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3amaHue K caMOCTOSAITEILHO padoTe:
|. Cratuka
Lenv pabomul:
W3ydeHne OCHOBHBIX ITOHATHMN U ONPEIEICHUNA CTATUKH.
OrnpeneneHue CUbl.
[Ipoekuus cuibl Ha OCh.
Peakiuu u cBa3m.
OrnpeneneHne MOMEHTA CUIIbl OTHOCUTEIBHO TOYKH.
YpaBHEHHS PAaBHOBECHS ITPOU3BOJILHON INIOCKOM CUCTEMBI CHJL.
[To mepBoMy pazzeiy clieyiaTh MMCbMEHHBIN OTYET U 3alIUTUTH IEPBYIO YaCTh

KypCOBOM pabOTHI.

1. KunemaTuka
Lenv pabomul:
N3yuenne cnocoO0B 3aaHus JIBUKCHUS TOUKHU.
N3ydeHne BUIOB ABUKEHUS TBEPAOTO Tena. OnpeaeneHne KHHEMaTUIECKUX
XapaKTEPUCTHK.
1. CnocoObl 3a1aHus ABMKCHHS TOUCK.
2. OmnpeneneHne CKOPOCTEH U YCKOPEHUN TOYCK.
3. aTe omnpenencHue NBIKCHUA TBEPIOTO Tela.
4. OmnpeneneHne CKOPOCTEN U YCKOPEHUN TOUEK TBEPIOTO Tea, Pu
PAa3JIUYHBIX BUIAX JIBUKCHMUSL.
[To BTOpOMY paszaeny caenaTh MMCbMEHHBIA OTYET U 3alIUTUTh BTOPYIO YacCTh

KypCOBOM pabOTHI.

1. Iunamuka
Lenv pabomul:
N3yuenue nByx 3aay AuHaMHUKH. Pemenne 3a1a4 ¢ oMOIIbIO

nudpepeHnnanbHbIX YpaBHEHUHN JBUKEHUS.
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N3yyeHne MeXaHM4eCKOM CUCTEMbI. 3HAKOMCTBO C TEOPEMAMH TUHAMHUKHU U
NPUHLIUIIAMU MEXaHUKH.
JlaTtb onpenenenue AByX 3a7a4d JUHAMHUKH.
Pemenne muddepeHInanbHbIX ypaBHEHHI.
Jlatb onpenenenre oOUIMX TEOPEM TUHAMUKH.
[TpuHLINIT BO3MOXKHBIX [TEPEMELLIEHUI.
OO6uue ypaBHEHUS TUHAMUKH.
ITo TpeTbeMy pa3zeny caenaTh NUCbMEHHBINA OTUET U 3ALUTUTh TPETHIO YaCTh

KypCOBO# pabOTHI.



Teopust mo pasaenam.
3aganme k caMmocTOsITeILHOM padoTe mo pasaeay 1. (Ctaruka)

IInockas cucmema cun. Ceszu u peakyuu

Ecnn TBCPAOC TCJIO COIIPHUKACACTCA C APYTMMH TCJIaMHU, KOTOPBIC TCM HJIN
HWHBIM O6p2130M OTpaHUYIUBAIOT CBO6OI[y Cro InepeMcuICHu:A, TO TAKUC TCJa II0
OTHOIICHUHIO K paccMaTpuBacMOMy Ha3bIBAIOTCs CBA3sIMU, a caMo
pacCMaTpuBacMOC TCJIO HA3BIBACTCA HCCBO6OI[HBIM. I[eﬁCTBﬂe CBSI3€H Ha
H€CBO6OI[HBI€ TCJIa XapaKTCPU3YCTCA CHJIIaMH, KOTOPLIC HA3BIBAIOTCA PCAKIMSAMU

cBsa3eil. OCHOBHBIE UX BUBI IIPEACTABICHBI Ha puc. 1.2.
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2. IIpocTpaHCTBEHHASI CHCTEMA CHII

HpOCTpaHCTBeHHaﬂ CHCTCMa CXOOAIIUXCsL CHI IMPUBOOUTCA K

PaBHOJEHUCTBYIOLIEN R, KOTOpasl paBHa R= ZEi . Monynps paBHOJIEHUCTBYIOLIEH

R paBeH R = \/ Rf + R>2, + RZ2 . Hampapnsitomye KOCHUHYCHI OINPENENSIOTCS IO

dbopmynam
R
cosa:&; cosB:—y; cosv:&,
R R R

rze o, B, Y — YIJIbl MeX/1y HalpaBlIeHUEeM R U MOJI0OKUTEIbHBIMU HAINPaBICHUAMU
ocen X, Y, Z. Jma paBHOBecHs TBEpPAOrO Tela, K KOTOPOMY IPHIIOKEHA
OPOCTPAHCTBEHHAs  CHCTEMa  CXOMASIIUXCS ~ CHJ, HEOOXOJUMO,  4YTOOBI

paBHOJEHCTBYIOIIas paBHsu1ach HyM0: R =0. [Ipu 3ToM ypaBHEeHUS paBHOBECHUS
UMEIOT BU]I

ZFix:O; zFiyZO; ZFiz =0.

Ilpoexyuu cunvt Ha NIOCKOCMb U HA OCb
(Memoo 0801HO20 NPOEKMUPOBAHUSL)
[Ipu onpeneneHny MPOESKIUK CUJIbI HA KOOPJIMHATHYIO OCh, KOTJ1a HEU3BECTEH
YroJl MEXAY OChIO W JMHHUEH JCHUCTBUSA CHIIbI, UCIOJB3YIOT METOJ JIBOWHOIO

MPOCKTUPOBAaHUA. BHauvame HaxXoOSIT NPOEKIUIO IfXy cuwiel F (puc. 1.8) Ha

KOOPIMHATHYIO IUIOCKOCTh XY, & 3aT€M BBIYHMCISIOT NPOEKUUIO BekTopa Fy, Ha

OCh X HJIH '
F, =Fcosacosf; Fy =Fcosasinf; F, =Fsina.

HyXHO MOMHHTB, UTO MPOEKUHUsI CHJIbI HAa OCh SABISIETCS alreopanveckoi
BEJIMYMHOU, ITPOCKLIMS CUIIbI HA INIOCKOCTh €CTh BEKTOP.




Puc. 1.8
TIpouseonvbHas npocmpancmeennas cucmema Cull

HpOI/IBBOJII)HaH IMPOCTPAHCTBCHHAA CHUCTCMa CHJI IIPUBOAUTCA K TIJIABHOMY

— / P
BekTopy R 1 rmaBrOMy mMomenty Mo. Momyib IaBHOrO BEKTOpa ONpENEAeTcs

1o Gopmyie Rlz\/Rf+R)2,+RZZ,FJ:[e R, => Fi; Ry:zFiy; R, =2 Fi,.

Mogynb IIaBHOTO MOMEHTa MO:\/M§+M§,+M§ , T7e szzmx(Ei);

My :Zmy(Ei); M, :Zmz(fi).
Momenm cunvt omnocumenvro ocu

MomeHT cuibl oTHOocuTeNnbHO ocu M Z(F) (puc. 1.9) ompenensercss kak

anreOpanyeckasi BeIUYMHA, paBHAs MPOU3BEACHUIO MOIYJIS MPOCKIIMKU CHUJIbI Ep
Ha IJIOCKOCTh P, mepneHAuKyIIpHYIO K OCH Z, Ha KpaTyallliee pacCTOSHUE hp OT
Touku 0 mepecedyeHuss OCU C ATOM IJIOCKOCTBHIO JI0 JIMHUW ACHCTBUA TPOCKIUU
CHJTBI Ha TUIOCKOCTh F p, TO ECTh
M, (F)=Fphp.

Ecau ¢ xoHI1a OCH Z BUJIHO, YTO CHJIa F p CTPEMHUTCS TOBEPHYTH TEJIO BOKPYT
TOYKM 0 IPOTUB YaCOBOM CTPEIKH, TO MOMEHT MOJIOKUTEIbHBINA, €CIIU MO YaCOBOU
CTpeJIKe, TO OTPULATENbHBIN, TO ecTh M, (E) =tFshy.

MOMEHT CHJIbI OTHOCHUTEIBHO OCH paBC€H HYJIIO, €CIIN JIMHHA I[CﬁCTBPIH CHJIBI
ImapaJuiCjibHa OCH UJIN €€ IICPCCCKACT.

Puc. 1.9

Yenosus u ypasnenus pagnosecusi npouzeonvHoU NPOCMpPanCmeeHHou
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cucmembuvl cuu

YcnoBusaMu PaBHOBCCHUA HpOH3BOJ’ILHOI>i HpOCTpaHCTBCHHOﬁ CHUCTCMBI CHJI

SBISIFOTCS. PABEHCTBO HYJIIO TJIABHOTO BEKTOpa ¥ Ti1aBHOro Momenta, R =0, M=

0. Toraa mosy4aeM ypaBHEHHUs PABHOBECHSI
zFix:O; me(Fi =U;
ZFiy:O; Zmy(Ei
ZFiz:O; Zmz(ﬁi

3

“ANE - AT

B _;” B‘/ >

Puc. 1.10

3agaua C3

IlocTanoBka 3amauu

CucteMa COCTOMT M3 IIECTU CTEP)KHEU, COCTUHEHHBIX CBOMMH KOHIIAMHU
MEXIy co00i u ¢ onmopamu mapHUPHO. CTEp>KHU U y37bl (Y3JIbI PACIIONIOKEHBI B
BepmmmHax H, K, L, M mnpsmoyronbHOro mnapauienenuriesia) Ha pPHUCYHKaxX HE
TIOKa3aHbI U JIOJDKHBI OBITh H300paykeHBI PEIIAIOIIMM 33124y 10 JaHHBIM (Tadm. C 3).
B y311e, KOoTophIil B KaKI0M CTOJIOIE YKa3aH MepBbIM, NpuioxkeHa cuia P = 100 H;
BO BTOpOM y3J1e npuiioskena cuna Q = 50 H.

Cuia P 06pasyer ¢ IIOJIOKUTEIbHBIMY HAPABICHHUSIME KOOPAHHATHBIX OCCH
X, Y, Z yrael o1 = 60° B1 = 60° y1 = 45°, a cuia Q — oy = 45% B2 = 60°;
72 = 60°. Hampasnenue oceii X, Y, Z uig BCeX PUCYHKOB mokazanbl Ha puc. C 3.0.

I'panu mapamenenunena, napauienbHble INIOCKOCTH XY, — KBaapatel. /luaronanm
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Ipyrux OOKOBBIX TpaHEil 00pa3yloT C IIIOCKOCThIO Xy yroia ¢ = 60°, a nuaroHanib
napajieienumneaa 0opasyer ¢ 3TOM MIOCKOCThIO yroa O = 51°.
TpeOyercst onpenenuts ycuine B crepxkusax. Puc. C 3.10 noka3aH B kKauecTBe

npumepa. Bapuantet 3anaun nansl Ha puc. C 3.0 — C 3.9 u B Tabn. C 3.

IIpumep 8vinosiHeHus 3aday C 3 u C4

3agaya C3

KOHCTpyKIMsl COCTOUT U3 HEBECOMBIX CTEpKHEH 1, 2...6, COeAMHEHHBIX APYT
c apyroM (B y3nax H u L) u ¢ HenoaswxkHbiMu onopamu A4, B, C, /[ mapHupamu
(mpui. 3, puc. C 3). B ysmax H u L nprmosxenst cust P u Q.

Hano: P=200H; Q=100 H; y; =30°; B, =60°; a, =45°;

v, =45°; y=45°; 6=55% @ =45°.

TpebOyercs onpenenuTh YCUIUs B CTEPXKHIX 1 — 6.

Pemenue

Hapymms cBsi3u (cTepikHHM), MOTy4YUM JiBa 00BEKTa paBHOBecHs: y3ibl H u L.
Cnauvasia paccMoTpuM paBHOBecue y3na H. CTpouM pacueTHble CXeMbl (MpuiL. 3,
puc. C 3a). Ha y3en H nedcTBYIOT akTUBHAs CUjla Pu peakiuu B cTepxHax 1, 2, 3

COOTBETCTBEHHO S1, S2, S3, KOTOpbIE HAmNpaBIIEHBI BIOJbL CTEP)KHEH OT y3Ia.
[Monmy4ywu CXOASAUIYIOCS CUCTEMY CHJ B IPOCTPAHCTBE, JJISI KOTOPOH COCTaBHM
TpH ypaBHEeHHUs paBHOBecus » F, =0; Y F y = 0; Y F , =0.

Y Fi, =0; S3c0s45° + S, c0s45” =0; (1)
> Fi, =0; —S; —S;c0s45° + Pcos60° =0; (2)
> F,=0; —S3c0845° + Pcos30° =0. (3)

PemmB ypaBuenus (1) — (3), momyunm: S; =273H; S, =—245H; S3=245H

3atem paccMoTpuM paBHOBecue y3ia L. Ha y3en nelicTByroT akTUBHAs CHIia

Q u peakuuu crepxkueil S2,S4,S5,Se. IIpr 5TOM COrIIaCHO AKCHOME O PABEHCTBE

JEUCTBUSL M TPOTUBOJCUCTBUS PEAKIIMIO S2 HAMpaBlsieM B MPOTHUBOIMOJIOKHYIO
ctopoHy. CocTaBUM ypaBHEHHUS paBHOBECHUSI

2 Fiy=0; 2 F,=0; > F,=0.
Y Fi, =0; Qcos45° —S, — S, c0s45° — S5 c0s35° c0s45° =0; (4)
> Fi, =0; S,c0845° + S5c0835° cos45° =0; ()
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Y Fi, =0; Qcos45° —Sg — S5 c0855° =0. (6)
PemB ypaBHenuss (4) — (6) m yuurtbhiBas, 4to S, =—245H, Halinem

S4=70,7H, Sg5=3006H, Sg=-103H. Ilomy4yeHHple 3HAKK «MHHYC»

IMIOKAa3bIBAIOT, YTO CTCPIKHU 2, 6 CXKAaThbl, a OCTAJIbHBIC CTCPKHU PACTAHYTHI.
Otser: S; =273H; Sy =—245H; S3=245H;
S4=70,7H; S =3006H; Sg =—103H.
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2. 3axaHue K cCaMOCTOATEJIbHOM padoTe nmo pasaeny 2. (Kunematuka).

Il. KHHEMATHUKA

1. KuneMaTHKa TOYKH

Kunemaruka — pasznes TEOpETUYECKOM MEXAHHMKH, B KOTOPOM H3Yy4aroTCs
MEXaHWYECKUE JBVIKCHHSI MATEPUAIBHBIX TOYEK M TEJI C T€OMETPUYECKOU TOYKHU
3pEHMS BHE 3aBUCUMOCTH OT JIEUCTBYIOIINX HA HUX CHUJL.

IIpu »TOM 3a7arOTCsI MaTEMaTUYECKUM METOJOM CHOCOOBI  3aJlaHus
JBW)KEHHUS TOYEK M TEI U ONPEAEISIIOTCS IO 3aJaHHOMY 3aKOHY JBVIKCHHS BCE
OCHOBHBIC KMHEMAaTUYECKUE XapaKTEpUCTUKU, TaKUe KaK TPACKTOpHUs TOUKH,
CKOPOCTb ¥ YCKOPEHUE TOYKH, YTIIOBBIE CKOPOCTH U YTIIOBBIE YCKOPEHUS TEIL.

[Tpu nBHUYXKEHUM Teja BCE €ro TOUKHU B OOIIEM CIy4yae COBEPIIAIOT Pa3IM4HOE
nBwkeHue. IlodTomMy WM3y4eHUIO [BWKEHHsS Tela IPEALIECTBYET HW3YUYCHHE
JBUKCHUS TOUKHU.

HenpepbIBHYIO JTMHHIO, KOTOPYIO OIIMCHIBAET B IPOCTPAHCTBE TOYKA IIPU
CBOEM JIBM)KEHUU, HAa3bIBAIOT TPACKTOPHEN TOUKH. [10 BUly TpacKTOpUM NBHKEHUE
TOYKHU JEIUTCA HA NPAMOJIMHENHOE U KPUBOJIUHEHHOE.

Cnoco6wl 3a0anus 08UINCEHUA MOYKU

1. BextopHsblii cioco0
[Tonoxxenue Touku M B Mr000H MOMEHT BPEMEHHU OIpeeseTcs 3adaHueM

pauyc-BeKTOpa TOUKU I, HA4aJI0 KOTOPOTO MTOMEIIAeTCs B
M

HEKOTOPOM HEIOJBMKHOM LIEHTPE, a KOHEL] COBMEIIAETC
C IBWXKYIIEWCS TOYKOW. C TeUeHHEM BPEMEHH BEKTOp I 0

)

U3MEHSIETCS U TI0 MOJIYJIIO, ¥ TI0 HampaJieHuto (puc. 2.1)
r=r(. Puc. 2.1

2. KoopauHaTHblii criocod

IIpu paccMOTpeHMM [BWKEHHUS B IPSIMOYTOJBHOM JE€KapTOBOW CHUCTEME
KOOPJIMHAT YKa3aHHBIA CIIOCO0 3aKIHOYAETCS
B 3aJaHUHU KOOpJAWMHAT X ,Y, Z TOYKU Kak
U3BECTHOM (YHKIIMU BpeMeHH (puc. 2.2)

x=x (1), y=y (1), z=z(1).

CBs13b MCIKIY KOOpAHATHBIM u

BEKTOPHBIM CITOCOOAMH 3a7aHUs JIBHIKCHUS
OCYIIECTBIICTCS ypaBHEHUEM (CM. puc. 2.2)
r=xi+yj+zk.

Hamnpumep, paauyc-BeKTop 3a/1aH ypaBHEHUEM
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F=10ti + 3t? j +2sinptk
3TO O3HA4acCT, 4YTO TOYKA ABWIKCTCA OTHOCHUTCIIBHO KOOPIAMHATHBIX ocen
COIVIACHO YPaBHEHUAM
x = 10t,y = 3t?, z = 2sinpt.
I/I3 an/IMepa BUAHO, 4YTO €CJIM ABHMIXKCHHMC TOYKH 3aJaHO B KOOpI[HHaTHOﬁ
dbopme, TO nMpu HEOOXOAUMOCTH BCETrAa MOYKHO MEPEUTH K BEKTOPHOMY CIOCOOY

3aJaHus IBUKCHUA.

3. EcTecTBEHHBIN CIIOCOO

[Ipu ectectBeHHOM croco0e 3aJaHus ABUKCHHUS HM3BECTHA TPACKTOPHS
TOYKH, BBIOMpaETCs Hayajao
MOJIOKUTEIIBHOTO W OTPHIATEIIBHOTO
OTCUETa KPHUBOJUHEMHOM KOOPIUHATHI
1 33J]aeTCs 3aKOH JBMIKCHHUS TOYKHU IO
tpaekTopun S = S(t) (puc. 2.3).

Puc. 2.3

Onpeoenenue ckopocmu U YCKOpeHus MmoyKu
1. BekTopHBIil crnocod
V =dr/dt — BeKTOp CKOPOCTH TOUKH B JAHHKIIA
MOMEHT BPEMEHU;
W = d?r/dt? — BekTop yCKOpeHHsS TOYKH B
JAHHBII MOMEHT BPEMEHHU.
BekTop ckopocTr V HampaBlieH IO KacaTelbHOH K

TPACKTOPUU B JAHHOM TOYKE B CTOPOHY JBUKCHUSI.

Puc. 2.4

Bexkrtop yckopenus W HanpaBiieH B CTOPOHY BOTHYTOCTH
TpaekTopuu (puc 2.4).

2. KoopanHaTHBIH c1mocob
a)V= \/\/XZ +Vy2 +VZ2 — CKOPOCTb TOUYKH.

V= dx/dt, Vy=dy/dt, V,= dz/dt,

rae Vx,Vy,Vz — npoekuun cKopocTH Ha OCH KOOPJMHAT.

HampaBnenue BekTopa onpeaensieTcs Mo HarmpasisionM KOCUHYCaM

cosa = Vx/V ;cos B =Vy/V ; cosy =Vz/V,
rae o, B, Y — YIJbl, KOTOPBbIE COCTAaBISCT BEKTOP CKOPOCTH TOYKH C
MOJIOKUTENbHBIMU HarpaBieHussMu oceit Ox,Oy, Oz cOOTBETCTBEHHO.
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o) W= \/WXZ +Wy2 "‘sz — YCKOpPEHHE TOYKHU.

Wx=d?x/dt? ;Wy= d?y/dt?> ;Wz=d?z/dt?,
rae Wx; Wy; Wz — npoekunu yckOpeHHsI TOUKA Ha OCH KOOpJUHAT.

Hamnpasnenue onpeaenum no ¢hopmMyiam

cosoy= Wx/W; cos B1= Wy/W ; cosyi= Wz/W,
T1Ie 01 ,B1, Y1 — YIJIbI, KOTOPBIE COCTABIISIET BEKTOP YCKOPECHUS C TIOJIOKUTEITHHBIMHU
HarnpasyieHussMu oceir Ox,Oy, Oz COOTBETCTBEHHO.

3. EctectBennnlii  cmoco0
(puc. 2.5).

V=ds/dt — ckopocTh TOUKH;

W= W"+ W' — Bgekrop
YCKOPECHUS TOUKH;

W"=V?/p —  HOPMAIBHOE
YCKOpPEHUE TOUKHU;

C — UeHTp  KpPHBH3HBI
TPACKTOPHH;

p = MC — paaguyc KpUBH3HBI
TPACKTOPHH;

Wr=dV/dt —  kacarenpHOE

YCKOPEHHE TOYKHU;
W= \/an +WT2 — MOZYJIb YCKOPEHUS TOUKHU.

2. KuHemMaTHKa NMJIOCKOT0 IBUKEHHUSI TBEPAOT0 Teja

[Ipu n3ydenun 3TOrO pasaena Haa0 YMETh ONPEACIISITh JIMHENHYO CKOPOCTh
Y TIOJIHOE€ YCKOPEHHME TOYEK TBEPAOrO TENA, COBEPIIAIONIETO BPAILEHUE BOKPYT
HETMOJBMKHOW OCH (BpalllaTeIbHOE JIBUKEHUE), C TTOMOIIBIO YIJIOBBIX TapaMeTpoB
BpAILEHHUS TEJIA: YIJIIOBOM CKOPOCTH ( U YTIIOBOT'O YCKOPEHHS €.

VYriioBasi CKOpOCTh ® HM300pa)KaeTCsi KPYIJIOM CTPENIKOW BOKPYT OCH H
MOKa3bIBACT HANPABIICHUE BpalllcHUs Tena. [Ipu yCKOpeHHOM BpalieHuu Kpyriibie
CTPEJIKU YIJIOBOM CKOPOCTM (O M YIJOBOIO YCKOPEHHsS € COBHAJAIOT IO
HaMpaBJICHUIO, a MPU 3aMEIJIEHHOM — HAPaBJICHbI MPOTUBOIOJI0KHO.

TpaekTopuei ABMKEHHUS TOUKU SABJSICTCS OKPY)KHOCTh, paanyc KOTopoi (I)
paBEH KpaTyalllleMy PAaCCTOSIHHIO OT 3aJlaHHOM TOYKM J0 OCH BpallCHUs Teja
(manee paguyc BpalieHus).

Mopynb BEKTOpa JMHEHHON CKOPOCTH OmpeaeseTcs 1o hopmyie
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V=or.

Bektop V  HampasieH 10O  KacaTelbHOM K TpPAaeKTOPHH  WJIH
NEPIICHIUKYJIIPHO PaIUuyCy BpallleHHUs B HAIIPABJICHUU YTJIOBOW CKOPOCTH (O Tela.
[TomHOE yCKOpEeHHE TOYKU

W =W" W,

rie W" — HopManbHOe yCKOpeHHe TOUKH;

W' — kacaTenbHOE YCKOPEHUE TOUKH.
Moysib HOPMAJILHOTO YCKOPEHHS TOUKH

W" = r;
Bexktop W" HampaBieH oT 3amaHHOH TOYKH IO HOPMAlH K IIEHTPY
KPUBU3HBI TPACKTOPUH (B JAaHHOM cCllydyae IO paJuyCy BpaIlEHUs)) K OCH

BpalllCHUS.
Monynb KacaTeabHOr0 YCKOPEHHUS TOUKU

W'=¢r.
BekTop KacaTenbHOro yckopenus toukd W' HampasiieH TepHeHIuKYISpHO
BEKTOpY HOpManbHOro yckopeHuss W " B CTOpOHy KpYIJIOH CTpENKH YIJIOBOTO

YCKODEHHsI €, T. €. BEKTOp KacaTelbHOro yckopenus W' HampasieH Mo
KAacaTeIbHOM K TPACKTOPUU WIM MEPIEHANKYISIPHO PAaguyCy BpAILICHHS B Ty XKeE
CTOPOHY, YTO ¥ BEKTOP CKOPOCTH V TOYKM MpH YCKOPEHHOM BpAILIECHUHM, a IIPU
3aMEIJIEHHOM — B IIPOTUBOIIOJIOKHYIO.

Monynb MOJTHOTO YCKOPEHUS TOUKH

W =\/Wn2 +WT2 = r\/co4 +e2.

[InockomapanienbHbIM  JBMKEHHUEM  (IUJIOCKMM)  Ha3bIBA€TCsl  TaKoe
JIBU>KEHUE TBEPJIOTO TeEJA, IIPU KOTOPOM BCE €r0 TOUKHU JBUXKYTCS B IJIOCKOCTSIX,
MapaAJJICTbHBIX HEKOTOPOW HEMOABHXKHOM IMJIOCKOCTH, HA3bIBAEMOM IJIOCKOCTHIO
npuwxeHus. Ilpu TakoM JABMKEHUM BCE€ TOYKHM, JIEXKAIIUE HA JIMHUSAX,
MEPICHINKYJISIPHBIX K  INIOCKOCTSIM UX JIBUXKEHUS, I[EPEMEIIAOTCSI II0
OJIVMHAKOBBIM TPACKTOPUSIM U HUMEIOT OJUHAKOBBIE CKOPOCTH U YCKOpPEHUs, T. K.
9T JIMHUU TIPU JBIKCHUH Teja OCTAIOTCS MapaljIeIbHBIMIA CaMHM ceoe.

[TosToMy 3amaya W3y4YEHUs IUIOCKONAPAIUICIBHOTO JIBUKEHUS CBOJMUTCS K
U3YYCHUIO TIJIOCKOTO ceueHus (TJI0CKoM (urypsl), mapamuieTbHOTO HEKOTOPOi
HETOABHKHOM IIIIOCKOCTH.
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JIBM>KeHHE TUIOCKOW (PUTYpPHI B €€ IUIOCKOCTH B KaXKIblii MOMEHT BPEMEHU
MOXHO paccMaTpuBaTh COCTOSIIIUM U3 JBYX JBW)XKCHUH: ITOCTYHATEIbHOIO
JBUKEHUSI TUIOCKOM (QUIypbl BMECTE C MPOU3BOJIBHOM TOYKOH, MPUHATOM 3a
IIOJIFOC, ¥ BPAIlaTEIbHOTO BOKPYT IOJIIOCA.
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3. 3amaHue K caMoCTOSATeILHOM padoTe mo paznenay 3. ([unamuka).

3. Ci1o:xHO€ IBUKEeHHE TOUYKH

1. Ecniu nBH>KeHUE TOUKM HM3Y4YaeTCs MO OTHOIICHUIO K JBYM CHCTEMam
KOOPAMHAT, OJHAa U3 KOTOPBIX HEMOABUKHA, a JIpyras 1Mo OTHOIICHUIO K MEpPBOM
JBIDKETCS OMPEICICHHBIM 00pa30oM, TO TaKOE [BIKCHHE TOYKH Ha3bIBACTCS
CJIOKHBIM, UJIM COCTABHBIM.

ITycTh Touka M nBHXKETCS 1O HEKOTOpoM KpuBoH (puc. 2.14). Paccmorpum
€€ [BW)KXEHUE MO OTHOIICHUIO K JBYM CHCTEMAaM KOOPAWHAT, HEMOABUKHOMN
O1X1Y1Z1 ¥ IOABWXKHOU OXYZ, KOTOpasi IBUKETCS IO OTHOIIEHUIO K HETIOIBH>KHOM.

[Ipu CI0)KHOM JBIKEHWU TOYKH Pa3IAYalOT abCOIIOTHOE, OTHOCHUTEIHLHOE
Y TIEPEHOCHOE JBHKEHUE.

JIBr>keHre TOYKA A OTHOCUTENIBHO HEMOJBHKHON CHUCTEMBI Ha3bIBAETCS
a0COJIIOTHBIM JIBUKCHUEM.

JIBr>keHre TOYKM M OTHOCUTEIBHO IOABUYKHOM CHCTEMBI HAa3bIBACTCS
OTHOCHUTEJIbHBIM JIBUKEHUEM.

JIBm>keHne TOYKkM M BMeECTE€ C TMOJABHXKHOM CHCTEMOM OTHOCHUTEIBHO
HETOIBM)KHOM HA3bIBACTCS IEPECHOCHBIM JIBUKEHUEM.

Ha puc. 2.14 nokakxeM painyChl-BeKTOPBHI:

Po — Paaryc-BEKTOD, ONPEACIAIONIUM TON0XKEHUE Hayalla KoopauHat O
MOJABUYKHON CUCTEMBI 110 OTHOIICHUIO K HEMOJABUKHON CUCTEME,

I — paanyc-BEKTOpP, ONPEAEISIOMIMNMN MM0JIOKEHUE TOYKU M OTHOCUTEIBHO
MOABMKHOM CUCTEMBI,

P — paxnyc-BEKTOp, ONPENECIAIOMIMN MOJOKEHUE TOYKH M OTHOCUTEIBHO
HETOJBMKHOW CUCTEMBI KOOP/IUHAT.

B mporiecce ABMKEHUS TOYKH COXPAHSETCS CICIYIONIAs 3aBHCUMOCTH (CM.
puc. 2.14).

P =potF=po+xi+yj+zk. (2.1)

19



Zl‘

N\
!
M /
N\ /
\\/\/ /
1% [N // A
N /
£ \\ /
S N N
/
_ (@] it
P e
S A
/
/
/
7
O, +
-
X, i
Puc. 2.14

2. OnpenenieHue CKOPOCTH TIPU CIIOKHOM JIBUKECHUHN TOUKH
Onpenensas OTHOCHTENBHYIO CKOPOCTh V., MBICIEHHO OCTAHABJINBAEM

NEPEHOCHOE BMKeHHe. LIpu 3TOM BEKTOpBIpy, 1, ],K OymyT BenmuumHamu
noctossHHbIMU. Torna, auddepeHupys Mo BpeMeH! paBeHCcTBO (2.1), momydanm:

V.= — i+ j+22Kk. 2.2
T odt at (22)

[Ipy  ompeneneHUH  TIEPEHOCHONW  CKOpOCTH  V,  OCTaHaBIMBAETCS

OTHOCHUTENIBHOE IBWKEHHE. OTO O3HAYAET, YTO KOOPAWHATHI OTHOCHUTEIIBHOTO
MOJIOKEHUSI TOYKHU X, Y, Z — BeIWUYMHBI noctosiHHbie. [Ipoauddepenuupyem mno

BpPEMEHH paBeHCTBO (2.1),
\V2 dﬂ + d_l + ﬂ + dk

(2.3)

= X Z—.
© dt gt dt dt
Ecnu cuntath, 9TO TOYKA y9aCTBYET OJTHOBPEMEHHO B JIBYX JIBIKCHUSX, TO,
nuddepeHInpys Mo BpeMeHU paBeHCTBO (2.1), Haitnem:
— _dp i dj k - . —
Va—ﬂ+xd_l+y_1+zd—+%|+d—yj+d—zk. (2.4)
dt dt dt dt dt dt dt

ComocTasisist paBeHcTBa (2.2), (2.3) u (2.4), mony4daem:
V,=V,+ V. (25)
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PaBenctBO (2.5) Ha3zbiBaeTCs (HOPMYJION CIOKEHUS CKOPOCTEH MPH CIOKHOM
JIBUKCHUH TOYKH.

3. OnpenencHue yCKOPEHUS TIPU CIIOKHOM JIBH)KEHUH TOUKH
AOCONIOTHOE YCKOPEHUE TOYKH OMIPENeIIeTCs 1Mo hopmyIie
W, = W, + W, + W, (2.6)
rie W, — IepeHOCHOE YCKOPEHHE;
W, — OTHOCHTENIBHOE YCKOPEHHE;
W, — yckopenune Kopuosuca.

PaBenctBo (2.6) BeIpaxkaer Teopemy Kopwuonuca. BbiBoj 3TON TeopeMbl
MO>KHO HaWTH B y4eOHHKAX MO0 TEOPETUUECKON MEXaHUKE.

Bekrop yckopennsa Kopuomnuca onpenensercs mo gopmyie

W, = 2(, %V, ), (2.7)

IZIe Mg — BEKTOP NEPEHOCHOM YIIIOBOM CKOPOCTH TOYKH;

V, — BEKTOp OTHOCHTEJHLHON CKOPOCTH TOYKH.
Monayns yckopenusa Kopuonuca onpenensiercs ypaBHEHUEM
Wi = 2w, V, sin(@, "V, ). (2.8)
Hanpasnenne Bektopa W, MOXKHO ONPENETUTH IO IPABHIY BEKTOPHOIO
npousBeneHuss win no npaswiry H. E. JXykoBckoro, cormacHO KOTOpoMy

OTHOCHUTCIIbHYIO CKOpPOCTHb Vr Hag10 CIIPOCKTUPOBATDH Ha IIJIIOCKOCTBD,

NEPHEHANKYIIIPHYIO K OCHU MEPEHOCHOTO BPAIICHUSI, U TIOBEPHYTH ATy MPOEKIINIO B
CTOpOHY TepeHocHoro BpamieHus Ha 90° (puc. 2.15). B ciydae nmoctymnaTenbHOro

neperocHoro asmwkenns W, = 0, Tak kak ®, = 0. Toraa dopmyina (2.6) 3anuuiercs

W, = W, + W,. 2.9)

Puc. 2.15
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1. IMHAMUKA

JluHaMMKa — pasfen TEOPEeTHYECKOW MEXaHUKH, B KOTOPOM H3y4aeTcs
JBUKEHUE MATEPUATIBHBIX TOYEK M T€J B 3aBUCHMOCTH OT JACHCTBYIOIIMX HAa HHUX
CWJI U UX UHEPLIMOHHOCTH.

OCHOBHBIE 3aKOHBI TUHAMUKHA

1. 3akoH HHEpUUH

Ecnu Ha MarepuanbHyl0 TOYKY HE JEMCTBYIOT HHMKAaKHE CHJIbI, TO OHA
HaXOJUTCS B IIOKOE WM COBEpLIAECT MPSAMOIMHENHOE PABHOMEPHOE IBHKEHHUE.

2. 3aKOH IPONOPLUOHATILHOCTH CUJIBI U YCKOPEHHUS (OCHOBHOM 3aKOH)

Y cKopeHre MaTepualbHON TOYKH IPONOPLUOHAIBHO NPUIIOKEHHON K HEU
CWJIE U UMEET OJIMHAKOBOE C HEW HaIIpaBJICHUE

mwW =F .
Ecmu Ha TOuKy JeiiCTBYET HECKOJIBKO CHJI, TO OCHOBHOM 3aKOH MPUMET BH/T
mwW = Z Fi .

3. 3aKOH paBEHCTBA ICHCTBUS U MPOTHUBOACHCTBUS

JIBe TOUKM WIH JIBa Tejaa JEHCTBYIOT IPYT Ha JApyra ¢ CHJIAMH, PaBHBIMHU 110
BEJIMYMHE M HANPABJICHHBIMH BJOJb OJHOW MPSAMONM B MPOTUBOMNOJIOKHBIE
CTOPOHBI.

4. 3aKOH HE3aBUCUMOCTH JEUCTBUS CUI

HeckosbKO OJHOBPEMEHHO ACHCTBYIOIIMX HA MaT€pUalIbHYIO TOUKY CHII
COOOIIIAI0T TOUKE TaKOE YCKOPEHUE, Kakoe cooOImia Obl el 0JJHa CHJia, paBHasl UX
r€OMETPUYECKON CYMME.

Cucremsl oTcyeTa, B KOTOPBIX BBINOJHSIOTCS INEPBbII U BTOPOM 3aKOHBI,
Ha3bIBAIOTCS HMHEPHUAJBHBIMM, B IPOTHBHOM ClIy4a€ MX Ha3bIBAIOT
HEeMHePUHAJIbHBIMU.

Tpertwnii 3aKOH TUHAMUKY BBITIOJIHICTCS TIPA PACCMOTPCHUM ABHKCHUS TS B
JIFOOBIX CUCTEMAX OTCUETA.

2. O0uue TeopeMbl JUHAMHKH
Teopema 0 0surxcenuu yeHmMpPa MAcc MeXAHUYECKOU CUCHEMDbL

[Ton MexaHu4ecKoil CHCTEMOM TOHUMAETCSI COBOKYITHOCTh MATEPHAIBHBIX
TOYEK, MOJOKEHUE U JBUKEHHE KOTOPBIX B3aMMOCBs3aHbl. Hanpumep, nBumxeHue
KOJICHYaTOI0 BaJla JABUTATENSl BHYTPEHHErO CTOPAHUS 3aBUCUT OT JBHKEHHUS €T0
NOpIIHEH; ABM)KEHUE IUJIAHET COJIHEYHOM CHUCTEMBI OOYCJIOBJIEHO CHJIAMH HX

B3aUMHOTO IIPHUTAXKCHUA U T. 1.

22



HpI/I HU3Y4YCHUN JBHKXCHHUA MCEXAHHMYCCKHUX CHCTEM CHJIBI Pa3JaCiIdroT Ha

Buemnne F© u BHyTpenHue =

BHemrHMMH HA3bIBAlOTCS CUIIBIL, C KOTOPBIMU JIEUCTBYIOT HAa TOYKH U Tena
paccMaTpuBaeMOW CUCTEMBI TOUKU U Tejla, HE BXOIAIIME B COCTAB ATOM CUCTEMBI.
BHyTpeHHMMH Ha3bIBAIOTCS CWIBI, C KOTOPBIMU TOYKHU M T€Jla PAaCCMATPUBAEMOU
CUCTEMBI JIEUCTBYIOT APYT Ha Apyra.

[TonoxeHue neHTpa Macc cucteMsl, TOUkd C, Onpenesnsercs paBeHCTBOM
2 MiF; | (3.4)

M

rac mi — Macca OTHCHLHOﬁ TOYKH CUCTCMBEI,

I} — paauycC-BEKTOD, ONPENEIAIOIINI ITOJI0KEHUE OTOW TOYKU CHUCTEMBI;
I — paguyc-BEKTOD, ONPEAEIIAIOIIUI MOJT0KEHUE LIEHTPA MACC CUCTEMBI,
M =>"m; —Macca CHCTEMBL.

J1u1st - TOYKH 3aruIIeM OCHOBHOM 3aKOH THMHAMUKHU
e, El d 2ITi e, i
miWi = Fi + Fi 501071 m; 5 = Fi + Fi , (35)
dt

re HIKHUK uHaeke 1= 1, 2,...n;

—e .
Fi — PaBHOACUCTBYIOIIAA ITPHUJIIOKCHHBIX K TOYKC BHCIIHUX CHUJI;

[ .
Fi' — paBHOAEHCTBYIOMIAs MPUIIOKEHHBIX K TOUKE BHYTPCHHUX CHIL

Cymmupys ypaBHeHus (3.5), HOTy4nM:

d%F = i
2m, —dtzl =Y R+ R (3.6)
[IponuddepenmpyemM aBaxabl 0 BpeMeHU ypaBHeHue (3.4).
2. 2.
M d ;C szi—d 2.
dt dt

_| o
Torna, y4uThiBas TIONYYEHHOE BbIpakeHue U To, uTo Y F; =0(cBoiicTBO

BHYTPEHHHX CUJI), ypaBHeHUe (3.6) 3anurmiercs:

2.
M ddtgc - Fe=R".
o -
3Has, 4To dt—2 =W, , nosyuaem:
MW, = > FE. (3.7)
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VYpaBuenue (3.7) BbIpakaeT TeEOpEMy O JBHXKEHUM IIEHTpa Macce
MEXaHUYECKON CUCTEMBI.

Llenmp macc mexanuueckou cucmemvbl OBUNCEMC KAK MAmepuanlbHas
MOYKA MACCOU, PABHOU Macce 8cell cucmemvl, o0 Oelicmeuem MmoJbKo 8HEUHUX
Cul.

[Ipoextupys (3.8) Ha ocu KoopAWHAT TMOJAy4YuM JuddepeHIanIbHbIe

YPaBHEHMS ABVKECHHUS LIEHTPA Mace

Mg = 2. Fix ;
My =2, Fi§ ; (3.8)
Mz, => Fy .

CrnencTBHS U3 TCOPEMBI:

1) ecn Y F°=0, 10 W, =0 u V, = const;

2) ecim > Fig =0, % =0 u X, =const u ecux, =0, To X, =dx/dt = 0,
OTKyJa X, =Cconst.

CJ'IGIICTBI/I}I N3 TCOPCMbI O MABHMIKCHHHM ICHTPA MACC BbIPpAXKAIOT 34dKOH

COXpaHCHHA ABHIKCHUA OCHTPA MAaCC CUCTCMEI.

3. llpunuun JanamoOepa

Jlns paccMoTpeHust ABWKEHHS cucTeM JlamaMOep MpeajioKul CrielualbHbIN
MIPUHIINIL, TOJYYUBIINN Ha3BaHUEe npuHiuna Jlamamoepa.

[Tpunun damambepa /uisi MaTepuaibHON TOUKH DKBUBAJICHTEH OCHOBHOMY
3aKOHY JWHAMUKHU. YPaBHEHUE [BHXKEHUS MaTEPUAIBHOM TOYKHM Macco m
OTHOCHUTEIIbHO HMHEPIUAIIBHOW CHCTEMBI OTCUETAa IOJI ACHCTBUEM MPUIIOKECHHBIX
AKTHUBHBIX CUJI M PEAKLIUN CBA3E€U UMEET BU/I

mW =F +R, (3.40)
roe F — PaBHOAECHCTBYIOIIAS! AKTUBHBIX CHUJI;
R - PaBHOAECHCTBYIOIIAS PEAKIIUN CBA3EH;
W — YCKOPEHUE TOYKU OTHOCUTEJIBHO MHEPLUHUAIBHOM CUCTEMBI OTCYETA.

[Ipeacrasum (3.40) B BuAC F+R-mW =0, BBemeM o0Go3HAUCHHE

—HWH — o
F =-mW - cwia uaepuny MaTepraibHON TOYKH, TOTIA MTOJTYIUM

j— oy —UH
F+R+F  =0. (3.41)
Takum 00pa3oM, npu 08UICEHUU MAMEPUATbHOU MOYKU AKMUBHbIE CUJTIbL,
peaxyuu ceszell emecme C CUNOU UHepYUUu MOUYKU 00pa3yiom YpasHOBEULEHH)IO

cucmemy cul.
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VYpasuenue (3.41) Beipakaet npunuui lamamobepa A1 TOUKH.

PaccmoTrpuM cuctemy N marepuanbHbIX TOYeK. K KakIoOM TOYKE CHUCTEMBI
IIPUJIOKEHBI PABHOJACHMCTBYIOIIAS AKTMBHBIX CWJI W PaBHOJCHCTBYIOLIAs PEAKLUAN
cBszeil. [Ipumenss npunumn JlanamOepa K KaX10i TOUYKE CUCTEMBI, MTOJTY4HM:

Fi +Ri+Fi =0, (3.42)
rI€ HIOKHAR nHaeke 1 =12,....N;
Fi = —miV_Vi — CHJIa MHEePIIUH i -i TOUKH.
Ycnosue (3.42) MOXKHO IPECTABUThH B 9KBUBAJICHTHOH (opme
GRLEM 0i=12,n, (3.43)
N BeKTOpHBIX yciaoBui (3.42) umu (3.43) Bepaxkator mpuHiun JamamOepa s
CUCTEMBIL: NpU OBUNCEHUU MEXAHUYECKOU CUCMmeMbl AKMUeHvle CUIbl U Peaxyusl
ceszell gmecme ¢ CUNAMU UHEPYUU COCABTISIION YPAGHOBCULEHHYTO CUCTEeM) CUIL.
Ha ocnoBanuu npunnumna Jlanmamoepa manst cuctemsl B dopme (3.43) MOKHO
MIOJTyYHTh IIECTh YPABHEHHUIA PABHOBECHS [T CHJI, ICHCTBYIONUX HA TOYKH CUCTEMEI,
BKJTIOYAsl CHJIbl HHEPIIMH, UMEIOIIIME MPOCTPAHCTBEHHOE PACTIOIOKEHHE.

Ecnu nmpocymmupoBath JieBble 4acTu ypaBHeHUM (3.42) mo BceM TouKam
CHUCTEMBI, TO

- - — UH
2Fi+>Ri+> Fi =0, (3.44)
rae ZEi — IJIaBHBIN BEKTOP aKTUBHBIX CHII,
Zﬁi — IJIaBHBIN BEKTOP PEAKIMIA CBA3EH;

— .
> Fi  — riaBHBIH BEKTOp CHJI HHEPLIHH.

YMHOXasi BEKTOPHO KaXKJ0e W3 cooTHomeHui (3.42) cneBa Ha paamyc-
BEKTOp TOYKH [; U CyMMHpPYs IO TOUKAM CHCTEMBI, TIOIy4aeM:

3077+ X (i) X o 1) -0 @49

YenoBuss (3.44) u (3.45), ecaum BBIpa3uTh HMX dYepe3 MPOCKIMU Ha
KOOPJIMHATHBIE OCH, AT IIECTh YCIOBHA PaBHOBECHS, aHAJIOTHYHBIX YCIOBHUSIM
PaBHOBECHSI CHJI, IPWJIOKCHHBIX K TBEPAOMY TEITy, B CTATHKE.
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3,Z[CCB Z MO ( Fi ) — CyMMa MOMCHTOB aKTHBHBIX CHJI OTHOCHUTCIbHO TOYKHU

O. (r1aBHBI MOMEHT aKTUBHBIX CHII);

ZMO(Ri) — CyMMa MOMEHTOB pE€akIui CBSi3e€M OTHOCHUTENIBHO TOUYKH O

(TT1aBHBIM MOMEHT PEaKIIUM CBS3CH);

- —HH
ZMO Fi | — cyMMa MOMEHTOB CHJI MHEPLHMH OTHOCUTEIBHO TOYKH O

(TT1aBHBIM MOMEHT CHJI HHEPITUH ).
Ilpusedenue cun unepyuu meepooco meia
B oOmem ciydae ABMKEHHS TBEPAOTO Tella CHJIBI MHEPIIMH TOYEK ero
00pa3yloT POU3BOJIBHYIO MMPOCTPAHCTBEHHYIO CHCTEMY CHJI MHEPIIUH, KOTOPYIO B
pe3ynbTate MpHUBEACHHS K HEKoTOopoMmy IieHTpy O MOXHO 3aMEHHTHh OJHOU

o / o o
CHJIOHN RI/IH’ Ha3bIBACMOU TJIaBHBIM BCKTOPOM CHUJI MHCPUUH, IIPUIOKCHHOMU B

neatpe O u mapoit cum ¢ MoMmeHToM ~ Mg", KOTOpHI ABNfETCA IJIABHBIM
MOMEHTOM CHJI UHEPIIHUH.

['1aBHBIN BEKTOp CUJI MHEPIIMU HE 3aBUCUT OT IIEHTpPA MPUBEICHUS U IS
J1000T0 JBUKEHUSI TBEPJIOTO TEla PaBEH MO MOJYJIIO MPOU3BECHUIO MACCHI Tella
Ha YCKOPEHHE €ro IIEHTpa MacC U HalpaBJ€H  MPOTUBOIOIOKHO 3TOMY
YCKOPEHUIO

R' =MW,
riae M — macca Tena,
W, — BEKTOp yCKOPEHHMS IIEHTpa Macc.
Jlyist onpe/ieieHus TIaBHOIO MOMEHTA CUJI MHEPLUH PACCMOTPUM HECKOJIBKO

YaCTHBIX CJIY4acCB ABHIKCHUA TBCPAOI'O TCIIA.

1) [locTynarenbHOE ABUKEHUE
Ecnu TBEepmoe Teno ABMKETCS IOCTYIIATEIBHO, TO YCKOPEHHs €r0 TOYEK
reoMeTpudeckd paBHbl. CHIBI MHEPUMHM 3THX TOYEK COCTABISIIOT CHUCTEMY
MapajuIeNIbHBIX CHJI, PABHBIX M0 BEJIUYUHE, HAPABIEHHBIX B OJHY CTOPOHY. Takas
CUCTEMA CWJI NMPUBOAUTCSA K PaBHOAECHCTBYIOIIECH Ry, KOTOpasi T€OMETPUYECKH
paBHA IIIaBHOMY BEKTOPY CWJI HHEPLIMU
ﬁHH ZﬁlnH :—MWC,

PaBHoneiicTByomas RuygnpunoxeHa

RHH C W HCHTPY Macc u HarpasjeHa B
< @ > ¢ IPOTHUBOMOJIOXHYIO CTOPOHY BEKTOpa
77777777777 yekopenust W . (puc. 3.6).
Puc. 3.6
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2) Bpaimenue Tena, MMEIOMIETO TUIOCKOCTh MaTepPHAIBLHOW CHUMMETPHH,
BOKPYT HETMOABIKHOW OCH, IEPIICHIUKYIISIPHOH K 3TOM TuIocKoCTH (puc. 3.7 a).

Ecimu ock BpamieHuss HE TPOXOAHWT Yepe3 IICHTP MacC, TO BCIEICTBUE
CUMMETpPHUU TPUBEJCHHBIC CHUJIBI — TJIABHBIA BEKTOpP CHJI MHEPIUHU U Tapa CHII C
MOMEHTOM, PAaBHBIM IITaBHOMY MOMEHTY CHJI HHEPITUH, OyIyT JIE)KATh B MJIOCKOCTH
CUMMETPHH.

Ecimu BpIOpaTh 3a HEHTp mpuBeneHUs TOYKY (O TJIOCKOCTH CHUMMETPHH,
JISKAITYI0 Ha OCH BPAIIEHUS, TO TJIABHBIA BEKTOP CHJI MHEPIMU OYJET MPUIIOKEH K
ATOM TOYKE W HaIpPaBJICH MPOTHBOIIOJIOXKHO YCKOPEHHUIO IIEHTpa Macc Tena (puc.
3.7 0), KOTOpBIH omNpeeaeTcs 0 U3BECTHOM dhopmyIie

R, =—MW..
MOI[YJ'IB IIaBHOI'O BEKTOPA ONpPCACIIACTCS 3aBUCUMOCTBIO
R, =MW, .

\
8)

N\

(;

((\ \‘

a) 0)
Puc. 3.7
['1aBHBI MOMEHT CHJI MHEPLHUH ONPENETUM OTHOCUTEIBHO OCH Z
UH _
M," =-J,¢,
rae J, — MOMEHT HHEPLUH Tela OTHOCUTEIBHO OCH BPAIlICHUS;
€ — yIJIOBOE YCKOPEHHME Tea.
['naBHBI MOMeHT cun uHepuumu M,"™ HanpaBneH HPOTHBONOIOMKHO
YTJIOBOMY YCKOPEHHIO.

Ecmu ock BpamieHus mpoxour yepes neHtp mace, o R, =0, T. k. W, =0
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3) [lnockomapaiienbHOE IBHKCHUE TBEPIOTO Tejla, UMEIOIIETO TIOCKOCTh
MaTepuaibHOU cuMmeTpuu (puc. 3.8).

BribepeM 3a IEHTp TpUBEIEHUS CHWJI HHEPIUH IeHTp Macc. Torma

BCJICAICTBUE CUMMETPHUH TOJYyYUM PaCOJIOKCHHBIC B

IUIOCKOCTH CHUMMETPUH  TJABHBIM BEKTOp  CHII

WHEPIUH, PUJIOKEHHBIN B IIEHTPE Macc, U Mapy CHII

C MOMEHTOM, paBHBIM TJABHOMY MOMEHTY CHII

vHepuny. [ TaBHBIM BEKTOpP CHJI MHEPLUU HAWIEM I10
\) €  y)Ke U3BECTHOU popmyrie
Ry =—MWc,.
Puc. 3.8 .
['TaBHBIE MOMEHT CHJI WHEPLMH OIPEACITUM
OTHOCHUTEJNIBHO OCH, NPOXOJAIIEM Yepe3 LEHTP MAacC MEPIEHAMKYISIPHO K

IJIOCKOCTH JIBHIKEHUS TeNa, 110 hopmyIe:
UH _
M." =-J_g,
rae J, — MOMEHT MHEPLUHM TeJla OTHOCHTENBHO HA3BaHHOM OCH.

['1aBHBI MOMEHT CWJI MHEPLUU HAIPABJIEH B CTOPOHY, IPOTHUBOIOJIOKHYIO
YIJI0BOMY YCKOPEHHIO.

4. AHaJIuTHYecKasi MeXaHHKa

B ananmutuueckoM MEXaHUKE HN3y4aCTCiA PAaBHOBCCHUC MW  ABHIKCHHUC

MEXaHUYECKUX CUCTEM.
1. Knaccudukanus casazei

PaccMOTpeHHBIE HUKE METOJBI PEIICHUs 33/1a4 MEXaHWKH NPUMEHHUMBI HE
IpU JIFOOBIX CBA3SX, HAJIOKEHHBIX Ha cucteMy. HekoTopelie cBeieHUs O CBA3SIX MbI
y>Ke UMeeM (U3 CTaTUKH), HO UX HEJOCTATOYHO.

Paccmotpum  Bompoc 0 CBA3SIX, 00 HX KIacCU(PHUKAUMKU HECKOJIBKO
noapoOHee.

CBsA35IMH Ha3bIBAIOTCS JIIOOOr0 BHJIA OTPAHUYEHUS, KOTOPbHIE HaJlararoTcs
Ha TMOJIOKEHUE U CKOPOCTHM TOUYEK MEXAaHUYECKOM CHUCTEMbI M BBINOJHSIOTCS
HE3aBUCUMO OT TOr0, KAKHE CHJIbI HA CUCTEMY JACHCTBYIOT.

OTU OrpaHWyeHus: MOTYT OBbITh 3alHMCaHbl AHATUTHYECKH C MOMOUIbIO

ypaBHEHUU cCBsA3el. Hampumep, ecim M3BECTHO, YTO MPHU JBUKEHUH TOYKHU

2 2 2
BBIMOJIHSACTCS YCIIOBUE X~ + Y~ 4+ Z° =25, To 3TO 03HAYaeT, YTO TOYKA JBUIKETCS
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no cdepuueckord MOBEpPXHOCTH pamuycoM R =5. B oOmem ciydae ypaBHEHHE
CBSI3U MOXET OBITh IMPEJICTABICHO B BUC (DYHKITUH
f(x,y,2,%x,y,2,t)=0. (3.46)

I[To Buny ypaBueHwus (3.46) cBsi3u KiacCUPUIUPYIOTCS:
1) Ha cTanOHApHBIC U HECTAIlHOHAPHBIE.

CrauMoHapHBIMH CBSI3IMHM HA3bIBAIOTCS TAKHE CBSI3H, YPAaBHEHUS KOTOPBIX
HE COJIEpKaT BPEMEHU B IBHOM BHJIE.

HecrannonapHsle — CBSI3M, YPaBHEHHSI KOTOPBIX COJEPXKAT BPEMs B SIBHOM
BUJIE.

B npuBegeHHOM BbIIIE IPUMEPE CBSI3b CTallMOHApHAsA. J{s Tena, jaexaliero
Ha MOJY ABMXKYIIErocs Ju@Ta, Mo SBJISIETCS HECTALIMOHAPHOH CBS3bIO.

2) Ha ronoHoMHBIE (T€OMETPUUYECKHUE) U HETOJIOHOMHBIE (KUHEMAaTHYECKUE).

['0JIOHOMHBIMH CBSI3SIMHM HA3BIBAKOTCS TaKHE CBA3H, YPAaBHCHHA KOTOPBIX
3aIlIMCaHbl B BHJAC, HC COJACPIKAIICM IIPOM3BOJHBLIX OT KOOpAWMHAT IO BPCMCHHU.

Takue cBsI3u HaJIararoT OTpaHUYCHUA TOJIBKO Ha KOOPAWMHATBI TOYCK CHCTCMBI

f(x,y,z,t)=0.
HerononomMuele — Takue CBA3H, KOTOPBLIC HAKJIAAbIBAIOT OI'PaHHYCHHC Ha
CKOPOCTH ICPEMCIICHUSA TOUYCK CHUCTCMBI. ypaBHeHI/ISI HETOJIOHOMHEIX CBSI3EH

HCUHTCTPHUPYCMbI U HA3bIBAOTCA HCTOJIOHOMHBIMU, UJIW HCUHTCIPUPYCMBIMU.

[Tpumep. Iy Koneca, KaTImerocs Mo NOBEPXHOCTH 0€3 MpOCKaIb3bIBaHUS,
BBITIOJTHSICTCS YCIIOBUE, 3aaHHO0E B Ta0. 3.2 (1. 3).

Ve=0-CC,=0w-Rum X, =¢-R.
OTO ypaBHEHHUE COJEPKUT CKOPOCTH, HO €r0 MOXHO IPOUHTErPUPOBATH U
MMOJYYUTDh YPAaBHCHHUC, COACPIKAIICC TOJIbKO KOOPAUHATEI B BUJIC
Xe=¢-R
WJIN YpaBHEHHE
XX+ yy+122=0.
DTO ypaBHEHHE MOYHO 3aIIMCaTh CIEAYIOIUM 00pa3oM:
xdx + ydy + zdz =0

H ITOCJIC UHTCIPUPOBAHUA UMCEM
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NG y2 +2°=C.
OTH IpUMEpPHI WIUTFOCTPUPYIOT TOJJOHOMHBIE CBS3H.
Crenyroouuyii npuMep ypaBHEHUSI CBSI3U
X2 + y2 +2°=C.
910 YPAaBHCHHUC O3HA4YACT, YTO TOYKA ABUIKCTCA C MMOCTOSIHHOM CKOpPOCTHBIO,

CTO NPOUHTCIPHUPOBATH HCIIL34, II0O3TOMY pacCMaTpruBacMas CBA3b HCI'OJIOHOMHAsI.

3) Ha ynepxwuBatomue  (IBYCTOPOHHME) M HEYJAEPKUBAIOIINE

(OJTHOCTOpPOHHHE).

VY nepxuBaronme — CBA3M4, MPENIATCTBYIONIME MEPEMEIICHUIO Tela (TOYEK) B
JIBYX IPOTUBOIIOJIOKECHHBIX HAIIPABJICHUIX. YPABHEHUS YICPKUBAIOLIMX CBA3CU

3aIIMChIBAIOTCA B BUAC PABCHCTB.

Heynepxuparonue — cBsi3u, NPENSITCTBYIONINE MEPEMEIICHUIO Tea (TOUYEK)
B HEKOTOPOM  HalpaBJICHUU U  JIONYCKAIOIIME  MEepeMelleHue B
MIPOTHUBOIIOJIOKEHHOM  HANpPABJIICHUH. Y PaBHEHUS HEYACPKUBAIOIMINX CBS3EH

3aIIMCBIBAIOTCS B BUJIE HEPABEHCTB.
. yv2 2 2
[Mpumep: X+ y“ + 27 <25 — TOYKa MOXKET JABUTAThCS BHYTPH cephl.

4) Ha uneanbHbie U HeuaeadbHble (Tabdm. 3.2, 3.3).

NneanbHbIMM HA3BIBAIOTCSI CBSI3M, €CJIM CymMMa palOOT peakiuil CBsi3eil Ha

J1000M BO3MOXXHOM MEPEMENIEHUU CUCTEMBI PaBHA HYIIIO.

VY ci1oBUS UIealIbHOCTH CBSI3EH 3aIMChIBAIOTCA TaK.
Z R;0Sj cosa; =0,

rae Ri — Moxynib peakiuu COOTBETCTBYIOMICH CBSI3H;
3Si — BOBMOYKHOE TMEPEMEIIICHHUE;

Qi — yroad MCXAy HalIpaBJICHHEM PCAKIIMM CBA3HM W  BO3MOKHBIM

MEPEMELICHUEM TOYKH NIPUIIOKEHUS PEAKIIUU.
[ToHsiTHE BOBMOXKHBIX TIEPEMENICHHUMN OyAET TaHO HIKE.

Taomuna 3.2

[Ipumepsl nacanbHbIX CBA3EH
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1. UneanbHO riaakas
MOBEPXHOCTh

SAN)=0 (o =90°)

2. [lunuHApUYEeCKUI
mrapHup 0e3 TpeHus

SA(Xg) =5A(Yp) =0,

T. K. TOYKa
TIPHIIOKCHUS CHIT —
touka O — He
epeMeIIaeTcs

3. Koxeco xaturcs T _ _
N AP SA(N) =A(F,,) =0
663 88 ( ) ( Tp) ’
IIPOCKaJIb3bIBAHM 110 £ (C T. K. CUJIbI IPUJIOKEHBI
TBEPIOH 7; K MTHOBEHHOMY
HIOBEPXHOCTH C LIEHTPY CKOPOCTEMN
Vv
Ta6muma 3.3
[IprmMepbl HenIeanbHBIX CBA3EH
1. Teno NA
nepeMeIaeTcs mo 1S
HETJIAIKOU E, - SA( lpr) = —FTPSS #(
MOBEPXHOCTH .
%
2. Koneco katurcs 8¢

0e3
IPOCKaJIb3bIBAHUS
HE I10 TBEPAOUN
TMOBEPXHOCTHU

SA(N) =—Nf, 5 =0

Ntak, Kaxa0il CBSI3M MOYKHO J1aTh YETHIPE XAPAKTEPUCTUKH, OTHOCS €€ K

TOJIOHOMHOU  WJIH

HET0JIOHOMHOI,

CTallMOHAPHOU

50)0%1

YAEPKUBAIOIIEN WIIH HEYIEPKUBAKOLIEH, UACATBHOW I HEUIACAIBHOM.

2. Bo3MokHbIE NTepeMeIeHUs

HECTAllMOHAPHOM,
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[ToHsiTHE BO3MOXKHBIX NMEPEMEIICHUI JTYUIll€ BCETO MPOMJITIOCTPUPOBATH HA
MPUMEPE CTAUMOHAPHOM TOJOHOMHOW CBSI3M, KOTOpas HaJNO0XEHAa Ha OJHY
MaTE€pUAIBHYIO TOUKY.

[Iycte MarTepuanibHasi TOYKa JIEKUT Ha IMOBEPXHOCTU. Takas CBA3b
MO3BOJISIET TOYKE NEpeMeNIaTbCcsi BIOJb 3TOM MOBepXxHOCTU. JlroOoe u3 3THx
OECKOHEUHO MaJibIX MEPEMENICHUIN HA3bIBAETCS BO3MOKHBIM NIEPEMEILICHUEM.

Bo3MokHBIM TepeMenieHMeM CHCTeMbI Ha3bIBacTCs J000e OECKOHEYHO
Majoe e€ epeMelleHrue, KoTopoe IOMyCKaeT CBsI3U, HaJlOKEHHbIE Ha CUCTEMY, 0e3
VX HApYUICHHS WJIU Pa3pyLICHUSA.

[Tpumepsl

Puc. 3.9 Puc. 3.10

BBumy Mamoctd BO3MOXHBIE MEPEMENICHUS TOYEK OTCUUTHIBAIOTCS HE IO
JyT€ TPACKTOPHUH, a MO OTPE3KY MPSAMOI, HAITPABICHHOW 0 KACATENbHON K HEW U3
JAHHOTO TTOJIOKEHHS, TaK JK€ KaK M BEKTOP CKOpPOCTH (IepeMerieHrue TOUKu A4 6Sy
Ha puc. 3.9, 3.10).

JItoboit  cucTtemMe  MOXHO  COOOMIMTH  OECKOHEYHOE  MHOXECTBO
nepemMeniennii. OgHako Jyis 1000 U3 HUX MOXKHO yKa3aTh HEKOTOPOE KOHEYHOE
YHUCJIO HE3aBUCHUMBIX MEXIY €000 BO3MOXKHBIX MEpPEMEIICHUN, C TMOMOIIbIO
KOTOPBIX MOJTY4YalOTCsl BCE APYTHE BO3ZMOXKHBIC TTEPEMEIIICHHUS.

[Ipumep. [ns Toukm, nexamed Ha IUJIOCKOCTH, JI000€ BO3MOMXKHOE
nepeMeIieHIe MOXKHO TIOJyduTh uepe3 dX u dy.

Hucmo HE3aBUCUMBIX BO3MOYKHBIX MEPEMEIICHUA MEXAHUYECKON CUCTEMBI C
TOJIOHOMHBIMH CBSI3SIMU PaBHO YMCIy CTENEHEeW cBOOOMbI 3TOM cucteMbl. Ha puc.

3.10 mokazaHbl pa3HbIE BO3MOXHBIE MepemMelnieHus 0@, 0S4 , 0Sp, HO OHU
B3aMMO3aBUCHUMBI, T. K. CHCTEMa UMEET TOJBKO OJIHY CTENIEHb CBOOO/IBI.

3. DnemeHTapHas paboTa CHUJIbl Ha BO3MOXXHOM MEPEeMEIICHNUN

Pa6ota cri Ha BO3MOKHOM NEPEMEILIEHUH OIPENEseTCs] TOUYHO TaK jKe, Kak
U paboTa cui Ha ACHCTBUTENBHOM IMepemelrieHuu. OTIUYaoTCsl OHU TOJBKO
o0o3HaYeHuEeM. DJjieMeHTapHasi paboTa CUJIbI Ha JICMCTBUTEIBHOM IEpPEMEIICHUU
obo3nayaercs cumBojioM OA, a sjeMeHTapHas paboTa CHJIBI Ha BO3MOXKHOM
nepemenieHnu —OA.
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6A1 = Fi 68| - COSqQj,

e 8S; — BO3MOXKHOE MepEMEIEHUE TOUKU IPUIOKEHHS CUIbl F; ;

OLj — YTOJI MEXy HallpaBJICHUEM CUIIbI F; U mepemerenueM oS; .

[IpyHIMO BO3MOXKHBIX IepeMemieHnii. IlycTp MexaHuueckas cucrema
HaxoauTcs B paBHoBecuH. Cuibl, ACHCTBYIOIIME Ha KaXAyld €€ TOUKY,
YPaBHOBEIIMBAIOTCS

F +R; =0,
rae F — paBHOJEHCTBYIOMIAS aKTHBHBIX CUJI; R; — paBHOAEHCTBYIOIIAs PEAKIMIA
cBszei. JlaquMm cucrteme 1r000€ BO3MOYKHOE NEPEMEIEHUE U BBIYMCIUM paboTy
BCEX CHJI Ha 3TOM IEPEMEIIECHNN. TaK Kak CHJIbl, IPWIOKEHHBIE K KAKI0M TOUYKE,

YPaBHOBEIIUBAIOTCA, TO CyMMa pabOT 3TUX CHJI Ha mnepememeHuu JOS; Oyaer

paBHA HYJIIO, YUUTBIBas, uTO K =—R;, nomyuum:
Zn: Fi0S; cosaj — Zn: R;8S; cosa; =0.
Ecnu cBs3u Iiz[eanbﬂme, TO BTlopa;I CyMMa BCETla paBHA HYIIIO
Zn:RiSSi cosa; =0. (3.47)
1

VYpapaenune padoT (3.47) HaA3BIBAIOT OOIIMM YPAaBHCHHEM CTATHKH, OHO
BBIPQKACT MPUHITUT BO3MOKHBIX TIEPEMEIICHHMN.

Ilpu  paemogecuu  mexanuyeckou  cucmemvl ¢  UOEATbHbIMU U
CMAYUOHAPHBIMU CEAZAMU CYMMA pabom 6cex aKMueHvlX (3a0a8aemvlx) CUl Ha
JII0OOM 803MONCHOM NEpeMeujeHUU CUCTeMbl PAGHA HYJIO.

4. Obmiee ypaBHECHUE JUHAMUKH

[To mpunmuny Jlamambepa MEXaHMUYECKYIO CHCTEMY, IBIDKYIIYIOCS IO
JIEUCTBUEM CHJI, MO’KHO pacCMaTpHUBaTh KaK HETOJBMKHYIO, €CJTU KO BCEM TOYKaM
CUCTEMBbI TIPWJIOXKHTh WX CHJIBI WHEPIUMU. 3aTeM MOXXHO BOCIIOIb30BaTHCS
MPUHITUTIOM BO3MOXKHBIX TIEPEMEIIIEHUN.

B ypaBuenue pabot (3.46) noGaBurcs eire cymma padoT CHIJI HHEPIIUU TOUYEK
Ha WX BO3MOJXKHBIX IepeMenieHusx. [Ipu 3Tom moayanm

n n
D FdS;cosa; + Y R3S, cosp; =0, (3.48)
1 1

rzie Bi — yron Mex iy HanmpasieHHeM cuiibl Fi' 1 nepemerneHuem 3S;.

VYpaBuenue (3.48) Ha3bIBAIOT OOIIKMM YPAaBHEHUEM IMHAMUKH.

O6o3naunB Y F3S;cosa,; =Y 84;, > F,™8S;cosP; =D 84;", momyumm
I I

ypaBHenue (3.48) B Buje:
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> 84, +>.84M™ =0, (3.49)
1 1

Teopema 00 U3MEHEHUU KUHEMUYECKOU JHepcuu MEXAHUUECKOU CUCMEeMDbl

Kunetnueckas 9HCPIrus MEXaHMYECKOM CHUCTEMBI OMpCACIIICTCA KaK CyMMa
KHHCTHYCCKUX 3Hepmﬁ BCCX BXOAIIUX B 9Ty CUCTCMY MATCPUAJIBHBIX TOYUCK

T=YT=% mi;’iz. (3.22)

Kunetnueckas SHCPIrusia TBEPAOIo TCJia

DopMyIibl, OMPEACIISIONINEe KUHETUYECKYIO0 HEPTHIO Tejla MPHU Pa3InyHbIX
BUJIaX JIBYDKCHHUSI.
1) [MoctynarenabHOE TBUKCHUE
T=1mv2, (3.23)
2
rae M — macca tena; V —CKopocTh Tena.
2) BpareHue TBepA0Oro Teja BOKPYT HEMOIBUKHON OCH
T =132m2, (3.24)
2
rae J; — MOMEHT WHEPIIUU TeJIa OTHOCUTENBHO OCH BPAILICHUS;
® — YIJIOBAsi CKOPOCTh TeJa.
3) ITnockonapamuieTbHOE JBHKCHHE
T-mv2+li0? (3.25)
2 2
rae Ve — CKOpoCTh EHTPA Macc TeNa;
Jc — MOMEHT MHEpPIIMU OTHOCUTEJIBHO OCH, MPOXOJAIENd 4epe3 IEHTP Macc
NEPHEHANKYIISIPHO TIOCKOCTH JABUKCHHUSI.
B ob0mem cnyyae ABWKEHHS TBEPAOrO Tela KHUHETHUECKas OSHEprus
omnpenensieTcs no Gopmyne

1 1
T="MVZ+_J,0° (3.26)
2 ¢ 2P
rie Ve — CKOpOCTh ero IeHTpa Macc;
M — macca Tena;
J, — MOMEHT MHEPUHMHU Tela OTHOCUTEJHHO MIHOBEHHOW OCH, HPOXOJSIICH

4yepes IEHTP Macc;
® — yIJI0Basi CKOPOCTh BPAIIEHUS TeJla OTHOCUTEILHO MTHOBCHHOH OCH.
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Kunemuuecxas suepeusi 6 obwem cayuae 08udiCeHuss meepoo2o meia paeha
CyMMe KUHemuyeckou JSHepeuu NOCMYNnamenbHO20 OBUNCEHUs. CO CKOPOCHbIO
YeHmpa Mmacc U KUHEeMU4ecKoU IdHepeUuu BpaujamenbHo20 OBUNCEHUSL BOKDY2
M2HOBEHHOU ocu, npoxodaweti yepes yeump macc (teopema C. Kenura).

BriBon TeopeMbl 00 M3MEHEHMM KHHETHYECKOW HSHEPTUM MEXAHUYECKOU
CUCTEMBI MPOBOJST, UCIONb3Ys] YPABHEHHE 3TOM TEOPEMBI IJisi TOYKH, T. K. OHA
CIpaBeAJIMBa JJIsl JTFOOOM M3 TOYEK CUCTEMBI. Tormaa Juisl KaXaoW TOYKU CHCTEMBI

Maccoi M;, ABMKYILEHCS CO CKOPOCTBIO Vi, MOXKHO 3aIIMCaTh!

V2 |
d m';/' — dA® + dA .

HNHTerpupys 3T0 paBEHCTBO, MOJIYYaeM:

mVi®  mVe; _AC 4 A (3.27)
2 2 ’
rI€ HIKHAR uHIeke i =1,2...,Nn;
mVei .
— L _ xuHeTHYeCcKas SHEPIHsl TOYKHM B HAYAILHOM ITOJIOKCHHH CHCTEMBI;
m;V;*

— KMHCTHYCCKAasd SHCPIrusd TOYKH B KOHCHYHOM I10JIOKCHHUU CUCTCMBI,

e .
A — anreOpamndeckasi cyMMa paOOT BHEUIHHX CHWJI, JCHCTBYIOIIUX HA TOYKY

Ha 3aIJaHHOM IICPEMCIICHNH,

Al — anreGpamueckas cymMMa paGoT BHYTPEHHHMX CHI Ha TOM iKe

HIepeMEeICHU Y.

[TpocymMmMupyem JieBbIC U MpaBbie YacTH ypaBHeHHIH (3.27)

V.2 V.2 |
Em';/' —Zm';/o' =S A+ A (3.28)

2
Y MiVoi _
rac T— To — KHHCETHYCCKasd 3HeprI/IH CUCTESMBI B HAYAJIbHOM HOJ]O)KGHI/II/I;

2
3 MV

= T — KuHeTu4JecKas OHCPIrrus CUCTEMbI B KOHCYHOM ITOJIOKCHUU.

Torna paBercTso (3.28) OyaeT UMeTh BUJ

T-To=Y A+ A. (3.29)
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H3menenue Kunemuueckou SHepeuu MexaHudeckou cucmemsl Ha HeKOmopom
nepemeujenuy pagHo cymme padom HeWHUX U 6HYMPEHHUX CUTL, OeUCBYIOUUX HA
MamepuanvHvle MOYKU CUCTNEMbL HA 3MOM nepemeujeHul.

i o
Ecmm ) A'=0, 1o Takas cucreMa HasbiBaeTcs HemsMeHsemoil. Torna

ypaBHeHHeE (3.25) npuMeT BUJ
T-Ti=2A.
PaboTa cun

1) PaboTa moCTOSSHHOM CHJIBI
A=F -S =FScosa, (3.30)
rie F — nocrosinuas cuna;
S — BeKTOp MepeMelIeH s TOUKH MPHI0KEH S CHITBI;
oL=COonst — yron Mexy BekTopamu F u S .

Padora cmabl ecTh  anreOpaumveckas

BEJIMYMHA, PaBHAS IPOU3BEICHUIO MOIY/S CHJIBI E

Ha MEPEMEIICHNUEC TOYKH MPUIOKCHHS CHIIBI U Ha _

KOCHHYC yI7la MeXay BekTopamu F u S (puc > S

3.3) S S S
o/ Puc. 3.3

2) Ecnm cuna mnepeMeHHas, TO CHaydaja
OIpeesieTcs JIeMEeHTapHas padboTa
dA= FdS = FdScosa, (3.31)
a 3aTeM paboTa CHJIbl Ha KOHEUHOM TepeMEIIeHUN onpeensercs no Gopmye

A= jdA:jlfd§ :deScosa.
S S

! (3.32)

3) DnemenTapHas paboTa CHIBl uepe3 Mpoekiuu BekTopoB F u dS Ha
KOOPJIMHATHBIE OCH MOKET OBITh 3allMCaHa B BUJIC

dA=Fdx + Fydy + F,dz, (3.33)

rae Fy, Fy, F, —npoexuuu Bektopa cunbl F Ha KOOpAMHATHBIE OCH;

dx, dy, dz —npoexmuu BekTopa dS Ha Te e OCH.

[Tpu onpenencHUU paOOTHI CHIIBI HA KOHEYHOM IIEPEMEIICHHH C TTOMOIIIBIO
dbopmyast (3.33) momyuum
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M,

A= [ (Fedx+ Fydy+Fydz) . (3.34)
Ml
4) PaboTa cuiibl, IPUIIOKEHHOM K BPaAIAIOIIEMYCsl TEY:
¢
A= j M, (F)de. (3.35)
0
Ecnn MZ(IE) =const, To A=M,(F)p, rne M, — MOMEHT CHIBI

OTHOCHUTCJIBHO OCH; (¢ — YI'OJ IOBOpPOTa TEJa. Pa6ota ITOJIOKUTCIIbHAsA, CCJIIM

HaIIpaBJICHUC MOMCHTA COBIIAAACT C HAIIPABJICHHUCM YIJIOBOT'O IICPEMCIICHUA TCJIA,
H OTpuLaTcCjibHad B IIPOTUBHOM CJIiy4dac.

‘4 5) PabGora  cuibl  TSXKECTH
M, (puc. 3.4)
hv N [Ipu nepememenun TOYku M Ha
} ]3 g Heé JeficTByeT cuiIa TSKeCTH P .
Boruucnum  paGoty 9TOM  Cuibl  Ha
Zl Y P nepememennu MM, no popmyine (3.3)
0 ‘ L y M2
e — A= Mjlpxdx +P,dy+P,dz.  (3.36)
””” i %
¥ m IIpoekuuu cunsl P Ha ocu
X koopaunar oynyt Px=0, P,=0, Py=—-P,
Puc. 3.4

Tornaa ypasHenue (3.3) npuMeT BUA

22
A=—[Pdz=P(z; -2,); 21 -2, =h; A, =Ph, (3.37)
Al
rae h — BepTHKaJIbHOE MePEMEIICHNE TOYKH IIPHIIOKEHUS CHITBI.

PaGoTta cunbl TsKeCTH HE 3aBUCUT OT BHJIa TPACKTOPUH, IO KOTOPOM
MepeMENIAeTCsl TOUKA, a 3aBUCUT JIMIIb OT BBICOTHI, HA KOTOPYIO OITYCKAETCS WJIH
MOJHUMAETCS TOUKAa MPUIIOKEHHUSI CUIIBI TsKecTh. PaboTa mosioKuTenbHasl, eciv
KOHEUHOE TOJIOKEHHE TOYKHM HIKE HAuallbHOro, U paboTa OTpHUllaTeIbHasl, €Clu
KOHEYHOE IT0JI0KEHNE TOUKH BBIIIE HAYAJIBLHOTO.

6) PaGoTta cuibl ynpyrocTtu

? Ha puc. 3.5 nokazaH B mpoOMeKyTOUYHOM
F )

? ¥ | MOJIOKEHUH TPY3, MPUKPEIJICHHBIN K MPYXUHE.
VY X

/ > Hayano ocu X COBMEHIEHO C TOJIOKEHUEM

O &
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CTaTUYCCKOI'0 pPaBHOBCCH:A, IMOITOMY B IPOMCKYTOYHOM IIOJIOKCHHH IIPY>KHHA

pacrsHyTa Ha BenmuuHy A = X. Torna Fy,, = cx, rae C — KECTKOCTb MPYKUHbI, X —

ee nedopmarus.

[Ipoexun F

np Ha OCH PaBHBL: Fynpx = — €X; Fynpy = Fynp, =0

[ToactaBuB 3T 3HaueHuss B Gopmyny (3.34), momydum:
Ao brde = €[22 __C(a2 42
=—c [ xdx == by =i Jumn A== (X =11 , (3.38)

rie M =X, Ap=Xo — JedopMmanus NPy HHbl B HAYAIbHOM U KOHEYHOM

MOJIOXKEHHSIX TeJla (CHCTEMBI).

Ecnu B HavyasibHOM MOJIOKEHUU JAepopMalids MPYKUHBI paBHA HYJIO, T. €.
A1 =0, T0 popmyna (3.36) npuHUMAET BU]

A=-22 =52 (3.39)
2 2

B oOmem ciyudae pabora ynpyroi CHJIbI MOXET OBITh MOJOXHUTEIBHOU U
oTpuuarenabHoil. Pabora mnonoxurenvHas, ecau aedopmanus MIPY>KUHBI
YMEHBIIIAETCS TPU TEPEMEIEHUN Tejla, W OTpUllaTeNibHas, eclu jaepopMaius
MPY>KUHBI YBEITUUNBACTCA.

7) Ins TBepAoro Teiaa cymMMa pabOT BHYTPEHHHMX CHJI PaBHA HYIIO MPH

mo6oM ero mepemernennn Y Al =0.

JIns pellieHus: ONpENeIeHHOTO pojia 3a/lady Hajo 3HaTh MOMEHTBI MHEPIUU
TBEpJOro Teiaa. MOMEHTHl MHEPIMH HEKOTOPhIX OJHOPOAHBIX TBEPABIX TEI

npuBeAeHsbI B Ta0. 3.1.

Ta6muma 3.1
No
/ Tena Cxema Tena MomeHT naepun
n/m
2
. AZ  AZy Ml
Tonkuii J, =——

1 .. < 12
MPSMOJIMHEHHBIN RN W
CTEPIKEHD ST 0

; 3
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Koinb1o, monsIi - -
2 @ J. =Mr?
HAJIAH]IP L

AY
2
3ma, M
o Cz 4
3 | Touku# quckK X )
Mr
J, :T

AZ

4 | Humuaap

Ecnu 3aman paguyc UWHEpIUMM TBEPJAOTO Tela, TO MOMEHT HHEPIUU

OTHOCHUTEJIBHO OCH, TIPOXOJSINEH Yepe3 LEHTP Macc, omnpeaersieTcs mo Gopmyse

Jo = Mpz, rae M — macca Tena, p — paJnyc UHEPLHUH.
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