BOJILKEHUWITEWH B. C. C6oprux sanay no ofimemy Kypcy ¢pH3nKH?
Yuebroe nocobue.— 11-e usz.; nepepa6.— M.: Hayka, I'naBHas peraknus
(u3HK0-MaTeMaTHIECKOH JHTEpaTypH, 1985.— 384 c,

Kuura npexcrabaser coGoli cHCTeMaTHUecKHH cbopHHK 3a%ay M
ynpaxksenuit no obueMy xypcy dusmku. Kaxzaei passen HauHHAeTcH C
JeTKHX 3ajay ¥ 3akanyUBaercsi Gonee TPyAHbIMH. HauGosee tunuuumie
3alayH pelleHb! NOAPOCHO, C METOHYECKHMH YKasaHWaMH, [lia ofHoTHN-
HBIX - 32721 JaHBL TOAbKO OTBeThl. B Hacrosmem wanaunH «COOpPHUKY
3aHOBO OTDPERAKTUPOBaH ¢ yueToM HuHe JefictByiomero I['OCT
8.417—81 (CT C3B 1052—78) Ha TeDMHHOJOTHI® H eAHHHIB (U3HUECKHX
BeJHYHH, YCTPaHeHbl 3aMeYeHHble HETOYHOCTH H ONEYaTKH NpPeblAyIlero
uaganusa (1979 r.), . .

Has cryaentoB BHCWHX TEXHUUECKHX yueGHbIX 3aBefieHHi ¢ OGhIY-

HON mporpammoil no ¢HsHKe; Moxer OHTb HCNONb3OBaHA CTYAEHTaMH H
ZDYrux BY30B.
Ta6n, 42, Ua, 113
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OT. PEJAKIIHH

Ilpennaraemblit BHUMaHHIO yHuTatenell «COOpHHK 3ajay Mo
obweMy Kypey ¢usuku» B. C. Boabkenmreitn (1905—1972)
snepsble Bhlues1 B cseT B 1958 roay. Co Bpemenu BhIxoja mep-
BOr0 H3JjaHUs KHUra HeofHOKpaTHO nepepabaThiBajach H J0-
HOJIHAJMACh, H IOCJAENHee MOATOTOBJEHHOE aBTOPOM (CeAbMoe)
H3JaHHe KHUTH Oblio BhINyieHo B 1969 roay.

Hecmotpss Ha cBoe JaBHee IPOHCXOXHAEHHe, KHHUTIa
B. C. BonbkeHmurefiH H B HalUH JHH IDHPOKO HCNONB3YETCs
B KayecTBe y4eOHOTO NMOCOGHsA CTYJEHTAaMM BBICHIMUX TeXHHYe-
CKHX yueOHLHIX 3aBelleHHH HedusHYecKoro npopuisa (c 00bIy-
Hofl BTY30BCKOH HpOTpaMMoil no ¢H3HKe).

B HOBOM, OAMHHAALATOM, H3JaHuH «COOPHHKay OBILU i NIaH
H YPOBeHb H3/I0KeHHsi MaTepHaJ/a, cojep:KaHHe M HyMepalus
3alay OCTalUCh NpeXHUMH. OZHAKO TeopeTHYeCKHe BBEIEHHUs
K pasfienaM, ¢opMyJHPOBKH M pelueHHs 3afiad 3aHOBO OTpe-
nakTupoBaHel. HauboJsiee cylllecTBEeHHLIM H3MeHEHHAM NOJ-
BEPr/IHCh TEPMHHOJNOTHA H OGO3HAUYEHHs eAMHHUI PH3HYECKHX
BeJHYHH;” KOTOPble OKa3ajoch - HeOGXOAMMBIM MOJAEPHH3HPO-
BaTb B cBaA3H ¢ HblHe nefictBylomuM I'OCT 8.417—81
(CT C3B 1052—78). B npouecce peraKTHPOBaHUsI YCTPaHEHB!
TaKKe 3aMeUeHHBle HETOYHOCTH M ONEYaTKH IpPeAbIAYIIHX
W3JaHuiH, OTHAenbHbIE HCNIPABJEHUs1 BLINOJNHEHBI HO IHChbMaM
yuTatened. B nNpPUIOMEHHH K KHUre NPUBEJEHEl OCHOBHBIE
CHpaBOYHBIE JaHHble, NOMNOJIHAIOIHE YCIOBUS 3342y (CCHUIKH
Ha crnpaBouHble Ta6/MIbI JaHBI PUMCKHUMH umppamn)

Bce oTsbiBEI M NoXeNaHUS 10 MOBORY 3TOH KHHTH pefaK-
IMA NPOCHT HanpaBaaTh no ampecy: 117071, Mocksa, B-71,
JlenuHckuil npocnekt, 15, MapatenbcTBo «_HayKa» TraBHas
pelakuys (blfl.’BHKO-MaTEMaTqucKOﬁ JIUTEPaTyphl.



M3 MPEJUCJIOBUA ABTOPA K TPETBEMY
1 NATOMY M3JAHMAM

- B rtperbeM uznaunu «COOpPHHK 3ajay no ofMEMYy Kypcy
(PH3HKH» [IONHOCTBIO nepepaboTaH H Jomo/aHeH. JT0 BH3BAHO,
. BO-TIePBLIX, BBeleHHEM DacIIMPEHHOH nporpaMMbl 1o (H3HKe
L5 BTY30B H, BO-BTOPhIX, yTBepxkieHueM I'OCTa 9867—61
-«MexnyHaponnasg cHcTeMa eRUHHID. oo,

TI'OCT 9867—61 ycraHaBiuBaeT MeXAyHapoIHYIO CHCTEMY
eIMHHUIl KaK cHcTeMy, NpeInoyTHTeNBHYIO BO Bcex 0o6Jaactax
HAyKH, TeXHHKH H HapOJHOTO X035AHCTBA, a TAKyke IPH Ipemno-
JaBaHuM *)., B HacrosimeM H3ZaHHM ' pelieHHe 3aJa4 IpOBO-
JUTCS, KaK npaBujo, B, MeXIyHapoIHOH CHcTeMe eIMHMIL, -
Insa nepexoaa oT elMHMI IPYTHX CHCTEM, a TaKXKe BHECHCTEM-
HBIX eJMHHMIl K efuHHIaM MexayHapopHo#t cHcTeMEl JaHBI CO-
OTBETCTBYIOII e Tab/IHHEL. . )

KaxnoMmy mnaparpady npeanocsaHo KpaTEOe BEeleHHe
€ YKa3aHHeM OCHOBHRIX 3aKOHOB U ¢(OpMy.Ji, Ha 0CHOBE KOTOPHIX
pemarorcs 3ajaud JaHHoro naparpaga. Bee 3agaud HMeioT OT-
BeThl, & HauGosee TPyIHble — ellle H -pelueHHs. =

N LIS A

B natom uspannn «CO0PHUK 3afauy no obumeMy Kypcy ¢u-
3UKH» 3aHOBO OTpenaKTHpoBaH. Hekorophle 3agaid 3aMeHEHH!
apyrumu. st Toro 4yTo6el HPHBUTE yyamuMcs HABHKH B IOJb-
30BaHHHU CNPaBOYHOI JHTEPaTypoH, HEKOTOpHIE YHC/IOBHE AaH-
_HBle rePeHeceHbl M3 YCJOBHA 3a4au B CIIPaBOUHBE TaGNHLL.

B. C. Boaskenwumetin

*) Hocrauosnensem I'ocynapersernoro Komurera CCCP no craupap-
Tam ¢ 1 ausapsa 1982 r. seesexn B meficteHe . I'OCT 8.417—81 (CT C3B
1052—78) «Exuuuns Qu3HUECKHX BEJAHYHH®, COLIACHO KOTOPOMY TOJJIeNaT,
0613aTeIbHOMY TIpUMEHEHHIO eAHHUIL MeXIAyHapORHOH CHCTEMH eXMHHII,
a TaKXKe JeCATHYHBIE KpaTHblE M 0AbHbe oT Hux. ([Tpum. ped.)



BBEJEHHE

MexayHapogHasi cuCTeMa ENHHHIL .

Pasauunble Qu3nvyecKHe BeAHYHHB! CBA3aHBI MeXAYy coboii
yPaBHEHHsMH, BbIPAXAIOIUMH 3aBHCHMOCTb MeXAY 3THMH Be-
Jauunnami. Hanpumep, yckopeHue a, KoTopoe TIONydYaeT Teso
Maccoil m, CBSI3aHO c .CHAoH F, NelicTBYIollgél Ha 35TO TeJo,
ypaBHEHHEM

0

F=hma, \ 1)

rjae k — unciaoBOH Koa(puIlMeHT, 3aBHCAIMA OT BLIGOpa elH-
HHI F, m ¥ a. EQM eIHHANIL MacCH M YCKOpPEHHs HaM H3Be-
CTHBI, TO Mbl MOXeM BBIOpaThb €IWHHIY CHJBI TaK, YTOOH K03~
¢uuMenT kB ypaBHeHHH (1) cTal paBHHIM elMHHIle, T. €. 4TO-
6Bl OHO TPHHAJIO BHA F=ma. JInsl 3TOr0 32 eJ#HHUILY CHJbI MHI
JOJIXKHEI B3ATh TaKyIO CHJy, KOTOpasi €AHHHUIIE MacChl coo6ma--
eT eJMHUIY YCKOPEeHHs, ~

IMocTynas Tak ke cO BCAKOH BHOBb BBOJAUMOH BEJHYHHOH,
Mbl WCHOJb3YeM JI1A YCTAaHOBJIEHWs e€e eXHHHUH Qopmyay,
CAYKallyl0 onpelefeHHeM 3TOH BeJUYHHB, H TaKUM oépasoM
CTPOHM CHCTEMY NPOU3BOAHBLIX €AHHHII. :

Pasnjunble CHCTEMB! eIUHHI OTJMYAIOTCA APYr OT Apyra
TE€M, KaKHe eIHHHIB! NPUHATH 32 OCHOBHHE. Mbl 6yjeM moJib-
30BaTbhcsl MexlyHapoJHoO#i . cHcTeMOlt €AuHHL. IDTa. CHCTeMa
o6o3HauaeTcsi cuMBOIOM SI, uau B pycckoM Hanucanun CH
(mo- HauvanbHemM OykBam cyios System International).

OcHOBHBIE eIMHHLE! cucTeMs CH npuBefieHl B Ta6.n I,
JIOTIOJIHUTE/IbHBIE eRHHHILI — B Taba. 2.

Ipoussoanrie eguuuibl cucteMul CH oGpasyloTes s oc-

HOBHBLIX TaK, KaK 370 Obl10 ykasaHo Bbule. [lis TOro yrolbi
MOKa3aTh, KaK NaHHas NMPOM3BOAHAS €AMHHULA 3aBUCHT OT OC-
HOBHBIX, NPHMEHAIOTCA (POPMYJbl PasMEPHOCTH,
_ Ecn IPHHATH, A/l OCHOBHBIX BEJNHYHH YC/IOBHbIE oBo3Ha-
YyeHHs pa3MepHocTelt: AJIHMHH — L, Maccel — M, BpemeHH —
T, cuabl ToKa— I/, TeMnepaTypbr—e CHJbI cBeTa — J H
KOJInuecTBa BelliecTBa — N, To $opMyJy pasMepHOCTH B CH-
creMe CH HEKQTOPOH BEJIHYHHBI X MOKHO 3amucaTh Tak:

dimx = L“MBT"I“G"J"N"



"Ta6anna 1

. - Egaanna

Benwumra ' N .
o HAUMEHOBARHE ogg:::

. [auea Metp M
Macca KuiorpamM | ke
Bpeums -CeKyHRa c
Cuna sMEKTPHYECKOro TOKA amnep A
TepmopuHaMydecKass TeMmepatypa | KeJbBHH K
Cuna ceera Kaujena KA
KonnuecTso BewecTea MOJIb MoJIb
- A .

Ta6nuna 2
>
Enunnna '
Benuunua oGosna.
. HaUMEHOBaHue qenHe
*
Inockuft yron panuas paa
Teaecunit yron . CTepajgHaH cp

Urofbl HAATH Pa3MEpPHOCTh BEJNMYHHBI X, HYXHO ONPeNesNHTb
YHCJIOBble 3HaueHHA Nokasateneit ¢, B, y, 6, p, u 1 v. A1y no-
KasaT€Nd MOryT GbiTh NOJOXKHTENBHBIMH HJIH OTPHUATE/bHbL-
MH, HEJBIMH HJIH JpPOGHBIMH.

ITpumep 1. Halitu pasmeprocrb paGoThl I/lcxolm H3
'cootHoweHuss A=FI, nonyunm dim A=LMT-2,

IIpumep 2. Haiity pasMepHocTb YIeABHOH Temso-
eMKoctH. Tak Kak ¢=Q/mAt u dim Q= d1m A, mnonyunm
dim c=L2T-29"1, :

3Has pasMepHocTb B cicteMe CH kako#i-nu6o ¢pusuyeckoit
BEJIHUHHEI, HETPYAHO HAATH H Pa3MEPHOCTb €€ e¢JHHHIILI B 3TOi
cucTeMe. Tax HanpuMep, PasMepHOCTb €IHHHIBI paGoTel paB-
Ha M2.Kr- c“’, PasMEpPHGCTb eJHHHIBI YJeNbHOH TElJIOEMKOCTH
paBHa MZ.c™2. K™ Hu T. A

TaGiHubl NPOUSBOAHBIX eAMHHIL cHcreMbl CH .naHH B co-
OTBETCTBYIOINMX riiaBax «COOPHHKA». @IUHUIBI MEXaHHUECKHX
BeJIHYHH — B IV1aBe |, elMHHIBI TEIVIOBHX BENHYHH — B IVIa-
Be I, eNMHMIBI S/EKTPHUECKHX H MaTHUTHHX BeHYHH —
B IaBe III HT. A .
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Moncrasn | RO | OO | onaoa | Scioe | OS2
ad - " - - Y - - -
ATtro 10-18 a Henu 11=1 A
Qemto - 10-28 (i Jexa 10t . Az
IMuko 10~12 n Fexto 108 r
Hawno 109 H Kuno - 10% K
Muxpo 10-¢ MK Mera 108 M
Munnu 10-3 M Fara 1p®# r
CagrH 10-2 c . Tepa 1042 T

B Tabs. 3 npupelieHBl NpPHCTaBKH, cayxallue Xi1s obpa-
30BaHHsl KpaTHHIX H JAOJBHBIX eXHHHUI cuctembl CH. dtH npu-
CTaBKH MOXHO NPHCOEAHUHATH TONBKO K NpOCTHIM HaHMeHOBa-
HUAM (MeTp, rpamM H T. A.). He ponmyckaercs, uanpumep,
OpHCOeIMHATh KaKylo-1H60 NPHCTABKY K HaHMeHOBaHHIO
«KHJIOTpaMM», Y2Ke cofepaKalleMy IpHCTaBKY «kuao». M3 stux
XKe coobpaxenuii exMnumy Maccel m=10° kr=10'* r cue-

HAyeT HashBarb «reparpammom» (Ir)._

MeToauueckne YKazauusg K peulennio 3ajayq

Ipu pemeHHH 3a4ay Heo6XOAHMO NpeXAe BCETO YCTaHO-
BHTb, KaKHe ¢QHU3HUeCKHe 3aKOHOMEPHOCTH JeXar B OCHOBe
JaHHOH 3aaaud. 3ateM M3 (opMyJ, BHPaKaIOUHX 3TH 3aKOHO-
MEPHOCTH, HY2KHO HalTH pellleHHe 3afaul B GYKBeHHOM BHIE.
Ilocne 3Toro MoXHO mepefiTH K DOJACTaHOBKe YHCJIOBHIX XaH-
HHX, BBIpaXeHHBIX 00si3aTe/jbHO B OLHOH U TOH e cHCTeMe
efunun. Hapsanyse emununamu cucremnt CH npumensiorcs
HeKOTOpble - BHECHCTEMHBIE €JHHMILI, B HAayyHEIX pa6orax mo
(H3HKe H aCTPOHOMHM HCIO/Ib3YIOTCHA TaK¥kKe eIHHHHBI CHCTe-
mMbl CI'C. TlosToMy B yc/i0BUSX 3afay YHCJIOBbie JaHHbiE NpH-
BeJieHB! He Beerga B epununax cucreMs CH. CooTHoleHHs
MexAy eavHHnami cucremsl CH, BHecHCTeMHBIMH eIMHHIAMH H
enunuuami cucreMsl CI'C pganml B Tabnuuax,' MOMeLsEHHBIX
B Hauaje Kaxjo#i rnasbl. Jis pewenus sagau B cucreme CH
Bce JaHHBIE, PHBEJeHHRIE B YCIOBHAX 33124, a TaKikKe B3AThIe
H3 CHPaBOYHBLIX Tabaul, AOMKHE ObiTh HEpeBefieHH B ¢AHHHIIE!
cucremMst CH. Tlpu atoM M OTBer, ecTecTBEHHO, TOJYYHTCS
B €IMHHIAX STOH XK€ CHCTEMBbL.

Ip# nmonydyemuu YHCJIOBOrO OTBETa HYKHO o6paliaTh BHH-
MaHHe Ha. CTeNéHb TOYHOCTH OKOHYAaTeJIbHOTO pe3yJibTata.

o



TouHoCTb OTBETA He BOJIKHA NpeBHIIAaTh TOYHOCTH, ¢ KOTOpO#H
‘AaHH 'MCXOAHbIe BeJHYHHH. DOJBIIMHCTBO 3aja¥ AOCTATOYHO
peaTh C TOYHOCTHIO, KOTOPYIO Jaer Jorapepmuvecxas jhi-
Heftka, B OTAE/BHEIX CIyYasiX CAEAYET NOMIB3OBATHCA JeTHPex-
SHAYHBIMH TaG/HIAMH JIOrapHpMOB.

Y uucloBOro OTBETa cpa3y e, Kak ToAbKo BMecTo GyK-
BEHHLIX OGO3HaUeHHN MOACTABAAIOTCA UHCAA, HYXHO NHCATh
'HaMeHOBaHHe elMHHUM. B Tex samauax, rae Tpebyercsl- Ha-

yepTHTh rpadHK, clefyeT BHODATH Macmraﬁ H Hayano Koop-
JHHAT,



BARAYM T e

»*

I‘nana |
d>P[3H‘lECKHE OCHOBbI MEXAHHUKH

Rz

EAHH Hllbl MEXAHHYECKHX BEJAWYHH

ITpoussoaHLle eAMHHIBI MeXaHHuecKHX BequudH B CHU 06-
pasylorca U3 ¢u3HueCKHX (POPMYJI ¢ HCIOJB30BAHHEM OCHOB-
HBIX eJUHHI MeTP (M), KHJIorpaMM (KT) M ceKyHia (c). Tak,
[IMHUIILL CKOPOCTH H YCKOPEHUSt ONPENeJsIoTCs- H3 COOTHO-
LIeHUH

0= Al a= Av
. A A

TaK Kak elmﬂnueﬁ JJTHHBI HBJIﬂeTCH 1 M, 2 exunHUel Bpeme—
HH — | ¢, To enuHUnEeH cKopocTH 6yner 1 M/c, efuHHLel YcKo-
peHus — 1 M/c2,

Eaunnna cusel ycTaHaBiIMBaeTCf U3 BTOPOro 3akoHa Hbio-
TOHa .

F=ma.

3a eauHHIY ‘MacChl NPHHAT 1 Kr, 3a €IMHHLY YCKOPEHHA — -
1 M/c?; caepoBatenbHo, B CH-equHULEHR CHABI AB/seTCA Takas
CHJIa, TIoJ, AeficTBHEM KOTOPOI Tesio Maccoit 1 KT mosiyyaeT ycko-
penue 1 M/c?, Takas elMHHIa CHJIB HaskBaeTcs HbloToHOM (H):

1 H=1&r-1 m/c2.

Enununa pa6oThl onpefensiercss U3 COOTHOLUEHHUs
A=FI.

3a enuHuny paboTH Hamo B3ATh TAKyIO paboTy, KOTOPYIO co-
Bepiuaer cusia | H Ha nytu 1 M. Dra eauHuua paGoThl Ha3LIBAET-
cd pxoynem (J1x):

1 x=1H-1m.
MolHocTy HaxoAuTcs HO dopMyJe )
N‘=_t o o

CrelioBaTe/IbHO, 33 e[IHHHILY MOUIHOCTU HaJo NPHHATbH MOII-
HOCTb MeXaHH3Ma, coBepmlaroiliero pabory | Jlx 3a 1 ¢. Dra
elMHHLA MOLLHOCTH - HashiBaercs .BaTToM (BT).

o



Tabanna 4

Kasa BA3KOCTb

B CeKyHRY

Exupnna
B'- - E Pasuep-
] SRS - onpenesesne HaHMeHOBaMHHe 0.?2:::'/ ‘BenHIHHE
Mnomane S=p KBajpamibii Merp M2 L3
O6beM V=>=s KyGHuecku#t Merp M? L3
CKopocTb v=Al/At |MeTp B ceryHay M/c LT}
Yckopenue a=Au/At {MeTp Ha ceKyuay| M/c? LT-?
B KBajpare .
Yrnosas cko- | ®@=A@/A¢|pagHan B ceKYHRY { -paa/c T-1
pocTR _ : :
Yrnosoe ycko- | &=Aw/Al|paguan ua cekysxy| pag/c? T-3
penue B KBajpare
Yactora nepro- | v=T"1 |repn I'n T-1
JHYeCKOro .
npouecca T ,
YactoraBpame- | n=7T-1 |cekynga B Mumyc| c~! T-1
HHA : NepBoil CTeneHH
IMnorHocTs p=m/V |xunorpaMM Ha Kr/mM? -3M
: KyOH4YeCKHi Metp
MaccoBmit pac- =m/t |xunorpamm B Kr/c MT-t
xo1 CeKYHAY
O6vemuniit pac- | Vy=V/{ [xybuueckuit merp B| M%/c L3T-
X0 CEKYHRY o
Cusa F=ma {HbloTOH H LMT*2
Jasnenue P=F/S |nackarm Ma |L-MT-2
JKecTKOCTb k=F/l HbIOTOH Ha MeTp H/m MT-2
Hmnyise p=mAv |KanorpaMm-Merp B| Kr-Mm/c | LMT-1
’ X : . . CeKyHuy
Wmnyabe cuabt | p=F Al |HbIOTOH-CeKyHIa H.c LMT-
MoMenT cHAH M=Fl HBIOTOH-METP H.m | L2MT-
MoMent  mM- | L==M A! |knnorpamm-merp B| Kr-mM%/c |L2MT-1
nyJabca KBajpaTe B :
CeXYHLY :
Moment wumep- | J=mr® |RunorpamMm-Merp B| Kr-M> LM
fHu KBajpare
Pa6ota; suep- |. A=F! JKOYJb Jx | L2MT-2
THA o
MomuocTh N=AA/At|Bart . Br L2MT-3
JlunaMugeckas F Al } nackanb-ceKynna IMa-c [L-MT-
BA3KOCTb =3 ) '
Kunematnuec- v=1/p KBajpatHoii ‘Merp| M%/c L2T-

TakuM ke CNOCOGOM MOXKHO OIPEAEIUTDH npousso,unyxo
enmmuy M0G0 (pH3HUECKOA Be/IHUHHBL. .
B Ta6a. 4 naHul BaskHefilHe NMPOW3BOJAHBIE eJUHHIE MeXa-
Hudecknx BesquunH B CH. Ta6a. 5 conmepxkur KosdxpHUMeHTH
nepeBOAia BHECHCTEMHBIX ‘efiMHHI B eiunuusl CH,
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Tabauna 5

2 . -
‘Benmumns - Brunnaga u ee coasp ¢ exunAnmzamy CH
Jnuna 1 A=10-10 y
» 1 .a.e.=1,49598. 1011
1 ¢B. rog=9,4605.101% m
! nk=3,0857.101¢ 'm
Macca ! r==10% kp
1 a.e. m.=1,6605655.10"27 xp
Bpems ! MuR=60 ¢ -
1 v=3600 ¢
1 cyT=286 400 ¢
[Tnockuit yron 1°=(g/180) pan
) 1’ = (/108)-10~2 pap,
1” = (n/648) - 10~3 pag
1 06=2n pax
[Mnomany R ! ra=10* m?
O6nem_ 1 n=10-3% m®
Cuna I qun=10-% H
I xre=9,81 H
Hasneune 1 nun/em®=0,1 Ila
1 Krc/m2=9,81 [1a
1 ar=1 xrc/cm?=0,981. 105 MNa
I MM p1. cr. (Topp)==133,0 I1a
1 atm=760 mm pT. cT.==1,013-10% Ila
. 1 6ap=10°% Ila
JKecrxoctb I nun/eM==10-3 H/M
HMnyabe cuant - I qun-c=10-5 H.c
MOMeHT CHJIB 1 qua-eM=10-7 H.M
Pa6ora; sueprus 1 spr=10-7 Ox
. I krc:M=9,81 JIx
I Br.g=3,6.10° Ox
1 sB=1 6021892 10-1# HJK
. 1 Ran= 4 19 Ix
MomgHocTb 1 apr/c—-lO"7 Bt
) 1 A, ¢.=75 xrc-M/c=735,5 Br
JlunaMHuecKas BA3KOCTH 1 NI=0,1 [Ta.¢c
Kunematuyeckas saskoctb | 1 Cr=10-4 m3/e

1 pumeps. pewerus 3adaq

3anaua 1. Kamgup Maccoit 1,06 KT, CKOJB3SIIHA 10
N0Bep XHOCTH-JIbJa CO CKOPOCTHIO 2,44 M/c, A0/ IeHCTBHEM CHJIbI
-TpeHHs OCTAHABJHBaeTCsl 4epe3 10 ¢. Haiirn CHIY 'rpemm
cuHTasi ee MOCTOSHHOI. -

Pewenue. Tlo Bropomy. sakony Hrlorona

) FAt =»mv,—'mt)g, L
T, _ 13



rae F = cniia Tpenus, noj JeAcTBHeM KOTOPOR cx@poc-rb Te:xa
maceoft m3a npmwAtmmemamv, nov,. B namemc:ryqae
v,=0, Tak uro - _
mog - .

F='—-.—-—

At -

- -

3HaK «MHHYC» YKa3bBaeT, UTO HanpaBJeHHe CHJB TpeHHs F
NPOTHBONOJIOKHO HAMPABJEHHIO CKOPOCTH v;. [lofcraBass
uncsioBrie rannpie m=1,05 kr, v;=2,44 mM/c u Ai=10 ¢, uMeeM

F=__L°_5_?;41H_——{) 256 H.

Tak_Kak HcXOOHEIE NAHHEE B3STHl ¢ TOYHOCTBIO JO TpeTbei
3Hauameil 1mudpe, TO H OTBET 3aJaYd HAJ0 BBIYHCJATH C Ta-
KOH e TOYHOCTbIO, T. €. IS PacueTa MOXKHO IOJb30BaThCs
oObIuHOH JNorapH(MHYEcKOH JNHHEHKOH.

. 3agpaua 2. YenoBék Maccolt 64 Kr W TesexKa Maccoi
32 Kr ABHXKYTCA HaBCTpeuy Apyr Apyry. CKopocrb uesoBeKa
paBna 5,4 xM/4, ckopoctb TeAexkd — 1,8 kwm/4. UenoBek
NpbIraeT Ha TeJeXKY M OCTaHaBJHuBaeTcs. Hai’rm cxopocrb
TEJEKKH BMeCTe C e OBEKOM.

Pewenue. Tlo 3akony COXpaHeHHsS HMIIyJIbca

MUy + Myl = (m1 +my)v, (1)

rje my-— Macca uesjoBeKa, Uy — €0 CKOPOCTb J0 NPBIKKa,
m, — Macca TeJIeXKH, U, — ee CKOpPOCTb JO NPHIXKKA 49eJIo-
BeKa, v — o0lliasi CKOPOCTb TeNIEIKKH M UeJioBeKa MocJe MPhIK-
Ka 4ejoBeKa Ha Tene)xxy Uz (1) Haxomum

_ myui-+myU, - -
v= mi+my ° (2)

IMepBoHauanbHble CKOPOCTH TeJeXKKH U UesoBeKa HMeJH np’o—
THBOMOJIOXHble HanpaBileHHsi, MOSTOMY 3HaKH HX CKOPOCTER.
"6butH pasuble. CuHTast CKOPOCTb 4YeJOBEKa [OJIOXKHTEbHOH,
uMeeM v;=5,4 kM/u H v,=—1,8 kM/u. Kpome Toro, m, =64 xr
u m,=32 Kr. Iloacrasinss atH J@HHDBIE B (2), no,nyth

U= %—1—8 KM/u=3,0 KM,’!;,
Ckopoctb v>>0. Takum o6pasoM, Hoc/jie NPEIKKA CKOPOCTh Te-
MEHKH C 4e/OBEKOM HampaBlleHa B Ty e c-mpouy, KyZAa JBH-
raJjicsi “4esIOBeK,
3anaua 3. Bony KauaioT Hs xeﬂomza myémmi 20 M.
Hast oTKAYKH MOCTdBAEH HACOC C MOTOPOM, HMEIOUIMM MOIL-
HOCTB 3,68 KBT. Haiizn x. 0. A MOTOPa, ec/iH H3BEETHO, 9TO

.,,“ R s



gg(.)? qpaﬁomr—maeeca B3 . mmwa osmamn oﬁ'beu W

. M3, P .

' Petueuue, Mom.ﬂoc% Mm‘opa N caﬂaaﬂa c pa60T01‘-t A

KOTOPYIO' OH COBEDILIAET 3a BpeMA f, COOTHOUIEHHEM

: N=— T :

 N=f o

rze % — K. 0. i, Motopa. UTOOH MojHATH Macey BOXH m Ha

BRICOTY h, Halo 3aTpaTATL pa6ory

-

A= mgh . 2
TIpu 3TOM Macca BOAB /M 3aHHMaeT 0GbEM
V=— 3
,p , &)
rlie p — IJIOTHOCTb BOJBL. HO,IICTaBJIHH (2) u(@3) B (1) HMeeM
- . N = Yeeh Vpgh ,
) Tt
OTKyZa : '
Vpgh
- @

IoacraBasis yuc/oBbie AaHHBIE B (4), NOAYYHM ™ -

380.10.9,81-2Q o
N=3580.7.3000 — 0r0

§ 1. Kunematuga

CKOpOCTb M YCKOpPeHHe TIPAMOJTMHERHOro JABHKEHHS B ofilieM cayuae
onpegensaoTca (GopMyaaMH
v ds ‘. " dv_ d%
TRT —— T e——
dt’ dt de?
B cnyvae npAMOJIHHEAHOTO pPaBHOMEPHOrO ABHKeHHS '
s .

_ —~—t=const, a=0.

B cayyse npAMONKHERHOTO paBHONEPEMEHHOTO , JBHMKEHHA
at‘z -
s—vot+——- y U==yvy-tat,- a=const,
B srHx ypaaﬂeﬂmx YCKOpeHHe @ NONOXKHTENbHO NPH PaBHOYCKOPEHHOM

HBIKCHRH M OTPHUATEJbHO NPH PaBHO3AMENJICHHOM.
ﬂpﬂ xpumnnemlou IBHKEHHH ‘TIORHOE YCKOPEHHe -

A ae-Var’-l—a,,. . -



3AeCE a; — THTEHUHANBEOR (xacaTeannok) ycmpenue ¥ a,. -— xopua.nb-

HO® (nempoc‘rpeuﬂ'l'ellbﬂoe) YCKOpeHRe, mpmueM .
a " dv o N
2 1 == dt 1] R 1]

rae O—CKOPOCTI: NIBHXEHRA B R—-pazmyc KpBBliaHE Tpaex'ropan B
Juumoﬁ\ TOYKE, -

TIpB BpamiaTeNbHOM JIBHXEHHH B ofmieM caydae yIaoBas CKOPOCTb
H ymosoe ycKOpeHHE HaxofaTcs 1O Q)Opmynam

_de do __d%p

=% *~aTar

’ L
B ciyuae paBHOMEPHOrO BpAATeIbHOTO XBHXKEHHS YIJIOBas CKOPOCTDb

- m=—=—=2nn,

rxe T — mepHOA BpallleHHd, L — YacToTa Bpamemm, T. €. YHCHO o6opo-ros
B €JIHHHLY BpeMeHH.
YTJI0Basg CKOPOCTb &) CBA3aHA C JIHHEHHON CKOPOCTBIO U COOTHOMEHHEM
v=0R.

TaHrenuHanbHOe H HOPMAJIbHOE YCKOPEHHs NMPH BPALIATENbHOM ABHKEHHH
MOTYT OHTb BbpaXXeHH B BHAE )

ar =tR, a,=oR,

B rabn. 6 Zano conocTam/JeHHe YPABHEHH NOCTYNATENLHOrO ABHKEHHA
C ypaBHeHHSIMH BDAIaTeJIbHOTO JABHKEHHH. ’

.

1.1, TlepByl0o HOJIOBHHY BpeMeHH CBOErO ABHXKEHHSI aBTO-
MOGHJIb JBHTAJICA CO CKOPOCTbIO ¥; =80 KM/4, a BTOPYIO NOJO-
BHHY Bpemeﬂn — CO CKOPOCTBIO Uy=40 KM/q. Kakora cpepuss
CKOPOCTb U JBHIKEHHS aBTOMOGHJIS?

“1.2. ITepryio MOJOBHHY CBOEro MYTH aBTOMOGHJbL ABHIAJICS
cO cKOpocThio ¥3=80 KM/4, a BTOPYIO NOJOBHHY nyTH — €O
CKOPOCTBIO Uy=40 kM/4. KakoBa cpefHss CKOPOCTb U JIBHIKe-
HHsI aBTOMOOHJA? )

1.3, ITapoxox uzeT mo peke or nysxkra A mo myHkra B co
ckopocthio U;=10 kit/u, a oGpamo — CO CKOPOCTBIO® Ug=
=16 km/u. Halitu CPEJHIOI CKOPOCTDb U TapoXofia M CKOPOCTb
U TEUeHHA peKH.

1.4. Hafitn ckopocTb U OTHOCHTE/NBHO 6epera peKH: a) Jon-
KH, HAYIe# 1O TeueHHIO; G) JIOAKH, HAyIeH NPOTHB TEUEHHS;
B) JOJAKH, HAyWle# mox yriaoM &=90° kK TeueHHIO, Cxopocrb
Teqefx;m pekn u=1 M/c, CKOpOCTE JIOKH OTHOCHUTEJIBHO BOABI

16 .- SR ' .



Ta6annuns 6

TMocrynatenbHoe Bpamarensroe
ABHIKEeHHE HRBHIKEeHHe
Pasnomepnoe
s=ut P=o!
=const o =const
a=0 e=0
Pasuonepemensoe
at? ef?
s=vl+5 =g+
v=uv,}-at © = Wo--8¢
a==const g=const
HepasnoMepHoe
s=f(2) p={(1)
s ~de
V=t =t
_dv_ d - do__d%
G=gr=an aiae

1.5. CaMosieT JIETHT OTHOCHTEJNLHO BO3LYXa CO CKOPOCTBIO
0,=800 KM/u.- BeTep JyeT ¢ 3alajia Ha BOCTOK CO CKOPOCTBIO
u=15 m/c. C KaKko# CKOPOCTBIO U caMojieT GYAeT HBHIrarhbCsi
OTHOCHTEJIbHO 3eMJIH H MOA KaKHM YIJIOM ¢ K MEPHAHAHY HAajo
MepkaTb KypC, uTOGH MepememmeHue 6b110: a) Ha ior; 6) Ha
ceEep;. B) Ha 3amaj; r) Ha BOCTOK?

1.6. Camoner JetHt or nyHkTa A Ko nyHKTa B, pacnoJo-
JKeHHOro Ha pacctossHuH [=300 KM K BOCTOKY. Hamn nponoJ-
JKHTEJIBHOCTD { TOJIeTa, ecsiH: a) BeTpa Het; 6) Betep JYeT ¢ 10ra
Ha ceBep; B) Berep AyeT c 3amafa Ha BocTok. CKOpOCTb Berpa
u=20 M/c, CKOpOCTb CaMOJIeTa OTHOCHTENBHO Bosuyxa V=
=600 xM/u.

1.7. Jlonxa jgeH:kercsl NEepPHEHIHKYJISAPHO K 6epery co CKO-
pocteio v=7,2 kM/u, TeueHHe OTHOCHT ee HAa DACCTOSIHHE
#=150 M BHH3 no pexe. HaiiTH cKOpOCTD ¥ TeUeHHS PeKH H Bpe-
MA f, 3aTpayeHHoe Ha mepenpaBy uepe3 peky. lllupuna pekn

——0 5 xMm.

1.8 *), Teso, GpouieHHOE BEPTUKAABHO BEEPX, BEPHYJOChH
Ha 3eMJi0 yepe3 BpeMs f=3 c. Kakora Geuia HauasdbHasi CKO-
pOCTb U, TeJa H HA KaKYK BHCOTY A OHO MOJHSJIOCH?

*). 3meeb H_janee CONMPOTHBJCHHEM BO3AyXa CJeAyer npeHeGpeus,
€CJIE OHO He 33JaHO B YCJIOBHH.

17



. A

. 19 Kauem: Gpocmm qep-mxam nmpx Ha. amem
hy=10"™ ‘Jepeexanoenpwt.onynaxem na semno? Ha Ka-
KYI0 BHCOTY h NoRREMeTcH KaMeHB, . €C/TH HITaIbHYI0 cx@pocu
KaMHsi YBEJIHUHTDH BIBOE? :

1,10. C a3pocrara, Haxonﬂmerem Had Bhicotre h=300 M,
ynan Kaménb. Yepes Kakoe Bpemsi f KaMeHb JOCTHIHET 3eMJIH,
€CJIH: a) a3pocTar nommmaercn c0 cKopocTso v=>5 M/c; 6) aspo-

- cTar omycKaercsl €o cxopocrmo v==5 M/c; B) aspocrar Hemno-
JBHKEH?

1.11.- Teno 6pouwero BepTHKAJbHO BBEPX ¢ HaYATbHOM
ckopoctbio U,=9,8 w/c. ITocrpouth rpaduk 3aBHCHMOCTH Bbl-
COTHI A H CKOPOCTH U OT BpeMmeHH ¢ AJs uHTepBata 0<(<2 ¢
gepes 0,2 c.

1.12, Teno mapaer ¢ BhicoThl h=19,6 M ¢ HauaJbHOH CKO-
pocteio v,=0. Kaxoii myTh npoiizer T€JI0 3a NEPBYIO H Moce]-
mio10 0,1 ¢ cBoero nBHKEHHS?

1. 13 Teno napaer c BuicOTH h=19,6 M ¢ HavasbHOH CKO-
poctoio v,=0. 3a Kakoe BpeMs TeN0 npouueT nepBEIi H Mo0-
clenuHuii 1 M cBoero myTH?

1.14. CpoGoisio Majaloliee TeIO B MOCASTHION CEKYHAY
JIBHXKeHHS MPOXOJHUT NOJOBHHY Bcero NyTH. C Kako# BBICOTH h
[afaeT TEJO H KaKOBO BpeMs f{ €ro MafieHud? -

1.15, Teno' 1 6poluieso BepTHKAJBHO BBePX ¢ HAYaJbHOM
CKOPOCTBIO U,, TeJIO 2 MaflaeT C BHICOTH A Ge3 HayalbHOH CKO-
pocry. - Haiitn 3aBucHMOCTE patctosinust [ Mexay Tejamu | u 2
OT BpEMEHH f, ecsd USBECTHO, 4TO.TeJd Haua/HM ABHIAThCA
OZTHOBPEMEHHO.

1.16. Paccrosinue MeXay ABYMSI CTAHLUSMH MeTPOTIQJHTE-
Ha [=1,5 kM. IlepByr0o MOJIOBHHY 35TOTO pacCTOsIHHS IMOe3]
OPOXOJHT  paBHOYCKOPeHHO, BTOPYIO — paBHO3aMelJeHHO
C TeM e [0 MOLYJIO YCKOpeHHeM., MaKcUMaABHasi CKOPOCTDb
noesga v=>50 kM/4. HaliTH ycKopeHue a K BpeMsi { JBHXKEHHS
foesjia MeXIY CTaHHHSAMH. '

1.17. Tloesn aBmxeTcss CO CKOPOCTHIO U,=36 km/u. Ecniu
BBIK/IIOYHTb TOK, TO I0€3J, ABHTasicb PaBHO3aMeIJIeHHO, OCTa-
HaBJinBaercsi uyepe3 Bpems (=20 c. KakoBo yckopenue a mo-
e3na? Ha kakom paCCTOHHPIPI § JO OCTAaHOBKH HaJO BHIKJIO-
9HTH TOK?

1.18. IToe3n, aBHrasicb paBHO3aMeJJIEHHO, B TeueHHe Bpe-
MeHH {=1 MHMH yMeHBIIZeT CBOIO CKOPOCTb OT U;=40 KM/4 10

v,=28 kM/4. HaillTH ycKOpeHHe @ NOe3fa H pACCTOsHHe s,
NPOHJeHHOE HM 32 BPEMS TOPMOXKEeHUS-

1.19. Hoes;( JBHXKETCS] paBHO3aMeVIeHHO, HMes naqanhnyro

cKopocTb U,=54 KM/4 H ycKopenue a=—0,5 ‘M/c?, tIepes xa-

48 : : . S .




ROE Bpémn ' Ha KaKOM pacc'rosnm 5 m g,awiﬁi‘opnomeuun
. _OCTAROBHTCH?

- 1.20, Teao*l memkercs pamxopem nves aaqanmym
‘cmpaerb 0;, H ycRopeHme ;. OasospemenHo ¢ TenoM { ‘Ha-
9HHACT ABUIATHCH PABHO3AME/VICHHO TeRo 2, HMed Hadaib-
HYI0 CKOPOCTE U3, # JCKOpeHHe a,. Uepes kaKoe BpeMs 7 noc-
jie Hauazaa RBHKCHHS o6a Tena Gyayt HMeTb OJIMHAKOBYIO CKO-
pocTh?

1.21. Teqo | zeHxeTCs paBHoycxopeHHo HMes HaYaJIbHYIO
CKOpOCTh U;,=2 M/c H yckopeHHe a. Uepea Bpems =10 ¢ noé-
Jie Hauaja JABHKeHHS Tena | u3 3Toff e TOUKY HauMHAeT ABU-
rarbcsi PaBHOYCKOPEHHO TeJO 2, MMesi HavyalbHYI0 CKOPOCTb
0,,=12 M/c u TO Xe ycKopenne a. Hafitn yckopenue a, npu
KOTOpOM TeJI0 2 CMOXKeT AorHathb Teiio .

1.22. 3aBHCHMOCTD NPOHIEHHOTO TEJIOM TYTH § OT BPEMEHH
Jaercsl ypaBHeHHeM s=A{—Bi*-+-Cts, rpe A=2 M/¢, B=3 m/c?
‘u C=4 M/c®, HaiitTu: a) 3aBHCHMOCTb €KOPOCTH U M YCKOpEHHS
- a OT BpeMeHH #; 6) paccTosiHHE S, TPOMJIEHHOE TeIoM, CKOpPOCTb
U H yCKOpeHHe @ Tesla yepe3 BpeMst {=2 c rocjie Hadana JBH-
enus, [loctpoutrh rpaduk 3aBHCHMOCTH MYTH S, CKOPOCTH ¥
H 5ycxopemm a OT BpeMeHH { i mﬂepsana 0<t<3 c uepes
0,5 ¢

1.23. 34BHCHMOCTH NPOHJAEHHOI'O TEJIOM MYTH S OT BPeMeHH ¢
naercsi ypaBnenuem s=A—B{+Ctf, rne A=6 M, B=3 wm/c
u C=2 wm/c?. HafiTu cpelHIOI0 CKOPOCTb U H CpelHee YCKope-
HUe a Tesa Ans HuTepBaja BpeMenH 1<i<C4 c. [locTpours rpa-
.(PHK _3aBHCHMOCTH HYTH S, CKOPOCTH U H YCKOPEHHS 4 OT Bpe-
_MeHH ! ana uHTepBana 0<t<b c uepes I c.

1.24. 3aBHCHMOCTB NIPOHAEHHOr'0 TEJIOM MYTH S OT BPEMEHH ¢
paetcst ypaBHenueM s=A-+Bi+Ct?, rae A=3 M, B=2 w/c
u C=l M/c?.. Ha#iTn cpeaHiol CKOpocTb U M CpeHee ycKope-
HHe @ TeNa 3a NMEPBYIO, BTOPYIO M TPETHIO CEKYHAH €ro JBH-
JKEHHS. -

1.25. 3aBHCHMOCTb nponne}moro TeAOM NMYTH S OT BPEMeHH {
RaeTcs ypaBuemneM s=A-Bt-+Ct>+Dt3, rae C=0,14 m/c?
n D=0,01 M/c®. Hepes kaxoe BpeMs / nocjle Hauana ABHKEHHST
TeJI0 6y}1e'r uMeTb yckopenne a=1 M/c*? Haijith cpestee ycko-
peHue.a. TeJla 32 STOT NPOMEKYTOK BPEMEHH.

1.26. 'C GawHH Bhicotofi A=325 M TOPH3OHTANbHO GpOMIEH
' KaMeHb ¢O cKopocthio v,=15 M/c. Kakoe Bpems { KameHb
Oyzer B xeuxenun? Ha Rakom. paccTOsHUH  OT OCHOBAHHS Gar- .
HA OH ynager Ha 3eMmo? C KaKoH CKODOCTHIO U OH ymaJeT Ha
semmo? Kakofl yTOA @ COCTaBHT TPaeKTODHA KaMHs C ropu-
BOHTOM B TOUKE ero MajeHHs Ha 3ewuo? :

: : o 19



1. 27. Kaueub, GpolleHHRHA ropnaomaamo, Sman ua aeM-
mo qepes BpeMs £==0,5 ¢ Ha paccrosnuu [=5 M ng ropMsonra-
JIH OT MecTa 6pocmma -C Kaxofi BHICOTH h 6pomeu KaMeHb?
C Kaxkoll CKOpOCTHIO U, OH OpomeH? C KaKOH cCKODOCTHIO U
OH YDAJeT Ha SeMJio? “Kakoft yros @ COCTaBHT TpPaeKTOpUS
KaMHsl C TODH3OHTOM B TOYKe €ro MNaJieHHsl Ha 3eMmo?

1.28. My, 6pOlIEHHBIH FOPHIOHTAIBHO, YAapAETCA O CTEH-
Ky, HaXojsiuwylocss Ha paccrosHHH /=5 M ot Mecrta OGpocaHHs.
Bricota MecTa yaapa Ms4a o cTeHKY Ha Ah=1 M MeHbuie Bbl-
coTH A, ¢ KoTopoi Opouten Msu. C KaKofl CKOPOCTBIO U, 6po-
weH MAT? IToa xakum yriiom @ MsY NMOAJETAET K NIOBEp XHOCTH
CTEHKH?

1.29. KameHb, GpomweHHbiit ropnsomanbﬂo, uepes Bpemsi
t=0,5 ¢ mocsie Havasa JBUAKEHHS HMeJ cKopocTb v, B 1,5 pasa
Gonbmyzo CKopocTH v, B MoMeHT Opocanus. C KaKo#t  cko-
pocthio v, GpouieH KaMeHE?

1.30. Kawmenf GpomeH FOpPH3OHTAJIbHO co CKOPOCTBIO
v,=15 M™/c. Haiith- HOpmanbHOe @, H 'TaHIeHIHAJBHOE d;
ycxopemm KaMHs Uepes BpeMs t=I ¢ mocie Hayana MBH-
JKEeHHS.

1.31, Kamenb OpouieH TOPH30HTAJbHO CO cKopochxo
v,=10 M/c. Haiitu pannyc KpPHBH3HH R TpP3eKTOPHH KAMHs
qepes BpeMmst (=3 c Mocle Hayala IBHKEHHA.

1.32. Msu Gpowen co ckopoctbio v,=10 M/c mop yriom

a=40° k ropusonty. Ha Kakyio BeicoTy h moanumercst Msu?
Ha kakom paccrosiHud { oT mecta GpOcaHUs OH ynaue'r Ha-3eM-
a0? Kakoe Bpemsl { ont Gynetr B JBHXXEHHH? :

1.33. Ha cnopTHBHEIX cOCTSA3aHHsX B JIeHHHrpafe cnopr-
CMeH TOJIKHYJ #Apo Ha paccrosinHe /;=16,2 M. Ha kaxoe pac-
crosiHue [; NONETHT Takoe e sIAPO B TallKeHTe NpH TOH iKe
HauaJbHOH CKOPOCTH H NIPH TOM JKe yIJle HaKJIOHA ee K ropu-
30HTY? YcKopeHHe cBOGOQHOrO HameHHst B JleHumHrpaje
g:=9,819. v/c?, B Tamkenre g,=9,801 m/c2.

1.34. Teno GpomeHo coO CKOPOCTHIO U, NMOA YIJIOM K IOPH-
30HTY. Bpema noseta {=2,2 e Ha xagyio BbicOTy A MOXHUMET-
CSl TEJIO? .

1.35. Kamenb, 6pouieHHBIl cO CKOpOCTb!O v, =12 M/c non
yriaom o=45° K TOPH30HTY, yNaJj Ha 3eMJI0 Ha paccro;mun l
oT Mecra Opocannsi. C Kako# BhICOTHI i HaJQ 6poc1m> KaMeHb
B TOPH3OHTA/bHOM HAMNPAB/IEHHH, YTOGHI MPH TOH Ke Haaib-
HOI CKOPOCTH U, OH YIIa/l Ha TO Ke& MeCToP

1.36. Tesio GpollieHO cO cKOPOCTHIO Uy,=14,7 M/c nof, yriom
a=30° K ropusonry.. Halith HopManbHOe @, H TaHreHUHAIb-
HOe a, YCKODeHHs Tesa depe3 BpeMsl {= l ,2D ¢ mocae Hasasla
JABHIKEHHS. - .

s ,



-41.87. Teno Gpoweno co cxopoe‘.rw == 10-w/c non ‘yraom
a=45""k ropusonty. Haliru pannyc kpiBHSHE R 'rpaex'ropun
‘Tena yepes BpeMa {=1 ¢ nocne wavana apwKeRHsl. | . -

1.38. Tes0 GpoOIEHO CO CKOPOCTHIO U, MO, YIAOM ¢ K ro-
pusonry. Halitu ckopects v, H yroi «, ecau H3BECTHO,. UTO
BBICOTA MOABEMA Tesia =23 M H PAIHYC KPUBH3HEL Tpaemopuﬂ
Tesa B BepXHejl TOUKe TPaeKTOPHH R=3 M,

* 1.39. C Gammu BeicoToil f1,=25 M- GpolieH KaMeHb CO CKO-
pocThio v,=15 M/c nox yriom @=30° k ropHsoHty. Kakoe Bpe-
Ma { KameHb GyJer B jprxennH? Ha kakom paccrosnuH [ or
OCHOBaHHsl GallHH OH ynajeT Ha 3eMmo? C KaKko#l CKOPOCTBIO U
OH ymaZer Ha 3emmo? Kakoii yron ¢ cOCTaBHT TPaeKTOpHSA
KaMHSl ¢ TOPH30HTOM B TOYKE €ro MajileHHus Ha 3eMJo?

1.40. Msu, GpomenHwii co ckopocthio v,=10 M/c mox yr-
JOM o=45° K TOPH30HTY, YAAPSeTcs O CTEHKY, HaXOASULYoCH
Ha paccrosiiuH /=3 M ot Mecra Gpocanusi. Korga npoHcxomur
yaap Msiua O CT€HKY (IIPH NOABEME Msiua HJH IPH €ro omycka-
uuH)? Ha kakoii BeicotTe £ Msid yJAapHT O CTeHKY (cuMrtasi OT
BHICOTHI, ¢ KOTOPOil GpomieH Msu)? Haiitu CKOpOCTb U Msiya
‘B MOMEHT YyJapa.

1.41. Ha#itu YIJIOBYIO CKOPOCTD @: a) cyTOYHOro Bpameﬂml
3emsH; G) 4acOBOR CTPENKH Ha yacaX; B) MHHYTHOH CTpeJKH
Ha "acaXx; r) HCKYCCTBEHHOTO CIYTHHKA 3eMJIH, ABHXKyIlerocs
no xpyrosou opbHTE C MEPHOAOM BpAILEHHS T= 88 mun. Ka-
KOBa JIHMHEHAsl CKOPOCTh U JABHIKEHHSI 3TOr0 HCKYCCTBEHHOTO
CIYTHHKA, €CJH H3BECTHO, YTO ero OpeHTa PaclosiokKeHa Ha
paccrosiiul A=200 KM OT MOBEPXHOCTH JeMJH?

1.42. Hafitu JHHeHHYIO CKOPOCTb ¥ BpallieHHSA TOYEK 3eM-
HOM moBepXHOCTH Ha WHpore Jlemnnrpama, (9=60°).

1.43. C Kako#i JIHHeHHOH CKOPOCTbIO JOJXKEH JIBUIaTbCS
caMoJieT Ha 5KBaTtope ¢ BOCTOKA. Ha 3amaj, utolbl naccaxkHpaM
atoro camoseta CofiHHE Ka3aJOoCh HENOABHKHLIM?

1.44. Ocb ¢ OByMsl JOHCKaMH, pAacClOJOXEHHRIMH Ha pac-
crosann [=0,5 M Jpyr or JApyra, Bpamaercss ¢ 9acTOTOH
n=1600-06/mun. Ilyas, zersumast BIOIb OCH, NpOGHBaeT 06a
AHCKAa; NPH 3TOM OTBEPCTHE OT MYJIH BO BTOPOM JHCKE CMeILIeHO_
OTHOCHTEJIbHO OTBEPCTHS B [EPBOM JucKe Ha yroa ¢=12°
Haiitu ckopoctb v myJH.

- 1.45. Hakru pammyc R . Bpamarommerocst KoJeca, ecai H3-
BEeCTHO, YTO JIHHeiHast CKOPOCTb Uj TOUKH, JexXaleii Ha oboge,
B 2,5 pasa Gosbiie JHHEHHOH CKOPOCTH U; TOUKH, JexKaie#
Ha pacc'ro;mnn r=>05 cM OJaHXe K OCH KoJeca. .

1.46. Koseco, Bpamasch paBHOYCKOPEHHO, AOCTHIJIO YIJIO-
Bofi cKopocTH. ©=20 paz/c uepes N=10 o6 nocne Hayaja Bpa-
menns. Halith yrioBoe yckopenne e KoJeca.

- g



_ 1.47" Ko.nece; sgamnc& pabmycﬁogemg spemt.
#=1 “mun NOChe Havaaa - BRIWEHIR pmﬁpaaep ,
n=720 of/mus. Hafty yrionoe ycxopenne 2 xmeea u wo
o6opoTos- N Koae€a.3a 310 BpPeMs. :

1.48. Koiieco, Bpamasch pamoaauejmenuo, 3a Bpeua
f==1 MEH yMeHBIWIO cBOW YacToTy ¢ 4;=300 of/Mum X0
n4=180 06/MuH. Haiitn yriopoe-yckopente & KovIeca 1 MHCII0
obopotoB N KoJjeca 3a 3TO BpeMsi. -

.1.49. BenTtwistop Bpatitaercs ¢ yactorolt n=900 06/MHH.
Iocae BEK/MOUEHHS BEHTHJIATOP, Bpalllasich paBHO3aMeJJieH-
HO, cllenan 10 ocTaHoBKH N=75 06. Kakoe BpeMsA [ NpOINO
C MOMEHTA BLIKJIOYEHHS Be}mmmopa JI0 NOJHOH €ro ocTa-
HOBKH?

1.50. Bax Bpawaercs ¢ wacroroit n=180 o6/Mus. C HeKo-

TOPOrO MOMEHTa Ba/l Hayaj BpallaThcs pPaBHO3aMe]IeHHOD
¢ YIVIOBHIM ycKopeHHeM e=3 papn/c?. Uepes Kagoe BpeMs ¢
BaJs octanoBurcA? HallTw yucao oGoporoB N° Bana Jo ocra-
HOBKH.
- 1.51. Touyka jBHKeTcs O OKPYZKHOCTH pazmycom R=20 cM
C TOCTOSIHMBIM TAHTeHHUANLHLIM YCKOpeHHEM a.=5 cM/c?.
Uepes Kakoe BpeMsi / nocjie Hayana ABUXKEHHS HOPMaJibHOE
YCKOpeHHe @, ToukH Oyler: a) paBHO TaHreHLHAJbHOMY;
6) BuBoe OOJbllle TaHreHIHAJbLHOLO?

1.52. Touka JBUKeTcS NO OKPYKHOCTH pajHycom R=10 cm
C TMOCTOSIHHbIM TaHTreHIMANBHBIM YCKOpeHHeM a.. Haiith Tan-
FeHLHAJbHOEe YCKOPeHHe Gy TOYKH, €c/M U3BECTHO, YTO K KOH-
Ky nfAToro obopoTa Hoc/ie Havasla ABHKeHHUst JHHeHHAs CKO-
‘pocTb TOYKH v=79,2 cm/c.

1.53. Touka gBHKeTcst IO OKPYKHOCTH paauycom R=10 cm
C NMOCTOSIHHBIM TaHPeHIHAMbHBIM YCKOpeHHeM a.. HafitH Hop-
MaJIbHOe YCKOpeHHe @, TOUKH uepe3 Bpems (=20 c¢ nocle Ha-
9ajia JBUXKeHUSl, eCJiH H3BeCTHO, YTO K KOHHY nartoro ofopora
HoC/le Hauyasia JBHXEHAS JHHeflHasi CKOpPOCTb TOUYKH U=
=10 em/c.

" .1.54. B nepBoM npuGIHKeHHH MOXKHO CYHTATh, 9TO 3JEKT-
POH B aToMe BOJOPOAA ABHKETCA NO KPYroBoi opbHTe ¢ Jn-
He#lHOH cKopocThio v. Hafitu yrioByio cKopocTh @ BpallleHHs
5JIEKTPOHA BOKPYT $APa. H ero HOPMAaJibHOe YCKODeHHe a,.
Cuurate pajHyc OopGHTH r=0,5-107* M U JHHelinyi0 cKo-
pocTh 3/MeKTpoHa Ha 3ToH opbute v=2,2-10° M/c.

1.55. Koneco pamuycom R=10 cM Bpamaercs ¢ YIJIOBbIM
yckopenHem €=3,14 pan/c?, Haiiti ans.Touex Ha oboje Kode-
ca K KOHIY FepBOf CeKVHAH Toc/e Hauaja JBHMEHHS: a) yI-
JNOBYH CKOPOCTb ;. 0)-JHHefiilylo CKOpOCTb ¥; -B) TaHFeH-
uHaJIbHDe/ ycxopeuae ag; r) Hopmanb&oe ycxopenue g;



7} moaRoe: yokoperve a; e} yron G cocrannneuuﬁ mmpow

mmmm yCKOpeHHR C. palmycan KoJaeca. .

"1.56. Toura aemxercs no OKPYKHOCTH pannycoM. R—2 cM.
BamHCAMOETS TYTH OT BPEMERW -JaeTcs  ypammenmeM s=Ci¥,
e C=0,1 cufc’—Hafirn ropmantioe @, W TaRATeRNHANEROS
"y YCKOPEHHS TOUKH B MoMeRT, KorAa JHHefHast CKOPOCTh TOY-
kH v=0,3 M/c.

1.57. Touka aBHXkeTcs no OKPYXHOCTH TaK, 4TO 3aBHCH-
MOCTb NYTH OT BPeMeHH JIaeTcsl yPaBHEHHEM. s—=A— Bt+-Ce,
rae B=2 m/c u C=1 m/c®. HaiitH JHHeHAHYIO CKOPOCTb U TOY-
KH, ee TaHreHIMaJbHOR Gy, HOPMAJbHOE gy M NOoJAHOe d YCKO-
peHHst uepe3 BpeMd [=3 C Nnocjle Hayasa ABHIKEHHS, eC/H H3-
BECTHO, 4YTO MpH ¢ =2 ¢ HOpMaJbHOE YCKOpeHHe TOUKH a,=
=0,5 ‘W

. 1 58. Hairtu yriioBoe ycKOpeHHe & KoJeca, eC/lH Hsnecmo,

- uTO yepe3 BpeMsl {=2 c¢ mocje Hayasa JABHXKEHHs BeKTOP IOJ-
HOTO YCKOPeHHS TOUKH, JieXallled Ha o60fe, cOCTaBJSET Yrod
a=60° ¢ BEeKTOPOM ee JHHEeHHOW CKOPOCTH.

1.59. Koseco BpalligeTcsi ¢ YI/IOBHIM YCKODEHHeM &=
=2 papn/c®. Uepes Bpems #=0,5 ¢ mocne Hayaja ABHKeHHS
HOJHOe YCKOpeHHe Kozleca a—136 cv/c. Haltu pammyc R
KoJseca,

1.60. Konéco paanycom R=0,1 M Bpailaercs Tak, 4yTO 3a-
BHCHMOCTb yIJla NMOBOPOTA pafHyca KoJeca OT BPeMeHH LaeT-
csi ypaBHenueM ¢=A-4Bt+4-C, rae B=2 pagc u C=
=1 pan/c®. IIna Touek, Jexamux Ha oboje Kosneca, HalTH ye-
pes BpeMsi {=2 c nocJie HadaJja JBHXKEHHA: a) YIJIOBYIO CKO-
poerb ©; 6) JuHefHYIO CKOPOCTb U; B) YIJIOBOE YCKODEHHE &;
J) TaHTeHUMAJbHOE @; U HOPMANbHOE @, YCKOPEHHS.

- 1.61. Koneco panuycom R=5 cM Bpamaercs Tak, 9T0 3a-
BHCHMOCTb YIJia NoBOpPOTa pajHyca KoJjleca OT BpeMeHH NaeTcs
ypaBHenueM @=A-Bt4-Ct2*4-D#3; rae D=1 pap/c®. Haa To-
ueK, Jiexallux Ha o0oJe KoJeca, HafiTH H3MeHeHHe TaHTeH-
HANBbHOTO YCKOPeHHs Aa; 3a eJHHHLY BpeMeHH.

- 1.62. Koneco paauycoM R==10 -cM" BpamaeTcs Tak, 9TO

' 3aBHCHMOCTb JIMHEHHOH CKODOCTH TOYeK, JieXallMX Ha ofone
KOJeca, OT BpeMEHH Jaercsi ypaBieHueM v=Af(+Bf® rue
A=3 cm/c* u B=1 cw/c*. Hatirn yrol o, cOCTaBJseMbLi
BEeKTOPOM IOJHOTO YCKOPEHHS ¢ PajHycOM KoJeca B MO-
MeHTHl BPEMEHH f, paBHbIe 0, 1,2, 3 415 ¢ nocie Hayaia
IBHKEHHUS.

* .1.63. Koseco BpamaeTcﬁ TaK, YTO 3aBHCHMOCTb YIVa Io-
BOPOTa _pajimyca KoJeca. OT .BpeMeHH jaeTcsi ypaBHEHHeM

@=A4Bt+Ct+Dp3, rge B=I par/ec, C=1 pap/c® u
D-{ peullc8 Haittu pazmyc R xo.neca, €CJIH uaaec'mo, EY

. B . . . ) 23




K KOHIY smpoﬁ CeKYHIH- hnumeum ;um TOUEK, JICKAIRHX
Ha odo.u;e KoJeca, HOPMaJibHOe YCKOpDeHHe dn,=3;46<10% m/ct.

1.64. Bo ckonbro ‘pa3s HOPMAJbHOE YCKOpeHHe G, TOUKH,
ne}xameﬁ Ha ofozie Bpamjalomierocs koJseca, Gosibile ee TaH-
FeHIMANBHOTO YCKOPEHHS @y JJIA TOrQ MOMEHTa, KOTJZia BEKTOP
NOJHOTO YCKOPEHHMA TOUKH cocraBiser yroa a=30° ¢ BEKTO-
‘POM ee JHHefiHOR CKOPOCTH?

§ 2. Nunamuka

OcnoBroft 3akOH AuHaMHKH (BTOpofl 3akoH HbioToHa) BHpaxaercs
ypaBHeHHEM ’

-

F dt=d (mv).
Ecau Macca m NOCToAHHE, TO
F=m L =ma
dt !

TIe @ — YCKOpeHHe, KOTOpOe npHOOpeTaeT Te/o Maccoff m MOA AeficTaHeM
cunsn F.
Pa6ora cunu F npu TepeMelieHHH S MOXeT GHThb BHIpaxKena (popmynoﬁ

A=SE_,ds,l-
s

rae Fy — MpOexmMA- CHJI HA HanpaBfleHde NepeMemenud, ds — AAdAA
NepeMemieHHs. HHTerpHpoBanHe NOJKHO GHITH DPacnpoCTpaBEHO Ha Bee
NepeMelienHe s. B cayvae noctosHHOR cmm, JeficTBylomefi TIOR yrjioM &
K NepeMemieHHio, HUMeeM _
A=Fscosa,:
e & — yron mexay cunofi F u mepememenuem s,
MouHocts onpenensercst hopmyaodh

dA

N=Zr-

B cnyuae nocrosnHoOft MOmHOCTH .
N=2

, B t
rie A — paGoTa, coBepiuaemas 3a ppeMa f. .

MomuocTs MOXKeT GuiTh OnpelenieHa Takxke GopMyaon

N=Fvcosa, .

T. €. NMPOH3BEJEHHEM CKOPOCTH RBHKeHHS Ha TPOGKIHIO CHIN HAa Hanpas-
Jleyne JBHKEHHS.

Ins KuBETHUECKOH SHeprHu Tena Maccoii m, ABHXYIETOCA €O CKOs
POCTBIO U, UMeeM :

. Ve="5-



d’opuy)m ang novésnHanbitoR stiepry‘ AMeioT pasunﬁ m 8 sanucuuo‘cm
OT xXapaKrepa neamymmax CHIL, .

", B HSOIHpOBAHHOR cHCTeme mmym:c BXOAAILAX B Heo Ten ocne'rcx
noe’rosmubm, ‘!‘. 8. . .-

mivi~+mava+t... +m,,vn='cpnst.

Ilp# meynpyrom meHTpanbHOM yAape NBYX Tell C MacCaMH my W iy
o6mas CKOpOCTb ABHKEHHA STHX TeJ MOC/IEe yAapa MoXer 6]:!’1‘!: Halilena
no (popmy.ue ]
_mprtmo -_

m1‘+{nn )
re vj — CKOPOCTh MepBOro Tena 10 ylapa H vy — CKOpPOCTh BTOPOTO Teaa
10 yaapa.

Tlpu ynmpyroM UeuTpanbHOM yaape Tena GyXYT ABEIZThCA C paanuq-
HbiMH cKopocTamH. CKOpOCTh MepBOro Tesia moche yaapa
(mi—my) U1+ 2mauy ‘

my-+mqy ’
CKOPOCTb BTOPOTO Tesa mocie yxapa
— _(my—my) va+2myvq
my -y
Ilpu kpuBONHHefHOM ABHKEHHH CHJIA, jAeficTBYlomad Ha MarTepHalb-

HYIO TOUKY, MOXET OWTb Da3joXeHa Ha JBe COCTABAANMIHE; TAHreHIHA/be
Hylo H HOpMaibHylo. HopMansHasd cocTasastouias

4=

Uy

2 : .
. F, ____”_‘Ig_ .
ABNAETCA IEeHTPOCTPEMHTENbHON -cuofl. 3mech v — JauHefinad CKOPOCTH
ABINKEHHA TeNla Maccoli m, R — pajnyc KPHBH3HH TDaeKTODHH B JaHHOM
TOuKe.
Cuna, BuisHBatomas ympyryio aedopMandio X, nponopuﬂonam.ﬂa
_neq)opmauuu, T. €.

F =kx,
rie k — KecTKOCTb (KOadHIHEHT, YHCAeHHO PaBHHA CHAE, BhLI3bBalomed -
Xedop-4anHio, paBHYIO efHHHLE). .
[Norenuuanbias sueprua ynpyroro Tea
kx?
Wa= 7

HBe Matepualsibie 'romm (1. e. Takie Tesa, pa3MepPH KOTODHX MAJibt
110.CPABHEHRAIO C HX B3aUMHHIM PaccTOSHUeM) npumruaamcn APYT K ZpyTy
¢ cuioh

F=gils, | |

- '
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‘Eie G=6,6720-10"% H-n¥/¥r® - rpanuranuousias - NOCTORUEAS...#g "
My~ uaccu asanmoneﬂmy!omnx uafepamaux TOURK, £ — paemcm
_ MeXJY BHME. S'ro-r SaKOH CHPABEJIHB H 1A% oxwopoaaux mapos, upl S‘I'OM .
AT — PaCcCTOSIHHE MEXAXY HX LEHTPaMH Macc.
‘ I'Iorrenuuanbnan SHEPTusl TPaBHTALHORHOTO Baauuoneﬁcmun Ten

’Wn Gmlmg . . )

-

3HaK «<MHHYCY COOTBETCTBYET TOMY, MTO NPH 7==00 MOTEHOHAJbHAS 3HEPTHH
JABYX B3aUMONEHCTBYIOLUHX TeJ PaBHa HYJIO; NPpH CONHXKEHHH STHX TeJ
NoTesnuaNbHAA 3ueprHa yCbiBaer. = - '

Tperuii saxon Kensepa umeer sup

R -
TS RS’

rae Ty v ‘Tz — NiepHOAW BpAlERHs TnaueT, Rj H Ry, — GoJbiIHe noJayocH
HX op6ur. B ciyuae Kpyrosoit OpOHTH pOJb GOJBLLIONH MOJYOCH Hrpaer
panuyc OpOHTHL

. 2.1. Kakoit MaccH m,. 6aninact Hago cOPOCHTbL ¢ paBHOMep-
HO onycxaxomeroca aspocrara, yroObl OH HayaJ PABHOMEPHO
MOXHHMATLCA € TOH e cKopocThio? Macca aspocrara ¢ GaJ-
nactom m=1600 kr, noavemHas cuna_aspocrara F=12 xH.
Cuurarb cHly CONPOTHBNEHUS Feonp BO3AYXa ONHOH H TOH e
OpH NojgbeMe H NPH CIYCKe.

2.2) K HuTH nofBelleH rpys Maccoli m=] Kr. Hanm cuany
HaTsXeHus HATH T, eC/lM HUTD C TPY30M: a) OAHUMATD C YCKO-
penveMm a=5 M/c?; 6) OMYCKAThb C TEM 3Ke YCKOpeHHeM a=>5 m/c2

2.3. CTaJlea;x IPOBOJIOKA HEKOTOPOI'o AHaMeTPa BbIIEPKH-
‘Baer cuny Haraxenus T=4,4 gkH. C kaknM nauGoabwinM
YCKOPEHHeM 'a MOXKHO MNOJAHUMATh Ipy3 Maccoii m==400 «xr,
no/BelleHHbI HA 3TOM NPOBOJIOKE, 4TOOBI OHA He paaopBa-
Jach?
" 2.4, Macca andra ¢ naccaxkupamH m=800 kr. C Kakum
YCKOPeHWEeM @ H B KaKOM HanpaBJieHHH JABHKeTcs JIHQT, eciH
H3BECTHO, YTO CHJ/1a HaTsIKeHHsl TPOca, NOAAEPIKHBAIOILEro
audr: a) T=12 gH; 6) T=6 xH?

2.5. K uutH nojpeuleHa rups., Ecid nopsHMarh THpIo
c. YCKOpeHHEM a;=2 M/c?, TO cusa HaTsikeHus HUTH T, GyZher
BJiBOGs MEHbIE¢ TOH CHJIB HaTsiXeHHs 'y, NIPH KOTOPOH HUTDH
paspuBaetcsi. C KakKHM YCKOpeHHeM d; HAfio ﬁO.&lHKMS:rb‘I‘Hp!O
yTOoOBl HHTb Da3opBaach?-

2.6. AsroMo6unb Maccedt m=1020 Kr, mmraﬂu: paBHo-
3aMeJI/IEHHO, OCTaHABJHBAETCHA Yepes. Bp,eMa_t—S ¢, npo#aa



_%15 $=95 w.- Haird ﬂaqanmm cxopncrh a. mmﬂmn B
TopmoXenua F.

"2.7. TToean Maccmz 111—500 T, D,Bm‘aﬂ(‘.h panﬁoemmﬂeﬂm.
B TeUCHHE BpeMeHH MHH YMeHBHIZeT CBOW or
v,=40 xw/u Jo uy,=28 EM/u. Haiita cuny. Topm F..

-2.8. Baron maccoit m=20 T ABIDKeTCS ¢ HauaaLHON cxo-‘
pocrbio v,=54 Kw/e. Haittu cpenmioo cuny F, neﬁc'raymmyxo'
Ha BaroH, ecsH' H3BeCTHO, YTO BAFOH OCTaHABJHMBAaETCA B Te-
yeHHe BpeMenH: a) {=1 mMun 40 ¢;"6) t=10¢; B) 1 ¢.

2.9 Kakyio cuny F Hano TIPHJIOXHTb K BaroHy, ¢Tosiiemy
Ha pesbcaX, 9ToOBl BaroH cTaJl JABHraThCsi PaBHOYCKOPEHHO H
3a BpeMs {=30 ¢ npoien nytb s=11 M? Macca Barosa m=16 .
Bo Bpemsi JBUXKEHHSI Ha BaroH JefcTByeT CHsia Tpenus F
paBHas 0,00 neficTBylolefl Ha Hero CHJIB TAXECTH mg.

2.10, Iloesn Maccoit m=500 T nocie nNpeKpalleHUsi TArH
mapoBo3a HOA AeHcTBHeM cHibl Tpenus F, =98 kH ocranas-
JuBaercs depe3 BpeMs f=1 muH. C Kaxoit cxopocm}o v, wWen
noesn? _ ‘

2.11. Baron Maccoli m=20 T JABHKeTCS PaBHO3aMeJJIEHHO,
HMesl - HAYaJBHYIO CKOPOCTb U,=54 KM/4 H YCKOpEHHe a=
=—0,3 m/c%. Kakas cuaa topMoxkenus F JeHcTByeT Ha Ba--
rod? Yepes Kaxkoe BpeMsi ! BaroH ocTaHoBHTcs? Kakoe pac-
CTOsIHHE S BaroH TPOHIRT 10 OCTAHOBKH?

2.12. Teno Maccoit m=0,5 xr nBHKercs HpﬁMO.HHHeHHO
NpHYeM 3aBHCHMOCTh npomxennoro TENOM NYTH § OT BPeMEHH ¢
Jaercsi ypaBHeuneM s=A—B{+4+Ce—DB, rae C=5 m/c* u
D=1 wm/c®. Haititu cuny F, peficTByIOIlyi0O Ha TesO B xonue
NepBOH CEKYHAM JIBHIKEHHS.

2.13. Togx nefictBueM cHint F=10 H reso ABHMeTCA NMPAMO-
JIMHENHO Tag, YTO 3aBHCHMOCTb NpPOHAEHHOTO TEJOM IyTH §
OT BpeMeHH [ Jaercst ypaBHeHHEM s=A——Bt—}—Ct2 rae C=
=1 M/c% Ha#tu Maccy m Tela. '

2.14. Teno Maccoit m=0,5 Kr IBHXeTcHl TaK, 4TQ 3aBHCH-

MOCTb TPOHi/IEHHOrO TeJIOM ITH SOT BPEMEHH { 1aeTosl ypaBHe-
HueM s=A sin of, rae A=5 eM B @=n pan/c. Haiite cuny F,
JeACTBYIOIYIO Ha TeJIO yepes speMs {=(1/6) ¢ noc/ie Hasana
JBUIKEHHS,
- 2.15. Monekyna Maccoit m=4,65-10"2® kr, nersuias HO
HOPMaJIH K CTeHKe cOCYJa co cKopocThio v=600 M/c, yaapsercs
O CTeHKY M YNpYro OTCKaKMBaeT OT Hee 0e3 TOTepH' CKOPOCTH.
Ha#tn umnynbc_cunnt FAL, no.nyqennuu CTEeHKO# ‘3 BpeMd-
yAapa.

"2:16. Monexyna Mmaccoit m=4,65-10"2¢ xr, HeTSIHAR co
cmpoc‘mo ,v——ﬁO() H/c, yAapsiercs o CTEHKY cocyza SOR. gr-
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JoM- G ==60% K. opMajin. 1. yfipyro o'rcxaxﬁaae'r oT Hee 0e3 no-
TepH cKopocTH. Haiith uMnynbe cuant FAL, nonyqeunuﬁ cren-
KOH 33 BpeMd yjapa.

Y 2.17. Hlapux Maccolh m= 0 1 kr, napas ¢ ‘Hexo'ropoﬁ BRico-
THi, yAApAETCA O HaKJIOHUYIO IIOCKOCTh M YNPYTo OTCKaKHBa-
€T OT Hee €3 NOTEDPH CKOPOCTH. YToJ. HAKJIOHA IJIOCKOCTH
K ropHsoHty «=30°, 3a BpeMsi yAapa NJIOCKOCTb HOJydYaeT
pMnynbe cuant FAf=1,73 H-c. Kakoe BpeMsa { mpoiifier ot
MOMeHTa yJapa 11apHKa O IVIOCKOCTb A0 MOMEHTa, KOrja OH
GyneT HaXoJIWTbcSi B HAHBBICIIeHl TOUKE TPaeKTOPHH?

2.18. Crpys Boanl cedenrneM S=6 cM? yuapsiercst 0 CTEHKY
noy yryioM .a.=60° K HOpMaJaM H YNPYro OTCKaKHBaeT OT Hee
6e3 notepu ckopocTH. HaiiTH cHay F, JefcTBY0OILYIO Ha CTeH-
KY, ec/H H3BeCTHO, YTO CKOPOCTb Teqemm BOJXbI B CTpYe U=
=12 m/c.

2.19. Tpamsaifi, Tporasch ¢ MecTa, JIBHXKeTCA C ycxopexmeM
a=0,5 m/c?. Uepe3 BpeMs1 {=12 ¢ mocjie Havana ABHIKEHHS
MOTOP BHIKJIIOYaeTcst H TpaMBai ABHXeTcs JO OCTAHOBKH paBHO-
saMejsienno. Kosdpdunuent tpenus Ha BceM nytH k=0,01.
HaiiTu HauGonbuIyio cKOPOCTb'v U BPeMs ¢ JBHIKEHHS TPaMBasi.
KakoBo ero yckopenHe a npH paBHO3aMeJJIeHHOM JABUKeHUH?
Kakoe paccTosinHe s npofifieT TpaMBal 3a BpeMs JBHIKeHHA?

2.20. Ha aBromoOuab Maccok m==1 T BO BpeMs ABHXKeHHS
neficTBYeT cHsia Tpenus Fo,, pasuas 0,1 JeicTBYIOIeH Ha Hero
CHJIbI TsiKecTH mg.. KakoBa JoskHa GLITh cHNA TATH F, pas-
BUBaeMasi MOTOPOM aBTOMOGHJIA, 4TOGLI aBTOMOGHJIb Jmurancs’
a) paBHoMepHo; 6) € YCKOpeHHeM a=2 M/c??

.- 2.21. Kako#i yron o ¢ FOPH30OHTOM COCTaBJfieT IOBepX-
HOCTb GeH3WHA B 6aKe aBTOMOGH/S, ABHKYILErocsi FOPH30H-
TaJbHO C YCKOpeHHeM a=2,44 w/ci? _

2,22, Illap Ha HHTH mnojBelleH K IOTOJKY TpPaMBaiHOro
BaroHa. Baron Topmosurcs, M ero CKOpoCThb 3a BpeMsi =3 ¢
PaBHOMEPHO YyMeHbIaeTcsi OT u;=18 KM/4 N0 v,=6 KM/4.
Ha kaKolt yroj & OTKJOHHTCA NPH 3TOM HHTb C MIapoM?

2.23. Barox TOpMO3HTCS, H €I'0 CKOPOCTDb 3a BpeMsi £=3,3 ¢
PaBHOMEPHO yMeHblaeTcs oT v;=47,5 KM/4 10 v,=30 KM/u.
KakuM ponxkeH ObIThb NpeleabHbil KOS(pdUUHEHT TpenHs k%
MeXRY ueMOJaHOM H TOJKOH, 4ToOH 9eMoJaH NPH TOpPMOXKe-
HHH HAYaJ CKOJb3HUTh I10 .MOJIKe? .

2.24. Kanart JiexXUT Ha cToJie TaK, YTO YacTb ero CBellIHBaeT-
¢l CO CTO/13, H HAayHHAeT CKOJb3HTh TOlJa, Korja AJIMHa cBe-
miyBalolieiics yacTH cocTasasier 1/4 ero pauubl. Hality kosd-
qmmrem TPeHHs k KaHata o CTOJ.

2,26, Ha' aBromoOunb Maecoit m==1 T Bo- BI)EMR m;mxeuna
AeficTByer.cHna Tpenust Fo,, paBHan 0,1 ReficTByiole# Ha-Hero
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- CHJILE TAMCCTR mg. Haltru cuay taru F, paseupaeMyio Moto-
pOM- aBTOMOGH/S, €ciH aBTOMOGHJB ABMMKETCS G MOCTOSHMOR
'CKODOCTBIO: 3) B TOPY C YKJIOHOM | M Ha Rawime 25 M MyTH; -
. 6) TIOA; TOPY C TEM Ke YKJIOHOM. A :
" °2.26. Ha aproMoGuib Maccot m=1 T Bo BpeMs ABHIKEHHS .
nefictyer casa TpenMs F.,, paBHasi 0,1 nefictsylomeii Ha Hero
cuJIbr TsxecTH mg. Halith cuny taru F, passusaemyio moro-
poM aBTOMOOHJS, ec/lH aBTOMOOHJb JBHKeTCS C YCKOpeHHeM

‘a==1 M/c? B ropy ¢ ykJoHoM 1 M Ha Kaxuble 25 M myTH.

2.27. Teno JexXHT Ha HAKJIOHHOM IJIOCKOCTH, COCTaBJsiiO-
el ¢ ropHsonToM yroi a=4°, IIp1 KakoM npefiejibHOM Ko3d-
HIHeHTe TPEHUA £ Tel0 HAYHET CKOJMb3HTb MO HAKJIOHHOH,
miockocTH? C KaKHM ycKopeHHeM @ GYAeT CKOJB3UTh Tesi0 Mo
IJIOCKOCTH, eclU Kosddunuent tperusa k=0,03? Kaxoe Bpems
t norpebyercss INsi NPOXOXKNEHHs NPH 3THX YCJOBHAX NyTH
s=100 M? Kakyio ckopoctb. v Tendo OynAeT HMeTb B KOHIle
OyTH? .

2.28. Teno cKoNb3UT MO  HAKJOHHOH IVIOCKOCTH, COCTaB-
JISIIOIREl ¢ TOpH3oHTOM yros a==45°. Ilpofiast nytb s=36,4 cM,

_Tesqo npHoOpeTaeT ckopocTb v=2 M/c. HalTH Kos(hHIHeHT
TpeHHsi kB Tela O IJIOCKOCTD.

2.29. Teso CKOMB3HT MO HAKJOHHOH IJIOCKOCTH, COCTaB-
VISIIOIEH C TOPH3OHTOM yroJ o=45°, 3aBHCHMOCTb NpOH/eH-
HOT'O TeJOM IYTH S OT BPeMeHH { JaeTcsi ypaBHenHeM s=C#2,
rae C=1,73 M/c*. Ha#tu kosdpduuueHT TpeHHs R Tela O mJo-
.CKOCTb. ) -

2.30. IBe rupH c MaccaMu mj=2 KI' ¥ m;=] KI' cOe/JHHEHbI
HHUTBIO ¥ TIePeKHHYTH uepe3 HeBecoMbili OsioK. Hailitv yckope-
HHE @, C KOTOPHIM ABUXKYTCS THDH, H CHJY HaTskeHusi HUTH T,
TpenueM B 0J10Ke npeHe6peyb.

2.31. HepecoMnlii 610K yKpensieH Ha KoHue crosa (puc. 1).
I'upu 1 ¥ 2 01MHAKOBOH Macchl 111, ==My==1 KI COe/IMHEHbl HUTHIO
M TepeKHHYTH Yepe3 6JoK. KosdxpuuueHT TpenHs rupu 2

(N

Puc. 1. Puc. 2,

o ¢toa k=0, 1. Hafitn ycﬁopexme @, ¢ KOTOPHIM IBHXYTCA I'HPH,

R CcHNy Haramenusa HMTH T. TpeHHeM B GiOKe -ipeHeOpedb.
2.32. HeBecoMulii G/IOK YKpeIVieH B BeplHHe HAaKJIOHHOM

IVIOCKOCTH (PHC. 2), coCTaBAsOWelt ¢ POPH3OHTOM yrou o==30°
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oy upa ln2 omaxenaﬁ MacehE Mywem;==1 Kr- W&eﬂu BHTHIO
M PepeKHHYTH sepes Gaok. Ha#fitu- yckopetiue 4, ¢ KOTOpbIM
- ABIIKYTCA THPH, W CHAY HaTaxeHnds HHTH T. TpeHueM rupu 2
O HAKJOHHYIO ‘TJIOCKOCTD H TpeHHeM B Gioke fpeHeOpeus.

2.33. Peuwidtd npeAnAyliyio 3aja4y. OPH YCAOBHH, 4UTO
xoa(mmuuem* TPeHHs FHPH 2 O HAKJIOHHYIO HJIOCKOCTh £=0,1.

2.34. Hesecomuiit GnoK yKpenseH B BeplHHe ABYX HaKJOH-
HEIX ILIOCKOCTEH, COCTABJISHOMHMX C FOPH3OHTOM yranl a=30°
# p=45° (puc. 3). 'upu 1 ¥ 2 oxuna-
KOBOH Macchl my=my=1 Kr coeJuHe-
HEl HATHIO H NEepeKUHYTH 9epe3 GJI0K.
Haiiti yckopeHue g, ¢ KOTGPEIM JBH-
KYTCS THPH, U ¢WJIy HATsKeHHHA HH-
> ‘10 T. Tpenvem rupp 1 ¥ 2 0 Ha-

Puc. 3. KJIOHHBiE IJIOCKOCTH, a TaKKe Tpe-
HHeM B 6s10Ke npeneﬁpeqb

2.35. Peume npelblyllylo 3afady NpPH YCJIOBHH, HTO
Ko3(ppHIHeHTE TpeHus! THpb | M 2 0 HAKJOHHBE MJIOCKOCTH
ki=k,=0,1. Tlokasats, uT0O u3 ¢opmyJ, NAIOUHX pellleHHe
9TOH 3aJ]auH, MOKHO nonqu:; KaK YacTHble C/Iy4YaH, pelleHHs
safaa 2.30—2.34. )

2.36. Ilpu noxpeMe® rpysa Maccolt m= 2 KI Ha BBICOTY
h=1 M cuna F cosepiiaer pabory A=78,5 [Ii. C KakHM yCKO-
peHHeM a HOJHHMaeTcs Ipys?

2.37. CaMoneT noaHUMaeTcsl H Ha BbicoTe A==5 KM JOCTHraeT
ckopocTH v=360 kM/4. Bo cKonbKo pa3 paGora A,, coBepiiae-
Masi IPH TIOJ’beMe fIPOTHB CHJH TAKeCTH, Gosblle paGoTsl A,
HAyILed Ha YyBeNHueHHE CKOPOCTH CaMOJeTa?

2.38. Kakyio pabory A Hajo COBepUIHTb, YTOOHI 3aCTaBHTh
ABHXyllleecs Te/I0 Maccoi m=2 KI: a) yBeJMYHTb CKOPOCTb OT
vi=2 M/c 0 v;=5 M/c; 0) OCTaHOBHTbCSA NPH aaqanb}mﬂ CKo-
pocTH vUy==8 M/c?

2.39. Msu, smeTamMi co ckopocThi® v;=15 M/e, ot6pack-
BaeTCA ‘yJapoM PaKeTKH B NPOTHBONOJOXHOM HanpaBlieHHH
€O CKopocThlo v,=20 M/c. HallTH u3MeHenHe ummynbca mAy
Ms4a, eesll M3BeCTHO, YTO H3MEHeHHe ero KMHeTHYecKoH 3Hep-
rud AW=_8,75 Ox. .
~ 2.40. KaMmeHb, NylieHHHH NO TNOBEPXHOCTH JbJA CO CKO-
pocThio v=3 M/c, Mpolies A0 OCTAHOBKH paccTosiHue s=20,4 M.
Haiitn Kospduunent TPeRus k KaMHsl O Jen. :

2.41. Baron Maccoft m==20 T, ABHMrasicb paBHO3aMeJJIEHHO
C HaYaAbHON CKOPOCTHIO. U, =54 xm/q IO JiefiCTBHEM CHJINI TPe-
HuA F =6 xH dgepes HekOTOpOE BpEMsA OCTaHABAMBAETCH.
Haiirs, paﬁozry A cun tpepus #- paccmﬁﬂm s, xampoe Baron
npwm A0 OCTAHOBKH, - - .

0 ' ' :




248, moq:ep aBromoBusas; mm Maccy ‘me=1 T, Ha-
QHHAeT TOPMOSHTb, Ha PACCTOAHAM $=25 M OT HpENATCYBAT Ma
nopore. Cuia TpeHHR B TOPMOSHBIX _ROJIORKAX - aBTOMOGHAA
F,,=3,84 xH. Tpw Kaxo#t npexessHoli CKOPOCTH U ABHKEHHSA
4BTOMOGHIB. ycheer OCTaHOBHTbCS Hepesk npenmcmneu? Tpe-
HUEM KoJec O JOpPOFy mpenebpeus.

2.43. TpamBait LiBHJKeTess ¢ YCKopeHHeM a=49,0 tM/c.
Habta, KoshdHLUMEHT TPEHHS K, €C/IM H3BECTHO, 9TO 50% MOIH-
HOCTH MOTOpa HAET Ha MpeofioieHHe CHJBI TpeHus H 50% —
Ha yBeJAHYEHHE CKOPOCTH JBMIKEeHHSH.

2.44. Hajiru paGoty A, KOTopylo Hajo COBEPLUHTD, ‘lTOﬁbI
YBEJHYHTb CKOPOCTb JBHKEHHA Tela Macco m=1 T or
p;=2 M/c JIo v;=6 M/c Ha nyTH s=10 M. Ha Bcem nym Ieir-
cTByeT cHna Tpenus F.,=2 H.

2.43. Ha aBTOMOGHb Maccot M=11T Bo BpeMs JBHXKeHHSA
JeficTByer cuna Tpenus Fo, paBuas 0,1 neficTBylomeil Ha Hero
CHJIbI TSXKECTH. mg. Kaxy}o Maccy m GeH3HHA PacXOoAyeT ABH-
rarenb aBToMOOHAA Ha TO, uTOOH Ha NyTH s=0,5 KM yBenu-
YHTb CKOPOCTh JBHM3KEHHS aBTOMOGHJIS ‘OT vl=10 KM/4 JI0
v,=40 xkM/u? K. m. 1. geurarens v=~0,2, ylenpHas Temnora
cropanus Gensuna g=46 MJIx/Kr.
© 2.46. Kakyio Maccy m GeH3HHA pacXojlyeT JBHraresb aBTO-
Mo6Uasi Ha nyTH s=100 KM, ecM npH MOIHOCTH JBHUraTeis
N=11 kBt ckopocTb ero nBHxkenus v=30 kM/u? K. n. a. 1BH-
rarenss n=0,22, y,H.EJIbHaH TenJoTa cropanus OeH3HHa
g=46 MIIx/kr.

T 2,47, Hanm K. I. A, M JBHUrarensi, aBToMOOHJisl, eCJIH H3-
BECTHO, 4TO NPH CKOPOCTH JBHMeHHSI v=40 KM/d4 ABHraTesb
n0Tpe6.7meT obbeM V=13,5 n1-Genauna Ha nytdH s=100 kM ©
YTO pu3BHBaeMas JBHrarejseM MomuocTh N=12 xBr. ITnor
HocTb GensuHa p=0,8-10° Kr/mM?®, yjie/bHas TeMIQTa CrOpaHHs
Gensuna ¢=46 MJIx/kr.

2.48. Kamenb Maccolt m=1 K 6polieH BepTHKaJbHO BBEPX
€ HayanbHOH cKopocThio v,=9,8 M/¢. IHocTpoHTh rpaduk 3a-
BHCHMOCTH OT BpeMeHM ! KHHerHuecKoit W, moreHIHa/bHOM
W, ¥ noanoit W sneprmit Kamus s mrrepsana 0<t<2 ¢ ve-
pea 0,2 ¢ (cm. peinenne 1.11).

2. 49 B ‘ycaoBusx npenpiAyiielt sajauu HOCTpomb rpacpm(
3aBHCHMOCTH OT PaccTosinus i KiHeTHyecKo# Wy, noreHnHalb-
no#t W, u noamo#t W suepruii xamus.

2.50 *). KaMeHb najaer ¢ HEKOTOPO# BHICOTH B TedeHHEe Bpe~
MeHH t==l 43 c. Hamu KHHETHYECKYI0 W, n TOTeHRHAILHYIO

*) HanomuuM, 4To conpo'ms.uenuem Bo:«myxa c.nenyer npeﬂe6pe%,
€C/H OHO He 3ajtano B YCIOBHH. -



W, sueprun ‘KaMHA ' cpenHeR TOuKe, nyTH, Macca xmma
m=2 kr, .

- 2,51. C GamnH BHcCoTOR h=256 M ropnsoma.nbﬂo GpoieH
KaMeHb €O CKOPOCTBIO U,=15 M/c. Haiitn KHHeTHueckylo W, H
norennuanbuyio W, oHepruun KamHs - uepea Bpems f=1 c nocse
Hayana JABHXeHHA. Macca kamMua m=0,2 Kr.

2.52. KaMeHb 6poleH cO CKOPOCTBIO- vo-—15 M/c mop yraom

=60 Kk ropusonty. Haiitu Kunetnueckyio W,, norenuuanb-
Hyo W u nonnyio W snepruu kKaMms: a) uepe3 Bpems (=1 ¢
nocje Hayasna JBHXKeHHs; 6) B Bhicuiell TOYKe Tpaem‘opma
Macca kamus m=0,2 kr. -

2.563. Ha Tosnkanve snpa, 6pomeHHoro noj, erIOM a=30°
K FOPH30HTY, 3aTpaueHa paGora A=216 IIx. Uepes Kakoe Bpe-
Msl [ H Ha KakoM PacCTOSIHHH S, OT MecTa OpOCaHHs sipo yna-
JeT Ha semo? Macca sigpa m=2 kr.

2.54. Teno Maccolt m=10 r nBMKeTcsi N0 OKPYKHOCTH pa-
auycom R=6,4 cM. Hafitn TaHrenuHanbHoe yCKOpeHHe a.
TeJa, eCJH H3BeCTHO, YTO K KOHIY Broporo 06opoTa nocie Ha-
yaja JBHXKEHHSl €ro KHHeTwueckas 3Heprsa W,=0,8 mIlx.

2.55. Teno Maccoft m==1 Kr CKOJb3HT CHaYaaa [0 HAKJIOH-
HoH IJTOCKOCTH BblcoTOR A=1 M H pAJauHo¥ ckJoHa (=10 m,
a 3aTeM no TOPH30OHTa/NbHOH mNoBepxHocTH. Kosdduunment
TpeHHA HA BceM NyTH k=0,05. Haiitu: a) knnerudeckyio agep-
ruio W, Tena y OCHOB4HHSI NJIOCKOCTH; 6) CKOPOCTb U Tesia
Yy OCHOBaHHSl IVIOCKOCTH; B) PaccTOsiHHe S, NpolileHHOoe Te-
JIOM TI0 TOPH3OHTAJBbHOH NMOBEPXHOCTH 0 OCTAHOBKH.

2.56." Teno CKOJNB3HT CHA4aja MO HAKJOHHOH IVIOCKOCTH,
cocrasJsiomtel yroa oo==8° ¢ ropH3oHTOM, 4 3aTeM IO TOpH-
30HTa/NbHOM mnoBepxHocTH. HaliTy KosdduiHeHT TpeHHs &
Ha BCEM IYTH, €CJIH H3BECTHO, YTO TEJO NPOXOIUT MO rOPH3OH-
TaJbHOH OBEPXHOCTH TO K€ PACCTOSIHHE, 4TO H 110 HAKJOHHOH
MJIOCKOCTH.

2.57. Temo Mmaccofi m=3 Kr, MMesr HaUaJbHYIO CKOPOCTBb
Uy=0, CKOJIB3HT 10 HAKJOHHOH INTOCKOCTH Bhlcoroit A=0,5 M
¥ JJIHHO¥ CKJIOHA [==1 M Y NPHXOIMT K OCHOBAHHIO HAKJIOHHOH
IJTOCKOCTH co ckopocthio uv=2,45 M/c. Halith kosdduumeHT
TPeHHs Rk TeJa O IIOCKOCTb M KOJHYeCTBO TeIoTH @, Bbize-
JIEHHOE NpH TpeHHH.

2.58. ABTOMOGUJIb Maccoil m=2 T ABHKETCA B TrOPY C YKJO-
HoM 4 M Ha Kaxzsle 100 M nytu. Kosdduuuent Tpenns £=0,08.
Haiith paGory A, coBepiiaeMywo ABHraTeJeM aBTOMOGH/IS Ha
OYTH §=3 KM, H MOUIHOCTb N, pa3BHBaeMyio JBHraTe/leM, ecad
H3BeCTHO, 4TO MYyTh $=3 KM OBl NpofijeH 32 BpeMsi {=4 MHH.

-2,59. Kaky:o MomHocts N pasBHBaeT JIBHraTesb aBTOMOGH-
A Maccoli m=1 T, ec/IH H3BECTHO, 4T0 9BTOM06uJ1b eAeT ¢ Ho-

—
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CTOSIHHOM CKOPOCTBIO v==36 KM/4: a) 0 rOpH3OHTAJBLHON JOPO-
re; 6) B ropy ¢ YKJIoHOM 5 M Ha Kax/ble 100 M yTH; B) 04 ropy
¢ TeM ke yKaoHoM? Kosdduuuedt Tpenus k==0,07.

2.60. ApromoGusb Maccod m=1 T IBHXKeTcsl NpH BHIKJIO-
YEHHOM MOTope C TIOCTOSIHHOH CKOPOCTbIO =54 KM/4 mof ropy
¢ YK/ToHOM 4 M Ha Kaxaple 100 M mytH. Kaxkyio mommuocte N
‘JOJI2KeH pa3BHBaTh JBHraTesb aBTOMOOWJIS, YTOOH aBTOMOGHJIbL
JIBUTAJICH ¢ TaKOH JKe CKOPOCTbIO B ropy?

2.61. Ha penscax crout maardopma maccoit m;=10 1. Ha
mathopMe 3aKpensieHo opyAHe Maccoil m,==5 T, H3 KoToporo
NPOH3BOAMTCS BbICTPes BAoJb pesbcoB. Macca cHapsaa
ms;=100 Kr; ero HauajgbHasi CKOPOCTb OTEOCHUTENbHO OPYILHS
v,=500 M/c. Hafitu ckopoctb # miargopMbl B epBblii MOMEHT
Hocle BbicTpesa, ecJM: a) miargopMa CTORJA HelOABHXKHO;
6) nuathopmMa ABHrasach co CKOPOCThIO U=18 KM/4 M BbICTpeJ
Obl1 TIPOM3BelleH B HalpaBJEHWH ee ABUKeHHS; B) miardopma
JBHTANach CO CKOPOCTbIO U=18 KM/4 ¥ BbIcTpes OBUT NPOH3-
BelleH B HANpaB/ieHHH, MNPOTHBOIOJOXHOM HANpPAaBJEHHIO ee
JIBHKEHHUS,

2.62. M3 pyxba Maccoit m;=>5 kI Boijeraer NyJas Maccoft
m;=>5 T co cKopocTbIo v,==600 M/c. HaliTi ckopocTb vy OTAAUH
PYXbSl,

2.63. YenoBex Mmaccoit m,;=60 kr, Gerymui co cKOpoCTbio
v, =8 KM/, IOroHseT TeJaekKY Maccofl m,=80 Kr, ABHKYILYIO-
Cfl CO CKOPOCTbIO U,=2,9 KM/4, M BCKakHBaeT Ha Hee. C Ka-
KOH CKopoctblo u OyjeT nBurarbesi Tenexka? C kakoil ckopo-
cThiO ¢’ GyleT JBUTaThCsl TeJeXKa, eCaH desoBeK Oexkan el
HaBCTpeuy?

2.64. CHapaj maccoft m;=100 Kr, JeTAmH# rOpH3OHTAb-
HO BJOJIb XKeJIE3HOLOPOXKHOro MyTH €O CKOPOCThIO v; =500 M/c,
ronajaeT B BalrOH C IECKOM, Macea KOTOporo m,==10 T, H 3a-
cTpeBaer B HeM. Kakyio CKOpocTh ¢ NOJYUHT BaroH, ecJu:
a) BaroH CTOS/T HEMOJBMAKHO; 6) BaroH ABUrajcs CO CKOPOCTHIO
v,==36 KM/4 B TOM JXe HampaBJeHHM, YTO H CHapsiJ; B) BaroH
JIBUTAJICS CO CKOPOCTBIO U,=36 KM/4 B HanpaBJeHHH, POTHBO-
TIOJIOXKHOM IBHJKEHHMIO cHapsaja?

2.65. I'panara, seramasi co ckopocteio v=10 M/c, paso-
pBaJsach Ha JBa OCKoAKa. Bosmpmuil ockosoK, Macca KOTOPOro
cocrapaana 0,6 Maccel Becell rpaHarbl, NMPOAO/AKAJM JBHraThCs
B 1TpexXHeM HaNpaBJeHHH, HO C YBeJHUYEHHOH CKOPOCTHIO
u;=25 m/c. Hality cxopocTh u#, MeHbIIEro ocKoJsKa.

2.66. Teso Maccoit m;=1 Kr, ABHXKyllleecf FOPH30HTAJBHO
€O cKopocthlo U;=1 M/c, J[OTOHSET BTOpPOE TEJO MaccoH
m,=0,5 Kr u Heynpyro coyzapsercs ¢ HuM. Kakywo ckopocTh
U noayyar Teaa, €cJH: a) BTOPOE TeJO CTOSJIO HENOABHIKHO,
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6) BTOpOe TEAO ABHrajioch CO CKOPOCThIO U,==0,5 M/c B TOM XKe
HanpaBJeHHH, 9TO ¥ NEepBOE Te0; B) BTOPOE TEJIO ABHTaJOCh
€O CKOpocThio U,==0,5 M/c B-HanpaBJeHHH, TPOTHBOTIO/IOKHOM
"HaNpPaBJIeHHIO JBHEHHA NepBOro Tesa.

2.67. KonpkoGexey Maccol M=70 Kr, cTof Ha KOHBbKax

HA JbRY, OGpocaeT B TOPH3OHTAJbLHOM HampaBlIeHHH KaMeHb
~Maccolt m=3 Kr co.cKopocTbio v=38 M/c. Ha kakoe paccrosinne
S OTKATUTCSA OPHU 3TOM KOHbKOOGexKell, eciH KO3(D(hHIHEeHT Tpe-
HUSl KOHBKOB O Jen k=0,02?

2.68. YesnoBex, CTOAIHA HA HEMOJABHKHOH Telexke, Opo-
caeT B FOPU30HTaJbHOM HaNpaB/leHHH KaMeHb Maccoll m=2 Kr.,
Tenexka ¢ 4eI0BEKOM MOKATHJach Ha3al, ¥ B NEepPBbI MOMEHT
nocJe Gpocanusi ee ckopocTb Gbia v==0,1 M/c. Macca TesexKH
¢ uenoBekoM M=100 kr. Haiitu xunernueckyo sHeprimio W,
GpomeHHOro KaMHst uepe3 Bpemst (==0,5 ¢ mocje HauaJja ero
IBYKeHHUSA.

2.69. Teno maccor m1==2 KT JBUKETCS HaBCTpelly BTOPOMY
Tesly Maccolt m,==1,5 Kr u Heynpyro coyaapsercs ¢ HuM. Cko-
POCTH Tes HEeNocPeACTBEHHO nepej yaapoM Gbuid vi=1 M/c H

=2 w/c. Kaxkoe Bpemsi ¢ 6yAyT ABUraTbcA 3TH Teaa IocJe
yhapa, ecnu kospdHuuent Tpenus k=0,05?

2.70. ABroMaT BhITycKaeT MyJqd ¢ 4acToTod n=600 MHH™!,
Macca kaxmoft nyaMd m=4 r, ee HaualibHAA CKOPOCTh U=
=500 M/c. Hafitu cpenmioio cuay otnauu F npH .crpennbGe.

2.71. Ha peabcax crour mnardopMa Maccod m,=I10 T.
Ha naarpopme sakpenneHo opyiaHe Maccofl m,=5 T, H3 KOTO-
pOro MPOM3BOAUTCS BHICTPEN BIO/Mb PEJNbCOB. Macca gHapsilia
ms=100 Kr, ero HayanbHasi CKOPOCTb OTHOCHTEJbLHO OpYAHS
vo=500 M/c. Ha kakoe paccTosiHHe s OTKaTHTCA martdopMa
Op¥ BBICTpeJe, ecaH a) miatpopMa CTosJa HEIOABHKHO;
6) muarhopma ABHrangach co CKOpOCTbIO v==18 xM/4 H BHI-
crpen Obll  NPOH3BEJeH B HAmpaBJeHHW ee  JBWKEHHs;
B) mIaThopMa JBHraMach €O CKOPOCTbI0 U= 18 KM/u H BBICTpES
Obi TPOM3BENEH B HAMpaBJEHHH, TNPOTHBONOJOMXKHOM Ha-
npaBJeHuo'ee JBHKeHHA: KoapduuueHT TpeHusd miardopMbl
o penbcnl 2=0,002. .

2.72. U3 opyaus Maccolt m;=5 T BBUIeTaeT cHApAJ Maccod
m;=100 kr. KHHerHYeckasm 3HeprHs CcHapsla npH BblieTe
W.3=7,5 MIx. Kakylo xunetnueckyio sHepruio W,y mnoay-
YaeT OPYyJMe BCJIEICTBHE OTAAYH?

2.73. Teno wmaccol m;=2 Kr IBHKeTCH €O, CKOPOCTBIO
v;=3 M/c H Harousier Te0 Maccoit m,=8 Kr, anxymeeca co
CKOPOCTBIO. U,==1 M/c. CyHTasi yAap UEHTPAbHbIM, HAHTH CKO-
POCTH Uy H 4, TeN NOcie Yiapa, eclH yaap: a) Heynpyruii;
6) ynpyrufi,
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2.74. KaroBO JIO1KHO 6HTH COOTHOMICHHE MeRAY MACCAMH
mi M m; Tel NPENBAYIIER 3anauH, 4TO6b [IpH YHOPYTOM YAape
IIepBOE TEJO OCTaHOBHJIOCHP? N o

\2\.75. Teﬂo MaCCOI(:X m1=3 Kr IBHIKETCS CO CKOPOCTBIO
v=4 M/c H yJapferca O HEeNOABHXKHOE TeNO TaKOH Ke MAcChL
CunMTas yiap LEHTPAJbHbIM H HeyNPYTHM, HAHTH KOJHueCTBO
TemoThl Q, BblaenaHBlileecs NpH yaape. _ v

2.76. Teno maccolt m;=D5 KI yZapsieTcsi O HemNoIBHIKHOE
TEJIO Macco m,=2,5 Kr, KOTopoe NOC/He YJapa HaudHaeT
JMBHTATbCA ¢ KuHeTHueckoH sHepruefi W ,=5 JIx. Cuuras
yJap LeHTpaJbHLIM H YNPYTUM, HaHTH KHHETHUYECKHe 3Hepruy
W u W, nepBoro Tea o ¥ mocle yAapa. T

2.77. Teno Macco#t m;=>5 Kr yaapserci O HeIOABHXKHOe
Teno Maccolt m,=2,5 Kr. KuHerHueckas sHEpPrus CHCTEMEI
IABYX TeJ HeNOCpelCTBEHHO nocse yaapa crana W.=5 Ik,
Cuurast yaap UeHTpaJbHEIM ¥ HEYNPYTHM, HalTH KHHeTHue-
ckywo sHepruio Wy, mepBoro tesna xo yAapa. v

2.78. Jlpa Tena IBUXYTCA HABCTpedy APYT JAPYTy H co-
yaapsiorcss Heynpyro. CkopocTH Tes fo yjaapa ObliM v;=2 m/c
u v,=4 M/c. Obmasi ckopocTh Tes1 mnocae yAapa u=1 m/c u
[0 HAAPaBJEHHIO COBNajaeT C HANpaBJieHHEM CKOPOCTH U,
Bo ckoabko.pa3 KuHeTHYeckas 3Heprusi Wyi nepBoro Tesa
Obl1a Oosbille KHHeTHYecKoH sHepruu W, Broporo teaa?

2.79. HBa mapa ¢ maccamu m,=0,2 kr ¥ m,=0,l xr nox-
BellleHbI Ha HUTSX OJAMHAKOBOW JJIMHBI TakK, YTO OHH CONpPH-
kacatorcsl. IlepBuifi map OTKJOHAIOT Ha BBICOTY Ao=4,5 cM H
ornyckator. Ha kakyiwo BricoTy A NOZHUMYTCH ILapel HoCJe
yAapa, ecJqH yiap: a) ynpyruil; 6) Heynpyrui?

2.80. Ilynas, serslas ropusoHTajbHO, NONajaeT B map,
HOJBellleHHbI HA HEBECOMOM KeCTKOM CTep:KHe, H 3acTpeBa-
eT B HeM. Macca nynu B 1000 pa3 Menbllle Macchl apa. Pac-
CTOSIHHE OT LIeHTpa mapa A0 TOYKH NojBeca CTepxHA [=1 M.
HafiTu ckopoctb v myJaH, ecnu H3BECTHO, YTO CTEPXKEHb C Iia-
POM OTKJIOHMJICSt OT yAapa myad Ha yroa a=10°,

2.81. Ilyas, Jersimasi ropH3oHTaNbHO, TNOMajaeT B Liap,
HOJBellleHHbIl Ha HEBECOMOM KeCTKOM CTepKHe, H 3acTpeBaeT
B HeM. Macca nyau m; =5 r, Macca mapa m,=0,5 kr. CKopoctb
nyar v;=500 M/c. IlpH KakoM IpeReJIbHOM paccTOSTHUM [
OT LEHTPA I1apa Jlo TOYKH NOJ(Beca CTePIKHS 1ap oT yJapa nyau
NOAHHMeTCST JO BepXHefl TOUKH OKPYXKHOCTHU? ’

.2.82. JlepeBAHHBIM MOJIOTKOM, Macca KoToporo m;=~0,5 kr,
YRapsioT O HeNoJBHKHYIO cTeHKY. CKOpocTh MOJIOTKAa B MO-
MeHT -yaapav,=1 M/c. CuuTag KO3(¢$HIHEeHT BOCCTAHOBJIEHHS
TIpH yAape MOJOTKa O cTeHKY £=0,5, HafiTH KonHuecTBO eIl
noth Q, BHiZesMBIleecs HpH yxape. (Kosdduiuenrom BoccTa-
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HOBJICHHS] MaTepHa/a Teja Ha3blBaeTcsl OTHOIEHHE CKOPOCTH
Tesla mocJe yflapa K ero cKopocTd 1o yzaapa.)

2.83. B ycaoBHAX npeubmymeu 3aJa4yd HaHTH HMIyJbC
cugnl F Af, monyueHHBIH CTEHKOH 3a BpeMs yaapa.

2.84. ﬂepexsmmblﬁ mapHK maccolt m=0,] xr magaet ¢ Bbl-
coTsl h;=2 M. KoadxpuuyeHT BOCcTaHOBJEHHS NPH ylape mia-
pyuka o non k=0,5. Haity BeicoTy h,, Ha KOTOPYIO NOXHUMAET-
csl IApHK moCJe yAdpa O Toj, M KOJHYECTBO TEmJIOTHI Q,
BblAeJHBLIEeCS MNPH yhape.

2.85. IlnactmaccoBbli MapUK, Najas ¢ BLICOTHL H,=1 M,
HeCKOJIbKO pa3 orckakupaeT oT nosa. Haitn xosdduuuent
BOCCTAHOBJIEHHS k& NPH ylape lap¥ka O IOJ, ecI¥ ¢ MOMeHTa
najileHys IO BTOPOro yiapa O moJl fpouwo Bpemsa {=1,3 c.

2.86. CrasbHO# IIapyK, Najas ¢ BeIcOTh A;=1,5 M Ha ¢Tanb-
HYIO ILIUTY, OTCKaKHBaeT OT Hee €O CKOPOCTBIO 0,=0,75 vy,
rae v;— CKOPOCThb, € KOTOPO# OH NojderaeT K maHTte. Ha Ka-
KYIO BBICOTY h; OH NojHumerca? Kakoe Bpems ! mpoiiger ¢ Mo-
MeHTa NajieHus IapHka Jo BTOPOro yiapa o IJIHTY?

2.87. Meranauueckuil wapuk, najgas ¢ BBICOTHI 1;=1 M Ha
CTAJIbHYIO TJIMTY, OTCKaKHBaeT OT Hee Ha BHICOTY h,=81 cm.
HaiiTn Kos(QduuuenT BOCCTaHOBJEHHS k DpH yjape mapuxa
0 IJHTY.

2.88. CranbHoll mapuk Macco#t m=20 r, najas ¢ BBICOTHI

=1 M Ha CTaJbHYIO ILTMTY, OTCKAKHBAeT OT Hee Ha BBICOTY
h,=81 cm. Haiitu umnyabe cuasl F Af, noayueHHBIH NIHTOH
3a BpeMsl ylapa, M KOJHYeCTBO TeIWOoThl (, BbIIE/IHBIIEECH
npu yuape.

2.89. [IBmxkymeecss Telo MaccoH my; yJapseTcs O HeIo-
IBYXKHOEe Teso Maccoft m, Cuurasi yZap HeyIpyrHM U LEHT-
pa/bHBIM, HAHTH, Kakas 4YacTh KWHeTWuecKo#i sHeprun W,
MepBOro Teja NEPeXOJUT NpH yAape B Temio. 3ajauyy pelidThb
cHauasa B o0meM BHie, a 3aTeM paccMOTPeTb CJyuyau:
a) my=my, 6) my=9m,.

2.90. Jpuxymeecs Teno Maccoft m; yRapsiercsi o Heno-
JIBUKHOE TeJIo Maccoll m,, CuuTas yjap ynpyrum U LeHTpaJb-
HBIM, HAHTH, KAKYI0 YacTb KHHeTHueckoi sHeprud W.; mepBoe
TeJ0 NepelaeT BTOPOMY HpH yiaape. 3ajauy peiuTh cHaya/a
B oflleM BHAE, a 3aTeM paccMOTPeThb cCJaydad: a) my=m,;

6) my=9m;.

2.91. IIBH)Kymeecﬂ TeJO Maccoll my yuapﬂeTcﬂ 0 Hemno-
JBIKHOe Tel0 Maccofl my; Kakum Jo/kHO OBITH OTHOIIEHUE
Macc my/m,, uYTOOb! NpPH HEHTPAJILHOM YOPYroM yiaape cKo-
pOCTb NepBOro Tesa yMeHbmHsiach B 1,6 pasa? C kakoit KuHe-
THYeCKOH sHeprueii W, HauHeT ABHraThCcsi NPH 3TOM BTOpOE
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TeJO, eClM NEPBOHAYA/JbHASI KHHeTHueckKas 3Heprus IepBoro
tTena Wi=1 JIx? ‘

2.92. Heiirpon (Macca m,) ynapsieTcsi o HENOABHIKHOE AP0
atoMa yrJepojpa (m=12m,). Cuurasi yAap NEHTPATbHLIM H
yOpyruMm, HafiTH, BO CKOJbKO pas YMEHBHIUTCS KHHeTHuecKas
sueprus W, HeliTpoHa npHu ynape.

2.93. Heitrpon (Macca my) yaapsiercsi O HENOABUIKHOE SIAPO:
a) atoMa yraepopa (m=12 m,); 6) atoma ypaHa (m=235 m,).
CuxTas yjiap LEHTPaJbHBIM H YOpyTHM, HalTH, KaKyio 4acTh
CKOPOCTH U ToTepsieT HEHTPOH IIPH yiape.

2.94. Ha xakyio uacTh YMeHbINAeTCs BeC Te/1d HA 9KBaTope
BeJeficTBAE BpallleHHs 3eMIM BOKPYT OcCH?

2.95. Kaxkoit npopomxurenbHocTH T JOMXKHBEI Obid Ghbl
ObITb cyTKM Ha 3eMse, uToObl Tena Ha 3KBATOpe He HMesH
Beca? ' :

2.96. TpamBaiiHbIl BaroH Maccoit Mm=>5 T UJET 1O 3aKpyr-
nenuio paguycom R=128 M. Hafitu cuny Goxosoro faBsaenus F
KOJIeC Ha pesibchl NPH CKOPOCTH ABHXKeHUS v=9 KM/,

2.97. Belepko ¢ Bojoil, NpUBS3aHHOE K BepepKe JIUHOH
{=60 cM, paBHOMEPHO BpAlllaeTcs B BEPTHKaJbHOH IJIOCKOCTH,
Haiit HaUMeHbINYIO CKOPOCTb ¥ BpallleHHs BeJepka, NPH Ko-
Topoil B BBICHIEH TOYKe BoJa M3 Hero He BhHBaeTcs. Kakosa
CHJ1A HaTsKeHus BepeBKH 1 npH 3TOH CKOPOCTH B BhICIEH H
HU3lIeH TOYKaX OKpYHOCTH? Macca Befiepka ¢ BORO#H m=2 KT.

2.98. Kawmenb, npuBsizagHbIl K BepeBKe MJIUHOH [=50 cM,
paBHOMEpPHO BpalllaeTcsl B BepPTHKAaJAbHOH miockocTd. [lpu xa-
Kofl uacToTe BpallleHUs 1 BepEBKa Pa3opBeTcs, ecJM M3BeCcTHO,
uTO OHA pa3phiBaeTcs NPH CHJe HaTSAXKEHUS, PaBHOH JecsATH-
KPaTHOH cuje TSxKecTH, AeficTByiomed Ha KaMeHb?

2.99. Kamenb, npHBfA3aHHbIH K BepeBKe, PaBHOMEPHO Bpa-
IaeTcs B BeprUKaabHOl miuockoctd. Haiity Maccy m kamns,
eCJIH M3BECTHO, UTO PAa3HOCTb MeXAY MAKCHMAaJbHOH M MMHU-
MaJIbHOH cuJiaMH HaTskeHusl BepeBku AT=10 H. ,

2.100. Imppka, npussizanHas K HuTH AjauHON [=30 cM,
ONUCHIBAET B TOPH30HTAJNBHON IJIOCKOCTH OKPYXKHOCTb. pa-
auycom R=15 cm. C kakofi wacTtorofi n BpalllaeTcsl THpbKa?

2.101. T'mppka Maccoi m=>50 r, npuBsi3aHHAs K HUTH
- AJHHOH [=25 cM, omnucbiBaeT B TOPH30HTAIBHOH MJIOCKOCTH
OKpYXHocTb. YacToTa BpallleHusi rUpbkd n=2 o6/c. Hair
cHay Harskenus Hurtd T, : 5

2.102. [Juck ppaniaeTcsi BOKPYT BePTUKAJbHON OCH ¢ 4a-
croroit n=30 o6/mMun. Ha paccrosiuus r=20 cM ot ocH Bpalile-
HHS Ha Jucke Jiexur Teno. Kakum josmken GbiTh KO3dOHIHEHT
TpPEHHs] & MeXAY TeJoM H IHCKOM, YTOGBI TeIO0 He CKAaTHJOChH
¢ JHCKaP
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' 2.103. CaMousieT, JeTsuHfi co ckopoctbio v=900 KM/d,
JienaeT «MepTBYyIo netso». KakuM JioszkeH GbITb pafnyc «MepT-
Bofl meryu» R, yto6hl Hauboabllas cHaa F, NpHAKHMaIOWAs
JIeTYHKA K CHAeHHIO, Gblia paBHa: a) NATHKPATHOH CcHJae Ts-
HecTH, JeficTBylouled Ha JeT4YHKa; G) JecATHKpaTHOH CHJe
TAXKECTH, HeficTBylolled Ha JeTuHKa?

2.104. MOTOIMKJ/HCT efleT 1O TOpPH3OHTAJbHOH JOpOre Co
CKOPOCTBIO U= 72 x™/u, kenasi noBopor pajuycoM R=100 M.
Ha kaxoii yron o npH 3TOM OH JOJIXKEH HaKJOHHTbCS, YTOObI
He ymacTb NPH NOBOPOTE?

2.105. K noToJKy TpaMBaHHOTO BaroHa INoJBelieH Ha HUTH
map. Baron uieT cO CKOPOCTbIO U=9 KM/4 nO _3aKDYIJIEHHUIO
paguycom R=36,4 M. Ha xako#i yrom o or-
KJIOHUTCS DM 5TOM HHUTb C LIapoM?

2.106. [avHa crepxkHell  ueHTPoOeX-
Horo peryasaropa (puc.4) [=125- cm. C
KaKOW 4acTOTOH n JOJKeH BpallaThbcsl LEHT-
n POOEXHBIH peryssTop, 4YToOH ~ IPY3HI oT-
KJOHHJHCh OT BEePTHKAJ{ HA YroJ, paBHBIf:
a) a=60°; 6) a=30°?

2.107. llocce uMeeT BHUpPAXK C YKJOHOM
- a=10° Dpu pamuyce 3aKpyIJeHHS JOpOTd

. Pre. 4. R=100 M. Ha xakyio ckopocTb U paccuuTaH

BHpaX?

2.108. I'pys maccofi m=1 Xr, nojBeuleHHbI Ha HMTH,
OTKJIOHAIIOT Ha yroa o=30° u ornyckator. Halitu cuay Hars-
XKeHusl HUTH T B MOMEHT NPOXOXKJEHUSI TPY30M TOJIOXKEHHS
paBHOBeCHS.

2.109. Manbuux Maccoll m=45 Kr Bpallaercsi Ha «rUraHT-
CKUX marax» ¢ ugacroroii n=16 o6/MuH. J[liuHa KaBATOB
I=5 M. Kako#l yrom @ ¢ BepTHKaJblo COCTABASIOT KaHAThI
«TMFaHTCKHX marop»? KakoBbl cusla HaTsikeHHsl KaHatoB T
W CKODOCTh U BpallleHHsS MaJbyuKa?

2.110. I'pys maccoit m=1 Kr, noJBelleHHbI1 HA HEBECOMOM
CTepKHe aavHoH [=0,5 M, coBepmiaer KoJeGaHHS B BepTH-
KaJbHOH miockoctd, [Tpu KakoMm yrJe OTKJIOHEHHS O CTEPXKHS
OT BEPTHKANM KHHETHUEecKasl 3HEPTHsl Tpy3a‘B ero HIXHEM
nosoxennu W, =2,45 JIx? Bo cKOJbKO pas mpH TakoMm yrJie
OTKJIOHEHHS CHJIA HATsXKeHHsl CTepPXKHs T; B HYXKHEM IOJIO-
JKeHHM OoJIbllle CHJIbI HATsKeHHS, crepxkHs T; B BerHEM mo-
JIOXKEHUH?

2.111. I'pys Maccoit m, HOlIBeuIEHHbIﬁ H4 HEBECOMOM CTepiK-
He, OTKJOHSIIOT Ha yroa a=90° u ormyckator. Ha#itu cuny
HatskeHHs T CTepKHS B MOMEHT - IPOXOXAEHHSI TPY30M IO-
JIOXKEHUS] PaBHOBECHH, .
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" 2,112, Fpys maccoli m=150 Kr noxsemer Ha CTaAbHOM
TIPOBOJIOKE, BhHIZepXKHBalomesl cuay. Harsixenus 7=2,94 xH.
Ha xakoft nauGobIIHE YTO @ MOXHO OTKJIOHHTH [POBOJIOKY
¢ rpysoM, YTOGH OHA ‘He pasopBajach npn npoxoxmexmn rpy-
30M IIOJIOXKEHHS paBHOBecuﬂ>

2.113. Kamenb Maccot m=0,5 Kr, NpHBSisaHHbIl K Bepes-
Ke JuHOf /=50 cM, paBHOMepHO BpallaeTcsi B BePTHKAJbHOH
nocKocTH. CHJla HaTsKeHHs BePEBKH B HIKHell TOUKe OKPyX- -
Hoctn T=44 H. Ha xakylo BhiCOTY A NOJHMMETCS KaMeHb,
ec/d BepeBKa OOpbIBaeTcs B TOT MOMeHT, KOrJa CKOPOCTD Ha-
NpaBJieHa BePTUKAJbHO BBepX?

2.114. Bopa Tteuer nmo TpyGe anamerpom d=0,2 M, pacmo-
JIOXKEHHOH B TOPH3OHTAJBHOH IJIOCKOCTH M HMelolell 3aKpyr-
Jenre paguycom R=20,0 M. Ha#itu Gokosoe jaBaenue
BOJAH P, BEI3BaHHOe LEeHTpoOexkHOH cuiofi. Uepes monepeunoe
ceuenre TPyOHI 3a elUHHIY Bpemenu TpoTeKaeT Macca BOJb
m;=300 1/u.

2.115. Boza teuer mo kamany mmpuHoi b=0,5 M, pacno-
JIO)KEHHOMY B TOPH30HTaAbHOI IJIOCKOCTH H HMeIoleMy 3a-
kpyraeHde paauycom R=10 m. CKopocTb TeueH¥s BOJbI
v=5 M/c. Hafitu Goxosoe JaBJIeHHe BOJBI P, snizBannoe
HeHTPOOeKHOU CHJIOH.

2.116. Haft paboty A, KOTOPYIO Haj0 COBEPUIUTD, 4T06bL
¢xKaTh IPYxUAY Ha [=20 cM, ecid U3BECTHO, uTO cHaa F npo-
NOPIHOHANbHA CXKATHIO [ ¥ 2KECTKOCTb NPYKUHB k=2,94 kH/m.

2.117. Ha#fith RavGonpHiMét nmporud A peccopsl ot rpysa
Maccofl m, TOJIOXKEHHOIO Ha ee CePelMHY, ecJM CTaTHUecKHi
nporu6 peccopbl OT TOTO ke rpysa hy=2 cM. Kaxkum Gyuer
Haubo IbIMHH TIPOTUO, ecaAM TOT Ke IPY3 najdeT Ha cepejuHy
peccophbl ¢ BbicoTel H=1 M Ge3 HauasbHOH CKOPOCTH?

2.118. AxpobGar npbiraer B ceTky ¢ Bbicorhl /=8 M., Ha
Kaxof npelienbHofl BeicoTe A Haj NOJOM HAJlo HaTAHYTb CETKY,
utoObl aKpobaT He yaapu/ica o ros npu npeikke? HMsBectwo,
yTO CceTKA nporubaercss Ha hy=0,5 M, ecqu akpoGar npbiraer
B Hee ¢ BEICOTH Hy=1 wm. S

2.119. I'pys mosoxusay Ha 4yamiky BecoB. CKOJBKO JieJe-
HHfi TOKaXeT CTpPesKAa BeCcOB NPH epBOHAuYalbHOM OTGpoce,
ecsu nocne yCnoKoeRus KauaHu# OHA NOKa3blRaer 5 AeJieHHH?

2.120. I'pys Maccoft m=1 Kr najaer Ha YalllKy BeCOB C Bbl-
cotbl H=10 cm. KakoBbl nokasanus BecoB F B MOMEHT yAapa,
ec/M IOcJie YCIOKOEHHs KayaHMil ualllka BecoB onycxae'rcsl
Ha h=05 cm?

“2.121. C xakofi ckopocTbio U ABHrajicsi BaroH Maccoft
m=20 T, ecH NPH yaape O CTeHKY KaXuulli 6ydep cxkaJca Ha
I=10 cM? )KectKocTp npyxHHBI Kaxaoro Gydepa k=1 MH/m.
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2.122. MaabuHK, CTpe/ififl H3 POTATKH, HATSHYJ PE3HHOBBIN
WIHYP TakK, 4TO €ro JJHHa crana Gosablle Ha Al=10 cm. C Kako#t
CKOpPOCTBIO v IIoJleTesl KaMeHp Maccodt m=20 r? }KeCTKOCTb
weypa k=1 kll/mM.

2.123. K HuxHeMy KOHLy pr}KHHbI nojiBellieHHOH Bep-
THKAJBHO, NPHCOeNMHeHA Apyras NpYXHHA, K KOHIY KOTOpoH
IpUKpenJeH rpys. JKecrkocTH NpPYXKHH paBHH R, H k,. Ilpe-
HeOperasi Maccofi NpyKMH 1O CPAaBHEHHIO C.MaccOoH rpyaa,
naittu  otdomenye Wy /Wy, noTeHHMANbHBIX SHEPrHil 3THX
NPYXKUH.

2.124. Ha nByx mnapansienbHBIX INPYXKHHAX OXHHAKOBOH
JJIHHBI BUCHT HeBecOMbIfl crepkeHb jiuHon L=10 cM. Kecrko-
cTH npyxuH k=2 H/m ¥ k,=3 H/M. B kakom mecrte cTepKHS
HAJ0 TNOABECUTb TPYy3, YTOOLI CTEPXKEeHb OCTABaJ/ICH T'OPH30H-
TaJbHBIM?

2.125. Pesunosblit Mg maccoit m=0,1 kI JeTHT ropusoH-
TaJbHO ¢ HEKOTOPOH CKOPOCTBIO H yAapsiercsi O HellOABHIKHYIO
BEPTHKAJbHYIO cTeHKYy. 3a Bpems Af=0,01 ¢ Mau cxuMaercs
Ha Al=1,37 cM; Takoe Xe Bpemsi Af saTpauuBaeTcs Ha BOC-
CTAHOBJIEHUE TNICPBOHAuYaIbHOH dopmbl Msiua. Hality cpenmioro
cuny F, neficTBYIOLyl0 Ha CTEHKY 3a BpeMsl yjapa. '

2.126. T'upsa maccoft m=0,5 xr, npHBsisaHHas K Pe3HHOBO-
MY UIHYDPY AJHHO# [;, ONHCHIBAET B FOPH3OHTAJNBHOH TJIOCKO-
¢TH OKPYXKHOCTb, Uacrora BpameHus rupu n=2 o6/c, Yroa
OTKJIOHEH¥S pPE3UHOBOTO I[HHypa OT Beprukanu oa=30°,
XKectkocts mHypa £=0,6 kH/m. Halitu pnuny [, Hepacrsi-
BYTOTO Pe3VHOBOIO HIHypa.

2.127. T'pys maccolt m=0,5 Kr, npuUBA3aHHBIH K PE3UHOBO-
My IIHYpY ANHHOH [,=9,5 cM, OTK/IOHfiloT HA yroa a==90°
¥ ormyckator. Halitu pnuny ! pe3suHoBOro HIHypa B MOMEHT
NpOXOXKJEeHUs TPy3oM mToJioXKeHHs papHosecusi. JKecrxocth
mHypa k=1 xH/m.

2.128. Msu paauycom R=10 ¢M niaBaetr B BOJe TaK, 4TO
ero UeHTp Macc Haxoaurcs Ha H=9 cM Bbile MoBepXHOCTH
Bogbl. Kakyio pabory A Hamo coBépmuTbh, uTOOBI IOrPY3HTH
MAY B BOAY MO AMAMETPAJbHOH IJIOCKOCTH?

2.129. Illap panyycom R=6 cM ylepxKuBaeTrcs BHellIHeH
cUJI0fl ToJ BOJOH Tak, YTO €ro BepXHSAS TOUKA Kacaercs Io-
BepxHOcTH BOAbl, Kakyio pabory A npousBelier BHITAJIKHBAIO-
I0asi CHJA, eC/M OTIIYCTUTb IIap M NPefOCTABUTbH €My CBOGOIHO
nnaBatb? IlnotHocts Matepuasna mapa p=0,5-10% xr/m®.

2.130. Illap nuamerpom D =30 cm nnaBaer B BoZe. Kaxyio
pabory A Hamo coBepmTbh, WroGbl IOFPY3HTb WP B BOAY
Ha H=5 cM ray6xe? IlnorHocTh Matepuana Iuapa p=
=0,5- 10? Kr/m3, ~
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2.131. JIbHHA IJIOLIAABIO TONEPEYHOro ceqe}ma S=1 w2
H BbicoTo h=0,4 M 'miaBaer B Boge. Kakyio pa6ory A
HaJI0 COBEpUIHTb, YTOGHI IOJHOCTHIO NOrPYsUTh JbIAHHY B
Bofly?

2.132. Haiiru cu.ny TPaBUTAIlHOHHOTO B3auMopelicTBus F
MeXA1y JAByMs INpPOTOHaMH, HAXONSIHMMHCA Ha pAacCTOSHHUH
r=10"1* M apyr or apyra. Macca nporoHa m=1,67.10~2% gr.

2.133. [IBa MeAHBHIX HIapukKa ¢ JUaMeTpaMH D1_4 cM H
D,= HaXoAATCS B CONPUKOCHOBEHHH IPYr ¢ JApyrom.
Hafity rpasuralldoHRYIO moTeHHManabHYyI0 3Hepruto W aroit
CHCTEMBI.

2.134. Bruncturs FpaBHTauHOHHyEO nocrosiuuyio (i, 3Hasi
pajuyc 3eMHoro mapa R, CPeLHIO0 INVIOTHOCTh 3eMJIH P H
ycKopeHHe CBOGOJRHOrO INajeHHst g y NOBEPXHOCTH 3eMJH
(cM. TaGa. IV u V).

2.135. Tlpunumass ycKopeHHe CBOGOJHOTO MajeHHS Y mo-
BepXHOCTH 3emiad paBHBIM g=9,80 M/c? U HOAb3YsICh NAHHBIMH
Taba. V, cocraBurb TAGMUIly 3HAaYeHHH CPefHUX IJIOTHOCTeH
ananer COTHEUHOH CHCTEMSL.

2.136. Kocmuueckas paxera JIETHT Ha Jlyny. B KaKoft Tou-
Ke npamoii, coepuHsomefi neHTpsl Mace JIyHb U 3emian, pa-
Kera Oyner HpHTHrHBaTbCH 3emneft u JIyHO#H ¢ onuHAaKoBOI
CHJIOH? |

2.137. CpaBHUTBb YycKOpeHHe CBOGOZHOIO NajeHUA Y IIo-
BepXHOCTH JIYHBI g1 ¢ yckopeHHeM CBOGOAHOTO NajeHus y mo-
BEPXHOCTH 3eMiId g3.

2.138. Kak usMenuTcs mepuoi KoJsebaHds T MareMaTye-
CKOT0 MasiTHHKa IpH nepeHeceHHH ero ¢ 3emsaH Ha JIyHy?
Ykasanue PopMyna And nepuoia KoJseGaHui MaTeMa-
THYecKOI'0 MasiTHHKa IpusejeHa B § 12,

2.139. Haiitu nepBy10 KOCMHYECKYIO CKOPOCTb Uy, T. €. CKO-
,pOCTb, KOTOPYIO HAJO COOOLIMTH Teay Y NOBEPXHOCTH 3eMJIH,
uyTOGH OHO HayaJso JBHTaThCs BOKPYT 3eMJH 1o KpyroBoit op-
OnTe B KauecTBe ee CIOYTHHUKA.

2.140. Haliti BTOPYIO KOCMHYECKYIO CKOPOCTD U,, T. €, CKO-
pocTh, KOTOPYIO HAJ0 COOCHIMTL TeNAy Y MOBEPXHOCTH 3eMJH,
uTOGBI OHO TIPEOJNOJeJO 3eMHOe TATOTeHHe M HaBcerja yjanu-
JOCh OT 3€eMJIH.

2.141. Ilpunumas yckopehue cBOGOJHOro NajeHHst y IO-
pepxHocTH 3emut paBHbIM g==9,80 M/c? ¥ nOAb3YACh NAHHBIMH
Taba. V, cocraBuTh TabJHily 2HaYeHUH NMepBofl U BTOPOH KoOC-
MHYeCKUX cKopocTeHl y noBepxHocTH mnaHeT CosiHeYHO# CH-
CTEMBL.

2.142. Hafitu JuHefiHVIO CKOpPOCTH U ABHKEHH S 3eMJH 1O
"KPYroBo# opGHTe.
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2.143. C kakoit nnnenuoﬁ CKO‘pOCTbIO v Gyzer ABHratbcs
' MCKYCCTBEHHHIi CIYTHHK 3eMJIM N0 KPYToBO# opGHTe: a) y mo-
‘BepPXHOCTH 3emuH; 6) Ha BhicoTe h=200 kKM H h=7000 KM oT
nioBepxnoctH 3emnu? Hafith mepros o6pameﬂuﬂ T cnytHuKa
3emMAH HpH STHX YCJIOBHSX.

2.144. Hafitn 3aBHcuMeocTh nepHopa obpatennsi T HcKyc-
CTBEHHOrO . CIYTHHKA, BpAIaioOMerocs no prrosoﬁ opbure
Yy TOBepXHOCTH IIEHTPaJbHOrO Teja, OT CPeAHeH MJIOTHOCTH P
aToro Teja. Ll0 JZaHHBIM, MOJYYEHHBIM MPH pelieHHH 3aja-
gH 2.135, coctaBUTh TabsHIly 3HaYEHHI NMEPHOJOB oOpalleHHs
HCKYCCTBEHHBIX CHOYTHHKOB BOKpYr mnsaHeT CoOJHEUHOH CcH-
CTEMBI,

2.145. Haiitn ueHTpocTpeMHTE/NLHOE YCKOpEHHe d,, C KO-
TOPBIM JBHXKETCS MO KPYFOBOH OpOHTe HCKYCCTBEHHBIA CHyT-
HUK 3eMsm, HaXoawuiica Ha Bbicote =200 KM OT TOBepX-
HOCTH 3eMJIH. s

2.146. Ilnanera Mapc umeer JBa cnyTHHka — Poboc H
Ileiimoc. IlepBoiit Haxoiutcs Ha paccrosiunu r=0,95.10¢ km
oT uneHTpa Macc Mapca, BTOpPO#l — Ha pPAaCCTOSIHUH 1=
=2,4-10* kM. Ha#ity neprone! obpamenus T, u T, THX CIyT-
HHKOB BOKDPYT Mapca

2.147. VickyccrBeHHBIl CIIYTHUK 3eMsH ABMIKeTcs MO Kpy-
roBO# OpOUTE B NJOCKOCTH 9KBaTOpa C 3alaja Wa BOCTOK. Ha
KaKO¥W BBICOTE A OT NMOBEPXHOCTH 3eMJIH JOJIKEH HaXOJUThCS
5TOT CHYTHHK, 4YTOObl OH ObLT HEMOABHIKEH IO OTHOLICHHIO
K HabJofatesio, KOTOPHIA HaXOAUTCH Ha 3emie?

2.148. VckyccrBennblil ciyTHHK JIYHBI ABHIKeTCs MO Kpy-
roBoii op6ute Ha BhIcoTe A=20 KM OT NOBEPXHOCTH .JIYHEL
Halitd JHHEHHYI0O CKOPOCTb U JBHIKEHHS 3TOr0 CHYTHHKA,
a TaKxe nepHof ero ofpamenusi T Bokpyr JIyHsl

2.149. Hafitu mepByi0 U BTOPYI KOCMHUYeCKHe CKOPOCTH
s JIysel (cM. yoroBHs 2.139 u 2.140).

2.150. HaiitH 3aBHCHMOCTb YCKOPEHHS- CBOGOJHOTO maje-
HHS g OT BBICOTH /i HaJ noBepXHOCTBIO 3eMJHd. Ha kKakoil BbI-
cote h ycKopenHe €BoGOJHOrO mNaneHus g, coctapjser 0,25
YCKOPEHHsI CBOGOJHOIO NafeHHs g Y TNOBEPXHOCTH 3eMin?

2.151. Ha kakoii BbicoTe /1 OT MOBEpXHOCTH 3eMJH yckope-
HUe CBOGOAHOrO majieHus g,=1 m/e*?

2.152. Bo ckosbko pa3 kuHeTHueckas sueprus W, Hckyc-
CTBEHHOTO CNYTHHKA 3eMJIH, ABHXYLIErocs 1no KpyrOBO# Op-
6uTe, MeHBbIIE ero I'PaBETalHOHHOH nmenuuanbx-xon 3Hep-
ran W

2.153. Hamn H3MetenHe yCKOpeHHsl CBOGORHOrO NajleRHs g
NpH ONyCKaHHH Tefa Wa ray6uHy h. Ha kako#i riy6une A
yckopen#e cBobojHoro najenus g, cecrapasier 0,25 yckopenus
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.cBOOOJHOTrO NajeHHsi g y mnoBepxHocTH 3emau? I[l0THOCTD
3eMm/iH CYMTATh TIOCTOAHHOR. Y KasaHwue. YuecTh, 4TO
Ten0, Haxojsimeecsd Ha IiyGHHe A TMOA MOBEPXHOCTBHIO 3eMJH,
'He HCTIRITHIBaeT CO CTOPOHEI BRILIEJIEXKAIET0 LIAPOBOrO CJOS
TOJHIIMHOH A HHMKAKOrO INPHUTSAXKEHHS, TaK KaK TNPHTAXKeHUS
OTJE/IbHRIX YacTell CJIOS B3aMMHO KOMIEHCHPYIOTCS. _

2.154. KakoBO COOTHOILEHHEe MeXAy BRICOTOM H TOphl H ray-
GHHOH h IIaXThl, €CJH NEpPHOL KoJeGaHHH MasTHHKA Ha Bep-
IMHe rophl M Ha JHE aXThl OJMH U TOT Xe? Y Ka3aHHe,
Dopmyna ans nepHona KoJjeGaHUH MaTeMaTHYeCKOTO MasiTHH-
Ka npureneHa B § 12,

: 2.155. Haiitu nepuoz obpamenus T Bokpyr CoJHna HeKyc-
CTBEHHOH IJIaHETHl, ec/J¥ H3BECTHO, YTO GoJbillasi MONYyoch Ry
€e JJIHNTHYECKOH OpOUTHI mpeBblllaeT GOJIbINYIO MOJYOCh R,
3emHo# opbuthl Ha AR=0,24-10° xM.

2.156. Op6ura HCKYCCTBeHHOH MyaHeThl 6JIM3Ka K KpPYro-
Boi. Haiitn nuHeifiHyio ckopocTb U ee jABHXKeHHS W nepuon T
ee obpaienus BOKpyr CosiHua, CUHTasi H3BECTHBHIMH JHaMeTp
Cosnna D u ero cpeaniol0 mIOTHOCTE p. CpejHee pacCTOsIHHE
miaders or CouHua r=1,71-10% kM.

2.157. Boabwias noayock R; 3JMHNTHYECKOH OPOUTHI mep-
BOTO B MHpE€ HCKYCCTBEHHOTO CNYTHHKa 3eMJH MeHbile GOJb-
ol noayocd R, op6uthl Broporo cnytHuka Ha AR=800 kM.
Ilepuon ofpallleHHst BOKPYT 3eMJH INepBOro CIyTHHKa B Ha-
gaje ero jABHXeHHs Op1 77,=96,2 muH. Halith 6oJsbinyio
nonyocb R, OpOHTH BTOPOr0 HCKYCCTBEHHOIO COYTHHKa 3eM-
JH H nepuoA T, ero obpaileBHsi BOKpYr 3eMJIH.

2.158. MuHHMaNbHOE YAaJieHHe OT IOBEPXHOCTH 3eMJsd
KOCMHYecKOro  Kopabus-chiyrHika «BocTok-2» cocraBasio
Ruin=183 KM, a MakcHMa/lbHOe yAajeHHe — Ay, =244 KM.
Haittu nepuon obpamenus T crnyTHHKa BOKPYT 3eMJH.

2.159. Hmeercst kKoabuo paiuycoM R. Pamuyc npoBoJIOKH
paBeH r, IJIOTHOCTh MaTepHalja MPOBOJIOKH paBHa p. Hairu
cuny F, ¢ KOTOpPOH 3TO KOJIbIIO APHTSTHBAEeT MaTePHANbHYIO
*TOYKY Maccodl M, HaXORAULYiocs Ha OCH KOJbla Ha paccTosl-
HHH L ot ero meHtpa. ' .

2.160. Hmeercs kosbmo paguycoM R=20 cM H3 TOHKOH
MeRHO# npoBosiokH, Haifitu cuny F, ¢ KoTopod 3TO KOJBLO
NPHTACHBAET MaTepHAbHYIO TOUKY Maccoi m=2 r, Haxonas-
Hlyiocst Ha OCH KOo/lbua Ha pacctossudu L=0, 5, 10, 15, 20 u
50 cM ot ero uentpa. CoctaButh Tabiuuny 3nauernét F # npen-
CTaBHTh I'padHyuecKd 3aBHcHMOcTb F=f(L). Ha KakoM paccTosi-
HHH L_,, OT ueHTpa KoJbLa cHja B3aUMOJEHCTBUST MMeeT
MaKcHMaJIbHOe 3HaueHne F,. # KakoBo 3T0 3navenne? Pa-
JAUyC TPOBOJIOKH r=1 MM. - N ' -



2.161. Cusa B3aUMOJIeHETBUS MeXKAY KOJIBIOM U3 NPOBOJIO-
KH U MaTepHaJbHOH TOYKOH, HaxOAseHCS Ha OCH KOJbila,
UMeeT MaKCHMANbHOe 3HaueHue F ... KOTJa TOUKa HaXOAUTCSH
Ha pacCTOSHHH L, OT leHTpa Koabua. Bo cKoibko pa3 cuna
B3auMonelicTBUS F MexKAy KosbuoM M MaTepHaNbHOH TOYKOH,
HaxoAsefics Ha paccrosiEuu L=0,5L,,, OT LeHTpa KOJbLA,

MeHbllle MaKcHMaJbHOB cuibl F..?

§ 3. BpamarenpHoe ABUKEHHE TBEPABIX TeJ

Moment M cunnl F OTHOCHTeJIbHO KaKoifi-HHGYAb OCH BpalleHHs of-
penessierca GopMyJIoi
M=F,

rae ! — paccTosnHe OT mpsMOil, BAOJAL KOTOPOH JefiCTBYeT cmJja, A0 OCH

BpPalleHHs,
MOMeHTOM HHEPUHH MaTepHaJbHOH TOYKH OTHOCHTENBHO KaKOH-HH-

6y115 OCH Bpalll€HHsA HAa3bIBAETCH BEJIHUYHHA

J=mr2,

The M -— Macca MaTeDHATbHOR TOUKH W 7 — €€ DACCTOSHHe 10 OCH Bpa-

Hienud. .
Momeur HHEPUHH TBEPAOTO TeNld OTHOCHTENbHO €ro OCH BpalleHud

J = S r2dm,

rie HHTerpHpoBaHHe JOJKHO GHITE PACOpPOCTpPaHeHO HA Beck O6beM TeJsa.
Tlpouasonss wuHTerpHpOBaHHe, MOKHO HOJYUYHTb MOMEHT HHEDHHH Tesaa
no60%  GopML. - ‘

MoMeuT HHepUHHW CIIOIIHOTO OAHOPOJHOrO HHJIMHADA (AMCKa) OTHO-
CHTEJbHO OCH IIHJIHHADA

hl 2
Ja_ng,

rae R — papmyc LWIHHADA H m — ero Macca.
MoMeHT HHepUHH NONOTO NHAHHAPA (06pyua) ¢ BHYTPEHHHM DagHYCOM
R; v pHewHnM Ry OTHOCHTeJIBHO OCH HEJIHHADAE

I =g m (R4,

it TOHKOCTEHHOTO TOJIOTO muaMuipa Ry~R,=R u J=mR?2
MoMeHT HHEDIHH OJHOPOZHOTO Wwapa pajHycoM R OTHOCHTEIBHO
OCH, TIPOXOAAWEH depe3 ero neHTp,

~ J=2ap
_ J-—st.

44



MoOMeHT HHEpUHH OIHOPOZHOTO CTEPXKHS OTHOCHTENbHO OCH, MPOXO-

nsuiedl Yepes €ro cepefuHy NEpNEHAMKYJIAPHO K HeMy,
‘ 1

I =—ml2,

12

Ecan anst xaKoro-uGo Tena M3BeCTeH €r0 MOMEHT WHepu#H J, OTHO-
CHTENBHO OCH, MPOXOASUICH Yepe3 LEHTP MacC, TO MOMEHT HHEpIHH OTHO-
CHTeNBHO Jrio6oit OCH, Tapa/jleqbHOH TNepBoil, MOXeT OWTh Haifijen 0o
topmyste Hlrefinepa

J =Jg4-maz,

rape m -— Macca TeJa H d— paccrosigie Or HeHTpa Macc TeJa Jo OCH Bpa-
lienHd.

OcHoBHOH 3aKOH JHHAMHKH BpallaTeJbHOTO JBHKEHHS (3aKOH CO-
XpaHeHHsT MOMeHTa HMIIyJbca) BBIpAXKaeTcsi ypasHEHHEM

Mdt=dL=d (Jw),
rie M — MOMeHT CHJ, NPWIOKEHHBIX K Tely, L — MOMEHT HMIyJbca
Tela (J — MOMeHT HHepUHM Tesa, © — eI0 YIVIOBas CKOpPoOCTh). Ecau
J=const, To

do
M: J-‘—i-t—:JB,

rie & — yIJIOBoe YCKOpeHHe, INpHOOpeTaeMoe TeslOM NOX NeHCTBHEM MO-
MeHTa cHJI M. )
KuHeTHueckas 3HepTHA Bpamyaiomerocs ftena
J w?

W}f: 2 ’

rae J — MOMeuT HHepuUHH TeJa H ® — ero YIJoBasg CKOPOCTb.
ConocraBneHke ypaBHeHHH JHHaMHKH BpPALIATeNbHOTO JBUMKEHHS
C YpaBHEHHAMH IOCTYNATENbHOrO ABHKEHHS JaHO B Taba. 7.

Ta6anuma 7

.
TocrynatenbHoe ABUMKeHHE BpauwareibHoe ABHXKeHUEe

Bropoii 3akon HpioTora

FAt= mug— muv;, - MAt=Jws—Jwy,
HJH HJH
F=ma M=Je
3aKOH COXpaHemus HMIyabCa 3aKOH COXpaHeHHs MOMEHT HM-
nyJabca
-
zmu = const ZJ o= const
- Pa6ora W KHHeTHYeCKas SHeprusi
A—FS mv}  mo? At Jo; Jo?
=FS=— -5 =Myp=—"——~




" Ilepron Maanx KoMeSauu (UIHTIECKOTo MAATHAKA

v . T= 2ﬂl/-mdg .

rie J — MOMeHT HHEDUMH MAATHHKAa OTHOCHTEALHO €0 OCH BpAUICHHS;
_m — Macca MasTHHKa, d — DACCTOSAHME OT IEHTPa Mace A0 OCH BpalleuHs,
g — YycKopeHHe cBOGOAHOIO TNajeHHs.

3.1. Haiitu MoMeHnT uHepuMu J H MOMeHT umnyJbca L 3eM-
HOM® Iapa OTHOCHTEJbHAO OCH BpallleHHus.

3.2. JIpa mapa ofumaKoBoro pamuyca R=>5 cMm 3akpeme-
HbI HAa KOHIAX HEBECOMOro cTepkHs. Paccrosinie Mexay Wapa-
mH r=0,5 M. Macca Kaxuoro mapa m=1 gr. Haiitu: a) momeHT
HHEPUHH J; CHCTEMBl OTHOCHTEJNbHO OCH, INpPOXOAsUIel dYepes
CepeUHY CTepXKHS INepIeHIUKYMASIPHO K HeMy; 0) MOMEHT
WHEepUHH J , CHCTeMbl OTHOCHTENIBHO TOH e OcH, CUHTast iaphl
MaTepHaJbHBIMH FOUKAMH, MacCHl KOTOPHIX COCpefOTOYeHbI
B HX [EHTPaX; B) OTHOCHTENIBbHYIO OWHUOKY O=(J,—J,)//,,
KOTOPYIO Mbl JionycKaeM INpH BbIYHCJIEHUH MOMeHTa HHEPIHH
CHCTEMEB], 3aMeHssl BeJHUHHY Jy BeTHUuHO# J ;.

3.3. K ofony ofHOPOJHOTO AHCKa pa}lI/choM R=0,2 » npu-
JIOKeHa KacartenpHas cuna F=98,1 H. Ilpu Bpamenuu Ha
JHCK JelcTByeT MOMeHT cusl Tpenust M, =49 H-m. Hafitu
Maccy m JUCKa, ecJH H3BeCTHO, Y4TO JUcK BpalllaeTcs ¢ YIJIOBbIM
yckoperneM e=100 pan/c?.

3.4. Opnopoanbift crepkeHb JUHMHOM [=1 M H Maccolt m=
=0,5 Kr BpaumlaeTcd B BEPTHKaJbHOH HJIOCKOCTH BOKDYI' TO-
PH3OHTA/NbHOK OCH, HPOXOXAUIEH Yepe3 cepefHHY CTEPHKHS.
C KakHM yIVIOBEIM YCKOpDEHHEM & BpalllaeTCsl CTePIKEHb, ey
Ha Hero Je#icTByeT MoMent cun M==98,1 mH.m?

3.5. OnHopoaubll fuck paguycoM R==0,2 M u maccolt m=
=B Kr BpalllaeTcs BOKpYT OCH, NPOXOXAAlueH dYepe3 ero LEeHTP
MEePIEHAMKYJISPHO K ero IVIOCKOCTH. 3aBHCHMOCTb YIJIOBOH
CKOPOCTH @ BpallEHHsl AUCKA OT BpeMeHH f gaercs ypaBHEHHeM
o=A-+Bt, tne B=8 pap/c?. Haiith kacarenbnyio cuay F,
IpUJIOKEHHYI0 K 060ay Aucka. TpeHneMm npexeGpeub,

3.6. MaxoBUK, MOMeHT HHepIUH KOTOpOro J=63,6 Kr-Mm2,
Bpalaercsi ¢ YIVOBO#H ckopoctbio w=31,4 pan/c. Haiitu mo-
MeHT CcHJ TopMOxeHHs M, nej HeficTBHEM KOTOPOTO MaXOBHK
octanaBnuBaeTcs 4Yepes Bpemss $=20 c. MaxoBHK CUHTATh
OlIHOpO}lHI:IM JHCKOM.

3.7. K ofony Koseea pa,zmycom‘ 0,6 M u Maccoit m=>50 Kr
MPRJOKEHA KacaTesbHas cHja F= 981 H. Haiiru yr/ioBoe
. ycKopeilue & koseca. UYepes KaKoe BpeMs { noc/ie Hadana siel-
CTBMS CHJBLL KOJeco Oyher HMeTb 4acTOTy BpalleHHs n=
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=100 06/c? Koneco cunTats QXHOpORHEM auckoM. Tpenuem
npeHebpeyb. - _

3.8. ‘MaxoBuk paauycoM R=0,2 M H Maccoi m==10 kr
COEJMHEH C MOTOPOM NPH MOMOIM TPHBOAHOTO peMusi. Cuua
HaTfXKeHHsl peMHs, HAywlero Ge3 cKonbxenus, T=14,7 H.
Kakyio uactoty BpaweHns n GyleT HMeTh MaXOBHK Yepe3 Bpe-
Msa =10 c nocie Hauana ABHKeHHA? MaXOBHK CUHTATh OfHO-
pouHbIM nHcKOM. TpeHHeM mnpeHeGpeub.

3.9. MaxoBoe KoJleco, MOMEHT HHEPUHH KOTOpPOro J=
=245 xr-M?, Bpallaetcs ¢ yactotoit n=20 o6/c. Uepe3 Bpemsn
{=1 MuH nocje TOro, KaK Ha KOJeco nepectas felicTBOBATh MO~
_ MeuT cHa M, onO ocranoBUMOch. HaHTH MOMEHT CHMJI TPEHHs
M,, u ancio o6oporoB N, KOTOpoe cle1asio KoJeco 10 NOMHOH
OCTAHOBKH TNOCJe NpeKpalleHHs JedcTBUs cua. Koseco cu-
TaTh OJHOPOAHBIM JHCKOM. ; :

3.10. [pe rupu ¢ MaccaMd m;=2 KI H mz;=1 KI cOeIUHEHBI
HUTBHIO, NepeKHHyToil uweped 6J0oK Maccoii m=1 xr. Haiitu
YCKOpPEHHE @, ¢ KOTOPBIM JABHIKYTCS THPH, H CHJIBL ‘HATSKeHHS
T; u T, Hutell, K KOTOPHM MOABelllensl THpH. Biok cuntarp
OJTHOPOJHBIM AHMCKOM. TpenHeM IpeHe6peyb.

3.11. Ha 6apalan Maccoli my,=9 Kr HaMOTaH IIHYpP, K KOH:
Iy KOTOpPOTO NpHBs3aH rpy3 Maccoit m=2 kr. Hafith yckope-
HHe @ rpys3a. DapabaH cuHTaTh OJHODOAHBIM LHJIMHIPOM,
Tpenuem mnpenebpeys. .

'3.12. Ha G6apaban paguycom R==0,5 M HaMoTaH WHYyp,
K KOHIy KOTOPOrO NpHBsA3aH rpy3 Maccoii m=10 kr. Haiitu
MOMeHT HHepudd J 6GapabaHa, ec/id M3BecTHO, 4TO TPy3 oImy-
cKaeTcsl C yckopeHHeM a=2,04 M/c2.

3.13. Ha 6apa6an pagnycom R=20 cM, MOMeHT HHepUHUH
kotoporo J=0,1 Kr-M2 HaMoTaH IWIHyD, K KOHIY KOTOPOro
npuBs3aH rpy3 maccoit m=0,5 kr. Jlo Hasana Bpallenus 6a-
pa6aHa BbicoTa rpy3a Haj nojoM h,=1 M. Uepe3 Kakoe Bpe-
M ¢ Tpy3 omycTHTcsa A0 noJia? Halith KHHeTHUecKYIO SHEprHIo
W, rpy3a B MOMEHT yjapa O MoJ H CHJIy HaTsXeHHs HUTH T.
Tpenuem mnpeneGpeyb. .

3.14. [IBe rupH c pasHbIMM MaccaMH COeJHHEHBl HHTBIO,
nepekHnyTofl uepe3 6JIOK, MOMEHT HHepPLHHM KOTOporo J=
=50 kr-M? ¥ paguyc R=20 cM. MOMeHT cHJI PpeHHA BpaIlalo-
merocsi-6i10ka M,,=98,1 H-M. Haiitn pasHocTb cHal Harsike-
Hus HutH T3—T; no obe cTOpOHH 6J0Ka, eC/IM M3BECTHO, 4TO-
670K Bpallaercsi ¢ YIJOBHIM yckopenHeM e=2,36 pap/c’.
Bnok cudTaTh OZHOPOAHBIM JTHCKOM. i
. 8.15. Bnok maccolt m==1 Kr ykpenjeH Ha KOHie CTOJ2
(cM. puc. 1 w sapauy 2.31). T'mpu 1-m 2 61HHAKOBOH Macchl
my=m,=1 Kr coejMHEHH HHTBHIO, NepeKHHyTtoil uepes OrOK.
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Kosduunent tpenus rupd 2 o cron k==0,1. Hafitu yckope-
HHe @, ¢ KOTOPHIM JIBMXKYTcS THDH, M CHJIbI HaTskeHHA Ti
u T; Hutel. DBJOK “cuMTaThb OQHOPOXHBIM OHCKOM. TpeHHeM
B 6/i0Ke nNpeHeOpeyb.

3.16. Iuck Maccoll m=2 Kr Katutca 6e3 CKOJbXeHHS II0
rOPH30HTA/NbHON IIJIOCKOCTH CO CKOpOCThio v=4 M/c. Haiitn
KHHeTHUecKyio auepruio W, JAHcKa. - A

3.17. Hlap muamerpom D=6 cM u maccoit m==0,25 kr ka-
THTCS 6e3 CKOJIbXKEHHMS N0 TOPH30HTAJbHOH MJIOCKOCTH € Ya-
crorofi BpameHus n=4 o6/c. HaliTh KHHeTHUEeCKYiO0 3HEPTHIO
W, mapa. -

3.18. O6pyu ¥ AHCK OAMHAKOBOH Macchl Mmj=m, Karsitcs
6e3 CKOJIbIKEHHS ¢ OXHOH M TOH e cKopoctbio v. KuneTuue-
ckast 3Heprusi obpyua W,,=4 krc-M. Halitu KuneTHyeckyo
snepruro W, aucka.

3.19. Ilap maccoét m=1 Kr, Karsauuiica 6e3 CKOJbKEHHS,
ylapsieTcsi O CTEHKY H OTKatbiBaeTcs OT Mee. CKOpOCTh Inapa
JI0 yaapa o cresky v=10 cM/c, nocne yaapa u==8 cm/c. Haiitn
KOJIMYECTBO TeIVIOTH ), BBIeJNHBIIeecsl NMpH ylape mapa o
CTeHKY.

3.20. Haittn oTHOcHTesbHYIO omwubKy &, KoTopast mnoJy-
yaeTcsl NMPH BBIYHCJEHMH KHHeTHyeckoll sHeprun W, kxars-
uwerocsi Iapa, €CJId He YYHTHIBATH BpaujeHHs lIapa.

3.21. Huck avamerpom D=60 cM W Maccoii m=1 Kr Bpa-
maercss BOKPYT OCH, NMpOXOisilell depe3 LEHTP NepHeHAUKY-
JISIPHO K €ero TJIOCKOCTH, ¢ yactotoil n=20 o6/c. Kakyio pa-
6oty A Hajgo COBepIHTH, YTOOBl OCTAHOBUTH AHCK?

3.22. Kuneruueckasl 3HepTrHs BaJja, BpaIaiomierocsi ¢ 4a-
croroil . n=>5.06/c, W,=60 k. Haiitu MomenT mmmysbca L
BaJja.

3.23. HaiitH kuHeTHYecKylo sHepruio W, BesocHleNHcTa,
elyllero co cKopocThio v=9 kM/u. Macca BesOCHIENHCTa
BMecTe C BesocHnefoM m=78 Kr, IpHueM Ha KoJjeca NPHXO-
JuTcs Macca my=3 Kr. Koseca BeJiocHIeia cUMTaTh OGP ydYaMy.

3.24. Manbyuk KaTHT o0pydY IO TOPH30HTa/NbHOH JAOpore
.o cKopocThio v=7,2 KM/4. Ha Kakoe - paccTosiHHe S MOXeET
BKaTUThCS 00pYY Ha TOPKY 3a CUET ero KHHETHYECKOH SHEPrHH?
YxJoH ropkH pasen 10 M Ha Kaxpble 100 M nyTH.

3.25. C kakoil HaMMeHbIleH BBICOTH 4 JOJKEH CbhexaThb
BEJIOCHTIEAUCT, 4TOOBI MO WHepuuM (6e3 TpeHHs) Ipoexath JO-
POXKY, HMelomyio GOPMy «MePTBOH HeTJH» pagHycoM R=
=(,3 M, H He OTOPBaThCs OT AOPOKKH B BEepPXHed TOUKe Ilet-
aup Macca BenocHmegHcTa BMeCcTe C BeJOCHIEAOM m=75 Xr,
TIpHYeM Ha KoJsleca MPHXOAMUTCA Macca my=3 Kr. Koseca Beso-
cHreAa cuMTaTh ofpyuyamH. )
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3.26. Mennplit wap paanycoM R=10 cM Bpaliaercs ¢ 4aCTo-
TOK n=2 00/c BOKpPYr OCH, TPOXOASIIEH Yepe3 ero LEHTP.
Kakyio paGory A nallo COBEpIUHTD, YTOOh YBeJHYHTE YIVIOBYIO
CKOpPOCTh (» BpallleHHsl LIapa BABOe?

'3.27. Haiitu nnefible YCKODeHMsl @ LIEHTPOB Macc Iuapa,
Jiicka H 06pyda, cKaThlBalomuXcs 6e3 CKOJNBXEHHUS! ¢ HaKJIOH-
HOH IVIOCKOCTH, ¥YTOJ HaKJjoHa IjockocTd a.=30°, HayanpHas
CKOpOcTh BeeX Tesl vpo=0. CpaBHHTb HaiijleHHble YCKOpEHMs
C YCKOpEHHeM TeJsa, COCKasb3bIBAIOMIEI0 ¢ HAKJOHHOH mo-
CKOCTH IPH OTCYTCTBHH TpEHHS. :

3.28. Hafitn nuHeliHble CKOPOCTH U JBHXKEHHS HEHTPOB
Macc wapa, AMCKa H 00pyda, cKaThIBalomuXcsi 6e3 CKOJIbiKe-
HHSl C HAKJIOHHOHM IIOCKOCTH. BpicOTa HaKJOHHOH MJIOCKOCTH
h=0,5 M, navajbHas ckopocTb BceX Teal v,=0. CpaBHHTB
HaliieHHble CKOPOCTH €O CKOPOCTBHIO T€Nd, COCKa/lb3bIBAIOUIErO
C HaKJIOHHOH TUIOCKOCTH NPH OTCYTCTBHUH TPEHHS.

3.29. Hmeiotca ABa HUJHHJpA: aMOMHHEHEBBIH (CIUIOLIHOM)
H CBHHUOBBIA (MOMBIA) — OAMHAKOBOrO pajuyca R=6 cM H
oauHakoBoH Macchl m=0,5 Kr. I[IoBepXHOCTH LUJHHAPOB
OKpallleHbl OJ]HHaKoBO. Kak, Ha6/ofasl NOCTYNATebHBE CKO-
POCTH WHJHHAPOB Y OCHOBAHUS HAKJIOHHOH IJIOCKOCTH, MOXHO
pasnuuuth ux? Haiivw MoMeHTH wuuepuu# J; M J, 3THX 1H-
JIMBAPOB. 3a KaKoe BpeMsi ! KaXK[blil WMJIHBAD cKaTHTCS 6e3
CKOJIbXeHHUs] ¢ HaKJOHHOH mockoctd? BrpicoTa Hak/JIOHHON
miockoctd h=0,5 M, yros HakjoHa miIockoctd o=30°, Ha-
yajbHasi CKOPOCTb KaXKAOr0 LHJIHHApa U,=0.

3.30. Kouseco, Bpamasch paBHO3aMeAJIEHHO, YMEHBLHAJIO
3a BpeMsl =1 MHH yacTOTy BpallenHs ot n,;=300 o6/MHH HO
n,=180 o6/mMun. MoMeHT HHEpIHH Kojieca J =2 kr-M2, Hailtn
yIJIOBOE YCKOPEHHe € KOjieca, MOMEHT CHJI TOpMOXeHHs M,
pa6oty A cHJI TOPMOXKEHHsI M YHCJI0 000poTOB N, cresaHHBIX
KoJlecOM 3a BpeMst {=1 MHH.

3.31. Benrunsirop Bpamaercsl ¢ wactotroi n=900 o6/Mun.
IMoce BBIKMIOUEHHST BEHTHJATODP, Bpalllasich paBHO3aMe[JicH-
HO, cjesan 10 ocTanoBKH N=75 06. Pa6oTta cHJ TOPMOKEHHS
A=44,4 JI>x. HaiiTh MOMeHT HHepuHH J BEHTHJIATOPA H MOMEHT
cu1 TopMOXeHHs1 M. -

3.32. MaxOBoe KOJIECO, MOMEHT HHEDUHH KOTOpOro J==
=245 Kr-m2, Bpamaerca ¢ yacroroil n=20 o6/c. Ilocre Toro
KaK Ha KoJecO MepecTal JeHCTBOBaTh BpaIAlOUIMA MOMEHT,
OHO ocTaHoBHJIOCh, caelaB N=1000 o6. Haiity MomeHT cHJ
Tpenus M, ¥ Bpems f, mpoiuejiliee OT MOMEHTa NpeKpauleHHs
JIeHCTBHS BpalAIOEro MOMEHTA [0 OCTAHOBKH KOJleca.

3.33. Ilo oboxy WIKHBa, HacaXKeHHOro Ha O6MmYI0 Och C Ma-
XOBBIM KOJIECOM, HaMOTaHa HHTb, K KOHIly KOTOPO# MojBellleH
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rpy3 Maccok m=1 kr, Ha Rakoe paccrosmHe h RosKeH ofly-
CTHTHCA TPY3, 4TOOBl KOJAECO CO INKHBOM NOJYYHIO HacTOTy
Bpamenns n=0 o6/MuH? MOMEHT HHEDIHH KoJieca CO LIKH-
BoM J=0,42 Kr-m?, paauyc mkuBa R==10 cM.

3.34. MaxoBoe KoJiecO HauMHaeT BpalaTbCcsi C YIVIOBBIM
yckopennem £=0,5 pan/c? ¥ uepes BpeMms /=15 ¢ nocie Ha-
yajia JIBUXKEHHs TNpPHOGpeTaeT MOMeHT HMMnyabca L=
=73,5 kr-m*c. Haiith KHHeTHYecKkyIO sHepruio W, Koseca ge-
pes BpeMs ¢;==20 ¢ mocJie Hayasa ABHKEHHS.

3.35. MaxoBHK Bpalljaercsi ¢ dacTotofft n=10 o6/c. Ero
Kunetuueckas sHeprus W, =7,85 gIlxk. 3a kKakoe Bpems !
MoMeHT cusl M =50 H:M, npunoxeHHH K MaXOBHKY, YBeIH-
YHT YIJVIOBYIO CKOPOCTh ® MaXOBHKa BABOE?

3.36. K oboay nucka Maccoii m=5 Kr NpHUJIOXKeHa Kaca-
tTeabHas cuia F=19,6 H. Kakyio KHHeTHUeCKYIO 3Hepruio
W, Oyzer umeThb JHCK 4epe3 BpeMs {=D5 c mocje Hadasna Jel-
CTBUS CHJIBI?

3.37. OaHOpOAHBIH CTepKeHb Adunol [=1 M moppelueH Ha
rOPH3OHTAJbHOH OCH, MPOXOAfAIell dYepe3 BepXHUH KOHell
crepxHsa. Ha xako#i yron & Haj0 OTKJIOHHTH CTepKeHb, YTO-
6bl HHDKHHE KOHeI CTepXKHS IIPH IPOXOKAEHUH INOJNOKEHHS
paBHOBeCHSI HMeJl CKOpOcThb v=5 M/c?

3.38. OnHOpOAHEIH cTepXkeHb AJMHOH [=85 cM monBelleH
Ha TOPH30HTANbHOH OCH, MPOXOAAIleH Yepe3 BEDXHHH KOHEl
crepxkHs. Kakyio ckopocTb ¢, Hafo cOOOIHTh HIKHEMY KOHIY
cTep2KHsI, 9TOOHl OH clie1a/l NOJIHELT 060POT BOKPYT OcH?

3.39. Kaparnaw aauso#i /=15 cM, nocraBjeHHBbIH BepTH--
KaJbHO, NaJjaeT Ha cTod. Kakyl yriaoByio CKOpPOCTb ® H JH-
HefiHyl0 CKOpOCTh ¥ OyIyT HMeTh B KOHIle MaJeHUA CepeAHHa
H BepXHMH KOHell KapaHJaiwar

3.40. opusoHTanbHas nuardopma Macco m=100 kr Bpa-
HIAETCS BOKPYT. BEepTHKaJbHOH OCH, NMPOXOAsileidl yepe3 IEHTP
M1atOpMBl, ¢ 9acToToi 1, =10 06/mMuH. HesnoBek Maccoit my=
=60 Kr CTOHT npH 9TeM Ha kpaio niaatdopmbl. C Kako#i yacro-
TOH n; HayHeT BpallaThcs MIaTdopMa, ecyH ueJOBeK MepefifieT
OT Kpas IJaTgopMel K ee UeHTPYy? CuurtaTh MaTdopMy OAHO-
POIHBIM IHCKOM, 4 YeJoBeKa — TOYEeUHOH MacCOH.

3.41. Kakyw paGory A coBepllaeT ueJ0oBeK NpPH nepexoje
oT Kpasi miaTdopMBl K ee LEHTPY B YCIOBUAX mpeAbifyled
sajaun? Paxuyc nuargopmu R=1,0 M. -

3.42. T'opusonTanbHas miatdopma Maccod #i=80 Kr U pa-
anycom R=1 M Bpaillaetcs ¢ uactoroll n;=20 o6/MHH. B nenr-
pe mjatgopMel CTOHT UYeIOBEK H HEPKHT B PacCTaBAeHHBIX
pykax rupH. C kagoli gactoroli n#, GyaeT Bpamarscs naatgop-
Ma, ecad 4e/oBeK, ONYCTHB PYKH, YMEHbLIAT CBOH MOMeHT



uHepuHH ot J,=2,94 no J,=0,98 kr-M*? Cuurath rmaTd)opmy
OZHOPOZHBIM AHCKOM.
3.43. Bo ckobKC pa3 yBesiHUHJIaCh KHHETHURCKAS snepmﬂ |
W, n1athopMul ¢ 4eJIOBEKOM B YCJIOBHAX NpelblAyielt 3agaun?
3.44. YenoBek Maccoi My =00 KI" RaXOIUTCS Ha HEIOIBHK-
Ho#i miatdopme Maccoit m=100 xr. C Kakoii uacroToii n Gy-
IeT Bpawathcs naatgopMa, ecad UYesoBeK OyJeT HBHUraTthes
0 OKPYXHOCTH pajllycoM r=5 M BOKDYF OCH BpalleHHs?
CKOpOCTDb * BMIKEHHS] UeJOBEKAa OTHOCUTENBHO Mi1atdopMel
vo=4 xM/4. Paguyc nnargopmel R=10 M. Caurars nunarpopmy
OJTHOPOAHBIM JAHCKOM, a 4YeJOBeKa —— TOUeYHoH Maccoi.

3.45. OnHOpoAHBIN cTepxkeHb JnuHOH [=0,5 M copepinaer
MaJjiple Kose0aHHR B BEPTHKAJ/bHOH IIOCKOCTH OKOJIO TOpH-
30HTaJIbHOH OCH, MNPOXOJsieli dYepe3 ero BepXHHH KOHel.
Ha#itn nepuox xonebanuit T cTepikHs.

3.46. Hafirn nepuop xosiebaBuMit T cTepKHS NpeblayLuesi
3ajlauM, ec/i OCh BpallleHHs NPOXOJHT yepe3 TOUKY, HAXOJs-
myiocs Ha paccrostHid d=10 ¢M 0T ero BepXHero KoHIa.

© 3.47. Ha ronHHaxX BepTHKaJBbHOIO CTEPKHA YKpeIlieHbl ABa
rpy3a. LlenTp Maee rpy3oB HaXOAUTCS HHIKE CEPENHBI CTEPIK-
HSl Ha paccTosiHMH d=5 cM. Haility anuny [ crepikus, eciu
H3BECTHO, UTO MEPHOJ MaJsblX KoJeOGaHHH CTEePIKHS C rpysamu
BOKDYT TOpH30HTANbHOH OCH, OPOXOAseH depe3 ero cepein--
vy, T=2 c. Macco# CTep}KHH npene6pedb IO CPaBHEHHIO
¢ MaccOH Tpy3oB.

3.48. OO6pyu nmuameTpoM D 56,5 cM BHCHT Ha rBO3fe,
BOGHTOM B CTeHYy, H cOBeplIaeT Majible KojieGaHHs B IJIOCKOCTH,
napanjienbroil ctene. Haiitd mepuoa kosebanmit T o6pyua.

3.49. Kakoii nanMenbiiell AJHHH [ HajJO B35ITb HUTh, K KO-
TOpPOH TIOABEWIeH ONHOPOJAHBIA WIapuK auaMerpoM D=4 cwm,
yTOGBl MPH ONpeNeNeHHU Nepuofa MaselX Kosmebauuii T wia-
pHKa paccMaTpHBaTh €ro Kak, MaTeMaTHYeCKHH MasiTHHK?
Owmubka § npH TaKOM JONYIUEHHH He JOJIKHA mpeBbilath 1%.

3.50. OnHOpoHLIA WapHK NMOABEIIEH HA HHTH, JJIHHA KOTO-
pot [ paBna paauycy mapuka R. Bo ckoabko pa3 mnepuosn
"MaJblx KoJiebanuii Ty 9T0r0 MasTHUKA GOJbile MEPHOAA MaJBIX
KoneGanHil T3 MareMaTHYecKOro MasiTHHKa ¢ TaKHM e pac-
CTOSIHHEM OT LeHTpa Macc A0 TOYKH MoxBeca? .

§ 4. MexaHHKa XHAKOCTeH M rasos

JInst ycraHOBMBILErOCH ABHXKEHHS WAeaJbHON HECIHMAeMOR XKHIKOCTH
HMeeT Mecro ypaaﬂeﬂne Bepnymm

P -l-—- +-pghe= const.



3xeck p -— IIOTHOCTL KHUJKOCTH, U — CKOPOCT: JABMIKEHHS KUIKOCTH
B J2aHHOM Ce4eHHH TPYOBI, i — BBICOT2 JaHHOTO CEYeHHH TPYOB Hajy He-
KOTOPEIM ypoBHeM M P — papienne. M8 ypasHenuss Bepuysnnu caenyer,
YTO CKOPOCTh BHITEKAHHS MAKOCTH H3 Maloro orsepetHs o =V Ogh,
Flie A ~— BEICOTA2 TIOBEPXHOCTH XXHIKOCTM Hajl OTBepcTHeM. Tak Kak yepes
moboe NolepeyHoe ceyeHMe TPYOH! NPOXOAAT PaBHBIE OOBEMBI XKHAKOCTH,
10 S;0;==Spy, INe Uy ¥ Uy — CKOPOCTH JKHIKOCTH B ABYX nonepeqm:lx
CeYEHHSX TPYGbl, HMEOMHX mIomamm Sy # S,
Cuia CcOnpOTHBNEHHA, KOTOPYIO HCIBLITHIBAET NajaiollMii B BA3KON
KHIKOCTH (B rase) LiapHK, onpeienserca ¢opmynoir Crokca
F =6mmrv,
Flie ) — JHHAMHuecKas BS3KOCTb XHIAKOCTH (rasa), r — pajgHyc umiapHxa,
v— ero ckopocTb. 3akoH CTOKca MMeeT MeCTO TOJIBKO AJS JaMHHAPHOTO
zewxeuns. [Ipy JaMHHADHOM JBHXKeHHH oGbeM JXHMAKOCTH (rasa), mpote-
Kaomed 3a BpeéMs f Yepes KaNWuIsgpHYIO prﬁxy paguycoM r ¥ gnuHofl I,
onpeznensiercs popmynof Ilyaseins
nr*iAP
V:-————- 1
8l P
THe ) — [AMHAMHYecKas BA3KOCTh IKHIKOCTH (rasza), AP — pasHocTs AaB-
JleHMl Ha KoHmax TpyOkKH. )
XapakTep IBHMXKeHHS XHIKOCTH (rasza) onpezenseTcd Ge3pasMepHbIM
yucaoM PeftHombaca .
Re = 2?2:‘:2? s
n v
rie D — pesnnyuHa, XapaKrepusyioulas JHHEHHbE pasMepsl Tenia, ofre-
KaeMOTO KHAKOCTbIO (rasoM), v — CKOPOCTb TeYeHHs, Q — IVIOTHOCTh,
Y] — AMHaMHYeckas BA3KOCTb, OTHOWeHHe v=1/p HasbBaeTCA KHHeMa-
THYeCKOll BA3KOCTbIO. KpHTHueckoe anauenwe yHcia Pefinoabica, ompe-
lessioliee nepexos OT JaMHHapHOTO IBHIKEHHS K TYPOYNeHTHOMY, P43NHUHO
I Teld pasnoit opMel.

4.1 *). Hafitu cKOpOCTb U TeUeHHs YIJIEKHCJIOTO rasa Io
TpyGe, ecyau H3BECTHO, 4TO 3a BpeMs f=30 MHH uepe3 nonepeu-
Hoe cedeHue TPYObl nporeKaeT macca rasa m=0,51 xr. Ilior-
HOCTb rasda p=7,5 kr/m®. duamerp Tpy6ut D=2 cMm.

4.2. B nHe nuauHApUUecKoro cocyla AuamerpoM D=0,5 M
HMeeTCsl KPyIJioe oTBepcTHe AuamerpoM d=1 tm. Haiitn 3a-
BUCHMOCTb CKOPOCTH IICHHIKEHHS1 .YDOBHA BOAB B COCYJe
OT BBICOTHI A aTOro ypoBHs. Haiith 3Hauenue 5TOH CKOpOCTH
JAJs1 BBICOTBI h 0,2 m.

4.3. Ha crone crour cocyl ¢ Bojo#, B GOKOBOH MOBEPXHO-
CTH KOTOPOro HMeeTCsi MaJjoe OTBepCTHe, paclojioKeHHoe Ha

*)} B samauax 4.1—4.9 xujgkoct# (rasbl) CYHTaTh HACANbHRIMH, He-
CXKHMAeMBIMH, )
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paccTosiHuK h¢ OT AHA COCYJa M HA PACCTOAHHMH h, OT YPOBHA
BOJH. YPOBEeHb BOIH B COCYJle NOANEPIKYUBACTCA MOCTOSTHHBIM.
Ha xakoMm paccrosnud [ oT cocyfia (10 ropusoHranu) erpys
BOJIEI WAJlaeT Ha CTOM B cay4ae; ec/H: a) h;=25 cM, h,=16 cm;
6) hi=16 cm, h,;=25 cm?

4.4. Cocyn, HamonHeHHBIH BOJOH, coolulaerca ¢ arMocte-
poil uepe3 CTeK/AsHHYIO TPYOKY, 3aKPeleHHYIO B TOPJBILIKEe
cocyia (puc. 5). Kpan K Haxogurca Ha
paccrosHuu A,=2 cM OT AHa cocyaa. Haii-

TH CKOPOCTb U BHITEKAHHA BOJBI 3 KpaHa
B cJyyae, ~ec/AH  pAcCTOsHHE — MeXAy
HHKHUM KOHIIOM TPYOKH U JHOM coOCyja:
) hi=2 c™; 6) hy=7,5 cM; B) hi=10 cM.

4.5. IlununppudeckHfi 6akK BLICOTOH
h=1 M wHamoaHeH 0 XKpaeB BoJo#. 3a
KaKoe BpeMsi { BCA BOJA BLHUIbETCA 4epes
OTBEPCTHE, pacHo/oKeHHOe y JAHA Oaxa, E
ecad MAOMAAb S, NOMEpeyHOro ceyeHHs ‘
orsepcTua B 400 pas MeHblle NJIOMANH Puc. 5.

S; nomepeuHoro ceuenua 6Gaxa? CpaBHUTD -

3TO BPEMS C Te€M, KOTOpoe NOoHakobujoch Obl A BhITeKaHUs
TAKOT'0 Xe o0beMa BOjel, el OGbl YPOBeHb BOAH B Oake NOJ-
JepKUBACS NOCTOSHHEIM Ha BBICOTE A==1 M OT OTBEpCTHS.

4.6. B cocyn nbeTcs Boja, TIPHYEM 3a eAVHHLY BpeMEHH
HasuBaerca oGbeM Bombl V,=0,2 n/c. Kakum foixeH GLITh
nvaMeTp d oTBepCTUsi B JHe COCY/a, 4TOOH BOJA B HEM JepiKa-
Jach Ha MOCTOSIHHOM ypoBHe A=8,3 cm?

4.7. Kakoe naBseHue P co372eT KOMIpPECcOP B KDPacKo-
OyJbTe, €CJAH CTPYS MKUIKOH KPACKH BBITEKAeT H3 HEro co CKO-
poctbio v=25 wm/c? IlnoTHocTs Xpacku p=0,8:-10® xr/m®,

4.8. Ilo ropusoHTanbHO#i TpyGe AB TEUeT KHUAKOCTBb
(puc. 6). PasnocTb ypoBHeH 3TOH KUAKOCTH B TPYOKax a M b

Puc. 6. . L Pre. 7.

]
paBua Ah=10 cm. Iuameérpbl TpyG6ox a u b ofpunakossl. Haiitu
CKODOCTb U TeHeHMA KHAKOCTH B TpyGe AB. :
. 4.9. Bosnyx npoaysaerca uepes TpyGKy AB (pHc. 7).
3a emMHHIY BpeMeHH uepe3 TPy6Ky AB npoTekaeT oGBeM
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posayxa V,=5 a/mun. Ilnowanb nonepeyHoro ceyeHHs WIH-
pexo#t yactH Tpy6ku AB pasHa S;=2 cM?, a y3Ko# ee YacTH H
TpyOkH "abc paBHa S,=0,5 cm?.  Hailtu pasnocts yposHe#
Ah poapl, wanuTol B TpyOKy abc. IlnorHocTe BO3fyXa p=
=1,32 xkr/m®. ‘ :

4.10. [lapyk BcnaBBaeT ¢ NOCTOAHHONH CKOPOCTHIO U B XM/
KOCTH, IJIOTHOCTB P; KOTOpoH B 4 pa3a GoJjblie IJIOTHOCTH p,
MaTepuana wapHka. Bo ckombKO pas cusia Tpenus F,,, Jed-
CTBYIOIlasi Ha BCIVIBIBAIOMMI IIAPUK, GOJBIUE CHJBL TAKECTH
mg, AedcTBYIOIIEA Ha 3TOT LIapUK?

4.11. Kaxo#i HanGosbllell CKOPOCTH ¥ MOXKET JAOCTHYDb JOXK-
AeBas Kamjis anamerpoM d=0,3 MM, eca1¥ AMHAMHYecKasd Bs3-
KocTh Bosayxa 1=1,2.107¢ Ila-c?

4,12, CraabHOH mIapuk AuamerpoM d=1 MM najaeT c¢ Imo-
cTOAHHOH ckopocTbio v=0,185 cM/c B GoJblIOM cocyie, Ha-
[OJIHEHHOM KacTOpoBbIM MacioM. HalTH AVHaMHU4ecKylo Bsi3-
KOCTb 1) KacTOPOBOIO Mac/a.

4.13. CMech CBHHIIOBBIX JPOGHHOK ¢ AUHaMeTpaMu d;=3 MM
¥ d,=1 MM onycTuau B 6aK ¢ IVIMIEPUHOM BBHICOTOH A=1 M.
Ha ckoJbKO No3e ynaayT Ha JHO APOGHHKH MEHbIIEro aua-
MeTpa N0 CPaBHEHHIO ¢ JPOOMHKAMHM OOJbLIero Auamerpa?
JuHaMuueckas BA3KoOcTb Iauuepuua v=1,47 Ila-c.

4.14. Tlpo6koBHI IIAPHK pPaf¥ycoM r=>5 MM BCIJIbIBAeT
B cocyjie, HalOJHEHHOM KacTOpOBbIM MacsioM. Ha#iTH nuna-
MHYeCKYI0 M KWHEMaTHYeCKYI0 BS3KOCTH KacTOPOBOrO Macia,
ec/Y LIAPUK BCIVIBIBAET C NOCTOSHHOH CKOPOCTBIO 0=3,5 cm/c.

4.15. B OOKOBYI0 HOBEPXHOCTh HUJIMHAPHYECKOTO COCYAA
paguycoM R=2 cM BCTaBJeH TOpPU3OHTAJBHBIH Kanu/iasap,
BHYTPEHHHUH pajuyc Kotoporo r=1 MM 4 aauHa /=2 cM. B co-
CYJ HAJHTO KacTOPOBOE Macjo, AMHaMHUYeckasf BASKOCTb KO-
toporo M=1,2 ITa-c. Ha#it¥ 3aBHCHMOCTh CKOPOCTH U MOHH-
JKeHHsl YPOBHS KacTOPOBOTO Mac/ia B COCYAe OT BBHICOTHI A
3TOTO YpPOBHA Hajx KamuaispoM. HaillTH 3HaueHHe 3TOi CKo-
pocTd TpH A=26 cMm. ‘ .

4.16. B GOKOBYIO NOBepXHOCTb cOCYJa BCTaBJeH T'OPH3OH-
TaJbHBIA KallUMJaap, BHYTPEHHHH pajHyc KoToporo r=1 MM
" gavHa [=1,5 cM. B cocyn HanuT raunepuH, AVHaMHYecKad
Bi3kocTb Kotoporo 1=1,0 ITa-c.  ¥YpoBeub riHuepuHa B co-
cyje MNOAAEPKHBaeTcst MNOCTOSHHEIM Ha BhicoTe h=0,18 M
Bl Kanmaisipa. Kakoe BpeMsi norpe6yeTcsi Ha TO, 4TOGH!
H3 Kaluaaapa BBITEK 0ObeM IJHIepHHa V=5 cm3?

4.17. Ha crose crour cocyl, B GOKOBYIO NOBEPXHOCTH KO-
TOpPOr'0 BCTAaBJEeH TOPH3OHTANBHBIN Kanuasip Ha BHICOTe
hi=5 cM or ama cocysa. Buyrpenuuii paanyc Kamuaaspa
r=1"uM ¥ jnHa [=1 cM. B cocyn HaauTo MauiMHHOE Macio,
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IVIOTROCTB. Kotoporo p==0,9-10° xr/m® u guHaMHUecKas BA3-
koctk n=0,5 Ila-c. ¥YposeHb Macna B cocyfe HOAKEPKHBA-.
eTcsl NMOCTOAHHBIM Ha BbicoTe h,=50 cM BbuIe Kanwaiapa.
Ha xakoMm paccTosiHHH [ OT KOHIA Kan#A/AApa (1o ropu3oHTa-
JIM) CTPYyA Macja majaer Ha CToq?

*4.18. Cra/bHOH IApuK NajiaeT B LIHPOKOM COCYJE, HAMOJI-
HEHHOM TPaHCPOPMATODHBIM Mac/oM, IVIOTHOCTD KOTOPOTe
p=0,9-10° gr/M® u auHamuyeckas BaAskocTb N=0,8 [la-c.
Cuuras, yro 3ak0oH CTOKca HMeeT MeCTO. npu uHcse PeiiHonnn-
ca Re<{0,5 (ecsu npy BeIgncaeHuH Re B KavecTse BeAnduHb D
B3ATL AMAMeTP LIapuKa), HAaH#TH NpeJebHOE 3HAYEHHe AHa-
metpa D mapuxa.

4.19. Cuuras, 9TO JaMUHADHOCTb [BUIKEHMs KHJAKOCTH
(1 rasa) B UWIMHIPHYECKOH TpyOe cOoXpaHsieTcst IIpH YHcae
Pefinonbpaca Re<(3000 (ecam npu BHuMcJeHHW Re B KayecTBe
BeanunHbl D B3siTh auameTp TPyObI), NOKa3aTb, YTO YC/AOBHS
3ajadi 4.1 COOTBETCTBYIOT JIaMHHApHCMY JIBHXKeHHIO. KrnHe-
MaTHdecKasi Bsi3KocTh rasa v=1,33-10"% m?/c.

4.20. Boza TeueT no TpyOe, NpHYEM 3a eJUHULY BpeMeHH
yepe3 TMOHEPEUYHOe ceueHHe TPY6Gbl NPOTEKAeT O6BEM BOJbI
V=200 cm®/c. Junamugeckana BsiskocTb Bogbl 1==0,001 Ila-c.
-Ilpu KakoM mOpenenbHOM 3HadeHHH Iuamerpa D tpyGel IBH-.
JKeHMe BOABl ocraercsl JaMuHapHeM? (CM. yc/0oBHe mpeibIny-
mell 3agauy.)



I'masa 11 _
MOJIEKYJISIPHAST ®H3HUKA U TEPMOAMHAMHKA

EAWHHULDbI TENAOBLIX BEJIMYHH

[nsi nonydyeHuss NMpOM3BOAHLIX eNMHUIL TEIIOBLIX BeJHUHH
B cucreme CH ucnosnp3yiorcst OCHOBHBIE €RMHHIBL Metp (M),
Kujaorpamm (kr), cekyHzAa (c), keanBHH (K).

B Taba. 8 u 9 npuBoasitcsi BakHeHLINe NPOU3BOAHBIE eJH-
HUUB! TEMIOBBIX BennuuH B cucreMe CH, a takke BHecHcTeM-
Hble eJVHHUIBl, OCHOBaHHBEIE HAa KaJIOPHH.

Eaviunubl MostsipHBIX BeJMUHH 06pa3yloTcsl U3 Mepeuuc/eH-
HbIX B Tabus. 8 1 9 equHHI YAENbHHIX BeJHYHH NYTEM 3aMeHbl
B HHX KHJOTpamMma MoJeM.

Ipunepst pewenus 3a0ay

Sanaua 1. B cocyne ofvemom 20 a1 Haxomurcd 4 r
Bonoposa mpu temnepatype 27°C. Hafitn naBienme Bonopoga.

Pewenue. VigeanpHble Trasbl NOAYMHSIIOTCS YPaBHEHHIO
MenpeneeBa — Kaanefipona.

m

CBA3HIBalOLIEMY O0beM rasa V, ero naB/ieHHe p, TepMOIMHA-
MHugeckyio Temneparypy 7 u maccy m. B ypaBhenuu (1) R=
=8,31441 JIx/(Moab- K) — rasoBasi 1OCTOsiHHasi, W — MO-
JAsipHasi Macca rasa, v=rm/p — KOJIHYECTBO rasa.
M3 ypasHenus (1) umeem
mRT
P=—y - @
[Moactasasis  wHcaoBBle — JaHHble m=4-10"% xr, p=
=0,002 xr/Moab, T=300 K, V=20 51=2-10"2 ™3, noayuum
4.10-3.8,31-300
————————210321021'1 = 0,25 MIla.
3agaua 2. HaliTu yieABHYIO TEIJIOEMKOCTH MpPH MO-
CTOSSHHOM Of'beMe HEKOTOPOI'0 MHOPOAaTOMHOTO rasa, ecnad H3-
BeCTHO, UTO IJIOTHOCTB 3TOTO rasa IPH HOPMAaJBHBEIX YCJIOBHAX
-paBHa 0,795 kr/m.
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Ta6numa 8

Exunruna
PasMepHOCTb
Benawuua
onpene/eHHe HaHMeHOBaHHe o603HayenHe BEHIHAA
Koauuvectso {Q=A=W AXKOYJb Jx LEMT -2
TeIIOTh .
Tennoem- C=Q/AT nxoyas wa | Jx/K L*MT~-%9-1
KOCTb CH- KeJTbBHH
CTeMbl
Sutponus S=AQ/T nxoyas Ha | JIx/K L*MT-%~1
CHCTEMBI KeJTbBHH
Y nenbHas c=Q/mAT axoyab wa | JIx/(kr-K)| L>T=20-1
Ten0eM- KHJIOrpaMM-
KOCTb KeJbBUH
¥ penbHas s=8/m amoynp Ha | Jx/(xr-K)|L2T~29-1
SHTPONHA KHJIOTPaMM-
KeJbBUH .
YnenasHas g=Q/m Ixoyab Ha | lx/Kr L2r-3
TENAOTa KHJIOr paMM
$hasoBoro
npespaute-
HHS
Temneparyp- |grad T=AT/Al | kenpsun Ha | K/m L-19
HBII  rpa- MeTp
JHEHT
Tenaoroit D =AQ/A¢ BATT Br L2MT-3
TIOTOK
IMaotHOCTH g=®/S BaTT Ha Br/m? MT=3
TENJA0BOro KBajpaTHbift
NoTOKa 0 MeTp
Tennonpo- | A=+ |Barr uamerp-| Br/(M-K) | LMT~39~1
BOAHOCTB AtS AT/AL KeJbBiH
Temneparty- a==\/co KBagpaTHeiil | M%/c L2T=1
ponpoBOA- METD B
HOCTb . CERYHRY
Koshgpunn- | o=D/SAT. BATT Ha Br/(m?.K) | MT~-39-1
€HT TenJo- KBajpATHHIA .
obMeHa MeTp-
Ke&JbBHH

Pewenue. YaeapHasi TEIVIOEMKOCTb IIPH  NOCTOSHHOM OG-

eMe onpeneasercs Qopmysnoi

Ri .

CV:2_|.L-'

0y

re R — rasoBas mocrosiHHas, { — YHCIO creneHefl cBoGOAbI
MOJIEKYJ1 MHOTOaroMHOTO Tasa H | — MOJsIpHas Macca rasa.
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Ta6arna 9 . o

BenuunHa | Enunnua n ee cBask ¢ éxmuunamu CH

-

xan=4,19 JIx .
xan/K=4,19 Tx/K

xaa/(r- K) =4,19- 10 Tc/(xr - K)

KosnuecTBO TEMVIOTHI
TenJoeMKOCTb CHCTEMBI;
IHTPOTIHA CHCTEMB
YaeabHas TenJOeMKOCTb;
yIeJbHaA HTPONHA *
Yaenslas Ttemaota dasosoro | 1 kaa/r==4,19-10% x/Kr

npeBpalleHHs
Kaa/c=4,19 Br

Tennosofi motox
Kan/(c. CMZ)—4 19-104 Br/m?

[110THOCTh TENUIOBOrO NOTOKA
TensonpoBoAHOCTD Kajj(c-cM- K)—-4 19.10% Br/(M-K)

otk

—

— ot

CDopmy.ny AJ1Sl TIIOTHOCTH Ta3a HeTPYAHO MOJNYYHTh U3 ypaBHe-
unsi Menzeneesa — Kianefipona:

B B
HUa (1) u (2) umeem
| A 3)

Tax Kak ras HaXOJHTECsl NPH- HOPMAJbHBIX YCAOBHAX, TO p=
=1,013-10° [Ta, T=273 K. das MHOTOATOMHBIX rasos [=6.
HOII,CTaBJ'IHH YHCJIOBBIC llaHHbIe B (3), noayunMm c,=

=1,4 xJx/(gr-K).

§ 5. Pu3nueckHe OCHOBBI MOJEKYMSIPHO-KHHETHUECKOH
TEOPHH H TEPMOJHHAMHKH

Upneanuible Ta3bl MORYHHAOTCA YPaBHEHHMIO COCTOSHHA MeHjenee-
pa — Knpanefipona

m
v=-"2Rr, :
=

rie p — rasiende rasa, V —ero o6veMm, T — TepMoRHHAMHYeCKas
TeMNepartypa, m — Macca rasa, W -— MOJfpHaas Macca rasa, R=
=8,31441 JIx/(Monb-K) — ra3osag [OCTOsHHAS; OTHOWEHHe V=rm/{
[laeT KOJHYECTBO Ta3a.
o sakony IlanbToHa XaslieHMe CMecH r'a3oB paBHO CYMMe :HX Napiuu-
- AllbHERX IapJeHufi, T. e, TEX JaBJIeHHH, KOTopbie HMes Gbl KaXIBH H3 rasos
B OTRENBHOCTH, €CAIH Obl' OH NIPH JanHHOH TeMNepaType OZHH SalOJHAJ
Bech O0BeM,
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" OcHosHoe ypasHeHHE KHHETHYECKOH TEODPHH Ta30B HMeeT BHE -

2 2 mov’
p=grWo=gn=4,

Tje 71 — 9UCIO MOJIEKYN B efHHHUE 06beMa, Wy — cpefHas KuHeTHYeckas
SHepIHsl TOCTYNATeNbHOTO JBWKEHHS OJHON MONEKYNH, Mo — macea

MOJIEKYJIBI, Vv2 — cpenHss Ksanpamqﬂaa CKOPOCTb MOJIEKYJI. dTH pe-
JTHYKHBL onpenemmcg CIeNYIOMMMU GOPMYNaMH: YHCIO MONEKY.a B efu-
Huue o6heMma

n:—...

kT’
rae k=R/N 4=1,380662-10~2% /K — nocrosannas Bosbumana, N =
=6,022045-10% monp—! — nocrosHHass ABOrajpo; CpeJHAA KHHeTHYecKas
SHEPTHS MOCTYNATE bHOrO JBHKEHHS ORHON MOJEKYJIH

3 *
. Wy = 5 kT;
CpefHsAs KBafpaTHYHAd CKOPOCTb MOJIEKYJ
= _ ]/ 3RT 4/ 3T
' B my '’
npuueM me=pu/N 4. :
Dueprus TEIIOBOTO ABHXKEHWA MOJeKyJs (BHYTpeHHss SHeprud) rasa
i m
W——2— m RT,

rae i{ — 4MCNIO cTeneHed CBOGOABI MOJIEKYJI.
Ceasp mexpay MolapHofi C H yIeABHOH ¢ TEILIOEMKOCTAMH ClefyeT
M3 HX OTpefe/eHHs:
C=upec.

Mounsiphasi TemyioeMKocTh Tasa NPH NOCTOSHHOM ofGbeMe
i
Cv==5R;

MoJIApHAaA TelVIOEMKOCThL MPH NOCTOTHHOM AaBJIEHHH
. Cp=Cy+R.

Orcioga efefyeT, UTO MONAPHAA TelIoeMKocTs C ompefenserca YHCIOM
cTenenell cBOGOABI { MOJIEKyJ Ta3a: .
1 OFHOATOMHOTO rasa (i=3)
Cy=12,5 lIx/(mons-K), C,=20,8 Ix/(Mons-K);
s JByXatoMHoro rasa (i=5) ' :
Cy=20,8 [lx/(moms-K), Cp=29,1 Jbk/(vonsK);
AN MHOrOaTOMHOTrQ rasa (i==6) . . :
Cy=24,9 ix/(monn-K); Cp=33,2 x/(moan - K). -

.



3akOH pacnpefeleHHS MOJEKYJ 110 CKOPOCTAM (3aKOH Makcpesina)
no3BOJISIET HalTH YHCAO MOJEKYJA AN, OTHOCHT&/bHBIE CKOPOCTH KOTOPHIX
Jexar B WHTEpBaje oT u jo u-Auw:
; 4
AN =-—— Ne~- Wy Ay,
‘ Vi
3Jsech w=v/vy — OTHOCHTENbHAsA CKOpOCTb, ¥ — JaHHAA CKOPOCTb H

v,,=V2RT/p— HauGoJee BepPOATHAsT CKOPOCTb MOJeKyJa, Au — Hu-
TepBaJ OTHOCHTENbHBIX CKOPOCTef, Majblfl O CPABHEHMIO CO CKOPOCTBIO .

TlpH peleHHM 3aja¥ HA 3aKOH DACTIPENe/CHHs MOJEeKYJ] 1O CKOpo-
cTAM YA06HO nosssoBaThes Tabl. 10, B KOTOPOH KaHbl 3HAYCHHS AN/ (N Auw)
A PASIHYHHIX .

Ta6auna 10

u AN/(N Au) u AN/(N Au) u AN/(N Au)
0 0 0,9 0,81 1,8 0,29
0,1 0,02 1,0 0,83 1,9 0,22
0,2 0,09 1,1 0,82 2,0 .0,16
0,3 0,18 1,2 0,78 2,1 0,12
0,4 | 0,31 1,3 0,71 2,2 0,09
0,5 0,44 1,4 0,63 2,3 0,06
0,6 0,57 1,5 0,54 2,4 0,04
0,7 0,68 1,6 0,46 2,5 7 0,03
0,8 0,76 1,7 0,36

Cpeansas apudmeTHyeckas CKOPOCTL MOJIEKYH
— +/8RT
4 e
*
Bo MHOrHX ciayuasx BaXHO 3HaTh YHCAO MoJleKya N,, CKopocTH

KOTOPHIX TPEeBHIIAT 3aJaHHOe 3HaYeHHe CKOPOCTH u. B Tabn. 1l nauu
atiauerust Ny/N Aid pasiuunbiX ¢, rae N — ofliee HHCIO MOJEKYyI.

Ta6aupga 11

u ) Nx/N u Nx/N u Nx/N
e

0 1,000 0,6 0,868 1,25 0,374

0,2 - 0,994 0,7 0,806 1,5 0,213

0.4 | 0,957} 0,8 | 0,73 1 2,0 | 0046

0,5 0,918 1,0 0,572 2,5 0,0057




Bapomerpuyeckas (opMysaa AaeT 3akoH yﬁbnaamm HaBJieHHs] rasa ¢
) BbIcO’l‘OPI B NoOJe CHIb TXKECTH:

h
P=ﬂoex~P (“‘ %)

3nech p ~— KaBJeHHWE Ta3a Ha BhHICOTe M, py — HaBieHYe Ha Beicote h=0
g=9,80665 w/c® — ycKopenue cBoGORHOTO najeHHs. Sra $opMysa npH-
OnmxeHHas, Tak Kak TeMnepatypy T HeJb3f CYMTAaTb ONMHAKOBOH s
GonbIIHX pasHOCTER BBHICOT.

Cpennaa njvHa CBOGORHOTO npo6era MOJieKys rasa

2nocn .

e v — cpegHas apumeTHyecKas CKOpPOCTb, Z — cpejiHee WHCIO CTOMK-
HOBeHHH KaxJOl MOJEKYJbl C OCTAJbHLEIMH B €IHHHNY BPeMEHH, ¢ — sd-
(EKTHBHBIH JHAMETD MOJEKYJB, n — YHCIAO MOJIeKYJ B €IHHHIE 00beMa
(konueHTpanus Mojexyna). OOCiee YHCAO CTONKHOBEHHH BCeX MOJEKyN
B €IHHHIE O0BeMa 3a €JAHHHLY BPEMEHH
+ Z=2zn/2.
Macca, nepeHecenHas 3a BpEMH At npn  puddysuH,

_—_—D ASAt

rge Ap/Ax — rpaj¥ent WIOTHOCTH B Hanpaeﬁenuﬁ, nepueHAHKYIASAPHOM K
mowanke AS, D=uvA/3 — kosdpunment qudbdysan (U — cpenuss apHpme-
THYeCKasl CKOPOCTb, A — CPefHsAf AJMHAa CBOGOLHOrO MpoGera MoJeKyd).

MimMnyabe, mepeHeceHHblil rasom 3a Bpema Af, onpene.nﬁe'r CHJIY BHYT-
peHHero Tperua Frp B rase:

Av
Frp=*'fl—A; AS,

rne Au/Ax — rpapMeHT CKOPOCTH TeYeHHst ra3a B HATIPaBJECHHH, NepIieH-

AMRYJASIpHOM K Tuiomaake AS, W=uAp/3 — puHAMHUECKas BA3KOCTb.
Ko/aMuecTBO TEIUIOTHl, NepeHeceHHOe 3a BPeMst Af BCJEACTBHE TEILIO-
IPOBOAKOCTH, ompeessercs (opMyJIoi

AT
Q~-K—A;A8At,

rae AT/Ax — rpalieHT TeMNepaTyphl B HalpaBJieHHW, NePUEHAUKYNSp-

HOM K wiomanke AS, K=uvhcyp/3 - TEILIONPOBOLHOCTS.
Tlepsoe HAualo TEPMOAWHAMHKH MOXKeT ObIThb 3aHCAHO B BHJE

dQ =dW+dA,

rae dQ — KOMMYECTBO TEMJIOTHl, MOJyYeHHOe rasoM, dW — uaMeHenne
BHYTpeHHeH sHEDIHY Trasa, dA=p dV — paboTa, coBepliaeMas rasom NpH
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H3MEHeHHH ero ofneMa. Hauenemre BHYI‘peHKeﬁ suepmn rasa ,

dW——Q———RdT

rie dT — u3MeHeRHe TeMmepaTyphi. [lonmas pa6oTa, coBepuiaeMas NpH
H3MeHEeHHH ofbeMa rasa, ' -
Vi -
A= S pav. :
.

PaGota, cosepmraemas npr usorepMmecmM H3MeHeHHH ofreMa Trasa,

=RTZm 22 ‘
) Ays m V,

Japnenue raza u ero o0beM CBA3aHB NPH anHaGaTHYECKOM Mpouecce
ypaBrenueM Ilyaccona
pi Ve \%
Vr=const, T.e. ‘—==(-5-] 3
p ' ) p2 Vl 3

e mnOKasatenh ajHabatsl X=c,/cy. Ypaphemhe Ilyaccoma MOmeT
OLiTh 3aMHCARO ellle B TAKOM BHIE: :

Ty Vs )”‘
"1-_—_ . —_— —_—
TV~ const, T. e T, (Vi ,
HIH . )
Tp(l_")/”zconst, T. e _7_‘1;__:"(&)(%—1)/%: (&)(l—n)/% .
T, P2 pPi

PaGora, coBepuiaeMas MpH aJlHa6aTH‘-I'BCKOM H3MeHeHHH of6nema rasa,
MoxeT GhiTh HalifeHa-mo Gopmyse

A RTy m [, _Y_;_)”"l]__ RTy m Ty \__
SRy T Va Tw—1p \ Ty /)

__ pina (T1—Ty)

- —DT,

rie pi B Vi — napnenHe R O6beM rasa npu temneparype Ti.
YpasHellHe TOMRTPONKUECKOrO npouecca HmMeeT BHL

pVr=const, wm pVi=p,V3, -

rae n — noxasarens nonwrpons (1<<n<u).

KosdpHument nonesworo neficrsHs (K. M. X.) TemIOBOH MalIMHL

p=8=Q z
, Q1 7 )

tae Qi — KOJHUYeCTBO TEMNIOTH, MOJYYeHHOe DPafovHM TeJIOM OT Harpesa-
Tenst, Qp — KONHYECTBO TEMIOTH, OTAAHHOE XOJONMABHUKY. Jna Hpeans-
HOro nukaa Kapro - .

Tf | -



rae Ty n T,-—-Tepmonnnammecxne TEeMIIePaTypLl harpepatensi H X0J10-
AHIBUSAKA. .
Paswocts sHTpONUR SB—-S A IBYX cocTosuui B n A onpene./me’rcx

(popmy.non ’
B 4
sB—sA=S?.
A

Kakyio Temmepatypy ¢ uMeeT Macca m=2 r a3ora,
3aHHMaromlero obbeM V==820 cM® npu IaBjeHud p==0,2 MIla?
.. 5.2. Kakroi#i o6beM V 3anumaer Macca m=10 r KHcJ0pOoAa
npu gaBjeHuu p=100 klla u Temneparype (=20 °C?

5.3. DBainon ofvemom V=12 ;s Hafo/JHEH a30TOM IpH
JaBjennd p==8,1 MIla u temneparype f=17.°C. Kakas macca
m a30Ta HaXOZHUTCH B bajlioHe?

5.4. - [laBjieHHe Bo3[yXa BHYTPH IJIOTHO 3aKYIOPEHHOM
6yTBIIKH TpH Temneparype £, =7 °C 6bu10 p,=100 kIla. Ilpnu
HarpeBaHHH OyTHUIKH npo0xa BeulerTena. Jo KakoH Temuepa-
TYpH £, Harpeau GYTBLIKY, €CJH H3BECTHO, YTO NpPoGKa Bhbl-
JeTteja INPH JaBJIeHHH BO3ZyXa B 6yTmee p=130 xlla?

5.5. KakuM Jo/xkeH GbiTh HaHMeHBIUHI obeM V Gal/ioHa,
BMELIAIOLIEro' Maccy m=~6,4 KI' KHCJIOPOARA, €CAH €r0 CTEHKH
npH Ttemneparype (=20 °C BBIEPKHBAIOT JaBjieHHE p=
=15,7 MIla?

5.6. B GamioHe HaXofmjaach Macca m,=10 Kr rasa npn
JdaBjeHuu p;==10 MIla. Kagyw Maccy Am rasa B3suid U3
6aJIoHa, eC/H JaBJIEHHE CTaJIo PaBHEIM p.=2,5 MIla? Tem-
nepaTypy ra3a CUHTaTh INOCTOSIHHOM.

5.7. Haittu maccy m cepHHCToro raza (SO,),. 3anHMai0-
wero o6beM V=25 a1 npu temneparype (=27 °C ¥ aBjeHUH

p=100 xI]a.

5.8. Haiitn maccy m Bosnyxa 3aMOJHSIOLEro ayAHTOPHIO
BHICOTOH A=5 M ¥ miowajpio nosa S=200 M2, [laBiaeHue
Bosgyxa p=100 klla, Temneparypa nomelenus f¢=17°C.
MoasipHasi Macca Bo3ayxa p=0,029 Kr/Mos. '

5.9. Bo CKOMIBKO pa3 HJIOTHOCTD Py BO34YyXa, 3aNOJHSOLIEr0
rioMetiieHne 3uMol (£,=7 °C), GoJibllie €ro MJIOTHOCTH P5 JIETOM
(t;=37°C)? [laBneHHe rasa CUHTATH MOCTOSHHBIM.

5.10. Haueptuth u3orepmbr Maccel m=0,5 r Bojopoaa I
remneparyp: a) (=0 °C; 6) ¢,=100 °C.

5.11, HauepTuTb H30TepMm Macchl m=15,5 T Kuciopona
Iast temneparyp: a) #i=29 °C; 6) £,=180 °C.

5.12. Kakoe KOJIHIecTBO v I'a3a HaXORHTCA B 6al/IoHe 061;-
eMoM OV-10 ‘M® mpu jpaBieHuH p=96 Kl'Ia H TeMmIepatype
t=17°C?



5.13. Maccy m=5 r as0Ta, HaXOAALLYIOCA B 3aKPHITOM
cocyze obvemoMm V=4 51 npu temneparype f,=20 °C, Harpe-
BaloT A0 TeMmnepatypwl f,=40 °C. Haiitu nasnenus p; ¥ pi
rasa A0 ¥ TIioc/le HarpeBaHHs.

5.14. IlocepepiHe OTKauaHHOrO H 3alasgHHOTO C O6GOHX
KOHIIOB KaIWJ/IsSIpa, PACMOJOXKEHHOrO TOPH30HTAJIbHO, Ha-,
XofuTcs cTONGMK PTYTH JauHOH /=20 cMm. Ecnu xanuuisp
[OCTABATH BEPTHKAABHO, TO CTOMOHK PTYTH NEPEMECTUTCS Ha
Al=10 cM. 1o KaKoro JaBjeHu$t Py OBLT OTKauaH KalHJANsp?
Jauxa ganuanspa L=1 wm.

5.15. Ofueussecred WYTOYHBIH BOMNpoc: «UTO TaAMKEnee:
TOHHa CBHHIIA HJH TOHHA NpOGKHUP?» Ha CKOABKO HCTHHHBIH
Bec NpoOKH, Koropasi B Bo3ayxe Becut 9,8 xH, Gosblue Hc-
THHHOTO Beca CBHHIIA, KOTOPBEII B BO3JyXe BECHT TaKKe
9,8 xH? Temneparypa Bo3nyxa t=17 °C, paBnenue p=100 klla.

5.16. KakoB JioJikeH ObITh Bec P 0GOJOUKH JETCKOT'O BO3-
JYIIHOrO INapHKa, HalOJHEHHOrO BOIOPOAOM, UTOOHI pesyJib-
TUPYIOIasl TOAbeMHAas CHiIa [apuka F=0, T. €. 4ToGbl IapHK
HAXOJHUJICS BO B3BEIEHHOM COCTOSIHHU? Bo3ayx H 'BOAOPOA
HaXOZATCS NPH HOPMAaJjbHBIX YCJAOBHSX. [laBieHHe BHYTpH
[IapHKa PaBHO BHeIIHeMy JaBieHuio.. Pamuyc mapuga r==
=12,5 cm.

5.17. Ilpu temneparype =50 °C nxaB/ieHHe HAaCHILEHHOTO
BoJsiHoro napa p==12,3 klla. HaliTH TJIOTHOCTL P BOASHOrO
napa. - .

5.18. Hafith mioTHOCTE p BONOPOJA HpPH TeMIEpaType
t=15°C n jasnennu p=97,3 klla.

5.19. Hexoropwii raz npu temneparype (=10°C u pas-
genun p=200 klla umeer miotHocTh p==0,34 xr/m3. Haiitu
MOJISIPHYIO Maccy M rasa.

5.20. CocyZ ortkauaH j0 faBaenussi p=1,33-10~% [la;
TeMriepaTypa Bosfyxa t=15 °C. Hailith n/oTHOCTh p BO3HYyXa
B cocynze.

5.21. Macca m=12 r rasa 3anuMmaer o6beM V=4 i npu
Temreparype 4;=7 °C. Ilotsie HarpesaHHsa rasa IpPH IOCTOSH-
HOM JABJIEHHH €ro IVIOTHOCTb cTana paBHOH p=0,6 Kr/m3,
Jo Kako#l Temmeparyphl f, HarpeaM ras?

5.22, Macca m=10r KHucI0poZa HaXOIHTCA NPH JABJIEHUH
p=304 kIla u remneparype #,=10 °C. Ilocre pacmupenus
BCJIEJICTBHe HarpeBaHHs NPH NOCTOSTHHOM, JABJEHHH KHCJIOPOX
saHsaa o6veM V,==10 a. Haiiti oGpem Vy rasa Jio paciinpenss,
Temrieparypy £, rasa nocie pacmHpeHHs, nJIOTHoc'm Pi ¥ Pg
rasa 1o H 1ocje paclIHpeHus.

5.23. B 3anasiHHOM cocyZe- HaXOIMTCS BOJA, 3aHUMAIOLAs
ofbeM, paBHHH NoJoBHHe o0beMa cocyia. Haiitu AaBienue p
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M IJIOTHOCTB P BOASIHOrO mnapa mpu temneparype (=400 °C,
3Hasi, UTO TpH 3TOH Temnepatype Bcs Boga obpaiiaeTc
B map. - - ' R

5.24. TlocTpouTh rpadUK 3aBHCHMOCTH MJIOTHOCTH P KHC-
JIOPOJa: a) OT JaBJjieHHS p NpH Temnepatype T=const=390 K
B uHTepBage 0<CP<C400 kIla uepes kamawie 50 kIla; 6) ot
Temneparypst T npu p=const=400 kl]a B unrepsane 200<<T<<
<300 K uepes kaxmwie 20 K.

5.25. B 3akpeitom cocyfe oO0veMoM V=1 M® HaXonurcs
Macca n;=1,6 Kr kucnopoxa u macca m;=0,9 kr Boget. Haiitn
JaBjeHHe p B cocyze npH temmeparype $=500 °C, 3Has, uro
MpH 3TOH TeMIepaType BCS BOja MpeBpalllaetcs B map.

5.26. B cocyze 1 obpemoMm Vi=3 s HaxoguTcsi ras rom
JasnenueM pi=0,2 MIIa. B cocyze 2 ob6vemom V,=4 1 Ha-
XORMTCH TOT ke ra3 noj naBnaeHueM p;=0,1 MIla. Teme:
paTypel rasa B o0OMX cOcylax OAHHAKOBHL. [loi KakHM naB-
JNeHHeM p OyneT HaXORMTbCS a3, ecad COeHHHTb COCcYZRH |
n 2 TpyOKon? . '

5,27. B cocyzne o6bemom V=2 a1 HaxoAsTcH macca #m,=6 r
yraekucsaoro rasa (CO,) u Macca m, 3akucH aszora (N;O)
npn Temneparype (=127 °C. Ha#itu naBneHHe p CMecH B
cocyze. ’ o

5.28. B cocyne Haxogmarcs Macca mj=14 r a3ora U macca
m,=9 T Bomopoma npu Temneparype f{=10°C W naBiaeHHH
p=1 MIla. Haiitu monsipHYyI0 Maccy p cMecH ¥ o6beM V cocyza.

5.29. 3akpuiThiii cocyl o6bemoM V=2 1 HaloJHEH BO3-
AyXOM IpH HOpMajbHBIX YCJAOBHAX. B cocym BBOAMTCS jJH-
stuaoBbil apup (C,H,OC.H;). Ilocne Toro kax Bech 3dup
HcMapHJcs, JaBleHHe B €Ocyje cTaio paBHeM p=0,14 MIla.
Kakasi Macca m abupa Onuia BBeeHAa B COCYIP

5.30. B cocyze o6vemoM V=0,5 n Haxoaurcst Macca m=1[r
napooGpasnoro fona- (I1;). [Ipu temneparype t=1000 °C naB-
nenue B cocyre p.=93,3 xlla. Haiiti cremeHp muccOmuauuy
a MoJIeKYyJ HORa Ha aroMbl. MosisipHasi Macca MOJekyJ Hoxa
u=0,254 Kr/momb. - : ‘

5.31. B cocyne HaxomuTcsl yriaerucJeidi ra3. Ilpu Hexo-
TOPOA TEMMEPaType CTeNneHb MAUCCONHAILMH MOJEKYJa yrJe-
KHCJIOTO ra3a Ha KHCJAOPOA M OKHCh yriepoia- «=0,25. Bo
CKOJIBKO Pa3 JaBJeHHe B cOCyJe OPH 3THX YCIOBHAX Oyxer
BoJsibiie TOTO JABJIEHHSI, KOTOPOe HMeA0 Obl MeCTO, ecjH Obl
MOJIEKYJIBI yTJIGKHCJOTO ra3a He OBLIH JHCCONHHPOBAHEL?

5.32. B Bosnyxe copepxurcsa 23,6% kucaopoga u 76,4%
asora (mo Macce) mpu jaBienuu p=100 k[la u TeMneparype
t=13 °C. Ha#itn mioTHOCTh p BO3AyXa M BapUUaIbHBIE JaB-
JIEHHS 'p; M p; KUCIOpPOJAA H a3oTa. ’ '
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5.33. B cocyme HaxXORWTCA Macca my=10r yrnexucnoro
rada u wmacca wi,=Ib r asora. Halith nJIOTHOCTE p cMecH
npu Temnepatrype (=27 °C u paBienun p==150-xklla.

5.34. Ha#Te Maccy m, aroMa: a) Bogopoaa; §) remHs.

" $5.35. MoaexyJ/a 43078, AeTAwasi €O CKOPocTHI0 v=600 M/c,
yIpyro yaapsercsl 0 CTeHKY cocyja o HopMaau K nefi. Hafitn
uMnyabc cHasl FA{, noﬂyqeﬂﬂbrﬁ CTeHKO#t COCyAa 3a BpeMs
yrapa.

5.36. Moaekyuia aprona AeTamas co cKkopoctsio v=500 M/c,
yrpyro yjapsierca O CTeHRY cocyZa. Hanpasaende cKXopocTu
MOJIEKYJBl M HOpMaJb K CTeHKe cOocyha COCTaBAfoT Yrod
a=60°. Ha#ru. umnyabc cuanl F Af, nojyueHHuH CTEHKOH
cocysla 3a speMA yjpapa.

5.37. MonexyJja a3ora JeTHT co cKopocTbio v=430 wm/c.
Ha#iTn HMIyJIbC MU 3TOH MOJERYJIHL.

5.38. Kakoe 4HC/IO MOJEKYJ 71 COJEPKUT eIHHHIE MacCChl
BOJAHOIO mapa?

5.39. B cocyne o6bemoM V=4 ;1 maxomurca macca m=1r
BOAOPOZAA. Kakoe uwHCaA0 MOJIEKYJ n cOAEPXHMT eIHHHUA O6D-
ema cocypa?

5.40. . Kaxkoe umcio Monekyn N HaxofuTcsi B KOMHATe
o6bemom V=80 M*® mnpu TemnepaType t=17 °C u paBaeHHH

p=100 xIla?

5.41. Kakoe 4HCIO MONEKYJ 1 cOAEPHKHUT efHHHIA 06beMa
cocyaa npud temueparype (=10 °C H paBjeHuu p-—l 33X
x 10~¢ T1a?

5.42. lasi poJyueéHHs XODOUIETO BaKyyMa B CTeKJAHHOM
cocye HeoOXOAHMO TIPATpeBaTh CTEHKH COCyJda IPH OTKAYKe
A8 yjajleHvs ajcopGupoBaHHOro rasa. Ha cKOZBKO moxeT
TOBBICHTBCSl JaBJeHHE B cepHUeCKOM COCYJEe pajiuycoM r=
=]0 tM, ecaH aicopOHPOBaHHBIE MOJEKYJbl NepefinyT co
cTeHoK B cocyn? [laomagp NORepeuHOTO CeYeHHS MOJEKYJ

=10"** wm*. Temneparypa rasa B cocyae #=300°C. Cnof
Mo.nexyn HA CTEHKaX CUMTATH MOHOMOJIEKY/IAPHBIM.

5.43. Kakoe udca0 wacTHn n HAXOAUTCS B €JHHUHE Mac-
cel mapooGpasmoro iofa (I,), cremeHp AWCCOUHALHH KOTO-
poro a=0,5? MoasipHas Macca MOJEKYyJApDHOro #Hoja p=
=0,254 Kr/MO#b.

5.44. Kaxoe umeao gactuu, N HaXogurtcs B Macce m=16 r
KHCJIOPOJa, CTENeHb AMCcOLMallvi Kortoporo a=0,5?

5.45. B cocyne- naxomarcs xosnuuecTBo v,;=10"7 Moab
Kuciaopofa M macca m;=10"¢ r asora. TemmepaTypa cmecu
t=100 °C, maBnenue B cocyne p=133 ml[la. Hasktu obveM V
cocyfa, NapuMa/bHble FABJAEHHA Dy H D, KHCAOPOJAA ‘H a30Ta
M .9HCI0 MOJIEKYJ 1 B eIUHHue 06HeMa cocyia.

66



5.46. HaiiTi cpeamiols KBaapaTHIHYIO CKOPOCTh Vs o
JeKyJ BO3AyXa NpH TeMrepatype {=17 °C. MonspHas Macca
Bo3ayXxa w=0,029 kr/monb,

5.47. Ham-n OTHOIIEHHE CPERHHX KBaAPATHYHBIX CKOPO-
CTel MOJEKYJI Fe/HA M a30Ta HPH ORMHAKOBBIX TeMliepaTypax.

5.48. B momeHT B3pbiBa arOMHOH 60MGH! pasBuBaeTCs TeM-
neparypa T=10" K. Cuuras, uyro TpH TakOH TeMmmeparype
BCE MOJIEKYJIBl MOJHOCTBIO JHCCONHHPOBAHEL HA AaTOMBI, a
aTOMBbl HOHH30BaHb], HAHTH CPEeJHIOI0 KBAJpaTHYHYIO CKOPOCTh

V& uona sogopora.
5.49. Haiitu unci0 MosekyJa n BOJOPORA B eAHHHIlE 0O0D:
eMa cocyjua npH jpaBieHuH p=266,6 Ila, ecnu cpennsis Keaf-

paTHYHas CKOPOCTb €0 MOJIEKY.JI Vo= 2,4 km/c.
5.50. IlnoTHOCTH HEKOTOpOro raza p= 006 Kr/M?, cpen-

HASL KBaJpaTHYHasd CKOPOCTb €ro Monexyn Vv’—SOO M/c.
Haiity naBnenne p, KOTOpoe ra3 oKasbiBaeT Ha CTEHKH cOCYyAa.

5.51. Bo ckKonbKO pa3 cpefHss KBajpaTHuHasl CKOPOCTH
NBTHHKH, B3BRIICHHOH B BO3JyXe, MeHbille cpelHefl KBai-
paTHYHOH CKOPOCTH MOJIEKYJl BO3AyXa? Macca nbIIHHKH
m=10"% r. Bo3nyX cuHTaTh OAHOPOAHHM ra3oM, MOJAspHas
Macca Kortoporo n==0,029 kr/mouab.

5.52. HaliTu umnyJabc mu MOJEKYJH BOLOPOAA IpH TeM-
neparype (=20 °C. CkKOpocTb MOJEKYJbl CUHTAaTb PABHON
cpenHel KBaApaTHYHOM CKOPOCTH.

5.53. B cocyne obpemoM V=2 1 naxomurcsi Macca m=10r
KHenopona InpH ojasiesdd p=90,6 klla. Hafitu cpeanioo

KBaJAPaTHUHYIO CKOPOCTh Vv* MOJIEKYJT ra3a, YHCIO MOJIEKYJ
N, HaxoIsLIHXCA B COCYJe, H IUIOTHOCTD P rasa.

5.54. Yactuup!l TyMMHTyTa AHaMeTpoM O=1 MKM yHuacr-
BYIOT B ODOYHOBCKOM JBHKeHHH. [InOTHOCTE T'yMMHryTa p==

=1.10® gr/v®. HafiTu cpenior0 KBaApPaTHYHYIO CKOPOCTH Vo
yacTHI[ TYMMHryTa IOpH Temmneparype (=0 °C.
5.55. CpepHsis KBaJpaTHYHas CKOPOCTb MOJEKYJ HeKo-

TOpOro rasa Vot = 450 M/C¢. [aeienite rasa p=50. klla.
Haiitd nnoTHOCTE p rasa OpPH 3THX YCJOBHAX.

5.56. IlnorHocTb Hekoroporo rasa p==0,082 kr/M® npw
AaBJIeHHH p=100 klla u Temneparype t=17 °C. Haiimu cpell-

HIOIO KBaAPaTHUYHYIO CKOPOCTH Vi MoJieKyJ rasa. Kakosa
MoJIsIpHas Macca | 3TOro rasa?
5.57. CpenHsasl KBaJpaTHiHas CKOPOCTb MOJIEKYJ HEKO-

TOPOr0 rasa NPH .HOPMAJIbHBIX YCJOBHSX Vs = 461 M/c.
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Kakoe uncno MOTIeK Y1 n conepxm'r ezmﬂnua Macchl STOrO
rasa?

5.58. Haiitu BuyTpenHiolo 3Hepruio W Macch m=20 r
kucaopoja  npu temmeparype ¢=10 °C. Kakas ugacrb. 3ToH
3HEPTHH MPHXOAMTCS Ha JOJMI0 [OCTYNATeJbHOrO HBHXKE-
HHS MOJEKYJ M KaKas 4acTh Ha JOJI0 BPallaTeJbHOro KBH-
JReHUs?

5.59. Haiitn BayTpeuxwolo sHepruio W Maccs m=1 T
BO3Ayxa NpH Temmepatype ¢=15 °C.. MonsipHas Macca BO3-
nyxa w=0,029. kr/mMounb.

5.60. Haiitu sHepruio W,, BpamaTeJbHOro ABHMKEHHS
MOJIeKYyJI, COAEPKALIHXCsA B Macce m=1 Kr asora IpH TeM-
nepatype t=7 °C.

5.61. Hai#iru BryTpeumiolo sHepruio W ,lIByXaTOMHOI‘O
rasa, Haxolsierocss B cocyze obpeMoM V=2 1 nox HaBJe-
nueM p=150 x[la.

5.62, JHeprus NOCTYNaTeNbHOrO ABMMKEHHS MOJIEKYJ a30Ta,
Haxoasmerocs s 6annoHe oobemom V=201, W=>5k[{x,a cpen-

HAA KBaApaTH4YHasl CKOPOCTb €ro Monexyﬂ Vi =2.10° M/C.
Haititu mMaccy m asora B 6amone H JaBjieHHe p, TOA KOTOpBIM
OH HaXOQHUTCH.

5.63. Tlpu KaKon‘TeMnepaType T >Heprus TelOBOTC ABH-
JKEHHS aTOMOB reius 6yier AOCTaTOUHA A5 TOTO, YTOOBI ATOMBI
rejHs OpeQRo/e/H 3eMHOe THArOTEHHe H HaBcerja NOKHHYJH
3eMHYI0 a'nvlochepyD PemuTh aHAMOTHUHYIO 3ajauyy s
JlyHsl.
© 5.64. Macca m=] Kr ABYXaTOMHOTO r'a3a HaXOAMUTCH MO
jpaBienueM p=80 klla u uMeeT njoTHoCcTh P==4 Kr/mM?, Hafitu
3HEPTHIO TENJOBOTO ABHXKeHHS W MOJIEKYJl rasa NpH STHX
YCJIOBHAX.

5.65. Kakoe uuciao monexya N [IBYXaTOMHOrO rasa co-
nepxut o6veM V=10 cm® npH gaBieHud p=>5,3 Klla u Tem-
neparype =27 °C? Karoii suepruefi Tennosoro asuxenus W
0071a1a10T 3TH MOJEKYJbl?

5.66. Haftu yne/qbHYIO TENJOEMKOCTh ¢ KHCJIOpOlIa i%iEH
a) V=const; 6) p=const.

5:67. Hairrn YAENbHYIO TEIVIOEMKOCTb C,: a) XJOPHCTOro
Bojopoja; 0) HeoHa; B) OKHCH a30Ta; r) "oxucn YIJepoaa;
I) [apoB PTYTH.

5.68. HaiiTi oTHOWmEHHE YIeNbHbIX fTeHJIOQMKOCTEI/I 5 /c,,
Jnf: KHCIOPOAA.

5.69. Y nensHAs TEIUIOEMKOCTH HEKOTOPOTO ,lIByXaTOMHOI‘O
r:sa ¢,=14,7 xIx/ (kr- K). HaliTh MOJspHYI0 Maccy W 3TOTO
rasa.
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5.70. TITNOTHOCT HEKOTOPOro MABYXATOMHOTO ra3a TpH
HOPMaJBHBIX YCIOBHAX p=1,43 kr/M?. Haititu ypenpunle ten-
JIOBMKOCTH Cy M C, 9TOT0 rasg.

5.71. MompHaﬂ Macca Hekoroporo rasa p=~0,03 kr/moJb,
OTHOWEHHE C,/c,=1,4. HaiiTh yaenbubie TEIIOEMKOCTH Cy
H T, 3TOrO, rasa.

%5.72. Bo ckonsko pas MoJIsIpHas TeNoeMKoCcTh C’ rpemy-
uero rasa Gosiblle MOJIsIpHO#R TemsoeMkocTH C” BOAsHOro
riapa, NOJYYHBIIETOCS NPH ero CropaHHH? 3ajauy peluThb
pasi: a) V=const; 6) p=const.

-+ 5.73. Ha#itd cremenp JHCCOLHANHH O KHCJA0POJA, €C/IH
ero yfiesbHag TEMOeMKOCTb MPH MOCTOSHHOM JaBJERHH C,=
=1,05 xIx/(xr-K). .

5.74. Halitn ynenbHple TensnoeMKoCTH ¢, H ¢, Napool-
pasuoro #oxa (I,), ecad cremeHb AHCCOLHALNH ero o= 0,5.
Moaspuas Macca MosnekyasipHoro foga n=~0,254 Kr/mob.

5.75. Ha@iru cremenb pguccouMauu o asora, ecad aas
Hero OTHoWeHue ¢,/c,=1,47.

5.76. Haiiti yjenbHYI0 TeIUIOEMKOCTb ¢, [a3oBOH CMecH,
cocTosieli H3 KOJNHYeCTBa vi=3 KMQJb aprona H KOJIHYECTBa
vy=2 KMOJb a30T4d. -

5.77. Haiitn oTHOWeEHHE C,/c, A Ta30BOM CcMecH, co-
CTOALIEH U3 Macchl M, =8 T remm H Macchl m,=16T KHCJI0POJIa.

5.78. YjenpHasi TEMJIOEMKOCTh [a30BOH CMeCH, COCTOSIIEH
H3 KOJHYECTBa vi=1 KMQIb KICJAOPOLA H HEKOTOPOHR Macchl M;
aproHa, ¢,=430 J1x/(kr-K). Kakas macca m, aprosa Haxo-
AUTICS B rasoBon cMecH?

5.79. Macca m=10 r Kucnopoua Haxoumcsx npH aas-
nenun p=0,3 Mlla u Temneparype =10 °C. [locne Harpesa-
Husi opH p=const ras sansn ob6wem V,=10 n. Halitu kosH-
YeCTBO TEIUIOTHE , MOJyYeHHOe rasoM, H SHepPTHIO TellJOBOro
JIBHXKeHHsi MoJieKyJa raza W mo H rnocse HarpeBaHHSA.

5.80. Macca m=12 r a30Ta HaXOAHTCA B 3aKpPhITOM COCY/e
o6seMoM V=2 a1 npu Temneparype f=10 °C. Ilocne Harpe-
BaHHA RaBjeHHe B cocyle crago paBubiM p=1,33 MIla. Kakoe
KOJIHUECTBO Tenm1oThl  COoOIeHO a3y npd HarpeBaHUH?

5.81. B cocynme obbemom V=2 ;1 HaXxopurcs asoT NpPH JaB-
Jgenud p=0,1 MIla. Kaxoe KoauuecTBO TEmnoThl Q HaAO CO-
o6IUTEL a30Ty, uroObl; a) mpH p=const o0beM yBeNHUHJICSH
BaBoe; 6) mpH V=const JaBjeHHE yBeJHUYHIOCH BIBOE?

5.82. B 3akphbITOM cCOCYyze HaxXONHTCs .Macca m=]4 r a30Ta
npu jaaenenuu p;=0,1 MIla u temneparype #,=27 °C. [locae
HarpeBanus JaB/leHHe B COCYJe NOBBICHIOCH B 5 pas. Ho
Kako# Temmeparypsi f, Obln Harper ras? Hajmn o6peMm V co-
CyZa M KOMHYECTBO TeMIOTHI Q, coobumenHoe rasy.
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5.83. Kakoe KOMMYecTBO TEHJOTH Q Haxo.cOOOIHUTH Macce
m=12 r KHCIOpOAa, 4TOGbl HArpeTb ero Ha At 50 °C npu
p=const?

5.84. Ha mnarpesanse Macchl m=40 r KHCJOPOAa OT
temnepatypnt =16 °C go #,=40 °C 3aTpaueHo KOMHYECTBO
temotel Q=628 Ix. TIpu KakHX yClOBHAX Harpesascs
ra3 (mpH MOCTOSHHOM OObeMe HJIH [PH NOCTOSHHOM AaBiie-
HHH)?

5.85. B 3akpnitoM cocyne o6beMoM V=10 71 HaXomurcs
BO3AYX NpH nasieHHH p=0,1 MIla. Kakoe koiuuectso Ten-
JOTH Q HaRo cOOOMHUTh BO3AYXY, YTOOB! NOBLICHTH AABJICHHE
B Ccocyle B 5 pas?

5.86. Kakywno Maccy m YIJeKHCJIOIO ra3a MOKHO Harperb
apu p==const or temneparypst £,=20 °C no £,=100 °C xonu-
yecTBOM Temnotel Q=222 JIx? Ha ckonbko npH 3TOM H3Me-
HHTCH KHHeTHYecKafd 3Heprus -OfHOH MOJNeKYJHBI?

5.87. B 3akpbiToM cocyfie o6beMoM V=2 a1 HaXOOUTCH
a3oT, MJIOTHOCTh Kotoporo p=1,4 xr/m®. Kakoe KonHuecTBO
TeMJoThl Q HAZKO c006mmb a30Ty, 4ToGhl HarpeTh ero Ha AT =
=100 K?

5.88. A30T HaXOAUTCS B 3aKPhbITOM COCYJie OﬁBEMO’VI V=3 a
npu temneparype f,=27 °C u paBnenun p,=0,3 MIla. ITocne
HarpesaHusi JaBJeHHe B cocyJe MOBBICHIOCH 10 p,=2,5 Mlla,
HaBitH Ttemnepatypy f, asora Iocje HarpeBaHusi H KOnuye-
CTBO TemIoThl Q, coobleHHOe a30Ty.

5.89. [lnn HarpesaHUs HEKOTOPOH Macchl rasa Ha Afy=
=b0 °C mpu p=const HeoOXOZHMO 3aTPATUTb KOJHUYECTBO
TemnoTH Q, =670 Ix. Ecin 3Ty e Maccy ra3a oxnaiuTb Ha
At,=100 °C npu V=const, TO BBLIENSETCS KONHYECTBO Tel-
A0Te Q,=1005 k. Kakoe uHcao crenenefl cBoGoap! { HMEIOT
MOJIeKYJIBl 3TOrO rasa?

5.90. Macca m=10 r a3oTa HaXOZHTCS B 3aKPBITOM CO-
cyne npu temneparype £;=7 °C. Kakoe xonn4ecTBO TelmoTH Q
Haxo COOOIIUTH a30Ty, YTOGB! YBEJIHYHTH CPEIHIO KBajpa-
THYHYIO CKOPOCTb €r0 MOJeKys Bapoe? Bo cKo/ibKO pas Mpu
STOM H3MEHHTCS TeMrepatypa rasa? Bo ckKonbKo pa3 npH
STOM H3MEHHTCH JAAaBJEHHE ra3a Ha CTEHKH CoCyxa?

5.91. I'esinit HaXOAUTCS B 3aKPHITOM cocyle o0beMoM V=2 J
npH temnepartype £, =20 °C u naBnesHu p,;=100 xlla. Kakoe
KOJIHYECTBO TEMoTEl Q Hano coOOWUTL renno, 4ToObl MOBHI-
cUTh ero Temmeparypy Ha Af=100 °C? Kakoebl OymyT npH

HOBOH TeMIeparype CpeaHss KBajgpaTHYHasi CKOpacTb ¥ v?
€ro MOJIEKYJ, JAaBJeHHE P2, IJIOTHOCTH O; P&IHSi H SHEPTHA
TEIJIOBOro ABHkeHHs W ero Mosexy.? v :
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5.92. B sarpuToM cocyse ofbeMoM V=2 1 MaXommETes
Macca /m as0Ta H Macca m aprona npH HOpMAJbHHX YCAOBHSRX.
Kaxkoe KonHuecTBO TemoTH @ Hajo COOGIHTD, YTOGH HArpPETh
ra3oBylo cMech Ha Af=100 °C?

5.98. Haiétru cpemmoio apudmernueckyio v, CPeHIOn

KBaJpaTHUHYIO Ve U HauGo/lee BEPOATHYIO U, CKOPOCTH
MOJEKYJ rasa, KOTOphbIH NpH pAaBleHuu p=40 &[la wumeer
nJIotHocTh p=0,3 Kr/M®. ’

5.94. Ilpu kakoii Temnepatype T cpenaHsis KBajpaTHunas
CKOPOCTh MOJIEKYJ a30Ta Oojbiie HX HaHOo/ee BEPOATHOIN
ckopoctn Ha Av=50 wm/c?

5.95. Kaxkasi yacTb MonekyJa kucaopoaa npit {=0 °C o6-
Jaagaer ckopoctaMu v ot 100 pgo 110 m/c?

5.96. Kakas vactb Monekya asora npu (=150 °C o6nazaer
ckopoctamu v or 300 go 325 wm/c?

5.97. Kakas uactb Monexy.s Bogopoxa mpH {=0°C obaa-
npaer ckopoctsiMd v ot 2000 o 2100 m/c? :

5.98. Bo cronpKO pas uHcao Mogaekya AN;, cKopocTH
KOTODBIX JIeXaT B HHTePBase OT U, A0 Uy-+Avu, Goablie uyHcsia
MoJIekys ANa, CKODOCTH KOTOPBIX JeXaT B HHTepBajie OT
Ve o Vv“—{—Av?

5.99. Kakas uacThb MoJieKyJ a3oTa npd Ttemnepatype T
HMEeT CKOPOCTH, JeXalllie B HHTEpBaje OT U, X0 U,-+Av,
rae Av=20 m/c, ecau: a) T=400 K; 6) T=900 K? .

5.100. Kakasi yacTb MOJIEKYJ a30Ta NpPH TeMIepatype {=
=150 °C uMeeT CKOpPOCTH, JiexKalllie B HHTepBaJje ot v;=300 M/c
30 v,=800 wm/c? .

5.101. Kakas uacTb obulero yucia N MOJeKyJ HMeeT “KO-
poctH: a) Gosblue HaflGosee BEPOSITHOR CKOPOCTH Uy, 6) MeHbile
HaHboJee BEPOATHOH CKOPOCTH UgP

5.102. B cocyje HaxomuTess Macca m=2,5 r Kuciaopoja.
Haittu uucao N, MonekyJ KHCJIOPOZA, CKOPOCTH KOTOPBIX

TIPEBBIAIOT CPEIHIO KBAJPATHUYHYIO CKOPOCTDb V.

5.103. B cocyze HaXomuTcs Macca m==38 I KHCIOPOJa NpH
Temneparype T=1600 K. Kakoe uncio N, MONEKyJ KHCJIOPOAA
HMeeT KHHETHUECKYIO BHEPIHI0 IMOCTYIAaTeJbHOrO ABHIKEHMUS,
npesbliliaomyto sHepruio Wo=6,65- 10720 1x?

5.104. DHepruw 3apsKkeHHBIX YaCTHI[ YacTO BLIPAXKAIOT B
3NeKTPOHBONBTaX: 1| 3B — sHepruf, XoTOpyl npuobperaer
3JIeKTPOH, NPOHJS B 3JMEKTPHUECKOM I[I0/1€ Pa3HOCTh NOTeHIHa-
aes U=1 B, npuuem 1 3B=1,60219-107** [Ix. IIpn kakoi
temneparype T, cpefHss KHHETHUeCKas SHEPTUS MOCTynaTe/lb-
HOro JBHXeHusi Moiekya Wo=1 sB?-IIpu Kakoi temmeparype
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50% BceX ‘MOJEKYJ HMeeT KHHETHUECKYIO SHEprHio NocTyna-
TeJbHOTO JBHKEHHS, TNpeBblLalomyo sHepruio W,=1 3B?
5.105. MossipHas 3Heprus, HeoOXoAMMasi J1sl MOHM3ALHMH
aroMoB Kanusi, W;=418,68 k Hx/monb. [Ipu Kakoi Temnepa-
type T rasa 10% Beex MOJIEKYJl MMEIOT MOJIIDHYIO KHHETH-
YeCKYI0 SHEPTHIO MOCTYNATeNbHOTO ABHXKEHHS, NMPEBIIAIOLLYIO
sueprmo 8%
5.106. O6cepBaToppm pacnonoxeHa Ha BbicoTe h== 3250 ™
Hajl ypoBHeM Mopsi. HaliTh naBneHHe p Bo3ayxa Ha 3TOM BhI-
core. Temmeparypy BO3AyXa CYHTaTh [OCTOSAHHOH W pasHOH
t=>5°C. MoasipHas Macca Bogzyxa p="0,029 kr/mob. JlaBienue
BO3LyXa Ha ypoBHe Mopsi p,=101,3 klla.

5.107. Ha xako# BricoTe h jaBjeHHe BO3AyXa COCTaBJAET
75% ot narneHus Ha ypoBHe Mops? TemmepaTypy BO3fyXa
CYHTATh MOCTOsIHHOM M paBHo# (=0°C.

5.108. Ilaccaxipckuil camojeT cOBepIUIAeT NOJETh Ha
BbicoTe h;=8300 M. UToOb! He CHAaGKATE N1acCaxKUPOB KUCJIOPOL-
HBIMHM MacKaMH, B KaGHHe NPpU NOMOIIY KOMIIpeccopa NoAJepIKY-
BAETCs MOCTOSIHHOE JaB/CHHE, COOTBETCTBYIOLIEE BbICOTE h,=
=2700 M. Hafitu pasHocth Ap naBjendii BHyTpH H CHapy XH
Ka6HHBl. TemnepaTypy HAapy»KHOrO BO3AyXa CYMTAThb PABHOH
t,=0 °C.

5.109. Haitru B npedpAyllieli 3ajaue, BO CKOMbKO pa3 MioT-
‘HOCTh @, BO3AyXa B KaGuHe 6oablle MJAOTHOCTH Oy BO3JyXa BHe
ee, eCcJqM TeMmmeparypa HapyxHoro Bosayxa t;=—20°C, a
‘TeMIepatypa BO3fyxa.B KabGume f,=-+20°C. -

5.110. Haiitn nnoTHocTh @ BO3LyXa: a) y MOBEPXHOCTH
3emsu; 6) Ha BbicoTe fi==4 KM OT noBepxHOCTH 3emnu. Temmne-
paTypy BO3LyXa CUHTaTh nOCTOsiHHOM U paBHOU {=0 °C. [{aBiie-
HHe BO3AyXa y NoBepXxHOCTH 3emaH po=100 klla.

. 5.111. Ha kakofi BbICOTe /i MNOTHOCTh Tasa BABOE MeHblue
ero TUIOTHOCTH Ha ypoBHe Mopsi? Temmepartypy rasa cyuraTh
nocTosiHHOH ¥ paBHo# {=0 °C. 3agauy pelluTh MJIs: a) BO3AY-
xa, 6) Bojopoja.
‘ 5.112. Ileppen, Ha6monas npH NOMOUIY MHKPOCKONA H3Me-
HEHHe KOHIEHTpallMH B3BELICHHBIX YacTHI, TYMMHTyTa ¢ H3Me-
HeHMEM BBICOTHI M NDHMeHss OapoMerpuueckywo Qopmyany,
SKCMEpHMEHTaNbHO HalleJ 3HadeHHe MOCTOSIHHOH ABoraapo
N,. B omnom u3 onnitoB [leppeH Hales, yTo MIpH pacCTOSHUU
MexAy AByMsi ciaosiMH Af=100 MKM 49HCJO B3BELUEHHHIX Ya-
CTHI, TYMMHIYTa B OJHOM cJIOe BJBoe OoJibllie, YeM B APYTOM.
Temneparypa rymmuryta =20 °C. YacTHubl TyMMHryTa aHa-
meTpoM 0=0,3 MKM GbUIH B3BelleHbl B JKHAKOCTH, IIJIOTHOCTh
- Kotopo#i Ha Ap=0,2-10°® Kr/mM® MeHbIUE NJOTHOCTH YaCTHIL.
Hafitn no 3tuM JaHHbIM 3HadeHHe noctosiHHofi Aporagpo N,.
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5.113. Hafith cpenHioro aauHy cBoGomsoro npotera A
MOJIEKYJl YTJIEKHC/IOTO ra3a npu temneparype (=100 °Cu nas-
Jenud p=13,3 I1a. JlHaMeTp MoOJIeKy./I YIJIEKHC/IOTO ra3a 0==
=0;32 M.

5114 UpH nomomH HOHH3aUHOHHOTO MaHOMeTpa, ycTa-
HOBJIEHHOTO Ha MCKYCCTBEHHOM CNyTHHKe 3eMJiH, GbuIO O6Ha-
pY:KeHo, uTo Ha BricoTe =300 KM OT MOBEPXHOCTH 3eMJH KOH-
LeHTpaLHA YacTHI| Ta3a B atMochepe =10 m~3. Hafitu cpen-
HIOIO IJIMHY CBOGOZHOrO MpoGera A 4acTHIL rasa Ha 3T0fl BHICOTE.
Juamerp vactuu rasa 0=0,2 HMm.

5.115. HaiiTi cpenHio0 AauHy cBOGOAHOro mpoGera A Mo-
JIEKyJ1 BO3yXa NpH HOPMaJIbHbIX yCaOBHsX. J{namerp Mosekys
BO3fyxa 0=0,3 HM.

5.116. Hafity cpexnee uHc/iiO CTONKHOBEHUE 2 B eJUHHIY
BPEMEHH MOJIEKYJ YTJAEKHCIOTO rasa npH Temmneparype (=
=100 °C, ec1n cpenHas A1#Ha cBoGoAHOrO Npobera A =870 MKM.

5.117. Haiitu' cpefiHee YMC/IO CTOJNKHOBEHHH 2 B eIHUHHLY
BPEMEHH MOJIeKyJ a3ora npH gasiaeHud p=>53,33 klla u teM-
neparype t=27°C.

5.118. B cocyne o6bemom V'=0,5 j1 HaXOAUTCA KUCAOPOL, NIpH
HOPMaJbHBIX ycaoBusax. Hafitu ofiiee yuc/a0 cTOMKHOBeHHH Z
MeXIy MOJIEKYJ1aMH KHCJIOpO#a B 3TOM OObeMe 3a efMHHLY
BpEMeHH.

5.119. Bo cKOJBKO pa3 yMEHBIIHTCHA YHCJIO CTONKHOBEHHH
2 B eIMHUIly BpEMeHH MOJIEKyJl JByXaTOMHOIO Fasa, eciH 00b-
eM raza anunabaTHuecKH YBEIHYMTh B 2 pasa?

5.120. Hafitu cpenHiolo 1yuHy cBoGomHOro npoGera A
MoJseKysa as3ota npH fAasjaeHuun p=10«klla u TeMneparype
t=17 °C.

5.121. Hafity cpenHiolo JxjiuHy CcBOGOAHOrO mpoGera A
aTOMOB_ TeJIHfl, €c/A¥ H3BECTHO, YTO IWIOTHOCTb Tenuf p=
=0,021 xr/m3, 3

5.122. HaiiT cpepHioOl0 [UIMHY CBOGORHOrO mnpoGera A
MOJIEKY 1 Boopofia npH AaBaeHuu p=0,133 [1a u TemnepaType
=50 °C.

5.123. Tlpu HekoTOpoM pnaBneHHH H Temneparype {=0 °C
cpeaHss JJIHHA CBOGOOHOIO NpoGera MOJeKyJ KHCaopoaa A=

"=95 um. Haittu CpellHee YMCJIO CTOJNKHOBEHUH 2z B eQMHHIY
BPEMEHH MOJIEKYJI KHCJIOPOJA, €CIH MPH TOH JKe TeMmepaType
JaBjeHue Kuciopona ymeHbwuTh B 100 pas. -

5.124. Ilpu HeKOTOPBEIX YCJIOBHSIX cpenHsisi AJUHA cBOGOA-

HOro npoGera Moseky.n Fasa A=160 um; cpeusia apuMmern-
) e .73



yecKas CKOPOCTb ero Motekya v=1,95 km/c. Haiitu cpeanee
YHCJ/IO CTOJKHOBEHHH 2 B €MHHLY BPeMeHH MOJIeKYyJl 3ITOro
rasa, eciM NpH Tofl XKe TeMNepaType JaB/ieHUe ra3a yMEHbIHTh
B 127 pas3a.

5.125. B cocyne obbeMoM V=100 cM® HaXomHTcs Macca
m=0,5 r azora. Ha#itm cpeqHiolo JL1HHY cBOGOIHOro npoGera
A Mosekys asoTa.

5.126. B cocyle HaxofHTcsi yTJEKHCAbIA ras, MIOTHOCT
rxoroporo p==1,7 Kr/mM®. CpejHsisa niuHa csoéom{oro npobera ero
mosekya A=79 uM. HaliTn nuamerp O MOJeKYJ YIJIeKHCJAOTO
rasa. _

5.127. Hafitu cpenHee BpeMsi T MexJy AByMs 1OCJelOBa-
TeJbHBIMH CTONKHOBEHHSIMH MOJIEKYJl a30Ta MpH JaBJeHuH
p=133 1la u Temneparype ¢=10 °C.

5.128. Cocyx ¢ BO3JLyXoM OTKauaH go JaBnaeHus p==1,33 X
x 10~4T1a. HaliTu nitoTHOCTD p BO3yXa B COCYLe, YHCIO MOse-
KyJ n B elliHHIe ofbeMa COCY/a H CPEJHION JIHKY CBOGOJHOTO
npoGera A Moaekyn. uamerp MosexkyJ Bo3ayXa ¢=0,3 HM.
Moasiprass macca Bozayxa p=0,029 xr/monb. Temneparypa
Bosayxa t=17 °C.

5.129. Kakoe npejiensHoe 4UCA0 7 MOJIEKYJ I'a3a JOJIKHO
HAaXOAHTbCS B elHHHIE ofbeMa cPepHYECKOIrO COCyAa, YTOOH
MOJIEKYJbl He CTaJKHBaAUCh APYr ¢ Apyrom? JlMameTp MoJe-
Kya rasa 0=0,3 uM, juamerp cocyisa D=15 cm.

5.130. KaKoe NaBjieHHe p HaAO CO3/aTh BHYTPH cdepHye-
CKOTO COCyZa, 4TOOH MOJIEKYJEl He CTaJKHBaJUCh APYF ¢ Ipy-
roM, ecau auamerp cocyna: a) D=1 ¢m; 6) D=10cwm; B) D=
==100 cM? [Iuamerp monekys rasa 0=0,3 um,

5.131. PaccrosHue MeXAy KaTOLOM U aHOAOM B paspsAHOI
-TpyOke d=15 cM. Kakoe naBsieHHe p Ha[O CO3/aTh B pa3psaHOl
TpyGKe, 4TOOBl 3/1€KTPOHBl HE CTaJKHBAJHCh ¢ MOJEKYJaaMH
Bo3LyXa Ha NYTH OT Karoa K aHopy? TemmepaTypa BO3HyXa
t=27°C. JlnameTp MmosneKyn Bo3ayxa ¢=0,3 uM. Cpenusas
JMHa CBOGOAHOrO npobera JEeKTPOHA B rasde NPUOGIHIHTENBHO
B 5,7 pasa GoJbile cpelHedl AnnHb cBOGOIHOrO nNpobera MoJe-
KyJ caMOro rasa.

5.132. B CQ)epnquKon Kobe oObeMoM V=1 i HaXoJAUTCs
asor. [Ipu KaKo# NIOTHOCTH @ a30Ta cpelHsis AMHHaA cBOGOAHO-
ro npoGera MojiekyJ asora OoJiblue pasMepoB cocyna?

5.133. Haiiti cpeRHee YHEIO CTONKHOBEHHH 2z B eAHHHLY
BPEMEHH MOJIEKyJl HEKOTOPOr'o T'asa, €c/lH CpelHss AIMHA CBO-

GoaHoro npodera A=>5 'MKM, a CcpenHss KBanpaTwmaﬁ CKO-
POCTh €ro MOJeKyJa Vv”—SOO m/c.
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5.134. Haiiti kospduuvent anddysun D Boappoaa npu
Hopmanwux YCJIOBHSIX, eclH cpe}ms{s{ JAJMHA CBOGOAHOTO NPO-
Gera A=0,16 mkwm.

5.135. Hamu Koscb(buunem aupdysnn D renus npu HOp-
MaAbHbIX YCJIOBHSX.

5.136. ITocTpours rpacpux 3aBHCHMOCTH KoshdHuuHeHTa THGD-
¢ysuu D Bojopopa ot Temmneparypet T B uHTepBate 100<C
<KT<600 K uepes xaxpple 100 K npu p=const=100 KHa

5. 137 Hafitu maccy m a3ora, OpoOWIENUIEro BeJeJCcTBHe
auddysun gepes miomanky S=0,01 ™% 3a Bpems =10 c,
€CJIH T'PajMeHT IVIOTHOCTH B HanpapjeHHH, NePNECHAHKYASPHOM
K miomanke, Ap/Ax=1,26 xr/m*. Temneparypa a3orta ==
=27°C. CpejHsas AAHHA CBOGOAHOrO MpoGera MoJeKyJa asoTa
A=10 MkM.

5.138. TIpu KaKoM naBJIEHHH p OTHOWIEHHE BA3KOCTH HEKOTO-
poro rasa kK Kosppuuuenty ero augdysuu 17D =0,3 kr/m®, a

CpellHAs KBaJPaTHYHAsl CKOPOCTb €r0 MOJEeKY. sz—632 M/c?

5.139. Haiiti cpenHiol0 JiMHY CBOGOXHOTO mnpoGera A
MOJIeK Y1 Teust NpH fapaends p=101,3 xI1a u Temneparype [=
=0°C, ecau BaAskoctb reaus n=13 mxlla-c.

5. 140 HaiiTy Bs3KocTh 1) a30Ta BPH HOPMaJIbHBIX YCJAOBHSX,
ecnd Kospduuuent auddysuu aas Hero D=1,42-10"% m¥/c,

5.141. Haiith fuamMeTp G MOJEKyJbl KHCJIOPOAA, eC/H IpH
temneparype (=0°C BsaskocTh kucjopoma N=18,8 wmklla-c.

5.142. TlocTtpoutb rpaduK 3aBHCHMOCTH BSI3KOCTH 1] a30Ta
ot temneparypsl 7 B uHTepBase 100<CT<C600 K uepes Kax e
100 K. ,

5.143. Ha#itn kospduunedt anddysuu D u BAsKocTh 1
Bo3nyxa npu nasienud p=101,3 k[la u Temneparype t=10°C.
Juamerp Moaekys Bo3fyxa 6=0,3 HM.

5.144. Bo ckonbko pas BsI3KOCTb KHCJopoxa GoJplle Bs3-
KocTH asorta? TemmepaTypsl ra3oB OZHHAKOBBHI

5.145. KosdhdrnuenT uuqu;ysuu H BSI3KOCTb BOIOPOJA NPH
HEKOTOPBIX yC/lOBHAX paBHbl D=1,42.10"* wm¥/c u n=
=8,5 mkIla-c. Hafitu uyHci0 1 Moslekys Bojopona B eIHHHUIIE
obbeMa.

5.146. Kosdduuvent nuddysun u BA3KOCTb KHCJIOPOAA
npH HeKOTOPHIX ' ycaoBusiXx paBHBl D=1,22.10"% mM%c H n=
=19,5 mxlla-c. Haiith nnotHocTs @ KHC/IOPOZA, CPeHIon
IJIHHY csoéonﬂoro npoGera A H CDPERHION apucpMemqecxy}o
CKOpPOCTh T ero MOJIEKYJI. : '

5.147. Kaxkoit Haubosplied CKOPOCTH ¥ MOXeT JIOCTHYBb
Joxpepas kamasa auamerpom D=0,3 mM? [{uamerp Mosiekya'
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poaayxa 6==0,3 M. Temneparypa Bosgyxa ¢=0°C. Cunrars,
yre AAs JOXKIEBOA KamiH cnpaBelyHB 3akoH CTOKCa.

5.148. CaMoster JIETHT €O CKOPOCTbO ¥=2360 kM/4. Cunras,
4TO CJIOH BO3AYXAa Y KpEUIA CaMOJIeTa, y.JieKaeMblll BC/IeNCTBHe
Bsi3KocTH, d=4 cM, HalTH KacateJbHYI0 cHiy Fg, jeHcTByto-
II{yI0 Ha eUHHIY NOBEPXHOCTH Kpblia. Jfnamerp MOJIEKYJI BO3~
ayxa 0=0,3 um. Temnéparypa sozngyxa £=0°C.

5.149. HpOCTpaHCTBo MeXAy HByMS KOAKCHaJabHuIMH IH-
NHMHAPAMH 3aNOJHEHO rasoM. PajHychl MHAHHADPOB PaBHAL r==
=5 cM 1 R=D5,2 cM. Bricota BHYTpeHHEro IMTHHADA h=25 cm,
BrewHH#i OHAWHAp Bpamaercsi ¢ dactoTol n=360 of/MuH.
JLast TOro 4ToGbl BHYTPEHHHMH HUIHHIP OCTABa/cs HENOJBHXK-
HBIM, K HeMy HaJ0 NMPHIOKHTE KacareabHylo cuay F=1, 38 mH.
PaCCManI/IBaH B NEPBOM TpHOIHIKEHHH cayuall Kak TJIOCKME,
HaHTH U3 JaHHBIX 3TOTO ONHTA BA3KOCTb 1) Fa3a, HaXOAALIErocs
MeXKIy LHIAHHIpAaMH.

5.150. Hajitu rennonpoBoguocte K BOAOpOna, BA3KOCTh
KoToporo 11=38,6 mklla-c.

5.151. Ha#it TennonpoBoxHocTh K Bo3ayXa npH AaBieHHH
p=100 klla u temneparype {=10°C. JInamMeTp MOJeKya BO3-
gyxa 0==0,3 HM.

5.152, TlocTpouth rpadHk 3aBUCHMOCTH TEMJIONPOBOAHOCTH
K Bozopopa ot temneparypel 7 B nHTepBade 100<7T<(600 K
depe3 kaxiame 100 K.

5.153. B cocyze obveMoM V=2 n1 HaxogHurcs N=4.10%
MOJeKy/J ABYXaTOMHOro rasa. TemnonpoBoaHOCTh rasa K=
=14 MBt/(m-K). Haiitu xospdunment nuddysuun D rasa.

5.154. YriaekHcaBl ra3 g a30T HAXOAATCH TPH OJWHAKOBBIX

TeMnepaTypax H AaBJjeHHsX. Haiitn aj1s1 3THX rasos OTHOLIEHHE:
a) KoatpfbuuueHTOB aucddysun; 6) BsizKocTell; B) TEMIONPOBOJ-
HocTel. JIMaMeTpr MoJIeKyJ Ta3oB CYHTATH OJHHAKOBBIMH,
~5.155. PaccrosHye MeXAy CTeHKAMH JAbIOaPOBCKOrO COCyAa
d=38 mM. [Ipy KaKOM AaBNeHHH p TeIJIONPOBOIHOCTb BO3AyXaA,
HaXOAAIIerocsT MeXAY CTeHKAMH cocyJlla, HauHeT yMeHbinaThCs
npH otkauke? Temnepatrypa Bosayxa (=17 °C. [Iuamerp mose-
Kyn Bosfyxa o==0,3 Hwm.

5.156. LlunaHapHdecKHil TepMOC ¢ BHYTPEHHHM paglyCcoM
r1=9 cM H BHeIUHHM paxuycoM r,=10 cM HaNoJHeH JbhXOM.
Bricota Tepmoca h=20 cM. Temneparypa abpa t,=0 °C, tem-
neparypa HapysKHOro Bosayxa f,=20"C. Ilpu Kakom mpejess-
HOM JiaBJIEHHH p BO3AyXa MeXKJIy CTeHKaMH TepMoca Tenjiomnpo-
BOJHOCTh K eille Gyjer 3aBHCeTh OT AaBjeHus? Jluamerp mode-
KyJ Bosayxa 6==0,3 oM, a TeMIepaTypy BO3NyXa MeKAy CTeH-
KaMH TepMOca CYHTaTh PaBHOH CpelHeMY apu@memqecxomy
TeMmeparyp Jbja H HapyXHOrO BO3LyXa.
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Hajiti rensionposoasocTs K BO31yXa, 3aK/IIOUEHHOrO MEXAY
CTEHKaMH TepMmoc¢a, NpH nasjenusax p;=101,3 klla u' py,=
=13,3 mlla, ecit monsipHas Macca Bo3gyxa p=0,029 kr/moib.
Kakoe -K0/IH9eCTBO TeILIOTEL Q NMPOXOZUT 3a BpeMst Af=1 muH
yepe3 OOKOBYIO MOBEPXHOCTb TepMOCa CPEJHHM pajHyCcoM
r=9,5 cM npu pasjtenusx p,=101,3 klla u p,=13,3 mlla?

- 5.157. Kakoe Ko/aH4ecTBO TemIOTH Q TepsieT MOMelleHHe
3a BpeMs /=1 4 yepe3 OKHO 3a CYUET TEILIONPOBOZHOCTH BO3-
AyXa, 3aK/io4eHHOro MexJy pamamu? [lnomanb KaxAoH paMbl
S=4 m?, paccrosnue mexnay Humu d=30 cm. Temneparypa
nomeieHus 4 =18°C, -TemnepaTypa Hapy:KHOTO BO3fyXa I3=
=—20°C. Tuamerp MoeKy.1 Bo3nyxa 0=0,3 um. Temnepatypy
BO3lyXa MeXJy PaMaMH CYHTaTh PABHOH cpelHeMy apu(meTH-
YeCKOMY TeMNeparyp MNOMeIEHHA M Hapy:KHOTO BO3AyXa.
JlaBneune p=101,3 «Ila.

5.158. Mexny xaBymsi MJIAaCTHHAMH, HAXOAAMMMUCS Ha
paccTosiHuH d=1 MM ApyT OT Apyra, HaXoauTcs Bo3xyX. Mexay
NJ1acCTHHAMH TOAZeprKHBaeTcsl pasHocTbh Temneparyp AT=1 K.
IMnomane xaxno#i maactunel S=0,01 m2. Kakoe.xonHyecTBo
TEeMJIOTH ( mepenaercst 3a cyeT TEMJIONPOBOAHOCTH OT ONHOH
MJIACTHHEL K ApYrof 3a BpeMs !=10 mun? CunTtarb, 4T0O BO3NYX
HaXONUTC NpPH HOPMasbHBIX YCJIOBHSIX. ,[LuameTp MO.1eKY 1
Bo3nyxa 0==0,3 HM.

5.159. Macca m=10 I KHCJIODOZIA HaXOUTCH NPH JABJIEHUH
p=300 klla u temneparype {=10°C. Tlocie HarpeBaHHS
npH p==const ras sansa oGeeM V=10 a. Hafitn xoanyecTBO
TenJa0Thl @, NosnydeHHoe rasoM, usmeneHue AW BHyTpenHed
3HepTuH rasa U pagory A; COBEPILEHHYIO Ia30M NpH pacilH-
peHHuH,

5.160. Macca m=6,5 r Bozopoja, HaXoAAUIEroca NpH TeM-
neparype t=27 °C, pacuupsiercst BABOe npu p=const 3a cuer
nputoka Temsia_usBHe. HaiiTh pabory A pacwmpenus rasa,
usmenenne AW BHyTpenHell SHepIuHU rasa u KOJIMYECTBO TeMJio-
Thl Q, COOCILeHHOe rasy.

5.161. B 3akpuTOM cocyse HaxomuTcs Macca #,=20 T
a3oTa U Macca m,=32 r Kucaopopa. Haiitu usmenenune AW
BHYTPEHHeH SHEPTUH CMecH ra3oB NPH OXJakiennu ee Ha AT =
=28 K.

5.162. KosnnyectBo v=2 KMOJb yme}mcmro rasa Harpe-
BaeTcsi npH nocrosiHHOM JiaBneHuu Ha AT=50 K. Halitu us-
meHeHHe AW BHyTpeHHeH 3HeprHu ra3a, paGoTy A pacmHpeHHs
rasa H KOJUYECTBO TEMJOTHI , COOGLIEHHOE rasy.

5:163. [IByxaToMHOMY ra3y cOOOILEHO KOJHYECTBO TEMJIOTHI
Q=2,093 x[I3x. I'as pacudpsercs npu p=const. Halith pa6oTy
A pacuMpeHust rasa.
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5. 164 Tlpu nsoéapnqecxom pacmnpemzm zzayxammaoro
rasa Gbuia coBepweHa pabota A=156,8 JIx. Kakoe KoK~
4yecTBO TenaoTH Q 6ruro coobimeHo rasy?

5.165. B cocyzne o6beMoM V=5 ;1 HaX0IHTCs ra3 NpH naBne—
nuu p==200 kITa u Temnepatype ¢=17 °C. Ilpu nzo6apuyeckoM
pacmmpenu® rasa Gpiia coBepuwieHa pa6ora A=196 x. Ha
CKOJIbBKO Harpeju ras?

5.166. Macca m=7 r yrJekuc/joro rasa Owu1a Harpera Ha
AT=10 K B ychoBusix cBoGogHoro pacmuupenus. Hafru pa-
Gory A pacluupen#ss rasa U M3MeHEHHe AW' €ro BHYTpeHHeH
SHEPTHH,

5.167. KoauyectBo v=1 KMOJIb MHOIOAaTOMHOIO ra3a Harpe-
Baetcst Ha AT=100 K .B ycnoBusiXx ¢BOGOAHOIO paclUHpeHHs!.
Ha#itu koaudecTBo TemnoTel @, cQoblieHHOe a3y, M3MeHeHHe
AW ero BHyTpeHHeH sHepruH u paGoTy A pacliHpPeHHs Tasa.

- 5.168. B cocyze moj nopuIHEM HaXONMTCs Macca m==1 T
asora. Kakoe KOjH4ecTBO TeryioTsl  Hamo 3aTpaTHTb, YTOOHL
Harperh asotr Ha AT=10 K? Ha cKoibKO npH 2TOM NOAHH-
Mercst , mopienb? Macca nopmHa M=]1 Kr, mjoillaip ero
nonepeyHoro cevenuss S=10 cm?. lIaBneHHe Haj ToplHeM

p=100 «Ila.

5.169. B cocyne moj mopiiHEM HaXOAMTCsS IPeMydYHH ras.
Kakoe konnyecTBO TeNNOTH Q BhIJENSIETCS NPH B3PHBE rpeMy-
Yero rasa, €cjJM H3BECTHO, YTO BHYTPEHHsisi 3HEPrHsl rasa
H3MeHHJack npu aToM Ha AW==336 [k ¥ nopiuenn NOgHANCS
Ha BeicOTY Ah=20 cM? Macca nopmuHad M=2 Kr, njoulaib ero
nonepeunoro ceyeHuss S=10 cm®. Hapn nopimHem HaXomuTcs
BO3IYX NpPU HOPMaJbHHIX YCJIOBHSAX. <

5.170. Macca m=10,5 r a3oTa H30TepMHUYECKH pacIIHps-
eTcA Npu TeMIlepatype f=—23°C, npHueM ero JaBjieHHe H3Me-
Hserca or p,=250 klla no p,=100 kIla. Haiitn pabory A,
COBEpLICHHYIO Fa30M NPH PACIUHPEHUH.

5.171. IIpu H30TepMHUYECKOM pacluHpeHHH Macewl m=10 r
a3oTa, HaXxoismierocsi npH Temneparype =17 °C, 6bl1a cosep-
meHa patora A=860 [Ixx. Bo ckosbKo pa3 H3MeHHJIOCH JaB-
JieHHe a30oTa INPH PacCIHpPeHHH?

5.172. PaGota H30TepMHYECKOr'O PACIUHPEHHS Macebl m==
=10 r Hexoroporo rasa or o6rema V; go V,=2V; okazanach
pasuo#t A=575 JIxx. Halitu cpensioo kBafpaTHYHYIO CKOPOCTD

Vo MOJIEKYNl rasa -ipH 3TOH Temnepatype.

5.173. Tenut, Haxonsinuiics npu HOPMAaJbHBIX YCJOBHSIX,
H30TePMHUECKH pacliupsiercs oT obvema Vi =1 x40 V,=2 a,
Ha#itn pa6oty A, coBepileHHYIO Ta3oM NPH paciiHpeHHH, H
KOJIHYECTBO TEIVIOTH Q, coobLieHHOe rasy.

78



5.174. Ilpu H30TepMHUYECKOM pacIIHpPeHHH ra3a, 3aHWMaB-
wero o6bem V=2 M3, napnenue eromensiercss or py=0,5 Mlla
no ps=0,4 MIla. Hailtu pabory A, cosepmennyio npH 3ToM.

5.175. Jlo xakoil TeMnepartypsl £; OXJIa{uTCA BO3AYX, HAKO-
Aawmiicss npH £4==0°C, ec/lH OH pacmupsercs aguabaTHaecKH
ot obveMa Vi no Vi=2V,? ;

5.176. O6vem Vi=7,5 n Kuciopola aaHaGarvyecKd CKH-
MaeTcsi 1o o6bema V=1 J, npuueM B KOHIe CKAaTHUS yCTaHO-
BUJIOCH JaBneHHe p;=1,6 MITa. [Tox KakHM HaBieHHeM p; Ha-
XOAUJCH Ta3 10 CKaTus?

5.177. Tlpun apvaGaTHUYeCKOM CXKATHHM BO3AyXa B IUJHHI-
pax JBHTraTejsl BHYTPEHHErO Crop aHHsl AaBjieHUe U3MeHsIeTcsl OT
p1=0,1 MIla no p;=3,5 MIla. HavanpHas TeMneparypa Bo3-
ayxa {;=40°C. Haiitn remneparypy f{; BO3iyXa B KOHIe
CKaTUA.

5.178. T'a3 pacmupsiercs agvabaTHdecKH, NpHUeM OGHEM
€ro yBeJIMYHBaeTCs BIBOE, a TEPMOIHHAMHUECKast TeMnepaTypa
nagaer B 1,32 pasa. Kakoe uucsio creneHeit cBo6Ojibl [ HMEIOT
MOJEKYJBl 3TOTO -Tasa?

5.179. JIByxaTOMHBIH Fa3, HaXONMIIHHCA NPH JaBJEHUH
pi1=2 Mlla u Temnepatype t;=27 °C, cikamaercsi annaGaTHue-
cki or ofbeMa Vi mo V3=0,5V;. Haiitu rtemneparypy f, u
JaBJIeHHe p; la3a nocje CKaTHf. i

5.180. B cocyie nox mnopinHeM HaXOLUTCS TPeMyuYHH ras,

3aHUMAIOUW#A NPH HOPMAaJbHLIX yC/aOBHAX 00BeM Vi =0,1 .
[Tpu GbicTpoM cxkaTuH ras BocmiaMensiercsa. Hafitu temnepa-
Typy T BocnsiaMeHeHHsl IpPeMyuvero rasa, ecjM HU3BeCTHO, UYTO
paGora cxatus A=46,35 JIx. :
_ 5.181. B cocyse nox nopmHeM HaXOQUTCs a3 NPH HOPMaJb-
HBIX yCJA0BHAX. PaccTosiHHe MeXKAY OHOM cOCyla M ZHOM MOpLI-
HA h=25 cm. Korja Ha nopumeHb MOJOXUJIH TPy3 Maccoil m=
=20 kr, nopweHb onyetuaca Ha Ah=13,4 cM. Cunras cxkatve
anuabaTHyecKUM, HAHTH 1/ JAHHOTO rasa OTHOUIEHHE C,/Cy.
[Tnomans nonepeuHoro ceyeHus nopmwHa S=10 cm?, Maccoi
HOPIIHA HpeHeGpeyb.

5.182. JByxaromHblfl ra3 3anuMaer o6veM V,=0,5 a npu
paBneHu p;=50 klla. I'a3 cxkumaercs .aZuaGaTHYECKH JO
HeKoTOporo a6bema Vi U JaBAeHUS pj. 3aTeM OH OXJIaXKJAeTCs
npu V,=const a0 nepBoHava/bHOH TeMIepaTyphl, NpHYEM ero
naBieH#e cTaHOBUTCS paBHBM p,= 100 klla. Haueptuth rpadux
atoro npouecca. Halitu o6vem V; ¥ HaBienue p..

5.183. Tas pacinupsercs aguabaTHYecKH TaK, 4YTO €ro
naBaenue nagaer ot p;=200 kIla no p,=100 klla. 3arem on
HarpesaeTcsi NPH IOCTOSTHHOM oObeMe N0 MNepBOHAYaJIbHOI
TEMNnepaTypel, NpHYeM ero JAaBjeHHe CTaHOBHTCS PaBHBIM
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p=122 kIla. HailTh -6THOWeRYE C,/c, A8 3TOrO rasa. Hauep-
THTH rpaHK 3TOro mpouecca.

5.184. KoauuectBo v=1 xMonb a30Ta, HaXojsllerocst OpH
HOPMAaNbHBIX YCJOBUAX, paciHpsiercl anHafatHuecKH OT 00b-
eMa V; no V3=>5Vi. Hailitu usmenenvie AW payTpenneit snep-
THH rasa ¥ pabory A, COBEepIIEHHYIO TasoM ODPH pacluupe-
HHH, -

5.185. HeoGxonumo cxarb BO3LyX OT ob6beMa Vi=10 a 1o
V;=2 a. Kak BbirojHee ero CxKHMaThb (anuaﬁawqecxn WM
H30TEPMHYECKH)?

5.186. [lpu aznabaTHyecKOM CXKaTHH KOJHYECTBA V==
—1 KMOJb ABYXaTOMHOTO Tasa 0blia coBepiieHa pabota A=

=146 xJx. Ha ckoapko yBenuuusach TeMnepaTypa rasa npu
CKATHHU?

5.187. B0 cKO/BKO pas YMeHBLIHTCH CPeIHsiA KBaApaTHIHas
CKOpPOCTb MOJIEKYJ IBYXaTOMHOIO rasa 0[pH aauabaTHYeCKOM
yBenHueHun obbema rasa B 2 pasa?

5.188. Macca m=10 r kuciopofa, HaXOAsINErocs: NpH HOp-
MasJbHBIX YCAOBUAX, CKUMaeTcsa 10 obbeMa V,=1,4 n. Haiitu
LaBJEHHE Pp U TEMNEPATYPY f» KMCJIOPOAA NOCIE CHKATHS, €CJIH
KNCAOPOL CXKHUMAeTcs: a) U30TepMHYecKH; 6) anuaGaTHdecKH.
Hafitu pa6ory A cKaTs B KaKAOM H3 3THX CJIy4aes.

5.189. Macca m=28 r a30Ta, HaXOJsALIErOCH NpH TeMIepa-
rype ¢=40°C g paBaeunn p;==100 klla, cxknmMaercs o ofrema
V,=13 n. Haiitn Temneparypy f, W JaBleHHe p, a30Ta Nocje
CHAaTHUSA, ec/IM a30T CKHMMaeTcsi: a) H30TepMHueckKH; ) aaua-
Gatuueckd. Hailith paGory A cXatusi B KaxkIOM H3 3THX
C/1ydaes, ' ;

5.190. Bo ckoabko pa3 Bo3pacTaeT IJHHA ‘CBOGOAHOTO
npobera MoseKyJ JABYXaTOMHOTO ra3a, eclH €ro JHaBJeHHe
MajiaeT BJBOE- NPH pacCIIMPEHUH rasa: a) usoTepMqucxu;
6) annabaTHyecKH?

5.191. lIBa pasUYHBIX Tas3a, U3 KOTOPHIX OfHH OI(HO&TOM-
HEIf, 8 pyroH ABYXAaTOMHEIH, HAXOASATCS NPU OJMHAKOBHIX TeM-
nepatypax ¥ 3aHHMAIOT OJHHAKOBble 00beMbl. I'a3bl CKUMAIOTCSA
ajinafaTHyeckKy TaK, 4TO O0BEM MX yMeHbluaercd BjBoe. Kako#h
U3 ra3oB Harpeercs 60JbILE U BO CKOJBKO Pas?

5.192. Macca m=1 Kr Bo3nyxa, HaXOAALIETOCH NpU naBJxe-
Huu p; =150 k[la u Temneparype £,=30 °C, pacmupsieTcs aua-
OaTHyYecKH M [aBjeHHe NpH 3TOM najaer 1o p,=100 klla..Bo
CKOJIBKO DPa3 yBeJHUHJsca ofbeM Bo3ayxa? Hafith koHeuryro
Temneparypy f, u padory A, COBepHJeHHy}O rasoM mnp paclus-
pEHHH.

5.193. KosugecTBo v=1 KMoib KHCJIOpOIla HaXOJUTCH INpH -
HOPMaJIbHBIX YCJGBHAX, a 3aTeM 0OBEM €ro yBeJHUYHBAeTcs JO
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V=5Vo. Ilocrpouts rpaduk sasucumoctn p=f(V), NpHHsB 32
EJIMBHLY 110 OCH aGcuKce 3Havenue Vi, ecd Kucaopol paciud-
psieTcsi: a) H30TepMHueckM; 6) agmabaTuueckd. 3uayeHHS Aa-
Bngx;/ua p HalTH Ind OﬁbEMOB,_’paBHbIX: Vi, 2V,, 3V,, 4V,
u 5V,. . .
5.194. Hexoropasi Macca KHCIOPOma samuMaer ofpem
Vy==3 & npu temneparype =27 °C u nasnennn p,=820 xlla
(pyc. 8). B ApyroM cocTosiHuH ra3 HMeer napameTps V,=4,5 a1
" p, = 600 xlla. Hafity rosHyecTBO ’ .
TEeMIOTH (), mojyyeHHoe rasoM, pa- )#

6ory A, COBepIleHHYIO rasoM npH pl ... A 7 -
paciIupeHuH, H u3meHenue AW BuyT- . )
peHHe#l SHEPTHH Tasa NpH nepexoe PX I 5
rasa #H3 OJHOIO COCTOSIHHA B ApY- : ¢

1
roe: a) no ywactky ACB; 6) mo E ';
. ‘

yuactky ADB. v
5.195. Mueanbvnasi temsoBas Ma- v, v,

wHHa, pagorawomas no uukay KapHo,

3a UHUKJ MOJyYaeT OT HarpeBates - Puc. 8.

KOJIMYECTBO TemnoTsl Qy=2,512 xJx.
Temneparypa HarpeBatends T,=400 K, temuoeparypa xoso-
nunbuika T,=300 K. Hafitn paGoty A, coBepliaeMylo Mauiu-
HOH 3a ORMH IMKJ, M KOJHUECTBO TEIVIOTH (J,, OTAaBaeMoe
XOJIONM/IBHHKY 33 OAHH HHKJL. h

5:196.- MaeanbHas TemsioBas MaluMHa, paGoraromas Mo
uukay KapHo, coBepuiaer 3a omvH mHka padoty A=2,94 xJx
U OTHaeT 332 OJMH HUKJ XOJOAMJABHHUKY KOJHYECTBO TEMJOTHI
Q,=13,4 kllx. Ha#itn k. 0. 1. 1 wMKIA. ~

5.197. NMueanrHas TenyoBasi MamMHa, paboTawomias mo
nukay KapHo, coBepiuaet 3a onuo uuka pabory A=73,5 kJx.
Temneparypa HarpeBatesist {;=100°C, Temneparypa XOJ0[HJIb-
HHKa {,=0 °C. Ha#itn K. n. 1. M 0MKJa, KOJMYECTBO Tem/IOThI
Q., monyyaemoe- MAaIIMHOA 3a OAMH LUHKJ OT Harpepatens, H
KOJIMYECTBO TEIVIOTH (;, OTHaBaeMOe 33 OJUH LHKJ XOJOAUJb-’
HUKY. ]
5.198. HMpeanbHas TemsoBasi MamMHa paboTaeT No LHKIY
Kapuo. ITpu stom 80% KosnudecTBa TEm/IOTHI, MOJYYaeMOro OT
HarpesaTesis, MepefaeTcs XONOAWIBHUKY. MallHHa MOJydaeT
OT HarpeBaressi KoJaudecTBO Temnotsl Q,=6,28 kIlx. Haitn
K. . . 1 IMKJIa H paGory A, coBepmaeMylo 3a OJHH:
HHKJL ‘ ’

5.199. Mpeanbuast TemsioBass MamnHa paGoraer nmo LHKJIY
Kapno. Bosnyx npu nasnenun p;=708 klla u Temmepatype
1=127 °C 3auuMaer ofvem-V,=2 Ja. [Tocjie H30TEPMUYECKOIO

paciMpeHHsi BO3LyX 3aHsa ofvem V,=5 J1; mocae aaHaGaTH-
' - : ~ sl



yecKOro paciudpeHHs o0nveM cTaj paBHEM V=8 i, Haiiru:
a) KOOpAHHATH NEPECeyeHHs U3oTePM U afuabar; 6) pabory A,
COBEpILAEMyI0 Ha Ka3KIOM y4YacTKe LHKJIa; B) HOJHYIO paéory
A, cosepiaeMylo 3a Bech UHKJ; I) K. 1. A. 1) HHKJA; A) ROJIHY-
YeCTBO TEMJIOTH (g, NONyYeHHOE OT HarpeBaTess 3a ONUH LHKJI;
€) KOJIMYeCTBO TeIIOTH Qj, OTHaHHOE XOJIONUJIBHHKY 32 ONUH
HHKT.

5.200. KosnuectBo v=1 KMosb HeaJbHOTO r'a3a cOBepilla-
eT UHKJ, COCTOSIIHUI H3 IBYX H30XOP U ABYX H3006ap. [Ipu atoM
00beM rasa uaMensiercsi or V=25 m® 1o V,=50 M> u jnaBienue
uamensiercst or p;=100 klla no p.,=200 kIla. Bo ckoamko
pa3 pa6ota, coBepllaemasi IPH TAKOM IIHKJIe, MEHbIIIE PalGTH,
coBepiiaeMoll B IHKJe KapHOo, H30TepMbl KOTOPOrO COOTBET-
CTBYIOT HaHGoJbIIEd M HaHMeHbLIEH TemliepatypaMm pac-
CMATPHBAEMOTO IHKJA, ecAH IPH H30TEPMHUYECKOM pacuiupe-
HHY o0beM ypeaHuuscsi B 2 pasa?

5.201. VpeanbHasi XONOAH/IBbHAS MallMHA, paboTaolas Imo
o6patHoMY UKy KapHo, coBepillaeT 3a OAMH UHKJI paboTy A=
=37 kJx. [Ipy 5ToM OHa GepeT TemI0 OT Tesa ¢ TeMIeparypoH
t,=—10°C 1 nmepenaet Tenno Teny c temneparypoil f,=17°C.
Haiitu . 1. 4. 7 IMKJI3, KOJHYECTBO TEIUIOTHI Qj, OTHsSITOE Y
XOJIONHOTO Teja 3a OAHH LHKJ, H KOJHYECTBO TEWIOTH Qj,
nepejaHHoe OoJsiee TropsiueMy TeJy 3a OAHH IHKJI,

5.202. VMpeanpHast XoJoAHJbHAs MallHHa paboraeT Kak
TemIOBOA Hacoc mo obparHomy uukay Kaphao. IIpH stoM oHa
OepeT TemIo OT BOIBL C TeMneparypoil {,=2°C M nepesaer ero
BO3AYXY c Temmepatrypoit ¢;=27°C. Haiith: a) KosdHIHeHT
1}); — OTHOIIEHHe KOJHYECTBA TEMJIOTHI, MepeflaHHOTo BO3AYXY
3a HEKOTOphifi NMPOMEKYTOK BPEeMEHH, K KOJTHYECTBY TEIUIOTHI,
OTHATOMY 3a 3TO 2Ke BpeMfi OT BoAbl;, 6) Ko3dpHUHEHT 13 —
OTHOIIEHHE KOJHYECTBA TEIIOTH, OTHSITOTO 33 HEKOTOPHIH Mpo-
MEeXXYTOK BPeMeHH OT BOAH, K 3aTpaueHHOH Ha paGoTy MaINHHbI
SHEPTHH 3a. 3TOT Xe NPOMEXYTOK BpeMeHH (Ko3hdHIHeHT 13
Ha3bIBaeTCs XO/I0JHJIHHBIM KOS(D(pHIHEHTOM MAIlIHHE); B) KO3}-
(HIMEHT 13 — OTHOIIEHHe 3aTPaueHHOH Ha paboTy MALUHHEI
5HEPTHH 332 HEKOTOPHH NPOMEXYTOK BpeMeHH K KOJHYECTBY
TENJIOTHI, NepelaHHOMY 32 5TO Xe BPeMst BO3AYXY (KO3(hdHIHEHT
13 — K. I, . uHkiaa). HallTH cooTHolieHHe MeXAy Kosdbu-
HHeHTaMH 71, s H Ns.

5.203. UaeanwHast XoJIOAHJBHAST MallHHA, paboTaromas
no obparHomy uukay KapHo, nepefaet tenso oT XOJMO0AUIBHHKA
¢ Bojoil npu Ttemneparype f{,=0°C KHOATHJIBHHUKY C BOAOH
npu temnepatype #;=100°C. Kakyio Maccy m; BOZB HYXHO
3aMOPO3HTh B XOJIOAUJIbHHKE, YTOOBI NPeBpaTHThb B Iap Maccy

my=1 KI BOjAbl B KnnﬂTmbmﬂ(e?
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5.264. Tlomelienne oTanJHBaeTCH XOJONUJIBHOR MamMHOMN,.
-paGoratowiedt no obparnomy uukay Kapuo. Bo ckosbKo pas
KOHYECTBA TEMJIOTH (, MO/yYaeMoe NoMellleHHeM OT CrOPaHKs
ApOB B IeuKe, MeHbille KOJIHIECTBA TENJOTH Q', NepeiaHHOrC
NOMEMEHMO XONORMJIbHOR MamHHOH, KOTOpasi NMPHBONMTCS B
AeHcTBHE TEIUIOBOH MAlIMHOMN, ToTpebasiomlesl Ty xe Maccy
apos? TeroBoit apHratenb paboTaeT MeXAY TeMIEpaTypamu
t=100°C u £,=0°C. TlomemeHnue Tpebyercsl MOIAEPKHBATD
npu TeMmreparype #,=16 °C. Temnepatypa okpyXarmero Bo3-
ayxa t,=—10 °C.

5.205. PaGounit UMKJ HIeanbHOH MapoBOH MAIIHHLI H300-

paxeH Ha pHc. 9. B Havaze JocTyna mapa U3 KOTJa B HHJIHHAD
[JAaBJieHHe B HEM BO3pacTaeT mOpH
Vo=const ot p, 10 p, (BeTBH AB). A
TIpu panpHellleM nocTynJeHHH napa % -7
no oObeMa V; NOpiIeHb HABHMKETCA -
cJeBa Hampago npH p,=const (BeTBb
BC). Tlpu nanvHelmeM JBHXEHHH
MOpUIHST BOPAaBO JOCTYN napa H3
KOTJa B IHJHHAD NpeKpauiaeTcs,
TNPOHCXOJHT ajHabaTiyeckoe pacuiu- gl _
peHre mapa Jo ob6weMa V; (BeTBb
CD). Tlpu kpailHeM npaBoM TOJIO-
XKEHHH TOPIIHSI Nap W3 UHJIHHAPA
BLIXOJHT B XONIOOHJIBHHK — JaBJjieHHe Pre, 9,
nagaer npu V,=const 10 gaBJaeHHst py :
(setBp DE). Hpu o6paTHOM IBHXEHHH NOPILEHb BEITAAKHBAET
OCTaBUIUiCA map NpH pe=corst; o6beM NpH 3TOM YMEHbIIaeTcH
or V, no V, (BetBr EA). Haitn paboty A 5ToHl MaluHHH,
COBeplIaeMylo 3a KaIeifl mukda, ecau V=0, 1, Vy=1,5 1,
V,=3,0 a1, pe=0,1 MIla,p,=1,2MIla u nokasarenb aznaba-
T %=C,/cy=1,33. :

5.206. IlapoBas mamuHa MomHocThlo P=14,7 KBT notpet-
JsieT 3a Bpems =1 ¢ pa6oTht maccy m=8,1 KI yIJs ¢ yIeJbHOH
TenoTol cropanus g=33 MJ/Ix/kr. Temneparypa KoTia f=
=200 °C, Temneparypa XoJ0oANIbHUKA {,=58 °C. Hafitu dakrtu-
YecKH# K. II. . 1) MalllMHBL H CPaBHUThb €ro ¢ K. 1. 4., Hie-
aqbHOH TEIIOBOM MaiMubl, paboraiomelt no puknay Kapno
MeXJIy TeMH e TeMIepaTypaMH,

5.207, IlapoBasi ManiMHa MomHOcThIO P=14,7 KBT uMeeT
njgomans nopuHs S=0,02 M2; xon nopuHa h=45 cM. M306a-
puuecknil npouecc BC (pHc. 9) IPOHCXONUT TIPH ABHKEHHH
NOpIUHS HA OXHY TpeTh ero xona. O6vemMoM V), 1o cpaBHeHHIO ¢
o6bemamu V; B V; npeneGpeus. [laBnenne napa B KOTie p;==
=1,6 Mlla, paBnenne mapa B XosnomunpHuke p,=0,1 MIla.
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CKONBKO LMKJOB 32 BpeMsl {=1 Mup nenaerr MalllHHa, ecJH
rnokasatesab afuabatel ®¥=1,3?

5.208. Iuxn xap6lopaTopHoro H rasoBoro qe'rupex‘raKT-
HOT'o JBHraTeAsl BHYTPeHHEro cropanus HaobpaxeH Ha puc. 10.-
[Ipu mepBoM Xoxe MOPIUHS B UMJHHAP BcachiBaeTCH ropiodee
(B KapOiopaTopHBIX ABHraTeNsiX ropiodas cMech peACTaBJsIeT
coboi cmech mapoB GeH3WHA C BO3AYXOM, NMPHrOTOBASIEMYIO B
Kap6iopaTopaX, B ra3cBLIX ABHrarejasx pabodasi cMech ras —
BO3/YX IOCTYMAaeT H3 ra3oreHepaToOPHOH YCTAHOBKH), NPH 3TOM
po==const H o6vem yBejuuuBaercsi ot V, po V. (serep AB).
[Ipn BTOpOM X0N€ MOPIIHS FopioYee agHabaTHUCCKH CIHKHMAETCS

or V, 1o V., npu sToM. TeMmmepaTypa
b noBeliaetcst ot 7y 10 7 H gaBreHdHe —
Pt - 0T po A0 p; (BerBb BC). Hajee npouc-
XOMUT 3aXKHTaHHe (B3PHIB) FOPIOYEro OT
HCKpBI; TPH 3TOM JaBjeHHe BO3pacTaeT
At- g OT Py 1O pp npu Vy=const u Temnepa-
{ Typa BospactaeT ot T, jo T, (BeTBb
[ CD). TpeTuii Xoz nopiuHst — ajuabaTH-
i YecKoe paclIHpeHHe ropwoyero ot V, 10
Fo -~ ,”V Vi, Temneparypa magaer go 7, (BeTBB
Vlz V; DE — paGounii xon). [lpu xpaiiHem
TOJIOXKEHUH TIOPUIHs| (rouka E) oTKpsE
Pue. 10. BAeTCSl BBITYCKHOH KJalaH, JaB/eHHe
najaer npH V,=const mo p, (BeTBB
EB). UerBepTeifl XOJ TNOPUIHS — H300apHUECKOE  cXKaTHe
(BetBb BA — BuiTankMBaHHe OTpaGoTaHHOrO Trasa). Hakt
K. 1. 1. 1) IHKJa, eciH creneHb cxkatust V,/V,=b H mnoka-
3are)ib apHabatet x=1,33.

5.209. B nuaueapax kapGOpaTOPHOro ABHTaTeNs BHYTPEH-
HEro CropaHusi ras3 CXKHMaercst MOJHUTPOMHYeCKH 10 V,=V,/6.
HauanbHoe naBnéure p; =90 kI1a, Haua/bHast TeMneparypa t=
=127°C. HailiTh naB/nenHe p, ¥ TeMnepaTypy f, ra3a B LHJIHH]-
pax mnocle cxartus. [Jokasarenb nonutponsl n=1,3.

5.210. B umianuapax kap6iopaTOpHOro ABUrartessi BHYTpeH-
HEro CropaHHsl Fa3 CXKHMaercsl MOJHTPOMHYIECKH TakK, YTO 110Ce.
CXKaTHsI TeMnepaTypa ras3a cTaHOBHTCS paBHOH [,=427°C.
Hauannuast temnepatypa rasa {;=140°C, CreneHb cxaTHd
V,/V,=>5,8. HaiiTu nokasarejb MIOJHTPOILL /1.

5.211. JlnameTp UMJHHIpA -KapGiOpaTOPHOI'O JBHIaTess
BHYTpeHHero cropauHsi D=10 cM, xox nopuns A=11 cm. Ka-
KO# o6beM V' Jo/KHA HMeTb KaMepa CXKaTHSf, eCJH H3BECTHO,
YTO HayasJbHOE JaBJjeHHe rada p,;=0,1 MIla, HavanbpHas Tem-
-mepartypa rasa t,==127°C u naBjeHHe B KaMepe Mocje CXaTHs
p2=1 MITa? KakoBa Gyner TeMnepaTypa £, ra3a B KaMepe ftocse
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cxarusi? Haitru paGory A, coBepuiennyio npu cmaTm{ [Toka-’
3aTeslb IIONUTpONBEl n=l, 3

5.212, Hatita K. n. 1. 1 Kap6iopaTopHoro JBHTaTENS BHYT-
pEeHHEero CropaHHs, ecJH InoKasaTeJb HoauTporsl n=1,33 u
crenenb cxarus: a) V,/V,=4; 6) V,/V,=6; B) V1/V2—8.

5.213. KapGroparopHbtii ABHraTes b MOIHOCTHIO P=735,5 BT-
notpebssier 3a BpeMst {=1 4 MHHHMAJBHYIO Maccy m=265 r
Gensuna. Halitu notepu OeH3uHa Ha TpeHHe, TENJIONpPOBOJ-
woctb u np. Crenedb cxkarusa V4/V,=6,2. ¥ne1pHas remiora
cropaHust 6eHsHHa ¢=46 MJx/kr. Tlokasarenn HOJIHTpOHbI

n=1,2.

5214 LUK YeTLIPEXTAKTHOrO ABHTATENs ﬂHSéJIﬂ U30-
Gpaxen Ha puc. 11. BerBb AB — B mMJHHIPH 3acacblBaercs
B0O3ayX (po=0,1 MIIa). Bersr BC — .

BO3yX aAHa0aTHUECKH CKHMAETCs 10 P
AaBJieHHst p;. B KoHue takra cxartus g |- L .o 7
B LHJIHHAPLI BOPLICKUBAETCS TOMJIHBO,
KOTOpOEe BOCHJIaMeHsieTCsl B ropsiueM
BO3lyXe H Cropaer, mMpH 3TOM MOp-
HeHb JIBHXETCsi BIPaBO, CHauaJsa
usobapuueckd (BerBb CD), a 3arem
agnabaruueckd (BetBb DE). B koH-
e aluabaTHuecKoro  pacUIHpeHHs

OTKpLIBaeTCS  BBINYCKHOH KujamaH, ‘2[ 7il . '51/
JaBJeHHe majaer 1o p, (BeTBb EB). 7 7 7
[Ipu ABHXKeHHH NOPUIHS BJEBO cMech 7 7 2
yIassieTcsi U3 WUIHHAPOB (BeTBs BA). - Puc. 11,

Hai#ru x. 0. A. v asurarensi Jusesnst.

5.215. Jlpuratenb BHYTpPEHHero cropauus Jlusejsi HMeeT
creneHb ajHabaTHuecKoro cxkarusi e=16 H creneHb anuabaru-
yecKOro pactinpenust 8=6,4. Kakyio MHHHMAJBHYIO Maccy m
HeTH mnoTpeb/sieT ABHUraTesnb MOIMHOCThIO P=36,8 kBT 3a
Bpemst f=1 u? [lokasarenr aguabatel x=1,3. ¥YueapHast Ten-
Jgota cropauusi HeptH =46 MJ[*/KT.

5.216. Haiitn u3ameHeHHe AS 5HTPONHH DPH NMpPeBpallEHHH
macest m=10 r appa (t=—20°C) B map (/,=100°C).

5.217. Haiitu H3ameHeHHe AS 3HTPONHH npH npeBpameHHu
maccet m=1 1 poawt ({=0°C) B nap ({,=100°C).

5.218. Haiitn uameHenue AS SHTpONHH INPH IL1aBJEHHH
maccel m==1 kr Japaa ({=0°C).

5.219. Maccy m=640 r pacn/aBjeHHOrO CBHHIA TIpH Tem-
nepaTtype mJaBJeHHs I, BBUIHIH Ha Jjep (¢=0 °C). Haiiru
H3MeHeHHe AS SHTPONHM OpH 3TOM MNpOLEcCe.

5.220. Halith u3aMeHeHHe AS 9HTPONMH TpH Tepexoje
Maccet m=8 r KHMciopoma or obbema V,=10 1 npd TeMm-
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nep%?ép% t,=80°C k obvemy V,=40 n npu remmeparype

5.221. Haitru nsmenenue AS sHTpOMHM npH nepexbne
Macchl m="6 T BOgOpoAa oT ofveMa V;=20 N noj nasieHueM:
pr=150 kIla k o6bpemy V=60 1 nox AaBieHueM p,=100 kI]a.

5.222. Macca m=6,6 r BomOpoa pacliupsieTcsl H306apH-
yecKH OT obbeMa V, 10 obweMa V,=2V,. Haiitir uamMeHeHHe
AS 3HTPONHH NPH 3TOM paCIIMPEHHH.

5.223. Haiitu uamenenne AS 3HTPONMH NPH H300apHUECKOM
pacmMpeHHH Maccht m=8 I renus oT obvema V=10 1 no
obrema V,=25 n

5.224. Haiitn navenenne AS SHTPONHH NpPH H30TEpPMHUYe-
CKOM pacHIMPeHHH Macchi m=6 I BOAOPCA OT AaBJIEHHA pi=
=100 klla no nmamjeuns: p,==d0 klla.

5.225. Macca m=10,5 r a3pTa H30TePMHYECKH paclIUpsI-
eTcsl oT o6wema V,=2 11 10 obrema V,=>5 n. Haiith usmene-
HHe AS sHTpPOMHH NpH 3TOM NpoLecce.

5.226. Macca m=10 r kucaopoza HarpeBaeTc;I 0T TeMmIle-
parypst ;=50 °C 1o Temnepatypst £,=150 °C. HaiiTu H3MeHeHHe
AS 3HTDOINHH, ec/iH HarpeBaHHe nponconmT a) H30XOPHUECKH;
6) H300apHYeCKH.

5.227. Ilpu HarpepaHHH KoJHdecTBa v==1 KMOTb JABYX-
aTOMHOI'O ra3a ero TepMOJHHAMHYECKasi TeMNepaTypa yBeJHYH-
Baetcst ot Ty po T,=1,5T,. Haittru uameHenne AS sHTpomuH,
ecJIH HarpeBaHHe IPOHCXOJAHT: a) H30XOPpHUecKH; 6) u306apH-
YecKH.

5.228. B pesyabraTe HarpeBaHHsf Macchl m=22 I a3oTa
ero TepMOJUMHAMHUECKAsi TeMAepaTypa yBedHdYHJack ot T, Jo
T,=1,2T;, a suHrponus yseauuunach Ha AS=4,19 JOx/K.
[Ipy KakKMX YCJTOBHSIX NPOHM3BOAUNOCH HArpPEBaHHE  a30Ta
(npH mocTOSIMHOM OOBeMe HJIH NpPH MOCTOSIHHOM JaBJIEHHH)?

5.229. Haiitn usmenente AS sHTPONHUH NPH nepexoje rasa
u3 coctosiHust A B coctosiuHe B B ycsaoBHsiX 3ajnaum 5.194
(cm. pHc.. 8), ecsH nepexoxn .coBepmaercs: a) mo yyactky ACB;
6) no yuactky ADB.

5.230. O6bem V=1 M® BO3ayxa, HaXOASAILLErocs NPH TeM-
nepatype £, =0°C u nasnenuu p,=98 klla, H3oTEpMHYeckH
pacuiHpsiercsi ot oOvema Vi Jo o6bema V2=2Vf_. Ha#tu usme-
HeHHe AS SHTPONMH OpH 3TOM MpOIecce.

5.231. V3MeHeHHe SHTPONHH HA YyYacTKe MeXJAy JBYMs
aguabatamu B uHkjae Kapuo AS=4,19 xJx/K. Pasnocts
Temmepatyp Mexnay AByMs -H3orepmamH AT=100 K. Kakoe
KOJIHYecTBO TelsIoTl () npeBpaimaeTcss B paGoTy B 3TOM
HHKJIe? . .
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§ 6. Peaabnbie rasml

YpaBHeHHe COCTOAHHA pealbHHX ra3oB (ypaBHenne Ban-zep-Baanbca)
A ORHOIO 'MOJIA Taza HMEeT BHA )

| (p +—‘f3—) (Vo—b)=RT,

rne Vo — MossipHbifi 00beM Tasa, @ M b — NOCTOSIHHbIE, PA3NHUHEIE AMA
asHpIX [asoB, p — jaBieHHe, T — TepMORHHAMHYECKas TeMIepaTypa,
R=8,31411 Jix/(monn-K) — rasosas nocrosinHas.

Vpasrenne Ban-zep-Baaibca pasi /1060 Macchl m rasa MMeeT BHA

m?® a / m m
(pot ) (V=i o) = A

N
rge V —— ofbem Bcero rasa, |4 -—— MOJAfpHas Macca rasa. B 31oM ypas-
2
m?-a .
HEHHH gT JT = Pi— Aaplehie, 00yC/IOBIEHHOE CHJIAMH B33aHMOZEHCTBHSA

m o
MoJeKyn, — b=V ;—o0beM, CBI3aHHEIH ¢ COGCTBEEHbIM OGHEMOM MOJIEKYJI,

INocrosiuHpie @ ¥ b JAHHOTO rasa CBA3aHbl C €O KPUTHUECKOH TeMite-
parypoll Ty, KPHTHueCKMM JaBleHHEM p, M KPHTHYECKUM MOJSPHBIM
o6beMoM  Vyy  COOTHOLIEHUSMH
a . 8a

V=30, pu=gmr, Tu=-gmp.

DTH ypasHeHHS MOXHO PELINTh OTHOCHTEJNbHO MOCTOSHHHIX @ M b:

_ 27TER? p TuR
64p, ' 8py

Ecan BBe'CT“ TNIPUBECHHbLIE BeJHYHHbBL
T=T/Tx, n=plpg, 0=Vo/Viy;

10 ypaBHenHe Bas-nep-Baanbca aisi onHOrO MOA Tasa MpPUMET BHA
3
(n +‘m—2) (Bo—1)=28t,

6.1. B kakux eauHunax cucremst CH Beipakaiorcsi mo-
CTOSIHHBIE @ M b, BXOasuuue B ypaBHeHHe BaH-nep-Baannca?
6.2. Honbsyﬂcb JIAHHBIMH O KDUTHueCKHX BenuuuHax T,
M p, L5 HeKOTOpHX ra3op (cM. taba. VII), Hafith gasi HHX
NOCTOSIHHBIE @ U b, BXOZsillHe B ypaBHeHHe BaH-nep-Baajbca.
6.3. Kakyio temnepatypy 7T HuMeeT Macca m=2 I a30Ta,
3aHnMaloero ooseM V=820 cm® npu gasaennu p=0,2 MIIa?
I'aa paccmaTpuBaTh Kak: a) HleanbHblff; 6) peasibHbIA.
6.4. Kakyio temneparypy 7 umeer macca m=3,5 r Kuc-
JIOpOAa, 3aHHMawinero o6weM V=90 cM® npH paBieHHH p=
=2,8 MIla? a3 pa(:CManHBaTb KaK: a) HieanbHbli; 6) pe-
aJbHbIA,

4
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6.5. Macca m=10 r reaus 3anuMaer obveM V=100 cM?
npu fasnenud p=100 MIla. Hajiiru Temneparypy T rasa, cuH-
Tas ero: a) HIealbHbIM; 6) peajbHBIM,

" 6.6. KomnuecrBo v=1 KMosb yIJIEKHCJIOTO rasa Haxonmcn
npH temneparype ¢=100°C. Hajitu naBneHue p rasa, cuuras
ero: a) peanbHblM; 6) HIeaJqbHbIM. 3ajauy pewiuTh A 00be-
MoB V=1 m® u V,=0,05 m3,

6.7. B 3akpniTom cocyfe o6beMoM V=0,5 M* Haxoxurcs Ko-
auvyecTBo v=0,6 KMOJIb YIJIEKHCJIOrO ra3a NpH JaBJEHHH p=
=3 MIIa. Tlons3ysicb ypasHenuem BaH-nep-Baasbca, HafiTH,
BO CKOJIbKO pa3 HaJ0 yBe/JIHYHTH TeMIepaTypy rasa, uro6sl AaB-
JIEHHEe YBeJHYHJIOCH BJIBOE.

6.8. KonnuyecTBo v=1 KMOJb KHCJOPOZA HAXOAHMTCH MNPH
temneparype =27 °C n pagnenun p=10 MIla. Haiitu o6vem
V rasa, cuurasi, 4TO KHCJIOPOJ NpPH JaHHBIX YCJOBHSIX BeleT
cebsl Kak peasbHBIH ras.

6.9. KomnuectBO v=1 KMOJIb 230Ta HAXOAMTCS [PH TEMIIe-
patype {=27 °C u panienun p=5 MIla. Haiitn o6vem V rasa,
CYMTafd, YTO a30T IIPH JAHHBIX YCJOBHSIX BeAeT cebs Kak pe-
aJabHbIl ras.

6.10. Haiitn 50(eKTHBHBIH AHAMETP G MOJEKYJhl KHCIO0PO-
Ia, CYHTAsl H3BECTHBIMH JJisl KHCJIOPOAA KPHTHUYECKHE 3HAYEHHSI
T, u p,.

6.11. Haiitd >dpdekTHBHEI AuUaMeTp O MOJEKYJbl a30Ta
AByMsi cnocoGaMH: a) N0 ZAHHOMY 3HAauyeHHIO CPelHEH NTHHBE
cBOOOAHOrO mnpoGera MOJeKYJ TNPUH HOPMANBHBIX YCJOBHSX
A=95 um; 6) mo H3BeCTHOMY 3HAYCHHUIO IOCTOSIHHOH b B ypag-
HEHHH Baﬂ -nep-Baannca. ;

6.12. HaiiTh cpeaHioi0 JIHHY CBOGOJZHOrO mnpobera A
MOJIEKYJl YTJIEKHCIOrO Ta3a TNpH HOPMAJNBHBEIX VCJIOBHAX.
ek TURHBIA AHAMETP O MOJIEKYJbI BBIUMCIHTh, CYUHTasl H3=
BECTHBIMH IJIsl YIVIEKHCJIOTO Fa3a KpDHTHueCKHe 3Hauenusi T
H Py .

6.13. Haiitn koshdriyenT /:mcpq)ysnn D remusi npu TeM-
nepatype =17 °C u nasienut p=150 kIla. ddpeKTUBHLI 1Ha-
MeTp O aToMa BBLIYHCJIHTb, CUNTasi M3BECTHBIMH  AJISl TeJHs
KpHTHYeCKHe 3HaUeHHS T H Dy

6.14. Tloctpouts uzorepmbt p=f(V) Ansi KojudecTBa V=
=1 KMoJb YIVIEKHCJIOrO ra3a npu rtemnepatype {=0°C. a3
paccMaTpHBaTh KakK: a) HiealibHbiH; 6) peasbHbifl. 3HaueHHa V.
(B 1/Monb) AN peanbHOroO rasa B3AThH caenywomie: 0,07, 0,08,
0,10, 0,12, 0,14, 0,16, 0,18, 0,20, 0,25, 0,30, 0,35-.u 0,40;
L1 HWjeanbHOro rasa — B HurepBase 0,2<V<0,4 a/moib.
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6.15. HafTH naBiieHHe p;, 0GYC/NOBJIEHHOE. CHJIAMH B3aHMO-
JeHCTBHA MOJIEKYJ, 3aKJIOYEHHHIX B Ko/NHuecTBe v=1 KMOJb
ra3za npH HOPMaJILHBIX yC/IOBHsiX. KpHTHUecKast TeMriepaTypa
KpUTHUecKoe JNaBjeHHe 3TOrO rasa paBHb 7, -417 Kn p,=
=7, 7 MIla. . -’

6.16. [lnst Bomopola cHAB B3aHMOJEHCTBHSI MeXAY MOJe-
KyJaMH He3HaUHTe/NbHBI;, IpPeHMYIIeCTBEHHYIO pOJh HrpaioT
cOOCTBEHHbIE pasMeprl MoeKys. Hanucate ypaBHenue cocros-
HHSI TAKOro MOJYHAeaNBbHOro ra3a. Kakyio OmHOKy MBI A0mMy-
CTHM NPH HAXOXKJEHHH .KOJHYecTBa BOJAOPOAa v, Haxojsfiie-
rocss B HeKOTOpoM 0O0beMe IpH TeMmeparype t=0 °C u pa-
BiaeHHH p=280 M[la, He yuuTBHIBasI cOOCTBEHHOTO 0OBEMA MO-
JIEKyJ1?

6.17. B cocyze o6bemoM V=10 s Haxogutcs Macca m=
=0,25 Kr azota npH teMmnepatype (=27 °C. Kakyio yactb jaB-
JIEHHS r'a3a cocTaB/sieT faBJjeHHe, 00yc/OBJIeHHOe CHJIaMH B3a-
uMojelicTBHS MoJleKyJ? Kakyio gactb ofbeMa cocyza COCTaB-
JisieT COOCTBEHHBIH 00beM MOJeKYJI?

6.18. KonxuectBo v=0,5 KM0/ib HEKOTOPOrO T'a3a 3aHUMAET
oobem V=1 M*. [Ipu pacmHpenuH rasa ao oorema V,=1,2 m®
6BL1a coBeplleHa paboTa NPOTHB CHJI B3aHMOJEHUCTBHS MOJIEKYJI
A=>5,684 k[I>x. HaliTH nocTosiHRYIO @, BXOASINYIO B ypaBHEHP[e
Ban-1ep-Baasbcea.

6.19. Macca m=20 kr aszora azma6amqecxn paciupsaercs
B BakyyM ot oobeMa V;=1 m® 10 obomema V,=2 m3. Hafitu
noumxenne AT TeMmepaTypsi mpH 3TOM pacilHPEHHH, CUHTas
H3BECTHO M5l a30Ta MOCTOSIHHYIO @, BXOASINYIO B ypaBHEHHe
Bau-zep-Baaanca (cM. oter 6.2).

6.20. KosnuectBo v=0,5 KMOJIb TP€XaTOMHOrO ra3a ajMa-
GaTHYecKH pacllHpsieTcsi B BakyyM oT oovema V;=0,5 M® 10
obbvema V,=3 Mm*. TemnepaTypa raza npH 5ToM MOHHXKAETCsl Ha
AT=12,2 K. Haitru nocTosiHnymo a, onamuyio B ypaBHeHHE
Ban-1ep-Baassca.

6.21. Kakoe naBjenye p HaJO NPHJIOXHUTH, YTOGB! YIJIEKHC-
JIBIH a3 OPEBPATHTh B XKHAKYIO YIJIEKHCJOTY MPH TEMIEpary-
pax £4=31°C u {,=50 °C? Kaxoil HauOOJBIWIHHA 06beM V..
MOXeT 3aHHMaTh Macca m=1 Kr >KHMAKOH yrJeKHcJoTH? Ka-
KOBO HauGOsibliee NABJEHHE Dy, HACLILEHHOro Mapa )KP[ILKOPI
YTJIeKHCOTHI?

6.22. HaiiTu naortHocTh P BOASIHOTO mapa B KpHTquCKOM
COCTOSIHMH, CYHTasl H3BeCTHOH JJIf Hero IOCTOSHHYIO b,
BXOAsLY0 B ypaBHeHHe BaH-nep-Baanbca (cM. otBer 6.2)

6.23. Haiitu nsioTHOCTD Py TenHst B KPHTHYECKOM COCTOSI-
HHH, CcuuTas HM3BeCTHLIMH mm resus Kpmuqeclme 3HaYeHHs
T, B p.
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6.24. KounuecTBo v=1 KMOJb KHCJOPOAA 3aHAMaeT o0beM
V=56 1 npu aasnenuH p=93 MIla.. Haiitu temnepatypy ¢
rasa, nojb3ysich ypaBHeHweM Bau-mep-Baanbca.

6.25. Konundectso v=1 KMoJb requst 3auuMaer obvem V=
=0,237 m® npu temneparype {=—200°C. Haiitn napjenue p
rasa, nosab3ysick. ypaBHeHHeM BaH-zep-Baanbca B mpuBelieH-
HbIX BeJHUYHMHAX.

6.26. Bo ckonbKO pa3 JaBieHHe rasa 6osplle ero KPHTH-
4ecKOT'0 JaBJIEHHs, ecH H3BeCTHO, 4TO ero oGbeM H Temnepa-
Typa BaBOe 60Jibllle KPHTHUECKHX 3HAUEHHH 3THX BEJIHYHH?

§ 7. HacpimenHble napst H XKHAKOCTH .

A6CONMOTHON BJAXKHOCTBIO p HA3bIBAETCA NapiHajbHOe JaBjeHHE
BOASIHOro mapa, Haxogsuerocsi B Bo3fyXxe. OTHOCHTeIbHOH BJIAXKHOCTBHIO
@ Ha3HBAETCH OTHOWEHHe a0COMIOTHOH BJIaXKHOCTH p K TapuHaJbHOMY
JaBJaeHHIO Py BOAAHOIO napa, HAacHIAIOLEr0 NpPOCTPAHCTBO npn JiaHHOM
Temneparype.

YienbHoll Temnotofi napoo0pasopaHMs r Ha3HBAeTCH  KOJIHYECTBO
TEMJIOTbl, HeOOXOZHMOE A5l NpeBpalleHHs eIHHHLbL Macchl JKHIKOCTH B
nap UpH HOCTOSHHOIl TeMIeparype. .

MonsapHas Temsora napoobpasopaHHA ’

ro=Wr,

TAe p — Monsiphasi Macca.
3aBHCHMOCTb [aBJEHHA HaCBIIEHHOTO Hapa py OT TeMNepaTypH Aa-
eTca ypasHeHHeM Knaysuyca — Kaaneiipona
dpu — To
ar T(Von"“vom) !
rae Von B Vo — Moasipubie 06beMbl napa B A HAKOCTH.
OTHOCHTENbHOE H3MeHEHHe O6BbeMa MKHAKOCTH HPH HarpPeBaHHH

=f AT,

rae B [K~1] — TemneparypHui#i Kos¢$unHEHT OO6BLEMHOrO paciIipeHHs.
OTHOCHTe/IbHOEe H3MeHeHHe o6beMa XKHZKOCTH INpH H3MEHEHHH Aap-
JeHNs
AV
. —V- =—kFk Ap,
rie kiIMa=1] — cxumaeMOCTb.
MNMoeepxHocTHOe HaTsikeHHe & [H/M] uHcleHHO paBHO cHite, NPHIOKEH-

HOll K €\HHHHE AJIMHL Kpas GOBEDXHOCTHOH IJICHKH MHAKOCTH;

oa=F/l,
20



[Tpd H3MeHeHMHM NIOMANM TJICHKA Ha AS coaepmae'rcn pado'ra
: : AA=aAS,
Jlo6GaBounoe pnap/ieHMe, BBISBAHHOS KPHBH3HOK NOBEPXHOCTH KM«
KOCTH, ompenensiercs-¢opmynoft Jlannaca

1 I
b =2 ()
rae R; n R, — pajuycsl KPHBH3HH JBYX B3aHMHO NEpPNEHIHKYJISAPHLIX
CeUeHH!i TIOBEPXHOCTH MHAKOCTH. Pandyc R cuMraeTcs NOMONKHTENLHEIM,
eCH LEHTP KPMBU3HLI HAXONHTCH BHYTPH SKHAKOCTH (BBINYKJIHH MEHHCK),
¥ OTPHHATEJBHLIM, €CJTH LEHTP KPWBH3HH HAXOAMTCH BHE JKHIKOCTH (BO-
THYTHIH MEHHCK).
BriCOTd NOAHATHA KHIKOCTH B KaNWJANAPHOR Tpy6Ke
b 20 cos 0
g '
IZie r — pajguyc TpyOKH, P — IJIOTHOCTL MKHAKOCTH, 6 — kpaesoli yrou.
Ipn noxHom cmauksanud §=0, NPW NOJHOM HeCMauHBaWHH O=m.
JaBnenne HACHILIEHHOTO NApa Py HaZ BOTHYTON NMOBEPXHOCTBIO XHI-
KOCTH MeHbINe, a Hajl BHIYKAOH — 60JIblIe, YeM RasleHHe py HaX MA0CKOH
noBepxHOCTBhIO. Jl06GaBouHOe HaBieHHE
20py

Aﬂzp;{_"pﬂ:ﬂ:—_§ 4
TAe P — TJIOTHOCTh XHAKOCTH, Py — TUIOTHOCTh HACBILIEHHOTO Mapa KHA:
KOCTH, R — pajauyc KPHAH3HbI NMOBEPXHOCTH MHAKOCTH. .
OcMOTHYeCcKOe JaBJleHHE p PacTBOpPa CBHA3aHO € TepMOAHHAMHYEcKOH
temneparypofi T ¢opmynoi Baur-T'opda
p= CRT,

rne R — rasosast mnocrosuHas, C [Moms/MPl=m/uV — monapuas xon-
UEHTPalHa pacTBopa (KOJHYECTBO PACTBOPEHHOIO BeWeCTBA B eAHHHIE
ofbeMa pacTBopa).

Jdas  pacrsopos HelIHCGOILHHpOBaHHbIX MOJIEKY/T BemecTBa

N .
HV N4
rne N4 — nocrosinnas Aporafpo, N — 4HCIO MOJeKyJd pacTBOPEHHOTO
BEIIECTBA B eMHHMUE 06beMa pacTsopa. [IpH HaNHUMM NHCCONMMALMH YHCIIO
YacTHU B €AWHMIe ofbeMa Oyjher 6oJblie, YTO NMPHBERET K YBETHUYCHHIO
OCMOTHYECKOTO JaBJIEHHS.

JlaBrenne HacbilleHHOTO Napa Hal PacTBOPOM MeHbLIE, YeM Haj YH«
CTHIM pacTeopHTesneM. Ilp¥ JOCTaTOYHO Masoff KOIEHTPAUWH pacTBOpa
OTHOCHTE/ILHOE YMeHbileHHe IaBJeHHS HACBIEHHOTO Napa Haj PacTBOpoM
onpepensiercs 3aKkoHoM Paynst

Po—p
: Po V+V' ’

C =—-

, >




IJle po — AaBJcHHe HACHNIEHHOrO Napa Haj YHCTHM PACTROPHTeNEM, p —
RapJietiMe HACHIIEHHOTO Napa Haj PacTBOpOM, V' — KOJHYECTBO PagTeO-
PEHHOrO BEWIECTBZ, V — KOJHUECTBO IKWAKOCTH. 3ajaul, OTHOCAIHECH
K SIBAGHHIO BSI3KOCTH KHJKOCTel, noMenterw B § 4 ru. I.

7.1. B T1a6a. VIII pano naBseHHe BOJASIHOro mnapa, Hachl-
Iamomero npo¢TPaHCTBO NpPH DPasHLIX Temmeparypax. Kak
COCTAaBHTh H3 3THX JaHHBIX TaOJHMILY MacC m BOISHOIO Napa B
obveme V=1 M® BO3ZyXa, HaCLILIEHHOTO BOJSIHHIM MapoM NpH
pasHbIX TemnepaTypax? [as npuMepa pelUHTb 3ajadyy IpH
tremnepatype ¢=50 °C.

7.2. Haiitu nn0THOCTH P, HACBHIUEHHOrO BOASHOrO Mapa
npH Temneparype =50 °C.

7.3. Bo CKOMBKO pa3 MJIOTHOCTE O, HACBHILEHHOI'O BOASHOIO
napa npu TteMmneparype {=16°C MeHblue NJOTHOCTH O BOJHI?

7.4. Bo cKOJIBKO pa3 MJIOTHOCTD P, HACHILEHHOrO BOASHOIO
napa npH temneparype £ =200 °C Gosbllie MJIOTHOCTH 0, Ha
CHIIEHHOrO BOASHOTO mapa NpH TeMmmepatype f,=100°C?

7.5. Kakas Macca m BOASIHOrO mapa COZEPXKHTCH B 0GbeMe
V=1 » BO3/lyXa B JIETHHil JeHb npn TeMnepaType t=30°C
U OTHOCHTENbHOH Bja)kHOCTH w==0,75?

7.6. B 3aMkHyTOM 0GbeMe V=1 M® oTHOCHTE/NbHaf BJaXK-
HOCTD Bo3ayxa w=0,6 npu TemnepaType (=20 °C. Kakas macca
Am BoBI JI0/KHA ellle HCTIAPHTLCH B 3TOT 00beM, YTOOH BOAA-
HOH map CTaJ HachIIeHHbIM?

7.7. TemnepaTypa KoMHaTsl £;=18 °C, oTHOCHTeIbHAS BJAAXK-
HocTh w=0,5. B MeraniuuecKHil yafiHUK HaJHJIH XOJIOAHYIO
BOLY. KaKOBa Temieparypa f{, BOIAbl, [IPH KOTOPOH YaHHHK
nepecraer 3anoTeBaThb? )

7.8. HaiiT uHca0 7 MOJIEKYJ HaCBIEHHOrO "BOASHOIO Ma-
pa, coleprkall¥xca B eJuHHIe o0beMa IPH TeMmmeparype !=
=30°C. -

7.9. Macca m=0,5 r BoAsHOro napa 3aHuMaer oGbeM V=
=10 1 npu remneparype {=50°C. KakoBa mpH 3TOM OTHOCH-
TeJbHad BJaXHoCTh w? Kakas Macca Am napa CKOHIEHCH-
pyeTcs, eCaH HM30TEPMHYECKH YMeHbIUHTh 00beM OT Vl 10
V,=V,/2?

7.10. B xamepe Buibcona ofweMoM V=1 1 3axmioueH
BO3JYX, HaCBHILEeHHHBIH BONSHBIM napoM. HauamrbHasi Temmnepa-
Typa Kamepsl {;=20 °C. IIpu 1BH>KeHHH NOPIUHA 0ObeM KaMephl
yBeauuuaca 1o V;=1,256 V,. Pacuupenue cuurath aguabartH-
YecKHM, NPHUYEM MoKasaTenb afuabatel x=c,/c,=1,4. Haiitu:

a). IaBJeHHe P, BOASHOIO mapa Jo pacmnpenuﬂ 6) maccy mj
BOISHOTO Iapa B KaMepe JO pacIlHpeHHs; B) IVIOTHOCTh Pg
BOJIAIHOTO Napa J0 pacilMpeHusi; I) TeMneparypy £, Mapa nocie
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paciuupeHus (H3MeHeHHeM TeMIepaTyphl H3-3a 8bijie/leHHs Tela
npH KOHJEHCAlUH Napa npexeOpeub); X) maccy Am CKOHHEH-
CHPOBAHHOTO TMapa; €) HJOTHOCTb P, BOAAHOIO mapa Mocie
KOHJEHCAllMH; K) CTENeHb MepechllleHHs, T. e, OTHOLUeHHe
IVIOTHOCTH BOJASIHOTO Mlapa IOCJie PAaclIMpeHns (HO 10 KOHJeH-
calMH) K TJIOTHOCTH BOJASIHOTO Napa, HacHIIAIOWero NpocTpaH-
CTBO NIPH TeMIlepaType, YCTaHOBMBILEHCS MOC/e KOHIEHCAIHH,

7.11. Haiity ynenbHbift o6beM v BOA B KHIKOM H 11apoo6-
Pa3HOM COCTOSIHMSIX TPH - HOPMAJbHHEX YCJIOBHSX. :
© 7.12. Tlonbaysach nepBLIM 3aKOHOM TEPMOAHHAMHKH H JaH-
HeiMu Taba. VII u VIII, railtu ypenbHyto Tensory napooOpa-
30BaHH# r BoAH npH (=200 °C. [1151 BoAbl KPUTHUECKAs TeMIle-
parypa T7T,=647 K, kputhueckoe naBienue p,=22 MIla,
IIpoBepuTE NMpPaBUABHOCTE MOJYYEHHOro pe3yJ/bTara 0O JaH-
HeiM Taba. IX.

7.13. Kakag uaCTh TemJoThl NMapoo6pa30oBaHHsi BOABI NIPH
temneparype {=100°C uaeT Ha yBe/HYyeHHe BHYTPeHHel 3Hep-
THH CHUCTEMBI? ) '

7.14. ¥Ynenbnas Temnora napoobpasoBaHus GeHsousa (C,H,)
npH temneparype =77 °C paBna r=398 x[lx/kr. Haiitu name-
HeHMe BHyTpeHHeH sHeprud AW npu McrnapeHMH Macchl Am=
=20 r GeH3ouxa. -

7.15. Tlonb3ysce ypaBHeHHeM Kiaysuyca — KuanefipoHa
¥ paHHBMU Ta6u. VIII, Haittu yaedbHyio Tefiiory napooGpaso-
BaHMs r BoAbl npH temneparype ¢=>5°C. IlpoBeputh npaBHiIb-
HOCTh TMOJYYeHHOr0 pe3yJ/bTaTa Mo AaHHeIM Taba. IX.

7.16. JlaBjieHHs HaCBHIIEHHOIO PTYTHOrO napa IpH TeMDe-
parypax- {,=100°Cu {,=120°C -paBunt p,=37,3 Ila H p,=
=101,3 Ila. Hafitu cpelHee 3HaueHHe YJeJNbHOH TENJOTHl Na-
pooGpa3oBaHHs r PTYTH B YKa3aHHOM HHTepBaje TeMmeparyp.

7.17. Temnepartypa kunerus 6ensona (C,H,) npu naBnenun
p=0,1 MIla paBna 7,=80,2 °C. HaiiTu naBeHHe p, HachillieH-
Horo napa OGeHsona npu temneparype (=75,6°C. Cpennee
3HaUeHHEe YIeNbHOR TemJoTh Mapoofpa3oBaHua GeH3ona B
NaHHOM HHTepBajie TeMIepaTyp MNpPHHATb pAaBHBIM r=
=0,4 MIx/Kr.

7.18. JlaBieHHs HAaCBHIUEHHOTO Iapa 3THJOBOIO CIHPTa
(C,H,OH) npu remnepatypax t,=40°C u ¢,=60°C paBHEl p,=
=17,7 klla u p,=67,9 klla. Hajitu uaMeHenue sHTponuu AS
npd HcnapeHHH Mmacckl Am=]1 I 3THIOBOroO CNUPTA, HAXOMAs-
merocss npu Temmneparype ¢=>50°C.

7.19. VMsmeHnenue SHTPOMHH NpPH HCNAPEeHUH KOJHYECTBA
Av=1 KMOJIb HeKOTOPOH KUAKOCTH, HaXOAAIIeHCS NPH TeMIlepa-
Type 4=>50°C, AS=133 [x/K. [laB/ieHHe HacBIEHHOTr O Napa
XHIKOCTH NpH TeMmneparype & =50 °C pasno. p;=12,33 klla.
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Ha ckoabKo MeHseTCs laBJeHHe HAachHIEHHOro Hapa XKHAKOCTH
npH_H3MeHeHWH TeMneparypet oF 4=50°C po f,=51°C?

"~ 7.20. o KaKoro npenesibHOrO NABJEHHS p MOMHO OTKa-
4aTb COCYZ NPH TMOMOIH PTYTHO-IH(EPY3HOHHOTG HACOCa,
paGoratoniero 6e3 pTYTHOH JIOBYUIKH, eCJH TeMIepaTypa BOAs-
Holt pyO6aluku Hacoca {=15°C? [lapsieHne HaCHIHIEHHOrO PTYT-
JHoro napa npH temnepatrype f,=0°C paBHO p,=0,021 Ila,
cpellHee 3HaueHHe yJeNbHOH TENMJIOTH NapooOpa3oBaHHE PTY-
TH B JaHHOM HHTepBaje TeMmepaTyp MNpPHHATb paBHBIM
r=10,08 MJIx/xr.

7.21. Tlpu remneparype f,=0°C NJOTHOCTL PTYTH Qo=
=13,6-10% kr/M®. Halitn ee. miIoTHOCTH P NPH Temieparype (=
=300°C. KospduuneHt o0beMHOr0 paciiupeHus pTyTH P=
=1,85-10"4 K™%,

7.22. Ilpu temneparype #,=100°C naoTHOCTL PTYTH Q1=
=13,4-10® kr/m®, [1pu Kakoil TeMneparype ¢, MIOTHOCTb PTYTH
92—13 1-10% kr/m®? KoapduuueHT 0O6bEMHOro pacliMpeHust
prytH P==1,8-10"¢ K~

7.23. Haiith nJoTHOCTb P MOpCKOH BOABI Ha I/y6GHHe A=
=05 KM, eC/iH IVIOTHOCTD ee Ha NOBepXHOCTH pg=1,03- 103 xr/m3.
CxumaeMocTh BOAbl £=4,8-1071 [1a~™*, ¥ ka3 aH ue. llpu
BBIYHCJIEHHH THADOCTAaTHUECKOTO JAaBJEHHS MOPCKOH BOJH €€
IVIOTHOCTH NPUO/IHAKEHHO NoJaraTh PaBHOH IJIOTHOCTH BOJHI
Ha TOBEPXHOCTH.

7.24. Tlpu HOpMaJBHBIX YCJOBHAX CXKHMaeMOCThb GeH3oJsa
£=9-10"1 [1a™%, KosQ)Q)nuneHT 06beMHOro paciuupenus f=
=1,24.10"% K~1. Ha cko/lbKO He00XOMMO YBEJHUYHTD BHEIIHEE
JaBJieHHe, YTOOH NIpU HarpeBawuu Ha Af=1 K o6beM OeH30/1a
He H3MeHHJCA?

7.25. KospdunueHT OOBEMHOrO pacllMpPeHHs pPTYyTH P=
=1,82.107* K™, Uto6ul npH HarpeBaHuH pryTd Ha Af=1 K ee
006beM Hé H3MeHHJICH, HeOOXOIHMO YBEJIHYHTh BHelllHee JaBJe-
HHe Ha Ap=4,7 MIla. Halitu cxuMaemocTh & pPTyTH.

7.26. Haiitn pasHocte ypoBHeH Ah PTYTH B JBYX OHHAKO-
BBIX COODILIAMUINXCHA CTEKJISIHHEIX TPYOKaXx, ec/iu JIEBOE KOJIEHO
nollepikHBaerca npu TeMmneparype {=0°C, a npaBoe Harpero
o temnepatrypnt =100 °C. Bricota JeBoro KoseHa h,=90 cM.
Kos(drunent o6vemuoro pactunpenus prytv f=1,82. 104+ K%,
PacmupenuemM cTekna npeHeGpeyb.

7.27. PTyTb Ha/lMTa B CTeKJsHHbIE cocyl Beicotol L=
=10 cm. Ilpu Temneparype £=20 °C ypoBeHb pTyTH Hah=1MM
HHMJKe BEpXHero  Kpas cocyia. Ha CKOJBKO MOXHO Harpertb
pPTYTh, 4TOORI OHa He BBhLIMJIach #3 cocyRa? KoadduuueHT
obreMHOro pacmupenns prytu p=1,82.107¢ K-4, Pacumqe-
HHeM CTeKJa npeHeOpeub. . \
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7.28. - CTeKJAHHBIHA cocyn, H HaHOJIHEHHBI 10 KpaeB PTYThHIO
npH Temnepatype f=0°C, umeer maccy M=1 kr. Macca ny-
croro cocyaa My,=0,1 kr. Haiitu Maccy m pryTH, Kosopas
MOXeT IIOMEeCTHThCcsl B cocyze npH Temmeparype =100 °C, Ko-
adHIHeHT 00BEMHOrO pacuiupenus pryti f=1,82.107¢ K2,
PacluvpeHdeM cTekJsa ' npeHebpedb. _

7.29. Pemuth npepbiAyllyio 3agauy, eclH KodbpHuueHT
00BEMHOr0 pacliipeHus creknaa f'=3-10"% K™

7.30. CrekasiHHBI cocyZ HamosHeH J0 KpaeB XHIAKUM
MacjoM npu temnepatype f,=0°C. [1pu HarpeBaHuu cocyja ¢
MacaoM 1o Temmeparypsl $=100°C BeTeks0o 6% HamuToro
macaa. Hadtti KosPOHUHMEHT OOLEMHOrO paclIMpeHHs Macia
[3 ecsu Koacp(pnunem 06BEMHOr0 pacluHpeHus: crekna f'=

3-10-% K™*

7.31. Kaxylo OTHOCHTE/JbHYI0 OLIMOKY MBI JONMYCTHM [pH
HaX 0K IeHHH Koaq)(puunema 06BEMHOr0 paciuHpeHHs Mac/ia B
YCJIOBUAX TIpeNbIAyIei 3aaul, ecH npeHe6pe>xeM paciiupe-
HHEM cTeKJa?

7.32. Temneparypa nomeuents (=237 °C, atMocepHOe J1aB-
nense po=101,3 klla. Kakoe jgaBjieHHe p NOKaXkeT PTYTHBIHA
GapoMeTp, HaxoisiHiica B 3ToM noMelleHnu? Keaddunuent
o6beMHOro paciiupenus prytd p=1,82.10"¢ K~1. Pacuwupe-
HHeM cTeK/a TpeHebpeub.

7.33. Kakyiwo cuay F HyXHO NPUIOKHTL K rOPH30HTAJIb-
HOMY aJIOMHHHEBOMY KOJbIly BricOTOH A=10 MM, BHYyTPeHHHM
nHameTpoM d;=50 MM U BHEIUHHM JIHAMETPOM dz»—52 MM, 4TOORI
OTOPBaTh €ro OT NOBEPXHOCTH BOAb? Kakylo 4acTe HalleHHOH
CHJIBL COCTaBJsieT CHJla IMOBEPXHOCTHOIO HAaTAXKeHHs?

7.34. Kosnbuo BHYTpeHHHM nuameTpoM d,=25 MM ¥ BHell-
HHUM JHaMeTpoM d,=26 MM NOJBelleHO Ha NPYKHHE H CONpH-
KacaeTcsl ¢ NMOBEPXHOCTBIO KUAKOCTH. JKecTKOCTb [Py XKHHBI
£=9,8-10"7 H/m. Ilpu onyckanuH nosepx-

HOCTH 2KMJKOCTH KOJBLO OTOpPBAJIOCh OT 5 £
Hee NpPH pacTsKEHHH NpYyXHHB HA Al=5,3
MM. HalTH noBepxXHOCTHOE HaTsKeHHe o
JKHUIKOCTH. K Z ¥

7.35. Pamka ABCD ¢ mnojBHKHON Mej-
HOH mnepek/aaiuHoil KL 3arsiHyTa MBUIBHOM
nneHko# (puc. 12). KakoB pnoskeH OHITDh
nuamerp d nepekaaiunsl KL, urobel oHa Puc. 12,
Haxoj#sach B paBHOBecun?' Hafitn pnuny [
nepeKnaguHBl, €CIH HM3BECTHO, YTO NPH NepeMelleHHH Nepe-
KJjaauHbl Ha AA=1 cM coBepiaeTcss H30TepMHueckasi paboTa
A=45 mxJIx. IloBepxHocTHOER HaTAXEHHe MBIIBHONO pacr-
Bopa a=0,045 H/m.
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7.36. CnHpT Mo KanjgaM BbiTeKaeT U3 cOCyJa gepe3 BepTH-
KaJbHYI0 TPYOKYy BHYTpeHHUM AuameTpoM.d=2 mM. Kanau
OTphIBalOTCA yepes-Bpema At=1 c OaHa nocjie Apyroif. Yepes
Kakoe BpeMs T BbiTedeT Macca.m=10.r crmpTa? Hunametp
iefiKH KaIlJ1 B MOMEeHT OTPHIBA cuuTaTh paBHBIM BHYTPERHeMY
_INaMeTpy TPYOKH.

7.37. Boja mo KansgM BHITeKaeT H3 cOCYJa uepe3 BepTH-
KanbHYIO TPYOKY BHYTPEHHHM IHaMeTpoM d=3 MM. Hpn OCTBI-
BanHH BOAH OT {,=100°C n0 #,=20°C Macca KaxI0OH Kalll{
u3MeHusach Ha Am=13,5 Mr. 3nas noBepXHOCTHOE HATSXKEHHE
@, BOABI NpH f,=20 C, HallTH MOBEPXHOCTHOE HATSXKeHHE O
BOJEl ipH £, =100 °C. [InameTp welky Kanjau B MOMEHT OTPHIBa
CUMTaTh paBHLHIM BHYTPEHHEMY JAHaMeTPy TpPyOKH.

7.38. Tlpu nnaBieHHH HHKHero KOHILA BePTHKAJbHO MOX-
BELIEHHO# CBHHLOBOH MPOBOJOKH AnaMeTpoM d=1 MM o6pa3o-
Banock N=20 kamenp cBuHEA. Ha cKoapko ykopoTuaack
npoBosnoka? lJoBepXHocTHOE HaTAXKeHHe JKHIAKOrO CBHHIA
a=0,47 H/m. InaMerp mwelKH KallIi B MOMEHT OTpbHIBA CHH-
TaTh PaBHBIM JHaMeTPY HPOBOJIOKH.

7.39. Boza no kanJasM BeITeKaeT U3 BePTHKaJbHOH TPyOKH
BHYTPEHHHM paxuycoM r=1 mM. Ha#itn paguyc R kaniau B
MOMeHT OTphIBa. Kanmo cunrark cdeprueckoii. JuameTp medKH
KallJld B MOMEHT OTPhIBA CYHTarh paBHBIM BHYTPEHHEMY IHa-
MeTpy TPYOKH.

7.40. Ha ckoabpKo Harpeercsi Kamisi PTYTH, MOJyyeHHAsR OT
CAMAHMA JBYX Kanelb paguycoM r=1 MM Kaxzaasa?

7.41. Kakyw pabory A .nmpoTHB cHJI  [OBePXHOCTHOIO
HaTsAXKEHHS HaJ0 COBepIUUTh, uyTOOBI pasfenuTh chepuye-
CKYIO Kallll0 PTYTH paguycoM R=3 MM Ha JBe OJHHAaKOBble
Kanau?

7.42. Kaxkywo paGory A npoTHB CHJI NOBEPXHOCTHOI'O HaTd-
JKeHHfl HaJl0 COBEePLIHTD, YTOOLI yBEJHUYHUTH BABOE 00beM MBLIb-
HOTO ny3nipa pajiuycoM r=1 cm? [loBepXHOCTHOe HATAXKeHHe
MBLIBHOTO pacTBopa a=0,043 H/wm.

7.43. Kakywo pa6ory A mpoTHB cun MOBEPXHOCTHOIO HaTs-
_MEHWs. HaJ0 COBEPIUMTb, 4TOGH BBIRYTb MELILHBIA Iy3BIPb
zuamerpom d=4 cm? IloBepXHOCTHOe HaTAMKEHHE MBIILHOIO
pactBopa o=0,043 H/m.

7.44. Haiitu naBllende p Bo3AyXa B BO3AYLIHOM IY3BIPbKE
auamerpom d=0,01 MM, HaXopduieMcss Ha rayOune A=20 cM
TOJ TOBePXHOCThIO BOREL. ATMOchepHOe naBaerHe po,=101,7 kI1a.

7.45. JlaBjieHHe Bo3jyXa BHYTPH MBLIBHOIO My3Hps Ha
Ap=133,3 Ila Goane atmocgeproro. Haiitn nuamerp d
‘mysbipst. - [ToBepxHOCTHOE HaTsieHHe MBLILHOFO  pacTBOpa

a=0,043 H/m.
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7.46. Ha xakoii rayGuHe A nOX BOLOH HaXoIMTCH My3HPEK
BO3NyXa, ec/H -M3BecTHO, YTO WJIOTHOCTH BO3AyXa B HeM p=
=2 kr/m* Jluamerp nysnipbka d=15 MKM, Temnepatypa f==
=20°C, atmochepHoe ZRaBieHHe po=—=101, 3 klla.

7.47. Bo cKOIBKO pas IVIOTHOCTB BO3LyXa B mysbpbKe,
HaXxojsuieMcsl Ha TJybHHe h=5 M moz BojOi, GosblU€ IJOT-
HOCTH BO3ZyXa OpH aTMochepHOM HaBjieHHH p,=101,3 kIla?
Paauyc nyssipbKa r=0,5 MKM."

7.48. B cocyr ¢ PTYThHiO ONyllleH OTKPBITHIH KamuJasp,
BHYTDEHHHH IHMaMeTp KoToporo d=3 MM. PasHocTh ypoOBHefl
PTYTH B cocyje M B Kanuaaape Ah=3,7 mM. Haiitu panuyc
KPHBH3HBI R MEHHCKa B Kanuisspe.

7.49. B cocyn ¢ Bojo#l onyluleH OTKPBITHIH KanHuJaasap,
BHYTPEHHHI AuameTp Kortoporo d=1 MM. PasHocTb ypoBHe#R
BOABl B cocylle H B Kanuaaape Ah=2,8 cm. Ha#itu pamuyc
KPHBH3HBI R MeHHCKa B Kanuaasipe. KakoBa Oblia 6kl pa3HOCTh
ypoBHe#i Ah B cocyie M B Kanuajasipe, ecjad Gbl cMauHBaHHe
6LLIO MOJIHBIM?

7.50. Ha kaxyo BHCOTY # noaHuMaercs OeH30J1 B KanuJs-
pe, BHYTpeHHHMH 1uamerp KoToporo d=1 MM? CmauHBaHHe
CUHTaTb TIOJIHBIM.

7.51. Kaxkum jonaxkeH 6hiTh BHyTpPEeHHHUH aHaMerp d KanuJ-
sagpa, utoObl NPH NMOJHOM CMaYuBaHHH BOJA B HeM IMOJHHMa-
aach Ha Ah=2 cM? 3ajiauy peluTh, KOria Kaluasp HaXORHT-
ca: a) Ha 3emne, 6) Ha JlyHe.

7.52. Haiitu pa3Hocts ypoBHel AL PTYTH B+JBYX coo6Inaro-
mHXcA Kanuaifpax, BHYTPEHHHe JHaMeTPhl KOTOPHIX PaBHBI
d,=1 MM u d,=2 MMm. HecMauuBaHue cyMTaTh NOJHBIM. _

7.53. Kaxum no/xeH ObiTh HauGoJbLIMH Auamerp d nop B
¢duTHIe KepOCHHKH, YTOOBI KEPOCHH NOJHMMAJCH OT JHA Kepo-
CHHKH JI0 TOpeJIKH (BbicoTa A=10 cM)? CuHMTaTh NOPH! HHJAHHA-
pHYeCKHMH TpyOKaMM M cMauyMBaHHe IOJIHBIM.

7.54. Kanuaasp BHYTPeHHHM PajnyycoM r=2 MM ONyIIeH B
MUAKOCTh. HaliTh NoBepXHOCTHOe HaTsIKEHHE O KUIKOCTH,
@C/IH H3BECTHO, YTO B KaNU/IAP NMONHANACH Macca XKHAKOCTH
m=0,09 r.

7.55. B cocyA ¢ Bopmol omnylleH Kanmui/idp, BHYTpPEHHHH
pazuyc kotoporo r=0,16 mM. KakuM nosxHo 6HTh HaBjeHHe p
BO3/lyXa HaJl XXHEKOCTHIO B KaNHJLIsipe, 4TOObl YPOBEHH BOZHL B
KalHJIsipe ¥ B cocylle 6bl1 oAHHaKoB? AtMochepHoe JaBiieHHe
po=101,3 kIla. CMauliBaHHe CYHMTaTh IIOJHBIM.

7.56. Kanu.rms{pﬂaﬂ Tpy6Ka onylieHa BePTHKAJbLHO B_CO-
CYA ¢ Bofioil. Bepxuuii kKouell Tpy6KHU 3anasH. JIas Toro 4To6H
YPOBeHb BOJkF B TpPY6Ke U B HIHPOKOM cocyle OblT ONMHAKOB,
TPYOKY NpHLLIOCH NOrpysutk B BoAy ‘HA 1,6% ee AnummL
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Hafitu BHyTpesiHu# paguyc r TpyGks. AtmocdepHoe: -AaBJIgRMe
pe=100 klla. CmaunBanve CYUHTATD HOMHBIM. ' <

7.57. BapomerpHueckas TpyOxa A, 3afonHeHHAA. PTYTHIO
(puc. 13), nmeer BHYTpeHHUN nHameTrp d, pasHmil: a) 5 MM;
6) L5 cM. Moxuo .1H ONpeAeAdTD amocqaepﬂoe JaBJieHHe
HENOCPEACTBEHHO [0 BHICOTE ' PTYTHOrO
cronba? Haifitu BeiCOTY pTyTHOro croaba
B KaXJOM M3 3THX caydaeB. ArtMocdep-
HOe JiaBJeHHe po==758 MM pt. cT. Hecmaun-
BaHHe CUYHMTaTh IOJHBIM.

7.58. BHyTpeHHHH aMameTp OGapomer-
pHueckoit Tpybku d=0,75 cm. Kakyo mno-
IpaBKy Haj0 BBeCTH, H3Mepsia aTMocdep-
HOe JaBJ&HHe IO BBICOTE PTYTHOIO CTOJ-
6a? HecmauuBaHHe CYHTaTb IOJHBIM,

7.59. Kaxyio OTHOCHTeJNBHYIO OILIHOKY
MBI JIOMyCKaeM, BBIYHCIAA atMochepHoe
naBjgenne p,=101,3 Ila no BHcOTE
pTyTHOTrO cT0/10a, @c/H BHYTPeHHHI AHaMeTp GapoMeTpHUeCKOl
TpyGKH d paBeH: a) 5 mM; 6) 10 MM? HecMauuBaHHe CUMTAaTh
IOJTHBIM.

7.60. Ha noBepxHOCTL BOABI MNOJIOXKHIH KHPHYIO (TOJ-
'HOCTBIO HeCMauHBaeMyl0 BOJOH) cTajbHYIO HroAky. Kakos
HauGOJIBLIMIA AHaMeTD d HrOJIKH, PH KOTOPOM OHA ellle MOXKeT
JAepxkaThCcsl Ha Boge?

7.61. Byzner sH mnaBaTh Ha NOBEPXHOCTH BORBl MHMpHas
(MONIHOCTBIO HecMauyHBaeMasi BOJOH) IIaTHHOBasl HPOBOJIOKA
pHameTpoM d=1 mm? _

7.62. B nHe cocyia ¢ PTYTBIO HMeeTcsl OTBepcTHe, Karum
MOM¥eT ObIThb HaHGOJBbWME AUaMeTp d OTBEpPCTHUS, YTGGHI PTYTh
U3 COCYyZa He BRUIMBaJach NMpH BHICOTE ctonba pryTH A=3 cm?

7.63. B nme crek/JsHHOro cocyAa miowmaneilo S=30 cm?
HMeeTcsl KpyIJloe oTBepcTHe guaMerpom d=0,5 mM. B cocyp
HasuTa PpTyTh. Kakasd Macca m pTYTH OcCTaHeTcs B COCylie?

7.64. BonoMepra Geraer no noBepxHocTH Boxael. Hafitu
Maccy m BOAOMEPKH, ecJIH H3BeCTHO, YTO IOJ KaXAO! U3 UlecTH
JIanoK HaceKomoro ofpasyercl sIMKa, paBHaf noJaycdepe
paguycoM r=0,1 mMm. ' :

7.65. Kakyw cuny F Hajgo NpHJIOXHTB, 4TOBHI OTOPBaTh
Apyr ot apyra (Ge3 cpBura) e cMOYeHHbIE (boron.nacmHKn
paamepoM S=9X 12 cm?? TomuyuHa BOATHON NPQCTOHKH MEKIY
nnactMEKamM d=0,05 mM. CMauHBaHHe CUHTAaTb DOJIHbIM.

7.66. Mexny IByMs BepTHKaABHBEIMH ILTOCKOMAPAJLIE b~
HBIMH CTEKJISAHHbIMH IJJACTHHKAMH, HaXOMALKHMHCA HA paccTosl-
UM d=0,25 MM Apyr or npyra, HaaHTa XHEKocTb, Hafit
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BROTHOCTb O AKWJIKOCTH, ecii H3BECTHO, YTO BhICOTA NOAHATHSA
KHJAKOCTH MeXAy NaacTHHKamun h=3,1 em. IloBepxnocTHOE
HaTsKeHHe muxxoc'm e =0,03 Hm. Cmawaaﬂne CYHTaTh
NOJIHEM.

7.67. Mexny pByms ropnaoma.ubﬂumn nJ10cKonapaJJienb-
HbIMH CTEKJSHHBIMH INIACTHHKAMM IoMellleHa  Macca m=5 r
pTyTH. Korza Ha BepXHIOW NJACTHHKY IIOJIOKHJH IPY3 Maccoi
M=5 kr, paccTosiHHe MexXJy IJIAaCFHHKaMH CTajO pDaBHbIM
d=0,087 mm. Ipenebperag Maccoii MIaCTHHKH [0 CPaBHEHHIO
¢ Maccofi rpysa, HalTH IOBEPXHOCTHOE HATsI2KeHHe O PTYTH.
HecmaunBante cUMTaTh MOJHBIM.

7.68. B OTKPHITOM Kanu/aispe, BHYTPEHHHA IHaMeTp KOTO-
poro d=1 MM, HaxoAuTcs Kanis Bopml. Ilpu BepTHKAIbHOM
MOJIOKEHHH KamHspa Kamng ofpasyeT CTOJOMK BHCOTOH A,
paBHOii: a) 2 cM, 6) 4 cm, B) 2,98 cm. Hailtu papnychl Kpu-
BH3HH R; U R, BepXHero W HHUXKHEr0 MEHHCKOB B KaXJOM
H3 3THX caydaeB. CMayUBaHME CUMTATH TOJIHBIM.

7.69. I'OpH3OHTANBHBIH Kanuaasp, BHYTPEHHUH aHaMerp
KOToporo d=2 MM, Hallo/iHeH BOZOH TakK, 4TO B HeM 00pa3oBaJ-
¢ cTonbuKk aauHoi h=10 cm. Kakasa macca m BOZB! BBITEYeT
U3 KAMUJ/Ispa, eclH ero NOoCTaBHTh BePTHKaAbHO? CMaunBaHHe
cyuTaTh NOJHBIM., ¥ Ka3aHHUe Yyecth, YT0 MpejenbHad
AMHHa cron6MKa BOJAB, OCTaBlIEACH B KanHWJJsApe, A0JKHa
COOTBETCTBOBATh PAJIMYCy KPHBH3HEI HMIKHEI'O MEHHCKa, PaB-
HOMY pajuycy Kamujnasipa (cM. peliiende 7.68).

7.70. B OTKpHITOM BePTHKa/NbHOM KaTWJJIAPe, BHYTPEeHHHH
papuyc xoroporo r=0,6 MM, HaxoiuTCA CTONGMK CIHPTA.
Huxuui MeHHCK 2TOro cTos6MKa HaBHCAeT Ha HHUXKHHMHA KOHeLl
Kanuaasipa. Ha#iTy BeicOTy A cTONOMKA CnMpTa, MpH KOTOPOIi
pajuyc KPHBU3HBI R HHXKHEro MeHHCKa
paBeH: a) 3r; 6) 2r; B) r. CmauuBaHHe
CYUTATh IOJHBIM.

7.71. TpyOKka, u3oOpaxeHHasi Ha pHC.
14, otkpriTa ¢ 06OMX KOHLOB M HanoJiHe-
Ha KepOCHHOM. BHyTpeHHue paiuycH TPY-
6ok 1 u 2 paBuet r;=0,5 MM H r,=09
mM. Ilpu kakoifi pa3HocTH ypoBHell Ah
MeHMCK Ha KoHue Tpy6kH 1 Gymer: a) Bor-
HYTBIM. ¢ PAAHYCOM KDHBH3HEI R=r;; 0)
MJIOCKHM; B) BHIYK/ABLIM C PafHycoM KpH-
BH3HB R=r,; T) BHIYKJRM C DaJHYyCOM KpHBHBﬁbI R~r1
CMaunBaHse CUHTATb FOJHEIM.

7.72. B mupomw COCYA ¢ BOAOH ONyUieH ‘Kanu/aap Tak,
4TO BepXUHH ero. KoHell HaXoAUTeS BhLillle YPOBHA BOAH B €0cy e
Ha h=2 cM. BHyTpeHHHU} paguyc Kanuaaspar=0,5 mM. Halitu
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pamMyc KpPHBHSHBI R MeHHCKa - B, Kanﬂ.rmape CMaqm;aHue
CYHTATH MOJHBIM.

, 7.73. Apeomerp MAaBaeT B BONE, MOMHOCTHIO - CcMaunBaio-
mel ero creHku. JlnamMeTp BepTHKA/MBHON WHJIMHAPHYECKOH
Tpy6KH apeozvzerpa d=9 mM. Ha ckonbko usmeHurcs rayGuna
TOTPYKeHUsl apeoMeTpa, ec/ Ha NOBEPXHOCTb BOIBI HAMHTh
HECKOJIBKO KANeJb CIHPTa?

7.74. 'ApeoMeTp IJIaBaeT B MKHUAKOCTH, MOJHOCTBIO CMaYH-
Baoliel ero cTeHKd. JnameTp BepTHKAAbHOR WUJIHHJAPHYECKOH
TpyOKkH apeomerpa d==9 mM. [lnotHOCTE XKHAKOCTH p=0,8X
% 10? kr/m?, noOBepXHOCTHOE HaTsKeHHe XKuakocTH a=0,03 H/m.
Ha cxo/NIbKO H3MeHHTCA TIyGUHA NOTPYyXKeHHs apeoMeTpa, eciiu
BCJIEACTBHE 3aMaC/MBAaHHA apeoMeTp CTaJ IMOJHOCTBIO HecMa-
YMBAEMBIM 3TOH KHJKOCTBIO?

7.75. Ilpu pacrBopenun Macch m=10 r caxapa (C;;H::0u)
B o6beme V'=0,5 /1 Boapl 0OCMOTHYECKOE JiaBJIeHHe PacTsopa p=
=152 klla. Ilpu kakoii Temmepatype T HaxomMTCsi pPacTBOpP?
Juccounanua MosekyJsl caxapa OTCYTCTBYeT.

7.76. OcMOTHUECKOE JaB/eHHe pacTBOPa, HaXOAAIErocs
npu temneparype =87 °C, p=165 klla. Kakoe uucio N moJe-
KyJ BOABI TNPUXOAMTCS Ha ONHY MOJIEKYJY pacTBOPEHHOI'o
BellecTBa B 3TOM pacmope"r‘ Huccounanus MOMEKyJl BeulecTBa
OTCYTCTBYeT. -

7.77. Macca m~2 I IOBapPEHHOH COMH PacTBOpeHa B oébeme
V=0,5 & Bogpl. CreneHp AHCCOMMALUH MOJEKY] MNOBapeHHOM
cosn a=0,75. Hafitn ocMoTHueckoe JlaBJIeHHe p pacTBopa npn
temneparvpe ¢=17°C.

7.78. Crenenp Auccouyaluy MoJieKyJ1 I0BAPEHKOH COMH NIPH
pactBopennu ee B Bofe a=0,4. [Ipn 3TOM ocMoOTHUeCKoe JAaB-
JeHHe pacTBopa, Haxonsierocsi npu Ttemmepatrype t=27°C,
p=118,6 klla, Kakas macca m noBapeHHO# cOMM pacTBopeHa
B obbeMe V=1 J BOZH? .

7.79. Macca m=2,5 r noBapeHHO¥ cO/NM pacTBOpeHa B 0GB
eme V=1 Ja Boxu. Temneparypa pactBopa =18 °C. OcMoTrHue-
CKoe faBJeHue pactBopa p=160 kIla. KakoBa crenenn aucco-
[IUalMH ¢ MOJIeKYJl IOBapEHHOMH COJiH B 3TOM caydae? CKOMBKO
YacTHL PaCTBOPEHHOrO BELIECTBA HAXOAUTCH B eluHHUIe ofbema
pacTBOpa?

7.80. Macca m=40 r caxapa (CisH::O1u) pactBopena
B obveMe V=0,5 1 pomst. Temneparypa pactBopa {=50°C.
Haiitu faBJieHHe p HaCBILEHHOT O BORAHOIO 11apa HaX PACTBOPOM.

7.81. JlaBnenue HacLUNEHHOTO Tapa Haj -pacTBOpPOM MNpH
remneparype #,=30 °C pasHo p,=4,2 k[1a. Haifitu faBienue p,
Hac%gxegnoro napa Haj 3THM pacmopom npu Temneparype
l_‘ v
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7.82. Jlaenrenne p Hacmuenﬂoro napa Hax pac*mopom B
1,02 pasa meHblle JaBJ€HHS Py HACHILLEHHOrO [dpa YHCTOH BO-
mi. Kakoe yuca0 N Moaexkys Bofst npﬂxonmca HA OfiHY MoJe:
KYJy PacTBOPEHHOTO BellecTBa?

7.83. Macca m=100 r Heneryuero BemeCTBa pactTBopeHa’
B o6beme V=11 Bopnl. Temneparypa pacrsopa =90 °C. [as-
JieHH€e HaCHIeHHOro napa Haj pactsopom p=68,8 klla. Haitrn
MOJIAPHYIO Maccy | PacTBOPEHHOI'O BeIeCTBA.

7.84. Heneryuee BeliecTBO ¢ MOJAPHOH MaccoH p=
=0,060 kr/Monb pacTBopeHo B Bofte. Temnepartypa pacTBopa
t=80°C. [laB/sieHne HACHIIEHHOTO Napa Haj PacTBOPOM p=
=47,1 klla. HaliTH ocMOTHUecKOe JaBJieHHe p, pacTBOpa.

§ 8. Teepawie Tesa

Hamenenne rtemneparypn naasienuss dT nNpH H3MeHeHHH JaBJEHHS
Ha dp Jaerca ypaenennem Knaysuyca - Kaamefipona

’ dT — 1 Yox—Vor
' Go.

dp,

FIe gy — MOJSIpHas TemJioTa MJasleHHsi, Vou — MOJApHE ofbeM XuA-
KocTH, Vor — Moasipunifi oGheM TBepforo Tena, T — TepMOIHHaMHuecKast
TeMIlepaTypa IIaBJeHHs.

Tpu He OueHb MM3KHMX TeMMepaTypax AAsi TBEPABIX Ten HMeeT MecTo
sakoy Jliomomra # TITu, COTMIacHO KOTOPOMY MONSPHAS TEMOEMKOCTH
BCEX XHMMMYECKHM NPOCTHX TBEePAWIX Tel ParHa NpHOIHaHTedrHO 3R=
=25 JIx/(Moan-K). ‘

KoauuecTso TenioTH Q, MePeHOCHMOE BCJEACTBHE TENJONPOBOLHOCTH
sa. ppema AT, onpenenserca dopmynoi

AT
Q=% —H-ASAT’

rie AT/Ax — rpanuent TeMnepaTypui B HalpaBJeHHH, NEPREHIHKYAAPHOM
K miomagke AS, A — TenJonpoOBOAHOCTD.

. . Npu nosbiwerHH TeMIepaTypH AJNHHA Taepnux TeJl BO3pacTaer B
nepeOM NPHOIHMEHHH JHHEHHO ¢ TeMilepaTypoii:

- k=l (14-at),

rae ! — AJiMHA Tejia MpH TeMneparype f, Iy — ero AJHMHa NpH Temneparype
t,=0 °C, a — TeMmnepaTypHuill KosdduunenT aunefinoro pacwupenus. Ias
TBEPAbIX H3OTPOMHHIX TeJ a=b/3, rae b — TeMneparypHsuil KoadbUIEEHT
OOGBLEMHOTO  pacCIIHpeHHus.

B cayuae ne(popmaunu NPOLOJLHOTO pacmmeunﬂ (cxaTHg) cTepxKHA
OTHOCHTENILHOE H3MeHeHHe JVIHHH c*repxmx no 3aKOHy T'yka

-
7= Pu = E Pus
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Ie py — HOpMadbHOe Hampsikenue, T. e. py=F/S, rae F — pacraru-
palomas (CKUMaOIasn), cuna, S — NIOIMaAL TOHEPEUHOro CceueHHs: Be-
auumsa E [[Ta]=1/o naswimaerct Mopysiem IOura.

OfTHOCHTeNIBHOE H3MEHEHHe AMAMETDa CTePMHN npn Hpo,l[OJIbHOM pac-

TAKEHHH (cx(a'mu)

Ad
== 5!751» ,

Beanynna G—-ﬁ.—_%fli- HaswBaercsl Kosdduunentom ITyaccona.

Jnst 3aKpYuHBAHHSL CTepXKHsI (IPOBOJIOKH) HAa HEKOTOpHi yron @.
HeOOXOfHMO anJ!O}KHTb MOMEHT TNapbl CHJI (33KDPYUHBAIOMIHI MOMEHT)

. niNrt
M ~21 (‘p’

tae [-— QsHHA TIPOBOJIOKH, r — ee pagHyc, N [Ha]—monynb cfBHra
MaTepHana TPOBOJIOKH.

8.1. VsmeneHue 3HTPONMM NPH IMJIaBJEHUHM KOJHUECTBA
v=1 xMoap apaa AS=22,2 k/Ix/K. Ha ckonbk0o H3MEHAETCS
TeMmepaTypa NJaBJeHHS Jbla [PH YBEJHYEHHH BHEILUHEro
pasaennud ua Ap=100 xIla?

8.2, Ilpu naBnenun p;=100 xlla Temneparypa N/aB/eHHs
onoBa £;=231,9°C, a npu nasienun p,=10 Mlla oHa paBua
£,=232,2°C. TlnortaocTe XugKoro osoBa p==7,0-10% xr/m®.
Haiitn namenenue SHTPOHHH AS mpH MJaBJEHHH KOJHUECTBA
v=1] KMOJB 0JIOBA.

8.3. Temneparypa NniaB/ieHHs XKeqe3a HameHsaercd Ha AT =
=(0,012 K npn musmeHenuun naeienus Ha Ap==98 klla. Ha
CKOJIbKO MeHSIeTCSl NPH MJIaBJICHHH OOBbeM KOMHYECTBA V==
=] kMo/lp XeJse3a? :

8.4. ITonbaysice 3akonom [Hiosionra u [Itu, maliTn yxess-
HYIO TelJIOEMKOCThb. C: a) MeJHu; O0) XKeJe3a; B) aTIOMUHHUA,

8.5. Honbayﬁ% saxogom Hiosonra u [Ty, HaliTi, #3 Kakoro
MaTepHana cle/laH MeTalInuecK uii apuk macco# m=>0,025 xr,
€CJIH H3BECTHO, 4TO T ero HarpeBanus ot ¢;=10 °C go 12—30 °C
noTpe6OBaJNOCh 3aTpPaTHTh KOJIMUECTBO TemyoTel Q=117 [Ix.

8.6. Ilonbsysice 3akomom [Hionowra wu Iltu, Halite, Bo
CKOMBKO pa3 yHAe/NbHAsd TEMJIOeMKOCTh. AMOMHUHUS GoJiblle
yAeAbHON TENJOeMKOCTH ILJIATHHEL.

8.7. CBuHUOBas myJs, JeTswas co ckopocTbio v=400 m/c,
yRapsiercs 0 CTeHKY U BXOAHT B Hee. Cuutad, uto 10% kuuetn-
YeCKOll 3HEPTMM NYJM HJAeT Ha ee HarpeBaHMe, HalTH, Ha
CKOJBKO Harpenach NyAfd. YIeAbHYIO TelJIOeMKOCTb CBHHIA
HailiTu mo 3akoHy [MHrosowra u Iltu. - .
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8.8, Ilnactuuxkn u3 Melnu (romnuHoh d;=9 MM) H JKenesa
_(TonuuHoH d;=3 MM) ciomeHb Bmecre. Brewmnsn nopepx-
'HOCTb MeAHOH NNIAaCTUHKH IIORACPIKHBAECTCS IIPH TeMIeparype
1,=50°C, BHeluHsisi MOBEPXHOCTb KeNe3HOH — MNpH Temnepa-
type t,=0°C. HaliTn TemMnepaTypy ¢ HOBEPXHOCTH HX CONpH-
KocHOBeHMdA. Ilnonanb niacTHHOK BeqHKa A0 CPaBHEHHIO C
TOJIHHOH.

8.9. HapykHas NOBEpXHOCTb QTEHBl HMEET Temneparypy
t,=—20°C, BuyTtpenusia — temneparypy £,=20°C. Tomuuna
crensl d=40 cM. Halitn TennonpoBoaxocTs A MaTepuasia CTeHsl,
ecJIM 4epe3 eXMHHUILYy ee NOBEPXHOCTH 3a BpeMs T==14 NPOXOXHT
gonauyecTBo Temyaotel Q=460,5 xllx/m2.

8.10. Kakoe Ko/M4eCTBO TemaoTl ) TepsieT 3a BpeMd T=
=] MHH KOMHaTa C mJowajgbio nota S=20 M2 H BHCOTOH
h=3 M uepe3 yeThlpe KUPMHYHEIE cTeHbI? TemmepaTtypa B KOM-
nare ;=15 °C, TeMaeparypa uapyxnoro Bosnyxa f,=—20 °C.
Tensonposoauocts kupnuua A=0,84 Br/(M- K). Tomuuua cren
d==50 cM. [loTepsaMu Ten/a yepe3 noJ W NOTOJNOK HpeHeOpeub.

8.11. Onun KOHel XKEJIEe3HOTO CTepKHs MNOAJEPIKHBAETCS
nopu temneparype 4, =100 °C, npyroit ynupaercs B Jen. Hawna
crepxkHs [=14 cM, NJOWAaAb NONEPEYHOro ceueHHd S=2 cM2.
HaiiTu KkomnuecTBO TemJIOTH @, MpOTeKkaioyiee B eQHHHLY
BpeMeHH BAOJb CTepxkHs. Kakas Macca m Jbja pacTaer 3a
Bpems 1=40 mun? [lorepaMH Tensa yepe3 CTeHKH npeHebpedn.

8.12. Tlnomaxp NONEPEUHOrO CEUEHHS MEJHOTO CTEPIKHA
§=10 cm?, pnuna crepxkHa [=50 cM. PassocTs Temneparyp
Ha xoHnax crepxis AT=15 K. Kaxoe KO/JHYeCTBO TEMIOTHI
(. TPOXORUT B eIVHUILY BpeMeHH uepe3 crepxeHb? IloTepamu
TelJa npeHebpeyb.

8.13. Ha nuiure CTONT a/moMHHMEBas KacTPIoas AHAMETPOM
D=15 cm, nanonsenHass BOZOH. Bona xunut, u mnpu 3ToMm 3a
BpeMsa T=1 MuH obpasyercs Macca m=300 r BOARHOIO napa.
Hafitu Temneparypy ¢ BHelIHeH NOBEepXHOCTH JAHA KacTpIOJiH,
ecay TommuuHa -ero d=2 MM. [loTepsamm Tenna mpeHeGpeub.

8.14. Meranmuyeckil UHIHHADUYECKHI COCYH pajuycoMm
R=9 cM uanosuen JpioM npu Temneparype t,=0°C. Cocyx
TeINIOU30JHpoBal caoemM NpobKu TomuuHoH d=1 cm. Yepes
Kakoe BpeMms T Bechb Jel, HaXOASWMilCA B COCYHLe, pacraer,
ecJIH TeMrepaTypa HapyXXHOFO BosayXa f,=25 °C? Cuurars, 4T0
o0MeH TenJa - POHCXONHUT TONbKC Yepe3 GOKOBYIO HOBEPXHOCTD
cocyla cpelnuM -pamuycoM Re¢=9,5 cm.

8.15. Kakyio cuny F Haj0 NPMJICKHTD K KOHILAM CTAJILHOFO
CTEPIKHs C MJIOWALbIO ONePedHoro ceuenns S=10 em?, 4T06LI
He NaTh eMmy ‘paclIHpHTLCSl OPH Harpeaannn oT to—-O °C no
t=30°C?
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8.16. K CTaJIbHOH IPOBOJIOKE PaiUyCcoM ‘r=1 MM NOJABelleH
Tpys. Tlox AeficTsrem sTOrO rpysa npoBoJIOKa HOJyYHsa TaKoe
Xe YNJIHHEHHe, KaK npH HarpeBaHHU Ha A= 20°C Haiitn
maccy m rpyasa.

8.17. Menuast nNpoBOJIOKa HATsIHYTa ropsmeu npU. Temie-
parype #;=150°C Mex1y ABYMS NPOYHBIMH HEMOIBHKHBIMH
crenkamu. IIpu xakoli Temneparype f,, ocThiBasi, pasopsercs
npoBosioka? Cyurath, 4T0 3aKOH ['yKa cnpaBeiius BIJIOTb IO
paspbiBa MPOBOJIOKH.

8.18. [Tpu narpeBaHuM HeKoTOpPOoro Meramia or fy=0°C no
£=500 °C ero mjioTHOCTh yMeHblUaerca B [,027 pa3a. Hatitu pis
3TOro Merasla KoshQuUHEHT JMHEAHOrO pacluNpeHus a, CUH-
Tasg €ro NOCTOSHHBIM B JaHHOM HHTEpBaJie TeMmeparyp.

8.19. Kaxymio ATHHY lo MOMKHBI UMeTb TPH TEMIIRPaType
ty=0°C crampuoii M MeJHBIA CTepXHH, 4TOOBl npH, JOOH
TeMAEpATypPe CTaJbHOH CTepXeHb Obll JJIHHHEe MEJHOro Ha
Al=5 cm?

8.20. Ha narpeBaHHe MeJHO# OOJIBAHKH Maccoit m=1 kr,
Haxogsuieiics npu Temneparype f,=0 °C, 3aTpaueHo KOJUYeCTBO
renviotel @=138,2 x/[xk. Bo CKO/IBKO pa3 npH 3TOM yBEJIHYHJICS
ee 06beM? YIenbHYI0 TENJOEMKOCTb MEAH HAfTH NO 3aKOHY
,llxonom-a u Ilru.

8.21. Ilpu PAacTAKEHHH MEJIHOH nposo.noxn, nonepeyHoe
ceuerne Koropoi S=1,5 MM?, Haua/l0 ocTaTOUHOH JedopMalyH
Ha0MoNa/I0Ch MPH HArpyake F =44,1 H. KaxoB npegen ynpy-
FOCTH p MaTepuasa IPOBOJIOKH?

. 8.22, Kakum JomkeH ObITb HpefiesbHbill auametp d crasb-
HOro TpoCa, uToObl OH Bblfiepxkani Harpysky F=9,8 xH?

8.23. Hafitu njuny / MegHo# HPOBOJIOKH, KOTopast, GyAyyH
HOJBelleHa BepPTHKalbHO, HAaYHHaer pBaTbcx Hoj AeficTBHEM
COOCTBEHHOH CHJIBI TAMKECTH.

8.24. Pewuth npeppIyillyio 3afauy lIJ[ﬂ CBHHUOBOH MPOBO-
JIOKH.

8.25. JInst uamMepeHnHus ryyOUHBI MOPS € NaPoOXoJa CyCTHIH
FHDIO Ha CTadbHOM Tpoce. Kakyio HauGoabwylo rayGHHy /[
MOXHQ HM3MEPUTh TakuM crocoGoM? [110THOCTL MOpPCKO# BOBI
p=1-10% kr/m®. Maccoil rupH 10 CDaBHEHMIO C MacCoi Tpoca
npeHe6peyb.

8.26. C KpBlUK JOMa CBEIUHBAeTCA CTaJjbHas MPOBOJIOKA
pauHoli [=40 M u nuametrpom d=2 M. Kakyio narpysky F
MOXeET BblAepXkarh 3Ta MpoBoJioka? Ha ckonbko yamuuHTCA
3Ta NPOBOJIOKA, eC/AU HA HeH NOBHCHET YeJOBeK Maccoit m=
=70 kr? Dbyaer Ju. uabmonarbca ocratouHas Iedopmauud,
KOrRa YeJOBEK OTIYCTHT npoaonoxy’ HpeJerl ynpyrocm
cTadH p==294 MIT]a, .
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8.27. K cra.m;uon NPOBOJIOKe palmycom r=1 MM NOABellIeH
- Tpys Maccoft m=100 xr. Ha xaxoit HauGosbluui yron o MOK-
HO OTKJOHHTb MPOBOJIOKY C TIPy30M, uToGn OHA He pa3ep-
Bajach NpH npoxoxmennn 3THM TPY30M MOJIOKEHHS PABHO-
BECHAP

8.28. K xkenesnoh TPOBOJIOKE JuipHOH [=50 cM 1 RHaMeTpOM
d=1 mm npuBsidana rups- maccoii m=1 kr. C xkako# yacToToli
7 MOXKHO DaBHOMEpPHO BpaliaTh B BePTHKAIBHOH MJIOCKOCTH
TaKyl0 TPOBOJIOKY € IPy30M, 4TOOBI OHa HE pa3opBajach?

8.29. OxnoponHelil MeJHBIH CTepXKeHb RINHOH /=1 M paBHO-
MepHO Bpalaercsi BOKpyr Bepmxanbﬂoﬁ ocH, nNpoxXoisuen
gepes OXMH M3 ero KoHiuos. IIpn kakodl uactore Bpamennus n
CTepXeHb pasopserca?

8.30. Onuopoxuplit  cTepKeHb PAaBHOMEPHO Bpaliaercs
BOKPYT BepTHKAJIbHOH OCH, NPOXOAsIell yepes3 ero Cepeiuuy.
Crepxenb pa3phlBaeTCs, KOTJa CKOPOCTb KOHIA CTEPXKHS XO-
criraer v=380 m/c. HaiiTh npexen nmpouHoCTH p MatepHala
crapxkud. [L1oTHOCTE Marepuasa cTepxkua p=7,9-10% xr/m®.
* 831, K cranonodl nposoJioke Aauuo#l [=1 M H panuycom
r=1 MM nozsecu/1u rpy3 maccoit m=100 kr. Haittn pagory A
pacTSXKEHHA [POBOJIOKH.

8.32. M3 pesnnoBoro muypa pMuuoil (=42 cM u pa,zmycom
r=3 MM cllejana poratka. Maipyuk, cTpe/sis W3 pOrarku,
pacTAHyJ pe3uHoBbifl IWHYP HA Al=20 cM. Hafity monyns IOnra
i1 3TOH pe3HHBI, €CJIH H3BECTHO, YTO KaMeHb Maccoi m=
==0,02 Kr, NyIleHHbIH H3 pOraTtkHu, NojereNl CO CKOPOCTBIO
v=20 M/c. HameHeHneMm ceueHMSs IUHYPA 0OPH PAaCTAKEHHH
npene6peun.

8.33. Mmeercsi peaunoBbIH muwtanr jaamaofl [=50 oM u
BHYTpeHHUM AHaMeTpoM d,=1 cM. lllnanr Harsnyan Tak, 4ro
ero JnmnHa ctajia Ha Al=10 cm Goneie. Hail-

TH BHYTPeHHUH JuaMerp d, HAFAHYTOro WJIaH- A ¢
ra, gcmx koapduuuent Ilyaccona anga pesunsi
0=0,5

8.34. Ha puc. 15 AB — xe/esnas nposo-
noka, CD — Mexnas NpoBOJIOKa TAKOH Ke JJH- -
HbI H C TAKHM K€ NoNepPeyHbM ceuenueM, BD —
ctepkenb. aaunolt /=80 cm. Ha ctepxenn nog-
Becunn rpys Maccoih m=2 kr. Ha kakom pac-

] S
CTOSIHMM X OT TOUKH B HAaJN0 ero monBecHTh, dﬂ'ﬂ !
yTOOBl CTEPKEHb OCTAJCH TOPH3IOHTAJBHBIM? -
8.35. Haittu moMent napei cun M, neo6xo-  Puc. 185,

JUMBIH  JUIA  SaKPYuUBAHMSA I1DOBOJIOKHM JJIH-

Hoit /=10 cM u pamuycom r=0,1mMm Ha yron @=10'.

Mopysb cppura  Marepuana mpoBosiokH N =4,9-10W Ila.
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.



8.36. 3epranblic ra/ibBAHOMETPA TOABEIIEHO HA [IPOBOJIOKE
ponoft =10 oM u puamerpom d=0,01 wmm. Haiimu sakpy=u-
Balolui MOMEHT M, COOTBETCTBYIOIIMH OTKJIOHEHHIO 3afiuika
Ha BeJqHuuMHy a=1 MM RO LIKaje, YAaAeHHOH HA PacCTOsHHE
L=1 m ot 3epkanbua. Mogynp cisura MaTepualla pOBOJIOKH
N=4-10% I]a.

8.37. HaiiTu noteHuuanbryt0 sHepruio W mnpoBOJOKY
aauuoit [=>5 cm u fuamerpom d=0,04 MM, 3aKpy4eHHOH Ha yroJa

¢=10". Moaysp caBura Marepsaja npoaonorm N=5,9x

>< 10t Ila.

8.38. Ilpu mNpoTekaHuu 3JEKTPHYECKOrO TOKA yepe3 00-
MOTKY Ta/lbBAHOMETPA Ha €ro paMKy ¢ YKpelJeHHEM Ha
HeHl 3epKaJjblieM JeACTBYeT 3aKpyuMBaloH{HH MomeHT M ==
- =2.10"% H.M. Ramka npu 3TOM NOBOPAuHBAETCS Ha MaJlbiH
yroa ¢. Ha sto sakpyuusanue uger pabora A=38,7-107*¢ JLx.
- Ha xaxoe paccTOAHKE a TMepeMeCTHTCA 3aiiuMK OT 3epKallbla
' 1o IuKaJe, yAajJeHHOH Ha paccTosnHe L=1 M OT rajbBaHO-
MeTpa>

8.39. Haiith kosdpHUUEHT I'Iyaccoaa o, npu KOTOpOM
offbeM TPOBOJIOKU MNPH PAacTsXKCHHH He MEHAeTcs.

8.40. Halitu oTHOCUTe/bHOE H3MeHeHHe NAOTHOCTH HM/IHHA-
pHUECKOrO MEJHOTO CTEPXHS MDH CXKATHH €ro JaBJjeHHeM
P»=9,8-10" Tla. Kosduuuenr Ilyaccona aas mean 0=0,34.

8.41. )Kesesnas npoBo/IoKa JAuHOH [=5 M BHCHT BepTH-
kajpHo. Ha cko/bKo u3MeHHTCSsi 06beM NPOBOJIOKH, €CIH K Hel
NpHBsA3aTh rupio Maccod m=10 xr? Kos@xbnuuem Hyaccona
aas kenesa 6=0,3.



Faasa III ,
SJNEKTPHYECTBO U MATHETH3M

EAUHULBI AJNEKTPUYECKUX U MATHHUTHBIX BEJIMUUH

J1sa nonyuenus npOM3BONHBIX €AMHHIL 3JEKTPUUECKUX H
MarguTHeiX BesnuuH B cHcTeme CH mcnosbsyiotcss ocHOBHbIE
eAMHUIbI: MeTp (M), KUJIOrpaMM (KI'), cekyHaa (c), ammep (A).
[Tpoussoanble eqnHUIBL 00pa3yIOTC Ha OCHOBAHHH 33KOHOR,
VCTAHABJAHBAIOUINX CBS3b MeXAY (GU3MUECKUMH BeJHUHHAMH.
Tak, exununa KoJHueCTBa aJeKTpuuecTBa KyJoH (Kia) ompe-
JeJisieTcsa W3 ypaBHeHHs ¢=/{ KaK KOJIH4eCTBO 3JIeKTPHUECTBa,
[pOTEKAIOLIee yepe3 MONEepeyHoe CeueHne MPOBOAHMKA 3a | ¢
opu cuae toka 1 A, 1. e..

IKn=1A:1c.

Enunuua pasHocTH moTeHumasos BossT (B) onpenenserca ua
ypaBuennust P=U[, rpe P — momHOCTb TOKa, T. €.

1B=1B1/1A.

Tloctynas Takum ke 06pasoM, MBI MOXeM HAHTH eqUHHHB!
OCTaNbHBIX MPOH3BOAHBIX Besnuun (Taba. 12).

IMpumenenne cuctemsl exunun CH cBazano ¢ pauuonass-
3anueii GopmyJ. Bo MHOrHe ypaBHeHNd, OTHOCSIIHECS K TEOPHH
AJIEKTPHUECKHX W MAarHHTHBIX #ABJEHUHl, BXOAHT UYHCJIOBOH
MHOXKUTE/Ib 47 (HanpuMep, TeopeMa ['aycca, eMKOCTb HJIOCKOTO
KOHJIeHCaTOpa, HaNmpAXKEeHHOCTh MAarHHTHOIO IOJSA BHYTPH
cojenona M T. A.). Paunonanuaauus ypaBHEHHH CTaBHUT
CBOeH LeIbIO HCKJOYEHHE 3TOT0 MHOXKUTESE U3 HanboJsee 4acTo
OpUMeHseMbIX B 3JEKTPOTeXHHKE H pajuoTexHuke (opmy;
OpH 3TOM, ORHAKO, MHOXKHTeJb 47U BOHIeT B Apyrue QopMy.s,
HCIIOJIb3YEMBIE PEXKe, THAe ero MPHCYTCTBHE MOXKET GBITh 06BSC-
HEHO TeOMETPUUYECKHMH COOOpaXKeHHsIMH. ODJeKTpHuecKue M
MaruuTHbie equnuubl cuctembl CH ycranapiuBarotcs Aas pa-
[LHOHAJIN30BaHHOH (OPMBL YPaBHEHHH 3JIEKTPOMArHUTHOTO [10J14.
B coorBetcTBHM C 3THM BCE yDABHEHHS BO BBEJEHHAX K Mapa-
rpadam raaebl 111 xambi B pansoHanu3oBaHHOH ¢opme. Kak u=
B NpeApiAYIINX IJ/1aBaX, OyldeM INpOBOAUTh pelieHMe 3ajad
TOJIBKO B egnuuuax cucreMbl CH. /151 3TOro 4nuc/ioBble JauHbie,
npHBENEHHRIE B YC/JOBHAX 8afdy, HEOGXOAMMO NEPEBOJHTh B
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Taﬁﬁ‘una 12

;

Epununa .
PasmepuoCThb
0% M
Bemnuniia onpenesenne - HAaHMEHOBaHHe Ogg::ea. FCHHWHHH

Konnuectso anmerr-| g=/7t KYJOH Ka [TI
puuectBa (3JEKT-
puuecKuit 3apai) -

Mook  snektprue- | Np=2q KYJIOH Kn [T/

CKOrO CMeIeHHsT

Jlnneinas nmaor- | t=q/! kynon na metp | Ka/m|L-1T]

HOCTb 3JIEKTpHUE-
CKOTO 32ffixa

[MosepxnocTHaS o=q/S KysoH Ha kBaj- | Ka/m? L-2T7
[JIOTHOCTD 3JIEKT- paTHbIA MeTp
PHUYECKOro 3apsija

Snexrpnueckoe cve~| D=o KYJIOH Ha kpan- | Ka/m2| L=2T1
menune paTHHIH MeTp

Q6beMHasn wior- | §=¢/V Kys0H na ky6u- | Ka/m$ L=3T1
HOCThL BJEeKTPpHYE- . yeCKHH MeTp
CKOTO 8apsja

Pasuocrtb notennua-| U=A/g BOJIBLT B | L2MT-3]-1
JIOB; SJEKTPORBU- .

Kyuiasi cuJja .

HaunpsxeaHocTsb E=Ujl BoJbT H3 Merp| B/M | LMT-3]-1
3JIEKTPHUECKOr0 "
noJas

Bnegrpnueckoe con-| R=U/I oM OM | L2MT-3]-2
POTHEJIeHHE :

Dnextpuueckasnpo-| G=1/R CHMeHC Cm [L—2M-1T3)%
BOAHMOCTb :

Yaenvunoe anektpH-{ p=RS/l | om-merp Om-M | L3MT-81—~2 ~
uecKoe CONPOTHB- -
JieHve ®

Yaeinnan snextpu-| o=1/p cumeHc Hamerp | Cu/m | L=3M-1T3]2
4eCKas VPOBOJH- . .

MOCTD

Bnexrtpuueckan em-| C=q/U dapan. @ | L-M-1T4]2
KOCTh : ,

TlaoTHOCTE TOKA i=1/S amnep Ha xBax- | A/m? | L-21

. paTHBI METp

Maruptoni notox  [|dD| =g dt | sebep B6 |L2MT-2]-1

Marnutnas nuAyK-| B=®/S | Teciia Ta |{MT-21-1
nHs &

HH Ay K THBHOCTD IL]| =<gljar | Te"P¥ T |[L2MT-2%-2

HanpsxkensocTs H=1/2nr | amnep na merp| A/M |L-1]
MATHHTHOTO TIOJA

p=1IS8 amnep-Kpaj- A-m2 2]

MarunTHBRl MOMEHT

paTHBU MeTp
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eaunnupl cucreMel CH. B ta6a. 13 npusenennl cOOTHOLIEHHA
ME&XKJY HEeKOTOpbiMH emuHHuaMH cuerem CI'C u CH. :

- Tax kak B cucreMe CI'C GOMBLIHHCTBO eUMHHI[ He HMEET
HaHUMEHOBAHUH, TO eAMHHLY KAKOH-THG0 (QU3HMuecKOR BeIHYH-
Hbl Mbl OyleM 0603HAYaThb CHMBOJIOM 3TOH CHCTeMBI C COOTBET-
CTBYIOWMM HHAeKCOM. Tak, HanpuMep, eIUHHIY CHJABI TOKA —
cumBosioM CI'C,, emununy emkoctd — CICc u 1. A.

[TpuBenennbie B Ta6s. 13 COOTHOLUCHUS JAHbl MEKIY €lH-
puuamu cuctemol CI'C aag  HepaumoHa/M30BaHHOH (POPMEI
ypaBHeHHNH H exunHuamMu cuctemel CH s paunonannzoBannon
(opMbl ypaBHEHHH 3JIeKTPOMAarHuTHOro nois. O cBa3n Mexay
HEepa[NOHA/TN30BAaHHBIMY M PallMOHA/IN30BAHHBIMH YpaBHEHHUS-
MH cM. B T1aba. I.-

BBefieM OTHOCHTENbHYIO AM3JEKTPUUECKYIO NMPOHHIIAEMOCTH
cpensi e=¢/e,, THe & — abCco/MmoTHAsA AUIEKTPHUECKAs Mpo-
HHIaeMOCTh Cpelbl, YHC/I0BOE 3HAUeHHMe KOTOPOH 3aBHCHT KAaK
OT CBOHCTB Cpelpl, TaK H OT BBIOOpA CUCTEMBI eAMHUL. Benuunna
€0 Ha3blBACTCS JIEKTPUYECKOR MOCTOAHHOH, ee 4MC/IOBOe 3Ha-
yeHHe 3aBHCHT TOJIBKO OT BbIOpA CHCTeMbl eXHHHU. Torpa BO
BCEX YPaBHEHHSX BMECTO &' Mbl MOXeM 6paTh UHC/IEHHO paB-
HYIO. el Be/INUNHY go8, TJle &, — 3JeKTPHUUeCKasl NMOCTOsHHAS H
£ — AUSJICKTPHUECKAs MPOHHLAEMOCTb CPeXbl OTHOCHUTENbHO
BaKyyMa, T.'e. OOblYHOE TaG/IMYHOE 3HAYeHHe RUONICKTPHYE-
CKOH nponuunaemMoctd. B cucteme CFC go=1 ne'=e; B cucre-
me CHU

g, = 4I cm/c).

AnanoruuHo BMecto alCO/MOTHOH MAarHWUTHOH MPOHHLAEMO-
ctH cpenpl ' Mbl GyneM GpaTh YHCACHHO PaBHYIO efl BeTHUUHY
Mo, THE WMo — MATHHTHAA HOCTOSHHAA H | — MarHUTHas
NPOHHUAEMOCTh .CPelibl OTHOCHTEABLHO BAKyyMa,.T. €. OOBIYHOE
Tab/HYHOE 3HaYeHHe MarHuTHO# HpOHHUAaeMoCcTH. B cucrteme
Crc po=1 u p'=p; B cucreme CH

u, = 4+ 10~7 Tr/m = 12,5663706144 - 10~2 T/,

L4

~—

ITpumeptr pewenus 3ada

3apmgaua l. Halith paguyc wmapuxa, Haxopsuleroc B
BO3IyXe, eCJH H3BECTHO, YTO NpPH 3apSMEHHH €ro Jo HOTeH-
ugana 4 CI'C, noaepxnocma;! IJIOTHOCTb  3apsja paBHA
0,138 CI'C,/ /cm s -



TaBanna 13

.

Besngnna

S

Exunnna B ee cBaAsk ¢ exnaanamu CH

Tox

KoaH4ecTBO 3AeKTpHUECTBA

Morox SJ1e KTPHYECKOT0
CMeINeHH s

S.TIEKTp HYeCKO€ CMeL(eHne

IToBepxHOCTHast NJOTHOCTHL
9AEKTPHYECKOrO 3apsiia

PasHocTs NOTeH N AJOB;
SAEKTPOABHKYINAH CHIA

HanpsixeunocTs afleKTpH-
4eCKOTo IIQJS

SJIEKTPH‘ICCKOG COIPOTHB-
JIeHue

YaeabHoe 3JeKTpHUECKOe
COnpOTHBIICHHS

- DnieRTpHYECKAsT €MKOCThb

[TnotHocte TOKA

MarHuTHBIE TIOTOK
MaranTHast HHAYKDHS

VInpykTHBHOCTD

Hanpsi:KenHOCTS  MarHuI-

HQro inoJs

T h—

—

—

—

—

— -

CICq=1 Mkc=

10 1

CF(:I A—-—B— . 10-% A
crcq=$ Kn—_-% . 10~% Ka
10 1
CICpr == K= —— . 10~
Np 4:rth"1 473 10-% Ka

5
crcD;—Z'-ch— Kn/m‘«’:m‘:-s . 10-8 Ka/u?

I'Cy =1 CrC,fem?== 125 Ka/m? =

1
== . -8 2
3 10-8 Ka/m
CICy=c-10-8 B=3.10 B .
CMCp=c-10~% B/u=3.10* B/m
CIC,=¢?.10-9 Om=9. 10" Om

CICy=c2-10~11 Om.M==9-10° Ou-u

. 1 '
IComgg - 10V D= . 10-11 @

cre, =10 ame—=-Lt . 10-5 ape
A 3 -

10-8 B6
CI'Cg=1 Tc=10—-* Tnx
CICy=1 cM=10-° I'n

— — ! 3
CICy=1 3= i 103 A/m

flpumMeuanne. B 5Toff Tabanie 9HCIOBOE 3SHaYeHHE CKOPOCTH

cBe€Ta B BaKyyMme Bmpameno

‘c=3- 1020 cmfc.

B CaHTHMeTpaxXx B <Cexyuay, T. €.
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Pewenue. 3apan mapa. g, ero emkocTh C ¥ NOTEHUIHAM @
CBSI3aHEl COOTHOHICHMEM

-9 '
C= rY -(1)
rie
g=a-4nre, (2
Kpome Toro, emKocTh Imapa ,
C=dneger. 3)
Hz (1) — (3) umeem
r=22, (4)

)

[MoacraBasa 4HCAOBbIE NaHHBIE £0=8,85-10"12 ®/M, =1, p=
=4 CIC,=12-10* B, 5=0,138CIC,/em? = 2% 10~ 5KJ1/M2
TIOTYY UM . ’

_ 8851071212103, 4
0,138-10-3 =4y CM.

3 axaua 2, DIeKTpUYECKOE CMelIeHHe B MJIOCKOM KOH-
nencarope pasuo 1078 Ka/m2. Hafith noBepXHOCTHYIO mJoOT-
HOCTh 3apsifloB HA NJIaCTHHAX KOHIEHCATOopa.

Pewenue. ViveeM D=cgweE, no E=0/eqse; nosTOMY

D=gg =0, (1)

&g

T. €. 3JIEKTPUYECKOEe CMellleHHe YHCACHHO PABHO MOBEPXHOCTHOM
MJIOTHOCTH 3apsf0B Ha NJacTHHaX KoHAeHcaTtopa. Y Hac D=
=103 Kua/m?; caenosarenpso, u 6=10-% Ka/m?,

Bripasum Teneps 3nauenus D U o B exunHnax cuctemel CI'C,
Tak kak

1Crc,= 71%56 KJI/M"; w1 Kn/m? = ‘:g: Crc,, 2)

TO

D= 10-5 Kajw* = 1072 3% CIC, = 37,7CIC,.  (3)

YuuteiBast, uto 1 Kn=¢/10 CI'C, u 1 Mm=10? cm, HMeeM

1 K‘H/M2 =~ 10. 104 Ccrc ]CM’ 3.10¢ Cqu/CM’f", C))

TaK 4YTO ’
o =107 Kn/m? = 10"¢.3. 105 Crc /CMz 3Cl"C Jond. (5
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Takum o6pa3oM, BeqMuMHEl D H G 4KCIEHHO PaBHE TOJILKO
B pauuonanusoBanHofi cucreMe CH. B HepanuonanusoBango
cucreMe CI'C ux uuc/lOBHIe SHaYeHHS Y¥Ke- He COBNAJAIOT.
Ilostomy npu nepesozse B cuctemy CI'C eaMHLJBI «KYJIOH Ha
KBajJIpaTHHH MeTP» HEOGXORMMO YUHTHIBATh, Y KaKOH BelHYH-
Hbl CTOHT 3TO H4HMEHOBAHWe, TaK Kak, coryacHo (2) u (4),
HMeeM ’

1 Kajwe =372 CIC, 1 Koy = 3. 108 CIC o,

3 apaua 3. Ilpu nponyckanuu Toka 4 A uepes OGMOTKY
JIINHHOM KaTyIUKH 6e3 CepAeYHHKa MarHUTHBIA [IOTOK uepes 3Ty
Katyuky 6bi1 pasen 250 Mkc. IL1omanp nonepeunoro ceyenus
KaTyllkH paBHa 5 cm® Kakoe uyuc/io BHTKOB Ha €APHHLY
JJTHHBl HMEeT 3Ta KaTylKar

Pewenine. MarHUTHEI OTOK uepe3 CONEHOMA ONpenelsercs
dopmyaoii D=p,pulnS; orciona

@
n= m. (1)
MoncraBasisi uncyopeie . ganusie ®=250 Mkc=250-10"* B6,
ne=12,57-10"% Tu/m, p=1, I=4 A, S=5 cm2=5.10"* Mm?,
NOJNyYuM

v

__ 250-10-¢ o .
"=1557.10-74.5.10- ¥ = 1000 m~2,

3anaua 4. Iltockuit XoBIeHCATOp MEPHOAWUECKH 3aps-
JKaetcsl oT GaTaper aKKyMyJsSTOPOB O PA3HOCTH NMOTEHLHANOB
80 B u paspsixaercs uepes cojeHoMn (6e3 cepaeunuka). [lepe-
KJIIOUeHHe KOHJEHCATOpa IPOMUCXOAUT ¢ wactorod 100 c¢~1,
IMnomans niaacTHH KOHAeHcatopa paBHa 100 cM2?, paccrosinue
MeXJy naacTHHamu pasHO 4,7 mM. [lpocTpanctBo Mexny
NJIACTHHAMH 3anojHeHo napapuuom (e=2,1). Conesoun niu-
Hoit 25.-cM mmeer 250 BuTKOB. HafiTn cpenniono mMarmutuyio
WHAYKNHIO B COJIEHOUJE. : :

Peinenue. Tlpy KaxuoMm paspsifie KOHAeHCaTopa 4epes co-
JIEHOMI NpOMReT KONNYeCTBO 3JjeKTpuuecTBa ¢=CU, rae C=
=g.eS/d — emKOCTb KOHeHCaTopa. Cpepusisi Cula TOKa, uny-
Iero vuepes COJEHOMA, [=qn, The n -—— YaCTOTa paspsLOB.
KOHAeHcaTopa. HanpsKeHHOCTb MarHMTHOTO NOJS BHYTPM
conenountia H=IN/l. MaruutHas uWBAYKUHS B coleHoune B=
=pouf. M3 9THX ypaBHEHHH NOJAYUHM OKOHYATEBLHO

goeSUnN .

sz-———-*—o& old‘ . - : (1)
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ToacraBnsisi uncabBHE panmbie Po=12,57-10-7 I'n/M, p=I1,
£,=8,85-10"1* ®/m, e=2,1, S=100 cm? = 10Q-10~* M3,
U=80B, n=100c¢"*, N= 250 [=25 cM=0,25 M u d=4,7X
x 1073 M, nomyuum

B — 12,57.10-7.1.8, 85 10-12.2,1.10-2.80.102. 250
0,25.4,7.10-3

=397 nTa.

§ 9. SneKTpOCTaTnKa ;

Mo sakowy Kynowa cHia 3JeKTPOCTATHYECKOTO B3aHMOJEACTBHS
MeXJy ABYMs 3apSUKEHHBIMH TelIaMH, Pa3sMeph KOTOPHX Majbi MO Cpas-
HEHHIO C PACCTOSIHHEM 7 MeXJY HHMH, onpefessercs (opMyJiof

— D9
4neeer?’

TIe ¢; B gy — 3NEKTPHYECKHe 3apslbl TeN, & — OTHOCHTeJIbHas JAUSJIEKTPH-
Yeckasi TNpPOHMIAEMOCTh cpeasl, £,==8,85418782.10~1% ®/m — saexrpu-
yecKkas NOCTOAHHAA.

HanpsikeHHOCTs 3J€KTPHYECKOTO ToJsl onpegeasieTcs (GopMyJof

F
E=—, 3
q
rae F — cuna, nefictyionias Ha sapsaj g. HanpskesHocTh Noasi TOYeu-
Horo 3apsja
=1

4ngger?’

HanpsXeHHOCTh 3JeKTPHYECKOTO TOJA HECKONbKHX 3apAfioB (HanpHmep,
TioJle AIHNOJISA) HAXORHTCS NO NPaBWJY BEKTOPHOFO CJOMKEHHS.
Flo Tteopeme I'aycca NOTOK HanpsXeHHOCTH CKBO3b JI00YI0 SaMKHYTYIO

NoBepXHOCTh
1 .
ET 8_03' 2 qis

rue Eq‘i—— anre6panyecKasl CyMMa 3apfijioB, HAXONSIHXCS BHYTPH 3Toll
nosepxHocTH. CooTBeTCTBEHHO TIOTOK SJEKTPHUECKOTO CMelleHHs CKBO3b
Jo6y10 3aMEHYTYI0 NOBepXHOCTh

Np=Xq1
Ilpu nomomu TeopeMu 'aycca MOXHO HaRTH HalpsUKEHHOCTb SJIEKT-
PHYECKOro mNoJsi, 06pa3OBaHHOTO pPasiHYHBIMH 3apsKEHHHIMH TeJaMH.
HanpspkeHHOCTh  10JSI, OGPASOBAHHOTO 3apsKEHHOH GeCKOHeuHO
JJIHHHON HHTHIO,
. T

E = 2neqea’

rlle T — nuHefiHas UJOTHOCTh SAPAfa HA HWTH, 8 — pacCTOSHHE OT HWTH.
Ecnu HHTb HMeET KOHEUHYI0 JJMHY, TO HanpSIKEeWHOCTh NOAA B TOUKe,
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HaxoagAuieick Ha nepneﬂnuxympe, Boccrmmeﬂﬂw us cepemmu HHTH ‘Ha
PacCTOARUM @ OT Hee, .
_Tsin@ (]
- - 2ueoea

Tre § — yros MexKy HanpaslieHHeM HOPMaJM K HUTH ¥ DafluyC-BeRTOPOM,
MpoBe/ieHHLIM H3 ‘DAccCMaTpPHBaeMOH TOYKW K KOHIY HHTH.
HanpsokessocTs  mnojasi, 0Gpa3oBaHHOrO 3apsKeHHOR GecKOHeyHO

HpOTH}KeHHOi':I IIOCKOCTBIO,
*

(¢4

E =2eos ’

THe ¢ — MOoBepXHOCTHas IVIOTHOCTb 3apsija Ha IWIOCKOCTH. Ecyn mio-
CKOCTb TIpencTaBasieT coGofi IHCK pamHycoM R, TO HampsiKeHHOCTb NOJIs
B TOUKe, HAXONALIGHCS HA MePIEHAHKYJAPE, BOCCTABIEHHOM H3 UEHTPa
INCKa Ha DAcCTOSHHH @ OT HEro,

-9 a i
~z (' ~y7Ta)

HanpsokeHHOCTb NOJISA, 06GPAa30BAHHONO PAa3HOMMEHHO 3apsTKEHHBIMH
napaneNbHbIMH GECKOHEUHBLIMH TIIOCKOCTAMH (MOJSE TJIOCKOTO KOHIEHCa-
TOpa),

o

E=—.,
€€

HanpmerHocn, noJjif, OﬁpaSOBaHHOl‘O 3aPSAKEHHLIM IIapOM,

~ 4nigger?’

e g — 3apsn mapa panuycom R H r — paccrTosiide oT uem*pa mapa,
npruem r>R.
S.HEKTPH‘IECKoe cn_aemeﬂne D OlpeneigaeTCs COOTHOUIEHHEM

D =gyeE=o0.
PaszHocTs NoTeHnHaloB MEXAY ABYMsi TOUKAM$ 3JIEKTPHYECKOro NoJjas
onpefiessiercst paGoTodt, KOTOPYIO HANO COBEPHIUTH, YTOOLI €NHHHIY NOJO-
XKUTEJIBHOrG 3apsija NePeHeCTH W3 ORHOfl TOYKM B JpYTyio:

U=@i—@2==—

lloTeHusasa mnoist TOYEYHOrO 3apsajia-

q.

= 4neger’

e r — pacc’roxmae OT 3apsaja.
HaHpH)KeHHOCTL SJleKTpH'-IeCKOI'O noJIg- H NoTeHIHaJd CBsi3aHbl COOT-
HOLIEHHEM

14



B ¢tayuae 0RHOPOAHOIO NOVIA [MIOCKOTO KBHJCKCATOPA HaNPAMEHHOCTD
‘ U .
E =
d 1
rie U — pasfocTh NOTeHI(BaJiOB MeXJy IJIaCTHHAMH KOHJeHcaTopa, d —
PacCTOsIHHE MeXAY HHMH.
TMotenunan YEAHHEHHOTO TPOBOAHHKA H €IO 3aPsi1 CBA3AHH COOTHO-
‘ekneM
q= Cq}:
rae C — eMKoCTb YeIHHEHHOTO MpPOBOAHHKA.
EMKOCTb IWIOCKOTO KOHJEHcaTopa

§eS
= d ?
rae S — naowasb Kaxaoi MJIacTHHH KOHAEHCaTopa.
EMKOCTb cepuyeckoro KoHpeHcaTopa
' 4HBQETR
R—r '
rae r # R — pajuycn BryTpenneii u pHewHell chep. B uacTHom cayuae,
Korza R=co,

C =

C=4neser
— eMKOCTb yefHHeHHOr® miapa.
EMKOCTh DMAHHAPUYECKOTO KOMAEHCATOpa
: 23'[808[.
In(R/r)’

rge L — BbicOTa KOaKCHAJBbHHX IHJIHMHAPOB, 7 ¥ R — DajHychi BHyTpeH-
HEro H BHEUIHETO UKJIHHAPOB. .
EMKOCTE CHCTEMb KOHIEHCATOPOB: i
IpH NapajieJlbHOM COeXHHEHWH KOHJEBCaTopoB

C=Cy+Co-Co+..
NpY NOCJIeJJOBATEIbHOM COeNHHEHUH

1
[ RE A

C =

DHeprusi yeIHHEHHOIO 3apsKEHMHOTO NPOBOJHHKA MOXeT OLITL Hali-
AeHa no oauoil M3 caenyomux gopmya:

qU cu? , g2

=7 V=73 V=9

2C*
B cayuae naockero KORJEHCATOPa SHEpTHS

£,8SU2 sgaEZSd 028d

W= 2d 2 T 2e?
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e S — NIOWAKb KAKNOR N/ACTHHB KOHAEHCATOPA, O — NOBEPXHOCTHAS
INOTHOCTh 3apARA Ha MNAacTkHax, U — pasHOCTE NOTEHHMA/NOB MEXKY
RAacTRHaMH, d — PACCTOHHUE MeXAYy HHMH, Beruuxna

Ber’ ___E_l_)

Vo=—"3—=57

Ha3LBaeTcs O0bLEMHON TJIOTHOCTBIO JHEPTHH 3JIEKTPHUYECKOro MOJs.
Cuiaa HpHTﬂ}KeHHH MEXAY IVIaCTHHaAM¥ INTOCKOI'0 KOHJAEHCaTopa

F. _ &BE?S NI S_soeSUZ___gz_S_
2 242 2858

9.1. Hafite cuny F nputsikenuss MEKAY SAPOM aTtoMa BOJO-
pona u sjaekTponoM. Paxuyc aroma Bogopoza r=0,5:10"1 u;
3apaj SApa paBeH MO MOAYJIO M NMPOTHBONOJOXKEH MO 3HAKY
3apsgy SNeKTPOHa.

9.2, /lBa TOYeuHBIX 3apfja, HAXORICh B Bosayxe (e-—l) Ha
paccrosuun r,=20 cM ZPYr OT Apyra, B3aHMOXEHCTBYIOT C
HekoTOpOo# cuiioft. Ha KakoM paccTOSsiHHN r3 HYXKHO TIOMECTHTE
9TH 3apsAbl B MacJe, YToOs NOJNYUYHTb TY XKe CHIY B3auMOzeii-
CTBHS?

9.3. IlocTpouth rpaduk 3aBHCHMOCTH CH/H F B3aumopei-
CTBHS MEXAY ABYMS TOYEUHbIMH 3aDS(BMH OT PACCTOSIHHS r
Mexny HuMH B uHTepBaie 2<r< 10 cM uepes KaXapie 2 cm.
3apans ;=20 uKa u qz——30 HK.n

9.4. Bo ckOABKO pa3 CHJia IPaBUTANMOHHOIO MPUTSKEHHS
MeXJy ABYMA NPOTOHAMH MEHbIE CHJB HX 3JIeKTPOCTaTHYE-
CKOTO OTTaJAXKWBaHUN? 3apsii NPOTOHA paBeH MO MOAZYIIO H
NPOTHBONOJOKEH 10 3HAKY 3apsly 3JeKTPOHA.

9.5. Hafitu cuny F 3JeKTpOCTaTHYeCKOI'0 OTTAa/NKHBAHHSA
MEXIV SIpOM aToMa HaTpud M GOMOapAUPYIOLHM ero mpoTo-
HOM, CYUMTasi, UTO NPOTOH NMOROLIeT K fIAPY &TOMA HATPHA Ha
pacctosnue r=>6-10"1 M. 3apsazn axpa Hatpus B 11 pas Goaslue
sapsifa nporoHa. Buausuuem 3/€KTPOHHOH OGOJIOUKH aToMa
HaTpus npenebpeub.

9.6. [IBa MeTa/IHueCKHX OJMHAKOBO 3apsSiKEHHBIX LIApHKa

Maccoft m=-0,2 Kr Kaxuni HaXOJATCS HA HEKOTOPOM paccTos-
uuu Apyr ot Apyra. Hailtn sapsn g 1apukoB, eciiu H3BECTHO,
9TO Ha 3TOM paccTosinku sHeprus W, uX 3JeKTpocTarHye-
CKOr'0 B3aWMOIEHCTBMS B MHJMOH pa3 Gosblle 3HEepPruu
W,, HX rpaBHTauMOHHOrO B3aHMOLEHCTBHS. .
9.7, Bo e¢komnbko pa3 aHeprusi W,, SJeKTPOCTaTHYECKOTO
B3aHMOJReHCTBHSA ABYX 4acTHIL C 3aPAJOM g ¥ Maccoi m Kamaas
Gonbie sHepruu W, MX rpaBHTauHOHHOrO B3aUMOJCHCTBHS?
3agauy pemsTb mm. a) smemponos,j) npomnoa.;
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9.8. Doc*rpomb rpaqu 3aBHCUMOCTH aﬂepmn W,, 3JeKT-
POCTAaTHUECKOr0 B3aHMONEHCTBHSI ZBYX TOYEYHHIX 3apSNOB OT
paccTostHHS r MeXXy HMMH B HHTEepBasle 2<r<C10 cMuepes Kax- .
Ibie 2 cM. 3apsamnl ;=1 HKN 1 ¢,=3 HKJX e=1. I'padrx no-
CTPOHTb JJIfi: a) ONHOMMEHHEIX 34psnoB; 0) pasHOHMeHHHIX
3apsiioB.

9.9. HailTH Hanpsi:KeHHQCTH E 2/71eKTpHYeCKOro noJis B Toy-
Ke, Jexalle# nocepeidHe MEXJY TOUEUHBIMH 3apsilaMH ¢y=
=8 HKn ¥ ¢,=—6 uKa. Paccrosiaue Mexay sapsjaMH 1=
=10 cMm; e=l.

9.10. B uneHTp KBaapaTa, B KaXIOH BepliliHe KOTOPOrQ
HaxXomuTcs 3apff ¢=2,33 HKJ, NoMelleH OTPHIATENbHBIH 3a-
pAn go. Hafitu sT0T 3apsj, ec1m Ha KaXkapiii 3apsiy g JeficTBYeT
pesyabrupylomas cuna F=0, |

9.11. B BepmHHaX NpPaBHJIBHOrO IIECTHYTOJbHHKA Paclo-
JIOJKEHbl TPH TOJIOXKHTEJIbHBIX W TPH OTPHUATENbHBIX 3apsja.
Haiitu HanpsikeHHocTb E 3JIeKTPHUECKOTO NOJA B LeHTpe Liec-
THYTrOABHHKA IMpH pa3/HyHBIX KOMGHHauHsX B pacrnosomxe-
HUHM 3THX 3apsnoB. Kaxnwifi 3apsia g=1,5 uKa; cropona mec-
THYTONBHHKA Q=3 CM.

9.12. PewnTh npeiuAyLlyI0 3ajauy MpH YCJIOBHH, UTO BCe
1lecThb 3apPsiloB, PAaCIIOJOKEeHHEIX B Bepmnﬂax 1eCTHYTONbHHKA,
N0J10XKHTEJBHBI.

9.13. JIBa TOYeYHBLIX 3apsija ¢;=7,5 HKJx Hg,=—14,7 HKa
PAacrioJioxKeHBl Ha pacCTOAHUH r=>5 cM. HalTH HanpsiKeHHOCTh
E snexTpuueckoro no/s B TOuKe, HaXOAsueHCa HA pacCTOSIHH-
IX @=3 CM OT MOJIOXKHTEBHOrO 3apsina ¥ b=4 cM or oTpHua-
TeJILHOTO 3apsija.

9.14. JIBa mapuka OAWHAKOBHX pajauyca M MacChl MojBe-
IIEHE Ha HHTSX OIMHAKOBOH JVIMHEI TaK, YTO HX MOBEPXHOCTH
conpukacatorca. Ilocie coofimennd mapyukaMm 3apsjia go=
=0,4-MKKJ1 OHH OTTOJIKHYJIMCE APYT OT APYTa ¥ pasollJNCh Ha
yroa 2a=60°. Haliru Maccy m Kaxkjoro mapuka, eClH pac-
CTOSIHHE OT HEHTpa IIapuKka a0 TOuYkH noaeeca [=20 cM.

9.15. JIBa mapuka OAMHAKOBHIX pajiyca H MacChl NoJBe-
IIeHbl HA HUTAX OAWHAKOBOH IJIMHBI TaK, 4TO HX IOBEPXHOCTH
conpukacatorca. Kakoii 3apsifl g HYMKHO cOOOIINUTDL LIApHKaM,
4TO0Bl CHJIA HATSIMEHHST HUTeH craja. paBHolt T7=98 MH? Pac-
CTOsIHHE OT LEHTpa IapHKa 10 TOUKH noxpseca /=10 cM; Macca
KaXxJIoro mapuka m=5T. )

9.16. HaiiT IVIOTHOCTE p MaTepHaa IapUKoB 3anauu 9.14,
eC/IH H3BECTHO, YTO NpH TIOrpYy KeHHH STHX [IaPHKOB B KEPOCHH
yroJl pacxoXJeHHs HHTeH cTan paBHbM 20, =54°, .

9.17. JlBa 3apH)KeHHbIX apiKa o,tmnaxosmx papuyca M
MaccH nonsemeﬂm Ha HUTAX OJWHAKOBOH JVIMHHI ‘M ONYyIIEHE!
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B JKALKHI JU3NIEKTPHK, INVIOTHOCTh KOTOPOFO paBHa p H 1H-
BeKTpHYeCKasn MpoHHLHaeMoCTh paBHa €. Kaxosa o
6LETh IVIOTHOETD Py MaTepHasa MIaPHKOB, YTOGBE YIVIbE pacXxos-
' leHdsl HWTell B BO3JyXe M B IHSJEKTPHKE ObiiH o,zmﬂaxm
BBIMH?

9.18. Ha puc. 16 AA —3apmerHaﬁ fecKOHeUHa IJIO-.
CKOCTh € NMOBEPXHOCTHOH IJIOTHOCTHIO 3apsana o= 40 mxKn/m?

¥ B — OIHOHMEHHO 3apsiKeHHBLI UIAPHK C Mac-

4 coii m=1r u 3apanoM g=1 KA. Kakoli yroa
a ¢ miaockocteio AA ofpasyer HHTh, Ha KOTO-
POH BHCHT 1IApHUK?
A 9.19. Ha puc. 16 AA — 3apsikennas Gecko-
HeuHasl TUIOCKOCTh H B — OJHOMMEHHO 3apsKeH-
HBifl mwapuk ¢ Maccon m=0,4 MT H 3apsiioM ¢==
=667 nKa. Cusia nars:xeHdss HUTH, Ha KOTOPOH

g Bucur mapig, 7=0,49 mH. Ha#itn nosepxHoeT-
HYIO IJIOTHOCTb 3apsila 0 Ha IJIocKocTH AA.

3 9.20. Ha#itn cuny F, JeficTBylomyto Ha 3apsif
N4 q=2 CI'C,, ecaut 3apsin noMelen: a) Ha paccrosi-

Prc. 16, HHH r= 2'cm or 3apAKEHHOH HUTH C JIHHeHHOM
miaoTHocTelo  3apsifa 1=0,2 MxKa/m; 6) B
noJie  3apsiXeHHOH [JIOCKOCTH ¢ noaepxnocmoﬁ nJaoT-
HOCThIO 3apsfa 0=20 MkKJ/M?, B) Ha paccTOAHHH r=2 cM
OT NOBEPXHOCTH 3apsiKEHHOro Iapa ¢ paguycoM R=2cm
H MOBEPXHOCTHOH MJOTHOCTBIO 3apsja o=20 MrKa/m?. Hu-
3MeKTPpHUecKad NPOHHIAEMOCTh Cpelnl &£=6.

9.21. TlocrpouTs Ha ofHOM rpaduKke KpHBHIE 3aBHCHMOCTH
HanpsiXKeHHOCTH E  3/IeKTPHYECKOr0 MO/ OT pacCTOsSHHA r
B uHTepBate 1<r<(b cmM uepe3 Kaxnwbi 1 cM, eciu mone 06-
pasoBaHO: a) TOoueyHbIM 3apsinoM g=33,3 HKa; 6) Geckoueuto-
JIJIMHHOH 3apsiKeHHOH HHTBIO C JHHeHHOH IJIOTHOCTBIO. 3apsi-
1a t=1,67 mgKn/M, B) GeCKOHEUHO NPOTHAMKEHHOH MJIOCKOCTHIO
C NOBEPXHOCTHOH MJIOTHOCThIO 3apsfa 0=25 MrxKn/m?, -

9.22. HaiéitH HanpsixkenHocts E 3snekTpHYecKoro mojst Ha
paccrosin¥H r=0,2 HM OT OJHOBaJIEHTHOI'O HOHA. 3ap;111 HOHa
CUUTATh TOUEUHBIM.

9.23. C raxoit cusoit F, 3neKTpHUYecKoe TOJe 3apsiKeHHOH
GeCKOHEUHOH IJIOCKOCTH JedCTBYET Ha eJMHHUY JUIMHH 3aps-
KeHHOH GeCKOHeuHO [JIHHHOH HUTH, IOMeLIEHHOH B 3TO HOJe?
JluHefHas MIOTHOCTh 3apsifia Ha HUTH T=3 MKKJ//M H nosepx-
HOCTHasl IJIOTHOCTh 3apsfa Ha TIIockocTH o=20 MkKn/m>.

9.24. C kaxko# cu/10H F; Ha eHHHNY IJHMHHE OTTaJIKHBAIOT-
cs JiBe ONHOHWMEHHO 3apsikeHHble OeCKOHEUHO IJIMHHBIe HHTH
¢ .OIIMHAaKOROH JIHHeHHOH INJIOTHOCTRIO 3apsiia T=23 MKKJ/M,
HAXONSIHECS HA PACCTORHUHU r1=2 cM APYT OT npyra? Kakywo
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‘pabory -A; Ha €IAMMIY JARHEL Halo COBepLINTb, HTOGHI cmm-
'HYTb 9TH #HHTH JO PACCTOAHHA ro,=1 cM?

9.25. Jlpe JUMHHBIE ONHOMMEHHO SapsiKEHHble HHTH ‘pac-
NOJIQXKEHEl Ha PACCTOSHHE =10 cM Apyr ot apyra. Jlvueiinas
IVIOTHOCTb 3apsAfa Ha HUTAX T,=T,=10 mxKa/m. Halru
MOIYJib ¥ HalpaB/ieHHe HampsiKeHHocTH E pesysisTHpyloiero
SJIEKTPHUECKOTO TIOJISI B TOUKe, HaXoAsdmieficd Ha pacCTOAHHH
a=10 cM OT KaXJO¥ HHUTH.

9.26. C Kakoli cuiioil Fg Ha eJMHHLY n.noma,zm OTTaJIKHBa-
I0TCS [IBe QRHOMMEHHO Bapﬂmenmﬂe GeCKOHeyHO HPOTSKEHHbIE
nyockocTH? [ToBepXHOCTHAS TJIOTHOCTD 3apsiia Ha MIOCKOCTHX
0=0,3 MKa/m2,

9.27. Meausiit map paauycoM R=0,5 cM noMelen B MacJo.
InorHocTy Macaa p,==0,8-10% kr/m3. Hafitn 3apan g mapa,
ecl¥ B OJHOPOJAHOM 3JIEKTPHUYECKOM NoJle Iap OKasaJCd B3Be-
LWIEHHHIM B Macje. DIeKTPHYECKOe IoJle HalpaBlieHO BepTH-
KaJIbHO BBEpPX H ero HanpsikeHHocTb E=3,6 MB/m.

9.28. B nyiockoM ropH30HTaJbHO PacloJOXEHHOM KOHJeH-
carope 3apsieHHas KalelbKa PTYTH HAXORUTCS B PAaBHOBeCHH
Np¥ HanpsuKEHHOCTH sJjekTpuueckoro noas E=60 kB/M. 3a-
paa Kanauw ¢=2,4-107°CI'C,. Halirn paguyc R xkanum.

9.29. Tlokasarb, uTO :-mempuqecxoe nose, oGpa3oBaHHOe
3apsKEHHO HWTBHIO KOHeYHOH NJIMHBI, B NPeeSbHBIX CIyyasx
NEPEeXONHUT B 3JIEKTPHYECKOE IoJie: a) GeCKOHeYHO JJTHHHOMN 3a-
pSAJKeHHOH HMTH; 0) TOUYeyHOTO 3apdala.

9.30. Jdnuna 3apsikenHoit HuTH [=25 cM. [pu kakoMm npe-
JIeJIbHOM PAaCCTOSIHHH @ OT HHTH [0 HOPMAJu K cepeliHe HUTH
aJIeKTPUYECKOe T0Jle MOXKHO pacCMaTpHBaTh Kak moJie 6ecKo-
He4yHo AJHHHOH 3apskeHHOH HuTH? OmubKa npu TaKoM Jomy-
IeHWH He Jo/bKHA npesbiath 0=0,06. Y KkasaHue.
Honyckaemasa owmn6ka 0=(E,—E,)/E,, rie E, — HanpsxeH-
HOCTb 3/IeKTPHYeCKOTO MoJs OGecKOHeYHO ANMHHOM HuTH, F; —
HATIPSIKEHHOCTb 1OJII HUTH KOHEYHOH JJTHHBI.

9.31. B Touke A, pacnoJioxeHHOH Ha PACCTOSHUH a=>5 cM
OT OeCKOHe4yHO [IJIMHHOH 3apsiKeHHOH HMTH, HaNpsaXeHHOCTb
apekTpHueckoro noasi E=150 kB/m. Ilpu kakodl npenenbHoM
Anuge | HuTH HalileHHOe 3HaueHWe HANpPsKEHHOCTH GyJer
BEPHBIM C TOYHOCTHIO 10 2%, ecau Touka A pacnosoxkeHa Ha
HOpPMAJIH K CepeliHe HUTH? Kaxoaa Hanpsixennoctbh E anekT-
PHUECKOro TOMSAB TOUKe A , /K JiuHa HUTH [=20:cM? JIunes-
HYIO MJOTHOCTb 3apsifia Ha HUTH KOHEYHON IJVIHHEI CUHTATh
paBHO# JHelHOH NAOTHOCTH 3BPFAAE HA GECKOHEUHO NNHHHON
naTH. ‘Haien . awsefinyio naorHocTh 3apHAa T Ha HUTH,

9.82. Konbno 3 ‘npoBooky PpanmycoM R=10.cm umeer
OTpnnaTebeHﬂﬁ 3apaa -g=—>b I-FKJI Hajiru ‘HaNpAKEHHOCTH E

. 4 19



snempnqecxoro nosisi Ha ocH KO/bLA B TOUKaX, p"acnonox(eg{-
HHIX OT IIEHTPa KONbIA Ha paccTosiHuAX L, pasuux 0, 5, 8,10
u 15 cm. Tocrpouts rpaduk E=f(L). Ha kakoM PacCTOSAHHK
L ot lignTpa KoJsbua HaNpsKeHHOCTh E 3J€KTpHUecKoro 1oJs
6yaer HMeTh MaKcHMajlbHOe 3HadyeHHe?

9.33. HanpsxKeHHOCTb 3/IEKTPHUYECKOrO MOJIS Ha ocH 3aps-
JKEHHOTO KOJbLa MMeeT MakCHMalbHOEe 3HAauyeHHe Ha paccTosl-
Hud L or nentpa kosbua. Bo CKONBKO pas HanpsikeHHOCTb
3JIEKTPHYECKOTO NOJISi B TOUKe, PACNOJIOKEHHOH Ha pacCTOSHHH
0,5L or nentpa konbua, Gyzer Menblle MaKCHMaJbHOrO 3Ha-
YeHHS HaOpsXKEHHOCTH?

9.34. Tlokasarh, 4TO 3JIeKTpHUECKOE TOJE, 06pasoBaHHoe
3apsi’KeHHbIM JHCKOM, B MpeJieNbHbIX CIy4YdaAX MNepexomuT B
3JIeKTpHYeCcKOe noJie: d) GeCKOHEeUHO NMPOTAXKeHHOH IMJIOCKOCTH;
6) ToueyHOro 3apsja.

9.35. [luamerp 3apsikeHHoro aucka D=25 cm. Ilpu kakom
npesie/bHOM PAcCTOSHHU @ OT JHCKa MO HOPMAJIH K ero UeHTPy
9JIeKTPUYECcKOe T0JIe MOXKHO PaccMaTpHBATh KakK INovie GeckKo-
HEYHO TPOTSKEHHOH mJ/ockocTH? OmubKa NpH TakoM JONy-
IeHHH He JoJkHa mpesbiwiath §=0,06. Y kasaunue [o-
nyckaemasi ownbka 8=(E,—E; )/Ez, rae E, — HanpskeH-
HOCTb T1O/Is GECKOHEYHO NPOTstiKeHHOH miockoctH, E; — Ha-
NpsiKEHHOCTb NOJA  JIHCKa.

9.36. TpeGyercst HafiTh Harp 5eHHOCTD E 3JIeKTpHUYECKO-
ro noas B Touke A, paCIONOKEHHOH Ha PACCTOSHUH a=D cM
OT 3apsKEeHHOMo JAHCKa N0 HOPMasH K ero neHtpy. Ilpu kakom
npelie/IbHOM paiHyce R nHcKa noJjie B Touke A me Gyger orniu-
yathcsi Gojtee ueM Ha 2% OT Mo/l GECKOHEUHO MPOTSKEHHOM
‘niockoctH? Kakoa HampsixeHnHocts E nons B Touke A, ecau
paauyc aucka R=10a? Bo cko/bko pa3 HaiijieHHast Hanps-
KEHHOCTh B 3TOH TOUYKe MeHbllle HANPSIKEHHOCTH NoJjs Gecko-
HEUHO MPOTSKEHHOH IJIOCKOCTH? _

9.37. [Ba napajieqbHLIX PA3HOHMEHHO 3ap sKEHHBIX JHCKA
C ONHHAKOBOH MOBEPXHOCTHOH IIJIOTHOCTHIO 3apfiia Ha HHX pac-
NOJIOKEHBI Ha paccTosiHuK d=1 cM Apyr or apyra. Kaxoit mnpe-
JIeNbHbH pafuyc R MOTYT MMeTb IUCKH, YTOOBI MeXKIy LeHT-
- paMH JQHCKOB I10Jie OT/IHYaJOCh OT [OJisi IJIOCKOrO KOHJeHCaTo-
pa He Gostee uem Ha 5%? Kakylo owu6Ky 0 Msr nonycka-
eM, TPHHHMasi A 3THX TOYEK HAaNPSKEHHOCTh NOJis PaB-
. Hol HaNpsKEHHOCTH N0/~ IJOCKOrO  KOHJEHCATOPA TipH
R/d=10?

9.38. .Illapux Maccoit m=40 Mr, HMelomHil NONOKHUTE D
Hbifl 3apsd g=1 uKa, Asuxercs co ckopocteio v=10 cm/c.
_ Ha xakoe paccrosuue r Moxer NpHOAH3UTLCA MAPHK K MO0~
HHUTE/ILHOMY TOUETHOMY sapany ¢o=1,33 nK?
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'9.39. JLo KaKoro paCCTOSHUS r MOTYT CONM3UTLCA ABA JieK-

TPOHA, €CJIH OHHM IBHXKYTCS HaBCTPedy APYL APYTy € o'mocu-
TeJBHOR CKOPOCTBIO Uy=10% M/c?
© 9.40. IlpoToH (simpo aToMa BOJOPOJA) ABHXKETCA CO CKO-
poctbio v=7,7-10° M/c. Ha xakee HauMeHblee paccTOsAHHUe 7
MOXeT HpH6J’lH3HTbCﬂ NPOTOH K APY 4TOMA AMOMHHHA? 3apsn
AApa aToMa amoMuHHsi g=Ze, rae Z — TOPSAKOBHIk HOMep
atoMa B TabjHue MeH/esleeBa H € — 3ap4j, NMPOTOHA, PaBHEHIH
N0 MOAYJIO 3apsARy 3JEKTPOoHa. MacCy NpoTOHa CYMTaTh paB-
HOHM Macce aToMa Bojiopozna. IIpoToH ¥ sa1p0 aToMa alIOMHHHA
CYATATh TOYEYHBIMH 3apsinaMu. BiuduueM sjeKTpoHHOH 0Go-
JOYKY aToMa aJIOMHHHS TpeHeGpeyb.

9.41. Hpu 60MOapAMPOBKE HeMOABHIKHOIO $jpa HanHS{
a-49acTHHEH CHJla OTTAJIKMBAHHSA MEXAY HHMH JOCTHIJIA 3Ha-
venus F=140 H. Ha kakoe HauMeHblllee pacCTOsiHHe r TpH-
Gnu3nnach o-4acTHIA K A[py atoMa HaTpusa? Kakyio ckopocThb
v HMMeJa o-4acTHIA? BiHsHHeM 3JeKTPOHHOH 000/I0YKH aTOMA -
HATpHUSl npeHeGpeyb.- ‘

9.42. ]lpa wmapuka c¢ sapsagaMH ¢;=6,66 HKn1 u g¢,=
==13,33 sKa1 Haxopsrca Ha paccrodHuH ri=40 cM. Kakyio
pa60Ty A HaJO COBEpILHTb, UTOObI COMH3UTD HX A0 paccTosinus
ra=25 cm?

9.43. Iap pallHYCOM R=1cM, uMeiomuii 3apan ¢=
=40 uKJ1, noMeitien B Maco. ﬂochowrb rpaduK 3aBUCHMOCTH

U=f(L) ana Touex mo/isi, PaClONOKEHHBIX OT MOBEPXHOCTH
mwapa Ha pacctoanuaX L, pasubix 1, 2, 3, 4 u 5 cm.

9.44. Haifity noreHnuaJd @ TOUKH TNOJsA, Haxojpdiefica Ha
paccrostHus r=10 cM OT LeHTpa 3apsKEHHOro Lilapa pafnycoM
R=1cM. 3ajauy pemnTb, eciH: a) 3ajdaHa TOBEPXHOCTHad
IJIOTHOCTh 3apsifa Ha wape 6=0,1 MKKJI/MZ’ 6) 3ajaH OOTeH-

' uua.n mapa ¢,=300 B.

9.45. Kakas pa6ora A coBepmaercs 0pH mnepeHeceHUH
ToueyHoro 3apsina ¢=20 uKn n3 GeCKOHeYHOCTH B TOUKY, Ha-
XOASILIYIOCS Ha PACCTOSiHMHM r==1 CM OT NMOBePXHOCTH ILapa pa-
auycoM R==1 cM ¢ NOBepXHOCTHOH IIOTHOCTBIO 3apsilia 0=
=10 MKKa/M%?

9.46. Ilapuk ¢ Maccoft m=1 r u sapsigom ¢=10 uKa nepe-
MelnaeTcs U3 TOukH 1, moreHuHai Koropoit ¢,=600 B, B Touky
2, HoTEeHIHal KOTOpo# @a=0. HaliTi ero ckepoctsb B Touke 1,
eCJIM B TOUKE 2 OHa cTasla paBHOM vy =20 cM/c. -

9.47. HaliTi CKOPOCTH U. 3JIEKTPOHA, NMPOWeEAWero pasHoCcThb
norennuanos U, pasuyto: 1, 5, 10, 100, 1000 B. -

9.48. [lpu panHoaKTHBHOM pacflafie H3 sApa atoMa NONIOHHU S

* BbLIETaeT Q-4acTHUa CO cKopocThio v=1,6-10" m/c. Haiitn ku-
HeTHUYecKYio 3Hepruio W, o-4acTHUB H Pa3HOCTh MOTEHLHAIOB
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U nonst, B KOTOPOM MOXKHO pa3orHarb noxoamyxocﬁ oc-qacmuy
JIO TAKOH e CKOPOCTH.

'9.49. Ha paccrosnud r;=4 cM oT 6ecxoﬂeqﬂo JJMHHOH
3apsXKeHHOH HHTH HAXONUTCA TOueuHmlli 3apsa ¢=0,66 HK,
Tlon neficrBHeM noast 3apsi npuUGIMKAETCA K HUTH O Paccros-
HHA r3=2 cM; IpH 3ToM coBepiuaetcs pabora A=50 spr. Haii-
TH JHHEHHYIO IJIOTHOCTb 3apsiia T Ha HUTH.

9.50. DiexkTpuyeckoe moJe 00pa3oBaHO MOJIOKHTENHHO 3a-
psiKeHHOH OecKOHeuHO MJMHHOH HHTBIO. J[BHrasicb HoA JefcT-
BHEM 3TOrQ NOJs OT TOYKH, HaXOASIUEHCA Ha PACCTOSIHUH r{==
=] CM OT HHUTH, JIO TOUKH ry=4 CM, Q-4acTHIa U3MEeHHJIA CBOIO
CKQPOCTb OT vy =2- 10 M/c 10 v,=3-10% m/c. Haliti' JIPIHePIHy}O
IVIOTHOCTEL 3apsja T Ha HHTH.

9.51. E)nempuqecxoe noJe 06pa3OBaHo NIOJIOKHTENLHO 3a-
psKeHHOH OecKOHEYHO IJHMHHOH HHMTBIO ¢ JIMHEHHOH MJIOT-
HocTbio 3apsiga 1=0,2 MxKua/M. Kakyio ckopoctb v HmOJNy4HT
3J1IeKTPOH TOA AefCTBHeM NOssl, NpUGIM3UBIINCh K HHTH C pac-
cTosiHMA ri=1cM 10 paccrosHdsa r,=0,5 cM?

9.52. Oxos10 3apsixeHHOH OecKOHEYHO IPOTAXKEeHHOH IIo-
CKOCTH HAaXOIMTCH TOdYeuyHLIH 3apsx ¢=0,66 nKu. 3apsa ne-
peMelnaeTcsl MO JIMHHM HANPSKeHHOCTH IIOJIS Ha paccTosHHe
Ar=2 cM; npu 3ToM coBepiliaeTcsi paGora A=>50 spr. Haii-
TH TIOBepXHOCTHYIO INIOTHOCTb 3apsifia 0 Ha IJIOCKOCTH. '

9.53. PasHOCTb MNOTEHUMAJIOB MeXAY IJIaCTHHAMH IUIO-
ckoro konjencaropa U=90 B. Tliomanp KaKnofl MNacTHHLI
S=60 cm?, ee 3apaxn ¢g=1 uKa. Ha xakoM paccrosinuu d apyr
OT Jpyra HaxOAsTCs INVIaCTHHBI?

.9.54. Tlaocku# KOHIEHCATOP MOXXHO NPHMEHUTb B KauecTBe
4YyBCTBUTEJNbHbIX MHKPOBECOB. B M/IOCKOM ropH3QHTaJIbHO pac-
TNOJIOXKEHHOM -KOHJEHCATOpe, PAacCTOsIHHE MeXIy IJIacTHHAMU
KoToporo d=3,84 MM, HaXOJWTCS 3apsiXKeHHasi YacTHla ¢ 3a-
panoM g=1,44-10-* CI'C,. last Toro yto0bl yacTHIa HaXoaH-
Jlachb B PABHOBECHH, MeXLY IIACTHHAMH KOHJAEHCAaTopa HYXKHO
ObL10 MPHUJIOXKHMTL PpasHocTh mnoTeHuuanos U=40 B. Hamn
Maccy M YacTHIBL.

9.55. B mI0cKOM rOpPH30OHTAJBHO PaCOJIOKEHHOM KOHJIEH-
caTope, .paccTOsiHHe MexAy MUlacTHHaMH KoToporo d=1 cu,
HAXOJWTCS 3apsixkeHHas KallelbKa Maccoh .m=>5-10"1 p, B
OTCYTCTBHE 3JIeKTPHYeCKOTD HOJA KalesbKa BCJAeACTBHE COIpo-
THBJIEHHS1 BO3JyXa N3JaeT ¢ HEKOTOPOH IOCTOAHHOH CKO-
poerbio. Ecau K nacTHHaM KOHIEHcarQpa NpHJOXKeHa pas-
HocTh moTeHnManoB U/=600B, To kanenbKa najiaeT BABOe
MeluenHee. Halith 3apaj.q RaneabkH.

9Bb. Mexny AByMs BeDTHKaJIbHBIMH .JUIACTHHAMU Ha OJH-
HaKOBOM DAaCCTORHHHM OT HHX najaer .nbauMHKE. Beaeacreue
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" CONPOTHBJEHHA BO3AyXa NbLUIMHKA U0ajaeT ¢ NOCTOAHHOMN

‘

‘CKOPOCTBIO ¥5=2 cM/c. Uepes Kakoe BpeMs ! noeJie nojay# Ha

IJIaCTHHBI Pa3HOCTH nNoTeHuuanoB /=3 kB neuMHKa KOCTHD-
HeT ofiHOH M3 maiacTHH? Kakoe paccrosinde / o BepTHKAJIH Nbi-
JIMHKA NpPOJeTHT X0 NONMajaHHus Ha MmiaacTHHY? Paccrosinue me-
KAy IJacTHHaMH d=2 cM, Macca DBUIHHKH m=2.10~°r, ee
3apax ¢==6,5-10"17 K.

9.57. Pemintp npenpiLyiyio 3afady B OTCYTCTBHE CHJIBI CO-
TIPOTHUB/JEHHA BO3LyXa (BaKyYMHBIH KOHACHCATOP).

9.58. B myiockoM ropu3OHTAaJIbHO PacloJOXKEeHHOM KOHAEH-
caTope, PacCTOsiHHe MeXXAy IUTacTHHaMu KoToporo d=1 cu,
HaXOJWUTCsl 3apsizKeHHas KameapKa Macja. B oTcyTcTBHe 3/eKT-
pHUYeCKOro MoJsl KaMleJbka Najaer ¢ NMOCTOAHHOH CKOPOCTHIO
v;=0,11 mvM/c. Ecnu Ha nuracTHHbBI NOAATb Pa3HOCTb NOTEHIIH-
anoB U=150 B, To KamesbKa MNajaeT CO CKOPOCTbIO U,=
=(,43 MM/c. HaiiTu papuyc r KanesJbKH H ee 3apsj q. duHa-
MHYecKas Bsi3kocThb Bosfyxa n=1,82.10"3[la-¢c; naoTHOCTD
Mmacna GoJblie MJIOTHOCTH ra3a, B KOTOPOM NaiaeT KamejbKa,
Ha Ap=0,9-103 kr/m3. _

9.59. Mexny aByMS BepTHKANIBbHBIMH IUVIaCTHHAMH, HAXO-
IAMWUMACA Ha PacCTOsiHMM d=1 eM JApyr OT Apyra,- Ha HUTH
BUCHT 3apsikeHHH Oy3HHOBoIi wmapuk Maccoit m=0,1r.
[Nocne mojaud Ha nnacTHHBI Pa3HOCTH NoTeHuuanoB U=1 kB
HHTDb C UIaDHKOM OTKJIOHHJIach Ha yroa o= 10°. Haitru 3apsan g
mapHKa.

9.60. MpurbHbIH NY3pIPb ¢ 3apafoM ¢=222 nKa HaxoauTcs
B paBHOBECHH B MoJe- MJOCKOTO I'OPH3OHTAJIbHO PAcnOIoNKeH-
Horo KougeHcaropa. Ha#tu pasnoctb notenuuanoB U mexny
IUTacTMHAMH KOHJeHcatopa, ecJHM Macca nyseipas m=0,01r
H DPACCTOsIHHe MexJy IJlacTHHaMM d=5 cM.

9.61. PaccTosinne MeXAY NGCTHHAMH TUIOCKOrO KOHJEH-
catopa d=4 cM. DNIeKTPOH HaYHHaeT JABUTaTbCH OT OTPHIATE b~
HO# MJIaCTHHBI B TOT MOMEHT, KOFAa OT MOJIOXKHTEJNbHOM Mmia-
CTHHBHl HauMHaeT JIBHraThbc mnporoH. Ha KakoM paccros-
HUH [ OT IOJIOXKHTEJNPHOH INIACTHHBI BCTPETATCH 3JEKTPOH
U NPOTOH?

9.62. PaccrosHue MeXAy NJacTHHAMU IIOCKOFO KOHJIEH-
caropa d=1 cM. Ot onHolt M3 MJIACTHH OJHOBPEMEHHO HaYyHHa-
IOT JABUTAThCcs NPOTOH M o-yacTHna. Kaxoe paccrosnue [ mpoit-
JeT a-4acTHIa 32 TO BpeMsl, B Te4eHHe KOTOPOro MPOTOH mpoH-
JeT BeCb NyTh OT OXHOH IUIACTHHBI JO APYroi?

9.63. DyexTpOH, TIPOHAS B ILIOCKOM KOHJeHcaTope NYThb OT
OZIHOH NJIACTHHEL IO IpYro#, nmpHoGpeTaeT cKopoeTs v=10% m/c.
Paccrosinue mexxny niactHHamH d=»5,3 mM. Hailith pasnoctb
noteHnHanoB U Mexay NIIacTHHAaMM, HampsxkKeHHoCcTh E ajek-
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‘TPHUECKOro TOJS BHYTPH ' KOHJEHCATOpa H NOBEPXHOCTHYIO
_IJIOTHOCTh 3apsja O Ha INIaCTHHAX. - : :

9.64. DueKTpuyecKoe noJe o6pa3oBaHO ABYMA Napasienb-
HhIMPl MJacTHHAMH, HaXOAsIIMMHCA Ha PacCTOSIHHH d=2 cM
Zpyr oT zpyra. K nnacTrHaM NPH/IOMEHAa PasHOCTb MOTeHIH-
amos U=120 B. Kaxyxo CKOpOCTb ¥ TOJYYHT 3J1eKTPOH MOJ
JeACTBHEM TIOJIsl, NIPOHAS MO JHHHMH HalpsKeHHOCTH paccTOﬂ-‘
uue Ar=3 mMm?

9.65. DJeKTpPOH B om{opo;mom aJIeKTpnqecxom noJie noJy-
yaeT yckopente a=1012 m/c?. Haiith Hanpskennoctb E 3/1eKT-
PHYECKOTrO [OJIsl, CKOPOCTb U, KOTOPYIO NOJIYYHT 3JEKTPOH 32
BpeMsi /=1 MKC CBOErO ABHKeHHs, paboTy A cuj alleKTpuue-
CKOTO MOJIsl 32 3TO BpPeMsi U PasHOCTb NOTeHuuasoB U, mpok-
JIEHHYIO TIIpH 5TOM 3JekTpoHoM. HauanbHasd cKOpocTb 3/1eKTpo-
Ha Uy=0.

9.66. DJeKTPOH JIETHT OT OJHOH NJIAaCTHHBI MJIOCKOrO KOH-
JeHcatopa 10 Apyrofi. PasHocTb MOTeHUUANOB MeXAy M1acTH-
Hamu U=3 kB; paccTosinde Mexjy mJIacTHHaMH d=>5 mMM. .
Haiiti cuny F, neficTBYIOILYI0 Ha 3JEKTPOH, YCKOpDEHHe &
3JIEKTPOHA, CKOPOCTb U, ¢ KOTOPOJi 3JI€KTPOH NPHUXOIUT KO BTO-
poil mJacTHHe, M TNOBEPXHOCTHYIO IUIOTHOCTb 3apsia O Ha
J1acTHHAX. -

9.67. DJIeKTPOH ¢ HEeKOTOpOM HayaJbHOH CKOPOCTBIO U,
BJIeTaeT B IVIOCKHH TOPH3OHTaJbHO PaclOJOKEeHHBIH KOHJIeH-
caTop Napajljie/bHO IUIACTHHAM Ha DPaBHOM PAcCTOSHHH OT
uux. Pa3HocTh NOTEHUHUAJIOB MeXAy INJIacTHHAMH KOHJEHCaTo-
pa U=300 B; paccrosinde MexXIy ILIacTHHaMH d=2 cM; IJH-
Ha KoHjeHcatopa /=10 cM. KakoBa nosxkHa GbiTh npefieibHas
HayaJbHasi CKOPOCTb Uy 3JEKTPOHA, YTOOBI 3JIEKTPOH He Bbl-
JieTesl M3 KoHjeHcatopa? PeuMth 3Ty He salady AN o-va-
CTHIHL.

9.68. ‘DIeKTPOH ¢ HEKOTOPOH cxopochto BJleTaeT B IJIOCKUH
FOPH30HTANBHO DPacloJIOKEeHHBl KOHJAeHCATOp NapalulesbHO
IVIaCTHHAM Ha PaBHOM paccTositHuH oT HUX. HanpsixkenHocrb
nons-B xouaencatope £=100 B/m; paccrosinue MeXAy MaacTH-
Hamu d=4 cM. Uepes Kakoe BpeMs { MOCJIE TOrO, KaK 3/€KTPOH
BJIeTeJl B KOHJIEHCAaTOp, OH momajer Ha OAHY M3 miacTuH? Ha
KaKOM. PacCTOSIHMH § OT Havyasla KOHJEHCaTopa 3JEeKTPOH Mo-
HajleT Ha MJIAcTHHY, eCli OH YCKOpeH Pa3HOCTBIO NMOTEHIHAOB
U=60 B?

9.69. SJrempon BJIETAET B mocxnﬁ ropnaomanbﬂo pacno-
JIOKeHHbH . KOH/IEHCATOP TapaJ/iefibHo MJacTHHaM CO CKOpO-
CTBI0 Uy=9-10° M/c. Pa3HOCTb NOTEHHMANOB MEXAY I/1aCcTH-
Hamu - U=100 B; paccrosnve Mexay mnacTHHaMH d=1 cm.
Ha#iti nosanoe a, Hopmanbﬂoe @n M TaHreHUHANbHOE Gy YCKO-
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peHHus snempona uepe3 BpeMs [= 10 He nocre Héqa.na ero
EBHIKEHHS B KOHJEHCATOpe.

9.70. Ilporon M a-yacTHA, ABMrasicb ¢ OZMHAKOBOH CKO-
POCTBIO, BJIETAIOT B IVIOCKHH KOHAEHCATOP NapaJuiebHO MNJia-
cTHHaM. Bo CKOJBKO pa3 OTKJOHEHUE NPOTOHA MOJeM Komxen-
caropa Oyaer 6oJibllle OTKJOHEHHS -4aCTHIBI? - ‘

9.71. IlpoToH ¥ a-yacTHia, YCKOPeHHble OZHOH M TOH e
Pa3HOCTBIO TOTEHLHANIOB, BJAETAlOT B ILIOCKUH KOHJIEHcaTop
napaJiieNbHO IacTiHaM. Bo cKoOJIbKO pa3 OTKJIOHEHHe IIPOTO-
Ha noJeM KOHJieHcaTopa 6y aeT 60Jibllle OTKIOHEHUS! Q-4acTHIHI? .

9.72. DneXTPOH BJieTaeT B IVIOCKWH TOPH3OHTAJIbHO pPacro-
JIOJKeHHBIH KOHJIEHCATOp NapaJ/ilesbHO ero MJacTHHAM CO CKO-
poctbio Up=107 M/c. HanpsikeHHOCTh TOAST B KOHJAEHCAaTOpe
E=10 kB/m; pnuHa xougeHcaropa [=5 cMm. Hafith moayab u
HanpaBJ/leHHe CKOPOCTH v 3JIEKTPOHa IIPH BBbLIETE €ro U3 KOH-
JeHcaTopa.

9.73. Ily4ox 3/1eKTPOHOB, YCKOPEHHHIX Pa3HOCTbIO NOTeH-
nHanoB Uy,=300 B, npu NPOXOXKAeHHH Yepe3 He3apsKeHHbIH
IJIOCKHH TOPH30HTAJbHO PAclOIOKEHHBI KOHJeHCATOp Napas-
JIeJIbHO €TI0 TJIaCTHHAM JiaeT cBeTsiileecsl NATHO Ha §uiyopecuu-
pylolleM 3KpaHe, PacHoOKeHHOM Ha paccTOsHHM xX=12 cM
OT KOHIA KoHzeHcaTopa. IIpu ‘3apsixe KOHIeHCAaTOpPa NSITHO
Ha 3KpaHe cMeliaeTcsl Ha paccrosinde y=3 cM. Paccrosinue
MeXJ1y MnacTHHaMH d=1,4 cM; Aa/uMHa KoHJAeHcaTtopa [=6 cM.
Ha#ity pasHOCTb HOTEHUUAJIOB U, NIPHJIOKEHHYI0 K TJIACTH-
HaM KOHJIEHCaTopa.

9.74. DneKTPOH IBHIKETCH B IJIOCKOM ropnaomanbﬂo pac-
TIOJIOKEHHOM KOHZEHCATOpe NapaJiebHO ero IJIacTHHAM O
cKopocTbio v==3,6- 107 M/c. HanpskeHHOCTh NoJIst BHYTPH KOH-
Jencaropa E=3,7 kB/M; niavBa niacTHH KoHJeHcatopa [=
=20 cm. Ha kakoe paccrosiHue y cMecTHTCS 3/1€KTPOH B Bep-
THKa/IbHOM HampaBJeHUH NOJA JeHCTBHEM 3JEKTPHYECKOTo MOJs
3a BpeMsl e€ro JBHXKEHHs B KOH/ieHcaTope?

9.75. l'IpOrrOH BJIeTaeT B IVIOCKHH ropuaoHTaJIbHo pacrmo-
JIOJKEHHBbIl KOHIEHCATOp NapaJ/lie/IbHO ero IJIacTHHaM cO CKO-
pocThio ¥p=1,2.10% M/¢. HanpskeHHocTh NOJsA BHYTPH KOH-
Rencatopa E=3 kB/m; ninna nnacTu Koupetcatopa =10 cM.
Bo cKo/bKO pa3 cKopocTb NPOTOHA U NpPH BbLIETe U3 KOHJEHCa-
Topa OyZeT Oosbllle €r0 HAayaJbHOH CKOPOCTH Uo?

9.76. Mexay niacTHHaMH IJIOCKOTO KOHAeHCATOpa, Haxo-
HALIMMHCS Ha PaccTOAHHH dy==5 MM ApYr OT ApyTa, NpHJIOXKe- -
Ha pa3HOtTh noTeHuuanoB U==150 B. K ozmro#t H3 mnsiactun
npHJeraetT MJIOCKONapaiefibHas miacthHka dapdopa Tomuu-
Holt dy=3 mm. HailiTh nanpsixennocts” E; M E; aneKTpuye-
cKoro mnonsa B Bo3AyXxe H dapdope.
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9.77. Hairru. eMkocTs C semHoro imapa. Cusrath pazuyc
semHoro mapa R=6400 xM. Ha cronbko usMennTes noTennuan
@ 3eMHOro Lapa, €cAH eMy COOGHIHTD 3apaa ¢=1 Ki?

9.78. Hlapuk pasuycoM R=2 cM 3apsiKaeTcsi OTPHUILATEIb-
HO 10 norennwmana 9=2-kB. Haiit# Maccy m Bcex anexTpoHoB,
COCTaBJAIOMNX 3apsil, cooOmeHHbl#l . LapHKY.

9.79. BoceMb 3apsizKeHHBIX BOAAHBIX Kaleab pajnycoM
r=1mM u 3apsgoM ¢=0,1 iKn kKaxnaa cauBawoTcs B OAHY
ofmyio BoAsHyi© xammo. -HaiTH noreHmuan @ GoJbuioH
KallJu, ) _

9.80. [lBa mapHKa oguHaKOBHX pazuyca R=1 cM ¥ Macchl
m=40 Mr nolBelleHbl Ha HUTSIX OZHHAKOBOH MJIHHH TakK, 4TO
UX TIOBEPXHOCTH comnpHkacalorcs. Korjpa Iapuku 3apsiiy,
HUTH pascllich Ha HeKOTOPHIH yrod H cuja HaTsKeHUA
HHuTel ctana pasHoil T=490 MxH. Ha#itn noreHuuan ¢ saps-
JKEHHBIX LIapUKOB, €cJH H3BECTHO, YTO PaccTosiHUe OT LeHTpa
KaXJ0ro wmapuka jJo Toukd noaseca (=10 cM.

9.81. lllapuk, 3apskeHHBIH J0 noTesuuaina ¢=792 B,
HMeeT NOBEPXHOCTHYIO ILUIOTHOCTh 3apsja 0=333 nKa/M2
Haifith papuyc r mapuxa.

9.82. HaiiTu coOTHOILIIEHHe MeXXAY PaIHyCcOM Wapa R u Mak-
CHMaJIbHBIM IIOTEHIHAIOM @, 'A0 KOTOPQro OH MoxeT OBbITb 3a-
psixeH B BO3JyXe, ecli NPH HOPMAJLHOM JaBJEHHH Paspsl
B BO3AYyXe HACTyNaeT NpH HalpsiKeHHOCTH 3JeKTPHYECKOro
noas E,=3 MB/m. Kakum 6yaer MakcHMMasbHB NOTeHIHA @
mapa auamerpom D=1 m?

9.83. [IBa miaprKa OIMHAaKOBHIX paiHyca R=1 cM H MacChl
m=0,15 Kr 3apspKeHBl LO OJMHAKOBOI'0O MOTeHIHama ¢=3 kB
U HaXOJsiTcsl HAa HEKOTOPOM PacCTOSIHHM i APYT OT Apyra. Hpu
3TOM HMX 3Heprusi TpaBMTAMOHHOro B3auMopedcrBus W =
=101t JIx. Hlapuku cOanxaiorca R0 paccTosisus r,. Pa6ora,
neoGxoauMas fisi cOnrxenus mapukos, A=2-10¢ Ix. Haii-
TH SHepruio W,, 2JeKTPOCTaTHYECKOrO  B3aHMogeficTBHUs
IIAPHKOB NOC/e HX COMMMKEeHHS.

9.84. [Inowasp MIacTHH IJIOCKOTO BO3AYLIHOrO KOHJIEH-
catopa S=1 m?, paccrosnie Mexny HuMH d=1,5 mm. Hafitu
eMkocTe C 3TOro KOHJeHcaTopa.

9.85. KouJercarop npeasinymefi 3afadyn 3apsixed A0 pas-
HOCTH norernyanos U=300 B. Haiitu noBepxHOCTHYIO MJIOT-
HOCTb 3apsiia O Ha -ero ILIaCTHHaX.

9.86. Tpebyercsi H3rOoTOBHTDL KOHAEHCATOP eMKOCTHIO C=
=250 n®. Has storo Ha RapaduHUpOBAaHHYIO GyMary ToJ-
mmoil d=0,05 MM HakueBBaIOT € OGEMX CTOPOH KPYIKKH
cranmons. Kakum momxen 6bl’l‘b muametp D kpyxkoB
CTaHHOJISA?
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9.87. Ilaomags NIACTHH NMAOCKOrO BOSAYILHOIO KOHAEHCA-
topa S=0,01 M®, paccTosinde MexAY HuMH d =5 MM. K mracTe-
HaM [PHAOKEHA pasHocTbh noteHuHanoB U,==300 B. [locne

KJIIOYeHH S KOHJEHCaTopa OT HCTOYHHKA HaNpsKeHHH npo-
CTPAHCTBO MEXAY IVIacTHHAM# 3allonHAercs 36onmtoM. Ka-
KOBa OyJieT PasHOCTh NOTeHIHaN0B U, MeXAy NMAacTHHAMH [OC-
qe 3anosaHenus? Haiiti emxocTH koHpeHcatopa Ci v C, ¥ THoO-
BEPXHOCTHHIE IVIOTHOCTH 3apsiia Oy M O3 Ha IUIaCTHHaX JO H
nocJe 3anoJHeHHUs,

9.88. Pemurh npefnayllyio 3afady s ciaydyasi, KOTAa 3a-
[IOJIHeHHe TPOCTPAHCTBA MeXAY IVIacTHHaMM H30JSATOPOM Npo-
H3BOJAUTCS NPH BKJIOYEHHOM HCTOUHHKE HaNpSHLHHS,

-9.89. Tliomane nJacTHH IJIOCKOrO KOHAeHcaTopa S=
=0,01 M2, paccTosiine Mexkay HuUMH d=1 cMm. K mjactunam
HpUJIOXKeHa pasHocTh noTeHnuaso U=300 B. B npocrpancr-
Be MeXjy NJIacTHHaMH HaXOAATCA MJIOcKONapaJsuielbHad mJia-
CTHHKA cTekja Tomuuuoi d;=0,5 cM W mIocKomapasuienbHas
IJacTHHKa Napaguna TommuHol d,=0,5 cM. Haiitu Hanps-
xenHocTH Ep u E; 37eKTPHYECKOro NoJst M NafeHUs NOTeHIH-
ana Uy u Us B xaxzaoM cnoe. KakoBbl GyAYT IIpH 3TOM €MKOCTh
C XoHJeHcaTopa W NOBepXHOCTHas MJOTHOCTb 3apsija ¢ Ha
IV1acTHHAX?

9.90. Mexny maacTMHaMH IUIOCKOTO KOHAeHcaTopd, Haxo-
AALUMHCS Ha paccTosiHMH d=1 cM ApYr OT Ipyra, MPHJIOKEeHa
pasHocTe notesuuanos U=100 B. K onxo#t u3 mnactue npu-
JeraeT NAOCKonapaJ/iebHasi IIaCTHHKA KPUCTAIHYeCKOro
6pomucToro Talnua (e=173) tommunoit dy=9,5 mM. [Tocse
OTKJIIOUeHHH KOHJIGHCATOpPA OT HCTOYHHKA HaNpsiKeHHs MJia-
CTMHKY KpHcTa//la BhiHMMaioT. KakoBa OyneT mociie 3TOro
pasHocTh noteHuHanoB U MexJy MacTHHAMM KoHZeHcaTopa?

9.91. KoakcHanbHbilt 3JeKTpUYeCKHH KaGesb COCTOMT H3
LEHTPaJIbHON MBI M KOHIIEHTPHUeCKOH UHANHAPUYecKOl 069-
JIOUKH, MeXAY KOTOPHIMM HaXOAUTCH AHAJEKTPHK (€=3,2).
Haiity eMkocts C,; elMHMIB! AJIHMHBE TaKoro kabess, eciu pa-
auyc Kuabl r=1,3 cM, pamuyc oboioikn R=3,0 cm.

9.92, Pamuyc ueHTpanbHOlN JKHJbI KOAKCHAJIBHOrO Kalbesst
r=1,5 cM, pazuyc obosouku R=3,5 cM. MexJy LeHTpalbHOM
JKHJIOH M 000JIOYKOH NpH/IOKeHa pasfiocTb NOTeHHHa 0B U=
=2,3 kB. Haiitu HanpamenHocTb E 3/eKTPHUECKOro Nojs Ha
paccTosinuy x=2 ¢M OT OcH Kaless.

9.93. BakyyMHBI LUJHHIDHYECKHMII KOHJEHCAaTop HMeeT
paguyc BHYTpeHHero HHJMHApPa r=1,5 ¢M H pajnuyc BHelHero
udaunapa R=3,5 cM. Mexny UHIMHIpaMH NDH/IOKeHa pa3-
HOocTh ToreHnmanos U=2,3 kB. Kakymo cKRopocTs v monygur
3JIEKTPOH HOA AeficTBHEM Mo/ 3TOr0 KOHAeHcaTopa, ABHrasich
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¢ paccrosigua [,=2,5cm 1o paCCTOﬂHPlﬂ [3=2cm or ocH
HHIHHAPA?

9.94. L{uaMHAPHYECKHH KOHAEHCATOD COCTOHT H3 BHYTpeH-
HeTro NHJMHADA PagMycoM r=3 MM, ABYX CJOEB AHIIEKTPHUKA
¥ BHeIIHEro HUJAHHIpa paisuycoM R=1 cm. [lepBuifi cnoit nxu-
SJIEKTPUKA TOJNIMHOK di=3 MM NPHMEIK2€T- K BHYTpPEHHEMY
uuaueapy. Hafith oTHowenue mnagenuit norenumana U,/U,
B 3THX CJOSX.

9.95. Ilpu wu3yyeHuu (bOToaJIepruqecxHx ABJEeHUH Hc-
nosb3yercs chepudecKHii KOHIEHCATOP, COCTOALILY U3 MeTa/lH-
4ecKOro apuka puaMerpoM d=1,5 cM (KaTtoja) ¥ BHyTpeHHeil
TIOBEPXHOCTH NocepeOpeHHON H3HYTpH cepHyecKol KoJOHI
nuamerpom D=11 cm (anona). Bosayx us Konbbl 0TKauuBaercst.
Hafitn emkocrs C Takoro KOHAeHcaTopa.

9.96. Kaxuwm OyzieT NoTeHNHaJ ¢ Iiapa paiuycoM r=3 cM,
ecJiu: a) cooGuMTh eMy 3apsf g=1 nKi1, 6) OKpYKHTb €ro KoH-
IEeHTPUYEeCKHUM L1apoM paguycoM R==4 cM, COeJHHEHHEIM C 3eM-
“neh?

9.97. Haiitn emxocts C cepHyeckoro KOHIeHcaTopa, co-
CTOSIIEro U3 JBYX KOHUEHTPHUYECKUX cep c pajuycaMu r==
=10 ¢m u R=10,5 cm. TIpocTpancTBo Mexay cdepamu 3amod-
Heno MacioM. Kaxo#t paguyc R, LOJKeH HMeTh wap, noMe-
IeHHBIl B Mac/o, YTOOBl MMeTb TaKylo Ke eMKOCTb?

9.98. Paarye BHYTpeHHero wapa BO3LYINHOrO cdepHue-
CKOro KOHJeHcaTopa r=1 cM, pajuyc BHellHero mapa R=
=4 ¢M. MexJy IuapaMd NPHUJIOXKeHa Pa3HOCTb MNOTEHLIHANOB
U=3 kB. Haiitn HanpsixeHHOCTb E 3/€KTpUYeCKOro noJis Ha
paccTosiHUM X=3 CM OT LeHTpa Iapos.

9.99. Panuyc BHyTpeHHero Iuapa .BakKyyMHoro cdepuue-
CKOro KoOHJeHcatopa r=1 cM, paiMyc BHellHero mapa R=
=4 c¢M. Mex1y WapaMu NpPHJIOXKeHA Pa3HOCTh MOTEHIUAJOB

U=3 kB. Kakyw ckopocTs v nosay-
YAT 3JI€KTPOH, NpPHOJIU3MBUIUCE K

” IeHTPY IIapOB € pacCTOSHHA X;=3
CM JI0 PAacCTOSIHHS X;=2 cM?
” - 9.100. Haiitu emxocts C cHCTeMBL

y Cy KOHJEHCAaTOpOB, H3006paKeHHOH Ha
JL puc. 17. EMKOCTb KaKIOrC KOHJEH-
Rl .~ cartopa C;=0,5 Mk®.
Puc. 17, 9.101. Ilpu nomomM 3JeKTPo-

MeTpa CpaBHHBaIH Mexay Ccoboi
eMKOCTH JBYX KOHJeHcaropoB. Jliasi 3Toro sapsKaid HX
J0 pasHocTe#t noreHnuanos Us;=300 B u Uz=100-B u coenu-
HsJiH 00a KOHJEHCaTopa napaJeibHo. Kamepennas npd sTom
3/JIEKTPOMETPOM pasHOCTh TNOTeHIHANOB MeXAy OOKJaaKaMu
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KOHJleHcaTopa oKasajnach paBHON U=250 B. Hajith oTHOMIe-
HHe eMkocrelt C,/C,. - :

9.102. PasHocTh TNOTEHIHMANOB MeXHy Toukamu A u B
(puc. 18) U=6 B. EmxocTb nepBoro xonjexcaropa C;=2 Mx®
U eMKocTb BTOporo KosgeHcaropa C,=4 Mk®. Haiity 3apsAnl,
g1 ¥ g M Pa3sHOCTH NoTeHmua oB U, H .
U, Ha o0K/JajKaXx KaXJAoro KOHJeHca- 6 6
Topa. ,qo——”———“—od

9.103. B xakux npejiesax MoxeT Me-

HsiThest eMKocTh C cHCTeMBI, cocTosief Prc. 18.

M3 JBYX KOHJEHCATOPOB, eC/ld €MKOCTb

OTHOTC M3 KOHJEHCAaTOPOB MOCTOsiHHa ¥ paBHa C;=3,33 ud,
a emkoctb C, jgpyroro usMensercs ot 22,2 no 555,56 nd?

9.104. B kaxiix npefienax MoXeT M3MeHSTbCs eMKocTh C
CHCTEMBI, COCTOsIIed M3 ABYX KOHJIEHCATOPOB NepeMeHHOH eM-
KOCTH, ec/H eMKocTb C; Ka)KJOro H3 HMX u3MeHsiercst oT 10
no 450 nd?

9.105. Konpencarop emxoctbio C=20 Mmx® 3apsikeH 10
pasnoctd noreninansos U=100 B. Ha#itu snepruio W atoro
KOHJeHCaTopa. .

9.106. Iap pamuycom R=1 M 3apsiKeH [0 NOTeHIHAasa
¢=30 xB. Haifiru snepruiwo W 3apsikeHHOro 1apa.

9.107. Iap, morpyxeHHbIfi B KepOcHH, HMeeT NOTeHI{HaN
¢=4,5 kB M 1NOBepXHOCTHYIO MJOTHOCTb 3apsfa o=
=11,3 mxKn/m2. Haiitn paguyc R, 3apsz ¢, eMkoctb C H 3Hep-
ruio W wapa.

9.108. Ulap 1 pamuycom R,=10 cM, 3apsikeHHBHIl 10 TO-
TeHuMansa @;=3 KB, mocJie OTKJ/IOYEeHHs! OT HCTOUHHMKA Hampsi-
JKEHMs! COelMHSIeTCsl NPOBOJOYKOH (eMKOCTBIO KOTOpO#H MOXK-
HO npeHeOpeub) cHayasa ¢ YJaJeHHBIM . He3apsiKEHHbIM IlIa-
poM 2, a 3aTeM NOCJe OTCOeAMHEHUs OT mlapa 2 ¢ yAaJeHHbIM
HesapsiKeHHbiM mapoM 3. Hlapst 2 u 3 umelor paguycl
R,;=R;=10 cm. Hafitu: a) mepBonayasbnyio 3Hepruio W, ma-
pa 1; 6) sueprun W, u W, mapoB 1 u 2 nocjie coeANHEHHA U
paboty A paspsiia npu coegunenuu; B) suepruun Wi u W,
mapoB | u 3 nocte coemunendss W paGory A paspsja npH
COETMHEHHH.

9.109. [IBa MeTa/UIM4eCKUX UIapHKa, HEPBH ¢ 3apsaoM
¢:=10 sKn1 u pamuycoM R;=3 cM u BTOpO# C NOTEHIHAIOM
¢:=9 KB u pamdycoM R,=2 cM, cOefHHEHbl NPOBOJIOYKOH,
eMKOCTBIO KOTOpOfi MOXHO mpeHeGpeub. Haiitu: "a) noTtennuan
@i NEepBOro IlapyKa o paspsaaa; 0) 3apsd ¢, BTOPOro mapHka
Io paspsiga; B) snepruun Wy u W, Kaxjoro mapHka a0 pas-
pfAfa; r) 3apsif ¢; M NOTeHHMa] ¢, NepBOro WapHKa mnoc/e
pa3psiia; X) 3apsj ¢, ¥ NOTEHIHAJ @, BFOPOTO LIapHKa mocje
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paapﬂ)la, e) suepruio W coefnHeHHBIX NMPOBOAHHKOM LIAPHKOB;
3K) padoty A paspsaa.

9.110. 3apsxeHHnfi wap 1 paadycom Ry=2 cM DPHBORUT-
¢ B CONDHKOCHOBEHHME C He3apslKeHHLIM WapoM 2, pamHyc
KoToporo R;=3 cM. [Tociie TOro Kak wapsl pasbenHIUIH, 3HEpP~
THda Inapa 2 okasajacb paBHOH W,==0,4 . Kaxof 3apﬂ1[ 0
O6p1 Ha wape | 10 cONpUKOCHOBeHHMs ¢ mapoM 2?

9.111. IlnacTuHBl MIOCKOTO KOHAEHCatopa MJiomanpio S=
=0,01 M? KaxJas NPUTATHBAIOTCS APYT K APYTY ¢ cuioi F=
=30 MH. ITpocTpancTBo MeXLy nsacTHHAMH 3aTOJNHEHO CJlIo-
noi. Haptu 3apaapr g, Haxojsivecd Ha IJacTHMHAX, Hamnps-
skerHocTh E mossi Memny IutacTHHaMH M OGbeMHYIO IIOT-
HocTb 3Hepruu W, noas.

9.112. MeX1y IJacTHHaMH TJIOCKOTO KOHAeHcaropa BJIO-
JeHa TOHKas CJIoJfAHas njacTuHKka. Kakoe AaBjeHde p uchbl-
ThIBA€T 3Ta NJACTHBKA NPH HANPsIKEHHOCTH 3/EKTPHYECKOro
nonss E=1 MB/m?

9.113. AGCOMIOTHBIH 3JEKTPOMETP NpefcTaBJsiet coboit nio-
CKMii KOHIeHCATOp, HUKHSAA IVIaCTHHA KOTOPOI'O HeMOIBHIKHA,
a BepXHs IoJiBellleHa K KopoMbleay BecoB. [Ipu HesapstkeHHOM
KOHJEHCaTOpe pacCTOsHHe Mexay nJacTuHamu d=1 cm. Ka-
KYIO DasHOCTb MNOTeHUHA0B U NPHJIOXKWIA MeXJLy IJlacT-
HaMH, €CJIM /1 COXPaHeHHsl TOro e paccrosinus d=1 cM Ha
JAPYTYIO 4allKy BecoB MPHUINIOCH NMOJIOXKHMTb TPY3 MAaccoil m=
=5,1 r? Ilnomanp nuacTuH KoHgeHcatopa S=50 cm?.

9.114. PasnocTb MOTEHNUANOB MeXAY INIaCTHHaMH IUIo-
ckoro koHgencaropa U=280 B. Ilaowaap niactus KouzAeHCa-
Topa S=0,01 M?*; NoBepXHOCTHasl NJIOTHOCTh 3apsija Ha ILJ1acTH-
Hax 0=495 uKn/m?, Haiith: a) nanpsikennocts E nodst BHyTpH
KOHjieHcaTOpa; 0) paccTosinde d MeXAy MJACTHHAMH; B) CKO-
POCTb U, KOTOPYIO NOJIYHUT 3JIEKTPOH, NMPOiifst B KOHJeHCaTOpe
HyTb OT OAHOW NJIaCTHHHI 10 Apyroi; r) snepruio W koHjeHca-
Topa; A) emkocTh C KoHpeHcaTopa; e) chiy npursenus F
IJIacTHH KOHJieHcaTopa.

9.115. Ilnomane niacTHH IJIOCKOTO BO3JYHIHOTO KOHJEH-
catopa S==0,01 M2, paccrosinne Mexny HuUMH d==D5 MM. Kakas-
pa3HoCThb moTeHnHaN0B U Oblla MPUJAOMKEHa K MJIaCTHHAM KOH-
JleHcaTOpa, €CJTH H3BECTHO, YTO NPH Paspsije KOHJEHcaTopa Bbi-
peaunoce Q=4,19 MIx Tenua?-

9.116. Tlnomanp NJACTHH IWIOCKOrO BO3AYLIHOTO KOHeH-
caropa S==0,01 M?, paccrosirue Mexny HAMH d;=2 cm. K mra-
CTHHaM KOHJeHcaTropa NpHJoKeHa PasHOoTTh MoTeHnHanoB U=
=3 kB. KakoBa Oyzer HanpsxeHHocts E nons KoraeHcaropa,
€CJ/TH, He OTKJIOYas €r0 OT HCTOYHMKA HanpsKeHHs, IaCTHHBI
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pa3nBHHYTD K0 paccTosiHuA d3==8 cm? Halitn snepruu Wi v W;
KOHJleHCaTopa [0 M TNOCNe DasfBUKEHHsl INACTHH,

9.117, Pewntb nNpelbAyiiyio 3agady npu ycJOBHH, YTO
CHayasla KOHJEHCATOp OTKJIOYACTCS OT HCTOUHHKA HampsiKe-
HHsl, a 3aTeM DasABHMIalOTCH MJIACTHHBI KOHJEHcaTopa.

9.118, Ilnowanp NAACTHH IIOCKOTO BO3AYUIHOI'O KOHJEH-
_caropa S==0,01 M2, paccTosiiHe Mexay HUMHU d,==] mM. K mna-
CTHHaM KOHJeHcaropa NpHJIOXKeHa Pa3HoCTh NOTEHIHaJoB U=
=0,1 kB. Ilnacrunnl pasgBHramoTcs A0 paccTosHus dz==25 M.
Haiitn sneprun Wi u W; rRoHzeHcaTopa 1o H moclie pa3isHxe-
HUS TJIaCTHH, ec/IM HCTOYHHK HaNpsiXKeHHs Tepes pasiBHiKe-
HHEM: a) He OTKJIOYaercs; 6) OTKJIOYaeTcs.

9.119. ITnockuii KoHAeHCATOP 3alOJHEH AUNIEKTPUKOM H
Ha ero MIacTHHBI NOJAaHAa HeKOTOpast PasHOCTb NOTEHIIMAJIOB.
Ero aneprus npu stom W =20 mxJlx. IToce Toro Kax KoHIeH-
CaTop OTKJIOYHJM OT HCTOYHUKA HaNpsiKeHUs, AHAJIEKTPHK
BBIHYJIH U3 KOHJeHcaTopa. Pa6ora, KoTopyio Hano Gblio cosep-
LWIUTh TIPOTHB CHJI 3J€KTPHYECKOrO MOJIsi, 4ToObl BHIHYTH AH-
anekTprK, A=70 mx[>x. Hafitu AH3/1€KTpHYeCKYIO NPOHHIIae-
MOCTb € AUBJIEKTpHKA. .

9.120. [lmomank NNACTHH IJIOCKOTO BO3AYUIHOTO KOHAEH-
catopa S=12,5 cM?, paccrosiHMe Mexay HuMH d,=5 mm.
K nnactuHaM KoHjeHcaTopa NPHJIOKeHa PasHOCTb MNOTeHIHa-
JoB U=6 kB. IlnacTuHH KoHZeHcaTopa pasjiBHralTCsd JHO
paccrosinusl dy=1 cM. HaliTu M3MeHeHUs1 eMKOCTH KOHJeHca-
Topa AC, moToka HanpsixeHHOCTH AN cKBO3b MJI0OMaib 3/ieK-
TPOJOB U 0GBeMHOH MJIOTHOCTH 3HepTHH AW, ajekTpuyecKoro
1oJs, eCIH HCTOYHHK HaNpsiXKeHUsl Iepell pa3iBHIKEHHEM:
a) He oTKJIOYaercst; 6) OTKIIOUaETCS.

9.121. Haijitu o6beMHyI0 NJIOTHOCTD 3Heprud W, asexTpH-
4ecKOro HOJisl B TOUKe, HaXojsiuielcsi: a) Ha PacCTOSIHHH x=
=2 CM OT MOBepXHOCTH 3apsiKEHHOro UIapa paguycoM R=
=1 cM, 6) BGiH3H GeCKOHEYHO MPOTSIIKEHHOH 3apsixKeHHOH IWIo-
CKOCTH, B) Ha PacCTOSIHHH Xx=2 ¢M OT OGecKOHeYHO AJIMHHOH 3a-
psixkeHHo# HuTH. [ToBepxHOCTHas IVIOTHOCTb 3apsfia Ha mape
H 1iaockoetd 0=16,7 mxKJu/m?, juHefinasi IUIOTHOCTH 3apsifa
Ha HUTH T=167 uKa/m. [IHaJekTpuyeckasi [H)OHHIaeMOCTh
cpenbl =2, ° :

9.122. Ha naacTHHBI IJIOCKOrO KOHJAEHCATOpa, paccTOsHHe
MeXZLy KOTOphIMH d=3 cM, NoJaHa Pa3HOCTb MOTEHIHAJIOB
U=1 xB. IlpocTpaerBo Mexay mJacTHHaMH 3aloJHseTCH
JAHU3eKTPHKOM (¢=7). HaliTH NoBepXHOCTHYIO MJIOTHOCTL CBA-
3aHHBIX (MONAPU3AUMOHHBIX) 3apsfioB. 0.,. Hackoabko uames
HAETCsl NOBEPXHOCTHAA MUIOTHOCTh 3apsifia Ha ILIACTHHAX MNpH
3aN0JIHEHWH KOHZEHCAaTOpa AHA/IEKTPHKOM? 3ajayy peluTs,
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ec/IH SanoJjiHeHHe KOHAEHCATOPa JHSJEKTPHKOM NMPOU3BOIHUTCSA:
a) 20, OTK/IIOUeHHS KOHZEHCAaTOPa OT HCTOYHHKaA HaNpsiKeHWs;
6)- nocjie OTKMIOUeHHsI KOHJeHCAaTopa OT MCTOYHHKA Halps-
sKeHHus. . '

9.123. TlpocTpaHcTBO MeXAY MN4CTHHAMH IJIOCKOTO KOH-
JeHcaTopa 3aNO/HEHO AHSMEKTPHKOM, JHAJEKTPHUYecKast BOC-
npuuMYHBOCTb KoToporo ®x=0,08. Paccrosnue Mexny miacru-
gamu d=>5 mM. Ha mnacTusbl KoHJeHcaropa HojaHa PasHOCTb
notesdnuanoB U==4 kB. HaliTh MOBepXHOCTHYIO IJIOTHOCTD CBSi*
SaHHBEIX 3apAJOB O, Ha IHIEKTPHKE H NOBEPXHOCTHYIO IJOT-
HOCTb 3apsjia O, Ha IVIaCTHHaX KOHJeHCaTopa.

9.124. TlpocTpaHcTBO MeXJIy INIaCTHHAMM IJIOCKOFO KOH-
JeHcaTopa 3anoJiHeHo cTekJoM. Paccrosiive Mexay nJacTHHa-
mu d=4 mMM. Ha nuactumbl KoHIEHcaTopa INOJaHAa Pa3HOCTHb
notennuanos U=1,2 kB. Hajiru: a) nanpsxeHHOCTb E N0
B CTeKJe; 6) NOBEPXHOCTHYIO NIOTHOCTb 3apsja O, Ha IJIACTH-
HaX KOHJeHcaTopa; B) NOBEPXHOCTHYIO NOTHOCTb CBS3aHHBIX
3apsAlioB O,, HA CTEKJe; TI) JHIEKTPHYECKYI0 BOCIPHHMYU-
BOCTb X CTEKJIa.

9.125. TIpocTpaHCTBO MeXAy IJIACTHHAaMH ILIOCKOTO KOH-
JeHcaTopa 3aNoNHEHo MacaoM. PaccTosnne Mexny IVIacTHHaAMHU
d=1 cm. Kakyio pasHocTb noreHuHanos U Hajo nojaTth Ha
IJ1acTHHBL KOHJEHCATOpa, YTOGBI NOBEPXHOCTHAfA IIOTHOCTB
CBSI3aHHBIX 3apsiOB Ha Macje Gblila paBHa O.,=6,2 MKKa/M??

9.126. TIpocTpaHCTBO MeXAy NJACTHHAMH IUIOCKOTO KOH-
JeHcaTopa 3alOJHEHO cTeksaoM. [Liolafib TVIaCTHH KOHAEHCA-
ropa S=0,01 M2. [InacTHHBI KoHJeHcaTopa NPUTSATHBAIOTCS
ApPYT K Apyry c cuaoit F=4,9 MH. Haliti nosepxnocrHyto moT-
HOCTb CBSI3aHHBIX 3apANOB O, Ha CTeKJe.

9.127. TlpocTpaBecTBO MeXIy IVIaCTMHAMK IJIOCKOTO KOH-
JeHcaTopa gamonHeHo NapaduuoM. [Ipu mpucoerWHeHHH Ina-
CTHH K HCTOUHMKY BanpfKEHUA JaBJeHHe NJNACTHH Ha napaduH
craio paBueiM p=>5 [Ta. Hafitu: a) nanpsixkenrocts E anexrpu-
4eCKOTO ToJIA M 3JeKTpuueckoe cMelleHye D B napadmume;
6) NOBEPXHOCTHYIO IVIOTHOCTH CBSI3aHHBIX 3apAjioB O, Ha Ia-
padune; B) NOBEPXHOCTHYIO INIOTHOCTb 3apsja O, Ha IVIACTH-
HaX KOHJeHcatopa; r) oOBeMHYI NJIOTHOCTH 3Heprun W,
9JIEKTPHUECKOro Nosid- B napadyHe; A) HHITEKTPHYECKYIO BOC-
NpUUMYHBOCTE % TNapadHHa.

9.128. [IpocTpaHcTBO MEXAY NNacTHHAMU IIOCKOIO KOH-
JAeHcaTopa 3allONHEHO JH3NeKTpHKOM. Paccrosnue Mexay
niacTuHaMu d=2 mm. Ha niacTunBl KoHJieHcaTopa nojiaHa pas-
HocTh moteHnuanoB U;=0,6 kB. Ecii, OTKMOYMB HCTOYHHK
Hanpsi:KeHHs, BbIHYTb NUOJEKTPHK M3 KOHAEHcaTopa, TO pas-
HOCTb TNOTEHIMAJOB Ha IIAaCTHHAX KOHJeHcaTopa Bo3pacTteT
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2o Us=1,8 kB.. HaliTn nosepXHOCTHYIO I/IOTHOETb CBASAHHBIX
8apsiiOB O, Ha AMIEKTPHKE H IUINeKTPHUCKYIO BOCIPHHM-
YHBOCTh % IHIJNEKTPHKA. : 4
9.129. TlpocTpaHCTBO MeXIy IJIAaCTHHAMH MIOCKOTO KOH-
IeHcaropa obbeMoM V=20-cM® 3alONHEHO AH3IEKTPHKOM (g=
=5). TlnacTHHEI KOHJEHCaTOpa NPHCOEIMHEHBl K HCTOYHHKY
HanpsKenHs. [IpH 3TOM NOBEPXHOCTHAS NAOTHOCTH CBSI3aHHBIX
3apAN0B Ha JHANEKTpUKe 0,=38,35 MmkKa/m?. Kakyw pabory
A Hafo coBeplINTH NMPOTHB CHA JEKTPHYECKOTO TONA, YTOGHL
YZAaJIMTh [H3IeKTPHK H3 KOHJIeHcaTopar 3ajauy pelldTb, €CJH
yAa/leHHe [N3eKTPHKA [POU3BOAMTCA: a) A0 OTKJIOYEHHs
HCTOYHHMKA Hanpsxkenus; 6) mocje OTKMOYEHHS HCTOYHHKA
HanpsiKeHHsl. :

§ 10. dnexTpHUecKkmMit TOX

Cuna Toka (TOK) / YHCIEHHO paBHa KOJHUECTBY 3JIEKTPHUecTBA, Npo-
XOJlsilneMy Uepe3 NOMepeyHOE ceueHHe NPOBOAHHKA B €JHHHIY BpeMEHH:
_49
dt’
Ecan cuna toka /=const, to

=4
I=—.

InoTHOCTD 3JEKTpHUECKOTO TOKa
I

’ i=—.’

*
TZe S — naomaAb TONePEYHOTO CeueHHsi NPOBORHHKA.
ToK, ‘TeKymH{i MO YYacTKy OAHOPOXAHOTO NPOBOJHHKA, MOAYHHsIETCH
3agony Oma :
U
I=%
rie U — pasHOCTb NOTEHNHAJI0B Ha KOHNAX yuacrka, R — conpoTHB/IeHHe
9TOro yuacTKa.
ConpoTrsieHne NPOBORHMKA

-~

!
R=p35=3s

Tge p — YAETbHOE CONPOTHBIEHHE, O — YieNbHasi TPOBOMMOCTb, [—
JAHHA M S — DNOWafb NONEpeYHOro CeYeHHs IPOBOAHMHMKA.

YaenbHO® CONPOTHBJIEHHE METAJJIOB SaBUCHT OT TEMICDATyphl Cefy-
IompM o6pasoM: ‘ -

pr=po (1 + ),
: - 138



»

rfic Py — YREASHO¢ CORDOTHBAEHHE npr 4=0 .°C, a—mmnepa'rypxuﬂ
KOSPPHIUEHT CONPOTHBNEIHS.

Pa6ora SNIEKTPHUeCKOro ToKa Ha yuacTke Nend onpegensnercs tpop
myao#

U N » . .
— 1YY P
A=1Ut=DRt=—"1.
HOns 3aMrByToft nemd sakon OMa HMeeT BHX
_&
R+r’

rae & — 5. . C. TeHepaTOpa, R — BHElIHee CONPOTHBAEHHe, 7 — BHYT-
peHHEe COTPOTHBJEHHe TeHeparopa.
INonHas MOmMHOCTB, BheAsieMas B UENR,

P=g&I.
Jnsi passeTsieHHBIX flemefi MMEIOT MecTO xBa 3akoHa Kupxroda:

nepshiéi sakoH Kupxroda — anrefpanveckass cyMMa TOKOB, CXOAsi-
WHXCA B y3je, paBHa HYJIO! _
D 1y=0; \

BTopo#i sakon Kupxroda — B J060M 3aMKHYTOM KOHTYpe anreGpav-
YecKash CyMMa NajeHHil NOTeHnMana Ha OTAC/IbHRIX YYacTKax lelH pasHa
anreGpanueckoll CyMMe 3. J. C., BCTPEUalOINMXCS B STOM KOHTYype:

D LR=2 &

Tlpn nprneHesnn sakoHoB Kmpxroda Hajo pyKOBOACTBOBATHCH Clie-
LYIOILNMH NpaBHIaMH.

Ha cxeme NpoH3BO/BbEO YKA3KBAIOTCH CTPESKaMH HANPaBJEeHHs TOKOB
Yy COOTBETCTBYIOUXHX CONpOTHBMeHM#I. O6X0as KOHTYpP B IpOH3BOJBLHOM
HanpasJeHnH, GyAeM CUMTaTh MNOJOXKHTEJIBHBINH Te TOKH, HalpapieHHs
KOTOPBIX ' COBNAfalOT ¢ HANpaBJeHAeM 00XOfa, M OTPHIATEIbHbLINH Te,
HanpaBieyHss KOTOPhIX INPOTHBONOJOKHKE HaNpasJjeHHI0 06Xopa.

IMonoxuTenbHEIMA 5, A. C. 6yAeM CURTaTb Te 3. 4. C., KOTOphe MOBHI
mAloT NOTeHUMa] B HalpaBJeHHH o6xoxa, T. e. 9. A. . Oyzer noJoxH-
TeNbHOH, eClHM NPH O6Xolle MPHIETCS MATH OT MMHyca K IVIIOCY BHYTPH
reHeparopa. ’

B pesynbraTe peimieHus COCTaBNEHHBIX YpaBHEHHI ONpefesgeMbie
BEJIHUHHE MOTYT NOJYYHTBCH OTpHIATENbHBIMA. OTpnuaTeanoe 3HaueHHe
TOKa yKashBaeT Ha TO, UTO (JAKTHYECKOE HATIpABJeHue TOKA Ha }laHHOM
yuacTKe uenH OGPaTHO IPHHATOMY. -

Jin1% aneKTPHUeCKOro TOKa HMeloT MecTo Jipa 3aKoHa dapanes:

nepehifi 3akon apajes — Macca BeLIECTBA, BBIIEJMBIIETOCS NPH
IEKTPOJIHSe, »

. m=Klt=Kg,
The ¢ — KOMHYeCTBO 9JeKTpHUECTSA, MPOMIEAHIEro 9epe3 SAEKTPOJIHT,

K — S/IEKTPOXHMHIECKHH DKBHBAJIENT;
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B'ropoﬁ sakon dapapes — s.neKTpoxamaqecxaﬁ sxaﬂaa.nem nponop-
RHOHANEH KHMHUECKOMY SKBHBANEHTY:

1A

~FZ
rre A — MonspHas Macca, Z — BaJeHTHOCTb, F=96,48456-10% Ka/Mob —
nocronuHas Papanes. ! :
- YaenbHas NPOBOAHMOCTb SNEKTPOMHTa oOmpenensercs GopMyJof

c;%:aCZF s +us),

rje o — cTeneHs aucconuanm, C [Monb/M®] — MoasipHasi KOBUEHTpamus,
Z — panentHocth, F — nocrosingas ®dapagess, 4, B 4~ (MY (B-¢)] —~
NOABHAKHOCTH HOHOB. [IpM STOM O=ng/n — OTHOMEHMIO YNCAA AHUCCOIMH-
POBaBHBIX MOJEKYJ B efHHHIe 06beMa K UMCHAY BCEX MOJMEKYJ PacTBOpeH-
HOTO BellecTsa B STOM ofbeMe. Besnunna n=CZ [mosb/M®] HasbiBaercs
SKBHMBAJIEHTHON KOHUEHTpamuedl, a sendunHa A=c/m [M¥/ (Om-mosb)] —
SKBHBAJIEHTHOH [POBOAMMOCTBIO,

Ipn He6osbIMX IIOTHOCTAX TOKA, TEKYUIEro B rase, HMeeT MeCTO
sakoH Oma

)

J=qn @@y +u-) E=0E,

rie E — HanpsiKeHHOCTb N0Js, O — YHeAbHAas NpPOBOZMMOCTb rasa, ¢ —
8apsj HOHa, 4y M 4. — IMOJBHKHOCTE HOHOB, n [M—%] — wHcIO HOHOB
KaxJI0ro 8HakKa (UWCNO Nap HMOHOB), HaxOAAUIHXCA B enHiimue oGbeMa
rasa. [lpu sToM n= V7\7_/—, rae N [M~8:c~1] — uncno nap HOHOB, CO37as
BAEMEIX HOHMSHDYIOHM areHTOM B eJHEHHEe OGBeMa B eNHHHIY BPeMeHH,
v [M%/c] — kosdunenT pexoMGRHALHH.
ITnoTHOCTS TOKa HACLILEHWs B rase ompeiensieTcss (opmyJoh
Jju=Ngqd, .

rie d — paccTOsiHHe MeX1Y 5JeKTPOAaM#u,
UToGH BHIpBaThCH M3 MeTal1a HapyxKy, sJeKTPOH ROMKEH o6J1anaTh
KHHETHUCCKON SHeprieit

mu?
=4

rme A — pa6oTa BLIXOA SJEKTPOHA H3 AAHHOTO MeTasna. -
I1noTHOCTL TOKAa HACHIEHHS NPH TEPMOMEKTPOHHOH SMHCCHH O«
perensieTcs dopMyJoh

\ A
Ja=BT®exp (“" ﬁ") ?
rne T — TepMOAMHAMHUeCKas TeMIepaTypa KaTopa, A — pa6ora Bhixona,
£=1,380662-10-2% JIx/K — nocrosurgss Bomsumana, B [A/(M?-K%)] —
9MHCCHOHHEas HOCTOHHHaﬂ, pasHas AN PaSAMUHBX METALIOB.
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. 10.1, Tox I B NpOBOJHKKe MeHseTcsl cO BpeMeHEM f IO

. ypaBHennio [=4+2¢, rne I — B aMnepax M {— B CEKyHJax.

Kakoe KOJHUeCTBO a/J€KTPHUECTBA § MPOXOJHT uepes romepey-

HOe CceueHHe MPOBOJHHKA 3a BpeMfAl OT /=2 ¢ 1o #,=6 c? Ilpn

KaKOM IMOCTOSIHHOM TOKe [, uepe3 HonepeyHoe cedeHHe MPOBOA-

HMKa 32 TO XKe BpeMsl IIPOXOJHT TaKoe 3Ke KOJHYECTBO JIeKTpH-
uecTBa? )

10.2. JlaMnoBbIii peocTaT COCTOHT M3 NATH JIEKTPHYeCKHX
NaMIoyYek conpoTHpiaeHneM r=350 OM, BKJIIOYEHHBIX MNapaJ-
nenbHo. Haiitn conpotusienne R peocrara, KOrja: a) ropsAT
BCE J1aMNOYKH; O) BEIBHHUHBAIOTCA OJHA, ABE, TPH, UETHIPE JaM-
HOYKH.

10.3. CkObKO BHTKOB HHXPOMOBOH NPOBOJIOKH AHAMETPOM
d=1 MM Hajo HaBHTb HA (PapdOPOBBIH LMHAHHAD PALUYCOM Q==
=2,5 cM, YTOGBl NONYYHTb Neyb conpoTuBaeHHeM R =40 Om?

10.4. Karymka u3 MenHO!l IPOBOJIOKH HMeeT COIIPOTHB.E-
mie R=10,8 Om. Macca wmenHO#i mnpoBonokH m=3,41 Kr.
Kako#l 1juHB [ M Kakoro Auamerpa d INPOBOJOKAa HaMoTaHa
Ha Karyuike? ( ,

10.5. Haiitn conpoTuBJeHHe R KeJe3HOrO CTepIKHSA IUa-
MerpoM d=1 cM, ecqH Macca cTepKHfl m=1 Kr.

10.6. Mennast 1 a/IOMMHHEBAsi POBOJIOKH HMEIOT OJJHHAKO-
BYIO AJIMHY [ M OJMHAKOBOE CONpOTHB/eHHEe R. Bo CKOJNBKO pas
MeJlHafl POBOJIOKA TAXKeJee aJIOMHHUEBOH? :

10.7. BoubppaMoBasi HUTb 3JEKTPHUECKOH JIaMIIOYKH TpH
t;=20°C nmeer conpoTuBieHHe R;=35,8 OM. KakoBa Gyner
TeMIiepatypa f, HHUTH JIaMIIOYKH, €CH TPH BKJIOYEHHH B CETb
HanpsikeraeM U=120 B no nutn uger tox /=0,33 A? Tem-
nepaTypHull KO3(pGhHUIHEHT CONPOTHBJEHHSA BoJb(paMa o=
==4 6.1072 K-1,

10.8 *). PeoctaT H3 Xene3HOH NPOBOJIOKH, aMIepMeTp
H reHepaTop BKJIOYEHBI nNocnenoBaresbHo. [Ipu £,=0°C co-
npoTuBJeHHe peoctara Ry,=120 OM, cONpOTHB/IEHHE ammep-
MeTpa R ,4,=20 Om. AmnepMmerp mnokaseBaerT Tok [,=22 MA.
Kakoit Tox I Gyller NOKa3HBaTh aMmIepMeTp, eclH PeocTar Ha-
rpeercs Ha AT =50 K? Temneparypublii Ko3(p)HIMEHT cONpo-
TUBJIEHH XKeneza a=6-107%3 K~1, '
~ 10.9. O6MOTKa KaTYUIKH M3 MEJHOH NPOBOJIOKH MpU #=
=14 °C uMeer conporusieHHe R;=10 Om. ITocne nponycka-
HHS TOKa CONPOTHRJIEHHE OOMOTKH CTa/Io paBHBIM R;=12,2 OM.
Jlo xakoii Temmepatyphl ¢, Harpenaach oOMoTka? Temmeparyp-
‘HBI KOS(HLHEHT CONPOTHRIEHHA Meiu a=4,15-10"3 K-,

*) 3nech H fajee COMPOTHBJEHHeM ammepMeTpa R4 H BHYTpPeHHHEM

CONpOTHBMNEHHEM 7 reHeparopa ca¥iyer npeneGpedr, ecH OB He SajaHu
B YCIOBHH. \ ;- o
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10.10. Haiitn nagenne notennnana U Ha MeIHOM npoBoge
nn;xlj:ﬁ 1=500 M u nuamerpoM d=2 MM, ecnu TOK B HeM /==
10.11. Haiitn nagenus noresuuana U B conpoTHBIGHHAX
1=4 OM, Ry=2OM u Ry=4 Om (puc. 19), ecrn aMnepMmerp
nokassiBaeT Tok [,=3 A. ‘
Hatitu 1toku I, u I, '
B CONPOTHBJIEHHAX R;
H R;.

10.12. DneMeHT, HMe-
omEi 3. A c. &=1,1B
H BHYTPEHHEE COMPOTH- Pre. 19.

‘BjieHHe r=1 Om, 3aMKHYT . )

Ha BHeliHee colipoTumienne R=9 Om. Haiitn Toxk [ B ueny,
najeHde noternyana U BO BHelUHeH LeNH M NajeHHe NOTeH-
nuana U, sBHytpH 3aeMeHTa. C KakuM K. I. 4. 1 palotraer
3JIEMEHT?

10.13. ITocTpouth rpaduk 3aBHCHMOCTH NMafleHH: MOTEHIIH~
aja U BO BHelIHeH LENH OT BHEIUHEro CONPOTHB/IEHHS R Has
uenu npenpiAyliell 3agaud., ConpoTHBIenue R B3ATh B mpefe-
nax OCR<C10 Om uepes kaxapie 2 Owm,

10.14. DnemeHT ¢ 3. 1. ¢. §=2 B umeeT BHyTpeHHee CO-
nporusaenue r=0,5 OM. Hafitu nagenue norenunana U, BHy-
TPH 3JeMeHTa NpH Toke B Lemn [=0,25 A. KaxoBo BHelllHee
CONPOTHBJIEHHE R 1ielH NpPH 3THX YCJIOBHAX?

10.15. *2neMenT ¢ 3.4.c. §=1,6 B uMeer BHYTpeHHee coO-
nporusnenne r=0,5 OM. HaifiTu K.1m.1. 1 371€MeHTa OPH TOKe
B pmend [=24 A.

10.16. 2.1.c. aneMenta & =6 B. Ilpn BHewHeM cOMpPOTHB-
denud R=1,1 OM tox B menu /=3 A. Ha¥itu nagenue noresn-
u#ana U, BHYTPH 2JieMEHTa H €r0 CONPOTHBJIEHHE 7.

10.17. Kakyio pgomo 3.4.c. sneMeHTa & COCTaBjsieT pas-
HOCTb NoTeHnHanoB U Ha ero saxkMMax, ecjd CONPOTHRJEHHE
3JIEMEHTa 7 B 7. Da3 MeHbllle BHEIIHEro CONPOTHBIeHUs] R? 3a-
nauy pemurb miasi: a) n=0,1; 6) n=1; B) n=10. :

10.18. DneMeHT, CONPOTHBJIEHHE H aMNeDMeTp COeIHHEHBI
HoCJEIoBaTeNbHO. DJeMeHT UMeeT 3.14.¢. §=2 B n BHyTpeHHee
conporusienne r=0,4 Om. Amnepmerp noxaselBaeT TOK [=
=] A. C xakuM K.ILA. 1 paboraer 3neMeHT?

10.19. VimetoTcs ZiBa OQMHAKOBBIX 3J€MeHTa ¢ 3.4.C. &=
=2 B ¥ BryrpenuuM conporusienneM r=0,3 Om. Kak Hajo
COENMHHUTL 5TH 3JIEMEHTHI (TIOCJEJOBaTeJbHO HJH Mapajjiesb~
HO), YTOGHI MONY4YuTh GOMBIIHH TOK, €C/lH BHEIUHEE COMPOTHB-

senne: a) R=0,2 OM; 6) R=16 Om? Haiiti TOK | B KaxaoM
H3 3THX CJIyuaeB. o
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10 20. Cuwrasi cOnPOTHBIEHHe BOJMbTMeTpa R GecKOHey-
HO GONBIDHM, ONpEJElIOT COMPOTHBAeHHE R MO HOKasagHsAM
aMrepMeTpa W BOJIbTMETpa (puc. 20). Haittu OTHOCHTeJIbHYIO
norpemigocTb AR/R Ha#ileHHOTO CONPOTHBNEHHSA, €CNH B Jeil-
CTBHTENBHOCTH CONPOTHBJEHHE BOJBLTMETPA paBHO R,. 3anauy
pemnth s R,=1000 OM H .conporuBaenus: a) R=10 Om;
6) R=1000wM; B) R=1000 Om.

U .
——

()
N\

Pac. 20, Puc. 21.

10.21. Cuuras conpoTrHBJeHHe aMmnepMeTpa R, GecKOHEYHO
MaJibiM, ONpeesIAOT CONPOTHRACHHE R MO NOKAa3aHHAM amnep-
MeTpa u BoabTMeTpa (puc. 21). Haliti oTHOCHTebHYIO Orpet-
HocTb AR/R HaliieHHOrO COMPOTHBIEHHSA, ec/H B JeHCTBUTEb-
HOCTH CONpPOTHBJIEHHE amIlepMeTpa paBHO R . Pemmrtb 3anauy
A R 4=0,2 Om n CONPOTHRIEHHS: a) R-—l OM 6) R=10 Owm;
B) -R=100 Om.

10.22. IBa napannenbno COeJIMHEHHBIX 3JIeMEHTA C OJuHa-

KOBHIMH 3.7.C. &1=&»=2 B H BHyTPEHHHMH CONDOTHB/IEHHS-~
& SR
7 J—i
.
2.

b4 4

l_-'-“r'—-"“l F ey |

Puc. 22. Puc. 23, . . Puc. 24.

Mu r;=10M u r;=1,5 OM 3aMKHYTHl Ha BHeIlIHee CONPOTHB-
Jenue R=1,4 Om (pﬂc 22). Hafitu Tok I B KaXJ0M H3 3JieMeH-
TOB M BO BCell LemH.

10.23. JIpa mnoC/eNOBATENbHO COEZHHEHHHIX S3JeMeHTa ¢
ORMHAKOBBHIMH 3.A4.Cc. &1=6&:=2 B W BHYTPeHHHMH CONpPO-’
THBJCBHAMH ri=1OM H r,=1,5 OM- 3aMKHYTH Ha BHeillHee
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conpotiBieHHe R=0,5 OM (puc. 23). Hajitu pasHoctb m‘n‘eH-
uuanoB U Ha 3aXuMax KaXJOroO 3JieMeHTa.

10.24. Barapes c 3.1.c. €=20 B, amnepmerp u peocratsi
C CONMPOTHBJAEHHSMH R; H Rji COeAHHEHH MOC/]EAOBATENbHO
(puc. 24). Ilpu BHBeJleHHOM peocTare R; aMnepMerp noka3duBa-
er Tok /=8 A, npu BBelleHHOM peocTaTe R; — Tok [=5 A,
Haiitu conpoTtusiendss Ry U Rj peocTaToB H NajeHHs NOTeH-
uuana U; u U, Ha HUX, KOTJIa peocTaT R; MOMHOCTHIO BKJIIOYEH.

10.25. DnemeHT, amnepMerp H HEKOTOPOE COINPOTHBIEHHE
COELVHEHH NOcNefoBaTeNnbHO. Ec/H B3ATb CONPOTHB/IEHHE U3
MeHOH npoBosiokH aguuHoll /=100 M H nonepeyHHIM ceYeHHeM
S=2 MM?% To ammepMerp NnokasbiBaeT ToK [1=1,43 A. Ecin xe
B3ATh CONPOTHRJEHHE H3 aJIOMHHHEBO¥ IIPOBOJIOKH JAJNHHON [==
=57,3 M H TNonepedyHbIM ceyeHHeM  S=1 MM2, TO aMnepmerp
nokasbiBaeT ToK [;=1 A. Conporusnenne amiepMmerpa- R =
=0,05 Om. Hafitn 3.0.c. & 271€MeHTa H €ro BHYTPEHHee co-
IPOTHBJICHHE T. .

10.26. Hanpsixkende Ha 3aXKHMax 3JeMEHTa B 3aMKHYTOH
uenu U=2,1 B, conporusiennss R;=5OM, R,=6 OM u Ry=
=3 Om (puc. 25). Kakoit Tok / 1mokaselBaeT aMnepMeTp?

Puc, 25,

10.27. COHpOTHBJIeHPIﬂ R;=20 OM u R3=15 Om (puc. 26).
Yepes comporusienne R; rteder 1ok [3=0,3 A. AMHepMeTp
nokaspiBaer Toxk [/=0,8 A. Haittu :
conpoTuBjesne Rj.. -

10.28. 3.a.c. 6atapen §=100 B,
COnmpoTHBAEHHS R;=R;3;=40 O,
R;=8)Om u R,=34 OmM (puc. 27).
Haditn Tox [, Tekymuii uepes co-
NpoTHBJEHHe Rj, W najleHHe HOTEH-
pvana Us; Ha HeM.

10.29. 3.x.c. Garapen §=120 B, Pac. 27.
conpotupieHnss R;=200M n R == ’
=25 Om (puc. 28). INanenue noTeHuHada Ha CONPOTHBJIEHHH
R, pasuo U,=408B. Amnepmerp mnoxasbBaeT ToxK [ b?A
Hairre conporuBienne R;.

€
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10.30. Batapes ¢ 9.4.c. §=10 B U BHyTPeHHUM CONPOTHB-
néuneM r=1 OM umeer k.m.A. 1=0,8 (puc. 28). Tlazesns no-
TeHIHaNa HA CONPOTHBJAeHMAX R, u R, papun U;=4 B u
U,=2 B. Kakofi Tok / nokasbisaer amnepmerp? Haiitu nape-
Hue norennuansa U, Ha CONPOTHBJIEHHH R,.

Puc. 28. - Puc. 29.

10.31. 2.x.c. Garapen &=100 B, comporuBnenus R;=
=100 Om, R,=200 OM u R,=300 OM, conpoTuBJeHHE BONbLT-
merpa Ry=2 KOM (puc. 29). Kakywo pasnocth norennuanos U
[IOKa3bIBAeT BOJBTMETP?

10.32. ConporuBaenuss Ri;=R;=R;=200 OM, conporus-
Jenue BospiMerpa Ry=1&KOM (puc. 29). BoabT™MeTp noxrassl-
BaeT .pasHocTh nortennHanos U=100 B. Haiitu 3.0.c. & Ga-
TapeH. ’ :

3
-1

Ry Ry

Puc. 32.  Puc. 33.

~10.33. Hafitu nokasanus amnepMmerpa U BOJIbBTMETPA B cXe-
Max, H3oO6paxeHHBIX Ha pHC. 30—38. D.n.c. batapen &=
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=110 B, conporusnenus R,=400 Om u R3=600 Om, conpo-
THBJIEHHE BOJMbTMeTPA Rp=1 xOm.

10.34. Amnepmerp c comporusnenuem R,=0,16 OM sa-
WIYHTHPOBaH conpotHBsieHueM R=0,04 Om. AmnepMerp noKa-
sbiBaer ToK [,=8 A. Halith Tox / B memu. :

10.35. Mmeercsl mpeaHasHaueHHbIH I H3MePeHHS TOKOB
Bo-I=10 A amnepmerp c conporuienHeM R ,=0,18 Owm, mka-
Ja Kotoporo pasjiienieHa Ha 100 menenuit. Kakoe comporusie-
HHe R HaJlo B3ATb H KaK €ro BKJIOYHTD, YTOObI STHM aMIiepMer-
POM MOXKHO GBINO U3MePATh TOK A0 [,=100 A? Kak usmeHHTcSs
NpH 3TOM IieHa [IeJIeHHs ammepMerpar

10.36. ViMeercs npepnasHaueHHBI AJIA H3MEPEHHS pasHO-
¢t moTeHHuanoB A0 U=30 B BoJbTMETpP ¢ CONpPOTHBIEHHEM

y=2 KOM, LIKajsa KoToporo pasfiencHa Ha 150 penennit. Ka-
Koe CONpOTHBJeHHe R HaJlo B3ATh U KakK ero BKJ/IOYHTb, UTOOH!
STHM BOJBTMETPOM MOXKHO OBLIO H3MepATb PA3HOCTH MOTEHLH-
ande 10 U,=75 B? Kak HSMeHHTCS TPH 5TOM LEHA JeJeHHS
. BOIbTMeTpa?

10.37. ViMeeTcsl npennasHayeHHBIH A/ M3MepPeHHs] TOKOB
1o /=15 MA amnepmetp c conporusneHueM R =5 Om. Kaxoe
COMpPOTHBAEHNE R HALO B3ATH H KaK €ro BKJOYUTH, YTOOLI 3THM
npuGopoM MOXHO OBLIO H3MepsiTht a) ToK A0 [,=150 MA;
6) pasHocTb mMoTeHuHatoB go Uy=150 B?-

10.38. Mmeerca 120-BosbToRasi ajieKTPHYECKas JIaMIIOUKa
MowHocThio P=40 Br. Kaxoe A06aBouHOe - CONpPOTHBAEHHE R
HaJ0 BKJ/IIOYHTDL TOC/JEJOBATENbHO -C J1aMIIOUYKOH, 4YTOOBI OHa
JaBajla HOPMAa/NbHLIA HakaJ NpPH HaNpsukeHHM B cetH Uy=
=220 B? Kaxyio nnuny ! HRXpoMOBO# IIPOBONIOKH ZHaMETPOM
d=0,3 MM HalO B3STb, YTOOBl NOJYYHTb TaKOE CONPOTHEB-
nenune? '

10.39. Mmetorcs Tpu 110-BOSBTOBBIX 3JEKTPHUECKHX JaM-
HOYKY, MOIUHOCTH KOTOpeIX Py=P3;=40 Br u P3;=80 Br.
Kaxk HaJo BKJIOUMTb STH JIAMIIOYKH, 4TOOBI OHH JaBaJjlyl -HOD-
MaJIbHBEIH HaKaJl. IpH Hanpsxenud B cetn U,=220 B? Hauep-
TUTb cxeMy. Hafitn Toku I, I3 u Is, TeRylllue Yepes JaMIOYKH
TIpH HOPMaJIbHOM HaKaJe. : ,

10.40. B naGoparopuuy,. yllajJeHHOR OT reHepatopa Ha pac-
ctosnne /=100 M, BKJIIOUHJIH 3JIEKTPHYECKHH HarpeBaTeJbHBIH
npuGop, norpebnsiomuit Tok /=10 A, Ha ckonpko NOHM3H-
noch Hanpspkenve U Ha 3ajKMMax 3JIeKTPHUeCKOH JIaMIIOUKH,
ropsauiel B 310# J1abopaTopuH, eclM cedeHHe MelHLIX MOABOJS-
HIMX MPOBOOB S=D5 Mm*? . -

10.41. Ot Garapeu ¢ 3.4.c. €=500 B Tpebyercs mepenatb
‘suepruio Ha paccrosiniie [=2,5 kM. [TorpeGnsemas MouUHOCTD
P=10 xBr. Hafitu MuHHMA/IbHEIE MOTEPH MoIIHOCTH AP
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B ceTH, ecnH AHaMeTD MeJHHX HONBOAAINMX NPOBOAGE d=
=1,56 oM. - ’

10.42. Or resepatopa ¢ 3.4.¢. & =110 B.1peGyercs mepe-
AaTh sHepruio #Ha paccrosuue. [=250 M. [loTpebasemas Mout
wocts P=1 KBT. HaiitTy MHHHMaIbHOE CeYeHHe S MEIHBIX
UOABORAMIKX MPOBOAOB, €CqH TMOTEPH MOLHOCTH B CETH. He
HO/KHBI TpeBsiaTh 1%. : ‘

10.43. B 1uens BKJIOYEHH! [OCJAENOBATe/]bHO MeAHas H
CTaJIbHAA MPOBOJIOKH OJHHAKOBBIX JUIWHE H Auamerpa. Ha#ru:
a) OTHOUIGHYWe KOJMYECTB TEIVIOTHI, BBIIEJSIOIHXCA B 3THX
npoBosioKax; 6) OTHOIEHWe NajeHAH HalpfXKeHHA Ha ISTUX
[IPOBOJIOKAX. ,

10.44. PemnTh npelBAyMyI0 3ajauvy Aaf ciaydas, KOrja

MPOBOJOKH BKJIQYEHBI [1apasliesibHO.
“" 10.45. Ddnement ¢ 3.4.c. §=6 B naer MaKcHMaabHBIH TOK
I=3 A. Ha#itu HanGosbilee KOMHYECTBO TENIOTH Qr, KOTOpOE
MOKeT OBITh BhIAEICHO BO BHEUIHEM COHPOTHBJCHUH B €AHHHIY
BpeMeHH. -

10.46. Barapes ¢ 3.41.c. =240 B u BHYTpeHHHM colpo-
THBJeHMeM r=1 OM 3aMkHyTa Ha BHelllHee COIIPOTHB/ICHHE
R=23 Owm. Haiitu nonuyo MolmHocTs Py, NoNE3HYI0 MOLIHOCTD
P u x.njn. m OGarapen. .

10.47. Haiitn BHyTpeHHee CONPOTHBJEHHE 7 TIeHepaTopa,
ecslH H3BECTHO, 4TO MOUIHOCTH P, BHIZE/SIONIafAcsA BO BHEUHEH

- Heny, OJHHAKOBA IIPH BHELIHWX

5 cONpOTHBNEHUSIX R;=5 OM

el (/ N - ~ n R,=0,20M. Ha#itn x.m.xa.

4 7 \ n TreHeparopa B KaxkJaoM
H3 THX CJAy4aes.

3 10.48. Ha puc. 34 pgama

/ \ 3aBHCHMOCTb [IOI€3HOH  MOMI-

2 sHocTH P ot toka I B nemu. [lo

i { HAHHBIM 95TOH KpHBOH HalTH

Ty / - BHYTpeHHee COMNPOTUBJEHHE 71

: H 9.4.c. & sneMenra. [locrpo-

0 ' WTh TIpapyK 3aBHCHMOCTH OT

2 4 & 8 -IA ntokal B llen¥ K.LA M 3Jje-

Puc, 34. MeHTa M [aJeHds1 NoTeHuHata

U Bo BHeuHe# LenH.

10.49. Ilo napHbIM KpUBOH, M300paxKeHHOH Ha puc. 34,
HOCTPONTH I'padK 3aBHCHMOCTH OT BHEIHEro CONpPOTHBJIEHHA
R uenu: K.m.j. M 37eMeHTa, NMOJHOH MOLUIHOCTH Py ¥ MosesHoH
MomuocTH P, KpuBnie TOCTPOUTH [/ 3HAUYEHHI BHEIIHErO cOo-
nporusaenssa R, pasumx: 0, r, 2r, 3r, 4r u 5r, Ige r — BHY-
TpeHHee CONPOTHBJEHHE 3AEMeHTa.  ° - '
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" 10.50. SuieMeRT 3aMBIKAIOT CHaYajia Ha BHeinHee CONPOTHB-
nenve R;j=2OMm, a 3aTeM Ha BHemiHee comporHBieHHe Ri=
=0,5 Ou. Haiitu 3.1.c. & 37IeMenTa H ero BHyTpeHHee CONPO-
THUBJIGHHE 7, €CITH H3BECTHO, 9TO B KaXKJIOM H3 9THX. CJIy4aeB
MOIIHOCThb, Bbijendiomasics BC BHEINHeHl TeNH, OfHHAKOBA H
paBHa P=2,54 Br. - :

10.51. Dnement ¢ 3.5.c. §=2 B H BHYTpeHHUM CONPOTHB-
aendeM r=0,5 OM 3aMKHYT Ha BHelllHee CONPOTHBJeHHE R.-
ITocTpours rpadyk 3aBHCHMOCTH OT COUPOTHBAeHHA R: Toka [
B Lleny, NaseHus norteHuyana U Bo BHelmHed ifen, HoJe3HOR
MolHocTH P 1 noaHo# MouHoetH P,. Conporysnenve R B3fATh
B npexenax O<CR <4 Om uepe3 xaxpnie 0,5 Om.

10.52. DaeMeHT ¢ 3.4.c. & ¥ BHYTPEHHHUM COMPOTHBJIICHNEM
r 3aMKHYT Ha BHemHee collpoTHBJAeHHe R. HanGonbluas mol-
HOCTb, Bbijlesisiioniasicsi BO BHelnHe# nenu, P=9 Br. [Ipu srom
B neny teder ok /=3 A. Hafity a.n.c.
& ¥ BHyTpeHHee CONPOTHBJCHHE r 3ne-
MeHTa, ’

10.53. D.n.c. 6araped &=120B, co-
npotaBiaennsa R;=30 OM, R3=60 OM (puc.
35). Amnepmerp mnokasbiBaeT ToR /=2 A,
Ha#irn momnocrs P, BHIEJISOIYIOCH B
CONPOTHBIEHHH Rj.

10.54. D.x.c. Garapen &=100B, ece
BHYTPEHHee conporHBieHHe r=2 Owm, co-
nporuBieHus R;=250M H R;3;=78 Om
(puc. 35). Ha conpotuBieHuH Ry BolieasieTcst MoHocTh Pi=
=16 Bt. Kaxkoli Tok / norasbiBaer ammepMerp?

10.55. 3.n.c. Garapeu & =120 B, conporupienus Rj=
=25 OM, R3=R,=100 Om (puc. 36). Haittu mommuocts Pi,
BHUIENAIOIMYIOC Ha COMPOTHBJIEHHH Rj.

10.56. K.n.n. Gataper N=80%, conporupaenue Ri=
=100 Om (puc. 36). Ha conporusnenuy R; BbiIeJsieTCsl MOIE-
HocTh Pi=16 Br. Hafitu 3.4.¢c. & GarapeH, ec1H H3BECTHO, YTO
AafeHie nMoTeHIMana Ha coupotuBienun Rj; pasno U;=40 B,

&

Puc. 3. -~ Paeran,
10.57. D.a.c. Garapen =120 B, nonnoe coAPOTHBJEHHE
morteHnuomeTpa Ro=120 Om (puc. 37). Conmperksiienne R
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NaMIIoOuKH MeHslercd npu HarpeBavuu ot 30 xo 300 OM. Ha
‘CKOJIBKO MeHsieTcsl IIpH 5TOM pasHoCTh NorgHnHuansoB U Ha JaM-
10YKe, €c/IH NOJBHKHBIA KOHTAKT C CTOMT Ha CepelMHE MOTeH-
pHoMerpa? Ha ckoJIbKO MeHAerca IPH STOM MOLIHOCTD P no-
TpeGisieMasi J1aMIIOUYKOH?
10.58. PasHOcTb NOTeHLHAN0B MeXAY ToukaMu A u B pas-
Ha U=9 B. HMmelorca nBa npoBoJHHKA C COMPOTHBJIEHUSMH
R;=50M u R,=3 Om. Haiith xoandecrBo TemaoTh Q, Bbi-
Hensioiligecs B KaXKJA0M MPOBOJHHKE B €IMHUIY BpPeMeHH, eCJH
NPOBOAHUKH Mex1y ToukaMu A ¥ B coepyiHeHH: a) nocsjeloBa-
TeJIbHO; 6) NapanJienbHo. .
10.59. [IBe sneKTpHuyecKHe JaMHIOUYKH C conpomsneummu
R,=3600M 1 R,= 240 OM BKJ/IIOYeHBI B CeTh IapajuiesbHO.
“Kaxas u3 namnouek notpebaser 60ab-
wrylo MomHocTh? Bo ckoibko pas?
' ‘ 4) 10.60. KanopuMeTp HMeeT CHHpab
= 2, conporuBieHHeM R;=60 OM, Kortopasi
BKJ/IIOUEHA B Iellb, KAaK HOKa3aHO Ha
puc. 38. Comporuienue R,=300 Om.
AwmniepMerp mnokasbiBaeT TOK [=6 A.
Ha ckoibkO HarpeBaeTcss Macca m==
=480 r BOJLI, HaJNTOH B KajJOpUMeTp,
— 7 3a BpeMsl T==D MHH TpoIycKaHHUSA
TOKa?
Pue. 38.. 10.61. Kakoii o6beM V BOIE! MOXKHO
.BCKMIIITUTD, 3aTPATHB 3JEKTPHUECKYIO
SHTgl;Lélo W=3 rBr-u? HavanbHaa Temneparypa BOmbI f,=
10.62. Kaxyio Mom#oCTh P notpebisier HarpepBarelb 37eK-
TPHYeCKOro YaiiHHKa, ecall 06beM V=1 j BOjbl 3aKHMIaET yepes3
BpeMsl T=5 MHH? KakoBO compoTuBjcHHe R Harpepares,
ecsiv Hanpskende B cetd U=120 B? Hauanbras temneparypa
BOARl 4,=13,5°C.
10.63. Ha nantke Momsocreio P=0,5 KBT crour yalfiHux,
B KOTOPBI# Hamut o6beM V=1 .1 Bogbi npH £,=16 °C. Boxa B uaii-
HHKe 3aKHnena yepe3 BpeMs T=20 MHH TNOC/I€ BKJAIOUCHHS
nanTkH. Kakoe KOHYeCTBO TENOTE @ MOTepAHO NMPH ITOM Ha
HarpeBaHHe CaMOrO YaiHHKa, Ha H3JyYeHue H T. 1.2
10.64. Harpepatens 3aeKTPUUECKOH KaCTPIOJH HMeeT ABE
OJIMHAKOBRIE CEKIMM C comporuBjieHHeM R=20 OM Kaxjaf.
Hepes kakoe BpeMsi T 3akMndT 06neM V.=2,2 1 BOfu, eciu:
a) BKJIIOUCHA OJHA ceKUus; 6) o6e ceKIHH BRJIOYEHEH! I10C/AeN0-
BaTe/bHO; B) 06€ CeKUHH BKAIOYEHbI napansebHo? HaganbHas
Temnepatypa Bost {,=16 °C, nanpsxenue B cetn U -IIOB 4
K.ILJ. Harpesatens 'q—85°/ ' S

144




.10.65. HarpepaTenb 37eKTPHYECKOTO yafHHKa HMeET JBe
cekunu, IIpy BKR/MOYEHHNH OXHOH M3. HEX BOJA B YafHAKE 3aKH-
nuT uepes BpeMs Ty=15 MMH, NpHu BKJIOYEHHH Apyrof — uepes3
BpeMs 1,=30 MuH. Yepes kakoe BpeMs T 3aKMIMT Bojla B yail-
HYKe, eCa¥ BKJIOYHTL ofe ceKUuH: a) MmocaeloBare/bHo; 6)° na-
panaeabHo?

10.66. HarpeBatensb 2/ieKTpHYeCKOr0 ugHHHMKA CONPOTUB-
JeHueM R; BKJIOUYeH B Ielb, KaK INOKa3aHo Ha pHc. 39. D.x.c.
Garapen &=120 B, conporusnenve R.=10 Om. Ammnepmerp
nokaseiBaer ToK /=2 A. Uepes Kakoé BpeMsl T 3aKHIHT OOBEM
V=0,5n1 Bomu? HauanpHasa remnepatypa Bombi fo=4°C.
K.o.a. HarpeBaTeJm n=76%.

10.67. KanopuMeTp HMeeT cmMpasnb CONPOTUBIEHHeM Ry,
KoTopast BKJIOYeHa B 1elb, Kak MoKa3aHo Ha puc. 40. d.x.c.
Gatapeu &=110 B, x.m.a. cnupann n=80%. B kanopumerp
HanHta Macca m=>500rr KepocuHa. AmmepMerp MNOKa3bIBaeT
toK [=2 A, BonmbTMerp nokaskiBaeT Hampsikenue U=10,8 B.
KaxkoBo conporupnente Ry cnupann? HaliTu yaeabHyIo Temio-
€MKOCTh ¢ KepocHHa, ecl¥ 3a BpeMsl T=05 MHH NpONYCKaHHSA
TOKa Kepocmi Harpencss Ha Af=5°C. KaxkoBo compoTtHBie-
mie R,? Conpmmmemle BOJLTMETpPA CYATATh GeCKOHEUYHO
GonbHmuM,

10.68. O6peMm V=4 5 J1 BOJIbI MOKHO BCKHIIATHUTh, 3aTPaTHB
aneKTpuueckyio sHepruio W=0,5 kBt 4. HauanbHas Temie-
parypa Boasl #=23°C. Haiity K.n.z. m HarpeBarens.
© 10.69. [Ias otonseHHs KOMHATHE IIOJb3YIOTC 3JeKTpHye-
CKOH meuplo, BKJIIOUEHHON B ceThb HampsixkeHweM U=120 B.
KoMHata Tepsier B eXMHHLY BpeMeHH .KONHUECTBO TENJOTH
Q.=87,08 MIx/cyr. Tpebyercs momiepxHBaTh TeMIEPaTypy
KOMHATH MocTosiuHoM. Haiity: a) conpotueieHHe R nmeun;
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6) anuHy | HUXPOMOBOH NPOBOJIOKH AuaMéTpoM d=1 MM, He-
o6xouMoill /i OOGMOTKH Takofi meuH; B) MoiHocTh P neuH.

10.70. Temneparypa BoAfHOro TepMocraTa oObeMoM™ V=
=1 ;1 nopnepKUBaeTcs NOCTOSHHON TpPH NMOMOIIH HarpesaTess
MOILHOCTEIO P=26 Br. Ha narpesanne ponm Tpatures 80%
aroii MowmHocTH. Ha ckonbko noHH3uTcs TeMIilepaTypa BOZBI,
B TepMocTaTe 3a BpeMsa v==10 MuH, ecau HarpeBare/b BLIKJIO-
YHTbL?

10.71. CxonbKo HANO 3amaaTHTb 3a N01B30BaHYe 3JIEKTPH-
yeckoll sHeprueil B MecAl (30 [Hef), e/l exeJHEBHO B TeUeHUe
BpeMeHH T=06 4 ropat xBe 120-BoJNbTOBBIX naMIOUKH, notped-
asoiye Tok 1=0,5 A? Kpome Toro, exenHeBHO KMNATHTCS
o6beM V=3 n1 Boabi. Hauanbuas temneparypa Bomml f,=10°C.
Croumocts 1 XBT-u 3Hepruu mnpuHATh paBHOH 4 kom. K.m.n.
HarpeBarens n==80%.

10.72. DnekTpUyecKnil YafiHUK, cofepKamHil o6beM V=
=600 cM® Bogb1 npH #=9 °C, 3a6blnyu BeIKMOUNTL, CONPOTHB-
JeHne HarpeBatens dafiHuka R=16-Om. Uepe3 kakoe BpeMs
T mocJle BKJIOYeHHS BoJla B yalHHUKe BBHIKMIHT? Haripsixkenue
B cern U=120 B, x.n.zx. HarpeBaresnis n=60%.

10.73. B pryrHoM auddysHoHHOM Hacoce B efHHHILy Bpe-
MeHH HcnapsieTces Macca m,==100 r/Mud pryTtH. KakoBo Romx-
HO GBITE coNpoTHBNeHHe R Harpesaress Hacoca, ec/iv OH BKJIO-
dyaercst B cerh HanpsaxenueM U=127 B? YiennHas Temiora
napoo6pasoBanus pryTH =296 kI ®/Kr.

10.74. B nenb, cOCTOAILYIO H3 MEAHOr0 MPOBOJAA MJICHIAALIO
HONEPeYHOro ceueHnsl Sj=3 MM2, BKJIOYEH CBHHIIOBHIH Mpefio-
XpauvTesb IJIOMAJLI0 NomepeyHoro cedeHus Sy=1 mm2. Ha
Kakoe MOBBLILIEHNE TeMIepaTyphl Af; MEAHOTO NPOBOAA IIPU KO-
 POTKOM 3aMbIKaHUM LelH paccuuraH Ipe-

Joxpauutess? CuMTaTh, YTO [OPH KOPOT-
KOM 3aMbIKaHMH BCJAEJCTBHE KpaTKOBpe-
MEHHOCTH [ponecca Bce BhIIE/IVBIIEECs
TeIio HIeT Ha HarpeBauue uemu. Hauanb-
Hasi TeMmneparypa NpenOXpaHATess lo==

10.75. Hafitu  KOnIM4eCTBO TeIIOTH -
Q;, BbljeasiiOlleecss B eAMHUIY BPEMeHH
B eAMHMIe oObeMa MeIHOTO NPOBOAA [IpH
maoTHocTH TOKa j=300 KA/M2.

Puc. 41, 10.76. Hafitu TokM [/; B OTHENbHBIX

BeTBAX MOCTHKa YHTcTOH2 (pHc. 41) npm

YC/IIOBHH, YTO yepe3 ranbsaHoMeTp Hzer Tok /,=0. D.n.c. ane-

MeHTa & =2 B conpomsneﬂus R1=30 OM Ry=45 Om u
Ry= 2000M '
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10.77. D.n.c. snementoB £1=2,1 B u §,=1,9 B, conpo-
THBJIEHHS! Ri=450M, Ry,=100M 1 Ry;=100m (puc. 42).
Haiitu Torn I; BO BeeX yuacTKaX LeNH.

10.78. Kakas passocTh noreHiHano U mnosyvaercs Ha .
3aKMMaX JBYX S/EMEHTOB, BK/IOUEHHHIX MNapa//iefbHO, €CIH
‘ux 9.Ac._&1=1,4 B u §=12B 1
BHYTPEHHYE CONPOTUBIEHHS r1=0,6 OM
U r,=0,4 Om?

10.79. [IBa sseMeHTa C OJWHAKOBHI-
MHu 9.4.c. §1=& =2 B H BHyTpeHHUMHU
conpoTHBJIeHHSAMH r1=1 OM ¥ ry;=2 OM
3aMKHYTHI Ha BHelIHee CONPOTHBJIEHHE
R (puc. 43). Uepes sneMeHT ¢ 9.4.c. &1
teyet TOK /i==1 A. Halitu conporusse-
uve R 1 Tok I3 TeKymuil vepes sneMent c s.1.c. &3 Kaxof
Tok I Teuer yepes comporuBieHHe R?

10.80. Pemuts npeasiaymyo 3ajauy, ec &:=&3=4 B,
rl—r3—05OM H 11—'2A

Puc. 42,

.PKC. 43. ' Puc, 44.

10.81. Barapeu umeior 3. a. ¢. §1=110 B u &,=220 B, co-
nporuBieHHa R, =R,;=100 O™, R;=500 Om (puc. 44). Haiiru
NoKasaHHe amiepMeTpa.

10.82. Barapen umeior a.1.c. €1=2 B u &,=4 B, comnpo-
tuBienve R;=0,5 Om (puc. 44). Ilagenne noreHuuana Ha
conporHBaeHHH R, paBHO U,=1 B (Tox uepes R, HanpaBieH
cripaBa HazleBo). Hafity mnokasanve ammnepmerpa.

~ 10.83. Barapen nmeior 3.4.c. §:1=30 B u §,=5 B, compo-
THBAeHHA Ry=10 OM, R;=20 Owm (puc. 44). Uepes aMHepMeTp
Tever ToK /=1 A, nanpabjennnii o1 Ry Kk Ry. Hafitu compo-
THBJeHHE Rp. - .

10.84. DBarapen HMeloT 5.4.c. §1=2 B u &»=1 B, compo-
THBJAeHAs Ri=1 kOM, R;=0,5xOM u R3=0,2 xOM, compo-
THBJAeHHe amnepmerpa R ,=0,2 kOm (puc. 45).. Hafitu noka-
3aHMe amiepMerpa.

10.85. Darapen wuMeior 3.4.c. §:=2B u 6’2—3B co-
npotuBieHne Rs;=1,5 KOM, ' conpoTHBienHe amiepMerpa
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R 4=0,5,KOM (puc. 45). [Nanenne noreniinana Ha conpoTHB/e-
fum R, pasHo \U,=1B (tok uepe3 R; HampaBnieH CBepXy
punus). Hafitu rioxasanme awmiepMerpa. : . .

10.86. Barapeu mmeor 3.4.c. §1=2B, &:=4B U &=
=6 B, conporuBienua R;=40M, R;=60M u R;=80Mm
(puc. 46). Hafitn toxn I; Bo BceX yuacTKax IenH.

Puc. 45. o Puc. 46.

10.87. Barapen unmetor 3.4.c. €:1=8&.=&:2=6 B, conpo-
tuBieHHa Rj=20 O™, R,=12 OM (puc. 46). Ilpy KOpPOTKOM
3aMBIKaHUH BEPXHEro y3s/a CXeMbl ¢ OTPHIATe bHBIM 3aKHMOM
Garapeil uepes 3aMuIKaOIUNA NPoBOA Teuer Tok /==1,6 A. Haili-
TH TOKH [; BO BCeX ydYacTKax LeNH M COMNpOTHBiAeHHe Rs.

10.88. B cxeMe, usoGpakenHoll Ha puc. 46, Toku I; n Is
HanpaBJeHb! cpaBa HasleBO, TOK /3 —- cBepxy BHu3. [lanenus
noTeHIMana Ha conporusneHusx Ri, R3; u R; paBuel U;=
=§Js-s§2U-,=‘10 B. Hafitu s.0.c. €3 1 &3, ecau a.41.c. &i=

10.89. Barapeu umeior 3.4.c. &i=d&3=100 B, comporus-
aeHus Ry=200mM, R,=100M, R3;=400M u R,=300m
(puc. 47). Haiity nokasaHue ammepmerpa, ‘

10.90. Barapen umeior 3.a.c. &1=2&3 CONPOTHBJICHHSA
Ri=R;=200OmM, R;=150M u R,=30 OM (puc. 47). Uepes

Puc. 47. . Puc. 48.

amnepmetp Teuer Tok /=15 A, BanpapieHHBIi CHH3Y BBEpX.
Haiiti a.1.¢. . &1 1 &3, a Takke TOKM /3 U I, TeKymiHe uepes
conporuBaenusi R, n Rs.. _ :

10.91, JIBa OJHHAKOBLIX 3JeMEHTa MMEIOT 9.4.¢. &1=&;=
=2 B 4 BHYTpeHHMe CONPOTHBAEHHA r1=r,=0,5 OM (puc. 48)."
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Haiits TokH Fy 4 I';, TeKymue yepes conpotusienns Ry=0,5 OM
H Ry,=1,5OM, a TakKe TOK /| uepes sJ1eMeHT ¢ 3.4.C. 61
 10.92. Barapen #nMelOT 3.4.¢c. €1=63, CONPOTHBJACHHUS
R,=2 R, (pnc. 49). Bo ckoabKo pa3 TOK, TEKYIIHUH uepes BOJALT-
MeTp, OoJbllle TOKa, TeKYIIero 4yepes cONPOTHBIeHWe R,?

10.93. Barapeu uMeiot 3.4.¢. &1=6& =110 B, conporusne-
His R;=R,=0,2 xOM, conpoTuBjeHHe BOJIbTMeTPa R, =
=1 kOm (puc. 49). Hafitu rnoKasaHne BOJIETMETpA.

10.94. Barapen wumelor 3.4.c. &1=&2, CONPOTHBIICHHA
R,=R,=100 Om, conporuBsiense BoabTMeTpa KR, =150 Om
(puc. 49). TIloxasauyue Boast™erpa U=150 B. Haiirn 3.x.c.

&1 1 &, Oarapefl. ‘
Ry
— R
51 T&
JE R
d

Puc_. 49, . Puc. b0.

10.95. DneMeHTHI UMelOT 3.4.c. §1=3&:=1,5 B u BHyTpeH-
HHe cONpOTHBAEHUS r1=r;=0,5 OM, conporuBjenus R;=R,=
=2 OM u Ry=1OwM, conporuBneHue amrnepmerpa R,;=3 OM
(puc. 50). Hafitn nokasanHe ammnepMerpa.

10.96. DnemenT HMeeT 3. 4. c. §=200 B, CONPOTHBJIEHAS
R:=2 xOM u R,=3 xOM, conpoTHBieHHss BOALTMETPOB R =
=3 kOM u R,,=2 KOM (pHuc. 51). Haii-
TH NOKa3aHHA BOJbTMETPOB Vi u V,,
ecad kaoy K: a) pasoMksayr, 6) 3am-
KHYT. 3agayy pelldTh, NpHMeHAs 3a-
KoHbl Kupxroda.

10.97. 3a kakoe BpeMs T 0pH
9JIEKTPOJIM3e BOLHOTO PacTBopa XJop-
no# Meau (CuCl,) Ha KaTofe BhIJENUTCA
Macca m=4,74 r MeiHd, ecau ToKk [= pic. 51,
=92 A?

10.98. 3a kakoe BpeMs T npn SJIEKTPOJIH3e MeIHOro Kyno-
poca Macca MeJHOH MIacTHHKM (KaTofa) YBeJIHUHTCS Ha
Am=99 mr? ITnomanp naacTHHKW S=25 ¢M?, NAOTHOCTL TOKa
j=200 A/m2, Hafity tommuny d cnost Meid, o6pasoBabilierocs
Ha IAacTHHKE. . ]

10.99. IIpu anekTposu3e MeAHOTO KYIOpoca 3a BpeMsa T=
=1 y peigenusaack Macca m=0,5r Megu. ITaoanb Kaxaoro
anektpopa S=75 cM?. Halitu m10THOCTD TOKa j.
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10.100. Hafit saeKTpOXHMHYeCKMH SKBHBaleéHT K BO-
Aopoja.

10.101. Aunepme'rp, BRJIIOYEHHBIH IIOUIGJIOBBTEJIBHO C 3J1ex-
TpoJHTHYecKOH BaHHOH ¢ pacTBopoM AgNO,, mokasbiBaer TOK
I=0,90 A. Beper Jiu aMpepMeTp, €C/aH 3a BpeMsA T=05 MUH
NPOXOXKJIEHHA TOKa BHIeAHAach Mmacca m=316 Mr cepebpa?

10.102. [Ipe 5jeKTpOJUTHYeCKHE BaHHH ¢ pacTBOPAMH
AgNO,; n CuSO, coenuueHbl nocnenoBarenbHo. Kakaa macca
tny MeJH BBUIEJNTCS 33 BPeMs, B TeueHHe KOTOPOTro BELAENNIACh
Macca m;=180 M cepebpa?

10.103. TIpy monyJyeHHH aMIOMMHMA 3/IEKTPOTH30M pac-
tBopa Al,O; B paciliaBJeHHOM KpHOJHTE NPOXOZHA TOK [==
=20 XA 1np# pasHOCTH MOTEHNMaJOB Ha saekrpogax U=>5 B.
3a KaKoe BpeMs T BHIAEAHTCA Macca m=1 T aJioMHHHA? Kakas
anekTpudeckaa sHeprus W npu sToM Gyper 3arpaueHa’

10.104. Kakyio snektpuueckyio sHeprmo W wnapo 3arpa-
TUTh, YTOGHI mpu anekTponnse pactBopa AgNO, BeizenaHiath
Macca m=500 Mr cepebpa? paSHOCTb [OTEHIIMA/IOB Ha 9JIeKTPO-
jax U=4 B.

10.105. Peaknys 06pasoBaHus BOIBI U3 Bonopoua M KHCJI0-
polia NPOMCXOZHT ¢ BHIENIEHHEM TeIaa:

9H, +0, =2H,0 + 5,75 108 [Ix.

HafiTn HauMeHbIIyI0 pasHocTh MOTeHNManoB U, npH Kotopoi
GyzieT NPOUCXOMUTH PAa3NoKEHHE .BOLBl SJIEKTPOIU3OM.

10.106. HafitH 5KBHBaJIEHTHYI0 NpPOBOAMMOCT A &IA
o4YeHb cJa6oro pacrBopa a30THOH KHCJOTSHI.

10.107. Uepes pacTBOp a30THON KHCJIOTHI MOpoNycKaercs
Tok /=2 A. Kakoe KoJ14eCTBO 3/1eKTPHUECTBA ¢ [ePeHOCHTCA
33 BpeMs t=1 MUH HOHaMM KaXKJOro 3Haka?

10.108. DxBuBaseHTHas npoBopuMoctb pactBopa KCl mpu
HeKoTOpOo# KoHuenTpanuyd A=12,2- 1073 m2/(OM- Moaib), yiens-
Hasi IpPOBOAMMOCTH IIPH TOH Ke KoHNeHTpauuH 6=0,122 Cu/m,
SKBHBaJeHTHAasl MPOBOAMMOCTH IPH GecKOHEUHOM DpasBelleHHH
A_=13-1072% M?/(OM- Mosib). HafitTH: a) cTenedb AHCCONMALNHU &
pacrsopa KCl npHu nanHO# KoHIeHTpalnuH; 6) sKBUBaJEHTHYIO
KOHIIEHTPALMIO 1| PacTBOpa; B) CYMMY . no;uamxﬁom*eﬁ u,tu_
noog K+ u CI-,

10.109. Haifiru CONPOTHBIIEHHE R paC'rBopa AgNQO;, 3a-
noJiHAIOUEro TPYOKY AJnHOH [=84 cM W IJIOWAABIo foneped-
Horo ceuennss S=>5 Mm% DxBUBajieHTHas KOHUEHTpanus pac-
tBopa M=0,1 Moap/n, creneHp xuccommaunn a==81%.

"10.110. Haiirn conporupaenue R pactBopa KNQOs, samoa-
HAIOWEro TPYOKY AAMHOA [=2 cM H ILUIOWAABI0 HONepPeyHOTo
m . e N » -



ceuenus' S=7 cM?. DKBHBaNeHTHas KOHUEHTPaUMA pacTBOpA
‘1=0,05' MoIL/a, 9KBUBANEHTHAs  NPOBOHMOCTH A=
=1,1-107¢ M¥/(OM- MOaB). ' , -

10.111. TpyGka pnuuoit /=3 cM U uIomafbIO nomepeunoro-
ceuenus S=10 cM? samonseHa pacrtBopom CuSQ,. DxeupaenT-
Hasi KOHHIEHTpauMsi pactBopa N=0,1"Monb/n, conporusaenne
R=38 Om. Haiitit sxBHBaJIeHTHYIO IPOBOIMMOCTb A pactBopa.

10.112. YnenbHasi TPOBOJMMOCTb JECHMHOPMAJIBHOTO pac-
TBOpa coasHOM KHcaotel 0=3,5 CM/M. Hafity crenens pycco-
nManuy o,

10.113. Haiitn yncsio MOHOB 7 Ka¥I0T0 3HaKa, HAXOAALIMX-
cH B eluHMIE 00BEMa pacTBopa NpeAbIAYIIEH 3ajauM.

10.114. TIpu ocBellegHHH cOCYAa ¢ Ia3oM PEHTIeHOBCKHMH
AyYaMy B efyHHIe o6beMa B eIMHMIY BpeMeHH HOHM3YeTcs
uycno Mmoaekyn N=101 M~%.¢~1, B pesyabrare peKoMGHHa-
IIMH B cocyflle YCTaHOBMJIOCH DaBHOBecHe, NPHYEM B euHHIC
o6beMa rasa HaXoguTcsd YHCJIO HOHOB KaXHOr0 3HaKa A=
=101 M3, Hafitn kospdunvenr pekomGunanuy .-

10.115. K snextposam paspsaHo#t TpyOsl mpusokKeHa pas-
HOCTh moreHiHanoB UU=5 B, paccrodune MexAy HUMH d=
=10 cm. Ta3, Haxomsmuiica B TpyGKe, ONHOKDPATHO HOHH30-
BaH. Unc/io MOHOB KaX0ro 3HaKa B eAUHUIIe 0GbeMa rasa . =
=10° M~3; MOABMKHOCTH WOHOB u,=3-10"2M2/(B-c)u u_=
=3.102 M¥(B-c). Hafitu mnotHocth TOK2 j B Tpybke. Ka-
Kasg 4dacTh [OJHOrO TOKA [EPEHOCHUTCH MOJIOKHUTEIbHBIMH
HoHamu? .

10.116. IMnomans KaxKaoro sjeKTpoja MOHU3aUMOHHOH Ka-
mepsl S=0,01 M2, paccrosiuve Mexay wumu d==6,2 cm. Hakitn
TOK HacHllieHHs [, B Tako# Kamepe, eciy B eHHHIE 00BeMa
B eJMHMIy BpeMeHH oOpasyeTcd UHCJIO OJHO3APAAHBIX HOHOB
Kaxporo sHaka N=1012 M~3.¢"1,

10.117. Hafith HauGosbliee BO3MOXKHOE YHCIO HOHOB 1
KaXJIOTO 3HaKa, HaXOAAmMMXcsl B eflMHNLe 06heMa KaMephl fpe-
ABLyIIed 3afiaud, ecad KodhdHIHeHT peKoMOHHAUMH P==
=10"12 m%/c. A »

10.118. Haiitu conporuBaenne R Tpy6ku fuHoR /=84 cM
¥ OJ0IAafBlo MONEePeyHoro ceueHus S=5 MM2?, eciy OHa 3a-
nosHeHa BO3yXOM, HOHU30BaHHLIM TaK, YTO B eHHHIE 00BEMa
pH paBHOBecHH Haxoautcs n=10'® M™% ogHO3apsAAHbIX HOHOB
Kaxkjoro 3Haka. IlofBHxkHOocTH MOHOB u,=1,3-107¢ M¥/(B-c)
uu_=1,8-10"%m¥(B-c). .

10.119. Kaxko# tok / nofiger Mexxy s/eKTpolaMH HOHH3a-

puoHHOM KamepHl 3ajaun 10.116, eciH X saeKTpoiaM mpH-
noxeHa pasHoctb noreHnHanos U=20 B? IlogsuxkuocTy
HoHOB U, =u_=10"* M¥(B-c), KosppuuHeHT PeKOMOMHALMK
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y=10"12 M%c. Kakyio /010 TOKa HaCLIIEHHS COCTaB/IAET Hail-
IeHHEBIH TOK?

10.120. Kakoil HaUMeHbIleH CKOPOCTHIO U JOMKeH 06Ja-
JaThb 3J1EKTPOH A1 TOTo, 4TO6bl MOHH30BaTh aroM BOJOPOAa?
IoteHuHas WoOHM3aUMH aToMa Bojopoja {/=13,5 B,

10.121. Ilpu kaxo# rtemneparype T aTOMBI PTYTH HMEIOT
KHHETHYECKYIO 3HEPTHiO MOCTYNATeNbHOrO ABHIXKEHHUS, JOCTa-
TOUYHYIO /15 uonnaaunu’»’ Ilotenmuas MOHM3AIHH aroMa PTYTH
U=10,4 B.

10. 122. IMorennuaa HOHH3anmMH¥ atoMa reaus U=24,5B.
Hajitn paGoty Honuzauun A.

10.123. Kakofi nanMeHbllei CKOPOCTBIO U JOKHBI o6na-
JaTh CBOGO/HbIE 9/1eKTPOHH! B IIe3HH H NJAaTHHE A5 TOTO, 9To0bI
OHH CMOTJIH TIOKMHYTH MeTas?

10.124. Bo cKOIbKO pa3 U3MeHHTCH YAeJbHass TePMO3/IeK-
TpOHHasa sMHccHa Bojbdpama, HaXojfAuUlerocss NpH TeMnepary-
pe T:1=2400 K, ecim noBHICHTH Temneparypy BoJbppama Ha
AT=100 K?

10.125. Bo cKoJIBKO pa3 Kartoj H3 TOPHPOBAHHOTO BOJbY-
pama npH temneparype T=1800 K naer G6sbluyio yaeabHyO
SMHCCHIO, YeM KaToJ H3 UHCTOTO BoJib(paMa MpH TOH e TeMe-
parype? IOMUcCHOHHAf TOCTOAHHASA AN YHCTOro Bosbdhpama
B,=0,6-10% A/(m?-K?), ana topupoBaHHOro Bosbdpama By=
=0,3-107 A/(m?. K?).

10.126. Tlpu kaxoii reMneparype Ts TOPHPOBaHHBIH BOMBY-
pam Gyner AaBarb TaKyio e YAEIbHYIO SMHCCHIO, KaKyiO JaeT
yherhid Boabdpam npu 732500 K? HeobGxoaumble jpaHHbie
B3ATb M3 mOpexpayiedl 3ajaud.

§ 11. diexrpomMarHeTH3M

Ilo 3akony bBuo — Casapa — Jlanjaca sxemedt ‘konrypa dl, no
KOTOPOMY TeYeT TOK /, cO3laeT B HEKOTOPOil TOuke A lpoctpaHcrsa mar-
HHTHOE TIOJIe HANPKEeHHOCTBIO

dH-_Isinoc

4r?

dt;

Ie r ~— PacCTOsiHHe OT TOYKH A Ho snemenra Toka di, & — yrox mexnuy
pajdyc-BeKTOPOM F ¥ 3JeMEeHTOM TOoKa dl.
ITpumenum 3akon Buo — Casapa — Jlamaca K KOHTypaM PasiuyHOro
BHJA.
HanpsameHHOCTP MarHUTHOTO TIOJIA B LEHTpe KPYTOBOTrO TOKA
AN 1
. . Het .
. 2R’
e R — paguyc KpYroBoro KOHTYpa C TOKOM.
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HanpsaxenHocTb MaTHATHOIO NONSA, CO3JAHHOIO GeCKOHEUHO JJIHHHLIM
npaMoNifHeAHEIM TIPOBOTHHKOM, .
I
H= 2na :
3JleCb @ — PACcCTOsSIHHE OT TOUKH, [N UIIETCS HATPSKEHHOCTS, 40 NPOBOA-
HHKA C TOKOM.
HanpsixenHocTs MAarHUTHOTO NOJS HAa OCH KPYTOBOTO TOKa
R .
_——
2 (R? +a2)3/2
3/1eCb R — paauyc Kpyrosoro KOHTypa C TOKOM, & — pacCTOsHHE OT
TOYKH, IJe HIETCA HANPAXKEHHOCTb, J0 IJIOCKOCTH KOHTYypa.
Hanps:KeHHOCTe MAaCHHTHOTO [IOJIS BHYTPH TOPOHaa H GecKOHEYHO
IVIMHHOTO COJIeHOHa
H=|In,

Te 7 — YHCJO BHTKOB HA eJMHHILY AJHHH COJEHOHAA (TOPOKIA).
HanpskeHHOCTs MarHHTHOTO NOJIS Ha OCH COJIEHOHJA KOHeuHOH IJIHHEI

H =" (cos By —cos B),

rie B; # o — yIuBl MeXIy OCBIO COJEHOMAA M PaiMyc-BeKTODOM, UpoBe-
JEeHHbIM H3 paCCManHBaeMOﬁ TOUYKH K KOHIIAM cOJeHOHa.

MaruutHas HH}IyKH,I/IH "B cBsI3aRa ¢ HaHpH)KeHHOCTb}O H marguTsoro
‘BOJA COOTHOLIEHHeM

BZP’OHH’

rje | — OTHOCHTeNBHAH MAaTHHTHAd NPOHHIAEMOCTb Cpefibl, Mo=47X

% 10=7 'n/m=12,5663706144-10~7 T'n/M — MarHuTHas 0OCTOSHHAS.
s deppoMarsutHuix Tl u=¢ (H), a cieposarenbHo, n B=f (H).

[pu pewenun sagay, rae TpebyeTcs sHarb 3asHcumocts B=f (), Heo6xo-

JEMO TNONIB30BAThCS TpAdUKOM, NPHBEleHHBIM B Mpuaoxenuu II.
O6beMHasi MAOTHOCTb SHEPTHH MArHUTHOLO NOJS

Wo——2—'

MarsuTHeiA NOTOK (MOTOK MarHUTHOM HHIYKIHH) CKBO3b KOHTYD
@ =BS cos @,
rae S — njomank nolepeyHoro ceueHnss KOHTYpa, @ — YIOX MeXay Hop-

Manbi0 K IVIOCKOCTH KOHTYpa H Hallpas/jeHHeM MarsuTHOro noJd.
MarsuTHHH NOTOK CKBO3b TOPOKT
= __l—'

rage N — ofliee uuca0 BHTKOB TOpouja, ! — ero miuma, S — Niomans
€ro TONEepeyHoro ceyeHHd, W — OTHOCHTEJbHAS MarHuTHasg NPOHHNA-



€MOCTh MaTepHaig CepleuHHKaR, {p — MaTHHTHAA nocroanHas. Ecan Topoun
HMeeT BOSAYIIHKI 3a30p, TO ©
O~ IN
"~ 11/Spobta+12/Spopa !

rge ! — JJAHHA KeJE3HOTO CepREHHMKA, Mi — €T0 MaTHHTHAR [PORHIA-
eMOCTh, - [g ~ MJIHHA BO3AYIIHOTO 3330Pa, g — MaCHHTHAS NPOUHIIAEMOCTD
BO3AYXa.

Ha - snement d! nposopHMKa ¢ TOKOM, HAaXOASMHHCS B MarHHTHOM
noste, feftlcTByer cula Amnepa

dF =B/ sin e dl,
roe o — yron Mexnpy Hanpap/JeRUAMA ’l‘OKﬁ ¥ MATHUTHOrO noJg.

Ha 3aMKHYTHI KOHTYP C TOKOM, a Takike HAa MATHHTHYIO CTPeIKY
B MarHHTHOM NOJE JeficTByeT Napa CHJ ¢ BPalAlOUIEM MOMEHTOM

M=pBsina,

Tjiie p — MarHMTHH MOMEHT KOHTypa ¢ TOKOM (#JIH MarHMTHOR CTPEJIKH),
O — YroJ Mejy HalpaBJieHHeM MeTHHTHOTO NOJSA H HOpMalibio K IVIO-
CKOCTH KOHTypa (ANH OCblo CTpedk#}. *

MaruTHpft MOMEHT KOHTYpPa C TQKOM

p=1S,
rge S — nJomanb KOHTYpa, Tak 4TO
' M=B/Ssina..

Ilpa napanenpHeix GeCKOHEHHO JVIMHHBLIX NPAMOJNUHEMHBIX MPOBOA-
HHUKa ¢ TOKamu [y U /5 B3aUMOZEWCTBYIOT MeXnay co6oil ¢ culioi -

rie ! — JiuHAa yuacTka NPOBOJHHKOB, d — pAacCTOsTHHE MEXAy HHMH,
PaGora nepeMemieHHs NPOBOAHAKA € TOKOM B MaTHHTHOM IOJIE

_dA=14d0,

rge d® — Mar HATHHL NIOTOK, DepeceueHHBA NPOBOJHHKOM NP €ro JABH-
JEeHHUH, '

Cunia, nefiCTBYIOMAN Ha 3aPSUKEHHYIO YaCTHIY, ABWKYIIYIOCH €0 CKO
pocThIO U B Mal‘HHTHOM noae, onpepensiercss ¢opmysoii Jlopeuna

F=qgBvsin a,

.

rle § — 3apAl YacTHUH, O — YTOR MeXay HanpaBJIeHHﬁMH cKopocTH
YacTHUB M MarHUTHOrO MOJf.

Tpu nporekanuu Toxa./ BRONb NMPOBOASAIIEHR NJIACTHEBL, NOMEILEHHONR
NepHeHANKY/IAPHO K MATHWTHOMY TOJIO, BO3HHKAeT nonepeqﬂax PasHOCTh
NOTEHIHaJIOB N

IB IB
V=K== ea
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rie @ — TOMMWHA TJIAaCTHHE, B — wupykuus MaruutnOoro nons, K==
=1/ne — nocrosusas Xouna, o6paTHas KoHUEHTpauMH n HocHTeJieR
TOKa W Hx 3apspy e. 3Has nocrosruyio Xoana K u yrennhyio nposons-
MOCTb MarepHana O=1/p=neu, MOXKHO HafiTH TOJBHXHOCT HOCHTENEN
TOKa u. ) ' .
SIBaenne SMEKTPOMarHATHOR WHIYKIOWH 3aKJIIOUaeTcAd B TNOSBIEHAH B
KOHTYpR® 3. I. C. HHAYKUHH NPH BCAKOM HM3MEHEHHM MaTHHTHOIO MOTOKa
@ cKBO3b NOBEPXHOCTb, OXBATHIBAEMYI0 KOHTYPOM. 3. A. C. HHAYKLAH
onpefielisieTcsl ypaBHEHUEM !

* _ 4o

E=—TGr

ViaMeneHHe MarH4THOrO NOTOKA MOMET NOCTHFaThCH U3MeHEHHEeM TOKa B
caMOM KOHType (fBJeHHe CaMOMHAYKuUH). Ilpu aTOoM 3. X c. .caMoMHAyK-
nun onpegesasercs ¢opmynoh

al
éJ =—L -d_t ’
rie L — MHAYKTHBHOCTH KOHTYypa.
WHnykrusHOCTL CosleHOUAA
L =popn®ls, -

rie | — njuHa cojieHoHna, S — ILIOmWAAb ero MONe PeYHOTO CeueHHs, N —
YHCO BUTKOB HA €JHHHLY €r0 JJIHHBL .

BenencTsie fiBNeHUS CAMOMHAYKIHH NpY BHIKJIOYEHHH 3, 4. C. TOK
B 1eflH CllafiaeT NO 3aKOHY

l(=10exp (—-,-%t),

a UPH BKJIOYEHUH 3. f. C. TOK HAPACTAET MO 3aKOHY

I=1, [l—exp (;—%t)],

rae R — compoTHBleHHE MelH.
MarnuTnas 9Heprus KOHTYpa C TOKOM

Li?
V=3

HsMenenMe MarHUTHOTO MOTOKa MOMET JOCTHIATbCHl TaKKe H3MeHe-
HHMEM TOKa B COCellHeM KOHTYype (fiBJieHHe B3auMHON mHpayKuwuH). [IpH sToM
HHpyUHpYyemas 9. A. C. ’

—_"—L" —
6 12 dt’_ ..
rpe Ljg — B3asMHas MHIYKTHBHOCTh KOHTYpOB. BsauMmsasi MHIYKTHBHOCTB
IBYX CONEHOHJOB, NPOHHILIBAEMBIX OOM{HM MarHHTHEIM BOTOKOM,
) ’ Ly =popnsn S,
Ige nj ¥ ng — 9HC/a BHTKOB Ha €JMHUNY AJHHH STHX COJIEHOHJOB.
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KonuuecTso SIEKTPHUECTBA, NPOLIENWEro uepe3 MoNepeyHOe CeuesHe
npono,zmuxa NpH BOSHUKHOBEHHH B HeM HHIYKIHOHHOTO TOKa,

11.1. Haiitn HanpsixenHocts H MarHMTHOTO NOJSI B TOUKE,
OTCTOSAIILEH Ha PACCTOAHNM a=2 M OT GeCKOHEYHO JJHHHOTO Npo-
BOJIHHKA, 1O KOTOPOMY Teuer TOK [=>5 A.

11.2. Haiitu HanpsixeHHOCTb /{ MarHMTHOI'O MO/ B IEHTpe
KPYTrOBOTO NMPOBOJIOYHOrO BHTKA pagHyeoM R=1 cM, 1O KOTO-
pomy Teuer 10K [=1 A.

11.3. Ha puc. 52 uso6paxensl ceyenuss IBYX NpsMOJIMHel-
HbIX GecKOHEYHO JJIHHHBIX NPOBOAHMKOB ¢ ToKaMH. Paccrosinne

i A
P S 5 ™M

Puc. 52.

. MeXAy npoBoaHuKamu AB=10 cm, ToKH 11—20 Anl,=30A.
Hafitn HanpsikeHHocTH H MarHWTHOTO NOJsl, BBI3BAHHOTO TO-
KamH Iy u I, B Toukax My, M, n M;,. Paccmmmﬁ MiA=2 cMm,
AMy,=4cm u BM;=3 cwMm.

11.4. Peuiutd npeAuAyyio sajauy npH yc/aIOBHH, YTO TOKH

TeKYT B OJIHOM HampaBJeHHH,

11.5. Ha puc. 53 n3o6paxeHbl ceUeHHs TpeX NpsAMOJHHEH-

HhX GeCKOHEeYHO MJHHHBIX NPOBOAHHKOB ¢ TOKaMH, Paccros-
nusg AB=BC=b5 cm, toku [y=1,=I u I;=2[. Haiitu TOUKY

I, I I3
A 8 I
Puc. 53,

Ha npsivoit AC, B KOTOpOH Hamnps¥KeHHOCTb MarHHTHOrO-TION,
BHI3BaHHOTO TOKaMH [, [, W I3, paBHa HyJIO.

11.6. Peumnts npeppiyniyo 3aiauy NpH yCJIOBHH, YTO TOKH
TEKYT B OJIHOM HANpaBJIEHHH.

11.7. [IBa npsMOJHHEAHBIX GeCKOHEYHO AJHHHBIX nposoa-
HHKa pacloJ/IOXKeHbl NepNeHAHKYIApHO APYT K APYry H Haxo-
JAares B OJHOH IJIocKocTH (puc. 54). Hality nanpsaeHHOCTH
H; v H; maruurHOro noss B roukax M, u M,, ecnu Toku [;="
=2 A u I,=3A. Paccroauus AM,=AM;=1 ™M H BMI—
*=CM,=2 cMm.
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11.8. [lBa NpsAMONMHEHHBIX OeCKOHEUHO IJIMHHBIX NPOBOA-
HHKa DPacTOJIOXKeHb! NEPTICHAUKYIAPHO APYT K APYry H Haxo-
IATCS BO B3aUMHO NEPTICHAMKYJAPHBIX IJIOCKOCTAX (pHc. 55).
Haiirn nanpsikensoctd H; ¥ Hji MarHHTHOro noss B TOYKaX
M; 1 M,, ecnut Toku [;=2 A u I,=3 A. Paccroanus AM,=
=AM,=1cm u AB=2cm.

A, AL
”z?"‘ﬂ“‘?”f o
IR N P
C B A 7
Puc. 54. Puc. 55.

11.9. /IBa npsaMOMHHeAHBIX JTHHHBIX TIPOBOAHHKA Dacmo-
JIOXKeHBI Napa/esIbHO Ha pacctosHud d=10 cM Apyr or Apyra.
ITo npoBoaHHKaM TeKyT TOKH [;=1,=5 A B NPOTHBOMNOIOXKHBIX
HanpasJeHHAX. HafiTu MOAy/Ib ¥ HanpaB/ieHHe HAaNp AXKEHHOCTH
H MarsMTHOrO NOJIS B TOUKe, HAXOAMALLEHCS HA PACCTOSHHH a=
=10 ¢cM OT KaXJO0ro NpOBOJHHKA. -

11.10. ITo AJAMHHOMY BepTHKaJbHOMY TIPOBOAHHKY CBEPXY
BHH3 Hler ToK /=8 A, Ha KaKoM pacCTOsIHHH @ OT Herd Hanps-
JKEHHOCTb MOJIS, MOJydYalolierocss OT CJ0KEeHHS 3€MHOr0 Mar-
HHTHOTO IOJIsSI ¥ 10/l TOKAa, HanpaBJeHa BePTHKalbHO BBEpPX?
TopusoHTanbHAR COCTABJAIONIAA HANPAKEHHOCTH 3eMHOro
noas H.=16 A/wm. 4 :

11.11. Hafity HanpsixkeHHoctb H MarHuTHOrO noJs, co3fa-
BaeMoOro oTpeakoM AB NpsMoOJHHEHHOLO NPOBOAHHKA C TOKOM,
B Touke C, PacloO/NOXKeHHOH Ha NepleHAMKYJspe K cepefHHe
3TOro oTpeska Ha pPaccTOfHUH a=5 cM ot Hero. [To NMpoBOAHHKY
teger Tok /=20 A. Orpesox AB npoBOAHUKA BUAEH H3 TOUKH C
ooz, yraom 60°,

© 11,12, Pemuth npepblfyiiyo 3ajady INPH YCJIOBHH, UYTO
TOK B npoBofHuKe /=30 A M 0Tpe30K NpPOBOJHHKA BHJEH H3
ToukH -C mop yriaom 90°. Touka C pacnonoxkeHa Ha paccTosi-
HMH a=06 cM Or NpPOBOLHHKa.

11.13. OTpesok npsAMOJIMHEAHOr0 NPOBOJHHKA ¢ TOKOM HMeE-
er aauny /=30 cM. IIpH xKakoM mpefelbHOM PAaccTOSTHHH @ OT
HEro AJ15 ToueK, JeKalluX Ha neprieHAHKY/IAPe K ero cepefHHe,’
MaCHHTHOE MoJie MOXKHO PaccMaTpHBaTh KakK nose 6eCKOHEYHO
JJHHHOrO NpsiMoJiHHeRHOro Toka? OmubKa NpH TakoM Jomy-
IEHHH He JNO/XHa npeebmiath 5%. Y kaszanue Jony-
ckaeMasi owH6ka 8= (H,—H,)/H,, tae Hy, — HanpsKeHHOCTD
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TIOJIS OT OTPe3Ka NPOBOARKKA ¢ TOKOM H H5 — HanpsixeHHOCTD
noAs oT GecKOHEYHO AJHMHHOIO NPAMOGJHHeHHOro TOKa.

. 11.14. B touke C, pacnono}eHHoA Ha PacCTOSHUH a=D5 cM
oT GeCKOHEUHO AJNKHHOTO NMpPSAMOJHHEAHOro NMPOBOAHHKA C TO-
KOM, HampsREHHOCTb MarHuTHOTO noast H=400 A/m. TIpH Ka-

KO# npenenbHol AKHe [ NPOBOJHHKA 9TO SHAYEHWE HAIPSAXKeH-
HOCTH GyZeT BEPHEIM ¢ TOUYHOCTBIO 0 2%? Haiitu HanpsiKeH-
HOCTh [ MarHHTHOrO noJs B Touke C, €c/lH IPOBOAHHK C TOKOM
uMmeet anuny /=20 cM 1 Touka C pacnosio}KeHa Ha nepheH/UKy-
Jsipe K cepelHHe 3TOro NPOBOJHHKA.

11.15. Tox /=20 A ujer No AJTHHHOMY HPOBOJHUKY, CO-
THYTOMY HOZA TpsAMbM yrioM. Hafitn Hanpsxennocts H wmar-
HHTHOIO NOJS1 B TOYKe, Jexalllefi Ha GMCCeKTpHCe 3TOro yria
H OTCTOsAIlell OT BepIIHHBI yrJa Ha paccroauuu a=10 cm,

11.16. Tok /=20 A, nporeKas 1o KOJbHY H3 MeJHOH Npo-
BOJIOKH ceueHHeM S=1,0 MM?,-cO3/iaeT B IeHTpPe KOJIbIla HANps-
JKEHHOCTb MarHuTHOro noas =178 A/m. Kakasi passocrb No-
TeHIHa 0B U mpH/oXKeHa K KOHLaM NPOBOJIOKH, o6pasyiolleil
KOJIBILO?

11.17. Hafitn manpaxennocth H MaraHTHOro moiisi Ha OCH
KpYroBOro KOHTYpa Ha pacCTOSIHHH @=3 CM OT €r0 IJOCKOCTH.
Paguyc kourypa R=4 cM, TOK B KOHType =2 A,

11.18. HanpsKeHHOCTb MarHUTHOrO NOJNS B leHTPE Kpyro-
Boro Butka H,=0,8 3. Paguyc Butka R=11 c¢m. Hafity nanps-
JKeHHOCTb /1 MarHHTHOT O N0/t Ha OCH BHTKA HA PAcCTOSTHUH Q==
=10 cM OT ero TJIOCKOCTH.

11.19. JIBa KPYroBHIX BHTKa PajHycoM R 4 cM KaX[hlii
pachoJoKeHbl B Napasijie/ibHBIX MJIOCKOCTAX HA PACCTOSHHH d= -
=10 ¢M Apyr or apyra. ITo BUTKaM TeKyT TOKM [i=1,=2 A.
Hafitn HanpsixkeHHoCTh /{ MarHHTHOrO moJsi Ha OCH BHTKOB
B TOUKe, HaXOfdlllefics Ha PaBHOM PacCTOSHHH OT HHX. 3ajauy
pelIuTh, KOTAA: a) TOKH B BUTKAX TeKYT B OJHOM HalpaBJeHHH;
6) TOKH B BHTKaX TEKYT B NPOTHBONOJIOXKHEIX HANPAaBIEHHAX.

11.20. JIsa KpyroBbiX BHTKa pajHycoM R=4 cM KaxJhi
PacrosOXeHBl B Napa/lIebHEIX IJIOCKOCTSAX HA PACCTOSHUH d=
=5 cm gpyr or ppyra. [lo BHTKam TekyT TOKH li=Il;=4 A,
Ha#lty HanpsikeHHOCTh /I MarHHMTHOrO nojsi B LeHTpe ORHOrO
U3 BHTKOB., 3ajauy PelINTb, KOTja: a) TOKH B BHTKaX TeKyT B
ONIHOM HalpaBJieHuH; 6) TOKU B BHTKaX TeKyT B NPOTHBOIONOK:-
HBIX HamnpaBJIeHHSX.

11.21. Ha#iTu pacnpefenende HanpsKEeHHOCTH H marsur-
HOTO 1OJIS1 BAOJb OCH KPYrOBOro BHTKa AHameTpoM D =10 cm,
no Koropomy Tedet Tok /=10 A. CocTaBHTb TaGIHIY sHaueHUi
H ¥ noctpouts rpaduk Ans 3HaueHHH X B HuTepBate O<H<
<10 em gepe3 Kaxzpie 2 oM.
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11.22. Jipa KpYroBHX BHTKa PacNOJOKEHE B ABYX B3aHMHO
nepneHAHKYASPHLIX IVIOCKOCTSAX TakK, UTO HEHTPHI-3THX BHTKOB
coBmajaiT. Paauyc Kaxaoro BHTKa R=2 ¢M, TOKH B BHTKaX
Iy=1,=5 A. Haltu. HanpskenHocts H MaruutHoro nosns
B LEHTPEe 3ITHX BHTKOB. "

11.23. Y3 nposonoku fiuHOH [=1 M.cjenana kBapparHas
pamxa. ITo pamke Teder ToK /=10 A. HafiTu ranpsxennocrs H
MArHUTHOrO MNOJISI B ILIeHTPE paMKH. - '

11.24. B umeHTpe KpyroBoro NnpoBOJIOYHOTO BHTKa CO3/aeT-
csl MarHHTHOE noJie HaNpAXeHHOCTbIO H MpH PasHOCTH MOTEH-
tmanos. U; Ha KoHHax BHTKa. Kakyio Hajo NPHJIOKHTL pas-
HOCTb NOTeHUHaNoB U s, UTOOH MOJTYUYHTh TAKYIO JKe HalpsKeH-
HOCTb MArHUTHOTO MOJsi B IIeHTPe BHTKA BABOe GOJbIIEro pa-
IWyca, CHAEJaHHOTO M3 TOH JKe NPOBOJIOKH?

11.25. [1o npoBo/ouHOH paMKe, HMetoileli hopmy npaBHIb-
HOTO IIECTHYTONbHYKA, HAeT TOK /=2 A. Ilpu s1OM B LeHTpe
pamkH o6pa3dyeTcsi MarHHTHOe MoJie HampsKeHHOCTbio H=
=33 A/m. Halith amuny [ npoBoJIOKH, H3 KOTopoH clenaHa
paMkKa.

11.26. BeckOHeuHO IJIMHHBIH NpPOBOJ 06pa3yer KPYyroBOH
BHTOK, KacaTejibHBIA K npoBoay. ITo nposoay Hiuer Tok /=5 A.
Haiitu paguyc R BHTKa, €CqH HaNpsiKeHHOCTh MarHHTHOTO
mojsi B LeHTpe BHTKa H=41 A/m.

11.27. Karymka anuso#t [=30 cm umeer N=1000 BHTKOB.
Haiitu manpsKensocts H MarHHTHOro 1oJisi BHYTPH KaTYIIKH,
€C/IM N0 KaTywkKe NPOXOAHT TOK /=2 A. JIMamerp KaTyluKH
CUHTATb MaJjblM 1O CPaBHEHHIO C ee AJIHHOH.

. 11.28. O6MOTKa KaTyWKH cJiefaHa H3 NPOBOJNOKH AHaMeT-
pom d=0,8 MM. BUTKH NJIOTHO NpHJEramoT APYr K ApYyTY.
Cuyntasi KaTyWKy JOCTaTOYHO .AJIMHHOH, HaiTH HanpsiKeH-
HocTb [ MarHHTHOrO NoJjist BHYTPH KaTyIIKM NpH Toke /=1 A,

11.29. Y3 npoBosokH nuamerpoM d==1 MM HaJ0 HamOTaTh
COJIeHOHJA, BHYTPH KOTOPOro MOJKHA OBITb HamnpsKEHHOCTb
MarHuTHOTO mossi H=24 KA/M. Ilo NPOBOMIOKE MOXKHO NpO-
nyckarh npeflenbHuilt ToK /=6 A. M3 kakoro -u#cia cjioeB
6yzier cOCTOATh OOMOTKA COJIEHOM/A, €C/H BHTKH HaMaThBaTh
IJIOTHO APYT K Apyry? JluaMeTp KaTyIUKH CYHTaTh MaJibiM HO
CPaBHEHHUIO ¢ €e JJHHOM. '

11.30. Tpefyercsa nonyunth HanpsHKEHHOCTb MAarHHTHOTO
nonss H=1 KA/M B conenonpe AnuHo# /=20 cM H jHaMeTpoM
D=5 cm. Hailty yncno amnep-Burkos /N, HeoGxoauMmoe AJs
STOr0 COJIEHOHAa, M pasHOCTb mNoTeHnHatoB U, KoTopylo
BaZO NPHIOKHTD K KOHLAM OOMOTKH H3 MeJHOH NPOBOJOKH
ZunamerpoM d=0,5 mm. Cuutath nose COJEHOHAA - OXHO-
pPoLHBIM, . . Co
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11.31. KakuM HOMKHO OBITH OTHOIIEHHE AJUHBI [ KaTYyKH
K ee auamerpy D, uroful HanmpsKeHHOCTb MarHHTHOTO TOJIA B
LeHTPe KAaTyUKH MOXKHO Obl10 HaliTH mo dopmyse AQA Ha-
NpPsAXKEHHOCTH NossT GECKOHEYHO NJIHHHOrO coseHouja? OumnbKa
TNPH TaKOM JIONYUIEHHU He JOMKHa npesbimarh 6=5%. ¥ k a-
3 a H ¥ e [Jonyckaemas owMbka 8= (H,—H,)/H,, rae H, —
HanpsXKeHHOCTb TNOJs BHYTPH KaTYIKH KOHeUHOH JUIWHBI
H H, — HanpsXeHHOCTb NOJNsT BHYTPH GeCKOHEUHO AJMHHOH
KaTyIIKH. N

11.32. Kakyio omn6Ky 8 Mpl gonyckaeM NpH HaXOXKIeHHH
HANpSIKeHHOCTH MATHHTHOIO NOJIS B LEHTPe COMeHOUAA, NpH-
HuMas coseHoH] 3aiaud 11.30 sa GecKOHeYHO JJIMHHBIN?

11.33. HafiTn pacnpefesenrie HanpsikKeHHocTH [ Maruur-

HOTO M0JIsl BAOAb OCH COJIeHOHJa, AJHHA KOTOPOro [==3 oM
U auametrp D=2 cM. ITo coneHouny rever Tor /=2 A. KaTymka
umeer N=100 Burkoe. CocraBuTh TaGJHNy 3HaueHUN H u
NOCTPOHTL Tpaduk AMs 3HaueHWH x B HHTepBante 0<{x<(3 cM
gepe3 Kaxisle 0,5 cMm.
* 11.34. Kougencarop emxoctsio C=10 MK® nepuoiHuecKu
3apsxaercsl oT Gataped ¢ 3. 1. ¢. =100 B u paspsaxaerca
yepe3 KaTylKy B ¢opMe KoJbla nHameTpoM D=20 cM, mnpH-
4eM MJIOCKOCTb KOabla COBNAfaeT C IJIOCKOCTBIO MarHHUTHOIO
Mepuauana. Karyuka umeer N=32 Burka. IlomelnleHHas B
LeHTpe KaTyWKH TIOpPH3CHTA/lbHASL MarHMTHas  CcTpesKa
OTKJOHAETcs Ha yroa a=45°. [lepek/ioueHne KoHIEHCATOpa
NPOHCXOIUT ¢ YacTorod n=100 c¢~!, HaliTyu U3 JaHHBIX 3710-
ro onuiTa TOPH3OHTAJbHYIO coCTaBAsioOmyo FH, HalpsikeH-
HOCTH MAarHUTHOTO NoJs 3eMilH.

11.35. Konznencarop emxoctbio C=10 MK® nepuoauuecku
3apsxkaeTcsl oT Garaped ¢ 3. 1. ¢. =120 B u paspsaxaerca
yepe3 cogeHous AauHod [=10 cm. CogeHoua umeer N=200
BUTKOB. CpellHee 3HaueHHe HANPSIKEHHOCTH MarHHTHOTO MNOJ4
BHyTpH cosenouna H=240 A/m. C Kkako#l 4acToTOH n mpouc-
XOJNT TepeKJloueHHe KOHJencatopa? J[lnamerp coJdeHoHIa
CUMTaTh MajlbiM [0 CPAaBHEHHIO ¢ ero AJIHHOM.

11.36. B 0OHOPOXHOM ‘MarHHTHOM TMoJie HaNpsiKeHHOCTHIO
H=79,6 xA/M noMemeHa KBajpaTHas paMKa, ILIOCcKOCTh
KOTOPOH COCT2BJISIeT ¢ HaNpaB/jeHHeM MarHUTHOTO INOJS Yrod
a=45°. Ctopona pamkH a=4 cM. Hafitn Marautusiil notox @,
" IPOHM3LIBAIOIUH paMKYy. ‘

11.37. B marauTHoM nojie, HHAYKuHA Kotoporo B=0,05 Tur,
BpalllaeTcs crepxedb AMHHOA [=1 M. Ocb BpalieHHH, IPOXO-
Adauias uepes OJMH H3 KOHLOB CTepIKHfA, NapasjelbHa Ha-
npaB/jeHH0 Marudtgoro noasg. Hafity marnuTHeif notox @,
nepeceKaeMbIl cTepaHEM INpPH KaxJoM oboporte,
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11.38. Pamka, miomajn KoTopo# S=16 cm?, Bpamaercs
B OAHOPOJAHOM MarHHTHOM IOJe C vactotoli n=2 c-!. Och
BpallleHHs HaXOJUTCA B MVIOCKOCTH PaMKH U MepneHAHKYJISpHA
K HanpaBJleHHI0 MarHHTHOro noJs. Hanpsxendocrs Marsut-
noro nosng H=79,6 xkA/mM. HafiTH 3aBHCHMOCTH MarHHTHOrO
noroka @, NPOHH3LIBAIONIETO PaMKY, OT BPeMeHH { H HaHGO/Ib-
mwee 3HaueHHe @, . MAarHUTHOTO MNOTOKA.

11.39. JKenesnbiii ofpasen noMellleH B MarHuTHOe noJe
HanpsiKeHHOCTBIO /=796 A/M. HafiTh MarsuTHyio nponHna-
eMOCTh U JKeJiesa. .

11.40. Cxoarko ammep-BUTKOB morpebyerca AJds TOrO,
4TOOLI BHYTPHU COJIEHOMJA MaJioro AHamerpa H AJjHHO#H [=30 cM
o6beMHas IUVIOTHOCTh 3HePrMM MAarHUTHOTO Mojs 6bia paBHa
W,=1,75 JIx/m®?

11.41. CkoabKo amnep-BHTKOB norpebyercs A8 CO3JaHHs
MarsuTHoro noroka ®=0,42 MB6 B conenouje ¢ Kejle3ubM
cepAeuHUKOM uHHON [=120 ¢cM M mJOm@ABRI0 MoNepeyHoro
ceuenus S=3 cm? ‘

11.42, JlavHa KeJe3HOTO CepAeyHHKa TOpOHAa [;=2,5 w,
JAJIMHa BO3ZAYyHIHOTO 3a30pa [,=1 cM. UHc10 BHTKOB B O6OMOTKE
troporga N=1000. IIpH toke [=20 A MHAYKIUA MarHHTHOTO
nojia B Bo3AymHoM 3asope B==1,6 Ta. Ha#tu marautayio
N POHUILAEMOCTD W JKee3HOTO CepeUHHKa NMpH 3THX YCJOBHAX.
(SaBucumocts B or H 15 Xenesa HeusBeCTHa.)

11.43. JliuHa XenesHOro cepieyHHka rtopouja fi=1 wm,
IIMHA BO3AVIIHOTO 3a3opa .l,=1 cm. Ilnomans nomepevsoro
ceuenus cepieunnka S=25 cm?. CKoNbKO amIep-BHTKOB Io-
TpebyeTcs I/l co3jaHHsi MarHHTHoro noroka ®=1,4 MB6,
€c/IM MarHuWTHas NPOHHIAeMOCTh Marepuaja cepliedHHKa p=
=800? (3apucuMocts B or H ans XKenesa HeusBecTHa.)

11.44, Haiitu MarsuTHy0 HHAYKuHio B B 3aMKHyTOM
XKeJIe3HOM CcepleYHHKe TOpoMAa AJHHOH [=20,9 cwM, -ecau
YHCJIO ammep-BUTKOB 06MOTKM Toporaa / N=1500 A-B. Kakosa
MarHHUTHas NpOHHIaeMocTh | MaTephana cepieYHHKa npH
STHX YCJOBHSAXP : -

11.45. JIniuMHa »eJe3sHOTO cepJeuHHKa Topouia [;=1 M,
IJIMHa BO3AYILHOro 3a3opa [,=3 MM. UHc/10 BHTKOB B, 06MOTKE
Toporpa N=2000. Hai#ity HanpaXKeHHOCTb MarHHTHOTO NOJA
H, B BosnywHOM 3a30ope npH ToKe /=1 A B 06MOTKe TopoHJa.

11.46. JlnuHa XeJe3HOro cepjeuHuka [;=50 ‘cM, AJaHHa
BO3AYIIHOTO 3a3opa [;=2 MM. Yucno amIep-BUTKOB B 00-
Mmotke Topouaa IN=2000 A-B. BO CKOJbKO Pas yMeHbIIHTCH
‘HanpsiKeHHOCTb. MarHHTHOrO MNoJs B BO3AYIUHOM 3a30pe,
ec/iH NpPH TOM XKe YHc/e amNepP-BUTKOB YBEJHUHTb AJAHHY
BO3JYLIHOTO 3a30pa BABOE? oo .
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11.47. BuyTpu conesHonaa aiauHoH [=25,1 cM # nuamMeTpoM:
D=2 cM noMelleH XeJje3Hblfi cepleuHHK. CoJsieHoua HMeer
N=200 BHTKOB. [ToCTPOHTB IJIfi COJICHOHJA C CepAECUYHHKOM
rpadHK 3aBHCHMOCTH MarHursoro noroka @ or Toxka / B HH-
repBajie 0<{/<CH A uepes Kaxamii 1 A. Ilo ocu opausar
orkiaansiBath @ (B 10~¢ BO).

11.48. MarnuTHbI# TOTOK CKBO3b COJIEHOHI (6e3 cepred-
Huka) ®=>5 mMxB6. Haiitn Mar#uTHbI? MOMEHT p COJIEHOMa,
ecay ero JnMHa [=25 cM.

11.49. Yepes neurp XKene3HOro KOJbIa MNePHEHIUKYJISAP-
HO K ero IUIOCKOCTH TNPOXOMHT MIJIHHHBIA NpAMOIMHeHbIH

IPOBOJ, IO KOTOPOMY TeueT TOK

4 I=25 A, Kosbuo nMeer ueTbipex-
e yronbHoe ceueHHe (puc. 56), pasme-
i pbl Kotoporo [,=18 mm, [,=22 MM
W 71 w h=5 mM. Cuutasi nNpHOIHKEHHO, ~
*’ 1 4To B JIIOOOH TOUKEe CeyeHHS KOJb-
‘”’“"’“ 2 MHAYKIMS OJHHAKOBa U DaBHa
HHAYKUMH Ha cpefHed JUHHUH KOJb-
Puc. 56, 1a, Ha#TH MarsuTHbii mnotok @,
IPOHU3HBAIOWIME IVIOWIANb CeUeHUs

KOJIbIA.

11.50. Ha#ru wmardutsbil nmotok @, NPOHH3BIBAIOUIHI
IJIoWafib CeYeHHs KOJblia MNpeabAyllel 3ajaud, yuHuTbiBaf,
YTO MarHuTHOE INoJe B pasjHuHbIX TOYKaX CeYeHHs KOoJblia
pasinyHo. 3HaueHHe U CUUTAThb MOCTOSIHHBIM M HaHTH ero mno
rpaduKy KpuBoH B=f (H) mns 3HaueHuss H Ha cpegHedl JuHUH
KOJIblA. -

11.51. 3aMKHYTHIfl XKeJie3HBHIH cepHeYHHK NIHHOH [=50 cM
umeer o6MOTKY u3 N=1000 BuTkoB. [lo of6MOTKe Teuer TOK
I,=1 A. Kaxkoit Tox /, Hano nycTurb yepe3 OOMOTKY, UTOGbI
NpH yJaJeHHH CcePleyHMKa HHAYKLHUA OCTandCh NpexHeHd?

11.52. )Kenesunblit ceppeunuk miunoit /;=50,2 cM ¢ BO3-
IYWHBIM 3a30poM iHHOH [,=0,1 cM uMeeT 06MOTKY U3 N=
=20 BuTKOB.. Kakoil Tok / pmo/keH NpOTeKaTb MO 3TOH 06- .
MOTKe, 4TOOBl B 3a30pe MNOMYYHTh HHAYKuHIO B,=1,2 Ti?

11:53. JKesesHoe kosibuo auamerpoM D=11,4 cM nmeer
o6MoTKy M3 N =200 BuTKOB, IO KOTOpO# TeueT ToK [,=15 A.
Kakoli Tok /3 pomXeH npoxomuTh yepes OOMOTKY, YFPOOBI MH-
JYKUHSI B CepjeyHHKE ocTajach NpexHel, ecMH B KOJbIE
¢lienaTh 3a30p mUPHHONA b=1 mMm? Hafith MarHHTHyO IpoHH-
IaeMOCTh |4 MaTepHasia cepAeYHHMKa NPH STHX YCJIOBUAX,

11.54. Mexny nomocamu snektpoMarHuTta TpeGyercsi co-
smath MarHHTHoe noe ¢ MHgyKuuei B=1,4 Ta. dansa xe-
JE3HOr0 cgpieyHnka [;=40 cM, AIHHA MEXNOJIOCHORO Npo-
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cTpaHcTBa l;=1 oM, guameTp -cepieunuka D=3 cM. Kakyo
9. A. ¢. € Hamo B3ATH AJIA NHTaHHS OOGMOTKH SjeKTpoMar-
HHT4, YTOOH MOJY4HTb TpebyeMoe MarHUTHOe 1oJie, HCNOJIb3YH
MeJHYI0O [POBOJIOKY IVIOUWAALIO IONEPEevYHOro ceyeHHss S=
=1 mm?? Kakas GyZeT NIpH 3TOM HaHUMeHbLIadg TOMIMHA b
HaMOTKH, eC/TH CUMTAaTh, YTO NpelesbHO JONYCTHMAsl NJIOTHOCTE
Toka /=3 MA/M®?

-~ 11,55, Mexay noJIOCaMU 3JeKTPOMArHUTa CO3JAETCs Gf-
HOPOIHOe MarHuTHoe moJe ¢ uHAykuHed B=0,1 Txa. Ilo npo-
BOAY RJauHOH [=T70 cM, TOMeIIEHHOMY NEPHEHJUKYJISAPHO K
Hanp aBJIEHHIO MarHUTHOTO TNOJsi, TeueT TOK [= 70 A. Haiitu
cuny F, IefiCTBYIOMYIO Ha IPOBOA.

11.56. JIBa npAMOIHHEHHBIX JJIHHHBIX TapaJeabHEX
NPOBOJHMKA HaXOAATCcA Ha paccTosHuM d;==10 cM Apyr or
apyra. Ilo npoBofHMKaM B OIHOM HanpaBJjeHHH TEKYT TOKH
1,=20 A u 1,=30 A. Kakyo pa6ory A, Hamo coBepuIHTh
(Ha eNMHHnY [JIMHBI DPOBOXHYKOB), YTOOBI DPa3fBHHYTb ITH
IIPOBOJHUKH JO PaccTOsIHUS d,=20 cM?

11.57. [Ipa npsaAMOJHHEHHBIX MIHHHBIX [apas/e]bHBEX
NPOBOJHHKA HaXOAATCA HAa HEKOTOPOM DPacCTOSHHM ADYT OF
gpyra. [lo mpoBomHWKaM TeKyT OJMHAKOBblE TOKM B ONHOM
HanpaBJeuud. Hafity Toku I, ¥ [, TeKyiye no Kaxmomy H3
IIPOBOJHUKOB, €C/IHM M3BECTHO, YTO JJIfi TOTO, 4TGObI pa3[BH-
HYTh 3TH NPOBOAHUKHM Ha BABoe OoJbillee paccTofHue, NpH-
IIJIOCh COBEPIUHTH paéo'ry (Ha eMHHHILY AJTMHBI [IPOBOIHHKOB)
A, =55 MrJlx/M.

11.58. U3 POBO/IOKH nnuHoit [=20 cM cae/aHbl KBajpart-
HBI M KpyroBoil KOHTyphl. HafiTu Bpatarolnie MOMEHTHI CHJI
M, u M,, neficTByIOlmiMe Ha Ka)XIblil KOHTYpP, NOMEILIEHHBIH B
ONHOPOAHOEe MarHuTHoe nose ¢ upAykuued B=0,1 Ta. Ilo
KOHTYpaM TeueT Tok /=2 A. [1nockocTs Kaxmoro KoHTypa to-
cTaBJseT yroa o.=45° ¢ HanpaB/JeHHeM IOJA.

11.59. AnoMUHWeBBIA [POBOA IVIOMIAABI0 TIONEPEYHOrO
ceueHus1 S=1 MM? noJBellileH B rOPHM30HTaJbHOH IIOCKOCTH
nepHeHJHKYASAPHO K MarHUTHOMY MepUiMaHy, H IO HeMy
TeyeT TOK (¢ 3anaga Ha Boctok) /=1,6 A. Kakywo nonwo or
CUJIBI TSIXKeCTH, HeHCTBYIOWefl Ha NPOBOJ, COCTAaBJAseT CHJA,
JIefCTBYIOLIasi HA HEro cO CTOPOHBI 3€MHOr0 MarHHTHOTO IOJIS?
Ha cKOJIbKO yMeHbIIMTCH CHJIA TAMECTH, AeHCTBYKUNAs Ha
eAMHUIY JJHHBI NPOBOAR2, BCJIeACTBHe 3TOfi CHJRP TI'OpH30H-
Ta/bHasi COCTABSION(As HANPSKEHHOCTH 3eMHOTO MAarHHTHOO
nomn H =15 A/m.

11.60. KaTymKa rajibBaHOMeTpa, coctosulasg H3 N=400
BHTKOB TOHKO!l TPOBOJIOKH, HaMOTAaHHO# Ha 1P SIMOYT'GJIbHHH
KapKac AJHHOH [=3 cM H LUHpHHOK b=2 cwm, noxBelleHa Ha
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HUTH B MaruuTHoM moJe ¢ unayknuefi B=0,1 Ta. ITo karymke,
tever TOK /=0, MKA. Haiitu Bpam.azomnﬁ MOMeHT. M, Jen-
CTBYHOLHAH Ha KaTyIKy TlaJbBaHOMeTPAa, eCAH MJIOCKOCTh,
KaTyIIK{: a) napaJjieJbHa HallpaBJeHHMI0 MarHUTHOTO IIOJS;
-6) cocraBasier yroa a=60° ¢ HanpaBJieHHeM MalrHHTHOI'O
noJs. '

" 11.61. Ha paccrosinuu a=20 ¢M oT JJIHHHOTO [P IMOJIHHEH-
HOTO BePTHKAJbHOTO NIPOBOJAA Ha HUTH ajHuHO# [=0,1 M H jHa-
Merpom d=0,1 MM BMCHT KODOTKas MarHMTHas CTpe/Ka, Mar-
HUTHbII MoMmeHT KoTopo#i p=0,01 A.wm2. Crpeika HaxoguTcs
B IVIOCKOCTH, Npoxomsuledl yepe3 npoBox ¥ HuTb. Ha kako#
yroJ ¢ NOBEPHETCH CTPeJKa, ecld NO NPOBOAY NYCTHTh TOK
/=30 A? Monyns capura Marepuana HuTH G=5,9 ITla.
CucreMa KpaHHPOBaHA OT MarHUTHOrO IoNA 3eMJH.

11.62. Karymka ranbBaHoMerpa, cocTosimias us N=600
BHTKOB IIPOBOJIOKM, INoOBellleHa HAa HHTH NJIHHOA [=10 cM
u nuamerpom d=0,1 MM B MarHuTHOM [OJie HaMpAXKeHHOCTHIO
H=160 KA/M TaK, YTO ee IJIOCKOCTb NapasiielbHa Hanpas-
JEeHHIO MarHuTHoro nosasd. JlJyHa paMKH KaTyIIKd a=2,2 cM
u mupuna b=1,9 cm. Kakoit Tox / Teder 1o oOMOTKe KaTYLIKH,
eCJIH KaTyilKa [oBepHyJach Ha yroa ¢ =0,5°? Moaynb cipura
MarepHata Hutd G=5,9 TTla,

11.63. KBa}lpaTHaﬂ paMka NojiBelleHa Ha MPOBOJIOKE TakK,
YTO HaNpaB/JeHHe MarHHTHOTO IIOJs COCTaBJsieT YroJ o= 90°
C HOpMaJblo K IVIOCKOCTH paMkH. CTopoHa paMKu a=1 cM.
MarsnTHas uaaykuya noass B=13,7 MTa. Ecan nmo pamke
nponycTits ToK /=1 A, To oHa noBopauMBaercsi Ha YroJa

9=1°. Haiitu moysip caeura G marepuaJ/a npoBoJokd. dauHa
nposonoxn [=10 cM, paguyc Huta r=0,1 Mm.

11.64. KpyroBo#i KOHTYp MoMelleH B OJHOPOJHOE MarHHT-
HOe MOJie TaK, YTQ IUIOCKOCTb KOHTYpa IlepHeHAMKYJAsipHA K
HallpaBJeHHI0 MarguTHoro. nosda. HanpssKeHHOCTb. MaruuT-
goro moisi H=150 kA/M. Ilo kouTypy TeueT TOK /=2 A.
Papuyc konrypa R=2 cm. Kakyio paGory A Halo COBEpIUHTD,
uro0bl IOBEPHYTH KOHTYD Ha yroa ¢==90° BOKpyr ocH, cOB-
najamoliedl ¢ AUaMeTpPOM KOHTypa?

11.65. B ojHopomHOM MarHHTHOM [OJ€ C Mﬂnyxuuen
B=0,5 Tx1 JBuKeTcs paBHOMEPHO NPOBOJAHMK AJIHHOH [=10 cM.
Ilo npoBomyuky Teder ToK /=2 A. CKOpPOCTb ABHMKEHHs IpO-
BonHuKa v=20 cM/c M HamnpaBJeHa NepNeHIHKYJAPHO K -Ha-
NpaBJeHHI0 MarHATHOrO nosist. Hafitu paGory A nepeMelens
IPOBOZIHKKA 3a BPeMs =10 ¢ ¥ mowmsocTb P, 3aTpayeHHy0
'Ha 3TO MepeMellieHHe,

11.66. Onnopo;mmﬁ Melubli JucK A paanycom R= 5 o™
TOMelleH B MarHUTHOe nose ¢ ungyKouel B=0,2 Ta TaKg qro
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MAGLKOCTh JHCKA NepHeHAMKYASPHA K HanpaBACHHIO MATHHT-
Horo'noas (puc. 57). Tok /=5 A npoxoaur no pamuycy AucKa
ab (@ ¥ b — cxkonm3slMe KOHTaKTh). JlHcK Bpalnaetrcs ¢
gacToTod n=3 c~% Halitn: a) momuocts P rtakoro aBura-
Tefia; 6) HanpapJleHHe BpallleHHs] AMCKA NPH YCJIOBHMH, UTO
MarHHTHOe NoJie HanpaBJeHo OT _uep-
Texa K HaM; B) BpallalQUIH# MOMEHT
M, neficTByromuil Ha JUICK.

11.67. OaHoponmHbifi MeRHBIH JUCK
A macco#t m=0,35 Kr noMeuieH B Mar-
HUTHOe oJie ¢ UHAYKuMedt B=24 mTn
TaK, 4YTO INIOCKOCTh JHCKa mep-
NeHAHKYJAPHA K HalpaBJeHHIO -Mar-
HuTHOro noss (puc. 57). Ilpu 3ambika-
HUM 'LenH aba IucK HayWHaeT Bpa-
marbcs M yepes ppems (=30 c mnocje Haya/la BpalleHHs
JOCTHraeT 4acToTel BpauwleHus n=>5 c¢~!. Ha#th ToK [ B
peny. .

'11.68. Hatfitu MaruuTHmi#i norok @, nepecekaeMelfl paguy-
coM ab pucka A (puc. 57) 3a BpeMs {=1 MHH BpallleHHus.
Paguyc pucka R=10 cM. MHaykuuss MarsutHoro nojist B=
=0,1 Ta. Jduck Bpainaercs ¢ yacrotrod n=>5,3 c~L

.11.69. DneKTpoH, YCKOpeHHbIHi Pa3sHOCTbIO MOTEHLHAJOB
U=1 kB, Bieraer B 0AHOPOAHOE MAarHUTHOe NOJIE, HANpaB-
JIeHHe KOTOpOTo NepleHINKYJIAPHO K HalpaB/eHHIO ero JBH-
KeHdsa. HMupykumst MaruutHoro nonsi B=1,19 mMTa. Ha#rtn
paaHyc R OKDYXKHOCTH, O KOTOPOH JBHXKETCH 3JIEKTDOH,
nepHol obpamenuss T M MoMeHT HMIyJbca M 3JeKTpOHA.

11.70. DneKTPOH, YCKOpEHHHIHl Pa3HOCTHIO MOTEHLHAJ0B
U=300 B, xBuxkeTcs napa/niejbHO NPSIMOJHHEHHOMY AJIHH-
HOMY HDOBOJY Ha paccTOsiHHM a==4 MM OT Hero. Kakas cuna F
JAefiCTBYeT Ha 3/1eKTPOH, €C/JH II0 - IPOBOAHUKY NYCTHTh TOK
I=5 A? ’

11.71. Tlorok a-yacTum (sJep aToMa reHsi), YCKODEHHBIX
pPa3sHOCTbi0 noTeHuuasnor U=1 MB, BieraeT B OfHOPOIHOe
MarsuTHoe INosie HanpsiukeHHoctsto H=1,2 kA/M. CkopocTb
KaXJo!l 4YacTHLBl HalpaBjeHa NepHeHANKYJSPHO K Hanpase-
JIeHHIO MarHHTHOro noss. Haiitu cuny F, AeficTByOyo Ha
KaXJylo 4acTHLy. , _

11.72. DnekTpoH BJeTaeT B OJNHOPOJHOE MarHHTHOe IoJe,
HanpapJ/ieHie KOTOPOrO NEPHeHAUKYJSPHO K HalpaBJeHHIo
ero asuxenusi. CKopocTh 3/MeKTpoHa v=4-10" M/c. Manykuus
mariutHoro noass B=1 MTa. Ha#iTH TaHIeHIHAJIbHOE . Qy
W HODMANbHO® @, YCKOPeHHA 9/EKTPOHA B MarHMTHOM
noJie. : :

Puc. 57.
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11.78. Ha#rn KuHeTHdeckyio suepruio- W_{(B 3zeKkTpon-

BOABTAX) MPOTOHA, NBHIKYIIETOCHA MO JAyre OKPYXHOCTH PaIHY-
" com R=60 cM B MarHuTHOM noJie ¢ Hupyknweit B=1 Ta.

"~ 11.74. TlpoToH ¥ 3JeKTPOH, ABHrafch C OAMHAKOBOH CKO-
POCTHIO, BJIETAIOT B OJHOPOJHOE MarHHTHoe noJje..Bo ckonbko
pas pajuyc KpUBM3HBI R; TPaeKTOPHH INpOTOHa Gosblie pa-
Juyca KPHBH3HBI R; TPaeKTOPUM 3JIEKTPOHa?

11.75. TIpoToH H 3/1eKTPOH, YCKOPeHHbIE OJHHAKOBOH pas-
'HOCTBIO NOTEHLHAJOB, BJETAlOT B OZHOPOAHOE MATHHTHOE NOJE.
Bo CKOJBKO pa3 paivyc KpHBH3HBI R;°TpaeKTOpMH NPOTOHA
OoJibllle pajHyca KpUBH3HBL R, TPagKTOpPHM 3JeKTPOHA?

11.76. Ha dororpaduu, nosyueHHo#i B Kamepe Buibcona,
TPaeKTQPHSA 3JEKTPOHa B OJHOPOJHOM MAarHHTHOM INoje Npef-
cTaB/sieT cOO0H AYTYy OKPYXHOCTH paauycoM R=10 cm. Hp-
AyKuusa MarHuTHoro nous B=10 mTxa. Haitu SHemeo SJIeKT-
poHa W (B 3/1eKTPOHBOJIbTaX).

11.77. 3apsaxeHHas YacTHIA OBIXETCS B Mal"HHTHOM noJjie
10 OKPYXKHOCTH CO CKOpOCTbIO -v==10° M/c. MHaykuus wmar-
uutHoro nons B=0,3 Txa. Paguyc okpyxHoctu R=4 cmM.
Ha#iTn 3apsjy ¢ vacTHIBL, eclH I/I3BeCTHO, 4TO ee SHeprus
W=12 xsB.

11.78. TlporoH u o-yacTuna BJIeTalOT B OJHOPOOHOE Mar-
HHTHOE TMoJjie, HanpaB/eHHe KOTOPOrO NEPHEHAHKYJSPHO K
HanpaB/eHHIO HX JBMXKeHHs. BO CcKoJBKO pas mepuon oGpa-
meHHsa T; NpoToHa B MarHUTHOM -Tosie GoJblie nepuoja 06-
pattenus 7' o.-4aCTHIBI?

11:79. a-yacrtunma, KuHeTHuecKasi HEPrHs Koropod W=
=500 3B, B/reTaeT B OIHOPOJHOE MarHHTHOE IOJIE, NepreH-
IHKYJIIDHOE K HalpaBJjieHUIo ee JBIKeuHs., Humyxuus mar-
auTHoro nosas B=0,1 Txa. Ha#itu cuny F, nefictBymoiyio Ha
0-4acTHIy, pamHyc R OKPYXKHOCTH, HO KOTOPOH IBHIKeTCS
o-yacTHIA, H nepHox obpauteHus 7 o-4aCTHIIBL.

,11.80. a-gacTuna, MOMEHT HMIlyabca KoTopoii M=
=1,33-10~2* Kr-M?%c, BleTaeT B OXHOPOZHOE MarHHTHOe NOJe,
NepleHIMKY/IPHOe K HalpaB/eHHIO ee JBHKeHus. MHAyKnus
MATHHTHOro nosisi B=25 MTa. HaliTh KMHeTHUECKYIO SHEPTHIO
W o-gacTyupl,

11.81. OgHo3apsuble HOHB H30TONOB KaJHs C OTHOCHTeJIb- .
HbBIMH aTOMHBIMH MaccaMi- 39 U 41 yCKOpSIOTCS Pa3HOCTHIO
notenuuano U=300 B; sareMm OHHM nHonagailoT B OAHOPOAHOE
MaCHHTHOe [0Jie, TiepPHeHJUKYISPHOe HaNpaB/leHHIO WX JBHU-
HEHHS. I/’Iﬂ}lyxunﬂ ‘Marautaoro noas ‘B=0,08 Ta. Haiitu
pazmycm KPHBM3HH R; U R; TpaeKTOpHil STHX HOHOB.

'11.82. Haiitu orrollenue g/m IASl 33PSIHKEHHOH YacTHIH,
eciM OHa, BJETas CO cxopoc*rbre v—lO“ M/c B OJZHOPOAHOE
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MArHHTHOE HOJe HanpsXeHHocThio =200 kA/M, gBHmercH
oo Ayre OKPYXKHOCTH paliHycoM R=8,3 cMm. Hanpasneuue
CKOPOCTH JBHXCHHA YaCTHUE TePLOEHAHKYJSPHO K Hanpas-
- IeHWI0 MarsuTHoro nossi. CPaBHHTH HalileHHOe 3HayeHHe cO
SyayeHHeM ¢/m ]S 3JIEKTPOHA, NPOTOHA H ®-YacTHIHL

11.83. IIy9oK 2JIeKTPOHOB, YCKOPeHHBIX Da3HOCTBIO MO-
TeHnuanos U=300 B, Bieraer B OAHOPOAHOEe MaCHHTHOE MoJIe,
HanpaBJ/IeHHOe OT YepTeXKa K HaM (pHC. o
58). Ilupuuna nona b=2,5 cm. B or- ¢ 8
CYTCTBHe MAarHUTHOrO MOJs NyYoK 3/1eK-
TPOHOB JlaeT naTHO B Touxke A dayope-
CHUPYIOIIEro 9KpaHa, pacloJoXKeHHOro
Ha pacCTOSHMH [=5 cM OT Kpas Ino-
JIoCOB MarHuTa. [Ipy BK/IOYEHHH Mar-

 HUTHOT'O IO/ MATHO CMelliaeTcsl B TOY-
Ky ‘B. Haiitu cMeuienne x=AB nyuka
3JIeKTPOHOB, eClIH H3BECTHO, UTO HHAYK- Puc. 58.
nus Margutdoro noasi B=14,6 wmxTa.

11.84. MaruutHoe nosle HanpsikeHHocThio H=8 kA/m
W 3JIEKTPHUECKoe Moje HanpsixkeHHocThlo E=1 KB/M Hanpas-
JIeHbl OJMHAaKoBO. JDJIEKTPOH BJjeTaeT B 3JEKTPOMAar{HTHOE
none ¢o ckopocThio v=10% m/c. HaiiTn HOpMa/lbHOE @, TaH-
reHIHaJbHOe @y U TOJHOe @ YCKOpeHMs 3JIEKTPOHa. 3agauy
PeLINTh, €CIM CKOPOCTb 37eKTPOHA HampaBjeHa: a) napad-
JIETbHO HANpPaBJEHHIO 3JIeKTpHYeckoro noas; 6) nepneHiH-
KYJSPHO K HANPaBJeHUIO 3JIEKTPUYECKOTO MOJs.

11.85. MarnHTHOe NoJe, HHAYKUHUs Kotoporo B=0,5 mTa,

'HanpaBJieHO NEePHEHAMKYJISIPHO K 3JEKTPHYeCKOMY IOJIO, Ha-
npsikeHHocTh Kotoporo E=1 kB/m. Ilyuok 3JieKTPOHOB BieTa-
€T B 2JIeKTPOMAT HUTHOE 1o/jIe, IPHYEM CKOPOCTh ¥ 3/1eKTPOHOB
NEpNeHAuKyAdpHa K [JIOCKOCTH, B KOTOPOH JIeXaT BeKTO-
pel £ u B. HallTu cKOPOCTb 3JIGKTPOHOB U, €CJIH IPH OLHO-
BPEMEHHOM JeHCTBHH OOOMX MOJIed NyYOK 3JIEKTPOHOB He HC-
DHITEIBAeT OPKJOHenusa. Kakum Oyner paguyc R TDPaeKTOpHH
JIBHKEHHs 3JIGKTPOHOB IPH YCJOBHH BKJIIOYEHHS OJHOIO Mar-
HHUTHOT'O TIOJISA? :
. 11.86. DIeKTPOH, YCKOPEHHBI pA3HOCTHIO MOTEHIHAJIOB
U=6 xB, BJjeraer B 0JJHOPOAHOEe MalHMTHOE IOJIE IIOX YIJIOM
0¢=30° K HanpaBJIHHIO NOJsI M ABHXKETCS 0 BHHTOBOH Tpa-
extopwd. Mugykuus maruurnoro noas B=13 mTa. Ha#ru
papuyc R u mar h BHHTOBOH TpPaeKTOPHH.

11.87. IlpoToH BjleTaeT B OJHOPOJHOE MarHHTHOE IoJe MOX-
yraom 6=30° K HaNpaB/ICHHIO 110Jisk ¥ ABIXKETCH O BHHTOBOH
JauHUH paguycoM R=1,5 em. Uagykuust MaruurHOrQ neas B=
-==0,1 Ta. Halitn knHerHgeckylo sgepruio W nporona.
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11.88. DNEKTPOH BJETACT B IJIOCKHH- TOPH3OHTA/IbHBIA KOH-
. JeHCATOp MapaJlie/bHO . er0 IJIACTHHAM CO CKOPOCTBIO U=
=107 m/c. JlninHa Komiencatopa [=5 cMm. HanpsikeHHOCTH
9MEKTPUYECKOr0 noJist Konaencaropa E=10 kB/m. [1pnu Boinere
H3 KOHIEHCaTopa 3JIeKTPOH IIOIHAJaeT B MAarHUTHOe MOJe,.
nepHeHHKYISpHOe K 3JeKTpHYecKkoMy noumo. Munykuus mar-
Hurdoro nojsa B=10 mTa. Hafitu paguyc R H mar A BuHTO-
BOH TPAEKTODHM 3/IeKTPOHA B MarHHTHOM MOJIE.

11.89. DJeKTPOH, YCKODEHHBIH pAasHOCTBIO MOTEHIHAJIOB
U=3 kB, BieraeT B MarHuTHOe IOJIe COJIEHOMAA TIOJ YTJIOM
a=30° k ero ocu. YUmcsio amnep-BUTKOB coJjeHonia IN=
=5000 A-B. Hauna conenouna /=25 cm. Ha#iTu war 4 BuH-
TOBOIl TPAEKTOPHH 3JIEKTPOHA B MATrHUTHOM IIOJie.

11.90. Yepe3 ceuenne S=ab Menuo# IIaCTHHKH TOJILLH-
HoH @=0,5 MM u Bbicotroit b=10 MM nponyckaercsi ToK [=
=20"A. Hpn IIOMEIl[eHUH IJIaCTHHKY B MarHWTHoe NoJe, nep-
NEeHAMKYJAsipHOe K pe6py b u HanpamJeHHI0 TOKAa, BO3HHMKaeT
nonepeyHas pasHocTb noremnumanoB U=3,1 mxB. Huayknua
MaruutHoro noas B=1 Ta. Ha#ith koHueHTpauuo n 3JeKTpo-
HOB IIDOBOAMMOCTH B MEIH H HX CKOpPOCTb U IIPH 3THX yC-
JIOBHSIX.

11.91. Yepe3 ceéyenne S=ab amOMUHHEBOH IIACTHHKU
(¢ — TomuuHa H b — BhicOTA) nNpomyckaerca ToK /=5 A.
[lnactuHka nomelneHa B MarHuWTHOe Ioje, IEepleHAHKYJISIPHOE
XK peGpy b u Hanpamienuto Toka, HafiTH Bo3HuKaomyio npu
5TOM NONEPeuHyI0 PasHOcTh noreHuuanoB U. Muaykuusa mar-
guTHOrO nojsi B=0,5 Ta. Tomnuua nuaactuHkE a=0,1 MM.
KoHueHTpanuio 5JeKTPOHOB TNPOBOJMMOCTH CYHTaTh PaBHOH
KOHIEHTPAIMH aTOMOB.

11.92. IlnacTunKa J10JynpOBOJHHMKA TOMIHKHOH a=0,2 MM
TIOMellleHa B MarHuTHOe NoJle, NePHeHAHKYAPHOe K IJIACTHH-
Ke. YJe/bHOE COnpoTHBJIeH e NOTYNPOBONHUKA p =10 MKOM- M.
Unpykuus margutHoro monsi B=1 Ta. [lepnesaukyaspso
K HanpaBJeHHIO N0/ BAOJb IVIACTHHKH MPONYCKAaeTcs TOK
I=0,1 A. Tlpu 3TOoM BO3HHRAET NONepeyHasi PasHOCTh IOTeH-
nuanos U=3,25 mB. Hafiti NoaBuxHOCTh & HOCHTeJEH TOKa
B TIOJYTIPOBOIHUKE.

11.93. B oguopopHOM MarHHTHOM IIOJe € HHAYKUHeH B=
=0,1 Ta nBHKercs NPOBOXHMK LJHHON /=10 cM. CKOpOCTD JBH-
KeHHs NPOBOIHHKA v=15 M/c ¥ HanpaBJieHa NepneHIuKysip-
HO K MarHutHomy nomwo. Ha#TH HHAYUHPOBaHHYIO B IPOBOJX-
HUKe 3. 1. C. &.

11.94. Karymka auaverpom D=10 cM, coctosmas uz N=
=500 BHTKOB IPOBOJIOKH, HAXOIHUTCSI B MATHUTHOM HOJIE. Hai-
TH CPERMIOI0 9. J. C. HHAYKHMH &, BO3HHKAIOWYIO B 9TOf

\ .
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Karyiiike, eca HHAYKIMS MalHHTHOTO Hos B yBenuquBaeTcs
‘B TeyeHue BpeMmenn {=0,1 ¢ or 0 1o 2 Ta. -
" 11,95, CKOPOCTh CaMO/IeTa ¢ PeaKTHBHBIM ABHTaTeleM U=
=950 km/u. Haiitu 3. A. c. uHAyKUHH &, BOSHHMKAIOLLYI0 Ha
KOHIaX KpHLIIbEB TaKOro CaMoJIeTa, ecllM BepTHKaJbHas Co-
CTABJISIIOWAsA HANPSKEHHOCTH 3eMHOTO MarHUTHOTO Tionsi M=
=39,8 A/M n pasmax KpblIbeB camosera [=12,5 M.

11.96. B mMarnuTHOM noJie, HHAYKIMs KoToporo B=0,05 Ta,
BpamiaeTcsi CTepXeHb MIMHOH [=1 M C yrJoBOH CKOPOCTbHIO
w=20 pag/c. Ocb BpaieHHsi POXOLHT Yepe3 KOHElL CTEPIKHA
W NapajieslbHa MarHuTHoMy nomo. Ha#itu 3. 1. ¢. HEAYKUMH
&, BO3HUKAIOUYIO Ha KOHIAX CTEPIKHS. '

11.97. Cxema, moscHsiomas NPUMHIHN AEHCTBHS 3JEKTPO-
MAarHMTHOrO pacxofoMepa XXHUAKOCTH, u3o6paxkeHa Ha pHc. 59.

Hsmepumensuprd .
( / \ npubop

Puc. 59.

TpyGonpoBox ¢ npoTeKaiollleli B HEM NPOBOAAIIEH KHIKOCTIO'
TioMelileH B MarHuTHoe noJie. Ha ajekrponax A u B Bo3HHKaer
9. A. ¢. uHEyKunH. HafitH CKOPOCTb U TeuyeHUs KUAKOCTH B
TPYGONpOBO/E, €C/IH HHAYKIHS MarHuTHOro mnoas B=0,01 Ta,
PaccTOsiHHe MEXAY 3JEeKTPOAAMH - (BHYTPEHHHH IyuaMmerp Tpy-
6onpoeona) d=>50 MM H BO3HHKAIOWlast IPH 5TOM 3. A. C. & =
=(),25 mMB.

11.98. Kpyroeo#i NpPOBOMOUHBIA BHTOK INIOWAAbl0 S=
=0,01 Mm% HaXOAUTCH B OAHOPOAHOM MAarHHTHOM [OJIE, HHAYKIHS
koroporo B=1 Ta. TlnockocTs BHTKa nepneHAMKyJspHa K
HanpaBJeHHi0 MarHuTHoro noJs. Ha#itu cpenniow 3. 4. c. uH-
ILYKUHH &y BOSHHKAIOULYIO .B BUTKE IPH BbIK/IOUEHHH I10JIs
B TeyeHnue BpemeHH {=10 mc. _

11.99. B opHOpoJiHOM MAarHUTHOM [10Jle, HHIYKLUSA - KOTO-
poro B=0,1 T, paBHOMepHO BpalllaeTcs Karyllka, COCTOf-
mass u3 N=100 BuTKOB.npoBoJoxH. YactoTa BpalmlenHs Ka-
Tymks n=bcT}, NJollagb NONEPEYHOTO CEYCHHA KaTYIIKH
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S$=0,01 M2 Ocpb 'BpallieHHs hepneniHKY/SPHA K OCH KaTyIOKH .
H HanpasJieHHI0O MarhHutHoro nogs. Halfit Maxcumaiabmyio
9. 1. ¢. HHAYKUMH &, BO Bpamawoineficst Karylike.

11.100. B oRHOpPONHOM 'MaTrHHTHOM [OJe, HHAYKHHS KO-
-toporo-B=0,8 Tx, paBHOMEpHO BpallaeTcs paMka ¢ yrJoBo#
ckopoctbio 0=15 pan/c. Tlnomany pamkn S=150 cm®. Ocp
. BPAIleHHs HaXOAMTCHA B MJOCKOCTH PAMKH H COCTABJISET yrod
a=30° ¢ HanpaBJ/ieHHeM MarHuTHOro nojisa. Ha#Tn Makcumainb-
JHYIO 8. . C. HHAYKUHH &,x BO Bpallaollefics paMke.

11.101, Opuoponssiit Memublfi fuck A paguycoM R=5 cm
noMeined B MarHdTHOe Hoje ¢ uHaykuued B=0,2 Ta tak, uro

MJIOCKOCTDb JMICKA MEePNeHAHKYApHa K
HanpaBJIeHHI0 MarHATHOIO NoJsA (pHC.
60). Ilo uenn gba MoxeT uaTH TOK (a
H b — ckonb3siue KOHTaKTh). JLUCK
- Bpautaetca ¢ yacrorofi #=3c™!. Haii-
TH 3.1.c.& TaKoOro reHeparopa. YKa-
3aTh HanpaBJIeHye 3JEeKTPUYECKOro To-
Ka, ecld MarHWTHOe IIoJie HalnpabJe-
Puc. 60, ~ HO OT Hac K 4epTrexy, a JNCK- Bpaua-

eTcs NPOTHB YacOBOH CTPEJIKH.

11.102. TopusoHTaNbHHA cTep:KeHb NJIHHOH [=1 M Bpa-
ulaeTcs BOKPYT BepTUKAJbHOH oCH, NpOXoifined uepe3 OIuH
u3. ero KoHUOB. OCb BjallleHHsi NapajilellbHa MarHUTHOMY
nosmo, HHAYKUHA Koroporo B=>50 mMkTa. Ilpn kakoifi yacrore
BpallleHHsl # CTEPAHSI PA3HOCTb NOTEHUMAJIOB Ha KOHLAX 3To-
ro crepxusg U=1 mB?

11.103. Ha conenoun Jjuno#i /=20 ¢cM H IJICLIALbIO HO-
nepeunoro cevenns S=30 cM? HajleT OpoEoJIOuHbIH BuTOK. OG-
MOTKa coJieHoHza uMeeT N =320 BUTKOB, H MO HEMY HIET TOK
I=3 A. Kakas cpenussi 3. A.cC. &, HHIyUMPYeTCs B Haje-
TOM. Ha COJIEHOUJ BHTKE, KOIa TOK B COJIEHOHJAE BRIKJIOYAETCA
B TeueHue BpeMeHH [=1 mc?

11.104. Kakas cpennsas 3. 1. c. é“cp HHAYLHPYETCS B BHT-
K€, e/ COJIeHOHI, PacCMOTPEHHBIH B npem;mymeﬁ 3anaue,
HMeeT JKeJe3HBIH CcepleuHHK?

11.105. Ha conenoun nauHo# (=144‘cMm u puamerpom D=
=5 CM HajeT NPeBOJOUHbI BHTOK. OGMOTKA COJMEHOHAA HMeeT
N=2000 BuTkoB, 1 1o Hell Tever ToK /=2 A. CosneHonn nveer
KenesHbli cepAeunux. . Kakas cpennss s. A. ¢. &, HHAyLH-
Pyercs B HajieTOM Ha COMEHONA BHTKe, KOTLATOK B COMEHONAS
BHIKJIIOYAETC B TeUEHHe BpeMeHH f=2 Mc?

11.106. B 0aHOPOAHOM MarHHTHOM MOJIe, HHAYKHHA KOTO-
poro B=0,1 Tx, Bpamaercs KaTylika, cocrosmas #u3 N=
=200 BHTKOB 0€b BPAIeHHS KaTyHIKH nepne:muxymrpﬂa K ee
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ocn H K HaNnpaBJIeHHIO MarHuTHOrO IoJis. IMepuon- o6pameﬂnﬁ
Rarymky T=0,2 c; njomans nonepeuysoro cedenus S=4 cm?.
‘Hamu MaKCHMAJIbHYIO 3. 1. C, HHAYKUHH &, BO Bpa[I,[am.
mefics KaTryuike.

11.107. Karymka amusost [=20 cm umeer N =400 Bmxoa
[Tnowans nonepeyHoro ceweHuss KaTymkd S=9 cm?. Haiitu
‘MHAYKTHBHOCTb L; Karymku., KakoBa OymeT HMHAYKTHBHOCTH
L, karymku, éciy BHYTPb KaTYLIKH BBEJieH KeJe3HB ceps
JedHUK? MarsuTHasg [POHMIAEMOCTh MAaTepuana CepleyuHMs
ka p=400.

11.108. O6moTKa conenonna cocTouT U3 N BUTKOB MeIHOH
NPOBOJIOKH, NONepeyHoe ceuenne KOTopoA S=1 mm?. [liuna
coJieHouya /=25 cwM; ero CONpOTHBJIEHHE R=0,2 Om. Hatitu
HHAYKTHBHOCTh L COJIEHON .

11.109. Karymka pawno#t [=20 cM u puamerpoM D=3 cum
aveer N=400 Burkos. Ilo karymke maer tok /=2 A. Haiitu
MHIYKTUBHOCTb L KarylK¥ H MarHHTHbI DOTOK D, NPOHH3BI-
BalOWKH TJIOIafb ee HONEPEYHOTO CEUEHHSI.

11.110. Cro/pKO BHTKOB NPOBOJIOKY JAuameTpoM d=0,6 MM
HMeeT OJHOCJIOHHAsA OOMOTKA KaTYLIKH, HHAYKTHBHOCTb KOTOe
po#t L=1 mI's u nuamerp D=4 cM? BUTKH NJIOTHO IPHJEraloT
Apyr K Ipyry. ' ,

11.111, KaTylmka ¢ »KeJie3HbIM CepAeYHHKOM HMEET IJIO-
manp nonepeyHoro cederud S=20 cM? ¥ yuc/a0 BHTKOB N =
=500. MuaykTUBHOCTD KaTYyILIKH ¢ cepieunnkoM L=0,28 T'u
npH ToKe yepe3 oO6MOTKY /=5 A. HalTH MmarHuTHyi0 npoHH-
113eMOCTb |L JKEJIE3HOTO CepJeuHHKa.

11.112. Cosesonp, Aauso# [=50 cM H mowWaAbio INoIie-
peuHoro ceueHus S=2 cm? umeeT HHAYKTHBHOCTD L=0,2 MK['H.
Ilpn kakom Toke / oOBEMHAs! MJIOTHOCTb SHEPIHH MarHUTHOTO
nojsi BHYTpu cosesonaa W,=1 wmJlx/M??

11.113. CKOMBKO BHTKOB MMeeT Karyllka, UHLYKTHBHOCTD
koropoit L=1 mI'H, ecan npu toke /=1 A Mal"HHTHbIH IOTOK
CKBO3b KaTyIIKY D=2 MKB6? |

11.114. Tlnomans nonepeyHOro CewyeHusi COJNEHOHAA C )Ke-
JiesHeIM cepieunykoM ‘S=10 cm?; aauHa coseHoupa /=] M.
Haiir MarHuTHYIO NPOHHUAEMOCTD [ MaTeprana CepleyHHKa,
€CJIM MAarHUTHBIH TIOTOK, [IPOHH3BIBAIOMHH nonepetmoe ceye- |
Hue cojedouna, ®=1,4 mB6. Kakomy TOKY , TexymeMx%
4epes COJIEHOHJ, COOTBETCTBYET STOT MArHHTHEIH IOTOK, eC/d
H3BECTHO, YTO PIHILYKTHBHOCTb ‘coneHousa NpH 3THX jCJIOBPISl)51
L=0,44 Tu?

11.115. B coneﬂon,u JanuHo#t =50 cM BcTaB/CH cepReyHH
M3 TaKOrO COPTa JKeseaa, AJIsi KOTOPOro 3aBHCHMOCTh B
HEH3BECTHA. ‘{ucno BHTKOB Hg. egugnny JJIEHBE CQQ&{{O
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N,=400 cM™%; njomaib TONEPEYHOro CeueHus conenouz(a
S_IO cm®. HaidiTth MarHuTHYIO NPOHHIAEMOCTH WA Mmarepuana
cepAC€YHHKAa TIpH TOKe yepe3 oOMOTKY coJieHOMaa [=5 A, ecnu
M3BECTHO, YTO MarHHMTHBIA NOTOK, NPOHM3BIBAIOMWMH Nonepey-
HOe CeueHHe COJIEHOHAa ¢ cepreunukoM, ®=1,6 mB6. Kaxora
HHJYKTHBHOCTb L COJMEHOMJA NPH 3THX  YCJOBHSX?

11.:116. Vmeercsi CONEHOUN C XKeJTE3HBIM CEPACUHHKOM IJIH-
Hoit [=50.cM, mnJjomazpio nonepeuHoro ceueHuss S=10 cm?
n. uucaom BuTKeB N=1000. Ha#itu unpykTuBHOCTH L 3Tero
coJieHOHJ1a, eciv 1o o6MOTKe coneHouAa Teuet Tok: a) [=0,1 A;
6) 1=0,2 A; B) I=2 A.

) 117 JIBe KaTyliKn HaMOTaHbl Ha OAMH 061111414 ceplied-

k. MapykTusHOCTL nepBoit katymku L,=0,2 T'H, BTOpo# —
L,==0,8 T'n; conmporusienue BTOpOi KarymwkH R,=600 Owm.
Kako#i Tox I, moTreuer BO BTOPOH KaTyiiKe, eclqH TOK [,=
=0,3 A, Tekymuil B IepBoil KaTyIlKe, BBIKJIOUHTb B TEUEHHE
BpemeHH f=1 mc?

11.118. B MarHurHOM noJie, HHAYKIHUSA KOTOpOro B=
=0,1 Ta, noMelena KBajpaTHas paMKa M3 MEIHOH I1POBOJIOKH.
H.nomanb NONEPEYHOTO CEUEHHS] NPOBOJIOKH s=1 mm2, nJo-
manb pamru S=25 cm2. Hopmasip K NJIOCKOCTH paMK¥ napad-
e IbHAa MarHUTHOMY nouio. Kakoe KOJHYECTBO SJIEKTPHUeCT-
Ba ¢ MPOHJET N0 KOHTYPY PaMKH NPH HCUE3HOBEHMH MarHHT-
Horo nous?

11.119. B MarHuTHOM IIoJle, HHAYKIHSA KOTOpOI‘O B=
=0,05 T, nomewena karyuka, cocrosimas u3 N =200 BUTKOB
npososioku. ConporuBienve karymku R=40 Ow; niomazsb
nonepeunoro ceuenuss S=12 cm?. Karymka noeiesa Tak,
YTO ee OCh COCTaBJsieT yron a=60° ¢ HanpasJeHHEeM MarHHT-
Horo mons. Kakoe KOJNWuecTBO 3neKTpuyecTBa ¢ MPOHAET NO
KaTy[lli€ NPH HCUE3HOBEHHH MAarHHTHOTO IOJs?

11.120. KpyroBo#i KOHTYp pajuycoM r=2 cM INOMEIIEH B
OJIHODOAHOE MarHHTHOe IoJie, HHAYKIHs Koroporo B=0,2 Ta.
IlnockocTh KOHTypa NepHNEHAMKYJSPHA K HaNpaBJeHHIO Mar-
HUTHOTO noJsi. COnpoTHBIEHHE KOHTypa R=1 Om. Kakoe xo-
JMUECTBO SJEKTPHUECTBA ¢ MPOMJET uepes KaTyWKy NpH Io-
Bopore ee na yroa e=90°?

11.121. Ha conedoup pauuoit [=21 cM ¥ mIomazplo no-
nepeuHoro ceuenus S=10 cM® Hajlera KaTylKa, COCTOSIAS 13
N;=50 ButkoB. Katyumka coesiiHeHa ¢ GaJl/IMCTHYECKHM T aJib-
'BAHOMETPOM, COTPOTHBIEHHEe Kotoporo R=1 kOwm. ITo 06-
MOTKe COJIEHOHJa, coctosied u3 N,==200 BHTKOB, HAET TOK
/=5 A. Haiitu 6a.n.1mc'mqécxyxo nocrosiunyilo C rajibBaHo-
MeTpa, €C/H M3BECTHO, UTO NPH BHIKTIOUEHHH TOKA B COMEHOH-
Jie TanbBaHCMeTp AaeT OT6poc, paBHLIA 30 jejeHusiM HIKa-
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81 *). COMpOTHBJICHHEM: KaTYIKN 10 CPABHEHHIO. C COMIPOTHB-
JieHHeM GaJIHCTHIECKOTO TafbBAHOMETPA NpeHeGpeyb.

11122, [lna u3Mepenun MHAYKUMH MarHHTHOTO MOJIS MEX-
Ay TOMIOCaMH SJEKTPOMAarHUTAa NOMeIfeHA KaTylKa, COCTOS-
mas u3 N=50 BUTKOB NPOBOJIOKH W COEHHEHHAS ¢ Gas/IHCTH-
YeCKHM ranbBaHOMeTpoM. OChb KaTyIIKH napasJenbHa Ha-
NpaBfeHHI0 MarHuTHOro noJas. Ilnomazs nomepeunoro ceue-
HUsl KaTyikH S=2 cM? ConpoTHBJIEHHE TajbBaHOMeTpa R =
=2 KOM; ero Gasucruueckas nocrosasas C=2.10"% Ka/nes.
ITpu OnicTpoM BhEpPrUBaHMX KAaTYDIKM M3 MAarHHTHOTO HOJS
raJbBaHOMeTpP jaeT OTOpoc, paBHBIA 50 HeJEHHAM ILKAJHL.
Haitty unpykumio B MaruuTHOro noJds. COnpoTHBJEHHEM Ka-
TYWIKK 0O CPaBHEHHIO ¢ COMPOTHBJEHHEM GaJVIMCTHYECKOTO
rajJbBaHOMeTpa npeHebpeub. :

11.123. 3aBHCHMOCTL MarHWTHOH IIPOHMUAEMOCTH WU OT
HanpfAXKeHHOCTH ‘MarHUTHOTO NoJis [ Onlia BepBhie HCCJAEXO-
BaHa A. ['. CronerosbiM B ero paGore «Hccnenosanue dpynxuun
HaMarHH4eHHs MATKOro xesesa» (1872). Tlpu wuccaenosannu
CrosieToB. npujlan ucnbityemoMy o6pasiy :xenesa gopmy TO-
pouna. Keneso HaMarHWYMBAJNOCH NPONYCKaHWeM ToKa | IO
nepBHuHOii 0OMOTKe TOpoMza. VismeHeHuWe Hampas/ieHHs TOKa
B STOH MNEPBUYHONX KaTYIUIKe BHI3LIBAAO B Ga/iIMCTHYECKOM
rajpBaHoMerpe OT6poc Ha yroa a. 'anbpBanoMeTp Gul BKJIO-
YeH B Henb BTOpuyHOH# OOGMOTKH TOpOHAA.

Topoua, ¢ xoroprim paboran CrojieToB, UMeN CIeAYIOUIHe
napamerphl: MJOMaAb NONepeyHoro cedenus S=1,45 cm?, pau-
Ha [==60 cM, uuci0 BUTKOB NepBuuyHOH Karymku N =800,
YHCJ/I0 BUTKOB BTOPHUYHOH Karyuikd N,=100. bannucruueckas
nocTosiHHas ranesBanomerpa C=1,2.10"¢t Kn/zen u conporus-
Jeuue BTopuuHOH nend R=12 Om. Pe3yibraTel ofHOrO u3
onuiToB CroneroBa cBeleHbl B TabJauiy:

I, A | 0,1 o,2lo,3 0,4] 0,5

L]

o (B menenuax mkanw) | 48,7 | 148 , 208 | 241 | 256

Tlo sTum laHHBIM COCTaBUThH TalJHILy M NOCTPOUTH Tpadur
3aBUCHMOCTH MarHWTHOH NPOHMIAEMOCTH p OT Hampsi2KeHHO-
CTH MarHUTHOro mnoas fl Anas »Keje3a, ¢ KOTOPHIM paGoralt
A. T. Croneros. ' .

*) BaanucTHYecKOli MOCTOAHHOA TaNbBaHOMETDA HASHBASTCH Benu-
uMHa, YHCIEHHO paBHad KOJHYECTBY S/JAEKTpKUeCTa, KOTOpOe BHI3LIBaeT
oT6poc N0 IKaje Ha. OfHO JAe/eHHE, S S
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11.123, [ljs usMepeHuss MarHUTHOM NPOHHILAEMOCTH }Ke-
Jie3a U3 Hero GHLI HArOTQBJGH TOPOMA AJusoH /=50 cM H HAO-
WaAbIo NoTepeyHoro cevenud S=4 cM®. OnHa U3 OGMOTOK TO-
poufa umena Ni=500.BuTKOB M GBLIa NPHCOEAHHEHA K HCTOU-
HHKY ToOKa, apyras uMesna N,=1000 BHTKOB u Ghia HpHCOE-
AWHEHA K raabBaHOMETpy. Ilepeximouasi HanpapjienHe TOKa B
nepBHYHON OGMOTKE Ha 0GPATHOE, MbI BBI3bIBAEM BO BTOPHUHOH
0o0MOTKEe MHAYKUMOHHBbIA TOK. HalitTh MarHuTHyio npouuuae-
MOCTb |4 eJie3a, €CJIM H3BeCTHO, YTO NPH NepeKJIQYeHHH B
nepBHYHOA 0O6MOTKe HampasseHusi Toka /=1 A uepe3 raibsa-
HOMETP NPOLLIO KOJMHUECTBOo sjeKTpHuecTBa ¢=0,06 Kin. Co-
NPOTHBJIEHHE -BTOPHYHOH o6MoTKH R=20 Om.

11.125." DnexTpHuyeckas JaMIOuKa, CONPOTHBJIEHHE KOTO-
poit B ropauem- cocrosihn R=10 OM, noaxJouaercs depes
Apoccesb K 12-BoNbTOBOMY akKymyJasTopy. HMHIyKTHBHOCTH
apoceenss L=2 I'nm, conporupienue r=1 OM. Uepes kakoe
BpeM& { NocJie BKJIOYEHHS JIaMIIOyKa 3aropurcs, €CJH OHA
HaguE%eT 3aMETHO CBETHTLCS [P HANPSKEHHH Ha Helt U=

11.126. Mwmeercs xarymka anuuoll [=20 cM M JuameTrpoM
D=2 cm. O6moTKa Katylukn cocTouT U3 N=200 BUTKOB Mej-
HOH NPOBOJOKH, IJIOMaAb TONEPEUHOro CeYeHHs KOTOpOl s=
=] MM2, KaTymka BK/Ioyena B Uenb ¢ HeKoTopo# 3. 4. c. [lpu
NOMOIIH IIePEeKJIouaTeNIss 3. A. C. BHIKJIIOUAETCS, M KaTylIKa
3aMBIKaeTCsl HAKOPOTKO. Uepes Kakoe Bpems ! mocje BBIKJIO-
yeHHs 3. A.C. TOK B LENH YMEHBIUMTCA B 2 pasa?

11.127. Karymka umeer unpyktuHocts L=0,2 T u co-
nporusaenne R=1,64 Om. Bo CKOJLKO pa3s yMEHBIIHTCH TOK
B KaTyuike yepe3 Bpems (=0,05 ¢ nmocxae Toro, KaK 3. X. C.
BBHIKJIIOUEHA M KaTyliKa 3aMKHyTa HaKOpDOTKO?

11.128. Karymka umeeT HHAYKTHBHOCTh L=0,144 Tn
u conporusnenne R=10 Om. Yepes kakoe Bpems ¢ mocye
BKJIIOUEHHSl B KaTyIIKe MOTeYeT TOK, PaBHH NOJOBHHE yCTa-
HOBMBLIErocs? ’

11.129. Kouryp umeer conporusiense R=2 OM u HHJYK-
tuBHOCTh L=0,2 T'n. IlocTpouth rpaguk 3aBHCHMOCTH TOKa
[ B KOHType OT BPeMEHH f, IPOILEALIErO ¢ MOMEHTa BKJIOUEHHS
B Lenb 3. A. C., AN HHTepBana 0<CI<O,5 ¢ uepes kaxayio
0,1 c. Ilo ocs opan#aT OTKJAZLIBATH OTHOLIEHHE HapacTalo-
ero Toka / K KOHEYHOMY TOKY /,.

11.130. KsagpatHass pamka H3 MeaHoH npmnoﬁlfl ceye-
HHEM s=1 MM? moMellleHa B MarHUTHOE NoJe, HHAYKIIHUS KOTO-
-poro Mewsercss no 3aKoHy B=DB,sin of, rae By,=0,01 Ta,
o=2r/T 1 T7=0,02 c. ﬁmomans pamMkn S=25 oM H.noc-
KOCTb PAMKM TEPNEHAHKYNAPHA K HaNpPaBJeHHI0O MarHUTHOIO
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nons. HaliTu saBucHMOCTb OT BpeMenu f w HamGosbillee 3Ha-
geHHe~ d) MArHHTHOrG notoka @, NPOHM3BIBaIOUEro PaMKY;
6) 3. A. c. HHAYKUHMH &, BOSHHKalOmMeH B pamke; B) ToKa /,
TEKYLIETO MO PaMKe. , - '

11.131. LIepc;s KaTYUIKY, ' HHAYKTHBHOCTL KoTopoill L=
=21 MI'H, TeyeT TOK, H3MEHAIOMMUHACH CO BpeMeHeM NO 3aKOHY
I=I,sin ot, tpe I,=>5. A, 0=2n/T u T=0,02 c¢. Haiitu 3a-
BHCHMOCTb OT BpeMeHH £ a) 3. A. C. CAMOMHAYKUMH &, BO3-
HUKalolledl B Karyumike; 6) snepruu W wmaruursoro noss ka-
TYIIKH. )

11.132. [IBe KaTyIUKH HMEIOT B3aHMHYIO HMHAYKTHBHOCTB
Li,=5 MI'H. B nepBofi xarylike TOK H3MeHSeTCS 110 3aKOHY
I[=1; sin ot, rae [,=10 A, ©=20/T u T=0,02 ¢. Haiitu 3a-
BHCHMOCTb OT BPEMEHH [ 3. 1. C. &2, HHAYLUHPYyeMOii BO BTO-
poil KaTyuKe, ¥ HaHOOJIbIIEE 3HAUEHHE &4,y STOH 3. I C.



IF'nasa IV
KOJIEFAHUS U BOJIHBI

EAUHHULbI AKYCTHYECKHX BEJHYHUH

B Ta6n. 14 npuBejieHbl NpOU3BOAHBIE aKyCTHUECKHE €IH-
HuuE cuctembl CH. B tabn. 15 u 16 paHsl akycTHuecKkue €iu-
uuupl cucrembl CI'C u ux cBsi3b ¢ exaunnuamu cucrembl CH, a
TaK»e BHECHCTEMHbI€ aKyCTHUECKHE eJHHHIbL.

Ta6auua 14

Eannvna
Pasmeprocth
Bennuuna o6o3Haue- BeJIHYHHD!
onpenesenHe HaHMEHOBaHHe HHE
3sykopoe jpas- | p=F/S packajp Ila L—iMT-2
JeHne
IMnornocts 38y- | w=W/V |mxoyab.Ha Ky-| Hx/m3 | L—tMT-2
KOBOH  3Hep- 6uuecKHit MeTp
FHH
3pykosas Mom- | P=W/{ |Barr Bt L2MT -3
HOCTD ) g
HHTEHCHBHOCTD I=W/St [Barr Ha xBax-| Bt/m? MT -3
3BYKa patabii MeTp
Ta6auuna 15
Beanyuna EAMEBLA H ee CBSISh C enununama CH
3BYKOBOe JaBJieHHE I nun/em?=0,1 Ila
TT10THOCTD 3BYKOBOR 3HEpruu I apr/em®=0,1 Ix/m
3BYyKOBasg MOIHOCTD 1 spr/e=10-7 Br
HHTeHCHBHOCTE 3BYKa I apr/(c.cM?)=10-3 Br/m?

Hpumepot pewenusn 3a0au

3apaua l. AMniauryaa rapMOHHYeCKHX KoJeGanuil Ma-
TepHalbHON TOUKH paBHa 5 cM. Macca MaTepuaNbHOH TOUKM
paBva 10 r, mojHas 5Heprus koaeGamus pasHa 31 mx[Ix.
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Tacauua 16

Enununa

—
Bennunua HAaUMeHO- o6osna- . :
Bauue YEeHHe onpepenenne

YpoBerb 3BYKO-| nenuGes ab Jenu6en —yposedb  3BYKOBOroO

BOFO AaBJleHHd | . JaBJIeHHs, IBajuaTh JecaTHY-
) HBIX JOrapudMoB OTHOMEHHS
KOTOPOro K YCJAOBHOMY IIOPOTY
JaBJieHnast, pasHomy 2.10—5[1a,

paBHbl €AMHKLE .

Yposeur rpom-| dhoH ‘¢oH ®on —ypoBeHb ' FPOMKOCTH  3BY-
KOCTH 3BYK3 Ka, LJIs KOTOPOro ypoBeHb 3BY-
KOBOrO JaBJleHNsi DaBHOFPOM-
KOr0 € HHUM 3BYKa YacTOThi
10® 'y pasen 1 b

Hanucate ypaBHEHHE T'apMOHHUYECKHX KoseGaHuH 3TOH TOYKH
(c uucJOBRBIMH Koa(p(buuueHTaMH), eCau HauasnbHas ¢a3a Ko-
neGanuit paBHa 60°.

Pewetiue. Obliee ypaBHEHHe TapPMOHHYECKHX KoeBanuil
HMeeT BUJ

x—=Asin (ET’it-:-cp). ()

Mepuon T koneGannit MOXHO HaHTH u3 ycnoBus W=
=2n2A?m/T*=3,1-10~% JIx; orciona

T =V 22 A*m/W . @)

Y nac A=5-10"2 m, m=10"% xr u W=3,1-107% [Ix. Ilox-
cTaBaasi 3TH JaHHele B (2), mnoaysum T=4 c¢. Torza
2nt/T=2nt/4=nt/2 wu ypaBHemue (1) npumer BHA

x=>5sin (—g— tj— %—) oM.

i . (7 n . .
OTmeTHM, UTO TaK Kak Sin (5- {4 —3-)—— BenuuuHa Gespas-

MmepHas, T0 A He 06si3aTe/IbHO NOICTABJAThL B METPaX; HanMe-
HOBaHHE CMellleHHa X OyXeT COOTBETCTBOBaTb HAHMEHOBAHHMIO
amMnauTyael A.

3agaua 2. YpoBeHb 3BYKOBOrO JdBJIEHHS] pPaBeH
40 ab. Haiity amMnuiuTyXy 3BYKOBOrO AaBjieHHs] H MHTEHCHB-
HOCTL 3Byka. Ilopor CabIIMMOCTH snyxa I, = 1071 Br/m*.
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‘PemeHnue YpPOBeHb 3BYKOBOIO JaBJIEHHS L, (8 ne
uubenax) CBA3aH C aMIIHMTYA0H 3BYKOBOTO JaBJEHHS p COOT-
HOIUEHHEM

L,=20 Ig;}’%, (1)

e po — AMILIHTYAA 3BYKOBOTO JABJIEHHA NPH HYJIEBOM YpPOB-
He rpomkoctd. B cucreme CH py=2-10"tTIla. Ilo ycnosuio
L,=40 nB. Hs (1) umeem lg(p/po)=2, otxyna p/p,=102
Torzxa HCKOMasi aMIINTyAa 3BYKOBOTO JABJIEHUH p=p,: 10%=
=2.10"%.10% [Ta=2-10"% J]a.

Yposenb rpoMkocTH L; (B donax) CBSA3aH C HHTEHCHBHO-
CTBIO 3BYKa COOTHOIIEHHEM

L= IOlg—[I—. )

Ilo OHPEJ.IGJIQHHIO ¢oua npu L,=40 1b umeem L,=40 ¢on.
Torga u3 (2) mosyyaem lg([/].)) 4, win 1/](,—-10"L orciona
WHTEHCHBHOCTD 3ByKa [ =/,- 10¢=10-12, 10¢ Br/m?= 10~ Br/mZ.

§ 12. I'apMoHHYecko€ KoneGatenbHoe JARHIKEHHE H BOJHbI

ypaaheﬂne FapMOHHYECKOTO KOJeGaTeNbHOIO JABHXKEHHS HMeEeT BHJ
x=Asin (ng-”t-l—cp) = A sin (2nvt -+ ¢) = A sin (0t 4-¢),

' rlie X — CMelligHHe TOUKH OT IIOJIONeHHs PaBHOBECHS, PA3HOE JJIS Pa3HbIX
MOMeHTOB BpemeHH, A — ammiutyna, T — nepHoj, ¢ — HavanbHas dasa,
v {Iu}=1/T — wacrora xonebanuit, ® [c—1]=2n/T — kpyrosas uactora.

CxopocTb H YCKODeHHe TOuKH, COBepilaiomel KoJjeGauue, ompese-
AAOTCA  COOTHOLIEHUAMH

dx  2n

U= =

2n
dv__d3x. 4n? 2n

Cunia, nojl fediCTBMeM KOTOpOH TOYKa MacCOd m cOBepluaeT TapMoMHs
qeckoe KoJiebaHHe,

2
47;.2mx-———kx

F=ma=— i mA m (?7.@ t+<p)=
e k=4a®m/T?, 1.e. T =2r V mfk. 3necs T — nepuon KoneGauui TouKH,

copepluaromeil Kone6aaua mox nefictsueM cuant F==—Fkx, rae kB — xKecT-
EOCTh, YHMCJEHHO paBHag CHJe, BRSHBAIOWEl CMelieHHe, pPaBHoe eJHHHUIE.
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Khuernueckasn M noTenlMaibHast SHEePTHH KoxeGaioliefics TOURH
HMEIOT BHJ

mvd  2nim 2n
WR =T=:7§— A2 cos? (~T— t+q‘)>,
kx? _ 2n?m 2n
Wl’l _T=‘T—Z-’A2 sz (’?—1" t+(p) .
"Tlosnas sneprus
! Oy
w20

[MpuMepoM rapMOHHYECKHX KOJIeOATe/IbHBIX ABHIXeHMH MOTYT CJIYKHTBH
Maneie KoneGaHHS MasTHHKa: [lepHOR KoseGaHHil MaTeMaTHUGCKOTO Ma-
ATHHKA

T=2aV g,
rae ! — paHHa MasTHHKA, g — ycKOpeAHe CBOGONHOrO NajeHH:.

IpH cnoxewHHd IBYX ONHHAKOBO HATIPABJEHHBIX TAPMOHHYECKHX KO-
JleGaHHi ONMHAKOBOIO MePHOAA IIONYdaeTCA TrapMOHHUYECKOe KojebaHue
TOTO Ke NepHOJA ¢ aMIIUTYROR

2 3
A=V AL AT 244, cos (@a—gD)
B C HayaJbHOR asoil, onpenenseMofi H3 YpaBHeHHs

Ay sin @1+ A, sin @,
Ajcos pi+Aycospy *

. tgq;:

rae Aj H Ay — aMONATYABI ClaraeMbiX Koae6auuil, ¢ H Py — HX Hayalb-
nbie ¢asbl. ‘

IIpr cnoXeHHH JABYX B3aHMHO nepnemmxymﬁﬂmx KoneGaHHl onu-
HAKOBOTO NepHOJA YpaBHeHHe TPaeKTOPHH DPe3yJbTHPYIOILEr0 ABHKEeHHS
HMeeT BUR -

X2 42
A7 A

Ecnn Ha marepHaibHYfO TOYKY Maccoil /m, KpoMe ynpyroff cHier F=
=—Fx, XeicTBYeT eme cmia tpesHsi Frp==—rv, rlle r — KO3¢pQHIHEHT
TPeHHs H U — CKPPOCTb KoJebJomeiics TOYKH, TO KoleGaHHA TOUKH GYRYT
3aTYXaIOIHMH. YpaBHeHHe 3aTyXalomero KOie6aTebHOrO ABHMKEHHS HMeeT
BHIL :

2
— T €08 (Pa—"pr) =sin® (@2~ ).

-

x=Ae~ % sin (0t +¢),

rze 8 [c~1] — KosddHnuenT saryxauns. [IpH sToM §=r/2m 1 &= Vm%—é’z,
rIe ©9 — KPyrosas 4acrora COGCTBeHHbIX KoleGauui, Benuunna w=0T
HasLBaeTcs JIOTapUPMUUECKHM JEKPEMEHTOM 3aTyXauHs. :
Ecj¥ Ha MaTepHaJbHYIO TOUKY Maccol m, KoJebGaHHe KOTOPOH AaHo
B BHJe

-~

xy=Ae~ 8 gin gl
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neficTeyeT BHelIHAs NepHOAHYecKas cHaa F=Fysin wf, TO KoeGaHHA TOUKHU
GyayT BHHYNKACHHHIMH ‘H yDaBHeHHe ee IBHMKEHHA NPHMET BHA

X9 =A sin (0t + @),
rae

A Fy tg g= 26w

mV (03— a?)? +46%? ’ o —o?

Pe3oHasc HacTynaeT TOIZa, KOTA2 YacTOTa BBIHYXKJEHHBIX KoseGaHui
@ CBN3aHa C YaCTOTOH COGCTBeHHHIX KOJeGaHMA ®¢ H c KoshdHUHeHTOM
aaTyxaHHs § cooTHolleHHeM

o= Vm%—— 262,

Ipy pacnpoCTpaHeHHH He3aTyXamWHX KoNeGaHHi €O CKOPOCTBIO ¢
BIOAbL HEKOTOPOTO HaNpaBJeHHs, Ha3biBAEMOTO JIYd4OM, CMelleHHe JHGOMH
TOUKH, JeXame# Ha Jyye H OTCTOAuEH OT HCTOYHHKAa KosleGaHHI Ha pac-
cTofHHH [, Jaercs ypaBHeHHeM

2n 2nl

x=Asin| 5t —=-
(F=7):
rge A — aMOnHTYZ2 KoJeluiouyixcsl TOYeK, A — MAMHA BoaHol. [pu
stoM A=cT. [IBe TOUKH, JeXawHe Ha Jyde Ha PacCTORHHAX /j H I, OT Hc-

TOUHHAKA KOJeGaHMH, HMEIOT pasHocTh (a3
l L—1;

%‘*@1=2ﬂ'—k—‘-

.,

[py uuTepdepeHUMH BOIH MaKCHMyM ¥ MHHHMYM aMIVIMTYAB NOAY-
YAKOTCH COOTBETCTBEHHO ApH YCJAOBHAX

l,——ll=2n% (n=0,1,2 ...), .

h—li=@ntDE  (@=01,2 ...
3necy {,—Ij — pasHocTh Xona Jyueil.

12.1. Hanucath ypaBHeHHe TapMOHHUYECKOTo KoJiebaTelb-
HOTO JABMXKEHHMS ¢ aMIIHTYAOH A =5 CM, ecJH 3a Bpems (=
=] muH coBepuwaetcsi 150 KoneGanuit ¥ HayanbHas ¢asa Ko-
nebanuil ¢=mn/4. Haueprutp rpaduk 3T0ro ABHMKEHHS.

12.2. Hanucarb ypaBHeHHe rapMOHHYECKOTO KoJeGarelb-
HOro JBHkeHHs ¢ ammuurynod A=0,1 M, nepuogom T=4 ¢ u
HayanabHOH (hasodt ¢=0.

12.3. HamucaTh ypaBHeHHE rapMOHHYECKOTO KoneGarelb-
HOrO ABHIKEHHS C aMILIHTYJIOH A =50 MM, nepuogom T=4 c
M HauanbHOM (asoil ¢=mn/4, Halitn cmewenne x konef molnei-
Cs TOYKH OT MOJIOXKEHHs paBHOBecHS npu (=0 u. {=1, 5 c.
Hagepruth rpaduk sToro ABHKEHHH. »
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12.4. HanxcaTb ypaBHeHHEe TapPMOHHYECKOTO KoseGarelib-
HOTO JBMXEHHS ¢ ammiutynofi A=>5 cm u nepuogom T=8 c,
eciH HauadbHas (asa ¢ KoaeGauui pasHa: a) 0; 6) n/2;
B) m; r) 3m/2; n) 2n. HauepTutb rpaduk 3TOro ABHKEHHS BO
_BceX chyuyasx. . ' -

12.5. HauepTuth Ha OAHOM rpaduke ABa IapMOHMYECKHMX
Kone6anusl ¢ OJHMHAKOBBIMH amminryfamu A,=A,=2 cMm u
OAHHAKOBbIMK nepuofamu T3=T,=8 ¢, HO HMEIOUIUMH pa3-
HOCTb (a3 ¢,—¢;, paBHylo: a) 1/4; 6) n/2; B) m; r) 2.

12.6. Uepes xaxkoe Bpems OT Hayaja ABHXEHHH TOYKa, CO-
Beplualomast rapMOHHYECKOE KoJeGaHHe, CMECTHTCS OT M0Jo-
JEeHHs] DABHOBECHA Ha MOJNOBUHY aMILTUTYAw? [leprnon xoJe-
Gaunii T=24 c, wauaapHas ¢asza ¢=0. :

12.7. HauanpHas ¢asa rapMoHunueckoro kojebanus ¢=0.
Uepez KaKylo J0JMI0 [E€pHOAA CKOPOCTb TOYKH GyAET paBHa
NONOBHHE €€ MAaKCHMAJbHOH CKOPOCTH?

12.8. Uepes kakoe BpeMsi OT HauaNa JBHXKEHHS TOUKa,
coBepuiammas KoJeOaTeJbHOE JABHAKEHHE MO YDPaBHEHHIO

PO 1
x=17sin 5!, TPOXOANT NyTb OT MNOJOXKEHUS PaBHOBECHS 2O

MaKCHMaJIbHOTO CMEIEHHUS?

12.9. Amnanryna rapmonuueckoro kosmeGanusi A=>5 cwM,
nepuop T=4 c. HalTH MaKCHMaJbHYIO CKOPOCTb Uy,, KO-
Jebmouieiics TOYKH M ee MaKCHMaJbHOE YCKODEHHE &, ..

12.10. YpaBHEHHe XBHXKEHHS TOYKH JaHO B BHJE

x=2sin <%t+%) cM. Haiitu nepuon xoneGamuit 7', makcu-

MaJbHYIO CKOPOCTb Up,x H MaKCHMAJbHOE YCKOPEHHE .y
TOYKH.
12.11. VYpaBHeHHe JBHMXKEHMS TOYKH JaHO B BUJE

xzsin—gt. Hafity mMoMeHTH BpeMeHH {, B KOTOpblE€ JOCTH-

ratloTcsl MaKCHMaJlbHAas# CKOPOCTh ¥ MAaKCHMallbHOE YCKO-
penue. ‘

12.12. Touka coBepmiaeT rapMOHHYecKOe KojeGanue. [le-
puoj koneGannit T=2 ¢, amnauryia A=>50 mM, HayagbHas
¢aza ¢=0. HaliTi CKOpOCTb v TOUKH B MOMEHT BPEeMEHH, Korja
CMEUIEHHE TOUKH OT [IOJIOXKEHHS DAaBHOBECHH X¥=25 MM.

12.13. Hanucarp ypaBHeHHe TapMOHMYECKOTO Kojebaresb-
HOTO JBHIKEHHS, eCIH MAaKCHMAaJbHOE YCKOPEHHE TOUKH @, =
=49,3 cum/c?, nepuon KoueGaHuii T=2 C U CMelleHHE TOUKH
OT TIOJNIOXKEHHSI DaBHOBeCHS B HauyaJbHHH MOMEHT BPEMEHH
Xo=25 Mm." , ‘

12.14. Hauanbhas ¢a3a rapmMoHHYeckoro xoxebGanus ¢==0.
[Ipn cmeleHuH TOYKH OT MOJIOKEHHS PaBHOBECHH X3=2,4 cM
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CKOPOCTh TOUKH 0;=3 cM/c, a fIpH CMEIIEHUH X,=2,8 cM
ee CKOpocTh Uy=2 cM/c. Hafit amnnmyny A u nepuop T 3toro
Kosebanus.

12.15. YpaBHenue Ko.neﬁaﬁm MaTepHaJbHOH TOYKH Mac-

colt m=16r umeer Bug x=0,1sin (-8— t - -4—> M. TlocTpoutsb

rpadyuK 3aBHCHMOCTH OT BpeMeHH ¢ (B mpefe/ax OLHOIO NEpHo-
na) cuaet F, pefctByroueil Ha Touky. Hafitu mMakcumanbHyio
cuny Fax

12.16. YpaBHenne KosneGaHufi MarepuanbHOH TOYKH Mac-

o . T 7T o
coit m=10r umeer BuA x=D5sin ('gt"'Z) cm. Halitu mak-

CHMaJIBHYIO CHAy F,,, AeHCTByOLUly0 Ha Toqu, H MOJIHYIO
snepruro W kosebmowielcss TOYKH,
12.17. ¥YpaBHeHue Ko/e0aHusi MaTepHANbHQH TOYKH Mac-

coli’ m=16 r umeer Bun x=2sin (T H"Z‘) cM. Tlocrpouts

rpapuK 3aBUCHMOCTH OT BPEMEHH ! (B Ipejesax ORHOro Hnepyuo-
Aa) kyunernyeckoit . W, norennuansuot W, u noanoét W snep-
rufl TOUKH.

12.18. Haiitu ornouwenue kuHeTHuecKoi sueprun W, Tou-
KH, COBEpINAIOIECH TapMOHHYECKOE KoneGanue, K ee MOTeH-
npanbHOi sHepruu W, s MOMEHTOB Bpémenu: a) t=T/12;
6) {=T/8; B) t= T/6. Hauanbnas dasa xoneGaunit @=0.

12.19. Hafitu oTHowmenne KuHeTHUCCKOH snepruu W, Tou-
KH, COBepLIaioliiell rapMoHHUeCKOe KoJebaHHe, K €e IOTeH-
nyanbHol sHeprun W Ajsi MOMEHTOB, KOIAa CMelleHHe TOYKH
OT INOJIOXKEHHST PABHOBECHS cocTaBjseT: a) x=A/4; 6) x=A/2;
B) x=A, rae A — avniuTyia koJeGaHui.

12.20. IlosHast 3Heprus Teja, COBEPIIAONIET0 TapMOHMUEC-
Koe KoJgebGarenpnoe aBmxkeHne, W=30 MkIxk; makcumanpHas
cuJa, JeficTyoomas ua teno, F,,=1,5 mH. Hanucats ypas-
HeHUe JBMIKEHHS 3TOr0 TeNa, ecai nepuop koJdebauuit 7=2 ¢
H HaganbHas ¢asa @=u/3.

12.21, AmMnnuTyzna rapmMoHu4ecKHX KoseSanuil Marepuanb-
uoli Toukn A =2 cM, nosnas sHeprus KoaeGauuit W=0,3 Mx/Ixk.
[pn KakoM cMellleHHH X OT IOJIOXKEeHHsT PaBHOBECHS Ha Keuel-

- MOLLYIOCS TOUKY geficTByer cuna F=22,5 mxH?

12.22. 1lapuk, nORBelIeHHBIH Ha HHTH AJAWHOH [=2 M,
OTKJ/IOHSIIOT Ha yron a=4° y HabmomaioT ero KoneGanus. [lo-
Jarass Koje0aHHs HE3aTyXaioliMMH TapMOHHYECKHMMHM, HAHTH
CKOpOCTb IIapHKa HpPH HPOXOXIEHUH UM IIOJIOKEHHS PaBHO-
Becus. [IpoBepUTh NOMyUeHHOE pelueHMe, HaAsA CKOPOCTH Lias
pHKa OPH NPOXOXKIEHHH UM IOJIOKEHHS PAaBHOBECHS H3 ypas-
HEHHH MeXaHWKH. .
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12.23. K npyxune nopsemes rpy3 Maccod m=10 Kr.
3Hasd, 9TO NPYKHHA NOJA BJMsiHHeM cuisl F=9,8 H pactaru-
_Baercd Ha [=1,5cm, Hafmd nepuon T BePTHKANBHBEIX KoJseba-
HUH rpysa. \ ,

12.24. K npyxune nopsewen rpy3. Makcumanpnas KHHe-
THYeCKas SHepPrust Koaebauuil rpy3a Wy n.,=1 Jx. Amniau-
Tyna Konebanuii A=>5 cm. HalitH XecTKOCTb B NPYKHHBL

12.25. Kax u3MeHHTCS NepHOA BEPTHKAMbHBIX KoseGaHuii
rpysa, BUCSILEro HAa ABYX OAWHAKOBBIX IpPYKHHAX, €CJH OT
10CJIeI0BATENbHOTO COGNHHEHUST NPYKHH [EepeiTH K napai-
JIeJIbHOMY HX COEIMHEHHMIO?

"12.26. Meaunifi mapyk, NOABEIEHHBIH K NpYXKHHE, COBEp-
laeT BepTHKaJbHble KoseGanusi. Kak H3MEHMTCS NEpUOR Ko-
Je6aHuil, eIy K NpyXkKHHe NOABECHTb BMECTO MEIHOro LIapHKa
aMIOMUHHEBBIH TaKOro e panuyca?

12.27. K npyXuHe NOABeLleHa THalllka BeCOB C THPSIMH.
ITpu atom nepuon seprukanbubix KoseGauui 77=0,5 c. [loc-
JIe TOTO KaK Ha YalKy BeCOB MOJIOXKHUJY elile J00aBOYHbIE THPH,
NepHol, BepTHKaMbHEIX KoJieOGaHu# cran pasubiM T,=0,6 c.
Ha ckonbko yamuHnnach npyuHa oT NpHOGABIEHHST 5TOrO A0-
6aBouHoro rpysar

12.28. K pesunosomy wHypy anuuo# /=40 cM H paguycom
r=1 MM noaBeilena rups maccofi m=>0,5 kr. 3nas, 4T0 MO-
Ayab Oura pesunnl £=3 MH/m?, nafitu nepuon T BepTHKAIb-
HBIX KoOJieGaHuil rUpU. ¥ K @ 3 a H H €. YUecTb, UTO JKeCTKOCThb
kR peauHbr cBsisana ¢ MoAysaem lOHra E COOTHOLIeHMeM k=
=S8E/l, rae S — nomazgb NONepeyHOro CeueHust pe3unni, [ —
ee JJMHAa.

12.29 *). Apeomerp Maccoit m==0,2 Kr nsaBaeT B XHIKO-
cti. Ecy Dorpysuth ero HEMHOTO B XKHAKOCTD H OTHYCTHTD,
TO OH HawHeT coBepulaTh KoseGauus ¢ mepuofioMm 1 =3,4 c.
Cuyypras Kone6aHHS He3aTYXaWwIIUMH, HAHTH NJIOTHOCTh XHA-
KOCTH P, B KOTOPOH mnJ/1aBaeT apeoMmerp. Jlnamerp BepTHKa/b-
HOA WHIMHAPUYECKOH TPYOKH apeomerpa d=1 cm.

12.30. Hanucaths ypaBHEHHME JBHIKEHHS, NOJNYYaIONIEroCs
B pe3ysbfare CIOXKEHHS ABYX OLMHAKOBO HANPaBJEHHBIX rap-
MOHHYECKHX KoJebaTesbHbIX. KoJIeOanHuil ¢ OXHHAKOBRIM IepHo-
aom T=8 ¢ u oamnaxkopoil amnauryaoit A=0,02 m. Pasnocth
a3 MexIy 3THMH KoneOaHusIMH @,—¢;=n/4. Hauanenas oa- -
3a OJHOTO M3 3THX KoJeOaHHH pasBHa HYJIO.

12.31. Haiitu amnuuryny A u Hauanenyio ¢asy' ¢ rap-
MOHHYECKOT0 KoJeGaHHsS, NOJYYeHHOIrO0 OT CJOXKEHHS OfH-

*) 3agaue Ha ynpyrde CHJIn H Ha MaTema'm'xecxui K H3nveckuit
MasATHHKH CM. TaKXe B $283BmM L,
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HAKOBO ' HANPABJIEHHBIX ‘KoneBanuil;” RaHHBIX - ypanﬁemmm
xi—O 02sin(Bné+m2) M u X, = 0 ,03 sin (55t 4 n/4) M.
12,32, B pesyabrare C/I0OXKeHHs ABYX ONHHAKOBO HANpas-
JIEHHBLIX TapMOHHYECKHX KoJe0aHHH C OXHHAKOBBIMH aMNJIHTY-
JaMH H ONVHAKOBRIMM IE€PHOXAMHR IOJydaercs pe3yJbTHPYIO-
miee xosebanue ¢ TeM XKe NepHOAOM H TOH JKe aMIIHTYROH.
Haiitu pasHocTb $as @,—@; CKIaJbiBaeMBIX KoseGaHHH.
12.33. Haiitu amnutyny A ¥ HavadbHyo $asy ¢ rapMoHu-
4eckKoro kosieGaHusi, NMOJYYEHHOrO OT CJAOXKEHHS ONLHHAKOBO
HanpasJeHHbIX KoJeGaHu#, JaHHBIX ypaBHEHHAMH Xy=4 sinn¢
CM H Xx,=3 sin (né+4n/2) cm. Hanucarp ypaBHeHHe PeSYyJbTH-
pyioulero koaebanus. JlaTb BOKTOPHYIO JHarpammy CJloxe-
HHUS aMIUIHTYR,.
12.34. Ha puc. 61 nam cnekTp pesyJbTHPYIOIMEro KoJeba-
uust. [loabsysich DaHHBIMH 3TOFO PHCYHKA, HalHCcaTh ypas-
HeHHsT KoJeGaHHuli, 13 KOTOPEIX

003 Am COCTaBJIEHO  Dpe3yJbTHpYIOLLee
. Kose6anue. HauepTuth rpagux
P, I B © sTHX KonebGauu#. IlpuHATh,

yT0 B MOMeHT /=0 pasHocTb
| e A $a3 Mexny 3THMH KoJebaHuA-
]‘W (r\gu @s—¢,=0. Haueptutb rpa-
T T S MK  PesyJnbTHPYIOUIETo KoJe-

0 g2 o4 05 08 10 5aHHﬂp Y y
Puc. 61. A 12.35. ¥YpaBHeHuUs ABYX Tap-
MOHHYECKHX KOo/eGaHul nMeloT
Bwl x1—3 sin 4 nf o u X3=06 sin 10 =t cm. Iloctpouts rpadux
a1uXx . KoaeGanuil. C/OXHB rpaduuyecks 3TH KOJMeOGaHHfA, MO-
CTPOHTb TpauK pesysabTHpYioulero KoseGaHus. Haueprurs

CIEKTP Pe3yAbTHPYIOUIero KojeGaHus.

12.36. Ypasnenue KoJeGanuii umeer Bul x=A sin 2nv,f,
npyyeM amnJHTyna A H3MeHSE€TCs €O BpEMEHEeM 110 3aKOHY
A=A, (1+cos 2nv,f). M3 Kakux rapmMOHHYecKHX KOJeGaHMM
coctouT kxoJebanue? IlocTpouts rpaduk ciaraeMbix u  pe-
SyJBTHPYIOMIETO KoJebauuit ansa A,=4 cM, v;=2 I'n, v,=
=1 I'n. HauepTurb cnekTp pe3yabTHPYIOLLEro KoleGaHHS .

12.37. Hanucarb ypaBsuenne pe3yJ/IbTHPYIOULETO KoJeGanus,
NOJHAMOIErocs B Pe3yJbTare CJOKEHHS JBYX B3aHMHO mep-
NeHJMKYJIPHBIX KoJeGaHuA ¢ OJHHAKOBOM HaCTOTOH v;=v,=
=5 'l ¥ ¢ OIMHAKOBOM HauaJbHOH Gazolt @, =¢,=n/3. Amniau-
TYZAbL - Koslebanu# pasun A;=0,10 M u A,;=0,05 M.

12.38. Touka y4acTByeT B JBYX KOJIeOaHHAX OLMHAKOBOIO
nepuofia ¢ OAMHAKOBBIMH HayalbHLIMH (hasaMH. AMIIHTYIB!
KosneGanuit .pasunt A;=3 M u A,=4 cm. Haility amnauryny
A pesyapTHpYIOIEro KojeGannus, eclid KojieGaHHs COBEPLIAIOT-
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Gfi:.a) B OAHOM HanpasJieHuu; -6) B. ABYX Bsammo nepnemmxy-
. JISIPHbIX - HANPABJICHHSAX . -

12.39. Touka yyactByer B ABYX B3aUMHO nepnennnxynﬂp-
HBIX KoJefaHusX X=2 sinwfM H y=2 cos wf M. Haiitn
TPAEKTOPHIO Pe3yAbTHPYIOUIETrO ABHMXEHHS TOUKH.

- 12.40. Touka y4acTByeTr B ABYX B3aHMHO IepPIEHAHKYJIAD-

: X n ‘o
HBIX KOJMeGaHHSIX X=COsTt H Y= cos 5 t. Ha#tu Tpaekro-

pmo Pe3yIbTHPYICULEr0 IBHKEHUS TOUKH.

12.41. Touka yuacTByer B ABYX B3aHMHO nepreHnUKYyJIsip-
HBIX KOJeOaHusix x=sinnt u y=2 sin (wt4n/2). Halitu tpaek-
TOPHIO Pe3yJbTUPYIOUIEro XBMMKEHHUS TOUKH M HAuUepPTHTB ee
¢ HaHeceHueM Macmiraba. .

12.42. Touka ygacTByeT B ABYX B3aHMHO HepHeHIHKYJIAp-
HBIX KoJeGaHusAx x==Sinnt u y=4sin (n{-+n). Halitu Tpaek-
TOPHIO DE3Y/ILTHPYIOIULEro ABHKEHHS TOUKH H HallepTI/ITb ee
¢ HaHeceHHeM Macuraba.

12.43. Ilepuon saryxaromux xonebanuii T=4 c; norapmp
MHYeCKHH JeKpeMeHT 3aryXanus x=1,6; HauaspHas ¢asa ¢=
=0. Ilpu {=T/4 cmelmenue TOUKH x= 4 5 oM. Hanwcars ypas-
HeHUe [BHXKEHHS 3TOro KOJeGaHHuA. HOCTpOHTb rpacpm{ 3T0ro
KoJiebanus B Npejenax ABYX NMepPHOLOB.

12.44. TlocTpoutp rpadHk. 3aTyxafomero Koneﬁamm IaH-

HOro ypaBHeHHeM X = e~ 01 sm— t M.

12.45. YpaBHeHHe 3aTyXalOMHUX KOMeGaHHA JaHO B _BHJE
X= Se-‘) Wsm—t M. Haiitu cxopocn, v Kosebumiolmeficss TOUKi

B MOMeHTHI BpeMeHH f, paBHble: 0, T 2T, 3T u 4T.

12.46. JIorapnq)Mqucxun HJEKPEMEHT 3aTyXaHHsi MareMa-
THYECKOTo MasiTHHKa % =0,2. Bo CKONBKO pa3 yMeHBIUHTCSH
aMIAUTY A KoseGanuil 3a 0JHO NoOJMHOE KO/IeOaHUE: MAasSTHHKA?

12.47. Hajitd norapudMuuecknii JeKpeMeHT 3aTyXaHHs X
MaTeMaTHYeCKOro MAasiTHMKA, ec/M 3a BpeMst (=1 MUH aMILId-
Tyla KosmeGaHHMH yMeHbIIMJAch B 2 pasa. [liuHa MasTHHKA
=1 M -

12.48. MaTemaTqucxuu MasATHHK LIHHOR [=24,7 cM co-
BepulaeT saryxaioue Kosebanusi. Uepes Kakoe BpeMs { sHep-
rus KoseGaHHH MasTHHKA yMmeHbiuHTCs B 9,4 pasa? 3ajauy
peLINTh NPH 3HAYeHHH JIOTapHGMHUeCKOTO ASKPeMeHTa 3ary-
xanus: a) x=0,01; 6) x=I1.

-12.49, MareMaTHyecKHH MadTHHK COBepillaeT 3aTyXaiollHe
KoJie6aHus - ¢ JIOFapHPMHUUECKHM AEKPEMECHTOM. 3aTYXaHUfg X =
=0,2. Bo.cKONBLKO pa3 YMEHbBIIUTCA MOJHOE YCKOPEHHe: MastT-
HHKa B ero.KpaHHeM NOJOKEeHHH 33 OQHO KojeGaHue?
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. 12.50. AMuMTyAa 3aTyxalomiX KouaeGaHHH MareMaTHue-
CKOTO* MasiTHHKA 3a BpeMs {=1.-MHH yMeHbIIHJach BABOE.
‘Bo_ cxoabko pas - yMmeHbHIHTCA aMnauTyAa 3a_ BpeMa
t=3 mun? )

12.51. MareMaTHueCKHH MasTHHUK AAKHOH [= 05 M, Bh
BelleHHBH M3 NOJIOKeHHS, DPABHOBeCHs, OTKJOHMJICA IpPH nep-
BOM KoJieOaHHH Ha X;=5 CM, a NpH BTOPOM (B Ty K€ CTOPO-
HY) — Ha X,=4 cm. Hafitu BpeMs penakcanuwu f, T. €. BpeMs,
B TeieHHe KOTOPOr0 aMNAHTYAd KoseOaHHH YMEHBHIMTCH B e
pa3, e e — OCHOBaHHEe HATypaJbHRIX JOrapHbMOB.

12.52. K BepTHKaJbHO BHCALIEH NpPYXKHHE NOABEMIHBAIOT
rpys. Ilpu sToMm npyxuHa yanussiercs Ha Al=9,8 cm. Orrs-
ruBast 3T0T TPy3 BHM3 U OTHYCKas ero, 3acTaBjAlOT Ipys co-
Bepuiath Kosebanust. KakuM foxkeH GbITh KOa(pdHIHEHT 3aTy-
XaHus 8, uyroGbl: a) Kone6aHHsi NPEKPATHIHCh Yyepe3 BpeMs
t=10c (cqmaTb YCJIOBHO, 4TO KoJieDaHHST NPEKPATUIHCD, eClH
HX aMILIMTyHa ynaia ao 1% or HauasabHo#); 6) rpy3 BosBpa-
Iajacs B TOJOXKEHHE DAaBHOBECHST amnepHOAMYECKH; B) Jora-
pn¢>mnqecxuﬁ JIeKPEMEHT 3aTyXaHHs KoJjebGaHu# GbT PaBHBIM
n=6?

12.53. Teno maccofi m==10 r CoBepmaeT 3aTyxawolye Ko-
JAe6aHUsl ¢ MaKCHMalbHOH aMINTATYHOH A,,,=7 CM, Hayajlb-
HOlt (asolt ¢=0 u KoamﬂuueHTOM 3aTyXaHHs §=1 6 ¢
Ha 310 Temo Hauwana feficTBoBaTh BHEUIHAS NepPHOJUYECKast
cuna F, nox FeficTBHEM KOTOPOH YCTAHOBMJIHCDH BHIHYIKIEHHbIE
KoJle6aHus. YpaBHeHHe BbIHYXJEHHBIX KOJeGaHUH HMeeT BHJ
x="5 sin (10m¢—3n/4) cM. Hafitn (¢ yucnoBeiMH KodhGuiKeH-
TaMH) ypaBHEHHe COOCTBeHHBIX KOJeOaHHMH M ypaBHeHHe BHell-
HeH mepHOAHYECKOH CHABIL.

12.54. T'ups Maccofi m=0,2 xr, BHCAHIAA Ha BepTHKa/lb- -
HOA MPYXKHHE, COBepIIaeT 3aryxaroiHe KoneGanud ¢ Kospdu-
nueHToM 3aryxauHa §=0,75 ¢~'. JKecTKOCTb NpPyXKMHHL k==
=0,5 kH/M. HauepTHTb 3aBHCHMOCTh aMITUTY A5 A - BHIHYKIEeH-
HbIX KosieGaHMi FHPBKY QT YacTOTH @ BHEIIHeH NEePHOAHUECKOH
CHJIBl, ecH H3BeCTHO, YTO MakCHMaJjibHOe 3HaueHHe BHellIHeH
cuabl Fo=0,98 H. nsa noctpoenus: rpaduKka HalTH 3HaUCHHE
A ana uacror: ©0=0, ©=0,5®, ©=0,750, 0=0, 0=
=1,5 0y U ©0=20,, Tlie ®— YacToTa cCOGCTBeHHbIX KoJeOaHUH
NoJBeIIEHHOH I'UDH. .

12,55. [lo rpyHTOBOH Hopore mpoliea TPAKTOP, OCTABUB
cIeIEl B BHAE pAfa yraybsenul, HaXoAsIMHXCA HA PaccTos-
Buu =30 cm gpyr or xgpyra. Ilo sroli mopore nmoKaTWIH Jer-
‘CKYIO KOJISiCKY, HMEIOILYIO JiBe OEHHaKOBbie Peccopbl, Kaxias
H3 KOTOPBIX-HPOrHGaeTcs Ha Xx,=2 cM 0OA JeHcTBHeM Ipysa
Maccok me=1 Kr. C KaKoi CKOPOCTbIO ¥ KaTHAH KOJNACKY, €Cln
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OT TOMYKOB Ha YIMyGJleHHAX OHA, NONAB B pe3cHaHc, Hadala
cHIbHO packauuBatbes? Macca xonsckd M=10 xr. *

12.56. Hafitu qmusty BOJHBL A KoneGanMsi, nepHOA KOTOPO-
ro T=10"* ¢. CkopocTb pacnpochaHeHuﬂ KonebaHuifl C==
=3-10% mfc.

12.57. 3pykoBbie KosebaHus, UMelonHe 4actoty v=500 I‘n
¥ ammantyny A=0,25 MM, pacnpoCTPaHSIOTCS B BO3AYXE.
Jvna Bosabl A=70 cM, Hatiru CKOPOCTh € PacnpoCTpaHeHus
koneGaHHl M MaKCHMaJbHYIO CKOPOCTb Uy,, 4YacTHIL BO3AYyXa,

12.58. YpapHenue He3aTyXaolMX KoJjeGaHnd HMeeT BHJ

PR 4 - .
x=10 sin5 ¢ cm. HafiTy ypasheHnue BOJHBI, ec/iH CKOPOCTb

pacnpocrpaHenust kKone6aunii ¢=300 M/c. Hamucatb ¥ Hu306-
pasutb rpaduueckd ypaBHeHHe KoJieGaHUA /st TOUKH, OTCTOS-
uefl Ha paccrosiHuu [=600 M OT ucTouHHKa KosebGauuil. Ha-
nHcaTh M H300pasuth IpaduuyeckH ypaBHeHHe KojeOauHs s
TOYEK BOJIHBI B MOMEHT BpeMeHH [=4 C Ilocjie HauaJja KoJjeGa-
HH#, _

-12.59. YpaBHeHue He3aTyXalmuX KoJeGaHHH HMeeT BHJ
x=4 sin 600 nf cm. HaiiTu cMemeHte x OT NOJIOXKEHHSI PaBHO-
BECHS TOUKH, Haxoidllelics HAa paccTosHMH [=75 ¢M OT HCTOU-
HUKa Kosaebauuii, A1 MoMeHTa BpeMeHH f=0,01 ¢ nocre Ha-
yana xojiebanuft. CKOpOCThb pacnpocTpaHeHus KoseBanuii =
=300 M/c.

12.60. YpaBHenHe He3aTyxalomHX KoJeGaHHH uMeeT BUJ
x=sin 2,5nf cM. HaliTH cMelleHHe X OT NOJIOXKEHHS PaBHOBe-
CHSl, CKOPOCTb U M YCKOpEHHe @ TOYKH, HaXxofsuielics Ha pac-
cTosiHHMH [=20 M OT HCTOYHHMKA KoJieGaHMH, VIS MOMEHTa Bpe-
MeHH {=1 ¢ nocne Hayasa KoneGaHMH. CKopoch pacnpocTpa-
Henusn xousebannit c=100 M/c.

12.61. Haifitn pasnocth $as A@ KoneGauHuifi ABYX TOUEK,
OTCTOALIMX OT MCTOYHHMKa KOneGaHMH Ha PacCTOSHHAX [;==
=10 M u l,=16 M. Ilepuon KoneGaunit T=0,04 c; ckopocrb

-pacnpocrpanenust ¢=300 M/c.

12.62. Haiitu pasHocTh a3 A@ KoseGaHHH IByX TOueK,
JleXalllMX Ha Jyye H OTCTOSIHX Ha PacCTOsHMH [=2 M 1pyr
OT ApYyTa, eCqd JJMHa BOJHHE A=1 M.

12.63. HafiTy cMellieHHe X OT NOJIOXKeHUS PABHOBECHS TOY-
KH, OTCTOsLeH OT MCTOYHHKA KOJe6aHMH Ha PacCTOAHMH [=
=M12, pyna MOMeHTa Bpemeant T/6 Awmniuryna xoneGanui
A=0, 05 .

12 64. CMellleHHe OT NOJIOMEHHS] PaBHOBECHS Tquk oT-
CTOSILIEH OT MCTOUHHKA KOJeOaHHR™ Ha PacCTOSAHHH [= 4 cM,
B MoMeHT BpeMenH ¢==T/6 paBHO NoJOBHHE aMIVIUTYAHL. Hatira
BauHy A Oeryuieft BOJIHBHI.
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12.65. Hafitn nonoxeHne YsJIOB M NYYHOCTEH H Havep- .
THTB IPpaduK cTosYeH BONHEI, €CHH: a) OTpaXKeHHe MPOHCXOAHT
OT MeHee IIOTHOH cpejpl; 6) OTpaXkeHHE NMPOHUCXORUT OT Golee
miaoTHOH cpenpl. Javna Gerywied BomHbl A=12 cM.

12.66. Hafitu navdy BomHBI A KosneGaHHi, ec/H paccros-
Hue Smexmy NepBOH H 4eTBepTOH NYYHOCTSMH CTOSTYEH BOJIHBI
=15 cm.

§ 13. Akycruka

CKOpOCTh pAacnpOCTDaHEHHST AKYCTHUECKHX KoJeGaHHi B HEKOTOpO#H
cpene onpepenserca gopmynoi | -

c= ]/E /o,
rze E — monyas IOura cpefisl, p — NJIOTHOCT CPENbL.
B rasax cROpPOCTb pacnpoCTpaHeHHs

c=V»RT/p,

rae B — MoJAfpHas Macca rasa, T — TepMoJHMHamHdYeckasi TeMmneparypa -
rasa, R -—rasosasi NOCTOSIHHAfA, %= C,,/CV (o p — TeIIOEMKOCTL  Ia3a
an NOCTOTHHOM JI3BJEHHH H CV—- TENJOEeMKOCTh ['a3a npn HdCTOSIHHOM
ofbeme).

YpoBeHb 3BYKOBOTO AaBienus L ) (B nenubenax) cBAsaH ¢ aMILIHTYAOI
SBYKOBDTO AaBJIEHUA [ COOTHOHIEHHEM

P
L,=201g—,
r gPo

A€ Pp —— aMIUIHTYJa 3BYKOBOTO JABJEHHS IPH HYJEBOM YPOBHE TPOMKO- |
cTH. YpoBeHb IpoMKkocTH L; (B ¢oHax) cBA3aH C HHTEHCHBHOCTHIO 3BYKA
COOTHOILIEHHEM '

. L1=10 ]g-IL-,
0

rae /o — MOPOT CALINHMOCTH (HYJ/1eBOR YpDOBeHb TPOMKOCTH)Y 3ByKa. Yc-
JIOBHO NpHHEMaercs, uro [=10-%? B1/M? u py=2-10-° [la.

Mo npusuuny Jonsepa® 4acTOTa sByKa, BOCTpHHMMaeMas BaGaiofia-
TeleM, onpefeasercsa $opmynoi

, _c+u

| . G .
rfie v — YacToTa 3BYKa, NOChHUIaeMasi HCTOYHHKOM 3BYKa, 4 — CKOPOCTH
JABWKEHWS HCTOYHHKA 3BYKa, U — CKOPOCTh JABHXKEHHS Habmonarensi, ¢ —
CKOPOCTb pacnpoctpaneHHs 3pyka. Ckopocte >0, ecam HaGmiozatenb
JBYXKETCA NO HANpaBJeHMIO K HCTOYHHKY 3BYKa; cKopocTb u>0, eciH
HMCTOYHHK 3BYKa JBHXKeTc K HaGmiofaresio.

Yacrora 0CHOBHOTO TOHA CTPYHHI Onpenensiercs §opmyJioRt

o "_il/’ir~ .
g Y=oV s



rae | — panva crpywst, F — cuna ee Harsenus, S — miomans ee mno-
'NepeyHOTo ceuenns, P — NIOTHOCTh MaTepHANa Cpeasl. o

13.1. Hafitu givay BOJMHBL A OCHOBHOTrO TOHA Jist (4acrora
v=435 I'n). CKopocTb pacnpocTpaHEHHs 3BYKa B BO3AYXe
=340 m/c. i .

13.2. YenoBedecKoe yXO MOXKET BOCHPHHHMAThb 3BYKH yac-
TOTOH MpROAU3HUTENBHO OT v1=20 't 10 v,=20 000 'n. Mex-
Ay KaKUMH IJHHAMH BOJIH JIEXXMT HHTEPBA/ CJBIIMMOCTH 3BY-
KOBHIX KonieOauuii? CKOpPOCTb paclpocTpaHeHHsi 3BYKa B BO3-
ayxe c¢=340 m/c. '

13.3. Hafith cKOpOCTb ¢ pacnpOCTPaHEHUS 3BYKA B CTaJH,

13.4. Haiitu cKopocTb ¢ pacnpocTpaHeHMsl 3BYKa B Melu.

13.5. CKopocTh pacmnpocTpaHeHMsi 3ByKa B KepOCHHe c¢=
=1330 M/c, Hafith cxumMaeMocTb P KepocHHa,

13.6. 1Ipy nomomu 3XosioTa H3Mepsanach TyGMHA Mops.
Kakopa Gbia riy6rita Mopsi, ec/IH NPOMEXYTOK BPeMeHH Mex-
Ay BOSHHKHOBEHHEM 3BYKa H ero IPHEMOM -OKa3ajCfi PaBHHM
{==2,5 ¢? CxkuMaeMocThb BOABL P==4,6-1071° [Ta~*!, maoTHOCTB
MOpcKoi Bouei p=1,03-10% Kr/m®. :

13.7. HafiTu cKOpPOCTp ¢ PaclpOCTpaHEHHs 3BYKa B BO3-
-RyXe NpH Temneparypax f, pasHeix: —20, 0 u 20°C. ,

13.8. Bo cKONBbKO Pas CKOPOCTD ¢; PacpoCTpaHeHHs 3BYKa
B Bo3nyxe JieroM (¢=27 °C) Gonbile CKOPOCTH €y PacnpocTpa-
HeHHs 3BYKa sHMOH (f=-—33°C)?

13.9. 3nas, uTo CpelHAs KBaApaTHYHAs CKOPOCTb MOJEKYJ
JBYXaTOMHOTrO I'a3a B YCJOBHSX onbita v=461 M/c, HaliTH cKo-
pocTb ¢ paclpOCTPAHEHHs] 3ByKa B rase. -

13.10. Haiith cKOpPOCTb ¢ pPaclpOCTpaHeHKsl 3ByKa B JBYX-
aTOMHOM rase, €c/iH H3BeCTHO, YTO HPH JaBaeHMH p=1,01x
% 10® Ila miornocte rasa p=1,29 xr/m3,

“13.11. 3Has, 4To CpelHss MONAPHAS KHHETHYeCKast SHep-
T'HA  TOCTYNATEJBHOTO [BHMKEHHA MoJekysa asora’ Wy,=
==3,4 KJIXK/MOJb, HalTH CKOPOCTH € PACIPOCTPAHEHHs! 3ByKa
B 430T€ NIPH 3THX YCJIOBHSX. -

13.12. [lns1 ompezesienus TeMIepaTypbl BePXHHX C/IOEB art-
Mocdephl Helb3sT [OIb30BAThCsI TePMOMETPOM, TaK KakK BCJEk-
CTBHE MaJIof IVIOTHOCTH Tas3a TepMOMeTP He NPHIET B TEILIOBOE
paBHOBecHe C OKpYyKaiollelt cpefiolt. [last sTof nenu nyckaiwor
paKeTy ¢ IpaHaTaMM, B3PbIBaEMBIMH NPH NOCTHXKEHHH ONpeje-
JiedHo# BbicoTel, HakitH TeMneparypy f Ha BeIcoTe h==20 KM
OT NOBePXHOCTH 3eM/IH, ec/H H3BEeCTHO, 4T0 3BYK OT B3phiBa,
NPOH3BEJEHHOrO Ha BbicoTe h;=21 KM, npuuenr nosxe Ha
21={5,75 ¢ 3ByKa OT B3pbiBa, MPOH3BEJCHHOIO Ha BHICOTE

g=‘9 KM, = . . - ) :

.
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13.13. Haitty noxasaTesnb NPEJIOMJIECHHR N 3BYKOBHX BOJMH
Ha rpaHHIle BO3AYX — CTekJ0. Mogyab IOsra aas crekna E=
=6,9.10" I1a, niotHOCTS cTekna p=2, 6 10°% xr/m®, 'remuepa-
Typa Bos3ayxa #=20°C.

18.14. Halith- npefeabHL#l yroa o TOJIHOT O Bny'rpennero
OTpaMeHHsI 3BYKOBBIX BOMH Ha TpaHHUE BOSAYX — CTEKJIO.
BocnonbaoBaThesi HEOOXOAMMBIMH AAHHBLIMH  H3 npem;mymen
3afauk.:

13.15. [IBa sByKa OTJIM4YAlOTCSl MO YPOBHIO I'DOMKOCTH Ha
AL;=1 ¢oun. Halitu ornomenue [,//; unT€HCHBHOCTEH .3THX
3BYKOB.

13.16. [IBa 3ByKa OT/IMYaIOTCS IO YPOBHIO 3BYKOBOIO JaB-
nenuss Ha AL,=1 nb. Haiitu OTHOWCHHE Pa/pi aMILIATYR UX
3BYKOBOI'O HaBJIEHPIH

13.17. Illym Ha yaHpe c ypOBHEM rpomxocm L,;=70 ¢on
CABIUEH B KOMHaTe TaK, KaK IIYM C YPOBHEM TDOMKOCTH
L ;=40 dou. Ha#itu ornowmenue I,//; HHTeHCHBHOCTEN 3BY-
KOB Ha yJHie M B KOMHaTe.

13.18. VurencusHoeTs SBYKa yBenuunaach B 1000 pas. Ha
CKOBKO YBENHYHJCS YpoBeHb 3BYKOBOIO JaBjeHus? Bo
CKOJIBKO pa3 yBeqMuHJIach aMIVIMTyAa 3BYKOBOIO NaBJIEHHS?

13.19. HurencusHocts 3Byka /=10 mB1/M2. Haiitu ypo-
BeHb I'POMKOCTH L; W aMIVIMTYAY p 3BYKOBOTO LaBJleHHS.

13.20. Ha CKOJBKO YBEJNHUMJICSH YPOBEHb I'DOMKOCTH L,
3ByKa, €CJIH MHTEHCHBHOCTH 3BYKa Bospocsa: a) B 3000 pas;
6) B 30 000 pas?

13.21. Ha#itu paccmmme | MexXny COceIHHMM 3yOunamu
3BYKOBOH Gopo3axu Ha rpaMMOQOHHOM NIVIAaCTHHKE AN TOHA
aa (dacrora v=435 'u): a) B Haua/e 3aNHUCH Ha PacCTOSTHUH
r=12 cM OT DeHTpa; 6) B KOHNE 3allCH HA PacCTOSIHUH r==
=4 cM oT neHTpa. Hacrora BpalieHH st VIACTHHKH n=78 MHH*,

13.22. Hafitn paccrosiaue [ -MeXJy COCeRHHMH 3yO6HaMu
3BYKOBOH GOpO3JKH Ha IpaMMOGOHHOHN IJIACTHHKE IJIsi: a) v=
=100 T'y; 6) v=2000 I'nm. CpenHee paccTOsiHME OT HEHTPa
niactmHkd  r=10 cm. Yactora BpalleHHst IUIAaCTHHKH
n=78 Mun"1,

13.23. Ilpu ob6pasoBaHuM cro;men BOJIHH B TpyOke KyHz-
Ta B BO3ZyWHOM cToi6e Habmofanoch n=6 nyudocreft. Ka-
KoBa Gblna JtHHA [, BO3AYHIHOTO cTOoN0A, €C/IH CTANbHOM CTep-
XKeHb 3aKpemieH: a) nocepeauHe; 6) B KoHue? JIJIMHA CTepXKHsA
l;=1 M. Cxopocth ~pacnpocTpaHEHHsi 3ByKa B CTalH (=
——5250 M/c, B BO3AyXe c,=343 M/c.

13.24. Kakosa Obuia miuHa /i €TeKJIAHHOrO CTEPIKHA B
Tpy6ke KyRnra, ecin npu sakpensieHHH ero nocepenute B BOS-
AYLIHOM CcTOJI0e Ha6.mona.noca n=5 nyunocreit? Jnuna BOBJ.IYLH-
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fioro ctoaba [3=0,25 M. Moayar IOura aas crekna E=6,9X
x 10 [la; naotocrs crekna p=2,5-10% kr/m®. Cxopocm
pacnpocTpaHeHHs: 3ByKa B Bo3lyxe ¢=340 wm/c.

13.25. [lns kakHX HAuGOALIOHX UYACTOT NPHMEHHM METOL
. Kynara onpenenesusi CKOPOCTH 3BYKa,. C/IH CURTATE, YTO HaH-’
MEHblIlee Pas3auuaeMOe pacCTOSIHHE MeXJAy IyYHOCTAMH [~y
=4 mM? CKOpPOCTb PaCHPOCTPaHEHH 3BYKa B Bo3nyXe c=340 m/c.

13.26. [lpa noesfa HAYT HABCTPeUy IPYT APYry CO CKO-
pOCTSMH v; =72 KM/4 ¥ ;=54 Km/u. HepBuu noesq naeT CBHU-
cToK ¢ wacroToll v=600 I'l. Haftiri yacToTy v’ Ko/eGaHui 3BY-
Ka, KOTOPBHIf CJBIIHT IaccaxkMp. BTOPOTO MNoesfa: a) nepen .
BCTpeqex"a noe3foB; 6) mocie BeTpeuH noesgoB. CKOpOCTH pac-
npocTpaHeHHs 3ByKa B Bosnyxe c¢=340 wm/c.

13.27. Korna moesf npoxOAHT MHMO HENOABHXKHOIO Ha-
60faTessi, YacTOTa TOHA I'YJKa NapoBo3a MeHSETCH CKAYKOM.
Kakoil npolleHT OT UCTHHHOH YacTOoThl TOHA COCTABJSET CKauoK
YacTOThl, €C/H TOe3X IBHKETcAd €O CKopceTbio v=60 kM/u?

13.28. HaGmopnatesb ra Gepery MOps CJBILHT 3BYK Hapo-
xonnoro rynka. Korma naGaozatenk W NapoxXof HaXOASTCS
B NIOKOe, YacToTa BOCIIpHHHMaeMOoro HaGimolareneM 3ByKa v=
=420 Fu Ipu gBuKeHHH mapoxofa BOCIpPHHEMAeMas 4acToTa

~43O I'n, ecid napoXxox nmpuGaHiKaeTcst K- Habuogareno, H

=415 I'n, ecin napoxof ynanastercst or Hero, HaltH cko-

pOCTb U @mapoxoja B NepBOM H BO BTOPOM cCJayHasiX, €CJH CKO-
pOCTh PAaclpOCTPaHEHHs] 3BYKa B Bosayxe ¢=338 m/c.

13.29. Pyxeitnast nyast JeTHT co cKopocThio v=200 wm/c.
Bo cKOJIBKO pa3 M3MEHMTCS . 4aCTOTa TOHA CBHCTA NYJH /IS He-
HOABUXKHOro Halmofartessi, MHMG KOTOPOTO NpoJeraeT IyJsi?
CkopocTh pacnpoCTpaHeHHs 3BYKa B Bo3ayxe ¢=333 wm/c.

13.30. lpa noesia MAyT HaBcTpeuy APYr APYTy ¢ OXHMHA-
KoBoH ckopocThto. KakoBa JMomkHa ObITh MX CKOPOCTB U,
yTOOGbl YacTOTa CBHCTKA OJHOIO M3 HHUX, C/BIIMMOrO Ha Apy-
roM, uaMeHsilach B 9/8 pasa? CKoOpocThb pacHpoCTpaHeHHs 3By-
Ka B BO3lyxe ¢=335 M/c.

13.31. Jletyyas MBIUbL JETHT NEepTIEHIMKYASPHO K CTeHe
co cKopocthio v="06,0 M/c, H3aaBasi YALTPasBYK YacTOTOH v=
=45 KI'il Kakue jBe uacTOTHl 3ByKa v; H Vv, C/IBMIHT JeTydYas
mpilb? CKOPOCTb paclIpoOCTPaHEeHHs - 3ByKa B BO3AyXe c=
=340 w/c.

13.32. Kakyio anuny ! nomkHa ¥MMeTh cTajbHasg CTpyHa
paauycom r=0,05 cM, gT0o6H npH cune HaraxeHus F=0,49 kH
OHa HM3JaBaja TOH 4actotofi v=320 T'n?

13.33. C xakofi cunoft F Hajo HaraHyTbh CTAJILHYIO CTPYHY
anuuo# =20 cm u fuamerpom d=0,2 MM, uT0oOHI OHA H3AaBaa
TOH Js. (dacrora v=435 [u)?
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- 18.34. 3uas npeaen NPOYHOCTH IJist CTaAH, HAHTH HAaHGOAL-
I.!lle 4acToTy v, Ha KOTOPYIO MOXHO nac'rpom'b CTPYRY : AAM-

HoOH [=1 M.

13.35. CrpyHa, HarsiHyTas ¢ cujaoit F,=147 H, gaer ¢
KaMepToHoM uacrory OHenufi vg=8 I'm. Ilocsie Toro xak ary
CTPYHY HaTAHYJM ¢ chiofl F,=156,8 H, ona crana Hacrpoe-
Ha ¢ KaMepTOHOM B yHHcoH. HaliT# yacToTy v, KoneGaHuii Ka-
MepTOHa.

" 13.36. KaMeproH npeibliyiledi 3ajaud Jaer ¢ APYruM Ka-
MepTOHOM 4HacToTy OMenull vg=2 ['m. Hafitu uwacrory Kouse6a-
HHUH v BTOpOro KaMepToHa.

13.37. Ha#itd yacToTy v OCHOBHOIO TOHA CTPYHHI, HaTaHY-
Toit ¢ cunolt F=6 kH. ,ll.nmla crpynsl [=0,8 M, ee Macca m=
=30 r.

13.38. Haifitu 4acToTy v OCHOBHONO TOHa: a) O’I‘KprTOH
TpyGH; 6) 3aKpHTOH TpPYOHL.

13.39. 3akpuitas Tpy6a M3jaeT OCHOBHOH TOH A0 (4acToTa
v;=130,5 Tn). Tpy6y orkpeuin. Kakyio uactory v; HMeer
OCHOBHO# ToH Tenepb? Kakosa sanHa ! Tpy6ui? CropocTs pac-
npocTpaHeHHs 3ByKa B Bo3ayxe ¢=340 M/c.

§ 14. InekTpoMarHHTHblE KOACGAHMS W BOJHBI

Tlepuop T 3meKTPOMAarHHTHbIX KoleOaHuii B KOHTYpe, COCTOsALIEM
H3 emxoctH C, MHLYKTHBHOCTH L M conpoTupieHHs R, onpeaessercs ¢op-
Myao#
_ 2 S
_ VULC—(RJ2LE
Eenu conpordpienre R KOHTYpa HACTOJBKO Majno, YTO
| R2L)* <L 1/LC,

TO nepHol KoJjeSaHHH
T=2n V' LC Lc.

Ecau conporHpienye KOHTYpa R ne paano HYJHO, TO Ko.'leﬁaﬂnﬁ 6yayr
saryxaiomyumu. Tlpy aT0M pasHoCTh NOTeHIHANOB HA oﬁmam{ax KoHAeH-
caropa MeHseTcs CO BPEMeHeM IO 3aKOHY

U=Uge~% cos ot,
€clH BpeMs OTCUHTHBATE OT MOMeEHTa, coome'rcmyxomero HauGoabIIet
PasHOCTH TIOTEHIHAJOB HA OGKJafKax KoHJeHcaropa. 3fech 8=R/2L —
x03bpunyenT 3SaTyxaHus. Beanunna #=8T naspiBaeTca Jorapupmuve-
" CHUM JIEKPEMEHTOM saryxanng. Ecau 6=0, T0 xoneﬁannﬂ Gyayr neaaTyxa-
'iommm, H TOTA3. MOXHO 3anHcarb - .
U=Up COS(!)t
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Ecau spems OTCUHTHBATL OT MOMEHTa#, KOTAZ PasHOCTh NOTeHIHaJoB Ha
O6RIaAKaxX xon)xenca'ropa paBHa uyJo, 70 Gyner cnpaBépJiMBEIM COOTHO-
enve

U = U sin ot.

3akou Oma nns NepeMEeHHOTO TOKA 3alHCHLIBAETCH B BHIE

Usg
la=—7""

The Iy ¥ Usgy — 3pbexTHBHbIC 3HadeHHA TOKa M HalpfKeHHus, CBA3aH-
Hble € HX aMIIUTYAHBIME 3uaueHUsMH lo B Ug COOTHOmEHHSMH

s¢—101V2 Usp= Uo/‘/Q o

a Z — noJHOe CONpOTHBJIEHHE nemnu. ECJIPI nemnb COUEPKHT conpo’ms.neﬂne
R, eMkocTh C M HHAYKTHBHOCTb L, -COeIMHeHHbIe HOCJIE}IOBaTeJIbHO, TO

Z=V R¥F (oL =TJoC)?

Hpu 3TOM cHBAT (a3 MeXJy HanpsKeHHeM H TOKOM onpenemeTcx ¢op-
MyJtofi - . . .

tg(p:,(.o#g.

.-

.

Bopmyan JUIs TIOJHOIO CONPOTHBAeHHS Uenk Z B cipura Bas @ Aas pas-

JIMYHBIX CNOCOGOB BKJUeHHs R, C M L naHbl B pemeHuM sanaud 14.23.

Karywka, ofaanaiomas conporupienueM R H HHIYKTHBHOCTBIO L,

B LelH NIEPEMEHHOTO TOKAa COOTBETCTBYET IOCJIENOBATE/IbHO BKJIOYEHHEIM

"R n L. Kongencarop ¢ yteukoil, T. . KOHIEHCATOP, 061a/aI0nHil eMKOCTBIO

C ¥ conpoTHBeRNEM R, COOTBETCTBYET NapaiseNibHo BRIIOUEHHbIM Ruc,
MoiHoCTb NIEpeMeHHOTO TOKa

P=1,5U,4 coso.

14.1. KoneGaTeJbHEII KOHTYDP COCTOMT H3 KOHJeHcaropa
eMKocTbl0 C=888 n® W KaTyIUKH ¢ MHAYKTHBHOCTBIO L=
=2 mI'n. Ha Kakyio IIHHY BOJMHBEI A HacTpoeH KOHTYp?

14.2. Ha kaxofi zManasoH A/HH BOJH MOMHO HacTPOHTD
KoJleGaTelibHEI KOHTYD, eC/lH e€ro WHAYKTHBHOCTH .L=2 MIH,
a eMKOCTh MOXKeT MeHfThest oT Cy;=69 nd mo C,=533 nd?

14.3. Kakyio HHAYKTUBHOCTh L Haio BK/IOYHTH B KoJeOa-
TeJABHBI KOHTYP, YTOOH npu eMmKoctH C=2 MK®P nonqub
yaerory v=1000 I'u?

14.4. Karymka ¢ uugyktuBHocteio L=30 MKIH npncoe-
JHHeHa K IIOCKOMY KOHIEHCATOPY € MJIOLIAJBIO IJIACTHH S=
=0,01 M* u paccrosnuem Mexay HumH d=0,1 mm. Halitu
AM3/IEKTPHYECKYIO MPOHHMIAEMOCTD ‘e cpenbl, 3anoJHAOLEH
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NPOCTPAHCTBO MEXKAY “NaCTHHAMM, €C/H Komyp HacTpoeH Ha
JJHHY BOJHEE A==750 M. -

14.5. KonebarenbHulit KOHTyp .COCTOHT- H3 KOHJeHcaropa
eMKOCTHI0 C=25H® 1 KaryllKH ¢ HHAYKTHBHOCTHIO L=1,015TH.
OG6KnanKH KoHjeHncaTopa HMeloT 3apsi ¢=2,5 MxKa. Hanu-
caTh ypaBHeHHe (C YMC/OBHIMEH KO3(pHIHEHTaMH) H3MEHeHHU
pasHocTH noTeniManos U Ha oOKksagKax KOHJAeHcCATOpa H TOKa
I B nemn. HaliTH pasHocTh moTeHLHa/oB Ha OfKsaiKkaX KOH-
AGHCaTOPa M TOK B LeMH B MOMEHTHI BPEMEHH T/8, T/4 u T/2.
TMocrpouts rpadgyky 8THX 3aBHCHMOCTeH B npeflesiaX OIHOIO
epHoza.

14.6. [ns KoneGarenbHOro KOHTYPa Npelbliylied 3afauH
HanucaTb ypaBHeHHe (C YHCJAOBBIMM KO3(hPHUUEHTaMH) H3Me-
HEHUst CO BpeMeHeM { SHepruu sJjextpuueckoro’ mojs W,
3HeprMH MarHuTHoro noisi W, W mossoil sxepruu moas W.
Haiith 3Hepruio sneKTpHueckoro noJs, SHEPrHIO MardHHTHOTO
HOJIS M TIOJHYIO SHEPTHIO Nojsi B MOMeHTH Bpemenu T/8, T/4
u T/2. Tocrpouth rpaduKH 3THX 3aBUCHMOCTeH B npeﬂeﬂax
OJIHOTO MepHOA.

14.7. YpaBuoeune H3MEHEeHUS CO BPEMEHEM PasHOCTH  Ho-
TEHIHAIOB Ha 00K/1alKaX KOHIeHcaTopa B KosebaTe bHOM KOH-
Type umeer Bujx U=50cos {0*nf B. EMKocTh KOHJeHcaTopa
'C=0,1 Mx®. Haiirn nepuop T KoneGaHui, HHILYKTHBHOCTD
L KoHTypa, 3aKOH H3MeHeHH: cO BpeMeHeM ! Toka | B Lenu
U JJHHY BOJHBI A, COOTBETCTBYIOILYIO 3TOMY KOHTYDY.

14.8. YpaBHeHNe H3MeHeHHS cO BpeMeHeM TOKa B Koze(a-
TeJIbHOM KOHType Hmeer BHA [=—0,02sin400nfA. Hupyk-
THBHOCTh KoHTypa L=1 TI'H. Halith nepuon T xoJsebanmuii,
eMkoctb C KOHTYpa, MaKcHMa/abHYIO 5Hepriio W, MarHHTHOroO
[oJsl ¥ MakKCHMaJbHYIO 3Hepruio W, 3JeKTPHUECKOrO MOJIA.

14.9. Hafitu ortHowenne 3Hepruu W,/W,, Marsurdoro
nosaa Kone6aTeNbHOTO KOHTYPA K 3HePIHMH ero 3JeKTPHYecKoro
noas 15 MoMeHTa Bpemenu 7/8. -

14.10. KoneGaTenbHnlil KOHTYP COCTOMT M3 KOHAeHcaTopa
eMKOCThl0 C=7 MK® U KaTyWwKy ¢ HHAYKTHBHOCTHIO L=0,23 I'n
U conporuBleHHeM R=40 OM. OO6knajxH KOHIeHeaTopa
nmetor sapsai ¢=0,56 MKa. Halitn nepuon T xoneGanuit
KOHTypa W JorapH(pMHYecKHH JeKpPeMeHT 3aTyXaHHs % KoJje-
6annii. HatticaTh ypaBHeHHe H3MeHeHHSi CO BpeMeHeM f pas-
HoCcTH noteHuuanoe U Ha ofKaajkax KoHJeHcatopa. Hai-
TH Pa3HOCTD NOTEHUHAIOB B MOMEHTbI BPEMeHH, paBHbe: 717/2,
T, 3T/2 wu 2T. Tlocrpouts rpapur U=f(f) B npe;zenax IBYX
NepHONIOB.

14.11. KoneGarenbHbiii KOHTYP COCTOMT M3 KOHAEHcatopa
eMRocThi0 C=0,2 MK® ¥ KATYLWIKH C UHAYKTHBHOCTHIO L==
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=5,07 MI'n. Ipn xakoM JorapHpMHUECKOM JeKpeMeHTe 3aTyXa-
HH# % DPasHOCTb NOTEHUHMANOB Ha OOKJAJKaX KOHAeHcaTopa 5a
BpeMs {=1] MC YMeHBUIHTCS B TPH pasa?. KakoBo npu sTom co-
npeTHBJenite R KOHTypa? ,

14.12, KonebaTenbHbI# KOHTYP COCTOHT H3 KOHJeHcaTopa
eMKOCTeI0 C=405 u®, KaTylwK¥ ¢ HHAYKTHBHOCTBIO L=10 MI'H
M conporHBiehns R=2 OM. Bo CKOJIBKO pas yMeHbIIHTCS
PasHOCTb NOTEHIHA/NOB Ha OOK/aiKax KOHJeHCaTopa 3a OfHH
NepHOJ, KoneOaHHui?

14.13. KoseGarenbHblii KOHTYP COCTOHT H3 KOHJeHcaTopa
eMKocThio C=2,22 H®D u karymwkyu jauHoit [=20 cM H3 Men-
Holl nIpoBoJiokH auameTpom d=0,5 mm, Haiitu JlorapmpMquc-
KR JeKpeMeHT 3aTyXaHus % Kone6anui.

14.14. KoJseGarenbublii KOHTyp HMeeT emKocth C=1,1 u®
u ueayktusHocTh L=5 wmI'H. JlorapupmHuecKH#l neKpeMeHT
saryxauus x=0,005. 3a Kakoe BpeMs Bc/e[CTBHe 3aTyxa-
HUA notepsercs 99% sHepruH KOHTypa?

14.15. Kone6arenbHbIH KOHTYD COCTOMT H3 KOHZeHeaTopa
H KaTylwKH gauHod /=40 cM U3 MegHOU NPOBOJIOKH, NJIOLIALb
nonepevHoro cevyeHdst koropodl s=0,1 mm?. Halith eMKocThb
KoHJeHcatopa C, ec/iH, BBIUHC/siA NepHoJ KojebaHHi KOHTYpa
no npu6mmxennoii dopmyte T =2x)/ LC, mm pmonyckaem
omkbKy e==1%. YKasaHue YdecTb, 4TO. oHOKa &=
=(Ty—T,)/T,, rae T -— nepuoj KojebGaHuH, HalleHHBIH IO
HpH6jIH}KeHHOI7K q)opmyne a-T, — nepuox KoneGauHi, Hal-
JEHHBIH 10 TOuHOH Qopmyie.

14.16. Karymka gaunoft /=50 .cM M njomaznsio nonepeq-
Horo cedyenusi S=10 cm? BKJIOYeHA B IleNb [IePEMEHHOTO TOKA
yactorodl v=>50 I'y. Yucno ButkoB Karywkn N=3000. Hairu

conpoTus/enHe R KaTywIKH, ec/iH CABHT a3 MeXly Hampsixe-
HHeM B TOKOM @==60°.

14.17. O6morka KaTywKH coctouT 43 N=>500 BHTKOB Mej-
HOM INPOBOJIOKH, IIOMajb IIOHEPEYHOTrO cedeHHs KOTOPOH
s=1 mm2. [nuua xarymku (=50 cM, ee muamerp D=5 cm.
IIpu xakofl yactore v IepeMEHHOrO TOKa MOJHOe -CONPOTHB-
JeHde Z KarylKu B}lBoe Goablue ee aKTHBHOIO CONpOTHBJe-
Husa R?

14.18. JlBa KoHpmeHcaTtopa c eMKOC’I‘ﬂMH C;=0,2 Mx® u
C,=0,1 Mk BK/IOUEHEI OCTE0BAaTENbHO B Lenb NepeMeHHOro
ToKa Hampsmentem U=220 B u uacroroit v=50 I'u. Haiitu
70K /.B penu W najeHus no'reuunana Uc1 U Ug Ha nepsom U
BTOPOM KOHJieHcaTopax.

14.19. Karymga anunofi [=25 cM ¥ pajHycoMm r—-2 ™
HMeeT OGMOTKY H3 N- 1000 BuTKOB Me,uuoﬁ NPOBO/OKH,
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nJoIaAb NonepeyHoro “ceuendst kotopoit s=1 mm?. Karymka
BK/IOYeHa B llenb MNepeMeHHoro Toka uacrorod v=>50 I,
KaKyio 49acTb .[MOJHOTO CONPOTHBAEHHS Z KarylIKH cocTraB-
JAI0T aKTMBHOE CONpOTHBJEHHe R H HHAYKTHBHOE CONPOTHB-
Jgenne Xp?

14.20. KongencaTop emKocThio C=20 MK® H pesHcTop,
COMpoTHBJAEHHe KoToporo R==150 Om, BK/IOYEHH nOC/Ief0oBa-
TeJIBHO B LieNb nepeMeHHOro toka dacrorolt v=50 I'ul. Kakyio
yacTh Hanpsixkends U, npuioXKeHHOro K 3TOH LenH, COCTaB-
AAIOT HajeHHs HanpsiKeHHs Ha KoujeHcatope U, W Ha pe-
sucrope U g?

14.21. KozmeﬂcaTop H 3/IeKTpHYecKasl JaMIIOYKa coexHHe-
HBl TOCJEJOBaTe/bHO H BKJIOYeHH B Lenb NEPeMeHHOro TOKa
ganpsixkenHeM /=440 B wu uacroroi v=50 I'u. Kakylo em-
KocThb C JOJ/KeH HMeTh KOHJeHcaTop sl TOTo, 4TOOH yepes
JIaMIIouKy npoteKasn ToK [=0, 5 A u najienve noreHuHanta Ha
Helt 6euTO paBHbpM U, =110 B?

14.22. Karywka c akTUBHBIM conpoTuBjeHueM R=10 Om
B HHIYKTHBHOCTBIO L BKJIOYeHa B Lenb IepeMeHHOro To-
Ka HanpsikeHHem U=127 B n uacrorofi v=50 I'm. Haiitu
HUHAYKTHBHOCTh L KaTylKM, ec/lM H3BECTHO, YTO KaryumKa Ho-
raoiaer MomHocte P=400 Bt B ciasur ¢as Mexay Hampsixe-
HHeM H TokoM ¢@==60°

14.23. Haiitv ¢opmyJpl AJs1 TONHOTO CONPOTHBJIEHHS IIEIH
Z H caBura ¢as ¢ MexJy HanpsiKeHUeM K TOKOM NPH pasiHy-
HEIX cnoco6aX BKJIOueHHsi conpoTumieHHs R, emkoctd C H
uHAyKkTUBHOCTH L. PaccMotpers cayuan: a) R M C BKJIOYEHBI
noce/ioBateibHo; 0) R W C BKJIOYEHB! hapajfelbHo; B) R
H L BKJIOYeHBl NocjefoBaTeNbHO; T) R u L BK/IOueHB! napas-
neqapHo; 1) R, L u C BK/IOYeHH NOCJeI0BATENBHO.

14.24. KoupeHcatop emkocteio C==1 Mx® M pesucrop c
conporuBieHHeM R==3 KOM BK/JIOUeHL! B Ll€Nb NePeMEHHOr0
ToKa uactorofi v=50 I'u. Hafiru nosnoe conporusnenne Z
NIeNH, ec/li KOHJCHCATOP H Pe3HCTOP BR/IOUEEH: a) NOC/eN0Ba-
TebHO; 6) mapaiJesnsHo.

14.25. B uenb mepeMeHHOro Toka Hanpsixkenunem U=220 B
H uyacrotoit v=50 ['u BKJIOYEHB! TOC/JENOBATENBHO E€MKOCTh
C=35,4 MKD, conporuBieine R=100 OM H HHIYKTUBHOCTDL
L=0,7I'n. Ha#itu Toxk [/ B NenH MW NajeHHs HanpsKe-
#ua U, Ugr u Ur Ha eMKOCTH, conpo'msnennu U HHOYK-
TUBHOCTH.

14.26. UnnyktuBrocts L=22,6 MI'n u conporuBrenne R
BKJIIOUEHBl Napa/ijeNbHO B [enb NepeMEeHHOro TOKa 4acToTol
v=50 I'u. Hatith conpoTtuBnerue R, eciH H3BeCTHO, YTO CABHUT
a3 Mex]y HanpsiKeHHeM H ToKoM @=60°,
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14.27. AKTHBHOE CONPOTHBAeHHe R W HHAYKTHBHOCTb L
coeiHeHBl NApa/ieIbHO H BKJIOYEHH B Lelb NepeMeRHOro
ToKa Hanpsxenuem U=127B u uacroroit v=>50 I'n. Haiiru
CONpOTHBAEHHe R M HHIAYKTHBHOCTD L, eC/qM H3BecTHO, YTO
Henb [orJouaer MomHocte P=404 Bt u casur das mexny
HanpsDKeHHeM H TOKOM ¢ =60°,

14.28. B nenb nlepeMeHHOro TOKa HanpsikeHneM U =220 B
BKJIIOUEHBl TOC/JEJ0BaTesibHO eMKocTh C, cOnpoTHBaeHHe R
H uHaykTtHBHOCcTh L. Haiitn nanenne Hampsxenus Up Ha
COTMPOTHB/IEHHH, €C/IH U3BeCTHO, UTO NaJeHHe HalpsKEeHHS Ha
kongeHcarope U,=2U p, Ha WHAYKTHBHOCTU /[ =3U p.



- Tnasa V
ONTHUHKA

EAVHULLD! CBETOBb]X BEJIMYHH

B Ta6n. 17 npuBexeHbt HEKOTOpHE IIPOU3BOJHLIE €AHHHIBI
CBeTOBBLIX BesqHuHH B cHcreme CH.

3a eIMHHLY CBETOBOIO [10TOKA NPHHSAT JIOMeH (JIM) — cBe-
TOBOH MOTOK, HCIycKaeMbiil BHYTPH TeJIeCHOTO yriia OAHMH CTe-
pajdaH TOYEYHBIM HCTOYHHMKOM CBETA CWJIOH OXHA KaHZAesa:

lav=1kx-1cp.

3a enMHHLY OCBEIIEHHOCTH TPHHAT JIOKC (JK) — OcBe-
HIEHHOCTD IJIOLIANKH OJHH KBaApaTHBIH MeTp PaBHOMEDPHO pac-
Hpejie/IEeHHBIM CBETOBBIM NOTOKOM OJHH JIIOMEH:

12k =1 am/m2,

Euuﬂnuen CBETHMOCTH HCTOYHHKA CBeTa fBJSETCs JIOMeH
Ha KBaApaTHEI MeTp (/IM/M?) — cBeTHMOCTb, COOTBETCTBYIO-
a5 CBETOBOMY IOTOKY OJMH JIIOMEH, H3/yyaeMoMy nnoman—
Kol OAMH KBajpaTHBIH MeTp.

TaGauna 17

Exnuunua
. - Paswmep-
Beauynna 0608Ha~ HOCTh
onpesaesiente HAHMEHOBaHHe  yemne BeJIHYHHD)
CpetoBoir notox | d@ =1 do JIOMEH am J
CeetoBas 3mep-|{dW =0 df JIIOMEH-CEKYHAA | JIM-C TJ
rus
OcBeLien HOCTh E=d®/dS JIOKC JK L-3J
CpeTHMOCTb R=d®/dS ~ | momen Ha Kpam-| Jam/M2> | L~2J
: ) paTHbIl MeTp,
SIpxocTb B=d/[/dS cos 0| kanuena Ha| xE/M%2 | L~2J
’ *KBalpaTHHI
MeTp
CeeroBag sKcno- [dHy =E di JIIOKC-CEKYH J1a JK-C L-2TJ
SHIHS . :

198



_Enunvineft apKocTH CAyKMT KaHIefia Ha KBaipaTHBLI MeTp
(ka/M?) — APKOCTh paBHOMEPHO CBeTsillelics IOCKOH noBepX-
HOCTH, Jaiolilell B HOPMaJbHOM K Hell Hanpap/eHHH CHJIy CBeTa
OZHa KaHJena C IJIOW@JKH OJHH KBaJpaTHEIH Merp.

Hpumepsr pewenusn sadau

3anaua 1. Conpainb 3/MeKTPHYeCKOH JaMIIOuKH C CH-
noit cBera 1000 KJ 3aKaloueHa B MaToBYIO cepHUECKYIO Konby
guamerpoM 20 cM. Ha#iTu cBeTOBO# TIOTOK, M3/yuaeMBIl 3THM
MCTOYHHKOM CBETa, CBETHMOCTh H SPKOCTh HUCTOYHHKA CBeTa,
a TaKXe OCBELIEHHOCTb, CBETHMOCTh U SIPKOCTh 3KpaHa, Ha
Koropeiit nagaer 10% cBeTOBOro mOTOKA, H3/yYaeMOro HCTOY-
HUKOM cBeta. Kosduuuest oTpaKeHHsA cBeTa [MOBEPXHOCTHIO
skpada p=0,8, I[lromane skpana pasHa 0,25 m2. Cuurars,
YTO INOBEPXHOCTb 3KpaHa pacceMBaeT CBeT N0 3aKoHy Jlam-
Gepra. . . .

Pewenue. CeroBo#l morok @, u3nyuaeMelfl Bo Bce CTOPOHB
HCTOYHHKOM cBeTa, CBS13aH ¢ cH/0# cBera [ 5TOIO UCTOYHHKA
COOTHOIIEHHEM :

O =4n],

Y nac I=10° kx, cienosateqpno, ®=1,26-10* am.
- CBeTHMOCTL HCTOYHHKA CBETa

rie r — pajguyc Koabpl. [logcraBisisi uHc/oBBle NaHHBlE, Hai-
" JieM :

R = DIE= 108 am/m2,
fIpkocTh HCTOYHHKA cBeTa
]
B=3s

rie AS' — BuOHMas mJIOWAZKA CBeTdAllleficsl HOBEPXHOCTH.
Y nac AS'=nr?, rge r — paguyc xonbbl, Torza
- o 110000 . .
B—m—m—3,18-10 K]l/M N
“TTo ycnoBuio na 3KpaH nanaeT cseTopoil notok O,=0,1P=
=1,26-10® am. Torza ocBellleHHOCTb 3KpaHa ‘

@y 1,26.108

E=22—

3 —"(-)—2'5—J1M[M2z 5.10% ak.
- y
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CBeTHMOCTb - 5Kpana
R= P§°= pE =10,8-5-10% s/M? = 4-10% m/me.
fIpkocTh’ 9KpaHa ;
—==1,3.10% xa/™m2.

3anaua 2. AGcoMOTHO YepHOE TeNO MOANEpKHBaeTcs
npH nocrosiHHO# Temneparype 1000 K. IloepxrocTh Tesa
paBHa 250 cM?. Haitti MOWHOCTb M3JyYeHUst STOro Tela.

Peuwierue. Tlo sakony CredaHa -— DodbumaHa sHepreTH-
geckasi CBETHMOCTb, T. €. SHepTHf, H3JaydaeMasd B, eXUHHIY
BPeMeHH elHHMIlell MOBepXHOCTH abCOJIOTHO YEPHOrO Tena,

Ra = O’T‘,
& Bcfl H3jJyvyaeMasi 3HepPrufg
W = StR, = StoT*,

rae S — noBepxHocTh aGCONIOTHO YePHOrO Tajla, T — BPeMS
u3nydenus, ¢ — nocrositdas Credpana — Dosbumana u T —
TepMOJHHAMHYecKasi TemmepaTypa Tesna. MowHOCTh H3Jjyye-
HUs

N =Y _SoTs.
’t .

Y Hac §=250 cm?=2,5-10"2 M?, 0=5,67-10% Br/(M* K% u
T=1000 K. HOACTaBJIﬂﬂ STH JaHHBle, nojyudiM N=1,42x
x 10% Br=1,42 kBr.

§ 15. l'eomeTpuueckas onTuka U (oOTOMETPHS

Has chepuueckoro sepkana onTuueckas cuna D ompefenserca Qop-
MyJ108

rie aj H ay — paccTosiHMs MNpesMeTa M H300pakeHWs OT 3epkana, R —
paIuyc KpHBU3HBI 3epKajia, F — ero oKycHoe paccTosiHHe.
PaccTosinus, OTCUNTHIBaeMble OT 3epKaiia 10 J1y4y, CYMTAIOTCA NOJIOKH-
TeJILHEIMM, a DPOTHB Jyya — OTpHUaTesbhbiMH. Ecau F BeipaxkeHo B
Metpax, To D pbipasurcs B auonTpuax (xmtp): 1 amrp=1 m~1,
Tlpn nepexozme syuya H3 ONHOM cpPeAnl B APYIYIO MMeeT MeCTO 3aKOH
npenioMIeHHs CBETa




Ilie { — Yroj Hafienys, § — yroj NpelOMIeHUs, n — HOKa3aTedb NPeNOM-
JeHHs BTODOH CPelill OTHOCHTENILHO NePBOM, Uy M Uy — CKOPOCTH paclpo-
CTpaHeHMs cBeTa B NEPBOfl M BO BTOPOH cpelax.

Hns TOHKOA NUH3B, NOMeIEHHOH B OJHOPOAHYIO CpeAy, ONTHYecKas
cuna D onpepenserca ¢opmyino

1,1 1
a— — — n—l ————— =—=D_

a + a, ( ) RI Rg F 5
rre a; W as ~ pacCTOTHHA npeamera H H306pa)KeHHﬁ OT JIMH3bI, 1N — TIQ~
Kasaresb NpeJIOMIeHHs MaTepHasia JHH3bl, Ri B R — pajuychl KPUBH3HH
aunssl. TIpaBuno 3sakos WIS JIMH3 Takoe Ke, KaK ¥ g sepkaid. Onra«
Yeckas CHJ2 JBYX TOHKHMX JIHH3, CJOXEHHHIX BMecTe,

D=D1+D2:

rae Dy 1 Dy — ontHyecKde CRJIbI JHHS.
INonepednoe nHHeHHOE yBeJNYeHHE B 3€pKajiax H JuH3ax onpefenseTcs
topmyaon,

p=tr %2
o a

TZe yi — BLICOTA NPEIMETa M Yy — BHICOTA M300paKeHud. .
YpenudeHue Jynbl
L
=
F 1
rie L — paccrosine Haunyumiero 3pesds W F — ¢okychoe paccrosHue
JIYTIEL.
YBennueHHe MHKpPOCKONa
k=LleDg'

rle L — paccrofiHue Hauiayuuwlero spenust, d — paccrofinue Mexnay ¢o-
KycaMH O0BLekTHBAa M oKyaapa, Dj u D, — onTHueckde cuibl o6beKTHBA
B OKyaspa. :
YBeJnueHHe TeJecKona
F.
.k=—15
Fy
rae Fi u Fy — QokycHue paccTosnHg o6beKTHBA U OKyjspa. .
Ceeropoii notok @ onpefensiercsi sueprueil, NepeHOCHMOH CBETOBBHIMH
BOJIHAMH YEpe3 NAHHYI0 TIOWAib B €XWHMILY BPeMeHH:
aw
O=".
dt
Cuna cpera / uMCJIeHHO paBHA CBeTOBOMY INOTOKY, DPHXOAAIEMyCH
Ha eNHHMIY TeJeCHOrO yrJa:
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OcaemerHocTs E xapax’repuaye'rcn CBETOBBEIM NOTOKOM, NPHXOAALIMUMCS
Ha eJMHMLY TUIOULajH:
dd
E = —=,
ds”’
Toueunslit HCTOYHHK cHIOH ceera / co3zaer Ha momajiKe, oTcrosmedi oT
HEro Ha DACCTOSHHH r, OCBEUlEHHOCTb

Vi
E=72—C05 &,

rie o — yrojg nagenusa JIy‘-IEH
CrernMocTs R 4HcJeHHO pasHa CBETOBOMY IIOTOKY, Hg_UVCKaCMO\Iy
efuHALeH IJioniagu CBETALLEeroca Teaa;
P
=S

Ecan CECTHMOCTE TeJIla 05YCJI()BJ}6H3 ero OCBEHIEHHOCTLIO, TO
R=pE,

rae p — KOS(hQHIUEHT OTpaKEeHH:.
fIprocreio B cBersimeficss MOBePXHOCTH HAaspBaercsd BeJMUHMHAE, YHC-

JIEHHO paBHasl OTHOIUEHHIO CHJIBI CBETa € 9/€MEHTa H3nydawouefl nopepx-
HOCTH K TJIOMajH TPOEKUHK 5TOTO 5JEMEHTa Ha TJIOCKOCTb, TepreHaHKY-
JSPHYIO K HalpaBjeHUr HabmoxeHus (T. €. K BHAMMOH NOBEPXHOCTH 3Jie-
MeHTa):

o dl

" dScos ®’

rae 0 — yroa Mexiy HOpPMaJbl0 K 5JEMEHTY TNOBEPXHOCTH M Hampasle-
HueM HaGMIOJEHUS.

EciH Teno uanyuaer no sakoHy JlamGepra, T. e, ecnll SpKOCTh He
8aBUCHT OT HampaeJeHHs, TO CBeTHMOCTb R ¥ fPKOCTh 55 ¢BS3aHbl COOT-
HomlenveM

R=unaB.

15.1. TopusoHTanbHBIH JyY cBeTa Majaer Ha BEPTHKAJbHO
pacnoJIoXeHHOe 3epKaJlo. 3epKaJo NOBOpaydBaeTCs HA YyroJ
o OKOJIO BepTHKaanoﬁ ocH. Ha kaxofl yroa 4 nosepHercsi OT-
paXeHHBIH Jyy?

15.2. Pagnyc KpHBH3HEL BorHyToro sepkana R=20 cm.
Ha paccTosHHHU ;=30 cM 0T 3epKaJia NocTasJieH NpesMeT Bhbl-

coro#t =1 cm. Haiitu TIOJI0ZKEHHE U BEICOTY Y» U300paKeHHs,
Jatp ueprex.

15.3. Ha kakoM pacCTosiHHU @, OT 3epKaja MOJY4HTCS
H306pazkeHHe NpeaMeTa B BHIIYKJIOM 3epkalle ¢ pafHycoM KpH-
BusdHBl R==40 cm, ec/iH TmpeaMer MOMellleH Ha PACCTOSIHUH ==
=30 cM or 3epkana? KakoBa OyZeT BBICOTA Yy H300paxKeHHs,
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ec/H MpeIMeT HMeeT BHICOTY y;=2 cmP [IpoBepHTb BEIYHCIE-
HUfA, CAENEB YePTeX Ha MUJIUMETPOBOHM OyMare.

15.4. Brimyknoe 3epkaso HMeer paaMyc KpHBH3HE R=
=60 cm. Ha | PACCTOAHHH 0= 10 cm ot 3epkana nocrasieH npef-
MeT BBICOTOH yy=2 cM. HaiiTi nosioxenne u BBICOTY yy H300-
paxenus. Jlate yeprex.

15.5. B BOrsyrom 3epxazre C paguycoM KpPHUBU3HH R=
=40 cM XOTHAT NOJYYUTb AefiCTBHTENbHOE H300paKeH e, BBICOTa
KOTOPOr0 BJIBOE MeHble BHICOTH caMoro npeamera. I'ie Hy>xkHO
NIOCTaBUTb NpeIMET U Tje NMOJyuYdTcs U300paxenHe? N

15.6. Bricora usoGpaxKenHs IpejMeTa B BOTHYTOM 3epKaie
BJ(BOe 6OJIbllle BBICOTBI CaMOro mpeamera. Paccrosinve Mexiy
npeiMeToM U usofpamenueM a;+a,=15 cm. Ha#irn doxycHoe
paccTosiuHe F u onrtHueckyw cuiay D 3sepxana.

15.7. Tlepes BOrHYTHIM 3epKajioM Ha FJ1aBHOH ONTHYECKOM
OCH TIePTIEHAUKYJISIPHO K Heli Ha paccrosinuy a,=4F/3 ot 3sep-
Kasa NOCTaBJ/eHa ropsiimas cBeda. MsobpakeHHe cBeyu B BOr-
HYTOM 3epkajie NoNajaeT Ha BBUIYK/IOe 3epKaio C ¢OK yCHBIM
paccrosinueM F'=2F. Paccrosinne mexny 3epKajnamu d=3F,
UX OcH coBmaiator. MsobpaxkeHue cBeuH B NEPBOM 3epkane
WrpaeT poJib MHHMOrO IPeAMeTa [0 OTHOLIEHHIO KO BTOPOMY
3epKajly ¥ JaeT JeHCTBHMTEJNbHOE H300paxKeHHe, PAcClOJIONKEH-
HOe MexXJ1y 060HMH 3epKajiamH. [Tocrpouts 5T0 H300paxKeHue
¥ HaliTu oOlllee JIHHEHHOE YBelUYeHHe R CHETeMbl.

15.8. Tne GyneT HaXOmuThcsl M Kakoi pasmep y, OyJer
uMeTh u300paxenne CoJsHlla, mOnyuaeMoe B pediekrope, pa-
JAUyC KpHUBU3HEI KOTOpOro R=16 Mm?

15.9. Ecau Ha 3epkasio majaer IMyuYoK cBeTa, IIMPHHA KO-
TOPOTO OMpeJe/sieTcst yrioM a (pHc. 62), To Jay4, HAymWUH na-
pasJIebHO TJIaBHOH ONTUYecKOH ocH U
najarvonuii Ha Kpad 3epkasna, nocae OT-
paXkeHHsi OT Hero nepeceder ONTHYUECKYIO
OChb yXXe He B.(OKyce, a Ha HEKOTOPOM
paccrosinuu AF ot dokyca. Paccrosinue
x=AF Ha3pBaeTcsi IPOAOIBLHON chepuyec- 0
Koll abeppauuefi, paccrosuue y=FH —
nonepeynol chepueckoil aGeppanueit, Bu-

Bectd (opmyJbl, CBsi3bIBaOLIMe 5TH abep- . v
pamdy ¢ yrjioM o U PaadycoM KPUBUHEL N4,
3epkala R.

15.10. Boruyroe 3epkano c JHaMer- Puc. 62.

pom orBepctua d=40 cm HMeeT paguyc
kpuBH3Hpl R=60 cM. Haiith npofoNbHyIo X H monepeynyio y
ccpepnqecxylo a6eppaumo Kpaeablx JIyquI napannenbHbIX
IJ1aBHOH ONTHYECKOH OCH.
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15.11. Hmeercs Boruytoe sepkano ¢ (OKYyCHHM paecrosf-
uueMm F=20 cM. Ha kakom HanboabiueM paccTOsiHHH A OT rJas-
HOIl ONTHUECKOH OCH JOJIKEH HaXOAUThCS IpeAMeT, YTOOH Mpo-
HodpHas cdepHueckasd abeppalHsf x COCTaBJAAsla He 60JII:H.I€

2% doxkycuoro paccrosnHs F?

15.12. Jlyu cBeta nmajaer mox yrJom i=30° Ha miocKona-
paslIeNIbHYIO CTEKJSHHYIO IUIaCTHHKY H BBIXOAHT H3 Hee nHa-
pasjienbHO nepBoHayastbHOMy Jsyuy. Ilokasarens npenomie-
uusa crekna n=1,5. KakoBa Tonmnusa d mJacTHHKH, ecqaH pac-
CTOSIHHE MeXxZy JyuamH [=194 cm?

15.13. Ha nnockonapasiesbHyI0 CTEKJIAHHYIO IVIACTHHKY
TOMIHHON d==1 cM magaet Jiy4 cBeta nof yraoMm i=60°. Ilo-
KazaTtellb NpenoMJeHus crekja n=1,73. Yactb cBera orpa-
JKaeTcs, a 4acTh, IIPEROMJISIACh, HPOXOAHT B CTEKJO, OTpa-
JKaeTcs OT HUMKHEH [OBEPXHOCTH INIACTHHKH H, NpenoMJafch
BTOPUYHO, BHIXOJHT 00OpPaTHO B BO3AYX NapaijielbHO MEPBOMY
oTpaxeHHOMY Jyudy. Halitu paccrosinue [ Mexny Jy<aMH.

15.14. Jlyu cBera mapaeT moj yrjom i Ha TeJO C NOKasa-
TeNeM npesoMileHHA A. Kak Jo/KHBI ObITb CBSI3aHBI MeXRY
coGoit BeTUYHHB! { H n, YTOGH OTpaxKeHHbI Jyy Obl1 meprneH-
JHKYJISIPEH K HPeJIOMJIEHHOMY? .

15.15. Tlokasatenr npesnomienus crekja n=1,52. Hafitn
npefenbHBIA YTOJl NOJHOrO BHYTPEHHErO OTpaMeHHs f aast
[IOBEPXHOCTH pasjiesia: a) cTeKJo — Bo3AyX; 0) BOxa — BO3-

JIyX; B) CTEKJO — BOJA.

15.16. B xakoM HanpaBJeHHH IJIOBell, HHIPHYBIIHH B
Bony, Buaut 3axopsiniee CosHie?

15.17. Jlyu cBeTa BRIXOAUT H3 CKHHHZAapa B Bo3ZyX. Ilpe-.
JENbHBIA YroJl HOJIHOIO BHYTPEHHEro OTpayKeHHs LISl 9TOro
ayuda Pp=42°23". Ha#itu cxopoctb v; PacHPOCTpaHEHMs cBera
B CKUMNMAape. .

15.18. Ha crakaH, HANOJIHEHHBI BOZON, NMOJOMEHA CTeK-
JSIHHAS IJIaCTHHKA. Ho;: KakKHM YIJIOM [ JIOZ’KeH Tajath Ha
IJIACTHHKY JIy4 CBeTa, 4ToObl OT HOBEPXHOCTH pasjie/ia Boja —
CTEeKJIO TIPOM30LLIO IOHOe BHYTPeHHee oTpamenue? [lokasza-
Tesib HPEJOMJIEHHSA cTeknaa n,=1,5.

15.19. Ha zHO cocyjna, HaNOJHEHHOrO BOJOH 0 BBICOTHI
h=10 cM, momellleH TOYeyHHI HCTOYHHUK cBera. Ha nosepxHo-
CTH BOZBl IJiaBaeT KPyrJasi HeHpo3payHasi IJIaCTHHKA Tak,
YTO ee LEHTp HAaXONHUTCS Hal HCTOYHHKOM cBeTa. Kakoi#l Ham-
MeHbIIHH pajHyc r JO/DKHA HMeTh 3Ta INVIACTMHKA, 4TOOBI HH
ORHMH JIy4Y He MOT BHIATH Yepe3 MOBEPXHOCTb BOJLI?

15.20. Ipu nanenun Oenoro cera HOE yrjioM {=45° na
CTeK/JAHHYIO IJIaCTUHKY YTJIBl NpesioMJeHHs § sydell pasiny-
HEIX JUIHE BOJIH INOJIYYHJIHCH ClelyIoliue:
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A omm| 759 | 687 | 580 | 485 | 397

8 24°2 | 23°577 | 23°47" | 23°27' 1 22°57/

ITocrponTh rpadHK 3aBHCHMOCTH HOKazaTelss NPeJOMJICHHS A
Marepuasia INIaCTHHKH OT IJIMHBI BOJIHBL A.

15.21. Tlokasateny npenomJ/ieHUsT HEKOTOPOrO COpPTa CTeK-
Jia IJsi KpacHoro u (uOJIeTOBOrO JiydeH paBHH n,,=1,51 u
ney=1,53. HafiTu npejesbHble YIJIbl OJHOI'OWBHYTPEHHETO
orpaxenns ., H B, NpPH NajeHuu 3THX Ayyell Ha NoBepx-
HOCTb pasjesia CTeK/O0 — BO3AyX.

15.22, Uro npousoiifier npH mnajeHHH OeJOro Jy4a NOZ
yraoM i=41° Ha NOBepXHOCTh Pa3Resia CTEKJI0 — BO3AYX, eC/IH
B3fTh CTEKJIO mpeibiAylilell 3ajauu? (Bocrnonb3oBaThesi pesyiib-
TaTaMH pellleHHs [IPefbfyImeil 3aRauu.) _

15.23. MoHOXpOMaTHYeCKHIl Jy4 NajaeT HOPMaJbHO Ha 60-
KOBYIO TIOBEPXHOCTh TPH3MBl, NPeJOMJSIOUIHAH yroa KOTopoH
y=40°. Tlokasarenp NpeJOMJIEHUs MaTepuaia NPHUSMBL RJs
aroro ayua n=1,b. Halite yron otkiodenus § nyua, BEIXOAsA-
1ero U3 HPHU3MHl, OT NEPBOHAYAJALHOrO HanpaB/eHHS,

15.24. MonoxpoMaTHYecKuil Jy4 HajaeT HOPMaJbHO Ha 60-
KOBYIO IIOBEDXHOCTb NPHU3MbI U BHIXOEHT H3 HEE OTKJIOHEHHBIM
Ha yroi §=25° IlokasaTesnpb npesioOMIeHHs MaTepHaa pU3Mbl
anst aroro Jaykda n=1,7. Halitn npejomssiomui  yroa vy
HpH3MBIL.

15.25. [Ilpenomasiomuit yros paBHOOERPEHHOH NPU3MBI
y=10°. Monoxpomartuyeckuil Jiyu nagaer Ha GOKOBYIO IpaHb
nox yraom i=10°. Tlokasarenp npenomaeHus MaTepuana npHs-
MBl AJIg atoro dyya n=1,6. Halitu yron orkjaonesus § nayua
OT NEePBOHAYANBHOI0 HamnpaBJaeHus.

15.26. Ilpenomasiomuit yroa npusmbt y=45°. Ilokasarens
npeoMJeHUs Marepuaja HPH3MBL AJsl HEKOTOPOro MOHOXPO-
Maruyeckoro Jayuya n=1,6. KakoB nomxen ObiTh HanGOABIIHH
yroA mafenusl { 3TOro Jyda Ha NpH3My, 4TOORl IIPH BHEIXO[E
Jy4a H3 Hee He HACTYNHJAO HOJIHOE BHYTpPeHHee OTpaKeHHe?

15.27.. ITyuok cBeTa CKOJB3HT BAOJb GOKOBOH I'paHH pabHO-
Oenpennoli npuamul. IlpH KakoMm npenesbHOM TPEOMJSIOLEM
yrJe Y IPH3Mbl IPEJOMJEHHBIE JY4H NPETePHAT NONHOe BHYT-
peHHee OTpaXKeHHe Ha BTOpPOH GokoBo# rpanm? Ilokasarens
npeJoMJIeHHs MaTepHajJa HpPH3Mbl AJA 3THX aydell n=1,6.

15.28, MonoxpomaTHuecKH# Jyd najaer Ha GOKOBylO no-
BEPXHOCTb NpPfAMOYroJibHOA paBHOGeApeHHOA npu3Mbl. Bofas
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B NPH3MY, JIy4 NpeTepreBaeT NOJNHOe BHYTPEHHee OTPaxeHHe
OT OCHOBAHHS NMPH3MBI H BHIXOIHT Yepes BTOpyio GOKOBYIO 110-
BEPXHOETh NMpPH3MBI. KakuM J0/DKeH ObiTh HAHMEHBLIMH YIog
nafeHHs i Jyda Ha IpHU3MY, YTOOH ellie IPOHUCXOLHJIO IOJHOE
rHyTpeHHee oTpaxenue? Ilokasarenp npenomienust MaTeprana
NPH3MBI AJA 5TOro Jyua n==1,5.

15.29. MOHOXpOMaTquCKHI/I Jy4 najaer Ha 6oxox3yxo Io-
BeDXHOCTb pPaBHOOEAPEHHOH MPH3MbI H [OCJE NpPENOMJCHUA
AZeT B NpH3Me Hapaljie/bHO e OCHOBaHHK. Brifiis U3 NpH3-
Mbl, OH OKa3bIBAeTC OTKJIOHEHHBIM Ha YIoJ 8 OT CBOEro mnep-
BOHAYaJIbHOrO HanpaeJenus, HalTH cBA3b MeKEY MPEIOMIISIO-
UM YIJIOM MPHU3MBI y, YIJIOM OTKJOHEHHS Jyua § H moxasa-
TeseM IIpeJIOMJIEHUsT JJIst 3TOro Jyua n.

15.30. JIyu Genoro ceéra nagaer Ha GOKOBYIO IIOBEPXHOCTb
paBHOGEIPEHHON [pHU3Mbl TOZ TaKHM YIJOM, YTO KpacHbif
JIyY BHIXOJHT M3 Hee NepleHANKYJsiPHO K BTopoit rpanu. Haifi-
TH YTVl OTKJIOHeHHs 8., H Oy KPacHoro H (PHONETOBOro nyqeﬁ
OT NE€PBOHAYAABHOr0 Hanpaaneﬂnﬁ €CJIH TIPEJIOMASIOIUH yTOX
npHu3Mb y=45°. [lokazarenu npe/loM/IeHust MaTepuana fnpus-
MBI ILJIZQKpaCHOI‘O u ¢uonerosoro Jayueli pasunl n,=1,37 H

1

15.31. Halttu dokycrnoe paccrosnue Fi; KBapileBOH JHH-
3Bl 41 YJIBTPAdUONETOBON JIMHUY CIIEKTPA PTYyTH (A =259 HM),
eciau (POKyCHOe PacCTOsiHHE JJISl KEJTOH JUHHU HATpHA (A=
=589 um) Fy=16 cm. [lokazartesu npenomieHnst KBapua ans
STHX JJUH BOJNH PaBHH n,=1,504 u n,=1,458.

15.32. Haiitu Qokycuoe paccrosuue F ana chaenyromux
JIHH3: a) JMH3a ZBOSKOBHIYKJIas: R,;=15 cM u R;=—25 cMm;.
6) JUH3a MJIOCKO-BhINyKJasl: R;==15 cM # R,=oc0; B) JiMH3a
BOTHYTO-BBINYKJAasl (IIOJIOKHTENBHBIH MeHHCK): R;=15 cm u
R,=25 c™; r) nun3a JBosKOBOruyran: R;=—I15 cMm u R,=
=25 cM; J) JHH3A ILIOCKO-BOTHYTasi: Ry==00; R,=—I15 cm;
€) JIHH3a BBLIIYKJIO-BOHYTas (OTPHIATENBHBIT . MEHHCK): Ry=
=25 oM, R,=15 cm. llokasarenp npenomsiends Marepuana
JIUH3bI n-1,5. ' .

15.33. M3 1ByxX crexon ¢ TOKa3aTensMu -I1peJOMJICHMUS
ni=1,5 u n,=1,7 clie/iaHul AB€e OZUHAKOBLIE ABOSKOBBINYKJBIE
JuHspl. Hafitu otHowenue Fi/F, X QOKYCHBIX DACcCTOSHHIL
Kakoe pgefictBue xampuas H3 3TUX JIMH3 IIPOUSBENET HA JyY,
napansielbHblH  .ONTHYECKOH OCH, ecJid NOTPY3UTh  JIMH3HI
B ;I%mpaqﬂyxo. MUJKOCTB C I[OKasareleM [PeJOMJIeHHS
= ? .

15.34. Paguychl KDHBH3HB IOBEPXHOCTER ABOSKOBLINYKJIOH
auHsbl R; =R =50 cm. Ilokasarens npenomsnenuss Marepuana
JHH3EI n=1,5. Haiitu omuqecxylo cuny D aunsHL,
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15.35. Ha paccrosinun a,=15 cM. OT ABOAKOBRITYKJOM
JIRH3HI, OITHYECKas, CHJla KOTopoﬁ D=10 nntp, nocrasieH
NePIeRAHKYJIAPHO K ONTHYECKOH OCH NPEAMET BHICOTOH yy=
=2 cm. Halitn nonoxenue u BbicOTy y, H3oOpaxenns. atb
uepTex.

15.36. Ilokasarb, 4TO B nBOﬂKOBbmyK.nou JIuH3e C paBHbI-
MU PajHyCcaMH KDHBU3HbI IIOBEPXHOCTEH W C NMOKasaTeleM npe-
JomJsenus n=1,5 ¢okycel COBNAfalOT ¢ LEHTPaMU KPHBU3HBL.

15.37. Jlunsa c hoxycHuM paccrosinHeM F=16 cm naer
pe3koe u300paxkeHHe NPeAMeTa TpPH ABYX MOJOXKEHHSX, pacs
CTOsIHHE MeXAy KoTopbiMu d=6.cm. Hafitu paccrosuue a,-+
--a. OT mpexmera N0 3KpaHa.

15.38. ,HBOHKOBbII]yKJIaH JIMH3a C DagHycaMH KDHBH3HBI
noBepxHoctell Ry=R,=12 cM NOcTaBJeHa Ha TakOM PaccTos:
HUH OT [PeiMeTa, uTO H300paKeHHe Ha 3KPaHe NOJNYUHJIOCh
B k pa3 Goasuie npeaMeta. Ha#itu paccrosinne a,--a, OT npen-
MeTa 10 sKpaua, ecau: a) k=1; 6) k=20; B) £=0,2. ITokasa-
TeJb MPENOMIECHHS MaTepHalna JHH3B n=1,5. .

15.39. Jlunsa npeibiAymedl 3afaud NOFpyXKeHa B BOLY.
Haiitu eé ¢orycnoe paccrosinue F.

15.40. Pewuth NpejbAyUly0 3aZayy NP YCJIOBHH, 4TO
JIMH3a MOrPyMeHa B CEPOYrepox.

15.41. Haiitu- ¢orycHoe paccrosiHue Fy JuIseE, OOrpy-
JKEHHOH B BOAY, ecu ee POKYCHOe pacCTOsIHUE B Bo3nyxe Fi=
=20 cm. lloxasarens npejomienns marepuana JuHsur n=1,6.

15.42. Ilnocko-BeIMyKJas JHH3A C DPajUyCcOM KPHBH3HHI
R=30 cM u mokasareneMm npejomseHus n=1,5 naer usobpa-
Xenue IpeiMeTa C yBeJuyeHuem k=2. Halitn paccrosuus
@i B a, npeiMeTa u H300paxkeHus OT JHH3BL. [aTh ueprex.

15.43. HaliTu npoposbHylo XxpoMaTudecKyio abeppaiuo
JBOAKOBRINYKJION JIMH3bI H3 (UIUHITJAca ¢ paauycamu Kpu-
BusHbl R;=R,=8 cM. [lokasarenu npenoMyeHus QIMHTIIaca
M1 KPacHOro' (Mo =760 uM) u QuoneroBoro (hy=430 Hm)
Jy4ell PaBHBI 7, —1 5 u ny=18

15.44. Ha paccmsmxm a;=40 cM OT JHH3H NpefblAyliel
3ajayyu HA ONTHYECKOH OCH 'HAXOJMTCS CBeTALlascs TOUYKa.
Haiitt nosioxkente u300paxkeHHs 5TOH TOYKH, €C/IM OHA HCIycC-
KaeT MOHOX poMarHuecKHuit CBET ¢ AJAUHOH BOJHEL ) A, =760 uM;
6) A:=430 BM.

15.45. B ¢oxanpHOi NJIOCKOCTH ABOSKOBBIIYKJOH JIMH3EL
pacIoJiozkeHo mJockoe 3epkano. IlpeaMer Haxozutesi mepej
JUH30H MeXKAY (OKYCOM U JABOHHBIM (DOKYCHBIM PAaCCTOSIHHEM.
INocTpouts H300pazKkenue Nnpeamera.

15.46. Haiity yBennuenue k, naBaemoe Jyno# ¢ QoKyCHbIM
paccroguueM F=2cM, AsA: a) HOPMAJLHOrO IJ1a3a € paccTos-
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HUeM Haulyuivero spenus L=25 cm; 6) 6au30pykoro riasa
C paccTosiHHeM HamJyuqiuero speuHs L==15 cm.

15.47. Kakumu ZOJDKHB ObiFb PamMychl KpHBH3HBEI R;=R}

' MOBEPXHOCTEH JyInel, uroO OHA JaBaja YBeJHYCHHE IJif

HopMaJbHOro raasa k=10? [loxasareab npenoMaeHHs! CTeK-
Jla, U3 KOTOpOro cuedana ayna, n=1,5,

15.48. 3purenbnas 1py6a ¢ (POKycHbIM paccTosirHeM F=
=50 cM _ ycrtaHoBjeHa Ha OecKoHeqHOCTb. [locie Toro Kkak
OKyJIs1p TPyGHI NepeABHHYJIH HA HEKOTOPOE PacCTOSIHNE, CTallll
SICHO BHAHBI NPEJIMeTHI, yJa/leHHbie OT OGbeKTHBA HA PAaccTos-’
nue a=50 M. Ha Kakoe paccrosinne d nepeaBHHY/H OKyAAp
[IpH HaBOAKe?

15.49. MuKpOCKOII COCTOHT U3 OGbEKTHBA ¢ (JOKYCHHIM pac-
crosauem F;=2 MM ¥# OKyJsipa C (POKYCHBIM DPACCTOSIHHEM
F3=40 mM. Paccrosinne mexay QokycamH oGbEeKTHBA H OKY-
aspa d=18 cm. Hality yBennuenue &, JaBaeMoe MUKPOCKONEM.

15.50. Kapruny niomazsio S=2X2 M* cHumaioT ¢oroai-
1apaToM, YCTaHOBJEHHbIM OT Hee Ha paccTosHuH a=4,5 M.
Hzobpaxenne noayuunoch pasmepom s=5x5 cm2 Haiitn do-
KycHOe paccTosinve F o0BekTHBa annapara. PaccTosiHue oT
KapTHHHI 10 O0beKTHBA CYUTaTh GOJBLUIHM 110 CPABHEHUIO ¢ ¢o-
KYCHBIM DacCTOSTHHEM.

15,51, Teneckon umeer 06bEKTHB ¢ QOKYCHBIM pacCTOSTHUEM

=150 cm ¥ okyaap ¢ ¢GokycHbM paccrosnuem F,=10 cM.
I"Io,n KaKHM yrJaoMm 3penust ¢ BHAHa noJHas JlyHa B 3TOT Telle-
CKOIl, €C/IH HEBOOPYKEHHbIM I/1a30M OHa BUAHA [OJ YIiOM
\()0231 D

15.52. Ilpu nomomu ABOSKOBBUIYKJOH JIMH3BI, HMeloLlell
‘nnamerp D=9 cm u dokycHoe paccrosinne F=50 cm, usobpa-
’Kenne CosHlla NpoekTupyercd Ha skpad. Kakum nosyudaercs
Zuamerp d n306pax<eﬂm Connna, ecau yrjoBoH apuamerp
Connua a=32'? Bo cKoJIbKO pas OCBelleHHOCTh, cO3NaBaeMast
usoépameﬂneM Connna, 6yner 6oibilie OCBENIEHHOCTH, BBI3hI-
Baemoii COJHUEM HENOCPENCTBEHHO?

15.53. Cer OT 3JIeKTPUYECKOH JAaMIIOYKH C CHJOH CBeTa
I=200 xa nagaer nofk yrJiom a=45° Ha pabouee MeCTO, CO31a-
Bast ocpelileHHOCTh E=141 nx. Ha KaKoM pacCTOsiHUH 7 OT
paGouero mecra Haxozurc Jjamnouka? Ha Kakoli BeicoTe h
oT pabouero mMecta OHa BHCHT?

15.564. Jlamna, nopsemiennasi K HOTOJNKY, A3eT B TOPH30H-
TaJbHOM HanpasjenuH cuiy csera I =60 xx. Kako# cBeropoil
notok @ nmanaer Ha Kapruny nJomazeio S=0,5 Mm%, Bucsamyo
BePTHKAIbHO HA CTEHEe Ha PACCTOSIHHH r==2 M OT JIaMITH, eCJd
Ha [POTHBONOJIOXKHOH CTeHe HaXOAUTCs OOJblIOe 3epKano Ha
paccTosiHUH a=2 M OT JIAMAOBI? -
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15.55. Boabiuofi yeprex tororpadupyior cHauala LeaH-
KOM, 3aTeM OTZAeJIbHble €ro AeTajl B HaTYPaJbHYIO BEJHUHHY.
Bo cko/bKo pas HaRO yBENMUHTL BPeMsl SKCIO3HIHH PH $HOTO-
rpadupoBanuy Aeranel? :

15.56. 21 mapra, B JleHb BECEHHErO DABHOJAEHCTBHfA, HA
Cepepnoit 3emane Connue CTOHT B MOJREHb NOA yrjiom a=10°
K ropu3oHty. Bo CKOJBKO pa3 OCBElleHHOCTh MJOILAAKH, MO-
CTABJEHHOH BePTHKaJbHO, OyleT GOJblle OCBEIEHHOCTH TFo-
PH30OHTAJILHOH IJIOMAAKH?

15.57. B nonzenp BO BpeMsi BECEHHErO U OCEHHErO PaBHO-
JenctBusl CosiHIlEe CTOUT Ha 3KBaTope B 3enute. Bo CKOJBKO
pa3s B 3T0 BpeMsl OCBEIEHHOCTb MOBEPXHOCTH 3eMiu Ha 3K-
patope 6oJibllie OCBEIIEHHOCTH NOBEPXHOCTH 3emau B JIeHHH-
rpage? Hlupora Jlenunrpaga ¢=60°.

15.58. B uentpe KB2zpaTHONH KOMHATHl miomafsio S=25 m?
BucHT Jamna:. Ha kaxoit Beicote A OT mosia ZO/KHA HAXOAKWTh-
cfl Jamna, 4To0b!l OCBELLEHHOCTh B YIJIaX KOMHATHI Obila HBaH-
6onpuei?

15.59. Han uentpom Kpyraoro croja fuamerpom D=2 M
BHCHT samna c¢ cuioit cera [ =100 xz. Hafitn namenenune oc-
BEIeHHOCTH E Kpasi cTo/1a NPH TOCTENEHHOM MO&beMe J1aMIIbi
B uHtepBane 0,5<Ch<C0,9 m uepes kaxawie 0,1 M. IlocTponts
rpadux E=f (h).

© 15.60. B mnentpe KpyrJaoro croja auamerpom D=1,2 M
CTOHT HACTO/IbHASl J1aMlla H3 OLHOH 3JIEKTPHUECKOH JIaMIIOYKH,
pacnoJioxeHHOH Ha BbIcOTe ;=40 cM OT NOBEPXHOCTU CTOJa.
Hagz uentpom crosna ua BeicOTE hy==2 M OT €ro NOBEPXHOCTH
BHCHT JIIOCTPa M3 yeThipeX TaKUX Ke Jamnouek. B kakom cay-
yae noJyuurcss 60JblIasi OCBELIEHHOCTh HA Kparo CToja (M BO
CKOJIbKO Pa3): KOrjia rOpUT HacTOJIbHAs Jamia H/Iu KOorja ro-
pHT JIOCTpa?

15.61. I'lpeamer npu dotorpadupoBanuy OcBelaeTcs 3JEKT-
PHYECKOH JIaMNOH, DacHOJIOXKEHHOH OT Hero Ha pPacCTOSIHUH
ry=2M. Bo CKO/IBKO pas Hafo YBeJHYUTh BpeMs SKCIIO3UIIHH,
€CAH 3Ty Xe‘JaMmIy OTOABHHYTh Ha pPacCTOSIHHE r;=3 M OT
npegamMerar

15.62. Hafitu ocBemennocth £ Ha HOBepXHOCTH 3eMiiH,
BLIABIBAEMYIO HOPMAJbHO TAaJAWOUHMU COJIHEYHBIMH JIYYaMH.
dpkocte Coanna B=1,2-10° xa/m®.

15.63. Cnupanb 3JeKTPHUECKOH JAMIIOYKH C CHJIOH cBeTa
I=100 X1 3aKJj0ueHa B MaToBYI0 cdepuueckyio Koiby nuamer-
pom: a) d=5 cum; 6) d=10 cm. Haiitu cBetumocts R H gpxocth
B namnbr. Totepeit cBeta B 060/104Ke KOJGH NpeHe6peus.

15.64. Jlamna, B KOTOpPOH CBETSILIUM TeJOM CJAYXKHT Haka-
JIeHHBII IAPUK JHaMeTpoM d=3 MM, RaeT cHJly cBera =85 k.
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Ha#itu apkoctb B JiaMnisl, ecsiH cheprueckas Koa6a JaMibl cle-
JaHa: a) U3 MPO3PaUHOro cTeKJa; 6) H3 MaTOBOro Crekaa. [lua-
MeTp Koabbel D=6 cm,

15.65. Kakyio ocBeinennocTs E Jaer JiaMia npefbiaylieid
3ajayd Ha pacCTOsSIHUU r=5 M I@IPU HOPMAJBHOM I[aJieBUH
cBera?

15.66. Ha aucr Gesoit 6ymaru miomansio S=20X 30 cm?
DeprNeHAHKYJ/ISIPHO K TOBEPXHOCTH HajaeT CBETOBOH IOTOK
Q=120 am. Haiiti ocBeiennocts E, cBeTHmocTh R U sipKOCTD
B 6ymaxuoro JHcTa, ecid KodduuueHT OoTpaxenus p=0,75.

15.67. KakoBa ponxHa GhiTh OcBeleHHOCTh E gmcra 6y-
Mar¥ B nipelplayliell 3ajau€, yToOwl €r0 sipkocTh Cbl1a paBHA
B=10% xp/m??

15.68. Jlucr Gymaru miomaapio S==10x 30 cm? ocBelnaercst
Jammnofi ¢ cuaoii cBeta /=100 ku, IpHYeM Ha Hero najaer

0,5% Bcero mochbliaeMoro Jammnoi csera. Haiitu OCBEIEHNOCTD
E Jucrta Gymaru. .

15.69. Ddnexrpuyeckasi Jgamna ¢ cujaoii cera =100 kx
riockliaeT Bo Bce CTOPOHE! B eaHHANY Bpemenu W,=122 Hx/Mun
cBeTOBO# sHepruH. HalTH MeXaHMYeCKM# S5KBHBaJeHT cBeta K
H K. I. A. 1) CBETOBOH OTAauH, €CJH Jamna norpebiser mom-
Hocte N=100 Br.

§ 16. Boanosas onTHKa

Mo npunnuny Jonaepa yacrora v' cBeTa, BOCIHPHHUMAaeMas PerHCTpH-
pyoII¥M TNpHOOPOM, CBf3aHa € YacTOTOH v, NOCEIAeMOH HCTOYHMKOM
CBeTa, COOTHOLIEHHEM -

\‘,,_V 1—v/c
- 14-v/c’
FIe U ~— CKOPOCTb PErHCTPHPYIOLIEr0 NMPHOOpPA OTHOCHTEJNbHO HCTOYHHKE,
€ — CKOPOCTb pacnpocTpaHenHs cpeTa. I[loJoKHTeTbHOE 3HaueHHe U CO~
OTBeTCTBYeT ylaleHHIo HCTOuHHKa cBeTa. [IpH v<c Gopmyny npuéﬂnmeﬂﬂd
MO’KHO NpejcTaBHTb B BHJe
ve
l—l-ﬂ/c R

Paccrosinpe MeXJy HHTepdepeHUMOHHBIMH [IO70CAMH Ha SKpaHe,

PacnoJO’KeHHOM TNapajJieJbHO JBYM KOTEDEeHTHHIM HCTOYHHKaM CBeTa,

A

‘L
=—=h :

rie A ~— nMHa BOMHBI cBeTa, L —— paccTosiHHe OT 9KpaHa 0 HCTOYHHKOB
CBeTa, OTCTOSMHX APYT OT Apyra Ha paccrosaHuu d (npH stoM L3>d).
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7’
PeaynbTarT HuTepdepenuuH cBeTa B IIOCKONapaj/ie/bHHX IVIACTHH
Kax (B TNpPOXOAAIEM cpeTe) onpeneasiercs ¢opMynamu:
YCHIEHHE CBeTa ’

2hncosﬁ=2k-?'2— k=0, 1,2, ...),

ocnabyeHHe cBeTa .
2hncosﬁ=(2k+l)% (=0, 1, 2,°..)),

rie h — TOMUMHA TWIACTHHKM, 7 — NOKadaTelb NpeaoMieHHs, § — yroa
NpeJIOMIEHH’s], A ~— JJIHHA BOJHBI CBeTa. B OTpa’keHHOM CBeTe YC/IOBHA
yCH/JIEHHS H ocna6iennsi cpeTa o0paTHH YCJOBHAM B NPOXOASLIEM CBeTe,
Paguychl ceerTsisix Kosey HeloToHa (B mpoxoasiyeM CBeTe) OIpejes
astorea bopmyof .

=V ERA (k=1, 2, ...);

paguychl TEMHBIX KoJel

. re= ]/(2k—1)R-g— k=1, 2, ...)

rae R — pajgMyc KpHUBH3HEI JIMH3bL, B orpaiceHHOM cBere pacnosioxenhe

CBETJIBIX H TEMHBIX KOJell OfpaTHO HX pAaclONOMeHHIO B npoxo;mmeM

cpete. -

[MonoxenHe MUHHMYMOB OCBEUIEHHOCTH NpH AMGPAKUMH OT IIeTH, Ha

KOTOPYIO HOPMaAbHO MajaeT MyYox TNapaisiesbHbIX JIydef, ompejenseTcs

yCJIOBHEM :
asin =+ kA k=1, 2, 3, ...),

Ije ¢ — WHpHHA WeJH, ¢ — yron Aubpakuud, A — AJHEA BOJHH Taja-
I0lLero cpera, : ‘

© B auppaku¥OHHOH pelleTKe MaKCHMyMbI CBera Habmojalorcst B Ha-
NpaBJIEHHUSIX, COCTABJISIOIAX C HOPMAJbI0 K peuleTKe yroa ¢, yIOBJETBO-
PAOLEHA COOTIOWENHIO (TPH YCJIOBHH, YTO CBET MajaeT lla PCLICTKY HOp-
MaJibHO) :

dsing=tkh (=0, 1,2, C)y

rae d — TOCTOSIHHAS pelleTKH, ¢ — yroa nnq)paxunu, A — ATMHA BOJIHB
Najaloniero ceeTa H k — NOPSZOK cnexTpa. [Toctosnnas pewerku d=1/Ny,
rae Ny — uuca0 miedelf pewreTKH, NPHXOJfAileecss Ha efHHULY JIJIHHb
peleTKH. .
Paspemaromas cnocoﬁuocrb AHPPaKIHONHON PelIeTKH ONpeiefiaeTcs
¢dopMy.Jioii :
A
A—}—C=kN :
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rae N — ofimee 9ico wenel peleTkH, B — HopsaaoK cnektpa, A u A4 Ak —
JUIMHH BOJH JABYX OJH3KHX CNeKTPaNbHHX JIHHHE, emle paapemaeMbe
pewerxoii. :
Yranosok nncnepcueﬁ nmbpaxunouuoﬂ, peme-rxn HA3HIBAETCA BEJHYHHA
de
'ax-

Jluneftnoit pucnepcuell AHOPaKIHOHHOR pELIETKH HA3bLIBAaeTCA BeJU~
_ YHHa

do
b=F

rae I — ¢oxycHOe paccTosuue JIMH3b, NPOeKTHpYIomeli CNeKTp Ha KpaH.
IlpH oTpaskeHHH eCTECTBEHHOTO CBeTa OT AMIEKTPHUECKOIO 3epxana
HMetoT MecTo Gopmyant Ppenens

sin (f—f)72 - te(i—P)1*
=0t (S| w=osn iy

The [ | — HHTEHCHBHOCTH CBETOBbIX KOJTeGauHi B OTpakkeHHOM Jayue, CO-

Bepmazomuxcs; B Hanpaaneﬂuu, nepneH}lHKy.'IﬂpHOM K NJOCKOCTH najeHusd
cBeTa, J, — MHTEHCHBHOCTB CBeTOBHIX KOJIeGaHHH B OTPaKeHHOM Jyue,
Hi "

COBepIIAIOMHUXCA B HalpasieHWH, NapaiieNbHOM HJIOCKOCTH MajeHHs
cBera, /o — HHTEHCHMBHOCTh IaJaioller0 €cTECTBEHHOTO CBera, [ — YIoJ
nagenus, f — yrosn npesoMmienns.

Ecan i+4-p=90° 10 I, =0. B s1OM cayyae yron najesus iy H noxa-

B
3aTesib NPEJOMICHUA N AUINCKTPHUECKOrQ 3epKaNa CBH3aHLI COOTHOWEHHEM

ig i5'=n (3axon Dprocrepa).

VIHTeHCHBHOCTb CBeTa, NpOWENEro uepes NOJAPH3ATOP M aHAIH3a-
TOp,
I=1,cos?¢ (3axon Maatoca),

CHe @ — Yroa MeXay IVIaBHLIMH IUIOCKOCTAMH NOJISPH3aTOpa H aHalu3a-
TOpa, ¢ — HHTEHCHBHOCTb CBeTd, MNPOLIENINErO uepe3 NOAAPH3ATOP.

16.1. Tlpu dororpaduposannu cnexrpa Cosnna 6b10 Hail-
JeHo, YTO KesTas creKtpanbHasa JauHus (A=589 HM) B crekr-
pax, NoJydYeHHBIX OT JleBol'o M mpaBoro kpaeB CosiHLa, Ghiia
cMeleHa Ha AA==0,008 M. HafiTh ckopocTb v BpaieHHs cOJ-
HeYHoro JHMCKa.

16.2. Kakas paspoctb noreHnuanoB U Gblia NpHIOKeHa
MeXIy 3JeKTPOJaMH resiMeBOil pas3psfiHOil TPYOKH, eclH NpH
HaGMoleHHH BJIOJb NyYKa 0-4aCTHL, MaKCHMaJbHOE JOIJIepPOB-
CKOe cMellleHHe JIMHUM reqns (A=492,2 nm) no.:;ywxocs pas-
HbiM AL=0,8 HM?

212



16.3. Ilpu dororpadupoBanun cnekTpa 3e3awsl € AHApOMe-
Ibl OblIO HafIeHO, YTO JIMHHA THTaHa (A=495,4 HM) cMellleHa
K ¢uosieToBOMy KOHLY crieKTpa Ha AA=0,17 Hm. Kak aBuxkercs
3Be3la OTHOCHTEJNbHO 3eMJu?

16.4. Bo CKOIbKO pa3 YBEJHMUYHTCS PacCTOSIHHE MeXALY CO-
CeHHMH HHTepdepeHIMOHHEIMY N0JI0OCAMH Ha 5KpaHe B ONBITE
IOura, ecnm senesblii cBeropuabrp (A;=500 HM) 3aMeHMTDH
KpacHbIM. (A3==650 HM)?

16.5. B onbite JOHra oTBepcTHsl OCBelaJHCh MOHOXpOMa-
THUYecKuM cBetoM (A=600 HM). Paccrosinue MeXAy OTBepCTHs-
MH d=1 MM, paccTosiHMe OT OTBepPCTHi [0 3KpaHa L=3 M.
Haijitn nosoxkeHme Tpex NepBHIX CBETABIX NOJOC.

16.6. B onbite ¢ sepkanamu @PpeHensi PacCTOsIHHE MeXAY
MHHMBIMM H300paXeHHsIMH MCTOYHMKa cBeta d=0,5 MM, pac-
cTosiHMe 0 3KpaHa L=5M. B 3eeHOM cBeTe MONYYHIHCH MH-
TepdepeHIMOHHbIE NOJIOChl, PAaCNOJIOKEHHblE Ha PACCTOSAHHH
I=>5 mm Jpyr ot Apyra. HaliTh anuHy BOMHBI A 3e/1€HOTO CBETA.

16.7. B onbite JOHra Ha nyTH OHOTO U3 HHTEPGEPHPYIOLIHX
Jyyefl MoOMeIasach TOHKas CTERJsIHHAs TIIaCTHHKA, BCIEACTBHE
Yero LEHTpanbHAA CBeTsas 1oJoca e€Mellasach B INOJIOXKEeHHe,
NepBOHAYAbHO 3aHATOE NSITOH CBETJIOH nosocoit (He cyHTas
neHTpaabHofi). JIyu nafaer nepneHAUKYJAsIPHO K IOBEPXHOCTH
nnacTuHKH. [JoKasatenb npesoMyeHMsi NIacTHHKH n=1,5.
Hanua Bosubl A=600 uM. KakoBa To/U#MHa A NJIACTHHKH?

16.8. B onwite IOHra crek/asiHHas NJAaCTHHKA TOJILIMHOHA
h=12 cm noMelnaeTcs Ha NYTH OAHOTO M3 HHTEPHEPHpYIOWIMX
ayuefi NepneHAMKYJsiPHO K Jydy. Ha CKolbKo MQTyT OTJH-
9aThesl APYr OT APYra INOKa3aTeNM NpesoMJIEHUs B Pa3/IHYHBIX
MeCTax NJaCTHHKH, YTOObl M3MEHEHHe PA3HOCTH XOAa OT 3TOH
HEOJHOPOJAHOCTH HE npeBbIuano A=1 MKM?

16.9. Ha MpuibHYyIO NJIeHKY nafaeT Genwift cBeT NOA YIJIOM
{=45° K noBepXHOCTH mjaHKH. [IpHM Kakol HauMeHbILIeHd TOA-
UKHHe A MIEHKH OTPaXKeHHble JydH OYAYT OKpPallleHbl B XKeThIA
uBet (A=600 um)? [Nokasarens npeoMieHHs! MbIJIbHOH BOJbI

n=1,33.

16.10. MpuibHASl NJI€HKA, PacnoJioKeHHasi BEPTHKAJNBHO,
o6pa3yeT KJMH BCJEACTBHE CTEKaHHS XUAKOCTH, [IpH Habmio-
ZeHHY MHTEP(EPEHIHOHHBIX N0JI0C B OTPaXEHHOM CBETe PTYT-
woli ayru (A=>546,1 HM) oKasasoch, UTO pacCTOSiHHE MeEXAY.
nsAThio nosocamu /=2 cm. Hafitn yroa y kauna. Ceer nagaer-
NEPNEHANKYJISIPHO K NCBEPXHOCTH NeHKH. [lokasatens mpe-
JIOMJIEH!s] MBLIBHOH Boawl n=1,33.

16.11. MbuibHasi NJieHKa, DPAacHo/OXKeHHAs BEpPTHKAJbHO,
o6pa3syer KJHH BCJe[CTBHE CTeKaHHs xuiakoctd. Mutepdepen-
nus HabmofaeTcsi B OTPaXkKeHHOM CBeTe 4epe3 KPacCHoe CTeK./10
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(Ay=631 uM). PaccTosinye Mesly COCeHUMH KPaCHbIMH I0JI0-
camu npu 3ToM /;=3 MM. 3aTeM 3Ta XKe NueHKa HabJ/IofaeTcs
uepe3 cHHee cTekn0 (h,=400 uM). Haittn paccrosinue [ Mexay
COCEJIHMMM CHHHMH mosiocamu, CunraTh, Y4TO 32 BpEMs H3Mepe-
HHH QopMa IJICHKH HE M3MEHAeTCsl H CBEeT najaeT NEpneHAnKy-
JPHO K TNOBEPXHOCTH TIIEHKH.

16.12. Tlyuox ceera (A=>582 HM) najgaer nepneRAHKYy.Jsp-
HO K TOBEPXHOCTY CTEKJSHHOTO KJHHA. ¥YTOJ KAuHa p=20".
Kaxoe unca1o &, TeMHBIX HHTephEPeHLHMOHHRX N0JIOC OPHXOAUT-
€A Ha eJMHHNY IJMHK K.auua? [lokasaTesb npesoMJieHHs
cTekga n=1,5. '

16.13. YcraHoBka mis nodydeHus Koaell HploToHa ocbe-
IaeTCs1 MOHOXPOMATHYeCKUM CBSTOM, NAJAIOWIMM N[O HOPMAJHU
K TOBePXHOCTH MJacTHhKM. Habmronende BeleTcs B OTPaikeH-
HOM ¢BeTe, Pajaycht IBYX COCEIHHX TeMHBLIX KOJIl PaBHBl 7=
=40 MM ¥ r,,,=4,38 MM, Paguyc KPUBM3HBI JHH3b K=
=06,4 M. HallTy nopsjikcBbie HOMepa KoJiell H AJHHY BOJIHEI A
najarolero cBera.

16.14. YcranoBka aasi noJyueHus KoJviel, HbooToHa ocBe-
I[aeTCA MOHOXPOMATHYECKHM CBETOM, NAfarollMM IO HOPMagaH
K TOBEPXHOCTH TJACTHHKM, Pajuyc KPHBH3HBI JHH3B R=
=8,6 M. Habmonenne Befetcss B oTpaxkeHHOM cBete. KaMepe-
HHAIMH YCTaHOBJIEHO, YTO PaflyC YETBEPTOro TEMHOTO KOJbIA
(cumTas HEHTpaJbHOE TeMHOE-NSITHO 3a HyJeBoe) r,=4,5 MM,
Haiite pnuHy BOJIHH A Bafarollerc CBeTa.

16.15. YcranoBka iJjisi nodyueHuss Koseun HwvioTosa ocse-
maetcs OesbIM CBETOM, NMAJAOLIHAM [0 HOPMaJIH K TIOBEPXHOCTH
nnacTHHKA. Paauyc kpuBH3HHL JHH3BEI R=D5 M. HabmogeHue

BejeTcsi B npoxojismieM cBete. Halitu pamuycel ro u r,, get-
BepPTOro cHHero Koabua (A,=400 HM) H TpeThbero KpacHOro
Koatbua (A, =630 Hm). ' .

16.16. YcranoBka AJs nosydeHus Kojell HpioToma ocse-
aeTcss MOHOXPOMATHUECKUM CBETOM, MafarollliM 110 HOpMaJH
K NMOBSPXHOCTH WIACTHHKH, Pagvyc KPUBH3HBI JTHH3E R=15M.
Ha6mronenue Bejletcs B oTPakeHHOM cBeTe. PaccTosgue Mexay
DATHIM M ABAaUaTh NATHIM CBeT/IBIMH KoJbliamMH HriotoHa
[=9 mm. HafiTi JJIMHY BOJIHEI A MOHOXPOMATHYECKOrO CBeTa.

16.17. ¥YcraHoBKa Ajst moayueHHs Konell Huoiotona ocie-
laeTcsi MOHOXPOMAaTHYECKHM CBeroM, MaJarollliM 1[I0 HOpMaJu
K TICBeDXHOCTH IuIacTHHKH. Habmrozende Befercsi B OTpaxen-
HOM cBere. Paccrosinue MexAy BTOPBIM H IBAaAUATHIM TEMHBIMH
Kompnamu [;=4,8 mm, Haifiti paccrosinde [; MeXIy TpPeTbHM
H HIeCTHAAIATHIM TEMHBIMH KoJbIaMM HbloToHA,

16.18. VYcranoBKka Ansa noJdyueHus Koaeuw Hblotona ocse-
IHAeTCS CBETOM OT PTYTHOH AyTH, NajalolliM 110 HOPMaJH K 10-
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BepXHOCTH MNJacTHHKH., HaGmmonenue BelleTcs B NpOXoAsineM
cete. Kakoe no nopsiiky cBeTsOoe KOJIbLO, COOTBETCTBYIOHIge
JHHBYM A;=579,1 HM, coBnajaer O CJAeAYIOLIMM CBETIbIM KOJb-
HOM, COOTBETCTBYIOLIMM JIMHUHM Ap=577 HM?

16.19. YcranoBKa A/1a nojyveHus Konel HbiotoHa ocse-
I[2aeTCSl CBETOM ¢ AJAMHOH BOJHBI A=589 HM, NajaOW¥M mnO
HOpMaJiH K noaepxmcm TJIaCTHHKH. Pa;uayc KDUBH3HBE JIHH3BI
R =10 m. IIpocTpaHcTBO MeXAy JHMH30H H CTEKJISHHOH IJja-
CTHHKOM 3aMOJIHEHO KMAKocThio. HaliTu noxasatenb npesom-
JIEHHS1 11 JKWIKOCTH, €C/IH Pajuyc TPeTbero CBeT/IOro KoJblia
B NPOXOAsLIeM cBeTe r;=3,65 MM,

16.20. YcraHoBKa Jyisi moJydeHHsi KoJen Hbiotona ocie-
[laeTcsi MOHOXPOMATHYECKUM CBETOM C JJMHOH BOJHH A=
=600 BM, maJaomKUM 10 HOPMAaJIH K MOBEPXHOCTH MJIACTUHKH,
HaiiTu TonmuHy £ BO3AYLIHOTO CJAOS MEXAY JIMH30H H CTeK-
JISTHHOH TJIaCTHHKOH B TOM MecTe, Ilie HaOIIOAaeTCHd YeTBEPTOe
TEMHOE KOJLLO B OTPaXKeHHOM CBeTe.

16.21. YcrancBka s noJjyyeHuss kKonen HpioToHa ocBe-
HlaeTcss MOHOXPDOMATHUECKHM CBeTOM C [JIMHOH BOJIHBEI A=
=500 HM, MajarolUM 110 HOPMAMH K HOBEPXHOCTH IJIACTHHKH.
[IpocTpaneTBO MEXKAY JHH30H W CTEKJISTHHOH NJIACTHHKOH 3a-
NOJiHeHO BOAOK. HaliTu Tosumuny £ csos BOAb! MeXAy JIHH3OM
H IJIaCTHHKOI B TOM MecTe, rie Habarojaercsi TpeThe CBeTJIOE
KOJIbLO B OTPAXKeHHOM CB2Te.

16.22. YcranoBka ass nousiyuednss KoJen HbloToHa ocBe-
IaeTcsi MOHOXPOMATHYECKHM CBETOM, TajalolldM MO HOPMaJiH
K NMOBEPXHOCTH MJIaCTHHKH. [locae Toro Kaxk NpocTpaHCTBO MeXK-
Ly JIHH30H H CTEKJSHHOH IMVIACTHHKON 3aNOJHUWIN KUAKOCTBIO,
pajuychl TeMHBIX KoJell, B OTDa’KeHHOM CBeTe YMEHbIIH-
auce B 1,25 pasa. HaliTn nokasartenb npejomjieHus n
JKUJKOCTH.

16.23. B oneiTe ¢ HHTEpgepoMeTpoOM ManKeJIBCOHa st
CMellleHdsl MHTepdepeHUHOHHOH KapTuHel Ha k=500 nosoc
noTpeGOBaJOChH MEPeMeCTHTh 3€PKajio Ha paccrosnde L=
=(,161 mm. Haiith aiuny BoOJIHE A [AfAMOIErc cBeTa.

16.24. Ons usMepeHus nokasartens INpPesiOM/CHHS aMMH-
éKa B OfHO H3 Hueded uHTepdepoMerpa MaiikesbcoHa ‘110Me-
CTHJIH OTKa4aHHYIO TPYOKY Anuuoil /=14 cm. KoHuwl TPyOKH
3aKPBUIH MJIOCKONAapaJJie/ibHbIMH CTekJ/aMHu. TIpH 3anosiHeHHu
TPYOKH aMMHaKoM HHTepdepeHUHMOHHAs KapTHHA sl JAJIHHBL
BosHbl A=590 HM cMecTHaIach Ha k=180 nomoc. Haiitn noxa-
3aTellb TPENOMJIEHHSI 1 aMMHaKa.

16.25. Ha nyrtu ognoro us Jyveit nutepdepomerpa yKamena -
(puc. 63) NOMeCTHJIH OTKAYaHHYIO TPYOKY AIHHOH [==10 cMm.
IIpu 3anosHesun TPYyOKH XJIOPOM HATepdEPeHIUOHHasi KapTu-
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Ha A1 JJHHBL BoJHH A=590 HM cMecTHJsiach Ha k=131 moJo-
cy. Haiitu nokasaTeib Npe/OMJIEHHs n. X10pa.

16.26. ITyuok Gesoro cera majaeT Mo HOPMaJH K MOBepX-
HOCTH CTeK/SIHHO#H NAAcTUHKH Tomuuuoil d=0,4 Mkm. [Toka-
3atesb MpesOMIeHHs1 cTekna n==1,5. Kakue AIMHB BOMH A,

) Jexallipe B npeflefaX BUAMMOTO Chek-
tpa (ot 400 mo 700 HM), yCHIHBaIOTCH
B OTpaXXeHHOM CBeTe? )
16.27. Ha noBepxHOCTb CTeKJsH-
Horo o6bekTuBa (n,=1,5) HaHeceka
TOHKasl IJIeHKa, NOKa3aTesb npesomJe-
HUSl KOTOpPOil ny=1,2 («npoCBeTINAIO-
was» nieHka). [Ipn KaKoH HanMeHblIeH
To/MMHE d 3TOH NJIeHKM NpoH3cizer

Puc. 63. MakcHMaJjbHoe ocaabjieHHe OTpaKeH-
HOTO CBeTA B CpefHell yacTH BHAMMOro
crieKTpa?

16.28. CBeT OT MOHOXPOMATHYECKOTO MCTOUHHKA (A=
=600 HM) najaeT HOpMaJbHO Ha AuadparmMy c AHAMETPOM OT-
BepcTHs d=6 MM, 3a nDuapparmMoil Ha paccTosiHuH [=3 M oT
Hee HaXOAuTcA 3kpaH. Kakoe usicsio £ 30H PpeHenss yKJIaAb-
BaeTcsl B oTBepcTHH Anadparmel? Kakum Oyaer neHTp Audpax-
UHOHHOM KapTHHEI Ha JKpaHe: TEMHbIM HJIM CBETJIbIM?

16.29. Haiitu pagnychi r, nepBeIX naTH 308 Ppenensi, ecnu
paccTosiHHe OT HCTOYHHKA CBeTa [0 BOJHOBOH NOBEPXHOCTH
a=1 M, paccTosfiHHe OT BOJHOBOH NOBEPXHOCTH [0 TOYKH
Habmogenusa b=1 M. auna BoaHel cBeta A=500 HM.

16.30. Haiitn pamuychl 7, nepBblX naTd 30H PpeHeas Ans
NJIOCKOH BOJIHBI, €CJIH PACCTOSTHHE OT BOJIHOBOH OBEPXHOCTH J0
TOYKH wHabmofenuss b=1 M. Jlnuna BoaHbl cBera A=
=500 HM.

16.31. IndpakumoHHass KapTiHa HabMOAaeTCs Ha pPaccrosi-
HUM [ OT TOYEYHOro HCTOYHHMKA MOHOXPOMATHUECKOTO CBETa
(A=600 um). Ha paccrosiuun a=0,5/ 0T HcTOUHHKA MOMelLeHA
KpyrJas HenpospauHas nperpaja puamerpoMm D=1 cMm. Hafitu
paccrosinue /, ecqu nperpaja 3akpbiBaeT TOJNbKO LEHTPANbHYIO
30HY CDpeHeJm

16.32. [AudpaxnyioHHas KapTHHa Hab/olaeTcs Ha paccTosi-
HUH /=4 M OT TOYeYyHOr'0 HCTOYHHKA MOHOXDPOMATHYECKOIro CBe-
Ta (A=>500 HM). [TocepenyiHe MexIy 3KPaHOM H HCTOYHHKOM
cBeTa moMellleHa AuadparmMa ¢ KPyrabim oTBepcTHeM. [Ipu Ka-
KOM pazuyce R OoTBepCTHA UeHTP AUPPaKIMOHHHX KO/el, Ha-
6m0jaeMEIX Ha 3KpaHe, Oyaer Haubo/ee TeMHBIM?

16.33. Ha anadparmy c amamerpom orBepctusi D=1,96 mm
najjaeT HOPMaNbHO NapaJylebHLEIA NyYOK MOHOXPOMAaTHYeCKOr'o
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ceera’ (A=600 Hm). Ilpm Kakom HauGoabiuem paccrofiHHH [
MexXAy AnadparMoit H 9KPaHOM B NMeHTpe AHDPaKIHOHHOK Kap~
THHBI elle OyneT Habn0JaThCsl TEMHOE MSATHO?

16.34. Ha wenr WHPHHOH a=2 MKM najlaeT HOPMaabHO
napaJiiesibHbIf Iy90K MOHOXPOMaTHyecKoro ceta (A=589 um).
IMox kakuMu yriamu ¢ OyayT Ha6JIlOllaTbCﬂ JHdpaKuyoOHHblE
MHHHMYMEI CBETa?

16.35. Ha mwenb mupuHo# a=20 MKM nafiaeT HOpMaJ/bHO
napaJJieabHblil Ny40K MOHOXPOMaTHuecKoro ceta (A=500 uM).
Haiitu mypuny A n3obpaxkeHus Liesd HA SKpaue, YAAJEHHOM
oT menu Ha paccroaHue [=1 M. [lupunofi usobpaxkennsn
CYHTATb PACCTOSIHHEe MEXAy NepBbIMM AHGPAKIMOHHEIMH MH-
HUMYMaMH, Pacro/IOKeHHHMH 10 00e CTOPOHEl OT IJIaBHOT'O
MaKcHMyMa OCBelIeHHOCTH.

16.36. Ha wenb mupuHoét a=6) nazaer HopMaabHO Napal-
JleJIbHBI TYYOK MOHOXPOMATHYEeCKOro CBETa C JAJHHONH BOJIHHI A.
I'Ion KaKuM yraoM ¢ Oyfer HalmoaaThes TpeTHil AMPpaKLUMOH~
HBEIi MHHHMYM CBeTa?

16.37. Ha nudpakuucHHYIO pelleTKy Najfaer HOpMaJIbHO
ny4oK cBeta. JI/s1 TOro yToGHl YBHAETH KPACHYIO JHHHIO (A==
=700 HM) B CheKTpe 3TOro NOPHAKA, 3PUTENbHYIO TPYOy NpH-
11JIOCh YCTAHOBHTb NOA yryioM ¢ =30° K ocH KosiuMaTtopa. Halitu
NOCTOSIHHYIO d AMDPAaKUMOHHOH pelleTKH. Kakoe 4HC/IO [UTPH-
XoB N, HaHeceHO Ha eIMHUIY AJMHBEL 5TON PEIleTKH?

-16.38. Kakoe yncno mrpuxoB N, Ha eAMHHILY AJIHHBI HMeeT
ANGpaKuHOHHasl pelleTka, eCaH 3esieHasl JHHHA PTYTH (A=
=546,1 HM) B cneKTpe nepBoro nopsiaka HabaloxaeTcs Moj yr-
Jgom @=19°8"?

16.39. Ha IuOPAKUHOHHYIO DEIIeTKY HOPMaJbHO Najaer
ny4oK csera. HartpreBas numus (A,=589 HM) Jaer B cnekrpe
nepBOro nopsiaka yroa audpakuuu ¢,=17°8". Hekoropas mau-
HUS JaeT B CNEKTpe BTOPOro HOPSAKa yroi AHOpaKUMK Qy=
=24°12', HaliTn AIMHY BOJHBI Ay 3TOH JIMHHH U YHCJIO LUTPHXOB
N, Ha efvHHIy [JHHBI pPeIIETKH.

16.40. Ha nudppakuuonuyio pemeTky HOPMAJbHO Nafaer
Ny40K cBeTa OT pas3psgHoll TpyOku. KakoBa fo/mkHa ObiTh HO-
croiHHaa d AudpPaKuMOHHON PelleTKH, YToGbl B HanpaBJieHHH
¢=41° coBnagand MaKCMMYyMBbl JIHHHI k1—6563HM H Ag=
=410,2 am? .
© 16.41. Ha audpakinyoHHYIO PeLIeTKY HOpPMaslbHO MagaeT
nygok csera, Ilpu noBopoTe TpyGhl OHHOMETPa Ha Yrod @
B NOJIe 3pEHHs BUAHA JHHUS A;=440 HM B cnekTpe TPETbero
nopsAfka. ByayT nu BUAHE MOZ 5THM 3Ke YIJIOM ¢ APYrHe clieK-
Tpa/bHble AMHHH A,, COOTBETCTBYIOUIME AJMHAM BOJH B npelie-
Jlax BuAkMoro cnektpa (ot 400 o 700 Hm)?
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~ 16.42. Ha andpaku#ioHHYi0 pellleTKY HOPMaJbHO NajaeT
NydYoK CBETA OT pa3psifHoit TpyOKH, HanoiHeHHOH renuem. Ha
KaKylo JHAHIO A ‘B CIEKTPE TPEThEro MOPAAKA HAKIIAJBBAETCH
KpacHast JIMHH# reqns (A=670 HM) ceKTpa BTOporo nopsaaka?

16.43. Ha nncppaxunonﬂyro peuteTKy HOpMaibHO Majaer
NY4YOK CBeTa OT paspsfHOM TPYOKM, HAENOJHEHHOH TelHEM.
CHavasla 3puTesbHas TPy6a yCTAaHaBJIHBaeTCs HA ¢roneToBbie
JuHMHE (A =389 HM) no 06e CTOPOHBI OT HEHTPATbHON NONOCH
B cneKTpe nepsoro nopsaka. Orcuersl N0 aUMOy BOPABO OT HY-
JIEBOTO Jle/IeHHs JaNH g4, =27°33" U g, =36°27". ITocae sTorO
3puTe/bHas TpyOa YCTaHAB/IMBAETCS HA KpacHble JTHHWH 110 obe
CTOPOHBI OT IEHTPANbHOI MOJOCHl B CIIEKTPe NepBOro nopsaka.
Orcuerbl N0 MOy BOpaBO OT HYJIEBOI'O JAEJeHHS JaJH Prpi =
=23°54" U @, =40°6". HaltTu AHHY BOMHBI A, KPACHOH JH-
' HUH CNeKTPa resHus.

16.44. Haiiti HanGonblunil MOPAZOK £ CreKTpa s XKell-
Toft MuHHH HATPHA (A=589 HM), ECJIH NOCTOSIHHAN AUppaKIH-
OHHOJ peleTKH d=2 MKM.

16.45. Ha auQpakuuoHHylO pelleTKy HOPMalbHO Najaer
Ny4oK MOHOXDOMATHYeCKOro cBeTa. MaKcHMyM Tperhero mo-
psnka Habaozaercs nox yraom ¢=36°48" k nopmanu. Haiitu
FIOCTOSIHHYIO d PEITKH, BHPAXKEHHYIO B AIMHAX BOMH Majai0-
1ero c¢BeTa.

16.46. Kakoe uHclI0 MaKcUMyMoOB & (He cuMTas IEHTpPaJib-
HOro) Jaer AMGpaKuHOHHAs pelleTKa pefbIAyUeR 3ajauu?

16.47. 3puresabrHasn Tpy6a roHuoMeTrpa ¢ AHGDPAKIHMOHHON
pelmieTKoi nocTaBleHa nofi yraoM ¢=20° K OCH KOJIJIHMATOpa.
[1pn 37oM B noste 3penns TpyGul BHAHA KpacHas JMHHS cneKTpa
reaust (A,,=668 HM). KakoBa moctosinHas d anwdpaKuyOHHOMH
peleTky, ecau NCJA TeM Ke yIJI0M BHAHA ¥ CHHAA JHHHA (A=
=447 HM) Gosee BbICOKOro nopsiaka? HauGosbwuii nopsigok
CneKTpPa, KOTODPHI MOXHO HabMOJaTh NPH NMOMOUIM PEIETKH,
k=>5. Cper najaer Ha pelleTKYy HOPMAaJbHO.

16.48. KakoBa pgoskuHa OwblTh nocTosiHHasn d umbpaxumon-
HOH pelleTKH, 4TOOLI B IepBOM NOpsKe OBIIH pa3pelleHbl JH-
HUH CNeKTpa Kanus. A,;=404,4 oM ¥ A,=404,7 um? Hlupuna
pelieTKu a=3 cM.

“16.49. KakoBa fomxkHa ObiTh 1OCTOAHHAs d AMPPAKLHOH:
HOM pelueTKH, 4ToObl B NepBOM M0psiKe Gbl paspelueH Ay6JaeT
Hatpusa A;=5089 uM u A,=589,6 um? [Ilnpmra peleTky. a=
=25 cm.

16.50. HOCTOﬂHHaﬂ nmbpaxunormon pelmeTkH d=2 MKM.
Kakyio pasnocTb AnHH BOMH AL MOXET Pa3pelllTh 5Ta pelueTKa
‘B 06a1aCTH XeaThX Aydell (A=600 HM) B cnekTpe BTOpOro MNo-
paaka? [Huppma pemieTkH a=2,5 cM.
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16.51. INocroannan audpakuronnoit pemeTkd d=2,5 MKM.
Hafitn yryiosyio -aucnepcnio dg/dA pemletkn ans A= =589
B CHEKTpe NepBOro mopsiiKa.

16.52. YryioBas Aucnepcusi GHOPAKUHOHHOM peme'rxn aasa
A =068 HM B cnieKTpe nepBoro nopsifka do/dh=2,02- 10 pa}J;/M.
Hafitn nepuon d nm(bpaxumonnom pelIeTKH.

16.53. Hafitu smuefinyio ;mcnepcmo D nudpakuuoHHOM
pellleTKH B YCJOBHAX npeasAylliefi 3ajauM, ecad (OKycHoe
paccTosiHue JIHH3H, NPOEKTHPYILIEH CreKTp Ha 3KPaH, PaBHO
F=40 cMm. -

16.54. Ha kakom paccrosuud [ fApyr or apyra OymyT
HaXOAUThCA HA 5KPaHe JBe JMHHM PTYTHOH AYTH (A,=577 uM
# A;=579,1 HM) B cneKTpe NepBOrQ NopsiAKa, NOJYUeHHOM NPH
noMomM JAHGPAKUMOHHOH pemeTkH? @POKYyCHOe pacCTosHHe
JIUH3E], NPOEKTHPYIOmEN clieKTp Ha 3kpaH, F=0,6 M. TlocTosn-
Has pellieTKH d=2 MKM.

16.55. Ha IUOPAKIHOHHYIO DelleTKy HOPMalbHO Najaer
nydox csera. KpacHasi nunus (A,=630 HM) BHAHA B clieKTpe
_TpeThero nopsaxka mog yriaom ¢=60°. Kakas cneKTpasbHas
JIMHUS Ay BHAHA MO 5THM K€ YIJIOM B CMeKTpe YelBEPTOro Io-
paaka? Kakoe uscio wrpuxoB N, Ha €IMHMIY AJHHLI HMeeT
nudpaKiuonHas pemlerka? Hafitu yrioByio aucnepchio de/dh
3TOH PelleTKH ISl JJIMHBEL BOJIHBI A; =630 HM B CNeKTpe TPEThb-
ero Hopska.

16.56. Ja1s Kaxko# AnuHBI BOJIHBI A- ‘AUpPaKIMOHHAs peleT-
Ka UMeeT YIJIoBYIo qucnepcuto do/dh=6,3- 10% pan/m B cueKTpe
TpeTbero nopsaka? TlocTosiHHas pemeTk¥ d=>5 MKM.

16.57. Kakoe dokycHoe paccrosinue F 10/1KHA UMeTh JIHH-
33, NPOEKTHPYIOIAs HAa 9KPaH CHEKTP, NOJYUEHHBIH NPH MOo-
MomM AHQPAKIMOHHOR pelleTKH, 4TOOHl PaccTosfiHHe MexX1y
IBYMS1 JTHHHAMH Kanus A;==404,4 HM ¥ A;=404,7 uM B cneKkTpe
nepBoro nopsifika 6euio paBubiM [=0,1 MmM? [ToctosiHpan pe-
etk d=2 MKM. A

16.58. Haiit yroa iy noJHof noJspH3amy NMpH oTpae-
HUH gBeTa OT CTeKJ1a, NOKa3aTe/b NPeJOMJIEHHS KOTOPOTo A=
=1,57

16.59. I1pesenbHbIR yroa nosHOro BHYTPEHHETO OTPAKEHHS
JUI51. HEKOTOPOro BellecTBa i=45H°, Haifitv pas 3ToOro BellecTsa
yroJ ip TOJHOH NOJAPHSAIMH.

16.60. TTon KaKHM yrsioM ig K TOpPH30HTY AOJXKHO HAXOAHTh-
cs ConHie, 9TOOH €ro Ay4H, OTPAXKEHHLIE OT NOBEPXHOCTH 03€-
pa, 6b1M HauboJiee MOJNHO NOJSPU3OBAHBI? ‘

16.61. Hafitu nokasartenb NpesOMIEHHS 71 CTeK/1a, eClH
npH OTpaXkeHUH OT HEro CBEJa OTPaKeHHbIH Jyd 6y11eT noJ-
HOCTbIO- HOJIIPH30BAH MPH YIyie NpesoMIEHHA ﬁ 30°,
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16.62. JIyq CBeTAa NPOXOAMT uepe3 KHUAKOCTb, HAJMHMTYIO B
cTeKJNAHHbIN (n=1,5) cocyll, ¥ oTpaxaercsi oT nHa. OTpaxkeH-
HBI JIy9 MOJIHOCTBHIO TNOJSIPH30BAH NPH NAJeHHH ero Ha AHO
cocyRa nof yrioM ig=42°37'. Haiitu nokasaresp npesoMieHus
n xkuixocty. [ToJ KakuM yraom i fonKeH najaTth Ha AHO cocyla
JIYY cBeTa, MAYIIME B 5TOH XKUAKOCTH, 4TOOH HACTYNH/IO MOJHOE
BHYTPEHHee OTpakKeHHe?

16.63. I1yuok nsocKononsipusoBaHHOrO cBeta (A==589 HM)
najaeT Ha NJIACTHHKY HCJAAHACKOTO HInaTa NEpneHIUKYJIsPHO
K ero ontuyeckot ocd. Hafith ajune! BoaH A, ¥ A, OGLIKHOBEH-
HOTO M HeoOLIKHOBEHHOI'O Jyuell B KpHUCTaJLIe, €CIN I0Ka3aTeny
NpeJOMJIEHHS1 HCAAHACKOTO HInaTa JJjisi OOBIKHOBEHHOrO M J1s
HeOOBIKHOBEHHOTO Jydefi paBHuI n,=1,66 u n,=1,49.

16.64. Haiiti yrosn ¢ MeXay IJIaBHLIMH MJIOCKOCTSIMU NOJISI-
pH3aTOpa ¥ aHANH3aTOPA, €CJAH HHTEHCHBHOCThL €CTECTBEHHOro
CBeTa, MPOXOASLIET0 Yepes NoJApU3aTop H aHAIH3ATOP, yMeHD-
wgaeTtcs B 4 pasa.

i6.65. EcTecTBeHHBIA CBeT NPOXOIHT Yepe3 NOoJisipH3aTop U
@HaJH3aTOp, HOCTABJIEHHBIE TAK, YTO YIoJ1 MEeXAY HX IJIaBHBIMA
NJI0CKOCTAMH paBeH ¢. Kak moaspusaTop, TaKk M aHaJH3aTOp
norsiowaoT U otpaxatoT 8% nagaiomero Ha HUX cBera. OKa-
3aJ10Ch, YTO HHTEHCUBHOCTH J1y4a, BIIEAIIEr0 U3 aHAJIH3aTOPa,
paBHa 9% MHTEHCHBHOCTH €CTECTBEHHOLO CBETA, NAflAloEro Ha
noasipusarop. Haiith yroa .

16.66. Haiitv KosdpduuIHEeHT OTpaKeHHS P €CTeCTBEHHOTO
CBeTa, Majalmiuero Ha ctek/ao (n=1,54) nox yraoM iy nonHo#
nonsipusanuu. Ha#tu ctenenp noaspusaiuu P ayuefi, npo-
mIeAIUHX B CTEKJO.

16.67. Jlyun ecTeCTBEHHOIO CBETA NPOXOAAT CKBO3b IUIO-
CKONapaJ/IeNBHYI0 CTeKJ/SHHYI0 NJIacTHHKY (n=1,54), najas
Ha Hee MNOJ YrJOM ig nojHOHd noasipusanuu. Hafitn crenenb
nonspusanuy P ayyeil, hpolEAIIHX CKBO3b MNJACTHHKY.

16.68. HaiiT KoaddhHiHeHT oTpaxkeHHs @ M CTeneHb NO-
AspHu3anyu P; oTpaXkeHHBbIX Jyued NPH najeHuH eCTecTBEHHOTO
cBeTa Ha cTeksao (n=1,5) mox yrioM i=45°. Kakosa cTeneHb
noaspusauun P, TNpesoMIeHHBIX Jyuei?

§ 17. 3neMeHTHl TEOPHH OTHOCHTEJNLHOCTH

Jnauna I Tena, IBUKYUIErOCS CO CKOPOCTbIO U OTHOCHTEJNBHO HEKOTO-
poll CHCTEMBI OTCYeTa, CBfi3aHa ¢ IJUHOM ly Tena, HENOZBHXKHOrO B STOH
CHCTEME, COOTHOIIEHHEM

I=1, VTP

rae P=uvle, ¢ — CKOpOCTL pacnpoCTpaHEeHUs CBeTa.
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MNpomexyTox BpeMenH AT B cHCTeMe, ABHXKymweficd CO CKOPOCTHIO U
[0 OTHOWIEHHIO K HalJIOfaTesiO, CBA3aH C NPOMEXKYTKOM BpeMeHH ATy
B HENOABHKHOR ANS HAGJIOAATENS CHCTEME COOTHOLIEHHEM
ATQ

A=
3aBHCHMOCTb MACCH /M TeNa OT CKOPOCTH U €ro ABHXKEHHS haerc
ypasHeHHeM

mg
m=——r————,
V-l — ﬁ‘l
rpe my — wMacca ImnokKos 3TOro TeJga.

3aBHCHMOCTb KHHETHYeCKOH 9HePruM Tesia OT CKOPOCTH U €ro JXBH-
JMEHHA JaeTcsl ypaBHeHHEM

— 2 1..__
W mOC<V1—52 I>.

MisMeHeHHe Macchl CHCTEMBI Ha Am cOOTBETCTBYET H3MEHEHHIO DHEPTHH
CHCTEMBI Ha '

. AW =c? Am.

17.1. TIpu KaKoii OTHOCHTE/NbHOH CKOPOCTH U ABHIKEHHS
PeJIATUBHCTCKOE COKpAIleHHe MJIMHBI JBMXKYLIETOCS Tella CO-
craBasier 25%?

17.2. Kakyio cKopocTh U J0JKHO HMeTh ABHXKYLIeecs TeJo,
yTOOBl €r0 NPOJOJbHBIE Pa3Mephi YMeHBIIHIHCh B 2 pasa?

17.3. Me30HBI KOCMUYECKHX Jyuell JOCTUraloT nOBEPXHOCTH
3eMiH ¢ cambiMH pa3HOOGPa3HBIMH CKOPOCTSMH. Ha#ith pens-
THBHCTCKOE COKpallleHHe pa3MepPOB Me30Ha, CKOPOCTh KOTOPOro
pasHa 95% cKopocTH ceeTa.

17.4. Bo cKOJbKO Pa3 yBeJHYHBAETCS NPOJOKHTENBHOCTD
CYILECTBOBAHMSl HeCTaOMNBHON YaCTHIBI 1O YacaM HeNnoABHK-
Horo Halsiofatensi, €c/M OHa HAYHHAET ABHTATBCS1 CO CKOPO-
cTbio, cocTaBasowei 99% cKopocTH cBera?

17.5. Me3oH, BXofluMd B CcOCTaB KOCMMUECKHX JyueH,
JBUXKETCS1 CO CKOPOCThIO, coctasasiiomeil 95% cKopocTu cBerta.
Kako#i npoMexXyToK BpeMeHH AT no yacaM HellOJBHKHOrO Ha-
6a10[aTe1s1 COOTBETCTBYET ONHON CeKyHAe «CcOOCTBEHHOIo Bpe-
MEHHM» Me30Ha?

17.6. Ha cko/bKO YBe/IHSHTCS Macca q-YacTHIB IPH YCKO-
pEeHHH ee OT HaYaNbHOH CKOPOCTH, PaBHOH HYJIO, 10 CKOPOCTH,
pasHoit 0,9 ckopocTH cBeTa?

17.7. Hafitu oTHomenue e/m 3apsja aneKTpOHA K ero mMacce
s ckopoctel: a) v<&e; 6) v=2-10% M/c; B) v=2,2-10% m/c; "
r) v=2,4-108 M/c; 1) v=2,6-10® M/c} e) v=2,8-10® m/c. Co-
CTaBHTb TabJMLY W NOCTPOHTH FpadHKH 3aBUCHMOCTeH m U e/m
OT BeJMYHHB f=v/c A1 yKasaHHBIX cKOpOcTef.
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17.8. Ilpu Kakoit CKOpOCTH U Macca ABHXKYILETrocsi 3A€KTpo-
Ha BIBoe GoJbl€ €ro Macchl NOKOA?

17.9. o kakoit sHepruH W, MOXKHO YCKOPHTH YaCTHBI
B IMKJIOTPOHE, €C/IH OTHOCHTe/IbHOE yBe/UUeHHe Macchl 4acTH-
LBl He JOJIKHO npeBbiath 5%? 3afauy peluuTb Aisi: a) AJeKT-
poHOB; ‘6) NPOTOHOB; B) JEHTOHOB.

17.10. Kakyio ycKopsiouLyio pasHoCTb noreHuuasnos U non-
XeH NPOATH 3JeKTPOH, UTOOHL €ro CKOpOCTh cocTaBHia 95%
CKOpOCTH cBeTaPr

17.11. Kaxyxo YCKOpSIOILYI0 pa3HOCTb NOTeHUHanoB U
JOJIZKeH NpOHTH NPOTOH, 4TOOLI €ro NPOAOAbHEIE PasMephl CTaH
MeHbllle B 2 pasa?

17.12. Hafiti cropocTh v Me3CHa, €C/TH ero HoJHas 3Hep-
rust B 10 pas Gosbllle 5HEpPruH IOKOS.

17.13. Kaxyio fo/mo f CKOPOCTH cBeTa JOJIZKHa COCTABAATh
CKOPOCTh YaCTHIE!, 4TOOH ee KHHETHYECKas SHeprym Obl1a pas-
Ha ee HEPTUM MOKOSA?

17.14. Cnﬂxpod)asoTpoH Jlaet nyqox IIPOTOHOB C KHHETH-
yeckoll suepruest W, =10 I'sB. Kakyio nomo § ckopocTy cBeTa
COCTaBJISIET CKOPOCTh MPGTOHOB B 3TOM NYYKe?

17.15. Haiitn penATHBHCTCKOE COKpallleHue paamepoa npo-
TOHZ B YCJOBHAX Npeiblayiuell 351auH.

17.16. [IMKJOTPOH JaeT NyYoK JeKTPOHOB C KHHETHUeCKOH
anepruedr W,=0,67 MsB. Kakywo jomo [ CcKOpocTH cBera
COCTaBJISIET CKOPOCTH 3JIEKTPOHOB B 3TOM IyuKe?

17.17. CocTapuTb JZjis JEKTPOHOB M INPOTOHOB TaOAHLY
3aBHCHMOCTH HX KHHETHYeCKOH SHEpTuH W, OT CKOPOCTH U
(B foA15IX CKOPOCTH CBeTa) JUlsl 3HaueHHH [3, paBHBIX: 0,1; 0,5;
0,6; 0,7; 0,8; 0,9; 0,95; 0,999.

17.18. Macca JBHIKYIIET0Cs JEKTPOHA BABOE GOMblle ero
Maccel nokosi. Haiitu KuneTHueckyio snepruio W, ajekTpoHa.

17.19. KakoMmy H3MeHeHHIO MacChl Am COOTBETCTBYeT H3Me-
HeHue 3Hepru Ha AW=4,19 Ix?

17.20. Haitu uaMmeneHune sHeprud AW, coOTBeTCTBYyIOliee
U3MeHeHHI0 Macchl Ha Am=l a. e. M.

17.21. Ha#itu usMenenuie sneprunr AW, cooTBercTBylOllee
H3MeHEHHI0 Maccel Am=m,,.

17.22. HaitTu nsmeHenne Macchbl Ay, NPOHCXOisiliiee PH
o6pasoBaHiu v=1 MoJb BOJEL, €C/M peaKuus o6pasoBanHst
BOJBI TAKOBa:

2H,+0, = 2H,0 45,75 108 [Ix.

17.23. Ilpu menenuy siapa ypata 23°U ocBoboXkLaeTcs IHep-
rus W=200 MaB. Haiitu usmenenue .Maccel Am, npw leieHnu
v=1 monb ypaHa. : .



17.24. Congue u3/nyuaeT noToK 3Heprum P=3,9-10% Br.
3a kakoe BpeMsi T Macca ConHua yMeHbluuTes B 2 pasa? Haay-
yegne CoJHUA CYHTATh INOCTOSTHHBIM.

§ 18. Tensosoe u3ayueHue

nepreTHuecKas CBETHMOCTh (H3MyYaTeLHOCTb) aBCOMIOTHO YepHOTo
Tesla, T. €. DHEPTrHA, HaMyyaeMast B eZHHHIY BpPeMeHH eJHHHLeHl nosepx-
HOCTH aBCOMIOTHO YepHOTO Tena, ompeneasiercst opmysolt Creana —
Boabumana . \
R,=0T%,

1

rie T — TepMojMuaMHuecKas Temnepatypa, 0==>5,67-10-% Br/(m2.K%) —
nocroganan Credana — BosabluMana.
Eenn nsnyuaemoe Teso He aBiasieTcss aGCOMIOTHO YEPHBIM, TO

Ry=FkoT?,

rae xkoshbdHUHeHT & Bcerna MeHbllle eIHHHIBL
DuepreTHyeckas CBETHMOCTE R, CBsizaHa CO CHOEKTPAJbHOH [IOT-
HOCTBIO SHEPTeTHUECKOHl CBETHMOCTH abcoJIOTHO UePHOro Tena ry coor-

HOIIEHHEM
® .
Ra = S ,A dh.
0

ITpoussenenne TepMOZHHAMHYECKOH TeMMepaTyphl aGCOMIOTHO YepHOTO
Tesa.Ha JJIMHY BOJIHBL, NPH KOTOPOH CMeKTpajibHasl IMIOTHOCTb 3HepreTH-
YecKOll CBeTHMOCTH 3TOTO Tela MakCHMa/lbHa, paBHa NMOCTOSHHON BelKuHHE
(nepBbm 3akon Buua):

ApT=C;=2,9.10-3 m.K.

MakcnManeHnas clleKTpafbHasi [NIOTHOCTh SHEPTEeTHUEeCKOH CBETHMOCTH
abcOMIOTHO ¥ePHOTO Tesia BO3pacTaeT IPONOPLHOHANBHO OATOH CTeNeHH
TemnepaTypit (BTopofi 3axon Buna): ’

=C,T5 e Cy=1,29.10-% Br/(w® K5).

"\ max

18.1. Ha#titu temneparypy 7 mneuH, ecad H3BECTHO, UTO U3~
Jy:ueHHe M3 OTBEPCTHS B Hell Miomazpo S=6,1 cM? HMeeT Moll-
Hoctb N=34,6 Br. Manyyenue cuntarhb 6IHBKUM K Hsnyqenmo
abCOJMIIOTHO YEPHOTo Tena.

18.2. Kakywo wmownocts usayuenusi N umeer CouHue?
Hznyuense Connna cudTath GIH3KHUM K H3NydYeHHIO alcoMIOTHO
gepHoro Tena. Temneparypa noBepxsocti Contna T'=5800 K.

18.3. Kakyio 3HepreTHuecKyio cBeTHMOCTb R, MMeeT 3a-
TBepleBalomui cBrHen? OTHOLIEHHE 3HEPTeTHYECKHX CBETHMO-

] 223



CTeR.CBHHIA H a6COTIOTHO YEPHOTO Tesa st na}mou TeMnepary-
pu k=0,6.

18.4. MolnHocTh H3ydeHHsE a6COMOTHO YepHOro Teja N=
=34 xBr. Hafith temneparypy T 3Toro Tena, ec/u H3BeCTHO,
4TO €ro moBepxHocTh S$=0,6 M2,

18.5. MollHOCTh H3JNYyuUeHHst pacKajeHHOR MeTaalHuecKoi
nosepxsoctd N'=0,67 kBr. Temneparypa noBepxnoctH T=
=2500 K, ee miomanpy S=10 cm2. Kakylo MoUIHOCTb H3ayue-
Husi N uMena Gbl 3Ta NOBEpPXHOCTb, ecau Obl oHa Ghuta aGeo-
JIIOTHO uepHO#A? Ha#iTh oTHOWeHUe k& 3HepreTHYeCKHX CBETHMO-
cTeli 3TOH NOBEPXHOCTH U a0COMIOTHO YepPHOro Tejia NpH JaHHOH
- TeMIlepaType.

18.6. Jduamerp BosbdPaMOBOH cnnpaJm B 3JEKTPUUYECKOH
Jgamrouke d=0,3 MM, aiuHa cnupanu [=>5 cM. [Ipu BK/IOUe-
HHH JIaMIOUKH B CeTh HanpsikeHHeM U=127 B uepe3 n1aMnouky
Teuer ToK /=0,31 A. Haiitu temneparypy 7T cnupanu. CuH-
TaTh, YTO MO YCTaHOB/IEHHWH DPaBHOBeCHSI Bce BhieJstiollleecst
B HUTH TEIIO TEPSIETCS B Pe3yJIbTaTe H3/IYYEHHI. OrHottrenne
3HEPreTHUYECKHX CBETUMOCTEH BOJIb()pamMa U aGCONMOTHO YepHOrO
Tesa JJsi JaHHOH TeMmeparypwl k£=0,31.

18.7. TeMnepaTypa BONL(QPaMOBOH crupand B 25-BaTTHOI

aneKTpuueckol namnouke 7=2450 K. OtHowen¥e ee SHEpTeTH-
4eCKOH CBETUMOCTH K SHEPreTHUeCKOH CBETHMOCTH alCOMIOTHO
yepHOro Teja Npu HaHHoH TeMneparype £=0,3. Hafitu mio-
manpy S Hajgywaomed MOBepXHOCTH CHIHpalH.
-~ 18.8. Ha#itn conHeunyio noctosiiuyo K, T. €. KOJHYECTBO
JIyUHCTOH 3HepTHH, mocbliaeMoH CoJHileM B eJMHHILY BpeMeHH
yepe3 eJMHHUHYIO MJIOMAAKY, NePHEHANKYASPHYIO K COJHed-
HBIM J1yYaM ¥ HaXOASILYIOCS Ha TAaKOM 2Ke PacCTOSIHHUH OT HETo,
kak ¥ 3emisi. Temneparypa noBepxHoctd Coanua T=5800 K.
Nanyuenue Co/iHua cuuTaTh GAMBKHUM K HM3J1YUeHHIO alCOJIOT-
HO YepHOTO Tena.

18.9. Cuutas, uro atmocepa norsomaer 10% ayuucroi
SHepryu, noceiaemoli ConHlieM, HaliTH MOLIHOCTb H3JIyueHH S
N, nonyuaemyio ot Co/Hlla FOPH3OHTAIbHBIM YUaCTKOM 3eMaH
nnomaapto S=0,5 ra. Bricota ConHna Hajd TOPH3OHTOM @=
=30°. I/IsnyquHe Connna cuutaTh GH3KHM K ﬂ3nyqumo a6-
COJIIOTHO uepHOro Tesa.

18.10. 3Hast 3HAUCHHE COMHEUHOH HOCTOSHHON A5 3eMH

(cM. samauy 18.8), HaliTH 3HauyeHHe cOJHeuHOH HOCTOHHHOH
ans Mapcea.
- 18.11. Kakyio 3HepreTHuecKylo CBETHMOCTb R, HMeeT a6-
COJIIOTHO YepHOE Teslo, €CAM MaKCHMYM cneKTpajbHOH IJIOT-
HOCTH €ro 3HepreTHUecKOl CBETHMOCTH NPHXOLWTCS Ha AJMHY
BO/IHBI A==484 HMP
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18.12. MolurocTb H3Jay4YeRMs aGCOMOTHO YepHOro Tea N=
=10 xBr. Halitn niomaznp S usnyyaouesl noBepxHocTH Teda,
€CJIH MaKCUMYM CIeKTPaJbHOH NJIOTHOETH €ro 3HepreTHYecKok
CBETHMOCTH NpPHXOJUTCS Ha AJHHY BOJHB A=700 HM.

18.13. B Kakux obsacTsiX croekTpa JeKar AJHUHH BOJH, CO-
OTBETCTBYIOIIME MaKCHUMYMY CHEKTPaibHOH NJIOTHOCTH 3Hepre-
THYECKOH CBETHMOCTH, €C/IM UCTOUHHKOM CBETA CJYXKHT: a) CHH-
panb anekTphueckoil JsamnoukH (7'=3000 K); 6) noBepXHocTb
Conanua (T=6000 K); B) aromnast Gomba, B KOTOPOil B MOMEH1
B3phIBa pas3BuBaeTcsl TeMnepatypa Ta107 K? Msnyuesre cuu-
TaThb OJU3KHM K H3JyueHHI0 alcO/OTHO YepHOro Tteaa.
¢ 18.14. Ha puc. 64 nana _KpHBasi 3aBHCHMOCTH CHeKTpabHOR
IJIOTHOCTH 3HEPreTHUeCKOH CBETHMOETH aGCOMIOTHO YEPHOro
Tena 7, OT JUIMHEL BOJIHEL A Py Heko-
Topoi Temneparype. K kako#i remne- 734
parype T OTHOCHTCS 3Ta KpuBasi?
Kakoii mnponeHT usnyyaeMoli sHEp-
THH TNPUXOJNMTCA HAa AOJMIO BHIUMOIO
cleKTpa npH aToli TeMmreparype?

18.15. Ilpu marpeBanuu aGeomor-
HO YEpHOro Teda JAJIHHA BOJHBL A,
Ha KOTOPYIO NMPHUXORHTCS MaKCUMYM
CTEKTPaNbHOH IJIOTHOCTH SHEpPreTH-

gecKOH CBETHMOCTH, H3MEHHJach OT P e T
690 1o 500 umM. Bo ckosbKo pas yse- 2 4 A
JHYKJIACh NPU 3TOM 3IHEPreTHUECKas Prc. 64,

CBETHMOCThL TeJla? .
18.16. Ha kakyio AjgHHY BOJMHBI A NMPHXOIMTCS MaKCHMYM
CNEKTPaNbHOA IUIOTHOCTH 3HEPreTHYECKOH CBeTMMOCTH abco-
JIOTHO 4epHOro Teja, MMEIOLIEr0 TeMNepartypy, PaBHYIO TEM-
nepatype ¢{=37 °C genoBeueckoro Tena, T. e. 7'=310 K?
18.17. Temnepatypa T aGCcOMOTHO 4epHOro Tena H3MEHH-
Jacb npu Harpepanu# ot 1000 mo 3000 K. Bo ckosbpko pas
yBeAHUHJach [pH 3TOM €ro 3HepreTHYECKas CBeTHMocTb R,?
Ha ckonbko usMesusach AJ¥Ha BOJIHBL A, Ha KOTOPYIO npHXO-
AHMTCA MaKCHMyM CHeKTPaJbHOH IJIOTHOCTH 3SHEPreTHYecKOH
cBeTHMOCTH? Bo CKONbKO pa3 yBenHyusiach €ro MaKcHMaJbHad
CHEKTpajbHaa NJAOTHOCTh SHEPTETHUYECKOHR CBETHMOCTH rj?
18.18. AGcomoTHO YepHOe TeN0 HMeeT TeMneparypy 1i=
=2000 K. B pesyabrare ocThiBaHMSI Tejda JJHHA BOJIHBI, Ha
KOTOPYIO INPHXOZHTCA - MAKCHMYM CHEKTPAaAbHON TIOTHOCTH
SHEPreTHUYecKo#i CBETHMOCTH,. H3MeHHMach Ha Ah=9 mMrM. Ho
Kako#i Temneparyps T'; OXJafaHI0Ch TeJI0?
18.19. [loBepxHOCTh Fesnia marpera o Temneparypu T=
=1000 K. _3arem ofiHa NO/IOBHHA STofi TOBEPXHOCTH HarpeBaeT-
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E

cn Ha AT=100 K, npyras oxnaxpaercs Ha AT=100 K. Bo
CKONLKO Pa3s M3MeHHTCH SHepreTHUeCKas CBETHMOCTb R, no-
BEPXHOCTH 9TOro Tela?

18.20. Kaxkyio momuects N Hafio TOABOAMTE K 3aYepHEHHO-
My METajMHYecKOMY IHapHKY DPafgHycoM r=2¢M, 4TOOHl NOJ-
IepIKUBAThL €ro TeMneparypy Ha AT =27 K pbuue Temneparypnt
oKpyXatoledl cpensl? Temneparypa okpyxamwomeli cpefinl 7=
=293 K. Cuurars, uTo TEMIO TepHeTCRTOJIbKO BCAEACTBUE U3-
JNyYeHus, .

18.21. 3auepHeHHLI MapHK OCTHIBAET or TeMnepaTypul 7 =
=300 K no T,=293 K. Ha ckojibko u3MeHH1aCh AJIHHA BONHBI
A, cooTBeTCTRYIOWAsE MAKCHMYMY CTIeKTpa/bHOH MJICTHOCTH €10
SHEepPreTHYeCKOH CBETHMOCTH?

18.22. Ha cxonabko yMeHbIIHTCH Macca ConEna sa Tof
Be/leAcTBHe H3nyueHHa? 3a kakoe Bpemsi' T Macca CosHua
yMmenbiinTcst BIABoe? Temneparypa noeepxHoctd Consua 7=
=5800 K. Hanyuenne CosnHuIa CYNTATh NOCTOSAHHEIM.



. Taapa Vl 4
®H3HKA ATOMA U ATOMHOI'O SAPA

EXAMHHUIBI PAAMOAKTHBHOCTH H HOHHS“PY]OII(HX
HU3JIYYEHHHA -

. B ra6a. 18 u 19 npuBeness HEKOTOPBIE NPOM3BOLHBIE €~
Hulb! (U3HYeCKUX BEJHYMH B OOJACTH PaiHOaKTMBHOCTH H
HOHH3HpYIOWKX H3ayyeHuil B cucreMe CH, a Takxe BHecHCTeM-
HBEi€ eAMHHLEB. . )

Ilpumepe pewienus 3a0a4

3anaua 1. Bosayx, HaxoAswuiica NpH HOPMabHBEIX
yCa0BHAX, 00JAyYaeTcsi PeHTreHOBCKHMH JyuamH. [osa usay-
yeuns pasHa 1 P. Hafity wncio nap uomoB, o6pasoBaHHBIX
MaHHLIM H3JydveuneM B 1 cM? BospyXa.

Ta6anna 18

Epnanna
o Pa3nep.
Besnurga . 0603HaTe- HOCTb
OfIpeREJICHHE HadMCHOBaHHe HHe | BEJTAYHHN
AxrupHocTb H30TO-{ a=dN/dt{ |Gexkepeab Bk T-1

Hna B pajHoaKTHB-
HOM HCTOYHHKE .
-WnrencuBuocts us-| J=W/S |Barruaxksagpar-|] Br/Md | MT~2

Jyuenus .1 Hull MeTp
TTornoweunas gosa| Dy=W/m [rpeil Ip Lr-3
H3JydeHAs

MoungHocts  morao- | ‘Py=Dgy/t |rpeit B cekyuny | I'p/e Lr-s
INEHHOR JO3H H3-

JIy4ennst
OKCNO3HIMOHHAS Dy=gq/m gKysaon Ha xuno- | Ka/ke=} M-1iT§
Z03a PEHTTeHOB- . FpaMMm
CKOro H ramMma-us-
JY9eHA R : '
Momuocts  9Kcno-| Py=Dy/t [ammep na Kano- | A/Er M=~1y
SHIIHOHHOH JO3H rpaMm

PpEHTreHOBCKOIro H
- raMMa-HayueHu
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Ta6auma 19

EAuHMUa 4 e CBA3b .
Beanuuus ¢ epunnuamn CU

—

J

AxTHBHOCTD H30TORAZ B pa,Z(HOaKTHBHOM )
HCTOYHHKE . 1 Ku=3,7-10'° Bk

Tornomennasa f0sa Hajyuenus 1 pag==10—2Tp
SKCnosUHOHHAA J03a pPeHTTreHOBCKOro
H TaMMa-H3JyuyeHH# . 1 P=2,57976.10—* Ka/kr

lIpameuanue. Eaunuily sKCMO3HIHOMHONR X03bl PEHTTEHOBCKOTO
A FaMMa-H3nyueduil KYJOH Ha KHJIOpaMM, a Takxe BHECHCTEMHYIO €XH-
HHIY DEHTreH MOXHO NPHMeHATh AN H3Ny4YeHH{l ¢ sHepruefi KBaHTOB,
ne npepninaiomed 510713 Ik (npubnusutensio 3 MaB).

Peuwenue. Vlonsl, o6pa3oBaHHbie B Macce m BO3LYXa IKCIO-
S8UUMOHHOR 1030#1 D, pEHTreHOBCKOrO H3JAydYeHHsi, NEPeHOCST
aapsp )

q=D,m. ) (1)
Macca m u o6beM V Bo3fyxa cBA3aHbI COOTHOLIEHHEM
Vpu : "
m=Rr: @)

rie p — laBieHne Bo3fyXa, T —— ero TepMOJMHAMHYECKAA
Temnepartypa, M — MoJspHas Macca, R — rasoBas IOCTo-
AAHHAS.

Hckomoe aHe0 nap HOHOB

N =gje, . )
rie e — 3apsn Kaxnoro Hosa. Ms (1)—(3) umeem
DeVpp _
N =T @
Io ycaopsio D,=1 P=2,58.10~* Ka/kr, V=1 CM’—-IO ¢ M3,
p~10°* Ila, —O 029 Kr/M(mb, R=8,31 x/(Monn- K),

T=273K u e-—-l 60.10~2 Ka. IloncraBnssi 3TH pauubie
B (4), noayumm N= 2,1.10° nap HOHOB.

3anava 2. I/chyccTBeHHo NOAYYeHHHN PaRHOAKTHB-
HEA H30TON Kanbuua 5Ca HMeeT nepHOX noaypaciaga Tija=
=164 cyr. Haiitu aKTHBHOCTb 1 MKr sToro npenapara.

Pewenue. Yucno aroMoB PajHOAKTHBHOTO BellecTBa AN,
pacnanaromnxca 3a Bpems Af,. onpejfenserca Qopmynoi

. |AN|=’"2NA¢
/8

1



rae T,/s — mepHon nojypacnana u3orona, N — 9Hc/JO ero
aToMOB B AAHHOH Macce. Hucao aTOMOB N cBsizano ¢ Maccoit m

npenapara cooTHowenHeM N =2 N a4 Tle Ny — nocTosHHan

Asoraapo, p—MonapHas Macca. Ho YCIOBHIO 3ailaql’ Ty ==
=164-24. 3600 ¢, m=10"*kr, N,=6,02-10% monp~!, p==
=0,045 kr/monb. [oAcTaBnsa 3TH JAaHHBE, NOAYYHM AKTHB-
HOCTb

a-———_ﬁ 53.10% Bk.

§ 19. KsanToBas npupoia cBeTa M BOJHOBHIE CBOMCTBA
YaCcTHI, '

dueprua ¢otoua (Kaama ceera) ompegenaerca ¢opMynol
e=hv,
rae h=6,626176-10~% [Tk -c — nocroannas [lnauxa, v [I‘u]—qacm'ra

KoNleGanud.
Hunyase u Macca doroHa

_hv m__hv
p"‘cv “_cgs

e ¢=2,99792458.108 M/c — ckopocTb pacnpochaHenuﬂ cBeTa B Ba-

KyyMe, ’

- Ceass Mexay suepruefi ¢oToHa, BLI3LIBAIOWEro BHEWHHA doTo3dh-
$eKT, ¥ MaKCHMaJbHON KMHeTHYecKOfl sHeprHell BLLIETAIOLINX 3JIEKTPOHOB
paercsi ¢opMmynoil ditnurrefina

mu?
hV=A+'—2-‘,
rae A — pa6Gora BHIXOJla 3JIEKTPOHZ M3 MeTamlla, M — Macca SJeKTpoHa,
Ecan v=0, To Iivg==A, Ine vp — 9acTora csera, COOTBETCTBYIOMAsA KPacHOH

rpaunulle ¢orosdpeKra.
CpeToBO€ JapJlenne

- E
P =T(1+P),
rae E -~ sueprud, Najalollast Ha eIWHHIY NOBEPXHOCTH 3a CIMHHLY Bpe-
MenH, P -— Kos(pRIHeRT OTPaXEeHAd CBeTa.
VsMeueHHe IJIMHL BOJIHB PEHTTEHOBCKHX Jyuell npH KOMHTOHOBCKOM
pacce;mm-x onpegengercs ¢)opMnyoﬁ .

é}, =Tn§ {(1—cos @),

IAe @ — YIoA paccesnys, m —- Macca 37eKTpOHA.



TTyyoK snieMeHTapHBIX YacTHI 00jajaer cBOACTBOM IVIOCKO# BOJIHHI,
PacnpoCTPanAIOMEAC B HANPABICHHH TepeMelIeHHs ITHX HacThiL. Oanxa
BOJIHE A, COOTBETCTBYIOUIaR STOMY MYUKy; onpene:me*rcx COOTHOIIEHHEM ne
Bpoitas

IZe U -— CKOPOCTb YacTHL, M — Macca bactull, W — HX KHHeTHYecKas
suepruga. Ecnu ckopocTs v yacTuy coMsMepuma cO CKOPOCTBIO CBeTa C,
10 5Ta QopMyJaa HPHHHMAaeT BH[

h 5
x:mVx_ﬁ =

-

h
V 2Wmg+ W2l

rae P=vlc, my — Macca TOKOS YacTHUEL |

19.1. Haiitu maccy m Qortona: a) KpacHLIX Jydeil CBeTa
(A=700 um); 6) peHTreHOBCKHX ayyelt (A=25 mmM); B) ramma-
ayueit (A=1,24 nm).

19.2. HaiiTu sgepruio g, Maccy M 4 UMnyanc p GoTOHa, ecy
COOTBETCTBYIOWAsE eMy AjuHa BosaHbl A==1,6 mM.
~ 19.3. PryTHas ayra uMeeT MOLLIHOCTb N=125 Br. Kakoe
qyc/io POTOHOB HCIYCKAeTCs B €MHHILY BPEMEHH B H3J1yUEHHH
¢ LNMHAMH BOJH A, paBubiMu: 612,3; 579,1; 546,1; 404,7;
365,5; 253,7 um? VIHTeHCHBHOCTH 3THX JMMHKH COCTABJSIOT CO-
oTBeTCTBeHHO 2; 4; 4; 2,9; 2,5; 4% UHTEHCHBHOCTH PTYTHOM
nyru. Cuutarb, 9TO 80% MOILLHOCTH AYTH HIET Ha H3JyueHHe,

19.4. C KaKoi CKOPOCTBIO U JOJKEH ABUraTbCS 3JEKTPOH,
uroGEl €ro KHHeTHYecKast aHeprua Oblia paBHa 3Hepruu ¢oToHa
¢ AJAKMHOH BOJIHBL A=520 HM?

19.5. -C Kakofi CKOpOCTbIO U JOJMXKeH IBHraThCsi 3JIeKTPOH,
uyro0bl €ro MMNyJbc Obli paBeH uUMNYJbcy ¢GOTOHA € AJAMHOMR
poaubl A=520 HM? \ _

19.6. Kakyro aHepruio & 10MKeH uMeTh (OTOH, 4TOOH! €ro
Mmacca Oblia paBHa Macce IIOKOfl 9JI€KTpoHa? -

19.7. Mmnynsc, nepeHocHMBIH MOHOXPOMaTHYeCKMM IyY-
KOM (hoTOHOB yepe3 miowaiky S=2 cm?® 3a Bpems {=0,5 MuH,
paBet p=3+107° kr-™/c. Haittu pns aToro nyuka-ssepruwo E,
Najallylo Ha eIMHHLY IJIOWIaZu 32 eNHHHLY BpeMeHH.

19.8. Ilpu kaxoii Temneparype 7 KuHETHYecKas 3IHEpPrusi
MOJIEKYJIBI IBYXaTOMHOIO rasa GyHeT paBHA sHepruu (oToHa
¢ AAWHOH BOJHBI A==589 pM?

19.9. Ilpu BBICOKHMX 3HEPTHSIX TPYAHO OCYUIECTBUTH YCJIO-
BHS AJs1 H3MEPEHHUS 3KCIO3HIHOHHOH JO3kI PEHTIeHOBCKOTO H
ramMma-us3jydJeHHH B PEHTreHax, [O3TOMY HONMycKaercs HpuMe-
HEHHEe PeHTreHa KaK eAMHHUBL JO3M AJ1A HY3AYy4eHul ¢ sHeprued
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KBAHTOB. 10 €=3 MsB. {0 kakoft npeieabuolt AJAunkl BOJHEL A
PEHTTEHOBCKOIO H3/YYeHHS MOXKHO YNoTpeG/sTh peHTTEH?
19.10. Haiitn maccy m §oTOHA, MMNYJbC KOTOPOro paseH
HMIYJILCY MOJIEKYJIEI BOAOPOAA mpH Temneparype ¢=20°C.
Cxopocn; Monexynbr CYMTaTb PaBHON cpeRHeH KBaIpaTHYHOH
CKOpPOCTH. -
© 19.11. B pa60Te A. T. CroneToBa «AKTHHO-5/1eKTPHUECKHE
ueenenoBanysty (1888 r.) BuepBbie GbIM YCTAaHOBJAEHH OCHOBHbIE
3akoHbl oToadderta. Onun U3 pe3ysIbTaTOB €r0 ONBLITOB GBI
chopMmyupoBaH Tak: «PaspaxarouyM aeficTBreM o6nanaoT ay-
9 CcaMOH BBICOKOH IpeJIOMJASEMOCTH C AJHHOH BOJNHBL MeHee
295 gm». Hafitu paGoty BhiXxofa A sieKTpoHa H3 MeTallia, ¢ Ko-
tTopeiM paborana A. I'. Crometos.

19.12, HaiiTu pnuHy BOJHBEI Ay CBeTa, COOTBETCTBYIOILYIO
KpacHOH rpaHune ¢orosddexra, Ans JaHTHE, HanHﬂ, Kajaus
H Le3ud.

19.13. Jaura BoAHBI CBeTa, COOTBETCTBYIOLIAsi KPacHOM
rpanune (oroadderra, LA HEKOTOPOro MeTania Ay=275 uM.
Haiitn MEHUMaJBRHYIO 2HEPTHIO & QOTOHA, BHI3BLIBAIOUIErO Q)OTO-
3¢ dexT.

19.14. dauna BOJHBI CBETa, COOTBETCTBYIOIM{AS KpacHou
rpanuue Qoroadderra, AT HEKOTOPOro MeTanda Ay=275 HM.
Hafitu pa6oty Buixofia A aneKTpoHa M3 MeTanna, MakCUMalb-
HYI0 CKOPOCTb Upyax SMEKTPOHOB, BLIPLIBAEMBIX H3 METa/l/a CBe-
TOM C AJHHOH BosHbl A=180 HM, M MaKCcHMaJbHYIO KHHETHYe--
ckyo suepruio W,,. S5/IEKTPOHOB.

19:15. HaliTH 4acToTyY v CBeTa, BHIPHIBAIOULErO K3 MeTan-
Jla SJEKTPOHHI, KOTOpPhIE NOJHOCTBIO 3allepXkuBaiofcs pasHo-
cteio noreHnuanos U=3 B. Poroadiekr HauuHaeTcst mnpu
yacroTe cBeTa vo=06-10' 'u, Haifitu paGoty BbIXOZIA A anek-
TpOHAa H3 MeTajja.

19.16. HaiiTu 3anepxkuBalolylo pasHOcTh noteHuuanop U
AJI5i S/IEKTPOHOB, BHIPHBAEMEIX NPH OCBelleHHH KaIus CBETOM
¢ AnuHoN BOMHBI A=330 mM.

19.17. Tlpu dotosdierte ¢ NAaTHHOBOH NOBEPXHOCTH 3J€K-
TPOHBI [OJHOCTBIO 3aAEPKHBAIOTCA Pa3HOCTPIO IOTEHIHAJIOB
U=0,8 B. Hafitu anury BOAHBI A mnpuMeHAeMOro o0nyueHust
H NpefeNbHYIO NJIMHY BOJIHBEL Ay, NpPH KOTOPOH ellie BOIMOXKEH
toroadexT.

19.18. Poronnl ¢ sHepruel 8=4,9 3B BHPHIBAIOT 3/€KTPO-
HBEl M3 Meraana ¢ pafoToil BbIXOAA A =4,5 3B. Ha#itu Makcu-
MaJbHBIA HMITYJBC Ppay, NEpelaBaeMblii TOBEPXHOCTH MeTalna
NPH BHJIETE KaXJOro 3JEKTpOHA.

19.19. Ha#ita nocrosinnyio I1nauka A, ‘eCin H3BECTHO, YTO
3J€KTROHHI, BbIPHIBaEMBlEé H3 MeTajJa CBETOM C YacTOTOH
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v, =2,2. 101 T'tt, NOAHOCTHIO 3a/lepKHBAIOTCH- PA3HOCTHIO [IOTEH-
puanoB U;=6,6 B, a BuipriBaeMbie CBeTOM € Y4acTOTOR vy=
=4,6. 10 'y — pasHoctbio noreHuuanoB U,=16,5 B.
19.20. Bakyymuniit GoTO3/IEMEHT COCTOUT H3 LEHTPAJbHOrO
Karofa (Boab()paMoBOro lUapHKa) H aHOAa (BHyTpeHHell no-
 BEDXHOCTH nocepe6peHHOH H3HYTPH KoaOwl). Kouraxthas
pa3sHOCTb [OTEHUHAJIOB MexAy 3aekTpoaamu Uy,=0,6 B ycxko-
pAET BbIIETAIOWHE 3JEKTPOHB. (POTO3/eMEHT OCBeulaeTcs CBbe-
TOM ¢ AAHHOH BonHE! A=230 uM. Kakyio 3a/ep:KHBalonyio pas-
HOCTb NOTeHUHanoB U HAN0 NPHUJIONKHTD MEXAY 3SJeKTpo-
namu, urobn GoToTok ynan go Hyas? Kakyio ckopoctb v
nosyuar 3JIEKTPOHBI, KOTZa OHHM JOJETAT MO0 aHOAa, €CHM He
NpHKJaIpiBaTh MEXAY KaTOAOM H aHOJOM Pa3HOCTH NOTEH-
LHAJ0B?
19.21. Mexay saekTpoaAamy (oTosjeMeHnTa - npelbiiyllel
. 3ajayH NPHJAOKEHA 3aJlepKUBAIOIas Pa3HOCTh NOTEHUHANOB
U=1 B. Ilpu kaxkoii npelle/ibHOH NJIHHE BOJHH A¢ NAJAIOWIEr0
Ha KaToj cBera HayHercs (orosdpdexT?
19.22. Ha puc. 65 nokasana uactb npuéopa, ¢ KOTOPbIM
1. H. JleGepes mMpou3BOAHJ CBOH ONKITHl [0 H3MEPEHHIO CBe-
TOBOro JpaiieHusi. CTeK/IAHHAA KPeCToBH-
Ha, TNOABellcHHas Ha TOHKOH HHWTH, 3a-
KJIIOYeHa B OTKauyaHHHH COCyJ H HMeeT Ha
KOHIAX JABa JIETKHX KPYXXKa M3 IVIaTH-
HoBolt ¢oabrH. OfHH KPYXOK 3ayepHed,
apyroii ocrasieHn Haecrsium. Hanpasnas
CBET Ha OJMH H3 KPYKKOB H H3Mepsisd YroJ
MOBOPOTA HUTH (/1A 3ePKANBHOrG OTCYera
CAYKHT 3epkaibue S), MOXKHO onpefe-
JUTh CBeToBoe jasienue, Haittu ceetoBoe
Aapjenue P u cBetoBylo sHepruio E, na-
JAI0IMyYI0 OT JYroBoH JiaMnkl B eXHHHIY
 Puc. 65.. BpeMeHH Ha eAUHHIY NJOWANK KPYKKOB.
A [1pn ocsenlenny GNeCTALEro KPYXKKa Of-
KJIOHeHHe 3aliyHKka a=76 MM 10 IUKahe,
ynaneﬂﬂoﬂ OT 3epxanblia Ha paccTosinne b&==1200 mm. ﬂua—
MeTp KpyxkoB d=05 mM. PaccrosHue OT HeHTpa Kpymka iAo
ocu spamterusa [=9,2 mm. Koaduuuenr orpaxenus cBera oT
Gaecraiero kpymka p=0,5. Ilocrosnnas momenta KpydeHHs
auTH (M=ka) k=2,2-10"1* H-m/pan.
- . 19.23. B oxnriom. u3 onbiros 1. H. JleGenesa npu nagennu
cBera ua 3auepHeHHH Kpyxok (p=0) yros nosopora HutH
‘Guls1 paBeH -a==10’. Hailtu cBeToBOC AaBAeHHe P H MouHoCTh N
)nana;rgmﬁro cBera. Jlannbie npubopa B3ATL U3 yc.nonua 3alia-
4H




-19.24. B ozuom u3 -onniros [1. H. JleGenesa MowiocTb na- -
AAIOIIEro Ha KPYXKH MOHOXPOMAaTHyecKOro cera (A==560 um)
Goina paBHa N=8,33 MBr. Halitn yucno doronos I, nanaswo-
H{HX B elHHHIY BPeMEHH Ha €IHHHLY NJOWAAH KPYKKOB, H HM-
nyabc CHAK F AT, coOOleHHbIH eguHule NJOWaly prmxoa
3a eJMHHUILY BPEMEHH, AJis 3HaueH i p, pasnuix: 0; 0,5; 1. Han-
Hble npuGopa B3dTb W3 YC/IOBHs 3ajaun 19.22,

19.25. Pycckwii actponom ®. A. Bpeauxun o6bacana ¢op-
MY KOMETHBIX XBOCTOB CBETOBHIM JABJCHHEM COJNHEUHBIX Jy4eH.
Hai#itn cBeToBOe naBiieHue P cosHeuHblx Jydel Ha abCOJ/HOTHO
uepHOe Teno, NoMeHeHHOe Ha TaKOM ke paccTosinud ot Connua,
Kak # 3emiss. Kakyio Maccy m JOMKHA MMETb YacTHUA B KO-
METHOM XBOCTE, NOMEIEHHAA HAa 3TOM PacCTOAHMH, YToOBl Cuna
CBETOBOrO ZAaBJEHWS HAa Hee YPaBHOBEHIMBANACH CHJOH MpHTA-
sends dacruubl Connuem? [lnomagp 4acTHLBI, OTPaKAIOWIYIO
BCe Najalouive Ha Hee JY4H, CYyuTarb paBHOH S=0,5-1013 M2,
Conueunas nocroapnas K=1,37 xBr/m%

19.26. Haiitu ceroBoe papjeHue P Ha CTeHKH a.nempuqe-
cxoil 100-parrnoft snamnut. KonGa naMnu npejcraeisier coGo#
chepuueckuil cocyn paguycoM r=>5 cm. CTeHKH JIaMIbl OTparka-
1ot 4% u nponyckawor 6% nagaoniero Ha Hux cBera. CYHTATDh,
4To BCA NOTPeb/AeMasl MOLUIHOCTb MJET Ha H3JyyeHue.

19.27. Ha noBepxnoctd naomansio $=0,01 M* B eIHHHIY
BpeMeHH nanaer cBetopasn 'sueprusg E=1,05 Dx/c. HaliTu cBe-
TOBO@ JaBjeHHe P B ciaydyasXx, KOrZa TOBEPXHOCTh TOJIHO-
‘CTBIO OTPaXKaeT H MOJHOCTBIO NOTJIOWLaeT Najailine Ha Hee
JYYH. '

19.28. Monoxpomaruyeckui ny4ok csera (A=490 um), na-
1af 0 HOPMaJIM K NOBEPXHOCTH, NPOHU3BOAUT CBETOBOE HaBJe-
-#ue P=4,9 mxlla. Kakoe yncs0 $oToHOB [ mafaeT B eIHHHILY
BpeMeHH Ha eJIWHMLY MJIOWaAU 5Tof noBepxHocTH? Koadduuu-
EHT OTpaxeHHs cBeTa p=0,25.

19.29. PenrrenoBcKue JY4H. ¢ AMHHOH BOJHEI Ay=70,8 nm
HCTILITHIBAIOT KOMITOHOBCKOE paccesiHHe Ha napagune. Hafiru
JAUHY BOJIHBI A PEHTI€HOBCKHX Jyued, paccesiHHbIX B Hanpas-
JeHHsx: a) 9=u/2; 6) @=m,

19.30. Kakosa Oblna A/MHA BOJIHBL A¢ PEHTTEHOBCKOrQ H3-
JIYYEHHSI, €CIH NPH KOMITOHOBCKOM pacCesHHH 3TOro HaJy-
‘yeHuda rpadguToM Noj yriom q>—60° JJIUHA BOJIHBL PacCcesiHHOro
M3JIyYeHHs OKasajiach paBHOR A=25,4 nm? :

19.31; ‘Pentrenosckue Jydd ¢ MJAHHOH BOJHH Ae=20 nm
HCOBITHIBAIOT KOMITOHOBCKOE paccesinde MOA yriom ¢=90°.
‘Haiftte HsMeHenue " AA JAAHHH BOAHbI PEHTTEHOBCKHX. Jydeit
npu paccesyuH, a Takxke suepruro W, H UMNyJbe s.nem‘poua
OTAAYH.
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19.32. [Ipy KOMNTOHOBCKOM pacCessHHH SHEPTHA Najaro-
uiero oroHa pacnpenensercs NOPOBHY MEXY paccessiHHBIM ¢o-
TOHOM H 3JIEKTPOHOM OTHauu. Yroa paccesHus ¢=n/2. Halitu'
sHepruio W u HMNyJIbC p paccesHHOro (oToHa.

19.33. Dnepruss penTreHOBCKHX Jyueli £=0,6 MaB. Hatiru
sHepruio W, s/1eKTpOHa OTRAYH, eC/H AJIHHA BOJIHBI PeHTI €HOB-
cm(v)r/x .nyqeﬁ nocJie KOMITOHOBCKOT'O pacCesiHUs H3MEHHJ/Ach Ha
20%.

19.34. Haiitu anuny BoaHbl ne Bpofiis A ans 3/1eKTPOHOB,
npomemuux pasHocth noteruuanos U,=1B u U,=100 B.

19.35. PeinuTb npeabiaymyio 3ajaqy [Jjs NyuxKa NpOTOHOB,

19.36. Haiitu anuny BoJnb je Bpofiisa A anst: a) sjieKTpo-
Ha, ABHXYUErocs co CKOPOCTBIO v=10¢ M/c; 6) aroma BOJOPO-
Aa, ABMXYIIErocs CO CpeliHel KBajpaTHYHOH CKOpPOCTBLIO TIpH
remneparype T=300 K; B) mapuka maccoit m=1 r, ABHXyue-
rocsi Co CKOPOCTbiO U=1 cMm/c.

19.37. Haittu anuuy BoJiHH ae Bpofins A ans sneKTpoHa,
HMEIOILET0 KHHETHYECKYIO sHepruio: a) W,=10 k3B; 6) W,=
=] MsB. ,

19.38. 3apsikennast 4acTHHA, YCKOPEHHasi PasHOCTBIO NO-
tenuuanos U=200 B, umeer anuny Bonnbl ge Bpofina A=
=2,02 nM. Hafith Maccy m 4acTHUBI, €CJH € 3apfif YHCJACHHO
paBeH 3apsily 3JIEKTPOHA.

19.39. CocraButb Tabaully 3Ha9eHHH AJauH BOAH Ae Bpofns
A Ang 5MeKTPOHA, ABHXYMIErocs CO CKOPOCTHIO U, paBHOM:
2.10%; 2,2-10%; 2,4.-10%; 2,6-10% 2,8-10% M/c.

19.40. a-yacTHua JBUXETCH 51O OKPYXHOCTH pPalHycoM
r=8,3 MM B OJHOPONHOM MArHHTHOM IOJI€, HanpMXEHHOCTb
koroporo H=18,9 kA/M. Hafirn aauny BOJIHBI JI€ Bpoiins A
JIA  G-4acTHIBL.

19.41. Hafire pauny Bonnn se Bpoing A pns aroma sojo-
poaa, ABMXKYHIErocs NpH Temneparype T=293 K ¢ nauGonee
BepOATHOH CKOPOCTBIO.

§ 20." Arom Bopa. PenrreHoBekue nyuu

CornacHo mepBoMy mHocTyJary -Bopa JABHMKeHHe 5]€KTPOHA BOKPYT
SEDA BO3MOXKHO TOJBKO IO ONpeieseHHbIM OpGHMTaM, pajuychl KOTOPHIX
YAOBNETBOPSIOT COOTHOLIEHHIO '

h
) mvkrk——-k——-, .

me m ~— Macca anempoaa, ‘Up — ero cKopocTh Ha k-it ep6ure, rp — pa-
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;myc 9TOR Op6HTH, h — HOCTOAHHAA I‘[naﬂxa, k —.moGOe Uenoe 4HCAO
(KBaHTOBOE UHCJIO). .
CornacHo BTopoMy mnoctynary Bopa wacrora H3JyYeHHs, COOTBETCT-
BYIOIasi TIEPEXOAY /eKTPOHA € ONHOH OpOHTHI Ha npyryxo, omnpejesdercs
dopmy.noi
hv= W,' _ Wk’

rie k v n — HoMepa opbur (n>k), Wy u W, — cooTeTcTBYIOMIHE UM 3Ha-
YeHUS JHEPTHH S/eKTPOHa.

Qopmyaa, No3pOAOMIAS HANTH YacTOTHl V MJH JUIHHH BOJH A, CO-
OTBETCTBYIOWLHE JUHHAM BOIOPOJAHOINO CIIEKTpa, HMeeT BHJ

’ 1 1
v:_—~Rc(7_—_ﬁZ—) ,

rae £ ¥ n — HoMepa Op6HT, ¢ — CKOPOCTb PACTPOCTPAHEHHS CBETA B Ba=
KyyMme, R — mocTosiHnas PuaGepra, pasHas
e*m

8eahdc

==1,097373177.10% m-1,

3neck e — 3apag 3MEeKTPOHA, M — ero Macca, h'— noctostHuas [lnasga
.H &g — 3JEKTPHUeCKasi IOCTOsHHAA.

QdopMyna, NO3BOAAIONIAST HANTH YaCTOTLI vV HIH mmubx BOAH A and
BOJOPOAONIOAOOHEIX HOHOB, HMeeT BHJ

V=TC=—..RCZ2 (7:7———1-) i

nt

rge Z — MOPAAKOBHH HOMep SiemeHTa B Tal/iHle MeHzeneesa.
IMpu gudpaxuuu peHTI‘eHOBCKHX Jayuyell HMeeT MeCTO ypaBHeHHe Byube
ta — bBparra
2d sin ¢ =m\ {(m=0,1, 2, ...),

rie d — TMOCTORHHAA pPeweTKH KpHCTa/lia (PacCTOfHHE MeXAYy ATOMHHIMH
INIOCKOCTAMH  KpHCTania), @ — YroJa MEXAYy INyukOM peHTTeHOBCKHX
Jyuefl W TIOBEPXHOCTLIO KpHUCTa/ia,

UacTora Vg, COOTBETCTBYIOWIAS KOPOTKOBOJIHOBOH PaHHIUE CIVIOIHOTO
PEHTTEHOBCKOIO CNEKTPa, MOMKeT OhiTh HafjeHa U3 COOTHOWICHHA

hvy=eU,

rae U — pasHoCTh HOTeHnHaJIOB, npxuxo;xe}max K SJEKTpoaaM peHTI‘eHOB'

cxol TpyOKH. .
Jnuna BOMHBHI pemreﬂoxacxnx XapaKTepHCTHYECKHX Jyuyel MoteT

6biTh HafiieHa mo (opmyne Mo3aH

-

T:-—Rc (Z—b)? (k—l,—%) . ,



rae Z — NODSIAKOBHIA HOMEp S7TICMeHTa, H3. KOTOPOro chenaH ax-i’mxérOn,
b = nocrosinuan 9xpanuposaﬂnn TMocneansan ¢opmyna Moxer OuTh
nepenncana Tak: .

Vv=a(Z—b), rre a= VRC (%—EL—) .

. VuTeHCHBHOCTL yYKa. PEeHTTEHOBCKMX Jydefl, NpOWEMUHX CKBO3b
TUIaCTHHKY TOJMIUMHOA X, onpenensercs GopMyJod

. I=1 [ —ux' . )

rie o — HHTERCHBHOCTL NyuKa, NajaloMero Ha nIacTHEky, W [M—1] —
suHefinnifi  KospdumueHT mornomenus. KoadoduuHeHT NOMMOmEHHA [
3aBHCHT OT JJIMHBI BOJHEI PEHTTEHOBCKHX Jyuefl U OT IVIOTHOCTH BEIecTBa.
Maccosbiit KG3(pHIHEHT NOTJOMEHNS [y CBA3AH C JHHEHHBHIM KO3(dHnH-
€HTOM HOIVIOIIEHHS | COOTHOMIEHHEM My [M%/Krj=W/p, Tie p — MIOTHOCTH
BelecTsa.

Tornomenne pedTreHOBCKUX Jyvel PaIHYHEIMH BEIECTBAMH MOXKHO
OXapaKTepH30BaTh TaK HasHIBaeMOfl «TOMIMMHOH CJIOR MOJOBHHHOIO oc-
JabaeHusy, T. e. 'ro.numnoﬁ €105t x1 /2» YMeHbUIaloNIER BJBOE HHTECHCHBHOCTD

NMajalomux Jayued,

20.1. Haiitn paamnych r, Tpex nepBbiX GOPOBCKHX 3JI€K-
TPOHHBIX OPOHMT B aToMe BOAOPOAA M CKOPOCTH Uy, SJEKTPOHA
Ha HHX.

20.2. Hafitu xnnemqecxyro W NOTeHUHAILHYIO W, u
noanywo W sHepruu s/1eKTpOHa Ha mepBoit GOPOBCKO# opﬁme

-20.3. Halitn xunernyeckyio sHepruio W, ssekTpoma, Ha-
XOAsIIerocs Ha n-H opburte aroMa Bogopoaa, Aas n=Il, 2, 3
H oo,

20.4. Haiitu nepuon T ofpallleHHAA 3JIKTPOHA Ha nepBoil
6opoBCcKOH opOHTE aToMa BOAOPOAA H €r0 YIJIOBYIO CKOPOCTh o.

20.5. HaliTH HauMEHbWIYI0 Ay, H HanOOABIMYIO A, AJIH-
HBl BOJIH CIEKTPaJbHHIX JIMHHA BOZOPOZAA B BHAUMOR ofaacTd
crnexkrpa.

- 20.6. Hafitn HanOo/blLyl0 ANUHY BOJHBI Ay,, B yJAbTpa-
¢roneroBoil o6nacTH cnekTpa Bogopoia. Kakyio HauMeHbmyio
CKOPOCTb Uy, RO/NXKHEI HMETb 9JIEKTPOHB!, YTOOH NpH BO3-
GyXJeHHH aTOMOB  BOJLOpPOAA y,uapaMH 9JIEKTPOHOB TIOSIBHJIACh
5Ta JHHHUA?

-20.7. Haiitn norenunan woHusauuu U, aToma Bojopoja.

- 20.8. Hai#ttu nepnmﬁ NOTeHIHAM Bosﬁyxmeﬂuﬂ U¢ aroma
BOZOpOAA.

'20.9.. Kakylo HauMeHbLIYIO 3ﬂeprmo Woin (B 53€KTpoH-
BOJIbTaX) AOMKHBI HMETh SJIEKTPOHBI, YTOOB NpH BO3GYKACHHH
aTeMOB BOZOPO/i@ YAapaMH STHX 5JIeKTPOHOB -ROABHAHCH BCe
M" . N e e L . . »A‘-g‘\d,‘ o -



JIHHHH BCeX cepHit cnexTpa Bosopoxa? Kakyio HaHMeHbLIIYIo
CKOPOCTb Uppiy AO/IKHB HMETb 9TH SJIEKTPOHH?

20.10. B kakux npee/aX AOMKHa JeXaTh SHEPIHS 60M-
GapAHPYIOIHX SJNEKTPOHOB, 4TOOW NPH BO3GYXKAEHHH ATOMOB
BOJOPOA YAapaMH STHX 3JEKTPOHOB CHEKT BOZOPOLE HMed
TONBKO OAHY CHEKTPAJbHYIO JIHHHIO?

20.11. Kaxyio HauMmenbllyio 3Hepruio Wy, (B 31€KTpon-
BOJIbTaX) JO/DKHLI HMETb 3JIEKTPOHKI, YTOOH NpH BO3GYKAECHHH
aTOMOB BOJOPOJa yAapaMH 3THX SJIEKTPOHOB CIEKTP BOAOPORA
HMeJl TPH CHEKTPa/IbHbIe JIHHHH"’ HaiiTy JnMHBI BOJIH A STHX
JIHHHH.

20.12. B kakux npejenax JOJ/IKHBI JIEKaTh AJHHB BOJH A
MOHOX POMATHYeCKOTO CBeTa, YTOOBl NPH BO3OYXKAEHHH aTOMOB
BOAOPOAa KBaHTaMH 3TOTO CBETa HabJMIOJAMHCh TPH CrIEKTpaD-
Hble JIMHHH?

20.13. Ha cKOMBKO H3MEHHJ/ach KHHETHYECKAS SHEPrus
9JIEKTPOHA B 4TOME BOJNOPONA NIPH U3JAyYEHHH atoMoM ¢oTOoHA
¢ AJMHHOH BOJHL A=486 HM?P

20.14. B xakux npellejiax JOJIKHBI JI€XKaTh MJIHHK BOJH A
MOHOX DOMATHYECKOr'0 cBera, YToOH IPH BO3GYXKIEHHH aTOMOB
BOJIOPOJIa KBAaHTAMH STOT'O CBETa PAJHyC OPOHTH 7y SIEKTPOHA
yBesmuuica B 9 pas?

20.15. Ha audpakunonnyio pemerky HOPMalbHO Najaer
Ny40K CBeTa OT Pa3psaAHOA TPyOKH, HaNOJHEHHOH aTOMapHhIM
BogopozoM. Ilocrosnnas pewmerkn d=>5 mkm. Kakomy nepe-
XOAY J/IEKTPOHA COOTBETCTBYET CNeEKTPa/lbHas JMHHA, HaGlo-
AaeMasi pH NOMOILH 3TOH PEILETKH B CNEKTpe NATOro NopsiKa
nog yrioM ¢=41°

20.16. Hafitn anuny Boannl je Bpo#ins A aas siekTpoHa,
JABHIKYyILerocd no nepsoii GopoBcko#l opGuTe aroma BOAOPOAA.

20,17. Hafiru paguyc r; nepBofl 60poBCKOH 3JIEKTPOHHOA
OpOUTLL /ISt ORHOKPATHO HOHH30BAHHOIO Ie/IHfi H CKOPOCTH Uy
3/JIEKTPOHA Ha Hell.

20.18. Haiitn nepebiil noreHunan Bo30yxaenun Us: a) on-
HOKPATHO HOHH3OBAHHOTO refus; 6) ABYKpAaTHO HOUH30BAHHOIO
JIUTHSA. S

20.19. Hafity norenuuan uomusauuu U;: a) ONHOKpaTHO
. YIOHH30BAHHOro renus; 6) ABYKPATHO HOHH3OBAHHOIO JHUTHA.

20.20. HaiiTn anuny Bosubl A (OTOHA,” COOTBETCTBYIOUIErQ
nepexoAy 9JAeKTPOHa cO BTOPO#A GOPOBCKOH OPOUTHL HA nepnylo
B OXHOKPATHO HOHH30BAHHOM .aTOMe€ TreJHd.

20.21, Pennrs NpeAbAYIYIo sanaqy mm nnyxpamo HOHH- )
30BAHHOIO-4TOMA JIATHA. -

20.22. D-aunus HATPHS HIAYYaeTcs B PesyJLTaTe TAKOro
nepexoja eKTpoHa ¢ ORHOA OPGHTHL aToMa Ha APYryio, npu

\
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KOTOPOM 9Heprusa aroMa ymeubiuaercs Ha AW=3,37- 107 [Ix.
Hafity gauny BoaHbt A D-MHHA HaTpHA. -

20.23. Ha puc. 66 nsobpaxkena cxema npHoopa iJis ofpe-
Je/I€HHs PesOHaHCHOTO NoTeHuuana narpusa. TpyGxa conep-
KUT napsl HaTpusA. NeKTpoisl G H A UMEIOT OXMHAKOBbLIR 10
Tenuunal. [Ipyu Kakoli HauMeHblUeH YCKOpsolle# pa3HOCTH HO- -
tennuanos U mexxay karonom K u cerkoit G Habmogaercs Cliex-
TpajbHas JHHUSA C ANHHOH BOJHB A =589 HM?

§ 5
i { \g
[ P
&
|-~
Puc. 66, Puc. 67.

20.24. DnexTpoH, npofind PasHOCTb- noTeHuUHanoB U=
=4,9 B, cTankuBaercs ¢ aroMOM PTYTH W NEpeBORHT €ro B nep-
Boe BO36GYKAEHHOE COCTosHue. Kakyio ANHHY BOJIHH A HMeeT

¢oTOH, COOTBETCTBYIOWIKH NEpexofy aroMa PTYTH B HOPMalb-
HOE CocTosHue? ‘

20.25. Ha puc. 67 msobpaxkeHa ycraHoBKa AJs HaGJaole-
nua Audpakuun pentreHosckux gyuefi. Ilpu Bpamenun xpu-
cranaa C Tonbko ToT ayy Gyner oTpaxkarbcs Ha ¢ororpaduue-
CKYI0 INIaCTHHKY B, IJHHA BOJIHBI KOTOPOTO YIOBJIETBOpsieT
ypasHenuio Byanda — Bparra. [1pu xakom HaumeHbillem yrie
¢ MEXKAY MJIOCKOCTBIO KPHCTA//Ia H NYIKOM PEHTTHOBCKHX JY-
yeil GbIIK OTPaYKeHbl PEHTI€HOBCKHE JYYH C AJUHOH BOJIHB A=
=20 nM? TlocroauHas pelwerkd Kpuctasna d=303 nm,

20.26. HaitTu nocTosiHHYIO peleTKH d KaMeHHOH COJH,
3Has MoJspHYIo Maccy p=0,058 Kr/Mo/ab KaMeHHOH COJMH W ee
IJIOTHOCTH P=2,2- 10® kr/M®. KpHcTaninl xamenHoit conn 06ia-
JLal0T npocToft KyGHUecKoH CTPYKTypoi.

20.27. Tlpu aKcnepuMeHTalbHOM OnpeleseHHH NOCTOSHHOM
Ilnanka h npu nNOMOWIH PEHTTEHOBCKHX JIyuell KPHCTall yCTa-
HaBJMHBaeTCsl NOJ HEKOTOPHIM YIJIOM ¢, a8 pasHOCTb NOTEHUHa-
JoB U, npuioxeHHass K 5JeKTpoiaM. peHTFeHOBCKOR TPYOKH,
YBeJIHUHBACTCS JO TeX NOp, OKAa HE NOSIBUTCA JIMHHSA, COOTBET-
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cTByioas stoMy yray. Hafita nocrosunywo Inaunka & u3 cae-
AYIOLUX AaHHBIX: KPHCTAN] KaMeHHON COJH YCTAHOBJEH MOX
_yriioM @=14°; pasHOCTb NOTEHUMANIOB, NPH KOTOPOi BHEPBLIE
MOSABUJIACH JIHHHSA, COOTBETCTBYOWasA 3TOMy yray, U=9,1 kB;
TNOCTOSiHHAA peilieTKH Kpucramna d=281 nm.

20.28. K anexTpofiaM peHTTeHOBCKOH TPYGKH NpHJAOMKEHA
pasgocTb norexunanos U=60kB. Haumenbluas aiuua Boank
DEHTreHOBCKHMX Jyuel, nojayyaeMelX OT 3TOH TpyOKH, A=
=20,6 nM. HaliTh ¥3 3THX JAaHHBIX NOCTOsHHYIO A Ilnanka.

20.29. Hafity pniuHy BOJHBEL A, ONpele/sioUyl0 KOPOTKO-
BOJIHOBYIO TDaHHIy HENPepPhIBHOIO PEHTTeHOBCKOro CHeKTpa,
IJsi cllydaes, KOra K PeHTTeHOBCKOH TpyOKe MpHJIOXKeHa pas-
HocTh noteHnuanos U, pasmasa: 30, 40, 50 xB.

20.30. HafiTu AJuHY BOJIHBI A, OHpee/sIouylo KOPOTKO-
BOJIHOBYIO TPaHHIy HENPEPLIBHOI'O DPEHTeHOBCKOrO CIIEKTPA,
€C/IH H3BECTHO, YTO yMeHblIeHHe NPUJIOXKEHHOI0 K PEeHTreHOB-
cKoit TpyOKe Hanpsukenus Ha AU=23 kB yBeiuunBaer ucko-
Mylo IJIHHY BOJHBI B 2 pasa.

20.31. [suHa BOJIHBI IaMMa-u3nyyeHus pagust A==1,6 nm.
Kakyio pasHocTh noteHuHasoB U HAj0 NPUNOKHTD K PEHITe-
HOBCKOH TpyOKe, uTOObI NONYYUTH PEHTreHOBCKHE JIY4H C 3TOM
JJIMHOHA BOJIHBI? .

20.32.. Kakyio HauMeHbIIY10 Pa3HOCTb NOTeHIHaN0B U Halo
NPHJIOXKHTb K DPEHTTeHOBCKOH TpyOKe, 4To0bl NOJY4YHTH BCe
JuHUH K-CEpHH, €CJIH B KaueCTBe MaTepHasla aHTHKAaToAa B3SATh:
a) Menb; G) cepelpo; B) BoJbGpPaM; I') NAaTHHY? :

20.33." Cyuras, uro ¢dopmyna Mossu ¢ ROCTATOYHOH Cre-

" NEHbIO TOYHOCTH JlaeT CBSA3b MEXAY AMMHON BOJHHL A Xapakre-
PHUCTHYECKHX PEHTTeHOBCKHUX Jyde#d M HOPSIKOBHIM HOMEpPOM
9JieMenTa Z, U3 KOTOPOrO CAeslaH aHTHUKATOM, HAaHTH HauGOJb-
YO JJIMHY BOJIHBI A JIMHHH K-CepUH DEHTTeHOBCKHX Jyuei,
JlaBaeMbIX TPYOKOH ¢ aHTHKATONOM H3: a) xene3a; 0) Mme-
IW; B) MonuGlieHa; r) cepeGpa; A) TaHTaja; €) BoJAbppama;
k) niaruabl.  Jas K-cepud noOCTOSHHAs SKPaHUPOBaHUS
b=1. .

20.34. Haiiru nocTosiHHYIO 3KpaHupoBanusa b ana L-cepun
PEHTI'eHOBCKHX JIydeH, ecliy U3BeCTHO, YTO NPH NepeXoje 3JeK-
TpoHa B aroMme Boibppama ¢ M- Ha L-cioli HCTIyCKAlOTCS PeHT-
TEHOBCKHE JIYYH ¢ JIHHOH BOJHB A=143 nm.

20.35. IIpu nepexofie s/lekTpoHa B atoMe ¢ L- ua K-cio#t
HCNYCKAIOTCH PEHTTEHOBCKHE JIYYH C JJIHHOH BOJHBI A=
=78,8 nM. Kakoit aro arom? lna K-cepuu nocrosHHas 3Kpa-
HHpOBaHuA b=1. ' ‘

20.36. Bo3agyx B HekoTopoM oObeMe V obsyuaercsi peHT-
FeHOBCKHMH JIyuaMH. OKCIIO3UIHOHHasi Jo03a H3Jy4eHHs
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D,=4,5 P. Kakas noas atoMoB, HaxOAsUIHXCSA-B JaHHOM 06B-
eme, OyJer HOHH30BaHa 3THM H3JYYEHHEM?

20.37. PenrrenoBckast TpYOKa co3JaeT Ha HEKOTOPOM pac-
CTOSIHH¥ MOLIHOCTb SKCIIO3HLHOHHOM Ro3bt P,=2,58-107¢ A/kr.
Kakoe uyucino N nap HOHOB B €IMHHUY BPEMEHH CO3JlaeT 3Ta
Tpy6Ka Ha €IHHHIY MacChl BO3NyXa NpH LaHHOM PACCTOAHHH?

20.38. Bosnyx HaxOAAWKACH, TPH HOPMAJIbHBIX YCJIOBHAX
B MOHH3ALMOHHO# Kamepe ofbeMoM V=6 cm?, o6.nyqaeTCﬂ peHr-
FEHOBCKHMH Jly4aMH. MOmIHOCTb 3KENO3HUKOHHOH 103bl PEHT-
reHoBCKHX Jyuefi P,=0,48 MP/u. HafiTu HOHH3ALMOHHBIH TOK
HacbllieHun [,

20.39. Hal“ma A a/IIOMUHHUA TOMIKHY X175 CNOA NOJIOBHH-
HOro oc/iabJieHust Ang peHTreHOBCKHX Jyueft HeKOTOPOH IJIMHBI
BOJIHEL. MaccoBbIf KO3(Q(HUKEHT NOTJIOWEHUsT aMJIOMUHUA /A
9TOH AJIHHBL BOJHH M, =5,3 M¥/KT.

20.40. Bo cKOIBKO Pa3 yMEHbUIMTCA HHTEHCHBHOCTb PEHT-
TEHOBCKHX Jiyyell ¢ AHHOHN BOMHB A=20 M NpH NPOXOXKIAEHUH
cion kefeda To/uuRok d=0,156 MM? MaccoBeift kos(uuueHT
NOTVIOLIEHHST JKeye3a s sToft IJTAHBL BOJHBL p,=1,1 M¥/Kr.

20.41. HafiTH TOMIOHHY CNOS X172 NOJIOBHHHOTO OC/a6neHus
MJisi Xesesa B YCJAOBUSX npelpiymell 3ajay.

20.42. B nuxecnenyioueit Tab/Hlle NpUBENEHR A HEKO-
TOPHIX MAaTepHAJNOB SHAYEHUS TOMUIHHBI CJOS Xy/2 TNOJIOBHH-
"HOro oc/Jab/ieHHsi PEHTTeHOBCKHX Jiydell, SHEPrus KOTOPBIX
W=1 MsB. Haiitn aunefiunit p ® MaccoBulfi u, Ko3dpdu-
HHUEHTH! MOIVIOIWEHHST 3THX MAaTepHANOB AJs JaHHOH 3HEPruy
PEHTreHOBCKHX Jyyell. s Kakofi AJHHB BOJIHB A PEHTreHOB-
CKHUX nyyell noJyueHb 3TH HaHHble?

BemectBo Boxa AmoMnunnf Keneao CBHHen

X190 CM 10,2 4,5 1,56 0,87

20.43. CkONbKO CJIOEB NOJMOBHHHOIO oc/abJjeHuss Heobxo-
AUMO ANlsi_yMEHblICHHS HHTEHCHBHOCTH DEHTIeHOBCKHX Jayued
8 80 paa? ‘ : \

§ 21, PapuoakTuBHOCTH

Yucsne aToMoB PAAHOAKTHBHOTO BelllecTsa dN, paclianalomHxcs 3a BpeMa
df, mponopHHOHANLHO WHCAY HMEIOUIHXCST aTOMOB H ONpeNensiercs CooT-
HOWIeHHEM

dN

=M
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roe A — TMOCTOAHHAs PALHOARTHBHOTO paénana. WnrerpHupyd, NOAY4HM
N = Noe_;"t,

rae Ny — 4HCJIO aTOMOB B MOMEHT BpeMeHH f==0,” N -—— 4YuCJIO HX N0 HCTe-
YeHHH BpeMehH [.

Yuceno pacnajios, NPOKCXONAWKX B NpellapaTe 3a CIMHHLY BpeMeHH,
Ha3pBaeTcs aKTHBHOCTBIO pajHoaxTHBROre mperapata (I Bx=1 pacn/c):

a [BK]:%-:—-AM

Nepuox nonypacnafia T',,, W NOCTOSHHAR pacnafa A CBR3aHLI COOT-
HOLIEHHEM
In2 0,693

Twye=7="%

Benuunna t=1/A, ofpaTHas IOCTORHHOM pacnaza, HasHBaeTCs CpesiHuM
BPEMEHeM XHSHH DagMOaKTHBHOIO aTOMa.

Ecnn pagnoakTHBHuA H3oTON A noMewien B 3aKpuiThiil cocyz( H NpH
pacnajie ero ofpasyerca paAMOAKTHBHHI H30TON B, TO B TGM cocyle 1o
HCTEYEHHH BpeMeHH ! 4YHC/IO sjliep H3orona B onpeixensieTc‘x no dopmyie

Np=Noa 24 (e—w "),

3nech Noq — uHCIO sfiep maotoma A npH t=0, A4 ¥ Ag— nocrosuune
pacnajia usoronos. A .1 B. Ecan mepuop nonypacnaga usoroma A suayu-
TesibHO Gosbuie NepHOja nonypacniaja Haoroma B, 10

Npg=DNga %';- (1 —e—ABt).

Ilpn papuMoaKTHBHOM DaBHOBECHH
N a/Ng=hpg/Aa.

YieavHas aKTHBHOCTb PapuoOaKTHBHOLO H30TONA ONpeliefseTCa uHc-
JIOM aKTOB pacnaja B eAMHHUY BPEMEHM Ha eNMHHHY MacCH paclaaaio-
1jerocs BEULECTBa.

21.1 CKo/bKO aTOMOB. MOJIOHMA pacnajaeTcsi 3a BpeMms
At=1 cyr us N=10° atomMoB?

21.2. CKoJIbKO aTOMOB.paRoHa pacnanaercz 3a Bpemn At=
=1 cyr w3 N=10° aromoB?

21.3. Hailte akTHBHOCTb @ MAacCH m=1r pamm.

21.4. Halith Maccy m pajoHa, AKTHBHOCTb KOTOPOro q=

=3,7:10% BK.
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. 21,5. Haiity Maccy m noJionus %3P0, aKTHBHOCTb KOTOPOTO
" a=3,7-10"° Bk.

21.6. HaiTn nocrosiHHylo pacfafa A pafoHa, ecsiH H3BeCT-
HO, YTO YMCJO aTOMOB pajioHa yMeHbLuaeTcs 3a Bpems =1 cyT
Ha 18,2%.

21.7. Hanm VACNbHYIO aKTHBHOCTb dp: Q) ypaHa %
6) panoHa *¥Rn.

21.8. MonnsauuoHHele cueTyuku I eurepa—Mroanepa
HMEIOT M B OTCYTCTBHE PaJHOaKTHBHOIO Ipenapara onpeieseH-
Hbiit «bory. [IpucyrcTBre Qona MoxeT OLITL BHISBAHO KOCMHYe-
CKHM H3JyYEeHHEM WJIH PaJHOAKTHBHHIMH 3arpsaHenusmu. Ka-
KOH Macce pajoHa m cooTBeTcTBYyeT don, paomui 1 or6poc
CyeTuHka 3a Bpems {=b c?

21.9. Ilpy nomomy HOHH3ANHOHHOTO CYETYHKA HCC/eLyeT-
¢ 4aKTHUBHOCTb HEKOTOPOrO pPagHOaKTHBHOIO u30TOona. B Ha-
YaJLHBI MOMEHT BPEMEHH CYETYHK JaeT 75 oTGPOCOB 3@ BpeMs
t=10 c. Kaxoe uncs0 ot6pocos 3a Bpemst {=10 c 1aer cueTyux
no ucreueHnu BpemeHu [=Ty;/2? Cumurath T1;:3>10 c.

* 21.10. HekoTOpul#i pagHOAKTHBHEIA H30TON HMEET NOCTOSIH-
Hylo pacnafaA=4.10"7 c¢71, Yepes kakoe Bpemsa { pacnagercs
75% nepBOHaYa/ILHOH "MacCHl ./l aTOMOB?

21.11. Tlpuponueifi ypan npeicrapmaserT cofoll cMech Tpex
uzoronos: 23U, 23U, #U. Coxepxkanne 23U HHYTOXHO
(0,006 %), na momo 23U mpuxogures O, 71/;, a OcTa/lbHYIO
maccy (99,28%) cocraBaster %3U. Ilepuwognl nonypacnaja
T1j2 3THX H30TONOB COOTBETCTBEHHO paBHHI 2,5-10% ser, 7,1 X
X108 ner u 4,5-10° ner. Hafity npoueHTHyO JOMIO PajHOaK-
THBHOCTH, BHOCHMYIO KQXKIBIM M30TONOM B OOLLYIO DaHOAKTHB-
HOCTb MPHPOJHOTO YypaHa.

21.12. KnneTuyeckasi 9HEprus G.-4acTHLEI, BLmeTaxomeu
H3 sfIpa aroMa pajgus NpH paluOaKTHBHOM pacuage, W=
=4,78 MsB. HaiiTn ckxopocTb v o-yacTHUB H NOJHYIO HEPTHIO
W, BblIensiomylocsi IPH BRLIETE G-YaCTHLEL.

21.13. Kakoe Ko/IH4ecTBO TENJIOTH Q BbIAENsSeTCS NPH pac-
najie pajoHa akTHBHOCTbIO a=3,7-10 Bk: a) 3a Bpems (=
=1 u; 6) 3a cpegHee Bpema xu3HH t? KuHeTHuecKas sHeprus
BBlJIeTaOmed M3 pajoHa a-yactHuel W=>5,5 MaB.

21.14. Macca m=1r ypana *3U B paBHOBeCHH C IPOAYK-
TAMH €ro pacliaga Belfeslsger MomuocTs P=1,07.10"2 Br.
Haiitu MoasipHyio Tensoty Q,, BhIAeNsIeMYIO YDaHOM 3a Cpefi-
Hee BpeMsI KH3HH T aTOMOB ypama.

21.15. Halitu akTuBHOCTH @ pafioHa, ofpasoBaslierocs Hs
maccbl m=lr papusa 3a Bpemst f=1u, \

21.16. B pesyabraTe pacnama macchH me=1r panua sa
Bpems: {=1 roj ofpasoBajach HeKoTOpas Macca-reJHs, 3aHH- -
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MAIOIEro NPH HOPMANbHHIX YCNOBHAX o6beM V=43 mm?. Hafi-
TH H3 3THX JaHHBIX NOCTOsAHHYI0 ABoragpo N ,.

21.17. B amnyay nomelleH npenapar, conepx(amnn maccy

me=1,5'r pagusi. Kakas macca m panona maxkonurcsi B 3TOR
amnyJe 10 HcreueHuH BpeMeHH f=T1,2/2, rae Ty — NepHOx
nojypacnaga pajpoHa?

21.18. HekoTopoe 4HC0 aTOMOB palusi NOMEINEHO B 3aMK-
HYTBIA cocyl. Uepes Kakoe BpeMsi ¢ 4HCJIO aToMOB paioHa N
B 3TOM cocyze Gyaet ornuuarbest Ha 10% ot Toro yncsra aromMos
panoHa N’, kOTOpoe COOTBETCTBYeT DPaJMOAKTHBHOMY DPaBHO-
BecHio pamnsl ¢ pajioHOM B 3ToM cocyje? [focTpours KpHBYIO
saBucHMOCTH u3MeHeHHs N/N’ B cocyzie OT BpeMeHH ! B HHTep-
pane 0<(t<6T,,., mpuHHMAas 3a EeNHHHIY BpeMEHH NEPHOA
nojypacnana pagoHa 7ije.’

21.19. Hexotopoe uucno aroMoB pafoHa N’ nomelieso B
3aMKHYTHHA cocyd. ITocTpouTh KpUBYIO 3aBHCHMOCTH M3MeHe-
HUA uyKcsa aTomoB paxoxa N/N' B cocylie or Bpemenu B HHTED-
Baste 0<C#<C20 cyr yepes kaxzple 2-cyt. [loctosnnas pacnaxa
pajpona e =0,181 cyr~!. Hs xpuBoit “N/N'=f(f) naiitn
nepuon nosypacnaia 7Ty paloHa.

21.20. B nmxecaenymoommeli Tabaune NpHBENEHbl Pe3yIbTaTh
H3MEPEHHs 3aBHCHMOCTH AKTHBHOCTH @ HEKOTODOTO pajHOaK-
THBHOTO 3JIEMEHTa OT BpeMeHH {. HafhTu nepunoa nomypacnaga
T1/2 3Jementa,

f, u 10 3- 6 9 12 15

a, 83,7107 Bx 21,6 12,6 | 7,6 4,2 2,4 1,8

21.21. B amnyay moMeuieH pajOM, aKTHBHOCTb KOTOPOro
a,=14,8.10° Bk. Uepes Kaxkoe BpeMs { 110CJI€e HAMOJHEHHS aM-
NyJbl aKTHBHOCTb pajoHa Oyler paBHa a=2,22-10° Bk?

21.22. CHHel, cojiepXaliuicsi B ypaHOBOH pyne, ABJIseTCH
KOHeYyHEIM NPOAYKTOM pacraza ypaHOBOro psina, NOoIsToMy 3
OTHOIIIEHHsE Macchl ypaHa B pyJe K Macce CBHHIA B HeH MOXKHO
ompeesiuTb BO3pacT pyAu. Haiitn Bospact ¢ ypaHoBoH pyIH,
ecIi H3BECTHO, UTO HA Maccy =] kr ypana *3U B sron,
pyke Ipuxonurcsi Macca m,=320r cBHHILA »82Pb '

21.23. 3uaa nepuons moaypacnajga Ty paaus H ypaua,
HafTH YHCJIO aTOMOB ypaHa, NPHXOAsALLEeCs] Ha ONUH aToM pa-
Rusl B NPHPOAHOH ypaHoBoil pyze. Y kasauue. Yueerm,
YTO PajfHOaKTHBHOCTb INPHPOIHOTO ypaﬂa oﬁyc.noa.neﬂa B 0c-
HOBHOM H30TONOM 28U.
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21.24. M3 kaxoit nauMeHblIeli MacCcel m PyABI, cOepxa-
meit 42% wuHcTOro ypana, MOXKHO INOJYYHTb Maccy moe=I1T
panusa? :

21.25. o-yacTHUH M3 H30TONA paius BBIIETAIOT €O CKO-
poctbio v=1,5-10" M/c 1 yHAapsiorca o ¢uyopecuHpyOUHH K-
paH. Cqm'aﬂ, uTO 3KpaH norpe6nﬂe'r HA eHHHLY CHJBI CBETa
moutHocTs P,=0,25 B1/kx, HaliTH cuay csera / 9KpaHa, ecii
Ha Hero NajaioT BCE O-YaCTHUBl, HCNYCKaeMble Maccoi m=
=] MKr papus.

21.26. Kakaa Joss nepBOHa4yaJbHOH Macchl pajHOaKTHB-
HOT'O H30TOna pacnajaerTc 3a BpeMs JKH3HH 3TOr@ M30TOnar

21.27. HailTy axkTHBHOCT @ MacChl m=1 MKr IO/IOHHSA
210p0

21.28. HaiiTa yaejabHYI0 aKTHBHOCTD d, HCKYCCTBEHHO MO-
JIYUEHHOrO PaAHOaKTHBHONO H30TONA CTPOHUHS $§ST.

21.29. K wmacce m,=10 Mr paauoakrusHoro usorona sCa
pobasJjiena Macca m,=30 MI' HepaJHOaKTHBHOro H3orona 3Ca.
Ha cko/ibkO yMeHbIIHIAch y/elbHaA aKTHBHOCTD dp, PalHOaK-
THBHOIO HCTOYHHKAEP? -~

21.30. Kakyio Maccy my panHoakTHBHOrO usorona Z*3Bi
Halo 106aBHTh K Macce m,=>5 MF HepPaJHOaKTHBHOrO H30TONa
*9B1i, uroGbi uepes BpeMs (=10 cyT nocjie 3TOro OTHOINEHHE
YHCJa pacHaBLIHXCSl aTOMOB K UHCJY HEepacnaBInHXCA GhIO
paBuo 50%? [locrosiHuas pacnana usorona ®3Bi pasua A=
=0,14 cyr~%

21.31. Kakoii usoron obpasyerca u3 *3Th nocae qempex
a-pacnalioB ¥ AByx P-pacnanos?

21.32. ‘Kaxoit usoron ofpasyerca u3 *33U nocse Tpex a-pac-
namos u AByX P-pacnanos?

21.33. Kaxkoit usoron o6pasyerca u3 38U nocae apyx B-pac-
nagoB M OJHOrO «-pacnapa?

21.34. Kaxko#t usoron obpasyercs s 8Li nocJie OHOrO p-
pacnajza ¥ ogHOro @-pacmnaja?

21.35. Kaxo#t usoton ofpasyercs H3 133Sb nocae yetnipex
p-pacnanos?

21.36. KuneTHueckast SHeprus «-uacTHUB!, BHICTaMOMEN
U3 siipa aToMa MnojIoHHA *jPo mpu pamMoakTHBHOM pachane,
W, =7,68 MaB. Ha#itu: a) CKOPOCTb U O-yacTHLUBI; 6) nosHyto
suepruio W, BbLACNAONLYIOCS [1PH BHJIETE (-HACTHLE!; B) YHCJIO
nap HoHoB N, o6pasyeMHx @-yacTHue#l, npuHuMas, YTO HA 06~
pasoBanue OHOH Napsl HOHOB B BO3NyXe TPebyercsi SHeprus
"Wo=34 3B; r) ToK Hacwulienus /, B HOHH3aLlMOHHOH Kamepe
OT BceX ©-YaCTHI, HCIYCKaeMbiX Tononnem. AKTHBHOCTb Tio-
aouus a=3,7-10* Bx. .
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§ 22. Sipepubie peakuHH -
OHeprus cBASH sipa JIO60r0 H30TONA ONpefeiseTcs COOTHOMEHHEM
W=c2Am,

TAe Am — PasHOCTb MeXJIY Maccoll UYacTHI, COCTaBASAWINMX SIPO, H Mac-

coft camoro sapa. OueBHpHO,
Am=2Zmp+-(A—Z) my—ms, M)

L.

rie Z — nopsAKOBhI HOMEp HM30Toma, A — Maccopoe YHCIO, mp — Macca
npoToHa, m, — Macca HeHATPOHa, mg-— Macca fAapa Hsorona. Tak Kax
mg=mg—Zm, TJe ms— Macca H3oTona M Mm, — Macca smeKTpOHa, TO

Am= Zm1H G (A—Z)ym,—mgy. 2)

3necs ml'H—- Macca u3oTONa BoZOpoxa iH, m 4 — Macca AGHHOTO H30TONA.
1

Hiamenenne sHepruu Npn sfepHoll peakusH
Q=c (2 mr*“z me), : 3)

rze 2 myg —CyMMa Macc YacTHI 0 PeaKuHy, 2 Mg —CyMMa Macc YacTHI,
nocae peakuud. Ecun Zml > 2 My, TO PeakilHs HIET C BHIeJIEHHEM
SHEPTHH, €CAH XKe 2 m < 2 M3,TO PeaKuHsi KIET ¢ MOIJIoUWEeHNeM 9Hep-
riug. OTMeTuM, 4T0 B QopMyny (3),”TaK Xe KaK M NPH BLIYHCIEHHR Mep-
THH CBA3H AJPA, MBI MQXKeM IOACTABJATh MacCy H30TONOB, a He SAEP, TAK
KaK NONPaBKH Ha Maccy SJEKTPOHOB OGOJIOYKH BXONAT C Pa3sHBIMH 3Ha-
KaMH ¥ N03TOMY HCKJMIO4aIoTCH.

22.1. Ha#tn yucs0 NpOTOHOB ¥ HEHTPOHOB, BXOZSLIHX B co~
CTaB SIAep TPeX H30TONOB MarHuga: a) 1Mg; 6) itMg; B) 3
22,2, Halitu sHepruio cBsisu 4 fiApa u3oTONa JINTHSA ’Ln
22.3. Haiitu smeprumio ceasu W sanpa atoma renus ‘He
A224 Hality snepruio csasu W sipa atomMa amoMHHHS
1Al
22.5. Haiiru snepruo casu W sgep: a) {H; 6) 3He. Ka-
KOe M3 3TuX sifep OoJsee ycTOHYHBO?
22.6. Haiiru SHEPrHio CBSA3H W, HpHXO,lIﬂmleCH Ha OfHuH
HYKJIOH B fiipe atoMa kucjopoxa '§O.
22,7, HaliTu sHepruio cBsi3H W sapa Jnedtepus 2I—I
22.8. HaiiTh 3HEPrHIO CBA3H W.,, NPHXOASIYIOCS Ha' omm.
uyx.nonﬂsmpax a) iLi; 6) 4N; B) $3Al; r) $Ca; a) $iCu; )1
x) "Hg; -3) }35U. HOCTpOPITb saBHCHMOCTb Wo=f(A4), r;_xe
— Maccosoe YHCJIO.
,22.9. ‘Haiitn sHepruio Q, Bbmenmomyxoca npn peaxunu

jLi4-1H — {He--jHe.
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22.10, Haiity smeprmo Q, nNOrJIOWEHHYI0 NPH PeaKUUH
¥N + #He — {H 4-}°0.

22.11. Haiity sneprmo Q, BBIAENSIOMYIOCS OPH PeaKIHAX

© a) H+iH —iH+3H; 6) {H4-1H —3He - in.

22.12. Haiitu sHepruo Q, BHIIEJAIONIYIOCA NPH peaknusix:

2) $H+3He — IH +{He; 6) SLi -+ 2H —4He+ iHe;
B) {Li+41H — 3He+ {He.

22.13. Kakywo maccy M BOIBI MOMKHO uarpetb or 0°C 1o
KHNEHHs, €CJIH HCMOJb30BaTh BCe TeMJIO, BBLACJISILLEECs NpPH
peakuuu iLi (p, a), npu DONHOM pa3nOXKeHHH macchl m=1T

JIHTHS?
22.14. Hanucate Hefocrawomiie 0603HaueHHS B peaknusix:

a) LAl (n, a) x; 6) i'F (p, %):°0;
B) $Mn (x, n) 35Fe; 1) HAl(a, p)x;
n #N¢n, x)3'C; e) x(p, a)iiNa.
22.15. Haiitu aHepruro Q, BBIAEASIONIYIOCS NPH PeaKHH
Li+3iH —iBe+{n.
22.16. Haittu sHepruio Q, BbIAEASIONYIOCS NPH PeaKHHH
iBe+iH — B 4 1.

22.17. Tlpu GomGapaupoBKe H3oToma asora %N HelTpo-
HaM¥ [oJlyyaeTcss H30Ton yriepoaa 4C, KOTophIfi OKasblBaeTcs
p-pazmoakTuBHEIM. HanucaTh ypaBHeHHST 06GeHX peaknuil.

22.18. Ilpu GombapanpoBKe u3oTona amoMuuusa j3Al a-uac-
THUAMH NOJyYaeTcs pajHOaKTHBHEIA u3oron docdopa P,
KOTODHIH 3aTeM pacnajfaercsi ¢ BbljeseHueM nosutpona. Hanu-
carb ypaBHeHHs o0eHx peaknufl. Hafitu ynenbHyio akTHBHOCTD
am u3orona 5P, ecnu ero nepuon nmoaypacnama Ty,:=130 c.

22.19. IIpu GomGapayupoBke u3otona $Na jefiToHaMu oG-
pasyercsi P-paamoaktusnui H3oTon }Na. Cueryuk P-yactum
yCTaHOBJIEH BOJIH3H Npenapara, colepiKallero paXHOakTHBHEHIN
#Na. Tlpu nepsoM H3MEpeHHH cueTyuk pajx 170 orpocos 3sa
‘1 MuH, a uepe3 cyTkH — 56 orGpocoB 3a | muH. Hanucate
ypaBHeHHs obeux peakunit. Halith nepuon nomypacnana Tyj.
usorona ¥%Na. . .

22,20 Kakasi sHeprust Qi BBIAEJNHTCH, €CJH NPH PeaKUHH

YAl 4 $He — ¥Si-+1H
NOXBEPraioTcs NpeBpalleHHI0 BCe AApa, HaXoAsuiHeca B Macce
m=1 r amomunus? Kaxywo snepruio Q, HaZlo 3aTPaTHTh, YTOGH!
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OCYIleCTBHTD 9TO NpEBDAIICHHE, €CJIH H3BECTHO, 4TO npH Gom-
GapaupoBKe sipa aJIOMHHHS O-9aCTHIAMH C sHeprael W=
=8 M3B TONBKO OfHA @-yacTHHA u3 n=2-10° yacTui BHI3H-
BaeT mpeBpalleHue?

22.21. l'Ipu GoMGapaupOBKe H3oTona JuTHA SLi mefiTomamu
(anpamu npefitepus :H) obpasyrorcs ase a-yactuupl. Ilpu atom
BhifessieTcs aHeprus Q=22,3 MaB. 3Haa maccel Jefitona d
H O-4acTHMUE!, HAWTH Mdccy m u3otona JuTHa §Li.

22.22. HMcTOYHHKOM 3HEPrUM COJHEYHOI'0 H3JIYUeHHS SIB-
JsieTcsl sHeprus o0pa3oBaHys Telus H3 BOAOPONA MO CAELYIO-
mell. NUKJIHYECKOR peakuuu:

?C + iH —_ ggN — }fC + +01€, ;"C + }H —_ ;‘N,
PN+41H — 0 — N+ 4e, PN 1H — PC+3He.

Kakas macca 11, BOJOPOZa B €lHHHIY BPEMEHH JO/KHA NpeBpa-
matbess B reauil? ConHeunast nocrogHHas K==1,37 kB1/m?2,
TlpuuuMasi, yTo Macca Bojopoxa cocraeaser 35% maccer Conn-
ua, NOACYHTaTh, HA KAaKOe BpeMs { XBaTHT 3amaca BOJOPOJa,
ecau m3nyyenne Co/HIA CYHTATh MOCTOSIHHBIM.

22.23. Peaknuns pas/oxeHHs JeHTOHA y-JTy4YaMH!

';'H+hv-—»}H-};},n.

Haiitu Maccy m HeHTpOHa, ec/ln H3BECTHO, YTO 3HEPrHs y-KBaH-
0B W;=2,66 MaB, a sueprusa BrieTaiomux NPOTOHOB, H3Me-
peHHas N0 NPOU3BOAMMOH HMM HOHH32UMH, OKasanach PaBHON .
W,==0,22 M3B. Dneprmo HeHTPOHA CUMTAThb PABHOH 3HEPIrHH
nporoHa. Macchi Je#TOHA ¥ NPOTOHA CYUMTATh H3BECTHHIMH.

22.24. Hanwcarb Hepoctaiouine 0G03HAUYEHHS B peaknusiXx:

a) ¥Al(y, x)33Mg; 6) HBAl(y, n) x;
B) £Culy, 0 3Cy; 1) xfp, )}

22.25. Beixon peakuyH o6pa3oBaHHS PajiHOAKTHBHBIX H30-
TONOB MOXKHO 0XapaKTepH30BaTh JHG0 YHC/IOM k; — OTHOLIEHH-
€M YHC/Ia MPOHCIeIHX aKTOB SAEPHOro NMpPeBpalleHys K YHC-
ay 6oMOapIHpYOINX YacTHl, Ju6Go 4nciaoM k, [Bx) — ortHo-
IIeHHeM aKTHBHOCTH MOJIyYeHHOTO NPOAYKTAa K YHCJY YacTHL,
GomGapaupyiomux muienb. Kak cBAsatbl Mexay cobodl Besu-
uHHBL Ry H Ry?

22.26. Hpn GomGapaupoBke jLi mporoHamu o6pasyercs |
pazHoOaKTHBHBIA H30TOon GepHJnHa [Be c nepHoioM mosaypac-
nana Ty, =4,67-10%c. Hafitn BbIXOn peakuuH ks (CM. yeJOBHE
22.25), ecnu usBeeTHO, uTo 60MGapAHpYyIOUlHe NPOTOHEL OOLIKM
3apAaoM ¢=1 MKA-Y BHI3BIBaIOT aKTHBHOCTh HOJYUYEHHOrO
npenapara a=6,51-10° bx. ‘
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22.27. B peayabrare siiepHoi peaKuun sFe (p, n) obpa-
ayercsi pajiHOaKTHBHBIA H30TON KOOA/bTa 33CO C MEpHOAOM IO~
aypacnaga 71,,=80 cyr. Haiitu BI:IXOJI peakuMd k; (cM.
ycaoBue 22.25), ecan H3BecTHO, 4To GomGapaHpyioliHe NpoTo-
Hbl OGHIHM 32psAioM ¢ =20 MKA -4 BBI3HBAIOT aKTHBHOCTh no.ny-
yeHHoro mnpenapara a=»5,2.107 Bk. :

22.28. HcrousHKoM HeHTPOHOB fBJsercs TpyOKa, coiep-
xawmas nopowok Gepunnus §Be u rasooGpasHbiii pajoH. [Ipu
PeaKUMH Q-4acTHL pafoHa ¢ GepHJIIHEM BO3HHKAIOT HEeNTPOHBL.
Hanucatp peakuHio nojydeHus: HedTponoB. Hafitu maccy m
pajoHa, BBEJEHHOTO B HCTOYHHK NIPH €ro H3rOTOBJIEHHH, €CJH
H3BECTHO, YTO 3TOT HCTOYHHK JaeT uepes BpeMs (=35 cyT nocie
€ro H3TOTOBJIEHHS YHCJIO HEHTPOHOB B €IHHHUY BPEMEHH Qo=
=1,2-10% ¢~1. Brixog peakuuu k,=~1/4000, T. e. TOJIBKO OXHA
a-yactina u3 n=4000 BLI3BIBaeT pPeaKUHIO.

22.29. VcrouHHKOM HeATPOHOB siBJsieTcsl TpyOKa, ommcaHl-
Hasi B 3ajaue 22.28. Kakoe 4Hc/10 HeHTPOHOB @, B eJIHHHLY Bpe-
MEHH CO3J1a10T Q-4acTHILbI, H3/1yYaeMble PaJ0HOM C aKTHBHOCTBIO
a,=3,7-10'° Bk, nonagas Ha nopoiuok 6epu/insn? Buxon peak-
oHH k,=1/4000.

22.30. Peakuus o0pasoBaHH$ pPaAHOAKTHBHOIO H30TONAa
yraepoza 1C umeer BHA 4B (d, n), rie d — neiiToH (s1po Heh-
tepust 2H). Ilepuon monypacnaza usorona 3C Ty;3=20 mun.
Kakas sneprus Q smjessercsas npu sroi peakuuu? Haiiti Bot-
XoI peakuMu ks, ecaH k,=10"% (cM. ycioBHe 22.25).

22.31. B peakuun YN («, p) KuHeTHuecKas 3HeprHs o-ua-
cruust W,=7,7 MaB. HOJI KakuM YTIJIOM ¢ K Hanpas/eHHIO
JBHXXEHHS] Q-YaCTHLH BbiieTaeT INPOTOH, ec/IM H3BECTHO, 4TO
ero KHHeTHUecKast sHeprus W,=8,5 MaB? :

22.32. llpu GomGapanpoBke nsorona JUTH# SLi nefiToHamy
o6pasyloTcst [B€ G-YacTHIM, Das/eTaiouiHecs CHMMETPHYHO
NOA YIVIOM @ K HanpaBIeHHI0O CKOPOCTH GomGapIHpYromHuX
nefitonoB. Kakyioo KuHeTHuecKylo sHepruio W, uMeloT ofpa-
3YIOIIHECA Q-YaCTHIBI, eC/IH H3BECTHO, YTO SHEPIHsI 60M6apzm-
pywouux. gefironos W,=0,2 MsB? Haiimu yroa .

22.33. Hsoron reaus 3He nonyuaercss GomGapaupoBKoit
agep tpurha 3H nporonamu. Hamucarb ypaBHeHHe peakuMH.
Kakas sneprus Q Bruensierca npH stoh peakuuu? Haittu no-
pOr peaKkuHH, T. €. MHHUMAJIbHYIO KHHETHUECKYIO SHeprHio GoM-
6apaupyiolliefl yacTHipl, NPH KOTOpOH NPOHCXOAHT 3Ta peak-
uug. Y KasaHHe.. YuecTb, 970 OPH NIOPOrOBOM 3HAYECHHH
KUHETHYECKON . 9Heprud GoMGapAypyiowell. YacTHUBI OTHOCH-
TesIbHast CKOPOCTh 4aCcTHIL, Boaanxalomnx B peay.anaTe peax-
NHH, PaBHA. HYJO.

22.34. Hafitu nopor W smepnoﬁ peaxx.um “N (e, p)
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.- 22.35. Haiitn nopor W agmepwoii peakuun ILi(p, n).

22.36. HckyccrBennnift u3otron asora 3N nosmyuaercst Gom-
GapnupoBko#i axep yrJjepoxna 3C nefiroHamu. Hanucatb ypas-
HeHHe peagkuyud. HaliTH KonudyecTBo TelioThl Q, MOrJOLIEHHOE
npH sToft peakiuH, ¥ nopor W sroft peakuun. Kakopa cymmap-
Hasi KHHeTHYecKasl 3Heprust W’ NpONyKTOB 3TOH peaKUHH npH
MOPOroBOM 3HaYeHWH KHHeTHYeCKoH sHepruH JelitoHoB? flupa
yrjepoja CuHTaTh HENOABHKHBIMH,

22.37. Peaxkuus B (n, a) uger npu GomGapiuposke Gopa
HeHTPOHaMH, CKOPOCTb KOTOPBIX OYeHb MaJja (TeIVIOBBle Hefi-
TpoHel). Kakaa sHeprus Q BhljenseTcss NPH 3TOH peaKuUHH?
[Tpenebperasi cKOpOCTAMH HEHTPOHOB, HAWTH CKOPOCTb U H
KHHeTHYecKyio 3Hepruio W a-uacthHubl. flapa Gopa cuurath
HEMO/IBHKHBIMH.

22.38. [Ipu 6omBapaupoBKe H3oTona JUTUA 3Li nporoHamu
ofpasyioTcsl JBe O-YacTHLBI. JDHEPrUd KaKIOH Q-yacTHIbI
B _MOMeHT UX ofpasoauus W,=9,15 MsB. Kakosa sHeprus
W, GoMGapAHpYIOIHX MNPOTOHOB?

22.39. Hafity HaMMeHBINYIO 3HEPTHIO y-KBaHTA, AOCTATOY-
HYIO U1 OCYIUECTBJIEHHSI PeaKUHH pas/oKeHHs AefiTOHA Y-aTy-
YaMH - -

*H 4 hv — 1H 411,

22.40. HafATH Ha¥MeHBIIYIO 3HEPTHIO Y-KBAHTA, JAOCHATOY-
HYI0 JJISI OCYIeCTBJIEHHA peakKuuH 3Mg(y, n).

22.41. Kakywo ssepruio W (B KHJIOBATT-4acax) MOXHO Tio-
AYYHUTH OT JeneHus maccnl m=1 r ypana *3U, ecqu npu Kax-
IOM aKTe pacmaja Beyensierc 3ueprus Q=200 MaB?

22.42. Kakas Macca m ypaHna *}3U pacxonyerca 3a Bpems
t=1.cyr Ha aTOMHOA 3JIEKTPOCTAaHUHHM MOILHOCTHIO P=
=5000 kBt? K. n. a. npunarb pasHeM 17%. Cuurarh, uro
NPH KaXKJOM aKTe pacnajia Buljeisercss 3Heprus Q=200 MaB.

- 22.43. Tlpu B3pbiBe BofOpOAHOH GOMOBl NPOTEKAET TepMO-
siflepHas peakuua oO6pasoBaHHA el U3 AeHTEPHS M TPHTHA.
Hanucars ypasHeHHMe peakuuu. HaiiTh sneprmo Q, Bhigensio-
ugyiocst npH 3ro# peakuuu. Kakywo suepruio W moxHo nouy-
yATb IIpH 0OPa30BaHHH MacChl m==1T regHs?

- § 23. dneMeHTapHBIE YACTHHBI. chopme_nu YacTHY

-Peinenye 3ajay sT0ro naparpaba OCHOBAHO Ha 3aKOHOMEDHOCTHX, YiKe
PACCMOTPEHHNX B TpeAbiAymuX pasgenax «COOPHUKAr: CTOMKHOBeHHe
YACTHI, ABHMEHHE YaCTHIL B VIEKTPUYECKOM M MarHHTHOM HOAAX H T. X,
[Mpu pemeHHH pARa sajay HEOOXOXHMO HCIOAL30BATh POPMYAH ' TEOPUH

OTHOCHTE/SHOCTH,
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© 23.1. B agepHoit dH3KKe NPMHATO YHCJIO 3apsKEHHBIX Yac-
THL, GOMOAPAMPYIOLKMX MHIIEHb, XaPaKTepH30BaTh HX OOLIUM
3apsJloM, BhIpaXkeHHBIM B MHKPOaMniep<yacaX (MKA-4), Kakomy
YHCTY SapSKEHHBIX YacTHI €OOTBETCTBYeT OOWLHH sapsn g=
=1 MKA-u? 3ajauy pemHTb AJisi: a) 371eKTPOHOB; 0) a-wacTHL.

23.2. Tlpu ynpyroM neHTpaJbHOM CTOJKHOBEHHH HEHTPOHA
C HENOJBHIKHBIM SPOM 3aMeVISIOLIErO BeIecTBa KHHeTHUEEKas
SHEPrus HeATPOHA yMeHbiunJack B 1,4 pasa. Haiitu maccy m
Allep 3aMeNJISIOIIEr0 BeHiecTBa.

23.3. Kakywo uacTb nmepBOHAYaJbHOH CKOPOCTH 6y,ueT co-
CTaBJATh CKOPOCTb HEATPOHA NOC/Ie YNPYroro HeHTPasbHOro
CTONIKHOBEHHS] ¢ HEMOJABHXKHEIM $IIPOM H3oTona §Na?

23.4. lns nonyueHus MelVIeHHBX HeHTPOHOB HX npomy-
CKaloT uepes BelllecTBA, cOJep¥KalliHe BOAOPOJ (HaIpuMep, Na-
padun). Kakyio Hanbosbiryio 4acThb cBOe#l KHHeTHUECKOH 3Hep-
THH HeATPOH Maccoll M, MOXeT nepefaTbh: a) NMpOTOHY (Macca
me), 6) siApy artoma cBHHuma (Macca 207 m,)? HauGosnblias
yacThb fepeqaBaeMoll 2HeprHH COOTBETCTBYeT YNPYIoMY UEHT-
PaNbHOMY CTOJIKHOBEHHIO.

23.5. Hafit B npempiaymeil 3agaue pacnpefie/leHHEe 3Hep-
I'HH MeXAYy HeATPOHOM H MPOTOHOM, ecJlH CTOJKHOBEHHE HEeYIIpy-
roe. HefiTpoH npH KaxKJoM CTOJIKHOBeHHH OTKJIOHSETCS B Cpej-
HeM Ha yroa @=45°.

23.6. Heiitpon, obnanatoutuii smeprueit W,=4,6 MaB, B
pesyJbTaTe CTOJNKHOBEHMU{ C MPOTOHAMH 3aMelisieTcs, CKOMBKO
CTOJIKHOBEHHA OH JOJKEeH HCIBITaTh, YTOOBI €ro 3Heprus
yMeHbwdnach 10 W=0,23 3B? Heiitpon oTK/IOHAeTCS npH
KaXJOM CTOJKHOBEHHH B cpellHeM Ha yroa ¢=45°

23.7. Tlorok 3apsiXeHHbIX YacTHL BJeTaeT B OJHOPOAHOE
MarHuTHoe noJie ¢ HHAyKuHelt B=3 Ta. CKopoCTh YacTHI v=
=1,52.107 M/¢c 1 HanpaBjeHa NepNEHAMKYJISAPHO K Hampasjie-
HHIO noJsg. HafiTh 3apsn ¢ Kakao# wacTHOEB!, eC/IH H3BECTHO,
yTo Ha Hee Jefctsyer cuna F=1,46-10"11 H.

23.8. 3apskeHHas YacTHUA BJeTaeT B OAHOPOAHOE MarHUT:
Hoe noJie ¢ HHAYKu¥el B=0,5 Ta H gHKeTcsl N0 OKPYIKHOCTH
panaycoM R=10 cm. CropocTb yacTuunl v=2,4-10% M/c. Haii-
TH JJI5l 3TOH "4acTHIH OTHOWIEHHE ee 3apsjga K Macce.

23.9. DeKTPOH YCKOPEH pPAa3HOCTBIO MNoTeHHHadoB U=
=180 kB. YunThIBas NONpaBKH TEOPHH OTHOCHTEJbLHOCTH, Hail-
TH JJIS1 3TOI'0 3JeKTPOHA Maccy /1, CKOPOCTh U, KHHETHYeCKYIO
SHEPruI0 W u ornolweHune ero 3apsiga K Macce. Kakopa cko-
pocTb v’. 3TOrO 3seKTpoHa Ge3 yuera pe/ITHBHCTCKOH MO-
IIpaBKH?

23.10. Me30H KOCMHUecKHX Jyueli HMeeT sHepruio W=
==3 I'sB. DHeprua noxos MmedoHa W,=100-M3sB. Kakoe pac-

250



crodune [ B atMocdepe cMOKeT NPOHTH Me30H 32 BpeMsl €rO
KH3HH T N0 1aBopaTopHbiM uacam? CoGeTBeHHOe BpeMsi JKH3HH
Me30Ha To=2 MKC.

23.11. Me3son KOCMMYECKHX JyuyeHdl KMeeT KHHETHYECKYIO
sHepruio W=7m,c?, rae m, — Macca nokosr me3ona. Bo cKOJib-
KO pas CoGCTBEHHOE BPeMsl MH3HH To Me30Ha MeHblie BpeMeHH
€ro JKH3HH T 1o J1a60paTOpPHBIM yacaM?

23.12. TlosuTpoH W 3JeKTPOH COAMHSIOTCS, 00pasysi ABa
tdorona. Halitu snepruio Av Kaxgoro us GoTOHOB, cuuTasi, 4To
Haya/abHasl SHEPrHs 4acTHI HHYTOXKHO Maja. KakoBa miMHE
BOJIHE A 3THX (POTOHOB?

23.13. DneKTPoH U MO3UTPOH 06Pa3yloTcs (POTOHOM ¢ 3HEp-
raeft hv=2,62 MaB. KakoBa 6biia B MOMEHT BO3HMKHOBEHHS
noJHas KuHeTHuecKas sHeprHsa W,-+W, nosutpoHa H aJex-
TpOHA? :

23.14. DJeKTPOH M NO3HUTPOH, 0Opa3OBaHHEIE (POTOHOM
c aHeprueit hv=>5,7 MaB, naoT B Kamepe BH/bcoHa, nowme-
IIeHHOH B MarHHTHOE MoJie, TPaeKTOPHH C PagHycOM KPHBH3HEI
R=3 cM. Ha#ith MarHHTHY®O uWHAYKuhio B noas;

23.15. HenoaprxHuit HeRTpa/bHBIA T-Me30H, pacnafasch,
npebpaliaeTca B Asa ¢(oroHa. Hailitv sHeprHio Av Kaxuaore
tdoroHa. Macca nokoss m-MesoHa () =264,2m,, rae my —
Macca TOKOSl 3JIeKTPOHa.

_ 23.16. HeiiTpoH H aHTHHeEHTPOH coelMHSIOTCs, 00pasys
nBa ¢ortona. Haiith sHepruio hv Kaxaoro H3 QOTOHOB, cuHTad,
yTO HayajbHas SHEpPrus YacTHI HHUTOXKHO MaJja. T
© 23.17. HenoxsuxHui K°-Me30H pacnajaercs Ha 1sa 3aps-
JKeHHBIX T-Me30Ha. Macca nokos K°-MesoHa m1,(K°)=965m,,
rie my, — Macca NOKOsl 3JIeKTPOHA; Macca KaXJIoro fi-Me3OHa
m (n)=1,77mq(m), rhe m,(n)—ero Macca nokod. Halitn maccy
HOKOZ 1715(7t) TT-Me30HOB M HX CKOPOCTh U B MOMEHT 00pa3oBaHHS,

23.18. BniBecTH ¢opMmyJy, CBASBHIBAIOLLYIO MarHUTHYIO HH-
IYKUHIO B noss NUKJIOTPOHA H 4acToTy v NPHJIOKeHHOH K Ay-
aHTaM pasHOCTH NoTeHnua/noB. HalTH yacrory npH/IOKeHHOH
K JyaHTaM pa3HOCTH NOTEeHIHaJ/0B A1 IefTOHOB, MPOTOHOB H
a-ggeTHl. MarHuTHas HHAYKuHA - noas B=1,26 Ta.

23.19. BeiBecTn ¢opmyay, cBsasbBapomlylo 3Hepruio W
BBINETAOUAX H3 LMKJOGROHA YACTHI H MaKCHMAJIbHEIA pajuyc
KpuBH3HH R TpaekTophH uactuy. HaliTe suepruio W Bbu1erao-
IHX H3 LHKJIOTPOHA NEATOHOB, MPOTOHOB H O-YaCTHM, €CJIH
MaKCHMalbHHIH panuyc KpuBu3HBI R=48,3 cM; 4acTtoTa npHJo-
JKEeHHOH K JyaHTaM DasHOCTH NMOTeHnHanoB v=12 MI'n.

23.20. MakcyMaJbHHIH pajdyc KPHBH3HBI TPAEKTOPHH dac-
THI, B UHKJOTPOHe R=35 cM; 4YacTOTa NpHJIONKEHHOH K RyaH-
TaM pasHocTd noTeHnHamos v=13,8 MI'u. Hairu maruutayo
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UHAYKUMIO B mnons, Heo6XopuMoro Aisi CHHXPOHHOH PaGoTH
INHUKJIOTPOHA, ¥ MaKCHMaJbHYIO 3Hepruio .W BhuleTalOIUAX -NPo-
TOHOB.

23.21. Pemnth npempiAymyto 3ajauy AnfA: a) ueﬁTonoa,
6) o-uacTHm,.

23.22. HoHHBI TOK B UMKJOTPOHE npu pa60Te C Q.-4acTH-
namu /=15 MkA. Bo cKonbKo pa3 Takoi uumozpon NpPOAYK-
THBHee Macchl m=1r pagua?

23.23. MaxcuManbHbBI pajvyC KPHUBU3HEL Tpaemoppm yac-
THL B HHUKJOTpoHe R=50 cM; MarHuTHaA MHAYKuus noas B=
=1 Ta. Kakyio nocrosHHyio pa3HocTh moteHnuanoB U Jomxk-
Hbl NPOHTH TNIPOTOHH, YTOOLI MOJYYHTh TaKOE K€ YCKOpeHHe,
KaK B JaHHOM HHKJOTpOHE?

23.24. 1{uknotpoH paer nefitonbt ¢ 3HeprHeit W=7 MsB.
MarnutHas HHAYKUHSA TOA UHMK/IOTPOHA B=1,5Ta. Haiitu
MaKCHMaJbHBIAI pafMyC KPHMBH3HH R TpaeKTOpHH JeifTOHa.

23.25. MexAy IyaHTaMM HHKJOTPOHA paguycoM R =50 cM
npuJoXeHa MNepeMeHHas pasHOCTb noreHuxanos U=75 kB
¢ uacroroil v==10 MI'u. Halitu MarauTHYyIO HHAYKUMIO B noas
IUKJIOTPOHA, CKOPOCTb U M 3Hepruio W BhLIIETAIOMMX M3 LHK-
JoTpoHa uacTun. Kakoe uHcio 060pOTOB 1 nenaeT 3apsiKeHHas
YacTHLIA N0 CBOEr0 BHJIETAa M3 IHKJIOTpOHA? 3anayy peLruThb
AJs AeHTOHOB, NMPOTOHOB M O.-YaCTHIL

23.26. o kakoii sHepriu W MOXHO YCKOPHTH G-UACTHIIbI
B IHKJOTPOHE, €CJH OTHOCHTEJIbHOE YBeJHYeHHe Macchl 4ac-
THHB k= (m—m,)/my e NOXKHO npeBhinaTh 5%?

23.27. Dueprus JeATOHOB, YCKODEHHBIX CHHXPOTDPOHOM,
W=200 MsB. Hailitu ana 5THX AeHTOHOB OTHOLIEHHE M/,
(rie m — Macca JBHXymerocs JIeHTOHAa U M, — €ro Macca
MOKOf1) M CKOpOCTh 0.

23.28. B ¢a3orpone yBeJiMueHHE Macchl YacCTHIB NPH BO3-
pacTaHHUU ee CKOPOCTH KOMIEHCHpPYeTcs YBelHueHHeM NnepHoaa
yckopsiomero noss. Yacrora pasHOCTH NOTEeHUMAJIOB, NOfaBae-
Mol Ha AyaHTbl $a3oTPOHA, MeHAJach AN KaXKAOTO YCKOPSIO-
mero nMkaa oT vo=25 MIm go v=18,9 MI'm. Haiitu mar-
HUTHYIO HMHAYKUHIO B moss &pasmpona H KHHETHYeCKYIo
spepruto W BhUTETAIOMMX MPOTOHOB,

23.29. TlpotoHn! yckopsioTcs B a3oTpoHe g0 sneprnu W=
=660 MsB, a- yacTHIb — A0 3Heprum W=840 MsB. Jlas
TOTO 4TOGHI CKOMIEHCHPOBATh YBe/JHUeHHe Macchl, H3MeHAJICH
nepHoJi ycKopsiouero noss ¢asorpona. Bo ¢konbKo pa3s Heob-
X0AMMO GEUTIO H3MEHUTD NMEepUOZ YCKOPSIOmEro noJs $HasoTpoHa
(B KaXA0ro yCKOpsIoLero unx.na) npn pa60Te. a) € nporo-
Hamy; 6) ¢ a»qac'mnawm?
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OTBETBI W PEWIEHH A

‘\

X‘Jl~ apa I
GU3HHECKHE OCHOBbI MEXAHHUKH

§ 1. Knuematuxa

1.1, Cpe;wim CKOPOCTb ABHIKEHHS aBTOMOOHJS v=1/t, rne 1 =1+
+ lg==vyt; - tyoty. o ycaoBuio ¢;=t,=1/2. Taxkum o6pasom,

= 0t/24-08/2 _ vyf-v,
[ T2

It

==60 kM/4,
1.2. v=1/¢, rre t =1t 4ty =lyfv 4 ly/v,. TTo yeaosuto ly=Ily=1/2,
Takum o6pausom, ,

! — 20102
120, 4-1/2v; — vy F-0,

U= =53,3 kM/d.

1.3. 0=12,3 kM/u; 2 =0,83 m/c.

1.4. a) v=3u/c; 6) v=1wm/c; 8) v=224m/c.

1.5. a) CamosieT ROJIXKeH JepkaTb KypC Ha [0ro-3anap NOx YrioM

a=3°2" x MepuAHaHy, CKOPocTb U==T798 kM/4; 6) KypC Ha cepepo-3a-
nan, o=3°62', v=798 KM/4; B) Kypc Ha 3a-

nafi, v=T46 KM/4; T) Kypc HA BOCTOK, U= A A
=854 km/u.

1.6. a) ¢=30Mmun; 6) £=230,2wmuu; B)
t=26,8 muu,

1.7. u=0,60M/c;.t=250c.

1.8, vy=14,7m/c; h=11m,

1.9. t=29c¢; h=4hy=40m. v

1.10. a) t=8,4c¢;6)t=73c; B){=17,8c. :

« 111, Xapakrep 3aBMCHMOCTH BHICOTH h

H CKODOCTH U TeAa OT BpeMeHu ¢ H306paxen
Ha puc. 68,

1.12, 3a nepsyio 0,1 ¢ cBoero JBHMKeHust TeJO NPORKET NMyTh hy =
= gt}/2=0,049. Becb nyts TeNIO NPOAZET 32 BpeMs t=V§T/§=2c.
3a nocsensioro 0,1 ¢ CBOEro ABHKEHHS TeNO NPORNET NyTh hy=h—Ah,,
rae hy—nyTh, NpofiteHHLN TesoM 3a Bpems fy=(2—0,1)c=1,9c. Tak
Kak hy==gfi/2 =177, 10 ny™s hy=(19,6—17,7) u=1,9 1,

1.13. [lepputi | m cBoero myT Teo npofiner 3a peMs t;=) 2hy/g=
= 0,45 ¢. Obmee Bpema naneuus f=V 2h/g=2c. Mocaenunn 1 M cpoero
NyTH Ten0 npofifetT 3a Bpems fy=[~—/{y, FAe {;—BpeMA NPOXOKACHHS
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nyrn by =(19,6—1)M=18,6 M. Tak Kax f,= V2h,/g=l,95 c, TO BpeMs
t3=(2—1,95) c=0,05¢c. -

114, h=57m; t=34c. - )

1.15. Teso 1 npomio nyts hy=uvel—gt?/2; teno 2 mpomuio nyth
h,._gt2/2 Paccroanue memay TenamH [=h—(h;-4-hs). Tak kax h1+
4 hy =uvyt, 10 l==h-—vet. Tena Berperatcs upu =0, T.e. B MOMEHT
BpemeHu f=="h/uvq.

1.16. a=0,13 m/c?; {=3,6 mun. .

1.17. Tlpn paBHOTEpEMEHHOM JBHXCHHH HKMEIOT MeCTO YpPaBHEHHS
ABHMEHHA o ) -

s=ugl +at2/2, )
U=Z}o+dt. . (2)

[o ycmosuio v=0. [Tosromy u3 (2) HveeM

a=—v/t =-0,5 M/c2., . 3)

Moacraasa (3) B (1), HaigeM s=vy#/2= 100 M.

1.18. a=—0,055m/c2; s="566M.

1.19. £=30c; s=225m.

1.20. #= (vso—vi0)/(ai - Ga). Tax kaxk Bpemsa ¢ > 0, %o AJIS petlie-
HHS 3ajaU8 HeoGXOMIMO, UTOGH Upy > Ugp.

1.21, a=(ve—0vjo)/t=1m/c%

22, a) v=(2-—-6¢4 129 mjc, a=(—06-124f)mM/c?; ©) s=24m,

v=38M/c, a=42M/c?. XapaKrep 3aBHCHMOCTH NYTH S, CKOPOCTH U M
yCKOpeHHS @ Tesla OT BpeMeHH ! H306paxeH Ha pHC. 69.

Puc, 69. ' Puc. 70.

1.23. v="7m/c; a=4 m/c2. Xapakrep 3aBHCHMOCTH TYTH S, CKOpO-
CTH U M YCKOPeHHS @ Tejia OT BpeMenH ¢ usobpaxeH Ha puc. 70.

1.24. v;=3m/c, Uy=BM/c, V3=T M/cj By =0ay=0a3=2M/c

1.25. t=12¢; a=0,64 u/c2. :

1.26. IepeMeinedne KkaMHA MOXKHO DasJIOXHTb HA JBa: vopusom'anb-
HOE Sy H Bep'mxa.nbnoe s, (puc. 71). IlpuMensa sakoH aeaaangymoc'm
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ZBueBnf, BMeeM Syx=h=gt/2, sy=I==v,l, rae {—BpemMs xBHMenus.

Otciona t=V Thlg=2,26¢; l=v,t=339m; v=V 03+ 0p=26, 7u/c
rne vy—gt=22 1 m/c; sin@=uv,/v=0, 827 u @ =55°48".

1.27. h=1,22m; v,=10M/c; v=11,1 M/c; ¢=26°12',

1.28. v, =11,1mM/c; p=068°12",

1.29. v, =4,4M/c.

1.30. Tak Kak ropu3oHTa/JbHAs COCTABAAWLIA# CKOPOCTH KaMHA
NOCTOSAHHA, TO TOPH3OHTaAbHaA COCTaBaIOULAA YCKOPEHHS pPaBHa HYJIO,

K
/ f” - {x z
i Sy ———— - "
’ e NP2,
A e |
4 vy LNy Y 4
Pue. 71, Puc, 72.

IlostoMy mnonHO® yCKOpeHHE KaMHS @ Bce BpeMs HanpasJieHO BEPTH-
KagibHO BHH3 M PaBHO YCKOPeHHIO cBOGOAMOTO TNajleHHs g a=g ==

xVa?;—l—aﬁ. Ha puc. 72 umeem

—Y%_On_0n T S I
osg=FmT=T sho=g=T=T
orciona
v 2
a,,zgt:)—".:———"g,__t—’;__———S 2m/e?, ap= _1)3=___2]L=5‘4M/cz_
Viites . Vitgn

1.31. R ==305m. :
1.32. Haiizem BhicOTY /1, Ha KOTOPYIO NOAHHMETCS MY, GPOIUEHHBI
CO CKOpOCTBIO Uy TOA YIVIoM O K

ropusoury. Hwmeem (puc. 73) N . )
Yyl =TT TS
vy =0y Sin 0 —gt, M -‘/w _ ‘*\\\
sy = (vo sin &) t—gt?2. (2) 2 ”z' >

B sepxueit Touke v, =0, u u3(l) - Puc. 73.

noJyuYHM Upsina=gl;;  OICIona
BpeMs noxbeMa Msua Ji= (vosin a)/g. [loAcrabass t1 B (2), nozy4HM

h=sy=(hsin? @)/2g=2,1m,
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HafizeM panbuocTh mogera [ maua, Hueem (puc. 73)

Vp=UpCOSCL, ' &3]

Sy=Uyxfi=(vpcosa)f. 4)
Msau ynazer uHa 3eMJI0 uepe3 BpeMms fy= 2t1—2 (vo sin o)/g. HO,I[CTaB-
ans ¢, B (4), nonyunm !=s, = (vjsin 20)/g=10,0m.

Bpems nmosera msua fy=2¢;=2(vpsin a)/g=13c.

1.33. Tak kak l=s,=(v}sin2a)/g, 10 li/ly=gs/gi» OTKyRa Iy =
= l1g1/8s=16,23 M, rnie g; ¥ gz— yCcKOpeHus €B06ONHOrO nafeHus 8 Jle-
uunrpaje ¥ B Tamxeure.

1.34. h=5,9m.

1.35. h=74m.

1.36. Haitzem Bpems f;, 3a KOTOpOoe Tesi0 NOAHHMETCS IO Bepxueii
TOYKH TPaeKTOpuu: fy= (vysin)/g=0,75c. Orciona BHAHO, YTO K MO-
senTy ¢#=1,25c Tes0 Gyfer HaxoAHTHCA yXe Ha crmycke. 3alayy Tenephb
MOMKHO cq)opmynnpoaa'r'b Tak: «Teno 'Gpomenc TOPHIOHTANBHO €O CKO-

POCTBIO Up = 0 €OS &= 12,7 m/c. HaiiTn . HopManbHoe "a, H TaHreHIHaJb-
HOe ay YCKopeHHs yepe3 BpeMs ¢’ =(1,25—0,75) ¢=0,5 ¢ nocse navana
apuKeuns», Takum o6pa3oM, MH NOJYYHJH 3afavy, aHaJOrHIHYI0 2-
Raue 1.30. Pemas ee Tak e, Kak sanasy 1.30, noxyuum

’ . : ’
) a,,=g—l:—;1=9,15 m/ck, a¢=g l-zi_.__.g_u__=3,52 M/c2,
Viiter®
Yuamemycs NpejpiaraeTcd. NPOBEPHTh, 9TO IOAHOE YCKOpeHHE a Teda,
HaNpaBJeHHOe BCErAa BHH3, PAaBHO YCKOPEHHIO CBOGOXHOTO HaieHHS g
(cm. pemenne 1.30).
1.37. R =6,3 M. !
1.38. vy=9,4m/c; a0 =>54°44",
1.39, IBuxenne Teda, 6POWEHHOTO ¢ BHCOTH fy NOA YIJIOM Q. K ro-
PHB0HTY, MOMHO panlo)KHTb Ha J8a STalla; ABHJKEHHE TeJa 0 HaHBHIC-
mefi ToukH A (puc. 74) M gBHRKe-
HHe Tesa, OPOLIEHHOTC H3 TOYKH A
" TOPH3OHTAJIBHO €O CKODOCTBIO Uy =
=0 COS Q. BhicoTa NoXpeMa Teaa

Sy = AC ho + h= ho -+
-+ (ve sin? @) /2g.

O6mee npemi ABHXKeHUS Kamust I=1{Iit-1y, rae #i==(vsin a)/g —
BpeMs MOIBEeMa KaMHA Ha BHCOTY hut-= V2sy/g—BpeMﬂ nageau s
kameg. Fogcrasngs pdnunle sagaus, nony'mM sy-27,9 M, £;=0/77c,
t3==2,39 ¢; orciona {==3,16¢. :

256



Paccrosinue OT OCHOBaHHSI OGallHH 10 MecTa NafieHus KaMHA na
semaio [=0D =0C--CD, rze OC = 0E/2 = (v} sin 20.)/2g ~ 10, CD =
== 0,8y =Upfy cos a=31,1 m; orciona /=41,1u,

Cxopocts v=V b 403, I 0y=upcos u =130 Me, vy=gly=
= 23,4 m/c; orciona v=26,7 m/c.

Yron @, cocTapiseMbli TpaeKTOpHell KaMusi ¢ TOPH3OHTOM B TOYKE
NajieHR s KamHA Ha 3eMJIo, Hafifiercss U3 Gopmyas v, =u, tg @, oTkysa
tgp=uvy/v,=18 u g=61°

1.40. Ynap Maua O CTEHKY nNPOHCXOAUT TNPH NOABEMe MsAua. Mau
YA2pHT o cTeHKy Ha Bhicote £=2,1 M. B MoMenT yaapa cocraBasiouiue
CKOPOCTH vy =1, €08 0 =7,07 M/C B vy, =1, sin o — gt =2,91 m/c; orciona

v= Vvi-{— vz =7,6 M/c.

1.41. a) ©=7,26-10-5%pan/c; 6) w=14,5-10"5panfc; B) @=
=1,74-10-3 pan/c; r) 0=1,19-10~3 pag/c; n) v=7,8 xm/c.

1.42. v=231 m/c.

1.43. v= 1660 xm/u.

1.44. v=400m/c.

1.45, R=8,33 cM.

1.46, Ilpu pasHOmepeMeHHOM BPAILATE/ILHOM ABHIKEHHH HMEIOT MECTO
yPaBHEHHS NBHKEHUS

P=wol+¢&1%/2, w=w,} &l. 1))

Tlo ycaoBuio @y=0. Toraa ypasuenus (1) npumyr BHA
P==¢t2/2, w=st. (P))

Pemasi (2) COBMeCTHO H YuHTHIBasy 4TO @ =2nN, nolyuuM €= 0?/4aN=
=~ 3,2 pag/c2.

1.47. £=:1,26 pan/c*; N =360 o6.

1.48. e=—0,2! pan/c?; N =24006.

1.49. t=10c.

1.50. £=6,3¢; N=9,406.

1.51. Tlo ycioenio ay==const. Eciu ¢ OTCYHTHIBATL OT Havyaxa ABH-

XeHns, 10 ag=0v/t, a,+=0v¥R; otciona ¢t =V a,R/ay. a) Ecan a,=ax,
10 t=V Rjag=2c; 6) ecan a,=2ay, 10 t=V 2R/az =2,8¢.

1.52. ay=v¥/4nNR =0,1 m/c2.

1.53. a,=1%?/1652N?R3=0,01 m/c2.

1.54. ©=4,4.10'% pag/c; a,=9,7-10% m/c2,

1.55. a) IIpu paBHONEpeMeHHOM BpallaTebHOM JBHXKEHHH YrJIOBas
CKOPOCTh © CBA3aud ¢ BpeMeHeM f ypaBHeHHeM ©==w,-1&f. [lo ycsopumwo
0o =0 u Torga w==gt, T.e. yra0Bas ChOPOCTb PACTeT NPONOPIHOHAILHO
BpemenH; npu f=1c¢ umeem ©=3,14 pag/e.

6)-Tak xak v=0R, TQ IHHeAHAS KOPOCTb TaKKe NPONOPHHOHANEHA
Bpemeny; npu f=1c umeem v=0,314 m/c.
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B) TaurenumadeHoe YCKOpeHHe ay==&R He 3aBHCHT OT #; T.€, MO+
CTOAHHO BO Bee BpeMfd ABHMKeuus; npu f==1c umeeM a; ==0,314M/c%,

r) HopmanbHoe ycxopenne a,=@’R ==g?{?R, 1,e. pacter nponop-
LHOHAJIbHO KBajlpaTy BpeMenH; mpH f=1c uMeeM a,=0,986m/c?,

x) IMoanoe ycxopeHne pacTeT cO BPEMEHEM IO SaKOHY 4 = Va%—l—af,:
=a; V 14634 npu ¢#=1c uveem a=1,03 m/c2,

¢) Umeem sin a=at/aél/V1+s2t4; TAe —YFoJ, COCTaBJjisieMbilt
BEKTOPOM IIOJTHOPO YCKOPEHHS C pafHyCOM KoJeca, B nauanpHuift moment
{=0 mBMeeM a=ry—IOaHOe YCKOPEHHE HallpaBJ/ieHO N0 KacaTeJbHOH.
Ilpr t= o umeem a=a, (TaKk Kak a; =const u a, nponopunHoHaNAbLHO
KBajpaTy BpEMEHH)—IIOJIHOe YCKOpeHHe HanpapjieHO N0 HOPMAalH,
K KoHIy nepeoil cexyuan sin o= ay/a,=0,314/1,03=0,305 u o= 17°46’,

1.56. a,=4,50m/c?; a; =0,06 m/c2,

1.57. v=4 m/c; ar =2M/c?; a,=2m/c?; 0 =2,83m/c?,

1.58. £=0,43 paxn/c2.

1.59. R =a/eV T fetit=6,1m. .
1.60. a)m_l4pa;1/c 6)v=1,4m/c; B)s-:—12pa,u/cZ r) ar=1,2 M/c?;
a,=19,6 m/c?.

1.61. Aay =0,3 m/c2.

1.62. ¥Yron o onpegeasercs paBencTBoM g a=azr/a,, rae ar—
TAaHTeHI HA/IbHOE H @, — HOpMaVibHOe yeKopenus, Ho ay = du/df, a, = v*/R;
cjIefloBaTeIbHO, B YCJA0BHAX Hamel 3afauH tg a=(3-1-2/) R/(3f-}-£2)2.
IlonctaBias B 51y dopmyay 3savennd t=0, 1, 2, 3, 4 u 5¢, mosayynm:
t=0, tgoa=10c0, T.e. 2 =90°—nosaHoe yCKOpeHHe HaNpaBJeHO N0 Ka-
cateapHolt; f=1c¢; tga=3,13 u a=72°17"; t=2c¢, tga=07 u
=35%"; t=3c¢, tga==0,278 u a=15°32'; (=4c, tga=0,14 u
a=7°8"; t==5c¢, tga=0,081 u & =4°38'". Ilpu = oo umeem tg x=0,
T. €. 0=0—I0JHOe YCKODEHHE HalPaBJIeHO IO HOPMaJiH,

1.63. R==1,2u.

1.64. a,/ay =0,58.

§ 2. Jlunamuka

2.1. Ha onyckawmufica aspoctar (¢ GainacToM) AefiCTBYIOT NONDb-
eMHas cuia F (BBepX), cHaa cONPOTUBJEHHS Bo3fyXa Feonp (BBepX) H
cuna TskecTd mg (BHH3), Tak xak aspocrar ABHIKETCH DPaBHOMEPHO, TO
no nepBoMy 3akoHy HbloToHa pasHopeficTBylomas cuJsia pasHa HyJIO:

F+Féonp=mg- (H

Korxa 6annact c6pomen M aspoCT4T HAaYHET NOXHHMAThCs, BMECTO ypas-
uenus (1) Gymem umern

F=Fcorrp+(m—mx)g- ‘ R )
Pewasn (1) u (2) cobMecTHO, NOMYYHM m,,==2(m—F/g)=800kr.
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. 2.2, a) Ha rpys, nopuuMaomuiics BBEPX, RSACTBYIOT ChHaa THXeCTH
mg (BHH3) u cuaa Harsxenust wut T (BBepx). [IpuMenss BTopoOil 3aKoH
Hbiorona, noayunm

ma=T-—mg; orciona T=m(a-}g)= 14,8 H.

6) Ha rpys, onyckaiomuiics BHU3, HeficTByeT CcuJa TAMKECTH mg
(8uu3) u cuaa Hartskenus uute T (sBepx). [Tostomy

ma=mg—T; orcioga T=m(g—a)=4,8H. ‘

Ecan rpy3 onyckaercsi € yckopenueM g (cBOOOJHOe NajieHHe rpysa), T. €.
eClH a=g, TO, KaK K CJIef0BaJI0 OXHAaTh, CH/Ia HaTAxKeHHA HuTH T =0.
2.3. a=1,25m/c2.
2.4, a) a=4,9m/c? (BBepX); 6) a=2,45 m/c? (BHU3).
2.5, a;=13,8 m/c2.
2.6. 3anayy MOXHO DEIIUTh ABYMA cnocoGaMi,
. L. o Bropomy saxouny Hoiorona

F=ma, (1)

rae F—cnia TOpMOXKEHHSI, m-—Macca aBTOMOGHJIS, @—ero yCKOpeHHe
(8 HameM cJay4ae OTPHUaTeabHoe). TaK Kak aBTOMOGHJIb JBHIKETCS
PaBHO3aMeAJIeHHO, M3 YPaBHEHHH KHHEMaTHKH DaBHOIepEeMeHHOTO ABH-
JeHHS MOJYYHM :

a=2s/12, : @

Up =28/t =36 kM/u 3)

(cm. pewenne 1.17). IToacraBasas (2) B (1), umeeM ’
F =2sm/{?=2,04 xH. (4)

I1. Hicnoss3yem sakoH coxpanenus snépruu, Ilpu 'ropw'xox{eﬂnu as-

TOMOGHJISI €ro KHHETHYECKas SHEPrHs NePeXOAnT B PaGoTy NPOTHB CHJIB
TOPMOXKEHHSA, T. €.

mup/2=Fs, ®)

Ho u3 ypaBHeHHH KHHEMAaTHKR HMeeM '

. ‘ vo=2s/t. 3
IloacraBiinsg '(3) B (5), nosyuHuMm, KaK H paHbIDe,

F =2sm/ft2, (4)

2,7, F=:27,7xH.

2.8. a) F=3xH; 6) F=30xH; B) F=2300«H.

2.9. Cuna, KoTopyl HaA0 IPHJOKHTh K BaroHy, MJAer Ha Npeojao-
feHHe TPEHMS H Ha cOOGHIEHHe BaroHy ycxopemnusl, T.e. F=Fyg--ma.
Ho Fio=Fkmg, tne k=0,05—xospdunuenr rtpenui. Tark kag Barou
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ABHIKRETCH paaﬁoycxo‘pehao, 10 s=at?%/2; orciona a==2s/t*, H TOrja
F=kmg--2ms/t?=8,2 xH, '

2.10. vo=11,75 m/c.

2.11. F=6kH; t=50c; s=375wm.

2.12. Ilo stopomy 3axkony Heiorona F=ma, rae a=dv/dt. ¥ nac
v=ds/df{=— B--2Ct—3Df?; cnenosatespbHo, a=dv/d{=2C—6Dt¢.
Torna

F=ma=m (2C—6D¢t)=0,5 (10—6f) H.

D10 ypaBHeHHe JaeT 3aBHCHMOCTh cHJbl F OT Bpemenu f, B xonume mnep-
Boil cekyHas F=2H.

2.13. m=49«kr.

2.14, F=—0,123 H.

2,15, FAt=5,6.10-2H.c.

Aav

Puc. 75.

2.16. Ilo BropoMy aakoHy Hbiotoma umeem F At=m Av, rae Av—
BEKTopHasi pasHocTh ckopocted, CynTas nOJOXKHTeIbHBIM HAIpaBJ/eHHe
HOpPMaJiH, BHeIHell K cTeHke (pHC. 75), nosyunm

© Av=1, c0s ot — (— vj COS &) = vy COS O - U COS L.

Tax xak no ycnoBuio v;=v,=v, To Av=2vcosc. Takum 0Gpa3som,
FAt=2mvcos=2,8.10-2H.c, -

2.17. t=0,51c, .

218, F=86H. Yxasaunue. Yuectb, 4T0 34 BpeMs Af 0 creHKy
yaapsierci Macca BOAM, Haxojsumeficd B LUJHHADe AJHHOH [=0pAf u
NoniepeuHuM ceueHueM S, T, e. m=pSv Af, rie p—IJOTHOCTb BOAMI.

2.19. v=21,6Km/u; t=73¢c; a==—0,098m/c?; s=218 M.

2.20. a) F=980H; 6) F=3xkH.

2.21. ¢=14°. YkxasaHne. YuecTb, 4TO pPaBHOACHCTBYIOUAS CHJIbI
THHECTH ¥ CHAB HHEPUHMH [O/KHA ObTh NEPHeHAHKYJIAPHA K HOBepX-
HOCTH FKHIKOCTH.

2.22, o=6°30',

2,23, k=<0,15.

2.24, OGosHauuM CHJIy TAKECTH, MEHCTBYIOUYIO HA eJHHHLY IJHHH
KaHa'Ta, yepe3d myg, Torma cuna TspKecTH CBelIHBajoutelics YacTH Kauara
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paBua mygl/4. dra CHNa TAXKECTH YPABHOBELUHBACTCH CHJION Tpenus Frp
AefiCTBYIOIef! HA Ty 4acTh KaHaTa, KOTODad JIEXHT Ha croje; Frp=
= 3km,gl/4. Takum o6pasom, mugl/4=3km,gl/4, otkyaa k=0,33.

2.25. a) Cuna Tarn, passusBaemasi MOTOPOM aBTOMOGHJIS, HOAHHMAl0-
Ierocss B ropy, HAeT Ha MPeOo/ieHHe CHJBl TPeHHS M COCTaBJsIomei
CHJIBI THKECTH, NapajlyielbHoll nepeme-
menuio (puc. 76): F = Fip-f-mg sin a,
npuueM’ Fo,=kmgcos . Takum o6pa-
30M, CHJIa TATH

Fe=mg (k cos aa{sin a)=1,37 xH.

6) Ias aBToMOGUJS, IBHIKYHIEroCs
NOA TOpY, CWJIA TATH

F=mg (kcos o—sin ) =590 H, Puc. 76.

Ecin cusia TPEHHS MEHbIIe COCTABJIOMER CHJIBI THIKECTH, NapallJiebHOI
nepeMemeHuio, T. e, ecyin kmg cos o < mgsina, 1o F < 0. B stom cay-
uae, 4TOGH OCYLIECTBUTh PaBHOMEPHOe ABHIKEHHEe aBTOMOGH/IA IOX ropy,
HeOOXONMMO NPHJIOKHTb 3alepxKuBaiomyio cuiy. Ilpu orcyrersum 3Tolt.
cuel aBTOMOOGW/Ib Oyner JABHraThCcsl NOJA FOPY C YCKOpeHHeM g =
= g (sin a —k cos o).

2.26. F=2,37gH.

2.27. £<<0,07; a=0,39 M/c?; £=22,7 ¢; v=28,85 m/c.

2.28. k=tg a—v?/2gscos a=0,2,

2.29. £=0,5.

2.30. Cuna mgj—mg, coobliaer o6enM TUPSAM YCKOpeHHe

a= gm‘_3 227 M/c?, (l)

VpaBuenss ABMNKEHUS THPb C MacCaMu mj M My SanMIyTCs B BHIE

ma=mg—Tj, mea=Ty—mg 2

(c. pemenne 2.2). Us ypasrenuit (1) u (2) noayusm
2myim,

T1=T2=m1+m2

g=13,0H,

mlmz(1+k) _
PR g=>54H. .
mi—mysina_ .
P =2,45 m/c?;
mymy (1 -}-sin o)
Ti=Ta= my—mg

Ty=Te=
2,32, a==g
g=T7,35H.
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my—m, (stna-kcose)

' - 2.
2,33. a=g¢ PR =2,02 m/c?;

Ty=Ty= mamy [1+(slnoc+kcosa)] ~777H.

.mi+-mg
_ ‘misinB—mysinc .

234, a=g e =1,02 M/c?;

TymTy= mims (sin a.--sin B) g=59H,

mi—-me
2.35, g ml (sin B —k cos B) —m, (sin ok cos a) — 0,244 /e,
mij~tmgy
Ty=T,: m1m2[slna-—{—sinﬁ-—{—k(cosa-cosﬂ)]g 6,0 H.
m1+mg:

2,36. Pa6ota A Hier Ha yBeJuueHHe NMOTEHLHAJBHON SHEPrHH rpy3a
¥ Ha COOOUIEHHE eMy YCKOpEHH:; T. €.

" A=mgh-+mah=mh(g-a), orkysa a=(A—mgh)/mh=29,4n/c%

2.37. Al'/A2= 10. -

2.38. a) A=21,0Ix; 6) A=064,0 Ix.

2.39. m Av=-—3,5 rr:M/cC.

2.40. k=0,01. -~

2,41, A=2,25 MIIx; s=375 v,

242, veg 50 RM/U,

2.43. k=0,05,

2,44, A=:35,6 IIx.

2.45. m=10,06 xr.

2.46. Ilpu MommoctH psuratesns N U CKOPOCTH [ABUKEHHS U JBH-
ratejn IPH MepeMeleHUH aBTOMOGH/IA Ha pAacCTOAHHE § COBEpIlaeT pa-
6oty A=N{/m=Ns/qo. Tpu srom 3aTpaunBaeTcsi Macca GEH3HHA m =
= A/q=Nsjgnu=13 xr.

2.47. n=0,22.

2.48. Ha puc, 77 f5aH XapaxTep SaBHCHMOCTH OT BpeMeHPI t xuHe-
THueckoll W,, norenuuansnofi Wy u monsoft W oHepruit kamHs, Gpo-
WIEHHOr0 BepTHKa/NbHO BBepX.

w4 W,
Wa W
We b4 Wa ¥
Puc, 77. Pue. 78. ‘

2.49. Ha puc. 78 nar xaparTep 8aBHCHMOCTH OT PAacCTOSHHA A KHe
Hernyeckoft Wy, noreduuanssolt Wy M noamot W oumepruft xamua,

6poLIeHHOr0 BEPTHRAJBHO BBEDX, -
2.50. Wy =W,=98,11x, -
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2.51. W,=322 Ix; Wy=39,441x.

2.62, a) We=6,61x, W;=159 Ix, W=225]Ix; 6) W,=
= 5,7 Ik, Wy=16,8 Ix, W=22,5 [lxk. OrMersm, 4T0, COrMIaCHO 33KOHY
COXpaHeHHs SHEprHH, NOJIHas SHeprus B caydadx a) u 6) W=22,5 Ix.

‘2,53, t=15¢; s,=19,1 M. :

2.54., a;=0,1 m/c2,

2,55, TNoTenumanbHas sHeprus Tesla nppi COCKaJ/Ib3bIBAHHH C HARJIOH-
HOH IJIOCKOCTH NepexXOJHT B KHHETHYECKYIO SHEpTHIo H B paboTy IpOTHB
CHJILI TPEHHS, T.e. mgh= mv?/2-}-Fl. Ho h=1Isina, Fyp=Fkmg cose,
FI€ o ——yroJl HAKJOHa IJOCKOCTH.

a) Wy =mv?/2=mgh— Fy,l=mgl (sin o —Fk cos a) =4,9 [Ix,

6) v=V oW, /m=3,1 m/c.

B) KuHeTHueckas oHeprus, KOTOPYIO TeJO HMEeT Yy OCHOBAHHMS Ha-
KJIOHHOH IJIOCKOCTH, TEPEXOJUT B pafOTy NPOTHB CHJIB TPEHHS HA TOPH-
30HTA/IBHON NOBEPXHOCTH, T. €. Wy = Fyps =kmgs, otxyna s=Wy/kmg=
=10 M.

2,56, k=0,07,

2.57. £=0,22; Q=5,7 Ix.

2.58. A=7MJIx; N=29,4xBr,

2.59. MommHocTb, paspHBaeMasi JBHraTeneM apToMoOu/A, oOmpefe-
asercs dopmynoft N =Fv==Fkmgv, rie mg-—cuna TaxecTH, AeHCTBYIO-
mwag Ha aBTOMOGH b,

a) Ilpu nBuKennH aBTOMOGHJIA MO FOPH3OHTANbHON J0POre MOIIHOCTD
N =kmgv=6,9 xBr.

6) Ilpy gBuKeHMH B ropy aBTOMOGHJIIO NPHXORMICS TNpPEOA0JeBaTh
cuJly TpPeHHS H COCTaBJSAIOMYI0 CHJIBI TAXKECTH, MapalelbHYIO IepeMe-
wenHo (cM. pewenne 2.25), T. e. F==mg (kcosa-|sina); crexosa-
TeabHO MomHocTs N =mgv (k cos a-tsin a)=11,8 xBr.

B) Ilpu nBHKenns aBTOoMOOMJIA 1[OZ FOpy MomHOCTs N =mgsX
X (k cos a—sin o) = 1,98 kBr.

2.60., Uro6m aBTOMOGHMJIL JBHrajgcsi NOJ4 TOPY C BHIKJIOUEHHEM

_ MOTOpOM € IOCTOSIHHON CKOPOCTBIO, HEOGXOAHMO, uTo6H CHJA Tpé-
Huf Obua paBHA COCTABJAMOMEH CHJIB TAXECTH, NMapal/elbHOH mepe-
MeleHnio, T. €. kmgcosa=mgsina; orcioda k=1ga. MomHocTs,
pa3BUBaeMas [BHPaTesleM NpH LBHXEHHH aBTOMOGHJS B rOpY, ompeje-
asercs Gopmynoit N =Fv=mgv (k cos a-+sin o). TloxcraBisia B 5Ty
dopmyny k=tg a, nonyunm N =2mguvsina =11,8 kBr.

2.61. a) Ilpy HemoABMXHOH maaThopMe HadaJbHasgs CKOPOCTb CHa-
pAja OTHOCHTENLHO 3eMJIH DaBHA €r0 CKOPOCTH Up OTHOCATENLHO OpYAHMA.
Ha ocnoBanuH 3axOHa COXPaHEHHS HMIyJabca HMeeM

(mi-+ ma- mz) v=mgvg-t (my -} my) u. )

B paccmatpuBaeMom caysae v=0. Torga ypasuenne (1) Azer

U = ~= Mgvy/(my -4 mg) = —12 xm/u.



3HaK «MHHyC» yKasmBaer, 4to ®can cuHTaTH HanpablieHHe NABHIKEHHUA
cHapfila NOJIOKHTENBHBIM; T. €, eC/IH CuMTaTh Uy > 0, 10 -u <0, naar-
¢opMa cTala ABHraThCs B HAMpaBJeHHH, MPOTHBOIOJIONHOM Hanpasie-
HHIO ABMIKEHHA CHapsja.
6) Ecau BhicTpea Ob1 NMPOH3Bened B HalpaBJieHH® ABHXKeHHs ILIaT-
¢dopMH, TO HauanbHAs CKOPOCTh CHAPSNAa OTHOCHTEJBHO 3€MJM paBHa
vo-+vu. Ha ocHOBaHMH 3aKOHA COXpaHEHHS HMMNYyJbCa HMeeM ‘

(my+mg+ms) v=rmg (Vo) + (my - mz) 4, 2
oTKY 1A

(ml-l-mg-{-ms) v~ mg (Vg v) —6 kM/a.
my-tmg

Ormerum, 4T0 ¢ > 0, T. e. mnarpopma NPOROIKAEET IBUIATHCA B TOM Ke
HanpaB/ieHud, HO C MeHbIUe# CKOPOCTBIO.

B) Ecau BuicTpes 6bi1 NMpoH3BeJeH B HanpaBJeHHH, NMPOTHBONMOAOXK-
HOM HanpaBJEHHIO ABHXeHHs nnatdopmbl, TO npH vy > 0 umeem v < D.
Torga ypaBuenue (2) npumeT BHA

—(my+my+mg) v=ms (Vo—0)+ (mi-+ms) &,
OTKYAa
__ _{(mitmy+ms) v-4-ms (v —1)

my~tmg

= —30 ’M/4.

OTMeTHM, YTO # ¥ U HampaBJjeHsl oauHakoBo (¢ < 0 u v < 0); crexosa-
TeJbHO, NJaTdopma IPOAO/KaeT ABHraThCs B TOM Ke HanpaBJeHHH, HO
¢ Gosbwiefi CKOpOCThHIO.

2.62. v=0,6 m/c.

2.63. u=>5,14 gm/u; «’' =1,71 &M/u.

2.64. 2) u==17,8 Rm/u; 6) u=53,5 km/u; B) u=—17,8 KM/4. 3uaK
¢MHHYC» YKa3HBaeT, 4TO RarOH MPORO/KAET ABHraTbCs HaBCTpeuy cHa-
.pfLy, HO ¢ MeHbIUel CKOPOCTHIO.:

2.85, u,=—12,5 m/c.

2.66. a) u=0,67wM/c; 6) u=0,83 m/c; B) 4=0,5m/c,

2.67. §=0,3 M.

2.68, W, =49 IIx.

2.69. £=0,58 c.

2.70. F=20 H.

2,71, a) §=284wm; 6) s=T7lM; B) s=1770 m.

2.72, Wii=150 k[x.

2.73. a) uy=uz=1 8M/C 6) u1=0,6 M/c, uy=2,6 m/c.

2.74. my/mg==1/3.

2.78. IlepBoe Teno' fo yAapa oGJlana.no Kﬂuemqecxoﬁ sHeprueft
Wyi=myv3/2. Ilocne ueympyroro ypapa o6a TeJla Hauaju ABHMaThCS
c oGmefi CKOPOCTbiO u==m,v/(my-}my). KuHeTHuecKas sweprus OGOHX
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Tes1 nocie yaapa crana Wi==(m; -+ my) u?/2=mv?/2 (m, + ms). Pasuocts
W, I—WK paBHa KOJMMUECTBY TemioTH Q, BUCTHBIIEMYCR TPH YAape:

Q =mu3/2— miv/2 (my+my)=12 Iblc.

2.76. W,i=>5,62 JIx; Wy =0,62 Ox.’

2.77. Wyi=7,5 Ix. -

2.78. Wiyy/Wo=1,25, :

2.79. a) hi=0,005 u, h;==0,08 M; 6) h=0,02 m.

2.80. v="550 m/c.

2.81. 1=0,64 m.

2.82. Q=0,188 [Ix.

2.83. FAt=0,75 H.c,

2.84. hy=0,5m; Q=1,48 Ix.

2.85. Ianas ¢ BRICOTH A4, WAPHK MOAJETAET K IOJY CO CKOPOCTHIO Uy,
2 OTCKaKHBaeT OT HEro co CKOPOCTbiO Up= kvy. CorsiacHo saxowy coxpa-
HeHHs SHepruM mghy=mui/2 U mghy=muv3/2, OTKyAa ha/hi==1v3/0} =
== k2}/v; =k?, T. e. hy="F%h,. TTpOMEXYTOK BPEMEHH C MOMEHTA maje-

HHA WapHKa A0 BTOpPOro yjaapa o noa ¢==t;-}-2¢,, rae {;—Bpemsa najge-:

' HHS WapHKa C BHCOTH Aj U f;—BpeMs nafeHus WapHKa ¢ BHICOTH Ag.
Tak xak t1=V2_hl_E u ty="V 2h,jg=k V 2hy/g, T0

e t—V kg

=V 2h 1-}-2k); orciona k= —=0,94,
A V 2hijg (1-+26) n k=
2.86. h,=0,84m; t=1,4c.-

2.87. k=09. . e

2.88. FAt=0,17 H-c; Q =37,2 mIIxk. )

2.89. Kuueruueckan sHeprus nepsoro Tesa fo yaapa Wyj=mv?/2;
KUUETHYeCKas SHeprHs BTOPOTo Tesa 10 ygapa Wy,=0. [locne "yra-
pa KUHeTHYecKasr sHeprus o6oux Ten Wg= (my-my)u?/2, rae u ==
= myo[(myms)—obmas  cxopocts Ten. CrlesnoBatensHo, Wy =

= miv?/2 (my~~my). Torna KuHeTHuecKas SHeprus, Hepewenwuas MpH
yAape B TeILIO,

Hckomoe OTHOILEHHE:
. , .
le"'wx___ M ms
Wit my+me  mi-t+mg

a) Ecan my=m,, TO (Wyi— WK)/WM—.O 5; 6) ecstt mj=9m,, TO

(Wm-*WK)/Wui-—O 1.
2.90. Kuueruueckas SHEPrus mepBOro Tesda JO yAapa Wiy =myv?/2;
KUHeTHY4ecKass 9UepTHs BTOporo. Teda fo yaapa Wy,=0. Ifocre
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yXapa BTOpOe TeJIO NPHOGPEJO KHHETHYECKYIO SHEDTHIO W,(g—-m,u %2,
rpe  w=2myu/(m;-}+ms). Takum o6pasom, mepBoe Teno mepesano BTO-

2muw \*? :
POMY Tely RHWHETHHECKYIO . SHepIHIO Wm='—n’# =1 ), Hckomoe
L 2 \mi+ms ,
OTHOILEHHE: .
sz 4m1m2

T met
a) Ecan mj=m,, 10 sz/Wxi 1; 6) ecan mj== 9m2, 10 Wia/W gi=
=0,36.
2.91, mi/my="5; Wyo=(5/9)xIx.
2.92 W, /Wr=14.
2.93. a) (Av)ju=2/13; 6) (Av)/v=2/236.

m?/R- ©v® @R
2-94. x=————=—=———-—=0,340 .
mg Rg g %
2.95, T=1 q 25 Mun.
2.96. F=245 H,

2.97. v=2,43 m/c; T=0 (B Bucwel Touke), T=239,2 H (5 nuusmeh
TOUKe).

2.98. n=—-—- ]/gg =2,1 o6/c.

2.99. m= 0 5 KT.
2.100. n=>59 06/mun.
2.101. T=1,96 H.
2,102. £=0,2.
2.103. g R=1600 uM; 6) R =711 m.
2.104. o =22°,
2.105. a=1°,
- 2.106, a) n=206/c; 6) n=1,5 o6/c.
2.107. v==47 gm/u, . -
2.108. Cuna HaTAXEHHS HUTH B MOMEHT IpoO-
XOXJAEHHA TIpy30oM TNoJOxeHUs paBuoBecus T =
=mg-+mv?/l, rhe |—pnauua uuru. Kpome TOrO,
mgh=mv?/2, orkyaa v=} 2gh. Ho (puc. 79)
h=l—lcosa=1(1—cosa). Toraa

mv: _ m m. )
Puc. 79. — =7 2gh="2gl(1—cos a)=2mg(l—cos a)

u cuna Hataxenua T=mg[142 (1—cosa)]=12,4 H.
2.109. o=45°34"; T'==632 H; v=">6 m/c.
2.110. a=60°; Ty/T,=2,3.
2111, T =3mg.
2.112, o0 =60°
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2.113, h=2 wm, -
2.114, Bokopoe pasatHHEe BOAH

P=Fjd, m

rae F— neutpoGexHas cuna, [ —januna Toff uacTy TpyGel, Ha KOTOpYiO
IpOu3BORUTCS AaBJeHre, [asee,

F=mv¥R, - (2)
rIe
m==plS )

— Macca BOJH B ofbeme S! (S—naomanp nomepeyHoro ceueHHs TPYOHI,
p—maoTiocTb BOABY), CKOPOCTH TEUEHHS BOJHI
=_t. ’ ' 4
v=-3- O
Noxcrasasa (2)—(4) B (1), noayuum P— mthpdS—-oEi 0 INa.
2,115, P=1,25 k[la.
2.116. Pa6ora; coBepiuraeMas NpH CXKAaTHH TPYKHHHI, onpeneJmeTcsl
dopmysot
1
A=— S Fdl, )
0

rae | —cxatne, Ilo yenosHio cusa nponopuHoHadbHa CXKaTHIO, T. e.
Fe=—Fl, )
Moacrapass (2) B (1), nonyuum
4
A= S Rl dl = k12/2=58,8 [Ix.
0

2,117, Tlpu cratnyeckom nporube mg==khy; orciona k=mg/hy. Ipu
TajieHHH STOTO TPysa ¢ BrICOTH /1 umeem

mg (H--h) =kh* (2 =mgh®/2hy; mam  h2—2hoh—2hH =0.

Peluasi 810 ypaBHeHue, HaxomuMm h="hy Vh§+2hoH. Ecma H=0, t0
h=2hg=4 cm; ecnt H=1wm, 10 h=22,1 em.’

2.118. h=1,23 m,

2.119, 10 peneunit.

2.120. F=72,5 H,

2.121. v=23,6 xm/u.

2.122. v=22,1 m/c.

2,123, Wy1/Wne=Fka/k1.

2.124. Ha pacctroanun I=FkyL/(k1-4-%;) =6 cM OT nepBoft npyRunst,

2.125. F=mAl/(Al)*=13,7 H.
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2.126. Cuna HaTaxenua muypa (puc. 80) T =ung/cosa=5,7TH
BH3WBAaeT pacTswenue. wnypa Ha Al, npuyem T =k Al; orciona Al =
wa T/k=9,5 mm. s puc, 80 Bugmno, uto

I/R =T|F. )]

Ho
F=T sin a=mv?/R = 4n3n*mR. 2)

Wa (1) 1 (2) nmeem [ =T/dn?n?m=7,25cm. Taxum ofpasoM, InuHa
HepacTAHYTOTO pe3HHOBOro wWHypa ly=I/-—Al=63 cm.

<2127, 1=10,8cM. YKasauHe. YUecTs,
YTO MNOTEHIMaJbHAsi SHEPrHs NOAHATOrO TIpysa
nepexOAHT B PaoTy pacTsiKeHHs IIHYpa H B KH-
HETHUECKYIO 3HEPTHIO TPy3a.

2.128. Msay nsaBaeT, ecAM CHJIa TAKECTH,

JeCTBYlomas Ha Hero, ypaBHOBELIHBAETCH CHJOM
Apxumena, T. e.

mg:_FApx, Han  mg=peVg, (1)

rie Vy—o0beM I[MapOBOTO CErMEHTAa BBICOTOH K,

HaXoJAfduerocs B BOAE TPH paBHOBECHH, Qp—

NJOTHOCTh BOAM, m-—Macca MaA4a. O'—IéBPIJlHO,

Puc. 80. uro H+h=R, 1. e. pamuycy wmaua. Ecmu Te-,

nepb NOrPY3HTh MsAY B BOAY Ha TAy6HUY X, TO CH-

713 ApXHMeJa TPeBHICHT CHJY TSKECTH, AEHCTBYIOWYIO Ha MH4, H pe-
SYJLTHPYIOINAA CHJA, BHTANKHBAlOWas Mgy H3 BOAH, 6yjaer

F,= kax—mg. 2)

Ipotus stoft cumbl F, u DonkHa 6HTH coBepiiena pa6ota. CHma Apxumena

Fapx=poVe, 3)

rae V-—o6veMm waposoro cermenta Bricotod A-x. M3 (1)—(3) umecm
Fy=poVg—paVog =pog (V— Vo) = pogVy,

rae V,—o6beM maposoro cos BhicoTolt x. Illaposoft cerment BanicoTol [
umeer o6vem V;=mnl? (3R —1)/3, rae R —panuyc wapa; orciofa o6bem
HapoBOro C/ost .

uu+m

—V— Vo= [3R — (x-+-1) ] — 2 (3R — .

Torna
Fo=pogVs="0E [3R (x+h2— -+ WO—H GR—P)]. ()
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PaGora, koTopylo najo COBEpWIHTL NHPOTHB STOH CHJ IPH NMOTPYXKEHHH
Msiga RO AHaMeTpaiAbHOR niockocTH, Gyner

H
A= S F, dx. ®)
0

IToacrasnasa (4) B (5), uHTerpupys H yuutwBas, uto H-+h=R, noay-
YUM T0CJIe MOJACTAHOBKH JaHHmX 3agaud A=0,74 Ix.

2.129. A=0,17 Ix (cMm. pewenue 2,128),

2.130. A=0,84 Ix (cm. pewenne 2,128).

2.131. A=Sgh? (pg~p)2/2p0 7,84 JIx, rie po—INJOTHOCTH BOJK

H 0—IJOTHOCTh JbJa.

2.132. F=1,86.10—44H.

2.133. W,;=—3,8-10~10 [Ix.

2.134. G=3g/4mpR =6,7-10~11 H.M?/xr2,

2.135,

IMaanera P, 10% kr/m3 Tlnasera p, 103 xr/m*
Mepkypu#t 5,50 IOnutep 1,32
Benepa 4,80 Carypu 0,71
3emas 5,50 - ¥Ypau 1,26
Mapc 3,90 Hentyn 1,6

2.136. Ha paccrosinuu r=3,4.10% kM or noeepxHocTH 3eMad,

2.137. g;=0,165g3.

2.138. T =2,46T3.

2.139. Cuna rpaBHTaLHOHHOTO B3aHMOJEHCTBHS MEXAY TeaoM H 3eM-
aeft F=GmM|/r?, rae m-—wmacca Tena, M—wmacca 3emau u r—pac-
CTOMHHE MeXAY HUMH, ¥ NOBEPXHOCTH 3eMJH r pPaBHO pajuycy 3emuu R
n F=mg. Toraa

F=mg=GmM/R>2, )

ITpu pBuXeHuu Tena BOKPYr 3eMJ/H. IO KPYroBoH OpGHTE CHJIA IDaBHTa-

IAOHHOrO B3auMOJEHCTBHA SIBJSETCH LEHTPOCTPEMHTENBHON CHIION, Tax}m
06pasom,

F=m}/R; @)

oTCiona TepBas kocMmdeckas cxopocTb vy =} GM/R =V gR =7,9 xm/c.

2.140. Ins toro wyrolbl TENO YAAAHAOCE OT 3eMJH, HeoOGXOAuMO,
4TO6H KUHETHYECKas SHEprus Teja ObIa JOCTaTOYHA JJIA TPEOXOJCHHS
rpaamauuom{oﬁ nOTEeHUHAaJNbHOH SHEPrHH, T. €,

: mov?/2 = GmM/R, )
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VY noeepxBoctn 3eman GM/R®=g (cM. ypaBHeHue (1) pewenust mpenu-
nywed sagaym); MOITOMY muz/2 > mgR; OTKyla BTOpafl KOCMHYeCKasl

ckopocts vy =} 2gR = 11,2 rm/c.

F=mg=0GmM/R?,
270 -

2.141.
[Inaunera 0y, KM/C Uy KM/C IMaanera vy, KM/C Vs, KM/C
" Mepxypuit 3,0 4,25 Onurep 42,6 60,4
Benepa 7,2 10,2 CarypH 25,7 36,4
3emas 7,9 11,2 | ¥Ypaun 15,2 21,5
Mapc 3,57 5,05 Henryx 16,6 23,6
2.142. v==30 xm/c. b
2.143.
h, KM v KM/
: 0 7,91 14 25mun
200 7,79 14 28 mun
7000 5,46 . 44 16 mun
2.144. T =V 3a/Gp.
INaauers T,y Ilnanera T, 4
Mepxypuit 1,41 KOmurep 2,86
Benepa 1,50 Carypn 3,90
Semas 1,41 Ypau 2,94
Mapce 1,66 Hentyn 2,61
2.145. a,,=9,20 m/c2.
2.146. Ty=7.8u; T,=31,2u,
2.147. A =235800 xm. -
2,148, v=1,7 xm/c; T =1 u 50 mun,
2.149. vy=1,7rM/c; vs=2,4 KM/C.
2.150. Y nosepxHocTH 3emin HmeeM
(1)



rae R —papuyc 3eman. Ha Bucote h or moBepxuocTH 3eman
mgp=GmM{(R+h)2, o @)
Us (1) u (2) nonyunwm 4
gnlg=R*/(R+-h)% . ®3)

YpaBHenue (3) HaeT 3aBHCUMOCTb gp/g OT BHICOTH A, O603HayuM
gn/g=n; Toraa us (3) uMeem ypaBHeHHe h%--2Rh-+(R2—R?/n)=0.

Pemas sTo ypasHeHHe, HaXonHM A=—R + R/V n. Tak xar h 1omxuO
OuTh GosbIle HYAH, TO HagO B3ATh pelIeHHE CO 3HAKOM IIOC, T. €.
h=—R-ER/V n. B stom cayuae i Gyjger BCeTAa TOJIONKHTENbHEBIM,

TaK kak Beerna n < 1. Ioacrasnaas n=0,25 naxoguM A=R, T. e.
£r=0,2bg na BhICOTE, paBHOi pamguycy 3em/aH. 3aMeTHM, 4TO €CJH
h € R, To ypaBHeHue (3) MOXKHO 3amucarh TaK:
' gn/g=R2/(R-+h)® ~ | —2h/R.
2,151, A==13 600 xm.
2,152, W,/W,=2. .
2.153. Tlyctb m—wacca Tesa, HaxXOAAIIErocsd Ha pacCTOAHHH h OT

TTOBEPXHOCTH 3emau ¥ Ha pacctosiduy r OT ee€ LeHTpa Macc. YuyureiBag
yKasaHue, AaHHOE B YCJOBHH 3aja4H, MOXKeM HalHcaTth

F,,=mg,,=GmM,./r2, ) (l)
rae M,—wmacca 1iapa pagHycoM r M € TJIOTHOCTbIO, PABHOH IJIOTHOCTH

3emau p. Tak xak M,=4nr%/3, 10 mgy=4Gmnrp/3. Y nosepXHOCTH
3emn

F=mg=GmM/R?=4GmnRp/3. @
Hs (1) u (2) nonyuum
gnlg=r/R =(R—h)/R. 3)
OGosuauuM gp/g=n, torga us (3) umeem A= R (1—n). Ecmu n=0,25,
10 h=0,75 R.

2.154, h=2H, -
2.155. Ilo Tperremy 3axony Kemiepa

T3/T3 =R3/R;. : (1)
Tak Kak Hac uHTepecyeT nepHox o6pamenus miaHeTsl CoaneyHoft cm-
CTEeMHl, TO LeJecoO00pasHO B KadecTBe IJIaHETHI C H3BECTHHIMH 3HAUYEHHAMH
Ty % R, BaaTh 3emmo (OTMETHM, uTO MpH MpHMeHeHHU Sakona Kemnjepa
K UCKYCCTBEHHBIM CHYTHHKaM 3eMJH ecTecTBEHHO B3ATb JIyHy B Kaue-
CTBE CIYTHHRA C H3BECTHEIMH 3HaueHHsMH Tp u Rj). Haa wmawero cay-
qass Ty=12mec, R,=1,5-108km. Tlo yenosuio Ri=(1,5.1084-
~-0,24.10%) km=1,74.108 km. Toraa ua (1) umeeM Ti=T,V (RyRy)® =
== 15 Mec =450 cyT.
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2.156. v==27,6 xm/c; T =450 cyr.

2.157. R3=1,46-104xm; T3 =104 mun.

2.158, T =88 mun.

2.159, BospMem siement koasua dl (puc. 81), Cuaa rpaBuraunon-
HOTO B3aUMOJEHCTBHR MEXAy 3/JeMEHTOM Koabna dl u Maccolt m, nome-

P uieHHo# B Touke A, Gyaer
fA

L_aF dr, dF = G’"p“’ dl,

Cuna dF Ha'npaaneﬂa no  JIMHHA

X, COGAMHAOMEH sheMeHT Koabna dl

Puc. 81. - ¢ Maccoii m. [ns HaxomAeHus cu-

NBl TPABHTALLHOHHOTO B3auMOZeHCcTBUA

BCErO KOJBLA M MacCH /1 Ha3J0 BEeXKTODHO CNOXKUTL Bee cuanmt dF. Cuny

dF MOXHO DasnoXHTb Ha JBe cocrasagiomue: dF, u dFy. Cocrapasiomue

dF,, XBYX RHMETPAJbHO DPaclONOXKEHHHX JJIEMEHTOB B3aHMHO YHHYTO-
HAIOTCA, HOSTOMY

=SdFT.
Ho dFy=dF cosa=dF L/x u
o 1% °L.9nR
mp nr? mpnr3L -2n
F= (~dﬁ Guexrt Sd::G-———;s———. (1)
0

YuutsiBag, uto x= } R2F L3, umeem
__2n? Gmpr?RL
SR
2.160. Y3 ¢opmyarr (2) pewenwst npepmayuiell 3ajain BHJHO, 9YTO
ecnn L=0, to F=0. Herpyano yGeautecst, uto dyukuus F ¢ ysenu-

ueHneM L cHayana pacrer, a sateM ymensmaercd. HajizeM Makcumywm
dynxuun F. BripasuM nepeMeHHbE BenuwunmHb ¥ M L uepes yrom a:
R

x=-——, L=xcosa=
sin o

@

-

COSs o,
sin &

Torna ¢opmyna (2) pemeHus npembigymiesi 3aRaunm NpuMeT BHUL

2n2 Gmpr?

B cos & sin? @ = B cos « sin? «.

F=

Las HaxoxJenust MakcHMyMa ¢yukuuu F Bo3bMeM npousBopuyio df /da
H NPHPaBHAEM €€ HyJI0:

dF[de=B (2 cos? asinx—sina)=0, um tgZa=2,
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Torpa paccrosume L, Ha xoropom cuna F F )
MaKcuManbHa, PaBHO )

R R
== €OS o= —— =m s,
tga 2
7 2
Ha puc. 82 usc6paxken Xapakrtep 3a- Puc. 82

sucuMocth F=[ (L) (no ocu abcuuce yaoG6HO
OTKnajbBath L B cM, mo ocu opiunatr F s 10~ H); Ly.c=14,1 o
Famax=4,33-10-11 H,

2,161, Fyax/F=1/3.

§ 3. BpamaTteannoe aBHXeHHe TBepALIX Ten

3.1 J =9,7-‘1037 Kr-m%; L=7.10% kr-m?/c.

3.2, a) J;=63,5.10~%kr.m?; 6) J,=62,5-10~3 kr.u%; B) 6=1,6%.

3.3. PesyabtHpyiomuii MOMENT CHJ, NOJA JACHCTBHEM KOTOPOro Bpa-
uaeTes JHCK, :

M=FR— My, 1)

Mo ocHOBHOMY 3aKOHY RHHaMHKH 3TOT MOMEHT CHJ CBSI3aH C YIJIOBHIM
YCKOPEHHEM Tela ypaBHeHHEM

M=Je, (2)

rge J=mR?2/2—moMeHT wunepuur JHcxa, Hs (1) » (2) nonyumm
m=2(FR—My,)/eR*=T7,36xkr. * '

3.4, £=2,35 pan/c?;

3.5. F=4,0H.

3.6. M=100H m.

3.7. e=7,8pag/c?; t=1mun20c,

3.8. n=23,4 o6/c.

3.9. M;,=513H.u; N =600 o6.

3.10. T'upa m; JABuKETCA BHH3 C YCKODEHHEM & NOA JefCcTBHEM
CHAbL TAXKECTH m;g (BHM3) M CHAHR HaTaXKeHus nutd Ty (BBepx). Io-
9TOMY AAs THPH MMy MMeeM

mya=mg—Ti. (1)
Tupa m, IBMKETCS BBEPX C TeM XK€ YCKOpeHUeM & NMOJ AEHCTBHEM CHJIb

TAMECTH MMyg (BHH3) W CHAbl HaTaxenus HHTH T,y (BBepx). IMosromy
IJSl THPH My HMeeM

mga =Ty~ myg. _ : 2

Huts 6yjger HaTapyTa mo o6e CTOpOHH OJ0Ka NO-pasHoMy, H pasnocTs
cun narsxennsi Ty —T, Oyjer co3nasaTh MOMEHT €HJ, Bpamaomui 610K.
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TlpuMeHAS OCHOBHON SAKOH IHMIMHKH, n&nyq»m
(Ti—T,) R=Je=Ja/R, ' )

rae J =mR5/2—Momeﬂ'r HHeplnd O6JOKAa M m—Macca Oaoka. Pewas
_(1)—(3) coemectHO, Hafifem

— (mi—m,) g — (mi—m,) g :_: 2 .
O FmyE IR Ty b tma 28 Ml *

Ecnn B ypaBHeHun (4) nosoxurs m=0, T, e. OpeHeGpeub Maccoil
6noka, To Mbi nosayunm pewenne 2.30. Iloacrasasgs (4) B (1) u (2),
NOJNY4HM

Mg (2my T IR mag (2my-+J /R
T m iR = 4O0H, Te= e TRy =126H. ()

Ecan B (5) nonoxuts J =0 (m=0), To MBI CHOBa NOAy4HM pemenne 2.30.

3.11, 3amauy MOXHO PEWIMTH ABYMS CHOCOGaMM: IPUMEHAS OCHOBHOH
3aKOH JUHAMHKH BpaulaTe/IbHOrO ;BHMeHHA (cM. pewmenue 3.10); mpu-
MEHASL 3aKOH COXDaHeHHs! SHEPrHH. Y4aylHMCHl I[pejjlaraetci HaiTh
CaMOCTOSITeILHO pelieHHe 3ajayy NePBLIM CHOCOGOM H MOJNYYHTb OTBET
a=2mg/(my--2m) =3 m/c2.

Ilpn pemeHun 3ajayn BTOPHIM CHOCOGOM DacCyXiaeM Tak, Hpn'
OIyCKaHHH I'py3a €ro NMOTEHUWANbHAS 3HEPIHA YMEHbIIaeTcs, Hepexofst
B KHHETHUECKYI) SHEeDrHIO NOCTYNaTeNbHOrO IBHIKEHHA Ipy3a H B KHHE-
THYECKYIO SHEpruIo Bpautenus GapaGana. TaxuMm o6pasom,

mv2 Ja?

rie J-—moMenT uuepuuH Gapabaua. TaK Kak J=mgR?/2 n w=u/R,
rae R—paguyc GapaGana, To ypasHedue (1) MOXHO samucaTe Tak:

mgh =T 4 B (mg ). @

Onyckanne rpysa NpPOMCXORHT NojJ JeHCTBHEM MOCTORHHOR CHJM, T. e,
IBHXKEHHE IpPy3a PaBHOYCKODeHHOE, NO3TOMY

h=af?/2, v=al, .3

Ioxcrasasa (8) B (2), nonyth a—2mg/(mo+2m) 3m/cd -

3.12. J =9,5x%r -m2.

3.13. t=1,1¢; W, =081 x; T=4,1H,

3.]4.. Ti—T2=(JS+MTp)/R = 1,08 xH.

3.15, 0=3,53m/c?; T1=63H, T,=4,5 H. Yuaiunmcs npeanaraercs
MpoBepuTh, HTO H3 anplvryn, JAOMUX pelleHHe 9TOH 3ajduH, MOTKHO
nONyunTh pellicare 2,31,
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3.16. Kunernueckas SHePIHS AHCKa CKJaAuBaeTcsd H3 KHHETHWECKOR
SHEprHU NMOCTYNATeNbHOro ABHKEHHS M KHHETHYECKOH SHEpruH BpAIIEHUS:
Ja?

K=2+_

Tak xak J =mR%/2 ¥ w=v/R, rae m—Macca Jucka, R —ero pammyc,
10 W, =3mv?/4=24,0"1x. '

3.17. WK=O,1 Tk,

3.18. W ,=29,4Ix.

3.19. Q =251 mIIx,

3.20. 6= (Wyi— RQ)/WM =40%, rie Wyi= Wpocr-+ Wepi Wks =
= Wnocr-

3.21. A=2355 Ix.

3.22, L =3,8xr-m?c,

3.23. W, =253 Ix.

3.24, s=4,1m,

3.25. h=2R+5- (1—1——'312):7,56 .

3.26. A=3,2n°R%n?=34,1 Ik, rae p—II0THOCTb MELH,
3.27. Ilpn cxkaTelBanuH Tesna € HAKJOHHOH NJOCKOCTH €ro MOTeH-
1HanbHAA SHEPIHA NEPEXOAHT B KuneTnueckyl. TakuM o6pasow,
mv? | Jo?

+2 s . (1)

mgh =

rae J —MOMEHT HHepUuM TeJa M m—ero Macca. Ho
h=Isina, o=v/R. )

IMogcrasnas (2) 8 (1), noayunm
v? J
mglsin = (m—{—w . 3)

Tak KaK JBUIKEHHE TeJ NDOHCXOJHT TOX AEHCTBHEM NOCTOSHHOH CHJHI,
TO JIBHIKEHHE TeJ DPABHOYCKODEHHOE, MO3TOMY

l=af?2, v=al. 4)
Pemas (3) H (4) COBMECTHO, MOJYYHM
mgsin o
“m-F IR ®

TNoacrapasia B (5) BLIPAXEHUR LS MOMEHTa HHEPUHH pésnnqnux Ten,
HaiigeM Ans wapa, AMCKa W 06pyua COOTBETCTBEHHO
ay=3,50M/c?, ay=23,27M/c?, .az=2,44 m/c?,
" Iaa Teda, cOCKaAb3LIBAIOLEro C HaKJOHHOM NJOCKOCTH 6e3 TpeHHS,
HMeeM @ = g sin o =4,9 m/c?, i

275



; 2mgh S .

3 28, y= ]/ _!_f/Rg; vi=2,65 M/c, vy=2,56 M/c, v3=2,21 m/c;
v=23,13 m/c.

3.29. IMocrynaresbHast CKOPOCTb LHAHHAPOB Y OCHOBAHHSL HaKAOH-
HOH TJIOCKOCTH onpefensietcd GopMynof

2mgh i
v= ]/ & "
m-4-J/R .

(cm. mpexwiaymyro 3agady). AJIOMHHHEBBIt UMAHHAD, Y KOTOPOLO MO-
MEHT HHEDIMH MeHblUe, YeM y CBMHIIOBOTO, LOCTHTHET y OCHOBAHHS Ha-
KJAOHHOH IJIOCKOCTH 60JblN€H CKOPOCTH H, CJefoBaTeNbHo, OblcTpee
CKaTHTCA C Hee. ’

MoMeHT uHepLHH aJIOMHHHEBOTO (CHJIOIIHOrO) HMJAHHApA

2
J1=m§ . (2)

MoMeHT WHepUHH CBHHIOBOrO ([OJNOTO) LHIUHADA

R2-R;

ngm 2

Haiigem BuyTpeHnnfi paguyc R, csuHuosoro wuuausafpa. Ilo ycnosuio
MacChl OGOHX LHAHHADOB paBue: p;LnR2=p,Ln (R*—R3), rae L‘—
AMMHA UHJIHHADOB, Dy — IVIOTHOCTH AMIOMHHHA H 0y — [JIOTHOCTh CBUHIA.
Orciona R3=R2(pz—p,)/p.3, Torpa mMoMeHT WHepUMM CBUHHOBOIO [H-
AUHIDA
_mR2 20, —pg :
2 P
Moacrasaas yucnossie Aannbte (cM. Taba. X1), noayunm J;=9.10—4 xr.u3,
Jy=15,9-10—%xr-m2.
Tak Kak ckaTbiBaHHE NHJIHHADOB NPOHCXOAHT INOR AeficTBHEM NO-
CTOIHHOM CHABL, TO U=al u [=h/sin @ =at?/2; orciofa h/sin o =0vt/2 u
1 2hn
. 4
Tsina 0 )

[Moxcrasasa B (4) Qopmyay (1), monyunm

1 3k (m+J/R?) 5
T sina V mg ¢ ®

YuursiBas B (5) dopMyau (2) u (3), noJsyyHM COOTBETCTBEHHO AIS anio-
MHHHEBOTO H CBHHIOBOTO WH/HHAPOB

1 23’1_078(:, t~—]/2h< 2p2“’1)._0ssc.
sina V2
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3.30.
3.31.

3.32.
3.33.

3.34.
3.35.
- 3.36.
3.37.
3.38.
3.39.
3.40.

e=—0,21 pan/c®; M=0,42H.M; A=6301%; N =24000.
J=0,01 xr-m?; M=94.10-3H.y,

Myp==308H.m; £=100c.

h==286,5cm.

Wi =eL13/2t =490 Ix.

t=Wy/ninM =5c,

Wy =F22/m=1,92 k[Ixk.

o = 81°22'.

v==7,1 M/c.

Oy = 0y == 14 pag/c; vy=1,05m/c, v;=2,10 m/C,

Ha ocuoBaHMH 32KOHA COXPaHEHHS MOMEHTa MMIyJlbCa HMeeM
Jiog=J 0, 1)

¥

rae J{—MOMEWT HHEDUHH WNaTHOPMH C YENOBEKOM, CTOAUM Ha ee
Kpaio, J,— MOMEHT HHEPLUHH NNaTGHOPMEI C YeJOBEKOM, CTOs LIUM B LIeHTPe
nAathopMBI, G H Oy —YIJIOBHE CKOPOCTH NnaTgopMbl B NEPBOM H BO
BTOPOM NoOJOXKeHHsX uenoBeKa. Ilpu stoM

Jy=mR%/24+mR2, Jo=mR?2, @

rge- R—papuyc naarpopmer. Ioncrasnas (2) B (1) u yywtmBas, 910
®=2nn, rpe A—4¥aCTCTa BPAMEHHS NAATQOPMEL, MONYUHM

OTKY 18

3.41.
3.42.
3.43.
3.44.
3.45.
3.46.
3.47.
3.48.
3.49.

(mR?/2-+my R?) 2uny = 2mnym R/ 2,

2 2
mR?+-2myR =Ny m+2my =222 06/MuH.
mR? m -

Ng =1y

A =162 Ix.

ny==21 06/mMun.

Wyo/Wyi= 1,05.

n=10,49 o6/MuH,

T=116c¢.

T=1,07c

[=TV gd/n=0,446m.

T=156c.

ITepuon Manbix KoneGaMHA MaTeMaTHYeCKOro MasTHUKA

Ti:-Qﬂme Q)

neproi Madnx KoneGanhii QH3HYECKOro MaATHHKA

Ty=2xV J/mgl,

rae J —MOMEHT HHepUHH IIaDHKa OTHOCHTENBHO OCH BpAalEHHH, m —
Macca IMapHKa B [—paccTosHHe OT HEHTPa Macc LaphKa A0 TOUYKHM
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nozseca. B namem cayyse
J=—mRﬁ+mzz_mzz[ +2 (#) ]=m12x.

C yuerom storo Oy 9HM
T,=oV 5. @

Us (1) u (2) mmeem Ty/Ti=V x. Ownbka, KOTOpYI0 MHl flenaem, [pH-
HHMasi NOABElIEHHbI [IaDHK 32 MaTeMaTHYECKUH MaATHHK, Oyner

_Ty—T; T,
‘ =g ==V =k
OTCIoNNa

x= [1—}-—2—(—1&)2]%(1—{-6)2, nn -?-..—_- ]/%[(1—1—6)"’-—-1]. ®

Y nac 8«0,01. Mogcrabnas B (3), noayunm RJ1<£0,0224. Tak xax
R=D/2=0,02M, T0 npenenbHoe PacCTOSTHHE OT HEHTPa MAacC IIAPHKa
10 ToukH moppeca'l==0,089 M, a npegenpHasd paHsa HuATH L=I[—R =
= 0,069 .

3.50, T/T,=1,05.

§ 4. Mexanuka XunxocTe#t u rasos

4.1. v=0,12 m/c.

4.2, O6o3naunym: Sy—naomans NONEPeyHOro CeYeHHs COCYAa H Uf —
CKOPOCTb TeYeHHA BOJEI B HeM (CKOPOCTb MOHHIKEHHA YPOBHSL BOJIBI
B cocyle), S;—nJaouaib NONEPEYHOro CEueHHst OTBEPCTHH H Up— CKO-
POCTb BHITeKaHus BOAbl W3 orBepcTust, ITo Teopeme Bephyaan

2 2
%zil- pgh=%, HaH uf+2gh=v§. 1)
B cuny HepaspuBHOCTH CTPYH ©1S{=10,Sp, HaH
U, =0,81/S,. @)

INoxcrasaas (2) B (1), nonyuum vg SgVQgh/VSI—Sa Yuutnbas,
uro S;=nD?/4 u Sy=nd?/4, umeem v;i=d?} 2gh/V D*—ds. Tak kak
a4 <€ D4, 1o npubanKeHHO

=(a*/D) V 2gh 2gh ®)

OrvetnM, uto ecin d=D, 10 v;=¥ 2gh. MNpn h=0,2M cKopocTs
vy =10,8 Mm/c. ’

4.3. B oboux cayyaax crpys BOAM NajaeT Ha CTOJ Ha PacCTOAHHH
l=0;4M or cocyna.
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4.4. a) v=0; 6) v=1,04m/c; B) v=125u/c, .

4.5. CropocTh MOHMXEHH S YPOBHS BOAH B 6aKe U= S,]/'ng/ V81 —S:
(cM. pemenne 4.2). 31eCb y—ypoBeHb BOJH B Gake (nepemeﬂnun) 3a
BpeMa df ypoBenb BOAH B GaKe NOHH3UTCH Ha

dy=vdt=AV gdt, me A=S,V %/V ST—s.. )
Us (1) umeem dt=dy/AY y; orciopa '
h
__‘_S_d_-‘/__
XV

YuamuMca Nmpesnaraetess AOBECTH HHTETpHPOBaHME N0 KOHHA H NoOny-
YHTh OTBET

2V 7V Si—si l/ ISP =1T _,
— — = =0J MHH,
SV 2% €

Herpynno y6emutscs, urto ecnau Gl ypoBeHb BOAH B Gake mojiep-
JKHBaNCH NOCTOSHHBIM Ha BHICOTe h=1M OT OTBEPCTHA; TO BPEMS BHITE-
KaHHA TaKoro e o0beMa BoAn Obio GLi B lBa pasd MeHblle,

4.6. d=1,4cm.

4.7. P=250xl1a,

4.8, v=1,4m/c.

4,9. Ah= I,GMM.

4.10. Fyg/mg=3.

411, v=4,1M/c.

4,12, n=2MNa-c.

4.13. At=4 mun.

4.14. n=1,09Ta.c, v=12,1 cm?/c, )

4.15. CKopocTb NOHHIKEHHS YpPOBHA KacTOPOBOro Macjia B Cocyje
33BHCHT OT CKOPOCTH NPOTEKaHus Macaa uepes Kanuaasp. O6peM macna,
[poTeKamero 8a BpeMms f uepes KanmuAsp; onpexnensercs (opMysiof
Myasefias . ’ .

nrét AP )
; V___m—-. . 0))

Pasnoots AaBNeHMH Ha KOHUAX Kamuanspa oGYCJIOBAEHa TMJAPOCTaTH-

YOCKHM JaBAeHHEM €108 XKHJIKOCTH, T. €.

» AP = pgh. @
C apyroii croposs,
V=8%'t=nr2v't, 3)

rie v'-—CKOpOCTb NpoTeKanus macna depes Kanuaasp, Us (1)—(3) nmeem
v =r2pgh/8Im. Ho Ttak Kak ©'S’=uS, rae vU-—CKopoCcTh NOHHKEHHA
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ypOBHS MacJia B cocyle H S——IJOmMakb MONEPEYHOrO CeueHHS COCYAQ;
T0 OKOHYaTeNbHO HMeeM U=ripgh/8MR2. [Ipn h=0,26 M cKopocTh
v=3.10—%wm/c.

4.16. t=1,5mun.

4.17. I==1,1cm.

4,18, D=4,6 um.

4.19. Yucno Pefinosnaca Re=1800, T.e. Re < 3000— apuKenue
JaMHHApHOE.

- 4.20. D <0,085 M.

Fnasa I
- MOJIEKYJIIPHASL ®H3UKA U TEPMOJAHHAMUKA

§ 5. Pu3HyecKkue QCHOBBI MOJIEKYAsiPHO-KHHETHYECKOR
TEOPHH H TEPMOAUHAMUKH

5.1. t=7°C.

52. V=761

5.3. m=1,13 kr.

5.4. £,=91°C.

5.5. V=3la.

5.6. Am=m, Ap/py="1,5kr.
5.7. m=65r.

5.8. m=12T.

5.9, B 1,1 pasa.

5.10. a) pV—'—RTl 567 x; 6) pV———-RT,—T/Sllx( 3aza-

Basl pasnuuHbe 3Haqe}mﬂ v, GYAeM nonyuarb coomae’rcmylow,ue 3uave-
HUA p.
5.11. Cm. pewenne 5.10.
- 5.12, v=um/p=0,4 KMOAB.

5.13. p; =108 k[1a; p,=116«kIla.

5.14, Ilpu ropu3ouTaibHOM TNOJIOKEHHH Kanuajaspa B Kakioll no-
JloBuHE €ro o6beM Bo3ayxa Vo=Sh H jaBjeHHe paBHO P, re S—mnJo-
majb NonepevHoro ceyenus xanuansapa. IIpH BepTHKaJbHOM NOJOMEHHH
Kanuanapa B BepxHeii nonoBHHE ero o6veM Boaayxa Vyi=S(h-+Al) n
napnenne pasuo py. Ilo 3axkony bBoiins—Mapuorra Vopy=Vypi, uam

hpo =(h-Al) py. )
AHanoruyno s HUXKHEH MOJIOBHHB Kamuaasipa
hpo=(h—Al) p,. (2)

HaBneune pg B HRXKHEN NONOBHHE KaNWANADA CKJaAbIBaeTCa U3 AaBne-
HASL BO3AYX2a p; H AaBJEHHA PTYTHOTO CTONGHKa p:

. ) Pz =p1-tp. 3
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e

Pewan ypasnenus (1)—(3) coBMecTHo, moayumm

p(h—AD (1 4-Al)

Y wmac p=200mm pr.cr., h=(L—10)/2=0,4m n Al=0,1m. [loxcras-
Jaast 3TH fauHpie B (4), noayunm pg==375 MM pT. CT.

5.15. ITo 3axkoyy ApxuMena noTeps B Bece Tenid, HOTPYIKEHHOTO
B ra3, paBHa Becy 3T0TO rasa B o6beme Tena. O6beM MacCh m CBHHIA
Vi=m/p;, TAe P;— ONOTHOCTb CBHHUA. Bo3ayx B 310M O6BEME BECHT
mig =upV1g/RT =upmg/oRT. O6bem Macchl m npobKn Vy=m/p,, rie
03— NNOTHOCTE 1pOGKH. Boagyx B atom of6beMe Becut mog =upmg/paRT.
Heruanbili Bec cununa Pjy=g (m-}my), WCTHHHBI BeC MPOOKH P, =
=g(m-my) n

mg [ 1
AP =Py— Py =g (my —my) =22 (___ ) =58,6H.
RT \pa 1
5.16. PesynipTupyloniast IoAbeMHas CHAA BO3LYLIHOTO LIADHKA paiaua

pasHOCTH MEXAy BECOM BO3jyXa B oObeMe IMiapHKa H BeCOM CaMoro Hia-
puka (ecoM ero oGoJouKH P @ HaXojsamerocss B neM Bojopoaa). Takum
ob6pasoM, F=meg—(myg-P), rre my—macca Bosgyxa 8 of6beme wa-
pHKa, my—Macca Bogopofa B ofbeMe-maphka. [To yeaosuio F==0; cne-
HoBaTeNbHO,

3
P=g(my—m) = gRT(M M:)———T;—RT(us —pg) =96 mH.

5.17. p=m/V =pp/RT == 0,083 xr/M®,
5.18. p=0,08] xr/m3.

5.19. u=0,004 kr/moas.

5.20. p=1,6.-10"1% xr/M3,

5.21. T,=1400 K.

5.22, YpaBHenns COCTOSiHHSI ra3a JO H NOCAE HarpeBaHHs HMelOT
BHJ

m m
Vi=—RT,, Vo=-—RT,.
PiVy m 1 PaVa m 2

Tlo yCAOBHIO py== pg==p; OTCIOA3 MOMKHO HAHTH HCKOMBHE BeNHYHHEL

Vi=mRTjup=2,4n, . Ty=ppVy/mR=1170K,
o1=up/RTy=4,14xr/m3 Qp==pup/RTy=1xr/v

5.23. p=155 Mlla; p=10,5-10% kr/m3.

5.24, p=pu/RT. a) lTpn T =const noTHOCTL P==Ap, T. &. p ApAMO
nponopuuonansuo p. 6) Ilpu p=const naoraocrs p=B(T, 1, e. p 06-
patso nponopuuonansuo T,

5.25. [To sakomy lanbTona mnocne ncnapeum BOIBl B COCyAe yCTa-
HOBHTCH AaBJeHHE p==pj-}-Ps, TRE p)— AABACHHE KHCJIOPOJA, pg— LaAB-
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JieHHe BOASHOrO mapa. [lo ypapHenuio Menpeneena — Knanetipona
=mRT[Vp;=23820xIla, py=myRT[Vp,=320«lla,

oTKyna p=640«klIla. -

. r
5.26, ITo 3axony JanbToHa p=pi-t ps, Tle p1 B pa— NapUHaAbRHE
JaBJIGHHA Tasa nocae coepuuenus cocyaos 1 u 2¢ Tak kak T =const,
TO

Pr(ViVo)=piVis p2 (Vi+Va)=piVs.

Taxum o6pasom, !

+ PV r_ PVs o, Vi plVs
= 5 == _—-—"—' OKI'Ia.
PEVEYY PV PTG,
5.27, p=415«Ila,
mi—ms
5.28, u =———+———==0,0046 xr/mMosp; V=11,7 1.
" my/pg -+ My/phg /oy
5.29. m=25rp,

5.30. Ecan 6m1 Mostekyaw fofa He OBbLIM IMCCOLHHPOBAHH, TO XaB-
JeHue B cocyje Onlio 6B h

p=mRT/uV =83,3 xIla,
L]
Mocae HuccOUMayHH B COCYAE HAXOZMTCH KOJNHUECTBO Vi=2otm/p aTo-
maphoro #ona (I) H KoaHMuecTBO V=(l-—oct) m/p MoJIeKyaspHOro Hoja
(I,). JdaBaenns, cosnaBaeMbie HMH, PaBHH

_ 2amRT (1—a) mRT
pi= }J.V 1 D= \“V

JlapJenne cMecH
- RT RT . ’
pe=pi+ps ="y at1—a)="00 (La)=p (1+a),

1. e 1+a=p./p=112 no= 012
5.31. p./p=1,25.
" 5.32. p=1,2 kr/m3; p;j=21 xIla; p,=79 xIla,’
5.33. p=1,98 xr/m°, .
5.34. a) my = 1,67-10—27 &r; 6) my=6,65:10—27 kr,
5.35. F At=5,6,10~28 Hec,
5.36. F A{=3,3.10—-2% H.c, -
5.37. muv=2.10~2% grem/c.
5.38. n=3,3.102% gr=-1
5.39. n=7,5:10% u~2, : : N
5.40. N =2.10?7, .
5.41, n==3,4.1011 »~3,
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5.42, laBnenne p rasa B COCy/le CBSISaHO C YHCJIOM MOJIBKYJX 72
B eXHHHIE 06DbeMa COCyla COOTHOIeHHeM

p=nkT =NkT/V,

rre N -—ofmee uHCIO MOJEKYJ B o6peMe V. Tak xak stu N moxexy”
06pasyT Ha CTEHKAax CocyAa MOHOMOJIEKY/SPHE caof, To N =3/s0,
rae S=4nr?—naomanb noBepXHOCTH cocyna, O6neM cocyna V =4nr>/3.
HoxcraBasia snauenus N u V B dopMyay Aas p; NOJy4uuMm

p=3kT Jsor=2,4 Tla.

5.43, B cocyne HaxXOAMTCS KOJHYECTBO vy=2Qm/j. aTOMapHOro
#ioxa (1) u xonuuectBo vy = (1 —a) m/p Monexyasporo ioga (I,). Obmee
KOJMuecTBO Hoja B cocyme v=_2am/p-(l—a)m/§, u TOrga HCKOMOe
4HCJIO YACTHIL B eIMHHIE MacCh mapoobpasHoro #osna

n=N 4 [20/p+ (1 —c)/pn] =3,56.102% kr—1,

5.44. N =4,5.10%,
5.45. V=3,2 a; pi=098 mIla, P, =35 mla; n=2,6.101% m

5.46. 5% =500 ) wfe.

B.47. 1/L/ U8 =2,65. . .

5.48. Vv‘ =5.10°% m/c.
5.49, n=4,2.10%¢ m—3
550, p=p0v%/3="5 klla,
5,61, B 1,44.107 pasa,

5.52. mV @ =V 3kTm—=6,3-10~2* xr-m/c.
5.53, Vv_2 =230 m/c; N=1,9.10%; p=5,0 xr/m%,

5.54. 1/ % = 4,6 mu/c.
5.55. p=0,74 kr/mM3.

5.56. V5—§= 1,9 xm/c; p.=(5,002 KI/MOJIb,
5.567. n=1,88.10%% kr—1,
5.58. BryTpenuss sHepTus rasa ompegensercs Qopmyioft

Jl;1s ABYyXaroMHOro rasa £=5; npuuem [=3 npuxO;UTCA Ha JAOJIO NO-
CTYNaTeJbHOrO IBHMEHHS MOJeKyJ M i==2—Ha JOJIK0 BpamaresbHOTo
nBuxKeHus. TIOACTABAAS YHCIOBbE XaKHBIE, noayurM W=3,7 xIx, npu-
yeM Wihoer=2,2 KIIX H Wl,p-l 5 kJIx.

5,59, W==210 Ix.

5.60. WB,,—BS kK,
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5.61. W=750 [Ix.

562 m=2W/v?=2,5r; p= 2W/3V:167 kIla.

5.63. T;=2-10¢ K; Ty=900 K.

5.64. W=imp/2p=50xx.

5.65. N ==1,3.101%;, W=0,133 Ox.

5.66. cy=1650 [Ix/(xr-K); ¢p=910 Ix/(xr-K). )

5.67. a) c, =800 [Ix/(xr-K); 6) c,=1025 Ox/(xr-K); B) cp=
= 970 Ix/(xr-K); r) ¢p=1040 Jx/(kr-K); 2) ¢, =103 Jx/(xr-K).

5.68. cplcy=1,4.

5.69. p =0,002 kr/Mob,

5.70. cy =650 Ix/(xr-K); c,=910 x/(xr-K).

5.71. cy=693 [ix/(xr-K); ¢, =970 Ix/(xr-K).

5,72. s ypasuenuss 2H,;-}-Op,=2H,0 Buauo, uT0 H3 KOJMHuECTBa
v/ =3 MOJIb JBYXaTOMHOI'O rasa MOCJe PeaklHH MOJyuaercs KOJIHYeCcTBO
v"=2 MOJIb TpexaToMHoro rasa. IlostoMy no cropanus C{z=3-5R/2 H
Cp=3-7R/2; nocae cropanus Cyp=2.6R/2 u C;',~——2-8R/2, 9t0 jpaer:
a) Cy/Cy=1.25; 6) C,,/C,,_l 31,

5.73. [last HarpepaHHs KOJIHUYECTBA V —2am/p. aTOMapHoOro KHcJo-
poia # KojauyectBa V' = (l-—0) m/p MOJEKYJAPHOIO KHCJOpPOXA NpH
p=const HEO6XOXUMO KOJHUYECTBO TENJOTHI :

Q= 2ai-c AL (1—a) c,,m_ic Al, )

’
rre Cp u Cp—MONApHbie TENIOEMKOCTH 2TOM3pHOrO H MOJEKy.SPHOTO
kucnopona, C,—mMoasphas TennoeMKocTb cmecH. Ortciona nonydaem

2aCp+(1—a) Cp=Cp, . &
a=(C,—Cp)/(2C,—Cp). @

3reck Cp=cpp=1,05 x]Jx/(xr-K)-0,032 xr/monb = 33,6 Jx/(moab-K),
C,’,~20 8 Ix/(moab-K), Cp_291 Jx/(moaw-K), Tlojcrasass atu
Aaunbie B (2), noayuuM o =0,36.

5.74. cy=90 Ix/(xr-K), cp,=139 llx(/(xr'K).

5.75. o.=0,23.

5.76. c, =685 [lx/(kr-K).

5.77. ¢p/cy=1,59.

5.78. my =060 xr.

m
5.79. KoJanuecTBO TENJOTH, NOJyyeHHOe FasoM, Q =F C}, (Te—Ty),
’

rae Cp=29,1 Jx/(Moab« K) —Monsapuas TenI0eMKOCTb Kucaopona. Tem-
neparypy Tp HaxoXuM H3 ypaBHeHHH COCTOSHHS rasa A0 H NocJje Harpe-
BaHHs:

le-—RTl, pVg=%RTe, OTKyAa T2=T1‘T:'-



Ho Vi=mRTi/up ¥, crefoBatensHo,
Ty=uVep/mR =1156 K,
Taxum obpasoM, Ty—~T1=873K u

Q =-ﬁc,, (Ta—Ty) =19 K1Ix.
’ SHepI‘HH rasa R0 HarpeBaHua MOXeET GHITh HafiJieHa Mo q)OpMleé
im .
Wl:.-é_ E RT1= 1,8 KII)K,

rae {==5, Tak KaK KHCJOPOJ-—ra3 ABYX4TOMHBIH, DHeprus rasa mocnae
HarpeBaHus

i

Wy=-

m
-5— ERT% —7,6 Kgm.

5.80. Q=4,15 x/Ix.
5.81. a) Ilpu p=const umeem Q=mC,AT/u. Ho pVi=mRTi/u
H pVy=mRTy/n, otrysa

pAV:’ll-R AT, wuam ’E—AT=p—A—Y-.
p p R

Caezosarennno, @ =C,p AV/R =700 Ix.
6) Ipn V=const umeem Q=(m/p) Cy AT. Ho p\V=mRT1/p v pV=
= mR Ty/p, OTKyZa

1% Ap=-n-1—R AT, wuau n AT=K£.
- m n R
CrexosateasHp, Q =CyV Ap/R =500 Ox.

5.82, T,=1500K; V=12,41; Q=12,4 xJIx.

5.83. Q==545 Mx.

5.84. Q=mC, AT/p; otciopa C,=pQ/m AT =20,8 Hx/(Moab-K).
Tak Kak KHCJIOPOA—ra3 JABYXaTOMHBIE, TO nosyueHHoe 3HaueHue C,
TOBOPHT O TOM, UYTO HarpeBaHHe NMPOKCXOIMJIO NPH MOCTOSIHHOM ofbeMe.

5.85, KoauuecTBO TenJoTH, KOTOpOE HajA0 COOOIMHTL BO3AYXY,

Q:ﬁM Cy AT. )

Utobn Hafiti AT, ‘HanuuueM ypaBHEHHS COCTOAHMS Trasa 1O H NOCKe
HarpeBaHuA: .

p1V=’—Z—RTi, p,V:'ﬁ-RTz; oTciona VApz';L—lRATF

HJAR

. V Ap
T2, ®
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TMoncrasasia (2) 8 (1), uafinem

. 'Q=CVY-£—p=-§-VAp=IOKIbK.
5.86. m=3,7r; AW, =3,3-10~21 Ix,
5.87. Q=CypV AT/p =208 JIx.
5.88. T,=2500K; Q=CyV Ap/R=16,5 kIx,
5.89. i=6,
5.90. Q="6,25xklx; To=4Ty; ps=4p1.

5.01. Q=102 lix; V0 =1,57 km/c; py=133 xMla; pj=pe2=
=0,164 xr/m; W =400 Ix. -
5.92. Q =155 k.
- 5.93. =579 m/c; V B =628 m/c; v, =513m/c.
5.94. T=83 K. .
5.95. Pacnpene/enue MOMEKYN NO CKOPOCTAM J2eTCs hopmy ok

RN 2 iy Au, 1

e 1 —OTHOCHTeJNbHAs CKOpOeTh, B Hamem cayuae v=100 M/c H

Au=10m/c. HamGosee BeposiTHas ckopocts =1 2RT/u=2376mj/c.

CiaenoBaTeqbHo, u=ujvy==100/376, u?=0,071, ¢~#*=0,93 u Au=

== 10/376. Torna dopmysa (1) Raer
AN 4

.10

o = —0,93-0,071 25 =0,004=0,4%.
N V - 193:0,0 376 ! %
Takum 06pasoM, uHCJIO MONEKYH, CKOPOCTH KOTOPHIX JIEKaT B yKasak-
HOM HHTepBaje, paBHo 0,4% ofuiero umcaa MomeKyJ. s peiweRus sTolt
«  3ajaiH MOKHO TaKKe BOCHOJB30.

AN/ (WA Barpcst rpaduxoM AN /(N Au)=f (1),
06 MOCTPOEHHBIM IO JaHHLIM Taba. 10
d P N Ba c. 60 (puc. 83). ¥ nac u=0,27,
46 L Vs rpaduka jast STOTO 3HAYEHRS -u
/ k naxomum  AN/(N Au) = 0,16, Tak
G4 / A\ kak Au=0,027, 10 AN/N=
—T1 =(,16.0,027 =0,004 = 0,4%.
@277 N 5:96. AN/N =2,8%.
TN 5.97. AN/N =4,5%.
9704 38 42 46 20 2,4 5.98. AN, /AN,=1,1 xas moGo-

ro rasa npu JgiGOH TemmepaType.

5.99, a) v,=487M/cu AN/N =
=3,4%; 6) vy=T731 M/cuAN/N =
= 2,2%. Taxum 06pasoM, npH NOBHILIEHHH TeMAepaTyPhl MAKCHMYM KpH-
BOR pacmpejeJienusi CABHTAeTCfl BOPABO M BENHIHHA MAKCHMyMa YMEHb-
maetcs. '
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5.100. Tak kax B AdHHOl 3ajaue WHTEPBaX CKOPOCTell BGJIHK, TO
HeJb3S NOJb30BaThC (hopMyJsoit Maxcseana. Ilyis peineHHs sTolf 8ajauH
NOCTyNaeM TaK: HaXOAMM uHcaa MONEKYR Ny u N,, CKOPOCTH KOTOPHIX
COOTBETCTBEHHO Cosbmie vj H vy, TorZa MCKOMO® 4HCAO Modekyn N, =
= Ny—N,. Jlas naxoxnenus uucesd Ny u N, noabsyemcs rpabuxoM
NN =f(u), noctpoerssiM no xakHmM Tabat. 11 na c. 60 (puc. 84).
Y nac vg=V 2RT/n=500 mjc. CaenoBarenbuo, u;=300/500=0,6
u, =800/500=1,6. VI3 rpaduxa nas
STHX 3Hauewwd u Haxomum coor-  No/W

petctBeHHo N{/N=0,87=87% =u N

Ny/N=0,17=17%. Tlonyuenune {8 N
HHBIE 03HAYAIOT, 470 87% BCeX MO- A

JaHHHI % BCeX M 06 \

JIEKYJT IBHKETCS €O CKODOCTAMH, mpe-
BHWAKIWHMH v,=300 M/c, H TeJb- o
Ko 17% MoJeKkyJ HMEIOT CKOpOCTH, \
npesbiaomne v, =800m/c. Torga G2} \\
'OTHOCHTEJIBHOE YHCHO MOJIEKYJ, CKO- 1«
pOCTH KOTOPHX JexaT B HuTepBa- ¢ gz g8 12 46 2,0 2,4
Je of vy=2300M/c 10 vs==800 m/c, Prc. 84.

N IN=87%—17% =70%. .

5.101. a) Ny/N=57%; 6) N,/N =43%. Orcioxa BHIHO, uTO KpH-
Basl pacnpefesieHHd MOJEKYJ mO CKOPOCTSIM HECHMMETpHUHA.

-5.102. N,=1,9-10%,

5.103. Urto6nl MoJekyaa HMeNa KHHeTHYeCKYIO 3HEPrHI MocTyna-
TEAbHOTO JBUIKEHHS, pasuyio Wy, oHa JOMKHa 06MafaTh CKOPOCTBIO Ug,
YRAOBJETBOPSAIOIIEH  YPAaBHEHHIO mocv2/2 W,; otciona UO—V2W0/m0
Tak Kak HauGoaee BEPOSATHAS cropoeth vp=} 2RT/n= V 2kT/m,, 10
OTHOCHTE/IbHASt CKOPOCTb 3TOH MOJIEKYJIBI u=vo/vB_VW0/kT= 1,73.
[Moansysach rpadpuxoM Ha puc, 84, HaXOZHM OTHOCHTEJNbHOE HHCJIO MOJE-
Kyan Ny /N, oTHocHTenbHas CKOPOCTh KOTOPHIX Gosibiie cKopoctd u=1,73.
Fpadux paer N /N =0,12. Takum o6paszom, 12% MosexyJ KHCAOpOKa OpH
JaHHOK TeMOepaType UMEIOT KHHeTHUEeCKYIO SHePrHio, NpeBLIIaOUyIo SHe p-

. m
ruio Wy, OGCwee uucao MOJeKys KHeaopoga B cocyae N 2_;1_ Ny=

=1,5.10%%. CnegosaTenbHo, HCKOMOE uHCIO MoJeKyd N,=0,12N =
= 1,8.1022,

5.104. T0*7730K Mo ycaosuio N, /N-~05 Ipabuk Ha puc. 84
Raet, uto sHaueHuio N,/N =0,5 coorBercTByer 3mauennme u=1,1. Ho
u="V Wo/kT (cM. pemrenme 5.103); otcioga T == Wy/ku?=9600 K,

5.105. T'=1,57.10¢K,

5.106. [apneHue rasa p yMeubLIagTcsl C BHICOTOR A MO 3aKOHY
p=py exp (— pgh/RT). B yenoBHsax JaHuo# sajaum p=67,2 klla,

5.107. h=2,3 xm.

5.108. p;=35,8 xlla, pa=72,5 x[Ta, Ap=36,3 x[la.



5.109. B 1,7 pasa.

5.110. a) p=1,28 &r/m%; 6) p=0,78 Kr/M’
5.111, a) h=>5,b xM; 6) =80 km.

5.112. Mmeem Gapomerpuueckyio GopMysy

; p=poexp(—pgh/RT). )
KoHuenTpanns (4HCJA0 yacTHIl B elnuuue o6nema) n=p/kT, OTKysa
p=nkT. )

MNoacrasass (2) B (1), nOMyuHM COOTBETCTBEHHO I/ BHICOT fiy M fy!
%

ng=~ny exp (— pgm/RT), ny=nyexp (— pghy/RT);

OTClIOa
ny g (hl‘*hz)) ng (ho—bhy)
PR ( RT e
Hin
In i _pgt—h) 3

n2 RT
i
Tak Kax macca gactiusl m=p/N 4, To Hopmyay (3) MOXKHO 3anHCaTh TaK:

m_ N qmg (112——,’11)

In 25 RT

OTKYZa, YYWTHBAas NOOPABKY Ha 3aKOH ApXuMeJa, NOJyuHM
RT In(ny/ny)
gV (0—p0) (ha—H1)

Ime p—NJOTHOCTh TYMMHPYTA H Pg— IVIOTHOCTb_JKHAKOCTH.

5.113. A =:850 MKM.

5.114. 1=5,6 ku.

5.115. A =93 uwm.

5.116. 2=4,9-10% ¢!

5.117. 2=2,47.10° c-1,

5.118, Z=3.10%,

5.119. B 2,3 pasa.

5.120. A =1 MxM.

5.121. A=p/V Zn02N 40 =1,8 Mrm.

5.122. A=14,2 cm,

5.123. CpexHee UHCAO CTOJNIKHOBEHHH B eAMHHLY BpeMeHH MOJ’leKyJ!.
KHCIOPOJA 2=x0/hg, TlE v——VSRT/:m H }»2-—A1p1/p2, rae py/ps=
Tang obpasoM,

=6,1.102% mMoan—1,

Na=

Mﬂ_ =4,5.107¢-1,

z ~
Apalps

1“
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5.124, 2=9,6.10°¢c~1,
5.125. A =23 uM.

5.126. ¢ =Vp./ V 2N anhp=0,35 nm.

5.127. T=1,6-10""c.

5.128. p==1,6-10~° wr/m% n=23,3-1018 M~3; A==76,0 M.

5.129. YTo6sl MOJEKYJIbl He CTa/JKMBadUCh APYr C APYTOM, CPegHAs
LJHHA cBOGOZHOrO mpofera RoJKHa ObTh He MEHbINE jHaMeTpa COCyJa,
T. e Az=D=1/V 2nok; orcooaa n< /Y 2no?D=1,7-101 y-3,

5.130. a) p=931 mIla; 6) p=93,1 mlla; B) p=29,31 mlla.

5.131. p < 399 M]a.

5.132, 0=<9,4-10-7 kr/m3,

5.133.7 = V_”z ]/i=9,2-107 -1,
R 37
5.134. D=9,1-10~5 m2/c.
5.135. D=8,4.10~5 mM2/c.
5,136, D= ti=r )/ RL_KT
3 3 au VY Zno2p
= AT%2, rre A—nexoropas noctosnnas. Ha puc. 85 nan xapaktep sa-
BHCUMOCTH KOs(pduunenta Auddysuu D or Temne-
patypsl T npu p==const.
5.137. m=2mr. .
5.138. p=239,9 x[Ta.
5.139. A =184 nm.
5.140. n=17,8 mxIla-c,
5.141, Mmeem

- n:ZvXp/;, M

. Ipu p=const nmeem D =

— . ——— 2o ——

P
Y

- [ T,

rae v:VSRT/nu—-cpezmm apupmerHueckasn
- 5. o - Puc. 85.

CKOpOCTb MOJEKYA, A == kTV 2n06%p — cpepusis

JnJiuHa cBoGopsoro mpotera W o= ppu/RT — maoTHocTh rasa. Iloxcras-

Asist 9TH BeauuuHsl B (1), nonyusm

2k pT z_gk]/lﬁ,_ —20 2
W3 VR OVR C=pg VR =107

7. ¢. 0=0,3 um.

5.142. n=1kp/3. TloncTapnss BupaXeHHs 1A U, A H p, Haiizem
n=A Y T, rne A—uexotopas noctosnxas. Ha puc. 86 nam xapaxrep
3aBHCHMOCTH BSI3KOCTH 1) OT Temmepatypul 7.

5.143. D=1,48.10-3M2/c; 1=18,5 mxIla-c,

5.144. B 1,07 pasa.

5.145, n=N /D =1,8-10% u~2,

10 B. C. BonbKenwredn . : 289



5.146. p=1,6 xr/m% A =83,5umM; v=440 m/c.

5.147. v=2,72 m/c.

5.148, Fg=45MH/Mm2.

5.149. n=F (R—r)/4n2nth= 18 Mx[Ia-c.

5.150. K =90MBt/(M-K).

5.151. K =13,2 MB1/(M- K).

5.152. K ="vhc,p/3. Tloxctaans Bupaxenus 1as U, A H p, Halinem

. K=AV'T, rre A— nexotopaa noctossuas. Ha puc. 87 nan Xapaxkrep
3aBHCHMOCTH TemaonmpoBofHocTH K ot Temneparypnt T.

K

v
[ = ot e v aon e o o e

oy | SO

Puc. 86. Puc, 87.

5.153, D=KVN g4/cyN =2.10~3% m2/c,

5,154, a) D1/Dy=0,8; 6) /M, =1,25; B) K1/K;=0,96.

5.155, p=1,26Tla.

5,156, TemnonpoBOAHOCT: BO3LyXa HAyHeT 3aBHCETb OT JABJEHUS
npu A=d, rfe d-—paccTOosHHe MeKIy CTeHKAaMH TepMoca. weem
h=kT/V 2n0%p, oTkyAa npu & =d nonyuum p=~kT/V 2 nod =980 mIla,
Ki=13,1 MBr/(M-K). Ecam p=13,3mlla, To cpeaguss amuua cBoGoj-
Horo mpoGera A Gonbile paccTOsums d MeXAy CTeHKaMH Tepmoca. Toraa

1 1 8RT o R _1 8R
=17,8:10—% Br/(M-K).

Hmeem Q =K % ASAt, Ho AS=2narh, rae r=(ry-+r5)/2. Toraa
Q=K -A—.T. 2nurh AL,

[ToxctaBasisi YHC/AOBbIE JaHHbE, NOAYYHM Q=188 Ix K Qz._2 55 Hx.
JleficTBHTebHEIe NOTepH GyAyT GoJibUie H3-332 KOHBEKI(HH,

5.157. @ =23,9 x/x.

5.158, Q=78 [k,
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5.159. o_—c AT =7 gzxz{m- AW = pAV 5661{11)!(, A=

= pAV=2,26 KI[)K .Takum 06pasoM, Kak M CJAe]oBajO OXHAATH; Ha

OCHOBaRHH nepBoro 3aKoHa TepMOXMHaMHKH Q=AW -} A,

- 5,160, A=8,1x/Ix; AW =20,2 k[Ix; Q=28,3kIx.
5.161. AW =1x[x.
5.162, AW=2,5MIx; A=0,83MIx; Q=23,33 M/Ixk.
5,163, A=600 Ix.
5,164, Q= A (/24 1)=>550 Ix.
5.165. AT =57 K,
5.166. A=132 Ix; AW =39,6 Ix.

3.187. Q=3,32 MlIx; AW=2,49 MIx; A=0,83 MIx.

5.168, Q=104 Ix; Ah=2,8 cM.
5.169. Q =360 Ix.
5.170, A=714 IIx.
5.171. B 2,72 pasa,

5.172. Vo =500 w/c.

5.173. A=7T00x; Q=A=70]Ix. ~
5.174, A=223 kJIx.

5.175, T5=207 K.

5.176. p;=295 klla.

5,177, T, =865 K.

5,178, i=5.

5179, #,=123°C, p,=>5,28 MITa.
5.180. T=780K.

5.181. c,fey=1,4.

5.182. Ha puc. 88 muzobpaxen rpaduk
npouecca; Vo=0,25x, p, =132 kIla.

5.183. cp/cv=l,4.

5.184. Ilpu angpnaGaTuueckoM npouecce AW =— A;

AW =

=_;_.ﬁR (Ty—Ty). Temneparypy T, MOXHO HaliTH, NOJAB3YSICH ypas-

nenueM [lyaccona. [IponenaB HeoGXOXMMLIE BhHIYHCHAeHUS, HaljeM AW =

=—269MIx. A=— AW =2,60 M/Ix.
5.185, PaGora npu aguabaTHUeCKOM CXKaTHU

P RTi m Vi\»—1
pw=imr = ()

Ille ®=Cp/Cy; paboTa NpH H3OTEPMHUECKOM CKATUH

Aag 1 —(Vy/Vg)%-1

; oTcoza

Ha——RT.}L_]nV H

A e ) In(Vo/Vy)

TaknM o6pasom, usmepmuqecxu CXKHMAaTh BHIOAHEE,

10*

1,4.
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5.186. AT=T7K.

5.187. B 1,15 pasa. :

5.188. a) p, =510 kITa, T, =273 K, A=— 1140 JIx; 6) p, =960 xI1a,
T,=520K, A=— 1590 k.

5.189. a) Ty = T1 =313 K, p,=0,20 MI1a, A=— 1,80k/Ix;6) Te=
=413 K, py=0,26 MI1a, A=—2,08 x]Ix.

5.190. a) B 2 pasa; 6) B 1,64 pasa.

5.191. OpnoaToMmHblil ras Harpeercst Gosbwe B 1,2 pa3sa.

5.192. V,/V;=1,33; T,=270K, A=23 x[x.

5.193. a) p=A/V; 6) p=B/V*, rlle x=cy/cy, A i B—Hexorophie
nocrosnnble. Ha puc, 89 H3006pakeH xapaKTep 3aBUCHMOCTH AABJIEHUA D

4

Puc. &9, Puc. 90.

raza ot ofwemMa V npH u30TepMHUecKOM (KpHBasi @) H ajAHabaTHUECKOM
(xkpuBas 6) pacwiMpenHu rasa,

5.194. a) Q=150x1x, A=0,92kdIx, AW=0,63k[Ix; 6) Q =
= 1,88xdx, A=125kIx, AW =0,63 xlxk.

5,195. TensoBas Mawuua, paboTaiowas no uukay Kapuo, cosep-
waeT paboty A=Q;—Q:=n1Qy, rie Q;—KOJIuYeCTBO TellJIOTHI, [0y~
yaeMOe MalUMHOH OT HarpeBaTess, Qg-—KOJHYECTBO TeILIOTH, OTAaBae-
MO€ XOJOAMJIbHUKY, 1) —K.M.4. MamuHbl. Umeem = (T1—Ty)/T;=0,25.
Toraa A=nQ;=0630 Ix. Hanee Qy=Q;— A=1,88 x[Ix.

5,196. n=18%. ~ *

5.197. 1n=26,8%; Q=274 x/Ixk; Q, =200 x]J[ix,

5.198, n=20%; A=1,26 xIx.

5,199. YpaBuenue uszoTepml AB (puc. 90) umeer Bup

pV=21RT,. g (1)
w
KoopaiiHaThl TOYKH A yROBJIETBOPSIOT 3TOMY YpPAaBHEHHIO, T. €.

prlz—’g—RTl, OTKyna —;—'f— 2141

= ?—T,;—= 0,427 MO.?!IJ,
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u toraa (1) mpunnmaer BHp
pV=0427RTi=1,42xm. @

Jaa Touky B HMeeM
pa=pV[Vs=284 kIla.

Tax xax xkoopauuatel Touek B u C ynosersopsior amuabate BC, To

poV¥ = paV¥, oTRYAa P3s=ps (Vo/Vs)" =146 kTTa. YpaBHenHe H3oTepHbl
CD wumeer BHJ

pv;—ﬁ’_RT'zpsv3=1,17xﬂm;

orciofa Ty =330 K. Tak Kak xoopauHaTei-Tovyek D # A 10mKHBI yioB-
JeTBOPATh ypaBseuuio aguabathl DA, to (V4/Vy)#~1=Ty/T,; o1cI014
V,y=3,221 u py=2365 kIla.
a) Vi=2na, py=708xlla; Vo=>5a, p,=284klla; V3=8u, py =
= 146 k[la; V,=3,22a, p,=365 xI[la."
6) PaGota mpu maotepmuuecKoM nponecce AB
Vs

m N
Al_ RTI—PL_ in V—l-—-1300 lI)K,

paGota nmpu aauabaTuueckoM mpoliecce BC

_RTy m Vi\*1]_RTy m 5)_ _
b= o ()= 2 1) e

pa6ota NpH H30TepMHUeCKoM npomecce CD

14
Ay=RT, L 1n 2t
3 2” nv3

padora npH ajaumabaTHuecKoM npomecce DA

=RT, ﬂ( —11)=_620ﬂ>x
oy el e :

4

. -
B) Pa6GoTa 3a Becb LuKJ A=2, A; =230 dx.

r) Kna mwukaa n=(Ty—T,)/T1=0,175. .
1) KosnuecTBO TeNJIOTH, NOMYuYeHHOE OT HArpeBaTeJs 3a ONHH WHKJI,-

Q1= A/m=1300 .
e) KOJIH‘leCTBO TelJI0Thl, OTAAHHO¢ XOJIQJHJIDHHKY 38 OAWH OUKJI,
Qs =Q; — A==1070 JIx.

5.200. B 2,1 pasa. .
5.201. Ipyx oOpaTHoM IMKJ/e BHELIHHE CHJIbl COBEPLIAIOT Haj rasoM
pa6oty A. Hlpu sroM KosuuecTBO TemoTH Qa, OTHSITOE y XOJOXHOTO
Tesa, BMeCTE C 3aTpayecHHON paGoToi' A paBHO KOAHYECTBY TEINOTH Q,
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nepeaannoMy GoJee narperoMy teay. ITpn atom = (Ty—T,)/T3=0,093;
Q,-.=Qi-—-A=-':——A - 1-:—1‘ A=360 kIk;  Qq=Qy-+A=397 kDx.

Taxum o6pa3oM, XOJIOAMJIbYAs MalIHHA Oyjer 3a KaXIAbIH [HKJI
nepefaBaTh Gojee ropsueMy Tesqy KoJgnuectBo Temnoth 397 kDK, u3
kotophix 37.k[Ix 3a cuer Mexanuuecko#t pa6otht, a 360 x/Ix or xoson-
HOTO TeJa.

5.202. Ko3phHIUEHTH Ty, Ny H Mg CBA3aHH MeXAy COBOH COOTHO-
wenusaMy 1);==1/(1—13), n2=(1—"n3)/ns. B ycnosusx aagauu 1;=1,09,
1,=11,0, 1;=0,083.

5.203. m,=4,94 xr.

5,204, 3a cuer KOJHYECTBA TEMJIOTH () MOXHO COBepmiuTb paboTy
A=nQ, rie M—K.n.A. Tenaopoi Maiuuul, npuueM 1 =(Tj—T3)/T;.
TMomewenuio Gyjer MepefaHO XOMOIMIBHONH Mally HOM KOJHYECTBO TEIIOTH
Q’==A/n’,T16é ) —K.I 1. XONOJMAbHOK MawHHbl, npudeM 0’ =(T1—7T3)/T1.
Torna

ComA _m _ (Ti=Ty)T:

i T et T e BT e S = 3,

’ 7 ’ ’
e wA v (T),—Ty)T,
T. e. llOMelleHWe ITOJyuaeT B TPH Pa3a MeHblUe KOJHYECTBA TEIJIOTH OT
CropaHys ApOB B IeyKe, 4eM IIpH OTOIIEHHH ero XOJ0AHIbHOH MauIuHoil,
5.205. M3 puc. 9 Bumno, uro

Vs Vi \x-1
A=pi ViV +L 1 ()7 ] = o (Ve V) = 192

5.206. 1=0,2, ' =0,3.

5.207. 104 muxna.,

5.208. Mmeem n=A/Q, rae A—noJHas pa6oTa 3a BeCh UMKJI U Q—
KOJIHYECTBO TelAOTH, BHAesfoieecss NMPU CropaHHu ropiouero. Tak xak
AAB':ABA H ACD=AEB=0: TO :

_ _m R (Te—=T3) [ Vi ®-t
A= dpe—tpp= 1 SEE 1 ().

Ho R/(x—1)=Cy u (Vl/Vz)"-l’=T1/T0=T2/T3; o3TOMY

T
A= Co(Te— T ( — __2_)
I v(To 3) Ts
m ¢
Tak Kxak Q=FCV(T2—T1), TO

~.

..__i= (TO-—TS) (1—T2/T3) =T2'— T3_,

71-—- Q Tz'—T1 Tz ==
# =Ty _oao—u 204
Ty T e T T e

5.209. p,==930 klla, T;=686 K.
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5.210. n=1,3.

5.211. Umeem V;—V,=35h, rie S—naomans ceveHHs THAHBApA,
C apyro#t croponnt, (V1/Vo)*=p,/p;. Pewas stu Asa ypaBHEHHS OTHO-'
cHresqibHO Vo W MOXCTABASS YUCNOBHE Hanuble, HafifleM Vo=176 cM3.

Tex xax TyfTs=(p/p)*=0%, 10 Tp=680K, =LV TizTa

w—1 Tg
= 243 [Ixk, rae Vi=Sh- V3= 1040 cm3.

5.212, a) n=236,7%; 6) n1=44,6%; B) n=49,6%.

5.213. 3uas notpebieHue OeH3UHA H €ro YAEJIbHYIO TelJIOTYy Cro-
pausus, nafinem paxTHueCKHH KA. Mg =0,216 ~ 22%. Teopernueckuit
K.ILA.

U S
K VA

Takum o6pasom, notepst GeH3WHA HAa TpeHue B JBHKYMHXCSH yacTax
MexaHusMa ¥ np. cocramasier 309% — 229 =8%.
5214, Pa6ora, coepmaemast MpH MOJHOM wHKJe (cM, puc, i1),

A=Qi—Q,, M
rie Q{—KOJMYEeCTBO TelUIOTH, BhifesiBumeecss NPH CropauMH TOMJHBA

(na yuactke CD), u Q,—KOJIHYECTBO TENJIOTH, OTjalHOe cpeje (na
yuactke EB). Ho Tax Kax yuacrox CD-—muso6apa, 10

=O,3=30%.

m=%@wrnx : @

rae Tj—Temnepatypa B Hauajle H306apHYeCKOro pacuvpeHHs H Ty
TemmepaTypa B KOHue ero. Tak kak yuactok EB— usoxopa, TO

m=%@mn—n» @)

rie Tg—rTemnepatypa B Hauajse H30XOpuueckoro npouecca H To—TeM-
nepatypa B xoHue ero. Iloacrasass (2) u (3) B dopmyny (1), umeem

m .
A='; Cy[u (Ty—T1) —(Ts—Ty)], G
TAe ®—I0Ka3aTeJb 8}[14363'“:], H TOorja x.Mn.x.
A 1| T3—T,
=== | —— . 5
=7 % T,—=T; : ©)

Ypasuenue (5) MOXKHO mpeJAcTaBUTL B Apyrom  BHie. Temnepatyphi
T, Ty-u Ty Moxuo BHpasuTe uepes T,.- Jia usobapm CD umeeM
Ty/T1=V3/Vi=p—creneHp #306apHuecKOro paCHIMPeHHd, H, .CJeNO-
BatenbHo, T1=Ty/P. Hna aguabatet DE umeeM Ty/Tg= (Vy/V3g)¥~1 =
= §%-1, rpe §—creneub agHa6aTHUECKOrO PACIIKPEHHS; CaENOBATENbHO,
Tg = Ty/8%~1, [na aguabatet BC umeeM T'/Tg=(Vy/V -1 =¢%-1, rxe
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&—cCTeneib aJia6aTHUYECKOTO CKaTHsA; ciaenoBatenbHo, To=T,/0%- 1=
= Ty/Pe*-1, TloacTaBnsisa nonydeunvie sHaueuuss T, Ty, TyB (5) u 3a-
meuas, uto B==86/0, nomyuum
% — 1
PR o
#ew =1 (B—1)
5.215. Mmeem

n=A/Q=Pt/mq. M
C npyroi#i cropousl, ’
B — 1
ﬂ=1*m » @

(cM. pewenue 2.214). ¥V nac f=¢/0=16/6,4=25; »=1,3; p* = 3,29,
p* — 1==2,29; ex-1=230; §—1=1,5. Toacrasaas 3T« nanubie B HOp-
myay (2), monyuuM n=0,49=49%. Toraa m=>5,9 kr.

5.216. Mamenenue anTpomun onpejensiercs QopMyJoi ¢
B
d
AS=Sg—S4 = S 2,
A

rae S4 u Sg—3HTPONUH B INepBOM H BO BTOpOM cocrtostHuAX. Ofulee
u3MeneHne SHTPONMUH B JaHHOM CJyyae CKJ/ajblBaeTcss H3 H3MeHeEHHIi ee
B OTJEJbHLIX [poieccax.

[pu Harpesanu¥ Macchl m JbJa OT TemuepaTypsl T° A0 TeMIIEPATYpPH
T,=273K umeem dQ=mcyzdT, rxe cz=2,1 KIlx/(xr-K)— ynemnHas
TeNJIOEMKOCTh JIbAa, U '

ASy=mcy In (Ty/T).
fipu nuasnennu Macchl /m JbJa NMpH Temmepatype T, HMeeM S dQ =mh,
riae A=0,33 MJIx/kr— y/ie/bHas TeMJOTa NJaBJEHUS, H
ASy=mM\/T,.

fipu marpeBanuu MacCHl m BOAHl OT TeMmmnepaTypwl T, RO TemmepaTypsi
T, umeeM

ASs=mc In (Tx/To),

rne ¢=4,19 kx/(kr-K)—yneibnas Tenjoemkoctb Boabl. [Ipm mcnape-
HHM Maccsl m BOAM mpH TeMiepatype Ty HMeeM

ASy=mr/Ty,

rae r=2,26 M/x/kr—ynenpHas Temsota napooGpasoBanus. O6ee
HaMeHeHHe SHTPONHH

- To, M To  r \_
AS=m (c, In 24+ £Holn To—}—Tn)—SB Iox/K.



5217, AS=T7,4 Ix/K.
5.218. AS =1230 Ax/K.
5.219. AS=63 Ix/K.
5.220. Hmeem

Ho dQ=% CydT+pdV u, Kpome 1010, pV=—’§RT; TOrja

i
AS=%CV1 + R In22=5,4 JIx/K.
5.221. B npeanimyuiefi 3ajlaue Mbl HALUWIH SHTPONHIO KaK (QYyHKIHIO

napamerpos T u V. B s10fi 3ajaue Ham TpeGyercdl BHIPasHTh SHTPONUIO
yepe3 napametpsl V u p. Mmeem

V
as="cym Dt Prin e !
pv 1+ n Vi M
Ypapnenue Menjeneepa —Kuarneitpona paer
T2 PaVa
2
Ty pVi” @

Moncrapaaa (2) B (1), nomyunm
As="cy ey M, in l/l+£"—R In V_=
u Pr B

Va

m Pz
—”C vin ~|— ¢, lrlv

=71,0 /K.

YuamuMca npejsiaraetcss BHPa3WTh SHTPOIHIO uepe3 -napametpu puT
H TIOJIYYHTh (popMy.ny

n T, P2
AS=—C ln——-—-——R In
po P P’
5.222, Mmeem (cm. pewense 5.221)
m Py , m Va
AS=—Cyln=24—C,In+;
w Cving, T Ce
‘an H306apHUECKOM ITporecce py==ps H
' AS———C mxﬂ 66,3 /K.
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5.223. AS=38,1 ITx/K.
5.224. Vveem (CM. peenie 5.221)

as=2Lc,m —-——Rl P2,
[ Ty Py’

npu usorepmuueckoM nponecce Ty=7T, 1

AS=—ER In22=L R InBlm17,3 MK,
PL B P2,

5.225. AS=2,9 /K.

5.226. a) AS=1,76 Ix/K; 6) AS=2,46 [Ix/K.

5.227. a) AS=8,5 kIx/K; 6) AS=11,8 xIx/K.

5.228. Harpepaliie npoH3BOJHIOCH NPH HOCTOSHHOM J@BJIEHHH.

5.229. Yuamumes npepsaraercs y6eAHTbCS, YTO H3MEHEHHE SHTpO-
nuiy AS He 3aBHCHT OT TOro, KakUM NyTeM cOBepuiaeTcsl INepexOJ rasa
M3 OJIHOTO COCTOsSIHHA B ppyroe, B oboux CIyuasx H3MeHeuue SHTPONHH
AS =5,45 Ix/K. *

5.230. AS=500 IIx/K.

5.231. Q=420 xJIx.

& 6. PeaanHble rasel

6.1. Benuuuga a Bolpaxaerca B Ila-m®/monn?, BemtudHa b—B
M%/MOJID.

[y

6.2.
BeutecTBO a, [Ta-M*/monnslb, 10~ 5y3/Monb
Boasnoit map - 0,556 3,06
Yraekucdnii ras 0,364 4,26
Kucmopon 1 0,136 3,16
Apron 0,136 3,22
Asor 0,136 3,85
Bonopon - 0,0244 2,63
Teaust . 0,00343 2,34

6.3. a) Pewas ypasHensie Menjeseesa — Kuranefipona oTiocHTe/IbHO
TeMnepaTyphl, HaXOAUM

T=ppV/mR=280 K. .

6) Pemaa ypaBHeHHe Ban-zep- Baam,ca OTHOCHTEJNbHO TeMmepaTy PH,
HaXOoMHM

"
Tt (p+pz vz) (v- = b) =260 K.



TakuM- 06pa3oM, NpPH MaJEX JaBJCHHAX ‘Tag Beier ceﬁﬁ KaK
nieadbrtit. Tlpy GoabluMX naBMIEKHSX DapaMeTpH 'rasa yXe He NoA-
YHHAIOTCH YPaBHEHHIO Meﬂzxeneesa—Knaneﬁpra (cMm. sazauy 6. 4)

6.4, a) T=281 X; 6) T=289 K.

. 6.5, a) T=482 K; 6) T=204 K. " - S

6.6. a) pi=2,87 Mlla, p,=273 MIla; 6) p;=3,09 Mlla,
ps==61,8 MIla. M3 cpaBHeHust NOJYYEHHBIX pe3yJbTAaTOB MOMKHO 3aMe-
THTb, Y4TO MPH He O4YeHb GOJIbIUHX JaBJEHHAX peasbHbie rasbl GoJiee
CXKMMaeMBl, ueM HJealbHble (BJIHSHHE CHJI INPUTSAKEHHS MEKAY MOJeKy-
JIaMH); Mpu GOJMbMIMX JABJeHHAX peasbilble ra3bl MeHee CKHUMaeMbl, yeMm
HlleaslbHbE (BJIUSIHHE COOCTBEHHHIX OOBEMOB MOJIEKYJI). )

6.7. Ty /Ty=Q2p4pi)/(p+p;)=1,85, rae p;=av®/V:, Ecm 6ol
ras qojudHajCa ypasuendio Menneneesa— Kianeitpowa, 10 6bUIo 61l
Ty/T1=2.

6.8. Onpenesnenue o6bvemMa no Qopmyse Bau-nep-Baassca TpeGyer
pelleHHst ypaBHeHHsI TpeTheli cTemenu. OpMH H3 TpeX KopHel 3TOro
ypaBHeHHs, COOTBETCTBYIOIIHH ra3oo6pasHOMy COCTOANHIO BewlecTBa,
MOxeT OHTb Falfifle MeTOjOM Moc/efoBaTeIbHbIX MpHGmnkerHit./ M3
ypasHenust Bawu-gep-Baanbca ajsi mpou3BOJILROTO KosHuecTBa v= m/p
KHCNIOpOJa HMeeM

vRT
p+v2a/V2+Vb~p+P;—ﬁVb M

B kauecrse nepsoro mpubaumenusn Gepem V=V;—obneM, nosyuaemblii
13 ypasHenus MenjeneeBa— Knanefipona:

V=

v =YRT 024
Toraa .
via  106.0,136 n
plz-{/—lz——-—(o—’ill—)z— H3—2,4 MIla,

Moacrasasist p; 8 (1), nOTyusm BTOpOe MpHOIMKeHHe:

_(10%:8,31-300 | o -
Vz—(—DTW_“HO .3,16-10- ) W =0,232 WP,

Torpa

”’i:V—g“—(G'Ea':Z)_?” o
__[108.8,31.300- 3 ) s 3

Ve (“grior -+ 10%3,16:10 ) w=0.231 w,

[Toctynas ;I‘aKHM ke 00pa3om, MOXKHO [IOJY4HTb YeTBEPTOC H T. H.

npubnxxkenus. Herpyano y6enuTbCsl, 4TO yxKe yeTBepToe NpHbJHIKeHHE

“TIpakTHYECKH COBIajger C. TPEThHM, Tamm 06pagom, HCKOMbIE ofbeM

V=231 a,
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6.9. V=0,49 M® (cm. peienne 6.8).

6.10. Tocrosinnas b, BXojsimas B ypaBHeHHe Ban -nep- Baanbca
NpPHGJIHIKEHHO paBHA yYeTBEDEHHOMY COGCTBEHHOMY OGBEMY MOJIEKYJ,
C npyroi croporn, b=TyR/8py. Orciona 06beM OLHON MOJEKYJiM

— RT" _4 8__1 3
V—m——‘;—l)“——--\,}— nr —--g nov,

3ameuasi, uT0 R/Ng=k—nocrosunaa bBoabumana, nonyuum o=

ziq/3ka/16np,,= 294 nM. 37To 3mauedHe XOpOWIO COBNaZaeT CO 3Ha-
. yeHieM O, IOJYYeHHbIM JApYTHMH' criocoba-
§? M# (cM. pewenue 5.141).
: 6.11. a) 0=297 nM; 6) 0=313 nm.
Takum 06pasoM, pesyabTaThl, NOJAY4eH-
Hble ,U.Bi,’MH paSHbIMH CHOCO68MH, ARAIOT
JAOCTATOYHO XOopouiee COBIlaJICHHE.

z 6.12. A=79 nu.
" 6.13. D=3,5-10—5 m?/c.
g v 6.14. Ha puc. 91 gpan rpaduk
p=[(V), noctpoeunnifi g v=1 gMoab
Puc, 91. yraekiicioro rasa npn t=0°C, Kpupas

- @ COOTBETCTBYeT YPABHEHHIO HASAMbLHOTO
raga, KpuBas 6-—yDaBHEHHIO PeajbHOro rasa.
6.15. p;=27T2p%/64p,T2=1,31 xIla.

v—"v'  pb
N el —_— M :_—_-————:':.-—-_.3 —_—
616 (V b) p‘RT,,\r > T 3%, rae v H v’
KonuyecTBa BojpopoAa Ge3 yqua H C yueToM co(cTBeHHOrO 00beMa Mo-

NeKyJI.
6.17. p;/p=4,95%; Vi/V=0,86%.
6.18, PaGora, coBepmieHHast NMPOTHB CHJI B3aUMONEHCTBHS MOJIEKYJ,

; m2a
A=Spgdv. rae pizm.

Takum ob6pasowm, -

Ve
m?a  dV mia (l___l)_mza(vz—‘vl)
- H«ZV;Vz ’

OTKyAa

Ap2V,V, AViVs

= y =0,13 M8 2,
VeV R (V) 0136 Ha-w/moms

8.19. AT =av (Vo—V1)*/VVsiR=2,33 K, roe i—uucno crenese}
€BOGOABI MOJIEKYJI ra3a, v-—KOMHIeCTBO a30Td,
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6.20. a=0,364 [1a.-m%/mouB2.

6.21. Tax xax Temneparypa /=31 °C——Kpm‘uqecxasl TeMMeparypa
yIJIEKKCJIOr0 Ta3a, TO HeOo0XOAHMOe JaBienue” p=p,=7,38 Mlla.
Tax xak temnepatypa f,=>50°C Gonbme KDPHUTHYeCKO TemmepatypH,
TO H¥ NpH KakoM Xapienud MpH 50 °C Heb3s NpeBpaTUTh yTJIeKHCIbLi
ras B KHAXYO yraexkicaory. HauGonbmufi onem Vinay=3b/u=2,9 a;
Hau6oJb Liee JaBleHHe Pmay = pyx =7,38 MIla,

6.22. py=p/3b=196 kr/Md.

6.23. py =8upy/3TxR =57 xr/M>.

6.24. M3 ypasuenust Bau-gep-Baaibca B npuseleHHBIX Beluunnax
HMeeM

T=(n}3/0?) (3u—1)/8. . (N

Yy Hac n=p/px=93/5,07=18,4, Vo =3b=3TyR/8py =
=9,5.10=% mM3/moub; w=V,y/Vox =0,056/0,095=0,59. IToacrasass 3T
snayenus 8 (1), nmoayuum tv=2,6 mu, cuaegosaresbro, T =17y =
=2,6.154 K=400 K.

6.25. p=2,7 MIla. o

6.26. = p/p.=2,45.

§ 7. Hacoimennsie napsl H KHAKOCTH

7.1. Maccy BopsiHoro mapa m B ofbeme V Bo3nyXa MOXHO HAaHTH
no popmyJse Menjeneena— Kuanefipora

m=pVu/RT. ()

[Tpn T=323 K naBienue HachlmeHHOro napa py=12,3 klla. Tak kax
p=0,018 xr/mMosb, 10 H3 (1) moayuum m=82 r.

7.2. py=0,082 Kr/m3,

7.3. B 74000 pas.

7.4. B 12 pas.

7.5. OrsHocuTesbHAs BJAXHOCTb onpefensiercs GOpMyJIoH w== p/py,
rie p—ZAaBjeHHe BOASHOrO Mapa, HAXONSINErocs B BO3JyXe, ¥ py —
NaBJedue BOJSHOCO Mapa, HACKIAIOULErO MPOCTPAHCTBO MNMPH HaHHOMH
temnepatype. Macca m BogsHoro mapa B o6beme V Bosiyxa

m=pVp/RT =wp,Vn/RT. ()

Mpu T =303 K naBieHue HachimeHunoro mapa p,=4,23 xlla. Tak xax
p=0,018 kr/Monb, 10 M3 (1) moryuum m=22,5r.

7.6. Am=6,9 r. :

7.7, t3=T7°C.

7.8, n=10%* u-3,

7.9. w="560,4%; Am=286 wmr.

7.10. a) Jlo pacwpenus HAacbUNEHHBI BOAAHONH NMAap HaXOAMTCA NpH
temnepatype £;=20°C, a caegoBatesbHo (cM. Ta6a, VIII), aasaenue
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~

storo mapa p;=2,33 k[la. 6) Macca Boxsinoro mapa B KaMepe IO pac-
muperna my=p;uV1/RT=17,2mr. B) py=pu/RT;=17,2.10~3xr/m®.
1) To=Ty/(Va/V1)*~1=268 K. 1) [pu TemnepaType ty==—>5°C napsenne
HACHILERHOrO BOJIsHOrO fapa p,=399 [Ta. Macca [mapa B xKamepe, co-
OTBETCTBYIOLLAS STOMY JaBJEHHIO, Mg==pyuV,/RT;=4,0 mr. Caenora-
TeJIBHO, macca CKOHJIEHCHPOBAHHOTO mapa  Am=mi—m, =
=(17,2—4,0)mr=13,2 w™r. €) py=pu/RT,=3,2.10-2  kr/m5,
®) Tak KaKk OJIOTHOCTb BOASHOTO fapa nocje pacCIIHPeHHs (HO IO KOH-
JieHcailyn)

my 17,2.10—¢

=mi 17,2107 3= 13,7.10~% kr/u®
p3__V2._ 195107 Kr/M*=13,7.10~2 kr/m?,

TO CTeNeHb MEePEeCHIEHHs §= P3/pPs=4,3.

7.1, 9,==0,001 M3/kr; v, =1,25 mM3/xr.

7.12. B nmpoilecce HCMapeHHS KOJHYECTBO [TeQJIOTH TPaTHTCA Ha
peojoJieHye CHJI B3aHMOJEHCTBHA MOJeKyA H Ha paloTy pacuiHpeHus

IpOTHB BHeWHEro JXapieHus, TakuM o6pa3oM, COrJacHO IEPBOMY SaKOHY
TEPMOXMHAMHKH. HMeeM
re=AW-A, : %))

rie ro—MoJspHas Temiota mapooGpasosanus, AW — u3MeHeHue mossp-
HO#l BHyTpEHHell SHEPIHH CHJ B3aHMOJEHCTBHS NPH HCnapeHHx, A—mo-
JsipHas paGoTa, CoBepiaeMas NPOTHB BHelHero nasienns, [lpu stom

A=pg Von—Vox), 2)

rie py—1aBJIeHHE HACLILEHHOrO MNapa NpH TeMmepaType mapoobpasosa-

IHA, Vop— MONAPHBIE 06BeM KHAKOCTH M Vo —MOASpHHE 06beM napa,
Umeem ’

’ e 1Y, Y. e . -6 3
Vo P 1000 kr/m3 18-10~¢ m3/moab,

rie J-—MOJIApPHas Macca H P—IUIOTHOCTh BOAEL. Tak KaK Ho yC/oBHIO
v==mfp=1 KMOAb, TO 1O [ypaBHenuio Menpeneena— Knanefipona
Von=RT/py. Ilpn T=473 K umeem (cM. tabn. VIII) p,=1,55 MIla
n Vou=RT/py=2,5 n/M0ab.

CunTtast, 4TO H3MeHenHe BHyTpeHHeH SHepruu [BaauMojeficTBus Mo-
NeKyJ NPH HCOAPEHHH COOTBETCTBYET ypaBHenmio Ban-nep-Baasnca (cu.
sajauy 6.18), nmeem

a (Vou—Vox)
AW 3
- VowVon @)

rie a=27T2R?*{64p, ==5,56.10% I1a-m®/uons?, 3ameuasi, ut0 Voyu <€ Voy,
nonyynam us (1)—(3)
fa ap
ro=-—-+pn Von= —+R T=35 KK /MOJB,
Vo I . :

Torpa yheabHas TemioTa napoo6pasoBarHS r‘=ro/p.=1,95 MIx/xr.
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Ta6n. IX naer aaA  Temmeparypw ¢=200°C 3navenne 7 =<
=1,94 MIIx/kr. Taxum o6pasom, HecMOTpA Ha TO, YTO ypaBHEHH®
Ban-nep-Baanbca, a caefoBatensno, B ¢dopMmyna (3) ABASOTCA MpH-
GJIHKEHHbIMH, COBIajeHHe De3yJbTaTOB XOpollee,

7.13. AW/fo'—‘(fo'—A)/fo =1 “—RTIfo=92,4%.

7.14, AW =7,22 xIxk.

7.15. Nmeem ypaBrenne Kaaysnyca— Knanefipona

dp ro
o AN F— 1
aT =T (Von—Vord M

Cuptas, 9T0 HACHULEHHE® Naph NMOAYHHSIOTCH ypaBHeHuIo MenjeaeeBa —
Knanefipona, umeem (mas v==1 wmoup) Vo =RT/p. Tak kak (cm.
ta6a. VII) npu remnepaTtype f{=05°C jaBieHHe HacHImEHHOro Iapa
pa==870 INa, To HeTpylHO HalTH, uT0 Vop==2,656 M®/Moab, Kpowme Toro,
Vo =n/p<<18.10~% wm3/monp. Takust o6pazoM, Mbl BHAHM, YTO
Vow <€ Von, ¥ TOrAa ypaBhexue (1) MoxuO Hamucath 1ak:

d rop d ro dT
TR U =R T @

Jdana wmebosbuworo HHTepBana Temmepatyp T,—T; MonsipHyio TemJoTy
UCMAPeHUT ry, MOXHO CYHTATh NOCTOSHHOH H TOrJa, WHTErpupysl ypas-
nenue (2), moayYuM

ro (To—Ty)

Pa
inPe_lolfe=Ty) 3)
, p RTIT, ©
OTKyJa ’
__RT:Ty I (pe/p1)
SR P Fa @

31ecs pi H po—ABJCHHS HaCBINIEHHOrO Mmapa Npu Temneparypax Ty
n Ts. B 3anaue TpeGyercsl HaHTH yjaesbHYIO TEMJIOTY Napoo6pa3oBarBus
npu teMmneparype ¢==5°C. IToatomy ans semuuun Ty 1 Ty MOMKHO B3STH
anauenns #;=4°C u #,=6°C. Torjia Ha ocHoBaHHW JaHHBX Tabx, VIII
nmeem py==811 Ila, p,=932 Ila n py/p;=1,15. Ilogcrasasas B (4)
YHCJOBHIE JaHHEIE, MONYYHM ro=45 k/[x/Moae. Ortcioa yaeabHas Ten-
soTa napooGpazopanua r=rg/u=2,49 MJlx/kr. IlocTpouB no NaHHLIM
ta6a. 1X rpapuk r=/[(f), HerpyaHo yGemutshcs, ut0 npn {=5°C
umeeM r=2,48 MIx/kr, utO LaeT Xopollee COBMaJeHHe C HAKACHHBIM
3HAYCHHEM.

7.16. r=0,302 M]JLx/Kr.

7.17. py=286,46 xlla.

7.18. AS=2,86 Ox/K.

7.19. Ap=599 Ila.

7.20. Oo pasaenna p=293 mlla, T. e. A0 RaBACHHS HACHIIIEHHOIO
pryTHoro mapa mpu ¢{=15°C, —.

. . 303



7.21, Umeem py=m/Vo 1 p=m/V. Ho tar xax V=V, (14 B¢), to
p=po/(1+P£)=12,9.10% kr/m®.

7.22. 1,=222°C.

7.23. p=1,055.10% Kr/m®.

7.24. Ap=8 Atjk=1,4 Mlla,

7.25. £=3,96-10-11 Jla-?,.

7.26. Ah=16,4 mMu.

7.27. At=h (1-+Bt)/(L—h) p=56°C.

7.28. m=884 r.

7.29. Ilpu narpeBanuy 0GBEM COCY[a YBEJHUHJICA H CTak PARHEIM
V="V, (1--8't). TlnoTiocTb PTyTH NPH HATPEBAHHH CTaja PaBHOM

m

m
= (1
A AT ) D

C apyro#i cTopods (cM. pemenne 7.21),
—_ P My . o
=T Vo (- BD) ©

CpaBuuBas (1) u (2), HaxoauMm "

my (1-+B"9)
= 01+r‘t =887 r,

7.30. 8=7.10-1 K-1,

7.31. x=B—Pp)/p= 5/0, rze B u Py—rospduusenTH 06BEMHONO
PACIIWPEHHS Mac/ia, HafileHHble COOTBETCTBEHHO C YueTOM M 6e3 yuera
PACHIUDEHHS CTeKna.

7.32. p=102 klla.

7.33, Cuna, Heo6xoauMast pJsi OTPHIBA KOJbLa OT NOBEPXHOCTH
POAM, CKAaJbIBAETCS H3 CHUJIbl THXKECTH, NEHCTBYIOWEHl HA KOJABLO, I
CHJIBl NIOBEPXHOCTHOIO HaTsiKeHust, T. e, F=F;--F, Cuna taxecru

Fy :ph% (d3—d2) g=40,0 wH.

HpH OTpbLiBE KOJIbLia MOBEPXHOCTHAA MJIEHKA pa3priBaercd no BHEIIHeH
H BIIyTpeHHeﬁ OKpYXHOCTAM KOJbla, NO3TOMY CHJAa MNOBEPXHOCTHOIO
HaTAXKEHHA

Fy=no (dy-+dy) =23,5 mH,

Takum o6pasom, F=63,5 MH. IIpu stom x=F,/F =37%,

7.34. «=0,032 H/m.

7.35. d=1,2 um; 1=5 oM.

7.36. Cuna TsaxecTH, HefiCTByiOmas Ha KaIlJio, B MOMEHT ee OTpHI-
Ba JOJIKHA pazopBaTh NOBEPXHOCTHYIO IUIEHKY Ha ajune [=2mr, rje
r—paguayc weliky Kanaw, Orcioga cuna TaxecTH P=2aro=nada.
B wmacce m cnupra comepxurcs N Kanmenb, npuuem N=mg/P =
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= mg/ndo.=780 kanens. Fak Kak mo YCJIOBHIO KallJIH OTPHIBAIOTCSH
yepes Bpems At=1 ¢ onsa mocme Apyrod, To Bech CNHPT BHTEUET
uepe3 Bpems T=780 c=13 mun.

7.37. ©;=0,059 H/m.

7.38. Al=34 cm. B

7.39. R=1/ 3ra/2pg=2,2 wu.

7.40. Bujenennas SHeprusi NpH CJAHAHHH ABYX Kamedb pTYTH
AW ==0a. AS, rie uaMeneHue MAOWAAH NOBEPXHOCTH AS=4nr?.2—4nR2,
rae R—paguyc 6oabmoi Kammd., Paguyc R Haxomum, npHpaBHuBas
o6bem 6OabLIOH Kamin cyMMme o6beMOB cauBlnXca xanenb: 2.-4ar%/3 =

= 4nR3/3, otkyma R=r ;//E Torpa AS=4ar? (2——;/2) "
AW=aAS=a-dnr2 (2— 17 4). )

Bbmenemxas; SHeprug noiijer Ha Harpesanue pTyTHOX’I Kan.yg; cJaeloBa-

TeJIbHO,
AW =cm At =cp {4/3) aR3 At =cp (8/3) nr® At, 2

Cpasrusas (1) u (2), Haxonum

At =30 (2— 3/ 4)/cp2r=1,65.10-% K.

7.41. A=14,7 MxJxk.
7.42. A=64 Mk/lxk.
7.43, A=432 mx/lx.
7.44. [laBnenue BO3Jyxa B My3bipbKe p CJIOKHTCA H3 ATMOCHEPHOro
IABAEHHST Py, THADPOCTATHYECKOrO JABJEHHS BOAM py=pgh R 106aBou-
HOTO JaBJeHUS py=2a/r=40/d, BHI3BAHHOTO KPHBH3-
HOH mopepxuocTH. Takum obpasom, p==py—+pgh-+ 1
-+ 2a/r=132,9 KIla. j
7.45. d=8a/Ap=2,6 w. ' s t&
7.46. h=4,9 m, R
7.47. B 4,4 pasa, »
7.48. Pajnuyc Menucka R ¢BS3aH ¢ pamuycoM Tpy6-
KM r crefyilomuM o6pasoM (puc. 92):

r=R cos@=R cos (180°—8)= —R cos 8,

|
!
e

rae 8—xpaeBoll yrosa. JloGaBouHoe JaBjieHue, BH3BaH-
HOe KpHBH3HOH MeHHCKa, Ap= —(2a.cos0)/r. Tak Prc. 92.
Kak pag prytd O >m/2, T e cos@ <0, To 3T0 .
R06aBOYHOE JABJIEHHe INOJOXKHTENLHO, H YPOBEHb DTYTH B KallWJasipe
Gyner HHXKe, UeM B cocyle. PasHOCTBL ypoBHe

_ dacosB R o AMipgd
A= — ——pEd—— , OTCIofa -—co‘s G~—E-_0,740,

CrnegoBaTesbto, PagHyC KPHUBH3HB MEHHCKA PTYTH R = ~—r/cos =2 mm.
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7.49. R=0.53 mM; AR=2,98 cM,

7.50. h==13,9 mm.

7.51. a) d=1,5 um; 6) d=28,8 MM

7.52, Ah=7.,5 mm, .

7.53. d=0,15 mm. :

7.54. «=0,07 H/um.

7.55. p==py-+20/r=102,2 klla.

7.56. OGosHauuM: py H p— JaBJEHHSA BO34yXa B KaNWJAspe N0 H
nocje MOrPYKeHHS Kanwmispa B BOAYy, Vo H V-—o6nemMb BO3nyXa B
KanuaJdsipe o # rnoce forpyxkenns. II6 sakony Boir — Mapuotta

pdVo=pV. i : 1)

3neck p=py+2a/r, Vo=Shy, rae S—naomaze ceveHHs KaNumIsgpa H
ho—ero pmuHa, V=Sh,rnie h—pnuna Tpy6KH, BBICTYNaiomed Haj
MHZKOCTHIO mocne norpyxennd. C ydyeroM sToro umeeM :

20 ) 20k
Sy == — }h, oTKyma r=m—m————, 2
Polto (Po+ ; yaa r 20 =T} ()

Ilo yenosuiw (hg—h)/hy=0,015, wuan h/(hy—h)=65,7. I[loacrasnas
ynesIoBble faHnnle B (2), moayumM r=0,1 mm,

7.57. a) h=755 mm; 6) =757 mmM. Takum "o6pasoMm, eciH TpybKa
yakas, TO artMocepHoe [aBleHue He MOKeT OHTb  HENoCpeICTBEHHO
ONpeJe/IeHo MO BBICOTE PTYTHOIO CTONGA /i, TaK KaK K AaBJEHHIO CTOJGa
npuGaB/IsieTca €ule A3BJEHHE BBHIIYKJOIO MEHHCKa PTYTH B TpyOKe.

7.58. K Bpicote pryTHoro crojifa Hajo A00aButh 2 MM,

7.59. a) x=(H—h)/h=0,4%; 6) x=(H—h)/h=029%,

7.60, Yto6nl uroJka Morsa AepikaThcd Ha Boje, HEOGXOMHMO, UTOGHI
JIaBJIeHHe, OKa3biBaeMoe HIOJKOH Ha IJoWafib €e OHOPH, He NpeBLInalio
JaBJIeHUs, BHI3BAHHOI'O KPUBH3HON NOBEDXHOCTH KHAKOCTH B YrayGJeHHH
Mo HrOJIKOH M HampaBJjeHHoro BBepXx (cuiofi Apxumena npeneGperaem),
JaBienne MroJiky Ha Bony py=mg/ld=p Vg/ld=pn dg/4, rpe |— nan-
Ha uroJku u V—ee o6beM. /[laBrenue, BHISBAHHOE KDHBH3HOH NOBEpx-
HOCTH JKHJKOCTH, OMpEE/Isercs dopmyiofi Jlannaca pp=a (1/R;+ 1/R,).
B rameM c.nyqae NOBEPXHOCTD XKHUAKOCTH UHJHHIDHYECKaS, T. €. R{=

‘U Ry=r—paauyc uronku. Torga ps=—a/r=

. . — =2a/d. Tak Kax #eoGXOAUMO, YTOGH Py << P,
T z\{ To pndg/4<2a/d, otkyna d<< V 8a/png =
& 2] =1,6 Mm.

Puc. 93. 7.61, Her.

_ 7.62. d=0,5 mM.
7.63. m=1,22 xr,
7.64. m=27,5 wr,
7.65. [floepxHocTh cMaunBarowed KHLKOCTH MEeXK1Y MNaCTHHKaMH
HMeeT HHJIHHpHHecKyio ¢OpMy ¢ paguycoM KpuBusHb R =d/2 (puc. 93).
Toraa HoGaBoRHOE OTpHHATE]bHOE JaBlleHHe MOA UHJIMHADHYECKOHR BO~
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THYTOR NOBEPXHOCTBIO p==Q/R=2a/d. Bennumna p— u3GHTOK BHeII-
Hero JaBJieHHf, JeficTBYIOmero Ha miomanb maacTu#ok S. Creposa-
TeJbHO, CHJA, KOTOPYIO Hajo NPUAOKUTL, YTO6H OTOPBATHL IVIACTHHKH
IpyF OT Jpyra, -

F=ps=%5=315 H,

7.66. p==0,79-10° xr/m®

7.67. a==0,5H/m,

7.68. Ilpn BepTHKAaJBLHOM IIOJIOMKEHHH Kamu/JIfpa BEPXHHH MeHHCK
BOTHYTHIH H JaB/€HHe, BLI3BAHHOE KPMBH3HOK 3TOFO0 MEHHCKa, Beerja
HanpaBJeHO BBEPX M PaBHO py==20a/Ry, THe R;—paguyc KpHBH3HH
pepxnero menucka, [lpa nmoanom cmaumBamuum py=20/r, Iie r— paguyc
wamasapa. [ugpoctaruveckoe HavJeHHe cToJGa « :KUOKOCTH Beerja Ha-
TIPaBENO BHH3 H paBHO p,==pgh. Eciu py > p,, To peaynvmpynomee
JaBJicHHe, HANpaBJeHHOE BBEPX, 3acTaB/]seT HWKHHH MeHHCK OHThb BO-
rHyThiM, Ilp# 3TOM JaBieHHe p3, BbI3BAHHOE KPUBHUZHOH HHIKHEro Me-
HHCKA, HaMpaBJEHO BHU3 M paBHO p3==20./R,, rie R,—pagHyc Kpu-
BH3Hbl HHMHEr0 MeHucka. B pasHoBecuH py=p,--ps. Ecan p; < p,, 10
pesy/nbTHPyIOllee AABAECHME HANPABJIEHO BHU3 H HHXKHHH MEHHCK 6yneT
BoimykasM.  [lpu sTom napienne pg=20/R, GyleT Hanpasieno yie
Boepx. B atom cayuae py-f-ps=py. Ecam pj=p,, TO HUKHHE MEHUCK
6yner NmIOCKHM b p3=0. .

IMonb3ysch YNCIOBHIMI NAHHBIMEA, HETPYLHO MONYUHTE: a) R3==0,5 MM,
Ry=—1,52 mm; 6) R;=0,5 mMm, R,=1,46 MM; B) R;j=0,5 My,

g==00.

7.69. m==0,22 p, .

7.70. a) h=11,5 mm; 6) A=12,9 mm; B) A=17,2 MM (cM. pemwse-
uue 7.68).

7.71. a) Ah=6,8 my; 6) Ak=285 mm; B) Ah=17 muM; 1) Ah==
= 23,8 mm. [Tpn Ak > 23,8 MM KHMAKOCTH HAaUHET BBITEKaTh U3 TPyGKu 1.

7.72, Ecnu 6b Kanu/isp Obll DOCTATOUYHO JJIMHHEIM, TO, KaK He-
TPYAHO yG6eIHThCH, BOJA B HEM MOAHAJ4ck Obl Ha BHICOTY A’ =298 cM.
Ho Bhicora Kamuuiapa mal Bogoi A< h. K MEHHCKY MPHJIOKEHb]
LaBJeHye py==20,/R, BHI3BAHHOE KPHBH3HOH MEHHCKa, HaNpaBJeHHOe
BBEPX, M THIPOCTaTHYeCKOe JapieHHe p==pgh. 14 mobo#i BricoTH A
Gyzem umeth pgh=20a/R, otrysa R =2a/pgh==0,75 mM.

7.73. Ha apeomerp, nnaBaromHit B XUAKOCTH, JEHCTBYIOT: CuJa
TsxkecTH P, Hanpas/JeHHass BHM3, CHJAa IIOBEPXHOCTHOIC HATSIKEHHS
F=2ara=nda, nanpaB/ieHHas NpH NOJHOM CMAYMBAHHH BHH3 (NpH
NOJIHOM HeCcMAauyHBAaHHW BBepX), W cuna Apxumesa F =pg (V--Sh),
HANpaBJeHHas BBepX, Ae V-—oO00BeM HEeNHAHHIPHYECKOH YacTH apeo-
Metpa, S—rmouxanb' TONMEPEYHOro CeyeHHs TPYyOKH apeoMeTpa H f «—
AnMHa LHAWHAPHUECKol TPYOKH, HaXoAsllefica B XHAKOCTH, B pasHo-
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BeCHH
P+F=Fy.

Cugrasi, 4T0 OT HECKOJNBKHX Kaneldb CIIHpTa MJIOTHOCTH BOJABI HE H3Me-
HH.’IQCJ), Mbl MOXE€M HalucCaTb JJIS BOALI U COHPTA COOTBETCTBEHHO

P+ dnag=pg (V4 Shy), P+ dnay=pg (V- Shy),

otkyla Ah=4Aafpgd=2,4 MM,

7.74. Ah=3,5 mm,

7.75. T=313 K. -

7.76. N =1000.

- 1.71. p=290 KIla.

7.78. m=2r.

7.79. o=0,55; n=4.10% m-3,

7.80. p=12,4 xIla.

7.81. p,=19,6 kIla,

7.82. N=50.

7.83. 3axon Payna MOXHO NPUMEHHTb IJNS ONpEeNeNeHHS MOJAPHOH
Macchl BemectBa. JleficTBHTeNbHO, 3aKOH Payss MOXHO HamuCaTh Tak:

v .

Po v 1 Po p
=1, wm —I= =—F 1
Po—p V¥ + Po—pP Po—p V¥ M
3ameuast, yTo v=m/n U v =m'/u’, verpynro u3 (1) mosyuurs
ml
we=p——f_, @

rae m-—macca pacTBOpHTeN, p.—-—MOJIHpHaS! Macca pacTBOpHTend, m' —

MacCa DacTBOPEHHOrO BEIECTBA M J'—MOJSIpHAsl Macca pPacTBOPEHHOTO

sewecTBa, [ToACTaBIAA YHCJIOBBIE ABHHbE, NONYTHM W '=0,092 xr/Mosb.
7.84. pp=925 klla,

§ 8. Teepaste Teaa

8.1, U3 ypasnenus Knaysuyca— Knaneiipona saxopum
ApT (Vie— V)

AT = 1
% )
C npyro#t CTOpOHHI, H3MeHeHHe SHTPONHH
AS =mhy/T =vqo/T, 2

rfe Ap—YyJeJbHas TeIJoTa NJaBJIEHHS, §o—MOJSAPHAs TEMIOTAa MJjaBJe-
uHdA, m—wmacca. U3 (1) u (2) umeem .

AT =Ap (V—Vsz) v/AS =0,009 K, 3
- 8.2, AS=15,8 xlIx/K,
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8.3. AV=1,03 x.

8.4, a) =390 Jx/(xr- K); 6) c=450 Ix/(xr-K); B) c~930 Jx/(kr-K).

8.5. Monsipnas macca MarepHana wapuka p=0,107 kr/moanb; cie-
JOBATeJNbHO, IIAapPHK ClesadaH H3 cepebpa,

8.6. B 7,2 pasa.

8.7. AT=66 K.

8.8. KoauyecTsO ' TeNmJOTH, NpOLIEAIIee uepe3 CJOXKeHHble BMecTe
MEIHYIO H XeJe3HYIo IIACTHHKH, onpelensiercs $GOpMyJoi

Q=2 H=tsr—, “‘2 st
dy
OTKYLA
' t_}‘tltld2+}v2 2d1__34 5°C,

Aidy-t-Aedy

8.9. A=1,28 Br/(m-K).

8.10. Q=190 rllx.

811, Q,=838 Jhx/ec; m=60 r.

8.12. Q =117 Dx/c.

8.13. £=106 °C.

8.14, 1=28,6 u.

8.15. Ipu narpesannn ot fp=0°C g0 Temneparypm ¢ =230 °C crep-
JKeHb YJJHHHTCH Ha BeJHYHHY .

Al=1-ly=1lyat. (1)

Uro6st He 1aTh CTEDKHIO YIIHHUTHCH, K HEMY HAJ0 TPHJONKHTDH cuny
F=Al ES|ly, oTKyZa .
Al=,F[ES, 2)

rie E—wonynn IOnra matepnana crepxusa. HMs (1) u (2) wmaxomum
F=FSat=71 gH.

8.16. m=15,2 Kr.

8.17. t,=20°C.

8.18, ¢=1,8-10-% K-1,

8.19. MmeeM Ins CTANBLHOTO M MELHOIO CTeplKHeil

L=l (1 +al)=ly+Inat, ‘ M
ly=lyg (1-+ast) == lyg + loeast. 2

Tlo yeaosuo-
L—ly=Al,  lpy—lpa=Al 3)

Briunras (2) u3 (1) n yuutnBas ycnoBus (3), nosyunm

a1y =aglyg. ' . @
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Us ‘ypagﬂeﬂuﬁ 3) 1 (4) Herpynuo HaliTH nauuy crepuelt npu {,=0°Ct
lpo=Lay/(as—ay) =11 c™, [lyi=Ilp+L=16cm,

8.20. B 1,02 pa3a.
8.21, p=29,4 MI]a.
8.22, d=4,0 mM.
8.23. 1=2,9 kM.
8.24, =180 m.
8.25, /=11,9 xm. _— . -
8.26, F=2,45 kH; Al=4 cm; HeT, TaK Kak yJjeJbHas Harpyska
MeHbIIE Npefena ynpyrocTH. '
8.27. a="75°30".
8.28. n=3,4 ¢c~1.
8.29. llenrpoGe:xuasa cHsa, AEHCTBYIOWIAA Ha CTEPKEHb, B JIHHOM
cyuae
~ l
F =S ro? dm,
0

1

rie ®—YyrJoBas CKOPOCTb BpAIUEHHS, 7— PACCTOAHHE OT IJEMEHTa MacchH
dm po ocu BpameHnns, Hns oanoponsoro crtepxus dm=pS dr, rie p—
MJIOTHOCTDL MaTepuasa CTep:kHs u S—ero ceyenue. [Iponssega HuTerpus
poBaHHe, MONYYHM

F=pSw??/2,

OTKyJa TnpelesibHasi 4actoTa BpAmEHHs

. 11/ F
n=— 59—8-,—:33 ob/c.

8.30. p="570 MIla.
8.31, Ilo saxony T'yka

Al—l:::—El— p“=-;——§, 0TKya F=%€ Al, )
Jlns ynpyrux CcHa )
F=FkAlL ’ ©
CpasuuBas (1) u (2), BugnM, yro £=SE/l. Torna
A=£k (A)2/2=SE (Al)2/21. ®)

Bolyncass senuundy Al us (1) ¥ NoAcTaBAsig OCTajbHbie YHC/IOBHE faH+
Hele B (3), moayunMm A=0,706 [x.

8.32. E=2,94 MIla,

8.33, [das pacTsKeHHs uanra Ha Al Tpefyetcs NpPHJIONKHTL CHIY

Tl (A
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Tpu sTOM BHYTpEHHME AMaMeTp anra yMenpnrca Ha Ad=Pd;F/S.
Ho u3 (1) umeem F/S=Al/al; cnregosatenbHo,

1 Al odjAl
Ad Bdl—T— :; ’

rae 0=f/o—kospduunent [Tyaccona. IToacraBnas uncnoBLIe paHHBle,
HajineM Ad=1 MM H, CleN0BaTeNbHO, dg—dl—'Ad 9 MM.

8.34. x=0,3 M.

'8.35. M=2,26.10-7 H-m.

8.36. 3axpyuusaiomuii moment M =aNd4p/(2!.16); npnuem tg 2p =
= a/L. Ilpn MajbIX (p MOXHO AONOXHTL i€ @ ~ @, H TorAa ¢g=ga/2L =
= 32IM/nNd*, Orciona M=anNd*/64I1L=1,96.10-1 H.m,

8.37. [ns nosopora NPOBOJOKH Ha Yrog dg Hajo coBeputh paGoTy

dA=M dp,

rae M—szakpyunBatomuii moment. Tak kak M=naNrig/2l, 10

4
A= S N9 g “NJI‘P =195.10-12 [Tx.

Dra pabota mepeiifier B NOTeBUHANbHYIO SHeprHio W aakpyuenHod npo-
BOJIOKH.
8.38. a=1,74 cm,

8.39. Koapduurenr ITyaccona 0=£ -—A;%- » TA€ r—pajauyc npo-
BOOKYW W [—ee nnuua. OGBEMBl TPOBOJIOKH 40 H NOCHE PacTsKeHH;:
' Vi=nrdl, Va=n(r—An? ((--Al).
Eciu 061beM NpH DACTSEHMH He H3MEHHJCA, TO
nrtl=g (r—Ar)2 (I+Al).
IpeneGperass kBajparaMu BesuudH Ar u Al, Hailgem nr?2 Al=2nr Arl,
oTKyAa 0==0,5.
8.40. IlnotHocTb meckaToro crepxHs py=m/Vy, rae Vy=nrl,

[lnotHocTs cxatoro crepxus ps=m/V,, rae Vy=a (r+Ar)? (I—Al).
Ci/ief0BaTeNIbHO, H3MEHEHHEe IJIOTHOCTH

- /11 m AV
A = —_— = ——— —_————
e=p—bi=r (7= ) =77,
Tak Kak CKaTHe HeBeMHKO, TO NPHOHIKEHHO MOKHO npuaEsTs VoVi=V3,

2
T. €, nosoxuth Ap=m AV/Vi. Toraa OTHOCHTENbHOE H3MEHEHHE MJIOT-
HocTH Ap/pi=AV/Vi.
HafineM nsmenenne o6nema:

AV=nril—gn (r--Ar)2 (1—Al),
. 811



IMpeneGperan kBagpatamu Beauusud Ar u Al, moay«um

AV = Vl'é—l(l—-20), OTKYAQ -é-e:g _Al__é!(l_zo)’
: l o1 V1
rae 0—Kosppunuent Ilyaccona. ITo saxony TI'yka Al/l=p,/E. Torna
Ap _ pu
— == (l —20).
o1 E ( )

‘ |\
Y uac pg=9,81.107 Ila, £=1,18-10 [la u 0=0,34. Tloacraeans
5TH AanHple, nojyduM Ap/p; =0,027%.

8.41, AV==1 ma®,

F'nasa III
SNEKTPHYECTBO U MATHETU3M

§ 9. Jnextpocraruka

9.1, F==92,3 uH.

9.2, r;=8,94 cm.

9.4, B 1,25.10% pasa.

9.5, F==0,7 H.

9.6. Oueprusi  9IeKTPOCTATHUECKOTO  B3aUMONEHCTBHA  MIAPUKOB
Won =q%/4nEeEr, SHEPIUH HX [PABUTALHOHHONO B3AHUMOJEHCTBUA Wip ==
= Gmymsyfr. [lo ycaosuio

g2/4mneger == nGmymy/r,

rge n==108; orciona g =V nege-4nGmymy =17 uKa.
9.7. a) W'aﬂ/W[‘p=4,l7~1042; 0) Wou/Wrp==1,24.10%.
9.8, Ha puc. 94 npeacrasieH Xxapak-
Wy Tep B3aBUCHMOCTH SUePruu Wa_,, 3JIeKTPO-
CTATHYECKOTrO0 B3aNWMOASHCTBHA ABYX TO-
YeuHBIX 33aPAZOB OT PACCTOSIHHSL 7 MeKQy
HHMY,

\L
/ 9.9, E=50,4 xB/u.

9.10. go =—2,23 uKn.
9.11. B 3asucumoctH oT pacnodoxe-
Hua 3apanoB: a) E=0; 6) £ =60 xB/um,
Puc. 94. ) E=30 kB/m.
9.12. £E=0.

9.13. E=112 kB/m.

. 9.14, Ha raxipil wapuk pefictayor gse cuasl (puc. 95): cuaa ta-

© KECTH mg M CUJIa 9/IEKTPOCTATHYECKOTO OTTAAKHBAHUA Fen Panno,ueﬁ-
ciByloman 3THX cua pasda F. Ho

| Foy=mgtg a=q*/4neer?, rf2=Isina,
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‘TOe §.=@o/2—3apsan HA XaKAOM wapHKe, g—ycKopenne cBOGOAHOrO’
najeHUus; OoTcroaa dMeeM

m= Lo __ g —=156r
gtga ™ 4nese-4llgsinatg o o
9.15. ¢=1,1 mxKu.
9.16. Jna mwapuxa, naxoasuierocss B BO3AyXe, HMeeT MECTO ypas-
Henue (cM. pellenue 9.14)

g
- q* 1
mg = dnege- 4l sin2atga ” ()
et
Ilpu norpymxenu# IuapHka B KepPOCHH Ha
KaXIbif WAPHK cTaja peficTBOBaTh BHITa/l- /
kuBafomas cmna Apxumepa Fapx. Has wma-
pHKa, HAXOAAUIErocsi B KePOCHHE, HMeeM
F g 2
mg— = s
8 AP = Freote - A sint o, (8 @ [
r j
rae mg Y. i F
mg—Fapx=(0—py) Vg, &) Puc. 93.

rle P—NJOTHOCTb MaTepuala LIApPHKa, Py — MIOTHOCTL KepocuHa, V —
00BeM mapHKa, g-—Yyckopenne csobonnoro nagenus. M (1)—(3) umeem
mg—Fapx __p—px__ esinatga
mg P g sinoy tg oy’

oTKYyaa
g, sin? o, tg 0,y
gy sina, tga, —esin*atg o

0 =px =2 55.10% kr/m3, .
9.17. py=¢p/(e— 1.
9.18. a=13°,

9.19. 0=2¢5c YV T°2—(mg@)%/q=7,8 MxIa/m2.

9.20. a) F=20 mxH; 6) F=126 mxH; B) F=62,8 mxH,

9.22. £=36 I'B/m. ’ ‘

9.23. F;=3,4 H/m.

9.24. F;=8,1 H/m; A;=0,112 Ix/m.

9.25. E==3,12 MB/M; noJle HampasieHO NepNeHXHKYJNAPHO K nJIO--
CKOCTH, NpOoXoasiledl gepes ofe HHTH.

9.26. Fg=5,1 xH/um2

9.27. Ha map xefictByioT TPH CHJbI CHJIA 9/IeKTpUyecKoro noas F
(BBepx), cuna Tamectd mg (BHU3) R cuaa Apxnmema Fapx (BBepx).
B pasuoBecuu

mg==F-+F apx, O
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npuueM
mg=14nR%p/3, F=Eq, Fapx=41R%gpy/3,

rae p N Py—INJOTHOCTH MepH H macaa., Hs (1) u (2) umeem
q=4nR% (p—pw)BE =11 uKa.
9.28, R ==0,44 Mxwm.
9.29, Hmeem
__Tsina
" onejea’

Cnenas uepTex, HETPYAHO YCTAHOBHTH, UTO
e
Va2’

sin

@

)

@

rie 7—}1Jl]’lH8 HHUTH, Q-—DPAacCTogHHE paccmanuBaeMOﬁ TOYKY OT HHUTH.

Honcrasassa (2) B (1), nonyuum
Tl

" fmeeaV @4 (2

3

a) Ecnu a<€1, 10 V @@ (1/2) ~ 1/2. B stom cayuae popmyaa (3)
Raet E=1/2ne ea— HanpsKeHHOCTb noNsA OECKOHeUHO MJIHHHOH HHTH.
6) Ecan a>1I, 10 Va2 (I/2)f ~ a. Tax xak tl=g, 10 dopmy-
aa (3) paer E=q/4nejca®— nanpsKeHHOCTh NOJS TOYEUHOro Sapsija.

—_ — 8)2
0.30, L= Y I=(=9) 51/2 Tpn 6=0,0511=0,25

T 2(1—96)
npeje/bpHOe paccTogHue a=4, 18 CM.
9.31. 1=0,49 m; E=135 KB/M; 1=0,41 mxKa/m.
9.32, Jlannas sallaua anmanoruusa sajaue 2.159.

BosbmeMm aJeMent Kosbla dl (M. puc. 81). I10T s/eMeHT mumeer
3apsan dq. HanpsamenHocTh 3JeKTpHUYeCKOro moJst B Touke A, cozjanHasg
ITHM 3jeMeHTOM, dE =dg/4nesex?. Ona nanpasJieHa no JIHHHH X, COelH-
Hsjomed s/eMeHT KoJbla dl ¢ Toukoil A. [IJ1s HaXOXKIeHHsS HanpsiKeH-
HOCTH TOJIs BCEro KOJ1bIla Hall0 BEKTOPHO CJOXKHTE dE OT BCeX 3/eMeHTOB,
BexTtop di MOMHO pas/ioXHTb HA cocTapasomue dE¢ 1 dE,. Coctas-
asomue dE, KaXAbX ABYX AHAMETPaJbHO MPOTHBONONOXKHBIX J16MeH-

TOB B3aHMHO YyHHUYTOXKATCA, U TOrAQd

E =S dEr.
Cocrasasiionas
. Ldg
dEx—-dE Cos a=—= dE m,
410 jAaer .
_ L _Lq
T dnegexd S 4 9= Trggerd"
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Ho x= ]'/-Rz—i-L2 H OKOHYATe/bHO
e Lo
dmieee (R H-L2)/?

~— HANPSIKEHHOCTb S/IEKTPHUECKOr0 NOJs HA OCH KOJbUA.
Ecan L > R, To E=g/4ne,eL?, 1. e, Ha GONbUIUX DACCTOSAHHAX
3apsKeHHOe KOJbIO MOXKHO pacCMaTpHBaTh Kak Toueunnlit sapsaa. [loa-
crapaasi B (1) unc/noBHe NaHHBIE, MOJAYYHM HANPAXKEHHOCTH E, paBHbIE
o, 1,60, 1,71, 1,60 u 1,15 &B/m.
BblpaBHM pemunby X W L uepes yroa a. Umeem R=xsina,
L=uxcosa; teneps dopmyna (1) npumer BHJ

(M

q 2
== e €O0S & Sin“ o
dnegeR?
Jns raxoMAeHHs MAaKCHMa/IbHOrO 3HaueHns HanpsKeHsoctd E BO3bMem
npousBoany0 dE/doe W npupaBHsieM ee HyJlIo:
dE ¢
do. 4megeR?
Torza HanpsKeHHOCTb 3JEKTPHUECKOIO IOJST UMeeT MaKCHMalbHoe
3HaueHue B Touke A, pacnojoxenHoll Ha paccrosnuu L=R /g q==
=R/V 2=7.1 cM o7 mentpa KombyA.
9.33. B 1,3 pasa (cp. ¢ samauesr 2.161).

(cos?a2sina——sin® o) =0, win tg2a=2,

1
, VIiFRIa® ~
B sroM cayuae E= 0/28€, T. €. L% TOuEK, HAXOJALAXCH HA GJIH3KOM
PAccTOAHHH OF AHMCKA, RHCK MOKHO YHOROGHTbH GECKOHEUHO NPOTHMKEHHOH
IJIOCKOCTH, i )
6) Ecan a> R, 10 Rja mano u V 1L (R ja)? ~ 1—-R?%2a%. B sr0M
R2
Sege 2a°
TOYeK, Haxomsmuxca Ha COJQBLIOM PpacCTOSIHHH OT JHCKa, JHCK MOMHO
ynoao6uTh TOUGYHOMY 3apsiiy.
9.35, a/R=08/Y 1—82 ~ 0. INpu 8=0,05 u R=0,25 M npegens-
Hoe paccrosinue a=1,2 cm.
9.36. R=2,5 u; E=113 kB/m; B 1,1 pasa.
9.37. R=0,2 u; 6=10%. -
9.38. mv?/2=qq,/4neoer. IloacraBnss uucIOBHE paHHBE, HaligzeM
r=06 cMm.
9.39, r=5,1.10-10 y,
9.40. r=6,1.10"1* m.
9.41, r =~ 6.10-% uM; v=1,64107 m/c.
9.42. A=1,2 uxlx.
' 9.44. a) p=11,3 B; a) p=30 B, B
9,45, A=113 mxIx,

9.34. a) Ecmm a <R, 10 R/a Benuko n 1—

clyuae E= Tax kak 0= q/nR?, 10 £E= g/4negea?, 1. e. qng
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9.46. v;==16,7 cm/c.
9.47. Otser ynoGuo npegctaBuTh B BHAE TaG/AHIBL

U, B |- 1 5 10 100 1006

v, m/c |5,93-10°{1,33-10%} 1,87-10¢ 5,93.10¢ 1,87.107

9.48. W, =8,5-10-18 [Ox; U=2,56 MB.
9.49. Vimeem dA=qdU, uo dU=— E dr=1tdr/2ne,sr u

e

¢ogqudr qt 2ne e A

A=— ——~=———lnﬁ—, OTKyAd T=-—r !
2negger  2€E 1o q1n (r1/15)
r
IopctaBasig 4kC/IOBHe aanHble, noayunM tT=0,6 MxKa/m.
9.50. T=23,7 MxKa/um.
9.51. v=2,97.107 m/c.
9.52. 0=2Ag.e/qg Ar=6,6 MxKn/m2.
9.53. d=4,8 mm.
9.54. m=>5,1.10~-18 xr,
9.55. B oTtcyTCTBHE 3JEKTPHUYECKOro noas
mg = 6anrv;. . )
Ilpu BaJAHuuH TOJA
mg— Eq=6anro,. @
Ha (1) u (2) Haxonum mg—Eq=—Zi_ mg, AU
1
_mgfy_t\_med (| B\ _4q.0-18
o=F (13 )= (132 ) =at 0
9.56. B OTCYTCTBHE JIEKTPHYECKOIO NOJSA
) mg = 6rnrvg. t))

Ilpn paMuuHK NOJS Ha NBUIHHKY AEACTBYET ropu3soHTalbHas cmia F=¢qF.
[loa zeiicTBHeM 5TOfi CHJBI NBUIMHKA TIOJYYHT YCKOpeHHEe, HO BCJeJCTBHE
CONPOTHB/IEHHS BO3AYXd B OPH30HTA/IBHOM HANPABJEHUH TaKxe yCTaHoO-
BUTCS JIBUKEHHE C HeKOTOPOH NOCTOAHHOH CKODOCTHIO Uy, mpHueM

qE =6anrv,. ®
PaBHojeilcTByOIas CKOPOCTeft Ui U Uy HanpapJeHa D[OA YIVIOM &, MpH-
ueM tg & = va/vy=qF /mg. OueBuHO, vy/vy = 0,5d/1, otkyaa [=0,5v1d/vy==
== 0,5mgd/gE =2 cm. Hanee, vy =uv;d/2l=1 cm/c. Wickomoe Bpems Ha-
XOJMTCA nO OfHO# u3 GopMmys. {=d/2v,, mm6o ¢=I[/vi. Ilopcramnss
B moGYio u3 3tux opMya UHC/IOBEIE AaHHLIE, MOJYUHM t=1ec.
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9.57. 1_2 cM; £ =64 Mmc.

9.58. r=10~%m; ¢=7,3.10-18 Kn.

9.59. ¢=1,73 sKn.

9.60, U =22 kB.

9.61. /=22 mxm.

9.62, /=0,5 cu.

9.63. U=2,8B; E=530 B/m; 0=4,7 aKa/m3. )

9.64. v=V 2U Ar/md =2,53.10% m/c. !

9.65. £=5,7 B/m; v=10% m/c; A=4,5-10"1° [Ix; U=2,8 B.

9.66. F=9,6.10~14 H; a=1,05-1017 m/c?;  v=3,24.107 m/c,
0=>5,3 mKa/m%

9.67. DJexTpoM B TJIOCKOM KOHJEHCAaTOpe OYNeT ABMraThCA MO Mna-
paGoJsie TONOGHO TOPH3OHT2JbHO OPOLIEHHOMY Tely B TOJE CRJBl THXKe-
ctu. [efcTBUTEBHO, HA 3/1eKTPOH B KOHIEHCATOpe AeHCTBYeT NOCTOHH-
wasg cuna F=eE, nMox jefcTBHEM KOTOPOH OH MNOJYHMT YCKOpeHHe
a=—eE/m W, nponeras pJuHy ! KOHjeHcatopa 3a BpeMs ¢=I/v, oTKJoO-
HUTCH HA pacCTosiHMe

g =at?/2=eE[*/2me?, ()

YUto6H 2/1eKTPOH HE BhlIETe H3 KOHIeHCATOpa, Hajgo, uTolH y=d/2;
orciona vp<<!V eE/md. TIOACTABAAA UHC/IOBBIE NAHHBIE, NOJYYHM nast
sJexTpona vp=13,64.107 M/c u 1A% a-uacTUuBt v, =6.10% M/c.

9.68, ¢t =480 uc; s=22 cu,

9.69. a =157-10** m/c?; a,=8.10'* m/c?; a=17,6.1014 M/c2

9.70. B 2 pasa.

9.71. OTK/OHeHHe NpOTOHA H O-4acTHubl OYyAeT OJHO U TO Xe,

9.72. v=1,33.107 m/c; o.=41°20",

2Upyd

9.73. U=__'—t(x+t/2)'“‘28<3'

9.74. y=1 cm.

9.75. B 2,24 pasa.

9.76. £1=¢g,U/(dey3+dse,) =60 kB/m; Ey=¢1E /ey =10 xB/m,

9.77. C=T710 mx®; Ap= 1400 B.

9.78. m=2,5.10~20 xr,

9.79. 3apsan n Kaneab ¢,=nqg. DTOT 3apajy OyIeT HaXOIHTHCH HA
Gonpiuol kanse, Paguyc 6oabiuol Kanau Hakijercs u3 yenosus n-4mrdp/3=

3y
= 4nR%/3, otkyra R=r l/rz. Torpa nmotexumas svoft Kanau
¢ =q,/C=nqg/4negeR = nq/4ne.er 13/; =3,6 xB.

9.80. ¢=19,5 kB.

9.81. r=2,1 cMm.

9.82. ¢ =E R —auuneitnas 3asucumocts; ¢=1,5 MB,
9.83. Wsnz 2,66' 10_6 ,U\H(.

9.84. C=5,9 u®.
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9.85. 0==1,77 MxKa/m2

9.86. D=3 cm.

9.87. B nannom cjayuae gy=gq,, 1€ g3 ¥ a——3apajabl Ha naacTH-
HaX KOHJEHCATOPA O M NOC/AE 3amoJIHeHHSl 560HHTOM., Taxum o6pasoM,
g=const, CrenosaresbHo, H NOBepXHOCTHAA IJIOTHOCTH 8apsiaa Ha mJa-
ctunax 0 =q/S=const. Tax kKak E=0/g,e=U/d, T0 g0 ¥ mocse 3a-
NoJIHeHus UMeeM ]

od=U,gej, 0d=U,gse,. ’
Yuutwsas, uto o=const 1 d=const, nonyunm U,e;=U,g,, OTKyza
U2= U181/82= 115 B.
Jlo ¥ mocse 3anonneHusi 5GOHHTOM HMeeM
Ci=e08:S/d= 17,7 1®, C,=t0e,S/d =46 n®,
01 =0,=0/S=CU/S =531 uKn/m2

9‘.88. B nannom cayuae Uyj=U,=300B; C;=17,7 n®, C, =46 nd;"
01=531 uKa/m?, 0,=1,38 uxKa/m2. ‘

9.89. Ecan Ey v E,— HAnpsUKeHHOCTH 3JleKTPHUeCKoro noas, Uy u
U,—najesus noTeHnHUasa B KaxioM cJoe, TO ]

‘ e1Ey=gyL,, " )
U1+ U2‘= U. (2)
VYpaBnenue (2) MOXHO 320HCAaTh TaK:
Eldl‘l‘Egdg:U. (3)
Hs (1) u (3) umeem .
Eg=Usy/(€ids+-85d3) =15 kB/u, Es=1¢,E1/es=145 xB/m.
_INajenne MoTeHUHA/NOB B KaMIOM CJloe:
Ui=75B, U2=220 B.
Emkocts C naxomutes 1o opmyie
1 __ . 80818 _ 80828 X -
-CT'—Ci“{—CZ , rnhe Cl— dl N Cg —T. (4)
Pemasi coBmecito (4), moayuum
C =&81€:5/(d185 - 81dp) = 26,6 n®.
3apAn Ha OAHOH H3 NJACTHH g=0S=CiUi=CyU,=CU; otciona
o=CU/S=0,8 uxKu/m2,
9.90. U=1,8 xB.
9.91. C;=214 nd/m,

9.92, Mmeem E =1t/2mepex, rie 3apfAp T, NPUXOASIMACH Ha emu-
HHLY AJYHBI KaGejs, HaXOAHTCA M3 COOTHOLIEHHS

c Znegel g L oTE 7"a 2meeel
“m@R U o YR TT R
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Y

C 4eTOM >9TOF0 NOJIYUYHM, YTO HANDPAXKEeHHOCTL [oJaf E=-—-————=
y S YHHM, P xIn (R/n)

= 136 xB/M.
9.93, PaGota cH/l 3/€KTPUYECKOro NOJA NEpeXOofutr B KHHETHYECKYIO
SHEpIHIO SJEKTpoHa: A=mv¥2, Uveem dA=qdU=—gE dx. Tax xax

U
E=rm®m’
L
Ae— (9Udx _ qUln(L/b) _ me*
xIn(R/r) " In(R/r) 7
A
OTKY/1a B
— 2qU 1In (I1/15) .
=V Ty 10 e
9.94. BHYTpH UHJIMHIDPHUECKOI'O KOHIEHCATODA HANPSIKEHHOCTh NOJ
U .
s | I '
£ x1In (R]r) ajieHye NMoTeHIHana B NepBOM CJIoe
, A U In [(r+
L, —_ 0 _Upin{lr dl)/f].
Ui= S Edx= S TR dx= &) ;
r+d, o T+dy

najeHie noTeHnuala BO BTOPOM CJ0€

U= Yo In[R/7+dy)}
2 In (R/r) :

Orciona

Ui In{(r+dy)ir]
V. In [R/(’+d1)]
9.95. C=0,96 nd,
9.96. a) =300 B; 6) p=75 B.
- 9.97. C=1,17 u®, Ry=2,1 M.

9.98. E=UrR/(R—r)x*=44,5 kxB/s., Ykasauue, [aunan 3sa-
laua aHaJgorxuHa sajaue 9.92, HO nOJe WHJIHHIPHYECKOrO KOHZeHcatopa
3aMeHeHO NojeM cdepHuecKoro.

9.99, v= }/2—31%;3;(—:;—;):") =1,64.107 m/c, Ykasaune, [Han-
Has 3ajada aHajornuHa sajate 9.93, Ho nOJe LHJIMHAPHUECKOTO KOH-
IeHCaTopa 3aMeHeHo noJieM ChepHYecKoro.

9.100. C=0,33 mx®,

9.101. C,/Cy=3.

9.102. g;=q,=8 MxKi; U1~=4 B; U;=2 B.

9.103. Emkocte C CHCTEMBI KOHZGHCATOPOB H3MEHSeTcs o'r 10 no
170 n® npu napainenbHoM coepunendn # o 2,23 ao 3,27 ud npm
noc/lef0BaTe/1bHOM,

=1,35,
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9.104. Emxocte C cucTembt KOHJleHcaTopoB usMensietrcss oT 20 po
900 n® npu napaanenEHOM COEHHEeHHK M oT 5 fo 225 n® npu nccae-
JOBATe/bHOM, '

9.105. W=:0,1 IOx.

9.106. W =0,05 Ix.

9.107. R =7 mm; ¢==7,0 uKn; C=1,55 nd; W=15,8 mx[x.,

9.108. a) W, =50 mxx; 6) Wi=Wi=12,5 mxx, A=25 mx/x;
B) Wi=W3=3,125 mxIlk, A=06,25 mx]Ix.

9.109. a) p;=3 kB; 6) ¢,=20 unKan; B) W;=15 mxlx, W,=
=90 mxIlk; 1) gr= 18 uKa, g1 =>5,4 kB; 1) g2=12 uKa, ¢2=5,4kB;
e) W =81 mx/Ix; x) A=24 mx/Ix.

9.110. ¢; =2,7 mMxKu.

9.111, ¢=17,7 mxKu; E=333 kB/m; Wy =2,94 Tx/m8.

9.112, p=26,5 Ila.

9.113. U =15 kB.

9.114. a) E=>56 kB/M; 6) d=>5 mmM; B) v=107 m/c; 1) W =695 n/lx;
n C=177 n®; e) F=139 mxH.

9.115, I/ =21,7 xB.

9.116. E=60 xB/m; W;=20 mxIxk, W,=8 mxx.

9.117. Eg=E,=150 kB/M; W;=20 mxlx, W,=>50 mxIIx.

9.118. a) W;=443 ullx, W,=17,8 sllx; ©6) W;=443 nllx,
Wo=11,1 mxlx.

9.119, £=4,5.

9.120. a) Emxocts ymeuswnnack #Ha AC=1,1 n®; notok Hanps-
#KeRHOCTH yMeHpuirsics Ha ANp=750 B.M; o6beMHas NJOTHOCTHL 3Hep-
ruy ymenbmnnace Ha AWy=48 wm/x/M3. 6) Emkocth, Kak u B cay-
yae a), ymesbwnaace Ha AC=1,1 n®; NOTOK HANPSKEHHOCTH He H3Me-
nnaca (AN g=0); o6beMHas IMIOTHOCTh SHEPTUH TaKKe He H3MEHUJach
(AW, =0).

9.121. a) Wy=02R4%/2¢4e (R + x)t =97 m[lx/m®; 6) W, =02/8e4e =
= 1,97 Ox/m3; B) Wo=12/8n2gex? =50 mlx/m3.

9.122. BpegeM oGo3Hauenus: Jy— NOBEPXHOCTHAA MJIOTHOCTH 3apna
Ha DJIaCTHHAX KOHJEHCATOPa B OTCYTCTBHE NH3JEKTPHKE, Oy~ IMOBepx-
HOCTHAA DJOTHOCTH 3apsifla HA TJIAaCTHHAX B NPHCYTCTBHH JUIJICKTPHKA,
Ocp—TOBEPXHOCTHAS] INIOTHOCTb CBSI3aHHBLIX (TOJSIPH33IHOHEBIX) 3aps-
J0B Ha gusaekTpuke, CoBMeCTHOe JelCTBHe 3apAJIOB Oy H O,y TAaKOBO,
KaKk G6YATo OBl HA rpaHuie pasieiaa NPOBOANHKA W AHSJIEKTPUKA MMeeTcs
3apsX, pacnpelesieHHbi# ¢ MIOTHOCThIO

' 0=0;—0¢. )

Taxum 06pasoM, 0—NOBEPXHOCTHAA MIOTHOCTh «3(PDHEKTUBHEIX» 3apsij0B,
T. €, 3apANOB, ONpefe]sIOLHX CYMMapHOe, Pe3yJbTHPYOLlee noje B -
snektpuke. OueBulHO, BEMTHUHHBI Ty, O; M O CBSI3aHHI C COOTBETCTBYO-
IHMH HaNpSXeHHOCTAMH NOJA CJIEAYIOMMME COOTHOIIEHHSIMY]
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B orcyrcnme nuanex'rpnxa _ A
S =G/t = Uy /d; )
B TPUCYTCTBUM JHSJEKTPUKA ‘
Ey=0y/g8 =0/8g=U,/d. &)
‘ H3 (1) uMeeM 0.y ==0,—0, WIH Ha OCHOBAHHH 3)
Ocp=¢8g8Eg—&gEg=gg (6 — 1) Ey=¢g9 (e—1) U,/d,
a) Jo oTK/IOueHHSt KOHZEHCATOPZ OT HCTOYHHKA HATDSIAKEHHS
Uy=Uy=U u 0,y =g¢ (e—1) U/d ==17,7 vxKa/m2

HMaMenenne nosepXHOCTHOR NVIOTHOCTH 8apsia DPH 3aNOJHeHHH KOHAeHCa-
TOpa JAUIIEKTPHKOM Oy ~0g=€eeLy—goFy. Tak Kak B JauHOM Cayuae
Ey;,=E(=U/d, 10

Oy—0g=289 (—1) U/d =05 = 17,7 mxKu/M2.
TakuM o6pasoM, G6Jarofaps HCTOUHHKY HATPAMEHHS HA NJaCTHHaX
Konjencatopa nosBAvcd RoOaBOYHME 3apAfbl, KOMIOECHCHUPYIOMUE YMeHb-
lIeHHe 32pAAa, BRI3BAHHOE NOJSPH3AUKEH IHIJIEKTPHKA. '
6) [ocre OTKMIOUEHHS KOHJGHCATOPA OT HCTOYHHKA HANPSIIKEHHS
g=const u Uy=¢,U,/ey (cM. pemtenne 9.87) u

Ocp=8 (e—1) Us/d =gy (e—1) 8,U /e,d =2,53 MxKa/m2,

Tak Kak g=const, T0 G¢g==0y, T. €. NOBEPXHOCTHAA IVIOTHOCTHL 3apsAnd
HA MJIaCTHHAX KOWJeHcaTopa He H3MeHAeTCHA. ,-

9.123. lNonapusosanuocts P, wHCAeHHO paBHAS — NOBEPXHOCTHOM
NJIOTHOCTH CBS3aHHBIX 3apAA0B O¢y HA JHBJIeKTpPHKE, nponopunbuanbua
HanpsiKEeHHOCTH WO B JMdMEKTpuKe, T. e. P=0=x'E. B cucreme
CH amsnexTphuecKkas BOCHDHHMYMBOCTD %’ MMeeT pasMepHOCTh (apan
na merp. MoxHO nokasathk, 4To #' = 4negx, rle »— GespasmMepHas BeJN-
yHHa (TalauyHOe 3HAYeHWEe AHIJEKTPHUECKOH BOCHPHHMuMBOCTH). Toraa
HOBEPXHOCTHAA TJIOTHQCTh CBABAHHHX 3apsilloOB HAa AMBJEKTPHKE

Ocp = 4ngonE = dngenl /d =7,1 MxKa/m?,

Hafizem nHs/ieKTpHuecKyio npOHULAEMOCTh JHINEKTPHKA. TaK Kak
Ocp==¢8y (e— 1} E (cM. pemenue 9.122), T0 Ocp=4megrf=2g9{e—1}E,
OTKYAa &— | =4nu, wan ¢ = | }4an=1-4m.0,08=2.. Torpa E=U/d==
= 0y/€pe. Orcl00a DOBEPXHOCTHAf ILIOTHOCTL 3apAja Ha nJjactusax
KOHeHcaTopa T

0g= Ugoejd = 14 kKo /.

9.124. a) £ =300kB/m; 6) o5 =15, 9MKKJ’I/M2 B) 0cp=13, 3MKKJ!/M2'
r) » ~UCB/E 44,4 n®/m, #=n'/Aneg=0,4.
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9.125, U=1,75 xB.

9.126. gz =1 MxKa/m2,

9,127, a) E=752 xB/M, D=¢geE=13,3 MxKa/M?; 6) Ocp==
=6,7 mxKa/m®?, B) 0;=13,3 MmxKa/m®;, 1) Wy=5 Ix/m3; n) %' =
=8,9nd/m, x=0,08. '

9.128, 0.53=5,3 MxKua/m3; %’ =17,7 nd /M, %==0,159,

9.129. a) A=19,7 mx/Ix; 6) A=98 mx]lxk.

~

§ 10. duekTpHUECKHA TOK

iy is
10.1. q=g ldt=g (44-20) di =48 Kin; I, =12 A,
. ? 4 .

10.2. a) R=70 Owm; 6) R{=387,5 Om; R, =116,7 Om; R3=175 Om;

10.3. N =200.

10.4. 1==500 m; d=1 MM,

10.5. R =1,8 mMOwm.

10.6. B 2,22 pasa.

10.7. Umeem Ryi=R, (1-}-atj), rae Ry—CONPOTHBJICHHE HUTH NpPH
tp=0°C; otciona Ry=Rji/(1t-at;)=32,8 Om.. Jlanee, Ro,=U/l =
= 364 OM, 1 12K Kak Ry=R (1 4-ats), To ty=(R:—R)/Royot==2200°C,

10.8. 7=17,5 mA,

10.9. #,=70°C. ]

10.10. U=5,4 B, .

10.11. Ui=12 B, Us=Ugz=4 B; I,=2 A, I;=1 A.

10.12, I=0,11 A U=0,99 B, U,—Oll B, n=009.
AU 10.13, U= Rf—r R—II_{_IRR KpuBas na
puc. 96 paeT XapaKTep S8aBHUCHMOCTH NaleHUS
norernuana U Bo BHewmefi nemu OT BHeWHero
conporuBgenus R. KpuBag acuMITOTHYECKH NpH-
6nuwxaercs k npamoit U=g&=1,1 B.

10.14, U,=0,125 B; R=7,5 Om.

10.15. n=25%.

B o i e

4-—--—-—--—-..};.' 10.16. Ur=2’7 B; r=0,9 OM.
10.17. x=U/&§ =n/(1 +-n); a) x==9,1%; 6)
Puc, 96, *=50%; B) x=919%.

10.18. n=280%.
10,19, I[Ipu nocael0BaTEBHOM COEINHEHHH s1eMenToB [ 1=2&/(2r-}-R),
npn mapajyenbHoM coefuHenuu [o=&/(0,5r+R).
a) 1i=5 A, 1,=5,7 A; 6) 11=0,24 A, 1,=0,124 A, Takam 0o6-
pasoM, DOpH MajoM BHEIHEM COTPOTHBJEHHH R 3JeMeHTH BHIrofiHee
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COEMHATD MNapajJieNlbHo, 8 NpH GOJbIIOM BHEIWHEM CONPOTHBJICH UK —
NOCEA0BATEBHO.

10.20. 'a) AR/R=1%; 6) AR/R =10%; B) AR/R-—IOO%

10.21. a) AR/R=20%; 6) AR/R =2%; 8) AR/R=0,2%.

10.22, 1,=0,6 A; 1,=0,4 A; I=1{+71,=1 A,

10.23. Tox B nemu I=2&/(R-r1-+r)=1,33 A, Pasnocts noten-
UHaNOB HA 3axuMax nepsoro siemedta Uj=&—/r;=0,66 B; pas-
HOCTh INQTEHUUANOB HA 8aXKUMaX BTOPOro amemedTa Up=&—Iry=0.
Yuaummes npefsaraeTcsi uccaefoBaTh B o6lleM BHAE, IPH KaKOM COOT-
HOIWEHHH MeXAy R, ry W r, pPasHOCTb NOTEHHANOB Ha 3aXKHMax OAHOro
W3 371eMEHTOB OyJeT paBHa HYJIO.

10.24. R;=1,5 Om; R,=2,5 Om; U;=7,5 B, Uy=12,5 B,

10.25. £=2 B; r=0,5 Owm.

10.26. /=0,2 A.

10.27. R; =60 Om.

10.28. /,=0,4 A; U,=32 B.

10.29. R, =60 Om.

10.30. /=2 A, U,=2 B.

10.31. U=80 B.

10.32. £=170 B.

10.33. a) /=022 A, U=110 B; 6) 7/=0,142 A, U=53,2 B;
B) /=0,57 A, U=110 B; r) /=0,089 A, U=35,6 B,

10.34. /=40 A.

10.35. ITapasyensHo amnepmeTpy Hajgo BKJIOUHTE COnpOTHBJIeHHe
R =0,02 OuM; ueHa feneHust amnmepmetpa uaMesutcs W Bmecto 0,1 A/nen
ctaHeT pashofi 1 A/nen.

10.36, TMTocaeoBatenbHO ¢ BOJBTMETPOM HaJ0 BKJIIOYHTH COMPOTHB-
adegne R =3 kOM; nena JKeseHUss BOALT~
Metpa usMmeHutcs u BMecto 0,2 B/pen
craver pasHo# 0,5 B/nen.

10.37. a) Ilapamrensuo npuGopy
Halo BKJIOYHTL CONpPOTHBJIEHHE R =
=0,555 Om; 6) nocnefoBatenbHo C Ipue
60pOoM, HaIO BKJIIOYHTHL CONPOTUBJIEHME .
R =9,95 xOm. Puc. 97,

" 10.38. R=300 Om; [=21,2 m.

10.39. Cm. puc. 97; I1=17,==0,365 A, 1,=0,73 A,

10.40. AU =6,8 B.

10.41. AP=212 Br,

10.42. S=78 mm2,

10.43. 2) Qi/Q2=0,17; 6) U3/U,=0,17.

10.44. a) Q1/Q:=5,9; 6) Uy/U,=1.

10.45. Q=18 Ox/c.

10.46. P;=2,4 xBt; P=2,3 xB1; 1=96-%.

10.47. r=1 Om; 1y =283,3%; n,=16,7%.




10.48. INo Toukam ua xpusok (puc. 34) coc‘raanﬂeMiTaGnﬂuyf

-

LA Jolrvl2]lslalste] )89l

P,Br |0]1,8[3,.2 4,2’4,8 5 la,8|4,2{3,2]t,8/0"

MomuoeTs, SHejsdeMas BO BHEUHell HENMH (NOJE3HAS MOMHOCTD),
AOCTHraeT MaKCHMyMa [IpH "BHEINHeM COMPOTHBJIEHHH R, DPaBHOM BHYT-
peHHEMY CONpPOTHBJEHHIO s sneMenta. [Ipn 3TOM majeHHe MOTeHIlUaJa
BO BHewdeft Nemy U =¢/2. Torna Kk.m.A. smemenra 1=0,5. B nawem
cayyae Pra,==JU=>5 Br. Caenosarenbno, U== Py, /=1 B; orciona
5. & c. snemedta §==2U=2 B. Tak Kak npu srom [=&/2r, 10 BuYT-
penHee CONpOTHBJIeHHE aneMenta r=¢&/2/ =0,2 Om. [lagenue ToTeH-
unana o sHemned uend U=P/[; x, 0. &, aneventa N=U/&= P/é’l

10.49., Ilo Touxkam Ha Kpunoh (pHc. 34) HaxomuM (cM. pewenne 10.48)
&=2B u r=02 Owm. 3uas & v r, Haiizem v, P, u P.

10.50. =4 B; r=1 Om.

0. 4910 .51. O saBucumoctn U, P u Py or R cm, B pewennax 10.48 u

10.52. §&=6 B; r=1 Om.

10.53. P=60 Br. '

1054, /=1 A.

- 10.55. P;=16 Br.

10.56. & =100 B.

10.57. Pasnocte notedumnanos U HA KOHUAX MAMITIOUKM MeHSIETCst
or 30 fo 54,5 B. Momnocte P; moTpeGasemad JIaMHOUKOM, Meusercs
npu srom ot 30 no 9,9 Br.

10.58. 2) Qg1 =16,37 [x/c, Qua==3,82 IIxk/c; 6) Qry1= 16,2 Ix/c;
Q2= 27,2 Ix/c.

10.59. Bompwyio (8 1,5 pasa) wmowmocts HOTpefsiser viaMmouka
€ MEHDBIIUM CORNDOTHBJEHHEM.

10.60. Af=36°C,

10.61. V=29 .

10.62. P=1,2 xBT; R =12 Om.

10.63. Q=250 xIx.- :

10.64. a) T=25 muH; 6) T=>50 muu; B) v=12,5 mumn.
10.65. a) v==45 mud; 6) v=10 Muu.

10.66. v=22 mus,

10.67. Ri=5,4 Om; c=2,1 kIIx/(kr-K); R;=49,6 Om.
10.68. =2380%.

10.69. a) R =14,4 Owm; 6) I=11,3 m; 8) P=1 kBr.
10.70. At=3°C,

10,71, CroumocTb 3JeKTposmeprud B Mecfi, pasia | p. 33 K.
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10,72, -t=49 muH.

10.73. R=33 Om. .

10.74. Ko/uuecTBa .TeMJIOTH, BLIACNUBIINECA B MEIHOM NpOBOje H
B CBHHILOBOM IpefioXpaHnTeae: o

Qu=ryey Aty =8,11S1ci Ati, Qo =28,1,S, (e Afy+1), M

rie 61 u 62—-n.nomocm MeIH ® CBHHUa, li W ly— LIHHE nposona H
NPeAOXPAHUTENs, €f B €3 — YAeJbHbe TENJIOEMKOCTH MeH H CBHHDA, Aff
A Aly=1,3— {y—nOBHIICHNA TemMnepaTypH NPOBOAa H MpejoXpaHuTeNs,
r— yAeJbHash TENJOTa NJaBJeHHs cBHHNA. Tak kKak o6a IPOBOAA BKJIO-
YeHbl B UENb MOCJEJOBATENLHO, TO

I1=13 Q1/Qy==Ri/Ry=1;5:01/15S:ps; @
rie pi H pa—-ynenbﬂue conpommennu mean u ceuxua. M3 (1) un (2)

HMeeM

811:8sci Aty — P1l:Ss
02lsSy (C3 Al +7) " palaSy’

OTKYZa Pa3nocTb TeMieparyp

: At 916232 (c2 Afz"l") .
pa81Sics

Y nac (cm. tabn. XI 7 XV) pj=0,017 mxOum-M, p;=0,22 mMxOm-.M,
8; = 8,6.10% kr/m3, 8, =11,3.10% xr/m3, ¢ =395 Ox/(kr-K), cy=
=126,0 & /(xr-K), {z=327 °C, r=22,6 kIx/Kkr, Aly= ty;— =310 °C,
[ToncraBass stn panHwe, nonyunm Afj=1,8°C,

10.75. Q= 1,55 xJIx/(c-m3).

10.76. [1=12=26,7 MA, ']3=l4=4 MA.

10.77. [lpumenum 3akou Kupxroda mns HaHHOM pa3BeTBJICH:ION
ueny. Ilpexze Bcero HaMeTHM HampapJeHHME TOKOB CTPeJKaMH Ha pHC. 98.
[TpennomoxumM, uT0 TOKHM  6YAyT HATH B HampasJeHHH [OCTABJCHHBLIX
HaMd  crpesok. [lo  nepsomy saxkony Kupxroda gas ysra C

. la=I-1y] .
(Ina ysma A M ROJNYYHM TOXJECTBEHE O
ypasnenue.) Ilo sropomy ‘sakomy Kupxropa
nnf KoHtypos ABC u ACD

TR+ hRi=&n @)
13Ri—I1Ry=&s. ) Puc. 98.

(Bumecto xohtypa ACD mam komtypa ABC MoxHO 6uui0 Gl B3ATH
koutyp ABGD.) -
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ViMeeM TpH ypaBHEHHS AN HaXOXKICHUA TPeX HEU3BECTHHIX: [y, /g
B I3 Ilpu pewenun sajay Ha mpumeHeHue 3akoHoB Kupxroba ynoGiee
ypasrenns (1)—(3) mpeacraBuTh B YHC/JIOBOM BHJE:

I3=11-F1,, 10134451;=2,1, 45];—10/,=19.

Pemas st# ypapHenus, noayuum [ =0,04 A, [,=—0,01 A u /3=0,03A.
OrpupateibHbifl 3HaK y ToKa /, yKasniBaeT Ha TO, YTO HampablleHue
TOKa HaMM 6bLIO B3SITO HeBepHO, Hanpasnaenwe 10Ka /o B IeHCTBUTENb-
socth Gyner or D kK C, a He Hao6OpOT, KaK 3TO GBLIO NPUHATO mepen
cocTaB/IeHHeM ypaBHEHHH.
10.78. U=1,28 B.
10.79. R=0,66 Ou; [,=0,5 A; /=15 A,
10.80. R=0,75 Om; I,=2A; I=4 A,
10.81. 1=0,4 A.
10.82, /=2 A.
10.83. Ry =20 Om.
10.84. [=0,45 MA.
10.85. /=1 MA.
10.86. /; =385 mA; [,=T77 MA; ;=308 MA.
10.87. /=03 A; J;,=0,5 A; [35=0,8 A; R3g=7,5 Oum,
10.88. §,=30 B; §3=45 B.
10.89. /=9 A.
10.90. &1 =24 B; §,=12 B; 12—-1 2 A; I3=03 A,
10.91. /,=2,28 A; 1,=0,56 A =172 A,
10.92. B 3 pasa.
10.93. U =100 B.
10.94. &= &»=200 B.
10.95. /=75 MmA.
10.96. a) Uy=120 B; U,=80 B; 6) Ul—Uz_lOO B.
10.97. =2 u.
10.98. 1==10 mun.; d=4,6 Mrm.
10.99. j=56 A/m2.
10.100. K =1,04-10~% xr/Ka.
10.101. Amnepmerp noxasmiBaeT menbme Ha 0,04 A,
10.102. my, =53 wr.
10.103. v=149 u; W=>53,7 I'lx.
10.104, W=1,8 k/Ix.
10.105. Dueprust, HeoGXOUMas AJs BbLIENCHHS MacChl /11 BEECTRA
TIpH 3JIeKTposu3e,

W=[Ut=mUZF/A, (1)
rae F—nocrosnnas Papages, A—moasapHas macca, Z-—BaJEHTHOCTb

u U—npunoxennas pasHocTb noTeHuHanoB, HroGu PasmoKUTL
v=2 MOJb BOAbI, T. €. UTOOB BHAEINTb m==4 I BOJOPOAa, Tpelyerc
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5,75-10% I snepran. Taxkum ofpasom, y Hac m=4r, W =5,75.10% [Ixk.
[Topcrapass uuchoBue Aaniuwe B (1), moayunm U=1,5 B,

'10.106. B caaGutx pactBopaX o & 1, T. €. BCE MOJEKYaH AHCCO-
unupoBadnl. ClefoBaTeNbHO, SKBHBAaJNEHTHAas IMPOBOAHMOCTL Ay, =
= F (uy -u.). Mopcraaas uuciossie ganuse: F=96,5.10* Ku/moms,
uy=3,26-10-7 M*/(B-c) u u_=0,64.10""7 M?/(B-c), modyunM A, =
= 37,6-10~3 u2/(OmM-Monb).

10.107, g, =100 Ku; g~ =20 Ka.

10.108. a) a=94%; 6) m=0,1 wmoub/x; B) Uy-fu.=
=1,35.10-7 u?/(B-¢). :
10.109. R =180 xOm. .

10.110, R =520 xOw.

10.111. A=3,9.10-3 M?/(Om- MOJIb)

10.112, o=92%.

10.113. n=5,5-10% m~3,

10.114. p=10"12 wm3/c,

10.115, j=0,24 MxA/M2; 14/1=0,01%,

10.116. 1,=0,1 mxA.

10.117. HauGosvliee BO3MOKHOE YHCJIO HOHOB Ka}xnoro 3HaKa B elH-
HApe 00beMa KaMepel MOJYYHTCS OPH YCHAIBHH, YTO yOLIBAaHHE HOKOB
NPOUCXOAUT TOJNbKO 3a CUeT HX pekoMOWHauuH, B stoMm ciyuas N =yn?
un=V Njy=32.101% u-3,

10.118. R =3,4.10* Owm.

10.119. /==3,3 BA; I/13=3,3%.

10.120. IToTeHnHa/IOM HOHH3aUWH aTOMa HA3HBacTCA Pa3HOCTb WO-
TEHUAJOB, KOTOPYIO IOMKeH MpPOHTH SMeKTPOH, 4TOGH mpH COYJAapeHHu
C aTOMOM €ro HOHH30BaTb. [103TOMY CKOPCCTb, KOTODYIO JOMMEH HMeTb
3MEKTPOH, Hafigercss us paBeHcTBa mu?/2 =el,; wuan v=V 2eU/m=
==2,2.10% m/c.

10.121, T =8.10* K. 4

10.122, A=39,2.10~1? IIx.

10.123. uv;=8,3.10% M/c; vy=1,4-10°% m/c.

10.124. YpembHas TePMOSJEKTPOHHA SMHCCUfl BosMbdpama Tpu TeM-
neparypax Ty n Ty

. 2 A ; A
ji=BTiexp (——Fﬂ) . ja=BT3exp <—— kT2) ,

Jess BTOpOoe ypaBHeHME Ha mepBOe, HONYYHM

i (TaV [ AL T\
il"(-rl) e’“’{ % (Tf‘?? =2.6.

10.125, jo/jz=1,1:10%



10.126. Ynenpnan SMHCCHA HHCTOro Boub(pamMa npH TemmepaType
=2500 K .. ToprpoBaHHOro Bo.nbfppama npu TeMuneparype Ty

ji=BiTiexp ( k’} )_2 81.10° Ajd, famB,T exp (_.EAL),
2

[To ycnosuio ji= ], 1. e ' ’

B,T?;; exp ( k?‘ )—-2 84.10% A/m2, - 1)

YpasHenue (1) MOXKHO pelWHTb ABYMs Crnoco0aMH.

a) I'paguuecxud cnoco6. [To ocu a6enuce oTKTafmBaeM peqanunny T,
MO ocH OpAHHAT —BemmunHy y=103B,T3 exp (— A,/kT5) (puc..99).
AGcnHcca TOUKH TepecedeHHst STOH KPUBOHA C ropu30HTasbHOH npsAiMOH
y=2,84-10° u jacT HCKOMOe 3HadeHue TemnepaTypsl. PeaysmbTaThl Bbi-
uncaeHuP yAoGHO TMPEACTaBHTL Tabiumed: ’

Ty, K| 2z=A,/kT, .exp (=2) ¥

1500 20,3 0,16.10—-8 | 0,11.10%
1700 17,7 1,6-10-8 "~ | 1,38.10%
1750 17,1 3,7.10~8 2,54.10%
1800 16,7 5,6.10=8 4,25.10%

Hs puc. '99 BHANO, IO pelwenHeM ypaBHennsi (1) fABaseTca 3uaueHHe
T, = 1760 K.

6) Cnocob nocaedosamens rowx npubauxcenu. Tak KaKk B OCHOBHOM
SABHCHMOCTb YAeJbHOK SMUCCHH OT TeMmmepaTyphl ONpENe/seTCH 3KCHO-
HEHUHAILHBIM MHOXHTENEM exp (— A/kT), a ue muoxuarenem T2, T0
B TepBOM NpHGIHKEHHH MOXeM TOJOXKHTDL
B,T} exp (— Aq/kT,) =

=B, (2500)2 exp(— Ay /kT3) =2,84-10° A/m?

otciofa exp (— Ap/kTy) =2,84- 10%/B,T1=
=1,86-10"8 g Ty =1690 K — nepsoe npu6Ju-
wenne, Bo BTOpoM NpPHOIHKEHHH

B, (1690)2 exp (— Ag/kTs)=2,84-10° A/u?;

orcrona Te=1770 K —pTopoe npuOIImKEHHE,
lIanee .

By (1770)% exp (— A,/kT,) =2,84.10° ANMY




otciofia Ty=1750 K-—Tperve npubruxense. Anajornuso
By (1750)% exp (—-Aa/kT ;) = 2,84+ 10° A/u?;

orciona Ty= 1760 K—ueTBepToe npubanxkenne, Jlerko yGemuTncs, uTo
naToe OpuGJHKEnHe C TOUHOCTbIO JO TpeThbeil sHavamueft noudpbl cosna-
Jaer C ueTBEpTHLIM NPHOJMKeHHeM, TakHM 06pasoM, HCKOMOe pemeﬂue
Ty=1760 K.

§ 11, nekrpomarue'mau

1.1, H=39,8 A/m.

1.2, H=50 A/m. ) :

11.3. Hy=120 A/M; Hy==159 A/m; H3=135 A/m,

© 114, Hi=199 A/M; H,=0; H3;=183 A/,

11.5. Mexpny touxamn I u I, Ha paccTosinun a=3,3 cM oF Toukn A,

11.6. Ilpapee Toukn A Ha paccrosmmsax aj=1,8 cM n 2;=6,96 cm
OT Hee,

11,7, Hi=8 A/um; H2=55,8 A/me

11.8. H;=235,6 A/m; Hy=b57,4 A/m.

119, /=8 A/m, HanpsxeHBOCTh MarvuTHOTO TOJS HanpapJeHa
meprenMKyIsIpHO K IJIOCKOCTH, MpOXofdineR wepes oba nposoja.

11.10. PeayabTupyromiee nojie 6yJeT HanpaBJeHO BePTHKANLHO BBEDX,
€cIH HanpaxeHHOCTh H mOAA TOKA CKOMIGHCHPYET TOPH3OHTAJBHYIO

COCTABJANINYI0 HanpsikenHocty Hp war- A
HHTHOrO moaa 3eman. Tak kak H= ”
=Hp=1/2na, 10 a=1/2nH,=0,08 u. L%
11.11, HanpsaxenuocTs MarHWTHOTO TO= e
ag 8 Touke C Oymer pamsua (puc. 100) a
oy
. Bl Ja
He= Isino dl, 2
4nr?
oy - Puc. 100.

‘Ho I=actgo n di=—ada/sin®a, aree, r=a/sin a. Crefopate.1bHo,
e 1 P A
- == Tna sin o a—m(COS oi~—C0s ag) =31,8 A/M.

22

e oy = 180°—60° = 120°,
11.12. H=56,5 A/,
- 1113, a5 oM,
11,14, 1>0,245 m; H=2358 A/m, ~
1115, H=77,3 A/m.
C1L16, U=mpl?/SH=0,12 B, .

) , . ' 329



11.17. H=12,7 A/,

11.18. H=25,7 A/m. ' ’
11.19. a) H=12,2 A/m; 6) H=0.

11.20. a) H=62,2 A/u; 6) H=38,2 A/,

11.22. H=177 A/m. ’

11.23. H=35,8 A/m.

11.24. U,=4U;.
11.25. 1=0,2 M.
11.26. R=38 cm.

11.27, H=6,67 gA/m.

11.28. H=1,25 gkA/m.

11.29. U3 4 caoes.

11.30. /N =200 A.p; U=2,7 B.

.31 D=(1—=8)/V T—(T—8 ~ (1—8)/V'28; npn 8<0,05
noayunm I/D = 3. .

11.32. §=3%.

11.33. Ha puc. 101 nsobpaxkeH XapakTep 3aBHCHMOCTH /= f(x)

11.34. Ho=16 A/m.

H 11.35. 1=100 c-1,
11.36. @ = 113 mxB6.
‘ z 11.37. @ =157 mB6,

e, 0L 11.38, @ =1,6.10-* cos (4nf--) B6,

N [ O—yroJ MEXAy HOPManblo K paMKe

W HanpapJeHHeM MAarHWTHOTO TNOJS B HauyaJbHB MOMEHT BpeMeHH;
@0y = 160 MBG.
11.39. Hneem

p=B/Hy,. ' 1))

o ycaoeuio H=796 A/m ~ 0,8 xA/m. [To rpaduxy B =] (H), namnomy
B npraoxennn 11, Haxogum, uro smavemmo H=0,8 xA/mM cooTBerCTRYeT
B=1,4 Ta. Nogcrasnas 3Hauenus p,, H, B 8 (1), noayuum p=1400.

11.40. /N =500 A.s.

11.41. /N =855 A.B.

11.42. p=440.

11.43. /N =5000 A:s.

11.44. B=1,8 Ta; p=200.

11.45. MarnuTHas HHAYKOMA OXHHAKOBa B cepnequxe M B BO3fyll-
HOM 3aaope T. €

* Q INuo

=Ry = = 1
Bi=B,= S Lipytlafps O

Tak rak Bj=pouif;, 10 B3 (1) HMeem
1 ,
ng-};'z——[-uoﬁlli = INpg, ¥}
830 .



310 ypaBueHHe NPsAMOI JIMHEA B KoopiuHaThmX ocgx H, B. Ho sesm-
unHe H W B, xpome ypaBuenns (2), cBsisadul eme rpadukom B =f (H).
Opnpunata Touku HepecedeHms NpsMoll (2) W KpmBoM, COOTBETCTBYIOMIEH
sasucumMocty B =[(H), paer 3HaueHHe MarHWTHOR WHAyKIHU B{=Bj,
Has nmoctpoeHnss npaMOR nO ypaBHeHHIO (2) HaXOAuM

B=1INpopy/l,=0,84 Tn npn H=0, H=IN/l;=2 xA/m npa B=0.

Hckoman touka nepeceuennss paer By =B,=0,78 Ta. Torma aas BO3-
AywHoro 3asopa Hy=By/pops =620 KA/M.

11.46. B 1,9 pasa (cum. petnenne 11.45).

11.48. p=1 A.M2.

11.49. @ =18 MxB6.

11.50. Umeem H==1/2nx. BosbMeM 3ajemMeHT mJOmajud [OMEPEYNoOro
ceyeHuss Koabuia dS==h dx. Torga MarHuTHHII TOTOK CKBO3b 3TOT 3JIe-
MeHT 6yner

4D =B dS = ot 5 h dx,

MarsnTHBll OTOK 4epes Bce nomepeyHoe cedeHue KOJbUA

ls
_Mopth (dx __peplh 1y
O="5 5 ¥ 2n lnll'
I

HaxoAs p u nofcTaBiss ocTadbHble AaHHbie, Hoayyum @ =18 mxB6.
11.51, 7,=620 A.
11.52. /=60 A.
11.53. J,=11,3 A; p=457,

o _Npo
11.54. UmeeM B=—=——i——— oTCIOfa HeOGXOIHUMOE HUCJIO aM-
" lifpat15/pa A
NEp-BUTKOB
B I 1 Bl
=2 (_L _2_)= Ly
bo Wi T ) Titan, Tl

Uz xpusoil B=/{(f) #axomum, uto snauenuio B=1,4 Ta cooTsercTByer
snauenne H=0,8 xA/Mm. CreposaTempno, [N =1,14.10* A.e. [auee,

[I=&8/R=§&S/pnDN, orkyza g:]anD/S:3l B.

Tax Kak guametp nposomokn d=} 4S/n=1,13 mM, T0 Ha AJHHe
coaedonga [; momectutes Ny =(40.-10-2)/(1,13.10-3)=354 Butka. Tak
kak /=jS=3 A, N =3830 ButkOB, TO HEOGXOARMOE YHCIO CJIOEB GyeT
paBHo 3830/354 =~ 11. [mamerp mpoBosokn d=1,13 MM, T03TOMY
11 cmoeB satimyT tommuHy b=1,2 cm.

11.55, F=4,9 H,

dy

d
11.56. A= Fap=( Poptliled o pollilsly d2 g wa
2nx 2n T dy
d; dy
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CJMHHDY AJHHH NPOBOJHRKOB -

At:__.—__p‘i]i In —-—83 MK,II}K/M.

1057, Iy =1,=20 A.
11.58, M;=3,563-10-% H.m; M,;=4,5.10-4 H.m.
11,59, 0,125%; na 3,2.10—% H.
11.60. a) M=24.10-° H.m; 6) M=1,2.10-? H.m.
11.61. Ha wMmaruutHylo crpenky JAcficTsyeT Bpallaiomiuli MOMEHT
=pBsina, rhie p-—-MarHuTHHY MOMEHT CTpeNKH B B=puH =
== [{lolr/2na — HHAYKUHSA MarBUTHOTO NOAst TOKA, Bpamatomuii Moment M
BLISBIBAeT NMOBOPOT HUTH Ha yron @=2IM/nGr%, rge |—Anuua HHTH,
r—paiuye Hu™ H G—MOAynb CIBHra MaTepHana HuUTH. Tak Kak
sina=1, 10 M=pB==plyueu/2na. Toraa

Q=polt/lp/an®Grt=0,52 pax, wm @=30°.

11,62, /1=0,1 mxA.

11.63. G=50 I'Ma.

11.64. A=0,5 mIx.

11.65. A=0,2 Ix; P=20 mBr. _

11.66. a) Ha paguyc ab (puc. 57) zeficteyer cuna F=BI/R. Pa6ora
npH oxHOM o6opote jaucka A=BIS, rge S—naomanb, ONHCHBaEMast
pagHycOM 3a OAHH 06OpOT, T. €, NJOWagb AucKa. MOWHOCTH TaKoro
neuratenst P=A/t=nBInR?=23,6 uBT. 6) Iuck BpamaeTcst npoTus
uacooii crpenku. B) Ha snemenr paguyca dx geficryer cuna dF =Bl dx
¥ BpaltaromHii MoMenT dM=xdF=Blxdx, rjpe x-——paccTosiuHe 3Jje-
MenTa d¥ OT ocu BpamenHs. Ha Becsb )mcx ZeHCTBYeT BpaIKAOWu
MOM\.HT

BIR?
2

M= S Bixde=L21R_12,5.10-% H.,

11,67, 1=15,3 A.

11.68. ®=1 Be6.

11.69. R =9 cm. Umeem T =2nR /v, npuuem R =mv/eB. Cne,uosa-
tenbuo, T ==2nm/eB, T. e. MepHO) He 3aBUCHT OT CKODOCTH 3JEKTPOHA.
TlopcraBnsas uncnoBuie Aanuple, Hahgem 7T=30 nc, M=1,5.10~2% xr.m?/c,

11,70. F=4.10~18 H,

1171, F=4,7.10-12 H,

11,72. ay = 0 Bo Bce BpeMs HBHXKEHHS; @, =const=7.1018 m/c?,

11,73. W=17,3 MsB. : '

11.74. R /R, = my/my== 1840.

11.75. Ry/R,=V myjm, =V 1840 =42,9,

11.76. W =288 k3B.

11.77. ¢=3,2.10-1® Kn,



11.78. TyTy=2.

11.79. F=5.10-1% H; R =3,2 em; T=1,3 mxec.

11.80. W =500 9B.

11.81. R;=19,5 cM; R,=20,0 cm.

11.82. q/m=4,8.107 Ka/kr, Has anextpona q/m=1,76.101* Ka/kr;
aaa npotoa ¢/m=9,6-101 Ku/kr;
Ang  o-yactHun q/m=4,8-10" Kux/kr. (.

11,83, O6imiee cMemeHHe NEKTPOHA
X=Xy} Xy, TAe x{—CMEIEHHE 3JeK-
TPOHaZ B MarHMTHOM noge (puc. 102),
DJIEKTPOH B MarHMTHOM NOJIE ABHMKET-
Csl 110 OKPY¥KHOCTH paguycoM R = muv/eB.
CMmemenHe x; MOXKHO HAaiTH H3 .co-
oTHOWeHHst X, =DC=0C—--0D. Ho

OC=R u OD=VOM:—DMi=
=V RT—b°. Takum o6pasoM, x;=

. Puc. 102,

=R —V R*—0%. Cmemenve x, MoxeT GHTb HaiizeHo u3 nponop UHu
xg/l =DM/DO, otxyna x,=bl/ YV R?—53, Torpa obmee cMemeHue

x=R—V R*=p:4-bl/V R*—02,

P 1/ 2Um
T eB B e °
[MoxcTaBnAs YHCNOBHE NAHHBIE, MONYYM R =4 cM u x==4,9 cM,

11.84. a) a,=0, a=ay=¢eE/m=1,76.101% wm/c?; 6) a;=0,
a=a,=YV (evB/m)?2+(eE/m)? =2,5:101% m/c?, ‘

11.85. v==2.10% M/c; R =23 cm.

11.86. DneKTPOH BJCTaeT B MAarHHTHOE IOJE €O CKOPOCThIO
v=V2eU/m. Pasnoxxum cKopocTh © Ha IBe COCTaBASIOMME: Uy, Hampap-
JIEHHY10 BIOJb NOJS, H U, HANPABAEHHYI0 NEPNeHARKYJISIPHO K HOJO.
Tlpoexuust TpaekTOPHH 3JEKTPOHa HA IUIOCKOCTb, NepNeHAMKYJSAPHYIO
K HHAyKUHH B, npencTaBijsieT CO60H OKPYIKHOCTb, PAafHyC.KOTOPO#l paBeH
HCKOMOMY PaAHyCy BHHTOBOJ TDAeKTODHH H OmnpeeJsiercst HpopMy o

Hmeem

R =muvy/eB =m (vsin a)/eB,

Tak Kak nepuon obpamenust anekTpona T =2aR/vsina=2nm/eB, t0
AT BHHTOBOH TPaeKTOpHH 3/1eKTPOHa '

h=0¢ T =2num (v cos a) /eB.
[MoxcTasans uUHCJAOBHE AaHHbe, noayuyum R=1 cm u A=11 om,

11.87. W =433 3B,
11.88, R =5 mm; h=3,6 ¢m,
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11.89. £=3,94 cm.

11.90. n=18/Uea=8,1-108 m~3; v=j/ne=1/Sne=0,31 mm/c.

11.91. U=2,7 mxB.

11.92. 4=0,65 M3/(B-c).

11.93. & =— d®/dt =— Bl dx/dt =—Blv=—0,15 B,

11.94. §,=78,5 B.

11.95. &=165 uB.

11.96. Tlpu kaxpom 060poTe cTepKHSt MACHHTHBIi NOTOK, mepece-
KaeMmblii CcTepXKHeM, D =BS=Bgni?, FEcau n-—uactoTa BpalIEHHA
CTepXKHS,- TO

& =Bal’n=Bnl’0/2n=Bl’0/2,

TJie ®— yrjoBasi CKOpPOCTh Bpallewusi, [loAcTaBJsis 4UHCJOBblE JaHHRLIE,
nronyunM & =0,5 B.
11.97. v=0,5 m/c.
1‘.98. éocp=1 B.
11.99. $max=Py0=BSN2an=3,14 B,
11.100. &max=0,09 B,
11.101. £=4,7 MB,
11,102, n=06,4 c~L.
11.103. &cp=18 MB.
11104, $ep=5,1 B.
11.105. §cp=1,57 B.
11.106. & max==250 MB.
11.107. L;=0,9 mn; L,=0,36 Tx.
11.108. L =55 MKI'n.
11.109. 'L =0,71 MI'n; ®=3,55 mxB6,
11.110. N =380.
11.111, p=1400.
11.112, /=1 A.
11.113. N =1500.
11114, p=1400; /=1,6 A,
11.115. p=0640; L=064 mI'n,
11.116. a) L=9,0 T's; 6) L=5,8 I'n; 8) L=0,83 Ty,
11.117. HmeeM

Li= popnilS, Ly=popndlS. M
B3aumuas MMAYKTHBHOCTb KaTYHIEK, MMEIOWHMX O6uiuft cepieuHHK,
Lia==popnyn,lS, ; @
Yunoxan coornowentust (1) ipyr ma Apyra, moayumm

| LyLo=(moulS)* nini, otkyna ning="V LyLy/melS. X))
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Moacraenas (3) b (2), naiifiem L=V L;L,. Tak kax 6’,=—Lig di/dt,
CpeAHHi’ TOK BO BTOPOH KaTymike
LipAly_- VT,L, Al

h=pm="—TF  a =024

11,118, Koauuectso sneKTpHUeCTBA, HHAYUHPYEMOE B paMKe,

D; ’
1 1

rge @j-——MarsHTHEI NOTOK 4epea paMKy B NepBOM NOJOXeHHH H Oy —
MAarHHTHBI NOTOK uepe3 DaMKy BO BTOPOM moJoXeHuH, ¥ Hac Dy=0;
KpoMe Toro,

R=pl/s=pla/s=p4 V S/s, @
rpe a—cropora pamku. Tak kak P;=BS, 10
g=BsY 5/4p=74 uKu,
11,119. ¢=0,15 mKa.
11,120, ¢=0,25 mKa.
11121, C=10-8 Kna/znen.
11.122. B=0,2 Tax.
11.123. HanpsxeHHOCTD MAarHHTHOTO NMOJsA B TOPOHAe
H=INyL )]
Ecnu M3MERHTb HanpaBjeHHe TOKa B NEPBHUHON KATYIIKE Ha NPOTHBO-
NOJIOXKHOE, TO Yepe3 rajbBaHOMETP NPOHJET KOJHYECTBO SJeKTPHYECTBA
q=20N,/R, rge ®—mMarsuTHHA 10TOK, NPOHH3BLIBAIOMAE NAOmMALL NO-
nepeuHoro cevesnst Topouna. Ho ®=BS=puHS=puSIN/l; caeno-
BATEJBHO, ) '
q;QngouSINl/Rl, otkyna p=qRI/2uN{NyS1,

Tak kak ¢=Ca, TO
w=CaRI/2uyN,N,S1, . 2)

Moxcrasass B (1) # (2) pasnuynbie 3naveHus | H COOTBETCTBYIOUIHE 3HA-
YeHUsT o, AAHHBle B YCJOBHH 3ajau, NMOJAyYHM TabaHuy:

1A 0,1 0,2 0,3 0,4 0,5
H, A/ 133 266 400 "533 667
wo | 140 | 2100 2050 1790 | 1520




11.124. n=1200. -

11,125, {=126 mc. . . B

11.126. t=0,25 MC. . o

11.127. B 1,5 paaa, . : : -

11.128. {=10 mc. ) '

14:130. a) ®=B,Ssin u)t 2,5.10-5sin 100x? B6 » Pmax=25 mxB6;
6) & =—7,85-10-3 cos 1005t B, @max=7,85 MB; B) 1-_—-2 3cos 1005t A,

Imax=2,3 A.
11.131. a) & =-383cos 1005 B; 6) W= L12/2—-0 263 sin?100n? k.
11,132, &a=— Ly, dI/dt = Lyply0 cos ot = —15,7 cos 100zt B;

Samax=15,7 B.

“Thanasa 1V
KOJ]EBAHH?I U BOJIHbI

§ 12. Tapmonuueckoe KojeGaTeqpbHOe ABHXKEHHE H BOJHH
12.1, x="5s¢in (St +7/4) oM.
12.2. x=0,isin 5 u.

12.3. x=>50sin (-g— t—i—%) MM; % =35,2 MM, x,=0,
12.4. a) x=53m%t cM; 6) x=bsin (—I‘;— t+-g—) cM; B) X=

n . _ /7 3n . _ n
= 5sin (—4—t+n> CM; F) foSin k-—4— t+—2—) cM; 1) x=5 sln—4-t cM.
12.5. Cm. puc. 103, .
12.6. Vimeem x==Asin (371 t+q9>. Tlo ycnoBuio x=A/2. Caepno-

Bateabro, 0,5=sin (nf/12), T. e. ni/12=mn/6; orciona {=2 c,

12.7. t=T/6.

12.8. t=1 c.

12.9. Umax=7,85 cM/C; Gmax=12,3 cm/c2

12.10. T =4 C; Umax=3,14 cM/C; amax=14,93 cm/c?.

12.11. Ckopoctb v_-s-%-::% cos %t. CkopocTb GyzieT MakcHMAalb-
HOH npu nf/6=1, T.e. npu mi/6=nn, tae n=0, 1, 2, ... Taxum
06pa3oM, MaKCHMaJbHARL CKOPOCTb JOCTHTAeTCS! B MOMEHTH BpEeMEeHH
t=0, 6, 12 ¢, ... Yckopenne 6yzeT MaKCHMajbHEIM NpH sin (nf/6) =1,
T. &. TpH :nt/6-—(2n+l) 7/2. Takum 06pasoM, MaKCHMabHOE _yekopenue
JOCTHTaeTcst B MOMeHTH Bpemenn t=3, 9, 15 ¢, ...

12,12, v=13,6 cm/c.

12,13, x=>5sin (nt+n/6) cm.

12.14. A=3,1 em; T=4,1 ¢,
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12.15, Fipay =246 mxH. )
12,16, Finay=197 MxH; W =4,93 mxIx.
12.17. CM. puc. 104, Us rpapuxa Bugno, uyto nepuos KoJsieGaHHi
SHepruy, BJBOE MeHbINe MepHOAAa CaAMOr0 KOJEGATEeNbHOIrO RBHMKEHHS.
12.18, a) Wy/W=3; 6) W /Wn=1; B) W, /W,=1/3.
. o 12.19: a) WK/WH=15 6) Wy /Wp=

z =3; B) W,/W,=0.
12.20. x=0,04sin (nf 4+ m/3) M.
7, / z 12.21, x=FA2W=1,5 cm.
M 12.22. [lepuos xoneGanuii. mapuxa
o T=2nV I/g=2,8 c. AMnauTyza Kone-
6auuli  npH  ManBIxX OTKJIOHEHHSIX
/ £ lIApHKA OT TNONOXKEHHS DABHOBECHS
TS
z
12
3)

&) Ode curycouder colbradmom

Puc. 103. : Puc. 104.

A=1Isina=2.0,0608 M ~ 0,14 Mv. TorZa ypaBHenHe JBHKEHHH IIa-
puKa SamuIUercs Tak:
20

2n
x-Asm—,—I—,—t-—O 14sm2 8f

€C/IH BpPEMs! OTCYMTHIBATh OT NOJOXKEHHs! paBHoBecHs, IIpH NpoxoXaeHHH
LIAPUKOM TIOJIOXKEHHSI DPABHOBECHSI €ro CKOPOCTb GYAeT AOCTHraTh HaH-

0,14.2 2
cos = ¢ M/c, TO

Gonbiero ssayenust, Tak Kak ve== 78 78
)

14. .
vmax=0’2482“ m/c=0,31 m/c.

' DTy Xe CKOPOCTb MBI MOMeM HaliTH H3 cooTHOmleHns mgh=muv?/2,
rae —BHICOTA NOIHSATHS-LIapHKa; OTCIOLA v="V 2gh. Herpyauo BHIETS,
uTOo h—l(l-—cosa) Torza v=V 2gl (I —cos «)=0,31 m/c. Tpn 60ab-
WHX OTK/JOHEHHSX MAasTHHKA OT' NOJOMKEHHA pPABHOBECHS KOJeGauus
MasiITHHKA YKe He OYAYT rapMOHHUECKHMH,

- 12.23. T=0,78 c. -
12,24, k=805 H/m.
12.25. Ymenbumtes B 2 pasa,
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12.26. Ymenpmurcsa B 1,8 pasa,
12,27, Hmeem

Ti=2nV m/k, um Ti=4nm/k, M
[Tocne poGasaenust rpysa Ar Gyzem uMeTb
=% V (m+Amyjk, wia Ti=4a® (m--Am)jk. @

Buuntas (1) w3 (2), noayuam T3—Ti=4n? Am/k. Ho k=F/Al =
= Amg/Al, rne F—cuna, srisniBalomas yaausedne npyxunsl Al, Takum
obpasom,

’T-'Q—TT§=4n2%g—l-, Ul Al=zi—2(T§—-T§):2,7 ™,

12.28. 7=0,93 c. -

12.29. Ha nnaBarowuii’ apeoMerp JefiCTBYIOT CHJA TAMKECTH (BHH3)
u cuna Apxmmena (Beepx). [losromy B paBroBecHH mg=pg (V +Sh),
rae (V 4-Sh)—uacte obbema apeoMeTpa, HaxoAsmiasics B JXKHIKOCTH,
Ecan norpysuts apeoMerp Ha rayGHHY X, TO pe3yabTHpylowias BHTaN-
" KUBAKOMAs cHIA .

F= pg[V+S (h4-x)] —mg=
=pg [V 4S8 (h-+%)]—pg (V -+ Sh) =pgSx=kx,

rie k=pgS. Tak kak T=2x V m/k, 10

4 ms . " 16am o s
T—_d- —E’ OTKYHA P=—Fm— Tig ——>5—=0,89:10% kr/m3,

12.30. x=3,7sin (% t—{—%) oM,

12.31. A=4,6 cm; 9=062°46",

12.32. @ — @ ==2m/3.

12.33. A=5 cM; ¢=36°52" = 0,2rx; x=>5sin (nt+n/5) o™,

12.34. V3 cnexrpa caoxHoro konebamus (puc. 61) BHAHO, uTo
nepsoe KojeGanue HMeeT amiiuTyny A;=0,03 m u vactoty v;=0,2 I,
Bropoe— A;=0,02 m B v,=0,5 Ty n Tperse — A3=0,01 m u v3=1 .
Takum 06pa3oM, ypaBHeHHs 3THX KoJefaHuii 6yLyT CAefyioliue:

. 2n
x=0,03sin Tt M, x=0,02sinnt M, x=0,01sin2af um,
Ha puc. 105 gaus xauectBensbie rpaduku 3TeX KonebaHhil, Ydauumes
NpeANaraeTcs CoCTaBHTh TaGAHUB x=/[ (f) AN BCEX ITHX KOJeGaHHU[
¥ Hal#TH rpadmK pesyabTHPYIOWEro KoAeGanusi, CJIOXKHB OpAHBATH CHHY-
COHJ NSl psAjia TOYeK Ha OCH aGCHHCC,
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12 35. Ha pme. 106 wusoGpaxen cnexTp pesynbmpymmero KOJe-
Gayus.
12,36. Vimeem

x=Asin 2nvit, A=Ay (1 cos 2ftv,l).
IogeraBasa B’l“Opoe ypaBHeHHe B IMepBoe, NOJyUHM
x=A, (14 cos 2nv,t) sin anlz‘— Ay sin 2nvlt+A0 60s 2mvy!t sin 2Znvyf =
= Ao sin 2:1\)1!—[——— sin [25 (vi—Vy) t]—l—— sin [27 (vi+vs) 1],

Takum 06pasom, paccMaTpuBaemoe KojieGan#e MOXKeT OHITh D as/ioKeHO
Ha CyMMy TpeX TapMOHHUeCKHX KoJeGaTellbHBIX IBHXKEHHHA C yYacToTaMu

AnM
z T 0'05_"‘——_— —————————
// \\
A AP -~ - "
/A \/ /
Loy A A \ A \ 004
‘\\‘ \;\[l \\ / \\/I 4 \\ ) [
) \ A
\vl \\‘ A 7/ \;/ \‘ \v/ \7/ 0 . .
\_/ \\\,’ // B .
Sl ST TR U S T BT R N Y
J ! z2 J 4 )
Puc, 105, , Puc. 106,

Vi, Vi—%Vy H Vi-}-Vy U ¢ amnnutyiamu A,, Ay/2 u ‘Ay/2. Amnautyna
PesyJbTHPYIOMEro KoieGaHHs OyreT MEeHATLCS BO BPeMeHH. Taxoro posa
konebanue yXKe He NpexcTaBifeT cOGOH TapMOHHUECKOrO KoJeGaTesbHOrG
JABHJKEHHS ¥ HA3bIBACTCS1 MOAYJHPOBAHHLIM KOJeGaHHEM.

12.37, Tlpn cnoxXenus ABYX B3aHUMHO TePNEHAHKYMIPHEX KoJeGa-
HUR OJMHAKOBOrO Nepuojia YpaBHEHHe TPaeKTOpHH Pe3yAbTHDYIONIEro
KoneOauust HMEeT BUJ

X2yt 2xy
—5 =5 — 5% €0S (P —@;) =sin? (Ps— ;). 1
Tax xaK y Hac @,—@;=0, 10 ypasrenue (1) npumer Bun

HJIIH

( —-;)2—0 OTK 2
A &) T yaa y=3z.*

— ypaBhenne npamoll aunun. Takum 06pasoM, pesy/bTHPYOLee KoJe6a.
HHe GyJer NMPOMCXOAMTL NO MPAMOH JHHHM. Yron uaknona mpsimolt maii-
Aercst U3 ypasHemust t€ a=A,/A;=0,5, T. €. a=26°34", Ieprof pe-
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SYALTHPYIOMEro KONeGaHus paseH NepHoAy cjaraeMux KoaeGadufl, a

aMILTUTY A2 PeayAbTHPYIOIEro KoneGaHus A = VAi’ + A7=11,2 cm. Caeno-
BaTenbHO, ypaBHEHHE DeSYJBTHPYIOIMEro KoneGauus uMeeT WU § =
= 11,2 sin (10 -+ 7/3) em.
12.38. a) A=TcM; 6) A=D5cM, ] ’
12.39. x%/4}-y?/4=1—ypaBHeHue OKPYKHOCTH paguycoM R=2wm,
12.40. Hmeem

7
x==cosnl, y=rcos 5 t=

Orciopa (2y2—1)/x=1, unn 2y*—x=1-—ypaBHenne napaGonsl.
12.41, x%/14-y*/4 =1—ypaBHenne annunca.
12.42, y=—0,75x—ypaBHerue npsamoii.
12.43. YpaBreHHe 3aTyxawmuX KonebGanuii HMeeT BHJR

x=Ae-8 sin (0t + ). B )

]//l—ﬂzf—sﬂ , wan 2yt —l=cosnt.

B nawem cayuae 0=2T=n/2, ¢=0 1 S=x/T=16/4=04c"1
AMnamtyna A uaiizercd us yoaoBust x=4,5cMm npu ¢=T/4=1c. He-
Tpyauo Haiitd us (1), uto A=6,7cm. Takum o6pa3oM, ypabuenue (1)
npuMer BUJ

x=6,7e-04! gin % Lo, : )

Jlnst nocTpoeHua Tpaduka KOJeGanust HafiieM MOMEHTH! BpeMer® fy,
t3, l3, ..., COOTBETCTBYIOLIHE MAaKCHMAJBHbLIM 3HAUEHHSM CMELLEHHS X,
MakcuMyM x HalileTcst H3 yCIOBHS v—dx/dt—O U3 ypasnenns (1) na-
xopum (npu @=0)

v= Awe-% cos ot — Ade=5! sin of =0, orciona tgot= m/6 2n/%, (3)°

W3 ypasuenus (3) BHAHO, uTO TONbKO NPH HE3aTyXaIOUWHX KojeGanusx,
Korna % =0, eanunna tg wf=e0, uad ol =n/2, 1.e. 2nt/T =n/2, unu
¢=T/4. B uameM xe cayyaé tg of =2m/x==3,925, T. e. &/ =752y
~0.421 @, orkyna (=0,421 n/0=0,842c. Takum 06pasoM, x= iy,
mpu £;=0,842 ¢; t,=14,+T/2=2,842 ¢, b=1+T=4,842 ¢c u {=
=101+3T/2=6,842¢c u T. 1. [oacrasasin HalizeHHble 3Hayenus { B
ypaBHenHe (2), HETPYAHO HAHTH COOTBETCTBYIOULHE 3HAUCHHUS Xy, Xg, X3, ...

12.44. Cm. pemenye 12.43.

12.45. v;=7,85m/c, 0v;=2,88m/c, vz=1,06mic, v,=0,39mjc,
v;=0,14 m/c, '

12,46, [To dopmynam anst 3aTyXaIOMHX Konebaﬂnﬁ MeeMm

A; = Agexp (-—-u—,;7) ) ' Ag=Ayexp (—x +T) ,

otkyna A;/Ay=-e*. o ycnosuio x=0,2; orcxona A JAy =122,
12.47. % =0,023. i » .
12.48. a) t=120¢c; 6) {=1,22¢,
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12.49. B 1,22 pasa, .
12.50. B 8 paa. -
12.51, {=6,4c. : .
1252, 2) §=0,46c"1; 6) 6=10c"1; ) 6-u/T—-umo/V4n=+uﬂ
=7,2¢c=1,
12.53. YpapHeHne COGCTBEHHBIX KONeOaHMM HMeeT BHJ
x = A¢e—87 sin wol. 113

Mo ycnoBuio cxsur a3 MeXZy COGCTBEHHBIMH H BHIHYXIEHHBIMH KoJe-
- GaHusIMH paBeH —3m/4; clefoBateNbHO,

28w

tgqp_ _tg (—3n/4)=1,
oTCI0Ha

o=V 0T+ 280. ‘ @

VY nac w=10x u §=1,6c~1. IfoxcTaBnsiss 3TH sHavenus B (2), noJy-
unM @y = 10,57, ¥ TOrna ypasnenne cOGCTBEHHBLIX KOJeGaHUI NPHMET BHA

x="Te~1.8¢ sin 10,5rf oM.

YpaBHeHHe BHEIIHell NEPHOHYECKOH CHIB HMeeT BHJ
F=F,sin ot.

[3

MakcuManbhoe 3HaueHHe BHelHell NEPHORMYECKOH CHJBI
—_ V 2 2)2 202
Fo=AmV (0§ — 0?)? 4 4820 =72 uH,
H TOTZa ypaBHeHHe BHeWIHel MepHOXUMecKoH CHMLI OYZeT MMETb BHJ

F=72sin 10 nf mH.

12.54. Ha puc. 107 nas XapakTep 3aBHCHMOCTH aMIJHTYAs A Bbl-
HYMJCHHHX KoJeGanull oT 4acToTH @ BHeHIHed nepHOHYEeCKOH CHJHL
12.55. Konsicka HauHeT CcHJbHO pac-
KaynBaTbCs, €CAH NPOMEXKYTOR MEXIY A
JBYMSl TNOCHEIOBATE/BHBIMH TOYKAMH# Ha
yriy6nenusix OyneT paseH NepHOLY - cob-
CTBeHHBIX KOJMeGagull xoxsicku. Tlepuox
CcOGCTBEHHBIX  KOJeOaHHH KOMSICKH Haxo-
autes us opmyart T=2aV m/k. Y wac ¢ ~w, w
m=10 kr/2 =>5 kr—Macca, npuxoismases Puc. 107.
 HA KaXIyIo peccopy, &= m,g/xo=1{9,8/2)
H/em==490 H/Mm u, cregosatensno, T=0,63c. Bpems mexay nsyms
nocaeIoBaTeIbHEIME Toiykamu f==Iljv=T; oTcioma nonyuaem v_l/T_.
= (0,3/0,63) mjc=1,7 km/u. )
12.56. A=3 mrm, -
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12.57. ¢=2350 M/c; Umax=0,785m/c.
12,58, YpaBHenue BONHH WMEET BHJ

l()sin ( fA) cM., | (1)

Takum o6pasom, ¥=f(, 1), T. €. cMeuleHHe TOueK, JexalllUX Ha Jyue,
SaBHCHT OT BpeMeHH ! M PacCTosiHus ! TOYKH JO HCTOUHHKA KoseCanui.
Jlns Touxkw, OTCTOsIIE# OT HCTOYHWKA Koae0aHHH Ha pacCTOSHHH

1=600 v, ypasuenue (1) npumer Bua x= 10 sin (—g—t—n) CM, T. €. IpH-

I=const mMb nonyuum x=f(f) —cMmemeHHe (UKCHDOBAHHOH TOUKH, Je-
Kaie#f Ha Jsyye, MEHSIETCS CO BPEMEHeM.

nl
Ipu {=4c ypasuerue (1) npumer BHa x=10sin (Qn 5 104) M.

B stoM caywae f=const u x={(/)—pasinuupie TOYKH, JIEKAILHE Ha
"JIyue, HMEIT Da3HYHLE CMEUeHHS B JAHHLII MOMEHT BDEMEHH,
12,59, x=0,04 M.~
12.60. x==0; v=7,85cm/c; a=0.
12,61, Ap=mn—Toukn KOJAeGIIOTCA B IPOTHBONOJOKHEIX (asax,
12.62. Ap=4n—TouKu KoNeOMOTCA B OJHHAKOBHX (asax.
12.63. x=2,5cm. ,
12,64, 4 =0,48 m. . .

12.65. a) Tlomoxenus ysmos: x=3, 9, 15, ... CM; NOJIOXKEeHHS Nyy-
Hocreit: x=0, 6, 12, 18, ... cm. 6) Ilomoxeunst yaios: x=0, 6, 12,
18, ... cMm; nosoxenus nyQHOCTePI x= 3 9, 15, ... cMm.

12 66. 7\. 0,1 M.

+

§ 13. Akycruka

13.1. A=0,78 M.
13.2. Or Aj==17 MM 10 Ay =17 M.
13.3. ¢=5300 m/c. o
. 13.4. ¢=3700 m/c.
13.5. Tak kak mogyxab IOura E CBSI3AK €O CKHMaeMocTbl0 P coot-
nowenneM P=1/E, o f=1/pc2=7,1.10-10 [Ta~1,
13.6. I=1810m.
13.7. ¢;=318M/c; c; =330 M/C; c3=343 M/c.
13.8. B 1,12 pa3sa.
13.9. c=315m/c.
13.10. ¢=330m/c.
13.11, ¢=336M/c.
13.12, = —54°C.
13.13. n=rc1/cy=0,067. . v
13.14. & =3°51",
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13.15. 1,/1;=1,26 (cM. 3afiayy 2 BO BBeJeHHW K STOf IJiaBe). -

13.16. p,/pi=112, ' .

13.17. 1,/1,=1000.

13.18. AL,=30 1B; Ps/pi=31,6.

13.19. L;=100¢on; p=2Ila.

13.20. a) AL;=34,8on; 6) AL; =44 8¢on. -

: 13.21, Paccrosnye Mexjy cOceJHHMH 3yOuaMH 3BYKOBOM GOpO3NKH
Ha rpaMMoOHHOH NJIacTHHKE Hafiaerca mo dopmyse /=wr/v, rae © —
yraoBasi CKOpOCTb BpallenHs MiactyekY. HoxcTasass uuciaoseie Jauuble,
- moayuum: a) [=2,25mm; 6) {=0,75 mm. .

13.22. a) [=8,15um; 6) [=0,41 mm.

13.23. Tlpn BO30yXpeHHH KoJefaHHH B CTalbHOM CTepXKHE B HeM
YCTAHOBHTCA CTOS4Asl BOJHA C Y3/JaM# B TOYKaX 3aKHMa ¥ NIYUHOCTAMH
Ha CBOGOJHHIX KOHuax. B crosueit BoHe BO3xyWIHOro croaba paccTosi-
HHE MeXJy COCeJHMMH NYYHOCTSIMH PABHO MOJOBHHE JJHHBI BO3CYXKJIEH-
HOH 3BYKOBOH BOJHBI, MMeem

Aifhe = c1/Ce. M

Jnuua I, Bo3gymHOro croma Ha OCHOBAHHH CKa3aHHOro . HalijjeTcsl H3
YCI0BHS

n7b2/2 == lz. ) (2)

Ha (1) u (2) mmeeM ly=nhAico/2c;. Torma: a) Ay=20, U,=0,392y;
6) Aj==4l;, 1,=0,784 m.

13.24. 1;=0,715Mm.

13.25. v=43 k['u— yabTpassykoBas yacrora.

13.26. a) v/ =666 I'u; 6) v/ =542Tu.

13.27. 10%.

13.28. v; =28,3 xM/u; v, = 14,7 xM/u.

13.29. B 4 pasa.

13.30. v=71 xm/u,

13.31., v;=45klu, v, =46,6 x['11.

13.32, [=0,45m.

13.33. F=7,3H.

13.34. Viax = 158 T1.

13.35. Hmeem

vi/va=V F1/F;=V 15/16, wvg=vy—v;i=8Tu.

Peiuasi 9TH ypaBHEHHS COBMECTHO, MOJYUHM vy =252 I