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TI>I>K 22.21 1I 7 
~. 

PAEOqAR npOrpAMMA 

T338 

YAK 531 (075) 

TeOpeTH'IeCK8H MeXIHHK8: Y'le6HO-MeTO.l\H'leCKOe rrocofiae .l\J111 crynenroa 3aO'lHOrO 
(j>aKyJlhTeTa / COCT. O.r. KOBaJIeBCKalI, H.H. KOKylllHH, IO.H. Jlasapea, 3.B. Aaapoaa, AA 
THXOHOB; Cn6rTYPIl. CIl6., 2007.-118 c. 

Ilpencraaneau npnaepsr pemenas 38.l\a'l no TeOpeTH'leCKOH MexaHHKe no pasnenaa: 
" CTaTHK8,. KHHeMaTlfK8, ,l\HHlIMHKa. Ilepen KalK.l\bIM paJ.l\eJIOM xypca rrpasezreuareoperavecxas 

sacn, H .l\aRhI OCHOBHhIe lj>opMyJIbI .lIJlllpacsera. 
Hacrosmce Y'!e6Ho-MeTO,l\H'leCKOe nocofiae npennanraseno .l\J111 CnellHaJIbHOCTeH 

240406,280201,150405,220301. 

Peneaaearsi .xaun.rexa.aayx, rrpodeccop, nexan lj>aKyJlhTeTa MAIl rOYBIlO 
CI16rTYPIl A.A.fay3e; 

1I011eHT fiITY «BOEHMEX» KaH.l\.4>H3.-MaT.HayK H.H.):{MHTpHCB. 

PeKOMeH.l\OBaRO K H311aHHlO Pe.l\aKllHOHHO-H311aTeJIbCKHM COBeTOM yHHBepCHTeTa B 
xasecrse Y'!c6Ho-MeTO.l\H'lecKoro nocofias. 

©fOYBnO Caaxr-Ilerepfiyprcxaa 
rocynapcracnuaa TeXHOJIOrH'leCKHH 'ynasepcarer 
pacrnrensnux nOJlHMepOB, 2007 

-( 

MeXaHMlJeCKOe ,llBM>KeHMe KaK onna M3 !J>OpM ,llBM>KeHMjI MaTepMM. Flpezeaer 

MeXaHMKM. Teoperasecxas MexaHMKa H ee MeCTO cpena eCTeCTBeHHbIX M TeXHMlJe

~ 
CKMX aayx, Mexanaxa KaK reopenrsecxas 6a3a psna 06JIaCTeH cOBpeMeHHoH rex

HMKM. 06beKTMBHbIH xapaxrep 3aKOHOB MexaHMKM. OCHOBHble MCTOpHlJeCKMe ara-

IIbf pa3BMTlfli MexaHMKM. 

CTATUKA TBEP,lJ,OrO TEJlA 

OCHOBHble nOHHTHH H aKCHOMbl CTaTHKH. Ilpenaer CTan-II01. OCHoBHble 

nOHlITMlI cTaTMKM, a6COJIIOTHO rsepnoe reno, CMJIa, 3KBMBaJIeHTHbIe CMCTeMbI CMII, 

paBHO,lleHcTBYIOI.I.\alI, ypaauosenreaaaa CMCTeMa CMJI, CMJIbI BHellIHMe M BHYTpeH

HMe. AKCMOMbI CTaTMKM. CB1I3M M peaKUMM CB1I3ei:i. OcHOBHbIe BM,llbI CBlIJeH: rJIa,I\

Kall nJIOCKOCTb, nosepxuocrs M onopa, rn6Kali HMTb, UMJIMH,llpMlJeCKMH inapaap 

(nO,llllIMIIHMK), c!J>epMlJeCKHH urapaap (nonnaranx), HeBecoMbIH crepxens; peax

UHM 3TMX CBlIJeH. 

CHCTeMa CXO~HI1)HXCH CHJl. Feoverpa-recxaa M aHaJIHTH'leCKMH cnocofisr 

CJIO>KeHMlI CHJI. CXO.llllIUHeClI CMJIbi. PaBHO,lleHcTBYIOIUalI CXO,llllIUMXCli CHII. leo

MeTpMlJeCKOe yCJIOBMe paanosecaa CHCTeMbI CXO,llllIUHXClI CMJI. AHaJIMTM'IeCKHe 

yCJIOBMlI paBHoBeCHli npocTpaHcTseHHoH M nJIOCKOH CHCTeM CXO.llllIUMXCli CMII. 

Teopeva 0 pasaosecaa rpex nenapannensnsrx .CMJI. 

Teopas nap CHJl. MOMeHT CMJIbI OTHOCMTeJIbHO TOlJKM (uearpa) KaK BeK

TOp. napa CMJI. MOMeHT rrapsr CMJI KaK BeKTOp. Teopeva 0 cyseae MOMeUTOB CMJf, 

o6pa3ylOIUMX napy, OTHOCMTeJIbHO JII06oro ueirrpa. Teopevsr 06 3KBMBaJIeHTHD

CTH nap. CJIO>KeHHe nap, npOH3BOJIbHO pacnOJIO>KeHHbIX B npocrpancrse. Ycno-

BHlI paauoaecas CMCTeMbI nap. 

Jlpaaeaenae npoH3BOJlbHOH CHCTeMbl CHJI K ~aHHOMY ueurpy. Teopeua 

o napaJIJIeJIbHOM nepenoce CHJIbi. OCHOBHali reopeaa CTaTMKM 0 nprrseneaua CMC

TeMbI ClfJI K naaaosry uearpy. InaBHblH sexrop M rJIaBHbIH MOMeHT CMCTeMbI CHJI 
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CHCTeMa CHJI, npoH1BOJILHO paCnOJlO'KeHHblX aa nJlOCKOCTH (nJIOCKaH 

A -re6paHtIeCKlUI BeJ\HtIHHa MoMeHTa CRJlhI. BhltIHCJleHHe rnasaoro 
)CHCTeMa CHJI • J"l,J1 

BeJC1'OPll H rnasaoro MOMeHTa nJlOCKOH CHCTeMhl CHJI. lJacTHble cnysaa rrpasene

JI)IfI IUIOCKOH CHCTeMhI CM: npHBe,neHHe Knape CHJI, K pllBHO.lleHCTBYJOIIjeH. If
 

-,CJ1PI' pIJIIIOBeCRJI. AHanHTlflleCKHe ycnosas paBHOBeCHJI nnOCKOH C~HCTeMhl CHJI.
 

.~ ~HJI: a) paBeHCTBO uymo cyMM npoexuaa CHJI H3 zrae
 

~ • C)'IOAI ax MOMeHTOB OTHOCHTeJIhHO m06oro uesrpa; 6) pa..)} ..• ' " 
""- . • .. 1 lOB CHJI Ol1IOCllTeJlbHO .D.Byx ueHTPoB H CyMMhl HX 

.~,)~ HYJIIO C)'MM MOMeHTOB CHJI OTHOCHTeJlbHO 

~:Y~~u JIJJOClCoA CHCTeMbI naparrnensnsrx CHn. Teo

M",. IIIJ.fI Jl88IIO.AOIerBylOIQeA. 
:;.:t'fif~~T''''---. - . 

'. '."';; . '. "'~~........- H pacnpe,lleneHHble cansr, Camr, pasnovepno pac

,f.tl~ 'd.~.""""-

~...e no orpeasy npllMoA, H HX pllBHO.L\eiicTBYJOLUaJI. PeaK~HlI JKeCTKOH
 

3a.L\eJlKH. PaBHOBeCHe CHCTeMbi Ten. CTaTHqeCKH onpenemorsre H CTaTH'leCKH He


orrpenenaessie CHCTeMbl. PaBHOBeCHe npa HaJJHqHH CHJI TpeHHlI. K03q>q>HllHeHT
 

TpeHHlI. Ilpenensnaa CHJla TpeHHH. Yron H KOHyC TpeHHlI.
 

CHCTeMa CHJI, npOHlBOJlbHO paCnOJlO'KeHHblX B npocrpancrae (npOCT


paHCTBeHHaH CHCTeMa CHJI). MOMeHT CHJIbl OTHOCHTeJlbHO OCH, ero BbJqHCJleHHe.
 

3aBHCHMOCTb MeJK.llY MOMeHTaMH CHJ1bl OTHOCHTeJlbHO uearpa H OTHOCHTeJlbHO
 

OCH, npOXO.L\lIIIjeH qepC3 :nOT UeHTp. AHaJJHTH'leCKHe q>OpMyJlbl .L\JIli BbJqHCJleHHlI
 

MOMeHTOB cansr OTHOCHTeJlbHO rpex Koop,UHHaTHblX oceii. Bsrsacneaae rnasuoro
 

sexropa H rJlaBHOrO MOMeHTa npOCTpaHCTBeHHOH CHCTeMbl CHJI. Hacrnue crrysaa
 

rrpaseztenas rrpOCTpaHCTBeHHOH CHCTeMbl CHJI: npusenenae Knape CHJI, K paBHO


lleHCTBYJOIIjeH, K ,UHHaMHqeCKoMy BHHry H CJlYl1aH paBHOBeCHH. AHaJlHTHlfeCKHe
 

YCJlOBHlI paBHOBeCHJI npOH3BOJlbHOH npOCTpaHCTBeHHDH CHCTeMbl CHJI. YCJlOBHH
 

paBHOBeCHH npOCTpaHCTBeHHOH CHCTeMbl napannensasrx CHJI. Teopeua BapHHbO


na 0 MOMCHTC paBHO.L\eikTBYIOLUCH OTHOCHTCJlbHO OCH.
 

Ilenrp napannem.usrx CHJI H ueurp THjKeCTH. l..{CHTp napannensasrx i 
CHJI. <I>OpMyJlbl ,!\JIll onpC.L\CJleHHlI KOOp.llHHaT uenrpa rrapannensnux CHJI. l..{CHTp
 

TlIJKeCTH rsepnoro rena; q>OpMyJlbl ,UJllI onpenenenas em xoopnaaar. Koopmma
~~ 
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TI,l nenrpos TlIJKCCTH O.L\HOP0.L\HbIX TeJI (UCHTpbl THJKeCTH 06bCMa, nnouiana H JIH

HHH). Crrocotiu onpenenenas nOJlOJKeHHH ueHTpOB THJKeCTH ren, Ilearpu TlIJKeCTH 

nyra OKpyJKHOCTH, rpeyronsnaxa H xpyrosoro cexropa. 

KHHEMATHKA 

Bseneuae B KHHeMaTHKy. npe.L\MCT KHHCMaTHKH. TIpOCTpaHCTBO H BpeMli 

B KJlaCCHl1eCKOH MexamlKC. OrHOCHTCJlbHOCTb MeXaHH'leCKoro ,UBHJKeHHlI. CHCTe-

Ma OTCl1eTa. 3anal1H KHHeMaTHKH. 

KHHeMaTHKa TO"KH. BCKTOPHblH cnocof 3a,UaHHlI ,UBHJKCHHlI TOl1KH. Tpa

CKTOpHlI TO'1KH. CKOpOCTb TO'lKH KaK npoH3BO.L\HaJI ee panayca-sexropa no spe

MeHH. YCKopeHHe TOl1KH KaK npOH3BO.L\HaJI ee BeKTOpa panna CKOpOCTH no speae-

HH. 

KOOPllHHaTHblH cnocof 3anaHHlI ,UBHJKeHHR TOl1KH (B npswoyronsnsrx nexapro

BblX xoopznrnarax). Orrpenenenae TpaeKTOpHH TO'lKH. Onpenenenae CKOpOCTH H 

ycxopeaas TOl1KH no HX npoeKUHHM aa KOOp.L\HHaTHhle OCH. 

ECTeCTBeHHblH cnoco6 lallaHHH IlBHjKeHHH TO"KH. ECTCCTBeHHblH rpex

rpaHHHK. AJIre6paH'leCKlUI BCJlHl1HHa CKOpOCTH TO'lKH. Orrpenenenne yCKopeHHR 

TO'lKH no ero npoexnnaa ira OCH eCTeCTBeHHoro rpexrpanaaxa; xacarerrsuoe H 

HOpMaJlbHOe ycxopeaaa TOl1KH. PaBHDMepHoe H paaaonepevennoe KpHBOJlHHeil 

Hoe .L\BHJKeHHH TO'lKH; 3aKOHbl 3THX .L\BHJKCHHH. 

KHHeMaTHKa 'raepnoro TeJIa 

nOCTYnaTeJlbHOe IlBHjKeHHe. Flocrynarensnoe ,UBHJKeHHe TBep.L\OrO rena, 

Teopesra 0 rpaexropaax, CKOpOCTliX H yCKopeHHlIX TOl1eK rsepzroro rena npn no

cryrtarensnov ,UBHJKCHHH. 

Bpamenae TBeplloro TeJla soxpyr HenOIlBHjKHOH OCH [apaura'renunoe 

IlBHjKeHHe) YpaBHeHHC (HJlH 3aKOH) spamarensaoro .llBHJKeHHlI rsepnoro rena, 
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I ' 

YmOBaR CKOpOCTh H yrnosoe ycxopeaae rsepztoro rena, 3aKOHhI paBHOMepHOrO H 

paBHOnepeMeHHOrO spauieaaa. CKOpOCTh H ycxopeaae TOqKH rsepnoro rena, 

BpaIl(lUOIl(erOCR sospyr HerrO,llBH)KHOH OCH. BeKTOphI yrJlOBOM CKOpOCTH H yrno

soro yCKopeHHR rena, Bupaxeane CKOpOCTH TOqKH spauraronreroca rena H ee xa

CaTeJIhHOrO H HOpMaJIhHOro yCKopeHHH B BH,lle BeKTOpHhIX npOH3Be,lleHHH. 

l1JJoCKOnapllJIJleJJbHoe (nnoexoe) llBHiKeHHe TBepllom 'rena, TInocKoe 

ABHlKeHHe rsepaoro rena H llBHlKeHHe nJJOCKOH qmryphl B ee nJlOCKOCTH. Ypasue

Hid )lBtOlC~HKlI nJlOCKOH qlHryPhl. Pa3nOiKeHHe llBH)KeHHR 11Jl0CKOH qIHryPbI aa 

noc:TYlla~J1htioe BMeCTe C nomocox H apamarensaoe nospyr nomoca, He3aBHcH

~ yrJlollOA ceopocra H yrnosoro yCKopeHHR clJHryphI OT BhI60pa nomoca, 

CKCJPOCTII .mo6oA TO'IKH MOCKOH clJHryphi KaK reOMeTPHqeCKOH 

II n.tnWlIORIOC8 H CKOpocm 3TOM TOqICH npa spameaaa clJHryphi soxpyr 

_ ':'I'eDpeMa 0npoelQUdX CKOpocTeMJUlYX TOqeK clJHryphi (TeJIa). MrnOBeH
,t;".~~ 

,;- .... amrrp caopocreA. Onpenenenae CKOpocTeH TO'IeK nJlOCKOH clJHryphl C nOMO

- '1IlIoIO MntOBeHHOro QeHTp8 CKOpocTeH. Onpezieneaae yCKOpeHHR mo60H TOqKH 

nnOCKOM 4>Hryphl KaK reOMeTpHqeCKOH CYMMhI yCKopeHHR nomoca H yCKopeHHR 

3TOH TOqKH npa BpaIl\eHHH clJHryphI soxpyr rromoca. TIoHRTHe 0 MrHOBeHHOM 

uearpe yCKopeHHH. 

)l.BHiKeHHe 'rsepnoro 'rena soxpyr HenollBHiKHOH TO'lKH (c4>epH'IeCKOe 

IlBHiKeHHe). Yrnsr 3HJIepa. YpaBHeHHR ,llBHiKeHHR raepzioro TeJIa soxpyr aenon

BHiKHOH TOqKH. Mmoseaaas OCh spauteaas rena, Bexropa yrnosoii CKOpOCTH H 

yrnoaoro ycxopeaas rena. Onpenenenae CKopOCTeH H yCKOpeHHH TOqeK rsepnoro 

TeJIa,HMeIOIUero ozmy HerrO,llBHiKHYIO TOqKy. 

06UlHH cJly'laH llBHiKeuHH CBOOOllHoro TBeplloro 'rena, YpaBHeHHlI ,!.lBH

iKeHHlI CB060,llHOro rsepnoro TeJIa. Pa3JJOiKeHHe aroro ,llBHiKeHHlI na nocryna

TeJIhHOe ,llBHiKeHHe BMecre C nOJIIOCOM H ,llBHiKeHHe soxpyr nOJIIOca. Orrpeziene

HHe CKopOCTeH H yCKopeHHHTOqeKCBo60,llHOro rsepnoro rena. 

CJlOiKHOe llBHiKeHHe TO'lKH H 'rnepaeru 'rena (COCT8BHoe llBHiKeHHe). 

A6conIOTHoe H OTHOCHTeJIhHOe ,llBHiKeHHR TO'lKH; rrepenocnoe ,llBHiKeHHe. (}rHO

CHTeJIhHaR, nepenocnas H a6conIOTHaR CKOPOCTH H oraocarensaoe, nepeaocnoe H 

6 

a6COJllOTHOe ycxopeaas TOqKH. Teopeva 0 CJlO)KeHHH CKopoCTeH. Teopeaa Ko

pHOJlHCa 0 CnO)KCHHH yCKopeHHH. Monym, H aanpaaneane KOpHOJlHCa ycxope

HHlI. CJlyqaH nocrynarensnoro nepenocnoro ,llBH)KeHHR. 

CnO)KHOe ,llBH)KeHHe rsepnoro rena, CJlO)KeHHe nocrynarensnsrx ,llBH)Ke

HHH. CJlO)KeHHe MrHOBCHHhle BpaIl\eHHH raepnoro rena aoxpyr rtepecexaroutaxcs 

H napannensnsrx ocea. TIapa MrHOBeHHhIX BpaIl\eHHH. KHHeMaTHqeCKHH BHHT. 

MrHOBeHHaR BHHTOBaR OCh. 

)lIfHAMHKA 

Baeaenae B llHHaMHKY. Ilpereser ,llHHaMHKH. OCHOBHhle nOHRTHli H onpe

zreneaaa: Macca, MarepHaJIhHaR TOqKa, CHJla. CHnhI, 3aBHClIIl\He OT BpeMeHH, OT 

nOJlO)KeHHR TOqKH H OT ee CKOpOCTH. 3aKOHhI MexaHHKH I'ananes - HhIOTOHa. 

Hnepnaanssas CHCTeMa orcxera. 3a,llaqH ,llHHaMHKH. 

)l.HHaMHKa TOqKH 

Pemeuae nepsoa H BTOpoii Ja1l8'1 llHHaMHKH. ,L{HclJclJepeHUHaflhHhle ypas

HeHHR ,llBH)KeHHR CB060,llHOH H HeCB060,llHOH MaTepHaJJhHOH TOqKH B ziexaprossrx 

xoopzauarax. ECTeCTBeHHhle ypaBHeHHR .nBH)KeHHlI TOqKH (ypaaaeaaa B npoex

l\HlIX na OCH eCTeCTBeHHororpexrpannaxa). 

,L{Be OCHOBHhle 3a,llaqH ,llHHaMHKH ,llJllI MaTepHaJJhHOH TOqKH. Peurenne nep

BOH 3311aqH ,llHHaMHKH. 

Peruenae BTOpOH 3311aqH ,llHHaMHKH. Haxansnsre YCJlOBillI. TIOCTolIHHhIe HH

rerpapoeaaas H HX onpenenenae no HaqaJJhHhIM YCJlOBHRM. TIpHMephI HHTerpH

P0BaHHlI ,llHclJclJepeHUHaJJhHhlX ypaBHeHHH ,llBH)KeHHR TOqKH B cnysasx CHnhJ, sa

BHClIIl\eH OTBpeMeHH, OTnOnO)KeHHR (KOOp./lHHaT) TO'lKH HOT ee CKOpOCTH. 

HeCBOOO./lHOe H OTHOCHTeJlbHOe ./lBHiKeHHH TO'lKH. HeCB060,llHOe ,llBH

)KeHHe MaTepHaJIhHOH TOqKH. ,L{HclJclJepeHl\HaJJhHhle ypasnemra ,llBH)KeHHlI TO'lKH 
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no 3a,uaHHOH rJla~KOH HerrO,llBHJKHOH KpHBOH. Onpenenenae JaKOHa ,llBHJKeHHH H 

peaKI.\HH CBH3H. 

OTHOCHTeJlLHOe ilBH'KeHHe MaTepHaJlLHOH TOIfKH . .n.HljJljJepeHl-lHaJJbHble 

ypaBHeHHH OTHOCHTeJlbHoro ,llBHJKeHlIH MaTepHaJJbHOH TOlJKH; nepeHOCHM H Ko

PHOJlHCHM CHJla HHepUHH. ITpHHUHn OTHOCHTeJlbHOCTH KJlaCCHlJeCKOH MexaHHKH. 

CJIYlJaH OTHOCHTCJIbHoro nOKOH. 

npHMOJlHHeiiHLle KOJle6aHHH TOIfKH. CB060,llHble KOJIe6aHHH MaTepH

<lJlbliOH TOlJKH non r~eHCTBHeM BOCCTaHaBJlHBaJOI1.leH CHJIbl, nponOpUHOHaJIbHOH 

paCCTOJlHHJO OT ueurpa KOJIe6aHHH. AMllJlHTY,lla, Ha4aJIbHaH IjJroa, lJaCTOTa H ne

PHO,ll KOJIe6aHHH. 3aTyxaJOI1.lHe KOJIe6aHHH MaTepHaJIbHOH T04KH npn conporna

JleHHH, rtponopuaoaansnux cxopocra; nepaon 3THX KOJIe6aHHH, ,lleKpeMeHT KO

JIe6aHHH. Anepaonnxecxoe ,llBHJKeHHe. 

BbIHYJKJ-IeHHble KOJIe6aHHll MaTepHaJIbHOH TOlJKH npa ,lleHCTBHH rap

MOHHlJeCKOH B03MYI1.laJOI1.leH cnnsr H corrpoTHBJIeHHH, rrpOnOpl.\HOHaJJbHOM CKOpO

CTH; cJlYlJaii OTCyTCTBHH COnpOTHBJIeHHH. AMrrJIHTy,lla BblHyJK,lleHHbiX KOJIe6aHHH 

H casar <pa3, HX 3aBHCHMOCTb OT OTHOllJeHHH lJaCTOT; K03$IjJHUHeHT ,llHHaMHlJHO

CTH. 51BJleHHe pesoaaaca. 

Baeneuue B .nHHaMHKY MexaHHlfeCKoii CHCTeMLI. MeXaHH'IeCKall CHCTe

Ma. KJIaCcHIjJHKal.\HH CHJl, .neHCTBYJOI1.lHX aa MexaHWIecKyJO cacrevy: CHJIbI aK

THBHble (aanasaevste) H peaKI.\HH cBH3ei1.; CHJlbl BHellJHHe H BHyTpeHHHe. CBOHCT

sa BHyTpeHHHX CHJl. Macca CHCTeMbl. UeHTp Macc; panayc-sexrop H xoopnaaarsi 

uenrpa Macc. 

MOMeHTLI HHepnHH. MOMeHT HHepUHH rsepnoro rena OTHOCHTeJIbHO OCH; 

paanyc HHepUHH. MOMeHTbl HHepUHH TeJIa OTHOCHTeJlbHO nJlOCKOCTH H nomoca. 

Teopeva 0 MOMeHTax HHepl.\HH OTHOCHTeJIbHO napannensnux ocea (reopeva 

Froiirenca). TIpHMepbl BbllJHCJJeH!iH MOMeHTOB HHepl.\HH (MOMeHTbI HHepl.\HH ozr

uopoanoro TOHKoro CTepJKHll, TOHKOro xpyrnoro KOJJbl.\a HJJH nonoro UHJJHH,llpa H 

xpyrnoro l.\HCKa HJIH cnnoumoro xpyrnoro UHJJHH,llpa). <l>opMyJla ,llJlH BbllJHCJleHHjI 

MOMeHTa HHepUHH OTHOCHTeJlbHO OCH JlJ060ro nanpaaneuas. UeHTp06eJKHbie MO

MelfTbl HHepUHH. Fnasnsre H uenrpansnsre OCH HHepUHH H HX CBoHCTBa. 

:i.. 
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061I(He 'reopesua .nOHaMHKH 

Teopeesa 0 flBH'KeHHH uearpa Macc• .n.HljJljJepeHl.\HaJIbHble ypaBHeHHH 

,llBHlKeHHll MeXaHHlJeCKOH CHCTeMbl. Teopeva 0 ,llBHJKeHHH uearpa Macc MexaHH

4eCKOH CHCTeMbl. 3aKOH COXpaHeHHjI ,llBHlKeHHll uenrpa Macc. 

Teopessa 06 H3MeHeHHH KOJlHlfeCTBa .nBH'KeHHH. KOJlHlJeCTBO ,llBHJKeHHH 

MaTepHaJIbHOH T04KH. 3J1eMeHTapHbIH HMrryJIbC CHJlbl. I1MnYJlbC CHJlbl sa KOHelJ

HbIH npoveayrox BpeMeHH H ero npoesuna aa xoopnanamue OCH. Teopexa 06 

H3MeHeHHH KOJIH'IeCTBa ,llBHJKeHIUI MaTepHaIIbHOH TOlJKH B ,lI.HljJljJepeHUHaJIbHOH H 

KOHelJHOH 1jJ0PMax. 

KOJJHlJeCTBO ,llBHJKeHHH MexaHHlfecKoH CHCTeMbl; ero BblpaJKeHHe xepea 

Maccy CHCTeMbl H CKOpOCTb ee uenrpa Macc. Teopeva 06 IBMeHeHHH KOJJHlJeCTBa 

,llBHJKeHHH MexaHHlfeCKOH CHCTeMbl B ,llHljJljJepeHUHaJJbHOH H KOHelfHOH 1jJ0pMax. 

3aKoH coxpaHeHIUI.KOJJHlfeCTBa ,llBHJKeHHH'MeXaHHlfeCKOH cacrevu. 

nOHHTHH 0 rene H TOlJKe nepesreanoa MaCCbl. YpaBHeHHe Meutepcxoro. 

<l>opMyJJa UHOJJKOBCKoro. 

Teopessa 06 H3MeHeHHH MOMeHTa KOJlH'IeCTBa .nBH'KeHHH. MOMeHT KO

JIHlJeCTBa ,llBHJKeHHH MaTepHaJIbHOH TO'lKH OTHOCHTeJlbHO uenrpa H OTHOCHTeJJbHO 

OCH. Teopeva 06 H3MeHeHHH MOMeHTa KOJJH'IeCTBa ,llBHJKeHIUI MaTepHaJIbHOH TOlJ

KH. UeHTpaJIbHM CHJla. Coxpaneane MOMeHTa KOJIH'IeCTBa ,llBHJKeHHH MaTepHaJIb

HOH TO'lKH B cnyxae uenrpansaoa CHJJbI. IToHliTHe 0 CeKTOpHOH CKOpOCTH. 3aKoH 

nnontaneii. 

rJJaBHbIH MOMeHT KOJJHlJeCTB ,llBHJKeHHH HJJH KHHeTHqeCKHH MOMeHT Me

XaHH'IeCKOH CHCTeMbI OTHOCHTeJJbHO nearpa H OTHOCHTeJlbHO OCH. KHHeTHlJeCKHH 

MOMeHT apauiaiouieroca rsepnoro rena OTHOCHTeJJbHO OCH BpaI1.leHHH. Teopeva 

06 H3MeHeHHH KHHeTH'IeCKOrO MOMeHTa MeXaHHlJeCKOH CHCTeMbI. 3aKOH coxpa

HeHHH KHHeTHlJeCKoro MOMeHTa MeXaHH'IeCKOH CHCTeMbl. Teopesta 06 H3MeHeHHH 

KHHeTHlJeCKOrO MOMeHTa MeXaHH'IeCKOH CHCTeMbI B OTHOCHTeJJbHOM ,llBHlKeHHH 

no OTHoweHHIO K uenrpy Macc. 
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Teopessa 06 H3MeHeHHH KHHeTH'feCKOH 3HeprHH. KHHeTHqeCKaR saepraa 

MaTepHaJIhHOH TOqKH. 3JIeMeHTapHlllI pafiora CHJIhI; amlJIHTHqeCKOe ssipaaceaae 

3JIeMeHTapHoH pa60ThI. Pa60Ta CHJIhI na KOHeqHOM nepesaemenaa TOqKH ee npa

JIOlKeHHlI. MOIUHOCTh. Pa60Ta CHJIhI TlIlKeCTH, CHJIhI ynpyrocru H CHJIhI TJlrOTeHHlI. 

Teopejaa 06 H3MeHeHHH KHHemqeCKOH 3HeprHH MaTepHaJIhHOH TOqKH B ,lIHeplPe

peHUHaJIhHOH H B KOHeqHOH epopMax. 

KI1HeTHqeCKlllI :meprHlI MeXaHHqeCKOH CHCTeMhI. <1>opMyJIhI ,lIJlll BhI

qHCJIeHHlI KI1HeTHqeCKOH 3HeprHH TBep,lIOrO TeJIa npH nOCTYnaTeJIhHOM ,lIBHlKe

HHH, npn BpameHHI1 uoxpyr HenO,lIBHlKHOH OCH H B 06IUeM cnysae ,lIBHlKCHHlI (B 

LiaCTHOCTH npa nJlOCKOnapaJIJIeJIhHOM ,lIBHlKeHHH). Teopeva 06 H3MeHeHHH KHHe

THqeCKOH 3HeprHH MeXaHHqeCKOH CHCTeMhI B ,lIHlPepepeHUHaJIhHOH H B KOHeqHOH 

epopMax. PaBeHCTBO nyrno CYMMhI pa60T BHYTPeHHHx CHJI B TBep,lIOM TeJIe. Pa60Ta 

H MOtUH0CTh CHJI, npHJIOlKeHHhIX K TBep,lIOMY TeJIy, spautaroutesryca soxpyr He

nO,llBHlKHOH OCH. 

Ilonsrae 0 CHJIOBOM none. ilOTeHUHaJIhHoe CHJIOBOe none H CHJIOBlllI epyHK

UHlI. Bsrpaxeuae npoeKl.\HH CHJIhI xepes CHJIOByro epYHKl.\HIO. Ilosepxaocra pas

aoro nOTeHuHaJIa. Pa60Ta canu aa KOHe'lHOM nepeaeutenaa TOqKH B nOTeHUH

aJIhHOM CHrrOBOM none. ilOTeHUHaJIhHlllI 3HeprHJI. Ilpnvepsr nOTeHUHaJIhHhIX CH

rrOBhIX nOJIeH: onnoponnoe nOJIe TJllKeCTH H norre TlirOTeHHlI. 3aKOH COXpaHeHHJl 

MeXaHHqeCKOH 3HeprHH. 

)J,HHaMHKa 'rsepnoro TeJIa. ,l],HeplPepeHUHaJIhHhIe ypasneaas nocry

narensaoro L(BHlKeHHlI rsepnoro TeJIa. ,l],HepepepeHl.\HaJIhHOe ypasaenae BpaIUeHHlI 

raepztoro rena soxpyr HenO,lIBHlKHOH OCH. <1>H3HLiecKHH MallTHHK. ,l],HlPepepeHUH

ansuue ypasneuax nJIOCKOrO IlBHlKeHHlI TBep,lIOrO Terra. 

IIpHHI.Hn )J,anaM6epa. Cana HHepl.\HH MaTepHaJIhHOH TOqKH. Ilpanuan 

)l.aJIaM6epa nns MaTepHaJIhHOH TOLiKH H MeXaHH'IeCKOH CHCTeMhI. Ilpaseztenae 

CHJI HHepUHH TOqeK raepztoro rena K ueHTPY; rrraBHhIH BeKTOp H rrraBHhlH MOMeHT 

CHJl HHepl.\HH. 

-,
\' 
'. 
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Orrpeneneuae ,lIHHaMHqeCKHX peaKUHH nOIlWHnHHKOB npa epauienaa 

rsepnoro Terra aoxpyr HenOIlBHlKHOH OCH. Cnysaii, xorna OCh apauteana sanaerca 

rnasnoii ueHTpaJIhHOH OChlO HHepUHH TeJIa. 

"pHHIlHn BQ3MOlKHLIX nepeMemeHHH H 06111ee ypaaneaae .llHHaMHKH. 

CBJl3I1, aanaraevsre na MeXaHHqeCKyro cacrevy, B03MOlKHhIe (HJIH BHPTYaJIbHhle) 

nepeveurenaa MaTepHaJIbHOH TOqKH H MeXaHHqeCKOH CHCTeMhI. qHCJIO creneaea 

CB060llbl CHCTeMhl. HlleaJIhHhIe CB1I3H. npHHUHn B03MOlKHhIX nepevemenaa. 06

uiee ypasneaae IlHHaMHKH. 

YpaBHeHHH ,llBHlKeHHR CHCTeMLI B 0606111eHHbIX KoopllHHaTax (ypas

HeHHR JIarpaHlKa). 0606IUeHHhIe KoopllHHaThI CHCTeMhI; 0606mCHHhle CKOpO

era. Bupaxeaae 3JIeMeHTapHoH pa60ThI B 0606meHHhIx KOOpIlHHaTaX. 0606

uiemnae CHJIhI H HX BhlqHCJIeHHe; cnysaa CHJI, HMeIOIUHX nOTeHUHaJI. YcrrOBHJl 

paBHOBeCHli CHCTeMhI B 0606meHHhIx xoopnaaarax. ,l],HepepepeHUHaJIhHhle ypaa

HeHHJl IlBHlKeHHlI CHCTeMhl B 0606meHHhlx xoopnanarax HJIH ypaBHeHHJI JIarpaH~ 

lKa 2-ro pozia. YpaBHeHHlI Jlarpaaxa B cnysae nOTeHl.\HaJIhHhIX can; lPYHKl.\I1l1 Jla~ 

rpanxa (KHHeTHqeCKHH nOTeHl.\HaJI). 

Ilonsrae 06 YCTOHqHBOCTH paBHOBeCHli. Manue caofionaue Korre6aHHJI Me

XaHHqeCKOH. CHCTeMhI C OIlHOH CTeneHhIO cB060llhI OKOJIO nOJIOlKeHHlI YCTOHqHBO

ro paBHOBeCHli CHCTeMhl H HX CBoHCTBa. 

3rreMeHThi reopaa ynapa, JlBJIeHHe yztapa, Yztapaas cana H YllapHhlH HM

nYJIhC. )l.eHcTBHe ynapnoii canst na MaTepHaJIhHyIO TOqKY. Teopesra 06 H3MeHe

HHH KOrrHqeCTBa IlBHlKeHHlI MeXaHHqeCKOH CHCTeMhI npa yziape. ilpJlMOR uen

TPaJIhHhIH yziap Terra 0 aenonanxotyio nOBepXHOCTh; ynpyruH H neynpyraa yna

phi. K03epepHuHeHT BOCCTaHOBJIeHHJl npa ynape H era OnhITHOe onpenenenae. 

ilpliMOH l.\eHTPaJIhHhlH yaap IlBYX Terr. Teopeua Kapno. 
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KOHTPOJIbHhIE 3A,L1,AHH}I 

COtl.EPJKAHHE 3A.[1.AHHU, BbIliOP BAPHAHTOB, 

noranox BbillOJIHEHH}I PAliOT, nO}lCHEHH}I 

K TEKCTY 3A.[1.A1.J: 

CT)',nCHTbl BblllOJIHJlIOT 5 KOHTPOJIbHbIX 3a.naHHM (pa60T).
 

3aLlaHHc I (cTaTI1Ka) -1a.na'IH CI-C5.
 

'3a.uaHH': 2 (KHHcMaTHKa) - 3a.na'IH KI-K4.
 

3a.naHHc 3 (.uHHaMHKa) ~ 3a.na'IH )],1-)],4.
 

3a,uaHHc 4 (.!UiHaMHKa) - 3a.na'IH )],5-)],8.
 

3a.naHHc 5 (,nHHaMHKa) - 3a.na'IH )],9-)],12.
 

K Ka)K,noM aazrase .naCTCJI ) 0 pHCyHKOB H maiinuua (c TCM )KC HOM CpOM, 'ITO 

H aanaxa), coztepacauras ,nOIlOJIHHTCJIbHbIC K TCKCry aanaxa yCJIOBHJI. HyMCpaU.HJ1 

pHCyHKOB ,uBOMHaJl, npa 3TOM HOMCpOM pacynxa J1:BJIJlCTCJI QH$pa, CTOJImaJI nOCJIe 

TO'IKH. Hanpavep, pHC. C 1.4 3TO pHC. 4 K aanase Cl H T•zt. (B TCKCTC 3a.na'IH npn 

nOBTopHbIX CCbIJIKaX sa pHCyHOK IlHlUCTCJI npocro pHC. 4 H T.n.). Hovepa yCJIO

BHM OT O,no 9 npOCTaBJICHbI B I-M CTOJI6u.c (HJIH B l-i1 CrpOKC) Ta6JIHQbI. 

CryJlCHT BO BCCX 3aJlaQaX Bbl6HpacT HOMCp pacyusa no npennocaennea 

UHlIJpC mHcIlpa, a HOMCp YCJlOBHH B Ta6J1HUC - no nOCJICJlHCU; aanpauep, ec

JlH um$p OKaH'IHBaCTCJI 'IHCJlOM 46, TO 6CpyTCJI pHC. 4 H YCJIOBHJI N~ 6 H3 Ta6JIH

QbI. 

Kascnoe 3a.naHHC BbIflOJIHJlCTCJI B OT.nCJlbHOH rerpana (YlJCHH'ICCKOM), crpa

HHQbI KOTOpOM HyMCpyIOTCJI. Ha 06JIO)KKC YKalbIBaIOTCJI: HalBaHHC .nHCU.HIlJIHHbI, 

HOMCp pa60TbI, $aMHJIHJI H HHHQHaJIbI cryneara, yqC6HbIH um$p, $aKYJIbTCT, 

cnCQHaJIbHOCTb H aapec, Ha IlCpBOH CTPaHHU.C rerpazm 3aIlHCbIBaIOTCJI: HOMCp pa

60TbI, HOMcpa pernaevux sana« H ron H3,uaHHJI KOHTPOJIbHbIX 3a,uaHHH. 

PcmCUHC Ka)K,uoM 3a.na'lH 06J13aTCJIbHO Ha'lHHaTb aa palBOpOTC rerpana 

(aa 'ICTHOM crpaanue, Ha'IHHaJI co BTOpOH, HHa'iC pafiory rpynno npoaeps'rs). 
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CBCpXy YKalbIBaCTCJI HOMCp sanasa, ,uaJICC ,UCJIaCTCJI 'ICpTC)K (MO)KHO xapanna

mOM) H 3aIlHCbIBaCTCJI, 'ITO B sanase ,UaHO H 'ITO rpC6yCTCJI onpenemrrs (TCKCT 

3a,UalJH HC IlCPCIlHCbIBaTb). lJ:cprC)K BbInOJIHJlCTCJI C Y'ICTOM yCJIOBHH penraexoro 

aapaaara sanava; aa HCM BCC yrnsr, ,UCHCTBYlOmHC CHJIbI, 'IHCJIO TCJI H HX pacno

JIO)KCHHC aa 'ICpTC)KC ,UOJI)KHbI COOTBCTCTBOBaTb 3THM YCJIOBHJlM. B pe3YJIbTaTC B 

QCJIOM PJlJlC sanas 'ICpTC)K IlOJIy'lHTCJI 60JICC npOCTOH, 'ICM 06mHH. 

lJ:CpTC)K ,UOJI)KCH 6bITb aKKypaTHbIM H HarJIJI:,UHbIM, a ero pasaepu ,uOJI)KHbI 

n03BOJIJlTb JlCHO noxaaars BCC CHJIbI HJIH BCKTOpbI CKOpOCTH H yCKOpCHHJI H ztp.; 

noxaasrsars BCC 3TH BCKTOpbl H Koop,UHHaTHbIC OCH Ha 'ICpTC)KC, a TaK)KC yxassr

sars C,UHHHQbI H3MCpCHHJI nQJIY'IaCMbIX BCJIH'IHH Hy)KHO 06J13aTCJlbHO. PCWCHHC 

sanax Hc06xo,UHMO COnpOBO)K,!laTb KpaTKHMH nOJICHCHHJlMH (KaKHC epOPMYJIbI HJlH 

TCOPCMbI npHMCHJlIOTCJI, OTKY,Ua nOJIY'IaIOTCJI TC HJIH HHbIC PC3YJIbTaTbI H T.Il.) H 

Ilo,Up06HO H3JIaraTb BCCb XO,U paC'ICTOB. Ha Ka)K.noH crpauaue CJlC.nyCT OCTaBJIJlTb 

IlOJIJI .[(JIJI 3aMC'IaHHH PCI.\CH3CHTa. 

Pa60Tbl, He, OTBeQalOlIIHC BceM ilCPC'IHCJlCHHbIM Tpe60B8HHHM, npo

BCpHTbCH He 6YJlYT, 8 6YJlYT B03BpamaTbCH MH nepenenxa. 

K pa60TC, BbICbIJIaCMOH aa IlOBTOpHylO IlPOBCPKY (CCJlH OHa BbITIOJIHCHa B 

npyroa rerpana), ,uOJI)KHa 06J13aTCJIbHO IlpHJIaraTbCJI HC3alJTCHHaJI pafiora. 

Ha 3K3aMCHC Hc06xo.nHMO npeztcraaars 3alJTCHHblC 110 .n:aHHoMy pasneny 

xypca pa60TbI, B KOTOpbIX BCC OTMClJCHHbIC PCQCH3CHTOM norpeuraocrn .nOJl)KHbI 

6bITb HCIlpaBJICHbI. 

ITPH 'ITCHHH TCKCTa Ka)K,!lOH 3a.nalJH Y'ICCTb CJIc.nYlOmCC. DOJIblllHHCTBO pn

CyHKOB ,UaHO 6C3 C06JIIO.nCHHJI MaCllITa6a. Ha pacynxax K sanasav C l-C5 'H 

)],1-)],12 BCC JIHHHH, napaJIJICJlbHbIC crpoxaa, ClJHTalOTCJI ropH30HTaJIbHblMH, a 

IlcpncH,UHKyJIJlpHbIC CrpOKaM - BCPTHKaJIbHbIMH H 3TO B TCKCTC ja.nalJ crreuaans

HO HC oroBapHBaCTCJI. TaK)KC 6C3 orosopox ClJHTaCTCJI, 'ITO BCC HHTH (BCpCBKH, 

TpOCbI) JlBJIJlIOTCJI HCpaCTJI)KHMbIMH H HCBCCOMbIMH, HHTH, nepexaayrsre 'ICpC3 

6JIOK, no 6JIOKy HC CKOJlb3J1T, KaTKH H KOJICCa (B KHHCMaTHKC H ,UHHaMHKc) KaTJlTCJI 

no IlJIOCKOCTJlM 6C3 CKOJIb)KCHHJI. Bee CBJl3H, CCJIH HC c.nCJIaHO npyrnx oroaopox, 

ClJHTalOTCJI H,uCaJIbHbIMH. 
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1 

0 0 0 

II tFl1 /I 

oKR pf 
.t... 

PRe. CI.O Puc. CI.I 

3ll.L\8'1a CI 

3A).1,AqH K KOHTPOJIhHhIM 3A).1,AHHgM 

CTATHKA 

)f{ecTKaH paua (puc. C 1.0  C1.9, Ta6JI. C1) saxpennena B TO'lKe A urap

HHpHO, a B TOl{Ke B npaxpenneaa llJIH K neaecovoay CTeplKHIO C urapaapaaa na 

xonuax, HJIIl K urapnapnoii onope na xarxax, 

B TO'lKe C K paMe npHBSI3aH rpoc, nepexaayrsni xepes 6JJOK Il HecYIUIlH 

na KOHl~e rpys BeCOM P =25 KH. Ha paxy .lleHcTBYIOT napa CIlJJ, C MOMeHTOM M 

=60 KH"M H nne CHJIbl, BeJIHl{HHbI KOTOpbIX, HanpaBJIeHHlI H TO'lKIl npHJIO)KeHIlJl 

yxasaau B Ta6JIHue (HallpHMep, B yCJJOBHSIX N~ 1 na pauy .lleHcTBylOT cana F2 

nOA yrnosr 15° K ropH30HTMbHOH OCH, npHnO)KeHHaH'BTO'lKe D, H·CHJIa F3 non 

yrnox 60° K ropH30HTaiIbHoH OCH, npHJIO)KeHHaH B TO'lKe E H r.a.). 

Onpenemrn, peaxuaa CBSI3eH B TO'lKaX A, B, BbI3bIBaeMble ,lleHcTByIOIUHMH 

Harpy3KaMH. TIPH OKOH'IaTeJ1.bHbIX pacserax npHHSITb a = 0,5 M. 

~ 

1 

16 

crreuuam.no He oroaapnaarsca. 

Cnenyer TaK)Ke HMeTb B BH,lly, 'ITO nexoropue 113 saztaaasrx B YCJJOBllliX aa

:ta'1I1 BeJJWH1H (pasaepoe) npa peurenaa KaKIlX-HH6Y,llb sapaaaros MoryT He no

Ha;106HTbCll, OHH HYlKHbJ !~Jfll pemenas npyrax BapHaHTOBsazta-nr. 

113 scex nOllcHeHHiI: B TeKCTe 3a,lla'lH cnezryer 06paTHTb BHHMaHHe ronsxo 

na OTHOClIillHeCli K saurexy sapaanry, T. e. K HOMepy samero pacyuxa HJJH saute

ro yCJJOBHlI B Ta6JJHue. 

Meromrsecxae YKlI3aHHlI no peuieamo aaztau, BXOLlllIUHX B KOHrpOJIhHbIe 

3a,llaHHlI, ,llaIOTCSI .llJJSI KalK,llOH 3a,lla'lH nOCJJe H3JIO)KeHIlSI ee TeKCTa non py6pllKOM 

«YKa3aHIlSI»; 3aTeM ,llaeTCJI npllMep penrenas aHMOm'lHOH 3a)J,a'lH. Ilem, npnxe

pa - pa3bSICHIlTb xon pemeaaa, HO He aocnpoaasecrn ero nOJIHOCTbIO. TI03TOMY 

B pSI,lle cnysaea npovexyroxnsre pacsersr onycxaiorca. Ho npn BbmOJJHeHHH sa

.llaHHlI ace npe06p1l30BaHHlI H '1IlCJJOBbIe pacsersr ,llOJJ)KHbI 6bITb 06SI3aTeJJbHO no

CJJe.llOBaTeJIbHO nponenaau C He06xo.llHMbIMH nOllCHeHHSIMH; B KOHue ,llonlKHbl 

6bITb .llaHbI OTBeTbl. 

Korzta rena aa pncyaxe npoaywepoaanu, TO B TeKCTe 3a,lla'l H B Ta6JJHue 

Pil.r, H T. n. 03Ha'llUOT sec HJJH paasrepu TeJJa I; PI, 12, rl - TeJJa 2 H T. ,ll. AHMO

rH'IHO B KHHeMaTHKe H AHHaMHKe vH , OJH 03Ha'lalOT CKOpOCTb H ycxopenne TO'lKH 

B, "", OJ, - TO'IKH C; OJ,,li, - yrJJOBylO CKOpOCTb H yrJJOBOe ycxopenae TeJJa 

OJ],52 ._- rena 2 H T. ,ll. B KalK)lOH sanaxe rronofinue 0603Ha'leHHlI MOryT TO)Ke 
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~ 

PHC. CI.9Pile. CI.8 

YKa3aHHH. 3aJ\aLJa CI-Ha paBHOBeCHe rena nozt neHcTBHeM npo

H3BOJlhHOH rrJlOCKOH CHCTeMhl CHJI. Ilpa ee peureaaa ysecrs, 'fTO HannKeHHlI o6eHX 

BeTBeH HHTH, nepexaayroil xepes 6J10K, xorzta TJleHHeM npeaeoperaror, 6ynyT 

oJJ;HHaKoBhIMH. YpaBHeHHe MOMeHTOB 6yneT 60Jlee npocruja (conepscan. MeHhwe 

aemsecraux), eCJlH 6paTh MOMeHTbI OTHOCHTeJlhHO TO'{KH, rne nepecexarorcs JlH

HHH JJ;eHcTBHlI JJ;BYX peaK~HH CB1I3eH. I1pH BhlLJHCJleIiUH MOMenTa CHJlbI F 'faCTO 

yJJ;06HO pasnoacars ee aa COCTaBJllIlOll\He F H F: JJ;JllI KOTOphIX nne-m nerxo 

onpenenarorca, H BOcnOJlh30BaThCli TeopeMoH BapHHhoHa; rorna m., (F ) 

=mi F)+mo( F). 
npHMep C I. )I{ecTKalI nJlaCTHHa ABeD (pHC. C1) HMeeT B TO'fKe A aenon-

BH)/{HYIO wapHHpHYIO orropy, a B TOlJKe B - rro.nBH)/{HYIO wapHHpHylO onopy aa 

xarxax, Bee JJ;eHcTBYIOll\He Harp)'3KH H palMephl noxasanu aa pncyaxe. 

)l,aHo: F= 25 KH, a =60°, P=13KH, y=75°, M= 50 KHM, B = 30°, a = 0,5 M. 

.Onpe.neJlHTh: peaKUHH B TO'{Kax A H B, BhI3hIBaeMhle neHcTBylOll\HMH aa

rpY3KaMH. 

Pemenae.I. PaccMoTJlHM paanoaecae nnacruasr. Ilposeztew Koop.nHHaTHhle 

OCH x,y H H306pa3HM JJ;eHcTBYIOll\He aa nJlacTHHY CHJlhJ: CHJly F, napy CHJI C MO-

MeHTOM M. HaTlI)/{eHHe rpoca T (no MO.nYJlIO T=P) H peaxuaa cB1I3eH X A, YA, 

R (peaxumo HerrOJJ;BH)/{HOH tnapaapaoii onopu A H306pa)/{aeM JJ;ByMlI ee cocraa
n 

JllllOll\HMH, peaxuas mapHHpHOH: onopsr na xarxax HarrpaBJIeHa nepnenJJ;HKYJllIpHO 

onopuoii rrJlOCKocTH). 
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Ta6JI11l.\a CI 1
~ 

Fn ,I I
 

I fi, <:(2 
;" ,.
X ~ -:r~
 

1--
FI=IOkH F)=30kH -1 F 4=40kHF2=20kH 

-~OM raOI ~-=rao2 TO'lKa a03 I TO'lKa U04.p I TO'lKa 
I 

yCJl 'Bl1l1 I npunosc. npanoac, i npnnosc. npanosc. 

o H • 30 K 
--

'Wl 
0 15 E 60 

I 

2 K 75 I E 30 

3 K 60 H 30 

,E 604 0 30 
1 

H 30 0 75 

6 E 60 K 15 

7 

5 

0 60 H IS 

8 H 60 0 30 

9 E 75 K 30 I
I I I 

2. D,nll nonysenaoit nJlOCKOH CRCTeMbl CRJI COCTaBHM rpH ypaanenas pas

HOBeCHli. I1PI1.Bbl'lI1CJleHI1I1 MOMeHTa CI1J1bl F OTHOCI1TeJlbHO TO'lKI1 A aocrromay

eMClI reopevoa Bapnasoaa, T.e. Pa3J10)l(I1M CI1J1Y F na COCTaBJllIlO1l\l1e F' 

F"(F'=F cos u, F" = F' sin a) 11 y'lTeM, 'ITO 

mj F;= mar F}+ mar F''). I1onyqI1M: 

IFR){ =O,XA +RBsin!J-Fcosa+Tsiny=O; (I) 

IF = O'Y + RBcos!J+Fsina-Tcosy=O; (2)
Ry A 

20 

, 

Puc. Cl 

11 

I mA (FR ) == 0, M - R B cos j3. 4a + F sin a' 3a - T sin r :2a = O. (3) 

nO~CTaBI1B B COCTaBJIeHHble ypaaaeaas '1HCnOBble 3Ha'leH1111 3a,L\aHHb1X Be

JTI1lfl1H 11 pemas 3TI1ypasaeaaa, onpenenav IfCKOMblepeaKl.\HIf. 

OTBeT: XA=-8,5KH,YA:=-23,3 K H ,RB= 7,3KH . 3HaKIf YKa3bIBaIOT, 'ITO cansr XA 11 ' 

YAI1MelOT HanpaBJIeHHlI, npcrusononosonae nOKa3aHHblM aa pac C I. 

3atJ,aQa C 2 

KOHCTpYKlJ,l1l1 COCTOI1T 113 »cecrxoro yrcnsnnxa 11 crepxas, xoropsie B TO'l

xe C HJlI1 coezurnensr npyr C npyrou urapaapao (PI1C. C2.D-- C2.5) I1nl1 CBo60,L\HO 

onaparorcs .apyr 0 npyra (pHC. C2.6--e2.9). BHelllHHMI1 CB1I311MIf, HaJJO)l(eHHbTMI1 

ua KOHCrpYKl.\HTO, aansrorcx: B TOy.Ke A HJlH uiapaap I1nlf )I(eCTKali sanenxa; B TO'!

xe B Hnl1 HeBecoMblH crepacens BB' (pHC. 0 11 I), Ta6J1. C2a I1J1H rnanxas nnoc

KOCTb (pnc. 2 11 3) HJlI1 urapnap (puc. 4-9); B TO\fKe D I1nH uesecoasra crepxceas 

DD' (pHC. I, 2, 7) I1nl1 urapnapaas onopa Ha KaTKaX (pnc. 9). 

Ha Ka)l(,llYIO KOHCrpyKlJ,1f1O .llencTBYIOT: napa CI1J1 C MOMeHTOM M=60 KHlM, 

pasaovepno pacnpeneneaaas narpysxa I1HTCHCI1BHOCTI1 q=20 KH/M J.I eute ,nBC 

canst. BeJlIfy.HHbT 3TlfX CIfJl, I1X nanpaaneaas 11 TO'lKIf npanoaceau» yxasaau B 

rafin, C 2; TaM )I(e B cToJ16Qe «Y'IaCTOK» yKa3aHO, aa KaKOM yxacrxe ,L\e~kTByeT 
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C 

PIIC. C2.1 
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A 
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23 

PIIC. C2.2 

A 

H 

~ 

10 70 

oR: "/" 
60 ~N

:1H $lWK 

II 

Il 

~ 

I 

I li,
I ~, 

I 

Ta6JUIua C2 

22 

pacnpeaeneuaaa aarpysxa (uanpassep, B YCJlOBHlIX N~ I na KOHCTPYKUIlIO ,1.\eikT

BYJOT cnna F2 non yrJlOM 60° K ropH30HTaJIbHOH OCII, rrpunoxeanaa B TO'iKe L, 

CIIJla F. non yrnoM 30° K ropH30HTaJIbHOH OCH, npHJJOlKeHHaJI.B TO'lKe E. H Ha

rpysxa, pacnpeneneaaaa aa Y'laCTKe CK). 

Onpenenars peaKl(1f1f cB1I3eH B TO'lKaX A, B, C ().IJlll pac, I, 2, 7, 9 erne H B TO'lKe 

DJ, Bbl3BaHHble 3a.llaHHbIMH aarpyaxaua. HPH oxoaxarensnsrx pacserax rrpllHlITb 

a=0,2 M. Hanpaaneuue pacnpenenennoa HarpY3KH Ha PaJJlH'lHbIX no pacrronoxe

111110) YdCI xax YKa3aHO B Ta6Jl_ C2a. 

Cansr I 

I~ 1x 
YqaCTOK 

, 

~ ~ 
I 

ti, I Ci, t '. 
I 

'J 

F,=IOkH F2=20kH F3=30kH Fr40kH 

HOMep ro..a 1'\ 'ro..a 1"1m..a a, Irosxa !,0, 
YCJlOBlfli npanoxc, rrpHJIO)K. I npanosc, rrpHJJOlK. I , 

f---- 10 ( 60 H 30 t C L 

1 I L '60 E 30 CK 

2 L 15 K 60 AE 

3 K 30 H 60 CL 

r-' ---I4 L 30 E 60 CK 

5 L 75 K 30 AE l 

CL ----j6 E 60 IK 75 

j7 H 

6~= 
30 CKE l-. K ~O E 15 CL 

l9 _~H 30 i L 60 CK 

-: 
r, 
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Peurenne. 1. llnjj orrpeneneaaa peaKUHH paC4J1eHHM cacreay H pac

CMOlpHM CHa'IaJJa pasnoaecae crepxna DE (pRC. C2,6). Ilponenea KOOp.n.HHaT

nsre OCH xy H H306p3.3HM .n.eHcTByJOI.QHe na crepxens CHJlhI: CHJlY F , peaxuaio N 

, nanpasneanyio nepnennaxynspao cTeplKHJO, H COCTaBJlJIJOInHe XD HYD pe

aKUHH nrapnapa D. llnjj nOJlY4cHHOH nJlOCKOH CHCTeMbI CHJl COCTaBJIHeM TpH 

ypaBHeHHH pasnoaccaa: 

MH. 

Puc. C2 

CTepJKeHb HMeeT B T04Ke D Heno.n.BHlKHYJO mapHHpHYJO onopy H K HeMy 

npHJlOJKeHa CHJla F, a K yrorrsnaxy - pasaoxepno pacnpertenenaas na Y4acTKe 

KB narpyaxa HHTeHCHBHOCTH q H napa C MOMeHTOM M 

naHo: F=lOKH, M=5 KHM, q=20 KHlM, a=O,2 M. 

Onpenerurrs: peaKUHH B T04Kax A, C, D, BhI3BaHHbJe 3a,uaHHbIMH narpysxa

ren CHCTeMbI, H306p3.3HBero OTlIeJlbHO, HJlH JKe Cp3.3ypacsneaari, cacrevy H pac

cssorpe'n, pasnosecae KalK.n.oro H3 TeJl B OT.n.eJlbHOCTH, Y'ITj! npa 3TOM axcaouy 

(3aKoH) 0 pasencrse lIeHcTBHH H nporaaoaeacraaa. B 3a,!J.a'IaX, rne HMeeTClI lKe

CTKaH aanenxa, ysecn., 'ITO ee peaxuas npelICTaBJllIeTCH CHJlOR, MO.nYJlb H nanpaa

nenae KOTOpOH HeH3BeCTHbJ, H napoii CHJI, MOMeHT KOTOpOH TOJKe HeH3BeCTeH. 

llpHMep C2. Ha yrOJlbHHK ABC (yzoflABC = 90°), KOHeu A xoroporo JKe

CTKO sanenaa, B T04Ke C onapaercs CTepJKeHb DE (pHC C2 , a). 

)I 

AII 

PIlC. C2.7 

1 k: C I ,tE 

~ 

PRC. C2.9 

PHe. C2.5 

10 

~ 
t 

E 

H 

)lolil 

5a 

PIiC. C2.4 

24 

PIIC. C2.6 

PIIC. C2.8 

YK33aHHH. 3aiJ.a'Ia. C 2 - aa paanosecae CHCTeMbI ren, aaxonsmaxca 

nOJllIeHCTBHeM nJlOCKOH CHCTeMbJ CHJI. TIPH ee pemenaa MOJKHO HJlH paccvorpers 

cnasana paanosecae BceH CHCTeMbI B ueJIOM, a 3aTeM - pasnosecae onnoro H3 
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,. 
LF

RX 
= O,X 0 +F - Nsin60' = 0, (I) 

LFR)' =O'Yo +Ncos60', (2) 

Lm =(F =0. (3)o R)=0,N.2a-F·5asin60' 

2. Teneps paccuorpast pasuosecae yrOJIhHHKa (pHC. C2, 6). Ha Hero LleHCT

ByIOT: CHJla n<IBJ1eHl1l1 crepzcns N', nanpaarrennaa npOTHBOnOJIO)l(HO peaKUHH N', 

paBHOMcpHO pacnpenenennas narpysxa, KOTOpylQ 3aMeHlIeM CHJIOH Q, npHJIO

)I(eHHoii B cepeztuue Y4aCTKa KB ('1HCJleHHO Q=q4a=16KH), napa CHJI C MOMeHTOM 

M H peaxuus )I(eCTKOH 3aLleJIKH, cnararouraxcx H3 CHJIhl, KOTOpylO npeLlCTaBHM co

CTaBJIlIlOII.\HMH XA H Yl H napsi C MOMeHTOM MA. )lnll 3TOH IIJlOCKOH CHCTeMbI 

CHJI' rosce cOCTaBJIlieM rpa ypaaaeaas paBHOBeCH}): 

LF/Cy =O,X" +Qcos60· +N'sin60· =0 (4) 

LFRy = 0, Y, - Qsin60· - N' coseu' , (5) 

Lm,,(FR)=O,
 

M" + M +Q.2a + N' cos60' . 4a + N' cos30· '00. (6)
 

TIPH BhI'IHCJleHHH MOMeHTa CHJIhl N' paanaraev ee na COCTaBJIlilOillHe N,' H 

N ' ) H npauensex reopevy Bapznsoaa. TIOLlCTaBHB B COCTaBJIeHHble ypasueaaa
1 

'1HCJIOBhle 3Ha4eHHlI 3a,zJ,aHHhIX BeJIH'IHH H peUIHB cacrevy ypaBHeHHR (l) - (6),
 

HaRLleM HCKOMhle peaKUHH. TIPH pemenaa Y'lHThIBaeM, 'ITO '1HCJIeHHO N'=N B CH


JIy paBeHCTBa ~eHCTBH}) H rrpOTHBOLleHCTBHlI.
 

OTBeT: N= 21,7K H, Y'I= 24,7K H, YD= - 10,8 K H,XD=8,8K HM,X4= - 26,8K H,
 

M4= - 42,6KHM. 3HaKH YKa3hlBaIOT, 'ITO CHJIhl X4 H Y[) MOMeHT M'I HMelOT na


npaBJIeHHlI, npOTHBOnOJlO)l(Hhle nOKa3aHHbIM ua pacynxax.
 

26 

38".8..8 C3 

TeJIo HaXOLlHTClI aa HaKJIOHHOH nJIOCKOCTH. Bee TeJIa - P. Ha TeJIO LleHCT

syer yCHJIHe R, KOTOpOe cosnaerca nOJI3yHoM, CKpenJIeHHbIM urapuapov co 

crepxaev AE, KOTOphIH nepenaer YCHJlHe J[ reny, K03<P<PHUHeHT TPeHHlI nOJI3Y

na C ero HanpaBJIlIlOII.\HMH - fl; K03<P<PHUHeHT TPeHHlI TeJIa C HaKJIOHHOH IIJIOCKO

CThlO - 12. Onpenemrn, BeJIH4HHY yCHJIHlI R, ynepxaaarouiero TeJIO ua HaKJIOH

HOH IIJIOCKOCTH, B 3aBHCHMOCTH OT H3MeHeHHlI K03<p<pHUHeHToBjI H 12. )laHHhle 

He06xOLlHMhie LlJIli pacsera npasenensr B Ta6JIHue C3 . Ii - yron HaKJIOHa nJIOCKO

CTH,p - yron Me)l(LlY yCHJIHeM CH OChlO X YKa3aHHe 3aLla4H C3 paBHOBeCHe TeJIa 

non LleHCTBHeM nJIOCKOH CHCTeMhI CliJI npa HaJIH4HH TPeHHlI CKOJIh)l(eHHlI, KOTO

pall Bbl4HCJIlieTCli no <popMyJIeFTp=Nf 3LleCh N - CHJIa HOpMaJIhHOro LlaBJIeHHlI. 

Onpenemrrs npa KaKHX 3Ha'leHHlIX K03<P<PHUHeHTOB TPeHHlI TeJIO Ha4HeT LlBH)I(e

HHe; uauansnsre 3Ha'leHHlI -rpeHHlI YKa3aHhI B Ta6JIHue C3. 

Ta6JIHua C3 

HOMep 1 2 [3 4 5 6 7 8 ----l 
yCJIOBHlI 

I 

IP,H 5 0,1 3 0,05 0,1 0,1 0,2 5 

jI 0,05 0,01 0,1 0,1 0,05 0,1 0,05 0,2 I 
--1--___ 

12 0,15 0,2 0,05 0,5 0,2 0,15 0,3 0,05 

a 30° 90° 0° 90° 90° 30° 45° 0° 

f------

P 30° 0° 45° 60° 80° 30° 30° 60° i 
.----J 

27 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



"l 

29 

Pwc.C3 

28 

y ':]' Of II ,Y Y, F,p, 

F 
".1 , ..~ -// . _ . F,., 

F'I>! ~ ~ ':h R LLli.I F. 53 9r ,pi 

7777 
- I .::» • 

~("'''' :;') , r II ~)~ p '~FTl" J ,;, I I I :-x 
'>. :;'X,,:] .... x i 0 _x 

o Pl1c.C3.1 . 0 PMC.C3.2 I Pl1c.C3.7 P,,",c.C3.8 

'J ... V 
Ilpaaep. TeJIo HaXO):\HTCli sa HaKJIOHHOH nJIOCKOCTH, xoropax HMeeT yrOJI 

F,., I. .a=300 C OCblO X. Bec TeJIa 20H. YCHJIHe, R KOTOpoe C03):\aeT nOJl3yH, ocyutecrs

naer nepe):\BInKeHHe no HaKJIOHHOH nJIOCKOCTH. YrOJI J}=20°. K03«p«pHUHeHT rpe

HHlI nomyna ITO HanpaBJIJlIOll\HM /1==0, 15; K03«p«pHUHeHT TpeHHR TeJIa C HaKJlOH

HOW ITJIOCKOCTblO 12=0, I. Onpe):\eJlHTb BeJIHlIHHY yCHJIHR R , ynepaoraaioutero re-

O x \ 1Ii .. JIO aa HaKJIOHHOH nJIOCKOCm B nOJlOJKeHHH paBHoBecIDI (pHC. C3). 

, F"" . ..,.. x 
pt P"'c.C3.3 0 Plilc.C3.4 

y 

t y 

l~~ 
/; 

./ 

F", 
~'C. ...... I FT~t_ " 
~_,----,....",---,,'9-'" x· ! -~ X 

- 0 
o PHc.C3.5 PHC',C3.6 
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"I 

Pemeuae; TPeHHe TeJla C HaKJlOHHOH nJlOCKOCThlO f'rp2=f2N2; TPeHHe non

syna 0 HanpaBJlHIOIllHC BhIlJHCJlSleTCSI TIO q,OpMyne FTP,=ftN,; N, - CHlIa aopvans

noro )laBJIeHHH, C KOTOphlM nanpaensrourae nonayaa nassr na Hero; YCHJlHe NI 

TIepneHLlHKyJlSlpHO R . Hamnuex ypasueuae paBHOBeCIDI rena. 

Ilpoexuua na OCh X:
 

- FTPIcosfJ+ RcosjJ - Nisin jJ- FrP2cosa - Nzsina = O. (I)
 

IJpocKuHH na OCh y:
 

FTPIsinjJ+RsinjJ-NlcosjJ-FTPzsina-Nzcosa-P=O. (2)
 

MOMeHT scex t\el1cTByIOIl(HX CI1J1 OTHOCHTeJlhHO T. A mapnapa nonsyaa:
 

N2EAcos(jJ+a)- FTPzEAsin(jJ+a)-PsinaEA =O. (3)
 

C'-IHTaH COBMeCTHO cacrevy ypaBHeHHH (I )-(3), nonyvax H3 (3): 

Psina (4)Nz 
cos(a+ 13)-f : sin(jJ+a) 

H3 (I) I10JlyqHM: 

(5)NI=RA+N2B; 

31-\eCh sseaeno 0603HaqeHHe:
 

, cos 13 j2COS jJ+sin a
 
(6)A , B= 

/1 cos jJ+sin jJ / I cos jJ+sin jJ 

tl3 ypaBHeHHSI (2) nOJlYlJHM, C yxerox paaee nOJlYlJeHHhIX q,OpMyJl (4) H (5) ,3Ha

qeHHSI BeJlHql1Hhl R: 

P-NC (7)R =-- ,3L1eCh 

D 

C = jlsina -cosa-BcosjJ-/lsinjJB ; (8) 

30 

D=A/lsinjJ-sinjJ+AcosjJ ; (9) 

ITOt\CTaBJlSISI HCXOLlHhIe LlaHHhle, nOJlyqHM: 

Fm = 1,39H FTPI =0,179H 

Psina = lOH R=IO,59H; 

YCJlOBHe paBHOBeCI1S1 CHCTeMhI onpenensesr H3 HepaBeHCTBa, B KOTOpOM CKaThI

narouiaa CHJla Psin a , CHJla TPeHHSI FTPZ,R H CHJla Frpj, npanoxeaaas K nOJl3Y

Hy, npoesrapytorca na OCh X: 

cosa(Psina + FrPz) s RcosjJ - FTPlcosjJ • (10) 

HepaBeHCTBO narmcaao B npennonoxeuaa, 'ITO rpya ,nBHraeTCSI aaepx TIO na

KllOHHOH IIJIOCKOCTH nOLI t\eHCTBHeM CHJlhI R. IloLlcTa~SISI B aepasencrao BhIlJHC

nennue 3HalJeHHSI, nonyxa«, '-ITO JleBaSI qaCTh HepaBeHCTBa 60Jlhille npasoii 

9,9>9,78; 

Ilocnenaee HepaBeHCTBO osnasaer, 'ITO rpys non LleHCTBHeM CHJlhI R He MO)l(eT 

t\BHraThCSI aaaepx. Ilpeanonosooa, 'ITO rpya t\BH)I(eTCH BHH3, rorna (10) 3anHIlIeT

CSI: 

cosa(Psina - FTP2) S RcosjJ - FTPlcosjJ ; (II) 

IlOLlCTaBJlSISI BhlqHCJleHHble 3HaqeHHSI R,FTPI,FrPZ, I10JlY'-lHM 6,45 s 10,11, r.e. 

YCHJlHe R npenarcrsyer I-\BH)I(eHHIO rpyaa BHH3. 1'13 nOCJleLlHHX LlBYX nepaseacra 

cnenyer, 'ITO rpya He MO)l(eT I10t\HHMaThCSI ssepx 110 HaKJIOHHOH I1J10CKOCTH nOLI 

t\eHCTBHeM npHJlO)l(eHHOrO YCHJJHjI R, HO R ynepaorsaer rpya OT LlBH)I(eHHjJ BHH3 

no HaKJJOHHOH nJlOCKOCTH, TO ecri, rpya HaxOLlHTCSI B COCTOSlHHH paBHOBeCHH. 
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~ 

(I) 

y 

Vz·1( 

k 

33 

PHc.C4.2 

Vy' j 

.... 
x 

z 

V?~, =F/+F2+F3. 

{ V,~FHF,,;ne 
Vy=-F3 (2) 

Vz=-F2cos8 

npoCKUHH rJIaBHOI:O BeKTOpa ua OCH KOOp.n:HHaT Bbl'lHCJlHIOTCli no <popMyJlaM (2) 
- - -

Cy'lCTOM, 'ITO F/ (F/,O,O);F2(F2sin8,O,-F2COs8); F3(0,-F3 ,0) 

nOCTpOHM rJIaBHbIH BCKTOp no onpeneneaasns HaMH ~POCKUHl[M (2), pHc.C4.2. 

y 

c' 

c 

o 

32 

F3 

PHc.C4.1 

". 

z 

0' 

S' 
,I A 

SJ-

" ". 
". 

/ 

F. 

x 

A' 

3a;1a'la C4 

fJIaBHblH BeKTOp H rJIaBHblM MOMCHT npOCTPaHCTBCHHOH CHCTCMbI CHJl. 

naHa npOCTpaHCTBeHHaH CHCTeMa CHJI npHJlO~CHHH K napanJICJlCnHncny 
- -

ABCDA'B'C'D'. CHJIa F/ npHJlO~CHa B aepmaae B', CHJla F2 npHJIO~CHa B nJlOC-

KOCTIi D'DC'C non yrnov a c pC6pOM C'C, CHJla F3 npHJlO~CHa B sepumne D. 
- --

CHJIbl FI.F.'.F3 (pac.I) neypaeaoseureaasr, rrapannenenanen HC saspennen, no

lTOMy non. .'I.eikTIlHCM []PHJlO~CHHbIX CHJI OH llBH~eTcH B npocrpancrse. 

Buoepc« nepumny napannenennnena UCHrpOM npaseneaas. Ha3Ha'lHM)TY TO'l

xy aa-ianov xoopnanar.•BCKTopHaH cyMMa sananasrx CHJI Ha3bIBaCTCH rJIaBHblM 

BCKTOpOM. 
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(3)Ve_, =Vxi+ V~i+ Vzk 

TaK KaK napannenemme.l\ He HMeeT OllOP, xoropsie npensrcrayior .llBH)f(eHHTO, TO 

OH aBHiKeTCJI no aanoaeneamo rnasuoro BeKTOpa V (pHc,C4.2). Monyns Bhl'iHC

nsercs no <f!opMyne v.>J, 

\ !, " ' (4)1V-1[= VVx+Vy+V-z 

(5)llanpannmotuae KOCHH)CbT rnasnoro BeKTOpa Bhl'iHCnllTOTCli 110 <f!opMynaM 

Vr 
l'U'; U = 

11",' I 
(5)COS~=~

Iv? I 
v= 

cos y=Iv;l 

rnaBHbIH MOMeHT M~' .l\aHHOH CHCTeMbl CHJI OTHOCHTenbHO ueurpa npaaezte

HHJI B _ cyMMa MOMeHTOB scex CHn .llaHHOH CHCTeMbl CHn OTHOCHTenbHO TO'iKH 

B (6): 

- , (6)
M~'="'i.M "(F,) 

/",1 

rnaBHblH MOMeHT Me, 3aIlHIIIeTCJI B npOeKUMJlX sa OCM xoopnnuar: 

(7)
M~' =M,i + Mj + M]: ,. 

3il.eCb 

(8)
M> ±M,(F,) 

/"') 

M;» Ly,(F,) 
1-,1 

Mz » ±,..qP), 
,,,,I 

34 

..., 

,lJ,.rI1i 3aaaHHOH CRCTeMbT CHn npOeKUHH M" (4) aa OCH KoopAHHaT BbI'iHClIlITOTCJI 

110 <f!opMyJIe (9) 

Mx = -F2cosa· BC 
(9)My=F2sina·C'C+FIB'B
 

Mz == -F2sinaB'C' - FJAB
 

Ha pHc.C4.3 IIpeaCTaBJIeH aexrop M"', BhIQHCneHHhlH no <f!opMynaM(9) 

z 
~J 71 ~ 

A' 

y 

/ 
/ 

o 
Mzkx -.... 

PHc.C4.3 

Monyns M~' Bbl'iHCmleTCJI no <f!opMyne 

Iii ' 1= "\1.~2+M'+M' r 

(l0) 
M J' : 

HanpaBmlTOll.\Me xocnayca ,we;,' BblLIHCnJlTOTCJI no <f!opMynaM: 

35 
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(II)
cos(M~ ,i)~~ 

IM~' 1 
cos(M' ---;)- My

II' J -- . IM~' I
 

cos(M~' , k )==. Mz

jM,,' [' 

Haunurev ypaaueuae nJIOCKOCTH, B KOTOpOH JIe)\(HT npHBe~eHHaJI napa can, 

M J
BeKTOpfiOC npencraaneune KOTOpOH - ' . Ypasaenae IlJIOCKOCTH, npoxonstneii 

-repea HaLJanO KooPLlHllaT (uenrp npHBe.ueHHlI), H nepneanaxynsp BeKTOpy M" sa

nHCblBalOTCJI B BeKTopHoItl BHLle: 

M"-':=O (12) 

- u·06wee ypaBHemle :nOH nJIOCKOCTn. 

M,x+M,:V+M,z=O,. (13) 

Ha pHc.C4.4 nOK33aH BeKTOp, l;[;/ rrnOCKOCTb W, B KOTOpOH nesorr npn-

Be)1eHHaJl napa CHn, Bbl3bIBalOUl,aJI spauienne rena - napannenennnena 01' AeHCT

BMlI HeypaBHoBeweHHoH CHCTeMbl CMIT. 

BGKE - BeKTOp lVl,y, LlHarOHanb B napannenorpaMMe BGKE, CTOpOHbI KO

roporo M,.. M, . . JlBJllllOTClI CTOpOHOH BK napannenorpasoaa BKLN co CTOpOHOH 

M= (BN) H CTOpOHOH BK. 
3.uecb 1JL -. Jll" Ilpoxonnr xepea T04KY B nnOCKOCrH W, B KOTOpOH HaXO)1HTClI 

npasezreaaas napa CHn. BL nepneHAJ1K)'JIJlpeH nJlOCKOCTH EGN , KOTOpaJl npoxo

~I1T -repea TpH TO'IKH npOCTpaHcTBa : T. E - KOHeu sexropa BE (npoexuan BeKTO

Ii 
pa M'l ' ua OCbx); sropaa T. G - KOHeliseKTopa BG (npoexuan M'" Ha OCby); rpe

Tbll T. N - KOHeU sexropa I'll' (npoesnna u: na OCbz). 

36 

., 

y,.". .1 J J g ~ /1 I II " 'hI".4- J I IV ,.. 

x 

PHc.C4.4 
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I1pliBC;:J;CHH<UI napa CHJ1 asrssraaer Bpall\CHHC rena B Ty CTOPOHY, qTO rnll;:J;lI 

C KOHI.~a BCKTopa M", Mbl BH;:J;HM Bpal1.lCHHC rena npOTHB qaCOBOH crpenxa, 

TaKHM 06paJOM, Mbl yCTaHoBHnH, tHO nO;:J; ;:J;cikTBHCM HcypaBHOBClIJCHHOH 

npOCTpaHCTBCHHOH CHCTCMbl CHn, reno ;:J;BH)KCTCH no HanpaMCHHIO BCKTopa v"" H 

apauiaercx npHBCileHHOH napoji CHn, BCKTOpHblM npC;:J;CTaBJlCHHCM KOTOpOH sana

CTCII BCKTOp II!"'. Teneps MOlKHO I10CTaBHTb C<t>CPHqCCKHC uiapuapsi B sepuranax 

A Ii C' napaJlJICJICIIHIIC)la, KOTOpblC 6Y;:J;yT C;:J;cplKHBaTb ;:J;BHlKCHHC TCJIa HaH60JIcc 

lia;:J;ClKHO. 

IIp"I\U~Jl: 3J.;:J;aHbt CHJlbl, paCIIOJIO)KCHHbIC TaK)I{C, KaK aa pHc.C4.1. 

Fl=IH, F2=2H F3=3H a=30°
 

AB = 0,2A1 Be =0,3.'11 AA' =0,2.'11
 

I1POCKl.\HH rnaanoro BCKTopa no (2): 

1"207 = 1+ 2sin300[H] 
x 

vcR =-3[H]

Y
 

Vi'·7 = -2cos30° = -I,74[H] 
z 

\V2J1 
\ = ~+9+(1,74)2 = 4,008[H] 

Vi'R 
a=60°

cos(a) = r--~----I = 0,5 

ri'R 

V2.~ 

. (jJ)'= -_.- = -0,75cos y 

IVi'RI 

fJ =-4 nO' = 22nO' 

V cJl 174 .
 
cos0') = ~- = -..:..-= -0,439
 

[Vi'JlI 4 

y=-66°10'r=246°10'; 

38 
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I1pOCKUHH rnasnoro MoMCHTa, BblqHCJIlICM<UI no <t>opMymiM (9) 

Mx = -1,74·0,3 = -0,528[H "'11] 

1 
My = 2·_·0,2+ 1·0,2 = -0,8[H -..11]

2 . 

_;:1\ '( 2)2 2M =1J 0,528 +(0,4) +(0,8) =1,039[H'M]; 
1 

HanpaBJIlIIOI1.lHC KOCHHyCbl ];j2Jl BblqHCJIlIlOTClI no <t>opMynaM: 

2Jl 
A M 0,528 = -0,508- -- x __
 

cosa =cos(M2Jl,i) =Mc,7 1,039
 

a == -59°30' HJIH a = 120°30' 

- 0- M 
2Jl 

04
 
cos(jJ) = cos(M 2Jl ,j) == ----d!----'- = 0,384


I M 
2Jl 

/1,039
 

fJ = 67°30' 

M 2 1 _ A_ 080 

cos0') = cos(M 2Jl , k ) = ~ - -'- = -0,769 

I M 2J1 I 1,039 

y=-39° r=231°; 

3llJl8 '18 C5 

.uBC O;:J;HOpO;:J;HbIC npllMoyrOJIbHblC TOHKHC nJIHTbl, cBapcHHbIC nO;:J; npllMblM 

yrnoM npyr K npyt-y,3aKpCnJICHbl C<t>CPHqCCKHM inapanpox (liJIH nO;:J;nllTHHKoM) B 

TOqKC A, UHJIHH;:J;pHqCCKHM urapaapou (no;:J;IllHnHHKoM) B ToqKC B H HCBCCoMblM 

CTCplKHCM 1 (pHC. C5.~5.7) HJIH lKC ;:J;ByMlI nO;:J;wHnHHKaMH B TOqKaX A H B H 

;:J;ByMH HCBCCOMblMH CTCPlKHlIMH 1 H 2 (pHC. C5.8, C5.9); BCC CTCplKHH npaxpen-

JICHbI K nJIHTaM H K HcnO;:J;BHlKHbIM onopav wapHHpaMH. 

Pa3McpbI nJlHT B HanpaBJICHHHX, napannerrsnsrx Koop;:J;HHaTHbIM OClIM x, y. z 

pasau COOTBCTCTBCHHO HnH Za, 3a H a (pHc.C5.O---C5.4), HnH 2a, 3a, 4a (pHc.C5. 

5- C5.9); BCC 60nbwcH nJlHTbI P, =3 KH, BCC MCHbWCH nnarsr P]=2 KH. 
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111 

1'11 

Ii'!! 

Il'i 

Ii 

I 
'i' 

KIDK.!lasI H3 nJIHT pacnonoxena napaJIJIeJIbHO O,llHOH H3 KOOp.!lHHaTHblX 

I1JIOCKOCTeH (nJIOCKOCTb xy ropH30HT<L'IbHasI). 

Ha nmrrsr ,lleHCTByJOT napa CI1JI C MOMeHTOM M = 4 ICBM, nexautas B nJIOC

KOCTH O)J.HOH H3 nJIHT, H .!lBe CHJJbI. BeJIl1lfHHbI :HHX CHJ1, HX uanpaaneans H TOlfKH 

npHJIOJKeHHll yxaaansr B Ta6JI. C5; npn 3TOM CHJIbI F, H F 4 JleJKaT B nJIOCKO-

CTllX, napannensusrx nJIOCKOCTH xy, cnna F] - B nJIOCKOCTH, rrapaJIJIeJIbHOH: XZ, 11 

CHJIa F, B nJlOCKOCTH, napannensnoii yz. TO'lKH npHJIO)l(eHI111 CHJI (D, E, H, K) 

HaXO.J.~TCll Il yrnax H!I11 B cepenanax CTOpOH nJIHT. 

(jnpenerurrs peaKUI1H CB1l3CH B rosxax A H B H peaxmno crepxna (CTCp)l(-

HeM). Ilpn rroaC'leTaX npHHllTb a = 0,6 M. 

Ta6JIHlla C5 

IiCHJIbl I 1 \ I, 

II 

I

OkHl- _f'~6ktl -p.,=~ rF,~12kHIFrol 

I. HOMep 1TOQKa Ia1TO'iKa ~ TO'iKa F ro-rsa Ia"4 'I· 

~C.JIOBHR npHJIO)l(. \ npHJIOJK.! rrpHJIO)l(.! I npHJIOlK. I -1 
\0 E 60 \H 130 !--t
~ liD E ~OC--\60 

t. --~-P< 60 iw'r1 E 

\3---- K 30 I 1D !o *101 
14 I E 30\ D 60 

is ~OK 60 ~~- 

[6--f--J H HD 3~t90 I 
1 7 I KH 6~_K ~ 

I:~ -=2--~o'D-~90~rt\tl ~ 30
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1J 

I< 

PI/C. C5.0 Pnt. C~I 

B 
~IJ 

H 

PIIC. CS.2 PI/C. C5.3 

z 

8 

,r 

PHC. CS.5 

Ir 

Pac, (;5.6 Pac. CS.7 
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",.c. C5.8 

Y"a3aHUH. 3a.l\atffi C5 - sa paBHOBeCHe TeJIa non .l\eikTBHeM npo

H3BOJIbHOH npOCTpaHCTBeHHOH CHCTeMbI CHJI. DPH ee pemeaaa yxecrs, 'ITO peax

WUI c<I>epH'leCKOro iuapaapa (nonnarnaxa) HMeeT TpH COCTaBJIlIlOmHe (no BceM 

rpe» KOOp.l\HHaTHbIM OClIM), a peasuas UHJIHH.l\pH'leCKOrO urapnapa (nO.l\WHllHH

xa) _ nse COCTaBnJlIOIUHe, nexaume B nnOCKOCTH, nepneH.l\HKYJIJlPHOH OCH map

aapa (nO.l\WHnHHKa). Ilpa Bbl'UiCJIeHHH MOMeHTaCHJIbl FqaCTO y.l\06HO pasno

)i(HTb ee Ha nse COCTaBnlllOillHC F' H F", napannensasre Koop.l\HHaTHI,lM OCJlM 

(H}HI Ha TpH); rorna no TeopeMe BapHHbOHa: 

m,(F) = m,(F')+ m, (F") 

z 

!I 

x 

PIle. C5 

OpUMep CS. [OpH30HTanbHaJi npJlMoyronbHali nnara BeCOM P (pHC. C5) 

3aKpenJIeHa c<l>epH'.JecKHM urapnapo» B T04Ke A, UHJlHH,npH'leCKHM nOilWHnHH

42 

lJ 

K 

If 

Pac. C5.9 

KOM B TOqKe B H HesecoMI,IM crepscaev DD'. Ha ll!]HTY B nJIOCKOCTH, napannens

HOH xz, .ueHcTByeT CHJIa F, a B nJIOCKOCTH, napannem.noa yz, - napa CHJI C MO

MeHTOM M 

.IJ:aHO: P=3 KH, F=8 KH, M=4 KHM, u=60°, AC=0,8 M, AB""l,2 M, BE=0,4 

M,EH=0,4M. 

Onpenennrs: peaKUHH onop A, B U crepacnx DD'. 

Peurenne 1. Peccxorpnv paauosecae nJIHTI,I. Ha llJIHTY ,neMcTByIOT sa

nannue CHJII,I P, F H napa C MOMeHTOM M, a raxxe peaKI.\HH CBJl3eH. PeaKl.\HIO , 

cdiepasecxoro urapaapa pa3JIO)i(HM aa TpH COCTaBJIJllOmHe :r4; ~ H ZA l.\HJIHH

,npH'leCKOrO nonurannaxa - aa nse COCTaBJIJlIOl.UHe XB U z'4 (B nJIOCKOCTH, nep

neH.l\HKYJIJlPHOH OCH no,nWHUHHKa); peaxtuuo N CTep)l(lU! nanpaanaea nnons 

crepxas OT D K D', rrpezinonaraa, 'lTO OH pacrsnyr. 

2. ):l.nJl onpeneneans weCTH HeH3BeCTHbIX peaKI.\HH COCTaBJIJleM urecrs 

ypaBHeHHH paBHOBeCHlI .l\eHcTBYIOl.UeH na UJIHTY npocTpaHCTBeHHoH CHCTeMbI 

CHJI: 

'L FRX =0, XA + X B + F coseo" =0; (I) 

'L FRy =0, fA - N cos30° =0-, (2) 

'LFRZ =O,Z A +ZB -P+Nsin30° - Fsin60° = 0; (3) 

'Lmx(F = O,M - p. A: + ZB' AB-Fsin60° . AB+ Nsin30° . AB = 0; (4)
R) 

'Lmy(FR)=O'P. AC -Nsin30° .AC+Fsin60°. AC:-Fcos60° .B£=O; (5)
2 2 

L,mz(FR)=0,-Fcos60° 'AB-Ncos30° ·AC-XB·AB=O, (6) 

Ilpa onpeneneana MOMeHTOB CHJII,I F OTHOCHTenbHO oceii paanaraev ee 

aa COCTaBJIlilOillHe F'H F", napannensnsre OClIM x H z (F' = Fcosa, F"=Fsina), 

H UpHMeHJleM reopevy BapHHI,OHa (CM. YKa3aHHJI). AHaIlOmqHO MO)l(HO 1I0CTy

rnrn, npa onpeneneaaa MOMeHTOB peaKUHH N. 

nO.l\cTaBHB B COCTaBJIeHHbIe ypasaeaas 'lHCJIOBbIe 3Ha'leHHJI scex sanaa

HblX BeJIH'lHH Ii peWHB )TH ypaaaenas, HaH,neM HCKOMble peaKUHH. 
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Illi 

I 
1 

I: 

, I, 
!I

I 

OTBeT: X j=3,4 KH, ;:1 = 5,1 KH, ZA = 4,8 KH, XB= - 7,4 KH, ZB = =2, I KH, 

N=5,9 KH. 3HaK MHHYC yxasstaaer, 'ITO peaKI.\HlI X B HMeeT HanpaBJIeHl1e, npOTH

BOnOnO)l(HOe nOKa3aHHOMY na pHC CS. 

KUHEMATUKA 

3a~a.. a K I 

T04Ka B )1BHlKeTCH B nJIOCKOCTH xy (PHC. K I.D--K 1.9, m6JI. KI; rpaexro

pHlI TO'lKH aa pHCyHKax noaasaaa yCJIOBHO). 3aKoH .llBHlKeHHlI TO'lKH 3MaH ypas

HeHmlMH x=/J(t), y=,h(t), rae x H y BhIpa)KeHhI B casrnverpax, t - 6 cexynnax. 

HaHnl ypaaneaac rpaexropaa TO'lKR; p,JI1I MOMeHTa BpeMeHH tI = I C onpe

nenars CKOpOCTh H ycxopeuue TO'lKH, a TaK)Ke ee xacarensnoe 11 HOpMaJIbHoe YC

KOpeHl1l1 11 panayc Kpl1BI13HbI B cooTBeTCTBYIOIllell TO'lKe rpaexropaa. 

3aBHcHMoCTb xr], (t) YKa3aHa Henocpe)1CTBeHHo aa pHcyHKax, a 3aBHCH

MOCTb y=,h(t) ztana B Ta6Jl. KI (Mll pRC. 0 -2 B cromiue 2, ,ll,Jlll pac. 3--6 B 

cTO.J16ue 3, llJlll pac, 7-9 B cronfiue 4). KaK 11 B aaaasax C1- CS, Ho~ep pncyn

xa BbI611paeTclI no npennocnenneit I.\l1lppe wl1lppa, a HOMepyCJ10BHlI B Ta6Jl. KI 

no nocnenaea. 

YKaJaHHH. 3Maqa KI OTHOCHTC.ll K KHHeMaTHKe TO'lKH H peuraerca C no-

MOIUblO <pOpMyJl, no KOTOpbIM onpenenmorca CKOpOCTb Ii ycxopeaae 1'O'lKI1 B zte

xaproasrx KOO'pllI1HaTaX (KoopnliHaTHhlM cnocof 3anaHI111 nBHlKeHHlI TO'lKH), a 

raioxe (jJOpMyJI, no KOTOpbIM onpeneJllllOTClI KaCaTeJlbHOe Ii HOpMaJIhHOe ycxope-

HWI T04KH. 

B ,ll,aHHOH aaztase ace HCKOMble BeJlWfilHbI HylKHO onpenemrrs ronsxo Mll 

MOMeHTa BpeMeHH tl = 1 c. B aexoropsrx sapaanrax saaasa UpH onpezieneaaa 

TpaeKTopHH I1JII1 npn nocnenyrounrx pacserax (nns I1X ynpouieuna) cneayer 
2 2 

ysecrs 113BeCTHble ns Tpl1fOHOMeTpHIi <pOpMyJlbI: cos 2a=I-2 sin a=2cos a-I; 

sin2a=2sin2 acosa. 
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Tafinnna KI 

I y=f(t) -lIHoMep 

pl1c.0-2 pl1c.3-6 !Pl1c. 7-9 irCJlOBlfli 

12sin (rcI6t) 21+2 -ik;S(7l/6t)-2--1
1° , ~-

(-4)-6cos(rcI3t)8sin(x/4t) 14-16cos (x/6t) 
,-I--

4cos(m3t) 

I ' 

(-3)sin-(x/6t) (2+ti2 

(-IO)cos(rcI6t)9sin(rcI6t)-4 !2?3 
,-l-,

f---- (-4)cos2(rcI6t)2+2cos(rcI4t)3cos(rcI3t)-24 

8-12cos(rcI3t)2-3t"(-IO)sin(7l/6t)5 

3cos(rcI6t)2-6'Sir(rcI6t) 2c2sin(rcI4t)6 

6-8cos(7l/3t)(t+iY2sin(7l/6t)-27 
1-------- 2_t3 9cos(rcI6t)-39cos(rcI3t)+S8 

( -6)cos(1t/3t) r 4cos(1t/4t)3-8sin(rcI6t) 

,VI 51 J;-- Y
,!- ~ 

)<~ltcos{ft)x:s~(lt)-.1X.2-JCOS(!t) 

0 
PHC. 1<1.0 

;r 0 

PIIC. 1<1.1 

;r 0 

PRe. 1<1.2 

,f 

'E~ 
0 ~ 

PHC. Kl.3 

'l ;.;
0 X 

PHC. 1(1.4 

l~
'~ 

.r=t-It 

0 X 

Plfe, 1(1.5 
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y --....!~ 
6 

K~ ,r'12Sin(jt) 
0 K (J X 

PHC- Kl.6 PHC. KL7 

!II )-  II J-
x=4-5sin(ft) K=6 Sin(j t)-Z 

0 X 
0 X 

PIIC. KLB PIIC. KI.9 

npHMep Kl. ,UaHbI ypasneaaa ABlf)J(eHIDI 1'OqKH B TIJIOCKOC1'H xy: 

x = -2 COs(~t) + 3;y = 2Sin(~t)-l ,(rAe x.y- B caH1'HMeTIJax,t-B cexyunax). 

OnpeJ\eJlH1'h ypaBHeHHe rpaexropan 1'OqKH; AmI MOMeHTa BpeMeHl1 t, = I C 

HaHTll CKOpOC1'h H ycxopeane 1'O'lKH, a raxxe ee 'KaCa1'eJIhHOe H HOpMaJIhHOe YC

KopeHHll H panayc KpHBH3HhI B COO1'Be1'c1'BylOIueH 1'O'lKe rpaexropaa. 

Peureuue. 1. ,UJIll onpeAeJIeHlHI ypasueuua rpaexropan 1'O'lKH HCKJl104HM 

H3 3aAaHHbIX ypaBHeHHH ,n:BH)[(eHHll: BpeMll: t. ITOCKOJIbKy t BXOAH1' B apryvenru 

1'pHrollOMe1'pH'leCKHX q>YllKI.\HH, rne OAHII apryjrear BABoe 60JIhllle npyroro, HC

nOJIb3yeM q>OpMyJIy 

cos2a =1-1sin' a WIU CO{ ~t) =1-2Sin'(~t). (I) 

s 
-~ I 

'/ 

·1 

.J --
PHC. Kl 

46 

Hs ypaBHeHHH JIBH)[(eHHll: HaxOJIHM Bhlpa)[(eHHll: COO1'Be1'c1'BylOmHX q>yHK

I.\HH H nOAC1'aBJlll:eM B paBeHC1'BO (I). TIOJIy'lHM 

co{!!-tJ =3 - x Sin(!!-tJ =Y2! 
4 2' 8 2 

u 3- x =1_2(y+l)'
 
2 4
 

O1'CIOAa OKOH'Ia1'eJIbHO HaxOJIHM cnenyiomee ypasaeaae rpaexropaa 1'O'lKH 

(rtapafionsr, pHC. K I): 

x = (y + 1)2 + 1. (2) 

2. CKOpOC1'h1'O'lKH HaHAeM no ee npoexnasja na KoopAHHa1'HhIe OCH: 

dy _ ~cosV. = ~ = ~sin 
., dt 2 (~t} V y = ~- 4
 

v = 'V 2 + V 2
\J.\ t 

"np" t = 1 C
 

V , X = 1.11 CMM/c V ,Y 0,73 CM I c, V I = 1,33 clll/c_ (3)
 

3. AHaJIOm'lHO HaHAeM ycxopenae 1'O'lKH:
 

ax= d; =~ coHt)ay =d~ =_ ~Si{~t)
 

a=fu1 +tf 
rtpa t e lr 

';x =o,n.ulc,'; y=-O, 12clll/t,,; =O,88:Mlt. (4) 

4. KaCa1'eJIhHOe ycxopenae HaH).jeM, AHq>q>epeHI.\Hpyll no BpeMeHH paseu

CTBO VJ 
= V', + VJ

, nOJIyqHM: 
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dV dV, av, (~= V,a, + Vyay (5) 
- Jt \ dt > dt r dt V
')" -=21' --+21' ---Ha 

LJ.IICJIOBbIC 3Ha1.JCHHji BCCX BCJlH1.JHH, BXO)ljilIlHX B npasyro xacrs BblpIDKCHH5I 

(5), onpcnenenu H naiorca paBcHcTBaMH (3) H (4). DO)lCTaBHB B (5) 3TH 1.JHCJla, 

HaH,UeM cpasy, '-ITO npH t=l C a,,=0,66 CM/C 
z. 

5.	 HOpM3JlhHOe yCKOpcHHC T01.JKH an = V·aT. DO)lCTaBJl5lji ciona HaH)lCH

z 
HhlC 1.JHCnOlJh'C 'lfl,JLICHHlI a, Hal" nOJlY1.JHM, 'ITO rrpa t=lc a,,,=0,58 CM/C . 

V2
h. P;'I.·l1IYC KpllllWlllhl TpaCKTOpHH p = /an• DO)lCTaBJIjiji CIO)la 1.JHCJlOBblC 

3Ha1.JCHHSl VI H Gin, HaH)leM, 'ITO rrpa t,=1 C PI = 3,0 CM. OrBCT: V, = 1,33 CM/C, a, = 

l l 
0,88 CM/C , ai' = 0,66 CM/C2, a.; = 0,58 CM/C , PI ~ = 3 CM. 

33)l3'13 K2 

McxaHH3M COCTOHT H3 cTynCH1.JaTblX KOJlCC 1-3, naxonsuiaxcs B sauenne

HHH HJlH CBSl3aHHblX pCMCHHOH nepenauek, 3y61.JaTOH pCHKH 4 H rpysa 5. npHBji 

sanuoro K KOHl\Y HHTH, HaMOTaHHOH aa O)lHO H3 KOJlCC (pHC. K2.0--·K2.9, Ta6Jl. 

K2). Panuycu cryneneii KOJlCC paaau COOTBCTCTBCHHO: y KOJlCCa I -.-. 1'/ ,~ 2 CM, 

R, 4 eM, y KOJlCCa 2 -- 1"2 = 6 CM, R2 = 8 CM, Y KOJlCCa 3 - 1'3= 12c,'H, R3=16 CM. 

Ha ofioziax KOJ1CC pacnonoxenu T01.JKH A, B u C. 

B CTOJl6l\c «Ilaao» Ta6JIHl\bl YKa3aH 3aKOH )lBH)KCHHji HJlH 3aKOH H3MCHCHHlI 

CKOpOCTH nenyuiero 3BCHa McxaHH3Ma, rne lpl(>j-3aKOH apaureaas KOJlCCa I, 

5I(f}-3aKOH JlBmKCHHji pCHKH 4. w2(t}-3aKoH H3MCHCHHji yrnosoii CKOpOCTH KO

neca 2. 1)s(t)"'3aKoH H3MCHCHHlI CKOpOCTH rpysa 5 H T. )l. (BC3)lC lp astpaxeso B 

pannanax, S -- B caimeaerpax, t -- B cexynaax). DOJlOlKHTCJlbHOC HanpaBJlCHHC 

)lJJlI lp H W nporas xona 1.JaCOBOH CTpCJlKH, )lJIli 54, 5SIf V4 ,Vy- BHH3. 

OnpCnCJlHTb B MOMCHT BpCMCHH t ( = 2c YKa3aHHbJC B Ta6JlHI.(c B	 CTOJl6j.(ax 

«HaHTl!» cxopocru (V-JlHHCHHhIC, W - yrnossre) H yCKOpCHHlI (a .- JlHHCHHbIC, 

£- yrnosue) COOTBCTCTBylOl11HX TOllCK 11J1H TCJI (V., - CKOpOCTb rpysa 5 H T. n.), 

48 

.	 . I 

YK333HHH, 3a)la1.Ja K2 - na I1CCJlC)lOBaHHC Bpal11aTCJlbHOfO )lBHlKCHH5I 

rsepnoro TCJla soxpyr HCno)lBH)KHOH OCH. DpH pCWCHHH 3a)la1.JH y1.JCCTb, 'ITO KO

rna ztsa KOJlCCa HaxoMTC5I B 3aj.(cnJlCHHH, CKOpOCTb TO"lKH 3aUCnJlCHH5I HMCCT y 

xaxaoro KOJlCCa O)l!"!y H ry lKC BCJIH1.JHHY, a xorna )lBa KOJlCCa CBlI3aHbl pCMCHHOH 

rrepenaseii, TO BCC T01.JKH PCMHlI H, CJlC)lOBaTCJlbHO, T01.JKH, JlC)KaWHC aa 060)lC 

Ka)K)lOfO H3 3THX KOJICC, HMCIOT B )laHHbIH MOMCHT BpCMCHH 1.JHCJlCHHO O)lHHaKO

BblC CKOpOCTlI; npa 3TOM C'IHTaCTClI, 'ITO pCMCHb no 060)ly KOJICCa HC CKOJIb3HT. 

IIpHMep K2. PCHKa I, cTynCH1.JaTOC KOJlCCO 2 C panaycaaa R2 H 1'2 H KOJICCO 

3 pannyca R3, CKpCnJICHHOC C sanoa panayca f3, HaXOMTC5I B 3aj.(cnJlCHHH; aa BaJJ 

HaMOTaHa HHTb C rpY30M 4 aa KOHj.(C (pHC. K2). PCHKa )lBIf)KCTC» no saxony 

5,=.f(t). 

"IIIIl 

J 

5 

6 

~ ,8 
f-----. 

w,=5t-i? 

lpz=2(r-3t) 

V 4=3r-8 

Ss=2t'-5t 

v, VB 

V 4. w, 

V A,W3 

V 4. Wz 

-
c.34 

1(:, as 

fl. as 

f--

Ez. a, 
f---

E\.a 

1';3. a 

E\. aC. a, 

1 

9 w3=8t-3tL v, VB I';z. aA, a, 

HaHTH,l],aHo
I HOMcp I 

yCKOpCHHjiCKOpOCTH, YCJlOBHlI 

S4=4(7t-r) VB.VC Ez.rO 

r=	 ~
 
V S=2(tl -3) VA.VC Ez.~ 
lpl=2t'-9 V 4. Wz Ez. ~~ 
wz=7t-3? V S. W33 Ez. aA. a, 

1 -- I I --.  I14 . lp3=3t-t I V 4. WI I E\. a, a5 
I 

~
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I,I 

Illrll~
 
I,I,',,,''II, II,! I I,IIII 

I , '1 

11'11"'1 

',,'1 1 ' 11',11 ,,11 ' 

Ii 1,",'1', 
:',',11 
1"1'11 

'1,"'I,I,ljl,]"I'11
i"111 
"'I''1"lt!:1 

Ili,:I,IJ',I!111 
1 

'IIi,II'11
i'il, 

ii 

' , ,I ":Jl 11

1 
,'1"" 

' 
' i" I'I'11
l 1 " 

1 
1 ' ,11(1" 

"'1 ' 11 ,,"
1;,;1, 'I'I~'il,'1 

1u1' 

~ 

PlfC. 1<.2.4PRC. 1<.2.0 

PHC. 1{2.1 

I PRC. K2.5 

Poc. 1<.2.2 

PIIC. K2.6 

PIIC. 1<.2.3 
mll~ <:, 

PIIC. K2.7 
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Puc. 1<.2.8 

J 

PlIC. 1<.2.9 

).\allo: Rl = 6 CM, f2 = 4 CM, Rj = 8 CM, rs ~ 3 CM, SI=3t
j 

(s - B caHTHMeT

pax, t - B cexyunax), A-TO'[Ka 060na KOJTeCa 3, t,=3 c. 

Onpenennrs: C03, V4.1:3. aA B MOMeHT BpeMeHH t=t,. 

Peureuae. YCJTOBHMClI 0603Ha'laTb CKOpOCTH TO'leK, JTe)J(aIl\HX Ita BHelUHHX 

ofionax KOJTeC (pannyca R,), xepea Vi, a TO'IeK, JTe)J(aIl\HX na BHyTpeHHI1X ofionax 

(paaayca r,), - 'Iepe3 U;. 

1. Onpeztensest cnaxana ymoHble CKOpOCHI acex KOJTeC, KaK <PYHKl..\HH spe-

MeHH t. 3Hall 3aKOH I1HH)f(eHHlI peHKH I. HaXOnHM ee CKOpOCTb 

(1)V, =5, =91': 

n l:r,,,
1-'111:. ,,<: 

52 

.,
 
TaK KaK peiixa H KoJTeCO 2 aaxoztsrcs B sauerrnenaa, TO V2= VI HIm 

W] . Rl = VI. Ho KOJTeCa 2 H 3 roace naxonsrcs H sauenneaaa, cnenosarensao, 

U]= V3 I1JTH Wl rl = wjRJ• vh JTHX paBeHCTB HaXOnHM 

V 3 
0) 1: ~12. OJ , !:L0)2 -I (2) 

R 2 2 R, 4 

Torna nJTlI MOMeHTa BpeMeHH t,= 3 C rrOJTy'lHM OJ 3=6,75 e'. 

3. Onpezienxev V•. TaK l(aK V.= VB = Wjrj, TO rrpa t[ = 3c 6yneT V4=20,25 

CM/c". 

4. Onpenensea &,. Y'IHTbIBaJI sropoe H3 paseacrs (2), rrOJTy'lHM 1:3=1,5t. 

Torna npa t1 = 3c 6yneT 1:3=4,5 c· l . 

5. Onpeaenaea a4.).Vr1l TO'IKH A a, = aA, + aA" ' rzte 'IHCJleHHO 

0.,11 =R3OJ3, aA N = R3OJ3 2. Torna znra MOMeHTa BpeMeHH t1 = 3c 6yneM 

I1MeTb: 

ajc = 36 C/vl I C 2 , aAn = 364 CM/c 2
 

I 2 '
 a/ - '1/ a j r + a~n = 366 ,3 cM/c 2 

Bee CKOpOCTH H ycxopenax TO'leK, a TaK)J(e uarrpaanenas YfJTOBblX CKOpO

creii noxasanu ua pHC. K2. OTHeT: OJ3 = 6,75 e:', Vr= = 20,25 CM/c; 1:3 = 4,5 c_ 
2

; 

2 a = 366,3 cMlc • 

3a~a'la K3 

flnOCKHH MexaHH3M COCTOHT H3 crepxoreii 1, 2, 3, 4 H rronsyna B HJIH E 

(pnc. K3.0··-K3.7) HJTH )f(e 1f3 CTep)f(lleil 1, 2, 3 u nomyuon B H F. (puc. K3.8, 

K3.9), coenuuenru.rx I1PYf C llPYIOM H C HerrO)lHIf)f(HbIMIf onopasia 0 I. O2 uiapun

paMI1; TO'lKa D naxoznrrcx B cepenaae crepacaa AB. ).VrliHbl crepzcneii paBHbl CO

OTBeTCTBeHHO: /1=0,4 M, /2=1,2 M, 13=1,4 M, /. = 0,6 M. DOJTO)f(eHlie MexaHH3Ma 
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I 

l 

1.'1'

!II; 
Ii 

I' 

lill

onpenenaercs yrnava a, B, y, <p, e. 3HaqeHHlI 3THX yrnon H ztpyrux 3a.L\aHHb1X Be

nHqHH ysaaanu B rafin, K3a (.unll pHC.K2.o--K2.4) I1nH B rafin. K36 (.z:\nll 

pl1c.K2.5-K2.9); npa 3TOM B Ta6J1. K3a WI H W4 - Benl1'IHHbI nOCTOlIHHble. 

Onpeaenars BeJlH'IHHbl,yxasannsre B Ta6J1I1Uax B cronfiuax «HafiTI1». 

llYroBble CTpe_1KI1 aa pacyaxax 1I0KaJbIBaKlT, KaK npa nOCTpoeHHH xepre

)I(a MeXaHI11Ma /lOn)l(HbI OTKJla.L\bIBaTbCH COOTBeTCTBYJOIUHe yrrrsi: no xody UJlU 

I1fJomllfi xooa 'IlIC()(Wlf Cl11pe.7KU (nanpavep, yron y pHC, K2.8 cnenyer OTnO)l(l1Tb 

or /)1J 110 XO,c() 'Iacolloii CTpCJlKI1, a aa pHc.K2.9 - npOTI1B xona -racoaoii CTpenKI1 

Ii T:.L\.). 

Ilocrpoenue llCpTe)l(a HaqHHaTb co crepxas, nanpasnesne xoropcro on

penenxerca yrnora a; nonsyn C HanpaBnlllOIUI1MH .nnll 60nblllefi HarnH.L\HOCTI1 H30

6pall1Tb TaK, KaK B npl1Mepe K3 (CM. pHC. K3, 6). 

3a.L\aHHble yrnosyio CKOpOCTb 11 yrnosoe ycxopeaae cxarart, aa

npaB.~CHHbIMI1 npOTI1B XO.L\a xacoaoii cTPeJlKI1, a sanamnae CKOpOCTh VI! 11 yCKO

peane (/" - OTTOqKI1 B K b (na pl1c.K2.5-K2.9). 

YK3l3HHH. 3a.L\aqa K3 - aa HCCJle.nOBaHl1e nnocxonapannensnoro .L\BI1

)I(eHl1l1 rsepnoro rena. ITPI1 ee peureanu zina onpenenennx cxopocrea TO'leK Me

XaHI11Ma 11 YrJIOBbIX ckopocreii ero 3BeHbeB cneziyer BocnO_1b30BaTbClI reopevoii 

o npOeKUl1l1X cxopocreii .L\BYX TOqeKrena H nOHlITl1eM 0 MrHOBeHHOM UeH1pC CKO

pocreii, npHMeHlIli 3TY reopevy (HJlH 3TO IIOHlITl1e) K K3*J1:0MY 3BeHy MeX3HH3

M3 B OTlleJlbHOCTH. 

Ilpn ortpenenenun ycxopeaati TOqeK MexaHH3Ma HCXO.L\I1Tb 113 sexropaoro 

paBeHCTBa al! ~ iI~, + a~.~- .rne A- TOqKa, ycxopenae a, xoropoii llnH 3a.L\aHO HnH 

HenOCpe.L\CTBeHHO onpenensercs no YCJlOBl1l1M 3a,L\aqH (eCJlH TO'lKa A .L\BI1)1(eTCli no 

nyre OKpy)l(HOCTI1, TO ii, = a: + a'; ); B - TO'lKa, ycxopenne a B xoropcii Hy)l(HO 

onpenenars (eCJlI1 TOqKa B .L\BH)I(eTCH no nyre OKPY)l(HOCTI1 paztayca 1, TO 

all = a;' + a~, r.L\C ql1CJleHHO a'; ,~ VLJ / I; BXO.L\lIIUaJI CIO.L\a CKOpOCTb VB onpezte

naercs TaK )I(e, KaK 11 CKOpOCTI1 ztpyrnx TO'leK MexaHH3Ma). 
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~ 

Ta6JlI1ua K3a (K PI1C. K3.0-K3.4) 

HOMep ! YrJlbl LJ:aHo Hafim - J 
1

YCJlOBl1l1 a • yO <p ff WI. !W4. V Iw la 1£ IP'1
I . ... 1/, 1/, roxex I ,-eHa IroqKH 1: 

1 

I0 O. 60 30 0 I 120 6. B,E DE B fAB 
I---~___ . I 

1 90 120 150 0 30 4 A,E AB A AB 

2 '30 60 30 0 120 5 B,E AB B AB 

3 60 150 150 90 30 5 A,E DE A AB 

4 30 30 60 0 150 4 D,E AB B AB 
I 

5 90 120 120 90 60 6 A,E AB A AB 
f-------+--I---f--------+---+--+--- ~+---I~--+-----+---+---

6 90 ,150 120 90 30 3 B,E DE B AB 
f-------+---I---f-------+--I---I-----l---+---+-----+----t-----
7 0 60 60 , 0 120 2 A,E DE A AB 

8 60 150 120 90 30 2 D,E AB B AB 
f--------+--I---f-----+---+--+--+_----"I-----f----- ---+-------\--

9 30 120 150 0 60 8 A,E DE A AB 
--~. 

PRe. K3.1 
PIlC. K3.0 
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Ta6nlilla K36 (K pac. K3.5-K3.9) 

'F 

b 

6 

Pac. )(3.9 

4 
PHC. )(3.7 

PIIC. K3.5 

PIiC. K3.3 

A 
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2 A 

Puc. )(3.6 

PHC. K3.4 

Pill:. K3.2 

Puc. K3.8 

II ct1i·'·/....' r 

IN~ IYrnu ):laHo ~aHTI1 ~ 
Ve. a,.IY".I"l W yO .. .0 I"". ',. V ' to "-1;;- ~ 

I ~ :/' 1/,' .1, .1,' rose ",eRO '"'''" ~""~' 
!0 120 30 30 90 ISO 2 4 B,E AB S AS 

, I O. 60 90 o : 120 4 6 A,E DE A AB 1 
, 2 60 150 30 90 I30 3 5 B.E 'AB B A~a 
3 0 150 30~:t. 6 s A,E AB A AB 

4 . 30 120-\20 0 60 4 6 . B,E DE B AS 
- ABADED,E108609090120905 1ABBDEB,E851200ISO 9006 

ABAASA,E526001201307 30 
ABSDEB,E10~-190 120 120 90 ISO 6 
ASAABD,E1:_ 4 

1 
9 16O~~~~~~ 

npHMep K3. MexaHH3M (puc. K3, a) COCTOHT R3 crepxaea 1, 2, 3. 4 Ii nOJI

syna B, cOeJlliHeHHblx APYl' c npyl'oM H C HenOJlBH)I(HblMH onopavu 0 1 Ii O2 map

llJ1paMIi. 

):laRO:a = 60°, ~=150°, y=900, <p = 30°, e= 30°, AD=DB, II = 0,4 M, 
Ut 

A 

(I) 
6) 

PMC. K3 
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------

/2 = !,2 M, IT!,4 M, WI = 2 C ", £1 = 7 c·
2 

(HanpaBJIeHHSI WIH £J-npoTHB XO,lJ,a 'la

COBOM cTPeJIKH): 

Onpenennrs: VII, VE. W2. an £3, 

Penreuue. I. CTpOHM nOJIOJKeHHe MexaHli3Ma B COOTBeTCTBHH C 3a,D,aHHbIMH 

yrnaMH (pRC. K3, 6). 

2.0npe,lJ,eJISIeM GR. TO'lKa B npHHa,lIJIeJKHT CTepJKIIIOAB. lfT06bl Hai!:TH aB, 

Ha,lJ,O 'maTb CKOpOCTb KaKoH-HH6y,lJ,b npyroji TO'lKH ::lTOrO CTepJKHJI H aanpaaneane 

1-' n, no ;~aHHbIM la,lJ,a'lH, Y'lHTblBaSI uanpaanenae, WI MOJKeM onpencnurs VA 

'lHCneHHO I 
(1)V, =mil, =0.8 M/C: V, J. 0, A • 

Harrpaaneuae Vii HaRileM, y'lTJI, 'lTO TO'lKa B npHHa,D,JIeJKHT OilHOBpeMeHHO 

rrOJJ3yHy, ,lJ,BHJKyUleMycSI BilOJIb HanpaBJIJlIOUlHX nocrynarensao. Teneps, 3HalI VA 

H HarrpaBJIeHHel'" , BOCnOJIb3yeMcSI reopessoa 0 npOeKUHJlX CKopOCTeH ,lJ,ByX TO'leK 

TeJIa (CTepJKHSI AB) na npJlMylO, coenanstoruyro :)TH TO'lKH (npavaa AB), Cnasana 

no 3TOH. reopesre yCTaHaBJIHBaeM, B xaxyto CTOpOHy nanpasnea BeKTOp v: (npo

eKUHH CKopOCTew ,lJ,O:IJKHbl llMeTb onaaazoasre 3HaKH). 3aTeM, Bbl'lHCJIJlSI :)TH npo

eKUHH, naxona» 

(2)Vii cos 30' =V, cos 60' U Vii =0,46 .we, 

3. OnpeileJIJleM V" Toxxa E npHHa,u,JIeJKRT CTepJKHIO DE. CJIe,lJ,OBaTeJIbHO,
 

rro aHaJIOrH~ C npensmyutass, 'lT06bI onpenernrrs V,... aano cnasana HaRTH CKO


peers TO'lKH D, npHHa,lJ,JIeJKaIUeH O,lJ,HOBpeMeHHO CTepJKHIO AB. ,1J,JJJI 3TOro, 3HalI
 

VA H Vn, CTpoHM MI'HOBeHHblH ueirrp CKopOCTeH (MUC) CTepJKHJI AB; :)TO TO'lKa
 

C 3, JIelKaIUaSI na nepecexenna nepneanaxynspoa K VA H VIi ,BOCCTaBJIeHHbIX 1-13
 

TO'leK A 1-1 B (K V" nepnenzmxynspen CTepJKeHb I). TIo nanpaanemno BeKTOpa V,
 

onpcnenaev nanpaaneane nosopora CTepJKHR AB soxpyr MUC C 3· BeKTOp VD
 

6Y,lleT ncpneunasynspea 0TPe3KY C 3D, COe,lJ,HHJlIOUleMY TO'lKH D H C 3, H aanpas

nen B CTOpOHy noaopora. BeflHqHHY I'D Hai1,L\t:M in JJponopUj.ji-i
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"'I11III 

V,'----=~ (3) 
C 3D C 3B 

YTo6bl Bbl'lHCflHTb CjD H CjB, 3aMeTHM, 'lTO LlACjB npSlMoyroflbHblH, TaK 

KaK ocrpsie yrnu B HeM pasusr 30 1-1 60°, 1-1 'lTO C3B=AB sin 30° =O,5AB=BD. To

rna LlBCjD JlBJIJleTCJI paBHocTopOHHHM H C2B = C3D, B peayrn.rare paaencrao (3) 

,llaeT 

(4)V" = Vii =0,46.\f/c, V" J. X,D. 

TaK KaK TO'lKa E npHHa,u,JIelKHT O,llHOBpeMeHHo cTeplKHIO 02E, spa

uiaromevyca soxpyr O2, TO VE J. 02E . Torna BOCCTaBJISISI H3 TOqeK E H D nep

neHilHKyJlSlpbl K CKOpOCTJlM VE H V fJl nOCTpoHM MUC C.' CTeplKHSI DE. TIo 

HanpaBJIeHHIO aexropa II D onpenenxev nanpannenne nosopora CTepJKHJI DE 

soxpyr uenrpa C3. Bexrop VE 6Y,lJ,eT nanpaenea B CTOpOHy noaopora :)Toro 

CTeplKHJI. M3 pHC. K3. 6 BH,lJ,HO, 'lTO yroJI C ~ ED= yrJly C 2 DE OTKY,lJ,a C1E=C2D. 

CocTaBHB rerteps nponopumo, HaM,lJ,eM, 'lTO 

(5)~=~. , V, =V" = 0,46.11 / e. 
C,E CD 

4. Onpeztensex W2. TaK KaK MUC CTepJKHSI 2 HaM H3BeCTeIl (TO'lKa C 2) H 

. I, V,,_, (6)C,D =---.- =0,69 M. TO (J), =,.~ =0.67 e , 
. 2cos30' '. C,D 

5. Onpenenaev aB. TO'lKa B npHHa,u,JIelKHT CTepJKHIO AB. lfT06bl HaMTH Qfl,
 

Ha,D,O 3HaTb ycxopenae KaKOH-HH6Yilb ,llpyroH TO'lKH CTepJKHSI AB H TpaeKTopHIO
 

TO'lKH B. Ilo JJ,aHHbIM 3aua'lH MOJKeM onpeztennrs
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..,
 

a ..l 
~ r 
"." ' 

- n 
0,4 ,r.l\c 411CJlCHHO 

0;, =c,I, =2,8 Mle'; a:: =0),'1, =1,16 u i c", (7) 

Bekrop a/ " HanpaB!ICH snons AD, a 0,.1 r -nepneH.l\HKyJlllpHO AO; H306pa

)I(<lCM 1111 IlCKTOpbl ua 4Cp1e)l(C. 

TaK KaK TO'lKU B O)lHOBpeMeHHO npnaannexar nonsyay, TO BeKTOp aa 6y

zrer napannenen aartpaanmoumx nonsyua. l-h06pa)l(aeM BeKTOp ero naxeprexe, 

nonaras, 4TO OH aanpasnen B Ty )l(C CTOpOHy, -rro 11 V S. 

)l,iHI onpe)lCJIeHIHI as aocnonsayeaca paBeHCTBOM. 

I 
I 

J 

an = 
-r-r -n -r-r -n 
a» +aA +a/i,1 +aSA. (8) 

11306pa)l(aCM ua xepresce BeKTOpbI anIlA (aaons B A OT B K A) II ~;j' (B JlIO

6ylO CTOpOHy nepneazmxynapno BA); 'lIlCJleHHO aSA=W J 2 I] . HaH1VI.OO) C nOMO

muo nocrpoeunoro panee MI~C C3 crepaors 3, nOJlyt:jHM 

Q, = ~,,_ = __V_,,_ ~ = 0 66" n 2. (9)(,A l,cos30' . C HQ".1=0.61 M/c 

TaKHM 06paJOM, YBeJlII'lIlH, BXO.ullmHX B paseucrso (8), HeH3BeCTHbI TOJlb

KO 'lIlCJleHHbIC 3Ha4CHHlI aa H a~A" IIX MO)l(HO HaHTH, cnpoexrnpoaaa 06e sacru 

paBCHCTBa (8) ira KaKllc-HII6y.ub .uBC OCII. 

4T06bl onpeneaarr, an npoexrupyeu 06e 'laCTH paseacrsa (8) Ha nanpasne

HIIC AB (OCb x), nepneannxynapnoe K Hell3BecTHoMY BCKTOpy anA .Torna nOJly411M 

a/l cos 30' == a Tr cos 60' - a'; cos 30' + a~A' (10) 

OO.l\CTaBI1B B paBCHCTBO (10) 411CJlOBbIC 3Ha4CHHlI BCCX BCml4HH H3 (7) H 

(9), HaH.l\cM, 'lTD 

as = 0,72 M/C 
2. (11) 

TaK KaK nOJlY4HJlOCb as>O, TO, CJle.l\OBaTeJlbHO, BeKTOp a, HMeeT aarrpaane

HMe, noxasaaaoe na pHC. K.3, 6. 

6. Onpenenaesr 8). lh06bI HaHTH 8), caasana onpenennsr aSA r -iJ,JllI aroro 

06e t:jaCTII paBeHCTBa (8) cnpoexrapyesr na aanpasnenne, nepneH.l\HKYJllIPHOCAB 

(OCby). Torna nOJly4HM 

- an sin 30' = a~ sin 60' + a~ sin 30' + a:U . (12) 

TIO.uCTaBIIB B paBeHCTBO (12) 411CJlOBble 3Ha4eHIIlI scex BCJlIl4I1H; (II) H (7), 

HaH.ueM, 'lTO a~, =---,-3,58 M/c2. 3HaK YKalbIBaCT, 'lTO aa npaaneaue Q~.1 rrpornsono

JlO)l(HO nOKaJaHHoMy aa pIIC. K3, 6. 

Teneps 113 paBeHCTBa Q~.1 = E3 13 nOJlyt:jIlM 

== la~/I ·2==256&J ,C . 
IJ 

2.
OTBeT: Va == 0,46 M/c; Vf.=0,46 ulc; 002=0,67 e', an =0,74 M/c\E )=2,56 c· 

3a~a'la K4 

Ilpaaoyrom.aaa nnacrnua (pIIC. K.4.0-K4.4) HJlII xpyrnas nnacrana pa

.l\lIyca R=60 CM (pHC. K4.5-K4.9) spauiaercs soxpyr HerrO.l\BH)I(HOH OCH no 3a

KOHy q>=f,(t), 3a.l\aHHOMY B ra6J1. K4. 00J10)l(IITeJlbHOe uarrpaaneune OTC'lCTa yrna 

q> rrOKa3aHO na pacyusax .l\yroBOH CTpeJlKoH. Ha pIIC. 0, 1,2, 5,6 OCb apauteuns 

nepnennnxynspua IlJIOCKOCTI1 nJIaCTHHbI II rrpOXO.l\IIT xepes T04KY 0 (nJIaCTIIHa 
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BpaIl\ae1'CJI B CBOeH nJlOCKOC1'I1); na pac, 3, 4, 7, 8, 9 OCb opaIl\eHI1J1 00, nexorr B 

nJlOCKOCTI1 nJlaCTI1Hbl (nJlaCTI1Ha BpaIl.\aeTCJI B "pOCTPaHCTBe). 

Ilo nJlaCTI1He aaons npliMoH BD (pHc.x4.0-x4.4) HJlI1 no OXPYlKHOCTI1 pa

):ll1yca R (pHC.K4.5-K4.9) )lBl1lKeTCli T01JKa M; 3aKOH ee OTHOCI1TeJlbHoro )lBHlKe

HHlI, T. e. 3aBHCHMOC1'b s=AM=j2(t) (s supaaceao B caHTHMeTPax, t - B cexynnax), 

sanaa B rafinaue OT):leJlbHO ,llJI1i pl1c.x4.o--x4.9 H )lJlH pHc.K4.5-K4.9; TaM lKe na

Hbl paavepu a 11 h. Ha pacynxax T01JKa M noxasana B rrOJlOlKeHHH, npa XOTOpOM 

s=AM>O(npa s<OT01JKa M HaXO)lHTCH no npyryso CTOPOHY 01' T01JKH A). 

HaHTI1 a6COJllOTHylO CKOpOCTb H a6COJllOTHOe ycxopeaae T01JKH M B MO

MeHT BpeMeHH t ,= I c. 

YKalaHHH. 3a)la1Ja K4 - aa CJlOlKHOe )lBl1lKeHHe T01JKH. )];.rIH ee peurenas 

BOCnOJlb30BaTbCli reopenaxa 0 cnoxenaa cxopocreii H 0 CJlOlKeHHH yCKopeHHH. 

Ilpexne 1JeM np0I13BO)lI1Tb ace pacnerst. cnenyer no YCJlOBHlIM 3a)la1JH onpene

mrrs, rne HaXO)lI1TCli T01JKa M aa nJlaCTHHe B MOMeHT BpeMeHH t, =1 c, H H306pa

311Tb T01JKY HMeHHO B 3TOM rrOJlOlKeHHH (a He B'npoH3BOJlbHOM, rrOKa3aHHOM Ha 

pncynxax K sanase), 

B CJlY1JalIX, OTHOCHIl\HXCli K pIlC.K4.5-K4.9, npa pemeaaa 3a)la1JH He non

craanxrs 1JHCJlOBOrO 3Ha1JeHHH R, noxa He 6y)lyT onpenenenu nOJlOlKeHHH T01JKH 

M B MOMeHT BpeMeHH t,= 1 C H yron Me)l()ly pazmycaaa eM H CA B 31'01' MOMeHT. 

IIpHMep K4.lllap panayca R (pHC. K4, a) spamaerca soxpyr csoero )lHaMeTPa AB 

no aaxoay ((J=fJt) (nOJlOlKHTeJlbHOe aanpaanenae OTC1JeTa yrna q> nOKa3aHO na 

pHC. K4, nan nyrosoii CTPeJlKoH). TIo nyre 60JlbllJOro xpyra «(MepH,nHaHy») ADB 

)lBHJKeTClI T01Ji<a M no saxony s = AM =j2(t); nOJlOlKHTeJlbHOe nanpasneaae OTC1Je

ra paccroanna s 01' A K D. 
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5aV2 

:.. . 4U . ~ 

", 11' •• __•• A 
'0ij

8 
[ 1.~1~ 

PIiC. K4.0 PRe. 1<4./ Puc. K4.2 

Puc. K4.3 Puc. K4.4 Puc. 1<4.5 

PHC. 1<4.6 Puc. 1<4.7 

~ 

Pllc.1<4.8 Puc. 1<4.9 
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Ta6JIHua K4 
(I ) 

(2) 

6) 

riD 

65 

PHC. K4 
0) 

'It R ,
S=AM =-(7f-2r).

6 

-t -n - t-t 

QOT =QOT + QOT, QnEP = QnEP + QnEP. 

Va = VOT + VnE?, G a = GOT +GnEP +GKOP, 

I. OrHOCHTeJIbHOe .L\BH)I(eHHe. 3TO .L\BH)I(eHHCnpOHCXO,llHT no saxoay 

OnpenCJIHM see xapaKTepHCTHKH OTHOCHTeJIbHOro H nepenocuoro ,llBH)I(e-

HHiL 

Caasana yCTaHOBHM, rne 6Y.L\CT HaXO.L\HTbCjl rosxa M na ,llyre ADB B MO

1tR 
MeHT BpeMeHH t.. Ilonaras B ypaBHeHHH (2) f/=Ic, nOJIyIfHM S =-(7-2)

6 

rue, B CBOfO O'ICpC.L\b. 

16 60(l- R !1tI3R(t4-31) I 

3t)+S6 I I--+ ' 
8 80(2r-l) R !nI6R(3t-t2 

) 

48 

11t/3R(t3·2t)20 60~ R 

I 12 40(fl. 3/4R 1t/2R(l-2?>l 

i 3t)+32 

ho 
60(l-r\)+24 R 1t/6R(f-Sl) 

10 SO(l-f)-30 R 1t/3R(3t2-I) 

I 
I 40(1-21')-40 413R 1t/2R(t-2f) I 

,l],aHO: R = O,S M, <p =2l-4t2 
, S = 1t RI6(7/-2t

2 
) (<p  B panaanax, 

S - B MCTpax, t- B cexynnax). 

Onpe.L\CJ1HTb: Va H Ga B MOMeHT BpeMeHH IJ= 1 c. 

Peureuae, PaCCMOTpHM ,llBH)I(CHHe TOlfKH M KaK CJlO)l(HOe, c-nrraa ee 

0611.71ceHue no .L\yre ADS OTHOCHTeJlbHbIM (AB - OTHOCHTeJlbHM rpaexropas ro-r

KH), a apauienae mapa - nepeaocnuw ,llBH)I(eHHeM. Torna a6COJIIOTHaSi CKOpOCTb 

VA H a6COJllOTHOe yCKopeHHC a: TOIfKH HaH.L\yrCjl no $opMyJlaM: 

rOMep ~Tl.I,J111 BCeX 1,l],J111 pHC. K4.0-K4.4 

lill I pHC. =l~! -l.~f,(t) •• OM. FAM~it) h S" AM -fit)

l~-- 14(r-I) 12 ~?)-~t I ";3Rt4t 

11'~'"ln~2~ I 

;T-----P.-St· --116 t4~3R !1t/2R(2P-t3f1 
!. I I 13~~=- .1'= ~J~'12i JIO~40 IR I";3R(2t'-1) I 

13 \r-V 
I I 

14 I [Oro'"~ 
r-s----i 2(7--t-)f6 - - - --1st=4T-

l r .~ 
17 5-31 
~ .- l~~::;--
L --~ 
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Torna yron ACMccs I/R = 5/6 tt> 1500 IfJU! yron BCM=30·. }!306p3)l(aeM 

H3 pHe. K4, 3 TO'lKy B rrOJlO)KeHIfIf, onpenenaenoa 3TlfM yrJloM (TO'lK3 M I ) , 

Teneps Haxo.nHM 'll1eJIOBbie 3Ha'leH1f1i VaT' a~" a;, : 

VOl =1'=.rrR O_ 41). a;,-, =v; II =-~1tR, 
6 3 

It.'1 - !~I ~I ':(~·t 
III - --~ ::;:--

PrJ! R 

rae por .. paaayc KPHBH3HbJ OTHOelfTeJlbHOH rpaexropaa, T. e. nyra ADB. )J.nll 

MOMeIIT3 BpeMeHH t, = l c, y'lIfTbJB<UI, 'lTO R = 0,5 M, nOJIY'll1M : 

. - '!-.Ji. 3 = ~ .W / c . a ~\T =_!:.w/C'
1 0 1 6 3 . .- 4
 

1t J '"I
 

- -.11 / C'. (3)G 0 1 8 

3H3KIf rrOK33blBaIOT, 'lTO sexrop V 01 nanpasnea B cropony nOJIO

JKHTeJIbHOrO OTC'leTa paccrosnaa s, a BeKTOp a~T -6 npOTIfBOrrOJlO)KHYIO cropo-

HY; BeKTOp ;;"r nanpaanea K ueHTPY C .nym ADB. I-h06pa)KaeM Bee 3TH BeKTOpbJ 

aa pnc. K4, a. )].JIll aarnszmocra npasenea pac. K4, 6. rzte nyra ADB coasseutena 

e nJIOeKOeTblO 4epTC)Ka. 

2. nepeHoeHoe .llBIf)KCHlfe. 31'0 .llBIf)KeHlfe (Bpall.\eHlfe) npoacxoznrr rro 3a

KOHycp=2t3 -4l. HaH.lleM yrnoayro CKOpOCTb 0) H yrnosoe ycxopenne f: rrepenoc

noro apauienns: 0) = q> = 6t2-8t, f: = 0) = 12t-8 If non t1 =1 c. 

(lJ = -2e", E: = 4c" (4) 

3HaKH rrOKa3bIBa1OT, 'ITO npa tl = I e HarrpaBJlelllfe f: connaaaer e uanpaane

HlfeM IIOJIO)KHTeJlbHOrO orcxera yrna q>, a nanpaaneaae 0) eMy rrpOTHBOrrOJlO)KHO; 

OTMeTIfM 31'0 aa pac. K4, a eOOTBeTeTBYlOlI.\l1MIf .nyroBbIMIf eTpeJIKaMIf. 

)J,lUI onpeneneuas V If anep Haxo.nIfM cnasana paccrosnae h TO'lKI1 M{ 01'nop 

oca apatueaas. Ilonysaea h=R sin 30 0 =0,25 M. Torzta B MOMeHT BpeMeHIf 

t l = lc, y'llfTblBali paseacrsa (4), 6y.neM HMeTb: 

VIlEP = Iml' h = 0,5 AI / c. al;EP = ~. h = 1M / c", 

(5)a~'EP = OJ' . h = 1 M / C z 

11306pa)KaeM na pac, K4, a BCKTOpbJ V If a;,EP e y'leTOM HanpaBJIeHIfH 0) Ifnep 

:; H sexrop ;;~EP (uanpasnea K oca spauteansj.O 

3.KopIfOJllfeOBO yeKopeHlfc. TaK KaK yron MC)K.ny BCKTOpOM VOl If ocsro spaurenaa 

(BeKTOpOM a;) paaen 60 0 , TO 'lIfeJleHHO B MOMCHT BpeMeHIf t 101 c [ex. paseacrsa 

(3) If (4)] 

J3 2 (6)a w p =2Ivorl.!m!.sin60o=2'!-..2. =2,n.w/c
4 2 

Hanpaaneaae aKQp H3H.lleM, crrpOeKTlfpOBaB BeKTOp VOT aa rrJlOCKOeTb, nepnes

.nHKYJljlPHYIO ocn spanrenn» (rrpoeKUlfli nanpaaneaa TaK )Ke, KaK BeKTOp ;;;\EP), If, 

I10BepHyB 3aTeM 3TY npoexujno B CTOpOHy 0), To e. no xozty 'laCOBOH CTPeJIKI1, ua 

900. I1Ha'ie aanpaanenae aKOP MO)KHO Haihlf, ysra, 'lTO aw p = 2(-;;; x VOl)' 11306pa

)KaeM sexrop ~KOP(Ha puc, K4), If rerreps MO)KHO BbJ1-llfCJIIfTb 3Ha'leHlfjl v:, U ao -

V ll t P 4. OrrpelleJleHlfe I~, ~ TaK K3KV" = Vm + VllEP, a BCKTOpbl VOl If B3alfMHO 

rrepnenznrxynspau (eM. pac, K4, a), TO B MOMeHTBpeMCHI1 tl=le 

. r;;2,-,' IN'J" ( , 
Va ="Vor + VilEr = ~l4) + (0.5) = 0.93 M ( e . 
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5. Onpe.i1eJleHHeao~ Bexrop a" cnaraercs H3 cJle.l\YIOlI.\HX aexropoa: 

~,,=a~T +~;T +~:'FI' +~;"p +~KOI' = I~K .)J,nll onpezteneaas au npoaeneu KOOP.l\H-

HaTHbJC OCH M1 .\,J'z (CM. pHC. K4, a) II BhILJ.HCJIHM npOCKUHI1 BCKTopa a, aa 3T11 

OCH. YLJTeM npa :nOM, 'ITO BCKfOPhI a:,EP H ;;<or JlClKaT aa npOBC.l\CHHOH OCH x. a 
u 

sexropu a;" ,0;'" H 0;'111' paCnO!IOlKeHbl B nJlOCKOCTH .l\yrH ADB. 1', e. B nJlOCKO

em M YZ (CM. pile. K4, 6). Toraa ,1Jll1 MOMCHTa BpCMCHH 11= I C, YLJT~ paBCHCTBa1 

(3), (5\. ()), nOJlY'H1M: 

{/," = IuR, =a,',1.1' + {iwl' = I+ 2.72 = 3,73 M/C', 

" " 60' I 'I 30' 1 It' It.,[j ,0" = a .,=a"'I'+OmCOS -am cos = +----=0.7IM/c· 
. I R, , 16 6 

a " I 'I 60' -amn coso~OO =-(It6+~ 
2J3)=-1,59 wt c:',,= L..{/'" =-({Ol cos lt 

v 

Orciona HaXO)l,HM 3Ha4eHHe a" B MoMeHT BpeMeHH t I~ 1 c: 

~" ]ail = ....;u<J~ + Gay + ";J/: :::: 4,) _,\lIe. 

OTBeT: V" = 0,93 M/C. a<1~ 4,/ M/C
2. 

)],HHAMHKA 

3allaqa )],1 

f'PY3 D MaCCOH m, nOJlyLJ.HB B TOLJKe A HaqaJIhHYIO CKOpOCTh Do. )l,BH)I(eTCli B 

H30myToH Tpy6e ABC, pacnonoxeanoa B BepTHKaJIhHOH nJlOCKOCTH; yLJ.aCTKH 

Tpy6hl HJlH o6a HaKJlOHHhle, HJIH OaHH ropaaoirransnsrri, a .l\pyroH HaKJlOHHhlH 

(pHC. )],1.0-,1],1.9, m6J1. ,lJ,l); yron HaKJIOHa 0.= 30°. 

68 

Ha YLJaCTKe AB na rpys, xpoae CHJlbl TlI)I(eCTH, LleHcTBYIOT nOCTOllHHalI CH

na Q (ce uanpannenae nOKa3aHO aa pacyaxax), H cana cOnpOTHBJIeHHlI Cpe.l\hlR, 

saaacsuias 01' CKOpOCTH V rpysa (narrpasneaa npcrna LlBH)I(eHIDI); TPeHHeM rpysa 

o TPy6y aa yLJaCTKC. AB npeaeopess. 

B TOLJKe B rpys, He H3MeIDIli BeJIHLJHHhl CBoeH CKOpOCTH, nepexonar aa yxa

CTOK Bc Tpy6bI, me na Hero KpOMe CHJlh! TlI)I(eCTH .l\eHCTBYIOT CHJIa TPeHIDI (KO

3Q>ljJHUHeHT TPeHHlI rpysa 0 TPy6y f=0,2) H nepeueaaas CHJla F, npoexuas KOTO

POH F., aa OCh x sanaaa B Ta6J1HUC (canu Fx, Q, R ziaasr B m6JIHllC B HhIOTOHax; 

e.l\HHHUY H3MepeHHlI K03<j:I<j:IHllHcHTa 11 .l\OJI)I(CH onpC.l\CJIHTh H yxasars PClllaJOlI.\HH 

3a.l\aLJ.Y)· 

Cxaraa rpys MaTCpHaJIhHOH TOLJKOH H 3Hall paccroaaae AB=l HJIH BpCMlI t, 

.l\BH)I(CHHlI rpysa 01' TO'IKH A .110 TOLJKH B, HaHTH 3aKOH .l\BHlKeHHlI rpysa aa yLJaCT

xe BC, T. e. x=f(t), rae x=BD. 

YKa3aHHH. 3a.l\aLJa ,1],1 - na HHTerpHpOBaHHe .l\HQ>Q>epeHl.\HaJIhHhIX ypae

HCHHH .l\BH)I(eHHlI l:OLJKH (peureaae OCHOBi-lOH 3a.l\aLJH .l\HHaMHKH). PelIIeHI1C sana

LJH pastiasaercs aa ase LJaCTH. CHaLJaJIa HylKHO COCTaBHTh H' npoutrrerpaposars 

MeTO.l\OM pa3.l\eJlCHHlI nepeveansrx .l\H<j:I<j:IepeHUHaJIhHOe ypasneane .l\BHlKeHHlI 

T04KH (rpyra) na yLJaCTKe AB, y'lTli HaLJaJIhHhle YCJlOBHlI. 3aTeM, 3HalI BpeMli .l\BH

)I(CHltli rpysa na yLJaC1'KC AB HJlI1 ,LI,J1HHy 31'010 yLJaCTKa, onpCaCJIHTh, xaxyro CKO

POCTh 6Y.l\eT HMe1'h rpys B 1'OLJKe B, 3Ta CKOpOCTh 6yJXCT HaLJaJlhHoH !\JIll )lBl1lKC

Hllli rpysa aa yLJaCTKe Be. HOC!le aroro HylKlIO COCTaBHTh H npoaarerpaposan

.l\HQ><f!cpCHUltanhHOe ypasneaae aBH)I(eHIDI rpysa aa yLJaCTKC BC TOlKC C yLJCTOM 

lia4a.JlhHhlX YCJlOBHH. DPH HHTcrpHpoBaHHH ypasnenus .l\BHlKCHHlI ua YLJacTKeAB 

B CJlY'iae, xorna saaaaa ero .l\JIHHa, uenecoofipasso nepeirrn K nepeaeaaoxy x, 

yqTlI,LJTO 

dV, =V ~V.l.. .
 
dt 'dx
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CJ1JIa F=F(t). 

l 

6 D Ii A 

r~Jt. f 
ccJI/ _. 

Ta6JIHl.\a )J,l 

Puc. .LJ.J.3 

PHC. .lll.l 

~. 8 0 c 
~;/.YAy"). A 
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J( 

PHC, .LI. J .2 

c 0 /i 

X !V#_~~ 
'. 4 

or 

P IiC . .LI.l.O 

IHOMep I m,TVo Q R Il 

~ I L F, 
I Ir,"08.'! " I .Ie . I 
o~ 20 6 IlV 0,4 2,5 2Sm(~

L rt-2.4 I 12 6 1lV" 0,8 1,5 6t I
I ,- In":st 18~- 9 IlV 0,5 3 3sin(2t) 

I 3 • 6 i 14 18 Il V 0,6 5 (-3)cos(2t) 

i--+ ! 4 IlV 0,4 I 2 4cos(4t)4 I 1,6 i 18. 

(-6)sin(2t) Ir~5--'I---sl 10 16 IlV 0,5 4 

~ 6 I 1,8 15 5 Il V I 0,3 2 91 I
h-----I--. I 

\ 7 4 12 I 12 IlV1 0,8 2,5 (-8)cos(2t) i 

~ 8 I 3 22 
9 IlV 0,5 3 2cos(2t) 

L 9'-I4,8 10 12 IlVZ 0,2 4 (-6)sin(4t) 

8 

A IJ Q &~ 
I 

~/lil;&~ 
0/" 

Pac. .lI.1.4 PHC• .lI.1.5 

A .0 i I If' 

a '" ~~~ 
. ~ 

Pile. IU.6 Puc. .il1.7 

6 .0 t 

Jl tlfllfll!9;fIiI:~~ ,r~' 
Piic. ,LlJ.8 PHC. )11.9 

npHMep .lli. Ha BepTIfKaJlbHOM Y'IaCTKe AB rpytiu (pHC. )),1) aa rpY3 D 

MaccoH m .neHcTByIOT cana TJDKeCTH H cana conpornanenas R; !lBH)l(eHHe OT TOL{

KH A. rae Va =0, .no TO'lKH B ,ll,JIHTCll t, c. Ha HaKJIOHHOM ysacrxe Be aa rpya ,ll,eH

CTBylOT cana rpemrs (K03Q><pHl.\HeHT rpeHHll rpysa 0 rpytiy paBeHj) Ii nepeuennaa 

.A 
ii 

p 

N 
:::J:.... IE 

1 .... • Jt 

-Ii 

Puc. Jl.l 
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,lJ.aHO: m =8 xr, R =/!u
2

, rae /!=0,2 HIM, V o 0, t, 2 c, .1=0,2, 
F,= 16sin(3t+2), 0.=30°. 

Orrpenemrrs: x=f(t) - 3aKOH .nBHJKeHIUI rpysa na ysacrxe BC 

Pemenae, I. PaCCMOTpIlM .nBHJKeHHe rpyaa aa ysacrxe AB, c-nrraa rpys Ma

TepllaJIbHOM TOlfKOH. "ho6paJKaeM rpys (B rrpOH3BOJIbHOM rrOJIOJKCHHH) H .ncikT

BYIOll\He na nero CHJlbl P=m~ HR. Ilposonau OCb Az H COCTaBJIlleM .nH¢¢CPCH-

UllaJlE.HOC ypaaueuae .nBlflKeHHll rpysa B rrpOeKIJ;HH aa ary OCb: 

eI" ,_ uv, 
111--' =L.r", u.iu 111--' =P, +R.. (I)dt dl

;1a,1CC Haxo.nIlM P: = P=mg. R 2 = - R = - IlV2; nomepxasaea, 'ITO B ypasae

HHH aee nepesteunsre CHJlbl HaAO 06H33TeJlbHO Bblp33HTb '1epe3 BeJlH'IHHbl, 

OT KOTOpblX OHH 33BHCHT. Y-rrs euie, '-lTO VZ = V, rrOJIyqHM 

dV dV g 
m =mg-IiV' Hnll =E(m -V'). (2)dt dt m Ii 

BBC.nCM .nJlH COKpamcHIIH sanncea 0603Ha'-lcHHe 

a' = mg = 400 (a = 20.'11 c). (3)
Ii 

me npa nO)1CQCTe npuasro g=IO M/c2. Torna, pasnensx B ypaBHeHHH (2) nepe

MCHHble H 6CPll 3aTCM OT otieax xacrea paaeacrsa HHTerpaJIbl, nOJIylfHM 

dV I.l 1 0+ V I.l
-,----,=-dl u -In--=-I+C,. (4){I' - V - m 20 0 - V m 

TIo Ha'laJIbHblM yCJIOBHHM npa t=O V=Vo = 0, 'ITO ztaer C, = (l/2a)ln 1=0. BBC.llH 

eute O.nHO 0603Ha'-lCHHC 
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R =a E =0.5 c I (5) 
m 

nOJIY'-lIlM H3 (4) 

a+ V _ ")RI o+v 2!?/
In---~ - ~ U ---=e
 

a - ~ a-V
 

Orcrozta saxonav, 'ITO 

I-e -2UI 

V=a ~ (6)
I+e 

TIOJIarM snecs t =t)=2 C H 3aMCHHH a H R HX 3Ha'-lCHHHMII (3) H (5), onpenenasr 

CKOPOCTbVIl rpysa B TO'lKC B ('-lHCJIO c=2,7'). 

i -«: 
V" =20----:-;-=15,2 ,\l1c. (7)

I+e 

2. Teneps paccvorpmr .llBlIlKCHHC rpysa na Y'IaCTKC BC; HaM.ncHHaH CKO

pOCTh V" 6y.uCT .nJIli ,!\BlIlKCHHll na :nOM Y'IacTKe Ha'-laJIE.HOH CKOpOCTblO( Vo~ Vu ), 

H306paJKaCM rpya (B rrpOH3BOJIhHOM nOJlOJKCHHH) H .1lCHCTBYIOll\HC na aero CHJlbl 

P=m Ii. N, F;p H F. TIPOBC,!\CM H3 TOlfKH B OCH Bx H By H COCTaBIIM J.\H¢¢cpeH

U1iaJIbHOe ypanueaae .nBHlKCHHH rpysa B npOCKl.\HH na OCb Bx: 

dV 
In --;;:- = P, + N, + Fm,n + F" Ifnll 

dv', . F F
m-~-=mgslna- 'mIl + t' (8)

dl 

rae Fmp = fN. J~JIH onpenenenas N COCTaBHM ypaBHcHHC B npOCKl.\HH aa OCE. By. 

TaK KaK a) =0, mmY'-lHM O=N-mgcosa., orxyna N=mgcoso., CJJc.noBaTCJlE.HO, 

FTp = fmgcoso; KpOMC roro, F,= 16 sin(3t+2), 1I ypasuenae (8) rrpHMcT Bll.n 
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dV, . r 6 . (
m~ =mg(sma- cosa)+1 Sin 31+2). (9) 

Paaaenas 06e sacra pasencrsa ua m, BbJliHCnHM 

g(sina-fcosa)=g(sin30' -O,2cos30') = 3,2; 16/m=2 

H no',,' (~li"l\l nil :mayeHllli H (9). Toraa nonYYHM 

.n: . (3 2-' = 3,2 + 2sin 1+ ). (l0)
JI 

YMHO)j(al! o6e qaCTH ypaaaenaa (IO) aa dt H nrrrerpapys, HaHJJ,eM 

V = 3.21-~cos(31 + 2) + ('2' (11) 
r 3 

ITo Ha'JaJlhHhlM ycnoBHlIM UpH t = 0, V=Vo =VB rae VB l\aeTClI'paBeHcTBOM (7). 

IIO,llCTaBJJlIli 3TH BeJlH'JHHbI B (II), nOJly'uIM 

? 
C, = V + '::cos2 =15,2,- 0,3 = 14,9, 

- H 3 

flpHMe4aHHe. Ilpa OTCyTCTBHH Ta6J1Hl.( TpHroHoMeTPH'leCKHX l!>YHKl.(HH, rne 

yron sanaa B panaanax, yxecrs, 4TO I pa,n,=57,3°. Torzra B HallIeM cnyxae 

cos2 = cos 115°=--cos 65° = --0,42. 

Ilpa HaHl\eHHOM 3HaqeHlfH C2 ypasneaae (II) l\aCT 

dx
V =-=3,21-0,67cos(31+2)+14,9. (12) , dt 

YMHO)l{al!311eCh o6e qaCTM aa dt H CHOBa HHTerpHpyll, HaHlleM 

.r = 1,161' -0.22sin(3t +2)+14,91 +C). (/3) 

74 

TaK KaK npn t= 0 x=O, TO C3 = 0,22 sin 2 = 0,2, H OKOH'JaTenbHO HCKOMblU 3aKOH 

l\BH)f(eHHlI rpyaa 6Yl\eT 

(14) 
x = 1.61' + 14,91 - 0,22sin(31 t 2) + 0,2. 

33113'13 )l2 

MexaHH'JeCKaJl CHCTeMa COCTOIiT H3 KaTKOB (mIll KaTKa H' ITOl\BH)f(HOrO 6J1o

xa) I H 2, cryrieaxaroro illKHBa 3 C pa,QJIycaMH cTyITeHeH R3 = 0,3 M, r, = 0,1 M 11 

pa.nl1)'COM HHepWiH OTl/OCHTeJIbHO OCH BpameHHlI pJ=0,2 M, 6J10Ka 4. p8,!l,HYca R4 

= 0,2 M II rpyaos 5 H 6 (pHC. )l2.O--- )l2.9, Ta6J1. ll,2.); rena 1 II 2 CYHTaTb cnnour

HhIMIi Ol\HOPOl\HhIMIl UIIJlHHl\paMI1, a Maccy 6J10Ka 4 -- paBHoMepHo pacnpene

JleHHOH ITO ofiony. K03ljJl!>HuHeHT TpeHI1J1 rpY30B 0 IIJlOCKOCTb f= 0,1. Terra CIfC

TeMhl coezmuenu npyr C npyrov HIiTliMIf, nepeKIiHYTblMIi xepea 6J10KH Ii H3MO

TaHHblMH na illKI1B 3 (linli ua illKHB H Ol\IlH 113 KaTKOB); yqaCTKH mneH f1J

panneJIbHhI cOOTReTcTBylOlIlHM nnOCKOCTliM. K Ol\HOMY H3 Ten ITpl1KpenJleHa npy

)I{HHa C KOJl!>l!>I1l\HeHTOM )j(eCTKOCTll C. 

no ,lleHCTBHeM CHJlbI Frfts). 3aBI1ClImeH OT nepeMeweHl1l1 s TO'lKH ee npa

nO)l{eHHlI, cucreva T1pIiXOl\HT B JJ,BmKemle H3, COCTOllHHlI noxo»; l\el!>0pMaUHlI 

npYlKHHhl B MOMeHr Hayana ,llBII)I{eHHlI pasna HyJlIO. Ilpn l\BHlKeHHH na llIKHB 3 

,D,eHcTByeT nocTollHHblH MOMeHT M CH,l conpOTHBJleHlili (OT TpeHHlI B nO.L\llIHTlHH

xax). 
OIIpCl\eJlI1Tb suaxenae HCKOMOH BenH4HHbl B TOT MOMeHT BpeMeHJ-I, KorJja 

nepesreutenae S CTaHeT paBHblM Sf = 0.2 M. HCKoMaJi BenMqMHa yxasaaa B cronoue 

«HaUTH» Ta6J1HUbl, r,D,e 0603Ha'iCHo: Vel .~ CKOpOCTb ueH11Ja MacC TeJIa I, (0)3 

yrnoeas CKOpOCTb rena 3 H T. .1\.
 

Bee KaTKII. BKJlIOq3ll H KaTKIf, 06MoTaHHble HIiTlIMH (KaK, HanpHMep, KaTOK 2 ua
 

pHC Jl2.3), xarsrcs no nJlOCKOCTliM 6e3 CKonh)j(CHII}\. 
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Ha scex pacynxax He H306palKaTb rpys 5 HJII1 6, eCJII1 m5'= 0 I1JII1 m6 =0, a raxxe 
J 

KaTOK 1 Ha Pl1c.,lJ,2.0 - ,lJ,2.4, eCJIH m, = 0, Ii KaTOK 2 na pHc.,lJ.2.5 - ,lJ,2.9, eCJIH 

m: =0; ace OCTaJIbHbie rena JlomKHbI H306palKaTbclI 11 rorna, xorzta HX Macca pas-

HaHyJIlO. 

PRC. ll1.2 PRC. JU.3 
Ta6J11H.\a ,lJ.2 

11~~;"~p-i;nLI m,-·I m3.' ma m-, m; c, M, F=j(s), I HaRTl 

' YCJlOH. 1111 Kl'. \ KI' xr .Kf xr xr HIM HoM H . II. +--~ 
o 12~ 4 0 6 0 180 1,2 80(3+4s) Vel 

I -t~ ~"- 6 0 14 120 0,6 20(6+5,) V"
~ 2 6~ ~O~0 2mo400 1,8 60(4+s) 0)3 'I
h--' 0 - 4 - 6 -0 O· 2 240 0,3 40(3+8'.0 ~ PRC. JJ.2. 4 Pac. .l12. 5
 

14 i~ 0_,0+2 0 6 320 1,5 50(5+") V. -.
 

~ 12 10 4 0 0 6 100 0,9 30(4+3s) ve2 --1
 
1
~, 0 4 0 6 2 O. 160 2,4 60(2+5s) v;j

i7 6 0 0 4 0 2 120 0,3 80(1+4s) ~ ,
2 20
1'---(0 i6 1 0 4 I" ~:: 1~2 1 (8+3' f " _
 

L~l:J~ 4 6 0 100 i0,6f40(3+2s) 10)3 J
 
Pac. )],2;6
 Pae. )].2.7 

8
 

z r 4
 

'> 

F 
Pae:. ,R2.0 PHC. )].2.1
 

Pile. .n:2.8
 

76
 77
 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



PHe. Al.9 

? 

YKa'laHHH. 3a;la'l3 )].2- aa rrpHMcHcHHC TCOpCMbl 06 H3MCHCHliH KHHCTH

qCCKOi! ')Hcpnm CHCTCMbI. Ilpa pemeaaa 3311a'lH yxecrs, 'ITO KHHCniqCCKaJI 3HCp

nlJI T CHCTCMbl pasaa CyMMC KHHCTHqCCKHX 3HcprHH BCCX BXOMIIJHX B CHCTCMy 

TCJI; 3Ty sueprmo HyiKHO asrpanrrs qCPC3 ry CKOpOCTb (JlHHCHH}1O HJlH yrncsyio), 

KOTOpylO B aanaxe nano onpenennrs. Ilpa Bbl'IHCJlCHHH T, ,llJI1I YCTaHOBJlCHHlI sa

BHCHMOCTH MC)f(ilY CKOpOCUIMH TO'lCK TCJla, ilBHiKYlIJcrocJI nnocxonapannensno, 

HJlH MC)f()ly ero yrnosoa CKOpOCTblO H CKOpOCTblQ IJCHTPa MaCC BOCrrOJlb30BaTbCli 

MrHOBCHHblM UCHTpOM CKOpOCTCH (KHHCMaTHKa). Ilpa BblqHCJlCHHH pafiorsr nano 

BCC rrcpCMCLUCHHlI asrpaanrs qCPC3 3a,!l.aHHOC. 

UpHMep )].2. MCXaHH'lCCKali CHCTeMa (pHC. ,lI,2) COCTOHT H3 CilllOIJJHOro on

HOpO)lHOro IJHJlHHilPHqCCKOrO KaTKa 1, 1I0)lBHiKHOro 6J10Ka 2, crynea-raroro IJJKH

sa 3 C panaycasia cryneaes R, H fj H panaycov HHCpmlH OTHOCHTCJlbHO OCH spa

IIJCHHSI ps, 6J10Ka 4 H rpysa 5 (K03<p<PHIJHCHT TPCHHlI rpysa 0 rrJlOCKOCTb pasea f). 

Terra CHCTCMbl COC)l.HHeHbl . HHTlIMH, HaMOTaHHblMH aa lllKHB 3. K IJCHTpy E 6J10

xa 2 rtpaxpertheaa npyxaaa C K03lPlPHIJHCHTOM iKCCTKOCTH c; ee nasansaas zte

q,opMaUHlI pasaa HyJlIO. 

CHCTeMa npHXO)l.HT B ilBHiKCHHe H3 COCTOJlHHlI noxon rroil. ,!l.CHCTBHCM CHJlbI 

F=.f(s), 3aBHCJlIIJCH OT nCpeMellJCHHJI 5 TOqKH CC rrpHJlO)f(CHHSI. Ha lllKHB 3 rrpu 

)lBH)f(CHHH )lCHCTByCT rrOCTOJlHHblH MOMCHT M CHJI COnpOTliBJlCHHlI. 

2 

8 

PRC. nz 

,l],aHO: m,=8 xr, m2=0, mj = 4 xr, m4=0, mj = 10 xr, R, = 0,3 M, fJ=O,l M, 

p3=0,2 M,j=O,I, c=240 HIM, M=0,6HM, F=20(3 + 25) H, S, = 0,2M. 

OrrpC)l.CJlHTb: 1J)3 B TOT MOMCHT BpCMCHH, xorna s = Sf. 

Pemenae. 1.- PaCCMOTPHM }lBH)f(CHHC HCH3MCHJlCMOH McxaHHLICCKOH CHCTC

Mbl, COCTOlllllCH H3 BCCOMbIX ren t, 3, 5 U HCBCCOMblX Tcn 2, 4, COC)lHHCHHblX HH

TJlMH. Jb06pa3HM Il.CHCTBYIOLUHC aa CHcTeMy BHelJJHHC canst: aKTHBHble F, FY"I" 

_ _ _ _ _ _ _ _ -I}' -iI' 

PI, r, r, pcaKIJHH N
f
, N N4, Nj , HaTJI)f(CHHe HHTH S2, CHJlbl TpeHHJlF, ,F, HJ 

MOMeHTM. 
H

,l],ml orrpe)leJleHHJI (J)3 BocrroJlb3yeMcSI TcopeMoH 06 H3MeHeHH KH

HCTH'leCKOH suepraa 

(I)
T,-T;,=LA~ 

2. OnpC)lCJlSICM To H T TaK KaK B Ha'laJIbHblH MOMeHT CHCTeMa llaXO}lHJlaCb
1 

B rrOKOC, TO To = 0. BeJlHqHHa T, pasua cyMMe 3HeprHH scex ren CHCTeMbl: 

(2)
T, = T,") + T,") + T,I'). 
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- -

..... 

Y'lHTbIBa.ll, LfTO TeJlO 1 .llBH)f(eTCli nJlOCKO napannensao, TeJlO 5-- nocryna

TeJIbHO, a TelJO 3 spauraercs noxpyr HenO)\BH)f(HOH OCM, nOJIy'lHM: 

I 2T!lj I ,J I 1 ( 
11 :::::; _. mJ(", +- 1(1 w, ' T JJ =-/ ro; 

I 2 -' 2 2 

'i ' J 1" (3)T, = :,111,', 

Bee exoasume crena CKOpOCTI1 aano Bblpa3HTb xepea HCKOMylO 0>3, ,IJ,.nSl sro

ro npenaapurensno 3al\lJeTliM, 'ITO Vel =Vs =VA, rne A-JlI06aSl TO'lKa 060,l\a pa

;ll1yca r, WKHBa 3 H 'lTO ;rOLfKa K I - MrHOBeHHblH uearp ckopocreii KaTKa 1, pa

.llHYC KOTOPOro o603HaLfHM rio Torzta 

r3(O' -~=~=(i)35 (4)
VI" = V, = (03 - K,C, r, r, 

KpOMe roro, BXO.llSlJUHe B (3) MoMeHTbl HHepUlIH HMelOT 3HaLfeHHlI' 

(5)'", = 0.5m, .r,' -L, =m,p,:.
 

nO.llCTaBHB nee BeJlWIHHbl (4) H (5) B paseacrsa (3), a 3aTeM, HCnOJlb3Yli
 

pasencrao (2), rrOJlY'lHM OKOH'laTeJlbHO 

3 2 1 2 I ') 2 (6)T, = -m,r, +-!n,P, +-m,r, (J),.( ' ? .' ? . .
4 

3. Teneps HaH.lleM CYMMy pa60T scex ,neHCTByIDUlHX BHelllHHX cnn npa TOM 

nepexemeua«, KOTOpOe 6YileT HMeTb CHCTeMa, xorna TO'lKa C I npoiizter nyrs S,. 

Bnezis 0603Ha'leHlfll: S5 - nepexeuienae rpysa 5 (Sj=S,), </» - yron nosopora 

lllKHB3 3,..1.0 H A.-, - aaxansuoe H KOHelJHOe YMHHeHHlI npyxorma, nony-rau: 

A( F)=
.'II

J20(3+2s)ds =20(3.1', + .1',' ); 
u 

A(~)=P, 'S, ,sin60"; 
·-171/)

A(F, )=-F;"'Ps, =-jP, ,s,.
 
- c""


A(M) = -Mrp,.' A(F,,,r)=2(J.,, -A,') 

Pa60Tbl OCTaJlbHbIX CHJl paaau HyJlIO, TaK KaK TO'lKH K I H K2, rae npunoxe

Hbl CHJlb! N I , F I mp H S2, - MfHOBeHHble uearpsr CKOpOCTeH; TOLfKH, rne rrpano

80 

)KeHbl P , N, H P., - HenO.llBH)I(Hbl; a peaxuaa N5 nepneH.lIHK)'Jl"pHa nepeveme
j 

lUUO rpysa. 

TIo YCJJOBHSlM 3a,uaLfH ~ = 0, Torna 1"1 =S" rne Sf' - nepexeuieaae TO'lKH E 

(KOHua npyscnasr). ~eJlHqHHbl S, H !J>. Ha,110 Bblpa3HTb sepes sanauaoe nepeaeute

HHe s, .llJJSI sroro y'lTeM, 'lTO 3aBHCHMoCTb Me)l(,lly nepeMeUleHHlIMH 3)\eCb 6y.lleT 

TaKoH )I(e, KaK H Me)l(.llY coOTBeTCTB)'Wll1HMH CKOpOCTSlMH. Torzta, nOCKOJlbKY 

(J»)=V"lr3=Vc 1/n (paBeHCTBo VCI=VAY)l(e OTMe'laJIOCb), TO H llJ)=s,/n. 

,lJ,aJIee, H3 pHC, ,lJ,2, 6 BH.llHO, 'lTO V[j=Vn=3RJ, a TaK KaK TO'lKa K 2 jfBJl.lleTC.Il 

MrHOBeHHblM ueHTpoM CKOpocTeH .llJl.ll 6JlOKa 2 (OR KaK 6bl «xararcs» no YlJaCTK)' 

HHTH K L), TO V = 0,5 VD = O,5w:>R); c.f\e.llOBaTeJlbRO, H AI=sE=O,5llJ)R)=
E2 

O,5s ,R3Ir3' Ilpa HaH.lleHHbIX 3Ha'leRHjfX llJ3 H A.I MSI CyMMbl scex BbllJHCJIeHHblX pa

60T nOJlYQI1M 

(7)" A" 20 r. l' P . 60' jP M s , c R; 2L.. /I = ,.I', + s, ) + ,.I', Sin - ,.I', - -- -,--.1',r, 8 r,
 

nO.llCTaBJUUI Bblpa)l(eHHlI (6) [oJ (7) B ypaBReHHe (1) H yLfHTbIBall, 'lTO To = 0, 6y

.lleM HMeTb
 

( ,I 1 I '}' 2' MeR; , (8)
 
_ 3 m,r,' +,?nl,p-, +-m,r, Ji =2Q'3s, +S,)+p,s, sm6a' - jP,s, =- -.I', ---.; .1',";
4 _ 2 '-, 8 r,l

113 paaeacrsa (8), rrO.llCTaBHB B Hero 'lHCJlOBble 3Ha'leHHSI 3a.llaHHb1X aenn

'lHH, HaH.lleM HCKOMYIO yrnosyro CKOPOCTb O>J. OrBeT: ffi,=8,1 e'. 

3a,!J;aqa J],3 

Mexaaasecxaa CHCTeMa COCToHT HJ npSlMoyroJlbHoH BepTliKaJIbHOH nJlHTbl 

C Maccoi1 m, = 18 xr, .llBmKYUleHcSI BJl.0Jlb roPHJOHTaJIbHblX HanpaBJlSlIOJUI1X, H 

rpysa D C MaccoH m: = 6 xr (pHC. )],3.0--)],3.9, Ta6Jl. W)· B MOMeHT BpeMeHH 

to = 0, xorna nnara I1MeeT CKOPOCTb Uo = 2 M/c, rpya non .lleHCTBl1eM BHYTpeHH 
HX 

CHlI aaxaaaer ,nBliraTbCjf no HMclOlUeMYcSI aa nJJHTe)I(en06y. 

Ha pl1C ~3.0 - )],3.3 JKeJlo6 KE rrpllMOJlHHeHHblH H npn .llBI1)1(eHH
H 

rpysa 

paccrosnne s = AD H3MeHlIeTCJI no saxoay .I' = [,(t), a na pHC ,lJ,3.4 - )],3.9. )I(e
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- - --

Tafinaua )l3JIo6-- OKPY)f(HOCTb paztayca R = 0,8 M H npn ~BH)f(eHHH rpysa yron ip> L. AC, D 

H3MeHJleTCJI no saxony <p=fz(t)- B Ta6JI. )lS 3TH 3aBHCHMOCTH ~aHbl OT~eJIbHO MJI 

pHc.3)l.0 - 3)J,.l ~JIJI pHC. )l3.2 H )l3.3 H T. ~., rne S supaxeno B MeTPax, <p - B 

pa,zJ,HaHax, t - B ceKYH~ax. 

C4HTaJI rpys MaTepHaJIbHOM T04KOH H npeseoperas BceMH COlIPO

THBJleHHlIMH. onpenemrrt, BeJIH4HHY, yxasaaayro B Ta6JIHlje B cronfiue «HaMTH», 

rne 060'lH:l4CIIO: ZI -, nepesreureaae lIJIHTbl sa BpeMJI OT to = 0 ,iJ,0 t l = Ic; UI, W,. 
N, -3H<I'Ii:HHJI B MOMeHT BpeMeHH t, =lc CKOpOCTH nJIHTbl, yCKopeHHJI lIJIHTbl H 

lIOJlHOM HOpMaJlbllOM peaxuaa aanpaanaiouiax COOTBeTCTBeHHO. 

YKalaHHH. 3a,iJ,a4a)lS aa lIpHMeHeHHe reopen 0 ~BH)f(eHHH IjeHTPa Macc H 

06 H3MeHeHHH KOJIH4eCTBa ~BH)f(eHHJI CHCTeMbi. Jlepeoii reopesroii ynotinee nons

30naTbClI, xorna aano HaMTH nepesreurenae (HJIH 3aKOH ,ll,BH)f(eHHJf) O~HOro H3 TeJI 

CHCTeMbl, ~BH)f(ymerocJI nocrynarensao, a BTOPOH - xorna Ha,zJ,O HaMTH CKOpOCTb 

raxoro TeJIa. ITpH OlIpe~eJIeHHH yCKopeHHJI TeJIa HJIH peaxuan CBJl3H 'rozce y~06

nee BOCilOJIb30BaTbCJf rtepsoit reopevoa. 

Hpastep ,lI.3. B IjeHTPe TJI)f(eCTH A TeJIe)f(KH MaccoM mi. ~nH)f(ymeMCJf lIO 

rJIa~KOM rapH30HTaJIbHOM lIJIOCKOCTH, yKpeIIJIeH HeBecoMblM crepscens AD ~JIH

HOM I C rpY30M D MaccoH m2 aa xonue (pHC. ro, a). B MOMeHT BpeMeHH to = 0, 

xorzia reneaoca HMeeT CKOpOCTb Uo, crepzcetrs AD Ha4HHaeT spamarsca soxpyr 

OCH A no saxorry <p = <pet). 

)laHo: m, = 24 xr, m2 = 12 xr, Uo = O,S WC, /=0,6 M, ~=n:/3 (1 +2e) panaan 

(t-B cexyunax). 

OlIpe~eJIHTb B MOMeHT BpeMeHH t, = I c: a) nepeuemexae x, TeJIe)f(KH (ne

pevemeaae sa BpeMJI OT to= 0 ~o t, =! c); 6) ycxopenne a, TeJIe)f(KH; n) CKOpOCTb 

UI TeJIe)f(KH; r) lIOJInylO HOpMaJIbHYJO peaxnmo N, lIJIOCKOCTH. 

Peureuae. PacCMoTPHM, MexaHH4ecKYIO cncresry, COCTOJlIIjYIO H3 TeJIe)f(KH 

H rpyaa D, B npOH3BOJIbHOM nOJIO)f(eHHH. I-h06paJHM ~eMcTnYIOIIjHe na cacrexy 

BHeWHHe CHJIbl: CHJIbl TJf)f(eCTH p,. P; H peaxnaa nJIOCKOCTH N', N". Ilpoaeneu 

xoopnanaraue OCH Dry TaK, 4T06bl OCb Y npOXO~HJIa xepea T04KY AG, rzte aaxo

~HJICJf IjeHTP Macc TeJIe)f(KH B MOMeHT npCMeHH to=O.
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r -f(t)' ~ <p=fz(t)	 ! HaHTHI. 
HOMep I s- , ':Dl )l3.2- pHC. ~3'9r113,0- pac.	 113.7 A 

ycrtoaax ~ 1 113.3 m.5 1 11 _ n:/3(1- 21 

113.6	 ~ ,"3(3-2t) j.!4(J z 
' '-I) 0,2(1-31) 31) 1 ' ) ~ 

4o 10,4(.1 ~, 1,"4? I", 
, , -~73(?+I')in:/6(t-3) ,1 I 0,8cos(n:/6t2) I 04sin(n:l3r) In: 

0,2cos(nt")2 I a, 

3 1 2 1 

4 IN, 
1) 

n:/6( S-r) n:/4«(2+2) I Ul1,2sin(n:l6t") 1n:/3(t
2+

3)S I 0,6cos(n:/3t) 

n:76(3+4t2) n:/3t2 n:/6(3t"- I a,0,6(1-2t1 
)6 I0,2(4-71) 

I) I 

n/4(S0,6sin(n:(2) n:/3(P -4)[,.------j 1,200,(,"21') n!2(I+I) I a, 

I 3i)

1	 7[t1 !N 1 '-1n:/4(t2+1)n:/6(r+2)8 I O,Ssin(n:t") 1,8cos(n:/6t) 

n:/6(1n:/4(2-t2
)9 11,2sin(n:/4r) ! 0,8cos(n:/4t) :3(3+t, II St2)

I -~ 

~/ff/40/#//#~//#/(W//%/. 
•	 i 

ii 

1 

~.%.	 ~;;;W/W/.7////7////#///' 

PHC. .ns.o	 PHC• .ll5.4 
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Q 

9'1 _ !.. 

A" 
o 

Puc. .!loa 

a) Onpenenenae nepesseureaaa z-. 

)lnll onpeneneaus z J aocnonssyevca reopeuoii 0 ):(BHlKeHlm uenrpa Macc 

cacreusr. COCTaBIfM L\Hq,q,epeH'-IHaJIbHOe ypasaenae era L\BlflKeHIDI B npoesuan 

(I)u Mz,=O. 

TaK KaK zr kz = 0, nOCKOJIbKy ace L\eHcTBylOll(lle na cacrexy BHeWHHe cansr, sep-

Onpenenav 3HaqeHHe Mz; 1'13 pac. ,[\3 BHL\HO, 'ITO B npml3BOJIbHbIH MO

MeHT BpeMeHH aficttaccu XA - uenrpa Macc TeJlelKKH H XIJ-- rpysa pasau COOT

= X. xD=x-1 sine. TaK KaK no q,opMYJIe, onpeneamourea KOOp

L\JlHaTY z; uenrpa Macc CHCTeMbl Mzc= m, X:4+m2 XD, TO 6YL\eM HMeTb: 

. 7t 27t, (2)Mz, =m,x+m,x-m,lsm(-+-·-I). . 3 3
 

Teneps, npojnrrerpapoaaa ypaanenae (1), Haii.neM, 'ITO
 

(3)Mz,=C,. MZ,=C,I+C,. 

nocroaansre HHTerpHpoBamUI. OOL\CTaBHB BO aropoe H3 3THX ypas

HeHut{ 3HaqeHlle M"c 1.f3 paseacraa (2), rrOJIylJI.fM: 

. ) I . (7t 2;r, " ~ (4)'0(m, +m, x-m, sm '3+31 )=L,I+(2' 
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,XI" 

rne C 1H C1 

MZ=L/;, 

THKaJlbHbI. 

BeTCTBeHHO: X4 

na OCb x. TIOJlyqllM 

~ 

Q 

t 

; 

K 

PJlC. ,lt3.5 

Puc . .lI.3.7 

PRe. JJ.3J 

f 

;j, 
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" 
PRC. Ji,5.2 

Pac. .D.3.6 

K. 

PKc-. .LI.3. ~ 

W####///#p-#MW/:W& 
~ i 

'/$///////1/1//11/1//1////((///1 
, I 

W$/"W/#/$/ff$ff/7ff~ 
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J],nll onpeneneana C\ H Cz nOHa~06HTClI euie O~HO ypasaeaae, KOTOpOe no

JIyqHM, npO~H<p<pepeHllHPOBaB06e qaCTH paseacraa (4) no BpeMeHH: 

2 (7t 27t,) . (5)(m, + m,)x-2m217t I cos 3+31 =c" 

rne x: /I CKOpOCTb TeJle)l(KM. flo HaqanbHbIM YCJIOBMlIM npa t=0 x==o,
 

X==1Io, I IOnCTaBJIlIlIJTM BeJlH'lHHbI B paseacrsa (4) H (5), HaH.lIeM, 'ITO C I=(m, +
 

mz)u". C, ~-- mJsin(;r/3)..Ilpn 3THX 3HaQeHHlIX C, H Czypasueaae (4) rrpHMeT BH,n
 

. (1r 21r ') ~ / . 1r(m,+m,)x-m,I SIn -+-t =,m, +m,)#o t-m, SJn- , . 3 3 . 3 

OTcJO)J,a nonyxaea 3aBHCHMOCTb OT BpeMeHH KOOp.lIHHaTLI x, onpeztens

JOw.eH O.lIHOBpeMeHHO nepeMe~eHHe TeJIe)l(KH: 

m.l [. (Jr 21r ') . Jr] (6)x=#ol+--'-, Sin -+-1 -sm- . 
m, +m, 3 3 3 

Ilonaras 3~eCb t>1 c. HaH.lIeM MCKOMoe nepesteurenae XI. 0 T BeT: XI- =0,33 M. 

6) OnpejleJJeHHe yCKopeHHH as: 

Ilpoztenas 're lKe paccyxnenas H BbIKJI~KH, 'ITO 11 B npeJIW.l.\YLQeM npHMepe, 

nonysav ypasaenne (I) H <pOpMyJIy (2). Unll onpezieneaaa al np0.lIHlp<pepeHI!H

pyew LlBalKJIbJ no BpeMeHH 06e qaCTH paseacrsa (2), flOJIy'lI1M: 

, ,Jt 2Jt 1 
M x, =(m, +m,)x-2m,/7t1 cos(-+-I ), . - 3 3 

(7t 27t 1 z 4 • (7t 27t, )M.»; =(m, + m,)x-4m,l7f I cos -+-t)+4m,/'7f I Sin --+-t .
3 3 3 3 ' 
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r~e z==a - ycxopenne JIM<pTa. Ho COrJIaCHO ypasnenmo (I) Mzc=O; B pe:3YJlbTaTe 

Haxo~HM cnenyiuyio "3aBHCHMOCTb W OT BpeMeHH: 

m/ [ (1r 21r ') '4' (1r 21r ')]w=--- 4lrlcos -+-1" -41r 1 Sin -+-1" .
 
m, + m, 3 3 3 3
 

Flonaraa snecs t= I c, onpenennu HCKOMoe ycxopenae ai. 

OTBeT: 0,==-2,51 M/CZ• 3HaK yxaauaaer, 'ITO yCKopeHHe TeJIelKKH HanpaBJIeHO BJIe-

BO. 

B) OnpeneJIeHHeCKOpOCTH "/. 

lJ.T06bl onpeztenars UI. BOCnOJIb3yeMclI TeopeMoH 06 H3MeHeHHH KO

JIHqeCTBa ~BHlKeHHlI CHCTeMhl B npOeKlJ,HH na OCb x. TaK KaK ace iJ.eHCTBYlOw.He na 

cncresry BHeUlHHe CHJIbJ BepTHKaJlbHbJ (pac, )].36), TO IF' kx == 0 H TebpeMa naer: 

(lldQ, _ '" F'. = O. OTI<yIla Q. = c.\ ' --- -,L.. Hl 
dJ 

- - I -D -,.' 

)].JIlI paccMayPHBaeMoH MeXaHHqeCKOH CHCTeMbl Q == Q -Q , r.lIe Q '=ml 

-/) u H Q =ml V D -KOJIMqeCTBa ~BHlKeHHlI TeJIe)l(KM 11 rpysa D COOTBeTcTBeHHO 

(u CKOpOCT!> TeJIelKKH, Vii - CKOpOCTb rpysa no OTHorneHI1JO K OClIM Oxy). To

rna 113 paBeHCTBa (I) CJIe~yeT, 'ITO 

Q; + Q;' = C, unu m,II,V", = C, . 
(2) 

)].JIll onpe,neJleHHlI VD, paCCMOTpl1M .lIBH)f(eHl1e rpyaa D KaK CJIO)f(BOe, C'lH

Tall ero ~BH)f(eHHe no OTHOIlleHHlO K TeJIe)f(Ke OTHOCI1TeJlbHblM (3TO JIBI1)f(eHHe, 

cosepmaeaoe npa Bpaw.eHHH cTeplKTUI AD soxpyr OCM A). a !J.mDKeHHe caMoa re

JTelKKI1 - nepcnocnsrst iJ.BlDKCHMeM. TOI'.lIa 
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IlOCTOSlHHylO HHTerpHpoBaHHSI C/ orrpenenan no Ha'laJlbHblM YCJlOBHlIM: 

npa t = 0 u=uo. Iloncranoaxa 3THX BeJlH'lHH B ypasaeaae (5) naer C}= (m, + 

m?Juflli TOr,LIa H3 (5) nOJlY'!IlM: 

m,u+m,u+2m,llTl 

Tt n rn ,U = Uo + 2 I" COS 

m, + m, 

My, =(m,+m,)AO-m,lcos -+-/
• nD 

M y, = I FJ~. 11;111 

Orciona HaxO.llIiM 

N = My. + I', + 1', . 

r) Onpenenenae peaxuaa N/. 

Orciozta, nonaras N'+NI/~N, nOJIy'lIiM: 

MeHIi 

IlOJlOlKHB B ypaauenna (6) t=1c, onpenenax IiCKOMylO CKOpOCTb Ul- OrBeT: 

U,= 0,76 M/c. 3HaK yxasusaer, 'lTO CKOpOCTb renesoca aanpaanena BJIeBO. 

AnSI onpeneneaas NI BOCrrOJIb3yeMclI TeOpetvlOH 0 .llBIi?KeHIiH uenrpa MaCC 

CIiCTeMbl. COCTaBHM ,LI1i<!><!>epeHUHaJIbHOe ypasneaae ero .llBlilKeHlili B rrpoexuaa 

na OCbY (CM. puc, ):l4a): 

113 <!>OpMyJlbl, onpezrenxtoureti 0p,LIHHary Yo uenrpa Macc CHCTeMbl, HMeeM 

Myc = m, Y.f + miYd, rne Y4 U y« 

JIelKKH H rpysa D. B HaweM cnysae YA(5) 

(4) 

(3) 

o 

Puc. .u56 

vr:'I 

~ 

V/;',"" + v;,m . 

V V"m 2l ' (Jr 2Jr J)/I.' = U x - /I cos qJ = U x - :r 1 cos 3 + 3- 1 . 

r., 

- -nef! -r-om 

Vo=Vu +Vu Ii 

npaver BH,LI: 

, ( ..:r 2 IT ')m,u + m i u - m,211T t : cos -+ --I =C,. .. , 3 3 

(B .llaHHoil aanase BeJIIi'lHHy VDX MO)l(HO euie HaiiTIi .llPYrHM nyresr, onpe

nenas a6cUlicc y X/J rpysa D, .llJlll xoropoji, KaK BIi.llHO H3 pHC. ):l3a, nOJIy'lHM 

XD=X--'-- zsinc.rorna VJ)X=XD=X--L ocoso, rzre x=u,. a cp=21tt
2 

) 

Ilpa Hail,LIeHHoM 3Ha'leHHH VI), paseucrso (2), eCJlH ysecrs, 4TO u, = U, 

Ho I /I "'/' = 11 H. cnenosarensno, VD, nep=u,. Bexrop Ii V IJ 01 nanpaanen 

nepneu.ui 1» ;ISlpHO CTeplKHIO Ii 'lIiCJleHHO V IJ OT = !ffiAD = r q>=2!1tt3 
• 11306paJliB 

:nOT BeKTOp H;J pac. ):l36 C yserosr 3HaKa q>, HaH.lleM, 'lTO V D., om =-VD om COSq>. 

OKOII'laTCJlbHO 1i3 paBeHCTBa (3) nonyxaa: 

, (IT 2lT ')cos 3-+-3-1 =(m, +m,)u o ' (5) 

cnezryiouiyro 3aBliCliMOCTb CKOpOCTIi Ii renesocr OT ape

(lT2lT ) _ + __I' . (6)
3 3 

I' 

M y,. = N' + N" - 1', - 1', ' (I) 

U~) 

- COOTBeTCTBeHHO 0p,LIHHaTbl uenrpa Macc A re

= AoO = const, Y/J=Ao~!cosq>. Torna 

1T 21T ') . 
• ( 3 3 
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....."
 

Dpo.aHlj>lj>cpCHI.{HpycM 06c '1aCTIf sroro paBeHCTBa .aBa pasa no apeueau, nOJlY

'ilfM: 

. , . (tr 2tr ')i.fy ;2m,ltrl SIO-+~I', ,. 3 3 

. . If tr 2 tr J) , .( tr 2 iT JMy =4m,ltrISm -+-1 +4m,ltr I -+-1'. 
< - ,3 3 - 3 3 

nO·J.CTaBFlB lIall.aCHHOC ssrpaxesae Myc B ypaanemre (2), rrOJIy'lHM 3aBH

CHMUCTb N 01' I: 

, . (tr 2 tr ')My =2m,liTl'sm -+-1' ,,- 3 3
 

' 2tr,)
N = 4m,ltrl sm. (iT-+-1'2iT ') + 4m.br I .(iT-+-r .+(m,+m,)g.
3 3 . 3 3 

TIOJIaraH 3I\CCb 11= Ic, Hall.aeM IfCKOMyFO peaxuaro N I OrBeT:N1=68,9 H. 

laJlaqa ~4 

O.llHOPOp,HM ropaaonrazrsnas rnrartpopera (xpyrnaa panayca R = 1,2 M HJIH 

npsvoyronsaas co CTOpOflaMH R H 2R), HMelOUJ,alI Maccy m, = 24 Kr, spautaerca C 

yrJIOBOH CKOpOCThFO Wo= 10 c-
I 

aoxpyr BepTHKaJIbHOH oca Z, OTCTO»w.eH OT uerrrpa 

MaCC e-rrJIaTlj>o'pMbI na paCCTmlHHH OC=h (pHC. )].4.0-)].4.9, Ta6JI. )J,4); pasaepu 

,l[J/}J scex rrpRMoyrOJIhHblX nnarrpopxs IIOKa3aHhI na prrc. )].4. (BH,ll CBCPXY). 

B MOMCHT BpcMeHH to = 0 ITO HMClOlI.leMYC» Ha nnarrpopae )l(cJl06y uasana

er .lI.BHraTbC» (rro,ll,llcMCTBHeM BHYTPeflHHx can) rpY3 D MaccoH m2==8 KT no 3aKO

ny s=AD = F(I). rue S aupaxeno B MeTpax, I - B cexyanax, Onacepexeano na 

nnarrpopxru, H306pa)l(eflflbIC fla pHC. ,lJ,4.o--214.4, Ha'lHHaCT p,CHCTBOBaTb napa 

CHn C MOMeHTOM M (saaan B flbFOTOHO-MCTpax; npa M<O eIU aanpasnenae npo

90 

l'HBOnOJlOIKHO nOKa3aHHOMY na pucyaxax); .aJlH 11JlanpOpM, 1f306paIKCHHblX na 

pHC . .Ll4.5-j],4.9, M= O. 
Onpc.aCJllfTb: I\JI» nnaroopv, H306paIKeHHbIx na pac . .ll4.o--.ll4.4, 3aBlfCIf

MOCTb W = !(I), T. C: yrnosyto CKOPOCTb nJlaT<\lopMbl, KaK lj>yHKUHIO BpCMCHIf; I\JlH 

rrnanPoPM, H306pa)l{CHHbIX na pHC . .ll4.5-j],4.9, - yrJloBy!o CKOpOCTh WI nnar

<\lopMhI B MOMCHT BpcMeHH I I = I c. 

<t>opMa IKcJl06a na pHC . .ll4.o--.ll4.4 npllMOJllfHeilHM ()I{cJI06 KE). aa pac. 

.ll4.5-21 OKPY)l(HOCTb panayca R (060Ll nnaT¢opMbI), aa puc. )].4.8,)].4.9-4. 7 _
 

OKPY)l{HOCTb panayca r=O,5R. Ha BCCX pHcyHKax rpys D ITOKaJaH B nOJIO'lKCHIiIi,
 

!IpH KOTOpOM 8>0 (xorza s<O, rpya HaXOLlHTCH no LlPYI)'l<i
 

CTOPOHY 01' TO'lKIf A); na pac. .ll4.5-)].4.9 paccTo»Hlfe s = AD OTC'IIIThIBaeTcli no
 

Llyrc OKpy)l(HOCTH. TIPH U306pa)l(CHUH 'ICpTC)l(a pcwacMoli 3aLla'llf npoBCCTH OCb Z
 

ira 3aLlallHOM paccTollHlI1I OC=h 01' UCHTpa C. 

YIC838HHH. 3a)l.alJa )].4 - aa rrpHMcHcHHC reopeso-r 06 H3MeneHIIll KIfHCTH

'IeCKOrO MOMCHTa CHCTeMbI. TIPIf npHMeH(iHIIH TeopcMbl K CHCTCMC, COcToslluell 1f3 . 

nJlaTlj>opMbl If rpysa, KlfHCTHlJeCKHll MOMCHT Kz CIfCTCMbJ OTHOCHTCJIbHO OCIf Z on

peaenxercs KaK cyMMa MOMCHTOB llnaT<\lopMhI H rpysa, TIPH :HOM CJlC.ayCT y'lCCTb, 

'ITO a6COJIlOTHaSi CKOpOCTb v rpysa CKJ!a.abIBaCTCH rcOMCTPH'ICCKH H3 OTHOClfTeJIb

HOH V H lICPCIIOCHOll r-; nLP CKopOCTeii, T. e. V= VOT +VnEP· Ilo3ToMy U KOJlH'le
or 

CTBO ABH)I{eHHlI 3TOrO rpyaa mV =mVoT + mV nEP. Toraa MO)l(HO BOCnOJIb30BaTbCli 

KOTOpOHcomaCHO(CTaTHKa),BapHHbOHaTCOpCMOIl 

m.t mr' J =mJmVor )+m,(mVIIEI.); 3TH MOMenTh! Bb/'InCJIliFOTCli TaK IKC, KaK MOMeH

Tbl CHJI. nOI\po6ncc XOI\ pemeHHH ;lJIli cnysaa, xorna aano HaMTH lJ) = f(t), pal'L

»CHCH B npHMepe .ll4. 
B CJIy'Iae, xorna M = 0 H aazto onpCUe!IHTh WI BOCITOJIb30BaTbCH 3aKOHOM 

coxpancaax KHHCTH'leCKOrO MOMCHTa (nOKa3aB, '11'0 OH 3p,CCb HMceT MCCTO). npH 

3TOM cnenyer cuaxana HallTH H nOKa3aTb aa xepreace nOJIo)\(CflHlI Do Ii D1 
rpy3a B 

MOMCHTbl BpcMeHH 10=0 H II = 1C (HaIlTH, 'IeMy paBCH yrOJI ACD npn 1 = 0 H 

1,=lc), a TaK)I{e onpCJIeJlHTb, 'IeMy paBHa H KaK HanpaBJICHa CKOpOCTb VOT B 3TH 

MOMCHTbl BpeMeHH. Ilocne JTOfO, TaK IKC KaK B IlpHMcpe )].4, HaLlO BbI4HCJlHTb K" 
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----

He ,lJ,JUI npoasaonsnoro MOMeHTa BpeMeHH, a caasana Mil MOMeHTa to =0 0 (KOr.lla 

rpys B nOJIO)KeHHH Do H W = wo), a 3aTeM ,a,nll MOMeHTa t/=I C (xorna rpys B nOJIO

)KeHHH DJ H (0 = (01 H HCnOJIh30BaTb 3aKOH coxpaaeaas Ke. 

MOMeHT HHepLUfH npssaoyronsaoa rrJIaCTHHhI C MaCCOH m H croponaraa a H b 

OTHOCHTeJIhHO OCH Cz, neprreannxynapaoit MaCTHHe H npoxonauiea xepea ee 

UeHTP MacC C, pasea m/12(a 2 + b2 
) . 

Tafinaua )],4 

'H~;1ep ... rh -1 P~c~)],4.0-)],4.4 PHc.)],4.S-)],4.7 PHc.)],4.8,)],4.9 

s=F(t)iyCJIOBHII s=F(t) M s=F(t) 

7tR/6(3-Sr)0,6cos(2t) i 80 R 7tr/3(3-l) 

O,8tL 12+4tR/2 7tR13(4l-l)1 7trl6(7r-3) 

0,4(1-t2
) 81-2 7tR/6(t'+3) R 7tr/6 (2-StL

)2 
~. 

(-12) 7tR/3 (t'+2) (-0,8)cos(2t)3 R/2 7tr/3(3-4t) 

O,4t' (-6)t' 7tR/6(3-7()4 R 7tr/6(5/"-3) 

15 7tR/3(3-2t')R/2 12t(-0,6i 7tr/6(4-7tL
) 

7tR/6(r+2)100,4cos(3t) 7trl3(5r-3)6 R 
~. 

7tR/3(3-5t) 7tr/6(4_tL)0,6(2-t') 6tR/27 

rtR/6(7r -4)(-0,5)cos(3t) 12 7trl6(3-t L
)R/28 

7tR/6(5tL-2)
R O,8(t'+ I) (-9)t' 

-~ 

7tr/3(2r+ I)9 

Ilpa peureuan 3a,llaQli 110Jle3HO H306pa3HTh na BcnOMOraTeJIbHOM qepTe)Ke 

BH,ll aa nnanpopay csepxy (c KOHua oca z), KaK :lTO cztertaao B xaxecrae rrpHMe

pos .1\JIJI pHC. )],4.0 H )],4.1 (pHC. JJ.4.0a H JJ.4.1 a). 

1) 

PRe. l1.1t.O 

'" ", U LI 

"" ' j 

Puc. ll-?,.Ia 

r:t
 

PRC. .ll..It.2 

f 

PHe. .ll..y.3 

z 

PMC. AliA PIlC. 11.'1.5 
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l 
~I~ 

PIlC. JJk6 PIIC. JJJf.7 

z 

PRC. ius Puc. n'l.9 

Ilpastep )];4. fOpM30HTarrbHIDI TPy6Ka AS MaCCOH m, (pMC. ,U4a, a) C rrOMO

JJJ.blO CTeplKHSI OC lKeCTKO cxpennena C BepTMKaJIbHbIM BaJIOM EH, KOTOpblH spa

JJJ.aeTCSI soxpyr OCM Z C yrnoaoa CKOpOCTblO 000 (aa pHC. ,U4, 6 noxasaa BM,lJ, caep

xy). B cepennne C TPy6KM HaXO,lJ,MTCJI: map D MaccoH m2. B MOMeHT BpeMeHM to=O 

na Barr uaxaaaer ,lJ,eHCTBOBaTb BpaJJJ.alOJJJ.MH MOMeHT M (MOMeHT OTHOCMTeJIbHO 

OCM r) M O,lJ,HOBpeMeHHO map HalfMHaeT ,lJ,BMraTbCSI B,lJ,OJTb TPy6KM rro 3aKOHy CD = 

s = fj (t). 

,UaHo: mJ=15 xr, m;=l0 xr, AC=CB = CO = 1=1 M, 0)0=2 e', s=O,4 t2 (s - 6 

MeTpax, t - B cexyaaax), M=kt, rzte k=6 HoM/c. 

Onpenenars: 0) = j(t)--3aKOH M3MeHeHMSI yrnosoa CKOpOCTM TPy6KH, 

npenefiperas MaCCOH CTeplKHlI DCMBarra. 

z 

'" C 

OJ/lit, 
Ilr+II 
II 8 _ 

v..., 
5) 

PHC. JJ.4 

Peureuae. PaccMOTpMM xexaaaxecxyro cacrevy, COCTOSlJJJ.YIO M3 TPy6KM 

AS M mapa D. AnSI onpenenemrs 00 rrpMMeHHM .reopeeyof M3MeHeHIlM xaaeraxe

cxoro MOMeHTa CMCTeMbI OTHOCMTeJIbHO OCM Z: . 

dK, = Im,(F/~), (I)
dt 

vb06pa3MM ,lJ,eHcTBylOJJJ.Me sa cacrevy BHewHHe CMJIbI: CMJTbI TSilKeCTH P L 

1'2.0 peaKI.{MM Ii. E. Ii. H M' BpaJJJ.aJOJJJ.IlH MOMeHT M. TaK KaK CMJTbI fi;. P2 M napan

JIeJIbHbI OCH Z, a peaKI.{MM R E, R H:ny OCb nepecexaror, TO MX MOMeHThI OTHOCM

TeJTbHO OCM 2 pasnsr HyJTIO. Torna, cxaraa ,lJ,JTlI MOMeHTa nOJIOlKMTeJIbHbIM aarrpaa

JIeHMe 000 (T. e. npOTMB xona lfaCOBOH CTPeJIKIl), rrOJIYlfHM 'Lm[i \)~M=-kt, \of 

ypasuenne (1) rtpasrer BH,lJ,: 

dK, =-Rt. (2) 
d: 

YMHOlKIDI 06e sacruaroro ypaBHeHMSI aa dt Mnurerpapys, nOJIylfMM: 

K =_!!."+C (3) , 2 I 

.l{nll paCCMaTPIlBaeMOH MeXaHIl'leCKOH CMCTeMbI 

K 
L 

= K~II/) + K; (4) 
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-

rae K /P H K,D.. KHHeTH'leCKHe MOMeHTL/ TPy6KH H mapa D COOTBeTCTBeHHO. 

TaK KaK rpyfixa spauraercs aoxpyr OCH z, TO K zTp=JzOO. 3Ha'leHHe JzHailAeM 

no reopeve Trotirenca: Jz = JCL,+m/ (OC;J=Jcz '+ m]!2(J CZ· - MOMeHT HHepL\HI1 

OTHOCHTellhHO OCH z', napannensnoa OCH Z H npoXOMiru:eH Qepe3 uenrp Macc C 

TPy6KH). Paccvarpasas rpyoxy KaK o.uHOpO.uHhIH crepxeas ,llJIHHOH AB = 21, 6y

.ueMHMt'lb: 

!llooP/f 111,1 lfll=m,l' =.i m l , . ,J,_ 

12 3. . 3 3' 

ClleAOBaTeJIhHO, 

4 ,
K~I/f =-:;- m, I"OJ. (5).> 

)lJJll onpeztenenas K,
0 

06paTHMcll K pHC. ,U4, 6 H 6y.ueM paccxarpaaan, 

,[\BH)/{eHl1e urapa D KaK CJIO)KHOe, cvaras em ,llBH)/{eHHe no rpyfixe OTHOCHTeJIb

HhIM, a apamenae caMoH TPy6KH noxpyr OCH Z -TIepeHOCHhIM ,llBH)/{eHHeM. Torzta 

a6COJIIOTHali CKOpOCTb mapaV= VOT + VnEP. nOCKOJIhKY map D .uBH)/{eTCli no 3aKO

ny s = CD = 0,4 t', TO VoT=s==0,8 t; H306pa)KaeM BeKTOp VOT aa pHC. ,U4, 6 C yse

TOM 3HaKa S (TIpH s<O aanpasnenae V", 6hlJIO 6hl npOTHBOnOJlO)/{HbIM). 3aTeM, 

YQI1ThlBali nanpaanenae 00, 11306pa)/{aeM BeKTOp VnEP (Vmp ..L OD); 'lHCJIeHHO VnEe 

== OO·OD. Torna no reopeae Bapansosa 6y.ueM HMeTh: 

K;J = mJm,V) = mJm,VoT )+mJm,V nEe) == -m,VOTOC +m,V,'EPOD = 

-m1 0.8/·1 + m, . OJ .(OD)' . (6) 

2 /2 2 /2 1 4Ho 113 pHC. ,U4, 6 BH.uHO, 'ITO 0 D == + s = + 0, 6t. nO,ncTaBJIlUI 3TY Be-

JlHl.JHHY B paBeJICTBO (6), a 3aTeM 3Ha'leHI1R K,D H K/P H3 (6) 11 (5) B paBeHCTBO 

(4), nO.~Y'lHM C y'leTOM .uaHHbIX 3alla'lH: 

96 
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4 2 , ,

K z = '3 m.l to + m, w(! " + O.J 6/ ) 

-m,·0,8t·I=(30+1,6,')w-81. (7) 

Torna ypaBH6HHe (3), rne k~6, npasser BH,n: 

(30+ 1,6" )w-8t = -3t' +C, . (8) 

I10CTOllHHylO HHTerpHpOBaHHll ortpenenaeu no Ha'laJThHhlM YCJIOBHllM: npa 

t==O, 00=000. I10JIyQHM C,=3000(\=60. I1pH 3TOM 3Hal.JeHHH C 1 H3 .ypassenaa (8) aa-

XO,nHM HCKOMylO 3aBHCHMOCTb 00 OTt. 

OrBeT: 00 =60+8t-3/+30+1,6l c"'(r.ue t-B cexynztax). 

JaiJ.aqa )];5 

BepTHKaJTbHbIH BaJT AK( (pHC. L(S.~,US.9), BpalUalOru:l1i!cll C nocroaxnoii 

yrnoaoii CKOpOCTblO 00,:,,10 cool, aaxpennea nonnaraaxou B TO'lKe A H UHJlHH.uPH~ 

qeCKHM nozunanaaxov B TO'lKe, yK8JaHHoi! B Ta6JI. ,US B cTO.iI611e 2 (AB = BD = 

DE = EK = b = 0,4 M). K Ba.J1Y npaxpenrrea )/{eCTKO HJlH C novonuaouiapnapa 

TOHKHH o.uHOpO,llHbIH JIOMaHblH crepsceus MaccoH m == 10 xr, COCTOlllUHH H3 sac

rea 1 H 2 (na pHC.,QS.G-,QS.S) I1J1H 1, 2 u 3 (aa pHc.,QS.6-,QS.9). Pasaepu '-tac

TeM CTep)/{Hli noxaaanu na pacyuxax, r.ue a=O,l M, a MaCCbl 3THX 1.JaCTeH nponop

uaoaansnsr HX ,[\JlHHaM. 

Onpenenars BeJIH'lHHbI, YKa38HHble B rafinaue B cToJl611e 9, rne 0603Ha'le

HO: RH, R". 11 T. ,[\. - peaxuas COOTBeTcTByIOlUero nontuanaaxa HJIH uiapnapa, N 

- peaxuns neaecouoro crepxas. BecOM BaJTa npeneope-n.. 

Cnocof xpenneaaa CTep)/{HR K BaJIy H TOl.JKa, rne OH npHKpeTIJIeH, yxasaasr 

B 'rafinaue B cronfiuax 3 H 4. Korna xpenneaae K BaJIy urapnapaoe, JIOMaHhlH 

CTep)/{eHh ynepaorsaerca B nOJlO)/{eHI1H, onpenenseuoa yrnosr a, HeBeCO~hIM 

cTep)/{HeM 3 (ua pHC.,QS.G-.LI.S.S) HJIH 4'(Ha pHc.,US.<r---,QS.9), 06pa3ylOlUl1M c 

BaJIOM yrOJI <p; npa lKeCTKOM xpertnenan 3TOT HeBecoMhiH crepxeas orcyrcrsyer 

(Ha xepresce HeHJ06pa)/{aTb). 
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Ha pHC. ,lJ;5.1 0 B KaY.eCTBe npasrepa nOKa3aH BH,L\ xeprexca B CJIYY.ae, KOr,L\a 

[JOJlWHnHHK HaxOJlHTCli B TOY.Ke D, a JIOMaHhlM crepscens npaxpennen K sany B 

TOY.KC E lKeCTKO (npasapes); HeBeCOMblH crepxens OTCyTcTByeT. 

Tafinaua )1,5 

, cpon' poIHOMep I I1oJluIHn- I Kpenn. CTeplKlU1 y HaMTH 
I 

pHc.)1,5.0 pHc.)1,5.5I'"0''' I "'" ''"'''''''0 W"PHHp
I TO'lKC )1,5.4 )1,5.9 

~ t 2 3 4 5 6 7 8 9i 

0 B D' 45 135 225 
.. 

RA.RB 

I E 60B 240 150 RA,RB 

E 2102 30K 120 60 RE.N 
j

13 -
D K 60 150 )240 RA.RD 

4 D 30 120K 210 60 RD,N 

45E B 225 1355 RA.RE 

D 60 606 K 150 120 RD.N 

30B 307 K 120 RA.RK 

IS E 60 150K 60 120 RE.N 
i 

--::--1E9 210301120 RA.RE IK I 

YK838HHH. 3a,naY.a )1,5 - aa npHMeHeHHe K H3yqeHHIO JlBHlKeHIDI CHCTe

Mbl npanuana )1,anaM6epa. I1pH peureaan 3anaY.H ysecrs, 'ITO xorna canst nnep

I,HH 'IaCTHu, rena (B JlaHHOM aanase crepxcaa) HMelOT paBHO,L\eMCTBYIOlU,YIO R", TO 

Y.HcrreHHO R"= mac. rzie ac-ycKopeHHe uenrpa Macc C rena, HO nHHHlI ,L\eHCTBHll 

CHJlbl Ii" B 06meM cnysae He npOXO,L\HT sepeaTOY.Ky C (CM. npasrep )1,5). 

IIpHMep )].5. BepTHKanbllf,IR Ban, 3aKpeITJIeHHbia nOJlnllTHHKOM A H non

WHnHHKOM E (PHC. )1,5,a), spautaerca C nOCTOHHHoa yrnosoii CKOpOCTblO 00. JIo

MaHblM OJlHOPOJlHbTM crepxeus MaCCOM m H JlJIHHOa l Oa, COCTOlIlU,HM H3 sacrea I, 

2, 3, npaxperrnea K BaJIy utapnapox B H HeBeCOMblM crepsoresr 4. 

)1,aHo: m=IO xr, 00 = 8 co', a = 30°, ~=150°, cp= 90°, a =0,2 M. 

98 
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Onpeaemrrs: peaxuaa urapnnpa B H cTeplKIDI 4. 

Pemeaae, I. 11306palKaeM Ban H npHKpenneHHblH K HeMy JlOMaHblH crep

)f{eHb B COOTBeTCTBli1i C3a,naHHbIMIi yrnaaa (pHC. )1,5, 6). Maccsr H eeca 'IaCTeH I, 

. 2 H 3 aroro cTeplK~H, TaK KaK OHIi nponopunonansnsr AJlIiHaM -racreti, a ,llJIHHa 

scero crepxua pasua lOa (pHC. )1,5,a), 6Y,L\YT COOTBeTCTBeHHO pasau: 

m, = O,6m, m, = O,3m, m, = O,lm;
 

p, =O,6mK, P, =OJmg, Emg . (I)
 

Ii I( 

PMC. .ll5.1PIlC. 115,0 PMC. .ll~2 

f( 

E 

PMC. 115,3 PRC. )],6·4 PIlC. Jl5.5 

..
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2 
Gel = W he!' aC2 

sanOM xoopnanarnue OCH Bxy TaK, 

1f306pa3HM .neHcTByIOLQHe Ha Hero BHelIlHHe canu: CHJIbl nl)l(eCTH P" p], P3, CO

CTaBJl!lIOUme X£l. 

Barr BpaLQaeTCSI paBHOMepHO, TO 3JIeMeHTbI CTep)l(HSI HMeroT TOJIbKO HOPMaJIbHbJe 

yCKopeHHSI an" aanpaanennsre KOCH BpaUleHHSI, a 'IHCJIeHHO ank=(f}hk, rae hr~ 

paCCTOSlHHSI 3J1eMeHTOB OT OCH BpaLQeHHSI. Torna CHJlbI HHepUHH 

npaWleHbI OT OCH BpalIIeHHSI, a 4HCJIeHHO F'k =l1m·ank=l1m·(ihk.l1m 

MeHTa. nOCKOJlbKY BCe F k" OKaJaJIHCb np0110pUHOHaJIbHbIMH hlo TO ornopst 3nIX 

napanncnsusrx CHJI ofipasyior J\JISI qacTeH 1 H 2TpeyroJIbHHKH, 

npSlMoyroJlbHHK (pHC, )],5, 6). 

paBHo.neiicTB)'lOLQeii, paanoa rnaauosry BCKTOpy 3THX CHJI. TaK KaK MO.nYJlb fJIaB

Horn sexropa CHJI HHepUHH JII060ro TeJIa HMeeT snasenae R"=mae, 

ca rena, ac-ycKopeHHe era uearpa Macc, TO J\JISI 4acTeii cTeplKHSI COOTBeTCTBeHHO. 

no uerrrpsr Macc sacrea CTep)l(HSI, KaK Hero JJleMeHTbl, HMeroT TOJlbKO HOpMa.'1b

nOJJyqHM: 

R I1 RI1) =m1a C 1' 2 

HbIC yCKopeHHSI, pasnsre 

rze he) = 3asin30°, he 2 = 

'{acTeH OT OCH BpaLQeHHSI. 

a = 0,2 M, 6YJ\eM liMeTb: 

~-------

.( 

iis 

PHC. ,a5:8 

~ 'i: 
J) 

I~'" I~ 

p 

a'~E 

Puc. Jl5, I 0 

t. 

1JL 

Puc. IJ.5 

Puc. JJ.p 

e) 

Puc. Ll5.6 

K 

100 

PIfC. .l.l5.9 

2. Jl;UI onpeztenenas HCKOMblX peaKUHH paccMoTpHM J\BH)I(eHHe nowanoro 

CTep)l(lISI Ii npHMeHHM l1pHHUHn j],aJIaM6epa. Ilposenev BpaluarolllHecSi BMeCTe C 

4T06bI crepxens nexan B nJIOCKOCTH xy. H 

Y < peaKUHH uiapsapa B H peaKUHIO NCTep)l(HSI 4. 

npHCOe,iU1HHM' K 3THM CHJIaM CHJIbf HHepUHH :meMeHTOB CTep)l(HSI. TaK KaK 

I" k" 6YJlYT aa

- MaCC,\'3JIe

a JlJISI -racrx 3 

Kaxnyio H3 nonysenasrx CHCTeM napannensasrx CHJl HHepUHH 3aMeHHM ee 

rzte m - Mac

R H 
3 , (2)=m2aC 2 ' =m3aC3 

2 2 
= co hC2 ' aC3 == w \.'3, 

1,5a sin 30°, hCJ=3a sin 30° -paCCTOl1Hl'ISi nearpou Macc 

B pesynsrare H3 paaencrn (2) H (I), Y4TSI, 'ITO 
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R;' =0,6mohasin30o=115,2 H, 

(3)R; =0,3moh ,5asin30o=28,8 H, 

R; =0,13mo/3asin30o=28,8 H. 

Ilpa 3TOM JlI1HI1I1 ACHCTBHH paBHo,nCHCTBylOIJJ;HX Ii. / H 11 Ii. 2" npoiinyr qCPC3 

ueHTpbJ TlIJKCCTeH COOTBCTCTBylOJllI1.X TpcyrOJlbHI1.KOB, T. e. rra paCCTOHHl1l1X H, 11 

H, 01' OCH X. a paBHO):(eHcTBylOLl(all Rt npl1.JlOJKCHa B cepenaue qaCTH 3 H npoxo

.11lT na paccrosnaa H\ 01' OCJ1 x, rne 

2 . ° 
HI = 36acos30 =0.69.w;
 

2 °
 H., =-3acos30 =0,35.«; 
- 3 

° a (4)H3 = 3acos30 +2= 0.62.«. 

3. COrJlaCHO npunuany LJ:anaM6cpa, npHJlmKeHHblc BHeIllHI1C CHnhl 11 CI1JlbI 

HHepUl111 06pa3yIOT ypaBHoBcIllcHHyIO CRCTCMy CRJl. COCTaBJIjJlI ,nJljJ nOH I1JlO

CKOH CRCTCMbl CRn TpH ypaaaeaas paBHOBCCl1l1, nonysaa: 

'2J =0. X B -Rf +R~ +R~ +N =0; 
Rx
 

'2JRy =O. YB - P, - P2 - P3 =0,
 

IMB(F' R 1=0. P\3asin30° + RfH, - P2I.5a sin 30o + 

(5 )R~H2 -P +R~H3 -N6acos30o =0
33asin30° 

nO,nCTaBI1B CIOAa 3HaqCHI1jJ COOTBCTCTByIOLl(HX BCJlHQI1H 113 paBeHCTB (I), 

(3), (4) 11 pemas 3aTCM ory CI1CTeMY ypaBHeHI1H, HaH,IlCM HCKOMblC pCaKu,HH. 

01' B C 1':X H; YB = 98,I'H; N= 107,6 H.
6=-40,4 

npHMeqaHHe. Ecna no YCJlOBI1HM 33,naQI1 nOMaHhlH CTCpJKCHb B TOQKe B 

JKCCTKO cxpennen C BanOM (HCBeCOMhIH CTepJKCHb 4 OTCyTCTByCT) 11 rpeoyercs 

onpenenars peaxuaa nonnarunxa A 11 nO,llWI1IlHI1Ka F-, TO ,llJlH PCWCHlijJ uano pac

CMOTpCTb ,llBI1JKCHI1C MCXaHI1QCCKOH CI1CTCMbJ, CO CJlI1THO CTOllIUCH 113 JlOMaHOrO 

102 
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CTepJKml H aana H TOJKC npHMCHHTb npaaunn LJ:anaM6cpa. DpH 3TOM nericrsyio

mHMI1 BHeWHI1MI1. CJ1JlaMH 6YllYT BCC CI1JlbI UlJKCCTI1 11 pCaKl(1111 nOAnllTHI1Ka A H 

nO,llWHnHHKa E. CHJlbl HHCpl(I1H BblqHCJllllOTCH TaK JKC, KaK B paccMoTpCHHOM 

. npHMepe. 3aTcM COCTaBJlHIOTCH TpI1 ypaaueaas paBHOBCCI1H 11 113 HI1X onpenens

IOTCH HCKOMblC pCaKUI1I1. 

3a/laqa 11.6 • 

MeXaHHqCCKalI CI1CTCMa COCTOHT 113O,llHOpO,nHbIX cryneasarux WKHBOB I 

Ii 2. 06MoTaHHblx HI1TjJMJ1, rpY30B 3-6, npnxpennennsrx K 3TRM IIJ1TlIM, 11 HeBC

covoro 6JlOKa (PI1C. LJ:6.o--LJ:6.9, Ta6Jl. LJ:6). CI1CTCMa ,nBHJKCTCjJ B BCpTI1KanbllOH 

nJlOCKOCTI1 non .ueHCTBl1eM CI1Jl TjJlKCCTI1 11 napsi CHJl C MOMCHTOM M, npI1JlOJKCH

HOH K OAIIOMY 113WKI1BOB. Pa,nI1YCbI cryneneii WKI1Ba I pasau: RI = O,2M, Yl = 0, I 

M, a WKI1Ba 2 - R2 = =0,3 M, Y2 = 0,15 M; HX panaycsr I1HCPl:(HI1 OTHOCI1TCJlbHO 

oceji BpamCHRlI paB.Hbl COOTBCTCTBCHHO p,'=O, I MI1 P2 = 0,2 M. 

Ilpeaeoperas TpCHHCM, onpenenars yCKOpCHHC rpysa, I1MelOli\cro 60Jlb

WRH BCC; BCC PI, ... , P, WKRBOB 11 11'yJOB 3aJ].aHbI B Ta6nRUc B HhIOTOHax. Fpyau, 

seca KOTOpblX pasusr HyJlIO, ua qCPTCJKC HC R306paJKaTb (WKHBhl I, 2 R306paJKaTb 

scerna, KaK qaCTI1 CI1CTCMbl). 

PHC. n 6.0 
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1 

Ta6JUIl.l,a.n 6 

HOMep PI I P2 PJ P4:P5. P6 

I 
0 20 30 40 I 0 
40 0 10 20 30 
30 40 0 10 0 
20 10 30 0 40 

0 20 0 40 JO 

JO 30 40 20 0 

0 0 20 30 JO 
20 0 40 0 30 
40 10 0 30 20 

0 40 20 I 10 0 

\ M, 
yCJIOBHSI H'M 

o§0 10 
1,2I 0 

2-  0,620 
1,83 0 
1,2 

PRC. ,lI, 6.7 Li- 30 
0,95 0 

6 40 1,8 

7 10 0,6 
0,98 0 
1,2309 

YKaJaHHH. 3ll,L\a'la .nil - aa npMMcHcHHc K 113)"lcmllo ):lBI1::lKCHHfl CHCTe

Mbl ofimero ypasueuas ,llHHaMI1KM (rrpHHUl1na )l,aJIaM6cpa-JIarpaH>Ka). Xon pe

f 
I	 ureaaa 3ll,L\a'lH TaKOH >KC, KaK B aaaase )],5, TOJlbKO npc,llBapHTCJlbHO Ha,110 rrpacoe

,llHHHTb K ,llcikTBylOmHM aa CHCTcMy CHJlaM COOTBcTCTBylOUJ,HC CHnbl HHCpUIUl. 

YlJCCTb npa :nOM, 'ITO nns Oi.l,HOp0i.l,HOrO rena, Bpama,lOll.I,crOClI soxpyr CBOcK OCR 

CHMMCTpHH (UIKHBa), CHCTCMa can HHCPURH rrpHBO,llHTCfl K nape C MOMCHTOM 

MH==lze, rne lz - MOMCHT HHCPl\HH TCJIa OTHOCHTcnbHO QCH Bpall.l,CHHfl, s - yrno

BOC yCKOpcHHC rena; HarrpaBJlCHHC M' rrpOTHBOrrOJlOJKHO HarrpaBJlCHHIO E. 

IIpHMep ));6. MCXaHH'lCCKafl CHCTeMa (pRC• •lI,6) COCTOHT H3 o6MoTaHHblx 

HHTflMH 6J10Ka 1 pannyca R, H crynCH'Ia'fOro unoraa 2 (Pll,L\HYCbl cTyrrcHcw R2 H r2. 

panayc HHCPUHH OTIJ.OCHTeJlbHO OCH BpamCHHlI P2), a TaKJKC H3 rpY30B 3 H 4, npa

PRC • .n 6.11 

t 

PRC• .n 6.9 
xpennenusrx K 3THM HHTflM. CHC11:Ma ,llBffiKCTCfl B BCpTHKaJlbHOH nJIOCKOCTR non 

ilCHCTBHCM CHn TflJKCCTH H rrapsr CHn C MOMCHTOM M. npHJlO:lKCHHOH K 6J10Ky I. 

naHO: PI ==0, P2 == 30 H, P = 40 H, P4 = 20 H, M==16 H-M, R, == 0,2 M, R} = 0,3 M,
3 

ri == 0,15 M, P2 = 0,2 M. 

Onpeaenars: ycKOpcHHC rpysa 3, npeneoperas TpCHHCM. 

Pemeaae. 1. PaccMoTpHM ,llBH>KCHHC McXaHRlJCCKOH CHCTCMbl, COCTOflll.l,CH H3 TCJI 

I, 2. 3, 4, COc,llHHCHHbIX HHTflMH. CHcTCMa HMCCT OilHY crenens caofioztu. CB1I3H, 

HanOJKCHHblC Ha 3TY CHCTeMy, - H.llCaJlhHbIC. ,D..rlll onpci.I,CJlCHHfl a i npHMCHHM 

ofintec ypaBHcHHC i.l,HHaMHKH: 

(1 )
"CiA" +"<5A" =0./.-J 1/ L-,; u
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~
 
\.' 

rne :[oAk- cyMMa anessearapnsix pa601' aKTHBHbIX CH1I; :[oA k" ---eyMMa ane
Floncraeas Be1lH'IHHLI (2) H (4) B ypasseune (3), npHBelleM em K BJlllY: 

MeH1'apHbIX pa601' CHn HHepl\HH. 

. 0 0 P" P, r ].. 0 
[ P,( sm6 -g0,)R, - ; PiC, -gG", -~M ~ vrp, '= • (5) 

Bxoasurae ciona BenH'HlHbI 1>2 H a4 Bblpa3HM Yepe3 HCKOMyIO BeJlH'IHHY a-, 

{03 '2 
c2 :-. G 4 =c2 " 2 =-° 3,

R R ,
2 2 

a 3aTeM, Y1.JTll, 'ITO O<PiFO, npapasasea nymo asrpaxenae, crosntee B (5) B KBa.L\

paruux cK06Kax. 
PMC. .n. (l 

J;b nonynenuoro B pesynsrare ypasueaaa HaH.L\eM: 

2. 11306pIDKaeM na aeprexe aKTHBHhIe CMhI P2' P 3, P4 H napy can C MO r 
P3R2 sin 60° - M 1

MeHTOM M 3a.uaBIllHCb uanpaaneaaea yCKopeHIDI a 3, H306paJKaeM aa seprexe 
_1{))3 = 

CHnbl HHepUHH F3", F4 11 rrapy CM HHepUHH C MOMeHTOM M 2", BeJIHqHHhI KOTO- 2 
2 '2

P3R2 + P2P2 I R2 + P4 R'
psix pasau: 2 

2.
BbJl.JHCneHHH Jl,aIOT cnenyrouura OTBeT: a = -0,9 M/c 3HaK yxaasisaer, 'ITO 

/I P, F"; _ P, ycxopenae rpysa 3 H ycxopenas npyrnx Ten HMeIOT narrpasnenaa, nporasonoF, :-0" ,- 0" 
- g' g
 

JlOJKHble nOKa3aHHhIM sa pHC. )],6.
,; P, ,
M,:-p,c,. (2) 

, g 

3a;llalfa )),7 

'3. C006Il-laH CHCTeMe B03MOJKHOe nepeaeuteune H COCTaBJIHlI ypasueuae Mexaamecxaa CHCTeMa COCTOHT H3 Ten 1,2, .." 5 BeCOM PI,P2- ......, P5 co

(1), n01lyqHM: OTBeTCTBeHHO, CBH3aHHbIX ztpyr C .L\pyroM HHTHMH, HaMOTaHHblMH na cryneaxa

Tble 6J10KH 2 H 5 (pHC. )],7.0--)],7.9, 1'a611. )],7). Panaycsr cryneusarsrx 6noKoB 2 H 

(P,sin 600 -Ft)8 s, - M: 8 q;,~ f~H 8 s, -M8 'P, : 0 (3) 5 paBHbI COOTBeTCTBeHHO: R]=R.r] = 0,8 R, Rj':R, r5=0,4R. Ilpa BbI'IHCnemlH MO

MeHTOB HHepUHH ace 5noKH, KaTKH H xoneca cnarars OllHOP0,!J,HbIMH cnnounrsomBbIPa3llM see nepeaemeans qepe3 0<P2: 

UHJIHH.upaMH panayca R.0'\3: Rl"'2,6s, '= 'l 1fl2' 

Ha cacrevy KpoMe CHn THJKeCTH .ueHCTByIOT cana F , rrpanoscennas K reny, '? 
(jlfl/ ,=~(jlp2 (4) 

R/ 3 HnH 4 (HJIH K cooTBeTcTBYIOll\eMY KOHUY HHTH, xorzia reno B CHcTeMy He BXO

108 
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.!lHT), H napu CHJI C MOMCHTaMH M2, MJ , M4, npHJlOlKCHHblC K 6JIOKaM 2 H 5 H K 

KaTKy HJIH KOJICCy 4; xorna M<O, HanpaBJICHHC MOMCHTa npoTHBOnOJIOJKHO noxa

3aHHoMy Ha PHCYHKC' 

Ha YlJaCTKC HHTH, yKaJaHHoM B Ta6JIHllC B cronfiuax «npyJKHHa», BKJIlOlJe

ua npyzoma C KO:.l<jJ<jJHuHeHTOM JKCCTKOCTH C (nartpnaep, eCJIH B cronfiue CTOHT 

AB, TO YlJaCTOK AB llBJIllCTCll npyJKHHOH, eCJIH AD, TO AD - npyxaaa H T. n.): B 

HalJaJIbHblH MOMeHTBpeMcHH npYJKHHa He ,ne<jJopMHpOBaHa. 

COC'I<JRHTb Jlml CHCTCMbI ypasaenaa Jlarpaaxa H HaHTH 3aKOH H3MeHeHHll 

0606111Clllloli KOOp.!lHHaTbl X. T. e. x =!(t), C'IUTlUI, 'ITO .LIBHJKeHHe nauanaercs H3 

cocrosmrs rtoxoa; onpenenars TaKJKe -racrory H nepHO.LI KOJIe6aHHH, COBCplIJae

MbIX TeJIaMH CHCTeMbI rrpa ee ,nBHJKeHHH (0 BbI60pe KOOp.!lHHaTbI x CM. YKll3aHHlI). 

Ilposepx B cronfiuax Ta6JIHUbl, rne 3a,llaHbl seca, osnaxaer, 'ITO COOTBCTCT

ayrouiee TeJIO B cncreay HC BXO.!lHT (na lJCpTeJKe He H306paJKaTb), a HOJlb - 'ITO 

TeJIO C'IHTaeTCll HeBCCOMbIM, HO B CHCTeMy BXO,nHT; nns KOJIeC, 0603Ha'lCHHbIX 

HOMepoM 4, p.- HX 06lUHH BeC (sec IlJIaT<jJopMbl TaKoH TeJIeJKKH HC y'lHTblBaCT

ell). Ha pHe. 5 11 8 6JIOK, K KOTOpOMy 1l0.LIBClIJeH rpY3 I, HeBeeOMbIH. 

ECJIH B peuraevoa sapaaare sanaxa TeJIelKKa B cacresry He BXO).lHT (ee sec 

B Ta6JlHUCrrpoxepxnyr), a aec nexamero sa HeM TeJla 3 HJIH 43a,llaH, TO :lTO TeJIO 

cnenyer C'IHTaTb ,nBHJKylIJ,HMCll no nJIOCKOCTH, na KOTOpOH B HCXO,nHOM pacynxe 

CTOHT TCJICJKKa (TCJlCJKKy He H306palKaTb, a IlJlOCKOCTb nparronaan, no KaeaHHJI C 

TeJIOM, T. C., nanpastep, H306paJUTb TeJIO U nJlOCKOCTb TaK, KaK :.lTO nOKaJaHO na 

pHC. JJ.7.1 0, a .LlJl1l TeJIa 4 HJIHna pHC. JJ. 7.10,6 ,ll,JIllTeJIa 3). 

YK3331tHH. 3a,na'la JJ.7-Ha npHMcHcHHC K H3Y'lCHHlO .LIBHJKCHHll CHCTCMbl 

ypaBHcHHH Jlarpanzca. B sanase CHCTeMa HMeeT nse CTeneHH cB060,nbI; CJIe,nOBa

TeJlbHO, ee nOJIOJKCHHe onpenenaercs t\BYMlI 0606U\eHHbIMH xoopnaaaraan qJ H 

q2 H .LIJIJI nee ,nOJIJKHbI 6bITb COCTaBJIeHbI aaa ypaaneaas, 

Penrenae aavan, C BbI60pa 0606lIIeHHbIX xoopnanar, 0603Ha'lHB HX: qi: x 

H q2~Y HJIH q,=x H ql~rp. 3a xoopnaaary x npuHlITb Y.LIJIHHeHHe npyxcaasr, OTC'IH

rusaeaoe B CTOpOHy oznroro H3 KpaHHHx TeJI CHCTeMbl (HO He 6JIOKa), K KOTOpOMy 

rtpyxana npnxpenneua; nartpusrep, CCJIU npyxcana npnxpennesa K JTOMy reny B 

llO 

TOlJKe Ii H ee ).IJIHHa B npoH3BOJIbHbIH MOMeHT BpeMeHH paaaa AB, TO x=AB-~lo, 

rne 1 _ ).IJlHHa He,nc<jJopMHpoBaHHoH IlpyJKHHbl. ECJIH llpyroe KpaHHCe 'reno eHC
0 

TeMbI TOJKe He 6JIOK, sa KOOPilHHaTY y rtpmrxrs ero paCCTOllHHe (.LIJI1I KaTKa 


paccrosnne ueurpa Mace KaTKa) OT Ha'laJIbHOrO nOJIOJKeHHlI. EeJIH JKC ztpyroe
 

xpaiiaee TellO CHCTeMbI - 6nOK (OH MOJKeT 6blTb H HeBeCOMbIM), sa KOOPilHHaTY
 

q2 rrpauars yrorr noeopora <p 6nOKa, OTe'lHTbIB:uI <p OT sasansnoro nOJIOJKeHHlI.
 

TIpHMepbI ,naHbI aa pHC. JJ.7.1 O.
 

,l],aJIbHeHWHHxon peurenna parsscaea s npaaepe JJ.7,
 
Ta6JIHUa JJ.7 

~ 
npy)l(HHaM 4 _ M5P4P3HOMep P2PI 

pHc.JJ.7.0- IpHc.JJ.7.4PTIM,, yCJIOBlIlI 
i JJ.7 .3 I JJ.7.9
I , 

I IAS IADPR004P4Po 3P 
~~- KEKE0o 10 0-3P 2P 

,
2PR II 

12 ASAD 

°11 
2PR0 o 0 1 0P2P 

L BO IBD0SP2P3 
I 

1 I 2PR I 
AS 10 ,AD003P03PP2P[4 
SOBO000P3P4P5 
KEKE00-PR2P 00P6 
ADAB003P 2PR2P4P7 i 

C---- KEKE0PR003P 04P 08 -------,i 

L 
- l-------  AD IAS·2PR002P 0P0 

npHMep lJ,7. MexaHH'IeeK:uI CHCTeMa (pHC. JJ.7) COCTOHT H3 6apa6aHa ] pa

Al1yca R, K KOTOpOMy npllJlO)l(eHa napa CHJI C MOMeHTOM M, TeJIeJKKU 2 H KaTKa 3 

(6apa6aH H KaTOK O.LIHOp0.LIHble UHJIHHilPbl); seca ncex Ten paBHbl COOTBeTCTBeHHO 

PI. P 11 P , BeCOM KOJleC TeJIe)l(KH npenefiperaea. TeJle)l(Ka eoeilHHeHa C 6apa6a
2 3

HOM HaMOTaHHOH na Hero HHTblO, a C KaTKOM - npy)l(HHoH BD, K03<P<PHUHeHT 
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)l{eCTKOCTH KOTOpOH paseu c. CHCTeMa HaliHHaeT .uBH)I{eHHe H3 COCTOMHWl nOKOM; 

npysoraa B 3TOT MOMeHT He .ueljlOpMHpOBaHa. 

)l,aHO: R, c, P,= 2P, Pz = 4P, P3=2P, M = 4PR, a=30o. 

Onpenemrrs: 1) x=f(t), rne x - y,U.JIHHeHHe npY:>KHHbJ (HJIH nepeMemeHHe i.. 
nearpa D KaTKa no OTHOllleHHIO K renesoce); 2) xacrory k H nepaon t Kone6aHHH. ~ 

Peurenne. 1. )l,nSl peureaas 3a,UaQH aocnonsayevca ypaBHeHHMMH Jlarpaa PRe. .n T.O 

:>Ka. Paccsrarpasaeaaa CHCTeMa HMeeT ABe crenena CB060.ubI. Bbl6epeM B xaxecr

Be 06061l1eHHblX xoopzrauar yron nosopora fiapafiana <p H ynnaaeane npY:>KHHbl x 

-~ ~ ~ ..(q/=ip. 4.' <x]. Torzra ypaBHeHHJI Jlarpansca 6YAyT flMeTbBHA: 

~~~9,~ 
!!-(OTJ_aT = Q. !!-(aT) _ aT =Q (I) 9 
dt aq> oq> I dt ax ax 2 ' • PRe• .n 7.1 

2. Onpenemor KHHeTHliecKYIO aaeprmo T CHCTeMbI, pasayio cyMMe ssep

rflH acex Ten: 

(2)T=TI+T2+T3, 

TaK KaK 6apa6aH apautaercs soxpyr OCH 0, renexxa .uBH)I{eTCM nocryna

rensno, a KaTOK - nnocsorrapannensao, TO 

Puc . .aT .2 

'j. 

I 2 I P2 2 I P2 2 I 2 
T( = 2JO(l)1 . :2 =2~V2' T3 =2gVD +2 JD(l)3' 

?l)e J0 = (P 2, J D = (P (R3 - paouyc «amxa 3) (3) 
ll2gJR 3I2gjR; 

PHC • .117.3Bee BXOAJIlllHe CIOp,a CKO~OCTH HMO asrpasars xepea 0606meHHbie CKOpO

era ~ H ~ . Oxemurao, -rro (01 =~, V2=R(OI=R~ .)l,nJl VD,pac

1131/2 
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Puc. .ll 7.4 
Puc. D.T.8 

• 

PRC• .n 7.5 PRe. 117.9 

/>I, 14,.-

PHC. 1l 7.6 
PHC • .n TIO 

PHC. .n 7.7 

114 

8t~ 

PRC . .n7 
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~
 

OCMaTpHBaJI .L\BHlKeHHe KaTKa KaK CJlO)l{HOe H Y'lHTbIBaJI, 'ITO X onpenenser nono

)l{eHHe TO'lKH D no OTHoweHHIO K 'renezcxe, 6Y.L\eM HMeTb if D==V DO'+V Doep 
, rzie 

VD Jlep==V'1IfCJleHHO VDoT==z, 2 == RII'. TOf.L\a, nplfHlfMaJI BO BHIfMaHHe, 'ITO npn B03

Ppacraunu cp If X CKOpOCTH if Dor If if ne D uanpaaaenu B pasusre CTOpOHbI If 'ITO 

TO'lKa E .L\JlH KaTKa - MrHOBeHHbIHuenrp cxopocreil, nOJlY'llfM 

." V ;-R~
VD==x-RIp, W3== E~ ==-R-' , 

ITO.L\CTaBJlHH see Haii.L\eHHble 3Ha4eHlfH CKopOCTeH If 3Ha'leHlfH 10 If JDB pa

BeHCTBa (3) If y'llfTblBaH, 'ITO P/=P3==2P, a P2==4P. nOJly'lHM OKOH'IaTeJlbHO 1f3 (1) 

cnenyiouiee asrpaxeane .L\JlH T; 

T=- 4R'rp' -3Rrpx+-x- , 
g' 2
1'[ 3 "] 

Orciona HaxO.lllfM 

OT P( "JaT =0,---;- =- " 8R' rp- 3R x ,
orp g all' 

OT P(' ," "JOT---;-=- -3R- rp+3x ,-=0. 
ax g • all' 

(4) 

3. Teneps onpenenaa 0606111eHHble CIfJlbl Q, If Q2. l-h06paJKaeM .L\eHCT

sytourae ua_ cacrevy aKTlfBHhIe canu: ClfJlhI THlKeCTH PI, P2. P1, CHJlbl ynpyro

CTIf F If F" rae 4lfCJleHHOF'==F==cx, If napy C MOMeHTOM M. 

a) ,nnH onpeneneuas Q, co06ll.\HM CHCTeMe B03MOlKHoe nepeuemeuse, npa 

KOropOM KOOp.L\HHaTa cp nonysaer npapauieuae Olj»O, a x He 1f3MeHHeTCH, T. e. 

ox==O (npyxonra npn TaKOM nepeaeuteann CHCTeMhI He 1f3MeHHeT CBOIO MHHY). 

TOf.L\a TeJle)l{Ka H uenrp D KaTKa nOJlY<'IaIOT onauaxosue nepeveuieaaa 

0s2 == t5s/)==Rt5qJ If oA I .L\eHCTBYIOll.\IfX CHJI 6Y.L\eT pasaa: 

oA/==MOIp-P2sin30ooSrP3sin30ooSo-FoS2+FoSo, (5) 

3aMeHlfB 3.L\eCb ace BeJllf'llfHbI IfX 3Ha'leHlfHMIf, HaH.L\eM B pesynsrare, 'ITO 

0A/==(M-0,5P2R-0,5P3R) olp==PRolp (6)
 

6) ,nnH onpeneneaas Q2 co06111lfM cacreve B03MOlKHoe nepeueine


HHe, npn KOTOpOM KOOp.LIIfHaTa Xnonysaer npapaineaae ox>O, a lj> He 1f3MeHHeTCH,
 

T. e. ocp==O (6apa6aH He noeopasnaaercs H reneaoca He nepeaeuiaerca). Toraa sne

MeHTapHylO patiory cosepmar TOJlbKO CIfJlbl P3 H F, H Y'lTH, 'ITO P3 == 2P, 6Y.L\eM 

HMeTb: 

oArPJsin30oox-FOx==(P-cx) OX, 
KOJ<p!pHUHeHTbI npa Olj> If ox B paseacrsax (6) 

0606111eHHbIMH CHJlaMH; CJle.L\OBaTCJlbHO, 

Q,==PR, Q2==P-CX. 

ITo.QcTaBJIHH BeJlH'IlfHbl (5) If (8) B ypasaeaaa 

.L\H<p<pepeHlllfaJIbHble ypasaeaaa .L\BHlKeHlfH ClfCTeMbI: 

p( ,"" "") "" -8R 1p-3Rz =PR,PIg(-3RII'+3z)==P-cx. 
g 

(7) 

If (7) H 6y.L\yT IfCKOMblMIf 

( g) 

(l), nOJlY4lfM cnenyioume 

(9) 

4. ,nnH onpenenenas x==f(t) HCKJlIO'IHM 1f3 ypaBHeHHH (9) 11'. ITOJIY<'IIfM 

.L\1f<p<pepeHUHaJIbHOe ypaBHeHHe BIf.Qa . 

(l0)"i +k\==a, rzre k2==8/5 cg/P, a==11/15 g. 

06111HM peureaaev ypaanenaa (l0), KaK H3BeCTHO 1f3 reopaa JUI<p

ljJepeHUliaJIbHblX ypaaaennii, 6y.QeTX==X/+X2, rne XI - 06111ee peuieaae 

O)J.HOpo,nHOro ypaBHeHHH z +kx==O, m. e. xi: C/ sin(kt)+C2 cos(kt), a X2 - '1aCT

Hoe peutenne ypaBHeHHH (8). IiY.L\eM IfCKaTb peuieuae X2 B BH.Qe x2==A == const. 

ITO.L\CTaBmUI snaxeaae X2 B ypasnenae (10), nOJly'llfM A ,~ a/k'. TaKHM 06pa10M, 

06U\ee peurenne ypaaaeaas (l0) If MeeT BIf.L\ 
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.,.,.........--.
 
x =C, sin(Rt) + C, cos(RI) +at R', (11) 

rne C1 fI C2 - nOCTO»HHble HHTerpRpoBaHH». ,ll.rr» ax onpenenenas HaH.L\eM euie 

npOfl3BO.L\HYIO x OT x IIO BpeMeHH: 

x = C Rcos (Rt) - C sin (RI). (12)
1 2 

Do Ha'laJIbHblM YCJIOBfI»M npa t=O, x=O, Z =0 (.L\BH)I(eHfle Ha4f1HaeTC» 1'13 

COCTOllHHlI nOKO» H npy)I(flHa B 3TOT MOMeHT He .L\e<!>opMHpOBaHa). DO.L\CTaBJIAA 

3TH BeJIH'IflHbl B ypaaneaas (l l ) H (12), Hail:lleM fl3 HHX, xro C1=0, C2=-a/tl 

OKOH'IaTeJIbHO nOJIy4HM flCKOMylO 3aBHCHMOCTb x=f(t) B BfI.L\e 

a 
x =2(l-cosRI), (13) 

R , 

rzre 3Ha'leHH» a H e .L\aIOTC» IIOCJIe.L\HHMH .L\BYMji H3 paseacrs (10). Taxux o6pa

30M, l\eHTP D KaTKa COBepIIIaeT IIO OTHOIIIeHHIO K renexse xonefiaaaa, 3aKOH KO

ropux naer paBeHCTBO (13). Kpyrosaa 4aCTOTa k H nepaon t 3THX KOJIe6aHHH 6y

nyr: 

R = ~, r = 2 7r (14)= 2 7rfl!. 
R 

Or.naanenae 
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