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YPANECKWA OPIEHA TPYZ0BOTO KPACHOTO SHAMEHU 1 OJTHT EX FMYEC KV
YHCTUTYT #M.C.H.KVPOBA

BRIGARI

X METOIMYECKUM YKA3AHUAM ¥ KOHTDONBHHM 3ajaHuAM AS CTYAEH-
£0B-3a0YHNKOB SHEPIe THYECKIX, FOPHHX, METAJNYPIAYEC KUX, TEX-
HOJIOTUYECKUX CEUMaNBHOCTER, 8 TaKKe PEONOTAIECKHUX, BAEKTPO=
TeXHHYECKHX, OIEKTPOHHOR TEXHAKH ABTOMATHKY XHMRKO~TEXHOJO-
THYBCKUX ¥ HHI’BHGPHO—SKOHOMH‘{GOMX cneuMadpHocTeRl BY30B.
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METOJIMYECKHUE YKA3AHHUA

B Kypce TeOpPeTHUECKOH MEXaHHIM CTy[IeHTHI H3y4aloT TpK €¢ pasfena:
CTaTMKY, KMHEMaTHKY H IMHAMHKY.

1. Ins u3yueHHss Kypca HeoOXOIMMO HMETb COOTBETCTBYIOLLYIO MaTeMa-
TMYECKYI0 TIOATOTOBKY. Bo BceX pa3fienax Kypca, HayMHas cO CTATHKH, LINpO-
KO WCIIONB3yeTcs BeKTopHas anreGpa. HeoGXommo yMeT BHIUCTATE npoex-
MY BEKTOpOB Ha KOOP[MHATHBIC OCH, HAXOIHUTHL reoMeTpuyecku (MOCTPOCHH-
€M BEKTOPHOTO TpPEYTONBHHKA WIH MHOTOYTONBHUKE) M aHATMTHYECKH (MO
NpoeKUMAM Ha KOOPAHHATHDIC ocH) CyMMY BEKTOpOB, BBLIMMCHATH CKansip-
HOe ¥ BEKTOpHOE NMpOM3BefeHHA [BYX BEKTOPOB M 3HATH CBOMCTB2 3THMX Mpo-
u3BedeHMH, 4 B KMHeMaTHkKe H JMHaAMHKe — ¢ depeHIHpOBaTh BEKTOPHL.
Hago Takke yMeTb cBoGO[HO NONB3OBATHCA CHCTeMON MpAMOYTOJIBHBIX e
KApTOBBIX KOODIMHAT HA IUIOCKOCTH M B TNpOCTPAHCTRE, 3HATh, YTO TaKOE CIH-
HMuHBle BEKTOpHI (OPTHI) 3THX OCell M KaK BBIPAXAITCA COCTABTIAOLUME BEK-
TOpa M0 KOOPIMHATHBIM OCAM C OMOLEI0 OpTOB.

IInsg u3yueHMs KMHEMAaTHKM Hano coBeplIeHHO CBOGOMHO yMeTh -
¢epeHuMpoBaTh QYHKIMH OTHOTO MepeMEHHOT0, CTPOHTH rpadMKH 5THX GYHK-
11K#t, GBITH 3HAKOMBIM C MOHATHAMH O ECTECTBEHHOM TpexTpaHHUKe, KpHBH3IHE
KpHBO#l M pamiyce KPHBH3HLI, 3HAaTh OCHOBBHI TeOpUH KpHBLIX 2-TO MOpPANKa,
H3yuaeMoii B aHaIMTHYECKOH reoMeTpuH.

JIns u3ydeHMs OMHAMMUKHM Hafo yMEThb HAXOMHTH uHTerpans (Heompene-
JieHHble M ONpeHeNieHHbIE) OT NpOCTEHLMX GyHKUMH, BEMUCIATH YaCTHBIC
NMpOU3BOMHBIE K MOMHEH nuddeperiman GyHKUHA HECKOMBKHX nepeMeHHLIX,
a TaKXe yMeTh MHTErpHpOBaTh M depeHtHanbHbIe ypaBHeHHA 1-ro nopanxa
¢ pasfenAIOUMMHC MepeMEHHBIMI H nutelinble MU depeHuMAIBHbIE YpaBHE-
s 2-ro nopsnka (OJHOPOMHEIE H HEOHOPOHBIE) € NMOCTOSHHBIMHA K03d-
umeHTaMH,

2. Tpu u3yueHMu MaTepuaia Kypca 1o y4eGHUKY HYXHO Npexiae BCEro
YACHUT CYIIECTBO KaXIOTO H3Naraemoro Tam ponpoca. ['masHoe — 37O M0O-
HSITh M3NI0KeHHOE B yYeGHUKE, a HE »3ayunTs’”’.

HA3syuaTh MaTepuanl PEKOMEHIyETCH [0 TeMam (nyHKTaM NpHBOAXMOMH
HKe NpOTrpaMmbl) MM MO IMaBam (naparpadam) yueOHMKa. CHauana cneflyeT
NpOYMTATh BeCh MaTepHall TCMbl (maparpada) , ocoGeHHO He 3afepKUBAACH Ha
TOM, YTO TIOKA3a0Ch He COBCCM MOHATHLIM: HACTO 3TO CTAHOBUTCA MOHATHBIM
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H3 nocriefiyioulero. 3areM Haflo BEpHYTHCH K MECTaM, BLI3BABIIAM 3aTpynHe-
HHA M BHUMATeNIbHO pa3oGpaThcs B TOM, 4To GbU10 Hesticho. OcoGoe BHUMaHHe
TpH MOBTOPHOM uTeHMHM 06paTHTe Ha HOpMyHpPOBKH COOTBETCTBYIOLIMX OMpe-
NieneHuit, TeopeM U T.I. (OHH OGBIYHO GLIBAIOT HaGpaHbI B yyeGHHKe KYPCHBOM
WM pa3pAnKoi); B TOUHBIX (GOPMYITHPOBKAX, KaK NIpaBUIIO, CYIECTBEHHO
KXJloe CJI0BO H OYEHD IONIE3HO MOHATH, HOYeMy HaHHOE MONOXKeHHe copmy-
JMpOBAHO UMEHHO Tak. OIHaKO He CreflyeT cTapaThes 3ayyuBaTe HopMynH-
POBKH; BaXHO MOHATL HX CMBICII H YMET H3NIOXHTh PE3yNBTaT CBOMMH ClIO-
BaMH.

Heobxommo Taxoke MOHSTS xom Beex HOKa3aTenbCTB (B MeXaHHKe OHH
OBBINHO He COXHBI) M pasoGpaThCs B MX HeTalfX. Hoxa3sarenscrpa Hano
YMeTb BOCNIPOH3BOLUTE CaMOCTOSATENEHO, YTO HETPYAHO CHeNaTh, HOHAR HOeio
AIOKa3aTeNLCTBA; MBITATBCA MPOCTO MX “3ayuuBars” He Clenyer, HHKako#t
NONb3BI 3T0 He MpHHeceT.

3aKOHYMB HM3yueHMe TeMBI, MONe3HO COCTABHTSL KpaTKuit KOHCcNeKT, no
BO3MOXHOCTH He 3aImANbIBadA B yuyeGHHK,

Ipu n3yvennu kypcea ocooe BHMMaHMe ClefyeT YAENHTL MpHOGp eTeHHIO
HaBBIKOB pellieHMA 3ajau. JIna sroro, usyuns MaTepHal OaHHON TeMkl, Hamo
CHavuana 06A3aTentHo pa3’oGpaThcad B peLIeHHSX COOTBETCTBYIOUMX 3afay,
KOTOpble NPHBOAATCA B yueGHHKe, 06paTHB 0c0G0e BHMMaHue Ha MeToaHYec-
Kie YKa3aHHA 10 HX pelueHUio. 3aTem NocTapalitech PeLIHTb CaMOCTOATENIBHO
HECKO/IBKO aHAJIOTHYHBIX 3amay M3 c6opHiKa 3amay U.B. Memepckoro u nocne
STOTO pelMTe COOTBETCTBYIOUIYIO 3a1IaNy M3 KOHTPO/ILHOTO 3aMaHus.

3. 3akoHWMB H3yueHMe TeMbl, HyNHO NIpOBEPHTH, MOXeTe JIM BLI HaTh
OTBET Ha BCE BONPOCHI MPOrPaMMEI Kypca 1o 3TOH Teme (ocymecTBuTH camo-
IpOBEpKY) .

Mockonsky Bee Bompocr, KOTOpEIE IOMHDI GbITh U3YYCHE! M YCBOEHBI,
B NporpamMme MepevncIeHb! JOCTATOYHO NOAPOGHO, HONOTHUTE/BHETE BOTIPOCHI
AN CaMOINpPOBEPKH 3[eCh He NpHBOAATCA. OHAKO OYeHb MOTe3HO COCTaBHTh
TlepeyeHb TaKHX BONPOCOB CaZMOCTOATENBHO (B OTHENBHOH TETpaay) crenyio-
umMm o6pasom.

Havas m3yuenue ouepemmoit Temnr NpOTpaMMbl, BHIIIHCAThL CHayana B TeT-
Ppami NOCHeSOBATENBHO BCe NEPEYHCIIEHHble B MpOrpaMme BONPOCHI 3TOH Te-
MEI, OCTABMB CMpaBa WHPOKYIO KONOHKY (TIoNe) .

3aTem N0 Mepe H3yYeHMs MaTepHana Temsl (uyreHns yueGHHKa) cnemyer
B TIpaBO# KONIOHKE yKa3aTh CTpaHMly y4eGHMKa, Ha KOTOpO# H3naraercs co-
OTBETCTBYIOUMI BOMPOC, @ TaKke HOMep (OPMYNBI I YpaBHeHUA (ypaBHe-
HHH), KOTOpHIE BHIPAXAIOT OTBeT Ha BOTpOC MaTeMaTHYeCKH. B pe3ymmTate
B [aHHOH TeTpamu 6yHeT MOMHBIA TiepeieHb BOTIPOCOB A CaMONPOBEPKH,
KOTOpBIit MOXHO HCHONB30BATh M NpH NOATOTOBKE K 9K3ameHy. Kpome Toro,
OTBETHB Ha BOMpOC WIH HalUCAaB COOTBETCTBYIOULYIO ¢opmyny (ypasuemue),
BBl MOXeTe M0 y4eGHUKY GHICTpO MpOBEPUTL, MNPABHIIBHO JIH 3TO CHENaHo,
€CITH B NMpPAaBWIBHOCTH CBOEIO OTBETAa COMHEBAETECH. Hakoden, no terpamm ¢
TaKHMH BOTIPOCAMH Bbl MOXETEe YCTAHOBHMTb, BECh JTH MaTepHal, NpefycMoT-
4
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peHHbIi nporpamMmoil, BaMH H3yueH (ecn M3yueH BeCh MaTepHal, TO NpOTHB
KaXI0T0 BONpOCca B NpaBof KONOHKe GyneT yKasaHa COOTBETCTBYIOWAA CTpa-
HMUa y4eOHMKa) .

CrnefyeT MMeTh B BHIY, UTO B DPATUHHBIX yueGHHKAX MaTepHanm Mo-
eT HINAraThCA B pasHoft MOCNeNOBaTENBHOCTH. [o3ToMy OTBET Ha KakoH-HH-
Gy BOMPOC MPOTPAMMBbl MOXKET OKa3aThcA B Ipyroft rnase yueGHHKa, HO Ha
M3YueHHH KYpca B UEIOM 3T0, KOHEUHO, HUKAK HE CKaXeTCH,

YKa3aHusd MO BHINOJHEHHIO KOHTPOJBHBIX 3aJaHMi NpHBOOATCA HHXE
(nocie paboueit MpOTPamMMBl) . MX HaZO MPOYMTATh OGA3ATENBHO H UMH pYKO-
poactBoBathes. KpoMme TOTO, K KaKIoH 3amade HAOTCA KOHKpETHbIE METO-
JHUeCKUe YKA3aHUA [0 ¢e PELISHAIO H NPUBOMHTCH npuMep pelleHns.

PABOYAS NTPOTPAMMA *

B nporpamme HaeIcs MepedeHh BONPOCOB, KOTOpble KaK OCHOBHadA 4acTb
KYpca JOMKHBI H3YuaThCs CTYQEHTaMH BCeX CreluMansHocTeit, H BONpOCOB, KO-
Tophie B 3aBHCHMOCTH OT CTEMCHH HX AKTyanbHOCTH JUIA [aHHOR CHetHaIBHOC-
TH M WMCTIa YacOB, OTBEMICHHBIX HA Kype y4eGHBIM IJTAHOM, MOTYT MO pELICHHIO
Kadeapsl BKIIOUATECSA B NPOrpammy He [ONHOCTHIO WM He BKIIIOYaTHCHA COB-
ceM; 5TH BONPOCHI NOCTaBNCHLI B ck06KaxX H 0 BKIIQUEHHH HX B MPOTPaMMy
Kacdesipa JOMXHA coobumTs cryfeHTam. [lo pelieHHIo Kadenpbl WA OTACNE
HBIX CheupanbHOCTe B MporpamMmy MOryT BIJIIOYATECA M ApYTHE [OTOJIHH-
TebHEIE BOMPOCH, MepeueHb KOTOPBIX TOXeE nomxex ObITh coobLIeH CTY-
[eHTaM,

Beenenne

MexaHuuecKoe ABMXKCHHE KaK OfHA H3 ¢$OpM IBHXEHHS MaTepHH. Mpen-
Mer Mexamuiu, TeopeTHueCKads MeXaHMKa H €¢ MECTo Cpem eCTECTBEHHBIX
H TeXHMYeCKHMX HayK. MexaHuka Kak TeopeTHuecKas Gaza pana oGnacreft
coBpeMeHHON TeXHHKH. O6DbeKTHBHBI! XapaKTep 3aKOHOB MCXaHWKH. OcHOB-
Hble MCTOpHUECKMe STaNbl PA3BHTHA MEXAHHIG. CBs3b MeXaHWKH C obuect
BeHHbIM TNDOMIBOLCTBOM M €¢ ponb B pelleHuH HapoJHOXO3IAACTBEHHBIX
3a7124, MOCTABIIEHHBIX- IAPTHEH H MPABUTENECTBOM.

CTATHKA TBEPJOTO TENA

OCHOBHbIE MOHATHA H AKCHOMbI CTAaTHKH. [IpenmeT CTAaTHKH. OcHOBHbBIE
MOHSTHA CTAaTUKM: aGCONIOTHO TBEPMOE TeNo, CHIA, JKBHBaICHTHbIE H YpaBHO-
BellleHHBIe CHCTEMBI CWII, paBHOAEHCTBYIOWAA, CHITbI BHeILIHKE U BHYTpeHHHE.

* CocTap/ieHa Ha OCHOBE MpOTpamMMbl M0 TeOpeTHUECKOH MCXaHHKE, yTBEPX-
penHolt Yue6HO-MeTOIMUCCKUM ylpasieHdeM Mo pulciiemMy 06pa30BaHHIO
1 oxTa6pA 1984 r. (MHACKC YMY/0-5/2).
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AkcHoMBI cTatuku, CBS3M 1 peaxiu cBsiseit. OCHOBHLIE BHABI CBA3eH: IMag-
Kasf IUIOCKOCTb WM NMOBEPXHOCTH, IMafiKas Onopa, THOKad HUTh, WHIMHIPH-
Yeckuit M cdeprueckuit LIapHHPEI, HEBECOMBUE CTepeHn; PEaKUMH ITHX
CBA3eH.

CHctema cxogamuxca cu. Teomertpueckuit u aHamuMyeciui CII0COGEI
CIIOXKEHHA cwi. Cxonsumecs CuIbl. PasHopefcTByIOM2T CXOPAUMXCT cuy.
Teometpuueckoe M ananmuTMyeckue YCIOBMA DAaBHOBECHA CHCTEMBI CXOMA-
LUMXCH CHIT.

PapHoBecHe nmpousBonbHOM cHCTEMB CHI. MOMEHT CUNTBI OTHOCHTE/THHO
Touk# (ueHTpa) Kak Bektop. Ilapa Git; MOMEHT maphl. CBO#CTBa Naphl
cun. [IOHATHE O NpUBEDEHWM CHCTeMBI CHa K 33a1aHHOMY UeHTpY. I'nmaBHbIf
BEKTOp U ITIaBHLI MOMEHT CHCTeMBI CUI. YCIOBMS PaBHOBECHA IIPOU3BOIIL-
HOM CHCTEMBI CHII, NIPHIIOXEHHBIX K TBEPAOMY Teny.

Cucrema cut, pacrionoseHHbIX Ha mIOCKOCTH (nnockan cucrema cun).
Anre6panyecas BeTHUMHA MOMEHTA CHITLL (Beruncnenme rnasHoro BEKTOpa
H TI7IaBHOTO MOMEHTa IUIOCKOH CHCTeMBI CHII) AHaTMTHYeCKHE YCHOBHA
PAaBHOBECHA IUTOCKOR CHUCTeMBI cHI. YcnoBus PaBHOBECHA IUIOCKON CHCTEMBI
NapannensHelx cun. Teopema BapuHboHa 0 MomenTe PaBHOIEACTBYIONIEH.
(PaBHoBecHe cucreMel Ten.)

Cucrema cwn, pacnonomeHsnix B NpOCTpaHCTBe  (MpOCTpaHCTBEHHAnA
CHCTeMa cHN). MOMEHT CHIILI OTHOCHTENTRHO OCH, 3aBHCHMOCTS MexTy MOMeH-
TaMM CHIIBI OTHOCHTENIBHO HEHTpAa H OTHOCHUTENBHO OCH, mpoxofisuiel Yepes
9TOT HEHTp. (AHATHTHYECKHE GopMynEl Anst BLIMHCIEHHA MOMEHTOB CHIIBI
OTHOCHTENIBHO TpeX KOOPAMHATHBIX OCeH. BLIMMCIEHMe ITIaBHOIG BEKTOpa H

TIaBHOIQ MOMEHTA NMPOCTPAHCTBEHHOH CHCTEMbI CHIL) AHanmuTHYeCKHE ycrlo-
BHA paBHOBECHA NPOM3BONBLHON NPOCTPAHCTBEHHOH CUCTEMBI cun. Ycorosus
PABHOBECUS NPOCTPARHCTBEHHON CHCTEMDI MAPATIENbHBIX CHIL.

Lentp waxectu. Llentp Taxectn TBEPAOTO Te/Ia K €ro KOOPHMHATHL
LeHTp TKECH O6BEMa, IIOMAm H NHHUY, Cnoco6b1 onpenenexusa nonosxe-
HUSA UEHTPOB TAKECTH.

KHHEMATHUKA

Beenienne B xunemaruky. Mpenmer xunematnxu, Mpocrpanctso u Bpe-
MA B KIIaCCHYeCKOH MeXaHuKe. OTHOCHTETBHOCTE MEXaHUYECKOI'0 [IBHXKEHHA,
Cucrema otcuera. 3agaun KHHEMAaTHKH.

Kunematuka Ttouknm. BexTopHbiit cnoco6 3amamms OBHXEHHUA TOYKH,
TpaekTopus TouKH. CxopocTs Touku Kak NpOH3BOAHAA OT ee pamyca-BeKTopa
10 BpeMeHH. YCKOpeHHe TOYKH Kak TIPOH3BOMHA OT BEKTOpPA CKOPOCTH O
BpemeHH. KoopmuHaThuiit crioco6 3agammst meroerms TOYKH B NPAMOYTOIE-
HEIX [IEKAPTOBBIX KOOPMHHATaX. OmpeneneHue TPaeKTOpuu Touxu. Onpepere-
HHE CKOPOCTH M YCKOPEHMA TOMKH 110 HX TPOEKIMAM Ha KOOpPIOMHATHBIE OCH,

Ecrecrsennstit cnoco6 3amanus MBHXEHHA TOYKH. OCH €CTECTBEHHOTIO
6
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TpexrpaHHuKa. AnreGpanteckad BEIMYMHA CKOpOCTH TOMKH. Ompenenetiue
YCKOpEHHS TOUKH N0 €ro MPOeKUMAM Ha OCH €CTECTBEHHOTO TpeXIPaHHHKA:
KacaTeNsHoe B HOpMalbHOe YCKOpeHHA TOUKH.

KHHEMATHKA TBEPAOI'O TEJIA

TocrynarensHoe M BpALATENsHOE ABHKCHHA Teepaoro Tena. [Tocryma-
TenbHOe MBMXCHMe TBephoro Ttena. Teopema o TpaeKTOpHAX, CKOPOCTAX
K YCKOpEHHAX TOUeK TBEpHOro Tena NpH NoCTyNaTeNsHOM ABHXeHHH. Bpa-
uieHue TBEpAOTO Tena BOKpYT HeloaBHXHON OCH. YpapHeHHe (3aKoH) Bpaua-
TeILHOrO [IBHKEHUSA TBEpAOro Tena. Yrnosas CKOpOCTh M YTJIOBOE YCKO-
perue -Tena. CKOpOCTE M YCKOPCHHE TOuKM TBepHIOTO TeNa, BpALLAIErocH
BOKpYT HenonswxHo#t ocu. Bexrop yrnosofi CKOpOCTH Tena. (BoipaxeHue
CKOpOCTH TOUKM Bpalaiomieroci Tena B BHIIe BEKTOPHOro MpOM3BENeHHA.)

InockonapaniesnbHoe (rutockoe) ABHIKEHHE TBEpAOro Tena. Inockoe
NBMKeHMe TBEpHOro Tenma M [BHXCHHE mnockoft ¢urypsl B ee IUIOCKOCTH.
YpapHeHHA [BHXEHUS rnockolt (urypst. Pa3nosxeHne ABHKCHHA nnockoi G-
Typhl Ha MOCTynaTeNsHOEe BMECTE C [ONIOCOM M BpaliaTeibHoe BOKpYT 1O~
JTIOCa: HE3aBHCHMOCTB YITIOBOH CKOpOCTH ¢urypsi oT Bri6opa nonioca. Onpe-
HenenMe CKOPOCTH JioGoit TOUKH ¢Gurypst  Kak reoMeTpHYeCKofl CyMMBbL
CKOpPOCTH TONII0Ca H CKOpOCTH 5TOM TOUKM NpW BpaieHHH (UIype! BOKPYT
nonioca. TeopemMa O MPOEKIMAX cropocTeft [BYX ToueK (urypsl (tena).
MrHOBEHHBI LEHTp CKopocTeft. OnpeneneHHe CKopocTefl ToueK nockoft
GUryphI ¢ IOMOBHI MTHOBEHHOTO LICHTPA ckopocTel.

Cnoxuoe (COCTaBHOE) ABHIKEHME TOYKH. AGCOMOTHOE K OTHOCHTENIbHOE
IBMKEHMS TOYKH; MEepeHOCHOE [BHXKEHHE. Teopema O CAIOKEHMH CKOpOCTef.
TeopeMa O CTIOKEHHM YCKOPEHHHA Npy MEpEHOCHOM focTynaTensHoM H mepe-
HOCHOM BpALIATENLHOM ABHXEHHUAX; KOPHOIMMCOBO yCKOpEHHE M €ro BbIMMC-
NeHue.

JUHAMHKA

Beepenne B AuHamuKy. [Ipeamer MUHaMHKH. OcHOBHbIE NOHATUA K ONpe-
[eleHMA: Macca, MaTepHalkHasi TOuKa, CHIA. 3axoHB! MexaHuky [anumes—
HylotoHa. UHepuumanbHas cHCTeMa OTCHeTa. 3anauM MTMHAMHKH.

JIMHAMMK2 TOUKH. Huddepenumansisie ypaBHeHHA nBuxeHus csoGonHoi
H HecBoGomHON MarepuanbHOH TOYKH B MeKapTOBBIX KOOpIMHATaX. (Ypas-
HelMs [BYKEHMST MATepHATLHOH TOUKH B NMPOEKIMAX HA OCH eCTeCTBEHHOIO
TpexrpaHiuka.) [IBe OCHOBHBIE 3aiaiM [MHAMUKMA I MaTepuanbHoft TOUKH.
Peilenue nepsoit 3a1ayy ZMHAMHKH.

Peulenme BTOPOX 3amadn AMHamuky. HauamnsHbre ycnopud. [locTosHHbe
MHTETPHPOBAaHUA U WX ONpefencHue o HauanbHeIM ycnoBHAM. [Ipumepbl
uHTerpHpoBaHnd M(depeHIHATEHBIX ypaBHCHMR [BMXEHMA TOUYKH B cny-
yasX CHJIBI, 3aBHCAUICH OT BPEMEHH, OT MOJIOKEHH TOUKH M OT ee CKOpOCTH.

7
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OmHocHTenbHOEe mBHNeHME Marepuanshoil ToukH. Huddepenumansipre

YPaBHCHHA OTHOCHTENBHOTO IBMKEHHS MaTepHATBHOR TOYKHM; NepeHOCHas
H FODHONMHCOBA CHNB! MHepuud. [TpuHupn OTHOCHTENTBHOCTH KJIACCHYECKOM
MexaHHKH. Cyuait OTHOCHTENTBHOTO NOKOL,

lpAmonuHeiinsie KoneGanua Touxwu. CoGommsle xoneGamms MaTepHas-
HOMt TOYKH mon HeficTBHeMm BOCCTaHaBIHBaAOLIEH CHIIBI, NIPONOPUHOHANTEHO )
PAacCTOAHMIO OT LEHTpa KoneGauui, AMmuTyna, HayanbHad- $asa, yactora U
nepHon koneGamuit, aryxaoume KomeGaHus MaTepHaNibHOR TOYKM mpy
CONIPOTHBIICHHH, MPONOPUMOHATEHOM CKOpOCTH; nepHon 5THX KoneGauufs,
HAEKpeMeHT KoneGamuit. BrmyxmeHHbIe KONeGaHus TOuKH NpH rapMoHHvYec-
KO# BoaMywaome#t cite u CONpOTMBIICHHH, NPONOPUHOHAIBHOM CKOPOCTH.
Peaonanc,

BBenenne B aunamMuky mexanmueckoit CHCTeMBI. MexaHuueckas cucTema,
Knaccupuramus cun, AeHCTBYIOUMX Ha CHCTEMY: CHIBI aKTHBHELIC (3anmaBae-
MEIE) M peaximyu CBA3eH; CWILI BHellIHMe U BHYTpeHHHUe, CBoMicTBa BHYTpeH-
HUX cwil. Macca cucremsl. Llentp MacC; pamuyC-BeKTOp H KOOPIMHATHI LieHT-
pa Macc.

Moment uuepuuu.. MomenT HHEpLUMH TBEPAOIO TeNla OTHOCHTENBHO OoCH;
panuyc uHepuuu. Teopema o MomeHTax MHEPUMH TeNla OTHOCUTENBHO Napaj-
REeNBHEIX Oceit. [IpuMeps! BEIMMCIEHHS MOMeHTOB HHEDUMH : MOMEHTEI HHEDIUH
OHOPOIHOTO TOHKOIO CTEpXHS, TOHKOIO KpYTTIOTO KOJIBIA HITH TOJIOTO 1y~
JHMH/pa, KPYTTIOTO IMCKa WK CIVIOLIHOTO KpYITIOTO UMITHHApa,

OGume Teopemsl AMHAMUKH-

Teopema o pgBH)eHuu leHTpa macc, Juddeperumanbisie YpaBHCHUA
ABIXEHUA MeXaHHYeCKo# cucTemsl. Teopema o mBHyeHuH UEHTpa Macc Mexa-
HUYECKOH CHCTeMBL. 3aKOH COXpAHEHHS ABHKCHUS LeHTpa Macc.,

Teopema 06 HameHennn xonmuecrsa ABHxeHHA, KonuuecTBO MBMMeHMS
MATEpHATIBHON TOUKH. JNIeMEHTapHBIA HMIYNBC CHIIBL Umnynec cunst 3a xo-
HEUHBI! NMPOMEXYTOK BpemeHH. Teopema 06 M3MeHeHMH KonMuccTBa IIBHOKe-
HUA TOUKH B I depeHIMansHol U B KoHeuHoH dopmax.

Konuuectso meuxemns mexammueckoit CHCTEMBI; €TO BBIpaXeHHe Yepe3
Maccy CHCTEMbI H CKOPOCTD ee LigHTpa Macc, Teopema 06 usmenenuu xomu-
YECTBA OBHXKEHUA MEXAHMUYeCKON CHCTeMBI B md@epeﬂuuansﬂoﬂ H B KOHey-
HOHt ¢popmax. 3akon COXpaHCHHA KONHYECTBA [BMXEHMA MEXaHHYeCKOH
CHCTEMBL,

Teopema 06 u3menennn momenra KO/IMYeCTBA ABMMXEHHA. MOMEHT Komu-
ECTBA IBHXCHUA MATePHATBHONR TOYKH OTHOCHTENILHO UEHTPa M OTHOCHTEIb-
HO ocH. TeopemMa 06 M3MeHeHMM MoMeHTa KOJIMYeCTBA MBUXKEHHS TOYKH,
(Coxpanerne MoMenTa KonuuecTpa ABHXKEHHA TOUKH B CNyuYae LeHTPIBHOHN
CHIIEI; 32KOH IUTOLNadel.) :

I'nasHeift MOMeHT konmuecTs mBHeHUT WIH KHHETHYECKHH MOMeEHT
MEXaHHYeCKOH CHCTEMBI OTHOCHTENEHO UEHTPa H OTHOCHTENBHO ocu. Kutetu-
8
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geckutt MOMEHT BpalAIOUIETOCA TBEPHOTO TeNa OTHOCHTENEHO OCH BpalLeHHA,
Teopema 00 M3MEHEHHH KHHCTHUECKOTO MOMEHTZ MeXaHHYeCKOH CHCTEMEL
3aKoH COXpAHEHH:A KMHETHUECKOTO MOMEHT2 MeXaHHUeCKOH CHCTEMBL. (Ond-
(epeHIMATEHOE YPABHEHHE BPALUIATENIEHOTO TMBHXCHHA TBEpAOTO TeNla BOKpYT
HenoBHXHOHA OCH.)

Teopema 00 HM3MEHEHHH KuHeTHdecKo# sHepryun. KuHeTHuecKad JHEp-
s MaTepUaTBHON TOUKH. JNeMEeHTapHaA paboTa CHIIBI; aHAHTHYECKOE BHIpa-
eHMe ateMeHTapHolff paGoTel. PaGoTa CWiIBl Ha KOHEUHOM nepeMeLIeHHH
TOuKH ee TpwioxKeHus., PaGora CITb TAXKECTH, CHIIBI YTIPYTOCTH H CHJIBI TATO-
rerma. Moumocts., Teopema 00 M3MCHEHHH KHMHETHYECKO! SHEPTHM TOUKH.

KuHeTHuecKas SHEPTHS MEXaHHUECKOH CHCTCMBL KuHeTtnuecKas SHepIrHa
TBepIOTO Tea MpH MOCTYNATENBHOM [IBHKCHIY, Npd BpauleHHX BOKPYT
HEMOABMKHOM OCH M MpH INIOCKONApAIeyibHOM JBHKCHIH Tena. Teopema o6
H3MEHEHHH KHHETHYeCKOH SHEeprHH MeXaHWuecKolt CHCTeMBL PaBeHCTBO HY-
O CYMMEI paboT BHYTPEHHUX CHJI B TBEPHOM Teile. PaGoTa ¥ MOUMHOCTb CHIT,
NpWIOXKEHHEIX K TBEPAOMY Teny, BpalAOIIEMYCS BOKPYT HEIOJBHKHONK OCH.

Mpunyn [lanamGepa. TIpHHUKI BO3MOKHBIX nepemewennii, Cuna MHep-
MM MaTepMaTbHOR TOUKH. IIpwHIMI IlanamGepa DA MaTepHaIBHOH TOUKH
B MexaHHuecKoff cucTeMbl. (BO3MOXHBIE WIH BHPTYNLHBIE niepeMeleHUA
TOUKH M MEXaHHUeCKOH CHCTeMBI. UHCTIO creneHelt cBOGOARI cHCTeMBL. Vneans-
Hule cBA3H. IIpUHIMI BO3MOXHBIX nepemetueHuit. OOuwee ypaBHEHHE HH-
HAMHKH.)

Ypapremus Jlarpauxa. OGoGIeHHEe KOOPIMHATLL CHCTEME; 0GOGIeH-
Hble CKOpOCTH. BhbipakeHue aneMeHTapHOH paGoThl B 060GLIEHHEIX KOOPAHHA-
Tax. OBoO6uIeHHbIE CWIBI M MX BBIYMCIICHHC. IuddepeHumanpible ypaBHEHHA
RBIKeHMS CHCTEMBI.B 0GOGIIEHHBIX KOOpAMHATaX W ypasHeHusd Jlarpatxa
2-ro pona. '

CIIUCOK JIUTEPATYPBI

Boporxos H.M. Kypc TeopeTMuecKoi MEXaHHKH. M., 1954 ¥ nocnenyo-
e U30aHus.

Teprer M.M. Kypc TeopeTHUeCKOH MEeXaHHKH. M., 1970 u nocnenypoume
W3[aHKA.

Tape C.M. Kparkuit Kypc TeopeTHUeCKOH MexaHuKH. M., 1963 u mo-
crienyoLMe U3natus.

Mewepcxkuii H.B. COopHMK 3afai MO TEOpeTHUCCKO! MeXaHUKe. M.,
1970 u nocnenyoume H3MaHUA.

CGopHMK 3af1ay 1o TeopeTHYECKOH mexanuke /Tlon pen. K.C. KonecHu-
Kosa. M., 1983.

CGopHMK 3aj1au JUIA KypCoOBBIX pabort o TeopeTHueCKOoH MeXaHuke /Ton,
pen. AA. d6noHckore. M., 1972 u nocnenyiowme uanauud. (ComepXHT

npvMepbl pelieHus 3a7ay.)
TlonONHMTENIBHAS IUTEpaTypa yCTaHaBIHBACTC xacdenpoit B 32aBHCHMOC-
TH OT BKITIOYaEMBIX B KYPC JOTOTHUTENBHEIX BORPOCOB.
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KOHTPOJIBHBLIE 3AJAHUA

CONEPKAHHE 3AIAHMH, BLIEOP BAPHAHTOB,
NTOPAAOK BLINOJIHEHUA PABOT,
OBUHE NOACHEHHA K TEKCTY 3AJAY

CrynieHTH! BRINONHAT B KOHTDONBHEIX 3aaHus (aBe paGoThI) .
3amanne 1 (cratuka u KMHEMaTHKa) - 3aflauk C1, C2, K1, K2, K3.
3agamme 2 (aMHaMMKa) — 3agaum n1, 02, 13, 04, 5. (16, cm. c. 56).

K xaxpoit 3amave maercs 10 PHCYHKOB ¥ Tabnuua (c Tem xe HOMepoM,
WIO M 3ajiava), COMepKaIias JONOMHHTEIbHELE K TeKCTy 3allauwi ycrnosus, Hy-
MEpaluus pHCYHKOB MBOHHAf, NpH 3TOM HOMEPOM pHCyHKa sBNAeTcA wHpa,
croswan nocne Touxu. Hanpumep, puc. C1.4 ~ 310 pHc. 4 x 3amave Cl u 1.1,
(8 Texcre samaum npu MOBTOPHBIX CCBUTKAX HAa PHCYHOK IMILETCS npocro
puc. 4 ¥ T.n.). HoMepa ycnosuit ot 0 o 9 npoctaiieHst B 1-M cron6ue (nmm
B 1-#f cTpoke) Tabmuusl

Crynenr Bo Bcex 3amawax BbIGHpaeT HOMep pucyHKa mo npeanocnen-
Heit undpe nmdpa, a HOMEp ycnoBHs B TaGnanue — no nocne/Hel; Hampumep,
€CTH UMQp OKaHUMBAETCS YHCIIOM 46, To GepeT puc.4 u yotosus N2 6 u3
TabmHuLL.

Kaxgoe 3anamme Brimonmsercs B OTAentHORK TeTpamu (y4enmyecxoif) ,
CTPaHHUEI KOTOpol HymepyloTcs. Ha o6mosxie YKa3bIBAIOTCA: Ha3BaHHE [WC-
UHIUTHHBI, HOMEP paBoTel, bamMiug ¥ uHMIEATH CTYAEHTa, y4eOHLI} umdp,
taxympTer, cnemuansHocTL M anpec. Ha nepsoit crpammue TeTpalM 3amMChi-
BAIOTCA: HOMep paGoThl, HOMepa pelllaeMBIX 3a1ay TOJl H3[aHUA KOHTPONE-
HEIX 3aIaHuit,

Pewrenne xaxpoii 3amawn o6ssarensuo HaYMHATsL Ha pasBOpoOTe TeTpasu
(Ha ueHOM cTpanmue, Hawnas co BTOpo#, HHaYe paboTy TpymHo TIPOBEPATE) .
Coepxy yxasemaercst HOMEp 3afiaum, paree HeMaeTCA UepTexk (MOXCGIO KapaH-
AaluIoM) ¥ 3amuChIBaeTCA, YTO B 3ajaye AaHO M 4TO TpeGyeTcs oNpemermTn
(TeKcT 3amauwm He mepemnchiBaty). Yeprex BrmonHAETCR € yyeToM ycnoBHii
PEIIaeMOro BapHaHTa 3a7auM; Ha HeM BCe yITwI, nelicTBYIOLME CHIIBL, YHCNO
Tel H UX DACIONIOXEHHe Ha YepTexe MOMKHEI COOTBETCTBOBATH 3THM YCIIO-
BHAM. B pesynerare B menom pame samay HdepTedx nonyumures Gonee mpocroft,
YyeM oGupit,

Yeprex Domxen GHITh 4KKYPaTHLIM H HaIJIANHEIM, 4 IO Pa3MephI AOMXK-
HBI MO3BONATE ACHO NOKA3aTh BCE CHITBI HITH BeKTOPBI CKOPOCTH H YCKOpeHUA
W Iip.; MOKA3LIBATL BCE 3TH BEKTODH H KOOpIHHATHbIE OCH Ha UepTexe, a TaK-
XE YKa3BIBATb €OMHHIL! MOJYYaEMBIX BeTHYHH HYXHO 0Gs3arensHo. Pemerme
3afiay HeoGXOMMMO CONPOBOXIATE KpaTKUMH NOACHEHHAMH (Kak#e (op-
MYJIBL HITH TeODeMBI PHMEHAIOTCA, OTKYAa TONYHAa0TCA Te WM HHBIE PE3YITb-
TaTHl H T.IL) ¥ NOHPOGHO H3NAraTh Becs Xon pacueroB. Ha xaxmoit crpamuue
CIENY €T OCTABIIATE NONA IS 3aMevaHuH peleHseHTa.

PaGoTe1, He oTBewAIONME Beem TEPEIHCIIEHHbIM TPeGOBAHHAM, IPOBEPATE-

A He GyAyT M GyAYT BO3BpamaTecs Ais nepenenKu,
10
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K pabore, BbicbUIacMOH Ha IOBTODHYIO npoBcpKy (ecnu oHa BbINON-
HeHa B Opyrofi TeTpamu), HonmxHa oGa3arerlbHo Npunararscsi He3aurcHHas
pabora. Ha ow3amenc Heo6XOMMMO TNpE/CTaBUTh 3auTeHHbIC MO JaHHOMY
paspeny Kypca paboThl, B KOTOpBIX BCE oTMedeHHbIE pelleH3eHTOM Norpell-
HOCTH HOJIXHBI ObITh HCTIPABJIEHLL.

Tpu uTcHMM TEKCTa KaxHoH 3ajlauy yuccTh cneayoouiee. BonbUMHCTBO
pucyHKoB HaHo Ge3 cobmioneHns MaciuTa6a. Ha pucynxax K 3afauam Cl -C3
v JI1 — J6 BCe NMHMM, NIapaNIeNbHbIe CTPOKAM, CUMTAIOTCA IO pU3OHTAIbHBIMY,
a MepricHMMKYNAPHBIC CTPOKAM — BEPTUKATBHEIMH M 3TO B TEKCTE 3ajay che-
uManbHO He OrOBapHBaETCH. Taxxe 6e3 OrOBOPOK CHMTaeTCs, YTO BCE HHTH
(BepeBKH, TPOCH!) ABMTIOTCA HEPACTANUMBIMA U HeBeCOMBbIMH, HWTH, mepe-
KnHyTbic ucpes 610K, N0 60Ky He CKOMBLIAT, KaTKH U Kofcca (B KMHEMaTH-
ke H IMHAMHKE) KaTATCA MO IUIOCKOCTAM 6e3 CKOMNbXEeHMA. Bce cBA3H, €CNH

HC CHENaHO OpYTHX OFOBOPOK, CUMTAKTCA HACATBHBIMH.
Koraa Tena Ha puCYHKe HpOHYMEPOBaHEI, TO B TEKCTe 3alait H B Ta6-
mue P, 1,, 7, ¥ T.I. 03Ha4alOT BCC WIH pa3Mepbl Tena 1, P, 1, r, —Tema2

¥ T.1. AHAIOTHYHO B KMHCMaTMKe ¥ JIMHAMHKe Up, dp 0603HayaT CKOpOCTh
M ycKopeHuc ToukH B, vy a¢ — toukh C; w,, €, — YINOBYIO CKOPOCTb H YT+
noBoe yckopeue Tena I, w,, €; — Tena 2 u T.A. B Kaxo#t 3anave nomoGHbIE
0603HaueHHA MOTYT TOe ClelHanbHO He OrOBapHBATECA.

CneflyeT TaKxe UMeThb B BHAY, YTO HEKOTOpHIE M3 3a/laHHBIX B YCNO-
BHAX 3aJauy BenuuuH (pa3MepoB) INpH peLICHHH Kakux-Hubynb» BapHAHTOB
MOTYT He MOHAIOGHTLCS, OHM HYXHBI 1A PeLICHHS ApYTUX BapHaHTOB 3aa4d.
W3 Bcex moAcHeHuit B Tekcre 3afauy obpaiafite BHMMaHHE TONBKO Ha OTHO-
cAuMecs K BallleMy BapHaHuTy, T.e. K HOMepy Ballero pHCYHKa UM BalLEro
ycnosus B Tabnuue.

MeToMMueCKHe YKa3aHWa MO pelleHHio 3afay, BXOMAUMX B KOHTpPOJL-
Hble 3ajaHMA, [AOTCA IVif KaXIOA 3amauu MOCne M3NOXEeHHs: €e TeKCTa fon
pyGpuxoit "YxazaHua™'; 3aTeM JaeTCA MPUMEP petueHns aHaNIOTHYHOM 3ajlau,
Llens Npumcpa — paybACHUTL XOM pellleHusd, HO He BOCTIPOX3BECTH €ro mnon-
HocTbio. TlosToMy B psAle CNyuaeB IPOMEXYTOUHbIE pacHeThl onycKawoTcH.
Ho npH BhINONHEHHK 32/IAHKA BCE npeoGpa3oBaHHA H YKCIOBEIE pacyeTsl AOMK-
Hbl GbIT> 0GA3ATENBHO NMOCAEAOBATENLHO NMPOMENAHBL C Heo6 X0 AMMBIMH NOAC.
HeHWMH; B KOHUE JOJIXHbI GbITh aHbl OTBETEI.
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3AJAYA K KOHTPOJIBHBIM 3AIJAHMUSM

CTATHKA

3anaua C1

Kectkast pama (puc. C1.0-C1.9, Tabn. Cl) 3aKpemieHa B Touke A wap-
HUpHO, 2 B TOUKe B NpHKperUieHa WK K HEBECOMOMY CTepxHI0 BB, umi K
LIapHUPHOA OMOpe Ha KaTKaX; CTepXeHh MPHUKpEMIEH K pamMe H K HeModBHX-
HOfl onope WapHHpaMu.
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Ha pamy nettcraysor Tapa cwt ¢ MomerTOM M= 100 H - m IBE CHIIBI,
SHaYCHUA KOTODEIX, HaNpaBleHHs TOUKH NPUIIONEHUA YKa3aHb! B Tabmuue
(Hanpumep, B yclnoBUuAX N® 1 Ha pamy IelCTBYIOT cuyia F, =10 H nog yr-
7om 30° K ropusoHTanBHOMN OcH, NPWIOKeHHaS B Touke K, U cuna F + =40 H
nox yrimom 60° TOPH3OHTANEHOM OCH, MPHITOXKEHHAS B Touke H).

Onpenenuts peaximy casselt n TOUKax A M B, BHI3bIBaeMbIe 3aaHHEIMH
Harpysxamu. IIpy oxoHuaTensHpIx noncueTax npuHaTs I = 0,5 m.

Yiazanus. 3apava Cl — ma PaBHOBeCHe Tena MO AeHCTBHEM mTOCKok
CHCTeMbI cun. CocraBnas YPaBHEHUS DAaBHOBECHSA, yueCTs, 4ro ypaBHeHWe
MomeHTOB GypmeT Gonee mpocreim (comepxars Menzuze HEU3BECTHBIX), ecly
Opats MoMmeHTEI OTHOCHTENBHO TOUKHM, Ifie MepeceKanTcs JIMHUH NeHCTBUA
MABYX peakiMif cBs3elt (B mammoM ClTy4ae OTHOCHTENBHO TOuKM A). Ilpu BLI-
MCIIEHHH MOMeHTa ciisl F wacto YOOGHO pasnoxaTs ee Ha COCTAaBNAIOUME |
F' uF ", WIS KOTOpBIX e JIETKO BLIYHCIIAIOTCS, B YACTHOCTH Ha COCTaR-
JTI0LHe, MapasUIeNbHble KOOpPIMHATHEIM OCAM, H BOCIIONB30BATECA TeOpemolt
Bapuusona; Torma mg (F) = mo (F'y + mo (F"),

Mpumep C1. Kecrkas mractuna ABCD (puc. C1) umeer B Touxe A Hemop-
BUXHYIO LIAPHUDHYIO OMOpY, a B Touke B — TOBIXHYIO apHUpHYIO onopy
Ha KaTKax. Bce pelictByronme HAarpy3KH M pasmeps! NOKa3aHbI Ha PHCYHKe.

3t

=
4

[
AN

Puc. C1

Mano: F=25xH a=60°, P=18 KH,y=75°, M=50kH - m, =30°,
1=05m. ’

Onpenmenurts: PeakuuH B Toukax 4 # B, BLI3LIBaeMble IeAcTByOUM-
MH Harpy3kamu. -

Pewuenue. 1. Paccmotpum pasnosecne IactuHsl. IIposenem KOOpAKHAT-
HBIE OCH XY M H306pa3um ReHCTBYIOUME HA WIACTHHY CHIIBI: cuy !v_‘, napy cun
€ MoMeHTOM M, Harsxenue Tpoca T (o Monymo T = P) u peakimu cBszelt
Xy, ?A' R B (PeaKkLMIO HeMoABUXHOM LUapHUpHOH onopbt A u3o6paxaem aBsy-
MiA ee cocTaBnAnImMY, peakuus LIapHUPHOA OMOpHI Ha KaTKax HanpasneHa
TepIeHONKYIAPHO OMopHO# IJI0CKOCTH) .

2. IIna nonyuennol mnockoit CHCTEMbI CHJI_COCTAaBUM Tpu YpaBHeHus
PaBHoBecus. [lpu BhIMMCHeHUY MOMEHTAa CHIBL F OTHOCHTensHO Touku A
14
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BOCHONE3yeMC TeopeMott BapuHBOHa, T.e. PAIIONKUM CHITY F ma cocrasnsio-
me F',_F" (F' = Fcosa, F" = Fsina) 1 yiTem, 40 My ) =my F) +
+my (F"). Nonywum

I Fgx =0, X4 +Rpsinp—Fcosa+ Tsiny=0, )
Fry=0, Y4 +Rpcosp + Fsina—Tcosy=0, )
}:mA(Fk)=_O,M—R}gcosﬁ~_4l+.Fcosoc-21—{7’sino£;31—

—Tsiny-20=0. : 3

TMofcTaBuB B COCTaBIieHHbIE YDaBHEHWS TMCTIOBLIC 3HaueHUS 3afIaHHLIX
PETUUHH H PELIMB STH YPABHEHWS, ONPEALINM MCKOMBIE PeaKIH.

Orser Xq=-85xH,Yq= -23,3 kH, Rp = 7,3 xH. 3naku yKa3nl-
BAiOT, YTO CHIIBI Xqm Y4 HanpasieHs! DPOTHBOMNONOXKHO NOKa3aHHBIM HA
puc. CL. i

3apaua C2

OmHoponHas NpAMOYTONbHAA IIHTA pecom P = 5 xH co cropoHamu
AB =13l, BC =2l 3axpemnneHa B TOUKe A cdepuuecKHM LIAPHUPOM, 2 B TOUKE B
[WIHHIPHYECKHM 1IApHUPOM (DOMUMIHUKOM) M YAEPKHBACTCS B PABHOBE:
CHH HEBECOMBIM CTEPXHEM cC' (puc. C2.0-C2.9).
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Ha nnuty nmeftcreysor napa cun ¢ MomeHtoM M = 6 kH - M, nexamas B
IDIOCKOCTH IVIMTEI, M B CUIIBL 3HaYeHHs 3Tvx CHIT, MX HaPABIICHHS H TOUKU
TIPUNOXKEHAS yKa3aHbl B TaGn. C2; Ipy oTOM CHIbt F \HuF, 4 JIEXAT B IIIOCKOC-
TAX, NapajlIeNnbHBIX IIOCKOCTH XY, Ciila Fz — B IUIOCKOCTH, NapaieNnkHol Xz,
cuna F 3~ B IUIOCKOCTH, Napannenbholt yz. Toukyu npunoxerust cun (D, E, H)

Haxo[ATCA B cepeqyHax CTOPOH IUTUTEI.
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Ta6nuua C2

F, =4 xH F,=6xH

Homep
yono- Touka o  Touka o Touxa

BHA TIPHIIOX. TIpHIIOXK. NpWIOX.

Touka
MIPUIIOX.

30
60

60
30
90

- 90

0
1
2
3
4
5
6
7
8
9

OnpenenuTh peakuuy CBA3ed B TOUKAX A, B u C. Tlpn nofcueTax NpHHATH

=0,8 M.

Vxa3anua. 3amava C2 — Ha paBHOBECHe Tenla MOML AeHCTBHEM npocTpaH-
crBertolt cucTemsl cil. [Ipu ee pelleHMH YHecTb, UTO peaKins chepuuecKkoro
wapiypa (WM NOMNATHHKA) WMeeT TPH COCTABNAIOLMC, a peaKUMs UHIHHAPH-

YeCKOTO IUApHWpa (MOMNIMMHUKA) — [BE COCTaB-
ASIOLLMe, NeXKALIHKe B MIIOCKOCTH, NepricHIMKYNAp-
Ho#t ocu wapHupa. Ilpu BbIMMCIEHHH MOMECHTOB
CHIIbI F TOXe 4acTo yIlO5H0 Pa3noKHTh €€ Ha coc-
Tapnsoume F' # F", mapannenbHble KOOpOMHAT-
HpIM oOCAM; ToOrga, To Tcopeme BapuHeona.
my (Fy=my (F) + my (F) wT.0

Mpumep C2. BepruxanbHas npsiMoy ronbHas
wmTa Becom P (puc. C2) 3akpenneHa cepuuec-
KMM LIapDHHPOM B Tduke A4, UHIHHAPHYSCKUM
(nopwMnHUKOM) B Touke B u HEBeCOMBIM CTEPX-
Hem DD’, nexaumMBnnocxocm, napannenbﬂon
nnocxocru yz. Ha WIMTY feficTBYOT cwia F (s
MNOCKOCTH XZ), cuna F2 (napanncnbHasg OCH »)
W napa cun ¢ MoMcHTOM M (B MIOCKOCTH IUiM-
TH) .
2-1322
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Hano: P=5SxH, M=3xH-m, Fy=6xH, F, = 1,5 xH, o = 30°,
- AB=1m, BC=2m, CE= 0,5 A8, BK = 0,5 BC.
Onpenmenurs: peaxpm onop A, B u crepxus DD'.
Pemergie: 1._Paccmo’rpnm paBHOBecHe IIMTHL. Ha nee OeHCTBYIOT 3amaH-
Hble cunet P, F, F, u mapa cun ¢ MOMEHTOM M, a Takxe peakumu cBsizelf.
I:eaxu.mo cepuyeckoro 1UapHUpa PA3NIOXHUM Ha TPH COCTABRMIOLME X, As ?A.
Z4, UMIHHOpUYeCKOTO (nomumnuuxa) - Ha gpe COCTaBAAOIME 75, zZ B (B
IUIOCKOCTH, NepleHmMKyNApHOH ocu NOMUMIHAKE) , peakumio V CTepxHs Ha-
TpaBHM BIIONIb CTEPXHA, NPEANONATAL, YTO OH PacTsHyT.
2. Jins OMpeNenieHHs IIECTH HeM3BecTHBIX PeaKUHuii cocTaBNsLeM MIECTD
YpPaBHEHUHR panHosech‘ OeACTBYIONIEH HA IUTHTY MPOCTPAHCTBEHHON CHCTEMbI
cun:

I Frx =0, XA-;:Fx cosa=0, 1)
LFgy=0, Y4+ Yp+F, ~Ncos75 =0,
LFgz=0,Zy+Zp~P-Nsin75° + F, sina =0,

Zmy (Fg)= 0, —F;BK + N cos 15°BC = 0,

a5 ,
2

~Z4AB + Nsin 15°AB + M =0, )
Emy (Fr)=0, Y4+ AB - Ncos75°- AB >0, ®)

Zmy (I?k) =0, P

A
+F, cosa-BC—F, sina T -

Jns onpeneneHust MoMeHTa- bl F, OTHOCHTENBHO OCH J pa3naraem
F, Ha cocTaBngoupe P—, H F_';', napaiensHble ocAM x U z (F) = F cosaq,
F{ = F sina), n npumensem TeopeMy BapunpoHa (cM. ykasaHWs). AHano-
THO MOHO NOCTYMMTE MU ONpeieTieHHH MOMEHTOB peaKiu NV,

Iloncrasue B cocrasrneHHbie ypaBHeHUS WCTOBhIC IHAYEHHS Boex 3aaH-
HBIX BENIMYMH M DELUMB 3aTEM 3TH YPaBHCHHUA, HalllleM, YeMy PaBHEI HCKOMbIE
peakmy.

Otmser Xq4=-52xH, Y =38 kH,Z 4 =284 xH, Yg= -75 kH,
Zp= -12,4 xH, N= 14,5 kH. 3xaxu YKa3bIBaIOT, YTO CHIIBI {\—'A: 73 " 25

HanpassieHbl PO TUBOMIONOXHO NOKAIaHHBIM Ha puc. C2. !
KHHEMATHUKA

3agaua K1

Touka B meuxerca B miockoctu Xy (puc. K1.0-K1.9, tabn. K1; 1pack-
TOpUA TOUYKHM Ha PHCYHKAX MIOKAIAHA YCTIOBHO) . 32KOH HABUNKEHUS TOUKK 3aMlaH
YDaBHEHHAMHU: X =fl @,y =fz (), rne xuy BBIPaXCHBI B CAHTHMCTpaX, ! —
B CEKyHMaxX.

Haittu ypapnenne TpACKTOPHH TOYKH; JUIA MOMEHTa BpeMcHU t,=1c
ONPEeNeNHTL CKOPOCTh H YCKOPEHHE TOYKH, a TAKKE eC KacaTeNbHOE H HOpManb-
HO€ YCKOPEHHS W palMyC KPMBM3HbLI B COOTBETCTBYIOLUCH TOYKE TPaeKTOpHH.
18
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x=3-6sin(5t)

0 X
Puc. K1.0 Puc. K1.1

x=3nn(§t)-z

0 N X
Puc. K1.2 ™

B
«

x=12cos(5t)

0 X
Puc. K1.6 Puc. K17

Y

AW

T /3
x=5cas(%5t) -2 x=4-8cos(zt)
0

0 X

Puc. K1.8 Puc. K1.9
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3aBucumocts x = fi () ykasana HETIOCPeNCTBEHHO Ha PHCYHKaX, a 3aBH-
CHMOCTB ¥ = f, (¢) maHa B Ta6y. K1 (mns puc. 0-2 8 cronbue 2, ang puc. 3—-6
B cronGue 3, wis puc. 7-9 B cronbue 4) . Kak u B 3amauax CL, C2, Homép pH-
CYHKa BEIGHpaeTCA Mo mpemmocnenHet uudpe nmopa, a HOMep ycnoBus - B
Tabn. K1 - no nocrnenHett. h '

Ta6nunpa Ki

Homep
ycnosus

-2

8cos(—"— t)
4

4_6cos=(é'- r) 4422

4-—9005( t

2-3 t
cos( 3

12005(-61t) 2(t+1)?

g 4
—t 2sin| — ¢
9<:os(3 )+5 2+ sm( 2 )
™
- —t -2
10cos(6 )
8cos(;—:)-3 +1)°

—9cos’(l ) 3—4003(—‘;:)

6cos(-3l t)—4 283

2.2 1) | 2 ":) 80"t)+6
—COS? Sll'l-‘-‘- CS°3'-

Yxazanus. 3apaua K1 OTHOCUTCA K KMHEMAaTMKE TOYKH M peltiraercs
€ nmomoupio dopmyn, no KOTOpLIM oOMpenensores CKOpOCTE M YCKOpeHue
TOYKH B ICKapTOBBIX KOOpauHaTaX (KOOpAMHATHLIA crioco§ 3allaHus OBHXKe- -
HAA TOUKH), a Takxe dopmyn, mo KOTOpPLIM OMNpeflenanTcs KacaTensHoe K
HOPMANBHOE YCKOpPEHHS TOYKH,

20
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. B, mamHolft 3ajauc BCe HCKOMBIC BEJTHUHHBI HYXHO onpefenuTs TONHKO
U1 MOMEHTa BPEMEHH £, = 1 . B HeKOTOpBIX BapHaHTaX 3alauu TpH onpefe-
neHun Tpaemopﬂu' WIM Mpu MOCTeyouMX pacuerax (W1 UX yTpOLICHU)
clefyeT yuecTb H3BECTHBIE H3 TPUTOHOMETPHH POPMYTIBL: COS 2a=1-2sin*a=
=2cos?a — 1; sin 2a =2 sin & cos . .

fpumep K1. [laHb! ypaBHeHUA [BHKEHUs TOUKH B [NIOCKOCTH X):

=e2c0s | — +3, y=2 — -
3 t y sm( 3 t) 1

(x, y — B caHTUMeTpax,! — B CeKyHOax) .

OnpenenuTs ypasHeHHe TpaeKTOpHM TOUKHM; MIA MOMEHTa BpeMEHH
t, = 1 c Ha{iTH CKOPOCTE H ycKopeHHe TOYKH, a TaKxke ee KacaTtenbHoe B HOp-
MaTbHOE YCKOPEHHS W paluyC KpUBH3HDBL B COOTBETCTBYIOLIEH TOUKE TPACK-
TOPHH.

Pewenne. 1. JIns onpeneneHus ypaBHEHHS TpaeKTOPHH TOUKH HCKITIOUHM
W3 3a7aHHBIX YpaBHeHMt IBHXEHHA BpemA t. [TockonbKy { BXOOMT B apry-
MEHTBl TPHTOHOMETPHYECKUX byHnKuuit, Tle OMMH apTyMEHT BIBOC Gonslue
Opyroro, HCrons3yem dopmyny

mn m
cos 2a=1—2sin*a WM cOs vy r) =1 - 2sin? ) . ()

W3 ypaBHeHHH [IBHXEHHA HAXOIHM BBIPaXEHUS COOTBETCTBYOLUMX PyHK-
umft ¥ noacTaBnsAcM B PaBEHCTBO (1).. Monywm

T 3-x . T y+1
cos| —t)|=——, s —t ] = H
4 2 8 2

cliefoBaTenbHo,

3~ +1)?
X b

- 4

. Ofclola OKOHHaTebHO HAXOMMM Crleflylolliee YpaBietHe TpaeKTo pHH
Touxu (mapabona, puc. K1) :
x=(¢+D*+ 1L (
2. CropoCcTb TOUKM Halimem mo cé
NpOeKIMAM Ha KOOPHMHATHBIC OCH:
dx
v = —
X7 at

LY
Uy—--&—

u=\/u}(+u;,

unput=1c¢

vix = L1l em/e, vyy = 0,73 em/c, vy =1,33 em/c.
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3. AnanormuHo naitnem ycxopense Touxu:

. n? ", dvy |
E——=—cos{— t|;a,=-2=_T_ —t ]
T & T3 4 a3 Mgt

a=\ax +ay
HNpHt=1c

ayy = 0,87 cm/c?, 41y=-0,12 cm/c?, a, = 0,88 cm/c?.

4. Kacarenshoe YCKOpeHHe Hafigem, middepeHimpys no BpEMEHH paBeH-
ctBo o' =y} + vj,. Monyuum

dvy "
dr
.}
_dv _vx tupay

T v :
133

HucroBbie 3HaYeHUst BCeX BenHyuH, BXOMAUMX B MPaBY YacTb BhIpase-
HuA (5), onpenenens! u mawotcs paBeHcTBaMu (3) u (4). INogcraBus B (3)
9TH 'Wica, Haltiem cpasy, wro nput, =] ¢ ay7=0,66 cm/c?.

5. HopmanrHoe yckopenue Touky ap = a* - a?. Moncrasnas ciopa
HafleHHBIE WICNOBLIC 3HaueHuA 4, M ayr, MONywM, uTO NpH £, = | ¢ Ay =
= 0,58 cm/c2.

6. Pamnyc xpuBu3HBI TpacKTopun o = v* Jap,. opcTaBNAA Clona YucIoBLIC
SHAYeHUA v} W a1y, HalineM, ¥To npy ty=1c p, =3,05 cm.

Otsetr v,= 1,33 cm/c,a, = 0,88 cemfe?, ay. = 0,66 emfc?, ayy =
= 0,58 eM/c?, p, = 3,05 cm.

3agaua K2

Mnockuit Mexamusm cocrout us CrepsxHeit I~4 u nonsyna B, coeminen-
HBIX IpYT C IOpYroM M C HenomBHXHBIMH ornopamu O, u 0, mapHHpaMH
(puc. K2.0~K2.9). st crepsueit: I = 04mI,=12m, ;= 14 M,
1, = 0,8 M. Nonoxenue MEXaHH3IMa ONpene/ieTCA YINaMHu ¢, f, v, ¢, 0, KOTO-
PBIE BMeCTe C APYTHMH BENTHUMHAMM 3amaHbl B Ta61. K2. Touka D Ha Bcex pu-

Puc. K2.0 : Puc. K2.1
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Tabnuua K2
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Yo

Homep
ycnosus

vB, Vg, W,

UA, vD, Wy

0 120 120 0 Vg, VB, W,
90 120 90 90 ) . Up, U, W,

0 150 30 .0 ug v w,
60 1507120 90 Vg, VE Wy
30 120 30 0 U, VR, W,y
90 150 120 90 V4, Up, W,
0 60 30 0 Vg VR, W,
30 120 120 0 Up, U, w,

\OOO\)O\U'-&“-UJNF-O

CYHKax u Touxa K Ha puc. K2.7-K2.9 s CeperHe COOTBETCTBYIOIEro CTepXK-
HA. Onpenenuts BEIMUHHEI, yKa3aHHEIe B Tabnuie B cronbue “Haitu™. Hality
TaKke YCKOpeHue a4 TOuKH A cTepxus [ » €CIIM CTepXXeHb I UMeeT B manuplif

MOMEHT BpeMeHH YITIoBOe YCKOpeHHe €, = 10 ¢~ 2,

HyroBhle cTpenxu ua PUCYHKaX MNOKa3bIBAlOT, Kak NpH NOCTpOeHUH
HCPTEXA [MOMKHBI OTKNAHBIBATHCH COOTBETCTBYIOUME YINIBI, T.e. MO xony
WIM MPOTHB XOAa 4acOBOIi CTpenKH (HampuMep, yron y Ha puc. 1 cnenyer or-
TOXUTH OT cTepxain DE MpoTMB xopma Yacosoli CTPENKH,  Ha puc. 2 — oT
CTepxHs AE no xony vacopott CTpeNnKu) .

Mocrpoenye uepTeska mawunaty €O CTepxHs, HalpaBNieHHe KOTOpPOro
OTpeNensercs yrnom a; nonmsyH B u ero Hanpasndwoume o Gonblueii Ha-
TIANHOCTH H3006pasuTh, Kak B npumepe K2 (cm. puc. K2). 3ananHymo yrno-
BYIO CKOPOCTh CUMTATh HaNnpasieHHOH TPOTHB XOMa 4acoBO# CTpenkH, a 3aman-
HYI0 CKOpPOCTh vg — 0T Touky B K b.

Yxaszanus. 3amaua K2 ~ na HCCIENOBaHME IIOCKONAPAMNEBHOTO ABHKe-
Hus Teeporo Tena. Ilpu ee pemermn mng OMpENETICHHA CKOPOCTeRt Touek
MEXaHHIMa M YITIOBLIX CKOPOCTeH €ro 3BeHbeR ClenyeT BOCHONIB3OBATHCA
TeopeMolt 0 mpoeKUUAX ckopocTe#t ABYX TOYEK TeNa M NOHATHEM O MTHOBEH-!
HOM UeHTpe CKopocTei, NpuMeHss STy TeopeMmy (HIH 3TO MOHSTHE) K Kago-
MY 3BEHY MEXaHH3Ma B OTAEAbHOCTH, -

Mpumep K2. Mexamnam (puc. K2, a) cocrout u3 CTepxHen 1, 2, 3, 4 u
T0A3yHa B, coemMHeHHMX mpyr c ApYyroM M C HeNOIBHXHBIMHU onopamu.0, H
O, usapuupamu,

24
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Dano: a= 120°,8=60%, y=90%, ¢= 0°,6 =30°, AD=DE, =0,6 M,
L =12mw, =5¢), ¢ =8 c

OnpenenuTh: vg Vg Wy H 4

Pewrenine, 1. CTpouM IONOKEHHE MEXaHH3MA B COOTBETCTBHHU C 3a[laHHBI~
mu yrnamu (puc. K2, 0).

2. OnpenendeM vg. Touka E TnpHHAJUIXHT CTEPKHIO AE. YtoGsl HalTH
vy, Ha#o-3HaTh CKOPOCTh Kakof-HmGynp Apyroll TOUKM ITOTO CTep>HA H Ha-
npasnenue vg. TIo [IaHHEIM 3271344 MOXEM OTIp eHENHUTD’

uA=w,1,=5-o,6=3M/c;7Alo,A. )

HanpasneHue 'u—E Halifem, yursl, uro Touxa E NpuHAUIEKHT OOHOBpeMEHHO
crepxuo O, E, BpauaoiieMycs BOKpYT 0,; cnenonarenmo,'\a; L O,E. Te-
tepb, 3Had B-A 1 HampaslieHHe U, BOCMONB3YeMCH TeopeMoil 0 NMpOEeKIMAX
cKopocTeif IBYX TOUEK Tena (crepxust AE) Ha IPAMYIO, COCMMIIIOMYIO 2TH
Touxd - (mpamat AE). CHauana mo 3TOll TeopeMe YCTaHABNMBAEM, B KaKylo
CTOpOHY HanpasJieH BeKTOp v (npoexuuu CKOpOCTEH [OMKHEI HMETb OfIMHa-
KOBBIE 3HAKH) . 3aTeM, BLIMMCIIAT 3TH NPOSKUMH, HAXOMHM - -

v cos 60° =vy cos 30°; vp=3 \/5-= 5,2 mfc. . )

3. Onpepensiem v g Touka B npHHAOJEXHUT CTEPXKHIO BD. CniepoBarenpto,
10 aHAZIOTHH C TPEABLIYLIMM, YTOGb! ONPENENHTL U g, HANO CHayana HalTH CKO-
pocTh TOYKH D;-nipuHaulexalieft ONHOBPEMCHHO crepxHio AE. Jlna 310r0,
:ma;{;:q MFE, TIOCTPOMM MIHOBEHHBIHR USHTD ckopocreit (MLIC) _c_Tep»g{_xAE H
ato "TouKa-C, , exauas Ha nepecedcHun NepTeRAUKYNAPOB K v 4 H v, BOC
CTaB/ICHHBIX U3 ToYeK A H l_:‘_ (kvg HVE NepleHANKYNAPHBI CTEPXKHK Iud).
Mo HampaBNcHUIO BCKTOPa.u 4 OllpenensieM HanpasjieHHe MOBOPOTA CTEPXKHA
AE oxpyr MIIC C,. BexTop -"—D GymeT HepleHAMKYNApeH OTPEIKY C,D,
coemusomemy Toukd D u C,, ¥ Hanpasiel B CTOpOHyY, IOBOPOTA. BenmHuMyy
vp HafioeM u3 nponopuxy

o A e

C,D C,A

25
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Uro6st BerMCTMTE C,D 8 C,4, 3ameum, uro AAC,E - mpamoyrons-
HBI, TaK KaK OCTPLIE YITIbl B HeM paBHst 30 y 60°, 1 410 C, A = AE sin 30° =
= 0,5 AE =AD. Torna A4 C,D asnsercs paBHocToporiinmu C,A4 = C,D. B pe-
3yhTaTe paBeHcTBO (3) maeT

vp =vy =3 mfc; 'v-blC,D. 4)

Tak xax Touka B TIPHHAITEXHUT OTHOBpeMeHHO NOM3YRY, ABHXYLIEMYy-
€41 BONb HANPaBATIOUMX NOCTYNATENBHO, TO Hallpapnenne ”—B n3sectHo. Tor-
nla, BoCCTaBnAA U3 Touek B u D NepneHIMKynapsl K CKOpOCTAM vp M—JD,
nocrtpoum MUC C, crepxus BD. Ilo HAMpaBNeHHIo BeKTOpa vy onpegensiem
HanpaseHHe MOBOPOTA cTepxHs BD BOKpYT UeHTpa C,. Bemop—u_g Gyner
HanpaeneH B cTOpoHy mHoBopoTa crepxHsa BD. U3 puc. K2, 6 BHUIOHO, 4YTO
L C,DB =30° a L DC,B = 90°, otkyna CyB =1,5in30°, C,D =1, cos 30°.
CocrauB Teneps nponopusio, HafineM, yro

UB UD 3 1
_— Te—; = ° = y . S
. 2 UB vp tg 0 7 M/C ( )

4. Onpenensem w,. Tax Kak MLC ctepxHs 3 ussecren (touxa G,)), 10

UD IJD

T = 2 _9gq,
Y TTD T T ces 0 ¢

5. Onpenensem a4. Tak Kak e, u3mectio, To a4.=1le, . Nance Ay =
=ug/l,, wm ag, =1, w?. Torna ag=aj + a},,- Npoussens semucnenns,
nonyuumay = 15,8 m/c?.

OtBet vp=52wm/ vp= 1,7 M/c, wy, = 2,9 c'yay = 15,8 m/c?.

3agaua K3

Mpamoyronsias mnactuua (puc. K3.0~K3.5) wm Kpyrnas IiacTHa
pamycoMR = 60 cm (puc. K3.6-K3.9) mpawaerca BOKDPYT' HEMOOBMXHOMN
OCH C NMOCTOSTHHON yrmoBo# CKOpOCTBIO w, 3aMaHHOR B Tabn. K3 (npu 3Hake
MHHYC HalpaBlicHHE W IMPOTHBONONOKHO MIOKa3aHHOMY Ha pHcyHke). Ocp

58/7

M

Puc. K3.1
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BpaueHua Ha puc. K3.0-K3.3 u K3.8, K3.9 NepleHMKyYNApHa TUIOCKOCTH
TUTACTHHBI M NPOXOLUT Yepe3 Touky O (IacTHHa BpaWQaeTcA B CBOeH IJI0CKOC-
TH) ; Ha puc. K3.4-K3.7 ocp BpaweHus OO, NexuT B IUIOCKOCTH ILTaCTHHBI
(acTiHa Bpawaetcs B npocTpancTse) .

Tapr 1988 Tepmex

Tabauna K3

Puc. 0--5

Puc. 6-9

s=AM=f(t)

s=AM=f(1)

-5

16

60(t* - 3t%) +56
60(t> - 2t?)
80(2t% —13) - 48
40(:% - 3t) +32
50(t° —+t) -~ 30
S0(3t -1*) -64
40(r - 2t%) — 40
80(t* -t) +40
60(r —12) +24

40(3t* -4y~ 32

"
3

n
— R(t% = 3?
- Rat 3
"R - 21)
3

" R(3t -1?)
6

n
— R (3 - 212
3 ( , )

T RGt -1)
3

m
—— R(4t?* - 2¢?
3 ( )

m
~— R(t - 22
3 ( .)

ki
— R(2? -
T R( )}

" R(t - 5t%)
6

™
—— R (21* -3
3 ( %)

ITo mnactune Brons npamoit BD (puc. K3.0~K3.5) wmu no OKPYXHOCTH
pamiyca R, 1.e. mo ofoRy IwiacTHubI (puc. K3.6-K3.9), meuxerca Touxa
M. 3akoH ee otHOCHTenbHOTO HBHXEHHA, BBIPAXKACMbIR ypaBHeHueM s = AM =
=f)(t) (s~-8B CaHTUMETpaX, ! — B CCKYH[ax), 3aiaH B Ta6n. K3 omengo Jii ¥4
puc. K3.0-K3.5 u mna puc. K3.6-K3.9, [IpH 3TOM Ha puc. 6-9 s = AM u or-
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CHUTBIBAETCA 110 JyTe OKPYXKHOCTH; TaM ke AaHsl pasmepsl b u l. Ha Bcex pu-
cyHKax Touka M mnoxasaia B NOJI0XKeHHH, NPH KOTOpPOM § = AM > 0 (mpu
¢ < 0 Touka M HaxogMTCA MO APYTYI0 CTOpOHY OT Touxu A) .

OnpenemTb a6coMIOTHYI0 CKOPOCTh H a6conioTHOe ycKopeHHe Touku M
B MOMeHT Bpemenu f, = 1 c.

Vxasanua. 3amaya K3 — Ha cioxHoe MBIKeHHE TOUKH. Tlpu ce pellieHHH
ABMKeHHe TOYKH NO IU1aCTHHE CUHTATDh OTHOCHTE/IBHBIM, @ BpallaTe/bHoe [BH-
seHHe camMoft UTaCTHHBI — MEPEeHOCHBIM H BOCIOJIb30BATLCA TEOPEMAMH O CIIO-
JKeHHH CKOpOCTeit U O CIOXeHHH yckopetuit. TIpexe eM NpoK3BOMMATE pac:
yeTHl, ClemyeT H300paIUTL TOUKY M Ha IIaCTHHE B TOM NOJIOXKEHHH, B KOTO-
pOM HYXHO OMpEeNe/HTS ee aBGCOMIOTHYI0 CKOPOCTh (MNIK yckopeHie) , @ He B
NIPOK3BOIBHOM MOTIOKEHHH, NOKAIAHHOM Ha PUCYHKaX K 3afiaue.

B ciydasX, OTHOCALMXCA K pHC. K3.6—K3.9, mpu pellieHHH 3afaud He
NOLCTaBNATH YHCIOBOTO HaueHus R, moxa He GyayT onpenesieHsl NoN0XeHHE
TouKH M B MOMEHT BpeMeHH I, = 1 ¢ ¥ yron Mexay paiHycamH CMuCAsn
3TOT MOMEHT.

Mipumep K3. llap pamyca R (puc. K3, a) BpaumeTcs BOKpYT CBOErO
auaMerpa AB mo 3axkoHy ¢ = f, (t) (monoxarensHoe HanpaBJieHHe OTCueTa
yrma yp NoKalaHo Ha pHC. K3, a myroBoft cTpenKoil). Mo pyre GonbILOTO KPY-
ra (“mepunmuany™) ADB ABHKeTCA TouKa M 1o 3aKOHY § =AM =1, (t); nono-
*UTe/IBHOE HAMpPaBieHHe OTCUeTa PACCTOAHHA § otA4 x D.

Puc. K3

Mano: R=05m,¢=-2,5=(nR[6)(Tt - 2t?) (p — B pamMaHax, s —
- BMeTpax,! —B ceKyHMax) .

OnpenenuTh Va6ecUdabecB MOMCHT BpeMeHH I, = 1 ¢.

Peusetne. Pagc_:yorpnm [BHKEHHE TOUKH M kak crnoxHoe, CUMTas ee ABH-
setme 1o ayre ADB OTHOCHTellBHbIM (AB — oTHOCHTeNbHAs TPaeKTOpPUA TOU-
KH), a Bpauletue wapa - nepeHocHbIM mBixenneM. Torna abconioTHast CKo-
pocTh va6c ¥ abconioTHoe yCKOpeHHE ay6c TOUKM HaMAYTCA Mo dopmynam

vagc = Vot ¥ Vnepr 9a6c = don * Inep * Ixop: M

29
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TIle, B CBOI OYepefp,
T =TT = — _. oy
fom = dotu*4om, dpep= nep *4nep.

OnpenenuM BCEC XapaKTEepHUCTHKH OTHOCHTENNBHOTO H NepeHOCHOro NIBH-
KeHMH.

1. OTHOoCcHTenBHOE ABHXEeHHe. 3ronnnxcemaenponcxomn
10 3aKOHY

' R
s=AM= WT (7t - 2%, )

CHavana YCTaHOBUM, rie GyneT HaXomMTLCK Touka M Ha nyre ADB B mo-

5
MeHT Bpemetn #,. ITonaras B ypasnermu (2) ¢ = | C, NONYuHM §, =? 7R. Tor-

m LACM, = ’Tj=% ™= 150° wnu L BCM, = 30°. U06pasacm wa puc. K3,

TOUKY B NOJIOEHHH, ONpeAeNsIeMoM ITHM yI1oM (Toyka M. DR
Teneps Haxomum wicoBaIe 3HaYeHUS Vo 1y, aém u aﬁm:

ds =R ’ dvgpy 2

= — = — — T = = p—
Vory = 7 3 (7 -4r), a5y T 3 2R,

2 2
VoOTH VotH

TRe Pory — pammyc KpHBH3HEI OTHOCHTENLHOH TpaexTopmu, T.e. myru ADB,
Hnsa momenta BpeMEHH ¢, = | ¢, yuuTeIBAA, YO R = 0,5 M, nonyuum
2
vorn="5 3= T wie, almg= — - wict, gm= M. ()
6 4 3 8

3Haku NoKa3kIBavT, yTo Bemop?;m, HanpapJieH B CTOPOHY MONOXKHTeNE-

HOTO OTCYeTa paccrostus s, a nex'mp_a-gm — B IPOTHBONONONAYIO CTOPOHY;

’ BEKTOp E{,’m HallpaBneH K uenrpy C gyru ADB. H3o06paxaem Bce 5TH BekTO-
Pl Ha puc. K3, a. Tna Harnaanocry NpuBeneH puc. K3, 6, e nyra ADB cog-
Me1leHa C I0CKOCTHI0 YepTexa,

2. MMepeHocHoe ABHXEeHHUe. JTo mBUxKeHue (Bpamene) npo-
HCXOIUT 0 32KOHY ¢ = —2¢, Hajtyem YITIOBYI0 CKOPOCTE w M YITIOBOE yCKO-
PCHHE e IEepeHOCHOTO BpAlLEHHA: w = v==2,e=w=0 (tap Bpauaetcst paBs-
HOMepHO) . Takum o6pasom,

w==-2¢c"1 ¢e=0, . “4)

3Hak yKasmBaer, yro HaNpaB/enMe w NPOTMBONONONKHO MONOKHTENIE-
HOMY HAIpaBIICHHIO OTCYeTa YINIAa p; OTMeTHM 3To Ha puc. K3, a cootpercr-
BYIOLLER OyToBo# CTpeNIKOH.

Ins onpenenenun ”—nep n;;,ep HafiieM cHavana paccrosmue b Touxy M,
OT ocit Bpamera: 4 = R sin 30° = 0,25 m. Torna s MOMEHT Bpemenn ¢, = 1 c,
30
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yuuTBIBas PaBEHCTBA (4) , nonywm
Vnep = lw 1h=0,5 M/c,
ofep=eh=0, aflep = w'h =1mc". ©)

Mao6paxaem Ha puc. K3, 4 Bemop'v—nep C yueTOM HanpaBJieHHs w M BeK-
Top'iﬁep (HampaB/IeH K OCH BPALICHUA) .

3. Kopuonucoso ycxKxopeHue. Tax KaK yroJ Mexiy BeKTo:
oM Tory M OCH0 BpalleHHs (BEKTOpOM W) pasen 60°, TO UMCTIEHHO B MO-
MeHT BpeMmeHH f, = 1 ¢ [cM. paBeHCTBA (3) 1 D]

n : \/;
N P
2

ayop = 2 loom I+ 1w I-sin 60°= 2o =2,72 m/c’. ©

HanpasneHue 'E;«,p HalifieM, COpOEKTHPOBAB nempp?om Ha IIOCKOCTB,

NepreHOUKYIAPHYIO OCH BpaleHIA (NpoeKIMsA HANPaBNieHa TAK Xe, KaK BeK-

" TOp Eﬁep) , ¥ TMOBEpHYB 3aTeM 3Ty NPOEKUMIO_B CTOPOHY ), T.e. no xony

_u_aconon CTpenKy, Ha 90°. Unaye nanf;annel@e @yop MOXHO HaitTH, y4Td, 4TO

agop = 2(wX vorr) - M1306pakaeM BEKTOP dxop HA puc. K3, 4.

Teneps MOXKHO BEIHCIHTb 3HAUCHUA Vafc M daGe: _

4, OnpeneneHH € vabe Tax KaK vaGe = VoTn + Vneps 3 BEKTOPH

Tom ¥ Vnep BIAUMHO NephenauKynaphst (c. puc. K3,4), 10 B MOMEHT Bpe-

memu?, =1¢

' 2
vabe =V vorn * vﬁep =4/ (%) -+ (0,5)% = 0,93 m/c.

5. OmpeneneHue da6¢ Tlo TeopeMe O CNOKeHHH ycKop eHRl, TaK
KaK dqep = 0,
- _7T -n -n —
a6 = 8o+ 9o T 4mep + dyop . @)
] Ilns onpefeneHus d,g, NPOBEACM KoopauHatHele ocy M, Xyz (puc. K3,a)
M BLIMMCIMM NPOEKIMH BEKTOPa a6 Ha 9TH OCH. YTeM IIpH JTOM, 470 BEKTOP
- —7 =n__<n
yop MENUT HA NpoBeneHHOM OCH X, @ BEKTOPHI G4 ris @oTH 1 Griep PACTIONOKE-
unl B iockoctu aymn ADB, T.e. B mockoct M, yz (puc. K3, 6). Toraa, npo-
exTupys o0ec YacTH paBEHCTBA (7) Ha KOOpIMHATHbIE OCH ¥ yuts OHOBpE-

MEHHO PaBeHCTBA 3), (5), (6), nonymm wd MOMEHT2 BpeMeHH [ = lc:
da6cx = 9xop = 2,72 M/c?,

? 1r\/3- _

ag6cy = agep + a'&m cos 60° — lagy 1c0s 30° =1+ I3 C

= 0,71 m/c?,

n
60z =~ lagy 1c0s 60° — @on €08 30° =

2
= (."_ + = \/3_) = -1,59 m/c.
6 16




www.ReshuZadachi.ru Tapr 1988 Tepmex

Otciona HaxommMm 3HaueHMe 2,6, B MOMeHT BpeMenn t, = 1 c:

2360 = \/“?xscx * 836y + aisez = 3,23 M/cl.

OTBeT vap.= 0,93 m/c, aa6¢c = 3,23 m/c2.

HOUHAMHKA

3anawa 11

T'pys D maccoit m, TIONyYMB B TOUKe 4 HayanbHyo CKOpOCTE v, IBHXET-
€4 B H30THYTOR TpyGe ABC, pacmonoxeHmoH B BEPTHKATLHOR INMockocH;
YHacTkH Tpy6s! win 06a HaKIOHHEIE, WK OIWMH TOPH3OHTATEHEIM, a Apyroft
HaxsloHHbmt (puc. 11.0~11.9, Ta6. an. Hi yyacTke AB Ha Irpy3 xpome cy-
TIBL TAXECTH NeHCTBYIOT NOCTOSHHAA cHna Q (ee HanpaBneHue MokasaHo Ha
PHCYHKAX) ¥ CiUla CONMpOTHBNEHUS cpensl 1—6-, 32BUCALIAT OT CKOPOCTH v Ipy-
32 (HallpabieHa POTHB IBHKeHUs) .
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Puc. [11.9

Ta6nuua IOl

QvH R,H t;yc FX.H

[
12 0,8 v? 4 sin (41)

20 | 6 04v —5cos(4t)
10 0,5 v* 6t*

i 24 0,3 v —2cos (28)_
15 0,6 v? -5 sin (21)
22 0,5v 3t

12 0,8 v? 6 cos (41)
18 0,4 v -3 sin (4¢)
10 0,2 v? ' 4 cos (21)
22 0,5v 4 sin (21)

B Touxe B rpys, He H3MEHAR JHaueHNA cBoeft CKOPOCTH, TepexomMT Ha
YUaCTOK BC TpyG»l, TAe Ha HErO Kpome CHNbI TAXKECTH nelicTByeT repeMeHHad
cuna F, npoexums koTopo#t Fx Ha och X 32flaHa B Tabnuue.

CunTag rpys MaTepuasHof TouKoH M 3HAM PAcCTOAHUE AB = | nnu Bpe-
M1 f, [BHXeHHA IPy3a OT touxyu A fo Touxu B, HaliTH 3aKOH OBHXeHUSA TPy3a
na yuacrke BC, T.e. x=f(), THe X = BD. Tpenuem Ipy3a o TpyGy npe-
neGpeub.

VkazanuA. 3anaua Jil — Ha WHTEIPUpOBAHUE i depeHUKAIBHBIX YPaB:
HeHMit [BUXEHHS TOUKH (peweHue OCHOBHO#A 3ajaw puHamuky) . Peluesue
sapau pa3bupaercd Ha JBE yacH. CHauaIa Hy’HO COCTaBHTL H NpOUHTETPH-
poBaTh METOIOM pa3neneHus repeMeHHBIX mnddepeHuanbpHoe ypaBHeHHE
ABHXEHUS TOUKH (rpy3a) Ha yvacTkKe AB, yura HauanbHbIC ycnoBus. 3aTeMm,
anas BpeMs MBIKEHUA HA yuacTke AB unu ero [THHY, ONpEMeNuTs, KaKy®o
cKopoCTh GyHeT UMeTh Tpy3 B TOUKE B. DTa cKopocTs Oyner HavanbHO# ANng
[BWKeHHS TPy3a Ha yuacTke BC. Mocne 310r0 HYXHO COCTABUTbL Y MPOUHTET-
pupOBaTh auddepeHunanbioe ypaBHEHHE MBHXEHUA rpysa Ha ydacTke BC
TOXe C YueToM HauaIBHBIX ycroBufl, Bes 0TCHET BpeMCHH OT MOMEHT3, KoT-
[la Tpy3 HaXOOMTCS B TOUKE B, 1 miofiaras, yro B 3T0T MmoMenT Bpemenn £ = 0.

[lpu MHTErpUpOBAHIH ypaBHEHUA [BMXEeHUA Ha yuacTKe AB B cnyvae, KOTH2
33
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32MaHa mpuHa | yuactka, uenecoofpaso nepeitTy

2 B YPaBHEHHH K NlepeMeHHOMY X, yuTs, yTo
duy doy
a % T
Mpumep 1. Ha BEPTHKATBHOM yvyacTke AR
Tpy6sr (puc. II1) Ha TIpy3 D maccoit m neitcTByOT
CHYIa TSIKECTH M cuna COTIPOTHENEHHS R s paccros-
HHe OT Toukk A, rze v = Up» 10 TouxHu B pasHo /.
Ha HaknoxHoMm yuactke BC Ha rpys nelicTBy0T
CHIIA TSXECTH M NepeMeHHast cuna F = F (), 3apan-
Puc. 111 Has B HEIOTOHax.
Mano: m= 2 kr,R =pv’,roeu = 04 KI/M, vy = 5 mfc, I = 2,5 M,
Fy =16 sin (47),
: Onpemenurs: x =f () - 3axon ABMXEHUS Tpy3a Ha yuactke BC,
Pewenne. 1, Pacemotpum ABMXXEHME I'py3a Ha yuacTie AB, cuuTan Ipy3
MaTepHanbLHO! Touxoit, U3o6p Tpy3 (B mpousBombhom TIOJI0KEHHH)
1 DefcTByIOUME Ha Hero cuep P = mg u R, MpoBomM ock, Az g COCTaBJIzeM
ncddepenmantnoe YPaBHEHHE IBMKeHUT Tpy3a B npoexuuu Ha 3Ty OCh;

duy duz
m e =ZFpz wim my, = =Pz + R, 1)

HNanee Haxomum: Py =P =myg, R;=-R= ~unv?; NoTYepKuBaem, yro B
YpaBHEHUH Bce nmepemenHsie cuips Hajno oGa3arensho Bripazurs Yepe3 Benu-
“HHDI, OT KOTOPBIX OHM 3aBHCAT. Yyrg €1Le, 4To vz = v, Nonyynm

d d m,
mv—v=mg..yu’ Wi ul:“_._(._i_,,z). )

dz dzm;z
Ky

Benem mns COKpalueHns 3amicelt 0Go3naubuusg

m
k=2 =02y, =8 _g, M2t 3)
m In :
TAe MpH nopcuere NpuHaTO & =10 m/c*. Torma YpasHeime (2) moxHo mpep.
CTaBHMTH B BUJIE

» % =2 @ ). ‘ “)

Paspenss s YpaBHeHuU (4) fepemeHHble, a 3atem Gepa ot o6enx yactelt HH-
Terpanst, nonyyum
2vdv

=-2kdz v In(v? - n)= =2kz + C,. 5)
v -n R &

o HavaneheM yenoBuam mpu 2 =0 v=v,, uto paer C,=In@ -n),
M3 paBeHCTBa (5) Haxomum In (v — n) = —2kz + In (v - 1) wm In @ -n) -
34 Y
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“In (v} - n)= —2kz. Otciona

vt —n vt -n

in =-2kz u

vi—n vy —

B pesynsTaTe HaXOMMM

o =n+ @ —mye K (6)

Tlonaras B paseHcrBe (6) Z =1=25 M M 3aMeHIT k u n ux 3HaveHMd-
mu (3) , ONpefeTHM CKOPOCTh v g TPY3a B touke B (v, =5 M/c, wucno e = 2,7

vl =50 - 25/e=40,7 n vg =64 Mlc. m

2. Tenepb pacCMOTPHM ABMXKCHHE rpy3a Ha yyacTKe BC; uaiifienHast CKoO-
pocts vp OyneT WA ABHXKEHUT Ha 3TOM YYacTKe HAYANTLHOK CKOPOCTHIO
(v = uB) . UsoGpaxaem rpy3 (8 IpoH3BOJIEHOM MOJIOXeHHH) M fefcTByIolHe
Ha Hero cunsi P=mg, NuF.

TIpoBenem U3 TOUKH B ocp Bx ¥ cocraBiM QuddepeHIHanbsHOe ypaBHEHHE
IBHXeHHS Tpy3a B MPOCKIMH Ha ITY OCk:
dv
m—a{'—_Px"'N_x"“Fx. (8)

Tak Kak Py = P sin 30° =0,5mg, Nx=0, Fx= 16 sin (4t), To ypaBHeHHE
(8) nmpuMeT BUI
dvy .
m T =0,5 mg + 16 sin (41). 9

Paspenus ofe 4acTH PaBEHCTBa Ha M = 2 kr u nomaras onaTh § =~ 10 m/c*,
NoNyYuM
dvy

n =5 + 8sin (41). (10)

YMHOXast 00e YacTH YpaBHEHUA (10) Ha dt ¥ MHTErpHpYy4, Haitzem
ux=5t—2cos(4t)+C,. an
ByneM Temeph OTCUMTLIBATH BpeMd OT MOMEHTa, KOIZa I'py3 HaXomMTcA B

Toyke B, cuMTag B 3TOT MOMEHT I = 0. Tormampu t =0 vy = v, =vg, FIC Vg
paeTcs paBeHCTBOM (7). MopcTaBnAs 3TH BEUUNHEL B (11), nonyuum

C,=vg+ 2cos0=6,4+2=84.
TIpu HalineHHOM suaueHun C, ypaBHeHHE (11) naer

dx
vy = —a—t— =5t - 2 cos (4t) + 8,4

YMHO¥asg 3nech obe 4acTi Ha df u cHOBa MHTErpHpY 1, HaitaeM

x=2,5t2 - 0,5 sin (41) + 8.4t + C;.
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Tasc xax npw £ = 0 x = 0, 10 C, = 0 u oxomvaTenBHO HoKOMEH 32KOH IBHXe-

HHA Ipy3a Gyger
X=2,5t* + 8,4t - 0,5 sin “n, (14)

roex —B MeTpax, f — B CeKyHnax.

3apawm 12

Mexamnueckas cucrema coctout 3 TIPAMOYTONBHOR BepTHKanbHOR IIH-
ot I Maccolt m, = 24 kry Tpy3a D maccot m, = 8 kr; miura HITH [ABHXeTCA
BIONE MOPHIOHTANBHEIX HaNpaBISIOMMX (puc. 02.0-12.4), unu Bpamaercs
BOKDYT BepTHKaNbHOR OCH 2, Nlexaulell B II0CKOCTH ITHTBI (puc. 02.5-112.9),

K
a
_—

=

Puc. J12.0

o7 077

|

D

Puc. 12.4
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B MoMeHT Bpemet t ;=0 Tpy3 HauuHacT JBHraThCA TOA feficTBHEM BHYTpeH-
HAX CH1 N0 MMeRlIeMyca Ha IUTHTE seyoBy; 3aKOH €ro ABHXKCHUA § = AD=
= F (¢) amau B Tabn. 112, Tl § BLIpaXEHO B MeTpax, ! — B cexynnax. dopma
wenmo6a Ha puc. 42.0, H2.1, 2.8, 129 - npAMONHHeAHAR (xeno6 KE),
Ha puC. n2.2-12.7 —&xpymﬂocm pamiyca R = 0,8 M C LEHTPOM B LEHTpC
macc C, IUHTBHI (s = AD Ha puc. 02.2-112.7 oTcuMTbIBaETCA 1O fiyre OKpYyX-
HOCTH) .
Mmura (puc. H2.0-N2.4) umeer B MomeHT t, = 0 CKOpOCTE Uy = 0.
lrmra (puc. O2.5 —JI2.9) uMeeT B MOMEHT BpEMEHH t,=0 yIMoByI0 CKO-
pocts w, = 8 ¢!, # B 5TOT MOMEHT Ha Hee HaMHaeT NeACTROBATH BPAILAo-
uit MOMEHT M (MOMEHT OTHOCHTENILHO ocH 2), 3a7iaHHbIi B TaflHle B HBIOTO-
HOMETpaX M HalpaBIIeHHBI KaK wo NpH M > 0 1 B IPOTHBOTIONOXHYIO CTOPO-
y mpu M < 0.0cb 2 NpoOXOIHT ot teHTpa C, UIMTI Ha pacCTOTHHH b; pasme-
PpHI [UIHTB! MOKA3aHBI HA pUCYHKaX. '
Cwnras rpya*MaTepnanwoﬁ TouxoM M npeHeOperas BceMH CONpOTHBIIE-
HUAMH, OTIpefeHTb YKa3aHHoe B rabnuie B cronbuax 4'u 9, rae 06o3HayeHo:
B cronbue 4 (oTHOCHTCA K PHC. 02.0-I2.4) x, — nepemeulcHHe TUIHTHL
3a BpeMA 0T £, =0 po £y = 1 ¢, u, — CKOPOCTb IUTMTH B MOMEHT BPEeMEHH
31
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0,6 sin(-;—t’)

0,4 (1 - 3%)

0,4 sin (nt?)
(D o (5]

4 03(1-3r% o

0,8 sin(—;- ;2)

0,622

0,4 (2 - 1)
g
o) | =,

,2
1,2 cos 7

s
0,6 cos ( 5

Iy =1¢, N, - nonxas cuna HOPMANILHOTO NaBMNeHUs mWIUTHI Ha Hanpapnawoupe
B MOMEHT BpeMeHH t, =1 c (yxasars, Kyna cuna Hanpasneua) ; p cron6ue 9
(oTHocuTCR K puc. 5-9) w, — yrnopag CKOPOCTh IUTHTEI B MOMEHT BpeMeHH
H=1le¢ w= f@ - YINIOBask CKOPOCTb ILTHTBI Kaxk ¢yHxuns BpEMEHHU.
Ha Bcex pucynxax TPy3 noxasaH B nonoxekuy, NIpH KOTopoM s = 4D > (;
pu s < 0 rpy3 HaxomuTes no APYTYIO CTOPOHY OT TOuKH A.
Yxazanua. 3apaua 2 - Ha npumenenye TEOpeM 0 IBHXEHUU UeHTpa Macc
B2 IBHXEHUA H KHHETHYeCKOTro MOMCHTa CHCTCMBI,
HTpa Macc uenecoobpasno BOCNONL3OBATLCA B 3ada-
e, Tle HyXHO omnpenenuTs NocTynatentHoe nepemenienne omHoro M3 Ten cuc-
TeMBI (WM peakumio CBA3N), a Teopemoit 06 H3IMEHEHHH KONMueCTBa [BMe-
HUA — Korfa HyxHO onpenenuts CKOpOCTh Taxoro Tena. Teopema 06 H3MeHe-
HHH KHHETHYECKOTO MOMcHTa NpuMeHseTcH B 3anauax, roe HYXHO HafiTu yr-
JIOBYIO CKOPOCTS MnH 3akol BPalIeHUA OHOTO M3 TeN cHcTeMmsl,
38
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Ta6nuua I2

Puc. 5-9

M Hait

8 9

0,4 sin (at)

0,2(2-30

—0,8¢

0,2(2 -50

04(3t-1

0,6 cos (ut)

0,8Q 1%

0,8 (5¢* - 2)

0,4¢* -8t

06¢-2) | — | 0 W,

Tlpu peuleHu® 3ajadH YHeCTk, HIO 26COMOTHAs CKOPOCTh v Ipy3a cnaraer-
¢ 43 OTHOCHTENbHOH Vorn ® nepeHOCHOH _U-nep ckopocrelt (onpenenAoTCA
TaK e, KK Ipu peleHuy 3ataun K3), 'r.e_.':T: Vors + Vnep- TorAa Komauect-
BO MBWXEHMS Tpy3a mv = Mugmy * Munep» 2 MOMEHT Mty OTHOCHTEJILHO
ocu Z no Teopeme BapuHbOHA (cratuxa) 6ymet mz (mv) = Mz (mugw) t
+ my (m'ﬁ;,ep); oTH MOMEHTBl BBIMMCIISIOTCA TaK K€, KaK MOMEHTHI CHIIBL

KOHKpeTHee XOfl PellicHUs pashACHeH B npumepax 12.

. MowmeHT uHepwi [UTUTHI OTHOCHTENBHO OCH C,z', HanpaB/eHHOH TaK Xe,
Kak och z Ha puc. J12.5 ~J12.9, Ho npoxozsAuell uepe3 UEHTP macc C, IUIMTHI,
pasusercs m,I* /12, roe ! — umpmsa sl (8 3amave | = 3R umu I = 4R).
Ins ompenesieHUss MOMeEHTa MHEPLMA I; OTHOCHTENLHO OCH Z BOCIONB30BATE
cst Teopemott Tioftrenca o MOMeEHTaX MHEpUMM OTHOCHTENBHO MApaIENBHBIX
ocelt. Och z npu usoGpaxeHuy HepTexa NIpOBECTH Ha TOM PaCCTOAHHH b or

uenrpa C,, KOTOpOe YKa3aHO B Tabnuue.
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Mpumep 112. K Bepruxanmuoit e ! maccott M, ¢ NOMOIIBIO HeBeco-
Moro ctepxHs BD mmunoit ! NpUKpenneH rpys D maccoit m, (puc. 12a). B mo-
MEHT BpeMeHH 1,°='0 cTepKeHb HaunHaer BPAINATECA BOKPYT TOUKHM B Tak;

YTO paccTosiHue s = AD M3MeHseTCH

7 1o 3aKoHy s=F (), rae s — MeTpax,
becess t ~ B CeKyHpax. '

Inura  pewkercs o TOpH30H-
TalbHBIM HaNPaBAAOWNM K npu t, =0
€€ CKOpOCTb U = u,),

Hano: m, =12 kr, m, =6 xr,
1=08M, t,=2¢, ‘

y

A I
4 =0 5=2— 3-p). (1
Puc. 12a

1. Onpenenenne nepemewenns X, TUIMTL 33 BpeMA oT ¢, = 0 1o ¢ =t.

Pemenne. Paccmorpum MEX3HHUECKYIO CHCTEMY, COCTOSILYK M3 IUTHTLI
H Tpy3a. UsoGpasum IeHCTBYIOIME HAa Hee BHelIHMe CHJIBL: CHMBI TAXECTH
P, P, u cymmapnyno peaxmio N Hanpasnisioumx. IpoBenem KoopaunaTHbe
OCH Xy Tak, 4To6wl oChb y npouwta Hepe3 HauabHOe MONOXKEHHE LEHTPa Mace
WuTeL N onpemenexus X BOCMONB3yeMCSA TeOPeMOH O HBHKEHUH UeHTpd
Macc C cHCTeMBbI B CocTaBuM muddeperumanbioe ypasHenme ero OBHXEHUSA B
TIPOCKIMK Ha OCb X, 0603HaYas Maccy cUCTeMbI Yepe3 m: '

miq=3% F/fx, W1 m3c'C =0, Tak Kak

EFgy=Pix+Pyx + Ny=0.

HUHrerpupys sto YpaBHeHHe, Nonyuum

mic=C,, mxe=Ct+ C,, )
e C, u C, — nocrosHusle HHTETPHPOBAHHUSI.

U3 dopmynsl, onpenensmomei abemwicey x- uentpa mace, cllenyer, 4yro
U1 paccMaTpuBaeMol cHcTeMbl mXxe=mx + m,xp, re x — abeupcca yent-

Pa Macc WmTHI, onpenensowas onHoB PEMEHHO ee NonoxeHxue, Xp — abcumeca
rpysa D. U3 puc. 13a BUIIHO, YTO Xpy =X — I sin ¢, rhe :

- omt? 1?
w=li=61(3—t’)usimp=sin(%—% =cos(”—6 (3?

B pesynbTare, naitng snavenye MXc 1 NONCTaBHB ero B (2), MONyyum
nt?
(n, +my)x - m_1 cos (T =Ct+C,. )

Dna onpenenerus nocrosHugix C, u C, nonamo6urcsa €Ile ONHO ypaBHe:
HHE, KOTopoe nonyuum, nponuddepenunposas o6e HacTH paBeHCTBa (4)
710 BpeMeHM; 3To [acr:
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(m, +m,)x+-—-3——m,lsin ( : )

e % = u — ckopocTh MuTEL lo-HayansHBIM ycnosusaMm npu t =0 x = 0,
% =uy = 0. TlofcTaBUB 3TH BENU'MHEL B paBeHcTBa (§) H 4), nonysum C, =0,
C, = —m,l. Tlpy HafileHHbIX 3HAUCHUAX C, ¥ C, u3 paBeHcTBa (4) oxoHYa-
TENBHO MONYUNM '

m,l (rrt’)
xX= - {-cos| — .
m, +nt, 6

JT0T pe3ynsTaT AaeT 3aBUCUMOCTb X OT £. Monaras 3geck ¢ =¢, =2 ¢, Halinem
HcKkoMmoe nepemettedue X,. O TB e TI X, = ~0,4 M (mnuTa nepeMeCTUTCH
BNEBO) . ‘

2. Onpenenenue cKopocTH i, . [Ipu Tex ke yclIOBHAX (1) naiimem CKo-
POCTB U, THIUTHI B MOMEHT BpeMeHu 1, = 2c

Pewenye. PaccMaTpHBacM OnATh MeXaHUUeCKyo CHCTEMY, COCTOSALLYI0
W3 TUIATHE B Tpy3a, M H306pakaem feficTBYIOUME Ha Hee BHEUIHHE CHITLI P, P,
M peakuuio 17, NMPOBOJMM OCH Jéy (puc. [126) . Ilna onpeneneHus i, BOCTIONE
ayemcs TeopeMolt 06 UIMEHEHUH KOTHUSCTBA IBHXKEHHT CHCTEMEL, YuHTHIBAA,
YTO [N paccMaTpuBaeMoil CHCTEMBI 0= o™ + éD, e Q™ = m,;u 0=
= m,vp — KONHYECTBA ABHKEHHA IWIMTHL 1 rpy3a cooTBercTBeHHO. COCTaBNAA
ypaBHeHye B IPOEKLMH Ha OCb X, ONYHHM

dQ0x CsFe dQx -0
g T ke WM T T y

TaK KakK

zplgx=Plx+P2x+Nx=0-
Ortcona cnenyer, 4ro
0x=0F+0P =0 wm

+ =C,.
muy m,vpy C, (6) Puc. 126
s onpenesieHns vy, PACCMOTPHM JBHXKEHHE rpy3a Kak CloxHoe, CiH-
1ast €r0 [BHXeHHe N0 OTHOLIEHWIO K IUIHTE OTHOCHTC/BHBIM, 2 JIBUXKEHHE ca-
MOH IUTHTHI — TepeHOCHbIM ABHxXeHueM. Torma v = Uriep + Vo T HHCTIEH-
HO vpep = ¥ ¥ Vot~ §. TloxaxeM BEKTOp vory Ha puc. 1120, HanpaBus ero
nepneHgMKynApHO BD B CTOpOHY NOJIOXHTENILHOIO OTCYeTa § I p, K onpene-
JIKM NPOEKLHI0 BEKTOPa -{’-D Ha OCh X; MONYYUM v = Ux = VoTh COS¥, TAC
nt? nt?
6 6
B nanxo#t 3amave vy, MOXHO elle HaliTH, offpefieNMB aGCcLMCCy TOUKH D,
T;e. ’fD =x — Isiny (puc. [12a) ; Torna vpy = 7;(0 =x - I;:cos ?, rne;s::ux,
lp =5, a 3HayeHHe COS ¢ [ACT PABEHCTBO n. '

s kg

n
= — = eea ~t? = -— - = si
L9 3 (3 -t*) u cosyp=cos (2 smv( )

o
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Tpu HaliieHHOM 3HaYeHMU Upy PaBeHCTBO (6), ecrM yuects, Yro Uy=u,
ds al
a vy = i =- 3 t, NpUMeT BHL

1 t?
(m,+m,)u+m,——;— Isin(l—- =C,. ®)

6
Tlo HavanbHBIM ycnOBUAM Tpu ¢ =0 u =0, yro naer C, = 0, H oKOHya-
TeNbHO U3 (8) Haxomum '

m, nl . ot
u=- — tsin [— 1,
m +m, 3 6

370T peaynsrar OflpeNieNnsieT 3aBUCHMOCTB U OT £. [lonaras apecs ¢°= ¢ L=
= 2 ¢, HalileM HCKOMYI0 CKOpOCTb u,. ‘

OrmerT: u, = —0,48 m/c (cxopocTs HanpaseHa BJIEBO) .

3. Onpenenenne peaxuun N, . Tpu Tex xe ycnosmax (1) Hatimem peak-
LMo N, HaNpaBnMoNMX B MOMeHT BpeMeHu ¢, = 2 c.

Pewenne. Onats PACCMOTPHM MEXaHHYECKYI CHCTEMY, COCTOAYI0 M3
IWHTHL K Tpy3a D, u u3oGpazum DeACTBYIOIMe Ha Hee BHEILHMeE CHIILI F,, 1—",
¥ peakunio N (puc. [2a). Nins onpenenenus N, Bocnonpiyemcs Teopemoit o
DOBHXEHHM UEHTpPa MAacC CHCTEMBI M COCTABUM AnddepeHuuansioe ypasHenue
€ro IBUKEHUS B IPOEKIUMH Ha OCh ¥':

myc =EFg), wm myo=N-P, P, ©
e m — macca cuctemsr; P, = mg;P, =m,g. Us dopmynsl, onpenensouteit
OPIMHATY Y UEHTPa MacC CHCTEMBI, CJIefyeT, YTO UIf paccMaTpHBaemolt

CHCTEMLI My = m,ycy + m,yp, The, KaK BMAHO U3 puc. 23, ycy = A,
Yp =2h —1cos ¢. Torna, HCone3ys paseHcTBO (7), Nomyuum

ti
myc=myh + 2m,h - m,1sin ("Ts

Brruncnsas npoussonHsie u YUMTHIBad, 4TO A = const, nonyuum

. n nt?
myC=——§-m,ltcos </

. 4 nt? n? . nt?
myc= - T m,lcos < + Cl m,It?sin e |-

Moncrasus ato 3navenue m}JC B paBeHcTBO (9), Hafinem 3aBucumocts N
OT I' M u3Hee, momaras f =1, =2c, onpenenum HCKOMYIO BEJIHUHHY N, .
OtseT N, =1973H. .
4. Onpepenenue yrnosoit CKOPOCTH w. [InuTa Bpauwaercs BOKpYT OCH z,
JleXaulel B IIIOCKOCTH IWIHTHL (pHc. N28), v B MOMeHT Bpemetu t, =0, xor-
A2 yrioBas cKOpOCTb IUIHTHI PAaBHA w,, Ha Hee HAWMHAeT HelCTROBATE BpaLLa-
LM MOMeHT M.
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HdaHo: NONOJIHUTENbHO K yCJlo- z R,
puam (1): w, =S ¢™', M = ki, roe k= L
= 10 H-M/c.
OnpencnuTh w=[() - 3asu- G
CHMOCTb  YITIOBOMl CKOPOCTH MAHTBL OT Y
BpeMeHH.

Pewsenne. PaccMOTpUM  MexaHHuCC-
KYI0 CHCTeMy, COCTOSULYIO M3 IUIMTH
u rpysa D, u n306pa3uM JAchcTByloumMe
HMa Hee BHELUHMC CHMIbl: CHJIBI TAXECTH

P,, P,, pcaxuuu Rg w Ry nonnsariuka Puc. 128
M TOMUMNHMKA M BPallaloOIMA MOMEHT
M. Iins onperieneHUs w NMPUMEHHM TcopeMy 06 M3IMEHEHHH KHHETHUECKOro
MOMEHTA CHCTEMBI OTHOCHTENEHO OCH Z. IlpelBapHTeNsHO 3aMETHM, YTO TaK
KaK Cunbl P, W P, MapannenbHbl OCH Z, 3 peaKiviu RE u Ry o1y och nepece-
KAI0T, TO HX MOMEHTBI OTHOCHTE/ILHO OCH Z paBHLI HYJIO. Torma Zm; (F‘,? )=
=M =kt v TeopemMa facT

dK; —e dX;

TS =T mg (Fg) wm a =kt. (10)

YMioKas 06e YacTH TOTO ypaBHeHMs Ha df M MHTETPHpYH, MOMYYHM
kt?

Kz= == +Ci. an

lnst paccMaTpHBaeMOfi MEXaRMUCCKON CHCTCMBI

Kz=k+KP. 12)

rae Kznn H KZD — KHHETMYECKHC MOMCHTBI OTHOCHTENBHO OCH Z TUIHTHI ¥ TpY-
33 D coOTBETCTBEHHO. TMockonbKy MIXTA BpawacTes BOKpYI OCH Z, TO

m 4
kKM =10, tae Iz = _3_‘ @n*= - m . (13)

Jina onpenencHus KZD paccMOTpUM- [IBHXeHHE TPy3a KaK CIONHOE,
CuMTas ero DBHKEHWE MO OTHOUIEHWIO K IUTHTE OTHOCHTCINIBHBIM, 3 BPaUICHHE
JUTHTBI BOKpPYT OCH 2 — MepeHOCHbM MBHxXeHnem. Torna vp = Uomu * Unep
M, Mo TeopeMe BapuboHa,

KzD =my (m,Tory) + Mz (M;nep) - a4

i Ho BCKTOP Ugry JIEXHT B OfHOH TIOCKOCTH € OCHIO Z H, CriefoBaTe/bHO,
my (M, Vo) = 0. BexTOp Upep HanpasneH TepreHmMKYIApHO HTe (KaK
och X, €C/it 0Ch Y B MNOCKOCTA MAKTBI); N0 MOAYIO Upepy = ° DD,. Torna
mz (m,vnep) = My DDy = myw (DD,)?. Ho w3 puc. [I2B BMAHO, HTO
DD, =1+ I sin p. B3aB 3HaueHKe sin o 13 dopmynbl (3) U NOACTABHB BCe Hait-
NleHHble Be/JIHUMHBI B PaBeHCTBO (14), nonyuum
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t! 2
KZD=m,w(DD,)’=m,wI2 (1+cos 16—) . @1s)

3Has sz " KZD [dopmynsr (13) u (15)], Hatnem u3 papeHcTRa (12)
3HaveHue K7 ; Torna ypasHenue (11) NpUMET BUL

4 2?2 kr?
|:§- m, +m,(1+cos ”—6) ]I’w=7 +Cy,

unu HpH YUCIIOBBIX 3HaYeHUAX 3agaun
nt’ 2
0,64[16+6(l+cos~6) ]w=5r’+c,. (16)

Mocrosuuyio WHTETPUPOBAHHA ONpefenuM o HAYAILHEIM YCIOBUSM:
mpH 1 =0 w=w, =5c"; nomywm C, = 128. Ipu 3Tom 3HaueHHY C, m3
YpaBHeHus (16) Haxomum ucKoMylo 3aBHCHMOCTb w OT £.

OTBerT:

128 + 5¢2
nt? |32 ’
0,64[16+6(1+cos~6) ]

w=

ITpumewanue. Y TIONYYeHHOTO pe3yNbTaTa MOXHO HaHTH K 3HaYeHHe w,
Mpu ¢ =t,. Ho ecnu no ycnosusam sagaun OnHOBpeMeHHO M = 0, To ypaBHeHue
(10) maer X, = const, u Torma o6bruHo Npolle He UCKATh 3aBHCHMOCTb ) OT ¢
B 0O0lIeM Buie, a cHayana OMpPEeNeNHTE NONOXeHHe Tpy3a D npu t = 0 (t.e.
YTON ¢,) M BBIYMCIHTD 3HaueHue Kzo ipu ¢ = Yo M W=w, CNoMowpo pa-
BEeHCTB, aHWIOTHYHBIX (11)— (15); sarem ompenenuts TONoXKeHHe Ipy3a Mpy
=t (Yyronmy,) i TeM xe nyTem HaitTy Kzimpuyp=9, u w=w,.

Tax, B pacemoTpentom NpuMepe Tipu ¢ = 0 GyneT ¢, = n/2 DD, =21
{puc NI28),amput=t, =2 ¢ Gymer ¥, =-n/6 u DD, =12, Torma

4 4 2
Kzo=(—3— m i +m,41% |, Kz,=(§. mI* +m, ra )u_l.

3HaueHMe w, HAXOMMTCH M3 paBeHCTBA Kz1=K3,.

3apava 113

Mexanuueckas cucrema coctout u3 TPy30B I U 2 (Ko3dduuueHT TpeHus
Tpy3oB o miockocrs f = 0,1), UHIMHAPHYECKOTO CNIIOLIHOTO OIHOpO#HOTO
KaTKa 3 ¥ CTyNeHYaTLIX WKKBOB 4 U § ¢ pajuycamu cTymeweit R, = 0,3'm,
r,=01mM R, =0.2m, rs.= 0,1 M (Maccy Kawmoro wkupa cunTats paBHo-
MEpHO pacmpencneHHolt mo ero BHellHemy ofoxmy) (pue. [13.0-113.9,
Tabi. [3). Tena cucremp COCIIMHEHBI IPYT ¢ APYTOM HUTAMH, HaMOTaHHLIMHU

Ha IIKUBBI; YYacTKM HuTel Napanc/nbibl COOTBETCTBYIOMMM MIOCKOCTAM.
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Ta6nuua O3

F=f(), |s,,
H M

Homep
yCIoBus

502+35) | 1,0
205 +2s5) | 1,2
80(3+4s) | 0,8
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0 303 %) 14
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0 104 |503+25) |14

- N SRS
© o o o

i
{

!
!
!
!

©C O oo o

\coo\nosur-hiwwv—o
OO\OOW@OOO\N
AO&O\OON-&OO
AT - O R )

—
o

Ton pe#tcrauem cwwr F = f(s), 3aBucawei or NepeMeLleHHs! TOYKH npu-
TIOXEHUA CWILI, CHCTEMA HPHXOMMT B IBHKeHHe 3 COCTOAHMS moxos. Ipu
OBHKEHHM CHCTEMBI Ha INKHBBI 4 ¥ 5 ReHCTBYIOT NIOCTOSHHBIE MOMEHTEI CHIT
CONpOTHBIIEHHH, paBHEIE COOTBETCTBENHO M, uM,.

Onpenenuts 3navenne uckomolt BEMTHUMHLL B TOT MOMEHT BpemeHH, Kor-
[a nepeMellieHne TOYKH MPWIOKEHHA cint F paBHO 5, . Mcxomas Benuuyuna

YKasaHa B cron6ue “Hakty” Tabnuupl, roe 0603HaveHo U, — CKOpOCTh Ipy-
3 I, voy — cxopocts LeHTpa mace Katka 3, w, — ymosas CKOpOCTh Te-
nad urn.

Yxasanus. 3apava 13 - na NpHMeHenne Teopembl 06 M3MeHeHHH Kie-
THYECKON 3HEPTUM CHCTeMmbl. Tpu perwenun 3apauy YHeCTh, YyIT0 KHHeTHyecKas
SHEPTUA CHCTEMEBI paBHAa Cymme KHHETHYECKHX SHEPIUA BceX BXOMAWMX B
CHCTEMY TeN: 3Ty 3HEpIHIO Hy>XHO BLIPa3UTE Yepe3 Ty CKOpOCTH (nuHeltnyio
WIH YI1oByw), KOTopyio B 3amave Hamo onpenenuts. Ipu BulumcncHuu kuge-
THYECKOH 3HepruM Kartka, ABIXYIIETOCA MIOCKONapansensHo, wis yCTaHoB-
TICHUS 3aBUCHMOCTH MEXIy ero yrnopo# CKOPOCTBIO M CKOPOCTHIO €r0 LeHT-
P2 Macc BOCMOMB30BaTLCA NOHATHEM O MTHOBEHHOM LCHTpe CKOpocTeRt (KHHe-
Matuka) . llpy onpemenenun paGoTs! Bce mepemerenus ClenyeT BbIpa3uTh
4€pe3 3alaHHoe mepemelieHue §1, yuT4, YTO 3aBHCHMOCTL Mexmy nepemerwe-
HHAMH 3nech GymeT Tako#t xe, Kak MEXMy COOTBETCTBYIOLIMMY CKOPOCTAMH,

" Korna no nanueim ta6nuust m; =0, rpy3 2 Ha yepresxe He H306paskars;
WIKUBLI 4 ¥ 5 Bcerma Bxonar B CHCTeMy. o

Mpumep [13. Mexanuueckas cucrema (puc. II3) coctout 3 CIVIOUIHOrO
IWIHHApHYecKoro Kkatka I, cTymenuaToro WIKHBA 2 ¢ panHycamu crymeuch
R, ur, (macca wxupa PaBHOMEpPHO pacnipeneneHa no ero BHELIHEMY 0Gony)
M Ipy3a 3- (koadppuument TPEHHA I'py3a O IUIOCKOCTH paBeH f). Tena cucre-
MEI COCIMHEHBI ApYT ¢ ipyrom HHTAMM, HAMOTaHHLIMHU Ha wkus 2,
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- Tlon meftctBueM cunbt F=f(s),
JaBMCsilllelt OT MepeMelllcHus § ToY-
KW CC TpPHIOXKEHHA, CHCTeMa MNpH-
XOOMT B [BHXCHHA M3 COCTOAHHA
noxos. [lpu NBHXecHHH HA LIKHB 2
AcHCTBYeT NMOCTOAHHBIA MOMEHT M,
CHIl CONPOTUBIICHHUA.
Nano: m, =4 xr,m, =10kr,
my=8kr.R, =02m,7, = 0.1 m,
f= 02 M,=06H-mM F=
=2(1+25) H, s, =2M™.
OnpencnuTh CKOPOCTBU(Cy 1ieHTpa Macc KaTKa, Korna § =§,.
Pewenne. 1. PaccMOTpUM OBHXKCHHE Hen3MeHAEeMOR MeXaHUueCKOH
cuctemsl, coctoauedt u3 ten I, 2, 3, coenmHenHbIX HUTAMHU. V300pasnm Bee
NeHCTBYIOIME Ha CHCTCMY BHEWHHC CUIIBI: aKTHBHbBIC F‘.__I-", F,_,_l—",, MOMCHT
conpoTusnicHua M, , peaxiu l-V_|, I_V—,, 1’73 ¥ CWIBbI TpEHUA FlTp H F:p.
Ilnn ompeneneHHs vy BOCMONLIyeMCA Teopemoll 06 M3MEHEHHH KHHE-
THYCCKOR 3HCPTHH CHCTCMBbI

L€

T-T, =LA (¢}
2. Onpenensiem Ty # T. Tak KaK B HauaneHbl MOMEHT CHCTEMA HaXOH-

nach B nokoe, 10 T, = 0. Bennunta T papHa cymme sHepruit BCex TeNl CHCTEMBI:
T=T,+T, +T;. 2)
YuuTbiBas. yTo Teno I mBMXKeTCH MI0CKONapannebLHo, Teno 3 - nocrty-

naTenbHo, a Teso 2 BpaluacTcs BOKPYT HernonBuXHOA OCH, MONYUHM

1 1 .
T, = — mupy + 5 lewi Ty = 5 Lwk, Ty== mys. )

Bce BXOMLMe CIONG CKOPOCTH CICAYCT BBIpA3uTh Ueped HCKOMYK V(-
MpuHaB BO BHMMAHHC, YTO TOUKA K, '~ MrHOBEHHBIA UCHTD cKopocTedt KaT-
Ka 1. 1 0603HauNB Py C KaTKa uepe3 r,, NONyduM -

_ Ve vey ~ ”Cl ) r,

= = \ y = = —_— 4
X.C, P w, X, v, =Wyl =UCy R 4)

wl

Kpome Toro, Bxodsiue B (3) MOMCHTH HMHEpIUHM WMEIOT 3HaueHUs

Icy=05m,ri, I,=mR3. 5)
_ TMoncraBus BCC BENU4HHBL (4) u (5) B pasenctBO (3), 3 3aTEM HCMONb
3y paBeHCTBO (2). NONYYHM OKORUATENLHO: )

3 1 1 r
T=l —=m, + — my, +—m 2] v, 6)
(4 1T 2 ’R;) G ’

3. Teneps Haitnem cymmy -paGotr Beex ACHCTBYIOIMX BHEIWHHX CWil NpH
TOM TepeMelleHHH, KoTopoe GyneT WMeTh cucTema, Korna Toyka C, npofneT
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nyTs 5, . OQHOBpeMeHIO Bee f€peMeleHHA CTICNYeT BLIPA3UT yepes 3anaHHyI0
BEMUHHY S, 1A Yero yuTem, uro 3mech 3aBUCHMOCT Mexay nepemetieHus-
MH GyeT Tako# e, Kak M Mexay COOTBETCTBYIOLHUMH CKOPOCTAMM B paBeH-
¢reax (4).1.e.p, =5, /R, s, =5, (r,/R,). B pesynsrate MOJIyuuMm:
-— Sl
AF)=[ 200+ 29 ds=2(s, +52).
0
AP)=Ps,sin60°, A (M)~ ~M, p, = —p1, -;—’ .

2

- . r
A (Py) = ~Pysysin 30° = -P,s, R~’ sin 30°,

2

- r
AFPy=—FPs = N5, = ~fP,cos 30° - 5, -é’— .

2
PaGota ocTansubix cun pasna ymio, Tax Kak Touka K, rae npunoxe-
HHL V, u F® _ mruosenmsit UCHTp cKopocrefl, Touka O, rme Npumosxes

P, uN,, HenonBHxKHa, a peakuns N, TeprCHIHKYIAPHE NepemeleH o rpy-
3a J. Toroa okoHuaTensHo

§,

2

EAp=2(s, +51)+Ps, sin 60° = M

]

r
~P,s, —R—l—(sin 30° + fcos 30°). )
2

4. MoncTanus Bripaxenus (6) u

(7) B ypaBHenue (1) u YUHTBIBASA, YyTO
T, = 0, nonyuum

(3 m, + ! m, + : m ¢ ) C1=2(5, +53) +P,s, sin 60°
— — —m, =2 ) % = S -
4 1 7 H 2 3 R§ C1 1 1 274

s, o o
Mg P, é (sin 30° + f cos 30°). @)

Mpy wncnoBsix 3naveHuax,

KOTOpBIE HMEIOT 3alaHHbIC BCAHYUHDL, paBen-
¢TBo (8) maer

9vz‘|=2l.l.

Orciona naxomum uckomyio cko poCTh.
OTBer: vep = 153 m/e.

=

BepTukanmhuiit Ban AK (puc. J14.0-14.9, Ta6n. 114),

Bpauaoumitcs
€ NOCTOAHHOM yrnoBoit CKOPOCTBIO w0 =

10 ¢*', 3akpennen nomnatHukOM
B TOUKe A M UWIKHODHYCCKHM MOMUMIHKKOM B TOuKe, yKa3aHHo# B Tabn. [14
B ctonbuc 2 (A8 = BD = DE = EK = b). K sany

XKECTKO NpUKpeIUleHbI HeBe-
48
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60 | 75
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30 | 45
45 | 30
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D 9 | 60

mihmbw
O Xxey
Xty ow by
Uxwxw

COMBIR cTepskenb  amuHoi I, = 0,4 m c TouewHON maccolt m, = 6 kr ua KOHIIe
H OIHOpONHBIH cTepieHs 2 ‘Winuoi I, = 0,6 M, umesompit macey m, = 4 kr;
06a cTepsHs nexar B ONHO} mnockocty. Touky KpeIUIeHUS CTepxHelt Kk Ba-
7y YKa3aHsl B TaGnHUe B cTonGuax 3 Hd,aymuaug - cronbuax 5 u 6.
- IlpeneGperas Becom BaJla, ONpeNeNnuTs peakuuu NOANATHUKA U MoawHm-
HuKa, [Ipn okoHuaTeNnBHEIX NoncYeTax MpuHATL b = 0,4 M,
Ykasanua. 3amava 14 - ua NpUMEHEHHE K H3YYeHUIO [BHKeHUs cHCcTe-

)

€ CTepXHSA 2) umeror paBHOAEHCTBYIO-

wmyio R " 1o uncnenno RY = mac, The a¢ — yckopenue lieHTpa mace C crep-

HA, HO NHHUA NelicTBuA cuner RY g obuiem cniyuae He mpoxomur yepes Toyxy C
(cm. mpumep 14).

Mpumep 14, C Hemecombim Banom AB,
BPALAIOWHMMES € NMOCTOSHHOM YIIIOBOK CcKo-
POCTEI0 W, XKeCTKO CcKpennen CTepxens OD
AnuHoOM ! M Maccoit m,, MMeoIMH Ha KoHue
Tpy3 maccolt m, (puc. J14),

Oano: b, = 0,6 M, b,=02mM, a=
=30° 1=05m m = 3xr, m, = 2xr,
w=6c¢"!,

Onpenenmurs: P€aKUHH NOONATHY-
Ka A ¥ nogunmuuka B,

Pewenne, Jing ONpeieNIeHUA  HCKo-
MBIX peaKUHnii paccMOTpHM HBHKeHue Mexa-
HHYECKO#  cucTeMsl, CoCToAled M3 Ba-
ma AB, crepxus OD u Tpy3a, H npume-
HUM  npuHmm Hanam6epa, Ilposenem
Bpallaiouvecss  BMecre ¢ BaJIOM  OCH
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Axy TaK, qToGBI CTep3KeHb Jiexal B TOCKOCTH XY, ¥ u300pa3um fefcTByoIHe
Ha CHCTEMY BHEIIHHE CHITbL: CHJIBI TSKCCTH }71 , f, , COCTaBIIAloLINe X4, Y4 pe-
aKIMHM NOAMATHHKA ¥ peaKIHio X g nofIITHNHAKE.

Cornacio mpunuumny JlanamGepa MpPHCOCIMHUM K 5THM CWiaM CHIBL
MHEpLMH IMEMEHTOB CTEpXHA U rpy3a, CUMTag rpy3 maTepuaIbHo# TOUKOH.
Tak Kax Bajl BpalllaeTcs paBHOMEpHO (w =const), To AMEMEHTHE CTEPHH AME-
10T TONBKO HOPMAJBHBIE YCKOPEHHA @k, HANPABIIEHHEIE K OCH BpAIlleHHd,
4 WiCNeHHO ayk = WAk, THe hg — paccroduue oleMeHTa OT ocH. Torna Cumbt
HHEpUMH 'F‘,? GyHyT HanpaBJIcHHL OT OCH BpALUCHHS 1 \HCIIEHHO F,E' = Amapk =
= Amw?hg, rOe Am — Macca JEeMeHTa. TTockoneKy BCe F,? TpONOpUHOHANE
HB! R, TO OMIOpA ITMX MApAIUIENEHEIX CHII 06pasyeT TpeyTONBLHHK H KX MONGHO
3aMeHUTH paBHOAEHACTBYIOIIEH R f‘, JTHHUA feRcTBUS KOTOpOR npoxomﬁ uepe3
LieHTp TAXECTH 3TOTO TPEyTOMHHNKA, T.¢. Ha PaccTOsHuM H; OT BEpUINHEI o,

. 2 .
roe H, = 3 H, (H,=Icosa).

Ho, KaK W3BECTHO, PaBHOMCHCTBYIOLIAT moGolt cucTeMbl CWI paBHa e¢
IMaBHOMY ' BeKTOpY, a UMCIEHHO [TABHBIH BEKTOp CHI MHEpIMU CTEpXHA
R:‘ =m,ag, TAe 4¢ — YCKOpEHHE LieHTpa Macc CTepXHs; NpH 3TOM, KaK H And
mmo6oro aMeMeHTa CTEpXHS, 4c = acpn = whe= w?0Csina (0C=1/2). B pe-
3yNLTaTe NONYYHM

!
Rff=mw? = sina=135 H.

AHATTOrHYHO VIS CWIBI HHEPLUHH F ,“ rpy3a HalizieM, 4TO OHa TOXe Hanpas-
JIeHa OT OCH BpallleHus, 3 MHCIIeHHO Ff =m,w?lsine=18 H.

Tak Kax Bce NEHCTBYIOUIME CWNBL M CHIBL MHEpLMH JIexKaT B IUIOCKOC-
T Xy, TO M PEAKLUM MOMNATHHKA A ¥ TOMIMIHUKA B TOXe Jiexar B aToit
[UTOCKOCTH, UTO GBITO yUTeHO MpH UX H30 GpaskeHUM.

Mo mpuuuuny JlanamGepa, MPUIOKEHHEIC BHellIHWe CWIBI B CWIBL MHEp-
upK o6pa3yioT ypaBHOBEIIEHHYIO cucremy cwi. CocraBnas s sTo# mIocko#t
CHCTEMBI CHII TpH ypaBHEHMS PaBHOBECHH, MOMyudM:

TFx=0; X4 +Xp+RE+F)=0, 16))

L Fgy=0; Yq-P, -P,=0, )

£mg (Fp)=0; Xg (by +by) - P, 0D sina - P,lsina+

+RYH, +by) + F{ (i, +b,)=0. ©)

TMonacraBus ciloaa YyUCTIOBBIE 3HAUEHUA BCEX 3afjaHHBIX H BBLIUHCIICHHBIX
BeJTHUMH ¥ pellluB 3Ty CUCTEMY ypaBHenui, HalifleM HCKOMBIC peaKiuH.

Otset: Xq=-118HIY4=49,1H Xg=-197H.

3HAKY YKA3bIBAKT, YTO CHIBI X4 v Xp HampaBleHbl NpOTHBOIOMOXHO
Moxa3aHHEIM Ha puc. Ji4.
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3anaua 115

Mexanmueckas cncrema cocrour us CTYyNEHYaThIX WKHBOB | u 2 Becom
P, u P, ¢ panuycamu crynenest R, =R, r =04 RiR, =R,r, =0,8R (maccy
KaXIOT0 LIKHBA CYHTATh paBHOMEpHO paclpefie/leHHo! Mo ero BHelHemy
o6ony); rpysor 3, 4 u crnousoro ONHOPOMHOTO LMIHHAPHYECKOTO KaTKa 5
BecoM Py, P,, P, cooTBeTcTBEHHO (puc. I5.0-15.9, Ta6n. 115). Tena cucre-
MBI COENIMHEHBI HHTAMH, HAMOTAHHBIMH Ha WIKMBBI; YYacTKH HuTeH napan-
TIETIBHBI COOTBETCTBYIOLIMM IUIOCKOCTAM. Ipyser cxonpasr no mmockocrsm
Ge3 TpeHus, a KaTKH KaTATCH Ge3 CKOJIbXEHMUA.
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Ta6anuua J5

Py Hafitn

3P 8P a,
2P 6P €,
4P €

. a5

P

3P ) ,
2w 5P
P 8P | e

3p | 4P | 02PR 6P | a,
10P o | 2p | 03PR P e
12P spl4p | o 0,2PR | 6P | a,

0 12P o |3 | o2R|O 10P | acs

Kpome CW TSKECTH Ha OQHO H3 Tenl cUCTeMbl feficTBYeT MOCTOAHHAA
cwia F, a Ha wWwKHBLL ] M 2 MpH MX BPAILEHHH NeHCTBYIOT MO CTOAHHbIE MOMEH=
ThI CHNl CONPOTHBIIEHNUS, PaBHbBIE cooTeTcTBEHHO My U M.

CoCTaBUTb Ul [AHHOM CHCTeMbl YpaBHEHUE JlarpaHxa W OMpeNenuTsh
K3 Hero BeJIHUMHY, YKa3aHHY0 B taGmuue B cronbue “Haitn”, rae o6o3Ha-
yeHo: e,, €, — YITIOBbIE yCKOpeHi wxusoB I u 2,4,,4,,3Cs — YCKOpEHHA
rpy3oB J, 4 ¥ LeHTpa Mace KaTKa 5 cooTBeTcTBeHHO. Korna B 3apaye Halo on-
PeNenuThb €, WIH €5, cutats R = 0,25 M. .

Tot u3 rpy3oB 3, 4, BeC KOTOpoOro paBeH Hyqlio, Ha uepTexke HE nsobpa-
wath. likusbl 1 ¥ 2 BCErna BXOAAT B CHCTEMY.

Vicazanua. 3apaya TS — Ha MpHMEHEHHE K H3Y4YeHHIO IBHXKEHHS CHCTe-
MBI ypaBHcHHI JlarpaHxa. B 3amaye CHCTEMa HMEET OQHYy CTeNeHb cBo6obI,
crlefioBaTeNbHO, €¢ MOToXeHHe onpenenierc opHo#t 06061eHHON KOOpAUHa-
To#t ¥ [NIA Hee TOMKHO ObITh COCTAB/IEHO OMIHO ypaBHeHHeE.

32 06OBIIEHHYI0 KOOPAMHATY g TPHHATE: B 3ajauax, rme TpebyeTca
OnpenennTh d,, 4, WIH 4Cs, = nepeMeLLeHHe X COOTBETCTBYIOLIETO rpy3a Wiy
nentpa macc €, KaTKa 5; B 3amawax, rae Tpebyercs OMpefieNIuThb €, Wik €4, ~
YOI NOBOPOTA ¢ COOTBETCTBYIOLIETO LIKKBA.

53
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Hna cocrasnenns YPaBHEHUS BBIYUCIIMTD CHayana KHHETHYeCKyl0 JHep-
o T cucremst (kak B 3agaue I3) u Bupasuts Bee Bowenue B T cKo-
PpoCTH uepe3 oGobiueHHYI0 CKOpoCT, T.e. uepes X, ecnu 06o61wenHas Koopau-
Hata X, WK uepes ¢, ecnu o06obuwieHnas KOOpAHHATA . 3aTeM BBIYUCITHTD
o6GoGuiennyio cuny Q. Hna storo COOBIUMTL CHCTEME BO3MO3KHOE (manoe)
NEpemellenue, Ipi KoTopoM BhiGpaHHas KoopQuHata, T.e. X (WM ¢), nony-
HACT NONOXHTENbHOE NIpHpalleHHe 6X (WIn 8p) , M BLIYKCIIHTB CyMMy 3MeMen-
TapHBIX paboT BCex CHM Ha 3TOM TNEPEMELICHUH; B NOJyYeHHOM paBeHCTBe
Hajlo BCe Npyrue anmemeHTapHble NepemeleHHs BBIPA3UTh Yepe3 6X (WIM ye-
pe3 8y, ecnu 0606weHHas KOOPAHHATA p) M BBIHECTH §X (WiK 8¢) 3a ckoGxu,
Koadduumenr npu &x (w11 8¢) u 6yner o6obenHok cwoft @ (cm. ewe
npumep J15).

TNpumep 5. Mexanuueckas cucrema cocTout H3 CTYNEHYaToro MIKH-
Ba 2 (pa;mychl cTyneHeit R, ur,), rpysa ] u cniowroro karka 3, npuxpen-
TICHHLIX K KOHUAM HMTe#, HAMOTAHHBIX HA4 CTYNEHM (LKMBA (puc. 15). Ha
WKHB MpH €ro BpalleHHH AeHCTBYET MOMEHT CHIT conpotusnenus M,. Maccy
IIKHBA CYHTATh paBHOMEPHO pacnpefiesleHHOH 1o BHellHeMy oGony.

Dano: R, =R, r,=06R, P, =6P, P, =3P, P, =5pP, M, =0,2PR,
a=30°.

Onpenenurts: a, - YCKOpeHHe rpysa 1.

Pewenne. 1. Cucrema umeer OOHYy cTenceHb cBoGonnl. BeiGepem B Ka-
uecTBe o6oGieHHOH koop}muaru NepemelucHue x rpysa I (g = x), nonaras,
YTO IPY3 NBHXETCA BHH3, M, OTCUMTHIBAS X B CTOPOHY NBHXCHUA. CocTaBUM
YpaBHeHue JlarpaHxa

=Q (n

d oT } oT
- ox ¥

ar | ox
2. Onpenenum  kuHeTuucckyto SHepruo T cuCTCMBL, paBHYIO cymme
SHepTHA Beex Ten:
T=T,+T, +T,.
54
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Tax Kak rpy3 I QBIKeTCS MOCTYNATeNsHo, WKHB 2 BpaWAeTes BOKpYT
HeMOMBIKHON OCH, 3 KaTOK 3 JIBIXKETCS IU10CKOMAPAIIENEHO, TO

1 P 1

2 — 2 — 3 2

—_— T, = — I w T,.=—=—v + — I w’ 3
1 2 2 2w 3 2g C3 2 C3Ws» ( )
Ide, NMOCKONBKY Macca LIKMBA CUHTACTCA pachpenieNeHHOl MO BHelIHeMY
0607y, a KaTok — croiutofi (ero paauyc 0603HaUMM T ;) ,

1 P

Tz 3. @

P
I, =?- R%, Ic3=

3. Bee ckopocty, Bxonsumue B Ty, T, Ty, BEIPa3um ueped 0 6o GuieHHY10
CKOpOCTh X, paBHYI0 OYeBHJHO, v,. Ecnu NmpH 3TOM yuecTh, WTO v, = w,R,,
a yoy = W,r, W UTO TOUKA K siBnsieTcA IA KaTka 3 MTHOBEHHBIM UCHTPOM
CKOpOCTe#, TO MOJTYYHM:

)

IMopcrasnss JHaueHMA Benuuu (5) o (4) B pasenctBa (3), a 3aTem
snavenus Ty, T,, T, B paBeHCTBO (2) , HaftleM OKOHUYATENbHO, YTO
1 3 _r_z_ 1,7 .,

=-§E PI+P2+§-R2 P,)Xz,HnHT=—Lg—'X. 6)

Tak Kax 3aech T 3aBHCHT TOJIBKO OT X, 10

O a2y T ion 0—7.:]=11,753?. Q)
ox g ox dt ox g

4. Haitnem o6oGuennywo cuty Q. Iind s1oro u306pasuM CWibl, CoBep-
wawpe MpH NBHXEHHH CHCTeMbt paboTy, T.e. CHIBI Fl, 1_’, H MOMEHT CWI
COTpOTHBIEHHA M,, HanpaBIeHHbIA NPOTHB BPALICHUA UIKUBA. 3arem coob-
MM CcHCTeMe BO3MOXHOE NepemellieHHe, NpH KOTOpoM oGo6uieHHas Koop-
[MHAaTAa X TONyuaeT TONOKHTENBHOE MPUpALICHHE §X, U MOKAXKEM nepemere-
HUS KaXJI0ro U3 Ten; mna rpysa I ato Gymer 8s; =6x, wA WKHBa 2 — NOBO-
poT Ha yron &y, , A Katka 3 ~ nepemeiuieHue s, ero UCHTpa. MMocne atoro
BBLIYMCIIKM CYMMY OSJIeMEHTapHBIX paGoT CWl M MOMEHTA Ha HAHHBIX nepe-
menenuax. Monywm

8A =P,bs, — M, 8¢, — P, sin ads,. 8)

Boe BXOOALINE CIONA MEPEMEUICHHS HANO BLIPAIWTH Hepe3 5X. Yurs, uro
3aBMCHMOCTH MEXAYy AMEeMCHTApHBIMU TepeMeLeHUAMH 3fiech aHATOTHHbI
3BHCHMOCTAM  (5) MexXay COOTBETCTBYIOUIMMH CKOPOCTAMH, MOJNydUM

bs. = _8x B T 9
Sy =6X, 6;;2——1?- > 53;—’25¢1—F 5X. ( )
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Mopcrasnsas 5TH 3HaueHus s paBeHcTBo (8) M BhmHOCH §X 33 cxo0KH,
Haiinem, uro
M, ry .
6A=(P,—T——R—Pssma)8x. (10)
Koadduument npu sx B NIONyYeHHOM BbIpaxceHUH U GyIeT o060 GieHHoH
cwo#t Q. CnefoBatensHo,

M
0=p - 2t -p, % sina w0 =4,3P, an

S. TMoncraBnss HalmeHHbIE BeTUYUHBI (7) n (11) B ypaBHenue n,
10Ny YUM

P .
11,7 — x=43P.
8

Otcionia Haxonum HcKoMoe yCKopeHne a, = x.

OtBert: @, =0,37g.

IIpumevarue. Ecnu B oTBeTe nonyunres 4 < 0 (e < 0), To 310 03Ha-
AT, UTO0 CHCTEMA NBUXKETCA He B Ty CTOpPOHY, KyAa Guito MPEoNoxKeHo.
Torna y momenta M, , HanpaBneHHOTO MPOTHB BpALIEHUSA IUKHBA, U3IMEHHTCH
HallpaBJIeHHe M, CJ1eOBaTeNbHO, KAaK BUAHO M3 paBeHcTBa (11), uamenurca
BemuunHa Q, At KOTOpol Hammo HafiTH HOBoe-BepHOE 3HAYCHHE.

Mexanuueckas cucreMa cocTouT na Ten 1,2, 3,4, 5, umeomux Beca P,
P,, Py, P,, P, cooTBeTcTBCHHO: Tena CHCTCMBI CBA3aHBI HUTAMH, HAMOTAHHLI-
MU Ha cryneHuatsie Goku I u 2 (puc. J16.0-116.9, Ta6. I06). MNpouepk B
cronGuax TaGnuuuBL, TAC 3aJaHbl Beca, O3HAYacT, YTO COOTBETCTBYIOLIEE Telo
B CHCTEMY He BXOAMT (Ha HcpTexe He 1306paxars), a HoMb B cTONG6UAX Ta6my-
UbI 03HAaYaeT, YTO TeNO CYMTAETCH HEBECOMBIM, HO B CHCTCMY BXOIMT (Ha uep-
TeXe N0xKHO GbITh M3oGpaxcHo). Jing Konec, 0003HaYCHHEIX HOMepoM 4,
P, - ux obumit Bec (Bec nnaThopmbl TaKOR TeNleXKH He YuMTEIBaeTCs).

Panuycsr crynenuarsix 6roxoB 1 u 2 PaBHBL COOTBeTCTBEHHO: R, = R,
ry=08R;R;, =R, r, =0,4 R. lpu BLIuMCAEHNN MOMeHTOR HHepuunH o6a Gno-
Ka, Kofleca i KaTKK CYUTATh OOHOPOIOHBIMM UMTHHApaMHU pamuyca R.

Ha cucremy kpome cun tamectn neftcTByioT cuna £, TIPUIOXKEHHAs K
Teny 4 unu 5 (ecnut Teno S B CHCTEMY He BXOIMT, CHNA NpHIIOXeHa B Touke B
K TefeXXKe), M Napbl CHA ¢ MOMEHTAMH M, u M,, npunoxennsie K 6loxam:

* Pewtennem radenprr Ha Beex (W11 HeKOTOPLIX) CHeMMANBLHOCTAX B 3amaue
N0 IUHAMHUKE BMeCTO 3amauu [1S MoxeT GhITh BKIIOUeHA 3agava JI6, o uem
CTY[IEHTOB CBOEBPEMEHHO MIBECTUTD.
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Puc. 116.3
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Puc. 116.7
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npu M < 0 HanpasreHde MOMCHTA MPOTHBOMONONKHO [OKa3aHHOMY Ha pH-
CYHKe. .
Ha yuacTKe HMTH, YKa3aHHOM B TaGnuue B cTonGue “[IpyxuHa’, BKIIOYE-
Ha NpyX¥Ha ¢ K03dPHUHEHTOM XECTKOCTH ¢ (HampHMep, eClli B cronbue cro-
uT AB, To yuacTok AB sBnsietcs npyxuHo#, ecnu AD To AD npyxuHa, 1 T.IL)
B HauanbHbI MOMEHT BpeMeHH NpYXXHHAa He dedopMHpOBaHa.

COCTaBHTb U1l CHCTEMBbl ypaBHeHus JlarpaHxa W ONpeOeNuTh M3 HHX
YacTOTY ¥ nepHol KoneGaHui, coBepuIaeMbIX TLIAMH CHCTEMbI NIPH ec ABHKE:
HHH,

Ykazanua. 3amaua J16 — Ha mpuUMcHeHHe K H3YUEHHIO IBHXKEHUA CHCTEMBI
ypaBHeHuit Jlarpatxka. B 3ajaue cucreMa uMeeT JiBe CTeflcHH cpobonasl; cneno-
BaTenLHO, ee MOMOXKeHHe onpefensicTcsa ABYMs 06061IEeHHBIMUI KOOPAHHATAMH
g, ¥ q, W [UlA Hee HOTKHBI GbITh COCTABIICHD! 1B Y PaBHEHUA.

OG60o61eHRbIC KOOPAMHATEL MOXHO 0603HaUUTh ¢, = X M g, = ¢ WK
g, =x u q, =y. [Ipn 5TOM 32 KOOPIHHATY X NPUHATH Y A/IMHCHHE NIPYKHUHB,
OTCUHTBIBAEMOE B CTOPOHY TOTO K3 Tenl J, 4 WM 5 CHCTEeMBI, K KOTOpOMY npy-
*MHA MPUKpErUIeHa; HAIpPHMEp, €CTIH NPYXKHHA NPUKPEN/ICHa K Tely B TOUKe B
W ee ZMHA B TIPOMIBONEBHLIA MOMCHT BpeMcHH paBHa AB, To x=AB - l,, roe
1, - nnuna HenedOpMHPOBAHHON NPYXHHBL. 3a KOOpAMHATY ¢ MPHHATDH YTON
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Puc. 116.10

TIOBOPOTA KpaitHero 610ka (3T0T GNOK MOXeT GbITh M HEBECOMBIM), OTCUH-
TBIBAS ¢ OT HAaYalILHOTO NOJIOXKeHHA. ECnu B cHcTeMy HH OIMH 670K He BXOIHT
(BxonsAT muwb Tena 4 M 5), 3a KOOPAMHATY y NPUHATE paccTosHKe Tena 4 oT
HayaneHoOTO nonoxkeHus. COOTBETCTBYIOUIME NPHMEPHI JaHEI Ha puc. J16.10,
a,0,e.

[Ipu Taxom BEIGOpe 0GOGLIEHHBIX KOOPHOMHAT HCKOMBIE YACTOTA M Ile-
pHoN KoneGaHui MOTYT GbITh Hal[eHBI U3 ypaBHEHHUS, ONPENeNAOIIEr0 3aBH-
CHMOCTb X = f(t).

Hlanee st cocTaBreHus ypaBHeHUH HAZO BBMUCTHTS KMHETHYECKYO 3Hep-
ruio T cuctemsl (kak B 3amave J13) u BLIpa3suTh BCe Bowenuye B T CKOPOCTH

Yepe3 0GOGIICHHBIE CKOPOCTH X H ¢, eCITH 32 0Go6LeHHbIE KOOpPAKHATEI NpH-

HATHL X H o, WIH Yepe3 X K Y, eCNH 3THMH KOODIWHATAMH ABJISIOTCA X U Y,
3ateM onpenensoTcs 0GOGILEHHEIE CHITBI TAK, KaK 3TO NOKA3AHO HIXE B NIPH-
Mmepe II6, rae pasbsicHeH Becb XO pellieHUs.

Ta6bnuua J6

[pyxuHa

yCnoBus

'

X

© m@m “ W = o [Homep

Cococoocovwivwo

[+
(=]
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Puc. 16

TMpumep 6. Mexanuueckas cucrema (puc. JI6) cocTouT u3 GapaGana /
pamuyca R, K KOTOpOMY MpHIOXeHA ITapa CWl C MOMEHTOM M, Tenexxu 2
M xaTka 3 (GapaGaH ¥ KaToK ONHOPONHEIC LMIMHApBI); Beca BCEX TeNl pas-
HBEI COOTBeTCTBeHHO P,, P,, P;; BecoM Koiec Tenexku npeHeGperaeM. Tenex-
Ka coefliHeHa ¢ 6apaGaHOM HAMOTAaHHOI Ha Hero HUTBHIO, 4 C KATKOM — NpYXKH-
Ho#t BD; K03 UUMEHT KECTKOCTH NPYKMHBI paBeH ¢. CHCTeMa HauKHaeT ABH-
seHHe W3 COCTOAHMS MOKOH; TpyXKMHA B 3TOT MOMeHT He fedopMHpOBaHa,

Nauo: R,c P, =2P,P,=4P, P, =2P, M=4FR, a=30°.

Ompeenuth: YacTory k u nepuof 7 KosneGaHuH, COBEpLIaEMBbIX Te-

NaMM CHCTEMBI NIPH €€ IBUKCHUH.

Peurenne. 1. Jlns pellleHust 3afay BOCMONB3yeMCA Y PaBHEHUAMH Jlarpan-
%a. PaccmarpnBaeMas CHCTEMA HMMeeT [BC CTEMEHH csobopasl. BribepeM B Ka-
yecTBe 060GILIEHHBIX KOOPAUHAT yITHHEHHE NPYXHUHBL X X YTON NOBOPOTA Ga-
pabana v (g, = X, g, = y). Torna ypaBHeHus JTarpaHxa GyayT MMeTh BHA:

d aT oT d aT oT
ar 'asT)'W’Q“ 3?(3;) T o @

2. OnpenenMM KHHETHYECKYIO SHepruio T CHCTEMBI, paBHYI0 CyMMe SHep-
THit BCex Tell:

T=T, +T,+T,. 2)

Tak Kak GapaGaH BpallaeTcss BOKPYT HENOMBHXKHOM ocH O, Tenexka [OBH-
eTCs MOCTYNaTeNLHO, a KaTOK - MIIOCKONapasniensio, To
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rae I, = (P, [28) R?, Ip=(P,/28) R? (R, — pamnyc KaTka J3).

Bce Bxomswme ciofa CKOPOCTH HaZo BBIPA3HTb Yeped O0GOGLUCHHDIE
CKOPOCTH X M ¢. OueBHIHO, YTO w, = ¢ v, = Rw, = Ry. nx ofnpefiene-
HUS vy PaCCMOTPHM [BHXKeHHe KaTKa KaK CNOXHOe. YuuThbIBad, uTo X onpe-
chnxer NoJo:XeHHe rouxu Do omomcnmo K Te/leXKe, NONyyHM vp = "D
+ "'D “P, e uucnenno "D =%, ”D =v, = Rw Tornma nputumast Bo BHMMa-
HHE, YTO MpPH BO3PACTAHUU X U p CKOPOCTH ”D H v?) P nanpasncust B pasHble
CTOPOHBI # 4TO TouKa £ 1% KaTKa — MIHOBCHHBIH UEHTP CKOpOCTel, NOnyuMM

vp vp X - Ry

:'...R" B = =
DT s Ty R, TR,

lNoncrasnas Bce HaWOCHHBIC 3HAYCHMA CKOPOCTCH U 3HAYCHHMSA I,uips
paBeHcTBa (3), nonyuum cnenyloume Beipaxenusa mna T, T,, T,. '
T, e,

- b,
4 ¢

Torma pasencrso (2), ecnn yuecTb, uto P, = Py = 2P, a P, = 4P, oxonua-
TeNlbHO JiaeT:

P . .o .
T=— (4R*¢? = 3Ryx + 2— x).
g 2 .

Otciona Haxomum

T P . .
?):‘— = g— (—3R50+ 3x),
_a_?_" -2 (8R?y - 3Rx), .. 5)
dp g

3. Tenepsb onpefienum 0GoGLICHHBIC CHABI O, u Q2 M306pa>xaem neficr-
BYIOUIME HA CHCTCMY AKTHBHBIC CHIIBI: CHSIBI TAXECTH P P P,. CUNBI ymipy-
rocru F u I’ . Fie unenenno F = F' = cx, u napy ¢ MoMeHToM M,

a) llag onpenesteruss Q, coobuIMM CHCTeMe BO3IMOXHOE nepemelLcHHeE,
p# KOTOPOM KOOpP[IHHATA X MNONYYacT MpHpalleHue 6x > 0, a ¢ He UIMcHA-
ercs. T.e. by = 0 (GapaGaH NpH TaKOM MepeMelUeHHH He noBopayuBacTcs
H Tenexkka He nepemetuaetcs). Torna aneMeHTapHyio paGoty COBCPLIAT TOMb-
ko cunsl P, u Fy yura wro P, = 2P, nonyunm ana otolt paboThl 3HaucHue

84, =P,sin30° - 6x —~ Fsx=(P - cx) 6x. 6)

6) Ilna onpemencHust @, cooBUIMM CHCTEMC BOIMOXKHOE nepeMeticHue,
62
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NpH KOTOPOM KOOPOMHATA ¢ MOJYYaeT NnpHupaileHue §¢ > 0, a x He H3MeHseT-

e, T.e. 6x = 0 (Npy>XKHHA NPH TaKOM IepeMelllcHHH CHCTeMbl He H3MCHACT
cBoelt minHbl). Torma Tenexka M ueHTp D KaTka nonyyar ogHHaKOBbBIE NeEpe-
MellleHus 85, = 8sp = Réy 1 IneMenTapHad paboTa BCeX MeHCTBYIOUIMX CHIT
Gyner paBHa

8A, = Mg — Pysin30° - 85, — Pysin30° - sp) ~ F'8s, + Fésp,

3ameHAA 30ech BCE BETHYMHBI -MX 3HAUCHHAMH, HalieM B pe3ylnbTaTe,

§A4,=(M - 0,5P,R - 0,5P,R) 6= PR5y. 0]

KosdduuucHTE! Npu 5x 4 8y B paBeHcTsax (6) M (7) u GyayT MCKOMBI-
MH 06061LIeHHBIMH CHNAMH, CNIeIOBATENBHO
Q,=P-cx, Q,=PFPR (8)

Moncrasnsas BennunHel (5) u (8) B ypasucnusa (1), nonyuum cnenyio-
ke anepeHUMANBHBIC Y PaBHEHHS IBHXKCHUA CHCTCMBL:

P . P - .
r (-3R%*p+3x) =P — cx, ? (8R?y - 3Rx)= PR, )

4. Yto6hl onpenenuTs K M T, UCKIIOYMM U3 ypaBHeHu# (9) .p Ilna storo
yMHOXHM 06e YacTH NepBOTO W3 ypaBHeHHHA Ha 8g, a BToporo — Ha 3g/R u cno-
UM MOWICHHO NoJyyeHHble paBeHCTBA, B pe3ynbrate npuaeM K cnedyiouicMy
mnddepeHunantHoMy YPaBHEHHIO CBOGOMHBIX koneGanuit 15P% = 11Pg — 8cgx
WIH

. 11 8cg
X+kix= — g rtoe ki=—— . (10)

15 & 15P
M3BecTHo. YTO KOrla ypaBHeHHe npuBeleHo K sumy (10), To k B Hem
ABNAETCA KPYroBoit yacToToH, a nepuon r = 2nfk. CnenoBaTenbHO HCKOMBIE

BETHYHHBI HMCIOT 3HAUCHHA!

k=4 8c'g715P, 7= 2nfk= 2n/ 15P/8cg.
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