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Pasxen 4
JIHHAMHKA KHIKOCTH

JUHAMUKA HCUOKOCMN — 3TO Pa3leT THAPOMEXAHHKH. KOTOPBIT
H3y9aeT 3aKOHBI IBHUKCHHA KHIKOCTEIl B 3aBHCHMOCTH OT IPHIOKCHHBIX K
HHM CHIL

TIpH 3a1aHHBIX BHEIIHHX CHIAX 3aJada THHAMHKH AKHIKOCTH CBO-
JHTCA K ONPENSICHHI0 HANPAKCHHH H KHHEMATHISCKHX APaMETPOB IBH-
JKeHHA B KaAI0H TOUKe KHIKOCTH B T:000iH MOMEHT BPeMeHH. a TaKke K
OmpeIe e IO THIPOIHHAMHIECKHX CHT BO3ACHCTBHA IOTOKA Ha Tela.

4.1 YpapHeHHe BepHY/TH 17151 /1eMeHT:

HIeaTbHO KIHIKOCTH.

BhIBeIeM OCHOBHOE YDaBHEHHE. CBA3BIBAIOIIEE MEKIY COGOM IaB-
JIeHHe B KHIKOCTH H CKOPOCTB €€ IBH/KCHHA.

PaccMOTPHM YCTAHOBHBINEECA IBH/KCHHE HICATBHOM KHIKOCTH.
HaXOIAMICHCA O JeHCTBHEM JTHIIb OXHOMH MACCOBOMH CHIBI — CHIIBI TAKE-
CTH. BBIIeTHM B 371eMeHTapHOH cTpyiike ceueHHAMH 1-1 H 2-2 ydacTok
TIPOH3BOIBHON JITHHEL TIPH 3TOM ILTOMATH 3THX CEUeHHIT 0G03HATHM CO-
OTBETCTBEHHO dS

yiixa n1eaTbHOM KILTKOCTH

3a GeCKOHEYHO MAlblil OTPEe30K BpeMeHH dt BBIIETCHHBIH ydacTo!
NepeMecTHTCA B MonokeHHe 1'-2'. [IPHMEHHM K IBH/KEHHIO TaHHOTO yda-
CTKA HIEATbHOMN JKHIKOCTH TEOPEMY MEXAHHKH 00 H3MEHCHHH KHHETHYC-
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yiixa n1eaTbHOM KILTKOCTH

3a GecKOHEWHO MBIl OTPE30K BpeMeHH dt BBIIETEHHBI yIacTOK
NepeMecTHTCA B MonokeHHe 1'-2'. [IPHMEHHM K IBH/KEHHIO TaHHOTO yda-
CTKa HIEATBHOMN KHIKOCTH TEOPEMY MEXAHHKH 00 H3MEHCHHH KHHETHYE-
CKOI HEPIHH. COITACHO KOTOPOH H3MEHEHHE KHHETHIECKOI YHEPIHH Tela
PaBHO PaGoTe CHIL. MPHIOKEHHBIX K Tey.

DTa TeopeMa MOKET GBITh BHIPAKeHa CIAYIONIHM YPABHEHHEM:

AE=YA. @.1)

rae AE — H3MeHeHHe KHHETHYECKOH SHEPIHH. Y, A — cyMMa paGoT ZeffcT-
BYIOIIHX CHI.

PaGoty 3a Bpems dt 110 IIepeMEIEHHI0 YIaCTKA KHAKOCTH H3 I0-
710jKeHHA 1-2 B HoToKeHHe 1'-2' COBEPIIAOT CHIIBI TAKECTH H CHIBI JaBle-
HiA. C yUeToM 3TOro ypaBHeHHe (4.1) IpHMeT BHA:

AE= Ap+ Ac. 4.2)
rae Ap - padoTa cH1 AaBNeHHA, Ag - paboTa CHT TAKECTH.

CHIBI 1aBTeHHA. ASHCTBYIONHE HA BBIICTCHHEIH YIaCTOK CTPY
KHIKOCTH. CKTAIBIBAIOTCA H3 CHT TABICHHA HA €r0 GOKOBYIO MOBEPXHOCTD
H Ha IUTOIIATH MONePEUHbIX ceueHnit dS; u dS,. PaGoTa cHI JaBIeHHA HA
GOKOBYI0 IOBEDXHOCTD DABHACICA HYTH. T. K. 3TH CHIBI BO BCE BPeMA
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PaGoty 3a Bpems dt 110 IIepeMEIEHHI0 YIaCTKA KHAKOCTH H3 I0-
710jKeHHA 1-2 B HoToKeHHe 1'-2' COBEPIIAOT CHIIBI TAKECTH H CHIBI JaBle-
HiA. C yUeToM 3TOro ypaBHeHHe (4.1) IpHMeT BHA:

AE= Ap+ Ac. 4.2)
rae Ap - padoTa cH1 AaBNeHHA, Ag - paboTa CHT TAKECTH.

CHIBI TaBTeHHA. JeHCTBYIONIHE HA BBIICTCHHBIH YIACTOK CTPYHKH
JKHIKOCTH. CKTAJBIBAIOTCA H3 CHT 1aBIEHHA HA €T0 GOKOBYIO OBEPXHOCTD
H Ha IUTOIIATH MONePEUHbIX ceueHnit dS; u dS,. PaGoTa cHI JaBIeHHA HA
GOKOBYI0 IOBEDXHOCTD DABHACICA HYTH. T. K. 3TH CHIBI BO BCE BPeMA
JBH/KEHHA HOPMATBHEI K 3TOi MIOBEPXHOCTH. C1eI0BATETBHO. HOPMATBHBI
H K [IEDEMEIIEHHI0 HX TOYSK IPHIOKCHHA.

MMa PaBOT CliT OdeTeH 1A Ha TIOTIepedHBIe CeTeHHA COCTABHT:
Ay = pidSiudt - prdSowadt. 4.3)
rae pydS; H p,dS; - CHIBI THAPOCTATHYECKOTO JABTEHHA Ha MOBEPXHOCTH
cedennit 1-1 m 2-2: wmdt u wdt - 37eMeHTapHBIe MEpPeMEIIeHHA 3THX IO
BepXHOCTeit.

PaGoTa CHIBI JaBIeHHA Ha cedeHHe 2-2 OTpHIATeTbHA. T. K. Ha-
TIpaBIeHHE CHIIEI P)dS; MPOTHBOMOMOKHO MePeMEIEHHI0 ydt.

PaGota cuter maxcecmy paBHa H3MEHEHHIO IOTEHIHATBHOMH 3HED:
THH NOJIO/KEHHA YIACTKA CTPYHKH. TO €CTh H3 SHEPIHH NOTOKEHHA KHIKO-
CTH B 00BeMe 1-2 HY/KHO BBIUECTh 3HEPTHIO IIOI0KEHHS KHIKOCTH B 00
emMe 1'-2'. TIpH 3TOM 3HEPTHA IOTOKEHHA MPOMEKYTOUHOro odbeMa 1'-2
COKPATHTCA. H MOKHO CUHTaTh 3TOT 00BEM YCIOBHO HEMOIBHAHBIM. To-
T1a OCTAHETCA THIIb PA3HOCTh SHEPTHil MOTOKEHHA MEKITY OOBEMaMH
SKHIKOCTH 1-1'm 2-2'. LleHTpaMH TAKecTH 00beMoB 1-1'm 2-2' 6yayT AB-
JATBCA BBICOTEI COOTBETCTBEHHO 73 H Z>. ECIIH y9ecTh ypaBHeHHE pacxola
@a. TO MOKHO CJe7aTh BBIBOJ, UTO 0OBEMBI, a CIe10BaTeNTbHO H CHIBI
TAKECTH >TeMeHToB 1-1' H 2-2' paBHBI MexkIy coboif. Toraa padoTa CHIBI
TAKECTH BBIPA3HTCA KaK NMPOH3BEISHHE PA3HOCTH BBICOT Z; H Z; HA CHITY
taxectH dG:

Ag=(z1-2) dG. 4.4)

KHHETHUECKAs FHEPTHA TeTa ¢ MacCoil m GyeT pasHa:

(4.
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[IPaBICHHE CHIIBI D: MPOTHBOIMOIOKHO IePeMEIIeHHI0 Wydt.

PaBoTa cit71 mAXcechl PaBHA H3MeHEHHIO TIOTEHIHATBHOI SHep:
THH NOJIO/KEHHA YIACTKA CTPYHKH. TO €CTh H3 SHEPIHH NOTOKEHHA KHIKO-
CTH B 00BeMe 1-2 HY/KHO BBIUECTh 3HEPTHIO IOI0KEHHSA KHIKOCTH B 00
emMe 1'-2'. TIpH 3TOM 3HEPTHA IOTOKEHHA MPOMEKYTOUHOro odbeMa 1'-2
COKPATHTCA. H MO/KHO CHHTATh ¥ 06BeM YCTOBHO HEMOTBHAHBEIM. To-
T1a OCTAHETCA THIIb PA3HOCTh SHEPTHil MOTOKEHHA MEKITY OOBEMaMH
AKHIKOCTH 1-1' 1 2-2'. IleHTpaMH TAKEeCTH 08beMoB 1-1' 1 2-2' SyayT AB-
JATBCA BBICOTEI COOTBETCTBEHHO 73 H Z>. ECIIH y9ecTh ypaBHeHHE pacxola

). TO MOKHO CIETaTh BBIBOL. UTO OGBEMBL. A CIeIOBATETBHO H CHIIBI
TAKECTH >TeMeHToB 1-1' H 2-2' paBHBI MexkIy coboif. Toraa padoTa CHIBI
TAKECTH BBIPA3HTCA KaK NMPOH3BEISHHE PA3HOCTH BBICOT Z; H Z; HA CHITY
taxectH dG:
Ag=(z1-2) dG.
KuHeTHUeCKas JHEPTHA Tea C Mac

E, = v’/

Ipupaugere xuxemuyeckoli snepeuu AE paccMaTpHBaeMOro yda-

CTPYHKH 3a BpeMs dt GyxeT paBHO Pa3sHOCTH KHHETHYECKHX H 1

06BeMoB 1-2 1 1'-2". TIpH BEYHTAHHH OCTAHETCA Pa3HOCTh KHHETHYECKHX
3HEPTHI 3TeMeH’ 2-2'm 1-1"

u3dG .

AE= "2 (4.

TloacTaBHB MOTydYeHHBIE BBIPAKEHHA (4.
(4.2). moTydmM:

). (44) 1 (4.6) B ypaBHeHHe

) dG uidG/  uidG
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TloacTaBHB MOTyueHHBIE BhIpakeHHA (4.3). (4.4) u (4.6) B ypaBHeHHe
(4.2). moTydmM:

1dSquydt — prdSawdt + (21 — 22) dG

Pasgemum 3To ypaBHeHHe Ha dG = pguid
H3BEIEM COKDAIIEHHA H Oy THM:

B P2, z1-7
Pg P8

TleperpynmupyeM WICHB YPABHEHHA TAKHM OOPA30M. UTO WICHBI
YDaBHEHHA. OTHOCAIIHECH K IIEPBOMY CeUCHHIO. GyIyT HAXOIHTBCA B TeBOH
YaCTH yPaBHEHHA. a WICHB! yPABHEHHA. OTHOCANIHECA KO BTOPOMY cede-
HIIO — B IIPaBOii:

4 Pz U3 @1
g 28 pg 28

VpasreHne (4.7) Ha3BIBAIOT VpaexeHuer BepHviiu 01a saenex-
MapHoll Pk H0eaTbHOl HecxHcuMaeoll Heuokocii. OHO GBLTO BBIBe-
JeHo JlaHHHIOM bBepHyTLTH. AeficTBHTEIbHBIM WieHOM IleTepGyprcko
AxafemMuH Hayk B 1738 r. TepMHH "IHApOJHHAMHKA" BIEPBbIE HOABHICA B
kHHTe [. BepHYITH. OITy0THKOBAaHHOH B TOM Toxy.

Tpaduvueckass HITHCTPANES YPaBHeHAS BepHYLIH. VUHTEIBAA.
9TO cedeHHA 1-1 1 2-2 GBITH B3ATHI COBEPIIEHHO IPOH3BOIBHO. TO YPaBHe-
HHe (4.7) MOXHO IIPHMEHHTb B TIOOOM IIONEPETHOM CEUSHHH CTPYHKH.
B3ATOM 10 €€ ITHHE. H NPEICTaBHTh B CIETYIOMEM BHIE:

H = const.

CyMMa TPeX CIaraeMbIX, BX B ypaBHeHHe (4.8). Ha3pIBaeTCA

NOTHBIN HANOPOM B NAHHOM CeUCHHH CTPYHKH. PasTHIAroT reoMeTpmde-

P

CKHIl HANop Z. MbE30METPHUECKHH Hamop “/pg H CKOPOCTHOH Hamop

u
B COOTBETCTBHH C THM ypaBHEHHe BepHYIIH MOKHO COPMYIH-
POBaTh CIEIYIOITHM OOPA3OM: 014 3.TeMeHMAPHOI CIPVIKN UOedTbHOIl
CLUOKOCTNI NOTHBII HANOP, 110 eCllb CYMMA 2e0MepUecKo0, Nbe3o-
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TI0THBIAl HATIOPOA! B TAaHHOM CeUeHHH CIPYHKH. PAsITHYAIOT IeOMEIpHUe-

P

CKHIf Hamop z. Ibe30METPHYECKHH Hamop H CKOPOCTHOH Hamop

u

B COOTBETCTBHH C THM ypaBHEHHe BepHYIIH MOKHO COPMYIH-

POBaTh CIEIYIOITHM OOPA3OM: 014 3.TeMeHMAPHOI CIPVIKN UOedTbHOIl

CUOKOCTNI NOTHBII HANOP, MO eCllb CYAMA 2e0MempUecKoo, nveso-

MeNPUYECK020 U CKOPOCINHO20 HANOPOE eCilb eeTUHUHA NOCTIOAHHAA 80
ecex ceqeHlAx CIpyIKi.

BeIHUHHBI HAaIlOPOB H3MEPAIOTCA eIHHHIAMH JTHHBL. BelmumHa

— 3T0 KOODIHHATA LEHTPAa TAKECTH CEUCHHA CTPYHKH (H3MepACTCA B

. P/
PasyepHocTe BetwamH [ 7/pg

M — InHeiHas

3T0 1aeT BO3MOKHOCTB TMPEICTABHTH ypaBHeHHe BepHYITH B Ipa-
¢maeckom BHe. ITo ocH afCIHCe OTKTATBIBAIOT PAcCTOAHHA MO OCH
CTPYHKH OT HEKOTOPOTO CEUeHHA. IPHHHMAEMOTO 3a HaYaTbHOE, a 10 OCH
OpIHHAT - 3HAYEHHA COCTABIAIONIHX HATOpPA I7TA PANA CEUeHHH CTPYHKH

(puc. 4.2)
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v/
Pa3MepHOCTh BETHUHH [ l,/pg 1

=M — THHeHHaA.
2
TO JaeT BO3MOKHOCT MPEICTABHTh ypaBHEHHE BepHy1mH B rpa-
¢maeckom BHe. ITo ocH afCIHCe OTKTATBIBAIOT PAcCTOAHHA MO OCH
CTIPYHKH OT HEKOTOPOTO CeUCHHA. IPHHHMARMOTO 3a HAYaTbHOE. a 1O OCH
OpIHHAT - 3HAYEHHA COCTABIAIONIHX HATOpPA I7TA PANA CEUeHHH CTPYHKH

(puc. 4.2)

Puc. 4.2. Tpaguticckas IITOCTpaLIIs ypapHett BepHy I 111 1eMeHTapHOl
CTpyHKN HIcaTbHOM KUIKOCTI.

OTKIambIBasg OT IIIOCKOCTH cpaBHeHHA OO BepTHKATBHBIE OTPE3KH

2o - HallIeM TeOMETPHYECKOE MECTO KOHIOB CYMM 3THX

OTPE3KOB. KOTOPOE PACTIOTOKHICA Ha TOPH3OHTATBHOI IITOCKOCTH. IOTHA-
TOH Hal ITOCKOCTBIO CPAaBHEHHA Ha BEICOTY H. DTy IIOCKOCTH B BHIE T0-
PH3OHTAIBHOH THHHH Ha3BIBAIOT HANOPHOI JuHell. COSTHHHB KOHIIBI OT-
pesosz+ P pg - TIOTYXTHM Nbe30MeNPUtecKYio TuHro.
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Puc. 4.2. Tpagusicckas matTiocTpawiis ypaskets Bepry erTapHOil
CTpyHKN HIcaTbHOM KUIKOCTI.

OTKIambIBasg OT IIIOCKOCTH cpaBHeHHA OO BepTHKATBHBIE OTPE3KH

2o - HallIeM TeOMETPHYECKOE MECTO KOHIOB CYMM 3THX

OTPE3KOB. KOTOPOE PACTIOTOKHICA Ha TOPH3OHTATBHOI IITOCKOCTH. IOTHA-

1 HaJl ITTOCKOCTBIO CPAaBHEHHA Ha BBICOTY H. DTy NITOCKOCTH B BHIE Io-
PH3OHTAIBHOH THHHH Ha3BIBAIOT HANOPHOI JuHell. COSTHHHB KOHIIBI OT-
pesosz+ P pg - TIOTYXTHM Nbe30MeNPUtecKYio TuHro.

4.2. DHepreTmyecKkasi HHTepOpPHTALNs ypaBHeHns Bep-
/LM 17151 YCTAaHOBHBIIET oS ABIZKeHHSI.
aBHeHHe b PHYILTH BBIPA’KA€T 3aKOH COXPAaHEHHA MEX
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