrnosoi cCKopoCThio —Oy,
PEBHOR 1O BeJRYIHE, WO NPOTHEONOJIOMHON 10 3HAKY YraoBoH
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CKOpOCTH @y 38eHa [, Torpa agenba MeXanuama 6VAYT HMETh YRIOBLIe
CHOpPOCTH, Onpelennemue ud Talnuuer 8.

ChepopaTe/bHO, ncoie coolieHnn 3peHbAM MeXaHH3IMA NOnoNHA-
TENLHOND BpalleniHa ¢ yrnoeoll CKopoCThio — @y 3seno H  Gyper
HenoapHxHo i andipepenunan npepparites B 0OWKHOBeRAHKR aytua-
Tl Mexauuam ¢ HenopeHkubiy ocamu Op n Op [epegarounoe
OTHOILBHITE TAKOIO MEXEHH3MA DEBHO

H
uldh = m_‘H A% 'i'.:.ﬂﬁ_ (7.57)
Wy wy—wy iy

[ne fy, M, M 1y — wacrora epauens Konec I, 2 n zeena H.
Tawknm ofipason, Me m::ag'-

uninu Gopuyny Bnnnnca (7.56).

Qopmyany Buamnca momno

obofuts Ha mddepentian ¢

mobuM  yncnoM Kohee ao k.

Tadnauya 3

MNeprons- ¥raokan cHOpOCTE
SRABEME | qppya potae cOofnenrs
yraveas EMY AONOANHTEIRIOND

3neno we-
TEHHIME

CROHETR T ————
”ME‘EM 3 SREHA i
P P T B i 0y Wy — wy = @
T S e
g Gy '

o lH

m — n, - 2 wy 0y — gy = w§)
=i, 55
h
H {Li 7] wi — @y =10

¥raoeas CKOpOCTH @y He
BXOORT © papedcTBo (7.57),
TAX HaK Kojeco J spnsmerca NapasmrHeM (oM. § 32, 2°). B jeroit
uactd (opuyns (7.57) CronT nepepatoyHce oTHOWewHe 4 oGHKHO-
BEHHOrO 3y0uUaTOr0 MEeXaHnsMa B NPEAnOJOMEHHH HEeNO4BEH HMHOCTH
apena ff. Qopmynu (7.56) nwnn (7.57) cessnpator mewny coboil yr-
Jiosbie ckopoctd komec [, 2 w pomuna ff. 3anapanchk aByMst Kaki-
Mi-ntfo H3 HHX, MOMHO BCErja OnpeseniTh TPETHIO.

M3 yparuenns (7.54) ero uHTerps poeaHien npi YCAOBHH MOCTONH-
CTBa nepefartouMnX orHowendil uifD n wifl, uro ncerna mmeer mecro
Ans aRdepepenunana © KpYTAbLIMI KONECAMH, Nonydaem

g1 = Ui g + tffl g (7.59)

TOE §y, §p H @y — YTAH NOBOPOTA 3BeMbes [, 2 n M.

Mexannambl puddepesunanos (M poko NPUMEHAIDTCH B AETOMO-
Gunnx, CueTHHX MalHHAX, CENMECKOX03alCTEONHEIX MaHaX o T. L.

5. M3 mexannsma, nokasaHnoro ua puc. 7.31, moryr Gurs nony-
YeHE W JAPYrHE MEXAHH3IME 3aKpenneqseM OLHOre H3 3eeHbes. Ecau
2aKpentTs 3peHo ff, TO ero yrioeas ckopocth @y Gyzer paena Hynwo,
Torna dopmyna nna NepesaTOuHOr0 OTHOWEHNS H,3 NPHMET HIBECT-
HEI CHJ,

(M ©
ths =iz = —-,
[y 5

6 W, K. Aprofonencrett
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# andepeHunan NPeBPaLlAeTCs, KaK CKa3aHo Bhile, B OOHIKHOBEHHEIT
ay0uarHii MeXaHH3N ¢ HeloapHkuEMH ocAmyu. Ecay saKpenuTs ofHo
H3 KoJec, HanpuMep Koneco & (puc. 7.32), TO yrjoBas CEKOPOCTE iy
Gynmer pasmua wymio, 0 dopmyana (7.57) momer OhTh HaNHCaHA Tak:

by

w0, — by ()

Y = L — l —_——_—= I — LjEy
ot — Oy Uy
OTKYAA NOJYTHM
H
uff) =1 —uly”, (7.60)

rie uif] — nepenatoutioe oTHOWeHHe Mexauusma (puc. 7.31) ¢ nenop-
BIMHBIM KOecoM 3, noacuntantoe of Koneca I k aseny H, a uff) —
NepciaTOuHOE OTHOWEHHE MEXAHHAMA, COCTAR
JEHHOMD H3 TEX e KoOgec © HenojBHHHmMH
acaMb Oy W 0, noacuuTannoe oT Koheca | K Ko-
Jecy 3, T. . Mbl monyuyaes QopMmyny, aHano-
ruynyo Gopuyse (7.42) ana onpefeneHusn ne-
PEASTONHOTO OTHOLIEHHR MnaneTapHOrg Mexa-
euama (e § 33, 27).
°. Paccworpum pudsbepennuan ¢ woumue-
ckumu  Konecamu. Ha pwe. 7.33 nokazam Ko-
nugeckuit  anddepenunan, npemensemufi B
Puc. 7.32. Cxews  nna- apToMOOHANX. [lpu rnomopore Benymmux konec
oncpiim wonecow . ABTOMOGHAR (puc. 7.34) Koneco [, karsueecs
no preminell KpHpoil & — o, nLoNMmHO npofiTh
Gospumtil nyTs, yem Koneco 2, KaTsleecs nO BHyTpernell KpuBoil
f — B. Chepoparensno, cropocrs Kodeca | OKasmBaeTcs Godbile,
wen koneca 2. Hrolu BocnponaBects ST0 NBHMEHHE KONEC C Pasnny-
HbIMH YTAOBEMI CKOPOCTRMM, # NpHMeHsercs Duddeperuman ¢ ko-
HHYeCKMMN konecamu. Kommueckoe syGuaroe koneco [ (pue. 7.33)
NONYYaeT Bpallelie oT nBKraTens. 370 3y6uaToe KOJECH BXOAHT B 3a-
HeNMEHHe ¢ KOHHYECKHM 3yDYarTeiM KosecoM 2, BpallaiouMMes chBo-
GozHo Ha nonyock A. C konecom 2 ckpennena Kopobra H, caymauas
BojmnoM. B kopebke /] cpobopio la cBOMK OCSIX BPaUlEIOTCA IBA OfH-
HAKOBHX catennuta 8. Carennmrol 8 HaXOAATCA B saUelIeHiH © ABYMA
ONIHHAKOBRIMH 3yGuaThiMH KonecamH 4 W 5, CKpPENJEHHEMH C Noay-
ocami A u B. Eci koneca aBToMOGHAR ABMMYTCS MO NpsMbIM, TO
MOMHO CUNTATE, YTO MOMEHTH CHJ CONPOTHRNEHHA HA Noayocax A
H B papHdl, W, cleoBaTENBIO, CATENNHTH 8 AXONSTCH OTHOCHTENEHO
HX COOCTREHHHIX Oceil BpalleHHs B PaBHOBECHH, H OHM He [OBOPauM-
BZIOTCHl BOKPYT cBonX oceft. Torna kopobka H sMecTe ¢ catelinTamy 8
H nosyoc A u B Bpamaotes Kak OfHO LENOe B ONHY H TY e CTOpOHY
c oaunaKoBoil yrnopoft ckopocteio. Kag tonbKo koseca apTomobui
HAYHYT JBUTATLCA 110 KPUBLM pasnuyHeX pajuycoB R, uw R,
(pue. 7.34), carennnTi 3 HAYHYT NOBOPAYHBATLCA EOKPYT CHOMX OcCedi,
I peeh MexamisM Oyper paCorare kak auddepenunancuunil Mexanise.
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PaccMOTpHM KHHeMaTHRY astomMobuawnore auddepenumana, Co-
pnacuo thopmyde (7.57) umeem
Oy—H8y MRy
@y —Wy  Rg—ng’
T/ie fg H f; — 9acTOTa BpallleHus RoJec 4 u 5, a ny — 4acrora Bpa-
wenns xopobiu f (Bomuna). Koneco 4 cuennserca © napasHTHLIMH .
xonecamy 3 (catenauTaMu), KOTOpHe B CBOIO OdYepelh CLEMIAITCA
€ KoJecoMm 5, ojliHakoBeM ¢ Konecom 4. CnenoeatensHo, nepeia-
7 T— e ToYHOE OTHOWeHHe wufl panno

_

(H) o
ufe =

H__#s T
1B 2y Zy )

3uaKk MuHYC rocTaBneH
NoTOMYy, 4TO CTPENKH a4 H €

Poc. 7.33. Cxesma WOHHNECHOSD ABTOMOs Puc. 7.34. MoaswEenns ey ]
GrABMOrs SHddepeiynana ARTOMOGHAR NPH  ©r0  HOBOPOTE

Konee 4 n 5 (puc. 7.33) ne copnanator No vanpaeienuto. Taxum ofpa-
S0M, OKOHYATENLHO TNONYYHM

i, — N,
ufp =P = 1,
OTKYHa
Ry — Ny = Ny — N5,
H.JIH
ny = 25— 0,5n, -} 0,5n5. (7.61)

Takum obpasom, cymma JBYX KO(GUUHEHTOB NPH Ny M Ay PABHA eIH-
HHLE, T. e, YAORIETBOPAETCH YKazanuoe yonoede (7.41).

Hz dopmynn (7.61) cnepyer, uro uacrora Bpauteuns ny; KopoGxu H
PaBHa noaycymuie uactor Bpamenusi nonyocet A w B, Ecomm ogmo
H3 Kojlec, Hanpuuep Kodeco 4, OCTEHORHTCA M 1, Gyler paBso Hymo,

TO nonyyum ny = "Efi"' W TOorfa koneco § Oyner fesats B JBa pasa
i

%
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Goabuiee uneao oboporos, vem kopobka H. Ecan nenonsumunoil Gyner
Kopofka H w gactora ppawesns ny KOPoOEW Oyser papna HyJuo,
TO 1y = —n,, 1 Koneco 4 Oyler BpallaThesn © TeM KE YHCAOM obopo-
TOB, HTO H KOMeco 5, HO B NPOTHRONCAOKHOM HANPABNEHHH,
7% [arhapennndi | Kowuvecknit  audshepeivan npHMEHACTCA
E CYPTHLIK MAlHHAX KaK CYyMMHPYIOUH MeXapkusM Aas cJAOMEeHHs
CHAaNsIPHHX Beniuuy, T. €. OH OCYILCCTBJRCT JHHEHHYIO 34BHCHMOCTL
BHIA
X, = gxz + pxy. (7-62)
PaccmoTpHM MEXANH3M KOHHueckoro Au(depenumana (puc. 7.35)
C paBukiMH Kojecamu [ u 8, catennutom H o napasuTHeM KOnecoM 2.
Ilns wero, cornacHo ypassenmo (7.59),
OyneT Becerfa yaoBNeTBOPATHCH YCIOBHE

¢ =t g +ulllon.  (7.69)

lNocronunse wosdduiMeHTH § W P B
ypasttenun (7.62) 6ynyt coorpercTBEH-

Pec. 7.085. Cxema  nuddbepenudante HO pPaBHH
HOTO  CYMMBERYRALCTD MEXpHiikg ©
OV HRR HOEC AN

(1) 13 Hy 1
g=u3", p=uly =1—ufi"=1—¢g

Tail WaK, cornacho ycnosmio (7.41),
ult + ulf = ptqg=1 (7.64)
Beeasn na panel Oy i Oy CranapHbe BEAHYHEL X3 H Xy B BRJE cO-
OTBETCTHYIOLHE YIVIOR NOBOPOTA Gy H @y STHX BAJNOB, MBI NOJYUHM TI0-
popor Bana O Ha yron @, NPONOpUHOHAALHLE BEAHUMHE Xy, PaBHOL
cymme, ykasaluoil B ypapnenun (7.62). [latuapennmil womrueckui
mujebepenunan  Buna, NORasawnore Ha pue. 7.35, OCyulecTEnAet
cynMupoBanue npu yenosun p + ¢ = 1. Ecnu neofizopnmo ocyiiecr-
EHTh CYMMHPOBaHHE NPH YCNOBUH p + ¢ == 1, T0 Hajno na onsoM way
ofoHX BXonHuK panax Oy u O nocTasiTs AONONHHTENbHBE npocibe
aybuaTHe Depenaus ¢ NepelaToYHEMI OTHOMCHHAMH 1 | 1", DABHBLIMK

i P o q C
R Ll s (7.65)
13 Ed

& . Brule Mu paccuoTpent HeKOTOpHeE BHAR Al(depenunansHHX
MEXAHHSMOB ¢ [ByMa creneHaMi cBofome. Jte  puddepenumans
HMEHT fBa DXOAHBIX sBena. B TeXHHEE npeuensioTcn MEXauHambl,
coctonmMe us pudbepenunana, MEXIY EXOIHLIME 30CHbAME KOTOPOTO
YCTAHORAEHA NpoMexcytounas 3yCGuatas mnepefava. Jra nepenaua
HaKJa[HBAeT JONOIHHTEILKOE YCNoBHe coazn, H aiddepenumans L
MEXZHH3M NPEBPALBeTCH B CAOMHLIN NMUancrapuuil MeXaHuaMm ¢ of:
HOlt crenelislo crobobl Takofi MeXanusM HASLIBAETCH SGMKHIEIGLN
Juthpepen o tbHpm MEXAHUIMOM. ! : :

Ha puc. 7.36, a nokazan mexannsm auddepenumana, y Kotoporo
Koneca 1 u & 3auMgnyTH npomexyrtounoRl syGuaroli nepepaued, co-
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croswied u3 konec 1, 2, 203, pe/e/ICTBHE Yero Yr10Basn cKopocTs Koseca 3
3aBUCHT OT YriOBoii ckopoctH Bxonnoro ssena [. Ilns onpenenesns
ofiuero NEPENATONHOTO OTHOWEHHA Wy 0T Bana O, K sany Oy yaoGuo
MeXaHiaM, NokasaHHeil Ha prc. 7.36, a, Kak 6L pacuneHnTs Ha nBa
gyGuareix Mexannama. TepBuiii mexanuam, nokasanunii na prc. 7.36, o,
npeAcTapaner coboii MpocTyIo ABYXeTyNendaryio syGuaryio nepenany,
cocTosly0 Ha konee I, 2, 2' y 8. Bropoifl MeXauusm, noKasaHHLI
ga puc. 7.36, 8, npeacrarnser coboio Audrpepenuman, cocrosuimii us

Pac. 7.30. Cresa samenyToro Rndeop enau ansior Mexapmams ¢ WIARETDHUCCHIME HOUec i

vonec 3', 4, I' w noguna H. Haunem c PACCMOTPEHUS! KHHEMATHEY
mngpepenunana (puc. 7.36, 8). Ilnn s1oro Mexanusma HMEEM, Cor-
JlacHe ypapnenuo Buaauca (7.56)

o, — G
uft) = 'a::_—m:- (7.66)

Paspenuwm gncnutens w anamenarens ypasuenus (7.66) na yrao-
DY CEOROCTE @y, [lonyuaem
O Sl — 1 Ly, — 1
= =T (7.67)
a Py 5/ Wy
Benenersue toro, wro woneca I u I' u 8 u & wectko CBR3ANE ApyT
C IPYIOM, &y = iy H ©y = @y

Hanee pacesmorpum mexawusm, nowasamumii na puc. 7.36, 6.
llepenarounoe ornowenme uyy s10r0 Mexanusma paBHoO ‘

Hy —
uth =

Uy = ey, (7.68)
Hs pasencrpa (7.68) nonyvaem
Wy = /1y, (7.69)

Honcrapnnen NONYSSHHOE BLIPAXEHHE AN @y B ypaBHeHHe (7.67).
Honyyaes
. — 1 g [ty — 1)
uffl) = 1 e . .70,
T ey —1 Byg = Yyg (7.70)
Ha ypaeuenun (7.70) onpegensen ofuiee NEPENaTOYHOE OTHOLIE-
HHE 1y, mexannsma, Hueew

i, () g -
yy = —!il?j—r-—L-—-Lo & (T.Tl}

sl —u,
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[Nepenarountie orHowennsA, croanue B Npasofl vacty papencrea (7.71),
MOrYT ORITh Onpejetens, ecal HIRECTHW 4HCHa aybhen z;, 2y, 2,
29, 2g, 2 M 2, konec [, I', 2, 2, 8, & n 4. Hueen

Hyy = {—"l]!;:??:‘" .. %l {7'?2}
(M) ) o ¥
uffd ==l e (7.73)

lNoneraensnn spauenun u,, v wif) ua pasencre (7.72) n (7.73) B pa-
eencTBo (7.71), onpejenses nepelaToutoe OTHOWEHKE iy OT Bana 0,
k any Oy (pnec. 7.36, a).

§ 34. Mexaunampl nepefay ¢ ro0kBMB 3BEHBRAMH

7. Mexauusmut nepepay ¢ rhGEMMM 3BEHLAMH  WHPOKO NpHMe-
HAIOTCH B HEKOTOpPHX Ortpacasx Texuuku. [locrarouno ykasath Ha
B nepefayy  peMcHHbIE, KAHATHEE,

. LenHbiE W Ap.

PaccmoTpHM OCHOBHEE EHHe-
MaTHYECKHE 3IABHCHMOCTH, MMe-
LiHE MECTO NDH NEPENAYE JLBHMHE:
Hus ruGkumy spensami. Tlyers
pE_ 7 Eﬂ Cxema nepeamin ¢ mepcTa- nea seena I wd (puc. 7.37) uMetor
O K oint Dot UePe MpOGHAM, OUEPUEHHEIE MO HeKO-

TOPBIM KPHBBM @ — € 0§ —7.
[ubkoe HepacTaiHMOE 3BeHO £ OXBATHBaeT npoduin & — e it
T— ¥ Ha yuactkax Bk u Cn wu sakpenneno CBEOHMM KOHIAMH
k w n na npodunsx. Ecnu apeno [ Bpamartk B YKasaHHOM Ha  pu-
CYHEe HanpaBhenus, 70 rubroe sBeno 2 OyleT HaMaTHIBETLCR
Ha npoditih ¢ — o # CMATLBATLECA C NPOQHAR ¥ — ¥ K TEM CAMRM
npHBeJeT BO BpameHke 3peno §. Hailiem cpask Mexay yraopesiy cro-
POCTAME (4 H @y akedben [ o 8. [lin STOM0 BOCNOALIYEMCH METOIOM
MrHOBEHHLIX LeHTpOR Bpaulenus. Mruoeennsdl uenrp Py (3Benc 4 —
crofika) Haxonktcs B Touke A. Mruosennwii newtp Py, naxoputes
B Toyke D. Mruosennsit uentp Py cosnapaer ¢ toukoiit B. B amowm
JENE, 80N MECNEINO OCTAHOBUTE 3BeH0 1, 10 apeno 2 6yaeT neperaTuBa-
They (e3 CROAbLIKeHHs no npodian o — & spena [. TOUHO TaK ¥e MIHo-
pendRfl LenTp Bpauenks Py, coBnagaer ¢ toukoil C. Mruopennmi
ueHTp Bpamenusn Py, B JBHMEHHH 3BeHa J OTHOCHTENLHO 3BeHa [
Jonxen OJHOBPEMEHHO JIEKATL HA NPAMEX, COCAMHAIOWNX MrHOBEH-
Hbie HeHTpH Py, Psy # Py, Py 1 B COOTBETCTEHM C 5THM OH pacnona-
raeTcs & Touke nepeceyenus npamux AD w BC. Chepoparessso, nepe-
BATOYHOE OTHOLIEHHE M3 OYNET PaBHO
Ay (Paalas) o (DF)
s =G, = T PP T T @R g
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TakuM 06pazoM, Hanpapienie rHOKOre sBeHa NENHT JAHHHIO, CO-
eQHHALILYI0 UEHTPH Bpailenys speHwes | H 4, na yacti, ofipatho
NPONOPIHMOHANEHEE YEAOBHM CKOPOCTHM.

Pac, 7.56. Cxems DEpeAasH © BEPECTHRHMEM FH0KEN SBEHON B DOJOMETEMLHEM NEpeARTO
1M OTHOEISHBEM

B cayuae penennn aunuy AD pryTpeninm o6pasoM nepegaroynoe
oTHOLUEHHEe OTpHIATENbHO (pue. 7.37), B chy4ae NENEHHA BHELUHHM
ofipazoM NepenaToyHoe OTHOWEHHe nonowHTeMsHo (pue. 7.38).

5
Lecd
7 (5]
T rd
Frc. 7.89. Cxems OTHPETOR DNEpEpESH © He=
PACTHMHMMELY IHOKEM BECHOM H  KPYTALME
1 KHBAWT
sl Ess)
F2 F7A
3 [

Puc. 741, Cxema
GoCCTYNENSETOND  hé-
PHaTofa  cHopocTeE o

Fuc, 7.40. Cxema nepespecTHoll  nepogaun HEPAETRM e rag-
€ HCPRCTARHMMEM FROHUNM SBOHOM B K Y- EHM anenos B KoHH-
M WKHBARN HECHHAH WK HBAME

Z. Tlpn nepenave ARMI<ENHs THOKMM 3BEHOM NOCPEACTBOM KpyT-
JIEX WKHBOR (pHc. 7.39) nepepatouioe OTHOWeHHE PABHO
_ ™ (DF) ry
L M= @R T Qa3
T. €. NepejaTouHOE OTHOLIEHHE paplo OOPATHOMY OTHOLIEHHIO pajiiy-
COB ry M rg wrHeoe [ u 3,
Mexanusm nepesiaun riubrumM SpeHoM, HoKasaupbii va pic. 7.39,
HOCHT laspanue emuxpounod nepedasy. Ha puc. 7.40 nowazam Mexas
HH3M nepexpecmuod nepedayu. IlepeparoyHoe oTHOLWEHHE NepeKpect-

HOH nepepaun
ac o APPL_ . 0
s =g (4P) o (7.76)
Ha puc. 7.41 nokaszaua cxema Geccrynesuaroro Bapiuaropa CKo-
PocTH ¢ ruOkiM sremom 8. Kouyesl T u 2, § 0 4 cnenpaisnelM MeXas
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HU3MOM, HE MOKAIZHHEM He CREME, MOMNO CABHPATE HAH DaifBHTATL.
I'1pu s1oM cobmoiaercs yeNOBHE NOCTOSIHCTBA AuEH rubKoro 3BeHA b,
Taxum ofipason, Mu HMeeM B3 LWKHBA, ¥ KOTOPEIX MOXHO NJaBHO
MEHATE PAJHYCHE H INEBHO HAMEHHTH nepefaTouHbe OTHOIEHHS.
MNepenasit ¢ rubKEMH 3BEHBSMH LWHPOKO NPHMEHSIOTCS TaKMe H
B BHJE LEnHHX nepeiad, B KOTOPHX syOuaTeie SBE3NOYMEH BXOAST B
Sauennediie €0 SBEHLAMM LEMNH, Tawmue mexanuamu npiwMeHswTCH
B cenbCcKOoX0sRicTBEHNEX MAlINRax, TpaHcNOpTepaX, TrOopHEX Ma-

WHHAX W AP.

F'nsea 8

KMHEMATHYECKOE HCCHEROBAHHE HEKOTOPHIX ENACE
NPOCTPAHCTBEHHEIX H NAOCKHX MEXAHHIMOB

§ 35. MexapsaM YHHEEPCAJNBHOIO IMAPHHMPA

°. B§ 11, £ npy paccMoTpelHH PhIYaMHLHK MEXaHU3MOB M OT-
MmerTHaH chepuueckuil WAPHHPHLEET HeTHPEX3BEHHHK,

Ha puc. 8.1 nokasan npocreiiwmii chepruecknii wWapHupHuEil ge-
Taipexspenink ABCD, ocH BpamareibHblX KHHEMETHUECKHX DAp KO-
Toporo nepecexatcs B Touke 0. B veil nepecexaiores ocu [, 2,3u4

Poc 6.1, Clepuuecsni npp Puc. 8.2, HKPHEMATHYECKEN CXe-
HAPIER HETHPERSHCHERE €O CX@= Mg CCPHRCCHOPD  WApRUPEOITG
MATHSHPOUEHELME  KORCT YR THE- RETHPELIBEHEN A

ELIMH opeasy abeBLER

BpalatenbiEX KupemarngeckuX nap V knacca. Kunematnueckasn
cXEMa STOro MeXalnsMa nokaizaHa na puc. 8.2,

Koncrpyktupno cepuyeckiil MeXanmsM WAPHHPHOTO YeTHpeX-
SREHHHKA BHINGIHAETCH TAK, KaK ST0 NOKasaHo na puc. 8.3, 3eeno 1,
BpaAIOUIEecn € YIJON0H CKOPOCTHI0 ©; B HENOABHMHOM TOAWNN-
HHKe, BLINOMHEHO B EHie BuAkn F, cHabmennofl npyMs BTynKamu B
# B’ ¢ oxwofl ofinedi ockio BB’. Ananoriuno aseHo 2, Bpallaiomiecch
¢ yraoBofi CHOPOCTBIO @y B HENOIBHIKHOM NOMUHIHUKE, BHOOTHEHO
B Buje puaeM F, cuabxennoii feyMs eryakamu Cu €' c oanolt of-
uedi ocso CC'. 3peuo 8 BLINOABEHO B BHAE KPECTOBHHLI, KOHIL KOTO-
poft BxonsT B0 Bryaku B, B' w C, €' sunox F u Fy.

Mexanusy MNO3BoASEeT BOCNPOHSBOIMTL NEpenady BpauleHMa oT
spepa /| K 3BeHy 2, OCH BanoB KOTOPHX DepeceKalorcs Nox yriow o
{puc. 8.3).



§ 35. MEXAHHNAM VHHEEPCANLHOID WWAFPHHPA 169

Ha npakTHKe ME BCTPEYaeM 1o NpeHMYUIECTEY TOT YacTHHIT  mupg
pexanusma, korpa yrau AOB, COB u COD papunt 80°. Torna toukn B
g B’ peuiyTcs no ayre Gonbiioro KPyra, MAOCKOCTL KOTOPOro nep-
nefmKyAspHa k ocd x, a Touk C u €' — no gyre Goabworo Kpyra,
AAOCKOCTE  KOTOPOro Iepnef-

JMKYNApHA K OcH Y. Onucan-
HL MEXAHHSM UHOCHT HAasBi-
HHE MEXAIUHIMA PHUBEPCONLHO20
OPHEPA HIH WapALgpa fy;.,u_

2", Paccmorpum Tenepn, B
paroil 3aPHCHMOCTH HAXONATCH
yrAOBHE CEOPOCTH @y H @y,
Kak Bugno ua puc. 8.4, Touw-
ka B muamu F  onucobaer
oxpyxiicets f — BB naockoe-
TH, MEPNEHIHKYARPHONR K OCH Puc, B.3. Mopenas clepitetHoro  WapNnpHOOG
x, a rouxa C punrn F; omi- NETHPUASRELHH K
CHIBAET OKPYMHOCTE 3 — 7 B
MNOCKOCTH, NEplenadKynapuoil K ocH y. ¥rol Memny STHMH NAOCKOC-
TAMM PaBeH YrAy & MEXay OCAMH X H §.

Ecnn B gavecTee nacckocTd npoerusil peifpath NAOCKOCTE, Nep-
NelJHEYNSPHYIO € ocy x, TO OkpysHocts B — B na sty nnocwocts
CNPOEKTHPYETCH B HATYpanbuyw Benuuuny (poc. 8.5), a okpyx-
HOCTL Y — ¥ — B BHpge sanunca 3 — 9.

b e = g
Poc, 8.4, Cxema yHMBepoanuioln wap- Puc. B.5. K ODpegelenis  coor nos
HH[18 LIENER MeRAY YINaME @y H gy Bobos-
POTA BECHECE YIHREPCAALBOTY uzap-
HHpa

[ycre B navansuoM nonoxenun oce BB’ sanumaer nonomenue
ByB; (puc. 8.5); torpa ock CC’ saitmer nonomenne CyCp, Tak Kak
yron BOC papen 90° ® npoekTipyercs B HaTYPanLHYIO BENHUHAY.
Iyers nanee speno [ nosepuercn na yron ¢y. Torma ock OB us nodo-
¥endsn OB, nepeiiper B nonoxenne OB, u yron gy Gyer npoextHpo-
BaTees B warypansnyio seamunny. Ock OC us nonowmenun 0C, nepeii-
IeT B nonoxeane OC;, KoTOpOE ONpENEnHTCH, €ciu K npawmoil OB,
B Togke () poccTasuTh NEpreHguMKynsp s uaiite Touky C, nepeceue-
HHA sToro nepnenasuynspa c sanuncom v — . Tlpu stom sseno 2
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NOBEPHETCS HA Yroll ¢y, HATYPANLHYIO BEJHYHHY KOTOPOrO MOMHO
HaiiTh Ha yepTeme, €CAH COBMECTHTE IJIOCKOCTb, COAEPKAULYID OK-
PYXHOCTE § — 7y, € MAOCKOCTRIO NpOEKUMil, T. €. NAOCKOCTHIO, CO-
nepxaueil ogpymnocts fp — f. 3710 COBMeINERHE MOMET GHTL Cle-
nano Kak nosopot Bokpyr oc CyCh. Ipu stom Touka C; nepemectutcs
B Touky Cj, nemauyio na nepnensurynspe QC; x ocu GGy Yron
C,OC; 1t GyLeT HCKOMEIM YIJIOM g, HA KOTOpBUI MOBEpHETCA 3BeHO 2.
Tak Kak yroa Mesiy NA0CKOCTAMH, COfep aumy okpyxnocts fi — P
Wy — ¥, paBel yriy @ Mewmay OCAMH X H Y, To Beerlia Gyner HMeTh
MECTO PABEHCTBO

(QC,) = (QCi)cos ct. (8.1)
HNanee uz ueprexa (puc. 8.5) BMAHO, yTO

(QCy) = (0Q) 1g oy, (8.2)

(QC3) = (0Q) g §u. (8.3)
Caepopatensto, tg @ /ig ¢, = cos o, wan

lg g, = 1g Yy cos . (8.4)

Tak ®ak o = const, 1o, mHddepenuupys buipaxenue (8.4) no
ofiofmentofl KoOpAHHATEe ¢y, HaXOIHM

dige) _ dORe) oo dipe

iy dyy digy”
HIH
iy dipg
- g S
Pazgensn npaeylo K JeBylo sactd Ha di. Hueeu
o oo,
cos® gy cos? gy

TaK Kak dg,/df = o, u dg,/di = ws. Chepoparesbiio, nepesarounoe
OTHOLIEHHE Ly PABHO

iy ooty | {3. 5}

¥Ypasuenue (8.4) npepcrasiM B BHAE

e : _— 1]
R

Peluad NoCTEfHEE YPABHEHUE OTHOCHTENLHO COS® @g, MoJydacM

cost gy cost o
SiE g - cost gy cost e (8.6)

cos® g =

INoncrarnsns eupamense (8.6) 8 Bmpamenne (8.5), noayuacm

Wy cosa .
b= =~ g + cost grcos* @ &7
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Orciofa HENOCPEACTBEHHO CNENYeT, 4TO NPH PASHOMEPHOM BPAILEHIH
OnHOrC Balla npyrofi pan Bpawaercs sepassomepro. B camom pene,
npt ¢ = OF wmn gy = 180" umeem

¢ Emi_l
fan T

[pit @ = 90° wan @ = 270° ymeen
l'.-l!,.,=—§f—=tﬂﬁ&.

Taxun 06pasom, nepeiatoynoe OTHOWEHHE Ly Y MeXAHU3MA wap-
wupa TyKa ussmensercs
e nperenax or llcos @
N0 Cos @,

Urobul He Guno GoJib-
wore konefauus nepe-
HaTOYHOrO OTHOLEHH A
Iz, OCH BANOB NapHHpa
PEKOMEHAYETCA pacriona- :
ravh nog HeGOMbOIMM Y 1-  f.c. B0, Cxema neofpors YHEREPCANLHODO GiApN HPa
JOM .

5. B paje mawmn ns nepepau Bpamenus MEHLY NBYMSi NPOHS-
BOJILHO PACOONOMEHHREMI B IIPOCTpalCTEE OCHME NMPHMEHASTCH Mexd-
HUSM O600HO20 YHUBEPCANLHO0 WapPHUPA.

PacchoTpus Mexalinas npofiHOro yHNBepeansHoro WapHHpa, KHHe-
MaTHUECKasA CXeMa kOTOporo usobpasxena Ha puc. 8.6. Sror mexanmam
MOMHO paccMaTpibaTe Kak 1Ba YHHBEPCANEHBIX WAPHMPA, HMEIOMMX
otimee 3seno HKLN. Beaencrsme toro, 4ro ocu BPALLATENLHHX Nap
00 TpH nepecekaworces B aByx toukax O u O, mexanusm geofinoro
YHHBEpCANLHOrO 1MaPHHpa 06Aa23eT OfHOH CTENeHEBI CBOBOARL

. PaccMOTpHM COOTHOIWENHS Yr/OBBIX CEOpocTefi B 3TOM Mexa-
Huame (pic. 8.6). MNycrs B Touke O nepecekaiotes ocn I, 2u 3, a B Toy-
ke Oy — ocut 4, 5 u 6. Tlycrs yrnosas cropocts spena ABC BOKpYT
ocit / paBHa @, a yraopas ckopocts apena DEF BOKPYT ocu 6 paBHa
wy. [lycts nanee ocu 1 w 6 narknonens ® numss O, coorreTcTREHHD
NOA yrnamu ¢ u ¢y, Bungn HK u LN naxopstes B opnoil u 1oil e
MADCKOCTH.

Otosnauns yron nosopora seena HKLN Yepes ¢, yronl nopopoTa
seena ABC — depes ¢, u, nakomen, yron nopopota seeia DEF —
9ePes q,. Torna no dopmyne (8.4) aan Mexannama YHHBEpCAALHOIO
UWapnipa nomyuaem

teg=tggcose, tgqg, = tgycosa,

OTkyna
kL
s cosey @)
Orxowmenne lgy YrAOBHX CHOPOCTEN @y M @, ModeT OuTh Bafifeno
€ noMowmio Gopuyan, ananoruunoiil dopuyse (8.5).
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Ecan o, = o, T0
cose, =costy o tg g = g g, 8.9)

OTKYAA HMeem
"pl. = Qg {8 lﬂ'}

H, CA200BaTEABHO,
o = O (8.11)

Taxum ofpason, NpH CHMMETPHYHOM PAcNONOXeHiH 36eHEER MEXa-
Hi3Ma yraoske ckopoctit spenses ABC u DEF pasnui mexy cofoft.

§ 36. MaabTHiicKHe MeXAHHIMLL

P, Manbrufickie MeXamMsMel, HIH TAK HASLIBACMEIE MEXQHUIMBL
MAABMGEICKILY KPECnos OTHOCATCR K SyOuaTuiM MeXAHHIMAM C OCTAHOB-
KaMi, T.e. K MeXaHHaMaM, Y KOTOpHX BhIXOAHOE 3BEHO HMEET
ne;t 34 DPEMEHH JIBMIKEHHs M
[ viYL HpeMeHH OCTAHOBKH.

Mexansusm MANLTHACKOrD
KpecTa npexcrasnser coboii spe-
Ho [, cocTosUlee H3 JHCKA C Bhl-

eap M nanena A (pue. 8.7).
geHo 2 mnpenctapaser coboft
nuck, cHabmennnl paiHansHBEIMH
nazamu. [lpu epauiennn sreua [
nanen A EXOOHT B COOTBETCTRYIO-
Pag, B.7. Cresa MEXOHIBME MEALTRACHOTG uHe nasel b apeHa 2 H HGEOPH:
EpecTs © BHCLULNS SIUSTUERMENM YHEAET erc Ha olpefeleHHEH
yron. 3eenbs | u 2 cuabmedH
sanupaomumy ayrass CDE, npeaynpesaomiyy  camonpoHsBoib:
Hoe Apdmenue apena 2. Mexaunsmbl ManLTHACKHE KPECTOR BLIIGJ-
HAITCH KAK C BHEIUHHM, TAK H ¢ EHYTPeHHHM 3aIETIEHHAMI.

Mexanuam ¢ BHELINHM SALENJEHHEM Nokazad na pnc. 8.7, a me-
XaHUSM C BHYTpeHHHM sauennenueM — wa puc. 8.8,

Mexanusm mansTHiiCKOTD KpeCcTa nocie 3aMeHsl BREICIUMX nap
HHSLIMMH MOXeT ObiTe NPHBELEH K OOLIKHOBEHHOMY KYJ/HCHOMY MeXa-
nusny (puc. 8.9). Iaa onpenenenss ckopocTefi B yckopenmii STOro
MeXaHusMa MoryT ObiTh NpHeciens! QOpuMyanl MR KyAHCHOMD Mexa-
Hu3aMma, Beselendnie Hamu B § 25, [pu wecnenopanuu mMexaHHIMa ma-
AbTuiicKoro KpecTa C BHEIIHHM Sajlenyenuen HAN0 HCCAeIOBaTh ABl-
WEeHHe 3aMeHsIoNEro KY/AHCHOTO MEXaHH3Ma npH NoBOpOTE erc 3pe-
Ha / na yroa 2¢;; ANA MEXaHHIMA ¢ BHYTPEHHHMM SalenfesHes
HCCAelopanie MPOHABOJUITCA NpH NosopoTe spexa | KYJNHCHOTO MeXa-
ni3ma Ha yroa 2¢7, Ha puc. 8.10 nasm gmarpamuel yraoBoil Cropd-
CTH # YrJoBOro ycKOpeuEs 3sexa 2 npu nocrosasnoll yrniosoll cko-
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poctu 3BeHa /. Ms cpaBrenns nuarpamm caenyer, uto ManbTHHCKH
KpecT C BHYTPEHHHM 3anennenven paGotaer Gonee NNaEno, wem
ManbTHACKHIT KPECT € BRELIHKEM 3a1ennenIeM,

Mexauusm, noxasanmeii wa puc. 8.11, ofecneunpaer paBHBe
NEPHOAH ABHIKEHHA W MNOKOA, COOTBETCTRYIOUHE NOBOPOTY BXOIHOMO

Fre. BB, Cxema mexawviasss mManbreis Frc. 8.8, Cxems HyJHCHOTO MEXSRHIME,
CHOTO HPCOTY © BRYTPEREUHM S3UETSEEICN  SAMCHERAIEND MCRAHESM MAIETHRCKOTD
HPecTa

seena I Ha yron 90°, 18K Kak yrast Mexay nasamu B namsinam paBHE
memuy cobofi. Tlpu paeneix nepuwomax yram A, MEHLY DAMBILAMH H
PACCTORNNA NafbLUeR OT ocH Bpamenns Oy RoNmHL Gbith panut. Jlng

i

Pac, B 10, JHarpssme yraoson CHOQOCTH M YEROBOFD YCHODERHH KOPOBEthe KYRHCHOro
Mexe inana, SEMEBHIINEND MEXBHMIME MAaNuTHACKHN HK{pCoToB © BHellBBs H BHYTPUEEHEM &
B LENCHEER

MEXaHHSMa, NOKASAHHOTO Ha puc. 8.12, nepuonst meiskenus H_noKos
;fgi?;?_qn COOTBETCTBYIOT MNOBOPOTY BXOAHOTO  3Besa I mna  yrom

Ecan " népudat nlokos u neproau ABHMKEHNA SANANB HEPABHEMH,

Honyyaercn mMexaniian HENpaBIEHOMG MaNbTHACKOrO Kpecta, B stom
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MEXAHHIME MOrYT OHTE Pas/HYHEMH YTIE MEXIY HazaMH, yTiAH MEXIY
nafbilaMi M paccTORHMA Mafsles OT OCH Bpamenun O,

2. B mexanname MansTHHCKONO KPECTa C OIHHM NasbleM, ¥ Ko-
TOPOro BEKTOpP CHOPOCTH OCH Naibha B MOMEHT BXOJA B a3 Hanpab/ien

* Puc. 5,11, CreMa MexcRps- Prc. B.12. Cxcma MNOXaBHESs
MA  MaNRTHRCHOND KpecTa © Ml Mam TaflcHorn  KpocTa o
PHRHBIME  BEpEOlAME LR pABHLIMN DEpHONAME JBHME-

UHA M NOKOA HHA H BEpanbwMH OepHo AL
NoEOH

0o OcH Na3a, yrod NOBopOTa KpecTa 3a opHu obopor SpeHa [
panex
2, = 2nlz, (8.12)

rne z — 4Heao nasoe. ITpw nosopore wpecta ma yron 2, seeno f
noeopaynsaerca Ha yroa 2¢, (puc. 8.7), pasuniii

2:,n,=n—-21p..=fﬂ—-2£=-n(l -—--E-)-

& 37. BexTopHBA METON KHHEMATHYECKOTO AHAMNSZ
NPOCTPAHCTEEHHLIX PWYAKHBIX MEXanHaMoB 1)

%, Pactuotpim Hexotuphie o6ULHE DOMMACHHR BeKTOPHOR aarelpsl, KOTopite Ham
GynyT necOXonMME NpH KMEEMATHYECKOM SHEAHSE TPOCTPARCTBEHHLIX MEXEHHIMOB,

OGoawmunm coRpamento wepes Op 1 Op jeKapTost: CHcTemy EDOPIIITHAT Hoe-
poe a 1 b (pre. B.13, 0, 6). [Myems HspecTis OpOSKUMH HEKUTOPORO BEKTOPA €@ Ha
OCH Xg, Ug, Za; WX MW OCCOHEWNM coOTReTCTRE KO vepes wi®!, wi®, wl® Tpefyercn
onpenenims semumm ™, wi®, wi? — npoexwim Toro me pextopa ws ocm ap,
by 2y
Hpu pemenun storo sonpoca M AA ynobores Gynes cunrams (prc. 8,13, &),
YTO HAYANE KOOpAHHETHEYX cucTeM Og i Op coBnagaior, G0 napasncibmuii Depenoc
ocefi KOOpAMBAT He MPHDOLNT K HSMEBEHMIO NPoeKuUNf pexTUpA.

2%, Bextop @ MOMNO NPERCTAHMTE CASLYIOULMM pASJCIKEHHEM 0O OCAM X,, Ja

H Z.
w = {4 fel® 4 kow, (a). (8.13)

) Haenufi naparpad CoCTaBAEH SETOPOM DO MATEPHANAM, NPEIOCTABIEHHEM
EMY }\ I, OpaguuoBiM, - 5
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CnpoekTHPYEM BeKTOp @ Ha OCH X, Uy, % Jlns sToft nenn Eupamerme (B.13)
MHO YMBOMHTE CKEAApHO WA elHHubHR BekTop (opT) cooTsercrayiomeR ocw,
o yuHM

wf? < by == dy- Lyl By f ol R,
Wl = Jy o= Jy 1 0 b fyd D - Sy kgl (8.149)
wf’" =y = #h‘iuwiﬂ] * kb'!awgﬂ + kh'luwaﬂ'

Vs STHX paBercrs SHINO, NTO Kemaan ks Homomux eawunn wi) (k= 1, 2, 3)

AUHELHD BHpEWACTCA NEPES HIBCCTHHE HAM NpoeRUME wid), ungrn u wiel. Koz)jm-

IHENTAMH NpH STHX BENHVIHEX RETAKTCH CHAAAPHEE OpolEBedeHHN OPTOE HOOPIH=
ueTHEX cncted Og 0 Op 310 GYyIYT KOCHHYCH YEROE Memly COOTECTCTEYHALEMH

Puc. 8,00, Jlexaprons cHCTEME EOOROHHAT B CONMELGEHOCM H HeCOBMeLDRNOM BHDEX

mop.uﬁamunn ocani. Tak, nanpumep, kosddupesve w3 nepeofl cTpokH dop=
mya (8.14)
- - -~
h-l'iu = Q0% t‘tbl' xu}t !f-‘l'ju = Co5 {rﬁ- !u"n]l Ih'*ﬂ = 0OS {nr zﬂ.]I

ALTAIOUIMECH NPOEKURAME 0pTa I HA OCH Xg, Yo ¥ Zq, NpeacTasanioT cofoll HaOpap-
AMOULHE KOCEHYCH OCH X5 B ceeTeme O,

&°. Ian MeROTOpHIX BLIBOJNOE, KOTOPHE 'ﬁwlg:l' chenakl noame, kosdlanrerTy
MpH npoekuMax wivh, wi*) w wit) 8 pavencreax ( 14) e BrammieM B EHOe Ta(IIMED

(marpmi) ) £
| £ 'b'fn lo-Ry
Meg=| Jo-la Jo-fa So-Ral, (8.15)
ko-lg Ri-fa FRu-Rg
EOTopylo WMOMHG NEPenEcaTs eue 181

e P i -
cos (xp, xq)  cos(am, Ma) €08 (xb, Z5)
Mba = cos (4, Xa) €05 (40, G} €5 (Vb Z0) |* (6.16)

——
cos (26, Xg) €05 (6. Ga) €05 {2ny Za)

Mpg ecth METPELE HANPBNAIOUINK HOCHHYOOR; RICMEHTAME ce nepeoll, BTOpOR
N TpeThef cTpoK ABANIOTCH HAOPABARIOUIBE KOCHHYCH COOTBEICTECHROD octll KOopHm=
HAT xp, 4y B o2 B crcTese Og

IR S
Y} Cu. npuacsenwe 1, c1p, 630,



176 . & MNPOCTPAHCTBEHHEIE H ONCCKHE MEXAHHSMEL

Beefiew 8 pacemoTpeliie METPHILE-CTOAGNN

wl{® w®
2@ e feed® f, w® = ol s
wf® af?

OHM COCTZENERH 15 OposkiiEl CUHOIMENHONG BERTOPA HA KOOPAHHATHNE OCH CHCTCM
Og 1 Op.
“ [MpueEcAuMan HEWE MaTPHUUER fopryna
oL . Mbﬂw{ﬂ] (B.17)

ecTh HOMTAKTHAR SaMNch, NOIBGAROUIEA OCYIWECTEHTS NEpeBOy, MPOEKUH BeKTOpa @
ma cncresttd O B ciicTeny Op. PasvepuyTyio 3anwce 510l @npuy{.rtu MORHD NONYYETE
B CODTBCTCTEHM € BSDECTHIIMM NPAEHSWH YMHBOREHNT MaTpuil '), Dra samich, ecte-
creehHo, cosnafaer o pasencreami (B.14).

Marpeny KockHycoB Mpy ofuNEO HESLESGT Mamputyed nosopome. Y mumre-
HHE HE MATPRILY Mﬁ' Kak 510 eugro s (8.17), 1o cBoey peaynLTaTY IKEHBAREHTHO
noaspomy cactemit Oy B nonokenie Op, B CBRIA € UEN &€ B HBGHBAIOT METpHUEH mo-
E0poTa, ocywecTasowell comewenne encTenn Og © Op.

£, YeTanoERM Temeph BIAMMOCBASE MemAy Ieyns warpwuamu Mpg B Mo
C pESRINIEM DOPAIKOM HHieKCoR @ H B,

[Tyctt, nanpimep, n3BecTHa MaTpuna Mig, InemelTam cTpoK HEROMOT MATPHIH
g{d,b Aotk ABIATHCR HANpARTAIONHE ROCHRYCH OCell Xg, g M #; O CHCTENME Op.

parnsmucs & sankcas (8, 15) wan (8. 16) marping Mg ¥ OpoCMATPHBER € NepBkii,
sropoll ¥ TpeTl cmoafys!, Mi: YBHANM, YTO B HIX NPEICTABIEHE NHTEPEC)lllke Hat
HANpar/RAIUIE KOCHHYCH COOTESTCTBERND OCRil Xg, Vg H Zg.

Crepopatensse, matpind Map woseT GuTh DOAY4eHE 13 MATPIIW Mpg 0y
aameny e i-it crpoki (i = 1, 2, 3) cTonbuon TOFO ke HOMepa, T. e, B pE3YALTETE TRalc
NOHHPOBENIS MATPALE Mhg. 310 yoiosHe MoweT OuTh 3ANHCAHO TaK:

Mop = M, (B.18)

FIE SHEK WTPHX OPHIAT B KAUECTBE CHMBONA TPARCOCHHPOBAHMA BATRUIL.
5°, D sajauax KnHOMATHER NPOCTREHCTDERHEK MEXBHIIMOB 42CTO HCIOALIYIOTCN
METPHIH YSCTHOMD BHAS — IR CAYNAeE, KOTLa ¥ CHCTeN g ¥ Oy connauawT (THOO
NApANEALEL, N0 GLECl W3 TPEX KOOPANHSTHRY OCEl, HANpUMED Xg H Ab
¥ cicrem Oy v Gy (puc. B.14) oluel ABARETCH 00k X = Xy Baar veoe yraocece
NOACHEHNE STEX CHUTEM OpuielfeT YToA (y. Fanpapinoums KoCriyiw oceh X,
4y M 7y NpejCTBiens B CTPOKAX MATPHLE
1 0 0
Mij={0 cosgpy singy |. (B.15)
0 —singy C05Qy
B ofoInauenan 5TOH MaTpiii BepXHull HOOCHC SRCEEH C GEALID MOAMEPKUYTL, §T9
Myg €CTH METPHIA NOEOPUTE COKPYT OCH X = X
[Npeactasaensue ua puc, 8.15 1 B.16 cnevemu koopaumnar (ly, 05 1 Oy, O, nuer0?
COOTBETCTREHHD OBLME OCH y = 4y M 2; = 7. Maiplin nueopoTa BOKPYT STHX ol

TaKOBG
s e 0 —singg

M= 0 1 0 (8.20)
singgy O COS Pga
sy singg 0
Mir—=| —slnqg , cosqe Of. (8.21)
0 0 1
Y Cm., npunoscage 1, erp, 630,
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6°. B pmge cayuses gam nepesoma ocell weKoTopoll Choves KOOpIHpsET O
B NEPALNEALHOCTE OCAiM Zpyrofi cHCTeMs O, NPUXOZHTCH BLTOAEHTE we omim.
8 KeCHIMBKG NosOpoToR. PaccwotpiM BOMPOC © TOM, KaK B STOM CAYSSE ofpemenuTs
uarpiuy Mg o .

Yepes pr Oage 1eey Og, 00C3HAUHM NOVICHKEHIA, 8 KOTOPWE ME DOCAENOES-
TEALHO  DEPebOMiM  CHCTEMY  KOOpEMEAT Oa,.

Lo

g Iy Tu

Puc. 8.14. Pacnoaome-  Pue, 8.06. Pacoonomes Pro, 8.8, Pacmoposes
#ue ocell KODDRBUAT NPH WEe ocell KoOpREMAET npH  mie ocell KOOPOMHAT Npw
£y = xy e = E | By =1y

Jlna oHeops eymeoll HaM SaRUCIMOCTH © noMcwio gopmyas (8.17) nepepenem

NPOSKUHY HEHOTOPOID BEKTOPE & H3 CHOTEME Oa, B €2 MOCASOYHILHE NOAGKERHS,
Byzem injets

e L
P . Mmﬂ.m{ﬂ:l =M, . M__ gfe)

[ -

w{ﬂn} o M"n"’n-.tw{uml} = M”u"n-l' =] 'Maaaimﬁ“lw{nl}'

Conocrasnenve nocrefiero Bupamenns ¢ fopryacdt (B.17) npisomer Bac K oue
BOOY, NT0
Mnnal = Mn i LTt 'MﬂBﬂ*M.ﬂ‘ﬂ'lq [32‘2}

nn-1

Samegaent, uTo B METPHLE-NPOH3BEHEHIH Mﬂnu' MHORHTEN! CIERYIOT CAEBA Hanpaeg
B II?EJIHE, OOPETHOM ROCAEAURETEILEGCTH MOBOPOYTOE,
HAMOTINED OpelnAYILeMY MOSH0 33THCETE
Muj.nn = &151":#1'52“5. e 'Man_lan, (B8.23)
CCAH YUECTD, WTO OpH NEpesofe CHCTEME ﬂan B [OAGHEHNE ﬂca| OHA NOCAETOBATCALHG
Oyner semimiame  nosomerna O, Oz, g0 wer Oay.
Kotiia wsbecrun Muomorresn ool s Matpiy, My o naw M':""n' TO MORET

Gume onpejeiens mofan us wHX, Woo, COLIAacHo (S.lﬁ},n !
- Mo = M::.m' Mo = Meae v
Ecan, vanpusep, 0;, 0y, ..., () — NONOMCHER CHCTEMI Oy mpu nepesoge ee
B NApANAEALHOCTD OCHM chcTeMu Oy, 10 .
Ma = MayMuaMon Mo, Mgy == My MyuMayy,, (8.29)

nputen My, = M;, M,,= M, ...
Ofuibo B paRcyTRay BuAa (5.22) v (8.23) mionwTeannn soimmies METpHI
THna (8,19)—(8.21). :
- Mpusennn wadosenuudt cuve wetoy & AHAIHTHYECKOMY PEIUGHHIO Sajaq
KHUEMATHUECKOID 8HA/N3A TMPOCTPEHCTBEHHEK MEXAHHIMOE, Paccstotprm  sRavane
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TMEXANHIME, O0pATOBAMHLE W3 HESAMKHYTHX HIH TaK HIIHBIEMHX OTHPHTEX RMRE-
MATHYECKHE Uenel, npelcTaElfoiy colofl PRI NOCAEICEATENLHO COEIHHEHHER
ABCHBCR, RAKZ0E KA ROTOPHIE ARNMAETCH BROIHEM.

SeepbA HEIAMEHYTOR WEOR MOTYT BMETL PASAHYACE YRCHO CTenewedl cRoGOMIH,
HO ynclo crenenci ceofonk W oee nocdelpere SECHA PEBHO CYMME YHCen CTepemc

CROGOME BOEX KHHEMATHYECKHX nap ek, Ecnii peft HMOET TOALKO [Tﬂplsl V Knacca

{pne. B.17), 7o W coBnafaer © YRCAGM Pg STHX Tap,

Pac. E.17. Cxess WEX3EHAMD sPYHHs MARHOYRATODA

Pewerre 380 KRHCMATRUECHOND AHANHEA OTKpHTHX penclt Gyner nomcHeno
Ha pRMEpE CXeMip, UpeacTasrensolt Ea puc, BT kv ofuuuo RCmoabayemoll & nanu-
Ay IFTOpAX B Ka4eCTRE MCXAHHIMA TaK Haawobaeoll ¢pykhe. Boe apeuss sroft nenn —
cTofika O o IecTe Noppiwesx secubes | 2, .., 6 — coenmpmenn Mempgy cololl Bpe-
naTenssismE napasi. Oce cocefimx nep A v B, Cu D, E W F ssamubo nepneppu-
Ky ApkE B Depecexaorcs Memny cofiofl. Touww B, Cn E nemar B opHoll maockocid
c oce wapkipa A; 9Toll mwaockooTy (Ha pec. B.1T oma we nO0Kasakz) neprespHEy-
ARpHE ool maperpos B on G

[Mepemenyre O2paMeTp, © NOMOUEID KOTOPRX MH ONpelEined O0ACHEeHRe CH-
CTeME, KAK A3BeCThO, HOCHT nAssanpe obofmEnuux weopppuaT. B omipemoll wenu
B KawecTee o0ofIMERHEY KOODIHHET §y, g, «.p G CTEIVET BROHpaTH aAupclikne o
YINOBHE BENRYUKE, EOTCDLE ONPEREIANT B3SRMHOE pACOOACHEHHE SHElLeB Kike-
MATHYECKHE nap nemi. JLis nolTynatedenof napu $TO HsumeHneMpfi pasuep [ Bioab
CCH RAPE, 2 A0 BPAULATENLHON NEpE — 510 YION @, p_g CTHOCHTRIBHOTC NOBOPOTS
spedbes Napn k0 k— |, Tak, sanpumep, 5 sauecTse COOTLEHINX KOOPJHHET gy,
gy veey G OTEPETON Weny ka puc. 8,17 yoofko NpRUATE WECTE YTAOE Qg Togs wes Yoo
OTHOCHTEABHOTD NOBOPOTA COCCIRER SPeHLes STOR penim.
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Jna pencli KHHEMATHYECKOTD BHATHIA ¢ KAWALM NOABMMHLIM SBeHOM & nens
(=1, 2, ...) Mu CBAIKBaCcM [EKAPTORY CHCTEMY HOGPIRHEAT 0, c ocmm £ M
£p Hannube 3THX OTHOCHTEALHEIX, HHAYE JOKAABHIX, KOUPARRATHRY CHOTEM [oapo-
JIRET Han:

@) COCTEBHTL MATPHIE TOBOPOTA AR MEEBOfld NPORKUHA BEKTOPA H3 OTHOCH-
TEALHOH CHCTEMH ROOpIREET B alcOiioTHYR o HenlopoT;

0) NOAB3OBATLCA OUPEIENeHHEN NPEEHACM SHAKOE [0S HSMCPEHHS YIion fo-
BOpOTR B RY DPOH3IBOMLON 1O BPEMEHN, T. €. OTHOCHTEIBHLX YIVICEEIX CROpOCTER
H ycropeunfl 3BeHLen.

&, B sapade o NOACMERNSE OTHPETONR MR D0 3Q0aRHLM SHANCHETM ee obob-
IMERHEY HOOPAHHET HYMHKO B CHCTEME xoogm:a: Uy, cassammoll co crofixoil, onpe-
BEANTL NPOLKIHN ELHRRYRIAX BEXTOPOR COBH KHHEMATHUCCHHX N8P A SBeHLCE, 3 TAKMe
aGCOMIOTHEE  KOOPIRKATH MHTEPECYICUIHX HAC Touek.

Cenzusan KoopRHATHYI0 chcTemy Oy €0 3petioM k, OHY H3 e ocell, HanprMep zy,
HY3HO COBMECTHTL € OCLID DapH (MocTYNETRALHOH WA BpaaTeneHofl), coemyammouel
5TO 3BEHD C DpENUECTEYHALEH, 8 IpYIyo ofb — ¢ oChi0 3BeHa.

OfpaTiMes K CXeMe MexaHHIMA, N0KaIalukoro ka pec. B.A7. B waxgoll ks touek
8, € n E vepecevennn ocefi COCCIHRY BPaulaTebHLX M8p ME PACOOAATHEM HAYAJLA
HOOPIREATHHX CHCTEM [IBYX COCE[JHHX 3BSHLESD,

Y spences 1, 3 1 5 OCH 21, 2y M 23 M COBMECTHAR € OCHNMH Inapunpos B, C u E,
8 O0CH &y, Xy H X HANPABHAK Blloak ool nap A, D u F.

CrrsbiBaEA KOOPIRKATHLIE OCH CO 3BcHBSMH 2, 4 1 6, ME Io0uHE yYecTs, 9T
cocumy nap B, D w F pance Sunk cOBMELLERK OCH 2y, Xy B Xg. TlosTomy © nocaesssum

HOBH COBMECTHTE OIHONMEHHLE OCH 25, Xg H % HakoHen, comsemant ook Xy © ocuig
C scens 2 W NPHUIAMEEM, YTO OCh 2y UAPANAEILHA OCH Zp, @ OCb Z; NApALIEILEA
MAOCKOCTH 3axBara, T. € AACCKOCTH seera 6,

B sakmouenne oiMETHM ewe, 9r0 y HEMOUBHMHON CHCTEMn Rooppmwar O =
= B xpz ot x yAo0HO CORMECTHTL C OCHIO X3 B TAKKE HAUDEBHT: €8 Bru3.

Ocw 2y = 25, 23 B % VEPICHINKYARPHE COUTHETCTBEHND MAOCKOCTAM yraoo

o o o

Py == Xy My, Pap == X3, Hg, Tos = X, Xy {325}

W OOPEZEAIOT NOMOHETEILEOE HANDARICHIEE HX HAME[ElHA — NPOTHE XOL8 uaco-

Bofi CTPE/KH, £/l CMOTPETE € KOHNA KoOpInnaTich och. Oimoventkdl Ha pre. B.17

YO Pax A48 YAODCTBA YepTElMa HIMEpEH § NPOTHBONOJIOKHOM HATPABACHUH N mo-
STOMY BIAT €O SHaKoM sudyc. Tpe yrea

P . e
Tap =T, &, Qug==2y, 5, (5= 5 25 (B.26)

HIMERMOTCR B NAGCKOCTRX, KCTOPHM DeprenfHKYARpHN COOTRETCTORRND 00N &y = x,
ki E Xy H X5 S Xpo 3TH OCH OOpeIeisIoT (PABNAC NSMEReHNs HaIBAHHEEK VINOH,

Hyvew pexaplosu cwcromu xoopausar Op, Oy, ..., Up Ha ssewesx 0, 1, ..., 6,
MOAHO OOPEIEARTD Ma1PHLN NOBOPOTE

Mar,
Moz = MMz,
Moy = MogMysMag = MoyMay, (8.27)

= & & = w @ = s ® + & = & @

.ﬂi“ EMmM;.' ama 'ﬂfm == Muﬁﬂ‘{“,

St GopMyAE 3A0KCAHE B COOTRETCTBEN © npackaos (8.22). Jlerko siiets, uro
Mo R3pECTHLM MHOMuTENIM Mg, Mg, ..., My MaTpuun My, molyT Gbrn onpese-
fCHE BCE HYRIDJE HEM MATpROE noBopotd My, Mo, ..., Mee. Hax, CCTECTEEHHD,
YoofiLo OnpeiendTs B (EPEYHCICHHON NOCTELOBATEMLHOCTH © TOMOUBG RpasLx
Hacrefl dopaya  (B.27).

Tarus vipasos, mu Brauafe AOOKKI COCTABHTE MATPROE Mg, Mg, .o Mge
0 CBAIANO © PACCMOTPEHHEM BAHMEOIO NOMGKEURA OCCH ABYX KOODLHHATHMX CHe
CTEM, YKalaUHWX B HHIEECAX MaTp Rl
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B mccaemyenoll nenn kamglble obe cocefiiie Koop/uthatkme chctess Oy 0 Opy
(=1, 2, .., 6) usewT po oiuoll ool xp| Xy g WK 2gll2p_y. BOKpYT KOTOpOR CH-
crema Oy noBepy OTHOCHTENLEO Apyrofl Op_y a8 YOI @, . [losTomy cpenn
Myg, Miz, ey b{:tiym'r BCETO fEA THNA MATRHL — MATPILE NOBOPOTA ECERYT
ocell X H 2 COOTEETCIDYRMUEID HOMEPA.

Koopaanariue cucTema Oy B Oy, O B Oy, Op 1 O 1vetor no onucél ofileli oca
XS Ky, Ay S Xy, Xg = xp Daamuloe monoselRe STHX TPEX NP KOOPARHATHEX
CHCTEM QOpERENfIOT YIAE @po. Toz B Qe

Henoawayn prc.” 8,18, cocrapnsiem matpiy M

1 i} 0
MQI'_'M;IJ= 1] CO5 Gyo — gin Tap | {B_Eﬂ}
0 sin gye o085 Qg

Ilre qpyree Matpyigd Toro e ThOoa Mg, B My TN TOABKD TEM, YTC B FHHX BMECTO
yIIa Gy BXOANT YOAH gy B Qg COOTBETCTOERND,

Ipily
3
% 5

ot e Iy

PFac. B.18. Cxewa  pachono- Puc, B 189, Cxeme  pachonao-
BEHHR KODppUnaTHLY ocell © WUHIH HOCpEHBEaTEMY ocefl ©
COOTEBCTCTRYHLHME  YIgaMH COOTECTCTRYIGMKH YT AamMn

Memny Hes MENAY HIMH

Kooparnaruee cuctese 0y s Oy, O u Oy, Og v Op umernT no ofiicli napaiteas soil
OCH % = 2, %z W Zfz. BsauMuoe yriosoe Noamyenle STEX TpeX NEp KOOPH-
HETHHX CHCTEM ONpEReIfoT YEAW P, Pa B Toge

Hemoavays pue. B9, coctasanem matpriy My

oSy —Singy 0
M{.! = M;l == || 5in gy osqgy 0. (B.29)
V] 0 1

Mampunn Mgy n My EMe0T TakcH Me BHE, NOCTRTOMHO TONBKO YIOA gy COUTBET-
CTBEHMO SAMCHNATE HE (a B ag.

IMo HSBCCTHEIM IRAYENHAN YTACE o, Poy «eo Pp BHUBCIAEM SNEMERTE METPHI
Muy Mgy ooy My, sBAsEOUIRCCHT QyHEDUAMK 9THX WecTh yrace. Jaree, menoae-
ays opvyay (B.27), 1. e notAcpoRsTENLRO NEpHEMHOKAR 1) HASBaHIEE MITPHLLEH,
Ml BEXODHM nATL Matprl Mys, Moy .o Mg FiMeRED 3TH MaTpHUb BMECTE © pakte
wafinerkolt My, noLTEmATR  onpefeneHHI.

7. Mepexoikn £ BORPOCY CUPEEICHHA A0COMOTHEX HOOPARHAT TOUKH 1A 3BERE
CTEpHTON 1enk. ;

Tlyerts, wappuuep, Ha spepe § sagana touka P (puc. B.17) c oTHOCHTEALHENH
woopumkatani x 2, pi9, 210, oun meapoTes npoexunnmy pekTopa EP = ¢ wa ccu

cHeTentl Ex b2,

v

¥ |
* 1) Pelende sToro Bonpoca, TAK ME KAk B EPYTHEX 3884 KMKEMETHEH paccuas
TpHBEEMGH MHOTOIBEHKOH ek, BEUAY §0ALIoro OUBEMA BHYMCAEHNT npeinoaaraer
Henohbaobakke SBM,
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DA copenenennn abConOTHLY KOOPARHAT ToukK P e PatHyC-BEKTOp rp = BEP
OpEACTABIACM B DHLE CYMMII

rp=lips +llge+c=a+4b+c. (8.30)

B sTom pavencree cysma nepbtix Lsyx sexropos Ppe = @ v lleg = b onpegeaner
paanyc-sextop BE roukn E.

B @, b B¢ R3BECTHE HaM COUTBETCTLORHO B KOOPIHHATHLY CAcTeMax O,
0, u O Bunucwsaenm waatprun-croabdus

ay
Ipa len *

av =)ol em=|o0| eo=|[u"], (8.31)
0 0 240

COCTABAEHALE H3 NPOCKUKA OAHONMEHHHX BEKTOPOB Ha OCH X, Uy, 2 (K — Homep
CHETEME KOOpEHHAT Of), oliH COREPMET HIBOCTHHC HOM BENHYHIE.

MNpocknpn BerTopos-caaraemux papencts (B.31) ¢ nomoukw matphukoll dop-
myae (B.17) mu nepescBHy B HENOLBHMEYI CHCTEMY HoopnuRat O, = B xyz, chig-
BEHHYI0 0 crofikofl. [MoayusM

= Mo ® - Mogh™® Mg ®, (8.32)

rae
Ay

fp={&p

Ip

€cT MaTpuia-cTonben k3 abconioTilx KOOpaEHaT Toukn P. [pu re Bepxenil Helexc
e(le M COYCTHAH, KaK B NPH CCEX X, I, € W HX OPTRX.

Axanoryuno HITOXHEHNOMY BLANE MOMHO QIpefelpls abcomoTHe ROCPOHHATE
mobolt  npyrall  Toukn Mexankaag,

I°, 3apauy © NONOMENHAX ME OKOHUHM BOIPOTOM © MPOEXHAAX EIRIRYHEX

BerTopas ocefll mapunpon A, B, ..., Fi ux we ofo3uaunm uepes &, €y, ..., €.
STH BEKTUPH CORNALANT € OHIM H3 OPTOB HOOpPAMRATHHX OCel Ha speHLAx J,
2, oy B, M, KAK ME VHMANM DUGHE, HX (POEKIKH HA OCH HENGROHMACH CHCTEME

woopasar O, cotepwares 8 watpruak My, Mo, ..., Mp, pasee spunciensnx.

Browuew anmy ka Tpex matphn Moy (= 1, 2, ..., 6). B satpuge M, snesen-
TavH fepping, ETOPOrS H TPETLETO cTonbuon ABAMOTCHE Han ARARMHITHE KOCH-
HYCh ooedt Kgr Hge 8, B CHCTESIC Oy Bim, 410 To e, OPOEKUHE OpTOR g jh, by nma ocu
X, B

Iing noayuenss gpoesnull HHTEPECYIOWMY UAC CPTOE MI MOMEN T PAHKYATECA
PACCRIUTDEHHEN TONLKG Tek MaipHL My, My b My, 13 wectn pawes fepeunpcies-
NaA. 3o ofRECHACTCN E3aRMEON HEPNEHIKKYAAPHOCTHIO TPeX map mapeprpos A
wB Cul, EnF,

Mpoekiun optop ey = £, we, = ky = Ry ovell wapunpos A » B copeprarcs
B MepBoM H TpeTbeM cToafuax Matprun My,

lNpoerutin opros e, = E; 1 ey =1; = I, ocell spamarenntibx nap € u D 6 matprue
M 3aEMMBOT CODTRETCTBOHRG TpeThAl H nepewit cronbid.

NMpoexunn opros e, = & we, =0, = {; oceft nap E u F copepmaTes cooToer-
CToeHHG B TPETLEM B UepBoM cTonbuax maTprns My,:

wif® mig mige
Ma=|mi® migr mgol, 639
ngf® mlg migs
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Hrwe B kavectse npiwepa Mb DpHBOLHM ma rpRUE-cTeAlnE:

tox i Epe Hml?'
€ = |legy == [ m® €y = | bgy == |m1¥' s {8.34)
& R £z |m Y

COCTRBAENHE® K3 NpotkuHll BEKTOPOU €, H g HA KOOPANHATHLIE OCH X, §, Z. B nnx
NPECTABAGIE SAENEH |1 TPETLErO K MEpBOrc Cronfuos Matprin M.

113 nmpegmoyiero BUING, W10 CHPEReleHHE Npeekanil OpToB @), @5 <oy Oy CBO-
AWFCH K TOMY, 410 STHM NPOEKUAANM ME MPHIKCHDIEH (sNpHCBANAZCMR — B TEPMHs
:?; nporpaEnunpoBanks Ha SBM) shaueHk ONpENEREHNEX SIEMENTOD MATPHLL My,

a WAL

11 T pext iy K PACCMCTRERMO BONpPoca 6 OUpEACIEHEN YIAUHEY CRLEOCTER
H yCROPEHEH S0HFILER NEXaHh-\a {PHC. &,IF}. [lpn onpeilidel B9 STHX BERTOPHEX Be-
JIHGHG CHIIAETCH HIBECTHRM NBIMKCHHE HAMEOPO 38eHE B nO CThOWMEHEID K Apepu-
ayiesy & = 1. B pacews rpupaenolt Bamy uerh (puc. 8.7} 970 ABREEHHA COPERCIRIOT
OpCMSBOTHEE OTHOCHIEThELY YFA0N6EE chepocTal i ychopeHvll qp gq ¥ b k-1
(k= 1, 2 ..., 6) \910 npou BoAHEE MO BpEMEHH OF CSCGUIENNEIY ROOPAKHAT g, =
= g gy UCOH, W BOSTOMY HX MOHIO HA3LE Th el eOofuensnat cRopoumamt o
HORUD FRA B, BT HX P el .

B i1 chtediel W SBGKedny SeeHa B o0 otdomenmo  deewy k— | yraosan
CHOPY Th B §UI0LOE YOK PrHIE SUCHE ECTh DUKTORE

W, pg =€ h ko1 (5.35)
Epon o =e€rinn 1 (8.3€)

Ke 1 THHEAPI L & COH BPaLL ALNCH NPy, coeapnrionedt spednn K ok — 1 2y aEancTcH
E4H Audb sekropeu ool sToll nap. Tecie Bbunchenssn npoeinkll STHE BERTCROR
MU IO NEDCR TN K ONPEIeIenms o COMOTIREE YrAosss CRLPOCTER 1y cxopesid.

AfCOAOTH0E AOEMEHNE SPeis § CRASOWMABETCN HE IDYX ABIMHEHHN — NEpence-
HOMO 61 €FIE CO 3eesn & — | 3 OTIDCHTEARHOTO N0 CTHOINENHI K SToMy aseny. Bew
TUpH @y B Wy p g C3Tk YRAOREE CROPOCTH STHE ABYX Annmexni.

HapecTHo, 410 yrAoBal CHOPOCTL 30€HE, COREPLIAICIICTO CNCHEHOE [BIKERHE,
CRAMINBACTOR 13 YEAOOHE CROpoctell 8o ¢ NepERncHoy B OTHGCRTEALHOM ARHMEHLIX.
Cagpoeare/syug, YIADBAY (ROPOCTE 3BCHS k papna

Wy =ty g My g [B 3?}
Zia dupMyad NOIBCAACT NOCTELOBATEARRO CHPERETHTE YIA0RWE CROPOCTH BCEX
spenteR J, 2, ..., 6. lineew
Gy = g 4 Wy = &3040
tig = Wy + Wy = Eyfue T €, (8.36)

4 8 ® = & & = ® B s = & & &

[1s pochemHiX pABCICTE BHAND, 10 YIACHAR CHOPOCTE O 3BeH8 K, paBHAT

k L
op= Y o 0= Y @diin (8.39)
=1 =l
CAAFAETCA HE OTHOCHTEALHEX YTACREX CEOpOCTEl dBeHa k W BCEX MY MPEfecTEYI-

OIHX B LEenH.
QopaynE 0% BHUHCTEHHA NPOEKURN  YTAOBEIX chopocTell  HMewoT cxosei

oy
¢ (8.37) w {8.39 Bun. Cxoma H MSTPHUHEN S3NHCH STHX GOpMYJ, HATpHMEp
g = Uy 3 + O, ho1s (8 40)

CCAH wepes wp, gy ¥ G, gy OO0NANHIE METPUILE-CIOACIE NS OPULLEL LS Oiho-
EMeHNLY DEETOPOB HA sOUEBSTHRE OCH X, ¥ W &
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VrAODHE YCHOPEHHR HBeHeeB ol aDMHG OUPENEITL, NPHMENRE NOCIEEQRE-
wenLHo K €€ BReHenam f, 2, ..., 6 dopwyay

Epe=y g bty gy by Xy gy, (B.41)

HOTUPAR ABNACTCA BERTOpHON SeNHCBIO TEOPENE o6 YINOBMX VCHOPEMHAX B cliome-
HOM NHHFEHRN SHEHS.

B sroff MYAE, nomyuenkoll B pesyfibiate guddepesunposania no vpeueny
Brpadenns (8.37), neprull daen ey_y = dug_yfdt ects YIACBOE YCKOPERHE NEpeHoe-
HOPD nprokents (ssena & — 1), CoBorynnocrn myx OPYIHX GAEHOD BEPaMEET NPOHS-
BOMHYIO duy, g _o/3f; BesTOp g, _; YTAOBORO YCHOPEHHS SBENE & B O1HOCHTETLNON
REHIMCURH XEPEETCPHAYET HAMEHEHHE BCKTOPE i, gy N0 CTHOWENEK K HAXCAALe-
Myca B IsHikeniin seeny B — | (ST oTHCCHTENLHER NpPOMIBONHAS BexTOpa Wy b1l
d WHEH (g g Gy, p oy YYWTHDSET BAKSHKE DOBOPOTE sweeHa & — |,

1. Tlepexoaum K ONpejelienmo AUMEAFNX CHOPOCTER K Yewopennll apesiber,
Mocae Toro kak waiipenw YrOOBLE CHOPOCTH M YCROPEINS SBHBER HCCTENYEMOTO Me-
FAUHIMA, 5TE SASAYH e NPeACianifer ool TpynHocTel,

Kar mspectno, neienne spena sexspHsna MOBHO PE3TOKHTE Ha NEPEHOCHDS
NOCTYHATEALIOE € NOMIOCOM B IPOHSEEHOI Touke O 1 BpamaTenLHOe (cdepHueckoe)
orOAO 70l ToukH, TlosTomy, eCiH WEpEs D, i Oy OBOIHETHTS CHOPOCTE H YCHOPEMHE
noaroca 0, 1o CROpoCTE B yokopenre kakcii-Anbo Touky M Tena M MOMEN NPENCTa=
DHTL B BHAC CV MM

TM = 90 + Tmo, (8.42)
anm = Ou + Gy, {B.43)
B HOTUPHX YEpes Qagn H Gafp 0603HAUENE CHOPOCTE M ¥Yeropenne touke M B nBime-

HHH Mo oTHoWHKo K nomocy O, 310 BEKTOPHLE BETWGHHE BLGHCASIOICH No dopray-
nam
Dalo = ® Xp, (8.41)
ayo = wx (@xXp) 4 exp, (5.45)
TAE & W £ — yriosas CHOPOCTE W YCHOpeRne Tels, a p= OM ecrn PanHyC-BERTOR,
OUPEARITRIONHE OTHOCHTelsHoe nodowenne Tosex O g M,
C nowowtn NpHBEREHHWE BHile GOPaysl MokHo ONPERENIHTE CHOPOCTL ¥ yCEo-

PEHHE MOGOR TOuKNH PACEMATPHEAEMOND HAMH MEXAHHIME,
ycts, nanpusep, HYMHO ONpETeNHTS CEOpOUTE H YCKOPENHE Toukd P ba spene §

(puc. B 17),
Bulpan B Kavecrse nofocs Touky E, Gy AEM KMETH

Cp = O 4 DpE = ﬂ5+mﬂkfﬁ. {8.46)
Ecan ciosia pMecio pexTopa ©F Ha OCHORAHMIN BHANCIHYHRX PABEHCTS DONCTABKTE
L =19+ DEG = 0p + Qup + Ok = w0y X BC 4 w,xCE,
TaEk K2k op =0, 10, CEACBETEIRHO,
Tp = 0cp + Dec + Opg = e X BC 4 a0y X CF + w,x EP. (8.47)

B srofl dopuyne sextopu B0 — G, CE = b, EP = ¢ uam H3BECTHY CBOKME npoek-
URSMK Ha OCH X, g, 2. DIH NpoeKuHH ONpeienanics ¢ NOMOUBI0 METPHYHOE QophynE
(B.32) npy BLUNCHEHHH ACCOMOTHRX HOURANHAT ToukH P. B npoexurnx va Te me
OCH Hami GRUIH ONpeneiers B¢ Yraoeme CHOPOUTH H yenopenud. TMostomy wenop-
soBaline Gopuyau (8.47) satpylimennii ge BrsoBeT.

YcRapente ToURE P uomB0 SENHCATE B Bue pacencisa THRa (B.43), T. e

Up=ag 4+ apg. (8.48)
Hs swanoriumux coorvomennii caenyer, wio
Gr=a¢ -+ agc = ag + acs + aeg
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M, Tak Kex gp = 0, 70, CACAOBATENRHO,
ap = acp - are -+ Qe (8.45)
roe
aap = wy X (g % BC) + &y x BC,
ape = wy X (03 x CE) + ¢, % CE,
ape = g X (wg X EP) 424 % EP.

Ananorsyney ofipasos MOMEG ONPEAENHTL CHOPOCTE H YCKODEHHE Hobofi apy-
Tofl TOUKH MEXAHHIMA.
15°. Paccsorphm BONpoe 0 TOM, HAK C NOMOUIO BEETUPHOTO METONA, MBMOHEH-
HOCO MAMH BLINE 00 cliydas RPOCTpERCTREHON KIHEMSTHYECKOR menm,
MOrYT OMTh pellens HEROTOPHE WBCTHLE BHIAH Npo-
CTPAMCTEERHLR Mexanuanos. Hauwesm ¢ paccMotpenns
KHNEMETIKN panee OPHBOAMBWErOCA CpepHUECKOTD
MEXAHHIME.
Ha puc. B.20 wacdpamena cxema CpepHYECcHOro
\ QETHPEXSRENHOrD  MexsHiama, (OcH  Brex  meTHpex
I epauareneuny nap A, B, € n D mexaunsua ne-
pecenzoren & roure 0. Ha cepax © UeHTpOM B TON-
\ e O pacnoaaralgies TPEEKTOPHH  BOEX TOUEK MOXA-
-EL EMA,
. ] Kag Guno #apomcn0 Bune, B § 3D, B npakmire
napficnes pacnpocTpanel uacTuwdl BRI cihep HEECHOID
Puc. .20, Crema cdepi-  gemgpexseenmika, b wem yraw AQB, BOC w COD
NECKCMD HOTHPeX3IBeHEQND
MK AILHENE pasuud .
Nan yenelt EHHEMATHYECKOID SHANESA ©0 CIOH-
wofi 0 cansaua (puc. B.2], a) ocnoBHas CHCTEMA KO-
opiuaat Oxy2, ee OCb 2 COBMPILEHA C OCRI0 BPSUIEHHA BHXOAHOCO SEEHE 2 aomx
AEHHT B NECCkOCTH ocelt waprkpos A B D, Y sonosorateisholl CHOTEMM KGOUpPAN-

war Ox g2, ©Ch 2, HANPEATENE NO OCH BPAUENHL BXOAHOTO JNCHE 1, & otb g

COBMELEES © CCLID g

A=R=ug

Puc. #.21. K onpepesedim HHIbEMETE'lHHlI]J_l NapEMeTROE KpLCTOENHLE MeXaAnaMa WapeEapa
o

Yepes Wp, He W Hp =& so ofo3Haula eQIHENHEE BEKTOPE OCEll Bpalnaveb-
pax nap B, C 8 D avenves 2 n &Y. Bewrop tp vam sseecred, HOO nofomenie

1y Hexorophie HeOOXONHMEE CBElEHHS NO BexTopHoll anrefpe Aanu 8 OpRAC-
wmensy 2 (c. Bg-']}
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geena f aanano. Heraseoren Tonbxo opT &5 ock OC, uaxopsueficn s AAGCHOCTH Oy,
lNpoekusm opra #g ua o x, y B 2 CoR3ARL C© YToM g NOROPOTE 380HA 2 coOTHD-
IWEHEAMH

Moy =coSiy, day=5i0gy g =0, (8.50)
”mrﬁﬁ' CCIE GYAYT ONpPEReIeHEl NPOCKLHE OPTa fr, Me Gea TPYAS HARLEM YIoq Gy,

ROCICAYIOMETO HaM NoTpefylorea npoexilim OpT8 Hp HA OCH X, i B 2
Ony TawoBL:

Hpx =COSCLOOS Gy, Upy =Sy, &gy = — 5i0 G oos gy (B.51)
MNoayunte st Brpamenns wecamkno, Packianusan BEKTOP By 00 OCAM Xy, 4y =y
H Ip, HMEEM

i =lp 008 @ + f'sin @y + by -0. (8.52)
Oce xp newnr B maockoeT! Oxy w ofipasyer yroa 80° -+ e ¢ ocrio 2, Mosvomy en
OpT Ip MOMHO UPERCTABHTL TAKHM pasnoeHnes:

by =k cos (90" + &) 4 1 sin (S0° -+ ).
lNoAcTaEnE ST0 BPUpAHERHE B pABEHCTRO (8.52), nomyumm

g =1 cos ccos @y + f sin gy — ksin acos gy,
OTRYAE Mu NpeExOANM K dopwynas (8.51).

IMepefines x on EHHIC OPTAa G, ST BerTop ofpasyer npasue YLl € OCHME
wapstpos D u B. 3T ipa ycAoBHR MOMHO SANHCETE B BHAE pABEHCTER HYMH CKa-
NApUEY npok3netenndl B-go o dgeEg. Bekrop tip sansercs CRHHHGILIM, H AOSTOMY
€0 CHaARpHEi  KBappdT mp = .

Takkw ofipaszom, frs HaxosIesns Npoesuil BEKTOPE Lo ME HMesy CHCTEMY
TREX YypaBHenu:

Eag=0, wpac=0 ub—1, (B.53)

Tauan cncrema YPAEHCHHR paccwoTpena M B OBWEM BHe PELIEHE B npHAOKE-
uie 2. Conocaphe ypasnewnn (B.53) & (1) nprackennn 2, nprmcsnes epryin
{€) opraomern 2 x vaweny chysao frn ==, = 0). Noayusm wey= 0 u

Boy = {_- ﬁuﬂ:y ]'/“Ei.t + "l‘ﬁ*} C {u:.&.c + u—.ﬂﬂ}l

gy = (Cupe /s 1) ¢ (13,

i
sy = ey = — fsin gy |
V'si® g, 3 cos® & cos? g o s
10 o = tigy = feos ocos gy (8.54)
If"sm’qu—q-ms*rx.m*qu,

Hetpyaso Bnnets, wTo Mo nonyunas Te me dopuyan, sTo w8 § 36, uo st thop-
My A cofepmat wosbduusent §. Ero shasennsuy MOTYT Ouith 1 anbo —1, Hiuse
hbi yBRAHM, 4T0 B mapiipe Tyka ¢ nomouiso RoshdwumenTs 8 wp BBGHPAEN noto-
HWHTEALHOL Hanpapienne oo OC wapuups C.

IpH 3a0aHHOM MONOHENEN SBeuns J (]:mr OB) npumiisnuasmno BOSMOMHE  npe

¥H  Buxoginol  secth 2—3  mexawmama. St e COOPHM  NOKBZaHE  Ma
fac, 821, a, 6 v six oce OO NEPIEHARKYNSPHA K DAOCKOCTH 7, ocefl wapsHupos £
H B {8 gpyriix chepiaeckny MEXaMHIMAX 3TOM NEQNEHRHKYARPHOCTH HeT) H, carmoas-
TEALHO, pacnonsraercd wa ontofi B Tofl e npamoil. Ho nososmutensace Hanpaene-
Hie och OC B ofoux cOOpHax NpOTHECNOIOMHG,

L onpenesenns & nysio MECIeNRO npeleTaERTE Han anIeH e BEKTOps A==
= kX up, HOPMAALHOTOD K MACCKOCTH 35 {Cw. npunoxenke 2), Econ NpHHATOE Has
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EPEMEHM %pm gg cosnapaer ¢ A, 7o b = 4 1. [lan puc. B.21, 0, 6 coovTaeTcTResng
=41y &= —l.
1. Npojoaskpy Necacionanlie KHEENATIKIL SBeRa 2. Onpeneanya ananor yrios
Boll CHOPOCTH 3TOr0 3BeHa, T. B, NEPEIATOMNOC OVHOIMEHWC O0.J0G, = g
Paapenuu sropoe pasencieo ws (15.54) na nepect. Homyunm
lg g = —cos o cig .

Dnpdepenuipys 310 Bupamenbe 00 gy, HAXOIHM
ra = 005 & —5—
cos® (y diy SI0° gy

CTHYAE CRenyer, 4o
, dgs  coscoos® gy
y = EI'.F"_; | —-—SIIHa o -
Ecan © 9Tom pamrencrse 05 §g SAMEHHTE COOTBETCTRYIOUINM Lhpaxmesnes s (B.54),
T NOTYUMM OKCHUAFCIRHG © yuetos Toro, wio O = I:

< dg._, COs e
Vo= gy~ swPqy 1 costacost gy (6.55)

Onpenennm eme $yukumn @ = 4 def, 1. € BRanor yrAoDoro YCHOPEHHA
peena 2. Jlwddepenumpyn (8.55), noayunm

— 2sin gy cos gy eos e (1 — cos* @)

P = (s gy feos® coos® )t~ °
nnn
- Py smdp st
= ™ S s (e, (8.56)

conit fas Gosee NpoCToll 38MHCH HODOALSCERTL SaTeM Empamenwe (8.55).
YrnoBylo CHOPACTE # YTACUOE YCKOPEHHE SneHa £ MOMED ONPCAETHTE € N0MOULLD

PHERHCIR

i .

g = = = qiy, (8.57)
i T

£y = "E%‘ = oy + quE; {B.58)

OHH CONEPWEAT HATEHHHE HAMH BEJHUHNE, & TAKHe YINOBylo CKOpoCTh spena f
Gy = Gy W ErQ YrACBOE YCHODEHHE g = By, "

I5°, Nepexonse § Bol M HHHEMATHEH apexs & {ul;lucmuuuu}. 3o HMeET
onuy Henoueienyio Touky O (pue. 18.21, g, ok00 KOTOpUH COBEpIIAET CephyECHoE
DEHMEHHE.

Canmen co seeuow (puec. B.22) cicreny woopimuat Dxyyezg. Jlve ee ool xg B i
it copnectim ¢ ocrmi OF 1 OC waprnpos B v €. Ock 2, GYReT, oueskIno, BaXoLiiiben
¥ npockocis m, ocefl OB W Oz = 0D, Tax kaw Iy = uy, f,= g, 10

by =is X Ja=ug X e, (8.59)
Npoekuny opra ke YEOOND COPERETATE NOCHEE TOFO, KAK BLNHCAEHE NPOEKIIH BEK-
TOpoB Oy H Og. JIA8 3700 ME HCNOABIYEM Gophyl
Fgy = = . Byn=U i
a3x By i . il [Bﬁﬁl
fyp = Lpxticy — Hpytice
B HUK YultHo, 4T tioy == O,
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PaccMoTpAM Bonpoc of onpefees it s0CONKTHEY KOOPAHHAT HeRoTOPOR Towky K
erera. Papnyc-eextop rg = OK sTofi TONKH MOMHO NpencTabims CAEAYIOOHM page
ACHCHUEM NO OCAM Xp, s, Ty

=150 + 1D + ket (8.61)

rie X )P, 2 — woopaunaTe Tonkn K B cHcrene Ox,g.2..
lNpoexunamy pafsyca-sexTops Fy Fd OCH X, § H 2 ABTAITCR SOCOMOTHRE KOOp-
BHHETH Xp, g B 2, Toukn K. Hume npusonnTes sandce npoekums sextopa ry va
[u T
tx = Q)+ 18R + k2. (8.62)
Beansuuil fyy = bp., fyx = b, BENBHCIREM no HIBECTHOMY YIAY Q4 € NOMOMEN
dopuyn (B.51), (B.50) n (8.54), 8 woopAHMATY kgy — HCNOALSYA ypaesenne (B.60),

Onpegenenpe  cropocTeli  censano o

NPHEACHEHHEN DPOHSBOANLX N0 BpeNerN Bty
) = &g, (fo) =tic 1 k3. B pacvernpe N ' )
OPMYNE T8 BENHCTCHHA STHX BeIHMHE X
BORACT YTAGKAS CHOPOCTE @y = Gy snena [,

£
S w
DOpMYAR L0A BHYHCIEHNR Npoekunli Bex- e
A
‘ -
e

paeenicra (8.51)
(I3x) = llpe = — §y c0S e sin gy,

Topa ()" nomywacwm andubepenunposasimes

Wap) = figy, = g cosqy, (8.63)
h = CO% iy Puc. B.22. K onpefenchm i Tefl W
() = fipy = G cs @ A younpeRi npecp';:munu Eli"ﬁ;ﬁgzcm
MEXEHRAME

Ipn aw EHUHPOBAHEH N0 BpEMEHH
paencTe  (B.50), KOTOpwNH  BLIpamEHE
POCIALH FEKTORA HE = fy, MK GYAEM CUBTATS, STO Gy = Gy (y), 8 yToa ¢y nosopora
soeya /o ponsercn QynnumeRl Bpemenn. [Tonyunu

Uax) = ficy = — Gyips sin g,
(la) = fcy = gyl cos g, (B.64)
Bru opMynE Comepsat BeANNHER Sin @y, cO5 Gy B @, ROTOPHE BEYKCINIOTCH 1o

Gopuynam (B.54) » (B.55). Teneps momeo OUPERETHTE BexTop Ry, uddepemsipyn
(B.54), sz nmomysnm BERTOPIGE COOTHOILEHHE

by = (1) % Js + 1y X (fo)". {8.65)

Sha dopmyna, Gynyum nepenvcana B NPOCKIHAX Ha OCH X, § H 2, NOSEOAET BEUNCTHTS
POCKUNE BEKICpa Ky MO HABECTHEM DPOEKUHAM OPTOB fy, fu H WX NpONSBONNEX no

BPEMEHN.
CHIpEZEHM DaNee CROpOCTE Toukw K. Brapawmenne Lis cHOPOCTE O sroll Touks

MEL nORYUHM B pesyaevate awduepenunpossinn smpaxenus (8,61), Monyusen

Oy = ry = (L) 2P + (1) o + k2D, (8.66)
MNpoekunn sToro exTopa wa ocb x
U = &y = (t3,) ¥ + (13.) 4™ + &y 2™, {8.67)
KAK B Ale QPYree erg NPOERUMN, COJACPMHT HaflleniBe Hawi BemHymL,
3apaua of YOKOPEHNEX PEUSETCH BHAJCFHYHO 0 yueny. Jlag sroro wysng
npoar(ipepeniMponaT MO BPEMENH  pERCHCTBA .63)—(8.65),



188 Fn 8 MPOCTPAHCTEEHHHE H NNOCKHWE MEXAHHIME

16°, Tepexonrm K pECCMOTPEITIO KEHEKATIHH (IPOCTPAHCTOEHHOND KPHRCHTH-
KOPOMHECAOBONG MEXANHIMA, CXEMH EOTOPOrG npusenesa wa prc. 8.23. Mexauhsm
WCMOUIEIYETCA 1A Nepensuy BPAUEHHs MERGY CRPEUiNBANHMHCE nojl HERCTOPbIM
yraos ¢ ocans DA g AN, Bxopnoe sseno § 1 BHXOAHOE 36eH0 § coeaiHent ¢o cTofl
kofi O Bpawaterenmmn napamt; oo AB @ CD 3THX SENbeB neprenfhkyARpHE
¥ ocnm epamenns DM n AN, Wlaryn 2 nprcoennmen w ssewssy J # 3 waposoil
{(cdepuueckolt) ¢ pansiens napoii B n waposofl napod C.

Pocs B.23. KHeeMaTHYCCKAR CXCME NPOCTPakcTBeilloro ERPHBONTRO-HOPOMECICEOrD MeRas
HHI3WMa

Kax Grao nokzsano 8§ 11, 08 onpegenenks yheta crenelel coofonw npocTpan-
CTREHHEX MEXAHHSMOB O0UIETe BHIE MOMWHO NCnomssoBate gopuyny (2.9). B mera-
nuane pucoteA napa toaeko V, IV w111 kaaccoe, Torga no gopuyre Covosa—
Mannuress HaxonHm:

W=6n—0p —4py — 3= 64 =5-2—4-1=1,

7, e Mexasuan olaanser ogHoll crenenel cuoSonl.

Juecno 2, B ovweke of Kpieowuna I, e fenaer nonkoro olopoTa, M NOIT0AY
erg, 10 NPHHATOR TePMIBOIOrHN, DAILDAOT KOFOMBICADAL.

Co ciofigofi cousana OCHOBHARA CACTEM2 Wooppwsat [y, fe 0oL ® CORMEmPHa
¢ oobio wapkapa D) & ot y upuuina napanaensuci awnas MY Kpatuafiuero pac
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cToRkHE ey oo DM w AN, LenecocSpanocte Takoro PACNOTOMEHHN ocef
cucrentt Dxyz Gyaer aesa wa peaswefierc,

Co croiikoll cBAsaMa CmE BOOOMOTATEABHAN CHCTEMA KOOPAKHET AXpnz . ee
OCh ), COGMEILENS € OChI0 WApHHPa A, 2 CCh ¢y NAPAANENLEE OCH § B HENpamens
B e CTOPOHY .

Tgfrm-z Gy 0y r?;:unpma apenses J 1 8 wsmepsioTen oF ocell xp K X TpoTRE Xoma
uACOBCE CTPRAKN,” ECNH CNOTPETE © KOHLE 0CEfi 2p H 2 COUTBETCTEENND. STH nanpag-
NCHHA SRIRIOTCH NOASCHKHTEAEHHME H IR YIAOEWX CKOpOCTeR yoRopensi.

Ha pue. B.2¢4 nowasama Tawse cecTenma KOOPAHRAT Axured,, NPHERSaHHAR
¥ 3BEHY 2. BTomy sBeny npHEapiemnT OoHH 0E JBY Y SREMEHTOR LAPOBOi © najbien
nape B. Takan napa nonyckaer gpa spamare.s v
ADHHERHA — BOKPYT OCH DAMbUA B BOKPYT OCH,
KOTOPan NEPrEHIKKYNRPHA K NIOCKOCTH NpOpesH,

A ONPEACAEHEOCTH MBL NPUMEM, YO B NEpe
b snewmenr C nNOCKOCTLIO NpOpESH NpHEALASHIT
seHy 1, H COOTBeTCTEEHHD Oyem CUHTETL, w0 B

11

‘B

K ﬂw
< & .

Fuc. B 24, Crema PRCTCNOH eIEA Puc. B 25. Pacnonowense opfos
HOOPAOWHATEEY occfl Hé apese CH W wE Waposoll Dape & NaNLLEM
OCAX CHCTEME Axygy 2 HaM HIBECTHE DpOSKLNN OpTa M NIOCKOCTH NpOPesH — enp-

RHuHOTO BERTOPA, OPTOrOHANBROIO  9TOR MMoCKOCTH (pHe. 8.20). ILpyrof, euy
DEpNERIHKYNRPHER, OPT oCH Nafbla Ra seede 2 mu oboImsuy HEPES T,

B nexoropeix ciyuanx y waryna 2 ofie Dapet B # € feqai07cH WapoBwme, ST
NPHBOMRT K TOMY, 4TO IE8TYH NpHOOPETSET Ccog-
BORY BPHLIEHHA BOKDYT CHOER OCH, CTANOBHTCS
ennasamomene, lNonesenwe stofl gonovinpren-
Nof  CTEnens ceofOfM ¥ MEXBHHSME HE Hame-
HACT, OMHAKD, HEHHEMATHRE KOpOMLICAa S,

I7°. B sajaue o nofoMennay wme on Ene-
JIHM B A6ComOTHOR CHCTeMe Koopmnar Dy
NoNOHENHE oceR aseneen 8, 2 (pee. B23) w
naneus napw B (pue. 8.26). Mocae svoro me-
CIOKHD palliren Bonpoc of afComoTHIR Koop-
MnnaTax mofill TouRH Mexanmsga,

SamknyTocTh BEETOpHOIG EOHTYpa
DCBANME (puc. 8.23, a) — onko ua VeaoBni,
€ KOTOPEM CER3AHO ONPeNcMEHHE  ToAOHCHNET
ocefi spenses § w2, STo yoaoEwe mmeet BHA: Puc. 6.20. K onpefiescunm pexzo-

el + ety =p, (& 65 e ocn namuie nap
tnep= DB = DM + MN 4 KA + AB, a acpes ey, £y W 1y, 1, ofcauavenn eqnrme-
b Bertops ocell ssennes 2 w 3 W yx ponnw,
B ypasnenyn (8.68) pexvop AB mu samenam ero PASACIKENHEN
.E = fhllﬂ'ﬂq'l +jb!: sin T

Fiie !y = AB — pauna sschs [, TMocae storo wm merko NOJYNHM BRpameHle 0ig
P ﬁu H i

Px = xg =L sin e + 1, cos e cos gy,
Py ="Yo=yx -+ hsin gy, (8.69)
; Pe =25 =laycosa— Ippy — lysine cos gy,
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NOSBOAIIME o SATAHHOMY YTAY fy BEGNCAHT: DPOCHIHH BEKTOpa p Ha OCH X,
v, 2. B smhx ypeenennRx gy — opienata Touxd N (na pre. B.23 py = 0).

Jinn waxcwaenns npoexusii 8YX BEKTOPOB €; ¥ €x MEl PACIOAATAEM BEKTOPHLM
ypasuenren (B.68), ©oTopOE SKBNBANEHTHO TPEM CHAAAPHLM B OPORKLINAX 8 DCH X,
¢, 2. K srouy ypassesizg wp foGaBHM €8 TPH CHATRpHEE

Bogge=0, =1, ej=1L {8.70)

[Mepeem B2 HHX BlUp@wend NEPREHAREYIAPHOCTE CCH Daph D w ocu CD ssena 8,
B npyx npyrHx ypapiReknsx OTMEUEHO, UTO £ H € CYTE EXHIIMGHHE BERTOPL H HX
CcHagnpHull KDAIPAT PaBed  eOHHHLIE,

cimoyaey ka3 ypasucnns (B.68) opt e, BexTope & Hey MOKHO ONPENESETH
pocaeaossrensro. Jlag storo nepenvcubaey pasenctao (B.CB) crexyrmem ofpazon:

eyly —p = — &y,
Bosseficn fagee ofe 9aCTH €10 B CHamnpHuf toanpat. Ywrowas, 4io ef=el= I,

MOy i
I5—2lp &4 9" =1,
OTEY A CNEDYET

ey-p= [PE '1‘2':": e 131 2 [E-T]]
]
MpHYen
P =p* =i+ P} + 0}

310 ypaBHEHHE BMECTE C NEPEHM H TpeTenM B3 (B.70) OpHeOIHT B K CAELYIO-
el cHCTeME YpaBReRHl BAR onpencienpf npociupll DekTopa:
ke,=0, pes=[, el=1, (8.72)
L et n—n
rae | o,

Takan chcrema ypasueniil paccMorpera H B Oofmen BHAe poiieda B OpHIOMC-
anit 2. Conocrasue (8.72) w ypasvenus (1) (npuaowense 2), My MOMEM BOCDOALICO-
gateen cucremoll ypasuensdt (15) (npunomenne 2), B wotopom npeEATO £ = (L

Meurysim
cos g5 = e = Ups — 895V 05+ 03 — 1) * (03 + pi)-
sings = ey, = Upy +8pxV o5+ 05— 1) i i) G

ey = 0.
B ypaprennax (B.73) npocKURAMin DEKTOPE £, HE OCH X H ) RRIRKITCH BENHYHHE

COs @y H S0 gy
qg dopmyara (8.73) BxomnT xosdduanent 8, T, e, sRaK peaAnuuNL ¥, = &5- (kX p).

C pomowpo kprrepus O Mb HUCeM BOIMOMBOCTE PaZTHuATE MEmEy cofoll nee
Boaviosiee  cfopkH  BHRXOZUON  4aCTH  MEXSHH3IME — OHA  MOJKET PACTIOAAIATLCR
{prc. B.23, 6) no “”"i'? ATH NO ApPYTYI0 CTOPOHY OT RACCKOCTH Ty, COAepMauki ock
wapuipa D # Touxy B (nam sextops & W op).

Tpescrapps MpcAeNio HANpanIenke BERTOPA kX p, HOPMANBHOIO K NIOCKOCIH
My, JETHO 58 KBOYHTE, Y4T0 ngueuuﬂﬂ H# 3T HAMPERJTEHHE OpTa ey B chopre ECD no-
nommrentya, a8 B chiopre BC'D otpunaredena. TMosromy pis stox ofopok cooTeeT
creeupn Oy = 1 0 8§ = —1,

Bumncatnoe vime 8 cooigercrenn ¢ (B.068) papencTeo

ex=(p—ealy): Iy {8.74)
DOZBOARET BRUHCAHTE NPOCKIIHE BEKTODA € NO HIBECTHLM H3 NPEIBAYILETD NpUek-

UHAM BEKTOPOE 0 H 5.
1§, Tepexopny ¥ oOpeneeniio opTa @ ook namsua nape B (pic, B.26),
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Han pemenng BONpoCca Haw nOTPEUYIOTCR NPOEKIHA Ma OCH X, & B 2 BeRTOpa o,
HEBECTHOTD HEM B OCRX cHeTerB Ax 2. HX yaofno onpepeints © nomoisio MEATRHY

Helt dopryne THRA (B.1T)

uO — Mot (8.75)
B Hedl
Hy Uy
L - ugll, otV =lu,
Uz Hyy

oY E MEBpHuﬂ-crmﬁuu npoexnnfl BEKTOPE U COOTEEVCINEHHO HE OCH KOOPAMHETHHN
encrem Dy = Dz u Dy = Axyy2y, 8 My eCTh METPHUS NOBOPOTE, OCYLECTRIAIO-
wes coBsemenne chctems Dy o cncremodl D,

¥aofuo npunate, wro Dy = Axye (2, = 2)) €CTE NPOMEMYTONHOE NOAOHKE-
Hue cucreme Dy nphkt nepexcpe # noaomenne Dy,

Torpa
My = MopMiy, {B.76)

rne
cosqy —sing 0
My = llsin g, cosgy O
[} 0 |
cosee 0 sine
Mot == ¢ 1 o
—sine 0 roso

CYTE MATPHUEN NOSOPOTUR OROMO ocell 2y 0 gy,
Onpegeann matpruy My, © nomouielo pasencrea (8.75) noayvaes BHpEHEHER

by == 0% 08 (g COS @y — Uy SNy ) 4 Uy Sine,
uu=u,¢1$intp;—|—umousq11, {B.??}
by = Si0 & (tyy €OS Gy + Uyy SINGY) - 4y, COS 2,

DOsBOIAIOMHE BEYHCANTE NPORKIHT BEXTOpE # N0 SajaHAoMy SHAUEHHIO YTAa @y,
CrHCTEMa TpeX CHANNPHER YPEBHENHE /IR FAXOMIEHHA NpORKUHI EIHINuHOro
BeKTOpa W TAKOBA:

ww=0 e Ww=cosa, w=l . (B.78)

Nepeoe v3 sTux ypasuennfi BHpamaeT yCIo8He OPTOrOREALEOCTH ARYX OCefi BpEIe.
HUH waposoll ¢ naseuem nape &, Bropum ypaBenkem CTMENEND, w10 OCh SEena 2
H OCh Nadibla (opTet sTax ocefl) cfpasyior wasectumll wam yron o, Tpethim YpaBue-
HHEM BB SANHCAETN, 970 00 ROARETCH ENHHHYHE BEETOPOM,

Cricrema ypagwesnfl (8.76) Toro me Thna, w10 i cicrema ypasnerni (1), pac-
CMOTPEHHEH W PEIEHEAA B ofuen BiRe B Opuaosennd 2, JLas Haxomaesnn npoek-
UHiT OpTa W CIEAYET BOCNCALICRATHCR GopMyAani (5) K3 NPIIDKEHRS 2, NOSGHKHE
BHHX @=Ul, b= gy, p=w, ;= 10, ¢ = 05 7.

Hymeo penite ewe ponpoc o sosdibunnekre & i hopuys (5) npuacskesns 2,
B nawes caysac 10 aman BeSiMENE ¥ = e (MK e).

Kosddmupent § nossoaser sufpete petlenne, oTBEYSIOUEE TPHHATON B Mexa-
HE3ME OfODEE Waporci ¢ natkuem nape B (prc. B.26) — npu onvom ® Tom e
MOTOHERNE OCH 3nend 2 OCk nalbua (opT o) sMOMKHO PACHONOHHTE N0 OfIHY HJaH
ApYTYI CTOPOHY OF NAOCKOCTH 71, B KOTOPOIl HaXOAATCH OCh Svena 2 W opr W,

lpencTasue sachenio HANPABIEHRE BERTOPS 1 X Gy, HOPMAILTIOND K INIOCKOCTH TT,
sarmouaem, 410 nonowense 55 u BS' oow nankua cooTeeTeTEyior cCopKaM, BIR
Eofopux cooveercreenio § = 41 w § = —|,
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Jan geicl KoODZHHRPOBAHHA HA 3BEHBAX 2 n & (puc. 8.23) seenentl CHOTEMET
Koopakdat Coxpirze B DagtaZy.

Y cHeTemn RODpOHWAT CpXalie?s (prc. B.23, a B 8.24) oo xy Hanpasftens 8o
ocH CF snena 2, 8 OCh y JemuT B naockoeTH, copepaamed ocs CB 0 oce naneua.
Taroft chyuall paccuoTpen o IEEIIACIHE‘HHH 2. C novoureto Goprya (11) & (12) npe-
ACKEAAA, © YYSTOM, 4T0 ¥ = ¥, nojy4acM

w — Iy cose
J,ﬂ_f_m:_m_ﬂ_ Be=1dy % fu (8.79)
No HAaBeCTHLAM IT[.IUE'H!IHHH Hmud;l}u 15 == f-"g- H 0 MOMHD DRIYHCIHTD :I'!;I:EKT.IHH BEH-

Topoe fa W Rg
¥ chotewi kooppuaT Degyszy ook Xy Hanpasaeda no ocn DC seena 3, 2 ook 24

copeuiena © ocele 2. Mo pssecTHbm HaM Opram fy — &y B fy 3TRX Ocefl HOCIOMID
ONpPERETHTE I'IpOEH{J.HII ENHHNIYHONG BOKTORa OCH . Huees

fa=Ry X ly=Fk ¥ &5 (B.80)

39.&3‘]_\!‘ O NOJOMEEHHAK Mbl OHOHYNM OnNPELeTenHen AOCOUMOTHEIX KDUP]}HH.HT

sapaimoft Tousw mexatnarea. [ycte stoll Toukodl nenReTch Touka K na apene 2 © oTHO-

CHTENEHEMH HOOPARHATAME X4, y},’?‘ H 2!}“. CocTaBhAenM BHPEHENHE AT PagHYCH-

sextopa DR toukn K (puc. 8.23, a). Ouo uveer sig
r— e ly+ CK = ety 4 180  foyi + B2l (8 81)

¥ COREPHHT HIBECTIEE NHAM DEHTOPEL.
[Tpoekuusiue STOMD BEXTOPA HA OCH X, § 1T @ ABNAOTCH aCeoalomile BOopaHHATH

Touxi K. B uacTnocThH, wanpodep,
x endy b i+ R+ ko (8 82)

AHANCTHYHD 3TOMY MOBEHO OUPEIeniTs: afComoTHEC KoopinsaTe sobofl apyrofl

TOGKH MEXANHINE,
1%, 3apasy © CHOPOCTNX ME! HEUHUAEM C ONPERCIEHHA NPOEKIHA  BERTOpPOS

p=dodi we didl ng srofl uedn M HCNORbSyed COOTHOMENHA, NPORIECNHER
or (G605 n (B.77). Hween
o = — Gyl cOs 2 8in gy,
Py Gl oS g, (8.83)
frp — Gply i o sin Qg
fy — — §yeosa (i S0 Gy + M COS ),
gy = @y (bixy ©OS @ — Hya S0 @), (B.EBD)
fiy = Gy 5i0 o (g €05 )y — iz SI0 Gy
Jlerse BURETH, 9TO TH HEAHSHNE REAMCTCR QyNHIUAME yTA8 ¢y NoBOpoTa sbeks J
H ero yraonofl CROpOCTH §y = . L.

Buaxabiweh wawell sagayeli GyfieT oNPEIEABHNE DEKTOPOD &g, & H . Jlna stofl
LEAH MEL HCNONB3YeN YpPaBHERHS, SB/AIOWHECH NPOHIBONHLME No BpemenH or (B.72),
(B.74) ® (B.7B) B saja%e 0 NOJCMENNAX NPH ONPEACAEHHH OPTOB &y, €; H . 3anaua
CBENCTCA K PCIUEHHI Jnuefix ypaBHenui # cHCTes, BOO B 3a734€ O NOAOHEHHAX
He Guio YPABREHHI BLWe BTOpoll CTCNCHE. ’

[Mpoeriiy BEKTOpE €3 COPEAERAcH B PEIYABTATE PECHHA CHCTEME ypaBieni

Retg=0, péy=b, e5e=0 (5.85)

.

B rotopoh
b= 1:— {p — ests)-p=-es-pls: I



§ 57. BEKTOPHBA METO] KMHEMATUYECKOFD AHANMSA 103

Bra cHoreus, nonyuennan paddeponnHposannes ypasmensi (8.72), o paapepuyTofi
SanHcH EMeeT 1akoll BHp:

=10,
Pxfae + Pytey + Pefar = b, (8.86)
Enafax b Sapfyy | b = 0,
the b=l (eaxbo + ooy F g} : I

Tenepr, Korfia onpelcien BCRTOP €y © NOMOMBID PABEHCTDA
€= {p—eéls) 1 Iy, (£.87)

DpoH3BOMoro OT (B.74), MB MOMEW BLUHCARTE NPOEKUNH BEKTOpA ex
Jar waxompends npoekunil BERTOPA @ HCNOALAYEM CHCTEMY TpEX ARHefiNED(
ypanHesni

U= —0 W, e-1=—§w, mm=0 (B.88)
OHa NOAYYEeRs B peayfbTsve pubeperunposanna ypseiennd (B.78) n 0 passepuyiofi
SHNKCH HWEET BYJ
Rty o ey, - ety = dy,
Eoxtly + gy @y + Copthy =dy, (8.89)
Wty - Wy Tty - ety = 0,
roa
dy=— gw=— (i, + fyaey, + fgte,),
dy = — €10 = — (0, + daytoy + Egprec).
Co spenow 2 coszada cueTesa woopmunal CxyyyZ,, Heroawsys (8.79), wmcem
TAKHE Oph) It LA BEMECAEHHR NPOHIBOIHEX €€ op1op Iy, fa, Ry
(2} = ey,

ey = [t'xr — (fg)rcos a] : siney, (B.90)
Fy = (fa)* X Ju + b2 X (Jo)~

C nonomsio (8.80) Mu noayusy CACLYIMUNE BHPAMENHT AN NpoHIDOLIEE OT
ENHHHYHLY BERTOpOB d5, fa, &y cucTewn woopOHuaT Dvglszs na aeene 5

(s) ='‘es, (Js) =kXes Fy=0. (8.91)

TMepenucas pasenctas (B.90) u (B.91) B npoexumaAx wa ocH X, y ¥ 2, ME NOAY-
4EN QOpsiysiE B8 BHGHCACHEA NPOEKUNT COOTBETCTRYIDUUIX BEKTOpOE,

Tereps mosne DepefiTn K onpepesentio CROpoCTH mofoll ToukH seentes 2 | 3,
s sroro wymmo npopHpLepERINPOBATE NPCABSPHTENLHD COCTARNCHIOE BEIpAsHE-
Hhe pajnyca-BerTopa sufipannofl Touks. oA sapauH © cHOpOCTAX (8 TAIONE W yCHO-
peHHE) HAYANOM STOMD BEKTOPS moMer OuTe Miofaf HenOnBHMUHAR Touka,

Onpepeavy ckopocte Toukn K na seene 2 (pec. 8.23, ). Inddepenunpys seipa-
menne (B.81) ee papnyca-senTOpa riy, NOAYGHM COOTHOLEHNE

v = = eyt () R+ (1) R+ B2, (8.92)

NoZEOAMOUEE ONPEREIHTL CkOpocTh Toskd K. [lpoekunn stoll ckopoctd Ha oop ¥
paBua

f =g dg (o) ¥ + (o) 2 + £,2D. (8.93)

C MoMouwio aHATOrHSHEY BHpEJKENRl BHIGHC/REN NPOEKURN CHOPOCTH Of M8 OCH
TR

7 owmon AprofonencHnil
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Mu ne paccvoTpensn eme Bonpoca off YTAOBHX CEOPOCIHX Ssenbes 2 w80 on
PELIAETCA € NoMotilbly o6uwkx dupnya (B.141)—(E.142), koTopue npusoistcr o § 37,
% B 37H dopuysib BXOORT HSBECTHHE Ham BCAHUIHG,

H0°. Jodawy of yexopenuar wE HEuHHAEM € Bugwcheniil npoerusli Bextopos

p=d%/d v g = Fo/df ¢ nomoumw dopuyn
Py = —{y I, cos oo sin @ — @fl; cos o cos @y,
iy = 0y cos gy — G, sin gy, (E.54)
fr = @, sin o sin @, 4 ¢, sin o cos @
H
iy = — Gy €08 2 {thy SN Gy - gy €05 @) — Gf cos @ (e 005 Py — by Si0Gy),
Ty = Gy (g €OS Gy — Ly S0 Gy) — §F (ugn SIN @y - 2y 008 Gy), (8.95)
iy =y sin @ (U CO8 @y — by S0 Qy) — G (uy, sin g, 4 Uy, cosqy),
KOTOpE® MU Roayusnn prgdepenuspobansnes pasescts (B.3%) o (B.84). Ha stax
BHpa#einli BHIHD, 9T0 RCKOMER DEAHSRE ARAfoTcd $YHEKLNAMR yIa @ NoBOpoTa
epena /, a Talwe ero yraosoll cxOpOCTH §y == @; B YTAOBOTO YCHOPEHAR §y = Eq
Ciipenedny BEETOPH &, € H @,
Nuddeperiupys N0 BPEMEHH {E.ﬂ_ﬁ}, NOJYYEM CHCTEMY JAHHEAHEX ypasnehnil
OafA onpefelenHn npoeRunil Bextopa ey
keeg=0, p-e;=py, e563=py (8.96)
rao

fo % = 5 s i
Po=-(p-Ctesp)—eah,  py=—eéres=—d}
8

Jlenan wacte ypaenenndt (B.96) B paseepnytoft dopme mueeT BHp

&y, =0,
Oxfae + Pufsy + 0:fsr = Pus (B.57)
“uafay = Eapfay 85 P = Py
Teneps, KOrna ONPENCAEH BEKTOP €y, WH HY PABCHCTIG
€= (p— eals) : Iy, (8.96)

nponsecanore ot (B.ET), maxonum BEKTOP e,
Onpepennn NpoexiuHA BerTops @ JLna s1ofl Uefn HETIONBSYEM NPHBOIHA VIO KRG
CHCTEMY NRHEfiBIX ypabHennfi, nponssofnyio ot (B.89). Hueem

Uyl - b8y, - U@, = gy,
£y, - Pog Ty, - Ba, Wy == g, (8.99)
un iy + iy 4 el = gy,
e gy = —20-0 — BT, 3= —26,W — €W, §3 = —W-© = —w",

HA#E ML NpRDOJMKM EUE PABEHCTEa AR COpPESENcins STOPEX NPOHSEOIMEX NO
Bpenesit ot iy, fy, K;— OpTOR CHCTEME KOOpOHAAT Ha SeBewe 2t

i) =&,
o) = ['E_I — (2)"" cos ] : sin oy, (8.100)
Fo= ()" X Ja + 2 () X (o) 412 % ()
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H AR ONPEACABHHA BTOPLX NPoRIBOLLEX OT Iy, Js W Ky — OPTOB CHCTEMH KoDpH-

AT HE apeHe 3: . . .
(I =ew () =kxes k=0 {8.101)

Ina BuyucacHun npoerunit MCkOmblr sekTopos pasenctea (8.100) » (8.101)
AoUKHE GHTE npenBapHTENBHD NCPENHCanE B NPOCKIARX HB OCH X, R 2.

Banady o ARAEAHEIX YCROPEHARAX Mbl pElded ABYKPATHHNM pnlddepenunponz-
HHEM N0 BPEMENH PARNYCA-BERTOpa wHTCpecyioltefi wac Touxm. [lonn Toskk K na
spene 2 nepean npoussoguaR sTofl eewrop-fyuxunu npesenens B (B.92). Bropas
NpeRIBoinad  npHinMaeT Takol  sup:

o =ry =ely+ (@) <R+ (Jo) v 4 B2 (8.102)

. 310 u nopolnue ewy BWpaMenn AMA NPERTHRCCKHX Pacycion HymHO Dere-

NHCaTh B MPOCKUMAX Wa OCH X, & H 2. B uacTHOCTH, DPOCKURS X ¢ YCKOpEHHS
Hz OCh ¥ DATAWETCA Tal:

2y = Egaly+ (L) 0 + () 0+ Fote (8.103)

Bagans of YIAOBKX yCHOpeHHAX apeibes 2 H 8 pelaercd npuMenenpes ofuHX
dopryn (B.139) u (B.141) us § 37, 5/° BCe HyMEHWE AAA STOFO BETHYHUE HEMH
CrpenencilL.

Pne. B.27. EnnemMaTHSecHAR CREMA NPCCTRAHCTEERBOTD KPEBCIUENAC-NONZYILROID MEXaHE3AS

21°. Tlepexaikn ¥ paCCMOTPEHIID KHHEMATHEH NPOCTPAHCTEEHHOTO KPHEOLIATIHO=
noAsyHEOTOC mexannasa. Cxems HCCRENYEeOTO MEXAHHIMA DNpPHBEReHa wa puc. B.27,
Exoarot speno f mexannaws coepunedo co crofinofi € spamarentnof napoit A, Ocn
AM 3710l napy CHpEMIBAETCH MO HEKOTOpPHM yrAowm & ¢ oceir NI nocrynatensuofl
napw D, coepmnmouiell suxopioe seeno 8§ oo -croiroi. Jenmenne ot ssena [ na
SBeHD § nepepseTcd © MOoMobE: IaTYHA 2, NpHCOENHHERHOre K aseliedM [ v § mapo-
Boft ¢ Danbues napoll B W owmapowodl napod .

B mexannsme ock ND nocTynatedbsore nepeMemetia sBesa 3 He JewHT B Ono-
CHOCTH BpameHnn ool AB wpusciunna [, STo orAHG2eT NpocrpaHcTEeHHEA KpHBO-
WHNHC-NOXAYHNED MEXAHRSM OT OQHOHMEHNOTD NACCKOTO.

PaccuarpuBaentdl mexanBsM NPHHESAEMHT K NPOCTpAHCTECHHEEN MEXaHHIMAM
obmerc BHLA. YUTH, Y4TO B MEXAMHIME HMEIOTCH NAPL TOALKO NATOG, GETBEPTOTC M
TPeTEero Khaccoe, no gupmyde Cosops—Malniess waxonkm:

We=6n—8py — 4ps — 3pg = 6-3 — 52 — 4.1 —3-1=1,
T. €. Mexaunsd ofnagser onnol creneHbln CROGOMIH.

Co croficeft cadsana cmctenma koopghuaT Axpz (pec. B.28), 8 nell we Gypen
BECTH ERHEMETHYECKHT anatms mexanpssa. Ock g 5700 cHCTEMEL Napanieibma J-
nue MN wpamafiinere paccroung memay ocdvn AM B ND knwesaTiuecEux nap
A 1D, a oce 2 coBuewena ¢ ockio mapenpa A. B naockoctn Axy spamaeten oce AR
spepa [, €T0 MOACHECHHE COPERENNET YTON .

C NomoEtd enHHEHOTO BEKTOPE &5 OCH 3BEHa § mMbl SafaesM DONOKHTENLHOS
nanpepaenne oo ND nepu D. Zror pextop ofipesyer ¢ ockio 2 oTvesenntdl pamn
oo o, B COOTHETCTBEHHO EFD MPOEKIHH WA OCH X, i B 22

€ =300, ey=010, e+ cosa (8.104)
Tlﬂ



196 Fa. 8. NPOCTPAHCTEEMHEE W TINOCKHE MEXAHW3MB

B maposolt ¢ nazsues nape B mmewvTcd ADE OCH BPALIEHHS; STOT BONpOC Mu
PACCM2TpREGH B n. 167 wactonuwero naparpads. M B tawnom cayese w npHMEM,
IT0 3Bery J npuHapiestHT BAEMEHT NAPH © MIOCKOCTLIO npopezn. Epknpansil meg-
TOP M STO NJOCKOCTH ABJMETCH HSBCCTHWM B OCAX CHCTENH KOOPRWHAT Axyiz,,
NpAsfsannof & seeny J. Ocs & STl CHCTEMB lanpaniess no ool AB  zmens,
8 OCh 2| COEBMPIIENS © CCLED 2.

EUAETCH MOLHQHESLHA MEXAWHIME, B woTopofi ofe nape B w € — wapo-
Bue. lllatyn vaworo mexanhama Hueer ceoSopy Epamensn oxono ceoeft ocn HC,
He s1o, kak Guno ywe yxasawo seine, we sinfer na HHHEMATHEY SBena §,

22°, B sapave 0 DONOMENHAX MEXAHHSMa ME Biagaye ONPERETHM NOIOHEHAR
Toukk € ® oCh SBeHs £, A BATEM nNONOMKEHEE OCH DANBLA napw 8. TNocre sroro
HECIOMIO PClHTCH BOnpoe off afComwTHER KOOpOWHaTsx Mool Touks MEXBHHAMA,

3aMERYTOCTE BeKTOpHOTG Kowtypa NCBAMN — conosnoe YCJOBHE, © KOTOpLIM
CHASEHD OMpERENCHHe noaowenks Toukn C # ook BC spewa 2.

STo yeacee yoolHD SanAcsTh
TAK:

NC+ CE=p, (8.105)

tae p= NM -+ MA+ AF. Mo
AYNEHNoe DEKTOPHOE pPABEHCTEO
MOMID BAMEHHTL JABYMA CHELyK0-
AL HAME:

ess+ €xl = p, €] =1, (8.106)

Pric. B.28. K onpencnessio Kiuesmathscckny napa- CoOH MCpes sz 000SHaNHTE Dpoek-

METROE KPREQLWHING-IO0NSYHBOCO BEXEHH3ME uHiD BexTops NC va noaokpTeTs-

HOE HANpapneHne ool napu D, a

aepes [, u e, of0anaure MAMHY ® eXHHESHER pEXTOP oCH Spens 2. Papencreom
e = | Mbl yRa9HBIEM, 9TO BECOCHHEE HaMH BEHTOR @y PEAACTCA ENMHHYHEN,

Bextop p smnmercn dyusumedl yras gy, ero OPOEKIEH MOMHO BEYHCARTE 00

Gopsynam
B = hoosgy py=—yy+ Lsing, p.=—l, (8.107)

rae l; = AB — pnuns seens 1, a Yy — opaEmara Toyks N (na pue. 8.28 Ypy<<0O).

Ypannedne (8.106) mer wenoassyes gan OnpencAends  snrefpapgeckoll Beips
iKY §7 H NPOEKUAS BeKTOpE €, T, e, SETHPEX CHARPHEY BEAHYHH. 310 BOSUGHKEHO,
HOO STH YPABNCHER SEENBANCHTHEL CHCTEME QETHPEX CHRANPHLX ypaBnennfi. el
CTBHTGILHG, ECH MEPROE yPABHENHE NEPENHCATE © NPOCKUNAX Ha oM X, g, Z M
PAIBEPHYTE BTOPOE, TO ME NOJYYHM

sin a5 + lefe = o, 0-5c + Lty =y,
2 (8.-108)
coso-8p 4 Ley, =, E3z +% +£§tm L.

7o cHcTeMa TpEX JuHERMLIY W OpHOTO KDEApaTHOTO YPABHEHRSE OTHOCHTENBHO BCEO-
MEX BLAWYHH, OH8 WMOET bBa poiutHEA.

Hanmaue EEYX PLileHAll ghA HCKOMEE BETHYHH OOBRCHACTCR TEM, STC OPH OEHOM
H TOM e BONOHCNHH KpHBOWKENS J peacuas YacTe 2—3 MomeT Guth cofpana AposHo
(prc. 8.27). B stux neyx cfoprax uewTp waposodl mapel € pscnogaraercs no pas-
HBE CTOpOHEB OT ToywH .

Ham nymen Hpﬁﬂz“ﬂﬁ, C NOMOWBED HOTOPOID ME CHMOMEM BHODATh HyMHOC HaM
peiesine chcrens (8.108). B kasectse 5Toro mpuTepHs ynofHo BHOpaTs ECNRURNY

fiy = sizn (ey-e3), {£.109)

NPHAHMSIOLYI0 01RO K3 skasenell +1 win —I; 510 sHak Mpoekuns BekTopa ey
Hi Hanpasnenne eg. B clopre BCD opr ey ook seens 2 ofipasyer € e TYNOR yroq,
H TAE KAE B STOM Chyuae @3-@,<<0, 70 0=—I1, B cfiopre BC'D' yroa mesgy e
M &5 OCTPHI H CcoomeeTcTeenu 6 = ],
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Hume me Dpweopen pemenpe cucrens (8.108). Buasane onpepenmerca senn-
gHus 53 € NOMOWEN) paseHCTBA

sﬂ=__._b__a:tﬂbﬂ._p' [S.III}}
o
b= —ey-p=— (p; sina + p; cos o),

cm = B 0+

Janee staycasen NPOEKUEH CIHHHIHOTY BEKTODA g, PYKOBOACTEYRCH BHTE-
pmoweft mz (B.106) =anHCHMOCTHIO

i"__rfi"l. (8.111)
2

8=

25°, TNepexogiy & ONPENEABHNID EAHNMYHOID BEKTOPE 0 OCH NAIblA Raph B,

[TpessapHTEIEHO HYRHO BHSHCARTD NPOEKIAE OpTé @ NAOCKOCTH DpOpean M-
posofi ¢ nanuues nape B na ock chetent koopaeHaT Op = Axgz. Tlomua, wto STOT
BERTOP HIBECTEH B OCAX CHOTEMH 0y = Axyin2;, 0Af NOAYHEHHA HYMHLIE Ham Bedie
SHH HONOJIBSYEM MATRHYHYK Gop™MyRy THna (cm. npunoenne 1}

o = Mﬂu!ﬂ’ {B.HE}
e
Ly Uy
aO =yl atte=lu,
Lz Uy

CyTH MaTPHUL-CTOAGUE B3 MpoeKunl BexTopa o Ma ocw ckcrem O w 0, a
cosqy —sing 0

My = |5in g, cosgpy O

0 0 1

BCTH MATPHIE NOBEOPOTE BOKPYT OCH 2, € cTONGUAME ABANIOTCR NpOCKUHA OpTOR i,
Jy wm ky B2 oel x, B, B
Passepuye (B.112), Nl ApRXODOM E COSAYIUIHM (POpMyNan:

iy == Ly COS (P — Uy Si0 @y, (8.113)
Hy = by 10 @y - 2y COS Py,
by = Hyy.

Heronull pesctop m OpTOrORaneR K opty U, ofpasyer HOBECTHEI HaM YyroT oo
C OpTOM @ CCH 3BEHA 2, @ MO BEAHGHWE PaBeH €NRHHUE. STH TPH YCIOBHR BHps-
MAKTCH CAEAYIUIHMH CHANAPHEMEA yPABHEHRANE!

gow=0 ew=cosa,, wW=L {8.114)

Do CHCTEMA IDYX JHHERNEX H ODHOTO KBARPMTHOTO yPABHEHEA OTHOCHTENBHO NPOCH=
it sexropa . Takad ChoTema patcuoTpeda B B ofulew BHEe pelieHd B MpHACHKE-
a2, [osrouy A0S olpepeienns HCKOMEY DpoewilHil CABNYET HCNDALSOBATE OfiHe
dopuyir (5) NPAICHKENRT 2, NpeIBApPHTEILHO CONOCTaBHE 0003HASENNA NapanETpon
ypaouernfi (B.114) u (5).

B ﬁnpmpu (5) npracwenns 2 Bropet mosddmunent §, BmewwEd onHo B3
suavenpii 41 wmi —1. B pawhoy caysae © nosouibr & m@ puOnpaen To peme-
HME, KOTOpOE OTBENacT OpHEFTOR B Mexannsve cfiopre wapoecit ¢ naakuew napa B,

Ha spesie 2 Bpeqens cHcTeMa wOOPANHAT Bxyluzy. Echn €8 0cb xp COBMECTHTL
¢ ockio BC 1 BanpaBHTL B ﬂupﬁ voukn € (MpoTiB BeKTOpE @), TO YTOR MEMIY o |
H ocbio ¥ Oyner Py = g 1807 (pric. B.29),
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B atom cayuse norywaen
dy=—gy, Jo=(w—TlgcosPe):sinfe, k=1 % f {8.115)

ECIH BMM onpeSenenus opToB fp u Ky npHMENSRTD mya (11} | (12) ®3 npamo-
Henua 2. Jlan euucaens npoekuntli opTob fg, fa H Ry 3TH OpuyAE HYRED nepes
MUCETE B MPOeKLUHAX HA OCH X, § ® & .

24°. Onpegenenre a6COMOTHEY KOOPIIAAT SA5aHN00 TOUKE MEXaHuSkA Tpelyer
COCTARMEHNH BLIpAMENHA L8 panHYCE-DEKTOpA ST0i Togxd © Hayatom B Toune A,
Hns roukn K na seene 2 (pic. B, BLIpAMERNE HMCET BHJ

ri=AK = AB + BK = e}, +ix + 0 + k2,  (8.115)
Tiee, ={cosq, 4+ foosqp, a ,g:', yﬂm, zﬁ} — EOOpIHHATH TONKR K B cocrome

Ex,y}z,.
L MOTHEE  KOUPOHHaTL Toukn K ecTe Dpotluny e pagHycA-BCKTOpA
Fg WA ook X, § B 2 Creponatelsto,

xg = by cos @ - g ) + iy 05 - kg, 20
A (R.117)
AHANOTHYHO ONpEfENAOTCA KOOPOHHATH S5
& NAaNHOE ToukH seend S, ¥ CHCTEME  KOOpOHEHET
CxatnZy Ha sBene 3 ocb 2, YNOOHO COBMECTHTE ©
& k) o

= OCBIC  MUCTYNATEAbHON DEPH, 8 OCh &y NpHHITD
£ napannemwdoll ocu y. Torma 3=, by — ey, a
Pre, B.20. Cxema  pacnonome- DPOEKLHY OpHoTo HewsBecTHOrD HaM opTa Iy Oy«

HHAl HOOpAWHATHEX OCER Ha Sne- ByT ;‘a: == [0f o, iﬂtf =, 'E:l: = —sjpn .
ue B 25°. B sazawe O CKOpOCTSX, KpoMe yIaa Gy
nOBOpOTE EXOMWOTO SBeHa f, SandeTcA  €ro yrios
BAA CHOPOCTE §y = iy SVH BOAHYNKE DXODRT 8 QOPMYAH AR BHGHCIEHHA NpOEKs

uali pexvopos p = dp/dl v 6 = da/ds.
Hueen

I3

Px=—@hisingn,  py= fulycosgy, pp=10 {B.118}
n
Hip = —y {tixy 5in @y + 6y, cosqy),
ﬂ'u = iy (g COS Oy — L sin gy}, {B.119)
iy = 0.
Smu dopuynn noaytens Anddepenunponanney bupaxenni (8.107) v (8.113).
Jlan naxoHASHHA ARASHENEX CKOPOCTEN, & TAKMe BeKTOpa yraoceoll cHopocTn
spena £ WYWHO ONpepeiuTE NEpPBYID NpPOMILOAHYIC NO BpEMeHN OT BCEX TEX BEH-
HiTH, HOTOpLE Ullpéﬂ.e.ftsm_l.mb B 3afgauye o fl:ﬂ\-’!ﬂﬂieﬂl-!\t!.-

Onpejenns BesTop € # BETHNHNY &7 — MPOEKIHIO CHOpOCTH O — Ha D00
HWHATEALHOR HanpasnenBe ook ND nocrynatesesiofi napw D, Jlan stoil uens M

NCNOALIYEM CHCTEMY ypaehennil
eetesla=p, erer=0, T (8.120)
HOTOpYIO MOAywaew B pesyiutate guddepengupobanns pasencisa (B.106),
anficviee NPOCTOR NYTh pelenus SToi cHCTeni Takob. Ofe gacTd mepsoro
YPBHEHAR YMHOMHEM CRAAAPHO Ha eunHNYHLE HeHTOp eg. [lomyuiny
YutA, §ro g€, =10,
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H: nocaegnel0 papencTsa CIEAYET, HTO

p-ex _ Bafex Oyt + Bfer |
= es-es  EacbiNG | g oS (8.122)

£g

Tenieps HeCIOMHO ONPERCANT MPOEKLUA BEKTOPA €y, WCMOABIYA PABEHCTHO
é‘sc‘[i}“ﬂsﬁ.ﬂ}:'ﬂ (8.123)

KOTOPDE NONyWEHo RS YpaBHeHAR {8.1200.
Ilas Baxomjiekns pPOEKORI BeKTOpa @ ICNONLEYEM CHCTEMY TpEX ypasuenuii
= — G0, exW=—eéw ww=0, (8.124)
nponssogkyio oT (B.114). Sva cuctena Aunellia DTHOCHTEABHO NpoSKLEHT HEROMOTO
BEKTOpA 1f B PASBEDHYTON 3annch WmeeT Takofi BHA
iy - bty - 1@, = by, .
Caxtly | ay Dy -+ €9:t0, = by, (B.125)
Wiy By |- wipelry oty =0,
e by = —g-w, by = —gye .
Onpesensm Teneph NpOHSBOAHLIE NO BPEMERA OT OpTO# £, fo v kg veelt cHoTenED
koopnEnar By [asm stoll wenm ME! HCNOALSYEM PABEHCTES
) = —és, = [ea — (2)" cos fig] ¢ sin fa,
(' =—én, () =165 — (@' cosfu) :5in @125
ks = (1) % fa - > (Ja)
monyennee  mnpdepenunposaiien  supamenni (8.1 15}, STn pasencTea CODTBET-
crEYIOWEY oOpEs0Y NEPEeNECHBACTCA B NPOEEIHAX HE OCH X, & H 2.
#6°, Banauy o anuefiHEX CKOPOCTAX ME! PELHM A8 NpHOMEpE CHODOCTE TONKE K
(prc. 8.28). Jlan sTofi vean mu nponagdeperuipyeM N0 BPEMEHE BLIPDXENRE (B.116)
pam paphyca-gexTops rr. Hueen

ox=Fx= Gy () 40 () U + B (8.127)
e E‘r_! = —Ig, sin @, + jgy cos gy

pOEKLHA CHOPOCTH T Ha Ok X papHa
kg =yl 50 @+ (o) 4R+ () 80 - 8128)

Auanoraguo SanHCWBAKTCH B Be ApyTie NpOeKUaE DEKTOpA OF.
Bewktop yraowoll cROpoCTH @y 38ena 2, HAXOMSUETOCH B DPOCTRAHCTHENHOM
IBIDKENTN, MOKET GuTh onpegeaen no ofuis dopuynay (8.138) us § a7, a0,
27°. B sapaue 06 yCKOpeHHAX YIJOBaR CKOpOCTH §y = 3y H YIJIOKOE yCKOpe-
HHE §i = By BXOAHOTO 3Bena J BXORAT TOMBKO B fopMydE AIA BENHCASHES Npoex-
Wil BexTODOE P = dp/d n & = Pufd. Oup noayuens pRghepeREHPOBAHEEN
pawercTd 118}y = (B.119) » umeor vaxol Bai:
e = —Guly sin Py — §ily <08 Gy,
i‘}p —j Wl oS iy — ﬁ:'l. sin Py, {3.1253'

i =0

fly == =iy (ta 510 @y = g ©O5 §y) — §f (tieg 005 @y — 1y 5I0 Gy,
ity = fy (tixy 005 @y — vy SI0 @) — G (v 510 @y - 40 COS ), (8.130)
it = 0.
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28°, JLna maxomenms nuuefine ycKOPERH U BEKTOPS YENOBOTO yCKOpENHs
3BEHa 2 ONpejeiAen BTOpYI0 NPORSEORHYED 00 BPEMEHI OT BCEX TEX BeWuNH, KOTO-
PLIE ONpOACTANHCE B 33JAYE O NOACHENHSAX. .

Has onpepenennn sexTopa ep H BEARUITHEL S — NPOSKLHE yCROpeHEs Toukn O
HE OCh ROCTYnaTededol napu D) mia MCOAB3YeM cHCTEMy ypaBHeniii

esic + Exls=p, eye=—ej, (8.131)
NpOHIBOAHYID MO Bpenend oT ypaenensl (8, 120).
Ofe yactu nepeoro ypaBHEHMs yMHEONEM CKANNPHO HA CAHHASHEDN BEKTOD €p.
Flonynu " " x
€y €955 | - Eply = p-£y.
Panpe:ugu STC PAaBEHCTEO UTHOCHTEABHO HCHOMOI BenyMNE £C, NpefBapHTebbo
JaMEHNE £g- €y DpaBoil YacTeio sroporo ypaswerms # (8.131). Bynem wmers

p-ex + il
;R —————— II
f¢ s (8.132)
Teneps, xorna waffienc i, Onpeflensen NPOEKDHA BEKTOPA &, HCNOALIYS Bui-
pamene b B
ey = (p — es50) : by, {B.133)

CHO MONY4eHo M3 NEPBOTC ypaBuenus cucremst (8.131),
[Mepexopum ® onpegenerino vertopa . Nuddepenuppyd (8.125), mu nedTyySHM
TAKYIO cueTemy AHHeHHMX ypabnennfl AR Onpezefenns npOEKIE{ STOrD BEKTOpPA:
b By - by @y, |y, =gy,
Epy Wy =|= Cpp @y, - g, =gy, (8.134)
Wty @y 4w = o,
roc
ﬁ=—§*ﬂ?“‘2&'ﬂ:’| fg=—-52'm"2ég"é’, ﬂg‘—&i’!.
OfipaTuMes ganee x papencrsas (8.126) v npoaugdepenuipyen ux no BpeMEHT
(o) = —&n (J)" =1t — (l5)"" cos P} : sis B,
By = (52)"" X Ja A 2()" X (e +dy % ()"

Tlepenscan 5T paseHcTsa B NPOEKIANX Ha OCH X, 1 W 2, MU ChaoMeM ONpefeTHTs No
HHM DpOBKIIHE HCHOMBX BEKTOpOB,

29°. Jlan pewenws sapaun o AuHENNLX YCKOpEHAX MBl ARGMIE gudbepenn-
PYEM MO BpEMENN BLIPEMCHAE PAARYCa-BERTOPa HymHOl ToukH, B Kasectee npunepa
onpefleniM yexopeune Touke K oua seene 2 (puc. 8.28). lNepran npoussouman ce
paAryca-teRTopa GLla COCTARAENE MPH NAXOMIEHHH CHOPOCTH Dy, TlosTosy,
pedtinpys  Bupamesne (B.127), wmaxognmt

ag = ry=el + (L) xR + (/)" viP + £2D, (8.136)
re rgfﬂ — I (qy sin @y -+ @ cos @g) + J (§ cos gy — @f simqy).

CPENACATL TAKDE BLIDAMEHNE B NDOEKIAAX Ha OCH %, & M Z WE OpecTABiReT
saipynseinil. B eacTHOCTH, NPOEELNA HA OCb ¥ SanuleTcs TAKS

By = Xy = — (@, sin @, + ¢ cos @) &y - (1,,)"" 28D 4 (Ju) " 052 + 2§D,

(8.135)

{8.137)
3%, Pewewiie safaus of yIADBHX CKOPOCTAX W YCKOPEHENX ME Hawdlem ¢ pac-
o HA CAyuas, HOTAA SBEHD HAXOOHTCH B MpOCTREHCTREHHOM ABHMEHHH.

TACEYID CHOPOCTE @y H YIAOBOE YCHOPEHHE By SEENA V M ONpPCICHM B NpOeHs
WIAK Ha KOOPAHHATHEE OCH Xy, Uy M 2y, CERSaHHHE CO sBeMoM v (pac, B.30),
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TMpocTpatcTEEHHOE NERMEHNE SIEHE ¥ MOMET GHTE pasieeHo HA NOCTYTATeALHo:
¢ nomocoM B BEGpannoli Toyre 07 B BpamaTEIbHOE OEOAD stoll Toukn. Bo Bpaniarens-
HoM ABIGKENNY SBeHa CKOpOCTAME Tpex ero Touek A, B 8 € — KOHLOD enNHImmHLX
peiTopoB fy, fy B ky OCER Xy, Yy 0 2y SBEHA SENFITCR NPOHIBOAHLE DO BpeMen
E U B kg

Ha puc. B.31 mokasafo pasacokesiie cropocTeli sTHX TONCE no HanpaBMEHHAM
[BYX COCEHHX KOOpIRRATHEX OCell. BelMuline STHX COCTABAAIIMY MOMHO npen

Pite, B,50. K onpefenesmg YrnoeHEX cropocTell B yeuopennh

CTANHTE B BHAE CHANAPHOTO NPONSREREHMN BEETOPOBE s () Ey W OpTa CcooT-
peTereyiouell ocn. Tak, nanpHmep, DpoekllBs CROpPOCTH TOUKR b pa otw 2, pamBna

(Proe)e, = (W) Ky
Cocrasnmounre cxopocteli Towex A, B u € nossoasior onpeflednTe  CKOPOCTH
BpALLEHHS 3BEHS ¥ OKONO OCEH Xy, Yy B 2y, T. € NPOCKIGHE @y s @y, H O, YrACBOR

CKOpOCTH tdy. [lownA, 4TO papuyc BpauleHHs
gogex A, B nC papel eiRnHUE, HMEEM P LA
. »
Iﬂxqﬂ{f.“}'+k\.-= — Ry S @ \ &y
R N (8.138) A
m:\\r:‘“v}.'jv=_tjv}"f - }
lNpupogumee Hre GOpMyAW LAS BHYNC-
NEHER NpoeEnidt BEETORE By HA OCH Xy, Uy By Il k;aa
nm:ﬂenu ExplepeHunpoBARNEN  PARBEHCTE b"f':
; i Ll * n &
'B:t‘.:{.r\r} shey + (1y) =B Ivly
£y = By dy - Fy-liy), (8,135)  Prc, B.51. K peceMoTpennic  Nacy-
W . B HOTC CAYSan, KOTfE OCh S0ela v Wes
€, = (iy) iy + ()" - (W) e sl

5r°. ﬂepeﬁnebl K pacc:m‘rpflﬂ!m HECTHOTD CAYYAR — IBEHO v BMEET WEMORRHE-
HYI0 oct Bpawenus {pHC. £.31), e nepnemprkysaspHa ock OA aeena,

Ecan oo spexon CRRAaHA CHCTEMA KOODAHHAT H o8 OCh 2y COBMEILEHA C OCbI0 Bjras~
UiennA, TO GNA BHYACABHEA YTACLOM CKOPOCTH gy = @y == Wz # YIACBOPO yCKO-
PeRER §y == &y = B, MOMHO NPHMERNTE ROCTEHIOW HE Tpex Qopryn & (8.138)

B (8.139).
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3anaga moser GEiTh pelueka M 023 NPHEASKA K S0EHy KoopiHuaTHEX ocell no
HIBECTHEM MpoEKINAM opTa £y OCH SDEHA H I.'IFOHSWI[IIHI no BI‘.IEMEI!H ATOO BER=
Topa. [lycrs ¢ ocwo BRAMENHA STO'0 BHEOHHONG 3BEHE COBMCLUEHA OCh 2 HENOEBHH-
HOH cucTeMid Kooppunat Oxgpz. TorRa pAa ofpefederdn HCHOMEX BLAHYHE Moo
NPHMERHTL CACHYIotHe (hopayTL:
§y = iy == Eyufyy — By, (E.140)
Gy =By = Byllyy — ey fan (8.141)
Jan susofa gopmyma (B.140) ma spems MofosHM, YTO CO SEENOM ¥ CEBRSSHA
cucrena KOOpAHNET Oxyginzy. [lycTh ee 0Ck xy COBMENIENA © OCEIO SRENA, & OCh 2y =
£ z conyeliena © OCLIO Bpauennd, Torpge B TpeTeio dopuyay ns (B.138) Momue noms
CTABHTE
W) =€y Jy=hy Xy =k X ey
SMo NpeBefeT K CEHpDMEHD
Oy = Gyz = (£y X &)k = (€, X &), (8.142)

PASBEPHYTOH SaNHCHIO koTo anasercd (opuyna (8.140), I MEPYS 10
CAGAHION, ME TGy YaEeM [B.l-m Qe wpepennupys



YACTbL BTOPAH

JHHAMHYECKHHA AHAJIH3 MEXAHH3MOB
H MAILIHH

OTHNEN TPETHA
CHJIOBOA AHANH3 MEXAHH3MOB

Fnawsa 9
BBENEHHE B JHHAMHYECKHA AHANH3 MEXAHH3IMOB

§ 88. OcHOBHEE 3apauH

I°, Tlpu paccMoTpeHHH BONPOCOB KHHEMaTHYECKOrO anannaa Mexa-
HH3MCoE ME BCEMLA NpelnonaraeM ApHMEHHE BXOOHLIX 3peHLEER 38laH+
HEM. JIpH#EHNE BHXCOHBIY 3pEHLEER HIYYAETCH B 3ABHCHMOCTH OT
sajlanHoro JipixeHns BXogpeix, [lpw stom cual, peficTsylouse Ha
BBEHEA MEXAHH3IMA, H CHNbL, pO3HHEAWMUHE NpH ero IBHMEHHH, HaMH
He Hayuyalorcsl. Tarkum ofpascoM, nNpH KHHEMaTHYECKOM aHanuae HC-
CcAeloBAHNE ABHMEHHA MEXAHHIMOB BEIETCA C YUETOM MIOALKC CH1pLi-
Y PEL HEXQH UZMO8 1L 2E0MEIPUNECKILX COOMMOUUERNUT MeaiOYy pasme pamu
UX BEEHBEE.

JpuaMyuecknit aHanez MeXanHsMoB HMEET CBOHMH 3a72uMaMil

E] H3aYUCHHE BAHAHHSA BHEILURKX CcHA, CHN BECa 3BEHLER, CHA Tpe-
HES ¥ MECCOBHX CHA (CHA HUEPUMH) Ha8 3B€HLA MEXAHH3Ma, Ha Sne-
MeHTH 3BeHLER, HA KHHEMATHYECKHE NapH M HENOJBHIKIBIE ONOPH H
yCTakOBAEHNE CrocofoB YMEHbILEeHHA JHHAMHYECKMX HArpysOK, BO3-
HEKSIOUHY [IpH JIBHMKEHHH MeXaHH3Ma;

6) uayuyeHle PeNMa JBHIKEHHS MeXaiH3Ma noj peficTeHeM 3a-
JaHEBX CHA H yCTanoBnepue cnocofop, ofecneuHBaIOIUHX 3alalHble
PE}EII:M]:[ JBHMEHHA MEXBHH3IMA.

INeppas 3apaus HOCHT HASBAHWE CLA0B020 QHOANSO MEXQHUINOS,
4 BTOPaA 378438 — HA3BAHHE JUROMIKL MEXQHUIMOE,

B minamiyecKHil aHANH3 MeXaHH3IMOB MOXET OEITL BENIOYEH H pAR
JAPYrux 3&1ad, HMEIOUX BaXKHOE TeXHHYECKOE 3HaueHHe, & HMEHHO
TeOpin konebanuil B MeXanH3aMax, 3ajaua O COYA8PERHY 3BEHLER MEXa-
nHsMoe # 1p. Ho 5TH BONPOCH ABARIOTCA NPEAMETOM H3YYeHHSA B Cre-
UHANBHBIX KYPCAX, TAK KaK NpH pelleHnd HX Heo0XOiHMO NPHMEHATh
METON TeopHH an}‘rfﬂ'ﬂ!, a8 B TeopHH MEXAHHAMOE i MaIUHH 38Ra4YH
pewaioTes o6HYHO B NPEANOVIOHEHHH, YTO 3BeHbf MeXanH3MOB fB-
JAKTCA a0CONOTHO MECTHHMH,
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Z°. Tleppas 3 ykasawmelX 3a1au AMHAMHEKH MEXAHH3MOB HMeeT
CBOEI LeAbI Onpefenente BHEIIHHX HEHIBECTHHIX CHA, AelicTBYIOLMK
HA 3peHbS Mexauusma, a Takme younuil (peakuuil), sozpMEaCIHX
B KHHEMATHUECKHX Napax NpH ABIKEHUH MeXapuama,

BHEWHHM CHAaM, HanpeMep, oTHOCATCA [Aapienne pabouei
CumecH (rasa wam JMHLKOCTH) Ha NOpILEHL KPHBOLIMIHO-NOJA3YHHOFO
MeXaHEsMa ABHIATEIR BHYTPEHHEIO CropaHHfA, NMapoporo ABHTATEAH,
KoMIpeccopa, Bpallaiiuil MOMEHT, PasBHBaeMEI SNEKTpOasHraTe-
neM Ha sany paboyero Mexarrana, H ap. Hekotophe cunm Bosuukaor
B pesysbTare ABHMEHHn wmexammsma., K stuM cunaM, nanpumep,
OTHOCATCH CHALI TPEHHS NDH ABHMEHHH, CHABI CONPOTHBNCHHA CPean
H 7. a. Hexotopme cism, Kak, HanpeMep, I¥HaMHYECKHE DEAKIHM
B EMHeMaTHUECKHMX [apax, BO3HHKAKT NPE ABHMEHHH BCIeNCTEHe
HHEPLHY SBEHLEE,

Hayuenie npepons cun Tpefyer HE ToIBKO TeOpeTHUECHOTO,
HO H SKCNEpHMeHTANBHOro iccienoBanus, C NoMollbio COBPeMEHHEIX
HaMepPHTENLHEX NPHOOPOB MOMHO BECEME TOYHO ONPelelfTh pasiuu-
HLIE CHJIL, BEHCTBYIIHE HA OTOEbHBE SBEeHbR MEXAHH3MA, H BHAB-
J5Th UX 3a8BHCHMOCTH OT pasaHuHmE (aKTopoB.

Ecnu nsBecTHH! BHEIUHHE CHAH, AeCTBYIOUME HA SBEHBS Mexa-
HH3MA, H H3BECTHH 32KOHW ABHIKEHHS BCEX €ro 3BEHLEB, TO MOMHO
METOOEMH, HATAraeMpMe B MeXAHHKE, ONpefefnTe CHAK TpeHHA H
PEAKLER CBflsell B KIHEMaTHYECKHX napaxX, CHJB CONPOTHEJIEHHS
Cpenn, CHAB HHepilHH 3BEHLER H ADPYTHE CHABL, BOSHHEAIHE TpH
JBHMEHHH MeXaHH3Ma, H TeM CAMEM TPOH3BECTH TAK HAILBAEMBIf
CUAOEDI POCHEm MEXGHLEMA.

K nepeoil safave AMHAMEYECKOrO aHANH33 MEXAHH3MOB OTHO-
CHTCS! TAKMKE BoNpoc of yCTPaneHHuy NONONHETENLHEIX AMHAMHYECKNX
HAFPY30K OT CHA HEEPLEH Ha ONOpbl MEXEHH3MA COOTBETCTBYIOULHM
noafopomM Mace 3BeHbes. DTOT BONPOC DACCMATPHBAETCH B EOpLLL
L POEHOBCLULANHIA MOCE 6 MEXAHUIMAOX. ,

Bropas sajaua iMeer ceoeil nenbio ONpefeseHHe MOUHOCTH, He-
obxonumofi  gna BOCTIPOHIBEAEHHA 340aHHOID JABMIMEHHS Malnyel
HAH MEXaHH3MA, H H3yYeHHe 38KOHOB PACIpefc/eHHA 5Tol MOLHOCTH
Ha BhNONHeHHEe pafor, CBASAHHEK C OEACTEHEM DAINHYHLIX CEN Ha
MEXAHMAM, a TAke pelleHHe BoNpoca O cPaBHETENbHON OUeHKe MexXa-
HH3MOB C NOMOILBI0 KOS((uIHEHTa NOJIeSHOro AefCTBHA, XapaKieph-
3YKILIEro creneHb HenoabsoBaers ofwed sueprum, noTpelaneMoi
MalHHOH HAH MeXaHusMoM, Ha noaesryi palory. K stoli me sagaue
CTHOCHTCH BONpOC ob OnpeneSieHHlH HCTHHHOTO ABMMEeHNS MeXaHHaMa
1og AefCTBHEM NPHACKEHHKX K HEMY CHA, T. €, 3a/la4l 0 PeriMe ero
LBHEHEHR, 8 Takmxe ponpoc o Nogbope TAKHX COOTHOLUEHHH mMexmy
CHJaMY, MacCaMi i pasMepaM SBEeHbED MEXAHH3MA HIH MALHHHE, NpH
KOTOPHIX [ABHIKEHHE MeXaWusMa uax Maumpn Gbino On HanGonee
GnuskiM K Tpefiyemomy yo/iosHIo pafouero npouecca.

| J7a 3ajaua ofeINHO HOCHT HA3BaHHE Meoputl OBLICEHUS MAtULUAHbE
Al mexatudma nod Jedicmeues sadaHmrBX CUA.
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§ 89. 3ajaus CHIOBOTO PacueTd MeXaHW3MOB

. Kak 6uuio ykasano ssiue (§ 38), cusosofi pacuer MeXaHHaMob
2aKJAI0Y8eTCH B onpeleneEkl TeX CHJl, KOTOpLe JefCTEYIOT HA OTIENE-
HEHE SBEHbS MEXaEH3MOB NPH HX ABHMEHUH,

Bonpoc of onpepeneuii CiA Hmeer Gonbiuoe NPaKTHUECKOE aHa-
yeHHe AAf pacuera Ha IPOYHOCTh OTAENLHEX getanelt MEXaHHIMOB,
AR ONpefleneHia MOLUYHOCTH, notpebroil nas paboThl MexaeHama,
AJ% ONpEAeNerHsa TPEHUs B KHHEMATHYECKHX napax, njs gﬂﬂiﬂa Ha
HIHOC TRYILUHXCH ,ILE“TE..II\EH P KHHEMATHYECKE X Mapax v T. 4. OHARA CH.JkL,
AefiCTRYIOIHe Ha pasiHYyHHEC SBEHBH MEXAHHIMA, KOHCTPYKTOp MO-
#eT BH0paTs Haubosiee palloHANLHKE pasMepLl SBEHRLEE, ol pefeinTh
KOHCTPYKTHBELIE HX (OPMBI, HEODXOLHMBIE AN AOCTATOYHOT - TPOY-
poCTH netanell, oOeCneyNTh B KHEEMATHYECKHX Napax JoCTaTouHyio
CMasKy B T. 4.

Jlo nosBAeHs B TeXHHKe GHICTPOXOAHEIX MalliH ONpelenenne Chi
B MeXaHHaMaX BEJOCh Oes yyera Tex AONONHHTENbLHLIX CHI, HOTOPEIE
FOSHHKAIOT TpH NBHMeRHH Mexamusma. Takne pacueTnl HOCAT Has-
BAHUE CIMMOMUYECKUY POCHERIOE. B cesap € NOABAEHEEM B TEXHEEES
GLICTPOXOLEKIX MAlUHH CTan0 HeoOXOAMMEIM yUHTLIBATE B TE CHIE,
KOTOPHIE BOIHEKAIOT NPH ABHMEHHH MEXaHUIMa M HacTo SHAYHTEMLIO
NPEeBHILUAIOT CTATHYECKHE CHABL Pacuersi, B KOTOpPHIX Y4HTHIBAICTCA
Kak CTATHYECKHE, TAK H IMHAMHYECKHE HArpyaKH, HOCAT Haspahhe
AUBOMUNECKILY POCYEITOS.

2, Onpenenenne CHi, AEHCTBYIOIMX Ha pasniyible IBERLI Mexa-
HiaMa npi ero OBHIHEHHH, MOHET fBTh CoellaHo B TOM CAYYae, ecu
HEBECTHH 3AKOHH ABHMKEHHS BCEX 3pEHBER MeXaHu3MA M H3BECTHLI
BHEIIHHE CHJLI, NPHIOMEHHBIE K MEXAHHIMY. [Mostomy obilylo 3a-
pauy AMHAMHYECKOPO pacuera i MPOEKTHPOBAHHA HOBHIX MEXaEH3MOB
§ MalMH KOHCTPYKTOp OOBYHO pacu/ieHfer Ha ABC HACTH. Crauana
OH 3amaeTcsl OPHONHMEHHKM 3aKOHOM IBHIKEHHA BXOAHOTO S3BEHA
MeXaHH3Ma ¢ BHEUIHHMH CHIaME, Ha HETD J],EﬁE'IE}'IDI.I.LHMH, onpepe-
NReT BCE HEOOXOARMBblE DACHETHEE YCHNHMA M NO HHM NOAGHpaer He-
OOXONMMEE PasMepnl, Macchl ¥ MOMEHTHl HHEpHNHH 3IBEHLEE. 3o —
nepras uacib sajaun. [Tocae STOFO KOHCTPYKTOP NpRCTYNAET K pe
IIEHKIO Bropofi YacTH 3afayd, &8 HMEeHHD, K HCCASNOBARHID BONpOCA
off HCTHHHOM ABHMEHHNH COpoeKTHPOBAHHOTO MexaHHMaMa, K KOTo-
poMy NPHAOMEHB! Pa3aHYHEE neficTBYIOHE HA HETO CHJLL Onpejenin
HCTHEEBE 3AKOH ABHIKEHHs MeXaHu3Ma, KOHCTPYKTOp BHOCHT B pakece
nposeeH b pacyer Bee HeolXOmHMbE HCHPaBJIEH: H nobasnenns.

5. CpnoBoil pacyer MeXaHu3MOB MOjKeT OHTh NPOHSBENeH CaMEMI
paspooOpasubiMH MeTOAami. B Teopun MaWME 1 MEXARHIMOB BECHEMa
LIHPOKOE MPHMEHEHHE NOJYYIA METOA CHAOBOrO pacuera MeXaHH3MOB
A OCHOBE OCLIKHOBEHHBIX YypapHetifi paBHOBECHA TBEPABIX TE.

Cy1HOCT STOTO METOR@ CBORMTCS K NpHMEHEHHIO nph pEIleHHH
3aiad AMHAMMKN YpapHEHRil paBHOBeCHs B (opme Hanamtepa. Kak
M3BeCTHO M3 Teoperiueckoll MEXanuKM, AJ8 STOMO CHAy HHEPLHH,
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KoTOpas sensercs npotuBopeficTeHEM YCKOpsieMOro TeNa, NPHACKER-
HuW K Teny, cooblaiolleMy STO YCHOpEHHe, YCNOBHO NEPEHOCAT Ea
YCropReMoe Tedo. INepenecennas cHna YpABHOBELINBAGTCS €O BCEMH
OCTaNbHBIMH BHELUHHMH CHA8MH, B TOM YHCJE H C PeakuHsiMi, Aefi-
CTEYIOIMMH Ha 2T0 Teno.

B npumeseniH K MEXAHH3MAM CYULHOCTL METONA MOMET OBITL cop-
MYMHpOBAHA TAK: €0l KO BCeM BHeLHHM HOEHCTRYIOWMM Ha SBEHo
MEXaHH3MA CHNaM OPHCOSAHHEHTL CHIIB HHEPUMY, TO 00L NefiCTEHEM
BCEX STHX CHJT MOMHO SBEHO PacCMaTpHEATE YCAOBHO HAXOASIUAMCR
B panropecHt, Taxum ofpasoM, npu npuMerernn opuEnHna Hanam-
Gepa K pacuery MEXaHH3MOB, KpoMe BHEIIEHX CHJ, BENCTEYIOWHX Ha
KaMnoe SEeHO MeXaHH3Ma, BBOAATCA B PACCMOTPEHME €lle CHJH HEEp-
LHH, BENHYMED! KOTODHIX ONPEAENSIOTCA KAK NpPOM3BENeHHe MAaccH
OTAC/BHEIX MaTepHANbHBIX TOYEK HA WX YCKOpEHMS. Hanpasnenus
5THX CHN MNpOTHEONONOMHE HANDDABAEHHAM yexopentit paccmatpu-
Baemblx Toyek. CocTaBnsnst A5 NonyueHHol clCTeMbl CHA YPaBHEHHH
PABHOBECHS ¥ pemas KX, ONpeJeNIfes CHAH, AeRCTBYIOUNE Ha SBEHDS
MEXaHH3IMa H BOIHHKAWIHE TPH ero ABMMeHnH. -MeTol CcHAOBOrD
PACTeTa MEXANHIMA C HCNOJLSORAHHEM CH/ HHEPLHE W NpHMEHEHHEM
YPABHEHHH [MHAMHYECKOTO DABHOBECHA HOCHT MHOCLA HaIBafHe
KUHEMOCMOIMUNECKD20 PACYEMa MEXAHUSMO8, B OTAHUHE OT CTATHYECKOTD
pactera, NpH KOTOPOM HE YYHTHIBAIOTCS CHAM HHEPUHH SBEHLER,

§ 40. Cunel, gpeficTBYWIHE HA SBEHBN MEXAHHIMA

I, Tlpu pabote MexaHH3Ma K €r0 SBEHbAM HPHAOMEHB! BHELIHHE
SAnaBAEMEe CHIH, a HMEHHO! CHAB ABIKYINIE, CHJIB NpOH3BOACTEEH-
HHIX CONPOTHBNEHNH, CHALL TAXECTH U Ap. Kpome Toro, npy gpmnmxentn
MEXSHHIMOR B Pe3yJsibTaTe peakumil cesdell B KHHEMATHUECKHX napax
BOSHHKAIOT CHAEI TPEHHS,, KOTOPHE MOXHO pacCMaTpHBaTL Kak Co-
Crapiilolne sTix peakunfi. Peakuu B knpematnuecknx napax,
TaK e KaK H CRIL TPEHHS, N0 OTHOWIEHHIO KO BCEMY MEXAHEIMY
ABNAIOTCH CHAAME BHYTPEHHEME, HO N0 OTHOLIEHHID K KaMAOMY 3BEHY,
BXOAALUENMY B KHHEEMATHUECKYIO [1apy, OKA3BIBAIOTCH CHAAMH BHEOLIHHMI.

Peakuity 5 KHHEMATHYECKHX DAPaX BOSHHKAIOT He TONbKO BCJIEH-
CTEHE REACTBHS BHEWHNX SaNABaéMHX CH HA SBEHBA MeXapHaMa,
HO W BCNEACTBHE ABMIMEHWS OTAE/ILHBIX MACC MEXEHWSMA C YCKope-
HuAMH. CocTapnsioniie Peakiliy, BOSEHKAIOUHE OT [BHIKEHN S SBeHLED
C YCEOpEHHSAMH, MOMHC CUHTATE O0RNOAHWMNEABHBIMU OURQHUNECHILML

HUAMU B KHHemaTHueckHX napax. Kak Gwino ykasano B § 39,
STH RONOJHHTeNbHEE IHHAMHYECKHE AABJIEHHA MOryT GHITEH onpene
JIEHL] H3 YPABHEHHI PARHOBECHN SBEHLEB, €CJN K 38JaBaeMBiM CHJaM
H peaxiiaM cBssell 100ABHTE CHAB WHEPLHH.

Z. Bypem HasuBath B MeXaHHaMe JBUICHUYUMU CLAGHU TE CHAHL,
ROTOPHE CTPEMATCH yekopume jeMxenne MexannsMa. Mrave, neunmy-
LiHMH CHnami OylieM HasHBATL Te CHAH, TPHJIOKEHHHE K SBeHbAM
MEXaHH3Ma, KOTOpLIE COSEPLUAIOM ROAOICUMEALHIIO pabormy.
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Cuaany conpomusienuf B MexaHuswe OyleM HasHBaTb Te enan,
KOTOPLIE CTPeMATCA Samedaiumie OBHIKEIHE MeXaHEsMa. Huawe, cunamu
CONPOTHENEHRS GyieM HasHBaTh T€ CHJB, NPHJOMEHHbE K SBEHbSM
MEXAHHSMA KOTOpLIE, COSSPLIAiON OMPUBAMEALHYIO pabomy.

Craany Rpousso0cmseHH020 CONPOMUBIEHILA, BAH CUAGMU NOAESHOZ0
conpomuanenis, GyaeM coniaTh Te CHAbl CONpOTHENEHHS, npeoione-
HHE KOTOPHX HEOOXOUMMO LNA SHINOAHEHURA mpebyesozo MmexHoAo2 =
HECKO20 1POYECCE.

Cunoii Henpoussodcmecsniix conpornugaenudl, Wil cusamu aped-
Hbx conpomuenenul, Oyled HasulBaTh T€ CHAL CONPOTHBAEHIHS, Ha
Npecnonente KOTOPHIX Sampasusaenicn JonoaumeabHaR paboma ceepx
nioil, Komopas Heobxodtma AR npeodoscHUA NOAEIN020 CONPOITLEAEHIA,

HanpuMep, y ABMratens BHYTPEHHET0 CropanMs ABHMKyIleH Cii-
ol SBARETCH AABJERHE PACIIHpAIGIErocs rasa ha nopuielb, ChaaMyu
conpoTHEJeHRHs GyLyT: CHAa Tperus B MOAWMNHHKAX W OHJAHHLD2X,
CONpPOTHBIERNE BOSNYXa, CONPOTHBIenHe Toli padoueli MallHHLl, KO-
TOpas NPHBOLMTCA B JABHMEHHE NpHrarened, H T. 0. IMpu sToM €0«
nporHBienHe padodeil MALNHHE, KOTOpas NPHBOAWTEN IBHIATENEM
B-IBHKeHHe, OY[IeT NPOHSBONCTBEHHEIM CONPOTHB/EHHEM, & CHALL TPe:
Hiisi, COMPOTHBACHHE BO3AYXa M T. . GynyT HenpoHSBONCTHEHHEIMH
CONPOTHRNEHHAMH.

{ Heobxomnmo OTMETHTE HEKOTODYIO YeJIOBHOCTE B pasaefeHHH eéi
HA CHAH ABEWXKYLHE # CHAHL conporuBaenns. Hanpumep, cuill TH-
BeCcTH BpeHbeB npH nogkemMe B HEHTPOB THAMECTH OKASHBAIOTCA CH+
JaMM COMPOTHBMEEHS, & NPA ONYCKAHWH LEHTPOB TAMKECTH — e
navu gemakywmss, CuAl TpesHs, BOSHUKAKOUHE B NOAIMNHHKAX,
SBRNAWICH CHNaMH CDI’IPU'IHBJTEHHH, a8 CHJH ‘i‘]JEI‘lHHi BO3HHEKaWLLIHE
B TOMKAX HOHTAKTa NMpH O0XBaTe pemueM LIKHEA pererHOl nepenayi,
SIBJSIOTCA CHNAAMH AEMHMKYUEME H T. A. Pafora aBHIKYIIHX CHJ Hashi-
BaeTes WHOTAA sampouusaesol pabomot, pabota cii NpoM3BOACTEEH-
HHX CONMpOTHEJeRHf — noaeswotl pabomofl  padoTa HeNpOHIBOACT-
BeHHHX conpotneneiufi — apedunod paomod.

Fnaea I0

CiHJibl ABHMXYIHE W CHIBl [POH3BOACTEEHHEIX
CONPOTHEJEHHA

§ 41. Omarpammu cun, pafor B MoiHocTeR .

1°. Cunpi ABHMYUIME H CHAB NPOMSBOACTBEHHEIX CONPOTHBJIEHNR
B 3apHCHMOCTH OF HX (HIHYECKHX H TeXHOJOTHYECKHK XapaKTePHCTHR
MoryT Outh QYHKUHAMH pasAHUHLLX KHHEMaTHYECKHX MapaMeTpont
nepemeienuil, CKOPOCTEii, ycropeuHil B BpeMeny. B TeOpHH MexanH3-
MOB MH MpEInoJaraeM STH CHIBl 0GHYHO HSBECTHHIMH W Sa[aHHENH
B apanuTHueckofl man rpaguueckoll gopme. B nocienrem ciyvae —
570 JAHATPAMMEL CILT, paboT HAH MOLLHOCTell.
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Paccmorpun nanfonee THOHYHER AHATPaMMel B CBS3b STHX [ha-
rpaMm mennay cofiof.

Ha puc. 10.1 npencrasieHa gHarpamma euibl F, xoropas peficT-
BYeT Ha Belyluee SpPEHO MEXAHH3IMA yOHpallerocs Wwaccy caMonera
npu nogwewme waccr. CHAE F pana B QyHKLHH NyTH § TONKH e Opuao-
swermn, Mmen puarpammy F = F (s) (puc. 10.1), moxuo noctponts
nHarpammy A = A (5) pabotet A B Qysxkuue nyrd s (puc. 10.2).
B camom nene, pafiora Ay, Ha HETepBANe NYTH OT HAYAJIbLHOrO NOJC-
aenun [ no moforo noclieyioliero k pagsa

Ay = FF ds, (10.1)
By
Fle § H § — BEIHUHEE OyTH COOTBETCTEENHO B mosoxemntnX J o k.
CrepoBaTtelbHo, nocTpoenne auarpammb A = A (s) (pre. 10.2)
CEOLHTCH K HETETpHPOBAHHK (yHE-
nn F = F(s) (puc. 10.1). Me 7
TOI TpadMYecKore HHTETPHPOBAHUA

F
1 3
E l ' ¥
l §
5 £
i L £ : S
ﬁm—-—&k
Pee. 10,1, Jinarpampa  SaphchmMo- Pae. 10,2, Ouappammy IBRMCHMD.
CTH CHNE OT MyTH TONKR CE OpuAG- ETH palOTH CHAb OT O¥TH, NUCTROEHS

WEHHA HES  WHTEPPHPOBEHHEM HHA My
usoOpamernch ue pec [0

6rn  paccmorper mamu B §18, 8. Tak, na unrepeane o1 5 A0
5 pafiora A pakHa

&y
A= _r Fds=ppp, nn. &2 =p, (2— 2,

By
rae na. [12°2) — nnowmans, orpainvennan Kpreoil 1, 2 i npaMemy 7,
2u 2, 2 u usmepesHas B KBaApaTHLX muanumerpax (Ha puc. 10.1
mnollajfk SaluTpHXOBaHE), a8 pp H Py — MacuTalbel CHAK H OYTH.
IMonyuennoe sHauenne A3 OTnodeno B Macimade p, Ha opiHMHaTe
B Touke 2 pHarpaMme 4 = A (s) (pue. 10.2) B suae orpesxa (2 — 2°).

Patora A,y B HETEPBANE OT § A0 55 paBHa

A“::]Fds::p,pp, niL [12°8'8) = py (8 — &)
*
(puc. 10.2) u 1. o
Ha pue. 10.3 pana muarpamma mosenia M, pasBHBaeMmoro Ha
BANY ABHTaTeNsl BHYTPeHHEro cropanus, B GyRKUEH yria ¢ noBopoTa
pana uepratens (gmarpamma M = M (g)). Hns noctpoenus Ana-
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rpamybl patorat A = A () MOMHO BOCNOLIOBATLCA PABEHCTBOM

LS
A= TMdip. (10.2)

L2
TakuM o6pazom, Safaya CBOANTCS K HHTErpHPOBAHHIO dyHEUHD
M =-1M (g) (pue. 10.3). lluarpamma dynkunn A = A (¢) nana na

puc. 10.4.

Z. B pacemorpennblx npuMepax cuna F i MOMeHT M Crnu sa-
BAHH B QYVHEKIHH NepeMeilertii § i ¢ BELYLIHX SBEHbEE. B exoTopLIX

A
M
i e
L] Fy %
o 14
FIE | ] J
Tuvmpry pud N T g 8
Prc. 13, Jnarpemme SoBRCHMU- Puc. 10.4. Ouerpaums HORCKBO=
eTH MOMEHTE 0O HOpeHiOoM  BAOY eth pefoTe DoplineBoltv KORCETERA
NOpLHEeRGnD OERACATERR OF Yras fos OT YriE NOBOpoTa KOpPERBOIG naRH,
BOPOTE KOTCHHOTO Bans NECTPORRHER HNTErpHpOBabHeM EEB=

rpauue, pactpasenncdl ga pre. 103

CNYuaARX 5Ta GHAA HIH MOMEHT MOryT OuTh 3a7alin B QYHHKUHH Bpe-
mens f. Ha puc. 10.5 nokazana mnarpamsma F = F ({), xapakrepnan
nas mMuporkx pabounx mawnd Hanpamep, npndainskeHHO No TaKOMY

M
% i
¥ oA 3
=
| : i/ ‘

T 8T ¥ g v 4 ke pi €
Puc, 10,5, JBarpesma SABHEHMO= Puc., 10,6, Jearpamea SEEBCHMO-
ETE ChAE OF op- MEEH B8 ;e&:wm CTH BOMERTE EI‘I_.TLH o7 EpEMEHE o8

ECECTEHA

BaKOHY HSMEHAETCH CHAA TAIH MIOTHX CeNbCKOXO35HC1BEHHLIX Ma-
wue. Eenu paceMaTpHBat: Npouece © MOMEHTA TPOTaHHA O MeCTa,
7. €. ¢ MOMEHTa HAYANA DepEMeIlEHHA MALIKHLS N0 NoJi, TO CHAA TATH
pHagase OHCTPO pacier 60 EeKoTOporo 3HadenHf Fu., (pue. 10.5),
nocae Yero }TMEH!:-U_[HE‘TEH, HPHﬁJIHH{HEE]: H HEKUTD]]GMF ]'IG{:TEHHHOH:{
SHAYEHHID Fp,u, COOTBeTCTBYIOLeMY paboyeMy BpeMeni OBHXeHHS
MAILLHE,

Ha pae. 10.6 nokasana amanormyHas nuarpamma M = M ()
navenennsn momenta M uertpudyri B dyHELUE Bpemenn £,

Jlns noctpoennst muarpamm paGor no gHarpamMam F = F (i)
B M= M (f) neoGxomHMO IONOJHHTENBHO 8HATL 3aBHCHMOCTL Mepe-
MEUIEHHA § OT BpeMeHH [ HAM YTJia NoBOpOTa @ OT BpeMenu I, T. €.
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BABHCHMOCTL § = & (f) wiH @ = ¢ (f). ITH SABHCHMOCTH MOryT GRITR,
HANPHMED, SKCNEPHMEHTAJNLHO ONpeneNeHs ONHOBDEMEHHOC perys
crpanseit cunm P uaw momerta M B QyHELEE Bpemenn £
Hres msarpammsr F = F (f) u s = s ({), MOMHO HCKJIOUHTE H3
HHX BpeMa { W NocTpokTh auarpammy F = F (s), nocne wero noctpoe-
Hue nnarpamye 4 = A (s) moxer Oblik COENEHO TAK, Kak YHA3AHO
EBILLE.
Ananoruyno, wmen axarpamye M = M () v ¢ = ¢ (f), Moxno
nocTpouts AHarpammy M = M (¢) u no welt guarpammy 4 = A (g).
. INpy IKCNepHMERTANBLHOM HCCNEAOBAHNH MAlHE B HEKOTOPHIX
cayuasnx IamHCHEBaETCH AHArpaMma mowHocTH P, notpefnsemoll ma-
miHol B gyHRuNE Bpesend f, T. e. guarpamma P = P (f). Taxywo
AHATPAMMY ME DOJYY&eM, HanpHEMep, NMpH SANHCH HA CAMOTHLLYIEM
BATTMETPE MOLUHOCTH, NOTPEOVIREMOR SAEKTpOABHTaTeNeM, NpHBONH-
WM B ARxerre paGouyo mawnry. [o guarpamve P = P (f) momHo
NOCTPONTL QHArpaMMy SaBucuMocTH paboTe A OT BpeMeny { — fna-
rpammy A = A (f), Ta Kak palota A;; Ha HHTEpEase BpeMeHH OT fy

o fy paera
i

Ay = ;Pdt. (10.3)

Takum obpasom, noctpoerne anarpaMmme A = A (f) ceomutcs
K HETErpPHPOBAHHI0 O EpeMeHH amarpammu P = P (f). Ecae ponon-
ENTEABHO MNOCTPOEHH JuarpaMmul s = s (f) naw gHarpamma g =
= ¢ (), 10, uckmouan spema f us aparpamm A = A () u s = s (f)
Bl H2 auarpamm A = A (f) 1 ¢ = o ({), noayuaem orarpamuy A =
=A@ w A = A (p). Ouarpasunt F = F (s) naw M ="M (g)
MoryT OeTh monyyerw Andpepenunpopanuem guarpamy A = A (s)
nim A = A (p) no nyts s pAM YIAy @, TaK Kak

=L m=5 (10.4)

§ 42. MexanHueCKHe XAPAHTEPHCTHRN M2 UIHA

I°, Tlpe AMEAMHYECKOM WCCJENOBaHHH H pacdeTe mMaliky GoJbinog
ZHAYEHHE HMEeeT BOOpOC O MOULHOCTH, KOTODAA MOMET OHTE pa3BHTa
matuyHol-ABHraTenen NpH PasAEYHLEY CKOPOCTAX BpAllenHs BeloMoro
BaJid, HAH O MOWHOCTH, HeoOXOAHMON ANA OpHBeeHHA B ABHIKEHHE
pafoueli MAaWMHE OpH Pas/IHYHBX CKOPOCTAX BPalEHHs BEAOMOro
pana. B GonsmpHeree MAILHHE MOMEHT HA BaNy NPH PA3JHYHEIX CRKOPO=
CTAX BpauleHus Bafla senocrosined. Bo Beex malnHax 0pH H3MEHEHEH
CKOpPOCTH Bp3lEHHHA H3MEHAKTCH IHHAMHYECKNIE DABRMEHNA B KHHEeMA=
THUECKHX [1apax, H, CAelOBATENLHO, MEHAKTCA CHAM TPEHHR B HHX,
B pafouynx MalHpax npH H3MeHeHHH CROPOCTH BPAEHHS BeLylLero
Bajla HSMEHHIOTCH NPOH3BOJCTBEHHHE CONPOTHEJEHHS, CONPOTHBIE-
Hifl Cpefbl H T. A. 3aBucHMOCTE Momenta M, npHJIOKeHHOIO K Beno-
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MOMY Baly MalIHHbL-gBEHTATend WM K BelylleMy Bany paGouell ma-
LIHHEL, OT YrioBoil CKOPOCTH 9THX BAJIOB HOCHT HASBAHNE MEXQHLue-
CROM XOPAKMepucmuK Mgl

Takem ofpazoM, MeXxanHYECKHMM XapaKTEPHCTHEEMH ABJSKTCH
sapucimocTH Buga M =M (w) vau M= M (n), rae n—
9acToTa Bpaillenns, HaMepfaeMmas ueclom ofoporoB pana Malp-

HH B MHEYTY, paBuas n = 30w/n.
M|F
=iy
N|F
A-Misy £Fre

FePng B

3 1 !

) ;‘“‘

3§ : o ‘i ] ()
Bapre gt Pl T

Prc. 10.7. MexanHYeCKHE RapamTe- Prc. 10.8. MexaHRRecHEe Rapak=

PUCTREH SJEKTPORBETATENR NOCTOHK-

HOTO TUKE € NEPALIefbHEM pOsGy-

HEEHHEM [3BHCHMOCTEL MOMERTS Dos

TOpa B MOULBOGCTH OT YrAomoR cHo-
poeTH poTapal

TEPHCTHHR ~ SNeKTPOSRBHIaTeNH o=

CTORAMOTO  TOKE © DocAEN0BATEMb-

M BOAYMOeHRCl  (32ERCHMOCTE

MOMENTE POTOPE H MODHOCTH OT YTJ10-
nofl cROpoETR POTOPA

Tar kak mowupoctTs P, MmoMent M 1 yriosas cKoOpocTs @ CBA3aHH
COOTHOLUEHHEM
P=Ma, {10.5)

T0, 3Hast saeHcHMocTe M = M (w), Moxuo onpenenuTk 3aBHCHMOCTL
P = P (). 3aBucumocts P = P (w) Takie moxer ObTH Ha3paHa
MEXAHHYECKON XapaKTepHCTHHON MaluMBbl,

2. PaccMoTpuM THNOBHE MEXaHHYECKHE XAPAKTEPHCTHEN MalliH-
gevratenell H paloymx mMawmm.

JLns mMamss-geuratenel XapaKTepHuin ABMAETCH YMEHBIIEHHE Bpa-
wawiero MomenTa M ¢ ypenngeHHeM YIJIOBOH CKOpOCTH .

Ha puc. 10.7 1 10.8 noxasaun MeXaHHYECKHE XapaKTePHCTHKH
sfeKTpoaBEratenell nocronuuoro Toka. Ha puc. 10.7 moment M =
= M (o) namerserca nuueiino, a va puc. 10.8 — no Gonee CAOKHEOMY
saxkoly. Kpuenie P = P (w) umetor napaGonuuecknil xapaxtep. Ha
puc. 10.9 nokasasma mexannueckas xapaKkTepHCTHKA BOLAHON Typ-
Gunn. Bee mexanmyeckme XapaktepucTuky nuia M = M () nas
MalumH-Apurateneli, noxasagune na pue. 10.7—10.9, apaswores Hp-
cxogamiMe KpHekiMu. Ha puc. 10,10 noxasann sexapHueckue Xa-
PAKTEDHCTHEN 8CHHXPOHHOTC SNEETPOOEHTETENR TpEIﬂJﬁEHﬂI‘D TORE.
JTH XapaKTepHCTHKH HMEIOT KaK HECKOAAWME, Tak W pocxomauiuil
yuacTki Kpupol.

[lo mexannyeckrM XapakTepucTiEar supa P = P (w) MosxHo onpe-
Jenuis Te YINOEBE CKOPOCTH, NpPH KOTOPHX IBHTATENL pa3BHBaeT
MaKCHMANLEYID MOWBEOCTL P.

3°. Ha prc. 10.11 # 10.12 noxasausi MEXaHIYECKHE XAPAKTEPHCTHRH
pabounx MaluHl — NeHTpobeXHOr0 HACOCA W NpRMALHON MallHHBL
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Kak BijHO M3 xapakiepueTik, y pafosux MawHe moment M poapa-
CT2€T C yBeqHueHHEM YIJIOBOH CKOPOCTH, 4T0 o0BbACHRETCH, Kak ST0

Faoht o g, 00 2

Pee. 108, ME'IEHH“L‘T\HE ¥ ParTe-

PRCTEEM B 4 Holi TYPCHEE B DRAS

O MCHEM CTH MOMENTE Pa3 KOPERHOM

nany N KMOgBCETH OT yrooso CHD=
POCTH 0 D4

F=pP e

&

Fasw =g pOdie

Puc. $0.I0. B X pWRECENE  KAPAKT pHETI-

Kl @CENY OHOrE  J KTP AN CaTend TpeX-

dosm T TOK BHAE AEH EMJICTH MOMeHTa

HE POTUPE M L H ETH OT YOAODO) CROPOCTU
poTopa

YEA3aHO BHILE, YESANYEHHEM CHA TREeHKA, CHA COMPOTHBACHKI ofipa-
faTLiBaeMbix Cpell H o0BeKTOB N T, A. Takum oviipasom, BCe mMexaHHYe-
CcKHe XapaktepHcTiikH Kak Buga M = M (o), Tax v Brga P = P {e)
A5t paGodX MallE ABISIOTCS OOLYHO BOCXOAALMME KpHBhi. Bo-

#|E #e P
Moy
3% 3t
Jxs a2
TF Ny
1§ i L1l ]le
Fbiht e i, PO vkt = g Pl
Pec. 10,11, Mexessuyeckie Xepak-  Peo. 1012, MexsdHsecKi  xapau-
TEPHETHRIL LeHTpObeRHOND  B2C0Cs TEPHCTHEN D SNABHOR Maliitye B

B LHOE AABHCIMOCTH M MelTa na po-
Top# H MOUBOCTH OT ¥roopoh cHo-

BHOD ARNUCKHAOCTH MOWEHT2 W Hodif-
HOETIE OT YTRACBOH CRopOCTH

PUCTH poTopa

Jiee MoApobEO BONPOC O MEXaHHYECKHX XKapaKTEPHCTHEAX pacCMaTpH-
BE€TCH B COENHAJALHLIX KYpCax npH pelieniu safad, CBAsanubX ¢ Hau-
fonee BHroaubM nopbopom apdratenedt k pabounm MalliEaM.

Fmapa 11
TPEHHE B MEXAHH3MAX

§ 43. Bunmt TpetHs

[°. Bonpoc 0 NpHpoje TPEHRA A0 CHX MOp H3YYeH HELOCTATONHO.
Kak nokashiBalOT SKCNEPHMEHTANBELIE HCCHEIOBAHHS, TPEHHE Tpef-
cTaBasieT Cofiofl COOMMHED KOMIAEKC MEXaHHYECKMX, (HINUECKHMX H
EHMHYECHHX HBJIEHI!FI, nppYges Te HAH HHEBE HEBJICHHA npmﬁﬂmm
B 3aBHCHMOCTH OT YCJ0BHH, TPH KOTOPHX NPOICKO/IMT Npoilece Tpe
HIls.
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B Hawy 3anauy e BXOINT NOAPOOHOE HINOMEHHE COBPEMEHHLIX
TEOpNit TPEHHA H METOROE Pacyera TPYLIHACA SJIEMEH OB MalHH. Mu
OCTAHOBHMCSH TOJLKO HA H3JOMEEHH 3JEMEHTAPHKIX CBEIEHHI Nno Teo-
pPHH TPEHHA, BeOOXOZUMBLIX Jf§ pElleHns npocrefiliy 382y Teopuu
MEXAHHIMOR,

O6RYHC pasniyaioT JIBA OCHOBHHIX BHJIA TpEHUS: MpeRrue tyxoe
(11 TpeHWe HecMasaHHHWIX NOBepXHOCTell) M mpeHue axudxocmuoe
(nnn Tperse cumasaHBEHX nopepxuoctedi). Kpome toro, pasnwsawr
MHOTOA ellle ABa NPOMEMYTOYHHIX BHAA TPEEHA! RNOAYCYXOE mpenue
H noaysctudrocmyoe mperie.

2%, flpnekme CyXoro TpeHEA MOeT ObTh 00BACHEHD CXeMATHYECKYH
chenyowr ofpasos. Pacesarpubas nog GONkLIHM YBEJIWYEHHEM Mo-
BEPXHOCTH TPYLLUXCH Tel, MOMHO o0HAPYKNEThL, YTO 5TH DOBERpXHOCTH

Pee. 1L.0.  ¥eeansed- Pre. 1.2, ¥eeanscinoe H30-
Hoe  waodpakenlis  ooys OGpemoide ABYX TPYWMXCR no-
TPYHRETH  none PXiicTed REPRBCCTER, PRANENEHHLE CRoeM

CHaZKE

e abcoMioTHO [T2/IKHe, 8 IWePOX0oBaThie H NOKPHTH GOABLIHM KONH-
uecToom HepopeocTedl. Ha prc. 11.1 cxemarnyeckn usofpamenu tpy-
wrecn nopepxHocTH A u B. Ecan 1H noBepXHocTl ABHrath ApYr oT-
HOCHTEJABHO APYTd, TO BHICTYOH OOHCH noBepXuocT# GyAyT SapeBato
3a BHICTYME! ApYToi noBepXHoctH. Brorynu 6yayt gedopsipoBaTLe.
Jedopuatiii 570 MOTYT OHTE YNPYIEMH B HEYNIPYTHME B 32BHCHMOCTH
OT BENMHYHHK HArpVakKH, HPHJ'.ICIH‘{EHHDﬁ E TpYuHMCA NMOBEPEHOCTAM,
CHOPOCTH OTHOCHTENLHOrD ABHMEHNR, pasznsEWK QH3nuecKHX ceoficTe
TpywHxes Ted (Yynpyrocth, Xapakiep noBepxroctell B T. IL).

Ecan B ToYKax KacanHa NpUACHKHTL onopme peakumu F, Ha-
NpaEneHELEe N0 HOPMANH K SJEMeRTapHLM MJCIALKaM conpHEaca-
uist (puc. 11.1), u pasnomuth HX HA COCTABJANINE, NEpneHHKY-
JNAPHHE # NapanfiefibHbie HanpaBNeHnio IBHMEHH:A, TO HOPMaAhLHhe
cocTaBnAiipe F* OyAYT ypaBHOBELIHBATLCH 3AMAHHRIMH HOpMalib-
HEMH HATpY3KaMi, 2 KacaTelhHhe cocramnsiomue Ff B cymme cos-
AafyT HEKOTOPYI0 CHAY CONPOTHRAEHHS OTHOCHTENLHOMY Nepemelie-
Huo nopepxuocrell A n B. 37a cuia cONpoTHBJERNS H HA3HBAETCH
CLAoll Mpenus.

Ecan ecTynaii#e HeposHocTH nopepxuocteit A uw B wenocpen-
CTBEHHO CONPHKACAIOTCH APYT C APYroM, TO TAKOH BHJ TpeHHA HASHL-
Baercs cyxus mpesuesn. Ecan me mempy nopepxsoctamn A u B
HMeeTCs NponeskyrouHel! cnoll cuaskn (puc. 11.2) 1 nosepxrocru A
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u B menocpencteenro He conpuKacaloTes, T0 TAKOH i TPEHHA HASK-
BAETCA swudnocmubm mpenuesi. TTOSTOMY TNPH MHIKOCTHOM TPeHHH
CHIAMH TReHlis ABAMOTCH CHAL CONPOTHBMEHHS CABHIY OTHEABILIX
CJ0EB Cha3aki, MHOTHE HS PASNHYHEIX RBAEHHN, KOTOPHE HMEIOT MeCcTo
MPH MHAKOCTHOM TPEHNH, OTCY TCTBYIOT NpPH CYyXoM TPEHUH, B Haobo-
pot. floaycyxus mpenties HasKBAKT TAKOH BHA TPEHHSA, NP KOTOpoM
Haufionee DRCTYIAWONHE WEPOXOBATOCTH HE pAasnefsioncd  choeM
CM23KH B NPHXOAST B HeOCCPERCTBEHHOE CONPRKNCHOBERHE. Pasuuna
MERAY MOAYCYXHM M NONYMHIKOCTHEIM BIJIAMH TPEHHH 3aKAIDYSETCN
riapHeEM obpasoM B TOM, KaKOI N3 OCHOBHKIX BHJCB Tperns npeolna-
AaeT.

3% SleneHus cyxorc M HAKOCTHOTO TpEHMA MO cBoell npupose
cOBEpiteRHe pasindnul. [TosToMy pasnnyEM o MeTolH yueTa cHlT Tpe-
His B mMexanusMax. Bo QpHKIHOHELIX, PEMERHRIX U IPYTHX Nepefayax
Ral/IOfaeTcs CyXOe TPeHNe; B CMasaHHLIX NOAMLHMIEEKAX, NOANATHH-
KaX H T. . — MHAKOCTEO® TPeHle, NepeXoflliee HHOTAA B MOAYCYX08
HJH fiaxe Cyxoe TpeHle (Neplojiel nycka Mawesw). [NostoMy neobxo-
OHMO H3y4HaTe 0Da BuAA TPeHMA.

Mo BuAEM OTHOCHTENRHOTC JIBHMEHEA pAIJHYAIOT: MPEHUE CKOAb-
SUEHUA — BHEIIHEE TPEHHE NpH OTHOCHTENLHEOM CHKOMBHEHHEH CONpH-
HacalilHXCa TeN B mpente Kadcnuf (CONpOTHBJAEHHE NepeKaThiba-
HHIO}—BHEIHee TPEHHE NPH OTHOCHTENLHOM KaYeHWH CcONpHKaca-
IMHXCA Ten.

§ 44, TpenHe CKOJBHMEHHA HECMASAHEBIX TeA

1°. PaccMoTpHM OCHOBERIE 33KOHOMEPHOCTH, NapakTepuaylolne
ABJIEHHE TPEHHA CHOALMEHHA HecMasaHHmX Ten. [lycrs rTenco, Bseo
KoTOporo papeH (, HAXOAHTCA B NOKoe HAa HaknoHEol  njocKocTH
(pue. 11.3), nmerouedl yron nakaona o Kk ropusonty. Ecam ofosna-
YHTH HOPMEARHYIO PESKIEID HAKAOHECH mhocKoctd depes FM, a cany,
BOZHHEAWILYI0 BCNEACTBHE TPEHHA H HANPABIEHHYH NapanfenkHo
NAOCKOCTH, — 4epes Foq, TO 1A paBHOBeCHs Teda (BIHAHHEM ONpOKH=
IHBAIIEro MOMEHRTA Npexnebperaem) HeoGXoAHMO, YTOOH YAORJIETBO-
PAJANCE PABEHCTB2 .
Fopg=Gsine, F"= Gcosao,
H3 svux paredcrs caenyer:
-F'.I'!:I
-F— =lgo. {] 1. !}
Ha6mogenus noKasHBaKT, 970 pAEHOBECHE BOSMOMHO, NIOKA Yyrodg
HE NPEBHIUZET HEKOTOPOTO OPEIENLHOrO SHAYEHHNR ¢y H NOKA NMEED
MECTO HEPEZBEHCTEO
tg o < g qu.
Ecau ofosnaunth L2 ¢y uepes [, 10 MOMHO HANHCATH

tfga < [
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YUncno fy; HaspBaeTcs KOSGgMILUERITION MPERUA NOKOA, # YTON ¢, —
HeAaoM .I"Hﬂfﬂﬂ.ﬂ TLOROA.
Ha pasercrea (11.1) chenyer, 910 BeHYHEA CHIH Foy YIOBJETEO-

PAET HEPABEHCTBY
Faa < fuF™ (11.9)

Tpenne, uMeliee MECTO NMPH OTHOCHTENLHOM NOKOE cOnpMEacals-
LHXCH TN, HAaTHBACTCH MPEHLEM NOKOR HAH CMOMUNSECKUM MPERUEM.

Puanuecknilt eMbich Hepapercrea (11.2) MowHO noscHHTL Cllenyo-
uipm obpasod. Ecan npepctapnts cede, Y10 Ha TENo AeHcTBYeT CABH-
raioliian CHAa, BENHYHEA KOTOpON nocTeneH-
HO YBENHYHBAETCA OT HYJEBOTO 3HAYEHHS,
TO 873 cuna Gyjer BRI3HBATLE NOCTENeRHD
YBENHUHBAKWYIocH  JedopMauHi  cABHTA
TPYILIHXCA nOBEpXHOCTEN, HO Teno He Oyner
HaXOIMThed B Aeddennn. Korfa eennuika
capuraomedl CcHAN  AOCTHIHET 3HAUEHMS,
pasHoro penuunue folf™, 10 B panLHefineM
HaYHETCH Ye [BIDKEHNe OJHOTO Tena oTno-  pue V18- K wcencions-
CUTENhHO APYToro, KACHHGA AADCKOETR

Hepapencreo (11.2) yeranasnnpaer Tonn-

KO MAKCHMANLHO BOSMOMHYI) BENHYHHY CHNLI TPEHHA NOKOS, TAK KAk
Cifla TPEHHA SBASIeTCs charaloweil naccHBHON peakilii CBABH H ee
CHauafid HEeHIDECTHOE HanpapleHHEe OIIPIEHEJ']HETCH B na:ml-teﬁmem
TONLKO AKTHEEHMH cujaami. Ha sToro nepaseHCTBa Take chellyer,
UTO CHAA TPEHHA NOKOA HMEET ECEFfid TaKylo BEMHYHHY, KOTOpas He-
ofiXOoIHMa JBNA NPEeLoTEPAINEHHMA CHOMLIKENHS TeN COQHOID OTHOCH-
TEALHO EPYTOro, HO HE MOMeT lpessofity BeRoTOPOre NpEeNessHOro
suaverns. Ecnn 6w TpeHHe oTcyTeTBOBaAO, TO paBHoBecke Owuio Ou
BOAMOMHO [pH BIOJHE OonpeleficHHEY 3HaYeHHAX CHN HIH HUDP.I[H—
HaT, onpefeAlRiHX nNonoxenne Tena. [lpn Tpemul HMeeTcs nenas
ofinacte nonoxendil paBHopecHsa 1 GecKOHeUHOE MHOMECTDO SHaue-
Hiff! AKTHEELIX CHJ, MPH HOTOPHX HMEET MECTO DaBHOBECHE.

2. Ecan conpHKacaiolHecs: TeNla HaXOmATcs 8 OTHOCHTENLHOM
JIBIDKEHEE, TO HMEET MECTO He TPeHHe NOKOA, 8 Mpenue OBUNEHUR
HIN KUHeMUNECKIE mPeHile.

B oranune o7 cHARI TpﬁHliﬁ NOKOH, CHJa TPEHHH IBHMEHNH HPDHE'
BofHT onpenencHuyio padory. B konue XVII vexa gpanuysckum yve-
HeM Kynaosom Gnie onyGauKOBaBo COYHHEHNE, B KOTOPOM OH Ha OC-
HoBe cofeTBEHHLX Habnmpgenudl B wcclemoBaHuil OpYTHX yYeHHIX
(rnagEnin ofpasoM AMOHTOHA) CPOPMYJHPOBAN CAEAYIIHE OCHOB-
HREE NOJOHEHHAT

a) cuna TpeHHS CKONLMEHHR NPONOPUHOHANEHA HOPMAJLHOMY
JAEBNEH D,

€) TpenHe 3aBHCHT OT MATEPHAJIOR 1 COCTOSHIS TPYLUIXCH NOBEpX=
HOoCTed;
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E) TPEHHe MOYTH He SABHCHT OT BEAHYHHE OTHOCHTENRHON cRo-
POCTH Tpymuxcst Ten,

r) TpeHHe He 32BHCHT OT BeNHUHHEH NOoBepXuocrell Kacauus Tpy-
LHXCA Ten;

I} Tperne MoKoA fiofsive TPEHHA NBHMMEHNSA;

€) TpeHue BO3pPACTAET C YBEeJRYeHleM BpeMEHH MpeAB:pHTEeNLHOrD
KOHTAKTa CONpHKACAIMXCA NOBEPXHOCTER.

Ananua nonoxennf, BLOBHEYTHIX AmonToHoM W Kysonow, cpe-
J2HENl pocAeAyHILHMH HCCAEOBATENAMH, NOKa3aJ, 49470 3TH N0J0-
WEHHA MOTYT CHMTATHCH NPaBMIRHKIMHE TOJBLKO B NpHMEHEHHH K On-
peleNieHHEM TPYLIEMCH MaTepHaJamM # TONLKO B HEKOTOPHIX npene-
Jax HIMEHEHHM CKOpoCTell M Harpysck. Tak, Hanpumep, Ha OCHOBE
pRAA SKCnepuMenToB OO YCT2HOBJEHD, YTO 32BHCHMOCTE CHJBI TPe-
HHR 0T HOPMAJEHOIO AABNEHHA BHIPAMAETCH CAefYiOlHM paBEHCTBOML

Fyp= A+ [P, (11.3)

B stom paeenctee F, €CTh CHNA Tpeuls, J — rosdiprinent ipe-
HHA EBHHEHHA, NpHHHMaeMEH 0978 pacCMaTpHBAEMBIX TEd NOCTORN-
HEM, F" — Hopuainuoe papbnenue o A — HeHoTopas MOCTORHEEN
TpeHHA, He 3aBHCALLAR OT JABNEHHS, a 3apHCALlas oT cnoco0HOCHH
CONPHKACALIHXCHA NOBEPXHOCTEN K NPEABAPHTENBHON CLEN/IEHHOCTH.
Taxnuu ofpazoM, XOTR 38BHCHMOCTE CHJIH TPEHHH OT HOpMAaikLHOTO
LaBneHis JHEefina, 3aKoH H3MEeHEHHS CHAR Tpenus b QYHEKUHH HOp-
MANRHOIC AABAPHHA BHpamacTCd B BHAc npaAmoil, He npoxofsued
yepes Hagano koopiuuar (puc. 11.4, a). [locrosenas penyunHa A
X#pAKTEPHIYET KaK OBl €HENKOCTLY CONpHKACAKNIMXCS NOBEepXHOCTER
H NoKaskB2eT HeoOXOAHMOCTL NpHACHEHKA HeKOTOPOil AONONIHTEL-
HOl CHNIH ANA NPpecicNeHls npefipapHTessHOl cCOenneHHocTH conpu-
KACAKNIIHXCH IIDBE[JXHGCI'E;H,

Pasnenus ofe yact paserctsa (11.3) ma sennquny F7, nonyunm

Fq A
= o, (11.4)

Ecnu npusste, coraacke nosoxenmo Amonrona—Kynowa, uro
BeJINYHEA CHAL TPeRns Fy NpAMO NpONOpUHOHANLHE BeJHYHHE HOp-
MaJLHOTO JaBiekHs, 1. e. Fy = [F", f = FJJF*, 10 papenctibo (11.4)
MOHO Oyaer nepenucarth Tak:

A
fo -k (11.5)

I'paduueckoe uaodpamenHe BABHCHMOCTH, DhIpaMEHHOR COOTHO-
wenneM (11.5), nokasano ma puc. 11.4, 6. Ppaduk npencraenser
cofiofi runeptony. Takum ofipazoM, kosdduinuenT Tperns, BooOLLE
roBopsi, 3aBHCHT OT HOPMaJbHOTO AaBieHHA.
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B OOnNRIIEHCTBE TeXHHYECKHX PpAacueToB OOLIYHO NOJb3YIOTCH
ypaeresneM Amontona—Kyncna B npocrefimed ero gopme, npered-
perasi LENKOCTLIC NOBEpXHOCTH, H CUHTAIOT

Fy = [P, (11.6)

rie f — HexoTOpoe cpenHet spaueHie KosUIlleHTa TPERHA, onpele-
AREMOTO 13 OMHTA H NpHHHMaemoro nocrofiuniM. Ipaduyeckoe Hao0-
paxenne coornoitennsi (11.6) naso wa puc. 11.4, a.

OnkTe nokasani, 910 Kosduuuest Tpenus f Ana GONLIMECTEE
MaTepHanoE yOHE2ET © YBeAHYeHHEM OTHOCHTELHON CKOpOCTH, IO-
CTHTAR npH SHAYNTENRHEX CKUP'DCTHK HEKGTG]]D['D NOCTOHHHONG 3HA-
yeHis, B oronennBRX cAyuanx, KaK, HanpHMmep, NpH TPeHHH KOMH

& a 4 F F g
> Q 4
= hal
Fr Ly I

[

Prc. 11,4, F scepepopadmio soppoca o Tpeans: o} rpadiir Akscinoll sapkcEMocTH Choe

CyxNoPo TPeHHH OT hopMannhol cune; 6) rpager reneptoiigcockofl sapiciMocTH Kokiplie

LREHTE TPEHER 0T BopManbHol CEnb; €) rpaduk 2abicHMOCTH CIb TRERHE oT HopMAnLHoR
Chine, npRsMengessll BopaoueTiofl npalTHRE

O cTane I YyryH, KosQipUIHEHT TpeHER BO3PACTaeT © YBeAHYEHHeM
CKOPOCTH.

Onefk TaKMe nokasupawT, 9ro kosdduupenr Tpenua [ name-
HAETCH NpH H3MEHEHHH HArPYSKH Ha efHHHLY MIOWaAH KacaHus.
3aBHCHMOCTE CHIH TPEHHA OT OTHOCHTENLHOf CKOPOCTH H YJenhHOro
JIABNEHHA NErKo COBACHAETCA TEM, YTO BENHUHNEI H XapakTep medop-
MauHil OTIEMLHKX BHICTYNOE CONPHEACAIMIHXCA MOBEpXECCTEd AB-
JAKTCA PasfiHYHEME B 3EBHCHMODCTH OT OTHOCHTSARHOMD CHOPOCTH H
YAEALHOrO HABRJEHHS.

&, OnuTHOE ONpefeneHHe CHAL TPEHHsA ABHMEHHA Fy H clad
TpeHns noof Fuy MOKeET OHWTL CAefaHo, €ClE NPHACKHTL K Teny
JEHMYLLYIO CHAY, napanfensHylo naockocTd kacanus, Tedo, xak
YKa3WBaNoch BHILE, BHXOAHT M3 COCTORHHH NOKOR, KOrGa 3Ta gpi-
WYILAA CHA# JOCTHrAET 3HAYEHHS

Foa == Jl™.

Yrob Teno npolo/DKaNo ABHIATHCA € NOCTOAHHON CKopoCThio,
HeOOXOAEMO NPHIOKHTE K HEMY ABHAKYILYIO CHAY, HECKOAbKO MEHb-
wyie cuikl Fop 1 paeHyio

Fg = fPn,
SHauerue koahpuuuenToB TpeHnn f u [, aan nanonee ynorpelu-

TENBHLIX COYeTaHHI MATEPHANOB CONpHKACAIONNXCE Nap NPHBOAHTCA
BO BCEX HHH{EHEPHHK CITPEED'—IHHKEK.
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Pacemorpum zanee Bonpoc © HANPABIEHHH CHIA TPeHHS ANA HEKO-
TOPHIX CAyYaeB HORIKEHHA CONPHKACAINIHRCA Ted.

Ilycre Teno A ABHIKETCH €O CHOPOCTRED ¥4 OTHOCHTENBHO HENOHs
BkHOre tena B (puc. 11.5). Cuna Ttpewus F,,p, npunoxeHsas
K Teny A, umeeT HanpaBfeHHe, NpPOTHEONOJOMXHOE CKOPOCTH .
Ecan neofxonumo onpelenivte, B KAKOM HanpamsleHHH nelcTByer
cuna Fypa, NpuAOKeHHas K Tely 5, TO HAJO PacCMOTDETH ABMe-
Hue Tena B oruocurencHo Tena A. Jlns storo coofinaem ofiomm
TeNlaM  CKOpOCib —¥,, NPOTHBONOJIOMHYIO CKOpOCTH ©,. B
&TOM cay4ae Teno A CTAHET HenOUBHMKLIM, a Teno B HauHer

o JBHTATHCA  OTHOCHTeNMEHO A co  cHOpOCTBIO

3 —D4, H, CNEJOBATENLHO, CHNA TpeHHA Fypg,
. A B Oyzner HanpapfieHa b CTOpPOHY, NPOTHEODONON-
b 2 HYI0 CKOpocTH —©4. Cuntkl Fyap B Fopa

rﬁ//ffwff% paBHE Mexay coboil No MOAYMIO H HMEIOT mpo-
i - | THBONONOXMHWE Hanpasiteswsn. Taxkmum o6Gpa-
Puc. 10,5, K nonpocy o O CHAG MpeHUR seezda uMeem HanpasacHue,
conan Memny wanpasne- NPOMUBONOAONCHOE OMHOCUMEALHON  CROpOCl

HHIMH CHAKW  TPeHHR N
nmncumm:l!ma Enﬂpuc\m detisicertin.
EEMMENHA TpYULLXCR Ten Korga otHocHTebHAR CKODOCTE AEHMMEHHSA

pa8BHa HYNIO, CHJA TPEHHA ABHIKEHHS OTCYTCT-
BYET, HO TOTJa MOMET NMOABNTECA B 3ABHCHMOCTH OT BHEIIHHX
DEfiCTEYIOIHX CHJl CHAA CTATHYECKOrD TPEHH.

4, OcHOBHEHE NOJIOXEHHA O CHJAX CYXOro TPeHHsl B YTOMHeHHOM
dopme MOTYT ObTh CHOpMYNHPORAFE! Tak:

a) Kos(bpHLWEHT TPEHHS MOMHO CHHTATL NOCTORHHEM M CHJH
TPEHHA NPAMO NPONOPOHOHANEHEIMH HOPMAAbHEM A2BJAEHHAM TONBKO
B OMNpefesieHHOM AHANas0He CKOpOCTedl H HAarpysoK;

0) cHAH TPeHNS BCErfd HaNpaBieHH B CTOPOHY, MPOTHBONOMOMK-
HY!0 OTHOCHTENbHHM CKOpOCTSM;

B) TPeHHe NOKOS B HAYAJLHHI MOMEHT ABHIKeHHS B GOJLIIHHCTEE
CAYYaEeE HeCHOABLKO Oogblue TPeHHs ABIMEeHHS;

r) ¢ yBeJnyenneM CKODOCTH ABMMEHHH cuna TpeHus B GOMbIIMH-
CTBE CAYY&EE YMeHBILACTCH, NPHOAHIKAACHL K HEKOTOpOMY NOCTORAH-
HOMY SHAYCHHIO;

1) ¢ BOSPACTAHHEM YAENBHOrC JABNEHHS CHAA TpeHus B GoNbIIHE-
CTBE CNYy4YaeP YEBeJHYHBAETCR;

€) ¢ yBeNuueHHeM BpPeMEHH NPENBAPHTENLHOro KOMTAaKTA cuna
TpeHHs BO3pACTAET.

§ 45. Tpenwe B nocTynartensHoll kKuHemaTHueckoil mape

. Ilyete nonsys A marpysen nexoropoft cunoit F (puc. 11.6),
npepcTapaauel cofioll PesyABTHPYINYIO BCEX AeRCTBYIGIHX Ha
NON3YH CHJ, H NYCTh KOMPPHINEHTH TPEHHS NOKOS H CKOJLXEHHS CO-
OTBETCTBEHHO papddl f; # f. PaccmoTpiy, npH Kakiux yenosusx nog-
3yH A HatyHer ABHraTRCA N0 HenoAmwxHOll Hanpaepnaiomedi B. Ilas
STOrO NepeHeceM TOYKY npuacxedus cuau F b touxy O u pasnoxu



§ 45. TPEHME B TNOCTVINATENLHOR KHHEMATHYECKOR NMAPE 910

STY cHay Ha cocTaBagiomme F' 1 F”, 3 KOTOPBIX NepBas napaniensna

NOBEpXHOCTH Kacauus, a ®iopas K befi nepneHnnkynspua. Ecau

ofosuadurs yroa, obpasyembii cunoil F ¢ HOpManeio n — 11, uepes ¢,

TO pesinunHH coctapasiomux F' u F" OyAyT COOTEETCTBEHHO paBHH
F'= Fsing uw F' = Fcosq.

[Mon peficreuen cun F* nopepXxHOCTH KacanHs cONMMMAKTCH JAPYT
€ ApyroM, a noj sausHiem cuabl F' nonayn A crpeMutcs CABHHYTBCA
OTHOCHTENbHO nanpaesstomeit B. Cuna
Tpeuust Fpy no 3akoHy AMOHTOHE—
Kyaoua paena .

F,rnnf:"fu# anEDSip.

nﬂ.ﬂﬁ}*H CABHHETCH C MeCTa8 B TOT MO-
MEHT, HOrja cufa F’ BOCTHTHET 3HAYEHHA

Fpp i OyOeT HMeTh MECTO paBepcTEo £ ¥
Puc. 11.8. K sonpocy o TpenesE
F! = Coge B pocTynaTenbnoll nape

IMopcrasne pmecto F' # Fop WX SHaYeHHs, MOKHO HaNHCATHI

F sin @ = Ff, cos q;
CTCIOnA
fu — 'EE% o tg Q.

Hz stofl dopuyau caenyer, uTo non3yH A BHXOOHT H3 COCTORHIA
NOKOS, KOTA@ TAHFEHC Yraa ¢ CTAHOBMTCA PaBHuM KosgpHUBeHTY
TpEHHs MOKOA fg, T. €. KOTga ¢ = Q. - »

¥ron (g, Kak Ohno yKasasno Buine, £ £
HAILIBAETCA L2A0M MIPeHIA nOKOA.

BenwunHa, CHAE TPEHHs OBHMEHHA
F; ™eHbile BeJHYHHE! CHALI TpeHHA
nokofi Foy. ChegosatentHo, w  yrod
mperuna JeumceHNR ¢ MEHBIlE YTaa
TPeHHA OOKOA Qg, T. & @ < Qg

¥ron ¢ moMer OuTs onpelneseH M3

i

papeHcrea f = igq. A
. h‘rl'.ﬂl:i '[“{ZIE‘HHH NoOKOA H OBHIHE- peBcTEyiomel  peakuAn  YPYQHECA
HHA MOSBOMAIOT B OYEHL npocTofi rep- "oeepxpoctel wo i e el b

merpuuecoll Gopme npencTasuThL BIaH-

MopefcTeHE CHJ, MPHACHEHHHX K noJayHy, nepeMellaioiemycs o
TPeHHeM N0 Hanpapnasiomei. PaccmoTpum yCnOBHS paBHORECHS NOJi-
syna [, mBmYLIErocs © TpeHHem no HanpasnsioweRt 2 (puc. 11.7)
¢ nocrosHoil ckopocTsio ©. Ha nonzyw pefiereyior cunn Fy u F,.
Cuna F; napannenpHas Hanpaedsiomedi 2 M CTPeMHTCA nepeMellaTh
nonsyd | spone manpasasiouleli 2. Cuna F,, neprnespukynspuan
Hanpaensioniell, npuxHMaeTr nodsyn I K manpaeamoueil 2.
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Boapefictene nanpapnsiiowedt 2 va noasys I ceopnren k gefictomio
HA Hero HopManinHOH peakumu F7 u cusH Tpenusa F.. [lycih sapan
Yroa Tpenusn ¢, Torja BeSHYMHE CHAH Tpenns F, Oyler paena

F, = Fnf. (1L.7)

Cnowxennem cunt Fp, # F? naxomum peaynsiupyiomyio cuny F,
npeicTaBasiomyo cofofl NOAHYIO peaKuHio 3peHa 2, paBHyIo

F=y P2 B =y e =T 1gg =Fr
OTKyRa

cosg *
FﬂﬂS¢lﬁF“-

Hs storo paeencrBa cnepyer, uto nosman peakuHs F o OTH-
JICHEHE OT HOPMANH 1 — A HA yron TpeEHHA .

Pre. 11.B. ¥raw Tpestn QoKon i Prc. 1.9, K O [ B 1€ FER
RnHREelHA BOSMORCHOCTH ABHECHHA OOASY=

Taxkum ofpasom, 445 yueTa cHA TpeHHs B nocrynareioHoll nape
HAAC OTHACHHTL peakudio F 0T HanpapneHHs HOpMany n—t ua
Yroa TPeHHA @ B CTOPOHY, OOpATHYIO CKOPOCTH © JEHMEHHA MOoM3yHa
OTHOCETEJIEHO HeNOABHMHON HanpasaAouedi.

Eean tenc HaxoAHICH B nOKoe, 10 peaknsn F oTHIOHEHA OT HOp-
MANH f-—f HA YIroJ, He NpeBhMAHE @g; NPH STOM YIod ¢y, Goabie
yraa ¢ (puc. 11.8).

4°. Tlokamenm reneps, 4TO eC/IH pe3yAbTHDYIOILAN BHeIOHAR cHna F,
DeficTByoman Ha Henogewsuull nonsyw J, NpunOMeHa nog yraoy o
K HOpManH f—n, MEHBIUHM YTJa8 TPEHHA NOKOS g, T0 nossys [
HE MOMeT OHTh npubefen B Apxxenne (pue. 11.9). Pasnoxum cuny F
HA ASe cuiu: cuny F' w cuny F', pspHue

F'=Fsine uw F' = Fcose,

Beanynna cuni Tpekns nokos Fo; pasha
Fop=fofF" = Feosalg gp.

lNoncracue B 310 pasencreo swasenue F = F'lsin e, nonyunm

- fr B0
Fry = F' 1£2
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t
Tak KaK No YCNOBHIO @ > @, TO —%} > 1, oTkyna

FF{F'IIJI

1. e. cua F', crpemsulasc cABHHYTE NOAIYH ! no wanpasasioueh 2,
MEHbLle CHJL TpeHHA NOKosA Fag. Takum 06pasom, ecii o < QPggy TO
HEMOABHM L NON3YH NpOAOMKAET OcTasareeA B nOKOe BHe SABHCH®
MOCTH OT Benpuuum cuat F. [Monsyn | sauser nepemelllaThCs, ecii
@ = ¢y OTAOHEM YIOA ( BNpaso H BreBo OT HOpManNH A—rn
(pue. 11.9). Toraa yroa 2q, Oyaer orpaHHuHBaTE HEKOTCPYIO obnacThb
paproBeckn Tena. Jloban CHJa, NPHACHEHHAA B sToil ofnacTH Nog
YoM o < g, He CMOXeT BEEECTH NON3YH H2 COCTOfIHHA NOKOS.

Puc, 11,10, Koliye TpenHs Puc. 11.11.  Pacopege- Puc. 11.12, Pacopege-
NDHGRA JIEHHE THA B H.plil]-ﬂﬂ]l‘il‘l- JAcHIE CHAn B HYNBETHCROM
HO=NOAI VEIDM e a ke MeXEHHSME

Ecnu pasate cune F pasnmuuene HANPABRJCHHS B NpOCTDHHCTRE,
10 o0MacTh pABHOBECHRE OYZET OTPaHHYEHA KOMLCOM MPEHUA NOKOA,
KOTOpEI MOMeT GuITL 06pa3cBad BpalieHueM Yrid TpeHHsl Qg BOKpYT
HOpMaZH n—af K conpHKacawilimes nopepxuHoctsm (pue. 11.10).

HMa ananoruyeux paccymaeHini MOMHO YCTAHOBHTS, UTO ECJH TENO
HAXOOHTCA B [ABHMEHHH, TO HANPARJEHHE NpHJACKeHHOH K nonayHy
CHJAH ACJIKHO NPOXOAHTE no obpasyiolle, HAH BHEe KOHYca, pacTBOp
KOTOpPOrO pabed 2.

. MMepefiiem K pacCMOTPEHHI0 BO3MOMHHE CJAYYAEE JABHHEHHS
noMsyHa B HeNOABHMHEX HAMPABNRIOUNX. Ha puc. 11.11 nokasam
KPHECIIHNHO-NOASYHHER MEXAHM3M € CHMMETDHYHEIM OTHOCHTENLHO
ToukH C nonayHom 4, ABHTAIOUIMCA B BenOABHMHEX HANDABAAIO-
wex 1. K penyiwemy Kpusowiny 2 npunoies ABHyuLHE MmomenT My,
a K pefiomomy nonsyry ¢4 — cina Fy — pe3ynnTHpYIOILAs cusia co-
NpOTHBAEHHS, BECa H CHAL WHepuuH nonsysa. Ecan npeneGpeun pe-
COM M CHAAMH HHEpUMH WaTYHa 3, TO nodsyk 4 Gyler HaxoauThCA
noa peficreuem aemxyileli cunm F, wanpasnensoil sponk ocn BC



2on Fa. 1l. TPEHHE B MEXAHH3IMAX

waryna 3 u pasuoft F = My/h, cuim F, peaxuun F* co croponu
HanpaBasomed { # cpaw Tpenns Fp (puc. 11.11). Benuurra cunaw
tpenus F,, ecan nperebpeut pasMepamu a B b nofisyHa W CYHTATH,
YT0 NOASYyH BCefi NOBEpXHOCTLID NPHMKHMAETCA K OZHOA M3 CTopoH
Hanpasamropy, Gyler passa

F,= [P = [Fsind, (11.8)

rae F7 — peakuna nanpaBaswoweh /, npoxonsmas Yepes touky C.

AuanorHYHYIO CXEMY HATPY3KH IMEeM B KYJayKOBOM MeXaHu3Me
(puc 11.12), B KoTOpOM K NON3YHY g NPUNCHKEHE ABIMKYILAA ciia F,
HanpaeleHHad M0 HOpManH n—
n K npoduEmo Kynayka, cuna Fo,
HOpMAaNLHEE peakund F° nanpap-
JNAKMKX ¥ ciaa Tperns F.. Ci-
na P p Fp na puc. 11.12 pe
NoKasafHkn.

Ecnan onopHee noBepxHOCTH
nanpasasiownx [ (pue. 11.13)
CHHTaTL YNpYyrHMH, TO JaBfleHHE
H2 ITH noBepxHocTH Oyner pac-
Puc. 11.13. Sis-  Puc. 10,14, Pacuer- HPENEIATLCS MO CHOKHOMY 3aKO-
oy ot tha & ioyiadepeng, 1Yo OMPERCATENOMY BHCLHH
. SIMMILILENK CH NOMSYHE B BATPAR- RArpysKamMe W yOpyTHMH CROHCT-

DA BaMH NOJEyHA © NOBEpXHOCTER
) Hanpaeasomux. Tounoe peie-
Hie TaKOA 3afaul NpeicTaBineT 3HaupTeNLHEE TPYRROCTH, a Mo-
TOMY DPiveM HEKOTOPBIE YNpOWAKMHE npeanoiokenHd. TaK Kak
MEHIY NON3YHOM N HANPARNAMAME BCETNa HMEETCA NPONSBOACTESH-
HHIH 3330D, TO NOJ LEHCTBHEM NPHAMKEHHLX K NOJSYHY CHA NOMNSYH
MOMET MAH NpPHMHMATLCA K Jdepoli AD nnu ¢ npasoit EB nosepx-
HOCTH HANpaBAALAX, WK NEPEKALIHBATLCH TAK, KAK $T0 CXEMATHIHO
nokasaHo Ha puc. 11.13. B nepeom cayuae cuna tpenns moxer Guth
onpenenera no (opmyne (11.8). Bo eropom ciyuae peakumu onop
HalD CYHTATH MpPHNOMEHHHMH B TOMRax A ¥ B win D n E
(puc. 11.13).

Ha pue. 11.14 nokasana pacuernas cxema feficTBRA CHA Ha noj-
SYH B C/lyuae erc Nepexoca U yueta ero pasuepos. Jenmyman cuna F
npHackena Kk noAsyny 8 Touke C riofl yraom ¢ ¥ ock Cy. Cuna conpo-
THEN2HRA F feficteyer no ocn Cy noasyna. B toukax A u B k nom-
BYRY NpUAOMeERt peakunn FT w Fr, nanpaefenHue napafnensHo
oct Cx, w CHIE TpeHHA Fyq W Frp. JINA pewesis sanayn CHICEOTO
analuaa cuna Fg no/ua OWThL Sagada, oOnpelefeHdio NOJesHHT
weoGxouiMasn ns asixenns cuna F, Wasecrno, yto cunnl Tpenns Fo
B F 3 COOTBETCTBEHHO paBRE

Ftl"=ijr]IH F12=fF1-
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CoctarnfeM ypaeneHus npoeKuufl cud Ha ocH woopmuuar Cx
# Cy 1 ypaPEeHHe MOMEHTOB BCeX CRJI OTHOCHTENLHO TOUKH C)

Fi— Fi4 Feos® =0,
Fsin® — fF{ = [F3 — Fe =0, (11.9)
— Flk+ Fy(l4 b+ [F; 5 ~ [Fi5=0,

rie @ — WHPHHEA NoNsyHa, &k — KOHCONLHENM BrTET monayHa H [ —
pacCTOsitlie MEKLY TOYKAMH KOHT2KTa NOMI3YHA € HampaB/JIAaKoiLaMH,

ConBMECTHO petan iBa nepEeLX ypas-
nenns cueremd (11.9) orrocurensno F}
n Fg, nonydaem

Fp=LER0Z =l | (11L10)
Fr— Fsinﬂ+.i;}cmﬂr-.’-‘ﬂ‘ (11.11)

Puc. 1116, Hanpanfsm tige
Moncravnaa empamenus fng F7 ou ““;ﬂ';";‘;‘j‘,;;’i%‘:,,;;ﬂ;nﬁf“'

Fr B Tperne ypasaenue cuctemu (11.9)
i peliad NoayHYeHHDe Noche STOM0 pascHCTEO OTHOCHTEABHO F, OKODH=

YaTeNLRD HMCEM
- Fo
F= sind + f(1 + 20 —joflycos & ° (11.12)
Coornowenne (11.12) ycranapnueaer zaeucumocTs nBHMYLIEH
ciude F oT clabl conporHefenus Fo, NpHIOKeHHOR K 0OA3yHY.
B npasTHYECKHX pacuerTax MOMHO B cooTRowenun (11.12) npenetpeys
unenoM fall, noTomy 410 OH BeckMa Man no cpaBHEHHIO ¢ unenoM 2871,
BxousmuM B cootHowerue (11.12). Hanpumep, ecan npruate Kosddu-
unedt f= 0,1, 10 npu pasmepax, nokasauuux Ha puc. 11.14, sHaue-
une fall npuGnusurensuo B 40 pas menswe apavenns 2&/[. Crenosa-
TeNBHO, MOMHO NPAKTHYECKH NOJL30BATLCA COOTHOLICHHEM

F

F
= m T T LT ' (11.13)

Qopuynia (11.13) nokasusaer, 910 1A yMeRLIWEHHS ABHMYyLLel
cunet F npu onHofl 1 Tofi e cune F, conpoTuBneHHs Halo cTpe-
MHTECA K TOMY, YTOOH CHMIa F KaK MOMKHO MeHbile OTKAOHAAACh OT
nanpasnesun ock Cy.

5°. B HEKOTOpHIX CHyYanX MOBEPXNOCTL KacaHHA nNOJ3yHa M
HanpaBnsioileli B NOMEPEYHOM CEYEHWH HMEET BHJL CHMMETPHYHOID
IBYFPAHHOTO yraa uam menofa (puc. 11.15, a). Takofi nonavu
HAZHBAETCH KannyaThM. K nonayny / npuaoxena ABumyman cuiia F,
napanjiefibHan ocu xenoba, cuida Fg,, nepnesgukyNapeEas K sToR
OCH, HOpManbHbie peakunsi F{ # FY, nepnengukynspuue K rpanas
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wenoba, u gpe papmsie cuik Tpernst Fy # Fy,. Cuna tpenna Fo,
paeas F, = F,, + F,;, onpeienserca no ¢opmyne

F, = (F| 4 F3) [ = 2F}f, (11.14)
TaKk Kag Fj = F}. [lanee umeeM
FI L Fi+}Fga =0, (11,15

Crpusm Tpeyrodioeik cua (puc. 11.15, 6) corsiacuo ypasmensio
(11.15). Hs storo tpeyroncHuka noayvaem
_tan
K=o

Torna opuyna (11.14) Gyaser userh sun

Fi=Foagigs (11.16)
win Fp = f'Fp,, Tie

;':;“.;F. (11.17)

Hs Gopmyau 11.17 sapHo, 470 BennyiHa f', YCAOBHO HashBaemas
koshihuyuenmon  mpenun  KAUHOS020 noasyHa, Gonbine  Kosgdn-
LHEHTa TpeHUA NACCKOrD NOJsyHAa B Ha-
NpaEBJAWILHX.

B mexoTOpHX CAyYaAX HAXOEAT OpH-
MEHEHHE KPYT/ILIE NON3YHH, LBHMKYULHe-
cA B enobe, uMerollem Gopmy Kpyraoro
unaneppa (pec. 11.16).

Pue, 11.18. Hanpasrmmcmes  nocrynaTedin- PHe. 10.07.  Cxera
noil nape B BRAC KPYCROPD URAHKGDS HYJMHCHOrD  MexamHs-
™A

Jlns Takux NON3YHOE PEKOMEHNIYETCA ONpenedaTe CHAY TpeHns Fy

no Qopmyae
F i f ‘F Bas

roe [' = 1,27f.

6°. Mu paccvioTpesn Bolpoc 06 onpene/etnl ¢l TPeHHA npH ABn-
MEHHH TION3YHA 10 HEMOABHMELIM HanpapnaowuM. B cayuae ABime-
HES MOAZYHA MO NOSBHMHEIM HANPaBAMIOWNM, KaK 970 HMEeT MECTo,
HanpuMep, B KyJAkchom Mexanusme (puc. 11.17), meton onpenenenus
BeJHYHHE CHJIL TPeHHA Takoli e, Kak 0 JAR ABHXKeHHA NONSyHa
1O HENOABHMHEIM HANPABIAIOUAM, HO JJIA ONpeleNeHna CHJIB TPeHHs
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HAJI0 NOJL30BATLCH NPABHICM, HIJIOMEHHEM B § 44, &°, W HanpaeasTh
CHNY TPeHHR B cTopoHy, OOpaTHYH) OTHOCHTENLHOH CKOPOCTH pBM-
JEHHA MON3YHA N0 NOLEHMHOH HANpaBRIOIEH,

Ha puc. 11.17 nonsyn 8 cKOML3HT B HanpaBAfiolHX 3BeHa 4.
Ha rpeyroneunka exopocrefi, NOCTpOSHHOTD HA CXEME, BHIHO Hanpap-
JIeHHe OTHOCHTEBIOM CHOPOCTH Uopy. Cha Tpeuna F,, NPRAOKeHHAR
E noasyny J, no HanpaBfleHHdl; MpOTHBONOMOIMHE EBEKTORY Porm.

& 46. Tpenwe » BMHTOBOH KMHemavTHueckoH nape

I°. INpn paccmoTpeHsn TPERHA B BHRTOBOH KnnemaTHdeckKoll nape
ofHYHO menatoT veawfl pafd nonyulennit. Bo-nepBhix, Tak Kak 3akoH
pacnpesenerna fasaeduil no BHHTOBOH peskbe HenspecTel, TO YCIACBHO
CYHTAIOT, Y70 CHJ2 NaBJeHARn rafiky Ha BEHT
i, HaoGopot, BHHTA HA raliKy npeJcHena
no cpepnedl Auauy pespbor. Cpenuss NuHns
pesklll pacNOOEeHa HA PACCTOAHHH r OT
ocu euHTa (pHc. 11.18, a). Bo-sTOpHX, npen-
MoAaraeTca, 4To mpeficTBHE CHA B BHHTOBOH
nape Moker ObiTh CBENEHO K nefiCTBHIO CHJ
HA NOM3YH, HAXOOALHIICA HA HaKNOHHOH
nACCKOCTH, Paseeprhieas CpenHION JTHHHIO
BHHTOROH pesulil Ha NAOCKOCTb, CBONAT
NpOCTPAHCTEEHHYI) Sanauy ¥ IJIOCKOH, nia
Yero MNocTynarT  clenyiomaM  ofpasoM
(puc. 11.18, 6).

[lycte ua rafiky A neficTeyer HeKoTopan
cuna F, u HekoTOpas mnapa cull B ndoc-
KOCTH, NEPNCHOHEYIAPROE K OCH BHHTA
(prc. u.m'?a}. Monerrt M stof DEPRE MEl nes cxeat mced ohon
MOMEM NPEeNcTARNTL B BHUE MOMEHTR2 CHJH
Fy, npunoxentolt Ha paccroaunn r' o oo 2 — 2z, T.e. M =Fyr'.

HroGkl ralika ABHranace pasHOMEPHO BIOJIb OCH 2 — 2 B Hanpas-
JIEHHN, NPOTHBONONOMHOM HANPaBIeHHI0 CHNE F,, HeoGXonnmMo, yTofitl
MOMEHT PaBHANCH MOMEHTY CHJAW F OTHOCHTENLHO TO# e OcH
z—z. Hueex

Fur' = Fr.

B stom cootHowenwn F ecte cuna, Heobxognman pns paBHOMEep-
Horo nepemellienua tena A (rafixu) no H2EnoHHoll naockocTn B
(puc. 11.19, @), yron nonnema e koropofi pasmseTca yrity nopbema
eunToROR pesvOul P (puc. 11.18). Crponn nnan cunt cornacko ypasHe-
HHIO PABHOBECHA cuJl, neficTBymomnx Ha raiiky A. Hueem

Fot-F+Frf Fo=0.
Wa nmana cua (puc. 11.19, 6) crenyer, 4o senwunua casel F pasha
F=Fotg(p + q),

& ®©. B, AproSoresckni
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CIe0BaTENBID,
Fur' = Fyr tg B -+ 9),

HJN
Fy=Fo—1g(B + o) (11.18)

Papesicteo (11.18) ceasuBaer sesnuuny ciuan Fy ¢ napametpams
BHHTOBOH napid B YrAoM TpeHHA ¢. B cayvae nemxenns rafiki no

Pue. 11,18, K cinpeony pacueTy snutoeoli Dopes o) pacnpeteacume o O} et cmn

HANPABRNEHHIO, COBNAfaolleMy ¢ Hanpaeiennem cima Fg, dopuyna
(11.18) nprrpMaer caefyiomufl B

Fi=Fo7- 1 (8 — Q). (11.19)

[lpu § < @ pByx3EeHHEI MeXaHA3M, COCTORILWA H3 BHHTAZ W ralikm,
ABARETCA COMOMOPMOSAYUMER, T. e. rafika noy pefictened cunul Fy
{puc. 11.18) re Oyner BpamlaThCA H CKOME3IHTH BAOJL OCH 2 — Z.
Ha nnaua cun (pre. 11.19, 6) umeem, yto cuna tpeuus F; papua
F, = Fsing. (11.20y
’ F
Tax xak peakuus F' papna F' = SrTTEET

TO, NOOCTABAAA 5TO sHaucume F' B paBeHcTeo
(11.20), nonyyaem

—F__S09 __ e
Fe= Fs1n{ﬂ+l;vl e sinf +cospPigy
Puc. 11.80. Beatopss I
neps o rpeyﬁr.!:l':mlroﬂ poia- F W, (1 1.21]

TaKk Kak Kos(ipuument tpennn [ = tg ¢.

2, BripemeHHEIMH COOTHOIIEHHAMHE MOMHO MONL30OBATECH [PH
onpefefeHiy CHA TPEHNA B BHHTOBLIX ﬂaFax € OpAMOYrofLHol pesk-
Goii. llpun tpeyronwuofi pesube (puc. 11.20) meckMa npuGnuKeHHO
CYNTEIOT, 49TO ABHMEHHE rafikH 2HANOTHYHO NRHKEHHI0 KJIHHOBOTO
nosayua no #enoly, y KOTOPOro yrof Meskay BepTHKalbIo i CTEHKAMH
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wenoba pacen 90° — @, rje & — yron nogeeaa pesbbu. Torna kosg-
duusent Tpedus [ smpasntes (cm. dopuyay (11.17)) tax:

f= I .
T osin(90" —ea) — coso !
CAel0ORaTEIARHD,
« _ Igg
tgq:' = Dm“ﬂ .
Qopuyaa A ONpefieNerHs cHAl TpeHus F; B BHHTOBOH nape
¢ TpeyrodbEol pestfofl Hueer chenyroilkil BHA:

— F
.FT o Fm- {l !.22]
Tax kak xosdduuwent Tpexus [ Gonble Kosdxpuumenta TpeHms [,
TO TpeHHE B BHHTOBOM Nape ¢ TpeyroabHoll pesefoll Goneme, gem
B BiBTOBOH nape ¢ pesefoll npsmoyroiibHON.

§ 47. Tpeuue B0 spamaTensHodi EHHeMATHUECKOH nape

I°. Tlpn paceMoTpeHHn ABAEHHS CYyXOTO TPEHHR BO BpallaTenbHOH
KHHEMATHYECKDR Nape NONBE3YIOTCH DAMHYHHMH THOOTE3EMH O 3a-
KOHAX pacnpele/leHHd HATPYSKH HA NOBEPXHOCTAX WIeMEeHTOB STOM
napki, C noMOIBI0 STHX THIIOTES MOTYT OHTE BRIBENEHH COOTBETCTBY-
ImHe GopMyNE AA8 ONPENeaeRaa CHJ TPEHHA H MOWKHOCTH, 3aTpayn-
paenoil Ha npeojonenne sTuX cufl. Takue renoress GELIY NpenIoMHeHE!
HekoTopriMp yuertima (Pefie, BeficGax w np.). Hepocratkom Beex
STHX THOOTE3, TaK KEe KaK 970 HMENO MECTO H JU/IA BHHTOROH NapH,
SBARETCH OTCYTCTBHE JOCTATOYHOTO SKCNEPHMEHTANBHOFD MaTepHana
no BOMpOCAM pacnpenefeHHA naBileHuil BO BpallaTebHBIX mnapax,
paboraowmx Oes cuaskn. [lostomy mer ve Gypes oCTaRapAHBATLCA
Ha BCEX pasNMYALIX (popMYNaxX onpeneleHHA CHJA TPEHHA BO Bpatla-
TENEHEX Mapax, OrpasHYEBIIHCE BLBOIOM Npo-
cTEHIUMN W3 HHAX, CHEJAHHEIM HA OCHOBE 3ile-

£
M fad
MeHTapHeHlHX npeanoiaomennii, CXEMaTHIH- \
PYIOUIRX ABJEHHE, ' Y
Z°. Haunem c npocrefiero npeanonokenns, (1 Ny ]

4t0 BaJj /, pacnonaramiikiics B NOMANHWKE 2, P | o
i ]
HaxonuTes nog neficrener papnanshol chne F' T2 7 W
i % £
H BHeWwrRero momenta M 8 epaulaerca ¢ no- :
cTofROf yrioBoii ckopocteio © (PHC. 1121, puc ior. Ban o noge
Mexcny Banom I o nopunnuakom 2 Bmeercsa pa- URITHHEE
IMajuHeif sasop. Torna npw BpallieHAl Bana B
HanpaefieHHH, yEA32HHOM CTPEJKOH, NPH HaNHYHH TPENHA MEXTY Ba-
JI0M H NOAMRIHHKOM ero panda Gyner Kak Gul «s30eraTy» Ha nonwHmn-
upk. Ipegnonosun, 4o echencTene eesferannas nand®l Ha NOLHNHNE
KACAHHE sUeMeHTOR KHHeMaTHuecKol naphl OKasHBaeTcs B Toupe A,
e peakuua F" napannenwua cune F'. Ha ocHoBanun panee ycra-
HOBJCHHHX noaosenii nosean peakiyus F° noyxna Guite OTKAOHEHA

g
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OT HOPM&JAH HA yrosi Tpeius (¢, ¥ BEIHYWHA CHIM Tpenua F, noay-
HAETCHR pasHOH

F, = fFn= [F" cos ¢ = fF' cos g, (11.23)

T2K Kak npH pasuopecun pangw F" = F'.
MomerT M, nprnoxensidl K nandge, ypasHOBEIIHBAETCA MOMERTOM
Tpenna M., paBHbLIM

M, = Fr= [F'rcos @ = F'rsing = F'p, (11.24)

rae p = rsin ¢

Ecnu u3 uentpa sana O omucate palHycoM p OKPYHOCTH
(puc. 11.22), 1o noipas peakuns F' Gyner Hanpaejiesa no Kacaret-
ol K stofi ompymHocTu. Kpyr pammyca p
MO 2HANOTHH C YIJIOM H KOHYyCOM TpeHns Ha-
BRIBEETCA KpPL2OM MpeHi.,

Tak Kak yrikbl TPEHHS Majkl, TO MOXHO
cuuTatk sin @ = tg ¢. Boiencreue storo pa-
NHYC p Kpyra TpeHnA GyneT NpHOIIKEHHO pa-
geH p = rf. MomenT Tperua M Bo Bpawares-
e Hofi mape ofYHO OnpedenseTcR MO (QopMyne

P My = Frrl [”25}

rie r — ecTb pajiyc UHARHEAPHYECKOID 3fiementa mapel, ' — kosd-
dunHenT TPeHHs BO Bpawatedbdoli nape u F' — pesynuTapyoman
Harpyaka Ha uandy.

v
1)

7

L]

oy
B
7
A
Ry

Fuc. 11.23. [aTe ¢ DoanATOHKGH
L

Kosdpuument tpeuna [' onpepensercs SKCnepHMeHTAABHO JIA
pasauubuy yenopril paGoTh BpalaTelbHEX NAP H HAMEHSETCA B 3Ha-
YHTENLHEIX TNpefenax B SaBHCHMOCTH OT MaTepHanop M COCTORHHA
TPYUIHXCA noBepXHocTell, oT yoaoeufi ux paota v 1. n. Jlna He-
npHpatoTaBlukxCcA Land) NpH CyXoM TpeRRH ofuuno [ MpHHAMAIT
paeutim [' = 3f, a nna npupaboraswmzca [ = 1ff, roe f — kosd-
(PHUHERT TPeHHs MJOCKHX CONpHKACAIIuXCA noeepxuocTell ua Toro
e MarepHana,

3°. B wuexoTopuX cayuasx BpauaTesbHHE Naphl  BhINOJHAKT
B Bane nATa A | nognatiuka B (pac. 11.23), narpysensux ocesol
cunofl F. B sToM c/iyyae HA NOBEPXHOCTH KacaHHA IATEL M NOANAT-

r



§ 48, TPEHME CEKOJMLBXEHHRE CMASAHHHIX TEN oty

-
HHKA BOSHHKEET CHJA MpeHis sepycruA, NOMEHRIOLAACT 3aKORY
Amontona — Kysnona. Ha pac. 11.23 nokazana KOABUEBAR naTa,
HMEOLAs B KAYecTEE ONOPHON MOBEPXHOCTH KONLUO WWHPHHOR a,
paeHOli @ = ry — r;. Ecni npuBATE pacnpejenenue NaBAekHs PaBHO-
MEPHHIM 110 Beedl LPHAe KOABIE, TO BEIHYHHE YeJIBbHOrO NABNERHA p
Ha eguHKLY onoprofl miowanw Oyner paeHa

L} p — F N
niria—-ﬁ,]
BrizenuM Ha naTe KOALLO pamiyca r, WHPHHA KOTOPOro paBHa Oec-
KOHEUHO Masiofi senwuune dr. Snemenrtapuufl moment tpenun dM,
Ha 9Tofi naowann papeH E

(11.26)

dM, = dF; r. (11.27)
SnemeHTapran cuna Tpenns dF, pasHa
dF, = fdF* = fpinr dr, (11.28)
roe F" — HopMaiLHOEe YCHAHE Ha YNOMAHYTSS HoAbUO, CIejoBa-
TEIBHD,
dM., = fp2nr® dr. (11.29)

Huterpupya pasenctso (11.29) B npenenax ot ry 0O ry, NOJYHAEM

My = 2nfp [ r*dr = <-aifp (i — i), (11.30)

wnH, ¢ yuetom pasenctea (11.26),
M,-:%—Ff:éjfg- (11.31)

Ecnp nata He xonbuesas, a cuowran, 0 rp =0 v rp, = r. Pagen-
croo (11.31) npunumaer Bnp

M, = -2 Fir. (11.32)

§ 48. Tpewde cHONBIEHAR CMAa3aHHLIX Te

F°. Brie 6hinp paccMoTperibl OCHOBHEIE BONPOCH TEOPHH CYXOrD
TPEHHA B KHHeMaTuyecKnX napax. B nactonuiem naparpade psiomuam
HEKOTOPBle OCHOBHEIE CBEOEHHS TO TEOPHH MuAKOCTHOTO TPEHHA.
Kak yraspipasnock BHwe, npH ¥HAKOCTHOM TPEHHH HENOCPEACTBEHHDE
COMPHKACAHHE MEMny [EYMA NOBEPXHOCTAMEH, IEHIKYIGIHMHCA Apyr
OTHOCHTENIBRO [pYra, oTcyTeTuyer, HO0 MEMy STHMH NMOBEPXHOCTAMH
HMEETCA NpoMeKyTouHH cuasounwd] caoft supkocrs. Ilpe omHOCH-
TCABHOM JIBHMEHHH TOBepxHocTell HalMIOaercs CIBHT OTACABHHX
CHIOEB MUNKOCTH JIPYT OTHOCHTEJABLHO npyra. Takum ofpasom, TpeHne
B WHOKOCTHOM CJI0€ CBORHTCH K BASKOMY CIBHTY.

Ilna ynobctea TeXHHYECKHX PACYCTOR NPH H3YYEHHH IKHAKO-
CTHOPO TPeHHA BEOOAT NOHATHE KOSQOHUIHEHTA TPEHHA, HO, B OTMHYRE
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-
ot Kosddmmnrenta cyxoro Tponnus, Kosduuenm xuékocmiosn mpe-
HUA f 3aBACHT OT CKOPOCTH U OBHMEHHA CNOGH CMA3KH AP} T OTHOCH-
TEALHO EPYTa, OT HATPYSKN p M OT KosdxpHUHeHTa ESSKOCTH |, T. E.
f=F@ p -
K OxbMIIENT BI3KOCTI [ HG3HBACTCH OUHAMUNECKUM KOS uenmon
arakocmu W wveer pasvepnocts H-c/w?.

Heenenys nAOCKONZpPAIAENEHOE OBHMEHHE GA3SKOR MHIAKOCTH,
Heioron salie] ONLITHLEM DyTes, 910 Bemiuuna ciiw T, Heofxo uMoi
OAA NepeMelleHHs OJHOTO CI0A JKHIKOCTH NapaifefibHO APYPHM,
paeHa

F=Sp~%—, (11.33)

roe F ecTh cliila BRIKOFO COBKrd, S — NJAolaih NoBepXHOCTH CROJMb-
Weuns, p— IuiaMaueckult koshduuuent saskocth, dofdy — usme-
HEHHE CKOPOCTH MO BHCOTe cnof (gpaduerm ckopocmu). Cana BasKoro
COBNTa Ha BONHHLY NOBEPXHOCTH, HJAH NanpRxende cipura, pap-
HAETCH

T=_§—= = (11.34)

Z°. OcHOBONONOKEHE TeOpHH TpeHust cMasannmx ten H. T Te-
Tpoe B 1883 r. B pafiore «TpeRHe B MAINNHAX ¥ BJAHAHHE HA HETO
CMA3HRBAKIIEH MHAKOCTHR CPOpPMYNEPOEAN] OCHOBILE TpeGoBanHH,
HeoBXOHMEE 119 FUIKOCTHOrD Tpenus. STh Tpefopanns clesyiompe:

#) cMasouHan MHOKOCTh, SanoJifioan 3asop MEXIy CKOobas-
HHMH NOBEPXHOCTAME, AOMMHA YOEPHHEATLCA B 3a30DE;

) B cNoe cMa3KH NpH OTHOCHTESLIIOM CKOJTLIKEHHYH CMasHBEEMbIX
nosepXxHocTell JONAHO BOSHHKATE H AOANEDHHBATECA BHYTpeHHee
naeqgeHHe, YPABHOBELINBAKLIEe BHCWHKND HAFPYSKY, MpHMKHMA-
HULYIO CHOIBIALLNE HOBEPXHOCTH OUHY ¥ Apyroii;

E) Cuaaoynasg HIJKDCTE DOUDKHA NOMHOCTRID PARJEASTH CKOL3A-
LIHE NOBEPKIOCTI

r) cA0fi MUAKOCTH, HAXORSWHACH MEN(LY CROJAL3fALLMMH [OBEPX-
HOCTHMH, JOJIKEN [IMETE TOJLIHHY HE MEeHUee MEHHMAMLHOrO Mpenens,
Dnpele 1AeMoro Hanfodes BLICTYNAICLHIAMH YacTAMH lUepoXoBatocTedf
TPYLIHXCA HOREpXHOCTERH.

Jas Bunoawenss pepeoro Tpefosadis HeoOxoouMo, yTobH npy
CVAYHBAHHE CMAS0UNON MHIOKOCTHH) TBEPOHX Te1 CHAH CLENeHHA
MEHULY NOBEPXBOCTAMH TBEDAMK Ted H MPpHAeramiiiM CioeM HHIKO-
cri Ouain COJLINE CHAT CUEMJEHWA MEXIY WYACTHIAMH CMa304Hoil
HILIKOCTH. TOrIa PH OTHOCHTETHHOM OBIDKCHEH CMOYEHHEIX TBEpILX
ro epxHocTeli BOSHMEAET OTHOCHTEILHOE CKOALIHEHHE CNOLE CMasoy-
HOM MUIKOCTH H He HallIZETCR CHOJORMKEHWA JHJIKOCTI OTHOCH-
TEALHO TREQIHE T,

Jlng yioeaersopennn ©Broporo Tpeliopanua neolxomumo, w106
MENLTY CHOMbIALEMHE NOREPXHOCTAMH HENPEPLIBHO HACMHETATach CMa-
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apuHAA MWHAKOCTH W MEMIy 3ITHMH NOBEPXHOCTAMH Ouli ofecneuen
KIHHOBHAREIH 3azop. B npuvenennd Kk uande, Aexanefi 8 nomuun-
gnke (puc. 11.24), sto pocTHraeTcs TeM, YTO PagHycH NOMUHNHKKA R
W uandkl r e papre mexgy cofofi. Baaroaapa stomy Mexuy nandoii
§ NOIDHNHMKOM COSNAeTCAd KAHHOBHAHBIN 3a30p 4—a, B KOTOpHI]
npH Bpatledud pandil HarHeTAETCH CMaBOUHAN MUAKOCTD. IMpn srom
B CMA30YHOM CJ0E BOSHHEAKT CHIAL, YPABHOEEWHBAIILHE BHELIHIOW
HArpyaKy Ha pandy u nanda kak Gil ¢BCIUEBAET» HA CIOE CMas0UHOH
wupkoeTH. Tlpn STOM NpH YBENHUYEHHH YT0-
BOfl CKOPOCTH UEHTPanbHas Och Uandu cTpe-
MHTCAl COBOACTL € LEHTPAABHOH OCHIO MNOf-
HIHTIHHEA.

Tpetbe u ueTpepToe TpeGUEAHNA CEONAT-
ca k obecneveHuio Takoli 06paboTKH NOBEPX-
HOCTH L2NndE H NONIHNHHER, NPH Kotopol
YMEeHBIIHARCE O6l BOSMOMRHE HEPOBHOCTH H
HIEPOXOBATOCTH HA HX NOBEPXHOCTAX; KpOoMe
TOTO, HEOOXONHMO CTPEMHTECHA H BOSMOMWHO
MEHBLIINM pedopManpaM vanpel B NPOH3BO- :;:_;p’hﬁh nm‘g”ﬂ;ﬁ
IATE CAMYIO TIATENBHYIO OYHCTKY CMasouHOH LIHITRMECH
MHOKOCTH OT NOCTOROHHE X TEEPALIX I'IFHMECEﬁ.

PacueT KiHEMATHYECKHX Nap NPH MHIKOCTHOM TPeHRH MORpOGHO
HAJMATAETCH B KypCe EETH.!'IEFI MAINHH B B CNeHalbHEE Kypcax pinti]
HANOMEHHA BOTIPOCOR pacueta M KOHCTPYHPOBAHHA NOOMANHHKOR
H HaNpaplfiolulEx.

§ 49, Tpenie kaueHHA H TPSHHE CKOABXMEHHA B BRICIUHX napax

I°. Tlps  paccMOTpeHHH OTHOCHTENLHOIO NBHMEHHA SJeMEHTOB
SEEHLER, BROOALLHX B BhICWUAE Naphl, MH BCTpeuaemMCi He TOJLED €O
CEOJIbABHEEM OOROM0 3JJepMenTa OCTHOCHTETREHD J:[p}'l"urn. HO B C Kaue-
HHEM 3JeMeNTOB ApPYyr mno apyry. B Tom
cyyae, KOMJia SMeMeHTH 3BEHLER SBNAIOTCH
LeHTPOHIAME H/IR aKCOMIAMH, HMELT MEeCTO
YHCTDE KAUEHHE SMEMeHTOR D68 CHOTLMeRNs;
B TOM € CHAYYae, KOT[a SNEMEHTH REJIAIOTCH
BaaumMoornbaeMbiMe  KPHEBIMY HAH NOBERX-
HOCTAMH, HMEET MeCcTO KideHHe H CEOAb-
AEHHE.

[Tycte snementst @ w0 b (puc. 11.25) poic-  Pac. 11.25, K spenno s anac-

pei o mefl mape © BIapMooridae-
el KHHEMaTHYeCKOH Naphl MOCKOro MEeXa- HLAME K PREMNH
Hpama npeacTasanioT coboll nee BaauMoorn-

Caemple Kpuseie. lpoeenem HOpManb n — n K npodunsam a u b. Jra
HOpMaJh npoxofut 4epes teuky C Kacaumsi npousiell ¥ nepecekaer
JHHAID AB, CORpHHSIOMYO HeHTPH Bpamenya A w B, B touke P.
Toyka P — MruoBeHHHA LEHTD BPAIEHHA B OTHOCHTEALHOM IBHHEHHH
spena A oTHocwTeabHO 3peHa B. CKopocTk Uy, sBeHa 2 0THOCHTEABHO
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spenia | GyfieT CKOpOCTLIO CKOJIEMHEHHA, NANpaBieHHoR BNk Kaca-
Teneroll { — { v pasnofi

v = | 2] (PL),
roe £ — MreoBeRBan YIJOBas CKOPOCTh B OTHOCHTE/IBHOM IBHIKERHH,
alComoTHAR BETMYHHE KoTopoll paBHa

|2 =] oy |+ ] o]

Tak ®e kak W B panee pacCMOTPEHHHX 3apaqax, NOJKaA peak-
uuna F' seena £ Ha sseno J npadomena K Touke KacaHua C sBenben
H OTKACHEHA OT Ranpaesnenus ofiled ROPManH Ha YIoq TPeHHs ¢
B CTOPORY, NPOTHEONMONMKEYIO BEKTOPY OTHOCHTERROH CKopocT
CROMEREHHA 0yy. Benwunba cuiel Tpenun F,, nprnoxensoil K apery 7,
onpenensercs no dopuyne Fp = fF7, rae f — koshuuneRT TPERHA
CHOMBEXEHHHA.

C{JRFUIHMEIEHE, BOSHHKAKANEE MPH NEPEHATHIBAHHH SJAEMENTOB
nap Apyr no Apyry ¢ yraoeofl ckopoctero £, moMmer GbiTh YuTeHo
BEENEHHEM MOMEHMIG MPeHUA
ragenun M, (pre. 11.25), na-
Np#ENeHHe KOTOPOTO NPOTHEC-
NOICHHC YIACBO cKopocT £,

Z*, PaccmoTpumM BOnpoc o
TOM, KK ONpemelfercs MOMenT
Tperus  waveuns Mi. Dusu-
YECHKHE ABJIEHHE, BH3LIBAIIHEE

Puc. 10.26. Smops  Puc. 11.27. Wesawes-  TPERHE Kauendn, H3y4eHb Ma-
EanpRienyli HOHTAKT- HEH -¢IE}§'.IH! INMP wa- ﬂﬂ., B TEXHHYECKHX pacqe-rax

HOPO CHEAETHRE Ha n#e- npaxensi HOHTAKT-
dopuuporantiof  noo- HOTD CHATIHN, 1O Y- NVIEZYHCH B OCHOBHOM JaH-
e e wakun | unuepps  HBIMH, DOJYUEHHBIMH NPH 9KC-
NepHMERTAX, NPOBOSHMBIY HAL
pasiuYHBIMH HKOHKPeTHRiMH OOBEKTAMH: KATKAMH, KOJNECEMH, ponp-
KAMH M IWapHKaMH B OOSUMOEMEAX B T. 4. OmeET noxasuBaer, u4io
CONPOTHBACHHE NEPEKATHEAHHID SARHCHT OT YOpyruX cpolicTe Mare-
pHAJOB CONPHKACAIONIHXCA TN, KPHMBHSHEL CONpPHKACAIIIHXCA MNo-
DEPXHOCTEN H BelHUNHH RpHMuMaowed chas. Ha npeomonenne
cONpoTHBIEHR{T NpH nepekaThiBanuu Ten Tpatutes pabora. PaGorta
s1a pacxofyercd na fedopMaumio nopepxHocredl wacamns. [lycib,
HANPHMEP, HMEETCS HEMOUBHMERIT WHIAHHP, NEXalUHA HA NNOCKOCTH
(puc. 11.26) n narpyxenrnuil pexoropoit cuaofi F.

B sone ®acaH#® WHIHHOPAE H MAOCHKOCTH BORHHKAET MECTHAS
Iebopmallisn KOHTAKTHOMO CHATHA Ha naowagke wapenoét b, Co-
FNACHO NOJOMEHHAM TEODHH YNPYTOCTH HANpSMeHus NpHOIAMEHHO
MOTYT GBITh UPHHATH PACOPENENEHHBIME N0 ARNTHYECKOMY SaKORY.
[Npu sToM wHpuBas pacnpeneleHds HanpAMeHHi CHMMETPHYHA H,
cAenoBatebio, JHEHS AeficrBas paesoselicteyiomel F' 3THX Ha-
npawenufi coenagaer ¢ Annnell pefictean cunw F.

Haunem nepekatuiBate wsinbgp (prc. 11.27). Torna yuactok ac
MIoWaAKYE KOUTAKTHOTO CatTHa OyIer HaXOJHTLCH B S0HE HapacTa-
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jomux dedopMamnil, a yuacTok de — B 30HE HCYESAIUIHX Aedopma-
wuil. Ma-3a suyTpelnero TpeHHs B MAaTEPHANE KMEET MECTO HECOBNa-
nenHe KPHBBIX HATPYaKi | pasrpyskH Marepuana (ABIEHHE Ynpyroro
nocHencTEHA wian ructepeanca). [losTomy KpHBaA HaNpAMEHHH B Of-
nacTh Hapactaoupx gedopmaunit Bhie KpuBOH B ofnacTh wcuesa-
romnx  pedopmaunfi. CrefopaTelbho, pacmpexpenenne HanpAxeHail
no nACHaNKe b OKASHIBAETCH HECHMMETPHUHLIM € MAKCHMYMOM, COBH-
HYTHIM B cTOpoHY aehmenus. PapnogeficTeylolias F' wanpsaxesuii
CMellleHa BOPABO OT TOMKH a Ha peanunny k. Bearuuny & HABLIBAIOT
naedon cleast mpenta kaverus, Tlpu Kayennn HeOOXOIHMO NPEONOIETE
HexoTophil MomeHT M, HasLBAeMBI MOMERMOM MPeHus KOueHud,
BEMIHYHHA KOTOPOTO papiia

M, = Fk. (11.35)

3peck KoadHUHEHTOM NPONOPUHOHANBHOCTH SABAAETCA MJIEYO MO-
MeHTA TPEHHS KaueHHd K, KOTOpOE HasbBAeTCH ;
TAKOKE KohhutjleHMOM MPEHUA KONEHIA.

3°. Ha Qopmyas (11.35) caenyer, yto kosg- A e
gmuﬂem TPEHHA KAYEHHA WMEET pAIMEPHOCITID . B e il
auns, Tlyets nop peiicTenen sHetnned chikl £ A /
(pwc. 11.28), npunowennoli B Toure 0, up- ==
nuHAp A paBHOMEpHO mnepekKatupaetca (es
CKONLIEHHA 10 naockoern B. PABHOMEDHOE e cn feRctoyiomm
MepexaTHBAHHE UHAHHEPA NPOMCXOAHT MOj Mo KeTAmMACH WHARERP
neficteuen nape can F* n Fy, roe F, — cuna
TpelHA CKONBXEHNA, NPRACKeHHan B Touke C B paBdas no eennyHHe
cane F*. Cuna F, ecth cHna TPEHHA NOKOA, PaBHaA NO BelH-
unne Fy < Ffq, e [y — vosgduinesT Tpenna nokos, WIH KAK €ro
HASHIBAIOT B STHX CAyYanx, — Kosdhugtionm cyenieHus uMARHApA
¢ naockoeTsio, [lapa cua, nog peficteien kotopoll unanuap A nepe-
KATHIBAETCA NO MJIOCKOCTH, HMeer mMoment M = F'r, rpe r ecs
paﬂ,}'l}l'lﬁ HANHARA.

[pw pacHOMEpHOM Kagewnu uuAmHgpa stor momenT M paeuaerca
no abcoMoTHON BENHUHHE MOMEHTY CONPOTHRIEHAR NEPeKaTHBAHHID,
T. € MOMEHTY TPEHHS KaueHus

F'r= M, = Fk, (11.36)

b

2 B

OTKYna
F
—. (11.37)

Mz paeencrea (11.37) cnepyer, yto pennunsa cuiwm F” npamo
NpONOpPUHOHANEHA KOMppHIENTY TPeHHA KayeHHs ® o0paTHO npo-
NOPUHOHAMEHA PainyCy UHIHHADPA.

Koadduunent TpeHua kaueHun ©OLNHO HSMEPRETCR B MHJIN-
METpAX uMi cauTumerpax., Tatanus! STHX woa(xbRIHEHTOB NPHBOOAT
E HHMEHEPHEIX cﬂpaﬂmlmmx,

£°. Tlon peiicreuen cunel F* (puc. 11.28) npu omuex ycnoesax
UH/HHAD MOMET NepeKaThlBATECH, & NpH APYTHX — CKOJBRHTH.

Fr=Fk
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Pacemotpun, Npn KakpX ychAOBHAX uwalimoaaeTcn Ke Kageinn
H NpH Kakux Tpenre cwoipienna. [lycrh unnnunp A nepesemiaercs
parHOMEpHO no maockoetH B nog pefictehem cuall FY, npaioxenHol
B pentpe O u napanneastol nnockocetw B (puc. 11.28). Ecan mop-
ManpHoe fasneswe B Touke C kacaeuf papro F, 10 compoTHBReHHE
TpeHHA ckoaemenun Fy paBHO

'FI‘.I == an-
H, clAeopaTeabHO, YTOOB NEAHHAP PABHOMEPHO CHOABIHA 0O NJ0-
cEocTH, HeobxomuMmo, uTofel BeauynHA cuaw FY Guina paeua
F* = f,F.
YeioBre papHOMEPHOrD KaYeHns ONpEJleNfeTcA papeHCTBOM
F'r = EF.

Yrobsl up/JuHAD MOABKO CKOABSUA NO TAOCKOCTH, HeoDXOIHMO,
yrofel Epome ycaoena F' = foF ynosneteopanoce ewe ycioene

F'r < kF,

oTKYfIA .
Flgr << kF, unn ,fn{-;-. .

Taknn ofpasom, YTolitl HMENO MECTO WUCMoe CKOALMeHUZ, HEODXo-
MO, 9ToOR Kos(xpHIAEHT cuenfeHus GHJT MeHbile OTHOWeHHA Kfr.

Yrofiel LMARKOD MoABKO NEPERamMBSaAcs Mo nNocKoctl, HeolXo-
Iwmo, uYtobbl, EKpome ychaosHa F'r = kF, ypopnetsopanocs ewg

ycJioene
P < fofs

OTKY 18
fa> =

Taxum obpasonm, gTolbl HMENO MECTO YHOMoE KayeHte, HeolOxomHMo,
yrobnl KoadduuuenT cllennennn Ouin Goaeule oTHOWeEHNA kfr.

Ecan cuna F” npranomena we 8 Touke O yunnsgpa (puc. 11.28),
a B wakofi-nubo ppyrofl TodKe, HANPHMER B TOUKE 01, Haxonaeica
Ha 3aJaHHOM paccToAHHH [ OT MJOCKOCTH, HeoOXOAMMO BO BCEX Bbi-
BEEHHBIX COOTHOLICHHAX BETHUHHY r 3aMeHATh pennunsoi [. Tak kak
Ha npakTHke pabota CONPOTHRAEHHN NEPeKATHRAHHIO NOYTH BCErna
MeHbie paboTHl CONPOTHRNEHKHA TPEHHI0 CKONEXKEHHA, TO B TEXHMKE
TPEHHEM KayeHHs NIHPOKC NOJBSYIOTCHA, NPHMEHAS KaTKH, WIAPHKOBHE
H POMHECEBRE NOJLIHITHAEA H T. 1.

§ 50. Tpeuwe B m2pefayaX C QPHKIHONHLMH HOJECAMHA

I°. Cuntl tpeunsi moryT ObiTh HCNOAL30BAHHL VIRl NEPeayH JEH-
WEHHA OTHENBHBIM SBeHbAM MEXannaMoB. PaccMoTpHM BONpoC © Mepe-
Jiaue NBHMEHHA KPYIIBMH (pHEKUHOHHLIMH KOMecaMH (KHHeMaTHKa
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goTopHX Geuia mamp paccmotpesa B § 30). Ilepepaua ppummenns
¢ noMowb Kpyrapix pentpons I n 2 (puc. 11.29), npenctasnsiomx
cof0li OKpYMHOCTH, HEROSMOMHA, TAK KAK 9TH LEHTPOHIB NPaKTh-
YECKM MpPOCKAIBALIBAIOT OTHCCHTENBHO apyr apyra. [lepepasa mew-
JEHHA CTAHET BOSMOMCHOL, eclu Mexgny uenTponpamn I u 2 posHuKaet
cina cuennenns F, NOCTATOMHAEA JIIA NPEONONEHHA OKDYMKHONR CHALI
F', pasmoft no penwuuse moMeRnTy M, conpoTHBIEHHA HA BELOMOM
Kosece, fefeHHOMY Ha panmyc r Koieca, [lns storo ¢pHKuHOHHEE
KoJieca npHMHMAIOTCA JIPYT K ApYTY
¢ wekoropoil cunofi F", u npenens-
HOe aHaueHie CRAbl cuennenns F
OKARBIEAETCAH PaBHBIM

F = F'f, (11.38)
rae [ — RosgduurenT TPeHuA.

Puc. 11.20. Cxepa nepefayvs Prc. 10,80, Cxenwda  nepegasn @
€ pHEUBOHHEINI  KOACCRMY SPHELEONEEMN  HIEINATHME  KOJe-
CEMN

Fem F=> F, 10 npockanesuiBauns se Oyper. OTHoiuenne j,
PaBHOE § = %r= FJ’. HASLIBAETCA KohPuyLeHMOoN 3ANACA CYen-
4]

senun, Cuna uamema F’ nepefgercs Ha ONOPE KOJIECA H BBISHIBAET
ux msHoc. [lostomy cipeMaTcA nofyuuwibe HeoOxommmymo cuay FF
npi HeGonbwoM HauMamowen ycuauwn F7. Jlas sToro npumMeHsior
HHOTNA KinHYaTHe dpuruontbe koneca (puc. 11.30). B stax woae-
cax e ONPENENEHHA OKPYMHOID YCHJAHA MOMHO BOCNOJIB30BATHCA
KosxHuneRTOM TpeHns [ A8 KIRHYATEIX NON3YHOB (CM. § 45,
dopmyay (11.17)). Hueen

F' = ffsin o,

rne | ecte KosdipunmenT Tpenns. BenmunHa OKPYXHOTO ycunmus F',
KOTOpoe MOMET OHTE Nepegano, onpenennercA no gopuyne

F < F = Fffsin c. (11.39)

Mz storo cooTHOUENHA CIENyeT, 4TO JJIA CO3aHHA OKPYMKHOrO
YCHINA, no eesuumnHe pasHoro F', NpH KARHYATHX GPHKIHOHHEIX
KoJecax Hajlo NpHMHMATE kojleca ¢ MeHblueH cuaofi F7, wem npH
OO KHOBEHHHX KPYIIbX QPHEKLHOHHEX KOJECaX.
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2°, Tlpw nepeceratuuXxcA OCAX NPHMEHAETCH KOHWyecKas (pHEk-
LHOHHAA nepepaua (pue. 11.31). B 3Tex nepepauax woneco A npH-
HiumaeTca K womecy B cunofi FY. Pasnaras cuny FY no nanpaeiednio,
NEPNEHAHKYAAPHOMY K OCH NOSWHIHHWER, H N0 HANPABAEHHIO, nep-
neHsHEyNApHOMY K obiteli ofipasyloileii Ko-
HYCOB, NOAYYAEM BETHYHHY Nepeofl charaw-
ueit, paeuyio Fi=F"/lg ¢, # seanusny BTO-
poli — pasuyio Fi = F'fsin e. Bensuana
OKpy#Horo ycunua F' onpepensercA no

popuyne
Poc. 11.31. Cxema HOHWY9es Fl‘éf_‘n lFﬂﬂ‘l'.‘ - FI'F' {11.4[}}

eHof QPUHENCHEOR nepegayy BN o

Taknm ofipazom, OKpYIKHOE YCHIHE B KOHHYECKHX (PPHKIHOHHBIX
Kosecax onpefenfercA no QopMyJe B KARHUATHX (DPHEIHONHBIX
KONec,

§ 51. Tpeuse B nepenauax ¢ rHOKHMH SBEHLAME

I°. Kak Geuno ykazano B § 34, wmpokoe NpuMeHeHHE B HEKOTOPBIX
OTRACNAX TEXHHHEH HMEoT MeXaHHIMel C rufiKHMH 3BEHBREMH B BHOE
pemuefi, Kanatop u NeHT. Tak e KK # B MEXaHnSMaX ¢ QPHKIHOH-
HEIMH KONECAMH, B 3THX MEXaHH3MAX Ie-
peaaua AEHKEHHA CTAHOBATCH BOBMOMHOH
InpH pOCTATOYHOH CHAE TPEHHA MEXILY
rabK#AM SEEHOM H IIKHBOM,

Qopmyna, CBASHIBANLLAS — OCHOBHHIE
napamerpll nepegady ruGKuM spesom, Obl-
na prpepeHa B 1765 ropy JI. Sfirepom.
[Myere rufkoe spelo OXBATHEBAET KpPyT-
neifl wkes (puc. 11.32). Ty eemed rub-
Puc. 11.32. K cnpenenrenmo KOMD 3BEHA, HOTOPAA NpPH CBOEM IOBHME-

e etk nen.  HHM HAOeraer Ha WIKHB, HA3OBEM Hallezaio-
Bell poNHS Ljeli eemasio, & TY BETBR, KoTOpasn cleraer

co niknBa, — cfezarogelt eemeaero.  Jlyra,
Ha Kotopoli rufkoe 3BEHO COIpPHKACAETCA CO IUKMBOM, HA3LIBAETCH
dyzoif ofixeama, a cooteetcTRymomuil efi nenTpanbHmil yron o —
yeaom obxsama, [lyers natamenue HaGerawowefi peren pasuo F, a
cOeratowteii — Fy. Hafigem cesizb memay stumu Hatmxennami. [pu
STOM TpuMeM cJenyioliie ynpollesun. Bynem cuntate rnfKoe 38eHO
HepacTAMHMEM H HE OKASHBAKIUAM CONPOTHEJEHHS Harudy npu
uatieranun u cerannf. Jlanee GypeM npelnofaraTs ABHMEHHE STOrO
sBeHa NPOMCXOARLLEM ¢ nocTonHHON cKopocTeio v. Bynem npenelpe-
rath Maccofi TeHOKoro seena k ero neHTpobemuoll cunoil.
Yrofiel coobuinth rE0KOMY 3BeHY paEHOMepHOE ApHMeHue, Heol-
XOmHuMO npeoponeTs cunty Tpedus Fp. Takum ofpasom, natmkenne Fy
AoKHO GhiTh Gouibine HaTsXKeHns Fy Ha BesHunHY CHABL Fy

Fy=F + F, (11.41)
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OTRY A2
Fp=F—F. (11.42)

Taknm ofpasom, NPH YCTAHOBHBILEMCA IPIHMEHHH rufKoro speua
¢ ROCTOAHHOH CHOPOCTBIO PASHOCTH HaTAweHult clerawilefi w Ha-
Geraiowefi persefl 3TOro 3geHa papHa CuHJe TPEHHA MEXTY HHTHH

H IIKHBOM.
2. Pacemorphm Geckotewno mamifi smement ayrn ofxpara db,

KOTOpOMY COOTBeTCTBYeT yroa obxeata de (pue. 11.32). Iycie né-
T%eHHe THOKOTO SEeHA B Hauale STore siemeHTa ectes F, TOrza
HATAMEHHE B KOHUE 3JEMenTa oKaswmiBaetcs papund F - dF. JInunn
peficreus cudl F u F - dF wacatellbHb K IUKHBY H NeprieHnH Ky AApHE
K paguycad, NpoEeneHHbM HS TOukH O FodF
B TOUKH KacaHHA. ; >
SnemenTapHas cuna Tpenus dF, cornac-

o pasenctey (11.42), paBua
dF, = (F 4 dF) — F = dF. (11.43)

C pgpyroit ctopoms, cuna Tpenus dFy FES———e- !
paBHa Puc. 11.38. ChnoBaf CXOMA

dFT _ fdp. {”44} E pRc. 11.32

rae dp — SMeMEHTAPHAR CHAA JIABAEHHA SJICMEHTA df Ha IUKHB,
a f— woshdunment Tpenusn. Ms coornowennh (11.43) u (11.44)
chenyer

dF = [ dp. (11.45)

Benpumna ciist dp momer OhTh OnpefeneHa, ecad CAOMHTE No
npapuy napanneforpamma cuiel Fow F-4-dF. C TouHOCTEI) JlO
BEANYHH BIOPOTO MOPAAKAE MANOCTH MOMHO TapannienorpaMm sa-
mennTE pombom (prc. 11.33) co cropouanu, papatimu F.

Torna dp Oyper pabHa

dp = 2F sin % s 2F -~ F da. (11.46)

[MopcTaEnaAn NONYYEHHOE 3HAUGHHE JNA CHAH dp B pPABEHCTBO
(11.45), noayuaem

dF = JF de, (11.47)
oTKy A

%-‘T. = fdo. ' (11.48)

Hurerpupys hesyio u npasyio 4acTh pasedcrea (11.48), mmeen

i

[F=[ra
Q

Fy
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HITH

Fa
In Tr --.lrﬂ-,

OTKYAa noaydaen
F, = Fiel, (11.49)

rae o — noanbiil yron ofxeara (puc. 11.32).

Dopmyaa (11.49) oot nazeanne gopamyas Iilaepa.

Hs ¢opMynn Diliepa caepyer, uto cana naTsxennn Fy pospactaer
C yBeqHucHpeM yrna ofxeata ¢ u kosgdeuuenta Tpenusa f. Tlpu
noctorHHoM KosqubuumenTe Tperua [ yeennueHne yria ofxeata o
Jiaetr pechma OeicTpoe yeesnuenne ciinl Fy. INopctapnnan B paBencTso
(11.42) anavenne F; uz gopmyan (11.49), nonyuaem gns cuiH Tpe-
witA Fyp Beipamerie

Fy= F, (= —1). (11,50

Cuna F, ecte Ta nauonswas chnia, kotopas momer OuTe nepe-
Jaua WwrHey. Ecan oKpyMHOE CONpPOTHEJAEHHE HA BENOMOM IWIKHREE
paBHO HAR MeHbilne canel F,, To rnfikoe 3peHO sacTaBHT WKHE Bpa-
warecn. Ecnp e oxpymuoe conpornenenne Gonsiue cunu Fp, T0
rufkoe speno OyIeT CROMBSHTH NO WEKHBY, HE NPHBORA ero BO Bpa-
wenne. Tagum ofpazon, raTanyToe younnaumu F; u F, riubkoe seeHo
npu Fy, = F; MOMeT nepepapaTh BEAOMOMY IWUKHBY BPalaougiil
momenT M, paenhbi

M = (F, — F) R = R (e'* — 1), (11.51)
roe R — paanyc LiKABa.

Qopmyna Jiepa faeT TOMLKO nﬁlﬁ.ﬂH}KEHH}fm CBASL MEMIY
HATAMEHNAME eeTBell ruGxofl wotr. [llostomy B nocnelHue rogbl

B TeXHHYeCKOl! NHTepaType peKOMEHIYIoTCs TAKGHE  [PYTHE METOJE
pacueTa, KOTOpEE 3JECh HE NANIarawTcd.

Fmapa 12
CHNEl HHEPUHH 3BEHBEB NNOCKHX MEXAHH3IMOB

& b2. Onpepencsre CHY HHePUHH 3DEHBED

I°. KaK nseecTHO H3 TEOpPETHYECKOH MEXaHHKH, B OOUlEM chiygae
ace ciLast uHepiuu ssena BC (prc. 12.1), coseprumionjezo naockonapai-
AEABHOE OBUMEHUE U UMEIOWes0 RAOCKOCMb CUMMEMPUL, NAPOAIEAL-
Hift0 naocrkocmy Oeusenud, smozym Ouime ceedentr K cute unepuuu £,
npuacwceHod 8 Yermpe mace S stena, UK nape CLLt LHepyiL, MOMeHnL
Komopold pasen M.

Cnna F, moser GHT: ONpefeneHa no copMyne

Fy = —masg. (12.1)
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B dopmyae (12.1) F,, ecth pexTop Cu/ibi HHeplunH 38ena BC, m—
MACCA 3BEHA, HaMEpAeMan B KHJAOrPAMMAX, H @g — REKTOP MOJIHOTO
YCKOPEHHA LEHTpa macc S 3peHa, HsMepremoro B m/c?.

Takum ofipasom, n1a OnNpeleleHAd CHIM HHepumn Fy spena nao-
CKOTO MEXAHH3MA HAJ0 3HATH €ro Maccy M H BeKTOp NOJHOro yCKope-
HHA @y €ro LeNTpa Macc S uiH NPOEKLHA STOrO BEKTOpa Ha KOOpJH-
natuee oci. s dopmyas (12.1) crenyer, uto cuma uuepunH Fy
pMeer pasmepHocts Kr-m/c®, T. €. nameprerca B Heromonax (H).

Bekrop noasore ycKOpPeHHs LEHTPA Macc ;
B MEXaHisMax yuo0HO onpesenaTh Ha NOCTPOeH-
HOrO NJaHa YCKOpeHHH, NMPHMEHAR H3BECTHOE
fia KOHeMaTHKH ceoiictso nofobua. Ilycts, Ha-
npumep (puc. 12.2), nano seeno BC n napectiE
yCKOpeHHs @5 H @¢ ero Touek B u €, Koro-
pbie Ha TiaHe yckopenudl (puc. 12.2) wsofipa-  Puc. 12.1. Cxenz  asems

C NpHIosHeNiEME K HEMY
walotca oTpeskaMy (nb) B (7c), NOCTPOEHHBIMH  raavHuM perTOPOM & FaaE.
B mMacwTabe p,. UTOOH ONpENENHTb MOTHOE [hM MowesTow cud hrcf:
YCKOpEeHHE @g UEHTpa & Macc 3BeHa, coend- e spena
uAeM TOMKER b # ¢ npamofi B JeAHM ITOT OT-

SOK B TOM K€ OTHOWEHNH, B KOTOpPOM TOuKa S JEJHT OTPE3oK
C. CoenuHHB TOJYYEHHYI0 Ha MAaHe ycKOopeHuil TOYKY S ©
TOUKOIl %, NOMYYHM PREeTHYHHY NOJHOTO YCKOPEHHA &g TOuKM Si

g = g (715).

Cuna uuepuun seena Fy Hanpasiena
NPOTHEONOJOMKHO TNOMHOMY YCKOpeHHIo dg
TOMKHE S H paeta no BEJIHYHHE

F, = —mag,

2", Moment M, napu cHi WHEDUWH Ha-

Npar/ieH APOTHEONOJIOKHO YTIOBOMY YCKO-

pensio 8 u moxer OHTH onpejesnex no Gop-
Myne

M, = —Jee. (12.2)

B dopuyne (12.2) J5— MOMEHT HHEpURH
aEEHA OTHOCHTENILIHO OCH, NPOXOAALLEH Yepes [ Lo coo wnems o
IEHTP MAacc SH nepnemuﬁynﬂpﬂoﬁ E /10~ onasoes yeRopeuwA: a) cxess
CKOCTH [BHIKEHHS 3BCHA, 4 B — YTTIOBOE owsosmtnon o oo Mo
}'CHGPEHHE EHEHH. HEH’IDHT‘:‘EHHNI:‘IL';E.IKHE] :ﬂ::

Takum ofpasoM, A4Sl ONpeefieHHA Mo- & yexopewsf
mMeHTa M, napk cusl HHEDPLER 3peHa niocKo-
rO MEXAHRSMA Haj0 SHATh BEJIHYHHY €ro MOMeHTa HHepuni Jo, a
TAKMXE BETHYHHY H HANpPABRTEHHAE YTJIOBOro YCHKOPEHAA € STOrO 3BeHa,

Moment nuepunn Jg HMEET pasMepHOCTh Kr-m®, Yraoeoe ycKope-
HHe & nmeeT pasmepHocTh pap/c’. Crejgopatensuo, moment M, napsi
CH/I HEepUWH WMeeT pasMepHOCTs Krom?/c = H.m, uGo xr-mjc®
€CTE  HBHTIOH,
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Benpunna yrnoporo yckopenus e, BXOAfAwan g Qopmyay (12.2),
ONnpefenAeTcA H3 paBeHCTEA
at
lel =+ (12.3)
BC
rie al., — TaHTeHNHANBHOR YCKOpeHHe (puc. 12.2, ) B oTHOCHTEIE-
HOM [PMMEHHH 38eHa H lge — AnuHa spena BC.
Takim obpasom, BCe CHAK HHEpPIUI 3eena B O0ILEM cayyae MUryT
OuTE CBeACHE! K TABHOMY BEKTOPY CHJ HHepUHH F,, NpHIOKEHHOMY

el
A
—
g &
L7 L e
Puc. 12.8. Cxema mit= Puc. 12.4. Cxesn apena, Puc. 12.6. Caema
CTYORTeALRD AmiHy- HEHTP MaCC HOTOPOTO pac- FBTHL, IR B =
mernes FReENE © NDEAEH= nododel Ha DCH Bpale- FocH BOKDYI OCH, #HE
HEIMM Ha HER YOROpEHKS- HHA contagasmyel © oot
MH OTHENBHEIE TOWEH H nE Woropofi pacnhonc-
TASEHLM = BEKTOPOM iR WeH LEHTD MEact
MHEPLHE  MBTEDHAJILHLIX
TONEH

B ueHTpe macc S 3seHa, H IIABHOMY MOMEHTY cusl Huepunn M,
(puc. 12.2, a).

§°. PaccMoTpHM Teneps HEKOTOPHIE YaCTHHIE CAYN&H JBIMKEHin
speHBLen Mexannama. Ecin seeHo ABHHETCA NMOCTYNaTedsHO C HeROTO-
phiM YCKOpCHHEM, TO ero cina muepunn F, paerna

F,=—mag, (12.4)

CAE /M CCThH MACCA SBeHA, Gs — YCKOpeHle ero uentpa mace S. Taw
K&K YTIOBOE YCKOpPEHHE E 3BEHa NMPH STOM PABHO HYJIHD, TO MOMEHT
napkl CHJ HHepunH OyeT TaKiKe PaBeH HYMo, H BCE CHIB HHEPIHH
ceenyTeA K ool pesynbtapymoiielt cane Fy, npunomedHoll B ueHTpe
macc S speHa W HanpaeJeHHOH NPOTHBOMNOGAMKHO YCKOPEHHIO &g
(puc. 12.3).

Ecal 26eHO HaXOUHTCA TOMRKO BO BpPaIUATENLHOM JBHMEHHH
BOKPYT OCH, NpOXORAUEe Yepes ero IeHTp Macc, TO YCHODEHHE &g
LeHTpa Macc S STOrO 3peHa paBHO HY/NO H CHaa WHepuHB F, Tawmke
paena uymo Fy = 0.

Ecan npn stoM yrsiopoe yCKOpeHHe e 9TOMO 3ReNa HE PABHO Yo,
TO CHMEl RHEPLHH COCTABAT napy ¢ momentomM My, pPEBHEM

Takoii cayuail MOMET HMETE MECTD, HaNpHMED, INA HepaBHOMEPHO

BpalaicipXcA petanefl (lUKHeo, Gapafanut, POTOPE! H T. A.), UEHTP
Macc S HOTOPBX HaXomuTcA Ha ocy epawesns (puc. 12.4). Tlpn
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PABHOMEPHOM BpAILENHH ITHX JeTaneli pesyaLTHPYWOILKE Cun unep-
LiE H MOMEHTOB OT CHR HHEPIHH PapHBE HYJIO gapu MAOCKOT 3anave),

B CIyude BpalaTensnoro JEHMWEHHA 3BEHA ' BOKPYT HEKOTOPO
ocil, HanprMep oce B, He NpoXoaflie yepes neHTp Macc S (pue. 12.5),
ero CH/IB RHEpHHH MOrYT OHTb CBENEHH K NPHAMKEHHON B ueHTpe
mace S cune F,, Hanpasiennofi NMPOTHBOMONOMNO YCKOPEHHIO ds

H pasHofl

Fu=—“fna3| {IE-'E}
H K nape cHa IIIIEPU.HH C MOMERTOM M“.l paBhiking
My =—Jse, (12.7)

rne Jg €CTh MOMEHT HHEPIHH OTHOCHTENILHO OCH, MpoXonsiledl uepes
ueHTp Macc S.

§ 53. Meton samellaOUHE TOYEK

. Buecto nphRefennf BCEX CHI HHEPLHA SBEHa K CHJe H nape
CHI KK K pesyasThpytonieli cunie, NpRJIOMNEHHOH B OnpejeneHHOMH
TOUKE STOM0 3B€HA, B HEKOTOPHX CIYYaAX yAo0HO 3aMEHHTH 9TH
CHARl CHAOAMH HHEDIOHA mMacc, cocpefoToMeHHBIX COUTBETCTEYIOLHM
ofpasoM B peIOpAHHEX TOUKAX, KOTOPHE HOCAT HASRAHHE SOMEldl-
migux rmoyer. B ostom cayuae OnNpelesieHHE CHA HHEpPUHH SBEHLER
CEBONHTCA K ONpEfeseHHi0 CH HMHEpIHHE MACC, COCpPeloTO4eHHBIX
B ONpefe/ieHHbX TOUKAX, H, TAKHM O6pasom, OTnajaer HeoGXOLHMOCTE
ONpeneienAn Naph CHJ HHEpLHH OT YrAoBOro YCKOpeHHs 3peHa.

PaccMoTpiM, KaKHM YCIOBHEAM AONMKHE YIOBIETROPATE REIGpanHEEe
ToYKH, 9700k NOayYeHHARA cHeTemMa Oniia SKBHBAJCHTHA NEepEOHAYATB-
Hoit. Tycrs pauo spedo Q (puc. 12.6), nmeomee
MJIOCKOCTh CHMMETPHH, Napalieibiyio noCKoc-
TH ero ApHIKeHns (niocKocTu yeprexa). Hrol
PeSYALTHPYIOIAA CHIA AHEPLLHY Macc, coCpeno- |
TOUEHHBIX B 3aMelamiliX TOUKAX, PaBRANACH
CHJIE HHEPIIHH BCEr0 3BeHa, Heolxomamo, YTobH!
VYEORNETRODANHCE CJACIYIOUIHE YCIOBHA:

1) cymma macc, COCPEOTOMEHHHX B 38ME-  pue. 12.6. K sonpoey ©
LIAKIIHYE TOYKAX, ILOMMHA PpaBHATLCA Ma PEBMETAF I M et e
WU Adhic ’ P cce NE YETHPEM TOURAM

) ofiunil UEHTp Macc, COCPENOTOYEHHEIX B SaMEUlAIONIHX TOYKAX,
HONMEeH COBNAgATL ¢ NEHTPOM MacC sReHA.

YoopneteopeHue STHX YCIoBHE [aeT TaK HasWBaeMoe omamu-
NECKOE paaMetijenue Macch 3seHa. YTofikl pesyNeTHPYIOIULAR napa CHA
HHEPLHH MACC, COCPENOTOYEHHHIX B SaMelalomBX ToYkax, Obwia
SKBHBaJIEHTHA NMape CHN HHEPLRH 3gpeHA, HeoOXopAmo, Kpome colmmo-
LEHHA [IBYX YKasaHHuX YGIOBHH, YNOBNETROPHTL elle TpeTheMy
YCIOBHIO, KOTOPOE CBOIHTCA K TOMY, 9To0H CYMMa MOMEHTOR HHEPLHH
M&cC, COCPEAOTOUNEHHHX B SaMellaiollilx TouKaX, OTHOCHTE/ILHO OCH,
npoxopsieri epes obulpi HEHTP MACC, PABHANACH MOMEHTY HHEpLHH
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aneHA OTHOCHTEALHO STOI e ocH. YOOBNETEOPEHHE STOrD TPEThErD
YCAOBHA EBMECTE C ABYMA NEPERMH Ja€T Tak HASKIBAEMOE CLLHOAMI-
WEEKDY POIMEIRENUE MaCCE 30€HAa.

¥ KazaHHHE YCAOBHS CTATHYECKOTO H NHHAMHYECKOTO pasmellennil
MOTYT GiTh BHpament CAefYIOUAME ypasHeHHAMI:

i. my = m; (12.8)
z:'] myxy = 0; (12.9)
$ sy == 0 (12.10)
3 i (3 + ) = Js. (12.11)

i

B ypasuenusx (12.8)—(12.11) “m; — macca, cocpenoToueHHas
g samellgoniell TOYKe © HHAEKCOM {, fl— Macca BCero 3seHa, X
H Y — KOODAMHATH -l TOYKH OTHOCHTEABLHO oceH, NpoXORALLHX
yepes UEHTP Mace, B Jg — MOMEAT HHEPUHH 3B€HA OTHOCHTEALHO OCH,
npoxonsuieil uepes TouKy S u NEPNEHANKYJIAPHON K NIOCKOCTH [B-
wennn, Ypastenus (12.8)—(12.10) cooTEETCTBYIOT CHMAMUYECKOMY
pasMetqenuto MaccH 3seha, a ypasHeHue {12.11) smecte c ypaBHeHH-
sivit (12.8)—(12.10) cooTeeTCTBYIOT OUHAMUNECKOMY PASMEUENLI).

PaccmoTpeM BONPOC O WYHCHE MApaMeTPos,; KOTOPHIMH MOMRHO
sapasaThes npH peiuenud ypaeuenmuit (12.8)—(12.11). Hexomumm
SBARMIOTCH NOJOIKEHHe KayIoH 3ameuamtued Touks, onpefenseMos
JBYMR KOOPAMHATAMH, W MAcCa, COCPeNOTOueHHas ® SToll Touke.
Takum ofipasom, 1A OAHOHN TOYKH HMEEM MpPU HEH3BECTHHIX, KOTOpPLIE
nopnexar onpeieneniio. Yucno ypaeHeHHH LMA ONpejiesieHuA He-
H3EECTHHX paBHO ueTHpes (ypaBuexus (12.8)—(12.11)). Ecan ofc-
SHAYHTH YHCNO BEOpAHHKIX TOUEK Yepes n, TO YHCIO napaMeTpos p,
KOTOpHE Mbl INAHEL 3ailaTh, pasHo p = 3n — 4.

[lpw n =1 ypaerenmo (12.11) He.w3an yNOBNETEOPHTD. [pn
n = 2 ponyuaem p = 2, T. €. MB MOWEM 380aThCH, HANPHMED, IBYMA
KoOpfHHATAMH ofitofi u3 TOuex, HAH onHoil KOOpAMHATOH H GRHOH
maccofl. Tlpu n = 3 nonyyaem p = 5, T. €. MOrYT OHTE NPOHSBEOILHO
saliathl, HANpHMep, NOAOWEHHsA IBYX TONEK H Macca ofIHCH M3 TOUeK.
Tlpu n = 4 noaydaes p = 8, 7. €. Mb MOMEM B STOM Cayuae 3alath
NOMOKEHHE YeTHPeX TOYeK HIIH NOJNOHEeHHEe TPeX TOYeK H Macchl IByX
TOdEK, H T. J.

2°, Pacemotpum sonpoc O shifope 3amemaiolliX TOHeK LR He-
KOTOphX, Hau(onee 4acTo BCTPedalOINXCH & TEXHHYECKHX pacueTax
cayyaes pacnperedenus mace seHbes, [lycm TpefyeTca pasMecTutb
Maccy It 3B€Ha, MMEIGIIETO UEHTP Mace B TOMKE S, N0 UYeTHpeM npons-
BOIbHO EHGpanREM Toukam A, B, C u D (puc. 12.6).
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SajaeMcql BOCEMLIO KOOpPAMHATAMH TOUEK A, B, CunbD, T e
MOJOHEHHAME 3THX YeTHpeX TOueH.
Ilanee, coctasnsa ypapHeius sHAd (12.8)—(12.11), nmeem:
ma + me +me -+ Mmp= 1,
MaXa -+ Maxp -+ flexc - Mp¥p = 0,
Maya -+ meys -+ Meye -+ Mmoo =0
m4a“+mﬂb’—|—m.:ﬁ-|—m,_,d"=.f$. -
B ypapuennax (12.12) ny, Mg, Al B Mp cyTh Macchi, cocpeno-
TOHEHHBIE B TOYKAX -‘qi Bu CnD; x4, Yas Xpy Yei X0 Yo H Xpy Hp —
KOOp/HHATH TOHEK A, B, C n D B cicreMe KOOpAHHATHRIX ocell x M
¢ pauanoM B lenTpe Mace S, BaATHIE € COOTBETCTEYIOIHMM sHAKAMH;
Js — MOMEHT HHEPUUH 38€HA OTHOCHTEJIBHO OCH, MPOXOALLEH Hepes
Touky S, ua; b, c u d — cooTBETCTEEHHO PAcCTORHHE TOUEK A, B,
C n D ot Touen S. Maccut my, mg, Mg H fMp onpejensTcs peieHnen
cnerens ypabrennit (12.12).
5°. B MexamusMax npH pasMelleHHH MacC SBEHLED ynofiHee Bcero
REIGHpATh © KauecTBE TeX TOHEK, 1O KOTOPLIM pasMemialoTCs MAcChl,
ooy KuHemathueckiX nap. Hanpumep, npu pa3MeileHii MACCH
Gasucroro ssema rpynnet II1  Knacca ©  TpEMA noBOIKAMA

(12.12)

§ p——
i |

Puc. 12.7. K ponpocy © pas- Pac. 12.6. ¥ wonpocy O pasmetes

MEDJEHEE  MACCH  OESHCHOTD RoE MACCHL 3Bea, IeNTp Micc KOTO:

SEEHA TPEXNOBOEHOEOR TpyT- pOTo PACHOACKRER Ha npRMokt, npoNo-

[ Y] nAned Yepes LeHTPL ARYR WERHHPOR

(puc. 12.7) e KayecTBe TOYEK, MO KOTOPHM yI06HO PasMecTHTL Maccy
ssena O, woryT OuTe eubpans Touks A, B C npHcoeAHHEHH
nosonkos [, 2 B 8 u Touka S — UEHTP Macc sBeHa.

B apewbAX, ¥ KOTOpHX UEHTp Macc S pacnonioer ha OCH 3BERA
ﬁuu:. 12.8), ynoluo BeCHPATL B KAYECTBE SaMelllaioNlnX TOEK TOYKH

n B npHCOENMHEHHS COCEAHHX 38€HLER H LEHTP Macc S aeeHa
3

[lpn peweHni paja OPaKTHuecKHX Sanay (HBaeT JOCTATONHO
OrpaRMYHTLECA TONBKO CTATHYECKHM PasmellieHHed mace H yI0BNETBO-
PHTE ypasHEHHAM

$ g =m, l.' mpy =0, X muy;=0. (12.13)
I

Tlpy pazMelieHnH MAcch 3B€HA MO JIBYM TOUKAM MEL MOFHEM orpa-
HHYHTbCH ypaBHeHHAMH

mg+mg=rm, maa=mgh, (12.14)
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Ha 3tux ypaswenuii cienyer, uto Touks A, B u § nomiKHH
JAeWaTe Ha OgHOH npAaMol H nonoxenns Touek A u B moryr GuTh
BROpansl Ha 5Toil npAMoil Npou3sonbho. Benwuunm mace m, o mg
paBHE

b a
mAEfna_l_b H fﬂ-ﬂ-—'mﬂ—_l_-ﬁ‘.

[Mps craTHyecKoM pasMellieHHH MAccHl 3B€Ha N0 TPeM NpPoH2EOJb-
HeiM Toykam (pc. 12.7) monysaem chenylouiHe ypanHeHH::
tig -+t - g = m,
mM_A + meB ‘-I— MeXpg = ﬂ. {]2-15}
mala + mple + meye = 0.

Mz stux ypaenennit cnenyer, 9to toukn A, B v C moryt Oum
euifpaitl MMPOHSBOABHO, H CTATHYECKOE pasmelleHue JONycKaeT pas-
MEEHHE MACCH [0 TPEM OPOH3BOJEHEM Toykad. Benuauewm sTHX
Mace MoryT OuiTe orpeleneHm Mz cucTemut ypasueHuil (12.15).

Tpu craTHYecKoM pAasMELEHHH MACC He YAOBNeTEOPSETCs Ypas-
uwenne (12.11), Tak KAk MOMEHT HHEPUHH 3BEHA C paIMELIEHHLIMH
maccavi, esoofille rosops, He pased aeHCTBHTEILHOMY MOMEHTY
nuepuuy Jg zeeda. Cheposatentho, npu rom OYAET AONYCKATLCA
owbka 8 Momente M, nape cud uuepuuH. JTol oWHOKON MOMHO
npeuefpeyb, GCAH YINOE0E YCHOPEHHE & HEBEIHKO,

Taxkum ofpasoM, [pH CTATHUECKOM pPASMEIEHHH MaCcC MOMHO
PASMECTHTL HX HAH HO MPeM HPOU3S0AbHD enlPORHNM MOYKEM WAl
fo Qays moyKkam, He Aewcayual Ha odxod ofeld npamofl, npoxodswed
YEPES YEHIMP MOCC.

Mpemep, OmpeneinTh CiiE HUCPIHA SPENECE KPBEGLWHITHO-NIOASYHACTO MeXa-
Husma (pee. 12,9, g), ecnw sxopnoe spexo 2 BpauseTCR C YrAOBOR CROPOCTHED Gl
H YFTIOBLM YEROPCHHEN Ep, JaEsHHHMH ABRAIOTCH MECCH Mg, My W My SpeHker 2,
3 w4, movent wuepurn Jy w Jy seessen £ ¥ J§ oTROCHTEALMO OCEl, npOXOOAIIMX
uepes wenTpH Mace Sy v Sy, Llewtp mace Sy nonsyna 4 coenapser © voukod C.

PEDCM‘D‘I‘]'}III.T CTHENEHD HEPMEIIE"!I'H'[’UE JBHHEeHNE MEXAHHIMA, KOrga yYraopas
CHOpOCTE €y == const, a yrioeoe yeropenwe £y = (. Crponw nnan ckopoctell Mexa-
Husma (puc. 12,9, 6) u nnan yexopenuil (puc. 12.9, &)

Cornacno ypaenensio (12.1) BeAWNHEE CHA HREPUHRH F::E SBEHECE MEXAHHIME

B NepMaHeATHON AnukEnnl GyoyT pasHb
Fiig= myad =mg, (ns,), Fly=mas, = mp, (7).
Fly = myag = mgig (),

rae agl. ag M ap — ycxopernst Touex Sy, Sy u C MexanHama B er0 NEpMAHEHTHOM
L]

AEiRemin; (7)), (nsy) B () — orpesw (pre. 12.9, §), weobpamaniiie BHlleyKa-

SAHALE VCKOPEHNA, W iy — MAcwTab miasa yexopeuni.

Cuaa nnepunn Fi, npiacwena b newrpe mace S, scema 2 (puc. 12.9, @) w na-
NpaBAeHa B CTOPONY, MpOTHBONOAGHKHYIO BEETOpY yekopermdl ﬂg' {puc. 12.9, a). Cuaa
nuepumnn Fiiy (puc. 12.9, a) npuaowena B uenrpe mace Sy spena § u wanpabiena
B CTOpORY, NPOTHEONOAGHKNYIO DEKTOpY yckopenus @3, . Haxonew, cuna wuepunn Fi,
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(puc. 12.9, @) npunowena n Touxe C (Sy) H nagpapaens B CTOPOKY, MPOTHROTOAOH-
Hy#0 HANPABAEHHIO BeRTopa yckopenms ap. Kpowe cunu Fgy, va asewo § nelicteyer
moveHT M, Taph cia HHEPLHE B MEPMAHEHTHOM IBHIKEHHH MEXaHnsHa (pHe. 12.9, o),
HANPEBRERTET B CTOPOHY, OOpaTHyIO0 HANpaBACHMID yCROpeHHS €] smena 3, M pap-
weail, cornacko ypapnentio (12.2), MU= J o ¢f, tne J o — MOMENT HHEPLAM 3eHA §

OTHOCHTEALND oCH, Npoxofsiieli wepes uewtp macc Sy spena 4.

Tepexoaum K PECCMOTPENNIO HaYaILHOTO NBIGKCHNSR MEXSUM3ME, KOTHE yrAc-
BAR CROPOCTY tig = ( H 3REHO £ HVCET TOALKD yraoBoe yekopenke &g, Kak Guio no-
gasano B § 16, B Hayannuow DPIKENHE MEXANHINA HOPMAJNBHHE W KOPHOUHCOBE

Prc. 12,5, Onpegeaceie ©HA HESPURH  RPHBCLEOHO-DOASYOHOTD  MeXansssa: &) cxeus
HAPPYIHONIA CAREMN NHEDLAE B MePH ARENTIOM OURHEHIE MeXARHIMGG 0, 0} T &8HE CHOPCCTER
H YCHOPerul B DePMAapelTHEOM QEHMEEHN 2) CXCMa HArPYMEHHA CHAZKN HHEPOHER B HAYANE-
HOM LEAMENNN MekaHHAME: ) CHOMA CTOTHWECHOND DAIMELEHHA MICC; £] CXEMA HAFPYMENHHRA
CHIEAMI ANEPLIAE PAIMCIICHINY MACC 0 BEPMABTHTHEON ABHSEHAR MEeXdHHIME; #) cxema Bas
IPYREHER CHEAMH MHEDLUHN Passes(Cenk) Mace B HARaALHoM SENAEANE MEXAHHIME

VCKOPEAWA SBEALER PABHE  HYJH. CregopaTensnn, [AEH YCHOPEHHA MEXANHIMA
B sTow IBHEeHHH GYEer nonoben nuawy ckopocredt (pue. 12.9, 6). Tostosty npuim-
MAH 33 HAYAND nNAaHAa yﬂxupeﬂnia‘ B HAYANLHOM IBHEEHHH TO4KY ﬂn. COBNANARAITY IO
¢ tounodt p (puc. 12.9, 6), oOuapymmMBaes, ST0 NAaN yokopesdl B SToM ARRHEHHH
NPEACTABHTCH TPEYIONBHMMEOM bl

Cornacno ypankenmo (12.1) peaHuHER CHA MHEPLHH SDENLER MOCXAHHAMA B HE-
QaALHON ORHMERHH OYIYT paEeb

Flig=mond, = mpd (), Fly = mal, = mael (s3),
Fliy = myap = mypl (2",

roe ﬂgt' agi " Elé — ycEopeHusl Touek Sg, S, C MEXAUHSMA B €ro NAYAABHOM OBM-
et (nlsh), (n0sY), (%) — oTpeskit na miaue yexopenudt (puc. 12.9, 6), wsofipa-
Malugite HLIEYKASANHEE YCKOpENLA, W PO — macwrab nnana ycwopemuh., Cuna
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HHEpUWN FL, nphioxena B nestpe mace S, asena 2 (pue. 12.9, 2) u nanparnena s cTo-
POHY, NPOTHRONOAOHHYID RANPABJENWIO BEKTOPA YCKOpewMs af. Auanorwuno
ClipeeAseTcs  wanpanickne cWAH wmepumw Fl,. Hakouen, cuna muepunn Fy,
(pwe. 12.9, &) npuaoswesia B Touke € (Sg) w vanpaesena B cropony, NpOTHEGIOICH-
MY HANPARACHHID HEKTOPA YEKODEHHE EE. Kpose Toro, Ha swensn 2 08 (pre. 12.9, 8
Gypyt peficteonetn momentst M, w MY, nap CHUT HHEpHHH, HANPaBIEHHHE B CTO-
POHH, DPOTHHONOAGHHLE HANPABJENHI0 YIACHLX YCKOpeHES ef W ey swences 2 0 &,
B #ayanenoM [DWMEHHR STH MOMENTH, coriacwo ypasmenmo (12.2), GyayTt pasHe

Mip=—Isgh My=—Jgel

ree Js, — MOMEMT HeepUuH spena 2 OTHOCHT&ILHO OCH, MPOXOMSIEN YEPes uewTp
mace &g apena 2.

llpufisnsesHoe pemeswe sanauy Of OTNPERCIEHHN CHY HHEPUHH MeXANHIMA
MOMET GbITh CABMARD C MPHMEHENHEN METONA 3AMEUIAIINX Touex (ct. § 53). Ipons-
BEUICM CTATHYECKOE DASMPIICHNE MACT 3Benben 2 1 5 (puc. 12.9, 7). Maccy mry spenn 2
pasvecrhy B roukax A w B Torga maccw Migq W Mg, COCPEGOTONCHILE B STHX TOY-
Ka, OynyT, cormacuwo ypasueHusM (12.14), pasnw

b a
ﬂ'tgd=m2'-n—a+b H .I'."Igﬂ—-.ﬂ"ig'—'—a_t_ﬁ.

Macey my zpena d passectinm B rousax B w C, Torsa Maccd #iyp M Mmyp, COCpRROTO
HEHHLIE B STHX Toukax, OyAYT COOTBETCTBEMHO pABHE

£ o
Mg =M e 7 MC= Mgy

Taxwu ofipasom, B Touke A GYEET COCPEHOTONENA MACCA #1.q, B TOUKE B — Macca
Mp = Mgy + Myp, # TouKe C — Macea me = my - mac (pHc. 12.9, &), Tne my —
macca nonsyHa 4. Tak Kak yCROPEHHE TOukn A PEBHO HYMIO, TO MACCY M4 HCKJNO-
YAEM H3 FAABHEAUIErO PACCMOTPEHMR, W NOSTOMY NOTYNAEM HpHBOWHAHO-NOIIYH-
Hi MEXAHNSY, ¥ KOTOpOro B Toukax O 1 C TONCYN0 cOCpeaoTonend MaceH ity W Mg,
E cayyse nepuanenthore jewmenus sexammsyz (puc. 12.9, ¢) nce cme BRepupm
SEENBER MORNO CBECT X ABYM: cune Fup W owe Foo. Cina FI, npraomena
& Touxe H, nanpanaena b eTOpOHY, HPOTHHOTONOMEYI HANDARIEHIND DEXTOPR YCHO-
perms ag, u pasna Fllg= (my; + myg) op = mpag = mpn. (nb), rae (nb) —
OTpE30K, BIATHI H3 naana yekopenmwd (puc. 12.9, 6). Cwaa Fjj. npuiokenz
B Touke C, manpanneHa W CTOpONY, NPOTHBONOACKHYIO BEKTOPY yCKOpERHA .::E, i
pemHA

Fuc = (mg -+ myc) 6 = mcag = mep, (me),

rae (e} — orpesok, nasTHR K3 nhass yokopeseR (puc. 12.9, &).
AHATOTHUHO 08 HEYAARROTD DEHMEHHE MEXAHHAMA (pue. 12.9, ) cuiu Wnep-

UMK €0 SOEHBER CHONATCA k OEyM: cute Fig w cune FPo. Cuna F¥ g npriiomena

B rouke B, manpaBnena m crOpoRy, NPOTREONOACHHYIO BEKTOPY yCKOPenHs af,
H paena

Fiin = (map + mag) dp = mgal = mghg (a0°),
rae (n%") — oTpesok, obsmThM ws Nuasa yokopenwfl (puc, 12.9, 6),
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Cuna Flp npunomena b Touke C, MENPABJENa B CTORONY, NPOTHBONGAOMHAYID
peETOpY YCHOpEHHR @7, M papud

Fig = (my + myc) of = mcal. = ercpig (2°¢°),

re (7"") — oTpesok, naATwil H3 naaks yckopenndt (pre. 12.9, 6). PeayasTupyioune
CHI WHEPLLHH SHENBED MeXannina, Eolfla S8eHo 2 BpalllaeTcs ¢ yracBol CHopOCTHI) (g
H WMEET YIA0BOS yCHODEHHME Bj, ONPERENATCH CACHEHREM DEKTOPOB CHI MHEDUMH
B MEpMAHEHTHOM W RaMalbHoM JIHETHERMAX,

F'maesa 13
KHHETOCTATHYECKHA PACHUET NJOCKHX MEXAHH3MOB

§ B4. ¥Ycnoems craTuecKol ONpeletHMOCTH
KHHeMaTH4YecKHX uenedi

1°, [pu peleHHn 3ajay CHICBOFO pacyera MeXaHH3MOB 3aKOH
IBHMEHHS BEOYIIEro sBeHa NpejnoiaraerTcs 3aNaHEEM; TOYHO TaK Xe
NPeAnoJaraloTes HIBECTHBHIMH MACCH H MOMEHTHl HHEpLHH 3BEHLEB
mexannaMa. Takum ofpaszom, BeErna MoTyT OLTh ONpENneieH Te CHIB
AHEpLHH, KOTOPHE HeoOXOAMME LJIf PelIeHHs Saja¥ CHACBOTO pac-
gera ¢ MOMONILIO ypaBHEHHEl paBHOBECHS.

Bonpoc © CHOBOM pacyeTe MEXaHHIMOB HAYHEM C paccMOTpeHHA
Bonpoca of onpejcieHHH peaknHA B KHHEMATHYECKHX Mapax.

B Tex cayyasX, KOTJiAa NMpH pacdere B YHCJIO 3afalHHLIX CHIT HE
BXOOAT CHILI HHEPIUHH 3BeHbeB, PacyeT HA3HBAETCA CIMAMUUECKUM.
Ecny B yicno 3afadHbLX CHA NpH pacueie BXORAT H CHAL HHePLHH
3EeHLEB, To Takoli pacueT Ha3HBaeTes KuHemocmamuseckum. Tax Kak
MeTos, pacyeta fAR ODOHX cayuaeB sBasercA obwmM, To B fanbnedi-
weM GyneM Npenoaarath, Y4T0 B YHCI0 SafaHHEX CHI BXOAAT H CHAH
HHEpIHH, HSBECTHHE HaM MO BEJHYHHE, HANpaBieHHio H TOYKaM
npunomennn, lanee B nepeom npuGnmnweHdH Gynes BecTH pacuer
Ges yuemna cua Mpents.

2°, PacemoTpuM, Kak GyayT HANpapjeHsl peakuuy B pasjHYHEX
KHHEMAaTHUEeCKHX MapaX MhocKHX wMexaHuamop. Bo BpamaTenLHo
nape V knacca pesyisTHpyomias cina peaxuun F npoxoonT gyepes
uenTp wapHupa (puc. 13.1). Beanunna # Hanpaeienve 37oil peakiiu
HEH3IBECTHR, TAK KaK OHH 33aBHCAT OT DBEMHYHHK H HERPEBJIEHHH
88JIaHAHX CHA, MPHJIOKEHHEX K 3BeHLAM napu. B nocrynareqsHOd
nape V nacca (puc. 13.2) pearuws nepneHnMKyNfpHa K ocH JBH-
MWEHHA X — X 9710l napu., Ona MsBecTHa MO HanpasleHHD, HO He-
HAPECTHRL e TOYKA NpPHACHKEHHA H BoAHYHHA. HHHGI!E]'.T., K BEICIUef
nape IV knacca (puc. 13.3) peakuus F npunomena s Touke C xaca-
His apeuneB | u £ ¥ HanpaeneHa no ofmedl HopMaJu n — N, npo-
BEfleHHOl K conmpuKacatotyiyen npodunam ssernes I w 2 B Toure C,
7. e. 19 seicmedi napsl IV EJacca Ham MsBECTHH HanpapJeHHe peak-
LHH H €& TO4KA NPIAOHEHHA.
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Taxum ofipasom, na ONpefeNeHns PEAKIHH B KAMAOH N3 HH3LIHX
nap V kiacca Heofxoammo HaiiTH TO JBe HEHSPECTHHIX, a AJA onpe-
nenenns peaknun B Beicineit nape IV knacca — Tonbko omny He-
H3BECTHYIO BeJHYHHY.

an. OfoanayayM YHCOO NOOBHMHBIY 3BeHbLER NAoCKoH HMHeMaTu-
ueckoil uens Yepes n, uncho nap V Knacca — gepes py H uHCHO nap
IV knacca — uepes p,.

CocrapeM Tenepb YCHOBHE CTATHYECKON oNpene/iMMocTH MIOCKHX
KHHeMaThueckuX denefi. Tax Kak LI EKalJoro apeHs, HMemlero

2
k”/ ARSI ALA SIS .4:5*’/4[
by

S [y S [E—
[ “A
r
Pec. 13.1. Haolpasenme Bpana- Puc. 15.2. Crema  nocTyRsTefib-
TeawEol  KHICMETHUSCCNDR DApW  ©o HOR HEREMATHUCCKOR naps

CHEMATHEHPOBAHELME  KIHICTPYICTHE-
BN opaabn

NACCKONAPANAeILHOE ABHIMEHHE, MOMHO HAMHCATE TPH YpPABHEHHA
paBHOBECHA, TO YHCAO0 YpaBHeHHfl, KOTOPOE MBI CMOMEM COCTABHTE
npH n 3zeHsAx, Gyner papro 3n. Yscsio HenspecTHHX, KoTopoe Heof-
XOMHMO ONpeleinTs, Oyner paBHo pas
nap V knacca 2p; u gns nap IV xnac-
ca Pa-

CrenosarentLso, KHHEMATHYECKAA Lenb
GyAeT CTaTHYECKH ONpeIeaHMa, eIl YI0E-
NeTBopsAeTcH  YCJAOBHE

mﬁ. 13.3. I:mﬁpmuﬂi HEIC- e 2}.‘.‘5 + Pa- {13‘”

HHE ATHRECHOR  na H

At Dip e Kak Ouno nokasamo B § 10, nioGoii
THENEMN QopMEMH mexannam ¢ mapamu IV u V wnaccos

MOMET ObITh 3aMEHeH MEXaHH3MOM C napsa-
MH Toabko V knacca. [Mostomy pas paccMoTpenus ofmere cayyas
ROCTATONHO OTPAHHYMTECA DPacCMOTPEHHEM rpynm, 3BEHBS KOTOPLIX
BXOIAT TO/IbKD B napel V knacca.
Ipynma ¢ napamu IV knacca MoryT GuTh npuBesieHH K rpymnnan
¢ napamu V Knacca H MoryT GuiTh PacCYHTAHHL TeMH e METORAMH.
Torpa dopuyna (13.1) MosRer GuiTh Hanucama Tak:

3 = 2p,, (13.2)
CTRY 8
a4
Pe = Tn.

Taxum ofpasom, gucna speHbeR o nap cBAsaHE Mewny coGoil
cooTHoweHHeM (13.2). Tax kak uncna n 1 py NONKHE GHTE LeILIMH,
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70 STOMY COOTHOIICHHIO YIOBJETBOPAIOT CHEAYIOUIHE PRAN  9icen
sBeHBER H KHHeMaTHueckHX map (rafimua 4):

Kak HaM yiKe H3BECTHO, MepBOE coYeTaHHe 3BeHBEB H nap, T. e.
jBa 3BeHa, BXORAUMX B TPH mnapw, npexcrapnser cofoii rpynny
II knacca; BTOpoe CONETAHHE U3 YETHIPEX 3BeHBeB, BXOMAIHX B WeCTh

nap, npeictasaser coboii rpynny III Ttk

Kiacca TPeThero nopajka wiH rpynmy IV

Kiacca Broporo nopaaka M T. A, Takmm M i i i

ofipazoM, CTaTHYeCcKH ofpelelHMEIME #AB-

AAIOTCA KHHEMATHYECKHe LenH, HasBaH- i o 7

Heie Brite rpynnavy (em. § 12). Tostomy

Hanbouee palHOHANBHLEIM ABJIAETCA pac- 5 4 6

CMOTpEHHE METONOB ONpeJeneHun peakimi

b KHHeMATHYECKHX Mapax no TeM Kjaccas 5 6 g

H MOPAAKaM FPynm, KoTopuie G HaMu

YCTaHOBNEHR BRI, 4 B 12
£, Kar Guuo rokasane B § 13, npu

KHHEMATHUECKOM HCCAENOBAHHH MEXaHH3- . i .

Ma NopAioK HCCIenoOBaAHHA COBOAZAET C

NOPAAKOM NpHCOSAHHENHA Fpynm, T. e. . 2 .

EHAuane pacCMATPHBAeTCA TPYyNna, mpH-
CoEJHHAGMAR K HaYalbHOMY HAH HaYanbHEIM 3BEHBAM H CTORKE.
TNoTtom paccMaTpHBaeTcR ciefywoulas rpynna W 7. o, Tlopanok chao-
BOro pacydera ABNAETCH Gﬁpmﬂﬂﬂ.ﬂi MOpAAKY KHHEMaTHHYeCKOND HOCHe-
JIOBEHHEA, T. €. CLA0s0d pacucit Hayu-
Haemcs © nocaednedl (cuumas om Ha-
yabHo20 3eeHa) npucocdunennod 2pyn-
net f KOHSQSMCS CHAOSHIM  PACHEIOM
novaasHoeo asena. [lycrs, Hanpumep,
MOLJIEKHT CHAOPOMY PpacueTy LIecTH-
apeHHLi MEXAHHZM, TOKA3aHHWH Ha
puc. 13.4. K HayanbHoMy 3BeHY H CTOil-
ke [ npucoemisena neppas rpynna [1  Pue. 13.4. Cxewa =~ ecrfasedsoro
KJIACCA, COCTOALLEA U3 3BEHBEB & H 4.  hore mprcosmwuenien goyx rpymn
Jlanee x apery 3 u croilke 1 npHcoelu- El nmcca

Hena propas rpynna Il kaacea, cocTon-

nas u3 speHbes 5 B 6, CusoBoil pacueT clefyer HauklHaTk ¢ nocaen-
"Hell MO TNpPHCOETHHEHHIO TPYNOH, T. €. € TPYNNH, COCTORNiEH M3
apeHLeB & H 6, nocie storo clienyer nepeiiTd K rpynne, COCTORLIEH
H3 :'-.!Ee;be.ﬂ 3 u 4 u, HaKOHEL, K CIJIOBOMY pAaCuyery HayanbHOTO
3BeHa 2.

§ 55. OnpejeneHHe peaxuuii B KHHEMATHYECKHX mapax rpynn

1°. PaccmorpuM sapnauy of onpenefleHHH peakuuii B KHHeMaTHye-
ckux mapax rpynne 1l kmacca BCD nepeoro Buga (puc. 13.9).
Beenem caenylonipe of03HAYeHHA: 3BEHO, K KOTOPOMY NpHCOEMH-
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unercs 3peno BC, obosnaunm momepom I, seeno BC — nomepom 2,
apero CD — nomepom § ¥ 3BeHO, K KOTOPOMY NPHCOENHHFAETCH 3BEHO
CD, womepon 4. Cuny, AeficTBYiOULyio Ha 3PeHO ¢ Homepom [ co cTo-
POHE 3BeHa ¢ Homepos k, Oynem ofiosHauate Yepea Fp,, MOMEHT CHIIE
P, orhocutenvio Toukn A — vepes M, (Fy), paccrosmmse memuy
nByMs Kakumu-anGo Todkamu A w B asena AB — wepes Ly u,
HAKOHEL, MOMEHT raph, NeficToyumHi Ha 30eHO ¢ HomepoM &k, —
yepes M,. [lycrs paccuatpupaesmas rpynna Il wmacca (puc. 13.5)
HarpyeHa cunamu F, 1 Fy # napamu c momentamu M, u M;. Tpe-
OyeTca onpeienuTh peakulH B KHHeMaTHYeCKHX napax. 91a 3anaua

-

£
I
& 3
I [
f v
]
' [}
Puc. 13.6.  Kesemarn- Pre. 13.6. JeyEnoeopRopas TRYOOS Aopo-
SeCKAR CXCMO NDYXOBOL- ro BHARD ) KHECMAOTHYCCHAS CXEME © DOHa-
wowall  Tpynne  nepBECro SaNHEMA HE Hell CRAAMA H MOMENTEMA DAD

pEEE ena; G} naal cHA

mowerT GuTh pemieHa MeTofiom Haahos cui. B Toukax B w D npu-
ENajriBaeM HeHsBecTHHe noka peakunn Fy, u Fy, o, coctaBnas ypap-
HEHHE paBHopecus rpynna BCD (puc. 13.6, @), npupasunBaen
HYJIIO cYyMMY BCex CHJ, pelicTeyminix Ha rpynny. Fiueem

Fo+ Fy Fy+ Fy = 0. (13.3)

B sToM ypaBHeHHH HaM usBecTHH cHiH F, u Fy; no Besanyise,
HAMpaBJeHHI0 H TOYRaM npunomenis. Peaxumn me Fy, u Fy Ham
H3BEeCTHH TOJBKCO N0 ToukaM npuncrenus. Jlna onpenenenus Bein-
OHH ITHX PEaKUHil packiaibiBaer Kamayio H2 HHX HA JIBe COCTaBan-
HINBE: OpHy, NEeHCTBYIOULYH N0 OCH 2BEHA, H APYTY0, MephneHpHEy-
JIAPHYIO K OcH sBeHa. bynem ofosHauaTh nepeylo cOCTAEIRIOUYIO
PEAKLHH HHIEKCOM M, 4 BTOpYI cOCTaBafwoUlyi — HEfexcom [
Torna nonyuaem

Fo =Fa+Fa, Fy=Fs-| Fa. (13.4)

Bemmununt F¥, 1 Fi, moryT OuTh nOAyYeHW Hs ypaBHeHuii pasHo-
BecHs, HANHCAHHEX JUIf HAXIOro H3 3peHkeBZ W § B OTHENLHOCTH.
Ins sroro paccmoTpHm cHayana pasHopecke 3peHa 2. 3medo 2 na-
XOAHTCA Mof neficTBHeM CIeAYIOWHX cHA M nap: cunkl Fy, coctaens-
pompx FLon FI peasumun Fo,, peaxusn F,, w naput ¢ momentom M,,
CocTapuM ypaBHeHHE MOMEHTOB BCEX CHA CTHOCHTENBHO Toukn C,
Tak xak snak cunel F¥, Ham HeHsBecTed, TO NMPH COCTABICHHH ypab-
HEHHA MOMEHTOB 3ajiaeMcs MpOHSBOJLHEIM 3HAKOM MOMEHTa STO
cuaH. Ecam nocne onpesenenns pensgHHER STON CHJB OHa OKaMercs
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ompuyameasHod, T0 e¢ HCTHHIOE HANPaBIeHHE NOJHHO CrITh BHGPAHO
R POIMUAONORCHCHBLM .
Finmeenm

Mc (Fg) + Mc (Fz) + Mz = 0,

B sto ypashenue muMeuth of cun Fj, u F,, He BXOAAT, TaKk Kak
nEHME IeficTenst STHX CHWN mpoxoaaT gepes Touky C, 7. e.

Mc(F;l) =0 Mc{Faz} = [

Ilanee, Tax kak M¢ (Fh) = Falpe, To cocraenentioe ypasHeHue
MOMEHTOB TIFIHHHHEET BH]I

Mg (F2) + False + M2 =0,
oTKyIa n onpesensiem sennunny cumb Ff. Hueen

Mo (Fy) Mg
Pu=— [ + 5] (13.5)

3uak cham FY, kak Guflo yKasaHO BHULE, ONPENENAETCA 3HAKOM
npasoil yacty ¢opmyma (13.5). AHanornuno 43 ycnoeus paeHoOBECHA
3BEHA J moUTygaeM ypasHeHle MOMEHTOR

Me (Fa) 4 Mc (Fi) 4+ Ms =0,

taK Kak Me (Fa) =0 n Mc (Fx) = 0. Ilnn sernuunn cwnk Fa
Tefliepk NogyYaen

re __ [Mc(F) , M
Pl = — [Meld e |, (13.6)

Buak cuwnm FI, onpenensercR 3HaKoM r;E"aBnﬁ YacTH YpaBHEHHA
(13.6). INoayvennkie supamenuss gia Ff, v F{, noacrasnsem B ypae-
nenne (13.3):

f‘gl'{'FL_i_Fz_f'Fa“}‘F;s—l'ng:’U'

B 3TOoM ypaBHeHHH HAM HE H3IBECTHH TOMBLKO BENHYHHEL COCTaBNSA~
joupx F, u FE, peaxunii F,, ¥ F,,, vanpas/ieHHHX N0 OCAM 38€HLEB
BC u DC. BeiwusHel STHX COCTABAAIOLIHX MOrYT Outh onpeneeHH
nocTpoeHHes miapa cua.  Jlas storo M3 npoH3BOMbHOR TOMKEH 4
(puc. 13.6, 6) oTknagmBaen & npoussoinHOM Macurrale pp cuny Fy
H npulasnnen & weit cuny Fy. [Npusnamieaes K HEM B TOM e Macll-
tafe coorpercTeento cuaw Ff, w FY,, Kotopuie onpepenedn no ¢op-
MYyIaM g&ﬁ} it (13.6). STH cHIM NepneHHEYIAPHE K OCHM 3BEHLEB
BC w CD. Hanee us TONKH d npoBOipM NpAMYH, NapaiiaefEHYIO
oci BC, a M3 TOWKH £ — npAMy0, napanienbhyo oci ssesa DC.
Touka [ nepeceucHHA STHX OBYX OpPAMBIX M ONpENENAET BENHYHHH
coctasnsoux Fo u Fg,.

IMoanue peakunn Fyy H Fyy MoryT OWTE NOAyueHn Kak pesyfib-
THpytoulne corsiacHo ypasHenusm (13.4). lNlepean peakuus Ha niane
CHA NOJTYyaeTcs!, el CORJHMHHTL TOYKH f H @, BTOpas — eciH CoeiH-
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ko

HUTL Toukn ¢ u [. lna onpegenennn peakums Fy, 3sena 2 na sseto 3
HamumleM ypasHeHwe paBHOBECHA CIJ, [OEACTBYIOUIHX Ha sseHo I

Fyat Fyt Fy = 0.

EnuHcreennoll nenssecTHON no BefiMYiHEe W HANpAWTEHAR cuaofl
B 3TOM ypableHHy AsffeTcR cuna Fa. Benuuuna ee Momer Guith
IMJIYYEHa MOCTPOEHHEM N0 YpABHEHHID CHNIOBOTO TPeyronbHHEE,
Ilna storo Ha nnase cun KA puc. 13.6, 6 DOCTATOMHO COENMHHTL
Touks [ u b, Osesusno, wto pearius Fy,
papHas no BeNHYHHE pearind Fy, HO
npoTHeEONONOMHaA efi No 3HaKy, MoMer
CuiTh ONpefeneHa H3 YpaBHEHHRA pasHO-
BECHA seeHa 2

Fﬂ+F=+FE3'—‘ .

Ha npare cun pewtop Fgy npencraps
NeH TeM e otpeskom (Bf), wro u peak-
una Fg, HO HMEET nNPOTHBONOAOMKHOE
HanpaefieHHE,

2°, TepexomumM ¥ paccMoTpeHHio rpyit-
nut I knacca etoporo eupa (puc. 13.7, a).
P T rEYRUCBOIKONS  Dra  phynna WMeeT opHy KpaiiHiolo no-

FPYIUNA EBTOPOro EBHOAD o) siie- 3
N he e it 7 e STYnatenbtiyto napy B B ochio x— x.
nap cun: 0) wiaM cHl Ha rpynny ﬂ,Ef/IL‘TB}"lOT BHEIIHHE CHARL Fg,
H Fy i napu ¢ moMenToM M, v Mg, Peax-
IIHH B KHHEMATHYECKHX napaX MoryT OwTh onpenggedhl MeTononM nia-
HOB CHA. BEK}'DPHDE YpabHeHHe pasBHOBECHA BCEX CHIA, .II!EﬁC'I.‘B‘_I,.’[ﬁ[I.EHK

Ha rpynny (pwc. 13.7, a), wmeer crenyiommit Bun:
Fy 4+ Fy+ Fy Foy =0, (13.7)

Peaknua Fy, H3secTHa no HanpapneHwio: ona nepneliHKYNApHA
K OcH X — x Hanpaensiowedi. Touka npunomerns sToll peaxunn u ee
BENTHYHHA HeWwseecTHW. Jlns peakuns Fy, uspecTHa' ToOYKa TNpHIOIHe-
HHA, HO HEH3BCCTHH HH €& BEMlYHHA, HH HanpaefieHHE.

Pasnaraem peakumwio F,, Ha gee coctapnsiowme: omny FY, Ha-
npasfenHyio no ocl seeda DC, u etopylo F!,, nepneiuKynsapHyio
K otoit ocu. [lomywaem: F,, = F7, + Fi,.

Benuuusa cunw FY, onpesenseicR us ypasHeHHS MOMEHTOB Deex
CHJT, AelCcTeVIoWRX Ha 3BeHo 3, oTHocHTenbHo Tourn C. Mueem

Me (F3) -+ Mc (Fi) + M5 =0,
tak kak Mc (Fi) = 0 u Me (F5) = 0. Moment Mc (Fis) pasen
Mc (F4) = Filpe,

H, CICLOBATENLHO,
Me (Fa) M
t — . [MclFs) ,.._._L:[_
Fa [ {po 2 Ina
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3rak cum FYy onpeseasercss 3HaKoM cymMMH Momentos Mg (F)
u M, Tlopcraenss nodyuenHoe shipamenue ani Fyy B ypasxenne
(13.7), umeem

Fn —I'Fs"+_FB+F;1+F?ﬂ:U‘

B 5T0M ypasHeHWH HEH3BECTHH TOJBKO BENHYHHLL CHJ F, 8 F.
BenuuiHe STHX CHJ ONPEieNAIOTCH NOCTpOSHHeM MfiaHa CHA. i
NpOH3BONLHO BLGpaHHOH ToukH a (puc. 13.7, 6) & enCpalHom Mac-
wrrabe pp orknajupaes cuny Fy. B Tom e macmTaGe ?j‘)ifﬁamam
k nefl cuny F,. Ms Toukn ¢ oTKaagmMBaeM HIBECTHYIO CHITY £y, NEpneH-
AHKYNAPHYIO K ock seena DC, a wa TogKH d NpOBOAHM npsAMylo B Ha-
npasneriy cuisl F2, napanneabryo och sseta DC. Jlanee 13 TOUKH 4
[POBOAMM MPAMYI0 B HANpasfeHud cuibl Fy, (epUEHIHKYAAPHYIO
K ocH ¥ — x. Touka e nepeceveHHA 3THX NPAMHX ONpepe/fer BeJH-
qubE peaximii Fy, # Fy. Peaxuus Fyy npenctasneda g MacurraGe Pp
OTpeskoM ce, a peakiis Fy —otpeskoM ea. s ypaeHeHu pasHoBeCHA
apeHres 2 u 3

Fﬂ‘FF!‘I'F:aEﬂ- Fo+ Fy+ Fpu=0
onpenensem peakiun Foy n Fyy. Peakuus Fyp win passas eil no
BeHYHHEe | TPOTHBONONOMHAR 110 HanpasneHuio peakuus Fg npen-
cTapNeHH oTpe3koM be.

OctaeTcs eiwe onpenenuts Touky K npunomenus cinki Fy Ha
ocu ¥ — x manpaenmwomef (prc. 13.7, a). Ilna storo cocTapnaes
ypaeHeHHe MOMEHTOB CHJl, JeHCTBYIOUMX Ha 38€HO Z, OTHOCHTENbHO
toukn C. Hmeem

Mg (Fo) + Mg (Fu) + My =0,

tak kak Mg (Fgg) = 0.

STOM ypaBHEHHH HEHSEECTHLM SIB/AETCH ToAbKo nneso h
cunet Fyy (puc. 13.7, @), xotopoe Hs 3T0r0 ypasHeHus MOMET CblTb
orpenesexo.

Hmeem M

. [MclFs) | M.
it [ Fa Fuy ]' g9

[Monowense mwieva i oTHoCHTENLHO ToYkH C onpenenneTcs 3HAKOM
npaeoii wactH ypasHenun (13.8).

Tax kax nonayu B (puc. 13.7, @) nokasaH cxeMmaruyto, To Touka K
npwickeHna cunbl Foy okasanack nemaulell Kak Gbl BHe NOMSYHA.
B peiictenTenwHocT e cHna Fg; nNpHaoMeHa & 30He KOHTAKTA
asebes | u 2. Ecnn, nanpumep, nofsyH KOHCTPYKTHEHC BHNOJHEH
B EHjie napanfenenHnens, LNHHA KOoTOporo pasHa [, CKONb3ALIEro
B HanpaenswulPX ¢ — ¢ (puc. 13.8), TO MoMHO nNEpeHeCTH TOYKY
npunomenns cual Fy, B Touky O — uentp nonsyua (puc. 13.8).
Torpa ua nonsys Gyner neficroosath cuna Fyy W napa CHJl ¢ MOMEH-
ToM M, paBHEM No BealYHHE

M = Fylt',
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rae h' — paccrosiine ot Toyks K no Tosku 0. Tlapy cun ¢ Mouen-
ToM M ynoGuee npeicTaBuTh B Buje ABYX cual FY, u — F2, npunoses-
HEIX B Epaitiinx Toukax N o L nonayua (puc. 13.8). Benwuwsea cuim

F;, pabma

M R
e oy

Taknm ofipazom, noiaye OyAeT HAXONHTBCA NOA JefiCTEHEM CHIE
F,,, npunomenrofi 8 Toyke O, u cun Fy w —FY, npunomensmx
e Toukax N u L w cospaicimnx mapy ¢ mo-

il i nenTom M.
FEel- i 2 -/;,y;gf-r Brumne mu paccMOTpeTH nonpofine Bonpoc
T — ‘;f.. of onpefefeHHH peakURfl B KIHEMATHYECKHX
Gy gty - napax rpynn Il knacca nepmoro M wToporo
~iie puga. Peinedwe srtoft szpaum gna rpynn 11
A KAaCCa JPYrHX BHAOE OYIeT aHanorHYELM.
Puc. 13.5.  Puchpesencnse 3°, Tlpn onpesenerns peakimil B KHHe-

P potrynatentach nomo e MatigecknX napax rpynn 11l kmacca maw-

Gonee ynoGHEM ABAASTCA METON (AHOE CHA
C HCNOAR3OBAHHEM oCoGLX ToYek. K uzfoens:o STOTO METOmA Mbl
H [epexoimM.

[lycte sapawna Tpexmopomwosas rpynpa Il knacca BCDENG
(pre. 13.9, a), wa xotopywo nelicteyior samanume cunnt Fy, Fy, F,
H Fy 0 napwut cun ¢ moventame My, My, M, u M,. Tpetyerca onpe-
fenHTh peakiiii B KuHeMarwueckux napax B, C, D, E, N, G.

Puc. 13.9. Tpexnosoaronsn rpynns §1] Kaacca: 0) KENEMBTRNECKEH CXCME © MOKRISRREAG
Ha pedl cHAaMH 0 MOMenTAMH nap cRal O) nmad cin

Paznowum peakuud Fyy, Fy v Fyp Ha npe coctapasiomme: Baosib
OCH COOTBETCTEYIOUIEro NOBOAKA H N0 HANPABNEHHIO, K HEMY NeprieH-
IHKYAAPHOMY, M FoCTAaBHM ckoell sapagell onpefefeHHMe STHX Co-
craenaomux. Mueem

Fu=Fn+ Fa, Fx=F%+Fl, Fua=Fi+ Fl. (13.9)
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HanuieM ypABHEHHE MOMEHTOB BCEX CHJl, [eHCTBYWIUMX Ha
speHo 2, oTHOCHTENLHO Touku E. Hmeem

My Mg (Fiy) 4+ Mg (F3) = 0. (13.10)
Ha ypaenenun (13.10) onpeennen penuunny peaxunn Ff:
Ft = — ME(F) + My
1 Ige
Jlanee ws YpaEHeHHs MOMEHTOE BeeX chJl, HeHCTBYIOUMX Ha

apeHo 3, OTHOCHTENLHO Toukk N onpenennen peanuuny peakuun Fl.
Hueen

M; 4 My (Fie) + My (Fa) =0, (13.11)
OTCH oA
Pl o Mp (Fs) 4 My
= iow -

Hs ypaksenusi MOMEHTOB BCeX CHJI, neilcTeyloulMX Ha 3BEHO 4,
oTHOCHTENLHO Toykn G onpenensem BenuguHy peaxiin Ff. Fiveem

My -+ Mc (Fiz) + Mg (Fq) = 0; (13.12)
OTCHOIE
Fto— . Ma(Fa) + My |
a7 IDG

Ianee HaXomHM Ha nepeceseHin ocell KAKNX-NUGO ABYX NOBONKOB
ocofyI TOYKY & H COCTABMAEM ypaBEHeHHe MOMEHTOE EceX cui, Jefis
CTEYIOUIHX HA FPYNNY, OTHOCHTENBHO TOukH S.-Hueem

Ms (F2) 4 Mg (F) 4+ Ms(Fi) - Ms(Fs) + Mg (Fh) + Ms(Fie) +

+ Ms(Fl) + Ms(Fi) 4 Mo+ M3 4 My + M5 = 0. (13.13)
B stom ypaeHennn MoMeHTH cua FJ, u FY oTHOCHTENLHO TOUKH S
papyn Hymo. Peakuun FY, Fi; u Fi, nami yxe onpeaenennl. Enmn-
cTeeHHOfl HewsBecTHOH cHnofl, Bxommuell B ypaevenwe (13.13),
ApnneTcs peakuya FJ, MOMEHRT KoTOpoll OTHOCHTEABHO TOMKH S

paeerMs (Fi;) = Fizh. Ha (13.13) onpenensien pemiukHy peak-
uuu F

Onpepenus peakumio F2, uaxomnm peakmuio F,, Kak FeoMeTpH-
YECKYH) CYMMY JABYX HIBECTHHX HaM COCTABNAMMIHX

Fg=Fj 1 Fi. (13.14)

[Npupapunpaes nanee HyJI0 TEOMETPHYECKYIO CYMMy ECEX CHJ,
BeficTBymHEY Ha rpynny. Mueewm

Fi+ Fo+Fot Fod-Fu - Fs - Fy+ Fly+ Fis = 0. (13.15)

B stom ypapmennn HEWSBECTHBIMH OKASHBAIOTCA TOJLKO BefH-
UHHE coctaamouux F3, B Fj;, KoTopse u MoryT O6uTh onpeuenens
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H3 ypaBHEHWR NOCTpOEHHEM NAaHa CHI B BHOpaHHoM MacliTafe
(puc. 13.9, 6). M3 npowseo/bHON TOUKM & OTKAajmBaen cuny F,
B BHAe oTpeska ab. B Toure b K Hell npuknanmBaem cuny F; b Buze
OTpeaka be, B TOYKe ¢ npuknajuBaeM cuay Fy; B Bune orpeska cd.
Ianee B Touxe d npuknanmeaem cuny F; B Bule otpeaka de. Hago-
HEll, B TOuKe ¢ npHEAajueaesm cuny Fj B Buje oTpeska ¢f. B Toykax a
Il f npuknajnBaem patiee onpejenenrrie cik FY u FYy 8 ine otpes-
KOE ag W fk W uepes mosyueHHNWe TOYKH £ ¥ & NpPoBOOHM NpFAMHE,
napananensiue cuniam Fy, v Ff. Haxopum nanee toury I nepecegenns
HTHX TpAMBIX. COEJ]{HI-IHB Touke @ o [ niana CHA, MOJyHHEM B MAac-
wralie pp NnonHyw peakuuic Fy B Buae orpeska lo. Coenpuan Touks f
H I, nonyqaenm b ToM xe MacwTale noamyio peaxkuuio Fs; B sHpe o1-
peaka fl.

Peakuuu Fo, Fy, u Fy, onpenensen us ypasieHudi, Brpajalonnx
YCHOBHS paBHOBECHA OTAEABHO B3ATHX aFeHbes 2, 3 u 4

Fﬂ+FE+F35'=ﬂr Fm+Fa+Fas=ﬂa F47+FI+Fd5=U-

E nepBoM 13 sTHX ypasHeHHH HeusbecTHofl ABanercA peaxuun Fog,
BO BTOpPOM ypaBHeHHH HeuapecTHa peakuHs Fgy W B TpeTheM ypaeHe-
HHH — peaknHa Fy. OTH peakuuH ONpENeIATCA NOCTPOEHHEM J0-
NONMHHTELHWX CHIOBHX Tpeyromwiukos. Ilepsam peakuus onpe-
JENHTCA, ec/ii Ha Naale cHA COEfNHNTL ToukH b u [; BTopan peakia
ONPENeNHTCR, eCTH COSIMHHT TOUKH [ H e, H TpeThR peakuus —
ecau coetnunTh Touks b u d. Orpesok bl B Macirtale pp npencraBnger
peakimio Fy,, oTpesox le B ToM me Macwrale — peakuuio Fyg n
otpesok bd — peakumio Fg. Tar onpenenstotca peakuin 5o Beex
KHHEMaTHUYECKHX napaX TpexnoBofKOBOH CPynNhsHL

S1oT MeTon MoeT OWTh pacnpocTpaHeH Ha Jiofble  Ipynnm
II1 knacca, B kKoTopuX MoryT Gurrh Halijens ocolke TOYKH,

4°. Tepexonmd K paccMOTpeHHIC Bonpoca of onpeleneHnn peak-
uuil B KHHEMaTHYECKHX napaX Ipynn, B COCTaB KOTOPHX BXOMSIT
Buciiie napuw. Hs ypaewenus (13.1) cnenyer, uto cratwdeckas
OMpenenHMocTe STHX TIpynn YNOBNETBOPSETCA, €ciH, HanpuMep,
OHCAO BBEHEEB M paBHo n = 1, YHeno py nap V knacca paewo g, = |
H uucno pg nap IV wnacca takoxe paeHo p, = 1. 31a rpynna noka-
3ana Ha puc. 13.10, a. 3peno 2 sxoauT RO BpamlaTencHyl napy B
co speHoM | W B BuCInyio napy £ co speHoM 4, BLINONHEHHYIO B BHJIE
JBYX CONpPHKACAKUIHXCH KPHBHE p — p 0 ¢ — g. Haxonum Ha wop-
MajH n — n, npoeefjenHoll Yepea Touky E, ueHTphw KpHeHsHe C u D
CONPHEACAIOUHACH KPHBEWX p — P H §— g H BBOOHM 3aMeHRAmomes
spedo J. Torma wmeem rpynny Il wnacca BCD nepworo Buna, ama-
JNOrHYHYIO Ipynne, OokazamHol Ha poc. 13.6, a. Tlycrs speno 2
Harpy#eno ciliol F; u napoil ¢ momestom M, (puc. 13.10, 4). Peax-
ums Fy Momer 6T mpelicTaBfeHa Kak cyMMa JBYX CoCTaBJRIOUIHX

Fy = F3 -} Fa.



§ 55. PEAEIIHH B EKHHEMATHUECENX TIAPAX TP¥MN o8T

Tak KaK 3peHio 3 RENAETCA (PHKTHBHLEIM H He HaIpYHeHO BHeUTHHMH
cinaMit # napasu, To peakuus Fy, HanpasieHa no npamoit CD. Sta
peaKkuua paBHa peakunn Fyg

- FﬂgFuq

Takuym ofpasom, ypaBHeHHe paBHOBECHS Ipynfikl HMEeT BHA

Fiy ++ Foy -+ Fz2 Fyy = 0, (13.16)

E ypasuennn (13.16) HepspecTHHMH ADJAIOTCH BEIHYHHE CO-
crapngoux Fo, w FY, peasxumn F,, u BesqnunHa peasumnn  Fy.

Puec, 18.10, pyona ¢ ofpofl seemrell ¥ ogpol molel KRUCMETHSECKAME DOPEME! a) Henes
METHNECHAR CXOME € DOHASAHHEME HS HEdl cHnSMH B MOMENTON Bapsl cwai ) ones cen

Cocrapnaiotian FY, onpejenserca U3 ypapHeHHA MOMEHTOB BCOEX CHJ,
neficTRy:ClHX Ha 3peHo 2, oTHOCHTENLHO ToukH C. Hmeen

Mg (F, M
Fty=— [y e ] (13.17)

Crenoeatensto, B ypaetenun (13.16) 6yayT neH3BecTHRIMH ToJbKO
BenyHNE cocTapaaiouell FY, u peakunn F,,.

Jna onperenenusn penuunn coctapasomedt FY u peaxinm F,
ctpouM maaH cmn (pec. 13.10, 6).

Jlns sroro Mz npoHaponLHON TOYKH @ OTEAAIME2EM B HEKOTOPOM
macnrrale pp cuny F, w0 npuxnajguBaeM K Hell B TOM e Macumate
cuny Fy,, Bruschennyo no gopmyne (13.17). M Touku ¢ nposofim
NpaMyw0, NapanieabHyi HanpasieRno BC, a ws Touku a — nps-
My, DapannensHyto Hanpasnennic DC. Touka d nepecedenns sTux
npaMEX onpefennT peakunn Fy, n Fy. TNonuan peakuns Fy, nsoGpa-
HaeTca orpeskom bd.

Hs paccuorpernoro npuMepa BHAHO, YTO KHHETOCTATHYECKHI
Pacyer rpynn ¢ BHCIIHMH NapaMi MOMHO BeCTH NyTeM MpHBEeHHs
STHX I'pynn Kk IpynnaM TOMEKO ¢ OOHHME HHSIHMHE napaMi 'V mnacca
H HCCNefoBauHA YoloBuil paBHOBECHs NoJydYeHHOW Ipynnsi.

g non Aprobonerckni
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§ 56. Onpepenenne peakumii B KIHEMATHYECKHX Napax rpymi
€ YHETOM CHA TPEHMA

1°. B §55 nHaumn 6Ll paccMOTpeH METON oflpejefeHHs peaxuuii
E KHHEMaTHYCCKWX Tapax B NPeancoMellHH, YTO TpeHHe B -napax
OTCYTCTBYET.

PacemoTpus Teneps, KakWe Aondie ObiTh BHECEHK M3MEHEHHA
B METOOHKY HINOMCHHHX PACYETOE, €CNH YUHTHBAIOTCA CHAH TPEHHA,
BEOZHHEKAOULNE B KEHEMATHYUCCKHX napax.

B kasecivee nphsMepa pecomorpuM rpyriy 11 wnacca nepsoro Bua
(puc. 13.11, @), warpymenuyo cunamn Fy u Fi;. B coctas rpynna

Pue, 18,11, Oeyrnobonkoses FPYNNE mepecio niens: a) EHacMaTENecHED CHEMa © n0KEsaEe
HRMD id Bolfl conamn B MOWERTaMUE nDap cHA O) AeE cin

BKOAAT TPH BPALATENhHKE KHHeMaTHYECKHe Mapkl, H B STHX papay
BosHuKaoT MosenTat MT,, MT, M2I, u MT, ot can Tpenia. Beawymik
HTHX MOMEHTOE, corniacHo qopmyne (11.25), papnu

M%y = Fafsre, Miz= — M3 = Fafcre, M3 = Fafprp, (13.18)

rae Fyy, Fiu, Fay — eemuuupn peakunfi 8 napax B, C, D; f&, fo.
fo — xosddrupenTs TpeHHA Bo BpallaTeibHEIX Napax; fy, fo M rp —
panHychl LUHAHHIPHYECKHX 3JeMeHToB sTHX nap (c. § 47). Hanpae-
Jenue ITHX MOMEHTOBR 32BHCHT OT HanpabBlCHHA COOTBETCTBYIOLLHX
YILAOBRIX EHO}:‘PI‘.‘E‘I‘Eﬁ OTHOCHTEIEROMG ADHMEeHWA 3BeHLCB rpynmnal.
Tak, ecnn yraoBasi cHOPOCThL @y 3BeHa 2 OTHOCHTEN:RHO 3pbeHa [
HanpapJeHa no uacoRol crpenxe (pue. 13.11, a), To movent MT, npu
pacCcMOTPEHHH PARHOBECHA 3BeHa 2 AomieH OlTh HalpasieH MOpo-
THEOMOJNOWHO BpalieHHo yacopofl crpenkn. Ecan yrioBas CKOpOCTE
4y SBEHA 2 OTHOCHTENLHO 3PeHa J HMeeT HanpaBleHHe, NpoTHBo-
HONOANIOE HANPABLENHIO BPAWEHHA YacoBoli CTPEJKH, TO 3HAK MO-
menTa ML, npH paccMOTpeHHH PARHOBECHA 3BeH3 2 JIOMKEH COOTHET-
CTEOBATL HANPAGACHHE DpaineHHsa uacowofl ctpenkd, W T, g, Ecre-
CTOOIC, UTO NNM NHCcChOTPEHHH DapHOBeCHA 3BCHa J 3HaK MOMEHTA
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M1, NpPOTHEOMONOMEH SHAKY TOMO e MOMENTa NPH PACCMOTPeHHH
papnOBECHA 3BeHa 2, TaK Kak

gy = —y, H M:m. = -_M:S'

BekTopHoe ypapHeiHe paBHOBeCHs cHA, JefiCTBYIOUIHX Ha rpynny,
HMEET CAenyIIEl Buu

Fi - Fiy - Fo - F3 -+ Fi - F3 =0,

rae Fg, FL, F2, u F!, — cootBerciByioie COCTARNAIOWHE peaxumii
F,, u Fyy (puc. 13.11, a).

llna onpenenennn pesivduy coctapnsiomux Ff u FE, cocrapnsem
ypaBHERNA MOMEHTOE BCeX CcHJ, JelicTBEYIOmMX Ha 3peHwa 2 u 5:

Mc (Fh) -+ Mc (F2) -+ MG -} M5z =0, (13.19)
Me (Fi) -+ Mc (Fs) -+ M5+ Miz = 0. (13.20)

B ypasnenna (13.19) u (13.20) BX0AAT MOMEHTEI TPEHHA, KOTOpLIE
onpenesisores k3 ypaprenuft (13.18), Ho Tak Kak peakumn Fyy, Fiy
i Fy; HEMIBECTHH W NOLNEHAT ONpelenelHio, To B3 ypasreHu# (13.19)
# (13.20) He MoryT OhThL HENOCPEACTREHHO ONPENENEHH H COCTAB/IA-
oompe FYow F! . Takuw ofpsazoM, 3agada CBOOHTCA K COBMECTHOMY
peledtio BeeX LICCTH ypaeHeHHRH paBHOBECHS, HoTOpwie B ofuied
caywaz moryT Gumh coctaBnent: JnA 3scHeeE 2 u §. CoBMecTiioe
pelleHHe TaKOH CHCTEME YpaBHEHHH NPHBOAHT K uype3rnuaiio rpo-
MOSAKHM BRUYBCTeHHREM, l'JﬂBTOM_‘," AR OpakTEYeCcKHR pﬂf_"iETﬂB JIVYLe
NpHMEHATE chocol NoclefoBaTellbHEX NpHOIHKEeHRE, K W3ioMemno
CYILHOCTH KOTOpOro mul B nepefizen,

2% llpeanonosuM - B NepuoM npulUIMERHH, YTO MOMEHTH CHJ
Tpenna pabuel Bymo M3, = 0, MY, = —ML = 0 n MT, = 0. Torpna
sajlaya CBOAMTCA K pauee paccMoTpernomy B § 55 ciysaio pacyera
rpynnel Ges yuera CHJ TpeHus B KHHEMATHYECKKX napaX. Ykasan-
HEIMH TaM MeTofami HaxonwM coctabamiomme Fi uw F!, u crponm
naau cunn (pue. 13.11, 6). Ilycte Ha 3Tom nnave cHA noflyveHnhe

peakini B napax B, C u D cooreercreento pabun Fp, Fip # Fi.
Ha puc. 13.11, 6 peaxunn F3; we nokasana, urou He sarpyxark

uepre. [Nonyuennne snauenns peaxunii Foy, Fae u FY noacrasnses
B Gopyyna (13.18). Hween

(M%) = Fifers, (M%) = — (M) = Flfere, (ME) = Fasforn.

3ITH HOBLIE 3HAYEHHA MOMEHTOR TpEHHA NOACTABMIAEM B YDABHEHHA
(13.19) u (13.20) » onpellensieM U3 HHX HODME SHANEHNA BeJHUMH
coctapngionx (FL) » (FL). BuroBb nonyuentme Benwuumb sTHX
CGCTHB.FIHIDHIHI, CHEBNIHO, OTAWYAaI0TCH OT TEX, KOTOphRE ﬁHJ‘l]i EI{J..TIH-
HEHH B NMpeanoNiokeHil paBeHCTBa HYJII0 MOMERTOE Tpenus. Ilostomy,
FC/IH B nepuom clyyae Kouel ekropa cunnl FY, Haxofunes s 1ouke d,,
70 Terepk on GyneT HaXORHTLCA B HEKOTOpPOR Apyroil Touke dy. Touso
Tak e Hayano pextopa cuikl FY, GyleT HAXONWTHCA He B Touke €0

9#
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d 0 ToOYKe ¢y. ﬂpu:ae,un npiaupie. B HAMpaBICHHAX COCTaRMAIOUIHE
(F2,) w (Fn), nafinem, uto koneu sektopa cunm Fy,, navano sexropa
culiel Fhy 1 Hauaio sekTopa cHAb Fie GYAYT HaXOIHTECA He © Touke fi,
a B Touke [,. Takuu oOpasom, Oyler nocTpoel BTOPOIl naaH cui, U3
KOTOporo onpefenates Hopwe auadenin Fa, Fu w Fy peakunii B na-
pax B, C n D.

Ilast elne GOMLIIEFD YTOYHEHHS BeNHYHH peakuuii B napax MOMHO
CHOBa MOBTOPHTL ngnneneum-aﬁ pacscT, ANA Yerc NoJyueHHEE 3ila-
ueHns g, Fiz v Fi Hago cHOBA TNOACTAEMTE B sy (13.18),
OnpeNeniTh HOBLIe 3nadennn Momeiros Tpenus (ML), (M')", (M1)"
W (M®)" 1 uX B CBOIO OMEpell NOACTABHTE B ypabrenws (13.19) u
(13.20), Torpa Oynyr onpellefeHkl HOBRIE 3HAYEHHWR COCTEBARIOLINX
(FL)" w (F.)" w wmower OuTh NOCTPOEH HOBHE TNoak  cuA
(pric. 13.11, 6), b KOTOPOM Mbi NOAYYHM COOTBETCTDEHHO TOUKH dy,
&, [, W, chencBatensno, onpenenuM Hosible peakunn Fz, Fi v Fi.
Vrkasaunelii npouecc MoweT ObiTh NMPOAOANEH W fanbile, o TPaKTH-
uecKH BHoJHe AocTaTouno OhiBaerT orpanuuMTLCR BTOPHM HIM Aame
nepeLM  NpuCnumenden w naity cwm Fa, Fi v Fi owm
ronsko Fiy, Fiz w Fa.

Vkasannutii MeTofi MOXeT ORITE pacnpocTpaHen Ha rpynne BceX
KAACCOB ¢ MOORIM cOUETAHNEM BpPAUATENLHLIX, 8 TAKHE NoCcTYnaTeiL-
HHIX BHICIOHX nap, Merton sipasiercss NpHOMHMEHHLIM W MOMET NpH-
MEHATECH TOJNLKD B TeX CNY4anX, HOTLA HMEeeT MecTo Npollece CXoiH-
MOCTH W Ka¥ipe nocienyionee npHbinwenne NaeT MeHkiee HaMene-
HHE NpHPALIEHHA CHJBI MJIH MOMEHTZ, 4YeM hpelsylyliee.

§ 67. KuneroctaThdeckili pacyer HAYANLHOTO 3BCHA MeXawH3Ma

I°. PaccMotpum Teneps, Kak Mower GuTh onpefenena B obuiem
CTyya€ peakiii B KHHEMaTHYECKOH nape, B KOTOpPYIO BXOJHT co
croiikofl HauaibEOE 3BeHo. 3TO 3BeHO oOHMNO EXOAMT o CTOHKOH
WAH B nocTynatenshymoo napy V KNacca ua BO BpallaTelibuyio napy
V knacca. Tlostomy pacesorpum ofa st cayuan otnentHo. Ha dop-
myae: (13.1) eneayer, yto noi AeHCTBHEM NPOHABOJEHO NPHICHKEHHHX
K HEMY CHJI, B TOM YHCTE U CHJ HHeplliH, HauanbHoe 3BeHo B ofueM
cnyuae He HAXOUMTCS B PABIOBECHH, TAK KaK MpH YHCIE NONBHIKHEIX
SBeHLEB, PABHOM eIHHHIE, i wHene nap V khacca, paBHOM TAKME efi-
HHLE, YHCJIO YpaBHeHHli paBHOBECHH, KOTOPOE M MOMEM COCTABHTE,
Ha @nHHHLY MeHbLIE YRcla HEHIBECTHLIX, NOAIEHALITX GHPEH,EJIEIIH[O,
TAK Kak

n—2p,=3—2=1

Yrofsl WMedo MecTo paBHOBecHe, HEOGXOLHMO JONOAHHTENbIIo
BBECTH CISY KA Napy Cil, YpABHOBCIIHBAIONLYH) BCE CHIHL, NpH-
JIOMEHHEIE K HaYaALHOMY 3BeHY. Sta cHAa W MOMCHT HOCAT HaspaHue
ypackoseluneiowedl Cunbl B YpasHoseLiueaioueeo  Moserma, Takum
ofipasoM, YPOEHOSELINEQIOIUA MOMEXMOA HASEIBAIOT MOMEHT CHI,
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peffcTBYIOIIHX Ha HayanbHoe 3peno, ofecneyubalomtuft  sanammwfi
sAKOH Ero JBMHEHHR. AHAAOIHYHO ONPENENRAETCH NOOaHO8ELIIAII0L
cuad. YeNOBHMCA ypapHoseluMBaKIylo cuny ofoznayath yepes Fy
a ypaBmoBelIMBaroltkii momeHT — uepes M,. PaccMoTpum Bonpoc
O TOM, KAKHE e CHIH H MOMEHTHI GVIYT B MAIUHHaX YpabHODBEIIRDa-
BOLLEME.

lpennoacsnm, Y4TC PACCMATPHBAETCH 3a8jaya o CHJAOBOM pacyere
KPHBOLIHITHO-HOAZYHHOTD MEXaHHAMA OAHOLHINHAPOBOTO NOPLIHEBOTO
JRUTATENS, NMPHBOMALNErC BC BpaleHHe Kakylo-nnbo pafouylo ma-
wony. Ecnn B kauwecrpe nauanbuoro spesa Buifipan kpusowsn J
(puc. 13.12, @) nowrarens, To npucoenmesemas rpynna Il knacca

A
bz 3
FH
g
Prc. 13,12, Kpﬂamurlruﬁrllﬂﬂﬂymn MEXHEHELT ﬂ'] HEPEMETHUSCHAA CXECME © NPIOHEER=
HiamH ¥ HEANANLBHOMY ml:}' CHAEME: ﬁ! ONaE CcHA

fiyaer cocToaTe K3 watyna 2 v nopins 3. Tocne ewnoporo pacuera
o70il TPynnbl ONPEENHTCR Peakna Iwatyna 2 wa Kpueoluwn f —
cuna Fy,. Kpose Toro, KpHEOLINN HAXOAHTCA Nof feficTBHEM cullbl Fy
B nape cuil ¢ moMenToM My, NPelcTaBRAIOMMX cofoil pesyneTHpY-
FOIITHE OT BHelTHHY HATPY30K # o uuepuun. ITon neficTeneM sTHX cHA
i peakimn Fyy crofiki KpuBowMn B oflEM cnyyae He 6YIeT HaXo-
IHTECSL B paBuopecHu. Jlns parHoDEcHA HEOGXOAMMO MPHAONKHTS
?;Eaisﬁunemmaamm}-m CcHAIY JF':Ir HIH YPaBHOBELIHBAIIMKET MOMeHT M?.
HMH }'I}HBHDBEUII!BBH}U.T,HMH CHAOH H MOMENTOM SBJIRIOTCH PeaKTHD-
HEIE CHARL HAN MOMERT OT Tol paGoueii MallHHE, KOTOpas NPHEQIHTCA
B ABHIKEHHE pacCMaTpHBacwnm apuratened. Ecam Kosenuatwil Ban
IEHraTens H CHabuuii DAl pafiodMell MalUWHE COSOHMEHH NOCpes-
CTBOM MY(TH, T ME GY/EM HMETH B KaYeCTDE YDPABHOBEIINEBRILIEND
MOMEHTH, NMPHIACHEHHOIC K Bany NBHraTen s, pEEHTHIJ-HHﬂ MOMENT CHJ
conpotHeaennn pabogell Mamwneel., Ecnn KoaewuaTwi an fipurarenn
COB/HHEN ¢ TNSBHEM BAanoM paGouefi MalMHEL MOCPEAcTEOM 3y6uartoll
nepegayy, To MH GyEM HMEThb B KaYecTBe YpaBHOBELIHBAIOMEH CHALL,
NpHno#KenHolt K syGuatoMy KOJAECy, CHASUIEMY Ha Baly JBHTartens,
peaxTHoHylo cuay paGovedt maunbl, OYeBHANO, YTO 578 PEAKTHBHaS
CHIa, echu npereGpedt TPEHHEM B CONPRMEHHHIX npoduanx aybues,
OyieT HanpaBfieHa no HOPManw K NpodHifAM CONPRMCHHHX 3Y6hHER
3ytuatoll nepenayd. Takum o6pa3omM, NHHHA JeficTEHA YpAEHOBEH-
Baliiefi cHAM NOANOCTHI0 ONPENE/AeTCH KOHCTPYKUMel nepenatod-
HOTO MeXaHHaMa OT MAWHHK (YPAaPHOBEMHBAIOMWHMHE CcHAOH  HIAH
MOMEHTOM OyAYyT PeaKTHBHAR CHIA HIH MOMEHT OT JBHrarens).
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2 . MNycte ravanukoe speno J (puc. 13.12, a) srogiT ¢ HeNOABHA-
HEIM 3PeHOM BO BpamaTenbHyio mapy /A # H2 970 3BeHO JEHCTRYKT
cuna Fy,, npelctaBamiowan coboil pezkiimo seerna 2 wa 3seno J,
safannan cuia F, w napa cua ¢ momentom My, [lyers anmmed pefi-
CTBHS ypabrobemmpatouleli cunbl Fy Oyner npsiman m — m. Torna
pennuHKa sometta My (Fy) ypaphopemmpaiciiefl CHAH Haillercs
U3 YPABHEHHA MOMEHTOB BCEX CHJI, JefiCTBYHLIHX HA 3BEHO OTHOCH-
TenkHo TOYKH A

M 4 (Fy) -+ My (Fy) 4 Ma(Fra) -+ My = 0.
Creroaa noayyaem suasetine momenta M, (Fy):
M4 (Fy) = —IMa(Fy) -+ Ma(Fra) -+ Myl {13.21)

3uaKk MOMEHTA ONPEIENHTCA DEMHYHMHAME M SHAKOM MOMCHTOB
My (F)), My (Fy) v M,. Ecan npn onpepsenennst CHJA EHEPUHH
L0 NPHHATO PACHOMEPHODE ABHMKEHHE HAYAJALHOIO SLEHd, TO MO-
weHT M, = M, (Fy) Oyler ypaBHOBEWHBAIONIHM. Ilpu wepaseHO-
MEPHOM JNBIDKEHWH HAYaJRHOTC 3BENa H2fI0 BHUECTL HAH NpHaEHTb
MOMEHT cul umepunn. Beanuwsa ypaesopeimpatouteil cuan Fy
ONpENeuTCH H3 yCIoBHA

Foh = M, (Fy),

rne h  ecth H3BECTHOE nNNeuo ypapHosewwpaouefi cwam  Fy

(puc. 13.12, ).
Torpa aveen F, = —IMA(F‘]+M:{F‘*}+ Mol Tak kax sean-

UHHA B Hanpaenenne cHAu Fy Tenepn naM USBECTHH, To peakunn F,
B KHHeMaTHYECKOH mape A onpeneluTcs N3 BEKTOPHOTO YpPapbHCHHS

Fy+ Fio+ Fi+Fp=0. (13.22)

['padmueckoe  peiueliye  5TOr0  YPaBHEHHA  MOKA3aHO  Ha
puc. 13.12, 6. Ecnm ypabBrorewwBafoiein Gyner He CHia, a napa
CHJ, TO BeNHYHHA YPABHODEINHRAKUIErD MOMEHTa M, OUpeneHTCH
H3 ypaBHeHIA, aHanornydoro ypaeuenmo (13.21):

M, = —|My (Fy) + My (Fr) + Myl

Peakunn Fip B KHreMaTRueckod mape A onpileniteén U3 BEETOPHOTO
ypaBHeHHA

Fy-++ Fu-t+ Fu=0. (13.23)

[Mnan cun anw onpenesnenns peakuwn Fig noxasan Ha puc. 13.12, 6.

F. TNpeanonoi Aanee, §TO FEHEVINSECT NaREONCETC I'3hadb-
[c2 aéeud I B sl © hef0OAREMMHERM 3DEHOW B IiﬂET}’I‘iﬂ'it‘JIhH}'m
napy N (pne. 13.13, a). Torna peanuna Fy, B nape N okasupaercs
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panpaBRIesHoil nepnesAHKYNHPHO K OCH IBWKEHHA 3TON NOCTYNATeN:-
poit mapul. Tlyere ypapropewmsaziomas ciana F, wanpaenesa no
JHEHE M — M. Beauynsa cuasl Fy onpejenntes U3 ypaonenna (13.22).

B oM ypapHenun chan Fy u Fy, saianm,
a cui Fyg 1 Fy USPECTHE N0 HANPABICHHIO.
I'pauycckoe pellEHHE 3TOCO YPaBHEHHS NO-
gasaho ua pwe. 13.13, 6.

JNns cnpenenenna Touke N npuioxeHHs
peakiuy Fyq cOCTABNAEM YPADJIEHHE MOMEUTOD
BCEX CHA OTHOCHTENLHO TOYKH K npuiomeHHs
cuabl Fygi

Mg {Fy}-f- MK{FI:I J.‘M:c ['FIB]'I_M'I = [.
[I3.24}
B sToM ypaBHEHHH HEH3BECTHO TOIBKO Oae-

yo b enasl Fyp, KOTOpoE B MOMET GLTh OGPe- Poc. 1813, Hevensmoo
SBCAD, BECORIQEC B TO-

¥4

|
|
¥

Jeneno: CTYNATeALIAYE [apy £o
crofinoi: aj HWRCHaTE-

£ i i ASEE-

b= — [Mg (F) 4 Mg (Fy) + M} Z {|325} ;E:K::H ::“:fp; rznﬁ:.namu:

Fyg £) nanE i
Hanmpaenenwe, © KotopOM JOMen ObiTh OTNOMEH OTpe3ok h,
SaBHCHT OT BEMHYHHK H 3HAKOB MomentoB My, My (Fy) n Mg (F,).

§ 58. Curopofi pacuer THNOBHX MeXaHHIMOR

#°. B nasnom naparpade paccMoTpHM BONPOC O CHAOBOM pacuere
HEKOTOPHX THNOBLX MEXaHNH3MOB: PHYAMHOID, KyJaYKouoro m ayt-
YHaToro.

2°. B xavecTee npHMepa PHMANHOIG Me-
XAHKHIMA NPOBENEM CHMOBUH pacuerT KyXRHC-
I-IG-pl-r'-!B}HHﬂ]'ﬂ MCXdHH3IME C© pHBHDMEPHG
BpalllaiolHMCA HAYafbHbIM 3BenoM f, noka-
sannoro ea puc. 13.14. Hafirn peakunmu ®
KHHEMATHYECKHX napax ot cuae Fy, npuao-
WeHHoit B touke Sy apena §, cunw Fy, npu-
JIOMEeHHOH B Touxe 8; spema 4, cuin Fy,
Dpuicwmennoll B Touke Sy aveua 8, ® nape
CHN € MomenToM My, opuiomenuod & Tomy
#e speny. Cana F; obpasyer ¢ Hanpaghe- Prc. 13.14. Hinesarime-
Huenm BD yron e. Cuna F, MAPAMLNENEHEA — chas Cxema KYnCuo-putinm-
OCH X ~— X, a cuna F, Nepoenaukyaspua K " Gonar ns nef cunenn
Hel. Jlnuua peficTons m — m YPABHOBEILH-

BalLell cHan F, npoxoput depes ToYKY 8, apena [ NEPIeHHKY -
JSIDHO K ero OcH.

Paccvarpupaemuifi Ky/JHCHO-PHMEMHKE MEXanuaM — 3710 Mexa-

Huam 11 knacea w cocront Ha apyx rpynn 11 kaacca: rpynnbt Tpetbero
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BiAa (FPpynna, COCTOALLAR H3 3BEHBEB 2 # ) M IPYNNL BTOPOro BHAA
(rpynna, coctosuan s 3eeHeeB 4 u §).

Onpenenenye peakliil B KHHEMATHSECKHX N2pax HauHeM ¢ Moc-
JAepneil B NopajKe NPHCOEANHEHHA TPYNNLL, COCTONINER B3 SDEHEEE 5§
it 4. Paanaraen peakumio Fyg (puc. 13.15, a), mefictsyionmyio B nape D,
na coctasasiowme F7, n Fig

F,.=F.1F..

CocTaBases Jafiee ypEBHEHHE MOMEHTOR BCEX CIJI, MEHCTBYIOLMX

Ha 3pelo 4, oTHOCHTENbHO TOYKN E (pre. 13.15, a):
Mg (Fis) -+ Me(F9) =0,
OTEYIE nolyyaeM

rie hy — nneyo cuau Fy otHocuTenbHo Touks E u [ — paccrosipe
mexxny Toukamn D ow E 3pena 4.

Trr=p i
&

Pee, 13.15, Deyrnoeomeoeans rpyona 4=—§ moxapnsss, nsofpakensoro 608 pore 13,0143
o) KiHesaTiMechay CxoMd rpyone =5, &) npan cun

Cocrapnaen jpanee oflliee YpaABHEHHE paBHOBeCHR Beell rpynne,

NPHPABHHBARA HYAIO CYMMY BCeX CuJ, feliCTBYmmMX Ha rpymmy:
FT3+FE3+F1+Fh+Fw'__'D'

Cuam F,, F, v F, uam napectoel. Cunu F7ow F,, #3BecTHE no
Hanpaenenunio. Cuna }“‘_'3 napannenssa ocu DE 3spewa 4, cuaa F,
nepneHAHKYNAPEE K OCH X — X.

Nna onpenencnus pennynd cult F7Lou F, cTPOHM B NPOH3BEOIBHO
BHGpankoM maciurabe pp naad cun (puc. 13.15, 6). [lns storo us
Touky d orkaanueaem cuay FI, b sune orpeaka da. K cune Ff, npu-
Enafueaem cuny Fy B onae oTpeska ol i K neft npuriajiuBaen ciny Fy
B Bujle oTpeaka be. Yepea 1oYKY € NpoBOLHM NPAMYIO B HANPaBJEHHN
cnanl Fyg, 7. €. (epreHAHKYTAPHO K OCH X — X, @ 4Yepe3 TOuKy 4 —
B HampaBnennwH cuaw FY, T. e. napaanenwilo sanpamiennio DE
speHa 4. Touka e nepeéceveHHs THX NPAMEX ONPELENSCT Hauano
pekTopa cHAan FY M koHen BekTopa cEAl . COENMHED TOSKY €
¢ Toukodt a, noayynM cuay Fu, B purlle otpeska ed. Pearuwus Fy, B BHAE
orpeska eb onpepeasercn, ecli COEIHHMTL TOYKH € H b



§ 58 CHAOBOA PACYET THIOBHX MEXAHHIMOB %5

Touxy K npuaomxennn cunul Fyp (puc. 13.15, @) watinem us ypas-
peHlis MOMEHTOE Beex CHJl, MeficTBYIONIHX Ha 3BEHE 5, OTHOCHTENLHO

qoukn E
Mg (Fg) + Mp(Fs) = 0,

OTKYEA Noayyaes pennunny nnesa g, = EK (puc. 13.15, @) cunu Fyy
OTHOCHTENBEHO TOYER £

b e — Me(F)
{5 -Fl',n ¥
Feny 3afavn KOHCTPYKTHBHEIE Pa3MepH moaaysa §, T0 Heo6X0-

JMMO CHAY NPHECCTH K uenTpy E nonayha, kak 970 GLA0 NOKasaHo Ha
puc. 13.8 (§ 55).

Puec, 13.16. Levenosonkobad rpyoma F=—J3 sexonnsma, ssodpaxensore sa pec 13.014:
&) KIHCMOTHWECKAN cxomd Fpynne £P—38 8) nnan cnn

[Nepexonum fgafee K pacCMOTPEHHIC IPYNNE, COCTORINEH H3 SBEHLED
2 u & (puc. 13.16, ¢). Ha sty rpynny peficTeyer BueinHsa cuaa Fg,,
NpHACHEHHAR B TOYKE D. paeman no BEJHYHHE I I"IPGTHBDI'JDJIDH{HEH
no manpaeaennio ciuae Fyy, cuna Fy, npuaomennan B Touxe S, 0 napa
¢ momenrom M.

Pacemorpus paBuonecke spena 3. Tak Kak 3peH0 2 He HArPYIKEHO,
10 peakiinn Fge okasnBaercn nphacskennod B rouke C o nanpasieHa
nepnesHEyNapHo K HanpaenenHio BD apena 3.

Bennunna cunnl Fy, onpeneaserca H3 ypaBHEHHA MOMEHTOE Beex
CHJI, JelCTEYIOMHX HA 3BEHO &, OTHOCHTEAbHO TOuKNH B:

Mg (Fu)+ M (Fua) -+ Mg (F5) + My = 0.

Hz 31010 ypaenenns onpepensen BeqHyuuy cuibl Fi. Hueen
Fzh M
slly 4+ s ].

Be

IBC
rae hy u hy, — naeun cun F, w Fgy otHocHTEARHO TOSKM B. IMocne
onpepenenun cuan Fy, MOKHO HAfATH cudy Fg, npupasHauban HyM0
CYMMY BeeX o, nelcTBylIHY HA BBEHO &:

Fia+ Fy+ Fya+ Fio=0.

FME—[P}"&“H-’{'
ils
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Pewaey rpadmueckn 370 ypaenenre. Hs touxn a (puc. 13.16, 6)
oTKJapmBaen B macwrabe pp cuay Fgp B Buje orpeska ab u k Hell
npuknanpraeM cuay Fy B rje otpeska be. Jlanee u3 ToYKH ¢ oTKAS-
muapaem cuny Fg, B ouie orpeaka od. Orpesok da npencrapnser
cuny Fgg

Ianee pacemarpBack pABHOBECHE HAUANLHOTO 3BEHA I (puc. 13.17).
Ha wero peficroyer cuna Fyg, pabnan no Bellyuie H MPOTHEONO/IOHHO
HampapICHEAR CHIE Foy. JIUENA eicTBHA YPADHODELIHBaMNeH CHIE

P
&
%o
asar =g 11y
& %
&

Puc. 12.17. Havanenoe shenc | HEXSHRSMe, N30fpamentofo us pue B304 0) EHoesari-
GecAad CxesbE BEoEd [, O) maaw can

Fy sajana npawmoii m — m, nepnesukyaapnoii & oci AC spena [
uc. 13.17, a). Benuuwsa ypaonopewmsacued cuin F, npu pasho-
P y Ip

MEpHOM BpalieHuH 3PeHa | ONpejensercs M3 ypaBlieHH:

My (Fy) +Ma (Fa) =0,
OTEYIa

Fisha
Fy= ot
rne hgy vy — naeun cudt Fyp B Fy OTHOCHTERLHO TOYKH A. Onpenene-
nue peakunit Fy, B nape A npouseofky rpaguseckn (puc. 13.17, 0}
NpH NOMOWH BEKTOPHOIO YPABHEHHS PaBHODECHA BCEX CHA, Jick-
CTEYIOIIHX Ha HAuajbHOE 3Beno [,
Fu+F:+Fm=ﬂ-
Ha Touke @ oTKAanupaem b macwrabe pe cuay Fy, B BHIE oTpeaka
ab u Kk mell Gpukaasubaem cuny Fy B BHpe otpeska be. Otpesok ca
npeActaenaer cobofi cuay Fi.
&, s mexanuamob ¢ napasy IV knacca cenopoil pacver Momer
GHITL - NPOHSBEMEH MeTofasy, Waaomensump B § 55, ecam npeapa-
HTENBHO MEX&HHAM NPHBECTH K MeXaHH3MYy € napaMi ToAkKO
Knacca.
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[MyCTs 42 KYA2uKOBLIH MEXAHHAM C MapaMi IV knacea (pue. 13.18)
¢ MPHIOHKEHALI K HEMY BHELIHUMH CHAAMHA F, u Fy ¥ napofi ¢ MoMes-
rom My. TpeGyercn onpefienTs peakiii B KHHeMATHYECKHX Napax H
BeYHEY YpaBHOBeLinBaolero Momenta My, NpRAOIKEHHOIO K Ky-
gauxy /. TIpuBomiM 3ajapHbi MEXaHH3M K MEXaHHIMY C napamu
V wnacca {puc. 13.19). Byksamu O, u O; oGo3pakens UERTPH Kpw-
puanel npodmiedl sserbes I u 2 B Touke HX conpurocHoBenna. [lpu
payansEoM 3bere | noaydenHnf MexanusM Tipectasasner coboll me-
wauuam 11 gaacca. B ero cocras 0
pxopaT ase rpynnn 11° ®aacea.
[leppas Trpynna cocTabieHa H3
speHbeD 4 K £ H TPeX Bpallare/b-

. 0 .

B3R

fﬂ in FﬂJ
£y
ol fults) L} [ e 0

A
o ¥
g £
Frc, 18,18, Cxema puvadHo-EYaoufo-  Pec, 1800, Mexadnus, HEMCAICTIIHE
Bofo MexXE8HHSME © NOHAISHHEME A ned Hyaaukousi  sexaimam, HachpameiHni
CHAAME ni pie, 13.18: 0) KHHEMATHRECKER CRo=
ks ) onau cEn rpynmua 8 —35 &) nnen
CHA Fpynnw 2—4

HEX KHHemaTHueckuX map Op, O u B. Bropan rpynna Il knacca co-
CTanieHa Ha 3Benbes 8 ® 5, oAnoll BpamarencHoll KEHeMaTHYECKOH
napu E M IBYX nocTyNATENBHEX KHHEMATHYECKHX nap cocamu £'—1' u
g — g. Pacger ueo6XOAHMMO BeCTH, HAYHHAS CO BTOpOH rpynnsl
11 knacca. B srofi rpynne narpysenatm cuioi Fg neaserca sgeno 3.
Seeno § kak QurTHBHOE He Harpymeno. Takum oGpasoM, 3eeno 3
HAXOAWTCA nop peficrbuer cHAbl Fy, peakuun Fg, nanpabnensoil
Nepnedaukyaapuo K oc §—{ Hanpapasiomweil, # peakumi Fan,
HANpABAEHHD]] nNepneHgukyaapHo K ocu g — ¢. Jlna onpeneneuns
peakumil Fy, = Fyp it Fyy BOCTIONBIYEMCA YpaBHEHHEM CHIL, NefiCTBYI-
mnx wa rpynny 4—35,

F5+F51+FNED-
[oerpoenner nnana cua (pre. 13.19, 6) onpenensworen peakumun Fy,

i1 Frs. Peaklun iy = 4 35 DCACTCTENZ OTCVICTRHS WATPYSKH Ha
2Bexe 5 npoXoauT yepes ToNKy £ NEpneHguKynapuo K npsmon #'—t'.
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Jlns pacuera rpynmu Z—4 npuknanweaeM K speny 2 B touke B
cuny Fyg, paBHYIO N0 BENMYHHE K NPOTHBONOJOKHYIO N0 HanpaBIeHHID
cune Fy,. Takum ofpazom, 3peHo 2 stolt rpynnu 6yJleT HarpymeHo
cunanyt Fy, Fyy 1 Moventom My, 3neno 4, Kak PHKTHEHCE, HE HArpy-
weno. Peakuua Fay BCAEICTBHE OTCYTCTBHS BHELUHEH HArpy3KH y 3Be-
Ha 4 panpapnena no ock 040; 31oro 3sena. Ha ypaBuenus MOMEHTOD
BCEX CHJ, NefCTBYIOLLIX Ha 3BEHO 2, oTHOCHTENBHD TOYKH B onpeje-
naetca peaktmA Fspy, pabBean peakunu Fa

Foy = Foy = — [ Mg [Fi}‘l‘MhB (Fea) 4 My ],

roe b — nneso cidbl Fgy OTHOCHTENLHO ToYKu B.
[Nocne sTOro W3 ypabHEHHS paBHOBECHS CHJ, JEHCTBYIOLIHX HA

apeHo 2, i
Fy Fog+ Foy + Foy =0

nocTpoeHnest naana cun (puc. 13.19, 6) onpenennerca peakuna Fg.
Hauanpuoe seeno / narpyxeno cunofi Fy, = —Fy # ypasHoBSIH-
patolHM MoMenToM M.

Beawyrna ypapHOBEIUMBAIOLIErD MoMeHTa M, npe paBHOMEPHOM
BpANEHHH 3BeHa | ONpPElleNIAETCH H3 YPABHEHHR MOMEHTOR

Mg+ My (Fi) =0, uman My = —M, (Fy).
Peakuus F,, Tora onpelc/ifeTcs M3 ypasHEHHR
Fy+ Fig= 0, nan Fy= —F.

Ha paccsorpeHHoro npuMepa clellyer, YTO NPHBEACHHE KyJlayuKo-
BOTO MEXAHH3MA K MEXaMHIMY C (apamil TOABKO V Kaacca He ApasReIes
offa3aTebHEM, €CH DEAKLHH B
BHCLIMX napax, coriaceo § 54,
NPHHHVMATE HaNpacdeHHEMH NO
HOPMANAM K SAeMEHTAM DHCLIBX
nap B TOYKE KacaHus.

&, TlepexoauyM K paccmoTpe-
HHIO CHJADBOTO PacyeTa sy0uaThix
MEXAHHAMOB € KPYTJHMH I0-
awuApRYecKuMil  Kodecamun. Ha
puc, (13.20,¢) nokasan npocreii-
wEit Tpexspennnll 3yGuaThIR Me-
XaMH3V € HENOABWAHLME OCHMH
A w B, paanycH HEYaALHEIX
Poc. 13,20, 3yuuatifi MEXSNUEM € GHE- ﬂl{p}’Hﬂ'Hﬂ(‘Tﬂﬁ KOJTed KOTOpOTo
neM smmg;::;i;:m:]t':nxf:cﬂmnmnml HE o OTEETCTOEHHO PABHEL 7y H Ty

Byitem b gannme fes npejpnoda-
raTh, T0 UCHTPH MACC KOJEC JedaT bBCerna Ha HX OCHY, H T2KHM
obpasod, Koleca ypaetopeliensl TOrfla nenTpofextHHE CHIL HEEp-
LHH KOJEC OKA3HBAIOTCA PABHEIMH HYMO # DPH HEP2BHOVEPHOM Bpa-
LWeHHH KOJEC MOrYT BOSHHKATE TONBKO JONOMHITENBUHE MAPE! OT CHA




§ 5. CHNIOROH PACHET THIIORBIE MEXAHHIMOR oD

m;epumé,? } MOMEHTE KOTOPHIX Onpenenniotes no dopmyne (12.2)
{cmhfrc?'h BXOAHEM KOMECOM, K KOTOPOMY NDHAOMEH YPaDHORCHH-
patolnfi MoMent My, ABNAETCA KoJeco 1, & BHXONHHM, K KOTOpOMY
[IPUACHEH MOMEHT 1 o — kKodieco 2. Moment M, npepcrasnser coboii
pggyﬂh'mp}'mmnﬁ MOMEHT OT BHEUHHX CHA I Mapel CHA ‘Hnepmm_
[To manpaBaenkio BEKTOpa e ckopocrn touks C (pue. 13.20) onpe-
Jiensien HANPABJIEHUA YIAOBHX ckopocTell @, H @y konec [ u 2. Ha-
npaEaeHue AeficTBHA MOMEHTa M, no/oxHO coBnafate ¢ HanpabBleHHeM
[/IoBOi CKOPOCTH @y, TAK KaK Kodeco [ abfsercr exonuum. Hanpae-
negpe NefcToHA MOMEHTA My nonsuo OHTE DPOTHBONOJCHKHBIM Ha-
npasaer o YIAORDH CKOPOCTH 4y, NOTOMY YTO KoJeco 2 sBAReTCA
praxoausm. [ e 66l HE MpoHCXOARAD Kacanue npodunedt g, u g, ayGhen
gonec [ 1 2, HOpMaAb 1 — i K 3THM npodwiany GyJeT NPOXOAHTE Yepe3
rouky C Ke2caHusi Ha¥alblEX OXPYHRHOCTEH, AGMRICUIYIOCH MIHOBEH-
HHM LEHTPON B OTHOCHTENLHOM nBmxesnM konec f u 2. B nancmeii-
weM yacOuo Gyner peerpa cumTath cudbl Fg wan F\: npunomen-
piMi B Touke C B HanpanjeHHEMH Ao Hopmanu n — n. Jlna onpege-
NeHuA TOTO, B KAKYK CTOPOHY HAJ0 OTKMaiBath yrona (puc. 13.20,q)
MEAIY HOPMANBI0 i — # H KacaTensHoll { — { K HaYalbHEM OKpyH-
swocraM B Toyke €, OyreM pYKOBOACTEOEATECS TMPOCTEIM MPABHIOM.
Ecnn pXoEBIM KOJECOM ABNACTCH HOMECO ¢ BHEITHHM 32HENJNCHTEM,
70, MOBOPAYHEAS BEKTOP CKOPOCTH D¢ TOYKH Kacanus C (puc. 13.20, 6)
EAa YroA o B CTOPOHY, O6paTHYH YIJ0BOH CKOPOCTH @ BpalleHHs
BXOAHOCO KoJeca, HailleM noJodeHHe HopManun n — ., Ecan exon-
HEM KOJAeCOM ﬁ}’ﬂ;ﬂ"[‘ KOfecD ¢ BHYTPEHHHM 3allenjJeHHeM, T0 BeKTOp
CKOPOCTH TOYKH KACAHHMA HAJ0 NOBOPAYMEBATE N[O HANpPaBIEHHIO
yraoecH CHOPOCTH BXOZHOIO KOMECA,
ﬂp:i CHAOBOM pacHeTe 3}’5'-!8“1[?{ KOMMEC MOMHO HC NMPOH3IBOIHTL
ageln Bucmx nap IV wiacca nemamu ¢ napamy V Kaacea, a pac-
CMATPHEATE paBHOBECHE ROJEC, UEPHS}?IOI.LIHJC CTaTHYEChH ONpPeeTH-
MEle cueTembl. Takol craTiyeckit onpenefuMoll cHCTEMDE fnaserca
koseco 2 (pue. 13.20), Ha xoropoe neficTeyer prelnHufi Moment M,
peakuus Foy GRXOMHOIO KOJECH Ha BHXOAHOE KoAeco 2 # peakuns Fay
crofikn O pa xoneco 7. M3 ypaBHeHHA MOMEHTOR BCEX CHJ, AeHCTRYEH-

IHHX HE KONeco 2, OTHOCHTEIRHD HenojemmHoH TOYkH £ umesm
Fergeosa 4+ My = 0,

OTKYJla onpelenneM peakuwky Fg:

— My

Fan= prosa -

Ha ypapwenua paBHOBECHS DCeX CHI, AeHCTBYIOIHX HE Koneco 2,
.Fm ‘I' .Fm = ()
onpenenseM peakunio Fag
M,
Fy CDS &

Foy=—F3 =
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Paccuarprpaen Janee papHOBecl€ BXOIHOrO Kojeca [ npu pas-
HOMepHOM ppamenin. F3 ypapsenus MOMEHTOB BreX CHJ, JeficTByIo-
LMX HA Kofeco 2, OTHOCHTEJBHO HenmoasmuHoO# Touky A

Mg+ Fisrpcose =0
HAXOAHM ypPABHOBCLIMBAIOWMA mMoMenT My
My = —Fr cos o

JHanee w3 ypapueHHSi PaBHOBECHA BCCX CHJ, NeHCTBYHMUHX Ha KO-
neca f,

Fy + Fy=0
onpepenser peakumo Fy, crofikn 0 na koneco 1. Humeem
.Fm = —Fu =r’—$;“&" w

5°. PaccvoTpuM IByXcTynenuatuifi syGYatiii PEIYKTOp C HENO-
IEmKHEMI ocAME Konee (puc. 13.21, a), y KOTOPOro BXOJHBIM KO-
necoM spisercs Koseco !, 8 BHIXOJMBIM — KOJeCO 3, HarpyweHHOe
pHeluniy MoverTom M. Jlos onpenenenns nanpasfiennft ypaBHobe
wmpatonero momenta My w momenta M, onpepensieM CKOPOCTH g
H U, TONuEK conpmKochonenkn kojec I, 2w 2, 8 (pme. 13.21, O);
10 CKOPOCTSM Ug H Uy, ONPEeNAeM HanpanieHie YINOBof CKOPOCTH iy
KoJeca & npH safanHoil yraosol cropoctr ¢y koaeca I. Torna onpe-
nensercs W HanpaeaecHne momentos My u My (pue. 13.21, 0). Hanee
paccuarpuBaeM Kodeco 8 (puc. 13.21, 6), koTopoe HaXo4mTCA B pae-
HoBecHu noa neficoren momenta My w peakuuil Fuor u Fyu. i3 ypae-
HEHHA MOMEHTOE BCEX CHA OTHOCHTENBHO TOMKH A

My 4+ Faprscosa’ = 0,

roe o' — yron, ofpasopaHbblil HopManmio n' —n' K mpopuaan
aybbeB konec 2° u § n KacaTenneofi ¥ — I’ K HX HAYaJBHHM OKPYH-
HOCTHM, DHYRACHAfAEeM peakumio Fa-. Fmeenm

M,
Fap = — ryoosa’ "

M3 ypaenenus paZHODECHA BeeX CHJ, NEHCTBYIIHX Ha KOJECO 3,

Faype + Fyo =10

onpejensed peakiuio Fyy
M
G - WL N
Fy=—F= Tg COS G

TonkKO YTo ONpeneieHHas MaMy peakuus Fgy NPHIOKEHA K OCH
KoJdeca 8 B nJockocTH, coBnanatomiell co cpennell NJOCKOCTBID KO-
neca 2' (puc. 13.21, @). Peakuum, npuJOMEHHEE K NOAIIHAHHEAN
KoNeca §, MOMHO ONpefie/lib, eCHHE H3IBECTHE KUHCTPYKINS # OTHO-
CHTENLHOE pACTONCHEHHE STHX NONUHITHHECE.



Pac. 13.23. Dsyxeryneatarad syEnarufl pexyxtop: o, §) ofiman cxeMa PeSYRTORN: #) cxemMd BTOPOAl CTYMeHE; 2) cxeMs NepBofl cTYNeRE) §) Tpes

YPODBENK CHA, OPAACMKCHALIA ¥ EOACCAM DePROM CTYTICRT: &) cxeMa koaes J § 2 mepaod CTYnoEH

HOWEHHVXHW XHEE0oUML LahOVd HOHOWHD 83 §

1z
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Hanee nepexomuM K pacemoTpenuio kosec 2 W 2' (puc. 13.21, &),
KOTOpLIE HaXoZATCS B paBHOBECHH Noj JeRCTBHEM CHAE Fag =
= —Fa n pearuuii Fy w Fz. YKasannue CHIH pacnofiaratorcs
B Tpex napainenrnux naockoetax (puc. 13.21, a). Tlepenecem ux
B cpenion niockoets kodec | n 2. Tlpe 31oM nepeHoce noaysalorcs
nape! cuil, NeficTBHA KOTOPEIX MOTYT OHITE YYTeHH, €CJH Gyner na-
BECTHO KOHCTpYKTHBHOE othopmaenne penyktopa. M2 ypaBuenns
MOMEHTOD YIOMAHYTLIX CHA  OTHOCHTENEHO ©OCH kKonee 2 B 2
{pc. 13.21, &)

Fors cos ot 4 Forarer cos o’ = 0,

rie e — yroJ, ofpasopainsi HopManeio n’ — n' K npodunas syteen
gonec I w P w gacatensnoft { — { K uX HayaneHHEM OKPYIMHOCTAM,
oeYHCTAEN pearnmn Fg

o cos o’
Fo = —Fan < ooer
Ha ypapuenis pasHoBecHs ncex cus, seficTRylomHx ha Koneca 2 M Z,
Fozs + Fu + Fo = 0
onpepensem peakiimio Fg. Pelvenue 3Toro ypaBHEHHS € DOMOIILIO
naana cuA nokasamo Ha puc. 13.21, 8.
lMocnenunm paccmaTphbaer BXofuoe xomeco I (pue. 13.21, ),
KOTOpOE NpH PaEHOMEpHOM BpallleHRH HEXOIHTCA B pABHOLECHH NOA
aeficthuey cunpt Fyy = —Fy,, Monenra My w peakunn F,,. Hs ypap-
HEHHA MOMEHTOR BCeX CHJI OTHOCHTENIBHO TOYKH A
.ﬂ"Iy 'I' Flgrl COE o = U
BLIMHCZsiEN ypapHosewHBaownii momenT Mg, Hueem
My = —Fy,ry cos e.
Ha ypapuenus paBHOBECHS Beex Citn, JeficTByOLMX ha kojeco I,
Fl[l ‘[_ F = ﬂ
onpenenseM peakiuo Fyg
Fy = —Fy.

6°. PaccMmoTpuN fianee NBYXCTYNEHYaTHil NnaHeTapHLI pefyKTOp
(puc. 13.22, a), y KOTOpOro BXOAHKIM ABRACTCA BOIHAO H, a Buxomoe
KOJIECD & HArpy»<eto BHeUHUM MoMerToM /. Kpome Toro, BHeLmnMy
CHIAME, NERCTRYIOUHNE Ha PEAYKTOp, ARIAIICA HeHTpOolenan cuna
pnepunn Fo catennuror 2 1 2°, yesOBhO npljioXenHan B Jouke B
(prc. 13.22, 6), papnan Fic = meoj (rs - re), tme me — macca
OfioHX CATeNNMTOR H @y — YINOEa¥ CKOpOCTe Bonmna H, a takme
nentpobexnan cuaa muepun Fuy Dojwna ff, nprickeHHas © ero
ueHTpe Macc S U papHan

Fry = muoi; (AS),



2 e

Puc, 15.20. [pyxerynensorsll nasnetapiell peayiutop; o), 6] cxeMw PEIYRETODA: &) cxeMz Komec 2% g 8 0} cxema kodec f &3 ) mnan emn
koaec 4 B 25 £) cxeMa BoSMAS: ¥ DAGH CHA DoaMaa

HOWEHHYXIW XMHOUHL IThOVd HOHOWHD 93 §

L7
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rie my — Macca pojnaa M. Jina onperenenns HanpaRNeHHit ypag-
HOPeWMBaioIero MoMenTta My 1 BHeunero MovenTa My HaXoIMM CKO-
posTh Up TOUXN E CONPUKOCHORCHHS KOJEC 8 n 2 v cropocTk Up
toukn B pomuaa H (puc. 13.22, 6). Tlo BerTopam cxopocTeli 9, H Op
yeTasapinBaey HanpanneHne yraoeofi CKOpOCTH Uy Kofleca J npi 3a-
JUHHOM HaNpaBAeHnH YIJI0ROH CKODOCTH Oy BOLHAS H, noche 4ero
ONPEAEIRIOTCA W HANPARIENNs MOMEHTOR Mg u My (pue. 13.22, 8).

PacexoTpiy KoJeco §, KOTOpoe HAXOMMTCR IO JeficTRHeM MO-
menta Mg 1 pearunit Far 1 Fao. M3 ypaBueHHs MOMEHTOB BCEX CHJ
OTHCCHTENEHD TUYEH

Ms =- Fﬁzfr,'; cos EI — Ui
rie & — yroa, ofipasoBanuill HOPMabio n' —n" K npopuasm
sy Guer Kosec 2° u 8 ¥ KacaTentHoil {f — {' K HX HauallbHBM OKPY2K-
HOCTAM, DREHCAAEM peakiinio Fagel
s My
Fgrm— rpoos o

s vparmenns BCEX cui, ACACTRYHILHX HA KONECO d,

Far + Fu =10
onpesensiey peanmio Fgg!

Jlajee NEpeXoaUM K PACCMOTPEHHID FKECTKO CBAIAHHEIX CATENH®
Top 2 n 2 (puc. 13.22, &), KOTOpHIE HAXOAATCA B PABHORECHH NCL Jedi-
croiev Cnan F o = —Fap, CHIAH HHEPLHH Fr. u peagunii Fa M
Fayy. Fa \ paBHenns MOMPHTOR BCEX CHJT OTHOCHTEALHO OcH CcaTenti-
08 2 w 2

Fars cos ¢ + Forp cose’ = 0,
riie & — yroJ, ofipasopaHHel HOPMaALIO 11 — N K npodunam ayliner
konec | ¥ 2 u kacatenuHoll { — { ¥ WX Ha9aJLHHM OKPYIKHOCTSM,
onpenensem peakuo Fy
Fus O05 G
Foy = —Fay3 = i

Fg COS

Hs ypapnenns paBHOBECHS BCEX CHI, eflcTEYIOWHE Ha CaTEJTHTH
2y,

Fui 4 Forg -t Fio+- Fay =0

onpefensies peakinio Fyy. Pelienne s1oro YpaBHEKHA € NOMOMBIO
nnana cuA nokasako Ha puc. 13.22, 0.

[Mocnepnum pacCMaTpHRaEEM BXOLHOE BOJULIO H (puc. 13.22, ),
KOTOpOE HaXOAHTCH B paBHOBECHH MOX nefictenen enibl Fpy = —Fog,
CHJE IHEPLEH Fiy, YpaBHOBEIIHEZIOUETO MOMEHTE M, n peaxiuu
Fro. Vi3 v| 2BHEHHSA MOMEHTOR OTHOCHTELHO TOSKH A npu pannomep-
HOM BPEL[!,EHIIH BOOHME

My + Fpy (AT) =0
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onpefennem ypapuoBewmpaiouuil Moment My
M; — —Fyn {AT] = =Fys l:rx + rz) cos ﬂ,

e p — yron mexny ranpapnensem cuie Fyy B nepnespuxynspom
g ocH AB pozpmna wsin papHbifl eMy yron Mexay NepneRHKYIspoM
AT © nanpasnaeduio ciiul Fyy v ocsio AEB Bognana.

Fiz ypaenents pPABHOBECHS BCEX CWJ, JEfCTBYIOWIHE Ha DO,

Fos - Fip - Fro=10

onpenenseM pezkunio Fy,. PetleHHe 570r0 ypatHeHHA ¢ MNOMOLBI0
nnzEa CHA Nokasaso Ha puc. 13.22, e

7°. B paccMaTpHBaeMHX npHMepaX CHJIOBOTC Pacyera MexaHips-
MOE Mbl OPERNOJArant BCE CHAH, AeACTBYIOUHE HE KaXioe 3BEHD,
pacnosioeHHLMHE B OHOR nicckoetH. B peficTeHTENLHOCTH CHITH
JIEHSAT B pEallHYRS AOCKOCTAX, YTO ACHO BHAHO Ha NpuMepe syfus
THIX MEXSHHIMOB, NOKasaHHEX Ha puc. 13.2]1, a naw ua pue. 13.22, a.
Pacnononeniie peficTEHTENEHLX ONOP H HX KOHCTPYKIHH HA STHX
pHCYHKAX He nokasadu. lIpn pacdere peaneHHA KOHCTRYKIME,
o deM GLI0 CKA32HO Bbile, HeoOXOQHMO YYMTHEETE KOHCTPYETHBAOE
ohODMIEHHE KAK MpOMERYTOIHEX KHHEMBTHYECKHX Nap, Tak H onop.
CooTRETCTBEHHD I0MsHa COCTERMATRCA H PaCHYETHAA CXeMa SAEMCHTOB
mexanu3ama. Hanpumep, Hamy Onan onpepefessl cHiel Fyes, Fo o
Foy, neiicteylompe na wonece 2 w 2 (pue. 13.21, &). Bce stH cimm
pacrono:Kens B TpeX napziienbinlx niaockocrsX. Cuna Fag pacno-
JIoMeHa B MJICCKOCTH Koneca 2, cuna Fyy — B NAOCCKOCTH Koneca 2
H cHfla Fyy — B NJIOCKOCTH, NEpneHAHKYAAPHOA K ocH Kollec 2 n 2,
Onoprt ocn Konec 2 1 2° MOryT OHITE KOHCTPYKTHEHO BHNONHEHH pas-
JHYHEM 00pa3oM B 32BHCHMOCTH OF TpefoBatnil NpOYHOCTH, HajemK-
HOCTH, rafapnToB KOHCTPYKUHH, yonoBuil cGopeH H T. 4.

B KamzoM KOHKpeTHOM cliyuze MH NONyuaeM TY HAH HHYK CXeMy
HEFPYMCHHSA H MOMKEN ONpeleNHTE HCTHHHEE HAMPYIKH Ha SJeMEenTH
KHHEMaTHYECKHX Nap € Nelslo KX pacieta Ha TPOYHOCTE.

§ 59. ¥YparxopeluuBaHHe MACC SBeHBCB MEXZRH3IMa Ma diyHpaMeHTe

F. Tlpu apwwenun speHbep MeXaHHSMa B KHHEMATHUECKHX na-
PaX BOAHHKa0T AONONHHTEALHEE AuHAMUYecKHe HAIPY3KH OT CHN
HHEPUHE 3penpen. Tak KaKk BCAKHE MEeXanusM MMeeT HenofBHKAce
SDEHC-CTOHKY, To # crofika. MeX2HH3Ma TaKiKe HCNHTHIBAET BRoJiHe
Onmpeflenentre aWmaMp¥eckue Harpysku. B ceop ouepels Yepes
CToiiKy 3TH HArpysKn nepenaoTen Ha QyHlaMenT Mexanuama, Jnnamu-
YECKHE HATPY3KH, BO3HHE2I0WHEe npH LBHMEHMI MCXaHH3MAa, AB-
NANTCA HCTOYHHKaMH JOTONHATENLHEK CHJl TPEHHA B KHHeMarTHue-
CKHX napax, BuGpaunit B SBeHEAX W (QyHAAMEHTe, IOTOMHHTENLHHE
HANpsMEeHHl B oTHeNLNHX BBEHLAX MEX&HHIMA, npHaHHOR Wyma
H 7. & Tlostomy nps npoEKTHPOBAHMHM MEXaHM3Ma YacTo CTABHTCS
30348 O panHOHATLHOM noffope Mace SEeHBEER MEXanusma, ofecmes
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LERAKIEM DOJHOE HIH gaCTHIHOE MOTaleHHe YHaZEHHBR IHHaMH=
geckHX Harpy30K. Sra Bajjgua HOCHT HASBAHHE sadaun 06 ypasrose-
LINBOHLUL MOCC MEXOHUSMRA. Tak kKak NpH ONpEleneHHE JHHaMHYECKHX
HEFPY30K MH NOJESYEMCA FIO npenMyuiecThy MpHeMaMH KHHETO-
cTaTilki, TO HHOTOa 9T4 387348 HOCHT TAKKE HAIBAHHE Y PaEHOGELIL"
BOHUS CHA WREDHEE 20eHBEE  MEXTHIIMA.

3epaua ypapHOBeIUHBAHHA CHA HHEPUHH 3BEHLER MOMKET GHTE
pasjienens Nz JBE CAMOCTOSTEALHLIC sapaun: sadauy 00 yPOEHOBEUIL-
gOHiL OUAOMUHECKUY HOZPYSOK HO gyndamerm u scdawy 06 ypesHo-
peLLUEaHI  OUHOMUSCCKUX  HOZPYSOK 8
KUHEAQIMUYECKUY napax.

%_ PaccMOTpHM BOnpoc Of ypapHo-
BeUIHBEHHH JHHAMHYECKHX HHT[J}PS‘DK Ha
cToMKY U (yHAaMEHT MEX2nHIMa. Kaxk ns-
pECTHO, MIOOAA CHCTEMa CHA, NPRACHEH-
HBX K TBepAOMY Tely, NpHBOAHTCA K O
HOil CHJE, NpHACKEHNHOH B NPOHIBONLHO
pRIOp2HHON -TOYKE, H K ogucii mape, NpH-
e s sToft pesyasTHpYoWed CHIL
symeal wexaEnsn ke fyriemente  DEREH 2A08HOMY GEKINOLY napHol CHCTEME

CHJ, @ MOMEHT Naphl — EAaAHOMY MOMERMY
AiEHHOH CHCTEMEL CIUT OTHOCHTENEHO BHOPAHHOIO LenTpa NpHEENEHHA.
[yers pan mexapuam ABC (pue. 13.23), ycranoBaennuill Ha Qyh-
namenTe &, )

TIpuBOAKHNM CHIL HHEPLHI BCEX 3pEHLEE MEX2HH3MA K CHJe H Nape.
Ilna 31010 BHOHpaEM kakyio-inbo TouRy O mexaHusMa 3# LeHTp
NpUBEEHHHA ¥ 38 HAY&N0 KOOPAHHAT. Takoil Touko#i yioGHO BHOPETH
TOUKY, JERAllyD roe-JRGo HAa OCH BPAaHEHHs 3ECHA 1, Bpaiare-
rocs ¢ yraeBoil ckopoersto . Hs Toukn O npoBROfMM B32EMHO Nep-
nesgrKyaspiwe ock Ox, Oy u Oz. Tpoekuwn ha OCH KOOPAHHET
[MABHOFD BEXTOPA BCEX CHJI HHEPUHMH MEX2HH3MA BRIPaIATCH TaK:

Fu:x: = — E m,i;, .Fnﬂ.= o E m;ﬁ;. Fuz — E mifl‘ (13'26]

B THX ypaBHEHHAX My ecTh Macca i-fi Touxn spena, £, f; v 2 CyTL
NpOEKIHY YCKOpeHni i-fi TOWKH Ha OCH X, i H Z, p2BHne BTOPEM Ipl-
WABOIHLIM OT COOTRETCTBYIOUIHX KOOpAHHAT 1O ppemenn. [IpoeKunH
Ha OCH X, Y W Z T/IABHOIO MOMEHT2 BCEX CHd HHEpLHH OTHOCHTENLHO
Hayallz KOOPAMHM&T HHPasATCH (opMylami

My = E (teF i — ziF ) = — E my (e — 2
My =Y @F 1 — ¥iFu) = — ¥ my (2% — xiZa)s (13.27)
Mg, = E (xiF oy — 4Fu) = — E my (xidly — yiky).

B cayuyae moCKOro MexaHnsma yrobio BROpaTE OLHY HS ocell, Ha-
npumep oce Oz, nepneHIRKyAspHOE K MJOCKOCTH, napainensHo
koropofl MPOHCXOAMT ABHAEHHE MEXARLIME, K&K 3T0 COenaH) Ha
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puc. 13.23, 2 ocn Ox w Oy pzenonoxurs B 370l naockoctn. Toraa ja
NAIOCKOro MeXanusma Oynem HMEeTh

Fl.:: = ﬂ- u 3 28}

# QOpMYJIH, ONpefefiswliie MPOEKLHH HE OCH KOOPIWHAT rNABHOIOD
BERTOPE W TNEBHOMD MOMEHTE CHJA HHEDIHH, NPHMYT B =

FII.T- s kices E nigEy, Fug T E My, Fuz =0,
Myy = — E 2Py = E Mz iy,

My, = E ZF ey = — E Mz %y,

My = — 3 my (6 — %)

Tak K&K x; 0 Iy cyTs QyHEUMK YT NOBOPOTS ¢ BXOAHOTO 3ReHE
MexzHH3ME, & YTl @ ecTb QYHKILA BpeMenin {, T0 BTOpHE NPOM3BOj-
HHIE OT KOOPAMHET X; i ¥y MO BpeMeHH, Kak 3710 Gui/I0 nOKasano panee
(cr. § 16), paeum

=5 ey dn L/ S B
fl_d@zn}zldmss gl d’qi’ '}hwg
Bripawenns dx/do®, Py;/de?, dy;/dy n dx;/dg ey ananors yekope-
HHil H CKOpOCcTell {-f TOUKYH, @ — Yri0B2s CKOPOCTE BXOIHOTO 3pena [

H & — YIAORCE YCHOPeHWe BXOAHoro spena [,
Hofctasue Buipasienns aas £; w0 §; B opuynu (13.29), noayunm

Fum 2 B 2 S
F“I,:—nfzm,%—ezm,%,
M= Y o ) S
My, = —a* 3 mpz, o E;nfz,—“(;j—i,
M (S 55— B )+
—[—3(2 m;yi%u—thx‘% !

Inn monworo ypaBnopewuBans il HHEPIHH 3DEHLER MIOCKOTO
MEXaHwaMa nenOXOAIMO, 4TOOB MPOEKIMK Ha OCH KOOpZHHAT peayie-
THPYIOLIEA CHAI HHEPUMH ¥ [NIARHEIE MOMEHTH CHJ HHEPLHH OTHOCH-
TENLHO Ocell x, y B z paBHAJNCE HYMIO, T. €. YTOOH YIOBAETROP AMHCE
YenoBug Fue = 0, Fuy =0, "Mnx =0, Mlp =0, My, =0

Boageficreue na dyunament @ moventa M, OTHOCHTENEHO OCH 2,
NEpleHnnKkyanpuoli K INIOCKOCTH [BIDKEHWA MEXZHHSMA, JOJDKHO
PACCMaTpHOaTECH COBMECTHO © MOMEHTAMH 3afaHHBIX CH, NpHBOJIS-
PPX B nBIKenie MeXaHMaM, H C MOMEHTAMH CHJI CONpOTHBAHNS.

MlIfRHE BeeX STHX MOMEHTOD HA PEKHM NEHMEHHS MeXalusMa W Ha

(13.29)

(13.30)
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AHHAMEYECKHE Harpy3Ki H2 QyHAaMeHT H CTOIKY OVAYT pacCMOTpeHb:
Ialee B paznene JHHEMHEH mexapnaMon. [losTomy aalbHefilieMy
sHaAusy NOjEepraend TONEKOD CAERYICIHE YPEDHEHH:!

'ch;ﬂf Fﬂy=ﬂ1 M”:,::ﬂ, Mj:p;ﬂ-

*-&Fsz%—-ezma%uﬂ,
T O
nﬁzmizi-‘g:_—:-ﬂ—BZm,z;—%iL:U,

1 dix; dy
—{;}Ezmﬂl-ﬁ-—azmlq ‘E&-=ﬂ-

o6k nOCAEIHRE YPARHEHHS YIOBNETRODANHCE NPH nofux 3HEYe-
1li:AX yrAGBOR CKOPOCTH @ H YTEOROIC YCKOpeHHA & BXOAHOIC 3REHA I,
HeoGxoAKHMO, YTODH KENAR H3 CyMM, BXOASINEX B 8TH YpPaAPHEHHS,
O OTJeNbHOCTH papHAfsch Hyal, T. & weoGxonnumo, 4TOOH COGJIO-
JENUCH CHefyIollRe YCIGBHA:

187118

) E m; fwz-—x’r =0, (V)_ E m; %‘- =0,
& ur dug
{[I} M — = 0, lf\'ri} my;—— =\u,
Z by E dip (3.31)

am Y mz-gE=0 (VI W iz, =0,
(1V) Z 2 %ﬁﬂ-— = (0, (VI E ;2 % =0

Takus 00pas0y, AR NOANOIO YPAPHORCLIMBAHISA MEXaHHIMA He-
ofxoHMD T2k nopo6paTh MECCH M paaMeps €ro 3BEHbER, yTolt
VAORAETROPANHCE YpaBECHHA (13.31). M3 sTux ypaeneHuit PHANO,
yto yermpe ypapuenna (I)—(IV), B KOTOpHE BXOANT RTOpLIE MpouR3-
pOAHLIE, MOTYT GLTh ToJyueHs jupdepentHpoRaHHEN N0 § yeTHpex
ypapuennii (V)—(V11I). Ecan ypoenerpopsiores YeTHpE NOCHENHRX
ypavienus, T0 GyAyT YAOBIETROPATECA i HETHpPE nepeuiX. [lostomy
JIDCTETOMHO OTPaHHMHTLCA PacCMOTPEHNEM TOLBKO yeaoBiti

W Ymdi—o M Y mag =0
V1) Em,--%%: . (VIID) Emiz,—%= .

PaccuoTpHM  RuipaxeHns

51 nux; =mxg H E iyl = Miis.

Hrn BupAMN.CONR OPeiCTABIAICT cof0d CMELNILnIe MOAETRTTELE AaCE
peex 3EENLER MexaHmsma H MOTYT GHTh MpeACTALACHE! KK npcus-

(13.32)



€ 59. YPARHOEGIIMBAHWE MACC 3REHLER MEXAHHAMA o

peeHHE MECCH /1 BCEX SRPHLCE MEXAHNHSMA Ha OTEETCTRY I HE KOOp-
JHHATH Xgs ¥ Us ero obuero uekrpa macc S. Huddepenuypys stu
BLIpAKEHHS N0 @, NOAyYaeM

dx diy. dy
Em,—-;%'-sm?ﬁ H Em, ;;: _"’"‘?Tﬁs'“
TMopcraeNAn 5TH PHPANMEHHS B NEPBHE B3 YPEEHEHHS (13.32),
nonyyses caefyiomHe HeoGXOAHMEIE VCNOBHA!

s _ s
m-ﬁ- =0 v m T 0 )
HIH, Tak Kak m =0, 10
fxg dys _

Pacemotpun panee Bupamenus
=
Em:?i-‘fl H Lﬂfezi!fi-
S1H CyMMHl NpeACTaBARIOT CO60H THK HASHPAeMBE Lenmpobeicrbe
MOMERITIN UHEPHUL OTHOCHTENbLNO NMAOCKOCTel X2 W yz. OG0sHauMM 1
COOTRETCTREHND uepes J., u J,, v npopudubepenunpyeM Hanucanmue
Bblpamenya no . Hmeem -
Y dry dl s E dy; dFy,
3,2 = = —3 M2 ot = ok

2”# (] &g dip £+ dy dg *
TaKk Kak dz/dy = 0. Tloacrarias nonyyennse BHPaMEHHE B TPeThe
H ueTeeproe ypzedenus (13.32), maxonmm

L Al y: st
a- =0 n o =0 (13.39)
Takum o6pasoM, MR YPaRHODEIIMBANMS CHN HHEPLHH HEOOXO-
Jn0, NTOOH yROBNETREOPAMNCE papenctsa (13.33) u (13.34). Ha stux
PAPENCTRE HeNOCPEICTREHHD CABLYET, YTO N YPABHDREIUHEAHHS CHI
HHEDLHH 3PEHBEER MJOCKOTO MEXZHH3MZ HEOGXOAMMO DHINOMHEHHE
CACRYIOUINX yonosu:
¥s = const, yg = const, J,, = const, 4y = const.  (13.35)

Ananvanpysn pasencrea (13.35), npuxonmm BEIBONY, WTO Ans
YPERHOBEWHBAHNS THABHOIO BEKTOPE CHI HHEPLHH 3REHLER MAOCKOTO
MeXanusma HeoGXOMUMO M [OCTATOYHO TAK nojolpaTh MacCH 3TOTO
MeXauusMza, Yio0n 06Ul yenmp Mace ecex Seembes MEXAHUAME OCMa-
6a1cH  nenodeugicnen. JINA  yYDZRHOPEIIMRAHMS TAARHEX MOMEHTOD
OTHOCHTENLHO OCEil X W ¥ HEOGXOAHMO H IOCTATONHO noobpaTs Macch
MEXEHHIMa TaK, yTOOH HERMPODEHCHBE MOMERNIN UHEPLUL MaDC 600X
S6EHBEE MEXQHUBMA OIMHOCWIMENBHO NAOCKOCMED X2 U Yz Bbtau nocmo-
AHMBLALY.

B npaxTrke MzmmsocTpoenis NPpH YPaEHOREIIEAHIHA MeXaHUIMDB
YRa3aHuue yenorun OGHYHO BHNOJHSITCE TOMBKO YACTHYHO, B 38
BHCHMOCTH 0T KOHKDETHO TOCTARMCHHON S22y, Tak, B sexotopux
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MEXAHH3MEX }'pEEHBBDIHHBHETCH NOJHOCTRID TOJMBKD pt}ﬂ}'JTbTiip}'m-
iy % CHIa HIIEPHHH, B JApYIHX —}'pEEIiUBEIUHBHEGT‘Cﬂ TONEKD MO-
MEHTHL C J HHEPLHI H HaCTHYHO pe3yJbTHPYIOWAR CHIE HHEPLEH
W T. i. B nocn pyiowmsx n parpagax HacToRmedi raBs Met B 3ail-
eMes pacch OTPEHHEM Kak OOHIMX, Tak H HacTHBIX NMpRGTHIKEHHEL
METOACE Y PZPHOBELIHBAHAA.

§ 60. npenesenie NOAOKENHS OGUIErD UEHTPa MACC MEXAHHIMA

] . Kax 6 no noxzsano B § 59, ans ypapHOPElMBAHHA TIABRHOTO
BEKTOPa CIL HHEPLHH MeXaHnaMz HeoOXOJMMO YAORJMETBOPHTL YyCo-
P30 MOCTORHCTRE KOOPAHHAT LEHTPA MacC MeXaHusma. B mactoslieM
naparpade paccMoTpHM pONpoe 06 ONpEenenHH NOJOXEHHR LEHTPa
MaCC MEXZHH3MA.

B ofien puae QOPMyNY AfA H2XOMJEHHA BEKTOpa Fg, ONpene-
nAOImero NoNoxenHe oOmero Hentpa Mace S OTAGABHBIX TONEYHO
COCPENDTOUEHHEIX Mace nty, Mg, Mg, ..., HeOHIIEM TaK:

n
E miFi
m1r1+1n2r3+m3r3+"'+mhrn ek [] [13.36)

S = gt mat e b }im
: E

MNpouseesenua Mhry, Male, -ooy Maln npenctarnaior cofom cra-
THUECKME MOMEHTH TOUEYHO COCPEIOTONMEHHBIX Macc OTHOCHTENLHO
NPOM3PONLHO PHIOPAHHOH TOUKH.

Moneaysck Gopuyncii (13.36), momBo a8 Jrofofl KHHEeMaTHUe-
CKolt 1fenH OTpeleiTh NOJA0KEn e ee eHTpa Mace. TTycte, nanpumep,
aanana KnnematHyeckan uens ABC ... FGK, cocToslan H3 n 3Beiben
(puc. 13.24). Llenrpamn m2cc 3meHbeD MyCTh OyayT TOUKH Sp, Sy,
Sus ooy Sp. Jlnune 3eeEbER O60SHAYHM COOTRETCTREHHD Hepes &y by
{, ..., 1, @ pECCTOAHMA LEHTPOR Macc Sy, Ss, 8, ..., Sy OT KpaHHIK
AERLIX OCeil 1P HHPOR NPH 06X0Je LenH no YacoBoh cTpenke — uepes
@y, Oz, G3, ---» On. 1 peGyerch ONpEAEnHTh NOJOXEHNE oOLErs LenTpa
Macc S pacemaTpHBaeMoli LefH.

Ha touks A NpoBoHM BEKTOPEL Py, Py, Fa, ..y Fp, ONpeIeasionlie
nonoxenne neHTpoR nace Sy, S Sy o-ey Sne 110 Qoprryse (13.36)
HMeeM

po L ryd oyt e nly

iy -ty -ty coe =My
BEKTOPHL #1, Fg» Fas «ep Fn MOTYT OHTH NMPEACTZBJEHEL KaK CYMME
REKTOPOR:

.I‘*I —_"ﬂlp
rﬁ-;‘l + @

ry=UhL+ L+ as.

+ ani

s = | L ] a =

ra=hL+hLtht-+lna



§ 60. ONPEAEJIEHHE NONOMEHHA OBUETC LUEHTRA Macc 281

OTCHE TIOJYYaenm

@y +my(h @)+ bl b b o U+ 6n)

= ity -f g - g e ey .
OrepeBaen cROOKE # TPYNOHpYeM YNeHm:

_ s (e mg - ) et (ot et ee 4 mn) by T

£ = m m

X - AR mn—;l'ﬂn-.:““l‘mnln—L 4 My iy i {133?}
TRe m = my -+ mg + my 4+ ...+ o,

Fuc. 13.84. K OnpeLeneRno ofiLers LenTho Mace HHBeMETOYECKoN Lenn

Hs pavencrea (13.37) crenyer, uro nepestfi ynen npaeoli vyacrh
STOFO ABEHCTBA NpeAcTaB/AeT coboll HeKkoTOpLIT BexTOp fyy, onpene-
SRIOLHE NON0NKERNE LEeNTPa Mace spena I oTHO- mgtimyea ey
CHteqkno rouke A (puc. 13.25), ecanr yesosmo
NPENNoAoH#HTL, 410 B Touke A speHa co-
Cpeforodena wmacca prex NPeaecTBYIINX
SBeHLER, B TOYKe B — macca poex MOCTEeRY o~
UHX SEeHLeB H, HAKOMEW, B TOYKe S; — macca
My camoro spewa AB (puc. 13.25). Tak kak no
SBeHa [ spemver wer (puc. 13.24), To macca,
COCpenorovennas B Touke A, papua HYJIO.
Nocne spena 1 CHeRYIOT 3Beuhﬂp2, 3,4, ..., ,ﬁ'j?‘,hﬁf;,ﬁf&".fmm@

145l Macca KOTCPLWX paBHa Mg -} mg + 0w “?ﬂ“fﬂ?“ a
+ oy .. My, W, HaKOHew, B Touke S;
fOCpenotovena macca my. YroGh ONpele/iuTE LEHTP STOr0  yCHOE-
HOro  pacnonomenns mace, BOCHONL3YeMen Qopuynoii (13.36)

P S o % L S 1
m
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CpaBuHBas nofyyeHAoe BHpameHHe ¢ MephbiM ynenom GopMy iR
(13.37), ME BMEHM HX NOJHYIO TOXIECTBEHHOCTE. Takum obpasom,
nepewii wien opuyas (13.37) npeicTaBaser cofiofi sextop My, onpe-
pensoliul NONOKEHHE HEKOTOPOTO (HKTHBHOIO LEHTpa Macc Hy.

ABANOTHYHO, eCAH AN spera 2 NpeinosiokHTh, YTO B €10 TOHKE B
COCpEeRoTOMENa Macca BCeX MPEALECTBYIOLIHX eMy SPEHLER, T. €
nacea my, @ B Touke C cocpenoTodena mMacca BCEX MOCAERY IO
3peHpes, T. € Macca my -+ ms Mg + ...+ m,, H, HaKOHEeL,
B TONKE S, COCPENOTOLEHA Macca &1y (PHC. 13.26), To obuyr neetp H,
TAKOT PACTONOMEHHA Macc onpenenutcst BeKTOpom fp, NpPeACTAE-

agoinuM  cobofi nTOpofi ufleH thopmy ikl

e+
P ? n; 5% (13.37). Hmeem
T ﬁ’t ﬁ-’.t: mgﬂs+["3s+”::."f"'“+mn&,
&

Piic. lH.Eﬂ::';::oua spentn BC wn-  TAK KaK CTATHUECKHE MOMEHT MacCki fi,
N [scCpanel  yonopHO COCPEROTONEHHON B TOUKE B,
paBeR HYJIo.

[popeis aRANOCHSHEIE PACCYH JEHHA A5 BCEX OCTaMbHLIX 3BEHLEE,
MPHXOMIN K BLBORY, Yo (oprmyna (13.57) momer CLiTh MpencTaBJieHa

Tak:
rs=h 4kt ls e e (13.38)

¥ BeKTOp ofinero UeHTpa Mace Momer OLTL ONpefesier Kak TeOVETpE:
yecKas cymMa Bextopoe fri, s, R

Bexropu hy, hg, Bg, ..., By N8pAANENBHLL OCAM AB, BC, CD, ...
..., GK coorpercroyiounx apehses [, 2, 3... (prc. 13.24). Monynu
§THX BEKTOPOE MOCTOSHHLI BCJEJCTBHE HEHSMEHBOCTH MACC SBEHBLED
¥ pAcCTOSMED @y, dg, «oy Gy W by b by s I Takum ofipasoM, onpe-
penerne nonomennss ofllero UeHTpa macc SBEHLER KHHeMaTHYECKOH
{enH CBCAMTCH K TeOMETPHYECKOMY CJOMEHHIO NMOCTOAHHEX N0 MO-
AyJE0 BEKTOPOB, HAMPABNEHHEX NapaniefbHo OCHM COOTBETCTBY HOLIHX
SBEHLEE.

B coxpamennom Bupe dopmyna (13.38) momer OLiTe Hanucaua
TaK:

- P g Ry (13.39)

Ha puc. 13.27 nokasaHo onpeflenenHe c HoMOLILI0 BeKTOPOE Ay,
B, # B, nByX nonomennit S° u 8" ofilero nenTpa Mace S KiHeMaTHue
cxoft nenn ABCD, kotopas TOCAEOBATELHO 32HHMATA TONOKERHT
A'B'C'D’ w A"B"C'D". Toskw Hy, Hs Hsy ..., Hn (pHe. 13.24)
GyIEM HaSLIBATL 2A0HBLMIL MOYKAMY, @ BERTOPE Fy, Fro, Ry ooey fin—
GEXMOpaNMY EAGBHBIX IMONEK.

2, TlpumeBHM PacCMOTPERHEA METOML K PELIERHIO Salaul ofi onpe-
flenenny obLEro LeRTpa MacC 3BEHbEB MeXaHH3Ma WApHIpHOTO Hes
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Tupexssenunka ABCD (puc. 13.28). [Tycrs pamu AIuEE 3Benpen L,
I 1 Iy v paccTonnus @y, Gy ¥ 3 HX UEHTPOE Macc Sy, S, M 83 oT oceit
AEBLIX WAPHEPOR, 3a HaualbHYIo TOYKY BOSLMEM TOUKY A i coemn-
HEM €€ NpAMLIMU ¢ ToukaMi Sy, S; u S;. Bekropu AS,, A8, u AS,
COOTECTCTEEHHO 0603HauHM uepes ry, ry H Fy. Ecan panee obosuagnts

&
>

iy

¥

&

Ai__l_

Puc. 13.87. Onpenenesie ofmere  Pue. 15,26, K, oNpeRenentmn noenomesis ofe
HEETRd MEOC JEEILCE  TPeXineHBof HelG HENT P& BeECC
RAREMOTIYSCROH Wenn © ORYX nogc-

HeEHBAX

MACCEL SBEWLED 9epes fy, My W My, & CYMMY BCEX Mace — Yepes m,
To, corazcuo Gopayde (13.36), mowuo sanucars:

iy - Mars 4 ey
m

rs"—_-

lNoaraysce papercroann (18.37) u (13.88), noay4aen

ro = ey + (my + m:i&_ + Mully - Migly + Mally by + A, + hs,

1" m mo
(13.40)
roe
ﬁ'l- = mlﬂ'l""[mﬂlﬂ-‘f‘mx}‘ll 2 (1341}
by = Dty (13.42)
By = T (13.43)

mn

Onpenensn sexrops By, B, 0 fiy 0 suas, gro HX CyMMa HoMxHE
RABaTh BEKTOpP Fg, CKIANLIBAEM BEKTOPEL My, J1, W By (puc. 13.28),
Pesynurupyioman stux BEKTOPOB NpeicTapnaer cofofi BexTop
Ty, a KOHENl BEKTODA Fs ONpelefser TOUKY S — NEHTp mace Beero
Mexatiuama. TAK kak Bce rhaBHEE Touky IPH NEpeMELlEHIH 3BeHbER
IRIOF COOLTO NOTOACLET OTHCCUAIBN0 STIY SBEHLOD, To pe-

TP Ho, 3uan noioMeHHe ITNX TOYER ApH OMHOM KakoM-mifio noyone-
HuW  mexamiama, walitu Bee NOCACTYICIIE TONOMEHHST TOMKH 8
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MyTeM NoCTpoeHnst JOMaHOM JIHHHH, COCTOAmel ©s OTpesKoB ky,
hy, w by, nNapanienbHEX COOTBETCTEYIONW 1 HANDARIEHHAM SREEHLEB
MEXAHHSME.

3 . Paccnorpuy Bonpoc o6 onpesenemi i ofilero nemtpa mace
Kpl OWHIHO-RON3YHHO O MEXa H3Ma. [Mycts a8 AesakcHANLMEI
kp pommnHo-n  ymrui nexamisy A C, paauyc KpuBowmna AB
KoToporo pasen R, a JUHI @ Wwat) Ra EC paena I, (puc. 13.29). Tpe-
Gyercs onpe enlTh MONOMKEHHE N TPa Mace S MexaumaMa.

INycts Macca KpHBOLIENA PaBHA /My Macca IaTyHa — i i Macca
NOCTY NATENBHO NEHIKY LIErocs MonsyHa — mg. O penensen raapfke
BERTOPH My, ¢ ¥ My [1yCTh HEBTP MacC KpHBOLIKHNA AB nexur B TOMKE
§; 12 paccTofHHi @ OT TOYKH A. Cocpenotouypaen B Tou € B Bee no-
CEY IOLIHE MACCH, A B Touke A — npelwectsylomiye Naccehl. Tak kak
speno AB —nepBoe, TO B
Touke £ cocpefoTouena Mac-
ca, pag as Hy’N 0, B TOuke B
coCpenoTUNeHa Macca Mg -
-+ g, a B TOUKE 5, — Mac-
ca M, DBupameHne A
onpefenenHs  DeKTopa iy
HaNHLIeM Takg:
by = myty - (my + )} R

nit

Poc.  3.28. K onpeserensin ofupeo LEHTRS Maoo
1 HEBOLWENWE-ROATYINOrD EXakE Ma (13 44)

Mop Jb Beropa fiy paBen paccTonHMIO OT Toukd A Lo nepeoi
rna off oukw Hy (puc. 13.29).
epexoy  renepb K w Tyry BC. [Mpepctacuy, wro B Touke B
COCPEAOTONEHA Macca m,y KPHBOWHNa AB. B Toure 8. coC enoTouet a
wmacca m, waryna BC, a BTouke C — waccamyno synad B pasem ¢

nna Uﬂ;ﬂﬂ.ﬁﬂﬂ"ﬂﬂ Bﬂmpﬂ Iy &8N TakK:
gt
Py w (13.45)

N NOCTYMATENLHO JIBHMYLIErocs Nossyna npu onp eHu
BEKTOpa 5 HANO COCPEACTOMHTL MACCY My -+ ms B OuKe C, a maccy
my — BTo4Ke Sy Ha pacCTofiHul @ OT TOYRH . Bripas Hue 1 onpe
[eneHns BeKTopa fiy HanHUeM Tak:

i
L (13.46)

m

CorAacHo NpeftIymey BeKTop o HMeeT Hanpani HHe ocH AB
spena , BekTop My napannenen oo BC spena 2, a BeKT p fry napan-
nenel ool JniweRns nonsy 1a 3. Jlnn onpenenenus uesrpa S wacc
peero Mexamuama no ock spena AB (puc. 13.29) oTknajbiBaem O1
Toukn A oTpesoR papuitil fy, us Touxy K, npoBoiRM IpAMYIO, napal-
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JeqbHy0 seedy BC, W oTKnanmsaem ia mel OTPESOK, parumil A,
Mz voukd K nposomm  npsmyio, NAPANNENLHYI0 DepeMeLeHmn
spera &, W OTRIalHBaeM Ha well oTpeaok, paentit ;. Kowern storp
OTpE3Ka ToYxa § # mpencTasnseT coboil LEHTp MacC BCErD Mexa-
mrsMa ABC, i
PacosoTpunm Teneps, Kak nepesemaercs pafienswi LIEHTp Mace
npy ABimKenin: Nexauusma. Tax kak pexTop fiy Np BeeX nomowemnnsx
meXanusma Gyler napannenen camomy cefe, To Bee ero TOUKH CHHIOYT
OHH H Te e Tpaektopue, Tak, HanpuMep, Touxa K olHueT Ta-
EYI) HE TPAaeKTOPHIO, KAK H UeHTp Mace S, TodbKo CMBLOEHHYIO Ha

Fuc. 18.80. Cxepa K BOIOHRIG-R00: Y vino- Pree. 13.31, Cxoma K H PO A O T0 S Y Hno-
o MeXaNH3ME © DoRatalingl Hy wefl T UD MEXEMHIMA ¢ TRaekTopue!l nouxexps
TOpHel npREERns OfIero HMEETRR MACcCe CUErD UewTpa MACE, DOCTPGUHBEON NpE Do-
ey Foanovncl noyRnosomioBoln FPyniky

OTpe3oK, patsufl Ay (puc. 13.30). Takmm oBpasom, ecni TpaekTopiel
TOUKIl S ABNSETCH HeKoTopas KpHBan @, To TpaexToprell Touky K
Oynet Ta e wpupas, Ho CARHHYTAsl BAEBO Ha BeJIHUHREY, PaBiyio
3 = KS. Kpome toro, Tax xag oipesok BH, pasen p napanneney
HyK, To ¢urypa H,BH,K NpeicTanasner cobofi napajinelorpamy co
CTOPOHAMH NOCTOAHHOH 1N H\B = KH,, BH, = HiK uc nepe-
MeunbvE yraamd. Tpaexropmio Toukn K mowmmo NOCTPONTE, echau
L mexanusymy ABC  npucoemmuuTh rpyany I1 gnacea HyKH,
(pue. 13.31), COCTORIUYIO 13 IByX SBEHLER, LJNHL KOTopux MK
I KH, u xotopuie Bxopar B TPH Bpamatensuue napel H,, K n H,.
Tpaekropns Touxy K storo mexanmama NpeACTaBisAeT cofioil Tpaek-
TOPHIO nenTpa Mace S mexaunama, CABHHYTYIO Ha NocTosigumpii oTpe-
3ok KS (puec. 13.30). -

YKasauwuult metos Momer G DPHMEHEH LA pelleuns sanayy
ONpenesleHin ueHTpa Mace H ero TPEEETOPHH AAA MEXAHHIMOB JHOGLIX
Khaccos,

§ 61. ¥paenorcmusanne cup HHEPLNE 3BEHRED MeXAHHIMA

I°. Nns ypaenosemsipamis TOSLKO IABUOrO BEKTOpa Cidl HHEp-
LHH  nnockoro wexaumasma (Ges yparuoBenmBanus MoMenToR CH
Huepupy), kak Grno nokasano Buipme (cm. dopuyay (13.35)), nocra-
TO4HE, uTofu obugmi HEHTP & Mact GCEX SEeHBER MEXAHHIMA OCTa-
BANCH HenmonBHmHEA i YIOBRMETBOPANOCH yChoBHe

Xs=const ® gy = const, (13.47)



Off Ta 15, EMHETOCTATHHECKHR PACYET NMJOCKHX MEXAHHIMOB

Iipa papencrea (13.47) moryT OuTh SZMEHEHE! OJHHM BEKTOPHLIM
rg = const, (13.48)

Toe ry — BeKTop, onpeneasiouyfi Nofomenne olUEro LEHTpa Mace
3BEULEE MEX3HN3MA.

Kar Gmno nokasano B § 60, paiuyc-peKTop Fy UEHTPR S MACO
SBEHLEE MEXaHH3Ma ONpELENISeTCs KaK reoMeTpHYecKas Cynma oTpes-
KOB, MPeICTABIAIOUNX BEKTOPH IMADHLIX TOYEK OT/EJIbHAIX 3BCHLED,
Tak, pds MexanuaMa [(APHHPHOTO YETLIPCXSEEHHIES ABCD
(prc. 13.32), ecny 0€03HAYHTE MACCH 3BCHLER 1, 2 n 3 CoUTBEICTEEHHD
4Cpes fiy, My M My, PACCTOAHINA HEHTPOB THIKECTH Sy, Sp u Sy 9THX
apenbes of Touex A, B u C — uepes oy, G 1 4y, ¥ LNUHBE SBEHLEE —
yepes [y, L 0 Iy TO paiuyc-BEKTOp ry LEHTpA S macc erop 3peHbeB
6yneT pabeH reoMeTpHYECKoi! CyMie
BEKTOPOR TAABHRIE TOHeK

rs=fy -+ fs -+ B
rie MOOVIH BeKTOpoR My, e B fiy
onpesesaoTes no gopmyaanm (13.41),
(13.42) u (13.43).

Jlan  yROBIETBOPEHHS YCMOBHA
Pac. 13,32, Cremy Wexniidapa wapHip- UE"!E} HE{"JHXQEJ’IMH. yTuOe cobaio-
NGO LWCTLPCEEDEHIMKE © DpoTnsopecars  JIANOCHE YCHOBHE

B skcunex I oo d
iy "‘t‘ Bty 4 Bty = const. “3-49]

310 yohoBye MoKeT GbTh YNORIETEOPEHO, €CTH MOAYJH BEKTOPOD
Iy, By v Iy nonoGpath Tag, 4TO BOKTOPHHIE MEOrOYTOJIBHIK, ofipaso-
paneuil WM, Oyner nonoben wernipexyronbueky ABCD, ofpazye-
MOMY OCAMH SBeHBEB Mexanusma (puc. 13.32). llpn Tarom noaGope
mopyan hy, his B hy A0MKHEL YLOBAETBOPATL NPONOPIHAM

I hs hs
padnd 1250

BenencTeye NapanielEHOCTH BEKTOPOB My, fi; H fi; COOTEETCTBEHHO
croponam AB, BC n CD nx pexTopHBH MHOFOYTOJILHHE SDBISETCH
Kar Ok BTOPBIM 1WAPHAPHLIM YEThiPEXSBEHHBIM MEXaHHSMOM AH.H.S,
nofloGHEM OCHOBHOMY MeXauusMy, H CIENOBATENLHO, BCE TOYKE (-
rypu AHH,S onucuBaior TpaeKTOpHH, NojoluLie TPREKTOPHAM CO-
OTBETCTEYIONLX TOUCK 3BEHLEE JAHHOrO mexanmsma, OOuu#l uentp 8
Mace soonneB mexannsua ABCD B sToM cJydae HaXofuTCH ua nps-
moft AD u 3a BCe BpeMsl ABHMKEHHS MEXAHM3Ma OCTAETCH HENOMBH-
HEIM, TpH SToM yaoenereopsercst ycnosue (13.47), wnu ycnobue
(13.48), ¥ crnepoBaTeNbEO, CHJBL NIHEpPUWH SBEHLEB ILAPHHPHOTO
ETHIPEXSBEHHIKE OKAIRBATCH YPABHOBCIIEHHBIME.

Mexanusm Oyner ypapHoBeiied npH moGoM NOJAGHEHHH TOTKH S
Ha npamoil AD gax mexwgty Toykann A v D, Tak # BNpaBo MK BJICBO
oT HEX.



§ 61. YPABHOBEIIMRAHHE CHJ MHEPUWH 3BEHBEE MEXAHHIMA 987

llonerasnas 8 nporopuny (13.50) swavenusn hy, by u by ua dopmya
(13.41), (13.42) u (13.43), noiyuaenm ANs SajanHLx pasmepoe [, I,
i g CIENylne fha yparueHusn!

may = —my 5 (ly — ay), (13.51)

gty = — ity 7 (ly — ay), (13.52)

M3 stix ypasnennil Henocpe/icTBeHHoO CeayeT, uro NpH peIIEHEH
ganaur o nonfope Mace MexaHuSMOB, YADBAETEOPAICIIHY  YCJIOBHIO
ero ypaBHOBELEHHOCTH, MOMHO Nonyunte OGecunclieHHoe MHOIKECTEO
pewenii, TaKk Kak B STH JiBa
ypaBHeHHA BXOAAT LIECTL Mepe-
MEHHRIX: My, My, Mg, 3, 83 H
(i, V3 KOTOPHX YeTHpe MOryT
BT BHOPEHE NPOHSBOILHO,

Hs  ypaswenult (13.51) =
(13.52) Takme cnenyer, wro ecau
8a/laThk OLHO HE TpeX paccTonuul
@y, Gy HIH @3 HA OCH 3BEHA MEXJLY
IAPHHPAMH, OCTANbHLIE IBa pac- .
CTOHHHA JI0 NEHTPOB THMECTH N0- .'-i',"a&i:éi;ﬁ’;:‘&.“i“.%:‘:%ﬁ&ﬂt?'ﬁ;
JIYHaTCA 3a KpailHHMM [napHupa- irepenz I W 8
MH SBeH3, M, CYHias, YTo Pacno-

FOMEHHE NEHTPA MACC 84 IADHHPAMA COOTBETCTEYET Kak Ol YCTaHOBKe
fpomueoseca (MONCNYHTENLHON MaCcCH), MOKHO CHa3aTh, YTO YPARHOE:-
HIHBAHHE PESYIILTHPYIOWIES! CHILI HHEPUHN SLEHLEB MEX3HN3MA Lap-
HHPHOTO SETLIPEXSPENHIKA MOHET CLITh JOCTHIHYTO NyTeM YCTAHOBKH
NPOTHBOBECOB Wa ABYX ero seembsx. Hanpuwmep, :E?n ag > Il u npn
yeTanopke nporisoreca £ na ssene CD sa toukoit D (puc. 13.32) na
ypaerenun (13.52) cnenyer, uto a, > 0, 1. e. WeHTP mace S, apena BC
Joaxes OLITL pacnofoMmen oT Touky B enpaso. Ecau npu stom 0, < I,
TO 18 ypaeuenns (13.51) maeem a; <0 w uentp nace seena A B nonen

PacuofoNeH Bre spera, 3a Toukoll A. Chefopatensuo, npotio-
Bethl F 4 E Heo0XOIHMO pacnoliokiTh HA 3pefLax I # 8 rax, xax
fNoxasano ua puc. 13.32. Ecoma, > I, toa, > 0, CAEAOBATENbHD,
SBEHbA 2 11 & MMEIOT 1IEHTPH Macc BHE STHX SBEHLEB, To OpOTHBOBECH
RORMHED OBTH PACTONOIKEOHE HA 3BepbaX 2 u 3 TAK, KaKk NOKA38HO
Ha puc, 13.33.

Z°, B npakTuueckux pacuerax 3alayy o Noffiope MACC SPeHBED

H Tnonomeun#i HX uewTpoB Macc pemanT B cnefyiolllenM nopsike,
ALAKTCH MOJMOMCHHEM LEHTPA MAcC i Maccoli OfHOTD Ha SBEHLED,
OFfla MacCll M pacCTOSIHMA UEHTPOR Macc ApYIux SEEHREE JIETHO

NOASRpaTCs ¢ NOMOLLBID ypaeuenuit (13.51) u (13.52), Hanpuwep,

SaiaBafcy SHavemnsMM My M Gz, NoAyuaem u3 ypasmenus (13.52)

SHAYCHME mya,, B KOTOPOM MOMHO SAHATLCH ONHHM us MepeMeHHEX,

Y9uTuiBas npu sToM cooTReTCTEYIOU Siak 8. Ilopcrasnas panee
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nodyuennme snasennn B ypapnenye (13.51), nonyuaem sHauenme ma,,
B KUTOPOM TAIGKE MOXHO SAJETLCA OLHHM H3 NEpeMeHHLIY, cofinoian
3HAK Y PACCTORAHKA ;. ToOuHO TaKoi Ke PacueT MoMer 0L Npous-
pefied OyTeM nepBoHAYANbHOTO BLIOOpa suaueHuf m, W 4y HAnomy
Moo BT, L

[pu pasnuuHEIX HCXOAHLIX SAJAHHAX MOXHO NONYUHTE PAsuriikie
cXeMBl YPARHOBELIHBAHHA H TIONY4HTh NOJNGKENHE TOUKH 8§ — uenrpa
MACC Mexapnama — B nobom mecte npamol AD man na ee nponon-
JeHHH, KK 370 Nokasano Ha puc, 13.33. [1py Beex Tpex nofoxenusx
mentpop mace Sy, S Sy MexaunsM Oyfer ypapHOBEieH, HO LA
nogiosenni Sa u Sy, KOTIA LeHTp Mace S HaXo[UTCA BHE OTPeska AD,
HPOTHECBECE! AOMKH OBITL PACTIONOMKENE Ha GonblIKX PacCTORHHAK
OT WapHIPOE, YTO KOHCTPYKTHBHO weyiobro. Kpome Toro, pacnoic-
JeHpe obmero uenTpa Mace S sa Toukamu A i D naer nepapnomepnoe
paCTPENENEHIE CH BeCa HA ONoph ¥ HEBLTO/HO C TOUKH Spenia yeToli-
yumoeTH mexabnsma, [losromy Hallo cunTaTs, YTo Hapbodee panuo-
HANLHLIM SIDJIIETCH PACHONOMEHHE HEHTPA MAECC MEXAHHIMA MEMIY
Toukami A n 0. B kamioMm KOHKpPETHOM cliytae 3T0 pacnoNuMKeHHE
MOMeT OLTh 3ajaHD B SABICHMOCTH OT NOCTaBNIEHHBX KOHCTDYKTHE-
HEIX TpefonaHuil.

Yenopue (13.48) ynopaeTopfieTcsi, B YaCTHOCTH, M TOCAA, KOTAA
pexTop Fs = 0. B srom chiyuae UEHTP Macc MEXAHHIMA COBMAAAET
¢ Touxoii A. Takoe ycnobHe mpak-
THUECKH MPHBOAHT K HEKOHCTPYHK-
THBHLIM pmmlmm IBEHLER W BEIH-
YHHAM HX MACC,

5. B KpHBOWHITHO-NOA3YHHOM
MEXAHHIME [ YROBJIETBOPEHHA
yeaoens  (13.48)  senonBuHOCTH
uentpa Mace S mexaunsma ABC
€ KpHBOIIMNOM JJMHBL §; B 1ATYHOM
B ey AU I, neobxomimo (pue. 13.34),

HLIX TCHEH yToblr Oula HeMoJIBHMKHA Touka 3

wnp, 9o 10 e, Touka K, Ilim

STOro ola JOMKNA COBNanath ¢ Toukol A, eAHHCTBENHON HenoumK-

wof TouKGH MeXauuaMa, ¥ AoskHo OuTh coDMIONEHD YCloBHE Fg = 0.

Ho 510 MOMET HMeTh MECTO TOJLKO B TOM CTyy3e, eCiH BekTophi fiy
H B, K&KAEA B OTAENBHOCTH paBlikl HYJK:

B,=0 u hy=0
TopcTapans B 9TH ypapsesyn suavenun by u by, pasne, coraacio
§ 60 (cwm. ypasucnnn (13.44) u (13.45)),

_’ll —_ myidy +{I::: + -fﬂﬂj I, u fl.z A Iﬂgﬂgz mai-a :

NoTyyaen
mydy + (ma + mg) L, = 0, rua, + mgl, =0,
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HIH |
mlﬂq_ = ——{fng '+" mS} Il! [13,53}

M, = —Migl,. (13.54})

Hs stux ypasmennit BHIHO, YTo Kak g;, TaK ¥ @ OTPHIUATEILHH,
H NOTOMY LEHTPE TAmecTH S; #f S JONMHL JEeHaTh He BOPato oT
touek A u B, a pnepo. Ecim macca my nonayna 3 (prc. 13.35) sanana,
TO, 3afapasich B ypabBueHud (13.54), wanpumep, paccTonHMeM a,,
HAXO[MM MacCy M. KOTOpas npefictapnser cofoil mMaccy watyna 2
C HacameHHwiM Ha lero nporusosecom E (pwe. 13.35). [Nonyuennoe
IHAMEHME MACCH My, [OACTABINEM
nanee B ypapBuenne (13.53). Ecam
Tenepk 2ANATLCH PACCTOAHHEM &,, TO
B3 3TOT0 YPaBHEHHA ONOpefelHTCH
wacta sy, npencraminoman cobod
Maccy KpHBowHna [ ¢ HacameHHbM
Ha HRero npotHsosecom D). Ecam
safjarbcR B ypasuemuax (13.53) n
(13.54) KenzemuiMy MACCAMY My, My Puc. 15,35, Crem:  EpHROINHIO-NGH-
H My, TO ONPENENATCH HEOOXOMH- " ha wpupoumne n mevye oo
MEE pPACCTUAHMA O W 4y LEHTPOE
wmace S, w8y watyua 2 i wpueowuna I cooTeeTeTiedto o Touek B |
A. Tak Kak No KOBCTPYKTHBHEM coofpamennan npoTeBoBet £ ofuuno
pacnonaraetcA BOAHSH oT Touky B H gy pubppaercs mankin, To,
K&K BHAHO M3 ypabrerus (13.54), Macca npoTHEOBECE NoAyYaeTCs
BecbMa GoJbiuof, STO BEeT K NOABJEHHID A062BOYHHX HATPYIO0K B
wapeHpax uanpaenswouel nonsyna. [Nostony nofofuoe nonnoe ypae-
HOBCIHBAHNE PE3YNLTHPYIOWET! CHALI FHEPLHY 3BeHBER KPHBOMHTTHG-
NOoJBYHHEX MEXAHH3MOB, HECMOTPH HA BCE ero [HHaMHYECKHE Jio-
CTOMHCTRE, HA NpakTHKE NPHMEHAETCR pELKO.

4°. B coBpeMeRHLIX KOHCTPYKLHAX U2lIE BCEro NpHMEHFAKT 4a-
CIHYHOE YpaBHOBEINWBAHHE CHI HHEpIHH SBEHLEB KpPHBOWHIHO-
MOJIBYHHHY MEXaHHSMOR,

AHa/oTHIHO YPAPHOBELIHBAHHI [UAPHHPILY YeTHPEXSBEHHLIX
MEXAHHSMOB I JANA KPHBOLMITHO-TIONSYHHOIO MEXSHHAME MOMHO
nofofipaTs MAaCCHl SBEHLEE M WX LEHTpPH Mace Tak, uwTobu TiabHHe
Bexrope! By ofpasopuipany durypy, nNonofHYID EpHEOWHMTHO-NON-
SYHHOMY MEXaHusMy, Ho, B OTJHYHE OT MeXaHy3Ma wapHHpHolo
UeTLIPEX3BEHHNKE, LEHTP MacC KPHBOWHIHO-NOMSYHHOTO MEXaHH3Ma
HE OyNeT HENOoLBHMHEEM, & OyneT ABHTATLCA NO NpaMof, Napaineik-
HOH pcy nonsyua. B sTos coyyae B MEXEHH3ME OCTAHYTCS! HEYpaBHO-
BEIIEHHEIMI CHJILI HHEpUHH, HANpARIEHHHE BAONL 3Toit ock. Takoe
YaCcTHYHOE YPABHOBEIINBAHHE BECBMa 4acTo HPHMEHAETCA Ha NpaK-
THKe, HanpuMep, B MEXABH3MAX CelbCKOXOSATNCTEEHNBE MalunH,
Apprareneii u pp.

0 u. K. Aprofenescinil
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Yrobed nentp Mace S MeXaHH3Ma i, YTO pABHOCIILHO, Touka K
(puc. 13.36) Apiranuich NapalIenLbio oCH NOASyHA 3, HaAo YOOBAETBE0~
pHTE MPONOPLKH, ananoryynoft nponopuns (13.50), a nuenHo:

h {
T:'_ =T (13.55)
rne I, — pamiyc Kpusowmna [, a [, — jnuma maryHa 2. B stou
cryyae Mbl KaK il nofiyuaem BTOpoi KpHBOILHTHO-NOASYHHEE MeXa-
Hpam € KpHBOWMOOM AAMmoil  fy B IATYHOM paunoil  Ag.
3peno h, FTOro MexaiusMa Bpaulaercs C yriaoBofi CKOpPOCTHID, PAB-
pofi yrNoBoH CHOpOCTH  KpHBOLIMNG I: touxa K sToro  me-
Xami3ma, @ CHENOBEIc/BHO, 1 ToYka S JBMKyTCR 1O nps-
Moll, napannesbiol OCH ABHIKEHHS NOJSYHA J.

lMoacTaphas B NpONOpUHID
(13.65) eemuunild

B e gy Iy
h = = ’

b, = mMy@s - Mgls ’

m

nosyYaes
Pac. 12.30. Cxema S BOTTH TN - T~
SYEHOTG MEXSUNGME C NPCTHEOPCCOM A8 mtyey A+ (me 4 me) by I
K HBOH e — T
Mty + Maly [

[Mpy NpakTHYECKAX pacueTax BETHUHHH ag, §; # I3 B GONLUHHCTEE
cayuses OuipaioT sajaHu. B 5TOM cAyyae HMEeM

nyily = —HNiy :—: “.Ig e ﬂﬂ. {I 3.-%6]

Tak KaKk OGLIYMO LEHTH MacC MATYHA JIEAHT MEHLY touKamu B
i C (g, << ly), TO UEHTp TAMKECTH S, kpunownna I JoJEeH JEKaTh
pie TOUKH A, NUTOMY 4YT0 BEJIHYHHA M0, B ypasueny (13.56)
crouT co auakom aumyc, Onpefenns ps ypanneHus (13.56) neobxo-
JHMYI0 Maccy KpHBOWKOA !, ycTanoBM, WT0 Ha (yniaMeHt GynyT
qeficTeoRaTE TONLKO CHITH HHEpLHH, napallienbHLie OCH [BEHAHEHHA
NoJ3YHA, H CAEOBATENbHO, MEXAHASM I GyuaaMeHT MOTYT [OL JeH-
CTBHEM STHX CHJ NepeMellaTiesl TONMBKO B yKAIAHHOM HanpasIcHHH,
[MonofHoe ypaBHOBEIUNBAHHE BECBMA HACTO NpHMEHAETCA Ha Npak-
TiKe, HO OHO peinaer 3ajayy 00 ypaBHOBEUIHBAHHI cHA WHEpLHI
TONBKO UACTHYHO, NpHUEM B HEKOTODHX Caydasx caaraioliie CHIb
pHepiE, AeficTBylOUe N0 HANpaBJIEHHIo JIBHMEHHA MOMEYHE, MOFYT
AOCTHTATH IHAYMTEALHON BeNHYHHDLL

5°. B mekoTOpHX CyuanX Ha MpaKTHKE UaCTHUHOE HAH naxe
nodHee YpaBHOBEWHBEAHHE CHA HHEDLHK 3REHBEB JIOCTHTAeTCA yoTd
HOBKOI CHMMETPHYHO PACNOJNOHEHHLIX MEXAHHIMOE € pARHEIMN Mac-
cami CHMMETPHYHO PACTOMOMEHHEX 3BEHLER, 5ﬂamﬂa€ﬂ yemy nojy-
yaeTCs CaMOYPABHOBELIHBAHHE MEXaHH3ma B UCIOM. 1a puc. 13.37
noKasaHa OfHA M3 TaKux cXem. Mexamuan COCTOHT H3 JBYX CHNME-
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TPHUHO PACMOJNOMEHHEX KPHBOLHITHO-NON3YHHBX MEXSHH3MOB ABC
n AB'C’. B stom mexanpame CHIILI HHEPLHN Macc 3BeHLEB YpaBlobe-
[WHBAIOTCA, HO OCTaeTCR HeypaBHOBEWeHHOH Napa cuil HHepLui.

Jlanee crienyet yka3sarh HA CXEMY ypARHOEEUIHBANHS CHJ HHEPILHH
nof3yHa 8 KpHBOWMONO-HONZYHHOTO MEXAHH3Ma, NOKa3aHHYO Ha
puc. 13.38. Ha sanax A u A’ mecTko ykpennaioTes ABa ofHAKOBEIX
gyGuatbix Kosieca [ i 2, cnaloxennke fBYMS OPOTHBOBECAMH @ paBloi
macchl. [IpH cBoeM BpaleHHM DPUTHEOBECH PasBHBAIOT CHJILI HHEp-
wii F, 0 Fy, paspne no se-
JnyHie

Fy = Fy = ma's,
IJie M -— Macca NpOTHEOBECA M

§ — PACCTOSHHE LEHTpa Mace
NpOTHBOBECA OT OCH BpALeIHA.

Pac. 18.37. Cxema cppocuncro  camg-  Pue. 13.38, Cxesa [
E, PR BN DOEY NG R0
FPapHOBELG EHHODD KR OBULTHITIO- NOJEY - MEXBHHAME € YCTANODACHHBME o ayﬁnmi;:u Hi=
HOTE MExaiuaun ACCAX NPOTHEOBECHMH

Pasnaras TH CHIH 00 TOPHIOHTANLHOMY H BEPTHEANLUOMY HA-
NpaBieHys M, NoAYUaeM:

Fur = —ma'scos ¢, Fiy = —mo's cos @,
Fu = ma'ssing, Fi, = —mo'ssin g.

Cunel Fyy u Fr, B3anMmo YPaBHOBENIHBAIOTCA, & cHI Fuy u Fiy
CHABJHBAIOTCA, CO3[aBaf  CuAy

2F . = —2ma's cos .

STa CHNA NepejacTCs Ha ONOpH MexXaHusMa K YpaBHOBEINBAET
TaK Ha3LIBEEMBIE CUAbE LHEpLUL nepeczo nopadka (cu, § 24, opuyny
(5.42)}, ecnn NoAOGpATE BRNHYNHEL Mace TaK, uTolkl yAOBIeTBOpAlioch
YChoBHe

mew*! cos ¢ = 2me’s cos ¢,

The mg — wmacca nonzyna C. B stom ciyyae macca npotieoseca m 1
PaCCTORHHE § €10 UEHTPA MACC A0 OCH BpalleHHs ROMMKHL CHITL CBfi-
38Hb COOTHOWeHHEM ms = mol/2.
B paccmarpupaemoil cxeme ypaenosenmsaina koneca f i 2 ¢ pag-
HEMH NDOTHEORECAMH HE COSHAKT HHKAKOH NONOJHHTenhHOf mEphl.
B nactosmem xypee Ml pe PacCMaTpHBaeM BoNpoca of ypasHope-
WHBAHNE COCTABASIOIIEX TNaBHOTO MOMEHTZ CHJ HIEPIMH NO OCAM X
rl: Y (cm. § 59). Sror ponpoc ofBbIYHO PECCMATPHEAETCH B CHelHANBHEX
YPeax sumammkn peuravefieli M Opyrux Mammm.
10+
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§ 62. VpasnopellHBaHHE BPALIAOWHUXCH SBEHLEB

I°. Pewenne 3anaun off ypaBHODEUIHBAHHY AWHAMHYECKHX Harpy-
30K B KHHEMaTHYECKMX MAPAX MEXAHHIMOB OT CHJ HHEPLUHH 3BEHLER
B ofillleM Bujle TpEACTABNRET BeCkMa OONLINHE NpPEKTHYECKHE Tpyl-
HoctH., Pewense sToll 38184H 3a3KIHUEETCH B TAKOM pacnpefeleHHH
MACC 3BEHLEB, NP KOTUPOM NONHOCTRI0 MM YaCTHUHO YCTpAHAITCA
InnaMuyeckne Harpy3kn. [lpw stom nopfiope sace wondurypamuu
3peHpeR H HX Bec B DONbUHCTBE CAYYAEB NOJYYaloTcA Mallo KOH-
CTpYKTHEHEIMK, 3 NOTOMY Takoil crnocol npHMenserca INABHEM oDpa-
soM IpH YpaBHOBELWHBaHWH Bpallamiipxca feraliell, olmanatoulpx

Pre. 13.38. FHoaepusteill Ban nBuraTesn

sHayuTeNbHOH Maccoll ¥ OonbmmMe YEROBEME CHopocTAMA. Ciopa
HALO OTHECTH Bail OLICTpOXOEMEIX nBurateneil, Gapabanbl uenTpH-
diyr, TypOuHLL, TApe/KH Cenapatopoe, Oapaband MOMOTHIOK, SKOpH
JIRHAMOMAITTHH, BEpPeTEeHa, poTOpH rHpocKonot u 7. A. Yactora spa-
IIeHHA HEKOTOPHX H3 37HX tetatedt pocturaer 20 000 ... 50 000 of/muu
u 6onee. [pu 3THx yenoensnx paloTn upesBuyalino BayibIM ABNAETCH
BONPOC © NPaBHJILHOM paCUpeiesieHHE Mace 3THX JAeranefl OTHOCH-
TEALHO HMX OCH BpalleHHA.

[Mycth, Hanpumep, Mbl HMeeM KoneHuathil pan A (pme. 13.39),
BpatiatoniHics BOKpYT HENOABHMKHOH OCH 2—2 € YINI080H CKOPOCTHIO 6.
Faw Onio nokasaso B § 59, wiobnl nofuwmmidks B ne HCOETHBANH
JOTNONHHTENLHEX [HHEMHYECKHX [AspleHdHl OT CHJA HHepUHM Macc
pajia, neoDXOgMMEM B JIOCTATOYHLIM ABNAETCA YCIOEHE paBeHCTEd
HyJHQ [NABHOMD BEKTOPA CHJI MHEPLMH MacC MarepHalnHHX TOUex
Bana. Kag n3pecTHo W3 TeopeTHYeCKoH MEXanKWKH, 5TO YCIOBHe BCerja
YIOBNMETBOPAETCH, €C/M HEHTp MAacC BpaUlalOUEroCn 3PeHa JIEMHT HE
€r0 OCH BpalUeHHH#, KoTopas BONMHA OHTh OJHCH H3 ero riaBHEIX
oceit uuepiwy. Ecin KOHCTpYKTHEHOE odopmienne Bana (puc. 13.39)
VAOBAETBOpALET STOMY YCJAOBHIO, TO BAJ NOJNYyYaeTCs ypaBHOBELIEHHEIM,
yro TIpN NpOeKTHPOBEHHH HROCTHIAETCH COOTBETCTEYHILEM BuifiopoM
dopuul  ypaenoBeinBaemol  perany. Hanpumep, Kolemdathil Baft
(pre. 13.39) umeer purypuee meky a, kopennste wWwefiry C u waryH-
Hyko lefiky b, PaccmaTpupan B OTHENBHOCTH STH SJIEMEHTH! Balla, Mbl
BHIHM, 9YTO LEHTD MACC MATEPHANLHHX TOYMEK KOPEHHHX ILEEK pac-
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foJiaFEeTCA 1A OCH Bpaumlenns z—z bajda. LlewTp mace 8, towex wa-
TynHOH 1WEHKY b HaXoHTCR Ha €e FeOMETPHYECKOH OCH §—¢ Ha pap-
HHX paccTontuax or wek a. llentpofemuan cuna nnepuup Fop
welikn b paBua no PeaHUNHe

Fup = myw®r, (13.57)

rne mpy — obmas mMacca warynnoft mweiky.

Cuna ynepuuy Fu, MoXeT OHTH NONHOCTEIO YpABHOBEILIEHa COOT-
BETCTEYIOLLHM nogGopoM  Mace m, WK ¥ HX LeHTpoBR Mace S,
(prrc. 13.39). Hns sroro uenTpel mace S, JOJKHB JIEHETE B NJOCKO-
cTox {—f B n—n, CUMMETDHYHO pACIOJNOMEHHEE OTHOCHTENRUO
TOUKH Sp Ha pacCTORHHH { OT OCH 2—2 Baja Tak, Y4TolH yIoBAETBOpA-
JIOCL  YCROBHE

2m.p = myt. (13.58)
B camom jlesie, €ClIH NOMHOKHTE NPaBYIO I JIEBYIO YaCTH paBeHCTRA
HA 0, TO NOJY49HM
2m w’p = myw’r,
uiy, cornacuo Sopmyne (13.57),
?Fuu == Fyp-

Takum ofpasom, cymmapHan cuiia uuepuue 2F,, ek @ noanocTsio
ypaenopewnBaeT cuay uuepun Foy waTynnof weiiky. Hz ypaene-
HHA MOMEHTOR BCeX CHM HHEPLIHH OTHOCHTENLNO TOYHH Sh CHnenyeT,
YTO MOMENT OT BCEX CHJI HHEPUMH MACC Bala TEKIKE paBeH HyJiio.
Tawum ofpasom, Ml HMeeM PABENHCTEO HYJIO Kak TNEBHOrD BEKTOpa
CHJI HHEPLHH, TAK H C[NABHOIO BEKTOPE MOMEHTA OT CHA HHEpPUHH
Balia, T. €. 3TOT BaJl (MOMHOCTLIO ypaBHOBEIEH.

[py sTom, Kak Owio nokasano Buiwve B § B9, numampueckie na-
TPY3KH OT CHI MHEPLHH MacC 3BeHbeB OyiyT paBubi HYJIO H OpH Bpa-
WeHHH Bala ¢ yrJIOBEM YCKOPEHHEM E.

Z, Pacemotpum Gonee obwmli cayuall ypapnOBewmHBanHi Bpa-
IRAWETOCA 3BeHa, KOTLa ¢ BaJloM, BpamaloiiHMca B nofwHnnnkax A,
MECTKO CBA3EHH 3alaliible MaccH my, my 0 nty (puc. 13.40, a). [ycts
LEHTPLL MaCC My, My H My PACTIONOMEHH B Tpex naocxocrax Ty, T,
# Ty, nepreHIuKyAAPHLX K OCH BPAUEHHS 2—2, 1A PECCTOSHHAX Py,
Pz # py. Bermupser nentpofesuuy CHN HHEPIHN, PA3BHBAEMEIX STHMA
Maccanm, paBHk

Fin = myaipy, Fue = mytpy, Fra = mg®p,.

lepenockm ece 3ty cuan B Kagyk-nubo niockocts T, npoBe-
Renny wepes npon3poibHyR Todry O Bana, nepneliHKyJIApHO
K ot 2—z. [lnm sroro B Touke O KamaHil pa3 NpHKAaIHMBEEM N0 JIBe
PaBHble, MO DpOTHEONOJIOMNGO HANpABAEHHELIE CHIHL, BEJIMUIHE KOTO-
PhiX papue: Fy, Fue W Fyg Jlanee crfajuisaeM Bee nepeHeceHHEHE
CHIEL, nsis wero cTpoMM CENOBOH MHOTOyroietuK (puc. 13.40, 6).
8K Kak pesHyuHBl CHA Fyy, Fiye 11 Fyy OponopnyoHansiel npousie-
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JIEHMAM MACC M HA COUTBETCTEYIOUIHE pacCTOfHHA p, TO BMECTO CHA
Foy, Fus 1 Fyy MOXHO OTKJNAIHBATL B CHIOBOM MHOPOYFONEHHKE NpO-
HSBENEHHA My, MgPy H MgPy. ABJAKIHECH CTATHYECKHMH MOMEHT aMH
MaCC OTHOCHTENLHO UcH Bpawenun. BekTop mp oNpeienser BejiHiHny
ypasnosewnpaowef cuim Fy -

Fy = map. (13.59)

¥ papHOBeIIBAIOIIAR MACCa i MOMET GHTb YCTAHOBJIEHA B nroGof
TOUKe 10 AJHEE Bana i Ha JioboM pacCTORHEH p OT ero OCH BpalleHHs,

Tofete

Puc. 13,40, E ypasnopoilupasmo BECEOALKNEE Macc, HOCTEOVCTAHODICHERX Ha f4ny

oTnowenHoM B nanpasiemuy Bextopa mp (puc. 13.40, a). FHeoGxo-
MO TOJIBKO, 4TOOH MpUMSBEeHHe mp YAORMETBOpAJO IUiany cui,
nocTpOeHHOMY HE pHC. 13.40, 6. B paccmaTpHBaeMOM MpHMEPE LEHTP
Macck m pacnoliomen B naockoctH T

Veranopkoll NpOTHBOBECA, YAOBRNETBOpAIOUlEro dopuyne (13.59),
yPAEHOBEIIMBAIOTCA CTATHYECKHE HATPY3KH HA nopwHoEHk A or
peayNETHPYIOIEH CHILL HHEpIH. Jlna ypaBHOBEIIHBAHHA LHHAMHYE-
CKHX Harpy30K OT MOMEHTOB CHJ HHEpLHI HAXOLHM MoMeHTH M,
My 1 M,z 9THX CHII OTHOCHTENLHO TOHKH 0. Hueenm

Mg = mofp, M o = Mg’ PaZs My = ma’pszy, My = mupz.
(13.60)

Crponm MHOFOYTOJMEHHE MOMEHTOB (pue. 13.40, 8). Tak kak ndho-
ckocTi neficToiA BCEX Nap Colepiar ock 2—2, T0 MEOTOYTONEHHRK
MUMEHTOR JENIT B IUIOCKOCTH, NEPNERMKYIApPHOH K OCH 2—2. Ha-
npasJjielide BeKTOPOR MOMENTOB pubHpaem Tak, YTobbi, CMOTPR BAOJb
N0 BEKTOpY, BHAETh BpaiieHHe NpPOHCXOAMINMM MPOTHE 4acoBoi ¢
crpesiki. Tak Kak penpunna o B pABeHCTBAX (13.60) pxonuT B BHAE

|
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AOCTOAHHOTO MHOKHTENS, TO BellHYHHY BEKTOPE PESyABTHPYIEro
MOMEHTA MOMHO MOACYHTATL, HE BBOIA ITOMD MHOKHTENA.

3aMuKaonHil - PEKTOp  MgfZy B MHOTOYTOJBLHUKE MOMEHTOB
(puc. 13.40, ) onpenenuT BerpuHNY MOMEHTA H MJOCKOCTH AefiCTEHS
ypaBHoEciuyBalomedi napu. OGoapaunM 3ToT MoMenT uepes M.
Hyeem Torpa

Myn = rigu’pgz,. (13.61)

[MaocKocTs neficTEMA ypaBHOBCIIHBaOWER Naphl Blofine ONpenesTes
SAMBKAKLHM BEKTOPOM mMgPeZy. OHa NepneHiHKYJIApHA K 3ToMYy Bek-
TOPY H COREPHMT GCh z—2. YpaBHOBELIMBAIOUE MaCCH My MOryT
Gurik B 5ToH DNOCKOCTH YCTanoplens! B JHo0ey Touwax Bana, B ka-
yecTBe IJIOCKOCTEll YCTAHOBKH YpasHUBEWNBAIOUHX TpysoB C Mac-
coll m, no ocH z—z euibHpaenm Te xe naockoetk Ty uw 7. Torna npu
2aIaNNIOM DECCTOANHY 2, MEMAY ITHMI NNOCKOCTAME HeoOXOoiHMO
nofofparTh TAKHE 3HAYEHHA MACC M, B PACCTORHUH py HX LEHTDOR Mace
or ocH z—z, uwtole yioBlersopadock pasencreo (13.61), Onna wua
STHX MacC YCTEHapBJiHBaeTCHl TaK, Yrolbl ee UeHTp MacC HaXoguics
B miockoctd Ty Ipyras Macca VCTaHABJIHBACTCA TAK, uTolkl e neHtTp
Mace HAXOJHACA B mNocKocTH . 3nax MomenTa sTo# maps onpeje-
JAETCH  3aMLIKEIONHM  BEKTOpPOM  MHOTOYTOJABHHKE  MOMEHTOB
(puc. 13.40, &).

Tawrm ofpzsoM, yoTanoBKOH [BYX NpOTHBODECOB MacCH my H
OIHOIC NPOTHBOBECA MACCH m NOCTHTATCA TIONHOE YpaBHoBelBanHe
BCEX MACC, 3aKpenfiennbiX Ha Bany. Taxk Kak OAMH H3 NPOTHBOLECOE
MACCH iy pachofioxen B Tofl e niockocts 1 (puc. 13.40, a), uto u
NPOTHEOBEC MACCH M1, TO MACCH My M m MOXHO 3aMEHHTL ONNOH Mac-
coli. CleloBatesiLio, NONMHOE YpABHOBEUIHBEWHE MACC, 3aKpernjeH-
HEIX HA Bajy, MomeT OblTh AOCTHIHYTO YCTAHOBKGH ABYX OpOTHBO-
BECUR, LEHTPH MacC KOTOPHIX JEWAT B ABYX MPOUIGOALHO EnOpaHHmX
MLAOCKOCAX,

5°. TpaBuibHo CHPOSKTHPOBAHNAR € TOYKH 3peHHs NOAHOro Ypab-
HOBEMINBAMHA f€TANL BOE JKe MOMET HMETh HEKOTOpYH HeypaBuuse-
[IEHHOCTE BCIENCTHHE HeOMHOPOLHOCTH MATEPHANA, W3 KOTOPOro OHa
HSroTOBNena, HeTouynooTw ofbpabotkn o 7. A. [Mostomy Bee GucTpo
Bpaiiamiuiecy AeTANN NPOBepsioT ONETHO HA CNelHATLHEY MaLIHax,
KOTOpHE HASHBAKTCR OaiqHcposodnsiin smawiunasry, KoncTpy iy
fanancypoBounbX Mamil OY9eHbL pa3noolpasHbl, HO GOJIBIIMHCTBO
H3 HHX OCHOBAHO H& NPHHIHIE YCTAHOBKH HCNHTYeMOH T4l na
¥npyroe ocuoBaHue (JIONBKE HA NpYMHHAX, NOMIWHONHKH na ynpy-
roM ocHOBaniy ¥ T, A.) ¥ coobinenus s7ofl IeTamy cKopocTH, GaH3Kod
K pesonanchofl. Torza neypaBuoBEIEHHEE CHAL CO3AI0T 3HAYHTE k-
Hele aMinpTyis goNeGanHH, KOTOPEE PEerscTpHpYIOTCH Cheipaib-
HEIME yerpoficToamil, TOSBOMAKOWEME ONPEJENIHTL MECTa, B KOTOPHIX
HALO YCTaHOBHTh YpaDHOBEIUHBAIOUIHE MECCH HJH YAAMHTL JHUIHee
Koauyecteo Marepuana.
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Paccmorpum npouece AnHaMHYecKol OananCHpOBKH Ha CTalke
B. B. lllutukora, cxema KoToporo nokasana Ha puc. 13.41. Banancu-
pyeman getass [, npenctapnsiouias cobOH B pACCMATPHBAEMOM CJy-
yae porop ¢ Guanuem B, ykJaiupaerca B NOMWHAHWKH JIOJIbKH 2,
Kotopasn ceolofino Bpa-
waerca Bokpyr ocu O—
0. Bropofi KoHen JOMb-
KH B Touke A ckpellien ¢
npyxuuoi 3, umetonedt
peryanpoBrY, NO3BOJAIO-
UYH YCTaHaBIAHBATh Ball
z—2 TOpH3OHTANBHO, An-
MITHT Y ik Konefaimi
NKNLKH BOKpYT ocH O—
O 3anNCHIBAKTCA  HHIM-
watopom D.

ak OBUiO NoKasano
BHILLE, BCE LeHTpolenLe
CHJAR OTHENLHEIR YaCTHI
Pic. 13,41, Cxema Camawcwpodosioro creses (v  BPAILAKHIENOCH TEJa MO-
FHELAD ry7? GuTh CEEJIEHE! K 3K-

BHBafEHTHOH  CHCTEMe

pByx cull Fiy u Fyy, Nemampx B ABYX NpOH3BOJEHO BHODEHHBIX
niockoetax [ ow [l (pre. 13.42). B paccmarprBaeMOM NpHMEpE
nnockoers | npoxomut Yepes cpeamee cevenne duianua (puc. 13.41).

I
!
L
1
]
1

Pre, 1342, Cxema Ganencepyceoro potopa

Sti cHME MOryT OHITE OpeicTapliend Kak UeHTpofeminte cHiH,
BOSHMKAIOWME OT JBYX TOYEuiblX MAcC My M My, PacnoNoMmeHHEX
& miockoeTsx [ u /1 na paccrositiusx py ¥ pg o7 ocy Bpamenns. Cunnt
Fy w F,. pabBnel 0o BEJHYIHE

Fy = mop, Fgu= My pg.

Kak 6uA0 nokasano BHIUE, YTJIOBR&A CHOpOCTs 0 BXOAHT B BHIpS-
WEHHA IR CHJ NOCTORHHBEM MuokHTeneM. INostomy BefinSHnL cud
Fuy v F, MOMNHO XB8paKTEPH3OBATH CTETHYECKHME MOMENTaMI Maco
myPy ¥ MoPs.

Ecnn B nnockoctsx [ K /] yoTanoBuTE MacCH Mg M #ipp Ha paccTof-
HUAX Fp ¥ frp, Tak 9To0e YAOENETBOPAJIHCE YCAOBUHA

Myfyy = —Myrg {13.&2}
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"
Mgty = —Mpfin, {13.63)

0 CHJIEI HHepUHH potopa GyAyT NOMHOCTEIO YpABHOBEINEHH,

Ecnu BHEECTH pamy C pOTOpOM H3 paBHoBecHs (Hanpusep, Hana-
BHTL Ha OEMH M3 NOALMOHHKOSB, 8 NOTOM OTNYCTHTH €ro), To pama
npHAeT B Kolebatenbnoe JBHMeNHe, KOTOpoe BCREICTEHE CONPUTERNE-
piif BO3NYXa H Tpenwa B ocl O—O0 GymeT 3aTyXaloliHM H NpeKpa-
THTCH. .

Uactora B storo kodebanpn fBIAETCH NOCTOAHHEM NAPEMETPOM
A1l 1EHHOH YCTAHOBKH; OH& 32BHCHT OT MOMENTA HuepuHH kolieGio-
meHcH cHCTeMH oTHOCHTeNEHD ocH OO0, MecTHoCTH npy-

MUHEl B B Maloll CTellelin OT CONMpOTHBJAEHHA CPEIM M s
pastiBzeTcd 4acToTol colcrmeeHMpx {c&cﬁuﬁm.rl; KoAe-
GO CUCITEAEL. '

YetanoBeM  potop B MOMWMHIHHKAX TaK, 4rolul
naockoete [/ (ona, Boofime robops, MoMerT OHTh BH-
fipana NpoH3BOMLHO) NPOXONMJA Hepe3 OCh BpalleHHA
O0—0. lMNpueeren porop B OHCTpoe Bpawense. Bepru- A
KallbHas Claraiouias tenTpobenol cuibt Fy,, papnan  Fuc. 1348,
Fyy cos of (puc. 13.43), coznaer poxpyr ocH O—O mo-  pofeson  en-
ment My, = Fipzo cos of. Cuna Fy, pacnonaraerca B o levpaskc-
onsoll mnockeety [l ¢ oo O—O0, W noToMy MoveHT Ew poTopa
£€ BOKpYr sToH OCH paBeH HYmo,

Moment My, namensiiomuficas No rapMoOHHYECKOMY 32KOHY € Ya-
cToTol @, pasHoli YrioBol CHOPOCTH pOTOpE, BHSHEBAET BHHYHJIEH-
HEIE HesaTyxaiomye konebanun monbki. [lo Mepe yOuBaHus yriosof
CKOpOCTH @ pOTOPA YMEHLIUEETCA ¥ 4acToTa HSMEHEHHS BO3MYalo-
wero momveHTa M. Korfla sta yacTora craner Ganzkoll K colieTeen-
Hofi yactome Konebanui cHeteMn B, BUSHHKEET COCTUAHME PE30HANCE;
E 370 BpeMA aMnaHTysa konebauudl JHOILKH cradeT HanGolinleir.
Mz teopun xoneGanpil H3pecTHo, YTO NpH pesoHalice aMniuTyia A
BHIHY#AeHHb X wonefanifl MOoMeT CUNTATHRCH  NpONOpHHOHANLHOR
EMNJHTYAE BOSMYLLAIOUEro (paKTopa:

A = p\Fum, (13.64)

rae p — KosfduuHent IponoplHoHaNLHOCTH, 3aPHCAMY oT no-
CTOSIHHEIY. NapaMeTpoB Aainiofl yCTallonKH.

Ecin onpenenuTh NOCTUAHAYIO | JAHHOIO CTAHKE, TO N0 MIVIH-
Tyae A, sadurcypomannofl wa unlukatope D, MOMHO YOT2HOBHTE
Benwunny cudier Fyy, onpenensmiomedl npcGananc, OTHECEHHM K NJo-
Crocti I, Sto JAeT BO3MOMHCUTE Dﬂpeﬂﬂ‘J!IITh HCHOMOE 3HateHHe Migfy.

Takum ke ofpazom, NOBTOPHE HCIILITENNE, HO YCTAHOBHE potop
IockocThio [ na mecto nuockoctd [/, Mokno onpelemnin W 3ns-
Heppe Mygfyg.

. Onnako ocralicsl HepeweHHLM elle BONpoC O JHHEH AeHcTBHA
S Fyy ut Fyg, 7. €. 00 OTHICKEHHE TEX HaNpaBienuil B NACCKOCTRX
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I w 1], Ba RoTOpHIX HYHO YKpemnTh OPOTHBOBECH C TOYEMHLIMH
MaccaMe My B Mg

Ins onpepenenns Kosbhiienta DPONOPIHOHANBHOCTH | # Ha-
npanieHnii, B KoTOpkix HeoOXOAHMO YCTaHOBHTE MACCHE Mg H myy,
MOMHO BOCOOSB30EATLCA NpHEMOM, KOTOpLIH CBOOMTCA K TOMY, HTO
K Ganancupyemoll neTand HCKYCCTBEHHO NpHCOENNHAETCA RONOMHH-
TEALHASA MACCA MM, HA HEKOTOpOM DHCCTOSHIH Py OT OCH BpAUEHHA
netany, OfLuKo B KayecTse TakoH Macch GepyT KYCOK NAACTHAHHA
MACCH A1y, W STOT KYCOK NpHKPENJAAOT K NOBEpPXHOCTH fanaucHpye-
modi perami. Ha pue. 13.41 Rycku sToit MacChi NOKA3aHL HA NOBEpX-
HocTH duianna B, Macca m, HOCHT BasBaHHe Koppexmupyrowel maccet.

Puc, 13.44. K onpefencimo NoAoMeRns KOppelitepyi-  Pre. 13.45.  Jinarpasue

AR MACCH DpH YPSRHOBCILMERI MY POTOPA: O] DOJOHE- AAA  GOPELencHns  CTaTH-

HEE PEKTORD DeHTpoleEnof chnbl OpH DOpOGM HCOETES: HeCHolo MOoMENTAE DPoTH-

HEE: 6} BEHTOPHAR EMOCpaKsE JERCTEYIOMEN CHY DOCOE  DoBeCa,  YPaDUOReLIHES:

YCTAHORRE KOPPERTIPYOMEeR Macce; o} BeHTOPRAE HHE. HHLIETD POTOR

rpapMa RERCTEYROIEE Chil OpE TRETLEM HCMETIRNH a
Bopper mpyomeft specoll

Pasrouses poTop Lo GhCTpOro BpBILEHHHA, NOCAE Yero oTHAIONaeM
npRBOJHOE YCTPOHCTRO, NEPeBOHY. pOTOp B PEXHM pribera # H3MepaeM
PeMUENY MAKCHMANLHON aMnauTyAL HAa HHANKaTope D. [lycro sta
annauTyna passa A, (vm).

Yeranapanpaem KOPpeKTHPYIOULYIO Macey my (pHe. 13.41) 8 nao-
ckocti | Ha pacCTosHHE py OT OCH 2—2, PABHUM BHELIHEMY pajnycy
¢uranua, NpHBOIHM BO BpAEHHE poTop H CHOBE 3AMepseM HA HHAH-
KaTope HauGoNBlIyE aMninTyny. [Nycre 3Ta aMnIHTYLA paBHA A,
Hakowel, YCTAHABTHBSEM KOpPeKTHPYIOILYIO MACCY M HA TOM KE
PACCTORHKH gy, OT nentpa gnanua B, Ho NO ApyTyio CTOPOHY OT HEro,
M NpHBOIHM BO BpAIEHHE POTOp H CHOBA 3AMEQAEM HauGoMNBLIYID
amnauTyay. [ycTs sta aunantyna pasha Az, o nonyuensbm avnan-
Tynam A,, A, u Ay MOXKHC ONpeleaHTL BEAHUHHY Myl {cwm. dopmyny
(13.64)). Ha puc. 13.44, a nokasana cnaa Fi, BHILIBAIOWAS BHIHY
wieHHe KomcGalisl B nepBoM HCOLTAHITH.

Ha puc. 13.44, 6 nokasauna cnna Fy, Dofyueniias BCIeNCTBHE YCTA&
HOBKH KOppeKTHpyouiell Maccl my DpH BTOPOM HCILITARHA. Hueen

F, = Fyy+ Fux = mry + Mgpye
Ha puc. 13.44, 6 nokazana cuiia Fy, nomyuennas BCAEACTEHE YCTA
HOBKH KOppEKTHpYiOllel MacCel NpH TPeTLEM HCNLITAHMI. Hmeent
F:l=F|rl ﬁ'ﬂﬂmral'_'ﬁlﬂ=mlrl — Migfp
kak kag M = —Fu
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CoEMECTHM 3auTpHXoBannbe Ha puc. 13.44, 6 u & TpeyronsuuKy
rax, $To0b papHEe HX cropoukl a coenaganu (prc. 13.45). Torna
nofyyaen napannenorpamm BCDE, y wotoporo ctopons a, b, c u d
H AHAMCHAJH CRAZIAHL ‘_‘,-'EJII:IBHED.‘!

2c® 4+ 24* = (BDY + (CE)®

HJIH

DY T (CEF — 2
=}/ P 5 . (13.65)

Tak kar, cormacho papenctey (13.64), A, = pF,, A = pFy,
As = pFiyn Ay = pFis = nFus, tie p — obumil kosdepimdent npo-
NOPUHOHAALHOCTH, 3ABHCANMA OT NApaMeTpPoOR YCTAHOBKH, To, 3ame-
uaa B pasencree (13.65) otpesuy ¢, d, BD u CE ux znavenunmu,
paBEHLILH %

F=F;2—F‘|\‘:z-*—'i‘1: d_rm—‘%.
A = F e A
(BD)=Fi=2>,  (CH=F=22,
IONTYHach
Ay — ]/ﬂ._+&§___"1’ (13.66)

Tak kar amnauryne Ay, Ay # Ay HaMH MoryT GHITE H3MEpeHH, TO
u3 opuynm (13.66) mowno onpepemuts amnantyay A, CornacHo
yenoeio (13.64)

' Ag = pFig = pFys = prigpg.
Hs nocsensero pasenctea onpenensen KoshduunesT nponopuio-
HANBHOCTH |l
A
mnpn
Besauyuna cratuueckoro MOMEHTa mfy YpaEHOBEWHBAIOILETD Npo-
THEORECA MOMET OHTE Tepept nojyyena vz dopmynu
A Ay
myry=Fy = %‘ = “j‘L' Mol ! (13.67)
o
¥Yron e (puc. 13.44, a) mewny Hanpaediennes, Ha KOTOPOM HALo
YCTAHOBHTE NPOTHBOBEC My, B HANDAGNEHHEM YCTANOBKN KOPpeKTH-
Pymowedi maccul my onpegensiercd, cornacuo puc. 1345, w3 cootho-
wienun

p=

Al A7 — A
S 2R, 1
€y, z = Arccos oA, A, . (12.68)

Hs nocaepnero coornomenns GyAyT NOnyvyeHs iBa 3HaveHus yraa a.
Bnnpm‘: O NpHIONHOCTH TOTO HJH IPYTOTO SHAYEHHA pellaercs HCNkl-
TalKeM na craske; DpOTHBOBEC m; HA BHOpaHHOM paccToAMuM rf
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YCTARABMUBACTCH CHAYANA Noj YINIOM €, A 3aTeM NOA YraoM o,
OpHropHoll ABMAETCA TA YCTaHoBKA, npH Kotopol sufpaunn orcyT-
CTEYIOT (fae npH KpHTHYECKoH, T. e, pesomancHofi yrnosofi CKo-
pocTH).

[Mosenae mecTamn naockoctd f u [l, 1. e. ycTanoBes potop Ha
CTanKe Tak, utolkl ero ock (hina nopepryTa Ha 180° oTHocHTEABHOD
NepROHAYANLHOMO DONOMENHA, ME Tem ke cnocobom moxeM HafiTi
CTATHUECKHA MOMEHT myyfy; YpaBHOBEUIHEBAIOEro NPOTHBOBECA Mg,
ycTaHapnHeaemoro 8 maockocth [1. [lpakTuueckn yeTpaHenne ne-
YPABHOBEIUEHHOCTH  NPOHSBOAKTCH KA yDaleHHeM 4YACTH MAacchl
lleTard, HAH 3aKpenfiednen NoNOJHHTeNbHON Maccsl,

Taxum obpasom, yeranosus B nyockocTsx [ u Il nporneopeck my
B myy, M NOAHOCTLED YpaBHOBELIHBAEM CHJEI HHEPUHH poTopa.

§ 63. BuGpaumorHble MAWIKHE H NpHALHEN ¥X neiictous b

15, Cusibl HHepUHH He BCErjla ABJSIOTCH BPE[MBIMH, € KOTOPHIMH
Hago GopuTecs. B Hactosiee BpeMa HMEETCA MHOTO MAlIHH, B KOTo-
PHE 0AA BHNOOJIHEHHA TOMO HJH HHODO TEXHOMOrHYECHKOro npoecca
HamepeHHo BosOynuawTen Konebanus. MaliiHe, B KOTOpEIX TeXHOIO-
FHYECKHH NpoUece BRINOJHAETCA HA ocHope Bo30yIeHWLX Konels
Hufi, HasuBawT BHOpAUHOHHEMH MampHEaMua. Bosbymnrmeasmu xone-
Ganpf B 3THX MawHHaX MOryT OHTL MEXaHHYeCKHe H 3NEKTPOMArHHT-
Hele BHEpATOpEI, THAPABINYECKHE H NHEBMATHUECKHE NYJLCATOpPLL
Pabovemy opravy mammse, s3anmoseficTBymoliemy ¢ obpabathinae-
moil cpenofl, veolxomuMo NpENIATE Hoiebarenbloe ABHIKEHHE C e
gaeMof wactoToll wonebanuft H aMmmIETyYHOR,

Bufpaunonume MammBel noaysuas Dofislnoe pacrnpocTpaHenHe
B pasfiHYHLIX OTPACJAAX NPOMBEIIFEHHOCTH H B CensCroM Xo3sficTee,
C nomombto suGpaiil npobAT, H3MENBYAIOT, TPAHCIOPTHPYIOT KYCKO-
Bofl M cEnyunfi Mmarepnan, pasfenfior CMecH, YNNOTHAKT OeTow,
NOFpY AT CBal H WNYHT B IPYHT, NPOCEHBAIOT PasiiiyHLIE INpo-
nygra. Henonssywr suCpanun o B Gury (Hanpusep, BubpaunoHHEe
6puten). OfipaCateipaemiie cpeind nof JeiicTeuenm suOpaunidi cre-
HoBsitcs Gosee «nofatHBLIMU®, YTO cnocofeTByeT HHTeHcH(uKalmy
TEXHOJOTHYECKOIO  MpOLecca.

#°. Hanbonee pacnpocTpasensbiv BosGyiuTenem wonefauuft se-
nnerca Jiebanancuuit sosbymnrens. Yerpolicteo npocTefinero gefa-
Jiauctoro BuGparopa nNoxasano Ha puc. 13,46, a. Heypasropeinennan
Macca m Bpaulaercd okono ock A ¢ yriosoll CKOpOCTHIO @ B pasbie
BaeT LeHTpobexnylo cuay wnepuny Fy, pasuyio Fy = mpo®, e p —
paccTosiiue uexTpa macch m ot ocH A, Cuna nHepunp neGanaica
uepez onopy A nepenaerca macce M, ¢ KoTopoit ofbiYHO W CBASH-
Baercsl pabouril opran euOpomammbm, BsapMofefcTsyowni ¢ ob-
pabatuiBaemoli cpenodi.

Y Haunufl naparpad wanwcan A, [, Becconooem,
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Ha pue. 13.46, 6 nokasan pefanaucustll snGpaTop HanpaefieHHOro
pefictens, B KoTopoM fAea nefansHca m BPALIEIOTCA € OAHHAKOBOI
CEOPOCTRID B NMPpOTHECNOAOKHBIX HENpaBIcHHANX. rDPHBDHTE."leME
cocTapaniompe Fg, 1pyX Lentpobexuny cun neepuun F, B2aumuo
yPaBHOBEILIHBAIOTCH, & BepTHKaleibe Fp, — cknaimeawrten, of-
pasys CYMMADHYIO CHAY WHEPUMH

Fy = 2F,, = 2ma® cos g,
rie ¢ — yrodq, ofpasyemuii cunofi Fy ¢ seprvkanehofl ocsto. Hacto

P;énf

A a F

Puc. 13.40. Cxemn BoslypnTereft wonefewnP MeéxsiMyecHoro THRE: o} cxema npocrefumers
Hetanawchoro setpatops; 6) cxema pefansucuero wnlpaToPd BaNpPEESEHNOrD RelcTEEN

nojarzior, YTo fefanaHcy BpPAmSoTeH € NOCToAHHoH yrioeoii cko-
pOCTEIO @, TOrAa ¢ = of # cuaa Fy, apanercs nepuosnyeckol qyHk-
unefl BpemeHH:

Fy = 2me®p cos ol

7. €. B 3TOM Bosfyawrene konebauuil moalympuamulen cuna no Ha-
NPABJEHRI0 BCEr[a COBN&AaeT C OChbIo YIVIOB, & No BEAHYHHE MEHAETCA
no rapMoniveckoMy 3akony. IebGanaucn obrgno umeor Mexway cobofi
KHHEMATHYECKYIO CBASEL, & HHOMA TAKON CEAZH HET, HO NPK ONpene-
JeHHHY yenoBrax oba nefansHcz BCe PEBHO BPAULEIOTCH C OAHHAKO-
BBIMH CKOPOCTAMH; B T2KHX CJIYYafiX I'OBOPAT O CAMOCHHXPOHH3ALHH
nefianancos. @opua neumenna Maccn M onpepensercs Xapakrepom
€e NOJIBECKH K HeNOABHMHON TacTH MAIMHK, (H3HKO-MeXanYeC KM
CBOHCTBEMH Cpelk M MEXaHHUeCKOH XAPAKTEPHCTHRCH ABHraTens,
NPHBOARLIErD BO EBpalieHne Jefananc m.

&°. Obumm s Beex BHOPOMEUINH ABASETCA clefylomee:

Bo-nepenx, snOpalMOHHEA MalHHA ABIACTCE  KonebaTearHod
CHCTEMO#, cocToRmell N3 posbynrrens worefanuil — enbparopa o
koneliomefics MaccH, T. €. pabouero Oprala u gacTell, MecTKO © HHM
ckpensielEnx. Bo-eropux, pabounii npouecc B enbpoMalmiax nony-
vaeTca B pe3ysbrare CyMMapHoro spdexta GoNblUOro KOJHYECTEH
OTHENLHLIX THKJOB, CAELYIIUHX ofne 3a Apyrum. Xots sddext sa
OHMH IHKN ABJAETCH HE3HAYHTENLHEIM, HO BHCOKAS Y&CTOTA STHX
LHKIOB JIEAET 5TH MEIIHHHE BRCOKO(eKTHBHEIMA.

JuHamuyeckoe HeoneaoBaHne BRGPOMAIIHHE COCTONT B COCTARIeNHY
H pelieHHH ypapHeHnii npnxennn. B ypapHeHWs JBHMeHNHR BXOLATI
1) BoaGymnatowan cuna sOpartopa, 2) BOCCTAHABNHBAIOUIHE CHIH,
SABHCALLNE OT cnocofa NnofiBeckn pafiovero oprana, 3) CHAB B3AHMO-
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JeficTens BuOpupylowero oprasa co cpefol, 4) HHEPUHOHHHE CHJLI
paGoueroc oprama.

4. Ha puc. 13.47 usofipaens INHAMHYECKas MOfeNb BHOpa-
HHoHMoH MampHe. JefianaycHeil posbynuTens HanpaBacHHOro Aefi-
CTEMA Codpazer Boalysaziomylo kKonebauus cuny Fp nepuonnveckoro
neficTerA, KoTopan nepenactcs macce M, a ¢ maccoil M censan ucnod-
HHTENLHHE Oprai — HJH CHTO AJ5 NPOCEHB2HHA MAH pasiencHus
MaTepHanns, HJIH AeKe [NAa EHﬁpDTpﬂHﬂﬂ{]p'i’HpDBﬁHHH MaTepHanoe
H 7. 0. TlpysiHa C MeCTROCTRIO € H lieMngep ¢ Kos(QdHIHeHTOM 3aTY-
XaHus b MOReNNpYIOT CHCTeMY YNPYroli noABecKH K HenolBHH-
HOMY KODPNyCy MaIIHHBE, E32HMO-
nefictere c obpabarebaemodi cpe-
ooil ¥ ApyrHe noTepH.

Bosbmem npoctefiinyio, Tag
Ha3HBAEMYIO Auxelingo koneba-
TeJBHYI CHCTEMY, B KOTOpO# BO3-
Puc. 15.47. [umamnveckss mogens ucps.  OY?RAGIOIAA CHAA MEHAETCA Mo
UnouHOl MABMHKE ¢ AelanancAms snlpaTo- rapMoHHYeCKOMY 3aKoHY

FCM HARPEBREHHOrD NeloToHA
Fy = 2ma®p cos wi = A cos of;

aneck A = Zmoe’p ecTe aMnAETYAHOE SHayeHHe BO3OYIAAIOUIEH
CHJIHL,

OficaHaunM Yepes x AHHeHY 0 KOOpAHHATY nepeMelleHua Maccu M,
TOrfa yNpyraa cHia NpymuHH ©Oyaer —cx, THe £ — MecTKOCTh
npysuen. Jemndwmpyioline cBOHCTBE CHCTeMH DPEICTABHM TOMeE
B Buie NMuHefivoll dyukuny ckopoetn —bE. .

Tencpb, NPOEKTHPYR BCE CHJH, NpHAMKEHHHEe K Macce M, na
HanpaeleRne X, OOAYYHM YpaeHeHHe Konebauuil maccw M

Mz 4 bx 4 cx = A cos ol (13.69)
Yacro 310 ypabhnedne NPeICTEBASINT B TAKOM BHJE
E 4 nx + By = g cos of, (13.70)
rne
b e A
“H‘ ] Eﬂ,‘ H = ' -ﬂT = {I.

5°. Ecan BLINHCATE NOJHOE PEIIeHHe STOro JhnHefiHoro andipepen-
HHANBHOTO YPaBHeHHA BTOPOTO NOPSiKE € NpaBoil 9acTblo, TO NOJy-
YHM 3aK0H JBHmeHun macen M, B KoTopost GyayT cMemads ceoSofi-
Hele Koaelamns CHCTeML, 3ABHCALULHE OT HRYa bHLIX YCI0BHI M napa-
METPUB CHCTEMEL, } BRIHY:KAEHHHE KoneGaHusa, onpeielifeMhe Xapak-
TepoM BO3OYMICHNA M napamerpasy cucTemu. Kak noxasuesaer
OpakTHka, ceofoanne koaeGadHR B CHCTEME SaTYXAKT [0BOTLHO
GLCTpO M OCTAWTCH JMINL BLIHY#IeHHHe Kolelauna, Bubpaunonune
MAIWNWHE OCHOBHON TEXHOMOTHYECKWH NPOece BHMNOJHAIOT B YCTa
HOBHBINEMCH pPexime, Korja ceobolHule xonebaHu:a Yike SaTyXHYT,
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M Ha ST0T peXuM ofblyHo NpoekTHpYyeTcs manua, PeleHnne sy -
JeHHHX KoneGaHuii macckt M umeer BRI

= i —8=H of — §), (13,
x T T cos (wf — &) cos ( ). (13.71)
rpe & — casur ¢as HaMeHeHHR Boabyma2omell CHIM H nepeMelllenus
maccnl M,

ﬁ - al‘ctg k—gﬂ'n_%.

a
V(i — o + dnfo?

— amnautynz konebaunit maccH M.

HurencHBHOCTE TEXHOJOTHRECKOTO NpOUECcs oNpelenaeTcs, rnas-
HEIM O6pasoM, aMniHTyacit KoneGawuii (Tounee, pasmaxom Koneba-
unil) v uactorolt BoaGymagiomed chakl, Tlog pasmaxom A koneGanufi
NOHHMAKCT YABOCHHYI aMOJHTYRY | !
KonefiaHuii NpH TAPMOHHYECKHX M
APYTHX  CHMMETpHYUHHX  Kosefa-
HHAX, HAH pasHOCTE MEHLY MaECH-
MaNbBHEMH H MHHHM2JAEHEIMY OTHRJO=-
HEHHAMH NpH HECHMMETPHYHBIX KO-
neGaHunx.

Hs ypasuennii (13.69), (13.70) u
pewennn (13.71) momxHo BHIeTs, yTO
pasmax rosebanufi A saemcur oOT

H =

Pue, 1348, AvnAETYOBO-YBCTOTHEG Xb-

NATH NapaMeTpoB! PEKTEPHCTAKH BROPELNOHGORA  MBUTHAN
NpE pasnEupnX Hosd<dmtinenrTan saryRa-
A=A {M. f'-lI C, A, m}. . HiH

KoucTpyKTOp MOWET BapLHPOBATE STHMH NapameTpamy, 9robe nony-
YNThL Hanfosee NpHEMAEMEL TeXHoNorHYecKi npouece BHOpOMAIIMHEH.

Cnenyer 3aMeTuTh Janee, YTO ammniutyia gonebanui H cyine-
CTBEHHO 3aBHCHT OT COOTHOIIEHHA Mexay k* v o 3apucumocts ff
oT w/k B KoneGaTeNbHWX CHCTEMaX HAIHBAIOT AMAALMYTHO-4A CIMom-
RO xapaxmepuciturold; TUOHYHEE BHA XApaKTEpHCTHRE NOKA3aH HA
puc, 13.48, rpe ol NOCTPOeHH AR pasiHYHOTO S&TyXauua b,

KoHeuHo, Bo MHOTHX caydanx BHODAIHOHHEE MALIMHBE 5IBJIA HOTCH
fioTee CNOMHEIME, UeM MOKE38HO B STOM naparpage; YNpyras cHaa
NOZBECKH H AEMIQHPYIOLIEA cisia — HeluHeflHbe, CKOPOCTL Bp ame-
HuA 1efaNaHCcoB HE NPHHHMAETCS NOCTORHHON, 8 YYHTHIBAETCA Xapak-
TepHCTHHA ABHrarenst, W nonsecka 9acTo 0OECNEYHBAET ABHIKEHHE
MACCH He TOJALKO OpAMOaHHeHHOe,. HO H MIOCKOE HAH NpocTpaHcT-
BEHHOE, B HEKOTOPHX CAYYaRX NpPHXOANTCHA YUHTHEBATE 0MpHCOERH-
Hiemylwo K M wmaccy obpaGaTuipaemoro npoiyxra.



OTHNEN YETBEPTHH
AHANMU3 JABHXEHHS MEXAHH3MOB H MALUHH

F'nasa 14
SHEPTETHMECKHE XAPAKTEPHCTHEH MEXAHH3IMOB

§ 64. PexBMel EBHHCHHA MEXanH3MOB

I°. Honssin epesenesn Jeustenun NEXQHUIMA HA30BEM NPOMENYTOK
BpEMEHH OT MOMCHTZ HAEYaN& [BHXKEHHA MeXaHH3Ma [0 MOMeHTa
KOMUA ero ABimeHHA. Tak kak s3axoH ABIMEHRHS BCEX 3BEHLEB Me-
X@8HH3Ma ONpElensieTcsl 3aKOHOM JIBIDKeHHS Ha4yanbHOro 3BeHs, TO
NOJHEIM BpeMeneM JBHIKEHHS MEXAHH3ME ABARETCA TAKIKE NpOMeExy-
TOK BpeMeHH OT MOMEHTa Hauala NBHMEHHR HONOALHOZ0 3eeHa o
MOMEHTE KOHIE €D JBHMeHHH.

TNonuoe epems [BHXEHHA MEXaHH3MA COCTOMT K3 TPeX Hacteils

2) apemenu pasGez,

6) spemeni HOManocumuesncn CRuMeriL;

B) apeseru avibead.

Bpesma pasfreq XapakTepHIYeTCsl BO3PACTAHMEM CKOPOCTH Hayalib-
HOTO 3BEHa OT HYJeBOrO 3HAYEHHH N0 HEKOTOPOro CpeAHerc 3HaAUeH A,
COOTBETCTBYIOIIEr0 HOpMadeHOH pabouell CKopocTH STOro 3BeHa
MexauuaMa, Neomauosustiumen OpusicerieM MEXQHUSME HASHB2eTCH
JIBHXCEHHE, TPH KOTOPOM €ro KMHeTHUeCKas SHepris fBJIAETCH ne-
proaHyeckoll dyugumeil Bpemeny. Bo BpeMa yCTAHOBHBILETOCR BH-
MeHHA OOBLIMHO CHOPOCTL HAYANLHOPD 3BEHA MEXaHWiMa konefnerca
OKOJIO CpejlHero 3HauYeHHs, COOTECTCTEYIONErc HopmansHol paboueii
CKOpOCTH 3STOre 3mpeHa wexanusma. [lpomexxyTok spemens, no
HCTEYEHHH KOTOpOTO NOJIOMEHHE, CKOPOCTh H YCKOpPEHHE HAYaNLHOTO
3BEHA MEXAHH3AMA NpHHHMAKT NepBOHAYAJLHNE SHAYEHHN, ABJIACTCH
NepHOA0M H3MEHEHHA KHHeTHYeCK oIl SHEpPriUH MEXSHHIME H HASEIBACTCH
LURAOM LOMAaHDAUALLIE200A OBLINCEHUA MEXOHISMA.

Bpema enifera xapakTepusyercn yfuBaHHeM CKOPOCTH HAYANBHOTO
3BEHA OT CpellHero 3HaueHHs HopManwuoil pabouell CKopocTH Mexa-
HHEMZ A0 HYJeBOIo ee SHab9eHHR.

Ha puc. 14.1 nokasalz TaK HeSHBaEMAR MAX02PAMMI MEXAHUSMA—
KpHEBAA © = @ (f) SaBHCHMOCTH YriOBOH CKOpPOCTH (0 HaYaJLHOrO
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secHa o7 Bpevern L [Tonnoe ppema T nEHMEHHA MEXaHHIMA COCTOHT
u3 spemenn T, pasbera, spemerd Ty ; YCTAHOBHBILETOCS JBHMEHHS
u BpemeHn T, subera. Puc. 14.]1 nokasusacT, YTo B TEeYeHHe Bpe-
BEHH YCTAHOBHBILEroCH JMBHMCHHA KpHBER CHOPOCTH o = o {f)
0OLIYHO HMEET HeKOTOPHE NEPHOJIHYECKHe KOJe0aHHA OHOJO cpel-
HETO 3HAYCHHA Ogp, COOTBETCTBYIOWEro Hopmansol paboveli cko-
pocTH HayalbLHOTO 3BEHH.

Ha puc. 14.1 spems ycTEHOBHBIErOCS ABHIKENHS HMEeT UeTLIpE
unkia. Kamnomy nuksy cooreetcTsyer spema Ty, Takuw ofpasowm,
ofiiee Bpema T paetio w r

L
T=Ty+Tynt Tu \m,ﬁ
e W W'i?(:
a spema Ty ; pabHo i 5{
]
Ty.u= kT bl Ad ¢

rie k — 9HCIO UMKJIOR, = Ju L | | 3

lMponooxuTensEOCTE  Bpe-  je—f oe Teem Ja_
MEHH Tsh BpEwMEHH Tl! H Bpe- Puc. 14,0, TaxorpavMs MexXanAsss
mMeHH Ty S2BHCHT OT COOTHO-
e HHH MEH{TY JeHCTBYICIIHMHE CHA2MM, MACCAMH H METPHYCEKHMH

napameTpaMH MEXEHH3IME, H eCnH 3TH COOTHOLEHHA H3BEeCTHH H no-
CTATOMHEH, TO BCEr@ MOMHO onpelefsTs Bpems T, pasliers, spe-
ma T, sufera i epemst T, ONHOTD ULMKJZ2 ABHIMEHHA.

IMoanoe opemn T,,,n YCTENOBHBIIETOCA [OBHIKEHHA MOMEeT Co-
CTOATH M3 JOOOTo YHCAE UHEIOB IBHIKEHHA W SaBHCHT OT TOro, CKOML
ACAro  HeoBXOAHMO H BOSMOMKHO NOAJepXRHBaTs pafounfl  pexuM
DBHIEHNA MeX2HHAMA — pexwuM co cpeiadell pabouell yrioeoll cko-
PDCTI:.ID e H{‘DﬁXGﬂHMﬂ OTMETHTE, YTO MHOTIE MAlMHHE H MeXa-
HASMHE MOTYT H HE HMETh HCTKO PasTpaHHYeHHHRN CTAaANE NBHIKeHHA.
Tak, sanpumep, B rpy3onoiLEMHEX KpPaHax, SKCKABaTOPaX, HEKOTO-
PBIX TPAHCROPTHPYHMNHX MAWMWHEX ¥ Ap. NOJHOE BPEMS ABHMKEHHA
TOTC HJIH HHOTDO MEX2HHIMEA MOMET COCTOATE H3 BpEMEHH PEET{JHE H
Epemeny Bufera, H B STHX MeXaHH3IMaX OTCYTCTBYET BpPEMH yCTa-
HOBHBILEIOCA JIBHMCHHA ¢ IEPEKTEPHHMH ANA HETO LHKJaMH nEH-
HeHHA.

Hepuouyeckus OsusweHueM MEXQHUIMG HAIBIBAEMCR mMakoe Ooi-
MOEHUE, RN KOmOopos 68 MENcHUE Henomoposo MPOMEMLITIRG 8OEMEHEL
MexarusM  ofaadaem  RNOCIMOAMHBIMU  QUKAGMI OBUNEHUA, RPUNEM
& mevesue Kamooeo yuraa Oeudter e RPoucxodum no odtoMy 1 mosy
HE BOKOHY.

Hanprsep, puc. 14.]1 nokasupaer, 4To MEXEBHHIM HMEET NEpHOLH-
uecKoe JEMKeHMe Ha yuacTke epemenn Ty p. Tlepuoamueckoe neu-
HeHHe MEXaHHSMa OT/HUZeTCA TaKMKe H TeM, 4TO npH Jiofom cabHre
Hagana oTcyera spemeHH Ty 5TO BpeMA ocTaeTcA nocToRuueM. Fcnw,
Hanpumep, Bpems 7, HAYETE OTCHHTHEBATE HE OT TOUKH b, 8 OT TOUKH ¢,
TO COOTBETCTBEHHO KOHEl IHMKJA NepenBHHeTCA H3 TOYKH [ B TOURY g;
OpH stom oTpeskl bf u eg GyAyT pasHe Mexay coboil.
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Lukn MoMeT COOTBETCTBOBATE OIHOMY HJIH HECKOJLKHM OGOpOTAM
HauaibHOro speda. Tak, HanpuMep, BaJ HACOCE C KPHBOWIND-
HO-MONIYHITHM MEXAHHSMOM B TEYEHHE UHKAS fefigeT OHH ofopor.
Y UETHpPEXTAKTHOTO ABHTETENR BHYTREHHErO CTOPaHHA B TeyeHHe
UHEA2 KONEHYaTHE Bal jenzeT [Ba o6opora. B HeKOTOPHIX Mammuax
OIHH UNEKA CoOTBETCTEYeT W Oosbinemy uucny ofOpoToB Benyuero
BaJsia,

Z°. PaccMoTpeM Teneph, YeMm XapakTePHIYIOTCA € TOUKH 3peHus
NHHAMHEH pa30er, ycTaHoBHELWEeCs nBuxenHe u Buber. [as storo
HAMILEM YPREHEHNE KnHerHyeckoll spepru. 310 ypaeHeHue npi-
MEHATENLHG K MEXEHHIMY MOMeT OuTh HADHCAHO Tak:

Ay A= -—”gi—z-"-';i (14.1)

rae A, ecTe pafota BCEX NBHIKYUMX cus, A, — paloTa Beex oha
conpotuniennn, ¥ mo¥/2 — KHHCTHUCCKER SHEPTHA MeXaHH3MA, a Uy
M U CYTE CKOPOCTH B Ha4Y&Je N B KOHIE PacCMaTpHBAEMOro nepeMe-
wenHa. JIaa spemeny pasfera MexannsMa HeoOXOmHMBIM ABNHETCH
yCAOBHE, B COOTBETCTEHH C KOTOPHIM KOHEYHAR CKOPOCTh U Ouna O
no resauursEe Gonbiie HauansRoH CKOPOCTH U, @ STO BReYeT 3a coboll
Tpebopanye, yrobn pafoTa cHA ABHIKYIIHX 38 BCe 3To BpewmA Onlaa
fonbie paboThl CHA CONPOTHBJAEHHA:

Ay > Ae.

Han BpEMEHH YCTEHODHBIIETOCA IBHMEHHN uepes KaM(IBH LHEX
ARHMEHHA BoJHYHHE CEOpOCTH U CTAHOBHTCH pEBHDﬁI BETHYHHE
CKOPOCTH Up, H, CJAEJI0RaTe/ILHO, 32 TOT e UHKA paforTa ABHMKYUHX
CHA fodxHe GWTh pasHa pafioTe CHA COMpOTHBJEHH:N:

Ap = A,
JLnn epesent nutfera v <- v, M NOTOMY AONBKHO GbiTh
Az A

CooTBeTCTBEHHO YKa3aHHOMY, Np2Baf 4acTk ypaeHeHns (14.1)
NpPHHHM2ET NOCAeACBATENEHO CHNefyIOiiHe aHa4YcHHA:

AnA BpemeHH pasfera

it e u

hIe Sb e Shgy {42

LJis eNoro 9HCAE nHKIACE Bﬂ BpeMA YCTEHOBHBINENOCH INBHXHEHHA
fm? Yoy

E L= ) =0 (14.3)

ANA BPEMEHH Bhfers
Yol YAt <o (14.9)

M3 nonywennux suipamennii Biado, uTo 52 Bpems pasfera
MEXaHH3ME NPOHCXOAMT NpPHPAIEHHE ero KHHETHYECKOH SHeprHH.
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Bo mpewmst YCTAHOBHRIIEroCcA ABHIKEHMA 3TO NpHPaUlEHHe 38 nenii
HHKA ABHIKEHHA MeXaHusMa pasHo Hyqwo. 3a ppema eefiera mexas-
HH3ME TPOHCXONMT OTAAY98 KHHEeTHYeCKOH sHepTHH, HAKONJEHHOR HM
sa epema pasbera,

&. Paccmorpum sonpoc of swepriu, noTpefiineMol MalnHHO#
HA TpecAcneHHe pPasAHYNEIX BHIOB CONPOTHBAEHHH, W YCTZHOBHM
COOTHOLEHHA Mexy pafioTaui, NPOH3DOOHMBIMH OTAE/AbHLIMH CH-
Jamy, JeHCTBYIOUHME Ha MAIIHHY.

Jlns storo ypaenenwe KMHeTHUECKOl smeprui mexamnsma (14.1)
NPeACTaBHM B CJEAyioueM BHAE: .

AH_AG_(Z!;‘“_E%).:&. (14.5)

Bennunna, croalan p CRobKax, MomeT OuTE YCIOBHO NpeacTas-
nesa kak pabore A, cua weepuns. Torna ypasbenne (14.5) Gyner
HMETE BHE

Ag— Ag = A, =0, (14.6)

Jeciiupil auak y pabotht A, CTOHT B CHAY TOTO, Y70 KHHETHYECKEA
SHEPTHSl B 32BHCHMOCTH OT 3HZUEHHil BENHYHH Up H U MoMeT OHTL
NOAOMKHTENLHON H oTpHLaTenbHoN. [lanee B ypasuennn (14.6) pjennm
otnensuo pabory Ay, o npoussodcmsennsix conpomusacut, paboty A,
clA mMpenus u Jpleux HenpoL3sodCmEeHHBIX conpormusachud W pabory
A+ cua mamecmu seerves (cu. § 40).

Torna ypaenerne (14.6) Synet umers coeayromull eua:

Ay— Ao — Ap = Ay Ag g = 0. (14.7)

Pabota A, ; WMeeT NBOIHON 3HAK, TAK KK NpH Noikeme ofimero
LERTpa M&CC 3PedbeB MeXaHwnima pabota A, . noayyaeTcs oTpHua-
TenpHofl, 4 NpH €rc ONYCKAHHW — NOJOMHTeNLHOH.

Ecan kpote yKazaHHeX B.ypaesedun (14.7) pabor uaelorcs pa-
foTid W APYFHX CHJ, TO OHH Takie MOTyT OuITh BEAKUEHH B YpapHe-
uue (14.7) ¢ coorpercTeyiommmy sHakami. Hanpumep, B HeKoTopLiX
Cayuafx B STO YpeBHeHHe HeobXomHMo ERAWOUYETE paboTy cua ynpy-
rocTH NPYKHH B 33BHCHMOCTH OT KOHCTPYKIHH MEX2HHSMa M X&pak-
Tepa erc paboTh.

£, Ypaeueune (14.7) cnpaeeaHeo #4051 SAeMEHT2pHEX pabor:

dA, —dAy o — dAy £ dA, +dA, , =0. (14.8)

Pazzenus pee wienw ypasteuns (14.8) na augdeperupan npemen di,
noJayqHM

Ay dAne  dAr | dAy | dAg s
o T g A gy =
HJIH
PH_PEC_PT:thZi‘:Pc.';':G, {I-"l-ﬂ]

rae P, — mMomuocTh, PE3BHBAEMAs ABHXYmMMH CHAaMH, P, o —
MOLUIOCTE, S2TpaydBaeMan HE NPEONOJCHHE OPOHIBOLCTBEHHHX CO-
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npotHeneHnH, P, — MOIMHOCTE, S8TPRYHEBAEMEH Ha NPeONOSeHHE BCEX
CHJI TPEHHS M APYTHX HENpOM3BCACTBEHHEIX CONPOTHRAEHME, Py —
MOIHOCTE, SETPauHBEEMas HE HIMEHeHHe KHHETHUeCKO!l SHepruu
MexaHnsMa HAH, HabopoT (B SaBMCHMOCTH OT 3HEKa), noayuaemas
53 CUET H3MeHEHMA KMHETHUECKOH SHeprHM Mammem, P . — monl-
HOCTE, 3aTpayuBacMan Ha NpecnoieHHe CHJl THMECTH HAH, HaobGopor
(B 3aBHCHMOCTH OT 31dKa), pPa3BHBaCMAR CHAaMH TAMECTH.

Vpaeuenve (14.9) MoxHO HaIBEThL YPOSHEHUEM IHEPEMUNECKOZD
Gaasanca maruuwe:.

Ha ypaewenns (14.9) caenyer, uTo B HeKOTOpHIE MOMEHTH Bpe-
MeHH MOmMHOCTH Py W Po o MOryT GHTEL NOJOXKHTENBHEIME, B ADYIHE
MOMEHTH BPEMEHH — OTpHUaTeNbHEMH, B ciywae sHaka nuuoc OHH
YBEJHYHBAKT MOWEOCTE Py, KOTOPYK HaN0 paseBHTbL HA BeAYIEM
3BEHE MEeXAHH3Ma, B CJyuse 3HAKA MHHYC ouH ee ymenuiuaior. Ha-
npHMep, B TeueHHe BpemenH pasGera (oM. ypaewenue (14.2)) woiu-
HOCTE P, NOJOXKHTENBHA, M, CAEOBETENBHO, MpH pasfere MalUHHH
MomHocTe Py nomxHa 66T Gosbiie, YeM AR BpEMERH BhGera, Korna
MowHocTe Py otpHuaTensua.

§ 656. MexanuueckHit KoadHUMEHT DOME3HOMO HeHCTBHA

I°. PaceMoTpum OTAENBHO YCTaHOBHBIueecH npinxenne. Jlna kam-
JIOTO MOJHOTO LHKAE STOrO JBHMEHHA TNpHpZueHHe KHHeTHYeCKOH
SHeprHH MeXaHH3Ma2 paBHO Wymo (cM. ypasuenne (14.3)):

ot o
Y- Y=o
Cnepopateneno, pabota /A, B ypasnenun (14.7) paema Hynio.
Touno Tak e AJA KKAOTO UHKNA paBHA HyMo M pabota cun Ta-
weet A+
Jlas yctanoBMBluerccs nBHMeHHs ypaererue (14.7) umeer coe-
Ayiomui BHO:

Ag= A, o+ Ar {14.10)

Takum obpazom, 338 NOTHEE UMER YCTaHOBHBLIETOCH ABHIKEHHRA
paboTta BeeX ABHIKYIIHX CHA paeHa pafioTe BCEX NPOHSBONCTBEHHEIX
Ap o M BCEX HeNpOH3BOACTBEHHEIX A, CHI CONpPUTHRJEHHA.

Mexanuseckun Kosdpuyuenmon v) NosesH020 Oelomal s HASHIBOEMCA
OmHoeRLUe abCOMDMAOL GeAUdUNE  pabomsl cun NPOUSEOOCIIBERHBX
conpomusarerull Kk paliome ecex QouMYUY CUA 30 {UKA HOMAHOGLE-
Le20CR  O8UNEHUA

-ﬂn.n
y=—7-% (14.11)
HJIH, NpHEHM25 PO BHHMauue ypaskerde (14.10), noayuzem
= ——tme (14.12)

Ape+ Az
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@opuyay (14.11) moxuHO NpeACTABHTL TAKMHE B CIEAYIOIEM BHIE!
Ag

Ay —A
ne=SAET ] -, (14.13)

nfo cornacko ypaesenmio (14.10)
An c = -fq-n P -’qqu

Otholsekne pabotel Ap  HeNpOMSBOACTEEHHHX CONPOTHRIERHHA

K pabore NBIKYILHX CHJ NpHHATO ofo3HauaTh Yepe3 § M HasHBaTh

MexaHutiecKuy Kosgpuyuenmon nomeps. B cooreercTEMH € STHM
dopuyny (14.13) moHO HENHCATE TaKI

n=1—1. (14.14)

Yem meusiie B MeXaHH3Me pabora HenpoH3BOUCTBEHHHX Compe-
TuBAEHKH, TeM MeHblie ero KoshgHIHEHT NOTEpL H TEM COBEpLIEHHES
MEMAHH3M B BHEPI'E'I'.“IHH?‘EHDM CTHOUIEHHH.

B HeROTOpHX chyu2sX yAOOHO BBOLHTE B PaCCMOTpeHHe :-v:uaq:qln/{*
NHeRT ¢, npelctapasrimuil coboli orHowenne ¢ = AJA, .. Hs
diopmya (14.13) n (14.14) nonyqaer ceAsE MEXIY KOSQPHLHEHTaMH 1],
¢ H

- d=n 1 v
o= =gt =r (14.15)

Ha ypaenennn (14.13) creayer! Tak kgK HH B OIHOM MEXaHH3ME
patora A, HenpouspoICTBEHHEX conporueienuli (Hzopumep, CHI
TPEHHA) NPaKTHYECKH HE MOMET PABHHTECH HYJIO, TO KOIphHLMHEHT
OOAEIHOTO ﬂEHETB‘HH 1} BCETIE MEHBIIE €0HHHLB.

Ha gopmyanr (14.13) caenyer, nanee, yto KO3PPHLHEHT MoNE3HOTO
neficTpa modxer OLITE paBed HYmMOD, ecdi

Ay = Ay

snaynT, KospdHIHeHT nojesHoro AeficTBHA paBeH Hymo, ecau pabora
JEHIKVILHX CHJT paBHa pafiore BCeX CILNT HeMpOM3BOACTBEHHHX COMpo-
THBACHHI, KOTOPHE HMEKTCA B Mexaenssme, B sTom cayuae femxente
MEXallHEME SIBIIAETCR G0BMOMKBIM, HO 0e3 cosepuuenus Kaxol-aubo
noaearofl pafiome., Takoe Asipxenne Mexanusnma ofHYHO HASHIBAIOT
CEUITEHLEM BXOAOCITIIO.

Kos(pbprilHenT noJesHoro feficTBis He MoxeT BHTL MeHbLIE HYJA,
TaK Kak Ajs 3Toro meobxopumo (cm. topmyay (14.13)), wrobu otHo-
wenne pator AJA, Guno Golbilie eNHHHLEL

-‘}T—:‘: I, wm Ay<<A.
i)

Ha 37X HepaBeHCTE CHENYeT, UTO eClH MEeXaHH3M, YROBIETEOpHA-
OIHIT yKasaHHOMY YCAIOBHIO, HAXOEHTCH B TIOKOE, TO AeHCTBHTENb-
HOTO ABHIEHHS MeXaHH3Ma npousofiTH He MOXKET. DTo ABNeHHe HOCHT
Ha3BaHHE CAMMTIOPMHOFCEH LR Mexarusma. Ecau e MeXannsm HaxoauTca
B JIBHMEHHH, TO Nol AefiCTBHEM CHJI HENPOH3BOACTBEHHHX CONPOTHE-
Jennii oH noctenenno CyneT sasMelJIATE CBoH XoJl, MOKAE He OCTAHO-
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b=

BUTCH (3zTopwmosnuTcn). ClenopaTenkHO, NOAYHEHHE NPH TEOPETHYE-
CHUX pacyeTaX OTpHLATENLHOTO 3HaueHUs KoshdHIHeHTa NoJesHoro
JNEHCTBHA CAYIKHT NPHIHEKOM CAMOTOPMOMEHHA MEeXaHi3Ma HJH He-
BO3MORHOCTH NBHMEHHA MEXAHHIME B 3a80aHHOM HAENPaBAEHHH.

Tekum ofipazom, KO3pOHUMEHT NOJIESHOTO LeficTBrY MexaHHsMa
MO¥ET HMBMEHATECH B Npelenax

0Ly<l. (14.16)

Ha gopmyn (14.14) u (14.15) cnenyet, uto kosdebHumeHT § H3Me-
Huercs B npetenaXx 0 << <L 1, 2 Kosddmument ¢ — B npenenax
0 << oo,

Z°. B GonbUMHCTBE MEX2HHSMOB JIBHYLIHE CHIBI H CHJBL CONpO-
THBJAEHHA B TeUeHHEe BpemeHH YCTaHOBHBLIETOCH MIBHMEHHA HENo-
5 crosuuel. Tostomy ans onpepenenis Kosddu-

LHEHTA NOJAEIHOro ,IEEF!CTBHH NoOCYHT R BAHT
| paboTy BCEX ABHMYIIHX CHM H NpOHIBOACT-
|- ] BEHHBX CONpOTHBENeHHH 33 OfMH nofHbif

- g LUHKJ BpeMEHH YCTAHOBHBIIETOCS ABHMEHHA
BEERR SSEEN MaiuHebel. Hanpumep, ecsm 3anad rpagmk
Prc. 14,2, Tpadss cymwap-  (PHC.  14.2) cymmapuoli apmiymed cham

HOfl ABIDKYLSER CHIL n = Fp(s), To pnm onpenenesus paboThH

Ap IBIRYMHX CHA Bech rpadux pasGHeanT
Ha OTAENLHBIE YUSECTKH H ONPemensiior naowail sTHX yuactroe, [loa-
Haf pafioTa A, JBHKyLWHX cua Oyner paBHA CyMMe BCEX STHX TJIOLLa-

zefl, yMHOIKEHHEOl Ha COOTReTCTBYIOWHE MacirTabe cuiu Fp 0 nyTH s,
Ecng, panee, onpefediihL Besi-
& & i A YHHY CpeaueR ABHMKYUEH CHIR
2 4 LA
= 12 P Frte Ig Fep, TO pabota A, ABIGKYLX CHI
Gyaer paeHa

=

gl

Pic. 14.3. CxeME DOCAEROBOTENLROID COE-
OHNCHHA MOUXBHHARGCE P
Ax = Feplnp

e S, eCTh NyTh, NpoiACHHEE TOYKOH NpHNOMenHA cHiaal F, aa
OIIME NOAHEH LMKA BpeMEHM YCTAHOBHBILETOCH JIBMMKEHHS.
Ananornyno Moxer OHTL onpepencua patora Ag ., €cad 3afan
rpegik Fy o = Fg (5 el npoH3BoACTEEHHHX CODpOTHENEHHI.
&°. PaccwoTpuy Tereps Bonpoc of onpeneneHHH KosggilnenTa
nosiesHoro nefcTEHsl HECKONLKHX MEX2HH3IMOB, COSMHEHHEIN ROCAS-
dosamensrno ppyr © apyrom. [Tyers uMeerca n nocllefOBATENBHO CBS-
saHHLIX Mexny coboll mexawusmoe (pue. 14.3), [leperiil mexannad
NPHBOONTCH B ABHKEHHE ABMMKYILAMH CHJAaMM, COBEPINAKAIMMH pa-
6oty A, Tak kak nonesnas pafioTa Ka¥poro NPefBIYUETO MeXa-
HH3MZ, 3ATPEUHBEEMAN HE NPOH3BOACTEEHHHE COMPOTHEJCHHA, fAB-
JaeTcH p OH ABMMYILHX CHJ OAA KaHA0re NOChielylillero, To
KoauIHERT NOMEIHONO IEHCTBUA 1), OEPBEOrO MeXaHWsMa papel

A
ﬂ:l."__'_ﬂ'i":
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BTOpOro —
B =3
TPETE-ET'D TEY
Az
=7
H, H2KOHelW, LJs n-ro —
Ap
= .
n=1
O6uit kosdmunenT nonessore AefcCTBHA 1, papeH
A
Thl'l = -_An W

o

3uauenne STOro KosduHIlHENTA NoJiesHoro HeHCTBHA Mo¥er OLITE
AOJyueHo, €CNH NePeMEOKHTE BCe OTneNbHEE Kod(DuIHenTs noJes-

HOMO JeHCTBHA Ty, Y ey Tn- HiMeen

_ A A R Ay A

Thn = Th *Tg Mg ssa *¥]y —‘E'T'—&f" saw ‘-_h'_.ﬁn.-d = -‘d‘n . [H.lT]
Takum ofpazom, ofuuid Mexgruuweckull Kosdghutiuenm noAesHO0
Oelicmaun nocAeOpeamenbio COPOUNENHBIX MEXAHISMOG DASHAEMCR npo-
LSBEOEHLUI0 MEXAHUNECKLX KosghhuylieHmos noaeskoeo dedemeus omoeat-
HBX MEXQHUIMOS, COCIMABAmOmuX o0HYy ofwo cucmesy. 3naveHns
pabor sa NoMHOe BpeMA YCTAHOBHBILETOCH ABHXEHMA MallWHH Npo-
MOpIHOHAALHE CpelHHM IHAYECHHAM MGIIEHGCT‘E“ 38 TOT e nepHol
ppenern; nostoMy gopmyinl (14.11) u (14.13) moxno manucats Tak:

=toe, (14.18)
n
HAH
n=1—3, (14.19)
n

rfie Py o — CpeiRfs MOWHOCTE, NOrACH2eMan CHJEMH NPOHM3BOM-
CTBCHHHX CONpOTHENEHHE, P, — cpenuss MOLWHOCTE, NOTAOLIAeMAA
CILTAMH HENPOHSBONCTEEHHEIX CONpoTHEAeHHE, B Py — cpefHas Moll-
HOCTEL, PASEHREEMas JIBHIKYIIHMHE CHJI2MH.

lMpu onpepenenin ofiero KosdgdHuUHEnTa nojesHoro aeHcreus
NOCAENOBATENLHO COENHHEHHHX MEXAHHAMOB HeoOXOIHMO OCTepe-
FATLECH TOTO, 9TOOH OAHHM H Te e conpoTHBAenus ue Guan oAHo-
BpeMeHHO YUTeHH B ROS(BHIHEHTAX NOJe3HOro NefdcTBHS ABYX Mexa-
HuaMoe. Tak, ecly pacCMaTpHBaTL HeKoTOpLI MeXxanuam i, T0 B Co-
eqiuennnx ero ¢ Mexaunamami (i — 1) w (i + 1) umetor MecTo noteps,
KoTOpeie DpH  onpeleneHid EospdHIHeHTOB noJie3Hore JAelcTBHA
Tliss Wiy iy ACDKHH OHTE OTHeCEHH JHOO K MexaHusMmy i,
aubo K (i — 1), mubo x (i + 1). Urobu wsbemats Takol ownbkw,
MOMHO OTAEALHO NOACYKTATE KoahdHuUHeHT noNe3soro nefictens s
KaMmaoro MexaHusMa 0€3 yHeTa TOTepE B CORAMHEHHSIX ¢ COCENHHMIH
MexalusyaMy i OTenbEe KOagHUHeRTH nolesHolo feficTeua o
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COEANHENNHA M nocfie STOre BOCMOJLIOBATECH Qopmynoft (14.17),
O6ryio Ha npakTuke sTHM NpereGperawT u NoML3YITCR GopMynoil
(14.17) Ges yuera ykasammux yenosuit. Tlpu stom, oueBHaHD, olumind
KoSpHUHEHT nonesHoro feficTenn GyaeT npHOIMMEHHEM H HECKONBKG
MEHBIIHM AeHCTBHTENLHOTD,

4. Bue (puc. 14.3) 6un paccmotper npocrefimii caygail no-
CNENOBATENbHOTO COEAHHERHA Mexanusmob. B coBpemenunix mamm-
Hax BeChMa YaCTO COSfIHHEHHEe MEXAHH3MOE OKAILIBAETCH GOJEE CIOM-

HeiM. Ha puc. 14.4 nokasana
4 CXEM3 CNOMHOMO COSHHHEHHS
A mexaunsmoB. Tlotok seepruw
OT MeXaHn3Ma 2 pacnpesenser-
5 4 A noneym vanpaenennam. B
A CBOIO ouepesk or Mexaupama 3
fIOTOK SHEPTrHK pachpeneser-
CA TAKWE M0 ABYM Hanpasdie-
upsam. Ofman patora A, . cun
NPOHIBOICTBEHHKK COTPOTHE-
Jernil pasta A =45+ An+

T oA
CrepoparentHo, ofmuil Ko-
s{pdmiHenT nomesHoro nefict-
BHH 1] BCEHl CHCTeMBl MEXaHns-

H MOEBE paBcH
my P
o ym Ane _ At Ay
Foc, 14.4. [Mpesep MOCAERCEATEALED- e A= A” An
NENBHONG CORRMBEHBA MeXaRNIMOD “4.2{}}

Patora Ay momer Obith Beipasieda uepes pafiotwl An, An, A w0
Yepes COOTBETCTBYIOUIHE KosdMIMEHTH noniesHoro peficTens oT-
JeNbHEY MEXAHHIMOB.

Ha puc. 14.4 nokasauw conousoll smunell [—J/, wrrpuxosoii
auuneit J1—I1 n wrpuxoyuxrupuoit nuuveit [//—/I/] Tpu notoka
SHepruy of obulero HCTOUHHKA SHEprus, npoussonauero pabory Aj.
Pabota Ay smower OHTE NPEACTABNEHE KAK CYMME

Ay A7 AL

N Toa My

A= . (14.21)

FAE tinsy Yine H g — OOLHE wO3(DHUHEHTH NOJESHOMO AeACTBHS
kawgoro B3 notoxos I—I, II—II, I11—I11I, paenue

Nin' = Miea T oo Tny

M = MWAarTler oo Vv

Wi == YAz T4= oo Bne
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Obnuii koshpuupenT nonesxoro AefCTBHA 1) Brefl CHCTEMB! MeXa-
HU3MOB paBeH

AL+ AL+ A
Ag | AL AT

+ P,
My T Mg

Hs dopuyan (14.22) crenyer, sro ofiunil Kospduunent nonestoro
JefiCTBAR B 3HAUMTEIbHON CTENEHH BABHCHT OT TOM CXeMhl pacupenene-
HHA MNOTOKCE sHepruy, Kotopan Bulia OpHHATE NPH (IPOEKTHPOBaKHH
oDl CXEMBI CHCTEMB! MEXaHHSMOB.

(14.22)

§ 66. Onpegenenne kosdpduumentos noneskoro ReficTeus
THOOBLIX MEXAHH3MOB

I*. Ws gopmynu (14.19) caenyer, uto pns onpenenenus Kosddit-
DHEHTOB NOJAESHOrD NeHCTEHA OTHE/BHEIN MEXaHHEMOB HeolXomnHmo
Kax/uii pas onpenenate palory HAH MOLHOCTB, 38TpauHBaeMele Ha
Mpeo/ofeHHe BeeX CHA HENpOHIBOACTBEHHEIX COMNpOTHBAeHRE 33 oann
NOMHBIH UHEA yeTaHoBHBLIErocR apxmennsn. Jlna storo onpenenawT
Ins paAja NoJMOMEHH MEXaHHIMA COOTEETCTBYIOUIHE CHIABl HENpoH3-
BOMICTEEHHLIX  conpoTeenednii. [lns GoflbliMHCTBE MEXaHHIMOB —
STO CHJIBl TPEHHA. JIEE, M0 HIBECTHEIM CHKOPOCTAM ABHHEHHA OTNENL-
HblX 3BEHEEEB MEXaHH3IMA ONpenesnkTCA MOLILHOCTH, JETpPaYHBacMBIE HA
npeoposierne cuit Tpenn. [lo nonyueHusiM 3HaveHnsM MOLHOCTE!
ONpenensaicT CPepHION MEI‘IIEH{]CTI:,SETPE'IHB&EM}'IGETE"]EHHE OaHOroO
NOSHOIO LHKNE YeTAHOBHBILEroCA IOBHMEHHA Ha NpeofcsieHHe CHA
Tpenun. Toraa, ecnn MOMHOCTL ABMKYIHX CHJ Oyner wuseectua,
ROMLIERT nofestoro jelicteus onpefeantes no dopmyne (14.19).

KosdipnuneHT nosesHoro fefiCTBHS MeXaHi3Ma BCErNd 3aBUCHT OT
XAPAKTEPA CHA TPEHHS, KUTOPLE BOIHHKAIOT B KHHEMATHUECKHX na-
pax, oT eHaa cMaskl B T. A. TostoMy Hesb3s TOYHO yKasaTk AJn Tex
HIH HHEX MEXAHHIMOB nX KosdduuneHTH noneasoro AeficTeHA.
B xamnom oTfensHoM cayuse sTOT BONpOC LOMHEH NOLIEKATE Teope-
THYECKOMY MW SKCMNEPHMEHTANBLHOMY AaHAaNH3y. B nanueeiimem mu
pacCMOTPHM TOTbKO HEKOTODBIE pacuetTHele MpHEMH, KOTOpBE MOoryr
GHTb MpHMEHEHb! LA PelEHHs STHX Bonpocoe. Haukem ¢ paceno-
TPEHHA MEXAHHIMA C© HHIMHMH T[apaMu.

. TlycTs, nanpumep, sanan Mexauusm (puc. 14.5, o) n TpeSyerca
OnpenesnTh ero Kosdduiument noneanoro peficteus. [lpennonosim,
UTD BCE HENPOH3BOOCTESHHEE COMPOTHBICHHA B MEXaHHaME CBOAATCY
K CONPOTHEJIEHHIO TPEHHA B KOSQdHUMeNTEL TPEHHA B KHHEMATHUECKHX
napax sanauel. Peakuww Fy, Fp, FP, Fp, Fi, FEu F} B xunema-
THYECKHX Napax JNA KaMAoro NONOMEHHS MeXaHHSMa TaKMe Ha-
BecTHEl. BefiMuMHB CHA TPEHHS COOTBETCTBEHHO pPaPHH

Fnl =.IFAF::|| FTHEJF-HFE: F‘I'E=ICFE'!
Fl'ﬁ ZIFDFgr Fig = .IFEF:EL:': Fig = fﬁ‘FEr Frpp = .fH-F?.fj
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rie fa, Fe. foo Fon Feu fo v fu cyTe sananube kosfduuments Tpenns
B COOTBETCTBYIOUHX [UAPHHPAX W Hanpaejaiomefl nonayua 5.
Jns onpenenekns MOWHOCTEH, PACKOAYEMEX HE TPEHHE B KHHEMa-
THYECKHX napax, HeobXofHMO ONPEelesHTh OTHOCHTENLHEE YTHOBBIE
CKOPOCTH 1 [MAPHHPAEX MW OTHOCHTENLHYH CKOPOCTH MOJA3YVHA 1o
Hanpaenaiomefi. OTHOCHTENLHAR YINOBaA CKOPOCTBE @y 3BeHa [
OTHOCHTENEHO CTofikn 6 panHa 3anavHoll yraoeofi ckopocTn @y,
Tak kax Ban / spamzeTcR B HenoAs¥HOM Nonmwwnuuxe. Jlmm onpe
JIeNeHHA OTHOCHTEJIEHEX — YrIOBHEX
CKOpOCTEH B OCTA/LHHX [MAPHHPAX
fan—=pi ¥ CTpONM [J&H CKopocTel MexaHHama
(puc. 14.5, 6) ¢ waxommm B3 fo-
CTpOSHHOMO NAaHA CKopocTel yrao-
£y BHe ckopoctH seennes BC, CD w
£G. Bennunee sTHX  cKopocTeli
£ OOpeNeNAlTeR H3 COOTHOWEHNHT (oM.
trtprpe § 18) .
& b {be) (ed)

Gy = Hp 54— s 1
Fuc. 14.5. K onpepesennsy  Koadddur- g JB!C v O He ‘cn
LHENT DOASINCIC MeflCTREHA PLNENNOTC
MEX#ipana: o) KEHeMBTHUCCKER CXCME: iy = (eg)
£} naal exopocTed e = e Lo .

B stex coornowennnx be, od W eg cyTh OTPE3KM, BAATHE W3 MNaHa

cropoctedi, lpg, lop 1 Igg — nuee seenvee BC, CD v EG w p, —

macurmal nnawa cKkopocTeil. Y rnoean CROPOCTh (g ABHMEHHA 3BeHa 2

oTHocHTENEHO SBeHE | OnpelenneTch, el yCNoBHO

" &  COOOIMTL OOOHM STHM 3BEHBAM ofulyio }rmnsym

: , cKopocte — @, (puc. 14.6, a). Torna seexo 1 kak Gwi

(s} OCTAHOBHTCS, a 3BeHO £ OTHOCHTENbHO speHa I Gyper

Foagh oy BpAIATLCA C YIIOROH CKOPOCTRIO @y, abcosioTHan

J//‘_’y\{ BEAHYHHA KOTOpOll papua |@y | = || + | @ |

¥ rnoBRie CKOPOCTH ABHMEHKA 3BeHLEB & H 4 OTHO-

Pic. M.6. K on- CHTENBHO 3BEHa 2 OOpENedATCA, ECHH 3BEHbAM coob-
PeREREHHE  OTHO=

crreaniof  yrnoe  UWHTE YIVIOBYK CKOpOCTE — oy B TakoMm cnyvase

BOA CKOPOCTE AEYX  afionni0THEN BEJHUHHE OTHOCHTeNbHON yrnosoll cko-

EDEHEER,  MKON6-
mRX 8¢ Bpatla-  POCTH @y 8BeHa § OTHOCHTENbHO 3PBeHa 2 paeHa

TEALEYH) Mapy
|mazl=l“'=|+|"’n[

AfconmoTHaEn RENHYHHA OTHOCHTELHON YIAOBOH CKOPOCTH g
speta 4 OTHOCHTENBHC 3BeHa 2 pasHa

| @es | = | @ | + | 0|

Yrnoean CKOPOCTb Wy 3BEHA S OTHOCHTENBHO HETIOABHMKHOIO MO
mHnnuka D paena yraobofi ckopocTH wg, Hakowen, yraosas CrO-
puUCTh @y SBEHa § OTHOCHTENLHO sBeHa 4 paBua

| @5y | =] o |-
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Boofuie ordocHTeNbHan YrJoBas CKOPOCTE ABYX SBEHLER C HoMe-
pani i # k Haxopwtes no Qopsyne .

n.'rm=m;-u.'rh

0 B CNyYae YrAoBWX CKOpOCTeH pasHihiX SHAKOB NPHEBOAMT K CJONEe-
HHIO MX abCOMOTHLX BENHYHH, & NPH YIJOBHX CKOPOCTAX OHOrO
8HdKa — K BHMHTaHHIO MeHbinell afcontoTHoli Bemiunnb #3 Gonbiued.

OruocHrensian cKopocTs fionsysa 5 Mo eanpaenaiowed a papha
CKOPOCTH ©g. MowmocTs, 3aTpaunpacMble H8 TPeHHE B KHHEMarHye-
CKHX napax, paeHu (cm. § 47) Py = Foara |0 |, Pp = Fipra| v )
Pe = Fiere |03 ], Pp= Fiprp|wg|, Pg= Furelow| Pe=
= Frgrglog| # Py = Fyyug.

B sTuX BLIpaMWeHHsIX ra, Fg, Foo fpo FE W Fg CYTH pamnycH mand
COOTBETCTBYIOWHXE maprupos, [lonctaensan 8 nonyyYesnue Gopmynisl
BHAYEHHS CHA TPEHRA § A0COMOTHHE SHAYEHHA OTHOCHTENBRHX CHO-
pocteil, nosnyyaeM COOTBETCTEEHHO

Py=[aFara|lon), Py =feFerallo]+|ell
Pe = fcFerel|wsl 4| eI, Pp = foF oru| ogl,
Pg = [ Fprell og] 4ol Pg = [eForo| vy
H
Py = [yF .

B wanucannmx GopMynax BesHYMEH YrAOBHWX CKOpPOCTEH MOTYT

GLITE 3aMeHeHb! HX 3HAYEHHAMH, ONPeleeHHEMI HS MAaHa CKopocTef:

(puc. 14.5, 6).
Ofwan MowsoeTs Pr cHA TPEHHA B KaWIED MOMEHT BpEMEeRH
P p

pasHa
Pr=Pa+ Py+Pe+Pp+Pe+ Po+ Py

MNMocrpone rpadue nH3aMeHeHHA MoldocTd P, sa oauy noasud
OHEJT NBHIKEHHA MeXAHHEMA, MOMHO OMNpeieSiNTh CpEeNHee IHAUYPHHE
Py op MOUHOCTH, 3arpauuszemoll Ha Tpewwe. Jlanee no sananmusiM
CHJIAM NPOHSBOACTBEEHHBIX CONPOTHBACHN ONPelessoT MoBocTs Py, g,
SATpAYMBAEMYI0 HA NPECAONEHHE ITHX CONPOTHBAEHHH B KA
JaHHBI MOMEHT BPEMEHM, H N0 IPaQHKy H3MEHEHHS STON MOUHOCTH
HaxXoNAT cpeavee suavedne Py o o, MOMHOCTH CHR NpOH3IBOACTEEH-
HEX COUPOTHBACHHH,

Cpenusf MOWHOCTE Pp oo IBHKYUMX cHNl papHa

'Pn.c:p": ﬂ-ﬂ-cp—i_P'hl:]}f
a oGuui KosdduieHT noNesHoro LeficTBHA 1-BCET0 MEXAHNIMA DaBeH,
cornacko dopuyne (14.19),
Py oy
=] —_——, :
n et (14.23)

8%, Tlepexonnm K paccMOTPEHHIO MEXAHUSMOB € BLICIIHMH 1apaMi.
[lycrs, manpumep, tpeGyercn onpenenmiis KoshduilieHT none3HOro
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NeicTein syfuaToro mexanusma, noxasaudoro wa puc. 14.7. Ecnm
NPHHATE BO BHHMAHHE TOJBKO CHJH TPEHHA, TO ANA OUPELeNeHHS
koQHIMENTA nojesHoro eficTEHA HeoOXOIHMO ONPEReNHTE NOTEPH
HA TpeHue cronpwenns B nomunnuuesx O o O, ua TPeHue CHOMBME-
miA Memay 3yObAMM H, HAKOHEl, Ha Tpe-
Ane kayennn 3yleep Apyr 0o apyry.
Moot Py u P;, satpaunBaesbe a
Tperne B nofmmnenkax O; v 0, pasH

Pr=M;|ey] n P;=M;]e:,

rne M;u M cyte alicomoTHLIE BERHYR-
HEl MOMEHTOB CHJA TPEHHH CHONMbLMEHRA
e Nommunenkax Oy n 0, onpeneneHHble
no qopMynaM, yrasanium e § 47,
Mompoere P;'’, saTpauuBaeman Ha
TPEHHE CKOMBXEHHN B 8YObAX, PABHA

P';" . Frﬂmu “4'24}
rae F, — pelnyuna cuibl TPEHHA CKOJME-

) nenusa B 3y0bAX, ©p, — BEAHYHHA CHO-
Prc, 14.7. Konpemenchmo kosd  POCTH CHOJBAHEHHHA EYﬁEEB ApYr no Lpyry.

guuser Tl 0OSCANOrG  gefcTINn Benpunna F, chau Tpeuns CHoOMb-
R tans, T srenmw paena F, = fFy, rme Fy — cn-

na naeneuns syba Komeca I ma 3y6 ko-
neca 2 B npeAnoNoMEeHHH, WTO A3BJEHHE BOCTIPHHHMAETCH OHOH
napofl sy6LeE H HaNpaeneHo No HopMalk n — n K npoduanM 3y0ses,
f — woadbmisent Tpenusi. Bennduna cunn Fyy mower Gumb onpene-
JleHa ofRNHHME METONAME KHHETOCTATHKH, YKA3AHHLIMH BHIUE (CM.
55).
¥ T]'a:cm.t ofpasom, gopmyay (14.24) moxHo HanucaTe Takl

rEE

T =fF2|L'|:H*

BemiunHa CKOpOCTH CKOJBXEHHA paBHa
Uor = [Iﬁ}l I e }“H“[Nkh

roe (NE) — pacctosHue OT MIHOBEHHOrO UenTpa spawenns N g oTHo-
cHTEALHOM ABHMeHun konec I u 2 po Towex k' wan B° kacauus npo-
dmncii. Ha puc. 14.7 BujiHO, YTO CKOPOCTb CKOMBMEHHA HA YHacTKe
Na, nanpumep, B ciyuae SALENJEHHS B TONKEe & HMEET ONHO Hanpae-
JielHe, @ B CAyuae sauensenns Ha yuactke Nb, nanpuMep B Touke £,
HMEeT NPOTHBONONOXHOE Hanpaenerne. CooTBETCTREHHO MEHAIOT CBOS
HANpPABJCHHE H CHJABl TPEHHSA.

Mowpocrs Py, saTpaunBaemMan Ha TPeHHe CKOMbIEHHH B 3)0biX,
paena

Py = [Fallo |+ o[l (NE)
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MomHocTe, sarpaunBacMan HE TPeHHE NepekaTHBaHns syGbes
Apyr no apyry (cm. § 49), paena
P = My, o | 2] = Map_w lewr | 4 w2l
rne Mg, ., — MOMEHT TpeHMSl KaueHus, paBHLI
Mﬂ._“ = kF. 214
rie B — gosdduiBeHT TPEHNA KayeHlis, M £ = a; + o,

Mompocre P;, asarpaunpaemas Ha TPEHHE BO BCEM MeXanHsMe,
pamm CyMME MouHoCTel TpeHHR:

Plr—'Fw—]‘p'r'l‘F'r +Pw'

INocTponB rpadmi HaMEeHeHHA MOHOCTH P, onpelefHM CPENHIon
MOIHOCTE Py o Cpefnsas MOWMHOCTE Py o, op NPOH3BOACTBEHHHX
CONpPOTHBNRHKIT pasia

Py cep= My . ep | @ep |s
rne My ¢ op — 806CONMIOTHAS BEMHYNHA CPEAHerc MOMENTa NpoH3BOM-
CTBEHHHX COMNPOTHBIEHKN, ©., — CPEIHAs Yriopas CKOPOCTE TOro
BANd, K KOTOPOMY NpHACHEH MoMeHT My o ep.
Cpennas MowHoCTe Py oo ABHMYWHX CHA pasHa

Pmcﬂ=Fnu.cp+FT.ﬂpr

W, CaefoBare/ibio, oflinf KosddhuuueHT nodesHoro feficTeua ¥ pac-
cmaTpieaeMore s8yGUaToro MexaHHsMa pakeH

VU (. Pe. ep

PEBP

Ha npaxtike o6eipo KoshdHUHERTH nofesHoro feficTensa sytua-
THX MEXaHHIMOB ONpPeleNfloTed sKCMepuMeRTancHo. B npennapu-
TEJBHEX pHC"IETEK I'I[JHHHNEIDT KEBMJH]_LHEHT
nojestioro AelicTEHA ¥ [PH yYeT€ NOTepe B
8YGEAX paBHHIM: AR KOMEC € UMHGORAHHEME
ayfeame 0,99; nas Konec cﬂagesauﬁumunue-
uumGobaHEEME 8yOeamu ot 0,975 no (,985;
nna kocosyOmx komec or 0,97 no 0,876 ut. . .

£. KoshduuueHT nonestoro feficTBng Bil- oo hfi b onpeacae:
TOBHX MEXAHHIMOB ONDENENIAETCH NPHOAMMKEH-  NesHoro Leflerein wiido-
Ho no dopvynaM Aaa kKosgdHuMeRTa nosnes-

Horo pefictenA Haknouuoil nmockoctd. [lpw stom cpenmas mHHESA
peai:ﬁu BHHT# SaMEHFIETCA YCAOBHO HAKJOWHOH MJOCKOCTBIO, 8 rafika
samenserca ycnopHo noasyHoM I (puc. 14.8). Buson dopmyn Torza
MoxeT GHTE cpenad caeayiolkM obpasom. [lycre nonayw 7, naxojs-
mpiica non AeficTEHEM NOCTOAHHGCH BepTHranbHofl cunkl Fy nponseon-
CTBEHHHX conpoTHBAeHRH W NoA AeficTBHEM NOCTORHHONH TOpPHIOH-
TanbHoH pemkymed cuaw F, nepemecTHsics M3 nosoxerua A B no-
noxenne A;. Hs toukn A, onycTHM Ha HanpaeneHue cuiiel F nepnes-
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nukynap Aa. INponseoncreensas pafiota, nponseelennas cunoil F,
COCTONT B MojibeMe noNayua I na Brcoty A,a; npu 3ToM Ha npeojione-
HHE NpoHSBOACTBCHELIX CONPOTHBAEHK 3aTpaunsaerca pabota

Ay .= F, {‘qlﬂ]-
Patiota peumyweil cunet F paera
Ay = F (Aa);
clieaoBaredibio, KosdHIMEHT nofeskHoro aeficTBHA 1), Ha OCHOBaHIIN
popmynn (14.11), pasen
n=Ths = F e = e b
Kak Ouno nokasaso e § 46, B ennToBOll nape cunw F u Fy cea-

SaHLl YCAOBHEM
e @ — yrod Tperdn. CnejoBarensio, KosddHUHEHT noJeskoro
leficTeeA 1) Gyper pased

I

|

e ORER o 1RE

"= Fwl+o  we+e (14,25)

Ilpn onyckanns rpysa nop peficremes o F o kospdbuunent
nonesHoro peiicreng 1) paeen

M= ig%ﬂ’ (14.26)
TaK Kak B sToM ciiyyae F = Fy tg (B — ¢) v cuna F, aennerca AouH-

Hyuiei.

st topmynei (14.25) crenyer, uro KosddmuHeHT noneskoro nefi-
CTBHA HAKJOHHOH NJOCKOCTH NpH Nogbeme rpysa ofipauiaercn B Ky
npr =0 u npu f = /2 — @. B npoMexyTKe MEKNY IHAYCHHUAMH
f=0mnp=n2 —q koshduuuent nosesHoro neHCTBHN NOAOHH-
Tesed, a npu P > wl/2 — ¢ — orpunarenen; B nocJegHes caydae
ABRMERNe nonzyHa non aelicroneM cuiw Foueeosmoskno. [in onpe-
nenenns yraa P, npr KoTopoM v OyReT makcHmaneHuM, OepeM mpo-
N2ECQINYI0 O 1) Mo yry | ¥ (pHpaBHHBAEM €€ HYJ:

oy d['ﬁf—tﬁ‘gﬁ_w’] = 0.

ap dp
Pewan 5To ypaBHeHHe OTHOCHTEABEO [, HaXouuM
fip = 45° — @

Tagum ofipasoM, MakcHMANBHEI Koxpdumiest noneskoro nef-
CTBHS HMEET MecTO npy yrJye fi.

Ilanee, us paeenctea (14.26) cnepyer, 4to npH onycKakHuM nof-
SyHa uon peficrBueM cuiel Fy Kospduiment nonesnoro peficrons 1)
OKASHIBAETCA OTPHUATEABHEM NP 3HAYEHHAX yraa [b, JemaiinX
B npejenax or 0 go ¢. B sTHX npefenax ABHMEHHE Tpy3a nop aeh-



§ 66, OTMIPEAENEHHE pFO*GHUHERTOR TOAEAHOIO OERCTEHSH 315

creneM cHal Fy, vesoamomno. JIBMKerHe rpysa BoSJCHHO B npese-
nax srauenvit yraa f or ¢ jo /2, TaKk KaK B 9THX npeienax Koodxi-
LUHERT Tnodeskoro JelcTBHR NOJNOMHTENEH.

MoOMHEO NOKA3aTh, YTO Dp# NOABEME NOJIYHA NO HAKJOHHOH nio-
CKOCTH, ¥ WoTopoll yrosl nofneMa Mewbtue yrna ¢, Koshdwuxedt
nodeskcro meiicteis Beerna wenoive 0,5, B camom pene, yxe npH
P = ¢ dopmyna (14.25) npunEMaeT cleAyOmmRH BH

e _ wgell—tgfq) gty ,
=g =" gfge 0%
CNeOBATENLEO, B 3TOM cllyuse v Bcerna meneine 0,5.

Tonexko uro BoiBepenrbie QopMysBl NPHMERSIOTCR TAKWE JAA
nprGMKERHOrO onpefgescHls kospHIHEHTa [Ofe3Horo JeHcTBus
BHHTOBRIX H YepBOUHEIX Mexanusmop. B cnyuae mepenawt of YepBaxa
K konecy npuwmeserca dopmyna (14.28), a B cayuse nepejaum oT
Koneca K yepsaky — dopmyna (14.26). Bee cnefcTeun, BhITEKaWOLHE
u3 sTHX QopMyN MR RaKNOHEOH NAOCKOCTH, OCTAKTCA AeficTBHTENb-
HBIMH H JAJf BHRTOBRIX H YepBAYHHX MEX8HHIMOB,

5°. PaccmortpuM, patee, Bonpoc of onpeieneHnn KosddmineHTa
nosesHoro AGHCTBHN NJaHeTaprhX 3y06uarThlX MEXaHHIMOB HA nNpH-
Mepe MeXaHHsMa, nokasawHoro Ha puc. 14.9, a.

Puc. 14.8, K onpepenernsy KosphuUMCHTE NOAesnoro peflcTERS DABKCTAPHOTO SYOuatorg
MEXEFMSME: ) CXEME MCXaHHIME: O) OTRENEHLE SBelbi € MPWIURCHNREH K MM CHIAMN

, Paccmorpem COOTHOLIEHHS MENJLYy MOMEHTEMH W CHJamu, nefi-
CTBYIOUHMH HA MEXAHHIMBL B OescoM H HA OTJENpHEE erp SBEHBS.
OfioanaunM MOMEHT Ha Benywem wonece [ uepes M,, moMent na ee-
Joviom sonkne H — uepes My 1 MOMEHT Ha HENOIBHMEOM ONOpPHOM
kojece J — uepes My (peakTuBHE HAN onopueifi moment). Ecm
npexefpeys NOTERAMH Ha TPEHHE B 3y0bAX H oNopax, MoXHAC HANHCATE
YpaBHeHNe MoiHocTell AN Brero MeXaHHsMa B (opme.

Myw; + Mooy = 0. (14.27)

B ypaeuerne (14.27) sxoauT anrefipanueckas cyMMa sowHocred,
MoABOAHMLIX H OTHOAHMEX OT MexaHusma. Momental M,, M, u M,
CBR3aKEl Mexly coboll TaKk#e ypaSBHEHHEM PABEOBECHS BCEX BREEINHHX
MOMEHTOB, NpPUJIOKEHHEIX K MEXaHH3IMY, KOTOpOE 3anuiercs Taki

My + My + Mg =0, (14.28)
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MowmerTal, exoaaume B ypaskerne (14.27) w (14.28), MoryT Owith
BCET/l& BHIP@XEHH YEPE3 OKPYMHHEE YCHUHSI HA KOAECAX W paluychl
konec, Jlns storo paccMoTpHM B OTAENLHOCTH PADHOBECHE KaMJOro
W3 2PeHEeB, BXOOALHK B COCTAE MEXAHHIMA.

Cocrasum cxemy (puc. 14.9, 6) Anm Kawiloro spesa penyxropa
B npojuaskol nnockoctd. Ha koneco [ peficreytor moment M, u
chaa Fy, ot xoseca 2. Ha aeeno, coctomuee u3 catenautoe 2 n 2°, —
cuna Fo ot koneca I, cnna Fyig or woneca § u cana Fup o1 Bonuna H.
Ha sopuno H peficreyer moment My n cuna Fy, o1 apena, cocToauero
ua carennntoB. Hakonen, Ha Koneco & pelcTeyior Moment My n cuna
F a3+ 0T 3PeHA, COCTOANIErD H3 CATEJINTOB. ¥ TJaMi HAKJOHA peakinil
B BBICHINX RAPAX MOMHO npesefpeun BBHAY HX HECYIECTBEHHOrD
BAMARHA HA KopHIHEHT noJesdoro AeicTEHS nepelayn.

Bee ykasagEwe CHAE MOryT GHThH BEIPAMEEH YEPe3 COOTBETCTEY-
IOILHE MOMERTH! H PEIHYCH ry, o, F3- B ry KoNec 1, 2, 2° w 8, Ha ypap-
HeHnii paBumoBecHs 3penneB I, H w § nonyuaem

'FIB = '_ﬁ';_i“l" ¥ [1429]

M
: Frg = g e (14.30)
Py = *:'f: . (14.31)

HE }'PE.BHE]IHH PEIBHDBECH'H 3EeHA, COCTOHLIEro H3 Care/IHTOB,
ONPEAENAIOTCH K&K HANDABNEHHA, TAK B BEMHUNHEL CHI Fpa u Fapt

Farg = Fpgre,
OTEY A
Fyy= Fs|::, ' (14.32)
H, manee,
Fyy (rg —ry) = Fanry,
OTKYNa

Fon = Fn,% . (14.33)
Kpome toro, umeem
-FE-] = = I m F‘IH = FHH-. -Ft"g = = Fﬂg"- []4.34}

Henoneayem panee dopuyny (7.57) § 33 pns nepeparoutoro o1-
HOLIEHHEA OnaveTaproro sybuaroro mexauusma. Mmeen

H_W—WH _ . ypfefz  Tefa
us =g = W = {829

Hs coornowennn (14.32) cnenyer:
s Fag :
rg' Fu
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Torpa paeeucteo (14.35) Mower ObITh HANHCAHO Tak:
o, —wy e Fouary

wy—ey  Fary

OTKYZI@ noSyuaem
Fairy () — ayg) = Faears (03 — 0y) = — Forgrsoy,  (14.36)

HOO YTTIOBas CKOpPOCTH 3 MPM KEMORBIDKHOM KoJece § pasHa Eyio.
Tak kag M, = Fuyry w My = Fgegrs, nonyuaen

M, (o — wy) = —Myoy, (14.37)
MM
Pl =—py. (14.38)

Tlpaeas u nepas yactn papencte (14.37) n (14.38) npeacrasnsior
cofioll MowHOCTH B KasIol nape Konec (HaxofALMXCH B SatenfieHnn)
MEXAHHIMa, KOTOPLIT MBI paceMaTpHBaeM B YCAOBHOM NPEANOIONREeRHH
0 HenonBumHoeTH Boguna If. Takum ofipazoM, Moupmocme 6 soyenie-
Ml napel KoJeC paBHAETCH MOMEHTY, NEpERaBaeMoMY ARHEHM KoJe-
COM, YMHOMEHHOMY A YrAOBYID CKOPOCTE STOTO KONMECE OTEOCHTENBRO
BOJIMAIE.

Mownoete B 3auenfeHHd  XapaulepHsyer BOAMOWHLIE MoTEpH
B MéxaHnsme, Yeum Gonplue sTa MOUIHOCTh, TeM BOMBILE NOTEPH Il TeM,
CIenoBaTeNbHO, HUME KopdHLHEHT NOMe3HOTO JeHCTBHA.

6°. B nnaHeTapHEIX MeXaHHSMAaX BEHYIIHM SBEHOM MoOxer OwITh
KaK LeHTpanbiioe Kosleco, Tak i Bopuao /1. B toum cnyuae, Koraa eeny-
LM speHoM sensercs koneco I (pue. 14.9, a), Mousocte P ua stoM
Konece npenctapnser cobofi MOIHOCTE ABIDKYLIMX CHA, B TO BpeMA
KaKk MoutocTe Py CHA NpoH3BOACTBEHHEX CONPOTHEAEHH CHHMaET-
ci ¢ popuna H W paera

Py = P, — Py, ' (14.39)

rjge P; — MoutHocTh, TepReMas Ha TPEHHE B KMHEMATHYECKHX napax.
MotiinoeTs Py Moder ObITh NOACYHTAHA 00 MOUHOCTH B 3&[ENJe-

H
HHH, T. & N0 BeIHuHiEe MOwHOCTH Py (cu. dopmyny (14.38)), nepena-
paeMoff penyKToposM B oGPALIEHHOM ABHMEHHH BCETO MEXAHHIMA OTHO-

CHTEABKO BOARAA
Tawum ofipascm, Ko3PPHUNEHT nonesmoro nefiCTBHA 1) MEXaHHIME

npn peayuieM koiece I u eepomom eopnae /1 onpepenserca no op-
Myne b p

Ty =—p—". (14.40)

3uavenye mouHocTH Py MOXET ObITh BHPaNEHD yEPEs MOUHOCTEH

P! B 3apennenun B KospHMUMEHT noTepn Yy (cM. § 65, I°). Hmeen

Py =| P | pa, (14.41)

11w, W, Aprofonepcraill
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coitli B obpamennor gemseHrd koneco ! Gyaer Bepyuinm, o

Wt

[ PH 3
=P }l —¥u
ecin n ofpatienuos AeEnmeHnH wgoneco [ Gynet mepoment. Tpaxru-
decknt, eciH ofumil koadHUHEHT nofesHoro aeficTBNA Ty penykIopa
NpH HenoABRMAHOM Boalte 1y = 0.9, a cneposateneno, $y << 0,1, 10
€ AOCTEZTOMHOIN TOYHOCTHI) MOMXHO NOALICBATheR Gopumynoit (14.41)
BHE 3ZBHCHMOCTH OT Toro, 6yjer fu xoneco / B ofpameHHoM [BIDHE-
HEm eegyiimy Hnu pepoMbiM, ChepyeT nofuepHHyTs, uTo B GopMyns
(14.41) u (14.42) Bx02nT abeomioTHoe 3uawene mompocTH Pi. Yuu-
TeiBan papenctio (14.37), Momno sHanucate Gopuydy (14.41) 8 rakoM
BHLE: !

(14.42)

Py= | M; (0 — o) | |y (14.43)

B Tom cayuae, korjiz BenyuiHM 3cenoM mBAseTcR Boamno M,

MORocTe Py vz Rodece J ABNSETCH MOUHOCTLIO CHJI NPOWSBOACTEEH-

HLIX COMpOTHRJAEHHH, B TO BpeMs kak Mowmocts Py Ha sognne H
OKZ3LIBAETCH MOUHOCTLIO JBIDKYLIMX CHA W paBua

P”'—_' F1+ P-_r.

Tarum cBpaszon, kosddniHeHT NosesHoro AeNCTOHS 1] MEXAHH3MA
npH eeayuem sopuae M w senomom xosece J onpepeaserca no dop-
MyJe

S (14.44)
M P'I F P'&" .
rje P, momer OuTh onpenenero u3 Gopmyan (14.43).
Jina storo npencrasum 3Ty GOpMYAY B CIenyIOIEN BRge: i

o, = )
Py = Mtﬁh‘—‘“‘m.—H Vi =Py |1 — i | Vs (14.45)

o
rie ey, =—€u!'1'r".
1
[Noncraenan nomyyensoe Bhpamenue ans Py ua Gopmynm (14.45)

B Gopuyan (14.40) u (14.44), noayuaem
g =1 — |1 — | s, (14.46)

I
M= 1+ Il _'H'HI Iqj'ﬂ' . {]4.4?]

MNMonyuennne ¢opMyns ABAAIOTCA npnbaumennbiin opayiost
ona onpefenenda kosGduupenTa nogesHoro AeficTEHA NAzHeTapHLIX
mexauuamop. Jlns GONBLIHNCTEA MEXAHHIMOB YHE3AHHEE (QOPMYJH
LAIOT 3HAYEHHs KOPOHIHENT2 NONeIHOTO JASHCTEMA, HESHAUMTENBHO
OTHJOHAKUIEECH OT JeHCTEHMTENbHEIX BeNHYHH, 38 HCHIIMERHEM Tex
MEeXaHU3MOB, NS KOTOPHX NepeaTouHoe CTHOLIEHHE ujy B ofpa-
HmieHHOM AbHMenHH OnM3ko K eauudie. B stom CayHyae npeperaya
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MOHKeT OKa3aThes caMmoTopMozsiuiefics H HaHIEHHOE N0 (opuynam
(14.46) u (14.47) anauenwe Koa(MpHIHEHTA NOJIE3HOTO JEHCTBHA He
Gy/IeT COOTRETCTBOBETE HCTHHHOI €TO BRlTHYHAE .

fpemep 1. Onpetennts KOSQELIHENT NGICIHGTO EEfCTEHA AAf MEeXAHIEME,
NpeACTEEAEHHOPD HA P, 14.9, npi VCIOBME, YT0 uBcna SyOLER COOTRETCTREHHO
paenu z; = 40, z, = 50, z, = 30, zz= 60 i Eee(EHLUMENT NoaesHoro RefcTBRA
karzofi napw womec papes 1= (.55,

Tuecen Fp,.rm nepenri;armmm ornomenan (cu. § 33, dopuyna (7.46)) 2

1 1 1 1 i
') S S W’ Ea T 5060 8 "
a 1 S ZyZo bes 40-30

Ofiufl Hoadepiisent nofesnore ReficTonA 1), PEAYETOpaE OpH HENOABHMHOM

poowne paoer, corfacio Qopryae (14.17),
Ny = MMy = (0,957 = 0.9,

& wosddpuoHesT NoTeph
Vy=1—1n,=1—08=0,l
MMofctapais NOIYSCHNLE BEPaKeHHn LA dyy o Yy 8 Qopuyns (14.46) o
{14.47), COOTECTCTREHNG NOJYSEEM

2
My =1 — [ 1=ty | =1 — (I +§)n.1 - 0,833,

1 1
1] S = =ﬂ,ﬁﬁ|
H1 1+|I—um| Wy .':-I—(I—f‘%) 0,1

Mpumep 2. Onpeneass wosdHUNenT noiesnoro ReficTBHA MEXANHIME, NOK-
savnoro wa pue. 14,100

[ycre uhcta ayfues COCTECTCTOENHD PABKL 2o, = 20, 2y = 0, 2,.= 15m 2, =
= G0). KoadspmunenT nogestioro feficTBun  Kawaol naps woaec pasen vy = 0,95,
MepenaTounce OTHONEHHE 6. PADHD

"1:2-=u2——"w -

| | 1
(P 4, %060 "
L=t ]}zg.z‘_;. L 20-15
CheflonaTedsng, HOaMHIUeHT nonei-

Horo NeficTEHA  BCETO PEAYETGPE EMecie
¢ wonecams § # 2 paped

W ="gle g =Tz [l —| 1 —¥ 00| V] = Pac. 14.00. Cxems CAOMHLOO DAMHETOp-
noro 3yCueToln peAyeTopa € wapTenod

o= 0,05 [i —(1 —%) n.t] — 0,855, M i
wak kax Y=l —u,=1—{0,95) =01,
CootoercTeenio A HosbdwunenTta nodesnoro RelicTBHA 1)y Nodyysen
1 1
Mgy = NarWper = Vg — =0,85
| I-“"-Il—u}-fﬂ’i"iﬁ ]+(|-""'1§') 0,1

=

]

= [,872.

Y} Hanomewawil veroy paspsoran T. C, JHerascooii v B. H. Kynpaeucewm,
11*
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Npimeep 3. Onpeneante kosPdUIHENT NONESHOTO RERCTERA MEXAHMEME WEPERY-
Hoil nepepayn, ecan war § wepsaunoft nepenaun pages 100 mm, papive r nayanesofl
NHHUNH wepBres pised B0 wmn, wosdduupent tpedun [ pagen 01,

¥ron B vawnons pescOu papen fi = nrclg:?—i’— /= 15°% yron Tpemmn ¢ pane
@ == arelg 0,1 = B°
Ecan petyimm Gynet ymﬂt. TO KOS HUBERT NOVIESHOro AEAICTEHA Tgy ONPERE-
AWTCA  no opuyae (14.25):
- tgfh _  tgls® o 0,267
Pt tgolt 0,383
Ecnu semyumm GyReT kodcco, To wosdkbHydenT noute3noro peficTons onpemenuTon
ne gopuync (14.26):

= 0,7,

12 (3 —q) lg& _ 0,158
1gp  tgisr 0,267

Vgu =

Fnaga 15
NPHBENEHME CHIN M MACC B MEXAHM3IMAX

§ 67. Mpupepenntic CHAB H MOMEHTL!

1%, TNepexoguM Kk paccMOTPEHHIO BONMPOCOE, CBASAHHHX C H3yYe-
HHEM J[ABHMEHHH MEXAHHIMOB.

Ilpa HecqnenoBauny JBHMEHHA MEXAHNAME, HAXOAHAIETOCH MO
JeiicTBHEeM 3alaHHHX CHA, YAOOHO Bee CHAbl, AeficTRYIOmHE Ha sBekLs,

3AMEHATL CHAAMH, NPHICIKEHHEMH K OIHOMY H3

g apeHbes Mexauwama. [ pu ston neobxcdusmo, wrio-
' Ot poloma Ha POCCHOMPUEAEMOM GOGMOITHONM e

F:j\\ PEMENEHLL AL NOUYROCHTD, POSSLEAEMILT BOMEH R0

£ UM cuAGMU, (it COOMBEIMEMBEHHO POGHBE CYMME
pabom  uAn  MOLMOCMER, POISHELEMBIX CUAOMU,
: NPILAMINERHBIME K S0CHBAM LOCAEOUEMBY MEXAHLS-
Pt Hpunenaen®  M06. 32MEHSUOLIHE CHJBL, YIOBNETBOPAIONIHE STHM
YCAOBHAM, NOJYUHIH HASBANHE A pUSSOSHNBLY CLit,
3BEHO MeXAHM3ME, K KOTOPOMY NPHJAOMKEHH NpHESIEHHLIE CHIH,
HOCHT HA3RAHHE 36eR4 Npusedenun, a TOYKE NPHIOMEHHS npHBeleH-
HBIX cHA — moukn npueedcsun. Ecnu pacoMaTpupaeMbill MeXanHaM
HMEET oiHy CTENcHb cBoBOAH, TO A5 H3YYCHHA ero JIBHMeHHs Jio-
CTATOYHO SHAETH 3aKOH JIBHIKEHHR OJHOIC H3 €ro 3BeHReR (2aKoH
Hamenenusi ofofuienuoll KoopnHuarh).

Ofbuuo 3a speHo npueenetns eROHpaloT To 3BeHo, no ofobien-
HOMl KOOPJHHATE KOTOPOrG NPORCJMTCH HCCMEOBAHHE MeXaHH3Ma.
Torpa emecTo paccMOTPEHMS BOETO KOMIUIEKCE SBCHLEE MEXAaHHIMA
MOMHO paccMOTpeTk 2BeHo, Hanpumep xpusomun AB (puc. 15.1),
ofiofiennofl kKoopinHaToll KoToporo aeasercs yron ¢. B rouxe B
ITOTO SBEHA MEPNeHHKYMAPHO K OCH KPHBUIIMING NPHAOHENH NBE
npHeeJeHnEe cuaE: cuna Fp — npueefesnas [BHIKYMaa cHIz #
cvaa Fo — npusegennas cuna conporuenenus. [lpu stoM cuna Fp




§ 67. IPHBELENHBE CHAB H MOMEHTH 2en

jomiHE NpoHsBoaNTE paGory Ay, paBuyl paliote BCEX ARIDKYIHX
cial, WIH, YTO TO e, PA3BHBATE MoulocTh Pp, paBnyio moutnoct
peex ABIIKYIHX cua, a cine F, — npoHseoantb paioty A,, panuyio
pafioTe BCEX CHl conpoTHBAENHTT, M, HHAYE, Pa3BHBETE MOLHOCTD £,
paBHYID MOIHOCTH BCeX CHJ CONpPOTHRJIEHHI.

. Jlnn onpenenesns npHEEAEHHEIX CIJT HAH HX MOMEHTOB MOMET

OLITE HCNOALIOBENG PREEHCTEC

ﬂ=$h (15.1)

B stou pazsencroe Py — MOWNOCTE, PA3EHBEEMaS npieeneHHol cHaoi
KAl MpPHBEIEHHEIM MOMEHTOM, & P, — MOLWHGCTH, pasBliBzeMbe CH-
JAMH HTH MOMEHTAMI, TPHIOKEINEMH K 3BCHY
[ B NOLTEXALIMHE TPHBELENH.

Mownoots Py MomeT (WTe npepcranieHa

P, = F,up = Mo, (15.2)

e F, — pennunnz npusenenHoll  Touke B ape-  wfms

Ha npusetenis ok (puc. 15.2), Moryuedl GLTh B Pue. 16,2, Cxewa
i BACHN TNRRAREGEHEA O

YACTHOM CNYY2E HIH NPHBENENHOH ABHMYUIEH CH-  rowasonsbmn wa wef
“' i # ot

Joit F, v HMAH llpHBEE,EHH{}ﬁ CHMOH CONPOTHRICHUA :'P"l;mpﬂ::::“w“ﬂ o

F_. (puc. 15.1), o5 — cropocTh ToNKE B npeBe- mewmon’ napw e

nennn, My — npueegennsifi MOMEHT naph CHA, '

KOTOpHit MOMeT ORTE TPHBENEHHEM MOMEHTOM My mEikyuix cen

MM DpHBSIEHHHM MoMenToM M.  CHIT  CONpOTHENGHIA, H © —

YINIOBAA CHOPOCTE 3BEHA NPHBEACHHA.

Bennuueel npHBeacHHoR cvabl Fp u npupegentoro moMenta My

MOMHO NPENCTEEHTE B CASAYICHEN BHIE:

L
X M
=—-I-———3

Fo=— (15.3)
1)
E
E My
My =——" (15.4)

k
Cymma Y} M; B paspepHyTOM BHJE NOMET GHITH NpELCTARNEHE TAK:
]

E & k

L 1 5l
zl, M, ;. F v cosey + }I_, My, (15.5)
rne Fy w M; — chia v MOMCHT, NpufioseHtbe & spedy §, v; — cKo-
PocTE TOuKH NpHAoKeHHA cunk F;, @; — yrnonas ckopocts 3pena |
H oy — yroda, ofpasoBadHuit cunoit F; W BEKTOPOM ckopocTH ©j.
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k
Mogciaenas Bmpamenne A5 L;M ¢ H3 ypaonenus (15.8) n ypap-

Henus (15.3) u (15.4), nonyvaem

& k
Y v, 05O
F, e *-f f"—lz'?n_i'l_ 2. :Mz _':%, (15.6)
: o LS - ]
. - ] I [
Mg = 21 Fi——L 4 Eﬁ ML, (15.7)

Ha ypaesennii (15.6) v (15.7) caenyer, 410 ecfiu AnA Ka¥icro
NOMCHERHST MEXSHIAMA WIBECTHH NPHICHENIHE K €0 3PeHbAM CHIl
H MOMEHTH, TO NpHBegesHas cuna F, w npueenennuii momenr A,
GyAyT 3EBHCETH TOABKO OT OTHOWEHud ckopocteii, KOTOpHE, KEK
(k10 MOKAIAHO B KHIEMETHKE MEXBHR3IMOE, s3aBHCET TOABKO OT HO-
JIOMENHA erc 3penkes, T. €. o7 ofoflwenHoll KOOpANNATH.

Haz ypasuennii {(15.6) u (15.7) Tawme cheaver, 41o NpH 3a1aHHLIX
cunax F; u momenwrax M, onpenenense npuscpennoil cuam Fy u
Monmenta M, He NpecTZBAfeT SHAUHTCILHHY TPYAHOCTEN M MORET
OpTE CAESAHG, E0AH AN Kadnoro HCCAEAYEMOro NONOHKEHHA MEXa-
HH3Ma Oyner nocTpoed NMaH CKOpoCTell M OTHOILEHHS cKopocteli
B ypaesenunx (15.6) u (15.7) 6yayT BupakeHH uepe: COOTEETCTEY-
e OTPE3KH NJaHa CcHOpoCTed.

§ 68. Puuar Jyxouckoro

I°, CunioBofi pacueT ¥ AHHEMHYECKOE HCCAENOBZHRE MeXaHH3h o
MOTYT OBTE BCEILA NPOH3BEAEHB!, ECNH NONBIOBATLCH NPUHIHNONM
BOAMOMHMX nepeweniernfi. COrnacHo sSToMy DpHHLHOY, €CIH  HA
Kekyio-nubo MexaHHueCKyo CHCTeMy nefcTBYHT cijik, TO, npubas-
JIAA K 327TABAEMEM CIUTEM CHJIBL MHEDHUWH M JIaBaA Bcell cHCTEMEe Roa-
MOMHBIE LA JAHHOTO €8 NOMOMEHHA NePEMCIIEHHS, MONyYaeM pRI
sJeMenTapHeX pafior, CyMMa KOTOPHEX [OMMHA PABAATECA HYJK,
AHanUTHYECKR 370 MOMET OHTh npeicTapneHo Tak, [1ycTe K cHCTeme
npunoweim ewnw Fy, Fy, Fy, ..., F,, npeuem B unclo STHX CHA BXO-
st ¥ cub vEepmid. OfosHauM NpOEKIHH BOSMOMHEIX AN NaHHOIO
MOMENTa nepeMenienwii Ha Hanpasaenws cun F,, F,, F, ..., Fa
wepes Opy, Gpo, Opy, ..., Gpn. Torma cornscHo npHHLNY BOSMORHBIX
nepeMeiedHit NpH YOAORHH, YTO BCE CBASH, HAJNOMEHHHC HA OTACIbL-
HEIE 3BCHBY MEXAHH3IMA, — HeoCBoDOMIawiine, OyleM HMETh

ZI] Fidpy = 0, (15.8)

R ;
Fybp, -+ Ffip, + Fibps + ... + Fupp = 0. (15.9)
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TaK Kak MEXAHHSM SENSETCA KHHEMATHUYeCKGH uHensio nprmys-
;[EH?TUI‘G JABHRERHA, T. €. C BnoJiHe GII[;IEJ_LEJ'-IEI!I!HM JBHAEIHEM BOCX
3PEHBER MpPH 3aJaHHOM JBHAEHHH HAYA/IbHHX SBEHECE, H TAK Kak
CRAI3H B MEXAHH3IVE HAMHM NPHHATH HE 3aBHCHLIMMH OT BpPEMEHH, TO
B MEXZHHSWE [SiCTEHTEIBHBIE IEPEMELIEHHS COAEPMETCA B HHCIE
Bo3MOKHLIX, ¥ ypaenenue (15.8) MOMHO HAOHCETD Tak:

2 Fidp, =0, (15.10)
1

HJH
Fl.dpl"}'F:dps_"'Fadﬂa‘l‘ -..+Fndpn=ﬁ. {]5.“]

rne dpy, dpy, dPgy ..o dPn CYTH TPOSKUMH JEHCTBHTENLHEIY NEPEMELe-
HHil HA2 HAENpPABAEHHA [PHAG-
IMEHHBIX CHJT.

2°. PaccMOTpHM, KaK MOMET
GLITh NpENCTARIEHA SIEMEHTED-
Has pafiora karol-mi#G0 CcHAH
F,;, exosaueil B ypasHeHue
(15.10). Ilyces Ha 3peno AB
B Touke C nefictByeT cHNa Fy,  pue. 15.3. K nowasstenvcrny  Teopemy
H OyCcTE HAM HIBECTHH CKUpOC- I E. Mykarcmoro: a) cxema sucus © nonsssi
74 Touex A u B (puc. 15.3, a). R R e T
HeiicTenrenpHoe  SJEMEHTED-
Hoe nepemveuleRHe Toukd C HMEeT HalpaeieHHe CKOpPOCTH e.
Hznpapnesse cHOPOCTH T¢ OHPEIENSETCH NOCIE NOCTPOEHHA MIHO-
penHoro nextpa npamienus O, H2XOORUIErOCH Ha NEPeceycHHH nep-
NEHAHKY/5POE, BOCCTABAEHWHX B TouKax A v B K CROpOCTAM STHX
qouek. Coenunue Toyky C npavoll ¢ Touxoli O u npoeens yepes
Touky € npaMmylo, nepnespuryiaspuyio Kk OC, nonyyuM HanpaeneHHe
CKOpocTH ©¢. Hanpaeaenne peKTOpa CKOPOCTH T¢ ONPeETHTCA 3HAKOM
MrHOBeEHON yraopoit ckopocth . Hanpaenewwe peficTeuTenbHOTO
mepesentents ds Touks C COBNAJAET © HANPABICHHEM CKOPOCTH D¢
s1oli ToukH. Snemenrapuas pabora cund Fy paexa

dAf:F! d_pf. {IEI.IE]’

MNepemetienne dp;, pxopsmee 8 ypasnenue (15.12), moxer ObiTh
NpejcTaBaAeHs TaK:

dp; = ds cos o,

Tiie o ecTh yroq, o6pasyeMeil ckopocTbio @¢ H cuaoi Fi. Tojcrasans
sTo 3nauenwe dp; 8 ypasuenwe (15.12), nomyuaem

dA, = F; dscos g,

HIH, Tak Kag s = te di, TO
tqu; = Fyue cos o dl. {1513}
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Beawuuny cropocin ©p ynofHo onpeneiutb noCTpoeHHeN NJaHa
cuopocTed 2sena AB. Ilas storo CTPOMM B MpossSBOAbHOM MacwTabe
noseprymeidi naar cxopocteil apena AB (pue. 15.3, 6). Ha nnawme
cKopocTell cKopoCTh @ To4KH C wsofpakaeTcR OTPEsKOM pe, OTAG-
MWENHBIM B MaciiTate p, OT NOMca p niana ckopocTeil B Hanparne-
HHH, MEPNENAHKYAAPHOM CHKOPOCTH ¥ Toukk C, T. 6.

L fﬂl’.}

[Noayuennoe BripaweHHe ANA CKOPOCTH ¥ NOJACTABJAAEM B pa-
BpeneTBo (15.13), nodygaes

dA; = Fip, (pe)cose di. (15.14)

lMepenocim nanee cuny Fj co CxeMel 3gena B TOYKY € NIaHa CKoOpo-
cTeil H H3 TOUKH p ONYCKAEM Ha HanpsnjeHue stofl cHAK nepneimin-
kynap h;. [lpn 5TOM nepeHeceHi OCTARIACM 0C3 WAMCHEHHS BeJH-
unily M Hanparnense cuam F,. Vron, ofpasyewuil oTpeskom pe
H NEPReRjHKYIAPOY fiy, paBed yroy o, Tak Kak oTPesox pc nepnei-
JUEYAAPEH K NONPARIEHHIO TUp, A OTPEIOK fi; MNEpneHnHKYARpeH
K HanpanneHnio cunwn Fy. Fueew

h; = (pr) cos o.

[Nopcrapnns nonywennce supasenwe r pasenctoo (15.14), sanuch-
EAent:

dA! = -th.'_}it. dt-

lpouznepesve seniunyy cuau F; Ha nunewo Iy npeicrasiaeT cofiof
BenHynnY womenta My (Fy) sroft cnim oTHoOCHTENBHO TOYKH p No-
JI0ca nhana cKopocTel. Tak Kak BCe CKOPOCTH HA NAaHe NOBEpPHYTH
E QLY CTOPOMY, TO 3HAK MUMENTA AJA BCEX CHA COBNAJLAET CO SHAKOM
snemenTapuoll pafioTH CHAH, CIEIORATEABHO,

dAy = M, (Fy) podt. (15.15)

Taxum ofipasom, noayuaen, 9To SfeMenTapHas paGora cuaw, feil-
CTEVIOLIEH HA 3PeHO MEXAHH3MA, NPONCPLUHOHANTEHA MOMEHTY OTHO-
CHTETBHO NOTHCE niaHa cropocTedl sToll e CHAM, NEepeHeCeHHOI
B COOTBETCTRYIOUIYID TOYKY NAaHa.

AHEROrNYHEIE BHPAKEHWS [ SJAEMENTapHuX pafoT MOMHO
NonyadTe H ANS I, AEHCTBYIOIMK Ha APYrHe SRenby MEXaHHSMa.
Torna ypaenenne (15.10) momer GuTE NpecTABNEHO TAK:

Wi Zl] M, (F;) =0, (15.16)

HJTI

Mp(F)+My(F) 4+ + My (F)=0,  (I5.17)
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Tak KakK B STH YPaBHEHHA BXOLHT OOUHI MHOIKHTENE Py df, He paBimil
uymio. Ypaewenue (15.17) mower OuTh HanncaHno Tak:

; M., (F) = 0. (15.18)

3°, Ypaeuenna (15.17) wmn (15.18) reomerpuueckn MOryT OHTB
DpecTapiensl Cleayrolmm obpazon.

[lepenockM BCe 3ajaHHBE CHJH, JEACTRYIUHE B paccMarpueae-
Mulll MOMEHT BPEMEHH Ha SBeHbY MEXaHH3MA, B TOM 4YHCAE H CILIH
HHEPUHY, B OFHOMMEHHHIE TOMKH MOBEPHYTOTO NMNaHa cKOpOCTeH,
e H3MEeHSA NpH 5TOM BETHYHHE ¥ HANPARIEHHS STHX CIlJ, H COCTaB-
ngem Janee ypasuesne wmoseHToR (17.15) BeeX nepeHeceHHHIX CAn
OTHOCHTENBHO NOMKCA MJaHa CRopocTel, T. €, paccMaTpHBaeM nazd
cKopocTell KaK HeKoTOpPHH phae ¢ ONopoil B NoJKCe NaRa CKOpoCTed,
uHaxonaumiics nof JeficTEHEM BCEX PAcCMATPHEIEMHX CIJl B PaRIG-
pecn. llogofnas recMeTpHHecKas HHTEPOpETalHA [NMPpHHIHOAa RO3-
MOYWKHHX NepeMemenuii npejcTapigeT 3HauHTENBHEE YloficTBa JNA
peilenys MHOTHX 32484 JAWHAMHKM MeXanusmos. MeTojl sTOT nony-
Yl HAIBAMHE memoda JKyKosckoe0 Mo WMEHNn YYeHOro, KOTOPhM OH
GHN NPeLnoMeH, A PHYEr, KOTODLHIM NONb3YIOTCA B 3TOM METONe,
HasBaH peuGeon IRyKoeckozo.

Meron JKykopckoro mMoweT OuTh DpPUMENeH [78 HAXOHJIEHHSH
BENHYHHE Kakoi-au60 onHoll uepzpecTHoll CHAR B2 9HCI2 CHIA, BAO-
Jaumx B ypacuenue (15.17), ecnu TouKa npuICKEeHNA W Hanpasnenne
STOI CHIH RE[aHH, 8 TAKMKE 38J8HE BEAHYMHH, HaNpaBIeHHEA H
TOYKH NPUICHEHHs BeeX OCTAAEMHX cuil. B cavou geae, B s70M
cnydae B ypasHenun (15.17) Gyner TONBKO OiHA HEH3BECTH2A Bel-
YHHA WCKOMOH CHIR, KOTOpaf H2 HEro W onpeaenkTcs.

B zakmoueHpe zaMmeThm, Yto eonM kpoxe cun Fy, Fi, ..., F, pa
SBEHES MEXAHN3MA NeficTEYIOT eINe napsl chJ, MOMEHTH KOTOPLIX
cyte M,, M,, ..., M., 1o ypasuenne (15.11) npunnmaer BHn

Fldp1+Fﬂsz+FadP3+--- + Fpdp, + M, dg; +
+ My dyy + Mg dgs + ... - Ma dipq = 0, (15.19)

roe diy, dgy, dipy, ..., dpp — YIOIH NOBOPOTA 3BEHBER, K KOTOPLIM
OpuacKeHs MosentH M, My, My, ..., M.

Momentat M,, M., My, ..., M, noryT GuTE TAKmE NPHIONEHE
K OTpe3KaM, COOTRETCTRYHNIMM HA NMAaHe CKOpOCcTel SBeHbAM MeXa-
HH2Ma, HO BEHYHMHa MpHEIaAuBaemoro Momenta M; pomwwa yaos-
JETROPATE YCIOBHIG

1l
ME=M;T‘-,
[

rae I; — oTpesok, cooTBETCTBYIOUMI] Ha nuane cKopocreil orpesky [
la cxeme,
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HeoGxoammo wmers B BHLY, ¥TO 3HaK y MomenTa M} coxpansiercs,
ecnn HanpasneHue otpeska f; (nopaaok OyKe) coBnznser ¢ Hanpagie-
HHEM OTpeska l;, M NOMYYaeTcs NPOTHEOMONOMKMEM, €CAH Hanparie-
HIF HE COBNanalor.

§ 69. Onpepenensc NPHBEAEHHLIX K YPABHOBEINHBIOWMX CaA

MeToRoM HKYKOBCKOro

1%, Tpumernm metosi HYKOBCKOTO K HAXOMAEHEK) NPHBEIEHHOI
B vpapHOBELUMBaIOWEH cud (WM npHBeleHHOI'cC B YPABHOBELIHRAID-
LIETG  MOMEHTOE).

Ilyetb, wanpumep, na mexanwsm geficTsyior cuas Fy, Fy, Fy, ...,
F,. TpeGyerca onpefensTs npuseienHylo cuny. Eenu npueenennyio
cuny obozHayute wepes Fy, a8 npoeKunlo Ha HANpangeHHe CHIR
SNEMERTAPHOTO NEPEMENIEHUA TOYKW NPWAGHEHHS 5TOH  CHIB —
uepes dp,, TO snemeHtapuas pabora cunm Fy Bepaswres Tak:

Fadpy = & Fydps. (15.20)

Ecan neperectd npueefernyw cuay Fyu cnaw Fy, F,, Fy, ..., Fy
B COOTRETCTBYIOIIHE TOYKM NNaHa cHopocTeli W NpHMEHNTE METOR
HKyworckoro (§ 68), To ypaenenve (15.20) momer OuTh samexeHo
YpPaBHeHEN

Mp (F) == }IJ "Mp (Fa), (15.21)

T. 8. MOMENT NpHBEICHAGH il Fy oTHOCHTENBHO TOUKE p — NoJioca
[EHE CROpoCiel — PARHAETCH CYMME MOMEHTOE BCEX 3a/laHHHX CHII
OTHOCHUTENLHO TON e Toumi.

Meronom KyKOBCKOrO MORHO ONpenensTh Takwe ypaBHOBELUMBA-
oy cuny Fy wan ypasropeluwBaiomnit moment My (om. § 57).

Hns storo caepyeT wWalitH npusegeHnylo cuay Fy wav npuee-
penniit Moment My, npennonaras MX DPHIOKEHHEIME K TOMY iKe
3BCHY, K KOTOpOMY npuicikenn cunz Py v momenr My, Tlpu stom
OOMHHE GHTE YYTCHH BCE CHILL, AeHCTBYIOUINE Ha MeXaHH3mM, B TOM
uiicie H CHILI MHEPHHH, 8 JHHHA JeilcTeds cuaw Fy jomsiia coBna-
LAtk ¢ AuRHel aeficTers cuanl Fy. Torna cune Fan }-', Gynyr kak Owl
OpIGKeHs K ofHoll ofiell TouKe 23RCHA, Kak NpPaBHIo BELYLLETo,
H 5}!‘}.!,}"]‘ Hanparefcis B0 B2aHMHO NPOTHBONOMOHHLLE, HAMRPaBNCHHAX,
T. €. GYAYT MMETh MECTC YCACBHA:

Fy=—F, (15.22)

M, = —M,. (15.23)
Hz ycnosus (15.22) cneayer:

Fydpy = — Fudpy = — Zl] Fidpy. (15.24)
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Kax s70 OENO nokasano Buwe (§ 57), ecnn K 2BEHBAM  Mexa-
puama npuiowena cncrema oun F,, Fy, Fy, ..., Fq, B uicno xotoprx
RXOMNT i CHJABLI HUEPHMH, TO LJAA PABHOBECHA MEXaHHIMA HEODXOMIMO
OpPHACIKHTE YPARHOBEILHBRICUIYIO CHAY F,. ¥Ypapnenue pasHOBECHH
MEXEHH3MA MOMeT OHTE TOrNA HANWCAHO B CNEIYHLeM BELE € YHETONM
ypasienun (15.24)

Fydpy+ ¥ Fidpy = 0. (15.25)

B cnyuze npumenenns puuara YKyKoBCKOTO 5TO YpapHEHHE MO-
wer OuiTh 2ameHero caefyioumm (cm. ypaseenwe 15.18)):

Mg (Fy) + zl] M, (Fy) =0. (15.26)

Takpm ofipazom, eclii Ha 3peHbA MexaHnama aelerrytor cuau Fy,
Fy, Fs, ..., Fy, 1oj jeficTRHEM HOTOPWX MEKAHHAEM HE HAXOAWTCA

Pre. 15.4. K oNPeBeSennie YPSBUORCW RnMoned CHru seXaniisa! 4 cXeMs MexaEnsMa)
0) noweprYTHA nAAH CHOpOCTER

B PARHOBECHH, TO W3 YPABHEHHS MOMEHTOR BCEX STHX CHJI OTHOCH-
TeJIbHO NOTIOCA TJIAHA CKOPOCTER BCETNa MOMHO ONpENeTHTh BeflH-
4YHHY cune Fy, ypapHOBeMBzIouell sanaHikie CRJALL

Awanoruano Ans ypasHoselussatomero momenta My nonyuaen

M+ }r' M, (F:) =0. (15.27)

2°. Paccsorpum sonpoc of onpeneseHHn  ypasHopewmpaonicd
CHJE MEXaHE3Ma, NoKazaHHoro Ha pic, 15.4, a. [lyctk Ha 2BeHbA
MeXaHHama LeficTRYIOT BHeluHKe ciind Fy, Fy, Fy 1t Fy, B TOM 4ncae
i ocuab repunn. B obmem cayyae nojl nefficTBies STHX CHA MeXaHHaw
KaK cueresa, ofnajaiolan oasofl cTenckbi ceollond, He Gyaer
HaXomniben B paBHoBecHi, JINs NpHBEIEHHR MEXAHH3MA B yparito-
BEMIENHOS COCTOAHHE Halo B KaKod-TnGo Touke MeXaHwusma npuio-
MHTL ypepHOBEHIHBAIOmMY®K cuny Fo.

B kagectne Takoil Touky eufupzeM Touky T Ha aseene [,
3anaemcn Hanpasnenwes jeficreusi ¢ — g cune Fy. Jlns onpenene-
HHA BeNHYMHE] YPABHOBEIIHRAIOMEN CHIH BOCNONB3YEMCH METOJOM
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Hynopckoro. Crpons B npoHIBOMLHOM nMacirmale nosepHyTLH naan

ckopoctelt mexaunama (pec. 154, €) W neperockm ece cniiw, neli-

CTBYIOUIHE 1A MEXaHI2M, B TOM YICJE i ypanHosewnEaloutyio ciry Fy,

B ofHoNMeHHIIC TOUKN naana. CocTapnseM ORJICe yPabHEHHE MOMEHTOD

Eicex OepeneceiHX CHA OTHOCHTENRHO MOJKCA NA2HA CKOpocTed.
nieen

My (Fo) -+ My (Fo) -+ My (Fo) + My (Fo) -+ M, (Fy) = 0.

OGoznauan naeun cun F,, F,, F,, F, n F; ornocuTensHo nonoca
niaHa CKUPOCTCH COOTEETCTBEHHO wepea fiy, fig, g, Mg ¥ Iy, nonyuaen

Fohy — Fohiy — Fhy + Fliy — Fgfiy, = 0.
3uakn momentos cun F,, F,, F, v Fy pudnpaeM B 3asHCHMOCTH
OT HaLpPaBRCHHA EFE’IHE‘]!HH EUHP}T noaexCa o, 13 nochenHero ypae-
itl[eulm onpenenses HCKOMYIO BeARunNY ypaBnopeiunsaomed cunn Fy.
MEEn]

Fy =+ (Fshy — Falty— Fofiy -+ Fho). (15.26)
fy

Hanpaenenne sextopa cinn Fy onpefefReTcs Noche 4ICIeHHOro
nopacyeTa npapofl wacTh pasencrea (15.28). Ecnn npasas uacte ypas-
HEHHA OKAMETCH !TOJ'ID}KHTEJIIJH{Iﬁ, TO ST0 02AaYaEeT, YTO HFanpasne-
upe cuan Fy Guio srifpano npaerieHo. Tlps oTpHLATENLHOM 2HA-
yeHHH TOpaBoll YacTH Hanpabsaerne cuiw Fg J0mmno OHTE HEMEHEHO
pa nporasonononce. [lponssens s npasoil yactu dopuyin (15.28)
noyfISHHOe JeleHHe Ha Jrl"., MCWT Y AN

I I q
Fy= Fygt—F **_h-ﬁ"ijuf,"’ﬂ. (15.29)

4 E hy

Tawum ofpasom, Benm4Hiia ypapHopeluusawiuefi cuinl Fy paexa
anrefpanucckoll cyMue npoussepenill ZefiCTEYOLHX HA MEXaHHIM
CHJI HA COOTEETCTEYIOUIME OTHOWEHHS oTpeskok Ffofhy, hafhy, hefhy
n hhy, BEATHX M2 DAaHd CKOpOCTER. HRJ‘ID}HEHHH“; MeTon HEAA-
ercs O0IHM A4S MEXAHNIMOB J1000T0 Kiacca.

3°. AwanorwyHo pelnacTcs zanaya i of onpeseleHun npHeeseHiol
cune. [lycth, mwanprMep, Ha 3peHbsi MEXaHH3Ma, MOKa3aHHOro Ha
puc. 15.4, a, peiicteyior cunw F,, F3, Fy, Fy. Tpetyercn onpepennts
npusenennyo cnny Fy, peficteyoumyio Ha 3peyo !, nphnuem Touka
npuackenns T opyseieHHON CHITEL M AMHMA ee NeHCTEWS §— 2afanbl.

Bennununa npueeiennofl cnma Fp Gyner pasna
——F.0 'S Mgl :
-Fu_ PEI‘]T-_I_F”?’-_'-F‘,[H F‘,hi‘l {ls-dg}

MNpumenense peMara JYKOBCKOTO NO3BOJAET ONPENENHTE HCKO-
MEE CHAB € MOMOIGEI0 TONRKO OLHOMD YDPABHEHHS MOMEHTOB BCEX
cHA, NEfCTBYIOIHX HA MEXaHniM, OTHOCHTENEHO MOMICCA IWlaHa CKO-
pocteil. B enyyae npuMeneHHA METOAA NIAHOB CHI NpHILAGCE Ol Npo-
H3BECTH NOCNELOBATENRHO ONPEeNeHne BCEX Jlannenuii B napax, T. e
NpoH3BECTH OONHLE cnaoeol pacuer mexaunzma, [lpw npimeHeHHH
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puara JyKoeckoro nnad ckopocteli 00BYHO CTPONTCH NOSEpHImem.
i HO NOVILZOBATROH TAKME H HENOBEEPHYTHIM I[WM&anoMm CHopocre,
B sToM cayyae HeoOXofHMO BCE CHAH MpH HX meperOce Ha naan cko-
pocTell NOBEPHYTE B GJHY I TY e CTOPOHY HE yroa 907,
4°, Meton JKykosCKoro SBNSETCH FeoMETpHYeCKoll HHTepnpera-
nseft ypasnensft (15.6) u (15.7), nossonsiouel € HCKMIOYHTENBHON
npocToTol 1 H2AIECTEONM ONPEJENSTsE NPHECAEHHEE CHILL I MOMEHTHL
[lps AnHaMEYecKOM WCCIENOBAHHH MEXaHHIMOB OORMHO CHALL, aeti-
CTBYIOILHE HE MEXaHNM3M, NpPHBOIATCH PazneabHo. Tax, oTpennHo
OUPEACARAKT MPHEELAEHHYID CHAY OT NPOH2BOACTBEIIHEIX CONpPOTHEE-
uni, fadee onpefensioT NPHECIEHHYIO CHAY OT CHA TPEHHA # OT ApY-
rix. [lps npneepeHny ABEMIKYIHY CHI OOHIYAO OJHOBPEMEHHO Y49H-
THEAIOT M CHJAL THAECTH, WOTOPHE E 38BHCHMOCTH OT MNOJOMEHHA
MEXAHHM3MA YBEAHYHBAIOT WIH YMEHBIIAIOT NPHBEICHINYIO JBHMYIYIO
cuny. Pasfienchioe onpefefenie NpHBEIEHHEX CHA D03BOARKET nydiie
YUerTh BAHSHHE Kam[oi H3 HHX Ha MEXaHH3M.
Npemep. Ha puc. 15.5, ¢ noxasasa €xeva MEXAHHIMA TBRTATENR C NpHILENUILIM
matynow. Ha seevun & o & peiicrayior o Fy 1 Fy, 8 Tamme cuan mrepupd. Tpe-

OyeTcR CnpefefiTh YPapHOReUNRAICIYIC chny Fy, NPHECHEHHYI0 B TONUKE B npy-
powmna f, Ges yyera cun, pelicTRyrinHx Ha Speubs £ 0 4, NpH YCACBHN, WTe CL1a

Pre, 15.5. E onpegencnmie npRbeiesyol cuner o) cxems sexankspia: ) nosepHyTEA nAaE
cxopooTedt

Fy wanpasiaena no npamoll g—g, nepnenpirynaprofl & KprEBOWHGRY AB, wpamgio-
WEMYCE € NOCTORHECNT YIAOBOH CROPOCTEIC.

Cipokm B NPOHSBOAEHOM MaciiTale nopepuyTeil naan chopoctelt (pue. 15.5, 6)
H NMPHENAIWMBAEM B TONKAX £ W e ol Fy v Fg. Hepes Touky & nposonls o
HEfCTENA YPABHORSIINBANILCH CHIM, Tapalrentiyio g—q. CocTanaen nanee ypas-
HEHHE MOMENTOR BOEX CHI CTHOCHTENENO NOMoca P niama chopocrell. Flueen

My (Fg) + My (Fa) + My, (Fe) =0,
B, DORCTARTAN B 9TO yPABHCHNE COOTBETCTRYIOIIHE OTPeskN TiaHa cHopocied,
spaRictgiecs nnedami cia Fg, Fu v Fy, saxoniy
Fy (pb) = Fy (p) + Fy (pe),
CTHY[ MOAYyaEM BellMHHY YPARHCBCINBEICIIEN CHAES
{rc) (e}

Fy="Fs oy e {oty-
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Tax Kax npapan usCTE VpABHEHHR NOJCIKHTENEHE, TO Manpapfense cunm Fy Guio
HasiH palpano npaenastio. Tloayseniyw ciny Fy npHkaagusaed n touke 8 wexa-
HEaMy, [Tpn nepassonvepHoy BRIDHRCHEH KPHBCIURTS HAT0 BHYECTL (it TpuGARHTE)
MOMEHT CHJI HHEPUHH B YpaBHERHN MOMEHTOR.

Een tpefiyercs onpeleiHTh npubetennyio ciay Fn, npuiowernyio B Touse B
H RefcTEyollyld No JIHEEN §—§, TO MOMHO BOCHOABICBATHCA Venomnew (15.22), 1. e
NpHBeeNran s Fy HMEET Ty e DEAHUMRY, Y70 i YpaBHonellNBawan caaa Fy,
8 €¢ Hanpardenne MPOTHRONOIDHHG HANPERIEHIN0 ypasHoselyemomel cHas F:

Fu=—F,.

-

§ 70. KuneTHuecKan SHEPrusl MeXaHM3Ma

1°. Kak 6umno noxasaso s § 64, 2°, ypaBHeHHE KHHETHUECKON
IHEepriy NPHMEHHTCJALHO- K MEXaHWaMy HMeeT By (CM. YpamHeH!He

(14.1)) » e
Ay—Ag= ET_ Y o (15.31)

lNonkaysck metofaMy, yKazanheme & § 67 man 69, momuo Bee
NBHEYIUHE CHAH 3aMeRiTh OfiHoll npHeenensoll cuaolt Fp, npuno-
MEeHHOH K embpansoMy 3peny npusesennsa AB
{pic, 15.6) & Touxe B. ToyHO Tak e MOMHO BCE
CHALL CONPOTHEACHHA 3aMeHHTh OAHON NPHEEICH-
Hoit chnolt Fp, NpUHIOeHHON K TOMY e 3BEHY
AB B Toit we Touke B.

MovenTa CHl BEMAYILHX H CHJ CONpOTHEAIE-
S s My u M, Taime MOMHO SAMEHHTH NPHBELEH-
P 1 nen™s  HBIMIT MOMEHTaMn na pany A.
npnseseimol | Maccoll Hues sananHbiMH NPHESACHHEIE CHILE HIH MO-

MEHTLI, MK MOMEM J.l';}HEIIIEI-IH'E JNBHMEHHA  Me-
XaluamMa B BHAY ypaBHeHHs KHHETHUecKOl SHEprHH HanHCaTh

TaK:
wliis i
Arn"qﬁpnmz 2 _L-TJ-' (15.32)

B ypaenennn (15.23) Apn ecTh pabota npueeaennofi cuiak g,
Ap, — patota npusefenkon cunn Fe, Jlepas 4acTk STOrO ypasHeHns

MoMeT OhiTh BhpaeHa H uepes paloThl NPHBEAEHHBIX MOMEHTOE.
Hueenm

rm® 1
An,— Ang = 35— )5 (15.33)
B ypaesensn {15.33) Amn ecTh pafoTa npHeeseHHoTo MoMeHTa My
REMHYIMX cHl w Ap, — paboTa NpUBEJEHHOTO MOMEHTA Mg cun
CONpOTHBAEHHA.
Bsenem oGosnagenns:

TEZ%"; u T, =E%.
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Torna ypaewenus (15.32) u (15.33) MOMHO DANHCATL Tak:
Ar, — Ap,=T—To (15.34)

A, — Any =T — T, (15.35)

Ecas npueejensse cnasl Fyy n Fo nng moventnt My n Mg 2ananb
B (yHKUEH NYTH TOYKH NPHBEAEHHA WAR B QyHKLHH Yyrila NOEOpOTa
apeHa TPHBEAEHIS, TO HE COCTABISET TPyla onpelenuts padory A Fi
i Ap v A M, 1 A p1oTHX CILI 1A 3aLaHHOM HHTEpase. Tarum oGpason,
peerfa MoweT Owfh Hafifiena pasHocTh pabor, CTOMUas B JIeBoi
yacTh ypassennii (15.34) » (15.35). Ilepexons K npasoii 4acTu ITHX
ypaBreHull, MH BHAMM, 4TO B STHX HACTRX CTOST BENHUMHE KHHE-
THYECKOT] SHEPTHH MEXaHH2ME B P&Cmﬂ'l']]l{BHEMHK erg NosHeHHAX.

PaccmoTpiM BOOPOC O TOM, Kak MOMET OuTh ONpeleneHa KHHeTH-
JeCHAA SHEPTrHA KMEXaHH3MI.

2°. B ofmesM cayyae mioCKONApaiielbHOTo NEHIHENNA 3BeHa ero
KHHETHYECKYH) aHepTHIO MORHO HP{'}I!,E'I‘EBHTh B BHAE CYMME EHEPI'HE&
B MOCTYNAaTEAbHOM BMECTE C HEHTPOM MacC SBeHa H BpallaTenbHOM
BOKpYT €ro leHTpa mMace apisenusx. [NostoMy a8 MEXAHHIMa MONHO
HAMNHCATH

n
T =+ ¥\(mai 4+ Jo), (15.36)
I

B ¢opmyne (15.36) m; — macca 3pena i, vj — CKOPOCTE IEHTpa
mace, J; — Ero MOMPHT HHEDIHH OTHOCHTEINLHO OCH, npoxonsiied
yepes LEHTp Macc, H @y — €ro yrAoBad CKOpPOCTE, PaccmoTpiM, Kak
NOACYHTHBAETCH HKHHETHYECKas SHEPTHSA OTAENbHWY 20€HBER B 2a-
BHCHMOCTH OT BHAa MX JBHMEHHA.

KhHeTHyecKas SHEPrHA 23GEHA, ABHMKYILETOCH TOCTYNaTenbHO,
pasna

P, (15.37)

B stoit ¢opryne m ectk Macca 3BEHAa H Ug — CKOPOCTh OEHTPA MAce
OOCTYDATENbHO UBHMYILETOCH 2BeHa.

Jns 2peHa, HMEIIErD BpAUATENLHOE IBIMEHHE, KHHETHUECKaf
SHEPTrHA PaBHA
Ja®
5
dnecy J ecTh MOMENT HHEpLNH 3BEHA OTHOCHTENBHO OCH Bpallennd
H @ — YTIOBag CKOPOCTh 3Pena.

Jlna sgena, uMelollero CNOMHEOE MIOCKONAPANIENEHOE NEHKEIHE,
KHHEMATHYECKYIO SHEPTHI0 MOMHO NpPeicTaBHTh Tak:

7=, (15.39),

T=

(15.38)
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e Jp, ecTh MOMEHT WHEPURR 3BeHA OTHOCHTENBHO OCH, TPOXORSLLEI:
HEPE3 MPHOBEHHBIH LEHTp bpalleHHs f, ¥ @ — MrHOBCHHAA YriaoBas
ckopoctb 2pena. MomenT uHepunH J , OTHOCHTENBHO OCH, npoXoasiei
YEpEs MrHOBEHIBI NEHTP GPaleHHA, MOMeT OWTh DBHpameH depes
MOMEHT HuepUnH Jg OTHOCHTENBHO OCH, MPOXOARuel uepes nen p
mace & aspena:

Jp = JS 'I' J”"-‘?.'IS'I [tﬁnqﬂ]

B stom papenctee l,s €CTh PacCTOSHHE OT LeWTpa mace S ssena
L0 MrHOBEtHOTO mentpa spawenus p. [Nogcrasnss supamerne paa J,
113 paenctBa (15.40) g ypasuenne (15.39) W npunymMan BO BHHMAaHHE,
410 wlyg = U €CTh CKOPOCTh LEHTpa Macc 3EeHa, MONYUYaeM H3BecT-
HYIO (OPMYNY 418 KHHETHYECKOH SHEDPTHH 2REHA, MMEIOLero CloMKEce
BPALIATEABHO-TIOCT Y TIATEIbHOE  JIBHIKENHE:

e
Pt (15.41)

Crnanmean anrefpangeckd KHHETHYECKHE SHePrHH OTAeNBHEIX
apennes, no qopmyne (15.36) nonyyaem 3HaueHHe KiHETHYECKOH
SHEPrHN BCETO MEXdHHama.

§ 71, MpueegeHHAR MACCA M NPHBEASHHLI MOMEHT HHEPUMH
MEXAHH3MA

1°. Mexannam ¢ ofpofl crenenbio cBoOOIE HUMEET OLHO HAYaANlBHOE
4BEHO, KOTOpOE Mower OuTh BeIOpano 2a 2peno npHeenenns. [lycre
paccMaTpHEAeMHil Mexauuam, COCTORUHA 12 n apenver (pue, 15.7, a),

Pue, 15.7. K copegenciie NpHISECRR0l HACCH mMEXSHIIME] o) CXeMa MeRasiiaiag ) e
CHOpOCTel

HMEET OfHy cTencHb ceofoun. B stoM mexanmame DBLiCMpaeM OiHO
apeHO, HanpuMep speno AB, B KayecTee 3pEHA MPHBEUEHNH, 3 ONHY
12 TOYEK STOTO 3BeHa, Hanpumep Touky B, npumcm sa Touky mopi-
penentn. Pazpepuem ypasHenwe (15.36), NOMHOMHM H paspenum
npaeyo YacTh papeHctsa (15.36) ma kpanpar CKOpocTH Up TOWKH



¢ 71. MPUBEAEMHAA MACCA M MPHBEACHHBIN MOMEHT WHEPLUMH 337

npnoefenns B n puihecem BeAHYHHY vy 3a ckoOxn. Torna pasexcTso
(15.36) B paspepuyToM BiUle MOKHO NpEACTABHTE Tak: .

=3[ ] 2 o )
+ (%)W +m.,(:—:-)g L Jn(j—:')g] . (15.42)

THIE Uy, Ugy «ee, Un — CKOPOCTH LEHTPOB MaCC SECHbLED.

E papenctee (15.42) knnetnueckasn sieprus T phipaiesa B (PyHE-
LIH CKOPOCTH Up TOYKR npupesenns, KnHETHYECKYIO SHEPTHIO MOXHO
TAKIKE EHpazuTh B QYHKIHH YINOBOH CKOPOCTH @ 3BeHa NPHBEEnHA.
B sTom clydae npaByio YacTh pasencTea (15.36) yMmuHOMEEM H JIETHM
Ha Kpaipar yrnosolt ckopoct w? apena AB. TNomywaen

ook (3 () 400 ()
P () oo () 4 (8] 0500

OGoanayiy BEMHSHHY, CTOSLLYI B KBaJPaTHEX Cko0kax pape-
ctoa (15.49), uepes n7, a8 BEAHYHHY, CTOAULYI0 B KBAjJPaTHHX CKOO-
kax pabenctsa (15.43), — usepes Jy. Torpa Gynem wmern

e 1a(2) o (2

B

H
o () 4 () ()
s (2 ke () 2 (22)' (15.45)

Ha papencrs (15.44) u (15.45) BumHo, yTo BEAHNHHA /My, HMEET
pasmepHocTs Maccwl [kr ), a pernunna Jy; uMEET pasMepHOCTE MOMEHTE
wnepuin  [kr-m®l, Takum oGpazom, my, npeictaenser cofoii neko-
TOPYIO YCAOBHYH) MACCY, COCPELOTOYEHHYH B Touke B, kunemusc-
cxan aepeun T xomopoti paska 6 Kamdost PACCMAMPUEOSMOM NOAO-
HeHuL MEXaRUING  Kunemuseckoli anepeuu seenves ABC ... KLM
(puc. 15.7, a), 7. e. cymue KHHeTHUeCKONl SHEPrHH BCEX €r0 3BeHbEB.
Macca my, nonyuyuna Hazpanue npueedeitnoll MACoH.

Ha papencrpa (15.44) cnegyer, uto B ofiem cnyyae MpHBCIEHHAN
Macca repeMella W SaBHCHT OT KBaJPaToR OTHOLEHHE JIHHEHHLIX H
¥TNOBEX cKopocTeil, ¢ MOSTOMY OHA BCETLA NOJMOMHTENLHAE.

Ananornyno eeanunna J, B pasencree (15.45) npencrasasier cotoi
npuscOenpredt K apeny AB momenm unepyuu 3penben MexaHusma.
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370 ecTh MOMEHT WHepIHH Bpawalollerocs Bmecte co apesoM AB
TeNa, KUHEMUGECKOR SHEPEUA KOMOPO20 8 KaXOOM POCCMOMpPUsicMom
NOAOHEHUL MEXQHUSMO POSHA CYMAME KUMHEIMUMECKUX sHepeul] ecex
€20 380HBES,

2%, Moperaenns & dopyyan (15.42) n (15.43) asavenun my, » J,
U npHeEHMan BO BHIManze dopmyay (15,36), noaydaen

Tm%i{mmf-l—hmﬁ}=§£i[ ( )+a( )] m,.,;#ﬁ_

L
(15.46)

H
o it

= -;lz_ E (mf + Jiaf) = =2 E [m" ("::L,)E—}' J‘(EE)

1

(15.47)

Hs pasencrs (15.46) w (15.47) chenyer, uTo NpHEENEHHAs Macca Hig
H NpHBELEHHEH MOMEHT wHepumH J, CBA3aHu ycnoBhem m 1%, =

= Jo0f, WIH TaK Kak th = o lap, TO
= dm. (15.48)

fz

rie 4 — ANEHA 3BEHA TpHBEIEHHSA.

Ilpueesennan macca M1, ¥ OPRBEEHHHN MOMEHT HHepuwH Jy
MOrYT OETE BLIPANKEHH YePes COOTESTCTBYIOIME OTPE2KM MNaH3 CHO-
poctedi (puc, 15.7, 6). Fveen

mn=m1(pﬂ)+m(;ﬂb)+ (pa) .
_!_J,_(E“)‘_l_..._j-m; )—I - m)

2
B \rb

Jo= mlff;.a (‘ﬁ")?"[‘ IAH ) -+ mg Aﬁ( ) +

FAEEY bt () ().
TaK KaK Uy, = Py (PS1), U5, = o (PS2)y ey U5 = bo (PSs),

i In
iy = Ji, T:‘Li—ﬁ!' iy = iy, {mr v oy Oy = Py 57— -::f_z:
M Ug = p, (pb), toe p, €cThb uacunaﬁ nnana ckopocreil. Herpyawo
BHJETD, YTO NpUBE/elHLIe Macca My 1 MOMeHT uuepiny J,, seasiores
Qynxuuame 06o6merHol Koopaukatel @, (pwe. 16.7), 1.e. my =
=y (§) u Jq=Jy (g).
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Kak 00 NOKAZAND BHINE, B KaYeCTBE 35EHA NPHBEleHns obuiyHo
prfHpaeTcs 3ECHO, ABIAIOMEccs Hasvalsnuy (pre. 15.7, a). Takum
obpasoy, zsepo AB Gyner Haxonwrecs nof eoz3jeficteneM cun Fj
u F,, o ofies cnysae nepedenumix, # Gyner ofviagath Maccol my,
cocpenoTouelkoll B TOukKe B, v ofinem CAYHEE TAKMKE TepeMeHHOd
(puc. 15.6). Ilpupens see cniinl, neflcTEYIOUHE fia SBEHLS MEXaHH3MA,
H ux wmacce K zpeHy AB, Mol TeM CavmM YCAOBHO 2EMEHIJH
MEXAHWSM SKBHBANEHTHOH B AHHAMHYECKOM OTHOIIEHHH CHCTEMON
2peHa C Maccof My WIH MOMEHTOM HHepuHH Jy.

Mpumep. ONpenenuTh KHHETHYECKYID SHEPIHIO, NPHBERCHHYIO MACCY H MCOMEHT

HHCpUIKH mexaunzua (puc. 15.8, ) B nodcwenny, NOEasaMpoM BE UEpTEME, €T
HIBECTHL MACCEH H MOMENTH HHEpLHAH €r0 3BENLCE, CHOFMH LEHTPOD MAECC M YIAo-

£
B £ .
o 3 E s ¥ %
5
Trereeiy, b
£ g

Pac. 15.8. K onpepeftedii NPHECIeAHOR MACCH MCXaMMAMAD g) CREMA MexauHsma: &) no-
pEpIYTH BAAN cHopocTed

D CKOPOCTH 3BCHLER Ballant NOBEPHYTHM niavom ckopocrelt (puc. 15.8, 6). B xa-
YeCTBE SREHA NpHDeIenkA Bubpano soeno AB.

Ofuzs kieeTRyeckan sueprin T wmexainsmua, corfaceo gopmyne (15.36), pasna
hoi | mpy  Jgey  Jef  omep e mael
2 2 5+ 2 2 2

B svofi dopayne Sy w0 Jy oy monenTH Ime?ulm apelren £ # 4 oTHOCHTEALHD Doefi,
NPOXOEALLHY YEpe3 UEHTPH MAacc S w8 y H Jy — mouenTH HHepure spehLen J
it § oruocuTeasno ocelt, npoxogrnnx uepes Tourd A u D] oy, g, Gy, ty — yroo-
Bue ckopoct spereen J, 2, 8, 4; vy, vy M vy — cROpoCTH uwentpow nace S, S v S
speHber F, 4 K 5 W flg, Mg W iy, — macekl geenkeR Z, f 0 5. Tak Kak B HAauccTee
3BEHA mpHBEAeHNA Bulpaso spedo AH, To wuneTHYeckan SHeprun T MexanniMa,
coraacko dopuyne (15.43), momer OWTh DUpaMEeHa Tak:

re S [ () () a(B)
2
b () +n () 4 (2)] -5

rie Jp-— BRpGKENIE, CTOWIEE: B KBaIpaTHRX cxolHak.

Beawynna NpHBEREHHOTO MoMeHTa uHepuHn Jy momer 6uTh BHpaHeka uepes
COOTRETCTOYICIUNE OTPESKE naasa ckopoctel (puc. 15.8, 6). IlnA sToro DmBcafen
BOE aHavenHA AENCiHEA H YIACBNX cHOpOCTEd, BXOISINX B ERpEMEHHe LR KEHE-
Tiyeckoll snepram. Fueem

7=

B _ pe() . _ me(pd)
iy IA.H y g = I.E'I: s D0y I.D{,‘ .

oo=t20 oo, w=pols), o= (o).
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NMencrapse st supamenns » gopayay (15.45) nas :?Imm.ﬁnﬂum MOMETTa
HHCPIHN Jpp, MOAYSEM eI SHANEHEE KR MEXaHHIME l:pHc 4

-fn=="|+"'ﬂfw( )+Jﬂ (pb) J"’ Pﬂ)

+m,,i‘fm(pb) + Jy 5 I"" ‘FF) +mnb‘lﬂ(ps°)

FE
Ennermicchan Swepres sexanisva (pue. 15.8, 8) moweT Oumn TaKMe Bhpa-
WEHA 9epes NPHBENCHHYI0 MACCY Mg, NPHYCM 23 TOURY NPHBCRENHA MOBET (LTh Bh-
Gpawa molfiag Touka ancea, Ecaw s Touwy npHsepenis wmu bubepen Touky B, 10
Gopryaa (15.46) nom KueeriEvechol SHEPrEA NPHMET CHemyicinkl Deg:
iy

2

Tak war cornacko Gopayae (15.48) m, = Jm.l'.':fm,m, PEAKCAHD MEpBYI0 YacTh
YPaBHeHHA BAR NpHEE1eHHONT MoMeHTa Huepimn J Ha ffw: Ny UHN 3HANERHE NpH-
HELEHHON BACCH:

m= gt (F) 435 (55)+

(B s (B e (B (Y,

Bennumig CTPEIKCE, BINTHE HA NAKA CHOPOCTE, MOMMo GPaTH B MELINMETER
03 yMHOKEHHS KA MacwTal i, NAaHA, TAK Kak NPE JeleHnl oiore oTpeska na
ApyTof MacluTabnl COKpAAINTCA.

. T=

Dl"‘

Fnagpa I6
HCCIOEQOBAHBWE JIBHWXEHHA MAIIMHHOIMO ACMPECATA

§ 72. OcuoBuwe dopmsl ypaeumenuil OBIGKEHIA

. Kak Guno ykazano euive (§ 1, 3°), non mauiunnvis azpezamon
NOHHMAETCA COBOKYTHOCTh MEXAHN3MOB JBMCATENA, NepefaTouHbIX
MEXSIMHIMOE I MeXaHH3MoB paboveil Marnul. [lpuMepamy MatmmyHEX
ArperaToB MOTYT OLITL nOPUIHEBol [BIraTent BHYTREHHErO Cropanna
I DOpHIHesoll Hacoe, SAEKTPOABHIATE: W KPHBOIUHNHEE npecc Aaa
ofipaGoTRit METANNO0B JaBleHHEM, SNeKTPOLBHTATEN: H POTaIHOHHEN
HACOC, HOPIUHEBO{ LBHraTelh BHYTPEHHErD CTOpaHHA M IEeHepaTop
SAEKTPHYECKOro TORa H T. JL

B § 41 1 42 6nao nokazano, YTO ABHKYILHE CHIH W CHAH NPOH3-
BOJICTEEHHLX CONPOTHEACHUIT MOTYT SaBHCETh OJHOGPEMEHHO M
pa3snensHo OT NONOMEHNA 3EEHA, NPIHATOTO 33 HaYanbiioe, 1 OT ero
yrageol ckopocTd. HanpuMep, B MalimEHOM arperate ¢ NOpWIHeBEM
LBHTATENEM M NOPIIHEBLIM HACOCOM  LBIGKYULHE CHAN o CHOLE
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np{][{EHDJ’[ETHEIIIIhI.K -:ﬂnpm‘lrmmmﬂ ZAEHCHT OT NONMOMEHHNA BEIyINX
IREHLER.

[} ManmnuoM arpeérate sAEKTPOLBHTETENL — KPHEOLUHNHEE npecc
Ans oOpafoTKH MeTaMJIOB ASBJeHHeM JBHAYUlHE CHIM 3aBHCAT OT
YrA0BOH CROPOCTH H MOTYT frTh NpefcTaBNersl B BHOe COOTBETCTHY-
el mexanwyeckoll xapaktepuctukn (ocm. §42, ). Ins npecca
CONpOTHBAEHHE AIEAAeTes (hyAKLHER NOJOMEHNA erd BelYUlero 2EeHa.
B MallpinHOM arperare NeKTPOABHTaTENh — POTAlHOHHHA HAcOC
ﬂmi}ﬁ}'mﬂﬁ. CHAa B CHIa HPDH:HHH[L‘TEIEEIHDI“D CONpPOTHIAEHHA ZABNCHT
OT YTNOBO CKOpOCTH Belyulux zpenwes. Haxomeu, nas mammunoro
arperaTta noplwHenoll IBKratedlh BHYTPEHHETD CrOpaHiA — reHepaTop
SMEKTRHYeCROrD TOKE ABIGKYULAR Cifla MOHET CHHTATRECH € QOCTaTOu-
Toil TOYHOCTRIO 3aBHCALIEN TONRKD OT NOJOMWEHHR BElYIero skeHa,
a CHAa NpOH3GOACTGEHHOTD CONPOTHEJIEHHS — OT YIJIOBOR CKOpOCTH
Balla repepatopa u T. [

[Npupegenize MOMEHTH HHepUMH J; MAUNIHHOTO ArperatTa MOryT
LT BN NOCTOSIHHBEIME, HAH 2apUCALLHMHE 0T DONOMEHNR  Hayalb-
HOTO 3BeHa. Tak, y SJeKTPOLBHrATENs € POTALHOHHBIM HACOCOM,
rEHEPaTOpOM SJEKTPHHECKOTO TOKA M T. J. NPHBEIENHBIR MOMEHT
unepuin J, nocrosmumd (f; = consl). ¥ wpusowmnuoro mpecca,
NOPIIHEROTO IBHFATENS BHYTPEHHErO CrOpaHts, CTPOTalbHOTO CTAHKE
HT. O HpHEEﬂEI]I[Hﬁ MOMEHT HITEPLLIEN .fn FABHCHT OT yr/ia noeopoTa 4§
naganenoro soena (Jy = J, ().

anHEﬂEIIHHE macca my; HIH HpHEEﬂEIIHNﬂ MOMEMT HHEP:LLHH Jn.
OYeEHIHC, NOCTOAHAE OJAA BCEX MaliHH H MEXAHHIMOE, INA HOTOPBIX
NEPEJATOUHKE OTHOIIEHHA, BXOARLLKE B pasercTea (15.44) u (15.45),
NOCTORHHK,

2, ¥YpasneHne JBMKEHHA MAIIMHHOTO arperata Moxer OHTE
HanucaHo B §opse ypaBHeHHs KHHeTHYeckoill smeprun (oM. § 64,

dopmyaa (14.1)):
-]
Ay — Ay = _’%._. — _‘2’..”._5 . (16.1)

Ecan npuBecTd BCE CHIN H MAcCH K BHOpPAHHOMY SBEHY TpHBEDe-
Hu#, T0 ypaeneHue (16.1) Moer GuTe HANHCAHO TaiK:
B et e
AFH A'Fﬂ — F - 2' ] {16.2]
ree A,-.-n— pafioTa npHEefeHHON K 3BEHY NpHBeleHHR ABHKyued
CHMH Ha pacCMaTpuBaeMoM nepemeinenut, Ap — paGota nprBenen-
Hofi CHJIL CONpPOTHEJACHMA HA TOM MME NEpel-CllenMH, My W Mgy —
OPHBENEHHKE MACCHI, COOTBETCTEYIOUHE KOHEYMHOMY H HAYANLHOMY
MMIOMEHHAM PacCMaTPHEAEMOTD NEpeMellleHHs, W U H Uy — CHOpOCTH
TUYKH TPUBELEMHS, COOTECTCTEYIOULHE KOHEUHOMY ¥ HaualnbHOMY
NONOMEHHAM pACCMATPHBAEMOrO TDEPEMELLIEHHH.
OGruno yaobiee B ACBYI0 4aCTk ypaBHeHNS KiHETHYECKOi SHEpTHH
BEQIHTE paboTy OpHBENEHHHEX K 3BEHY IPHBEJEHHA MOMEHTOR CHI .r‘l.un
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H ﬁmn. 4 Npapyic 4YacTk BHEPAMETE Yeped NPHEEJEHHEE MOMEHTLI
uiepupn Jy, u Jyo 3eednes, Ypaenchune (16.2) opuewmaer Torna
chAenviouui BHA:
__ ot J gt}
An — Ap, = —5— — =270, (16.3)

3°. ¥paesenne IBMMCHHS MalUMHNOTO arperata uoxer 6GHTh
Taroke Hanncaco B GopMe I epeHnHainHero ) parneris.

OCoanauny pasHOCTL NPHBEIEHHEX Ciln Aswxymed Fp n o
conpotienenns F, yepea F, 1. e. F = F;, — F,.

Toras ypabHeHHID KHHeTHYecKkofl sHepriul MOmIO NPHASTL B

dA = Fds =dT,
HIn i -
F=q;=‘m'—. (16.4)

rae dA — snementapuas paora npupelleHHoR CHIL, ds — saeneHTap-
Hoe TepeMelleHie TOUKH MpPUBEAEHHA © dT — snemenrapHoe npu-
paleEne KHHETHYECKO! SHEepPrHH arperaTa.

INozctaenss B ypasnenne (16.4) suzyenne kupeTHYeckol sHepTy,
oy HaeM

dT d (meet 2
F=Fy— Fo =L 42 (16.5)

rie myp — npueegeHian macca, B obieM ciyyae nepeMelHas i ABadA-
ioianca Qysxuneli nymn 5. Hanee wmeem

d (tge” 2) — my d{t® 2) g o dmy
es

s 2 s ?
HO
d@2) _ d(2) do _ dv _ dodl _ do,
d  dv ds  ~ds  ° dids '
nostoMy ypassenne (16.5) nprunMaer Buj
dy ¥ dm
F-_FE_.FE‘:”I“‘E'——!—TT:‘- {IE.E}

Hlpyrofi Bun  ypaEHeHHIO JBMMKEHHA MEXaHH3IMOB MaWNHHOrO
ArperaTa MOXHO NOpHASTE, €CIH  BOCTIONB30BATLCA NPHEEIEHHEM
momentom M = M, — M., npusejiennuni momentoM Huepuun Jy
H yraoBcii CKOpOCTRIO @ 3sena npubefenus. Hveesm torna

dia w®  dlg
M= My— M, =Jy— +"§_'_'_—d[p . (16.7)
rI€ ¢ — yron nopopota2 2peHa npusenenna. [locnennee ypaerenne
nojyyaercs ananoruuno ypasuennio (16.5) uz ypasnenns

M:Mn—.mfu:%zﬂid"f;ﬁ!. (16.8)
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Jlna onpefenennf HCTHHHOrO ABMMeHH: BCEX MeXaHn3MOB Ma-
P HEOTC ATPEraTs, OYEBMIHO, AOCTATOUHO 3HATL 2aHOH ABHMeHWA
sBeHa, BUOPAHHOrO 33 3BCHO NPHBEIENNA, T. €. ONPEIeANTL W3 YypaE.
wennsa (16.6) wnn (16.7) oboliienHple KOOPAMHATH 2BEHA NPUBLALHUA
rak QYnEUHMY speMeHn.

4. B § 16 6wao nokazano, 970 B ofules ciayuae goumwenne neGoro
MEXEHN3MA MOKeT OHTE NPEICTABJNEHO K&K CymMMa IOBYX JABHMEHM,
MepMAHEHTHOTO M HauaMeHOTO. B nepManeRTHOM ABMMEHHM CHOPOCTL
@ TOYKN NpPHBEACHHS BAN YrJOBSA CHKOpPOCTL @ 3BEHZ [PHEEIEHHR
noctofliu. CooTeeTcTBEHHO yCcKopeHHEe @ TOYEH nPHBEREHHA WIH
} MHOBOE YCHOPEHHE & 3BEHA NpHEEIeHHA DabHEl HYJIH0. B nayanthom
IRIFKEHHH CKOPOCTH © M @ COOTEETCTREHHO PaBHH HYJAID, 8 YCKOPEHHA
{1 Il £ HE PAaBHE HyM0., TaKan HHTEPNpeTAUHA JEHKEHHA MeXaHw3Ma,
npegnoxentan H. E. JKykopckny, crancentes ccofiento acHoil,
ecqn oBpaTuTLCH K ypaBHeHHIO OBIDKEHNS 36eHA NPHBEIEHHs Mexa-
Hit3Ma, HanucaHHomy B dopne nddepeHtaNEHON0 YyPEBHEHHA BHJA
(16.6) wan (16.7).

Pacemotpum ypasuenne (16.7). Hueem

T
e Y 69

B nepmaHeHTHOM npwkeHuH o = const w e = doldi = 0, n,
CNEMOBATENLEO, PaReH HyJlo NepBLil YNEH Npakoll YacTH ypasHeHna
(16.9). B mauanrHoM AnHikeHMn o = 0, & = daldf = 0, chenoea-
TeqanHo, GyZer paped HyMo Bropofl uNeH npaBofl MacTH ypaBHEeHHA
(16.9). OGosuaymnm:

Muss=—Jo 55, (16.10)
4
M.,w=—-‘;r—‘g?'j-, (16.11)

e Myzq — MOMEHT OT CHJ HHEDIHN B HAYANLHOM IBIDKEHHH, 8 M pp—
MOMEHT OT €Il MHEpIHH B NePMAHEHNTHOM NBHMEHIH.
Toras

M —Jo-G-— =0 UBAY
HJTH
M 4+ Myas + Moy = 0. (16.13)

Vpaenenne (16.13) ecte ypabBHenne IHHAMWYECKOIO pPaBHOBECHSA
SBCHZ TNPHBEJEHHs, K KOTOPOMY TDHIMKEH BHeWwHuii Moment M
H noMeHTE Mygq 8 Mpen €1 HHEDLMI 2BEHBEE B HaYsABHOM H nepMa-
HENTHOM ABHIKEHHAX.

Taknm ofpazos, npH IHHHAMHYECKOM HCCAEIOBAMMM MeXaHHIMA
MOMHO H He DOABIOBATLCR DOHATHEM I'IPHBIE;D,EHHﬂﬁ MACCH HJH npn-
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BEACHHOTO MOMEHTE MHEPLHH, 8 ONPEAEsTE MOMENTH My, # My.p
OT CILA HHEPLUN, MPHEOAA CINIE WIEPLHH 3DEHLEB, Hailllenyne B yeao-
BHAX NEPMAHEHTHONO W H2YRALHOMO ABWMmeHn, K BHGpanHomy smeny
ApHBEIEHNA,

§ 73. HHTerpupoBaHHE yYpaBHeHHH IBHMEHHR

IF. B mndepenuualinioe ypaBneHne JBIUKEHHS MeXaHHIME M-
wuHHoro arperata 6 ¢opyve (16.7) B neByio yacTh BXOOST npuBeneHiLe
momente My n Mg nemmymux cun B cpa conpornenenus. Kak Guno
ykazano euine (§ 72, I7), sTH MOMEHTH mOryT Gombh QyHKUHSME of-
ofiienHoll KOOpAWHATHL ¢, WIH ee nepeoil npouseaiBoll @ = w,
HJH, HaKOHEeLW, Bpemedy [,

Ecnn pacemoTpeTs BoSMOMHBIE coseTaHns sTux dyHRUBH, TO
MOKHO YCTAROBHThH CAEAVIOLNE BHIR YPapHeRHil OBIMEHHA, B KOTO-
prix mosenta My w M sisnsiores GynRUMAMM OHOR W Toil e nepe-
MEHHOE.

Hepruii 803 ypapuennii:

2
My () — Mo (@) = Ju G-+ -5 4L, (16.14)
My (0) = Mo (0) = Jogr-+ 552, (16.15)
M) — Mo () = Jp S0 82 ‘j;’q;ﬁ . (16.16)

B ypaepeninx (16.14)—(16.16) moventnt M, ammmyuwux cua
H MOMERTLE M, cital cOnpoTHEJIEHHS B Kas oM H2 YpaBHeHRi] ABAAIOTCA
QyHKuHAME WM @, BIH ©, WO f. Ho Be meree yacto M meem
cayuan, Korda movental My u M, apnaores GynsuusMy pasnnuappx
nepementux. Torja mul NoJydYseM ypaeHeHus BTOPOTO EiLAa:

My () = Mo () = TG+ -5-542., (16.17)
My (o) — Mo (9) = Jogm+ 552, (16.18)
My (t) — M (©) = dy S0+ ”T’ijwﬁ— (16.19)

Ypasnenns (16.14)—(16.19) e ofiuen cnyyae AsnawTcs HennHel-
HEME  IHQOEPEHIHATLHEMK, PCIIEHHE KOTOPHIX MOmeT OHTH npo-
BEJEH0 TOALKO MPHGIIHKENIHME MeTOAaMI.

Z'. Herpyano eugers, 4o 7oibko ypaenenue (16.14) momer 6urs
peleHo, ¥ NPHTOM B KBAJPATYPaX, A HE B KoHeYHOM Buae. B camom
nene, ecom My = My (¢) w M. = M, (¢), To, corhacHo ypaBHEHHIO
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(16.8), ypacrennc (16.14) momer OuTh npelcrasienc B cnenymwoimeit

(popne:
(M — Mo)dg = d (<5),

OTEYIE HMEeEM
vy

,wd 00
[ (M — M) dg = 22 %, (16.20)
L

rie Jgu M @ — NpHBEIeHHBT MOMEHT HHEpLHN H YIAOBAR CKOPOCTh

apena NpHEeLeHHs B NOAOMeHNH { B Jyy ¥ Gy — UPHBEIEHHLIN MOMEHT

HHEPUHH H YFAOB2A CKOPOCThL 3BEHE NPHBEIEHHS B HaYalbLHOM NoJo-

weHun. Ypacnepwe (16.20) ects ypabHeHMe IBHMEHHA MEXaHM2Ma

MaIUHHHOTO arperata B (opMe yparHEeHHs KHHeTHYecKoil SHepran.
Ha ypaesenun (16.20) onpemensercs yraopas CKOPOCTL ;!

Uy
s © TE.JJ{M“ c}d(;—l—-—-:m. (16.21)

Mq ¢K}|]M}f.l'11i (16.21) c.nenym‘ uTo ecan 3afanu gynkunn My

Iy (5), Mg = M (g) v Jy = Jy (¢), TO L8 onpesenenns }rr.no-
BOi CHOPOCTH Gy Hmﬁxﬂm’ MO €Lile HMETE 28J21H0H BENHYHEY YTIoROH
CKOPOCTH @y Ecnu Hecsefopanye MexannaMa MallHHHOTO arperata
HAYHHAETCH € MOMEHTa narmcﬂ ero B Xof, TO YINIOBEA CHOPOCTH O
apena npueetenua wp = U 1 gopmyna (16.21) npunnMaer sug

'.I-'*
1 o
o; = - j (My— M) deg. (16.22)
LE

Ha dopraya (16.21) n (16.22) mono onpenennts 2HaYeHHA yRA0BOR
CKOPOCTH @ 3BEHa npHBeleHns B QYHKIUNH ero yriaa noeopors, T. e.
o= @ (). Jna onpenenenwst spemenn [ IoMHMEHHA MexaHH3Ma
MEWHHHOIG arperats MOMMHG BOCNOAL20BATRCA YCIOBHEM

dyp .
0= —". (16.23)

Hz coornowenns (16.23) nonyuyaem

i
Jat=]| ;,%;: (16.24)
Ty e
Rl

t—ty= f (16.25)
o ;
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H, Aanhee,

g
d'gE
=1} _[ oy " {16.26)
T

EE.‘III HOCIEOoBaHHE NBHMEHHA MeXaHnH3va Begerca C MOoMeHTa
nycka ero B xofl, To fy = 0 n ypasneune (16.26) npuser BRI
vy

. . 6.
4 oy " (16.27)
L1

Ha ¢opmyast (16.26) nan (16.27) momuo onpefenuts Bpema
IDBHMEeHNA MeXaHH2Ma B[bj-’[-!!{illﬂi yraa ¢ noeoOpoTa 3BEHA I'JpHBE..ELEHHH,
T. e. § = { (). Takum obpasom, M nveem aee Gysrmumn: o = o (§)
0 ¢ = {(¢). HokMouan M3 HUX YTOJI §, MOMHO NOIYYHTE QyHELHG
@ = @ ({} — 32ENCHMOCTE YrRoBOi CKOpPOCTH o OT Epemenn . ¥Yrao-
BOE YCKOpEeHHEe € 26CHa npHBEleHisd onpelensercs M2 COOTHOLEHHA
o _dw de  do
- KA E‘—F?r—'—{ﬂ—'ﬂ-

B vacinom cayuae, Korfa ODpHBEOeHHL MOMeHT HHeplHmn J;
noctonten, gopmyan (16.240) u (16.21) npuneMaor BHL

£ =

L]
| My — M) dg =2 (} — o), (16.28)

U
9
0 = B/J—“j (My — M) dy + wg. (16.29)
T

Ecan 3aaHil He NpHEEJEHHLE MOMENTL, @ NPHBEJeHHLIE CHJE
F, = Fy(8), F. = Fg(s) n npuBefenHan K T0UKE NPHBEIEHHA Macca
rig = My (8), TO€ § — NyTh TOMKH OpPHBEIEHHA, TO PABEHCTEa, DOMY-
yzeMpe pelueHueM ypaBHEeHHR BHIEHHA arperata, OyIyT sHanorny-
nen ypastenuio (16.20) u qopmynan (16.21) u (16.26). Mueem

i 8 - ;
[ (Fa— Poyds == 255t — 200, (16.30)
fu

OTKYAa

v = 'p/ .m%'j (Fg— Fo)ds + 20 (16.31)
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- ds
fiody 4 _[m}—, (16.32)
Fg

rjie v, 4 H Uy — CEROPOCTH TOYKH ITP}[EE.I‘.,EHHH.

3°. ¥Ypasuennsn (16.15) u (16.16) moryr Cure peiuenbl B KBaipa-
Ty pax I HACTHOM Cay4ae, KOrla npHeedeHHLIe MOMEHTE  HHEPLHH
Jy = const. B stou cayuze yparinenne (16.15) noayyaer BHR

My () — Mo ‘@) = Iy G- (16.33)

Tak Kag momentnt M, = M, (0} 1 M, = M. (o) 3anasu u nase-
CTeH NOCTORAWEN Movent unepuun J,, 10 ypabnenne (16.33) npn-
BOANTCA K BULY

oy
_[‘ﬂ = Jﬂj Py (@) — Mg (@)
fa L'
Ha ypapnenns (16.34) onpenensnercs Bpems ¢ ABIMEHHA arperata
B QyHKRONE YIAOROH CKOPOCTH w, T. €. £ = { (o). [Tpowssons uwrer-
pHpoBaHuMe JeBoil YacT, DOMy4aeM

1
e (16.34)

|
o
ty=to+Jn | o) =T (16.35)
g

¥papuerne (16.16) npu J, = const npueomsTca K BuAy
L&
My () — Mo () = Ju g7 (16.36)

Tak waw morentel My = () n My = M, () 3ana8m v napecTen
NOCTOAHHET MOMEHT HHEpUHH fn, 10 H3 ypaeHerns (16.36) nonyuaem
t
[

o
[ do= ‘Jl;‘ [ (Mg () — Mo @)1 . (16.37)
g £y
Mz ypaenenun (16.37) onpenensercs yrioBas CKOPOCTE @ JEN-
MEHNA 3PeHa NpHBEEZeHHA B QYHKIHE BpeMeny [
&

oy = wg -+ | IMz () — Mo (D) . (16.38)
fs

TMonyyenne pewennfi ypasnesui (16.17)—(16.19) B Koweunom
BHJIe BO3MOMKHO B YaCTHEIX cAyyanX, Korja QyHKUWH, CTofAliNe B je-
BOH uacTn sTHX ypaBHeHull, BOCTATOMHO NpOCTHE.

4. Kak €uno ykasaHo seine, ypabshenns (16.14)—(16.19) g ob-
mem cayvae MoryT ObiTh NPoRHTErpHPOBaHE NPHOMEHHEIMH METO-
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namn. B wadectre Tanoro metona MokeT GLITh NPHMEREH, B YaCTHOCTH,
metoll, paspaCotanawii . [, BapanoBe, sakMosawuniics B TOM,
YTO YoM NOBOPOTE @ 3BEHs NpHBeneHns pasfuBaeTcs Ha JNCTATOYHO
Madikie HHTEpBaNK Ag, NPHHHMAEMEE 338 UIAT HHTErPHpOBaHHA.
I} kampom pHTepoane Ag safnafHee QY HKUHE NPHBEIEHHEX MOMEHTOR
ABH#iyuHE i My » con conporuenrenns M, cuntamres noctosu-
HEIMI, & TNPHEBENEHHLIT MOMEHT mHepumu J, npHHUMaercs Havensn-
IOULHMCH  JHHeilHo,
OGozHaunyM JeBHe gacti ypasnenni (16.14)—(16.19) afobuierno
o Bute M (g, ©, ), T2k kax momertet M, w M, moryT Gwte QyHK-
ILHARH Yria NOBOpOTa ¢, YRAOBOH cCKOpocTH @ M Bpewmenw . Torpa
STH YpaBHeHnA MOMHO HamHCaTe 0 ofucewm BHIE Tak:
]
M{q“. w, ﬂ = Jﬂ'_:r:;:-'- + %%- {1539]
-
Tak wak
LA )
d dp & 7 dy!?
T0 ypaBsHenme (16.3Y) MOwHO NPEACTARNTL B CAGIYIHNEM BHAS

MG, ©, 1) =J..m—% n %-‘%‘. (16.40)
nau )
201 gg =21, do +adly. (16.41)

3amennm B yparrerun (16.41) dg warom weTerpupoBanus Ag.
Torps pennywea do TPMPEUIEHHR CKOPOCTH MoeT OWTb 3aMEeReia
pasnoCTed (Wi — ), 8 BenndnHa &/, NpUpalerRns NpHBEAEHHOTO
MOMEHTA MHEpLHH — pasHoctelo Ju gy — Joi, the § v {4 1 —
IE8 NONOIKEHMA 3BEHA NOPHBEIEHNs, COOTBETCTIBYION[HE Haualy #
KOHNY HHTEpBaNa Ag = ¢4 — 4.

C yuerom ckaszaunorp ypapHenme (16.41) npuunmaer Buj

—%ﬂ;h—“’*-—“l AQ = Ui (0401 — 0 + @ (Fn groy — ). (16.42)

Pewag ypasnesne (16.42) oTHOCHTENEHO YIIOBOH CKOPOCTH g1,
noTy4Yaen

Mg on )8 4 Slui—Jown o (16.43)

Wy, =
i dpjtng 2hni

SHasn anavenus oA M (g o, ) Jers Jogan B oo, W3 QopMyan
(16.43) npu BuOpaHHOM W&re HWHTErpHPORaHHA AQ MOXKHO Onpe-
NENMHTL YTIOEYIO CKOPOCTE (i,y. [1pOBOIR War 3a waroM BeYHCAEHHA
yraopoi CKOpocTH @y, DOMydaem QYHKIHIC @ = o (¢).

,ﬂ-ﬂﬂ onpefencHHA EPEHEHH { JIBRNREeHHA ETPE]"HTE MOMHEO BOCHONL=
30BATLCH YCAOBHEM

elig
dt = L. (16.44)
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3ameHHM B STOM ypaBeenHu df uepes pasHocTh fy,q — #y, dg —
uepes War AG HHTEpBaia H YII0BYIO CKOPOCTh @ — YEpes ee cpeance

sHauenHe E‘iﬁﬂiﬁ. B TaKoM Chyuae MOMHO HannCaTh

208 (16.45)

fig — by =

OTHYMa onpenefifieM Bpems fy,q!

&8
e o (16.46)

HManomennuilt  Meros, npHOMDKEHHOr0 HHTETPHPOBAHHA MOMET
CHITb NPHMEHEH KaK B CNy4Yae aHEANTHYECKOrO, TAK H B C/lyuae rpe-
GIHYECKOrO S&flaHHA BCeX (PYHKUME, BXoAHX B ypabuenns (16.14)—
(16.19).

§ 74. Hcooeposanse NBHMEHHA ¢ NOMOUIBID yPABHEHHSN
KHHETHUCCKOH auepram

IF. B GOMbIMHCTBE TEXHHUECKHX 8afad NpPUBENEHHEH! MOMEHT
JEHIKYUIHX CHA H DPHRENENHET MOMEHT CHJ CONPOTHRACHAA 32/8K0TCH
B BMJle rpadmKon, B BHIE rpadmKka Takme 3afaercs M NpHBEACHHEI
MOMEHT HHepuhu. [losTomy pelvenme ypaBHeHMit IAEMmenus Mexa-
HH3Ma BefgeTcss rpadoyncaenHuMu Metofamu. Tlpu rpadounchenson
peutetiny ypaeHeHHA nsmkenns yaoGHO NPHMEHHTL YPaBHEHHE KHHe-
ThuecKofi sweprun. Jlaa storo MomHO HCOONLI0BATH AHATPAMMY
T = T (J5), ycTaHARMMBAIOLLYIO CBASH MEKALY KHHETHUYECKO SHEp-
riell T B NpHBeeHHEM MOMERTOM HHEpLMH J,.

Paccemorpum tor chyydalt, KOrfla NPHECAEHHBE MOMEHTE JBASIOTCH
QYHEUNAMH YTia NOBOPOTE § SEEHE NPHBEIEHHA.

Ilycte momewt M, sajan rpadmwon M, — My (g) (pre. 16.1, a,
COnOWHER NHEMA), MOMeHT M, sajan rpadukom M, = M, (g)
(puc. 16.1, a, wrpuxobaa nuuua), a MoMenT unepunw J, sanan rpa-
qurom Jy = J,, (¢) (puc. 16.2).

PaGora mpuseaentoro moMemta My na eBufpanHoM HHTEpRANE
paBua

Aﬁh==-rﬂﬂﬂd¢' -
(1]

Fle @ — yroJt nopopoTa speHa npubefierns. Benawunna stoil paGoru

BHpaikaercs NpoMapelieHHeM NAOWAmH, orpabusennofi kpusoll M, =

= My (g), ocblo ¢ M HauaaBHOl M KoHeuHOl OpIHHATAMM, Ha COOT-

BercTBylomue maciitaCu. PaGora npupenennoro momenra M, pansHa

Aﬂczjmﬁd‘p
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H BHp@HaeTcH NPONHSBEREHHEM NAOULAAH, orpanndennofl KpHBOH
¢ = M (p), ocbto ¢, Hauanpioll H KOHEUHOH OPIHHATAMH, Ha COOT-
BeTCTBylouHe MactiTatnl.

Ml
ét
Lo
4
i 8
!
!
Mw‘ﬁﬂ?
r
E
‘qh
= ,&'
1
i
L el :
Sy T e 't
Fio Fo i #o |, ¥ ta = prgiad
#r z Y

Pre. 16.1. K rpabosncnedbony PEILEHNN ¥PABHCUNA ANHHEHRR L QOPME YPAEHCHHA HIHE-
wuscCHOH SHeprin: ) rpabEEs HOMERTOR DRHMYULME CEA 0 CWA CONDOTHBSCIH, ) rpedum
KHHeTRSeCHOR! SHCPrvs  MeXsHHIxa

Hz puc. 16.1, @ yroa @, cooTBeTcTRYIOUHH NOJHOMY BpeMeHy
IGIHEeHHA MeXaHusMa, papeH cymume yraos: @ = ¢p + @pp 4 Pm
Tie Yroj ¢, COOTBETCTEYeT BpeMeny pasbera, ¢y p — YrON BpeMeri

JH YCTZHOBHBLUETOCH JIBHIKEHHS H (0 — YIOJ
& EpeMenH Bubers. Yrodl g COOTBETCTBYET
mpemelH ofporo ofopoTa 3BeHa npHEBe-
npeuns. [Np#paunierte KHHeTHYeCKO! srRep-
FHH MexaHpauma 32 Kakofi-nubo npome-
MYTOK BpemMenH, COTJacH0 YpaBHEHHIO
(15.35), Buipamaerca pasHOCTBIO NAOLA-
[ neft kpueex My = My (¢) u M= M, (g),

Fry— NOMHOMECHHOH Ha cOOTBETCTRYIOIIE Mac-

T wralsl ptay H p.T Hanpnmep, Ha yuacTKe
" woro wesenta wmepuin . 1—2 (pue. 16.1, @) pabora npuBeleHHOro
momenta M, puHpamaeTcs NAOMAALIO

[11'2'2] wn®, yummomennoft Ha macluTalhl pia; M Ji, MOMEHTOBE H
yria nosopota, a pabora npHBEIEHHOrc MoMenta M, — naoulansio
L1172"2], yuuoxenrofi na Te we macwrabu. Ilpipawenne kuxerHye-




§ 74. VPABHEHUE KMNETHYUECKOR SHEPIHH asl

croii sHeprun ATy, npencrasizerca TOrAa naomaneio [171°2°2°],
YMHOMERHON Ha Te e macwrabu. Taxum oGpasom,

ATy = Ty — Ty = poltar {na. [11'22] — na. [11"2°2]} =
= Hgltyy 0. IIJF'?J’"L

B 3TOM paBencTse jig €CTh MacluTal yrilos NOBOPOTa H iy, — MaciuTab
mosentos. [lpupaiiense KunerHueckofi sHeprun Ha yuacike (2—-39)
nponopuioHaNeHO moals [2°2'3°37], npupamenne kunerHueckoi
SHeprul Ha yuacThe J—4 nponopukonadbuo nnowamu [8°3'4°4"]
B T. A

HaveneHne KuHeTHHecKol SHEPrHW BCETAa OPONOPIHOHAALHO
NACLLAZAM, 3aKTI0YEHHELIM MEN(LY KPHBHIME MOMEHTOR JBHMYUWX CHA
H CIIA COMpOTHEAEHKS (Ha puc. 16.1, @ st naowany sawTpixoBanu).
StHM NNOWAAAM CELYeT NPHINCHBATL 3HAK NJAIOC HAH MHHYC B 5a-
BHCHMOCTH OT TOrO, KaKad pabota OyneT GonbLIe: MOMEHTE ABIMYUIHX
CI WAH MOMeHTa CHl coapoTHenerun. Tak, va yyactwe /—7 xpusan
MOMEHTa ABIMKYLHK CHJ pacmiofiodeHa BHIUE KPABOH MOVEHTa cun
CONPOTHEACHHA, H, CNEOBATEABHD, NPHPAILEHHe KITHeTHYECKON SHep-
THH NONOMHTENbHO; HaoGopoT, Ha yuactke 7—I0 npupawmerue Kune-
THYECKOT SHEPTHE OTPHLATENLHO M T. A, 3a Bre Bpems paboTh Mexsa-
HH3Ma, COOTBETCTBYIOUtee yray nokopora @, npupaienye KHAeTHYeC
KOH SHEPIHH PABHO HYMO, H CYMMa BCEX S2UMPHX0BaKHHX nhouamed
€O 3HEKOM [AKC JIJIKHA DPEBHATHCA CYMME nJoulafiell co sHa-
HOM MHHYC, TEK Kak B MOMEHT MYCKa MEXaHH3MA H B MOMEHT ero
OCTEHOBKH CHOPOCTL TOMKN NpHBEEHHA papHa HyMwo. Touro Takoe me
PaBEHCTBO JIOJUKHO HMEThb MECTO M 32 BpeMs YCTaHOBIBLIErOCH MR-
HWeHnA Ha yuactie 13—25, notoMy 4t0 B STOM cllyyse Yrnopas cKO-
poCTb 3BeHA TPHBEJEHMA MEXaHH3Ma Yepe3 KamOuil nnki Bo3Bpa-
UAETCA K OpeHHEMY 3HAYEHHIO.

Ha puc. 16.1, @ ycaoBRo noKasako TpH NOAMBIX UHKAS YCTANO-
BriBwerocs JBHKeHuA. Tpakriuecku 4ucio sTHx UHKAOR M00KeT OMTh
OYEHL BeANKO, B 3aBHCHMOCTH OT BpeMeHH HenpepmBHOH paGoTh
MaLIHHLL.

2°. Moncuntan BeNHYNHLL YKA3aHHMX BHIUE NJOMAREH, MOMHO
nocrponte nmarpemmy T = T (¢) usmeHernn KuHeTHYeCKol sHeprum
T spena npubellenus B QyHKUHH YIAa NoBopoTa (16.1, 6). Tlo-
CTpoeHue HayHem ¢ nmonomenns I. TMoacawtaeM naowans [172°2°1%]
B KepajipatauX suannverpax. [lyere stz muowmags pabra Sy mm®,
TOrna MpHpELEHHEe KHHETHYeCKOH sueprun Ha yuactke I—Z2 pasmo

ATy =Ty — Ty = Hgpar 0. [1'2°2°1"] = HeltarSia,

The p,e ccte macwralb My w M, a py, — macwrab yraoe nowopora
3BEHa npuBeneHnA. Tak Kagk MeXaiHsy Hauad AuHraThcn © NONOREHNA,
COOTBETCTBYIOMETO TOUKE §, B KOTOpOH nepBOHAYaNbHE 32nac KiHes
THueckoil sueprun Ty GHJ paBeR HYMO, TO NOAHLH 3a02C KHHETH-
HYECKOI SHEPriH MEXAHH3MA B MONOMEHHH 2 BHPAasHTCn Bennysbol Ty,
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3Ty BEMMUHHY W OTKNajibiBaeM B BHIE OTpe3Ka 22 p macwrabe pr
na opaunate, nposejeHuoll B Touke 2 (phc. 16.1, 6). Hmeen

ATy =Ty = #uﬁ-nsn = Wr (2—2').

Hanee NOJCH HTHBAEM Ce LY I0ILY B MAOMALKY Sy =
= [2"23'3"] w® Hueew, no npemuiyuiemy:

ATey = Ty — To = piy jun. 122°8'8] — na. |22°8°3]) =
== s,l,'},llw nf. 12-2'3’3“.] —_— :_lq.l.lI“Sg“ == !.I.:‘.l' [3"—3'1,

T. €. NpHpaulenye KHHeTHUCCKOR SHEPrHH Ty Na yuacTre £—3 Bit-
pamaercs nnoulaguio [2°2°3'37] My, yuHomenuofl Ha npon3kelente
MacwTaboB p, M |iy. [lonyuennylo BeauuHAY —OTKNAafhiBacy
(puc. 16.1, 6) ua opaunare B TOUKE 3 B Blze oTpeska § —3 B Macul-
Tabe pr, NpHOaRNNA ero ¥ NpPelHAyuieMy OTpesry (2—2") = (33"),
0 T. A. OpAHHATH gHATPaMMBE KHHETHYECKON SHEPTHH YDeNHYHBAKTCH
A0 NoAcHeHHs 7, rae B Touke 7' OHA MMEET Bepuminy, COOTBETCTBY-
JOUIYIO OJHOMY H3 MAKCHMYMOB KuHeTHueckofl sneprum. Ilanee Ha
yuactke 7—I10 kpuBas ONyCkaercs, TaK Kak 3alTPHXOBahHasn 1Jo-
wans (pue. 16.1, 0), 3akmoueHHas MEHIy STHMH TOUKaMl OCH afic-
iice, Hmeer sHak MiuHyc. Haunnas ¢ Toukn 10 xpHBas KHHETIYECKO#H
sueprim T = T () noAHHMBETCH 1O nonoxeuus /3, rae s1a Kpusas
oNuTH HMeeT Bepuimny B Touke 187, u 7. 1. Ha yuactke 1831, rne
JiHATpAMMA ONHCHIBAET YCTAHOBHBUIEECH [BHM(EHHe, LpPHBasi NOBTO-
psieTcs Yepes Kaapil WHKJ ABHKeHNA MeXaHusMa, COOTBETCTBY UM
Yray (g, NPHUEM OpAMHATA ee AOCTHT&ET TO CBOErO MaKCHMyMa, it}
choero MEHHMyMa. B nonomenns 3/ opauHata KpuBofl T="TIgp
HMeeT nm:nmuuﬂ MAKCHMYM, noche Yero KpHBan ONYCK3ETCA BCJien-
CTEHE HAMH4NA Ha yuacTKe 31—37 TOMBKO OIHHX CHI COMPOTHBJEHIA.
Touka §7, coOOTBETCTBYIONIAS MOMEHTY OCTAHOBKH MexaWH3ma, onpe-
JENAETCH NyTeM MOCTENEHHOrO BBITHTaHUA M3 OPIAHHAT KPHBOH KHHE-
THueCKO! SHEPTHH BeJHUYHH, NPONOPLHOHANBHHX MAOLIAARAM rpHBol
conpoTHeiensil Ha ydYacTie 3 —37. Mosent oCTaHOBKH MEXaHH3mMa
COOTBETCTBYET TNONHOMY HCHepABIBAHHIO KHHETHWECKO! suepriy, Ha-
konaentoli B nepwod pasfera. OueBHAHO, STO Pacxoll HaKonTeHRoH
KkHHeTRYeckolt sHeprik Moxer OhTe yCKOpeH MyTeM BBEJEHHS J0MNONE
HUTENBHEX CONPOTHBNERHI (Hanpuuep, ¢ MOMOLLBIO topmozos), Tak,
HanpHMep, BEONS FONONHHTENbHOE CONPOTHRNEHHE B BHIE TOPMOSHOrG
momenta My, = const, nokasanHOro Ha pHC. 16.1, @ WTpUXTYHKETHP-
HOli KpHBOH @ — @, MOMMO KHHETNHECKYIO SHEPTHIO MeXalH3va
H3pacxO[AoBaTh panbItg, o TOMMA MEXAHH3IM OCTaHOBHTCH E MOJOHHEe=
uni, cooTBerctByrouem Touke 36 (puc. 16.1, 6). Jyo ussenenue
gpueoit T = T (¢) KuHETHIECKOH SHEpPrHH NoKazdRo ITPHXOBOH
nuinell. Herpyauo Bas 3m0re ciydas DOACUHTATE patoTy, KOTOpYH
Hajlo 3aTPaTHT. OHa BHpAMAaeTCH NIOManso Syop mn? (pue. 16.1, a),
W NOMHasi paGora TOpMOmEHHR Ay, paBHa

Amp = PgllarSyop = Mgltas (ab) Qoo
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File Poop — ¥YION MoropoTa 3peHa TPHBELEHHA, HA KOTOPOM npons-
BOJHTCH TOPMOMNEHHE,

Takum ﬂﬁpﬂSﬂM. C NOMOUIBHY NHATPaMMEL EHHeTHIeCcKo IHEpruu
T = T (¢) onpenensierca nonuuit yron nosopora 4) 3gena npueese-
NHA NPH 3a1aHAKX MOMEHTAX NBHXYUMX CHN H CHJ CONPOTHBJICHHA.
Ilna paccmarpuBaemoro NpHMepa STOT yrosi paseH orpesky [—37
OCH afCiHee, NOMHOMEHHOMY Ha MaciTal g, ecTH TOPMOSHOH MOMEHT
M op OTCYTCTBYET, M COOTBETCTBYeT oTpesky [—36 nphn BBeieHum
NONCAHHTENLHOTO TOPMOSHOTO MOMeHTA M,.

&°. Mepefiger Tenept K ONpeIeieHHio YINIOBHX CKopoCTeil 3BeHa
ppuseaenns. Ilna sToro BOCnONb3yemcHl BEIpaxeHHeM KHHeTHYecKofl
sHeprun mexanusma. M3 ypaenenun (15.47) nmeen

L a8 (16.47)

B srofi dopmyne J, ecTs NpuBeleHHHE MOMEHT HHEpIHH H © —
yrioDas CKOPOCThL 3BEHa NpHRENEHHS mexauuawma. [lnarpamma J, =
= Jy (¢) npuBefeHHOrO MOMEHTA HHEPLHH B QYHKUHK YIAa NOBOpPOTa
Aaua Ha puc. 16.2. Pavencreo (16.47) MomHO NpencTasyTe B Bulle

2r
o=, (16.48)

o
T €, KBaApaT yraooofl CKOPOCTH 3BEHAE NPHBEACHHA B KamAoM pace
CMATPHBAEMOM Er0 MONOMEHWH NPONOPHWOHANEH OTHOLIEHHIO KuHe-
Tigeckol sueprun T, kotopoll ofNagaeT MAINHA B PACCMATPHBRAEMOM
NONOMENMH, K NPHEEIeHHOMY MOMEHTY HHEpLHH J,, B3ATOMY AnA
TOLO ME NOJOMKEHHA,

Ina onpepeselns 3sHauveHMil 5TCrO OTHOINEHHA CTPOMM AHar-
paMMu: NPHBELEHHOTD MOMEHTa Huepiwus J, = J, (¢) (pwc. 16.3, a)
W kheeTHyeckofi sweprun T = T () (puc. 16.3, ). Ilna ypoGerea
nocrpoeHufl noBepHem pHarpammy Jp = J, (@) na yron 90°, T. e
OCh OpIHHAT, HA KOTOPOR OTJAOKEHH SHAYEHHA NPHBENEHHOND MOMEHTA
HHEpUMY J,, pacnoNoMHM TOPH3OHTANEHO, & ock abouwce, rae or-
JIOMEHBI SHAYeHHSA YIA (@ NOBOPOTA 3BEHA OPHBENEHHH, PACTIONOMHM
BepTHkantno. Tak kak kpueas J, = J; (p) nosropaerca gepez
KaMcOBi [IHES, TO MOXKHO OTPAHHYNTHECH BhIMEPYHBAHMEM 5Tof gRar-
pamMbi Ba Yriie DoBopoTa ¢, Kak ST0 cAelaumo ma puc. 16.3, a. Ha
anarpamme Jy = Jo (@) ommevzem Touky I, cooTBercrsymoumyio
touke I’ gnarpammu cuvernueckoll sweprin T = T (g) (pwe. 16.3, 6),
H 4Yepes 5Ty TOUKY MPOBOAHM BEPTHKAJILHYH NPAMYIO 10 NepeceyeHun
C ropHSOHTaNbHON NpsANOii, npoBefeHHOR uYepes touky I' Kpueolt
T = T (p). Touky nepecedeHns STHX NPAMHX OTMeTHM ungpofi 1
(pue. 16.3, 6). Ilanee ormevaem na nrarpamme Jy = Jy (¢) Touky 2*
W cooTBeTCTRYIOUYIO eff Touky 2° na anarpamme T = T (g). Ilepece-
YeHIle COOTBETCTBYIOUMX BEPTHKANH W TOPHSOHTANH JlaeT Touky 2.
I lepecedenye npamMiX, NPOBELEHHEX Yepes TOUKH 3'u &', naet touxy &,
uepes touky 4' u 4' — paet rouky 4 u 1. A. CoelHHAA nocaenosa-

12 m. u1. Aprofoneecrail
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TEALHO NOJSYYEHHME TOUYKH NAaBEON KPHEBOH, nOJgydaem KpPHBYIO
KHHeTHyYeckoli sHepruu T B QyHKNNN NPHBEIEHHOTO MOMENTA HHEp-
uee Jg (puc. 16.3, 6). 3ta KpuBas NpeNCTABISET 3aBHCHMOCTH
Mencay KiHerTHueckofl sneprueit T u npuBefeHHHM MOMENTOM KHep-
umit Jo, 7. €. sapucnmocts T = T (Ig). llocrpoum kpumywo T =
= T (J,) nas BeEro BpeMeHH ABIMEHHS MeXaHMSMa OT NOJIOMEHHH 1
o nonoxenns 37. Ha yuacTke yCTanOBHBILErOCH NABHMEHHA 13—31

fiormpt, or-* :»:punie:n T = T{Jy) nomxna OHTL 3aMK-
7 3 HyTOf, TaK Kak OJIHM M Te Xe SHauve-
f"'—[\“*g'\d. wHs Bemuut T 6 J, nepHOAHYECKR No-
P hehgy ~ BTOPAIOTCA Yepes Kasbifi LHKJL. Yacth
L& P Ad kpupofi T= T (J,), cooTBETCTRYIOWAR
; |*' ; Epemenn pasbera 1—I13, ne cosnanaet
= B ¢ YACTHIO KpHEOH, COOTBETCTRYHULEH
' g ppemeny  Bubera S/—37, Tak Kak

Fl' a

lawme, L0t

Linn = goy prid

Pae. 8.8, K cnpeseneifdn CROPOCTH GBeki NpEbefEERA] Q) DNArPaMME NPHBERENACTD KO-

MesTa Wiepiey U dyRKan yraa nosopora; ) nuarpAMME KEHETHRECKON SueprE) B LT

NpHDCECIROND MOMEHEa HHEPILENG o) ARErpasmas REHCTHSECHON sheprue p QYEELRD yrAa
NoE0PCTE

xapaktep kpueoit T = T (p) Ha THX yuacTKax pas/inuen. Kpueas
T = T (Jo) wocur Hassauve duazpammer Bummenboyspa no WMenn
yUEHOTO, BIIEPBLIE PACCMOTPEBUIErO STY 3aBHCHMOCTE.

£, Bubepem na kpupoit T = T (J,) Kakyio-mibo touky K u
COBIHHHM STY TOUKY € Toukoii O — Hayanom koopauHat (puc. 16.3, ).
OGoasadnm yronm, obpasoBanHEd npsmoil 0K ¢ ocewo aGcnuce, He-
pes Pg. Tax Kak Mo oce abClHCC OTIONKEH npHBcAenisill  MOMEHT
HHepUHH Jgx B Macurrate g, cooTReTcTRYlomME Touke K, a no ocd
OpAHHAT — KHHETHYECKAA SHEpPrHA Ty, COOTBETCTBYIOWAA TOH e
touke K, B Macimabe jir, TO OTHOLIEHHE STHX BEJHYHH NacT TaHIelC
yria gy hakaona npsmoii OK k ocu OJ g

T i
= ——T -
v—ﬁ-.,m i, [:42 (16.49)
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Ecal coefuHnTe nociefoBaTeNlbHO BCe TOYKH KpuBOA T = T (J,)
¢ toukoit O, onpefennTs NOCNENOBATENLHO BCE YTIH Vi, Yu, Wy, ...
H, Bocnonbaoeasmmcs Gopmynoi (16.49), noncraenTs 3HaYennn tau-
FEeHCOR 5THX yraoB B pasencTso (16.48), To MOXHO NONYUYHTL SHaYeHMe
KBaIpaToR YIJOBHX CHOPOCTell @ 3BeHa MpHBEleHHA A BCEX NOJo-
awennii mexannama. Fueem

of =2-Tigy;, of=2-Tigys (16.50)
4 K,

Hs dopmya (16.50) cnepyer, uro yriobue CcrOpocTH @ 3BeHa
prHBEﬂEHHﬂ ﬁpﬂﬂﬂpllliﬂl]ﬂﬂbﬂﬂ ICI'.}I}HHH HBHHPEITHHM HZE TaHreHCooB
yraoe Yo, P oey T, €.

m,=]f:g_';f?¢g¢,_ m]f Q_Etg%. (16.51)

Tax onpegensiores 3naueHus YrioBofi CKOPOCTH @ 3BEHA NpH-
BEAPHHA MeXaHHIMA. nﬂﬂhﬂyHCh S5THMH ZHaUEHHAMH, MOMHO no-
CTPOUTE Tpadmk YrACBOH CHKOPOCTH « SBEMAE MPHBEIEHHA B QYHKIHH
yraa ¢ (puc, 16.4).

T £ J e _L
# . U TR IR N DR - O . -
= e = Fro —.F‘ !m‘?ﬂx

Hlrmrer gy e i

Pac. 16,40, Tpugue Yraoeofi cucpocTy seeua NPREEREnN® B QYHHUHE €M0 VI3 DOROpOTA

Tuswpmti, 20l

Fpajuk Bpemern [ ABmeHHs B QYHKIMH YIVIA § MOKET ObTH
HOOCTpPoOeH, eciid BOCOOML30BATLCR Gopumynol (16.25), Tak kak moboil
NPoMEKYTOK BpeMEHH OT Hayalla ABHMEHHH, COOFBETCTBYIOLIErO
BpEMEHH £, v PACCMATPHBAEMOTO MOMEHTA BpEMEHM I;; pasen

Fn
d
te —fy = _[ o (16.52)
L'

Hrrerpan B npasofl uacre Qopmynn (16.52) mower Gurs onpe-
Nienes rpaduieckH, ecld NocTporTh rpaduk sendnu 1o (g) B yHk-
LHH yTa @, 9T0 MOMHO BHNCJIHATE, NOTOMY 9T0 QYHKINA 0 = o (¢)
ussectua. [lo rpadueam o = o (¢) v { = { (¢) Moxker OuTb NOCTpoEH
rpadrk @ = o (f). Yricsoe yckopenue & 3BeHa NpHBEJEHHS ONpe-
nensercs rpagudeckim JHGdepeHUHpOBaHHEM GYHEIHE @ = o (£).

3Han YrnoBYK CKOPOCTb @ M YIMOBOE YCKODEHHE £ 386HA Nph-
BE[IEHHSA, MONHO ONPEEJIHTE CKOPOCTE H CHAB MHEPUMH OTAENbHLX
SBeHBEB, a Take NPOBECTH NONHHA cHAoBoli pacder MexaHHsMa
B YCAOBHAK HEPaBHOMEPHO BPALIAIOUIEroCA SBEHA NpHBENCHHA,

12+
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Taxum oGpasom, ¢ NOMOUBIO [HATPAMMES T = T (/) u nocneny-
UK rpadoyHcIeHHEX PacieTOR MOMET GhITh MOMHOCTBIO HCCJAe-
LOBal BOMPOC O ABIKEHUH arperata NpH CHaax, 3aBHCAUMX OF
nonoweHHn 3BeHa NPHBELEHHA.

Frnmapa I7

JOHHAMHKA MEXAHH3MOB C HECKONBKMMI CTENEHSIMH

CEOBOAL %)

§ 75. COwme 3ameuanus. OcofeHHOCTE KHHEMATHYECKHX

COOTHOUIEHHE

0. Mexanuase € HOCKOABKUMU CMENeHAML C6060061 HAXOAST Bee
Goabiues MpuMeHeHne B Pa3THUNEX OTpacaaX TeXHHEH: pasucobpas-
HEEe nHHaMugeckne ynpyrue myqrTh, TpaHoOpMATOPE KPYTHILHX

[orer R

Puc.  17.1. KnnimaTi-

YECHER CXCME NATHabCH-

HOrD MapABphord Mexs-

HpsMa € AEYMA CTENens-
MH CnOBonE

MOMEHTOB, MEXaHHSME! ANA COOPKH NOKPHILIEK
KoJec, BapHaTopu, Iniepennkalbhbie 3yGua-
TEE MEXAHN3ME, MEXAHHSMEI I'Epl']C'I‘EﬁUIHH ABTO-
onepatopos i pofoToR, BROpAUHOHHLIE MALIHHEL

Ipe nepexope OT MeXaHHSMOB C OANOH cTe-
nelsd ceobOiL K MEXaHH3MaM C JNBYMA CTe-
neHsmME  ceOfOAN oOHAPYMHBAETCH MpHALM-
NHANLHOE OTNHYHE STHY cHcTeM Kak no gopme
ypaBuennii ABHMEHHS, TaK W MO CYTH STOIO
neuxcennn. [lanprefimee ypenntenne crenenel
cBOGOAL MEXAHNIMOB TNPHBOAHT NHUL K G0k~
mell  POMOSAKOCTH ypaBHelhii.

COiee ONPRCAHKE NIBHMEHHA PACCMOTDHM HA
npHMEpe MHETHSBEHHOTO WaPHHPHOTO COOCHOTO
MexaHM3Ma ¢ JBYMs CTeneHamu  CBOGOH
(puc. 17.1).

2. [NonoxeHns ¥ CKOPOCTH 2BEHEEB TOMO MexaHH3Ma ONpefie-
ascres aByms ofofenHBME KOOPIHHATAMH, @7 H Pa. 3a nauano
KOOPAHHAT NPHMEM TOUKY A. Toraa nonoxenne Touxn C onpenensercs
panycoM-BEKTOPOM Fg!

re=rel$n Pa)- (17.1)

Monoxenns BCeX Touek 3pedbes 2 W J GyAyT ONpefenstbes aHau0-

rHuBBME QYHEIHAMA,

Haiizem cropocts Toukn C. lnpdepeHunpyedM DHpameHne (17.1)

no BpeMeHH:

drg _ dro  dey

are dg,

dipy df + -t

O6oanaumm drcldgy = ren, Orcldgs = ro, doddt = e, dpddf = o

%) Fnapa mamncana A, I1. Beccononrin,
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BenduuHu Foy W gy RBAAIOTCH AHANOTaMH JHIefNHX cKopocTed
tourd C. Duspueckuii cMuenl HX  creaywouwmil: iy — ckopocts
touke € npu ycaospd, 410 oy =10, a8 o = 1, rg — cropocms
touic C npu yenoenw, 910 @3 = 0, a @ = 1 pag/c.

3anumes Teneps
Ve = Foih - Fisog.

Bektopht 1 B fos MOWHO ONPefenHTh OOBRIYHEMH METOnAMH KHOe
MATHYECKOTO aHa/H33 MeXaHH3MOB C OIHOI cTéneHblo CBODONH, 3aja-
Bas noouepeino wy = 0 u w; = 0,

Takum ofipasoM, ME monySdm

ra=rolen @) M oroo=ri(en ),

KaK QYHKIHH JIBYX nepemeHHwiX mulo B BHAe ceMeficTBa KpHBHIX,
Jufic B BHAE MacCHBOB YHCEA OpH PHECHpOBaHHEX sSBeHbAx 4 W [

COOTEETCTEBRHHO.
Ileficteutensuan ckopocts Touku C tenepb Oyfer samucada Tak:

Ve = ren(§a, @) o) -+ reg (g1, §e) oy (17.2)

Yrae nosopoTa 3BeHbeR 2 W 8 M MX YINIOBME CKOPOCTH Oynyr

Takxke QYHKUHAMH ABYX NepeMeHHEX, @p # ¢4, Tak, ¢s = @5 (71, ga),
a CKOpoCTb @y OyReT

— 093 dys  dipy
m‘*"'aupl deﬁl‘l':m di -

OGosnavas  Opldpy = tm,  Oqldpy = ny,  doddi = w,,
do,/dt = @y, nonyyum

g = Ly (P10 Pa) 01 F tisy (Pr, Pg) 4. (17.3)

Awvanors yrnoeux cropoctell Hg M ligg ONpEIeNATCA TAK e, Kak
Hroy H ey

§ 76. YpasHcHHS DBHMEHHA MEXAHHIMA

I°. Ilns onucanus nBHmeHHS MeXanHsMa BOCNOJIb3YEMCH  Yas-
Henuanu Jlazpanaca emopozo peda

d ar ar d ar ar
a (or) = o =M < (o) = =M (174)

Cne T — guHeTHYecKas SHEPrHf MeXaHH3Ma, M, — npdBeleHHHI]
(oGo6wennmil) MOMEHT cHAT K KOOpaHHaTe ¢y, M, — npuBenenumi
(0GoGienneait) MoMenT cHaT K KOOpAHHATe §y. TlpHBedeHHBE MOMENHTH
CH.T onpefensiorca, kak obeMpo, HI pabeHcTBa MOMHOCTER.

Mycre « spenbsm 1, 3, 4 npunowenn momenta M, Mg, M,,
4 K 3geny 2 —cusia Fy B touke &y (puc. 17.1). Toraa mowmocts
BCex cull, NpuJIoIReHHHX K MeXaHuamy, Oyaer

P = ﬂdlml - .Frﬂg + !513{03 -} Mlnu.
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Cropocte O, TOUKH kg NMpHAOHeHHA CHIH 7y BupawaeTcs Clely-
iy ofipasom:

O, = i1 (Q1 Do) Fige (91, §a) g,
a yrnomasi CROPOCTh Gy 3BeHA J COOTBETCTEEHHO
gy = lg {q'h ‘pl} L) N {q:'lr Tl] g
Moactapans S5TH GHpameHHs B GOpMyay ANA MOUWHOCTH, TOJYYHM
P = Moy + My, (17.5)
rhe
Mug = M; 4 Fa-rig -+ Mateg, Mo = My 4 Fo-rhq -} Mstiss.

2°, lns cocTaBNeHa BHpaMeHHA KHHETHYECKOH 3IHEPrHl MeXa-
Hit3*1a 3anuiues BHaqalie KHHeTHYeCKYH) SHEPTHHY j—m BBEHA 4eped
obobuieHHLe KOOpIHHATH o oDOGLUeHNHE CROPOCTH:

1 1
Ty=—5 ms, + 5 Js;0},

roe m; W ; — MECca B YrJobas CKOpOCTb 3ReHa [, Us; — CKOpOCTL
LEHTpa THMECTH S; 28eua f, J,qj — MOMEHT WHEpIWH 3BeHA | OTHO-

CHTEJILEC E€r0 HEeHTpa THMECTH.
B janenefitesm ARs NpocToTH ONYCTHM HHAeke S Y ckopocTH
H MOMEHTAa HHEpInH:

| 1
Ty =5 mu] + 5 Jj0f.

Kak (Ha0 nokazaHo paHee, CKOPOCTH Uy H ; HMEIOT BHPaMERHA
0, = rin (@1, @) o+ ri (@6 1) o
wp = Uy (Pr, Pa) 01+ g (@1 ¢ 0p
PO3BOAA B KBajpaT, MOMYy4HM

# P S8
uf = rﬂm'i’ + 2y r, cosy .6, + rﬂmfj
§ g
j = ﬂ:?'lmlg + 2upu w4 u?lff’h

e y; — YroJ Meway ReKTopaMu rip W ri. Tenepbk KHHEMaTHUECHY10
SHEPrHI0 j-r0 SBcHa MOMHO 320HCATE B PasBepHYTOM BHJE

i 2 .
Ty= — my (1] -+ 2ryyri, cosy, 0,0, + "';:‘"3) . s
4 5 Juhof -+ 2upujenes + whe?) =
i E P
= 5 (M) of + (M, cosy; + oo, 4

1
+ g () o



§ 76. YPABHEHWA [OBHXEHHA MEXAHWIMA 355

CyMMHDYRl [0 BCeM SBEHBAM MeXaHH3Ma, NPEICTABHM NOAHYIO KuHHe-
THUECKYIO SHEPTHIO MexaiH3Ma B BHJE

T = _.;_- -lrl"mf + JHWE“”I _|L' T.:" Jﬂ‘“?‘l {l?'ﬁ}

rue

.
n= :,E (myry -+ Ju3),
Ju = fE (myr i riscosy, + Juuy,),
o2
Ju= %3 (M +J 143,).

Tak xak BeNHSUHH rjy, rjs, U, Uiy SABHCAT JIHWEL OT obo6imen-
HEIX KOODAMHAT @y Il Gy, TO W unepyustinte kosppuyuenme Jyy, J,,,
Sy ABIAIOTCH QYHKUHAMA @y H @g. STHM HHEPUHOHHEM KoS(KHIHEs-
Tas MOXMHO AdTh HHTEPECHOE TOVTKOBAHHE.

Hruepuvonrni kosdduinent Jyy BRNECAACTCH Kak oOBIKHOBEHHME
NpHBeAeHHENT K 3Beny [ MOMEHT HHEPIMH MEXAHHSMa C OHOf CTe-
neHely CBOGOAM, el ZAKPENWTH sBeno 4. Menss nodomeHpe sa-
KpenjieHHoro 3geHa 4, MOMHO Kawani pas noJyyate HOBOE SHaye-
HHE Jyy; TaKnM OGpasOM MOKHO NOJY4HTB OAHONAPAMETPHYEC KO
CEMEHCTBO KPHBHX Jy, (g;) npu napamerpe gy, 7. €. NONYUHTE QVHE-
o Jyy (G4, @q) KK NOBEPXHOCTE B KoopamHarax J,,, Py Pae

Ananoruuiibie PacCyMACHHA MOXHO NPOBECTH H 1aA HHEPIHOH-
HOro KOSGOUUHENTE Jo, KOTOPHI Talixe ABAfeTcH ¢yHKLHeH IBYX
nepeMeHHBIX Juq (g, 4)

UTto kacaetca HHEPIHOHHOTD rosddmurenta Jfyy, To 5TA BEANULNE
OTHY@eTcs OT OOHYHONO NPHBEJEHHONO MOMEHTAa MiepHMH. Bean-
YHHY Jy; HEJB3s TONCHHTHBATL KaK NPUBEAEHNHTT MOMEHT HHEpLHH
yClouHOTo MEXaHHsMa ¢ ofHoll CTENEHbio cBOGOOH, YTO MOMHO GLAD
cieiats ana Jy u Sy Tlpy pusucnenws Jy, cnenyer cumrats, wro
oba apena, I u 4, ABMMYTCH onHOBpeMeHHo. B BEIpaxeHue ana J,,
He BOAAYT MacCH 3BEHLEB, NOJOMEHHE KOTOPHX 3aBHCHT JIHIUL OT
onroll ofobuentoll KOOpAHHATH, §; WIH ¢4 B oTmHuue or Ty 8 g,
HENBLEH CRA38TH, 4TO Jyy — BCETHa CYUIECTREHHO NOIOKHTOIBHAS
BENHYHHE, YTO XOPOWO BHAHO H2 €& BHPAMEHHS.

Takum ofpazoM, NpH NpUBEIEHHN MACC B MEXAHMIMAX C APYMA
CTenenamy cpobojil BCE SBeHBA MOMHO PasOHTE Ha TPH rpynnei.
K neprofi rpynne otnocsiten sBekibn, nososenus Kotopux onpese-
ARI0TCA NRME oanoll obobuenHoll Koopaunatoll ¢,. Maccw Takux
SBCHLER He MOTYT BXOAHTD B BHpamenus Jyy  Jy5. Ko Bropoit rpynne
CTHOCHTCS SBeHbA, NONOMEHHS KOTOPHX ONPEENsioTes NHILL ogHOM
o6obwennoll Koopaunarofl ¢,. Maccet Takux 3peHbes je MOTYT BXO-
AHTb B Bulpaxenns 18 Jig 1 Jy. Haroteu, K Tpetvedi rpynne otio-
CATCH 3BeHbs, NOJOMENHE Kak/IOr0 W3 KOTOPHX ONPENeNserch cpasy
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geyms oGofimenHEMY KOOPAHHATAMH, §p H 4. Macckl TakHX 3BEULER
MOTYT BXOAHTH B MoGoe U3 Bupakennit Jy, Ji, Ja, nphuen BHpa-
welne ann Jy, NeNHKOM COCTONT K3 ClaraeMmHx, B KOTOpLE BXOAAT
MACCH TONLKO 3TOPD THIA 3BEHBEB.

Fonm OKamercd, 49To B MeXaHnHsMe ¢ JBYMS CTENeHHMH ceoboan!
HET HNI OAHOrO 3BeHa, NOIOHEHHE HOTOPOrO ONPEAENHAETCH JBYMH
oboGlueHnEME KoOpAnRaTaMy, TO BeAHYNNHA 414 OyneT papHa HYJH,
W TAKON MexaHHaM pachafercs Ha Apa, Kamgklh H3 KOTOPHX HMEET
OAHY CTeneHb cBOGOME, M MERIY STHMH MEXall3MaMH HMEETCH Kakasi-
nubo CHAOBAs CEAaE. K TAKAM MexaHH3MaM OTHOCHTCH MEKAHH3MLL
Y KOTOPHIX KHHEMATHUECKHE LEMH pasfeneHH yrpyriMu mygrami,
VOPYrHMH Banami, PeMEHHHMH nepefauamd, (PHEIHOHHENMI COENH-
HEHHSMHE H Ip.

5. Mmen BupameHHe KHHETHYECKOH SHEPTHH (17.6), BHnHIEM
peolXoINMEE NPOMSBOaHBE B COOTBETCTEHE C YPEEHEHHHMH Jlar-
panma sToporo pona (17.4):

OF 8y x g UL I TRP
o 2 0 w1+ 'ﬂ"h‘J:II'IEI:HP'2 &Py e
o7

iy = Ty + S0,

d ar _ gy f.u-“ iy ﬂq.hq;
i (or) =G+ @ ot et g o=

ey af z ar g
ZJII‘TII -atp—llll'_lh-i— aq:: UJ](I'J.:.-!-JHT—}-

& ia Al
—— e -
+ i 1034 + i g

Apanoruyno Aas KOOPAHHATH (g HMEeM

a7 1 ﬂJu & f‘j,j'“ 1 ﬂ-;-ﬂ 2
—_— {0y - [i1] —_—
B =T op O Tap, O T T 00

T Jraoy - S g0

d .ﬂf' E' L] 1 &
",'E_(?E):“'l u:r|+d.."| wy -+ J e T il y 0, =

i df Ll ] 17}
dea af o i s
= Ju*—{_gg—*—-I—-ﬁﬁh —I—ﬁm;m;—]—iﬂ o

ol oLy 2
+ ap, 'FW&H-
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MNocne noacranoBkn stix Bupamenwdi B (17.4) u npueepenns
noacGHEY YIEHOB MONYYaeM OKOHYaTeNbHO YPaBHeHHs [EHMedus
MEXAHH3EMA C IBYMA CTeneHAMH cBobon

2 1 afy ar
Ju-;i!'};l" -i--fu% +T ﬂq:, mf--[— a';: oy -

+ (G — 2 ) of = M

o
[ 1 ar &
Ju—gi I 5 ol + S o+ (17.7)

f.utq. I &ty g
+ (G )t = Mue
lNoayuulack CAICKHAA CHCTEMA3 HENHHefuRX nudibeperIHANBHEX
ypaBuenuii BTOPOrO NOPAjKa, peleHHe KOTOpOii BO3MOMHO YHCAEH-
HHEM MeTofoM ¢ nomonisio SBM. Crenyer sametits, uto kos(ubuiHenTHl
STHX YypasHeHuil ABNAIOTCH CNOMHHEME QyHELHAMHA IBYX MNepemMed-
HEX, ¢ M, EOTOPHE IO0MMHH OHTL NPEAGAPHTENEHO BHMHCTEHH,
H 970 5T0 NPEACTABNAET OOBONBIO TPYRoeMEY0 patory.

§ 77. MydTu © ynpyrol IHHAMEYECKONH CBA3LID

i°. Ha npumepe MyQTH € ynOpyreMy AHHAMHYECKHMH CBRZSMH
MOMHO MOKAZATE, KAK B OTAATRHHYX CAYUasX aHANHI NEHMEHHs ni8
MEXANN3SMOB C JBYMH CTENeHAMH CROGONH MOMET OLThE BHRNONNSH
npoille NyTeM samemawmux mace. Ha puc. 17.2
Nnokazana KHHEMATHYECKAN CXEMa CORIHHHTENLHON
MYy(Th € YOPYTHMH RHHAMHUECKHMH CBSISSIMH.

Mydra umeer nga aucka: senymuil 7, ceasa-
HHii o 3penom AB u pBHrateneM, o Begomuii 4,
CBH3AHHEH € HCTIOMHHUTENBHEIM MeXaHusMoMm. K
3BeHy | npuiodeH ABMMYIME mMoMenT My, a K
SBENY 4 — MoMeHT conporupienus M., INpyu cra-
LHOHADHOM IBMMEHHH STOTO MeXaHH3MA UEHTPO-
Gextible CHNH 3Benbes 2 u 3 punyant rpynny BCD
38HATL OUpEeNeHHOE TONOMEHNHe, W BECh MeXa-
HHsM Oy e BpamarTses € OfHOMA CKOPOCTEIO (0 =
= @g). Tlps MoGOM HECTAUMOHAPHOM IBHAKEHUH  pygru ¢ sapyrch oo
STOTO MeXaHH3Ma CKOPOCTH @y H g OYAYT pasfipy-  BEmNeckoR  cmiiinio
UEL,  MEXAHHIM CNEYeT pacCMaTpHBATL Kak CH-
CTEMY, HMEIOUYH) ARe CcTenenn ceobonel. CenyeT 3aMeTHTb, 910 YImo-
Bhle CKOPOCTH M MaccChl 3B€HEBEB 2 M 3 3HAYHTENBLHO MEHBINE YTJIOGHX
CEOpocTeil A macc 3geHbes [ W 4, NOITOMY 3nech AONYCTHMO NpoHa-
BECTH cTaTHueckoe samellenne Mace 3genbes 2 W §, pPAasSMECTHME HX B
Toywax B, C u D.

&%, CraThueckoe 3amellleHHE MAacC COCTOHT B TOM, YTO MACCH
SBetibeB Mbl OyJieM SaMeHSTb MacCamM JBYX ToOuek, pasMelleHHLIX
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cooTBeTcTBeHHO s spena 2 — B Toukax B w C, poia 3peda § —
B Toukax C u D (cm. § B3).

CraTuuecKoe 23aMEliEHHe JOMMKHO YAOBACTBODATE ABYM YCIOBHAM:
1) cymMa saMematonnX Mace IOMHa PABHATECA Macce 3BeHa; 2) LeuTp
THMECTH IaMEellAKINHY TOUEE NOJHEH CHTE B HEHTPE TAMECTH 3BCHA.
Ha s1omM oCHOBAHHN HMEEM:

iy = Mg -} Mg, My = g |- Macy (17.8)
g (BSg) = niae (CSa),  mp (DS;) = mye (CSy), )

TIe ri, — Macca 8BeHa 2, Ml — 4YacThL Macchl 3p€Ha 2, cocpeaoTo-
yeHHzA B ToMKe B; Ml,c — 4acTe MacCH 3BeHa 2, COCPeacTouedHas
B Touke C; m, — Macca 3peHa J; My — YacTk Mac-
cul 3BeHa 3, cocpejoTouennan B Touke D Mge —
yacTe Macckl 3peHa 3, cocpeioTouenuasn B Touke C;
8§, n 8; — UEHTPH TAMECTH 3penkes 2 ¥ J cooT-
BETCTBEHHO.
M3z papencts (17.8) naxommm:

— m — P
Ms = T (BSINCS, e = M M

il

Mp = T DSHCSy e = M — Hlp-

Fuc, 17.3. Cx .
bt B Wl &. lNocne passeuends Mace 38edbeB 2 0 3

messn mace B aydre  no Toukas B, C, D iHHaMpYeckan MOIeNL MyQTh
¢ yopyrol prHiamaye- .

i Ly (prc. 17.3) coctour us: 1) Jn — DpuBEAEHHOTD

MOMENTa nnepnHi E 3seny [; 2) Jg4 — npuee-

NENNOre MOMEHTE WHepumk K 3seny 4; 3) mg — maccn Toukn C.
3eenes 2 w3 nulllens Macc # OCYIECTBARIOT JNIE TEOMETPHYECKYID
costab mesny rouxasm B, C, D.

Teneps

2 ?
Ja=Jdv-mplap, o= I3+ mpliap, the = Mac+ Macs
rie J; — MOMEHT Wuepuus spena I otHocniensHo ToukH A, J, —
MOMEHT HIlepLHH 3BeHa 4 OTHOCHTEALHO TOYKH A, me— Macca To4KH C
noc/ie pasMeiltenis Mace 3Bennes 2 B J.
4", BriiicHM KHHeTHYECKYI0 SHEPTHI0 MeXaHH3IMa:

T — TI 'I"' Tﬂ —f‘ Tq,,
rne
o e
Ty=imS, To=lu-g To=—5%.
B nocsiznyee paBencTBO NOACTABHM Up K3 ypaenenns (17.2):

m
Te=—5lraa (g, w)on+ rés(pn ) ouf =
[ " LI -
b TL {’r;lmf + Zref canoy cosy - rc:mi]'.
FIe ¥ — Yroq Mexiy BeKTopamy rep B Feg.
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-

Tenepts ENHETHYECKYHD) SHEPTHID MEXARMSMA MOMHO EBBPaZNTD
B S&EKOHYEeHHOM BiAe:

T= -;—- J"l‘.ﬂ% + -rl-lmlﬂ-’-l +__é" JH{’E' {l?'gj

roe
' LA "
In=Jn+merey, Jyy=merevescosy, Ju=Jumeres.

BuipaXeHHe L7 KHHeTHYeCKOH 3HepriH noiy4Ysiock NpPOllE, Y7o,
KOHEWHO, VYNPOUAET cocTaBaeHde JAudupepeRlHalbHHK  ypaBHenHil
JEIAHEHHA, XOTA MeTol MX coCTaBAeHNA octaetcs Tem e (oM. § 76).
CieyeT 3aMeTiTh, YT0 YPABEEHHA JIBIEHHs ANs ITOI0 KOHKDETHOTO
cayuasi COOCHONO MeXaHnaMa MOryT OuTh HECKOJBKO YhpOLLCHH,
ecin 338 Oany 13 00o0UeHHEIX KOODIMHAT NPHHATE YIOd MeKRAY
spenusiMu AB u AD.

F'nama I8

AHHAMHEA MEXAHH3MCE C NEPEMEHHOR MACCON]
3BEHLEB )

§ 78, Ofuwan nocTaHoBKA 3aiayun

Toa mexanuamai ¢ nepesernol naccoll secrbes OYIEM HoOHITMATH
MeXAHM3ME!, HMeone Xord Oul 00 3BEHO, ¥ KOTOPOTO MeHseTcd
KACCA HIH MOMEHT HHepUHH, HAH NOJOMEHHe [eHTPa MACC 3BEHA O
npouecce ABMAeHHA. Takne MEXaHHIMH B COBPeMEHHON NpOMEILIeH-
HOCTH ACBOMBHO IIHPOKO pacnpoctpanentl. MaccH, Kak npamsmao,
B STHX MEXAHW3MAX MEHSIOTcH npH BsaumMopelcTeun pabGodero opraua
¢ ofipalartueaemoli cpenof.

[lpumepamy mexaduamoB, rae MMeeTcsl B3auMofelicTBHE SBEHEED
C CHUTY4HMH TETamMH, SBJAKTCH BarOHOONPOKWAREBATE/INH, CKANOBHE
NOAEEMHHEH, NOTPYSOYHHE MAMIHHE B TFOPHOf OPOMBILVIEHNOCTIH,
sesviepoiiHEle MallilHHH, ARTOMATHYECKHE BECH nepHoawdecKoro neii-
CTBIs, BeCOBHE NO3aTOPE HENpEpLIBHOTO JefcTEnsg u gpyrue. Beckya
PACNPOCTPAHEHHBIME HBJIRIOTCS MEXaiN3vMil C MEPEeMEHHLIMHE MACCAMH,
rae paouwil opran BsapMopeficTBYeT € PasiHYHBIMH [HGKHME Mare-
Puanamy. Ciofla OTHOCRTCA PA3THYHLEE MOTANKH H DasMATHBATETH
NPOKATHHEX, NMOILHIEHEX H BONOYHILHEX CTAHOB, KAHATCBERIOUIHE
MAIOKHH, TeRCTHIbLHEE H NOAHrpadHueckiHe MAIHHK ¥ T. 0.

BetpewaloTen ¥ TakHe MeXaHnaMH, Y KOTOPHX HIMEHeHHE Mace
NPOHCXOAMT 3a CYET MPHCOENHHEHMS WIH YIAJNeHHS TBepAHX Tea;
B 3TOM chydae macca mesercs ckaukoofpazwo. Ciopa othHocsTes
TPancnopTHpyloUiHe YCTPORCTEE A8 WITYIHEX W3lennii, ckpefrosre
KOHBeliepw, HekoTopHe aptoonepatopdl W pofote n jap. HMruorna
K MeXaumamaM ¢ nepeMesHofl maccoll MOTYT OHITL OTHECEHH Mexa-
——— e

') Fnapa manucasa A. I, Beccowonens,
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HU3MH, B KOTOpHX paboudii Opral B3aHMONEHCTBYET € MHAKUMH
TesiaMH, Nanpumep 4yIyHOBO3H, KOHBEPTEPHLE YCTAHOBKH, THAPABIH-
HeCKHe EKEHEHBHUI‘IHPLUHE‘BLIE ManmyeE, MallHHBL umwpt.ﬁemanm
JHTEA W ApYTHE.

[ MexanHsMax © NEPEMEHHOR MaccoH MOryT HSMENAThCH HHEp-
uponHEE mapamMeTpel (Macca, MOMEHT HHEPUHH, KOOpIMRATa LeuTpa
MaccH) B (YHKURH BPEMEHH, NOJOMEHHS MeXalHsma, a HHOTLA
H CKOPOCTH ABHMEnNs.

Vkazannue HREPIHONHEE [APaMETPEl AOBONBHO H&CTO, TOYHO
AN TPUGAIHKEHHD, MOTYT paccCMATPHBaTRCH KAK JETEPMHHHPOBANHLIE
dynkuus. 3eck Mi Oyjien paccMaTpHBaTh TOMLKO Takhe cayuaH.
EctecTeento, YTO NPH H3YYEHHH MEXAHUIMOB C nepexeitioll Maccoll
MEL GyfieM OMMPATRCA Ha CBEAGHHS H3 MeXal'iki MepesiCiHbX Mace.

§ 79. JuuamuKa TOMKH C nepeMeHnoil maccoi

1°. Tlop mouroli ¢ nepesennoli maccofl NOHHMAKT TENO, Macca
KOTOPOTD B IPOLECCE ABHMCHUA HIMEHACTCH 58 CUET NpHCOEQHHEeHHS
WM YHajenus uacTin, a pasMephl Teqa TAKOBL, 9TO HMH MOMKHO
npenelpeds B gannol sapave. Hac 570 noHATHE Gy neT MNTEpPECOBATE,
NOCKOAbKY OHO OYAET HCNOJE3OBAHO B TMOHATHH 3BeHa (TBEpnoro
Tesa) © DepeMeHHoR Maccoll.

TNpubunn GauskopelficTByA, HCNOAb3YEMEH B MEXARHKE Te nepe-
MEHOOI MacCH, COCTOMT B TOM, 4TO NPOUECe NPHCOEAHHEHHA WM Yaa-
MeHEA YacTHL, H3MEHFIOUHX Maccy, NPOHCXOAHT MrHOBEHNO, NpH
310M YacTHIA Jubo MrIOBEHEHO NpHOOPETAeT cBASh (Macca yBenHYH-
paeTcs), JHGO ee TepAeT (Macca ymenbinaercs). Hanprumep, nns cuy-
yasi NpHCOEAHHENHA Macchi, HCXOAS M3 STOTO NpHHLUNNA, YPaBHENHE
NBMMEHHA TONKN C mepeMentofi Maccofi 3ankcHBaiOT B BHAE ypap-
wenna M. B. Mewepcroro:

m P4 w—v)=F+0,

roe @ = Jj—";—— (0 — ©) — mMnyJIbCHBHAS (peakTupnasn) cuna, @ —

CKOPOCTh TOUKH, # -—— CKOPOCTE NPHCOEAHHENNS MACTHL.
PaccMoTpHM YacTHEE Cyyal YpaBHEHHs ABHMeHH

au =m0, mrﬂam={)nm%—=F;

iy fagrz s 0 g W
6l =0, Ttorpa @ = TR umm—l— mw-F
HIH d{f:'= Fi > ,
1 1 do 1 m
B}u':Tﬂ. TOI LS m=‘-'E'T—"-2—ﬂ H IH-I:T +Tt’—"d'i""—_F|

A ecdll Macca il SEBHCHT OT nepeMelleHna s, T. e. fn1 = m (s), TO
do 1 dim
mr o g
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3Tto ypaBHEHHE no PuMe COBOAJAET C YPaBRHEHHEM JBHEHHs
maminiore arperara (16.6) (cq. §72), wo duaimdeckudl cMulca ux
CcOBEPILIEHHO pEEJTHlIEH, Tak Kank 3feck ﬂ[]DH{‘,Kﬁjl[iT j].EﬁCTBHTEJIBHDE,
(PH3HUECKOE H3MEHEHHE MACCH, B TO BPEMSl KaK B YPABHEHHH JABIDKe-
HHA MALWIHAHOIO ATPEraTa 5T0 NepeMeHHAHd [NOPHECLEHHAHR MAacca,
A MACC2 3PEHLCE He MEeHASTCH.

2°. MiHorpa npUXomUTes YUHTHBATE BHYTPEHHEE NBHMKEHHE YacTHIL
B Tele, NpHHHMaeMonm 3a Touky. B stom cayvae npuHukn (nnsko-
AeHCTEHA He ABRJAETCH CnpaBepfMBRM, W YPapHeHHe NBHMEHud @i
TONEH C DOEPEMEHHOH Macco#l SanHcHBaeTcA TaK

(puc. 18.1): .

Hl—g%=F+R.

rie R = R*+ R+ © — nomman peaRTHERaA ci-
na, B KOTOpoH R* = — ¥ma" — peawTHBHAA KO-  Puc. 18.1. Teno,
| P i NPHHEMACMOE 30
pHOMHCOBA cHMIA, a af = 20U — yckopenne Ko- 1l Tepencn
PUOJIHCA YACTHL; @ — YTJOBas CKOPOCTL TeJid, NMpH- Mol Maccod, € yue-
: . - 9 i Tou nn!np!lmnm
HHMAEMOTO 38 Toury; R = — Yma® — peakTHBHAN  puwensn  uacTHD
CHJIa OTHOCHTENBHOND JNBHMEHHH MACTHII B Teje.
CymMUpOBaHHE 3eCh BEAETCH N0 BCEM YACTHLAM, MMEIiiM
CTHOCHTENEHOE [BWMEHHE B Tene, NPpHHHMAEMOM 3a TOHKY.
. Ilna cymecTBeHHOre YNPOUEHHA 2aNiCH YPABHeHHE B pRie
CAYUAEB HCNOJLIYETCH npusyun sameepeeanun cucmemst. Beopures
crenHanbiasn NPOHSBOAHAA OT BEJHYHH, 3ABHCAINX OT NEPEMeHHLIX

-
Macc; ee o603HAYAIOT COEUMAALIHM SHAKOM co 3Bedoukof _:'F'

OcoGennocth 5TOH NPOH3BOAHON COCTOMT B TOM, YTO NepeMeHHyIo
Maccy MOMHO BRIHOCHTE 38 3HaK STOH NPOuSBOAHON HJM BEOJUTE noj
STOT 3HAK Kak NOCTOsHHYIO BenuunHy. Hanpumep, mu nmeem

d (o) dm

W T
HO €CJIH ECIOVIL30BATE 3TY COEHHANBIYI NPOHIBOAHYIO, TO

d* (mo) o do
i W

o
”l.?-l_ v

Torna ypaenenve newmeHns Bumecto
do
MOMHO 3anuCaTh Tak:

d* (ro) __
L2 —F+R.

Beoputen Taroxe nonntne sameepdeeueil mouku u dopMyanpyercst
Meopema ol wsMeHERUL KOAUMECNBR OEUMENUR: ECIH NPEanoIoKHTE,
YTO TOYKa MepeMenHol MAccH 3aTEEPENa W C JANHOTO MOMEHTA HEeT
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HAMEHEHHS MAccH H HET OTHOCHTEABHOTO JBHMEHHA YacTHl, TO reo-
METPHYECHAR l'IpO'HSBi}JlHﬂﬁ no BpeMeHH OT KWIHYECTEd JIBHREHKA
sToit sarepueBuedl TOYKH paBHa cyMMe TNIaBHOTO BEKTOPE BHELHNX
AETHBHEX CHJ H BEKTOPa PEaKTHBHOH CHJEL R. Ilpunuun sateepie-
BaHHS TIO3BOJAET 3aNHCHEBATE ITY Teopemy B Toili 3e (pOpMe, YTO H B8
NOCTOANHON MacCH.

£. Lus IMHAMHEN MEXaHU3MOB BAXKHOE 3HAYEHHE HMEeT Bhpa-
welne kupeTHueckoll sweprun. Jlis TOdKm ¢ nepemenHOil Maccoit

OHa 3anHCHBAETCA Tak:
T = mt _ mo-9
=— =

Ecay Hcnonk3oBATE NPHHLEN 3aTBeppeBanu#, TO Mmeopeity of usme-
Menin Kuremuueckoti snepeutt QOPMYAUPYIOT CAEIYIOLHM obpazon:
Oughheperyuan oim KUHEMUMECKON sHepeun sameepletiuell MOYKY nepe-
MeHHOUI MACCH paser CYMME IAEMEHMAPHE pabom 6CeX aKMUSHLO
U PEaKIMUBHEIE CUA, NPUACHERRBX K Mouke, T. €

@*T = F-dr + R-cr =dAp+dAy,

rie dr — seMenTapHoe nepeneiulenne, dAyp — snenenTaphas paboTta
BHEIIHNX BKTUBHEX chyl, dAp — sneventapHas palioTa peakTHEHBIX
cHJ,

§ 80. Teno ¢ nepemennoll maccoil M €ro KMHETHHECKAS
sHeprig

I°. Tlop miesos € fepementof MOCCON NOHHMAIOT CHCTCMY TONEK
fnepemMeHHOl Macchl, PacCToAHHS MEMAY KOTOPHIMK B npoliecce JIBH-
JKeHHS Tela OCTAIoTCA HemzmeHHEMH, B TakoM Tefe MOMET MEeHATLCH

Macca, MOMENTH HHCPLHH, KOOPIHHATEHL

e LeHTPa Mace, 8 KHHEMaTHKa TaKOro Te-

Ja He OTAHYaeTCH OT KRHEMATHEH TBeD-
100 Tefa ¢ NocTofhHOR Maccoil.

Ha pue. 18.2 nokasano Teso c ne-
peseHHOI MaccoH, CocTosillee H3 TOYek
v nepemennoll Macce, OTHOCHTENRHAR
TPAEKTOPHS LeHTpa Macc S Tedla BHYT-
T e neren. DU TeaR HORABAR WTPUXOBOH nuHKed.
LETCH OTUOCHTENBED rpamii Teaa N PABHEHHE OBHXEHHA LeHTpa Macc Te-

Ja ¢ nepemeniof Maccol opMyaHpyer-
cq caefyioiy o6pasoy B BHAE TEOPEMBI LeHMp MACC MeAd ¢ Nepemeri-
noil maccotl Geusicemes Kax mouka samsepdestitell MACCH, & KOMOPOLL Co-
cpedamouenn Macca meaq & OQHHKG MOMERM U K KOMOPOL npuicsienst
EAaaHblEl GeKMOP QRMUGHNY BHELUHI CULA (| SAGEREIE BeRMOPEL PeaKmiis:
HEX CLLA. JanucHBaeTCH }"PEB][E[!HE DBHAEHHA Tak:

nLeme _py R4 RO,

o —=
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rie ¥spep — DEPEHOCHAR CRopocTh LenTpa Mace; F — rnapdull regs
TOP AKTHBHHX BHEINHMX CHJ, NPHIOKeHHHX Kk Teny; R* = Y] RY
W

riaeHEf BEKTOp KOPHMONHCOBEIX CHJI HHEPIHH, NPUIOKEHHHX K Teay]
R = X R| — rnapruii BeKTop CIUI HHEpIiH OTHOCHTEALHOTO JIE M-
W

HEHNA, NPHICHEHTHX K Teny, @ — rnasHuR BEKTOp HMNYJ/IbCHBHHEK
CHJl, OPHJAOKEHHHX K Teny.

2. Tlop kuBetHweckoli sHepruell Tesa ¢ mepemenHol Maccoii,
BHYHCTEHHON OTHOCHTENLHO HEMNOABHMXHOTO Havana koopauuat O
(puc. 18.%), nonnmaior BHpamenne:

o
To= X5 = 1™
v

rae ¢, — CHOpOCTR TOYKH v Tena !IEPEMEH[!Dﬁ MaCcCh, C}’MMHPDEEHII\E

SMECh HOET No BCeM TOMKaMm vV Teda nepeMennodl maccH; Te =

= ¥ Miis/2 — KHHETHYECKAR SHEPTNA TeNa OTHOCHTENBHO LEHTPa
W

mace S, re Oyg — OTHOCHTE/IRHER CKOPOCTE TOUKH ¥ OTHOCHTENLHO S)
E}'Fr'[MHFDBE'IHHE BEETCH N0 BCEM TOYEAM V.

Mz MeXanukH Ten nepeMenHoil MacCh HIBECTHO, Y10 KHHETHYECKAS
sHeprus Ty mower ObTL NpefcTABNENa B TAKOM BHAE:

ol [
To=Tg+—pep Doom, (18.1)
3peck BOoaMOMeH YacTuMiE cayuaili Ugg,, = 0, Torna Vg pep =Us
i To = T+ mui/2; nocaennee BHpameHHe coBnagaer © BHIpae-
HHem Teopemd Kéumra Ana Tena ¢ noctosHHol maccoil.

OfpaTtiM BHHMaHWe, YTO B BLpameHHH KHHETHUECKOR SHEpIHA
(18.1) comepmurTess 4ieH coO 3uakoMm Mumyc, KOTOPHEIH  yMeuwiaer
snepruo Tg. He cnegyer stoumy yOMBAATECHA, T4K KaK KHHETHUECKaR
SHEPTHS T'g Te/la BHUKC/IEHE OTHOCHTENBEHO NEPeMEemalouerocs BHy-
TPU Tesia HeHTpa Macc. Quanyeckudl cwmica dopmynm (18.1) craner
eille (ofee ACHEM NO3MeE.

Bripaxenie i u3MeHeHHs KMHETHIECKOH SHEPTHH MOMHO 3ani-
C&Th, HCMONL3YHA MPHHLHN 3ATEEpAEBaHHA:

ni ud
¥

d*T = dAp -+ dAy = d* Z o

rie dAp = Y F,-dr — snementapuas paloTa BHEIIHMX AKTHEHEIX
W

citn, dAp = Y R-dr — snementapnan paGota mceX cusi WHepuuw
-

OTHOCHTENBHOIC JBHMCHHA, KOPHOIHCOBHY H HMOYALCHBHBIX cHi,
NpraoHensbX K Touke v, CI0BECHO MONHO SanHcats, YTo Oudgdepen-
Huan ruremuueckofl sHepeut sameepdestiiecy MeAa REPEMeHHOT Macout
Paser cymae sneMeHmapHoe pabom eHeluHUX GRINUSHKX U pedrmus-
HOX Cun, nPUNICHEHHBIX K Medl).
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§ Bl. ¥Ypapueune ISHMEHHS MALIHHHOTO arperata
€ nepeMeHHON MACCON 3PEHLER

I°, OfumiocTd pajl AONYCTHM, YTO BCE 3BEHLA B MeXalHaMe HMeloT
nepemMeHHYI0 Maccy; BHPasHM KHHETHYECKYIO SHEPTHIO j-ro speHa
B Qopme, yaobHol ana gHHamnke Mexanusmon (puc. 18.3), Hwmeem
BHauane i o

gt m
Tj=T,‘_.‘f+ I"I‘ISEJHE‘P - js‘j;u'm’

The ﬂg!mn*—ﬂ‘ﬁtﬂf_‘[ﬂ'ﬂﬂhllaﬂ CROpOCTE LHeHTpa macC IBeHa, KOTO=
pas onpenensercd HCXoafd W3 XapakTtepa HM3aMeHeHNIs mMacch 3BeHa;
Us,uep — NMEPEHOCHAS CKOPOCT LEHTPA Macc 3beHa, OHA MOMeT OLITE
onpeaenena, HaOpPHMEp, MeToloM
NEaHOn E[{DpﬂCTEFi, TaK HKax 570
CHOPOCTL T0H TOYKH 38ena, koTopas
B NENHKH MOMEHT COEO&IACT € Lent-

1""1-“‘55;
oM Macc SBeHa; TBIEZ"_%_"*

¥
KHHETHYECKas SHeprus j-ro 3pgeHa
OTHOCHTENRHO LEHTpa Macc 3TOro

a0 :" speHa. TaK Kal HEHTP Macc 3DeHa
nepemMeEnaercd BHY TP 3BeEHa CO CKO-

pocTeio Tgipm TO

Oyg; = 0y X Pys;+ (— Usjors),
TAE Pys; — PAAHYC-BEKTOP TOUKM V 3BENA ¢ HAYaN0M 5TOTO BEKTOPa
B tieHTpe mace §;. [lanee, Bosponsi B KBappar O.s; N TOACTABJHA
€ro B BHPAMEHHE OA# Tsf., Oynen umers:

R~
ul

Puoe, 18.3. Cxema MeXaHEAMA CO SDEDOR,
HMERAIHM NEPeMEHEYH dhoCy

Te = E—%L[{-lfﬁﬁs; — 2oy X vaj}'ﬂ.‘ffnm‘}*uf‘:jo“l L

L
a < 1
= 1"" 2 MPys; — Em‘,{m; » p‘-sj]-ﬂsj oru - 2_' mﬂ-’%} ot =
v v ¥

J Sfm” myg oTH

== —-—-i-—'-' — 2 mv{mj x P"l.lﬂj’}-ﬂsfﬂi'll "I' _-_%_'_’

rae Js = ¥ MyPis; — MOMEHT ~HHEPUHH 3BeHa OTHOCHTENBHO
W

E€ro [eHTpa Macc, Hiy— Macca BCero 3PeHa; 1O QI‘IIJHE 3ANHCH 37O
COBMajiaeT C MOMEHTOM HHePUHH 3BeHa ¢ NOCTOAHHOH MaccoH, ne
cllenyeT Tolbke 3afBBaTh, YTO M1, 3/eCk — NePeMeHNHE Be/THYHHH,
H TAK KAK LEHTp Macc S, nepemeijaercs BHYTPH 3BeHa, TO H g

HE OCTECTCH NOCTOHHHEBIM.
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Ho
E ty (@ X Pus;) = ;X E niypyg, = W; X Mipg s, =0,
W W
TAK Kak pgs; = 0. Teneps eupamenne ans  kuHeruueckol SHep-
rHH TE.'. MOMHO 3aNHCATL:

Sf 9 Pl "

4 CE1oBATENLHO, KHHMETHYeCKas SHeprust 3pesa 7 uMeeT ooHua-
TEALHE BHA;

e UE e
v (189

Kuremwsieckan swepeaus seena ¢ nepemMeRHOL maccotl pasna cymame
Kunemuueckotl snepetiu samsepdestiezo seena 60 epaiyamentHon Opu-
MEHULL OMHOCUMENDHO YERMPO MACC U KUHEMUYECKOT 3Hepetiy ao-
méepleaiuseo s6eHa 6 NePeHOCHOM OouaverL HEHMPA MACC; NPH STOM
CHOPOCTE NEPEHOCHOND NBHMWEHHA HEHTpE MAaCcCc 3BeHa HBNAeTCH
CKOPOCTBEO TOH TOMKM 3pena, KOTOpPas B JaHEHE MOMEHT cOBnafaeT
C NEREMEelRIHMes MEHTPOM Macc,

Sta nocnepksnin BopMa 3anHCH  KHOETHYECKO SHEPrHH OUEHb
HaMoMEHaer ypaeHelMe KHHeTHYecKol SHeprHuH apeHa NOCTOS K HOM
MaccoH, 10 cALRyeT NOMHHTH, 4TO Jﬂj, Mj W Vg ey CYTh NEPenetiitie
BeAH4HHE, KoHeyto, MOrYT OHTE YacTHHe chyuad, korga Molasn
H3 STUX peAHYHE OyAeT nocrosnmofi pedwusiol, Ecap me OHH Bee
NOCTORHHKE, TO MH NOTyYaeM OOEMHOE BHDDMKEHHE KHHETHYECKOR
SHEPIUH A5 3BeHA ¢ MOCTOAHHON Maceol,

Z. INonvayace nocaenmuss YPaBHehHeM KHHeTHUeCKOH SHeprum,
JEMKO COCTABMTL Buipamente nnR NPUBEIEHHOrD MOMeHTS HHEDIHH
Mexanusma (npHeedeHnod maccH), Bynew, kak ofmwumo, ONpPemeasTh
NPUBEAEHHEIT MOMEHT HHEDEIHH MENAHH3IMA, HCXOnH W3 PEBENCTRA
KHHETHYeCKUX SHepruii speda NPHBELEHHS U BCEro MeXaHHaMa, Hueem
Jo? — ( Isj(l.':' Iﬂ;,li.%}mp )

-+ '

35 2 2

2

o J =2 wy \2 Us; nep \* (18.3)
o 4 [Js;(_ﬁf') +m'1( 7 )]’

i
Ille © — yryoBas CKOPOCTL 3BEHa NPHBeneHM,

Qopma ypastienun (18.3) comsnanaer c OOLIYHENM BHpamKenHen
NPHBEJEHIIOND MOMEHTA HHEPIMH L8 MeXaHW3MOB NOCTOR KHO#
Maccofi, OfKAKO 3JieCh IIMEIOTCH HEKOTOPBE OCOOEHIOCTH, Mpueenen-
HLIA MOMEHT HHEPLMH NO ypaBHeHHIo (18.3) Morer 3ABHCETE He TOMILKO
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OT NOJOMEeHHA ¢ 3Bena NPHBELEHHH MEXaHH3ME, HO M, Hanpumep,
'OT BpeMeHH, ecH Maccd KaKHX-THOO 3EeHLER 3ABHCHT OT BpeMenit:
it = M (). Jaxe ecnm Macca 3BEHA H3MEHSETCH B (PYHKLUNHH yraa
noBopoTa ¢, T. . 3ABMCHT OT noJoxcenks 3BeHa (i = i (g)), 10
# B 9TOM CIyuae NpHBeIenHHIT MOMEHT HHEPLHE KOANYECTBEHHO 6y ner
APYTHM, Ten GOdee YTO YacTO Macca 3BeHa MelAeTcH HENCPHONHYECKH.
TakuM ofpason, NPHBEIEHHEH MOMERT HHEPLHH B MEXaHH3Max ¢ nepe-
MeRgofi maccoll ABaséTcH QyHELuel He TOABKO NOJOMEHHA, HO
# BpemeHH (a MOMeT OHTh, H CKOpOCTH), H HE HABJAETCH NEpHOAH-
veckofi Qyuxumeli. B panpnefimes Mu Oynem,- NOONEPHUBAH, 4TO
npuBefentEfi MOMEHT HIEPLUUH 3ABHCHT OT MACCH, 3aNHCHEATH €ro
BHpamenite B obueM BHAE Tak:

Iy = Jq (A, ).

4°. [lpusenenne cha B MeXaHH3Max ¢ nepeveHHoil Maccol B
NOAHAETCH O PABEHCTDY MOUHOCTEl NpHBeJenRnoro MOMEHT {wn
npuuc,u,enﬁoﬂ CHABLI) H UPHBORHMEIX CHA H MOMEHTOR. Bce premmne
CHAB JBHMYHINE H CHAL CONPOTHBNEHES TpPHBECULATCH OOLIYHEIM
o6pasoM, NOITOMY PACCMOTPHM JHIIL NPHBENEHHE PEARTHBHLIX CHIL
3annies BHpPaKEHHe 15 NPHBEIEIHONO MOMEHTA PeAKTHEHBIX CHI

M= E (R} + R + @)
!

e R, R}, ©; — raapubie BEKTOPH KOPHOMHCOSEIX CHJI HHEPLHH,
cril HHepIEd OTHOCHTENBHOMO JIBHMEHHA W EMONYJBCHBHEIX CHI,
NPHACHEHHHX K j-MY 3BeHy, a U; — CKOPOCThL TOMKH NpHJIGHERHS
peAaKTUBHEX CILT.

K.oHeuHo, MOryT CmiTh YacTHEE cAy4ad, B KOTOPHX HEKOTOPHE U3
BEKTOPOB, @ BOSMOMXHO H BCe, PABHE HYJI0 HIH HACTONBKO MAaikl,
Y10 HMH MOMKEO npeHefpets.

4°. Jlns cocTapneHus YPaBHEHHA ABUFXEHHN MEINIHOIO arperata
HCNOAb3Yyew TeopeMy 00 H3MEHEHHH KHpeTHYecKOHR BIEDrHH MeXa-
HH3a Kak CHCTEMH TEEpAHX Tel ¢ YHeTOM npHilHna saTeepieBaniis.
Ilns storo cnyuas ona Oyner HMeTs BHA

d*T = dA + dAg,

KTl : |
e T = ﬂ%ﬂi — NOAHAR  KHHETHYECKAR SHEPrHs  mMeXa-

nnsma, dA = M, d¢ — M, dg — snementapnasi pabora = Bcex
EHEINHE CHJA — NBHMYIIHK H CHJ CONPOTHEJEHHH, dd;, = Wdg —
sneMeHTapHas pafoTa BceX PeakTHEHHX CHIL

Jlenst aepyto ¥ npaeyio YacTH Ha dg, nonyynM

d* [dald, 930 _ ar
m[" 5 ]—Mn M, .



§ Bl. ¥YPABHEHHE APHMEHHA MAUIMHHOTO ATPECATA arl

Bu4#cIHM NPOHIBOAHY 10
d*  [Julm, ¢)oe? - I (F, §) di w! A I, (R, G _
o s ] g 20 —ge+

2 dg -
= h ?odtIg (i,
"—_Jl:r':m'r ¢ :;j -+ ﬂ;- EE'.I' a .

YparHenLe ABHMEHNA MALMHHOrO arperara ¢ nepeMentoil  Maccoii
Gyaer
25 e o d%,(f, g
Jum, @ S0 4 o _,,?%___} =My— Mg+ (18.4)
Ilo opre s1o yparnenue noxome Ha ypaBHerHe JEHIKEHIS MALIHH-

HOro arperara c mocToAHHOA Maccoli, HO WMeeT ocobensoctn. B npa-
BOil YACTH YPABHENNA, KPoMe NMPHEHYHEX NPHBEIeHHMX MOMEHTOB

DU T

a F

Puc. 18.4. Mexaumsm WTaHIouoro TOAKATENH © nepeseninll Mmaccoll nonayne: o) EnHosaTie
NECHER CREMB MeXAHEMAE O] XBPAKTCDHCTHEA HAMCHCHRI® Mecthl 0oy Ea

ABHACYIUHX CHA K CIA CONPOTHRIEIHS, HMEETCS ellle MOMEHT PeaKTHE-
HEIX CHIT, & B NIEBOH YaCTH CTONT NPOHIBOAHAR CO 3BE3IONKOH, HOTOPAR
MO3BONAET 32 3HAK ITofi NPOMIEOIHOI BHHOCHTE Maccy i,

370 1 Gez TOro COMHOE KeMMUEitHoe YpanHeHie BETOPOro nopaaka
cLie YonoMiHAeTCA HalHdHenM NEpEMEHHHIY MAace, I'I'USID'I.[}' PEIATE
Takue ypaBHenusn nanfiofiee uenecoo0pasiio YHc/IeHHHM Metonom
¢ HCnofs3onDaniem JIBM,

5°. Tlokamenm Ha 1POCTOM NPHMEPe, KAK COCTAB/SITCS ypaeHe-
HUsl JBIMends MauwMHHHX arperatoB c nepemedHoli maccofi. Ha
puc. 18.4, @ uaofpamena cxema WITaHroBOro TONRATENH, KoToprii
HENOALIYETCA B MeTainypriveckoli npomuimfentoctd. [lonsyn &
NpH NABHAEHHH HANpaBo coOHPaeT OTACbNLE MACCH, PachoNmKeRHLEe
HA MJIOCKOCTH, # TAK KaKk HX MHOFO H OHH CABMHYTH o (aze B nyoc-
HOCTH, NEPNEHAHKYJMHPHON K PHCYHKY, TO CcTyneHuatas Kpupas
¢ OoMbiNM 9HCNOM CTyneHexk (cM. puc. 18.4, 6), Haobpaxaouwan
NepeMeHHy 10 Maccy 3BeHa J, MoKeT npriHMenHo GLiTh 3aMeHeHa Hay-
Jotinoll npamoit nuknedi. Macca ageck sRnseTCH (hyHELHeR Koopau-
HaTH Toukl C # MOMET OlTh BHIPAMEHA CTOYIOUIHM obpazou:

- m

My = My, -I——“%H—Scﬂmw"l"asc,
Fie nigg — Macca NOASYHA; Mg —— CYMMaPHAA Macca cABRraeMux
Hsnenunit; i — nyTe nonsyHa, Ha KoTopaM oH colHpaeT Macchl; o —



are T 18 MEXAHH3IMBE € NMEFPEMEHHOR MACCOF BBEHLEB

KoadupyumenT, xapakTepHaylouuli HHTEHCHBHOCT H3MEHEHHS MECCH;
5 — [EpeMElIEHHe NON3YHA.

HmunynscuBras peakTHBHas CHJE NPHCOEAHHEHHS Macc K noj-
3YHY paBHa
dffiy
dt

ity
Y e e

i (8 — ) = —

Dy

TaK K2K NOpHCOCIHHACMEE MACCH JO0 NpHCOELHHEHHA HENOAEHMHEI
u abcomorHan ckopocTs HX # = 0. Hanpaenena wumnynecHBHan
CHJTa NPOTHB CKopocTu T
Hanee

dﬂla difiy dﬂ:‘

AT Tas, @t e
nosTeMy

@3 = — are.

INpueenennslil MOMENT peaKTHBHEIX CHJ paBeH

= Yo oo e | Y
an {11 el Gt (-'r_;) lan,

T. €. OH 33BHCHT OT MOJOMEHUA MEXaHH3MA U OT KBaJpara CKopo-
CTH Up.

MNp# onpejeneHnl pHBEJEHHOTO MOMEHTa HHEPIUHH, npeHebperas
maccamu 3BeHneB J u 2 (Mx macca npHBOLKTCS OCBIYHEIM METOLOM),
npHBefeM JHIUL Maccy sseHa 8 K 3seny . Hexopns w3 ypasnennn
(18.3), nomyusm:

= (g

Tax xak speHO § COBEpLIAET NOCTYNaTebHOE IBIKeHHEe, TO NepeHoc-
Has CKOPOCTH ©gpe, LEHTPA MacC 3BeHa J Brerna GyleT pasna T,
nosTOMY

Jus = (mag -} esc) (;E—)Ef?w-

TTpHEERCHREIH MOMEHT HHEPLHMH MEXAHH3NME 3ABMCHT TOJBKO OT €ro
NOJOMEHHS, Ho umeeT Ooflee chomubll 3aKOH, YeM B KPHBOLNIGHO-
NOJSYHHOM MeXZHH3ME, TAK KaK Macca ABiaerca JHHelHol dyHrumed
nepemeriennn ToukH C.

Cocrasum ypaBHele ABIDKCHHS MAINHHHONO Arperata, Nofbiynch
ypaerenuen (18.4):

a*f
Jus (g, ) ot S Dl (e 9 py, 4o,
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Onpelefnt BETHYHHY
d* Jua (s Ga) — e ['- Us uep )? s d ( Ty "PP)E i
B ddipy "y iy 3 iy iy

- d % \2 2
3 {r‘ﬂ:ﬂ + ﬁﬁc]‘ _EPT (';-H-) Lqﬂ-.

TEHEPEI OEKOHYETCMEHO YPaBHCHHE [BHMEHHA MaHHHOTO HITJEFHTB
Gy net:

? + "
(-+50 (521)" St 4 51 -+-as) - (42 s =
=M, + M.

Fnapa 19
HEPABHOMEPHOCTL NBMMEHHUA MEXAHHMIMOB H MALUKH

§ 82. OOu@as nocTamoBka sagaumn

ﬂepcxﬂ;mu K Clenyiouleil pamHOE safave of ornpenenesini
HAHBBITOREIUMX COOTHOWEHRE MeMXAY CHNAMH, MaccaMmi W CKOpO-
CIAME  SOEHLEB MEXJHH3MO0B, o0CCHeYHDAIOUIHY sanadneli peRiEmM
AGHAEHHA MEXaHH3IMA HIH MAIHHL,

Kak CGuio nokasakwo B rnaee 16, B oSmew cAy4ae CHOPOCTH Ha-
HansHOTO 3BeHA MEXAHH3MA, NPH YCTAHOBHEINEMCA ABHIKCHHH Mexa-
HH3Ma, ABAIOTCH BeJHYHNAMH NepemeHHLMH. KoneGanns ckopocteil
STOP0 3BeHA BBISLIBAICT B KHHEMATHYECKHX MApax AONOMHHTENb-
Hiie JIHHAMHYECKHE NABNEHHS, NOHHMAaOHe obwnf KosdduiHenT
NONe3HOr0 NeHCTBHA MANTHHE H HAZeRHOCTh ee padoTsl. Kpove Toro,
9TH HOMEOZNHA CKOpOCTell B HEKOTOPHX CAyuasmx MOTYT BHI3BATH
B3HAUATE/ILHBEIE YOpYrie KoneDauus B 3PCHBAX MEXaunsMa ully Ma-
TIHHEI, YT0 ABARETCS ReXENATe bHEM KaK ¢ TOYKH 3PEHUN NPOYHOCTH
SIHX 3BEHLEB, TAK H C TOYKH SPEHMS NOTepH MOIIHOCTH, 3aTpaylBae-
boil Ha 3TH ynpyrxe koneGanun. Hakouew, koneGaumnn CKOPOCTH Mo-
FYT yXYMUHTh TOT paGounii TEXHONOrHUECKRI Npouece, KOTOpEI Bhi-
NOMIASTC MeXaHH3MaMH MalumiE.

Paccuatpusas kosefaHns CKOPOCTH NAYafbHOrO 3BEHA 3a BpeMa
YCTAUOBHBINCrOCS ARHMEHHS MEXAHHIMA, MOMHO OGHAPYMHTH, UTO
s konefanus GLBAIOT ABYX PAs/NHYHEIX THIIOB.

B camom gene, kak Obli0 YCTAHOBMeHO Bhive, y GoMbiedi yacTi
MEXEHHIMOE TOMLKO 38 NOJAHEE HHEN YCTAHOBHBILETOCH IBEMCHUS
PaGoTa BceX ABMMKYILHX CH paBHa palote cHA CONPOTHBIEHHS,
Biiytpu e storo umkna mer we naGmofaem pasencrea stux pator,
W, ClielopaTeNbio, HAYATLHOE 3DEHO MEXAHN3MA JBHKETCA BHYTpH
Liikna epasiiosepHo. Tak KaK wepes xaxueri NOJHER LMKA yeTano-
PlBiierocs 1BHmeHHs KUHETHUECKAS JHEPIHs MEXAHHSMA NpHHEHMaeT
Hayanenoe spatelie, CKOPOCTH HAYANBHOTO 3BeHa MeXaHH3MA TOWe
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REPNOAHYCCKIT NMOBTOPAKTCA C TEM He CAVBIM DHILTOM. Tarue Kone-
Galnn cHopocTell HazOBeM nepuoduvecku.

Takum oGpasom, nepuodusecrusu KolebaruAMIL ckopocmel mMexo-
HESMO HOSbeorRmes KoetoHiR, PR KOMopelx CKOPOCL 6ex 3seHLER
MEXARIAMEA LMEIOM BNOAKE ONPECENeHHBE LKA, o LCMEYeHUL Komio-
[bLX SME CROPOCII npususatom Kawedwfl pa3 ceou nepeoHayQAbHbE
SHOYEHUA.

Kpome nepuofiHyeckux koJMefaHnl CROPOCTed, B MEXAHH3ME MOTYT
HMETH MECTO H HenepHomiyeckHe nonelanns cKopocTefi, BLISHIBAEMLIE
PASAHUHEIME DPHYHHAMH: BHESANHLIM H3MENCHHEM MONE3HBIX HIH
BpEIHBEX CDI'[PBTHBJIEIIHFI. BEMICHCHHEM B MEeXaHH3M [DoLO THHTe b=
[ik% Mace # T. . Texoe BHE3ANHOE HM3MEHEHHEe HArpy3KH Ha Mexa-
HH3M BHILBAET BHE3ZNMHOE YBEAHYEHRE HIH YMEHDLIEHIE CKOPOCTH €ro
HAYaALHOMD 3BCHE, H TaK KaK 3TH Konebanua CHOPOCTH B HERKOTOpEIX
ChAy4anx He HMEKT GHPE,E.EJ]EHHUIU LREARa, TO TaKHe KonefaHua CKo-
poCTH HAYANBHOrO SBena nasoseM Henepuoduueckumu. Bo mmornx
MeXaHMaMax Mel nHabmogaem ofa Bufda wonefanull cropoctedl

2°, KoneBanus ckopocteil BO Bpewsl yCTAHOBHBILErocs JBIDKeHs
MOFYT JOCTHIHYTE Tawoil BeNHYHHE, KOTOpas He OGYNeT nonycTHmMol
€ TOYKM 3SpeHls ODecrneyYeHks BCEX HALIENALNX ycloBui paGorl
MEX2HHIMA. TDI‘.D.E MOMET BOSHHEHYTR DONOpPOC O perynaponam«m
B sapasee 3AAHHHX NpeJleNax BeTHylH STHX gonebaunii. 3anaya
o peryAnpoEaHEl kofneGamuil CkopocTeil BO BpeMs yCTAHOBHBLIEFOCH
LENAENHA MCXAHHIMA HMEET foanwoe sHaYenHe B TeXHiKe, MOTOMY
yTo B OONBUMHECTEE MEXZHHIMOBE 3T0 BpeMa ABNAeTcs padouuM Bpe-
MEHEM HX IBHINEHNA — MPOMEsyTROM BPREMEHH, B TeyeHHe HGTGP-DI‘G
MEXAHISM BLIIONHAET CBOM MPOHIBOICTBEHHBIE (Y HKIHE.

PeryanpoEasue nepnofuueckux xonefanuil ckopocredl npn yera-
HOBMELUEMCS JIBHMEHHI MEeX2HP3MA OOHYHO BHIMOJHAETCA COOTHET-
CTEyIOUIHM NOAGOpON Mace ero 3BeHbeB. Macch sbeHber O TKHE CHITh
nosoOpans TaK, 4Tolst OHH MOT/IH AKKYMYJNHPORaTE ECe MpHpALeHHR
KIHETHYECKOH SHEPrHIl MeXaHHsSMa, HMeOUIHE MECTO MpH IpeBEiue-
Fiui palorhl ABHMYUIHX CHN HaJl CHJIaMH CONpOTHBAeHHA, 318 ax-
KyMYyJNPOBZHHAA MACCAMI SBEHLEB KHHETH'IECKAS SHEpTHN J0/IKHA
GeITh OTHAHA MeXauusMy obpaTho, Korna paboTa cil COTpOTHEIEHHA
CyleT npeBHnath pafoTy IBHMYUIHX CHI.

IMNonfopoM Mace 3BEHLEB MEXAHHSMA MOMHO PElUMTE 3apavy o pe-
ryMupoBaKIy NepHOJHUECKiX KoneGannfi CKOPOCTH RayaNbHOrO 36eHa
NpH €ro yCTAHOBRBIIEMCH ABMmennk. B cnyyze xe Henepmosmyecknx
koneGanilt ckopocTelt NpH YCT2HOBHBIIEMCA [BHMEHHH MoAGopom
MECC €0 3BEHBEB MOKHO pELNTh 381aYy O pery/inpoBakHi Komaeba-
miil CKOpOCTefi TONLKD B TeX CAyuanAX, KOTAA 5TH KoNefaHiA He3HATH-
TenbHE. [1pH 3HAYHTE BILIX HENEPHOMWYECKHX KONMeDaHHAX CKOpO-
cTeit safaya o pery/HpOBAHHH pELUAETCS YCTAHOBKOI CHElHaNbILX
MeXAHHIMOE, []EI'}I’.".IH]]}’H'.‘II.LU{K FAKOHE HIMEHCHHA HAN JABHNYIHX
CHA, WAM CHA comporhBieHHsi. Takme pery/ipyloiipe MeXaHHIME
MONYunAyE HasBaHie pesyAnmopos.
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PaccuoTperne Bonpoca o pery/IMPOBAHMK IBHMEHHS MEXaHNu3Ma
HAYHEM C PECCMOTPEHWS 380a4H © PeryMHpOBaHUM NEPHOIHYECKEX
KoneGanull CKopocTeil Bo BpeMs €ro YCTAHOBHBILUErOCT [BHMEHIls.

§ B3. Cpeauss CKOPOCTS MAMEHL B ee KOS(QUUNEHT
HepﬂBHDh‘IEPHMTI[ JBHIHEHHA

I°. lns usyvenns nepuommueckux KogeGanuil cropocteli Bo
BPCMil YCTAHOBHBILETOCHA IBHMKEHHSN MeXaHHIMa HIH P.\THI.I.LEH]:I BBETeM
NOHATHE O cpednel cROPOCML HAYGAtHO?0 Seewa W JNanbHelliee- pac-
CMOTPeHHe 3aayy OyfneM BeCTH A/l STOrO BDEMEHH JBIHEeHHS.

OfozHayun nyTs, NPOXOAHMET BrOpaHHOl HE HavalbHOM 3BeHe
Touxofi B 3a onn UMK ee NBHKEHNHS OT NOJNOMEHHR | 0 MooMKe-
Hun R, uepes s, Bynem wasuiBath dedcmeumenstodl cpedrell cropo-
€mbio (Uep)y CKOPOCTH TAKOTO PABHOMEPHOIO [BHIKEHHS, npi KOTOPOM
TOYKA NpoLiNa el NYTh § B TOT Me NPOMEKYTOK BpeMeny f, KoTophiil
Tpefiyercn H npu HepaBHOMEPHOM [BHMKeHITH.

Tax wax df = %, T
n
s
[ = Iy — fl = j !
|

5
Yo Fomy tiaen

OTHYMa, € yueroM Toro, Wrto fy — f; = TR
ra
(Voply = - (19.1)
%3
| 5

5

ﬂei':cTBIiTcnthm CpellHioie CKOPOCTE 4acTO 3aMEHRKT cpeakeil
APHQMETHYECKON CROPOCTBIO Upy, # MONAraKoT

Ugp o et U (19.2)
FHE Upax H Upyp  CYTh MAKCHMAIBHLIE 1 MEHEMAMBHLE SHAYEHHH CKO-
poctn Touky B (puc. 19.1). Jlns MeXanusmor ¢ manch HepaBHoOMep-
HOCTBIO IBHKEHHA PasSKHLa MEXIY STHMH 3HAYCHHSAMH npetelperumo
MiJd, BCNENCTBHE Yero OOHIYHO B KadecTse CpesHeli CHOPOCTH ROJ/Ik-
SYWITCA TeM M3 HHX, KOTOpOEe ynoOkee LN pellieHHA NOCTABICHHON
847184,

Ha nacriopre apurarens, pabouelt Manmne niy Mexanusma Takas
YCNOBHAs CPEjIHAR CKOPOCTh OhiBaeT OOLYHO YKA34Ka, NpHYEM B STOM
Chyuae ee OOLKHOBEHNO HASLBAKT HOMHEAJBLHON CKOpOCTLIC (OT
JATHECKOrD CloBa snomens, of03Hayalllero M, HaumeHoBakie),

Inn mexauusma ¢ manofi PABHOMEPHOCTLIC NBHMEHRHS NpeRnoyTH-
Teltlee noabsoBaThes AeHCTBHTCNbHON Ccpelneil CHOpPOCTRID,
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Ecni pasHocTh MBKCHMANLHOTO H MIHHMANBHOrO 3HaueHul CKo-
pocTH vy Toukk B (puc. 19.1) pasfennts na CpejHioir CKOpPOCTB, TO
noAyyHs TaK HaskBaeMull xosghduyuenm nepasnosmeprocmu deumce-
HER Mexarusma wAU mouinksl, o003Eayaemui vepes & u paenwil

b = S Tmin (19.3)
Vep

Yem MEHBUIE PASHOCTL MEMAY Upax H Ump, TEM paBHOMEplEE
BpalaeTcH HayaasHoe 3peHo, 3afiaua pery/IHpOoBAHHS JIBHMEHHS MEXa-
HHAMA HJHM M2IIKEHE B NEPHOA HX YCTAHOBHBILETCCA [BHIKEHHS CEOLHTCA

¥ nopfopy TAKOID COUTHOLEHHS MERULY

MACCAMI  3BEHLEE MeXaHHSMOB W ned-

CTEYIOLUIHME HE HHX CHJIAMH, OpH KO-
TopoM Kos(QHUIENT HEPABHOMEPHOCTH

6 pe npesbnan Ol kagoro-aubo sa-

pakee 3aaHHoro sHaweHusn. Ha npaw-
¢ Tuke enuunna O xonebnercs B peChMa

SHAYMTEMBHEX Npelenax.
= - B tafinuue 5 npeBoAaTCH HOMYCTH-
Puc. 18.1. Ppafux chopocts To"KH M€ KOS(MpHIMERTEl HEepaBHOMEPHOCTH

Xona 1A HeKOTOPHX THMOB MALMH.

YnobHo cpeaHiold CKOPOCTh MEX2ZHH3MA HJIH MalmHE H Kosddn-

[HEHT HEpABHOMEPHOCTH [BMIKEeHUS| BHIPAMAaTL Yepes Yriul NoBopoTa

Tatnnua 5
Tane MewHE mpjiur:uﬁuﬂ::ﬁ?ﬁlm

Hacocw 1/5—1/30
Cenbt KOXo3RACTREN e MALTHIL 1/5—1/50
MeraanooGpabaninailie CTauKH 1/20—1/50
Traukre, nonurpafiueckng, MY KOMOIBIHE MAINRHH /10— 1450
Bymaronprim biise Maims 60— 1/100
Cynofkie JBMCaTem 1/20—1/150
JlenraTenn DHYTRENUero CTopadns 1/80—1/100
Kesnpeccoph 1/50—1/100
BneRTPUYCCKIE TeHEPETOPH NOCTORAKOTO TOKE 1/100—1/200
SeRTpHYECKIe DRIEPATOPH NEpeMel noro Tows 1/200—1/300
Apvailmonnie ARAraTeAn 1EC0 u wennve
TypoorerepaTope Y200 v senvive

H YIJIOBLIE CKOPOCTH Haualehoro 3eena. Torna no awanorun ¢ pa-
percTrank (19.1)—(19.3) Gyzem umers pns JefictButenuroli cpenhel
yraoeol cropocTh (wgp) Bhipamenue

(©erds = 5o (19.9)
-
w

Ty



§ 83. CPEAHAA CROPOCTH MALIHHE BYT

Ang Cpenkel apHmeTHUECKOI YIVIOBOH CKOpOCTH BHpamekue
UWhprigrg + Wmin [lg. 5}

0 A Kosdduuuenta HEPEBHOMEPHOCTH JIBHIKEHHA BEIpAMEHHE

§ = Smx — Omin (19.6)

oy
Kosguument HEPABHOMePHOCTH ABHMEHH A XApAKTePHIYeT TONhEQ
nepenajl yrioeofl CKOPOCTH HavalbHOTO 3BEHA B NpelenaX 0T Gun
70 Wy, HO HE XEBPAKTEPHIYET JHHAMMKH JIBHMEHHS STOMO SBeka

Poc. 19.%. TpafHKH SREHCHMOCTH YrAonofl CHOPOCTH OF YiOA DOBOPOTA &) © NAABhLMR "
! ) MeBee NASBHEY HWIMCUCHHEM YrAopuH CHOPOCTH

BHYTPH OIHOTO NOJHOTO [HK/Z NePHOAZ YCTAHOBHBILETOCS JIBYIKCHIS,
Tax, na puc. 19.2, a v 6 nokasanu Apa rpaduka 3aBACHMOCTI o —
= @ (§), ¥ KOTOPHX @pay H GOnyn PABHH, HO YIVIOBLE YCKOPEHNS €
ans puc. 19.2, 6 snauktensso Goapwe, wem gan puc. 19.2, a. Hnna-
MHYECKHE XZPaKTePHCTHKH MeXaHHIMOB C STHMH 3HAYCHHAMH B
pasiHuke. CpaBHuTeNLHAA OUEHKA [LHHEAMHYECKHX CBONCTB MeXa-
HH3Ma H/IH MAUIHHGE B NEPHOJ YCTAHOBHBINETOCH ABMMKEHHN MOMET
CeITe OXapakTepusopana wosbuyuenmon duramuumocrnu K, B wa
HECTEE KOTOPOro €iepyT OTHOLUEHHE SKCTPeMATLHOTO (Haufonwsuero)
SHAUCHHR YIVIOBOTO YCHOPEHHSl oy K KBAJPATY Cpelmell yriionoii
CKOPOCTH @y

K =Zat (19.7)

m{—Zp

Momuosiin wicAHTeN, 1 SHAMEHATENL BHPAKEHHS (19.7) na cpen-
Hee 3navenne NPHBEICHIOr0 MOMEHTA HHepurH Jy, .. Torna NoayyHM

In. cpfext M
K=7—1% 19.8
'fr:. :pmczp wlﬂp 4 { }

H, Takum oOpasoM, KosqxpHIHEHT IHHAMMYNOCTH MEXalH3IMa paeen
OTHOLUCHHIO SKCTPEMAJALHOrO MoMehTa Mgy, NpHnoMeHHOro K Ha-
SallbHOMY 3BEHY, K YABOEHHOH Bemiuuke cpeaneli KHHeTHuecKofl
sueprin T, mexanmama,

Kospgmunent Tunamuunoctn K penuva geimenns MeXanusma,
fokasankoro na puc. 19.2, 6, Goflbive, 4em I MeXaKUSME, pedHM
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IEMMEHHA KOTOpOro nokasaw ma puc. 19.2, a, npu oMol u Tolt me
BEAHYHHE NPHBEIEHHOTO MOMENTE HHepuwm J, oo

2. Echy 1A Beero BPEMEHH ABMMEHHS MEXAHH3MA NOCTpPOeHA
sguarpavma T = T (/) (cv. § 74), To onpefenehne BefuuyHHLE O
BO Bpemsl YCTAHOBHUINErOCS ABHMEHHN He NpeicTasJisieT TpyaHocTedi.
Jan sroro paccmorpem yuactok guarpammue T = T (J4), coorser-
CTEYIOUHE yCTaHOBHBIIEMYcA nBxenwio (puc. 19.3). 3ro samKny-
Teifl yuactox auarpamssl T = T (/). s Gopmya (16.51) cnenyer,
Y10 MAKCHMATLHASA YII0BAs CKOPOCTh e 38 BpPeMSl YCTAHOBHEINE-
roca JEHIKEHHA COOTBETCTBYET MAKCHMANBHOMY
SHAYEHHIOD TAHMEHCE YIAa Yoe., ONpEIENAeMoro
no gopmyne (16.51), a MnHuManbHas yrnoeas
CKOPOCTL @y COOTBETCTBYET MHHHMENBHOMY
SHaUeHHID TaHIeHCa YIra Y, Jan onpene-
NeHHA MAKCHMENLHOO Ymex H MHEHMENBHOTO
Ymn 3HAYEHUS YTA2 W NpoBOAHM M3 Toury O
K 3aMeHyTOl uactH wpmeoli T = T (J,) asbe
kacarenphoie. OfHa wacarenbhan ofpasyer ¢
OCBHD afCiMCC MAKCHMANEHEE YTON Yy, APY-

T fuwep e 187 00pE3YET C OCbIO A0CUHCC MEHHMATbHEL
A G yroft ty,,. Cornacko paeesctey (16.50) momxno

wuperLucckoll | sweprmp  HAMHCATD
1 GYFELHH NPHBCIENHOTD

i ] #r o n
Mermasnerecn g Omsx = 25— 18 Proax,  Oin = 2 I,—: 12 Yrmin,
o
(19.9)

IhEERH KU KAHEIM® n
[O2 ey B @pyy CYTh MAKCHMANEHAN H MHHHMANLHAR YIOBHE CKO-
puLCTH Ha4Yalbioro 3eHa. [osgdmuneHT HepapHOMePHOCTH NBIKeHHA §
pabel (cm. Gopmyay (19.6))
Lit] —w
= e Tmin (19.10)

gy

VMnoman uHCAHTENs H SHaMehaTelb npaeoll sactin (QopMyasl
(]g.]'[l‘} 8 (Qgax + Wyn)s NOTYTHM

__ (e — @) (Gmax + Omin) ol e —
E — Wep [mnulx =+ ij_“] 2”-‘:11 {] 9 ]. ] }

18K KK Ompey + Ope = 20g, (cm. ¢opuyny (19.5)). TNopcrasans
B dopuyay (19.11) Bupamenus AMA Qpax B Omin B3 QOPMYNL
(19.9), nomyuzaen

Ez :r I'Eﬂ"'l"'lﬂfﬁ]_! '-E"bmln . {'lg1 12} |
I cp
|

YIAb Yyag B Pmn MOMHO HalTH HENOCPC/ICTEEHHO 10 HEPTERKY, |
£ LeNHYKHE @, onpelenferch no gopmyne (19.4).
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Ecnu npunate 6, = (Omx + Ome)2, TO, pewmas coBMecTHe
ypaeuenns (19.5), (19.6) u (19.9), nonyuaem, uto KoxbpdHUHENT wHe-
paBHOMEpHOCTH Xopna § meXanusma pabeH

§ — D — Omin _ o Omex — 0oy _ o Vg Yo — Vg ¥an_ (19.13)
Ocp Omax -} Bmin Vg Vo + VI Yiin

Onpenenuts koshHUHENT HepaBHOMEpPHOCTH jBHMeHHE O Mexa-
HH3ME MOMHO H HENOCPEACTBCHHO, €CITH nocrpoeHa JHarpaMMa Ccreo-
poctel (Hanpumep, no JuarpamMme CKOpoCTel, mocTpoeHHoli wa
puc. 19.1). Ilns sT0ro ONpeiensieM Uy H Umyg N0 IHATpEMME H NOA-
cTaBnaeM BX snavenus B dopuyner (19.2) u (19.3).

§ B4. Cense MEMLY NPHESIEHHEM MOMEHTOM HHEDIHM,
NPHBEJEHHBIMIL CHAAME H KOSODHIHENTOM HEPaBHOMEPHOCTH
ABHMCHHA MEXaHH3IMa

I°. PaccyoTpuM BONpOC O CBASH MEHUIY NpHBENEHHEIM MOMCHTOM
HHEPUHH, TPHECICHHEIMY CHAEME H KOXDOHUMEHTOM HEPABHOMEP-
HOCTH ABHMEHHS Mexanusma. Paspelas ypastenus (19.5) u [IE.E}
OTHOCHTENEHO gy H W, HAXOLHM

Onax = Oy (1 +%) H O = g (1 —2). (o9

Bossopn npasee 1 sesble wacti STHX ypaewenufl B KBanpat, noay-
HaeM

whax = ol (1 -+ 84 ) ~ 0l (14 8),

. 19.15
Whin = 62p (1 — 8+ -0-) = wly (1 — &), {15

MpH maneix sHavenunx kosdpunsenta § unenow 644 momno npe-
vefpeus. Jlaa Mexanuiuos © SONbLwoH HEPABHOMEPHOCTLI) NBIIHCHHA
STOT unleH fonmed yuntuBateen. [Moictaensa B ypaskenusn (19.15)
ELIPBAHEHHA AR Oumey H Oy #3 Gopaya (19.9), nonyuaew

p S
2 5 @ eas = 0fy (1 4+ 8+ ) & ol (1 +-8),

ST
B —tr (l—s BN
zpﬁltgnpm.n—mw(: 8+ ) ~akp (1 —8),

CTRYDA

(19.16)
=2 i 2 & =2 Wi
18 b = by (1= 8+ 3-) = 2 ol (1 — 8).
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C nomousio ¢oprys (19.16) MomBO ANs 328a0HOH yrAOBON CKO-
POCTH @, it 1215 M0GOT0 38aHHON0 3HAYEHHA KO(WpU LIHENTA HepaBHO-
MEPHOCTH [BHHMEHHS © OnpelenHdTs COOTBETCTBYMOLME YIAR Y
B Pgun. TOrna, eclin npH 3a0aHHEX NPHBENEHHOM MOMEHTE HHEpIHH
H KHHeTH4eCKol SHeprHH H3BECTHA 32BHCHMOCTD MEMIY HHEMH H
noctpoena Auarpamma T = T (Jg), To Bceria momeT OuiTh BEIACHEH
BONPOC © TOM, Kak AOMHHE! ObiThb H3MEHEHH 3TH BelHYHHEl NPH H3-
merenuu 8. INycts 3ajana auarpamva 7' = T' (/) nnn spemenu ycra-
HosnBimerocs AeHxeHHA (puc. [9.4), # nycTs KosQPHIHEHT HEpaBHO-
MEPHOCTH JBHmeHHsl pasen O mnsm
3aNEHHLEIY 3HAYEHHH KHHeTHUeCHOI
SHepPTHH H NpPHBENEHHOrO MOMeNTa
uuepiuy. CooTBeTCTBYIOLHE Kaca-
TenpHue nog YriaaMi YPeae M Gog
nepecexatoTces B Hayale KOOpAM-
nat 0.

3apacMcd  KEKHM-THOD  HOBEM
kosdiprierton §' B noncynTaeM no
Gopuynam (159.16) cooreercTEyIOUHE
eMy SHaueHHs YIrA0B Ymex ¥ Wi
£ I Iacatensnwe ¥ xpuBoi T=T (Jf,)

il Tepy e #® (pH KOXPULHEHTE HepaBHOMEpHO-
Puc. 18,4, K wecromomasme ssemcw-  CTH XOI4, PEBHOM 'ﬁfp JNOMHHE IMeTh
uocTy Kondmuens GSpAMCMEDUOCT y gy HAKIIOHA K OCH BGCIHCC, COOT-
MUMENTA e plHE BETCTEEHHO  paBHBEIC YIJiaM qJI!'IH:H H

Ymm. [lpoBolpM 5TH KacaTemlbHEe
k kpuooiit T = T (/) (puc. 19.4) u HaxomuM HX TOUKY nepeceue-
pis . Touwa O' sfBNAETCA HOBEIM HEYANOM KOOPAHMHAT JHarpam-
M T = T (J,), T.e. usmenenxe kosdguunenta & na &' snever 3a
coliod nepexof ot oceil Koopaukar T0J, x napanneipimM  HM
ocars roopAunar T°0°J;. [lpn stom nepexole KRUETHYECKAs SHep-
rHA yooouunBaeTcs Ha BeluunHy Tp, a nNpHBETEHmnsii  MOMEHT
HHepilHH — Ha BelHyHEY Jo. Orpeskd a u b, H3MepeHHHe B MHIIH-
MeTpax, Ha3olpamaioT B BLOpAHHEIX MACTa0ax jly H |iy BEIHMHHE
n062BOYHOr0 NPHBEEHNOr0 MOMEHTa MHepuHu J, © IofaBounoli KH-
neTHyecKofi suepruu Ty, KOTOPHE HeOGXOMHMEL AR TOTO, YTO0 Mexa-
HH3M [BEFANCH € BLIOpAHHBIM KohdUIMEHTOM HepaBnomepuocTn &,
Taxum obpasoM,

r

Taaren e 0T

-l

Jp= [.;l._;uﬂ H Tn‘—-[.l.rb.

Hs nocrpoenss HenocpencTBeHHO CENYET, 9TO YeM MEHBINE KO-
IHENT HepaBHOMEpPHOCTH O, Tem MeHbille PasSHHLA MERLY YTAaMH Ymax
H Pon M TEM faTblUe, CYEeBHAKO, OT yuacrea xpHeoll T = T (/4),
COOTBETCTBYIONIErD BpeMeHH YCTAHOBHBILErOCH JBHMeHHA, OylleT Ha-
XOAMTECA Hauano KoopAHuar. Takum ofpasoM, NpH yMelblUeHHA
BETHYHHLT § BO3PACTAET NPHOEJEHHAS MAcCa MeXaHH3Ma H ero Kube-
THYECKan SHepruf, norpebHas ANR NpHEElEHHA B ABHIEHHE MEXa-



§ 8. TPHEEAFHHLIA MOMEHT WHEPUMH U NPHRELEHHHE CHAH 35

HH3MA C 3aJlaHHON Cpeliell yrioBoll CKOPOCTHIO tep. MTar, yeennue-
HHE DABHOMEPHOCTH LBHMMEHHN HEWAJNBHOTO 3BeHA MeXaHH3ME KN
MAIHHEL NOMET GHITE LOCTHIHYTO Y6eNUNeHUEN RPUBEOCHHOEO0 MOMEH NG
UHEDQUL MEXQHLIAG.

Z. Kax G0 NOK238HO BHILLE, BO BPEMS YCTAHOBHBIICrOCSH JIBN-
WERNA B O0LIEM cllyyae [BHKeHHe HAYANLIIOND SBEHA MeXaHu3Ma 1IN
MALIHHE OPONCXOAHT C nepesernoll CKOpOCThio. 3TH KoneGanun cko-
POCTH HauallbHOIO 3BEHA BLIBLIBAIOT Konelahua cxopocrefi Boex oc-
TAMLHEIX 30€HbEB MEXAHHSMOB MAITHHBL, YTO BefeT K MOBLIIGHHI
IHHAMHYECKHX HAMPYS3OK HA HX 3BEHbSl H KHHEMATHYECKNE naph.
Kpome Toro, GONBLIMHCTEO NPOUECCOB, IR BLNOAHEHHS KOTOpLIX
NPHMEHAETCA MeXAHHSM MK MAlMHA, Tpelyer onpeleleHHLX Cko-
pocteli paloyux OpraHoB, 4TO ROCTHEETCA TOMLKO B TOM cry4ae,
CCAH HAUallbHOE 3BEHO MeXaHH3IMa WAN MAaWMHel He GymeT HMeTs
CKONBKO-HEOYAEL GONBIIOrO OTKAOHeHHSI BeNHYMHE CBOeH CHOpOCTH
07 381aHHOH.

Brime Ouiio nokasaHo, aro jipmxeHHe HayanbHOro 3pepa TEM
Gnuxe K pasHOMEPHOMY, Yem GOMNbIle NpPHBEASHHLI MOMEHT HHEPLHH
HIH NPHBEICHHAR MACCA MEXANHSMOB MAWMHH. VBENHuYeHWe npyBe-
ACHHEIX MABCC uiH NPHBEJCHHEX MOMEHTOR HHEPLHH MOMET GHTL Che-
JIAHO 38 CHET YBe/HYEHHN MacC OTAeNIEHHX S3BeHLeR MEeXaHisMOE,
[NpaxTHyuecky 5TO yBeNuueHne MacC NPOHIBORNTCA NOCAAKORN Ha OiHH
H3 BAJOB MalMHE A00ABOYHON feTany, uMemoinell safaupmil MOMEHT
HHEPLEH. T2 leTanb HOCHT HASBAHHE MOXOE0PO KOACCA WIH MOXOSLKG.
3anaveli MaxoBUK2 ABNAETCH YMCHBLIUEHHE AMITHTYRE NepHoanye-
cinx KoneGanuii CKOpPOCTH Haya/bHOrD spena, O0YCNOBAEHHETX CBOf-
CTRAMH CAMHX MEXZBHHSMOB MALUHHEL M NEPHOIHYECKHMI H3Mene-
HUAMH COOTHOUCHHH MEMLY BeNHUMHAMM ABHMYIHX CHA H CHJ co-
NPOTHBIEHHH.

TonGopom Maces: 1 MOMENTE HHEPIIHE MAXOBHKA MOMHO 32CTABNTE
HAEYallbHOE SBEHO MEXEHH3MA WJIH MAIUMHEL ABHTETHCR C sapatiee
SalaHHLIM OTHIOHCHHEM OT HEKOTOPOR ero cpenmedi CKOpoOCTH.

Maxoeux spasercs xak Cu AKKYMYyJIATOPOM KHHETHYECKOH SHep-
THH MEXAHHIMOB MALIKIL, HAKAINIHEAN €€ BO BPeMA HX YCKOPEHHOTD
IBHMEHHS W OT[aBan o0patHO NpH 3aMenieHMH ABHMeHHS. B je-
KOTOPHIX MAWNWHAX, B KOTOPHX MOJESHAS HATPYSKA NepHOMIYECKH
MEHAETCA B 3HAYMTENLHLIX Npefienax (Apobuiks, NPOKATHEIE CTAHM H
T. 0.). MAXOBHK @KKYMYJTHDYET BeCHMa SHAUHTE/bHEIC SANACE KHHETH-
HECKOM SHEPrHH BO BPEMS YCKOPEHHOIO [BHMCHH R (mpu yMeHbIGeHHH
BENHTHN NoNesHLix narpysok). Takan akkymymupyiomas pons maxo-
BHKS NOIBOJAET HCNONLIOBATL HAKOMJEHHYID HM SHEPrHI0 ANs npe-
ONOJIEHHS NOBBILUEHHLIX TOMNESHEIX Harpysox €es YBe/HUYEHHS Moul-
HOCTH JIBHTATENA.

Dopma maxosika, soolule TOBOpPs, MOMET GLITh Buibpana mofoi,
HO N0 KOHCTPYKTUBILIM coolpamennnm HanbGodee yIoOHON sEImercR
thopma B BiJle HCKE C TMENLM OBONOM, KONECA CO CIHILAMY WITH BO-
ofite dopma, CHMMETPHYHAS OTHOCHTENBHO TAABHBIX ocell HHepLIM,
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[Tpu Takofi opme serye BCEro LOCTHIAETCH COBMEAEHIIE OCH BpaLienis
C OAHOD W3 TAABIEX NeHTPANLHLY oceHl HHepluH, UTO NE3BOAAET H3-
femaTh AoOnoMHHTeALHEX napfedii nma DOQIUMNAMK Tolo Bana, Ha
KOTOpEIET HACAMHEHO MAXOBOE KOJECO.

§ B85. OcHOBHLIE JAHHLE, HEODXOMMMLIE JiSl ONPEAE/EHHS
MOMEHTA HHEPUHH MAXOBHKA

. Jlnn onpelleneknsl MOMEHTA WHEPUHMH MaXOBOrD Koneca Heof-
XONMMO MMETL 3afaHNeiMi NpUBEIeHHHE CHIAL HIH NPHBENCHHBE MO-
MENTH CHJ IBHIKVILMX H CHJ COMPOTHBEJEHHA 38 OAHH NOJHEH UMK
BpEMCHN YCTANORHBILErOCS JBiiKehus. PaccMOTpHM BHAYAZE TOT

cAyyafi, Korila npHBCLeHHhIE

A [ — MOMEHTHL CHI JBHIKYIMX H
2 CiJI CONPOTHENEINNA 3ABHCAT OT
& yria nopOpOTA  HAYaALHOTo
b speHz. Ha pme. 19.5, @ pann
3 rpadmrn My = My (g)n M. =
2 = Mg () usmerenHa npuse-

Aeknsy  Momenta Al ABMKYy-
g UMX CHI H MOMEHTE M, cna
cOnpoTHRNEHKA B (yHKURN
YIfa NoBOpPOTa (¢ HAvaJbHOTO
3BEHA HA YHACTKE Gy, CO-
7 OTEETCTEYIOWIEM OfHOMY nof-
Baw—pppef oMy HHENY. Tak kak moument
B e B e nbonnareanes ) owe.  MHEPIUI MAXOBOMO KONECa He-
ITpaMMs  mpMpamessy  KinetHneckoll seepron HABECTEH H NMOAJEHHT Onpele-

JIEHHID, TO JHAIPaMMa KHHETH-
neckoit snepran T = T (/) we Mower OpiTh nocTpoeta. B canom fe-
ne, He HMes JaHdeX o6 usMenenun momedtoR My u M, Bo ppems
pasroma MexaHusMa M/ MaulHLl o He 3Has NOANHON BeNHYHHH Npi-
PEIENHOro MOMEHT2 HHeplUuH J,; SPeHLEE MeXaHH3Ma, Mbl He MOMHeM
onpene/iuTs Ty KHHETHuECKYI0 SHepriwo pasrona T (puc. 19.6),
xoropoli Mexanuam oGMALaeT K MOMEHTY Hauaja YCTaHOBHBILEroch
nemxenns. Ho nanenenne kuHeThyeckoft snepriwn AT BHYTpH oanoro
NOMHOrC LUHMKAA BO BPEMs YCTAHORHBILETOCA IBHIKEHHA MOMET ObiTh
Beerna onpellesieHo mo sajiakmuin Juarpamman My = My (9) u M=
= M. (p) (puc. 19.5, q).

Mocrpoenne auarpammel AT = AT () (puc. 19.5, 6) penen nyTeM
noncuera nAcilanedl, 3aRMIOVEHHHIX MexAy kpubsnn My = M, (¢)
u M, = Mg (), xax sto Owno ykazawmo s § 74 (sa puc. 19.5,a
STH NIOMmAAKH saurpuxoBadu). Iloctpoeime Jmarpamme AT =
= AT (g) ynofno nauyath ¢ nofdciedusn b. .

Ha yuactke be xuHeTHUECKas SHEprus DO3PacTaer, na yuacrre ol
KHHeTuteckasn sweprusi yOusaer w 7. 4. Cymma scex naowaiedi co
SHAKOM AJIOC JIOMKHE PABHATLCA CyMie BceX nioulafefi co smaxoM

Tutgrmge Mo

R -




§ E5. OTIPENENEHHE MOMEHTA MHHEPHIHM MAXORHEA 383

MUHYC, 060 38 O4HH NOMHLI WHKA YCTAHOBHELLIEIOCH JIBHMEHAS pi-
paiienne KuheTHyeckofi sxeprun paexo nymwo. Taknm obpasos, son-
Haf KHHETHUECKanA sneprun T B KakoM-iGo noNowenin { 3BeHa npu-
pefennst  (puc. 19.6) pasua

Ty=T,+ AT, (19.17)

Ilpn sToM nepBoe charaevoe bnpamenus (19.17) wam HenspecTHo,
8 BTOpoe MOXeT OWTE oOnpeleneHo no g .

L=
safanveiM  anarpaMmMan M, = M, () u 4]
M, = M. (o). L2 TREary
2°, Bennuuna npuBeieHkoro MoMenTa
HHepuHN J, MeXaHusMa niH MaHHe! CO-
CTONMT K3 TPexX C/araeMuix: MOMEHTa HHep- | 7
uuH Jfy Maxomuka, MOMEHTE HHepuuu J, [ Dkt gt et
8BEHA NPHBEREHHA K TEX BPAIAOWNXCH  pue. 19,6, Musrpesss  nosmch
SEENBER MEXAHN3IMA, EOTOPHE CRA3AHLI  HHHETHYeckof sHepriM, kov poll
COfEnAeT  MOKBHHSN DO DpoMA
CO 3IBEHOM NPHBCACHHEA DOCTOAHHRM ne- VETAHCREPUICrOCH REHBEINSE
pPelaTouHeM OTHOLUGHHEM, K, Hakonel,
NpHBENEHHOrD MOMEHTZ WHepuuy J, BreX OCTANLHEX SBEHBED MeXa-
Hu3Ma. Takum ofpason, NOMHLIE NpUBEIEHHLIT MOMEHT HHepLHE Jyy
B KaKoM-nubo nodowenny (puc. 19.7) papen

Jni=Jn+Jn+Ja!=Jru"] Ili:"“’rr:hn “ng}

roe Mnl T Jﬂ + J:ﬂ*
Ileperie npa cnaraeMeiX BCErN@ NOCTOAHNBI, 8 MOCHEAHeE Clarde-
Moe p ofuleM ClOyyae 3aBHCHT OT

yrna noeopotz @, T. e, Jo= |[F
= J, (g). Mowent nuepumn J, ”./WP\\
MaXOBHKA ALIAETCH HENIBeCTHHIM - —-
H TIOLTIEHNT ONpeseleH i, ]
Beanukna  AJg = J, + J, .
METOZOM, yrazanauy B § 71, mo-
#WeT OulTh OOpenefcH2 1S OnHO-
ro NONHOTO UHKAA YCT2HOBHBLLe- i _"l
roca nedikelnn Mexanpama, Jua- o
rpasva Ad, = AJ, (g) nokasana [ tee Tauwr~ prg o
H& pHC. 159.8. Ha srof .[lHHI‘j]EMTk'Ib! Puc, 18.7. Jinarpawss nonsoro NPHEBETE =
Bu2no, yto AJ, cocrowTt M3 no- iﬂ",;"";fﬂé‘::%::ﬂ;‘ﬂﬁﬁ;;gfﬁnﬁ
CTOAHHOTO MOMEHTA MMNepPLiMH J, ¢Tormnore npueepentioro moserrs MHepuum

i mepemennoro J, Jlrarpamma e MR e T Mo
Jg = Jdy (9) saescemocti  non-
HOTO MOMEHTZ HHEpUHWH Jg O yria nosopoTa ¢ COTacHO pa-
peictey  (19.18) nokasama wa puc. 19.7.

5°. Jlnn onpeaenennsn neoGXOAHMOrO MOMENTA HHEpIwH Iy MAXO-
BiIKE HAl0 HVETH 32718HHON CPEJIHIO YIMIOBYIO CKOPOCTH @cp SECHA
Npusenenus. Ona NpHHUMAETCA PaBHON HOMHHAMEHON yriopoft cKo-

2]

Tawr=pr, e

T = My, aE
L]

¥
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poOCTH, KOTOpas NpoCciaR/AETCA HA NacnopTe AsHratens, pabouei
MAIIMHE HAR MeXaHn3M2, T. €. €€ MOXHO NPHOATL PaBHOMH

n
Wep = "5 *
Ifie fi — yacToTa BPAlleHHs 30eHa NpukeneHnA, HIMEDAEMan YHCIoM
CGIOPOTOR B MHHYTY.

INanee, npu pelueHHH 3aiaiyn 0 MaKOBlUKe 3a]aloTcfl wenarenb-
fuid A MAWHFEE KoSHIMeNTON HepaBHOMEPHOCTH  IIBHIKCHHSA
(en. hopryay (19.10)). Huen aananisive Gop B O, MoXHO onpele-
Aute no Qopuynam (19.14) mMakcUManbHYD Ompe B MAHHMANBEYIO

W YIAODHE cropocti. HMeem

]
Lhgpay == l‘.l.'lnp(l. +‘—2—).
% (19.19)
ke e = £ ([ ___.EL.) o
g Tl cp )
3 i | u, manee, "
— e B s sy Y e
¥ Foctrprg st Wimax _'m":‘p(l +E+T) """':'t""‘f:l:l“:]I +ﬁ}1
P-ur,_ 18.8. [lima pemda  npHne- {192‘]}
EEREAY w;l::ltfl’z':ﬁ B DILIH m}nln = mgp (i - ﬁ _IL T ) - m&u . b}-

£, Cesisb MLy KHHCTHYECKON SHepruel T, npueefeHHLIM MO-
MEHTOM HHepuuH Jy ¥ YTIOBRIMH CKOPOCTAMH @mzy H 0y MOHET
OuTh NONYHYEHa C NOMOILK) YPABHEHHA IBHMEHHS MexaHH3Ma, Ha-
nucaHnoro B opme YpasHeHHA KHHETHYECKOI SHepruM (CM. ypasHe-
uue (16.3)). Fmeen

Tom P inax "'"l'.' minmﬁin 1
an_ A: = *E - E . {19.21}
B ypasnenun (19.21) paGora A, pasna
Fmax
‘qﬂ.= j Mnd‘?r
Dsriin
paGota A, paexa
Finax
A = I M, dg,
Priim

THE Pusx ¥ Puun — YEIB, COOTBETCTBYIOULHE MAKCHMATBHOMY O max
M MIHHMAJBHOMY gy SHEHEHHAM YITIOBO CKOPOCTH 3BeHa NpuBC-
aenus. Econ sTu yriH H3BECTHH, TO onpepefielue pasHocTH patot
A=A, — A, CBOIHTCA K ONpeleNeHHio COOTBETCTRYIOULEH  mho-
wanp S (M), saxmouennolt mexay kpusuny My = M, ) uM, =
= M, (g} (puc. 19.5, 6) n orpannyeHHOl Op/HATaMH, COOTBETCTBYIO-
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IHMH YTAEM Puay B g 10TA2 pasuocts pabor A suipasutes Taw:

A = oS,

B ypaerenun (19.21} Jymex ¥ g gun — NPHBSICHHEE MOMEHTLE

HHEPUHH, COOTBETCTBYIOUIHE YIAEM Quax H Pma (puc. 19.7).
eofXORHMO 38METHTE, 4T0 B oflleM clyyae sHaueHun npHeelen-

HEIX MOMEHTOB HHePUHH Jymw B Jome He coOBpazawt ¢ abcomor-

HEIMI BeJHUHNAME MAKCHMaALHOTO B MEEHMaALHOro smadeHsfl J,.

Ypaewenpe (19.21) nepenmiiem B crleywomeM Biile, YUHTHBAH

doprysa (19.18) 1 (19.20):
A — [JH b5 J{I + JS maul w:rr{l -+ 6} . [JBI + Jl:l+ "’a ;lln] ‘ﬂgp U _ﬂ]'
3 z
g (19.22)
Pewaen ypasvenwe (19.22) oThocwTenbHo Jy:
A I vy (1 8) — Fy pyim (1 — )
= e Jo— == 55 ; (19.23)

Ha ¢opuynmr (19.23) crenyer, uTo ecii HIBECTHHL YINBEL Quax
H Qmn, NPH KOTOPBIX YIJOB2fl CKOPOCTL 3BEPa TPHEBENEHNH LOCTH-
FAeT SHAYEHHR Qo H @y, TO ONPEIENEHHE MOMEHTA HHEpURH Jy
HE MpencTaEifneT 3aTpylHenuil, notomy wio senmuunnn A, Jo, Jg 0
H f 5 min MOTYT OHITE BCeTAia onpejiediersl, 8 BeARYHHE Ocp i O siBasmoTcs
safiankeMy. Hiske GyzieT noka3ano, Kak MowkeT GHTh peileHa sanaga
of onpengfieHHH YIOB Qmax B Q-

Hz paccmorpennsn dopmyse (19.23) cnenyer eme, 4TO ecNi npHee-
JeHHLIT MOMeHT HHepUmM Jy ABRITAETCA noctonniem (/5 = const),
10 ypaesesne (19.23) npunumaer Bng

P “‘pﬁ — (o d-1.). (19.24)

Lz

INpy HeKOTOPHIX NMPAKTHUCCKHX pacueraX, Korja eenmmuuua J, 4-
- J, Mana no cpapHenHo ¢ NepELM 9KCNoM paBenctea (19.24), nna
onpejefieHnsl MOMEHTA HMHEPIHH MAXOBHKE NOALSYIOTCH npHGAMIKeH-
Holi hopmyofi

A
N%T[:EF. (IQ.EE}

5°. Ecau nonvsosateca dopmynamu (19.24) u (19.25), 1o onpese-
JEHNRE YTNOR Pruay H P HE NPEACTARIAET TpyIHocTeil. B camom fene,
VIJIOBOI CKOPOCTH @Wmey TNPH NOCTOSHHOM MOMEHTE HHepLHi Jg
COOTBETCTEYET MAKCHMANLHOE 3naueite T e KHHeTHuYecKoll sHeprun,
8 YrAoBoil CKOPOCTH Gy COOTBETCTBYET MuHHManbHoe skadetie Ty
KuHetHgeckolt sweprin. Hanpumep (puc. 19.5), MAHEMANBEHBM yIno-
BEIM CHOPOCTSIM COOTBETCTEYIOT nonoxenns b u d, a MaKCHMalbHEM
YIAOBHM CKOPOCTAM — NoJoxeHkn ¢ 1 &, Hanmenrinee snauenne yr-
MoBoil CKOPOCTH COUTBETCTEYeT nonomenuto b, a HauGonbiuee —
MONIOMEHHIO €, TAK KAK B 3THX MONOMEeHHAX KHHeTHYECKas aneprus
AOCTHTACT HauMenbitlero H HauGonbuiero swauennfi, Ilostomy B Qop-

13 1. #, Aprodosescrnit
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myse (19.25) peanunny A clenyer noJd0oXHTE pacitoil

Fa e
A= _[ Mpdy — _|- Medp = "E'M"E'q'sb,:-
L= T

rjie Sp. — Mowais B MM®, 3aKMOYSHHAs MEeRAY KpuBeiMp M, =
= M, (g) n M, = M, (g) (puc. 19.5, a) na unrepsane be.

Ecnou IHArpaMna KHHeTHUYeCHOH SHEPrHH HEe NOCTPOEHE, TO onpene-
Jelye HalMeRBIUeTO K3 MEHHMANLUREX i HanBoNbIrero Y MaKCHMANL-
HuX 3HEUeHNH YTNOB0H CHOPOCTE MOMeT OHTE CLeN2HO CPARHEHNEM H3-
CLITOUHMX TAOULAT0K, SAKAYeHHER Memly KpuBeyvu My = M, ()
B M= M;(g). Hanpumep, nis jauarpamM, NOKA3AHOEX HA
puc. 195, g, Hanfonbluan MarcHManbHas YrAOBaR CKOPOCTh COOT-
LETCTBYET NOJMKEHHIO £, echi miomais S, 60abwe naowain Sg,,
#, HAOCOpOT, eclil Sgg < Sy TO HauOONBINAN MAKCHMANLHAR YIAC-
BaH CHOPOCTH COOTBETCTRYeT nodomenwio e. Ecan Sy, > S.4, 70
HaHMeHbIUAS MENUMAILHAA YIMOBAA CKOPOCTH COOTRETCTRYET MOJO-
weHEo b, 1, Haolopot, eciin Sp << S,4, TO HAMMEHBIAN- MHHEHMATb-
Han YrNoBasl CKOPOCTh COOTBETCTBYCT NOJOMeHHo d.

MakcuManbible K MUHEMAABHBIE 3IHAYEHHS YIAOBWIX CrOpocTeil
COOTBETCTRYIOT MAKCHMATBHEIM B MHHHMANbHHM SHAYEHHAM KHHETH-
teckofl SHEPrHH TOMBKO B TeX CAy4YaAX, KOMLa npHBeIcHHL MOMeHT
uvepuni J; = const. Ecou e npueenennmii momenr J; = J (p)
népeMeHHHH, TO MNA cnpelefeHis MOMEHTa UHepumi Jy MaxosHKa
Hajio nonbsopatheA dopmynodi (19.23). [Mpu sToM magcHMankHpe H
MHHNMEMBHEE 3HAYEHHA }'F-FIEI'ISDI"I CHOpPOCTH HE COBMALAKYT C MaKCH-
MaNbHBME W MHHHMBALHBIMIE SHa9eHHAMH KuHeTuueckofl sHeprug,
& CABHHYTH OTHOCHTEILHO STHX NoJoMennfi, KaK 9T0 cXeMaTHulo NoKa-
aauo Ha puc. 19.5.

Onpenenerne nauboibiveli MAKCHMAABIOT CHOPOCTH H HAHMEHb-
meil MHHHMAALHON CROPOCTH MOMET OHThH TAKME CAeNanQ MeToaoM
cpapHerns HaOKTOUYHLIX TNOWANOK, 3AKNIOUCHHEIY MEKIY OpARHATAMN,
COOTBCTCTEYIOHLHMH YOJIAM Pmax M @Puye, TPH VCJIOBHH MANOTO CABHra
MAKCHMANBLHLIE o MHHHMAALHHX 3HAYeHHH }’[‘J’.IUEDﬁ CHOPOCTH 0D
OTHOWEHHID K MEKCHMATLHLIM H MHHHMaJLAbIM 3HAYEHHAM KiHETH-
qeCKoi: SHEpTHH. B NpdKTHYECKHR HHKEHEpHBHX PACYETAX BO MHOTHX
CAY4ARX CABMTH STH EBECBMA Mane!, NOITOMY MNpHMEHeHHE HAI0MEH-
HOMO METOAa CpaBHeHHs H3CHITOUNBEIX MAOHIAL0K BMOJHE AONYCTHMO.

§ B6. OnpepeneHHe MOMEHTA HHEPUHH MaX0BOro KOJeca
no puarpamme T =T (J;)

I°. Tpr onpejielieHn MOMEHTA HHEPIHH MAXOBOMO KoJieca ¢ no-
MOL LD YpaBHeHHA KHHETHUECKOH SHE.'I}I‘H'H 3alaHHbBIMH  HBJAAKTCH
koa(puient & HepaBHOMEPHOCTH ABIMEHHA MEXAHHSMA H CpelHsf
YIAOBAs CKOPOCTh Gy, TAKKE SaM4l0TCH AHArPAMMEL MPHBEACHHEIX
HBIKYLIHX MOMEHTOB H MOMEHTOB CONPOTHRJAGHMS H JAHArpamma
NpPHBELEHHON0 MOMEHTA HEEPUHH B QYHKLH YTJ1a TIOBOPOTa Belymmero
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*

gpena. HeolXoinMo moauepknyTh, 9TO NpH pacyere MaxoBi#Ka ¢ no-
moltbto nuarpammil T = T (Jfy) cudee spepoise me QoJEeHE BXOINTE
B AHArpamMmtl ABHMKYILHX CHA H CHI CONPOTHBRIeHMA. JlHarpammp
MOMEHTOB ABHMYIUIEX CHA H MOMEHTOR CHI COMPOTHBACHUA JAKTCH
TOJALKC ANA BpeMeHH YCTaHOBMBINeTrocH ABMeHHs. ChAeloparTensHO,
onpefieicHie pasHoCTeH MAoILaNeH, 3aKAI0NeHHR X MEXLY STHMH IBYMA
KPHELIMH TaK, KZK 5TO OLJIO NOKasaHo Buille, MO3BOAAeT ONpefe/HTh
TONLKO H3MEHeHMEe KHHeTHye-
CKOH SHEPTRH MoXanH3Ma HJTH.
maLmpsl, OG03HAYHUM ST0 Hs-
MeHENHe KHHETHYecKoH sHep-
run yepes AT (cm. pasencrio
(19.17)). Hanee, Tag Kak uem
H3BECTEL MACCH M MOMEHTH
BHEPLUHH BCeX 3BEHBEE MeXa-
HI3MOE MAMNIHHLI, KpomMe Mo-
MEHTd HHepLHH MAXKOBOTO KO-
Jieca, BEMHUHHY KOTOPOTO ME  gg
M OoamEs HaHTH, TO  HEMu etk ] Bnsnrm gty Feat?
MomeT CHTh ONnpejelielo TOMb-  Puc, 18,8, K rosweTy SeXoBEKaS 70 Foas
KO H3MEHCHHE AJ,y NDHBE/IENHO-  [PANIe samncnnocTn wnmcriueckofl suchim
ro MOVMEHTE HHEPLUHE 3BeKBER

MexannsMa (oM. dopuyay (19.18)). Taxum clpazom, wWe 3Han mo-
MEHTA HHEPLUHH MaXUBHKE H BeJHUHHH KHHETINCCKON SHeprui, Ha-
HONMEHHOR MEXaHM3MOM HAK MawmHoli 3a Bpesa ux  pasfera,
Hem:3s nocTpouTe  auarpammy 7 = T (), 2 MOKHO nOCTPOHTH
Toneko fuarpammy AT = AT (g). [lepemennyw senuuuny AJ,
ONpelenaloT no 34A2HNEM MOMENTAM HMHEPUHH B MAccaM SBeHbeB
C MOMOIULLIO II2HOB CROpocTed Mexanusmob (oM. § 71).

2, Yrofim noctpontk awarpammy AT = AT (AJ,) ana omncro
NONHOrO LHKNE BPeMeHs YCTAHOBHEBLLETOCH MADHIMEHUST MeXaHhiMa
HAK MEILENEL, 10CTATONHO 3HATL TOJIBKO H3MEHEHHE KHHeTHYecKofl
SHEpruy ¥ H3MEHeHHe NPUBEAEHHEIX MOMEHTOB nHepuuu. Jlns sToro
(puc. 19.9) oTknansipaeM noMyYeHHOE H3MEHEHHE KHHETHUECKOR sHep-
rup AT no ocu opanpar or Toukn O, a nepemertli NnpuBeseHui MO-
MeHT pHepunn AJ, — oT Toil e Toukn no ock ateumec, Coeaunan
noJiyyenHue TOUKK a4, b, ¢ v T. . nNAapHoll KPHEOH, nonyvaeMm ana-
rpammy AT = AT (AJ,), COOTEETCTBYIOULYIO BPEMEHH YCTAHOBHRILE-
rocs JIBHAEHESA MeXaHusma,

Ilna onpenenernn seAnYNHL J.; NPHREIEHHOTO MOMEHTA MHEpLHH
Maxopuka pocnodpsyeucs dQopmayaams (19.16). HMueem

g inar = -0y (14 6+ ) = S aty(1 ), (19:26)

LIEs B

Tty A0

Wy
& o .
o = it ol (1 — B4 =) = 5wy (1 — 6. (19:20)

13+
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lNolctapnsn fannue sHayennn M08 Wep M 6 B dopuyma (19.26)
u (19.27), onpemennem gr.r.tbl Prax H Py [IpoBOINM, pafee, oAHY
racatenvuyto K kKpueoli AT = AT (AJ,) nollyrnon ., 8 npyryio —
MO8 YIIOM o B ONPEReNAct TOUKY Nepeceyenus O, sTHX Kacartenb-
X (puc. 19.9). Touka O, aeiserTcH HayanoM ocell KOOPAHHAT JHa-
rpasmet T = T (/) nonnolt kuHeTwyveckodl suepran T mexamusma
B QyHKiHH OONHOrO NpHBEIEHHOro Momenta nhepuuy J,. Chelloba-
TEABLHO, ANA ONpejeNeHHA NONHOTC NpHBEEHHON0 MOMeHTa HHep-
wig J, B KadiIoM NOono@eHud MexaHusMa HeofXONMMO OTCUMTATh
aleupecl 0T Hoboro Hayana woopausar Oy, [MpraBepensnil MomenT
HHEPLHH MaXOBOTO KOJeca paBeH NpoksBefieHuio oTpeska (0,d) B Mun-
MUMeTpax HA Macital p R (O,4).

3°. HeoOXoMnMD OTMETHTB, YTO NpH MANLX SHaYeHHHX Kopdn-
puenTa & BenefcTBHE HesHaunTelbHol PE3HOCTH MEIY YITaMH may
H Yyn TOUKa fepeceyerns O kacaTteNbHEIX OYeHb YACTO YXOAMT 34
npeiens uepTema. B sTOM cnyuae MOMKHO MOCTYNHTL CAGAYHALMM
ofpazoM. Obo3HadNM TOUYKH NEpeceyeHid KacaTelblbiX C OCbH OpJi-
nat OAT (puc. 17.9) neprofi cneteMel koopinHat vyepez &k u L Torpa

ke 1
IE%M——-T%;;?—, tg‘#‘mn:‘(_:}%

_ () — (1) _ (&)
1€ ¥om — 18V = —@a— ~ Gy -

lNoncrasnas Tonbko wTO HalilenHoe BHpa)eHHe LA PasHOCTH
Tauredcos B gopumyny {(19.12), umeen

oot () 1
Py, (Od) m:_p :

OTKYLE, BMEA B BHAY, 9T0 Py, (Oyd) = S, nonyuaem

i kil
Lo l:g:,{gl (19.28)

IpuBeneHHu# MOMEHT HHepIHH MAXOBOIO KoNeca, clefoBaTedbHD,
MOMET OLITh Onpeaenen no penynre oTpeska ki na ocw opaunar OAT.

4°, Ecan MaxoBHK nocaxen Ha ofinil Ban co sBeHoM NpuBeleHHs,
TO er0 MOMEHT UHepHuH J, OTHOCHTENILHO OCH BPaHieHiA BANE MOMET
OuTh yMeHbluen HE BefHYHHY MOMEHTA HHEpilHH 3BEHA NpHBeIeHHSA
OTHOCHTENBHO Tol e ot

Tak kax Maxcoeny ofHYHO BMOOJHAESTCH B BHIE KOJeca, HMeloliere
MaccHBHEIE ofof, coelnHeHHBN cO BIYNKON COHLAMH, TO MOMEHTAMH
HHEpUHH STHX COBAWHMTENBHEIX YacTell yacTo npedefiperalor ¥ npu-
GAMIKENHO CUHTAIOT, YTO MACCA MAXOBHKA PABHOMEPHO PacholOMena
N0 OKPYHHOCTH pajuyca R, npedcrapnmiomedi cobofi reoMeTpryeckoe
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MecTO TENTPOR TAMECTH MonepeyHHX ceyernii obona. Torma moment
pHepunl J, MaxoBHKa MoreT OHTh BbipameH TaK:
DA

Joy=mF2 =m S T (15.25)

rie D — mnamerp okpyHHOCTH UEHTPOB TAMECTH ceyennii oGona,
a m — macca obona maxobuka. s dopmyma (19.28), noisaysice
tarxe diopmyliofi (19.28), naxonum

Ay (B é El

Er BT

i€ 1 — YACTOTA BPALICHHA 3BeHA NpHBENeHNs, H3MEPAEMan YHCAOM
ofopotoB B MuryTy. [puanmas n* & 10, momen nanucath

I
mD* = 36018 (19.30)
n
IMpouasejienne mMacen ofola MaXOBHKA HAa KBAgpaT ero jMamerpa
HOCHT HESBAHHE MOXOE020 MOMEHING HIH XOPOKMEPUOTIHEN MOXOSUKE,
XapakTepicTHka MaxoBHKa HMeeT pasmepHocTe kr-wm®. [lo stofi xa-
paKTepHCTHKE MOMHO ONpenefHTh HeoOXOAMMYIC Maccy MaXoBuka,
€clii 38080 ero [HaMerp, Be/IYHHE KOTOporo onpelelnercs B Oodb-
LIHHCTBE CAYY3eE H3 YHCTO KOHCTPYKTHBHHX coofpamennii, Ecan
MAXOBHK YCTaHaBJuBaeTcsl He Ha sBeHe NMpHBENetld, & HA KaxoM-
nuGo BpailarwiieMesn 3BeHe § MALIHHE, TO BCEMNa HOJKHO YAOBNETRO-
pATECH  yoJloBHE PABEHCTEA KHHETHYECKHX IHeprhit
ot e

O~ (19.31)

re Jy; — MOMEHT HHeplHH MAXOBHKE, YCTAHOBNEHHOTD Ha SHCEE i,
a @, — BeNiynNa yrioeofi ckopocth storo 3pena. Ha papencrsa
(19.31) chaenyet:
2
h=de (o) (19.32)

oy

3uayut, yeM Gofiblue YrioBas CKOpOCTh 3BEHA {, TeM MeHblle Aoj-
#Wel OwTh MOMEHT HHEpUHH YoTaHapnuBaeMoro maxossua. [losromy
Burofno, Boobine roBops, € TOMKH SpeHHs yMeHblieHHf Beca Maxo-
BOro Kofleca yeTanap/HBarh €ro Ha 3BeHbAX, obnajamiuy Ooastutise
Y2R06EMU CKOPOCHIAMIL,

Hz dopMyaw (19.32) Taxme cheayer, 4To ans colMoeHHs ycno-
BH$ NOCTOSIHCTBE MOMEHTE HHepithA J yy HeoOxoiuno, yTolsl nepenatoy-
Hoe oTHoweHxe ®fw; OLIOD NOCTOAHHEI, YTO NMPHBOLHT K YCHOBUE
YCTEHOBKH MAXOEMKE N3 3BEHbAX, KOTOPHIE CEASEHH CO SEEHOM NpH-
BEfleHHA MepelatoyHuiM OTHOINEHHEM NOCTOSHHOH BeNHYHHE (MeXa-
HH3ME KpYyribx syGuarthiX Kodec, 4YepBadHble MEXaHM3IMbL H T. I.).
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[ipn ycTanoBke MEXOBHKA HE HE 3BUHE NPUBEIEHHA HeoOXOAHMO
VUUTHBETL JKECTKOCTb NPOMEKYTOMNON KHHCMAETHYECKON Ienm.

Hpu manoft secTeoCTH KHHEMATHYECKOR nenn yupyrie xonebanusn
MOTYT OKA3aThCA HACTONLKO GOMBINHMM, YTO MAXOBOE Koleco He Gy-
IeT BHINOJHATE CBOEI0 HESHAYEHHT.

§ 87. OnpeneneHie MOMEHTA HECPUMH MaXOBOIO KOAeca
N0 YPABHEHHI0 MOMSHTOB

P, MomeHT HHEpUNH MaxoBHKa MoOmeT OWTb TAKIKE OOpefenel
OpH NOMOULH ypabHedssi smosentoB. Cornacio ypasnennwo (16.7)
meenm

din w¥ alp
Mnr_ﬂinz'fu"_&r'!'_'f"“?ﬁ]’" (19.33)

Paszunoete M, — M, cesnaer usSumountl novenm M, Bemiunna

nabuTounoro Moventa A mower OuTe onpepenena, eclM 3A8HH

Mo

Tt pry, Kot

Fuc. 19.10. K pacuery MAXUPHEE 0O ¥PEDREHAID MOMCHTOD: G} DHArPEsMS BOMEHTOW TNKAY-
UHE CHA K CHN Conpovprmedyn &) puarpassid valaTosnor HOMeRyTs

sagucHMocTH My = M, (@) w Mg = M, (g). Ha puc. 19.10, a no-
cTpoent kpubee M, = M, (@) u M, = M, (¢), 8 ua puc, 19.10, 6 —
Kpupana wiburonHoro momenta M = M (y). [logcraensa B dopmyny
(19.33) anavenne ann J, coraacio dopmyne (19,18), noayuaen

2o di w? d (Jy 4 Ay,
M“—{Ju+ﬁ-‘fu}ﬁ-+“§“'_‘3'd“w"“"!"t [19-3’4}
Tak Kak J, = r_‘r:nst: TO
kLI _ Ay | d(ady) __d(Ay)
i - e {"tau"l'ﬂ‘ru}_ d'l" + ety dip .
Caepoparenpho, ypasuenne (19.34) nepemtuercs Tak:
de 2 d(Ad
M = (A dg) S5 45 G0 (19.35)
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PacCMOTpPHM TIONOHEHHA MEXaHH3MA, NPH KOTOPHEIX YIrIoBas cKo-
pOCTh SBCHE OPHDEACKHSA PABHA Wige H @pyp. B 9THX nonomennax
yriopoe yckopenwe ¢ papHo & = doldf = (.

Caepoparensto, dopmyna (19.35) mna stux nonomennil nmeer

cia

e Wi d(Ady) i Bhn d(Ag) .
M -—-l—-ﬂﬂ'—'—dﬁ]"l*-' H ﬂ-! = 0] d'l* , (tg.dﬁ}

rie M’ v M" — sHavenns nsOHTOMNHX MOMEHTOB, COOTBETCTBYH-
MUY YPNAM Quay H Y, NMPH KOTOPHX YrA0BAs) CKOPOCTL AOCTHraer
OAHOTD M3 MAKCHMYMOE HITH OfHOTO H3 MHHHMYMOB.

2%, Ilna onpepenennn npasoll gacts paesedcte (19.36) moxno
BOCTIONB3OBATECA  MetonoM JKykoBckoro, Hanowennw B § 72, 45,
B camom nene, uz papencrsa (16.11) crmepyer: '

& 2
Miep = _E‘_’Ei.ﬁ'f‘aﬂ__ Mipep = __,E’..;J.'_“. d_{.ﬂ_&#l’ (19.37)
rne Mpep B Mpep — NpHBEIeHHHE MGMEHTH CHZ HHEpPUHH D nepMa-
HEHTHOM JIBHIHEHHH, T. €. C NOCTOSHHBINE YTJIOBBIME CEOPOCTSME iy
H Wmn-

Benuyute MoMeHTOR M;,ﬂ., H Mycp MoryT GuTB OnpeieleHH, ecnu
NPORECTH KHUETOCTATHYECKHH pPacyeT MeXaHH3Ma W Onpelenuth Ece
CHAH HHEPIHH 3EEHLEE B NpPENOA0KeHHH NOCTOAHCTBA YrioRoit cko-
poctin. Moxuo takie c nomousto poiara JKykoeckoro (cum. § €8)
HItH METOAOM MpHBENEHHA CHI i MomenTon (cv. § 69) onpenennte Te ke
mostenTht Muep H Hpep.

Jlunamuyeckony pacdery MexaHHaMa oOHYHO NpPeNIIECTEYET ero
KMHETOCTATHUECKHE pACUeT, MPH KOTOPOM BeluunHa yriaceod cko-
POCTH NpHHHMEETCS PABHOI Wep. [losTOMy Ans onpelenenns Momen-
108 Mpep H Mpep MOMHO NONLIOBATECA MOMEHTOM Myep, nOAyueH-
HbiM TpH KHHETOCTATHYECKOM HCCNenoBalium:

My = — -0 4 @I (19.38)
Toraa, yuntoiban sasncaMoctd (19.20) u (19.37), noayuaem
ﬂ"ﬂwp — Mntp (14 &), M;Ep = Mnep{l — &) {19.39}
Qopuynt (19.37) 3aMEHAITCA TeEneps CAEAYICLIHMH:
M" = My (1 4 8), (19.40)
M" = Myep (1 — 8). (19.41)

3°. Onpenenus moventl M’ u M" B Pyvxunu yraa @, 1. e. M* =
=M {g) n M"= M"(g), crpouM EKpuBLie STHX SaBucHMOCTeh
B TOM e MaciwTale, B KAKOM NOCTPOEHA H KPHBAA SABHCHMOCTH W3«
Gurounoro mometa M = M (¢), m3ofpawennan Ha puc, 19.10, 6.
Papercteo (19.40) ynosaerpopsieTcs B Nolomennsx a, b, ¢ u d, roe
wpupan M’ = M’ () nepecexkaer kpusyio M = M (). Ho yraosas
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CHOPOCTE @) MOMET HMETh MaKCHMYM TONBKO & Nodomendax b o 4,

NOTOMY 9T Hi HHTEpEANaX fb W ed NPOHCXOAMT YBENHUYeHHEe KHHETHEE-

ckoll suwepriy. Onpegenenne BanGo/ibIIEro MEKCHMYMA MOXKeT GbITb

CAENANO ¢ DOCTETONHON ANA MNPAKTHEE TOUHOCTLED COTIOCTABAEHHEM

BesdudH nnowanok (Sy + Seq) vw® n Sy, mv®, sarmouesHnX B ub-

TE'pBFELTIE bd mexay wkpueolt M = M (¢g) » ocbio § (puc. 19.10, &).
S ]

St > Spt -+ Sea

TO HANGOALUIAA YrAoB2s CKOPOCTH OHA3LIBAETCA B NonomeHun b,
Ecnu e

S1e < Su - S

T0 HauOo/blUas YrAORAS CKOPOCTh NOAYYAETCS B MOACHKEHHH d.
O6lunM NpasHACK HaXOMIEHHA HAHOOALIIEID MAaKCHMYM:a Rb-
anetcn cnepyrowee. Ecnn anrepanueckas cymMa H3OBITONHEIX DJc-
v H@I0K Ha WATEpBaNe MEXAY ABYMS MAKCHMY-
MaMy GOJbLLE BYAA, TO HAHOOALIIKI MAKCHMYM
HAXOAMTCS B NpaBoM KOHIE WHTEPBANA, ecan
anrefpanyeckan CyMMa MeHbIe HYJAs, TO HaH-
GoMbLIKA MAKCHMYM HAXOAMTCR B JEBOM KOHLE

HHTEpBANA,
AnanoruyHo, eciH MNOCTPOMTE  KPHBYIO
sanucumMocTs M" = M" (¢) (sa puc. 19.10, 6
-—————————%  ona nokasaEa WTPHXOBOH JHHKeH), TO MHHH-
f,‘,’:;.,':.‘é;‘.f;uf.?:.ﬂ‘;““:;: MyMEl GYRYT B TOYKaX g ¥ i NepeceueHus Kpi-

uwH wancenks of kosbdw-  BWX saBHCHMocTell M =M" (g) u M=M (g).
T neeun o™ Onpepenente HaHMEHBILETG MUHHMYMa BeeTCA
TAKME METOJOM CPABHEHHN IJIOLIAN0K.

Ecnm yrow Quae H Qmg  (pHc. 19.10, 6), B koropux yraoewe cKo-
POCTH PABHBl Wgay W Wy, COOTBETCTEYIOT NONOMEHMAM b W g, TO
onpeaenesie MOMEHTA HHEPLHH J,; MAXOBOro HOMECE MOMET RECTHThH
no oaeoii w3 gopaya (19.23) # (19.24) waw (19 25) B sapucHMOCTH OT
tpefyemofl Toupoctn pacuera. [lpw stom wsGermounas patora A,
BXOAAWAA B 9TH (OPMYSH, NONCUMTEBAETCA Mo auarpamme M =
= M (g) (puc. 19.10, 6):

A= p peSg.

rae Sgp — anreGpanueckan CyMMa MAOIEANeH B KBRADATHLIX MWLIH-
METpaX, 3AKNICNEeHNEX B upTepeane gh.

Ecnd noCTpoMTh SaBHCHMOCTL MENAY MOMEHTOM HHepuns J,
MEXOBHKE H KO3(:PHIIHCHTOM HEPABHOMEPHOCTH ABHItenHA B, T0 MOKHO
0CHEPYKHTb, YTO 3TA 3EBHCUMOCTL HMeeT NpuliuiKenHo runepConu-
geckuil xapakrep (puc. 19.11). Takum ofipasoM, ¢ npHGaHmennen &
K HYJID MOMEHT HHEpLHM J,, MaXonilka GLICTPO BO3PAECTAET, W, CRepo-
DATENEHO, JJIA HealaguTensHoro yMesnbilewwsi 6 B srofl ofnacra
HeoOXOAMMO SHEUWTENBHOE YEEIHYEHHE MOMEHT2 HHepumM J, mMaxo-
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BREKSH, YTO ABIAETCH, KOHEUHO, HEMEenarenbHbM., 3Mo ofcToRTeNRCTEG
34cTABNRET B HEKOTOPBIX CAYHaAX OTHASBIEATHCA OT YCTAHOBKH Ha
MELIHHAX MAXOBHKOE € GOJTBILHM MOMEHTOM WHepHHHE, o0ecneqnnan-
M Manbii KosdduusenT HepapHOMEPHOCTH JBHIKEHNA.

4°. Onpenenye MOMEHT WEEpIMH J, MAXOBOTO KONECH, MOMNHO (10
3aAaHHON YrioBoll CKOPOCTH g W Do aHarpasme M = M (g)
(puc. 19.10, 6) onpejleniTs yraoByo cKopocTs « A8 ASoro yraa
NoBOPOTA , T. €. NOCTPOHTL 3EBMCHMOCTL @ = o (§). [lycte, na-
npuMep, TpelyeTca onpeneNHTh YIOBYI0 CKOPOCTh wy B NOJOMEs
HuH R, CcooTmeTcrEylOwEM yray gy, (puc. 19.10, 6).

Hanuiem ypashenue kuneTHueckcii swepruu nis wntepbana kb

;]
ik
o

% '
[ Map = Wt Bda) 25 — 0+ A
i

UTKY I8

Tk

VIt A, 2 ‘Y
iy, = V JHI'E' ﬂjnk Wman JN.+ ﬁ'Jlli': M d'q}' {19,42}

b
B stux papencteax AJy — npeBeneHEbl MOMEHT HHEPLMH BCeX
apeHbeR MeXanusma (Ges MaxoBOro woleca) B nomoxeius b, cooroer-
| CTBYHIEM MAKCHMAILHOA YrAOBOH CKOPOCTH @y Ay — npu-
BEACHHBEH MOMEHT WHEPHIHM BCEX SBEHLER MeXanHsmMa (6e3 maXoporo

Koneca) B noncseHHy k; Jy — npupeneHsuil MOMENT HHePIMH MaXo-
k]

BOoro koneca, Hurerpan { M dg nponopumonaieH nACIEAH AHa-

Tn

rpasmel M = M (¢), saxmouennofi B unTeppRanse kb, Apanormuno
OnpefensoTes YIJIOEKe CKOPOCTH @ W JIAR APYTHX 3HAYeHHl yraa q,
Takum o6pasom MoMerT GHTL NOCTPOEHA KPHBAR 3ABHCHMOCTH @ =
= w (g).

¥raopana CROPOCTE Gmy B Qopmyae (19.42) momer Oumh Takme
BHIpAMEHA Yepes SalaHHY0 YIMOoBYK CKOPOCTh €gy, W kos(duuuent
HEpAEHOMEPHOCTH ABHMEHHA O, TAK Kak

Uhypax == Wep (l -+ 'g"’)r
Hal
Winex & mEp“ - &),

§ B8, OnpenejeHHe MOMEHTA MHEPUHHM MaAXOBOIO Kodeca
OpH ABHAYLEM MOMEHTE, SABHCHILEM OT CKOPOCTH

I°. Boie Mul pacemotpens ponpoc of ONpenejeRHH MoMeHTa
HHEpIIK MaX0BOro Koleca NpPH NPHBELEHHBIX MOMEHTAX, 3aBHCALLHX
OT yria nonopoTa HauaisHoPo apena. B mactomwem naparpadge pac-
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CMOTPHM BoOpoc of onpensieHHd MaXOBEIX MECC AR Tex cAy4aes,
KOFJla ApHeenenusit MoMenT My ABHMYILHX Mace ABRAReTCA QyHKIHEN
YIIOBCH CKOPOCTH  HAuaJbHOTC 3BeHa, a NpuBeleHEL MomeHT Mg
CHJI CONPOTHRACHUA ALASETCH (QYHKINEH YIAd NoBOPOTA @ WAH (PyHK-
unreil speMenn i

Myctt zapans rpadwky  (puc. 19.12) npupepennsX MOMEHTOB
pEwympx cun My = My (@) B cun conporunenns Mg = Mg (g);
TpefyeTcA ONpefeHTL MOMEHT HHEpUMH J, Maxoporo Koneca, eCiH

a AL &
A
Tansd o
oD |\, Tt

RSN

— o, 7 a h
J'J §' w fa \}A {*-1"%@4“
M o Higwin)

= Lﬁ' Ll m| i F )
T gy pod For sode tin i
i FAL
fw‘ & - Pﬂ'-l'-l'l E %%m #WPWT""

Pre, 1512, K pacuery Maxohmds BHH SPERYIEM MOMehTe, SSHUCRMjes OT cEOpOcTHE a) Ene=
rpaMma MOMCITE CIN CONPOTHENSHER, SODHCPLEIT OF YTH8 NOEGPOTA HAYSMBECTD BEEHN HIH
OF Gpesel; 6) QHEFPaMMa MONSHTS AFRMYILHY CHN, SaENCELLEre o7 YTAosod CRopoCTi

sagal kos(rbHOMeHT HepapEoMepHOCTH ABuxenws O, 3anaua 312
MOMET ChiTh pElieHa ToAbKo OPpHGNKIKEHHO, CCIH NPHHATL NEpeMeR-
HylO uzcTh papenctsa (19.18), T. e. J, (npuBeneHHLll MOMEHT HHep-
IMH 3BEHLER MeXaWl3ma), paBHofi HekoTOpoMY CPELNHEMY MAaHHMe-
TPHYECKOMY MpHBEIEHHOMY MoMeHTY HHepuun Jo op. Toraa nonmedi
npHBeneHEBIY MoMenT HnepuHl J GY1€T paBeH MOMEHTY HHEpUMH Jy
MaXOBHKA H [PHBEELEHHOMY MOMEHTY HHepUMH Jg SBEHA NPUBEIEHHA
TeX $BeHbeD MeXaAHH3Ma, KOTOPLIE CEASAHE! CO 3BeHOY NPHBeNeHHA No-
CTOAHCTBOM MEPEIATOMHOrO OTHOGLIEHHA H CpelHero suavenus Jy o,
1. €.

J=tutFdod dyop (19.43)

lpaduueckdM HHTErPHPOBAHWEM  ONpeaeselt MJOMLaAb Awa-
rpamnibl Mo = M, () (puc. 19.12, g) # uaxonuy cpeiuee snavenwe
momenta Mg op CHI cOnpoTHENEHHS. Ecam npuGninxento npHHATE,
YTO CPEAHAN YIJOBAA CKOPOCTh Gep HAYANHOIO 3BeHA COOTEETCTRYET
paBeHCTRY CPELHHX MOMEHTOB CHA ABHIKYIUMX W CHJI CONPOTHBACHI

Mg cp & My cps

T0, OPOAGTHAA n[}ﬂhﬁm CpenHelrs MOMeHTE Mﬁ_ ep Ao HEPE{‘NEHHH
B TOuKke a ¢ kpueoit My = My (@) (puc. 19.12, 6), onpenenus otpe-
sok (ad), npegctapasiolnil B macinTabe ju, MomeHT My o

Orpesok (ib) no abcnucce B maciutale W, Gyner npejcrasnaib
coB0i0 HCKOMYIO CPenHIcld) CKOPOCTh (op.
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Nanee, no pasencream (19.19) onpepeasem yraobhle CKOPOCTH gy
B @Gmn ¥ OTENaALIBAEM WX B BHie orpeakoR Id u Ic B ToM e Mac-
wrate n,. Orpesku if B le B macuTabe p, NpelcTaBANIOT COGOK Mo-
MeHTH My mn 1 My man.

YpaBHehie npHx¥eHMA MEXAHHAMA WIH MalHHbLl NpH NOCTOAHHOM
MOMEHTE HHEpiH J GyAeT HMeTh Bujl

My (@) — M, (§) = 7 52-. (19.44)

Tak Kak MB paccMaTPHBANM NOJOHEHHA MEXSHH3IMA, B KOTODBIX VIO~
BAA CHOPOCTE @ OPHHUMAET IHAUEHHA ey H  ©gg, T. €. KOCKJa
dw/dt = 0, 1o ypasnenwe (19.44) nepenmiuercs Tax:

My(@) — Mo(9) =0, wmn M) =Mq(g),  (19.45)

T. &. B NOJOMEHHAX, KOrH8 YraoBasd CKOPOCTh w HAYANLHOrO 3BeHa
JIOCTHIEET 3IKCTPEMANBHEY SHAYeHW, MOMEHTH ABMMYLIEX CHl H
CHA CONPOTHBJEHHA JONMEE GHTh paBnu, Yepes Toukd e u f nposo-
IHM ropHsoHTanK Jie nepecevenus ¢ kpusolt M, = M (g) B Toukax g,
I, &ow i (pue. 1912, a). Ha touex g, &, & v | onyckaeM nepnen/iuky-
NnApH Ha ocbh AGCIHCC B HAXOAHM COOTRETCTEEHHO TOMKH 1, r, M1 M p.
[Mpu yrnax ¢, oppeneaseMbl) TOUKEMH 1t ¥ P, HAYaNLHOE 30EH0 HMEeT
MaKCHMANBHYIC YITIOBYIO CROPOCTE @y, 8 NPH YHA&X ¢, onpeneisne-
MEX TOUKEMH 7 M [, — MHHEMAJLHYE CKOPOCTE Mgy, Paccuorpim
HHTEPEa YI/8 NOBOPOTA ¢, B Touke i, cooTBeTCTBYIONIER YIAY G,
Yri0oBas CKOPOCTL @ PABHA lnge, B TOYKE I, COUTBETCTEYIOLEH yray
Goun, YTAOBAA CKOPOCTL @) PABHE (inyg; CNEIOBATEABHD, HA WHTEp-
BANE §,, Kpupan M; = M; (¢) moxer umert nepernt (Wrpuxobas
KpeBaA Ha puc. 19.12, q). §'&MEHHM kpueyio My = M, (¢) Ba yua-
CTKE §,, Npubmumennoft npamoii gk, Tlnolanes S,,, Mum®, sakmouen-
Hap memny spusolt M, = M, (9) u npamoli gh, noMuGwenban na
MacluTabhi Py H Pg, Npeactaenser colowo uabutounyie patory A,
paBHy

Fimax Finax
A= | Mydo— | Mdg. (19.46)
Youn Prain
Ha puc. 19.12, @ Bre naowanky, onpefensope nabbTouHyio
pafoTy, SalTPHXOBAHEL
Ilns onpefenenss MoMenTa wHepuny J, Maxoboro Komneca Halo
ELfipare HAHGOABLIYIO DACILANKY, 8 TAKOBO ABIReTCa niowanxa 8,
{(puc. 19.12, a) ka wuTepeane ma. HauwGonviuan wsOumounas paGora,
COOTECTCTEYIOILERA 3TOH MIOIIalKe, pPABHA

A = poupteSmn. (19.47)

Ipy nomown gopuynst (19.24) onpenensem MOMEHT WHEPLHH Maxo-
BRKA

Ju= Ta.;*}':'é‘ =W diak (19.48)



496 Ma 18, HEPABHOMEFHOCTE NEMEEHMA MEXAHMEMOBR  MAWHH

2°, Ecn npuseseHHbil MOMEHT CHA conpoTuBnerus M, sBasetcs
¢ryBruuel Bpemenn i, T.e. Mg = M, ({), To nopagok pacuera ocraercn
NpexHUM, HO B 5TOM CAYY2€ TOYKH M1 1f 71 COOTBETCTEYIOT NPOMEXNYTKAM
BPEMENH [gmay H gy, B KOTOPLIX CKOPOCTE @ NOCTHTEET SHAYEHHH (max
H 0y (Ha pre. 19,12, a kpusan M (f) nokasana coBnagamiied ¢ Kpu-
Boit Mg (g)). Dopuyay (19.45) & stom cnyuae npuMeHMTH HEJBL3R,
Hio nsfuroynas naouanka S,, onpefenser uMnyawc momenta U,

papitfi
U= pupsSppn [Hen-cl, (19.49)

IpuCnuikennyio Gopmyny fns onpepenenns moxenTa uneptuy Jy,
MAXOBHES NOJYYaEh, nﬂ.ﬂhﬂ}'ﬂﬂb YpapHeHUeM [ABHHeHMA, Han#caH-
HHM B CAEQYHINEM  Ble

Mol M
Y&fﬂ’ /@;M My(w) — Mg (t) = (J,, +Ju}% (19.50)
S.<# HJTH
A~ | My () — Mo (D) dt = (I +Jo)c  (19.51)

o “ W, nanee,

-1; ﬁ%' : ’IIIIIH -ﬁ]m
prc. 19,18, Tnacpons vo- | Mg (@) — Mg (D1dt = (J,+Jo) [ da,
HEHTOD ODEMYLLHE CHO W cHO F P
mn]::i‘m_nﬁdmllii. u:;&c:&ulln min min

T yraonn (19.52)

Jlepan uacte ypaewenns (19.52) pasna U (cm. ¢opmyny (19.49)).
Torna na ypasrenua (19.52) noayyaem

U
Joo= ——— 14.
b, w — Bmin i ( 53}
HJTH, TEK KaKk @Wpggy — UWpme = Lﬂﬁpﬁ, HMEEM OHOHUYATOILHO
u
= ] 19.5
o (19.54)

3°. Ecay npupenensbie momMentsl My w Mg neiwsymmx cun o
CHNl CONPOTHBRNCHHA ABAAIOTCA (YHKUMAMH YrAOBOll CHOpPOCTH o,
To MeXanusm Bcerja paloTaeT yCTOHYHBO C I'I!_‘I{{Fl;ﬁpﬂﬁ yriooo# cro-
POCTEID @y HAYAABHOTO SBEHE, BEAHYHHA KOTOPOH ONPELennTCs TOU-
Koii nepecevenia KPHERX My = M, (w)n My = M, (w). B camom pene,
ecAl  YIVIOBasi CKOPOCTL @y YMEMBIIMTCA W OYAET paBHa wy
{puc. 19.13), 10 moment My ypenwuutea, a moment My ymenblnTes
H, CJAEI0BaTeIbHO, BOSHHKHET BOCCTAHABIAHBAMWE MoMeHT

Mg— M= 10,

H HAY8ALHOE BBCHO MEXalHsMa BO3BpaTHTCA K npemned ycTofuw-
Bofi yrnosoll cropocTy . Ecan yrnobasl CHOpOCTH @ YBEIMUMICHA
H OyleT paEHa Wy {pnc.mfg.lﬁ}, T0 BOSHHEHET MOMEHT

My— M, < 0,
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1 3peHo NpuBeAeHua Cyner Takie BOSBPALLATBCA K MPEMHEl ycroii-
yupoli YrioBOH CKOPOCTH @y

4°. Paccmorpenvuil B nactosllieM naparpale MeTol onpegenenys
MOMEHT2 WHEPIHH MEXOBWKa sBnsercs npubanxenvu. Benwuuny
MOMEHTE WHEPLMH MAXOBMKA MOMHO YTOUHHTE, BC/H NOCAE onpene-
JIEHHA €0 MOMEHTA HHEPUHMH NPMONMMEHHEM METOACM NOCTPOMTh
onikHM K3 cnocofoB, YKasauieX B § 74, KpuByo yriosoll CKOPOCTH o
H& YYACTHE @y (pric. 15,12, a) u onpeleinTh, SHAYHTENLHO JH OTEAO-
HAKTCA NONYYelHble SHAYEHHA ANA Gggyy W Wy  OT 3againuX. Ecou
3TH OTKJOHEHHs IHAYMTENbHH, TO, YBEAHYHE WIH YMEHBIIHE NOAy-
yeHHOe NPHOIHXEHHOE 3HAYEHHe A7 MOMEHTA WHEPIMM MaXOBHKA,
MOMHO MOAYyyHTh GONee TOMHOE PELIEHHE 3anaud. .

F'nasa 20
BEENEHHE B TEOPHIO PECYJNHPOBAHMA

§ 89. O6was mocTaHOBKa 3ajaqu

1°. Kax nokasano B § 82, 2°, npu nepHonMueckHX Konebanuax
CKOpocTeH HEMANBHOIO 8BEH# MEIIMHHE (3BeHa NpPUDEREHHs Mexa-
HH3ME) BO BPEMA YCTEHOBHELIEroCH W HEYCTAHOBMBILErOCH NBHMKeHHT
HEOOXOAMMO COEMMHUTL HayafibHECOe SBEHO PEryNUpPYeMoro ofikexTta
¢ OCOfHM MEXBHHSMOM, HOCAILHM HE3BAHHE CHOPOCMINOEO Peayramopa.
agaua peryAATOpa COCTOMT B YCTAHORAEHUH YCTOMMMBOrO (CTanHo-
HAPHOr0) H3MeHEHHA CKOPOCTH, PEXMHMa ABMMEHFA HAYAMLHOIO 36e-
HA perynupyemMoro oGbeKTa, 4T0 MOMET OBITb JOCTHIHYTO BHpABHN-
BHAHMEM PASHHIE MEHY NBMMYITHMK CHAAMH H CHASMH CONpPOTHEMNE-
HiA. Ecau no kakum-nu0o NpHYHHAM YMEHEIIAETCH nodesHoe conpo-
THRIEHHE H PeryiupyemMuii ofLenT HAYWHAET YCKOPATH CBOE JIBHHE-
HHe, TO PErYJAATOP ABTOMATHUECKH YMEHBUIAET MPHTOK ABHMYLHX
cun. HaoBopor, ecan CHNE CONPOTHRAEHMA YREAWYHDANTCS K pe-
ryaupyembifl o0BbEKT HEUHHEET SAMELTATL CBOE BHMEHHE, TO peryin-
Top ypenWuHBaeT ABMMYyIHe cHabl. TakuM ofpasoM, Kak ToabKo Ha-
PYLIZETCA PABHOBECHE MENNY ABMMKYLIMMH CHAAMM M CHNIEMH COnpo-
THRMIEHHS, PETYNATOP AOMMeEN BHOBE WX CGadaHCHPOBATH M 3aCTH-
GHTL perynHpyeMufl ofbexT paoTaTh © NpeRBHME WAM GAH3KHME
K NpesHHM CKOpPOCTAMH.

Rnnnrpyumm peryasToOpoR H CXeMbl Pel'yJHpoOBAHKHA pasHoc-
pazuu, Hanpumep, B npakTuke NpHMEHAWTCH TaK HasHBAEMLe
HeHMpoGesHpe PESyAMOpe:, TNOCKHE 1 NPOCTPAHCTREEHHME, B KO-
TOPLIX HCNONBIYETCH LenTpolexHsan cuia uhepuuy, Huewores takme
HHEPYUOHKME pPE2YAAMOPSl, HCNOALIYIOUWHE TAHMEHIMANBHLIE CHJTH
uuepuuy. [lpumensiores peeyaamoptt SAeKMpuaeckce0 mung W ap.

2°. Xotsi KOHCTPYKLHH MEXaHWSMOE DEryasToOpoB K CXeMbl pe-
TYAHPOBAHKA Pa3NHYHEE, HO B GONLIIHHCTEE C/YYaeR aRTOMaTHIECKOE
PerynupoBaiie BHNOJEACTCA NO CXeMe 3aMKHYTOro Kowtypa. [lpun-

L
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UHNHAThHAS CXeMa ABTOMAaTHYECKOIO PETYAHDPOEAHHA NO saMERy-
ToMy EOHTYpY npeactasfieda nHa puc. 20.1.

Pecyaupycaeid obsexm 1 HaXOANTCH NOL BHEIHUM BC3jeficTENEM
ucmounura éoanyuerus 2. B pesynerate ST0ro BOSEHCTBHS NpOHC-
XOIHT OTEJIOHEHHE ]‘JEI'}’JII![}}"EMDIE napadeTpa OT 3a0aHHOID. S1H
HIMEHeHHs BUCTPIHHMAIOTCH YYSCMENMEALHbLL  Jnesenmos 3, Lo-
Topril nNepepaerT HeOOXOMMMYIO HNGOPMANMID Feeyaupyroweny op-
2any 4, BOCCTAHABAHDAIOWIEMY 3afaHHbLEi NapaMeTp y peryiHpyencro

ofverta: I—3-——4—1 (cOpatnas cenab).
N Perynupyemutii  oftext [ nocpeacTroM
ofipatHoil cBASW BO3yeHCTBYET Ha YYBCTBH-
TeALHb snemenT 3, KoTopril B cBOIO cUepenb

_ neficTEyeT Ha peryaupyeMuii ofnext .
Ha puc. 20.1 pava npocreiiltan cxeMa
CHCTEMEl ABTOMATHYECKOrO pPeryfiHpoBasns.
11_.1 EN CGuiyHo B COCTAB CHCTEMB! 2BTOMATHYECKOTO
Pre. 20,0, TlpeHuROWALL- pEl‘}’JIHpﬂBﬂHHH BXOAAT pasinyHBE N0N0.J-
HAM CX.MA CHCTMM pooynM-  HHTENbHBE yCTpolcres, ofecnedusaioinie

wi J = i .. e
Bverr. % — weroumd moe  HANEHKHOCTH [efiCTEHR 9TOfi CHCTEMEL.

wnf; & — % 3 .
ik ewenss 4 o porynii B M2IIHHHOM AFPErate perynupyeMbir
py©uR opras ofnexToM obbiuHg OWBaeT ABHraTenb, a8 HC-

TOYHHKOM BO3MYIIEHWS ABAReTcA pabouasn
Mallhia, NPHBCANMAA B [ABMIKERHE [BHrateneM. YyDCTBHTenbIbi
SJIEMEHT MOMeT OLTh MeXanuuechHM YCTpolicTDOM, Yallle BCEFD MeXs-
HHEMOM PerylsHTopa LeHTPOOSIKHOrS THNA, MAH SAeKTPHYECKHM THMA
TAXOIeHEPATGPE, NPeAcTARNAINErD
coboil  smexTpHyecKMii  reHepatop,
pazBHEaIKI HanpAXene, Nponop-
HHORaNLHOe yraosoil chopocty. 21U
HANPAMEHHEM MOHHO NOJL3OBATBC
L&A PO3JIeliCTBHA Ha peryaHpyiouni
oprad, Feryaupywomye opraibl mc-
ryT OWTh pasmiyHEIMH B SABHCHMOC-
TH OT TEXHOJIOrHYECKOMD HASHAYEHHS
MAILUHHBL,
Puc. 20.2. Cxess npawcro  peryanpo- 3°. PaccHoTpHM HEKOTOPHE CXe-
el Yot i 2 5 — pury. Mbl ADTOMATHWECKOIO peEryaHpoBa-
aiops 4 — cactiie NURETPOBOLE HHF YrIOBOH CHOpOCTH HEYalLHOIO
. 3BEHa MalMuuore arperata. Ha
puc. 20.2 nokasaH maliMBEHLIH arperat, coctosumii W3 paGovedt
Matpel 2 B TennoBoro Asuratens I. YyscTSuTeNbHBIM SVIEMEHTOM
Apdagerca nepTpobemunil peryaatop 8. Perynatop coctout ms tByx
TameAux mapos K, cuiaawmx va seesbAx AC w BID). 3t apenis
BXOIAT BO Bpaniatensntie napt C u D co seenvsmu CE w DF, koropuie
B CBOIO Ouepeab BXOLAT BO Bpawarenkhble napbt E n F ¢ mydmoii N,
HMEHICH BO3MONHOCTL CBOGOAMO CKOMB3HTH BAONE Hanpasisioined
z — 2. 3penbs AC n BD ceasanu npymusoii L, crpemsiueiicn cfinu-
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anth wWwapsl. Peryaatop npuBcAHTCS B ABHMEHHE OT HAYANBHGIO ape-
Ha JBHIETENS NOCPENCTBOM MPOMEMYTOYHOIG MEeXaHH3ME, HANpU-
mep Napof konugeckux Konec A u G. Ilpy Bpawesnn HavantHoro sse-
HA JABHTATES € YIJIOBOH CKOPOCTHIO @y PEryNATOpP BpAELLAETCH C yr-
JA0B0f CHOPOCTHIO

Wy = @y

thyp
IRE thp €CTh MEPEJIATONHOE OTHOLIEHHe OT HayankHOro 3BeHa K pery-
nATopy.

IpH pasiuuHbLIX  yrAOBBIX CKOPGCTAX @ HAYANLHOTO SBEHA
mydma N 3anumaer pasaHunee Godoxerun, C Mydmolt N coenmnen
PENAMHLI MEXAHMAM, YBENHYMBAIONUME WAH YMEHBIIAIONMI mOonauy
neuscyulein sweprip Py (Hanpumep, napa WAH rasa) B ABHIETeNb.
SroT MeXaHHsM COCTOMT H3 sBelibeB OR 1 BT u sacnonkn 4. Manen M,
npunapnekaupi speny OR, CRONBLIuT B HanpaslalomuX, npHianne-
mammux mydgoe N,

[Mpepnonoxum, 970 B pesysETaTe YMEHLLIEHUS CHNT NOJE3HRX €O-
npotHuaenull B pafiowefl mammie 2 YINOBAA CKOPOCTE 0y PETYASTOPE
veeanuunack. lorfa mapsl K nop JeficTBHeM NeHTPOGEHHEIX CHJA
OyLyT ynaifTbCA OT OCH BpalleHus z — z ¥ mydra N Gyner nepene-
waThen Beepx. Ilpy stom apeno RT Gynet neficTECRATE Ha 3achoiky 4,
KOTOpas, ONYCKaRCh BHWE, YMEHBIIMT CEYEHHE KaHaNa, Mo KOTOPOMY
noctTynaer 8 asuratent I paGoyee sewectoo (nap, rasz u T. A.), Torna
JIBHIKYLIHE CHJIB! YMEHBIUATCS, YIJIOBAA CKOPOCTh @y TAKMKE YMeHb-
mmnted, Mydra N nauHeT nepeMclliaThCn BHH3, W ClenoBaTelbHo, 3a-
chobka 4 GyAeT NepeMellaThe BEEPX, YBEAMUHBAA CEYeHHE KaHaia,
TMocne yeeluueHHa NOfaYH NEMMYILEH SHEPIMH NPOLECC MOMET CHOBA
MOBTOPATLCA W T. J. Taxum ofpazoM, pafota peryisTopa npeicTas-
nzer cofoil HekoTopwlil woaebamenstttdl npoyece. Peryaatop oTsm-
B#ETCA ARTOMATHYECKH HA HaMEHeHNe BeNHYMHB YIJA0BOH CROPOCTH
HavalbEOro 3eela ABHratena o obecneuHBaeT Nogauy Heobxoammod
SHEPrHY A NEPENBHMEHNA DPEryAHpPYICNIEIc Oprana.

Crenyer oTMETHTEL, YTO OfMCaHHHE cnocof peryanposatns ofna-
naeT TeM HENOCTATHOM, YTO NOCHe cfipoCa Harpyskl YINOBas CHO-
POCTh oKashBaeTca HeCKONEBKC BHIIE TOM, ¢ KOTOpol ABMI#teNb Bpa-
manca o cfpoca HATPYSKH, XOTS JIEHMEHHE MallMHIOrG arperata
BHOBE NONYYAETCH YCTAHOBMBIUKWMCH, HO CKOPOCTH 3TOIO [RHMEHHS
Ve HHbE H HeCHONbKO Gonblue, YeM B Hauale NponEcca peryiupo-
panef. Urobb HafemaTh YKa3aHHOrO HaMeHEeHHS CKODOCTH, B TeX-
HHKE npHueHalorcs Gofee CAOMHLE CXEMEl PETYJHPORAHHA.

Onucanpan CACTEMa pPerylHpOBaHUA HAILBAETCH CcHCTeMoll Hps-
MOP0 pesyAupOsoHUY, TAK Kak 8 Hell PeryAaTop HEROCpelcmeeHHo
Coe0UHER © MEXOHUIMOM, YBeNHYHBAIWIHM HAH YMEHbILSIILHM No-
Hauy NBuxyniel SHepruH. -

4°. B paccMOTpeHHOM NMpHMepe nepeMellleliie 3acnoHKH 4 npous-
EOINTCA 3a CueT LeHTPOOEMHEIX CU Wapoe peryistopa. B wekoro-



400 Fa. 20, BEBENEHHE B TEOPHID PETYNHPOBRAHHA

PHX CAY49aAX STHX CHI MOMET OKa3aThCsl HENOCTATGUHO [/l Tiepeme-
LLEHHA 3aCH0OHKH, TOMIE HeoBXONHMO BEANUHTL B CXEMY pETrYNHpOBE-
HHfl BCHOMOTSTEALHBI MCTOUHHK SHEPTHH, HajwpBaemull cepspaormo-
pos, Takne cHcTeMB HEZHBAIGTCH CUCTEMaMH HEMPAMOZ0 DEEYAL OG-
tus, Ha pue. 20.3 nokasaba cXeMa HenpsiMOro peryapposaius. Sra
CHCTEMA HMEET TE He OCHOBHLIE 3ACMEHTH, 90 H B NPHHIHNHAMLHON
CXeME ABTOMATHYECKOTO pETYAHpO-
BaHus (puc. 20.1), HO nepemetteHlne
peryfHpymiiero oprasa 4 (sacincH-
KH) MPGHCXOAHT NOCPEACTBOM THI
paBaugeCKHx cepeoMoTopon. Ilycts,
HanpHmep, YIAOBas CHROpOCTh iy
Haqa/lbHOIO 3BeHA MallHHHOrO arpe-
rata yeennuunacs. Torpa mydra N
HAYHET NMOGHHUMATHCH H YEpe3 cHCTe-
My PHYATOE NOAHHMET SOJOTHHK 5.
B mwnubap f sonothuks no tpyl-
KaM f H & HACHETAETCH Macio noj
nocToRHELM fasnennes. Ilpu pas-
HOBECHOM peXHMe Macnonposonst 10
# Il nepeKpuiThl  30NCTHHHOM 5.
Ilpy nopweme soNoTHHKE & mMacno
no TpyGonposonad & 1 6 HawueT no-
CTYNATh B HHIHICIO NOJOCTL ILHTHE-
pa 12 cepromoTopa, nopwesb 13 ne-

£

L a

. =2

Prc. Z0.3. C¥ems HCNPpAMOTD PEryJIHpo-
Bapl® MOWAHAOMD aTperaTe: | — OEACE-
Teqk; § = pafouen Malupen; § =— 9yn-
CreuTenennbl  aneMenT:  f — BECACHHDS
& = ponorune; 6, 7, &, 8, I0, 1§ —mpcs
nonpouaaee: FE — BuaRp CepocrOTopE:
13 — nopliens cepponcropas  [4 — fo-

PEMECTHTCA BREPX H CHCTEMGH pbiYa-
T'OB ONYCTHT SacNobKy 4, yMeHbIUaRA
nocTyn aemxywed stepriy Py, pn
IBHeHuH nopluns I8 pepx Macho,
HaXolAleeca B BepXbell NONoCTH

ey moiieia (4 nuanbgpa 12, no tpyGonposony 10
H Macnonposony 9 BLITECHSETCA B

npuembHE macna. Ilocne toro Kak 3acnonka 4 onycTiics, yrioeas
CKOPOCTL @y YMEHBIUHTCE, Mydra N Haumer onyckarecsi BHH3, 20-
norunk § nepekpoer tpyGonpoeomw 6 [0, W DOCTYN macna B 1iHe
nuHgp 12 cepsoMotopa nperpatwtcA, Tlocne BosBpauleHHs sooT-
HHEa § B HCXOAHOE MONCHEeHHe NPoliece PeryiHpPOBaHHA JOJHEH
saRONYHTLCA. PaccmoTpenHan cHCTeMa pery/inpoBabnfa ofecrnedHBaet
Nofiepalie NoCToABNOH yeTaHoRHBILEHCH YTHOBOH CKOPOCTH HAYAME.
HOFO 3EEHA H HOCHT HaaBabue aciamusecotl CUCmeMbl DegyALpOsantf,
Yrofl peryisTop Bo ECeX CNYYasX PelYJAHPOBAHHA BRIEMOYAN
CEPROMOTOP, PaCCMOTPEHHAR CHCTEMA PEryNHpoBanHA cuaGmaerch
JONoJAHHTEAbHKIM apeHon [4, BXORALMM BO BpALLATENbHBIE KHHEMa-
THueckie naptl O v A co seesom 15 v wrokom 16 nopurea 13, a speno 15
EXOIMT BO BpaimlatentHyio napy M ¢ mydrofi N, Ilpu srom Touka O
oceofoiliaerca or 3aKpendeHus co crofikofl. 3seno 14 u wrok 16
nNoKasaHe Ha puc. 20.3 wrrpuxoeolt nuumed. 3penwn 14, 15 uw 16
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06pasyIOT MeCTKYH0 06paTHyI0 Ceask. [losromy Takas cucrema Perysn-
POBAHHA TONYNHNA HA3IBAHHE CUCMEMBI HERPAMO20 PERYUALPOSANIR
¢ aeeciikoil oOpamnoi canseo. HeflocTaTkom stoii chetenbl Aniseres 0,
470 NOCIE OKOHMAHHA NPONECCA PEryNHPOBaHHR Mydwa saiiMer or-
JHYHOE OT HCXOAHOIO NONOMKEHME B YrNoBam CKO-
POCTH 3BeHa npHBeieHns OyAeT HeCKONBKO OTHYATL-
Cf OT mepBoHaYanbHO.

5%, Yrobn nabemarn HePaBHOMEDHOCTH nponecca
PEry/HpOBAHUA 8 CHCTEMax ¢ ofpaTHofl CEsabio
MEHly wTokoM I6 u asenom I4 (puc. 20.4), ycra-
HALTHBEETCA MACHSHH TOPMO3, COCTORIIME Mz mH-
AHHgpa 7, MECTHO CBAZAHHOTG ©O WITOKOM 16, u
nopwya I8, sxonsutero so BPAIATENEHYI0 KHHema-
THYeCKYH napy co apenoM 14, Tlopmwens I8 mmeer
OTBE]:IE‘[‘HT[, HEPES KOTOPLIE MACKO MOMET I[EpCTEKﬂTI:
H3 BepxHell MOnoCTH B MHMHIGIO ¥ Haofopor, Kax
NOKASLIBACT ONLIT, CONPOTHEAEHUE HPH NEPeTeKanmy
Maclla nNponopuHOHANLHO CKGPOCTH  nepeMeviennn
nopuibs I8 B unawiape 17, Taxan chetena peryau-

POBAHHA NONMydnila HazBavue usodpomuol cucmesb:
PEYAUPOEORUA, 5 MACARANLI TOPMO3, COCTOALMIT M3
nopimes I8 W nunuuapa 17, naswpzerca Kamepaor-
mos. NpOMHan  CHCTEMs  PeryaAMpoBaHHS  RE-
MAETCH ACTATHYECKONR W noisepsupaer NOCTORHE Y
YCTAHOBHBILYIOCS YIVIOBYIO CKOPOCTS HAYAALHOIO 3pe-
Ba. CnenwanbHan npymmna 19 cuatiuens yerpofi-
CTEEMY, NOSBOJIRIOLEMN H3MENATE BBT'H}KK}’ npy-
KHEE] H TeM CaMbM NPOHIBOAMTB HACTPOHKY Ch-
CTEMB perynupobauHs  Ha  Tpefyemulii  pesnm.

Pic. 204, K cp
CICHE HenpHMOrn
PErYAHpOBaNHA:

13— umnnppnp LEP-
BOMOTCpE; IR —
DCpUCAL . erpog.
MoTepE; 14 — po-
MORhRTENBHOS 3Fe-
e F S o prmar
16 — WToH nopi-
nn: J7 —uHAHNEp
HaTdpawTe; If —
MU EHL EaiTa=
paxt; [ — ppy-

MHHa

§ 90. Kuuetroctatvka uentpoGemmoro peryastopa

I°. BHISicHHM BONPOC © SABHCHMOCTH YIJoBoli CHOPOCTH peryas-
TOpA @y OT BHCOTH nombesa z Mydmu N peryasitopa (puc. 20.5, a).
Ias store npeanonosum, uro yraopas CKOPOCTL Gy, PErYAATOpPa A8

pPacCMaTPHEAEMOIO MOMEHTS BpEMEHH €CTL BellHYHHEA

NOCTOAHHASA.

Ecn¥ nop peiicreseM Beex mHemwsmx CHI, B TOM 4HCJE ¥ CH HHep-

I1HH, PErYNATOp HAXOIMTCA B

PABHOBECHH, TO JO/MHO YAOBIETBo-

PHTBCA YC/IOBHE PABEHCTEA HYJO CYMMH BCEX STHX CH:

@F:ﬁ.

Cuser moepums rpysoB E; E; oboznauaem uepes F, — F,.
CullaMy MHEpUMH CAMHX 3BeHLEB MOMKHO npeselpesk, TaKk Kak HX
MaCCH MANEL NO cpaBHEHHIO ¢ Maccam rpysop, CHaamy TPEeHHs B K-
HeMaTHYECKHX napax Takwe npeneGperaem. IpH nocTosumnoii yriio-
Boll CKopocTH p CHNEL HHEPLUHM MY(TH B3aUMHO YPaBHOBEIHBAIOTCH,
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Kpome cums wEepuyH, Ha PEryanTop JefCTEYIOT CHIBL THAKECTH (7,
rpyaos, chaa tExecrd Mygret Gy u cune npyxnus F u —F (ua
puc. 20.5 npyxuka e noKasaHa).

Onpegenm npusenensyio K wydre cuny Fp OT CHIBL THMECTH
H CHJ CONPOTHBREHHS NPYMHHEEL IR STOr0 CTpONM NOBEPHYTRH niaH
CEOpPOCTEl] MexanusMa peryfintopa B ere ABHMEHHH OTHOCHTENBHO
oCH Bpamenus B DockocTH ueptera (pue. 20.5, 6), npuiaraeM
B cooTBercTRylownX Toukax cunn F, —F, G, n G, ncuny Fy,, Apisito-
YO0 YPABHOBEIIHBAD-
el cHaoil, TPHICHEeH-
nofi ¥k mygpre N u na-
paJurensHo oM 2
(puc. 20.5, a), u panee
COCTABMAREM  YPaBRCHHE
MOMEHTOR BCEX CHAO OT-
HOCHTEJALHO TOYHKH p —
nogiocs nNaRa cropoctell
(cm. § 69). Mueem

—G, (pn)—Gy(pes)sin ce—

— G, (pey) sin o —
— F (pl) cos o —
Prc. 20.5. K gnBevocT [l 5
va:ﬁrmum per}‘nﬂn}pﬁiﬂaﬁ:g:z p::y::ﬁ:;il;mﬁ}ug- s '-Iph} cos o +
EBEPHYTH naaE rm:lpm‘:'rt T —
+ Py (pn) = 0. (20.1)

Tak kax (pex)=(pey) ¥ (pl) = (ph), To ypeBHOGEILHBAKLLAA CHIA
Fy, Gyper paena

Fy =G,+zc;3im”§—’;sma +2F-{‘-§:§:;—msm. (20.2)

COrpesku pey, pr M ph NpencTasnasioT B Maciutale |, BEFHIHEL CHO-
poctell Ug,, Uy ¥ Oy Touek £y, N u 7, 1. e,

Up, = Po(Per)s Un = Polpn) # Uy = o (ph).
Tosromy dopuynia (20.2) moxer ObITh NpEJICTARNEHA TaK:

F, =Gy} 20, ‘U‘; sin & -+ 2F —2- cos ai,

¥
Uny

Moayne npusenennoii cuanl Fy, pasen
Fa = Fy =G+ 2G,—2-sine -+ 2F L cose,  (20.3)
N

Upr

a manpaplieHa oHa Nportusononoxuo Fu,, B JaHHOM Chyuae BHHS
BIOJIb BEpPTHKANBHOR ocH. AHANOTHUHO ONpElensieTcs NpuBeleHHan
cuna Fy, or cun ukepuun Fy # —F,. Hueenm

Fulpe,) cose + Fy(peg)eosa — Fys (pn) = 0, (20.4)
rae Fy, ecrs ypaBHOoBeiHBalolias Cusia.
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I3 ypapuenns (20.4) noayuaem

{oey) U
Fy3=2F, um‘:! cosc, HAH Fyp= EFn-t;rLcmm,
rie Tg, == Yy (pe)) M vx = p, (pn). Orciofia MoiyE NpHBENERHGH
cinnt Iy, papen

Foy = Fyy = 9F, <E--cos, (20.5)

HanpaBicha we ora npotueononomHo Fy,, 1. e. BRCpX.
Tak kak cuna Fy, no senwusike papus

FIE = .I'?Hﬁ;.!',
TAg X €CThb NEPEMEHHOE PACCTOMHHE LEWTPOB THIKECTH TPYSOB OT OCH
peryastopa, a m -— macca rpysa (puc, 20.5, @), 1o dopuyny (20.5)
MOM{HC HENMHCATE TaAK:
~ I,
Fus = 2mogx cos =L (20.6)
N
PapHOReCHe peryiaTOpa ONpERENsieTCA PaBeHCTEBOM HyJI0 CyMME
npupeiespx K Mydre cii Fo, n F., 1. €.

Fou+ Fe=0 (20.7)

Ilpunenenran cuna Fy, B parencree (20.7) HOCHT HaspaHpe fod-
Gepacusaroneil cumi peayasmopa. B camom niene, eciin npy HeBpanaio-
meMcd perynatope Mel GyfeMm nopuuMath MydTy peryisiropa, To
JonwHE OyACM NPUNaraTs K Hell Chily, PaBHYIO NO BETHYHMHEE H NPo-
THEOTIONIOKHYI0 N0 Hanpaenenwtoo cune Fp,. Hs pasercrna (20.3)
caenyer, 4TO NOLIEPHHBAIOIAN CHAZ PEryJINTOPa 3aBHCHT OT KOOP/AN-
HaTE Z MyQTol N H B KasK0M NON0MEHHH ypapHoBelHBaeTes NpHRe-
JeHnol cunol Fp, OT CHJl HEEPLHH TPY30B, KOTOPHE TEKME 32BHCAT
OT noNoxernn z mydoe N, 1. e,

anFm{z] U Frop=Fy(2).

Cuna Fy, Hasbipaercs npusedennoti k mygime peayaamopa yenmpo-
Bescrodl ciaod.

llopcraenss B paeesctreo (20.7) spavenns Fyy u Fg, us tdhopuya
(20.3) u (20.6), nonyusem

Gy +EGE%E'-SEI[O:-+2F-E"3-EDGO¢— malx cos ot ~Et = 0,
(0 Uy L

" (20.8)
Brenem caepyiowme obosuaterun:

A= me(:nsu—[;'-”:-, (20.9)

B = G, + 26y ~2-sin ot 4 2F 2 cos cr, (20.10)
U Ury
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Torpa ypagrenne (20.8) npumMer BHi
Awj — B =0. (20.11)

Vpaererne (20.11) nBnserca ypapHeHHeM paBHOBECHS peryJs-
Topa TpH CluAax TPEHHS, PABHLIX HYJIO.

Ha coornowennit (20.9) n (20.10) cnenyer, uro pemuunist A 0 B
ABASoTeS  QYHKIHAME TIONOXKEHHS OAHOTC H3 3BEHLEB MeXaHHsMa
perynatopa. Ecnn A u B paccmaTpupath Kak QYRKUHH [NOMOMCHHS 2
Myde  peryamropa W fonowute A = A (2) wu B=HB(), 10

ypasrerne (20.11) npumer sug

. A@ei—B@=0.  (20.12)
Ha storo ypaeBHeHusi clieiyer:
B
"‘l;; 2 0p =5 (20.13)

o
Wiy 63 Who Takum ofpasom, KaKAOMY [DONCHCHHID
paeHoBechsn mydel N, onpegenneMomy koop-
:;:E':u?ﬂ“&l:f Itn-rn;fr:;gu e Aunarcil 2, CONTEETCTEYET BNOJNKE oNpeaeiet-
Mydie peryamTops o1 kesg- | HAA  YTJOBaER CHOPOCThH . 31a YLlloBas
paTa ero YrACBOR CROPOCTE  CRODOCTH HOCHT HasBaHHe PASHOGECHON Yyeno-
B0fl CROpOGIN  PESYASMOpa.

2. Moabayace dopmyname (20.9), (20.10), (20.13) ¥ nnanom
ckopocTeii, MOMHO NOCTPOHTL OHarpaMiy 3EBHCHMOCTH TepeMerie-
Hug 2 MyQret N o7 kBajpata pasHoBecEoH yriomoff CKOpOCTH @f
(puc. 20.6), T.e. z= z(wy). 3Ta AMarpaMMa pPETYJATODE HMEET
obbiuno BHA, ykasakeuil Ha puc. 20.6. lNoneayscs stoft auarpansof,
BCErfis MOMHO ONPEAETHTE 1O 3alsHHON yriopol CKOpPOCTH @y KO-
opauHaty z My¢mhl. Hanpumep, 3sauenuio yrsiopoli CKOPOCTH gy
COOTRETCTBYET TOMKA { [HarpaMMe 2 = z (@p) M, CRNelOBaTENbHO,
nonomesre g Mygoa N.

Ecin mocTpoeda paBHOBECHaR JHarpamMMa peryfiaTopa LAR HH-
TepBana, COOTBETCTBYIOEro NOJIECMY Tiepemelteriio i Mygnt perysis-
TOpa, TO MOMHO ONPEAENHTH 3HAYCHHA Ogyn H Gpg  MEHHMaALHOHA
W MaKCHMaJILHOf YIAOBLIX CKOPOCTell peryisTops, NpH KOTOPEX Mydra
2apiMaeT CBoH Kpafiiie NoJOoMeHus.

Beanwunna

§ = Zmax— Dmin (20.14)

G
rie
L w
Gep = n_m%_,ﬂ.ﬁ&. (20.15)

HASLIBAETCH CIMENEHBIO HEPASHOMEPHOCIMUL PEYARMOpA.
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Hs Gopuys (20.14) u (20.15) cnenyer, uto Beawunna 8 papua

&= Iﬂiha;m—pmmln . {Z}.Iﬁ}

°. B Hexotopuix ciyuasx OpBaer yhacGHee cuibl, neficTpyonue
Ha peryfistop, NpHEOAHTE He K Mydme, & k uentpy £ rpyza (puc. 20.7),
Haﬂgaﬂ.ﬂﬂﬂ HX M0 JUHHH HEHTP{H‘?E}HHDE"I CHJAE! HHEPLHH F“,
2BHOBCCHE PEryAfTOpa ONPEAENNETCA DABEHCTROM HYJH CyMMBI
npuBefeHsuX K Touke E cun Fou v Fre. Hueens:
Fi - Fiz =0, (20.17)
rie Fy — npusenennas chna eecor Gy ¥ Go rpysos, mydre N H
cun F v —F npysups 8 Frg — npisegesnan cuia cun nEepund Fy
n —F,. Mopynby cwnn Fpy onpenensmercs, ecnw B
pasercTee (18.3) NOMHOMMTL ECE €r0 YNEHH HA OT= ~e—of
HOLIEHHE CKOPOCTH ¥y MyhTi N K NpoeKLit CKOpPOCTH
©g ToukH E Hz TOPHIOHT&NL, T. €. HA Uy/Ug COS .
Haueen

- i!‘.;&_+m,tgu+ffj_”. (20.18) |-
E

Ve GOS0

Monyab chntt Fue onpenensercn, €ciH TOMHO- l:_-".i
HUTL NPaBYIo uacTh Qopuyist (20 G) Ha To e camoe . o0 o fpne

orhotenne. Hveen BCIOHEE Cin, nefs
CTOVICLHE B2 poe

Fiz = 2malx. (20.19) TR, K ueur.

Cuna Fpz HanpamheHa nporHeonodioxwyo cune Fp.

llopcrapasn B ypassenwe (20.17) swpawesus pas Fu o Fao us
Gopmyn (20.18) m (20.19), nonyuaem ypaBHeHHEe paBHOBECHS pery-
JATOP2 B CNeOYKUeM BEje:

GI”N

+ 26, 1g . - 2F *:ﬁ- — nuix =0, (20.20)

HEi.Eﬂ-l.'x

Brops obosHayeHus

D = 2my (20.21)
i
G!:.-N Uy
C“‘tj:“m—'ﬁ-—FEGatEﬂ‘F?Fq- (20.22)

nepenuiem ypapuerue (20.20) rax:

Dol —C = 0. (20.23)
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Ypasnemne (20.23) snpasercs TEKKE ypaBHEHHEM paBHOBECHH
PEryAfTOpa NpH CHAaX TPEHHS, paBHBX  HyJdo. DBejiuuHHB
D v C cyrs (QYHKLAH PACCTORHWA X LEHTPOB THMECTH IIAPOB A0

OCH BPalleHHR perynaropa, 7. e

ClE
D=D{x), C=C(x).
Hz ypaemenuns (20.23) cnenyer:
F) = . C(x)
= wp = ‘ﬁ%‘{j‘ . (20.24)

Pric. 20.8. XApakTepHoTixa
PeryARTODS Huarpasma sapucumoctn € = C (x) nan,

yro 1o me, Fr = Fy (¥) Hocut HasBaHue
xepaxmepucmury peapanmopa. Ha pue, 20.8 noxasaH OJIHE H3 BOS-
MOMNLIX Buaos auarpammbt C = C ().

§ 91. ¥YecroifueocTs perynstopa

17, C NOMONIBI0 XapaKTEPICTHRH PEryJIATOpa MOMET GHITh BHIAC-
HCH PSJI BaMMLX CBOfCTE PETYJAATOPAE, K 03HAKOMIGHHIO C KOTOPBIMHE
ME H NEPEXOIHM

Ecnn ofpaTtuThcn K PABHOBECHON KPHBOI perynsTopa (pHe. 20.6),
10 13 1ee caeayer, wro npu z = 0 HMeen HaHMEHLIUee SHAUCHHE Ggn
e papioBecHofl yrioeoll CKOPOCTH, & NPH

z=nh, ree h — noaEtft xop  MygTH,
uMecy HanGobILee SHAUCHHE G PER-
nosecHoll yraoecfi ckopoctn. Crenens
HepaBHOMEpHOCTH DeryasTopa, cornace
o ¢opuyne (20.16), pasua

ol —

Fii b= man min o0 25
o, (20.25)

Puc. 20.9. K secnepovammio yerofl- Taxum obpasos, O SHBHCHT OT npe-
B ol Ienos CHOPOCTEH, D KOTOPHX MOMET

paforath peryantop.
Kak caenyer na ¢opuyan (20.19), sennunna cufiin Fpe paBna
cymme LEHTpOGeMHLEY CHI HHEpLHH Fpy30EB:

Frp = 2moix.

Ecnu ckopocts w, NOCTOAHHAN, TO BeNHUHAa CHIAW Fnp nponop-
HHOH&NEHA p.ﬂl'_‘CT{lﬂIIHH} X H €€ H3MEHCHHE B ¢I:JHK[J.HH ITOrD paccTodA-
HHsi BEpasuTes npamoit aumnedi Om (puc. 20.9), npoxopauefi yepes
HEYAJ0 KCOpAHRET W Haknonensoil k ocn Ox nop yraiom [, Tanrenc
KOTOPOro parch

tgp = mmﬁﬁ""m,
B
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e Jp H Py — macwralel NOCTpoeHHs Auarpamset (puc. 20.9).
Tpaman Om HoCHT HasBaHHE AUHUL WERMpoberHOL cln,

2" PaccmoTpum, jalee, B TeX e macTaliaXx XapakTepHCTHRY
perynstopa, 7. e. ero sasucamocte Fry = Fpy (x) (pue. 20.9, wpu-
Ban b — b). Toura ¢ nepecesesnn npamoil Om ¢ XapaKTepHCTHRGH
b — b perynstopa onpeiensier To NOJOMEHHE X, LEHTpa rpy3a, npH
KOTOPON DETYJIATOP HAXOAHTCH B PABHOBECHOM TNONOMEHHH NpH no-
CTOSIHHON YIJIOBOH CKOPOCTH Gp, TaK KaK B STOM NONOMEHHH PABHH
N0 BETHYHEE M NpOTHHONOAOMHLE N0 Hanpaejenuio ciikl Fy # Fra.
Ilycie, ranee, peryAsTop BhBEIEH H3 CBOEr0 PABHOBECHOTO NOMOHE
HHA, HaNpHMEp, ollyCHaHHenM MYQTH, NpH 5T0M UeHTphl rpyaos cbnu-
3ATCA M OYLYT HAXOAWTHCH OT OCH BPAIEHNS PEryJIATOpa Ha paccros-
HEH X) <C X, Ecnn nocsie sTore Mpt npeiocTaBHM PErySTOp CAMOMY
cebe, T0 OH okmwercs noj mefictenem ueHTpoCexHoli cunm Fig,
BENHGHNE KOTOpo# onpenenuten opauberoll d'c’, Gonsiuedl opaknraTi
d'b’, coorsercrayloneit pennunie cuan Fo. Toa neficrener HaGbiTog-
HLIX LEHTPO0EMHEIX CHA TPY3el GYJYT PACXOOMTHLCH, NOKE He Bep-
HYTCA B PaBHOBECHOE NONOMCHHE, COOTHETCTHYHILIEE TOUHE C.

Ecan, nacbopor, mel nommnmen Mydmy N, To rpysut GyayT pacxo-
JHTLCR H LEHTPH FPY30B saiiMyT HEKOTOPOe HUBOE MOJOMEHHE, OTpe-
Jensenoe paccTOfHHEM Xp == x,. Ecin nocie 31oro M npefoctasmum
perynaTop camomy cefe, TO OH OKamercs noa fedcTeweM cham Fry,
BeiNMHEE KOTOpOH onpenenwtcA opansatol d"6", Gonbielt opam-
Hati d'c’, cootpercTeyouell venwunfie newtpofesmuoll cnim Frhe,
H, CHENOBATENBHO, TPY3aW HaYHYT COVMIMETLCA, MNOKa He BepHYTCR
B DABHOBECHOE NONOMEHHE, COOTBETCTRYHNEE TOUKE C.

Takum ofpason, paBHOBECHE PErYNATOPE TBAAETCH YCMGIMUEHA,
eC/iH XAPaKTEPRCTHHA DEryAsTOpa PACNONOKERA TaK, YTO JO TOUKH
NepecedeHus ¢ OHA NCHHT HUMe THHRR UeHTpobeXHOl CHIIBL # Noche
TOUKH € OHa NEMHT etitue IHHNK ueHTpobexuoll cuin. Tak Kak pery-
JIATOP AONMEH pafoTaTe B Npelenax, CNpeleffeMiLiX CTEeNeHbis He-
paBHoMeprocTH O, panrofi

2 § = (may = Wi
ey L
T0 COPMYJIHPOBaHHLIN BhULE NPHSHAK YCTONHBOCTH perynaropa
ACAMEE BHNOIHEATECA A BCeX JIHHHH HEHTPOOEHHEIX CHIT MEXAY
ABYMS HX NPENENLHBIMH TIONOKEHUAMH, ONPEAEIAeMBMHE PaBSHCTBAMH

2 2
F;-;B max = 2-l'-l"l'l'-i-'fmax-tl 'FI'I2I11|II == 2"']'lt'm?'.hlnxm

B KOTOPHEX @max H @y NpefcTapinioT cololl MaxCHMaNLHOE H MHEH-
MallbHOE SHa4eHHs YTAOBOI CKOpOCTH PEryAstopa, NpHHATHE no-
CTOAHHBIMH,

Ha puc. 20.10 navecens XapaktepucTHKa peryastopa b— b u
aubnn Ol u Of nentpobesxnuix omnl Fromax ¥ Fromin. S8 mio6ex
JnEni ueHTpOOeMHBIX CHiI, NPOBEIEHHHIX Mexay JuHuamu Of u Of,
perynsTop ¢ XapaxTepHcTHKol & — b yeroilgue jis papropecHHX
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MONOMEHRT OT Xppg 0 Xy, PETYAATODH, A5 HOTOPLIX BETNOIHAKTCA
STH YCNOBHA, HA3IRBAKOTCH CMAMUSECHKUMEL.

Ha pue. 20.11 nokasaga xapakrtepuctuxa b — b, npu xkotopoi
YCACBHA YCTOHUHBOCTH HE EWHNOAHAOMCA HO GCEM UHMEDHIIE OM Xqun
00 Xpuy. TAKHE DETYIATOPH Ha3LIBalOTCH HECHIMIECKUIAML,

Ecnn juofioMy 3UaueHHIO X COOTBETCTBYET OfHA H Ta e paBHO-
BECHES CKOPOCTE M PABHOBECHaS! KPHBas PErylINTOpa HMeeT BHA Mpsi-
MOf, Napannenbaol OCH OPIHHET, T0 Wmax = Ome # 6 = 0. B sto

&
I
& |a & &|&
£
F,.-"'j £
£ ] 2
& £ g &
Tein | ] Erin T
Tz ] Tpaz
Fac, 20010, XopaxTepnoriss Puc. 20.11. Xapagmepwerasa
CTAETHYECHODD PErYARTOT BECTATHUERCEOND PeErynaropa

npefenkHOM CAy4ae XapaKTEePHCTHEA COBNAalaeT C NEHEEel LeHTpobe-
Hoft CHILL B peryisTop HAXOAWTCS B AHHAMHUCCKOM PaBHOBECHH B JIKO-
Gom nonowennn. Tagoil peryfsTop Hasupaercs acmgnuseckus. Teo-
PETHYECKH OH MOMET NOMLIEPHHBATE NOCTONHHYW YTIOBYH CHOPOCTB
npu BeeX NonoxkeHHAX nmydrel. Onnako scTaTHUECKHE PETYJATOPH He
ofnafziT THHaMINeCKol yeToifuHBOCTRIO, H ecllH H NPHMEHAIOTCH, TO
NpH BBEACHHH B CXEMY PETyJHPOBAHHA JONOJHHTENLHEX YCTpOIICTE,

§ 92. HeuypCTBHTENBHOCTH PEryAATOpa

I°, B npempymux naperpagax Npe paccMOTpeHHH paPHOBECHOTO
COCTOAHHA PE[‘}"JIHTDPE Mbl HEe YyHHTHIBAIH BAHAEHA CHA TPEHHA Ha paB-
HOBecHoe monoxenue perynatopa. Tlonwas npuBenennan K mygre
cinia TpeHHa F; Beerila HanpaBieHa B CTOPOHY, NMPOTHEONONIGHKEYHO
HanpapaeHuo apsenns  mydru. Clejopatennho, npn  nojbeme
MydTel cisia Fp HANpaBneHa BHEM3, & TPy onyckaHui My(Thl — BBEEpX.
Toria B MOMENT Hauaza JBIOKEHHS My(QTh BREpX MH Oy[eM HMETh,
yunthBas ypaerenue (20.11), yciaoene

Aop) — B —Fy =0, (20.26)

rhe dwy, — MpeiensHan PaBHOBECHAR yr0Baa CKOPOCTE NpH NGIHEME,
CoorpeTcTieHEED B MOMEHT Hauada ABHMEHNA My(JTH BHH3 NoAyyaes

Alop)f — B4 F, =0, (20.27)
rle wp — NpefedbHan papHOPeCHan YIJIOBER CROPOCTE TIPH ONYCKaHHH,

Hz ypaenennii (20.26) u (20.27) cnenyer, uto

oy =25 w @ = 255
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Tak kak cornacko dopuyne (20.13) paphoBecHss vriiopas CKO-

poOCib PErynATOpa npu OTCYTCTEHH TPEHHS paBHa i = BfA, 10
0; <op < o, (20.26)

Takum ofpasom, AnA kamioro suauenus YLIOBOH CKOpOCTH M,
CACLOBATENLHO, I KaXAOTO NONOXERHA My(Thl PEryAnTopa HMeeTes
HEKOTOPHIT HHTEpPal HIMEHEHHS YrIoBoll ckopocTH, BHYTPH KOTOpOTO
nofomerHe MydThl  OKasnBaeTcs  He
H3MEHHEIM, z

2°. PaccmoTperHoe cpoficTBo pery-
AATOpa Momer GulTh NpecTaBACHD rl[}a-
quieckn  cremyiowmM  ofipasom. -
CTPOHM PaBHOBECHLIE KPHEBRIE INA 3Ha-
YeHHI G, op B ey (pue. 20.12). O6-
NACTD, 3aKNI0YeHHAN MEXAY KpHBLIMH
z=2(op) w z=2z (o)), nassmaer
CR 00AGCMbIO HeuysCMALMERbHOCMY pe-
eyaamopa, B stoii ofnacru mydra pery- ;’::; J&':'u%ﬁﬁﬁﬂihﬁﬁﬂgﬁ
JRTOPE OCT2CTCH HENOABHMHON Npu na- rynsTopa
MEHCHHH YTJIOBOH CKOPOCTI B npefenax,
onpefenseMux kepapercrsom (20.28).

Mepoii HeuyBcTEHTENBHOCTH perylsitopa NpHEEMaETCA Kos(du-
OHEHT HEUYBCTEHWTE/NBHOCTH &, paBHbii

E= U — %% * {20.29)
Wy
roe
W, & -?%& . (20.30)

Kosppuument HewyscrBHTEIbHOCTH & MOMET GbiTh OpHaEMeHRD
NpeicTariel Tak: :
@)% — o’
tﬁi-mTj'p—F—- [20.3[)
P

Moncrasnsns B dopmyny (20.31) auauenun pan (op)® 1 (wp)®, no-
Jyuaem

e=-tr, (20.32)

HMrax, koshpuuserT HeuyBcTBHTENbHOCTH E NpaAMO NpONopLUHoRaney
cune Tpenna Fop. s dopmysn (20.29) n (20 30) uveen

_ m;=m,,(l+-;—), mi;mmp(l-——%-). (20.33)
[lpubmnkenno MoXHO canrath

@3)mex = Omax (1 + ), @Dntn = 0min (1 —£) (20.32)
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H, Jance,
iy =] op.
Torna ped TOHTEARHYH) CTENCHE HEPATHOMEPHOCTH 6:1 PErYIRTORA
MOKHO NpeicTAaRNTL TakI

m:naa | 'm:n n
By = '“_o"ch“l"“ . (20.35)

TMMoncrasnas B pascherno (20.35) JHAYEHHS Gigax W Omin 13 GOP-
myn (20.34), noayuas s

E AT s R
inan (I T3 )mc:m (I ] ) = anm':p"’“"" +e=~0]-=

ﬁ_ﬂ:
(20.36)

Takum obpasom, jeficTEMTELHAS CTENeHb HEPABHOMEPHOCTH Oy
paBha MpRGAHIKEHHO CyMME CTENenH HEPapHOMCPHOCTH O, mofyuer-

HOll NP YCAOBHH OTCYTCTBHS TPeHHs, H KOS(PHLNEHTa HEdyBCTEH-
TENLHOCTH E.



YACTb TPETbHH
CHHTE3 MEXAHH3MOB

OTOEN NATHA

NPOEKTHPOBAHHE THNOBLIX IJIOCKHX
H NMPOCTPAHCTBEHHBIX MEXAHH3MOB

Frnmasa.2l

OCHOBHLIE NOHATHA H ONPEAENEHMA,
CHHTE3S LEHTPOMIHEIX MEXAHH3IMOB

§ 93. 3anaun UPCEKTHPOBAHNA MEXAHHSMOB

I°. TlpoexTnpoBatie MEXauH3MOB NpejcTavanet cofoll CAOMEYIO
KOMIUIEKCHYI0 npofileMy, peieHne Kotopoil Momer GuTh pasGHTo Ha
HECKOJILKO CaMOCTOSTeNbHEIX 5TanoB. [lePpuM STanoM npoekTHpoBa-
HHA ABASIETCHl YCTZHOBJIGHHE KMHEMATHYECKOH CXEMH MexaHHsMa,
KoTOopan obecneunBana Gel TpeGyeMull BHL ¥ 3aKOH jApuMennsa. Bro-
PHIM STATNOM [POCKTHPOBAHUA ABAAETCA Pa3paboTHa KOHCTPYKTHEHEIX
opM MexaHHIMa, OOECOCSHBAIOUIHX €ro NpPOYHOCTE, LOMTOBEYHOC T,
ELICOKHIT KOSPHINERT Noflesroro fefictens ® 7. 4. TpetenM srtanom
MPOCKTHPOBANNA ABAACTCH pa3spaboTKa TEXHOJOTHUECKHX H TEXHHKO-
SKOHOMHUECKHX TOKazaTelell NPOEKTHPYEMOro MEXaHuaMa, onpene-
JAeMBIX IKCOAyaTalMeld B MPOH3BOACTBE, PEMOHTOM H T. A.

E Teopun MexaHH3MOB B OCHOBHOM nIfMaralorcs METOAE, C MO-
MOIUBIO. KOTOPEIX MOX@T GeITb paspelieH nepsbifl STan DpoexTHpo-
BEHHS — paspaloTKa KHHEMaTHUECKHX CXEM MeXaHUSMOB, BOCTIpOH3-
BOAALNX TpeOyemuifi sakol Apsxenun. [lpw stom, xomeuno, YGHThH-
BAIOTCH H HEKOTODHE BONPOCH, CBSSAHHLIE CO BTOPHM H TPETHHM
STallaMH NPOCKTHPOBAHMA, Kak, HanpHMep, HalHule y MeXaHHsma
HeoOXOAMMOTe  KOs(GPHIMEHTE NONCIHOTG ACICTREA, BOIMOMHOCTD
H3TOTOBJICHHS €0 jieTanel Ha COBPEMEEHOM CTAHOMHOM ofOpynoBa-
HHH, BO3MOMHOCTE COOPKH MexadMsMa W T. [,

B naneefiluem npu uaiomerHy JaHHoro paznena KYpca ME Gyaem
NOL TPOEKTHPOBAHHEM MEXaHH3MOB TOHHMETL TNPUEKTHPOBAHHE HX
NEHEMOIMUYECKIX CXEM C YUETOM HEHOTOPRIX H3 HM[UE}'KHEEHHHH
ACHONEMTENbHEX yonosuil. Paspen Teopun mexaHusmos, NCCBALEeH-
Helfl MeTO[aM NPOCKTHPOBAHHA N0 3aJaHHEM ENHEMATHYECKHEM YO0~
BHAM CXEM MeXauusMOB, MOMTYHHI HasBalHHe CUHMEST MexaHisEmos,
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Cunres knHemaTHyeckoll CXeME MEXAHHIME COCTONT B ONpeieeHiiH
HEKOTOPLIX NOCTOAHHEIX erc napaMerpoB, YIOBNETBOPAKNIHX 3anak-
HEM CTPYKTYPHENM, KHHeMaTHYECKHM H IHHAMHYECKHM YCIOBHAM, NpH
STOM OIH8 4acTh STHX NapaMeTpoB mMoxer OMTL 3afaHa, & JIpyras

noAsHa Cwith OnpedencHa.
B ofien ciiyuyae 3afadd CHHTE3a MEeXaHHIMOB ABJRIOTCA MHOIC-

ﬂﬂpﬁﬁIﬁTpHuﬂ']{!!MH, TAK Xak YHCAO napauetpon mMeXaHHaMa HHEOr=
He Gupzer odmosnawnmin. Kak ywe Geilo yKaszaHO Bullue, YCJOBHS,
KOTOPSM BOJDKEH YIOBNETBOPATE MEXaHU3M, ABJIOTCH MHOTLA Npo-
THEOPENHBLIMH, H OYEBHIHO, YTO NpPH NPOEKTHPOBEHHH MEXaHWIMa
Hajo CTPEMHTLCH K ToMy, 4To(H G0 HafIEHO TAKoe peluenHe 2a-
nauy, KOTOPOe MOMHO CYMTATE ONTHMANBHBIM.

B HaCTOfILEE BpemMs CYUIECTBYET pajl chiocolon peluesus nopob-
HOro poja safay, oOLERHHAEMBIX TaK HasbiBAEMbIM MEMOCOM MHO20-
napasempuveckoft cnmusmusagun. Tlpy MenoibsoRalul STOMO METO/e
ofEIYHO O/INO YCJIOBHE TpHHKMaeTcs 3a ocHoBHoe. Torpa Bee ocTadib-
HEe ycqosHs OynyT poncneuTeabHbmu. Hanpruep, npH npoexTHpo-
BEHHH MeXaHH3Ma WAPHHPHOIO YETHPEXSBEHHKKA ML MOMEM B Ka-
YECTBE OCHOBHOFO YCJOBHH MOCTaBHTh TpeGOBaHHE 3AIaHHOIO JEH-
MeHid BRXOOHOTO 3BeHa, MHHEHManbiioll BeJIHUHELE AHHAMHYECKHX
Aapjernit Ha cToiiky H T. 4. B KavecTBe JONONHHTEALHLIX MBI MOMEM
NOCTABHTL YCJIOBHE 2aIAHHLIX ralapHToB MEXaHH3Ma, ero NpoRopaYH-
BAaEMOCTE W T. JL :

OclioBHoE yCioRHe ofBUII0 BLPAMEETCR B BHJE HEKOTOpPOH (yHK-
LHH, SKCTPEMYM KOTOPOI JIOKEH ONpeneinTh Tpefyembic napaMerpr
cHHTESHpyeMolo Mexaumsma. ITy (YHELHIO ofiLMHO HasHBAT Hete-
eofl (hyrkyuedi. Huke, npH paccMoTperui 3ajad npubmmKeHHOro
CHHTESa SYOMATHIX, KYJaUKOBLIX H PHUuEMHLIX MeXanusmos OynyT
NOKA38HE NpPHMEPH pasfiMubbiX neneeklX Qynxunii. Tak, manpusep,
J5 SyGMATOrO MEXaHH3Ma 3T0 MOMET GHTE €r0 nepeflaToNHOE OTHO-
WeHHe, I8 KYJaUKOROIO MeXaHusMa — 3aiaHHLl{ 3akoH [BHMEHHA
BHXOIHOMO 3BCHE, 1A phivadHoro MEXEHHIME — OLeHHa OTKJIOHEHHS
waryHHoll Kpueofi ot 2asamkoll u T. 4. JlononHkTenbHEE OrpaHute-
HHA, HakAajibiBaeMEe Ha CHETe3HpyeMuill mexawusd, MOryT OuTh
npefcTaBnelk WK B dopMe kakuX-anGo (yEKuH, WAH Halle B BHAE
HEKOTOpLIX anrefpatdeckHX HepaBeHCTB.

Takum oOpasom, GONBIIHECTEO 34/ CHHTE3d MEXAHH3MOB MOMET
ELITL CREIERD K 3a7iaqe oTHCKEHHA TAKHX NapaMerpor MexaHnEMa, nph
KOTOPHX YAOBAETROPSIOTCH NPHEATHE OrpalHyeHusA H ueieBas qyik-
UMS HMeeT MHHUMaTRHOe sHaueHue. Kax yme 0bl10 CKasaHO BLile,
szfavs ST8 MHOTONApaMETPHYECKas, W pelenHe ee ORMHO NPOBO-
JHTCS © HCDONLINBAHHEM CUETHO-PellaINHY MalllHH € NPHMEHEHHEM
metonoe Monte-Kapno, 7. e. ciyuaiiHoro noHcka, HallpaBaeHHOrO
noHcKa W KOMOGHHHpOBaHHOrO noncka. MHorue 2ajiatin CHHTE3a MeXa-
HH3MOB MOryT GLITh pElieHH TOJBKO B npHOaHxeHHofl dopue. Torna,
KPOME NPHMEHEHHS METOLOB NapaMeTpHueckoll ONTHMHSALHH, UM
pUKO HCIOABSYIOTCHE METOE TCOPHH nprGmiskenna  ¢yHruufd &,
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B 4aCcTHOCTH, METOJL Hawdyuiero npubinmxenns GyHRUM, npenamxey-
Bl YeOHIEBHy, H pas/HURLE METOH HHTePTIONHPOBaHNS (yHK-
ki, METOL KEanpaTHyeckoro npubmixennn $yHKUHA, METO] HCNOMTh-
30BaNHA B3perlenHoll paswocTH, npennoxenuntt H. M. Jlesutcrum,
HOT. ML :

Ocrornuofl 3anaueii cHHTE3a MEXaHMIMOB RENSETCHS BOCHPOMIBEIE-
HHE 3548HHOMO JABHMEHMA OJHOTO WM HECKOJNBKHX 3BEHREB NyTeM
HENOCPEACTHEHHOrD WY BOSACHCTEHHA ApYr Ha Apyra |WiH NyTeM BBene-
HES MEMIY HHMH NpOMEMHYTOUHHX spepbeB. Kak B nepnom, Tak W BO
ETOpoM chaydae pellienHe 5Tofl 3aflaud CBOAHTCA K NPOEKTHPOBAHHIO
KHHEMATHYECKOH 1enH SajaHHOro oNpeleneHHoro ABHMEHHS, T. €,
MEXAHHIMA.

Z, Tlpu pewennn 3a/24 CHHTE3a MEXAHNAMOB JOMIKHE GLTL npH-
HATH BO BHHMaHHE BCe YCJIOBHH, o0eCcneqHBalOLIHe OCYUECTRJEHHE
Tpefyemoro npumenns. Takumu yoIOBHAMH ABARIOTCH CACNYIOUHE:
npaBRJLHER CTPYKETYPa TMpOEKTHPYEMOro MEXAHHAMA, KHHEMaTHue-
CKAA TOUHOCTL OCYILECTBASEMUNO NBHMCHHS, BOSMOMHOCTE COSIABATE
NpPOEKTHPYEMBIM MEXAHHSMOM SaflaHHOE JIBHMKEHHEe C TOYKHM 3peHHs
AHHAMHEH M, HEKOHEl, YCJIOBHe, YTOfH pa3Mephl 3BEHLER NPOeKTH-
pyeMoro MeXaHHIMa JONYCKANH BOCOPOHIBENCHHE RafaWHOr0 ABMKe-
HHA. B nacronuell riage ME OCTZHOBHMCH Ha ofuiem PEIIEHHH OCHOB-
HEIX 3afla¥ CHHTCRZA H NOKAMEM, KaK MOryT OuTh NpH STOM YYTeHH
BHIIEYKASAHHEE CTPYHTYPHEE, KHHEMATHUECKHE, JHMHAMWYECKHE M
METPHUECKIE VCAORHA.,

OcHOBHBLIMH 3278YaMH CHHTE3a MEXZHHIMOB, HMEIOUHMH 0CoDEHHO
BEKHOE SHAYEHHE B TeXHHMKE, HBISICTCH CAeNYHilHE:

1) npeoipasoranue epawjamensHozo IEHMERHA BOKPYT OAHOH ocH
BO EpPQLLOMEnpHOe NBHIKEHHE BOKDYT JApYroil ocH;

2) npeolpasoBaHie EPAIYAMEAbHOZ0 NEHMEHHSI BOKPYT OLHON OCH
B ROCMynamesphoe ABUMEHHE BIOMb HEXOTopoll sajammoll npsMoii,
H waobopur;

3) npeofpazopanie NOCMYNOMEALHO20 NBMHEHWS BAOTL OfHON 88-
IaHHOH npaAMoll B nocmynamebHoe BBIKERNE BAOTE APYrofl 3anannoil
npaMoil u

4) BocnpousBenente oAHON M3 TOUEK 3BCHLEB PHYAKHOD MEXa-
HH3Ma TpeGyemoli TpaeKTOPHH, BOCTIPOM3BEJEHHE 3afaHHBIX YIJIOB
NOBOPOTE BHIXOAHOTO SBEHa, JBHIKEHHA PFHXOIHOMO 3BEHA C OCTE-
HOBKAMM.

[pu pemwennn nepeeX Tpex safau OBLMNO 3ajaloTes TpefiyeMue
38KOHLI NBHIKCHHE TeX SBEHLEB, MEIKAY KOTOPHMH OCYIIECTEISETCH
nepeqaya ABHIKEHNHA, B BHIIE 3aJaHHHX B (DYHKIHH BpeMeHn Jupeii-
HEX H YrAOBHIX nepemewenuit wnM  AupeliHMX W YIJoBEIX cKo-
pocredi.

Ilpu pewennn uerseproli sanaum safaercn Tpelyeman TPaeKTOpHA
4HANMTHYCCKH (B BHJE YP2BHEHHA) WAM rpadmueckn (oTAenbHLMH
TOUKaMy, JieMauiiMn Ha 3ajandolt Tpaektopuu). 3anaworcea Tpedye-
MEle yriibl NOBOPOTA BEIXOAHOTO 3BeHA B 3aBHCHMOCTH OT yIVia noBo-
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poTa BXOMHOTO 3BeHa, JANTEILHOCTL NEPHOLE OCTAHOBKH BHXOIHOTO
3BEHE H T. A,

Kpose Toro, kax OHNIO YDOMAHYTO BHILS, YVKESMBAKTCH Hena-
TENEWHE KOHCTPYKTHOHEE (OPML MEXaHHIMOB, KOTODEE JOJKHLE
OCYLIECTRAATL 33RAHNLE MBHIKEANS, H HEKOTOpLE YCIOBHS JlHaAMIge-
CKOIO XapakTepa, BIHAKIHE HE K. Nn. J. MEXanHsMa, Ha YCToHuH-
BOCTL ErQ JIBHMEHHA, Ha NPOYMHOCTL neTtanefl H T. [.

OGryHo PEIKHTL ERINEYEa3aHHLIE 3a084%H CHHTC3Aa MOMHo ¢ no-
MOULI0 MEXZHH3MOB PasfiHyioll CTPYKTYDH, HEKOTOPHE H3 KOTOPhIX
HMEKT TOJBKO HHIIUHE KHHEMATHYECKHE NEpH, 8 B COCTAB APYIHX
BXOUST M HHIWHE H BHCIIHE KUHEMATHUECKNUE Aaphl.

[NpaxTiueckn oKaswlBaeTCH, YTO PEIIEHKE 3aiay¥ O BOCHpoH3BEle-
HHH 3ajanBuX GOpM JIBHXEHHA € MOMOILI0 MEXaHHW3MOE, B COCTAD
KOTOPRIX BXOAAT HHZUIHE H BiICLIHE NapH, ABAAETCH GOJEE NpOCTHM,
yeM POCOpOMZBEEHHE TeX e GUPM [BHMENHS ¢ NoMOUBED MeXa-
HH3MOB, B COCTAE KOTOPHX BXOAAT TOABKO HHILINE Maphl. 2o ofbac-
HAETCH D NepBYIo CYepenh TeM, YTO BWCIUKE nape ofiiagatoT OoJbiukm
pa3zHoOBpasHeEM CLOMX BHJIOB, B TO BPEMS K&K HHSILIHE Maphl, HanpH-
Mep B NAOCKHX MEX2HH3MaX, TPECTABJICHH TONLKO JBYMS BHIEMHI
napoii nocTynatenbHoR M napoil Bpawatenthofi. Bor nouemy B
rpomMafHom GONBIIMHCTEE CIY4aes B TEXHHKE TEODETHYECKH TOYNOE Boc-
MPOHIBEAEHHE 3AIAHHEX (GOPM ABNKEEHS OCYUIECTEIHETCH MEXaHH3-
MaMH, B COCTEE KOTOPHX BXOAAT H BHCIUHE K HH3IIHE NapH, 2 Mexa-
HH3MaMH, B COCTEE KOTODHIX BXOXSAT TOSBKO HH3MIKE naphi, OCYILe-
CTRASIETCS NPHEAHMCHHOE BOCHPOISBEACHIE SalalnBX ¢opM JnE-
HEHHE. &

INosToMy B saBHCHMOCTH OT TOFO, Kakne TpeboBaHus CTaBHT KOH-
CTPYKTOp NPH NPCEKTHPOBEHHK MeXaWnsMa, od BHOHpaeT TY han
HHYI0 KHHEMaTHUYECKYH) CXeMYy MexaHuaMa.

3°. B panmoM orhiene KYpca ME DACCMOTPHM CHHTES NJOCKHX
MEXEHHIMOE H HEHOTODLIE NphMephl CHHTE3a MROCTpaHCTBEHHLIX
MEXSHH3MOB.

Kax yae 6Gblio NOKasaWo B FNAaBe BTOPOfl, SMEMEHTE! BEICIIHX
nap MICCKHX MEXaHHIMOB MOTYT OHITH WAM LEHTPOMIEMH B OTHOCH-
TeNLHOM JBHMEHUH, HAH B3aiMoorHGaeMemd wpusbiMe. B nepnom
CAyyse S/EMEHTH BEICIUHX Nap NepPeRaThBalnTed (€3 CKOMLMEHHS,
BO BTOPOM CAYUA€ OHH NEPEKaThBaloresl €0 CRoMLWeHHeM. Takum
ofipaacM, ecii B COCTAE NPOEKTIPYEMOro MEX2HHEMa BXOAAT BHCLUHE
naphl, To NPOEKTHPOBAHHE HX JMEMEHTOB CEOAMTCH MAH K NPOEKTHPO-
BaHHI0 1EHTPOR B OTHOCHTE/ILHOM ABHIKEHHH, KN K [IPOEKTHDOBAHHIO
pasHMOOrEGacMEX KpHBLX. Mexanmsmbt, Y KOTOPHX 3NEMEHTH! BLIC-
WHX nap ABGAKTCH UEHTpOMIaMH, HASLIBAITCH HEMMPOUTHbLEL,
MexXaHNsMel, ¥ KOTOPHIX SJEMEHTH BHICIUNX Nap ABJSIOTCA B3aHMO-
OrHGAEMEIMH KPHERIMH, B 3ABHCHMOCTH OT HX KOHCTPYKTHEHOI'O O(iopi-
JIEHHH HAIEBAIOTCS KYAQUKOSHME BAH Sybunmumu MEXOHUIMOM,

Ecan B cocTap MexaHH3Ma BXOAST TONLKO HH3LIHE Naphl, TO TakHe
MEXAHHIME B SaBHCHMOCTH OT HX KOHCTPYKTHEHOIO o(fOpM/IEHHA
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HazuBakiTeq PONOHCHBIALL, RYAUCHBIMU, KANHOSM(M N, BUNMOSHIAN W T, .
B nactosuleli riiabe Mel paCCMOTPHM HEKOTOPHE OfLHE METOAR Mpo-
ERTHMIBAHHA LEEHTPOHIHBIY MEXAHHIMOB AAR BUCHpGl-I‘RHﬁ!lEHHH 3a-
JBHHEX S3KOHOR [SHHKERNS.

§ S4. Cunies Tpex3BeHHON0 LEHTPOHHHOIG MEXaHHIMa

I”. Tlpocrefimmm mexaymnamoM ansi npeofpasoBannsa BpallaTels-
HOro JEHMEHHA BOKPYT OLHOHR OCH BO BpAUIATENbIOE ABHIKEHHE
BOKDYT JpYrofi OcH SIBASIETCH TPEX3BeHHE HEHTpOMANLIR MeXamrnsM
(puc. 21.1), ofpasosaukiii ioyMa Bpals- ey
TEALHBIMHE H oilHOf LeHTPOoNIHOH napamu, U,

Paccrorpun, B kakoll dopme moxer e R
GLITh  38JAHO  ZIBHIKEHHE  MONBHIKHBLX &'/ ‘ﬁ;

4 &
Fi

3EeHLER 2 B 8 3TOro MexapnsMa.

n§
Ilycrs mxopmniv sBeHom Gyjer zpeHo ,
2, 8 BHXonHEM — spero 3. Foaw TEKY-  Puc, 21.1. Crema  uesriposgno-
LHE YrAk nopopoTs speibes 2 u 8 or- I0 pexinmana

HOCHTENLHO HenonpHMHOrO apedz [ ofo-

SHEUHTE COOTBETCTEEHHO YEPES ¢y H (h, TO SAKOHLI [IBHAEHNS IHCHL-
es 2 u 3 B ofutelt gopme MOryT GLTh sanucalbl B Buje CHEJYIOLHY
pPABSHCTD:

=0 (D @ =) (21.1)
Hexaouan ns pasencrea (21.1) npeus f, noaTyyaem
Py = @ (). (21.2)

3apLcrmocts (19.2) Gynem wasumath gynryuel] notoxcenun, TaK
KK OHa ONpeIensier NoMoMeHne BHX0AHOro 3BeHa 3 B 32BHCHMOCTH oF
NONOKEHUA BXOAHOrO 3peHa 2. Jludepenmupyn papencrso (21.2)
no Yray noeopoTs , Noayyaes

= 9 (@) (21.3)
Hanee, umeenm
ﬂgl%
4 iy
dgs T dys T wy M
df

€ Wy W 3 — YIJIOBEIE CKOPOCTH SBEHLEE 2 H 8 OTHOCHTENLNO FHe-
NOABHIKHOIO 3BeHa | W Uy, — NepefaTouuoe OTHOIWEHHE 3peHLER 2
¥ 3. Torma paeercteo (21.3) OKomyarenbuo NPHMET Tagofi Bua:

= 9y _ oy

Usp = - = = (92 (21.9)



416 Fn %1. CHHTE3 HEHTPOMOHEIX MEX AHHIMOB

Sapucuvocts (21.4) Gyaen HashBath (uuiyuel nepesanmounzo
omuoiuenun. COOTBETCTEEHHO BENHHHHY

. TR P (21.5)

bon ™= T ~ dys | Oy 93(%)

Gynem Ha3uBaTh (yHryLel nepedamouro2o wucaa. PYHKUHA NONONE-
nug (21.2) spasercs 2e0MEMPUNMECKOL] XOPAKMEPUEMUKOE NEXaHHIMa,
TaK KaK OHAa We BKMOUaeT B Ce0s napaMeTp BREMEHH. DyHEILHA
nepepatousoro orHowenns (21.4) nau QYRKLHA  NepefaTouHoro
guena (21.5) npeictarnsior cofoft Takme FECMETPHUECKYIO XapakTe-
pHCTHKY MEXanHsMa, HO 3aNHCAHHYIO B aucbepernkanbroit gopue.
Ofian CESI3E MEXULY HuMH MOXET OhITh NPEACTaBACHa Kak B auQidepen-
piankpoll opye B BHJE 33BHCHMOCTH (21.3), TaK K B HETErpaybHOI
fopue B TaKOM BHIE

Q3= j’*ﬁ (p2) dgpe = Yﬂwdw =§! -
T L]

Ly

dps, (21.6)

Do

rie i, — Yroda, COOTBETCTEYIOUHIT HCXOAHOMY NOJOMEHHIO SEEHA 2.

Takum ofpazoM, NpH PeWeHnH 3884 NPOEKTHPOBANHA devacenue
Monceln Guimp Sa0aHo tatt KK (PYRKLUS NOAOMCRIL, Al KoK ks
Hepedamounos0 OMACLENNS, UL, HOKOKEY, Kok UHKYUA nepedamod-
Ho20 HLCAL.

2° Cpash MENULY YrJOBEIMH CKOPOCTSMH O H Ul (puc. 21.1) u
OCHOBHLIMH paaMepaMi 3BEALEE MEXaNWH3Ma MOMET fiLiTh YCTEHOBJAEH:
N7 OCHOBAHHH COOTHOMIERHS MEHCTY YFIOBLIMH CHOPOCTAMH i pacCToR
HHSIMH MEXIy MPHOBEHHEIMH LeATpaMH BpatleHHs. MruoBeHHEIMH
LEHTpPaMH BpalileHHa SBCHLER 2 i 3 seastores Toukn A 1 B (pue. 21.1),
4 MTHOBEHHHM IEHTPOM BpALLEHHS 3BEHLEE B HX OTHOCHTEILHOM A=
JKeHHH SBsieTCR Touka P, Aexatias Ha npaMol AB u copnajatouan
¢ toukofi kacanus wewtponn Ly n Ls.

CrienoBaTenbHO, A1A UEHTPOHIHOTO MeXaHH3ma, NOKasaHNoro Ha
pie. 21.1, NOMKHO YROBAETBOPATLCH yeAonHe

A
"MZ%E%E?_]J @21.7)

a pan cKopocTell @, @y H @y — YCIOBHE
gy = — g -} Oy {21.8)

Tak, coofilHE BeeMY MexaHHIMY ofililyi0 YIJIOBYIO CKOpPOCTh, paB-
Hyio H 06paTHYO N0 SHAKY YFIOBOH CKOPOCTH (g 3BEHA 2, MBI MOMKEM
pECCMATPHBETL JIBIMEHHE SBCHA 3 ¢ yrJjoBoli CKOPOCTLI) @y OTHOCH-
TenkHo sBeHa 2 Kak NpOHCXoAsAllee € yrAcBof CHOPOCTRID, parHoil
CYMME YFTOBHX CKOpoCTell — €y H @ H3 ycnoBmst, 9T0 MrHOBEHHHE
uenrpe Bpamenns A, B u P peeria J0MH newark Ha ofpol npa-
mMofi, nNoay4dacm

(AB) = (AP) + (PB). (21.9)
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3°. OcHOBHAs 3afaua NPOCKTHPUBAHHS MEX8HHIMOE COCTONT B TOM,
yTofLl TPH 387aHHOM JEHIKEHHH BXOAHOFO 3BEHa MeXaHniMa ofec-
NEeYNTh SaflaHHoe BHIKeHHE BHXOAHOIO 3kena. Tpelyemoe Abumenue
MOMET OhITh 3a1aH0 B BEAC QYHKLHH NOJOMEHHA, HIH B BHAe (YHKIHH
NEPENIATONHONO OTHOIIEHHS, MWJH B BHIE (YHKUHH NEPEAATOYHOrO
yicna., Takum ofipasoM, NPHMEHHTENTLHO K TPEX3NEHHOMY LEHTPOM[-
HOMY MEXAHHEMY HCKOAHBIME SaBHCHMOCTAMH, KOTOPHIMH MLl Gymem
Nofb30BATLCH B JAaibRefiiieM, ABAAIOTCA CAEMYIOHHE:

s = s (Fa) (21.10)
HiH
S = (A7) (21.11)

e =@, = (BF)

¥enonne (21.10) ans uentponaworo MexaHuama (pec. 21.1) Gyper
03HaYATEL, 4YTO AR Kamlor) 3agaHHoro NOJOMeHHA 3BeHa 2 MBI HMEEM
BNoJile ONpefeieHHoe 381aHH0e noyicHenne 38eHa 3. Jina pocnpowa-
BelleHus 3allaHioro ABeHHs no yeaosusawm (21.10) u (21.11) mano
HaliTH coOTBEeTCTEYIouNe ouepTanna uewrponal I, w Ll B oTHocHTenL-
HOM JBHMEHHY 3Benken 2 o 8.

4°. Tlepexoiuy K pacCMOTPEHHIO BONPOCA O NPOEKTHPOBAHKN TPeX-
SBEHHLIX LEHTPOMIHLIX MeXaHhaMoB, o0p230BEHHEIX ofiHON LEHTPOH]-
HOIl napoii # JEYMA HU3EME napamit. K 3THM MeXaHHSMaM OTHOCATOR
MEXAHHIML HEKPYIJIHIX KOJIEC, MEXZHHIMH NEPeKaTHBAIOUNXCA pH-
Yaros HoAp.

Mexannsmpl HEKPYFALX Kofee MOMYSHAH PEcTpoCTPaHEHHE B CO-
EpeMerHOM npubopocTpoeHHH W B ofilleM MezmuHnocTpoennn. Oww
MOTYT BOCHPOHMIBOAMTE GoOJbiuoe uHeno paskoolipasuux Gywxouil
NEPENaToHOra OTHOLUIEHHA. Pacc;.im*pm FE{E‘II?.T‘D}I"IEI'_'HHH METON pe-
ILEHHS 3aaul 0 NOCTPOEHHH UEHTPORA STHX MeXanusmob, Kak Guuio
nokasano. Beite (§ 94, 1%), Tpefiyemuil 3aKos ORHMERHS BXOANOTO H
BEIXO[IHOMO 3PEHBEE MOMET OLITE Saiail WM B BHJIE QYAKLHH NoJo-
HEHIA, HIH B BHJIE (YHKLHH NEpefaTounoro oTHowennA. [Npeinoio-
JHM, YTO HaM 3a[aHH rpafHKH YIJIOBLIX CKopocTell @y H @y BXOIHOM
H BHXOAHOIO 3BEHLEE B ? /HELHH Y12 NOBOPOTa §, BXOAHOCO 3BeHa 2
H 3aJlaH0 PACCTORHHE MEMIY OCAMH BpalienHs spenten 2 uw 3
(pue. 21.2, a). Tak kak yrioBas CKOpPOCTE BXOAHOTO 3BEHA 0y =
= oy (Pg) MOMeT GLTh BCEIAZ NPHEATA NOCTORMHON W paBHOl ©, =
= |, 10 dyHKUHA NEepeNaTuNHOrO OTHOIWEHMS My, = Uy, (gs), npen-
CcTaBJIeHHan Ha pHe. 21.2, 6, umeeT Buu KpHBol, coBnajatouell ¢ kpii-
Bolt oy = ay ().

Ecan 3a HEUaTbLHEE 1OG0HERKR COMPFAHEHHLIX LHEHTPOHI MPHAATE
DOMCHEHHA, NPHE KOTOPHX YL NOBCPOTA LEHTPOHI, OTCUHTHEREMEE
of Hanpaeaewns AB, paBEE HYMO, To QVHKUHA TONOMEHH: Py =
= ¢y (g2) (puc. 21.2) mower Gute nomyuena us yeaosus (21.6):

G = f'“m deps. (21.12)
Pe

14 K. W Aprofoacscsuft
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Ilnn storo mpomscosmm  FpadHueckoe DHTerpHpozamWe rpadiia
(puc. 21.2, 6) u noayuaem (YHKUMID NOJ0KEHHA (pue. 21.3).

PFren yRKiio nepelaToNHOTO oTHOWeHns  (phe. 21.2, ) n
(yrrmno noncixenrf (pre. 21.3), nepexomy K rpafuueckoMy ro-
CTROSHNI0 CONPAMEHITEIX NeRTPOII, NPHHALIEKMILHX 2BeHERM 2ud,
[Myerh yraouse CKOPOCTH @, 11 @ NPOTHEONONAYL [0 SHARY. Toraa

Tu Bl =ty (R

Sl 5]

- |
&

FE ARl B

Pue, 21.2. K npoeneniopasmit silhemaig-eCkol cxrms UeATHORANORD MexaRiima: &) exeua
MEKTHAIME, &) Ppalenn ¥rAoFu CXOPGCTER SacHben 2 w J

NOMOHEHAE MIHODERHEX LenTpoB wpamenns (pue. 21.2, a) B oTHoCH-
TEALIOM ORHMeHHH sgenben 2 W 3 Ovoer ONpededATBCA N3 YOAO-
gaa (21.7):

oy (AP} (AR —=(HP)
U=t =GFy =@ (21.13)

Takuw ofpazom, paccrompie AB H3-3a pa3uLIX SHAKOB YTAOBBIX
CHOpOCTER @, # o, 1oJHI0 O5Th pasienelo BHYTPEUHHM aipason
coraacio yeaosio (21.13). Toayuennsie H3 STord yCIOBHR NOJOME-
Pis MTHOBENHWX HeHTpoB Bpamesns P, PP (puc. 21.2, g)
OGpASYIOT FCOMETPHUECKOE MECTO TOWEK, Haznpaenmoe Grgenmpoudoi,
Taxus ofpaszoM, Ouyermpoutol HAFBGGEMER 2C0MEMPUHPCKOE MECHO
HEHDECHHBIX  LEHMPOR EPQIEHIR 8 GNIROCHMEABHOM OfUMERUY deyx
asenvee, npunadiexauge wenodspacrol neockoctte. JLns nocTpoeHua
npodiael HenTPoi HEX0aHM TOUKH, NPRHALIEHALIHE SDEHbEUM 2nd,
NoCcAeA0EATEILHO CoBNazatonige ¢ Toumamn P!, PU, P, . Guleh-
tporuu, Mas storo or warpacaenus AB (puc. 21.2, o) orkaannisaen
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YO @y H @y, YJIB @ NOBOPOTA NEATPGHA 2 MEIKILY COCEAHHMH To-
nomennaMy (pHe. 21.3) spaaworcs pacHemid. TlosTomy ns touxn A
(puc. 21.3, @) npoBoaHM AYHH A2, A3, ... nog paBHEIMH YTJAMH (,.
Yrael @, MOBOPOTA LEHTPOMIE 3 MEMJY NBYMA COCENHHMH TNOJGKe-
puAMi nepemennwe (puc. 21.3). @ }
[MostoMy Ha TodkH 5 nposognm t e 50 —{
ayud B2, B3, ... non yraauu A
Gy @3 @3, NONYSEHHEMH 13
rpadrsa puc. 21.3. Ha toure A
(pme. 21.2, a) pannycamu APH,
ApPH . npopoaHy myre o
nepecevenin B TOURAX o 'F
4" ... ¢ COOTSRTCTREIMLIMH JAYYa- |
mi A2, A3, '44',. (:CIIE,.H-IHHH .E ,:' A F AW %
naapHoll  KDHDOHR  GOAYUYEHEBE e L5
rougn P, 2, 87, ..., DOAYMHM  ppo. #1.8.  Tpeduwn yrace  pomopota
"p‘UdJ”-l]b L[EHTIJQ”,'J,N Ll:al np WHAL- apeRecE F W3 B g.::;:lpgjgpn ¥riaa nonepoTa
Jemamen aseny 2. Touno tak ke
ws Touxs B npopoaum ayra patmyca BPY, BPW_ . no nepecede-
nua B Toukax 27, 4%, 47, ... C COOTEETCTREHHRIMH Jyuamm BZ, B3,
B4, ... Coeannus nazsnofl kpusofl nonyuernne Toukn £, 27,57, ...
nosyuny npodwik uentpouan L, nprnagnema- i
mefi aseny 4. JL1A  BOSMOMKHOCTH NEpeladH He-
NPEPHEHORO (EPHOAHYECHOTO ABHAKEHHS  AJHHDI
npothpaell  UedTpOKA AOUKHH OLTE PaBHH ¥, Cae-
AnBaTenLHo, roAHue yraw noeopota @ u dy
{puec. 21.3) CONDAKEHHLIX LEHTPOI NOMKHK DT
PaBHEN Mexcry coboi H 38 NGAHSIA KL IRHNe-
HuA J00MHH JasaThk yrod, paessui @, = @, = 2n,
Bosvosie  npodiid HEHTPOHO € PasHbiMH
YTAaMH NOBOPOTA 33 NOMHLIE UMK JEHMEHHA, HO
OpR 9TOM YI/E J0DKHE OBTE KPAaTHH LENOMY ylic-
ay. Tlpobuaw uenTponf JOMKHE HMETh CHMMET-
pHio, ytofe Cena ofecneycHa CHMMETPHA B rpa-
duxe kpueofi (pre. 21.2, 6), nscOpamawmeM ne-
penatosnyio dyHrnHo, Ma dsnomenHoro caeiyer,
UTO  LIA CAYHEs  CpeiHero NepeaaTodiore or- :
HOWEHIA, PABKOTO (Hy)ep, = —L 3a onuH ofopor Fre Bid. 3
BXOAUNOro H DHAGIHONG 3BEHS, KOK 9TO HMEET MECTO  KPYTamME  KoAecauB
AmA paccmarpuBacuoro mexarnama (prc. 21.2, 6),
HEOOXOQHMEM yeaoBHeM AOMKHO OWTH papelcTso yrjos @, = (O,
yeIoBHe Tpefyer, uTofW  MAOHLAQH, OFpaHHYeHHEE KPHOLIMH
Wy = @, (P) # wy=wy (g,) (puc. 21.2, 6), Gon G paBHEE MeXany
CoBOH, 7. €. 4TOGH! nceinﬂ YAGBIETEOPAJOCH YCADBHE

w b :J}ffi‘

JJ Wy iy = _[ @y . (21.14)
[i] 1}

14*
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MocTpoenntie na pre. £1.2, a conpaKenHHe ueHTpons [, o s,
npakTHyecks OynyT paboTochiocoluel, ecnH OHH Oyoyr cualixens
ayhLamy. TanHe MEXaAHHMIMH HOCAT HAsBaHHE HOKPHYZALLY SO
ronec (pue. 21.4).

§ 95. Hexoropbie yciopHs, ODECTIEMHBAIOUIHE TEpEpauy cHa
B MEXAHMIMAX

1°. B § 93 Guino ykazaHo, YTO NpPH NPOEKTHPOBAHHH KHHEMAaTH-
YeCKHX CXeM MEXaHH3Mop HeoOXOAHMO YYMTHIBATH BOIMOMHOCTD JBH-
MEHHA TNPOSKTHPYEMOrO MEeXaHnsMa noj ACACTBHEM NpPHIOMEHHLIX
K HeMy CHJ C BoaMcHO GonblnmM koshuuHenToM MONesHoro neit-
CcTEHS. Bumofnenwe STOro yCNCEHS B 3HAYHTENBLHOH Mepe 3aBHCHT
0T ELOpaHHEX pAsSMEPOE W (JOPML! 3BCHBEE MEXaHH3MA.

IMycth seayiiee 3geHo JIACTBYET Ha BENOMOE 3BEHO C HeKoTOpoi
cunoft F, W nyerk Hanpabhemue aGeonioTroll ckopoetH Toukn C
BelOMOTO 3REHa, K KOTOpoi npuioxena cuna F, olpasyer ¢ aunned]
neficTEns 9Tofl CHAbl HeKoTophil octpuil yron O. Torna patora A
cwau F wa vekoTopoMm nyTH s OyleT

B
A= [Fcost s, (21.15)
i

W3 dopumyasi (21.15) cnenyer, wro Yem menbiue yron &, Tem Goxnnule
pabora cuntt F, Pafiora A Gyaer makcumanbrofi npy O =0. ¥ron &,
ofipascBalHEH  HanpABJIEHHEM nefietenn  cunk F,  npHIoKerRHoi
K BejloMoMy 3peny B Touke C, M CKOpocThi0 €¢ Touky C, HA3LIBAETCH
yenom Oagaerus. Takum ofpasom, urobn BCA pafoTa CHAL F pacxo-
Aopanack Ha JBHIKEHHE BELOMOro 3BeHa, HYXHo cOecreduTh conmajie-
e HanpaeaeHns 3Tofl CHAL C HanpasheHHeM abCoNoTHOH CKOpOCTH
1Ol TOYKH BeloMoro 3BeHA, K KoTopoll npunoxena cuna F. O0nyno
B MEXanH3Max yrog jgeeheHns U HE paBeH HYJH0, BCAEACTBHE YETo
ToABKO OAHA cngrapomgn cHakl Focoolmaer JeHeHHe BeloMoMY
SEEHY, APYTas e BLISHBSET JCRONHHTENBHHE BPELnbie COMPOTHEIE-
HHR TPEHHA B KHHeMaTHUeCKHX napax.

Mano Ttore, npu Gombluom yrie faenenus O conpornBlienus OT
TpeHHs HHCTAA HACTOALKC BENHKH, HTO patota cunbl F oxaspiBaeicn
HelloCTAaToumOl, YTOOL NMPHBECTH B JBIKEHHE BeloMoe 3pero. 370
ABJACHHE HOCHT HASBAHNE SHAUMUBONIH Mexamuasa W HalmoLaeTes
B HENPABWILHO CHPOBKTHPOBAKHLIX MEXEHHSMAX.

PaccMoTpHM, Kak HIJNOMEHHBE YCIOBHA MOTYT GETE YYTEHE! [pH
pemeHHH 3a0HY CHHTEza MeXEHHIMOB. ﬂ,ﬁﬂ ITOre BREAEM NOHATHE
o TAK HasuBaeMom yeae repedavu deusicenus. Tycets ageno [ (puc. 21.9),
Exofsiiee B Touke C oo 3peHoM 2 B BHICHIYIO Napy KAYEHHH H CHOJb-
JeHusR, AHCTEYeT Ha 5To seero ¢ cuiofl F. [lyers, janee, afeoumioT-
Han CKopocTh Touku C spewa 2 paena ¥Ug,.

B ToM chiyuae, Kofila chiia TPeHns g BRCHIEH nape He YYHTLHEBAETCH,
Hanpapfienne ciasl ' coBnazaer ¢ nalpaBIeHHeM Hopuanu n — i
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Torpa yrioMm AaBJIEHHRA GyAeT YroJ Mewy HOPMAaNLK f — 7 H Ha-
npapIeHHEM CKOpPOCTH Ug,. B toM cayuae, Korjfa YUHTHEB2EeTCH TReHne
CHONBIKEHNA SBEHLEE BHCIUEH Taphi, HEOOXOAHMO CHNY JzB/eHHs
(cnny peakumn) oAporo sBeha Ha JPYroe OTKIOHATL OT HOPMAmN Ha
yrodi TPEeHHS,

Mpopenem wacarenkhyio § — ¢ K kpueei K; # Ky w oboznaunm
yron, ofipazoBannbil kacaTenbholi | — I ¢ BEKTOPOM CHOPOCTH Ug,,
yepes Yig. YOI Yig paped

e = 90° — 8. (21.16)

¥ron Ve HAZLIEACTCR fHeaoM fe-
pedauy  OeumceHus WAH, AN KPar-
KOCTH, Yai0M nepedeul.

Takum ofpaszoM, yroa nNepefadn
Vye ABJIRETCH YINOM, JONOJHHTEN k-
pam Ao 90° k yray naesnenusn ©.

Tagk Kak HANPABNEHHE KacaTenk-

ot {— 1 mmgnaﬂ & AIDARAE e Ry At R
HHEM CKOPOCTH ©c,c, TOWEHM C, 3Be-
Ha 2 oTHoCHTENLHO 3eewa J, To yron nepefayy B BHCIUHX napax
eCTE YProq MEXAY HanpaeieHHamy afconioTHoll H OTHOCHTENLHOA
CKOpOCTEH TOYKH KECAHWA BHXOIHOro 3gexa. Yem MeHBILE yrod Yy,
TeM GONLIUE BOSMOMHOCTE TIOABJAEHNE 3aKJHHHBAHHA.

¥Yeaoenmes yroa nepefauy ofio3HAYATE JEYMA WHAEKCAMH, [DHYEM
neperifi uipexe Gyner ofcuHaNaTL HOMEp BXOAHOIC 3BEHA, & BTOPOH
HEJPKC — HOMEp BhiXoflHoro akeiia. Tak wkak wa puc. 21.5 BXOAHEM
AEJfAeTeR 3peno [, 8 BHXOAHEM — 3Beno 2, To yroa nepepaun obosna-
HEH YEPEs Yye. LIpH Bxomiom seene 2 M BHIXOIHOM 3Bedie J yrod nepe-
Aagy OyaeM ofl03BaYATE YEpes Ys,.

2%, Tlpn cuHTEZe MeXaHW3MOE © Mapoil Kauewns W CROJBKEHHS
#eo0X0/lHMO YUHTHIEAETL TAKIKE H TE MOTepH HA TPEHHE CHOJLMEHHS,
KOTopnie OYAYT HMETE MECTO 33 CYeT CHOJEMMCHHA B3auMoorn0aeMErx
KPHELIX JpYT Mo ApYTY.

Tak kak MOWAOCTL, packofyeMas Ha TPenwe, NPONOPUHOHANLHEA
OTHOCHTENBHOA CHOPOCTH JBMIKEHHS B3aHMOOTHOAEMLIX KPHBHX, TO
ueM (iOSEBLIE 5Ta CKopocTh, Tew Gosbiue notepw Wa Tpenne. [lycrs,
HANPpUMEP, nepenada OBHMEHHN MeMIY 3Benbsimy 1 w2 ocyute-
CTEJIAETCH  MOCPefcTBOM — Baanmooribaempty  kpusux K, u K,
(puc. 21.6, a), conpukacaiomuxcs & rouxe C (Cy, C,). Mowmnoers Py,
PacXolyeMasn Ha TpPeHHe CKONBXEHWS STHX KpHERIX, pabiha

Pr = Fec, (21.17)

roe Fr — cniia TPeHHs W Ug,c, — BENHUIHA CKOpOCTH ToukH Cg
Kpusoii K, orrocntenbio toukw C, kpupoli K.
Benuuywna cusid TpeHua F, paeuna

Fy = |F, (21.18)
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rie F — pezakuma B touke C, Hanpaenenras Oo HopManu n— f,
H [ — xosdebuument TPeHHA CHOJBMHEHNH.
Hanee mmeem:
vg,c, = @ (PC), (21.19)

IE Gy — MPHOBEHHAS YrJ0BAA CKOPOCTh ABMMENHS 3peHa 2 OTHO-
citreibHO ssena I (vaw waobopor).

U

Prc. 21.6. K onpepenciis poTepns Ga TPemne: &) eXemMa weXsiwsma: &) nase cexopocred

¥rnoeasn CKOPUCTh @y, cornacuo (opmyne (21.8), paesua

Oy = @t @y (21.20)
CeA0BATENLHO,
vee, = (@1 + w2) (PC). (21.21)
MNopctasnas empamenns (21.18) u (21.21) B papencreo (21.17),
Hoayyaem
Py = [F (& + ) (PC). (21.22)

Mz paeencrea (21.22) caenyer, uto MOMBOCTH SAEHCHT OT pac-
cToAuuA ToukH kacawns € Kpuemx K; m K, 1o MrHOBEHEODO LEHTpa

Puc. 21.7. K onpezencHmd Pic. 21.0. K O P el R
PR Nepesiud b MeXEMMIMEe Yyrioa nNepeiayy i Kpas oillP s
WapFHpHOG YeTLfpexanell- O Y HHON  BE XA ke

HEHRS

ppalienys P B OTHOCHTENIBHOM JEMMKCHHK B TeM GoJbmnie, "en Ooskile
pacctoanne PC.

3, B MexaHpsMax ¢ HHSIIHMH NapaMs yroa nepefauH onpene-
ARETCH M3 aHanocruuiuX coolpamenui.

Hanmpumep, B MeXamusMe [UAapPHHPHOIO  YETHPEXSBCHHHKA
(puc.21.7) ans BLIXO/NOTO 3BeHa 4 YToJi 1ICPE/Iayy Vsy PABCH YITTY MEXAY
BeRTOpanMil ckopocTell ¥ H Top.

Ha puc. 21.8 nokazan yroa nepefads ygy Aif BRIXOJHOTO 0OJ-
syna 4 KPHROWMHNHO-NONSYHHOTO MeXanusMa. ¥ron vy ofpasopai



§ 0. OCHOBHHE CBENEHMA H3I TEOPHH 3AUENJEHMA 493

B 3TOM MexaHusme npamoil BC M nepneHiHKYJNApPOM M — m K ocH
JEHMCHHA l'IUJ'I.'iYHE 4, B PEC’CMGT]}EHWK MEXaHH3IMAaX ME MOMArseM
cuny F peiicteun spena 3 va seeno 4 HanpaBnenHOH no ocH 3eena BC.

Fnapa 22
CHHTE3 TPEX3BEHHBIX NJOCKHX 3YBYATHIX
MEXAHH3MOB € KPY¥IIHMH LHJIHHIPHYECKHMH KOJECAMHY

§ 96. OcHOBHGLIE CBENCHHA H3 TEODHH 3ALENNEHHER

1°. Tlyets nepenaua Bpauenus mexwny neyms ocamu O u 0O,
(puc. 22.1, @) ¢ yrioBEMYE CEODOCTAME @ H 0; OCYLIECTBIAETCA M10-
CpencTEOM ABYX naanmoorubaembx kpHeRx K w Ky, nperagnemamnx

Prc. 22.0. K onpegerenmc fopu npodaned fByx maaHMeornlizess X KPOpmE: o) cxesa dexs.
HESMO © Deewel]l pepofl: O) mnas caopocTeR

seerbam [ w 2. Tposenem B TouRe conpHrocHoeennAa O mpuemx K
n K, nopMank # — A M KECaTeIRHYIO {— { K 3THM KPHBHM,
él-:upﬂcm e, B Cc, Touek G ¥ Cy, NpHHARIENALMK 3BEHRAM [
H 2, CBR3AHN YCHOEHEM
¢, = Uc, -} Yo

Inan ckopocreil MexaHHsma, NOCTPOEHHKE N0 STOMY YPEBHEHHIO,
nokasan Wa puc. 22.1, 6.

Hs 1oyex Oy u O, (puc. 22.1, @) onyckaem Ha HOpMAJL H — 1
nepnennukysisps 0 A w OB, a w3 nojiloca naawa cropoctedi
(puc. 22.1, 6) — neprieHANKYAnp pe, Wa Hanpassienve ' — (',

Orpeaok pe, npencrapiser colo0 HOPMATLHYIO COCTABISIONLYIO U
BEKTOPOB CKOpOCTel ©c, W Uc,- M3 mosobus rpeyroneuukos (GAC,
H pegy B otpeyronsuvros OuBC, W peg, nveeM

{pcy) (0,Cy) (Feg) (UL} :

R
) Hsmenerun poncanensn omecent B, H, Cranguenbies
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Ortpesku po;, pcy W pe, NPpeICTABAMIOT cofoff COOTRETCTREHHO
CKOPOCTH © , ©c ® ©°. Torna cootHowerus (£2.1) moryt Onib npes-
CTABJICHH TaK:

S 0N (OB
{'c‘ {Ol C]_} L [U,;C-g} *

HLTIRE

o (044) - {7}
=t T TN T

3areuns ve, U Ug WX SHAYEHHAMH, DEBHEIMA
te, = o (C) B ve, = o (0.0,

noysaes
= wy (0A4) u "= wy (0,8),
OTKYIa
ty (O ) = wu (O B). (22.2)
CregopatenbRo, NETELAT Witasl (1 HEI 01 )y PAEHA
Hyy = % = :—E:—‘;:— = ::'—I (22.3)

IMpo *TEHY H.pMAAL ° — a A0 nepeceuenns B touvke P c orpea-
wom (0,0,). Torsa na nonofua Tpeyronennkon OpAP o O,BP umecu

(Y ony 1 M)

(ChA) n L Fy "
0 Gopmyaa (22.3) npuinMaeT oKopvarTedbibll B
fys = ] S ...._._....._{GJ} . {22_4]

LIS 'l.ﬂlpi o L :

Paoericrno (22 4) naswpaeTcs ocnosHod meop Mol 3auenneHus,
Sira Teopema Mo €T OLTh opopMyJiHpoOBaNA TAK:

Hopanas 6 mMOouKe KOCORUA 3ACM. A0S BCIWETE Napbl KOUERLR
CROALICEHLA ORAUM AUHUWIO WeHALpUE HO wacmu, oO6pamyo nponopLyuc-
HOABHOE [RACGM  CHOPOCTLAM.

Touka P, pensuas auewo pewipos Oy0; va vacrn, ofpatho npo-
NCPUHORANEHHEE YIJOBRM CKOPOCTAM, ABRMAETCA MrHODEHHEM LEH-
Tpov BpalieHHs] B OTHOCHTEABLHOM HEBHMEHHH sBewneE I W 2, a ny
H 7, ABIAKTCA PajRyCaMH-BEKTODaMH UEHTPORA B OTHOCHTENLHOM
NEMMEHHH speHees [ w2,

Paccrosnne a mexy toukams Oy v O, pasno

a=r+r. (22.5)

Ha papencre (22.4) n (22.5) cnepyet, wTo PajinyCki £y H ry UEHTPOH]
paBHiA

_ | _ Hye 2
rl—uw, Fg—-ﬂ'i—_i'_—&';n {22.(]}
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Touxa P. sEASOLESCA MPHOBEHHEIM LEHTPOM BPALIEHHS B OTHO-
CHTEILHOM ABHMEHHH, HASHBAETCH B TEOPVH saleniennll noawocos
sayenaering. TIpe mepeMeHHOy SHAUCHHH neperatouiol GyHEIHE L.
nosioc sauengenns P oasnimaer Ha auHue uentpos 0,0, nepevenunie
noaosennn. [lpi noCTORHHOM 3HAYEHHH Ly NOJAIOC 3aLIETIEHHS pac-
nonaraeTcss B Oiioll ¥ TOH e Touke Ha npsvoi Oy0,.

Fcail yIfioBHE CKOPOCTH @y M @y HMeIOT pasHue SHakw (cM.
puc. 22.1. a), 10 4, < 0 v momoc sauennednss B JempT Memay
rouray Oy n 0, 3107 DI SAUENNIEHHR HASHEBAETCH GHELUHUM.

Eczin yrTIOBHE CKOPOCTH )
¥ @y TMEIT OMH W TOT e
auaR B nodicc sapennenvs P
newmnt BHE oTtpeska 0,0, TO
thy = 0. Tako#i eng sanende
HIA H23HBAETCH SHIMTERRIUA.

Z°. Ec i npy nepefiaye opa-
meHus Memny ocame O v Oy
(pwe. 22.2)  nepenatouHas
GYHKIHS Lye TOCTOGRAHHA, Ly =
= const, To nmoawe sauenge-
HuA P SSHEMEET [OCTOSHHOE
fonoMenne,  YJIORJAETEOPAIO-
MEE YCAOBHID

0P r
e = Eﬁ:ﬁ;‘ = "'r'f'—. {22.7)

Pue,. 22,2, MNocrpocume npodanell  saanmooris
TAg fy H Py COPEdenAioTcH H3E  Gecumk KPHBEX 0o SaiaHich fpEEE Sauenivims

Gopwya (22.6). Llenrponnamu

spetnel 1 0 2 siengiores oxpysuocte Ly v [l ¢ panmycaMmy ry M ro.
PaccMoTpiy BONpoOc 0 70M, Kak Mory T 6WTh NOCTPOEHE COTTP AMEHHRE
mpoduay K; w K;, npusagnesampe spennaM [ o 2, ecsin salaha Ju-
uis sapennaenin Cy—Cy (pwc. 22.2). Haxonmm tousw oy, by, €, ... H
oy, by, €3, ... MOCNERODATENLHOTO KACAHNA LUEHTPOMJ, NI YEro OTKJIA-
AeiBaeM Ha uentpowfax [, w L nyrw

wPay = v Pay, oyl = vaghy, by, = by,

Ilyets ykaszamawyM TOYEAM CONPHKACAHHA UEHTPOHA COOTBET-
CTEYIOT Ha JHHKH sanennenns Cy—Cy Touke Ag. By, G, ... Hanpunep,
KOT/la COBMECTATCH TCHUKM @3 W Oy LEHTPOMA, TO CONMPSiMeHHHE mpo-
Guan Ky v Kp e3sapscornfaeMeX KPHERX JOJKHH CONPHKACATRCRA
B TOuKe Ay KOrfa coBMECTATCS TOMKH by v by UeHTpORA, TO CONpH-
HEHHLE NpoPHIYN IOMKEE ConpHKAcaThcs B Touke By v T. A

Yrobe haiiTi Touks Npoduiedi, CONPHKACAIIIMICH B TouKe A,,
CoefnHEM TOUKY Ay € Toukoil P. Korla Touks @y B @ UEHTPOKJ COBNa-
AYT, MX paccTosiHME A0 ToukM A, JuHHM 3dUensiends OVIer pasho
FPAy. Touka A,, npenajiiexawas seeny | # COBMEILAIOMANCS B TOUKE
Ay ¢ cooTpetcTRYI0IEH TOUKO# A, 3Bena 2, NOMKHA NEHKATH Ha OKPYH-
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HocTH Agy, nposesennofi w3 toukw O paanycom 0,4, Cooreer-
CTBEHHO ToYka A,, NpeHAfACAKEllas 3BeHY 2, JAOJMHA JNeMarh Ha
oKpy#HuocTH Agrg, nposegennoil u3 Toukn 0, pamuycom OpA,. Tlpoeo-
nuM okpymuocty Agay B Ay, [Nonomenue Tovex A; v Ay na sTax
OEPYKHOCTHX HailieM, ec/ii ns
TOYEK & H dp CAENEEM HA HuX
3ACEUKH PajIHYCAMH, PABHHIMH
orpesry PA,. Ananornuno ans
HAXOMICHKA TOYEN Npoduic,
COBMEIIAICIINECA B TOUKe B,
coennHaem Touky By © Toukoh
£ u pasnycom PB, penaen sa-
cedky ma Todek by o By Ha
okpysuoctax Befy v Bfs.
Torua onpenensites Touke By u
By npodwaeit Ky K, npuHai-
AexcanHe spenbam § op 2.

AuanoruiuuimMg  RocTpoe-
HHAMH HaXonHm ToukE Cy, Dy,
Eq, ... # Cg, Dy, Es, ... conps
wennnx npoduneii. Coegpnne
Fuc. 299, MocTpoerse  nprdHael  p3anmoori- Moy HeHHRE TOYKH [JAEHRMH

CaeMLx KPRERY DEROIREERamm ©nocodom KPHBLIME #'1 H Ks- MOJTYTHM
conpameHnLe npodnam, npi-
Hanaenalie seerbsm [ B 2.
Takuw o©fpasoM, 3Has UEHT-
pOMALE M TOMKEH JHHEAA 2apen-
Jenuf, MOHHO NOCTPOHTH
fo TOMKAM CONpPHMEHnLE npo-
Gy,

¥YxasaHHOe NOCTPOEHHE MO-
wer OHTh Cclenano nprisims
EHHO CAENYHIUMM  OfpasoM.
[MpoBoAHM S TOYEK dy, by, €1, ...
(puc. 22.3) HECKONBKO OKpYy -
2 Hoctel ¢4, Pu P10 ... pAOHY-
P camn, pabnmme PA, PB, ..
£ Orufatouias  sceX  nNpoBefeH-
Prc. 32.4. Moctpocrne g sexouin RSMPOL  HLix OKPYMKHOCTER H €CTh KDH-

san npoguns K. Anajoruuo,
€CIIH 13 TONEK Gy, by, Cg, ... IPOBECTH PRIl OKPYIKHOCTERH O, g, Tau -oe
TeMH e pamuycame, 10 orufawman oxpysxHocrell g, fa, ye, .. AR
aserca kprBoil npodwin K.

F. PaccmorpuM, gasiee, CACAYHULYID 3afiady: NOCTPOHTE KPHBYIO
K., npunapnexauyio sseny 2, ec/M 3ajanb UeHTpouAd [y u Fi
B BHAE ABYX okpysHoctell w kpuBas K, npuHaanexaman seeny [
(puc. 22.4). 3ra sagaua moxeT OWTE peliena ¢ NoMOULLI NOCTPOeHHA
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nuEun sanenneRun Cy—Cy. [las STOro BOCTIOJNLIYEMCR YCJOBiew,
yTo HOpMaZbh B TOYKE COIpPHEOCRORCRIA curﬁnmemux npodmei
NPOXOAHT uepes MrHOBEHHHE UeHTp BEpallcHUEA B HY OTHOCHTE ILHOM
aEikennn. [Ippnuyman BO cHUMAaHRe, 4TO UeRTPOHAN Ly w L, npen
CTapEnsoT cobof OKpYXHOCTH, HOpMalibh, NPOBEJCHHAA K COMpIMEH-
FHIM OpOQEAAM B TOUKE HX CONpHROCHOBEHHH, ,IIGJI}!{H? ”I}GKU‘FHTE
uepes OfHY H Ty e TouKy P. Crmeuaem Ha sajiapnoll Kpueoi K
neckonbko Touek Ay, By, Cy, ... B STHX ToukKax mpOBOANM K 370ii
kpupoii wopMany A0y, Biby, City, -o. IO NEpECEYEHHA B TOUKAX ay,
by, €y, ... ¢ uentponfioi ;. [Ipw EpalleHnr seexa 1 Touxa A, Kpu-
pofi K, onucupaer Ayry oxpymmocts Ao, panmyca OA,, w B 10D
MOMEHT, KOTNA TOYRA @ UEHTPOHAM COBNafiaeT ¢ toukoit P, Toyka /A,
fyneT HaxoauTLCA OF TOURH P na paccroannu PAy = Aya,. W3 toukn P
NpoBOAHM AYTY pammycom A,g;, N0 nepecedenus B Touke Ap ¢ ny-
roi Ay,

Touka A, apnsercs TOH TOYKOH JIMHMW Sallensenusi, B KOTOPOR
NpoOHCXOAMT 3alenfenne Touxu A, xpueoli K; ¢ coorBercTRymoined
Toukok A, kpueoll K. Touka By Junup sanennenpsi ONpefeTHTc,
econ ma ayre Byf, m3 Tosxkm P cpenath saceuky pagmycom PO,
pasnuM oTpesky Byl HOpManw, nposenernoi K Kpyeohl K, Biouke B,.
AWanoruuHo ONpelensTCa B OcTalbhue ToukH Co, Dy, Eg, ... NHHEHH
sanensenns C;—Cy. Coeannue toukn A,, By, G, ... nnasrofl kpreoit,
noayusm gskpio sauennenus C—C. -

MNocTpoenne conpamernofi kpupoil K moxer OGTb NpOBeieHO
TAK, KAK 3T0 OLIO CAENAaHO B MpHMEPE Ha pec. 22.2,

Crverem (prc. 22.4), 4o Gpe paccMOTPEHHOM NOCTPOEHHH COMPRA-
deHHwx npodmiedt Ky v Ky ayre Poy, aiby, b6y, .. uetposgs Ly
NoDKHE OLIThL COOTRETCTEEHHO paBnu ayram Pas, ayby, b, ... nen-
Tpoupk [f;, HO Memay coficil aTe ayre MoryT OLITE B He pabiibl.

§ 97. lNeomerpHyeckHe anemMeHTH 3y0MaThiX KGReC

I®. Kak Gro nokazano B § 96, Ans nocTpoeHHs CONpAMeHHRX
npodmnell (npoguaupoeatitia) 3yfbeB HeoOXOAMMO HMETE SalAHHEMH
LEHTPOHAE E OTHOCHTENBRHOM JIBHMEHHR [POEKTHPYEMHX KoJAeC,
Torpa npodmiie 3yGhes, ABISKNLHECS B3AWMOOrHOAEMEIMH KpIBRIMH,
MOTYT OhITE MOCTPOEHE TOYHO HAH NPHOTINKENHO METOLAMH, H3J0MEeH-
HEMHE BHLUE, echip OyayT safankl Jaufio TOYKM JHHEH 3alendieins,
Aubo OYepTAHME OJHOrCO W3 conpaxeHHHX npodmuned. Kakpmn e
coofpameHuAME HEOOXOANMO PYKOEOJCTEOBATHCA NpH ELfope STHX
JanHRx?

[lpw pmGope 3afanuil fns npodwsinpoEanuA 3y0LEB Nd OPAKTHEE
NpHXOAMTCA pPYKOBOACTEOBATECH COOOpameHEAMH KHHEMATHYECHOTD,
IHHAMKHYECKOID, TEXHONOIHYECKOro, o, HAKOHeU, SKCNAYaTalHoRHOrD
xapaktepa.

CoofipaxenHfl KHHEMATHYECKOrO XapakTepa 3akJAiuaiorcs B oc-
HoBHOM B Tpefopanuy, 4To0bl npo@uiu CONpPReHMX s3yfpes Moriu
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fLTh NOCTPOEHH OCTATOYHO NPOCTHME TEOMETPHUECKHMH NpPHEMaMH
B VIOBRMeTEODANM 3afatnoli Oepenatodnoll §iyHKOHM.

Cnﬂﬁpax{mmﬂ NHHAMHUCCHOID XARAKTEDA 38KJI0YAI0TCA BO MHORE
TpefoBaHHAX, K3 HOTOPHX MOXHO YNOMSRYThH Cleayiuine: HeoOXo-
OMMO CTPEMHTRCH K ToMY, 4TOOH NpH NOCTOSHHON MOLIHOCTH, mepe-
Napaemoli 3yGuaThiM MeXaHH3MOM, AaRjeHHA Ha 3y0bs © Onopw
mMeXaHusya ORAN NOCTORHHEME N0 BeJlUNHHE H HANpaBJAeHHID, fanee,
yrolH 3yfiks HMean Gopmy, obecnedsBaoly 0 HauboALLIYIo X NpoY-
HOCTE, I, HaKouen, usnoc syfueR nosixed OhITL MEHHMAMLHEM,

TpeGopaus TeXHCJOTHYECKOrD XApAKTEPAa B OCHOBHOYW Sakjio-
YaITCR B NPOEKTHPOGaHHK Opadiidell, KOTOPLE Mol O ObiTh OCT -
TOYHO 1POCTO OSMOTOLJIEHN HA COBpeMenHHX CTAHKaX.

TpefioraEnA IKCNYATAURONHONO XAPAKTEPA JAKMIOYAKTCA B Opo-
eKTHPOBAHKE TakuxX npoguiedi, kotoprie obecneyuBany Ohl NOJITOBed-
HOCTEL paCoTH MeXaHH3MA, Ge3yJapHOCTE M GecLIyMHOCTE ero paboTe
H MEerKoCTh MOHTAMA Mexauusma. Hanonen, samumwv spJsieTca Tpe-
foBauwe, wTobH B Chyyae H3HOCA ONHOTO HIIl ABYX CONPAXMEHHHX
KOMEE B MOMHO OBUIO JIErKO 3aMEHHT: HOBHME. 3to yoiopne o0HYHO
HOCHT HA3BaHHEe LCAOSUA esaumMosaMensesocnt 3ybuaTtex wonec., Tlpo
MAcCOROM BHIYCHE MAlIHH D3AHMOSAMEHAEMOCTh SyOuaThiX KoJec
JOCTHTEETCA YCTAHOBNEHHEM ONpelelieHHHY ROpM HA PasMepH KoJec,

TMosToMy, XOTH TEOPETHYECKH MOMHO MOCTPONTL 3yfuaThil Mexa-
HH3M C CAMLIMH PASJHYHKEMK Npodgrinyy 3y0hes, npakTHueckH Brbop
OuEpPTAHHA NpOdHNEi B SHAYHTEALHOH CTENeHH CTeCHEH BLILIENOCTAD-
AeHALEMH  TpefoBaHusiMi. DollepcTbue 3TOM0 B MAIUHHOCTROENIN
OOH4HO NMOMRSYHTCH TOABKO HECKOALHIMH BHIAMH KDHERX B Ka-
yecTRe npodinseii 3yGrep. M3 sTHX KpHBHE MH OCTEHORMMCH Ha pac-
CMOTPEHHH THK HASHBACMOHR S601baeHiib KpYyed, ABNspLLeiics OCHOE-
HEIM THIIOM KPHBHX, 10 KOTOPHM OYepuynealorcs npodmsis 3y0ken
COBPEMEHHLIX SYOATHX MEXaHH3MOB, H HAa HEKOTOPHIX BHAAX -
FAOUDQABHLLY  KPLUBbIX.

2. Tpexae 4em nepeXo/iNTh K TeOpHH NpofHINpOBAHHA SBOJhL-
BEHTHHX Opodmdicl, yoloBkMcsa of OCHOBHHX TepMuHAX, onpelefe-
Huax n obospavennsnx. Llenrponfim Kpyrawx syfuathx Konec [
¥ I, (puc. 22.5) NASKEBATCS HOMAALHLIMU OKPYICHOLTINMU.

Jlyra navannhofl OKpYMHOCTH, BMellawollasn ofiwl 3y6 (Ges ena-
AWHH), HOCHT HASBAHWE HaodoabHoll moAuist sybo ¥ OGOSHAYACTCH
s, (puc. 22.6). llyra mauanphoil OKpYmHOCTE, EBMEWANUAA EBOa-
auny (pACCTONHHE MEXAY JABYMA cocefHuMu  3y0bsiMu), HE3HEBa-
eTeR rawaabrol wapunoll enaduns B o003HAYAETCH HadalbHORE &y
Jlyra vayanbHoH OKPYXHOCTH, COCTORLIAA W3 OIHOH TOMUHHE 3y6a B
OJIHOI HAYaLHOH IWHPHHL BIAZHHN, HASHEAETCH taoM 1o HauabHol
opyatHocmu B obB0aHAYAETCH Yepes p,. Tarum obpason, WAr P, PABEH

P = Su 1+ €y

[lpy nepelave HenpepHEHOMO ABHMeHHS ABYMS CONPs2eHHHMH
goJiecaMi uar OwEBaeTr OORHHAKOD AN o0OMX CONPAMEHHHX KOMec.
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Kax 6msio noxasano ewme (em. § 31, I°, dopmyna (7.25)), nepena-
ToyHad ¢YHEUBA [y paBHA

&y Tuie ¥
b g fun + n'

FIE y M Wy — YIZOBLE CKOpPOCTH Konec | B 2, fiyy H Fog — paflycH
RAYAlLHNX OKPYXHOCTEN STHX KOJEC M 2y M 2y — 4HCJa WX 3yObeb.
3pax MUMOC COOTEETCTRYET BHYTPEHHEMY SaUENJCHHIO, d& 3HAK MH-
HYC — BHeIIHEMY SaenJeHHio.

Puc. 22.5. Cxema BRewHery ay0uaroro SAOEnNeHns

Jaunn pavaneiex okpysHoctell konec / u 2 papHW
2y =2py W 200y = 2Py, (22.8)

Hs d¢opmyn (22.8) cnenyer, 4io war p, 00 Ha%aiLHOH
OKPYMHOCTH paBen
2oty . 2ryn

z,  n
ARanorusHo MOMHO BRMHCAKTL Wiar mo Jobol Apyrof oKpy#HOCTH.

O7ciona BHIHO, YTCO WAr 3alenfeHHs BCETAA BHIPAMAETCH Yepes
paNHYC HAM Yepes AHAMETP OUPYMHOCTH He-
COMIMCPHMHM 4HCTIOM, TAK K8k B MPaEym
YACTE BXOAMT TPAHCUEHAEHTHOE YHCHO fi. 310
saTpynHseT nol6op pasmepor 3yGuaTHX KOJeC
NpH MPOCKTAPOBANHE KOJIEC M NPAKTHYECKOE
ux nanepenne. [NostoMy Ans onpenenenus oc-
HOEHHIX PasMepoR 3y0uMaTHX KOJEC B KAYECTEE  Puc. 22.6. Uacre oficpa
OCHOBHOH EAMHHUK NPHHAT HEKOTOpHIE mapa- 3”““‘“‘,’,:’,“2;5:::“““&“"
MeTp, HasHBaeMHi Modysem sayenacnur. Mo-
IyIb 3auenfieHHs H3MEPAETCH B MHANMMeTpax W oGosHauaercs Gyk-
BoH m. Benwumna MOAyns paBHa

m = %l (22.9)

Pu =
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rle p — OKpY#&HOH war, T. €. PAcCTOAHHE, H3MepaemOe no nyre
OKPYHHOCTH NuaMeTpa d Mexay ABYMS COOTBETCTBYIILHME TOUKAME
cocennux 3ybuep.

Lenrpashbil yroa T, onupaioiuficss na gyry OKpyXHoCTH ayh-
YaToro KoJeca, paBHYD OKPYMHOMY wary p, HABRBAETCR [20066M

wuazos 3yOLER.
Jlns konec | w 2 yrmoewle wark 3yObeB COOTBETCTEENHO PEBHH

flz%n -:F%. (22.10)

3y0ea KOMeC HApesanTcs Ha CheunaliGHEY CTAHKAX PestylLiHM
HHCTPYMEHTOM, pasMepbl # OpPMa KOTOPOIO SaBHCAT OT BCJMYMHEL
mopyns. UToOH He MMETH Ha MalIMHOCTPOMTEJIBHLIX S8BOLAX, WSIO-
TOBJASIOIME 3y0uaThe kojeca, GOJLUINE KOMOJEKTH DEMYLIHX HH-
CTPYMEHTOB, YCAOBRJMCH AN HEKOTOPOH OKPYACHOCTH, HASHBAEMON
deaumentrol, BHOHPETE MOJLYJiM W3 psifia PAaUHOHANLHLIX HHCEN.
Ofmecotosurnm crapaaproM (TOCT 9563-60) ycranoesenw Aea psijia
Mofynedt, 00 KOTOPHX AOMMHE OKDYI/INTLCS) MOLYJH, NOJyuaembie
HZ pacuera.

B nepeoM, npeAnouTHTENLHOM psiy NPeAyCMOTPEHH chefyioliue
monyae B wy: 0,05; 0,06; 0,08 0,1; 0,12, 0,15; 0,2; 0,25; 0,3; 0,4;
0,5; 0,6; 0,8 1,0; 1,25; 1,5; 2; 2,5; 3; 4 5 6; & 10; 125 16; 20; 25;
a9: 40; 50; 60; &0; 100.

Bo eropoM pafy HpeaycMOTpeHE MORYAH, NPOMEXYTONHEE MERLY
MOmyJsimm nepeoro psfla, Hanpumep: 3,5 4,8, 5,5, 7; 9; 11 w ap.

JlenureNpHbe OKDPYMHOCTH B Sauenyielui JIBYX KOMeC HHOrMA
COBNANAOT C COOTBEICTRYIOLHME HaYaJbHEIMH OKPYXHOCTAME.

IMpogwmas kaxaoro syfa HMeeT 9acTh ebef, EBRICTYNAKIWYID 3a
HaualbHYIO OKDYMHOCTh M HASHBaeMYl kavaabHol 2oacexod syba,
u gacTh gefd, HAXOASLLYIOCs BHYTPH HaualiHO# OKPYXHOCTH H Hash-
BAEMYIO HOuaabnofl Hoackoll 8l6a.

Tag Kak pasMephl syOLeB KOJECA OAHHAKOBH, TO BCe TOJIOBEM
3yObeR BHEWHErO SalerVIenHs OFPAHHYMRAIOTCS CHAPYHH OKpYdH-
HOCKLAME Geplitiy PAJHYCOB Fgy B lys d BCe HOMEH 3y0OLEB orpanu-
YHBAIOTCH HIHYTPH OKPURCHOCHLMN aradus panMycoB Fpy W Fjg.
B cayuae BHYTpeHHerD 3allenNieHHS ayfksl KOJMeca ¢ BHYTPeHHHM
pacnonoxenreM 8yOLeR OrPaHHYHBAIOTCH CHAPYXH OKPYMHOCTLIO
EnaneH, W H3HYTPH OKPYMHOCTHIO BeplwH. Paccrosinme memay
OKPYMHOCTLIO BEDUIRH H HayanpHoil OKpPYMHOCTLIO, H3MCPEHHOE no
panuycy, HOCHT HASBAHME GLLOMb HAYAAbKOL 2onoery syGa n 0bosHa-
yaetca uepes h,o (puc. 22.6). PaccrosiHme MeMAy OKPYMHOCTLIO
BrAAMH W HAYAJLHOH OKPYIKHOCTEIO, H3MEDEHHOE N0 paAHYCy, HOCHT
HASRAHHE @wCOMmbl HawaibHoll Homeku syba v obosnauaerca uepes gy
Takum oOpasom, noiHan Becota hi 3yGa paena h = Boa 4+ By

&. Onpepensn OCHOBHEE pasmeph sy0u9aTHX KoJec, Y KOTODHIX
JepTebHEe OKPY#HOCTH COBNAaalor ¢ HaualbHHMH, TakHe KoJeca
Oynien HASHEBATL Hydeenttl, OTH PasMEPH MOTYT OGHIThL bCera BHpa-
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JHeHEl B éﬁruxuﬂnx MOAYAA N0 AedHTebHOH OKPY®HOCTH H uwcaa
ayGbes. CornacHo ¢opmydqe (22.8) amamerpw dy ¥ dy AeNBTENLHEX
Oﬂp},mmm&f{ moryT Oume OpEACTABNEHH B CAEAYIOUEM BHIg

dy =2, ='T:3f?1 == [1lZy,

(22.11)

dsﬁﬂriﬂ’%iszmzh

[rne z; M 23 — COOTBETCTBEHHO YMciia sybbes wosiec I 2, Bucota hy
ronoBKE 3y0a B BhIcOTa Ky HOMKH ayfa OOHYHO HNPHHAMAKTCH PabB-
yramp by = m w by = 1,26m, Boanwni pasMep HOMKKH [0 CpaBHEHHIO
¢ ronopkofi ofecreunBacT 3a3op MEXAY TOJIOBKOH 3yGa ® BrajwHod,
Torna puaMerpH dyy ¥ oy ORpymHoCTER Ly ¥ Ly Bepuuns (pHc, 22.5)
syCnep OylyT papnbl
dﬂ!=d1—l—2hu=m-2'1+2m= ”T{zl"l'z}.
dye = dy + 2h, = mz; + 2m = m (z + 2).
Tluametpt dyy ¥ dye okpysmuocteil Bnagun Ty u To (puc. 22.5)
cooTeeTcTBeNHO OyAyT paBHB

d.“ = d| s Eﬁf = & — 2,5”1 = m {21 —_ 2;5}; {22.]31
dpy = dy — 2h; = mz; — 2,6m = m (2 — 2,5).
Kpome konec ¢ ykasainofl Buuie BHCOTOH ayfa, NPHMEHAKTCH

KoJleca ¢ YKOpOueHHEMH 3yObsanmu., JIns kosec ¢ yKopoueHHOH BEICOTOR
ayfLes STH JHAMETPH NPHHHMAIOTCA pPaBHBIMH Vo

dn.l = m‘{zl + llﬁll 'duE == M (zﬂ + llﬁjl
dp=m(z—2,2), dg=mm—22).

Pacciosinue a, mesxay venrpamn Op u O, xonec (puc. 22.5) moxes
TaKKe OHTL BHpAKEHO 4epes gucao 3yOheE M MOMYAbL SauenfieHus!

Q=B B ta)  (2215)

B pacuerax, CBAsaHHWX € NpoeKTHpORaHmeM SyOYaThX KoJjec,
YACTO MOJILAYIOTCS OTHOCHTENLHHME BellHuunaMi. B uacThHOCTH, BRI
coTa h: ronoBke 3y6a 4acTo BHPAMAETCS Yepes MOLYJIL /1, NOMHONEeH
il na HekoTopei kosddmupent 3’

hy = ¥'m. (22.16)
Touno tak e BucoTa fiy HOXEKH 3y0a moxer OHTL OpelcTabiena
diopmynoi

(22.12)

(92.14)

hy = 4"m. (22.17)

Benpupka 3’ ofb4HO npHEMMaercs papdoll ¥' = | pas koseg
¢ Heykopouennoli BHCOTOH 3yfnes v %' = 0,8 ann Kojec c yﬁcrpn—l
vennofi BrcoToil sybbes. COOTBETCTBEHHO %° NpHHEMaercs pabHol
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%" = 1,25 n 4" = 1,1; nostomy B ofuiem Bupe dopuynm (22.12)—
(22.14) wmMeror Takoll BHU
dyy = m {22 + EK'}. oo = m (2 + EJ{’}-

dﬂ = m (2, — E]{“}_ d.l‘? T 21.}. (22.18)

§ 98, leomeTpHA SBONBEEHTHEX NpothHned

F°. QcralloBHMCR HA BOTIPOCE O TOM, Y10 npeactaenner colioil
SBONLEEHTA KPYTa W KAKHMH BOXHEMH JJIA TEODHH SALETIeH!NH
ceoficTeamu oHa ofnajaer. llycte sanada opYmHOCTE € LEHTPOM

P, B2.7. Swosneerib RpyTE

g Touke O (pue. 22.7). MNporenen npamyo AB, kacaTesbHylo K 3TOM

OKPYHHOCTH, H GYNIEM KATHTS 3TY NPAMYI0 663 CKOJILMERNA 110 OKPYH-

octH. Js NOCTPOCHNA 3BOMLBEHTH KPYTA [EJHM DKPYXHOCTL HA

paghme ayrm: w A — ', v ) =2, v ¥ 3, vi -4, ..

Ha npsamoii oTKNafbiBaen oF TOYKH A YYaCTKH, paBHEE JNIHHAM STHX

IyT Tak, 97ofbl BLINOJHAJHCL CASAYIOULHE OYEBHIHKE YCIOBHA:
vA—-I'=A—1 Vvl —-2=]—=2 v?-—-38=

=2—38, .., wI§f—16=15—1]6.

Torna npu gaserns npaMoi AB Ges CKOJBKEHHS [0 OHPYMHCCTH
toukw I, 2, 8, ..., 16 npavoit AB GyAyT noc/lenoBaTeNLHO COBNENATL
¢ Toukamu I', 2, 5, ..., 16" oxpymuocTH. Tlpu STOM BCe TOUKH TpH-
moft GyAYyT ONHCHEATE KpHBLIE, KOTODHIE HOCAT HA3BAHHE J00ALECHIN
kpyea. Ha pue. 22.7 mokasaHin sBOJLREHTE, ONHCAHHLE TOYKAMH B
ul.Ha HEPTeHA HE‘I]{}['PEJICI'BEHHD CAelyeT, 4TO BCe TOHKH SROJILBEHTER,
OnHCaHHON Toukodl B, orcrosTt Wa oanMHakoeom paccrosuke BC ot
TOYEK SEOJLBEHTH, onucanuoft touxoil C. Touwxw A, I, 2', &, ...
ooy 16" npH kavensn npsyoil 0o oKpyHOCTH GyAyT MPHOBEHHEIMH
LEHTPAMH BpalieHns npamol ADB, cama xe npavas OYeT B KamioM
CEOEM MOJIOMEHHH HopMaibHa K obpasyeMoll €1 3BOJLBEHTE B COOT-
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geTcTRYIOmEd Touke. OKPYMHOCTh, NO KOTOpOH KATHTCR npsivan AB,
ABTHEICH SE0EOMON — FeOVETPHUCCKEM MECTOM UCHTPOB KPHBHIHBL
SNOILREHT, ONHCHLIBAeMBIX Toukamu npamoid AD. l'axufu. ofipasos,
HeHTPAME KPHBHIHBI SEOALECHTE! ABMRIOTCA TOYKH A, Ve e &
T

" 0F 3aRHCHMOCTH DTN HLX TAPAMETPOB SBOJLBEHTH KPYTa MEKIY
cofioil 0coGEHHD ACHLL, €CJIH Mbl PACCMOTPHM YPaBHEHHE SEOJILEEHTHL.
[MycTb 3aAaHa OKpYMHOCTL PAAHYCA fp H NpAMas ! — f, KacaTe/LHan
Kk ORpYHKHOCTH B Touke M, (puc, 22.8). [Npn kavennn npaMofl { — f
no OKpYMHOCTH Touka mpasoli M, onwucummaer seonweerty M3.

Ilns todrs M sBOZILBEHTE! 1IMeEeM 2
OM =0A 4 AM. _ A

fonyne sertopa OM papen

|OM | =y 7+ =1 (22.19)

Monyne seiiopa AM npenctapnsier coboil
pasmyc KpsBnsHu | p | seoaseent BTogke M. ¢~
Ha ypasuenun (22.19) noayuaen EenuunHy

p=vI—u. {22.20)
Ha puc. 22.8 cnepyer, yto
P 1 B yiE—ri
tgﬂ- i e F B o= Hﬂ:tg r . Puc. 22.5. E  omeony
& & . & YPADHCHAR SEOAEEEATE

(22.21)
M3 ceoficts seosibBeHTH caepyer, wro orpezok AM paousercs
nyre MyA, 1. e.p =« AM,. B ceoio ouepent nyra v AM, (puc. 22.8)
pasna ~ AMy = rp (0 + @), orkyna

p=r (64 a).

[Monctagnas TOJMLKO 9TO NOJNYHEHHOE HAMH BHPAMEHHE LA P
B papeHcTEO (22.21), nonyyaeu

l+o=1tga (22.22)
HAH, NpHHHMAA Bo BHHMAHHE opuynn (22.21), wHueem
Vi3
Y H+E\'.' = —-f-_-—t-.

B
Bucorta §f SBOMBBEHTH HAL OKPYMHOCTEID, HSMEpEeHHAR Ha npo-
IommwmeHHH pa,uuyca OKEpPYH{HOCTH, ONpedeSIAETCH H3 paBeHCTBa
( + re)cosac = ry,
OTKYyAa

- rb
V™= <osa

(1 —cosex).
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Haroueit, OpHHEMAR BO BHHMAHHE pAaBENCTEO (22.22), naiinem
yros 6, onpegensiouitii Hanpaesaenne pafwyca-sektopa OM moGof
Touke M sRoAbLBENTH!

0=tiga—a. (22.23)

MMonyuennan QyHKIHEA YIia ¢ HASHBAETCH SeoabaeHmuol gynkyued
i ofo3HauaeTcd cokpaliefno inv (dxeomoma). Hmeem

0=inve. (22.29)

Monyuensod ¢y EELHe
NOJL3YIOTCA 115 aHAHTHYE
CKOTO ONpelenieH R HATPaR-
JIEHHA pagHyca-BeETOPA
OM. Ilnn yaoficrea BLMHC
Neuuit cocragnseotea  Tal-
June inv o A pasinuHeX
SHEYEHHH yraa o.

Mogyne mextopos OM
paBeH

i
=

F. Ilpoduan  syGrer
KEPYIJLX KOJec, NoCTpoet-
Puc. 20.9. Cxena ssuennesus xeyx soompesux  HEIE [0 SBOJLBEHTAM, Beeraa

nprdned olecreunRaOT nepenavy

ABHMEHRA C© 1NOCTOAHHEM

nepenaTounHsM oTHowerueM. Jlns nokasavenccisa noxaeM, 9To HOp-

Malib K CONpsmedHuy npoduiaM, NOCTPOEHHHM No SBOJEDEHTAM,

BCET/ld NPOXOAAT 4epes MrHoBenHwdl newtp ppamerps P B ortnock-

TENLHOM [BHMKEHHH, SAHHMAKLIHE NOCTOAHHOE NOJOMEHHE Ha MpH-
moft 0,0 (puc 22.9).

Mycth sajarm uentpounsl I, v [, (puc. 22.9). Hepes mruosenuuii
uentp epawenss PonpoBonMM npAMYIO # —n n0j NPOHIBOJBHO
BHIOpAHHEIM YIJIOM €, K KaCaTelbHoll [ — {. Hanee, u3 touer Oy
w O, onyckaem mHa npsmyio # — n nepoesareyaspe Oy A v OB n
npoeopum paauycamn Oy = ry w0 0,8 = ry, ogpyssocTH. 371
OEPYMHOCTH MpHMEM 38 IBOJIOTH — FEOMETPHYECKHE MECTa UeHTpOB
KPHEHSHH 9BOJIBBEHT. YKa3aHHHE OKPYXHOCTH HOCAT HasEaHne
ocHoskbly oxkpyacrocmed. TlpAaMaa n — n, ABARKNLANCH 1O NOCTROe-
B0 ofell kacatedsHol K 9THM OKDYHHEOCTAM, Haskwipaercs ofpadyro-
wield npasol. Mriopennpili UeHTp P ABAACTCH NOLHCOM SQUETAEHUA,
A YOO Gy — yeAoM SCHenAeHUA. DBoALEEHTE MOTYT OHTL NOJyHeHbE
EayenueM ofpasyiowedl npasoii n — 1 10 OCHOBHHM OKPYHOCTAM.
Ilas storo, kak OeAo nokasafio Ba pwe. 22.7, aenum ofpasymounyio
npsasyio AB Ha papHHE OTPESKH H OTKJIAALEaeM H3 OCHOBHBIX OKP Y-
HOCTAX JyTH, paBHWe STHM oTpeskaM. Toraa Touka oOpasyrouedd
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npAMOii, COBMAAAIONIER C UEHTPOM P, onuCcHBEET NPH KaueHM® 0o
OCHOBHOH OKpYM HOCTH KoJieca [ 9B0JIbBEHTY P3y. Tpu kauerun Toii we
npAMOf [0 OCHOBHON OKPYMHOCTH KoJieca 2 1A We TOMKA onooiet
sEONBRENTY P3y. Droapsentl P3y 0 P3; umeior kpafinve Toukm I
w 17, Nemape Ha OCHOBHBIX OKpYmHOCTAX. B npotuBononoxsoM
HANpABJEHNH SEOJILBEHTH MOTYT OHITB HpOJIOJRKEHH GesrpaHmyHO.
Eeai npojiomars kariTh ofpasyiulke npaMbie sa TOUKH I'n I,
7o ME DONYYHM CHMMETPHY-

Ho pEﬂ'ﬂ{}HI}}REHHHE BETEH
SBOJILBEHT.

£, MomxHo  JoKasaTs,
yTo EcNH YKA3AHHHM Clo-
cofioM NoCTPOEHE 3E0ARBEH-
T, T0 oflllag HOPMAJTE B
moboft TouKe CONPHKACAHMA  ©
npodunefl Bcerpa  Oyner
NpOXOJNTE 4eped  [oJwc
sanennenna P.

INycrs safaBE LEHTPOli-
o LG w Ly (puc. 22.10) u
VIO t, HAKJIOHa obpasyi-
meft mpAMofi 1 — N K Ka-
catencHoll {— f. Crpoum
OCHOBHBLIE OKPYMHOCTH S H
S, u POALEEHTH 35 0 Fyp.

B noKasaHHoM  Ha
PG, 22.10 ucxoanom foJio- Pre, £2.10, 3snenncnpe SpGALBEHT B OEVE OO0
MEeHHH JIBYX SEOJIBBEHT 3y MEHHAX KACAHRA

H Jp ux oflas HOPMANL

f — i TPOXOAMT Yepes Homoc aauefienns P u oJIHOBpPEMEHHO Ka-
CAETCR OCHOBHHX OKpysHocteit S; u 8,. [Npeacrasum ceGe, 4T0 Ko-
MECa NOBEpHYJHCL M SEOJLBEHTH SaHAJH Hopoe nojoxenne. Hop-
Malk K 3BojibBeHTe 3y B 3TOM MoJioweHHH JomkHa Ot KacaTelLHOH
K OCHOBHOM OKPYWHOCTH §;, HOpMANDL K SBoJibBEHTE I NOMKHE Ka-
CATLCA OCHOBHOII opywHocTH S, Tak EaK B Touke KaCaHnd
SBOJIGBEHT HOpMais Nodmua CHTh ofulas, 10 OH2 JA0AMHA OQHOBpE-
MEHHO KACATLCA o Tofl ¢ gpyrofl oCHOBHOH OKpYMHOCTH, H, TAKHM
olipasoM, NpH Bpalliespn Koaec uX ofluas HOpMaJsih He MEHAET CHOero
NOJIOFKEHHST W BCE BPEM# NpOXOMWT Yepes noJioc sauennenms F.
CrenoeatensHo, nepefatounas (YHKUHS Uy OT Koneca I K KoJie-
Cy 2, paBHas

u — .-.I:?.l_ = .—.{n;lp.].
"= ©F)"

NpH BpalleNHH KOJEC OCTAETCH NOCTOfHHOM.
Taxum ofipasom, seoabecumyoe sayenaenie obecneutisaen NOCmosnH-
cmso nepedamounoll yHEGUL (NEPEOGMOYHO20 OIHOLERLLA).
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5. ME}NJ'I.}' ANHYCAME Fygy Fer H Fage fpe OCHOBHRIX H HAMAJABHLIX
OKpYMHOCTE] ’J::IHE. 22.10) cyulecTByeT npocTas 32BHCHMOCTL:

Frg = Fug CO8 Gy Frp = Moo COSCy,, (22.25)
OTKEYJa B CAy4ae BHeWHero SauenJeHHs HMeeM

SRS N " S V| . (22.96)

ity [ h M

rhe Py B pg — PAAHYCH KPHBHSHE CONpPSMEHHEN SBOJLBEHT 3y 0 Jg,
Takum oGpascM, nepefarouloe OTHOUIEHHE H;, HE 3ABHCUT OT
YINa SAUENJIEHHS Ty, 8 TOJIBKO OT PAILHYCOB OCHOBHEIX OKpYHOCTER,
Ha ycaoewun (22.26) cneayer, dto
npu  usMeneHus  pacctosuun 00,
(pnc. 22.11} Mexay oCAMH KoJec c
IBOJBBEHTHEIM npoduiem 3yObee ne-
PElaTOYHDE OTHOLUEHHE Hyy; HE H3Me-
HABTCH, BCAH OpH 3TOM  COXpPRHEHH
PAAHYCH OCHOBHLIX okpyxHocted. Or-
CTYILTeHHE OT PEIE'IETH[!FG pECETﬂFEHBH
0,0y MOMeT HMETE MECTO NPH MOHTAXE
u chopke Mexamwama. Ha puc. 22,11
NOKASAHEL JIBA KOJECA C IEHTpaMp B
Toukax O w O, HaxojAuHecn B 3a-
ueriennu. Ilycte uentp O, nepemec-
THTcA B nonoxenne Oz Torpa nps-
Maf # — i saliser nonomenne n’ —n'.
; Momos  sauenserss qyﬂm He B
Fuc. 22.11. K ponpecy of wwerne. TOMEE P, a B toure P'. Tem cambim
YN K € onaeTim et HAMEHATCH PAIHYCH HAYSILHEX OKD Y-
AENREM woctefi. Buecto PROHYCOR Fey M Fus

{iyaeM HMETE COOTEETCTBEHHO Fiy M Fgg.

Hakowell, usMEHHTCR H YroJ SAUENJEHHS Oy, KOTOPBIT NpHMET
sHayeHne oy, [lepenaToysoe e OTHOIENHE Uiz OKAMETCH NOo-TPe-

HEMY paBHo

"be
"o
TAK KK PAJHYCH fp; H iy OCHOBHELX OKPYMHOCTEH HE H3IMEHHJINHCE,
Ha ykaszasHoro cpoficTea KoJieC € SBOJILBEHTHHME TpogHIRMH
ayOLen Cle0Yer, 4To YI0J 3aUenieHHn o, Olpeleisiercs T0NLKo Noche
cOOpKR ¥ MOHTEMA CONPAMEHHBIX KOJeC.

by = —

§ 99. NpoexTHpoB2HHE SBONLEEHTHRIX Opoduaeil

I°. Bonpoc o noctpoents sBoNbEenTAMX npoduneil sybuer Hau-
HEM € PACCMOTPEHHS BHEUIHero saueniesus. Onpeienns pairych £,
H fy, HAYANBHEX OKPY#HOCTEl Mo SafaHiOMY NepelaToOMHOMY OTHO-
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HIEHMIO Uyp ¥ PACCTOSHMIO O, MERAY UENTPaMH KOJEC B3 CAELYIOUHX
CoOTHOLWEHME!

ﬂm=—=a:~=-‘——==—“-'" Q= fun + Fuss

re z; W 2z — 4ncna 3yCLee KoJec. PaccmoTpuM HYMEBHE KONECa,
Koraa @w = —g (21 + 22) (cx. dopuyay (22.15), § 97, &). Tlyere Ly

i 1o na puc. 22,12 cyTe Ha- - GJ?_
yasnHLe oKpymHoctH. B \ EE
posioce sanendienns P opo-
pOAHM KacaTensHyw [ — I
k sTHM OoKpysHocTAM, [la-
nee, Npopoaum  COpasyio-
Uyl OpAMyR 1 -— i [ROA
YIJIOM 3ALENNCHHA @, K
Kacareqaunoin (—{i. B cTan-
JApTHEIX KOMECax YroJ 3a-
LENJeHHA o, O0RYLC NPH-
HHMaeTCR o, = 20°. Ece
COOTHOLIEHNS pasmepol
aylLell NpHHHMAEM B COOT-
eercreni ¢ § 87, Onyckaem
us Touer 0y u 0, nepnewnmy-
Eyaspsl 44 n 0,8 Ha of-
BIYHLLYID NpaMYIo n — .

foapavan LIHHE STHX e &
NEHAHKYJSPOE YEPEs fiy M \
fi2, NOJyyaem, COrJIacHO \
topmynam (22.25),
Fiq = gy COS Oy, —

ok Fore. #2.12. K onpe TEHIED CEHOBHEX NapsMeTpoR
Feg = Tup COS G [2'2'27) HHCLEEr D Ft-cfx;:nl:n‘rhﬂrn SAlEneHiA

TMocTpouM palHyCaMu rpy B
Fra OCHOBHEIE OKPYHHOCTH Sy M Si. Ilpopopmps, fadee, OEpYHRHOCTH
pepiind Ly ¥ Ly v orpysuocte enafud Ty v Ty, pagnyce KOTOPHIX
Begncasien no gopuynam (22.11)—(22.14). INeperatuean obpasyio-
WY OpAMYI0 00 OCHOBHEEM OKPYMHOCTAM, HaXOAMM SHONRBEHTH
M3, v My3y. Eak EBHIHD H3 depTema, IBOJALEEHTH HAYNHAKICH B
Toukax M, u M;, nemaniux Ha OCHOBHHX OKPYMUOCTAX S; o S,
KOHUAIOTCS B TOYKGX € M d, Jemalux Ha oKpymuoctix Ly v Ly
BEPLIHH.

2°, Onpegensy KpaHHHE TOYKH, B KOTODHX CONPHKSCAITCA CO-
npswesdre npodwan syfrer. Tak Kak Juenell SaLenieHHA CHYHHT
cama ofpasymlilas npsamMas n — R, T0 pajuycom O,e lenaeM wa nps-
Molt 1 — 1 3aceyky B Touke b, Tak KaK TOYKa € JIEHHT Ha ORpYHHOCTH
BEPLUNH, To TouKa b # ABJAAETCA KpaiHel Touxoil JHHHA SauenJIeHHH,
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B koTOpO# 3yfLA moryt conpuxacatech. Paamycom O.b Ha npodmse
Mad 3aceracy toury g. Touka g oxasupaerca Tol Toukoi, koTopas
OPHXOJHT B COBNafeHHte ¢ To4KoN ¢ B TOYKe b; TOra nacTh npoduan
3yfa Kofeca 2, YUACTBYIOWLErD B 3AlelellH, eCTh OTPESOK KPHBO,
pPacnooEeHHE MoIIy Touxamn g # 4,

ABanornuuEM NOCTPOEHIEM OTNPENeaHM TacTh Npodiia syfa Ko-
Jeca [, yqacToyIOUErD 8 SauenfeHHH. 3T0 — YacTh KPHEOR Mexdy
Toukavn f 1 e, Orpesku npoduied gd 0 fe HOCAT HASBAHWE QrIMUGHIY
yugrmeos npogused sybees. Hs noctpoeHms chaelyer, 970 yuUacTiH
Mo u M, f spoansent aeaniotres wepabosumu (nepexodustmu), TaK me
Kak # octaduibe 4actH Hosek. Hepabouwke yuaceriu npoduaell sytues
B ofuier cayuae MOryT OITh O4epueHut JiobuiM ofpaiom, N0 TaK,
UTOOR COMPAMERHKE 3YDLA CEOOOAHG BRIXOAKAM H3 3apennenad,
¥uacTok KpHBo#, mo KoTopol ouvepuer Hepafounil yyacTox npognns
ayba, HAIWGAETCH NEPEXOAHMM YuacTrom. MosHO, nanpemep, ot
Toter M, w M, ovepunBate HOMKH 00 pafvafuuem npamesa M, 0,
#H My0;. B mectax conpmxenws Howek ¢ oxpymnoctamun T n T
AaloT ofuuHo HefOALWOE 3aKpyrAeHHe PajHYcOM P;, PEBHHIM OT
0.3 po 0,4 mopynsn m. Cumverpuunete sacte 3yGner CTPOATCA No
3aHOHaM CHMMETQHH.

Takum ofipazom, B 06IEM Clydae NeRCTBHTEILHAS JHHUA 3allen-
NEHHA SBOMLBEHTHHIX Opouael npefctaBasercsd B BHAE yuacTka ab
cbpasyioiliell OpaMol, 3aKMOUel IO MeELY ORpYRMHOCTAME Benilni,
YHazaHHET y4aCTOK HOCHT HA3BAHHE GKIMUSHON AUHUL J0UEN e,

Jinuwa ab aKTHBHOH JAHUHW 3IBLENJNEHHN 3aBHCHT OT BEICOTH
roAoEoK 3y0neB WM, iHaue, OT AaMeTPOoR OKPYMHHOCTEH BepuMH,
Pasyepu peicothl ronosok, soofiile rosops, MoryT OGuts Golbie, vem
noKazato Ha prc. 22,12, 1o He JOMMHL BHXOANTE 38 OPSICHH OKPY #-
HocTell, onucaHHbX W3 uerTpoR 0y u O,, npoxoasninx vepes toukn A
H B ofpasywowmeit npamofi n — n. Ovpesox AB, onpefeaswowmHil
NpeAeSbHyIe OJAHHY JHHEE 3AUENJEHHS, HAILIBAETCH JAUHUeR 5a-
HEN ACHIA.

Taxnm oGpazom, yseanyelne paGouHy yHacTKOB npoduied 3y6Len
BOAMOMHO 32 CYeT YBEAH4EHHR JMaMETpPOE OKpymhocTell BEpPLINH.
OasaKko ecin OKPYHHOCTh BEPLWIHH OAHOMO H3 KOJIEC NepeceKaeT JiH-
HUP 3alendieHHd 23 npeedaMu TeopetHuecroll NUHHH 3aUelNlenns,
TO Beck y4acTok npodsasn, TOYKH KOTOPOrO JextaT BHe JHHHR 3a-
tiendenn s, okasuBaeTcs wepabouus. Hanpumep, eclin ORpYRHOCTHIO
BepwMH woaeca [ aeasercs okpymuocre Lp (pre. 22.12), To Ha
yvaacTie kit npoduan noaydaercs depafosgnu. Fla yyactre ne npo-
dwinn Gyner paboulM TOALKO B TOM CIAYyYde, eC/H OKPYMHOCTHIO Bep-
WHH Kodeca | Gyner okpysHocTL L, nepecexaioman MHHHK 3auen-
NeHdA B Touke H.

7. Auanorsaso moryT GuiTh NOCTPOEHB 3BOJbBEHTHHEe npodHAn
3y(bel BHyTpeunero sapennaenuf. Ha pue, 22,13 nokazaHel coppe-
Kacalolecs B Touke P uentpouaw [y w If,. Yepes touky P npo-
EGAHM 00pasyiollye npAMyle 2 —n 004 yrioM 3aieilJeHHd oy
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k Kacatenpholi f— f. M3 rouex O; n 0, onycKaeMm nepneHiHky-
aspbt 0yA B 0,8 1 npoRo/IM OCHOBHEIE OKPYHHOCTH Sy 0 S;. Hanee,
nepeKaTHBas NPAMY f — M N0 OCHOBHOIH OKPYMKHOCTH 8;, noay-
yaem ssoapBenTy M,3,. [IpH nepexaThBaHHH NPAMOR o — n MO OC-
HOBHOIl OKpYHHOCTH Ss, NOJNyHaeM 3IBOJLBEHTY M,3,. Tpoeoaum,
Aafiee, OKpy:kHOCTL Ly BEpIIWH H OKpYKHOCTH T, Bnagsf Manoro

Prc. 22,13, K oppefescnii OCNOBAME NDARAMETPOD DUYTREHUErD BIONEEERTICTD JAMENACHHA

syGuatoro koneca [ u ctponm npodmas 3yba Tak, Kak 310 OhLI0 NOKa-
3aHO BHILE NPH NOCTPOEHMH BHeWHero sauennexnd. Jaa Goabiuoro
Koneca 2, Wmewilero syObf, pachofomenHuble N0 BHYTpeHHeR mno-
BepxHocTd, GopMyAL LA OHAMETPOB OKPYKHOCTEH BepluH W BnaiHH
nng syObeB co CTAHIAPTHOH BHICOTOM TFOMIOBKH HMEKOT CHEAYIOLHA
BHa:

dn.s = s — Ehau = m[z'.s == 2:': djg = dwg + %mf =m l:?-g + 2,5:]
(22.28)

M3 nocTpoeHHA BHAHO, Y4TO OKPYMKHOCTh FOJIOBOK Kodeca 2 Momker
mepeceub JHHHION — 1 npasee ToYkk A, Nesee ee HAH MOMET NpoiTH
yepes Touky A. B nepeom cayuae Beck y4acToK roJoBKH 3y0a Ko-
seca 2 noaydaercs akTuBHEIM. [Ipy nepeceuenin yKasanuofl OKpYx-
HOCTH C JIKHHeH n — n Jepee TouKH A (HaNpHMEP, OKPYKHOCTE TOJ0-
roK L: nepecexaer npasyi 1 — n B Touke b) yuactok npodumiin he
Ae MoxeT OBTh MCMONB30OBAH I8 Nefel sauendcHH, a NOToMY npaK-
THYecKH He pwnoausercd. Tawkusm ofpasom, ronoexa syba koneca 2
OFpalMyYela Mo BHICOTE OTPE3KOM 3BOALBeHTH Pe, rie Touka e ecTs
nepeceveHie OKPYMKHOCTH BEDIUHH, NPOXCHALIEH Uepe3 NpejeabHYIo
TOUKY A Ha AHHHH 3auensenus, ¢ npoduiem 3yba. YuacTox e npo-
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thuan Mye 3BOALBenTH B KauecTBe npopuna 3yha Koneca 2 wenofeio-
BaTk Hedwan. Ipyrofi npenenbrof ToukH TeopeTHYeckol AuuHy 3a-
uensednn ObiTh HE MOMET, NOTOMY 4T0 06€ 3BONBBEHTH MOTYT OHTb
fesrpaHiyHo Npogo/mkeHs 38 Todku d u [

Taksv ofpazoM, AKTHBHASR JHHHA 3aUENJEHHA NPeICTABNAST
cofioil orpesok Ag. AKTHBHOH "acTeio npoduas ayha Madoro koneca [
apaneres yyactox Myd npoduns, a akTHeHOH 4acThio npodman ay6a
foApinoro Kojeca 2 — yuacTok fe npoduwan.

4", Tlepexoum K NpOERTHPOBAHHIO PCEUHOrO 3ALENAEHHSA MEeRLY
peffkoit ¥ wonecoM. lleHTpoHzamm B STOM 3alENJeHHH HBAAIOTCA
npavan L, v okpymuocTs [l (pre. 22.14). Hepes toury P npoBoaHM

& ofa3yolye DpAMYD # —# 1ol },rr-
JOM 3alenaenna @, K npasod [,
toukk O, onyckaem mHa nﬁpaaymm}rm
npaMyo nepnesankyaap 0,4 u nporo-
JHM OCHOBHYIO DKPYHHOCTE S, KoJeca.
Hanee no obmuM NpaBHAaM cTPoMM
npoduak 3yGnee KoJeca TaK, Kak 10
L0 HAAOMEHO AR 3yGUuaTeIX KoJec ¢
sHewmnuyM sauengedueM, [lo ceolicTeam
3BOJALBEHTHHX  nNpodutaei  npodman
i 3y0nes pefikn LOAMHE CONPHKACATECA
A g ¢ npodmanvu syfbes Kodeca ka nps-

Pic. 2214, Cxess peewyoro syfwa- MOH 11— n W 0Dulas HOpMank K TOYKe
FORW SRR IS Kacauus H0JHHA NpoXOIHTE Yepes no-

mioc aanenaennn P. Tak wax pefika
HMEET TOALKO MNoCTynaTelbHoe HBiMenwe, To, utobw 3auengexde
NPOHCKOAAD HA npaAMol f — ;1 H HOPMAdL K CONPHKACANIHEMCR
npoduany NpoXoixda Uepe3 NOCTOAHRYH Todky P, neo0xoiuno,
grofitl oee HopMadaH K npobuaw ayfa pelixn ORI napasiedbhbl
onuofi u TOf ke npasoll n —n. Ho ecam Bee wopmany K npo-
titio napadaensisl oiHoll u Tol e npaMol n — n, To, ONEBHIHD,
can npoduab npeicrasaser colol NPAMYIO JHHHIO, NepleHHKkyasp-
Hylo K 310l npamofi. Ilostomy npoduar ayfa pefikn momer OuTh
NOAyYeH, ecay Yepes ToUKY P npoBecTH npaMyto ch, nepneHI#Kyasp-
HYI0 K ofipazywomedi npamoll n — n. l'onoeka 3yfia pefikn sakanuu-
BAETCA HA NpAMol eepuMH L;, 8 HOWKa — Ha upamoll Bnagsn Ty.
BulcoTa FOMOBOK W HOMEK NOACYHTHBAaeTCR no (opMyiaM, YKasaH-
HEM B § 97, Teopernueckas JNHHA 3AUENAEHHA TAK ME, KAK W OpH
EHYTPCHHEM 3AMEN/ACHHE, HMeeT TOMBKO OfHY DpeledrHy TOUKY —
toriky A. B camos nene, seonseeita My3s v npavan ch Teoperiiuecku
MOFYT OuTe GesrpaHHuHO NpOJo/KeHs 33 ToukM £ M A, Jlunua
salenfieHns SaKmIoueHs MeWLy OKPYMHOCTLIO pBepuwny L, Kosaeca
H npavoll sepluny L, pefive, Tax xaxk wa pue. 22.14 Touka g auuus
salENJIcHHA opKazaiace 3a Toukofh A, 7o, npopenn npamyw ALj,
napa/daeabHyio npamofi [l;, BHAHM, YTo y4acrok ce npoduns syba
pefiky oKasuBaeTcAd HepalousnM ¥, CAElOBaTENLHO, HacTe nkee 2yGa
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e JAoJHHA BENoAHATECA. JLan onpelefenHn BTOPOH TOUKH AKTHEHOTC
yuacTa Npotuan syfa NpoBOJHM HEPES TOUKY b nuHuH Bauenenxn
npaAMYa, MapanicianHy npAuoH I, Bo nepeceyeHHsd B ToHKE F
¢ npoduaen 3y6a peiiki. AKTHBHHA yuacToK npoduas syba pefKH

ecTs ysacTox npoduan Je.

§ 100. [lyra 3auenjienns, yroJ nepexpuivns
H KO(HUHENT nepexpLTHR

1°. Hafinesm Teneps nyTh, npoiiieHnL Awboft Toukofi HavaiuHOM
OKDPYIKHOCTIH 33 BpeMs SaueneHus OJHOH Napel CONPAXEHHBIX npo-
dmaeft 3yObes. TTycTh AKTHBHAA JHHMA 3ELENJeHHA BAK/I0YAETCH
Mesiay Toukamu a u b (puc. 22.15).
B mOMEHT Hauadd SaAUenNeHHf
npopuab 3y6a Kosneca 1 sauu-
maer nonoxenne [. B Moment
KOHILA 3AUENJASHHA TOT e npo-
thHTb HAXOAHTCA B MOJOMEHHH
I1. ¥ron §, NoBopota syfuartoro
KOJIeca OT NOMOMEHHS BXOSA 3y-
fia B 3aleNJeHHe 0 €ro BuXoia
Hs 3aLSIEHNA HASHBASTCH Y210M
nepexpumua. Jdyra dd’' ects nyra,
Ha KOTOPYI NepeKaTaTes Haualb-
HHIE DKPYMHOCTH 853 BpeMms  sa-
LENJACHHA ONHOH Napht CONPRMEH- pue. 22,18, K onpefessding SyTH S00endes
Hux npodwaefi. Jlyra dd’ wocwt Ve YRS KOSRGRURERTA MEpeKpLITIS
naspanue dyeu sayenaenun. Jlnu-
Ha JAYIH 3a0eNJeHHA MomeT OHTE BHpaKeHa yepes LJIHHY AKTHBHOH
JHHHK 3allenfedHs W yrod sanenaensd. JLaa 370r0 cOSJHHHM TOYKH
d nd ¢ uentpom 0. ¥roa d0,d' paBeH Yray 9. Otmerns jpanee,
HayajibHbe TOUKM ¢ W ¢ 3BONbBEHTH 3y0a. DTH TOuKH Jewar Ha
ﬂ(:i-inﬂ;g!i OKPYHHOCTH, H yroa cOyc’ Take papneH Yray @gy. Jdauna
AYTH

b dl'ir = FpnPay- {22.29}
Hauvua ayrs e
e = rpPan

OTHYyLda
PR (22.30)
"
Moacrapnan seipaxenne (22.30) B pasencrso (22.29), noayuaem
wodd = TEL et (22.31)
0

Ha ceolicte sBOABBERTH Cclienyet:
v = v Ad' — v Ac = (Ab) — (Aa) = (ab).
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Hanee, u3 popmyam (22.27) umeem

L =T Cos oy

Tle o, ects yron 3aneniedud. Tenepb papercteo (22.31) mowno na-
OHCATD TAK:

L rn:]'{ﬂb} _— ‘ab}
S = P COS Gty CUS Gy (22.32)

Taxum ofipason, druma Oyeu JGUERAZHUA HA HAMGALHOL OKpydC-
HOCHLN paSHG GANHE GRIMUSHOL AMIANN SQUENAERUA, OCASHHOG HA KO-
CUHYC Y208 SOUENACHUS,

AHATOTHUNEM (YTEM MOMIO ONPEeieddTh Iyry no Jobof apyrof
OKpymuOcTH. Ecnik AyTry 3auenieHHs HIMEpRTE N0 OCHOBHOG OKpYH-
HOCTH, TO MbB NOAYYHM Lanny, PacHY1e LAnHe AKTUBHOR JMHIHA
SaUenaeHNA,

Z. Ecan pyra 3aueniei:ia papua Wwary p,, 10 npH neperarsi-
BAIINE HaUualbHEY ORPY®HOCCTEH HA 3TY AVOY ToNbLO O1na napa co-
npazerilbX npodmaedl syOben :HAXOUTCH OIHOTPEMEHHO B Saumen-
Aennt. Econ flyra sanenseins Gyner seubue wara p,, To B sauen-
JIeiil npon3oiifeT nepepeiB, ©# nepeaaua Syner palotaTh © yaa-
pos. Eecaw, naoGopor, Ayra sauensenus Oyler Goabure |uara P
TO HCKOTOpOE BpeMA B 3duelleHHH GyAeT HaxoJHTLCA oO4Ka Napa
npopHaeil, a ocTalbHpe BpeMA — JBE naphl, MOMeT OLiTh, B GoJiec.

Tax Kak npH H3rOTOBAcHHH 3YOLEB BOSHHKAKOT HEKOTODLIE HeToY-
HOCTH B OUEPTAHNH NpopHieH, TO HEe PEKOMEHYeTCsl NpH (POEKTHpo-
BaHHH OrpaHAYiBATLCA TeM NpreiefbHEM chayuach, HOIId Ayra 3a-
USTIACHUA DPABHACTCH Wary p,. JKejdaredbHo, 9Tofbl Jyra sanende-
Hus Beeraa Ouiia HecKonbko Gonbioe wara p,. Torza nepenaua Gyer
pafioTarh niasHo, Ges ypapos. Takuwm ofpasom, B NpaBHABHO CIPO-
CKTHPOBAHHON NepenaYe MENATENBHO, 4ToOH OTHOWEHHE AYTH 3a-
HenneHif K mary g, Ouwno Goakme eopnqELe, T. 2.

JVFA Anennennsn I
[ s
B compemennolt npanTuke 4as BHewdero 3yGuatoro sauendenus
NpiiHManT

wdd;

| <&
P
Tak Kak v dd, = rupa, a py = r,T, T
P - T

OTHOWEHHE Yrila NEePCKPEITHA @, K YIJOBOMY WArY T HAIHDACTCA
roatbibuyuenmon nepexpuimun W oG03HAYABTCR E,.
[Npunivan o suHManue Qopmyany (22.32), nonyuacm
prdd; ey L (W) % (22.33)
[ Pz C0OS Gy ny T’ :

Ey =
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BenuunHa pp, BXonsuas B Qopumyny (22.33), HOCMT Ha3RaHHE
QEHORCZD Maad. T akiy ofipazoy, OCHOBRON War 3y0eeR CBH32H ¢ Wa-

roM N0 HASANEHOH OKDYMHOUTH M YTACEHIM LIATOM YCIOBHEM
P = PuCOSO, = ryT) = gl (22.34)

Mz dqopuyas (22.34) caeayer, uT0 OCHORHOH AT NpelcTanifer
coboi LYTY, HAMEPENHYID 1o OUEOBHORA OEPYHHOCTHE H BMELIAICHLYIO
ppii ayl B oaHy ROATHHY.

%, Kosdpuusent nepexpeitia &, MomeT OuTbh oONpeleneH H
auanuTHveckH. B camom fexe, us puc. 22.15 wmeeM

(al) = (aP) + (Pb) = (aB) — (PB) + (Ab) — (AP). (22.35)
Ho a3 mpeyroasunkce O,AP, 0,Ab, O;BP n O,Ba
(ab) = ratg o, (Ab) = rp 1€ 2ary
(AP)=rpn €%y (PB) = rpplg o,
e fty, M O, — YIael npoduis syGa y BepiikH, onpeneisieMue H3
COOTHOUCHIH

(22.36)

T r
bl L3

oy == — COS Lgn == .
COS gy P al a3

Moncrasana B (22.35) anavenun orpesxos W3 (22.36), nonydaem
(ab) = rpy (18 0tgy — Vg 0t,) - Fia (1€ o2ga — 1g o). (22.37)

[punnman Bo BHuMande Qopmyay (22.34) nocne nopcTanOBKH BEI-
pamenun (22.37) B ypanuenne (22.33), noaydaem

1f Gy — IF oy Igttge — W O
R (22.38)

Eg

§ 101. ¥aeaphoe cKojibKeHHe 3yGbes

. PaccmoTpHM Ipa conpseHHHX 3BoJEBENTHEX npoduns M3,
0 My3, (pue. 22.16), npusaisexauux xonecam [ w 2. [lycre st
npoduan kacaiorcs B Touke C, nexameli ma ofpasyicmed npamoi
n—n, Ecan pa atix npodunax smbpath TOUKH My H My, JAexallne
HA HaYasibHBIX OKPYXKHOCTAX, To otpesok Cm, npodman M,3, syfa
koneca ! w oTtpesok Cr. npoduns M,3, syba xoncca 7 ne Oyayr
papuil mexny colom, B npouecce sauemienus npodmaen M3y
i M,3; mabmonactcd He TOABKD KaueHwe npodmia no npoluao,
HO H HX CKoVIEME!He ADYr 0o Apyry. B camowm jefe, npH JBHECHHH
TOMEK 1My H fly K Nodlocy P ol# npoxogsT pasude ovTeH m P u m.P.
OnuonpeMenro ¢ tum ayra Cry opohuna J, nepeseiiiaerca no
ayre Cmy npoduan Jy. Tak Kak 3TH Oyru He pasHbl, To Kauenhe npo-
(PHAeH CONpOROMKAETCA CKOMBMEHHEM, KOTOPOS MOMKIC H3MEDPHTh
PAIHOCTLIO AMHH YRazaHHEX VL. Ckoabmenwe npodunell pIuqer Ha
Hawoe 3yOnes, YMEHbIUAA H3HoCcoCTOHKOCTE Nepegadn. s olieHEH
E3ANMHOTD CKOJILMEHHA npogunell syfbep noJbayoTcs NOHHTHEM
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yoeabrozo ckonsxenun 3ybees. 110 YIENBHEIM CHOMBLMEHMEM OOHH-
M#ETCA OTHOINEHIE CKOPOCTH CKONBMENHA U, TOUEK KOHTaKTa ayOLen
K KacaTeNbHHM COCTARASHMHM 8, copocTefi TOYEK KowTakta co-
NpAMeHHMY npoduied, 7. €,

- :';ﬁ. (22.39)
12

2%, PacemoTpum sonpoc of onpeeieniy YASAKHOTO CKOMBMEHHs
1y u O conpamennmx ayGwes (puc. 22.16). s onpegenenun ckopoe-
TeH Uk H TAHMEHUHAALHLIX COC-
TABAAOMNX UL, H Up, CKOpo-
crefi Touex C) u C, KOHTaKTa
conpamedHux npodumaeti M,3,
1 M3, nocTpORY NAaK cKopoc-
Tell MeXaHu3Ma, NpHHAB AaA
HAMAAIHOCTH 3a ODOJOe niada

cKopocteii Touxy C.
CKOPOCTE  CKONBIEHHS U
Ofpeaen feTcs U3 MIaHa cKopoc-
TeH KAk BEKTOp, NPONOPLKO-
HalbHbili OTpesky ¢z, Cro-
pocTh UL, TNponopUHONA/EHA
OTPE3KY (o, TAE TOYKA o —
KOUEL BeKTopa 0" Hopmasbholl
cocTapiaminell chopocTelt o¢
Puc. 22.16. K m;il!ﬁiq:;;E:i?ﬁ':ngﬂmwum CHIG- HDe,. HEI{(}HEIL, CHOPOCTE Uf._-..;
NponoplHoHATEHA DTPESKY Coly.
CROpPOCTL CKONLKEHHS Uy [Vl BHEWHERD 3ALENCHHs paBiia
U = Ug,e, = &y (PC) = (0, + o) (PC), (22.40)
rie £y — yrioBas CKOPOCTh B JIBHXKEHHH Kodeca 2 OTHOCHTENLHO
Kozieca I, paBHam A1sl BHEWHEro Sauernedus Q = (@, + 0);
H @, — YILIOBEE CKOPOCTH Konec I uw 2 w PC — paccrosnue oT
TOYKH 3apenaenua O 0o nooca sagenfienus P, 1. e. I0 MTHOBEHHOTO
HEHTpPa BpELIEHNA B OTHOCHTRNLHOM OBMMEHHM Kodec I n 2, Cko-

poCTE ”ff; ofpefleNseTcs M3 MIaHA CKOpOCTEeil:

ve, =" 1gf,, (22.41)
i pacctofue AC no cBONCTBY SBOABBeHTHI PaBHO

roe tg f; =

&l
panuycy KpHBmamel p; = (AC) npopuan M3, B Touxe £;. Torpa
AR :‘.f:l MOMYHEM

(AC)
F

AC CIL
L’:':'z =Wy g B =or, !'_F;;i_J =0, (AC) = ©Py (22.42)

rae ry = (O14) u ryy = (0,8) — paguycu ocHoBHEX OKpYMHOCTEl
wostec [ w 2.
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AHaZOTHUHO IS CKOpoCTH Up OylaeMm HMeTh
) B
th, = 0urye 18 Br = 0 Gk = 02 (BO) = wnpa, (2249)
2

pae p; = (BC) — pamuyc KpHBH3HEL NpOQMIsA My3, B TOuKe 3.
Vneabioe Cronbienne 0y Ain npoduas M,3, Gyner ftorfa paBHO

_ Yoo oiA0s (PO) 1 4 (FC)
h=="""% n “(l e B

Cooteeretnenno LA npoduan MeIy YIenTbHOE CKOILHEHHE ¥, paBHO
gy te ot PO () B (2245)

Lr‘cr oy Pa
ITpy noacuere 9, u ¥, Hajo AMETL B BHAY, YTO C/H Koleca In2
pa3ubie, To 3yObsl GoMbilero Koseca SAUEMAIOTCH B Uy pa3 MeHbILE,
yew syObs meHbluero xoveca. CaelopaTedsho, Haflo NpH noJcueTe
VIEABLHOTO CKOMLMEHHS NOMHOMGHTE W/H PAasICIHTH 0y uan O, Ha
BEAHUHHY Hyy. Eca, nanpmmep, GospllHM KoJecom ABAAETCA KO-
necn 2, To YASLHEIE CKOJLMEHHT th o BONHHB NOACHHTLIBATECA

no GopMyas

; c

=10 = (t "l——lﬁ;-){_ﬁ-.}—i {22.46)
.__ B | 4wy (PC) 1\ (PO
r ul: u,,m 0 S (] + o8 (22.47)

B dopmyart (22.46) w (22.47) caepyeT NOACTABAATL alcOMIOTHOS SHA-
?EHHE NepelaTOuHOTO OTHOWEHHS Uyg, MO0 SHAKH YYTeHH B QOpMY/Ie
22.40).
Jlin euyTpennero saucniiennsi dopumyna (22.40) umeer Bull
ve,c, = (@ — og) (PC). (22.48)

CooteercTeHHO  GOpPMYAH  JAA  onpenesesns  KosPOHUHEHTOB
cxogpenns o) w U0 498 BHYTPEHHEro SAUEMNEHHA HMET BHI

o f1 __LNPE]

ti=(1—5) % (2249
AP N N (% 9.5

0= (1—5=) 52 (22.50)
&. Hs dqopuya EEE:‘!E} u (22.47) cneayer, 4ro KoaddHIHEHTE!
ckoawkeHua ©) i # pospacTaloT ¢ yBemnuenwem pacctofnua (PC)
OT ToYkH sauenjienus C [o noswca saleniedHs H YMeHbLIeHHeM
PanHyCcOB KPHBHSHH Py H Py Npodmaedl, B kpafinux Toukax Aub
AuAMK sagendenns (puc. 22.16) paguychl KPHBHSHHEL Py H [y
paciu Hyawo, T.€. B ﬁzmx TOUKax yieidnHHe cKodhxenna 94; n O3
pasuLi Teoperhueckn Gecxoweanocts, Hs cpabxenns dopuyn (22.46),
(22.47) 1 (22.49), (22.50) Take BHIHO, YTO YHENbHHE CKOJIBKEHHA
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T8 BIYTPEHHETO JAMEMIECHHA NP TOM K2 NCPEIATOUHOM OTHOWLICHNK
MOIYT OBITh OOAVYENE MEHLILUAE, YoM 018 BHEINero 3aienaeHns.

Ha pre. 22,17 cxemamiiio AOKAZAHE KDHESE MIMEHEHDR YI&b-
HLIX cxoabmernft O o 0 Ha poe, 22,17, g oo oen abeivice otaomena
Munea auenaennas AE ana wodec ¢ piewsind sauenneider. To ocn
ORIHHAT OTI0AEIE VISTRHGE CROTeMeHrn 1 n th, YuactHi Kp#-
pux ) n {t’, pacrolomennbe Bume ool abeikee, OTHOCHTCR K ro-
LB 3yTnop, & YuseTHE HHME ocn abcmice — K noKeaM aydels.

l"a'ﬂr 'j:: Iy I?:J ’3;
i ! .‘s
.| g
E e \é’
; Y
9 5 | \1\‘ iﬂ
P Y - E{L e i B IE\!._:&‘_
| 5
W - :
j
# K A |
K .
. 6, - s
Pue, 22,07, Ji.cpasma voennhers (Soapsean® ayLLen awrvaTof mepe et &) LHEMP st

AT BHCLE el 80 LT HNNG @) DHOFROMMA LI BOYTREE L STD S UeNACH R

Urolel naGemarte COABILMX NOTEPL 112 CHONBXeHNE npodsiedl n
YMEHBDTHTE HX H3UI0C, AKTHBHAN ANNEA 3guentenun ob (pue. 22.17, 0)
AOVGRHE PECNOAATATHER B 50N OTHOCHTRALTO MATHE KOSl UINeHTUR
CKODALNEeNRES. Jra 303 HA pHe. 22,07, a sawvpuxosana. Ha
pre. 22,17, 6 asanornyueie KpUBLE NOCYPOSNE AR BHYTPEIIErD
sanentenns. Kpusan & naobpamast n3ueneiye koahiuneiTa croaL.
Wennn ) BHEWHern KONgca BAYTPEHHEro 3aueniorng,

§ 102, Hexotopwie cpefesHsa no mMetofam oSpaGoTi
3BoAb2eHTHEIX npodmncs 3yines

I°. B nannom naparpade Mel pACCMOTPHM B cavMX ONILIX yepTax
MeToIl HapesaHud 3y0uATHX KOMEeC, Tak Kak 3TOT BONPOC TECcHO
CBA3AH € Teopued npopuaHposanun ayiLes.

3ylfuateie woJeca ¢ 3BONBBEHTHEIM npoduier 3yfiees ofiniuio
Hape3alnTes HA CTeNHankHuX 3y0OopesHuy CTARKAK ALYMA METoaami:
1) meTopom KomupoBanua W 2) MeTOzOM OOKATKH.

Memod konuposaHia COCTONT B TOM, YTO N0 YEPTENAM TUATEALID
nocTpoenERx  npohuneli ayGuee HAPOTABRUBASTCR AUCKOBAR (hpesa
{puc. 22.18). Pemyuian kpoMxa (pe3s MeeT CUEpTANEE BNAIMAN
mesay 3yfoamu, Bpauasce, (pesa nepeveriaercs) B HanpanieHun
fioxkopoit ofpazyioumefi 3yfa. 3a Kamiui xol (ppesel BAOTL OCH KO-
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mgecn Ao Ty¥asTen !I:H]'lt_‘"..’*.HiE"*lrl o enagnaa. Tlo npoxeswtenun peedl
siladinHE pela BOSEPAIAeTEn B HEXOIHD noncakense [locae sioro
HADEIACVMOE KOJECO NOBOPauHBABTCH HA BEANHHHY yria = 2aje,
rie z — wiedo 3y 6Les HAPesiiion D KONeta, H Opoitecs NOBTORRETCA,
Ha pic. 99 19 pokasai npoUece Hapeaasnd Koneca ancrosoi peaoit,
Memod oOgamin 38KTOHACTCA B TOM, YTO PexylleMmy HICTPY-
MeHTY 1 23roTOBKEe COOCLIAIT TO OTHOCHTEABHOE IEHHEHE, KOTOpOE
yennn Obl fpa 3yO4ATHIX KOMECA, HAXONNLIMXCH B (IPABHABHOM 3anen-
noiin. B raxod corydae pe}{{}'lnl:ﬁ WHCTPYMEHT A0JHEH NPeiCcTaRIfATh
codol Taxme aviuatoe KoAeco, T. € KO- o
Jeco- HUCTPYMEHT MoMeT OLITh CleJiaHo B
mie koaeca wau peikn. Ha pie, 22,20
NOKA3EHo TAKOD KONECO HHCTPYMEHT, KO-
Topoe ROCHT Haananue doabaxa. Loabak R

PHe. 92.168, Ouckopan $peas fAiu Hapee Pac. 22.19. Haopesamsa  ayfua-
-BHAR -YORed KMOTONRON MOnk{cbdHER TOFG  HoJeCs  pHeRoBON Hpezofl

COBEpLIZET MOCTYNATENRHOE ABHEEHHE N2panieibio OCH X—X nape-
aaevoro koneca T (puc. 22.21), OnxospemerHo nonlsky u KoJecy
COOGULALTOR BPALLATEIbLHOe ABHKEHHE C TeM ¥HE OTHOIWEeHHEM Y II0BbIX
cxopocTell, Kak ecay Obl 20A0AK H KONECO HAXOAHIICH B 3aUeneHHi.
FlpakTudeckn npouece A0alfAeHHs MPOHCXCLAHT HE HENnpepuisuo,
a puecer pRiL NOCTEMOBATENLHEX ONCPALHH, COCTORUAX B ABHMEHHH
uoafsiKa BOEPX H BHH3, NOBOpPOTA Hapeszemoro koaeca o T. A, Ho
ECE 3TH ABHMEHHA CTPOrD CORMIACOBAHL C KHHEMATHYECKHMH COOTHO-
LIEHNAME, COPELENADULIME A0N0IK o KOMECO Kak fABa Koodeca, Has
xoanuiHxen B savenacndu, Torga npoduies napesaemoro syfa noay-
YASTCA Kak Orubaiulan BeeX nonokensi pemyulell kpoMke fonfrxa
(pue. 22.22), 1. ¢, HHCTPYMEHT KaK Oul OOKaTHBAET HApE3IAEMOE KO-
Jeco, OcofernocTh 3Toro cnocodd 3ark/ouacTed B ToM, 970 OH [0
BOTAET HAPE3aTh NO MeTONY OOKATHH KOJeca C BHYTPEHHHM 3amen-
aeunem (puc. 22.20),

Z. Tax kax pas joGoro syGuaToro xojeca MoMer GHTB CHpoek-
THPOBAHA CONpRAEHHAA C Konecom pefika (cm. § 99, 49, 1o, Buecto
Koteca-HHCTPYMCHTE, MOMKET ObiTh B KAUECTBE HHCTPYMEHTA HCNOMB-
40BaNa Takae B pefika, KOTOPAA HAaSHBAETCA HHCTPYMenTalbHol
peikodl, Pefika copepilaer B BEPTHKANLHOM HANPARACHHH BO3BPATHO
HocTynatensHoe ABHMENHE, HAPANALTLHOE OCH HApe3aeMore Koueca
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Pac, 272,20, Hapeispse pon- Pic. 28,21, K osenpocy o Bapesatin 3y0-
Eakol HEonech © BHYTHELEE=
M By IREMN

GarTelfy H JECE aonbshoM

e, 22,22, [MocnesoRsTelblibe OTHCCH Puc. 2%.73. Hapesawre  ayGvaToro
Tenbite NOACHERER 308 A0NCARS ApH His Hosece ayGuaTol polikol
prsalin

Prc. 22,25, YeopenuHan gipesd

Puc. 52,24, HMocdepoBaved e noJox EHER
BYOEen pefiHH DpE HApesdHEE sy04aTore Rosecd
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(prc. 22.23). 3aroToEKa HMeeT ABONHOE ABHAEHHE B rOPHIOHTANLROH
naockoctd. Bpawasics sokpyr ceoell ocH, oHd CLHOBPEMEHHO nepe-
Mmeinaercs Bioaes pefikn (puc. 22.24). Takum ofpa3som, sarotoeka
OCYILECTBASET IBHMEHHE KOJeca OTUOCHTENLHO DEHKH, H npoduan
ay0LeB HAPEIAEMOTo KOJIECA MOAYYAWTCs npoleccoM O0KaTeIBaHEA.
Beck yHAZAHHEDN NPOLUECe H3MOTOBAEHNA BHOOIHAETCH Ha CNEUHANBHEX
SyOOpPESHEIX  CTAHKAX.

3‘!‘], Buecro MHCTpYMEHTaARHOR pellKn MOMHO NpHAMEHSTL YCPBAY-
nyio ¢pesy (puc. 22.25), npoduas xotopoit moxer ObTb noayuen
H3 peiiKH. B camom fieae, eciH NPOBECTH CEYCHHE YepBAUHOH (ipeswl
MAOCKOCTRID, COLEpHailell och (ipesel, TO B CEMEHHH MB NMOJAYHHM
peitky (pwe. 22.26). Takum obpasom, npodmuis YepeayHoll (pes

Mﬂﬁ__ﬁ_&ﬁ'l..ﬂ{‘. ﬂmmﬂhhi
Puc. 22.70. Ocopon codeiie sops- Pre. 22,87, Hapeasune syiues
vasHol qipeat TOre Koseca 9epBEsunol  Gpesod

MoMeT OHTbL NMOMYYEH MyTeM NepeMelieHus peliky No BHHTOBOH AHHHK
¢ HEKOTOPHIM NOCTOAHHEIM YraoM nogbema. OGLYHO Yrosi Nofbema y
ne npepwiaer 5.

[lpr opsosaxoanoll gpese 3a kaxaei ofopoT Qpessl BOKPYT CBOCH
OCH 3ar0TOBKa NOBOPAYHBALTCH Ha yroa, smemamupll ogum 3yb u
opny Buagmny. OIUOBpeMERHO ¢ Bpaulenmem depssunan (pesa
HMeeT eme nocTynaTeslbHOe JIBHJHEeNHe Nomayl NapanjensHo OcH
womeca. [lpouecc napesanss nokasan Ha puc, 22,27, Qpesa yera-
HapapBaeTcd B MIOCKOCTH KoJieca Mo yraoM y, paBakiM YTy nogbema
(prc. 22.26).

M3 pacemoTpelns NPHEMOB Hape3aHHA MeTofoM oOKaTKH CHELYET,
HTO B OCHOBE STHX DPHEMOB HAPE3AHHA Nemar croficTea AaLenneHus
pefiKke ¢ KonecoM HiAH KOJECE ¢ KOJECOM.

4°. B nocaenHee BpeMa noayyaeT pacnpocTpadenne HoBuf MeTon
H3roTORAEHHA KOAee, HasuBaeuulfl Memodosm naxamey. HMuctpymen-
10M  caymuT syflamoe  uMCmMpyMexmanbnoe Koagco (puc. 22.28).
Nyers wrHeTpyMeHTANBHOE KOJECO MMeeT Z, 3yfwer momyna m. Tpe-
(yeTcs us 3aroTOBKH NONYYHTE 3y04YATOE KOJECO ¢ YHCAOM 3Y0heR 2y

15w K. Aprolonenchuil
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Toro me mopyaa m. Jaa sT0ro HeoGxofHMO OGECTIe NTL OTHOCHTENb-
HOE DBHHEHHE HHCTP}-'MCHTEJH:HOFO KoJeca W 3aTOTORKH ¢ NepelaToq-
HHIM OTHOWIEHHEM, PaBHLIM

Uy g = — 0,/ = — ZgfZ;, (22.51)

Fle @, H @, — YIJOBEE CKOPOCTH 3arOTOBKH ¥ WHCTDYMENTA1LHOTD
Koneca. Doty MaTepHan 3aroToBKH JOCTATOUHO 3MacTHYCH, TO HICTPY-
MEHTANEHOE KOJECO BLILABHT, HWAH, HHa4e roBOpA, HAKATAST HA 3aro-
ToBKe Tpefyesoe Uncao syObeB MOLYIA M. C TouK#E 3apeHisn KHHEMaTHEH
MOM(HO OfHO H3 KOJEC OCTAHOBUTE, TOTAA
sTopoe €yner ofkaTHBaTh NEPBOE HAH Bpa-
uate ofa KoMeca, HO € YLAOBRIMH CKOpPOCTSA-
MH, YVIOBNETBODAIOULEMH YCAOBHIO (22.51).
Hakatka MOMET NPOHCXOAHTE B XOJNOAHOM
HAH HATPETOM COCTOAHHAX 3arOTOBKM B 3a-
BRCHMOCTH OT MJacTHYECKHX CBOHCTR ee Ma-
tepuana. B mactosulee epemMa sTHM cnocoboM
06paliaTHBAOT MENKOMOAYAbhEe 3yOuatbie
koneca. [IpeumylectsoM STOFO MeTofa AB-
JAACTCH TO, UTO OMHEM H TEM Me HHCTDY-
MEPTANBHEM  KOJECOM MOKHO HaKaThiBaTb
koneca © mo0sn  uHcaow  3yOnen  ofiero
momyna m. JLna sToro TonbKo JIONMHO YI0B-
AeTROpATLCH yonomke (22.581).
s SN—— 5%, Wz paccMoTpeHufA pasnuqHeX METo-
HUCTEYMONTARRIRM  ROJLELM 108 HATOTOBJACHNA 3}"5'-13"“:5.?{ KOMEC 3BOML-
BeHTHEY npodumiedl HETpYIHO BHISTb, 9TO
npodmab 3yba Beerfa coCTOMT H3 ABYX yacTell: IBONBBEHTE H Nepexon-
noll KpHBEOH, HaskEaeMoli 2aumeasio, 0T IBONLBERTH K OKPYIKHOCTH HO=
sex. [Tpy npasuasHo cNPoeKTHPOBAHHON H H3TOTOBAEHHOR nepefade
aKTHBHAA yacTh ayba, T. e. TOT YHacToK npoduis, KOTOPLT BXOOWT
B 3auenjenne ¢ npoduaeM CONPAMENHOrO KOJeca, BCEMNA HAXOAMTCH
Ha SBOMBBEHTHON gacTh mpodian. OuepraHue nepexoinoli KpHBOM
fla nepefavy ABMMCHHA BAHAHHA HE ORASHBACT. Bee pacueTnuie sa-
BHCHMOCTH 3HAYNTEALHO TpoUle (POBOANTL, €C/H paccMaTpusars
HapelaHle KONEC PecyHEIM HHCTPYMEHTOM, B OCHOBE KOTOPOTD XRe-
MAT crasdapmuas uHCMpYMeRMOAsHad petlkad, NPHUEN 3IBOALECNT-
Haf vacTh 3yGa HE 3aBHMCHT OT TOro, KAKHM HIICTPYMEHTOM KOJECO
Gyner Hapesato. Ecnu koneco fiyner vapeaano Aoa0sKOM, HMEWMIIHM
K TOMY @ PazH4HLE CTeNeHH HIHOCA, TU NPH STOM MOTYT OKa3aThes
HECKOABKD OTIHUHEIMI OT pacieTa no peilke pasmep painyca HORER
woneca ¢ thopma nepexonubil kpusoil. Onuano oTHACHEHHE STHX Nap-
METPOB 1€ BANSET HA KAYECTBO NEPeiauil B O0HUHO JeHNT B npelledax
AOMYCKOB. PHBM'EP paidyca HOGKEK NP ST0M LACTCA Ha HepTeune HaK
yomottetl, TONLKO A0# CHOpaBoR.
Jra me METOIMKA MOMET OWTh NpHMeHelia W ANA BEyTpensed
nepesaul HECMOTPA Ha TO, YTO /s KDAECA © BHYTPEeHHHMH gy
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aguenjenie Kojeca c pefikoii HEBO3MOMHO, TaK Kak pefika nonmkua
HaXONMRTECA BHYTpH Tena syfa koneca. OfHAKO MOMHO MPOBOAMTE
(pOEKTHPOBaHHE Mpodna BrailH Mexly 3yOeAMK no HX YCMOBHOMY
TEOPETHIECKOMY 3AUENTENHI0 ¢ HHCTpYMEnTansHoH pefikoi,

& 103. Mogpesanre npoduaeii syGuen

7°. Tlpr npouseofcTEE SyfuaThiX KoJeC no Metofy oOKaTKH B He-
KOTOPHX CAY4YasX MOJYYaeTcs, YTO TOJIOBKH DEXYULErD MHCTPYMEHTA
ppesaioTes B HOXKH 3y0ben Hapesaemoro koneca. B pesynbrate storo
nowKy ayObEB HAPE3aEMOTO KO-
neca oKazHeawTeR Kak Obl Dog-
pesanusimp (prc. 22.28), orKyaa
H CaMO ABNEHHE TNOIYYHIO Ka-
spanue nodpeaasud. Tlpm noape-

Pre, 22,28, 3ybuatoe wone- Puc, 22,80, K sonpocy  ©  pogpesanus
€O © TOAPesaHHLIME Homkas ayJuen AYOMaTOrD HOASCa
MR sY0LeR

sanuy HOMKH 3yOees ocnabaswores. Kpome Toro, npu SToM cpesaer-
€A 4acTh Sp0ALBENTHl, oOpasyloltel npodunb HomKn 3yGa. [Tostomy
NOAPE3aHHe ABMACTCH HEMENATeNbHHM NPH HATOTOBAEHHH 3Y6YaTHX
konec. BHAcHEM BODPOC 0 TOM, B KaKoM cAyuae GYNET HMETh MEC-
TO ABJAEHHE noapesanuna.

flanrenne nogpesanun ofLACHAETCH TeM, 9To SBONBBEHTA ABARETCR
KpHBOR, orpanuueHHO#N ¢ olHOf CTOpOHK HaYaasHol Touko#, KoTopas,
KaK M3BECTHO, PACNOJATE€TCH HA OCHOBHOH OKPYMKHOCTH.

Ecnn npeserasnts cefe salenienne 1nyx SBONLBEHT, CKPEEHHEX
ABYMS OCHOBHBIMH OKPYMHOCTAMM, BpalllAlOIHMHCA BOKDYT [BYX
HemoABMM KB ueHTpos Op u O, (puc, 22.30), To npu menpepuBHOM
SAUETLIEHHM TCUKa Kacanna OYLeT nepememarkes mo ofHoll H3 3BONb-
BERT, ypanssck or HavanbHoi Touku. HaoGopor, no apyrofi ssone-
BEHTE Touka conpukacanus OyerT NepeMelaThCH, NpHGNHKAACH
K HavaneHofi Touke. [lpw npomommamoumeMcs BpalleH#H OCHOBHHX
OKPyRHOCTER TOUKA Kacauwa B onpefiefeHHLi MOMEHT BPEMEHH COB-
NAlaeT ¢ Hayanbuoii TOYKOH ofHON W3 3BOALBEHT, YTO mpousOfiLeT
B Konue B apuun sauennennn AB. Takoe oTHOCHTENbHOE pachonowe-
HHe JByX paccMaTpHBAEMHX 3BOMLBEHT ABIACTCA NpefeloM, Aaee

15*
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KOTOROTO SBOJBREHTHOE 33LEILTCHHE HeposmoHo. B camonm aene,
coiW  BpAULPHHE OCHDBHEIX okpysHocTell GyIeT NPOLOJIKATECH H
jajeine, To ofell TouKOol JMBYX 3aUCTASIOUHRCH KDHBHIX Gyner
NayanpHan ToYKa oaHoli M3 HHX (rouka b ma pae. 22.30). B rvaxom
cnyyae ofllas HOpMale fig — My HE 6yAeT MPOXDAHTL YEPes NOMC
sanenienua P, BeAeICTBHE YEro nNepejaToyHoe OTHOLIEHHE, panea
VOTAHOBACGHHOE NApoK 3aLeNAIOUHXCH SBEOMLBEHT, HAMLIHTCS W
craner nepemenrbn, MTak, 3@ npedenami AuHUL JOUENAEHUR HE ydoa-
AemAOpAENCA OCHOAHOL 30KOH 3AUENAEHUA.

7. Toabko 470 GHAD PACCMOTPEHO 3ALENJCHIE JIBYX 3BOJLBEHT-
neix npopuach HEeOTpaHHYEHHON ANHHEL [TpaktHyeckn npu pabote
ABY X 3y6UaTHIX KOMEC B 33LENNCHHH HaXOMHTCR napa ayfiten orpatu-
yellnoil BHICOTH, MMEHIHX BHYTPH CBOMX OCHOBHBIX DKPYHHOCTEH
HOWKN, OdepueHHHe ne no ssonepentam. IlyeTs, manpuuep, y KO-
neca 2 (pwe. 22.30) HesBOALBEHTHAA 4ACTe HOMKHM OUepueHa OO Ap&-
mofi My0,, uanpaenennoff oT HayaNRHOR TOYKH M, ¥ uenrpy O..
[pu Appsmenun Koneca | OTHOCHTENLUO Kojeca 2 pepinna 3yGa
(touka M) OnuchBaeT KPHBYIW Y, KOTOpas nNepecexact yKAsaHHYIO
HAMH HESBOJLBEHTHYIO H SBOABBEHTHYI0 HacTH HOMKR ayfBa, Ecan
koneca | M 2 HayHyT BpallaThcA M3 NOJMEEHHSA, NOKAsaHHOro Ha
gepTexe, TO MpH MOBOPOTE Ha HEGONBIIOH Yroa ay0uR Hen30eKHo
sakaHEATeA. Ecap me Koaeco J ABNAETCA HAPEIZOULAM KONCCOM,
to ero Toyka M noppemer IAWITPHXOBARHYIO HA pPHC. 22.30 uacTe
ayfa Koaeca 2, BCACACTBHE 9YEro HOXKA ayfa rtaxoro Komeca Oyner
ocnalnesa u GyAeT cpesara 4acTh 3BOJLBEHTHOTO npodina.

Slaaenues noOpezanua 8 Meoplu 3qUENAEHILA HA3NEAeMCS nepeceie-
Hite MPOEKMOPUL OMHOCHMeRsH020 ORUMEHUR KOHYA npopuan syba
oBHOZD KOAPCA € S60ABGEHMMOL Hacmsio npouas 3yia conpaxentosn
£ HUM KOAsCA, .

Ha ocHopaHBH HINOMHEHHOTO MOEIO cAe1aTh IaKTIHCcHue, qTo
SEOJLBEHTHOE SAUEnJeHHE BOSMOMEHO THWBKO MTRH TOM YoOEHH, yTo
OKpYHOCTs BEPIUMH 3y0hep HAPE3ZIOILETo KoAEca MEpecekaet HOp-
Manb HE 1AfCE TOMKH B, T. €. TOUKH, COOTBETCTBYIOUIEH KOHIY JNHHHH
sanennenns AB. TTpr Gonbwoil seicoTe 8YObEB MOMET HACTYNHTL
Apnenye mogpesaHus. Tak Kak pasmepdl 3y6a Kosieca-HHCTPYMCHTS
CTAHZAPTH3MPOBANLl H BBIMOJHATCA NpH OIHOM M TOM WE Mofyne
Y paspHX Kojec-HHCTPYMEHTOB OHOH M Toll #e BHICOTHI, TO NPH NpO-
gMX paBHEIX YCAOBAAX BOIMOMHOCTL MOApE3aHud onpeieiReTch
nonoskennen Toukn B ua swopmanm n — n (puc. 22.30), T. €. pasme-
pamu Koaeca 2 i, CNEI0BATE/ILHO, €T0 HHCIOM ayfbes.

5. PaccmoTpuM TENepk BONPOC O HAaWMCHBILEM HHCHE 3yCLeR Znn
Ha Kofece, NpH KOTOpOM REBNEHHE Moapeanus OYICT OTCYTCTBOBATD.
Ilra 3TOrD PAcCMOTPHM TOT MPEIEALHEI cly4ai, Korja OKpyKHOCTH
BEPUIMH OPOXOAAT Yepes kpafiHue ToUKN A u B npuama sapenaenis
(puec. 22.30), 7. €. Korad Besl BOSMOKHAR JHIHA SANETIEHHA ABJAETCR
axTuBHoll. Dylem npenosarate, HTO uYHCA0 3yGben Hapesalouiero
Koneca Conblie ynena syGeeB HAPCIAEMOTD.
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Feal HapesaeMmblm Konecom GyieT Koneco 2, To npejensHufi pa-
AHYC oy OKPYMHOCTH BEPLIHH HAPESAOUEro Koneca 1, npy EoTopom
galenaenue npoxcxoAuT 6e3 nogpesanns, pased (cm. § 97,

Fap = (0.B) = 4 w'm, (22.52)
rie 3'm ecTs BRICOTA h, ronoskn. Paccrosinne 0,0; MeXIy LEHTpaMmy
Komee passo (0,0;) = f1 + fa; Hakoweu, neprengukynnp 0,8 pasen

{G-;:B} = ry CO5 o, (2253}
Ha TpeyroabhuKa 0,0, 8 umeenm:
(0,B)* = (0,05)* -+ (0,B)* — 2 (0,0,) (0,B) cos c.

Nogcragass emecto (O1B8), (0,0:) B (0,5) nx snavesna u3 paseHcTs
(22.51)—(22.53), nocae npecOpasosanuii noaydaem:

eyt o 1) sin* .
=t = YEL TSGR a5

TMoassyace dopmynoll (22.54), wombo onpefennTs HauMmenbllee
qHCAO 3YObEB Zmy MAJNOr0 KOJIECA B CAYYA€ GHEUIHESD SQUeRAEHUA.

B cayuae enymperneso sdyensenus ypashenne (22.54) npumer
CAeVIonIiH Bu:

LBt | —2u ¥
3'3 — zrl:llli = 2?: F’ _1;25_. i ngizinam + u' {22'551

HakoHen, B cryuae peeswozo sayenienus, T. €. NpH U = 0o, NOAY-
TacM

Vit (g +2)smtat1 i
(2 + —E—) sin® e - sina

He nano safipars, uto 8 ypapnenuax (22.54), (22.55) nepenarou-
10€ OTHOLIEHME i €CcTh BCErjla BENWYHHA, paBHas wiu Goabllan eiu-
HHIIKL,

Qopuynu  (22.51)—(22.56) npurogHel Kak A HOpMaJbHOTO
sauennenns, y Koroporo ¥’ = |, Tak u 14 sauenieHuii ¢ yKopoyeH-
HOW BricoTOH 3y0a, ¥ KOTOPBIX %' MEHBLIE eIHHHUM.

13 3tix GopMyn CAeLyeT, UT0 2y,  OYZIET TEM MEHBIIE, YEM MEHEINe
Kosfibunnent ' BeiCOTH ToNoBKE 3y0a ¥ wem Goablue yros salenne-
HHE o,

Ypanuennn (22.54)—(22.56) moryT GhTh BHIDAMEHE YEPE3 YHCIO
2y6ker 2, u 2, koaec § u 2. Jlin sTOro BMpasuM r; M ry YEpEs yHcAa
3y0ren z; 1 2.

2y =2 =2y

. (22.56)

no= mzf2 v o= myl2
Torna nonyyaem
&+ 29 = (5, 2) | Zicos’ e — 2(z, + 2) 2, cos® . (22.57)
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Packpusan ckofku, nocine npeofpasosanufi noayyaem

2 sin? e — 4y
e TR (22.58)

Hs dopmyas (22.58) cneayer, uto HaHMEHBUICE YHCAD 3YOhER 2,
NpH KOTOPOM HA MAaAoM Kogece we GY1eT ABNeHHA NOLpe3aHns, 3aBH-
CHT OT YrAa 3auennenud o H KosfxpuiueHTd %' DBHCOTH FOJOBKH.

BuiGppan OONBUIHE SHAUEHNUS YIId 38UENNEHHA ¢ H MCHBIIHE 3HA-
yenHa KoshpHUHERTA ¥, MOMKHO NOJY4YHTE Kosleca 6e3 nogpessHuA
£ MEHLLIMM 9UCIoM 3y0Len z;. 31uM oOLACHAETCS MDHMEHEHHE B He-
KOTOPLIX CAy4aaX lié CTAHAApTHOrO yrna sauennenws o = 20°,
a ypenmuennoro go e == 22°.0, y npumesenne 3yGeck ¢ YHopoYeH-
HEMH TofloBKamd, y Kotopux ' = 0,8,

Jlis HOPMANLELIX KOJeC, ¥ KOTOPHX yroq 3auemnenus o = 20°
¥ kosdkpuunent ¥ = 1, dopmyna (22.58) npunnmaer Bug

7 < H . (22.59)

Tak ®ak BHUE MH YoJOBWAHCE HAPESAICUIHMM KOMECOM CHHTATH
fosbliee Koneco I, To 23 A0MMHO GuiTh BCETTE MCHBILE 2;, T, €. & << 2.
Hapmensiuee yncio z, 3yfbes Maloro Koieca 2, yAOBNETRODsIOlLee
nepasetictsy (22.59) » yenosuwo 2, < 2, pasho 2, = 13. Ilpn sTom
yncao 3yGber 2, Goabinoro Koneca pasuo 2 &~ 17. M3 nepasencrsa
(22.59) Take caeayer, yTo ecnn 9Heldo 3y6ees 2, = 17, To uwucno
3y6ees 2, GoNbUIOro KoJeca MowmeT BMeTh moboe yneio 3ytnes 2, = 17
H NpH 3TOM ABJICHHA NOARPE3aHHA HIAH FAKJIHHHBAHKA e ﬁ}i’ILET

SlpacHuE 3aKAHHHBAHWA, NPH KOTOPOM rosoBka 3y6a Gosbluoro
KOAeCca BJABJHBAETCA B HOMKY 3y0a MaNoro KOJecd, MOMET HMETh.
MECTO  TPH BAYTPeHHeM sauennenmuu. JlnA HOPMaALHHEX Konec
¢ BHYTpCHIHM saneninenneM GopMyJH I8 ONpeaeieHHa uHcaa
ayGees 2, OONBUIOTO KOJAGCA WMEKT BHA, aHatoruynefi dopuyaau
(22.58) n (22.59):

. Hsin’a— 4y '
a.t= Dz, 5 o — 4% (22.60)

Tatawuna 6

Brewnes sagensenie BEYTHCHREE 380600810
Iz l Z 2 I | I Ty 1 oy
13 <17 17 oo 23 =41
14 <27 I8 =144 24 =38
15 <45 19 =8l 25 =35
16 <2112 20 -t it 26 =35
I7T 0 nenme Hetioe 21 =5 oyl 8
£2 =4 2779 =ntT
Bl w Bume
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H
3 —34
L = *%z}_—"ET' (22.61)

Ma dopmyam (22.61) carenyer, uTO BaMmeHbIIeE WHCNO 3Y6REB 2
Manoro Koveca pasnaercd & = 17, npu stom Goabliee KOMeco JoJIHHO
uMeTh UMChAo 3y0ben 2, = co, T. €. Godplie¢ KOAECO NPERpaNlaeTcA
p ayfuaTyi pedry.

%aﬁ.‘lﬁlla 6 caymuT AnA BeifiOpa JONYCTHMOPD 9HCAa 3YObeB
Kosiec TPH OTCYTCTBHH NOAPE3AHHA HIH 3aK/IHHHBAHNA Nepelayi.

Mopcuets no gopmyne (22.61) cue-
naHW Ao yxcna syGees 2, = 26, Tak
kak npH 4Hcae ayOees z, = 26 naa
BHYTPEHHETO SaLENNEHHA HE MEeHee
ONAcHEM CTAHOBHTCA ABJAEHHE UnmEep-
gheperyuu  sybees, TNpH KOTOPOM rO-
noBKa 3yfa Maaoro KoJeca BIaBNHBAET-
cH B ronoBky 3y6a Oonelloro Kodeca
eHe ofnacta ssuenaenns (puc. 22.31).
Ha stoM pHcyRKe y4acTKu kHTEpde- 5:;-:3-3;:1;?5;’:5::;;‘“ n;ﬁ‘;jjﬂpg;t
PEHORRM SaliTpixoBaHbl. Mu He npHEBO- LENACINE
LHM BLBoAa OpPMYJIL AR YCTaHORJE-
HuA 49Mcia 3y6eCE Konee, NPl Koropom A€ OYAET HMETh MecTo HBIe-
HHe HHTepQEpeHUEH, 4 Jaem B 1abanue JonoJHHTENsHO CBEIENnA
no noafopy uxena sybken, ecau z, > 26.

Ha gopmyan (22.56) cnenyer, 4To 418 HOPMANBHEX Koaec, ¥ Ko-
Topeix oo = 20° wy' = 1, wnedo 2, 3y6hes syfUaToro Kogeca peeyHoro
sauenaenna Gyaer pasno 2, = 17,

§ 104. Onpepenenne OCHOBHBIX pasmepos 3yl4aThX Koaec,
HARCIAHHLIX METOZCM COKATHH

. B § 97 6uu nanbl GOpMYNEl A71A ONPENeieHHA OCHOBHBIX pas-
MCPOB 3y6uaThiX KOJEC NPH YCAOBMH, YTO CTaHAAPTHHH MOAYJ/b CODT-
BeTCTH}-'ET HX HAYAJLNEM OKPYHOCTAM, COBMAL4NNOHM C JSIHTENB-
HEIMH oKpy#HuocTanME, OQHAKO 370 YCAOBHE HAKAZIMBACT H UeALH pAL
OrpatnueHuil, RATPYIHAKILKHY KOHCTPYHpORaHMe 3y6YaTIX Nepesay.
Hanpumep, 1o ornockten K ouGopy wdcia ay0nes Ha Konece. YMeln-
HieHHe yucaa 3y0ReE, KaK YKEe YHashBalots, YACMEBAAET NpOHIDOD-
CTnO 3yfyaThX KoAec, YMEHBINAeT pasMEpH KOHCTPYKLIHH M T. A.
Ho ymenbuwene uncna sy6bes MOMET BH3BATL X NOAPES, yBEIHIEHNE
H3HOCA KOHTAKTHHIX NMOBEPXHOCTCH H T, .; MOSTOMY B TeX CAyyYanx,
Korjna peolxofapMo no XakHM-Mpb0 TpHYMHAM BCE JHE HMET: Maloe
UHEIg 2y0sen, NpoekTHpYIOT 3y0UaTHe Kodeca ¢ HHHIME pasmepaMu,
Ocnospoi LeEK0, KOTOPas NPH 3TOM NMpeciefyercs, ABIAETCA yAyd-
lenne yenoBuil paforel syGYarelX Konec 3a CYeT OTKAOHEHHS pas-
MEpoB STHX Kodec of YKasawuux B § 97,
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Kag 0u10 NokasaHo BILE, MSMEHAS OTAETBHBIE NapaMmeTpul 3y6-
YATHX KOMEC: MOAYMb M, KOSGMHUHEHT )’ BEICOTH! TONOBKM 3y6a,
VIl SAUSTIICHHA o B T. ., MOKHO DOAYYaTh 3y09aTtee xogeca
C pd3NHUUHLEIMHA COOTHOIOCHHAMH pasmepon syOeen. Hanpumep, s we-
KOTODEIX COYUaAX TPHMEHSIOT TAK HasuBaeMufl yroposeuwmd sy,
¥ Kortoporo sos@muuent y' pasen 0,8, a wosddunnent y" pasen |.
Yropouennuil 3y6, cleROBATENEHO, HMEST FOJOBKY, BHCOTA KOTOpPOR
paeHa hy = 0,8m, n HOKKY, BricoTa KoTopoit pamna hy = m. Torna
obulas seicota hi syfa smecto 2,2m oxkasweaercs paedoi 1,8m. Ilpn
STOM YMEHLINACTCH KOS(MPHINEHT NEPEKPHTHA £,; B HEKOTOPHX C/y-
HanX YBENHUHBAIOT Yroa 3auengenus o. Kak caeayver ua Qopmysit

gm2 wmZ, P
= B

S

o
? E\ ufﬁw

Puc. 2232, HuocTpYMCET&ALHAR PeliKa

(22.58), uem Gonblne yros 3aLEMNEHHA o, TEM MEHBIICS YHCO 3Y0kes &,
MOMeT OHTb EBIGPANO Ha MaloM Koaece 2. ITHM o6bACHARTCA nepexoj
OT patee NPHMEeHABIIEroCA Ha NPaKTHKE YIia 3auenneHds o = 15°
K yray sauennenus o = 20° ... 22,5°

B nexoTOpHIX CAYYaAX OPHMEHSAIOT OAHOEPEMEHHOE HIMEHeHHe
BHCOTH 3yGbEB H YIria 3EHENJCHHA.

2°. Tak xak coBpemenHue syfuaTsie Koieca, Kak NPaBHAD, Ha-
pesaoTes MeToAoM 00KaTKH, TO NOAyseHHe 3yOuaTHX KoJec ¢ 3y6bAMH
TpeGyeMHX TMapaMerpoB Jerdye BCero MomeT OWTh JOCTHTHYTO COOT-
BETCTBYIOUHM DACTONOMEHHEM HAPEIEEMOrD Koseca (3aroToBKH) no
OTHOIIEHHID K 3yGopesoMy NuUcTpyMeHTY (pefike) WAM uYepBAYHORN

e3e.
o Kaxk funo nokaszano swue 8 § 102, npu vapesanun ayfuatex Ko-
JeC MeTodoM OOKAaTKH € NOMOHLLW PCHKHM WM YepBAYHOR (pesu
B CCUCHHH STHX HHCTPYMEHTOB [JIOCKOCTHIO, MNepneHinKyaapHof
K 0CH HEpPEe3aeMoro Kojeca M cojepmaulell ock 4YepBAYHO# ¢pesu,
MEI noayyaem syfuaryio pefiny. Passepol sy6ues stofl peiikd, Rocs-
el HasBaHME wHompyMesmassHod pedky, obecneunpawmue Gesaa-
30PHOE JAUENACHHE, CTAHJAPTHIOEAREL,

Ha pre. 22.32 cnnomuoft musnedl nokasan npoussodawgud Konnyp
uucTpyMenTanabHofi peliku. [lpnman, anf Koropoll Tonuna syGa s
paBHA IWIHPHHE BRAJMHEL ¢!

s=e="t =12, (22.62)

HASHIBACTCA OeAumeAtHOl WAW cpedrell npasmold pedru.
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Bricota TOAOBKH M BHCOTZ HOMKH 3y0a craniaprtHoil pefiku
ofMHAKOBH H paBiu hg = hy = hom, Tie hi — KospdmuuesT B~
cotsl ToqoBkx 3yGa. K swicore hi gofapnena seqnuMHa, pasuas c'm.
Sro HEOGXOZHMO AJA TOTO, 4TOGH MOAYYHTE COOTBETCTBYIOWLYIO TAYy-
fusy BhNajHHbl Hapesaewmoro Koveca. Ofeio  rayfaia BOEauHLE
pasia c*m = 0,25m, 7. e. KOSQQHUUMEHT ¥ NPHHHMAETCH DABHEM
c* = 0,25, Paguyc kpuBuitel nepexonsofl kpusoht ayba py = 0,4 m.

[Npu HapesaHny CTAHA4PTHOTD 3AUCIVICHHS AENHTEIBHAA NpAMas
non¥iHa 603 CKOALMEHHS MepeKaTbiBaThCs MO JeIHTEILHOH OKPYM-
HOCTH HAPESECMOrD KOaecd, H B 3TOM CIyYae TOUIHHA 3}'53 H LIH-
puHa BOaIHHH HHDCEEEMDI‘D
KoJeca TaK We, KAK H ¥
pefiki, paBibl MEKLY cOBOH.

YacTs HHCTPYMEHTENb- (14
no#i peilks, orpaHpuYCHHARA i .
ua puc. 22.32 wmrpuxosof jﬁﬁwﬂmﬁm
nuHEell Ha BHCOTE FOACBKH
h,, HashBaeTCR UCXODHALA \ f

KOHMYPoA pedKu. 3BONb-  puc. 22.33. K swfopy navansmol npasoh pefixm
EEHTII}"ED YACTh ay'ﬁa Ha- npn Hapesannn ayfpen syluaToro Koneon
pesacMoro Koaeca Hapesaer

TOMBKG MCKOOHEH - KOHTYP, @ 4acTk 3yla peiikM BeIUE HeXogHoro
KOHTYpa ofpasyer rantedb 3yba koneca (em. § 99, Z). Ilostomy
B jasnbHelieM mul GyfieM usywath Bonpoc ob ofpazosainy npodwmnefs
3y6bER KOJECca, pAacCMATPHBAA B3aHMOJEHCTBME WCXOAHOTC KOHTYpa
peitkn © Hapelaembim KOMECOM,

Kak yxe ropopujiock BHILE, Hapesanie 3y04atHX Kodec no me-
TOAY OOKATKH NPOHSBOAHTCA NEpeKaTHDaHHeM pabouero HHCTPYMEHTA
{pefikn) Mo HeHTPOHAe 33TOTOBKH Hapesaemoro koseca. Ecan syfon
pefiku nepeceds NPAMBIMH, NAPAMICAEHHMH JCNHTENBHON npaMoi
(pre. 22.33), To Bee paccronuma: ab, a't’, a'b’, ... — 6yAyT paBHH
wary sauennenus (p = znm). ONHE H3 ITHX OPAMBX A MOWKeT ObiTh
BHOPEHA 33 HAYAIBHYI0 NPAMYW 3y6OPE3HOrC MHCTPYMeHTa pefikw,
KOTopas B npouecce ofKaTKH KATHTCH 003 CHONLMEHHS Mo QeMHTenk-
HOH OKpy®HOCTH Koaeca. [lpn sTom wepHEa BnaluiH ¥ TomuuHa
ayGa OYIYyT PA3JHYHB B 33BHCHMOCTH OT TOTO, KaKas M3 NPAMHX ab,
a't', a"b”, ... Bubpana 323 HayaNbLHYIO TPAMYIO. ONEBHIHO, YTO IUH-
PHHE BOAIHHE H TOMUMHA 3y0a GYAYT paBHB B TOM Clydae, Korja
38 HaudbllYK NPAMYK BHOPaHa JACAWTEALHAR NpsAMaEn, ACNAIARA
BeicOTY /i 3yfa nononaMm. 3tor cayyak 3anenaeHus Koaeca ¢ pefikoil
nokazad na pue. 22.34 (nonomenwne [). 3pece msobpamena pefika,
saHuMaoWan nonoxenue /, u npodmae M3 syla koneca, Hape3an-
Horo sTOl pelikof; ToMHRE 3y6a Kosleca, H3MePEHHAR MO HAYadbHOMN
OEPYMIECCTH, H WHPHEA BOAINHE MERY 3vEbAME Pefiki, uaMepeHHan
no Hayanenod npsmofi, paeHel Mexay coboil, Eear rtenepn mepemsu-
HYTE peilky M3 nofoenna I 8 nosnowenue /1, To mmpuHa snagnns
MEMY syGeimi OymeT MeHblie TonuuHH 3yGa. Ilpw stom npodmab
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ay6a woseca Gyfer cnucad no Toil #e 3BoNbBEHTe ¥ OYJET UPH STOM
pecKONBKD ysenuues. la sepiema BHAHD, YTO [pH OTONBUFAHNM
pefiki oT HeHTpa HAPE3aeMoro KoJieca TOWKA b aKTHBHOR AMHHH 34-
LeTaBHNA NepexoinT B TOMKY b 1 BoaMOMHOCTE Nojpesanus 3yla
Kkoseca ymenbiaerca. Ilpn stom 3y6 nosyuaer GONbIIHE pasMepsl,
HavepAense no Havanbhoil okpysmoct. Taxny obpasom, npu cme-
WENLL PO 3P0ALECHMA He UIMEHACRICA,

Eenn esmemennst peflki #er, To KOJECa HOCAT HAJBAHHE HYAeBHX
woaec. Ecout cMelepse peffRy HanpapncHo B CTOPOHY OCH HapesaeMaro
KoJdecd, TO KONeCo Ha3uBAETCR OmpuyamesvHuii Koaecosn, Ecim ome-
UWEHHE NPOH3BOIHTCRA B CTOPO-
HY OT OCH HapE3AEMOTO Koje-
gd, TO KoJeco  HassBARTCH
noaoacimensue i Koaccos, Co-
OTBETCTREHHO H  CMElLEnHio
peRKH NPHONCHBAIOT OTPHUA-
TEABHOE HAH [OAOHHTEILHOE
IHAUCHHE,

OrpyRHOCTH, No KOTOPOI
npe ofpaloTke Kojgeca Oepe-
KATHBSETCH COOTBETCTEYIOULARA
B e mremenore panonosewsy  DPIOPaHNAn —npRvasn —pei,

pefns HOCHT  Ha3BAHME  HAYAALHOH

oxpyachocm ofpabomiu HAK

deaumessnott orpiyscnocmu Kodeca  (puc. 22.34). Takum obpazom,

nauankHaR OKPYHRHOCTE obpafioTen Koseca s obmem ciydae napesa-

nHs 3y6UATHX KOJEC MOKET HE COBAAJATh C HARAJILHOA OKPYMHOCTRIO

koneca. HeofixoiMmo OTMETHTB, WTO NPH CMEelleHHH PedkH Paguyc r
OCHOBHOH OKPYMHOCTH HE H3MenfeTed.

4. Hecornazenne HavansHol opy®HocTH obpaboTKR ¢ HaUalb-
HOfl OKDYRHOCTRIO KOJeca He NPEnATCTBYET LOCHPOHIGCAEHHID KoJe-
camH TpeBYemMoro MepelaTouBoro OTHOUWEHHS. JTO YCJIOBKE BHTEKaeT
H3 BAKHOTD CBOHACTBA 3BONBECGHTHOTO 3aUeNJIEHHA, PACCMOTPCHIOTO
pamu B § 98, 5°, 3aRmMOUAOILErOCA B TOM, GTO HIMEHEHHE MCHOCEBOTD
pacctonand 0,0; (puc. 22.11) re pausier Ha nepelaTodHoe OTHOUIE-
HHE Uy, TAK KAK EPEAATOMHOE OTHOLIEHHE NpeicTarifer cobol oTHO-
etHe PajHyCOB fpy M Fp; CCHOBHEIX OKpyxcHOCTEN (oM. dopMyTy
(22.27)).

Taxum ofipazomM, [IBa KOJECA © SBOHBEHTHEIMH NPOfAAMH 3YDLER
MoryT OhiTe cOfpaNE € PasiHUHBIME MEMOCEBBIMH [ACCTOAHHAMA.
[pr 5TOoM MEHRETCA noJoMenHe NoMOCa 3auenienns P o BEAHYHHE
yraa sanenzenns o. Orciofa MOKHO ClieaaTe W TOT BRIBOH, 4TO AR
3yOuaTHX KOJeC ¢ SBONBECHTHHMH Npoduanmd syOnes BEAHYHHE pa-
AHYCOB HAYanLHEX oKpymHOCTel onpedesgiomes moatko nocae cOopru
amiux Koacc. ¥ xasapnoe csoficTBo NOIBONAET BEOANTL B NpPABMIRIOER
salenjenne Apa mwilX Kodeca, HAPE3aHHBIX OLHOE 1 TOH Ke wi-
CTpyMeHTa btiol pelKoil.
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4. Kaxk (6A0 cKa3an0 BrLLE, OAHOH H3 OCHOBHHX 38Ja4, ¢ KOTOPo#
BCTPEMAINTCS KOHCTRYKTOPEL NPH NPOEKTHRPOBAHHN 3y0uaThiX Konec,
spnsietes Habemarue Noipesa 3y0ues, YBEANUEHIE NPOUHOCTH 3yOhen
H YMEHBIIEHHE H3HOCA NMYTEM COOTBETCTBYROLWero noniopa OHEPTABUA
ux npodmneit. Beanunna aGeoaotnoro cvemenus (pue. 22.35) npo-
panopaiiel pefiky, Hapesawell koveco, oOLMHO BRNHCAACTCH B JOTRX
MOAYAR W TIDHHHMAECTCH paBHOl

xiit, {22.63)

rae x — Kos(puurenT, HOCAWME Naspaliue xospduyuenma cxelenun
HCXOJHOTO KOHTYDH.

Ha npaxTike Halle BCEro MOMHO BCTPETHTRCA €O COSAVIONUHMA
KomOHHAIHAMH KoJec, HAXOSULHXCA B 3aUenJenus 0 obpasyomux
cACHYIOWME Mepenagy:

) nynesan nepejada, kKorma ofia Kooeca Hapesaww Ges emente-
HAf WIH KOra O4H0 KONECOo [ONOHMTETRHOES, & BTOPUE OTpHIlA-
TENLHOE NPH PABHOM LA 000HX Koner kosd-
(HIHEHTE CMELIEHHS, T. &. OJHO KOJeco Ha-
peaano © [ONCMHTENBHREM  clMellenneM, a
ONYPoe — ¢ paBHBiM emy o  abeoonrorHoll
BEJIHUHHE OTPHUATEILHBM CMeltennen (Kou-
NEHCALHA CMPIEeHHS);

2) noaoKHTENRHARN nNEpefaua
ag HYJNEROE  KOJAECO € DOJOHIBTENRHEM
KOJTECOM,

fi) NOJOMHTENLHOE KOIECO € OT]HUATENL-
ELIM KOZecoM (1pH HEPaBHBX KoshduuHeRTax
X, BO TP HOAGENTEALHOR CyMMe crenten i),

ECE COTANLHEES KDMEHHEEIEH ECTpEYAHT- ’Fnr... 23,25, Gu_umcfnn_.*.h;!nn

11 R eNAe HHCTPY e TA b

CiH CPEaBliTeN B0 Pepko, HOR  PERKH TPH  Hapezanye

5°. PaccmMOoTpHM  Teneph, Kak cRazany — YOREE Kuseca co cueuwennou
Ke3u HENT Crveliennsa ¥ pelku © dicnoM

ayOeen, koTopoe mower OWTh Hapesano pedroll na Konece, Tyers

pefika yeranosaena B onoaowenun 1 (pue. 22.36). B stom cayyae

NpANAA Beplunp pelikd NEPLcedet JHAHIO SAUCTACHHA f—p B TOUNE

£ HapelscMoe KONECO Gyaer noapeaano. Croasnney peiiky, co-
Apanss [oxomense nomwoca P B nosokennwe 2 Tak, utols npasan
BOPIUMEE NPOXOAHAR uoped wpaliyimm Touky B Auwuw sacenienpns.

I3 stom Cay4dae onfco ne ﬁ}';‘lET NCAPE3IAaHD H MEEEMALRIOE THEG0
3¥OLEE Zpn,, KOTOPO® MoweT (hiTh Hapesano, onpelenTes oo dop-
Myne (22.56):

Zon = 2y [fein® o {22.64)

Oroneunenm pefiky eme fansine ot ocH Koaeca B Nonomenne 3 pa
Benuwiny xm. Torna npasan rosoeok peliks npoiiner uepes toury B’
H, CAeJ0BATENBHO, HA KONECE MOKET OnTb 663 Nojipeaanns Hapesano
HEKOTOPOE YHCAD 3YOLEB 2, MEHLLUS®, YeM Zg,, MNOICYHTZHIOE MO
Gropmyae (20.64).
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Bripegem 3aBHCHMOCTE MERAY Zmins %, y' u x. Tak Kak msl npeq-
NOAOHKHAY, 9T0 [OJHOC 3AUenAeRHs P npu cipure pefiky He HIMEHAT
CROETD NoVoXEeHH, To B3 pic. 22,36 caeayer, 4TO OCHOBHAR OKPYH-
HOCTL mocie cwmetlerns GYAeT HMeTs B KauecToe LEHTpa TOUKY, KOTO-
PYIC MBL TIOAYYHM, ecH B TOUKE £’ poccTaBuM MEPNEHIMEYAAR K AH-
HHH 3aUenen A n—n 1 HafifieM Touky O Kak TOUKY Nepecedenus 3Toro
nepnenKyaapa ¢ AHHHed P0. M3 nogofun TpeyroibHREDE MOOYTaER
(Fe) {08

ey~ (OB
Tak kak (Pe) =y'm, (Pc')=

= y'm — xm,
(0B} = (OP)cose = "'zg’“-cos o,
(0,B") = (0, Frcose = fg— COS oL,
TO

a

: 'x-'m__E f_.ert_l WA — £ — Zmin "
¥ — Xt z ¥ —x z
Oreona
g LCma=2 (99 65)
Prc. #2.36. K monpeey 0 noppesa Zmio
tn ybuen komees FAE Zym NOACYNTHBAETCA Do Qopumyse
(22.64).
Ina yroa sapennenus o = 20° n KOSQQAUAEHTS y' = 1 nmeem
Zon = 17; (22.66)
mas yrna o= 20° u 3’ = 0,8
2000 = 14 (22.67)
w opnn yraa o= 15° u 3 =1
Zin = 30. ".2253}

Ilan crangapTnoro yraa e = 20° u 3’ = 1, BOCnoAL30BABIIHCE
Qopuyaase (22.65) u (22.66), nonyyaes caeayouiee BHIPAMEHHE AR
KosdxpHuMEHTE  CMELLeRHf:

gl (22.69)

dopuyaa (£2.69) nossonner ONPeleIATh TpelyeMyo BeJHYEny
cMelieHHA pefiky AAA HApEe3aHMA JKENATEIbHOr0 NHCAA ayfner Oes
pesikoro wx nofipesanuA npu yraea = 200 uy =

B coBpeMeiHBIX NPAaKTHYCCKHX PacHeTax AonyCKEAIOT HeRoTORL
mantifl moxpes, ApM KOTOPOM CPE3aeTcd HesHauiienbHas YACTh
SBONLBEITE, H HECTO TMOAL3YHTCH (POPMYIOH

14 —
x=—"". (22.70)
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6°. Tlepexogam ¥ ONPEXEACHHIO HEKOTOPRIX OCHOBEHIX pasmepom
ayGRATHIX KOJEC, HAPE3AHHKX CO CMEMICHHCM. Hauuem ¢ onpenenenus
Tonuuesl syfa. Toamuna 3yba (pue. 22.37) y uynesoro Koseca,
r, e. npu x = 0, uamepenHas no HAYAABHON OKPYMHOCTH, panHa

[ it

TR (22.71)
W COOTRETCTEYET NINPHEE RNATHHE ha peflxe, HAMEPEHHON MO NpAMOR,
nepeKaTHBAIONIEHCH M0 HaualbHol OKPYKHOCTI obpaborkn  (nenn-
TesnbHOf OKPYKHOCTH), KOTOPas B 3T0M CAYUAE COBNAJIAET © HavaisHOH
OKpYMHOCTBIO Koneca. Jlamnm pefike CMEILERYE BIONE OCH X—, pPab-
Hoe X, 7o noneKenue nokasano ua puc, 22.37 mtpuxosoil annned,
Toraa tontuua 3y6a koaeca (au WHPH-
Ha BNAARHLL 13 NPOHSBOAMILEN DeHKE),
HIMEpEHHaA No JeNHTENLHOH OHPYM-
HoctH, Oyier pantl

s§= % 245, (22.79)

pn cwemennn peflky Touka B ne-
pemectutes B nonowenne B, a Touka
C — e nonomenpe C', Ouennino, 4to
orpeskn BR' w CC' paensl, T. €
BB = CC'=xm. Ha npamoyroassoro

rpeyroawnnka B'C'C  umeem '?,c, =

= tg o, rue o — pufipannui yroa 3a-
uernennd npE Aapesanus koneca (obi-
ypo 20F), waw, Tak mak B'C = Asm

CC' = xm, 10 Puc. 22.57. K onpemeneunio Tode
LiRAW 3ylp Kofesn 0o gearTerbEol
As = xm tg e (22.73) ORIV AOCTH

[Npu cwemennn x, ABIAACE BeARUMHON anrebpanveckoll, Momer
HMETh 3nak nmoc wad muaye. [ozetapnsa nosyuennoe BHpameHne
B papenctno (22.72) m yuntusan Bupamenwe (22.71), noayuaeM

s=m (G +ox lgcc) . (92.74)

Toamnna sya s, uamepennasn no nwobofi ox
LA . *HHE PYHMHEOCTH paiuyca r
(puc. 22.38 n puc. 22.39), onpepensercs u3 CAGKYIOUIHX ycnonnﬂf
Cymua yraoe paena @, +- Ty = 04 9, oreyna npu
= Sy &
LS Tt S
nOAYYaes

ﬂy+%:u+~%—.
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Janee, Tak Kak cornacro dopmyne (22.24)

0, = inve, n 8= inva,
10
By s 2 ] .
Ty +inve, =—5- tinve, (22.75)
OTKY A
s, = 2r, (—?-}Jr inv o — inv c.-,,). (22.76)

Moncrasans B dopmyny (22.76) emecto s Bhpamenye (22.74),
MOJYHAEM OKOHYATEABHO

5, = m—fr— (—’;- -+ Extgo&) 4= 2r (inv e —inva,), (22.77)

Ifie yroa o, ONpefefierca u3 YCIOBHR €08 &y = Fyfry {puc. 22.38),

C nomoliislo dopmyann (22.77)
Momer OulTs onpelesena Tonona
ayba Ha OKpYyHHOCTH J0boro 3a-
JAatHHOTe pandyca rg.

Prc. 29.06, K onpefeacnmo Tod0- Puc, 2H.08. K oweogy §op-

s sylia ROSECE 0O OHpYE- MYAH 00 ORPELEACIIR MOl

mOeTH  OpORINGABHG  angaARMD THMNOMG  YTA8  DRUWENACHER
pagpRYyCa

Gopmyan (22.76) uan (22.77) nOSRONSIOT NPOBEPHTL, HE HMEET
JH ay( saccTpenus, T. €. He IEPECEKATCS MH fokopue npodian syfa
B Touke D (pnc. 22.38). Ha orpyMHOCTH 330CTPEHNA {puc. 22.38)
gonmuna ayba pasHa nymo, Caeloparenbho, B paBeHcrae (22.76)

enenyer nofoxuts s, = 0, r, = rp, TA€ rp — Paiuyc OKpYyIRHOCTH
paccTpeHHs M inv a, = inv ap = Oy (puc. 22.38). Toraa nonysaem
ypaniienue s + 2r0 — 2r8p = 0, orkyia
54 20
ﬂD - T-
Tak xax 8, = inv &y, TO, ONPENENHB Yrojl Op, MOKHO nafiTh pe-

JUAHHY PAIHYCA g OKPYKHOCTH 330CTPEHNA H3 YCTNOBHA Fp = m .
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OfeaHo TosmiHEa 3y0a No OKPYMRHOCTH TONOROK HE DONMHA GHTR
mensme 0,25 ... 0,3 m. Onpenenned yrod Sauenaesusi e, kogec,
HAPE3AHHLIX CO CMEUleRHeM peiikH. Yrofn sanenncuun ¢, coEnaiaeT
¢ yraos npodias ay6a HCXOLHOTO KOHTYpa & TOMLKO WIR HYJleBBIX
KoNec. 3HaUeHHE YA O, ONpejenfieM H3 CAeRYIOWAX Yo/lobni.
Mo dopuyae (22.74) pasMepH TONMAHBL Sx3 W S 3yOber xonec [
n 2 (puc. 22.39), uamepesHKE MO HAYAIbHHIM OKPYMHOCTAM, PaBHH

X A u
Sgi == 2raa ('"ET:T 4 inve—inv mw) "

(22.78)
Sz = 2y (% 4-inve —inv :x._.,) "

Tie § ® § — TonmMns 3y0nes Kosec J B 2, naMepeHHEE 0o HX Je-
JHTEALTHM OKPYHHOCTAM PATuycon ry W ry.

Tax kag npy Oes3c30pHOM 3aUENJeHHN TOAIHEA 3yDa No Havalb-
HoH OEPYMHOCTI OUHOMD KoJeca papdHa UIHPHHEE Enallnsl Apyroro

Kogecd H

2 e
Sat S = P = = 202, (22.79)

10, NOACTABAAA B paseHcTBo (22.79) BuecTo S5,; W 5,y HX SHAYCHHA
H3 dopmyn (22.78), oonywaem

E% = Zr. (-;;’I— 4 inve —inv czw) L (Efri,"f' iny ﬂ__im,%)‘
{22.80)

Fg Z,
[Mpuneman PO BUHMAHHE, 49TO f, = r.m% H rp=n %, locae

npeofipazosauni, paspewns ypabhenne (22.80) orTnocHTENBHO Be-

JHuUHBE NV @, Nonydaenm

(51 + 5} 2 — 2ty
2ri {5 + 22)

lNoerasnas & dopuyay (22.81) peansHumi § M S, ONpeleIseMbie
to dopmyae (22.74),

o n
slmm(T-{— 2 tgn'.). sgam(T—i—irgtgm).
H BeAHUYHHY ry, PaBuylo r, = mz,/2, oKonyatennBo HMeeM

25 4+ u)lga i
7o, i - inv ee. (22.82)

Ananna sasicumocrs (22.82) nokaamBaer, 9To © YDEIHUEHHEM
CYi1 pHOro CMCLEHHS X, - X yBeIMTHIZeTCR o MOHTAMHEI yron

inve, = + inv e, {22.81)

invey, =

I eHiA,
b payas (22.82) tawmie cheyer, uTo And Hyaesofl epepaum,
ra aufo x = &, = 0, aubo x;, = —x,;, BCEI & HM eM

inv e, = invea, 1.e. @y = .,
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Paccroauue a, (pwe. 22.40) Memay OCAMM Kofec, HapesaHHmX
€O CMelleHHeM, OYIeT paBHO

6y = (010;) = (O,P) + (0.P) = 2122,

GOS8

Tar wKar ans KOJABC © YIROM SSUCHNEHHA o PACCTORHME @ MEWNY

g +r
ocsIMM PaBHO @ = T2, T0, CIENOBATENLHO, G, = “TDE“' oK Y4,
tak Kak (oM. § 97, 3, dopuyaa (22.15))
m
4= {21+ 2hs
/ OKOHUATENLHO MOXyuaeM

=~ (2 + 23) o (22.83)

CO5 g

Panuych rg; 1 rgs OKPYMHOCTEH BEPIIMH
Kotec [ w2 pupamawrca Qopmyaamn

Fop = Oy — Fg — Xt -F y'm, (22.84)
Fag = Gy — ry — Xy 4 x'm. (22.85)

QopMyast AAA PAAHYCOB Fyy H Fey OKPYH-
HOCTEl AOMEK HMET BRI

rﬂ_ il r; o 1“”’1 _I' xlm LFey C*nzl {22 .-SE]
Pac, 29.40, K onpenene- Fpg = Fg — I'ﬁ"t =+ Xgfil = ﬁ*m, {22-87'.'
Nuks  PACCTOREEA MY

LeHTPEMH WOACS rae ¥ = G,EE R 3 KDBthHILHEIIT p&ﬂh‘ﬁﬂb HOFD
3430pa.
Kostmunent neperpuiius onpexeasercs no dopmyne (22.38).
AnanornuHo Kosecam ¢ BHEWIHMM 3allennenneM moryt Obits nape-
3AHB KOJECA €O CMELIEHHEM 1 ¢ BHYTPEHHHM 3AUENNSHHEM ¢ HCRONbIO-
pandeM cMelnenHa JfoaGska. QopMyss iR pacdeTa NapaMeTpon
TAKOTQ 3alenjiends MoryT GhiTb MOJYYEHB! M3 PACCMOTPEHHS reome-
TPHH 3alieneHHa.
7°. Kak muano W3 paccMoTpeHHs TeopuH 3yDuaTHX Kojec, 3yGha
KOTCPHX HAPe3aubl CO CMEUIEHHEM, 5TH CMEUleHHs BAMAKT Ha reo-
METpHYECKHE TapameTphl 3y6uatoll NepefauH: TonlinHb 3yOLeB, pa-
AAVCH KpHODHAHE npodsnefl, pacnodoeHse AKTHBHON JHHHH 3a-
HeMIeHHA OTHOCHTEEHO NMOMOca satelIedis, KosddniedTs ylens-
HOTO cKonpmerna 3yfbel ¥ 1. A, Bee sti oficTonTeNbCTEE BAHSIOT
HA NPOYHOCTL M M3HOC 3Y0hes, NJAARHOCTE 3aleNlneHHa u T. J.
Duiiop Toro MAM WHOLO CMELIEHMA SABHCHT OT HasuadeHis syl-
yatoli nepefaud, yeaoBnil, B KOTOPHX ona pafoTaer, HArpysok Ha
sievenTs 3yGuatoii nepefasn u 1. A. lNoapobro sTH Bonpocw pac-
CcMOTpeHEl B choeuMaleBsix Momorpadmuax. B stux monorpaguax
MOMWHO TAKKE NOJYYHTh CBEACHUA O FEOMETDHH KoJed, Hapesaemuix

7
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nonGAKOM, H, B HacTHOCTH, 8yOUaTeiX MEpelad o BHYTPeHHHM 3anen-
JIEHHEM.

MNpumep 1. Oopeneasth reofixoanyef cassr xm pefiun (pre. 22.30) pna napesa-
miA ayfustoro kodecs e uMcAom ayOeeR z= 10 B wmoayace m= 10w, ¥rom
ppoeas HCXOOHOPD KOHTYpa @ == 207,

KoshHIRENT cuemenka onpepedseres no dopuyae (22,69), Hueen

. 17—z 171—10 - 7
7 07 7 *

Beapunsa xm onpegenserca no dopuyse (22.63). Hueew

710
XM = == = 4,12 mm., :

fpomep 2. OnpeneanTh OCHOBHBIE passepsl sy@uatoll nepenads W3 YCAOBHA
OTCYTCTEHR nofpesaeuA syla mamioro KoJdeca.

Hanume L0R pacueTa:

Uncaa 5y6eER KoAce papne 2y == 12, 2, == 86; monyas BHCTpyMERTANEHON peftkn
panes m = 10 mng; gosifHIHERT BHCOTH TOAGERH H HOMKH 3y PY=y=y=1n
yroda {g: gq}u.nn wexogore Kouryps o = 20° meeddEUHEHT pAIRAILHOTO Sas0pa
e* = 0,25,

Moprpok pacuera:

1. Butinpacsm Km%mmc“"‘ ceeHHE peliki Xy B Xy H3 YCAORAR OTCYTCTDHA
nogpesaunn ayees no dopumyne (22.69):

_l -y 17 -12
i 7 17

Tar Kak uucho syfuen zp Gonwme 17, To MpEHEMAEM CEBRF X5 B2 kodece 2 pEBHLM
Hymo: xe = 0,

2. Onpenensen no dopuyae (22.82) yroa sauennenns © B cOopke npu Oesaa-
BOPHOM SAUCANEHAH

= 00,2941,

{1V g ?—p%m‘—f_ﬁ +invae= 2'_,“-19;_%:3%-351 40,0149 = 0,01936,

OTKYAZ HAXCHHM MO TAOMAUAM SHAadeHds yria og, Hueew o, == 217 4567,
3. Onpegensem no dopyyre (22.E3) WeMIedTPOROE PACCTOAHHE:

m oS o 10 00,9397
Gy == a (7 + f:}'&l's_'% g {12 + ﬂ-ﬁ}m = 242 8] wmm,

4. Onpegeanes pajuycH ry H rg NeSHTeleyy OEpYMHOCTER

mzy miy

ry == 3 = B0 nm, rg...—TmlﬂU M.

8, Noacunrwnaen no Gopayaas (22,84) o (22.85) panuycu rgy B fog OKpYRHAGCTER
DEpIAHE (PAJHyCH SaTOTOBOK):

Fay = Qg = fy = Xgiit - |- ymt == 242,B1 — 180 4 10 = 72,681 mm,
Fop == Qg — Fp == Ky 4= ym o= 24281 — 60 — 2,94 4 10 = 189,57 mnu,
6. Orpegetsen pagpyes F, M7, OCHOBHHX OKpy#HocTel:

Fpp == 7y €OS @ = 600,94 = 56,4

Tig = rg €05 & = 180-0,94 = 169,2 nm.
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7. Mposepses sy6 watoro Koaeca Ha OTCYTCTBHE S20CTPEHRN, LIS ErQ NORCHH.
THBAEM Mo topuyat (22.77) Tonumuny Sy0a sy N0 OKPYRHOCTH BEPIIMN, NOACKHD
B VHazauuohk Qopuyae ry = rgy B 2y = Ggy, APHUEM ¥EOI Gay HAXOLHM B3 YCIORHA

o 56,4

o
€08 Oy = = = = 79,81

= 0,7745;

CABQOTATRNLND, fhy = a9 15%
[lo Tafannan Ruees inv etg, = 0,1312, Owxonusrenwno nedydacy

i ’ 2
S =m .-".'-:‘-I.i— 5 + 2x 1 uc) + 2y (iInva-— v egy) =

= 10728L (1,5705 -+ 2.0,2041.0,864) + 2-72,81-(0,0149 —0,1812) ~ 4.5 rax.

Creqomaiednno, HE OEPYHHOCTH DEPIIMH TamuMna aylba g, He pEBHA HYMD, ayfi na
HMEET SaDCTpeHHA # sgy = U,3n0
8. TMoacuHTLIBacy PRIHYCEL £ 8 7o orpysnocTell Bnagny no Gopuysas {22.86)

n (22.67):
Py = — ¥ +oxm -gtm = 60 = 10 -} 2,941 — 2,5 = 60,45 v,

ﬂr,—x:nwk_xa:u—-c‘mm 180 — 10 — 2,5 = 167,56 mmi

n

'

G, TMopcunrupaey KoxpdHUREHT MEPEKPRITHA By OO Popuyae (22.38). Tayx ual
1 cyy =18 3715" = 0,8171,

r
€08 Tgq = e = 69,2 _ 4511,

Gy ™= 26 5’9', 1g gy = E,E‘DBJ,
tff ooy, = 1g 219456’ = 0,3990,

L R
Ty = z!' o= W 1}“:'231"1.
2n 2n
Tg = ---;;-— = E—* = 9,5?55.
T
— U ety = 18 Gty + I g = 1 ey :‘U.Bi?: — 0,399 I

T, Ta 0,0236

14,3003 — 0,3990
D, 1745 = 1.430

§ 105. NMpoexTiponane UHKIOHEAIBHGIX npGdmaed

P. Huxaoucaabrsin aufsamaial SQUERASHLEN HOSMAOCIER Jugen-
Aeue, npouau 3yfees KOMOPO2O OYEPUEHE RO [JUGLITRGA fuxAoud,
SHLLUKAOUD N 2LNOYUKAOUG.

PacemoTpim, Kakim ofpasoM npodmaupyioTes 3y ORf KOMEC BHeL-
Hero IiKAoMpanedoro  sybuaroro  3alennchus. [lyets  sanano
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repeAaTouHoe OTHOIWEHHE 1y, SyOuatoro mexannsma. [lo dopuy-

siam
IJ:;EE"'E':"‘=_'::-='-:_:: a,=r +ry

rie 4, — paccroanie Memiy uenTpamy O w 0 HauanbHEIX OKPYH-

pOCTEl, HAXOAMM DAAHYCH Fy H ry HAYAILHEX oKpyskHocTed (pue. 22.41),

Bocnonnayemcd, fajee, [ABYMS BCOOMOTATEILHBINE  ODHPYHHO-
crasi Sy S; paguycoE ri ¥ ra. [lycTs TH OKpPYMHOCTH KacawTcn
HawalbHEIX OKpyMHOCTER B moaioce sauenaends P. Okpymnocts §
Katinm Oe3 CKo/bXendsl No HavansHol okpyxmuocts [ly 8Toporo
womeca. Torla TONMKA OEPYMHOCTH S, COBNAZAaOmAas B HAYaILIOM
noJgoweHun ¢ Toukol P, onuwer smupmknousy P3,. Ecan ty e
OKpYHHOCTE NPOKATHTD Biea
CHOJILMEHHA 110 HavabHOH
okpymuoctn L, To 12 we
TOUKA BCTIOMOTaTeAbHOH -
OKPYKHOCTH S ONHIIeT -
nomnkdonny Pl

MocTpoeksime  SOHOHE-
JOHIA N PANOUHEIOHIS AR-
NATCA BaauMOorHGacmMbiMy
i, CAegoRaresbho, MoryT
GETE HCNMIB30BAHE B Ka-
HECTBE CONPAMEHUDIX [po-
juned 3ybnen.

Ananornuto BTOP YO
BCOOMOTATENLHYID  OKPYH-
HOCThL Sy npokathipacsm Gea
CHOILAEHHS 110 HASAb HbIM
oxpymuaoctam Ly w Ly, Tor-
A8 TOWHE ORPYHHOCTH SE' Pac. 22.41, Boelrnes QHEHADHDARGLIOE AYHhaTos 368
nepBoHAYAIREG  COBNANAND- LB TE e
mas ¢ rouxofl P, onuuer
snaumkaonay P3; »w runonnxnouay Py, Htohsl onpenendts yuact-
KH SOHUMKJAOHA H THNOUHKAOHL, KOTOPHE MOryT ObITh HCHOJNL30OBA-
HEl B Kavectoe npogunefi aybeer, NPoBOAMM OKpYHHOCTH L, M
Ly Bepiimn n oxpymuoctn Ty n Ty Bnajus ayfber, 2T oKpyIKHOCTH
OrpaHuuaT AGHCTBHTEBHBIE TpakTHuecKHe npodman ayOben. Tax,
yuactox Pa snuumknonas P3, ects npodiiie rofosks ayGa ETOpOra
KoJieca, & yuacToxk FPb runounxnomaw Py — npodwabs noxkn 3y6a
nepsore koaeca. Towno Tak e ywactor Pe snmuukaongs P3,
nensercs npoduaem rodoekn syfa nepeoro Kojeca, a ywactok Pd
runounknoins Py — npoduinem noen 3yba BTOporo Kodeca.
Taxum o6pazom, npoduas kaxgoro syfa ouepues no suMuMKIoNIe
H THMOUMKJIONAE, NPHYEM SOHUMKIOHAA BCE BPEMA CONPHKACAETCA
C rEnoudKaoyaoH.
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2. M3 wactnux pHLOB WHKNOHIANBHOTO 3alleN/IeHEN OCTAHOBHMCS

Ha eBoupon sauennenHy. [lycTe 3anaiel NEHTPOHAH H, n I,
(pic. 22.42). 3a neppyr BCNOMOTATENBHYIO OKPYMHOCTD S, oufupaenm
cawy nentpouny L. Toraa Touka a0l UEHTPOHL, COBNALAHILASR
¢ Toykoil Py, 0RWILET NpH HAUEHHH M0

e e nentponae Ly souumraonas P3 (noka-

3aHt WTPHEOEEMH ArENIME). Bropas
RCHoMOrareipHas OKPY#EHOCTE OYCThL
6yeT Toukof, cobnajawiieil ¢ ToYKoi
P. Ytofit ofieciiedd T NEPERAYY JBH He-
wi, esecro BLOpanHofl TOUKH ClLens-
10T ¢ st ponaoil L, poaukn F paguyca .
r, a npoisy 3y0ben CMEIAIOT HA Be-
JHEUHY palMyca r posHKa, T. e npo-
BOAAT SKBUaHCTaHTH 3’3" snuuuknon-
nrl. Torna noayyaem TaK HaspbaeMmoe
uesounoe sayensenue. Ponwkn  FoHO-
caT nazeanue yesox, Hlesoynoe sauen-
Puc. 32,42, Uemcsnoe  ssuennepre  JeHHe obaajaseT TeM HEIOCTATHKOM, YTO
i Hem OLICTPO HAHAHBAWTCH 1EBKH,

[lpakTHiECKOE TPHMEHEHHE NONYUHAD TAK HAILAAEMOE BHEYEH M POUD-
HOE YeaouHoe 3ayenienue, SBJRIOUICECH HaCTHBIM - BIAOM HERGHHOND
JalenJeHus, KOMLA UEeHTPH IEBOK TNeBOYHOrO KOJeca BLIHECEHH
aa npenens uentponat [f;. TMpu 510M COOTBETCTREHHO CMEILANOTCH
3y6bs 3y04ATOr0 KONECa, UTO NOIBOHET YECINYHTDL AT Salenienis.

§ 106. lNpoexTHpoBaHHE NEPERAY € KOCHIMH a3yGLAMH

7°. B uuAuHApPHUECKHX KOJECAX C MPsiMbiMi ayOesmH KacaHHe
JIBYX COnpsiMeHHBIX npoQuIeH NPORCXOAHT No fpsMoll, napannein-
Hoit ocaM Koqec. [lponeies KacaTeabuylo MADCKOCTDL S K OCHOBHOM
wnanuapy (puc. 22.43). [TyeTe nnockocTs
KacaeTes WHAHNADH [0 HekoTOpodl  npamoi
MM, npencTapisouci cofioil oany H3 of-
pasywouMx UHIHEADE; 3T8 MAOCKOCTL ne-
pecexaer GOKOBYIO NOBEPXROCTE zyfa no
pekoropoit npavoll AA, napaascasroi of-
pasylomeit unannapa. Kacanne 3yfbe Npo-
pexoant o npavell AA B TOT MOMUHT, KOLAA
Pric. 22.43. Lnmungpuuersoe  [MOCKOCTH 8 COBNAASET ¢ TAR 136 EaeMoi
Wonben © OpaMEMI SYESMN  yiocioCTRIY dauenaenns. Taknu ofpasowm,
B UMTHELPHYECKHX KOJecaX ¢ [pAMBIMIY
gyObAMH KacaHWe APOHCKOANT CANOBREM MHO N0 Beell amitwe 3yba
no NpaMeEM, HERATACARH BN ofipa3y U UILIHHApa.
Ecau npn #arororaennn ayda Onin gonyulens kagpe-anto no-
rpelwHocT!  (HeTOTHOCTL NpOfHAs, HENOCTORHCTRO Inara (I o
TO 3TH NOTPEIIHOCTH MOPYT SHAUNTELEO § X} ALAaTe YCIOGHA paboT
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syfual of mepefatn, B YACTHOCTH, HallPHMED, YCHAHBATE INYM. Epome
qoro, Kak OGHJ0 0KaaaHo nHiLe, KOSGMIHERT MEPEKPHTHA 3YOUaTHX
KOJEC € NPAMBIME 3y0bsiMH OTPAHHUEH BECLMA Y3KHMH npenesamu,
ECAGACTRHE YETO BCA HATPYSKA pacnpeielisieTcs He Gojee weM HA JEe
papst 3yObes. C Uetblo YMEHLIUEHHS BIHSHHA NOrPEIHOCTER Ha
pafoTy KOJAEC H yReJHYeHusd KOS(POHIHENTE NEPEKPETHA MOMHO NPH
H3rOTORICHHH Kosiec npaMue 3yObs saMerHTs crynendarteive, OGpa-
zoBaHHE CTYNEHUaTEIX 3y6uaThiX KOJEC MOMHO NPEencT2BHTb Cleny-
oty obpasom.

Paccenem ayfiyaToe KoJeco © npaveMH 3yObsiMM Ha papHHe
YACTH TIOCKOCTSIMH, NEPACHANKYANPHBMA K ocH Koneca (pue. 22.44).

Pac, 22,44, LInaungprRYecroe Puc. 22.45. Lisaunaprueence
KOASCH 0 STV nenupyamm ayin e HOREED ¢ BHUTOSRNN  SVOREMs

Torpa noayusM HeCKOABKO JHCKOB pastofl Tonmmen, Kasow na
NOJYUCHHEN JHCKOR CJIBHHEM OJIHH OTHOCHTENLHO ADYTOPG Ha OAMu
¥ toT we yroa. Toraa, ecin B3 TakiXx KoJleca NPHBECTH B CONpHKa-
CAHHE, TO OJHOBPEMERNO B 3aHenneHdH ByLyT HAXOANTECH DasiHuHLEe
yuacTkd npoduneli syGeep. llepoeiit 3y6 Gyaer conpHkacathes no
npamoit A,4;, stopoil 3y6 Gyner conpukacaTecs no npamoit A.4,,
Tperiit 3y6 — no npasolt AzAz uoT. AL

Taxum ofipazoM, BAHAHHE BOSMOMHHIX NOCPEIHHOCTEl  YMeiih-
waren. OrpenceEeie ywacTkH npobuiell 3ybher OYAYT noCneora-
TEALHO NPHXOAHTE B 3aUENAEHHE; OYTa 3aICIIEHHS YEEJAHUHTCH Ha
BEAHYHAY cMELlenHs syOpes M0 HAYANBHOR OKPYMHOCTH, M, CABIORA-
TENBHO, YReNHYuTCH KOSQUIHEHT NepeKpLITHS Nepegaud.

2. 3yluathe Komeca pEIKO BHNOMMAIOTCA TAK, KAK yKasaHo
Ha puc. 2244, OOHUHO BMECTO KOJEC CO CTYOEHYATHMH 3Y0bsME
NPuMensiioTesn Koseca ¢ sunmossML, HITH Koceimu, 3yGeamu (puc. 22.45),
Ofipasonanne Gokonoll nOBEPXHOCTH KOCOTO 3y6a MOMHO Cele mpej-
LTABHTB, ecsiH paccMOTPETE KaueHHe (€3 CKOJLKEHHS MIOCKOCTH S
(puc. 22.45) no CCHOBHOMY uuanuapy ¢ ocuio 0. Ecawn wa naockoctn 8
sHOpate npamyw AA, cocTamasiomylo ¢ obpazyiomeit IHAHEADPA
HEKOTODHIL yros, TO Kamaas k3 Touek npaMoli A4 onHiler sBoip-
BENTY, a cama npsiMas ONHILET NOBEPXHOCTL, HASLIBAEMYID paserpHIs-
SCIOUUNCA 2eauroudon. DRONEBERTH KaaJloro W3 NONepedHsy ceye-
HHH paspepThInalOIErocs FeHKORIA HMEIOT OCHOBAHHS, PACcHONOMEH-
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HLe o BuETOBOH Aunks BB (puc. 22.45). s noayvenns conpaxen-
HHA NOBEPXHOCTER APYX IHANHAPHUECKHX KOJEC C KOCHMI ayDbsMH
HEOGXOMUMO TOCAelOBATENRHO TPOW3EOAHTL Kadenue ofuel Kaca-
e Lol NAOCEoCTH CHAYAMA MO OIHOMY, & NOTOM NO UPYroMy OCHOB.
HOMY IHAHHIPY, NpH STOM NpAMas AA, sufipannan B 5TOH NAOCKOCTH,
OMHLIET NOBEPXHOCTH ABYX B3aHMOOTHOaeMBIX FelUECOHI0R. Kacanne
respKoujon OyIeT NpoHeXosHTh no ofbimed ofpasylolied, KOTOpas
GyjeT Beerma pacnoaarathes Ha olmeh KacateNLuoll mnoCKOeTH.
o ¥ron By (pnc. 22.46), o6pasoBaiibil OChID
Kogsecd 0 BHHTORON AHHEeR, nocToARERN. ¥roa

ccnoBHOMY UHAHHAPY. JlBa CONpsIKEHRLIX KO-
fAeca JNOJdHBE HMETh PaBHHe YIVE HakaoHa
syfsen. llpw BHewneM sanennenyl BHHTORAHA
NIHHA 13 OJEOM Kojece joJxHa GuiTh npanoil,
a ua apyroft — nepofi. [lpm pryTpenHem 3a-
HEMAEHHH BHETOBHE JNHHHH AOKKHB OWTh JK-

KOCTAX, MepUeRIHKYJIAPHEX K OCH Koqeca,

Pue, 22468, Yroa i ’ e
KAGHS SyCRER mo L‘,Hﬂ:_ {'}ﬁ!—ﬂhl![:ﬁﬁ!]iim}i 3}"5‘1&'.].!:!!{ KOJecax, HO B K-
HOWY uHAHHAPY AHRH  paccMaTpHBathbilkd MOMEHT B 3auenneHiH

yuacToylor pasinunne Tosks npopraeii. TNosto-
MY BAHAHHE OOCPENIHOCTER NPH HSFOTOBJNEHHH STHX HOJEC OKasbl-
BAETCH TOPasAn MEHBIUE. TeM V KoMeC ¢ NpAMeME 3y0GesMil K pome
TOTO, H3-33 HAJNHYNA yrAa2 HakAona 3y0beB YBEJHUHBAIOTCH [NNHHA

B, HOCHT HasGaHHe yeae HaxioHa 3yfbes No

6o ofie npasumu, AnbGo obe neewMu. B nnoc- -

FALENAEHNe TPOECXOANT TaK e, KaKk H B~

OYTH 3alenneHis B KoSQgHIHenT

L nepexpriius (puc. 22.46). launa

panHa

ved = bigh,

— " rie b— wpuHa BEMLA KOMSCa,
p— yron Hakacea 3yOuer no
ARIUTEARHOMY UHIAHIADY.

Vreaw B ou By caasaus coor-
HOUIEHIENM

Prc. 22,47, Paaeeprea oboia  wocoayGoro

teh == e
b

Kax BugHO M3 CXEeMaTHUYeCKOro H3obpamenHs paspepTiH obona
wocoayGoro Kojeca (puc. 22.47), B konecax ¢ KOCHIMH 3yOpiMH ClelLyeT
pasaiarh AGa Wwara ZANENAEHH, 1!3MEFHEM.IJX Mo BeTHTenLHOMY
WHIMHADY: mopyoead waz py, NONydaembil B NepeceueHHH KoJjecd
NA0CKOCTHI0, NeprneHankyaspuoit k ocn 0—0 penurtensHore M-
AHHPA B TOPIOBOM CEYEHHH, H HOpMatbwsll g2 pn, nony-
HaeMLIT NepecedeHeM HOOeca NaochOCTRRD, HOpPMANLHEON K BHETC-

NolacouHOR  AyrH  SAlEnJIeHns -

ROl AHHHE  Ha JeanTeasHoM  puaunape, Cenas  memny aTiMmil
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maraMi, Kak 3To cieiyer Ha pue. 22,47, Hsmeer caenyiommi
BHA:

P =i (22.88)

CoOTReTCTRERN0 MomeT OHTL VeTauoBAeHa M CHEASL MEMILY mMody-
AeM fy B TOPIOROM CEYEHHH, PABHEM f = p/m, H MOjyJaeM m,
B HOPMaJZbHOM CeNeHHM, DABHHEM M, = p,/a. CranjapTHEM MOTY/IeM
ABMACTCH MOAYIL M, TAK KaK Hapesanne 3yGbep kocodyOoro woseca
wmomel ObITE CABNANHO CTAHAapTHBIM PEEUlBIM HACTPYMEHTOM, YyCTa-
HABAHEBIEMLIM 0] VTA0M § 1 ocn
rkoneca. Ha pue. 22.47 caeayer, uto

L ‘
My = o (22.89)

Kozppuurent nepexpLiThi &, o
nepeiiase c H{?CDH}I'ﬁHMH KOAecaMu
ONPEIeNsETes Mo (opaMyde

£y =t “IfT tgp, (22.99)

Fie Eg — KOSQOHIMEHT TOPUOBOTO
NEPeKPHTHA, ONpenensnemetii no op-  Te #-3, Sylurruf PERyKTop & Koco-
myae (22.38).

M3 dopmyan (22.90) cnenyer, 910 kosdpiinnent nepexputs Ko-
coayGLix Kosec MoXerT OHTL 3HaURTeNLRO Goibiie, YeM ¥ MPAMOSYOHX,

Takum ofpazoM, npu nepenate xoco3yOHMH KOJeCaMH OIHOBpE-
MeHHO B 3alenfienitd MOMET HAXOMHTBHOR YKEe HE OHA WANH JBe napu
syGben. B mexoropHx cayuasx uHcao nap 3y0beB, naxofsniiBxcs
O/HOEPEMENHO B 3alEMICHHH, MOMET A0CTHraTh gecntH. Harpyska
B 3THX nepefayax pacnpeiesisieTcs Ha HeCKonnKo ayOnes, Gaaropaps
HEMY TARBHOCTE Nepenaud nopriaeten. TNostomy KocosyGoie Kodeca
IIHPORO TPUMCHAKOTCA ASs nepenau ¢ GONsIINMHE CKOPOCTAMH K (0Mb-
wEMe mownoctamp. Ha pue, 2248 npubesen npHmep mexannzua
€ HOCORYOWMH HDJeCcaMH.

Nuaverp d nenutensuofi OKpyKHOCTH, W3MEPEHIME D TOPHIOBOM
CedeHHE, paBel

d=mz =222 (22.91)

3", PaccMotpum Bonpec © JefCTBHE cHA B aybsaroft nepenave
C Kocumi sybuami, Ha sy6 woneca 2 nefictayer cuna Fy, pacnono-
HeHnan B popMansrofi K ay0y naocckocT, cogeprawed npavyw 0,0,
(pric. 22.49, a), u oTknoHenRAn Ha yron P (puc, 22.49, 6) o7 TopLOBOTO
Cenennn. B stolt niockoctn cuna Fy, nanpapiena noj yraoM salenge-
HUA @, ¥ #AopManbHol nhockoetH (puc. 22.49, 8). Cuaa F., momer
OLTb mpescTapena KAk cyMMa TpeX COCTABSIOWHX, JEKalnX
I Ipex nepnemmikynspibix maockoeTax: cHAn FY | Hanpanaenuoft
o Kacareabuof ¥ HaYaJbHHM UHJAHHApaM, cHaw FL, wanparnennoi
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no pagMycy xodeca 2, u chHae FE, HanpasfeHHOH NapaniesHo OCH

Koneca 2:
Fy, = Fi, - F, + F},. (22.92)
Ha puc. 22.49, a caeayer, wro cuna Fj, paBua
Fi,=F fga. (22.93)

Hanee, ua puc. 22.49, 6 umeeMm
g = Fi tgp. (22.94)
Torpa pesyasTHpyomas cuna Fo, coraac-

Ho ypanneruwo (22.92) w Qopmynan (22.93)
H (22.94), paena

Fg = V.{th]i {ﬁr)‘ % {Fgl}z =
=V (FLY +(Fa g o)+ (Fhi 1g B =

g syl

cos® f

M, T

Ty

e A Bl i HC M, — mpauaomuil MOMEHT, NpPHJI0MKEeH-

W.UL“;E‘]H,; sv6 whcosyoore MBI K KOJeCy /, panuyc KOTOPOTO paBeH ry.
F H B AR, 3

o s i Ananoryyno  ONpelenAloTCA M CHAM,

prockooTits 6 casraxaas  NERCTBYHOUME HA Koseco [, ILas noaydernn

e ool magencw: ) YPBBHEHHSA, CBASHEAIOUEr0 YK o, Puo,,

AFAKILEA LG, . e = i o

e ih pov.  TOBEPReN WA yron 907 NAOCKOCTE, COlepka

Kocrh iy cuny FLo= Fi -+ F2, u nopepueM

cuay Fr, (puc. 22.49, 8) pokpyr npaMoll a—a

¥y pyrmp
A0 coBnajenHn c naockocrslo ueprema. Cnna F,, Gyner rakme je-
JKaTh B 9TOH NJAOCKOCTH H Oyaer 00pPasOBLIBATE YION &, ¢ cuiofl Fiy.

Ha puic. 22.49, 8 noayuaem

tg ooy = Fi/Fa. (22.95)
Ha puc. 22.49, 6 nonyuaem
Fa= 'Fgl "(_"5.:!.-';?' ; {2?-9?}

Moacrannas o paseHcreo (22.96) smavesns pad cun F4ou F ona
dopyya (22.93) u (22.97), noayuaem

tg o, = tg @ cos fi. (22.98)

Taxum ofipasoy, 0COOEHHOCTBIO KONEC ¢ KOCHMH 3YObAMI ABIAETCH
TO, UTO, KpoMe nepenaun okpysnoro yeuaus Ff (ppe. 22.50), n s1ux
Kosecax Noseaseica ocesoe yeuwmne Fg.

310 yeHJue BHSHBAET HeoOXOAHMOCTh YCTPOHCTEA YNOPHOTO OCE-
BOrO MNoJIHMHHES B, KpOoME TOM, DR3LBAET B HeM QONOTHHTENLHHE
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notepH Ha Tpense, Jlnn ycrpaweiust yKasanHOrO HeLOCTaTKA npH-
MEHRIOT KOAfCO © weaporHeimy 3ybeamu (puc. 22.50), npencrasnn-
it colol Kak fu asa KocosyOuX Koleca © CHMMETPHYHEM pac-
noaoHenneM 3yiben, & STHX KOMEC OCeBHE YCUJHHA B3aHMHO ypap-
HOBEIINBAIOTCA, H, CIEAOLATEbHO, 0TnafaeT HeoOXoAHMOCTL B yeTa-
HOBKE ONOPHEIX NOLMHITHEECS,

Ilnst Goanmero yao6cTEa HArOTOBJIEHHA [ERPOHHOE KOJECO NeTaoT
HHOMAA © DpoMexyTounbly menofxom a nocepenwne (pue. 22.51),

4°. Kax 6u20 nokazaHo BHIlE, NpH
ZALEMAEHHE KOJNEC ¢ KOCHIMH 5y0bsMH €
SBONLBEHTHEIM TPOQHAEM CONpPUKACAHHE
3ybben NPOMCKOAHT N0 OpAMOE JHHHH,

Puc. 22,00, 3ybuaToe BO= Furc. 22.51. Ilenpondoe Moneco ¢
Deco € WERPOl BEMH 3y 0LAMA OPOMER ¥ TORERM HerolHoM

leoMeTpHYECKOE MecTO MPAMBHX cONPHKAcaHHs NPejCTanineT co-
Goli NAOCKOCTL, HBAAILYIOCH MIOCKOCTEI 3aneniednd. [lnockocThb
sanenjenun oOpazyer yroji, PasHHil yray SallenjeH#s «, ¢ nono-
CHOCTRIO, KACATeMbHOA K HaYalbHBIM UHAWHADAM KoJec.

M. JI. Horukon npeinomsun KocoayGoe 3a1eIEHHE C HEIBOSbBEHT-
HEMH npoguaasi 3y0een. 3y6esa pacnojaraioresd no NeKOTOPLIM BHH-
TOBBIM JIHHHMAM, HMEIOWHM papHule yrau naknona B (puc. 22.52).
Ha puc. 22.52 nokazans ase BHHTOBBIE AHHHH, ACKALHE Ha HAYAb-
Hux nnanuapax wosxec / w 2. Jlyrn Pa, » Pa,, ua kotopeie nepeka-
THBAWTCR UHAHHEJIDE, BCEFAa pabHm Mexnay coboii. Buecto miocko-
cri sauendetus M. J1. Hosukor seen annumw sauennenns C,—C,,
PACTIONIOMEHHYI0 NAPAJIeNbHO OCAM HAYaIbHEX HHANEAPOB. Conps-
ateHike npoduan ayisen kotec J 1 2 nocnepoRATENLHO BXOAAT B 3a-
nensense B oukax C', C°, €, ..., u, takus oOpasoM, B S70M CayTde
NPHMENRAETCH HE NuHedioe, a Toueutoe sanennenne. [Ipu stom Hop-
MAMb B TOMKE KACAHHS NEepeceKkatT B COOTEETCTEYIOWEH ToYKe, Ha-
npusep P, opasyio P—P Kecanus HAUYAARHREX WHIAHAAPOR, H TeM
CaMuiM BCErNMA COXPAHHETCH 3aNaHHOE NePelaToOqHOE OTHOMEHe,
[pouan aybben syGuaroro sanennenns Hopnkosa poobme MOTYT
GuiTh BENOJHEHB O pasnnuney KpHBHyM, Hanfonee npoctam, kag
MOKAZUTM HCCAGMOBAHUA, ARJSIOTCH NPO(ILN, OYEPUEHHEE B TOPILOBOM
CEUEHHH N0 OKPYHHOCTHM.

[Moctpoenne npoduiein ykasamsoro suaa npoHssogHTca caeny-
oty obpasom. Ha mpamoit n—n (puc. 22.53), ofipasyiomelt ¢ na-
ML HEME OEPYREHOCTAME yIoa o, Bulnpaercd Touxa K. [Mpodmaw
2yba manoro koneca ! oyepunpaercs no AyTe OKPYXHOCTH pajHyca
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pr = PK u spasercn sunykanm. Tpoduas sy6a Goasworo koaeca 2
OUEPUHBAETCA MO JIYTe OKPYMEOCTH paiHyca P, Heckonsko Ooib-
HIETO pafHyca p,. Jlyra OKpymHOCTH pajuyca py OUepuUHBaeTCA H3
touk M Kax u3 nenrpa. Touka M JexusT Tak:ke Ha npamoll n—n.
Mpodiae ayGa Gonplioro Koleca 2 siBAsETCs BOTHYTHM. Herpyano

Prc, 29.6%. Boumonae Siimb Kocds Pue. 22.63. TlogTpoesse  npodaael
ayboro zawenacHiks Hoerkops syfnen satsnacekE Hobingcws

pugets (pue. 22.53), 4To npn Manoi pasHHLe PamHyCOs Py M fy ApO-
(ran ayfees Ha nexotopoM ydactke K'—K" nourn coBnapaiot, HTO
NOHHMAET YAeAblHE Aaphenus Ha 3y0bs, HECMOTPA Ha TOUEYHHI
nx koutaxt. Tonnmpa sya oZHOrO H3 KOJEC MO-
#et OHTL BHIOpaHa NPOHADOIBHOR, 2 TOMUMHE
Ipyroro onpefensercs nocTpoendeM. ToamuHb
ay0LER 5 H 5 Konec / H 2B aHHOM 3aneniesiy
pHbHpaloTen no yeroruw 5 = (1,3 ... 1,5) s o
% + 5 HECKOABKO MelubiIE wara pg.

IMpe npoextupopaiun konec HornkoBa pexo-
MEHAYETCH MPHACPKHBATHCA CJAEIYIOLMX  COOT-
nowenni: yroa o = 20° ... 30°, yron unaknona
fp = 5°...40°, paamyc p, = 1,36m, paguyc ps =
= (1,03 ... 1,10} p,.

Pamiye r;; OEPYXHOCTH BEPIUHH GONBILOTO

gEosieca cheiyer DLIGHPaTe pPabHLM PajHycy Fus
gl IyOUATET  pauaNLlON OKPYHHOCTH,
ey HoRHRORR K mepoctateam sanennenusa Hoeswkopa Hago
OTHECTH T, 9T0 KO(PPUOHENT NEPEKPHTHA By 38
EenJIeHHH MEeHRILE, 4Hew b KDEGH}'EI‘MK KOJecax © 3Ip0JbBEHT HRM
npoguaen. Kosdipuuient nepekprius

Ea = % 124, (22.99,

B oH Medble wosqupiuMenTa NEPEEPHTHH £, ONPEIEIAEMOre Mo
(opmyne (22.90), va peaHunry KosGpHUHEHTA NEPEKPHTHH B TOP-
nosoM ceuennn. Ha pue. 22.54 noxasana syfyaran nepejada C sauen-
nennem Hopuxoba.
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F'nawma 23
CHHTE3 TPEX3BEHHBIX NMPOCTPARCTBEHHKMX
AVEUATHX MEXAHHAEMOB

§ 107. NMpockTRposanne KOHHUeCKoH 3yluaToll mepenavm

I, [pn npoekTHpoBaHKH KoliMtecKoH 3yGuatofl nepefaun ofikuHD
34/1a10T NePeAaTOYHOe OTHOUEHHE 1y W yroa § newgry ocamu konec f
u 2 (pue. 23.1).

Pue, 23,0, losvpeenls EONRSCCKODD aguendensd ia odeps

Torpa yraw 8 w 6, paskbie nonoeMHaM yrioB pacToopa Ha-
HATLHEIX KOHYCOR (8Kcoujl), MoryT GHTh ONpeeneHnl, ecil BOCHOMb-
sopatecs  Gopuyaci (7.6}

thyy = :—E—%. (@3.1)
H YCIoBheM
&= 0, + 6. (23.9)

Moncravasn 8 gopuyny (23.1) syavesne vraa 6 W3 pascicrna
(23.2), umeon:

sin (6 — & in & cos by — cos fis! : .
gy = miiu t L= S22 o g_:m Psind — sins clg §; —eos 8, (23.3)
NOMYIae
__ igin #g +oos b
by = areclg s (23.4)
Jron 8, Gyser Torpa pasen
By = 6 — fy = & — arcetg b o058 (23.5)

Ecan yroa 8§ =90, 1o dopuyan (23.4) v (23.5) NpPHEEMAKT DL
8, = arcelg uyy, 8, = & — arcetg uy,. {23.6)
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B pasenctra (23.4)—(23.6) nepenarounOe OTHOIWEHHE I, BXOANT
Kak afeooTHan BedHyYnHE,

OGpasosarie 3y0LEE KOHHYECKHX KOJRC MOMHO NPENCTABHTD cefie
chrenyiomuym obpasoy. [1ycTe MOCTPOEHE KOHYCH S, u 8, (pue. 23.1),
SEANIOUHECs AKCOMAaMH B OTHOCHTebHOM ABnmenun. Tlo amanornu
C HMIHHAPHYECKHA 3aUenJeRHeM OyJeM WX HAILRATL HAYAILNOIMU
konycasmy. [pH napesannd 3y0neB Gea CMEmENHs PERYUlEro HHCTPY-
MEHTd HaUsABHHE H JeAHTelbHBHD KolyChl comnapator. llepecetem
5TH KOHYCH Kako#-nnGo cpepoll ¢ NERATPOM B TOUKE 0. Toraa B nepe-
cevenid noayuHMm ase oKpymmoctd, J w [/, compmkacaiouecs
8 toure P. Heeaenopanue nepekaTHEaHNA 063 CHOJMBLMEHHH HAYANL-
HHX KOHYCOR MOweT OHTh 3aMEHEHO PACCMOTPEHHEM NEPEeKATEIBAIINS
oxpyuocreit /| /] oanoll no jpyrofl 0es CKONbLMEHNHH. Tar kak
okpymuocr [ u 11 newar ua cepe, T0 BMeCTO ofpasyiomen npanmoi
ME MoaydaeM ofpasyioulyi ayry n—n GOabLWoro Kpyra ia nocTpoes-
noit cpepe. Uncao chep, KOTOPHMH Mb MOIKEM nepecedh yKzianinie
KOHYCHI, GECKOHEuHO BENTHKO, W [ Kamaod cephl MOMHO Domy-
GiTL COOTEETCTRYIDMIME OKPYMHOCTH, aHANOTHYHBE OKpyMHocTaM /
n 11, u ofpasyollie Iyri, aHajNOTUYNbLe Ayre i—. FeoMeTpHYECKOE
MECTO Beex o0pasymollix AYr n—n eCcTe HEKOTOpas MJOCKOCTh S,
copepakanian npaMylo OF U Hak/IOHEHHEA K NJI0CKOCTH, KacarensHOM
K HaNANBHEIM KOIYyCav, MO YRiosm . Yrot o, oOeSHO mpHEHMaE-
fouifics pasiws 20°, aBanerca yaaos sayenter ', a4 DAOCKOCTE & —
ofipazyiowed naockocmeio. Ecaw na Touex ovr OUp OnyCTHTE Neprned-
AUKYASpH HA NJOCKOCTE S, TO ZiM NEpUCHAnKyanpsl obpasyior
NAOCKOCTs, cogepwamyio oce 00, 1 NepreHanky npHyl0 K AJOCKo-
et §. B nepecewenny SToll MAOCKCCTH © NJDCKOCTRIO S nOJydaes
npamyio AO. Bpawennen npamoi A0 worpyr ocn 00, noayuaercs
Kouyc J, KOTOpHH HE3LBAETCH OCHOGHELM KOHY.0M. [Maockeets 8 —
KaCATeALHA K OCHOBHOMY KoHycy, ARAAOrHuHO MOMET OuTe NOCTRCCH
sropoil ochobrof kouye 2. [Npopuan 3ybues moryt mts ofpasopanbl
mepekaTHBannen 0e3 CKOJLMERHs MJAOCKOCTH S N0 OCHOBHBIM KO-
nycam. B pesyspTare STOTO NEPeKaTHDaHiA Ha MOBEpXHOCTH chepul
nogy"arTes  chepHYeckie SBOJLDCHTHL

Mpu xauenun maocKoCTH S no OCHORHOMY KOIYCY I Touyxa nno-
ckoeTH S, coBnafalomas ¢ Toukoit P, onuileT clepHuecKyn sBodb-
peHTy M3, 8 (pH Kauenny 1o ocHOBHOMY KOHycy 2 — chepnuecKy
spompnenty MeJ,. [lpn Kauesnn OKpymHOCTEH { u [l spofeBeRTH
M3, u M3, neperaTHBalOTCH CO CEO/bMEHHEM OlHA MO apyrofi.
Ecan tamie wme chepnueckHe 5SB0JbLREHTH NOCTPOHTL IAH APYrHX
TOYEK MAOCKOCTH S, pacnonowerHslx #a npavoi OF, To 3TH SB0MbL-
penTH OyayT 00pa30BHBATE  MOBEPRHOCTH ay0LER SBOJERENTHOIO
KOHWUECKOrD sanennenns, Tarxum ofpasoM, nepejaus BpalLeniil
Mexny Konycamu f H 2 OCYWeCTRISETCH KauenHeM Co CHOJBIMEHHEM
CONPHMERHEY CcpepHIecKiX SBOJBBEHTHEIX NOBEPXHOCTER. Pasofipan-
HOE TMOCTPORHHE MOZBOMAET (OMYYHTL TEOPETHUECKH TOUHOE KOHHHE:
CKOe SBOJLBENTHOE 3alenJeHHe.
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2. MNepexomiM & PECCMOTPEHIID OCHOBELX PA3MEPOR KOHWYECKHX
ayfuarkx xKonec (pue. 23.2).

Pasnepn ayiben KOHHYECKHE 3yOUaTRIX KOJeC B pasiHUlBX ceus-
pEfX HeoanHakopnl. CTARAAPTHHE MOLYNL #1 NPHHATO HASHAYATL AJs
BHENIHEND TOPUOEOTO ceuetitn ayGben. Paquycs teTHTEBHEX OLPYH-
gocTell XONec ANA CHEWWHEero CeSeHds ONpoiedsioTea 00 HIBECTIM

popMytan

ma Ma
r] = 21 ¥ rg _- _'_"-i . {23-?}
Bucota h, rofoski zyfa cranpaprioro Kofeca b, = mt 0 As
yxopouentorna syfia fi, = 0,8m. Bricota women syla fy; = h, + *m,
pae  ¢f = (0,2 ... 0,3) — wosddunent 3a30pa B HADPABICHHH,
nepneRAHKyAnpuoM K ofinel ofipazywoulell neJHTEILHEX KOHYCOB.
Nouna [ oOpazyloweil neanTeib-
HBIX HOHYCOD Hasmpaercn Jeau-
AICABHEBLM KOMICHBEAL PACCITIONIMIEM
H panHa
St | e |l | 938
J sin by il Oy ()
¥rant Ay 0 Ay FONOBKH M HOH-
KH 3yfia onpelenswoTes M0 COOT-
BCTCTRYIOUHM TaHreHCAaM:
hq
I ¥

tgA, =,

tg A, = 7

Pre. 23.2, KoncTpyuTEDEER CXEME BRNLOAE-
':(23 g} HHA OB HONWYecHiy Konec

Pannyen g M fy: KOHYCOB BEpUIH 3YOBER KOJec paBHH

Fo =r -+ Rycosdy, rae=ry-+ h, cos b, (23.10)
rie yraw 8, n 6., onpenensiores no dopmynam
=08 44, 6.=48 LA, (23.11)

3. TpoextHpoanne H BHIONHEHHE TOYHOrO SEONLBEHTHOND KO-
HHUYECHKOD 341enIeHHsn COMPHMEHD CO MHOMHAH NpaKTHYeCKHMH TPy -
HOCTSMH, TAK Kax ceps He pasEepTHEASTCA HA NIOCKOCTE. [Mostomy
NPOBKTHPOBAHHE H HITOTODMEHHE KOJEC ITOTD 3alensieHHst He MOTyT
OHTE CBEleHbl K aHanoruunodl 3a1ave ¢ DAGCKHMI LWHJAHH AP HHECKHMH
KoJieCamH,

310 06CTOATENLCTED 3ACTABHIO NPHMEHTE npubauscenne] Metiod
npoifusuposanun 3y6ees SEOABGEHMHBLY KONLYECKIY Koaer. SToT MEeTo],
JBRAONAETCA B CJEVIOUIeM. PEECMETPHEEH TOHITDE OREPTAHFR R}rﬁl,ﬁﬂ
KonudeckMx Komec (puc, 23.3), MOMHO YRMJETH, 4TO TOPLOBHE Ho-
BEDXHOCTH E}TﬁBEH, pacnojioed HEe MEH{A}' CEPYIHHOCTHAMH BEDILIH
H BnannHE Ha cpepe, o0pasylor HekorTopue ChepHuecKHe Monca LWH-
piticht g (na prc. 23.3 oHE 3aWITPHXOBAHEL), Ulapuna a noscoe necema
MaJla no cpaBHEeHMIO ¢ pajuycom R Toil cdepr, Ha Kotopolt STH nosca
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pacniosoens. [TostoMy MOMHO € AOCTATOYHOH TOUNOCTLIO 3AMEHHTD
chepuueckie nosca noscami, JEAEUINMKH HA KORYcax, ofpasyoupme
KOTOpbIX KacaTe]bRH K cdepe paanyca R B TOUKAX, MpHEAINEKAMX
oxpysuocTam [ ou /1.

Econ tenepb NpeicTABHTE ABA ANNTEJLHHX KONYCA B HX NPOEK-
UMM  HA DAOCKOCTH, COLEPKAIYIC OCH  JeNNTEAbELIX  KOHYCOB
(puc. 23.4), To NOCTPOEHHE KOHYCOB, HA NOBEPXHOCTH KOTOPHIX JEKAT
TOPUOEHC MOBEePXHOCTH 3YOLEB, MOKET OWTh COENaNO CALAYIOUIHM

e — afipazon. [yveth pennTeneAki Ho-
HyC S, NPOEKTHPYETCS B BHIE TPe-
yroaeunga AOP. Tlpn Tounom
NOCTPOCHHH NPOQHAA KOBYC rong-
EOK NPOSKTHPYETCH B BHAE TRe-
yroabHeka b0b, 8 KOHYC HOWEK—

Pac, 23,3, Pacn sosmerne npod aael aycres Pac. 234 Tlpeewaon: Feamieqbiing ko=
KOHHYFCEWE HOASE HE ['d!EFIHH_:, wofl NoORSpX- YLDl B I ROCTh
HOCTH

g Buae Tpeyrosnunka ala. TTpu Tounon NpGEKTHPOBAHKH CEYERHHA TOP-
HOBHX NOGEPXHOCTEH 3y 0beR DJOCKUCTL NPOEKLLH PELCTARISETCS B
pufe nyr ab, Texantn X Ha Npoekuly cpePhl paiHyca R. Tak rak noHy-
Chi, Ha3 HﬂTﬂpblH NONAHE CHAETH TORHOEDIE NOBERAHOCTH Hp‘dﬁﬂli}!{EH*
HHX npodmiel 3y6een, A0JKIE KacaTbes CQepH 1O JAedHTENLHEIM
CIHP}')KI!DCT‘HM. TO N0 HAXKCHHICHITR iEPIJ‘-?HIIHri STHY KONYCOE HEREd TOY-
Ky £ nposogus npsuyo 0,0,, nepnesanxyispRyio K opamoi OF. B ne-
peceuennn ¢ ocami [ i 2 nonyuaem Touks U, u (0, npeicTanaAOLNe
cofioit mepuiHE HCROMHX KonycoB. [lpoexkumeil ROHYCA Nepioro
Koneca aApnferca tpevroabauk O,AP, a npoexiMeli Konyca BTOpOro
Koaeca — tpeyroablink 0,BP. CootneteTaylouiie ceveins npoduied
TOpLOR HM30OPAKAIOTCA NPAMEMM @'b', NeKALMME HAa NOCTPOEHHOM
konyce. Takum 06pasoM, BMECTO KPHEBIX ab Mb DO yHAEM B CEMEHHH
npaMeie a'b’. CoBepiieHHO OUERMANO, YTO 4eM GoJblle OTHOLIEHHE
pamuyca cheptl K MOAYJ0 3yGben, TeM Menbule Ta OWHOKA, KOTOPYIO
MEL AONYCKaEM, 3aMeRs s nocTpoerne npodumiel ayOnes, o0pA0BAKIEIX
cihepHUECKHMH SPO/LBEHTAMH, NOCTPOEHHEM 3yOben Ha MORCPXHOCTH
konycos O,AP u O,BP.

onyes ¢ pepmHiEaMn B toukax Op v 0, HocAT HaspanHe donoaxu-
measkx gongeoa, Toctpoenne npoduiel TOPLOBMX noEepxnocTed
8yGLeB He BCTPETHT Teneph HHKAKHX TPYRAHOCTER, TAK Kak A0OOJHH:
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TenbHEE KOHYCH MOIYT OHTh DasBEPHYTH HA ILIOCKOCTH, M, CAEl0Ba-
TenRHO, BCE IIDCTROEHHE CBedeTCH K I'IDCTPDEHHID Ha NAOCKOCTH.
#, MMycte 3apanyl penuTenbiisle komych §; B Sp (pHe. 23.5).
MposonuM naockoetd DE w EC, orpaHHuHBaiomue JIHHE ayiiLes.
Jlanee, cTPOHM JONOMHATENBHEE KOHYCH 0,AF u O,BP w pascepru-
paeM 3TH KOHYCH Ha niockocth npoernui. Jlna sroro H3 TouYex oy
w 0, nposoguy okpysuocti [ u 17 papmycamu ri # ra. [onyusenine
ayru PKL w PNM npegcragasior coGoft passepryThe JenHTe/bHEE
OKPYAIOCTH PANRYCOR £y H fy. DTH AYMH H MOTYT OLITH NPHHATH 33

Pac, 23.5. K opobranporsmwes ayEnen Pue. 23,6, LlnopHopeueckne  Koae
EQHHATECHEE HON8C HE NOBEPXHOCTHE Ni=- £&, SKRRBAREHTHHE 'EMT!'I(‘T’-'TFJ-’K’-I‘.LH’H
NOAMATETL AR E KoRYCOn A HoHHUeCHEM KOJeCcaM

DEAUMEAL6E ORPYFHOCAIL  YOADBHBIX WUALHOPUYECKUX KOAPC € yen-
mpani & mouwax 0y u Oy Hanee, npodmanpyeM 3BojAbBEHTHBE 3Y0LA
(pue. 23.6) no mopman, ykasannuM Bhinie (§ 97). Torna nosayuaem
ama syGuatex cektopa J ¥ [/, 3arem HamepTmbaeMm st 3yGuarne
CEKTOPH HA JAONONHHTEILHEE KoHycH. CoeapnuiB BCE TOURH MOJY-
yenknX npodmaeil opambing ¢ Toukoft O (pue. 23.5), Gydem HMers
fokorbe nonepxHoerd ayGses. Takum obpazow moryr Oeith Ho-
CTpoeHEl 3yChA  KOHHUECKHX KOJer, COOTHETCTEYHMOLME 3alaiHes
LedNTeL UM KON Yea.

Pamrycw ri ® ri YCAOPHHX JEJHTEJBHBIX OKPY#HOCTEN OnOpeje-
Jsores 1o dopMynam

=t " wen (23.12)

Ecan ofiosnadute yraw syGuately cektopon uepes By u Py, 10
BEeJIMYHHLI STHX YIJIOB MOTYT OuTh NOAYYEHH H3 YCADBHH

rifi=2nry w i = 2ar,
OTKYyla, YuuTHEaf cooTHomends (23.12), maxoimw

2nry

- = rl‘ﬂ oS &l' { ,IS}

fr ==~ =Incosd; ¥ Py=—

b
R orponeterus kosdHUMEHTA MEPEKPHTHA B pic MOTpeHHS
Luta 0 pojdpessHiE sylkel MOMHO nNpHME Th dopuyaut gan
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KPYIAHX UMAHHAPHUECKHX 8yD4aThiX KoJi€c, HO JLIA 5TOTO Heofxo-
LHMO mepeiiTH oT 3y0uaThiX CEKTOPOB K 3YOUATHIM KDJIECAM, TAK Kak
YHCI0 3y6bEB 2, H 2, cekropos [ u 11 ne Gyler paBHo uncny sybben z,,
W 2y WHIHHAPHUECKHX KOMEC PAAHYCOB ri W ry. CER3p MeXIy 4HCNAMH
ayGheB 2y, Zy M 2o oz MOMET OWTh M0JYYEHA W3 YCAOBHH, Y10 LIar
SALEMAEHUST p ABIAETCA OMHHM W TeM e AnA YCHOBHBIR B neficTou-
TenbuhY Kodec, Hweem

ap =r§f_'r;, 2ol = F‘;ﬁm Zul = Qﬂr{, Zygl = ?ﬁ!‘é, {23.14}
OTEY A

Ha stux ypaBmennii nonydaem

B B, "
L 1% Tncos g, a= cos by *
2 ax %

z"‘“:'ﬁg I = 271 cos Oy E‘E(‘mﬁg i

StH uncna 3yOLeB HAZHBAIOTCH NPUBCOCHHELMIL

Takum o6pasoM, uncra 3y0beB z,; H Z, KOJEC, KOTOPHEe Has3u-
BAIDTCH SKENEAACHIMHBIMI UALROPURECKUMY Kodpcany, Beerja Dojibiie
qicen ayGLeB COOTBETCTBYIOWMX cexTopoB B otrowenmn l/eos &
w 1/cos §,. Quesmano Takke, YTO NEPefATOMHOE OTHOLIEHHE 3KBH-
BANEHTHHX llH.THIlJ'J.T_TII'—IECKHX KOWIEC HE PABHO MERejaTOdMHOMY OTHO-

DIEHHIO MPOEKTHPYEMBIX KOMEC.
Maeen pJs NEPEIATOYHOTO OTHOUIEHHS H;; KOHHYECKHX KOJE0

opuyny
i3

u12'—-~2;—l-—.

Jlns nepefaToMHOrO OTHOWEHHR Hiz SKBHBANEHTHHIX 1H/IHIHIPH e
CKHX KOMeC HMEeeM

T g vos &y — _E_D_ifjl_ £
Biz=" "= gcoste tz cus g (23.15)
Jlas cnyuas, Korga yroda b= 6, + 6, = 60°, mueem
i 00° — & '
iz == umw = w2 1§ b3,

Wi, TaK kak cornacuo gopmyne (23.1)

__sin Gy gin fiy i
e = 508, = sn(U0°—06y) g s,

1 = 1g°8y = uin. (23.16)

Takum DﬁpESDM, FALeIVISHHE KOHHYECKHX KOJer SHLHDATeHITHO
SANenIeHHI0 HHAHHAPHIECKHK KOJec, HO C GObLIMM YHCa0M sylfLee.
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[TosToMY NpH pAREYHX YCJAOBHAX KOHMHECKME Koseca obnapaior
fOnbIUHM, YEM pHAHHApHUYeCKHE, KOSdHUMEHTOM NEepexkpHTHR &, H
MEHBLIHM YHCAOM 3y0beB Zn,, KOTOpoe MomerT (uTh Bubpauo Ges
noAPEIAHHA Ha MaioM KOMece CTAHLAPTHOIG 3alenIeHdsd.

5. B npaktHKe MamHHOCTPOEHHS WHPOKOE PacnpocTpanedye mo-
JAYYHJH KOHWUECKHe KOJMeca He TONbKO ¢ NpAMEMH 3Y0LAMH, HO
W ¢ ayObamd apyrux dopM. Pasnwunple opMer ayGueB noayuyalorcs
npH HApesaHHMM HX MO MeToRy OOKaTkH nyTeM NPHARHHA PEXyLIEMY

Pie, 23.7. PESANUEEE BN KONERECKEX KOnee ¢ GUrYPEEME 3y0pavis a) ¢ KOcrsiM syinamsg
6) © EYToLBMA 3¥CEAMED 4) CO COHPRNLHKME I¥0RAMHE &) ©  SBoALDEHTHRMH 3Y0LEMH

HUCTPYMENTY pasnnuHux gBixenufl. Tax, ecnu pesmywmh wHerpy-
MEHT (pEsel]) WMeeT npsmofiiuefilioe amnxeHue, HO 00J HEKOTOPRIM
yraomM B K paguyey B, To MOMHO HApe3aTh KoJecH ¢ KockiMH 3yfibamn
(pre. 23.7, a). [pn BpamaTenbHOM ABHMEHHN PeanoBoll FoJoBKH
BOKPYr OCH, He npoXxoadwmed 4Yepes BepUIHHY KOHYCA, MOMHO Hape-
3aTh KOJEco ¢ AYroBeMH syObami (pue, 23.7, 6); moryt OHTh TaRme
Hapesawpl KoJMeca € 3y0baMH, OOPAajlOBAHHEIMH JADHMEHHEM pesla
no apxumenonodi crupam (pue. 23.7, 6), no sposspente (pue. 23.7, )
HOT. I

Hapesanne 3y0beB KOMHYECKHX KOJEC BEETCA TAKKE METOAOM
OOKETKM MHCTPYMEHTOM ¢ npanonuuefinoli pemywelt kpomkoit
(rpaneio), cBHsanHON C HEKOTOROH IOCKOCTBI0, HasbiBaevoil sap-
COCMbH)  MPOoulandAwee0 Kodeta. DTA NAOCKOCTb  [CPEKATHIRAETCH
B nponecce o0paGoTM 00 JEMHTEARHOMY KOHYCY 38rcTODKH, 4T0
J8eT MHOIJA MOBOJ MPOBORHTE AHAMOTHIO C NIPORECCOM HApPe3aHws
ayfibeB WILTHEAPHUECKHX KOJec NPAMOTHHERRON 3ylopesuoii peiikoii,
KOTORaH DOCOPOHSBOAWT SBOAbLBEHTHOER sanennaexnue, B neficTEHTenh-
HOCTH, TaK KaK peyllas Ipanb NOCTABNEHA MOJ HEKOTOPHM YIVIOM

16 n n Aprofonencauit
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K TJAOCKOCTH MPOHIBOAFRILETD KOJecd, To OHa Hapesaer Gonee cJON-
HYIO NOBEpXHOCTh.

Ias wonce c© npamuye 3y0BAMH  OOMYYSI0T TAK HAIHEBACHOS
oxmonfaasHoe sayenaedne, Vo KOTOPOTO AHHHH 3ALENJEHNA WMEOT
hopMy BOCLMEDEH.

£°. PacemoTpiM geficTBHE Cit B KOHWu4eCkOR sybuatofl nepepaue,
Cnan Fy, 0 Fy. nainemsn ay0res gonec § n 2 apyr wa apyra Gylem
CYNTATD YCAOBHO NPHAOHEHHBIMH B CEPEANHE KOHTAKTHON JHHHH,
B Touke K (puc. 23.8), orcroumedi ot ocelt 00, u 00, na cpeannx

. pasMycax fiep H faey. Cu-
aut Fyy ;’1, NeaT B
niockocTH Q-—Q, nepnes-
puryaspuoil © ofmed of-
pasyioueii  emTHTEILHEX
wouycon 1 w 2. [lovepnem
A0cKoeTh @—Q na yron 507
A0 COBMAfeHus € ILIOCHO-
c1eiy Yeprewa (puc. 23.8).
Torna Fyy u Fyp 6y8yT npo-
EKTHPOBATECH B HATYDANb-
uyio peanunny. Hanpasne-

Puc., 24.8. Coaes, peficToywmue n KoEN9ecAol  me-

peEnaEe HEl 3TH CHALI N0 HOPMAJTH
A—n T YTAOM  3alenne-
Hig . PacknasneaeM 3TH CHJH Ha cocramnfwomue Fi = —FL n
Fr = —F2,. Canel Ff ou FY, coazane ¢ momentamn M, 0 M,, npu-
NOREHHHME Ha panax 00, v 00y, vejaonHnami
M M
Fi =—L, Fl,=—2, 23.1
=L, = (23.17)
Hs papencre (23.17) cneayer:
My  rep . e
L e e (23.18)

Cunu F2, n F7, nepeceraorea ¢ ocamu 00, u 00, ¥ moryr Geib
pasnmKenn 13 pagianeiue coctapaaobne F u F{, H oceBue co-
crananoime F2, n F4,, Pagpassuue cocrapasiomue F u FY, 6yayr
Harpymare paiuatenne nogmunenks A u B. Oceewe cocranasio-
mre £2 uw F9, 6yayt aeficibouats Ha Koneca [ w 2, cTpemsch nepe-
MeCTHTL HX BAoak oceit 00, n Oy, 1 A0N#MHE BOCTPHHEMATLCA YOOP-
HEIMH  DOIUBTHOEREnMil,

Cunwt Fi u FY, pasun

Fj = Fitgn=-"11tgq,
“ 3.19
nom Fipe = My tgalegﬂ Rt
i ¥ Fagp Hzifaey !

TAK KAK COrnacHo coothowenwio (23.18) My = M, uy.
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Pamnanenme cuawk F4, u F7, Oynyt pasnu

. M
Fr, = Fg cos8, = F{ \gacosb, = .;;i_:r_ tg e cos by,

Fi,= Ficosd, = Fi,tgacest, = (23.20)
M, oo By g
T ey Broendie UgiFeep 8¢ 005 O

Hakouen, oceene cuawl FS n F, Oyayt pasnn
Fs = Fysind, = Fi {gasinb, = ‘% tg o sin by
¢ = Fisind, = Fl tgasné, = (23.21)
Ma My

= fgasind, =
Teep Hepgop

1 e sin ;.

Mpunep. {}anJJ,E.':HTb OUHOBHRE MAPAMET[E  KOHHGEC KO a}'ﬁuamﬁ nepepanm,
ecm Topuoekdl MoayaL m = 5w, yroa & mesay oo koaec 8 = 90°, uncas syGoes
kooee 2, = 20 w2, = 40, yron sauennennn @ = 20°, asnng ayBa b= [/3, rne [ —
pame obpasyiomell fenireiuiux  koayeos (pue. 23.2). TlepegaTounce oTHOWEHHRS
tyy PABED

P ki 40
ﬂluuﬁ'm'ﬁ=2.

Tax gag yroa &= 80°, to yraw 8§ u &, onpepensmotcA no Gopumynam (23.6):
by == arcelg wye = sreclg 2 = 267 30,
b, = 6 — arcetg wp = 90° — arcetg 2 = 63° 30,

Pegnyen ry 1t ry Jenurennrsx oepysioced, cornacio gopayaas (23.7), pesng

iy niza

r,=-—§-—--=r50 M, rg=T-= 100 ama.
Jmusa [ ofwedi obpasyomedt wosycon, cornacio gopuwyne (23.8), peena
n A a0

R o smonan | 0,446 12,1

¥ron A, roacexn B yron A HowkH yOLER onpeIeAROTCR BE yosomdd (23.9)
Fig o a

lg&;=._"’;'_:ia_'|-¢’m _ m 4 0,%m

5L 0:95:8 _ oo
I !‘ £ 3 I IE,I = ﬂ,!’J.:-EEI.

Crepomatentnio, A, = 2734, Ay = 3° 1/,
¥rau gy 0 b4y wkonyeos Bepumy onperensioren s Gopuys (23,11):
a1 = 8, A, = 26° 30" + 2°34' = 20° 04,
oz = 834 8, = 63° 30 4 2° 3¢’ = GC° 04,
Paguyc ray B ryg KONYCOB Bepmipn ayOeen swupcanrTen no dopayaan (23,100
a1 = Fy - Bgcos gy = 60 -+ B cos 20° 04" = 054,37 wu,
Fog = ry+ hgeos 8gp =0 100 -4 6 cos 66° 04' = 102,03 am.
16*
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Pegnyce £ # rF) ZeAETEIEHMY OKPYHHEOCTEN YOACEHDN WHAHHIDHYECKRY ROAED
onpegennen no dopuyaay  (23.12):
y 50 ry L0c

ity ik o R s W T

Paccroaume @ mesipy COAMH YCRoRHEE URTHURDHYECKHX KOAEC paBng g =
= ri 4 ri= 6584 224,2 = 250,00 mm.

Papiycel £y W fig OCHORHRY CKPYHOCTENl yCACHHEIX (HTHILPEYECKEY KORED
{pue, 23.6) panubl

Frg = rp cosw = B5,8.0,84 = 520 mwm,
;!‘;: = r& cos o= 294 2.0,%4 = Z10.7 wm,
Pamsycrs r)y 8 riy ospysiocrelf Bepunl yCICBHEX URTHHELPIUCCKHY HOARC:
rp=nth=rn+m=0E45= Gl nep,

plympn o =r -k me= 2240 4= Howm HGE wum.

ad

Kos@dutienT NepeEpuTHR By PACCMATRHBEEMSGIN HGALC QOPELRISeTcH [0 diope
myne (22.38),

§ 108, MpoeKTHPORZHHE BHHTOBOW M 4epEAuNON nepenan

°. B § 29, £ 6una paceMoTpeHa KHHEMATHKA MEXaHH3Ma nepe-
AAYN ADHAMEHHH © NOCTOAHHEM NepelaTovHbiM OTHOUEHHEM MEHLY
ABYMS NepeRpelliEAIOULIMECH B NPOCTpancToe ceaMi. Axcouiamu
B OTHOCHTEABHOM  UBHMEHHH
SpeHLEE TaKol nepefadnl sEnAwnT-
cAa  runepbononaee I o 2
(puc. 23.9). ILas noayuerus ri-
meplionouidety  sy0uateix  KoJec
NOBEP X HOCTH runepfonosion
ciatimaiomes  syOnani. Her wue-
obxoirMocTH  sTH 3yles  pacno-
JAraTh No Beel NOBePXHOCTH TH-
neploaorios. Jloctarodno chal-
THTh 33 OLAMH TONRHO HEKOTOpHE
yuacTkd runeplofonlioB, noay-
UACMLIE TpPH NEpecedeHHl THnep-
GOMOHAOB NAGCKOCTAMY, IEepneq-
ARKYASpHEMH K X ocuy. Ha-
fpliMep, ecay Ha runepononie [
(pre. 23.9) emfpart B KadecThe
Puc, 23,9, Cxoma runeploonpnof nepesa-  Kodecd vacth [ runcpﬁnﬂmma,
HH MOEALY nn}'mn‘:{:I!\-_:ﬁoﬁreunwabcmnmucﬂ To ua 1‘|irtepﬁﬂﬁul-lﬂe bl I'EDJI}"'-IHEM
COTpHIMERHOE KOJRCO B BUIe uac-

T 2°, UeM nafibine OT TOPJ0BOr0 ceugHHs BnOpaHbel 4acTH runeplo-
aolion, chalsxennse 3yObumil, Tewm Mmedowe OyIeT oTHOUIEHHE CHO-
pOCTH CHOJLMKCHHR BAoTs ocell K OKpY:HOH CHKOPOCTH KoJeca.
CheoBaTeNLEo, ¢ TOUKH 3peHNA (3doca 1 KoadepulUHeHTa NONesnoro
JeficTEHH mepenaull npeAnouTHTeNbHee BHOpaTh B K&YeCTBe KOAeC
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yacTH runepfodonnos, Goaee yaanennbie oT ropaosoro cesennsn. [pu
saMele YUACTROE runepGONOHAOR, YAaNeHEHX 0T FropAoBOro ceuenis,
KOHHUECKHMH NopepxHocTaMu, manpumep I, 2" wan IV, 2%, noay-
LaeM sURONOREE KOJCCA.

. Bmecro runepBosionIHEX 3y0uaTHX MeXAHHMIMOB, HApE3AHHE
ayfineB KOTOPWX OpeicTaBnser Conbiuie TPYIHOCTH, AAs nepeaasy
ARHIKEHHS MEM[Y HEIEPECeKaiOlHMUCA OCAMN OPHMEHAICTCH BHHTO-
pue 3y0uaTHE MeXaHHaMbl, npeicTasasiouue coboll yuacrew " n 27
runepGononaoe I w 2 (pue. 23.9), npubanxenno 3aMeHeHHBE [BYMSA
KpyrALIME UNJIHHAPHYUSCKHMM M0
pepXHOCTAMH. Brrenem ocnossme
coOTHOILEHHA MEMN/Y NapameTpa-
mu sTuX Kowiec. PaccMorpum ne-
pelany Mesly ABYMS LHAHHAPA-
Mu I 2 (puc. 23.10), epamaio-
mpMucs Bokpyr oced [ u [l ¢
VIVIOBBIMH CKOPOCTSAMH @y H @y,
[yeth uHIHBIPE KACcAIOTCA Apyr
apyra 8 Touxe P. Ecauw paguych
IEJTHAPOB CYTh Fy H rp, TO Kpart-
Hailiee pACCTORHUE a MEeHKNY OCA-  py., g3.1p, Ofpaaorause syiben BHITOREN
mu I w Il paeno a = (0,0;) = Hodee
= ry + r;. Uepes touky P nopo-
refeM MNOCKOCTE 1, NePNeHIHKYJIAPHYIO K KPaTqaHilesmy paccTos-
mrHIo 0;0,. 31a niockocTs ByLeT wacarteest wuauuapa / no ofpasyio-
welt gy — @, a unannapa 2 — no obpasyouell g, — a, u Gyaer #e-
NATECA ofilell KacATenwHali NAOCKOCTRIC K STHM ABYM uHJHRHAPEM.
MMposenen B naockoctn T wepes touxky P npawyw [ — £ 37a npasan
COCTABRT € oOpa3yIoMiIMHE G — @ W @; — az YIau B 0 p3, npruem

pi + Pz = 8, (23.22)

rae 8 ectn yron memay obpasyiounMe @, — @y U 4, — a,, PABHEIA
yray cxpelunpanns mexnay ocamu [ ow JF uwanuzpos.

Haeepnen nacckocrs T nocaeposatennno Ha numueapu [ u 2,
Toraza npamas { — f ua noBepxHoctH uuauHapa [ pacnofosuTes no
BUHTOROR nnmnm § — 5 € YPJoM BRagdoHa fi, & HAE NoBepXHOCTH
HUIMHHLpE 2 — o BHHTORON JWHHE 5, — § C VYTJOM HagjgoHa pa,
Ofie sp: SHHNM GYAYT conpRKAcaThes B Touke P, o npamas {— f
ByiieT ux ofuel kacaTeAbnoil.

Kak npaspno, touka kacanusi nauaibEX IHAHREPOR 1€ GyneT
DpHHALAeKATL MIHOBEHNO] OCH BpalleNnfi — CKONbAeHHs, H YIJbl
o DKRAMYTCH GTJUIMHEIMH oT YraoB [ u Ps, ofpasyeMeix ocsnu
hanec ¢ MIHOBEHHONR OCLIO BRAMEHHA — CHONbBMEeHHA.

Ecan cunrars wwamnnpe 1 v 2 Hawadwkbing, COBNALAIOMHME
€ AemnTensum ITHARAMH, TO BUHTORRIE JHHNH & — 5 H §& — 5
MOTYT GHTh NPHHATH 34 GOKOBMe JAHAMK ayOben. Bokosod nogepx-
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HOCMBIO 340608 AUHMOANY KOACC AOAREMCA AUHEHMQRan nosspxnocntb
pazsepmuaaiyecocs seaurouda.

Herpyano yeranoBuTe HEKOTODHE OCHOBHME COOTHOWEHHA MEMAY
PASAHUHEMP NapaverpaMd BUHTOBBIX KOJIEC,

Crnpoennpyem Hadafblible (JeANTENLHBIE) WILIHHPE BIHTOPHX KO-
aee Ha naockoets T (pue. 23.10), Ocu f u 1 v yoaut By u iz npn sToM
fyayT npoenupoBaThen Ge3 nekamenns (pue. 23.11). CropocTs TOuURH
P, xoneca | w3ofpasiTcd BEKTOPOM @, NEpTIEHARKYAADHEINM K ocH /.
Ckopocts Touky P, KoJleca 2 npeicTaBuTes BEKTOpOM ©,, DepheHiin-
I kyanpubim K ock J1. OTHocHTesibHAR CKOPOCTh
/ . Oy Tourn Py wiapnapa 2 OTHOCHTEALHO TOY-
‘f. < kM P, nnanwapa I Gyper HanpaeJena napad-

e
H)Y JgensHo ofied kacateawnofl { — { K BHHTOBLIM
FI" JHHHAM ConpseHHnx syGnes. [laan cropaoc-
- Tefl mepenayd npeactaraser coboii Tpeyrodib-
HiK, oOpa3yemEl BEKTOPAMH O, T il Ty, JE-
Mawns B nnockoeTH T. Omyetam H3 Tousn Py
nepneHaHKyAAp ¢ Ha HATPABIENHE BEXTOPA D,

L

Lol &
g Eynem mMeth
Pue, 2503, Tlasi  cxo-
Ll - L, — #
BOTeR A% MOE Qe vt = v cos Bi, v* = vy cos P,

rae Pi # Pz cyTh YOO HAKJAOHA BMATODMX JMHNN Ha LAINBIpax
1w 2. M3 stux papencrs clepyer:

vy cos f; = vg cos P
Monyau cropocreft @; W 0y ODPELENATCH pABEHCTBAMH
U = (hyry, Uy = Gyl
rie r, H ry CyTh PAAHYCH AeJHTENbHWX uamiapos, Toraa
@yr1 cos i = wara cos P,
OTKY 08

_ o _m _ reosh,
b =g T "mr. {23.23)

T/e 23 H 2, CYTh 9HCAA 3y6beR COOTEETCTBEHHD Kostee [ w 2,
B yactoom cayuae, korna 8 = 90, umeem
A 0
M= tg Bi. (23.24)
Mz dopuynet (23.23) chrenyer, uro, B OTIHYHE 0T WHIHHAPHYECKUX
I KOHMHMECHKAX HKOJec, OpH nepefaie BRALLCHHA BHHTODBRIMI KOJeCAMH
MEl HMEEM BOAMOGHHOCTL BOCOPOHIBOIHTH HeoOXoiHMOe mepenaToyHoe
OTHOUWIEHKE NONfopoM He IBYX, A4 JeTulpex Besawdun (ry, re, i u fa).
K uepocrarkasm 3y0uaTelX BHHTOBHIX MEeXAHHIMOB HAQ OTHECTH
TO, YTO B HUX conpaiedHbe npodHAH CONpHKACAOTCS B TOUKE.



§ 108. NPOEKTHPOBAHME BUHTOBOM ¥ UYEPBHUHON NEPEAAY 457

CreloBaTensko, ylenuine JABNEHHA OKASHIBAITCH IHAYNTEABHEIMH.
Kpome TOro, spaunTenLioe CKojbikenne 2y0neB APYT G0 ApYry Bul-
quiBAET OHICTPE BX A3HOC,

lNpu npoekTHpoBAHNM EMHTOBOM sSyfuartoll nepenadn  ofieruuo
3a/AI0T NEPERaToYHoE OTHOLIEHHE My, yTOA 8§ CKpeuuBaHWa oced
KoJec W Kparyafiliee paccToRHMe a memly ocsmu. M3 pasencrsa
(23.23) cnenyer, uTo 3ajasHoe TepefaToyHOE OTHOLICHHE MOMeT
NOJAYMHTBEA NpH  PasiuuEBIX  COUETAHUAX OTHOWEHRA rufry n
cos palcos (. TosToMy samaua npoekTHpoBanHa BHHTOBOH 3yGUATOH
nepeLadH HE NpHBOAMT K OfH03HaynoMy pemenmio. [lpw npoexTHpo-
paHiH  KOHCTPYKTCP JIONKEH 2dJaThes JONOJHWTENLHOH 38BHCH-
MOCTBIO, CBR3uBamed Jubo yras fi ¥ i HARNOHA BUHTOBHIX JHHMIT,
anfio oTHOWeHHE PAEKHYCOB,

Ecan npn npoekTHpOBAHHH Ro6HBATHCR, YTOOH CKOPOCTH CKOMbL-
MEHHA B TOYKE KACAHHH HAYANBHLIX 1ULIHEAPOB Gbiia MHHHMANEHON,
Kano o0PCTIEMHTR YCIOBWE, COMJACHO KOTOPOMY 3TA TOYKA OKA34nach
Ol Toukoil NepeceuetA OCH MIHOBEHHOTO BpalleHksd — CRONLMEHHA
¢ AWiHeil kparyafiinero pacCTORHMA MeWUly OCAME konec. B TakoM
citydae Gyaem HMeTh

pi = P Pz = Ps
Hocamu yrad By 0 iy ZoKHE yAoBJETEOPATH oTHomenwio (7.14):
L] {23.25)

27 sy "

Tak kak cormacuo paseiictBy (23.22) 6 = B; + B;, 70 dopmyna
(23.25) npumer Bug

__sin(f—P,) _ sinbcosPy—cosbsinf,  sind
B "empy ;m T =h cosd. (23.26)

Hekmiouass w3 papencrsa (23.26) yron maxnona fi; xoneca [,
oy uaen

i s arolg—onD (23.27)

g oos§°

Nanee, na qopmyns (23.25) nmeen

= _..E'.!,'J_Ff&___ — sin By _ g .
f0 = 50— = Sobom fe—cosbsinfl;  SinG—cos b Ig s (23.28)

Hexniouan us pavercrea (23.28) yron nakiacHa [y, noayvae

Ba = arctg —zsind (23.29)

4+ w056 "

ﬂ-";aﬁ“fiﬁﬂfﬂ{"“im PANNYCOR £y W ry NEJHTENLHER HHAHEApos f 1 2
(pue. 23.10) ecenumbsyencs parencraom (23.23) W ycaonien

& =1+ 3
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Torpa umeem

pyemie— 508 Hs (23.30)

Lye COB ﬁl +cosfy ?

o ity cos fi
Iy == le l:us-.ai Feosp: {23.31)

Ocranpible NapaMeTpsl BHHTOBLIX KOJIEC OMpPEeiefdioTes mo Hop-
MaM, NPHAATHM I8 UHIMHIDHYECKHX KOJeC ¢ KOCLIMH 3yOnfanmi.

3°. Bospwice pacnpoctpanenie B MAIUHHAX HMEET OIHH YacTHHA
BHJL 3yOuaThlX BHHTOBBHIX MEXaHH3MOB, WOTAA yroa O mexcly ocamu
konec papen 90°, a yrow Hawrdola Pi
fi2 apaupTenLHO OTAHRAIOTCR APYT OT Spy-
ra. [MyeTe Ha womece § yron fi; BuOpaw
Goasiuny, a va koqece 2 yron fiz sufipan
manuy (pue. 23.12), Torza pHuTOBRIE NH-
HHW fy — & 3y0LeB kodeca 2 pacnoaa-
raipTed cooefl cpapHuTeNbHO HeGoMdbunil
YacTelo Ha MOBEpXHOCTH wHAMRLpa 2. Ha-
00opoT, BHHTOBHE MUHHE o, — ¢, 3y(keB
Komeca [ MOTyT HeCKOLKD pa3 oforHyTh
popepxHocTe mwnnapa I, Kak  Geuto
ykazano B § 31,4°, eonToROE Kogdeco, y
KoToporo 3y6 MMeeT MO BRICOTE LHAHHIPA
HECKOABKO 0GOPOTOB, HAILIBARTCS WEpas-
e iR tepamte i Gcpeme; NOM, @ CONDANEHHOE C HHM BHHTOBOR

BOTD HORECH KOJECO HOCHT HA3BAHHE HepaauHpzo Ko

Aeca. Bee sauenneHue Haswipaeres  qep-

payHely sauenacdies. HUeprRsunne SEUENNEHRE ABMNETCH  YACTHLIM

BHAOM BHHTOBOTO I, CAENOBATENLHD, HMEET TE JKe HeAOCTATHH, KaKHMil
ofnaiaeT BHHTOBEOE 3aLEeneHHe.

Henoctarky wepBAYHOTO 32HENNEHHA MOTYT OLTh B SHEMHTEALHOH
cTeneHH YCTPAHEHH, €CAH HapesaTes 3yOnf uepBAvHOro KoJecs dep-
srunpil dpesof, npejcTasaaioutell cofoll TOUNYD KONHIO 4epBRKA.
[pH HApE3aHHH UEPBRYHOrO KoJeca Mewily uepsaunofl Qpesofl
H HAPE3AEMBIM KOJECOM AGIKHO OHIThL OCYUECTBAEHO TO OTHOCHTEND-
HOP [BHMEHHe, KOTOpPOE HMEIOT 4YepBAK M KOJeco NpH NMpaBiabHOM
sapyendensy. B 3Tov cioyyae KacanHe WepBaKa ¢ Kovecou Oyler
NPOHCXOAHTEL NO HeKOTOPOH JAHHKHH, Jlns yBellMueHHA [MIOMAIH Kaca-
HuA ofOlY YepBAUHOTO KoJieca NpuaaeTcs Gopma, npH Kotopol KoJeco
OXBaTHIBaeT ueppar (puc. 7.14).

Touku Kacauus CONPAKEHHLIX NPoQHrIei yepBATHOr0 3alemnIenHs
06pasyioT BEChMA CJAOKHYIO JIHHHIO 32UEnJeHHs, KOTOpas MOMET
OuiTh BCET/I2 MOCTPOEHA, ec/iM pacCeds 9YepBsuHylo nepejiady nace
CKOCTAMM, MEDAAJIENBHLIME MAOCKOCTH TNaBHOTD CEYeHH#n, M pac-
CMOTpPETH NOJYYeHHREe TakuM o0pasoM peeyHble 3auenieHH.
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C wenbio yayyuenns SepBfYHOro 3AUENJCHIA B HEKOTOPHIX Cny-
ganX HAPE3aHHE HEPBAKA NPOM3BOAHTCA HE Ha NMAWHIPE, a Ha no-
pepXHOCTH Bpawenns, obpasosannoi ayrofi wpyra Ly (puc. 23.13)
¢ HeHTpOM B Touke Oy HA OCH 9epBAYHOTO Kofeca. 3Ta MuBEpXHOCTE
noayiHAa Haspawne 2tofouda (mopouda), a 3a- &

3
—

HenJenie HasHBaeTeA eaofondHbia WK mopoud-
HblAl SOHENAEHIEM,

dopMa BHHTOBoH nosepXnocT 3yGa weppaka
3aBHCHT OT YCTAHOBKH WHCTPYMEHT2, Hapesaio-
mero npoduas ayGa. Tax, ecnnw Hanpasneie
pexcyiiet rpanu (pre, 23.14) wHcTpymenTa peaua,
}'{"J'H!EDEJIEHHGI‘G H& BHHTOpRE3IHOM CTaHKE npoXo-
ONT 4epes oCb YEePBAHA, TO Oody4aeTcR JAHHed-
gaTaf BHHTORAH MOBEDXHOCTL, ofpasywimne ba
KoTopoil lepecekaioT ee ock. Ceyenne 3Toit nopepx-
HOCTH TMAOCKOCTRID, NepneHgHKyAapHoll K OCH,  Pec. 2303,  Taofo-
naer apxumenony cnupane AC. Coorpercrpempp AUR JREREISMaR ne
YepBAK HOCHT HAasBAHHE apxumedosa depeaxd,

Ecan naockocTk pexymiefl rpans B OTHOCHTENLHOM IBMMKCHHH
KACAeTCA BHHTOBON JINHWH, NPHHANNEMKAIUEH YEPBAKY, TO CEYEHHE
MIOCKOCTRIO, NepOEHAKYARPHOH K OCH, AaeT ssoaeeenty AC Kpyra
{puc. 23.15). CooTpeTcTBERNO YEPBAK HASHDAETCR SH0ALICHMHOLM.

._.7.1._.... s
- ;
E.\ .—_._,.{._- i,
BEial~ !
iy s :
L
RS
5
STl £ M £
- II" . -
S & - o
Pae, 23,14, Apxumepces  wuNToRaSR Puc. 24,15, EnonppeuTran BEHTOHS N
MOEERXNOCTE AGHEDEIROCTE

4. [lepexomm pacCMOTPEHHID Bonpoca of onpelelienHy OCHoR-
HEIX mapamerpos uepsaunoli nepepaun (puc. 23.16). Cornacho thop-
Mylle (23.24) nepepatomnoe OTHOMEHHE f; OT YEPBAKA K Konecy
TaK e, kax § @ oproronansHofl BHETOECH Nepenave, paBlo

o .m_ll == -r-E T o= _z....-
tig = s Fus tg ﬁl = z: " {23+32]

TIAE Oy M @, — YIOBLE CKOPOCTH YEPBAKA H KOMCCH, Fuy H Fug — pd-
ﬂ:ym HX HAUANBHEIX UHHAHHADOB, Z; — YHCAo 3y0LER Kodeca, 2, —

CA0 HHTOK UAW XONOB 4YepBAka W [} — Yrod HakJoHd BHNTOBOLH
IHHIM uepBAKa Ha JENUTENBHOM MITHHDE.
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VYroa maknona fif yoofuee 3aveHATs YRIOM 7 MOIBEME AHT4R
piTKa weppaka, pasies S0° — Pi. Torpa notyuaem

lha = 'ﬂ:—: ' (23.33)

Tanrenc yraa y MomeT GuTe BHpAXC H Uepe3 luar sanenJjexns.
B camom aefe, eClH PAIBEPHYTH NENHTENLURI MILTHHLD YepBAKA N8
NMAQCKOCTE, TO MBI OOdYHHM BMECTO BHHTORON AMHHNI nHpAMyRs  JH-
uuio AF, naxdopelHyo K oCH ABCIHCE NoJL YTAOM 7 hofheMa Al
(cm., nanpumep, puc. 1.10). Bucota nefitema I Aupn OYAET 3aBHCETH
oT ukcaa 3axojiob sepeaka. B obuem
cnyuae BHCOTA nofhema paBHna

It = .
Torpa Taurenc yraa y Oyaer paped

By =g = . (23.31)
Wa dopuyas (23.31) noayuaem pa-
AHYC ry HepBREKA:

o=l
17 Emgy?

HaH, TAK K&k pln = m, 10

Puc., 23.16. K onpejenenies oCoon-

HEX OADAMETOR SepEHis B Uepnus I, gm
EOrG Hoaedh f: = -fri-ﬁ- — —2_’

rae ¢ = 2r,/m — KospPHIECHT QUameTpa WepBAKa (YHCNO Moy e
B AeANTEABHOM LHIMHApe wepmuka). Pauyc ry KOMeca paBeH

ry e L
] g "

ChenyeT #MeTs B BHILY, 4TO B OPTOroial6HOA YephayHOl nepeflate
peenol MOAYIL YepBRKA PaBed TOPULEBOMY MOAYMID Kojecd. Ofui4Ho
H3 YCOMOBHE pacdera na NpoYHOCTE BRJKYHHZ g BLfHpaeTcy paBnoil
g = 8 ... 13, Ocraneupie pasvephl YepBAUNOrO KOJECA U UEpBAKA
onpeiensioTeA Mo HOPMEM A LHJIHHADHUeCKHX 3yOUaThX KOJEC,

5°. Paccmotpum neificTBre cHal B uepnauHoit nepepave. K many
yepsaka / NpRAOKEH ABHAYLHA MOMENRT M,, 4 Ha Bany YEPEAYHOTO
kodeca aeihcreyer wmowment M, cun conporneiennd. Co CTOpOHB
MEPBAMKOTO KOVIECA HA FPANDL BHTKOB [e3b0H HepBAka Moj YIAoM on
JelicTryeT HopMaTdLHAR cHaa Fls, mextop HoTOpoid pacnoyiaraercs
B MAGCKOCTH, HOpMadplofi K BHUHTOBON nOBepXnocTH pesbidl. Sra
OCKOCTL HAKJOHEHA K MI0oCKOCTH, B KOTOPOH HaxomuTed ok Bpa-
LLeiis YepBsiKa, Noj YIVION ¥, PABUEM YTy NoABeMa BHHTOBOH JHHHH
(pnc. 23.17).

Ha puec. 23.17 npeaciasiielbl ceuelns pesbObl HEPBAKA B ayfineB
YCPBRANMOrO KOAeCA MIOCKOCTRED, nepneHAHKyIApHOI K OCH Yepnat
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oo KoJaeca, B paocrocTH yKa3aHHEX ceneliiil JEKHT OCh BpaueHia
yepBHka.

PaznouM cHIY Fi; no TpeM B3AHMHO NEPNeHIHKYAAPHHM 13-
rpabiendAM i HanHieM caeiyiomee paBencTBO!

Fly = Fia-} Fia+ Fis, (23.35)

re Fiz — OKDYIKHOE YyCHIMe WepBAYHOTO Koaeca, pasice Fi —
OCEBOMY YCHJMIO YEPBRKA, BEKTOPH KOTOPOrO PECHONOKEHH B Mg
CKOCTH, NEpIEHARKYAAPHO} K oCH YepBAuHoro Kodeca; Ff, — painain-
poe YCHJHE, HENPABJeliHoe K ocH 4epBAKAa Mo ero pamuycy; Ff —
OCeBOe YCHJHE HepBRUHOrO KoJeca, .
pagioe Fi| — OKpyHOMY  yeuamo bt

T 2
qepAKa. "514 - W

Tak K&Kk NpH pacuere yepBAYHOH : ) 4
F G M i v R
nepeidui GriBaeT 3afgan MomeHnT M, I ED L et i
conpoTHBAGHUA, UpHioxennHll K S LFANTULF Fi
pLIXOAHOMY YepBRuHOMY kodecy 2, & ,,if-— AR
To cHAYANA ONpefiefiiM  OKpYKHOE o i
4
yenape Fip 4epBauHOro Koseca: /;';';PHH o
¢ _ My : — e
Fla = o {2-13‘5} £

Pic, 23.17. K coaosowy anaansy scps
rme  f, — pajiuyc IeJTHTeNEHOH navsoll mepeleNE

OKPYIMHOCTH 9epPBAYNOrO KoJeca.

Tocne sTOrO MOMHO ONPEAENNTE paluaisHoe yeraie Fiy uepssig-
HOT'O KoJleca:

Fa=Flitga =2 1ga, (2.37)

rpe & — yrod HakJoHa Gokovoil rpanHi oceBolo ceveHMA peinbil gep-
BiiKa, PABHHA YTy 3afeleHid peeyHoro WHCTpymenta. [inw cTan-
AapTHHX sauensendit 3ToT yrod DpHHAMAETCH papanv 207,

Tperus cnararoman Fry sopmanshofi cuaw Fiy coraacno pue, 23.17
panna
My 4 93,38
£y, (23.38)

F

Fia= Fiztgy =

Hakower, HOPMansHYio cuny Fip MOKHO BHpAIHTE wepea Flo Tak:

’ ¢
£ - Flg o M, 2330
COSGn  COSQp COSY  rpCOSpcosy’ 3.34)

i
IF_IZ —_—

B stom pasencrse wam memsmecren yron o, Hakaowa wektopa Fi
D HOPMaNLHOH MIOCKOCTH K BIHTOBOR NOBEPXHOCTH pesnbul depBsid.
T YTo4 MOMMIO ONpPeleSiuTh CleayiomiM obpasom:
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no tax Kak Fi; = Fl.icosy, T
~F
ta ey _‘F: cosy = tgecosy. (23.40)
2
[poBefennoe HAMI HCCNEAOBANNE COPaBelinBo IR HISANBHOTO
MexafuaMa, B KoTopoM OTCYTCTBYeT TpeHue, B ueppayHoM Mexanusme
TPEHHE HMEET MECTO NPl OTHOCHTENLHOM JABHMENHH BAoJhL BHHTOBOH
NHEHE YepRAKa B BAoAbL npoduas 3y6a woneca. Tpemue Bponb npo-
thuns 3yfa Kofeca He3NaYHTENBHO Mo CPABHEHHIO ¢ TPeHHEM BAOJB
BHETOBOH JHHIH, BCASACTEHE YEro Mul OyAeM VYHTHEBATh TOALED Tpe-
[HE STOrG NOCASfHErD BHAA.
Ha puc. 23.17 Bugno, 9To OCEBOE YCHITHE F3 YEpBRKA PABHO

Fii = Fltg (v +9') = S tg (v + ¢, (23.41)

fa
rie ¢ — yrod TPeHHA B KAKHOBHX Hanpasaswoniux (§ 45, 5°), kako-
BEIMH REJNRIOTCA BNafMHE 3y0LEE yepBAunoro koneca. Ecan kosddhu-
¥
HHEHT TPEHHA B 320ENJeHHH paBed f, TO yroil @ TPeHHs MOMKHO
OnNpenetHTs No chenyioued gopmyae:
g = arctg mi%. (23.42)
Jaa cunel F. napnends 3y0a wepeasHoro Kojeca na pessly
YEPEAKA MOMKHO BOCHOAB30BATHECH (opMyJol, awanornunoit dopmyne
(23.39):

Fis My :

Fia= oS o8 (Y + §) | racoscg cos(y F §) (23.43)

Yroa e, onpejensercA no dopumyie, adajoriunod  dQopMy.e
(23.40): ,

tg oy = tgacos (v 4 g'). (23.44)

Tak Kak F¢ €CTh OKpYMHOE YCHJIHE YepBfKa3, TO ero BeJuuuHOH

MOMCHO BOCTIONB30BATLCH JUTA  ONPENeNeHHA ABHMKYLIETO MOMEHTa,

npuacHentoro & uepeary, Hweem

My = Fiiry = My 218 (v 4- ¢, (23.45)

TOE f — DALHYC JeduTencHoll OKpYMRHOCTH 4epBAkKa,

Ecau BXOAHEM 3BeHOM ABJAAETCH YEPBAYHOE Kojeco 2, 70 Co CTO-
POHB! 4epERAKA BO3HHKAEeT ocepoe ycunue F3), KOTOpoe npeicTasisfer
cofof conpoTHEJAEHHe, NpRACHKeHHoe Kk Bany uepeska (pue. 23.17).

Ecnu 3anan MoMentT M, CHjibl COnpOTHBIEHHS Ha BAJy YEpBAKE,
To ycuawe Fiy Ha nesuTenbHofl OKPYMKHOCTH YEPBAKA, COBnaialoleil
C HAa4YaNLHOH OKPYWHOCTRED, PapHO

Ml

4
Foy =
o I -
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M3 pue. 23.17 onpegeasnem cuay Fiu

Fay My
wiv—e)  ntoly =)
Hpumkymnfi MomenT M, Ha BATY SePBAYHOTO KOMECA PapeH

M Fliry thgH'_’r—'ulT:-":- (23.47)

- : (23.46)

Panuaneias cuna Fy pasua cuae Fis, Ho JeficTBYeT B DPOTHBO-

noNOHHON HANpasIendn.
Hanonen, cuay Fa, MOKHO onpefe/nTs Tak:

7
Fu = o =T (23.48)
rge Vrodl o, OnpeienfneTcd AHATOTHYHO YIray o, (CM. paBeHcTBo

(23.44)); nmeem
1g & = tg  cos (3 — ¢'). (23.49)

Fnapna 24
CHHTE3 MHOTO3BEHHBIX 3¥BYATHIX MEXAHHIMOB

§ 109. HNpoexruposanne 3ybuarTeix nepegay
C HEOOABHMHBME OCAMH

1%, Muorossennte 3y0yaTHe MEXEHHIME MOTYT OHTE BECEMA pas-
noofpasie o cBoell KHHeMATHYECKOH CXeMe H CTPYKTYpe.

Kak Gmao nokasano & § 32, Muoroseenfinthl syGuartnfl Mexannas
MOMWHO paccMaTpHiBaTs COCTORAUHM H3 HECKOALKHX H[_‘iOETEﬁI.HHX
SFﬁHHTHx MEXAHHAMOB, H ﬂﬁﬂLﬂE NERELATOYHOE OTHOILEHHE fy, AJA
MEXAHHIMA, COCTORIIErO W3 n 3peHbLen, corfiacHo dopMynas (7.35)
u (7.36), pasuo

the = (—1)" Uyligstizey ... tino1y ns (24.1)
Iin
— 1y Fufyfy «ve M 1y ZaZsBy ve Zn
tip = (—1) Firglys sse Pty f(—1) 22y o Bgp gy (24.2)

TAe M — yycao BHOWHHX 3auendenddl B ayfuatom MexaHH3Me,
I'IpnemupnuaHﬂe KHHEMATHUSCKOR CXeMBI MHOTOZBEHHODD 3y0ga-
TOTG mexaHHsMa 3arArmuaeTcd B noafope mo 3a08HHOMYy  OOLLEMY
NEPeaTONHOMY OTHOLIEHHI0 OCHOBHBIX Pa3sMEpOR KOJEC H YHCTA HX
3y6Les. [MpH ToM HEOOXOIHMO YYMTHE2TH H HEKOTOPHE NONONHH-
Tebtisie yenoBuA, CRAZAHHHE € KOHCTPYKTHBHBMH TpeSoBaHMEMM.
PH(‘.C?-TGTPHM TH YCJAOBHA HA NPHMEpPE ABYXCTYNEHYATMX 3yDuarhix
MeXanusMoB peayKTOpPOB, NOKAsanHmX Ha pHe. 24.1. Ha puc. 24.1, a
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NOKAIEH MeXaHuam, ¥ HKOTOpOro Ha pacienosenke ocell Koasc HE
Lanoweno HuKaxnX yoaosuft. Ha puc. 24.1, 6 w 6 ocH koec 1 w 4
ABMTAKTCH COOCHREMH, W, CAeOBETENbIIO, ACNMMHO YLORNETHEOPATHLOR
YCURHE COOCHOCTH, KOTOPROE MOMKET OblTh BHIp2MEHO YEpes O4eRILLHBIEe
cootnouesnd, Jna sexauxama, nacbpamendoro Ha puo. 24.1, 6,

n-+r =r.-4 Ty {24 3}
8 I sexandsma nag puo. 241, 8 _
4=y — o, (24.4)

YA€ ry, fy, ry ¥ ry — pajuych wonec 1, 2, 2’ n 5. Pasencrsa (24.3)
H (24.4) HasHBAIOTCA HCAOSNAME COUCHOCHIL.

; & , 3
ks T vl e o ¥
bR 7 [z L]
E m'/:' 'H E’L = ! =1 B
o A TP *-;fa T/E’-’.{ e
[ & ]

lmaj_z
L7 7
a f &
Puc. B4.1, CHeml ROYRCTYOEHUATEY 9y UaTse s PEAVKTUPUE o) eo0CHdA ¢ DRYMA pAems
HBXD sslenienpsaclt O) cCOCRLA € ABYME BACLNAMN JBLENAEYRAMH: o cocchtlt © ommks
BAEMIHNY B OBBNM SLYTREREHM RAUEr ACNE R

[epenarounoe oTnomenne A9 K210 CTYIEHH WHANHAPHYECKHX
KO/leC PEKOMEHIYETCA NPHHHMATE B npenenax w < 8 ... 10, a naa
KOHHYECKHX RoJec u < 5. Ecili Bo BoeX MeXamuaMax, noKasanHbx
Ha puc. 24.1, cuwTaTe BXOAHBIMH Koneca | M 2 n yCHNOBMTBCH, 9TO
ri <1y Hr; <rg TOCTyneHs [, colrosman w3 Konec ! u 2, Gyaet
Gocmpoxoduod, a CTYUeHs, COCTORUIAR M3 konmee 2° W 3, — muxo-
xo0noti. M3 pacdera sy0hes Ha npounocTh OGKUIIO NOMYYAETCH, YTO
MOYSH 2aveniennn crynedefl nodxoiw GuTe paznngnumi. OfiosHa-
YHM MX COOTBETCTREHHO #my w my,. Kak npasuno, my, oxainipaercs
Gonblwe my. [Jlanee, ALy PeAyKTOPOB PEKOMEHAYETCH PAAMYCH ry
H fy BHIXOAHGIX KONEC KamaoH nepenayd BHIOHPAThL TaK, 4TobH rg =
= l,lry. Yueno syfues 2, u 28 manwx wkonec ! w 2, eclH oHi Ha-
pesaioTen Des CMemEHHA PEKYUIero HHCTPYMEHTa, peKGMEHIyeTcs
pubnpate Tak, 49To0n OTCYTCTBOBANG noapesapue. Kenateaslio
T2Ki#e, MTOOLI MEMOCEBHIE PACCTOMHHA Oy W Gy (pue. 24.1) pupa-
WANNCH NeNBIMH uncaamy. J1as GWCTpoXogHLIX PelyKTOPoB PeKOMEH-
AyercE upcaa 3yGbeB Koflee NPHHMMATL NOCTATOUHO GOALIIHMIL

. Paccmorpunm monpoe o n€ce1{1upananfua| CXeMLI peayKTopa,
Kotopas uzofpamena ua pre. 24.1, a. llna rakoro penviropa Momuno
safHKCHPORATE CNE/YIOULEE YCIoBIA:

My = Watlpes, 3 == 1,1 (24 .5)

Ilpy npoekTHpoBaHui NPHXOAHTCH ONPENENATL GeTHIpE Henipe-
CTHHX pajHyca Kodec: r, rz, f@ M ro QA8 pewends Ml HyMeeM 483
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cooTHowenks (24.5), W3 KOTopHX BTOpoE npeacTairet coboll He-
papencTeo. Takum ofpasod, 3ajaua HueeT GECUNCIEHHOE MHOKECTRO
cinennli, YHeao HeRIPECTHHIX MOMKHO YMEHBIUHTL A0 Tpex, eciu
peiliaTh 3ajauy B OTHOCHTEABHLIX €AHHHUAX, WANpHMeEp, CcUHTAA
ppeABApHTENnHO PRANYC 7y Koneca J pamnmM ewimiue. B Takom
cayuae Gyaem HMETh

I'ﬂ- s

py =L = |, pﬁ_}, prr=—, pa=-". (24.6)
1 8

i e

[pH NpoEKTHPOBAHHH NMepexaTouHOE OTHOIICHKE g AONKHO OHTH
sanano. C caMoro Havana BOSHHKAET BONPOC: KAK €70 pacnpeleilTh
MERY ABYMA cTynemsamu pepyktopa? Tark Kak cuna, npuicxenHas
K 3y0bam Konec Bropolf cTynenH, GoJiblue, WeM CHIA, NpHIcKeRHasn
K HonecaM ﬂEFBOﬁ CTYTNEHH, TO nepenaTodioe OTHOINEHHE iy USIeCo-
ofpasno clenats OoJible NEPENaTONHOr0 OTHOWEHHS Hp. ArhM
caMEM MOMHO AOGHTHCH TOro, YTO pasMephl Kodec BTOPOR CTynenu
OKAKYTCH NPHOMHIKTEARHO PABHBHMH pasMepaM Kofec nepeoit cry-
ey, MomHO nocTaBpTh, HaNpHMEp, AoODOIHHTEILHOE YCIOBHE

g = 144, (24.7)
B sToM cAyuae, UMes B BHAy pamescTeo (24.5), noayuaem
1,443 = w3
OTKY LA -
figg = -"'P‘;‘%‘E' =083V s, we= 12V . (24.8)

[Mocne sTOro MOMHO ONPENETHTh OTHOCHTEIBLHHIE pasMep pa-
ouycoe wodec, [lna woneca 2 mMeeM

Ipunumas o BHHMaHke HepapeHcTmo (24.5), nofyuaem
pa = 1,1pg (24.10)

H, HAKOHELU, JNA pPg- HMEEM
—‘;& = 0,83 V iy
2!‘

HIH
R i (24.11)

tiyg

Hrak, ME nodyysas HeoOGXOZHMEIE COOTHOWIEHHA MEMOY Dailx-
yeaMi KOMIec, a 9T0 dHauHTeNniio ol/eruaer nankpefilles npoekTHpo-
BaHHe. i

Mpumep 1. [Jano: nepegatounoe oTHoliedne uyy = 16, Moayis nepoofl cryneis

t;t:.i,.:' | mm, Mopysb BTopolt crynens migp = 1,25 mar, CNpoeKTHPORSTE CREMY PEmy He
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Ma nepaoro coommowenna {24.8) seen
Uy =0,83 ) 16 = 3,32.

Ian onpenenciss py nonesyeucs hopuynolt (24.9): p,= 1,2 116 = 4.8,
Ha papencres (24.10) mueew py = 1,1-4,8 = 5,28,

Haronen, #s Jopuyast (24.11) nomyuwsen p.z,-=—.'—.'2:=__- a= | 58,

Teneps saaanmacs vncaon ayOines 2; Koneca J ua FEAUEHA, B cOUTREILTHRYE © KO-
TOPHM Nogpezadie JoJEHD OTCY TUTEORETE, T. €. AoTsic OBTh gy = 17, Tpuaen
7, =122, Torga

rp= 0,5mz = 0,5.1.20 = 10 s,
Momuayses  pacencreewn  (24.6), nomyuaew
g = pyry = 4 8: 10 = 48 pm,
Fge=poory = |58 [0 = 15,8

F3 =y = 5,28.10 = 528 s,

Buan nednumuie molynell my = 1 uy M= L25 mee, onpeneasm uncaa ayfiven
HoJec:
- 48 215,83 2.52 4
?z—'—f-“—ﬁﬁ- 22'=T2T_2n‘25' == = 84,5

Ha sosecax propofl crymenn wucas YOLED moAYYRARCE JPOGHEE, BLAPICTANE
9ETC B ACYET HARO BHecTi nonpanku. [Tpiwes 2. = 25 u 23 = B4, HM3-2s sioro ne-

PEABTOUU0E OTHOWEHHE Hgeq VIMEHHTCH:

g2 = B _ 54

2ge 25

Buime wia uhiean ty,g = 3,32 1t w3 = 16, B 108108 caynae g, = 3,36 1t uyy =
= 4.8.3,36 == [6,14, Ounfika m TPOUERTAX

B (&i‘l:_

15 ,
S ) 100% =~ 14,

970 He HMECT NPaKTHYECKOro aHAYeHESR,

&°. TlepexonM K paccMOTPEHHI0 PENVKTOPA THNA MOKAZAHHOLO
Ha pic. 24.1, 6. Jlas storo THR2 peflykTopa 1oaKHO YAOBJIETBOPHTHE S
yenoene coocHoeTH (24.3). TMoacrasnas B pasencreo (24.3) snavenns
F2 = Fillig L rzg == Fg:lpy, TOJAYSAELM

Nt ntg = re o roetlys,

OTKY/la HMeeM
Fym= 1y -—l-j_—ﬂi (24.12)

Hs dopmyan (24.12) cneayer, 4To ecai nepenatountie oTHOMEHIS 43

H tigy PABHEL, T. €. Wy = Ugs = V 3, TO YACBNETBOPHETCA YCAOBHE
For = ry, @ CTNEIOBATENEHO, H YCIOBHE F» = r5 YOTOBHE COOCHOCTH
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L}

(24.3) wmower GuTh TAKMkE BHPAKEHO dYeped THCAa 3yObeR Kofdec
1 MORVAH 7l H i NEpBOH o BTOPOH cTyneued peaykTopa. Mwmeem

mz, -+ Mz = mydy + M. (24.13)
Ha papencrea (24.13) nonayyaeM
My __ ata
e Ty =1, (24.14)

TAK KaK MONYADb My PEKOMEHAVeTCH BHOMpaTh GONLIIEM MOAYAA My.
Fcal NepenatoyHbe OTHOLWEHHH YAORNETEOPHAIOT DPaBeHCTRY

iy = lorg =V iy

To 9HCna 3y0neB 2y, 2y, 2 H & ONPELennioTcs Ne H3BECTHEIM dopmy-
aams

2[, o=
a= m_:: B=flhyy =4 ¥V ti
9 (24.15)
r,‘,, —
= ——y D=Iy 'I/Ihs-
My
Ll
Mesxocepiie PACCTOSHHA Quy H Gyyy PABHELR
Qo) = Qg =1 -} r2=1rpe-|n. (24.16)

£, Jlas peayktopa THna nokasannoro Ha puc. 24.1, 8 (c Biy-
TPeHHHM EHH.EI'E.I‘IE'.HI!E‘]'-'E} COOTBETCTREHHO HMMEEM YCOAOBHE COOCHOCTH
B (opMe papeHcTsa (24.4). Kpowme Toro, HmeeM paBeHCTBa

ro = nihg, Fa3 = Ferlles,

OTKY ia
rLF gy = ey — oy
I
— ,____r: b, (24.17)
23

Veaosne coocrocTd (24.4), Bupamennoe gepea wueaa 3yOwes

KOIEC M MOAYNH mip W mypp NEpBoil H BTOpoOl cTynenedl pepykTopa,
HMEET BHA

M2y + mMas == HEy — My, (24i3]
OTEY A8 noayqacs
My H4E
F ek (24.19)

'Eah' Kak MOAYJbL Myy PeKOMeHjiyeTcs BHOHPATE GOJbLIE MOLYJIA my.
CJH MEPeaTOuHLIe OTHOIEHHS s W s YAOBIETBOPAIOT VCAOBHIO

o = Hpig = 1/‘:?3,
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TO YHCna sy(bes 2y, 2, 2 ¥ 23 onpegennoren no dapmynan (24.15).
Mewocesre paceTosunn @, W G ypp PasHb:

Q| = B ) == £+ F3 = I3 — Iy, (24.20)

Moapep 2, Onperesnfs pan)c KOASC B GHOHO 3y 0ken CODCHONG PEIVETOPA
€ ABYMA CTYNEHAMH, BCAN 320AHN GERENATONHOE OTHOWENME iy = 2 W Malyu nep-

noit erymenn mp =1 ® Bropofi my; = 1,25 s, Cxema pefykiopa Nokazana Ha
pie, 24.1, 6,
Alan sToro peAyKTOpE HMECH CASEYKAUHE YoToRHA:
. m
pr— 1+ uin L _ 2+

I+ * g 242y "

HAH, B COOTRBETCTHHEH € 3AARHHLIMH YCROBHAMHE, HMEEM

T Moy

Moy 5 P ayeg _"TTE'E;zl I F gy

2y 2 1,25 =
]l e g =30,

Ecau. pecTH pacdeT g OTHOCHTETLHEIX EAHHEIAX — O gHcaax sybSwem womeca f,
TO HEHMSEGCTHEIMI BYIYT 2, Zp0s 2y M Hyy, lgey. ECTH [ONOJHHTEABHO MEHARTE

Uy = ligey =}/ tiyy = 320 = 4,47,
144,47
I+ 4,47

2, = e = 4,477,
By = Hyegfys == 0,8:4,47-2) = 3,58z,

O

By = (),8z, =0,8z,

Jagaeucy TeMEps HHCACM SYOnen Kodeca J, NpHuew BEGEpEM TAKOE YHCAO 2y,
NpH KOTOPOM HOAYMATCH 4HCHA 2., 2, W 23 0o kpaiinel] mepe GIuskue ® qucnam

UM, MOTOMY STO DABSHCTRO MEMOCERWX paceToAnME mepecht | Bropofl eTynened

JoHo GHTh BHISDMAHD TOURO,
Tax wax 2;, = 0,8z;, To aan 2, Hano B3ATL wncao 26 B 30, who Npy MeHpmRY

NHERAX ANA 2 NONYIa0TER MHCAY 0AA 2., medblue 17, Tarum ofpasoM, Mu Hames
HAEM DRINERME 3ATAYH B IBYX BAapHANTAN:
1. z,, = 0,8:25 = 20,
2, = 447-285 = 111,75 = 112,
73 = 3,08-25 = BO.6 = 8O,
Moncrasans ﬂ‘ﬂﬁpb Dt{p}'l‘ﬂEﬁiEHE A0 NAIEX SHCE pEAYALTATI B lrIDpN}'JI}" AR
AEPCRATONHONO OTHOMICHHA (g, TOAYYAEN
= 2 19,05,
qTd A uened MpaETHEH BOOMHE LORYCTia,
2. Nposcpry, fades, BTopoit BapHadT:
=23, zr=24, =447-30= 1M1, &= 358.30= 1074,
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Tiocme ORPYRACKHAR 00 UEILX SHCEA HMOEM
=3, 2, =24, &= 134, =2,=107,

M=pemaTounoe OTHOWCHEE BEIPASNTCA Tami!

134- 107
P o
thyy 5094 19,92,
uio TEKHE BOOMIE AONyCTHEMO.
Tewph nposcpRes YOOODHE COOCHOCTH,
Meppuit saphduT:

my(z +2)=1254 117 = 137,
My (250 + 25) = 1,25 (20 + 89) = 136,25,
Dropofi BapRanT:
my (2 + 25) = 1{30 4 134) = 164,
myy (20 + 25) = 1,25(24 4 107) = 163,75.

an ¥ CABLGBAND OMILEATH, NOHOMD COBNALENHA PASMEROR MEMOCENEX PACCTOR-
nHiE HE DOJYHRAGCE, MPHYSM DO BTIOPOW BAPHAHTE HETOWHOCTh OKB3ANACH MedbHeH,
geM B nepsom, OCTAHOBEMCH 18 BTOPOM PAPHINTE.

Yrof TpEDECTH MEmOCEROE DECCTOREHE 7y BTOpoll ciynesn ® aucay (64,
HAdn MPERYCMOTRETh HApEsaHNe Koneca ¥ © noaosHretkithn caouros. Jlis onpefe-
HEHHA HeofAomiMor koaddwInenTa canura nocncezyeneR opuyaodl (22.83) B Ta-
Hon BHOS:

@
CO5 Gty = s
LT

COS L,

FAe @, — MEMOCEROE PACCTORAHME, MOAYICHHOE HeMH W3 pAcTeTa, o — yron S21en-
" MEHBA PeNYLLETO HHCTpYMenTa, papwsd 2P, 8 oy — Yron sanendenin, noaysacksi
OpH MOETAIRE.
MocAe MOZCTAHONKH HIBECTHHX Han BROHTHE MIECH
163,75

CO% iy = —-I'!':‘-d_ 0,94 e= 0,933, oy = 20°20°,

Lanes nocnosayencn hopuyaoit (22.82; nas onpeneneHns cooura X1, woTOpLit
neofixogus np Hapesafnn 3y0sen woxeca £, By QuopMyIy NpeRcTAnHM Tak:

inve —iny @) (2. 4+ 2
g (V=IO b2
2
Noactapny B 3TY (OPMYIY YNUIOBHE SITH0EHHA I DPONILCEEM BOE (eoLsOEHMELE
HLEHHCAET R
(0,01560 — ©,01450) (24 + 107)
= 2.0, 364

Abcomorrull canie GyLeT panen

= fityy&g. = 1,260,141 == 0,176 mm,

= [,141,

§ 110. MpockTHpoBanHe 3YTYATHX NEPCAAY C NOABHIKHBIMH CCHMI

I°. K MnoroasenuniM 3y6UaTsiM MEXaHHSMAM C NUABHMKHBIMY CCHMH
OTHOCHATCH TAK HashinasMole RAGHEMAPHBE MEXQRISMB, KHHEMATHEA
KoToperx Oiia taMu paccMotpeHa B § 33, a cuiosol pacuer u onpe-
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Zenenune Kos(puuuenta monesuoro Aeficteun — 8 § 66, Pacemotpunm
BONpOC © OpOeETHROBAHHH CXEM NAAHETADHEX nepenay, CoCToAllHx
H3 YeTeipex 3senkes. Ha puc. 24.2 nokasanl YeTHPE THOORHE CXEMi
TAKHX mepesay.

PaceMorpeM BONpoc © TOM, KAKHE NePelaToOuHEe OTHOIICHHA MOTYT
GniTh BDﬂI’IpDHEBDﬂ!IMH YHEEIAHHEMH Nepejatani. ,H,.T!H ITOrG BOCNON b
syemca dopMynaME L8 NEepefaTodYlBEIX  OTHOLIEHHID DJaHeTapilkiX
MEXAHH3MOB, BhIBEIeHHEMK B § 33.

]

a g s z
Puc, 24.2. Tumoeue CXEMB DNSHETAPHEX PELYRIOPOHE o) © By TPeEndM apuengcnmes o nas

PRAUTHMM HOSccom] O) ¢ onHeEm BHYTEEHHARA B OIAHM BHCIDAHM SaUenJeHHEMH, &) © gnyug
AHEIDHEMT aalenaennamiic o) © LEYMS RHYTDEHHEKEN SaLeTJieHBsEMA

Mmeenm ans nepesatounoro othowiends ufl) or womeca I K Bo-
Auny H npu senoasmxHoM RKodece § Gopuyny
w1
Ui = u.f” __H‘_lﬂ—ufi' {2‘12”
rae uff — nepejarouHoe ofHoweske orT kodeca | K xonmecy J npu
HenonBHaHoM Boouae M. CooTBETCTBEHHO uMeeM

7L L O, (24.29)

Ecnu uenoiBHMHEM KoJecoM seasercd xofeco §, to Gopumy/ib
(24.21) n (24.22) npunuMaT BUA

afl) = 1 — ult, (24.23)

i 1 .
il == —@ = _!'——u'l: (24.24)

HOas conocragnenna dopmyn (24.21)—(24.24) cocrasum Talnuny
ANA nepejaToYHHYX OTHOLWEHNH, BulpaXieHHHWX uepes yncia 3yOLes,
IS MeTHIPEX THOOB Mepelady, nokasaHuelX Ha puc. 24.2.

M3 anamuaa raliisnst 7 BHANO, YTO THO € W THI & MOTYT ocyiue-
CTENATE OAUHAKOBLIE NepelaToyHLle OTHOUIEHHA W OTAH4GaoTea ApyT
OT ApYra TOABKD KOHCTPYKTHBHO HBJHMUENM B THTE & TOALKO BHELIHHX
salensieHsii, 8 B THOE 2 — TonbKO BHYTpeHHHX saueniennii. [lpH
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Tatdnwona 7

Popuysd LIA ONPeAEnEnHa NEPEIATONHEY OTHoLEHKE
THAOAKX NJZHETAPHIIK MEXAHHIMOR

Flopepa-
:'c:-;m.m Tun « Tun & Ten o Tun &
LTHEILEHT R
uh " L . T
L 2 7,2 225 2,25,
wll e EY AL LaLEY 2%y
2 EEE ] 28y Zpiy
2,2 z 2
uff) |4 (. i P
2 22 224, 22y
G ! 1 1 1
i | g 21 T P
4 Iy gy By 2y
z 2., 2iZa. 2125
ull) | 4 —L L _ A | Eifa
I 4, 2923 g
HH2
z 2,2, 2y 2,2
1+—L 142 . L L AL i
z 2475 2.0 242y

sToM AHANE30H MepefaTeyHWX OTHOWeHHH, OCYWECTB/AReMbIX STHMH
THOaMl nepefad, TeopeTHyeckH Gearpannuen. B camoM jene, ecan
nofofipaTtk OTHOUIEHHe wMcna 3yOner Tak, uroful ofiiee nepelarouHoe
oTHOWelne 1] Suao GAusKHM K efHHHLE, TO NEPeAaTOYHEE OTHOLE-
nus uffl wan ufll GyAyT CTPeMHTHCH K HYJMIO, @ Hepefarouibe OTHO-
wedna afff won ull — K GecKOHEUHOCTH.

Iuanazod nepelaTodntx oTHoWeHHR nepenady THoa a o 6 nocta-
Touno Ganzon wmemay cofiofl v onpefendeTcR rabapHTEMH Oepeladi
H KOHCTPYKTHBHEIMH COOGpaMKeHsMN.

B tabaune 8 naHu NpuHATHE B NpaKTHKE JMANA30HL NepefaToys
HHX OTHOWIEHHH, NpHHHMAEMHE NPH NPAKTHYECKHX pacuerax,

Creayer OTMETHTL, HTO NPH MAIMX 3HAUSHHAX NepeflaToyHOrO
OTHOWEHUHA Nepelad THNE 6 # 2 KosQuUHeHT HX Nofe3noro JelcTans
Gyler oueEb MANKM, 2 Ts eAYYER, Korld nepefada ocylIecTBARETCH
OT KOJecd K BOLHAY, MOMET WMeTh MecTo casoropMomende. Takum
ofpa3os, NpUMEHEHHE nepejiay THNA & U 2 B CHAOBHX MOUHLE PeiyK-
TOpAX HepailHOHANEHO,

Haofiopor, nepenaus THna a w 6 ofianaoT, Kak NpacHI0, BECOKHM
KosdupnnerToM nonesnore gefictaua: ot (0,96 po 0,98,

[loanayncs TaBnuueit 8, MOMHO YCTAHOBHTB, KaKas cXeMa nepe-
Aauy pomwea Guth npunata. [lyers, nanpnuep, Tpefiyeten cnpoex-
THPORATH NAAHETAPHYID NEPENayy, OCYUIeCTRARMIYI0 NepefiaTo4Hoe
UTdowenue ¢, pasroe i = 0,56, Tabauna ncxasmpaer, uto u = 0,5



it Fa. 24. CHHTE3 MHOTOIBREHHBIX 3¥EYATHX MEXAHHIMOEB

HE JIEH(T B UHTepBaNax NAaHETapHEX nepelsy Thona a. Ho jganboce
NEPERATOMHOS OTHOWEHHE MoOMeT OuWTh BOCOPONSBEAeHD nepeiaued
THRE §, ¥ KOTOpAro 370 4HCNO BXOAMT B WHTepRa/ul nepefsToiHbLI
OTioie i,

B Ttom cayuse, Korjla sajsnece nepeiaToNnoe OTHOLWIEHHe He
BXOLLT B HHTERB&TH Mepeiay THna a H 0, HecOXoANMO DPHMEHATH
Dose8  CloMKHLIE DIaECTaplsle MNepeAddd WAH YCTaHaBAMBAThH  ie-
CHOALKO  NocAsioebaTenbis  Coedi-
HEHHLIX [epeiay,

AL F. Tepexosum K paccMoTREHHIO

] vonpoca o nogbope green svOLes
=S = nhatteTepun nepeaad. Paceumorpe-
“J A HIiE STOTO BOMPOCa OPOGoEies Ha [pH-
P Mepe nepesaun THig a (pue. 24.2).
a7 COLYHO B PEIYKTOPAX A YMEHb-
9{3. EHUA HArpY30oK Ha 3y0ed  Kosgo
e H M3 ycnom:ui TpefoBadui K auna-

Puc, 94.3. K oopejedeums yesovmn co-  MIHECKOH YPEBHORSIIEHHOCTH MEXa-
CedcTes COTenMMICH G) CXEME TASMCTA-  ppava YOTANABAHBAIOT HE OfHH, A
G) txewa . Tpesa caTelnnTany HECKOILKO cATeLnTon (pue. 24.3),
YCTaHABIHBACMEX  NOA pasHbLIMY

yraamu. Ha pue. 24.3, 6 niokazano Tpu cateaauta 2, 2’ u 2, pacno-
Aomennux  nog yraamm  120°, mo, Bsoofiue rOROpA, MK MHCAD
MoMeT 6uTh 0 Goabiie. CaTenfuTel pacrionarairc B OJHOH nao-
CKOCTH, W OKPYMHOITH BEPUMi CATENNTOB He JOVINHE nepece-
Kateen. Ha prc. 24.3, 6 nokasann carenantel 2 u 2" 8 npezensuonm
COCEACTRE, KON ORpPYMHOCTH MX BEPIIMH PajiHyca f,s CONpHKa-
catores. Ma tpeyroasnuka A BC caeayer, 910 L8 Toro, 4Todsl oKpYy -

Tsoawrna 8

GHHEIITFIHIIBTHIHE MHTEPDANE PCREIATOMEBY OTHOILENHA
PH PAIIMGHEIY HENODRAMHLY SHCHBLUX

Mz pegatoy e

STHOWERNNE Tan o TAn & Tim @ Ten
I
Oburue: | ity —1,3.. & R — -
BeHHLIE H - .
mepenaus U '—'ﬂ'.?? ann —-*U.l.:-: - BN —ﬂ',{h! — —
a 23..80 2,0 .. 15 Cre 32 Or 32
no 1500 | 30 1600
ei}) 0,445 ... 0,111 0,5 ... 0,067 B Goaee | W Godee
[Taame- ully 177 . 1,128 20 ... 1,071
L Hue bl
nepeaati Ha 0,565 .., 0,888 0.5 ... 0,933
|
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pocTH  BEPIIHH  HE CONpPUKACANHChE, Ha10 YIOBAETEOPHTL Hepa-
CeHCTEY

2 (ris + Fia) 810 - > 2, (24.25)

o K === QUCAG CATENNHTOR H Fg W fga — PajiHYCH HaYANBHHEX
L:Kp}-’}!ﬂiﬂt‘l‘ﬂﬁ womee | w 2. Ecan nepefasa HMeeT CTanJaApTHEE KO-
Jecd, TO Paﬂ]i};[‘.u Falr Fop B Fgn MOTYT OHTEH BHPEHCE‘HH Hepes qyHcKa
Si'ﬁE:EB 21 H Z3.

(@t 2)sin > (@ +2h  (24.26)

OTKYIA

) 2+ 2
sin ‘R'-':‘..‘hm. {24.2‘”

Venosue (24.27) ua3inBaeTcl YOAOBUEM
coctdoisa.

. lpnr clopke niaHeTapHOro PEAYKTO-
pa MEpRelfl  MOCTaRAenUHA CATENAHT nod-
HOCTBIO ONpPENc/ARCT BIAHMIOE PacnoNomKe-
Hie UenTpadsiWX Konec. [lycTe, nanpuMep, ﬂgﬁ&nm"'cﬁlgpuﬁnpﬁﬁ:ﬁ;"ﬁ
CATENAHT 2 HMeeT YeTHO2 Hucia0 3y0beB BOTO MEXARTISMA
(puc. 24.4). Torna syGba a W b Gyayr pac-
noVIoweHs CHMMeTpHYHO ¥ HeHTpalsHue Kodeca | u 8 safiMyT BrionHe
OnpelefeHHOe PACNONOKEHHE APYT OTHOCHTENBHO Apyra. =

Moseprem Koneco [ Ha yron ¢y, pasnuil ofHOMY YIVIOBOMY LIATY]
TOr/a, eclr Yueao syObeB Koseca [ pasmo 2, To yroa ¢, Gyler pased

s, (24.28)

f

IMocsie noBopoTa meHTpaibuoro Koneca I Ha yroa ¢ oco A ca-
Teannta aalimer noomenne A4°, a poanao H nosepHeTCH HA YTON Gy
pasHuEf

Gy = Dyuf. (24.29)

Tpu stom Mecto nepeoro syGa Koneca I aaiier propoit 3y6 sTor0
Koeca, TakuM oOpasom, nocae sroro nmoBopoTa OCH CHMMETDHH
3yObeR HEHTpalAbHHX Konee | w & Gyayr ma ofmmofi ofmelt npaMol.
Torga mesay HeATpanbHbIMH Kodecasd | m § MoMHO BCTABATE eile
ONWH CATeJUIHT, KOHEYHD, PacnoloMenHHil B nJlocKocTH, HE cOBnajia-
0ILef ¢ NAOCKOCTbIO nepBoro cateaanra, OuenuiHo, YTO TEOPETHUECKH
9HCAO caTenanToB K, KOTOpHE MOYEHO NOCTABHTE, PABHO

Ky = ——. (24.30)
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Popuyna (24.30) ¢ yuerom suipamesin (24.29) Moker GuITL Npei-
CTABNENE TaK:

2nz 2
R = Lo 81 {24.31)
N 2.-1[.'};?} ”.“H

Hz ppupesennoll suime vadniue 7 uueer

= 1 s if
W = — e, {24.32)
g
'
Moacranann eupaxenne (24.32) B pasenctso (24.31), nonyuaem
K= BEER oy o (24.33)
1

Hucno K; snnsetcs 9uclon TEOPETHHECKH BOSMOMHEX CATENINTOB,
Npakthueckn sneno careanntos K 6yier, Kodewho, mekbtue, Tak,
ECIH NOBEPHYTE KONeco | He Ha oanH 3y6, a Ha 1 3y6LED, TO YNCao
carennnTos OyAeT MEeHbIIe B n pas:

K= _..,IiZ (B j 7 (24.34)

Yenosue (24.34) nocnt wasmanue yeaosus coopku. Ouo geficTeu-
TeNILHO W A0 CAyyan, Koraa guedo syOben cartenniTa HeueTHoe,
Taxum o0pasoM, 0pu NPOEKTHPOBAHNN CXEMEI NIAHETAPHON nepejiaun
HEOOXOAHMO, YTOGE YNOBIETROPR/AOCE 33/4HHOE MEpPelaTOYHOE OTHO-
leHne, 3LIAHABN MOAYAL, yeaonke cOOPKM, YCAOBHE COCEACTBA H
COOCHOCTE TEPEJayd, KoTopan AAf MeXanMaMa, MOKA3dHHOro Ha
prc, 24.3, wMeeT caeayiomui nui

g = 223 -+ FAT {24-35}

Tak kaK Kodeca I, 2 u J Wmeior pasuue wmoayaum, Kpome toro, pasm
CTANLAPTHRIX KOMeC Heo0XOAMMO, YTOOH OTCYTCTRORAIO MOAPesaHHe
3yObeR, a A0 BHYTPEHHETO 3AUSNJeHH: OTCYTCTEBOBANA Dkl HHTep-
theperunn 3y 0ben,

Mpemep. Tycis mpedyerca EHFOEKTIEE{JHEFL MARHETAPHYIC NEPELENY, BOCTPOis-
BOARUIYIO MEPRETaToHIOE oTHOISERE | = ,5. HH TﬂﬂﬂHL[.i:\E BHARM, YTO 570 nepena-
TreHed GTHOMIEHIE MOMET OWITh OCYWECTENSHG MEpPEmauay THna o i 6, Brtipzes

THIN @ © MEpejaTount OTHOIEHAEN u'ijj — CXEMY € BXOZHEM Komecod J W BeIXOZ-
amm Ecrmaoa M. Huees ufi’, == 4 5 enelosaveabHn, "ﬁs =1— ujsh? o= ] 45 =
= —3,5. Tar kag ull m3 Tatmuum 7 pando

“:Ié =_'_‘;?' ='_3r5r (a}
70 7= 3,5, (©)
Ha ycaonus coocsocrs (24.35) wueen
2y —2

n=220, (=)
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[, YUATHRAR yeaonae (G),
3.5 =1 2,5y

Ty = 5 g 1,252,. {r)
[Ha pasencrs (0) B (r) moay aew
23 3.5}.’. _
2 - I,Qﬁ'\;l - 2'8. {:3

Urcao ayieen 2y, Ra/ikHe GHTL Balipada Tak, umolu oTCYyTCTioBany NOnpeiane
o untepdepenunn avives, Ma tatmuuer 6, nowewenscli 8 § 103, 29, g, 4o
ec/li HEAD Zg BLISpaTh paBiun 2, == 20, 70 yneao 3y Oees £ OyaeT panno 2z = 2,87, =
= 2.8.20 = 56, 7. e, Oynet nedwme B0, 8 Tnn OTCYTCTRIA Nojpessmas neofxogiuo
e # = 6 Monpvadpaoe aBcto 3VOLER Zp.g, = 22, udo B sTOM cliyyse 3 =
= glﬁz§= 2,8-22 = 61,6, 1. B 73> G0, Taruw ofpazon, sooweT ST endpaio
7 = 2L,
3 Yeaoewe (a) B UefEX HapvOHBUINE 4ACHAX YRORAETRORHETCA, QAN BeOpATH
2o= 35 0 o2y = T0. Hueew

Hs thopyyan () noayuaew

7y

M3 radaouw 6 (§ 103, 29 cxeqyer, s1o opy uncte 2, = 20 nogpesanue syfens
ereyrernyer. Tawas ofipasov, yucao 3yfsen penywiopa pasao: 2, = 2, 2, = 25,
o= T0.

Mepexoguy & onpedpdedd Beamomsore unela K cateanwron, Ha yoooeins
cocenetha (24.27) nueen

KT Ty = B e — 48T, (e
arcsin 2% arcsin .?.ﬁ_-.!_.-.?.-. aresin __23_ arcsin 0,6 (e)
a+ 20 4 25 a5
T, & nonmno Ours K =S 4. [ance, us yonosun clopiu (24.34)
H4x M4T0 890
K= e ()

Tan wax qnena K won gosmus SuTe UBAKNMH, To Yelosde (&) npu Bradope qucaa
caveraiToR K = 4 e momer GUThL YEORNETEODEHO. YoloBmio () YEOBABTEODAET
HUCAD cavenuTon A == 3, Tak ek 8 STov eaydze uncto # = ML Momino, danee,
OMpEIEAUTE pagnyen DEnHTeNbLHEX ONpYIREOCTER Honee, ecIH safal Mogyas . Bode
PEM MOCYNE m panne o= 10 gy, Torza nnees,

_omy 1020
A TR 100 e,
LB
P, My III}EE.: = 195 m;,
= fiteg 113_;2 = 350w,

Oponepuy  yemosne eoociacts,  Huecw
rg= 2yt ry= 2195 + 100 = 350 mm,
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Onpezenacs, janee, kowilunnent noaeancro folieTERA mexsdpama no gope
myde (14.46) (em. § 66, 6%, Krodduunest noteps Yy MPHHHMAEK PABHEM Y, =
= 0,05. Torpa wsees wosddrunent nonesworo geflcrens 1), pasamu

BT |
Ny = 1= |(1 = eff) by =1 —[[1 = —=| ¥y =
Hep

—1 _’(: _L)| 0,05 = 0,96,

4,5

F'mnana 25
CHHTE3Z MANLTHRCKHX MEXAHHIMOB

§ 111. TlpcekTHPOBAHME MeXAHH3MOB C BHEWHHM 3auEnAeHHeM

_.i”"’, B § 36 HaMmu OLiM paccMOTpElH CXeMH MEXAHHIMOB Malbe
THHECKHA KPECTOR ¥ HEKOTODHE BOLPOCH BX KMHeMatHkR. Manuruii-
CHHE Mexanuaid MHpOKD NpHMEHRIOTCA B MANIHHAX-ADTOMAaTaX W
npubopax, korda seobXoanmMo BOCNPOH3IBEAEHHE ABHMKEHHA, NCCTOAH-
HOro N0 HANpAaBJEHHID, HO € NepHOARYecKoll OCTAHOBKON BHXOM-
HOI'G 3BEeHE.

B npocreiimes MexanuaMe MaJbTHHCKOIO KPecTa € BHeIHUM
sauenderned (puc. 25.1) npoduns cHMMETPHYHO pacHONMEEHHBIX
Nasos ABAMETCH NPAMOAHHEAHEIM H PajHalbHEM, H BXOJHHM 3Be-
HOM AsjAerca kpunotinn [, cnaBimen-
HHit  oguofi neexoit A. Bpems f,
IbHAEHNA Kpecta 2 W BpeMA {, erp
NoKos  enpefednioTes ¢ yueToM dop-
wmyans (8.12) rak:

i= a2 = (1—=%), (@)

iy

a0 30 2
t = @ —290) = (1 45 ).
(25.2)

Hs puc. 25.1 caenyer, uro
Peic. 206.1. Crediz MexXonHaMa Malibe
EBHCKOTO KpecTa © nRelitnM aaten- 2% = i“m'z,
SMEEEEs
20, = 11— 2¢, = nt (1 — 2/2), (25.3)
FO¢ 2 — MHCAO Na3oB W Ky — YACcToTA EpamedHs (o6/muu) 3pena /.
Caenppatenslio, BpeMs 7 nonnoro ofopora saexa ] Gyjer papno

. G}
T=lgdto=—+ {25.4)
1
HapMenpuiee ynelo z Na308 L05 BOIMOMHOCTH OCYILECTBAEHHA

nogopora Kpecra 2 (pue. 26.1) Ha noanuit noBopoT A0RXNO GHIB
HE MEHbILE 2 == J
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[Tpyu NPOEKTHROBAHNH MEXaHH3Y05 MANETUICKHX KPecToR OfLYHD
ap IEKYTHI BPEMEHH ABHMCHHA 1 BPEMEHH NOKOA KPECTA BhlpamKaioT
[ HOCHTeALHBIX eAMHHLEX T, 0 Tg, COOTDETCTEEHHD HAZMBAEGMHX
k pipryuenmon deusventa WoRoxbebuyuenmon noKos W paBuuX

t
B S SR L T
'TR—-T—.—T——;—, TE--"?. — 7 +?- {_25.5)

EHLUE G paﬁ.’hﬂ ?’TPEJTH ITIf]pM}'J'.IH A an pe,D,EJ'lE.'HHH B],'.IEHEI{H
ABHIKEHHA W BPEMEHI NOKOS AAR TOTO Cyuas, KOTAs BXOAHOe sBero [
iy er GARY [HEBEXY. B C.J'E}-"lﬂﬂ, BCAM YHCAO LEBROK M EOJ'H;]HE' EJAHEHIIE,
T iIa!-EﬁUJ'ITJI.EIEE HX "HCao npnH EltMMETp:ﬁ:HDM HX pﬂCﬁﬂHO}i{EHHH
Oﬁ]}e.ﬂfﬂ“ﬂ'rfﬂ H3 mﬂ,ﬂ}'iﬂulﬁ"rﬁ HEPEBE‘HCTBE‘.-

2n 2 (25.6)

27— ———
M5 =T—2z"

[lp# NpoeKTHPOBEHWH MaALTIICKHY MEXOHWZMOE NO 3aNaHHOMY
yray 26, NOBOPOTa KPECTa W OTHOCHTEIBHBIM BEAMUHHAM Tp, Tg
MOHHD NOMLICEATECA Tabauuedl 9, cocTaBiaedHoH AN8 MHCAE NE30D
z=35..12, T2k Kak kpecTh OOLYHO He HMEIOT GOMBILErO 4HCNA
Mnasce.

Ha paccMorpenss TaGauuu 9 DujfHo, 9To 448 MaALTHHCKorD
MEXAHH3MA ¢ OAHOA UeaKod npu uHcoe nasob z = 3 KosfpHuHenT
ABHMeHuR T, pareH T, = 0,1667. C ysennuenneMm uucja z nascs
kostpHilEHT T, Bo3pacTaeT, Joctirad npu z = 12 3pavenus 1; =
= (,4167.

. Tlpu pufope napaMeTpoB MafbTHiCKHX MEXaHN3MOB HeoOXo-
OHMD YUHTHBATL H KHHeMAaTHYecKde XapakTepucTHKH MEXaNHIVOB,

TaOanpma 9

Pﬂ.ﬂ"lET!"':blE llBﬂH-ME'.'FFH MaJTh'I'Hl-!'EHI-!I MEXAHHIMOD
© BHELIHHM BLUETACHEEN ¢ © OJN0H Dessod

¥roa NOBEORITE 3R0EA I
COOTRETTTBVIOLIR T Vren
e : s ' :
HpecTd IO R TS “‘Il::rj";g:m it n =T ™= ?:'1
x Sy = an
'—‘t«--n(t+?2-) gy = ==y
d A00 fin® 1208 0, 1667 0,8353
1 7 ap* 40° 0, 2500 0, 7500
5 gnRge Logs i 0,3000 0, 7000
b 244 1207 GiF I, 3133 06667
7 231° 26 P2EY 34" 5l1® 26! 0,3571 0,5429
B B5" 1352 45° 0 3750 0,6250
Ed 2 1408 40° {1,3889 0,611
In 216° 144° - 01,4000 0, G000
1 215" 44° 1477 18" 316 0,4090 L5510
12 210 150° ane 0,4167 {t,5833
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Ecay reryuine yriu nosopora 3eexa I n kpecra 2 ofoznavnth yepes ¢f
il T3, TO A8 npoxanodsHoTe noaoxkenua A' uepkn B naay (pue. 25.1)
Oy 1eM HMETh

u L
R 5Ny
=, 25.7
L 51T [qpl - u:p?} { )
Tax rax ecoraacHo pie. 25.1
I ; I
T=sing = stn% =4, (25.8)
To ypaoueHnse (25.7) npuMer Bug
s sir:qu e
£in ({pl -+ q:-.J
OTKYAd nojiydaen
A sin g Asing]
tg pf = ————, s = arelg —————. 25.9
2 1 —Ahcosy ¥ cle I —hcosg {£0:94
Ananor gg yraosoll cropocTi Kpecta £ pasen
. dys Afcosgp —2
¢2# 'pia: {_ : = ]:,. [25-]9}
dip, | —2hcosyy + A
Ananor ¢¢ yrioporo ycKopeHus Kpecra 2 OyneT paneH
i dig; h(1—a%)sing;
G2 =-‘—( .J . .}n i (25.11)
dy, {l—-ﬂmhih—i—l)
¥rnopaa cKopocth wy KpPEcTa paBHa
Wy = oy, (25.12)
& YTIOBOE YCKOPEHHE £y KPECTa BLIPA3NTCA TaK:
e = qhoi, (25 13)

Fage @; — YraoBas cKopocTh sneda [,

Mz dopaya (25.10) n (25.12) caeayer, 4To yrioBas CHOPOLTB Gy
KPECTA pABHA HYJIO, ecfIH PABEH HYO YHCIHTENb Bapamenns (25.10).
Hueent & {(cos qf — A) = 0, nan cos gf = A, 11, jalee, YUHTHRaA
pasenctao (25.8), moayuacm

cos ¢ = sin (n/2),
OTRYAA HAXOIHM

T e. VIVI0BAA CHOPOCTh (9 KPECTA pABHA YO NPH BXOJE M BHIXOAE
LERKN 44 1a3a, i, CGISNODATeNnHD, HECTHKHe YLapH B MexauHse
OTCYTCTRYIIT,



i 111, MEXAHMAME C BHEWHHM IAUENJIEHHEM ROO

VraoBas CKOpOCTh @, KpecTa Oy0eT MakcHMalbHol » pasuoff
@ (maxp HOFAS YroA ¢ (yler panes gf = 0, T. 8. B DOJOMEHHN,
KorAg Och naza conajzer ¢ npavod 0,0, (pre. 25.2). M3 dopuyan
(25 1)) chaeayer, 4To B 3TOM MOJAOMENIH #HALOT yraosoll cHOpPOCTH
I'r-fl.ﬂ.ﬁ-'l pﬂBi‘H

(25.15)

Pomax = T3 *

B stoM NOMOMEHHN YIJ0BOE YCKOpeHMe ey, KpecTé PABHO HYMO
VIAOBHE YCKOPEHHS ) KPECTA B MOMBHTH BXOAA N BLIXOA3 [EBHH
113 34UENJEHHS pPARHH

g = quof, (25.16)

;16 alCOMIOTHAS BEAMYNNA aHanora ¢ YrAOBOrO YCKOpenws e,
coraacio gopuyae (25.11), umeer BRI

; S’:ni(!—sin!i!)sm (_.:_}__:_) ) . :
o ['*"-:““f;m(%*%)+sm"‘-i-]*_' lgT. (@517)

Vs opuynt (25, 17) cnenyer, 4ro Tak Kak nfz =0, T0 B MOMEHTH
fotasa B KO UnBOpOTH Kpecla OH HMEET HEKOTUpHIE YCKOPEHHS,
Kl TOpBe ONpeisifior MIrKWi  ymap.

[py yMeHBINCHAN Wile12 na3oB Bo3- N
PreaCTanT MAEKCTMANBHBIE VIAOBRE CHO- i . !
frOocCTH KpecTa i YINoohE YCROpEHHA & I | : ;
G MOMEHTRE BXOAa M BLIXOAAS HEBHKN H3 i g i ]
sanenaednn. Peskoe BO3pacTaiie yoeKo- } : : ty
fieaiifl, @ ¢ HHM H AHHAMHYECKHX Ha- ”“{ Ty
[PYI0K ADRTACTCHA  CYLIECTEEHHEM He- ] % Y
NOCTATHOM ManbTHICKHX MEXAHHIMOB \:‘:JI'-'E-

€ MARLIM YHCACM BAZ0B Z

3. Ochosume pasvepts  3selibes  fue bl I o e s
MadeTufickoro Mexanwama (pue, 25.1) I NN
ONpefiensiores  cagiymigsy  ofpazoM.
Ecan sanako mewocesoe pacctosnue (0,0y) = L n Bulpano YHoIO
¢ Masop Kpeera, TO pagiyc R KpHBOLIANA paBeH

R = L sin g, = L sin (n/z2).

Paccronkne S or ock BpallleHHs KpecTa A0 TOPLOB €ro nascs
Panno

S = L cos gy = L cos (7/2).
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Hauua h nasa kpecta onpeaenuTcA u3 puc. 25.2, ma KoTopowm
NOKA3aHO NOAGMEHHe MeXAHHAIMA ManbTHiCKOro Kpecta, worga ock
naza coonasaer o apanes 0,05

h=8+R—L-+r

roe r — pazuyc Uenpky, H, dasee h = [ caﬁ%+ s'rn“T — I) +-r.

4. Ecan ascuo 1 (pue. 25.3) umeer ie-
CHONBRO CAMMETRHYHD PacnofioiieHibiE 1EBOK,
T YHCJAO M 3THX UeDoK Moxer OWTh onpene
nesn w3 Hepasenctea (25.6). Ma storo Hepa-
BSHCTBA CABAVET, YTO HHCAD M UEDOK MOMer
BuTh B npesenax mo=1 . B.

Ha pae. 25.3 nokazad MaZbTHHCKRA MeXa-
HE3M C UHCAOM Uepo¥ m = 3 M UHCIOM Nason
z = 4, 40 YiORNETBOPRET Hepapeuctey (25.6).

¥Yron 2, noBopoTa 3nera I, NpH KOTopoM
NpoHCXOART NOBOPOT Kpecta 2, paney, no dop-

myne (25.3),
Pug, 26,3, Cxesms  wexas

= i
o o =n(1—=). (25.18)
JEHDEM i TPeMA UoREaMA F

¥ron nosopora 2, speda J, npH KoTopom KpeeT 2 HaxoldToH
B MOKOE, papeH

2
2y =2 2gy =t A =a (2 2 1), (25.19)

Kosjduuuent ABHMEHHA T; paBeH

23 2y = "ﬂ(z"-?}_ 95,
= By + 2 P {20.20)

Fnapsa 25
CHHTEZ KYINAUKOBRIX MEXAHHIMOB

§ 112, OcHoBHBIE THOL IJOCKHX KYJA4KOBLIX MEXaHH3MOB

I°. B uacroauem naparpade Mbl paccMoTpiM OCHOBHEIE THITH
KyJaukoBRMX MeXaHHaMon, fpPHYEM A0 ynoGCTBa  paccMOTpenHs
p&EDﬁhEM STH MEXAHHWAME B 3ABHCHMOCTH OT JADHMCHHA BHXOLHOMD
AREHE Ha cagiyMHiHe TpH BHOa

1) puxoance 3BCHO JIDHIETCA ROCHLNGNMEALHO,

2) BuXONHOE. 3BEHO EpAUACITICS,

3) BuXOAHOE 3BEHO COBEPINAET CAOMCHOE OBUNCEHUE,

[Npumepos MEPBOrD BHAA KYJAUKOBWX MEXAHM3MOB MOMET cay-
FMMTE  MEXAHH3M, KHHCMATHYUECHAHs cXeM3 HOTopOro  HoKasaua
Ha puc. 26.1, a.
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[lsaBAp, OrpaHuucHHEA B CedeHHH naockofl Kpueolt /, spa-
jaeTcil BOKPYF och A ¢ sajaunoil yraosoli ckopocTeio . [eiieTeys
pa poauk &, cso0oARO BPAILAWILHICA BOKPYr OCH, UHAwnap [ aa-
CTARIRET 3Be10 2 ABHTATHCH [OCTYNaTenbHo B Hanpasaswowux C — C.
VenopHMCH B KYJAaTKOBLIN MIXAHHIMAX HA3LIBATD KYATUROIL TO 3DCHO
pelcel  (apH, SJIeMEHT. KOTOPOre HMEET NepeMEHHYIO KPHBHIRY.
{Tpoputess NAOLKOZO0 KYAQYKG YCAOBHMCS] HajklBaThb KpHBYIO, nony-
yaCMYI0 § CEUEHHH STEMEHTA KYNauKd nJocKoro MexaHussa mio-
CKOCTRIO, TAPANICALHON nAoc-
KOCTH ABHIKEHHA Kynayra,
Torna B MeXaHuaMe, MokKasaH-
oM na pue. 26.1, a, seeno [
HANAETCH KyaauKos, 4 Kpuoas
r — Npoduied KYJagKa.

Ha puc. 26.1, 6 nokasad
prOpofl BHI KYJNaYKOBOrO MC-
xanuama. Kynauok [ epamaer-
Ccf € 23aj4AHHOH YraosBo# CKO- e e
pOCTEIO . JICHCTRYS HB POMHK g} ¢ noetynsmenin teumyiares vt o ot
4, Kynauok [ sactapasiersseno [0 B € O e Bk
2 ppamareca sokpyr ocu C. apenom

Ha puc. 26.1, 8 noxazau
TpeTHil BHA KYJAuKOBOrO seXxaHuasma, Kynagok J mpamaerca BoKpyT
OCH ¢ YrAoBoH cKepocTsi @. [eficteys na poauk 5, kyaauox [
SacTagnger speno 2 COpBeplaTh CADHMHOE ARHMEHHE, B TO Bpe-
M Kax spenkd 3 H 4 ppallaioTcs cOOTBETCTBEHHO BoKpyr ocell E
n F.

2. BAYTPH HAMLOTO BHAA HYJAUKOBMY MENAHHIMOB MEl MOMeM
MOAYIHTE pALTHYHLIE PASHOBHAHOCTH STHX MEXAHH3MOB B 3ABHCH-
MOCTH OT XapaKrepa ABHMEHNA KYyJAauka, BIaKMUOM0 pacnoicmenHs
Ky/iauka M BWXOAHOTO 3BEHA, TeOMeTPHYECKHX ¢opM 3JeMenTa,
NpRHaLIeRalero BuXoanory sseny. Hanpumep, kynaykobHe mexa-
HH3ML ¢ NOCTYRaredbHo ABHMYUIHMCA 3BeHOM BHOA, NOKAa3aHHOro
Ha puc. 26.1, @, MOTYT HMeTh pas/iHuHHe KHHEMATHUECKHE CXeMH,
NoKazaHHbe Ha puc, 26.2, Tak KaK KyJAauoK MOMeT BpallaThes BOKPYD
Henojpuamuol ocn A (pue. 26.2, @, 6 W 8) BN ABHTATECA MOCTYRA-
TeAEHD (puc. 26.2, 2 u d) Broab ocHl ¥ — x b T. A. Ock iy — i BHIXOJNI-
HOTO 3Bena MoMeT nepecekatk ock A Bpamenus kyaauka (puc. 26.2, a)
I He nmepecerate ee (puc. 26.2, ), ofipasys HeKoTopoe Kpartyafimee
paceTonnue, paskoe [. Ock y — y nBUKeHHs 3BeHa 2 MoxkeT GHTh
NEPNEHANKYAApHa K OCH X — X JBHKeHHA KyJaauka (puc. 26.2, 2)
Hau ofpasopars wekotopuit yroa o ¢ ookl x — x (puc. 26.2, d).
Haxoneu, sexonnce speno Momer okanuupatbes Toukoi C (ocTphen)
(puc. 26.2, a u &), kpyraum ponnkom 3 (puc. 26.2, 8 u 8) wny npamod
a— a (nnockoll Tapeakoill) (pHe. 26.2, 6).

Brrxoguoe apeno 2, ABHMYIEeCs NOCTYNarenbHo, HOCHT Ha3BaHHE
MOAKAMEAR BAW wmanai.
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Bulxogioe 3sedo 2, npauldiolescs BOKPYT HenoAswm#ol oo
(puec, 26.1, 6), HocHT HASRAHHE KOPOAWCAG, H DBLIXOOHOE 3BeHO 2,
iMelomee camuioe Apiaeniue (26.1, ), Hasmpaeten wamynos. Ecan
OCh ff — § TOAKATEAA TNPOXOINT 4Yeped ock A BpalleHds KyJaauka
(pue. 26.2, a), o Takol meXsHuaM oOLIMHO HAILIBAETCS KYAGYROSHLS

J,rf

Pre. 26,2, Cxemil KYSaukonss MEXZHNIMOE: &) C NOCTYRATENALES QRHEVEIMEH TOAKATETEM

¢ coTpues He kowue; O) ¢ IAOCKEM TOAKETENEM; §) ¢ NOCTYNATEALHO ARNEVIIHMEN TOAKaTE-

DEW W pOAHKGM; &) € BOCTYRETENLHD NBN M VIINMCA KYA89H0M B rONKETENeM ¢ coTpuen: &) ¢ Nos
CTYIATCALED JBHHYIHMHCE HYABTHOM, TOMKBTCAEM I POAHKOM

MEXQMUAMOM € YeHmpaisHsim moaxamenses, Ecan ock y — gy OTCTONT
Ha Kpartuailiee paccTOAHHE e oT ocn A BpameHHA KyJauka
(puc. 26.2, 8), TO TaxkoH MEXaHH3M NasBIBAETCA KYAQUKOBWM MeXa-
HUSMOM €0 CMEWEHHOM moaxameses. Mexa-
HHM3M, MOKadaHHWi Ha puc. 26.1, 6, HocHT
HAZBAHHE Ky AQUR08020 MEXAHNIMGA € KOPOMBICAOM
HT. A B 3apHcHMOCTH OT XapakTeps JABHIKEHHs
BHIXONHKEX H BXOJIHRHX SBeHLeR, TeoMeTpHue-
CHHX opM  SJEeMeHTOB 3pelibeB, pacnoaoHe-
HHH HHESLIHY KHHEeMaTHUECKHX Nap, b KOTopHe
Puc. %6.4. Cxewa  my- BXOIAT 3PeHbBR KYJAAUKOBLIK MeXaHW3IMOB, MEl
Moporn cann nntamnwa.  MOIKEM MOAYNHTB CaMble pasiudibie THIb K-
e % nwuRz Jaykosuiy  Mexannamos, Hawubonwmee pacnpo-
CTPAHEHHE B MALLHHAX TMOIYUYHIH THIL Kynay-
KOBHIX MEXAHUIMOR, OOKalanHue na puc, 26.1, g 1 O, W Kynauxo-
BHE MOXAHH3IMEL, CXEMb KOTOpHMX MoKasans Ha puc. 26,2 u 26.3,

d . [lpu pafore KYAfMKOBLIX Mex&HHaM0B ueofXomuMo, 4Tobsl
GED NOCTOSHEOE CONPHKOCHOBEHHE BXOAHOND W BHXOAHOMD 3BEeHbER,
3o conpukacanne Moser 0wtk oOecneueHc, HanpuMep, 4HCTO rec-
METPHYECKY, €CIH BHIOIINTE Npohuit Kynayka B opue nasa a — 4
{puc. 26.4, @), GoKoBme NOBEPXHOCTH KOTOporo oruGaoT poauk 4.
[Mazopwil Kynauox ofiecnednsast recMeTpHYecKoe saMBKanHe Bhiciedl
Maphl KYJTauKoRoro Mexaniua,

Ha pne. 26.4, 6 norasad Apyroil cnocol KMHEMATHUECKOTD 33-
MBIKAHILA — ¢ NoMDOWSsIo anyy poaukos J u 4. Tipu Takow saMsiKanuu
Ba npofufin KyMauka HAKNanWHBAETCH JONONIHHTENIEHOE YCAOBHE
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ARCHCTBA CYMME OPOTHBOOONOMKHEX pagiycOB-BEKTOPOR Four
LeHTPOBOrO [PO(HAA KynauKka paccTOAHMIO [ MEKAY OCHMH BpALLenia

Pirc. 6.4, Cxews HYAaUKOFHX  MEXBHN3= Pic. P0.5, CxeMul  EYN29HODER  MEXBHHIs

MOB © PEOMETPRUSCKAM 3aMEKAHHEs 2) ¢ nas MOEB C CHRIOBLIM ZOMEKZMHEM: 0] © [OCTYITHE=

BORLIM KYABEEKOM, ﬁ] ¢ ABYMA TOAHaTEAANH TeRBHD AR YULEMOE TORHATENEND i) © Doz
0 paMiEe BPaTHO-A PRI AL NACY KOPCHECT DM

ponnkos 3 u 4. Yaule Beero npuMEHRETCR CHOBOE 3aMbKaHHE ¢ no-
souslo npyxueEe 4 (puc. 26.5, a v 6).

§ 113. Mcxoanple paHnbie AAA NPOEKTHPOBAHHA KYJA4YKOBHIX
MEXAHHIMOB

1%, Ytofs crpoexTHpoBath npoduib KYNauka KynauKkoBoro Mexa-
HH3Ma, HepGxonumo eGpars

a) KHHeMaTHUSCKYI0 CXeMY MeXaHHsMa,

6) 3aK0H JBHKEHHA BHXOAHOrO 3pena B QyHkuun obolwennof
KOODAHHATHL,

B) HEKOTOPLIE OCHOBHEIE pasMephl BREHLen,

Budop TOH HIH HHON KHHEMATHYECKOH CXeMbl MeXaHH3Ma Ofnpe-
fensieTel B (epBYI0 OYEPEAb H3  KOHCTPYKTHEHBIX coofpaxenud
HEoOXOAHMOCTHIO BOCTIpON3EeteHHn Tpelyenoro no yocaoBHaM TeXHONI0-
THYECKOrO NpoLecca ABHMKEeHHH Bbl- g
suanoro spena. Bufop askona apx- /
HERNS BLIXOLHOIO 3BeHA B QyHKUHY ol
ofobieH ol KoOpAHHRATH ABAREICH i
CCHOBHEIM  3TANOM B NpoeKTHPOBA-
HH KyJaukoporo Mexaunama. [lpn
Bufiope 3aKona JABHMeHHA reoGXo-
Aumo, 9ToOH STOT 3aKOH YROBJET-
BopRa TpefioBaNEAM TOro TEXHONOT H-
YeCKoro Npolecca, AR BRnOJHEeHHS
KOTOOLO MPOBKTHDYETCS KyMauko- o o 6 sexmuons neosms o
BRI WEX#1HHEM

Hanpumep, Ha puc. 26.6 noKazan Kynaukopuoifl MEXNAHHIM HOMHHIL
rondeToofepTodiore ABTOMATA. TIpH Bpamennd Nasoboro Kynayka [
YrACoBOH puiyar 2, pONHK KOTOPOro NEpeKaTLBAETCH B nasy Ky/aauka,
HOBOPAYHBACTCA BOKPYr OCH A, NpoM3BOAR OTKPHTHE M 38KPHITHE

I7 u n Aprofianencund




al4 Fa, 26. CHHTES KYJNAYEOBLIX MEXAHHIMOB

HOMKHHIL, Ae3BuA KOTOpEIK npeicTasinioT cofoil zpedba 3 u 4. Tarum
ofpasoM, Bpemst T moNHOrO UHMKAE ABMGKEHNHS MeXaHH3Ma COCTOWE
H3 BPeMEHH [; SaKPHITHA HOXKHHLL, BDEMENY {, OTEPLITAR H Bpeuent f,
BHCTOA (nokon) Homnell. Takus ofipasom, nonnoe spems T asmxenus
MeXaHHIMa paBlo

T= 41+ . (26.1)

[MpoMemyTRE BpeMenu &, I, M I BHOHPAITCA B COOTBETCTBHH
¢ Tpe(OBAHHAMII TEXHONOTHYECKOTO APONECCa H MaKCHMAaNbHON Nponas
BOOHTEALHOCTH MeXanuama, SHan pasMephl ZREHHER  MeXauiiuMa,
MOMHO OnpefenuTh pafioduit yron @p NOBOpOTA puiuara 2, COOTBeT-
# CTBYIOWHH NepROAaM BpeMens {, B {, uad

COOTBETCTBEHNO YTVIaM by H (1, NOBOPOTA

kynauka. Takum ofpasom, pugar 2 no-
tfy) DBOPAYNDBEETCH Ha yroa @y B OMHOM Ha-
7 NpaBAeHdH 3a Bpemst [, WIH OpPH MOBO-
pore KymauKa Ha Yroa @y, OpOM3BOIA
sanpuiTHe Homuuy. flanee, pumuar 2 no-
BODAYHBACTCA Na TOT e Yroa Q:lu B npo-
£ THBONOAOKHOM HANDADJACHHH, 33 Bpems |,
HWAH NP NOBOPOTE KyJauka Ha yroa ¢,

e Ao | e | NpOH3IBOAA OTEPHTHEe HOunL, Haxonen,
[ e | gosr H;,ﬂ.; 28 epeMs [y NpH NOBOPOTE HA YO ), BLé

e CTOs puyar 2 fonxen OGLiTh HenoABHMKEI,
s T - HMues 374 pannuie, MOMHO OOCTPOHTE

Ef:f:'..zfﬁ?kg:ﬂiﬁérﬂ:;gamz::: YCAOBHYIO AHATPAMMY IBHMCHHA pLIYAra
My ua pre. 35 2 W TAK HAZLIBAEMYID GUKI0SDAMMY HE-
xanusna (puc. £6.7).

Ha pue. 26.7, a noctpoena ycaosuan gysnkunn nonoxenui, T. e.
3ADUCHMOCTE = @ (). YeaoBoeTs mmarpammesl puc. 26.7, @
3aK/IOYAETCA B TOM, YTO H3MEHEHHWe Yrjia ¢y B (QYHKIMH yraa ¢
NPHAATO JiTHeHHEM.

Puc. 26.7, 6 npeacrasnser cofoll NmknorpaMsy MexaHuama,
Ha nei nokasakbl yraw @, g, H (, COOTBETCTBYIOIHE MOROPOTY
Kynauka [ sa spesa f,, £, # Iy,

2°. PaccMOTPHM HEKOTOPYIO THNOBYIO (YHKITHIO NOJOMKEHHs, 33-
JAaHHY0 B BHAE rpadHKa 3aBHCHMOCTH §; = § (¢,) (puc. 26.8, 6),
Fie s, — AnnellHoe nepemellenie Tokatens 2, 4 ¢ — Yroa nosopoTa
Kynauka (pwe. 26.8, a). Ilycts yroa nonopora xynmauka @ = 2g
COOTBETCTOYET OOMHOMY DHKAY ABHMeHdHs MeXauwnzma, Ha yrne
NOBOPOTA (] NPOMCKOANT NMOABEM TOJKaTens ua peanunny hl, Janee,
Ha yrie nopopoTa ¢! ToAkareab umeer ucToll. Ha yrae nosopora ¢!t
OPONCXCANT OOYCKAHHE TOAKATeNs HA Beamupny AU = B — fIV,
[—Fa yraie nopopota ¢} TomKateap mMeer sTopofi smerofi. Ha yrae
nuBopoTa @ TOAKaTels ONYCTHTCH HA Bedwuuny AY, W Ha yrie
nozopora ¢y Tonkarens BHOBb umMeeT Buletoll. Yraw !, glf, ¢!l ...
HOCST HasBauue ghasosnix yeaos. Yuactux kpHEod 5 = & (g), coor
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peTcToylounit hasonomy yray ¢!, nasupaercs gasol nodsesa, notouy
y1o MPH NMOBOPOTE KyMauka HA STOT Yrod rpafmk NBHMKEHUN TONKa-
rean 2 moanssaercs (puc. 26.8, 6). VuacTkH Kpusofi s, = s, (g,),
cooTRETCTRYIOWHE yroaav ¢, ¢l u @), nasupawoTen dasamu eucmos,
y, HaxoHel, ydactku @' w o) — dasod ongyckanus, uGo Ha sTHX
yuacTKaX TpaduK JBMMeHHs TOAKaTens onycKaercs. Herpyauo
puneth (puc. 26.8, a), wro na yraax ¢, ¢!V u ¢!, coorpercreylommux
diazaM BHCTOA, npodunb Kyaauka [ pomsen OulTh OUepden no gyraM

&
A
-t-...%\ J_,'" i ] ﬁr{ h"h.._ j#vfmf-—ﬂp'mﬂ
By - = =
L S I O L R A
FE— T eam -
]

Pue. 86,8, Kyapuaxopul MexenasM € DOCTYNETEALHO JANEYOIEMCA TONEATEANM: O CxEMA
MexianHana; ) saKon ARIRENNA BLHXOLUOTD ABaia

OKpYM¥HocTed ¢ pamuycamu r -+ h', r + h'Y » r, roe r — HanMenb-
Ll paguyc-pextop Kynauka. Ha yraax ¢l, ¢! u q¥, coorsercTsy-
WOUIHX asay noagbeMa WAH ONYCKAHHA, NPOPHIL KyAauka AOJKeH
COOTBeTCTRORATE pUOpaHHEM HA STHX (azax 3aKOHaM JBHIKeHHHA
§a = 5 (). Ha puc. 26.8, @ yuyacTkn KyJnauKa, CcOOTBETCTBYIOULHE
STHM hadam, nokasanu ycronno wrpuxosoi munuefl, Ha puc, 26.8, a
U 6 OBA pacemoTpen KyJaukosbill MeXamiam ¢ AOCTYNATENRHO ABM-
HMYWHMCR 3peHoM, HO BCe OMPENSNEHHA H MOJOMKEHHN ApPHUMEHHML
H N8 KyJaukoBLIX MEXAHMSMOB C KOpOMuicnom (HanpHMep, Buja,
NoKasanuoro na puc. 26.1, 6 wan puc. 26.3), B sTux cayyasx no ocu
OpAHHaT (puc, QE-E. 6) caenyeT OTNOMHTE YIJIB G, NOBOPOTA KOPO-
MHCHA 2, W TOrAa noAyuaeTcs IATHCHMOCTE Gy = Qg (¢y). Bubop
Hanbosee paunONANEHBK 3AKOHOB ABIGKEHHS DHXOAHMK 3BEHbeB
17+
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SEBHCHT OT MuOr#x Tpefopannil HKUHEMaTHUECKOro, AHHAMHYeCKOTD,
KOHCTPYKTHBHOTO M TeXHOJNOIHUECKOrD XapakTepa, Ha HeKOTOpHX
H3 KDTOPLIX MBl OCTAHOBHMCR B CAefyicules naparpade.

4. K McXOAHMM ZAHHEIM LA5 NPOEKTHPOBAHHA KYJAYKOBHX MeXa-
HH3MOB CTHOUHTCA TaK:e BhIGOp OCHOBHHIX pPasMEpOB HX 38CHEER.
Jhech cHAMAMA HALO OTMETHTE JKeNaTelhHOCTh OONYHEHNH HAHMEHb-
1HE rafapHToR MEXaHH3Ma, JOCTATOYHO BLHCOKOrD ero Kodjxbiumienta
NONEe3HOTD AeHCTBHA, VCTAHOBJEHHE DAZMEPOR HANDABIRIOWHY A5
ToViKaTeneil, onpelefiedde NHAMETps pONHKA HAH PAasMepon MmIoCHDH
Tapeki TOMKATeIn o KopoMelcaa ¥ T. JI OcHoBHEe KOHCTPYKTHGHEE
[HIMEDE SBEHBER KYJaUKOBLIX MeXaHHIMOB TAKME CEA3AHE 0 ¢ pacye-
TOM H# NPOMHOCTb ITHX 3ReHBeB, HIHOCOM Npodiacii 3MeMenTos BHIC-
el KNHeMaTHMecKol napul, HaleMHOCTH padoTe MeXaHH3Ma W T. A,

Kak ncerpa, npH KOHKPETHOM NPOSKTHPOBAHNY TPYIHG CNPOSKTH-
pOBATH KYNAUKOBMA MeXaHH3M, HKOTOpHN yiosaersopsn 6k Been
TpefyeMuM MOKazaTeNnM B oauHakonoll crenenn. TostoMy B npouetee
NPOEKTHPOBAHHS  KOHCTPYKTOP OORMHO NPOCHUHTHBAET HECHOJLKO
BAPHAHTOR CXeM MeXaHusMa H pulHpaer M3 HHX ONTHMANRHBIH BA-
PHAHT HJH CTPEMHTCH, YUYHTHBAS TEXHONOIHYECKOe Sailande, yIOBJET-
BOPHT: B TOH WA HHOH CTeneHH OCHOBHBIM KHHEMATHYECKHM, AMHA-
MHHECKHM, KOHCTPYKTHBHHM H TeXHONOTHUYECKHM TpcloBaHHAM
K pARIHOHANLHON HOHCTPYKUHH MeXamuama,

Huxe, B ocobom naparpade, 6yayr Gonee nonpoGHo paccMOTpeHk
HEKOTOpLIE BONpOCH BGOpa OCHOBHHIX Pa3sMepoR 3DEHLEB KyJadKo-
BhX MEXaHHIMOB,

§ 114, 3aHOHE IZOHMEHNT BRIXOAHLIN IBEHLEB

I°. TeoperTHuecKH KY/JAYKOBEIMH MEXAHHAMAMH MOMKHEO OCyUIe-
CTBANTh CAMBIE PAsNHYHLIE 33KOHLL ARHIKEHH®, HO Ha (pakTHRe
NoAL3YIOTCA TOARKO Teml, xoTopue ofecnetdnpainT fonee OpocTyio
TexuoaorHio ofpaboTi i NpodHAn KyAauka H YAORISTEOPRIOT KHHEMA-
THIECKHM ¥ THHAMHYECKHM TPeOORAHHAM K KYN4UKOBOMY MEXAHH3MY.
Paccmorperde 3THX 3aKOHOB Gy/eM BeCTH AR YeTHpeX xapakTepHhbiy
a3 AEHEREHHA BLIXOOHOrO 3peHa: dashl Nofsema gy, (Pasul BepXHero
BEICTOA Py, PASH ONYUKAHHA @y ¢ $a36 HHKHETD BHCTOS §u,. Han-
fosee NpoCTLIM 3AKOHOM 8 = & (@) ABIReTCH JUHEHH 3akoN
AnuikeHHA Ha $azax noakema W onyckanus (puc. 26.9). Yram g,
CODTRETCTRYOWLME (asaM NoALeMa, BECTDS H ONYCKAHW#A, 0DDaHAYEHK
9epes @u Poss Po H Pug. CyMMa 3THX yrioe obosnadveHa wepes (n

P =g, + Pzs "[‘“ To -+ Gy = 2n

Mosanud nogbeM BLXOAHOTrO 3GeHa ofipaHauen wdepea h.
Fanou SpIDKeHHA BRXOANOTD SBeHa Ha I:IZIEE-L NOAHena NpeicTa Baaer
cofoll 3apHCHMICTD

P % o1, (26.2)
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a ma (hase ONYCKaHWA
L h A
§3 = [(D — @ua) — al—— = — (P — @ua) — — @ (26.3)
o Fa LIZT
Amanor §3 CKOPOCTH BHIXKOQHOIO 3BeHA COOTHETCTBEHHO papen
as asel AogkLeMa

LU I .
8 = const, (26.4)

o LA Gadkl OnyCEANUHA
y ity d h

i h
b o = | R o7 ) el ) Ay ];-——u—-cconst. 26.5
o =T | e P ) =i ™ (26.5)
JnarpaMma s = sy ((,) nokasaua ua pue. 26.9, 6.
CKOpOCTE [BHXKEHHR TOMKaTensn Ha ofedX (asax NOCTORHHA.
AnanorTH yegopenui §; Ha ofenx §asax papubl HY 0, KPOME O0JIOMeE-

uuit a, b, ¢ v d, roe pyuk- 8 ;

unf s = s () Mmeer pas- & <!

peBtl. B sTHX nos0meH#nX z By e o i
TEOPETAYECKH  YCKOpPEHHS i i) ¥ L Pz | Pr
RLIXOAHOID 2ReHa fBASIOTCH ERT R M
PABHEIMH  GeCKOHESHOCTH. % {

Jro  BLISHBAET TNORBAEHHE 4 E 7

B MexaHH3Me TaKk Haswipae- i § £ #
MEIK mECHmKUE (Oapos, npH . %
KOTOPHX CHJH, JeiicToylo- % f

InHe Ha 3EeHbA MEXaHH3MA, g |, f S :
TEOPETHUECKH  JOCTHIAIOT . L [ L #
Gecronednocti. [paktiuec- {0 Lr,;, i

F T
B YERQPEHAA By KAJIaHANX Puc, 20.0, Jawol AREMCUHA BMXCIARCIS BDEHE KY¥-
ODJICOKeHH A X He PaBHEL fiec- ALUROBOTD MEXBHNIMA: 6} SHAFPEMME TYTH: 6) nuee-

KOHSUHOETH, nOTOMy 470 'Tne SNSNATSKIROnG &) AHTPANKE | KA
O0bMHD  peficTRHTeNLHBIM

(LeHTPOBEIM) NpohHEr Ky faYka ABAReTen NpOdHIL, NOCTPOHRE KaK
SKEHANCTAHTHAN KPHBaH K TEOPETHUECKOMY npodu/moe, HTO PuakiBaeT
H3IMEHEHHE B THX NONOHKEHHAN HE TOABKO TEOPETHUECKOrD YCKOpeHHHA,
HO | cxopocTd. Kpoxe Toro, ec/id Jame TONKATENL He HMeeT POJIHKA,
4 OKEHYHDACTCH OCTPHEM, TO DCAEICTBHE YNPYTOCTH 3BeHLER KYJIauKo-
BOrD  mexapnama YCEODEHHS ¢ HE MOI'YT OOJYUATLCH paBHLMH
GeckoHeunocTH 6Jaropaps  aMOPTHSHpYIOLEMY sthbekTy  ynpyrux
SBCHBER, HEfHﬂTpﬂ Ha 310, Ble e B YHAIaHHWX MDOMOMEeHHAX Mbl
MOXeM NONYUNTE pASMEEKEAHEE 3J0eMEHTOR BRICIeR NApsl H COYAApEHHE
Tonkatena u kysnadka. [To3atomy OGBIMHO AHHEHREIM 33KOHOM N0Jbe
-'-’:Z_'""-“GIT{:H TOAERKO HA YACTH $33 MOABEMA HJAH ONYCKAHHA H B 33aKOH
ARMIKEHHSE BROMATCH [EPEXOiHbe KPHEbE, NOSBOMAIOUIHE OCYLe-
STEAATE AnaBHuT NepPexol HA yYaCTKAX COMPSIKEHHR ABYX JAHHeRHbIX
SHHOHOE Apmpendd. Tawknmu nepexodHbiMH KPHBRIMH MOIYT OBITE
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AYTH OEPYMHOCTEA, yuyacTKA napalo/, YuacTKH CHHYCOMA W T. O,
Ha puc. 26,10 nokazan anHefiHuIf 3a3KOH ABHMEHHA ¢ nepexoLiEIMH
YUACTKaMH, OuMCpYEHHBIMH [0 [YraM OKpyMHOCTel pafHycon r,
Ha yuacTkax ¢ u gl das nongsema w onyckannn. Yrubu He unen mecta
CHauoK B KPHEOH amanora ceopoctell s = & (¢q) (pue. 26.10, 6),
HEOOXOAHMO JiHHeRHLIN YY4CTOK gHarpaMsil §; = 5 () BHOOJHHTE
No KacaTeNbhbiv K CKPYMHOCTH pamnyca r. 3To MomeT OuITh Brerga
CHEllane, ecml BOCIMOL30-
BATHCA MOCTPOSHHEM, NOKa-
sanusiM Ha puc. 26.11, rae
paccMoTper B GOSLLIOM
[ g macioTabe y4acToX ¢ (asu
noanesma. Mz touex A w B,
JEHAMHE HA PACCTOAHHAX
r H i —r naopauHaTax,

b fl
# s
_/"J %
i
-
A ,-- :
i ST i
~EL g e
) e ey
Frec., 26,10, Bapon Aonwennr pMXOIHGTO 3EeRa K¥-  Pee. 26.11. Coocob noCTPORIHA
JABUECEOND MEKEHLIME ¢ AaniuMy nepeXOiaME Ea MAEEHEY Hepexoficsd Ha AWarpamMme ¢
CONpAMENHAX NHMSAHEX YYACTKOB! a) Amarpamsa ABYMA NHEGAEME YE20TIHEMH

OFTHE 6] ARETPAMMA EHANOTA CHOPOCTHE: ¢) NHATPEM-
M3 SHENGTA YOKOpEH

NpoBeleHHEIX B TOuKaX @ W b, NpoBOAMM OKpYMHOCTH BLGpan-
woro papuyca r. Jaasee, coenunses tousku A uw B npawmoit. Ha
Todex D w E, nexanux Ha npamolt AB, pamuycamu K, parHeMH
R = AB/4, npoBoguM OKpYKHOCTH 10 nepeceuenus B TO4Kax m u &
C OKPYMHOCTAMH paadycom, papuux r. [lpavas km nonyuaetcs
KACATENLHON K OKPYXKHOCTAM pafmyca r. Taxum ofpasom, KpuBasn
53 = 5 (¢u) GyReT COCTORTH Ha ydacTkaxX ¢! w3 ayr ak u ma oKpys-
HocTeft, a Ha yuactke ¢, — 2¢! — us npamoii km. [darpamma ana-
Jiora cKopocTeil s; = s (1) nokasana ua puc. 26,10, 6, a Avarpamua
ananora yckopenus sz = 5 (gu) — Ha puc. 26.10, 8. M3 stux puar-
pPaMM BHAHO, MTO HA Y9acTHAX {pﬂ thaskl noabeMa o tpé thasn ooycka-
HHSl aHAJOr CKOpPOCTH % He TpeTepneBaeT paspmpos. Amanor ycko-
penmil §; B Hagale # KOHLE KaXKIO0r0 HHTepBaNa ¢! u ¢! nperepneszer
MPHOBEHHOE H3MeHeHHe CBOell BefHMHHEL Ha KOHEUHYIO BoRMHHY.
Chenoparensue, B Toukax a, ¢, f, b, ¢, g, h u d Cyayr umers Mecio
YAapH, HO MeHbliHe, UeM B c/yuae, paccMOTPERNOM Ha prc. 96.0,
STH ynapsl 0pH MPHOBEHHOM W3MEHEHHH YCKOPESHM 13 KOREHHYIO
L IMYMHY HOCAT HasBauie .:S2huX poapos. MArkve ylaps meues
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gracitel AR paGOTH KYMAMKOBHMX MEXaHH3MOB, NOSTOMY MHOrHe
THAOXKOLHEE EYAaYKOBbiE MeXaHHIMEH pHﬁDTam’r B YOUIOBHAX MATKHX
yaapos. M3 prc. 26.11 Takxe chenyer, 470 yrod Hakaona B npsavod
B GONbIIE VIA4 o HAKNOHA NPAMOR a4, T. € OpPH 3aTaHHH DIHMX
1 TEX A aHagenndt A (noabes TOAKATeNn) H @p (hasu noanema) ananor
cKOPOCTEN §3 HA YUACTKAX NOJbeMa W ONYCKAaHHA AN 3aKOHA, NOKa-
apuHOro HA pue. 26.10, Gyner Beerpa Gonpllie, yeM A6 3aKOHa, NoKa-
aguioro na puc. 26.9. M3 paceMoTpennrx npHMepoB 5aKOHOE ABHMEHHR
cnenyeT, YTO NpH BROOpE TOro HAH HHOTO 33KOHA HeoGXOMHMO 3Hatue
apaAoToB cKkepoeTell W yoKo- 5 21t

penitfi ABHKENHS BHIXOAHO- BT

ro apena. OGHYHO NpH npo- /i:f'z:*“;

eKTHPOBAHHH KYJNauKOBLIX AL - T |

Mexaqm‘ar-mﬁ aanaloTca aka- 51 'fo_i 9| 7 | J Fr

ADTAME  YeROpeRuil BHIXOJ- A . fhr__J

HOTo SBena. 110 sajanHbiM - 2 |

ananoram yckopeund o pa- %) M1 I

WaTLHBIM YCAOBHAM Onpe- 4 E\Lg L

NeJAI0T AHANOTH CHKOPOCTeH N P |;r 7 7

H 3aK0H JBHAENHA DBHEXOJ- a—

woro smena. PacemotpuM 2|7 f‘ ¢ oo

CASNYIOUHE 33KOHH Hsuai-;; E"I&I = |y

HEHHS AHAN0I0B YCKOpEeHH 7 T &

Ha dhase nogbeMa: . f i=ﬁ;“‘l JLM Fr
#)  paBHOYCKOPEHHBIH, -

ﬁ} EHH}TCGHJIH-‘!H'Ihlﬁ. I:} K= pae, 2012, PantoyoHopennwf - 3aKol  Andmelss
CHEYCOMAARBHEN, T) Jy- DMMIXORIOro 3dcus KYAAUKODOTD MEXRREIMA: o) Jna:

[paMuMa NYtH: 0O) DHarpAMMA AHEROTS CHOPOCTH;
HelHo-yOMBawuni, o) Tpa- #) BUATPAMMA EHANOTE FEKCPCRER
NeleniansHbH.

2, PaBHOYCKOpCHHHR 3aKOH AHANOr2 yCKOpeHWH & DRIXGUHOrO
spena 2 nokasaw B pMje gHarpaMmsl § = & (p) ma puc. 26,12, s,
Ans wersipex a3 ABIKEHHH, COOTBETCTBYIOUIHX YIJaM Gg, Pup: Go
H T, [ocTpoenne quarpams si = & (@) W% = 5 (@) (pue. 26.12, &
H 6) MoWer GLiTh CHEAAHO METOMlaMH rpadHIecKOro HHTerpHpOBaKud,
HanoennsiMH B § 22, 2°.. UroGul HCCAENDBATH BCE XAPAKTEPHCTHKH
PACCMATPHBAEMOrD 3AKOHA JABHMEHHA, yaA00HO pAacCMOTpeT: ero
& adanuThieckolt dopme. PaccmorpuM dasy noabesa, cOOTBETCTRY-
Wl yray ¢, (pue. 26.12, 6). ¥roa ¢, Ha 370# dase usMenserca
B CReAyMHX fpepenax:

0L, <, (26.6)

eL<e, <o, (26.7)

3anucuumocts nan amasora yckopenwus s (puc. 26.12, €) ans nepnoro
Opepena ByneT Takan:

&, = al = const, (26.8)
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AJ15 BTOPOro npelens 3aBHCHMOCTE A5 aHAN0ra YCHOpEHHA HMEeT BH)

s, = —all = const, (26.9)

Wnrerpupyn peamapl nuipaxkenne (26.8) aranora yckopedusa s,
Hamenstoweroca B npefetax 0 <= ¢y < @, nNOAyYaeM BHIPAMKEHHE
L AHANOFA CKOPOCTEH S5 1 nepemelllenuil s:

5y = j sdp +C, = IHL dg, = a;g, - C, (26.10)
v . @
59'—“55-" dg, +C, = E{ﬂ;wt—l—ﬂlj dgy €y = + G, 4G,
(26.11)

HauansuuMi yCAOBHAME An ONpejedenns noctoanbux C; H G
MHTErPHPOBAHHA ABNAIOTCA YCJACEHA, B COOTBETCTBHH C KOTOPHMH
npH g = 0 5 = 0 u 55 = 0, Orciona caenyer, uto G = Co = 0,
u paBeHcrsa (26.10) u (26.11) umeioT Bun

5;=alg, (26.12)
I
5y = oyt ¢ (26.13)

Ha pasencrs (26.12) u (26.13) caenyer, uto pa unrepeane 0 <<
< @, < @l aHaAOr CKOPOCTH § H3MEHAETCA MO JHHEHHOMY 3aKOHY
(puc. 26.12, 6), a nepeMellenns s, — no 3akoHy nNapatonu, umeloled
sepunHy 8 Touke A (puc. 26.12, a).

Anajorhyne MOMHO noKasath, 4TO B HHTepnane ¢! <l < ¢
ananor ckopocTell §; HIMeHAeTCH No AHHeHHOMY 3AKOHY, & nepeme-
uieHHe 5 — Mo 3akoHy napabosinl, wMerctlell BepmHny 8 touke O
(26.12, q). OGe napabons conparalwTcea B Toure B.

OTMeTHM HEKOTOphle YOACBHA, KOTOPBIM [A0OJHHE YIOBJICTBOPATh
3aBHCHMOCTH 82 = & () W & = & (g1). TaK Kak anaJor CHOpOCTH 53
B Hauate W KoHue hasu ¢y pasen By (pue. 26,12, 6}, o naowass
npamoyronstukos ADEF w FGHK (puc. 26.12, 8) ponmam Gure
paBual, T. €.

algt —afol, @614
1M
'qu ”lrr 5
——— = 26.1
e dn, 8 )

Tak xax @] + @l = ¢, 10, yunrupas pasenctso (26.15), noay-
qaem

&
{p]‘j =g, .IT“k:' i {Eﬁ "3}

|
Pl =g, (s (26.17)
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MMepemeiieHnn ) o 5;’ (pue. 26.12, a) seena 2 nponopuHoHaLHE
paomanay Tpeyrosskukoe NME o RMT (puc. 26.12, 6). Toraa,
pO03HA9AA SHAYEHHE AHAMOrd CKOPOCTH B Todke K 4epea & g,
noJy aem

¥ I
g = dmufn (26.18)
i L1
& = Jmasfn (26.19)
Ienum paeercTro (26.18) Ha pasencteo (26.19):
I
=g = b (26.20)
Tak kax s} + sl' = h, To u3 pasencrea (26.20) nonyuaem
= 1o (26.21)
n_ " ;
By = ] +ku" {2522]
Hz pasencrea (26.13) caenyer: ;
i 25,
= =33 26.23
@) )
1
all = _{f;;ﬂ-?. (26.24)

Toncrasasa B ypasHenns (26.23) u (26.24) auavenun ana b, I
M@, ¢! na pasencrs (26.21), (26.22) u (26.16), (26.17), nonyuaen

2h (1 + kq) .
Gy= (26.25)
9% (1 + k) ;
e 26.26)
n ) {
Hanee, nonsayace pasencteamu (26.12), (26.25) 1 (26.16), nmeem
g AUtk ke % :
55 max = a::EPL T kn{i}i T T kg Ay {E{'.I.ET}

Ha NOAVYeHHEIX PAREHCTE CAeAyeT, UTO eC/IH 2alaH DOJHAI NOTEEM
h Buxomnoro aeeHa, diasobuil yroa gp H KosgHIERT by, TO MOMKHO
Mo Qopyynan (26.16) 1 (26.17) onpenenuts yrou @l 1 ¢!, no dop-
Myne (26.27) — makcHMalnHOE 3HAYEHHE AHANOTA CKOPOCTH §7max
H no (26.25) n (26.26) — snavenns ananoros yckopenus al u all,

Ha paeencrea (26.27) cnegyer, 970 MaKECHMAaJLHOE SHaYEHHE
AHANION CKOPOCTH Sppey HE 3ABHCHT OT HosdpuunenTta £y, T. €. 0T
Pacipenenenis dasosoro yraa ¢, no y4acTKaM TOJONHTENBHOTO ol

" oTpHuatenshoro a!! yexopenni. Eean weaddmuncnt b, npamat
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paBubyd by = 1, T0 Mbl noJlyuaeM CHMMeTpHUHEIN Sakom IBHHEHNH,
ANS KOTOpOro umeeM Ha WHTepmadie 0 < ¢, < ¢ /2

(26.28)

I _.
o, = ar
[

[lpunnnas Bo enumanue pasencrso (26.12), amanor cko-
POCTH S; JUIS 5TOFO ABIDKEHHR ONpPelefiAeM Tak:

 E S =3, (26.29)

Z
A 5/ \ :
# 4 mepeMelieHHe s M3 pa-

-l P’ﬂ;’i fu_ |, F' pewcrsa (26.13) papuo

s M 5, = ig-—tp'f (26.30)

G ! p 7 Ha pue. 26.12, & che-
- DYeT, 4TO MPH paccMOTpeH-

HOM 33KOHE JBHMEHHA Me-
3 L XAHH3M HCIBITHBAET MATKHE
& % Yaapu. Ilnn dass onycka-
N Y HUSl, COOTBETCTBYIOmEH yr-
Puc, 20.13. CHOYCONMAMEHER  SaKoN  HaMEHEHHN 1y Gy (puc. 26.12, ﬂ}. pacuer

yeRopEins nuxnmmruu smz_ué} Eynaikosoro sexa- BCEX MapaMETpOB ABHMEHHA
HEME ﬂ::l AHarpasMa oY TH; JAHAFPAMME AFAACTE HD}KCT 6HTh CﬂEJIEH no yme

. CHOPOCTHR &) AHArPaMME AHAN0ra YeRopenns
BHBEAEHHEIM OpMyaM ¢

samenoll xospduunenta by, 1A dasu nomvema KosdduunenToM
ann Qasel omyckanhs.

3°. IpipkenHe BHIXORHOTO 3BeHa 2 MPOMCXONHT GE3 MECTKHX M
MATKHX YAApOB, €CAH KPHBAA aRaJoloB YCKopeHnnii s; = s (i)
cuBycontancian (puc. 26.13, 6). Eenn goaduument %, Bubpan
PABHHEIM €HEHIE, TO MH NOJYYaeM CHMMETPHUHYK CHRYCOMAY, nAs
koropoii al = all= a_ (puc. 26.13, ).

3aBACHMOCT AJA AHAJIOTa YCKOpPeHHA §; C/enyloliast

" -
8y = ﬂ"SIﬂ"‘EIP[. {26.31}

af =

Hurterpupys B npeaenax 0<C ¢y << @, ABAKIE BHpPaKEHHe
(26.31) mns ananora ycKoperui s, Nonyuaem BHpameHHs ANA ada-
q0ra CRopoCcTH S:? H MepeMelieHHa s

53 =js;dq:;+ Cr= ju,, sin%:——qp; dgy +Cy =

2 i
= —d, %ms —w-:f- ¢+ € (26.32)

so= [ sidoi+Ca = [ (—aa 4§ cos 24 C1) don+ € =

2
= —ag Sy - G+ Ca. (26.3)
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MocTORHHEE HHTETPHPOBAHHA Cy 1 Cy ONPENEnAIOTCS H3 HAUAN b=
{LIX YCAOBHA, B COOTBETCTBHH C KOTOPEIMH IIDH ¢y = Ui =005y m

Ma 3apucumoctn (26.32) nonyuaem Cy = aq¢n/(2n). OnHoBpemenno
p3 (26.33) umeem C, = 0.

[MoacTaBasen noaydeHHHE BhipameHns LA C, 8 C; B papencrsa
(26.32) u (26.33):

5= gy 42 (1 mcus% ™), (26.34)
s 1 o
.SgEEHﬂ'jE:'-(%—'EEIﬂEqPI)- {25‘35]

AMnanTyfa @, aHanora ycKopeHHs (puc. 26.13, 6) onpenensnerca
wa papercrsa (26.35) Ha OcHOBaHHH YCJIOBNA, 0O KOTOpOMY NpH
g = Py DepeMellenne s = f

q]?
h= ag - (26.36)
Orcioga chenyett
2nt
iy = — M. 26.3
o s o (26.37)

Teneps sasucumoctn (26.35), (26.34) n (26.31) oxonuyaTensHO
NOAYY30T chepyiownil aun:

Sg=h(‘gi——%'5iﬂ"%n:%)| (26.38)
’ 1 o

= b (1 — cos - 0), (26.39)
§3 = h-g——sin %%tpl. (26.40)

Hs pasencrs (26.39) n (26.40) cnenyer, 570 aHafior CKOPOCTH S,
H @HAJIOT YCKOpeHHd S 3aBHCAT He TOJLKO OT BHOpPaHHOTO NofbeMa /i
BEIXOIHOTO 3BeHa, HO H OT (ha30DOF0 yria Py. AHAJIOr CKOPOCTH $i
OGpaTHO NpomopuUHOHANEH YIAY @n, 4 aHANOr YCKOPEHHS obpaTio
nponopunoHanen ¢f.

BeBoj paceerdmx samucumocTeRl Ans a3kl oNyCKaHH#A, COOTHET-
CTBYWGIIES YTRY g, NOGYHIETCT AHAMOTHYNLDLL .
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4. Ec/n saBucAMOCTL aHANOTa YCKOPeHHR 8 = S3 (i) KOCHHYCO-
HuansHas (pHe. 26.14, 6), TO IARHIKEHHE BHIXOAHOTO 3BeHa NPOHCXOLNT
C MATKEM YA4pOoM B Ha4alle H KOHIE XOJa BHXOAROrO 3peHa, Kosdr
Quunent & npunumaem £k, = 1. Torna a4l = a!! = a_,

n
&y &

PUAEIAN
7 S

e | P 1 Po [ e | @
e 1]

i" "'\l
| %

;s % ;l

4"_ E T
7l 1 #r

"

Puc, 26.14. KocuuycompaneHel 2axof  Masenedin
FEKOPENDS BEAOMOrD SEeHE YN ATHOBOTT Me aHHIM AL
o) puarpamua nyTH: 06} GHErpaMMa &EI;nOTE CHO-
PocTH; &) gRArpaIMME BHEANO0CE YOHOPEeNH:
3aBHeHMOCTH byif mepeMelleHHd S: M aHAJ0ra CKOpPOCTH Sz' noJy-
HAWTCA, €CNIH ABadlil NMpoHHTErpHpoBaTe B npesenax 0 << gy << gy
BEIpaXKeHNe NNA aHalora ycKopeHHA

§1 = @, CO8 ﬁ Fue (26.41)
Hueen
= sidgy +Ci = | g COS - @1 dpy = Gy L2 sin - @1 4-Ci,
(26.42)

so= [ sidp+Co= [ (an L2 st ¢ €1 ) de + €1 =
2
= —, i 08 -y + Cuy + Ca. (26.43)
[Moctosuume C; v C; onpelensioTes H3 HAYAJNbHHEX YCJIOBHE
npr ;= 0, &=0 n s=10
MNonyuaem: C, = 0 n C, = a, g /7%
Japrcumoctd (26.42) n (26.43) nprruMaT ToTAa cnenyioutsil sum

- Fa n

§2 = @y —_-sin o Pu (26.44)
o, T8 (1 _cos ) 96.15)

s =t ( ). (26.4
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AMNIHTYIA @y aHaNOra YCKOpeHHA (ﬁm' 26.14, 8) onpenenserca
paz paeencrsa (26.45) — ma ycJaoBHH, B KOTOPOMY 1pH ¢y = g
nepeMelierne $ = h. Hueem

9 2
h= auﬂ%’— ]
cNeloBaTeNsHo, 4, paBHo :
n
fay =— . (26.46)
L
Torza zasucaMocTH (26.45), (26.44) v (26.41) npuunMaloT caeny-
joLHA OKOHYATeNBIE BHA: 5 r
Sn“%(l—‘:ﬂsi%)- 8 & e \
. A= J
[Eﬁ‘;?} L,ﬂ? Pl i | Fi &
5= .ﬂ.ism R 2 ]
=T e o e Y 41y
(26.48) ¢
B o - :
T2 ‘F:i P o \_ @
(26.49) 4 ° e
BrBOI pACHETHEIX 3aBH- £ kf%l
cuvoctell A $as onycka- g ' 7
WA, COOTBETCTBYIOWAX yr- "t ' ' 7
‘n!l'r Pas n(},'l'[}'l_!HTCﬂ anano- Pue, 26.15. Jesefino-yOuBainiil JaHOH  HImene-
THHHEIM. HEA YCHOPEHHA EWXGIHOTO Sbeid KYAANHOBOTO Me=-

5"" HE PHC Eﬁ 15 a XaHHEZMA: @) UErpEMMA RYTH O) ARarpaMsa aHa-
. ¥ 1,

A0r8 CHOPOCTHD o) gHarpaMMa alanofa Yoxoperns

nokasad auHelino-yGsipar-
ulkfl 3aKoH awWanora yckopewnil s; = s: (g1). Ilpn sToM 3akoHe aBu-
MEHHE BEIXOJHOTC 3BeHA MPOHCXOAHT € MATKHM YnapoM B Hadane
I KoHUe X0jia BHXOIHOrO 3BEHa.

Ecnu npuuate kosdpuusentr k =1, 10 al=all = a,.

3anHcHMOCTH LR TepeMemestn s; W BHAJOTa CKOPOCTH §; MOMAY-
HAKOTCH, ecAH JIBa¥H NPOHHTerpnpoBats B npeaenax 0 < g << gy
BEIpaXceHHe LNS aHaJN0ra YCKOpeHns

si=ag(1—23"). (26.50)

HME&M ( 'Pﬂ)
§3 = Xsﬁdff’rl-ﬂx = jan (1 — 2%)&@ 4 Cy = ay§; — E.;_?;‘%‘F i
(26.51)

b1 = S s2dpy -+ Cy = S (ﬂumx = i,’;gf—l—ﬂl}dxm =

Z 3
=Sl G+ Coe (26.52)
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H3 nagaspuux yetosuilt ¢ = 0, s = 0 n s = 0, nosromy

CI —-— ﬂ, = 0.
Basucumoct (26.51) u (26.52) npuruvaor Toraa caenyowHil Bua
si=amn(1—2). (26.53)
=00 (5 —52) (26.54)

Moaynernble SaBHCHMOCTH MOKA3HIBAIOT, §TO KpHBAaA ananora
cKopocTH 83 = & (@) (puc. 26.15, 6) npeacrapasner coGoil napaGony
¢ BepmuHoli B Touke M. Kpupas nepemeuenus s, = s, (¢;) npel-
crapifier cofoli gBe napafolw TpeThedl CTeneHH, ColpAraioulnecs
B TouRe B.

BeauuuHa @, ananora yckopenus (puc. 26.15, 6) onpenenntcs
H3 YCAOBHS, 9TO NMPH ¢y = ¢, nepemeulenne s; = h. Toraa ua pa-
peHeTRa (26.54) umeem

3+
o i I gy L
hzﬂﬂmﬂ(?&_ﬂ_-ﬁ):q_uﬁ ¥

OTKYZa

gy =

Gh
]
¥

TMoacTaBAAs MOJyHeHHoe 3HaveHue N5 BelHYHHE! 0, B paBeHCTsa
(26.54), (26.53) u (26.50), noayuaem

2
Ty

oy el [ _z_ﬁ- .

s=hs (3 %), (26.55)
5=6n5-(1 — n), (26.56)
. 1 _ 9P

s = Bk 7 (l 231}, (26.57)

Bumon pacueTHex SaBuchmocTefl 1na a3u ONyCKaHHA, COOTLET-
creyiouleli yray ¢, (pue. 26.15, a), aBAAercs aHalOrHuHBIM.

6°. Kax ME y&e yKasalu Bullue, BO3MOMHEB H Jpyrie 3aKobul
ARHMENNS BHXOAHOTO 3BeHa KYNaukoBoro mexanusma. Onpenenerue
HY HKHHEMATHYECHHX XaPAKTEPHCTHE MOMET ObiTh CASAAHO TEMH e
METORAMH, KaKHMH MBH NOJb3NEANNCE AAR pasoOpaHHBIX DpHMEPOB.
OTMeTHM TOABKD, 910 B HEKOTOPHYX C/IyMaAX NPHMEHAWTCH S2KOHH
APuHeHHs, AeAfownecs KomGunaunel npocThix 3akonos, B kavecrse
npuxepa HPIIEE,ELEM TPEIﬂELL('HJlaﬂbHI:!ﬁ JAKOH HAMEHEHHA AHAMOrE-
yoKopeiia sz = & (@), noxa3anauf za puc. 26,16, 6. Ha yuactke ab
Yra (g YCKOPEHHE § H3MEHALTCH, JIHEHHO BO3PACTAR; HA yHacTKe b
0110 MOCTORNHO; Ha yuactKe cde ono Muneilno yGHBaeT; Ha y4acTke ef
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EHOBBL NOCTOSHHO H HA y44CTKe fg H3MEHFeTCH, JHHeAHO BospaeTad.
CoOTEETCTEEHHO KpHBas sz = 8 (gy) (phe. 26.16, 6) a yyactkax ab,
¢cde w [g cocront u3 napaGos, 8 Ha yuvactkax be n ef npamoanwed-
Ha. ﬁp“ﬂaﬂ s5=8(p) = _ .
(puc. 26.16, 8) Ha yuacTKax 4 A |l ™
ah, cde W [g coctont m3 e ; Z
papafiosl  TpeTeel  cTeme- findiies
HH, 4 Ha yuvactkax bc =
ef — w3 mnapabGon EBropoii
crenenn. Tlpy Tpaneuen-
naNBHOM 3dKOHE H3Mene-
HHS YCKOPEHHS JKeCcTKHe H
MATKHE YHApH  OTCYTCT- .
BYIOT. Bl =
Conocrapienne pasiny- %
HHX 34KOHOB IBHMEHAR Bbl-

XOAHHK 3BERBEB, YHOBIET-  pyc. 6,16, Tpeneuerpassif S8KOE maMepeRig
BOPAIOUIE ORRHM R TCM IKE e Paula YT £) ARAT paMMA AHATOFS CHon
TPAHHYHEM YCAOBHAM, MOMX- POCTH: 8} GEACPIMMA AHAJNOFE YCKOPENH:

HO BECTH, CpasHWBan Ges-

pasmephble KOSQ(pHUHERTB! Bpay M Emex, XapauTepusymoline BesH-
YHHBE MaKCHManbHBIX CKDPGCT‘Eﬁ Upaxy H }'EKGPEHHf! Opaxl

#

L
A\,

T — —
P

Omnx

wfe: "

o _Ymax

ﬁmu g ity * Emu

rne i — noaHyl nogbeM BHXONHOTO 3BeHa 8a BpeMA [y, [, — Bpems
OOJHOTO MOAReMA BRIXOAHOTO 3BeHA.

Tatapnms 10

Bemppamopiree
JaE0H BIMeHEHER K H LB el Th
YCROpaHIA

Pmex Smax
Pasgoycropesnmil 2.00 4,00
Cuuycornaneawd 2,00 6,48
Kocnoycongansuil 1,57 4,99
Jlnselino-yGupawumd 1,50 €,00

B ra6arne 10 opuBenens snagennn KosdPRUHEHTOR By 7 Epsx
ANA HEKOTOPHIX SAKOHOB H3MEHEHHH YCKOPeHHS BHXONHEIX 3BeHBEB.

§ 115. OnpepencHHe OCHOBHLIX PAIMEPOR KYJAYKOBBIX MexapH3IMOB

I°, OcHoBHHE pasMepH KyMauKOBHX MEXaHHSMOD COpeneanionca
H3 KHHeMaTHYECKHX, ANHAMHYECKHX H KOHCTPYKTHBHHIX yCHoBHIl.
KuHemaTHyeckue YCJOBHR ONpELENAIOTCA TeM, GTO MEeXannasm [0Js
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#weH BOCMPOH3BOJHTE safaHHEE 3akoR JBHeHHA. [nnamuveckne
ycI0BHA BeceMa MHoroofpasHil, HO OCHOBHHE Y@NOBHA 3aKIICUAI0TCH
B TOM, 9TO0El MeXaHH3M WMEN NOCTATOYHO BHICOKHH Kosdduumeny
nonesroro geficTera B vrolnl He OpPOHCXOOMNO 3AKJHHHBAHHA MEXa-
Hu3Ma, KoHcTpyxTHBHEE TpefOBaHH® ONPENeNAOTCH NS YCJIOBHE N0-
cTaToyHOl NpoOYHOCTH OTHEALHEIX [eTafell Mexanwsma, CONpPOTHBASH-
€MOCTH HM3HOCY CONPHRACAIOIIHXCS SJEeMeHTOB KHHeMaTHueCKuX Dap
u ap. [aKoHew, DpoeKTHPOBATE MEXaHH3V KeNaTeNLHO TaK, Y4T00H OH
obnanan HauMeWbLUIHMH rabapHTasH.

2%, Yroln BUSEHTE BAHAHHE OT-
SelbHEiX TpefioBarull ®a Bufop pas-
MepoOB  KYJauKOBBIX  MexaHHSMOB

Prc. 26.17. K CHADBECHY Pue, 20,18, K groncnonpymg ponpos
AHHANAY HYAasHOBOrO TIEXE: gz ol Yroe gapeWie B KYA09HOBUM
HHIME © NTYOLRTEALAD LBE- MeXaHiliame

WYLLHMER TOARATEACHM

paccMOTpHM OTHeAbHue WX BREHE., Ha pue. 26.17 noxasan wynag-
KOBHI MEXaHH3M Q@ ToJAKaTeneM 2, OKAHYMBAIOUIHMCSH ocTpuem By
Ecau npeneOpeys TpeHueM B Buicwefl nape, 10 cunia Fgy, neficTByio-
asn Ha ToAKaredb 2 cO cTOpOHE Kynauka I, 6yleT HanpapieHa mo
HopMal n — A K npodnmo kydaska /. Kak Oui0 noKasano 8
§ 95, /° yroa i, ofpasopaHEHf HOpMANBK 1 — 7 @ HaNpaBhe-
HHEM ABHMEHHA TONMKaTeNd 2, ABASETCH YrioM LaBJAEHHA, @ YTOM Vg,
paBHH# v = 90° — &, apnderca yrnom nepenasu. Ecam paccmor-
peTs papHoBecHe ToaKatens 2 (pwe. 26.18) W nmpuBecTH Bee CHAH
K Touke By, 10 ToAKarels OyIeT HaXOOHTBCH OOL JellCTBHEM
mpiywed cuam Fy, DppuBegenHoli cHaw  conpoTHBneRHs F,
VYHTHBAIOUEH [OoMe3HHe CONPOTHRIEHHS, CHAY OpPYMHHLE, CHAH
HHeplHH, H NpubeienHof ennk Tpenna F,. Ha ypasHenns pasnobe-
CHA CHJ, AefCTBYIOUNA Ha TOAKaTeds 2, HwmeeM

Fpceosd —F—Fr =0,

[lpusenennan cuna F pasua (cm. § 45, €)
F= F,,l:c:sﬁ—fﬁlsmﬂ(l -+ %—) '
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rpe [ — kosduuHeHT TpeHHA B HanpabIsioluly, ! — nnuna Hanpas-
OAWMOHE B & — BEAeT Toaxatend. lorida H3 YPabHEHRA pPaBHOBECHA
CHJI NOJYYdeM, STO CHJA TPEHHA paBHa

Fy= Fycost — F = [Fysin® (1 +23).  (©6.58)

Kak sto 600 nokasano B § 45, 4, eepamenue (26.58) pas cuiu
rpenun Fy sBasercs npubamxennbiy. MrroBedibd Koa(hHIHEHT
no/esHoro ReHcTBHA 1) Mexaunsma Ges yuera Tpelins B BHCLER nape
W NOAUMTIHAKE Basla KYJauKa MO#HO onpelejnTk 0o dopMyne

) IF"'r Fopy — Fy
n_IH_P;E]_Fﬂ[Jgﬂﬁﬂ I"Fﬂcﬁﬂ'l

rie Pp — MOUIHOCTE, SaTpauHBaeMasn Ha NpeoloJieHHe CHA TPeH:Hs,
n P, — mowsocts Apmaywsx cun. Torma, yuaTmbas dopuynay
{Eﬁ.gs}, 00Ty Haem

&
e s";jc(u:g 2D o — gt (14+25). (2659

Brner k toakartens pased (puc. 26.18)
R=b—(Rq+ %)

rie b — nmoctoARHoe paccToAHHe OT Toukd N onopH Tonkatens 2
oo oci A BpaimleHns Kyfnauka, Ry — HaHMEHBLIHH pajuyc-BeKTop
Kynauga [ H s — nepemelenne Tojakatens 2. Hueem

Ha pua. 26.18 noayuaem

- (AP - dsydipy
g Re+5 Hots' (26.60)
TaK HaR
S
{AP) = - m; 52 (26.61)

Hs ypasnenus (26.60) nonyuaem
.
Ro+ 8 = '52tg_1‘.l'
Toraa kombpuunedt nonesHoro deficreiA 1 Gyder paeen

14 25 2
n=1—f (‘—"+f tgd—— S-g) . (26.62)

Hs pasercrea (26.62) crenyer, aro ros(puprunenT noneaxoro pefi-
CTBUA YMeHbUaeTCH ¢ ypenuuenweM yraa nasnennn O Kynaukoesit
MEXAHHIM MOXKET 3aKTHHHTECR, eciin chaa Fiy = Fy cos U (puc. 26.18)
Oyner Fy < Fp. 3Baxknunupanne nponsofifer, ecan KoshpHLHeHTD
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nonesxoro feficteus v Gyler pased BHyMmo. B Takom caysae ms pa-
percrea (26.62) noayuum

1— [ 210 — Fsi] =0.

B stom pasencree &, — KpHTHYecKHH yroJ, NMpH KOTOPOM BO3HHKAeD
SaK/MMHHBaHNE MeXaHWaMa, W Sk, — COOTBETCTBYIOWWH 3TOMY yray
aHanor ckopoctH. Torfa 0ad KPHTHY9ecKoro yraa jasneuns O, Gy-
IeM HMeTh

L 255 ! 4 2fs;,

B ES RS R T, .03y

M3 pasenctsa (26.63) cnemyer, 4ro KPHTHYECKHil yron nabnie-
HHS T, YMEHBINAETCA C YBelHYeHHeM paccTosHus b, T. . ¢ yBenude-
HHeM rabaputos Mexadnava. [TpuGnmseHHO MOXHEO CIHTATb, 9TO 3Ha-
YelHe Sk aHalora CKopocTefl, COOTEETCTBYWOLIEE KPHTHIECKOMY
yray O, paBHO MaKcHMANBHOMY 3HaYeHHIO 3TORO aHadora, T. e.

sﬂli = 52 maxs

Torna, ecin 3ajanel pa3MepH MeXaHi3Ma H 32KO0H IBHKEHHA TOM-
EaTeNd, MOMHO OOPEIeNHTE sHadYeHHe KPHTHUYECKOTO Yraa Qaefe-
ana ;. HeoGxopsmo umeTh B BHAY, 970 32KJHHHBAHHE MeXanHaMa
ofHYHO HMEeT MecTo TOJBKO Ha (ase nonbemMa, COOTBETCTEYIOHIEH
OpeoloNIeHRI0 NONE3HHE CONPOTHBJAEHHE, CHJABI HHEPUHH TOAKATENR -
i CHJIH NpYMHEH, T. € KOrIa OPeolofieBaeTcs HeKoTOpas npHBeieH-
Has ciia conpotusiaenus F (puc. 26.18). Ha ¢aze onycranus o6uuHO |
ABNCHHE 3AKANHHBAHKA HE BOSHHKAET.

Has ycrpadeHHs BOZMOMHOCTH SakJHHHBAHHA MeXaHHSMa 0pH
NPOCKTHPOBAHHH CTABAT YCJOBHe, YTOOH yroa ganhenns O Bo Beex
NOAOHeHAAX MeXaHHaMa ORI MeHBIIE KPHTHYECKOTO Yrna t,. Ecnu
MaKCHMAILHO JOMYCTHMHH yron Aaejerns of0sHaduTh vepes Ougy,
TO STOT YTOJ LOJDKEH BCETAA YAOBJIETBOPATE YCAOBHIO

Vo < e (26.64)

B npakTuke Yrod NaBneHHf (e L0A KyNaUKOBLIX MeKamuison
¢ MOCTYNATeNbHO MABHKYUIMMCS TOJNKATENEM NPHAHMAETCA pPaBHLIM

Bpax = 30° ... 407,

JInf EVNaukoBEX MeXaHH3MOB € BpPallalolHMCH  KODOMBICAOM,
B KOTOpPEIX BAKJHHHBAHHE ABJACTCA MEHEe BOSMOMHBIM, MaKCHMAJB=
Heifl yroa gapnedus Opn; DPHHHMAETCA paBHEM

Oz = 45° ... 5OP.

Kak Guno nokasano 8 § 95, npe NpoekTHpoBaHHA KYJAa4KOBHX
MEXZHII3MOB MOMHO NPHMEHATB B pacdeTax He yron Aapnenus O,
a yron nepesads vy (pue. 26.18). OsepnjHo, 49To 3T0T yros Josuked .
YACBACTEOPATE YCAOBHAM

{Tla}mln =P TIE Yp= 90° — 'ﬂ'u-

tg &,
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3°. ¥roa pasnenns © moxer OuiTh BhipadieH 4Yepes OCHOBHHE
papaMeTpul KyJaskoporo wmexauussma. Jlna storo pacemotpum Ky-
NAYKOBRIi Mexamusm (puc. 26.17) ¢ nocTynmaTeAbHO ABHAYULHMCA
roakarenem 2. [lposomum B Toure B, HOpMaAL M — i B HAXOAHM
MIHOBEHHLI UEHTp BpalieHss P B OTHOCHTENLHOM ABHMEHHH 3be-
Hees 1 B 2.

Hs tpeyroawHnka dB,P Hmeen

(dP} o) {AP}-—[A.-!_:- .
{dBy) — {dec) + (cBy)

Cornacuo paseHcTey (26.61) (AP) = dsy/dgy = s, (Ad) = e,
rie e — Kparuafimee paccroAune of ocH A Kynauka JIo OCH ToNKa-

rens, de =V Rj—¢, rie Ro— MuUMMaAbHbE pamHyc-BeKTOp
Kynauka, H (cB;) = s, THE s, — nepeMemeHke TONKATENA, 3alaHHOe
ero SAKOHOM QABHMEeHHA S = 5 ().

lNoncraeans ykazaHHWE NapaMeTps B papeHctBo (26.65), noay-
useM

g0 = (26.65)

tg f = ?;-ﬂ___'-'c—;,-—ﬁﬂg i (26.66)

3uak nac y kpardaiitero paccTuSHHS € COOTBETCTBYeT JeBOMY OT
ocu A ero pacnoJodeHuin, 3HaK MHHYC — npaBoMy (puc. 26.17)
NpH YCNOBHH, 9TO TOAKATEAL OBIDKETCA BREPX, 8 KyJauoK Bpaliaercd
MpoTH2 YacOoBoH CTPEJKH.

Ma papencrpa (26.66) cnenyer, 9T0 nps BEHOPAHHOM SaKOHE ABH-
MeHHN 5 = & (gy) H pasmepe e raGapuThl KyJladka Onpefensiorcs
painycoM Ry OKpYMHOCTH MHHHMANBHOMO pajHyca-BeKTOpa KyJadka,
Yeeauuusaa Ry, Mbl MONyYaeM MEHbIUHE YIJ/bl NaBjeHHs @, Ho 60Mb-
whe raGapHTH KyJhaukoBoro mexawnama. OfpartHo, eci ymeHb-
WiTh Ry, TO BO3PACTAOT YIAH AasacHus ¥ H ymeHbwaeTca Kosdu-
LEHEHT NOAe3HOMD I['EﬁETEHH MexXaHH3MA. Ecan B MexXaHHaMe
(puc. 26.18) och ABHMKEHHA TONKATENR NMPOXOJAHT yeped OCh BPALLEHHA
Kyfauka B ¢ = 0, To papencreo (26.66) uMeer Bun

tg & = ﬁﬁf—s‘; (26.67)

4. 3navennn yraoe fasnenAs % A5 Beero UMKA2 OBHIKEHHS
EVIa9K0BOro MexaHusma smoryT OpTh onpeleneHbl rpaduYeckd ¢ no-
MOlLo crenywmero noctpoeHHs (pue. 26.19). TMoctpoum KpHBYIO
5: = 8 (¢py) 3aBHCHMOCTH aHAanoOra CKOPOCTH §; OT MepeMelleHns s,
Hepememenns s, Gyllem oTkAaILBaTL OT ToukH B,, cooTRETCTBYOULEH
HHAHEMY HaualbHOMY NOROKEHHIO TOMKATeNAd, B HaNPaBJeHHH ero
ABHAENHA, @ AHAJOTH CROPOCTeR 5;— B NEPTIEHARKYIAPHOM Hanpasie-
Wil Torna, ecnu coennuuts Kakyo-nnGo TOYKY b NOCTPOeHHOH KpH-
BUA € ochio BpaineHHs A KYyJa4ka, TO H3 NOCTPOEHHA Cheayer, 4UTO
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Hanpaeaenie Ab obpasyer ¢ ocelo Bys, yroa pasnenns O, B camom
dese, H3 pmc. 26.19 umeem

_ (bd) _  (ab)—(ed) _ 55 —¢
e Ay ~ A+ (d) T YR —& = ST (26.68)

T. &. yenosse (26.66) ynosnersopaerca. Pewwm ofipaTtHyio sapagy
of onpegefcHHH BeJMYHHB HaHMeHbINEro paaWyca-sextopa Ky Ky-
JAa9Ka, ecAd 3ajan 34KOH ABHIKEHHA 8§ = 8§ (y;) Toakateas 2, cMe-
eHHe ¢ H MAKCHMAJBHO AONYCTHEMHE yroJl gapieHHa Oy Haa

“"‘}z
¢

5
7

o
Pre. 26,10, Onpefencrie ¥raa gan- Prc. 26.20. Mpadmuecios onpefefenns -

AEHEHH N0 FHATDAMME BHSEAOTE  CHO- HHMEAEHGED  paliyca npohHad  Kysnases
pocTH B BYRKIEE DYTE TOORavens

storo (phe. 26.20) cTpoum KpRBYIO §; = $i (52) Kak A4 dhasul nosneMa,
taK W A% Gasu onyckanna. llajgee nposouM K KpHBOH 8 = 83 (85)
KacaTeneHble &, — f; H f, — &3 nof yraasu ¥o,, K ocH 5. Touka A’
nepeceHeHa ITHX KacaTenNsHEIX ONpedsiuT noJoHeHHe OCH Bpalle-
HHA Kyfauxa, HMEIOULero HaHMEHbLUIHH pajuyc-BeKTOp Romn. Tlpu
prifope OCH BpalleHHA B Touke A’ NOAYuaeTCH BNOJHE ONpelencHHasR
penuurua cmeulenun . Ecni penuuuHa cMeNleHHs € 3ajlaHa, To,
pOBOAS NPAMYIO § — ¢ Ha PACCTOARHH £ 0T OCH B,s,, Haiinem Touky A"
nepecescHus sTol npaMofi ¢ KacaTenbHoill f — f. Ecau Touky A"
pHGpaTh 3a 0Cb BPAlleHHA KYJlauka, To HanMeHLUIHH pajuyc-BexTop
kynauka Gyaer pasen Rj. Ecam cmemenne ¢ = 0, To MH 00y4aeM
KYy/Na9KoBElli MEXAHH3M C LIEHTPOM BpauleHHa B TouKe Ag Il HaAHMEHb-
mkii paguyc-sexTop Kynauxa pased R,. [lpn pubope ocn ppallenus
KyJayka B 3awTpHXoeanHoli offacTi B npelesax yraa {,A't;, obpa-
3yeMoro KacarelpHEIMH f; — & # & — fy, BCerlia YMOBJIETBOPAETCH
yc0BHE, B COOTBETCTBHM C ROTOPHIM YroJ 1aBleHus B mobom noso-
WEHHH MeXaHH3Ma MeHpIle 3aJaHHOrO npelelLHOro yraa gasne-
it e OTMETHM, 9TO TOYKH Kacadus b W ¢ npamueix f, — f H
fy — f; ¢ KpuBOR s = & (%) HE coBlajalor C TOMEAMH 4 H
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(pHc. 26.20), rae 3mavenun dsy/dg; ROCTHTAT MaKCHMaMLHHIX!
(dsy medpr)n ANA daser noawvema W (dS mex/d(a)e ANR daze ony-
CHAHHA.

5°. Ilepexosum K  paceMoTpeHMmy KyJa9koBoro  MexanHsua
(pue. 26.21) ¢ kopombienioM 2, Bpauiatoniumes BoKpyr ock E. Yroa
papnenna U B 3TOM MexaHH3Me oBpasuBal HOPMAJLIO 1 — M W COCTAB.
astowed F' cunw F, nanpasiennofi nepneHANKY/SIpHO K Hanpasmes
uawe EB gopomuena 2,

Haxogum MrioBeHHul UeHTp BpameHHa P B OTHOCHTENLHOM ABH-
#eHHH 38eHheB [ u 2 Ha nepeceucHHn HOPMaNH A — N ¢ NPONOIHKE-
nuem npasod AE. dyuxuua nepegatoy-
HOTQ OTHOIIEHHA Ly B JaHHOM CAY Hae
HMEET CACAYIMUHH BHE:

B o 90 AR
= i = En #69)

Coennnuym Touky P ¢ Toukoit B u ue-
pes Touky A nposefem npamyl ¢ — g,
napaniensHylo Hopmanan o — . Toraa
3  nopoSHEX TpeyrodeHukoE LEPB n
EAC nonyunm

Ugy) = reme == =2

oTKyRa Oyaem HMETb

dﬁ Puc. 26.21. Eyanusonwud e
(BC) = ugly = T I, (26.70) KRHHIM ¢ HOpoMbcanm

rie I, — ansHa kopomwicna 2. Onycetum u3 Toukd A nepnermuny-
aap AK na vanpaenenne EB. Torna yron CAK Gyner pasen yray
hasnenun ¥, Yron ¥ onpegenurcs Wa paneHcTea

g 0 = (KC) _ (BO) —(BK)

KA =" kA (26.71)
Orpesok BK pasen :
{Bm = l'g — Ig C0s Erfﬂa """ tpl}}.i {25.?2}

rie I — paccrosnne mexay Touxamn A w E, ¢, — yron, obpasosan-
il kopomuieaos 2 ¢ munnelt AE B HaYanBHOM NONOMEHHH, H @y —
TEXYIWUA yros noBopoTa, 3alanHblfl 3aKOHOM ABHIKEHHS @3 = s ()
Eopomuiena 2,

Ortpeack KA pasen

(KA) = 1, sin (g2 + 7o) (26.73)
Hoxcrapass suwavennsn eeanunn ovpesxos BC, BK u KA us pa-
Cerers (26.70), (26.72) w (26.73) B pasencrso (26.71), noayuyaem

iy i M g e - ]
A (o M (26.74)
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3HaKH MIOC H MuHyC NepenaToyHore OTHOUIEHHA iy NOACTABNCHH
noToMy, 9TO YrfoBaA CKOPOCTh ; KOPOMEICAA 2 HMeeT pasjuyHbe
Hanpabienus Ha dase nojnema W Ha dase onyckanus. B pasencrno
(26.74) me sxozZuT MHHEMAJBUEA panyc-eekTop Ry, Kynauxa
(puc. 26.21). Hns ero onpeleieHMA MONHHO BOCTOVIB3OBATHCH O9es
BHHHEIM YCHOBHEM

Ro=V/ 6+ 1 — 234, cos ¢ (26.75)

Pagenctso (26.74) MomHO npelicTaBiTs ewwe 1 B caegyiomedt dopuer
Aty — 1)1

‘tg 0= mﬁ ~+ 18 (2 + o). (26.76)

Hs pasencrsa (26.76) cnepyer, 4To ecqd 3ajaH 33KOH JBHMe-
HHSL @y = @y (1) Kopomucaa 2, HauanbHu# Yyroa @, H ANHHA KOpO-
. MElchta [y, TO MPH YBeNHYEHHEN paccTof-
uuA I yron gaenenus O ymewnmaercs,
d TEEEIPHTH MEXAHH3IMA _",FBE.F'EH'-HI'
BATCA. 2
6°. PaccMoTpus Teneps sonpoc o
TOM, KagK DHPE,IL{'JIHTb MOADMeHHE OCH
A Kynauxa J, ecnd 3afaH 3aKoH ABH-
MeHHd @g = @ (¢n) KOpOMblcha 2, ero
AJHHA {3 § MaKCHMalbHO JONyCTHMER
yros AasnedHa O, Han storo no
3afaAHHOMY 3AKOHY [OBHMEHHH qg ==
= @ {¢;) NPOHIBOAHM pa3MeTKy Noso-
Puc, 26.22. I onpemeaenHi: MiHHE- }KEHHﬂ JINn B KOPOMEHE 2
Manbnoro pasnyes npedgman wmyass-  (pHC. 26.22). Tlyers st1o GYIYT TOYKH
BN ROPDMIE O By, By, B;, ... PasMeTKy npoH3BOARM
Kak anf JasH noakeMa, Tak H anq
tazwt onyckanna. Hanee, wa nywax EB., EB,, EB,, ... of Touek B,,
By, By, ... otenagupaenm otpesku B,C;, ByCs, ..., paBume, coriacHo
paeeHcTBy (26.70),

(BsCy) = (j—:':—:)zfz- (B,Cy' = %)3 ls, .

rie  (dgy/dg,)s,  (dgy/dgy)s, ... — COOTBETCTBYIOUIHE NEpeaTOYHLE
DTHOWEHHA Uy B noamxennax 2, &, ... Ovpeaxn B,C., B.Ci, ...
ans (asu nogkema OTKAagbiEaeM oT Touexk B, By, B, ... Bopaso,

a orpesgH ByCy, BC;, ..., cooTBercTBYIOUKE dase OOyCKAHHA, OTKAa-
IBaeM BAeBo oT Touex By, B., ...

Ecnu, nanee, HampHsep, Yepes Touky C; NpoBecTH npaMylo ¢, — gy
nop yraom 90° — i, K nanpasaennwo EB,, roe ¥, — BuIGpaHHKI
MaKCHMalLHEI YroJl Japfeins, TO OpPAMaf ¢y — ¢ ABIAETCH reo-
METPHYECKHM MECTOM BOSMOMHHX nofioxeHuil ocn A Kyjauka, 410
Bitiio #3 pee. 26.22. B camom aede, ecau, xannwvep, subpats och
Eynauga B nodcmenin Ag, To B Dodosendn f yroa laniennn # €y-
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pet paBel Uny. Ecan ook kynauka Bufpars Nesee npaMoil g, — gy,
To yroa ® oyjger Goawie . Ecan ock Kynasxa sufpaTk npasee
npaMoit g — g4, TO yroa paenennn # Gyaer mensite thy,. Caenosa-
TeNaRHO, 061aCTRI0 BO3IMOR B ooJiesRedHll ocH KYyla9Ka ABAACTCA
ofinacts, Nexalian npasee npamoit g, — g;. HaoGopor, ecan uepes
Touky Cy NPOEECTH NPAMYIO gy — g, TO 0OMACTLI0 BO3MOMHEX NOM0-
wmennft ocn A Rynauka oxamercs offacTh, JemKallas BJAEBO OT Ops-
moft gy — gy Ecan ans seex touek Cy, Cy, Cy, ... NOCTPOHTL NpAMuie
Gs — G2s §s — Gy: G4 — Qas +-., OOpazyomme c aywamu LEC,, EC,,

ECyy oo yram 90° — Oqey, TO mMOxHo HalTH HekoTOpylo of/acts,
SawTPHXOBAHNYIO Ha puc. 26.22, B npenenax
KOTOpoR MOMHO pacnosaralk ock A KyJdauka. o

Mz pue. 26.22 Buano, urto MexaHusm Oyser i

ofinanaTe HaumeHbIHMH rafapHTaMy, ec/iH Bhbl-

GpaTe och BpallenHs Kynasxka Brouke A', Ecan g |
NocTABHTE YCJOBHE, 9TOOH OCk Ky/Jayka Je- i ~IE.
wana HAa npamol BgB,, coeannsiowedt Kpaii-

e noJoxenus ToY9kM B kopomeiena 2, To % | i

ock KyJa9xa wmomeT ObiTe BhOpaHa B TOYKE 2L
A*. Ecay BuiGpana Touka A (puc. 26.22), 1o, ;
coedHHHB ToMKY A ¢ toukamu 8, u E, onpene- =

JHUM HaYalbHHA YroJ ¢, # MHHHMAaJLHE pa- Sy
auye-pextop By= (AB,) kynauna w3 dopmynn b
{25?5} Puc, 28,23. Kyaauxo-

BE Moxam -
7°. PaccMOTpHM HEKOTOPBIE JONOJHHTENb-  HEL MeXxswisw © nocty:

Hule YeA0BHA, HeoOXOAHMBE N8 NpOoeKTHpOBa- MUIGCHHN TOMHATEDEM
HHA KYJAYKOBHX MEXaHH3IMOB, ¥ KOTOPHX 3/e-
MeHTOM BHIXOAHOrO 3BeHa fBnAetcs npsamas  (pHe, 26.23). Tlyers
npaman & — « ofpa3yer ¢ HaNpapfeHueM ABHMEHHA 3BeHa 2 NOCTOsH-
HEIH yron nepeladn y,. = 907

Jlna KynaykoBbIX MeXaHH3MOB OaHHOTO BHJAa JIOJUKHO ellie yaOB-
NETBOPATHCA JONOIHHTENLHOE YyojobBue, 4rofn npodwies kynadka
L1 Beerja BHIMYKJABIM, TaKk Kak ero npodiib ects orubammasn Kph-
BAR K NOAMKeHUAM npasod ¢ — o. Jlns storo, Kak Gyier nokasaHo
HHkKe, neoOxozmmo, 4TOOW 3Havenus d;, dy, dy, ... BEIHYHHE d;,
upencrasasomedi cofofi cyMMy HaHMeHbIIero paaMyca R, kyJauxa
H nepemelleHHa 5 3Bera 2, T. e. dy = Ro+ s, dy = Ry + s . dy =
= Ry+ s, ..., 6bii B K2OKAOM NONOKEHHH GoNbiTe BTOPOR nponssof-
HOHl penydHHE § MO YrAy NOBOPOTA @y, B3ATOH CO 3HAKOM MMHYC,
a 310 sHaunT, GoMLie aHasora ycKopenun s; = d sp/dgi, T. e.

Ry +s>— (D, Ry+s'>— ()

rie s W §)' — Tekyulse 3HaueHusi OQYHKIHH NepeMellleHHA §p ==
= 8 (4pq).

STO MOMHO YCTaHOBHTE W3 caenyiomux coobpamennit. [Tyers nenTp
KPHBH3IHKW CONMpHKacawierocs yuactka npoduis B paccMartpHBaeMoM
NoNoxeHns Haxooutea B Touke B (pre. 26,23). CrponM samensouiHi
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wmexaunam ABCD wu npu touke B (n) ctponm nnau yekopennit, Or-
pesok nhy npegcraBnser coboil aHanor (sz); yckopeHusa a, 3meHa 2
B paccMaTPHBAeMOM NOJNOMKEHHH [ MexaHuima, T. €.
- {5
(s2)e = (mubo)r = (ﬂ'u-'i‘ }r . (26.77)
Takum ofpasoM, panHyc KpHBH3HE p; npoduaa  Kynauka [
B Touke kacauus C papen

pi = di -+ (abal; = By -+ 590 + (52)is {26.78)

rlg Sp; NPHHEMACT NOCAEAOBATENLHO 3HaueHns sb, sy, s, ... Kyna-
ok [ GYAET BHNYKJAWM, €c/IH NEHTP KPHBH3HH ero npodnia B Kam-
oM NOJCHEHHH OYVLeT YAOBJETBOPATE Yolo-
BHIO

p =0, (26.79)

P ®
i R

Puc, 26.24. HAuwarpasmma En —[_ Sot + I:S;h = n’ [Eﬁﬁﬂ]

O¥TH AACCKOED TOXRATE
A8 0 dYHEUER ¥raa no- OTKYAa monydaem

HOpOTE KY.AduKa R ,!- Sop T — [5"2}1, {2551}

Pasnenne npaByio H JICBYX 4acTH Hepasenctsa (£26.81) wa
pemuunyy Ky & 5y, nolyysaM

Ry + s
WK @
- il re
Byt om tg 45%, (26.83)

Venoswe (26.83) nossonsieT npoBecTH
caepyiomee  rpaduueckoe NOCTPOeHHE
(puc. 26.24) pnn yAOBASTEOPEHHR YC/ADBHA
BRINYKAOCTH npoduds KyAagus,

[lo saganMofi Auarpamse s = 5 (g
{puc. 26.24) onpenenmeM 3HaueHHA S; M
CTPOHM [HarpamMmy s; = s (s;) (pue. 26.25).
Hna storo nNpo3BOSEM pasMETKY OepeMe-
Pac, 26.25. K onpegeacatis . opnh apeHa 2 1o ool OS; B OTKAAIHBAEM

MHEHMATENOTO pagWycs npo-
GHAR KYNAUKS COOCTYRETELE:  ja QPOBEAEHHHX TOPH3OHTAALHBLIX NPAMBX

HO AHAR FO{HMCA DTOCKRK ToA- b
katenem suauennn so. CoelMHUB NOJYYEHHBE TOUKH
nAaBHON KpHEOH, HOYYHM AHATpaMMy s =
= & (s2). Jlanee, B ToH uyacTH AHArpamMMul, KOTOPas COOTBETCTBYeF
fITPHllﬂTﬂﬂbHHM H MAKCHMAJBHEIM NO abcoMoTHOH BeAHYHHEe 3HA9e-
HHSIM 83, npoBoguM nop yraom 45° k ocn Os, xacateseiiyw f — £
K KpHBO# 55 = s (s3). Corfiacko nepapercrsy (26.83) nentp Bpawenna
KyJlauKa JoKeH OWTH pacfiofomen Huxe toukum A'. Ecawm nentp

KyJauka pacnonomen sTouke A, To Heparenctso (26.83) coOmonaercd.

s (26.82)

4
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B camom menie, kacaTenbHan { — { K KpHBOH B OTPHUATENBHON 4acTH
aHarpaMMe s = & (s;), NpoBeleHHas W3 ToUKH A, cocrasaser ¢ ocnio
(Js; yroa, memsinnit 45°. BuGpap uentp ppaumennn A Kynauka, mu
onpeleaHM H MHHHMA/ALHBI painyc Kyfauka, paBHeii R = (A0),
mocde Yero mocTpoeHue NpodHAA Kynauka ¢ BRINYKILM KOHTYPOM He
MPEACTABHT 3aTPYAHEHHI.

HManomennei# MeTod npoexTupopanns paspabotad §. JI. Tepo-
niuMycon. Tpefopanne K BRINYKAOCTH Npofuian Ao/KHO co0MONaTECA
H IAA HYJQauKOBHX MeXaHM3MOB BHIa, NMOKA3AHHOIO Ha pHe. 26.3.

§ 116, Npoextposanue npodmneh Kynaukos

P, Kak fwilo noxasado seltie, NpH OpohHAHPOBAHHH HYJdaukon
Josscen GulTe 3a8aH 3aKOH JBHMEHHA sRIXOJAHOM 3BeHa # OCHOBHLE
KOHCTPYKTHBHLE NapaMeTps, OGeCOneHHBAOMIHE paboTy MeXaHasma

&
=il
ARl % 7
Ef
A AR G L e
A DY DAY ARt M 7
. & _—

Pyc, 26,08, JlRarpasma NYTH TOUIHA TELA MEX2HINA £ NOCTYNATENLIUO IEHEVILHMCA KyNagkon

fie3 3aKNHHHBAHHA H € IOCTATOMHO BRICOKHM ROPPHIHEHTOM mones-
HOTO JeficTeHA. 3aKollk ABHMEHHA BLXOLHOTO 3BeHa MoTyT OhlTb 3a-
Aanu rpadHYecKH B BHIE AMarpaMM nepemellennil BRIXOJHOIG 3Beid
B (pyHKLHH nNepeMemensa BXOAHOMD 3BeHa MAHW B aHa HTHYecKod
dopMe B BHAE COOTRETCTBYIOWMX 3asucuMocteli. Tostomy MM B fafs-
HEHIIEM pacCMOTPHM KaK TpapHYeckHe, Tak M aHAJHTHUYECKHE Me-
TOAE MPOSKTHPOBaHHA KyJAAUKOR,

2, PaccMOTpHUM BONPOC O NPOEKTHPOBAHKMNM Npoduieii THNOBHX
KyNauKoBHX MexanusmoB. [lycte Tpelyercs cripoekTHpoBath Kynad-
KOBHIT MeXaH#sM, nokasaMusii Ha puec, 26.2, 2, ¢ noctynatensHo
ARHMYUIHMCA KYJauKoM. 3aKOH NBHIKEHHS ToNKaTens 2 3ajan B Buie
AHarpaMmul s, = 8, (s5,), NokasaRHOH Ha puc. 26.26, va koTopoil npu-
benennt see dasel pabote mexanusma. [lpn rpaduueckoM noctpoeHnn
Npoduan ofHYHO JHArpaMMa 33KOHA JBHMEHHA CTPOMTCA B TexX e
MacwraGax, 9To M KyfMaYkoeefi Mexadusm. [las noctpoenns npodnis
Hyaauka 2 (puc. 26.27) pocnofibayeMca MeTOAoM ofpameHHs ABHMe-
Hud, Jlna storo coofuium Toakartemo 2 u kynauky ! ckopocts, pas-
tiyto —@,. Torfia xynavyok [/ Gyner kak Oul HENOABHIKHEIM, 8 TOJKa-
Tek 2 Gyner ABRHCATRHCA NOCTYNATENLHO ¢ NOCTOAHHON CKOPOCTRID — €
BAONIE HANDABIAWILHX § — § H NOCTYNaTeJLHO €O CKOPOCTLID =+,
BloaL manpabamiomuy p — p. Bubupaem Ha Toakarene 2 toury A,
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Nexallyl0 Ha HeKOTOPOM KOHMCTPYKTHBHO BHIOPaHHOM paccTosHud Ry
0T HANPABJASIOMMKX § — ¢. B ABIDHEHHH CO CKOPOCTBIO — @) TOJKa-
Teab 2 nocAenosatenbHo sankuMaeT nomokennn 1, 2, 3, 41 5, atouka Ay
ToAKaTens — nosowkenns Al AN, AN AWV AY newamne na pas-
HEIX paccTORHHAX s =g = §'— 7 Tax rkax macurrabu pua-
rPAMMEL M KyJ4UKOBOFO MEXAaHHIMA ONHHAKOBH, TO OTPE3KH S| ',
8t 2, ... MOIYT OHITH BINTH NPAMO ¢ AHATpaMMEL S: = & (s)) (puc. 26.26),

*

£
i
%; 2l J| ¢ £ El f & A ow m
—
P "IT"lF'{FH "GTHI"IT"H"{:‘ Hi
1 L!t'lq Poar e e i
Jird AL A P Ny I B o
I
o A b, &
_g-["f ;:}EE ;:..._.: L _G:- %
{%%ﬁ g - 4] ﬁf e e %‘5{_
A e rd 7 ;i %
7 "
C AP Y.
.F'T T R e e G
5 T A L B

- s -
Pac. 28.27. Tlocrpordde npodins KyAauka o060 MEXRIAYME € OOCTYIATEALED Jisn X YILHENCH
Kydaukom H ToRdaTeaed

ANA 4erD YYacTok sy ¢ash nonkema pasOuEBaeTcs HA Pil PaBiMX oT-
peaxop. OGHYHO NPH NPOEKTHPOBAHKH npoiiel KyIayKos PEKOMEeH-
LYETCH AN TOUHOCTH MOCTPORHHA BLIOHPATE MaJLie HHTEPBANE MEMIY
CoceMHEMH modomennnmy. Ha pre. 26.26 orpesox s; pasBut ToasKo
Ha YeThIpe yyacTKa, 970l MOMHO OhUIO ACHEE H3JOMHTL METOM no-
crpoenns. Yrobu onpeneants nonomenun Ay, Ay, Aq, A Toukn A, B
ABHMEHHH TOAKATEeAR 2 CO CKOPOCThIO + Us, OTKAAAHEBaEM o1 Touek A{" _
B HanpasJeHHH JBHMEHHA TONKaTedn 2 OTPe3OK 5%, BIATHII ¢ Ana-
rpaMmbl sz = sq(8), or Toukn A — OTpesox 95_3, ot Toukn A" —
OTPEZOHK & " u 1. 0. Coennnns noayyennwe Touxkn Ay, As, Aa, ...,
noAyyuM npoduas @ — a Kynauka [, noxkasawmmii Ha puc. 26.27
WTpHXOBOH MuHHeR. 3ToT Npoduas Gymer LeficTBETENLHEM (1PpOdEaeM
KEyAauka, ec/li TOJAKaTesik OKaHUHEATCH OCTPHEM, H UEHTPOBLIM npo-
dunen, ecAH ToaKaTenb cHaliked KpPYrAHM posukom 3 pafuyca r.
Has nocrpoeHna JefiCcTBHTENBHOrO NpogMAA NpH HANTHYHH PO~ |
ArKa 4 neofNOZMMO H3 TOYeK, MeXallldN Ha NeHTpoBoM npodme,
NpOBECTH PAJl OKPYMHOCTEH pagWyca r M sareM OOCTPOHTL OrHGaig-

myio b — b nonomeHnit poanka 3. .
Hz noctpoedns cAenyer, 4To NpH BufipanHuy Macwrafax newrpos

B0t npodmkis @ — @ Kynatka npexpctasiser coGofl JHarpaMmy s =
= 5 (5,), a neficTenTencHpd npotuas b — b ABAAETCA SKBHAHCTAHT-



§ 116. NPOEKTHPOBAHHE NPOGHIER K¥NAYKOB 539

HOlt KpHEOH K KpHEOA @ — @, TOUKH ROTOPOH JeXar Ha paceTofdiusx,
paBHHEX r, NO HOPMafiAM K KPHBOH & — 4.

4°. B npakTnueckux pacyerax gacto TpebyeTCR AHAMHTHYECKoe
BLIYHCACHHE KOOPIHNAT NefCTBHTENLHOrO NpodMnA KyJadka mAR nos
JyueHns G0Iee TOYHORD OUepTalind storo npoduas. aa coctaBnenns
ypaeienss orubaiowelt b — b (puc. 26.28) nonomennii ponuxa
panuyca r HanHmeMm ypaBHeHHe cemelicTBa OKpymHOCTEN pagHy-
ca r, nentpsl A KoTopHX ofpa3syior nehtpopofi npoduas a — ai

(e — X2 4 (W — y)® —r* =0, (26.84)

rie Xy H Y — KOOpAHHATH  [OeficTEMTENBHOro
npoguan b — b, a KOOPAMRATH X ¥ Y NEHTPOBO-
ro npoduas - ARAAKTCA QYHKRHAME BulpanHoro
napamerpa & x = x (8), v = g (B).

HAna nonyuenHa ypaeuenuil oruBawomeli B
napamerpuueckoil ¢opse npofupdepenumpyen pre TRAE K cnpe
ypaeHerue (26.84) no ofwemy napamerpy 0: DrRGaowel  posika

K¥aasionobg Moxas
HitaMe, HIcOpAHen o

(X — x) 'fmx +( — y}%%' =1, (26.85) ro we pme.  260.27

Peman copmectno ypaenesusa (26.84) w (26.85), nosnysaem koopan-
HaTel JefcTBHT2ABRHOrO npoduas:

X=X+ 7 dyfdtl .
rodxfdt . )
V (dx]dOF + (dy/doy®

Hs pasencre (26.86) cnefyer, 410 KCopAMHATH X, H g AeficTBIL
TEALHOTO OPOGHAA HMEIOT [BA 3HAYEHMR, COOTBETCTBYIOILHE IBYy
BO3MoMHGIM npofuaas b —b v 8 — b

Ias RyJaukoBOro MexaHwsMa, NoKasaHHoOro Ha pHe, 26.2, 2,
HMEEM YpaBHeHHA UeHTpoBore npoduis B napaMeTpuueckoll dopwe

= § Wi = S. DOwuy napamerpos B yiaoGuo eubpats 5y, GO 5 =
= g {5). B Taom cayuae nonyuaem:
dx d5 1, el dsg

CheaepatelbHO, KOOPAMHATWL X H Y AefiCTBHTEABLHOTO nOpo-
huan &b — b pasuy
iy /iy r
xb=51+—'= FE=SQ——-=-
V 1+ (dsyjdsy )’ V1 + (dsafdsy )?

4, TepexoiuM K paccMOTPEHHIO BONpOCA © NPOEKTHPOBAHHH
OpoHAs Kyladka MeXaHn3Ma, NoKasaHHoro Ha puc. 26.2, g. 3awou
LEHmeHHs Toakatens 2 3aflaH B BHE JAHarpaMMbl S = S, (g4)
( #e. 26.29), ma koTopofi nokasaHe Bee $asel JBUMEHHS TOJKATENR
Ppr ponusy yroe neeonota Oy kyaatia [, pacuEos

@, = 2. 23.87)

h=y+
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Cnpeaenses no merony, yxkasaunomy e § 115, €, munamaneuuii pa-
nuye R, KyAauka ! 0 ODpoBolHM OKPYHHOCTE 3THM pajgHMycoM Ha
toukw A, Torma onpenennTed HaualbHoe NodokkeHne By Toukw kKa-
canis ocTpHA Toakatena 2 ¢ Kyzauxom [.

52 =
1
b B £
s
3] et 7
[ { "i,u "'\,\F P
BT o vs] s 5 7 & L A
¥ -
l'-.zl.:| _,!Is.:H_,'f'}N_. %.J“.i‘ 15ls " ;ﬁ:_ 5 R &
R R g E,
___.,.‘._ft_g—-—...;___. e L
(d e

Puc, 26,28, HdWarpamua nyTH TOARATENH OFS KYAAYKOBOTO Mexampsua, nsolipalhelnoro um
P,

Puc, 26,30, Tlocrpoerne npodeas KyNEUka AR KYAASKODBOCO MEEAIHEME, aaofipasen Hord
wa peo, 26,2, =

Jlns noCTpoeHHA UEHTPOBOro NpodHAs a — @ KyJlayka BOocnONb-
syemcst MeTofoM ofipawenns apukenns (puc. 26.30), ana wero cool-
WEM KYJEUKY M TOAKaTedo ofulyn YIAoByi0 CKOPOCTh —y, paBHYIO
W o6paTHo HanpaBJeRHYI0 YraoBoii ckOpoeTH o kyaaska I. Torna
TONKaTedk 2 3afimer Ha ase nogsema nonomenua [, 2, 3, 4 u a,
a Touxa B, aaiimer nocnefoparensno nonowenna B, Bl B,',";_rr'taﬂ,"’.

1 b
AciallWe Ha Jydax, ofpasyoliHx paBHHE YIRAW ¢ = @1 =
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'}
= {p?'_' = ¢ . Ecan macmrat nepeMen(eHHil s (puc. 26.29) pmbpan
aBHBEM MaciuTaby wepTesa, T, oTKAaikBas oT Touek Bi!, B BIV,
Y OTpesk#, COOTBETCTBEHHO papHEIe

Bi'Be=s5 B"Bi=si", Bl'Bi=s"

B'Bs =57, (26.88)

noayyus ventposoll npoduide @ — a kyNsuka Ha (ase nognema ¢,
ecdii cOelnHHM Nnasrol kpueoil Toukn By, By, By, By 1 By Ha yrie gy,
pepXHero BeicTof npodune Kydzuka Oyiaer Ayrofi OKpYMHOCTH pa-
anyca Ry -+ h

[Monesyace AHarpasmodl 5, = 5 (g} (prc, 26.29), ¢ noMowke ana-
JAOFHYHEIK MNOCTPOEHHH MOMEM nNOoCTPOMTh TOMKM By — By, cooT-
peTcTBYIomMAHE Gase OonycKauHa (.

Ha ase HHAHETO BRICTOR tpyy NpO-
trae Kyaadka Gyner JAyroll oxpym-
HoctH paauyca R, Ecan ronkateas 2
OKAHYHBAETCH PONHKOM J pajuyca r, To
nocTpoeHHe NeCTBHTENLHOTG npoduan
b — b ceonnTest K NOCTPORHMIO SKBH-
aucTaHTRON KpHBOA Kak orafamuled
nosoxenndt ponnka 4.

5°. ¥papwenus nentposoro npodm-
nd a—a (puc. 26.31) B noaspro
thopme GyOYT HMETH BHA

N = Puc. 28.31. K onpegencHes ko =
0=yq, K= Ry+ s, (26.89) BT npoGHAR K}'E:ﬂﬁtlw wmﬁ'ﬂu-

FO MEXAHIEME © NOCTYNATEARHD Bk
rae R — pPaAnyC-BEKTOD KyAadxa 2B BVLUIMES ToAHATEIEM

MNOdsKeRHH, B KOTOPOM TOHKA B 3zanu-

MaeT npoHsBOJbHO BrbpanHoe nodoxenue B'. Ecau ock x uy
BHOpath TaK, KaK 3T0 Nokasano Ha puc. 26.31, sulpamenns 1As Ko-
UpARHAT UeHTpoBOrO npoduas B napaMerpHYeckol dQopme OGyayt
HMeTh caenyiounfi sum

x = Rcos g = (Ry - 5) cos gy, (26.90)

y = Rsingy= (R + ) sin ¢, (26.91)

Bupaxenns Ana KoOpiuHaT AeficTBHTebHOro npoduas b — b
MOTYT OwiTh Noaywuedst H3 papencrs (26.86), ecan sa napamerp ©
NpuHsRTe yrod ¢p NoBOpoTa KyJauka:

do = — (Ro~+s2) stn gy +cos g 722, (26.92)

:T!"II: = (Ry - 52) €OS ¢y - 5in ¢y ﬁf* (26.93)
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Hoacrasnas B pagencrea (26.86) swateHHs X M I H3 DapescTs
(26.90) » (26.91) n dx/dyg, u dy/de, wa papencrs (26.92) u (26.93),
noc/ie HeKOTOPLIX MpeoOpasoBaHHi MoJaydYaen

(Ry + sg) cos @ -}-5in gy gf“{’:'
-;:r.:.;.-::l. [25-94}

V et (22

05 @1 ok — (Ry +53) sin gy
Yo = (Ro -+ sa)sin @y F r - —=— (26.95)
V Ra+sr+ L
¥paenerns feficTeHTeNBHOrO npoduan b — b 8 noaapuoll Gopue
MOrYT GHTE NOJYYEHB! 13 HIBECTHLIX COOTHOLWEHHA

Xp=(Ro+sgcosqu kv

Re =V X+ Ui (26.96)
g B, = ﬁ: ; (26.97)

Ha puc. 26.31 caenyer, uto W18 KYJAYKOBRX MeXaHHW3MOE pac-
cMaTpHBaeMoro Buia Qasobulil yrosa ¢, cosnafaeT ¢ NONAPHHEM yr-
aom 0.

6° Tlepexonun K paccMOTPEHHIO BONPOCA O NMPOEKTHPOBAHHK Npo-
(hMaA KyNauka MeXaHHM3Ma, nokasanxoro wa puc. 26.2, e. Ilycrs 3a-
KOH ABIKeHHS ToAkaTens 2 3afal B BHEE AHarpaMMel S, = S (§4),
noxkasausoll va puc. 26.29. Tlpn nocrpoerun npoduns xynauyka [
LaHHOTO BHAA M3 LeilTpa Bpailerds kynauka (puc. 26.32) nponoaum
OKPYHHOCT: paivyca, paBroro BufipapsoMy cmetiennio [ ocH JBH-
e ToaKkatenn 2. Jladee, no metofny, msaokenHoMy B § 115, §°,
ONpelensnes MAHAMaNLEER pagnyc Ry KyJauyka H NpOBOIAHM OKpYH-
HOCTh TOrO paanyca. B Toyke nepeceyeHHs OKPYMHOCTH pauuyca Ry
I OCH IBHMKEHH#A ToMKaTead 2 paxonuMm Toury B,. Touxa By cootser- -
CTBYET HauyaJeHOMY MOJOMEeHHIO ToAKaTeds. B ofpamennom nBume-
HHH OCh TOJAKATEAA ECEria KacaTeJbHA K OKPYMHOCTH pajuyca e

Mocaenopate s Hbe NOJOMEHHA TOJAKATONH ONPEASJATCH, ECAH OK-~
- L]
pPYXKHOCTL pa3s0uThb Ha YacTH, COCTBETCTBYIOU(HE yrJaM :p} T

¢y ... Ha anarpamye sz= §;(p1). B cooTBeTcTBHM ¢ ITHM nonygaeM
paf touek Cq, Cy, Cy, ..., B KOTOPHIX OCb ABHMKEHMS TONKATE]S Ka-
CaleNlbHa K CKPYHUOCTH palHyca e. HHKD,B,HH. janes, Ha TNepece
YEHITH OCH IBHMKENHA TOJKATENA C OKPYIKHOCTLIO paanyca Ry touxu Bll, .
Bt BIV .., ABJIAIOUHECH reOMETPHYECKHM MeCTOM Toukd B, B ned-
MeHHH Tonkatena 2 ¢ yraosofl ckopocTsio —wy. M3 Touex B!, B,
BIY, ... oTKAanmEBaeM BIOAb OCH ABIMEHHA TOJKATEIA OTPEIKH Sy -+

sy &% ..., BasTee ¢ miarpamMel & = 5 (@) (puc. 26.29), n noay-
yaem Toukn B, Bs, By, ..., ABJASOUIHECH TOUKAMH LEHTPOBOTO Npo-

dnnn. -
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TocTpoente AefCTBHTENBHOMO NpodHAa analOrHYHD NOCTPOEHHIO
“p':’%l“‘“ KYA2YKOBOMO MEXaHH3Ma, NOKa3aHHOro Ha pue. 26.30.
. Koopannate uenrtpomoro npobuns @ —a Kynauga [
(pue. 26.33) noayyawTea M3 yCIO0BMH '

tg(p+f) =2, (26.98)
(26.99)

Poc, 28,32, K nocTpocHER NpodHAR RyI&9Kd KYARUKOBOrD MEXoinisa © SKCUEHTpuyne
OOCTARJAEHHEM TORHATENEM

HAH NpoOPHALHEI yroJl KyJauka, § = BC — pacctosnnue, onpeges
JAillee HauadpHoe nonoxeHHe Toukd B tonkareas, s; — nepeme-
mEeHHE TOMKATE/IA NPH NOBOPOTE KYAaYKa Ha yrod ¢ u f — Benosoras
TenbHEIR yroa, pasuefl f = £ BAC'.
Hernwoyan u3 pasescrs (26.98) u (26.99) yroa B, noaydaem
0 == @y +arctg 2T _aretg 2, (26.100)
Hueem, nanee, 125 pafuyca-eektopa R, onpejensollero HEKOTopLa
UPOHIBONEIO Bufpantoe nodoxenue B’ Touxu B Toaxarens, cienyio-

Liee BHIpamEHIE!
RV TFarFe. (26.101)
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Brpamenun (26.100) u (26.101) onpeflennioT KOOPIHHATH LEHTPO-
poro npodias @ — a Kynauka 2 B noaapHol gopue. Hs BupamieHng
(26.100) cnepyer, 9To A0S KYJ1aTKOBOro MEXAHH3MA paCcMaTpHBAEMOrD
papa noaspEuit 0 u hasoBWfl qp YIIE He PABHLL Mewiy coboit. Ko-
OpOHHATEL LEHTPOBOTC npoduas B
BLIOpaHHOH CHCTEME KOOPAMHAT XAy
(puc. 26.33) umetor TaKoN BRA

x=Rcos®=7{sFsF +¢ X
¥ COS (tpl - arctg %_ﬁ
- arctg js-) ., (26.102)

yzﬂslnﬂszsﬂ—i—ﬁg}“‘-lt?x
o+ 5

¥ sin (qh + Erctg "T —

- amg{ﬂ-). (26.103)

Prc, 26.33. K onpefemesmn KoopABRAT KGQPJIHHET” JEHCTEHTENBHOIO

npobras dyasuks iyisuonore Mexe:  [POQHIA b —b (puc. 26.33) moxu0

TonKatenem OOpefenyTs, ecill BUCNOABIOBATLCH
prpanennamy (26.86).

& . PaccuoipHs, Nanee, BOTIpoC O NPOEKTHPOBAHHY KYNaUKOBOrO

MeXzmuaMa, Nokazauporo ha puc. 26 1, §, 3akoH ABHAKEHHH KODO-

Mie1a 2 5a04H B BAe anarpami Py = P, () (puc. 26.34), riep, —

| v
1% % BEIER
A E. 7
B 5 F'“E ¢| s |7 o 7
g ¥ e 1?‘_'1_" Er‘qﬁﬂi"}’jf}-w g LA
e | em | P ] P
'@.-2# |

Pue, $6.34, [uarpaMsa ¥ris OD0EGPOTa HOPOMMCRS RYJAYHORGTD MEXEHE MA

yroq nOBOpOTa KOpoMbiCaa 2. Moausti yroa noBopota Kopomicaa 2
npuant pasueim V. MusnMansHER pannyc Ry wynauxa [ onpele
nsem no meTofy, nanomentomy B § 115, 67, Toraa no sapaksniM pas-
mepam [ i [ onpefeantcs yrod {puc. 26.35). OGpawman i6HMeHHE ME-
Xaluana, naxoadn nonoxenne tovek Ca, s, Gy 1 Gy (pHe. 26.35) ocu
ppawenns kopomucna 2. CoOTRETCTBEHHO HA OKPYIKHOCTH pannyca Ry
onpefensiores Toukd B], B, B BV y BY. Ot noayueHHHX Ha-

npasaennit CoB', CsBi", CiBi" C:BY orknanupaes yrae §,

e, i w g, BanTeie ¢ nMarpamMel o = P () (puc. 26.34).
Torma onpeneastcs Toukh By, By, B, n B, uentpueoro npoduns Ky
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nauka 2, cumae'n:'re}ymmua tase noavesma Kopomsicha. IMocTpoetne
npodnan KyJauka Ha faze ONycKaHHA ABAAETCH AHAJOTHYUIILIM.
Ha dhasax BepxHero H HHMHEro BHCTOEB npounp Kyaauka [ osepuu-
BAETCA JyraMH OKPYMHOCTEH, HMEWHIHX NEHTPOM TOURY A. To-
cTpoenie jeficTBHTeNbHOro npodiian CBOAUTCH K NpPOBElEHHIO OTH-
falomeil K NOJOXEHHAM poiHKa § BuGpaiHoro paauyca,

Prc. 28,35, HG'ETPI'.'IEIIIIEI I'I'F’l.'ld}lﬂ.'lﬂ Kyfauiie Iaf HYNESHOEOTE MEXAHHIMA C REOPOMBEICION

5°, Koopouuatel uLeHTpoRoro npoduis a—a KyJagka [
(pre. 26.36) onpenennworcs H3 caenyomnx coobpamennii. [Toaaprui
yroa 0, ofpasopariuil pagHycom-BekTopon R Kylauka B NOJOXKEHHH,
B KOTOpOM Touka B Koposbicna 2 3aHiMaeT NPOHSEOJLEO BuIGpaHHOE
nogosenne B, onpenenserca us paccMoTpenus Tpeyrodeinka AB'C.
Haeen

R cos (8 — B) = I — Iy cos (Y + ¥, (26.104)

R sin (B8 — f) = L sin (P + P, (26.105)

rie f — senoMoratencisit yroa. Hs ypasuennii (26.104) u (26.105)
[LOJTY o aeM

— Ly sin (1 + ¥u) "
0—[f= arctgﬁWm. (26.106)

15 14 1 & esredrmenciiil
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Janee, uz tpeyroasuka ABC umeem
g1 — = arcsin (& sin o). (26.107)
Wernioyan w3 ypasuenufi (26.106) w (26.107) yron i, nonydaem

fosin (g 4 4 ; b
B = qy -]-arclg A f{;!::“;: :_‘LJ — arcsin (é—u sin 1pn) . (26.108)

Oauny pagiyca-BekTopa R TOAYHHM M3 TPEYroAbHHKA AB'C"
R -

=1/ B B2 1,008 (g ).
(26.109)
Hs gopvyan (26.108) cae-
#yer, 4TO M A5l STOTO BMAA
KYJauKOBHIX MEXaHH3MOB no-
aapruil yron O #  dazopwit
YrOJ ¢, HE PABHEL MEMAY CO-
kﬂDp,ﬂHHETH ILeHTPOBOTO
npodman @ — a B BulpaEHOH
ciereme  koopuunat  xAy
(puc. 26.36) uMewT BHI

Prec. 20.38. I onpepenepniy KOOPRLEST OeHs .
TpoBaro 0polean nl;f"laﬂka NN Y RERKOEOND M x= Focos 9. (Qﬁ.] ]ﬂ}

XLiRAME © KOPUMLCAOM y= £ sin 8, EEE]“}

ree R u 0 onpejensiorcsi U3 paBeHCTB (26.109) u (26.108). Koopau-
HaTid aeficTBHTensEOro npomas b — b (puc. 26 36) mouHo nomy-
4iTh, €CAl BOCNOAB30BATECA papeHcrpavu (26.86).

/(. Tlepexolid K PpACCMOTPEHHIO BOnpoca © NPOEKTHROBAHHH
npodunn Kynadka MexaHiusua, NOKa3aHHOTO Ha PHC. 26.2, 6, ¥ Ko
TOpOro TojMKaTeab 2 oKaHYHBaeTCs naocxol Tapenkof. 3daKoH ABi-
SEHNHT TONKATend 2 saNaH B BUMe AHATPaMMEL 8; = Sp (¢} (pHC. 26.37).
MocTpoerde npodins Kyaadyka [ npH ycloBuM, §TO mMacmTabkl nepe-
MeleHns S, HA AHarpamme s = S (¢u) (puc. 26.37) B cxemu mexa-
HU3Md COBMARAOT, Nokasako na puc. 26.38. [pu nocTpoennn npoduna
Kynauka | npuseHAM METO] OOpaINeHNs LBHMKEHHA. MiugHmansHLR
pamiyc-sekTop R, KyJauka onpeiefiseM no cnocoBy, yKasaHRoOMY
p § 115, 7.

[Tycrs B nauade ARMKEHHA Tapeaka TOJAKATeIq 2 yaxoaurTca B no-
nosiennn dy — dy. Tlpu ppamenin ¢ YrJAOBOH  CHOPOCTRIO — b
TapesKa 3aNHMAET TOCNefopaTensho noaomenus dif — 4y, div —
—d!t, dV —dlY, ... 1 Touka B, Kacauus TApEeAKH C OKPYMHOCTBIO
pajiiyca R, noclercrarteNkHO NPOXOAHT Gepes NOJOMEHH: B3,
BT BV ., TIpH nepewerieHdd TOAKaTeNn €O CKOPOCTBIO +9,

ero Tapeita NEpENEIAeTC KA PACCTORHHS, PABHEE Sy ) A ey
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= vy
-
o

(i

Poc. 26.37. JRArpauts O¥TE ODAGCKOTO TOARLTENA B byHiuBR ¥iAs O0BOPOTS KYJEWKE

Lawd
==y

Prc. 20,38, ToeTpoenne npodEns EYARYEes HYSEUHUDOMD MOXaUKAMa © ONOCHHEY VOREATCAEM

18
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T, 8. OHA SaHNMAPT DOACHeHHA ey — d, dy — dy, d; — dy, ... [1po-
uap Kyaauka ] MOXHO MOCTPOHTL, @CIH NPOBECTH oribaniy a — @
Beex nolowkens dy — do, dy — da, dy — dy, ... Tapenxu. Ha yraax @q,
H Qyg, COOTBCTCTRYIOHMMX (ha3aM BepXHEro W HIDKHETO DHICTCER, KY-
NAYOK OuUEpuUHBAETCH N0 Ayram OKPYHHOCTEH, NpOBeleHHEX 03
nentpa A paamycamu Ry + A n R,.
11°. Tloaspuble KOOpAMHATH npoduas a—a Kynauka [
(prc. 26.39) umewt chepyiomuil muid. [lpopeies uepes TGUKY c
3 Kacanua Npodiinf @ — @ ¢ HEKOTOPLIM
; NPOH3BOAEHO BROpPANHBIM NOJNOMKEHHEM
% d’ — d' Tapeskn wopmans n — n, Tor-
. [a MPHOBEHHLT LEHTp ppaumesns P
B OTHOCHTENLHOM JIEHIKEHAM HaiijeTcs
Ha nepecedesdd HopMann A —1n ¢
npamoit Af, nepneHAnKynspHOH K OCH
peleHNR ToqkaTens 2. Beawunia AP
Gyaer paeHa (AP) = dsy/dg,. Iloanp-
Heril yron 6 papen

— 4B = Gealdipr

7 j%l::j ﬂ T = E’ Ly + arCtg Hﬂ-[—bg ]
» {26.112)
H paauyc-gektop R Ky/natuka B Todxe C

Puc. 26.3%. K onpegenediio 00aRp- paBeH

X HoopaHdaY npodHns Hynduse

x}'ﬁa‘inuanrnﬁbj::;:;ﬁn R T R= V {Ru _[_ 52}3 + {%:::)2 2 fgﬁ.l 13]

KDﬁg‘DﬂHHaTEﬂ npotian @ — a B pufpanHoil CHCTEME KOOPARHAT

(puc. 26.39) supasaTen  opMynavu
x = R cos 8, (26.114)
y = Rsin 0, (26.115)

roe R u 0 onpesensiotea no dopmynawm (26.113) n (26.112).

12°. Ilna tex KyJayKOBHX MEXAHHIMOB, Y KOTOPBIX TOAKATENlb
oKaHuUUBAETCA DOJHKOM, HeofXOAHWMO HMeTe B BHAY, 4TO pajHyc r
posiHKa He MOKeT GhiTh BHIIDEH NPOH3BOJALHO. HeofxoaumMo pyKopol-
CTBOBATLCHA YCAOBHEM, YTobLl SKBHIHCTANTHAR KPHBERA, NPEACTaRARIO-
man coboii peiicrertensnufi npoduis KyR2UKE, He HMEaa cauonepes
cevennn. Ha pue. 26.40 Biano, UTo ecild paAnyc poaika pLGpan pas-
HEM Fy, TO caMonepeceqerys AeficTBHTEALHOTO npoduis b — b
MEL HE HMEEM.

Eclu yuenHuuTs Pajiuyc POJNHKA H BRODATH €0 PaBHLM ry, TO
B TouKe 1 neficTeuTensHu npodias b — b camonepecexaercs.

13°. Tpn ConbWHX Harpyskax H BLICOKHX CKOPOUCTHX JBHHCHIA
ﬂeli)nphaausm zpeHLER ONA3RIBAIOT 3AMETHOE RIAHHNHWE Ha KHHeMaTH e
CKHE M MIHAMHUECKHE XapakrepHCTHKH mexanusma. Haupumep, nps
CHNTE3E BHCTPOXONHME HYJTEYKOBLIX MEXSHITIMOB npodindh Kynausa
JOMMEH ONpelenATseH € yUeros yupyroctu 3peHLeD.
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Ha puc. 26.4] nokazana JWHavHYeCKasl MONENE KYJaduKoBOIO
MEXAUN3ME C YNPYTHM TOAKATeSeM. an}'mﬂh EYA2UKOsnro Baja
pe NPHHEMAEGTCH BO DHHUMALAE, T. €. PECCMATPHBAETCH MEXaHuaM,
B KOTOPOM JKECTKOCTH BaNa SHAYHTENLRD DOJBIIE  HecTKOCTH

coakaTens. Macca  ToJKaTENs M CUHTAeTCH
p ogHoll Touke (BEpRHMEN KOHLE TodKaTens).
JeicTsie CHN YOPYLOCTH  TOJAKATeIs  [pen-
CTANMENO OPYMIHOH @, He HMeuel maccw ©
ponelernoll  vewly maccofi m W kyaankom Ha
sraccy mt o geficrsyer suewHas ceaa F. Husooni
KOUEN TOJRATeNs (pYHMUIa) IDIBKETCH B KOHTAKTE
C KYyJ39K0M, T. €. NepeMeiledne HHMHEro xoHua
TOAKATEAR §, OTCYETHEAEMOE OT HaHENIWErD no-
JOMENHHA, ONPelefreTca  NPOfHAEM KyJauyka.
[lepememenne BepxHero KoHUE TOAKaTens Y
BCAGICTEHE YNPYTOUTH TOJKATEAR OTIHMaeTCH OT
nepemerieHHa s,

Ceeab MeMJlYy NepeMemieEHIMBE [ H § MOMET
OHTe HalIeHA W3 AHGrheperIBaabioro YpasHeHns
JIBHREHHA Macchul

— F 4+ 6 (s — y) = mij, (26.116)

COCPEROTOMEHHOH

Pae. 26.40. K nccne-
AORENIEY BONpPOCE o
CAMONEPEOEREE It 10l
CTENTEIBIGTSG  Gpohi-
A9 KYARNKS

File & — MCCTHKOCTh TOJKATENN, T. €. OTHOILEHHE CHJIH, NpHALKEeRHDI
K KaR0MY-NHE0 KOHLY TONKSETEIA, K BelHMHHE ero aedropMansy, cyu-

Tafi ApYroH KOHen 3akpenienHLi.

[p# craoeom sampkanun cuna F woxer Goits
MPEACTABNEHAE B BHUE CYMMBI CHJIM BHEmHed Ha-
rpyskn Fy, cunnl saMpikamomedl npysnns F, o
CitH TpeHun Fg

F‘_':’F||_E"FD+F-_[0 {26.]1?}

Mopnynb CHAE 3aMUKAONEHR NPYMIHE MoMeT
OulTh TIPENCTARTEH B CAAYIOMENM Biijle:

Fo= Fo 4 ay, (26.118)

e Fy — cena npenpapureanoll sarasmim, ¢ —
HECTROCTH NPy RHILL
yaerom  cootsowennit  (26.116)—(26.118)
YPaBleHte  ABMMEHHS  YOPYroro TofkaTens
(26.116) nomyuaer Bup
g+ i ":;""2 y = "F:I_F{:?;"FI' ‘I‘fﬁ. f?ﬁ-“g}

Pue, 20.41. Dunamu-
MECHAN MOFRAE KYhabs
KOUOro MexaHHIMaE

Chretona noJdydaeM HCKOMYIO 3RDHCHMOCTE MepeMelleBds HHMmHero
KOWa Tonkarens s ot NEpeMelleHna BeprHelro KOHLA TOJKATENN!

Fes Fo-+ Fad Fy g £y - i

[ (£ Y-l L]

m

(26.120)
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Takum ofpasoy, LA onpejledeHns saBucHMocTi §({) c yueroM
YOpYrocTH ToMKaTend noarHa Gurth 3alana dyukuna ¢ (f) ¥ BrOpaA
npouzsoanan § ().

Fnana 27
CHHTE? DACCEMX MEXAHHIMOB C HH3LIHMH NAPAMH

§ 117. OcHosHEIC 331a4n CHHTEIA

J°. Tnocipe MexXanuaMBl ¢ HHSIIHMIT Dapamd OPHMEHAIOTCA BO
MHOTHX mammHax, npuopax B YCTpOHCTBAX.

JlocTOMHCTEA STHX MEXaHU3IMOB ONPefefaiorcs B OCHOBHOM OCO-
Erami CRONCTEAMH HH3WIHX O&p, B KOTopse BROMNT 3BEHLH. B nua-
WHX Napax CONpHKACAIIMMHCA SJEMEHTAMH 3BEHLED ABIAKTCA [o-
BEPXHOCTH, NOSTOMY YAEILNbE 1aBACHHA H H3HOC B HAX MEHBE, YeM
B BRICIIMK KHHEMATHGECKHX napax. SJeMeHTH 3PeHbEB, obpasyiounx
STH Napsl, H3FOTOBNAIOTCA JOCTATOYHO UPOCTO H TOWHO, Tak KaK
TexBonorysn ofipafoTky naockocTedl 1 NHAHHADHYECKHX [CEEpPXHO-
cTeil b nacToAuee Bpems paspalioTasa BecbMa TILATENbHO H NOJEO.
Kpoue Toro, jis MexaHH3MOD, ofpazoBaHibiX TPH NOMOULE 3BEHLEB,
OXOASIHX B HHIMINE NApE, B OTAHYHe, HAupumep, OT KyJaukoBLIX
MEXAHEIMOB, HE Tpelyelcs NpYHHH H APYTHX ycTpoficTs, obecneyi-
BAIOHUIX NOCTORHHCGE 32MBIKAHHe KHHEMaTHReCKHX 04p.

[Ipy nomollH NAOCKAX MEXANH3MOB C HH3ILHMH napaMy MORHO
TEOPETHYECKH TOYHO BOCTIPOHIBLCTH niofiylo nAcCKyw asarefipanye-
cxylo kpusyio. OIHAKG NPakTHHECKOE NMPHMEHEHNE STHX MEXAHHAMOB
OrpanHyiBaeTCR TEM, YTO 3TH MEXaiH3ME noAy4awica, Kak npaBudao,
MHorospeHEREMH, C YBeAHYEHHEM e YHCN2 3PeHbel B MeXaHH3Me
RO3PACTEET BEpOATHOUTH MOMYHEHA HENONYCTHMEIX YISOB TEepeiayn
H HCRAKCHHA aa,ualizit)ﬂ anECcHMOCTH BCJefACTENE HAKONJASHHA Olll-
GoK, NPOHCXOAANIHX OT HETOYNOCTH H3TOTOBJICHHA mexannama. Ilo-
STOMY HEKOTOPBIE 32KO0HK NBIMEHNS BLXOAHOTO 3BEHA NparTHIECKH
HE Y4ETCR BOCTPOHSBECTH MPH MOMOULH NAGCKHX MEXAHHAMOB C HH3-
WM napaMy. B 10M cOCTONT BX ocHOBION wenocTator. JApyramu
cTOBaMH, KyNadkeBme W 3yGuarhie MeXamH3Mbl BCJIEACTBHE pasno-
ofpazus  JEMEHTOB BLICIIHMX Tap NpaKTHYECKH ABARKOTCH fodee
YHEBEPCARBULIMIL, YeM MEXAHHINEL, CocTARNEHHBIE TONLKO H3 3BEHEED,
BXOAMILEY B NHILNE napll. CnegyeT 3ameTHTL, ONHAKO, WTO C pa3-
BUTHEM METOLOD HE}GEKTHPDEEHHH MEXAHHAMOE C HH3IMHMHE ﬂEpEMH
gfiacTh WX GPHMEHCHNS CYWECTBCHNHO pacliipreTcs. Hanpumep,
p nocieanne roge B Copercikon Comse B Malnnax, Chyialiux Aas
BLIOOAHEIHA NEKOTOPHX MATEMATHUCCKUX oliepaUNH, H B MawHAaXk-
aproMaIax CLIAH NPHMEHEHH LADHHPHEE MENJIH3MBEL, KOTODEIL i
AsloTes Godce COBEPLIEHHBIMH NO CPABHEHHIO C patee npuMenanlm:
MiCH KYAaUKGBLIME 1t QPHKUHOHHEME  MCXALHIMAMIL
© 2°, Tlpeasne ueM H3NaraTh CYIKOCTH CODPEMENHLIX meTofol Npo-
EKTHPOBAHKS MEXAHH3MOB C HHSWWMH napaii, paccMOTpHM Kparko
OCHOBHLIE 3784l CUHTE33 STHX MeXaHH3IMOE,
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B 2aRICHMOCTH OT HasHAYEHHA MeXAHHEMA TOMKHM BRXOZHBIX
gueHLER AOMMULE HMETL ONpCAeNennte TPAeKTOpHN, DepeMelioHMg,
CKOPUCTH B YCKOopenus. 2T BeNUYHIE 32aBHCAT oT SAKOHA [ABMMEHHH
BROAHOTO 3EeHE W O7 DapareTpon KHHeMAaTHGeCKol cxeMu!, T, e, or
pa3MEPOn 3ECHBED MEXBNH2MA, KOTOPLE OMpPefefsioT erc KuHeMmary-
HeCKYI0 CXEMY. B NAGCKEX Mexamusnax ¢ HHIIWMMH DapaMu napa-
M!—‘.‘TPHHH KiHeMaTEIeckol CXeMu  SInJISHOTCH paciToCAHnA N'EJ'H.B,}'
UEHTP&MH LUAPHHPOD, Pa3kepLl, onpefeaiollie NoACHEHHA NoCTYNa-
TeNBHRX 0ap, [ACCTORHHA A0 TOUeK, COHCHWMBAIOINH X 'I'[]EEKTUPHH,
HT. IL Oﬂpﬂ;lE}IEHHE l!ﬁ[]il]r‘-’ETpﬂH KHLeg-
MﬂTH‘iﬁCIcﬂﬁ CREMBI MCXANNAME Do 230a1-
HEIM TEOM2TPHGECKIM H HHIeMaTHuecEny
YCJOBHAM  IDHMEHHN DLINOTHOMO SBoHA
COCTZBAACT CCHOBHYIO 3alMaqy DpPoeKTiipo-
BAHHA MEXSHUSMOB, TdK KaK DCe ooTaNhL-
HEI2 STani CROCKTHPORAHAA COOeAET
JHME  MPUREDOWIEE o ECOOMOraredLibe
pﬂC"IETH, NOSROJARIONI e YCTaNoBHTE Do3-
MOMHOCTE B LelecCo0pasHocTs peainioro
BRTIOAHEHHA  OoAyhGeHHoll  KnHemariue-
cHofl CXeMBl MEXAHHIMOD, L .

B nannueiiem non enwresoM mexa- PG, SIE oMl BeR i
HISMOB € HH3IAMH napaMy OyReT N00-  conepsssc-cTporeduhoro ¢ rasuns
Pa3yMEBATRCA  CoLOKynHOCTE 3anay  of
GHpEfeetil MNapaMelpes KHHEMETHUECKoH cXeMM Mo  3aganuL
YCAOBHAM IRBHIEHH SBCHBER. 3TH YCJA0BHS BeckMa pasnoolpaskL,
H CCOTEETCTECHHO DeckMa pasHooOpasHLl 3a7aun, cEA3aHibe © CHE-
TedUM MEXAHHSMOB ¢ Hu3oumy napani. Ofnake s ofuwsy pHOrO Lpyra
STHX 32184 MOMHO BHASANTE 300avy 6oCnpousscOeHus Sa0anHosn sa-
KOHA O6uIEHNA HAK, 9TO TO Me, sadarHol Leagsol i,

4. 3anaqa o BOCIPOHIB2AEHNH 3&8/IAHHOID 32KOUA EDHIHEHUS Co-
CICHT © ChpeflesieRll TaKHX NapaMeTpol KHHeMarHuYecKofl cXemu,
KOTOphte OGECTIEY N EAIT TOYHOE HIIH NpHOAHMKEHHOe NEHMeHHe BRI XOJ-
NOTO 3zeHa No 32NAHNOMY 33KOHY NPH ONPEASJEHHOM 3aKOHE ABHIKE-
it Bxoinero spena. [lpuBeneM npHumejn 76X MeXaHH3MOR, B KOTOPEIX
Tpebyercs noAyuuTh AGCTATOTHO TOYHOR BOCTIPOHSBEJEHHE 3a3aHHOI0
JEKOHA LEumeHna,

Ha puc. 27.1 nokasana cxema mexammama MONEPEio-CTROr AL
HOro cTanka, B KOTOPOM NPH PABHOMEPHOM ABHIKEHHH BXOAHOTC 3BeHa |
Cymhopr 2 conepluaeT Bo3BPaTHO-NOCTYNATENBHOE ABHIKEHHE © YCKo-
PCHELIM cOpaTHbiM XOA0OM, TPHYEM BO BPEMs paloyero xona ApHmeHne
Cynnopra ;ﬂm:«mm OuTy NPUOARMERHO pabHOMEpPHEIM. [1pH cltrTese
STOTO MEXaNK3MA NApaMeTphl KHHEMATHYECKOH CXeMbl noalupaiotesn
Takum oOpasom, wrofk Ha palodem yuacTKe [BHMEHHH CYNIOPTA
CKOpOCTL ero  mafo oTANYajack of OCTORHHORN BEAHYMHE, WTO

EAKHO nnn coxpanemius noctosHnoh ckepolt ofpaboriy  saro-
Tanyn,




fR2 e 70 CHUTES  (INOCKHX MEXAHHAMOB @ HUISIIHMHA  DARPAMH

K poue pasHoMEpHOrO ABH KEHHA A7 BEIXOAROTO 38€Ha MOPYT GHThL
ganank B GoJse CACHHBIE SAKOHH ABHMEHHH. TaxoBsl, HanpimMep,
ANSUH O CHHTE3E MEXMIIAMOD PPOXOTOR, LoHBeliepoR, cayolaKaas
NOE H MHOTHX AP} THX. I sapauam o BOCTPOH3BEIEHIN 34.13UHOTO 3a8-
KOHA 1BHMENi s CHOAATCA TAKME 384Ul CHHTess NepelaTouiix Mexas
HH3MOB, RpHMeHReMbE B npuriopax Ads pecipa3chadna HEPaBHG
MepHOro NEHMEHHA UYBCTBUTENLHOTO S/eveiTa B paBHOMEepHOC JBH-
wenne yKkasaredbnoll crpeagyn. Hanpiwep, B nexanisue nhdepet-
LaALHOT0 BAKYYMMETPE, CXeMda KOTOpOro noxasana na phc. 27.2,

. I Ml :?

Prc. 27.2. Cxemg  Meke- Prc. 27.9. Cxeoxe Mexainisa, DotnR AZ00gRAne-
REhoxd H2EYYMMeTDa i JOTapHEMANMCCEY MMPHCHMOCTE

nepeMelilenn s 4y BCTRHTENLHEIX SAEMERTOR I 1 2 nepelaroTen Ha CTpes-
Ky & DOCPEICTEOM [apHUPHOTO HETHPEX3BEHHOTO MeXaniisma ABCD
w syBuaroro cextopa 4. Jlaa noayueHus [ABHOMEPHOH [IKAJH che-
ayer N0 3ANAHHKEM NepedMelieni im QYBCTEHTENBHEE  BNeMEHTOD !
W 2 waitty yrael nogopora speia CLD 0 3aTem ofipeleduTh NAPavVETpLEl
i HeMArHYECHOl cXeME wapiuphoro uernipexsenuuka ABCD Tak,
yrofie pafiiesnny yraad nogopora ssena CD cOOTHETCTBORAAN paB-
gme yrae nosopola soena AB.
K Tpynne nepefaToyMbiX MEX2HU3MOP, CAYMaluHXx A Noayte-
HHA paRHOMepHOR MmKand, OAHSKO NpHMHE2I0T MapHAPHLIE Mexd-
HAMEL, TpHAEHseMbBe B MEXARMUECKHX CHETHO-PeIAOILHY  YCTPOii-
cteax. Ha puc. 27.3 noxasana KHHEMATHYCCKER CXEMa MEXaHUINE,
mpUMEHAEMOTO LA MeXaHHYeCKOro BOCHPOHIBEACHI norapupmuue-
ckofl 3apucHmoctit ¢ = lg x B npenenax or x = | o x = 10. Ecan
B 5TOM MeXapnsme nepenewains speHo AD Ha pennuuay, nponopumo-
HaALHYIO X, To yRAH nosopora speHa CD npn onpefenenyblx CooTHO-
WEHHAX MEKAY LMHamMu sBeHkeB OyAYT © NPaKTHUeCKH nocTarousod
TOYHOCTEIO RPOUOPLUHONANLHEL Belipyiee yHRUuN Yy = lg x. 3Tor
NpBEAHAEHEO BHBOANAIOUME 3aaHHYI0 3ARHCHMOCTL MEX HISM B SKC-
payaTauky oxasmpaercs Oofee YROOMLIM, ueM TEOPETHHECKH TOUHO
BRINDJHRIOIHE STY 3aBACHMOCTL MeXBHUSML C BhHICUIIMH  DapaMH
pal GPAKUHORRLIMK  YCTDOACTBAMIL.
Bo Beex pacCMOTPEHHHIX BHILIE MeXaH#3Max DGIXOAHLIE SBEHLI
EXOUAT BO Bpallatenbible WAl MOCTYnarensibie [ape co croiikoff
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g, CAEMODATENLHO, COREPIAINT BPAINATENbIHE HAX Dpamodunefinue
nocTyNatenpune ipmmenna. Pewxe BOrpeumoTen oayuan, kornz Bu-
XOfHOR 3BEHO COBEpUIAeT cloxioe Asmxenie. B wavectpe NpHMEpa
MOGHHO YEA3ATH Ha MEXaunds rpefidepa cheMoudoro KHHoannapara
(pue. 27.4), B KOTOPOM BRIXOOHOE 3BEHD 2 npil NOBOPOTE BXOLHOMO
spera J Ha yron 1427 nepemeitaer gnuonaenxy § ua BeIAYHAY, pan-
HYIO PatcTOAHHIO  Memly ABYMA CcOCeIHHMH  nepdiopnposaHHEMH

[

Pre. 274, Cresn rpollbephoro MoXoin Mg KEECLOMORIDTS anmapaTe

oreepcTHAMA, B Tedenne ceranbroil yacTy ofiopota BXotHoro 3pena |
nacHka 4 HenoABxHa. Tlpn ciutese sTorc mexanusma CHERVET ‘TaK
Loip0paTk N2paMerps spennen, urolbl KoHell BHXOIHOMO 3peHa 2
OTMUCHIBAN 1RaCKETORNIO, yra3auUHyw Ha pne. 27.4, W, kpome Toro,
MecxMeTprHYeckan otk 3ReHA 2 zamnmana Gnpefleneliue sajlappme
OONOMEeNHA, COUIDETCTBVIONIME 340AHHKY  HON0MEHHSM EBXOIHOrD
seena [

B npHnejeHHEX NPUMEpaX NOKA3AHN NEXAHNSVEL, B KOTOPHIX Tpe-
GyeTca LOCTATOMHO TOMHOE BOCHPOH3BEIEHIE 30,14HHOTO 3aKOHA ADI-
HEHEA HE BLeM paccMaTpHBaeMOM MHTEpBale NepeMelleHHs BXOj-
HOPO 3BeHA, B HEKOTOPRIX C/AyManx OKaLBAETCA JOCTATOMIRIM npn
CHHTE3E MEXailaMa yAOBMETBOPHTL YCNODHHM BOCHpOM3BeeHds oT-
HETBHEY NONCHMEHHN 3BeRLeB W 3xauennil cxopocTell # yckopenuil
8 ITiX noNGWERMAX # T, 4. Bee 3ty cayyay, onnako, Momio paccma-
IPIDATL RAK uacThhie chyuan ofinedl sanaun o BOCTIPOH3BESHNH 3a-
HOME IDHMEHHA.

4°. Tlpn cunTe3ae MeXaHW3MOB, B KOTOPHX DHXOAHHE 3BEHBS CO-
PEPINAIOT CAOMHOE ADHKEHNE, B HEKOTOPSX CAYHAAX MOMHO OFpaHH-
TUTHS 1 TJILEKD EQCTDOMZEETREHIEM TpaeKTopul OIHOH TOYKN STOrO
ena. CooTBETCTEYIONIAA 304848 CHHTE3A MEXAHNZMOR HOCHT Hag-
& ne sadaud o sccnpouseefenun sadanHol mpaskmopuu,
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Sra sanaua cOCTOMT B ONpeleieHHi NapaMeTPOBR KHHEMAaTHue-
ciol CXeMd MeXanusma, B KOTopOM OfHa N3 TOYEK sBela, CoBeplualn-
LLOTO CA0%HOE ARHHEHIe, ABHKETCH Mo 3212HHOH TPAEKTOPHM. B npo-
ciefilunx cayuanx 3anaiHoH TPaeWTopueH sBJARCTCH NPAMaR JIMRRA.
Mexannsvil, B KOTODBX Ha IMATYHE HMCETCH TOUKE, JBHMYLILancs
TONO MM NPHOMMIKEHHO 10 DPSMOH JHHIK, HASHBAOTCA NPAMOAL:
FeTHU-HON PUAAAREL M SEXTRUINAAML. B npufopocTpoenil OHM OpH-
MEHAIOTCS, HanpuMep, B MEXaHH3-
Max (HIHKaTopoB.

Ha pue. 2/.0 norazaia cxema
BHIMKaTOpa, B KoTopom seenc [
mepeMelliaeTcs  NPONOpUROHANLIO
paMepsemoil BelnunHe. 3T bedi-
uplia 3ANHCEIBACTCA HA Bpallaliem-
¢ BOKpYr ocn x — x Gapalane 2
nocpencTioM nepa 3, yKpenaeHuoro
na maryue 4. [lpun cnurese IToro
MEXAHHZMA [IpAMETPEL KHUEMATH-
yeckoll CXeMu MexaHusma nopln-
Puc,. 27.5, Cxewa opaxcabeiic. Bas paires Tak, HTo TOHRd M maryna 4
NPELAAIGHETU  MERGHEINA  HHANEaTopa  JIBHIKETCSH IipHﬁﬂli}KEI[i‘.G o TIpHMDﬁ

JHEHN.

B ramency MamHOCT JPOCHEH 11p}'!].-1GJIHHEﬁI!G-HﬂHpﬂH.’I!-t[{JE.LI.'E Me-
Xal¥3Mel NPHMEHRAIOTCH TaKxe B NONBCMHMX KpaHax {pue. 27, G),
B KOTOpHIX NPROMGKEHUO-TPAMONHHERHAN TPAEKTOPHI TOUKH
matyna BC mapuuproro uetepexssentinka ABCD obecnesnsaer
roplIoNTANBHOE NepeMeilllenne rpysa.

K rpynne mexanissoB AR BOCHPOH3BEACHHR 3a/laHHOA TpaeKTo-
[ OTIOCHTCA TAKAE MEXAHHSME AR HepHUeHHR ﬂHiiHﬁ, KOTOPRIME
NOJEIVIOTCA HE TONRKO [ BHIIEPTHBANNA PASAHHHLIX KPHDHX, HO
n ana obpaGotkn daconrmx geraneli. Ha puc. 27.7 nowaszaHa CXema
CAHOTD H3 MEXEHNIMOD AR HepuenHy JHHHA ﬁ. A HMCHHO MeXEHHIMA ANH
gepyeHis napatont, B KOTOPOM ToHKA E asmxercs ToUHO no napatone.

Kpose MeXBHNSMOB A YEpueHHH AR, GoaplinM pasioobpas
apeM Takke ofA21AI0T MeXARNSME [JIA NePEMEMEHRA PasTiaHsEIE Ma-
TepHalios, B KOTOPHX UPHMEHAOTCA XapAKTepHREE ShopMbl LATYHHLIX
KpHBHX (Memaska, TecToMecHnka M T. n.), neraepbpasyicille Mexa-
HiaMbl ECHHLX MaIHH H T. 1L

[MpusefeHHEBIX NPUNMCPOE H3 obaacTy npubopocTpoeHHs H obiero
MAWTHOCTPOCHIA  10CTATOYHO, YTOOM NOKa3aTh NpaKTHYecKoe 3Ha-
yenue penicHHN 3a8184H OO onpefeneHin KHIEMATHYCCKO CHeMBl [0
anzanneim yeaoenaM. OTMETHM TolbKg, 49TO BoBIoE KOAHYecTeO
pasiioofpasHelX NpUMepoR IVIOCKHX MEXAHHIMOE C HHILIHMI napamu
MOMMHD DPHLECTH NOYTH }3 BoeX ofsacrelt EHHPEMEIII[{)I‘D WELIH I{DETPCI&-
g, Bee st Mexannanbl DpefiHasHauerbl 1JH A8 BOCIPOM3DEleH:
aanaHHOro 3akoila ABMKeHis (BRAOUas W 33]1aHHe OTIeBIbIX 070~
WweHn 3DEHLED), MAH QA BOCNPOM3BE/eHus 3a1akiofl TpaeKkTopad.
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5. Pewenpe yKazaHHBIX 381349 CHHTE3a MEXAHHIMOB ¢ HU3LIHMY
napaMH MOMKeT BeCTHCh Kak rpaHuecKHMd, TAK W aHAIHTHYeCKHMH
meTolami. Bulop Toro HAH HHOTO METOAR B IHAYNTEALHON MEPE 3d.
BECHT OT TEX YCIOBMA, KOTOPBRIE NOCTABAEHL! NPH OPOEKTHROBAHNH,
Hanpumep, eyl DocTaBaedo yoaobue, 4Tolel npit opuGadmennon

BRINOAHEHHH 3312HHOIMD 3aK0Ha 1BH- ™,
eHHA Opia NaHa OUeHKA OTHAC \ T
HeHHA TpefyeMOore JABHMKEHHA o # £
paETHYECKH NOAYYEHEGTD, To Heol- ~pNE i
a K == -;;;r
Fog =
F el
=il
Fe '_I
; ]
- ¥
- |
L
& .
: e
Pic. 27.6. Cxems  npasodEuelio-vanpan- Puc. 27 7. Cxema HETDE B0 G-
ﬂlliﬂl!l.l-'l'l'.'lHl‘xﬂI'IHJHBFP!'S-QI!GNhEMHﬂ‘F‘DIEFIEIL:I TD Mexidpsnama Lﬁpl BHEYCDEHBIHOR
napatuiie

XOAHMO TIPHMEHHTR AHANHTHYSCKHE MCTOAR!, TaK Hax FPETIJH‘:EEERHE
METOILI HE MOTYT AaTh MOJNOTO OTBETZ HA NOCTABAGHHLIE yCAOBHA.
[paduuecine MeTONH HATARANEL, TPOCTH C TOMKH 3PEHHS HX VCBOR.
HHA 1 YACSHH 49 KOHCTPYKTOPOB, NOSTOMY B HIDHEHEPHON npakTHEe
TPaHIECKHe METOAN PEIICHHA 331384 NPOEKTHPOBANMA HAULIAN WHPO-
Koe npumenenne. B nocseasmne rofs coperckumu u sapylesmHBK
YHEHLIMH OB WHPOKO PasBiiel aHAAMTHIECKHE B Ipadoana nT e
CiHE METOMAR CHETE3d MEXaHHIMOB C HHBMMMKE HHPEHI{. BIIGJTHE A0-
CTYNHLIE LA WHPOKOMO KPYra KOMCTPYKTOPOR M ummenepon. Hume
OyleT Aau0 H3A0MKENHE BODPOCa B OCHOBHOM
B ToM onde, Kak 310 Oudo  npeldomeHo
H. H. Jesutckum.

6°. Peulenne 331394 o Bocnpoisseienun sa-
ABNNOro 3aKona ABHMHCIHS HOKRa®en Hna npume-
P mexapuama veTupexseeliinxa (puc. 27.8),

[ycri saxou apumenns sxoguoro seena A8
3008 B B/ 3ABHCHMOCTH €70 yiAd noeopota e 7.8, K onpeue.

LIRS Epeneny £, T, e. TEPEXSBEHNCID AT RN
HOTO MeXalinama
P =g (), (27.1)
d IAKOH MRHMERHS BRXOLHCTO sEeHa OO 33403H B BIAE 3a0HCHMOCTH
€re  yria nopopoTa Y Tamme of BpeveHH {, T. e

B (27.2)
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Wekmoyan u3 ypanueniit (27.1) n (27.2) spema 1, noayuaen chigri -
LU NOAOFEHUA:

V=¥ (7). (27.3)

Cpssh Mexly VIAaMH ¢ H W) yCTAHABHBAETCR 9epes pasmepbi
SEEHBER MEXAHH3MA, KOTOPBIE Mbl HA3LIDAEM AQPAMEMpaMU KURCNA-
IMUMECKOE CxeMol MEXOHUAAMA HAH CORPAUEHHO NApamempostu Nexds
wugsa. Cnegoparensio, 4To0sl YAOBAETBOPHTL YCIOBHIO (27.3}, ne-
ofXoMO COOTRETCTBYIOLIIN 0fpasoM nofofiparb napamerphl Mexa-
HHaMa, JlaA  WAPHHPHOTO YeTHpeXsBeHHWKa, MokasalHoro Ha
pic. 27.8, UHCAO HE3ABHCHMLIX NapaMeTpoB MOXHO CHHTATE PaBHBIM
wectd. 9to AAHHE &, L, I3 W [; 3DeHbeB, Hayansioe ZHAHEHHE (i
yraa @ M yroa o, ofipasopaninii cToiiko# AD ¢ ocwio Ax. Ecin onpe-
ReANTE TONBKO OTHOCHTENbLHBIE Pa3Mephl 3BEHBEeD, T4 MOMHO NPHUATE

'I!""Elp T: . —_ =, = .
1 1
Tarym ofipason, HMEEM NATL NEpaMETPOR mexamgama: d, L or, o
I G, MOLMEMAILNX onpenedenio, Ecan 3aiansl OTIENLERE BOJOME:
tiis speines AB 1 CD YTASMH @, Bgs Pav oooy P ¥ Yoo War Far ooo0 Yo
ofipa3yemsian sseibayn AB n CD ¢ ocpio Ax (pue. 27.8), To ME NOJTY-
yuM, coraacuo sasncnmoct (27.3), caelyiomyto ClicTeny ypaHeHHil
Py =P Y= (), Wa= Plga)y <o s W = P (). (27.4)
Ecau uncio ypapsennil (27.4) papuo sncay napaMeTpon, nOATE-
MAmHX ONPELENEHNI0, TO 321348 TEOPETHUECKH MOMET (EITL GO
cTpi0 peluena. B npanTiuecKux 3aiauax BoAeacTENe TRYIAHOCTH Cob-
MECTHOTO peitenHn ypanheni#t (27.4) ofH4H0 HEKOTOPRIMH lapa-
METPANH 331aI0TEH . B cpasn c 3TAM UHCAO M Dap 3alaHHLX COOTRET-
CTEEHNGIX 3HaueHnil YIAoe ¢ ¥ BubHpaeTcA PaBUEM HHCAY napds
METPOB, TOAJEXEUNX Onpejeteno, B yxazanHoll noCTaHOBRE 34a-
AA4a O BOCHPON3BEISNA 3ANBHHOIO 32KOHA ADIIKENHA HOCHT Hasta-
HiHe 3adautt 0 NOACHERILAY.
7°. [lpi npoekTHPOBANHE NEPENATONHEIX MEX@HIAMOB KOUTPOMb
HO-H3MEPHTEABHEX NPHOOPOD # MEXAHIRSMOB JLIN BHNOMHEHINA MATE
NaTHueckuy onepaundi (oM., panpiMep, nokasamieifl Ha puc. 27.4)
BeTpedaeTcs HEOGAQANMOCTE BOCHPOHSBECTH sataniilfl 3aK0H RDHMC:
HEA B (hOpME HEKOTepOd 3aBUCHMOCTH
¥ = ¢ (q). (27.5)
[Tpu sToM cragnTea TpehoBaHue, yrofnl 9Ta 320HCHMOCTE YAODME-
TROpAAAch HA OOALLINY HMNTepBAfax yIJlos COBOPOTA 3GElLED AL
g CD (puc. 27.8) w pasana Obl HenpepeBHOC uaMenetne QyHEUHH
(27.5) Tak, Kak 3To NoxasaHo, HANpUMEp, HA PHC, 27.9. B atom cay-
yae 3anaua MoMKer GHTL TZKOKE CBEleHa K 3a/layc 0 NONGHEHHNX, 1O
TaK K&K ukeao noaoxetuit 1, 2, 8, ..., m (puc, 27.9) nonxuo OBITE
ROCTATOUHO GOJBILINM, TO 9HCA0 YpabHennii Buja (27 .4} Gyner 3nauu-
TEABND GOMbIUe YA BRYHCAREMBX NApAMETPOR MexanH3Ma. B sTom
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cayuae sTH napamerpe noabupaioTes Tak, uTobm sasncumocts (27.5)
penoaHsdack npubmnkenno. llpn sTom OTENoHeHHe OT Tpebyemoro
aaKoHa IEHHEHAR HEe LOMMH0 BRlXOANTE 32 Npeledinl JIonyok2emMoro,
B rakofi nocTaHOBKE 3Ta 3anaua Opo- o4

eRTHpORALHA MOMeT OuTh HazpaHa iaﬂaqeﬂ
0 RpUGALNCERHOR BUCAPOUSTE0eH LU 300AHHO20
saxona Oaumcedus. OTMETIM, YTO 3AKOH ABL-
FEHNA MOMHET OHTL TakMe 3alal » o Blge
nEpEN OO JUIHIHNI g !

d 4
= o= %, (27.6)

g &4 ”

Puc, 27.9. Hgarpasima ag-
BaHBoll 3AMECHMOCTE YTa8 nos

: . GOPOTY HOPOMECRE OT YLAR
rae 0y — YINOEOR EK{}PD[‘Th SBEla f ROGUPOTE KPHBOIIHGS Mpxa-

(pie. 27.8) 0 0,—yrAoBan CKOPOCTL SBepa J.  WWaM3 WEPENDHOIG SeTupex-
Ecan n3fecTibl Haualnibie SHaYSHHS

o g YIJ0B @ W, 1o 3aescamocts (27.6) smoserT 6wtk NpHBeneHa

K sasucumocTit (27.8), ecnM OpOMIBECTH HHTErPHPOBAlHNE 33BHCH-

moctd (27.6) ¢ yueToM 380aHHUX HAYANLHEIX YCAOGHE.

& 118, MpockTipoBanlc MEXZHH3MOB [0 3afaHHLIM
NONOKEHHAM 3BCHLEE

I°. PaccmoTplM 3ajauy o NPOeKTHPOBAHHH MeXAHH3ME (UapHHp-
HOTO weTpexspennuka (pue, 27.10) no sazannuiy DONONEHHAM ero
SRENBEB.

Ecan ans ynpollenin 3alaun NPeAnonoMHTb, YTO HENoABHMHbIE
wapuupht A # D pacnoaoxens no ool Ax, o1 Kotopoil Benetcs orcyer

2
i
Poe. 27.00. K npockTHpo- Pae, 27.10: Aanannue roso.
BOHIG  EXEMB MEXIHHIMA BOHIE KPHECLIUNEG W HOPOMECHE
ORI HPHGED UCTHPEXEEEH- MEXANNINE WAPHHRHODD  YETli-
ERER 00 SanaHHsmM  Ooaomes PeXIRCHEIRS

HuAM MKpRoOomELD B HOpO-

MRCIa
yracs @ n ¢ (puc. 27.10), u npuaare yroa @ (puc, 27.8) papaum
HY M, 1O npH 3aflaHHbLX RAHHEX 3BCHBCR DCREOMY SdafaHHOMY 3Ha-
YEHHIO @ YIA2 ¢ COOTBETCTBYET BhOJHE oNpeleeHHoe sHaveline Wy
¥rna W, a mosToMy 4HCAC NapameTpoB MeXannama, MoANeHamKX on-
Penenennwo, papio Tpem (o, § 117, 6°). 3vo — napamerput I, r
H L'f, COOTBRTCTREHHD [ BHLIE

[ = !3-'“{3, r= l'g_l'll.'-l-‘: nod= I‘ll;:@.-

Cheroparensio, ccan GyayT sajansl TpH NOJoxeHHA 3peHa AB
(puc. 27.11) yrnamu @y, Py, §3 H TPH COOTBLTCTEYIOUUX UM OON0MEs
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must spena CD yrmams Wy, |y 1 g, TO BCETAE MOPYT ObITE oNpelederbl
napaserps [, r 1 d, Tak Kax unciao ypaoienid suna (27.4) Gyner pasro
YUCY ITHX IapaMerpobn.

Z. lNoctapnennan 3a7124a MOXeT GLTh pewmelia CAenyiomum obpa-
zopt., [TpencTanus croponsl NapHEPHOTO YeTHpexsBetiiKa (puc. 27.12)
¢ suie eexropos £, [, r o d, npuuem i = 1. Toraa nueeM

i4+I=d+Hr. (27.7)
Mpoextupyen ofe yactn ypasuenus (27.7) na ocr Ax n Ay, Obo-
snauan yrof, ofpasoraunsi warysoM BC ¢ oceio Ax, 4epes &,
noJiyuaest A4S NpOHICONLHOre [-ro NOJ0KENHA Mexailussma ypasse
wig npoexur# Ha ocu Ax om Ay © Buie
cos @; - {cosdy = d - r cos i,
sin gy =k { sin & = r sin by, (27.8)
HIH
leos §; == d |- reos 4y — Cos gy,
[sin &) == rsing; — sin gy

B SRUEEC TIRG Bossoauy nowflenko ypasuennn (27.9) 8

HEE cXeMld MeXenWosa mep-  KBRADAT H CHJAalmBacs 1X. Toraa NOTYHae
HAPHIED SCTHpEXIERERKA 00
I;K]::II suaeriem noncwesnam L = f° - rt-d- 13- 2dr costh; — 2d cos gy —

HpUEDOLIEGE B HOPOMBICRE
— 2r cos (b — ). (27.10}
[Meperocum [* B mpapyio 9acth ypaenenua (27.10) u jenum sce

wientt ypaBmenna Ha 2d. Peman ypapHenue OTHOCHTENLHO COS 4,
noay4aen

(27.9)

Syl -
cos gy = r o8 — --€08 (s — ¢+ ot . (27.11)
Boenem ofozpayenuni
] -
Po=r Pr=——p, P=To———, (21.12)

Torpa ypasuenne (27.11) npencrapnTcd Tak:
€os @y = po €05 P; + py cos (§y — @) + P (27.13)

[ogcrapaan B pasencrpo (27.13) sananune yraw @, Py, G B o
Yy 1 Y (pue. 27.12), noayuaes cHCTEaY, COCTORILYIO H3 TPeX Jnetis
BHX ypaBHerH

cos @y == py Cos Py + py cos (f; — @) + P
COS (g = Py COS Yy + Py COS {f — 2a) + Pu (27.14)
COS Py = Pg C0s Yy + p; COS ($3 — @3) + Pa

Peltan COBMECTHOD STY CHCTeMY ypastienuil, onpenensem us uee
BENHYHEEL Py, fy W Po- OUPENEHE 5T BENHYAHEL, MOKHO C 1OMOULLIO
cooriomennii (27.12) nafitn nckomue napamerpu I, r # d,
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Ecan tpefyerca COPOSKTHPOBATL MEXAHUIM N0 JBYM NOJCHKEHHAM
apenned AB w CD, TO OfHMM M2 NapaMeTpoB MEXAHH3IM3 MOMHO 34-
AAETLCR OPOM3IBOJBHO, H 3a71a4a GyleT HMeTh GeCHHCIeHOE KodHndes
CTEQ BOSMOMKHEIX peillerui,

3", TMepeiitem Teneph K PACCMOTPEHMID TPAQUYECKHX METOI0B pes
WeHHa 33124 O CHHTE3E MEXAaHHIMOB LaPHHPHOTO YeTHPEeX3BeHHHKA
1o ABYM H TPEM 33IaHHEM NOMOMKEHHAM €r0 3BeHLEB, 3TH 3a0aud
MOryT frEilTh pemelk © OoMOILhLK H.’EEHEHT&PH[:IX FEOMeTRHYeCKHX Mo-
CTPOEHHH,

[lycts sanann nBa nogsomenusa B,C, u B.C, warysa mapuupioro
ueTeipexspertnka ABCD (puc. 27.13). Tpebyerca Haiitu NofoieHue

Fete. 27.18. K npockrHponaimm Fue. 27.14. K POERTH pona-

CEoME  MORANHSIME [DEpHEEpHEOTD HHRD CXCMLI HDHBOLH M HO- (0=
YCTHPCXIBENHAKS N0 BBYM 3= BYMNORD MCEAHHEAMA DD JEYE Sa-
EARNWM BOoSGHeHHAM ETyHE AEHHEM NOROSKCeHNAM WaTVRA

Touer A # D) — ueHTpOB Bpaiendd 3BEHLEB HeTHPEXaBeHHHKE, BXo-
JAUHX B KMHEMATHYecKHe napH co croiikoil, Todxku By u By nonmuu
AEWATL HA OKPYHHOCTH ¢ uenTpom B A, a Tourn Cy i €y — Ha oKkpyx-
HoctH © genTpoM B D. Hepes npe Toukn MoMHO NPOBECTH GecYRCAEAHOR
MHOMECTEO OHpyMHocTell, [eoMerpuuecKrM MecTOM UEHTPOB 3THX
OKpYMHOCTEH sBAAeTcH npsvas [ — [, nepncHAMKYJAsApHas K oT-
pesry 5,E; u npoxofsan wepea cepenuny n yroro otpeska. Toury A
MOMHO NOMECTHTE B mofoi Touke npamoil J—Ff. Ananoryyno rouka D
MOMeT OLTe BuiSpana B moboM mecte npamefi 2—2, nepneHuKyaap-
noil K otpesky C,C; # npoxonsied gepes ero cepeiny m. Takum of-
PasoM, AAA YKas3anHOTO 381aHEA MOMHO ROCTpouTh OecuscieHHoe
MHOMECTDO MEXAHHSMOB, YAOBJACTBOPAIOWHX 3a58HHWM YCAOBHAM.
Hononuurenpkeie orpanuuerus MoryT OblTh HAJNOMENW, ecly, Ha-
pUMep, NOCTaBNTL YCAoBHE, YTofb MEXaHMaM OHJ IBYXKDHBOWAD-
WRHL HAH KPHBOWMNHO-KOPOMMCAODEI | T, 4.

Ecau tpe6yeres, yToli 0iRa 13 Tovek asena BC, nanprmep Touka C,
fepemellanack No HeNoABHKIOH NpaMoit ¢ — ¢, To uentp D okpysx-
HOCTH noJMeH HaXoAMTeCA B OecKOHeSHoCTH, opamareiuyas napa D
MEPEXOANT B NocTynaredwnyio napy (puc. 27.14), B mul noayuaes
KPHBOWHITHO-NON3YHHbIE MEXaNHIM.

Moxito noTpeGoBats ZONOMHHTEALEO, YTOCH NP 3AJ21THOM nepe-
Memenan waryta BC yriau nosopota seenner AB w DO Gulmi Taxme
32NN mMe, HANpHMeD, yToll yrod noBopoTa 3BeH: AB_IPHMRJTCH @,
4 yron nosopota seexa DC pasuanca § (pac. 27.15), Toraa coemu-
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Haem Toukd By w B, npasaoil # oraaisiBaen npH Toukax B, u B,
yraw, paenne 90° — /2, Touxa nepecevennn A npammx B)b;
Bt n onpenennt noaomenne ocil A ppamenns 3sena AB. Touno tak
e, ecan coeanHuTe TodKn Cp u €y, npH 3THX TUMKAX OTROMHTE YT/
90° — /2, To Touxa D nepecesenns npameix Gy v C.0; onperesut
nofckenue ocn ppameHns D ospena DC.

4. Myers, panee, Tpefiyercst NOCTPOMTL WAPHHPHEIE YeTHIpeX-
SNSHHIK, ecai 3808kl TPH nonoxenna maryia BC, Hanpumep noio-
sennn B,C,, B,C; u ByCs (puc. 27.16). 3apaua cBoauTCA K HaXOHKAe-
IO NEHTpa OKPYMXHOCTH, nNpoxodsuleil Yepes Tpu 3ajzanubie TOYKH.

Puc. 27.15. K apoesynponatidm  cxemy Pre. 27.10. K opoRMTApOBAHRIN CXEAnd
EeXANTEME WADHHPHOM UETH pexaneinng- MEXaHHAWMA IISPAIPHUTND  SETRPERILER-
Ka 0 RBYM Z8I8nHNY Nof0Meiifn e HHED M0 TPCM 320aEHM M Moo silis 2a-
TYIER B ACIROABHTEAL MO AALAEIEM YraaM TYHA
BEEEY NOAOHEHHRME EpHIOMHAE B KO-

posECTE

Kak wuspectno, 9Ta 32134a MMeeT ToJhKO onamo pewmenue., Mueem
toukn By, B, u B, Coemnans npamuvy Toukn By # B, ¢ cepennne
otpeaxa BB, BoccTaBuM uepnenaukyaap n, — n,. lanee, coenu-
g toukn Bg B By n b cepeanne otpeska B.f; BoceTaBey nepnedid-
Kyasp ny — fig. llonowenne wenrpa A nonyqanTca Ha mepeceyeniy
NepHEHIHKYAAPOB 11, — Ay H My — ng. ANanorudno Ha nepeceteHun
NepresIHKYAAPOR M, — M W My — /71, OOPRIeNIAeTcd NONOMEHHE
uewtpa D, Ecan Touxn Cy, Cy n Cy 3aaun Ha npuMoil, To 3seno CD
BHIMOJHAETCA U DHJE NOVI3YHA, KAk 5To GuiJIo BulAcHello 405 cayuyas,
noxasaiHoro ua pie. 27.14. ’

Ten me meTolom MomeT OHTL pelleHa ¥ 331248 O CHHTE3E CXEME
WAPKHPHOTD 9eTLIPEX3BCHHHUKA N0 TPeM NOJOMEHHAM Kopolbic/ia
wi noasyma, B camom fene, ecnu safass Tpn nosomenna DC,
0C, w DEC, kopospicaa § (pre. 27.17), To mMoxllo ellle 381aTbCA TPEMH
nponasodLEEMg nonomersann C8B, C,8,, C,8, wmaryna BC orHocH-
rTeapHo Koposucda DO, Janapkscs yraasi nepezZadd ¥, Y W Ya
ofipa3yeMEMH WATYHOM H KOPOMLICKOM, YIOBJETBOPAIIMME yoa0-
BHIOY = Ty = Vs = Yruw (CM. § 45, 37). Torza oupefennten nonowe-
uite Touek B, B, u By apena AL, Haxomnenue Touxn A n Annuu spena
ADB coeeTosl K NOCTROSHHID ORPYMHOCTL, NPOACAAUIEH “epes TOYKH
£, B; n B,

57, PaccmorpuM Temepk TOT cayuall cHHTesa CXeMbl WapHHPHOTO
YETHIPEX3BEHHOID MeXaun3nd, KoMA& SAA2HE TPH NONGIKEHHA ADYX



§ 113, NMPCEETHPOBAHHE MO 3ADAHHBIM HUJIG}KEHHHMI 3BEHEEBR B4l

ero ssedweB. [lycts, nanpusmep (puc. 27.18), sazanw nonomennn
speHa [, 32HNMAIOMmero NOCNEACBATEALHO HONOMKEHHT A B, AB,
¥ AB,, onpenensiemule VENaMe ¢y, (a1 Oz, B 331206 NOTOMEHNA 100
KoCTH, mpuunapiesawell speny 4, INonesenne stoll niaocKoeT safano
I BHIE TpeX NocaefonaTeNbuuX noomennfi npasvoil DE, nprnagnexa-
wed miockoery. Tyers npsavas DE aanuMaer nocnelosatensHo 0oao-
weunn DIy, DE, w DE;, onpegensiensie yraamu ¥y, ¥, 4 5. Tpebyerea

Puc. 27.17. K MPorKTHPO- Pre. 27.08. K GPoeKTHRORANGN CXOMM Me-
DAHHW CRMEB] MEX DA S 101 p= XAHAAIMA WApInproro YeTupeXaneHiunka no
I PHOTO FIETE [re XA B8 R TPeM FARANHEM NOTOKOHEAM HpREGUNHDG W
OO TPOW 33SARHKRM 10808 e- T ]

EHAM HODOMBCES K safldHetan
yranu pepedsun nozafaMihx
[HOAS CHE X

onpenednTs LIHHY Watyna BC, progamero B KHEEMATYeCK e naput B
i € co ssennamn ! n 8. TIpeanonoxn, uTo watyd 2 sXoiuT co 3pe-
roM AB B KHHEMATHYECKYIO
napy ¢ ocwir B. Torna ne-
cOXOAnMO HalTH  noJome-
Hue ocH C spamarennHoil
KiHeMaTHuecKoli  napul, B
KOTOPYID) BROART watys 2 u
speno 4. Paccmotprs nono-
mepne Toykn O spena AR
olHpeHTelbHO Npamol DE;
{puc. 27.19) B nepeom no-
TOMENHN Touka By obpaay-
er ¢ npavoi B,E; Tpeyrons-
nwik DBE;,, Bo ETopom
MOJOMEHHH — TPEYTOABHNE  JUe, MUl Tlctpoente chomu wenamisus wiap-
UBEE-; 0 EBTPETHEM TIOJTOHe- FEHHAM Kpdoolling B KOpoMLiens

HHKH — TpeyrofisHAK DB,y

Teneph, 9toflr nafiTn nonoxende Toukn B OTHOCHTENBHO npA-
moit DE,;, octanosam sty npasyw. Torla nepeoe OTHOCHTENBHOE
floNoykenne TodkH B cosnajeT c ee afCOMOTHHIM NONOXKEHHeM B,
[TOPHM OTHOCHTE/ILHLIM NoMOKEeHHeM Toukn B GymeT nofomkense B,
kutopoe wnadtnem, ecnw cropony DE; tpeyronsanka DB.E, cosme-
crum ¢ DE,. Torna sepumua B, vpeyronsanka saitver nofomerne B,
Tperse orHOCHTENBHOE MNOMOMKEHHE TOYKH B — nonomense B; —
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nocTpoumM, ecan cropory D E; Tpeyroibinga DBy E; cosmecrum ¢ DE,,
B srom cayuae pepmuna By TpeyroibHHKa safiMer noxomenue B,

B seumenitu orHocHTENRHO Npamoil DE Touka B nocleioBaTelbio
saHuMaeT nonoxenns B, B # By, Tak Kag 0 paccmaTpHBIEMOM OTHOCH-
TeabHoM aEdmenrd Touxa Oy maryna 2 ocraeTcs HeNONBHAKHOH,
aTouka B aannmaet nonoxerns B, Bz u B, 1o toura C; nonxua Guite
LEHTPOM ORPY:RHOCTH, Npoxotswell yepes Touky By, By u Bi. Tloje-
Wenne Toukn C onpegenum ofsiunbm nytesm. CoepunuM Tourn By,

Pue. 27.20. MocTpoeHde oXeMiy ERREOMENEC-HORSYHHOOD BMEXEHHSMA 0D TROM =aAEREM
poamoaeniny HpRBOIODHNA H MoA ¥Yha

Bin BS npawtsi Wous cepelun N u M orpeskos ByBj n BiBj npone-
npem nepresankyanpu NCp v MC,. Touxa C, nepecedendst STHX nep-
NEHIHKYJIRPOB B ONPENENHT NOJOMEHHe oo BpalatelibHoli KHHeMA-
Tuyeckoll mapbt Cy B NEPROM MOJOMEHHRE MEXaHH3MA,

Takum ofpasos, TpeGyemas cXeMma IMAPHHPHOTO YeTHpPeX3BeH-
BOro Mexadnama aeasercs purypod ARC,D. Tlps Tpex aafanisX no-
noienuAX 3Bena | W NJIOCKOCTH, NPHRAJNERaUeR SBery J, pelenue
noayuseTes eaMrcToeHnanM. [Ipy IBYX sananHuXx noaoxenunx Touxa C
momeT ObTh BuOpana B ol TouKe NepoeniHKyNApa, BOCCTAHOB-
JEHIOro B CEpeIHHE 0TPe3Ka, COLARNAIILErD COOTBETCTBYIOIHE Novo-
weHnns Toykn B.

6°. Awanornyuo peuiaetcs 3aiaya, ecni notpelyercs CHPUeKTHPO-
BATL CXEMY KpHECLIHIHO-NoJsyHHOro mexanuama. [yeTw aanane Tpu
NONOMKERNA MIGCKOCTH KPUBOUIMOA B BHAE TpeX NOCHCAOBATENLHBIR
nonowennft AE;, AE, v AE; npavoit AE, npunapnemanei sTolt
MAOCKOCTH, W TpH nolowenus nonsywa C,, €y v Cy (pne. 27.20).

Coeamisies Toukd E;, E; n By npamenvn ¢ touxasu €y, €, # Gy
Monyuaem toraa tpeyroasunsn AE,C,, AE,Cy u AE,C;. 3a nananb-
Hoe poioenHe Geped NOJOMEHEHE KPHBOUIMNA, ONpeleqsenoe nph-
mofi AE,. TlyeTh KPHBOLIKI BXOLHT B KHHEMaTHYECKYIO napy ¢ ma-
TyHOM B Touxe B, Jlua onpepenexns nomcienua Todkn B crpoHM
Ha orpese AE, tpeyroavuuxs AEC; n AEC3, cOOTRETCTBEHHO
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apuue Tpeyronbinkan AE,C: u AE;C;, Hexkoman touka B pomsna
GuiTh USHTPOM ORpYyHGOCTH, Npoxomuuei depes touwu €y, Ci u Cs.
Jinn ee Cnpeieneniy COEMHAEM NPAMENMH TOYKY ‘ﬂ,‘ ¢ ToykKoH O3
1 Toury Ci ¢ Touxoit Cs 1 na cepennm orpezros C,Ci u CiC; Boceran-
asnen nepnesppryaspe NBy uw MB,. Toura B, nepecesenns stux
nepaeHAMKYASPOB ONPENeIUT NONOMENHE OCH Bpamarenbiofl napu B,
P KOTOPYIO LXOIAT kpHBowmn [ w wartyn 2. Taxum ofpasom, Tpeby-
emad CXeMa MeXanuama ssamercn ¢urypoli AB,C,.

B nacrosues BPEMA BONDOCH OPOEKTHPOBAHHA MCXAHMIMOE C HiS-
mwiHkH 1 aMi SHauHTAILRO DASBHTH. B HalTHOCTH, DPIIEHE 3313494
[ nle‘I{THpﬂﬂﬂH]!H MERANHIMOB C TH3HINMA ODapaMK, SBCHLA KOTOPLIX
3AINMAINT YETHDPE W NATL 327aEHHY 0o00Me-
Hiil, W MHOTHE JAPYIHE 3afiayn TOMHOrO H npi-
GUIGKERHOID CHHTE3Aa MEXANHIMOB ).

7°. PaccMorpum ellle 3334y O CHHTE3E CXe-
Mul LIADHHPUHOTO YeTLPEeXSBEHHHKA N0 3a14H-
yoMy KOS(MHOHEHTY M3MEHeHHR cpeanel cHo-
pocTH BuXoaxoro sgeHa. Tlyerte bowapuspros
yetnipexsnenduke ABCD  sBxompwa  3nenou
apndercd  kpunowmn A8 (puc. 27.21), Kpaf-
HHMH NOJOHEHHAMH KOPOMBICTa NYCTe OVAYT  puc. 27,21, K peoesme
nonokering DC* n DC. B 3TuX DOJOMERHAX 3848 o npocktan pe-
ueHTpH Kpusownna AL u ma;]yua BC pacno-  wapmnpmoro serspes-
naraioTea o onwnok npswoit. Torza npi nepe- i it e ol
XOJ2 Koponbicsna H3 nonomennn DC' B nonp- e B el i
mentne DO gpusomMn nopopaussaeTcs  Ha
Yrom g, a npd nepexofe us nodoskenws DCY s nonosmenne DCT —
ua yroa qp. Ecan kpesowsn AB spamaercs ¢ nocrorHHOA yraezoi:
CROPOCTLID, TO OTHOIUEHHE YLIOB HOBOPOTA @ H ¢y PaBHO

_“:_w_ - (27.15)
e x

roe f, i f; CYTh NDOMEKYTKH BPEMens, 33 Kotopsie KpuBomnun AB
NOBOPAYHBACTCH COOTBETCTOEHHO HA YINbl ¢ H (. 3a BpeMa £, u f,
Todka C opofifier nyTH, paBumie Jyram

wC'C = wC'C", (27.16)

Ouennane, 4ro cpeiue ckopoctH Toukd € UPH NPOXOKIEIHHH ayr
L '-

C°C" u C'C" we Gynyr papun. Cpemiiss CKOPOCTD U HpH mepexoje

Toukd C u3 nonomenus C' B notomenne C" paeHa

mgp e CE (27.17)

[
i e

) Uw, Aprotonencendt M M., Jesnvexnd H K., Yepuy-
Adeoo C A, CoHIES MAOCKIE MEXSMNZMOBE, — M. Duamarrys, 1950,
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a CpejnAf CKOpOCTL ¥, npn nepexope Toukn C W3 noaomenns C°
B nonomenue C' panua
win e
UF = T = {2?-18,
Pazpesne pasenctso (27.17) aa (27.18) u npHERB BO BHUMAHHe
paceccrsa (27.15) n (27.16), nonyuny

Un ix Px

Beamunna K HocHT pasnanue wosfbuyuenmi ussenenusn cpedneil

cxapocmu eedomoeo asena. Ha pue. 27.21 eniino, YTo Kosdpuuuent K
panen

Ly Iy Yp K

== qr]'I _ ﬂ+u
K_'ﬁ:";——“n— i (27.159)

M3 dopmyasr (27.19) momno ONpeseadTh 3HaYeHHE yTaa 8, ofpa-
sopapEoro nanpapacunamp AC n ACT:

k=1
="FEEr

C sapaueil CHETE3a MEXARHAMA N0 3ajaHHoMy Kospbnunenrty Hs-
MexHeHHH cpefHell CROPOCTH BHXOAHOTD 3BCHA Hb BCTpEqaemcd B TexX
chyuanx, Korga tpefiyeres, wtolbl ABMKenHe BEXOIHOMO 3BEHA MpO-
HCXOIWI0 € pagiuYHLMH CKOpOCTAMH BO BpEMEA npaMoroe H uﬁpa'ﬂmm
xonoe. Hanpumep, ¢ TakuM 3ajaiHeM MOKHO BCTPETHTLCH MpH ITpOeK=
THPOBAHHK MEXaHH3MA CTPOranbHOro CTal-
K, MeXAHHIMA TPOXoTd H JPYTHX MeXa-
un3moB, rpe Tpedyercr, uTOOL CpEOHAR
CKOpOCTL B MEPHOL MpAMOTO (palbouero)
X042 BHIXOAHOrO 38eHa GHA8 MeHBLIUE, eM
B nepuod ero ofpatHoro (XOA0CTOro) XoAa.

&, CHHTE3 cXeMul MeXaHH3Ma WapHAp-
HOTO  9eThDeX3BEHTHKa [0 Jaja oMy
kos(puunenty K MomeT OHTBL BHNOMHEH
N S S caeayiomnn obpasor. Ilo sanaHHOMY K

: 4 ME prMueIAeM, TONL3YACL Gopmyaoi (27.20),

MCXoHESME  Wapkepiole  weTa-
PeEIREHEUE . N0 SAARNHGMY Husd- YrOoT 0, ,uﬂ.‘IH:: CTOONM SaJaHibe H]}Eiﬁ-

T s hue nonokenns DC' m DC' xopombicsa

DC (puc. 27.22), Ilycrs onm ofpasyior
HEKOTOPHT Yroal Ymay. Toukn C* 1 C" coepnnfen NpsMoil W HA OT-
peake C'C", xak Wa XOpie, CTpouM Ayry, Buemtaioutyio yron 0. s
sToro B Touke C¥ BoccrasnseM nepnenamkyasp C'n K orpesky C*C’
u npi touke €' ctpoum yron 90" — 6. Torna yron C*AC' Gyner
papes 0. Uepes touxu C', C" 1 A npoBoJHM OKDYHHOCTh L. lentp.
ppaieitns Kpugowuna AB momer OGuth Bulpan B JoGoi Toyke Ha
okpysiocTd L. B camom pese, COBIHHHB NDAMEMH nodyen  ToUKY
STOR OVIH C TOYKaMH €' u C", ME NoJXYaHEM YO0 MEXAY STHMH NPA-
MEIMH, paBHEH 0.

(27.20)
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Onpeaenind pruny r kpusomnna AB. Ilyets, nanpumep, uestpom
ppalleHis KpHBOWHNA BrGpaka Touka A,. Torza npn anune kpuso-
wuna r otpeskn A,C" u A,C" papr
AC =1l—rn A0 =1+r,
pge r B I eyrs punnl gpusowtna AB u waryna BC. Orciona
caeayer: A,C" — A,C" = 2r, nan

A0t — Ay
f=.’q15="_'_t'_'§'_l—t

t

Mz tousn A, npomojuMm ayry pa-
auycom A,C" 0o nepecedenus ¢ AHHHEH
A,C’" n touxe E. Torna otpesok EC’ no-
JAyHaeTcH paBHEM 2r, OTKyna .

EC’ z 1

Fo==

CT
G Pue. 27.23. TlocTpoende cHeME K-
DT“"TH—U-"IFHEM OT TOUEH "'1: ha nops- -umnuu':u-mma}'uu%m HeXRHHAME

) e : l d aan b Wi
mofl A, otpesok A,B', pasnuti EC'/2, e tenanvony ety

4 Ha Apogosmennw npssof A,0° — HOTG 3heits
orpesor A B, Taxme papuui ECT2,
Torpa nonyvaem weTHpeX3peHEH{l  wapHupebifl  MeXanwsM, of-

Aanaeiifl 3afanukiy kosdduunentom K.

Tax kak B kauecree nenrpa Bpamesusn 3sena AB wmoryt Owrrs
ELIOP2HLL PasjinuHIIe TOYKY OKPYKHOocTH L, TO MOXHO Hajsarath Ha
pasMepEl 3BEHLED MUXAHHIMA JONOINHTETLELEe
YCNOBHA, HalpHMEp, MOMHO 331aThCH NAHHOH
DAHOFO M3 3BEHLER MEXAHH3Ma H T. I,

%, Ananorsuno Momer GHTb pewena iana-
94 O CHHTE3E CXeMbl KPHBOWWNHO-MON3VHHOID
MEXBHHIMA N0 3alannowy Kosdipuunenty K,
Has storo no sanamnony  wosddnumenty K
ocnpegenfien yron 0. Hanee wa ocn x — x
nsibkennR nonsyua C (pue. 27.23) nameuaen
noacuenna C° w C" conayna. B touke € soc-
Crasaaem nepaennukyasp C'n. [pn touke C” :
CTENagbBaes Yron AP —0. Toraa onpegeant  ppe, s7.00. K npossrne
Ch nosomeiHe ToukM N — OAHOH M3 TOUER  POBANNG CXeM Kyawucios

D MeXanHiME no Jagap-

Ayry, euemarwwell yroa 0. [lpoBogum depes  snsy  wosgibunmcsry wa-
Toukw €', N u C" okpymuocts L. Lienrpom HSSwun cpenned copoc-
Bpauieunn spena AL momer OwTb BuOpana
Mo0as Toyka Dﬂpj'}lmm‘m L. Ha puc, 27.23 B kauecrme pextpa
BPawenns spena AB smifipana touka A, Torpa amasornuno panee
PECCMOTPERIIOMY NOCTPOEHHID ONPEAETHTES AMHHA KpHBOWHNa AB H
Aduia watyna BC. B katecToe JONOAHHTEILHOMD YCIOBIR MOMHO
JAlATL, nanpumep, pasMep e pesakchana,

FAENWNYeHHE ]JEICCMUTPHM MEXAMH3M © KEIIEEGIE.'E!':IEH KFJ’JHE‘D;‘[.
Ha pue, 97,94 HENDCPENCTBCHHEO CIeayeT, 4T yroa O pasen yray 1




BOG Ta 27, CHHTE]d DNMNOCKHX MEXAHHIMOB C HH3MHMH @ DAPAME

nopopora Kyamesl, CAe10BATEILHO, NPH CHHTE3E KYJHCHOTD Mexa-
ana Kosphuuuent K onpeagnsiercsl SaflaHiLM YraoMm ) pasmaxa
KYJHCLL, T, €.
n 4§
K=Ztt. (27.21)
Sromy asanenmo K vI0BNeTROPRIOT pazinydele ToNKnE npamoi Da,
neasimell yron p nonogad. B kaurctEe fonosunTesLHOMD YCNOBHA
MiHeT OhlTh, HanpuMep, safano paccroanme AD mesxny touxamn A
w 2. Mpu puibope pacerosdia AD keolxopumo cofimogaTs yeiaonie,
urTuin ono Oelno Golklle pajdyea kpusoluuna A 8.

§ 119. Ycaosus cyniecTsoBanHa KPHBOIIHNA
B YETHPEXIOEHHRBIX MEXaHHIMaX

. Bonpoc o COOTHOMENHAX MEXAY ANYHAMH 3BEHbED YeTLipex-
SOEHILIX MEXAHHIMOD HMEeT BechMa OoJblIoe AHATCHHE HPH CHHTE3E
srux mexanusnoe, [loaromy neofXoiHMO BRSCHHTh, KaKODR STH
COOTHOLIENHA V YEeTHPEX3BEHHEX MEXAHH3MOB,
BLINOMIRAUHX DA3GTHUHEE I4JAHHLIC ABHMHCHHA.

Coaab MEKAY pasMepati 3BeHLCBE  HETHpPEeX-
BEHEHX MEXAHH3IMOB H HX IBHMCHHEM MOMeT
fuiTh NpefcTanneda MaTeMaTHYecKuw B Bujie He-
Pac. 27.25. K onpe- KOTOPRIX HCPABEHCTH.

ACATRIN  yCADEM( [lyerh pam MeExanMss WAPHHPHOTO YeTLIPeX-
e uminre.  3pennnka ABCD (puc. 27.25), y KOTOpPoro AHHL

CrooBEanRiR  EpHRCIi-
o ¥ MCRAING AE  HBEHBED ofioshauennl depes o, b, ¢ n d. Tpebyer-
e Cfl BHACHUHTL, NPH KaKux ycrnoBusx aseno AB
ByoeT KpHBOWNMOM, T. €. OyAET ApoBOpauHEATLEA
na yroa 2m, ecan npuHATo, uto @ < b < ¢ < d. Coendiuy toure B
i D npamo#t W ofospauum paccrosewe S0 uepes f. Torga us Tpe-

yrofmshnga ABD cnenyer:

ff=a* 4 & — Zod cos p, (27.22)
a ua Tpeyroasniika BCD ameem:
bt+e>f>2ec—0b (27.23)
Ha mupamennn 27.22) nonyvaen
B O =F +2‘L“' P _ cosg.
Ipneumas po sHuManue nepasescra (27.23), uweew
LHE—BAD ooy, ©@7.24)
) _‘iil'_i’t??ﬂﬁ_ L2 = CO8 i (27.25)

Ecnn sseno @ NosOpavsiBactcs Ha yrod 20, To vrod ¢ nphiundaer
spasenns ot o 251 4 cos @ MewseTcs B npeaeaax ot + | a0 —1. Tax



§ 115, YchnopHa CVILECTEOBAHHA KPHBOLIHIA L

gak Jepas uacTs Hepapenctsa (27.24) pokua GWTe MeHbme Hap-
MEHBILEro SHAYEHHA COS , a JeBan YacTe licpapexcrsa (27.25) nonmua
GuiTh Godblie HauBoabluero SHAYEHHS COS ¢, TO

- 2 4 (o — BY?
Ez.;.;f—‘gg;’b-b—cj < —1, i +d"2m{c ) }-F‘L

Hs 3TuX HEPAB2HCIE HMee:
@ + d — b — 2be — & < —2ad,
a4+ d@ — b 4 2o — & > +2ad.
Orciona lepeHeceHHeM YIEHOB nolyuasn
o+ 2ed + LW+ 20+ ¢, o —2ad P > P — 2 4,

HITH

@t+df <+, @—a*>(b—cp
i OKOHSATeNbHO
d+a< b+ (27.26)
d—az=b—ec (27.27)
Hepagenicrso (27.27) momer OTL UpelcTARIENO Tak:
d4+e=ai b,

HO OOCTCARes HePaBelCTBO BRITEXAST H3 NPHHATOIO paHee yolobus
a<b<e<d, 1 e ueparencrso (27.297) He HAET HHKAKHX HOBHIX
yenosui,

W3 neparencrsa (27.26) cnenyer: umolst 8 wapHupHos sempipes-
SEEHHUKS, § KOMOPo2D CMOPOHN YOUSIeMOOPRIOM LeAOsuio a < b <
< o< d, aeno a Gutac Kpusotunos, Heodxodumo, wnobw cymsa OAun
HauMerbwes) 1 HOUGOALLLEE0 Sterbes Beia Menbiie UAN POSRO CYALME
daun dayx dpyzux seerses.

2. AnanorpunbiMy paceymienuamu Moryt OuTh Hafigens Heo-
XOLUMEIE CODTHOIUCHHA MEWY SReHbAMH apHHPHOTO “eThIpex-
SBEHHHKA H ANA BCEX APYrHX CAYYAEEB, Hak, HalpHMep, HoTka Tpe-
fyetes, uTodid 3BeHO € GBLIO KPUBOUIHNG HAH Y9To0bI DOHOBDSMEN O
3BeHbs @ B ¢ OB KpRBOWHNaMH 1 1. 0. Pewenne 119 seex cayuacs
CBOAMTES K PElIenH:) COUTBETCTBYIOIMX TPeyrodLHHKOB,

C nomoutbio yeaosuir (27.26) u (27.27) momHo0 NOKa3aTe, 9TO ecTH
B Mexamuame, y kotoporo @ < b <c¢ <d (pue. 27.25), cienave
NEHOIBIKHSIM 38en0 b » d, TO NOAYUHM KPHEOLIRNHO-KOPOMHICIOBEI
Mexauuam. Ecau nenoapmimnnbiM olenats HaHMeHBISS SBEUo a, TO
MeXanmam ﬁ}'ﬂﬁ‘r ABY XKDHBOIINATTHLIM, #, HAKOHEW, ECaH HEeNnOIBHAHLM
CledaTh 3BEHO €, TO MEXAHH3M MPEBPAALTCR B JBYXKOPOMEICAOBLI,

Ananns Beex BOSMOMKIWX CAYHACE PACMONOKEHAN 3REHLEB Liap-
HHPHOrO YertwpexssediiiKa OPHBOAMT K OfileéMy YCoI0BHID, KOTOpOE
MOeT Oure CHOPMYANPOBAND TaK.
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Bee WapHupHste wemupexstediury pacnpeetiomes no days epyns
nas. K nepsoii omuocames me, Y KOMopeX CYMMA OAun HaUMeHbIUERO
t HauBoAsLLeEs FeeHbes MeHElle WA pasna cysse daun Gsyx Opyeux
SeeHbes; KO GMopoll — € KONOPLX Mo cyuma 00ablite CYMMBL OCMOAb-
wux. Mexanusns nepsold epynnee npu
ROCMQHOERE HA HAUMEHBLIEE 36eH0 Nped-
erasagiom cofod GeyxrpusoULLITHbE Me-
XOHUZMEL, NPU NOCMIEHOEKE MO 3GEHD,
CAEICHOE € HOUMEHBILUM, — Kpusoliun-
HO-KOPOMECADENE, NPUNEH KPUEOIUUNGA
CAUNCUM ROUNEHbILEE 38pHo, @ NPL No-
Fac. 27.86. K onpenelieHHE  yooo- CHIGROGKE MO 288H0, np(}n[uﬂgng,mmﬂag

Bl BOSMOMNGETH  CYILECTROBANNS "
KpHLOWI 3 ¥ Wpisoiinbenomsys-  HOWMEHBUIEMY, —— ﬂﬂﬂlmpﬂﬂmiwmﬂ-
LT HERATAE Mexarnuans emopofl 2pynnsi Goe 06yx-
HKODORMCA0E0E,

. Fenn, nonofno WapHIPHOMY 9eTHPeXIBeHHHKY, HanHCaTh CO0T-
HOIMEHHE MEHIY DA3MEPAMI 3BCHLER KPHBORIHNHO-NOA3YHIOIO MeXa-
uusma (puc. 27.26), ro noayusm, 4o speso a GyneT KPHBOUINOOM, eCIH

a<=b—e,

T ¢ €CTh JesakCHal. 3BeHO
fyner KOPOMEICJIOM, EC/H

g=b—e.

Hazoneu, aas KYyJHCHOTO
mexanusma (pue. 27.27
27.28) n3 oMepMaHBIX TeOMeT-
pugecKux coofpamenufi cie-
Aver, 4to speno ¢ (KkyaHca)
Gyner KpHBOLWHOOM, ECAH

Pue. 27.97, K onpe- Pee. 27.88. Ko oipe- a = d- e
BEANEHEK yononHil  JEREeo yemoeui
BUmscMEOCTH | Sylle-  BOSMOMNOCTN - ey K.YJIHEEI o ﬁ}'}lﬁ'r KOpOMBIC-
ETRONIHAR HpHEG- CTRONZHER Kpiao-
hina Yy Hymeckoro  wma ¥ kyakcsore  JTOM, KOrna
MeExAHEINA © BpaioE- Mex2fPINa € Hasaw-
InefhcE HyARcoR piefcs Kymaucoi a {: d‘ ..i_ £,

B nepsoM caydae Mbl Noaydaes Tax HASLIBASMEL MeXanuss ape-
uyrroietics kyadost (pHc. 97.97); BO BTOpOM CAYHEE MH NOJQYHaeM
nexanusi Kouaoweica syAucs (pre. 27.28).

§ 120. Onpenerenne owihioK MEXanu3MOB

[°. B paccMOTPEHHEIX 3ajauaX CHHTERd MEXAHHIMOB MHl OTIPEAL:
M TIapAMETPE MEXAHHMOB, YIOBACTEODRIOUIHE 3ARAHILM 3aKCUaM
NRHFKEH S, OTACNLHEM JHHAMHYECKHM XapaKTepHCTHRAM H BLIGpaiHoi
erpyKtype. CnpoekTHpOBanHbE KHHEMATHUCCKHE CXEMLE MeXaii3mon
MOSKHO HA3BATH TEOPETHUECKHMH CXCHMAMI MIH TEUPRTHUECKIMH ME
XaRpaMamMi, TAK Kak Np# noadope mapamerpon B TeOpPeTHYECKIER
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cxEMAX MEXAHHIMOR NPHINMAN0CE, YTO BOE 3JEMOH TH KHHEMATHYSCKHX
nap ABASIOTCH FEOMCTPHYCCKH TOYHO BHNOIHEHHHMH, OTCYTCTRVIOT
330D B HKHHEMATHUCCKHX [1apaX, PasMepnl BCEX 3BCHLER HE OTKAO-
HAOTCA OT COPCEKTHPOBARHHIX, OCH KHHEMATHYCCKHX Nap pacnoao-
JKeHsl Tak, HAK 970 NPELyCMOTREND CTPYETYPON MEXaHHIMOB.

B pt'.‘ﬂ.']b!]ﬂ NOCTPOEAHHME MOXANsMax EEﬁCTEFTTEJ]h[{HE HX napa-
METPH MOTYT OTMHYATLCH OT TeOPETHUCCKHX BCOACHCTBHE HETOYHOCTH
HATOTORNEHIA 3BEHLEE H 3J0MEHTOR KUHCMATHYSCKH X ftap, HeTOMHOCTH
pOHTa¥a MEXaHH3IMOB, H3HoCA 3eMeHTOR KHHeMATHYCCHHX nap npH
palioTe MEXaHWIMOB M T. 4.

Orxionenne IeiiCTBHTEILHMX NapaMeTPOB OT TEOPETHYECKHX HO-
CHT nHastanue otdufinu MexaHussa., YUHeT BCEX BOAMOMKHBIX OG0
pea.-m}lux MEXAHHIMOE NPEICTARAHET BOCLAMA
CNOHHYID 2alady, TAaK Kak 3Ti OMKGKE 3as-
CAT OT TeXHOJOMHH H3IrOTOBICHKA ﬂGTEJJEIEi RIS~
Xany3mMoB, YCAOBHH cOOPKH 3BEHLER MeXaHu3-
MOB, YCAOBHH ero skemayatamne B T. 4. Pazaen
TeOpHH MEXAHHAMORE, BEHHHHIDI.L!,HE?CH HCCenn-
panieM ownfoK MEXaHHIMOB, NPOMCXOAAILEX G %

Of PasTHIHEIX PAKTOPOB, HCCNCHOBAHHEM BAH=  hiwse sasncrstoces ey
HIAl STUX OLWHOOK HA KHHEMATHKY M AUHAMUKY ~ Fiions wopowucis of
MEXAHHIMOB H CHHTEIOM MeXAHHIMOBD ¢ VUeToM L P HE RO HETHPEX-
BOSMOMCHBIX OWHGOK, HOCHT HASpalue Meopui e
MONHACHIE MeXdHUIAN0E,

B uacrosmiem naparpade Mb paccMOTPHM TOALKO BOIPOC O TOM,
HKaxk MOMHD A08 HIJDCT’EF!H!H?{ MEXAHH3MOB ﬂl[PE,ELE-‘IHTh OCHOBHEIE
BOIMOMUBIE OUIGKH.

L. Hazoses ouulKoll noaoxenun sexanuasna pasHuly nonosennd
BRIXOONLY 3BCHLEB ﬂEﬁCmHTEJILHUF{J 0 COOTBETCTBYIMIErD TeopeTH-
YeCKOFD MexXailH3Inos o LﬂHHﬂKDBbL‘ﬂ MOAONEHUAY BXOOHMX 3BCHLER
ofonx mexanusmos. Cwubrod nepeseifenus TOTAa MOMHO HA3BAThH
DENULY NEPeMEWEHHH pRXOAHLIX SBCHLEE MCHCTBHTEALHOrD M TeD-
PETHUECKOID MEXAHHIMOB NP OOUHAKOGHY NEPEMEWEHIIE BXOIHBIX
ILEHBER OO0HX MeNAHHIMOB. PEECM{}TFIHM BOMPOC O TOM, KAK MOCYT
GtiTh onpegeienbl OWMHOKH MOMMKEHEN Mexainsua, LN HSHECTHH
NapaMeTPH Gy Gz Gas vy Gm TEOPETHUECKONO MEXaHM3Ma, TO Mapa-
METD p, OApPEAENAIER 0000R%eHHe BWXDAHOTO 3Bena, Syaer Bcerga
HekoTopolt YUKOHEH OT NAPAMETDOR Gy, Gay Tay cery Gy To B

p=p ':"-'31! Tay Gy seny f.lrm}r EE?EB}

Hanpumep, ans  mexawmama  WapiupROTO  HETHPEX3IBEHHHKA
(pue. 27.29), y koToporo Bxogmum Asaserce Kpupolinm 2, sa napa-
METD p momer 6LTh NPHHAT yroa \yy, ofpasopaHHul 3BeHoM 4 co
croiixoit 1, Tlapamerpamu gy, Gy gy --os Goa MOPYT OHITL gauusl [y,
{2, Iy, I; 3BCULER, H gvaRuna (27.28) Gymer uMers BHj

Yo = b (b, &y b L) (27.29)
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B peficTBHTENbHOM MeXanuamMe NAPaMeTP y, oy Gay -y Gm MOFYT
OTARYATHCS OT TEOPETHUECKHX HX 3HAYCHHA Ha Majbe pennunes Ag,,
Bge, Agy, ..., Ag,. CocrobatennHo, H napaMerp p GyAer Takse
OTAHYATLCR Ha HEKOTOPYHD Benuuuny Ap, n 045 JeHCToHTENRHOTO
MexaHHawa OyieM HMETh

p+ 8p=1[lg+ Al (g + Agdy ooy (G + Bg)]. (27.30)

Paznaran npaBylo 4YacTe paceucTsa (27.30) & pag Telnopa n

OFPAHHYHBAACE BRHAY MafocTH Beanuynn Ag, Afq, Ag, ..., Agn
YNeHaMH NREQBOrG OORHANA, [IOJIYHAEM
7] g, df
P+8p=p+ 4 A+ Aqet e A B (27.31)
HJTH
i i B g s
Ap= g, Ag, T Ag, -+ + Bim Aga- (27.32)

370 BHIpaKEeHHE jAeT BRIHUMHY CYMMapHoil owrOKH OOAOMCHHA
Ap BHIXOOHOTO 3BEHA KaK CyMMy OlHGOK, BOJHHKAKUWHX BCAEACTEHE
OTKAOHCHUA OapaMeTpoB MeRCTBHTENbHOTD MEXAHHIMa OT TeOpeTh4e-
croro, Ecnn mnfl saxes-unbyib goyX OOJoseHHH BXOJHOTO 3BeHa
onpefedcHbl  omHGKE  NOICHERHN
(Ap)y B (Ap)s, TO clBGKA GepemMe-
Uenus  Ha ToM  HuTepeane Ovier
pasna pasaocrs owsdor Noaome-
il S HEH, T.@&.

Puc. 27.56, H onpepeaeei oulnfinn ne- {ﬂ,p}‘_“ == fﬂtp}g — [ﬂ‘p]l' [2?_33}

JOREEHN MOAa¥HD HPHBLING D M-N0 Y i
e ety 3", Paccmotpum BGHDOC © TOM,

Kak moryr Otk onpefenedsl omys-
KH MONGHEHHY  MBXSHH3MOB, NPOMCXOAAUHE OT OWHODK B JMHHE
ux spenvee. [lyers, Hanpemep, 1pefyerca onpeienuTh OWLOKY
nonowenns (Axc), rtouxn C nmoasyna (puc. 27.30) xpupomdnzo-
NOAsyHHOIG sexaHuama ABC, npoucxopsuiyio oT oubeu Al
B ATHHE [y maTyna &, Kak svo Ouno nowazano 8 § 24, Koopauoara xe,
onpefeafiouan Ooaowenne Toukd C, papHa

xo=[,CO8@s -} Vﬁ-— !gsinﬂqh. (27.34)

Cornacno paeenctey (27.32) nmeem

dx, p
(Ave), = ‘6‘15 A (27.35)

Uactuas npoussonnasn dx./dl, pasua

ﬂxc Iy
A ey v A
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[loacragnss B papeticteo (27.35) Bumpamenne (27.36), NOAYYAEM
apageine ol noncsetan (Axg):

!
Al = Aly—— >t | 27.37
{Axch, 3 e ( )
Ananoruuno Momer Ourto naBgena omnbra nodoxedns Az
CF Ty
npoHcxoasilad or ounbrn Al B pawne [, xpaoomuna 2. Mueem

d
(Axg), = -;;—‘" i, (27.38)

Hactnan npoussonnas Oxg/dl, pasua

:Z’xc I 5in® g
=CoSyy — -2 12 __ .
diy O3t VE =T i g, (B7.48)

Chenosartenbyo,
(Axc), = Al (cosrp,——:k«ﬂii__ ) (27.40)

I3 — I sin” @,

CymMapran oWHGKa nosometns Axg tourn C, cornacno papen-
CTRY [2?.32}, PaBHA
ﬂ.x:_,- == “'_'I.ij;’ + {.rix;;::h.. {2?.41]

4. Kak 370 620 0oKazano BHUIE, BO MUOrHX CAYYARY ANAIH-
THYECKHE BLIPAMEHHA ANH repeMelleHnll TEODeTHYECKEX MEXaHHIMOB
ADARAKTCH  CADMHEMH.
[lostomy pis onpesene-
HHA olHODK nosoMmenus

MOMHO HCHONL30OBATE ME- 7 fAz.l,
101 CHAl0D MalHX fe- =
Peveileinii e npeoGpa- A5 o

&

SOBRHHEIE MEXAHHIMOD, 1 a
Myems, HANpHMEep,  Puc. 2780, Mpeofpasosannull  BpREOLEIEO-BOH Y -
HEIY MEX2RHAM C HEMeHMOSAcH SaHuOf K P EOLEE A
TFEﬁj"ETl:H ONPEARAHTE ) cxews sexanisma; 6} man  Mamwy HEp e eHih
Ol HOKY NOJIDHEHHA
(Axg);, Toukn C or owkGKE B Aakue I, KpuBoOwMma 2 {puc. 27.31).
Owinbky MOMHO ONpeneiuTB, €COH CUMTATB, Y10 Touka B MOMeT
flepemecThToes (pue. 27.31, @) Broaw ocu AD 3apena 2 ua penuuuHy
=+ Aly. B 3aBHCHMOCTH OT TOro, YBETHUHBZET JM OltinGKa Al, AAHHY [
30eHa 2 HAH ee yMEeHBLUAET, Mbl KaK Obl 0CTAHARIHUBAEM KPHEOWHN 2
H BEOAHM ACOOJMHHTEALHHE O0J3yH 5, KOTOPEIE MOMET cKOILINTE
biont ocn AB kpusomuna 2. TakcH mexanuzn sasupaeica npeobpa-
S-eanneim sexanussom. Ecan teneps ccoGiinTh noaayuny 5 nepeme
Wenne, nanpumep + Aly, To nepememtende (Axg) momHO HaliTH, ecau
FOCTPOHTL TMiaH Manux nepesewensd (puc. 27.31, 0), xax ofmgno-
“CHHB mnaH awanoros ckopocreil. Ha srom nmaane orvpesox (ph)
Nponopuuonaned Al,, a otpesok (pc) nponopuHonased {Axc)s,.
Ecrecrsennto, 410 M3-38 MasocTH BEIHYMN OWHGOK MAAHL MAJIEX
lepemeiiennii HAAO CTPOKTE, NPHEMEHAH CODTEETCTBYIOUIHE MacliTabk



K72 o 27, CHHTES TINOCKIIX MEXAHMAMOB © HHIWHME DAPAME

¥ OTEIafEBas oTpesor (pb), NpoONOpLHOHANLHENI Al,, B coorser-
CTRYIOIMEM LANPABMENHI! B 34BHCHMOCIY OT €ro 3HaKa.

M3 tpeyronsnnka pbe (pue, 27.31, 6} MOMHO LONYUUTE ananiTi-
yeckoe pHpamenne (27.30) ana ownGra (Axc),.

Ha pne. 27.32, @ noxasad npeofpasoBsinLil  MexalusM AT
onpe;ieaenns owbin (Axg):,, NpoRCXOAALLEH OT omnbry Al n Anlne
spena 3. Ecam npunaTh, uTo ownGra Aly mveer 3NaK MHHYC, TO
naay  maawX  nepenenenuit 6yper HMETh B, noKa3aHNLH Ha
puc. 27.32, 6. Omntun (Axch, n (Axg), B cayuanX, noka3amibx

5 Az, Ha pue. 27.31, an 27,32, a,

- HMEIOT OfiHE M TOTE 3HAK,

P ¢ Chel0BaTensHo, CYMMApHAA
3 oumbka Axp pasua

Axe = (Axch, + (Axch,.

i, £

7 (27.42)
Puc. #7.32, IpesCpasopasinudt K PHEOMEDRO-NOMALYH- Ecnn olnpdra ﬂlis GED-

HEIfl Mexat#ss ¢ HIMeHAMERCR AAHHOH  IATYHE . . P
g} cxeMe MeXARMAND; 6] NAAE MANEL DEPEMCILEER na 4 pwena O 3HaK NAKC,

To outHbxy Eﬂ.xﬂx, H I:.I'i'-.rc};’

Hyean Gsl pasHHe 3HAKH H cyMMaphas ouinbKa Axp Geina Oul  pabna
pasHocTH O HGoK:

Axp = (Axc), — (Axe)s,. (27.43)

5. Metojom MAEHOR NepeMelneHHi MOMHO ONpEeisinTh OuEGKH
nojoMeHHA H B MEXaHH3MaxX c BelciMH napamu. Ha pne. 2733, a
noKaszan KyAauKOBHE MEXanH3M.
IMycre rpefyercs  oNPeie/iuTb
& oumfiKy nonomenns Axe TouKH
C ToRaTENS, DROMCKOAARLLYIO OT
opwmdxy Ar B panuyce r poinxa
3 uwor omnbxy Ap B panmyce
KPUBM3HH p Kyhauka I, B TOM-
ke xacauua D. Tax Kak 3ame-
HAIONHM  MEXAHH3MOM ABJSETCH
KPUBOILNORO-NOA3YHIEH  MeXa-
uam ABC © nepedMeHneM 1o
anane warynon BC, To ana
olipefedennn  OWHOKH npeoiipa-
SOBAHHBI MoXani3m anaforHued
Puc. 27,20, K onperencimio owicox nofe;  MexaHu3ny, MoRasamony Ha
wexsnRaNg; 6} DA Monwx ODepesomcnnfi PHC, 27.32, a, a nosTey 13 T04-
Ki p INZHE HMansX neperciienn
(pue. 27.33, 6) orknajmBaeM B HanpaBaenii, napaiueibHOM ROp-
Mamn, cymmy ommbox Ar 4+ Ap, a W3 To4KN b NpOBOJMM nEpneRiH”
KyAAp K HANPSBAEHM HCPMAlR n— n /0 NepecedeHls B TOUKE ¢
¢ HanpapiesneM, NapasiefbHEM OCH JABHIKEHHRA TOJNKATEH 2, npo-
BEAEHHEM YEPES TOURY p.
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O7pesok pe nponopunonaten owntre Axp nepemelients touky €
pokatenn 2.
H3z nnana sanmx nepementenndl (puc. 27.33, 6) caenyer:

_ Ar-Ap
Asp = ——t (27.44)
6°. Yuer ownGok MONOMEHHA, BOIHHKAIOWKX B Pe3Y/ILTATE 3a30-
pos B KHHEMATHYECKHX mapaX, apasercs Gouee CAOKHAM, HO0 1A

pelieHHa 3ajlaul uenlxonusuo YCTAHOBHTE TOYKY KICAHHA SJIEMCHTODR

Puc. IT.04. BpumaTensson  pa- Puc, 7.45. lpoolpuaceansel  KpHEOLINOAG-
pa ¢ aaaopom NodayAHull  MEXaBUIM] @) CReMA  MeK3HBEMO
O} naay Manmx MopCMEesenyh

napn W ONPEAeNHTh, B KakoM wanpasiennn BuGHpacTcs 3asop,
Ha puc. 27.34 noxasansl exemaTuno paaumMiLe NoNOKeHHA SIeMel-
T0B [apet B KpPHBOIHNHO-NON3YHUEOFO MEXaHH3IMa {puc. 27.35).
OBbiuno Touka D Kacannn sAeMENTOB Napu snenben 2 u 3 NpHHIMaETes
I HANPABNEHHW JelicTBHA peawiiun Fg win Foy. Sto Hanpapaenie
MOMKeT GLITL ONPRAEACHO TOABKO NOCAE KHHETOCTATHUECKORD pacueTa
MEXAHHIME, I'I}rcﬂ: 370 eCTE HANPABAEHHE f1 -— 1. TDI"JJ,H MMPoBOiHM
He cxeme mexanmama (pee. 27,35, a) vepes toury B manpasnenne
n — n. lloasyn § npeofpasopantoro mexammama, nokazannwil Ha
puc. 27.35, o wWTpHXOBOH JMHHE!, HMEET BOIMOKUIOCTE JBHTATLCA
Blloft Hanpapnenus n— n. CTPOHM naad Madnx  nepemeienaf
(pue. 27.35, 6), otkrasmean owubey Am or 3azupa B nape B B na.
lpandenun n — n. OwHbka nonomenns Ax. Toukn € OKaILBAET R
Bponoplunonansuofi otpesky pe. Beanunna Axp onpemensercs us
MAEHI MAJLIX [epeMeniennii:
[ [+ 4 H -
Axpg = —Am ——mu-—oaim; .. (27.45)
Bomee cnomiinie cayyan owubox nonowmenudi, Bo3Hi KA X
BinejcTone nepexoca ocell n HanpaBAfIOLIX, HETOUHOCTER pamuycoR
KEDUBHUE I T. Ji., ML He Ipaccma'rp neaem. Bee sti sonpocu nospobio
Wecnenosans B paGorax H. T'. Gpyeewya u ero yuenmion 1),
B ARSI HE OTMETHM, YTO PELICIHE 3344y CHHTE3A MEXIAHMHIMOB
B HaCTosHLL e BPEMA B OUHOBHOM MOKET BECTHCH © MOXMOI B COBPC-
MEHHRIX BLRIYHCIHTENRHR X MAlHH, NO3BTAKIIHY MPOH3IBOJKHTE pac-
BT MHOVOUHCIICHHEIX PADHEHTOR MEXZHHAMOB, H3 KOTOPHIX KOHCTPYK-
'opoM smeryt GmTh BHGPaHE ONTHMAJLHLE,
—_— e —

yBpyesmu H. I Tounocrs mexanuamon, — M.: Foctexeazar, 1947,



YACTb HWETBEPTAf
OCHOBB! TEOPHU MAUIHH-ABTOMATOB

OTOEJN WMECTON
CHHTE3 H Y¥YNPABJIEHHE MAMHAAMH-ADTOMATAMH

I'masa 28
OCHOBHELIE MOHATHA TEOPHH MALLIHH-ABTOMATOB

§ 121, Kpatxoe pBefienne B TEOPHIO MAUIRH-2BTOMATOD

F. B § 2 Guny H3I0KEHE OCHOBHEE ONPEIeeiHs MAIHHK, Ma-
HIHHH-ABTOMATA H CHCTEM MaLUHH SRTOMATHYECKOTO JeHeTous.

B wacrosmed rogee GyAVT PacchOTPEHN OCHOBHEIE MapaMeTnl,
KOTOpHE Heo0X0AHMO YUHTHBATE IIPH CHHTE3E MALIHE 2BTOMATHYECKOIO
ReHCTRHSL.

TMogagnsiomes GoNLUIMACTEO MPEAMETOE HCKYCCTBEHHOIO MPOHC-
XOMIEHHS, KOTOPHIE OKPYKaOT 9eJ0BEKd, H3TOTOBMEHO € NOMOMLLIO
caMbX PAAHUHEX TEXHHHECKHX YCTPOICTE, NONYYHBLIHX obofmen-
HO® HauMeHOBAnHe mexnoaceuseckoeo ofopydosanus. CoBpeMennoil
asofl paspHTHS TEXHONOTHUCCKOrO 00OPYROBANNS RBJIRIOTCH MEXHO-
ACCUNECUE KOMAASKON, NpeAcTaBistouiHe coboll YenoBeKRo-MalliHiBLIE
CHCTEME, B COCTHBE KOTOPHX HMEIOTCR TEXHOJOTHYECKHe (MPOHIBOL
CTREHHEIE), Tpancnﬂpﬂu’:&e, SHEPreTHIECKHNe W HHQOPMALHOHILE M3-
HIHHGL, YCTpOHCTBA W anmaparsl.

Texnosoeunerkid KoANASKE HITH CUCMeME MAWUR — CPEACTRO pea-
NEsAlLEY  TEXHONOTHYECKOTD Npoleccd B NPOH3BOMCTECHHLIX Yoao-
BHHX.

B xope TexHoNoTHYECKOTO NPOLECa, HMEIOLIErD NeNLI0 NOAYHeHe
SafANHOTO KOJANUECTBE NPOAYKUHH, XapakTepH3yomedich 3aiaHHbLIMH
IHAYEHNAME NOKa3aTenel KayecTEa (TONHOCTH, HAAEMMOCTH, 3CTETH-
gecKkHX HAH NOTPeGHTeNbCKHX CBOHCTE H T. JI.) H 3aJaHHBIMH 3lauc
HIEAMH CTOMMOCTHEIX TIOKA3aTeNel, OCYUIECTEAARTCS HIMEHEHHE (JOPMEL,
CROBCTE K cocTORHNS 00BeKTa 00paboTKn, KOTOPOE COMNpoBOXAacTCR
HasmcHenHeM nonodenns ofberta ofpalioTkKn B NpoCTPAaRCTRE. .

Kak 11 Bo BesKOM NpOLEcce, B TEXHOJOTHYCCKOM [Tpolecce nepepa-
GaTRIBAIOTCA B3ANMOCBA3AHALIE MAaTepHANbHLIE, SHepreTHueckhe H
HIIpOPMaLHOHBE NOTOKH. '
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TeXHONOTHYEC KHE MAINKEE] NepepabaTHBANT HeXOIHEE MATEPHAN b=
nue NOTOKH (B BHAE CHPBA, N0AY(haOpPHKATOR, 3ar0TOBOK), noTpetnns
NOTOKH COCTEETETEY IOWEH 3HePrii ¥ CcOOTECTCTRY IO YD HHPOPMALIHID,

TexHWIOTHYECKHHE NPOLECe — COBOKYMHOCTh anepauyil Henocpe-
crsennofl 06patoTkh 1 BenomoraTedbHEX onepanyil, Onepaiuy ofpa-
GoTkH, KOTOPLIM MOMET OuTb cBOfcTReHHa Jiobas NPHPOAA: MeXaHH-
yecKan, XHMHuecKas, (u3uyeckan, GHONOTHYECKaR H T. 4., HMeoOT
[eAbI0 NOAYYCHHE 3aJlatHuiy (opM, T. e, Gopmoobpasopalie; Hane
HEHHE 3HAYEHHT TEOMETPHYECKHX NapaMoTpon noaydabpurkatos win
3aroToBOK, T. &. TOUHYIWO OTAEN04HYI0 obpaloThy; HaMeneHHE (H3HKD-
MEXAHHYECKHX CHOHCTB MaTepHana W3jenus, HANpHMEp ynpouHeHe
# T. 0.; cOopKy, T. €. conpAmMenie cofupaenbil KOMNDUEHTOR B omnpe-
JAEACHHEIX CONETAHHAX, HX (UECAUHID H CKPenjeHue, NpHBOARILCE
K 0OPA30DAHHIO EPaTLEMILIX 1 PAIBEMHKIX CORMHHEHMI; 3anoanenne,
HAMPHMED CHAZKOH W T. N.; YKYNOPKY, YNaxoBKY, KOHCEPRAIHiO,
TEPMETHIALHIO, ONPECCOBKY; OTAGIKY, T. €. YAaleHHe 3ayCceHues,
HEHECeHHe NOKPHTHH, oXpaciky, MAPKEPOBKY, HpHKPeNNeHue sThH-
KETOK H T. A.

3aTpATH BPENEHH H MATEPHATLHEIX PECYpPCOR HA onepanuH cob-
CTBEHHO OGpaloTHH ONpEenmioT NPOHIBOAHTEBHME 3aTPATH, 4 Ha
B [POUHE ONEPalHi — HeNpoussodumetbHbe aampamet, WK, Kak
HX YacTO Ha3HBAIOT, noMmepu.

Hocpenetron TpasenopThmX Mammy cOBEKTH obpalorsy nog-
BEPralores, MEMMALIHHHOMY TPAHCNOPTHPOBANHIO NOCPEJCTEOM KOH-
LUHEPOR WTH MERIO3HULOHHOMY TPaHCNOPTHROBAHKHIO MOCPEACTBOM
JHHERHBX ¥ KPYIOBHX CTO/IOB, NCPEOPHEHTALNM, LITAGETHPOBANII0
H IPYTHM TOMY AOAOOHLIM ONEPALHAM NOCPEnCTROM MaHHIYNATOPOR,
dBTOONCPATOPOB, MNPOMHIULTEHHWX pPOGOTOR o APYrHX  YCTPOIACTE,

Hudopsaunonnne mawsnwm OCYIIECTBAAIOT DONyUeHHe, HaKomme-
hue, npeofpasopanye B HCNOAL3OBAHHE HEPOpMALHE ¢ neablo ofecne-
HENEA ONTHMAILHHX YolosHil paloTel Beero KOMIJIEKes. [lpu stom,
NoMHMO ofecredennss nporpaMsbl feficTBust Kamnol w3 NpOYKX
MElKH KOMIIeKea n oflecnedenns HX BaaumoelicTeus, HHdopmaHO-
libiM MallHnamM AOpyuaioTes TaKHe (YHKLKHE, Kak cueT rotonofl npo-
AYRUEN, yuer Gpaka B COPTHOCTH MPOAYKUNM, YYET NPOCTOEB, AHATr-
HﬂlITHpDEEHHE OTRA30B HAEMCITORE MALIHH, KONTPOMIR 34 3aAMAcani,
H APYrue NOTHYECKHE H BRYHC/AHTEIbHEE (4D HpMETHYECKH e} gy HKuEN.

2. «Ponoc/ioBHan» COEPEMOHEBIX TEXHONOTHICCKHY MaiIni ¥ XONHT
B Tiy6e pexos. K Texumke mamnx ameli uenopeyectso NpyEOLIg or
HMHTHPOBABIIHX €UYAECa» ABTOMATOR, YCTAaHauAHEABIKXCH b aHTHYHLIX
“DEMaX ellle 33 [3a/NaTh BEKOB [0 HAWEH S5PH; OT HACOB H OBEsTHHBIX
AErengasm MEXAITHYCCKH X KYRON CPEINeRCEOBRA; OT IEHHAABHBIX
3ofperennii Jleonapno aa Bumum; oT ccamospusymuxcas HTPYLIEK
SMeuaTeNLhoro MeXaniKa-cavoyukn Moana Kyaubnua; or TOKAPHO-
KOmApOBaNLHOrO CTaHKa Anppes Haprosa, paGovasmero B MacTep-
“uX Tlerpa I; or traukoro eranka JKaxxapaa, ynoctoenroro Hano-
COHOM  sonoredt merqanm,
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Ha puc. 28.1 nokasan npumep npoolpasa Malnuk-astomata, 1o
MYSHKAABHEA HHCTDYMEHT, HMEBWHHA pacnpocTPAaHEHHE B NPONIONM
CTONETHH 11 Haskmapluuiics snuanonoiis», Ilhanona Cuna npeanasxa-
Gefd 18 MEeXanHNecKOro BOCHPOW3BOACTBA MY3HIKH Ha OOkuNOM
nHaHHRG HAW dopTenHano H Ge1a npenulecTBeHHHLEH COBPEMEHHEIX
MAINEH-ABTOMATOB € NPOrpammHBiM ynpapieumuem. Mesoays samuck-
Banach B (opse oTBEPCTHIT Ha naoTHoll Gymaxuoi newre I (puc. 28.1),
Ulupuna nenTu NO3IBONKAS pasMecTHTh Ha nell BB orBeperuii B pany,
no yleny KAaBHll 6 NHAHONLL
B xamjom psiy nNpobHBakHChH
TOALKG TE OTBEPCTHA, KOTOpHE
COOTEETCTBORANH  HeolXOmHMO-
My MEepeMenicHHID OfHOH Wik
HECKONBKKY Knapnll ofHOBDe-
menno (axxopn). Tawmm obpa-
30M, Ha JeHTy HaHOCHJach
SMEIOAHAY B BHAE oTheperuil,
a4 He HOTHLIX 3Hakom, Jlenta
CcMaTHBAMACE B BANHE, KOTO-
pulfi YeTaHaB/AHBAACH B TP HEM-
Hoe YeTpoRCTBO MHAHOAW HC
NOMOMIBIO KOMaHOTO NpHBOAA
npuBozHACH B Anikenne. Jlen-

Pue, 28,1, Cxerd NHaN0ILE Ta 1 nepeMaTEBANACL € OJHOTIO
pafixa Ha gpyrod#l, orubana
cneunantuuiil  pacopefenntens 2, B KOTOpoM OO OPOCEEpA=HO
88 oTBepeTiil; KaK TOMBKD 00 H3 OTRepcTHi NenTw | coBmagano ¢
OTBEpCTHEM Ha pacnpescaurtens 2, COOTBETCTRYIOMas kiapuma 6
ONyCKanach, HAKATAR HEBHAMMBII €NHAIHCTOMY, KOTOphiM ORI BO3-
AVX. C pomMolki0 BO3SYXa GCHHTHBAAHCEY ¢ JIEHTEL MENons, T. e,
KNABHINE RPHBOAHAMCE B ABuMenne posayxom. CHerema npuBo-
[OB OCHOBHHIX MEXAHH3MOB MHAHONE H YOPaDJeHHa wmH ASHCTRO-
Basa CHACAVIcUHM oOpasoM. Kampgoe u#3 orhepeTuf B pacnpe
pennTene 2 coepupsAock Kananom ¢ MpocTpaHcteoM nop Mewbpa-
Hoii 5, Bunoanenof #3 nerkofi komu. B nonoetn Han memOpanoi 5
B TeyeHl{e BCEro BPEMEHH JEfCTEHA HHCTPYMEHTd HOLIepHHBANOCE
Hekotopoe paspesxenne. [lonocr, pasfeiennsie membpauoil, coolb-
manics YNEIRWYANHG YIKHM KananoMm, oHaKo [OCTATOHHEIM JUIA
TOro, Yyrofll paspemende 1o o6e cTopoHH OHIO OAHHAKOBLM, KOTAd
BHXOANOC OTBCPCTHE LAKPETO JEHTOH, TiepeMaThBacmefics ¢ O/IHOrO
posuka uz apyron. MpuBon KraBHILN 6 OCYULECTBIRANCA 12K Ha3nnacs
MEM nHepMaTHkoM 4, koToptiit mefodblIHM KaaranoM 3 oTAeARNEH
or nonoert wan memGpauci. [Tpn sToM AsBienne B NHEBMaTHKE 4
pasnanock armocepromy. Ogsako, Kak TONBKO BO pxoanofl kaual
gepes oreeperie B OyMare noctynad HapYAHLIH Bo3ny X, paplienHe
mop MemOGpaHoll CTAHOBHAOCHE pPABHEIM ATMOCHEPHOMY, Kianad
MOAHHMANCH, MEPEKPHBAS JOCTY N HAPYKHOTO BO3JYXa B NHEBMATHE 4.




§ 122, HAMNPABAEHHA PASBHTHE MAMTHH-ABTOMATOB BI7

[Ipi $TOM NONOCTH NHEBMATHKA coofilaliack ¢ NONOCTHIO, B KoTopoil
noAiepRHBANOCE paspescenne. Japienne B NHCBMATHKE CTAHOBH-
foch HHIKE ATMOCHEPHOTO, # OH CHEMAACA, NPHBOLA B LBHMEHE
KPHBOIIEAHO-MONIVINEE MEXaHM3M Knapuiun 6. 3arem Bxojnoe
oTEEPCTHE BHOBb NepeKpuBanock Gymarol, nasnenne Ha o0t CTOpoHH
MeMOpAITH H3-33 HANHYHA COEIHHHTEILHOID KAHATA BHPABHHBANOCH,
woanan 3 onyckancs. Knaguila 6 3annmMana HCXOHOE NOJNOMEHHE.
«frpawiileny» Ha NHAHONE OCTABANOCH TONBLKO OTKAUHBATE BO3JYX
¢ NOMOMLBIO CREUHANLHEEX nefanell §, Heooik3IVS npu 9ToM olparHHE
gaanais # 0 nueBMaTHE OTRasxu moanyxa [0, [Tnanona umena go-
NONHHTEABHEE YCTPOHCTREE AR PEry/iHEpoBaHHA TPOMKOCTH &BYKA
§ TeMna Henoadenus '),

§ 122. Hanpapnzans pPaseyTHA MAHE-ABTOMATOR
H CHCTEM MAHIHH ABTOMATHYCCKOro AeficTBHA

F°. llporpece & pasBuTHH COBDEMEHHMX MAallHH COCTOHT B TOM,
yro Bee GoNblee YHCNO QUHAKYECKHY H YMCTEEHHEIX, T. . JOTHUYeCKHX
H BHYMHCAHTENBHEX, (yHKIHE YenoDexa nepefaercs TeXHHHeCKHM
CPEACTEaM, B PE3YIBTATE HEro YeNoBek ocBoGUIKAASTCA OT Helocpel-
CTBEHHOTO YYacTH# B TEXHOMOTHYECKOM NPollecce.

C HEKOTOpPOH YCNOBHOCTEID MOMHO YKA3aTe CAeOYIOUIHE 3Tanbl
PA3BETHA TEXHONOTHYECKHX MAallHH,

[Mepeail sTan: aBroMaTh3IalHA NepepafOTKH TONBKO SHEpPTeTHUE-
CKHX 1OTOKOR; Ha ITOM 9Talleé HCNOALIYETCR MeXaHusHpoBaH:infl
HHCTPYMEHT, T. 8. MAlUHHA-ABHIATENb C COBCTBEHHO MAUIHHON-OpY-
Aent, YUenober wak 6w «OpHEA3AEY K MallMHe.

Bropo#t sran: asToMatH3anus nepepaloTKH SHEPFETHYECKHX, Ya-
CTHYHO MATEPHAABLHBIX H YACTHINO HHPOPMALIIOHHEX NTOTOKOR, IHPKY-
JHPYILIEK B Mampe. Ha 3ToM 3Tane Henob3yioTes MallHHL-Toay-
ABTOMATH M MOTOYHEE (MONYABTOMATHICCKHe) NHHHE; (hyHELHE 9es0-
BEKa wacTo COCTOAT TONLKO B 3aTpy3ke — BHTPY3Ke W B nogade
CHIHANA © NYCKE MAWHHE B XOM; B HEKOTOPHX CJAYYARX BOSMOMKHO
MHOTOMalliHoe 0bchyIKHBAHRE,

Tperufi sran: asromatnzaniis nepepaloTER BCeX SUEPTETHYECKHX,
MaTEpHaNBHMX B HEQOpMauHonsx norokos. Ha stou stane Henonb-
IVIOTCA MAIUHHE-ABTOMATE H ABTOMATHUECKEE JHHHH., PyHRULHH ye-
JdoBera cpoZATCA K HabmoeHHIo M NEpHOAHYECKOMY KOHTPOTI 3a
llpasuabHocTLI0 paBote obOpYLOBaHHA, PEMOHTY, REpeHalafike M
ToMy molobHoMY.

2%, Tlapk H HOMEUKNATYPE TEXHOMOTHYECKHX MALIHH BeeX mepepa-
DatHBaiomuX oTpaciefi Bee BPeMR PACIIHPAIOTCS, 8 CAMH MAIIHHLI
NOCTONHHO COREPUIEHCTEYIOTCH B COOTHETCTEHH € TPOrPeccoM TEXHO-
JOFHH, TeXHHKH H OPTaHH3ANMH Toll HAH HHOH oTpaciu.

e —

Y) Mpi msnomensn paieta sypea oCCHOER TCOPHH MAIIHH-BETOMATONS GHITH
MENOnL3oBak MaTepnadn, mobeano npegocraniennse [, 1, Howmesns, O, H. Jle-
Birekodt w A, T, Osammonsne,

19 u g ApTofiomenckmni
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Hecmotps sva muoroo0pasHe NPHEHIENOE AefcTBHA, CXeMIHX o
KOHCTPY KTHBHHIX pelnenitfi TeXHONOTHHECKRX MallHH, MIMKHO YKa3aTs
TC OCHOBHHE, NPHTOM YACTO BI3NMOCHA3IANHEE, TEHIEHIIHH, KOTOPHM
CHeAVeT HX pasBHTHE,

. Konyenmpayus MexnoACeuyeckiy npoyecood B IPOCTPAHCTEE,
COMPOBORNAIOLLANCA YIPONIEHHEM H YMeHBIIEHHEM UHCIA JBHIEHME
coBepllaembiX palodHMH OpraHamy Mallit, JOCTHIAeTCA CIeLyHIHMY
Oy TRMI,

Bo-nepeux, samedofi TeXHonoreyeckuX cnocofoB, A0 KOTOpPHX
XapakTepHo NoXaneHne, o0HYHO MEXaHHYeCKoe, BOINEHCTEHE HHCTPY-
MeRT2 Ha ofbewr ofpafoTKi, TeXHoNOTHYecKHMH crnocofamu ofpa-
GoTiH, AA KOTODHX XapaKTepHo ofHOBREMEHHOE (4aCTO HEMEXAHHY e
CEOE HAH HE TOTbKO MEXAHHYMECKOE) BO3EHCTEHE Ha Beck ofikeM
marepuana ofipafaruBaemoro olbekTa (HANPUMED, [PECCORAHHE H3
nopollkos, OOREMHA MJACTHTECKAA AeQUPMALIHA METAMIOE H IJIACT
Mace W np.), sBosgeficrERe pa Boo ofpabaTLBAEMYI0 NOBEPXHOCTE
(Hanpumep, SGeRTPOPHIHUECKHE H SEKTPOXHMHYECKIE cnocoful dop-
MoOBp430BaHHA METANI0B, HANLIEHHE, OCai(ieHHe | Np.) HIH Ha
peck ofipaBarmipaemul KONTyp (Hanpumep, cliIedBanue, CRAPKA ¥ Op.),
Taxan 3amena 9acTo BefeT K TOMY, UTO MHOPOCTAMHAHBE TEXHOIOMHYE-
CKHE NPOUECCH NPEBPALIAITCS B OJHOCTALMAHEE MpOUECEH NpaKTH-
HECKH MPHOBEHHOID NPEEpallet s HCXOMHOTO CHphS B TOTOBOE H3jenye
HAH noydabpaxar.

B gauectBe npuMeps paceMoTpPMM OPHHIEND JAeHCTEHA JAMTheROM
matiel, noxazsunoll Ha pue. 28.2. Ipanyiw nmnactMacc wip pe
3HHB, NOCTOAHHO OOjABacMble B OyuHKep 7, NOCPENCTHOM BpaULEHHS
MOpIINA-YCpBRKa & HATHETAKITCA B [EPEIHIOD YacTh IHAHHIP,
saneprvio Enananom 2, BeneseTeHe BHEWIHErD HATpeBa H MeXaHyue-
CKOTO TPeHnA TPaHyAR PAIMArMAI0TCH H MATEPHAN EPEXOINT B BAIKO-
naacTHueckoe coctoanue (pre. 28.2, g). TMoenie BEIPY3IKHM roToBOTO
Haneaua npecc-hopyel 5 oumiaiotea (pue. 28.2, ). 3aren, korma
HAaKOMNHTCA MOPUHA NOATOTOBNEHROrD H NHTRH MaTepHand, OCYLHLECTE-
JReTCA caeflyiollee: nonpof, NOCPEACTEOM MeéxaHuama [, nuTeerofl
rONOBKK K hpecchopmam, Knanam 2 OTKPRIBAET Kauas, BOPHCK,
T. € NHThE N0 [JABICHHEM 33 CUET OCEROTD JIBHAEHHR [opluHe-dep-
BAka J, B cropony npecchopm (puc. 28.2, 8), BoylepHKa noa A2BIE
HieM, M[OCNE 4ero JAHTLERAR T[OJOBKA OTBOANTCA OT fpeccdopMbl,
E1anat 2 3anuMpaer KaHan, noplieHb-uepesk J OTBOAMTCA BOpABR
1! IPMBOJHTCA BO BpallleHHe MexanHsMoMm 4 L0s No/iroTOBHH CAELY-
womell naptuy Matepuana, [To wereyennn BpeMenH TEXHONOTHYEC
BHIEPKKH, HeoGXOMuMol ANA OTBepACHUA (BYNKaHH3ENHH) OTIHTONO
usfennsa, npecehobMEl § pasMBIKAOTCH M BHTANKHBATeNL § oCylle
CTBARET BWIPY3KY H3fenus (puc. 28.2, 2).

Bo-propulx, TpHMEeleHHe, [OpH COXPAHEHHH TeXHONOTHYECKOTO
cnocola HEHSMEHUBIM, OLIOBpeMenlol MHOPOHHCTp Y e TaANLHOH odpa
GoTHH oauoro u Toro e ofibexTa (Hanpusepn, ofipaboTka BeeX OTBEp:
eridt wan ofpafoTkd € HeCKONEKHX CTOPOH KODPTYCHBIX €78
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p 7. [.); OJAHOBpEMEHHOH OOpaCOoTKH OLHHM HHCTPYMENTOM HECKOJb
kux OOBEKTOB (nanpusep, obpaloTKa nNaketa nRJOCKHX Jeranei,
ppHMEHERNE MHOTOMECTHWX mpeccipopm B T, n.); o0paGoTku Kombu-
jHpOBa HHEIM HHCTPY MEHTOM, MNOBTOPAIOIIHM KOHTYDP NPOSKUHH HAH
opuy obbexta; 06paGoTki (ACOHHLIM H COCTABHLIM PEXYIIHM HHCTPY-
MeHTOM, KOMOHHHPOBAHHEIMH [ITAMNEMH H T. 0,

P ¥ & 3

i

Pue. 25.2. [pHHLENEAALARR TEXHONOTHUECHES CxeMd MELIMHE-ABTOMATE ARA AHTEE Oog
DARMERHEM RSREAER H3 NAACTHACC H PESHEE! 4) DoATOTOBKS NOPLKNE MaTepyana; &) cMENaBEHE
Opeccopl; 8) DOPHCK Dof faBAeHBeM; &) POAMWHAEHe OPCCedopM B BHCPYSHE HIfenus

4. llepexofl K NenpepHBEEM [pOLECCEM NYTEM YMEHBIUEHHS
HHTEDBAJNOE BREMEHH MEHY NOCNEeNOBATEILHEIMHE BHOYCKamn o0Lex-
0B ofpaforkH, 4TO NOSBONSET CHHSHTE HEMPOMIBOAMTENbHEE 53-
THATE BPEMEHH, MOHET OHRTE OCYIECTRACH CJAEAYIONIHMH TYTAMH.

Bo-nepeux, NPHMEHEHHEM TEXHONOTHYECKHX ¢nocoloB, KOTOPHIM
croficTieHHa Henpepubnocth. Hanpuwep, nenpepusdoe pabuiuposa-
HHE H pasfHBKA Cralii; NoAyyeHue MeTaniuyeckuX Tpy0 H3 JedTw
H/AH KOonelw B BTYJ0K M3 JIEHTH WJIH TPYGhl; NOAYYeHHE LUTYHHBIY Me-
TaIHYECKHX AeTaaci, saroTopok syfuaThx KoJec, Metaliopexiyule-
TO HHCTpyMEHTa, IUAPOB W Np. METOloM NONEpPeyHO-BHHTOBOA npo-
KATKH; NpuMEHEHHe METONE SKCTPY3HH, T. €. NENPEepRBHOTO BL AR K-
Bauus wepes dQacoHHule OTBEPCTHA (dHALEDE) METAANCB, PE3HHE,
Onactmace, muepsx npojykres. Monyuenre ¥ ofpalorka B BHAE
“DeCKOHEUHOMY NEHTH METAANA, APERECHO-CAOHCTH Y INIACTHKOB, [IACT-
Mace, awHoaeyma, HCKVCOCTEEHHON KOMH, HETKAHEIX MaTepHanoB,
lpeccopanne ¢ NOMOIIRK BaJKOB H T. [

Bo-eropux, NpHMEHEHHE POTOPHHX H POTOPHO-KOHBEHEPHHLIX Ma-
UMH W aMugil, B KOTODMX BCHOMOTATENLHEE ONEPAINH COBMEINLHI
BO Bpemeny ¢ onepanuamn ofpaforkn, nbo pce TPAHCNOPTHO-TEXHO-

19
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JOTHYECKHE OPTAHE HAXOASTCH B [ENPEPLIBHOM COBMECTHOM JIBH-
HIEHHH.

Cxewma poTopHoit Malluuhi-anToMara nokasana Ha pue. 28.3. llo
OKPYMHOCTH PACOONOMENT M GIXHAKOBEX GIOKOB, T. €. KOMIJEKTOD
pafodux opramos, Takmx, Kak na puc. 28.2, menpepelByo Bpaina-
IOiHKCH, B AAHHOM CAYYaE [POTHE YacoBol CTPenkH, © yraosui
CKOPOETBIO ®. BHJAue NnopuMH, B HacTHOM cyuae oaxoro olBeKTa
ofpaloTKH, COOTBETCTBYeT yron nopopora ¢p. Beem onepaunsm
obpafioTiy M CONYTCTBYIOUUEM HM BCMOMOTATeNBHEM Omepalusm
COOTRETCTEYeT  yIoJ  NoBOpoTa  §y ==
=(k—1) g, Cexrop (m+1—=Fk)qg
COOTBETCTEYET XoJjocTomy npodery, DS’-’
pafoTka BO BCeX m NO3MLHAX (KaHanax)
pCYULECTRANETCA  NapalielsHo, HO €O
CABIroy  gas.

Potopuie MawyHE 3 THHHH [OpHME-
HATCH JIR CAMBIX  DABIHUHEIY  BILLOB
ofipafioTii: INTAMIOBEKY, OpECCOBaling,
Pus. 98.8. Cxeas potopioh wae  PCIAHHS, JOSHPOBAUHY, pacthacoBKH  Chis

i MyS#X ¢ POIHRA MHIKHX BellecTB, YKY-

nopki, cOopku, ynakopid M np. B po-

TORUEX JEHHAX 3arpyqsnd, Oepeiaud offLeTa 13 OAHOCD paﬁnqem
poTopa B APYyrof, a Mn0ria B BHIPY3Ka RPOH3IBOAATCA NOCPEACTBOM
TpancnopTHEX potopoB (pue. 28.4, re nokasals THROBAA KOHCTPYK-
uys (@) n komnonopka (6) pOTOpHOH NMHNWHUM, COCTOALlEH W3 WECTH
patounx poropoB Py, Py, ..., Py # 1iectn THAHCNOPTHEIX pPOTO-
pos Ty, Tas ..., Ty). POTOpHBIE NHHHK MONYTH/H pacpoCTpaHeH ke
B CAMBEIX pPa3fiHYHEIX OTPACcAsX NPOMBILJIEHHOCTH, FAE BLITYCKaeTCH
maccoBas nporykiag. PoloprEe nriEH 00yCIOBIHBAIOT BOSMOMHOCTD
i 1eecoo0pA3HOCTL CO2aHIA aBTOMATH3HPOBAHIEX uexos (puc. 28.5),
5°, Humencupuroyus onepagud, T. €. yekopetine onepauufi, ofiye-
noBaena nuBo npuMeneinen Gonee BWMCOKNX CKOPOCTHHX PEKAMOB,
npy¥ COXpaHEHHH Hen3meHHuM cnocofa ofpaGoTKH, nuo peaadias
(el TeXHOAOTHEECKEX CMOcoG0B, OCHOBAHNLIX HA NPHMEHEHHH HOBHY,’
panee He HCNOAB3OBABIIMXCA [NA 3THX Uenel BHACE SHEPTHH, Hy
COOTBETCTRENHO, HOBHMX cmocofiop nepepaun sHepruu: ofipafioTka
C DOMOUEK) Na3epd, YALTPa3BYKoBad, SNeKTPOIPO3HONNAR, NEKTPO-
XiMuyeckan, snekTpoaaMasian, saextpoabpasnuenan obpaborka, nos-
BOJIIONLAR MONYYATE B METANJIHYECKHX AETANAX NOMOCTH W OTBEpCTHA
mobhx  Kongurypawsil M cedeHis ¢ BHICOKHM KA4CCOM YHCTOTEL
BHCOKOYACTOTHAR CBapKa; NPSEUHE H Hanecenye NOKPLITHA B Cuib:
MK 3NeKTPOCTATHYECKHX [MOJRYX; paspesaHHe no KouTypy Muoro:
CAOAHLY HACTHAOE METannon, DYMarH, TKaHH H MICHOK € NOMOULID
nasepa, MUAKOCTH HAH [apa BHCOKOTO AasienHs; THApaBanuecKas
HnH MHeBMATHYECKaf NPOKHAKE YTKa B THallKHX CcTankax; BHOpd:
inonnan obpaGorka (sufponpeccoBasie, BHOporanTomka H np.)
audibysuonnsie nponeces! (feneHHe B KpalichHe THaHH, JyGaeHHE
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ko, OTMEIBEA METaNHYeCKHX Aetanell ¥ np.), npoMssoanmse ¢ no-

MOULEED YALTPA3BYKA, H T. .
6%, Cozfanue MHOS0ONEPQUUOHABY MOWLH [ COAIBALHUE MOULR
g aude asmosnamueeckod aunun ofecneynsacT noBuwenne sdibenTie-

f

Fruec. 28.4. Poropman JWiER] @) THOOBER HOBSTPYHUER: ) CXeMa KoMOOHORKH POTOPA b JH-
imH
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Pre, 8.6, DOmefl pRg Wexa-aBTOMATE, OCHEMEHHODD POTOQMEME JOOREMA

HOCTH NpoU3BOACTEE 38 cYeT, TNAaBHEM ::‘-ﬁpa:-!m-!. COKpAalleHuA Henpo-
HABOAHMTE/LHMX 3aTPAT BpeMeHH Ha TpancnopTHO-NEPErpy304HLe
Oliepaunl M yMeHbUIEHHS 3aTPaT PyvyHOTO TPYAA.

Ecan nepBrle aBroMaTHYeCKHE JHHEH, NOABHBIIMECA Noce BTOpof
MHDOBOH BOfine, npeaHasHauanwch, rnaBHpM ofpasoM, AnS Onepa-
Unit gopmoobpasoranna WraMnoBkofl (pOTOpHLE JHHIM) HIH pesa-
HieM (muawn Ans ofpaGoTen KopnycHEX aetanefi, Banos, syGuarux
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KoAec, nopmHeil, wkoJel noAMHOHEKOE), To ceifiwac Bce Goannies
paACMpOCTPAHEHHE NEJYYAIOT JHHHE, B KOTOPWX ONepauin (opMoods
pazoBaiing coueTalotTcs CO cBOpKOA, KOHTpOAeM, MaApEMPOBKOM, yna-
KOBKOH H ApyrHMy ONCPauHAMH, BHNOMHSEMBIMH N0 NpHOUXDY
40T Chipe® HAY nonypalpnkaTon — K FOTOBOMY M3JCIHID HAH K I'O-
TOEOMY 3JEMEHTY H3Jenuas. Takue JHHHH UMPOKO HCOOABIYIOTCA
B anTOMOOHNBIION, 3TEKTPOTEXHHYeCKOH, DHIEBOH, NErKOR H ApyTHX
oTpacnaX npomuimieHHocTH. [IpH STOM CHHIKAIOT MECTHOCTH MEX-
NOSHIIONHER (MedMalMHEbIE) cBA3el ¢ TeMm, uToOH OCTAHOBKA Mo
CAYUSNHEM NPHUNHAM OANCH MO3HUHH WAM MALMER HE BHZHBANA
NpoCTod  BCEFD  KOMINTEKCa,

Boneioe anavenne npH cospanuy aBTOMATHYECKHX JMHHE nmeer
ABTOMATHIAUWHA TPEHCHOPTHO-NOrPY30UHLIX Onepauni, KOTOpas ocho-
GomlaeT YenoBexa OT DRINONHEHHS DpYdYHYIO TPYAOEMKHX, MOHOTON-
HEX, 8 HePeiKo OomacHsx a8 ero HMsHm QyHEnHE, ChAaaHnBX
¢ nofadell B paboTyio 30HY H yAaTenHeM Ha Hee ofBEKTOB o0paloTKH,
HaMEHEHHEM HX OCPHEHTAUMH B [POCTPEHCTBE HOH HA MNOCKOCTH.
Pemenne THX 3aiad CTAN0 BOIMOMHEIM NyTeM HCOOALIOBAHHA Mas
HHNYAATOPOR, aBTOONEPATOPOB A NPOMBILIEAREX pofOTOR ¢ pyYHEIM
H [OporpaMsHeM yopaeiaennewm (cw. § 128).

& 123, MpHHUMNW ABTOMATHIAUHM YNPABIACHHA
MAUIHHAMH-2BTOMATAMH

P, Asmomomusgyua yapasachus TEXHOIOTHYECKAME MaumHanmi-
apToMaraMi COCTOMT B NpHiaHHA MammHaMm cnocofGROCTH BOCITPHHI-
MaTh W nepepadaThiBaTh Bee HOJBLIEE THONO NOTOKOD HHQOpPMELWH,
UTO BEJIET K BOIPACTAHHIO YPOBHS €CAMOCTOATEALHOCTH» mX dynikuno-
HHPOBAHHA,

YipasmeHne opradayMy TeXHOAOTHYECKHX MallHH OCYIECTRIREeTCH
ofMYHO B (pYHKUHH NONOMEHHA HAH B (YHKUHH BpeMeHH.

[MpuHimn ynpaBacHHA B QYHKUHE DOJOMEHHH, KOTAa cHroana of
OKOHHMAHHH TAKTA ABHMKEHWA [LAHHOr0 OpraHa NOAAETCA KOHEMHLIM
(KOHIEBEIM) BHKEIIOYATENEM, OATYHEOM NOJMMEHHH HIH  APYrUM
noaofHED 3IEMEHTOM, Ha KOTOpRI BosieficTRYeT caM mepeMellacy i
Opraf, MHPOKO HCOOJB3YETCA B TEXHOMOTHYECKHX MamuHAX (4alle
BCero AR JANHeHHEX nNepeMemienHil), B TPaHCTOPTHHX MallHHax
(vouBeRepHl ¢ aBTOMATHUECKHM ajpecobanned, awrT). Jra dopma
VOpaBACHHA fABAAETCH ACUEHTPATHIOBEHHON,

¥npapnenne B GyHKUHH BpeMeH OGHYHO HA3LIBAIOT NPOZPAMMHEIM
ynpasdesues, WMes B BHAY, 9T0 Mallupa J0nAHa oficcneynBaTh Bh-
oAHeRHe 3apailee ycTaHOBNeRHO nporpaMmu. 3ta dopMa ynpasae
HHi  OGLIYHO RBAACTCH NEHTpAMH30BAHHOMN,

2°, Tporpamma MoeT OuTH 3adMKCHPOBAHE € MOMOLILIO OLHOTO
M3 JBYX BO3MOMKHHX COOCOGOB: aHalOTOROTO MAH umdpoBoro (YHcao-
Boro).

Anaaoeosud cnocof NPOrpaMMHOrD YNpaBAeHHA OPeAnonaracT sa-
jaHue npeaHasHaucHnoll Ans peainsallii B TeXHOMOTHYECKO Mauine
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pexoinof HudopMaukk B BIAe Toit wan Huoft dmanuweckoll mopenn:
Ky184KOE, KOIIPOR (maGnonos, TpathapeTos), KHHEMABTHYECKEX enelt
¢ ONPEAETERILM CODTHOLIEHHEM FEOMETPHUECKHX NAPAMETDPOB 3ECHEER
4 NAPAMETPOB HX OTHOCHTENLHOTO JBHIMKEHHA,

Kynauxy of6LYHO MOHTHPYIOTCA Ha oanom ofulem Bany. ofecre-
guBAOILEM PACHPEASICHHE NOTOKOB SHEPIHH, NOCTYNawumMX K pabo-
yin OPraiaM MalivHbl, H MO3TOMY HASLIBAeMOM pacnpedeaumenstm
aadoM. YTIOBOE MOJOMHENHE KyJauyks OTHOCHTEILHO pachpelennTed-
HOrO BANa ONpEeAensieT BPEMEHHYIO KapTuHy QyHKUHONHpOBaHus pado-
gero Oprana, T. €. MOMEHTH Hauana M KoHna Xoga » T, n. B ceaau

e

I

Pac. 26,6, Cxesa rEIpoROURpoReasast0 yerpoficris gpesepEolo CTalia

€ 3THM TOUHOCTE PEAN3aUHN Sa1annol NporpaMMel Ak sentil patounx
OpPragoB 3aBHCHT OT TOYHOCTH YI/IOB YCTAHOBKM KYJAYKOR OTHOCH-
TE/IbHO PACHPENETHTENBIIOTC BAa, # HAPYIIEHHE NPaBHALHOCTH YI/0-
BOr0 MOMCMEHHA KYJAUKOD DEeIeT K PacCHHXpPONH3diMn  paboThl
Malll HHHL.

Ot gynaukoB K pabowiiv opraHas JBHMKeHHe [epejaeTcs uepes
Pouamuble, rHAPABIHYECKHE, MHEBMATHYECKHE H HHLIE MEXAHH3MEL

Ona noBrmeHns MepeHaNaMHBEEMOCTH, B CRASH € H3IMEHELEHEM
06keKTa MAM TEXHOAOrHH o0paGoTKH WAM W TOTO W JIpYroro, Henojs-
8Y10T BLICTPOCMEHHEE KYJI84YKH, KYJN8UKH € BO3MOMHOCTBLIO PeryJin-
POBKH MX YrAOBOTO [OJOMEHHA OTHOCHTENLHO Bana HAM pery’in-
POBKH ToNOMennA OCH Kau9andi TOAKaTenell ANA HIMEHeHns JHHH
Xona, HaGopd (G/OKH) YHHGHUMPOBARHLIX THNOBLX OLICTPOCMENILX
KYAaYKos B BHAE KOMaHA0ANMapaTos W T. M

F. Haesn wonmpomauus saaannoro ofipasya 0pH H3rOTOBJICHHH
Cepiy OAMHAKOBHX JeTancH NONOMEHa B OCHOBY BCeX KOMHpODanh-
HEX cHerem ynpasaenun. Ha pre. 28.6 noxasano ruApokondposaib-
HO® yeTpoficTno, TIe ABHMKEHHE 0T POAHKE, o0kaTHBAOWEre KOmHp f,
Lepefaercn K hpese 4 ¢ NOMOLILIO THAPABAINYECKOR CIEANLLEH CHOTEME,
CocTonmesi H3 NOAAIOWIETO MHAKOCTH M3 MacnsHoro Gaka 7 Hacoca 6,
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TpyGonposonos & B ABYX IMAHHAPOE: YNPABRAREMOTO, ¢ HENOABHMHG
YRPENICHHEM nopises § # yopasasiouero (Ceppounmanaapa), ¢ ao-
JOTHHKOM J, CBH3BHHBIM €O wynom 2.

[lawra, necyman ofia mmansapa u dpeay, yKpenaeia 1a cynnopre,
KOTOpLIT, Nepeveniasch Mo HanpaBisiouiHM, MOXKeT ABHaThCs, NpH-
OanmasiCh K CTOMY, HECYWEMY KOMHP H 38roTOBKY, HJH OTXO0OA OT
HET'D,

Ecnn poauk n dpesa 3anHMaIOT OAHHAKOBHE NOJIOXKEHHRA N0 OTHO-
WIEHHIG COOTBETCTBEHHO W KONMpPY M 38TOTOBKE, TO 30J0THHE J 38-
HHMAeT CpeiHee MOMOXEeHWE, NepeKpLban ofa TpyDONpOROME, Cemys
MHE K YOPaBdacMoMy UMIHHAAPY.

Ecom myn (a caegopatensio, # 30J0THHE) NMepeABMHETCR BJERo,
T0 ofia TpyGonpoBoAd, DEAYUIHE K YNPABAACMOMY LMAHBADY, OT-
kpoiorest. [lo sesomy TpyGonpopody Macno 0o AaBienHes OyaeT
NOCTYNAaTs B Jenyio NOACCThE YIpaBAneMoro UHAHEIPA, W CTOJ BMecTe
¢ hpeacit Hauder ABuratheR Baeso. [lo npasomy TpyGonporoay mMacao
H3 mpasol nosocTH OyaeT canBaTheA B Gak. Cronm GVAET ABHCATLCH
Ao TeX nop, NoKa 30J0THHK CHOBa He nepexpoer ofia kawana. Touno
TaK e NpH NBHKEHHH WY, 8 BMECTE C HUM M 30/0THHKA BNPAaBO
CTON BMecTe © (pesoft HYALT ABHTATLCHA BIPABO H EHOBh OCTAHODMTCH,
KOr2 30J0THHK 3afiMeT cpeinee NoJOMeHHE,

[Npunusn caemenns, CYUHOCTE KOTOPOTO COCTONT B TOM, 49T0
HCNOMHHTENbRLA Opran (B AAHHOM CAYyYae HECTPYMEHT) NOBTOpHET
JABHREHHE YIIPaBAAONlero opraga (ulyna), He OyAYHE € UM HENOCpeji-
CTBEHHO CBA3BHHLIM, HAILEN WIAPOKOE MIPHMEHEHIE B METANNC- H JlepeRo-
06pabaTHBAIONIMX CTAHKAX, B CaMHX Pasfii4yHEIX MammMuax Ana ofpa-
GOTEH [MOCKHX KOHTYPOB 1P HATOTOBJNEHEM JETANeH OAEHIE M
ofyBH, B MaMHHAX A1 BHNOAHEHHH (QOTOTPaBHPOBANEHEX ONEpainii
H T. A

4. Ananoropue cnocofl B GOMBIUNHCTBE ciiydaes Tpelyior Godbs
[IHX 3aTpaT BpeMEHH H MaTepHalblLX CPEACTE HA NOATOTOBKY Mpo-
rpaMmil (HAmpHMEP, Ha H3TOTOBJEHHE KONWPOB M KYJaukow), ofyce
JOBJHBAIDT CAOMHOCTE, B HHOTA2 H  HeBO3MOMMHOCUTh HAMEHEeHHS
NPOTPAMMEl, YTO NPHBOJAMT K Y3Kofl cnenmanuzaunn mammns. Ong
XAPAKTEPHIVIOTCA TeM, W4TO TOUHOCTE pPAGOTH MAUMHBLL  LETHKOM
SaBHCHT OT TOYHOCTH fuanueckoll MOAENH, T. € OT TOYMOCTH KyJnadka,
KODHpa # T. ., ¥ OT TOYHOCTH NepenaToudux wexannsmon. C npyroft
CTOPOHHEL, HM CBOHCTBEHHE BLICOKAA HAAEMHOCTh.

Hudhposod ene ool NpoTparMAOTG YNPanaeHna npeanonaraeT saia-
HHE HCXOAHOH nporpamMyil B ua(gposoi dopnve. Hrdopmanua B imipo-
pofi opMe HECHPYETCH Ha JErKOCMEHHHX NPOrpaMMOHOCHTENAX,
roropuie ofecneynBAIOT JoATOBpeMeHHoe (nepdopHpoBanibe MeHTH
H KapTh, MaruuTHHE NEHTH, KapTH, Gapabanul W QHCKH; KHHOTERKE)
HWAH KpaTKOBpeMenHoe (KOMMYTATOPH M T. 11.) Xpanenne HudopMaii,

Jnn sanwen wedopwauii & uxbporoll hopMe HCMOMLZYIOTCA pas-
Auynbie cnocobnl €e npeiCTaBAEHHA, T. €. pasanunee Koaw. Ha
puc. 28.7 nokasanul yuacTkR nepdoient (3auepHeHHHE KPYHEH cOOT
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peTCTBYIOT NpOGHTEM OTBEPCTHSAM) © 3a8MHCAHIEM Ha HHX B pasind-
jEIX KOAAX ONHMM H TeM XKe A1f BCeX caydaen gHcnom «1973s,

Ha puec. 28.7, @ noxkaaan YHHUTApHBEI KOA, T. & AAA TOro, 4rolnl
samicath gncno «1973s, najo 6uno 61 npobuTh 1973 orpeperra. StoT
wofl ABAAETCS UPE3BLNEHNO TPOMO3AKAM W TpelGyeT MHOFO EpeMen:
Ans NOATOTOBKY NepdhoienTE. Ha pne. 28.7, 6 u @ NOKa3aH JaecATHY-
nwit Koa. B sTom ciywae wieno «1973» pasnaraeTcd Ha cyMMy uncen:

1973 = 1000 4 900 + 70 4 3.

HerpyaHo BHieTh, YTO TOUKE % COOTBETCTEYET HHCAO 1000, Touxe
1 — aicno 900, Touke m — wmeno 70 o, HEKONHEN, TOUKe # — aHCAo 3
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Poc. PR.7. ¥uacTicr nepdodent, NDHMOEAGMIY U CHOTEMSX HRGPOBOMG NCEPaMEEACTD YTpED-

sennn (e Doex nepdodsitax SENHCEHD SHEAU s 8730 a) yHETApUMA KoM 6) DecRTHYRER RO

[samwcn ma gecwrpaopesesiol nerve); o) AeCATHTHER HOQ (Fanyin Ra naTiaopomes ol AeRTel
2} YHRTApHO-AecHTRYHEA Koai 4) gpopupEh Kol

Ha puc. 28.7, 2 nokaian yHMTapHO-JECATHYHLIM KOJX € 3anNHChID
upena ¢1973s. Ynobuby KogoM ABAfeTca ABOHYHHN KOZ, cocTOsmiHA
B ToM, YTO TpeOyemoe Ans 38KOAHPOBAHKA wHCIO (B HameM ciyuae
dieno «1973») pasnaraercs Ha cymmy no  yOHBaONIEM  CTeneHaM
uneaa 2 ¢ kosdduunentom 0 nan 1. Mueenm

1973 = 1024 4 512 + 256 + 128 + 32 4+ 16 + 4+ | =
0.2 4 1.0 L 1028 o 1.2 4 1.7 0428 4 1.95 4-
L2 A 0.2 4 1.2 0-2' 4 1.0,

CoornetcToytommii HaGop uncen na nepdopupoBanHell JeHTe no-
Kaaan ma puc. 28.7, 0. CymecTsyior ApyrHe CHCTEMS! KOA0B, ofnaja-
HWilltHe cronyH yAcOCcTEAMH A8 KOAHPOBAHHA TEX HAH HHLIX TeXHOMO=
THYECKHX [POLECCOR.

[lpH HCNONLAOBAHHH MATHATHLIK NPOTpAMMOHOCHTENEH poib nep-
fopaunn (oTseperus) Hrpaet MAarnHTHEI INTPHX, 4 MPH RCNOMB30BA:
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HEM KHHOIMIEHKH — cBeToROH ITPHX HAH Kpyraoe natHo, B kadectne
CUHTHBAIOUM X AEMEHTOE HCOOMb3YIOT MeXaHMIECKHE, SJEKTpOMexa-
HHYECKHE, IMTHEBMO3NEKTPHYSCKHEE H fOTOINEKTPHYECKHE YCTPOHCTEA —
Jnf Nepdonent W nepdoKapr, MarHiTHHE yeTpoficTBa — AN CUHTHE-
BAHHH MATrHHTHHIX OTMETOK, QOTOEJIEHTPHHECKHE = LT CHHTHBAHHA
C KHHOJEHT,

&, Henonnntennuuf MexaruaM cucTemid nuposoro YIpanienus,
b Ka4ecTHE KOTOpOTD Yalle BCErO HCNOJbAYETCA IMEKTPHYECKHI INaro-
Bufl apnratenk (cu. § 123, 8§, no komanae, nocrynawnieit B3 foka
YOpapacHHA, OTPaBaTLBaeT N0 OAHOH K3 KOOPAMHAT 3aZAHHOE YHCNO
marbn, HasuEBaeMoe II}IqJDp!.tEEIHDHHHM HHCAOM H COCTARTAIOMICE

z=sAs, (28.1)

rae §— tpefyeMoe mepeMelleHHe no aannoll xkoopauuare, As —
EAHHNYHOE mepemerienHe (Wmar HAH «neHa® OIHOTO RMOyabca).

Has ykasaHus MOJAPHOCTH HMMIYALCA, T. €. AN YKa3aHHH Ha-
MpaBIeHHA ABHMEHWA MO KE}K}],DI-[ KOOpiHHaTe, HCNONBIYETCH OTACAL=
HEH KaHan,

Iudposoft cnocof ynpaehenus XapakTepH3yeTcs TeM, YT Npo-
TpaMya MallHHE OKA3HBACTCH KOHCTPYHKTHEHO CPaBHHTRARHC MANo
CEARAHHOH ¢ HCNOAHHTE R HEIMH MEXAHHIMaMH MAlW ik, ﬁﬂal’ﬂ,ﬂﬂpﬂ
yemy ofecneyHBaeTcs npocrora nepenanankd. Llndpomuiv crctemam
CBOHCTBEHHE BRICOKAS YHHBEPCANLHOCTh, TOYHOCTh BHNOJHEHHS Mpo-
Fpamye, 3KOHOMHYHOCTh.

CreTeMBl YIPaBACHHS TEXHOMOTHYECKHMH MalMHaMH MOTYT CTpo-
HTLCH Ha NpHHnHNe kectrofl ceasu (puc. 28.8), wkorma ynpamieHne
GA0KOM HCOOJHHTEIBHEX MEXaHHZMOB J ocyulecTBaseTcR Onokom
ynpapnenws 2, B KOTOpPHE NOCTYMaeT TOMBKO OANN npaMol NoTox
HndopMauHe — HeXoAnas Nporpamma, dadHKcMpoBanHan B Graoke [,
Jufo Ha mpEHoHne ofpatHoll cBASH, KOTAA yopaBneHwe GIokom Mo
NOTHATENBHEEX MEXANHIMOE J OCYLLIECTRAAET Ha QCHOGE CONOCTaR/eHHA
B GioKe yopaeienns 2 NCXoAnofl DporpaMMel M (haKTHYECKH NOAY-
YAEMLX PE3YNBTATOR, HHGOPMBUHA O KOTOPHX NOCTYNZeT o KaHany
o6paTHolt cessH OT Gmoka 4, npeactaBasoulero coGofl GJIOK aKTHBe
HOPO KOHTpOns patoThl aBrovata. Kak noxasunzer cxema pue, 28.8,
Gnox ynpasnexwna 2, OJA0K HCNOJHATENLHLX MexaHuaMoB J n Gaol.
aKTHBEOrD KonTpoas ¢ obpasyrT saMeHyThil Koutyp. Baok axtns-
HOTO KOHTpONS § BHIOAHAET poik o6paTHOR CBASH, KoTopas nospo-
JARET OGHAPYHHTE OTKAOHEHHH (QakTHUeCKOH NMpOrpaMMel OT pacuyers
HOH H BHOCHT COOTBETCTBYIOUIHE KODPEKTHBH B pafoTy aBTOMaTa,
KOTOpLe nocrynawT B Gnok ynpaenenna 2.

. Tlpuuusne nporpaMMHOTO YNPaBACHHA PACCMOTPHM Wa npHs
Mepe CHOTEM, NpHMeHAMMIMECH I8 METARAN0ODCHYIIHY CTaHRoB 1}-

'} Omucawpne cneTens NPOTPEMMAGID YNPASNENAR MAUHAAMH-AETOMATAMH CRE
qano no Kuere: 3pBobb €8 B A Kype reopun mexanuamos m smammu, — M3
Hayga, 1972,
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B STHX MAIHHAX-aETOMATAX TPHMEHSETCA NPOrPAMMHOE ynpabienne
QrHOCHTEABHBIM JIBHMEHHEM HICTPYMENTa i sarotoBxH. Onpa H3
TAKHX CHCTEM, paspaforaunan I'. A. CnmHy, COCTOHT B TOM, 9TO
sanMCh TPOTPaMMEl NPOMABOAMTCA B mponecce ofpaloTke nepboro
ponedHA IIPpH pyuHoM HiIH NONYARTOMATHYECKOM yOPABACHHHK. [loche
gTOr0 TMOAYUEHHAA NPOrpaMMa 38KI2/pBaeTCA B NPOrpasvMubii Guaom
AnA NOAYUERHS TpefyeMulX HEAETHI ¢ aRTOMATHHECHH YIPABAAENOTO

TANKA.

~—7
Prc, 28,8, Cxess cHCTeME 8ETOMaTHYE- Pic, 28.9. MarueTHan rFodfopis
CHEPD YOpARASRNE TEXHoAOTHUECKOl wa-
nEEC

B npouecce 2anHCH ¥ BOCIPOHSBENCHHR TPOrpamMel MarHHTHAsN
JEHTa 3 I'II‘}CJTHI'HHE(YPCH € NoCTOAHAOH CHOPOCTRIO MHMOD COEHAJLHEX
MarspTHHX roaosox (puc. 28.9). B sacrs ronoBen, ofpamennoi
K JeHTE, MEKAY NOJNOBHHKamu cepaeuyHnka / wmeercs sazop 0,01 ...
v. 0,02 myv. Ha cepaeunnke umewored katyiwky 2. [lpn nponyckanni
HEPE3Z 3TH KETYIWHKH ﬂE‘pEMEHHDI‘G TOKd B 3a30pe CepACHHHKZ nﬁpa-
IVETCH MepeMeHHOe MaTHHTHOE flojie, W Ha PABHOMEPHO ABHMyllefica
Jexte § NOABNAIOTCHA NONEpeYlbie YUacTKH B BHje urrpHxoB. TaknM
r}.‘lpascm JEMHCHIBACTCH NpoTpamMMa MpoHeccs. rlp:t BEICTI[}CIHEEE,HEHHF{
JENTa CHOBA NPOTATHBAETCH € TOH ke CKOPOCTBID MHMO MariHTHOR
FOTOBKH, KOTOp&aA €0 «CHYHTRIBACT: H nmepenasT HHFFDPMEI[H[{J B BHoe
KOMaHAHLY CHIHANOB B GMOK YNPaBiaeHAs aBTOMara.

PHECHGTPHM CXEMY ABTOMATHHEC KON CHOTEMH NnporpaMMiors yipa-
BASHHA CTAHKOR THNA TOKApPHHX HiH pesoibbephbix (puc. 28.10).
Ha stofi cxeme kamaslit U3 snekTposurateneil /) ABAneTcs NpHBoaOM
EW'HIE‘TETH}-'IDL[IE['D HCNOMHHETENLHOD MeXailHiMa CTaikda, Bnok o=
FpaMuul npeacraBaser coGoi yoeTpofieTBO, NPOTArHBaOlLEe MATTHTHYID
AEHTY § MOCASOBATENBHO MHMO JBYX MaTHHTHBIX ronosor & H 4.
Han ynpapnenns kamawv W3 spextpoppuratesefi JO yeranomien
MaraMTHEE nyckateas 9 w knonka f. [lpn namume knonkw [ oano-
Bpenenio BKIIOYAETCS ABMraTens /0 i COOTBETCTBYIONHE reHepatop 2,
Fellepupyomuil snekTpHYecKie KOJAeGaHMA ONPEACNeHHOH YACTOTLL
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Yucno taknx redepartopos £ AcAmA0 OHTE parRHo Yvony SNEKTPO-
Apurateieit [f), npuuem wamHA H3 HHX HACTPauBacTCs Ha onpeje-
JIERNHY HACTOTY, OTANYAKIIYIoCH OT 4acToT, & KOTOPRIe HaCTpoeHk
Apyrue remepatopel. Tok OT FeHepaTtopob NOCTYNaeT B SanicHpa. .
HHILYIO TONIOBKY &, H HA MATHMTHYIO NeHTY HAHOCHTCA BOCTpONH3BOIH-
ML CHIHan B BHJAC MarbvHTHLIX [MTPHXOR DHPEJ],EJTEHHDﬁ HACTOTHL,
Ecnn BRAIOUMTE OpHOBpEMELHO WK B
NPOHIBOILHOM nopaAaaKe ABHIaTenH, To
HE MarHdTHOH JeHTE BOCNIPOHIREYTCA
NPOTpAMMEEE CHIHAMH HECHOObKHX
YacToT,

s sanucu nporpaMmel (pH ofpa-
foTRe nepBoil getann, BEAIOYAA W B
Kaouan anuraresn [ Bpyduyw, ofHo-
BpeMeHN0 BKAIDTAIT COOTRETCTRYIONIIE
reHepaTops 2, W.Ha JIeHTe moaydaeTcs
sanuce TpebyeMofi nporpaMMel paborw
cranka. [locne 3T0ro MOMHO NEpeRecTH
BCHD CHCTEMY YIpARMNeHAN CTAHKOM HAa
apTovaTtudecknit  pemus. Braouaerca
rofoBKa 4, CHMTHIBAIOWAA CHIHAMH ©
Apuxyuedcs Jente. Tok or Bocopo-
H3BOMsuell roMoBRH 4 qepes  YCoHaHs
Tedb §§ NOJASTCH Ha NOJ0CODHE hHALT-
pul 7, wamufl H3 KOTODRIX HaCTpoeH
Ha HacToTy CROEero rénepartaopa H npo-
RS nyckaer TO0K B pene § 104eKO TOlH
Puc. #R.10. AstoMmaruteckan cit- H4CTOTHl, KOTOPas COOTBETCTBYET Ha-
CTéwa GporpeMMRers yopansenws to-  CTOTE AAHHOTO dunbTpa, YyBerBHTENR-
EAPHOTG HAW PEBILBCDIOMS CTaHKa HOE peng 3' CpHﬁGTEE nof, geflctnneM

TOKA, BRIENEHHOTO NOA0COBHM $HABT-
poM, EBEMOY2ET COUTBETCTEYIOUME MATIHTHHA 0YCKaTedh H Sne-
TPOZBHTATENL, TakiM o0pazoM [OCTHraeTCs ARTOMATHYECKOE ROC-
MPOHIBCACHEE KOMAHT HE BRAKDYEHHE H BRKIHOUeHNE HCNOAHATENBHELE
Mexanusmos, ofecneunBawiHX ofpafioTKy BCEX MOCTEIYIONHX Ha-
ngeaufl no nporpavse, 3aianioll B ppouecce ofpaloTKM  nepsoTo
H3 THE.

7°. Tnanuoit 0cobeAAOCTBIO NPOrPaMMHEOTO YOpPAaBJIeHHA ABARETCH
sajanue nporpaMmel B OpMe COBOKYNHOCTH JIMCKPETHHX CHTHAaAOb.
B saepncumocTn OT AeficTBHA KAMAOH KORKpPETHON CHCTEME! NCTOJHH-
TENbHEIE OpTaHbl, peadHiIva [IHCKpETHRIE MporpaMMibiec CHrHaML,
ABHMYTCHA HENPePLDBHD nHBo MX JABIGHEHHAE COCTARJIACTCH 113 COROKYO-
HOCTH MaALX MArOBLX nepeMmemenni,

O0a metona HaxofAT ce6e TPHMEHEHHE B KOHCTPYKUMAX Mammis
BETOMATOR. '

Ha puc. 28,11 npeactakiena cncTeMa NporpaMMHOrO ynpaeneHHs
BEPTHRANLHO-dpe3epHOTO cTanka, O6pafaTHBaEMYID 38IDTORKY yRpeld-

Disck peminmirmenessn Merari ool
i
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ARIOT H3 BPALIAKILEMCR CTOJE, KOTOPHH NPHBOAKTCA B ARHMeHHEe OT
geniatens [ uepes syfuatyw nepepauy. Cynnopry crona mmecTe
¢ BPaARIIHMCA CTONOM H SArOTOBROH CoOBILEIOT BO3BPATHO-NOCTY-
raTeNLHOE ABHGHEHHE OT ATOPOTO Aenrarens J, cHatiKentoro cneiHans-
j0fl CHCTEMOH pPEryJHpPOBAHHA wHCIa ofiopotoR poTopa. Mauenss no
prGpaiHol NporpaMMeé HanpabBAGHHE H BEJHYHHY CKOPOCTH NOCTY-
nATeNLHOTO ABHMEHHA cynnopTa OTHOCHTENLHO (peaki, OCk BpatleHHa

Pre, 28.11. AwromarHusecKas CACTEMa DNPOTPaMMACro YOPANJERNN PeDTHEEABEO-{[ caepHODD
LTENKA

KoTopoll HenoABHMNE, MOMHO BpaSUlyDcs 3aroTobky ofpalaroi-
BETE N0 38J8HHOMY KpHEOAHHEhHOMY npodumo. Tlporpassa ofpa-
fotkR 3afaerch nepdopRpoBalnol JeHTolt 5, ARkuKeHRe Kotopofl ocy-
WEeCTBAALTCA € MOMOMBI0 ofHO0GopoTHOR MydTH, NPH KaMaoM oues
peaHoM BEAIOYCHHH NOBOpaunBalowedics BCEr0 Ha o4uH  o6opoT,
Grarofaps uemy NpPOrpaMMHan JeHTa § nepeMeiacTesl OTAENbHLIME
simaramus. OAnH war COOTEETCTBYET MOBOPOTY 3&rOTOEKH HA OQHH,
pufipannLil  2apaliec HHTEpPDAN.

]%p{:rrpammumn CHrHAaMH 3AJaloTCH Tak HaselBacMule ONoplibie
BeNHUMHE], XapaKTepHIYIOUIHE OTHOCHTENRHOE pacnoJoMeHHe (pesk
H 3aroTOBKH Hepes ONpeleleHHLe HHTEDEATH NOBOPOTa SATOTOBKH,
Hanpumep depes 0,125°; 0,25%; 0,5° uan uepes 19 w 7. 4. Yem BHule
TpeGyemas TOYHOCTL 06pafoTKH, TEM MEHbUIE JOMMHE ORITL HHTEp-
BANE 38J1aHHA ONOPHEIX TOUEK H TeM GoMbIUE JOMKHO (HTE HX YHCIO.
B cucreme npiposa Bpailenis 3aroTOBKE HMEETCH Ky1aukoBuii Bad 4.
Ha nem umeercs HeckonbKO KYNAYKOB, yNPaBJSICUHX BKAOUEHHEM
OAHOOGOPOTHON My(Tel M CYHTHIBAHMEM [POTPAMMHBIX CHTHAJOB.
CumTannele CHPHAmWl nocTynaioT B GJAOK ynpasaenus 6. .

&, Taknm ofipasoM, OCHOEHAS OCOGEHIOCTL CHOTEMLl aBTOMaTHue-
CKOTO HApOROTO YNpaBAeHHA COCTONT B HATHYMH ABHCaTen:, ofiecne
YHBHIOIIErQ MNepeMelieniie BHX0IHOro 3BEHA HCMONAHTRNLHOrD MeXa-
Haama. OOwlYHO NpuMeHAeTcA ABa JABHTATENN: wigeoswd deueamens
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HAH dauzamens € pezyaupyeswn ducaon obopomos, B mactosumee
BpeMA  paszpaGoTaHEl KOHCTPYKUMH IDATOBHX SNEKTPOABHTATeJCH,
B KOTOPHX MepHoaruYecKn BrMouaeTcd uens nutanns. [pu xanogom
BKJAIOUEHRH  POTOp SJAeKTPOABHTATEAR NOBOPAUNBAETCH TOUHO Ha
BAJGHHHE yToA, DTH BKAIOYEHHN, HNH HMOYJECH, TOCEUIAIOTCH Yepes
GNOK ympanjenus B COOTBETCTBHN € 3aianuci nporpammoi, Yepes
TOT e 610K NOoASIoTCH KOMAH/M HAYANA H KOHUA JBIKEHHS, PAMOIO
u ofipaTHore Xoaa W JpyrHe, MPEYCMOTPEHHHE NporpamMmoll AeH e
Husl. [prartens ¢ peryaAnpyeMupM YHCAOM of0poTOR 0OHYHO HMeerT
nerATH pasaHunsx ckopoeteit: oT 1/9 a0 9/9 mouunanenoil ckopocTH,
Tpebyemoe nepeMelienne BEXOIHOTD
3DCHE  YOTAHARJHDAETCA  BeIDOpOM
COOTBETCTRYIOUIEH CKOPOCTH  Dpa-
wenn # gprarens. Or Groka yopas-
JIGHHA B STOM CHAYHae J0JKeH no-
CTYNHTL OJHH HA JIECATH CHI'HAJNOB,
np# 53T0M  gecaTHil CUCHAA COOT-
BETCTEYET OCTaHODHE,

Kak yxaswBaioch Buine, L8
CUETHIBAHISA OPHMENs T pasaiunne
cnocofel. HanpuMmep, KoHTakTHHe,
NpH  KOTOPRIX B OTBEPCTHA Opo-
Pitc. 28,12, Cxema EAMOBACTPAIRAN- TPaMmMOHOCHTENR  3anafawT LILY MLt

WCRCH CHETEME YAPAEEORHITE HIH mETH}[r Ea'hf‘h]'[{am[une COOTHET=

CTEYIOUINE KONTAKTL, H GE3KOHTAKT-
HHE C HCOOL30BaHHeM (POTOSMEKTPHYCCKHX SMIeMeHTOB, (HEBMATHYC-
CKHX JATuMKOB H IPYTHX YCTpoilcTB.

9°, Ha coppevenHoM 3Talle pazsuTHR TeXHONOTTYECKHX CHCOTEM
HBUHHAIT IHPOKO NPHMEHATLCA CaMOHACTpAHBAIOUUIECA, T. €. GBTO-
MATHUECKH YCTAHABANBAIOMHE ONTHMAJLHEE pexuMel ob6paboTky,
MALIHHE M CAMOOPTAHMIYIDUINECH, T. €. NHHHN, aBTOMaTHYECKH yoTa
HABMHBAOMHE ONTHMAMBHLIE MapiupyT ofipatotki. CamoHacTpofika,
HIH CAMOOPTAHH3AUMA, OCYUIECTBASIETCH 0 (YHKUHH Napamerpos |
offbexTa oBpaGOTKH ¥ No3BoJfieT npH o0pafioTKe KONKPETHHX OOBEK-
TOB, CBOACTRA KaMAOTD H3 HOTOPHX MOMHO HECAYYaHMBIM HAH cJIy-
HaiueM 06pa3oM RapLHpOBaTH B KAKOM-TO IHENA30HE, FuipabaTHiBaTh
TAKYH TporpasMy JeHCTBHE, KOTOpes ofecrneyMEBaeT, HanpHMep,
KagecTBo ofpaGoTku, €2 TOUHOCTh, MEHHMAMLHYIO CefecTONMOCTh
H 7. 4. B 3tux cayuanx cxema, noxkasannan na puc. 28.8, nonoaxseres
GAOKaMH, OCYUECTBANIONMMA Tpoiece camonacTpoiiky (puc, 28.12).
K GnokaM nporpaume J, ynpasienus 4, HCNOMHUTEMLHEY MeXaHH3-
MoB § W wouTpons 6 npubaBnsercs Gnox caMmodacTpofikn 2 ¥ GnoK
navaTH J.

[puvenenke cHcTeM NpAMOro YOpaBleHHs TEXHOJAOTHYECKOH Ma-
WM HOH, OCYLIECTRAREMOE NOcpecTom nrjposofi 3BM, B nepenek-
TiERe OfECNeUHT BOSMOMKHOCTE  AHHYJAHPOBATE STANH  NOArOTOBKH
pabounx yepTesell, TEXHONOTHYECKHX KapT H crellMalbHelX nporpam




§ 124, UHEJOTPAMME! MAITHH-ABTOMATOB Ol

woHOCHTEEH H MOSBOANT NOJYYATh HAALTHE C NOMOULLIO TEXHONOTHYE-
ciitk CHCTEM MAUNH, YNPaBIAEMBIX 3BM, roe 3BM wuenoasayviores
pe TOJBKO AN YNpaslesHf TEXHONOTHYeCKUMH MaumHaMy, uo i 144
(O 1yuelHA KOHCTPYKTOPUKO-TEXHONOIHYECKHX peLieHHH,

§ 124. Upgjsorpammbsl MAITHH-ABTOMATOB

7°. Tlpouece apanuaa B CHHTESE MAlUAH-ZBTOMATOB H aBTOMAaTHYE-
pH¥ JMMEHE npeacraBaseT coboll no cyllecTey npolece NOCTPOCHHA
MOJEAEH YIHE CYIIECTEBYIOUHX CHCTEM NPH aHAAH3E WIH CO3/aBaeMbiX
(MpOEKTHPYEMLIX) NMpH CHHTE3E. *

B rauectse sTHX Moxenefi, o cnocobax NOCTPOEHHA KOTOPHIX
yeAABANBAIOTCA 3apaEce, WCNOMLIYIOTCA PAsnuuHbe [HArpamul,
CXEME, UEPTEXNH, MATEMATHUECKHE MOIE]H, T. e, YPABHEHHA HAH BLI-
paxenta Ha (QOpPMATBHEX HabKax, ¥ T. 1L

HauBonee yaeTo NPHMEHAKT JHHelHLMe HAM KDYroBLE [THEIOBEE
AHAFPAMME!, HasEBaeMbie OBBIYHO YUKAOZPAMMAMU, NPEACTARIAKMNE
cobol rpadsueckoe Haobpamenye ppeMennofi KapTHRE PYRKUHOHWPO-
BAHHA MAMHEL BAH AuEER., LIMKaorpaMMEl no3sonsioT Kag O BHIeTh
NOPRAOK CNEAOBAHHS THIHYHHX COCTOAHMH HCIONHHTENLHEIX MeXa-
unamon: dasa pafogero xopa, daza XoJolTOro XOR3, BLICTOH B TOM
(K HHOM NONDMHEHHH, HaXOMJeHEHe B NOKOE, HAXOMIEHHE B JBHMC-
HIH — W AAHTRNLHOCTh (PYHKUHORHpORBAHHA paGoYMX OPraHoB MCTON-
HUTEIBEHEIX MEXaHHSMOR B TEUEHHE paccMalpPHBAEMOTO HHTepRana
BpEMEHH, T. &, UHKIZ, @ TAKMKE XaPaKTep HX BIaHMOIEHCTEHIA BO
ppevert (OQHOBPEMEHHOCTE, NEpPERPBITHE, CARHT No (ase, OYepeIHoCTh
cpafaTniBaHEs H T. A.).

[lueforpaMvil NO3BOAAWT HalASAHO NPELCTABAATL, BO-NEPBHIX,
mexnonoenyeckult guxa Ty — HHTEDBAA BDEMEHIl, B TEYEHHE KOTOPOTO
B Mpellenax JaHHoH MauiHel RAR JHEHH BRTOARAKICH BCE COOCMBEHNO
pafiouie onépayuy W Te ECIOMOTaTeNbHbIE Onepauyy, KOTopLe conyr-
CcTEyIoT ofpafioTKe Kanofi efHmBULI NPOLYKUMH, T. €. KaMiomy
KAy ofpaboTEH, H BCAEICTRHE STOTO HAIWBAKTCA YUKIOSHML BCAO-
Mozameavsrisy. Bo-Rroprix, pafouud yuxa T, — WHTEpBan BpeMenw,
COOTBETCTEYIOWMH BHINYCKY H3 MAWHHBL eUHEHULL MPOLYKUMH (HAH
NapTin CAHOBPEMeRHO B OAHOI noannuy obpabaTuiBaembix 0OLEKTOR).

2, Ha puc. 28.13 nokasasa UMKAOTaMMa OJHONOZHUHOHHON
MalliMHE, NpHELHN  aeficTBiA  KOTopoll onAckiBancAa  pbuue (oM.
pic, 28.2). Bnementt I, 2, ..., 6 noxasawm ma pwc. 28.2, g, ojHa
H3 CTpUNER URKAOrPaMvbl OTREJEHAa AnA YCTpOficTRA THRA pene
BpeMenH, YCOAORHO HASHORAEMOTD €92CLI.

Jan opmonosdionnofl mamunt (T, e, npu 2 = 1) scerna T =
= Tp. Haa wsauwwner pasporo tena Tp= 4+ L+ 6+ i+
+ L+ L+ & (em. puc. 28.13).

Jlna geyxnosunwonkofl (r. e. npH 2 = 2) Mamyul JaHHCTO THRA
NpH nokasankeX va prc, 28.13 coorHomenuAX AnnTeNLHOCTER Onepa-
Lult umeer mecro Ty = T./2.
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Has muoroncsunmonnofi (1. e. NpH 2 B> 2) Mawnuud JaiHoro
THNE NpH NEPHONHYECKOM NEPEMELIERHH OT NOHUHH K NOSHIHH YHCAD
NO3KUHA Z HAXOANTCA HS YCAOBHA £ > Tofz— 1), 1.6 2 = LT, +
-+ 1, rae npaean wacTe OKpyrameTca no Gammatimero EBonkiero
Qenoro. Hucno mozunuii A0MkEO BGHITH TAKOBO, YTOGH AHTENbHOCTE
npoxowaenua npecchopmamn 2z — | poswumfi Guaa He MeHbme
ANHTENRHOCTH Ej.-'JiKHH.‘r!EHl!.!:H.

B stom cayuae Tp-'——gl fy, W HETeHCH{MKAau#s onepamus Nop
FOTORKH  CARAYIOIIEH NOPUMM  MaTepuajsa remer K COKPALIEHHID
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Puc, 2E.13. Jseellian  apeaorpeua c,a,umnnunga;nmn MELIH AN ARTOMETA, OOHanaExol
HE pEA PE.

Aanrenbhoctt pabovero unkaa. Ipu 2 < 2 nnrencndmkains Lansol
COepaiHl He DAWHET da LIHTENRHOCTE DHEME, TAK KAK B 5THX Coy=
HaAx OHA COEMEMIEHA ¢ ropasne Gonee AAMTeALHOMN onepaiseil pys-
KARHZAULHH.

Anrn porophofl MaMEL, BENOAHAWWLER Te me onepauuy (IpH
HENPEPEIBHOM COBMECTHOM JABHMKEEHH M OAWBAKOBLIX OGJOKOB), HMeeT
mecto Ty = lfv, rne | = nDy/m, v = D /2 (cm. puc. 28.3), 1. e,
Ty, = ¢ /0. B nanvom cayuae smaucsme mensypuL T, momer GuTb
BLOP2HO M0buM, a gHeIo noswumft & fofkeo obecrieunsaTs -
=T, (k—1).

Ha prc. 28.14 nokasakbl UMKAOTDAMME padiHUHBIX BAPHAHTOB
MaltH LaHHOrO TN, BLMOAHAOWLHY OAHH W Te We Oonepaimi;

a) Ona z = 1.

6) Oaa z=2.

g) Jlna z & 2 ¢ nepHONHYECKHM IBHMenHeM oT NOZHOHE K TIO3H=
WHH (3AWTPHXOBAHHAA YACTh COOTBETCTEYET OREPalHH BY/TKAHH3a-
1LHu).

e} Jina poropuoro BaphanTa (3alUTPHXOBAHHBE GACTH COOTBET
CTBYIOT yuacTKaM Xo/focToro npobera).
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2°. Ananus uMgnorpamm Ha puo, 28.13 w 28.14 nokasusaer, yTo
pHTEHCHPHKANNA PesHMOB, T. e. COKpalleniie LAMTENLHOCTH onepa-
gty KOHIEHTPAIMA, T. €, CODMENIeHHe BO BpeMEHH BLINO/HEHHA One-
aupil no obpaforke onnoro offbexta; auddepenunalng, T. . COBMe-
[ieHHE DO BpeMeHH DBHINOJAHEHHA onepaukil no ofpaboTke 0GBEKTOB,
HAXOAAUMXCA B HECKONBKHX NOSHUHAX; NepeXol K HENPepLIBHEM
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Prce 28,14, HnsporpasMe  pessnTHRX HOHCTPYRTHBHHY BADAEWTOR MAllRBH, OTREN3R-
myxcH OAHH OT LpYroro YHcnosM I!Il}altl:l.ltﬂ " I}Fhﬂuill:lﬂh OTHGCHTEARHOFD  NepeMeyeItrna;
@) CAHGNOZROHONEAR MaltaHa; 6) KEYRN0IHUROHAAN MAlUHHE @) MHOTONCINIHOHHGR MERIHH
£ NepROAETeCKEM MEMNOINENOHHEN Nepedelieniien; £) WAOCCNOBRUEOENSA MAWHHA © BOMpE-
PHERKMM RENHEHHEM NoIHIHAE (POTOPNAR Mallsia)

TPAHCMOPTHO-TEXHOJIOMHYECKHM  ONEepanuaM, T. e, COBMENIEHHE He-
NPOHANOANTENBHEIX 3ATPAT BPEMEHH HA UHKMOBHE BCOOMOTaTSAbLHEIE
onepaildn ¢ coOGCTBENHO paboysMH ONepaulaiy, — BCE 5T0 YMEHBINAET
ATHTeMEHOCTE pafouyero NHENA.

§ 125. Hexkoropre cpefigHH NO TeOPHH NPOR3BOANHTENLHOLTH
MALINH-ABTOMATOR

P, Ofnoft #3 OCHOBHLIX XaPaKTEPHCTHE TeXHONOTHYECKMX HOM-
NAEKCOR, COCTABNERHEIX H3 MAIMH-ARTOMATOR, ABAsercs HX dakTH-
yeckas NPOMSBOANTEIBHOCTE Q. Benwuuna Qg Moxer Geite onpe-
fgneHa w3 OpMYJIB

Qg = ming /T, en. npoi/MuH, (28.2)

Ile Tp — pauTensrocTs paboyerc NHKAE, MHN, [ — uncno napan-
AeNbHEX MOTOKOB, B KOTOPHX GIHOBpeMeHHO (Ges cieura das) ocy-
mwecteanercH obpafioTka; m — KOSGQHINERT PasSMEPHOCTH] Tpe —
Ofumll  koshduIHENT HCNOALICBAHNA,

AHAMHTHYECKOMY BLIABNENHID 3aBHCHMOCTH MPOH3IBOAHTELHOCTH
OT cocrapa paboyero MHEAS, POHAMOE REINOJHEHHA onepatifl, crpyk-
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TYPH MalUHH W NHAHA # APYTHX aKTOPOR, & Takme BONpPOCaM npo-
FHOZHPOBAHWA 3HaqweHWl NpOMABOANTENLHOCTH Ha CTagdH CHHTE3a
nocealern GoAbINOe YHCAO HCCHENOBARNHE, TPHHAINEHKALTE COBeT-
CKHM YyueHEM b),

Jlns oHONO3MIHOKKEIX MATUH I IHCKPETHOTO AefiCTENSA BenNuHta Ty
NOLCUHTBIBAETCA KAK CYMMa NOCAENORATENLHOCTH HENEPeKPHEIEMEX
onepanti (WA UX YacTed), COOTBETCTBYIOUIHX BHIMYCKY ONHOTO O0h-
EKTd HAH NapTHH OAHOBPEMEHHO, B OAHOH NOSHUHH, oOpabaTIRaembx
ofibexTon,

Aan MHOTONOAHIHOHHLIX MWW B AuHA# nepHopMuecKOro jefi-
CTBHA, KOTAA B XOLE OJHOTO W TOro e pabouero wwkaa T, napan-
JedbHO, OJHOBDEMEHHD, EBREOOAHACTCH MECKWVIBKD C{}HGK}'HHE}ETEﬁ
OTepalnil INHTEIBHOCTBIO by, by, .., fy (K@WAA5 CORDKYMHOCTE COCTONT
M3 MOCNENOBATEN, HO BLNOAKAEMBIX onepanyh), benrnunna T, nonxua
GHITh He MeHbILE NMHTENLHOCTH camoff NpoIoMmKHTELHON W3 yKasaH-
HBIX Dapanfeisno DHNOAHSeMbIX coBOKynHoctefi onepauiit, 7. e,

To s max thy £ ey ) (28.3)

(cumpbon max (4, f, ..., &) o3navaer, yro u3 spauennit 4, £, ..., b,
YKasaHHLX B cKkofikaX, eLfHpaercs nanfoaninee).

[Tpn stom npi z & 2 obuyno Ty, & T,

2°. JIns maumH nenpeprIBHOro NeficTaMs, T. €. KOrga BHIO/HeRHe
coficTaeHHO pafiounX onepainft H NHK/N0BLEX BCROMOTATE/bHLIX Onepa-
Uil cobMemieno BO BpemeHd, BeAWyHRa paGouero NMKNa COCTARAAET

T, = llo. (28.4)

Ilan potopHbiX W POTOPHO-KOMEEHEPHBX MAINH H JAMAEWH, Kak
Yme roBOPHAOCH, [ — war MEeKLy nNOSHIMAMH, MM, U — nHHelinan
CKOPOCTE HENPEPLIBHOMD COBMECTHOIO MEePeMEIEHHMA BCEX MOSHLIHN,
ML MEH.

s mamue, ofpafatoipaiomux  ofLeRTH, HAYLLHE 4rYChEOMP
(c HHTepEAAAMH WA Ge3 HMX, T. &, BOPHTLIK) Apyr 3a apyrom, | —
CPeAHHE mar MemLy NBEYMA COCCOHHMH OfBeKTaMH obpaboTEH, MM
U — CROPOCTE HENPEPLIBHOTD TPAHCMOPTHPOBEHHA, MM/MHH,

3. Hnn  mawuu, ofpaGaTeBalOmMPX tHenPEePHBHLY MatepHal
B BUAE MOAOTHHLL, JeHT, deneft, HHTeH, TpyD, CBIMY4HX, MHIKHX
HAH rasoobpasnbix MATEPHANnoR, | — KOJHYECTRO MaTepHaNa, KOTO-
poe NPHEATO 32 CAMHWLY NPOLYKEIHK, M, HIH %, Wan Kr: © — cko-
POCTE HENPEPLIBHOTO MOCTYMJEHNs (DPACXOA) 5TOr0 MaTepHana, w/Mun;
BAR MP/MEH, WJIH  Kr/muH.

Jlag Maump, BENYCKaIOLHX WTYYHYO (AHCKPETHYIO) NPOLYKIHIO,
KospunHenT passepHocT? — wt. Ero uwcagHHoe snavedue — 310
YHOAO eAHHHIL NPOAYKUMH B OfHOH ofnoBpemenno ofpabartsipaeMolt
MAPTHH KAW YHCA0 eAVHAL NPOLYKIMH, CTaBuel wryunoll B pesyib-

') Bogbuiol Bxnaa B TECPHIO MpOHIBOANTENBHOCTR MAIWNH-GBTOMATOR EHECAR
C. H. AproSanenciufi, A, I1. Baaganescruft, M. H. Kanycrum, T. A, Waynan,
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pare obpaforkn [ M, nau [ M°, HAH [ KT ¢HENPEPHIBHOIO» MATEPUANE.
B uwacTeOM cayuae [ = | en. npoa.

47, s MaiiHe, EBEOYCK2OMWY «HEeODepLIBHYI: NPOAYHIHND,
[pHHEMAETCA KOSHHUMERT PAIMCPHOCTH:

(1 m Janm nofcyeTa B MNOPOHHLIX METpAaX;
b M%, rie b — wapHia matepHana, Lof NoACYeTa TACLLATH,

g =) bh v, rae b — Tonnusna (BHIcOTE) MaTepHana, A8 NOACHETH
DbBBEMA;

Bfiy Kr, rae y — yAenbHan NAOTHOCTE MaTepHana, A48 nol
I CYETA MaCCH.

Ofiunii kosthguUHenT HCNOABIOEAHHA Ty TEXHOJOIHYECKOIO KOM-
IeKea B TEueHHe, HaOpHMep, rolla COCTaBJAAET

II"I-H!t.! =~ ﬂ?ﬂnﬂnnp! {28.5}
rae ¥y — KosQdHIIERT TEXRHUECKOTO HCNOJbL3OBAHHA; T, — Kos-
HUHEHT OpranH3aulOHHO-TEXHHIECKOr0 HCNONB30BARNA] ijn — Koagr
HIMERT NOTeph Bpemeny Ha NepeHanaiky; Y — KosphHuHenT
[OTEPE BPEMEHH H2 PEMONWTH, OCYLIECTBASEMEBIE CO CHATHEM MallMH
B OJHHHE ¢ SKCHAYarTauHH,

5. KoshhuuuenT TEXHHYECKOro HCNOAL3OBAHHA 1, XapPaKTEPH-
3YEeT MOTEpH DpeMeHH Ha BHEUWENODLIE BCMNOMCOTaTeNLHEE OMEpaiii,
KoTOphie OOYCHORMEHE caefylomusu hakTopayn: HeOLXOAHMOCTEIO
npopeneHns npodHIAKTHYECKHX DEMOHTOB, NMPHHYANTENLHOR CMEHB!
HHCTPYMeHTa, BO30OGHOBAEHHS 3aNaca NHTAHHSA, CMA3KH HIH SHCTKH.
ToTepn GpeMeHd no 3THM NPHYMHHaM — 5TC perAaMedTHPOBAHHBIE
npoeToM, W00 YACTOTa BOIHHKHOBEHHA H LAHTE/ILHOCThH KaMAoro
H3 HHX — HECAYHalNble BEAWYMHEL, TeMm DoJee 4T0 S/1eMeHTHD MallHH
He obnananT abconioTHol HAEIEMHOCTLIO, A MATEPHANE, NOCTYNAIHE
Ha oBpaboTky, He ofiafaloT aGcoMioTRON KoHAHIMOKHOCTIO. [loTepH
EpEMERH ND STHM NPHYMHAM, BEIYLWMM K OTKa3dM Malliusl, NpeicTas-
Jskor cofiofl enygafiHble NOTEpH BpeMenH, HG0 YacTOTA BO3HHKHOBEHNHA
OTKA30B # JJMTENBNHOCTL BOCCTaHORJEHHS paGoTocnocoGHOCTH TEXHO-
JNOTHUECKOrO KOMIJeKca Nocne KamAOoro OTKasa — ciaydaiuuie sedu-
HHHHL.

6°. KoshiuoHedT TEXHHYeCKOIO MCNOABIOBARKI COCTABMAET

mo=| Do~k - |, (28.6)

e 1; — -8 uacTHHil KOMPPHIHEHT TEXHMHECKOrD HCNOAL3ORaHHA
(vgcrnne RosphUIHERTE HCNOIL30RAHHA OTAHYAIOTCA O/IHE OT APYTOro
NpHUKHEAMH HAH CASICTEHAMH TpocToes JAHO0 MECTONONOMEHHEM
sneMenTa, BHABaBlnero mpocTofi); & — obllee YHCAD TACTHHIX Kosd-
qmul{E!ITUE TEXHHUeCKOTD HONOLIOBAHHA.

Kamnedl wactiuptl  kospMIHERT TEXHHYECKOre HCNOABIODAHHA
XapaxTepH3yer He COBMEUICHHBIE HH € KEKHMH DPOUHME 3aTpartaMy
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BRCMEHH EBHEIHKIOBRE TOTEPH BPEMEHH (., NpHXOLROHECA Ha
oaMH  paBousft uMka, T. e.

N == {1 + tan o/ T )™ (28.7)

HacTHbif KO(PUUHERT TEXHHYECKOTO HCTONBIOBAHHA, XapaKTe
PHIVIOLUH  HafemHOCTE MaIMHBI, HasHRAETCH (B COOTBETCTBHH
¢ I'OCT 13377—67) xoagehuyuenmom eomossocnu W CocTapnser

N = (l +J.7;‘J n;m,?‘,;)ﬁl. (28.8)

rie Ay — YHCAO HAGHTHYHEIX 3JEMEHTOB [-ro BHAE, QYHKUHOHHpY-
IOIH X B MaINNE, »; — MapaMerp NOTOKa OTKA30B j-ro saemenTta, l/u:
T'yj — cpesnee Bpemsi BOCCTAHOBJIEHHS (T. €. CAYHANHONO PEMOHTA)
{-ro snemedTa, W.

KosdpHuuenT TexHHueCKOro HCNONB3ORAHNS 1), XapakTepusyer
KAYECTRO TEXHONOTMHECKHX MamMH Oe30THOCHTENRHO K OpramrH3a-
LUHOHHO-TEXHHYECKHM opMay HX sKenayaraunu. B cergs c reM, yto
GHEUEHHE RENHYMEL Ty, MoxmeT onyekatecs go 0.5 ... 0,6, omgnoft
H3 OCHOBHBIX 347189 COS0AHHA HOBLIK MALIHH B AHHWH SRAAETCH aajgada
NOBLINEHHA HX HATEHHOCTH W neperanamHpacMOCTH,

FTmasa 29
CHHTEZ JOrHYECKHMX CXEM CHCTEM ¥NPABAEHHA

§ 126. Dnementmt aaredpu gorskn. CuuTes peneillHmX cxem

I°, deouunoti nepeventiofl X HB3HBAEM TaKyl0 NEPEMEHHYIO,
KOTOpad MOMET NPHHHMATE JIHOL OLHO U3 JIRYX suauvesnid: 0
wan 1,

[Nepemennofi X COOTEETCTBYET NPOCTOE YTBEPAMTEALHOE BHICKA-
sHEaHHE (ANGO onpefenesHo HCTHHHOE, JANDO ONpelefeHHD NOMKKOE)
HAH yeTpoHCTRO, XapaKTepHIyeMoe IBYMA KOHCUHEIMH (IHCKPeTHEMH) |
BHAYEHHAMH €70 COCTOAHHEA H HaduBaeMoe ofielMHo pede.

B wauectee TAKHX pP&ne MOryT HCIOObIOBATECA SJICKTDOMArHHT=-
Hble  (SNeKTpOMEXaHWYECKHE), SJACKTPOHHBE, (PEPPHTHO-NOMYNPOBOM-
HHKCBLIE, FHID2BIHHECKHE M NHEBMATHUSCKWE MewmOpandne, nayH- -
JHEPHHIE, KPAHOBHIE H CTPYHHBIE SMEMEHTH, MEXaHWYECKHE SJIeMeH-
THl. 3TH 3AEMEHTH MPONYCKAWT MOTOK SHEPTHH (IAMEHYTH 3JeK-
TPHYECKHE KOHTAKTBL HAH coOOILAIOTCA NOCHEIOBATENLHO PAcnono-
JMEHHBIE NAPHLIC KAaHANE, T, £, NPOTOYHEIC SOCMEHTH FH,HPHBJIH'IDCHHI
WM NHEBMATHYECKHX KianaHop, pacnpeienutencH, aoJ0THHEOB)
HAH HE nponycKalT (COOTBETCTBEHHO pPA3OMKHYTH, He coob-
LLEKTCR).
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[TpuHUMAIOTCA  COOTBETCTEHA!

(0, echW [aKHOE TPOCTOE BHCKA3LIBAHHE JIOMHO W
€CAH PERe HE MPONycKaer NoTOK 3SHePruH (nynesan
NpoBOAHMOCTH);

]1I oM NAHHOE [NpOCTOE BHICKAZLIBAHMHE MCTHHHO
HAH ECAW PEne NpPONyCKaeT noToK SHEeprHM (NofaHas
MpoBOAHMOCTE).

2°, JIpoHUELE NEPEMEHHLIE MOXIIO NOJBEPT aTh JOrHUECKHM anepa-
HAM OTPHUAHHH, CAMGHERHA H YVMHAOHEHITH. Bre NpOYHE JOTHYECKHE
pnepauny MoryT OHThL CBEASHE! K KOMOHHAUMH NEPEdHCICHNBX.

Joeuueckoe  ompuyanue BLIpa- TaGamua Il
sHaeTca  HageTpounoft uepToil MAH
cHMBOJOM —, T. €. Kasgofi gpowy- *s
nofi mepeMeHHOA X CTABHTCA B COOT- i
peTcTRHEe OOpaTHas (HAH JonoakH- i @
TenbHAR K weil) nepemennans X (yu-
TAETCA: GHE X¥) Takas, 4TO 1 1 1

0, eclH x = 1, 0 1 0
I, ecan x=10.

X =

Jariteckan cymMa
Hanpuuep, ecA# X COOTBETCTEYET f= 2+ xs
BEICKAIHIDAHHE «MALIHHA HCpaBHay,
To ¥ COOTHETCTBYET BEICKASRIDAHWE eMAlUHHA HEHCTpaBHaw, Ecnu uHa
caMoM fede MamiHa WemcnpakHa, To x = (, T. e. BLICKas3HBAHHE eMd-
[HEA HCnpasHa» NOMHO, 0 ¥ = 1, T. €. BHCKAa3WBAHHE «MAlUHHa

HepenpanHas  HCTHIHHEO.
JameTnM, 9TO X = X (BHCKasHBaHHE eMalliHa He HeHCnpahias —
To e caMoe, UTO BEICKASHIBAHHE sMalliHA WCNpaBHa»).
Joeuweckan cymma (Oussionkyua, deouutoe CAOXcere) BEIDAMAETCR
cnmponom -+ (uan /).
Ecan X; # ¥, — [pe JBOHUELIE NEPEMEHHLIE, TO HX CyMMa J=
= x, 4 X, ONpERENHTCA CAenyiomHM ofpasom (oM. taGminy 11).
Mz tatanum 11 exaHo, 970
e %, =0n =0 10f=x+x=0+0=0
et 5, =0nx,=lL, of=x+x= == [
e =1l x=0"1f=x5+x=14+0=1
e 5 =lax=lL1f=x+r=1+1=1,
rie pee (KpoMe NOCHENHEro) BHpaMKeHHs cOIMaCcyloTes ¢ npaBiaaMi
TOfl aArcpH, KOTOPYIO NPHHATO Ha3HBaTh SIeMeHTApHOI.
s ponHcaknmx cooTHomenud caenyer, uto x + 0 = X, ¥ 41 =
=1 x4+ xi=1 x4+ x=x
[Tosyyenubie COOTHORIEHMS MOryT OBITE pacnpoCTPaHeHH Ha
Mofoe 9MEA0 JROHYHEIX TEPEMEHHHX H, COOTBETCTBEHHO, HA moboe
YHCJo MPOCTHX BHICKA3RBaHuH.

I
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Jloruyeckas cyuma moforo gHCAa RepeMeHRNEX paBHa [, ey
xoTA OBl ONHA H3 NEpeMEHPHY HMeeT aHauenne /[,

Jloruueckas cymma moforo ynena nepemennmiX paena 0, ecin
BCE NEPEMEHHEIE OLHOBPEMEHHO HMeloT sHauenne (.

Jloruseckofi cyMMe COOTEETCTBYIOT CNOMHOE BHCKa3BBAHHE, Co-
CTOSIEE M3 NPOCTHIX BHCKAIWBAHHH, COPIHNEHHHX HEHCKIKYAK-
mim 1) coosoM «HaEs (T. €. COBTHHATENLHO-PA3ICIHTELHEM COKE0M
«HAH», 0BOIHATACMEIM €I/HAMD H IMEIOUIHM CMBICA «HAH TO, RAH ApY-
roe, HaH ofia BMECTE») H CXEMA, COCTABNEHHAR W3 NapalaentHo dyHKE-
HHOHHDYICLIHX pene.

HanpuMep, HMeerest cxema, roe sJeRTPOARUIATENE MoMeT OLITh
NYUEH B X0/l NOCPEACTROM SaMHKaHHA Joboro (MR oboux) H3 ABYX
Napaanentio YCeTAHOBASHHEIX KOH-

TaOawma 1 o vron X, n X..
‘ < Ipoctoe BHCKa3LIBAHHE X,: SMEkK-
% TPOABHTATENL NYCKAETCA B XOJl, 8CIH
. o AAMEHYT KOWTAKT Xj.
[NpoeToe BRICKA3HIBAHHE X! 3J08K-
1 I 0 TPOABHTATENR TNYCKAETCA B Xod,
el BaMKHYT KOouTawt X,.
0 o 0 ChomHoe seiCKaskigaune [ =
=X, + ¥, 3NeKTPOIBHTATEN® nNy-
Jloreseckoe CKAETCH B XOi, ec/H 33MKHYT KOH-
HpoRsnenuHuy TaRT X,;, H/WIW 3MeKTPOLBHTATENB
| = MyCKaeTcs B XOJl, ECJ# SaMKHYT
konTakt X,

Cnomuoe  BeicKasmBawne [ = x; + x, + ... noXHO Torma H
TONBKO TOMLE, KOTLE BCC NPOCTIE BEICKAIWMDOAHNA Xy, X, ... JOXNCHEL, #
HCTHHHED TOrga, KOTAa XoTH O 04HO W3 NpPOCTHIX BLICKAasLiBaHHA
X1, Xy ... HCTHHAO,

3%, Jlozuveckoe npouzsederue (KonwBlOHKYUA, Osouynoe WIH OYae60
YAHONCEHUC) BMPAMACTCH CcHMBoaoM X (waun A, uay Toukod ., HIH
aHaKk ymMHOMeHMA BOOCUIE He NHLIETCH).

Ecnn x; n %y — nee ABOHuHLIE mepeMeHHLle, TO HX npodaselenHe
f = x,-x, onpenenutes cneaywoumnnm obpazom (oM. TaGawuy 12);

Hz tatmwum 12 ewpno, 910

e 5 =0 x5, =0, 10 f=x.2=00=10

e gy =0unx=10L1f=x56=01=0
ecnt k=l H =0 1mf=xnx5=10=10
ecat x, =lngp=1Ltof=x060=1.]1=]

rjle BCE BLIPAMKEHHA COTMACYIOTCA ¢ sJeMenTapHofi amrebpoii.
Ha puinucamimix cooThnomennll clemnyer, 41o

x0=0 xl=2 x%=0 xzxr=ux

') B pyccrom i MHOTHX IPYIHX A3WKAX COI03 iAW ofNaiaet, KA HIBCCTHO,
ARy CHMEICHEHHOCTERE, 8, HAIPHMED, B JATHHCKOM SILIKE DasfHYSHOTCH (0036 i ey
H OERJAH HHAYEs,



§ 126, SNEMEHTH ANTERFEI JIOFHKH, CHHTEZ PENEAHHX CXEM 569

[lonyuenute cooTHOMERHA MOTYT OITh pacnpocTpanedsl Ha aoboe
yHI0 IEOMYHEIX NEPEMEHHEX M, COOTBETCTBEHHO, Ha Mwoboe YHCMO
NPOCTHX BLICKASHEAHHA.

Jlornueckoe npouspefenye moforo gHena nepeMennuX pasuo |,
eeJIH BCE MEPeMEeHHHIC OAHOBPEMEHHO HMeT anaseune 1,

Jlorpueckoe npouasenekHe Juofioro YHCAa MEPEMEHHLIX DABHO 0,
ecnv XoTn Ob OOHA M3 NMepeMEHHBX HMEET 3HaUCHHE 0.

JloriueckoMy NPOHIBENEHHIO COOTBETCTEYHT CAOMHOE BLICKA3LI-
RaHHE, COCTOANIES B3 NPOCTHIX BHCKAsbBAHHH, COBAMHEHHBIX COEAH-
HUTENLHLIM COI3Z0M €H», H CEeMa, COCTARNEHHAA W3 nocAeloBaTelLHD
(GyHELHOEHDYIOUHX pefe.

Hanpumep, umeerca cxema, rie SJeKTPOABHraTenh MOMET BT
OymMeH B XO# NOCPEACTROM 3aMEKaHHA IBYX NOCAefOBATEBHO yeTa-
popaennnx wontaktos X; u X,

[Mpoctoe BHCKasbiBaHWe Xji SJCKTPOABHrATENb NMYCKAETCR B XOL,
ecnH 3aMKHYT KouTaktT X;.

Ilpoctoe BHCKasLBaHHe Xyl SAEKTPONBHTATENE MyCKacTcs B XO4,
ecsiH saMKHYT KoHTakT Xi.

Criontioe BHCKaseiBanie f = X; -X;! SAEKTPOABHIATENL MyCKAETCH
B XOH, ECAM SAMKHYT KOHTAKT X, H 3aMKHYT KOHT2KT X,.

CroMHOE BRICKA3HRaRMe f = x; Xy -... JIOMHO TOTLE, KOTAE XOTA §12]
ONHO H3 MPOCTHX BEHCKAasHBAHRE X;, X, ... JOMHO, W HCTHHHO TOLAA
¥ TOJILKO TOT/@, KOTAA BCE NPOCTHE BBICKASLHBAKHSA X, X5, ... HCTHHHEL

47, C noMoiikio 3JeMEHTAPHBY JOTHYECKHE (hyHKUHA OTpHIEHHA,
CACMEHHA W YMHOMEHHA MOMKHO 3anHcaThk Jjwobule, CHOMbL YrofaHo
CACHKHBIE AOTHUECKHE YCJIOBHA H, COOTBETCTREHHO, CGOpPMUPOBATH
No0kE CKOME YTOQHO CAOMHGE Jornueckye (QYHKUWH

Jloruueckoe cAOMeHHE H JOTHYECKOE YMHOMEHHE YAORMETROPAIT
CHELYIOIUM 32KOHAM!

a) 3aKOHY KOMMYTaTHBHOCTH (NEpeMECTHTENLHOMY 2AKOHY)

X+ Xy = X+ Xy
XXy = Xp- X3
6) 3aKOHY ECCOIMATHBHOCTH (COMETATEALHOMY 3aKCHY):
(@ + )+ X =2+ (6 b %) = (4 %)+ X
(g Xa) g = Xy o (X 0X5) = Xgo (X1 -2)i
B) 3aKOHY JHCTPHOYTHRHOCTH (PacpelenHTelnioMy 3aKoHY):
(X + %) xy = Xy o2+ Xy Xy, XXy b Xy = (% T Xg) + (% + %)
(n1s  nocaemmero  mmeeM: (X T Xg) (X 4 X)) = %% T XaXy +

+onx Fox= x5 (4 1) =x2, + x5 + % =
= XX, + X3 (5 4 1) = X% | x5
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r) 323KOHY MUEMIOTEHTHOCTH (3aKOHY NOBTOpeHIA):
x-—{-x—l'x"f' wer +xle
X XiXeo X = X,

n) aakony Jle Moprasa (3akony npeofpasceanHuf oTpHUAHRA HAn
HHBEPCHH): i
(x5 + x) = x-x,

xt-X3 = X + sz.

Fpencragnenne JNorHyeckHX YHKHHA B sHle QopMya He oIHO-
AHAUNOD; NMOSTOMY, NPHMEHAR YRasaHAME BHINE NPABHAAZ H 33KOHE,
MoMHuO npeofpazopatk oflHH nordueckne Gopmyabt B Ipyrue, pasHo-
CHABHEE BM GOPMYJAL, T. 8 3aMeluTh Hexomeble (OPMYJIL PaBHC-
CHALHEIME, PaesOCUAbHSIMU HASHBAIOTCA JIBe (GOPMYAR!, NPEACTARIAK.
e OAHY H TY e JorHuecky Gyurimne. One coeRiRDTes sHakos
Tomgecrna, [Ipw stom crpeMaTcs & HaubGosee npoctwim Gopmyaan,
Huaie TOBOPA, CTPEMATCA K eMHHHMH3alMius dopuya.

5°. Jlornueckue cHcTeMBl YNpaBJIcHitd oTHOCATCA K KAaccy penefi-
HEX YeTpoers (MAaH KOHeSHHX aBTOMATOR, HIH NocdeloBaTedb-
HOCTHEIX MANIHH), KOTOphle B O6UIEM cliyuae XapakTepHayloTca che-
AYIGUINMY CROHCTBAMH!

a) ¥YerpoficTeo HMEST BXOJHHE KAHAIE, B KOTODHE HIBHE B JHC-
KPETHHE MOMEHTH RPEMCHH NONAITCA JABOMYHLE CHPHAAL Xy, Xpoi
very Xy, HazuBaemue sxodnestt cusrosomy. KomGepauna suaveHud
Xiy Xy weey Ay HA3LIBASTCHA SHOWEHUEM aXoda.

6) YerpolicTRo HMeeT BHIXOHEE KAHAE, IBOHTHEE cHIrHaAs [y, f,...
ooy [ B KOTOPHIX, HASHIBAEMBIE AtexofMeiMil CHEHOEAOMU, CNYHaT A8
ro3feAcTENA Ha ofwekT ynpasnenns. KoumOuuauws 3sauerufi fj,
fay ooy fn RasbiBaeTCA SmawcHucm AmWxodad,

B) YerpolieTBo B KamIbifi MOMEHT BPEMEHH MOMET HaXOXNTLCH
B OHDY 113 BHYTREHHIY COCTORKHN 1y, Us, ..., I, ONPEIENAEMOM BXOJ
HEIMH CHIHAMSMH B 3TOT MOMEHT H COCTOAHHEM B NPEABULYILRE MOMEHT.

r) Bxoarbte curmais npeofipasobuIRAOTCA B BHIXOJHME B 3a8BH-
CHMOCTH OT BHYTPEEHErO COCTOAHMA CHCTeMBl B OPEABILYIOHIT MOMENT
BREVIEHH,

K asmstit U3 CUTHATOR Xy, X3, voey Xm B f1u for cvoy oo Npunnsatomui
anauenna O wau |, onucHBaeTcs AroRyHOH nepewmenroil. [lpeoGpaso-
BAHHE BXON2 B REIXOJ, OCYLIECTEAAeMoe penefinsiM  yerpolcTeoM,
ONHCHBAETCR JorHueckumu dyuHKunamy. JIng anannsa n cHHTe3a 3THY
yeTpoficTs npumensercs aarefpa JOruKM, a ToyHee — Oyaes2 an-
refipa, paspaforanuas auranfickss  yuensd  JDxopimen Bymnem
B cepeaune XIX Bexa, HeoOXONHMBIE OCHOBB KOTOpOH ME 37€Ch
H  HATOMHM,

6°, 3apHcHMoCcTh BREIXOAA OT BXOLE BEPAMKAOT CJOBECHD, HIH
E BHAE Tabaulipl, WA HHLM cnocofoM H BAZHBAWT yolosues padotisd
Peaelinoee yompodoniad,
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Pesieiitioe yeTpoficTBO HA3MBaioT odhomakmunia (Win 6es nauamu),
eenll B K2MInil JaHHLIA MOMEHT DPEMEHH 3HaueHHe BRIXOAA OnHO-
gHANHO ONpeAe/feTca SHaueHnen BXoOAa. B srom cayuae yerpoicrso
COCTOHT TOOBKO U3 JIOPHUECKHX SAEMEHTOB.

Penefitioe yCTpoHCTEO HAZHBAIOT MHOZOMAKNIHLML (WiH £ nauante),
ecni KAKOMY-NHO0 OJHOMY 3HaYEHMIO DXOA2 B pasfNnvHHE MOMEHTEL
ppEMEHH COOTBETCTBYIOT PasHie SHAUCHHA BLiX0Aa {wfio 370 MOCAENHHE
4aBHCHT He TOALKO OT BX0Ad, HO W OT COCTOAHHA YCTPOHCTBA B Npeak-
mymwil moment Bpemenn). B osrom cayuze YCTPOHCTHG COCTOHT H3
QOCHYECKNX SACMEHTOR f S7eMeHTOB NaMATH.

Coyeraue sHayeHuil BXofa B BHYTpPEHHEro COCTOAHHA B ORHH H
TOT e MOMEHT BPeMeHH ONpefeifeT NOJHOE COCTOAHHE yeTpaicTea.

Taxmom peactinoeo yempoticmed HashBawT HHTEPBAT BpPEMEHH
MENCLY ABYMS COCEIHHMH HAMEHEHHAMH ero NoJAHOro COCTORHHA. I'pa-
hiueckoe  WacOpamelne MOCAEI0BATeNEHOCTH HaMeHeHHH noaHoro
cocTosiHis penefinoro yerpofictpa Haambalor mabauyed arearoveni il
WIH masmoeparsod W 4acTo COBMEILAOT ¢ WHKIOTPaMMOi.

Bxojme KaHadhl DepeHyMEPOBHBAIOT, HCNOJB3YA B KauecTee
HOMEPOB HHCAZ, MNOTYSEHHHE KaK CTeneHH Hncaa 2, T.e wyHona
gu of 92 o om=l Dy qncda OPHHATO HA3HBATh ¢BECaMu», npuni-
catHLMI COOTDETCTBYIONEMY BXofy. Hucao r pasauutinx coueratnii
JlayeHHil BXOAHHX CHIHANOB COCTZBAAET r = 2.

TMecarnunuil SKEHBaZeHT 3HAUEHHA BXOLA AJA KaWJOTO TaKTA
NOAYYAIOT CyMMHpOBAHHEM NPOUSBENCHHHA «aHayeHHe BXOAHOTO CHI=
uanas (0 wan 1) Ha ero ¢Becy 448 peeX M BXOIHEX CHTHAN0B {ratn. 13).
B tafauue 13 uvaswuHe HpHOH TOPHIOWT2ABLHOH JHHHH COOTRET-
CTBEYET HAAHMAIO cHrHana (eHHHYHOMY SHAYEHHIO JABOHUHOL nepeMeH-
Hoil), OTCYTCTBHE MHHHH — OTCYTCTBHIO clirHana (HyseBoMy 3Ha-
Henio),

Eean ofHoMy H TOMY e 3HaueHHIO BXOA2 COOTBETCTBYIOT pa3HEIQ
IHAYCHHA BLXO4Z, T. €. PACCMETPHBaETCA penefiHoe yeTpoRCTRO € na-
MATLIO, TO BBOAATCA COOTBETCTEBYIONIHE SJEMEHTEM DNaMATH Jon0aHH-
Te/LHEE BXOAHHE KAHATL §y, Yoy «-vr Yo, KOTOPEM NPHCBEHBAIOT BeCd
Qu Dmtl QedEog o7, g1,

Brefenue SneMenToB HaMaTH MPOIOMMKaIOT 40 TexX Nop, NoKd mofoi
KOMBHHAIHA OCHOBHELX BXOAHHX CHIHANOB (%;,-Xa, ..., Xp) H AOUONHH-
TEALHMY BXOAHHEX CHTHATOB (U, Moy ... Ye) HE 6T COOTBETCTBOBATE
Qino sHaueHHe BuXxoga, Af0 TOARKO B NOCAENHEeM ClyHae Tabaung
BEAIOUENHE, HJAH TAKTOTpamMsa, peanusyema. B uacrTHocTH, TaKTO-
rpavmMa, npuBefennas Bhune (ca. rafamny 13), peanusyema.

7°. Jlas OOHCT2ZKTHHX pefefitsX YeTpoHCTE MOMHO YKa3aTk CJie-
Oyiouil nopAajoK CHHTC3E.

|. 3anucarhk ycaopis paoTe pesieiHOTO yerpolcTba Ha OGHYHOM
AIHKE,

2. MaobpssuTh wyepHuil AUNHKS, YK#348 BXOAHE H BHIXOAE {non,
fUepHEM AIHKOMD noHEMAerca cucTema awofoH (hHaHecKol OpH-
poam, A KOTOpol H3pecTHsl, T. €. 3alladbl HIH AOCTYDHE Habmo-
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TaGarwma 13

Brofgks CHIHATN Homep TaKTd
pleanatIeH e Bec | 2 3
X 1 1 i 0
Xy 2 0 i 1
I
' 4 o 0 0
Juatenne OCHOBHOTO BXOAA Pel = Qo2 | 114 142+ 014 124
+ hd=1 - Q== 3 4+ 4= 2
Bexoanoil curuaa f i} 1] 1
e e R ]
BxogHue cur#ait Hewep Takta
ofinAH AdesE BT 4 5 (]
X 1 0 0 1
X 2 I & 0
Xy 4 I 1 1
Juaucitie pCHOBHOTD BXOAA Gl 124 | 01024 | 1ol 0247
4 lid =G 4 1-d=4 4+ 1-4=5
Braxoanoh curnat | | ] 0

ASHNK, TOALKO BXOAH H BEIXOAM, & CTPYKTYypa H 3HaUeHHA napa-
METPOE e 3JeMeHTOB HEHIBECTHH,

3. Bunwcarts yenopus pa6oTel cHeTenbl B sije Taf/iHIE COOTBET-
CTBM 3naueniit Bxojaa M BHXoaa (TalAHNH JOTHYECKHX ycioBhi),
TalTHiW  BEAOYEHHE, WAH TAKTONPaMMEL,

4. Toasaydacky Tafauuel WAH TakToOrpaMMof, ROJAY4HTh JIOTHUE-
ckie GOPMYAH SAR KaWAOTO W3 BRIXONOB H N0 BOIMOMHOCTH HE
MIHIMHEINPOLATE W YHHQUUHpOBATH,

5. TlocTpouTh CTPYKTYPHYIO cxemy penefiHoro yecrpoicrsa,

6. IMepeiiti or cTpywTYpHON CXEMH K KOHKPETHOR KOHCTPYKTHE-
noil peazwsauul (K SABKTpRYeCKoil, I'HJPaBiHYeCKOH, NHEBMaTHYE
cKOl BAH MexaHigeckKoll cxeme).
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&°. PaccmoTpuM TpUMEP COCTaBAEHHA (parMenta cTpykTypHO
cxeMil peneiinoro yeTpoiicTBa, YNpaBJaaionero y4acTEOM asToMaTHye
cKOM  THHHH,

VyacToK COCTOHT H3: TexuoforHueckix samus Nz 1, Ne 2 u Ne 3,
paGoTalomKX HesaBHCHMO APYF OT JpYra napaiientho B JHikd
I OCYIIECTRASIOMME 08y B Ty e 0fpaboTKy OQHHX H TeX e ofLex-
T0B; ODIEro AN BCEX Tpex Mallini HEKONHTEIR, B KOTOPRIA NOCTY naioT
ofibeKTH nocae ofpabored Ha Jhoi H3 TpeX YKa3aHHHX Maliny;
wousefiepos Ne 1 u Mo 2, pafoTaionuX HesapucHMO JIpYT oT Apyra
napajfeisHo B THHAE B ofecneynBalonnx oTeon OfBEeKTOn H3 Hako-
puTeNd Ha nocaeaylomym ofpaforky.

Yenoens asToMarudeckoll paoTh YYacTKa COCTOAT B CIEYIOomeV:

wousefiep Ne | jonwen GulTh BRAOYEH, ecil B paloTe HaxoluTCA
0iH4 M3 TpeX napainenbHo pabOTAONMBEY TEXHOAOTHUECKHX MallliH
Ne 1, MNe 2 m Ne 3

koHBeiiep Ne 2 jonsen GEITH BKAIO- "
iy m— [r—aiy
tqeH, ecan B paboTe HaxonnTea Joie
By ——3
JiBE 113 Thex YEA3aHHWX MaIlHH; 3
o P § ] e
wousediepat Mo 1 u Ne 2 nomwoau
fbTh BRAIONEHH, ecad B pafoTe HAXO- el e
JATCA BCe TpH MalllHHGIL. Pwc. 20,0, «Yepuufl muws (cxess
B pReCMATPHEAEMOMY DPEMSDHY)

OfigapainM  CHTHAARL  OT. MAalliHH

Mo |, No 2 w Ne 3 (7. e. pXOiHEHE CHI-
Hadh) COOTBETCTBEHHO X, X; W X laaWune CHIHala COOTBET-
CTBYET, BO-NEPBHLIX, HaXOMAEHWIO Malliun B paoTe W, BO-BTOPHIX,
snagennm X = 1 (naa { = 1; 2; 3). Orcyrcrsue curuana CcoOTBeT-
CTEYET, BO-MEepBHX, H2XOMIEHMI0 MAIIHKE B OCTAHOBIEHHOM COCTOA-
HHH M, BO-BTOpX, aHauenmo X = 0. .

Ofoamauny curuaiu k konsefiepam Ne 1 # Ne 2 (1. e. BoiXogHne
curuanu) cooveercrienHo f; w f.. Hanuuwe curaana COOTBETCTBYET,
BO-MEPBHX, HAXOMIEHHIO KOHBEHepa BO BKJIOHEHHOM COCTOARIH M,
BO-BTOpHX, 3navenmo f; = 1 (uas § = 1; 2). OrcyTernie curiana
COOTHETCTEYET, BO-NePBEX, HAXOM/EHHIO KoHBeflepa B BLIKMIOUCHHOM
coCTORAHNH W, BO-BTOpHX, suauwennio f; = O

¢Uepunifi sMK:, AMeONUHH BXomsl, Yepes KOTOPHE MOCTYNAalT
cHreams or matmy NelNe 1—3, o prixos!, Yepe3 KOQTOPLIE NOCTY naior
cHrHanW K KoHBefiepam Ne | w MNe 2, nokaszan na pue. 29.1.

Tafanna sormueckux yeaopuii (tabanua 14) openctapaser coSult
(opMATHIOBAHHYIO 32MHCH HCXOAHBIX YCJAOBHI.

Jlornueckie (GOpMYNH COCTABAAIOTCA CAeLylmuM ofpazoM, ua-
npumep, Ans f; = 1 (curyaunn NeNe 1—3 n Ne 7).

Ecan x;, = 1, 1 %, = 0 (T.e. £, =1), h =0 (1. & &= 1),
m X, =0 (re B=1, =1 0x=0(re = 1), nau
n=0ref=1)ux=00@ex=I1),unxn=1nnxn= 1,
=1 0x=1, 'mj?i= 1.

ChenopareasHo,

!r.l = legfs + ilﬁfa "I‘ fiizxa '1" lez.l'rg. {29.-1]
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Tadawua 14

SHAREHNA CHMEAACE
Homep
noasnH ok DXORHEE REXOTH L
CHT¥IALLHD
xy ] £y | xy fa s
1 I 0 1] ] 0
2 0 1 0 | 0
4 ] 0 1 1 0
1 i 1 0 0 1
5 i 0 1 0 1
G 0 | 1 0 |
l T 1 1 ! 1 l
Auanornuno aan f, = | (curyaunu NeNe 4—17):
fi = x5 + xRk + XX (29.2)

9. Haunem ynpomenne c dopMyiam (29.2), ais wero npunuiem
ABAMAL K €€ npaBol dacTH seipamedne o--x x5k, Tlockonbky
XikoXy + EjXeXy = X XXy, TO STO He HAMEHHT S3anHCAHHOTO JOTHYE-
CKOTO  YCAQBHA.

[Toayuaem (c yuerom toro, o x -+ X =1, a | .x = x)

fo = 0%, & x5, b Xoxe b onxx, + ooxx + xax =
= XX (X o+ X)X (B 4 x) F oo (B ox) =
= X% 4 x4+ nx.  (29.3)

Yopocrum dopuyay (29.1) u nocrapaeMcs YHHGHIMPOBATH ee
¢ oxoHYaTenkHOH dopMol BeIpamenns [‘i)

ﬂpunmnw K npapol 4actd QopMyas {29 1) BEpamenne B BHIE
caaraevnix X0 %, + %6, %, - Xa0,%, |- Xo0,X, 4 B X, x,xaxgk.
E.ﬂ[}]mﬁue HEUKDT(}[}HJC umeroiee dopMy @ab, passo (), Tak Kak a-a = (),
a

Mepennives dopuyay (29.1) ¢ yuerom pobapnennux 4feHoB H
nojpeprien  ee fpeolpasoraluio)

h = %58, + Ex%, + ¥ %0+ agxe -+
+ Bk 4+ EaE, + Bk b Lk 4+ Bk + Bk =
= £ (R &, + Roky -+ B E) + xy (B,F, + XX + &%) +

+ Xy (BiXg o+ RoXy + B Ry + xxxy =

= (n X b X)) (B% - RoEy 4 R RS 4 xxxg.



§ 127, JOTHUECKHE SJEMEHTE Bos

Brpamenne %, £ + %, % + X%, npeofpa3yes, npHMEHHB, BO-
nepoEx, TPHMIH 32KoH npeofpasoBaHiian OTPHUAHHA, &, BO-BTOPHX,
pacnperenuTeALHEH 3aKO0H!

N e F K = 0 F ) H W) ) =
= (X, + &) (% x) 4+ (g + X&) = 6+ x) 06+ Xa) (%, -+ x5) =
= 0y b Ay) (A b oa) = (XK T XX T Xg)

OrondatelbHo noaydaem Gopumyny
Fo= 0 F g F o) (X + XX T 0Kg) T+ XXX, +29.4)

y KOTOPOH COJEpMHMOE BTOpOH CKOOKH coBnajser c npapoil 4acTeo
OKOHYaTEenLHON opMel Bmpametns (29.3), §TO nenaeT GoOpMYyJE

E 1
{ ™ i 1 m e T Tyl
Trg Toy fr-ﬂaE TpIpTy WIS T DI}
1 k> K> i 7| wH3 i R )
s pa pe S | v [ M s

ThT Ty 15&*::4‘;'.‘.‘.&‘ L
[ o] i/ ] L] s | cii | Freim T e S L ) 0 Yy

Wt wez W3 g
- FimST O T DTy
BB v Iy ards
*HED | I

Puc, 20,2, CrpyRTypHLER cxeda (GaoH-cxewa) peachutrs yerpoficres

(29.3) u (29.4) yunduuupopanurmy no Gopme. ClefoparelsHo, OHH
H Te e SMeMeNTH pelefiHOTO yCTpoHeTBa MOTYT OITh HCNOJAbL3OBAHH
AAA peafuzauMH Joravecknx ¢yHrunii no ofeum Qopmyaam, T. e.
fopmynam (29.3) n (29.4).

CrpykTypHas cxema (Giok-cxema) peneinoro yerpolicrpa, pealti-
sylomero dopmydnt (29.3) u (29.4), nokasana ua puc. 29.2, rje Henome-
30Balik CAEAYIONIHE SACMEHTE OAHH SJeMelT tHexn, 3 S/eMeHTa «Hilin»
n 5 saemeHToB «i» (Beero 9 snementor). Ecau 6u Qopuyan (29.3)
i (29.4) ne Gunn yrwduuuposansl, notpefosanoce 06 13 ameMeHToB.

§ 127. Jloruuechne saeMEHTH

1. K2k yxasmeanoce B § 126, [° ias KOHCTpYKTHEHO# peannia-
UHH GAOK-CXeMB penefiHoro yerpolctez MoryT OmTe  HCOOAB3O-
Balul Jiofible SMEMEHTH: MexaHHyecxhe M SJIEKTpHYECKHE  pefie;



G0E Fa. #. CHHTE3 JIOTHYECKMX CXEM CHCTEM FITPFABJIEHHA

SNERTPOMATHHTHEIE pefe; Mem(ipaRHHe NHeBMOpPeNe, BXONSAUIHE B
COCTaB  yHWBEPCANBHOH YHU(UIHPOBAKHON CHCTEME! NPOMMILAEHHOH
nuepmoabtoMarnkn (YCIIIIIA); snementnt cuereMu Mogyaef CTpy -
HOli Texuukn (CMCT); nayumepue (30MOTHHKCEBIE) MHEBMO- o
PHAPOpaCOpeRenyTens W T, J.

Pacemorpnm nekoropuie us a7ux smementon,

2°. Haaomem accuseckus saesmenmon HCMPOCMED, KOMopoe MOMEm
uMemb dea yeMotivuebx COCMOaHA.

Ileproe cocronnne Gyaem oficaHauats uifpoit 0, a Bropoe cocton-
e — undpoii 1. Herpyaso snners, uro mwofoil Mexanuss ¢ ojHoH
CTENeHbIo  cnoBOEl MOMET YAOBAETBOPATL 3THM YCAOBHAM, eci

R
F m—l
o0
f 11
a
il £ —r—
R = £
il . "] s %
- | i

i
g I I 2
Pae, 28,3, Jlorwdeckue onepaTops MOBTCRERNA: @) aornueckil MexaHian: ) oyrenolt
BHENRAETES LD 0] METHATHOE peje; 2) dembpanse peae ¥YOITIMIA

cofmioett YCIoBRA YoToRYHROCTH NOXoMEN BXOAHEIX W BLIXOJHEX
ero sperkes. B anexTpHYeckux (3/1eKTPOMATENTHEX)  9meMeHTaX
nugpa 0 oanauaer ¢HeT TOKas, a unppa | — wectb Toks, B nuepMaTH-
HecKHX saementax Undpa 0 osuayaer «HeT Aasaeusy, a undpa | —
€6CTE NaBfefes o T. 4. Toras ouennaio, UT0 ¢ NOMOINBIO AOFHYECKHE
SJEMEHTOE MOTYT OCYUIECTRIATLCH ODEPAllH, OCHOBRHHEE Ha BLIIS-
H3JOMEHHOH TeopHH OGyfesnX dyakusi, T. e JeHCTBAS, ONHCRIBAG-
MEle CAoBaM#i €A%, «HEe», €H», eHJAH», CGB{}KYTIHGETI: MOrHYeCKIX 3016
MEHTOB J116 BEINOAHENHA 3a0aHHMX JOrHYecKHX onepannil HaskiBaeTcs
Avzuecoll  ghynrued,

PaccmoTpim HekoTopele BEIE MOTHYECKHX SJEMEHTOR.

F°. Ha pre. 29.3 noxasaani JoTrHTeck He STeMenTi LA BHITIOMHeHEA
ONepanny afas, T. e. ONCPAllH NOBTOpeHHs. 3Ta Onepanuf MoMeT
GuTk 3anucana B anrefpandeckoil dopsme B Brge

f=x (29.5)

T.e.ecnu x =0, Tou f=0, necn x =1, 1o f = 1. Hunaye ro-
BOpSA, (GyHKUEA [ nosTOpAeT apryMeHt X,

Jloraueckn#i snement, cocTORNMI TOALKO H3 TEePILIX TeJ, Hasbl
BAETCA NHOTAa JAceudeckii mexanussmosm. Ha puc, 29.3, @ nokxasad



§ 127, JOTHHECKHE 3JEMEHTH GOT

AOTHYECKIH! MexawusM NOBTOpeHHf, npeicrapasounfl cofon ofwu-
uHil pHY2MHON MeXanwaM ConpHKacalomuxcs puuaros. B ostom
MEXAHHAME BXOIHOE ABEHD X MOMET 32HHMATh ABE YCTOHUHDLX TOJ0-
scenna: O win 1. Buxoguoe 3geto f ope x = 0 3apepro B 0oI0MeHHH
f=0, a nps ¥ = | nepegpUraeTea B noJoikenne [ = 1. Guxcauus
3peHLen B YKa3aHHLX NOJOMeHHAX M BO3BPAT HX B HCXOHEE NOM0-
JeHHs BHOOTHAIOTCA € NOMOIBIO Pas/iHuHEIX KOMOMHaUHE ynopos
R TpYHHH,

JMeKTpHYECKHE JOTHYECKIle 3IMIeMeHTH  pasiedalored  Ha  Ase
rpynnel. B nepeoit rpynne cocTosmue BXOA2 XFPAKTEPHIYETCH, KaK
W B ACTHYCCKHX MeXaHH3IMAX, NOJOMEHNeM FaKoro-auGo Teeproro
Tena, @ CoCTOAHNE BEIXOAAa — HaJUYHEM WIH OTCYTCTBHEM TOKAa B JiH-
yuu. Bo Bropoil rpynne cocTostiis BXOZE W BHXOJa XapaxTepH-
ayloTCA HAlMYHEM HIH OTCYTCTBHEM TOKa.

K. nepeoil rpynne oTHOCHTER T2K HalblBaeMull nyMmesot Wl KOHE
netii eoicatouarment wan kionka (puc. 29.3, 6). Tloaprxuas uacTb
[YTEROrD BEKMIOYATEAS NEPeMelaerca Haiarlem Kyaauka Ran ynopa.
B Hena#aToM COCTORHHAH NOJABHMHOH YacTH BHEIKMIOYATeNd SACKTRH-
yeckad [enb pasoMKHyTa, T.e. x = 0 #u, cAefoBaTenkHo, f=0.
B HaaToM COCTOAHHM [lenb 3aMKHYTE, T. €. X = | H, caeqoBaTenkLHo,
I

Ko sropoil rpynne oTHOCHTCH SJAEKTPOMaTHHTHOE pedie, B KOTOpOM
KOHTEKTE 9JeKTpuueckoil wenn (puc, 29.3, ) saMEKaOTCA NMPH Nepe-
MemeHnll SKOpH SJeKTpoMariuta. IIpH OTCYTCTEHH TOKa B 00MOTHE
snexTpoMaruiTa uenk GylerT pasoMKHYTa M, CJIe0BaTeIbHO, X = 0
i cooreercrBenso f = 0. Tlpw Hanwuun Toka ¥ = 1 M, ciej0BATENEHD,
f= 1 Takum ofpasoM, 3MEKTPOMaldHHTHOe pene, Tak ke Kak H
HOPMAZBLHO PaSOMKHYTHE NyTepoil BHKAIOYSTeNb, BRINOAHAET onepa-
IHI0 MNORTOpPEHHS,

Ha puc. 29.3, 2 nokasan npHMep JOrHYECKOr0 NHeBMaTHYECKOTO
sneMenTa, J1o MeMOpatnHoe pesle yHHBEpCAJBHOH CHCTEMBI NPOMLIL-
JEHHON NHEBMOaBTOM aTHEH (FCBI’?I‘IM, HMeoHe YeTHpe pazofien-
HEIX Kavephl, ogH2 H3 KOTOPHIX BCerja HaXOAWTCA nOJ Aap/JeHHeM
MECTHOPO HCTOYHHKE COHATOrD BOSAYXa, 3ra obaacts Ha pue. 29.3, 2
OTMeYeHa ABOHHOR IUTPHUXOBKOI.

[MoapuiKHas YacTh pee BHNCAHeHa B BUAE IITOKA ¢ TpeMaA mewlpa-
HaMH, MpHuYeM cpentsas wmemOpata WMeeT auaMeTp, foabwni  gHa-
METpOB [BYX APYTHX memGpan. B 3aBHCHMOCTH OT pacrpeleiein
RABMEHHA B KaMepaX peae, memOpansl nporafalores B TY HAH HHYIO
CTOPOHY H NOIRHKHEI IUTOK, nepeMeniasch, 3aKpuBaeT pepXHHH HIH
HUMKHHA Kapans., Jns BHOOJHEHHA onepalud NOBTOpeHHA Mepbad
NHEHA CBA3H, of03HAYEHHAR KPYMKKOM © TOYKOH, NPHCORIHHAETCH
K Hamophol JAWHHM, BTOpas JAuHAA cBA3N, ofoaHateHIlas CTPENKOH,
coeunAetea © armocepol, & TpeTbA JHHNA ABAAETCd BLIXOAOM.
Jlaa BHNOJHEHHA omepallyl NOBTOpeHHs BXOA H BHIX0[, HanopHad
Muuka W atMmochepa coenHHAOTCA ¢ pele Tay, K&K 3Te yHasano Ha
puec. 29.3, 2. Ecnu ver gasneHus B NOJOCTH, coenHHEHHOR CO BXOAOM,
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T. e, x = 0, To WToK nog geficteies JaBAEHHA MecTHOTD WCTOUHHKA
IJeT BEEPX M 3aKpHBAET KaHal, COBIMHEHHHN ¢ nanopHol Anudel],
t. & f = 0. Ecans 5 nonoctd, coeNiHeHHOH CO BXOAOM, eCTh JaBMeHe,
T.e. ¥ =1, To IWTOK HIeT BHHI Nog AeficTBHEM STOr0 JaBJdeHHds |
OTKpHIBaET KaHal, coelnHennufl ¢ HanopHoH sauumell, T.e f= 1.
[Mpu sTOM OH CAHOBPEMEHHO 33KpHBAeT HIMHHN HaHan, coobliaw-
muHcA ¢ arvocthepoi.

4%, C noMomplo Tex e THAOBHX JOHYecKHX SAeMeHTOB MOTYT

OuTe BHMOAHEHH H ApYyrHe fAornueckse onepanun, Kak 6Gmao
F=F
f .wr
110
0
i o
& 2T f x
V. -——-—f}-_——ﬁf 4

Pac, 20.4. Jlorgueckie oiepatopil NOBTOPEHAA! &) normveckuft mexawnsm: ) nyrepcl BE-
KIRSaTeab: o) sarwpTHoe pene; &) Memfpansce peae YCITINA

NoKE3aHo BHILE, JOTHYMeCKan onepaiMs sHes, T, €. OnepayHs orpH-
laHHA B JorHgeckoH qopae, Moxer OHTE 3anHcaHa Tak:

f= X, (29.6)
uTo o3uayaer, 9o f ectb He x. Ilpn 3rofl onepamun, eciu x = 0, T0
f =1, n, Haotopor, ecan x = |, 7o f = 0.

Ha puc, 29.4, a nokasas Jorndecknii MexaHusm orpunanua. Ha
puc. 29.4, 6 noxazan nyrepoil BukMoyatens. na sunoanenns orne-
palliH OTPHUAHHA OH J0AMeH OHTh HOpMandbno 3aMruyThiM. Ecaw
OH He HaMar, T. e. X = 0, TO B llen# ecTh ToK, T. e, f = 1. Ilpn namxa-
THH Ha Hero, T. €. KOrjla X = |, Uenk pasMuKaeTcsl H TOKA HeT, T. e.
f=0. Ha puc. 29.4, 8 nokz3zana uenb 3JeKTPOMaTHHTHOTO pene,
KOTopoe JOMMHO WMerb pasumukaiompe kontawktel. [lpun oteyrerenn
ToKa B 0OMOTKe JERTpOMarHuTa, T. €. Korga ¥ = 0, lens saMkHYTa
#, cheponatensuo, f= 1. IlpH Hanwuue TOKa, T. € Korpa x = |,
lens KOHTaKTa padMiikaercsa, T. e. f = 0. Ha pue. 29.4, 2 nokasano
nuervartnyeckoe menbpannoe pene YC2MTA, Tpun x = 0 wrok Haet
BHK3, OTKPLIBEA K2HAM, CORAMHEHHHH ¢ HaNOpHOH JWHMEH, W, cieid-
patenbho, f = 1. Haofopor, npn x = | WiToK Kier BBepX, OTEpHBaA
A0ETYN Bo3ayxa K BEXony, T.e f=10.

Joriyeckan onepau#s eus, T, e, ONepanua yMHoMeHus B anref-
panyeckol qopme, MoxeT OHTB 3a0HCAHA TaKi

[ = x%. (29.7)
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B aasncHMOCTH OT cOCTORHHI BXON0B X H Xy MOTYT OHITE HeTHpe KoM-
Guwanun x;, %, W f, nokazaunke B Bepxueil Tabinne na puc. 29.5,
3‘1‘!1 L‘IHEI}HT.T,HH BRINOMHAKTCH JOTHYECKHM MEXEHHIMOM, HDHHHEHIIHM
Hz puc. 29.5, @, WM NOTHYECKHMH 3MEMEHTAMH € JBYMSA BXOAAMH
€ NOCAEAOBATENLHBM BRIIGUCHHEM SJCKTPHUECKHX KOHTAKTOB MyTe-
BHX BHKmouateded (pue. 29.5, 6) M KOHTAKTOB 3MEKTPOMArHHTHMX

flf_f_l

Pae, 20.5. MoratecHus OnepaTopd CAOMelHE B YHHOMEHHR

peile nan ¢ nomoumpslo memGpannoro pene YCIIMIIA Tak, Kak sto

MoKasaHo Ha puc. 29.5, a.
HJoruueckan onepauns «MONE, T. 8, ONEpanwA CAOMEHHS B JOTH-

deckoi opue, MOmeT GHTL 3anucaNa Tak:

[=x -+ x,. (29.8)}

B aamucumocTs o1 cocrosmmi BXOROBE % M X, MOryT OHITh YeTmpe
KomOunamun. B mnxiell Ta61une na pue. 29.5, 2 v @ nokasaHo, Kak
ITH KOMOHHZIHH MOrYT GEITH BLITOMHEHH € NOMOITHIO NyTeBbIX BREMIO-
SaTelIC H KOHTAKTOB S/eKTPOMArHHTHEIX PEe HaH MemGpaHHRIX pene
YCIIIA,

20 W, M. Aprofionescreh
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B sawmiouenne oTMETHM, YTO B HacTOMILEe BpeMs paspaboTanm
i IDVIHS THIE JOTHYECKHX SJAeMCHTOB |:!'|-![1§JLEIIEIft'FH:{ZE'I-'[E':f AMeRTpHYE-
CKHE, NMHEEMarHYeckHs, THAPABANYECKHE W T. A.), Kamouil H3 KoTo-
PhIX HENONBLAYETCH B 2aBHCHMOCTH OT (eX KOHKPETHHY 33/181, KOTOphe
DOUVGKER PEWIHTE KORCTPYKTOP Maliiin-aeroMata. TaxkpM ofpazsom,
HCMOAB3YA JIOTHHECKHEe SMeMeHTH, HeTpYyAHO OCYILECTBHTL GAOK-
CXeMy, NOKasaHHY Ha pue, 29.2,

lipumep 'Y, Ha pie. 286, @ nokazaua cxewa yerpollcTea, COCTORILETD W3 TPER
KoHBEEpOn, NP0 IOMOLE KOTOPEY 1 naaTfopMy nomaiotes wane. [Inatdopwa 17
NOLHEMESTCS, BCAH HA NER ORAILDSOTCH QUORDEMERND HE MUHEE IBYY RAUIHEGE.

Pac, 28,0, Cxeds yopanseunn GONBCReDoE LA ORI HElikol: o) ofar cxena yerpoficrnag
O) cxema yopaniesnst © 17 KCHTaRTIME! &) CXCME YNP-BReRRR € 5 EONTAKTaMI

[Mepesemenne naaTdopas CCYIIECTEARETCN CSMMAMLELY MEXAHHIMOM, Ha pUCYHEES
He nokazanien, JIBHESHHE DOQLEMHONG MEXBHHIME OCYLIECTUARAGTCA RHESVATHIE-
CEIM MEXZHHIMOM, YNPaRIRenby SAPETPONACHETOM, BRIIDUCHINLNM B 3T8KTPHYECK) 0
CETE TPH MOMUILHE EONTAKTOR X, Xp H X, KOTCDEC BROONAIOTCH NOCTYRAIGWARME HA
RIS (et s TOA T ST TH EY T
B nogrempoyw wexapHsme posfymiacTeR COTHAN, ECAR
I} Brawmensd KOHTEKTH ¥y 0 Xy, 8 RUMITAKT Ky HE BEIOWEH,
g] BHIIGHENE ROMTEKTLL Xy W Xy, 3 KOUTAKT Xy WE BHEIOYEH
W 0y BREEDOENL HONTAXTI) Xp W X, & KOWI3T X, HE BETOUER.
B cooTHETCTERN © FTHMH yOACHEMMH COCTILAREN AOCNRECEYe GopMyay BRImue-
HEA NYTeERE BEEmovatercid, Cormacwo § 1N ameesm
P= xxyy+ mkpxy + Fixaky + axpxs. IA)
Kag ywaswmasnoes 8 § 126, weproil naa Oykeoll cfcawasacm ofnepauim enes,
T. €, KOWEAKT pasosminy?, Ha ccuoBanhn npueeionsoil g puyas cocTapases: cIpy K-
aypuyma exesy (pue, 296, ). llonsaysace npapnitami aire0pe JOTHICH, MOKOO Bl
pamenne (A) aHAYHTEALKO YNPCCTHTL, Jlefic1anTentio, CpefeTasin kupamciye (&)
B Chegypes mHne:

Frwpxeds b aoRors b Byxxs b xpxexy -+ w2y ()
Ear Gwao nuxasnio bade (oM. gopasyay (293,
Fe= xpg (g b xgd 3 opry (85 + %) -+ xoxg (2 + x)e (B)

Tak Ha®x RaWOCE HI FRpaMeHER B CHOORAX PABUO egMuHLE, TO NOAYwHM (RaK
B BHive, B dopayas (29.3)):
[= 2%+ %% b xaxa, i
THrNR CTPYRTYPHaA cxenta (PHC. 2006, 6) apaauTeALHO YPOCTHTCH H MRl NOOYShy
CTPYETYPHYIO Creny, ROKAZANNYIe Be pec. 296, &, B potopoll 72 %e 334853 pPeUIaeToH
HE © MOMOWLLHY TESHELNETH, 8 SCElC C NOMOd L3 NATH KoHTaNToD,

) Tlpamep seamcTeoBed w3 kinrw: 3wwossen B, Al Kype Teopsn mexa-
miavon @ opamun, — Mo Haywa, 1972, — C, J63—364,



§ 126. TPOMEIINEHHBE POBOTH M MAHUMNYIATOPH Gl1

Fnapa 30

KPATKHE CBEAEHHMH N0 TEOPHHW POBOTOB
H MAHHNYNATOPOR

§ 128. TMpombiaennse pobOTH H MAHADNYJAATOPS

1°. TlpHuUMNAATEHO HOBHM SJEMEHTOM CORPEMEHHEX TEXHOMOrH-
YECKHX CHCTEM ABISIOTCH NpoMeIIfeRHe pofOTH — KAace aBToHOM-
HEIX MAIIHH-ABTOMATON, HMEHUME YHHBEPCAAbHEE HCOWIHHTEABHEE
OpraiH B BHJIE MCXAHMYECKHX €PYKs, IBICHCHHAMH KOTODHX ABTOMA-
THYECKH YNpPapadioT VHHBepcaabHue yerpoficTea. B sTuX MantuHax
rapMOHHYeCKH COUETAIOTCA MEXaHHUECKHE COBEPINEeNCTBE TeXHOMOIH-
YECKHX W TPEHCHOPTHEY MAWMI, ADCTHAHMEE HA CORPEMEHHOM
YpPOBHE Pa3BHTHHA MALHHOCTROEHHA, T. €. BRHCOKNE NOKA3ATEMT TOU-
HOCTH, OHCTPO/EfiCTBS, MOUIHOCIH, HAJCIKHOCTH, KOMOAKTHOCTH,
¢ HHTeMJIEKTYanbiikizlll COBEPLICHCTEAMH, KOTOPBIE OGYCNUBMACHH CO-
BpeMEHHEM VPoBHEM TEXHHKH apTomaTRueckoro ynpaenenus. Ciona
orHocATCH GOMbINOI 00BeM naMsaTH, cOecneunBalomi foabiuoe Y10
BOSMOPKHEIX MporpaMm AeRCTENA; yAoOCTBO NHIMCHEHIH DIPOrpaMMb;
CNOCOBHOCTE KOHTHOMHPOBETL NMPaBABEOCTE CHONX neHCTBHE; anar-
THEBOCTE, CNocofHOCTE peardpoBate Ha N3MENeHHe BHEIIHEH CPeth;
crnocoBHOCTL K CaMOOBYYEHHID H K ONTHMaNbLHBIM ACHCTHMAM.

[lupameecs HCNOALIOBANKE NPOMBIIIJEHIHX POBOTOB CRIZCTENb-
CTBYET O NPHHIMNHANLNG GoMee BEICOKOM YPOBHE PASBHTHH TEX 3Jie-
MEHTOB TEXHOJOTHUYECKHE KOMIICKCOR, NOTOPHE H3JEBHA NPHMEHEIOT
/A ABTOMATHUECKOID OlIepHPOBaHHA WITYYHEIMH ofLexTaMp olpa-
GOTKH B KOTODHE OOLIMHO HOCHT Hassawne asmoonepemopos (WHOrAA
HX HasHEBalOT GeroMaHUMyARMOopany, ramonaxiadomu W oT. JL).

2°, Apronnepatophl HalJIH mpHMEHEHIe OYKBajibHO BO BCEX OT-
pacisx NPOMBILJEHHOCTH AhS  ONEPANM  3arpyskH — BHIFPYSKH,
wTabepoBaHis 1t APYTHX TOMY NOJ0GHHEIX ONEpallni.

Cxpar aBToONEPATOPA T BHAEC KICUEROIO 3aXpara, MHepmaride-
CKOTO DpHCOCE, BANHKA € JUNKoH Jewtoll, sierTposaruuta U 6p.,
Yalle BCEro COBEPLIART JBHIKENIE 0 TPAEKTOPHH ¢NOALEN BEPTHKANILHO
BEEPX, [OBOPOT B TOPHSOHTANLHCH IJIOCKOCTH, ONyCKaHHe BepTH-
KATLEO BIHSs, SarteM OBimeTes oSpaTHe no ToMy e oyTn, [OpH 3TOM
JUIHHA BOPTHKANLHLIX YUACTKOB TPAEKTOPHH MOMKCT OT UHKNE K HHKNY
HSMEISTRCA B COOTBETCTONH, Uanpumep, ¢ pucorofl wratens. Ha
pue. 30.1 nokasana KHuEMaTHuecKasn cXema paGoOTH TAKOro ABTOOME-
patopa, HMEWOUErc Ape cTeneHH cuofoad. Ha pne. 30.2 nokasana
CXeMa  THUOEOFD YHIHINPOBAHEOND CHApPOMEXanHyeckoro Gacka
aBTocAepaTopa, OOECHCYHBAIDLLETD ABHMEHNHE N0 JBYM KOOPIHHATAM,
T. €. oOnagawiiero AEYMA CTCUCHAMH CBOGOAR, HAK 5T0 NOKA3ZHO
Ha pue, 30.1 DBuixouuoll oprad Oioka BLIGOJHEN B BEJIE CTaKaHa 1,
FECTHO COeAHHEHNOTO C NOopUIHEM 2, HMEIOHINM BO3MOMIOCTE CROJL-
SHTE N0 NWIHIeBoMy saay 3. [lpoionsnoe BO3BPATHO-NOCTYNATENLHOE
ABHAEHNE OCYLIeCTRAACICH NOCPEACTEOM NOPLIRSA 2 ruApouHaHHLpE

mi
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nepyxcropoHiero peficrenf, [loBopor crakawa [ ocylecteisercs
nocpeicTeEoM nopimuell 4 v 7 ABYX FHIPCUNARHAPOB OUHOCTOPOHHETD
neficteua. [lopmin 4 w 7 ceAsanm ofuipM WTokoM-pelikol 5, Haxo-
ARNIIMCS B sasenaenny ¢ mectephedl 6, mecTo cupdel na saay J.
K phxomgHoMy oprasy ogHoro filoka, mokasanmoro Ha puc. 30.2,
MoeT GHThL GPUKpenJicH apYTof, TOYHO Takoi Je (JIOK, B peayiabrate
gero MoAyyaeTcA MeXauHaM - aBroorieparopa, obaazawomnii  we-
THIPEMSA CTENEHAMH CBOOD-
au (pue. 30.3).
AHaJOrHUHD TIPH CKperi-
JCHHE TPEX THNOUBX Gro-
KOB, foKazaHHEY ia o

i
! [ —
= = 3
T I ——
= A
.- R A -
ST !
i 5 & ?
Puae, 301, Cxema  ane- Pre. 40.2. Chemz fRNOBOMG YHUPHURPORAHEOMD
HOEHIES OBTOONEPATOpA THAPOME X HHGECKOrD ON0Ma  8BETOONEPATOPE,

OfAH UG ErD LEYME CTENedAMA Cho

pue, 30.2, noayvaercs MeXanwss apToonepatopa, obiasatomuil wes
CThIO CTEMCHAMI CBOCONH.

5% O6man cxema NpoMulLieHHorn podoTsa, OCHALIEHHOO aBTo-
HoMHOR cHeTenMol Wi poBoro NporpaMMHOrg YNPannelns 0N yopap-
naeMoro yausepcanstof 2BM, nokazana na pue. 30.4. Tposennaen-
Herfl pofor ofaedo obmagaer 4—06 crenensmu caoboakt, T. €. ovfecne-
ynpaer nepeMenienne paloderc oprava no 4—6 woopaubaram. Ha
CXEME MoKasaH npoMbimachuedl pofor, kopnyce | XoToporo nepeme-
maeTcd no penscopoMmy NyTH. BepTHRanwnas Kononna 2, Hecyuias
EpViY® J, MOHET NOBOPAYHBATECA L TOPHIOUTATLHON NAOCKOCTH 1a
yroa 2B, «Pyras J MoMET NOBOPAYHBATECH B BEPTHKANRHON NAGCKOCIH
Ha yroa 2o 1 BoKpYr oot X Ha yroda g, nepeMelllaThel BHHS — BBEPX
Ha paccrosnme f{ W BRABNraThCH BRepei—Hazag Ha pacceTosHne L.
Cxrar 4 MOMET NMOBOPAYHBATLCA Ha yroa 2o, W OCYIIECTBJSNTL CMbl-
KaHIle—PasMEauKe ryfok.

[Npovuiitennsie podoThl OOBIYHC MMEIDT ADTOHOVHYIO CHCTEMY
YIPaBACHTA HAH yHpasdeHHs 1o cXeme npaMoro ynpanienns 3BM—
LTy,
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Ha pue. 30.5 nokasad nanfoee pacnpocTpaHeiuil BHI NPOMBILI-
nennoro pofiora, Ha prc. 30.6 nana ero KHHeMaTiMecKas cxeMa.
Feay yYHTHIEATh ABHMeHHe ryOoK, 10 mMexannsm na pue. 30.6 Oyner
ofAANaTE WBCTLI0 WITH CeMBIo
creneiaMy  ceobOALL. Ha
puc. 30.7 nokasano, B KakHux
FPAHHIIAX  MOIYT  OCYILECTE-
NATECA NBHMEHHS MeXanuiMa
pobora.

Tlpomumnennse  poborsl
KAK UHKIHMECKH DefAcTeyiLHe
SAEMEHTH  HCHONB3YIOTCA B
COCTARE TEXHOIOTHYECKHX KOM-
MNeKcoB AA# BHOCAHEHHH Cca-
MEIX PasiHYHBIX OhepalHi: Kak

O o= ¥

o

11

i /

Prc. 80.3. ExpemaTnuccion cxeMo Pac., 20.4. Dfuan cxeMa NROMELLGEHECTD
BETOONEpATOPd, offagmomers He- pofoTa

THFLMA eTeleiaMl caolok
cob6CTEeHHO pafounx (cBapka, oKpacka, cOOpKa), Tak H UHKIOBHX
BConOMOTaTeIbHBX {paarpyska—aarp}raxa npeccos, ITEMOoOB, JHTLE-
BHIX MaminH, METANJAOPEHYUIHX CTAHKOB, HOHTPOJIBHEX amm:mu).

Pre, 30.3. Odinefl oin nposwmae - Prc. 30,6, KpnemnTevecHan cxems poboTa
Hore poborn
£°, Manunyaamopost HAsHBa0M MEXHUNECKoe yompodcmeo, nped-
HOHaUeENHDE OaR Sﬂfﬂpﬂuﬁd‘é@fﬂﬂﬂ pmﬁmu_r cfyynxquﬁ Phk HEAO0RCK,
Pofiomass noaesion MOHEREAATIOPE, CHOGNEEH MBS opeqHaMil nepe-
Meenis o CUCmEeMar OEMOMAMEEECR0a0  EnpasteHiR. [lonatne
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eNAHUNYARTOP» OXBATHBaET IUHPOKHA Kaace ynpaBAsemblX yeqobe-
oM, HCNOCPEACTRECHHO WAH N0 KaHalam CBASH, TEXHHYECKHX yoT-
pOfCTE, MpeAHasHaueHHsX AAA BOCHPOH3BEJEHHA HEKOTODHX ABH-

L1

Puc. 30.7. Cxexa
TOM iR EHHR

CUYUSCTRA NEMuX  poGo-

rarebHEX QyHEUHE pYK 9€10-

LEKdA, B XOUe BLIMOJHCHHE KUTO=
PHX  OCYRIECTSJAMETCH  lejeHa-
NpaBIeHHoe  MaHHNyIHpoBaHie

ofLerToM obpafoTER WIH HHCTPY-
MENUTOM,

Cnenpyet suigennTh Takol che-
UHpHYECKHH H0AKAACC MEAHAGYNA-
TOPOB, Kak yiupasaseMule GHoTO-
KAMH MaRNNYIATOPH, MWIBH KO-
TOPEX UOJOMEHA B OCHOBY KOH-
CTPYKLHH EKTHSHOIO NpoTesa py-
Kn, pazpaboTadHoro  rpynnod
VHEHBIX 1 HHMEHEPOE MO8 PYKO-
sopcersom A, E. KoGpunckoro.

Ha pue. 30.8 nowaszan aneck-
rporpapasiHyeckinil  GHOTOYHLI
smanunyaatop. OT TokocbeMHu-
ka [ (HAKJZAOHLIX SREKTPOAUE,
passementux B Opacnere B of-
NACTH  PACHOJCMKEHHA MBI,
YOPARIRIOUIHE KHCTLIO) GHos/ek-
TPHYECKHA CHrHAT Yepes YCHau-
Teas £ (WMennlHE aBToHOMHLIE

Gackn nurauus [0) noctynaer B sAexTpoOlHAPABIHYECKHE JOJOTHIKH
d, cHafwennule nriamy &, obecneguealOUHMH NOCTYNAEHHE Macaa
B ruipounaudap 6 or rugpomoropa 5, OPHBOJHMOrO B JIBHAteHHE

=

e —— e -‘-=!_—=:F

Pec. 30,8, 3aexTporngpasanuectisd GnoTOuNN A ma-

HHOYARTOR

INeRTPpoABHraTesicM 4, HAH
CAHE Macia B pesepsyap §,
B sasHcuMoCTH OT Toro, B
KAKYI GooCTE  THAPOUH-
J'IHHIIE}H E I]OCT}’IIEET k-
KoCTh, NaNbils KHCTH 7 3a-
MBIKEIOTCH B NOJDMEeH Lie-
GOTH HAR PHCHPHMHHI{H‘ER,

B nporesax ¢ Guosaex-
TPHYECHHM ynpaBleHHeM i
KauecTse MNpPHEOLE  JBIKE-
HiHA OOABWLOrG Mansia o
GaoKa OCTANBHHX HETHEX
HAMLUEE HCTIONB3YETOH MH-

HHEATIOPHHIH SJeKTPoABRIATe/Ib, YNIpaBaAfeMulil ABYMA HE3ABHCHMEIMH
GHOSJIEKTPHYECKHMH CHTHAMAMH! OAHH LAF VYNPABMEHYS CXBATHES-
HHEM, Ipyrofi — IAA yOpaBacons packpuTHeM,
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TeXHWUCCKH BOSMOMHO CMYBCTBACHHE MaHHNYJISTOPOB (B ToM
gUCIe W NPOTE30B) 10 CHJE CXBaTa, KOrAa cosiaercs ofpatHas cosss
¢ TeM, uTCOLI OMEpaTop NOMYYasa OUlYLIeHHs 3HAYEHHA NaBAeHHA
B pasfHUHBIX YYACTKaX patoyero oprana (CXBaTa HAH HCKYCCTSCHHOM
KHCTH).

5°. Mauunyaatop, npejHasHauedHblii Ans padorsl B OCHOBHOM
B SaKpuITOM NoMelllennn, nokasan na puc. 30.9. Tenemka 2, necyuwas
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PRz, 300, Cuuummphun MEHANYAATOP C ONCTARLEOESHIN YID3DAeHH B

IAPHHPHO-CTEPIKHEBYIO €pYKY®, COCTOSMUYIO H3 «nfedar u «npef-
nJeyLA 00 CXBATOM, [epeMellaeTcs 10 NOOBECHBIM PENLCOBLIM OYTAM
B TOpH3OHTANLHON GAOCKOCTH B ABYX B3aiMHO NephEeHAHKYJASpHLIX

Poc, 4000, Konepyowsi mai@nyasmop

panpaphenusx. Csasb ¢ nyAbToM ynpapnenus J OCYWECTBJAETCH
oo satieApliony xanaay. HaGamofesue ocylgcTBAACTCA € NOMOIBIO
TeAERE3NIOHAON CHCTULMHI, YOpapneHue — pyuylioe, ¢ 0yAbTa, HIH
¢ nosouieio IBM, nan Bo siamsoieiicreun wenobexa u IBM.

6°. Iupokoe pacopocTpanenne, ocobeRHO MPH MAHHNY/IHPOBAHHH
rE3AHAHEMI CNACHKRME 1050 YeinBEKd BellecTBani, OOJYHHAR KEOGH-
pyloupe mannnoyiastops (pac. 30.10). [lepememente Te/ieKH MaHH-
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MyASTOPE OCYHIECTBARCTCR MOCPEACTBOM YOPABIAWIHE HMOYNLCOB
¢ KHOMOUHOPD OY/ALTa CTAHLHN ynpawiedus [ Bee Apusenra epy-
goite 2 MalHOYAATOPA OCYUECTRAHIOTCS © GOMOILLIO YNpapasouieh
Py J, YCTAHOBASHHON Ha CTanuy ynpasiaenus, JIBixenun ynpas-
antoulelt «pyKHe 3, NPOHIBOAHMEE HEHA0BEKOM, € NOMOLLIO cAeaAeH
clieTen BOCTIPONIBOASTCH «pyKoiis 2 maHunyaatopa. Pasyaeercs,
NpH STOM VCIJNA, PaISHBACMEE MAHHNYJIATOPOM, MOTYT 3HAUH-
TeALHO NPEeBOCXOANTL YOHJHE YENoDeHd.

Mapunynaropsl € ABTOHOMELM HJAH  UEHTPadnsoBsdiLM  [po-
rpaMMHELIM YNPABIEHHEM, 8 TAKIKE MAHHNYIATOPLW € PYUHEIM YTIPAB-
NEHHeM, B TOM YHCAE H KOONpYIOUMe, C TelcynpaeleHHeM, B Bijie
CTAUMOHAPHEIX 0011 NEPEMENAIOWHXCA no cylie (KOJeCHUWX, TYCeniy-
WX, CTONOXOAALIHX SKHNamed), B Boje, B BosayXe wA# B OGeanos-
JAVUIHOM NPOCTPAHCTBE YCTPOCTE WMEIOT (UHAPOKHE NepCrexTHHE
HCMOABIOBAHKHA NPH OCROSHHH MOPCKHX CAYGHE, KOCMOca, TNpH Ma-
HUNYAHPOBAHHN rpoMO3KEMy ofbekTamy (CpyGIeHHEMH JePeBLAMH,
kpynHorafaprTHLIME SNEMEHTAMH  MAUWHOCTPOHTENBHBIX H  CTpou-
TennHEX KOHCTpYHKOHA u T. 6i.).

7°. Kpyngefimum NOCTHMEHNEN TEXHHKH NALMX Jxell AnasioTes
TencynpannaeMbie COBETCKHE IYHOXOAL, cHaOxeHNHne coeolpas-
HEDMH MaHENYJATOPaMH, B YacTHOCTH, 048 BIATHA npol JAYHHOrO
rpynTa,

PasenTie MengiubE! H MelHKO-GHONOTHYECKHX HCCHeloBaHull
MEKPOMHHHATIODH3AUMS aNNapATYpLl BLIZBANH K HI3HH MHKDOME-
HIINYAATOPL, MO3BOJSIONE C BHCOKOH TOYHOCTSHIO ONEPHPOBATH
MHHHATIOPHEIME - o0 LeKTaMH.

Kag Guao noxszavo senue (on, § 11), sexannsub «pyKs Mannny-
AsTopa oOpa3oBaHE W3 HEIAMKHYTEIX KHHEMATHUCCKEX Lelefi C fe-
CKOALKHAMH CTENeHaMi cBofioan, ualle BCErD C [SCTLID KA CEMbID.
B ncHOBHOM NPHMCHRIOTCH MeXaku3mel ¢ napavi V. oknacca. sPyias
[0 KaMaoi creneHH cnofol oCHANIeHa OTASALHEIM IPHBOAoM. ¥ IpAE-
NeHHe NpHBOLAMH MOMET OCYILECTBAATLCH OT aBTONOMHOND HpOrpan:t-
Horo yerpoficrsa, of DBM maK HenocpeacTBeHHO YeNOBeROM-olie-
parcpoM.

¢Py K1y TPOMBILLACHHEX poloTOE H ABTOMATHYCCKH JEHCTBYIONIX
MAHETYARTOPOR, obAajaiouie GONLIINM YHedoM CTeneHed cBoGoiil,
MOTYT COBEDILATL OANY H TY e ONePaluio, HANPHMEp NEPEHoC rpysa
H3 onHofl TOUKH B APYTVIO, MHOMECTROM BOSMOMHEIX CHOCODOE.

TlepchexkTHBE PAIBHTHS OPOMBILUIEHHEX poloTol H MaHHMymd-
TOpoB CBAZANE € NpHAaHKHeM WM CHOCODHOCTH OCA3ATH, OfOHATL,
BHAETE, OUYILATH JMCTAaHINIO, YMeTh pacnosHapath ofpasu, peard-
pOBATL HA TENJAOBHE M SJAEKTPOMATHHTHBIE HITYUCHHA LIHPOKOID
nHanasoHa.

[lpofineMa oNTHMANLHOTO NPOEKTHPOBAHHE, COINANHA H BHEIpE-
Hif B WEPOKHX MacmTaGaX Npousiufentbix pofoToB n MabumyJ-
TOpOR HMEeT NEPBOCTENCHHOE COLHANBHOE M IKOHOMHUECKOE 3HH4C-
uie, who Boe 5T YCTPOHCTBE HpefHA3HAYEHE LAR TOro, yrol odser-
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qiTh YEJNBEKY BHIOMHeHHe HAHGOMEE THKENBIX H ONacHHX onepanyi
KOK Ha 3eMJe, Tak H NpH OCROCHHH OKeaHcKaX rayine o koc-
HOCH,

&. MuorooGipasiie CYMECTBYIOULEX MaHNGYAATODOB Jenaer He-
OOXCAHMEM  BX  wiaccHduxaumo, B oee oCHOBE NONOKEHE Meron
YIPABACHIA, BI CBASH MENIY YNPaBAAOILHME # HCNOMHHTEILHEMH
MeXauu3mMaMi, @ Takie HeKoTophie KOHCTPYKTHEHBIE fipu3nags '),
(IfLIYHO MARHNYJATOP € ABTOMATHuUeCKOH cHCTeMoill YnpasieHns Ha-
SWEAIT poGOTOM-MEHHNYJAATOPOM HaH Npocto polioToM.

MaHRNYARTOPE  ABAAIOTCH  COOMHBIMH  TeXHHUECKHMH  yCTpoi-
CTBAMH, HX COSNAHKEM H HCCHAEIOBaHHEM IAHHMATCA CTNEeHanncTi
B o0JacTH MEXAHWKN, aBroMartiid u knbepuernrn. Mu Gyaem pac-
CMATPHBATE MAHHNYJAATOPH B OCHOBHOM € TOYRM 3penus obuef Teo-
pHE MeXaHH3MOB, T. €. KakK NPOCTPAHCTBEHHLIE CHCTEMB € HECKOJIb-
iuMH creneHaMy csofoput. Ilpn nayyeHnn MamnDyJAsTOPOE © STHX
nosuiuil HeolxoaHuMo:

1) wccaenoBanne CTPYETYPL EWHeMarTHuecKol Lenin Mexanude-
CKOH DVHH,

2) wccmenoBaHKE BOMNpPOCA O Nepejave OTHOCHTENBHHIX TepeMeLle-
HIFT 3BCHLEE MAUUNYAATORA ¢ YNPABAADIEro MCXAHHIMa Ha HOOOM-
HHTEABHE

3) BEIABJEHHE CNOCOOOB CERSH MENIY VIPABIRIOWNM H HCTIOTHE-
TEMLHLIY MEXaHESMaMH MaHWGYIATODA,

Bonpoc o crpyiType GPOCTPAHCTBEHIIMX HE3aMKHYTHIX KMHEME-
THYeCKHX Uenefl 0w Hamu paccmorpen meiore (oM. § 1L

OcranoeiMcd Ha TEX  BONpOCaX CTPYKTYPH  MaHHOYJ/JIATOPOB,
KOTOPLIE HMEKT HeNOCPelcTEeHHOe K HUM OTHOLEHHE,

§ 129. OrHOCHTENBHBIE REMINCHHS 3ReHLEB MAHBRAYJAATOpPA

I°, Banaua o KoMHpOoDaHHH 3EXBaTOM HCNOMIHTEILHOTD MeXa-
IMH3Ma MaHunyAATopE ﬂEpL’MQL[J,{EHIfﬁ, 3aMaBaeMElLX }"I'.IPEBJTHIGEIHM
MEXAHH3AMOM, CBOJUNTCHE K TOMY, HTO 3IBCHLA nepnnm MeXdaHHIME
JIOTRCHES UE}"LTI,EETHJIHT& Te e OTHOCHTeALHBIE IBHFOeHHA, KaKHe
HMEWT MECTO BO BTOROM. Crerema mepenan A8 B{RTHPQHBBE,EE‘IIHH STHX
Jtsennil Mosmer OuTh pasanunoil. Hanpusep, B HEEKOTODLIX MaHi-
nydaropax }’HEJ-HBJIE]DI.T.I.Hﬁ MEXAHNH3IM CCHAlaeTCR JaTHHREOM OTHOCH-
TEJALHEBIX i'.IE].']EMEIJ.L{',HHﬁ ero 3RCHLEE. CEPHUIIpHBﬂ,'J.hI. pEEITDJID}KEHIIHE!
HENOCDEACTBeHHD HE MOABHMHEY SBeHBAX HCTOWIHHTEALHOMD MexXa-
NW3Ma, yNpaelaiores CHrHalaMy aTHX AaTYHKEOBE H GRHEQIAT HCTOMA-
HUTenGHMA MeXaHusM B NOJONEHHE, COOTBETCTBYIONIEE NONICHEH I
FANAIErD MEXAHIZMA,

1) [Mpe wafcEenss pocieaywoere sarepHans 0aaa  HOTNTL30RANE  CTATHA
AN Ooarwmona o C.CoARWR B sZaeMenTs CTPYRTYPH KEHEMATHEH B
FECHETHIIL HEROTODLIX TRIOR MENHNYARTOpOR, ONYEAKKOBAHEAR B COOPIRKE HABYYHO"
T‘g}:}gﬂ,uuecmzx CTATER N0 TECPHH JEXAHHIMOB M MALIHH, sul, 3,—M.. Bricimsn W8,
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2. B ronupylomux ManunyJasTopax ApPYrHX BHIOB OTHOCHTENLs
Hulg [RIDHENHA 3DeHLER CHaYada LepefaloTesi Ha OCHOBAHWE Mocpeg-
CTBOM MexauuueckHX nepenay (3yfuateix pudepeHunalsHeiX, Tpo-
COBHIX PHUY&XHHX H [Jp.), NpoXofsmuX Booas oceft apedbeB. 3atem
s5TH ABMMeHHA, npeobpasopaHHbie BO BpalleHne PAITTHYHBIX 3MeMeH-
TOB (3y6uaTux Koheo, GIOKOE 1 AP.) C HeGOABHKNIO 3AKpenieHHEMI Ha
OCHOBAHHM  OCHAMH, OEpelalTcd HA HCOOAHHTEIBNLA  MeXaniau,

B wauecree NpHMepa oCTaHOBHMCR HA Mepe-
2L, naue OTHOCHTEJBHEIX ABHIKEHHI € NOMOLILIO
3yBuaThlx jHbGEpeHINANLHER MEXAHHIMOB,

Ha puc. 30.11 wuscfipamens npocreflinag
cHCTeMa ¢ JIByMA crenensaspy cpofote. OBa
L2307 BOIMOMCHOCTE OCYUIECTEAATh ABA HE3apH-
CHMLIX JBIeHHA — Bpalerye BoRpyr ocefl x
H z; (3TH OCH ONpEACASIoT NOJIOMHETEILHOY HA-
npasienie OnBopoTa), a Taxde nepoiacdlb
HA OCHOBAIGHE OTHOCHTEALHLIE N2peMEelileHHn
ageHa 2 mo oTitowmenmo ko osseny [, Cxomnwe
no CTPOENHID CXeMbl NPHMEHSIIOTCH L1A nepes-
Jlayn 1 GOAbero 9HCia OTHOCHTeNIBHHIX 1BH-
siennfi. B wauectee ofofuleHueIX KOopAMHAT
1, ¢y M @, CHCTEeMBE TIpIIMeM YEabl gy 0 iy OT-
Puc. 30.11. Cxena ay6-  HOSHTEILHONO MOBOPOTA COCEMHHX 3BEHLER I'n
HATOrO MEXIAONSMA WAHD du2ul

etil [pn pafiore fanHofi CXeMH HMEET MECTOTaK

Hadknasiine KHHeMATHYCCKOE HAagomenne 1BH-

skeHnil, @Puanygeckas CyTh €r0 COCTOHT B TOM, YTO H3MeHeHHe Yraa

(1o (MOBOPOT BOKPYVT 0CH X;) BHEISEIBAZT MOBOPOT OOOHX COOTHHX KO-

dgec I g 2'. AHamiTHY9eCKH 3TO RBAGHUE BRIPAMAETCH B TOM, NTO

yrast Noponora § B ¥ konee ' v 2' cyrs Qynkunn obenx ofioG-
LEHHEY KOOpAHRET:

Yy =ty (g 92), ¥ =P (G1 7a)-

Cafan Memny yKazaHHEIMH BEJTHUHHAMH MoKeT OHTh yeTaHoB-
ACHA C NOMOULLIO YacTHEIX nepefatosnmx ornowennd. Haxomienne
OOCAEAHEX CHHAAU0 C PACCMOTPEIHEM JIBYX DasIHUNEX MeXaHH3IMOB
¢ OlHOH cTeneEbio CRODOIH, KOTOpLE MONYHAIOTCS Hi 3ajaHuoll kHie-
MarHuecKofi menH, €csiu © Hefi H3IMeHMEMOH CUHTAaTh TOMLKO ORHY
(kamaeii pa3 wnyio) obofmennyw woopmisaty. B noayuemHmX
Taxny o6pasoy MexannsMax ¢ oiHell crenensio CBOGOIE HeolX0ANMO
ONpeaeaHTL NepelaTodnble oTHowenns korec I w2 nmo coovser
eroyiomy  obofueHHRENY  KODPAHHAT M,

Jas paccmarpupacuofi cxemul 0GyeM HMETh

fy i _ 9 @y | B
R = Y
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§ 130, Cesan MeHEY YOPasafomia # HINOAHHTEABH W
MEXAH HAMAMK

fn. H 3ABHCHMOCTH OT THNA CEA3N M{-.‘}}{.El}" yﬂpanﬂmﬂruim H HCIOWT-
HUTCABHEIN MOXAHHIMAMH KODHPVIOHNIHE MAHHNYIATOPHE MOTYT (biTo
nofpasiencik Ha Tl TPYNOLL

Manunysamopbt © Mexaruyeckol (kumesamuyecnol) caadon, Mexa-
HIEYECKHE KONUPYIOLIHE MalinynsTope Gulii NepBuMB yoTpoil-
CTBAMH, KOTOpRLC Hayvanu ]"I;:HIMGJ‘.ETI:CFI B ONACHEIX JJOH HHSHELSH-
TeNBLHOCTH YeJoLeka 3oHaX, B STHX MaHHNyJATOpaX yHpaBasiowmi

Betaisied
1= Ty
N ye—
N
: JI | s | i 1
1
I | 1 ::
I i | |
[ ! f |
Berle mrjed ol
MRXEML A LA e

Parc. A0 00, Cxepa MEXZRATECKOMD NPERoIR MalBEnyIETapa

B HCTIONHATEAEHET MEXaHH3MEl CEA3AHE MEXSHHUECKHMHE Nepelayami:
ayGuarevn (pue, 80.12), Tpocono-nenTouusiMi B upyriamin. Mexann-
yecKHe Nepefayy ABIAKTCH PEBePCHBHEMH H HMEIOT BHCOKUH K. n. 4.,
ECARJCTBHE Yero Ha 3azawuiell pywe ancTaTouHo TOYHO OTpamantcd
YOIANS, TPHKAAALBAEMEE K HCTIOMHHTEILHOH,

[py3onooteMHocTs COBPEMEHNLIX MEXaUHYeCKHX KORHDYILHX
MaHnnyAsTopoE koaehaercs ot 3 go 16 Kre. 3TH mMaEMNYAATOPH
npoctkl, Hajexue, yaobuuw s padore. Hx cyniecTBeHHMMN HElo-
CTATKAMH ARANIOTCH OFPaHIYCHHA N0 TPY30N0NBEMHOCTH, KOTOPLIG
RUMHTHPYIOTCH CHUJI0f DYKH OReparopd, 8 TaKMHe HEBO3IMOMHOCTH
HCMoAL3OBAHKA AX AAA Leneldl DHCTAHUHOHHOIO MAHHNYJIHPOBEHNR.

2. Manunysamope © MosHumans  npuecdor. Mamrnnyastopsl
3TOrO THNA HAXOAAT NPHMCHEHHE B OCHOBHOM B TeX CJAyYanX, KOrAa
HeoGxonumMo obecneynth afCoNIOTAYIO FEPMETH3ANMID olbema kaMep
(pafioTel B 3cnax GoMbIUMX Jasdenufi, rAyBoROTO BE&KYyMa o T. n.).
B gadecTBe NPHBOIOB B HUX HCAOJAL3YIOTCH MYGQTH H3 OOCTOAHHBIX
MargHTax, OOIEOIAKIMHE NepelanaTk ABHIKellMA Yepes «riyxyiow
crenRy, fes NpoeMol Nod NepEiaToUHBIE MeXaHHsMbl. ManunyanTopL
C MarsuTHEMI MydTaMA OMBAWOT ABYX BHAOE. C TOPLOBEIMH MaTHHT-
HuiME  MydTasMn B € WHAHHADINECKHMH MAaTHATHEIME - mydrami
(pre. 30.13).

3. Cepsomarunyaamopet. 3TO HalBaHHE YKPEGHAOCH 38 KO-
PYIOMEMI MAEHNYIATOPAMH, B ROTOPHX YNpasanoiunit & HCnod-
HUTENLHBIE MEXZRNSME, PACNOI0MKEeHHER JHCTAHIHOHNO, CBA3EHL
cucTEMaMy yOpasnedns ocoforo BAAE — oOparTHMbIMH CJARIALIHMH
cacrenan I0CC), OCC ofecnednBalor OnUO3HAYHOE COOTHETCTENE
No NOA0MEHNIN MEACIY 33MOUNMY 11 HCNOANNTEeALILIME OpLaldM,
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4 TAKME OTPAMAIT HA GEPBOM YCHJHS, TPHIAMKEHHEIE KO BTOPOMY,
Ypeno OCC papmo uncay creneHell cBo0OILI MaHHGYJIHTOpAE.

[piMensierch Takxe NPHEOL HA cesibcHHaX. OH COCTONT H3 Ceflb-

CHHE-NATUMKE W CeNLCHHA-TPHEMHIKA, HMEIOIHX KOHETPYKILHIO O0kI4-

Horo Moropa. O6GMOTKH POTOPOE I CTATOPOB O0OHX CEJLCHHOR COIH-

HeHH meway cofofl no wHAnKaropuoli cxeme. PoTOpH CeJuCHHOE-

D4TYHKOB  CEA3aHHE €O

BBEHLAMM  YHPaBIFIOIETD

MEXAHH3Md, & POTOPH Celib-

e CHHOB-PHEMHHKOE — €O

o Lo, = B4 ke T]‘ SHEHhHMpH HCTIQHHTENEHORO
e T l 1 mexannama (puc.  30.14).
| Le= Ecan Bpamars poTop Celbs
CHHa-ATUNKE, TO HpH OT-

CYTCTBUH HA HCTIONHUTE!E~

”%’;“'wm Ruriare oty HOM MEXBHH3ME HarpysKu

Proc. 80,13, Cxema marlHTHOTD OPRBORA  MAHEOY- POTOp Cebiuna-TRHCHIHIIKA
nETONE ﬁ}'Jl'ET HMETE CHHXDOHHOE

C HHM BpaillcHHEe.
Harpyaka Ha pOTOp HCODANHTENLHOrO MEXAHHIMA NpHBOIHT
K paccornacopaHmo — nospisercs owmbka & = § —p B nonoue
HHAX 00OHX POTOPOB, rie Y — Yroa NoSopoTa CcellbCHHA-TPHEMHNKS,
W — yrod GoROpOTa  Cedb-

Q a7 @ cHHA-natanKka. Paccoraaco-
P ey BalHe BHILIBAET NOsnACHNE
E CEALCHHHON hape cHUXpo-

o HH3HDYIOULErD MOMEHTA, Ko-

: j TOpHIT CTPEMHTCH JIKBHII-

= pOBaTb HMEIOIEeCs pacco-
rnacosatine, Ilpn  srom

Wi CHHXPORHSHP YoM MO~
31' :E MEHT Ha OpHeMHIKE Ha-
1l npasacH NpPOTHE Harpysod-

L o e i
M HETTH AR HOrO MOMEHTE, 3 HE JETHHKE
Prec, 3004, Cxesmns CeALCEHEGRD OPIBOAA MaAHEOY- COBTNELACT C HELM. Besmunta
miTepa mMoMeHTa ecTh QYHKWNA OT

pACCOrIacOBAHHS,

CepBonani iy ARTOPSE NONYUHIH 3HATHTEABIOE PaclpocTpaNeHne.

4, Manunyaamopst € KHOROYHGIM yrpasaenuer. ManniyNaTophl
JAHHOPO BHAA COCTOAT, MO CYULECTBY, H3 HCHOMHHTENALHOIO Oprald,
KOTOPHA OCHAILEH CHAIOBBIMY RPHBOLAMN (3NEKTPHUCCKUMH, THIpa-
BAHUECKIMH HJIA OHEBMATHYECKHMH) H CBASEH C MyJALTOM yOpaBaelnd
saekTpokatenem. Usucio crenenefl cpofOmel STHX MaHIMOY AsTOpOB
noxooAT a0 9—10. Onx MoryT OhiTh paccynTansl MowTH Ha J006YI0
rpysonolLeMiocTh.

Jns yeenwueHHH 30HE o6CAyMHEBAHHA HCNOMTHATENLHLE  opran
ofL%HO YCT@HABAHBAETCA HE KPaHOBHX CHCTEMEX pasiuynoro runa
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HAR HA OONBHMKHHX ABTOHOMHHX OCHOBaHUAX. 323 NOCTCHHUMH OH-
CTEMAMH SAKPENHIOCL HasBauue eMobOTHD.

MaeunyaAsTops ¢ KHOMOYHEM YOpabs/eHdeM Npy HeoGXOAHMOCTH
MOTYT CHAOKATHCH NPOrPAMMHpPYIOUHN YCTPORCTEOM ANA  padorw
B ABTOMATHYECKOM PeHMe N0 IanHCAHHWM KOMaHzaM.

5°. Manunygagmopst € asMoMQImUNECKUM ynpasienles. 3TH Ma-
HUMYAATOpE MOTYT OhITH Nojpazienctsl HA apa Tuna. [lepswii vun —
MAaHHIYAATOPE ¢ kecTKofl nporpamviofl neficTBHA, OHM BOCTPORS-
BOAAT ONpeleNeHHYID COBOKYMHOCTE ADMMeHHH, BEIYEHHBX B Opo-
rpammy. [Nopofinas nporpayua ofbINHO 3ANHCHBACTCH HA MaTRHTHYIO
JCHTY B XOge MeppBoro IHKNa pafor, BLINOJAHAEMOIO ONEeparopoM,
a 34TEM MNEepPHONRYECKH NOETOpRETCH.

B manuny/iATopax BTOPOro THNA ofepauuy JBHMKeHHH onpele-
asfores 9BM ma ocuose nHpopMauxn o sremuelt cpefe. Takoe na-
npagielne pasBATHA MaHHNYJATOPOB ABMAETCA BECbMA NepCrek-
THBHEM.

B macroniee ppemst paspalaTuBaored  poloTE-MAHANYAHTODE
¢ TAK HaJHBACMBIM ¢HCKYCCTBEHHEIM HHTeANeKkToM». ZTH polotd of-
NananT uYyBCTEOM OCA3AHHA — ¢ NOMOLUILIO crelliiaJbHEX AATUHKOR,
aIpEHAeNs — ¢ [IOMOUILI0 TelepHsHoHHoH annapatypu g T. . Ouu
cnocofiiel BEINOJMHATL SJeMeNTADHLe onepanns cGOpKR, NOepeMeme
HIR oOBEKTOB N0 SajalHofl DporpaMye u T, J. 571 MaliEe obaalaot
CBOfiCTBOM ajgantainkl § camMoolyueHHs,

§ 131. HekoTopule EONMpPOCE recMETPHH MAHHIYJAATOPOB

1°. Konupyiouse MaHHNYJRTOPL! COCTOAT H3 ABYX MeXaHH3-
MOE — VIpaBARIomlero # HenofHHTeAbHoro. AHanus palouTel Takmx
MAHANYAATOPOR CBA3ZAH © HechepoBanHeM o0OWX STHX MeXaHH3MOB.
B tex ciyuafx, KOTAd Noc/leflHde COSIHHEHN! IPYT ¢ ApyroM nocpel-
CTHOM KHHEMATHYECKOH CBA3M, HX ABUMEHHH NOJAHOCTBIO COBMAJANT.
B manunyfiatopaX ¢ MATHATHBIMH MydraMs s/H CO CleAsin#MH NpH-
BOMAMH HCMONHHTEABHE MEXAHHIM BOCOPOHZBOAHT IBHMENHNA YTIDAR-
NAONET0 MeXaHu3Ma JHinbs npubmokenno. B nojlofnwmx cHceTemax
NoCcTAHOBKA 3ajay  KHHEMATHUECKOTD aHalu3a  yOpabasioliero o
HCTIOVTHHTENLHOTO MEXaHH3MOB OKashiRaeTcs paziuvboil. B nepsom
no 3ajaHHoMy NPOCTPAHCTEEHHOMY JBHMEHHIO 3AXBATA ONpelelaloTes
JIBIDKEHHS 3BEHLEB KuHevarnueckodl uenu. Bo BTopoM no oTHOCH-
TeJLHBIM ABHMEHHAM 3BEHBEE HAXOAWTCH JABH/EHHe 3aXBara B CH-
CTEME © HECKOJIBKMMH CTeneHAMH cBofons.

2°, PaccMoTpHM 3ajaduy O NONoMEeHHsX 3DCHLEB MaHHOYJATOpA.
Jaxpar YnpaBNAICLIEro MEXaHHIMa, MepeMellaesoro OneparopoM,
ABASETCH BXONHBIM IBEHOM € NpOCTPAHCTBEHHWM NBINKenneM. 310
LBHAEHIE MOMHO 3804Th ¢ NOMOLBLIO INecTH (QyHKUNH

X=X (), yu=yull), 25z =24(1),

30.2
p=y(), 0=0(0), o=, (50.2)
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rie Xu, W Ty — KOOPAMHATH UOEHTpa saxeara, ¥, 8, ¢ — sfiae
poBel yrael. [lepsiie Tpr QyHKUMK ONpeleRioT NepeMeliente neHTpa
3axpaTta, a OCTalbHLIE TPH — BpALATEeNbHOE ABHEHHE OTHOCHTEN:HO
BTOTO [IEHTpA.

B sapauy o nonomeHHNX BKMOYAeM OnpejeeHHe TONOMeHHN
3BeHEER B CHCTeMe KoopAHHar Bx.yz, (puc. 30.15), yraom ortHo-
CHTENLHOrO MOBOpOTE 3BeHRER M AGCONMOTHEIX KOODAHHAT TOYKH Ha

Igls

Puc. 3015, KuroMaTHECC KSR P, 30,10, CxeMs PECROJIOMNEHTIN KOs

CEREMA EPYVHES MBEHEOFRATOD& B EHAT R arefl SDOFROE PVHEAT MaR4ny=
THTOpa

apene mexanndva (prnc. 30.16). Jlna pewenwns stofl sajasy HCOnofhe
8YETCH METOA SAMKHYTOID BEKTODHOTO KOHTYPA C HEKOTODHMH J0nod-
HEHHAMH K HEMY, H3AomeHHRMH B pafiote A. I'. Osakumopa ).

Buauane onpefenny nosowenue ssenses BC u CE. TNponyme
pyem moapumume spenspn v = 1, 2, ..., 6 maHmnynsTopa, HaunHan
c Ginkaiimero k crofike apena, OdosHavum yepes [, = lgg, Iy = lop,
l; = lpy AMUHLL 3BEHBER, a Yepes iy, I;, 1y — ENHHITHBE BEKTOpH
ocefl apenwer 2, 4 u 6.

Pajnyc-pextop r Toury H u opt #; n3sectusl us yuxuud (30.2),
ROTOMY H3BECTHBIMH ABMAAIOTCH W NPOSKUHH Py, Py, P palHyca
neKkTopa ToukH £l

p=r—dly= dly+ il (30.3)

1Ooagnwos A [ KenewatRueckor WCCHENOREHEE OPOCTRERCTRENHOR
uenE ynpacnenws smanpnynstopal//Mss. sysce. Mawsknocipoekne, — 1971.—DNe 14
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SroT BeKTop pacnofiomed B nnockoctd P, nasumpaemofl 6asosoil,
Otciofa cnenyer, ©T0

singio= PV py 05 cos = /¥ Py + pi

Jlna onpefeaenun nofomenna ocell sperned 2 i 4 HMeeM cuctemy

ypanHeHHH

bly--tly=p, =1, i=1, (2xpl=0 (30.4)
nocleHee H3 HHX BLIpamael KOMNAAHAPHOCTL BEKTOpoB iy, p, I
¥ MepneHANKYANPHOCTL BEKTopa i, X p naockoctd P.

HekmounM Bextop iy, MepeHocs B NEpBoM Ha ypasHeHRIT CHOTeME
(30.4) pexTop iil; B npaByw HacTh W po3BOjA ofe YaCTH ypabHeHHA
B KBaipar:

(ol — !32}5 '_‘ {"‘h‘rﬂg- (30.5)

Tocae npeofipazopanitfi noayuHM

e 'i'k! = b:
rie b= (F—E4 p')2, a p° = pi + pi + pi. Bupawan Bex-
Topil, BXxoAamue B ypaenedus (30.4) u (30.5), uepes ux npoexuny,
npujeM K 1akoil cucTeme ypasrewnii

Beta,+G=1
foypy — fanpy = 0, (30.6)

Pafax - Pylsy + Pife: = D,
M3 nocaenmnx AByX ypaeseHuit cucremut (30.06) nafizem

| .
fyy = R {bpy — Papyish

by = Grr (092 — P,

MoncTagNan 3TH BRIPAXNEHHE B NepBoe HI ypaBHeHHH CcHCTeMH
(30.6) u paspeinasn €ro OTHOCHTENBLHO [y, NOJNYHHM

iz == - (bpe 2= V09 (0 — 09) (30.7)

Mpt nosyuaem Ba pelienns, OTJAHYAIOUIHECs 3HaKOM nepej pa-
MUKANOM, ofycloBleHHEe TEM, YTO OLHOMY H TOMY He NONOKEHHIO
3aXEaTa OTReYaloT ABE CHMMETPHYHEIE N0 OTHOWENRID K BEKTOpRY p
cxemul pacnonosenns oceil spennes 2 u 4 (puc. 30.15).

Mocae oopepesenus opTa §, MOKHO HAATH efHHN4HLI] BeKTOp
ig = i.’:

iy = (p— LV,

§°. Ilas peweHys ocTalbHEN BONPOCOB 3alladd O NONOHEHHAX
co spenbaAMy v = 1, Z, ... 6 CcessmBaeM HeRAPTODE CHCTEMLI KOOpP-
auuar (puc. 30.16). B gamaofi us Touek B, C, E nomement Hada.a
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KCODANHATHEIX CHCTEM JABYX COCEJIHHX S3BEHREB, COOTBeTCTEeHHO [
2, u4, §u6. O x, nanpasanem Bions ocell AB, BC, CEun
EH 38ensen (x, = x5, %3 = x,, X% = x). Ocn z, = 24, 23 H Z5 COBME-
eih ¢ ocavy wapHupos B, C u E (z3 |2,), a ook 2; nanpaenena
napanienstio # B Ty 3Ke cTOpoHy, 7o # ocb ;. Tawum olpasoM, £, =
= Uy, Iy = &y, By =Ry = Ry, By = R, 2 HCKOMBE YL OTHOCHTE b
HOTC NORODOTA SHEHLEE PARHE

A o -y
o = Uy Yo (Ko} Pa = Xy 2, (2,); Pge = Xs, Xo (24);

-y - P
Pag = 23, 23 (X3);  Pua = X, X {20); P = 2g, 2y (x).

B ckofxax ywasanm ocu, Neprneniuryaspibe MIOCKOCTH cOOT-
BETCTBYIOLHN YINOB 1 ONpelelsioline NonoxuTe sloe HanpasieHne
EX H3IMEpDEeHHHA.

OuipegennM opr &y, ANA N0 BEIYHCANM NpeLBapHTENLHO Y HKIHE

COS Qe = &y dgy sl gy = = 3 | — coS* gy

IlBa snauenns yraa g, OTAHYAIOUIHECS SHAKOM Nepe pagdKanom,
Gﬁ}'ﬂ-‘!ﬂﬂﬂ&ll[ﬂ TEM, HTO NpH OIHOM W TOM e NoJoMeddd 3axBara
GCh Z; MOMKeT GHTL HANPABJEHa B TY MM ZPYIYIO cropony.

Tax kar och 2, wapHupa E 0proronatbea ociM Xy = k1 X, = Xg
TO OpPT f2;, 3TOH OCH MOMET GHITB ONpeeNien H3 BHpPaMKeHHs
’1‘1 = fq
Sy

Has seenwenv = 2, 3, 4, 5 oprw f, ux oceii g, QOPENeAnIOTCA 0o
HallleNHBIM opTaM ocell X, B 2, 3 Bupamennn f, = &, % L, [locie
STOT0 MOryT ObiTh UHYHCTEHH GyHKIHH

COS Py, yoq = 1,4, SN Qyva=b oy (v=2, §, 5),
Eﬂsﬁp'ﬂ Vel = kr'kv—]: sin lP“ Yl = —k:* j‘U-'I "i'.' e 4}'

.kr,—_-

ROTOPLIE 0AHO3HASHO ONPeJeIHi0T 3HAYeHHR COOTBETCTBYHOULA X Yrnos.

Tereps y Hac HMeIOTCA BCE HEOGXOLMMLE AaHHHIE L5 TOFO, YTOGL
COCTALHTL BHIpAMEHHE paliyca-pexTopa MoGoH TOYKH MEXaHHIMA
H ONpelenTh ero afCoOMOTHEE KoopAnHaTh, B gacTHOCTH, AAR HeKO-
Topoit ToukH S, Ha seere & (puc. 30.16) ¢ oTHOCHTENBLHLIMH KOOpi-
HaTaMH iy, Hy, Hy Oymes HMeTh

rs, = Lils -+ Ly - Jutg -+ R,

#. B Teopun MauMmyAATOpOB LS HHTEIPANLHOH OIEHKM TFec-
METPHUECKHR KAYecTB ManHOyJdsTopa npeaaaraetcd  wosgmuuest
ceprHca.

Hleers crenenedi cBOGONE, KOTOPHMH O0/J4146T 3a%0aT, N03BOISICT
EMY 3aliMaTh NPOH3IBOJBHOE NOJIOKEHEE B HEKOTOpol nflacTh npo-
cTpatcTaa, 31y offlacTh OTPAHHYNBAIOT KOHKDETHbIE CBH3M KHHEMA-
THYECKOH HETIH, B TOM YHCHe M [IAHHBEl 3BeHBCEB.
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Iycts, kak u panee, Touka H — uentp saxeara, a [, — ero aauua.
Patouny ofipemom V Hassisaercs ofiacTh BOSMOMHEX Nofomenui
LeNTpa 3aXBarTa, NOMYCKAEMAN CBAIAMH MAHHDYIHTOpA. Cosoryin-
HOCTh BOIMOMCHBIX NoJomenndl ocn 3axpata, NpH KOTOPLIX UEHTD
ero M HaxolWTCcA B gaHHoid Touke palouerc olvbema, onpeienser
TelecHE yron

L
§ = —EEEE (30.8)
I
HasHEBaeMBIll NPOCMPAHCMBEHHbLS Y2Aas ODCAYNUCARUA LN Y2aoM

cepeuca (puc. 30.17). 3uece Sg rr e, — NICWALE cpeprueckoll mo-
BEPXHOCTH [MAPOBOTO CEKTOpA. HanGons-
wee 3HaYeHHE VIJa cepBlca paptHo 4:1.
OrHomense
1p
O=3= @309
HasHBaoT Kosduyuenmon cepauca B laH-
noii Touke. OH momeT mamenaTsen ot 0
m hh 0L L1
Cpenree anavedde xosddumnenta cep-
enca B pafoved ofibene

1 Pue. 30.17. F. onpegeaes
O = -'F"FJ edv. (30.10) Ko puIHENTS c{-pautg usux:;—l
¥

Ravopa

Januueiiimee n3nokedne GylleMm BECTH HA NPHMepe KOHKPETHOTO
mausnyanaTopa (ca. puc. 30.15). Heenenyen ans Hero pacnonoxense
SOH cepeica.

5°, B pupamenun (30.3) p ecte olHa M3 CTOPOH TpeyroJbHRKA
BCE, newaumero B niockocTH P. [Tostomy mumeenm o4eBsjibe He-
paBeHCTBa;

|r — el < |+ L), (30.11)
lr_fu;fu];?*lin—llf- (30.12)

BuaBuy  30HW paGouero ofbema, B KOTOPHX KOXpguIHEHT
cepeica 6 = |. 271i sonn mul GyleMm WCKaTh B BHIE [pOCTPaHCTEA,
orpasnuertoro nonycpepanvy, Onpejemim Hapy#uuii npeaen 30HEL
3anaua CBOAHTCH K HAXOMIEHHIO TAKHX TOMEK C PalHyCcaMi-Bek-
Topami F = R,, B KOTOpHX NpH HEKOTOPUM HANpaBjeHHH BEK-
Topa gl Bennunua | r — iJ.| nocturuer Hanfonbumero sHauEHHA
12 + I,ii

]r_‘h"ﬁlmu:r"__lRJ_'tﬁfutzfﬂ“!_'i- {3{}'13]
OtmeTnn, 5To 4a8 Jofiofl Touky, T. €. Aan moforo r, abconioTHan

pefiHYHEA pasHocTH ¢ — £, Oyser sanfonsiedl, xKorna BekTopuw r
H {0, npotnEonoomEe no vanpasaennio (puc, 30.18, a, 6). B rom
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cnyyae ofa BEKTOpA pacnofaraiTcsi B MiockocTH P, a mMolyns nx
pasHOCTH paBen

|r — dolg |oax =7 - Ly

MMoncraeaas nocaeinee supamenne B (30.13), noaydum

R]_ == Ig 'i' !,;_{g.
Amanorngso sagaua
oy onpefiesieR4A  pannyca R,
BHYTpeHHell  noaycdeps,

ils orpaHiIHBaULei JoHY

i
&
e 100%-ro (MAnM  nofxoro)
R cepémca, CBOANTCH K Ha-
L XOMMEHHID TaKMX  Toyew,
lils pamiycH-BEKTap  r = Ry
g KOTOPWX  YAOBJETBOPAIT
YCAOBHIO
|r — dide| = |1: — l].
Ilna mofioro rpasdocts £ — bl Gyaer nosoiymo manmersied,
KOT/Ia BeKTOPH r M £yls Hanpapaens B oiny cropony (pre. 30.18, a, ).

B stom cayuae oH¥ pacnodaraloics 8 naockeoTH P, a sMolyis

Poe. 20.16. BesTopiiee HAPTUHE JOAH ONPRASACEHRE
Prax ® Pimin

&

Puc. 30,19, Cxenm npegessheX OJ0Henl MEXAHHSME cDyHH

PasHOCTH BEKTODOE PABEH MOAY/IO PA3HOCTH ANHH BEKTOPOR:
Ir — el = | Ry — dgle]| = ”?i"" L
Moacrasisem =ro eupamenne 8 (30.13), noayanm
|R1"‘!a] e “2—'{41-
HaTH
Re=|li— L]+l
Ri = ly— |lz — Li].
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Taxkum o0pa30M, SOHEI NOJHOTO CEPBHCA HMEIOT MecTo npH
]Is“'itl—}“tﬂ‘ﬁ;r‘-‘-;fw‘l‘ Iy — 1.

ubo crefyer p3aTh OOAbWYIO H3 ABYX Besnumn Rz w Ra.

Ha puc. 30.19 cxematnuno H300pakeHBl KOHQUTYPaluy MaHnmy-
AATOPA NPH PACNONOMKEHHW UEeHTpa 3axBara Ha TpaHHUAX YyKalaH-
HEIX 30H.

AnA ToueK BHe STHX 30H HeoOX0AMMO NPUBEPHTE N0 HepapeHCTham
(30.11) n (30.12), kakue nolosennd ocH 3aXBaTa BOSMOMHEL, 8 KAKHe
Re gonyckawores ceassyi. Jlaa Todex EBHe ofepw palayca R, =
= I, + I} — l; nposepka npousBoltnTcR no ypaeuenno (r — f4,)° <
< (I, + 1,)% a nam Tover BHYTpH cpepw pamnyca Ri= |l — L |+
+ I no ypasnenuio

(r — fele)* 2= (e — 1.
§ 132. Baox-cXembl ABTOMATHYECKOrD YipaBAeHHA

I°. PofoThl H MABHHNYAATOPH MOT'YT HMETH KAk PyuHOe, TAK H aBTO-
MatTHUeckot VOpaBleHHne. B Chyfas py4Horo Ynpannead MaHHnyaf-
Topon HeoOxoanMo, YToDL MEHLTY CHJAMH, NPBACHEHHEWMY K SPCHLIM

Yeacder- | L | inpa et Eedut Henamimanm- | &
L P ™ e [N pemiw a: Orexm
#
Py
(BT HZ
e

Fac, 80,20, Boox-cxema ofpatouwofl caeanniel cacrTemsl ynpabBaeRan

MaRUNyNATOpa, H CHAaMi, Koropeie neflcToyioT Ha pyKH onepatopa,
Gelno Bu Karoe-TO COOTEETCTBHE, T. €. HeoGROAHMO, 4Tofikl oneparap
KaK Gn EYYBCTROBAR TE YCHAHA, KOTOPLIE I[EEE:TB}'IDT Hda cXBaT MalH-
nyaatopa. [as aucTasnuoHHONo yNpasdeHds KolupyImHM Mamuny-
AATOPOM MOTYT OLITH IFFHMEHCHE [1A3THYIINE BHIM CAEIALLHY CHCTEM,
HO HETNpEMEHHEM A0IHHO OLITh yoonne, YTOOR STH CHCTEME B Ka-
Koill-To Mepe s4YBITBORAJAHY YCHINA, ILI‘.‘i-'IC’[B},-‘IDi.LEHE Ha cXpaT MaHnny-

asTopa,

2‘P. Ha puc. 30.20 nokaszana onHa U3 BO3MOXKHHX CHCTeM ynpag-
nennf. 3ra CicTeMa HazmBaeTes ofpatumoil cneasmed cHcTenmod,
B stolt cueteme ofipaTian cBR3E HE TOOBKO HHQOPMIpYeT oneparopa
Q BesnuMEE cHAl, AeficTRYIOUIHX HA HCnoaWHTeAsHHl oprag, Ho H
COOTBETCTBYIOWNM ofipa3oM H3MeHAeT nojloeniie 3ajaiollny mMexa-
HH3MoB. JTa CHCTEMd HAsHBaeTedl JIByXcTopounedl nim ofipatiMoit,
TaK Kak ee crennunii NpHBol BuINOMHEN TAK, YT B HEM MOXHO MO



G5 Tn 30, CEEOEHHA MO TEOPHH POROTOR W MAHHOVARTOPOB

MENaHui0 MEHSTL BXOH M BhiXof. Onepartop NpHKNafbIBAET MOMCHT
cun M, (puc. 30.20). YerpolieTro «ouy BeTBACHIA» HAMEPAET MOMeHT M,
HA BHIXOJE MPHEGIE M ROSAEHCTEYET HA BXOAHOE YCTPORCTEO yhpas-
Agwoiers mexanuama mosmentonm M, HenoonurensHmil mexaEH3M
BosaeficTeyer Ha ofwerRT Momentom M. B stoli cucteme nepenabae-
Ml MomeHT M, BAHAET HA NONOMEHAE 3ANA0NNX 3BEHLER I BETHYHH
pACCOTTIACOEAHHA, PABHAA pPasHOCTH Mexly fepeMelieHHeM X Ha
BXO/€ H NepeMellieHHeM y Ha BhIXole, N SaBHCHT He TONBKO OT BO3-
MeHCTRHA ONeparopa, Ho W OT Harpysok, AelcTBYIOMNX Ha BenoMoras
TeNLHWH  MeXaHH3IM.
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Puc. 30.21. OSofieuwas GaoH-Cxema YRpANIEHNA

4%, Cucrema ¢BA3H deJoBera ¢ poloToM MOMKET pemaTned Ha pas-
HEIX VPODHAX BnTOMaTHYECKOrD YUpapleHus: ¢ npumeHensem IBM,
cueten nporpammuoro ynpaeaenns u 7. 1. Ha puc, 30.2]1 noxasana
ofiofiuennan ONok-cxeMa ynpaenerus poforo ).

Sra cHCTEMA YNpARNEHHA COCTOMT H3 HeTHIPEX OCHOBHBX GJ0KOB.
MNepewit 6ok — 370 Grox ocHoBHOro KoManiHoro yerpolictea. On
npefHaHayed Aaf Boola nporpasw B IBM, Bropoi Gaok — 370
yorpoficTeo BeBOJa wHopMalnd. O ncnonssyercs 1an HadJonennn
38 COCTOMHHEM OKPYHaW0ued cpeisl # HCMOTHHTEIhHRY Opranos
pofora. Kpoue Toro, B eayuae camoiBHRylleroea pobora B 37oT 60K
MOryT OuTh BRIKOUEHH TaTuMxH, WIMEHNIOLIHE OapaMeTpsl JRH¥e-
Hia poGora. C noMoliikio Tpersero Gioka, npescramaniomiero cobof
YCTPORCTBO BTOMATHYCCKOTO N@JEYKa3aHH i, HeJoBeK-onepaTop pac-

YMruateesM B, Kynasvon® M, llogpesckni A M. An
TOpHTMY yNpapacHes poforauA-manunyastopand, — JL: Mamwsnoctpoense, 1972,
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noakaetT ocofeHHOCTH cpell, B KoTopoll dyHRusoHupyer pofor,
A TAKME BRIMBAAET LeNH o OpPenaTCTBHA W DBOJHT X KOOPAMHATEL
5 IBM. Yermeprmii 6JoK npeacTabnseT cofol JONGAHHTENBHOE
KOMaHAHOE YCTPOHCTBO, NpEeAHasHAueHHOe N5t BBOJA JeMenTapHbIX
KoMani yopamienna pooroM. 3To yerpofcTeo o0uYHO HCNONL3YETCH
npH BOSHEKHOBEHHN ABApHIHEY AJH HENpelBHIeHHbIX cHTyauui.
B Gnoxr-cxeme (puc. 30.21) umewcTes Takxe iBa yerpoiicTsa ans clopa
uidopManiy o cpelie, B koTopoil paforaer podot, # o palore caMoro
pofioTa. ;

IMpuoenennas Giok-cxema ynpaeiedna pofioTom ABANETCA jAoCTa-
Touno cAowHON M Jlana B ycaoBhom, obobilendos euie. B 3aswen-
MOCTH of THna pofioTa, oT yoioBHi, B Kotopux o paloraeT, nocrap-
ACHUKIX 3AAAY 0 T. [. CO3NAITCRA KOHKPETHRIC OM0K-CKEMBI, Peantay o
uine TpelyeMpie pem#aMuE paboThl B yHpaBLLHIH,



MPHIOWEHHP T
KPATKHE CBEJEHHH H3 TEOPHH MATPHLL

I®, MaTpeueh #eauipaiotT NpAMOYrodsNyi) TafoHUy  MHCET, pECIDIOMEENRN
crpokams H croafingsu, [lpeoogumss miwe Tafanua

LR ] Mg rwa Gy
A= gy Mgy ees fgp

R

Opy By coe Omy

CORCPMAIaR M CTPOK W n cToafinon, ofpasyeT MATPHILY TNOpSARa M,

MaTpuusl ofuiuno cGOSHAYAIOTCR NPONHCHEMK OYKBEME JaTHHCEOrO agdanuTa
(A, B v 1. 5, Stcserme SOmpuy — CTPOUHEMN B2THICKRME Oyrpeai (@n, By
H T, g.). [an oficsauch i KaWAoro H5 SRCMCHTOD MATRHULE NenofssyIoTes IBoinie
nr-;,n,e;ir.cu. [Mepepnfi wujexe { oGOANANAET (IOMEP CTPOKE, & LTORGHE HHIsHe & — HoMEp
cToAdE.

Matpua, HMEOUEEA CIHNAKOBOE YHCRO CTPOK # CToAOUoR (M= n), HASWBACTOR
rendpamuod watprueit, [Ipasepom xREfipaTumx Matpal sermoren (33X 3)-MaTpHom
ROBOPOTE.

WACTHOM CAVHEE MATPALE MOMAET COCTOATH HA OLROE CTPOKM  HAH OLHOTD

CTOROLA, HARpEMEep;
b,

g
e=[m @ ... a, b o s

by |

Maormpugy-ernposy B Mompugy-cmoalicy NpRIATe ofodHataTs CTRoYnoH Gykan
Aargwcrore andasnTa (o, B oW T, L), ZnemeHTH TAKEX OJUOPAZMEDPHEX MTPHIL
oSoIHA%ARDTCA ToE e Gyxeofl o pofapieddHen HHISHCR, YHISIWBAMIIETO HOMED SJIE-
BIEHT.

2%, Huxie n033aralovcid OCHOBAME JeficTeii Kl MaTpHnaMe,

Tpaucunouwuponsnne Marpuna A, Tpancncsnpopaitnas K maTpune A,
ofpaayerca 03 MaTprunl A nyTes aasein KEdloll ee CIPOKH Ha CTofCLIL TOrD X
LML

Ecny, aanpinep, A ecre (3% 3)-wpagpatnan WMaTpiua

|'ﬂu Tig al.‘li
So= B, By

lﬂal dag G
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0, TPAHCNOHARYR ©f, NOAYIHM MaTpHIY

dyy Hp O
A=y G Gl
dyg  Oey O3z

Vwuaomenne na cxansp. [Npoussenesues matpuuy A na cranap A
PAIEBACTCH MATPHILA

Ry Ray hagg
MA =|hay hawy hasgy;
Agsy Aasy 7

OHd MOAYHENA YMHOHEHHEM KAKIOIo 3JexenTa waTpeom A na wncao L,
Mposaaeaenrs &4 0 AL onpeIeasoT omey K TY e MaTPHLY, T. &

A = Ak,

Canamenne, Marpoum A B B soryT GuLTE CO04ENHE, 20TH OHH HUEIOT O1R-
HAKODOE ECIe CTPOK i CTOAGICS.
Crnanasan matpiian A B B, me nosywm sarpumy
Cm= A4 8,
sneMeHTE KoTapod
Ay R b”= (naa weex f, k]

paBliE cyaME COOTHETCTEYIOUIHY SMEMEHTOE NMaTpHIL Ar B
Mam'.pmm CROGEHHE WIORAETHORHET  HOL MY TRTHRHOMY H ACCOURATHRROMY
{I'!E!]JEB!E’{‘-THT“EE!:-EIDM}' H couIETMILHOMY) 3aRoHas, T, e.

A+ B8=8+4+A4, A+ET+O=1A4+B+C=A+B-+C,

Buyntanie MaTpHil PTOAMHHEHO SHANOMRTHEN NpERLADY, Ao
A—F= A+ (—1) 8.

B KEUCMBTHED MeXaH#aMon OMEpanitl COMKEHHA MATPHLL M YMHOMENNA HY Ha
CHANAD HAXGEAT NPHMEHCHHE B JICHCTHHSX HAR  MeaTPHLavH-CToBmane,

Matpuuanoe yyvueomenne Oucpauns ymiuowedns mmyx warpuy A
B B BoavoHMA, BLIN YHGTO CTOAGLOB DCpPBOH MATPHNE PADHO 4YHCTY CTPOK wTopol
MATpHILL.

Ecan A ectn martpuua nopaaka (mxn), 8 B — satphoa nopsaka (¥ ), to ux
npouIBEIENNE onpedensct aatpegy O = Al popmpra (m¥r).

Mpagias y wHOARIES I8 NHWX MATPHIL RALOCTPApYeTCR cnegyiomeli cxewod:

(4T} - Cyp | 211 ==+ @ip

Mok BB miE Wi w e O R By oees [P saw b;r

£)) ass Efr.'ri ves Opp 1= 1=?:| ﬂ:’nl b =
ORI EOE RN el bag wos |Onm | wee Dy

T o Cris Ty o= ﬂmnﬁ

Crpoxi sMaTpuost A B croslun matpiiun My paccMATpREALY KAK A-umepHpe
BEETODEL, [POSELNAMN KoTOpHY ABTAIOTCH SASMEHTH COOTDETCTE) WIMEX CTROK |
eroafinon, Tak, & marprue A sjJemenTr -0 CTPORH 85y, Oipy «eey Ofg PACCMATRHBAEM
KAK UPOEKILHH RCKTOPS &,. Aatornyno s1ouy k-8 cronben matpius 8 paccwarpe-
BaeM Lak RETop By o npoesdusme Spa. Bope ey Bpp (B HEX R — nTopoll REgesc).
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Mo NpaRAAaM YMHOMEHHS MATPAL SAeMeHT gy Matpruw C, naxopAmmics wa
NepeceueHHn - CTpoxd 0 &-ro croalls, olpefleATeTcd Hal CHAARDHOE [poHIBEne-
nge g = @by 0 crpokd MaTprus A ma kil cTonGen matpuus B, T, e.

n
gip = apdyy -+ apeban + -0 Qb = E st
s

(=212 . iy Be=l 2 . ()

[pHseHnTeaRio & enysso, worgam = n=r = 3, v, e, koraa A, B i Capamicnca
pnagpatise (3% 3)-martphiiani (TAKCBMMA SRORIOTCH MATpHILE BoBopoTa), Gop-
Myfa (3) DpHEHMAET B

3
Cif = E Disbrsn (i, k=1, 2, 3).

a=—1
Hue EPHEGARTCR I'.Ipi'l.'-l:E‘ﬂ YrDieHE  DEYX  H&ETRHUL
13 0], o |[34+06 37T+08 2 2
!;m. 14 1.6 1-74 1.8 =10 15}

e=1t 1 g
" 54426 57428 |82 8

is 2l
CrcranoBHuch eLIE WA YECTHOM CAyqae
c= Ab.
Saece (mn)-watpiua A yudom@aeres #a (fX [-Matpany-ctodGew &, pesyneraton

sTOro  npousBenends  aedmerch (M lj-naTpums-cTonfer o
Ha ocnoBauHe NpapHila  YMHOMEBHT M3ITPHI

cl] Qyi «ee pp By
|c—l]i= 1:‘]11 vew B x|l .
Fi S mea 5 i
| Em Oy soe Tpan | ty

SNEMERTH ©f METPHLL-CTORGIE € Ml NOJIYYAEM KakK PesyAnTat YaHostenkn - crposd
matpuuel A Ka cronfen b, T.
i

£ = apby + apeby + « - + Gy = E apaly i=12 ..., mh
P

Sra dopuyRa npi # = n= 3 oToesser yumaomenwn (3% 3)-marpHum A na
croafel b n3 tpex saementon, Taxof cryaail HMeeT MECTO n};ﬁ WATREYHOM Npeolpae
sopasHH NpocELEDN BekTopa mo dgopuyaak (B.17) #a § ar.

MaTpHuNoe yMAOHMEHRE B oflen CAYHEE HEKOUMYTATHEBIG,

AB = BA,
HO, HECMOTPA HA 970, SCCOLBATHOEEA 0 EUCTpHOY THEILA 38KOHE BEMOJUAOTCHR
(AB) € = A (BC) = ABC ({(acconmaTHiminil Sakok),
A(B-Cy= AB-- AC (HEcTpHOYTHENEA 3aK0H).
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KHHEMATHYECKHA AHANH3 HEKOTOPHIX
NMPOCTPAHCTBEEKGBIX MEXAHUWU3MOB

Peucke BCOOMOTATE bHBX 3agaq. B HaCToRiney DPIICIHEHHN ME E3ATacy
PELICHEE 330E%T KHWEMABTHHEH LW HANOONEE YACTO BCTPEYAOWHXCH NPOCTPARCTECH-
HLIX MEXIHHIMON,

Jagaya 1, Jlam oopeledeHHs npoekuRil efMANYHOTG BCETCRA P J01A CHCTEME
TpEx ypannedwmi:

ap=06, b-p=a, p‘=1 (n

B well qepea p?= p.p = p° closnauen cxanApHmil KBagpaT BEKTGpa p.
Hz paspepryTol 3anucH 3THX ypaBHEUMA

G Pyt apy, b ap =6, bp+bp, +hp=c ptete=1 (9

BNHG, WTO $TO CHCTEMA ABYXR AHREfHEX B ofHolo KDAIPATHONO YPABHEHHA OTHOCH-
TENLID ACHOMEX NPOEKUHR Pe. Pp P
BEHTODA P HAa OCH HenogBwmnol cucte-
ME koopamuat Oxyz,

Takan cHcTeMa  yDPanHenuil Hueer
gha pewenws, Hysmno uafiTs powennd
cucrenul (I), & TaKMe peIUETE BONPOC
o Befope HYHOTC pPelleHHA,

I’m:seuuﬁé' aToll SanAud  ME HEYHEM "
€ TECMETPHYECKON HHTEPOPCTANHE  BO-
Npoca © OAYX PLIMERRAX CHCOTEMH YPas-
nennd (1). Bektop p wu onpependes no
ero sogyar (oW papen epnHBEue) Hopa-
BECTHLY MPOCKUHAM HE  HANpaDaeHiEs
pextopop @ # blo V@ ® o Vi
— memiumin STHX npoexuwit), Ho sinas
yoAoeHay oTeesator  (pee. 1) ppa pe-
WEHHE — REKTOPH Py W Py, KOTOpHE
CHMHETPHYNRE OTHOCHTEILNG RAOCKOCTH
7y, comepwawell BeETopE @ W B,

Urolu paaadunts sesfy cololl st B2 pellenss, ERegen B PACCMOTREHHE
serrop A= @xb, neprediREynApALT K DAOCROCTH 5. Baneuzent, WTO Apoeds
UHE RERTOPOR Dy # My Ha HanpamdeHde BeKTops A HMEIOT DAsAHuliEe SHAKH,
Cregopatelbila, 2HAK BLIEYHHL

w=pA=p-cx b (3)

B

Pue. 1

0
b = sizn #, 1)

FRANETCH ToM KplTepHey (npRHivaet aHaennd -1 pmy —1), © moMoWso XoToporo
Wb MOIKEM PEATMuATE Memly cofoll ofia peitednn cHcresn ypammenwi (1).

B uexaniavas © Nnosolso kputepis & OyayT paanndateca memay cofol pasnig:
pee HoudHIypannE ero copki, 3ToT Kpirepiidl opranHueckH BollfieT B pacueTHue
dopuyiie AR DENICAEHHA pemedufl CROTEMEE Y panReHiE (1.

Cpetewa (1) pemwsetcs Tk, TpeipapHTensio onpefensiores NPoCKUERE BEKTOPa
A=axh g och x, y 0 2

Ay =ayb, —a.by, Ay=mby —a.by, Ar=aby —abs

[pr Ay = Ay = A; =0 cncrema (1) pemenns He Hueer,
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Dpwsonis onny #3 Tpex rpynn dopuya AR emakcackys npoesual sextopa p,
Ecan A, =10, 1o
by = (=B, + b sien A, BT=#C; ) : A,
Py = (AyPx + Dy) : Ay, (5)
Pr= (Apx—D.) 1 Ay
Bacce
At= "qlflc -+ A; +A;, By= "tyﬂz‘" ‘deDm ;= ﬂE- +D;_' ‘qil
8 B NOCHEAHHY BEpaOMenEsX
b, = eiby — G2y, 0, = oby — gty
Jse ppyrue rpynne dopuyn (oon caysacs Ay ob 0 n A, 5= 0) Mokno noryanTs
AVTEM OUKARGECKOl MepecTiHOBKE HHASHCOE ¥, Y, 2 B ofieuy gqactax dopmya (5)
H CONEPMALHYC] D HnX BEAHGHE.
Tlpp qacTIBX SHAYENHAX OTISMBHEX BeRAdHH ypannensit (1) pacwernue gop-

MYIH  RpEARMSoT OGodee npoctoil  Bup.
Ecan pektop & = k& #baserch opTox ocH 2 (G =a,= 0, g, = 1}, 1¢

P = (dby — &b, V1 : A2,
Py = — (bups + Oiby — €2) s by = (dby + E0 VT ) 1 4% o=y, (6)
rhe
A &i + b:r d= {‘72‘_ flbz}s

Q= (1) (6, +8)) = (6= )l

Hume ti npEbomiy sunod qopmya (5). [Nepsue gea ypannersa cucream (2)
ﬂFpEﬂJilemEM TaK:

a0y + TPy =6 — Oxfz, bupy + bapy =g — bypy
Pemas 30 082 YpaRHCHHE OTHOCHTEARHD HeHIUECTHME BRAHYHH 0, # 0, W& Op0-
KOAHM K BRPAHCHARM, KOTOPHES MPeiCTARIeHE BIOPEM B TPETEHM PIRCHCTEAME B diop=

Myhax (5} HogcTamosxa 3THX ABYN BHpAMEUHE B TPeThe ¥PELHECHEE CHOTEME
OpHBGAHT HAt K HKAAAPATHOMY YPaBUEHHID

A% + 28,0, + € =0, )

Kos(duunenT KoToporo ofEcall npk Gopaynax (5).
Powenne ypashenss (1) Momno sanpcats T2

P = =gz (— Ba + €R), (")

rie R, =+ B,— AC,, ae— penuunna, suamenuasm xoropoll poryT Gums -1

g —1.
BenndrHy ¥ H3 (3) momne NpeIcTikiTe BHPAMRCHTCM

o == A‘P - A:p; =+ AFFH' + A;_I{z.

B 3To PAIBEHCTED BMECTO @y, # Py MOACTABEM COOTRETCTRYIOUNE BUPAKEHHA U3 (op-
pydl (5), 2 sates GuecTe P RofcTaEum (5}, B pesyasiare noayyuu

1
% == R ()



NMPHAOKEHHE 2 i

Tak wax mobyn anreipanuccryn an&unny & MOBIIO NPERCTARKTL B SAHCH & =
= |sjsigns, 1o (9) mOMHO DEPENHCATL Tak:

1 .
]11 | Sigl‘l = T'ﬁ—'[- RA_GSTHT-T Jda-_.
x

COTHYJA CREAYET, 91O
& = sign #-sign A, = fzign 4., {10

Sor peayieTal noche nofcTancBxm B (B) m oTpamen B gopnylax (3}

Jagaua 2. MapceTow NPoORELHK ABYX NPHHALGEMAUUIN sBelly ¥ e1iiHunux
BEKTOROS £, # 00 B yrof o, MEMdy HiMn #aH0ofee gacro 370 CpTH och SheHd o
ocH  ommofl B eTO  KHHEMATHHECKHX nap. Tpe- w
GYCTCH CIPERENHTE SfRHHYHEE GERTOPH Ocel Jle-
EapTonoff CHCTEME KOODAWEAT Hi SHEHC NpH HI-
HECTHOM BIAHMOpACHOACHEHHE €8 ocell H oploB
&, W W,

Mpumep pewEnns BTOrO BONPOCA NpRBOTHTEE . By
HHE,

KunemaTHuccwiny napamn ssena v (puc, 2)
REASIOTCA WAPODEA ¢ nakieles napa B ® wapopan
napa €. Haspectnw opt ey oo CF spena » opr
T OCH Nankua, EOTOPWH HEMASTCR NRHHAaftesa- Puc, 2
MM SBEHY ¥ 3AeMenTOM nape B

¥ cHoTeME koopRirHaT Cxyya2y Ok Xy COBMelens © oceio OF, 2 ook gy, Jesmm
b naockocTH ocd CF # ocw nanpns, Oce 2, NepReqHKy NADHa K MAOCKOCTI YA oy,
[t GE!EEHEJ'E:HET HANPEBJLTHE E€F0 HSMEepeths (0T OCH Ky B CTOPOHY OCH Uhy).

paHEoM ciyuse §, = e, Onpeneans ama Apyrux opta: fy @ ky. [lnn store
EEKTOp 0 MpelCTadaM PAMICHERUEM Mo OCHM Xy H 4y Hueen

w = I, cos oy, + fysiney,
Pa!!peuiaﬂ 3TO B[:LFBMEHHE OTHOCHTEALHO BEKTOpA J.y, I]D.H}W.H!d

Jy = — ,cos ) sin e, {11)
B0 Bupamende M eme caepyoniee:
By =1y x Jy (iy == &y} {12)

ROIBOIRIOT MO I3RCCTHHM NPUEKIHAN BERTOPOD €y 0T ORPEIEAHTE IIPOEKIHE KOOpRH=
HETHEX opTon fy i k.
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