ANHAMUKA

M3ydaeT 3aKOHbl ABNKEHNA MATEPUAJIbHbBIX TEN 8 3d8UCUMOCMU OM anCmBnyU.{UX Ha HUX cun

iBa pa3gena: OUHAMUKO MamepuanbHol MoYKuU
OUHAMUKa mMmexaHu4ecKoli cucmemel.

MamepuanbHaA MOYKa - TeNO KOHEYHbIX Pa3MepoB, KOTOPOe ABUKETCA NOCTYyNnaTeNbHO.
MexaHu4yeckaa cucmema - COBOKYNHOCTb MaTepUanbHbIX TOYEK WU Ten, B KOTOpOlZ ABUXKEHUE Kam,u,oﬁ

4aCTM 3aBMCMUT OT ABUMKEHMA BCEX OCTasIbHbIX YacTeN.
OCHOBHbIE 3AKOHbl AUHAMMUKHU

1. 3aKoH UHepuuu (nepBbi 3aKOH HbloTOHA)
MamepuanbHas MoYKa Haxo0umcs 8 COCMOAHUU MOKOA UAU PABHOMEPHO20 U NPAMOAUHelHO20 08UXEHUS, MOKA Cubl,

delicmsyrowjue Ha MOYKY, 83AUMHO ypasHOBeW UBAMCH.
CBOWCTBO TeNa COXPaHATb COCTOSAHUE MOKOA UM PaBHOMEPHOTO ABUKEHUS HA3bIBAETCS UHEPMHOCMbIO TEeNa.

Mepon NHePTHOCTM TeNla ABNAETCA ero mMmacca.
2. OCHOBHOM 3aKOH AMHAMUKU (BTOPOIN 3aKOH HbloTOHA)

YcKopeHue mamepuasnbHOU MOYKU MPornopuyuoHaabHO NpunoXeHHoU K Hell cuse u uMeem maKoe Xe HanpassaeHue.
ma=F

lne F —cuna , - ycKOpeHWe TOYKM, M—Mmacca MaTepuasibHOM TOUKW.

3. 3aKOH paBeHCTBa AeUCTBMA U NpoTusoaencTema (Tpetmui 3akoH HoloToHa)

Bcakomy delicmeuro coomeemcmeayem pagHoe U pomueoriosnioxHO HanpasseHHoe npomuesoodelicmaue.
Mpw B3aMMOAENCTBMM ABYX T€/, CUAbI, MPUNOXKEHHbIE K KaXA0MY U3 HUX, PaBHbl NO BE/IMYMHE N MPOTUBOMONOMKHbI
Mo HanpaB/ieHU0. ITU CUbl He 06Pa3yIOT YPaBHOBELLIEHHYIO CUCTEMY CUA, TaK KaK OHU NPUIONKEHBI K Pa3HbIM Tenam.

4. MpnHUMN HE3aBUCUMOCTU AENCTBUA CUN
Touka unu meso, Haxodauweeca nood delicmauem cucmemeol Cus, MNOAy4Aem yCKOpeHuUe pasHoe 2eomempuveckoli cymme
ycKopeHuti, coobuaemsix meny delicmauem Kaxcool cusbl 8 omoesnbHocmu.




ANHAMUKA MATEPUANTbHON TOYKU
ANOOEPEHLMANBHBIE YPABHEHUA ABUXEHNA MATEPUA/IbHON TOUYKU

OCHOBHOW 3aKOH ANHAMMKMK, YCTaHABANBAKOLLNI CBA3b MEXKAY MACCOMN TOYKN, €€ YCKOPEHMEM N AEUCTBYIOLMMU Ha TOYKY
CUaMM, MOXKHO paccMaTpUBaTb OAHOBPEMEHHO Kak AnddepeHumanbHoe ypaBHEHME ABUKEHWNS B BEKTOPHOM dopme:

mﬁ — Z lfk
k
AnddepeHumanbHoe ypaBHEHME B BEKTOPHOM GpOpPME, SKBUBANEHTHO TPEM CKANAPHBIM YPAaBHEHUSAM.
mX = % Fic ougpepeHyuansHele
. . YPa8HEHUA 08UMEHUA
Iy = % ky mamepuanbHoOU MoYKu
k

CornacHo npuHUuny He3aBUCUMOCTU AENCTBUSA CUI, ABUXKEHME MaTepuanbHOM TOYKM Nogd AeNCTBMEM CUT

F1, F2, Fa,...,Fa

OygeT Takum Xe, Kak U Npu 4enCTBUM OAHOW CUMbl, PAaBHOW reOMETPUYECKON CyMMe crnaraemMblix cun (paBHOLENCTBYOLLEN).



ANHAMUKA MATEPUANTbHON TOYKU
AVNHAMMWUYECKUE XAPAKTEPUCTUKU OBUKEHUA TOYKU

Konuyecmeo dsuixceHUa moyku

gq=mv [ke-mlc]
M — Macca TO4YKM, V- BEKTOP CKOPOCTM TOUKM

KuHemuuyecKkas 3Hepaua movku

m v

T:T [ooc]=[H -m]=[re-m*]c?]

V' - MoAynb CKOPOCTU TOUKM
XAPAKTEPUCTUKHU ﬂ,EﬁCTBMﬂ C/1bl HA TOYRY

Umnynsc cunol F 33 npomexyTok Bpemenn [to; 1]

ty
S_=.[IE dt [xe-m/c]
to

F=COnst e S =F(t; —t,)



ANHAMUKA MATEPUANTbHON TOYKU
XAPAKTEPUCTUKN AENCTBUA CU/Ibl HA TOYKY

Paboma cunel - xapakmepu3lyem mo oelicmaue cusbl, KOmopbiM oripedensemcs U3meHeHUe Modysa CKopocmu
osuxcyujelica movku £ 1

AnemeHmapHasa paboma cusnol \
dA=F, -ds=Fcose-ds

F, - npoekumna cunbl F Ha HanpasneHue ckopoctn V
TOYKM M; ds — moay/b 3/1eMEeHTapPHOro NepPeMeLLEHNA

TOYKM M.
Paboma cunbl Ha KoHeYHOM repemewjeHuu MM,

(Mg)  (My)
A= fdA: IFT'dS [0oc] =[H -m]=[re-m*1c?]
(Mo)  (Mg)

F, =const m—) A=F_-S;, rge- S1nepemeuieHne MoMi

MouwHocmb — paboma, cogsepuwiaemas cuanoli 8 eOUHUYY 8pemMeHU
dA ds

=—=F —=F_-v
dd “d

V - MOZly/1b CKOPOCTU TOUKMU

N [em]z[a—ofc]z[H-M/c]

N =const === A=N-A



ANHAMUKA MATEPUANTbHON TOYKU
OBLUHUE TEOPEMbI AUHAMWKU TOYKU

O6Lme Teopembl — C/1IeACTBMA OCHOBHOrO 3aKOHa AMHAMMUKM
Teopema 06 usmeHeHUU Konuvyecmea 08UMEeHUA MOYKU

d(mv) <=
= Z F

dt
NPon3BoaHaA Nno BpemeHu OT KO/In4yecTBa ABUKEHUA TOYKU pPpaBHA CymMmme AeﬁCTBy}OLU,MX Ha TOYKY CU.

B anddpeperumnansHomn popme:

B KOHEYHOM BUAe: G _
m\71 - va :ZIdet :Zsk
to

N3MeHEHME KONMYECTBA ABUMKEHUA TOUKM 3a HEKOTOPbIN NnpomeskyTok Bpemern [lo;ti] pasHO cymme umnynbcos Beex
AENCTBYIOLLMX Ha TOYKY CM/ 33 TOT Ke NPOMEKYTOK BPEMEHMN.

Teopema 06 usmeHeHUU KUHemu4ecKol 3HepcUuuU Mo4kKu

2
mv
B anddpepeHumnansHom popme: d ( 2 J: ZdAk dA - snemeHTapHas paboTa cuabl Fy

mvZ  mv§

B KOHe4YHOM BUAaE: — =>A
2 2 2 k(MgM)

M3MEHEHNEe KMHETUYECKON SHEPrn TOUYKN NPU HEKOTOPOM ee nepemeleHmn (M,M,) paBHo anrebpanyeckor cymme
paboT Bcex AEMNCTBYHOLLMX Ha TOYKY CU1 HA TOM e NepemMeLleHUN.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MexaHu4eckas cucmema - COBOKYNMHOCTb MaTepUasibHbIX TOYEK WUAKN TEN,
8 Komopol 08uxeHuUe Kaxool Yacmu 3a8Uucum om 08UXEHUA 8Cex 0CMasbHbIX Yacmedl.

BHELLUHWUE U BHYTPEHHUE CUJ1bI

Cunel, AEVICTBVI-OLLI,VIE Ha TOYKK NOOON MexaHUYECKON CUCTEMbI MOXKHO pas3gennTtb Ha BHELWWHWE U BHYTPEHHWUE CUJbI.

C € . © 9
BHewHUMU I:k (OT exterior — BHeLLIHVIl/I) Ha3blBalOT CU/Ibl, 4ENCTBYIOWMNE Ha CUCTEMY CO CTOPOHbI MaTePUaA/ZIbHbIX TOYEK
UIn Ten, He BXoaAWNX B COCTaB ﬂ,aHHOVI CUCTEMDI

£ . . o o
BHympeHHUMU Fy (oT interior — BHYTPEHHWI) Ha3bIBAOT CU/Ibl B3AUMOAENCTBUA MEKAY MaTepUaibHbIMU TOYKaAMU UK
Tenamm AaHHOM MexaHUYEeCKOW CUCTEMDbI

,D,BVI)-KGHVIE MEXaHWYECKOWN CUCTEMbI 3aBUCUT KaK OT BHELWHWX, TaK N BHYTPEHHUX CU.

Ceolicmea BHympeHHuUx cun

Ha ocHoBaHMM 3aKOHa paBeHCTBa AENCTBMA U NPOTUBOAENCTBUA KaXKA0M BHYTPEHHEN CMUle COOTBETCTBYET Apyras
BHYTPEHHAA CMA, paBHAsA € N0 MOAYAI0 U NPOTUBOMONOXKHAA MO HAaNPaB/EHUIO.

U3 atoro cnepyer:
1. [nasHbIli BeKMOpP (2e0Mempu4eckas CymMma) 8cex 8HymMpeHHUX CUs cucmembl PA8eH HYsHo.
2. [nasHsIli MOMeHM (Cymma MomMeHmMOo8) 8cex BHYMpPeHHUX Cus CUCMeMbl OMHOCUMEsIbHO 106020 UeHMpPa paseH Hysto

CuctemMa BHYTPEHHUX CUN HE YPaBHOBELLEHHAs, TaK Kak OHW MPUJIOXKEHbI K Pa3/IMYHbIM TOYKAM CUCTEMbI U MOTYT
BbI3bIBaTb NEPEMELLEHMA STUX TOYEK OTHOCUTENILHO APYT ApYyra. BHYTpeHHWe cuibl B3aMMHO YPaBHOBELINBAOT ApYr
Apyra To/IbKO y abCoIIOTHO TBEPAbIX, HeaepopMUPYEMbIX TEN.




ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MexaHu4eckas cucmema - COBOKYNMHOCTb MaTepUasibHbIX TOYEK WUAKN TEN,
8 Komopol 08uxeHuUe Kaxool Yacmu 3a8Uucum om 08UXEHUA 8Cex 0CMasbHbIX Yacmedl.

Macca cuctembl. LleHTp macc

Macca mexaHunyeckon cuctembl M paBHa apuMETUYECKOM CYMME MAcC TOYEK CUCTEMBI.

M=>"m,

LleHmp macc mexaHN4eCcKoM CUCTEMbI - FeoOMeTpuYeckan Touka C, MONOXKEeHME KOTOPOM onpeaensaeTca paanycom-
BEKTOPOM Mo popmye e
p dopmy. = Smyre
fc ==—7——
M

roe M - macca cuctemsl, Mk — paanyc-BeKTop K-oli MaTepmnanibHOM TOYKN CUCTEMDI.

KOOanHGMbI yeHmpa macc

X _kaxk

=Xk
M

y :kayk

¢ M

. _kazk

P
M

LleHTp macc xapakTepum3yeT pacnpeaeneHne macc B cucteme.
LleHTp macc TBepAoro Tea COBNaAaeT C ero LEHTPOM TAMKECTH.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MexaHu4eckas cucmema - COBOKYNMHOCTb MaTepUasibHbIX TOYEK WUAKN TEN,
8 Komopol 08uxeHuUe Kaxool Yacmu 3a8Uucum om 08UXEHUA 8Cex 0CMasbHbIX Yacmedl.

MOMEHTbI UHEPLUUU

PacnpegeneHne macc B cucteme NOMMMO LLEHTPA MacC ONUCbIBAOT MOMEHTbI
MHEpLUUn: ocesble u ueHmpo6eJ+ch/e.

OcesbiM MOMEHMOM UHepyuu Tena (cuctembl) OTHOCUTENIbHO AaHHOM ocn Oz
Ha3bIBAETCA CKaNIfipHasA Be/NNYMHA, paBHaA CyMmMe Npou3BeAEeHNI Macc BCEX
ToYek Tena (cuctembl) Ha KBagpaT PacCTOAHUA 40 3TOM OCU:

'JZ :kahkz

KBagpaT paccToAHUA 40 OCU Z paBeH hk2 = Xf + yf , Toraa

2,52\
‘]X :ka(yk ar Zk ),
2, 2
Jy :ka(xk + zk),
_ 2 2) 0 .
JZ_ka(Xk+yk), y
OceBOM MOMEHT MHEpPLUM Tena (cuctembl) SBAAETCA BEINYNHOMN NONONKUTEIbHON
N He paBHOM HyAto. OH ABNAETCA MEPOI MHEPTHOCTU TeNa NPU BPaLLATE/IbHOM
X
ABUMKEHUN.
[Ana cnaowHOro oAHOPOAHOro Tena J, = yjhde :
Vv

Yy =CONnst - nnotHocTb Tena [ke/m3], V - obbem Tena.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MexaHu4yecKkaAa cucmema - COBOKYNHOCTb MaTepmasibHbIX TOYEK WU Ten,

8 Komopol 08uxeHuUe Kaxool Yacmu 3a8Uucum om 08UXEHUA 8Cex 0CMasbHbIX Yacmedl.

MOMEHTbI UHEPLUUU

Paduyc uHepyuu mena

MOMEHT MHEepPUUMU OTHOCUTENbHO 33JaHHOM OCKM MOXKHO NpeacTaBuTb B BuAe
npousBeAeHUa MacCbl Tena Ha KBaApaT JIMHEMHOW BENUYMHbI, Ha3biBaeMoW
paduycom UHepyuu Tena OTHOCUTENbHO 3TOM ocu. Paduycom uHepyuu Tena
OTHOCUTENIbHO ocK Oz Ha3blBaeTCs PACCTOAHUE P, OT OCU A0 TOYKWU, B KOTOPOM
HY)XHO COCpeaoTouMTb maccy Bcero Tena M, 4Tobbl MOMEHT MHEPLUM TOYKM
OTHOCUTE/IbHO 3TOM OCU PABHANCA MOMEHTY MHEPLUM TeNa OTHOCUTE/NIbHO TOM 3Ke

ocu: 2
J; =Mp;
UEHmpO6EHCHble MOMEeHMbI UHepyuu

ONA yyéTa acMMMETpUM B pacnpefeneHUM Macc, KPOMe OCEBbIX MOMEHTOB
mrepumn Jy,Jdy,Jd;,  BBOAAT LEHTPOBEKHBIE MOMEHTBI MHEPLMK

Jyy =2 My Xy Yy
Jy =2 M Yy Zi
Jox =2My 7 X
UEHMPOBEX(HLIM MOMEHMOM UHEepyuu Ccucmemsl MamepuasabHbIX MoYeK

OMmHocumersibHO napsl ocell HA3bI8AEMCA CYMMa npou3eedeHuli Macc mo4eKk Ha
ux KoopOuHamel (paccmosaHusa 0o oceli)

[lna cnnowHoro oA4HOPOAHOro Tena Jyy = 7/\£ xydV ;

Pa3mepHOCTb MOMEHTOB MHepLun
(oceBbIX, LEHTPOBEXKHbIX)

[ke-m?]
LleHTpobexKHble MOMEHTbI
WHepLMn, B OTIMYME OT OCEBbIX
MOMEHTOB MHEpPLMU, MOTYT bbITb
MONOXKUTENBHBIMM, oTpuLa-
Te/IbHbIMU MW PABHBIMW HYAHO.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

naBHble OCU U rNaBHble MOMEHTbl MHepLUUKn
OcK, OTHOCUTENBHO KOTOPbIX LEHTPObEXKHbIE MOMEHTbI MHEPLMW PaBHbI HY/IO, HA3bIBAOTCA 2/108HbIMU OCAMU.

Hanpumep, ecm  Jy, =Jy;, =0, 10 0Cb Oz rnasHas ocb Hepumm TeNa.
[naeHoli yeHMpanbHOii 0CbIO UHEPYUU HA3bIBAETCA [N1aBHAA OCb MHEPLIMM, MPOXOAALLAA Yepes LeHTP Macc.
MOMEeHTbI MHEePLMM OTHOCUTENBHO FaBHbIX OCei Ha3bIBAOTCA 2/108HbIMU MOMEHMAMU UHEpYUU.

N3 cBOMCTB CMMMETPUN CenyeT:

1. Ecnu mesnio umeem na0CKOCMb MamepuasabHoU cummempuu, mo 0718 8cex e€ mo4eK ocb, neprneHOUKYAAPHAA K
MaA0CKOCMU CUMMempuu, A8a18emcs 21a8Hol 0CbHo.

2. Ecnu menio umeem oCb MamepuasabHol cCuMMempuu, Mo 3ma OCb A8719emcs 2/1a8HOU UeHmMpasabHOU 0Cbo UHepyuu.

MomeHTbI nHepunm OTHOCUTENIbHO Napanie/ibHbiX ocen

meopema lNolizeHca-LLImeliHepa:

MOMEHT MHepumm Tena Jz, OTHOCWTENbHO AAHHOM OCH Z1 PAaBEH MOMEHTY
nHepLumnm ch OTHOCUTE/IbHO OCK Z- e NapaiNeibHON U MpoxoaLlen yepes
LeHTp macc Tena C, naC NpoM3BeAeHMEe MAcChl Te/la Ha KBagpaT PacCTOAHUA
MeXay OCAMM.

J,=J  +Md°

c




ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MomeHTbI nHepumnn ogHoOpPoOAHbLIX Ten

OOHOPOOHbIU MOHKUU cmepXeHb

OnvHa ctepxHa [, macca M. Macca eguHULbl ANUHbI O = I_ . Macca anemeHTa gavHbl - dm= p - dx
ZC
MOMEHT MHEPLMU CTEPKHA OTHOCUTENbHO OCU ZC: X dx
-+ »
2 7 M 3 M X3 ¢ MI?2 C
I, = [ x%dm= | X’pdx=— [ x?dx=— -2+ =—ro '
¢ I | I Il 3 12
2 2 2 2 S o
/2 /2

OO0HOPOOHAA Kpy2naa NAacmuHa manoli moaujuHbl

Ay
Z Ao Aod
Onpegennm MOMEHT MHEPLUUN OAHOPOAHOM KPYI/IOU NAACTUHbI dr
@9 OTHOCUTENbHO OCU Zc, MPOXOAALLEN Yepe3 LEHTP Kpyra,
nepneHANKYIAPHO K ero NnJ10CKOCTH r
M
R - paanyc, M —macca nnactmHbl. Macca eguMHuubl naowaan p = —
R
Pa3obbem nNiacTUHY Ha MHOYKECTBO 3/1IEMEHTAaPHbIX Konew, pagnycom I
£

W WupuHoii dr .
Macca anemeHTapHoro konba dm=p -2z -dr

R 2 R 2 RS
Joo =Jredm=frp-2ar-dr=27p [ridr=27——— =——
0 0 0 7R



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MomeHTbI nHepumnn ogHoOpPoOAHbLIX Ten
OOHOPOOHLIU Kpyanbil YUAUHOP

Onpeaenm MOMEHT UHEPLMU OAHOPOAHOIO KPYI/IOro LMANHAPA

OTHOCUTENIbHO NPOAOJIbHOMN OCU UMANHAPa Z¢
MpepnonoXum, 4To UMAnHApP pagmycom R nmeet maccy M.
Pa3obbEM LMAMHAP HA MHOXECTBO TOHKUX O4HOPOAHbIX NAACTUH NapaniefibHbiX OCHOBAHUIO
umManHapa. Macca Kaxkaow anemeHTapHOW naactuHbl M;
MOMEHT MHEPLUUM UMANHAPA OTHOCUTENBHO OCU ONpeaenm Kak CyMMy MOMEHTOB MHEPLUK
31eMEHTAPHbIX NIACTUH OTHOCUTENbHO 3TOM Ke OCMU:

mR? R? MR?

Y =X =T mm =

ToHKOe Kpyzsn0e 00HOPOOHOE KO/bYo Uau yuauHopuyeckas 060a104YKka

Onpeaenvm MOMEHT MHEPLIMM OTHOCUTENIbHO OCK Zc, NepPNeHAMUKYNAPHOMN NJIOCKOCTH
KoNbUa 1 npoxoaauien yepes ero ueHTp C.
R - pagunyc kKonbuya, M - macca.
z Bce TOUYKM KOMbL@ Haxo4ATcA OT och ZC Ha pacctosHum R
MoOMeHT nHepuuKn Konbua:

- . J,. =X mR*=MR?

TaKowm ke pe3ynbTaT NoAYYUM ANA TOHKOM LMAMHAPUYECKOM 060104KK maccbl M m
paguyca R oTHocuTenbHO ee NPoAOAbHOM OcK ZC .

.
Y

e e e e e

P

A ———
9]
R S —

.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MexaHu4eckas cucmema - COBOKYNMHOCTb MaTepUasibHbIX TOYEK WUAKN TEN,
8 Komopol 08uxeHuUe Kaxool Yacmu 3a8Uucum om 08UXEHUA 8Cex 0CMasbHbIX Yacmedl.

ANODEPEHLUUANNBbHbLIE YPABHEHUA ABUXKEHUA CUCTEMDbI

Mo OCHOBHOMY 3aKOHY ANWHaMWUKU ONA I-(aH(AOﬁ TOYKN CUCTEMDI
mkak - Ifke aF Ifkl

Ce o "l &
My - macca TOYKMU, Fk - paBHOAENCTBYOLLAA BHELWWHNX CAUN, Fk - paBHOAENCTBYHOLLAA BHYTPEHHUX CUN

OnddepeHumanbHble ypaBHEHUA ABUMKEHUA CUCTEMbI N TOYEK B BEKTOPHOM dopme

...........



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

MexaHu4eckas cucmema - COBOKYNMHOCTb MaTepUasibHbIX TOYEK WUAKN TEN,
8 Komopol 08uxeHuUe Kaxool Yacmu 3a8Uucum om 08UXEHUA 8Cex 0CMasbHbIX Yacmedl.

ObLWHUE TEOPEMbI AUHAMWUKUN CUCTEMDI

Teopema 0 ABUXKEHUM LLeHTPa Mmacc

Mac =3 F’

Npou3BeAeHNe MacCbl CUCTEMbI HA YCKOPEHME ee LLeHTPA MacC PaBHO reOMeTPUYECKON CyMMe BCEX AEMNCTBYHOLWMX Ha
CUCTEMY BHELLHUX CUA. NN: LEHTP MACC CUCTEMbI ABUXKETCA KaK MaTepuasibHaA TOYKa, Macca KOTOPOM paBHA macce
BCEM CUCTEMbI N K KOTOPOW NPUJIONKEHBI BCE BHELLUHWE CUAbI, AEACTBYIOLLNE HA CUCTEMY.
3aKOH coxpaHeHusa O08uXeHusa YeHmpa macc
_ . _ 3
ITycTs YR =0 = a:=0 = Vg =const
Ecnu cymma s8cex 8HeWHUX cus, 0elicmayouux Ha cucmemy, pasHa Hysr, Mo YeHmMp Macc amoli cucmemebl 08UMemcA ¢

MoCMoAHHOU o Modysto U HaNpassneHu CKOPOCMbio, m. e. PA8HOMEPHO U MPAMOsUHeUHO.

Cnedcmeue: BHYTpeHHUE CU/bl HE BIMAIOT Ha ABUXEHUE LeHTpa Macc



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

ObLUHUE TEOPEMbI AUHAMWUKU CUCTEMDI
Teopema 06 U3MEeHEeHUn KoanyecTBa ABUXKEHUA CUCTEMDI

Konuyecmeo ds8uxceHus cucmemeol

Konnyectsom ABUNXeHNA CNCTeMbl 6yp,eM Ha3blBaTb BEKTOPHYIO BEINYUHY Q, paBHYIO FEOMETqueCKOﬁ CYMME BEKTOPOB
Ko/1n4yecTtBa ABUXKEHUNA BCEX TOYEK CUCTEMDI -
Q => my,

KOMMUECTBO [BVKEHMA CUCTEMbI PaBHO MPOU3BEAEHMIO MACChl BCEIi CUCTEMbI Ha CKOPOCTb €€ LieHTPa Macc
Q=Mvc

KO/IMYECTBO [IBUMKEHUA NPeAcTaBaseT coboi XxapaKTepUCTUKY NOCTYNaTe/IbHOro ABUKEHUA CUCTEMbI, NPU BPaLLEHMM
BOKpYr ueHTpa macc Q =0

AuddepeHyuanbvHaa popma meopemoi: %?) _ Z |fke

NnponsBoaHaA no BpeMeHU OT KOJZIn4ecTBa ABUKEHUA CUCTEMbI PaBHa I'EOMeTpVI‘-IeCKOﬁ cymme AEVICTBYI-OLLI,VIX Ha cucrtemy
BHELWHWUX CU.

UHmezpanvHaa gpopma meopemoi: Q-Q=> _[ Fodt=>S¢
to

N3MEHEHMWE KOMIMYECTBA ABUKEHUS CUCTEMBI 33 HEKOTOPbIN npomexyTok Bpemern Lio: t1 ] pasHo cymme umnynbcos
BCEX AENCTBYIOLLMX HA CUCTEMY BHELLUHWX CUA 3@ TOT XKe MPOMEXKYTOK BPEMEHMN.
3aKOH coxpaHeHuUA Konuvyecmea 08UMeHUsA

I[TycTs > F>=0 = Q=const

Ecnu cymma scex 8HeWHUX cus, 0elicmayouux Ha cucmemy, pasHa HysH, MO 8EKMOpP Koau4ecmea 08UMEHUS cUCmeMbl
byoem nocmosHeH o Mooysto U HarpassAeHuro.

Cnedcmeue: BHyTpeHHME CUNbl UBMEHUTb KOIMYECTBO ABUMKEHUA CUCTEMbI HE MOTYT.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

ObLUHUE TEOPEMbI AUHAMWUKU CUCTEMDI
Teopema 06 UI3MeHeHUU KUHETUUYECKOI SHePrumn CUCTeMb

KuHemuyecKkas sHepaua cucmemol

KnHeTnyeckom 3H€p|’VI€V1 CUCTeMbl Ha3blBaeTCA CKasiIApPHaA BeNIMYMHa T, paBHaA CyMMe KMHEeTUYeCKUX 3Heprm71 Bcex
TOYEK CUCTEMDI:
T=>

KnHeTMyeckas sHeprua ABNAETCA XapaKTEPUCTUKOM M MNOCTyNaTe/IbHOro, U BPaLLaTeNIbHOro ABUMKEHNIN cucTembl. OHa He
3aBUCUT OT HanpaBAEHWUIN ABUMKEHMA YAaCTEN CUCTEMBI. Ha ee M3MeHeHne BAUSET AeNCTBUE N BHELLHUX, U BHYTPEHHMUX
cun.

KuHemuuecKas sHepaua meepdo2o mena

1. MocmynamensHoe dsuxeHue meepdo2o0 mena

mkVE
2

1. 2
T =—MVvV
oM Ve

nocm

KMHETUYEeCKaA sHePrnAa tena npu NnoctynatesibHOM ABUXKEHUN PaBHA MOJIOBUHE NPOU3BEAEHUA MACCbl T€J1da HAa KBa4paT
CKOPOCTHU UEeHTpPa Macc.
2. BpawjamenobHoe 0suxceHue meepoo20 menda
1 2
Tgp = EJ ; W
KMHEeTUn4eCKaAa sHeprnAa tena npu Bpallate/ibHom ABUXKEHUUN PaBHa NOJIOBUHE NponsseaeHna MOMeHTa MHEPLIMUN TeNa
OTHOCUTENbHO OCM BPALLLEHUA HA KBAAPAT €ro Yyr/0BoM CKOPOCTH.
3. I'lnocxonapanneanoe dsuxceHue meepdoeo mena
1 1
Towe =—MVE+23, o°
2 ‘¢

nJjloCK
2

NPW NAOCKONapPaNeNbHOM ABMMKEHUU KMHETUYECKAs SHEPrns Tena paBHa SHEPrumn nocTynaTeibHoro ABUM»KeHUSA Co
CKOPOCTbIO LIEHTPa Macc, C/IOXKEHHOM C KNHETUYECKOM 3Hepruei BpaLlateibHoro ABUMKEHUA BOKPYT OCK, MPoXoasaLlei
yepes LieHTP macc.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

ObLUHUE TEOPEMbI AUHAMWUKU CUCTEMDI
Teopema 06 N3MeHeHUU KMHeTuYecKom dHeprum cmcrembl
AuddepeHyuanvHaa popma meopemol _
| dT =Y dA; + > dA,
dA? dA, - anemeHTapHble paboTbl AEVCTBYIOLIMX Ha TOYKY CUCTEMbI MACCOI My BHELIHUX 1 BHYTPEHHWX CUA.
UHmezpanvHasa popma meopemol . i
T -To=2A +2A

N3MEHEHME KMHETUYECKOM IHEPrnn CUCTeEMbI NPUN HEKOTOPOM ee nepemeleHNn paBHO Cymme pa60T
Ha 3TOM nepemeleHNn BCeEX NMPUNOHKEHHBIX K CUCTEME BHELUHUX U BHYTPEHHUX CU.
Teopema 06 usmeHeHuUuU KuHemu4ecKkol SHepeuu meepdoeo mena

e
LK _To = Z Ak .
B C/ly4ae TBepAoro Heaepopmmpyemoro Tesia cymma paboT Bcex BHYTPEHHMX CU1 paBHa HYHO ZAL =0

Teopema 06 usmeHeHuUuU KUuHemu4ecKkol JHepeuu cucmemsli ¢ udeasbHbIMU C8A3AMU
Paszpennm Bce LI,EI\/'ICTBVI-OLLI,VIE Ha Cnctemy BHelwHMe N BHYyTpeEHHNE CU1bl HA AKMUBHbIEe U peaKyuu cenasell.
Torpa Teopema 06 M3MeHEeHNN KUHETUYECKOMN IHEPIrnn CUCTEMbI MOXKET 6bITb npeacrasieHa B BUAE:

a r
T, -Tp —ZAK +ZAk
UoeanbHbie c8s3U — 3TO CBA3U, PeaKLMM KOTOPbIX HE COBEpPLUAIOT paboTy Ha 31eMEHTAapPHOM NepeMELLEHNUN CUCTEMDI:
r
S dA! =0
T.€. CyMMa 3/1IeEMEHTaPHbIX PaboT peakuuin naeanbHbiX CBA3EM PaBHaA HYALO.
Lna cucmemeoi ¢ udeanbHbIMU C8A3AMU meopema 06 U3MeHEHUU KUHemu4YecKol sHepauu UMeeT BUA;:

dT =3 dA; T, -T, :ZA‘;‘

N3MEHEHMNE KMHETUYECKOM 9HEepPrnm CUctembl C naeaabHbiIMM CBA3AMU NPU nobom ee nepemeLweHnn paBHO cymme
pa60T Ha 3TOM nepemeLleHnn npnioeHHblIX K cucreme BHeLWHUX U BHYTPEHHUX OKMUBHbIX CUAN.
OTO NO3BONAET UCKNHOUYUTD U3 pPaccMoTpeHnA BCe Hen3BeCTHble peaKunu CBsi3eN.



ANHAMMUKA CUCTEMbI U TBEPAOIO TENA

ObLUHUE TEOPEMbI AUHAMWUKU CUCTEMDI
Teopema 06 UI3MeHeHUU KUHETUUYECKOI SHePrumn CUCTeMb

Teopema 06 usmeHeHUU KUHemMu4ecKoli 3Hepauu cucmembl € UudeasbHbIMU CBA3AMU
a
T, - To = Z Ak
UdeanbHbie c8a3uU — 3TO CBA3M, PEaKLMM KOTOPbIX HE COBEpLLAtOT paboTy Ha aN1eMeHTapHOM NepeMeLLLEHNN CUCTEMbI

lpumepeol udeasbHbIX cea3el: naeasibHoO-raaKaa NnoBepxHOCTb, LUAPHUP 6e3 TPEHUA, HEPACTAXKMNMAA HUTb,
LepoxoBaTtand NOBEPXHOCTb MPUN Ka4EHUKN KOJ1€Ca 6e3 NPOCKaJib3bIBaHUA.

Mpumepbl HeudeanbHbIx ceAseli: LepoxoBaTas NOBEPXHOCTb NPU CKONIbXKEHMM NO HeW Tena (paboTy coBepLUaeT cuna
TpeHus), NpyXunHa (paboTy coBepLIaeT cuaa ynpyroctu), WWapHUp UAN NOALWUNHUK C TpeHuem (paboTy coBepluaeT
MOMEHT TPEHMUA).



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=4m; m,=2m; ms=m; m,=m; ms=2m;

R,=3r; r,=1,5r; paduyc uHepyuu wkusa p,=2r; R;=2r; r,=

3apava l

MexaHnyeckaa cuctema coctout u3 rpysos 1 un 5
CTyneHyaToro wkKkuea 2, 6noka 3 (macca paBHOMEPHO
pacnpegeneHa no o6oay) M Katka 4 (cnaowHow
OAHOPOAHbIA UMANHAP). Tena cucteMbl COEAMHEHbI APYT C
APYrom HepacTAXKUMbIMU HEBECOMbIMU HUTAMM.

Mop, [encTtBUEM CUN TAXKECTM MEXaHU4YecKasa CUcTema
NPUXOAUT B ABMXKEHUE U3 COCTOAHMA NOKOoA. KaToK KaTutcs
no LIepoxoBaToM HaKNOHHOM NNOCKOCTU 6e3
NMPOCKaNb3blBaHUA

OnpeaennTtb CKOPOCTb rpy3a 1 B MOMEHT BPEMEHMU, KOrAa OH
NPOMAET NYTb PABHbIN S ;.

r;

KoaghghuyueHm mpeHus 2py3a 5 o HaKAOHHYIO rsockocme f=0,2;

s;=1Im.

Hantu: V,

Teopema 06 usmeHeHUU KUHeMu4ecKol 3Hepauu cucmembl € U0easnbHbIMU CBA3AMU

T—TO:ZA‘;‘

MpumeyaHue: B cnyyae HenaeanbHOM CBA3M - LLEPOXOBATasA NOBEPXHOCTb, MPU CKOMbKEHUW Tesla No KoTopoi paboTy
coBepluaeT cuia TpeHus, byaem paccMaTpuBaTbh CUAY TPEHUSA, KaK aKTUBHYIO CUAY




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

PeweHune

KnHetunyeckasn HEpPrmna CUCTembl

lpy3 1 coBepluaeT NOCTynaTe/bHOE ABUXKEHUNE

T1=%m1V12
Llikue 2 coBepluaeT BpawaTenbHOe ABUKEHME
L. 4
T,==J,w
2 2 2992

MOMEHT MHepLMK LLKMBA
B 2
Jy, =my 05
Bnok 3 cosepluaeT BpallaTeibHOe ABUXKEHNe

1. 2
T3 25330)3

McxogHble gaHHblE:

m,=4m; m,=2m; m,=m; m,=m; ms=2m; MomeHT uHepumn 610Ka

R,=3r; r,=1,5r; paduyc unepyuu p,=2r; R3=2r; r,=r; Jy3=my R:f
f=0,2; s,;=1m. Kamok 4 cosepluaet nnockonapannenbHoe asuxenune (C, —

LLeHTp Macc, P, — MFHOBEHHbIW LEHTP CKOPOCTEW)

Haintun: V 1 1
! Ty 25340)&% +Em4Vc24

MoMmeHT HepuMmn KaTKa

Teopema 06 usmeHeHUU KUHemu4eckoli sHepauu
2
Jg=—myr
4 4V
2

a

T-To=2 A
lMpumeyaHue: Tak KaK B Ha4a/lbHbI MOMEHT
BPEMeHM cucTema Haxogunach B nokoe T =0 Ts = Em5V52

lpy3 5 coBepluaeT NocTynaTeNbHOe ABUKEHNE



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Torga KMHeTHn4yecKas 9Heprmna CUCtembl paBHa:

1

A T :lmlvl2 +1\]2a)22 +EJ3CO§ +%J4a)f +Em4vg4 + L

—mzV,
55

CoomHoweHusa mexdy CKopocmamu:

; V V
o 2 r, 151
Vi,V
3 Ry 2r r Mk !
oy Vi 24 Vi
MP, 2r r
V

McxogHble gaHHble: 1
Vc4 =a)4-C4P4=T-I’=V1 V5 :Vc4 :Vl

m;=4m; m,=2m; ms=m; m,=m; ms=2m;
R,=3r; r,=1,5r; paduyc unepyuu p,=2r; R3=2r; r,=r; NoacTaBUM COOTHOLLEHMA MEXKAY CKOPOCTAMMU:
f=0,2; s;=1m.
2 2 2
o 1 o 1 o Vi 1 2( Vg 11 2( Vy 1 2
HawnTu: V T=—mV +=-m —— | +=mgR3| = | +==myry| = | +=m\V;" +
1 211222(,5)233r oo A4 o4V
2 2
+1m5v12 =14mv12 +12m(2r)2 V1 +1m(2r)2 Vil il
OKoHYamesnibHO KUHemu4ecKkas 2 2 2 15r 2 r 22 r
3Hepausa cucmemeol pasHa: 1 1 4
+=mVy +=2mV,° =(2+—+2+o,25+o,5+1j-mv12

T=Ty+T, + T3+ T, +T5 =7 528 - mVy’

2
S



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

- P
b

Cmea pa6om JOKMUBHbIX CUs Ha nepemelleHNn CUCTEMDbI,
cooTBeTCTBYlOLEeM NepemeLlleHnto s; rpy3a 1:

DAC=A, A, A A,

AGl :+Gl . Sl :+mlg . Sl

J3

As, =—G4 - s¢, -sin60° :—7m4g ‘Sc,

A, =—Gg - S5 - Sin60° =—§m59 - Sgp

Ar, o = Fups -85 =—f-G5-c0s60" - 55 =-05fmsg - s;

NcxoaHbl HHble:
CXOAHbIE AdHHbIE Cuna TpeHnA CKoNbXeHUA No 3aKoHYy KynoHa paBHa:

m;=4m; m,=2m; ms=m; m,=m; ms=2m; FE .—f.N.=f-G.-cos60°
—2p- p.—1 Cp- —9p R =Op p —p mpS 5 5
R,=3r; r,=1,5r; paduyc uHepyuu p,=2r; R3=2r; r,=r;
f=0,2; s;=1m.
Haiitu: V CoomHoweHuUA Mexoy rnepemeweHUAMU C8A3aHbI MAKUMU e
T KUHeMamu4ecKumu COOMHOWEHUAMU, YMO U COOMHOWEHUA
mexcoy CKopocmamu
Vi = Si
W; = @

MpumeyaHue: B cnyyae HenaeanbHOM CBA3M - LLEPOXOBATasA NOBEPXHOCTb, MPU CKOMbKEHUW Tesla No KoTopoi paboTy
coBepluaeT cuia TpeHus, byaem paccMaTpuBaTbh CUAY TPEHUSA, KaK aKTUBHYIO CUAY




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=4m; m,=2m; ms=m; m,=m; ms=2m;

R,=3r; r,=1,5r; paduyc unepyuu p,=2r; R3=2r; r,=r;

f=0,2; s;=1m.

Hantu: V,

- P
b

CoomHoweHus
mexnoy
CKopocmsamu:
VK :Vl
V V.
a,zz_K:_l
r, 195r
V
V=@, Ry =—2-3r=2V
L P2V 15r 1
V 2V, V
a,gz_L:_lz_l
Ry 2r r
V 2V, V
MP, 2r r
\

Vs =Vc, =Vy

CoomHoweHusa mexcdy
nepemeweHUAMU:
SK =391
S1
P =1
27 15r
S =28
S1
Vi = Si s = r
o =@|  Sm=25
S1
Py =—
YT
Sc, =S1
S5 =31

I'lpumeanue: CooTHOWeHUA mexagy nepemeweHnamm
CBA3aHbl TAKUMU Ke KNUHEMATUYECKNMU COOTHOLLUEHNAMMU,
YTO U COOTHOLWEHNA MeXKAY CKOPOCTAMU



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

- P

" Cymma pabom eHewHUX cus C Y4eTOM COOTHOLLIEHWUI MeXay
nepemeLleHUAMM:

J3 J3
2 A=+ S~ — My -Sc, ~—-MsQ -85 ~05fmsg -5 =

=+4mg-sl—ﬁmg-31—§2mg-51—0,5-0,2-2mg-31:
( 4—£—\/§ OZJ mg - s; =+1,202 mgs;

ﬂpmpaBHMBaeM JIEBYHO U NpaByro 4aCTn TeOpPEMbI.
DA =Ag A, A+ A, o =+1202 mgs;
T=Ty+T,+Ty+T, +T5 =7 528 - mVy’

McxogHble gaHHbIE:

m,=4m; m,=2m; m;=m; m,=m; ms=2m; 7528-mV,? =1,202mg -5

R,=3r; r,=1,5r; paduyc unepyuu p,=2r; R3=2r; r,=r; 12029 - 5 1202-981n/ 2 1

f=0,2; s;=1m. Wy = _
7,528 7,528

Hantu: V, 11792

mlc=1252 mlc

Oteet: |V;=1252 m/c 1528

MpumeyaHue: MonoxunTeNbHOE 3Ha4YeHne pPaboTbl BHELWHMUX CU TOBOPUT O TOM, YTO BbibpaHHOE HanpaB/ieHue
NBUYEHMA CUCTEMbI COOTBETCTBYET AeNCTBUTENIbHOMY. OTpULIaTeNbHbIM 3HAK PaboTbl BHELIHWX CU/1 TOBOPUT O TOM, YTO
CUCTEMA ABUMKETCA B HAaNpPaBAEHUN NPOTUBOMOJIOXKHOM BbibpaHHOMY. B c/lyyae oTpuLaTeNbHOTO Pe3ynbraTa,
HeobXxoAMMO NOMEHATb HAaNpPaBAEHUE ABUKEHWUSA CUCTEMbI U MEPECYNTaTb PaboTbl 3aHOBO A5 HOBOTO HaMnpaB/eHUs.




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

3apava 2

MexaHuyeckan cuctema coctomT u3 rpy3oB 1 1 5, 610Ka 2
(maccoit npeHebpeysb), cTyneH4YaToro WwKmea 3 u
noaBuXHOro 610Ka 4 (Macca paBHOMeEPHO pacnpeaeneHa
no oboay). Tena cuctemol COeANHEHbBI APYT C APYTOM
HepacTAXXMMbIMU HEBECOMbIMU HUTAMM.

Mopa, feNCTBMEM CUN TAXKECTM MEXAHNYECKAs CMCTeMa
NPUXoAMUT B ABUKEHWNE N3 COCTOSHWUSA NOKOA.
MpocKanb3blBaHMA HATU NO NOBEPXHOCTM NOABMUKHOIO
610Ka HeT.

OnpenennTb CKOPOCTb Fpy3a 1 B MOMEHT BPEMEHM, KOT4a OH
NPOMAET NyTb PABHbIN S ;.

Teopema 06 usmeHeHUU KUHemu4eckol 3Hepauu

NcxoaHble gaHHble:
cucmembol € UOeanbHbIMU C8A3AMU

m;=4m; m,=0; m;=2m; m,=m; ms=2m;

R3=3r; ry=2r; paduyc uHepyuu WKUBA P3=r./3 ; r,=r; T-Ty= Z AE
KoagpgpuyueHm mpeHus 2py3a 1 0 HAKAOHHYIO
naockocme f=0,2; s,=1 m. lMpumeyaHue: bygem paccmaTprBaTb CUAY TPEHMSA, KaK

Hantn: V, aKTUBHYIO CUNY




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

PeweHune

Teopema 06 usmeHeHUU KuHemu4ecKol 3Hepauu

a
T-Ty= ZAk
TaK Kak B Ha4yaNbHbI MOMEHT BPEMEHU CUCTEMA
HaxoAunacb B NOKoe T, =0

KnHetnyeckas 9HEpPrmna CUCTembl

lpy3 1 coBepLUaeT NOCTynaTe/NbHOE ABUXKEHNE

T =%le12
LLIKue 3 coBepLUIAET BPALLATENIbHOE ABUMKEHMNE
1. -
T, ==—Jw
3 =5 V3%

MoMeHT MHepLuMmn WKMBA
_ 2
J3=m3p3
bnok 4 cosepluaeT niockonapannensbHoe asuxkenune (C, —
LLeHTp mMacc, P, — MTHOBEHHbIW LEeHTP CKOpoCTeN)

McxoaHble AaHHble:

m;=4m; m,=0; m;=2m; m,=m; ms=2m;
R3=3r; r;=2r; paduyc uHepyuu WKUBA P3=r~/3 ; r,=I; T, ==J,0f += m4VC24
KoaghpuyueHm mpeHus 2py3a 1 0 HaOKAOHHYO 2 2
naockocme f=0,2; s,=1 m.

Hantn: V,

MoMeHT nHepummn 610Ka
2
Jg=myRy

Ipy3 5 coBepluaeT nocTynaTtesibHoe ABUXKEHME
1 2
Ts = §m5V5



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Torga KMHeTHn4yecKas 9Heprmna CUCTtembl paBHa:

1 2 1. 5 1 2 1 2 1 2
T=—mV +=-J30; +=-J,0) + —mVS, + —m:V
1V1 233 244 24(:4 255
CoomHoweHua mexoy CKOPOCMAMU:
V V.
V =V '0) :_K:_l
K ! 3 r, 2r
Vi
o= Vo 18V _g7sV
LR,  2n, r
Vc4 :a)4 ‘C4P4 :0,75\ﬁ r :0,75V1 V5 :Vc4 20,75V1

r

NoacTaBnMm COOTHOLLEHUA mexagy CKOpoCtaAMU:

2 2
1 ., 1 V1] 1 2( V1] 1 2
T=-mVy +=myp| =2 | +=m,r/| 0752 | +=m,(075V, ) +

NcxoaHble gaHHble:

m,=4m; m,=0; m;=2m; m,=m; ms=2m; 1 , 1 , 1 (Vi 1, V. \?
R,=3r; ry=2r; paduyc uHepyuu WKuea p;=r~/3 ; r,=r; + > ms(0,75V; )" = §4mV1 + EZm -3r (2_:_] + Emr (0 ’75le +
KoaghpuyueHm mpeHus 2py3a 1 0 HAKAOHHYIO

nnockocme f=0,2; s,=1m. + % m(075v, ) + % 2m(075V, )* = (2 +075+2-(075) ) mv;?

Hantn: V,
OKOHYamenbHO KUHeMu4ecKas sHepausa cucmembsl PasHa:

T =T, +T3+T, + T =3875-mV,



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

CyMMa pa6om OKMUBHVbIX CUs Ha nepemelleHnmn
CUCTEMDbI, COOTBETCTBYIOLLEM NEPEMELLEHUNIO S; TPY3a 1:

S A=A A A A,

A, =+Gy - s; - sin60” :+§mlg -S;

Cuna TPeHUA CKONbXKeHWs No 3akoHy KysioHa paBHa:

Fmpl = f . Nl = f 'Gl COSGOo

NcxoaHble gaHHble:

m;=4m; m,=0; m;=2m; m,=m; ms=2m; CoomHoweHus mexoy rnepemeuw,eHUaMU C8A3AHbI MAKUMU He
R3=3r; ry=2r; paduyc uHepyuu WKUBA p3=r/3 ; r,=f; KUHEMAMUYECKUMU COOMHOWEHUAMU, YMO U COOMHOWEHUSA
KoagpgpuyueHm mpeHus 2py3a 1 0 HAKAOHHYIO MeH0y CKopocmamu
naockocme £=0,2; s,=1 m. Vi = s;
Hantn: V
- Vi1 . !
Wi = P

MpumeyaHue: B cnyyae HenaeanbHOM CBA3M - LLEPOXOBATasA NOBEPXHOCTb, MPU CKOMbKEHUW Tesla No KoTopoi paboTy
coBepluaeT cuia TpeHus, byaem paccMaTpuBaTbh CUAY TPEHUSA, KaK aKTUBHYIO CUAY




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

CoomHoweHus CoomHoweHusa mexcdy
mexcoy nepemeweHUAMU:
cKopocmamu:
Vi V1 W; = ¢, 51
Wy =— = —— | ¢| = =
T 2r P
V, =w;-Ry=—-3r=15V
V, =V
L=VM @, =0 755_1
0y =~ 1V1 g5V r
e o2r, T gy SO
S5 =0,/5s
Ve, =a)4-c4F>4=o,75\i-r=o,75v1 > 1

r

McxoaHble aaHHblE:

m;=4m; m,=0; m;=2m; m,=m; ms=2m;

R3=3r; ry=2r; paduyc uHepyuu WKUBA P3=r./3 ; r,=r;
KoagpgpuyueHm mpeHus 2py3a 1 0 HAKAOHHYIO
naockocme f=0,2; s,=1 m.

Hantn: V,

I'lpumeanue: CooTHOWeHUA mexagy nepemeweHnamm
CBA3aHbl TAKUMU Ke KNUHEMATUYECKNMU COOTHOLLUEHNAMMU,
YTO U COOTHOLWEHNA MeXKAY CKOPOCTAMU



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Cymma pabom eHeWHUX CUs C y4€TOM COOTHOLUEHWI
MeX Ay NepemeLLeHNaAMMU:

V3

ZAE:+7m19‘31—0’5fm19‘31—m49‘304 —Msg - S5 =

J3

:+74mg -5y —05f-4mg-s; —mg-0,75s; —2mg -0,75s, =

~(+243-04-3.075)-mg -5, =+0,814 mgs,

\ s, [MpupaBHMBaeM feBy0 1 NpaByr YacTU TEOPEMBbI:
N\ A=A+ Ae, . + A, + Ag, =+0814 mgs,
T=T,+T3+T, +T5 =3875-mV,’
3875-mV{ =0,814mg -5

v _ [0814g-s, _\/0,814-9,81114/02-1/14 B
. 3875 3875

NcxoaHble AaHHble:
m;=4m; m,=0; mz=2m; m,=m; ms=2m; = /—7 LD mlc=1436 m/cC
3,875

R3=3r; ry=2r; paduyc uHepyuu WKUBA P3=r./3 ; r,=r;
KoagpgpuyueHm mpeHus 2py3a 1 0 HAKAOHHYIO
naockocme f=0,2; s,=1 m.

Hantn: V,

Oteet: V; =1436 m/C

MpumeyaHue: B cnyyae oTpuLaTeNbHOro pesyabrata A1 CYMMbl PaboT BHELWHUX cui, Heobxoammo
NOMEHATb HanpaBAEHNE ABUKEHNSA CUCTEMbI U NEpPecYUTaTb PaboTbl 3aHOBO A/1A HOBOrO HanpaBAEHUS.




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r; s;,=1 m.

Hantu: V,

Teopema 06 usmeHeHUU KUHemu4eckol sHepauu
a
cucmemol ¢ udeanvHoimu cesazamu 1 —Tp =D A,

3apava l

MexaHuyeckaa cuctema COCTOMT M3 KaTKka 1 (cnaowHow
OAHOPOAHbLIA UMAMHAP), Tpy3a 3, 6aoka 2 (macca
paBHOMEpPHO pacnpegeneHa no oboay). Tena cuctembl
CoOeAMHEHbl ApPYyr C APYrom HepacTAXMMONA HEeBecomMom
HUTbIO.

Moa A[AencTBMEM CUN  TAXKECTM MEexaHMYecKaa Ccuctema
NPUXOAUT B ABUMKEHUE M3 COCTOAHMUA MOKOA. KaTOK KaTuTcs
no LLIepOoXoBaToOM HaKNOHHOM NJOCKOCTHU 6es
NPOCKa/b3blBaHUA

OnpeaennTb CKOPOCTb KaTKa 1 B MOMEHT BPEMEHMW, KOTAa OH
NPOMAET NYTb PABHbIN S ;.

l/|306pa3wv\ dKTUBHbIE CUbI:




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

PeweHue
T LGk}
Vi by _—a ’ KnHeTnyeckas 9HEpPrmna CUCTembl

Kamok 1 cosepluaeT naockonapannenbHoe asuxkexue (C; —

LLeHTP Macc, P, — MFHOBEHHbIV LEHTP CKOPOCTEW)

i 5 15
T, ==J0f +=myV,
1 2 11 2 1VC1

MoOMeHT MHepLUUKN KaTKa

J; :%mlrl2 =6mr?

bnok 2 cosepllaeT BpalaTenbHoe ABUKeHUe
1
T, = _\]20)22
McxogHble AaHHbIE: 2

MomeHT uHepumm 6noka
m;=12m; m,=m; m;=2m; -

2
R,=1,6r; r;=r; s;=1 m. J, =myRS =m(16r)" =256mr?
Hantu: V, Ipy3 3 coBepluaeT NocTynaTteNbHOE ABUKEHME
1 .2
T3 = > maV3
Teopema 06 usmeHeHUU KUHemu4ecKol 3Hepauu cucmembl
c uoeasnbHbIMU C8A3AMU T _-I-o _ ZAa Tor,u,a KMHeTn4eCKkad sHeprma CUCTtembl paBHa.
- k
o 1 > 1 o 1 o 1 2
MpumeyaHue: TaK Kak B Ha4anbHbI MOMEHT T==Ji0; + —mV&; +=Jrw5 + —m3V3
2 2 2 2

BpeémMeHUN CUCTEMA Haxo4nnacCb B NOKOE TO =0



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r; s;,=1 m.

Hantu: V,

J, =6mr?
J,=256mr?

1. -1 2 1 2 1 2
T==Ji0; + —mV&; +=Jrw5 + —myV.
5 1001 5 Vel 5 1) 5 3V3

CoomHoweHusa mexdy cKopocmamu:

VCl :Vl
wlzviz\ﬁz\ﬁ VC1 :V1

GP, npoor v,

a)]_:_
VL:a)l.ClL:\ﬁ.Zrzzvl ) r
r Vl

- A 1 25V1 Vy =2V,

R, 167

NMoactasum MaCCOBO-MHele,MOHHbIe XapaKTepMCTMKM :

T :l6mr 1+ 112mVCl+ 1256mr 5 + 12mV3
2 2 2 2
lNoacTaBUM COOTHOLLEHUA MeXK Ay CKOPOCTAMMU:

2
T=L6mr (Vlj +112mv12+12,56mr2(1,25\ij +52m(2v1)2
2 r 2 2 r 2

T=(3+6+2+4)-mVy =15mVy’

OKOHYamesnbHO KUHemuYecKas JHepauAa cucmemeol paeHa:

T =15-mV,?




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

G,

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r; s;,=1 m.

Hantu: V,

KuHemuueckasn

dHepeauAa cucmemeol pasHa:

T =15-mV}

Cymma pabom aKmueHbIX cus Ha NepemMeLLeHUN CUCTEMbI,

COOTBETCTBYIOLLEM NEePEeMELLEHUIO S, rpy3a 1:
A=A, A,

Ag, =+G; -8, -8IN30° =+0,5m; g -s; =+6mg - 5

Ag, =—G3-S3 =—M3Q -S3 =—2MQ - S3

> A=A —Ag, =+6mg-s; —2mg - s

CoomHoweHuUsa mexcdy
30° |
——————— cKopocmamu:
Vc1 =V
lpumeyaHue: CootHowweHUA W, = \ﬁ
MeK Iy nepemeLl,eHUAMM CBA3aHbI r
TaKUMM XKe KUHEMATUUYECKUMM V
w, =125-1
COOTHOLLEHMAMM, YTO M ) ’
COOTHOLLUEHMA MEX Y CKOPOCTAMM r
V3 - 2V1

CoomHoweHusa mexcdy
nepemeweHUAMU:
5S¢, =51
S1
P =—
) Ty
S1
Vi = s @, =125—
W; = @;
' ' S3 =25

Cymma pabom eHewHUX cus C y4ETOM COOTHOLLEHWUI MeXay
nepemeLL,eHNAMMU:

> Ai =+6mg-s; —2mg -85 =+6mg - $; —4mg - S; =+2mg - S

A =+2mg-s;




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

Sy Wz rlpl/lpaBHI/IBaeM J1IEBYHO U NpaByko 4aCTh TeOpEMbI.

T =15-mV/? > A =+2mg-s,

15-mV7 =2mg - s,

2
W, = /291551 =\/2 9BLulc” -In _ 308wl c=1144 mic

15

McxogHble gaHHble:

m;=12m; m,=m; m;=2m;
R,=1,6r; r;=r; s;,=1 m.

Hantu: V,



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu

K uccnegoBsaHuUo ABUXEeHUA CUCTembl C uaeasibHbiMu CBA3AMU
3apava 2

MexaHunyeckana cuctema coctouT 3 rpy3os 1 un 4, 6apabaHa

2, n nogBuXHoro 6n0Ka 3 (Macca paBHOMepPHO

pacnpeaeneHa no oboay). Tena cucremol COeANHEHbBI APYT C

APYrom HepacTAXKMMOM HEBECOMOW HUTLIO.

Mopa, feNCTBMEM CUN TAXKECTM MEXAHUYECKAs CMCTema

NPUXOAUT B ABUMKEHUE N3 COCTOSHUA NOKOA.

MpocKanb3blBaHMA HUTU NO NOBEPXHOCTM NOABMUIKHOIO

610Ka HeT.

. Onpenenntb CKOPOCTb rpy3a 1 B MOMEHT BpeMeEHMU, Korga OH
NPOMAET NYTb PABHbIN S ;.

N306pa3nm aKTMBHbIE CUbI

NcxogHble faHHble:

m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; iy=r\[2 ; ry=r; KoaghpuyueHm mpeHus 3
epy3a 1 0 HaKAOHHYo naockocme f=0,1;

S;=1m.

Hantn: V,

lpumeyaHue:
byaem paccmaTtpuBaTb CUAY TPEHUA,
KaK aKTUBHYIO CUAY

Teopema 06 usmeHeHuUuU KuHemuyecKoli SHepeuu

cucmemol ¢ U0easbHbIMU C8A3AMU T _TO — Z Ai‘




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

NcxogHble faHHble:

m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; iy=r\[2 ; ry=r; KoaghpuyueHm mpeHus
epy3a 1 0 HaKAOHHYo naockocme f=0,1;
S;=1m.

Hantn: V,

Teopema 06 usmeHeHuUuU KuHemu4ecKoli SHepeuu

cucmemol ¢ U0easbHbIMU C8A3AMU T _TO — z Ai‘

PeweHune

TaK Kak B Ha4a/lbHbI1 MOMEHT BpEMEHM CMcTeMa
Haxogunacb B nokoe Ty =0

KnHeTnyecKkaa sHeprua cuctemol
Ipy3 1 coBepliaeT NocTynaTteNbHOE ABUKEHME
1
Ty = Emlvlz
BapabaH 2 cosepluaeT BpalLaTe/ibHOE ABUKEHUNE
1 2
T, ==J,w
2 2007
2
MOMEHT MHepLUUK LLIKMBA
-2 2
Jo =myl; =2mr

baok 3 coepluaeT naocKkonapannensHoe asuxkenue (C; —

LEeHTP Macc, P; — MFHOBEHHbIM LLEHTP CKOPOCTel)
1 2 1 2
T3 =_Jzm3 + MgV,
2 2
MomeHT nHepumm 610kKa
2 2
Jy =mgry =mr
py3 4 coBepluaeT NOCTynaTe/bHOE ABUMKEHWE

1 2
T, =—m,V
4=5MaVy

Tor,u,a KMHeTn4eCKad sHeprma CUCTtembl paBHa.

1 o 1 o 1 o 1 o 1 2
[ =—mV +=J,05 + —J0w5 + —MVS, + —m,V
5 1V1 5 2007 5 33 5 3Ves 5 4V4



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

' CoomHoweHUsa Mmexoy CKopocmamu:

VK :V].

V V
0)2 = —K = —1 a)z — ﬁ

R, 2r 2r
ViL=Vie =V — o :0’5\i
TR /A r

TR 2r, 2r Ve, =05V;

Vc3 = w3 - C3P3 = V4 = 0,5V1

=y -I‘3 :0,5\% r :0,5V1
V4 :VC3 = 0,5V1

MNoactaBum MaCCOBO-UHEPLMNOHHbIE XaPaKTEPUCTUKN

) , [T :%val2 +%2mr2a)22 +%mrza)32 +%mVC23 +%2mv42

NcxoaHble faHHble: MNoacTtaBnMm COOTHOLLEHUA MeX Ay CKOPOCTAMMU:

2 2
m,;=8m; m,=2m; ms;=m; m,=2m; 1 s 1 2( Vg 1 5V, 1 o 1 2
R,=2r; =17 : r,=1; Kosdautuenm mpenua | T =58MVL +52mre 2| +omrt| > +Em(o,5v1) +§2m(o,5v1)

2py3a 1 o0 HaKnoHHYH naockocmes f=0,1; T_(a 5 12 12 5 V247 V.2
s,=1 m.Haiitn: V, =(4+0,25+0,125+0,125+0,25)- mV;” =475 - mV,
Hantn: V,

1 2 1 2 1 2 1 2 1 2
T=—mV,"+=-J,05 +=Jw3 + —MV~y +—m,V _ 2
211 222 233 23(:3244 T =475-mV{

OKOHYamMesnnbHO KUHemMu4ecKas sHepausa cucmemMbsl pasHa:




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

NcxogHble faHHble:

m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; i,=r\[2 ; rs=r; KoOagppuyueHm mpeHus
epy3a 1 0 HaKAOHHYo naockocme f=0,1;
S;=1m.

Hantn: V,

CyMMa pa6om OKMUBHVbIX CUs Ha nepemelleHnmn
CUCTEMDbI, COOTBETCTBYIOLLEM NEPEMELLEHUNIO S; TPY3a 1:

S A=A A, + A A,

Ag, =+Gy 51 -sin30° =+0,5my g -5, =+4mg - 5

V3
AFmpl = _Fmp1 “S = —70,1mlg -$; =—0,6928mg - s,
Ag, =—G3-Sc, =—M30 -Sc, =—MQ - S,
Ag, =G4 -S4 =—MyQg -S4 =-2mg - s,

Cuna TpeHUA CKOoNbXeHUA No 3aKoHY KynoHa paBHa:
Fup1="f-Ny=7f-G;-cos30 :go,l-mlg

A=A, A, —As, g, =
=+4mg-s; —06928mg-s; —mg -Sc, —2mg s,

Cymma pabom aKmueHbIxX cun :

> Ac =+4mg-s; —0,6928mg -s; —mg - Sc, —2mg -,

MpumeyaHue: B cnyyae HenaeanbHOM CBA3M - LLEPOXOBATasA NOBEPXHOCTb, MPU CKOMbKEHUW Tesla No KoTopoi paboTy
coBepluaeT cuia TpeHus, byaem paccMaTpuBaTbh CUAY TPEHUSA, KaK aKTUBHYIO CUAY




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

McxoaHble aaHHblE:
m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; i,=r\[2 ; rs=r; KoOagppuyueHm mpeHus
epy3a 1 0 HaKAOHHYo naockocme f=0,1;

S;=1m.
Hantn: V,

KuHemu4yeckKasa sHepousa cucmemeoil :

CoomHoweHusn CoomHoweHUA mexcoy
mMexX0dy cKopocmamu: nepemeweHUAMU:
W, = % P = %
a)3:O,5\% V, =5, ¢3=o,53—r1
Ve, =05V, @ = P sc, =058,
V, =05V, s, =0,95;

T =475-mV}

lIpumeyaHue: CooTHOLEHMA MEXKAY NEPEMELLEHNAMM CBA3AHbI
TAaKMMMU }Ke KWHEMATUYECKMMM COOTHOLLEHUAMM, YTO U
COOTHOLLEHMA MeXAYy CKOPOCTAMM

Cymma pabom aKkmueHbIx cun :
> A =+4mg-s; —06928mg -s; —mg -Sc, —2mg S,

Cymma pabom aKmueHbIX cus C Y4ETOM COOTHOLLEHU
MeX Ay NepemeLLeHNaMU:

> A =+4mg-s; —06928mg-s; —mg -Sc, —2mg - S, =

=+4mg-s; —0,6928mg-s; —mg-0,5s; —2mg -0,5s; =
=(+4-0,6928-05-1)mg-s; =+1,807mg s,

> A =+1807mg-s;




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsnixeHmna cuctembl C uaeaibHbiMmum CBA3AMMU

MpupaBHMBaEM NEBYIO M NPaBY YacTh TEOPEMBI:

T =475-mVy > A =+1807mg s

475-mV{/ =1807mg -s,

v _ [1807g-s, _\/1,807-9,81M/c2-1]w B
! 475 475

=3732m/c=1932 mlc

NcxogHble faHHble:

m;=8m; m,=2m; ms=m; m,=2m;

R,=2r; i,=r\[2 ; rs=r; KoOagppuyueHm mpeHus
epy3a 1 0 HaKAOHHYo naockocme f=0,1;
S;=1m.

Hantn: V,

Oteet: V;=1932 m/c

MpumeyaHue: B cnyyae oTpuLaTeNbHOro pesyabrata A1 CYMMbl PaboT BHELWHUX cui, Heobxoammo
NOMEHATb HanpaBAEHNE ABUKEHNSA CUCTEMbI U NEpPecYUTaTb PaboTbl 3aHOBO A/1A HOBOrO HanpaBAEHUS.




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu

K uccnegoBsaHuUo ABUXEeHUA CUCTembl C uaeasibHbiMu CBA3AMU
3apaya 3

2 MexaHun4yeckana cuctema coctouT us rpysos 1, 3 u 6apabaHa
2. Tena cuctembl coegMHEHbI APYr C APYrom

HepacTAXXKMMbIMU HEBECOMbIMU HUTAMMN.

HZL Mopa, feNCTBMEM CUN TAXKECTM MEXAHMYECKAn CUCTeMA
NPUXOAUT B ABUKEHWNE N3 COCTOSHWUA NOKOA.
~— OnpeaennTb CKOPOCTb rpy3a 1 B MOMEHT BPEMEHM, KOTA4a OH
NPOMAET NyTb PABHbIN S ;.
g -
5,

Vl3o6pa3wv\ dKTUBHbIE CUJ1IbI

NcxogHble faHHble:
m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i,=r\/3 ; s;=1 m. ol

Hantu: V _
1 G

Teopema 06 usmeHeHuUuU KuHemuyecKoli SHepeuu

cucmemol ¢ U0easbHbIMU C8A3AMU T _TO — z Ai‘



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

PeweHune
|'l]2

TaK Kak B Ha4a/ibHbI MOMEHT BpeMEHUN CUCTEMA
f 2 HaxXxoAunnacCb B NOKOeE TO =0

L KnHeTnyecKkaa sHeprua cuctemsl
Ipy3 1 coBepluaeT NocTynaTesibHoe ABUXKEHNE

7t g = % MV

bapabaH 2 coBepluaeT BpallaTteNbHOe ABUKEHUe

1. o
T, 2532(02
G, v MOMEHT NHepPLUK LIKNBA

ol

J, =m,iZ =3mr?
Ipy3 3 coBepLIAeT NOCTyNaTe/ILHOE ABUKEHME

NcxoaHble gaHHble: 1 2
m.,=4m; m,=2m; m,=m; Il =it
1 , My ; M3z=m, 2
R,=2r; ry=r; i,=rJ3 ; ;=1 m.
Torga KMHEeTUYecKasa IHeprna CUCTEMbI paBHa:
Hantn: V, 1 1 1
2 2 2

Teopema 06 usmeHeHUU KuHemu4ecKoli SHepauu
cucmemeol ¢ UGeanbHbIMU C8A3AMU _T. = e
T-To=> A,



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

/ff.].."’--- —a CoomHoweHUsa Mex oy CKOpocmsamu:
j 2 Vk =Vp
v V V
K W, = K _"1 o = \
L Ry 2r | 27 or
= V V _
¥y VL:a)Z'rZ:_l'r:_l V3_0’5V1
2r 2
7oA G, V=V =03V,
i 1
MoacTaBMM MacCCOBO-MHEPLMOHHbBIE XapPaKTEPUCTUKM :
(4] ]
G, i 1 1 1
B B J, = m2|22 —3mr? — T= —4mV12 + —3ml‘20)22 + —mV32
G, LA 2 2 2
MoAcTaBUM COOTHOLLEHMA MEXKAY CKOPOCTAMM:
2 2
1 1 V 1 (V
, T=-4mV7 +=3mr?| L | +=m =
McxoaHble AaHHblE: 2 2 2r 2 2
m;=4m; m,=2m; ms=m; 1 1 1
R,=2r; ry=r; iy=r\y3 ; s;=1m. |T =—m1V12 +—J2a)22 +—m3V32 2 2
2 2 2 T=(2+0375+0,125)-mV,;> =25 -mV;
Hantu: V, OKOHYamesnibHO KUHeMu4eCcKas sHepaus cucmembl pasHa:

T=25-mV}
Teopema 06 usmMmeHeHUU KuHemuyYecKoli SHepeuu
cucmemesl € udedsbHbIMU C8A3AMU _ — a
T-To=Y Al



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

s

e Cymma pabom aKmueHbIX cusa Ha NepemMeLL,eHNM
. CUCTEMBI, COOTBETCTBYIOLLLEM NepeMeLLeHuIo s, rpy3a 1:

s, A= A, + As,

AGl =+G; S, =+m;9-S; =+4mg - S;

Ag, =—G3-S3=—M3g-S3=—mg - Sy

G, ZAE:AG1+AG3:+4mg-sl—mg-33

CoomHoweHun CoomHoweHusa mexdy
¢ |3 mexdy cKopocmamu: nepemeweHUAMU:

_ § S
G, v 5 w2:\2/_1 ) ¢2:2_i
r
V. .
Vs =05V, =S 53 =055,

@ = ¢

McxogHble gaHHble: lNMpumeyaHue: CooTHOLWEHNA MEXKAY NEepeMELLEHNAMM CBA3AHDI
m,=4m; m,=2m; m;=m; TAaKMMU XKe KUHEMATUYECKMMMU COOTHOLLIEHMAMM, YTO U
R,=2r; 1,=r; iy=r\/3 ; s,=1 m. COOTHOLLEHUA MEXKAY CKOPOCTAMM

Cymma pabom eHewHUX cus C Y4eTOM COOTHOLLEHW
Hauntn: V; MeXKay nepemeLleHUAMMU:

> Al =+4mg-s; —mg-S; =+4mg-s; —mg-0,5s, =+35mg - s,
KuHemu4yeckKasa sHepousa cucmemeoil :

T=25-mV/ > A =+35mg-s;




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

MpupaBHMBaEM NEBYIO M NPaBY YacTh TEOPEMBI:

L
K T=25-mV? > A =+35mg-s,
L
8
' 25-mV,> =35mg s,
4 G, . } 2
s, v, = 32951 :\/3’5 9BLulc”-In _ (13734 sl c=3706 mic
25 25
G,
G, 'S

NcxogHble faHHble:
m;=4m; m,=2m; ms=m;
R,=2r; ry=r; i,=rJ3 ; ;=1 m.

Haitu: V, Oteet: V;=3706 m/cC



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o naockocme f=0,2; s,=1 m.

Hantn: V,

Teopema 06 usmeHeHuUuU KuHemuyecKoli SHepeuu

cucmemol ¢ U0easbHbIMU C8A3AMU T _TO — z Ai‘

3apa4va 4

MexaHnyeckaa cmctema coctouT n3 rpysos 1 n 4, katka 3
(cnnowHoM oagHOPOAHbBIN UMANHAP) U HEBECOMOTO 610Ka 2.
Tena cuctembl coeauHEHbI APYT C APYrOM HEPACTAXKUMOWM
HEBECOMOW HUTbIO.

MNopa, AeNCTBMEM CUN TAXKECTU MEXaHUYECKaA CUCTEMA
NPUXOAUT B ABUKEHUE N3 COCTOAHMA NOKOA. KaTOK KaTuUTcA
Mo LWepoxXoBaTOM NAOCKOCTM 6e3 NpPOCKaNb3blBaHUA
Onpenenntb CKOPOCTb KaTKa 1 B MOMEHT BPEMEHMU, KOraa OH
NPOMAET NyTb PABHbIN S ;.

M306pa3MM dKTUBHbIE CUJ1bI

lpumeyaHue:
byaem paccmaTpuBaTtb CUAY TPEHUA,

KaK aKTUBHYIO CU1y




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

LY 3

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o naockocme f=0,2; s,=1 m.

Hantn: V,

Teopema 06 usmeHeHUU KuHemu4ecKoli SHepauu
cucmemeol ¢ UGeanbHbIMU C8A3AMU _T. = e
T-To=> A,

PeweHune

TaK Kak B Ha4a/ibHbI MOMEHT BpeMEHUN CUCTEMA
HaxXxoAunnacCb B NOKOeE TO =0

KnHeTnyecKkaa sHeprua cuctemsl
Ipy3 1 coBepluaeT NocTynaTesibHoe ABUXKEHNE
1
Ty = > ul\g

Kamok 3 cosepluaet nnockonapannenbHoe asukenue (C; —
LLeHTP Macc, P; — MTHOBEHHbIW LIEHTP CKOPOCTeN)

1 2 1 2
Ta==Jaw;s +—mMyV
3 =53 T MaVes

MomeHT Hepummn WKNBA
1
Js :§m3r32 =mr?

I'py3 4 coBepluaeT nocTynaTtesibHOE ABUXKEHMEe
1

2
Ty =—myVy
2
Torga KMHeTMYecKan IHeprna CUCTeMbI PaBHa:

1 2 1 2 1 2 1 2
T=—mV{ +=-J305 + —mxVS3 +—m,V
o Y1 T, Y3®s T lgVes T, eV



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

CoomHoweHua mexdy CKopocmamu:

le._,,; VC3 :V]. VC3 :V].
0, = Ve, Vv, ) v
C3P3 r 3T r
& nOﬂ,CTaBMN\ MaCCOBO-UHEPLUMNOHHbIE XaPaAKTEPUCTUKMU
7, / T :%Afmvl‘2 +%mr2w§ +%2mv(323 +1mv42
HOACTaBMN\ COOTHOLWEHNA mexay CKOpPpOoCTAMU:
1 2 2 2
Uy =5 (MMelly = (T T=14mV12 +1mr2(\ij +12mV12 +1mV12
2 2 r 2 2
T=(2+05+1+05)- mV? =4mV/
McxopHble AaHHble:

m;=4m; m,=0; m;=2m,; m,=m
ry=r; KoagppuyueHm mpeHus 2py3a 4
o naockocme f=0,2; s,=1 m. 1

1 1 1 OKOHYaMenbHO KUHemMuYecKas sHepaus
T ==mVP +=Ja05 + =MV +=mV/7 :
Haitun: V, o T B 5 13¥c3 4Vy cucmemol pasHa:
2
T=4-mV;

Teopema 06 usmeHeHUU KuHemu4ecKoli SHepauu
cucmemeol ¢ UGeanbHbIMU C8A3AMU _T. = e
T-To=> A,



MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

" CyMMCI pa6om OKMUBHVbIX CUs Ha nepemelleHnmn
1 —a? CUCTEeMbI, COOTBETCTBYIOLLLEM MepemeLLeHuto s; rpysa 1:
5, {/I':_\\ S
_ N I AN Wi e
F"-"F'“ Z Ak - AGI T+ AFmp4
Ag, =+Gy -5 =+mg-S; =+4mg - s;

Ar

s = Fmpa ~S4 =-0,2Mg -S4

Cuna TpPeHUA CKONbXKeHUs No 3akoHy KysioHa paBHa:

a Fmp4:fN4:f'G4:0,2'mg
)
e _ _
5 ZAk—AGl+AFW4—+4mg-sl—0,2mg-s4
CoomHoweHusA CoomHoweHusa mexoy
Mexcdy ckopocmsamu: nepemeweHUAMU:
V =V S =S
MpumeyaHue: CooTHowWweHNA mexay C3 — "1 €3 — =1
nepemeweHnamMmm CBA3aHbl TAKUMU Ke Vl Sl
KMHEMaTMYeCKMMM COOTHOWeHuAMM, yTo n |3 = T Vi = s; Ps = T
McxoaHble AaHHble: COOTHOLLIEHNA MeX/1y CKOPOCTAMM
m,=4m; m,=0; m;=2m; m,=m Va =V @ = G 54 =31
1=, My=U, ITN3=2£m, It 4=

ry=r; KoagppuyueHm mpeHus 2py3a 4
o naockocme f=0,2; s,=1 m.

Cymma pabom eHewHUX cus C yHeTOM COOTHOLLEHWI
Hantn: V,

MeXKAy NepemeLLeHUAMM:

> A =+4mg-s;, —0,2mg-s, =+4mg -s; —0,2mg - s; =+3.8mg - 5,
KuHemu4yeckKasa sHepousa cucmemeoil :

T =4-mV/? > A =+38mg-s;




MpumeHeHne Teopembl 06 UI3SMEHEHNN KNHETUYECKOM 3HEpPruu
K uccnenosaHumio gsunixeHna cuctembl C uaeaibHbiMmm CBA3AMMU

MpupaBHMBaEM NEBYIO M NPaBY YacTh TEOPEMBI:

T=4-mV? > A =+38mg-s;

4.mV72=38mg-s,

2
V, = /3’83 gl :\/3’8 98Lulc” i _ 13105 1/ c=3053 nic

4

5

WcxopHble paHHble:

m;=4m; m,=0; m;=2m,; m,=m

ry=r; KoagppuyueHm mpeHus 2py3a 4
o naockocme f=0,2; s,=1 m.

Haiitu: V, Oreer: V¢, =3053m/c

Teopema 06 usmeHeHUU KuHemu4ecKoli SHepauu
cucmemeol ¢ UGeanbHbIMU C8A3AMU _T. = e
T-To=> A,



