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METOOHYECKHE YKA3AHHUA

B Kypce TeopeTHYecKOH MeXaHHKH CTYHEHTbI H3y4aloT TPH ee pasgesa:
CTaTHKY, KHHEMaTHKy H LHHaMHKY.

1. Ona u3yueHuss Kypca Heo6XOQMMO HMeTb COOTBETCTBYIOLLYIO MaTe-
MaTHUYeCKylo NMoAroToBky. Bo Bcex pasgenax Kypca, HauHHass CO CTaTHKH,
IIHPOKO HCMOJb3yeTcs BeKTOpHas ajare6pa. Heo6xoaMMo yMeTb BBIYHC/ATH
NpOEeKLHH BEeKTOPOB Ha KOOPAHMHATHble OCH, HaXOAHTb TeOMeTPHUECKH
(nocTpoeHHeM BeKTOPHONO TPEYroJbHHKA MJIH MHOrOYroJibHHKa) H aHaJHTH-
4eckH (MO NMPOEKLHSIM HAa KOOPAHHATHbie OCH) CyMMY BEKTODOB, BHIYHCIATH
CKaJiipHOe H BeKTOpHOe MpPOH3BeleHHsl NBYX BEKTODOB H 3HaTb CBOHCTBa
3THX NpPOH3BeleHHH, a B KHHeMaTHKe H [QMHaMHKe — nHddepeHUHpPOBaTh
BekTopbl. . Hapo Takxke yMerb cBOGOAHO MOJb30BATBCA CHCTEMOH MNpAMO-
YrOJIbHBIX [EKAapPTOBbIX KOOPAHHAT Ha IJIOCKOCTH H B NPOCTPAHCTBE, 3HAT,
4TO TaKoe eJHHHYHble BEeKTOpbl (OPThI) 3THX OCell H KaK BbIPaXKaloOTCs
COCTaBJIAIOLLHEe BEKTOpPA 110 KOOPAHHATHBIM OCSM C MIOMOILI{bIO OPTOB.

Jna u3yyeHHsi KHHEMaTHKH Hafo COBepIUEHHO CBOGOMAHO yMeTb audde-
peHLHpOBaTh QYHKUHH OLHOrO NepeMeHHOro, CTPOHTb rpadMKH 3THX (YHK-
LHH, GbITH 3HAKOMBIM C MOHATHAMH O €CTECTBEHHOM TpPEXIPaHHHKe, KpHBH3HE
KPHBOH M pajHyce KPUBH3HbLI, 3HaTb OCHOBbI TEODHH KPHBBIX 2-TO MOPSAKA,
M3yyaeMol B aHaJIHTHYECKOH reoMeTpHH.

Jas u3yuyeHHs NHHAaMHKH Halo yMeTb HaxOAHTb MHTerpajel (Heompe-
JleJIeHHble H OmpepneJieHHble) OT MPOCTeHLIHX (YHKUHH, BHIYHCIAATD YACTHbIE
NPOU3BOAHbIE H MOMHbIA AuddepeHuHas QYyHKUHH HEKOJbKHX NepeMeHHbIX,
a TakXe yMeTb HHTerpHpoBaThb AH¢ depeHuHaNbHbIe ypaBHeHHs 1-ro nopsaka
C pasjensloLiHMHCA NepeMeHHbBIMH M JIMHeliHble aud@epeHuHa bHbIE ypaB-
HeHHs1 2-ro nopsaka (OLHOPOAHBIE H HEOLHOPOAHble) C MOCTOSTHHBIMH
KO3 P HLHEHTaMU.

2. Tlpy wu3yyeHHH MarepHaja Kypca N0 Y4YeGHHKY HYXXHO INpexne
BCEro ysiCHMTb CYILLeCTBO Ka)XAOro HajgaraeMoro tam Bonpoca. [1aBHoe —
9TO MOHATb H3JIOXKEHHOE B yyeGHHKe, a He «3ayuHTb».

HayyaTb Mmarepuas pekoMeHAyeTcsi Mo TeMaM (NMyHKTaM MPHBOAHMON
HHXKe nporpaMMbl) WJIH mo raaBaM (maparpadam) yueGHuka. CHayana
CJIefyeT NpoYHTaTh BeCcb MaTepHas TeMbl (maparpada), ocoG6eHHO He 3agep-
JKHMBasiCb Ha TOM, 4YTO NOKA3aJl0Ch HE COBCEM MOHATHLIM; 4acTO 3TO CTAHOBHT-
Csl TIOHSAATHBIM M3 mocJjepyiouiero. 3areM Halo BepHYTbCA K MeCTaM, BbI3BaB-
UMM 3aTPyJAHEHHs, U BHHMaTeJbHO pPa3o6paTbCsi B TOM, YTO ObLIO HEFCHO.
Oco6oe BHHMaHHe NpH MOBTOPHOM YTEHHH O6GpaTHTE Ha (HOPMYJIHPOBKH
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COOTBETCTBYIOLLHX ONpe/ieJeHH i, TeopeM H T. 1. (OHH OOLIYHO GbIBalOT Habpa-
Hbl B y4eGHHKe KYpPCHBOM HJIH Pa3psifikoii); B TOYHBIX (HOPMYJIHPOBKAX,
Kak MpaBHJIO, GbIBAET CYLECTBEHHO KaXK/J0e CJOBO H OYeHb I0JIe3HO MMOHATD,
nouyeMy JaHHOe MOJIOXKeHHe chOopMyTHPOBaHO HMeHHO TaK. OHAKO He cie-
JlyeT cTaparbCs 3ay4yHBaThb GOPMYJIHPOBKH; BaXKHO MOHATb HX CMBICJ H yMeTb
H3JIOXKHTb Pe3y/bTaT CBOHMH CJIOBaMH.

Heo6xonuMo Tak:Ke MOHATb XOA BCeX JOKa3aTeJbCTB (B MeXaHHKe
OHH OGBIYHO He CJOXHKI) H pasoGparbcs B HX Aeransx. JlokasaTenbcTBa
HaJlo yMeTb BOCNIPOH3BOJHTb CaMOCTOATEJNbHO, YTO HETPYAHO CHE&/NaThb, MOHSAB
HJel0 [0Ka3aTeJbCTBAa; MNLITAThCA INMPOCTO HX <«3ayuHBaTb» He CJeNyerT,
HHKAKOH MOJIb3bl 3TO HE MpPHHECeT.

3aKOHYHB H3yueHHe TeMbl, MOJE3HO COCTAaBHTb KPaTKHi KOHCIIEKT,
M0 BO3MOXHOCTH He 3arJs/biBasi B Y4eGHHK.

IMpu u3yuenun Kypca 0co60e BHHMaHHE C/IefyeT YAENHTb MPHOGPETEHHIO
HaBLIKOB pellleHHs 3ajay. [ 3TOoro, M3y4uB MarepHasj AAaHHOH TEMHI,
HaZlo CHayasna 06si3aTeJbHO pa306paTbCsi B pELIEHHAX COOTBETCTBYIOLIHX
3aja4, KOTOpble NMPHBOAATCA B yueGHHKe, 06paTuB 0co60e BHHMAaHHE Ha
MeTOHYeCKHe YKa3aHHA MO HX pelleHHI0. 3aTeM nocrapafitecb pelIHTb
CaMOCTOATENbHO HECKOJbKO aHANOTHYHBIX 3aj1ad M3 CcOOpHHKAa 3anay
1. B. MelepcKoro u nocie 5TOr0 pelIHTE COOTBETCTBYIOUIYIO 3ajady H3
KOHTPOJIBHOTO 3ajaHHs.

3. 3aKOHUYUB H3yueHHe TeMbl, HYXKHO MpPOBEPHTb, MOXXeTe JIH Bbl AATh
OTBET Ha BCe BONPOCH NMPOrpaMMul Kypca mo 3TOH TeMe (OCYIIEeCTBHTb
CaMONpOBEPKY).

ITockosibKy Bce BOMPOCH, KOTOPble NOJKHbI OGbITh H3ydeHbl H YCBOEHBI,
B MpOrpamme nepeyHc/eHsl JOCTaTOYHO MO POGHO, AOMOJHHTENbHbIE BOMPOCH
JIS1 CaMONpOBEPKH 37iech He npuBoAATcA. OLHAKO OYeHb MOJNIE3HO COCTABHTh
nepeyeHb TAKHX BOMPOCOB CAMOCTOSITEJbHO (B OTAENbHOH TETPajH) caenyio-
uHM o6pasom.

HayaB wH3yueHue ouepefHOH TeMbl MNPOrpaMmbl, BBIMHCATb CHayana
B TeTPajH MOCJNELOBATEJbHO BCe MepeuyHCJeHHble B MpPOrpaMme BOIPOCHI
3TOii TeMBbl, OCTaBHB CNpaBa IUHPOKYIO KOJOHKY (mose). IIpu sToM ecau, Ha-
npHMep, B MPOrpaMMe CKa3aHO «YCJOBHSI pPaBHOBECHS NMPOCTPAHCTBEHHOH H
IJIOCKOH CHCTEM CXORSAIIHXCH CHJ®, TO CJelyeT 3amucaTh OTAJbHO BOMPOCH
«YClIOBHS paBHOBECHSI MPOCTPAHCTBEHHOM CHCTEMbl CXOAALIHXCA CHJI» H
«YC/I0BHSI paBHOBECHS NJIOCKOH CHCTEMBbl CXOAALHMXCA CHJ» H T. M.

3areM Mo Mepe H3yueHHsl MaTepHaJa TeMbl (UTeHHs y4yeGHHKA) cieiyer
B NpaBOH KOJIOHKe yKas3aTb CTpaHHUy YyyeGHHKA, Ha KOTOPOH H3Jaraercs
COOTBETCTBYIOIIHA BOMpOC, a Takxe HOMep (OPMYJbl HJIH YypaBHEHHs
(ypaBHeHHii), KOTOpble BLIPAXAIOT OTBET HAa BONMPOC MareMaTHueckH. B pe-
3yJbraTe B AAaHHOH TeTpanu GyneT MOMHbIA MepeyeHb BOMPOCOB AJA CaMoO-
MPOBEPKH, KOTOPbIH MOXHO HCIOJb30BaTh H NpH MOArOTOBKE K 3K3aMEHY.
Kpome Toro, oTBeTHB Ha BONPOC WJIM HAMHCaB COOTBETCTBYIOLLYIO (opMyay
(ypaBHenHe), BEl MOXKeTe MO y4eOHHKY GHICTPO NMpPOBEPHTb, MPABHJIBHO JH
3TO ClleJlaHO, eC/IH B MPaBHJBHOCTH CBOEro OTBeTa cOMHeBaeTech. Hakowel,
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MO TeTPajH C TAKHMH BONPOCAMH Bbl MOXETe YCTaHOBHTb, BECh JIH MaTepHaJl,
NpeayCMOTPEHHEIH NpOrpaMMoi, BaMH H3yueH (ec/H H3yyeH Bechb MaTepHal,
TO MPOTHB KaXXJ10ro BONpoca B NpaBOH KOJIOHKe 6yleT yKa3aHa COOTBETCTBYIO-
mas cTpaHHua yyeGHHKA). )

Cnenyer uMers B BHLY, YTO B Pa3/HYHBIX y4eGHHKax MaTepHa] MOXeT
M3/1araThCsl B PasHoOi nocnenoBatenbHocTH. ITosroMy oTBeT Ha Kakoi-HH-
6yAb BONMPOC NAaHHOH TeMBl MOXET OKa3aThCsd B JApYroii riase yueGHHKa,
HO Ha M3y4YeHHH Kypca B L(eJIOM 3TO, KOHeYHO, HHKaK He CKaXercs.

YkasanHa NO BHINOJHEHHIO KOHTPOJBHBIX 3aJaHHi NMPUBOAATCA HHXKe
nocne pa6oueit nporpaMmbl. MIx Hano npountartbh 06A3aTesbHO H HMH PYKO-
BoAcTBOBaThcA. Kpome Toro, K KaxnoH 3amade [alTcs KOHKPETHbIE
METOJHYECKHe YKa3aHHs MO ee DelIeHHIO H NPHBOAHTCHA MPHMEp pelleHHus.

PABOYASI MTPOrPAMMA*

Beenenne. MexaHHuyeckoe ABHXKEHHE KaK OXH& H3 (OpM ABHKEHHs
martepuH. Ilpenmer MexanukH. TeopeTHuecKas MexaHHKAa H ee MeCTO Cpeiu
eCTeCTBEHHbIX H TeXHHYEeCKHX Hayk. MexaHHKa Kak TeopeTHueckas G6asa
psana obsnacred coBpeMeHHOH TeXHHKH. OGBEKTHBHBI XapaKTep 3aKOHOB
mexaHHKH. OCHOBHBlE HCTODHYECKHe 3Tanbl Das3BHTHS MeXaHHKH. CBs3sb
MeXaHHKH C OGleCTBEHHbHIM NMpPOH3BOJACTBOM H €e poJb B PellleHHH HapoA-
HOXO35ICTBEHHBIX 3a/lay, MOCTABJEHHbIX MapTHell H MPaBHTENbCTBOM.

CTATHUKA TBEPAOIO TEJIA

NMpenmer crathkH. OCHOBHBIE MOHATHA CTAaTHKH: aGCOJNIOTHO TBepAOE
TesNO, CHJIA, 3KBHBAJIEHTHble CHCTEMbl CHJ, DPaBHOAEHCTBYIOLLAsi, YpaBHOBe-
IIeHHAsl CHCTEMa CHJI, CHJIbl BHEIUHHe H BHyTpeHHHe. HMcxonHble MosoXeHHsa
(akcHoMbl) craTHKH. CBA3H H peakuuH cBsided. OCHOBHble BHALI CBsi3eil:
rJaaxas MJOCKOCTb, MOBEPXHOCTb H Oomopa, FMOKas HHTb, UHIHHAPHYECKHH
IapHHp (MOALIMMHHK), cgepHYecKHH WAapHHD (NOANATHHK), HEBECOMBIH
CTepXKeHb; peakUHH 3THX CBs3ed. )

Cucrema cxoasimiuxcsi cHa. ['eoMeTpHuecKHi M aHANMTHUECKHH CMOCO-
6bl cnoxeHHs cHl. Cxoasiiuecss cHabl. PaBHoaefcTByoLiasi CXOASALIMXCS
cua. TeomerpHueckoe yc/OBHE pABHOBECHSI CHCTEMBl CXOASLIMXCH CHJ.

* CocraBjeHa Ha ocHoBe IIporpaMMbl Mo TeopeTHYecKOH MeXaHHKe
L. TYMY—4/1, yrBepxaenHo# I1aBHbIM yue6GHO-METOXHUECKHM YHpPaB-:
JleHHeM Bbicuiero o6pasoBaHus 2 uions 1988 r. ITo pewenunio kKadenps ans
OTHAE/NbHLIX CMelHa bHOCTeH B pabodyl0 MPorpaMMy MOTYT BKJIOYAThCs J0-
NO/THHTE/IbHEIE BONPOCH!, MepeyeHb KOTOPBIX AO/IKEH GhiThb COOGIUEH CTyAEH-
TaM. Bonpochl, nocraB/eHHEle B JaHHOH nMporpaMMe B CKOGKaxX, B 3aBHCH-
MOCTH OT HX aKTYa/JlbHOCTH /1Sl IaHHOH CMelHaJbHOCTH M OT YHCJIAa Yacos,
OTBE/IEHHbIX Ha KypC Y4eOHLIM MJIaHOM, MOTYT BKJIOYAThCSl B MPOrpamMMmy He
MOJIHOCTBIO HJIH He BKJIOYaThCSA COBCEM, O YeM TOXKe JOMKHO GbITb COOBLIEHO
CTyJAEeHTaM.
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AHaNHTHUCCKHE YCJIOBHS PAaBHOBECHSI TNPOCTPAHCTBEHHOH M T1J10CKO#

cHeTeM cXoasiuxcst cuil. Teopema O paBHOBeCHH TpeX HenapasielbHbX
CHJL. \

Teopuss nap cHA. MOMEHT CHJIBI OTHOCHTEJILHO TOUKH (ueHTpa) Kak
Bektop. [Tapa cui. MoMeHT naphl CHJ1 KaK BEKTOP. TeopeMmbl 06 IKBHBAJIEHT-
Hoctd nap. CoxeHHe nap, NPOH3BONBHO PACMONOKEHHBIX B NpOCTPaHCTBE.
VYcaoBus paBHOBeCHsl CHCTeMbl nap.

TIpHBeaeHHe MPOM3BOABLHOM CHCTEMb CHII K AAHHOMY LEHTDY. Teopema
o napaaneabHoM nepeHoce cuibl. OcHoBHasi Teopema CTaTHKH O npuBese-
HHH CHCTEMBI CHJ K JaHHOMY LeHTpy. [naBHbIil BEeKTOp rJ1aBHbBIH MOMEHT
CHCTEMBI CHJI.

CHcTeMa CHJI, TIPOM3BOJILHO PACMOJOXKEHHBIX Ha MJIOCKOCTH (naockas
cHcTeMa cha). AnreGpanueckas BeJHYHHa MOMEHTA CHJIBL Briuncnenne
[JIaBHOrO BEKTOpAa M I[VIaBHOrO MOMEHTa MJOCKOH CHCTEMbl CHIL. YacrHble
clydad TPHBEJEHHs: TpHBEJIEHHE K Nape CHJ, K paBHoAeficTBYOLIeH H
cayuait paBHoBecks. AHAJMTHUECKHe YCJIOBHS PaBHOBECHH MJIOCKOH CHCTeMbl
cun. Tpu BHIA YCIOBHIA paBHOBeCHs:: a) PaBEHCTBO HYJIO CyMM nPOeKLHit
CHJI Ha [Be KOOPJHMHATHbIE OCH H CyMMbl HX MOMEHTOB OTHOCHTEJBLHO n060-
ro LenTpa; 6) PaBEHCTBO HYJIO CYyMM MOMEHTOB CHJ OTHOCHTENBHO ABYX
LEHTPOB M CyMMbl HX MpOEKUHH Ha OJHY OCb; B) PaBEHCTBO HYJIO CyMM
MOMEHTOB CHJ1 OTHOCHTEJBHO TPeX LEeHTPOB. YCJOBHSi PaBHOBECHS MJI0CKOH
CHCTEMEBL: apaJuleNbHEIX chil. Teopema BapunboHa O MOMEHTe paBHoOpeHcT-
ByloLIeH.

(CocpenoToueHHble W pacrpejieieHHble  CHJIbL. CuJjibl, paBHOMEPHO
pacnpeieseHHble N0  OTPE3Ky npsAiMol, W HMX paBHojefcTBYlouLast.)
PeaKuus KecTKoil 3aje/Kd. PaBHoecHe cucTembl Tes. CTaTHYeCKH ompeje-
JIMMBle H CTATHUECKH HeoMNpejeJHMble CHCTeMbl. PaBHOBecHe NpH HaHYHH
cun Tpennsi. Kosdguuuent tpennsi. IlpeienbHas chia TpeHHS. Yroa u
konyc Tpenus. (TpenHe KaueHusi; KOI((QHIHEHT TPEHHA KayeHHs1.)

CHcTeMa CHJ, NPOH3BOJBHO PACMONOXKEHHBIX B MPOCTPAHCTBE (npo-
CTpAaHCTBEHHAs cHcTeMa cHa). MomeHT CHBl OTHOCHTENLHO OCH H ero
BbIUHC/ICHHE. 3aBHCHMOCTb MEXIY MOMEHTaMH CHJbl OTHOCHTEJbHO LEHTpa
H OTHOCHTEJIbHO OCH, MpoXojsleH yepe3 3TOT LEHTP. AnaauTHueckHe ¢op-
MyJIbl JUISl BHIYHC/IEHHS MOMEHTOB CHJIbI OTHOCHTEJIBHO TDEX KOOPJIHHATHBIX
oceii. BoluHC/IeHHe TVIaBHOTO BEKTOpa H IMIaBHONO MOMEHTa NPOCTPaHCTBEH-
noit cuctembl cua. (HactHble cayyaH NpHBEAEHH:A NpoCTPAHCTBEHHOMH CHCTe-
MBI CHJI: TpHBENEHHe K Tmape CHI, K paBHojeiiCTBYyOllell, K AHHaMHue-
CKOMY BHHTY M cJydail paBHOBECHs.) AHaNHTHUECKHE YCJIOBHSI PaBHOBECHS
NPOM3BOJILHOH NPOCTPAHCTBEHHOH CHCTEMbl CHII. YcioBusi paBHOBECHS
POCTPAHCTBEHHON CHCTEMBl Mapajie/IbHbIX  CHIL. Teopema Bapunbona
0 MOMeHTe PaBHOXEHCTBYIOUIEH OTHOCHTE/NbHO OCH.

Llentp napajJieflbHbIX CHJA H HEHTP TAKECTH. LleHTp napajjesbHbIX
cui. DOpMYJH AJIS ONpeleNeHHsT KOOPJAMHAT IEHTpa Mapajlle/IbHbIX CHJL.
Llentp TSXKECTH TBepAoro Teaa; (opmysbl AJs OmpeneseHHs €ro KOoOpJH-
Hat. LleHTphl TsiKecTH, o6beMa, TJIOWAAH H JIHHHH. Cnoco6bl onpejeeHns
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MONOKEHHS LEHTPOB THAXECTH TeJ. LIeHTPBI TAXECTH AYrH OKPYXKHOCTH,
TPeyroJibHHKa H KPYroBOTO CEKTOpa.

KHHEMATHKA

Beenenne B kuHematuky. Ilpenmer kuHemaTHkH. IlpocTpaHcTBO M Bpe-
Mfl B KJaccHuyeckod MexaHuke. OTHOCHTENbHOCTb MEXaHHYECKOTO ABHIKEHHs.
Cucrema orcuera. 3ajlaud KMHEMaTHKH.

KunemMaTHka TO4YKH. BekTOpHBI cnoco6 3ajaHus ABHXKEHHS TOYKH.
Tpaekropus ToukH. CKOpPOCTb TOYKH Kak INPOM3BOAHAs €€ pajuyca-BeKTopa
N0 BpeMeHH. YCKOpPeHHe TOYKH KaK INpOM3BOJHAasA OT €€ CKOPOCTH IO
BPEMEHH.

KoopannaTtHblii cnoco6 3afaHusi ABHXKEHHA TOUKH (B MPSAMOYrONbHBIX
AeKapToBbIX KoopauHarax). Onpenenenue TpaekTopud ToukH. Onpepenenue
CKODOCTH H YCKODEHMst TOYKH MO MX NPOEKUHAM Ha KOODAHHATHbIE OCH.

EcrecTBeHHBIt cnoco6 3afaHdsi [ABHXKEHHS TOYKH. EcTecTBeHHbIH
TpexrpaHHHK. Asre6padueckasl BeJMuMHAa CKOpocTH ToukH. Ompenenende
YCKODEHHSI TOYKH MO €ro MpOeKUHSM Ha OCH eCTECTBEHHOrO TPEeXTPaHHHKa;
KacaTeibHOe M HOpMajbHOe yckopeHus TOo4kH. (CKOpOCTb H YCKOpEHHe
TOYKH B MOJISAPHBIX KOOpJAHHATax.)

KuHemaTuka TBEpaOro rteja

Moctynareabnoe asHxKenne. [TocrynarenbHoe ABHXKEHHE TBEPAOrO Te/a.
TeopemMa O TPaeKTOPHsiX, CKOPOCTAAX H YCKOPEHHSIX TOYEK TBEPAOro TeJa
NpH MOCTYNAaTeJIbHOM JBHXKEHHH.

Bpamenue TBEpAOro TeJa BOKPYr HEMOABHXKHOH ocH (BpaiiaTesbHoe
ABHIKeHHe). YpaBHeHHe (WJH 3aKOH) BpallaTelbHOTO ABHXKEHHA TBEPAOrO
Tesa. YracBasm CKOPOCTb H YIVIOBOE YCKOPEHHe TBEpAOro Teja. 3aKOHBI
paBHOMEDHOrO M paBHonepeMeHHOro BpauieHHss. CKOPOCTb M ycKopeHHe
TOUKH TBEPAOrO Tesa, BPaLLaloLerocsi BOKPYr HEMOABHXKHOH ocH. BekTtophl
YrN0BOil CKOPOCTM M YIJIOBOrO YCKOpeHHs Tesna. BripaxkeHue CKOpOCTH
TOUKH BpALLAIOULErOCs TeJa H ee KacaTeJbHOTO H HOPMaJbHOIO YCKOpEHHI
B BHJIe BEKTOPHBbIX NPOH3BENEHHH.

MaockonapannenbHoe (NJAOCKOE) ABHXKeHHe TBepaoro Teaa. Iliockoe
ABH)KEHHe TBEpAOro.Tejla M ABHXKEHHE IJIOCKON (HrypHl B ee MJIOCKOCTH.
YpaBHeHHs ABHXKEHHA MIOCKOH (urypel. Passoxende ABHKEHHS MJOCKOH
¢Urypsl Ha MOCTynaTellbHOe BMeCTe C MOJIOCOM H BpalllaTelbHOe BOKpYT
nomoca. HesaBucuMocTb yriioBO# CKOPOCTH H YIJIOBOrO YCKODEHHSI (PHryphl
oT BbiGopa nosioca. OnpesesieHHe CKOPOCTH JII060H TOUKH MJAOCKOH (Urypbl
KaK reOMeTPHYEcKOil CyMMBI CKOPOCTH MOJOCA M CKOPOCTH 3TOH TOYKH TpH
BpalleHHH QHryphl BOKPYT mnoJioca. TeopeMa o MpOEKUHAX CKOPOCTEH ABYX
ToueK (Hryphl (Tena). MrHoBeHHbI ueHTp ckopocTeil. OmnpeneseHue CKo-
pocTeil TOUeK MJIOCKOH (HIypEl C MOMOLIBI0 MFHOBEHHOTO LEHTPa CKOPOCTEil.
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OnpepenieHHe YCKOpPeHHs J1060H TOYKH MJOCKOH ¢(Hrypbl Kak reoMerpHue-
CKOM CYMMBI YCKOPEHHSI NMOJIIOCA H YCKODEHHS! 3TOH TOYKH NPH BpauleHHH
¢urypsl Bokpyr nomoca. ([ToHsiTHE 0 MTHOBEHHOM LEHTPe YCKOPEHHH.)

(JlBHKEHHe TBEPAOrO TeJa BOKPYr HEMOABHKHOH TOYKH MAH chepuue-
CKoe JBHXKeHHe. Yribl Jitnepa. YpaBHeHHS [ABHXKEHHA TBEPAOro Tesa
BOKDYI' HEMOABHXHOH TOUKH. MrHoBeHHast ocb BpallleHH Tesa. Bekrtophl
yrJrOBOH CKOPOCTH H YIJIOBOTrO YyCKopeHHs Tesa. OnpeneneHHe ckopocrteii
H YCKODeHHH TOYeK TBepJOro Teja, HMEIOIero OAHY HeNOABHXHYIO
TOYKY.) -

(O6muii cayuaii aBHXKEHHs CBOGOAHOrO TBEpPAOro TeJa. YpaBHEHHs
JIBHXEHHs CBOGOLHOro TBepaoro Teia. PasjioxkeHHe 3TOro JBHXKEHHS Ha
nocTynare/qbHOe JBHXKEHHEe BMecTe C TOMIOCOM H JABHXKEHHE BOKpYr
nomoca. Onpenenenne ckopocTeit H YCKOpeHHH TOYeK CBOGOLHOrO TBEPAOro
Tena.)

CoXKHOe JBHXKEHHEe TOYKH H TBEPAOro TeJa WJIH COCTaBHOE JABHIKEHHE.
AGCONIOTHOE H OTHOCHTEJIbHOE JBHXKEHHS TOUKH; MEPEHOCHOEe IBHXKEHHe.
OTHocHTe/NIbHAs, NepeHocHast H a6GCoMIOTHAss CKOPOCTH H OTHOCHTENIBHOE,
nepeHocHoe H a6COMIOTHOe YCKOpeHHs TOukH. TeopeMa O CJIOXKEHHH CKO-
pocreii. Teopema KopHosnHca o cioxkeHHH ycKopeHHH. Moaysb H Hanpasie-
HHe KopHOJHcOBa yckopeHusi. Ciyyali nOCTymaTeJqbHOrO MEPEHOCHOrO
JBHXXEHHS.

(CnoxHoe pnBukenne TBepaoro Tenaa. CJlOXKeHHE MNOCTYNaTeJIbHLIX
nBHxKeHHH. CJyoKeHHe MrHOBEHHBIX BpallleHHH TBepAOro Tesa BOKPYT
nepeceKaloUXCs H napaneibHblx ocedl. [Tapa MruoBeHHbIX Bpauenuil. Ku-
HeMaTHYeCKHH BHHT. MrHoBeHHasi BHHTOBas OCb.)

JAHHAMHKA

Beenenne B aunamuky. IIpeamer aHHaMHkH. OCHOBHble MOHATHA H
onpejeNieHusi: Macca, MaTepHaJbHas ToYKa, cuia. CHJbl, 3aBHCALLHE OT
BPEMEHH, OT TOJOXEHHS TOYKH H OT ee CKOPOCTH. 3aKOHbl KJIACCHYECKOH
MeXaHHKH HJM 3aKoHbl I'anmunes — Helotona. MiHepunanbhas cHcrema OT-
cyeta. 3aflayd AHHAMHKH.

JIHHAMHKA TOYKH

Peuwienne nepsoii M BTOpofi 3apauy AMHaMHMKH. [HddepeHuHanbHbIE
ypaBHeHHsl ABHXeHHs CBOGOAHOM H HeCBOGOAHOH MaTepHaJNbHOH TOYKH B
JleKapTOBbIX KOOpAHHATaX.

YpaBHeHHs B IPOEKLHAX HA OCH €CTECTBEHHOrO TPeXrpaHHHKa.

JlBe oCHOBHblE 3aJjauH JHHAMHKH JJs MaTepHa/lbHOH TOukH. Pemenue
nepBofl 3a1ayH AHHAMHKH.

Pewenue Bropoi 3anaun auHamMuHki. HauasnbHele yeaoBus. [TocTosiHubie
HHTErPHPOBAHUS M HMX ONpefe/eHHe MO HauyaJbHbIM YCIOBHAM. [Ipumepnr
HHTErpHPOBAHHA NH(D(hEepeHUHANbHIX YPABHEHHH ABHXEHHS TOUKH.
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HecBoGonHoe H oTHOCHTeJdbHOe ABHXKeHHsi ToukH. (HecBoGomHoe nBu-
JKeHHe MartepHaJbHOH ToukH. JluddepeHunasbHble ypaBHEHHS [BHKEHHs
TOYKH MO 3aNaHHOH IIajKoOH HemoABHKHOH KpuBOH. OmpenesneHue 3aKoHa
JIBHXKEHHS H pPeakLUHH CBS3H.)

OTHocHTeNbHOE ABHXKEHHe MaTepHaJbHOH ToukH. JuddepeHunasbHbie
yPaBHEHHsS OTHOCHTEJbHOTO JIBHXKEHHSI MaTepHaJIbHOH TOYKH; MepeHOCHas
H KODHOJIHCOBA CHJIBl HHepUHH. ITPHHIHMN OTHOCHTENILHOCTH KJacCHYecKOH
mexaHHKH. CJyyali OTHOCHTEJIBHOTO MOKOS.

Mpsamoaunneiinbie KoneGanusi Toukn. CBoGoAHbIE KoJleGaHHs MaTepHaJlb-
HOH TOYKHM MOJ HeHCTBHEM BOCCTAHABJMBAIOLLEH CHJBI, MPOMNOPLHOHAJbHON
pacCTOSIHUIO OT LeHTpa KojieGaHuil. AMmiaMTyna, HauasabHasA ¢asa, yacrora
H TiepHoj KosneGaHHH. 3aryxaloliue Koje6aHUs MaTEpHAJbHOM TOYKH MpH
CONMPOTHBJNEHHH, MNPOMOPLHOHAJLHOM CKOPOCTH; MEpPHOX 3THX KoJieGaHHH,
JleKpeMeHT KosieGaHuH. AnepHoAuuyecKoe IBHXKEHHe.

BbiHyXIeHHBle KoJeGaHHsl MaTepHaslbHOH TOYKH NpH AeHcTBHM rap-
MOHHYECKOH BO3MYILAIOWEH CHJBl M CONMPOTHBJEHHH, MPOMOPLHOHAJIBHOM
CKOPOCTH; CJy4aH OTCYTCTBHS COMNDOTHBJIEHHS. AMMJIHTYAA BbIHYXIEHHBIX
Kone6Gauuii U caBur ¢a3, X 3aBHCHMOCTb OT OTHOLIEHHS 4YacToT, Ko3dodu-
IHEHT DMHAMHYHOCTH. SIB/leHHe pe3oHaHca.

BBeneHne B AHHAMHKY MeXaHHuecKO# cucreMbl. MexaHHueckasl cHCTe-
Ma. Knaccudukauus cui, HefCTBYIOIHX HA MEXaHHYECKYI0 CHCTEMy: CHJIBI
aKkTHBHBe (3ajaBaeMble) W peaKUHH CBs3eil; CHJIB BHELIHHE H BHYTPEHHHeE.
CaoficTBa BHYTpeHHHX cuil. Macca cuctembl. LleHTp Macc; pamuyc-BeKTOp H
KOODAMHATH LlEHTpa Macc. '

MomeHTbl HHepuHH. MOMEHT HHepUMH TBEpAOro Teja OTHOCHTEJbHO
OCH; pajuyc HHepuHH. MOMEHTBl HHEpLHH TeJla OTHOCHTEJbHO IJIOCKOCTH
1 nomoca. TeopeMa O MOMEHTax HHEPUHH OTHOCHTEJIbHO MapaJsliesbHbIX
oceil uin teopeMa [lofirenca. [Tpumephl BBIUMC/IEHHS MOMEHTOB HMHEpIHH:
MOMEHTbl HHEpPUHMH ONHOPOZHOTO TOHKOrO CTEpXKHS, TOHKOrO KPYrJIOro
KOJIbLLA HJIH MOJIOrO LHMJIHHAPA M KPYIJIOrO AMCKA MJH CIJIOIIHOrO KPyryioro
uuauuapa. (PopMysa a5l BHIYHCIEHHS MOMEHTAa HHEPLHH OTHOCHTENbHO OCH
Jo6oro HanpasieHHs. LleHTpoGexkHble MOMEHTH MHepuud. [J1aBHble U 1/13B-
Hble LEHTPaJIbHble OCH HHEpPUHMH H HX CBOMCTBA.)

OGwue TeopeMbl AHHAMHKH

Teopema o0 pBHXKeHHH HeHTpa Macc. JuddepeHiHasbHble ypaBHEHHS
JNBHXKEHHsI MeXaHHYecKoH cucreMbl. TeopeMa O JBHXKEHHH LeHTpa Macc
MeXaHHYeCKON cHCTeMbl. 3aKOH COXpaHEHMs IBHIKEHHSI LEHTpa Macc.

Teopema 06 H3MEHEHHH KOJHYECTBA ABHXKEeHHA. KO/JHYeCcTBO ABHXKEHHS
MaTepHaNbHOH TOYKH. DJIeMEHTapHBIH HMNyJabC cHabl. HMMnyabc cuabl 3a
KOHEeYHBIl NMpPOMEXYTOK BPEMEHH M €ero MpOeKUHH Ha KOOPAHHATHbBIE OCH.
TeopeMa 06 H3MEHEHHH KOJHYECTBA JBHXKEHHS MaTepuaJbHOH TOUKH B AH(-
¢epenunaJbHOH M KOHeYHOH ¢opmax.

KosinuecTBO NBHKEHHS MeXaHHYeCKOH CHCTeMBbl; ero Bblpa{eHHe uepes
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Maccy CHCTeMbl H CKOPOCTL ee HeHTpa Macc. Teopema 006 H3MEHEHHH
KOJIHYeCTBA JBH)KEHHS1 MeXaHHuecKoll CHCTeMbl B AH(¢epeRNHalbHOR H KO-
HeuHo#H opmax. 3aKOH COXPAHEHHS KOJHYECTBA JBHXKEHMS MEXaHHYECKOH
CHCTEMBI.

(TMousiTHe 0 TeJe ¥ TOUKe NEpeMEeHHOH Macchl. Y paBHeHHe Mewiepckoro.
dopmyna llnonkosckoro.)

Teopema 06 H3MeHEeHHH MOMEHTa KOJHYECTBA JABHMKeHHsi. MomeHT
KOJIHYEeCTBA JBHXKEHHS] MaTepHaJbHOH TOYKH OTHOCHTEAbHO HEHTpa M OTHO-
cHTenbHO ocH. TeopeMa 06 H3MEHEeHHH MOMEHTa KOJHYECTBA [BHXXEHHSA
maTepHanabHOH ToukH. LleHTpanbHas cuaa. CoxpaHeHHe MOMEHTa KOJIHYe-
CTBAa JBH)KEHMS MAaTepUaJbHOH TOUKH B CJydYae LEHTPaJbHOR CHJLL
(TToHsiTHE O CEKTOPHOM CKOPOCTH. 3aKOH miomiajei.)

TnaBHbIH MOMEHT KOJIHUECTB ABHIXKEHHS HJIH KHHETHYECKHH MOMEHT
MEXaHMYeCKOlH CHCTEeMbl OTHOCHTENbHO LEHTPa H OTHOCHTeJIbHO ocH. KuHe-
THYECKHH MOMEHT Bpallaloillerocs TBEPAOro Tejla OTHOCHTENbHO OCH Bpa-
mennst. Teopema 06 H3MeHEHUH KHHETHUECKOrO MOMEHTa MeXaHH4eCKOH cHc-
TeMbl. 3aKOH COXpaHEeHHs KHHETHYECKOrO MOMEHTa MeXaHHYeCKOH CHCTEeMHL.
(Teopema 06 HM3MEHEHHM KHHETHUECKOrO MOMEHTA MeXaHHYeCKOH CHCTeMb
B OTHOCHTEJIbHOM IBHXXEHHH 110 OTHOWIEHHIO K IEHTPY Macc.)

Teopema 06 M3MEHEHHH KMHETH4ecKOH aHepruu. KHHeTHueckasi 3Heprus
MaTepHaJbHOH TOYKH. DiieMeHTapHasl pa6oTa CHJbI; aHAJHTHUECKOe Bbipa-
JKeHHe 3jeMeHTapHOH pa6oThl. Pa6oTa CHJABI Ha KOHEUHOM IepeMelleHHH
TOUKH ee NpHIOKeHHs. PaGoTa CHJBI THXKECTH, CHJbl YMPYTrOCTH H CHJAbL
tarorenus. Teopema 06 M3MeHEHHH KHHETHUYECKOH SHEPrHH MaTepuaJsbHOH
TOYKH B AH(p¢depeHHATbHOR H KOHEUHOH (hopMmax.

Kuneruueckas 3mepruss MexaHHueckod cucreMbl. Popmyabl Aisi BblUHC-
JICHUS] KMHETHUeCKOH 3HeprHH TBEpIOro TeJa NpPH NOCTYNaTeJIbHOM IBHXKe-
HHH, [IPH BpaILEHAH BOKPYT HENOABHXKHOM OCH B B obLleM ciydyae JABHXKEHHs
(B YACTHOCTH, NMPH MJIOCKOMapa/JeNbHOM ABHxKeHHH). Teopema 06 H3MeHe-
HHH KHHETHYeCKOH 3HEepPrHH MeXaHH4ecKoi cHcTeMbl B RH¢depennranbHoOl
H KOHEuHOH ¢opMax. PaBeHCTBO HYJIO CyMMbl pa6oT BHYTPEHHHX CHJ B
TBepaoM Tesie. PaGoTa M MOIIHOCTbL CHJI, MPHJIOXEHHBIX K TBEPAOMY Teay,
BpallaloleMycsi BOKPYT HENMOMBHXXHOH OCH.

IMonsatHe o cuioBom mnose. [loTeHunasbHoe CHJIOBOE MoJE H CHJIOBas
¢dyHkuua. BbipakeHHe Npoekuuil cHibl 4yepe3 chaosylo ¢yHkuuio. ITosepx-
HOCTH paBHOro moreHuxasa. PaGora cuHIbl Ha KOHEYHOM MepeMeLleHHH
TOYKH B MOTEHLHaAbHOM cHi0BOM noste. [LoreHuunanbhaa sHeprus. [Ipumepbt
NOTEHIHAaNbHBIX CHJOBBIX NMOJIeH: OQHOPOAHOE MNoJe TAXKECTH U Noje THArore-
HUsl. 33aKOH COXpaHEHHS] MeXaHHYECKOH SHepruH.

Junamnka teepaore Teaa. InddepennnanpHble ypaBHeHUst Nocryna-
TeJIbHOTO ABHXKEHHs1 TBepaoro Tena. JluddepeHunaabHoe ypaBHeHHe Bpalle-
HHS TBEPAOr0 Tela BOKPYr HEMOABHXHOH OCH. (DH3HYECKHH MasTHHK.
JuddepeHnnaabHble ypaBHeHHs MJOCKOro ABHXXEHHY TBEPROro Tesa.

Mpunuun Janam6epa. [Tpunuun fanamGepa nis MaTepHaJbHOH TOY-
KH; cuaa uHepuuu. IpuHuun [danamGepa AJsi MEXaHHYECKOM CHCTEMbI.
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IpuBenenHe cul HHEPUMH TOYEK TBEPAOIO TeJa K LEHTPY; [VIaBHbIH BEKTOP
H IJ1aBHBII MOMEHT CHJI HHEPILHH.

(Onpeneneniie JHHAMHYECKHX peakUHA MONIUMIHHKOB MPH BpalleHHH
TBEPJOro Teja BOKPYr HemoABHXKHO# ocH. Ciayya#i, korza ocb BpalleHUs
SIB/ISIeTCA IVIaBHOH LEHTPaJbHOH OCbI0 HHEDLHH TeJa.)

TIpuHUMN BO3MOXHBIX NepeMelleHHA W o6uiee ypaBHeHHE NHHAMHKH.
CpsA3H, HajaraeMble Ha MeXaHHYeCKylo cucTeMy. Bo3amoxHbie (uiM BHPTY-
ajJbHble) MNepeMelieHHs MaTepPHaJbHOH TOYKH M MEXaHHYECKOH CHCTEMBI.
Yucesno creneHeit cBoGoxsl chHcreMbl. MpeasibHble cBsisu. TIpHHUMD BO3MOXK-
HHIX nepememenu#i. O6ee ypaBHeHHe NHHAMHKH.

YpaBHeHHSI ABHXKEHHSI CHCTeMbl B 06OGIIEHHBIX KOOPAHHATax (ypaBHe-
Hus Jlarpanxa). OGoGLieHHBIe KOOPAHHAThl CHCTEMbl; OGOGLIEHHbIe CKO-
poctH. BeipaxkeHHe s;eMeHTapHOH paGoOThl B 0OGOGLIEHHBIX KOOpAHHATaX.
O6o6umieHHble CHJIbI H HX BBIYHCJEHHe; ciyyall CHJ, HMEIOIHX MOTeHIHaJl.
Yca0oBHA paBHOBeCHs CHCTeMbl B OGOGLUEHHBLIX KoopaHuarax. Jugepen-
IHaJibHble YDABHEHHA JBHXEHHS CHCTeMbl B 0GOGLIEHHBIX KOOPIHHATAX HJIH
ypaBHeHHs JlarpaHxka 2-ro poaa. YpaBHeHHst JlarpaHxa B ciaydae IOTeH-
HHaMbHbIX CHJ; pyHKuHA JlarpaHxka (KHHETHYECKHH NMOTeHUHaJs).

[TonsTHe 06 yCTOHYHBOCTH paBHOBeCHS. Majne cBOGOIHLIE KONEGaHHs
MEXaHHYeCKOH CHCTEMB C OJfHOH CcTeleHbi0 CBOGOABI OKOJIO MOJIOXKEHHS
YCTOHUHBOIO PABHOBECHS CHCTEMBI M HX CBOMHCTBA.

dnements Teopuu yaapa. SIBieHHe ynapa. YiapHas caja M yaapHbiit
umnysbc. [leficTBHe ynapHOH CHJABI Ha MaTepHajbHylo TOuky. Teopema
06 H3MEHEHHH KOJIHYeCTBAa IBHXKEHHA MEXaHHYeCKO# CHCTEMbl NMPH yaape.
TTpsamoit meHTpa/bHBIA yAap Tesa O HEMOABHKHYIO MOBEPXHOCTb; YHPYrHit
H Heynpyru# ypapbl. KosdduiuneHT BocCTaHOBAEHHA INpPH yAape H €ro
onbiTHOe onpexenenHe. IlpsamMok newrpaabHbi yaap AByx Tesl. Teopema
KapHo.

CNHCOK JIMTEPATYPbI

OcHoBHO#H
byrenun H. B., Jlyny f. JI., Mepkun 1. P. Kypc TEOpeTHYECKOR

mexanuku. T. 1, 2. M., 1985 u npepmiayuine H3gaHus.

Hobpoupasos B. B., Hukurun H. H. Kypc TeopeTHUeCKOH MeXaHHKH.
M., 1983. :

Crapocunckuii B. M. TeopeTuueckasi mexanuka. M., 1980.

Tape C. M. Kpatkuit Kypc TeopeTH4eckoit MexaHukd. M., 1986 u npexbi-
IyluiHe H3LaHHSA.

Abronckuit A. A., Hukugpoposa B. M. Kypc TeopeTHuecKoil MeXaHHKH.
Y. 1. M,, 1984 u npeablayuie U3gaHus.

Abaonckui A. A. Kype Teopernueckoit mexanuku. Y. 2. M., 1984 u npe-
ABLAYILHE H3LAHHS. '

Mewepckud H. B. COopHHK 3afay IO TEOPETHYECKOH MeXaHHKe.
M., 1986 u mpeanAyuHe H34aHHS.

C6opHHK 3a1au Mo TeopeTHdyeckoii MexaHuke/Tlox pena. K. C. Konecug-
KoBa. M., 1983.

.
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JlonoanuTeabHO#M -

Bare M. H., HOacaneaudse I. 0., Keasvson A.C. Teopernueckas
MexaHMKa B npumepax M sajauax. Y. 1, 2. M, 1984 u npenbinymmue
H3JlaHHSA.

CGopHHK 3ajau TO TeopeTHueckodi Mexannuke/bBpaxnuyenko H. A,
Kan B.JI., Muny6epe B.JI. u np. M., 1987.

Hososxunoe H. B., 3ayenurn M. P. Tunosble pacyeTnl no TeopeTH4Ye-
cKoli MexanuKe Ha 6ase DBM. M., 1986,

C6opHHK 3anaHHA IS KypcoBHX paGor mo TeOpeTHYECKOH MexaHHKe
/Ton pen. A. A. fl6nonckoro. M., 1985 u npenviayliue H3LaHHA (conep-
JKMT NPHUMEpH! pellleHHs 3ajauy).

KOHTPOJIbHBIE 3AIAHHA

COJLEP)XAHHUE 3AJJAHHA, BbIBOP BAPHAHTOB,
NOPANOK BbINOJIHEHHA PABOT,
NOACHEHHUS K TEKCTY 3AAY

CTyNeHTH! BLMONHSIOT 5 KOHTPOJILHBIX 3afaHHM (pa6or).

3ananne 1 (cratuka) — sagaun Cl — C4.

3ananne 2 (kunematnka) — 3afaun Kl — K4.

3ananne 3 (nunamuka) — sagaun J1 — 4.

3ananne 4 (aunamuka) — 3agaun J5 — 8.

3apanue 5 (aunamuka) — 3afaun J19 — I12.

K kaxnoi 3asaue naerca 10 pHCYHKOB H TabJaHua (C TeM XKe HOMepoM,
yTO M 3ajaua), Comepauias NAOMOJHHTENbHbIE K TEKCTY 3alaiH YCJOBHA.
Hymepauus pPHCYHKOB ABOAHAs, NpH 3TOM HOMEPOM DHCYHKA fBIACTCA
uHdpa, crosmas nociae Toukn. Hanpumep, puc. Cl.4 — 3To pHc. 4 x 3apaue
Cl u T. . (B TeKcTe 3ajauH MPH NOBTOPHBIX CChUIKax HAa PHCYHOK ‘mumercs
npocro puc. 4 u 1. 4.). Homepa ycnosnit or 0 10 9 mpoCTaBJ€HH B 1-m
cronbue (wau B 1-A cTpoke) TaGAHUBbI.

Crydenr 80 ecex 3adauax eblbupaer HOMep PUCYHKA nO npednocaednei
yugpe wugpa, a Homep Ycaosus 8 Tabauye — no nocaedHed; HanpHmep,
ecH WH(p OKAHUHBAeTCA YHCIOM 46, TO Gepyrcs puc. 4 M YC/IOBHSA Ne 6 u3
" Ta6GJaHubL. .

Kaxjoe 3aianue BHIOJAHAETCA B OTAeJbHON TeTpaad (yueHHueckoi),
cTpaHMIE KoTOpofi Hymepyorcs. Ha 06.0XKe YKa3blBaloTCsl: HasBaHHe
NUCLHIJHHL, HOMep paGoThl, (aMuiuA H HHHLHAJb CTYAEHTa, yueGHbIH
wudp, dakyabter, cnennaabHoctb U aapec. Ha nepBofi CTPaHHLE TETPaiH .
3anMCHIBAIOTCA: HOMep PaGoTH, HOMepa pelllaeMbiX 3ajay W roj H3faHHA
KOHTPOJIbHBIX 3aflaHHH.
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# Pewenue kaxcdoil 3ada4u 06A3aTEAbHO HAYUHATL HA pPaA3BoOpPoTE
rerpadu (Ha YeTHOH CTpdHMILe, HAYMHAs cO BTOPOH, HHaue paGoty
TpyAHO TpoBepATh). CBepXy yKasbiBaercsi HOMEp 3aiaud, Aajee Aeaaercs
yepTek (MOXHO KapaHAAUIOM) H 3aNHCHIBAeTCs, YTO B 3ajaye NaHO H
yro Tpe6yercsi ONMpeAenuTh (TEKCT 3ajayH He mepenuchiBaercs). Yeprem
BbINOAHACTCA C Y4eTOM YCAOBULL peulaemoz0 8apUAHTA 3a0a4u; Ha HEM Bce
yribl, AEHCTBYIOLIME CHJIBI, YHCIO Tel H MX Paclo/ioXXEHHE Ha 4YepTrexe
JIOJXKHBl COOTBETCTBOBATh 3THM YcjoBHAIM. B peaynprare B uenoM psne
3ajay yeprex mosnyyaercsi Gonee MPOCTOH, YeM OGIIHH.

Yeprexx HOMKEH ObITb aKKypaTHEIM H HarJsfHbHIM, a €ro pasmephl
JIOJKHBl NO3BOJISATH SICHO MOKAa3aTb BCE CHJIBI HJIH BEKTOPH CKOPOCTH H
YCKOpPEeHHS] M Ap.; TMOKa3biBaTb BCE 3TH BEKTOPhHl M KOODAHMHATHBIE OCH Ha
yepTeke, a TaKXKe YKasblBaThb €JHHHIbL IMONYy4aeMbIX BENHUHH HYNCHO
obasaresbro. Peuenne 3anay He06X0AMMO CONPOBOXKAATh KPATKUMH MOsiC-
HeHUSIMH (Kakue (pOpMYJIBl HJIH TEopeMbl IPHMEHSIOTCA, OTKy/Ja MOy4aloTcs
Te WJH HHBIE Pe3yJbTaTH H T.0.) M nodpobHO u3aaearv secy xo0 pacue-
ros. Ha kaxpo#i cTpaHHue cjefyeT OCTaBAATh NOAA /I 3aMeyaHHi
pelleH3eHTa.

Pabors, He oTeewaroujue 8cem NepPeducAeHHoLM TPebOBAHUAM, npose-
pareca He 6ydyr, a 6ydyr sozspawjarsca 0ra nepederku.

K paGore, BhIChlJIaeMOH Ha MOBTOPHYIO MPOBEPKY (€CJH OHAa BHIMNOJHEHA
B Apyroil TeTpajH), AONKHA 06sA3aTeNbHO MPUIAraTbCsi He3ayTeHHas pa-
6ora.

Ha sk3aMeHe HeOGXOZMMO NPEACTAaBHTb 3aYTEHHbIE MO JaHHOMY pas-
ey Kypca paGoThH, B KOTOPHIX BCe OTMEYEHHBIE PEIeH3EHTOM IOrpe-
HOCTH JOJ/KHBI GBHITh MCIPaBJIEHbI.

Ilpu uTeHMH TeKCTa KaXKAOH 3ajauH yuecTb cjepyiouiee. BoibIIHHCTBO
pUCcyHKoB JaHO Ge3 coGuiojeHHs macmra6os. Ha pucynkax kK 3agauam
Cl —C4 u O1 — 012 Bce /NHHHH, NapavieJbHbie CTPOKAM, CUHTAIOTCH
rOPH30HTa/IbHLIMH, @ TMEPNEeHAHKY/SAPHbLIE CTPOKAM — BEPTHKAJIbHLHIMH H 3TO
B TEeKCTe 3ajay CrneuHanbHO He oroBapuBaercs. Takxe 6€3 OroBopok
CYUHTAeTCs, YTO BCe HHTH (BEpPEBKH, TPOCH) SBAAIOTCS Hepacm)KuMHMH'
H HEBECOMBIMH, HHMTH, NepeKHHyThle yeped G6JIOK, MO GJIOKY HE CKOJb3AT,
KaTku M Kojeca (B KMHeMaTHKe H JHHAMHKe) KaTATCA MO IJIOCKOCTAM
6e3 ckoJabxKeHHus. Bce cBA3H, eciiM He cAeJaHO APYFHX -OrOBOPOK, CUHTAIOTCS
HaeanbHbIMH.

Korpa Ttena Ha pHCyHKe NPOHYMepOBaHbl, TO B TeKCTe 3ajay H B
taGauue Py, Iy, r1 ¥ T. 1. 03HAYalOT BeC WJH pa3meph Tena I; Py, ly, ro —
Tena 2 U T.A. AHaJOrHYHO, B KHHEMaTHKe H JMHAaMHKe Up, Gp O3HAYaIOT
CKOPOCTb M YeKOpeHHe TOYKH B; vc, ac— touku C; i1, & — YIJIOBYIO
CKOPOCTb H YIJIOBOE YCKOpeHHe Tesla I; wg, €2 — Tesla 2 H T. A. B kaxjoii
3ajiaye nofoGHbIe 0603HAYEHHSI MOTYT TOXE CNeLHAJbHO He OroBapHBAThCA.

Ciegyer TakKe HMeTb B BHJY, YTO HEKOTOphI€ H3 3aJaHHLIX B YCJIOBHAX
3aJayy BeJHYHH (pa3MepoB) MpH PELIEHHH KaKHX-HHOYAb BapHaHTOB MOrYyT
He TOHAXOGHMTbCS, OHM HYXXHBI JUIfl PElIeHHs APYTHX BapHAHTOB 3aJauH.
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M3 Bcex mosicHeHMH B TeKcre 3ajauyd oGpamiaiite BHHMaHHE TOJIBKO
Ha OTHOCAILHECS K BauieMy 68apuanTy, T.e€. HOMepy Ballero pPHCYHKa HJH
pallero ycJoBHS B TaGaHLe.

MerToHuecKHe YKasaHHsl MO DEIleHHIO 3aj1ay, BXOASUIMX B KOHTPOJb-
Hble 3a[aHHs, AAITCH AJIA KaXKAOH 3ajiayl mocje ee TeKCTa MOA PYOGPHKO#
«YKasaHHsi», 3aTeM AaeTcsi NpHMep pelneHus anajsoruyxofi 3apaun. Lleas
NpHMepa — Pa3bsICHHTD XOJ PelleHHs, HO He BOCIPOH3BECTH €ro MONHOCTLIO.
IosToMy B psfle ciyyaeB NPOMEXYTOYHHIE pacueTsi omyckaiorcs. Ho npu
8bInOARERUN 300aRUA 6Ce NPeobpasOsanus U <UCA08ble PACHeTbl OOANCHOL
66T 0653aTEAbHO NOCAA08ATEAbHO npodesanst ¢ HeObxodumbiMU nosAcCHe-
HUAMU; B KOHLE AOJIXKHBI GHITb JaHbl OTBETHI.

3AJJAYH K KOHTPOJIbHBIM 3AJAHHUAM

CTATHKA

3apaua Cl

JKecTkas pama, pacrnosioXeHHass B BepPTHKaJbHOH IJIOCKOCTH
(puc. C1.0 —C1.9, ta6n. Cl), saKpemiena B Touke A MWapHHPHO, a B
Touke B npHKpenJieHa HJIH K HEBECOMOMY CTEPXHIO C IIApHHPaMH Ha
KOHLaX, HJM K LIapHHPHOH omope Ha KaTKax.-

B Touke C K pame NpPUBs3aH TPOC, EPEKHHYTHIA yepe3 GNOK H HeCYLHi
Ha Kouue rpys secoM P = 25 kH. Ha pamy nejicreyior napa cil ¢ MOMeR-
ToM M= 100 kH-M ¥ nBe CHJIbl, 3HAaYEHHs, HanpaBjleHHA H TOYKH NpHJIO-
JeHHsl KOTOPbIX yKa3aHbl B TaGiuue (Hanpumep, B yciaoBusax Ne 1 Ha pamy
neiicteyer cuna Fp mop yriaom 15° K rOpH3OHTalbHOM OCH, MPHJIONKEHHas
B Touke D, u cuia F3 mox yrnom 60° K ropH3OHTa/AbHOH OCH, MPHJIOMKEHHas
B Touke E, u T. 1.).

OnpeneauTtb peakuuu cssseit B Toukax A, B, Bhi3biBaeMble AeACTBYIO-
IHMH HarpysKamH. IIpH OKOHYaTenbHBIX pacueTax MpHHATH @ = 0,5 M.

Ykasanus. 3anaua Cl — Ha paBHOBecHe Tejla MOJ JEHCTBHEM NpPOH3-
BOJIbHOH TJIOCKO# cucTembl cHJ. IIpH ee peimleHHH y4ecTb, YTO HaTAXKeHHA
o6GeHx BeTBell HHTH, MEPeKHMHYTOH uepea G/OK, KOrja TpeHHeMm npeHeGpe-
raior, GYAyT OAHHAKOBLIMH. YpaBHeHHe MOMeHTOB 6yjaer Gosiee HPOCTHIM
(comepxaThb MeHblile HEH3BECTHBIX), €ClH 6paTh MOMEHTH OTHOCHTENbHO
TOUKH, TA€ MepeceKaioTcs JHHHH HeHCTBHS ABYX peakuui cpssedi. Ilpu
BHIUHCJIEHHH MOMEHTa CHIB F 4acto yAOGHO PassioXHTb ee Ha COCTaBSAIO-
mue F' u F”, pnst KOTOPHIX IUIEUH JIETKO ONMPEAENSIOTCS, H BOCNOIb30BAThCs

TeopeMoii Bapuubona; Toraa mo(F) = mo(F') + mo(F") .
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Mpumep C1. )Kectkast naactua ABCD (puc. Cl) umeer B Touke A He-
NOJBHKHYIO IIAPHHPHYIO ONOPY, a B TOYKe B — MOABHXHYIO IIapHHPHYIO
onopy Ha KaTkax. Bce peficTBylomHe Harpyske M pasMephl moKa3aHhl
Ha PHCYHKe.

Hdano: F=25kH, u=60°, P=18 xH, y=75°, M =150 xH-m,
p=230°,a=05M. OnpenenuTth: peakuud B To4kax A u B, BH3H-
BaeMHle AeHCTBYIOIIHMH HarpysKaMH.

Pemenne. 1. Paccmorpum paBHoBecwe maacthHH. IIpoBenem koopau- -
HaTHblE OCH Xy W H306pasuM JefCTBylOUHE Ha IMIACTHHY CHAR: cury F,
mapy CHl ¢ MOMeHTOM M, HaTsxenue Tpoca I (mo Mopymo T=P) u
peaknuu cesiselt X4, Y4, Rp (peakumio nemopsuKHO# mAapHUPHOA omoph A
H306paXkaeM JByMsl ee COCTAaBJSIOLIHMH, Peakuus WIapHHPHON OMOpH Ha
KaTKax HanpabJjieHa MepneHAHKYJISPHO OMOPHOH ILIOCKOCTH).

2. Ina monyyeHHOH MJIOCKOH CHCTEMBI CHJ COCTaBHM TpPH YpaBHEHHS
paBHoBecHs. IIpH BEIUHC/ICHHH MOMEHTa CHIH F OTHOCHTENbHO TOukH A
BOCMIONIb3yeMcsl TeopeMoii BapnHbOHa, T. €. Pa3loXuM CHIy F Ha cocras-
asomue F/, F” (F'= Fcosa, F” = Fsina) u yuteM, uro mu(F)=
= m(F') 4 m4(F"). Monyunm:

2 Fu=0, Xa+ Rpsin— Fcosa+ Tsiny=0; . 1)
ZF/,y= 0, Yo+ RpcosB+ Fsinu—Tcosy=0; 2) ‘
Sma(Fs) =0, M— RgcosB-4a+ Fcoswu-2a — Fsinu-3a— Tsiny-2a = 0.
3
y a_, Ja
FRAF 7
c Qf o| 7 '

2a
o .
&
)
\
k-
=<1 ¢
©

Puc. Cl

Moacrasue B cocTaBJEHHbIE YpaBHEHHS] UMCJOBHIE 3HaYeHHs 3afaHHBIX
BEJIMYHH H PEWHB TH YPaBHEHHsI, ONPEJETHM HCKOMHE PeaKIHH.

OrBetr: Xs= —85 kH; Y= —23,3 kH; Rp=7,3 kH. 3uakn
YKa3bBaloT, 4To0 CHAbl X4 H Y, HampaBieHH NPOTHBOMOJOXHO MOKAa3aH-
HeIM Ha puc. Cl.
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3anaua C2

KOHCTpYKUHS COCTOHMT H3' XKECTKOrO YroJbHHKAa M CTEpXKHS, KOTOpHe
B Touke C MJIM COeJHHEHH ApYr ¢ Apyrom wapHupHo (puc. C2.0 —
C2.5), miu cmoGomuo ommpaiotcsi Apyr o apyra (puc. C2.6 — C2.9).
BHeIHHME CBSI35IMH, HAJO0XEHHEIMH Ha KOHCTPYKUMIO, SIBJSIOTCS B Touke A
HJH LIapHHP, WJH JKecTKas 3ajeKa; B TOYKe B WM riajgxas IJIOCKOCTb
(puc. 0 u 1), unu HeBecomult cTepxens BB’ (puc. 2 # 3), WaH 1ApHHD
(puc. 4—9); B Touke D unu Hesecomuit crepxenn DD’ (puc. 0, 3, 8), uix
IapHUpHas omopa Ha Kartkax (pHc. 7).

Ha kaXAyl0 KOHCTPYKIMIO AEHCTBYIOT: mapa CHJA C MOMeHTOM M =
= 60 kH-M, paBHOMEpHO pacipefeeHHass Harpyska HHTEHCHBHOCTH ¢ =
=20 kH/mM ¥ eme jgBe CHIH. DTH CHJIB, HX HanpaBJieHHs] H TOUKH NpH-
JOXKeHHs] ykasanw B Ta6a. C2; Tam ke B cronbue «HarpymxenHbiil
y4acTOK» yKa3aHO, Ha KaKOM yyacTke AeficTByeT pacnpejeieHHas Harpys-
ka (uampumep, B yciousx Ne | Ha KOHCTpyKuHio AefictByioT cuaa Fp mox
yrnom 60° K ropH3OHTaJbHOM OCH, MPHJIOXKEHHasd B Touke L, cuia Fy mon
yraom 30° K rOpH3OHTa/NbLHOHR OCH, NPUJIOXKEHHAs B TOUKE E |, u narpy3ka,
pacnpenesenHast Ha yuactke CK).

Onpenenutb peakuuu cBsizeit B Toukax A, B, C (zum puc..0, 3, 7, 8
eme u B Touke D), Bii3BaHAbe 3afaHHLIMH HarpyskamH. [Ipm okoHuaresb-
HHX pacueTax npuHsth a = 0,2 M. HanpaBnenue pacnpeaeaeHHOA HarpyskH
Ha pas/IMYHEIX IO PACMOJIOKEHHIO yYacTKax yKasaHo B Ta6a. C2a.

Ykazanua. 3agaua C2 — Ha paBHOBeCHE CHCTEMH TeJl, HAXOASIIHXCA
fgoj, jJeficTBHEM IUIOCKOH cHcrembl cHJI. IIpH ee pelleHHH MOXHO HJIH
paccMOTperh CHayajla paBHOBecHe BCeH CHCTeMB B LEJIOM, a 3aTeM DaBHO-
BecHe OJHOrO H3 TeJ CHCTEMBl, H306pa3sHB ero OTAEJbHO, HJH XKe cpasy
PACUJIEHHTb CHCTEMY H PacCMOTpeTb PaBHOBECHe KaxJOro H3 TeJl B OTHEJb-
HOCTH, YuTsl TpH 3TOM 3aKOH O paBeHCTBe JeACTBHS H MPOTHBOAEH-
crBusl. B 3ajauax, rjie HMeercsi KecTKas 3ajeslka, y4ecTb, YTO ee peakuHus
npejcTaBJsieTcsl CHJIOH, MORY/Ib'H HalpasjieHHe KOTOPOH HeH3BEeCTHBI, H Ma-
pOit CHJI, MOMEHT KOTOPOR TOXE HEH3BECTeH.

)
§é> 2a 4a
Y in | |
E L
< 8
E K p <
24 e
Puc. C2.0 Puc. C2.1
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Puc. C2.4 Puc. C2.5
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Puc. C2.9

Ta6auua C2

Cuna fi o & oy Harpyxennuit
o 7 h yuacrok
z f f
Fi=10kH | F; =20 kH | F3 = 30 kH | Fy= 40 kH
= @ = 2 =S g S @ =
S5 |ob a |gs 2 fsg S |o8 a
=0 | = s = x5 = X5 o
S5 |3 2w N 3=k - g N TS N
S |2gE| 5§ |FEE| § |[CEE| § |SEE| &
0 K 60 — — H 30 — — CL
1 — — L 60 —_ — E 30 CK
2 L 15 — — K 60 — — AE
3 — — K 30 —_ — H 60 CL
4 L 30 — —_ E 60 —_ — CK
5 — — L 75 —_ — K 30 AE
6 E 60 — — K 75 — — CL
7 —_ — H 60 L 30 — — CK
8 — — K 30 — — E 15 CcL
9 H 30 — — — — L 60 CK
TaG6auua C2a
YyacToK Ha yrojabHHKE Y4yacTok Ha CTepxHe
BepTH-
FOPH3OHTaJIbHBIH KaJsIbHbIH puc.0,3,5,7,8 puc. 1,2,4,6,9

I
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Npumep C2. Ha yroavnux ABC (£ ABC = 90°), konex A koroporo
JKecTKo 3ajenaH, B Touke C onupaercsi crepxkenb DE  (puc. C2,a).
CrepxeHb HMeeT B Touke D. HEMOJABHXKHYIO IIADHHDPHYIO ONMOPY M K HeMy
npHioxeHa cuna F, a K YroJbHHKY — PaBHOMEPHO pachpejeieHHas Ha
yuacrke KB Harpy3ka HHTEHCHBHOCTH ¢ M napa ¢ MOMeHTOM M.

ODano: F=10 xH, M=5 kH-m, ¢=20 xH/M, a=02 m.
Onpepeantb: peakuuun B Toukax A, C,.D, BH3BaHHBIE 3aJaHHbLIMH
HarpyskamH. '

Pemenne. 1. [Ins ompenesieHHs] peaKLMd pacuJieHHM CHCTeMy H pac-
cMoTpHM cHauana paBHosecue crepxus DE  (puc. C2,6). Ilposenem
KOODAHHATHBHE OCH Xy H H306pasHM MHEHCTBYIOILHE HA CTEPKEHb CHJHL
cuny F, peakluio N, HanpaBneHHyl0 TNepHEHAHKYJISPHO CTEPIKHIO, H COC-
raBasiomne Xp B Yp peakuud mapuupa D. Jlas momyueHHOA MiOCKOi
CHCTEeMBI CHJI COCTaBJISIEM TPH yPaBHEHHsS DaBHOBECHS:

SFw=0, Xp+F—Nsin60° =0; (1)
ZFy=0, Yp+Ncos60°=0; 2)
X mp(Fy) =0, N-2a— F-5asin60° = 0. 3)

2. Tenepb paccMOTpHM paBHOBecHe yroabHuka (puc. C2,8). Ha nero
ReHCTBYIOT CHJIA NABJEHHA CTepPXKH: N’, HanpaBnenHas NpOTHBOMOJOXHO
peakuun N, paBHOMEpPHO pacnpefiefleHHasi Harpyska, KOTOPYIO 3aMeHsieM
cunoit Q, npunoxenHoit B cepenune yuacrka KB (unciaenHo Q = g-4a =
= 16 kH), napa cu1 ¢ moMeHTOM M N peakLHsl KeCTKOH 3aleJIKH, Caraio-
Wasicd M3 CHJBI, KOTOPYIO NpPEeACTaBHM COCTaBJSIOWHMH X, Y4, H mapn

Puc. C2
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¢ mMomeHTOM M,. [lnsi 3TOA MJIOCKOA CHCTEMBI CHJI TOXE COCTaBJsiEM TPH
ypaBHEHHSI PaBHOBECHS:

N Fre =0, X4+ Qcos60°+ N’'sin60° = 0; (4)
S Fiy=0, Y4—Qsin60° — N’ cos60° = 0; (5)
ZmA(F,,) =0, Mi+M+ Q-2a+ N cos60°-4a 4 N’sin60° -6a = 0. (6)

TIps BEIYHCJIEHHH MOMEHTAa CWJIH N’ pasnaraeM ee Ha COCTABJSIONiHe
N’ # N} u npumensiev Teopemy Bapuubona. IMoxcraBuB B cocTaBiieHHbie
yPaBHEHHS WHCJOBble 3HA4YeHHs 3aJaHHbIX BEJMUYHH H DELIHB CHCTEMY
ypasuenuit (1)— (6), Hafiiem HcKoMBle peakuuH. [Ipu peleHHH y4HTLIBaeM,
4TO uHcAeHHO N’ = N B cHJAy paBeHCTBa JAefiCTBHA H NPOTHBOXEHACTBHA.

Orser: N=21,7 xH, Yp=—108 kH; Xp=88 kH, X;=
= —26,8 kH, Y, = 24,7 xH, My = —42,6 xH- M.

3HaKH yKasHBAOT, YTO CHAM Yp, X, u moment My HanpaBJleHu
NPOTHBOMONIOKHO IOKa3aHHEIM Ha PHCYHKaXx.

3apgaua C3

IllecTs HeBecOMbIX CTepXHEH COEXHHEHHI CBOHMH KOHHAMH [IapHHPHO
ApPYr ¢ APYroM B ABYX y3JaX H NDHKPENJieHH NDYTHMH KOHUAaMH (Toxe
{HapHAPHO) K HenoABHXHHIM omopam A, B, C, D (puc. C3.0— C3.9,
Ta6a. C3). CTepxHH H y3abl (y3/1bl pacnoJioxeHnl B Bepmunax f, K, L uau
M npsiMOYroJbHOrO napaJjesienunena) Ha PHCYHKax He MOKas3aHbl H JOMXK-
Hbl GHITb H306pa)kKeHBl PellaloulMM 3afady Mo AaHHHIM TaGauub. B ysie,
KOTOpbIH B KaKAOM CTOJGHe TaGJaHUB yKa3aH NepBbiM, MPHIOXKEHA cuia
P = 200 H; Bo BTOpOM yaje npHioxeHna cwia Q = 100 H. Cuaa P o6pa-
3yeT ¢ MOMOXKHTEJIbHLIMH HanpaB/ieHHsIMH KOOPAHHATHLIX OCER X, Y, 2 yIJH,
paBHBIe COOTBETCTBeHHO ay = 45°, B = 60°, y; = 60°, a cuna Q — yrau
as = 60°, B2 = 45°, v, = 60°; HanpaBieHus ocefi x, y, 2 VIt BCeX PHCYHKOB
nokasansl Ha puc. C3.0.

I'pans napaJsenenunefa, napauienbHble MIOCKOCTH XYy, — KBaAParhl.
Juaronanu APYrux GOKOBbLIX rpaHefi 06pasyloT C IVIOCKOCTBIO Xy Yrol
¢ = 60°, a guaroHajab mnapajieiienunena o6pasyerT € 3TOH MAOCKOCTBIO
yroa 6 = 51°. OnpeseyuTh YCHIHS B CTEPXKHAX.

Ha puc. C3.10 B KauecTBe NpHMepa NMOKa3aHO, KaK AOJKeH BBITISAETH
yeprex C3.1, ec/lH MO yCIOBHAM 3aauH y3/bl HaXoasaTcs B Toukax L u M, a
crepxusmu ssasiores LM, LA, LB; MA, MC, MD. Tam Xe nokasaHsl
yrael ¢ u 0.
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Ykasanua. 3agaua C3 — Ha paBHOBecHe NPOCTPAHCTBEHHOH CHCTEMH
cxoasluxca cHa. TIpu ee pelleHHH cJeayeT paccMOTpPeTb OTAEJIBHO
paBHOBeCHe KaX{[Oro H3 JBYX Y3JIOB, I'leé CXOAATCS CTEPKHH H NPHJIOXKEHH
3afiaHHBle CHJB, H Y4eCcTb 3aKOH O paBeHCTBe [EeHCTBHA U IPOTHBO-
JeACTBHA; HaYHHATh C y3/1a, FAe CXONATCH TPH CTEPXKHS.

H3o6paxath yepTexk MOMXHO 6e3 co6uiofeHHs Macimitaba Tak, YTOGHI
Jyyimre GbUIH BHAHH BCe LIECTb cTepxHed. CTePXKHH cjIefyeT NpoOHyMepo-
BaTb B TOM NOpPsifike, B KAKOM OHH YKa3aHhl B TaGJHlle; PEaKIHH CTepiKHEeR
o6o3HauaTb GyKBO® C HHIEKCOM, COOTBETCTBYIOIUHM HOMEpY CTepKHSA
(nanpumep, Ny, N2 0 T. 1.).

Ta6aupma C3

Homep ycaosus 0 1 2 3 4

Y3ann H, M LM KM L, H K, H

HM, HA, | LM, LA, | KM, KA, | LH, LC, | KH, KB,
CrepxHH HB, MA, | LD, MA, | KB, MA, | LD, HA, | KC, HA,
MC, MD,| MB, MC,| MC, MD,| HB, HC | HC, HD

Homep ycaoBus 5 6 7 8 9

Yanu M, H L, H K, H L M K, M

MH, MB,| LH, LB, | KH, KC, | LM, LB, | KM, KA,
CrepxHu MC, HA, | LD, HA, | KD, HA, | LD, MA, | KD, MA,
HC,HD | HB,HC |HB,HC |MB, MC|MB, MC

e D e
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Puc. C3.4 Puc. C3.5

Puc. C3.3

Puc. C3.7 Puc. C3.8

Puc. C3.6

Puc. C3.10

Puc. C3.9
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Mpumep C3. KOHCTPYKLHS COCTOHT H3 HEBECOMBIX CTepxHed I, 2, .., 6,
COeNMHEHHBIX ApYr ¢ apyrom (B y3nax K u M) H C HeNOABHXHLIMH
onopamu A, B, C, D wmapuupamu (puc. C3). B yanax K v M npuioxenn
cut P u Q, obpasyomue ¢ KOOPAHHATHBIMH OCAMH YLAH ui, Bi, 71 H
B2, Y2 COOTBETCTBEHHO (HA PHCYHKE MOKA3aHbl TOMbKO YIJIBI w1, B1, 11).

Mauwo: P=100 H, u =60°, B;=60°, y1=45° Q=250 H,
wp = 45°, B == 60°, y2 = 60°, ¢y =30°, ¢=060°, 6 =74°. Omnpene-
JHTDb: YCHIHs B CTepXHaAX [—©6.

Pemenue. 1. Paccmorpum pasHoBecue ysna K, B KOTOPOM CXOASATCH
crepxHuu 1, 2, 3. Ha yaen peiicTByior cuna P u peakunu Ny, No, N3 crepx-
Hell, KOTOpble HANpaBHM MO CTEPKHSM OT Y31a, CUHTAss CTEpXHH pacTs-
HyTbiMH. COCTaBHM yDaBHEHHS DaBHOBECHS 3TOH NpPOCTPAHCTBEHHOH CHCTe-
Mbl CXOASIIHXCA CHJ:

S Fu =0, Pcosu; 4 N2sinp+ N3sing =0; 1)

2 Fry =0, Pcospi—Ni—Nzcosp=0;
: (2)

2 Fr =0, Pcosyi— N3cosp =0.
(3)

Pewus ypasuenns (1), (2), (3) npu
3alaHHbIX YHCJOBBIX 3HAYEHHAX CHJIBL P u
yrnos, mnoayunm N, =349 H, N,=
= — 345 H, N; = 141 H.

2. Paccmorpum paBHOBecHe y3na M.
Ea yses_JeficTBYIOT CHJIa Q u peakuuu Puc. C3
N4, N4, Ns, N¢ crepxneii. I1pu stom no
3aKOHY O paBeHCTBe JefiCTBHA M NMPOTHBOAEHCTBHA peaKuHs N% nanpassiena
MPOTHBOMOJIOXKHO N, uncaerino xe N4 = N,. CocTaBuM ypaBHEHHs DaBHO-
BECHA:

S Fee =0, Qcosag—Nasing—N,—Nssindsinp=0; (4)
2 Fey =0, QcosPy+ Nycosp+ Nssindcosyp = 0; (5)
X Fi. =0, Qcosys— Nscos§— Ng=0. (6)

Tpu onpenesieHHH NMPOEKLUHH CHJIBI Ns Ha ocH X M y B ypaBHeHHAX (4)
u (5) ymoGHee cHavyasla HAHTH NpPOEKUHIO Ni 3Tofi cHABl HA MJIOCKOCTb
xOy (no uucioBoil BeqnunHe N§= N;sind), a 3arem HaHJEHHYIO NpoeK-
U0 HA IJIOCKOCTb CIPOEKTHPOBATb HA OCH X, Y.

Pemup cuctemy ypaBueHuit (4), (5), (6) ® yuutmBasm, uro N;=
= N, = — 345 H, naiinem, uemy pasunl N4, N5, Ne.

OtBetr N =349 H; No= —345 H; Ny= 141 H; N,=50 H;
Ns = 329 H; Ns = — 66 H. 3naku noxasblBaioT, 4TO 'c-rep)xHH 2 1 6 cXarhl,
ocTaJjibHble — PacTSHYTHI.
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3anaya C4

Jlpe opHOponHble NMPSIMOYroJibHblE TOHKHE IIHThI JKECTKO COeJHHEHbI
(cBapeHbl) NMOX NPSIMBIM YIJIOM APYr K APYry H 3aKpenyieHhl CepHYecKHM
WApHAPOM (HJH NOAMSTHHKOM) B TOYKe A, UHIHHIAPHYECKHM IIaPHHPOM
(nommunuukom) B Touke B H HeBecomuim crepxHem I (puc. C4.0 — C4.7)
HAH JXe NBYMsl NOALIHMHHKAMH B ToyKax A W B M ABYMA HEBECOMbIMH
crepxusmMi 1 u 2 (puc. C4.8, C4.9); Bce CTEPKHH NPHKPEMJIEHBl K IJHTAM-
H K HEeMOJABHXHLIM ONOpaM LIapHHPaMH.

Pasmephi NJIMT yKa3aHbl Ha PHCYHKax; Bec Goabuiedt miutel Py = 5 xH,
Bec meHbwed mautel P, = 3 KH. Kaxxnaa H3 nuut pacnosoxesa napad-
JIeJIbHO OAHOA M3 KOODAHHATHHIX MJIOCKOCTeH (IJIOCKOCTb XYy — FOPH3OH-
TaJjIbHasA).

Ha nautel pefictByloT napa cHia ¢ momentom M = 4 xH-M, aexaumas
B MJIOCKOCTH OJIHOM H3 IUIHT, H JiBe CHJIbl. 3HAYeHUs 3THX CHJ, HX Hanpasie-
HHSl M TOUKH IPHIOXEeHHs yKa3aHbl B Ta6a. C4; npu 3TOM CHJbI F\ u Fy ne-
KaT B MJOCKOCTAX, NapajielbHBX IJIOCKOCTH Xy, cHaa Fa — B NIOCKOCTH,
napajienbHoid xz, M cuna F3 — B maockocTH, napamieabHoll yz. Toukw
npujaoxenus cua (D, E, H, K) HaxonaTcs B yriax- HWiH B CepEHHAX CTOPOH
NJIHUT.

Onpepenuth peakuu# cBsidedl B Toukax A H B H peakuMio CTepXHs
(crepxHueit). Ilpu noxacuerax npuuath a = 0,6 m.

Ykasanus. 3agaua C4 — Ha paBHOBecHe TeJla MojJ NeHCTBHEM INPOM3-
BOJIbHOH NpPOCTPAHCTBEeHHOH cHcTeMbl cHA. [Ipu ee pemeHHH yuecTb,
YTO peakiuusi ChepHyecKOro MapHHpa (MOANATHHKA) HMEET TPH COCTaBJSIIO-
mHe (O BCEM TPeM KOOPIAHHATHBIM OCAM), a PEaKLHsi IHJIMHAPHYECKOTro
wapHHpa (NOAIUHIOHHKA) — JB€ COCTaBJSIOUIHE, JieXallHe B MJOCKOCTH,
nepneHAHKy/sipHOH ocH mapHupa (noxawunuuka). IlpH BbUHCAeHHH Mo-
MeHTa cHab F uacTo yao6HO pa3loXHTb €e Ha JBe COCTABJAIOLIHE
F’ w F”, napanienbuble KOOPAHHATHBIM OCSAM (HJIH Ha TpH); TOria,
no teopeme Bapunbona, m(F) = m(F)+ m(F") u . n.

Puc. C4.0 Puc. C4.1
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Ta6aupga C4

z i z 4
Cuanl a a. ' Z
I J l_ ,_r' F 4
* ——=h * X
F, =6 kH F, =8 kH F3 =10 xH Fy =12 kH
Howme @ = o @ )
yc.rm-p ol & ol §. ol E . E
BHS FEu = 55w " FEg = Fiw =
CEE| 8 S2E| § CEE § | 888 | §
0 60 H 30 —_ —_ — -
1 — — D 60 E 30 — -
2 —_ — — — K 60 E 30
3 K 30 — — D 0 — —
4 — —_ E 30 — -— D 60
5 H 0 K 60 — — — —_
6 —_ — H 90 D 30 —_ —
7 V— —_ —_ — H 60 K 90
8 D 30 — K 0 — —
9 —_ — D 90 — — H 30

NMpumep C4. FopH3oHTaNbHASA MPAMOYro/bHAS IVIHTA BECOM P (puc. C4)
3aKkpensiena CepUuECKHM LIAPHHPOM B TOYKe A, LHIHHIDHYECKHM (nox-
LIMIHHKOM) B TOUKe B H HEBECOMBIM CTEPXKHEM DD’. Ha nauty B IUVIOCKOCTH,
napaaneqbHORt xz, HAeAcTByer cHaa F, a B mnmockocTH, napaieibHOR
yz, — napa cua ¢ MomeHnToM M.

Oauno: P=3xH, F=8 xH, M=4 xH:.mM, u=60°, AC=08 m,
AB=12mM BE=04 M, EH=04 M Onpenenurs: peaKiHH, ormop
A, B n crepxus DD’.

Pemenne. 1. Paccmorpum pasnoBeche mauthl. Ha mauty neucmylo-r
sagaunne cuan P, F u napa ¢ MoMenToM M, a TaKxe peakuuH caﬂaeﬁ
Peakunio cgepuuecKkoro lIapHHpa PasJoXUM HA TPH COCTABJAIILHE XA,
Ya, Z4, unauuapuueckoro (MOAIHKNHKHKA) — HA ABE COCTaBJIAIONIHE Xz, Zp
(B IIOCKOCTH, MEPHEHAMKY/IAPHON OCH MONIIKIIHKKA); PeaKiHIo N crepxus
HanmpaBiasieM BAOJb CTepXkHA oT D K D’, nmpeanmosarasi, YTo OH PacTSHYT.
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2. Nas OHPEAEJIeHHﬂ_ z

LIECTH HEH3BECTHBIX peaK- Z Z, 73
LMA  cocTaB/jsieM  LIECTb r ,47 Y 4.8
ypaBHeHHuii paBHOBecHsl P T 2]
HeficTBylolleli Ha  MUUTY A _ 7 £
IPOCTPAHCTBEHHOH CHCTeMBL N / '
CHJI: c 0/ " Ly
ZFue=0, Xa+ % \] d £
+Xg+ Fcos60° = 0; . B F
(1)
2Fy=0, Y4— Ncos30°=0; Puc. Cé
(2)

ZFe==0, Zs+Zp— P+ Nsin30° — Fsin60° = 0; 3)

SmyFs) =0, M—P-AB/2+ Zp-AB— Fsin60°-AB 4 Nsin30°-AB = 0;
4)

Smy,(Fy) =0, P-AC/2—Nsin30°-AC + Fsin60°-AC/2 —
— Fcos60°-BE =0 ; (5)

S mAFe) =0, —Fcos60°-AB —N cos30°-AC —X-AB =0. (6)

Jlast onpefe/NeHHsl MOMEHTOB CHJIbI F OTHOCHTENbHO OCeli pasiaraem ee
Ha cocrasasiowue F/ u F”, napaaneibHbie ocaM x W 2z (F/ = Fcosa,
F” = Fsina), u npumensiem teopeMy BapunboHa (cM. «Ykasanusi»). Aua-
JIOTHYHO MOJKHO MOCTYNHTb IPH ONpele]eHHH MOMEHTOB peakuuu V.

[ToacTaBuB B cOCTaBJieHHblE ypaBHEHHsl YHC/IOBble 3HAUeHHs! BCeX 3a-
[NAHHBIX BEJMYHH M PELIUB 3TH ypaBHEHHs, HalileM HCKOMBIE peaKuHH.

Orset: X, =234 xH; Y4 =5,1 xH; Z, = 4,8 kH; X = —7,4 kH;
Zg=2,1 kH; N = 5,9 kH. 3HaK MHHYC yKa3blBaeT, 4TO peaKLHs Xp Ha-
npap/jeHa NpOTHBOMNOJOXHO NMOKa3aHHoH Ha puc. C4.

KHHEMATHKA

3apaya K.1

IMox nomepom K1 nomewens ase 3anaun Kla u K16, koroprie Hamo
PELUHTD.
3apaua Kla. Touka B pBuxerca B maockoctH xy (puc. K1.0 —
7K1.9, ta6a. Kl; Tpaekropusi TOUKM Ha pHCYHKaxX IlOKa3aHa yc.ndauo).
3aKOH JBHXXEHHS] TOUKH 3afaH ypaBHeHWsiMH: x = fi(f), y =f(f), the x v y
TBpipakeHpl B CAHTHMeTpax, { — B CeKyHAaax.
~Halith ypaBHeHHe TPaeKTOPHH TOYKH; JJisl' MOMEHTa BpeMeHH f =1 ¢
* ONPEAETUTb CKOPOCTb H YCKOpEHHe TOYKH, a TaKxKe ee KacaTelbHoe H HOp-
MaJjibHOe yCKOPEeHHS] H paaHyC KPHBH3HBI B COOTBETCTBYIOILEH TOYKe Tpaek-
' TOPHH.
3asucumocth X = fi(f) yka3aHa HenmocpeACTBEHHO Ha PHCYHKax, a 3a-
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Ta6nanuuna Kl

Yero: e s =10
.l puc. 3—6 prc. 7—9

i 2 3 4 5

|z | e | (@) | ol@)
o) | @) [ o) | ()
A Y v P e
o) | v | o) | )
) WES [RRET ERRTEY T
oz | o | mee(3) | o3
o | (g | wn(F) | ae(F) | e
IO IR
) VTR PR T R
() | (3 | (3 | 23

BHCHMOCTb y = f,(f) AaHa B Ta6n. Kl (mas puc. 0—2 B croaGue 2, pias
puc. 3—6 B gron6ue 3, s puc. 7—9 B croa6ue 4). Kak u B 3agayax C1—
C4, HoMep pHCYHKa BulGHpaercst 1O npeanocienseil nuppe wudpa, a
HoMep ycioBus B Ta6a. K1 — no mocaenued.

3apaua K16. Touka ABHXeTCs IO Ayre OKPY>XKHOCTH paauyca R=2m
no 3akony s = f(f), 3anaunomy B ta6n. K1 B cronbue 5 (s — B Merpax,
t — B ceKyHpaax), rie s = AM — paccTosiHHe TOUKH OT HEKOTOpOro Hayaja
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x=6cos(Zt)-3 Z'y x
6 x=keos(5t) x=2-Jeos(%t)
X X 0 X
Puc. K1.0 Puc. K1.1 Puc. K1.2
y s y y ,
/" B e
/'\
xst-4 X=4-2t x=2-t
X 0 x 0 X
Puc. K1.3 Puc. K1.4 Puc. K1.5
Y q ¥

8 B

ol — TN

x=2t x=8sin(Et)-2 x=12sin (%)
0 x 0 x 0 X
Puc. K1.6 Puc. K1.7 Puc. K1.8
A, H3MepeHHOe BJOJb JYTM OKPYXHOCTH. ¥
Onpenenmb CKOpOCTb H YCKOpEHHE TOYKH B B

MOMeHT BpemenH £ = | c. H3o06pasuth Ha /7

PHCYHKE BEKTOPbl U H @, CUHTAs, YTO TOUKA B
3TOT MOMEHT HaXOAHTCS B NOJIOXKeHHH M, a
NOJIOKHTEIbHOE HanpaBJieHHe OTcYeTa § — OT X=4-6sin (37!,4)
Ak M. 0
Yka3aunus. 3agaua K1 otHocuTCs K KHHe-
MaTHKe TOYKH H PeLlaeTcsi ¢ MOMOLLbIO
(opMyJ1, N0 KOTOPLIM ONPeLESIOTCH CKOPOCTh )
H YCKOp€HHe TOYKH B JeKapTOBbIX KOOpDAHHaTaXx (KOOPAHHATHBIH crocob
3alaHusl NBMIKEHHS| TOUKH), a TaKKe (OPMYJ, MO KOTOPHIM ONpENENSIOTCS
CKOpOCTb, KacaTeJbHOe H HOPMaJIbHOE YCKODEHHSI TOUKH IPH €CTECTBEHHOM
cnocobe 3aflaHHA €€ JBHIKEHHS.

Puc. K1.9
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B 3ajaue Bce HCKOMBIE BEJIHYHMHBI HYXHO ONpEAENTHTh TOJbKO I
momenTa Bpemend # = 1 c. B HeKoTOpHIX BapHaHTax 3ajaiu Kla npu
onpejleleHHH TPAEKTOPHH HJIH MPH MOCJeYIOUIHX pacuerax (nast MX ympo-
HmeHHs) CcJeayeT y4ecTb H3BECTHbHle H3  TPHFOHOMETPHH ¢hopMyJIbL:
cos20 = 1 —2sina = 2cos’a—1; sin2a == 2sinacosa.

TMpumep Kla. laHbl ypaBHeHHs! IBHKEHHS TOUKH B INIOCKOCTH Xy:

x= —2cos(—;—t)+3, y= 25in(-—g-t) —1

(x, y — B canTHMeTpax, { — B CEKyHAaX).

Onpesenuth ypaBHEHHE TPAGKTOPHH TOUKH; JUIA MOMEHTa BpPEMEHH
ti = 1 ¢ HafTH CKOPOCTb H YCKODEHHE TOYKH, a TaKXKe ee KacarelbHOe H
HOpMaJIbHOe YCKOPeHHSl H pPajHyc KPHBH3HbI B COOTBETCTBYIOLIEH TOUKe
TPaeKTOpHH.

Pewenne. 1. Jlas onpefesieHHs ypaBHEHHS! TPAeKTOPHH TOYKH HCKIIO-
uHM M3 3a7aHHBIX ypaBHeHHit ABHxkeHHs Bpemsi f. TToCKOJIBKY ! BXOLMT
B apryMeHThl TDHOHOMETPHUeCKHX (YHKIMH, IJe OIMH aprymeHT BABOE
Gosblle APYroro, HenoJbsyem Gopmyay

. b . T
cos2u = 1—2sin*u uin cos(Tt) = l—2sm2(T) . ()
U3 ypaBHeHMi [BHXKEHHSI HAXOLMM BBIPAXKEHH COOTBETCTBYIOMIUX
¢yHKumi ¥ noacTaBasieM B paseHcTBO (1). TTonyunm
1 3—x . 7 y+1
cos( —t) = —5— sm(—t) =T
() =7 (59 ==
CJIel0BaTENbHO,
B=x _ o W+
2 4 ’

Orciofia OKOHYATeJbHO HaXOAHM Clelylollee ypaBHEHHE TPACKTOPHH
Towxu (mapa6ossl, puc. Kla):
= (y4+1)2+1. )

2. CkopocTb TOUKH HaHjgem no ee
NIPOEKLHSIM Ha KOODJMHATHHE OCH:

y

Un - =4 T (X

OF 1 ] 1 1 1 .
1 I 4 5§« dy. n n \

1 =T = oo 515

v="02+0}
nmpu h=1¢ )
vie = 1,11 em/c, vy = 0,73 cm/c,
Puc. Kla vy = 1,33 cm/c. 3)

0
N
T

-
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3. AHa/nOrMyHO HafileM YCKOpeHHe TOUKH:
do, a? n do, o ./ n
ay = = —-S—-COS(T) , Qy = 3= —Wsm(——g-t) 5
a=1/ai+aj
M npu Hi=1c¢
ar = 0,87 cm/c?, ai, = —0,12 em/c?, a; = 0,88 cm/c?. 4)

4. KacaTenbHoe yCKopeHHe HaijaeM, AuddepeHuupys no BpeMeHH pa-
BeHctBo v? = v? 4 vl IMonyuum

dv du; do,
20— = 20—+ 20—
OTKYAa
d v.ax+vya
a = v yQy . (5)

dt v

YucsnoBbE 3HAYeHHs BCeX BEJIHUYHH, BXOAALIMX B NpPaByIO YacTb BbIpa-
xenusi (5), onpenenensl H jaiorcsa paBeHctBamH (3)- u (4). IMomcrasus
B (5) 3TH uHcaa, HaiineM cpasy, 4To npH ¢ =1 ¢ ai.'= 0,66 cm/c2

5. HopMasibHOe YCKOpeHHe TOUYKH 8, =+/a’—aZ Tloacraensa cioga
HafilecHHHe YHCJIOBble 3HAYEHHA Q) M Qir, NMOJYYHM, 4TO npH fHi=1 ¢
a1, = 0,58 cm/c?

6. Paguyc KpHBH3HH TpaeKTOpuH p = v2/a,. IloAcTaBnssa cioAa YHCIO-
Bble 3HAYEHHA Uy H Qin, HalilleM, uto npu ¢4 = 1 ¢ p; = 3,05 cM.

Otset: vy =133 cM/c, a1 = 0,88 cm/c?, ai. = 0,66 cMm/c?, ain =
= 0,58 cm/c?, p; = 3,05 cm.

NMpumep K16. Touka asHxKerca 1O Ayre OKPYXHOCTH pajuyca R =

= 2 M 1O 3aKOHY § = 25in(—§-——t) (s — B Mmerpax, { —B 6eKyH;lax), rae

s =AM (puc. K16). Onpenequtb CKOPOCTb H YCKOpPEHHE TOYKH B MOMEHT
BpeMeHH #) =1 c.
Pemenne. OnpefieneM CKOPOCTb TOUKH:
v= _ds_ = —n—cos(—n—t) .
dt 2 4
IMpu ¢t =1 ¢ nonyunm vy = n-\ﬁr/‘l =
= 1,11 m/c.
YckopeHHe HaXOAHM 10 ero KacareJib-
HOHl H HOPMAJIbHOH COCTaBJISAIOLIUM:
dv n . fm
a= g = —g-sin() -
2

2
p

Qap =

x|

Puc. K16
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Ipu ¢ = 1 ¢ nonydum, yursl, 4uTo R =2 M,
a1 = — 12 /16 = 0,87 M/c?, ain = v}/2 = n*/16 = 0,62 m/c’.

Torna yckopeHue ToukH mpH-f; = 1 ¢ 6yner
ar = al + at. = 7n%/3 /16 = 1,07 #/c’.

Hsobpasum Ha puc. K16 Bekropu U1 H @, yUMTHIBAst 3HaKH Uy H Qic M
CYHTasl MOJIOXKHTEJAbHbIM HampasJjeHue or A k M.

3anaya K2

MexaHH3M COCTOHT M3 CTYNeH4YaTHX Kosec /—3, HaxoAslUHXCA B 3a-
LeMJIeHHH MJIH CBSI3aHHBIX peMeHHOf mepejauefi, 3y6uatofi peiku 4 H rpy-
3a 5, NMPHBA3aHHOrO K KOHLY HHTH, HaMOTaHHOA Ha OJHO H3 KoOJecC
(puc. K2.0 — K2.9, ta6a. K2). Paguycu cTyneHedl Kosnec paBHBI COOTBET-
cTBeHHO: y Kojeca | —ri =2 cM, Ry =4 cM, y Konreca 2 —r; =6 cm,
R:=8 cm, y Komeca 3—r3=12 cM, R3=16 cm. Ha o6orpsx
Kosec pacmosnoxeHs Toukd A, B u C.

B cronbue «JlaHo» TaGJHLL yKa3aH 3aKOH JABHXKEHHS H/IH 3aKOH H3Me-
HeHHs CKOPOCTH Belylero 3BeHa MeXaHH3Ma, rje ¢i(f) — 3aKoH BpalueHHs
Koleca I, si(f) — 3aKOH ABHKEHHS peAKH 4, o(f) — 3aKOH H3MeHeHHs
yTJI0BOA CKOpOCTH Kojieca 2, vs(f) — 3aKOH H3MEHeHHS CKOPOCTH rpysa &
H T.A. (Be3ge ¢ BHpa)XeHO B pajHaHax, s — B CaHTHMerpax, { — B ce-
Kynaax). ITonoxutenbHoe HampaBleHHe A7 @ H ® NMPOTHB XOAa 4acOBOH
CTPEJIKH, JNf Sy, S5 H U4, Us — BHHU3. '

Onpefie/uTh B MOMEHT BpeMeHH f == 2 ¢ yka3aHHble B TabaHue
B cTon6uax «HaifiTu» ckopoctd (v — JHHeAHHE, ® — YIJOBHE) H YyCKOPEHHs
(a — nuHeiiHble, & — YIVIOBblE) COOTBETCTBYIOUIHX TOYeK W/H Ted (Us —
CKOpOCTb rpy3a § H T. ).

Ykasauusa. 3agaua K2 — Ha Hccoe[loBaHHE BpallaTeJbHOrO JBHXKEHHA

Ta6anumga K2

Howmep Haiitu
yCJIoBHSA JaHo
CKOpPOCTH YCKOpEHHs
0 se = 4Tt —1°) vs, Uc &, aa, G5
1 5=2(t —3) V4, Uc e, Op, Q4
2 o= 22 —9 U4, ®2 €3, Qc, As
3 W2 = 7t—32t2 Us, 03 €, G4, Q4
4 @3 =3t—1 . Vs, ©1 e, ap, as
5 (01 —-5t;—2t Us, Ug g2, Gc, G4
6 _20 _30 Vs, Oy €1, Ac, as
7 04 = 3t2 — V4 ©3 €3, Gz, Qs
8 s5=2t —5‘2 Vs, ©2 &1, dc, a4
9 w3 = 8t —3t vs, Us &2, G4, Q4
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TBEpIOrO Teda BOKPYT HENOIBUIKHOM
ocu. T1pH pelleHuH 3a1a4yH yyecThb, 4To,
Korza IBa KoJeca HaXxoadTcsi B 3a-
LenJeHUH, CKOPOCTb TOYKH 3aueme-
HHS KaXJOro Kojeca OJIHA M Ta Xe,
a Korja nBa KoJeca CBfI3aHbl peMeH-
Hoii nmepepaueil, To CKOPOCTH BCeX TO-
4yeK peMHsI H, CJel0BaTelbHO, TOYeK,
Jexanux Ha obole KaxIoro U3 3THX
KoJec, B JaHHHIA MOMEHT BpEMEHH
YHCJEHHO OJMHAKOBHI; MPH 3TOM CUH-
TaeTrcsi, 4YTO peMeHb 1o o6olpy KoJieca
Puc. K2 He CKOJIb3HT.
NMpumep K2. Peiika I, cTynenua-

Toe Koneco 2 ¢ paaMycamu Rp W rz M Kojeco 3 pamuyca Rs, cKpemsenHoe
¢ BaJOM pajMyca rs, HaxolsTCA B 3aleMNJeHHH; Ha Baj HaMOTaHa HHTb
¢ rpy3om 4 Ha Kouue (puc. K2). Pefika BHKeTCs IO 3aKOHY S1 = f(®).

Mano: R;—6 cM, ra=4 cM, Rs=8 cM, rs=3 cm, 5§ =3
(s — B cantuMerpax, ¢ — B cekyHaax), A — Touka oGona Koseca 3 L=
=3c. OnpenesuTh: @ Us €3, Q4 B MOMEHT BpeMeHH ! = 1.

Pemenne. YcJaoBHMcs 0603HayaTh CKOPOCTH TOYEK, JieXKaUlHX Ha BHeLl-
Hux oGoxax Kojec (panuyca Ri), yepes v; a TOYEK, JeXallHX HA BHYTpeH-
HUX ofoaax (paauyca r;), — uepes u;.

1. OnpenensieM cHayana YIJIOBHle CKOPOCTH BCeX KoJeC Kak dyHK-
LMK BpeMeHH f. 3Hasi 3aKOH JBHIKEHHs PeiikH I, HaXOIUM ee CKOpOCTb:

U|=S.|=—“9t2. (l)

Tak Kak pefika M Koseco 2 HaXoifTCsl B 3allelVIEHUH, TO Uz = U} HJIH
w2R2 = v;. Ho koseca 2 u 3 TOXe HaXOAATCA B 3alelVIEHHH, cjaenoBaTeb-
HO, Uz = U3 WIH ©2rz = 03R3. W3 3THX paBeHCTB HaXONUM

r
w2 = =—g—t2, (03———?—0)2_—3-t2

Ry Rs 4 @

Torpa /s MOMEHTa BpeMeHH f, = 3 ¢ moyuum o3 = 6,75 ¢~
2. OnpepensieM v4. Tak Kak vg = Up = @373, TO mpu h =3 ¢c V4=
20,25 cM/c.
3. OnpenensieM €3. YUHTHBasi BTOPOe H3 PaBEHCTB (2), monyuum & =
= o3 = 1,54 Tornanput.—3css—-45c‘2. &
4. Onpenensiem as. Jas Touku A ax= Gac} Qan, THAE UHCIEHHO
as: = Raes, aan = Rs03. Toraa AJsi MOMeHTa BpeMeHH ¢ = 3 C HMeeM

[

@as = 36 cM/c?, aun = 364,5 cm/c?
ap = /a5 + a4, = 366,3 cm/c?
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Bce CKOPOCTH M YCKODEHHs TOYeK, a TaKkKe HampaB/leHHs YIIOBbIX
cKopocTeil MoKasaHsl Ha pHuC. K2.

OrpeT: ;=675 ¢~y vi=2025 cm/c; es=45 ¢ ar=
= 366,3 cm/c%

3apnauya K3

T110CKHH MEXaHH3M COCTOMT M3 cTepkueit I, 2, 3, 4 n nonayna B wan E
(puc. K3.0 — K3.7) unu H3 crepxkueii I, 2, 3 n nonsyHos B u E (puc. K3.8,
K3.9), coeHHEHHBIX APYT € APYTOM H C HENMOJABHXKHLIMH ONOpaMH Oy, O:
WapHAPAMH; TOUKA D HAaXOAHTCA B CepelMHe CTepIKH: AB. InuHb CTepXK-
Heli paBHb cooTsetcTBeHHO ) = 0,4 M, =12 M, L=14M l,=06 M.
[TosioxKeHHe MexaHuaMa onpejeisieTcss yraamH &, B, v, ¢, 0. 3navenus
STHX YIVIOB M APYFHX 3aJlaHHBIX BEJHYHH YKa3aHel B ta6n. K3a (ans
puc. 0—4) uan B Taba. K36 (mas paC. 5—9); npu stom B Taba. K3a
@) H 04 — BEJIMYHHB NOCTOSIHHBIE.

Onpesenuth BeJHYHHBI, yKasaHHble B Ta6/HLax B cron6uax «Hairu».

JlyroBbie CTPEJKH HAa DHCYHKAaX MOKasbiBAalOT, KaK MNPH MOCTPOEHHH
yepTexka MEXaHH3Ma JONKHB OTKIAJbIBATBCA  COOTBETCTBYIOLIHE YIJIBL:
N0 XOAy HJIH NPOTHB XOAA YacOBOA CTPeJKM (HampuMep, yroa y Ha puc. 8
clefyeT OTJIOXKHTh OT DB mo Xomy 4acoBoil CTpe/NKH, a8 Ha pHC. 9 —
NPOTHB XOf@ YacOBOH CTPEJKH H T. I.).

[TocTpoelne uepTexxa HayHHATh CO CTEPXKHs, HaNpaBleHHE KOTOPOro
OnpeleNsieTcs YIJIOM «; MOJSYH C HANPAaBISIOWMMH ANs Gonbuiedi Harasa-
HOCTH H306pa3uTh TaK, Kak B npumepe K3 (cm. puc. K36).

3ajannbie YIJIOBYIO CKOPOCTb H YIJIOBOe YCKOpEeHHe CUMTaTh Hanpas-
JIeHHBIMH TIPOTHB 4acOBOH CTpEJKH, a 3aJaHHbIe CKOpOCThb Up M YCKOpEHHE
ag — oT ToukH B k b (ua puc. 5—9).

Ta6aunua K3a (k puc. K3.0 — K3.4)

= ¥Yrau, rpan JHano Hadtn

&a .

= 0

S5 oy, | 04, v o a e

TS| e ] ¥ [ 0 1/c l;c TOYeK |3BeHa|TOYKH|3BEHa
0 0 60| 30 0 {120 6 — | B, E DE| B AB
1 90 |120{150| O | 30 | — | 4 A E |AB| A | AB
2 {30 60| 30| ol120) 5| —]|B E|AB| B | AB
3 160 )150}150|90 30| — | 5 A E |DE| A | AB
4 |3 3| 60| ofis0] 4| —| D E|AB| B | AB
5 190 ]120/120]{9 | 60| — | 6 A E |AB] A | AB
6 |9 [150|120|9 | 30| 3| —| B.E |DE| B | AB
7 0| 60 60| O {120} — | 2 A E |DE| A | AB
8 |60 |150]{120l 90| 30] 2| —| D.E |AB| B | AB
9 |3 (120(150| O | 60| — | 8 A E |DE| A | AB
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Ta6auna K36 (x puc. K3.5 — K3.9)

Yrawl, rpan Jano Ha#tn

2o o, | e, | vs | as. v ® a e
E; o B v [} 0 1/c|1/c?| m/c M/c?| Touek |3BeHa[TOUKH|3BEHA
0 |120f 30} 30|90 [150| 2 4\ —|—|B,E|AB} B | AB
1 o| 60| 90y o120 — | — | 4 6|A, E\DE| A | AB
2 60|150| 30|90 | 30} 3 5| —|—1|B, E|AB| B | AB
3 0[150| 30 0| 60| — | — 6 8|4, E|AB| A | AB
4 30(120]120| O] 60 4 6| —|—|B,E\DE| B | AB
5 901|120} 9090} 60| — | — | 8 | 10 |{D, E| DE A | AB
6 0}150f 90| 0 }120} 5 8| —|—1|B,E|DE| B | AB
7 30({120| 30| 0| 60f — | — | 2 51A, E|AB| A | AB
8 90|120}120| 90 {150| 6 | 10| — | — |B, E|DE| B AB
9 _60 60| 6090} 30| — | — 1| 5 41D, E|AB| A | AB

Puc. K3.0 Puc. K3.1

Puc. K3.2 Puc. K3.3

—
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Puc. K3.8 Puc. K3.9

¥Ykasanusa. 3agaua K3 — Ha Hccie0BaHHe IL1OCKONapaJsielbHOrO ABH-
XeHHs TBepaoro Tesna. IIpH ee pelleHHH AR ONpeleJeHHs CKopocTedt
TOYEK MEXaHM3Ma H YIVIOBHX CKOPOCTEH €ro 3BeHbeB CJIeAyeT BOCHOJIb-
30BaTbCsl TEOPEMO# O NMPOEKIHAX CKOPOCTEH JBYX TOUEK TeJa H MOHATHEM O
MTHOBEHHOM ILIeHTpPe CKOPOCTeH, NpUMEeHsiA 5Ty TeopeMy (HJH 3TO NOHATHE)
K KAKIOMY 3BéHY MEXaHH3MA B OTACALHOCTH.

Tlpu onpeneneHun ycKOpeHHfi TOUEK MEXaHH3MA HCXOAHTb M3 BEKTOP-
HOTO paBeHCTBa ap = a4+ aba+ aja, rae A — Touka, yckopeHue a4 KOTO-
pofi MNIH 3a]aHO, HIH HENOCPEACTBEHHO ONpeleNAeTcs N0 YCIOBHAM 3a1auH
(ecnu Touka A ABHXKETCA MO Jiyre OKPYXHOCTH, TO as=ay+al); B—
TOUKa, YCKOPEHHE G KOTOPOil HYKHO ONPENeNHTh (0 clydae, Korna Touka B
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Puc. K3a

TOXE NABHXETCA MO JAyre OKPYXXHOCTH, CM. MpHMeuyaHHe B KOHUe pac-
CMOTPEHHOro Huxke npumepa K3).

Mpumep K3. Mexanuam (puc. K3a) cocrout u3 crepxueit 1, 2, 3, 4 n
nojsyxa B, coenvHeHHbIX ApYyr ¢ APYroM H ¢ HemoaBHXHbIMH onopamu O; H
Oz wapHHpaMH.

Hdano:.a=60° p=150° y=90° ¢=30°, 6= 30°, AD = DB,
L=04m L=12mM =14mM 0, =2c, ¢ =7 ¢ (nanpaBrenus
®1 H & — NPOTHB XoJda 4acoBOi cTpeskH). OmpenenuTs: Uvp Ug,
w2, Ap, E3.

Pewenne. 1. CTpoHM mojoXKeHHe MeXaHH3Ma B COOTBETCTBHH C 3a/aH-
HbiMH yraamu (puc. K36; Ha 3ToM pHcyHKe H306pa)kaem BCe BEKTOPhI
CKOpoCTeH).

2. Onpenensiem vg. Touka B npuHamiexut crepxuio AB. Uto6ul Haii-
TH U, HaJ0 3HaTb CKOPOCTb KaKOH-HHOYAb APYrofi TOYKH 3TOr0 CTepKHs
H HanpaBnenue 0Up. Ilo NaHHBIM 3ajauM, yYHTHIBAS HanpaBJieHHE o,
MOXKEM OMpPENeNHTb Uy, UHCJAEHHO

va= ol =08 m/c; vaL0A. (1)

Hanpasnenne vg HaiizeM, yuTsi, uTO TOuKa B NpHHAAJNEKHT OLHO-
BPEMEHHO MOJI3yHY, ABHXYIWIEMYCS BJOJb HampaBJAIOLIHX MOCTYNATe/NbHO.
Tenepb, 3Hasi 4 M HanpasJeHHe Up, BOCTOJb3yeMCS TEOPEMON O MPOEKLHSX
CKOpOCTEH IBYX ToueK Tena (crepkHsa AB) Ha npsaMylo, COEAHHSIOLLYIO
aTH Toukn (npsmas AB). ChHavana no 3Toii Teopeme yCTaHaB/iHBaeM,
B' KaKylo CTODOHY HamnpaB/eH BEeKTOp Up (NpPOeKUHH CKOpoCTeil JMOMKHBE
HMeTb OJHHAKOBbI€ 3HAKH). 3aTeM, BLIYHCASS 3TH NPOEKUHH, HAXOLUM

vpc0s30° = v,4c0s60° u vg = 0,46 m/c. (2)

3. Onpenensiem ve. Touka E npunamaexur crepxuio DE. Cienosa-
TeJIbHO, MO aHAJIOTHU C NPEAbIAYILHM, YTOGbl ONpEeesHTb Vg, HALO0 CHAYaJdd
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HaiiTH ckopoctb TOuKH D, npHHalJexallei OJHOBPEMeHHO cTepxHio AB.
Ilns 3T0TO, 3HAsA U4 M Ug, CTPOHM MTHOBEHHBIA ueHTp ckopocrelt (MLIC)
CTepKHs AB; 510 TouKa Cj, Jexauiasi Ha MepeceyeHHH MepPNeHMKYISPOB
K U4 M Up, BOCCTaBJEHHBIX ‘H3 Touek A H B (x vs mepneHuukyasipen
cTepxenb 1). Ilo HampaBieHHio BekTOpa U4 ONpeJleNisieM HampasieHHe
nopopora crepkust AB Bokpyr MLIC C;. Bekrop Up TepheHaHKYJIspeH
orpeaky C3D, coepunsiomemy Toukh D u Cs, H HanpasieH B CTOPOHY
nosopora. BeanunHy vp HaiileM H3 IpONOPLUH

Up _ U
D ~ B @)

YT066l BhuMCAuTb C3D u C3B, 3amerum, utro AAC3B — npsimoyrob-
HBlfi, TAK KakK OCTphHe yrIe B Hem paBHel 30° u 60°, u uro C3B8 =
= ABsin30° = 0,5AB = BD. Torna ABC3D sBasieTcsi paBHOCTOPOHHHM
1 C3B = C3D. B pesynbrare paBenctso (3) naer

vp = vg = 0,46 m/c; TpL CsD. 4)

Tak kak Touka E npHHALJNEKHT onHoBpemeHHo crepxHio OE, Bpa-
maowemycst Bokpyr Og, 10O veg L OE. Torna, BocctaBasiss M3 Touek E u D
NepHeHMKYAAPbl K CKOPOCTAM Ug H vp, moctpoum MLC C, crepxust DE.
TNo uanpapnenuio BeKTOpa vUp ONpEAe/sieM HanpasJeHue MOBOPOTA CTEPK-
us DE Bokpyr uentpa Cp. BexTrop vg Hanmpae/eH B CTOPOHY IOBOPOTa 3TOro
crepxusa. Us puc. K36 BumHo, uto ZLC:ED = £C:DE = 30°, otkyna
C3E = C3,D. CocraBuB Tenepb NpONOPLHIO, HAWLEM, UTO

UE Up

_CE_=_C_w_,uE=‘uD=0,46 m/c. (5)

4. Onpenensiem oz. Tak kak MLIC. cTepxns 2 u3BecTeH (TodKa Co) u
C2D = l3/(2¢0s30°) = 0,69 m, TO

Up

1
o) =067 . (6)

W =

5. Onpenensiem ag (puc. K3s, na
KOTOPOM H306paiaeM BC€ BEKTOpPbI
yckopeHHit). Touka B npHHamJIEXHUT
crepxkHio AB. Uro6bl HalTH agp, Halo
3HaTh YCKOpPEHHe KaKOH-HHOYIAb ApPY-:
roil TOUKH cTepKHsI AB H TPaeKkTOpHIO
Toykd B. Ilo maHHBIM 3ajayu MOXKeM
ONpelleNnTh a4 = a4+ aj, TAe YHC-
nenHo |

ay = e, = 2,8 m/c%

i

oy =16 m/c?. (7) Puc. K38
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BekTop @4 HanpaBaed Baoab AO;, a a%y— nepnenaukyaspHo AO;
H306paxkaeM 5TH BeKTOpH Ha ueprexxe (cM. puc. K3B). Tak kak Touka B
OXHOBPEMEHHO NPHHAIIEXHT NMON3YHY, TO BEKTOp Gg NAapaJie]eH Hanpas-
ASOIEM moa3yHa. M3oGpakaeM BEKTOp ap Ha uepTexe, nojaaras, 4TO OH
HANpABJIeH B Ty 3Ke CTOPOHY, YTO H Ug.

Jlas onpeneNeHHs! ag BOCNOAb3YEMCS PaBEHCTBOM

ap= a3+ di+ass+aba. (8)

Mao6paxkaeM Ha uepTexke BeKTOpH djs (Bmons BA or B x A) n aja

(B M06YI0 CTOpOHY nepneHAuKyasipuo BA); uncnenno dys = w3ls. Haiins
3 ¢ nomoubio nocrpoenHoro MLIC C; crepxkHs 3, noayuHMm

U4 Ua

= _ » _ .
CsA ~ I3cos30° 0,66 c™' u dha = 0,61 m/c 9)

w3 =

TakuM 06pa3oM, y BeJHYHH, BXOASIHX B PaBeHCTBO (8), HeH3BECTHH
TONBKO YHCJOBblE 3HAUGHHSI Gp H Qps; UX MOXKHO HAHTH, CIPOEKTHPOBAB
o6Ge yacTu paBeHcTBa (8) Ha Kakue-HHOYAb JBe OCH.

Yro6ul oOnpenesNuTh ap, COPOEKTHpyeM 06Ge yacTH paBeHcTBa (8) Ha
HanpaBsieHie BA (ocb x), nepneHAHKYJsIpHOe Heuaneémomy BEKTOPY
aga. Torna nonyunm

agcos30° = aj;cos60° — a3 cos 30° 4 a4 . (10)

Toacrasus B paBeHcTBo (10) uHcOBLIe 3HAUeHHA BCeX BeJNHUYHH H3 (7)
H (9), Hafigem, uTO
az = 0,72 m/c?. (11)

Tak Kak nonyunioch ag>0, TO, C/lenOBaTeNbHO, BEKTOP Gp HANpaBJieH
KaK nokasaHo Ha puc. K3s.

6. Onpenensiem e3. UTo6nl HaHTH €3, CHayaja onpegendM aza. as
sroro o6e yacTH paBeHcTBAa (8) cHpoeKTHpyeM Ha HanpasJieHHe,
nepnengukyaspaoe AB (ock y). Torma nomyunm

— apsin30° = aj; sin 60° 4 a4 sin 30° 4-aj4 . (12)

IMoncrasus B paBeHcTBO (12) yHCNOBbie 3HaueHHS BCeX BEJHUHH -H3
(11) u (7), Hafinem, uTo ajy = — 3,58 M/c%. 3HaK yKkasblBaeT, UTO Hanpas-
JleHHe U4 NPOTHBONOJIOXKHO NOKa3aHHOMY Ha puc. K3s.

Tenepb H3 paBeHCTBa @ps = €3l3 NONYYHM

lagal
Iy

OtBer: vp=0,46 M/c; vp=046 M/c; w;=067 ¢'; ap=
= 0,72 M/c? &5 = 2,56 c72

Ilpumeuanue. Ecau TouKa B, ycKopeHHe KOTOpOH omnpejensercs,
JIBHJKETCH He NpsiMoJHHeliHO (HanpuMmep, kak Ha puc. K3.0 — K3.4, rzme
B nBHXeTcsl MO OKPYXHOCTH pamuyca O,B), To HanpaBleHHe ag 3apaHee
HEH3BEeCTHO.
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B 5TOM ciyuae ag Takike CAeLyeT NPEeACTaBUTh JBYMS COCTaBJSIOUIHMH
(as = a3+ d) u ucxoaHoe ypasHeHue (8) mpuMer BUI

a5+ a5 ai+dh+asa+dba. (13)

Ilpu stom Bekrop a} (cM., nanpumep, puc. K3.0) Gyaer HanpasiieH BAO/Ib
BO,, a BeKTOp @j — mepnenaAnKyaspHo BO; B a0Gyio cropony. Yuciaobie
3HaueHHs af, a4 U dB4 ONpENe]sIoTCsl TaK Xe, KaK B paCCMOTPEHHOM NpHMe-
pe (B YacTHOCTH, MO YCJOBHSIM 33aAauH MOXeET 6uiTh a3 =0 wan dj =0,
ecau Touka A NBUKETCS NMPSMOJHHEHHO).

3Hauenne o Takxe BHUMCAsercs 1o Qopmyie dh = vh/p= v3/l,
rae ! — panuyc okpyxHocTH O»B, a up Onpenessiercss Tak e, KaK CKO-
pocTb J060ofi Apyrofi TOUKH MexaHu3Ma.

IMocae storo B paBencrse’ (13) ocraloTCsi HEU3BECTHHIMH TOJIBKO
3HAYeHHs aQ'z H G, M OHH, KaK H B PAaCCMOTPEHHOM MpHMepe, HAXOAATCH
npoeKTHpoBaHHEM oGeHx uacreil papeHcTBa (13) Ha ABe OCH.

Haiis af, MOXeM BbHIMHCAHTL HCKOMOe ycKopenHe ap = +/(akh)’+(ad’
BeJHuHHa a4 CAYXKHT IS HAXOXK/EHHSI €45 (KaK B PAaCCMOTPEHHOM NIpHMEpe).

3anaya K4

IMpsamoyronbuas niactuia (puc. K4.0 — K4.4) win kpyrjasi njactuHa
paauyca R = 60 cm (puc. K4.5 — K4.9) Bpamaercst BOKpyr HenoABUKHOM
ocH 1o 3aKoHy @ = fi(f), sanandomy B Ta6a. K4. ITonoxureabHoe Hanpas-
JeHHe OTcueTa yIaa @ I10Ka3aHO Ha pHCYHKax AyroBoit crpenkoit. Ha
puc. 0, 1, 2, 5, 6 ocb BpalleHHsI NePHEHAHKYJSIPHA MJIOCKOCTH MJIACTHHBL
M MpPOXOAMT uepes Touky O (njacTHHa Bpaulaetcsi B CBOEH IJIOCKOCTH) ;
Ha puc. 3, 4, 7, 8, 9 ocb Bpamenuss OO; JeXHUT B MJIOCKOCTH IJIACTHHH
(n7acTHHA BpaLlAeTCs B NMPOCTPAHCTBE).

IMo nsactuHe BAoAb npsiMoit BD (puc. 0—4) HIH 1O OKPYKHOCTH
pamuyca R (puc. 5—9) naBHxKercs Touka M; 3aKOH ee OTHOCHTEJLHOTO
NBUIKEHHS], T. €. 3aBHCHMOCTb § = AM = fu(f) (s BbipaXkeHO B CaHTHMeTpax,
t — B ceKkyHaax), 3ajaH B TabjHUe OTAENBHO MJIA PHC. 0—4 u pasa
puc. 5—9; Tam xe RaHbl pasmepnl b u [ Ha pucynkax Touka M nokasaua
B MOJIOXKEHHH, NpH KoTopoM s = AM >0 (npu s<<0 Touka M Haxoaurcs
Mo APYryio CTOPOHY OT TOuKH A).

Haiith a6coMOTHYIO CKOPOCTb H a6COJNIOTHOE YCKopenHe ToukH M B
MOMEHT BpemeHu #; =1 c.

Ykasanus. 3agaua K4 — na caoxsoe gBHxkeHHe Toukd. [asi ee pee-
HHSI BOCNOJIB30BATbCSl TEOPEMaMH O CJOXKEHHH CKOpOCTed M O CJIOXKEHHH
yckopenuii. TIpexe yeM NpOH3BOAMTH BCE PacueTsl, caelyeT No yCJOBHIM
3ajauyd ONpeNe]HTb, e HAXOAMTCA Touka M Ha IJIacTHHE B MOMEHT
ppemedH #; =1 ¢, W HM300pa3uThb TOUKY HMEHHO B 3TOM TNONOKEHHH
(a He B MPOM3BOJLHOM, NOKa3aHHOM Ha DHCYHKaX K 3ajade).

B cinyyasix, OTHOCAIMXCS K pHC. 5—9, mpH peuIeHHH 3ajadyd He
MOACTaBAATh YMCJAOBOTO 3HaueHHsi R, noka He GYyAyT OnpeleseHbl MoJoxe-
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Ta6auuna K4

= HOansa puc. 0—4 HOas puc. 5—9
o= Jas Bcex
o
E 5 ‘jp"f__y*}'l‘(%‘ b, e | s =AM = [,(1) | s =AM = fs8)
0 ) 12 |50(3t—)—64| R %R(M"’ — 289
2 a2 44 4 il 2 __ 43
1 32— 8t 16 |4038—1)—32) <R | FREE—L).
2 61> — 122 10 | 8o2—n+40| R %R(Qt"’ —1)
3 2—2p 16 |60(t* —3%)+56] R %R(St —8)
4 1042 — 56 8 [s0(2—r)—48| R -—;—R(t’ —2)
5 A2 —1) 20 60(£° — 2%) R SR —20)
6 5t—4f 12| 40(2 —38)+ 32 %R %R(t“ —2r%)
7 15— 3 8 |60(t—)+24| R -g—R(t — 5%
8 268 — 11t 10 |502—0—30| R %R(e.t2 —1)
2 3 3 4 T 2
9 612 — 3t 20 |40(t—2)—40| R | SR(—26)
56V7
46
D
o " A MD
A
. . L
0 453 > 2 lo "~
B D
Puc. K4.0 Puc. K4.1 Puc. K4.2
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Puc. K4.3 Puc. K4.4 Puc. K4.5

Puc. K4.8 Puc. K4.9

HHe TOYKH M B MOMeHT BpeMeHH f; =1 C H Yrol Mexuy pajHycaMH
CM u CA B 3TOT MOMEHT.

PaccMOTpHM JBa MpHMEpa pellleHHs 3TOH 3ajauH.

Mpumep Kd4a. Inactuna OEAB\D (OE = OD, puc. K4a) Bpamaercs
BOKPYr OCH, TpOXOAsiuiedl uyepes Touky O MepreHiuKyAfpHO MNIOCKOCTH
NJacTHHBL, 1O 3aKoHy @ = fi(f) (nmONMOXKHTeNbHOE Hampas/ieHHe OoTcuera
yraa ¢ mokasaHo Ha. puc. K4a JyroBoit CTpeJ]KOH) Mo nyre OKpYXKHOCTH
paauyca R nBHxeTCs TOuKa B IO 3aKOHYy § = AB = f2(t) (nmonoxurenbHOE
Hanpasienue orcyera s — ot A k B).

HDauno: R=05 m, ¢=t"—05f, s=nRcos(nt/3) (¢ —B panuanax,
s — B merTpax, ! — B cekyHaax). OnpeneaHTh! U H Gasc B MOMEHT
BpemenH ¢ = 2 c.

Pewenne. PaccMOTpHM ABHXXeHHe TOYKH B Kak CJOXHOe, cuuTas ee

JBHXKEHHE TI0 Jyre OKPYXXHOCTH OTHOCHTENbHbIM, a BpallleHHe TJIACTHHH —
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nepeHOCHHIM JBHXXeHHeM. Toraa aGcodor-
Hasl CKOPOCTb U,s. H aGCONIOTHOE YCKO-
peHHe @,s. TOYKH HaliayTcs no ¢popmyJaam:

.

Vase = Uorn+ Unep »
Qasc = Qomt Anep+ Bop» (1)

rae, B CBOIO ouepenb,

- - - - - -
Qory = a‘;‘l‘ﬂ + a"')'"ly Qpep== anep+ a’l‘lep .

Puc. K4a

OnpenennuM Bce, BXOAflIHEe B paBeHCTBA (1) BEJHYHHBL
1. OTHOCHTEeAbHOE ABHXeEHHEe ITO ABHXEHHE MNPOHCXOLHT
10 3aKOHY

s = AB = nR cos(nt/3) . (@)

CHauasia yCTaHOBHM, rie GyleT HaXOIAHTbCA TOuKa B Ha Ayre OKpY>XKHOCTH
B MoMeHT BpeMenH ¢,. [lonaras B ypaBHenuu (2) f;, = 2 ¢, nojayuum

s1 = ntR cos(n2/3) = — 0,5nR .

Torpa

L ACB = = —0,5n.

S
R
3HaK MHHYC CBHETENLCTBYET O TOM, YTO TOuKa B B MoMeHT {; =2 ¢
HaxoauTcs cnpaBa or Toukd A. H3oGpaxaem ee Ha puc. K4a B aToM
noyioxxeHHH (Touka Bj).
Tenepb HaXONHM YHCJIOBbIE 3HAYEHHHA Uom, Goru, Aot

2
Uorn = § = — 3R sin(nt/3) ,
y 3 vg'r 02 ]
a:;"-l = Vo = — ngR COS(ﬂt/B) . a’;"= D g ; ,

rf€ Pas — PaAAMYC KPHBH3HBI OTHOCHTENbHOH TPaeKTOPHH, PaBHbIA pajpuycy
okpyxHocTH R. [asi MomeHta =2 c, yuuthBasg, yro R=05 wm,
NOVIYYHM

2 2.
Vo = — “3R sin(2n/3) = "LP?—: —1,42 w/c,
= — TR os(2 3)-“—3—086 M/c?, o — 406 w/c?
oTH — 9 J’[/ —36—» y Qo = 24—', M/co.

@)
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3HaKH [0KA3BIBAIOT, YTO BEKTOD Giy HANPaB/eH B CTOPOHY MOJOKH-
TeJILHOTO OTCUETa PAacCTOSHHS S, a BEKTOP Uoy — B NPOTHBONOJIOXKHYIO
CTOpOHY; BEKTOp b, Hampasien K LeHTPy C OKPYNKHOCTH. H3oGpaxaem
Bce 5TH BekTophl Ha puc. K4a.

2. TlepeHocHOe .ABHXEHHE. St1o nBHXKeHHe (BpallleHHe)
MPOHCXOAHT MO 33aKOHY @ = 2 —0,5¢°. HaiineM cHauana yrJoBylo CKOpOCTb
® H YIJIOBOE YCKOPEHHE & MEePEHOCHOro BpalleHHs:

o=¢=2—15 e=0=2-3

unpuf=2c¢

o=—2c¢c' e=—4c2, (4)

3HaKH yKa3HBaIOT, YTO B MOMEHT f{, = 2 C HanpaBJeHHs © U &MpOTH-
BOMOJIOXKHBI HANMPABJEHHIO MONOXKHTEJBHOrO OTCYETa Yra @; OTMETHM 3TO
Ha puc. Kda.

1151 ONpefieNeHUs Unep H Gnep HAXONHM CHAuana paccrosimue by = OB,
toukn B, ot ocH Bpamenus O. Vs pHCyHKa BHAHO, 4TO i =2R2 =
= 1,41 M. Toraa B MOMeHT BpeMeHH f; = 2 C, YYHTbIBasi PaBEHCTBA 4),
OJY4HM

Unep = I(l)l'hl = 2,82 M/C ,
Qhep = lel-hy = 5,64 M/C?, dhep = 0’hi = 5,64 m/c*. (5)

HsoGpaxaem Ha puc. K4a BekTopn Unep H Qiep C YUETOM HAMpaBJIeHHH
®© H € H BEKTOp dfp (HampaBJeH K OCH BpalUeHHs).

3. Kopuonucoso yckKopenue. Moiylb KOPHOIHCOBA YCKO-
penusi onpegeiaseM 10 ¢Gopmysne Guop = Nvoml -0l sina, rae o—
Yron MeX1y BEKTOPOM Uey H OCBIO BpalleHHS (BEKTOPOM ®). B nawem
cryuae ator yron pasen 90°, Tak Kak OChb BPAUIECHHS MepreHIHKY/ApHA
[OCKOCTH MACTHHBI, B KOTOPOH pACIO/NOXKEH BEKTOP Uor. UHCIEHHO
B MOMEHT BpEMeHH f; = 2 C, TaK KaK B 3TOT MOMEHT |voral = 1,42 M/c n
ol = 2 ¢!, nonyuum

Qyop = 5,68 M/c?. (6)

HanpaBienue @y, Haifigem no mpasuny H.E.JKykoBckoro: Tak Kak
BEKTOP Uory JEXKHT B IJOCKOCTH, MEPNeHIHKYJSPHOH OCH BpAIIEHHS, TO
nosepHeM ero Ha 90° B HanpaeJeHHH ®, T.€. 1O XOAY 4acoBOH CTPEJIKH.
Hso6paxaem Gyp Ha puc. Kda. [Huaue namnpasienue Gyop MOXKHO
HalTH, yuTsl, 4TO fxop = 2(® X Uomu).]

Takum 06pa3oM, 3HaueHHs BCeX BXOASIIMX B NMpaBble HaCTH PaBEHCTB
(1) BekTOpoB HajfifleHbt H JJISi ONPEJAEEHHS Uase H Gage OCTACTCA TONBKO
CJIOXKHTb 3TH BekTophl. [IpoH3BeieM 3TO CJI0XKEHHe aHANHTHYECKH.

4. OnpepfeneHHe Us IIpoBeleM KOOPAMHATHHE OCH Bixy

(cm. puc. Kd4a) wu  crpoekTHpyeM [OUJEHHO o6e uyacTH paBeHCTBa
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Vase = Uoru+ Unep Ha 3TH ocH. [lonyunmm misi MOMeHTa BpemenH f; = 2 c:
Vagexr = Vornx+ Unepx = 0— |Unepl c0s45° = — 1,99 M/C H
Vabey = Uo‘ruy"‘ Unepy = [Vorul + |Unep|COS 45° = 3,41 'M/C .
ITocne aToro Haxonum

2 2
Vage = V Ua6cx+va6cy = 3,95 M/C .

YuHTHIBasl, UTO B J@HHOM Cy4ae Yrod MeXAY Uoms H Unep PaBeH 45°,
3HAUeHHE Ussc MOMKHO ellle ONMpefeJHTh Mo dopmyJe

Vage = "\ Viru+ 02ep + 20cral  [Vnepl - cOs45° = 3,95 m/c.

5. OnpeneneHHe Q. [To TeopeMe 0 Cl10KeHHH YCKOPeHHH
Qasc = Qo + d‘orr + a;ep + d;lep + Qyop - (7)

Jlns onpeneneHHs! Q.. CNPOEKTHpyeM oGe wacTH paBeHctBa (7) Ha
npoBeneHHble ocu Bixy. IMoayunm

QAagex = a’ém + Qxop + a’|‘1ep cos45° — Ia;epl cos 45° y
Qagey = Unep cos 45° + la;ep, c0s45° — lazml .

IMoncraBuB cloga 3HayeHHsl, KOTOpPble BCE BEJNHYHHBl HMEIOT B MOMEHT
BpeMeHH f; = 2 ¢, HaijeM, YTO B 3TOT MOMEHT

Gaser = 9,74 M/} Qagey = 7,15 M/c?. .

Torpa

Qa6c = V aﬁacx—l— agmy = 12,08 M/C2 .

OTBeT: Uu.=3,95 M/c, Q5=
= 12,08 m/c2.

Mpumep K46. Tpeyronbuas niac-
TiHa ADE Bpamiaercsi BOKPYr OCH 2
no 3akoHy ¢ = fi(¢) (mosoxuTenbHOE
HanpabJ/IeHHe OTcYeTa yrjia ¢ nokasa-
HO Ha puc. K46 nyrosoit crpenkoii).
ITo runorenyse AD nBuxercs Touka B
no 3akoHy s= AB = fy(f); nonoxu-
TeJbHOE HampaBjleHHe OTcyera § —
or Ak D.

HDano: ¢=0,1££—22, s=
= AB = 24 15¢—3{%; (¢ — B panu-
aHax, § — B CaHTHMeTpax, ! — B ce-
KyHaax). OnpenenuThb: Uy H

u] Q.5 B MOMEHT BpeMeHH ¢, = 2 c.
“ Pewenne. PaccMoTpuM ABHKeHHE
Puc. K46 TOYKH B Kak cJ0XHoe, cuHTasi ee
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Apuxenue 1o npsMo AD OTHOCHTENbHBIM, a BpalleHHe NJIAaCTHHBI —
nepeHocHbIM. Torfa aGcoMIOTHASI CKOPOCTb Uase M aBCOMIOTHOE YCKOpeHHe
Qa6 HaliyTca no ¢gopmynam:

Vage = Uorn + Unepy Qa6c = Qorn + &nep + Qxop » (l)

Ile, B CBOI OYEPElb, Guep = Grep~t Trep -
OnpenenuM Bce BXOAfIIHE B PaBeHCTBO (1) BenHUHHBL
I.OTHocuTeabHOE JBHXEeHHEe ITO ABHXEHHE MNPAMOJH-
HeflHOe' H NPOHMCXOJIHT 1O 3aKOHY

s=AB = 2} 15¢—3£. 2)
Iostomy
Vora = 8§ = 15—6¢, Gory = Vory = —6.
B MomeHT BpeMeHH f; = 2 ¢ HMeeM
si = AB, = 20 M, Uy = 3 cM/C, Qo = —6 cM/c?. 3)

3HaKH [I0Ka3bIBAIOT, YTO BEKTOP Uory HANPABJAEH B CTOPOHY IOJIOXKHTEJIBHOTO
OTCueTa pPAaCCTOSIHHS S, @ BEKTOP Qo — B IPOTHBOMOJOXHYI CTOPOHY.
H3o6paxaem 3TH BekTOopbl Ha puc. K46.

2. MlepenHocHOe ABHXeHHUe IT0 ABHKeHWe (BpalleHue) mpo-
HCXOAHT 1O 3aKoHy @ = 0,13 — 2,2¢,

Haitnem yraiosyio CKOpOCTb © M YrI0BOE YCKOPEHHE € NeEpeHOCHOro
Bpautenus: 0 = ¢ = 0,32 —2,2; e=o0=06funpu t; =2c,

o=—1c¢c', e=12c2. (4)

3HakH yKa3blBalOT, YTO B MOMEHT f; = 2 C HanpaB/eHHe & coBnajgaer
C HanpaBJ/ieHHeM MOJIOXKHTeJIBbHOrO OTCYeTa yr/ia ¢, a HanpaBJeHHe @ eMy
NPOTHBOIOJIOXKHO; OTMETHM 3TO Ha pHC. K4, 6 COOTBETCTBYIOUMMH 1yTOBBIMH
CTpesNKaMH.

M3 pucyHKa HaxofuM paccTosiie hy TO4kH B; OT OCH BpalleHHa z:
hy = ABysin30° = 10 cm. Toraa B MOMEHT f; = 2 ¢, yuHTbIBasA paBeHCTBA
(4), monyuum

‘vnep = |(’)|'hl =10 CM/C,
aep = ]e] By =12 cM/c?, diey = 02h = 10 cm/c?. (5)

H306pa3sum Ha puc. K46 BEKTOPBI Unep H Qhep (C YUETOM 3HAKOB O H €)
M dhep; HANPABJIEHBl BEKTOPHl Unep H Qhep NEPNEHAMKYJISAPHO IUIOCKOCTH
ADE, a BeKTOp @pep — 1O JHHHH BIC K OCH BpauleHusi.

3. KopuoanncoBo yckopenue Tak KaK yron Mexay BeKTo-
POM Ugy M OCbIO BpallleHHst (BEKTOPOM ®) pasen 30°, TO UHCJEHHO
B MOMEHT BpeMeHH f; = 2 ¢

Quop = 2+ |Voryl + |0] - 5N 30° = 3 em/c?. (6)
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Hanpassenne a,,, Hafinem no npasuay H. E. )Kykosckoro. [lans sroro
BEKTOP Uy CIPOEKTHPYEM Ha IVIOCKOCTD, MEPNEeHAHKYIAPHYI0 OCH BPalleHHus
(npoexuHusi HanpaB/eHa NPOTHBOMOIOXHO BEKTOPY Qnep) M 3aTeM STY MpPOEK-
umio noepHeMm Ha 90° B CTOPOHY ®, T. €. 110 XOAy YaCOBOA CTPEJIKH; MOJNYyUHM
HANpaB/leHHe BeKTOPa Qyop. O HanpaB/ieH MepreH MKy PHO MIOCKOCTH
NMaCTHHBL TaK e, KaK BEKTOp Unep (CM. pHC. K46)

4. O npegefeHHe U TaK Kak Uase = Uorn =+ Uneps @ BEKTOPBI
Uora H Unep B3AHMHO MEPNEHIMKYMASDHH, TO Vage = "\ Veru+ UZep; B MOMEHT
BpeMeHH | = 2 € Uaec = 10,44 cm/c.

5, OnpepeneHHE Q. [10 TeOpeMe O CIOXKEHHH YCKOPEHHH

&aGC = &om + &;ep + &:ep + &xop . (7)

Insi onpeneneHHst Gusc MPOBEEM KOODIHHATHBHIE OCH Bixyzi u BH-
YMCJHM TPOEKUHH Qe HA 3TH OCH. YuTeM INpPH 3TOM, YTO BEKTODPH
@lep U Guop NEXKAT HA OCH X, 3 BEKTOPH! %, M Qo PACTIONONEHB! B TUIOC-
KOCTH B\yzi, T.e. B IJIOCKOCTH miacTHHbl. Toraa, mpoekTupysi o6e 4acTH
pasexctBa (7) Ha ocu Bixyz; W yurs onHoBpemenHo pasencrsa (3), (5),
(6), momyuum O MOMEHTa BpeMeHH ! = 2 C:

Qabex = Ianepl — Qyop = 9 CM/C
Qabey = a’l"lep+ Iao'rul sin30° = 13 CM/C2
Qagess = @omul €05 30° = 5,20 cm/c?

OTclofa HaXOAUM 3HAYeHHEe Qa6c
Qage = —\/Egdcx"" agG'c'y + dgﬁcz._ = 16,64 CM/(:2 .
OTBEeT: U= 10,44 cM/c, @asc = 16,64 cm/c?

JAHUHAMHKA

3apava i1

Ipya D maccoii m, moayyuB B Touke A HauajJbHyI0 CKOPOCTb U,
HBHXKETcA B H3orHyToll Tpy6e ABC, DacnonoXeHHOR B BepTHKaNbHOHA
IVIOCKOCTH; y4acTKH TPYOH WIH 062 HAKJIOHHBIE, HJH OUH TOPHU3OHFAJIbHHIH,
a apyroit Haknonusi#t (puc. 1.0 — A1.9, ra6a. 11).

Ha yuacTke AB Ha rpy3 Kpome CHJIbI TSXKECTH AEHCTBYIOT MOCTOSHHAA
cuna Q (ee HampaBjeHHe MOKa3aHO Ha PHCYHKaX) M CHJa COTPOTHBJIEHHS
cpenst R, 3aBHCAWAs OT CKOPOCTH U rpy3a (HampapsieHa NPOTHB ABHXe-
HHS); TpeHHeM rpysa o TpyGy Ha yyactke AB npeneGpeub.

B Touke B rpys, He H3MeHsA CBOeH CKOPOCTH, NepexouT Ha yuactok BC
Tpy6Ll, rae Ha HEro KpOMe CHJIB TSXKECTH [eHCTBYIOT CHJa TPeHHS
(ko3¢ dunmedT Tpenus rpysa o tpy6y f=02) u nepemensas cuna F,
npoekuusi Kotopoit F, Ha ocb x 3ajaHa B TabJuue.

Cuurasi Tpy3 MarepHanbHON TOUKOH M 3HasA paccrosuue AB = ! uiu
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BpeMsi {| ABHXKEHHs] IPy3a OT TOUKH A 1O TOuKM B, HaiTH 3aKOH JABHXEHHUsI
rpysa Ha yuacrke BC, T.e. x = f(t), rne x = BD.

Ykasauua. 3amaua JI1 — Ha wuHrerpupoBaHHe AMddepeHIHaNbHbIX
ypaBHeHHii ABHXKEHHSi TOYKM (pelleHHe OCHOBHOH 3ajaud JMHAMHKH).
Pemenne 3amaun pas6uBaercsi Ha e 4YacTH. CHauana HYXHO COCTaBHTb
¥ NPOHHTETPHPOBATh METOLOM Pa3jle/IeHHs IepeMeHHbIX AU pepeHLHaIbHOe
ypaBHeHHe [BHXKEHHsi TOUKH (rpysa) Ha yyacTke AB, yursi HayaJbHbHE
ycnoBnsi. 3ateM, sHas BpeMsi IBHXeHHs Irpysa Ha ydactke AB win I/inHy
STOTO y4yacTKa, ONpPefeuTb CKOPOCTh rpysa B Touke B. 1a cKopocTb Gyaer
HauaJabHON [/ ABHXXKeHHsi rpysa Ha yuactke BC. Ilocne 3TOro HyXHO
COCTaBHTb H NPOHHTErPHPOBaTh AH(P(EpeHIHaIbHOEe YpaBHEHHE NABHXKEHHs
rpy3a Ha yyactke BC Toke C yyeroM HayaibHHIX YCHOBHH, Belsi OTCHer
BpeMeHH OT MOMEHTa, KOria rpy3 HaXoluTcs B Touke B, W moaaras
B 5T0oT MoMeHT ¢==0. Ilpu HMHTErpHpOBaHHH YpaBHEHHsl [BHXKEHHs Ha
yuactke AB B cayuae, Koraa 3ajaHa AJIMHA [ ydacTka, Le/necooGpasHo
nepeiiTH K NepeMeHHOMY X, YuTs, 4TO

dou, _ do,
B R T
Ta6auua Ol
Howme,
yeao- | m, kr vo, M/c | Q, H R, H LM |t,c F,, H
BHSA
0 2 20 6 0,4v — 2,5 2sin(4f)
1 2,4 12 6 0,80? 1,5 — 6¢
2 4,5 24 9 0,5v — 3 3sin(2¢)
3 6 14 22 0,60 | 5 — — 3cos(2¢)
4 1,6 18 4 0,4v — | 2 4 cos(4t)
5 8 10 16 0,50 | 4 —_ — 6sin(2¢)
6 1,8 24 5 0,3v — 2 9¢2
7 4 12 12 082 | 25 | — — 8cos(4f)
8 3 22 9 0,50 — 3 2cos(2t)
9 4,8 10 12 0,202 4 — — 6sin(4f)

Puc. 1.0 Puc. Al.1
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Puc. J[1.2 Puc. 1.3

Puc. 1.6 Puc. 1.7

Puc. 1.8 Puc. 1.9
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Mpamep J1. Ha BeprukaabHoM yuactke AB
Tpy6u* (puc. 1) na rpys D maccoit m peicTsyioT
CHJIa TSIXKECTH M CHJIa CONPOTHBJEHHS R; paccrosinye
OT TOuKH A, TJie v = v, A0 TOuKkH B pasHo /. Ha Ha-
KIOHHOM yuacTke BC Ha rpys HAefcTBylOT cuia
TSKECTH M mepeMeHHasi cuna F = F(f), sajannas
B HBIOTOHAX.

Ilano: m=2gxr, R= pv’raep=04xr/m,
vo=>5Mm/c, | =25m, F,= 16sin(4f). Onpene-
AUTb: Xx= [({) — 3aKOH [BHXEHHs] TIpysa Ha
yuactke BC.

Pemeuug. 1. PaccMoTpuM ABHXKEHHE rpy3a Ha Puc. I
yuactke AB, cuutasi TPy3 MaTepHabHOH TOUKOI.

Hao6paxaem rpys (B NpoM3BONLHOM TIOJIOXKEHHH)
1 JeHCTBYIOLIHE HA Hero CHIN P = mg u R. Tposonum ock Az u cocrabisiem
nud depennHanbHOe ypaBHeHHe IBHKEHHs TPy3a B POEKUHH Ha 3Ty OCb:

n— — 3F = P.4R 1
m a = kz HIH mMu; e :+Rz. ( )
Ilanee naxoauM P, = P = mg, R, = —R = — wv?; mopuepkuBaeM, 4To

B ypaBHEHHH BCe€ NEPEMEHHbi€ CHJbI Hano 00sA3aTeJbHO BbIPA3HTb 4Yepe3
BEJHYHHDbI, OT KOTOPbIX OHH 3ABHCHAT. Yurs ewe, 4TO v, = v, NOJYYHUM

=7‘:l_(—”;g——u2) : @

BBenem /sl COKpaleHHsl 3amuceil 0603HaYeHHS

v N do
=mg—po’ uim v—

mou
dz

b=t —02 M—',n=_”;—g—__50 M?/c?, 3)

rie NpH TNOAcYeTe NpHHATO g~ 10 m/c?. Torpa ypaBHeHHe (2) MOXHO
NpeACTaBUTb B BHAE

do

2v. T

= —2k(v®—n). (4)
Pasgensin B ypasHeHun (4) mepemeHHbie, a 3aTeM Gepsi OT 0GeHX yacreit
HHTErpabl, MOJYYHM

vil’d‘; = —2kdz u In(v’ —n) = —2kz+Cu. ®)

[To HauadbHLIM ycaoBusM npH 2 = 0 v = vg, uto AaeT C, = In(v§—n) u

u3 pasencrsa (5) Haxommm In (v®—n) = —2kz+ In(vd—n) nm In(v® —
—n)—In(v§—n) = —2kz. Otciona
2_ 2 __
ln—vT—2—= —2kz u Lz—-n——= e %,
vp—n vo—n
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B peayabrare HaxoauMm
v? = n4 (v —n)e %=, (6)

IMonaras B paBeHcrBe (6) 2=1[= 2,5 M H 3aMeHsAss k H n HX 3Haue-
HusAMH (3), OnpeleNHM CKOpOCTb vg rpysa B Touke B (vo =15 Mm/c, uucio
e=27):

v3 = 50—25/e = 40,7 u vz = 6,4 M/c. (7)

2. PaccmorpuM Témeph ABHXKEHHe rpysa Ha yuactke BC; HalmenHas
CKOpOCTb Up GyNeT I/ IBHKEHHs Ha 3TOM yyacTKe HauajbHOH CKOPOCTbIO
(vo = vp). H3o6paxaem rpys (B MpOM3BOJBHOM MOJONKEHHH) H LEHCTBYIO-
mme Ha Hero cmam P = mgN, F.p u F. TIposenem u3 ToukH B ocu Bx u
By u coctaBuM auddepeHunanbpHoe ypaBHeHHe JBUKEHUA Ipy3a B [POEKLHH
Ha ocb Bux:

do,
dt +N1+F7px+Fx
HJH
do,
m—— = mgsina— Fyp+ Fy (8)

rae F., = fN. Ilna onpenenesuss N cocTaBuM ypaBHeHHe B NPOEKLHMH Ha
ocb By. Tak xak a, = 0, nonyuum 0 = N — mgcosa, otkyna N = mgcosa.
CnepoBarenbHo, F., = fmgcosa; Kpome Toro, F; = 16sin(4f) u ypasHenue
(8) npumer Bun
doe
m—g; = mg(sin o — fcosa) 4 16sin(4f) . 9)
Pasnenus o6e uacT¥ paBeHCTBAa Ha m, BRIUHCIAHM g(sina— fcosa) =
= g(sin30°—0,2c0s30°) = 3,2; 16/m =8 u mnoacraBUM 3TH 3Haye-
Hus B (9). Torza nmonyyum

dou,
d¢

(10)

Ywmuoxas o6e yactu ypasHeHusi (10) Ha df u uHrerpupys, Haiaem
vx = 3,2t —2cos(4f) 4+ C2 . (11)
Bynem Tenepb OTCUHTHIBATH BPeMsl OT MOMEHTa, KOTla rpy3 HaXOAHTCH

B Touke B, cuuras B 3ToT ‘MOMeHT {= 0. Torna npu ¢t =0 v = vo = v,
rae vp Aaercs pasedcrsom (7). IloacraBasis sty BesnuuHel B (11), mosyuum

Cy=uvp+2cos0=64+2=284.

Mpu naitpensom suauenun Co ypaBHenue (11) maer

dx

— = 3.2t—2cos (41) -84 (12)

Uy =

54



YMuoxas ajgech o6e uacTH Ha di M CHOBa HHTErpupys, HaineM
x = 1,66—0,5sin(4f) 48,4t 4+ Cs. (13)

Tak kak npu £ = 0 x =0, To C3 = 0 H OKOHYaTeNLHO HCKOMEI 3aKOH
JBHXKEHHS rpy3a Gyner
x= 1,614 8,4t—0,5sin(4f) , (14)

rae x — B MeTpax, { — B CeKyHJax.
3anaua A2

Ipys I maccoit m yKkpemleH Ha NpyXUHHOH TNojABecke B JudTe
(puc. [12.0 — J12.9, Ta6n. [12). JIngr ABHXKETCA BEPTHKANLHO YO 3aKOHY
= 0,5a:* } g sin (0f) + ascos (wf) (ocb 2z HampaBlleHa MO BEPTHKAIH
BBepX; Z BHpaXeHo B Merpax, ¢ — B cekynaax). Ha rpys ZefCTBYeT CHaa
CONpOTHBJEHHST cpeibl R = pv, TAe v — CKOPOCTb rpy3a Mo OTHOLICHHIO
K audry. .

HaliTi 3aKoH ABHKEHHS Ipy3a IO OTHOWIEHHIO K JHGTY, T. e. x = f(£);
Hayalo KOOPAMHAT INIOMECTHTb B TOuKe, Tle HAXOLHTCS NpPHKpEIVIeHHGI
K Tpy3y KOHell NpYXHMHH, KOTla NpYXHHAa He AepOpMHpPOBaHA. Ipu sToM
BO H36exanHe OWMGOK'B 3HAKaX.HAnNpaBHTb OCb X B CTOPOHY YAJHHEHHA
NPYXHHB, a rpy3 H306pasHTb B MNOJOXKEHHH, NPH KoTopoM x>0, T. e.
NPYyXHHA PACTAHYTA. Tpu nojicyerax MOXKHO MPHHATH g = 10 M/c. Mac-
COll MPYXHH H COEJMHHTEJbHOH INaHKH 2 npeHeGpeyb.

B Ttabauue 0603HAYEHO: €1, C2, €3 — KO3(QPHUHMEHTH XKECTKOCTH MpY-
MHH, Ao — YIJIHHEHHE MPYXKHHH C SKBHBAJIEHTHOH JKECTKOCTHIO B Havaib-
Hblii MOMeHT BpeMeHH = 0, vo — HavyalbHas# CKOPOCTb Ipysa IO OTHOILe-
HUIO K an¢Ty (HampaBieHna BepTHKaabHO BBepx). Ilpouepx B croabuax
€y, Cy C3 O3HAYaeT, YTO COOTBETCTBYIOIAs IPYXHHA OTCYTCTBYeT H
Ha uepTexe H306paxcatbcsi He AOMKHA. Ecam mpu 3ToM KoHen OAHOH H3
OCTaBIUMXCSl MPYKHH OKaXXeTcsi CBOGOJHLIM, €ro CJlefyeT NpPHKpenuTh

TaG6aunuma [O2

=

Howmep E 2| Z k3 o > o
yeao- | € o] o] o] = = = > = = 5
BHSA > - & K3 - o - - N S -
13 oy [ S 8 8 8 3 £ < S

0 1 300 | 150 | — 0 0110 15 0]0 0

1 08| — |240|120] —1,5¢ | O 0 — 8101 0

2 05| — |100] 150 0 0810 5 0|0 4

3 1 240 | — | 160 0 0 0,5 6 00 0

4 05| 80120 — —g 0 0 —_ 6 1015] 0

5 2 — | 400 | 400 0 0 0,1] 16 0|0 0

6 04| 60| — 120 g 0 0 —_ 410 2

7 05120 — | 180 0 0110 20 010 0

8 0,4 50}200 | — 0 0 0,2 ] 20 0015 O

9 1 200 | — | 300 1,5¢ 0 0 — 12010 3
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Puc. 2.1 Puc. 112.2 Puc. 112.3

Puc. 112.0

Puc. [12.5 Puc. [12.6 Puc. [12.7

Puc. J12.4

Puc. [12.9

Puc. [12.8
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B COOTBETCTBYIOLEM MeCTe MM K Ipysy WM K motoixy (moay) Jau¢ra;
TO e CJIelyeT cienaTb, €CIH CBOGOAHBIMH OKAaXyTCA COEJMHEHHbIE
MIaHKOK 2 KOHIBI 0GeHX OCTABILIMXCH NPYXKHH.

Ycaosue p = 0 o3Hauaer, yTO CHAA COMPOTHBIEHHS R orcyrcrayer.

Ykasauus. 3agmaua JI2 oxBaThiBaeT OJHOBPEMEHHO OTHOCHTENbHOE
IBUIKEHHe M KoneGaHHus MaTepHasbHOH TOUKH.

CHayala HyXHO COCTaBMTb AH(depeHuHaqbHOe ypaBHEHHE OTHOCH-
TeJBLHOTO ABHXKEHHA (MO OTHOWIEHHIO K JH(Ty) paccMaTpHBaeMmoro B 3a-
Aaue rpysa, AJis 4Yero NPHCOENHHHTb K JEHCTBYIOIIHM CHJIaM NeEpeHOCHYIO
CHJY MHepUMH. 3aTeM NpHKPEIJeHHBle K Ipysy NPYXKHHH (IO YCJOBHSAM
3ajiaun HX GyieT IBe) 3aMEHHTh SKBHBANEHTHOH NMPYXHHOH ¢ K03 unuen-
TOM JKECTKOCTH Csxp = C, IPOU3BEAS COOTBETCTBYIOLLHH pacuer.

a) Ecan npyXuHB COeJHHEHH JApYr ¢ JpYroM NOCIEN0BATENbHO
(KaK TMPYXHHBL C JXECTKOCTAMH ¢ ¥ €2 Ha puc. J12.0), To mpu paBHOBECHH
oA JeficTBMeM HEKOTOPOR CHIH (, NPHIOKEHHOH K CBOGOJHOMY KOHIY
NpYKUHEl, YCHAHS B JIOGOM NOMEPeYHOM CEUEeHHH MNDYKHH ONMHAKOBH H
paBHbl Q. YaiuHeHHs TPYXuH A= Q/C1, Ao = Q/cy, yANHHEHHE SKBH-
BaseHTHOM npyxuHbl A = Q/c u A= A1+ Ae. Orcioza.

C1C2
_ Tt

6) Ecau rpy3 npHKpensieH K ABYM INapajuielbHbIM MpYXHHAM (kak
K MPYXHUHAM C XKECTKOCTAMH €1 H Cz Ha pHC. JI2.1) MMM HAXOMUTCS MEXALY
ABYMS NPYXHHAMH, TO NPH PAaBHOBECHH NOL JeHACTBHEM HeKoTopo# cuibl Q
Kaxaash M3 NDYXHUH H SKBHUBAJEHTHAs NPYXKHHA UMENH OBl ONHO H TO XKe
yanuuende A. Toraa Ans ABYX MPYXHH Cih+ Coh = Q, a ansl 3KBUBAJIEHT-
HOjt npyuHB cAh = Q, oTciofa ¢ = ¢+ ¢C2.

TMocne TOro Kak ypaBHeHHe GyHer COCTaBJeHO (3TO GyxeT JHHeiHoe
IuGdepeHLUaIbHOe ypaBHeHHe 2-rO MOpsiiKa),
€ro cjiefiyeT IPOHHTErPHPOBATh, YUTS HayalbHbIE 1
yCJIOBHS.

Mpumep J2. B npuGope ajsi H3MepeHHs
BepTHKAJBLHEIX KoseGauuit (puc. [12) rpys mac-
coii m NpUKpeIVIeH K NpYKHHe ¢ Ko3hUuueHTOM
JKeCTKOCTH ¢. JLpyro# KoHel NPYXKHUHBI NPHKpen-
JeH K Kopmycy npuGopa, KOTOpBIA JBUXKETCH 4
no 3akoHy z = Asin(wf) (HenomBHKHafA OCb 2
HanpasJeHa mo BeprHKanu Buus). Hauaabnoe -
yAMMHEHHE NPYXKHHBI PaBHO Ao, @ HayanbHas
CKOpOCTb TIpy3a IO OTHOLIEHHIO K KOpHycCy,
npu6opa v, (HanpaBieHa BePTHKaJIbHO BHH3).

ODauno: m=04 kr, c=40 H/m, k=
= 0,05 M, vo=0,5m/c, A =0,03M, ® =20 1/c.
Onpeneauthb: x=f(t)— 34KOH JBHIKEHHsl Puc.. 12
_Ipy3a NO OTHOLIEHHIO K Kopmycy npu6opa.

Ly




Pewenne. 1. CasizkeM ¢ KoprnycoM npuGopa NMOJABHXKHYIO CHCTEMY OTCYe-
Ta, Hauajso O KOTOpPOHA MOMECTHM B KoHIE HelehOpPMHDOBAHHOH MpPYXHHHI
(ee mauHa oGosHaueHa l)), a ocb X HampaBHM B CTOPOHY YAJIHHEHHS
npyxusel (cM. puc. JI2). Paccmorpum rpys B NOJIOXEHHH, MPH KOTOPOM
npyxmua pacranyra. Ha rpys peficteyer cuna tsxkectd P u cuna ynpyroctd

. Ilns cocraBieHust ypaBHEHHs! OTHOCHTENBHOTO JBHXKEHHS rpy3a IpH-
COEJMHHM K STHM CHJIAM TNEPEHOCHYI0 GHIY HHepUMH Fpep = — Muep,
KOPHOJINCOBA CHJIa HHEPIIMH paBHa HYJO, TaK Kak NMepeHOCHOe ABHXKEHHE
(mBuxKenne kopmyca npuGopa) sBAseTcss mocrynateabHuM. Torna ypasHe-
HHE OTHOCHTEJIbHOro ABHXKEHHs B BeKTOpHOMH (opme GyneT HMETb BHL

m&oru=ﬁ+F+F:ep~

[TpoekTHpys 06e €ro yacT Ha OCh X, MONYYHM

mx = Py+Fy+ Flep: . (1)
3necb Py=P, F.= —cAh= —cx, rie A= x — yIJIHHEHHE NPYXHHHI,
Flepx = — Maneps. quuaaﬂ YTO OCH X H2 HanpaJeHH OJHHAKOBO, NOJYy-
YHM Qneps = QAnepz == z= —Aw?sin (wt) U Fle = mAo?sin(wt).

IMoacraBnsisi Bce HaljeHHHE BLIpAaXKEHHSI NPOEKUHH CHI B ypaBHe-
Hue (1), moaydnm

mx = P—cx+ mAw?*sin(wf) . (2)
HuddeperuunanbHoe ypaBHenHe (2) MoxeT GbiTh 3alHCaHO B BHAE
X+ k% = b, + bzsin(ot) , (3)

rae 0603HaueHo

P=c/m=100 c7% b= g= 10 m/c% b= Aw?= 12 M/c?®. (4)

2. ins onpejesNeHHsl 3aKOHa [BHXKEHHS Ipy3a HaJ0 NPOHHTErpupo-
Batb ypaBHeHHe (3). Ero ofuiee pemende, KaX H3BeCTHO H3 TEODHH
AH}PepeHIHaNbHBIX YPaBHEHHIH:

x=x+x, (5)
rie x; — obuiee pelleHHe OAHOPOLHOro ypaBHeHus x 4 k*x = 0, T. e.
= C,sin(kt) + Cycos(kt), (6)

a Xy — yacTHoe pelleHHe ypaBHeHHs (3). YuuThIBasi, KakoBbl NpaBasi H
JieBasi YaCTH 3TOro ypaBHEHHS, HLIeM Xp B BHIE

= B+ Dsin(wf) . (7)

Ilns onpefenenus NOCTOSHHHX B u D Haxomum Xy = — Dw?sin(wf),
NOACTaB/sleM 3HaueHHs x2 M X2 B ypaBHeHHe (3) M mpHpaBHHBaeM B ero
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o6eHx 4acTaX CBOGONHbIE ueHbl W Ko3(bdHuHeHTH npH sin(wf). B pesyis-
Tarte, NIpUHUMasl BO BHHMaHHe 0oGo3HaueHHs (4), MOJAYYHM
b] b2

B = kz =O,l M, D=—k'2—:.?=—0,04 M.

Toraa us pasencts (5)—(7), yunthias, uto k=10 ¢™', a =20 c¢~',
nonydum caepyioliee obuiee peuleHHe ypaBHeHHs (3):

x = C,sin(10£) 4+ Cycos(10f) — 0,04 sin(20¢) 4-0,1 . (8)
s onpeeneHust NOCTOSIHHBIX HHTerpHpoBanus Ci W C Hafiiem eme
U= X;

vs = 10C; cos(10f) — 10C,sin (10¢) — 0,8cos(20) . 9)

Io ycnoBuam 3anauu npH £ =0 v, = vo= 0,5 M/c, xo = ko = 0,05 M.
[MoacTaBHB 3TH HayaJbHble AaHHBE B ypaBHeHuss (8) u (9), Haimem H3

HHX, uro C; = 0,13, C; = —0,05. B pesyabrare ypasHenHe (8) npumer
OKOHYaTeJIbHO BHJ
x = 0,13sin(10¢) — 0,05 cos (10¢) — 0,04 sin (20£) +0,1 . (10)

DT0 ypaBHEHHe H ONpele/seT HCKOMbIH 3aKOH OTHOCHTENbHOro
JIBHXXEHHSA TPy3a, T. €. 3aKOH COBepLIaeMbiX HM KoJeGaHHH.

3apaua 13

MexanHyeckasi CHCTEMa COCTOMT H3 rpysoB D maccoit m; =2 kr u
D, maccoit mp; =6 Kr H H3 NPSIMOYrOJbHOH BEPTHKA/JbHOH NJIHTHI MaccoH
ms= 12 Kr, [BHXYyuleficdA BIOJb TOPH3OHTAJbHLIX HaNPaBJSIOWHX
(puc. [03.0 — 3.9, ta6a. [13). B moment Bpemenu fo = 0, Koraa cucrema
HaxolHuJacb B MOKOE, MOJ JAeHCTBHEM BHYTPEHHHX CHJ IPy3bl HaYHHAIOT
[BHraTbCA MO Kesjo6aM, NPEACTABJSAIOUMIHM COG0H OKPYXKHOCTH PajHyCcoB
r=04MuR=08m.

ITpu pBHXeHHH TPy30B yroa ¢y = ZA;C3D; H3MeHACTCS MO 3aKOHY
@1 = fi(f), a yron @2 = £A:C3D; — no 3axkoHy ¢ = fy(¢). B Tabn. M3
STH 3aBHCHMOCTH AaHBl OTAENbHO AJsi pHc. 0—4 H 5—9, Tae @ BbpaxeHo
B pajHaHax, { — B CEKyHJax.

Cunrtasi rpy3bl MaTepHaJbHBIMH TOYKAMH H NmpeHefperas BCeMH CONPO-
THBJICHHSIMH, ONpPEJeJHTb 3aKOH H3MEHEeHHA CO BpeMEHEM BEJHYMHH, yKa3aH-
HOMt B Tabauue B cronbue <«Hakru», T.e. x3=f3(f) u N = f(#), rae
X3 — KoopauHaTta ueHtpa C; NJHTH (3aBHCHMOCTb X3 = f3(f) onpenenser
3aKOH [BHXKEHHA NJHTh), N — nojlHasi HOpMaJbHas peakuHs Hanpab-
JISTIOLILHX.

Ykasauusa. 3agaya JI3 — Ha mMpHMeHeHHE TEOPEMbI O JIBHXKEHHH LEHTpa
macc. Ilpu 3ToM nansi onpepeiieHHst X3 = f3(f) cocTaBHTb ypaBHEHHE
B NpPOEKUMH HA FOPH3OHTAJbHYIO OCb X, a JJIs onpeneqeHHs N — nHa Bep-
THKaJbHYIO OCb Y.
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Ta6aunua A3

Puc. 0—4 Puc. 5—9
Howmep Haiitu
Yo | @ =h p=h0) | o= 2 = fat)
0 -3’5(t2 +1) %{t’ —9 ;‘ 3—£) %(tz-i— 2 | x
fad fu 1 nt
1 W2 —1) T+3) 22— 5 N
2 %(t2 +9) %(5 —8) —3’3(4 —12) at? X
nt n 14 n
3 5 5{t—2) +3—2) 53—1) N
n 2 T, nt? To g2
4 | =30 | -9 = 2e-0 | x
5 %(t—}-?) :‘ 1—1) n(3—1) gt—l) N
6 nf? %(1 — 2 %(ztz —3) %(2 —) | x
Fi4 i} F111 n
7 26—1 S+ ua ) N
T, T 2 T 2 2
8 | (+3) 22— ) (£ +2) s
9 ;(4—0 - n(t+5) %2’_ 1) g(z—t) N

Puc. 13.0 Puc. 3.1
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Puc. 13.8
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Puc. J13.3

Puc. 3.9
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Y X3 \ Mpumep J3. Mexanunueckas
Z CHCTEMa COCTOMT M3 rpysoB D,
maccoit m; u D, maccoit my H u3
NpSIMOYTOJIbHOM BEpPTHKAJIbHOH
IVIMTHL Maccoit ms, ABHXKYyLlefcA
BIOJb TODH3OHTalbHBIX Hampas-
asomux (puc. A3). B MomeHT
BpeMeHH fo = 0, Korjga cucrema Ha-
XoAHJach B NMOKOe, noj AeficTBHEM
BHYTPEHHHX CHJI rpy3hl HayHHAIOT
JBHraThCs NO XKeJao6aM, NpeacTas-
JAOMHM COO0H OKPYXKHOCTH paju-

Puc. I3 ycoB r u R, no 3akonam ¢; = fi(f)

, H @2 = fa2).

Hauno: m =6 xkr, my=8 kr, my= 12 kr, r=0,6 M, R = 1,2 M,

@1 = ant pap, <p2=%(l-—t) pax (t —B cekynpax). OnpengenuTts:

x3 = f3(f) — 3aKoH ABHKeHHS MIHTH, N = f({) — 3aKoH H3MeHeHHs CO Bpe-
MeHeM MOJIHOH HOpPMaJIbHON peaKkUHH HanpaBJisOHX.

Pemenne. PaccMOTpHM MeXaHHYECKYIO CHCTeMY, COCTOSIILYIO H3 IUIHTHI
u rpysoB D, u D, B npousBoibHOM nonoxeHuH (puc. J3). H3o6pasum
ReiiCTBYIOlHE HA CHCTEMY BHEUIHHE CHJH: CWIH TsxkectH Py, Py, P; u
peakuuio Hanpapasiomux N. Ilposenem koopaunathHele OcH Oxy Tak,
4yroGH OCb y npoxoAuna uepe3 TouKy Cio, Tle HaXOAHJCA LEHTP Macc
IVIHTH B MOMEHT BpeMeHH fo = 0.

a) Onpenenense nepemeumienuss x;. [asi onpeneneHHs x3 = f(¢) Boc-
noib3yeMcsi TEOPeMOi O HBHXKEHHH WeHTpa Macc cHcTemMuh. CocraBHM
AuddepeHLHaNbHOE YpaBHEHHe €ro JBH)XKEHHST B NPOEKUHH Ha OCb X.
IMoayuum ’

Mi¥c= ZF} nan Mxc=0, (1)

TaK Kak XFi; = 0, MOCKO/MIbKY Bce AefCTBYIOLHE HA CHCTEMY BHELIHHE CHJIBI
BepTHKa/bHHI. '

IpounterpupoBas ypaBHennwe (1), Hafinem, uro Mic=Ci, T.e.
NpoeKUHsi CKOPOCTH LEHTPa Macc CHCTEeMbHl Ha 3Ty OCb €CTb BeJHYHHA
nocrosinnas. Tak Kak B HauaJbHHIA MOMEHT BpeMeHH vc, =0, T0 €= 0.

Huterpupys ypaBHenne Mxc= 0, nonyunm

Mxc= const, (2)

T. €. LleHTP Macc CHCTeMbI BAO/b OcH Ox nepemelathbest He GYAeT.

Onpenennm 3Hauenne Mx. H3 puc. JI3 BHAHO, UTO B NPOH3BOJbHBLIA
MOMEHT BPeMEHH aGCUHCCH I'PY30B paBHbl COOTBETCTBEHHO X = X3 — Rt0s ¢y,
X3 = x3+r sings. Tdk Kak no ¢opmyae, onpejensioulei KOOpAHHATY X¢
HEeHTpa Macc CHCTeMBl, Mxc= mx| + maxs + maxs, 10

Mxc = (mi+ ma+ ms)xs — miRtos(st) + morsin(n/2 —nt/2) . (3)
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B COOTBETCTBHH C PaBeHCTBOM (2) KOODAMHATHI LEHTPa Macc xc Beelt
CHCTEMB B HaYaJbHOM H NMPOH3BOJBLHOM NOJIOXKEHHsX GynyT pasHu. Cieno-
BaTeJbHO, YUHTHIBasl, YTO NpH fo =0 x3 = 0, noxy4um

— mi R mar = (my 4+ ma + ma)xs — miRtos (nt) 4- mer cos(nt/2) . (4)
Orciofa noJyyaem 3aBHCHMOCTb OT BPeMEHH KOODIHHATH X3.

OtBeT: x3=0,09[3cos(nt)—2cos(nt/2)— 1]m, rae ¢ — B ceKyHIax.

6) Onpenenenne peakumn N. [as onpepenennss N = f(t) cocraBum
I depeHnHaIbHOe YPABHEHHE JBHXKEHHs] LGHTPA MacC CHCTeMbl B MPOEKUHH
Ha BepTHKaJIbHYIO ocb y (cM. puc. [13):

Mjc= XFf, utu Myc=N—P;—P;—Ps. 1)
Orciofia NOJY4HM, yuTs, 4T0 Py=mg, u T. A.:
' N = Myc+(mi+ ma+ ma)g . 2)
Io popmye, onpeaensioutel OpAUHATY Y UEHTPA MACC CHCTEMD,
Myc = myi + mayz + mays, The Y1 =H+ Rsingy,
yo = H —rcos ga, y3 = H = OCjo = const, nonyunm
Myc = (my + ma 4+ ms)H + miRsin (nt) — mar cos(n/2 —nt/2)
HJIH
Myc= (m1 4+ ma 4 m3)H 4 miRsin (nut) — morsin(nt/2) .
IMpoaudeperunpopas o6e yacTH 3TOr0 paBeHCTBA 1BA pasa Nno BpeMeHH,
Haizem
Myc = mRncos(nt) — mar(n/2)cos(nt/2) ;
Mijc= — miRx?sin(nt) + mar(n’®/4)sin(nt/2) .

[MoxcTaBuB 370 3HaueHHe Myc B ypaBHeHne (2), OmpelenuM HCKOMYIO

saBucumoctb N ot £.
Orset: N =254,8—12n2[6sin (af) — sin (nt/2)], rae ¢ —B ce-
KyHaax, N — B HbIOTOHaX.

3apavua 14

MexaHHuecKasi CHCTeMa COCTOMT H3 MpSIMOYTOJMbHOH BepTHKAJbHOH
nauThl [ Maccoft m; = 18 Kr, ABHXKyulelicsl BAOJNb FOPU30OHTAJIbHBIX HaMpas-
AsoWHX, ¥ rpysa D maccoit mp=6 kr (puc. 4.0 — [4.9, ta6a. [14).
B MomeHT BpemenH fo=0, KOrla CKOPOCTb IUIHTH uo =2 M/c, rpys
Nox AefCTBHeM BHYTPEHHHX CHJ HAaUHHAeT JBHraThCsl MO KeNoCy MJIMTHL.

Ha puc. 0—3 xeno6 KE npsaMonuHeAHHIA W NPH ABHXKEHMH rpysa
paccrosiane s = AD u3ameHsieTcsi no 3aKoHy s=fi(t), a Ha puc. 4—9
Kesno6 — OKpyXKHOCTb paanyca R=0,8 M M npu ABHXEHHH rpysa Yroa
¢ = £LAC,D usmensiercst no 3akony ¢ =f(f). B Tabn. 4 stn 3asucu-
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Puc. 114.3

Puc. 4.7

Puc. 14.9
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Ta6auna J4
Homep s=F() 9 = fa(t)
yeao-
BuA puc. 0,1 puc. 2,3 puc. 4,5,6 puc. 7,89
0 | 08sin(af?) 04(32—2) |a(3—20)/3 |n(2—1)
1 | 12cos(nt/2) |o06sin(n?/2) |a(1—3P)74 | a1 —ar)/3
2 |oeer=1) |08cos(nt a(12 — 3)/6 {3+ 41%)/6
3 | 04sin(nt?/3) |0,5sin(nt?/6) | n(2— ¢ ) (24 1)/2
4 | 05cos(nt/6) | 12cos(nt/3) |n(l420%/6 | a(l—50)/4
5 |06sin(nft/4) |05(3—4r) |n(sf41)/4 | altt—4)/3
6 |0,8(2—3) 0, 8sm (nt2/3) (2 —2)/2 nt?/4
7 OGCOS(R/ 0,4cos (nit/4) n(3+t2)/3 (32— 1)/6
8 | 1,2sin(nt?/6) | 1,2sin(xnt?) nt?/2 (£? 4 3)/2
9 | 0,8cos(nt/4) 06cos(nt/6) a(* +2)/6 (2 —1%)/4

MOCTH JaHbl OTHeNbHO st puc. 0 u 1, ans puc. 2 u 3 u T. A., rae s BHpa-
KeHO B MeTpax, ¢ — B pajuaHax, { — B CeKyHAaXx.

CuuTtasi Tpy3 MaTepuaJsibHOH TOYKOH M npeHe6Gperast BCeMH CONPOTHBIE-
HHUAMH, ONpPENeJUTb 3aBUCHMOCTb u = [({), CKOpOCTb IUIHTBHI Kak
¢YHKUHIO BpPEMeHH.

Ykasauus. 3agaua JI4 Ha npuMeHeHHe TeopeMbl 06 H3MEHEHHH KOJIH-
uecTBa JBHXKeHHsi cucTeMbl. [Ipy pelenun cocraBuTh ypaBHEHHe, BHIPaXaIo-
uiee TeopeMmy, B NMPOEKUHH Ha FOPH3OHTAJbHYIO OCh.

Mpumep J4. B nentpe TsmecTn A Tenexku Madcoit m;, ABHXyLledics
MO IJIafKoH TOpU3OHTANbHOH IVIOCKOCTH, YKpeIJleH HeBeCOMBIH CTepKeHb
AD pnuno#t | ¢ rpysom D maccoit mp Ha Konue (puc. /14). B momenT Bpe-
MeHH fo =0, KOT#a CKOPOCTb TE€JNeXKH u = uo, cTepxeHb AD HaunHaeT
BpallaThcsi BOKPYr ocH A mo 3aKoHy ¢ = ¢(¢).

JdaHo: m =24 kr, me=12 Kkr, uo=0,5 M/c,
= (n/3X1 423 pan (t— B cexynnax). Onpenenurs:
3aKOH M3MEHEHHsI CKODOCTH TeJIeMKH.

Pewenne. PaccMOTPHM MeXaHHUECKYIO0 CHCTEMY, COCTOSIILYIO M3 Tesex-
Ku H rpysa D, B npousBosbHOM mnonoxenun. Hzo6pasum peiictyrouiue
Ha CHCTEMY BHELIHHE CHJIBI: CHJIbl TSXKeCTH
Py, Py u peaklHH MJIOCKOCTH N’, N”. Ipo- g
BejeM KoopiuHaTHble ocH Oxy Tak, 4TOGbI

=06 M o=
u=ft)—

N i
ocb x Obl1a TOPH3OHTAJbHA. 0 A i
Uto6bl onpenenuTb #, BOCNONb3yeMCs 0 ,(( 1
o 1o my 4 je}
TeopeMOH 06 H3MEHEHHH KOJHYeCTBa JBHXKe- e 7 7 X
HUSL cHcTeMbl Q B mpoeku#n Ha ocb x. Tak Y ) A
KaK Bce JeACTBYIOULHE HAa CHCTEMY BHELIHHE =
e PZ
cusbl BepTukanbhel (puc. J14), To ZFi, =0
M TeopeMa jaer Puc. 114
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dQx
dt

= Y Fix=0, otkyaa Q:,=Cy. (1)

Jlnsa paccMaTpuBaeMoil MeXaHHYECKOH CHCTEMBI Q=0Q"+Q> rae Q"=
=ma u Q° = myvp — Ko/MMYECTBA ABHIKEHHS! TeJIeXKH W rpysa D coor-
BETCTBEHHO (# — CKOPOCTb TeJEXKH, Up— CKOPOCTh Ipy3a MO OTHOLIEHHIO

K ocaM Oxy). Torpa u3 paeencrsa (1) caenyer, 4to
Q1+ Q2= C, nm miu,+4movp,=C,. 2)

Iast onpejesieHHst Up, PacCMOTPHM ABHXKeHHe Ipy3a D KaK CJOXKHOE,
CYMTasi ero JBHXEHHE MO OTHOUIEHHIO K TeJeXXKe OTHOCHTENbHHM (3TO
IBHXeHHe, cOBeplliaeMoe NpH BpaileHHH cTepxHsi AD Bokpyr ocu A),
a JBHXEHHE caMoill TeleXKH — NepeHocHuM. Toria vp= vlP+ vj"

vpx = vFP+ UGk (3)

Ho 0P = u u, caegosaTensho, vP= u, Bexrop v, HanpasieH
MepIeHAUKY/ISIPHO CTEPIKHIO H YHC/IEHHO U == lewap= lq3 = 2nt%

H306pa3us stor BeKTOp Ha pHc. JI4 ¢ yuerom 3HaKa @, HaiiaeM, uTo
v¥,= — v¥cos . OKoHUaTeNIbHO H3 paBeHCTBa (3) NOJYYHM

Upy= Uy — VYOS @ = u,—2lnt’cos(—g—+-%u—ta). (4)

(B naHHOM 3ajaue BEJHYHHY Up, MOXHO ellle HAaHTH ADYTHM MNyTeM,
onpeneans aGeuucey xp rpysa D, ansi KOTOpOH, KaK BHIAHO H3 puc. 114, no-
AyduM Xxp=x4—Ising; Toraa Upy= Xp=%a—lpcosqp, e Xp=u, a
q) = 2nt%.)

Tpu HaiimeHHOM 3HauYeHHH Up, PaBeHCTBO (2), eciH Yy4ecTb, YTO
U, = U, IPHUMET BHJ

m1u+m2u—m22lnt2cos( A t’) =C,. (5)

MMocTosnnyio HHTErpupoBaHus C| ONpelesHM MO HauyaJbHBIM YCIOBUSIM:
npu ¢ =0 u = uo. [NoAcTaHOBKa STHX BeJHuHH B ypasHenue (5) Aaer
C\ = (m; + ma)uo ¥ Toraa u3 (5) moayuum

(ﬂ‘h —+ ﬂh)u — 2m21ﬂl2 cos (——-+ 13) = (m. + mz)uo .

OTciofia HAaXOUM CJIEAYIOYI0 3aBHCHMOCTb CKOPOCTH 4 TeJeXKH OT
BPEMEHH:

2lnmy , n 2n 3)
u—uo+ m.-l—mg t COS(T+-—3—t . (6)

IMoxcTaBHB €l0fla 3HAYeHHs COOTBETCTBYIOLIHX BEJHUHH, HaXOJIHM
MCKOMYIO 3aBHCHMOCTb 4 OT £.
OrBet: u=0,5+04nt®. cos(n/3 4 2n3/3) m/c.
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3anaua 15

OnHopoaHass TOpH3OHTa/nbHag maardopma (kpyrias paauyca R
HAM TpAMOYroJbHas co CcTopoHamu R u 2R, rae R’—IZ M) Maccolt
m, = 24 xr Bpamaercs ¢ YIJOBOA CKOPOCTbIO wo =10 ¢~ ! Bokpyr Bep-
THKaJbHOH OCH 2, orcrosmed or ueHtpa macc C maarpopmbl Ha pac-
crosinun OC = b (puc. J5.0 — 1159, Ta6n. J15); pasmepnl AisA BCeX
npAMOYroNbHHEX M1aThopM NoKasaHu Ha puc. J15.0a (BHA cBepXY).

B moMeHT BpeMmeHH fo = 0 mo xeno6y miatr¢opmbl HaYHHAET JBHraTh-
¢ (mop mefictBueM BHYTPeHHHX cua) rpys D Maccod me=28 xr mno
sakony s=AD == F(f), rie s BupaxeHo B MeTpax, ! —B CeKyHuax.
OnHOBpeMeHHO Ha MiaTdopMu HauHHAeT JAEACTBOBATb Mapa CHJ C MOMEH-
ToM M (3alaH B HblOTOHOMeTpax; npu M<C0 ero HampaBJ/ieHHe MpPOTHBO-
MOJIOKHO NOKA3aHHOMY Ha PHCYHKaXx).

OnpefienuTb, npeHeGperas MacCOH Baja, 3aBHCHMOCTb © = f(t),
T. e. YFJIOBYIO CKOPOCTb M1aTGOpMbl, KaK (GYHKIHIO BPEMEHH.

Ha Bcex pucyHkax rpy3s D mnokasaH B MNOJOXEHHH, NPH KOTOPOM
s>0 (xorza s<<0, rpy3 HaXOAMTCS MO APYryil0 CTOPOHY OT TOYKH A).
Hso6paxkas ueprexx peLiaeMoii 3ajayd, MPOBeCTH OCb 2 Ha 33JlaHHOM pac-
crosinun OC = b or nenrpa C.

¥Ykasauusa. 3anaqa JI5 — Ha npuMeHeHHe TeopeMbi 06 M3MEHEHHH KH-
HEeTHYECKOrO MOMEHTa CHCTeMH. IIpH nNpHMEHEHHH TEOpeMhl K CHCTeMe,
cocrosiefi u3 maarGopMul H rpy3a, KHHETHYeCKHH MoMeHT K, cucreMmsl
OTHOCHTE/IbHO OCH 2 ONpejensiercsi KaK CyMMa MOMEHTOB I1aT¢opMbl
u rpysa. Ilpu sToM cieayeT y4ecTb, 4TO abcomoTHas CKOPOCTb TIpy3a
CKAajBIBAETCH  H3 OTHOCHTE/BHOA Ugry M TEPEHOCHOH Unp CKOpOCTEH,
T.e. U= v,,,..—l—v..e,, IMosToMy H KOJIHYECTBO JBHXEHHA 3TOro rpysa
MO = MUgry +MUgep. TOT@ MOKHO BOCHONB3OBATLCS TeopeMoii BapuHbona
(craTuka), COraacHo KOTopoh MAMmv) = M(MUgrs) + MM Unep); ITH MOMEH-
TH BHUUCJASAIOTCA TaK e, Kak MoMeHTH cHi. IlompoGHee xon pemeHus
pasbscHeH B mpumepe JI5.

Mpu pelweHud 3ajayd TNoJie3HO H306pasuTb Ha BCIOMOraTe/NbHOM
uepTexke BUA Ha miardopMy cBepxXy (C KOHIA OCH 2), KaK 3TO ClelaHo
na puc. 115.0, a — J15.9, a.

MOMeHT MHepIHH TJIACTHHH C Maccoii m OTHOCHTeJbHO ocH Cz, nep-
NeHAHKY/SPHOH MiacTHHe H NpoXofsmedl yepes ee menrp macc C, paBe:

JJisi IpSIMOYTOJIbHOM TUIaCTHHHL CO CTOPOHAMH @i H Q2

ce= m(a}+a3)/12;

IJISi KPYrJlof IJIaCTHHH pajuyca R
1(;: = mR’/Z .
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Ta6anuuma M5
Homep
ycaoBust b s = F(t) M

0 R —048 6
1 R/2 0,6¢2 4¢
2 R —0,8¢2 — 6
3 R/2 10¢ — 8t

4 R 0,4¢% 10
5 R/2 —0,5¢ — 92

6 R —0,6¢ 8
7 R/2 0,8¢ 62
8 R 0,4¢ — 10¢
9 R/2 0,5¢2 1242

R’ R
/K &~
)

M2

05“’4 c A

W s

Ny

E
Puc. 115.0 Puc. [15.0a

" Puc. JI5.1

Puc. [15.1a



Puc. [15.5

05R

Puc. I15.5a
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Puc. 5.

Mpumep JA5. OnHopoaHas TropH3OHTaNbHasA miatdopma (npsiMOyroJib-
Has co cropoHamu 2/ u [l), umeowas Maccy m;, KeCTKO CKpenjeHa
C BepTHKAJbHHIM BAJOM H BpallaeTcsi BMECTe C HHM BOKpYr OCH Z C yrIJo-
Bofi cKopocTbio o (puc. I15,a). B momeHT BpemeHH fo= 0 Ha Ban
HauHHaeT AefiCTBOBATh BpallaioOWMA MOMEHT M, HanpaBieHHBI NPOTHBO-
MIOJIOXKHO o, OAHOBpeMeHHO rpy3 D maccoft mj, Haxoisluicsi B xenoGe
AB B Touke C, HauWHaeT ABHraTbCS MO XKeJaoGy (noi AefCTBHEM BHYTPEH-
HHX cu) 1o 3aKoHy s = CD = F({).

Mano: mi=16 kr, my=10 kr, [=0,5 M, @o=2 ¢!, s =04t
(s — B merpax, { — B cekyHnax), M= kt, rxe k=6 H.m/c. Onpe-
NenHTb: o= f(f) —3aKOH H3MEHEHHMSl YIJOBOH CKOPOCTH niar@OopMhl.

Pewenne. PaccMOTpHM MeXaHHYeCKylO CHCTEMY, COCTOALLYIO H3 mJar-
¢opmbl H rpysa D. [lasa onpelesieHHs & NPHMEHHM TEOpeMy 06 H3MEeHEeHHH
KHHETHYeCKOr0 MOMEHTa CHCTEMbl OTHOCHTEJNbHO OCH Z:

dK:
dt

M306pasum NefCTBYIOLIHE HA CHCTEMY BHELIHHE CHIbI: CHIbL TAXKECTH
P\, P2 peakuun Rg, Ry u Bpamalouum moment M. Tak Kak cuawt Py u Py
napajjielbHbl OCH 2, @ DeaKiHH Rg u Ry 31y och nepecekaioT, TO HX
MOMEHTHl OTHOCHTeJBHO OCH 2 paBHH Hymo. Toraa, cuuras Iisi MOMeHTa
NONIOXKHTENbHHM HanpaBieHHe oo (T. €. NPOTHB XOAa 4acoBoH CTpeJIKH),

=3 my(Ff). (1)

nonyuum Em(F§) = — M = — ki n ypasuenue (1) npumer TaKkol BUA:
dK.
—_— = —Fkt. 2
a . @
YMHOXast o6e yacTH 3TOro ypaBHeHHsl Ha df M MHTErpHpysd, MOJAYUHM
Ke=—%e+c. 3)
Ilns paccmaTpuBaeMol . MeXaHHUECKOH CHCTeMB
= KF'+K?, )

rie K™ n KP — kuHernueckHe MOMEHTH NJiaT(opMbel H rpysa D coor-
BETCTBEHHO.
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Tak kak mnardpopma Bpamaerca BOKPyr ocH 2z, 10 KV = Lo.
3nayenne [, Haiizem mno Téopeme Todirenca: " I, = I¢y+m,-(0C)* =
= I¢c,»+ ml? (Ic, — MOMEHT MHEpIHH OTHOCHTEJBHO OCH 2/, napaJiyiesbHOi
OCH Zz M mpoxojsuled yepe3 ueHTp C muartgopmsi).

Ho, kak usBecrHo,

Ico = m\[(20)°+ ] /12 = 5m, /12

Torna
=5m /124 m = 17Tm%/12.

CiienoBarenbHo,
K= (17m*/12)w . (5)

Has onpenenenus K‘Z’ obparumca K puc. I15,6 H paccMoTpuMm
IBHXKeHHe rpysa D Kak CJI0XKHOe, CUMTas ero [ABHIKEHHe M0 miaTdopme
OTHOCHTEJIbHBIM, @ BpalleHHe caMoil maaTdopmel BOKPYT OCH Z IepeHOCHBIM
nsuxenuem. Torga a6cosioTHasi CKOPOCTh rpysa v = vm+ v,.ep Tak kak
rpy3s D pBuxercsi Mo 3aKoHy § = CD = 0,4{2, T0 0oy = s = 0,8¢; H306-
paxaeM BEKTOP Uy Ha pHc. JI5, 6 ¢ yueroM 3Haka s (npu s <0 Hampasile-
HUE Uory GBUIO Gbi NPOTHBOMNONOXKHbIM) . 3aTeM, YYHTHIBas HamnpasjleHHE o,
H306paxkaeM BeKTOp 5,,ep(5,.ep_LOD); YHCIEHHO Upep = @+0OD. Torpa, no
Teopeme BapuHboHna,

K? = mz(mzl;) = mz(mﬂ;om) + mz(mzz;nep) = — MaUe* OC + MaUpnep * OD =
= — m,-0,8t + my0(0OD)? . (6)

Ho na puc. 115, 6 sBugno, uto OD? = I 4 s? = [> 4 0,16¢*. TToxcrasasis
3Ty BeNMUHHY B paBeHcTBO (6), a 3artem 3Hauehuss K? u KI" u3z (6) u (5)
B PaBEHCTBO (4), MOJYyYUM C YYeTOM JAHHBIX 3aLayH

Kz = %—m;lzm + mgm(l"’ + 0,1614) —_— m2(0,8t)l=

= (8,17 4+ 1,6t —4f . (7
Torpa ypasHenue (3), rae k = 6, npumer BuJ
(8,174 1,6tYo —4t = — 3124 C, . (8)

ITocTosAHHYI0 HHTErpHPOBAaHHA OMpelelsieM IO HayasbHBIM YCIOBHAM: NPH
t=0, o= wo. Iloayunm C; = 8,170o = 16,34. Ilpu sTOM 3Hauenun C,
H3 ypaBHeHHs (8) HaXoguM HCKOMYyl0 3aBHcHMOCTh o OT ¢{. OTBer:
o= (16,34 + 4¢ — 3t*) /(8,17 + 1,6¢*), rne ¢t — B cekyugax, o —B ¢\

3apaua J16

MexaHuueckass CHCTeMa COCTOHT H3 rpy3oB | M 2, CTYNeHYaroro
wkuBa 3 ¢ pamuycamu cryneHedl Rs=0,3 M, r3=0,1 M u paguycom
HHEDUHH OTHOCHTEJbHO OCH BpauleHusa p3= 0,2 M, Gaoka 4 pajuyca
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Ta6auuma 6

Howmep mao, ms, ms,
ycao- | my, KTy KF | ms, Kr| K& kr |c,H/m[M,H-M F=f(s), H [Haiitu
BHA

0 0 6 4 0 5 200 1,2 80(4 + 5s) w3
1 8 0 0 4 6 320 | 0,8 50(8 + 3s) vy
2 0 4 6 0 5 240 1,4 60(6 + 5s) 12
3 0 6 0 5 4 300 1,8 80(5 + 65s) W4
4 5 0 4 0 6 240 1,2 40(9 + 4s) vy
5 0 5 0 6 4 200 1,6 50(7 4+ 8s) Ucs
6 8 0 5 0 6 280 | 0,8 40(8 + 9s) w3
7 0 4 0 6 5 300 1,5 60(8 + 5s) Ve
8 4 0 0 5 6 320 1,4 50(9 4 2s) [N
9 0 5 6 0 4 280 1,6 80(6 + 7s) Ucs

Puc. 116.0 Puc. [16.1

Puc. [16.2 Puc. J16.3
73



Puc. [16.6 Puc. 6.7

Puc. 116.8 Puc. 16.9

Ri=02 M M KaTka (HAH NOABHUIKHOrO 6aoka) &5 (puc. 6.0 —
J6.9, ta6a. d6); Teqo 5 CYHTATh CIVIOWIHBIM OJHOPOJHLIM LHJIHHAPOM,
a maccy 6J0ka 4 — paBHOMEpHO pacnpeneienHoii no o6oay. Koshduunenr
TpeHus rpysos o miaockoctb f= 0,1. Tena cucTeMbl cOEAHHEHH APYT ¢ ApY-
FOM HHTSMM, MEPEKHHYTBIMH uyepe3 GJIOKH M HAaMOTAHHBIMH Ha LWKHB 3
(M1 Ha WKHB H KaTOK); yYacTKH HHTeH NapajsiefbHbl COOTBETCTBYIOLHM
niockoctsiM. K ofHOMY M3 Ten mpHKpensieHa npykHHA € KoddhHUHEHTOM
JKECTKOCTH C.

ITon neitcreuem cunbl F = f(s), 3aBHcsiwell OT nepemeleHHst S TOUKH
€e MNpHUIOXKEHHs, CHCTeMa TMPHXOAHT B JABHXKEHHE H3 COCTOSHHSA MOKOS;
AedopMalHs NPYKUHB B MOMEHT Haua/ia ABHXKeHUs paBHa Hyuo. IIpH aBH-
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JKEHHH HA IIKWB § NeHCTBYeT MOCTOSHHBIA MOMeHT M CHJI COMpOTHBJEHHA
(OT TpeHHs B TOAMHKIHAMKAX).

Onpeenuth 3HaueHHe HCKOMOH BENHUHHBL B TOT MOMEHT BpEMEHH,
KOrja mnepeMelleHHe S CTaHET PAaBHHM s1 = 0,2 M. Uckomas BesnuHHa
yka3aHa B cron6ue «Haiitu» Ta6aHUB, rAe 0003HAYeHO: Uy, Uz, Ucs — CKO-
poctd rpy3oB I, 2 K IleHTpa Mmacc Teaa 5 COOTBETCTBEHHO, ®3 H W4 —
yriioBble CKOpocTH Tea 3 H 4.

Bce KaTki, BKAIOUas H KaTKH, OGMOTaHHBIE HHTAMH (KaK, Harnpumep,
KaToK § Ha pHC. 2), KaTATcs N0 IJIOCKOCTAM 6e3 CKOJIbXKeHHs.

Ha Bcex pHCYHKax He H306paxaTb Tpys 2, eciu mp = 0; ocrajbHbe
Teja MONKHB H306paXkaThcs H TOFAA, KOLAA HX Macca paBHAa HYJIO.

Vkasanus. 3amaua JI6 — Ha NpHMeHeHHe TeopeMbl 00 H3MeHEHHH
KHHETHUeCKOi 3Hepruy cucrembi. [Ipn penieHHH 3ajaul YUecTb, HTO KHHETH-
yeckast sueprusi T CcHCTeMbl paBHa CyMMe KHHETHUECKHX JHeprHii Bcex
BXO/SIUIMX B CHCTeMY TeJl; 3Ty SHEPrHIO HYXKHO BLIPa3HTb yepes Ty CKOpOCTb
(TMHefHyI0 MAH YIJIOBYIO), KOTOPYIO B 3ajaue HANO OMPEAETHTS. Ipu BHI-
yncaennu T ISl YCTAHOBJEHHS 32BHCHMOCTH MEXJy CKOPOCTAMH TOYEK
Tesa, ABHKYILErocs MJIOCKOMapalieNbHO, KN MEXIy ero yrJioBOK CKO-
POCTbIO M CKOPOCTBIO LieHTPa MacC BOCMO/b30BATHCA MFHOBEHHBIM LI@HTPOM
ckopocTeil (KHHeMaTHKa). Mpu BbluMC/IeHHH pabOTHl HALO BCe MepeMelleHHs
BHIPA3UTb uepe3 3aJaHHOE NepPeMelleHHe Sy, YuTs, UTO 3aBHCHMMOCTb MEXAY
nepemelleHHsIMH 3/leCb Gy/erT TakoH e, KaK Mexuy COOTBETCTBYIOLHMH
CKOPOCTSIMH. )

TMpumep J16. MexaHuyecKas cucTeMa (pHc. J16, @) COCTOHT H3 CILTOLIHOTO
OHOPOAHOrO LUAHHIPHYECKOTO KaTKa [, MOJBHKHOrO 6Ji0Ka 2, CTyneHuarTo-
ro mwkuBa 3 C paauycamu cryneHeik Rs H r3 M paaHycOM HHEpLHH
OTHOCHTE/JIbHO OCH BpalleHHs p3, 6aoka 4 u rpysa 5 (xkoadduuneHT
Tpenus Tpy3a O IUIOCKOCTh paBeH ). Tena cucTeMbl cOefMHEHbl HHUTSMH,

Puc. 116
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HamoraHHbIMH Ha wWKEB 3. K nentpy E  6aoka 2 npuKpelsieHa npyKHHa
¢ K03(PULUEHTOM XKECTKOCTH C; €e HayaiabHast AeOPMALHsl PaBHA HYJIO.

CucreMa NpHXOOHT B JABHXKEHHE M3 COCTOSIHHSI MOKOSI MOJ HeHCTBHEM
cuanl F = f(s), 3aBucsell OT mepeMelleHHS] S TOUKH ee MPHIONKEHHS.
Ha wxuB 3 npu ABuKeHuH neficTBYeT MOCTOSIHHBIA MoMent M cun compo-
THBJIEHHS.

Mano: m =8kr, my=0, my=4 Kr, my =0, ms =10 Kr, R; =
=03Mra=0I1Mp3=02mf=0,1,c=240H/M M=0,6H-uM F=
=20(3+2s)H, si=02mM. OnpenenuTtsb: w3 B TOT MOMEHT BPEMEHH,
Korza s = sj.

Pemenne. 1. PaccMOTpPUM JBHXK€HMe HeH3MeHsSIeMOH MeXaHHYECKOMH
CHCTEMBI, COCTOSIIEH M3 BECOMBIX Ted I, 3, 5 u HeBecoMbix Tea 2, 4, coefu-
HeHHBIX HHTAAMH. H3o6pasum jeficTBylolHe Ha CHCTEMY BHEIUHHE CHJIBL:
aKkTuBHble F, Fy,,p, P,, P, Ps, peakuun N,, N3, Ny, N5, uatsikenne uuru S.,
cunnl Tpenusi FP, FI* u Moment M.

Ins onpenenemusi w; BOCHONb3yeMCsl TeopeMoHl 06 H3MEHEHHH KuHe-

THYECKOH 3Hepruu:
T—To= 3Af. 1

2. Onpenensiem To u T. Tak Kak B HayaibHbIi MOMEHT CHCTeMa Haxo-
Aunacb B nokoe, T0 To = 0. Bearnunna T paBHa cymme 3Hepruii Bcex Ten

CHCTEMBI: .
T=T+T;+Ts. (2)

YuntbiBasi, uTo TeNo [ ABUXKETCS MJIOCKONMApasieNbHO, Teldo 5 —
NoCTynaTenbHo, a Tel0 3 BPalLAETCsl BOKPYT HEMOABHXKHOH OCH, MOMYUMM

1 1
Ty, = Tmlv?_‘l +TI(:|(0? H
p_—y 3)

Bce Bxoxsmue cioga CKOpOCTH HaZo BHIPa3HTL yepes HCKOMYI0 ®3.
Iast aToro npenBapuTeNbHO 3aMETHM, YTO Vg = Us = U4, rie A — moGast
TOYKa ob6oja paiuyca ri IWIKHBA 3 M YTO Touka K; — MrHOBEHHbIH LeHTP
cKopocTedt kaTka I, paguyc Kotoporo o6osnauum r;. Torxa

Uci Vel r3
= —— = (),

K.\C, r s n’ (4)

Ucl = Us = ©3l3; 0 =

Kpome Toro, Bxonsimiue B (3) MOMEHTb HHEPLHH HMEIOT 3HAYEHHS
Iey=0,5mur}; Is = map}. ¢5)

Ioxncrasus Bee Bennununt (4) 1 (5) B paBencrsa (3), a 3ateM, Hcnogb-
3ysl paBeHCTBO (2), MOJYYHM OKOHYATENbHO

3 I 1
T= (—4—m.r§+-—2—m3p§+—-2—m5r§) o3. (6)
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3. Temepb HaiizeM cymMMy paGoT BCeXx AEACTBYIOUIMX BHEIUIHHX CHJ
npu TepeMelieHHH, KOTopoe GyAeT HMeTb CHCTeMa, KOrAa LEHTp KaTka 1
npoiineT mytb s;. Beens oGosHaueHHs: S5 — NeEpEMElIEHHe rpy3a 5 (ss=
= §1), @3 — yroa nosopora WKHBa 3, Ao H Ay — HayanbHOE H KOHEuHOE
yfmnaennﬁ MPYXKHHBI, MONy4UM

A(F) = Ss‘ 20(3 4 2s)ds = 20(3s1 +s1) ;
0

A(P)) = Pys,5in60° ;
A(ng) = —F%"ss = —-fP5s| ;
AM) = —Meqs;

A(Fy) = 503 —29).

Pa60oThl 0CTaNbHBIX CHJI PaBHBI HYJIO, Tak Kak Toukd K1 u K», rae np-
n0Kens cuisl Ny, FIP u Sy — MrHOBeHHBIE LEHTPbl CKOpOCTeH; TOUKH, Iie
npunoxens chabl P, Ny u Py — HeMONBUMXKHbI; @ peaKuus Ns nepnennu-
Ky/sipHa TIepeMelleHHIO TPy3a.

Mo ycnosusam 3anaun, Ao = 0. Toraa A, = sg, rae sg — nepeMelleHne
ToukH E (KOHLA MPYXKHHBI). BeHUHHBI Sg H @3 HAZIO BEIPA3UTH HYepe3 3alaH-
HOe MepeMelleHne s); AJIs 3TOr0 yuTeM, uTO 3aBHCHMOCTb MEX/Y Mepemelie-
HHSIMH 3Jecb Takas e, KaK H MeXJAy COOTBETCTBYIOLUHMH CKODOCTSIMH.
Torza Tak KaK s == Ua/r3 = Uc1/rs (paBeHCTBO Uc; == Uy YyXe oTMeya-
JIOCB), TO H @3 = S1/r3.

Ilanee, us puc. J16, 6 BHAHO, UTO Up == Up == w3R3, a Tak Kak Touka Ka
SABJISIETCS] MFHOBEHHBIM LEHTPOM cKopocTeil Ajisi 6noka 2 (oH Kak Gbl «Ka-
THTCSI» Mo yuacTKy HHTH K:L), 10 vp= 0,50p = 0,503R3; C/leloBaTeJbHO,
U A = sg = 0,5¢3R3 = 0,551R3/rs. IIpy HaliieHHBIX 3HAYCHHAX @3 H M Ans
CyMMbl BbIYHC/IEHHBIX paGoT MONyYHM

2
zA;—;=20(3s.+s%)+p.s,sin60°—fpss.—M%———g- Rj st. (7)
3 r3

IMoacraeassa sbipaxenuss (6) u (7) B ypaBHeHHe (f) H Y4YHTBHIBasi, 4YTO
Ty = 0, nmpHaeM K PaBeHCTBY '

1 1 -
(—2—m.r§ —|——_—2—map§ +—2—m5r§) o} = 20(3s) + s1) + P15, 5in60° —

M
—fPsSl— S| =——g— S1 . (8)
rs
U3 paBenctsa (8), MOACTaBHB B HEro UHC/IOBbie 3HAUCHUs 3aJ@HHBIX
BEJHYHH, HaiiJleM HCKOMYIO YIVIOBYIO CKOPOCTb 3.

OrseT: w3=38,1c .
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3apnaua 7

Bapa6an papuyca R Becom P HMeeT BHITOUKY (Kak y KaTyuIKH) paauy-
ca r=0,6R (puc. 7.0 — 7.9, ta6a. [17). K KoHuaM HaMOTAaHHBIX Ha
GapaGaH HHTeH NpPHJIOKEHbH MOCTOsIHHBeE cHabi Fy u Fp, HanpasieHus
KOTOPBIX OmpefensioTest yrioM f; kpome cua Ha GapaGaH AeficTByer napa
¢ MomeHTOM M; Koraa B Tabanue M <<0, HanpaB/leHHe MOMEHTa NpPOTHBO-
TIOJIOXKHO TNOKa3aHHOMY Ha pHcyHke. IIpH JABHXKeHMH, HauHHaIOLlEMCH H3
COCTOSIHHSI TOKOSi, GapabaH KaTHTCi 63 CKOJbXKEHHSl N0 UIepPOXOBaTof
HaKJIOHHOM IIOCKOCTH € YI/IOM HaK/IOHA @ TaK, KaK I0Ka3aHo Ha PHCYHKAX.

IMpeneGperasi conpoTHBIEHHEM KAYEHHIO, ONPENENHTh 3aKOH HBHXKEHHS
uentpa macc C 6apaGana, T.e. xc = f(f), H HauMeHblIee 3HAUeHHe KO3(p-
¢uumenTa TpeHHs [ O MJOCKOCTb, NPH KOTOPOM BO3MOXKHO KaueHHe Ge3
ckonbxenusl. Bapa6an paccmaTpHBath Kak CIVIOIIHOH OJXHOPOAHBIN LH-
JHHIAD paauyca R.

Ykasanus. 3anaua [17 — ua npuMenenne nudepeHuHalbHEIX ypaBHe-
HHI IUIOCKOTapaJlJie/IbHOrO [BHXKEHHsi TBepaoro Tena. IIpH cocraBieHun
YPaBHEHHR cnenyeT BO H3GexaHHe OWHGOK B SHaKax HamnpaBHTh KOODRH-
HaTHYI0 OCb X B Ty CTOPOHY, Kyla MNpeANoJaraercsl HanpaBJeHHLIM ABH-
KeHHe ueHTpa C GapaGaHa, H CYMTAThb TOTAA BCE MOMEHTH NONOXKHUTENb-
HBIMH, KOrjla OHH HanpasJeHbl B CTOPOHY BpalleHHsi Gapa6ana. Ecan dak-
THYECKH HanpaBJ/eHHe ABHXeHHs LeHTpa C Apyroe, TO B OTBeTe NOJYUHTCA
ac<<0, Ho HaiinenHoe 3nauenue lacl Gyner BepumM. CHIy TpeHHs, Koraa
HEfICHO, KyJla OHa HanpaBJeHa, MOXHO HaNnpaBiasiTb B JIOGYI0 CTOpPOHY
(pe3yJIbTaT OT 3TOr0 He 3aBHCHT).

Onpenensisi HauMeHbllee 3HayeHHe KOS((HUMEHTAa TPeHHs, NPH KOTO-
pOM BO3MOXHO KaueHHe G6e3 CKOJbXKEHHS, Y4ecTb, YTO CHJAA TPEHHSI He
MOXKeT ObiTh GoJblie npenenbHoi, T.e. uto |Fu|<<fN, otkyma f=I|F,l/N.
Cnren0BaTenbHo, fmin = |Frpl/N. Ouenb CymecTBeHHO, YTO BO BCe 3TH BHIpa-
JKEHHs BXOAAT MOAYyJH cHn (Mbl He nuiueM |N|, Tak Kak B maHHoO! 3ajmaue

Ta6auua N7

a B
Homep

YCJOBHS rpax F, Fq M
0 30 60 0 0,4P 0
1 30 30 0,2P 0 0
2 0 30 0 0,2P 0,1PR
3 30 — 0 0 0,4PR
4 30 90 0,1P 0 —0,2PR
5 0 60 0,3P 0,1P 0
6 30 0 0 0,3P 0,2PR
7 0 60 0,2P 0 0,3PR
8 30 90 0 0,2P —0,4PR
9 30 60 0,1P 0 —0,3PR
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Puc. 7.8 Puc. 17.9

He Moxer Obith N <<0). Ecam npu pacuerax nonyuutes F.p,<<0, TOo 3TO
03Hauaer JHIb, YTo (akTHUecKH cuia Fp, HampaBiieHa B APYTylO CTOPOHY;
B OCTaJbHOM Bechb pacuer GyldeT BepeH.

Mpumep N17. Bapa6an (cnjiowHOH OXHOPORHLIA UMJIMHADP) pamuyca R
H BecoM P HauHHaeT KaTHTbCS 6e3 CKOJNbXKEHHS H3 COCTOSIHHS [OKOS
N0 HaKJIOHHOH IJIOCKOCTH C YIJIOM HaKlIOHa a; Ha GapaGaH OeHCTBYIOT
cuna F n napa cun ¢ momentom M (puc. 117).

Hdano: P, F=08P, M=1,1PR, a=30°, B=30°. Onpene-
AHTh: 1) x¢c= f(f) — 3akoH aBuKeHHs ueHTpa Macc 6apabaua; 2) fumin —
HaHMeHbIIHA KO3 (HUHEHT TpeHHs, MPH KOTOPOM BO3MOXKHO KaueHHe Ge3
CKOJIbXKEHHS.

Pewenne. BapaGaH cOBepIIaeT IMIOCKONapallieNbHoe ABHXEeHHE MOx
neiictuem cun P, F, N, F., u momenta M. Tak Kak HampaBleHHe CHJb
Tpenusi F,, sapanee HeH3BeCcTHO, BHIGHDAeM €ro NpOM3BOAbHO. IIpoBomHM
ocn Oxy M cocraBiasieM HH}depeHLHaIbHbBIe YPaBHEHHsI MJIOCKONApaJielb-
HOTO IBHXKEHHSI:

mic = 3 Fiz ; mic= Fcosp-+ Psino+ Fip; 1)
myc =3 Fry; myc= N —Pcosa.— FsinB; 2)

2
¢=FR—F,R—M. 3)

Ic.e = S mcFy);

3a noJoXuTeNbHOE HampasJeHHe
JUIi MOMEHTOB NpHHATO HanpaBbJieHue
M0 XOmy YacoBOiH CTPEJKH, T.€. B Ty
CTOpOHY, Kyaa GyAeT Bpauathes Gapa--
Gan TpH ABHXEHHH LeHTPA C O‘r‘
ocu Oy. ¢

1) Onpeneanenune xc= f(?).
Tak kak siCHO, YyTO B Halwel 3anaue
Yc= R =const u yc= 0, To ypaBHe-
Husa (1)—(3) comepikar yernipe HeH3-
BecTHHE BENHUHHH (Xc, &, N u F.).




[MosToMy HEOGXOAMMO HaiTH eile ORHO COOTHOWIEHHE, CBA3BIBAIOLIEE STH
pequunHbl, JlJs 3TOrO yuTeM, uTO ¥c= ac (tak Kak nentp C jBuxkercs
NpsIMOJIHHEAHO) H YTO MPH KaueHAH 6e3 CKOJbXKEHHsl B Toyke B Haxoaurcs
MrHOBeHHbIt 1eHTp ckopocreil. Toraa

ve = oR, ac = Uc = &R = &R w1
Xc = SR . (4)
Temepb M3 ypaBHeHH (3) MOXKHO HCKTIOYHTD €, noiactasuB B (3)

HaiileHHoe 3HaueHne eR; JAejs OJHOBPEMEHHO oGe 4YaCTH YpPaBHCHHA 3)
Ha R, nonyuyHMm

1 . M.
—2—-me= F—FTP—'—R'—- (5)

Jlanee, CIOKHB IOYIEHHO PaBEHCTBA (1) u (b), HCKIIOUMM H3 HHX
F:p v noayunm

—g—m§c= F(1 +cosﬁ)+Psina—‘—1;;— = 0,8P(1 + cos30°) 4 Psin30° —

—1,1P=0,89P.
Orciona, Tak Kak P = mg, HafileM jid ONpeje]eHHs Xc¢= f(®)
caenyouee auddepeHuuanpoe ypaBHeHHE:
zc= O,Gg . (6)

HUnrerpupys ypasHenue (6), moayuum
xc= 0,6gt+Ci; xc= 0,3gt?+ Cit4C:. ™)
IMo nHayaiabHLIM YCIOBHSM npH ¢t =0 vc= %c=04u xc=0 (ocb y
MpoBOAMM uYepe3 HauaJbHOe MOJIOKEHHEe TOUKH C). ToacraHoBKa 3THX

peanunH B pasencra (7) naer C; =0, C:= 0. OkoHyaTeJbHO HAXOAHM
CleAYIOIWHA 3aKOH JBHXXEHHA  IEHTpa C:

xc=0,3g>. (8)
2) OnpeneneHHe fmn a5 onpeneneHus [ ucxoauM M3 TOro, 4TO

NPpH KayeHHH 6e3 CKOJIbXKEHHSl CHJa TPeHHA AO0JKHA YAOBJETBOPATH HE-
paBeHCTBY

IFpl<fN, )
xyﬁg, ~JIOYePKHBAEM, BXOJAT MOAYIM CHI. Bennunny N Haxoaum H3
ypaBHeHHsl (2), yUHTHIBas, 4TO gc = 0. Tonyuum

(i, N=Pcosa+Fsinp = P c0s30° +40,8Psin30° = 1,27P. (10)
:)/}'('SHaquue ‘F,,, npoumie Bcero HalTH M3 ypaBHEHHS (5), 3ameHuB
B HeM Xc ero 3HauenueM (6). IMomydum
0,3mg = F— F.,,—M/R.
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Orciona, Tak Kak mg = P, To
Fip=F—M/R—03P=08P—1,1P—03P= —0,6P. (11)

3Hak ykasbiBaeT, u4tO0 cHaa F,, HampaBjieHa MPOTHBOMOJOXKHO
NOKa3aHHOMY Ha DHCYHKe.

Hoacrasass snavenus Fo, u N u3 pasencrs (11) u (10) B Hepasen-
crBo. (9), noayunm 0,6P<1,27Pf, otkyna f>>0,47. CuaexoBaTeanHo,
HaHMeHbIIUH KO3 (HUHEHT TPEHHs, NPH KOTOPOM BO3MOXKHO KaueHHe
6apabaHa Ge3 CKOJIbXKEHHS fmin = 0,47,

0

3anaya 18

Beprukanbupit Ban AK (puc. [18.0 — [18.9), mpamaowmuiicss ¢ mo-
CTOSIHHOH YIJIOBOH CKOPOCTBIO ® = 10 ¢~!, 3aKpensieH NOANSITHHKOM B TOY-
Ke A M UMWIMHIDHYUECKHM NOMIUMIHHKOM B TOYKe, yKasaHHOH B TaGa. I8
B cron6ue 2 (AB = BD = DE = EK = a). K Bany xecTko NpHKpPenJieHbl
TOHKMHA OJHODOIAHBIA JIOMaHBIA CcTep:KeHb Maccoii m = 10 Kr, cocrosiiuit
u3 dacted / u 2 (pasmepbl uacTell CTepXKHS NOKasaHe Ha DHCYHKaX,
rae b=0,1 M, a ux Maccel m; ¥ mp MPONOPLHOHANbHEI JJIHHaM), u He-
BECOMMIH CTepxKeHb MIHHON [ = 4b ¢ ToyeuHo# Maccoill ms = 3 Kr Ha KOHILE;
06a CTep:KHSl JexaT B OAHOA MJIOCKOCTH. TOUKH KPEIUIEHHAI CTepXKHei
yKa3aHbl B Ta6iuue B cron6uax 3 M 4, a yrias @, B, 7, ¢ AaHH B CTOAG-
nax 5—8.

Ipene6peras BecoM Baja, ompefe/HTh peaKuMH MOANATHHKA H MOA-
wuneuka. IIpu noacuerax npuusts a = 0,6 M.

Ykasanust. 3apaua I8 — Ha NpPHMEHEHHE K M3YUEHHIO ABHIKEHHSI CHC-
TeMnl npuHuuna [Hanambepa. Ilpu pewenuu 3agaum yyectb, uTO Korza

Ta6auua A8

Monwun-| Kpennenne B Touke B, 7, P,
Howmep HHK B a, rpan rpapn rpan
yCJIOBHS TOuKe rpan
JIOMaHOro| HeBeco-
CTepXKHA | Moro pHc. pHcC.
CTePKHA 0—4 5—9
1 2 3 4 5 6 7 8
0 B D K 45 135 225 60
1 K B D 60 240 150 45
2 K E B 30 210 120 60
3 D K B 60 150 240 30
4 K D E 30 120 210 60
5 E B K 45 225 135 60
6 E D K 60 60 150 30
7 K B E 30 30 120 60
8 D E K 60 150 60 30
9 E K D 30 120 210 60
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Puc. 48.0 Puc. 8.1 Puc. 8.2

K~

Puc. [18.6 Puec. 8.7 Puc. [18.8
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K CHJIbI MHEPHHH YaCTHIL TeJla (B JaHHOH 3ajaue CTepIKHsA)
HMEIOT PaBHOAEHCTBYIOLIYIO R*, 10 uncienno R* = mag,
Tle ac— ycKkopenue uUeHTpa macc C Teja, HO JIHMHHS-
AeHcTBUsA cunbl R* B o6lueM cilyyae He NPOXOAHUT uepe3
Touky C (cM. npumep [18).

Mpumep J18. BepTukanbuuii Ban aaunoit 3a(AB =

3 = BD = DE = a), 3aKpemleHHbli noansatHukoM A u
“\9’< nopwunaukom D (puc. 118, a), Bpamaercs ¢ nocrosiH-
15 HOH yrJ0Bo# ckopocTbio . K Basy ecTKo npukpemnen

B Touke E JioMaHbli OQHODOAHBINA CTepXKeHb Maccoif m

A U JauHOH 106, cocrosmuit M3 ABYX uacteli / u 2, a B

TOYKe B NpHKpenJieH HEeBeCOMBbIl CTepXeHb IJHHOMN
I = 5b ¢ ToueuHoit Maccoil m3 Ha KoHLe; 06a cTepXKHA
. Puc. J18.9 JleXXaT B OJHOH IJIOCKOCTH.

Hauo: o=8 ¢!, m=m+my=10 xr, ms=2 kr, o= 30°,
p=150°, ¢=160°, a=03 ™M, b=0,1 M. OnpelAeauts: peaxiHu
noanATHuKa A u noawunHuka D, npeneGperast BecoM Baja.

Pemenne. 1. Mso6paxaem (c yueroM 3alaHHBEIX YIJIOB) BaJ H.NpH-
KpenyieHHble K Hemy B ToukaXx B um E crepxHu (puc. [18, 6). Macch u
Beca yacteit / M 2 JIOMaHOrO CTEePKHsSl NPONOPLHOHAJBHB MJIHHAM 3TUX
yacTed M COOTBETCTBEHHO paBHBl my = 0,6m; my; = 0,4m;

P, = 0,6mg; Ps= 0,4mg; Py = msg. (1)

2. lna onpeje/ieHHs HCKOMBIX PeaKLHii pacCMOTPHM JBHXKEHHE 3aiaH-
HOlf MeXaHHYecKoii cuctembl M npumenum npunuun Hdanam6Gepa. [Mposenem

y
E
30° =
I a ]
Y/ gkz 5, RU
R g, / o NS
- A ”‘&\ 8
g 60—t
- "73 8 Ezz 'g §, bt
77 N =
A X4 g
4 x
d)
Puc. 18
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{BpallalolIHecs BMECTE C BaJIOM KOODAMHATHbIE OCH Axy Tax, 4To6Bl CTEpXK-
HU JIeXKaTH B IIOCKOCTH XYy, H H306pa3uM JeACTBYIOIIHE HAa CHCTEMY CHJIBI
aKTHBHBIE CHJH — CHaABl TsxecTH Py, P, P3; u peaxkuuu cBsizedl —
COCTaBJISAIOLIHE PeaKlHH MOANATHHKA X4 Y4 u peakuuio IHIHHAPHYECKOTO
nogmunuuka Rp.

CoraacHo mpunnuny JlanamGepa, MPUCOEAHHHM K STHM CHIaM CHIBI
MHEPLHH 3JEMEHTOB OJHOPOJHOIO JIOMAHOTO CTEPXKHS H Ipy3a, CHHTas €ro
MaTepHaJbHOM TOUKOH.

Tak kaK BajJ BpAILaeTcsi PaBHOMEPHO, TO SJEMEHThl CTEPXHA HMEIOT
TOMBKO HOPMaJbHBE YCKODEHHS Qqe, HaNpaBJeHHHIE K OCH BpalllenHs,
2 YHCJIEHHO Qnz = @ Hg,-TAE Ap — PACCTOSIHHS 3JIEMEHTOB OT OCH BpalllCHHA.
Torna caasl muepiuu FJf 6yAyT Hampap/ieHbl OT OCH BPALLEHHs, a8 YHCACHHO
F} = Amiap, = Amz@?hs, TIe Am, — Macca 3leMeHTa. Taxk kak Bce Ff npo-
NOPLHOHANBHEL hp, TO SIIOPH 3THX Mapaj/ie/bHEIX CHJI HHEDIHH CTepXKHA
o6pasyior Ajs yacTH I TpPeyrojbHHK, a A1 4acTH 2 — nNpAMOYTOJbHHK
(puc. 118, 6).

KaxAylo H3 NOMYuYeHHBIX CHCTEM Napa/uIeJbHBIX CHJI HHEPLHH 3aMeHHM
ee paBHONEHCTBYIOLLEH, PaBHOH IJIaBHOMY BEKTOPY 3THX CHJL. Tak Kak Mo-

LyAb TJaBHOTO BEKTOpa CHJ HHepLUuH JioGoro Tela HMeeT 3HayeHHe
R" = mac, rAe m — Macca Teja, Gc-— YCKOpeHHe €ro LeHTpa Macc,
TO AJISi 4aCTell CTEPXKHH COOTBETCTBEHHO NOJYYHM

Ri= miaci, R = maac,. (2)
Cua MHEDLHH ToueuHOH Macch 3 NoJKHA GhITh Hanpas/ieHa B CTOPO-
Hy, IPOTHBOMOIOXKHYIO €€ YCKODEHHIO H YHCJIEHHO 6yner paBHa
F§= maas . 3)
YckopeHHsi 1eHTPoB Macc uacrefl I W 2 CTepxusa H rpysa 3 paBHHI:
Ac) = (DzhCl , Aca = ﬁ)zhcz, az = m2h3 ’ (4)
rae hcy, hce — PACCTOSHHS LEHTPOB MacC yacTell CTEPXHs OT OCH Bpalue-
uusi, a ha — COOTBETCTBYyIOllee PacCTOfHME rpysa:
hcy = 3bsin30° = 0,15 M,
hco= 6bsin30° = 0,3 M, (5)
h3 = 15in60° = 5bsin60° = 0,43 M.
Moacrasus B (2) ® (3) 3HaueHust (4) u yursi (5), MOJNYUHM HHCJIOBLIE
snavepusi RY, Rf u Fi:
R = 0,6ma’hc, = 57,6 H,
Ri= 0,4me’hc;= 76,8 H, (6)
F¥ = m30’h3 = 55,0 H.
Tpn 3ToM JHHHH JefCTBHS PaBHOAEACTBYIOMIHX Rt u RY npoitayr

yepes LEHTPH TsXKecTed COOTBETCTBYIOLIHX 3MIOp CHJI HHEPLHH. Tak, JHHHA
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. 5 2
AeACTBHSL R{' NPOXOAHT Ha PacCTOSHHH "3—” OT BEpIUHHB TpPeyroJibHUKa’

E, rne H = 6bcos30°.

3. CornacHo mnpuHuuny JlanamGepa, NpPUJIOXKEHHble BHEUIHHE CHJIBL
(aKTHBHbBIE M peaKUMH CBfA3el) H CHJIBL HHePUHH 06pasyioT YPaBHOBeLIEHHYIO
cucremy cui. CocTaBUM NSl 3TOH IJIOCKOH CHCTEMBI CHJ TPH ypaBHEHHS
paBHoBecus. [Toayuum

XFee=0; Xa+Rp+RI+R§—F§=0;
ZFoy=0; Ya\—P—P;—P3;=10;
EmA(Fk)=O; —RD'2a—P|hc|—P2hcg+P3h3—
—RIHy—RSH,+ F3H; = 0,

o)

rae Hy, Hy, Hs— nneun cun Rf, RY, Fj§ ornocurensno Toukn A, pasHbie
(npu moacyerax yuteHo, uto H = 6bcos30° = 0,52 m)

H =3a—(2/3)H=055u, Hy=3a—(H+2b)=0,8 u,

H3 =a-+1cos60° = 0,55 M. @)

TMoncrasus B ypaBHeHHs (7) COOTBETCTBYIOLIHE BEJHUMHH M3 pa-
sencts (1), (5), (6), (8) u pewus 3ty cucremy ypaBHeHH# (7), HakiEMm
HCKOMBIE€ peaKiHH.

OrBet: X4=—337H; Y,=1177H; Rp= —45,7 H.

3apaya 19

MexaHH3M, pacno/ioXKeHHbl B TOPH30HTAJbHON IIOCKOCTH, HaXOLHTCA
N0A AeHCTBHEM MNPHJIOKEHHBIX CHJI B PABHOBECHH; INOJIOXKEHHE PaBHOBECHS
onpejieisieTcsi yriaamu a, B, v, @, 0 (puc. J19.0 — 9.9, ra6n. [19a u J196).
JlnuHel cTepKkHell MexaHH3Ma (KPHBOWIHMMNOB) paBHbl: [} = 0,4 M, l; = 0,6 M
(paamepnt /; u I3 mpousBosbHBI); Touka E Haxoiutcsi B cepeflMHe COOT-
BETCTBYIOILLErO CTEPXKHS.

Ha nonsyn B mexauusma jeHCTBYeT cuna ympyrocTH NpymKHHE F;
UHCIEHHO F = ), rne ¢— KO3 (HUHEHT XeCTKOCTH INPYKHHH, A — ee
Aeopmannsi. Kpome rtoro, Ha puc. 0 u 1 Ha nonsyn D mefictByer cuna Q,
a Ha xpusownn O;4 — napa cun ¢ Momentom M; Ha puc. 2—9 Ha KpHBO-
wunbt O1A 1 O2D 1eficTBYIOT napbl CHJI ¢ MOMeHTaMH M, u M.

OnpefennTb, YeMy paBHA NPH PAaBHOBECHH AEDOPMAUHS A NPYKHHI,
H YyKa3aTh, pacTsiiyTa IpyXHHAa HJIH C)Kara. 3HauyeHHs BCeX 3aJaHHBIX
BeJIMYHH npuseseHbl B Taba. J9a mns puc. 0—4 u B Tabn. J196 aas
puc. 5—9, rae Q BHIpaxkeHO B HbloTOHaX, a M, M;, M; — B HBIOTOHO-
MeTpax.

TocTpoeHye ueprexa HauHHATH €O CTEPXKHS, HANpaBJeHHE KOTOPOTO
onpefesnsiercss yrioM a; A Gosblwed HarNsAHOCTH 'MOA3YH C HANpasJsiio-
IHMH H NPYXKHHY H300pasuTh TaK, Kak B npumepe 9 (cm. puc. JI9, a Tak-
xe puc. J19.10,6). Eciu Ha deprexke pemaeMOro BapHaHTa 3ajaun
NpHKPENJIEHHb K NoA3yHy B cTepiKeHb OKaXeTCsl COBMELIEHHBIM C NPYXKH-
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poit (kak Ha puc. J19.10, @), To MPYXKHHY CJ€LyeT CUHTATD npuKpeneHHoR
K 1OA3yHy € Apyroil cTopoubl (Kak Ha pHC. J19.10, 6, roe OAHOBpEMEHHO
yHaue H306pakeHbl HamNpaBAsIOLLHE).

Ykasauus. 3anaua JI9 — Ha onpeleleHHe YCJIOBMA paBHOBECHS
MEeXaHHUECKOH CHCTEMbl C NOMOIIbIO MPHHIMIA BO3MOXHBIX MepeMelleHHil.
MexaHH3M B pacCMaTpPHBaeMO# 3ajaue HMeeT OJHY CTeneHb cBoGOAbI, T. €.
O[IHO HE3aBHCHMOE BO3MOXKHOe nepemenienune. Jlas pelienus 3afaqy HYXKHO
COOGILAT MEXAHH3MY BO3MOXKHOE NepeMelleHHe, BEYHCIUTD CYMMY 3J1eMeH-
TapHBIX PaGoT BCex AEHCTBYIOIMX AKTHBHBIX CHJ M Map Ha 5TOM nepeme-
LLeHHH ¥ TIPHPABHATH ee HyJio. Bce Boweamne B COCTaBJIEHHOE ypaBHeHHe
BO3MOXKHbIE TepeMelieHHs C/elyeT BbIPa3uTb uepes Kakoe-HHOGYAb OJHO.

Yro6bl HalTH A, HaAO H3 NOJYYEHHOro YCJOBHSl paBHOBECHs ompe-
peauts cuay ynpyroct F. Ha ueprexe 3Ty Cujay MOXHO HanpaBHTb
B JIOGYI0 CTOPOHY (T. €. CUMTaTh MPYXHHY HJIH pacTAHYTOH, WIH CXAaToH);
BepHO JH BHGPAHO HanpapjeHHe CHJBI, yKaXeT 3HaK.

Ta6auua J9a (x puc. J9.0 — [19.4)

Howmep Yrael, rpan Ilas puc. 0—1] dan puc. 2—4
ycao- o H/c
Al e | B | v | @ | @ M| Q| M |M
0 90 | 120 90 90 60 180 100 | 400 | 120 | 460
1 60 | 150 30 90 30 160 120 | 380 | 140 | 440
2 30 120 | 120 0 60 150 140 | 360 | 160 | 420
3 0 60 90 0 120 140 160 | 340 | 180 | 400
4 30 | 120 30 0 60 130 180 | 320 [ 200 | 380
5 0} 150 30 0 60 120 | 200 | 300 | 220 | 360
6 0| 150 90 0 120 110 | 220 | 280 | 240 | 340
7 90 | 120 | 120 90 150 100 | 240 | 260 { 260 | 320
8 60 60 60 90 30 90 | 260 | 240 | 280 | 300
9 120 30 30 | 90 150 80 | 280 | 220 | 300 | 280

Ta6auua J96 (x puc. J9.5 — J19.9)

Yrabl, rpan

Homep

y:}il;)- a [ v @ 6 |c,H/em| M, M.
0 30 30 60 0 150 80 200 340
1 0 60 60 0 120 90 220 320
2 60 150 120 90 30 100 240 300
3 30 60 30 0 120 110 260 280
4 90 120 150 90 30 120 280 260
5 30 120 150 0 60 130 300 240
6 60 150 150 90 30 140 320 220
7 0 60 30 0 120 150 340 2Q0
8 90 120 120 90 60 160 360 180
9 90 150 120 90 30 180 380 160
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Puc. 19.6

Puc. 9.7



Puc. 19.10

NMpumep J9. Mexanusm (puc. 119, a), pacrnoJ/oKeHHbli B TOPH30H-
Ta/lbHOM MJIOCKOCTH, COCTOMT M3 CTepXHe# I, 2, 3 H NOJ3YHOB B, D, coeau-
HeHHBIX JApyr ¢ JApyroM H ¢ HenoABHKHOH omopoi (O IIapHHPaMH.
K noasyHy B mnpukpemieHa NpyxXHHa C K03 (DHILHEHTOM KECTKOCTH ¢,
K nosasyHy D npujoOKeHa cHJIa Q, a k crepxuio / (kpusomuny) —
napa cua ¢ MoMenToM M.

IHano: a=60° p=0° y=160°, p=0° 0= 120°, [ =04 wm,
AE = ED, ¢ = 125 H/cu, M = 150 H-m, Q = 350 H. Onpenenaurth:
ZepOpMAlHUI0 A MPYXHHB NPH PaBHOBECHH MEXaHH3MA.

Pemenne. 1. CTPOHM MOJIOXKEHHe MEXaHH3Ma B COOTBETCTBHH C 3alah-
HuMH yraamu (puc. J19, 6); npu 3TOM COrJIacHO noc/eiHeMy U3 yKa3aHHH
Kk 3agaue J19 mnpuxpensseM MNPYXKHHY K MOJ3YHYy C APYro#f CTOPOHBI
(Tak, KaK ecau 6n Gulio f = 180°).

Jlas peluendsi 3ajaud BOCMOJIb3yeMCs NMPHHIHKIOM BO3MOXKHBIX Mepe-
MeLeHHH, COrJ1aCHO KOTOpOMY

38A,=0, (1)

rae 8A; — 3/eMeHTapHble paﬁOTbl aKTHBHbIX CHJ Ha COOTBETCTBYIOLLIHX
BO3MOXXHBIX NepeMelleHHsAX.
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H3o6paxkaem aeficTByiOlUlHE Ha MeXaHM3M aKTHBHBle CuAb: cuay Q,
cuny ynpyroctn F npyxunn (mpeanmosiaras, 4TO NpyXHHa pacTsiHyTa)
H mapy ¢ MoMeHTOM M.

HeussecTnyio cuy F naliiem ¢ nomouwtbio ypasHenus (1), a 3Has
F un yuutniBas, uto F = ch, onpenenum A.

2. Yro6ul cocTaBHTb ypaBHeHHe (1), cOOGLIMM MeXaHH3MY BO3MOXKHOE
nepeMelleHHe M BBeleM ClelylollHe O0GO3HAauYeHHs OJs NepeMelleHni
3BEHbEB, K KOTOPHIM MPH/IOKEHH aKTHBHBIE CHJIbI: 8@ — MOBOPOT CTEpK-
Ha I Bokpyr ocu O, 8sp n 8sp — nepemeruenuss non3yHos (touek) D u B.

W3 nepemeumennit 8¢;, 8sp, 8sp HesaBuCHMOE OT JpPYrHX — ONHO
(y mexaHH3Ma OfHa cTeneHb cBoGoabi). IIpuMeM 3a HesaBHCHMOE BO3MOX-
Hoe mepemenienHe 8¢; W ycTaHOBHM, KaKuMH TorAa 6yayT dsp u 8sp, Bbipa-
3MB HMX uyepe3 O8g;; NPH 3TOM BaXXHO BEPHO ONpeAeJHTb H HANpPAaBJECHHS
8sp, 855, Tak Kak HHaue B ypaBHeHHH (1) GyAyT OWIMOKH B 3HaKaXx.

Ipu pacuerax yureM, 4TO 3aBHCHMOCTb ME€XAY BO3MOXHLIMH NepeMe-
LEHUSAMHM 37eCb TaKas e, KaK MeXJy COOTBETCTBYIOLLHMH CKOPOCTSMH
3BEHbEB MEXaHH3Ma MNpPH €ro JBHXXEHHH H BOCNOJb3yeMCSl H3BECTHBIMH
H3- KHHEMaTHKH COOTHOWIEHHSAIMH (XOJ pacueToB TaKo# e, KaK B npumepe
K3).

Chauana HafinzeM M u3o6pasuM Os, (nanpasienue 65,4 onpenensieTcs
Hanpab/ieHHeM 8¢;); moayuum

6SA= 116@1 3 6SA_LOA . (2)

Tenepr onpesenum M H306pa3uM 8sp, YuMTBIBAas, YTO NPOEKLUH
8sp u 8s4 Ha mpsamyio AD ROMXKHH ObiTb PaBHBl APYr APYry (MMeTb OfH-
HaKOBble MOAYJH M 3HaKH). Toraa

85pc0s30° = 854c0530° B 8sp= Os4= 1,60, . (3)

Uto6wi onpemennutb sz, HaiineM cHauana 8sg [lJsi 3TOr0 MOCTpOMM
MFHOBEHHbIH LEHTp BpamleHHs (ckopocreii) Cp cTepxus 2 (Ha NepeceyeHHH
NepPreHAHKyY/IsPOB K 854 H 8sp, BocCTaBeHHbIX U3 ToueK A U D) M nokakem
HanpasJieHHe MOBOpPOTa cTepxHsA 2 BOKPYr Cp, yuTsl HanpaBjieHHe 0S4 HJIH
8sp. Tak kak £LCAD = £ C3DA = 60°, To AAC3:D — paBHOCTOPOHHHI
u C:E B Hem BhicOTa, mockoibKy AE = ED. Torpa nepemeuienue 8sg,
nepneHnukyasipoe C2E, 6yner nanpasneno no npsMoit EA (npu uzobpaxe-
HHH 8sp yunTbiBaeM HamnpaB/ieHHe MOBOPOTa BOKPYT uenTpa Cg).

Bocnonb3oBaBuIHCh ONSATH TEM, UTO NpOEKUMH 8sg u 8s4 HA npsmyl0
EA ponxubl GLITh paBHHE APYr APYry, NOJAy4uM (3HaueHHe 8Sp MOMKHO
HaWTH H COCTABHB COOTBETCTBYIOLLYIO NPONOPIHIO)

8sg = 854c0s30° = ;8¢ cos30°. (4)

Hakoneun, us ycnosua pasencTBa npoekuuil 8sp M Osg Ha npsmywo BE
HaxoluM M H3o6paxcaeM 8sp UucaeHno

0sp = 85£c0s60° = ;8¢ cos30° - c0s60° = 0,43/,8¢, . (5)
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3. Temepb cocTaB/isfieM JJIsl MeXaHH3Ma ypaBHEeHHE (1); momyuum

Mbe, + Qbsp— Fdsg= 0, (6)

unu, 3aMeHss 3nech 8sp u 8sp HX 3HAUEHHSMH (3) u (B) u BHIHOCS OLHO-
BpeMeHHO 8¢; 33 CKOOKH,

(M+1,Q—0,431,F)q1 = 0. %)

Tak kak 0@ %0, To OTCIOfa CJENYeT, HTO

M+ 1L,Q—043LF = 0. (8)

W3 ypaBrenus (8) HaxonuMm 3HaueHHe F u onpeneasiem A = F/c.
OtBeT A= 13,5 cM. 3HaK yKasblBaeT, UTO MPYXKHUHA, KaK H MpeAno-
JaraJjoch, pacTsHyTa.

3apnaua 10

MexaHHyeckasi CHCTeMa COCTOMT H3 OJHOPOJIHBIX CTyNeHYaThX MIKH-
poB I u 2, OGMOTaHHbLIX HHTAMH, Ipy30B 3—6, NPHUKPEMJIEHHBIX K 3THM
HUTSIM, 1 HeBecoMoro GJoka (pHC. I110.0 — [110.9, ta6a. J{10). Cucrema
nBHXKeTCS B BePTHKaNbHOM MJIOCKOCTH TOA neficTBHEM CHJ TAXKECTH H
naps cun ¢ MomeHtoM M, NpHJI0KEHHOH K ONHOMY H3 IIKHBOB. Papnychl
cTyneHeif WKHBa [ paBHBL Ri=02 M r=01 M, a KuBa 2—
R;=0,3 M, r2=0,15 M; HX pajuycH MHEpUUH OTHOCHTENbHO oOcel
BpalleHHs PAaBHBEl COOTBETCTBEHHO py = 0,1 m 1 po=02 M.

[IpeneGperast TPeHHeM, OMDENSTHTH YCKOpEHHE rpysa, HMeIOLero
Gonbwuii Bec; Beca Py, .., P WKMBOB H TPy30B 3ajaHbl B Tabauue
B HbloToHax. [py3bl, Beca KOTOPHIX DaBHb HYJO, Ha uyepTexe HE u3o6pa-
®ath (mKuBe I, 2 uzobpaxarh BCErAa Kak HacTH CHCTEMHI).

Vkasauus. 3azaya J(10 — Ha TpHMeHeHHE K M3YUEHHIO JBHIKCHHA
cucTeMbl OGLIEr0 YPaBHeHHS AWHAMHMKH (NPHHIMNA JanamGepa — Jlarpas-
xka). Xoi pelueHHs 3afaud TaKoii Xe, Kak B 3ajaue JI9, TosibKO Mpen-
BApUTEIHHO HAN0 TNPHCOCAWHHTH K AeficTBYIOIIMM Ha CHCTeMy CHAaM
COOTBETCTBYIOLIME CHJIbl HHEPUUH. YuecTb MpH STOM, H4TO MIs OJIHOPOJHOrO
Tena, Bpamlaiomierocs BOKPYT CBOeR ocCH CHMMETDHH (wKuBa), cHcTEMa
CH/l HMHepUMH TPHBOJHMTCS K Mape ¢ MOMEHTOM M*=Ile, roe I,—
MOMEHT MHEpLHH TeJla OTHOCHTE/bHO OCH BpalleHus, & — YIJIOBOE ycKope-
Hue Tesa; HanpasieHde M" NPOTHBOMOJIOXKHO HANPABJICHHIO €.
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Ta6anuuwa 10

Homep

ycaoBus P, P, P P, Ps Pg M, H-m
0 10 0 20 30 40 0 10
1 0 40 0 10 20 30 12
2 20 30 40 0 10 0 16
3 0 20 10 30 0 40 18
4 30 0 20 0 40 10 12
5 0 10 30 40 20 0 16
6 40 0 0 20 30 10 10
7 10 20 0 40 0 30 18
8 0 40 10 0 30 20 12
9 30° 0 40 20 10 0 16

Puc. 1110.4 Puc. J110.5
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Puc. J110.8 Puc. [10.9

Mpumep J(10. Mexanuueckas cucrema (puc. 110) cocrout u3 oGMo-
TaHHBIX HUTAMH Gn0Ka I paguyca R, u cTynmeHyaroro mKuBa 2 (paauycol
cryneHeii R; H rp, pajiiyC HHEPUHH OTHOCHTEJbHO OCH BpallleHHs p2),
a Takke H3 rpy3oeB 3 H 4, NPHKpeIVIeHHHX K 3THM HHTAM. CHCTeMa HBH-
XKercsl B BEPTHKAJIBHOH ILVIOCKOCTH MOX MEACTBHEM CHJ TSXKECTH H Napnl

CHJI C MOMeHTOM M, mpuioxenHo#t K 60Ky I.
dano: Pb=0, P,=30 H, Ps=40 H, P,=20 H M= 16 H-m,

Ri=02 M, R2=03 M, r=0,15 M, p=02 M Onpenenuts:
ycKopeHue rpysa 3, npeHneGperasi TpeHHEM.

Puc. 010
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Pemwenne. 1. PaccMOTpHM ABH)KEHHE MeXaHHYECKOH CHCTEMbI, COCTOSI-
wedt 13 Ten 1, 2, 3, 4, coennHeHHHX HHTAMH. CHCTEMa HMeET OAHY CTeneHb
cBoGoau. CBsI3H, HaJOXKEHHHIE HA 3Ty CHCTEMY, — HAeajbHHe.

Jnsa onpeneneHns a; NpHEMEHHM obliee YDaBHEHHE NMHAMHKH:

20AE+ 30AE=0, (1)

rae X8Af — cymMMa 3/eMeHTapHHX paboT aKTHBHHX cHl; Z8AF — cymma
3/1IeMEHTapHBIX PaGOT CHJI HHEpLUH.

2. M3o6paxaeM Ha 4epTeXe aKTHBHbE cHAM Py, P;, Py u napy
cuat ¢ MoMenToM M. 3anaBIIHCh HANpaBJieHHEM YCKOPEHHS @3, H30Gpakaem
Ha uepTexe CHIbl HHepuuu FY, Fj u napy cun wHepuun c MoMeHToM M3,
BeJIHYHHBI KOTOPHIX PaBHHI:

P P
F5=—3—aa; Fi'=—g‘——a4;
P
Mi= g2 plea. )

3. Coobwas cHcTeMe BO3MOXHOe MepeMellleHHe W COCTaBisisl ypaBHe-
Hue (1), nomyunm

(P3 sin60° — F§)633 _ M%ﬁq}z —_ F4"684 —_ M6cpl =0. (3)
BripasuM Bce nmepemelleHHs1 yepe3 Sgo:

8s3 = Rabq2; 854 = b2 ;
ra
81 = ——0¢; . 4
® R P2 @

IMoacraBus BennunHl (2) u (4) B ypaBHeHHe (3), npuBeseM ero
K BHAY

[ Pa(sin60° -

a )R > pler——a M ;2 Sp2=10. (5
—_ £ — ro—M-— p—
9 —-_.p2 2 "oy . ] q)z . ( )

Bxonsiue cioa BeJHYHHB €2 H @4 BHIPa3HM Yepe3 HCKOMYIO BEJHUH-
HY as:

as r
82—-72—; a4—-52r2—-—ﬁa3

3aTem, yurts, uTO0 S0, MpHpaBHAEM HYJIO BbpaXKeHHe, CTOALIee
B (5) B KBajJpaTHHX CKOGKaXx.

M3 nonyuenHoro B pesyJbTate ypaBHEHHs Hailjem

P3R2 sin60° — M(fz/Rl)
= g
P3Ry 4 Pyp3/Rs+ Py(r3/Rs)

Boluncnenns pawot crepyomui orBeT: a3 = —0,9 M/c’. 3Hak yka-
3bIBA€T, YTO YCKOpPeHHEe rpy3a 3 H YCKOPEHHS MAPYrHX TeJ HalpaBJeHbl
NPOTHBOMNOJIOXHO NMOKa3aHHLIM Ha puc. JI10.
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3apaua 11

MexaHHyecKas cucTeMa COCTOMT M3 Tea I, 2, ..., 5 Becom Py, Py, ..., Ps
COOTBETCTBEHHO, CBSI3aHHHX APYr C JPYroM HHUTAMH, HAMOTaHHLIMH Ha
crynenyatsie Gaoku I um 2 (puc. J11.0 — I11.9, Ta6n. I11). Paguycu
crynenuathlx 6JO0KoB I H 2 paBHH COOTBeTCTBeHAO R =R, ri = 04R,
R; = R, ra = 0,8R. Ilpu BhlUHC/IEHHH MOMEHTOB HHePUHH BCe GIOKH, KaTKH
H KoJeca CUHTaThb OJHOPOAHLIMH CIVIOIWIHHIMH UHJIHHApPaMH papuyca R.

Ha cHcreMy KpoMe CHJI TaXectH paeiicrByer cuna F, npuioxennas
K Teny 3 wian 4 (ecan Teqo 3 B CHCTeMY HE BXOIMT, CHJIA NPHJIOKeHa
B TOYKe B K TesieXKe), H Mapel cui ¢ MomeHtaMu M;, M;, mpujoxXeHHbe
K 6mokam I u 2; kornja M <0, HanpaBjieHHe MOMEHTa IIPOTHBOINOJIOXKHO
NOKa3aHHOMY Ha DHCYHKe.

Ha yuactke HuTH, ykasaHHOM B TaGnuue B cron6ue <«IIpyxuna»,
BKJIIOUEHA MNPYXKHHA C KO3 HIHEHTOM XKECTKOCTH ¢ (HanpHMep, eCid B
cron6ue crout AB, To yuacrok AB sBAsieTcs npyXuHO#, ecnu AD, To AD —
NpyXHHA W T. A.); B HayajbHHIA MOMEHT BPeMeHH MpyXHHa He HedopMH-
poBaHa.

CocraBuTh AJIfi CHCTEeMBbl ypaBHeHHs JlarpaHxa M HalTH 3aKOH H3Me-
HeHHsl 060GIEHHON KOOpAMHATH X, T.e. X = f(f), cuHTas, YTO [ABHIKEHHE
HAYHHAeTCS M3 COCTOSIHMA IOKOSI; OMNpeleNIUTb TaKXe 4YacTOTy H NepHOA
KosleGaHHi, COBepLIAEMBIX TeJaMH CHCTEeMHl NPH ee JBHXKeHHH (O BmiGope
KOOPAHHATHEL X CM. «YKa3aHHS>»).

Ipouepk B cron6uax TaGuuIbl, rie 3ajaHbl Beca, O3Hayaer, 4TO
COOTBETCTBYIOLIEE TENO B CHCTEMY He BXOJAHT (Ha YepTexe He H306paKarhb),
a HOJIb — YTO TeJIO CYHTAETCH HEeBECOMbIM, HO B CHCTEMY BXOJHT; IJIsl KOJIEC,
06o3HaueHHHX HOMepoMm 4, P, — ux o6uwuii Bec (Bec maaTOPMH TAKOH
TeJIeKKH He YYUTHIBAeTCH).

Ykasanua. 3agauya Jl11 — Ha npHMeHeHHe K H3YUEHHIO [ABHKEHHS
cucteMbl ypaBHeHuwH Jlarpamxka. B 3ajgaue cucteMa umeer JBe CTeNleHH
cBOGO/bI; CJEA0BATENBHO, €€ TOJOXEeHHe OMNpeje/sieTcsi ABYMs 060G eHHbI-

Ta6nuua A1l

Howmep
yCJI0BHSA P, P, Ps Py Ps F M, M, | Ipyxuua
0 4P 0 — 3P — 4P 0 0 AB
1 0 2P — — 3P 0 0 |—2PR| KE
2 0 2P — 4 — 0 2PR 0 AB
3 — 0 2P 5P — 0 0 2PR BD
4 P — — — 4P 0 |—PR} O KE
5 — — 4P 3P — P 0 0 BD
6 2P 0 — — P 0 0 |—PR KE
7 — 4P — 2P — 3P 0 2PR AB
8 — 4P 2P 0 — 0 0 3PR BD
9 2P 0 — — 0 2PR 0 AB
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Puc. O11.3



M,
A

Puc. 111.7
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Puc. 111.10

MH KOODIAHHATaMH ¢; H ¢z M JJS1 Hee NO/KHH OHTb COCTaBJeHH ABa
ypaBHeHHS.

Pewenne Hauath ¢ BHGOpa 0606LIEHHBIX KoopauHaT, 0G03HAaYUB HX
=X H (2=¢ WM gi=X H g2=y. 3a KOOPAHHATY X NPHHATH
YAJHMHEHHE NPYXHHbBI, OTCUHTHIBaE€MOE B CTOPOHY TOrO H3 Tea 3, 4 HJH 5 CHe-
TeMH, K KOTOpPOMY MpYXHHA MNPHKPENJIeHa; HaNpHMeP, ecaAH NpyXKHHA
NPHKpeN/ieHa K 3TOMYy TeJqy B TouKe B M ee JJIMHAa B NpPOHM3BOJBHBI MO-
MEHT BpeMeHH paBHa AB, to x= AB— 1, rae lo — pauna HeedopMH-
POBaHHOH MPYXHHH. 3a KOOPAHHATYy ¢ NMPHHATL Yroi noBopora KpaiiHero
6i10Ka (3TOT G/IOK MOXKET GWITb H HeBECOMbIM), OTCUMTHIBAS ¢ OT Hayalb-
HOro mosoxenusi. EciH B cucTeMy HH OAHH 60K He BXOAHT, a BXOAAT
JUWb Tela 3 H 4, 3a KOODAWHATY y MNpPHHATh paccTosiHHe Teda 4 oOT
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HayaJjbHoro nonoxenns. Coor-
BETCTBYIOILIIHE NPHMEPH AaHHBl
na puc. J(11.10. danbrewni
XOJ PEIHEHHS PasbsiCHEH B MPH-
mepe JI11.

Mpumep JA11. Mexannue-
ckas cucrema (puc. I11) co-
cTouT H3 GapaGaHa I paamyca
R, X KOTOpOMY npHJIOXKEHA ma-
pa cuJ1 ¢ MoMeHTOM M, TesiexKH
2 u katka 3 (6apabaH H Ka-
TOK — OJHOpOAHBlE  IHJIHH]-
pbl) ; Beca BCeX TeJ paBHbI COOT-
percTBeHHO P;, P2, P3; BecoM
KoJlec TesexKH npene6peun. Tejexka coeluHena ¢ 6apabaHom HaMOTaHHO#H
Ha Hero HUTBIO, a C KaTKOM — npyxuHo#k BD, Ko3pQHUUEHT XKeCTKOCTH
Kotopoit paBeH ¢. CHCTeMa HauMHaeT [BH)XEHHE H3 COCTOAIHHS MOKOH,
npy:HHa B 3TOT MOMEHT He JaeopMHpoOBaHa.

Ilauo: R, ¢, Py=2P; Py=4P; P3=2P; M=4PR, a =30
Onpeneaunthb: 1) x= f(f), rie x — yL1uHeHHe NPYXKHHb (HJIH nepeme-
meHue HeHTpa D Karka MO OTHOLIEHHIO K TeJexke 2); 2) yacrory ku
nepHol T KoJeGaHHH.

Pemenne. 1. [Ias peuleHHs 3ajaud BOCHO/Nb3YeMCS ypaBHEeHHSIMH
Jlarpanxa. PaccMatpuBaemasi CHCTeMa HMeeT [Be CTeNleHH CBOGOAbl. BhI-
GepeM B KayecTBe 0GOGLIEHHBIX KOOPAHHAT yron nosopora GapaGaHa @
H yIJHHEHHE TNPYXHHB X(§i =@, 2= x). Torga ypaBHeHns JlarpaHka
6ynyT HMeTb BHA

(5 @i F) = O

2. OnpesenuM KHHETHUECKYI0 3Hepruio I CHCTeMbl, paBHylO CyMme
SHeprufi Bcex Tel:

Puc. 111

T=Ti4+Te+Ts. (2)

Tak kak Gapa6an Bpauiaercs BoKpyr och O, Tellexka IBHXercs
MOCTYNaTeNbHO, 8 KaTOK — ILIOCKONapaLieNbHo, TO

1 1 P
T|=—2—lo&)¥; Tz=T g2 U%.
1 P 1
Ty= -5 %U% +-2—ID(D§ , (3)

rae lo =(P1/28)R?, Ip = (P3/2g)R} (Rs — paanyc xaTKa 3).

Bce BXoAsllMe CIOAA CKOPOCTH HAl0 BHIPa3HTb uepes OGOGLIEHHbIE
CKOpOCTH ¢ H %. OUeBHHO, 4TO ) = @, V2 = Rwy = R¢. Jlnsi onpenesenns
Up PACCMOTPHM JBHIKEHHE KaTKa KaK C/0XHOE. YUHTHIBAS, UTO X ONpenensi-
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€T MO/OXeHHe TOYKH D N0 OTHOWEHHIO K TeNeXKe, MOIYUHM Up=
= v¥ 4 0%?P, rae uHCAEHHO v=1x vff=1 Rq). Torpa, mpuuumas Bo
BHHMaHHe, YTO NIPH BO3PACTAHHH @ H X cxopocm u¥ M vp™P HampaBieHH
B pa3sHble CTOPOHH M uTo Touka E JJs KaTKa — MTHOBEHHbIli LeHTp
CKOpOCTeH, MOJy4HM

om i i, o L2 SRS

IMoncrapnsin Bce HaiieHHHe 3HaueHHs ckopocreli H sHauenus IO H
Ip B paBencrBa (3) u yuuthiBas, uto Py = P3 = 2P, a P, = 4P, MOJIYHHM
OKOHYaTeNbHO M3 (2) cienyioutee Bhlpaxkenue s T:

T= ——Z (4R’¢’—3R<f>é+——2 x%) . (4)
Orciona HaxoguM
oT P . . oT
— = —(8R?’¢p—3Rx), =— =0;
% g( P ) 9
or e T
o 3Re+3%), . =0. (5)

3. Tenepbr ompepmenum o6o6uieHHble cuabl Q; # Q. H3o6paxaem
AeHCTBYIONIHe HAa CHCTEMYy aKTHBHHIE CHJBL: CHJIH TsxkecTH Py, Py, Pj, cuam
ynpyroctu F u F/, rne uncnenno F/ = F = cx, u napy ¢ momesroM M.

a) [ns onpenenennst Q cooGuUIMM CHCTeMe BO3MOXHOE NepeMelleHHe,
NPH KOTOPOM KOOpAMHATa ¢ MoJydaeT mpupameHue 8¢>>0, a x He H3Me-
HfeTcst, T.&. Ox=0 (mpyXHMHAa NPH TaKOM MepeMelIeHHH CHCTeMH He
u3MeHsieT cBol0 JiuHy). Torpa Tenexka u wHeHTp D KaTka MOJyyaloT
OlMHAKOBHE nepeMemenus 8s; = 8sp = R8p u sneMeHtapHas paGora geii-
CTBYIOIHX CHJ 6yneT paBHa

64, = Mdgp — P, sin30°- 8sy — P; sin 30°+8s,, — F’8s, + Fbsp.

3amenus 3ieCb BCe BeJIHYHHBI HX 3HAYEHHAMH, HaiiaeM B pesyJabTare,
4yTo

64y = (M—0,5P,R — 0,5P3R)8¢ = PR6¢ . (6)

6) Ias onpenenennst Q2 COOGUIMM CHCTeMe BO3MOXKHOE NepeMeieHue,
TNpH KOTOpOM KOOpIMHATa ¥ IOJMyyaeT mpupauiende 8x>0, a ¢ He u3Me-
HAeTcdl, T.e. 8¢ = 0 (6apaGaH He MOBOpauHBaeTCS M TeJexKa He nepeme-
maercs). Toraa snementaphylo paGoTy cosepwaT TOAbKO cHasl P; u F,
yuts, 4T0 P3 = 2P, nonyuum

8Ay = P3sin30° - 8x — Fox = (P — cx)dx . (7

Kos¢ppuuuentss npu 8¢ u 6x B pasencrsax (6) u (7) u 6yayT
HCKOMBIMH OGOGUIEHHBIMH CHJIaMH; CJeJ0BaTeNbHO,

Q=PR; Qo= P—cx. (8)
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TMoncrasnsis Bennuunbl (5) u (8) B ypaBHeHHs (1), nomyyum cjenyio-
mue AHddepeHuHaNbHEE YPABHEHHS JABHKEHUS CHCTEMBI:

—§{8R2$—3R5€) — PR, -Z—(—3R$+35c‘) — P—ocx. )

4. [lna onpeneieHus X = f(f) HCKIOUHM H3 ypaBnennit  (9) ¢
TMonyunm nuddepenuuasbHoe ypaBHeHHe BHAA

i+kx=a,
“TAE
8 g 11
2 __ 2= —
R*= 5 P ,a 5 g. (10)

O6mwee peutense ypasHenus (10), kak H3BECTHO H3 BhIcLIe# Mmare-
MAaTHKH, HMeeT BHA X = Xi-+ X2, Ille x) — ofluee pelleHHe ONHOPOAHOrO
. ypaBHEHHs X+ Rx=0 T.e. x1= Cisin(kt) + Cacos(kt), a x; — HacTHoe
pemenue ypasuennsi (10). Bynem HCkaTh pelleHHe X B Buje xo=A=
— const. [ToxncraBass 3Hauenne xp B ypapnenue (10), monyuum A=a/k.
Takum o6pa3oM, obliee pelleHHe ypaBHEHHA (10) umeer BHR

x = C,sin(kt) + Cycos(kt) +a/k?, (11)

rae C; u Cy — nocTosinHble HHTErpHpoBanus. Jlis uX onpeleleHHs HaiiaeM
elie MPOM3BOJHYIO X OT X MO BPEMEHH:

% = C1kcos(kt) — Caksin(kt) . (12)

[lo wuauaibhbiM ycioBusaM npu t=0 x=0, x=0 (mBuKeHHE
HaudHaeTcsl H3 COCTOSIHHSA NOKOSl H NpYXKHHa B 3TOT MOMEHT HE nedopmu-
posana). IToxcTaBisisi 5TH Be/lHYHHb B ypaBHEHH: (11) u (12), naitpem
u3 uux, uto Cy =0, Co = —a/k’.

OKOHUATeJbHO NOJYYHM HCKOMYIO 3aBHCHMOCTb X = f(¢) B BHOE

x=—:2—-(1——coskt), (13)

e 3HaueHHs @ W k® JA0TCA NMOCJeAHHMH IBYyMs H3 PaBeHCTB (10). Takum
o6pasoM, LeHTp D KaTka coBepilaeT MO OTHOLICHHIO K TejexkKe KoJje-
6aHHs,, 3aKOH KOTOPHIX JaeT PaBEHCTBO (13). Kpyrosasi uacrota k u me-
puojA T 3THX KoseGaHHii:

_ 8g . 2n 15P
k= V P TR =2 Sz (14)

3apaua 112

MexaHH3M, PACNOJIOKEHHbIH B BepTHKaJIbHOM IVIOCKOCTH (pHC. 12.0 —
I112.9), COCTOHT H3 CTYHEHYaThlX KoJec 1 u 2 c paguycamu Ry = 0,4 M,
rn=02m R=05m rn= 0,3 M, HMEIOLIHX HEMOABHMHbIE OCH Bpalle-

101



Ta6auuma 12

Howmep

ycaoBus my ma ms ms ms Cy Ca C3
0 12 16 — 8 — 1200 — —
1 10 8 4 — — — — 1000
2 16 12 — — 6 — 800 —
3 20 — — 6 — 1500 — —
4 — 18 — — 4 — 1000 —
5 18 14 6 — — 1000 — —
6 12 — 8 4 — — — 1200
7 16 10 — — 4 800 — —
8 20 16 —_ 8 — — 1200 —
9 10 — 6 4 — 1000 — —

A
a
4.6 S
3
@],
A
5
Puc. 112.0 Puc. 12.1

- Puc. 112.2
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N’;u%

Puc. 112.8 Puc. 112.9

HHSI; OJHOPOAHOrO CTepxHs 3 AnuHol [= 1,2 M, 3aKpemjesHoro map-
HHPOM Ha OJHOM H3 KOHLOB; Ipy30oB 4 ® 5, nojBeilleHHBIX K HHTAM, Hamo-
TaHHBIM Ha Koueca. Ha crepxHe pacctosinue AB = 2//3.

Crepxenb 3 coefliHeH C KoslecoM 2 HeBecoMHIM cTepxHeM 6. Koseca
1 u 2 nnu Haxoasarca B 3auensieHu (puc. 0—4), uUJIH coenHHeHbl Hese-
combiM crepxkheM 7 (puc. 5—9). K Kojecam M cTepxHI0 3 NPHKpeNaeHbl
NPYKHHBL.

B ta6a. 12 sapanbl Macchl m; Tead (Kr) H Ko3gpHUHEHTBl KecT-
koctu ¢; npyxuH (H/m). Ilpouepkn B cronbuax Tab/Hiubkl 03HAYaloT, UTO
COOTBETCTBYIOLIHE Tesla HJIH NPYXHHBI B CHCTEMY He BXOAAT (Ha ueprexe
9TH Tella W NPYXKHMHBI He H306pa)caTh); B pe3y/ibTaTe B KaXKIAOM KOHKpeT-
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HOM BapHaHTe MOoJy4Yaercsi AOBOJILHO NMPOCTOH MeXaHHW3M, COAEPKAIUHH TpH
HJH Jaxe ABa Tesa. CTepxeHb 6 WiH 7 BXOOUT B COCTaB MeXaHH3Ma, KOI'Aa
B Hero BXOAAT 06a Tesa, COeJHHEHHble 3THM CTEPXKHEM.

B nosoXeHHsIX, H306pa’keHHbIX HAa PUCYHKAaX, MEXaHH3M HaXOLHTCA B
paBHoBecHH. OmnpeleNHTb 4acTOTYy H TNeEPHOA MaJbiXx KoJeGaHHi CHCTEeMbl
OKOJIO TNOJIOXKeHHs1 paBHOBecHs. HaliTH TakXe, ueMy paBHO cTaTHuYecKoe
YAJIHHEHHE (CXKaTHe) NPYXHHH Ac; B MOJOXKEHHH PaBHOBECHS.

Ipu nomcuerax cuuraTh Kojseca / H 2 CIJIOLIHBIMH OJHOPOAHBIMH
UMJIMHADAMH paauycoB R; H Rz COOTBETCTBEHHO.

PaccMoTpuM 1Ba nmpuMmepa pelLleHHsI 3TOM 3ajauM.

NMpumep Jl12a. Haxonsiuwiasica B paBHOBECHH MexaHHYeckas CHCTeMa
COCTOMT M3 KoJeca I pamuyca R), cTymeHuaToro koseca 2 ¢ paiHycaMu
Ry u rp v rpysa 3, moABelIEHHOTO Ha HHUTH, HaMOTAHHOH Ha KoJeco 2;
KoJleca coelHHEeHbl HeBeCOMHM crepxkHeM AB (puc. I12a). K kosecy [
NpHKpeNJieHa BEePTHKAJbHAasA NPYXHHA C KO3()(PUIUHEHTOM XKEeCTKOCTH C.

HDano: my =12 kr, my = 6 kr, m3 = 3 kr, R = Ra = R, ro = 0,5R,
¢=900 H/m. Koseca cuhTaTh CIVIOUIHBIMH OXHOPOAHBLIMH LHJHHIADPAMH.
OnpepaenHThb: 4acTroTy k H NEPHOL T MaJblX KOJeGaHHI CHCTEMBI OKOJO
N0JIOXKEHHS DABHOBECHS] M 3HAYEHHE Acn

Pewenne. 1. Cucrema umeeT OfHy cTeneHb cBoGoAb. Boibepem B Ka-
yecTBe 0GOGUIEHHOH KOOPAHHATHI YroJ ¢ NMOBOpPoTa Kojeca I OT paBHOBec-
HOrO MOJIOXKeHHs1 (IpH paBHOBecHH ¢ = 0 u sp =0, s3 = 0); npu aABHXKe-
HHH CHCTEMBI, PacCMaTpuBas MaJjible KOJeGaHHs, CYUHTAeM YroJ ¢ MaJbiM.

[MockonbKy Bce AeHCTBYIOLLHE HA CHCTEMY aKTHBHBIE CHJBI NOTEHLHaJb-
Hble (CHTa TAXECTH MW CHNA YNPYrOCTH), BbIPA3HM 060GILEHHYIO CHIy Q
yepe3 moTeHuuasbHyio sHepruio II cucrembr. Torga HCXOQHBIM ypaBHEHHeM
oyner

(1

Puc. [l2a
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2. OnpenenuM KHHETHUECKYIO SHEPTHIO CHCTEMbI, PaBHYIO CyMMe SHEp-
rHi Bcex TeJ:

T=T4+Te+Ts. (2)
Tak Kak Kojeca / u 2 Bpawaotcst Bokpyr oceit Oy u Oz, a rpy3 3 IBH-
xeTcsl MOCTyMaTe/bHO, TO
Ty =1 o0}/2, To=l0w}/2,
T3 = m3v3/2, 3)
rae
lo, = miR1/2, lo, = maR3/2. (4)

Bce CKOPOCTH, BXOAfllHe B paBeHcTBa (3), HajO BLIPasHTbL uepes
o6o6wentyio ckopocts ¢. Toraa o, = ¢. Jlanee, BBHAY MaiOCTH yria @
MOXHO CUHTAaTh B KaxIblii MOMEHT BDEMEHH Ug= Ug T.€. Ogrz = 0iRy,
oTKYyAa @2 = 0RyYT2H v3 = @2R2 = 0RiRe/r2. Orciona, yursi, 4To R; =
= Ry = R, r2 = 0,5R, nonyunm

0)1=q.), m2=qu3/r2=2(|3, U3:2R(ﬁ- (5)

Moacrapasis BenunHsl (4), rae Ry= Ry =R, u (5) B paBeHcTBa 3),
nonyyuMm H3 paBeHcTBa (2)

T = 0,5a0¢%, rae Go = (0,5m; + 2ma+4mg)R?. (6)
Orcioga HaXOAHM
or . oT _ d 0T\ _ =
09 = P do =0, dt\dcp)_aoq" 7

3. OnpenenuM noTeHuHanbHylo 3Hepruio Il cHCTeMBI, yuHTBIBasf, 4TO
aas npyxuub I = 0,5¢cA?, rae A — YAJHHEHHe (CXKaTHe) MPYXKHHBI, a AJsi
nonst cua Taxectd Il = mgzc, TAe 2Zc— KOOpAHHATa ULEHTPA TSKECTH
(och z HampaBs/ieHa MO BEPTHKAIH BBEPX).

Torpa nasi BceH CHCTEMBI

I = 0,5¢A2 + magzc,. (8)

Onpenensis A, yuTeM, 4TO B NOJIOXKEHHH PaBHOBECHS TPYKHHA MOKeT
HMeTb HEKOTOpOe CTaTHYecKoe (Haya/lbHOe) YMIHHEHHe HJH CXKaTHe Aen
HeoGX0AMMOe [/l COXpaHEHHs paBHOBecHsl (B HauleM ciyyae JJisl ypaBHO-
BeLIHBAHHSI CHAB TSXeCTH, JeficTByoweil Ha rpys 3). Ilpu mosopore
Konieca | Ha yroi @ MPYXHHA MOJYYHT JONOJHHTENbHOE K Ac; YANHHEHHE
sp= Ri¢. CnenoBaTesibHo, A = A+ Sp = Aer+ Rg.

Ins zc, HampaBasisi OCb z M3 TOUKH O3 BBEPX, MOJMYUHM Zcy= — 3.
UYro6bl BHPa3uTh S 4epe3 @, 3aMETHM, YTO 3aBHCHMOCTb MEXIY MaJbiMH
nepeMellleHHsIMH 3lecb GYJeT TaKOA e, KaK MeXAy COOTBETCTBYIOILHMH
ckopocTsivH. Toraa Mo aHaJOTHH C MOC/ELAHHM H3 PABEHCTB (5) s3= 2R¢
U 2¢c;= —2Reo.
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[Moncrasnsas Bce HalleHHBE BeJMYHHBI B paBeHCTBO (8), mosyuum
I = 0,5¢(Acr+ Rp)2 —2msgRe . 9)
4. OnpenennM 06061eHHYI0 CHIY Q U A, CHauaja Haxonum

Q= —f,—f;= — cR(hes+ Re) + 2msgR . (10)

Bxoasiuyio ciofa HEH3BECTHYIO BeJNHYHHY A, HaHjeM H3 YCJIOBHS, uTO
NpH DaBHOBECHH, T.e. Koraa ¢ = 0, momxHo 6biTb U Q = 0. I[lonaras
B (10) ¢ =0 u Q= 0, nonyuuMm cRA; = 2m;3gR, OTKyna

Aer=2m3g/c . (11)

3amensis B (10) A, 3TUM 3HAueHHeM, HaHAeM, UTO
Q= —cR%. (12)

5. Cocrasnsiem ypasHenue Jlarpanxa. IToacTaBisisi 3HaueHHs NpPOM3-
BOJHBIX U3 paBeHCTB (7) W 3HaueHue Q u3 (12) B ypaBHenue (1), mosyunm
a0¢ = — cR?¢ unu, ¢ yuetom 0603HaueHus B (6),

cR? 2c
Qy - m|+4m2+8m3 '

¢+kp=0, rae k2= (13)

M3 Teopun koseGaHMi H3BECTHO, YTO KOTr[a YypaBHEHHE MPHBEIEHO
K Buly (13), To B HeM k siBAsieTCS HCKOMOH KDYroBO# 4acToTOi, a NepHOx
Kose6auuil T = 2n/k. Ilpu 3aJaHHbIX YHCIOBLIX 3HAYEHHSX M), Mg, M3 H C,
NPOU3BeAsi COOTBETCTBYIOLIHE nojacyerh, noayuum u3 (13) u (11) orse-
TH: k=548 ¢!, v= 1,11 ¢, Aer= 0,065 M = 6,5 cM.

IMpumep J1126. Haxoasimasica B paBHOBECHH MeXaHHYecKkasi CHCTeMa
COCTOHT H3 OJHOPOJHOrO CTepXHS I, CTy[leHYaToro Kojeca 2 ¢ paauycamu
cTyneHeil Ry M rp, rpy3a 3, NOJABELIEHHOr0 Ha HHTH, NEPEKHHYTOH uepes
610K 4 H HaMOTAHHOH Ha KOJIeCO 2, H HEBECOMOI'O CTepKHS 5, COeNHHSIO-
wero tena / u 2 (puc. 12, 6). B Touke O; wapuup; B Touke A npukpen-
JIeHa TOPU30HTAJIbHAS NPYXHHA C KO3 HILHEHTOM KECTKOCTH C.

Puc. 112
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Nauo: m=10 kr, my=12 xr, ms=4 Kr, ms=0, Re=R
r, = 0,5R, c =750 H/m, Ol A=1[=1m, 0,B = 1/3. Koseco 2 cuuratb
CTIZIOMIHBIM OAHODPOAHBIM LHAHHApOM. O TN pen e uTb: HacTory k 4 ne-
PHOL T MaJjbiX Ko:leéamm CHCTeMbl OKOJIO TMOJIOXKEHHs PaBHOBECHsS H 3Ha-
yeHHe Acp.

Pemenne. 1. PaccMoTpuM NpOH3BOJIbHOE MOJIOXKEHHE CHCTEMbI, KOria
OHa BHIBEleHA M3 COCTOSIHHSI PABHOBECHSI H COBepliaeT maJjble KoJie6aHHsA
(puc. [112,8). Cucrema umeerT OAHYy CTeneHb cBo6oanl. BoiGepeM B Ka-
yecTBe 060G EHHON KOOPAHHATHI YroJ @ OTKJIOHEHHsl CTepXHS OT BepTHKa-
M, cuMTas @ MaJbiM, H COCTAaBHM JUIi CHCTEMbl ypaBHeHWe JlarpaHxa.
TMocKonbKy BCe AeHCTBYIOLIHE AKTHBHbIE CHJBI (cuna ynpyrocTH H CHJbI
TAKECTH) MOTeHUHaNbHble, BBIPa3UM OGOGLIEHHYIO CHNY Q uepes nore-
wuanbhyio suepruio 11 cucremsl. Toraa HCXOAHBIM YpaBHEHHEM 6yner

—( ) =Q, e =—%g—. (1)

[Tpu HCCNIeIOBAHHH MaNbIX KoneGaHUi B YpaBHEHHH COXPaHSIOT MaJble
BeHYMHBL @, ¢ B NepBOil cTenmeHH, orGpachiBas Manble Gonee BblCOKOl‘O
nop;uu(a Inst sToro Hano HaiiTH eelpaxenust T u II ¢ TouHOCTBIO 210 ¢’ u
@% Tak Kak B (1) BXOAAT mepBble MPOH3BOAHBIE OT TullnooH @, a npH
AHd(epeHIIHPOBAHHH MHOrOU/IeHa ero CTelleHb MOHHNKAETCS HAa ENHHHLY

2. OnpefleluM KHHETHYECKYlo SHepruio T CHCTeMbl, paBHylO CymMe
3Heprui Bcex Tes:

T=Ti4+Ts+Ts. @)

Tak Kak cTepXeHb I M Kojeco 2 BpAILaloTCs BOKPYr OCed 01 u C;
COOTBETCTBEHHO, a rpy3 3 ABHKeTCSl MNOCTYNaTeNbHO, TO

T\ = I0,03/2; Ta= Ic03/2; (3)
T3 - m;v§/2 N
rae
Ioy= mil2/3; Icy= meR*/2. 4)

Bce ckopoct, BXoAsuHe B paBeHcTBa (3), Hamo BHIPA3sHTb uepes
060611eHHYI0 CKOPOCTb ¢. Toraa o = @. 3aTeM BBHAY MAaJOCTH ¢ MOMHO
cuntaTh vp= vUp= w;[/3. YuTA 370, HaiileM 2= vp/ra=vp/0,5R u
vs = vy = 2R. TakuM o6pasom, o = §; w2 = 2/¢/3R;

vy = 2l@/3. (5)

MMoacrasasia eauunubl (4) u (5) B paBeHcTBa (3), MOJNYYHM H3 (2)

- I " ] a _( mi + 2ﬂh + 4!713 )12 6)
=g G¢ . T =3 9 9 ) (
OTcioga HaxoouM
oT . dT dys orT "
-&r—“w'-@——‘)'ﬁ('acp—)—“w 0
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3. OmpesenuM noTeHUHa/bHYIO SHepruio II CHCTeMbl, YYHTHIBas, 4TO
xaa npyxunsl I1= 0,5cA%, roe A — yniunenue (cxarue) NPYXHHBL, a s
nons cun TAXKectH Il = mgze, rae 2 — KOOPAHHATA LEHTPA THAXKECTH
(ock z HanpaBJieHa Mo BepTuKaJu BBepx). Toraa Aia Bcell CHCTEMBI

I = 0,5¢A* + migzc, + magzcy+ magzc,, (8)

TIle BEJMYHHBL A, 2¢y, Zcp Zcy JOMIKHBL GHITh BHIPAXKEHbl Yepes ¢.

Onpepensisi A, yuTeM, YTO B NOJIOXXEHHH PABHOBECHS NMPYXHHA MOXeT
HMeTb HEKOTODOE CTaTHYeCKoe (HauyaJbHOe) YIVIHHEHHE HJH CXKATHe Acy,
HeOGXO/HMOe [Vl COXPaHEHHS PABHOBECHA (B HalleM caydae IVISi ypaBHO-
BEUIHBAHUA CHJIBl TAXeCTH P3). B npoH3Bo/NbHOM NOMOXKeHHH (cM.
puc. 112, 8) npyXuHa NONYYHT NONOJIHHTENbHOE YIVIHHEHHe, PaBHOE Sy
NpHYEM BBHAY MAaJOCTH @ MOXHO CUHTaTb Sq= lg. Torna A=A 454 =
= Ao+ L.

Jas z¢, HanpaBass ocb 2z H3 ToukH O, BBEPX, MOJNYYHM 2Z¢, =
= 0,5/cos ¢. Pasnaras sgecb cOSQ B P H COXPaHAA WieH ¢ ¢, moayunm*

2 2
cos @ = 1—% H zcl=2L(l—i;—).

Hast 2¢,, B35IB Hauan0 KOOPHHHAT B Touke Cz, NOAYUHM Z¢, = 0.

Ianst zc, coBMmemiass Haualo KoopiuHat O ¢ MOJNOMEHHEM LEHTpa
TAXKECTH rpy3a 3 NpH PaBHOBECHH, MOJNYUHM Zc, = — S3, [l S3 — IepeMe-
wenue rpysa. Uro6bl BbHIPasHTb S3 uepe3 ¢, 3aMETHM, YTO 3aBHCHMOCTb
MEXAy MaJbIMH NepeMelleHHsIMH 31ech 6yner Takofi e, Kak MeXiy
COOTBETCTBYIOLIHMH CKOPOCTAMH. Torfa no aHaJoOrHd ¢ NOCACNHHM M3
paBeHCTB (5) s3 = 2l¢p/3 u 2¢; = — 2l¢/3.

TMoncrasnss Bce HalifieHHble BeJHYHHBI B PaBEHCTBO (8), nonyunm

2

1 2
n= §<xa+tw>2+7m.gz(1 - )—Tmaglw- ©)

4. Onpenenum 06061ennyio cuay Q u Ae. CHauana Haxomum

oIl 1 2
Q= —G-= —| cllh+lg) —-miglp——Z-msgt] . (10)
Bxoasuwyio ciona HeH3BeCTHYIO BENHUHHY A, HalJeM H3 yCJIOBHsl, 4TO
NpH paBHOBECHH, T.e. kKorma @ = 0, HoMXKHO ObiTb M Q = 0. ITonaras
B pasenctBe (10) ¢ =0 u Q =0, moayunm clh.,—2magl/3 =0, OTKyna

2 msg
R (an

Ac‘r =

* B cayuae koraa crepxenb O1A ropusontasen (nosepuute puc. 112,86
Ha 90°), Gymer z¢= 0,5/sin@, u HyXHOe NpHOIHKeHHe NONYYHTCS, €CJH
CYHTaTh sin@ = ¢.
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3amensisi B (10) Ac THM 3HAUEHHEM, HaHleM OKOHYATEeJbHO
Q= —bg, rae b= (c/—0,5mg)l. (12)

5. CocraBasie ypaBheHue Jlarpanxa. IloicTaBHB 3HAQu€HUS MPOM3-
BOAHBIX H3 paBeHcTB (7) W 3HaueHue Q u3 (12) B ypaBHeHue (1), noxyuynum
@p = —bg

b 9(2¢l — m\g)

. 2 2 _ 0 _
(P+k(P— 0, rae k - Qo 2(3m|+2m2+4m3)l : (13)

U3 TeopuH KojeGaHMii HM3BECTHO, uTO KOrja ypaBHEHHE MpHBEAEHO
k Buay (13), To B HeM BeJHuuHA k SBAAETCA MCKOMO# KpYyroBoil 4aCTOTOH,
a nepuon T-= 2n/k. Tlpn 3ajaHHBIX UYMCAOBBIX 3HAYEHHAX, npou3Bes
COOTBETCTBYIOIIME Pacuerhl, noayuum u3 (13) u (11) caenyiolie OTBe-
TH: k=949 ¢ !; =066 ¢; A= 0,035 M= 3,5 cm.

RApyroe pewenne. PaccMOTpHM APYroit myTh pelieHHs 3ajauH, MPUrod-
HBIF M KOrja JAeiCTBYIOLHe CHJIbl He MOTeHLHaJbHBbL.

BhiGepem onATh B KauecTBe OGOGLIEHHON KOOPIMHATH! yrol ¢, CUHTas
€ro MajbiM, M COCTABHM JJ/iIfi CHCTeMbl ypaBHeHHe JlarpaHxa

s KHHeTHYecKo# 3Hepru T CHCTeMbl H /IS COOTBETCTBYIOIIKX NPOH3-
BOAHBIX MOJYYHM, KaK W paHblie, 3Hauenus (6) u 7).

Yro6n HaliTH 0GOGLIEHHYIO CcHIy Q, Halo HM3006pasuTh Ha ueprexe
(puc. J112,6) ZAeficTByloUlMe aKTHBHBEIE CHJHIL, COBEpIIAIOLIHE pa6oTy npH
nepeMellieHHd CHCTeMbI, T.e€. CHJIY YNPYrOCTH MpYKHHBI F, mpHJIOXEeHHYIO
K cTepxHI0 | B Touke A M _HanpasleHHYO BNpaBo (nNpyXHHY CUHTaeM
pacTIHYTOM), CHIY TAXECTH P), NPHIOKEHHYIO K CTEpPXKHIO 1 B Touke Ci,
W CHIY TAMeCTH Pj, NPUIOKEHHYIO K rpysy 3; 06e STH CHJBI Hanpas/eHki
no BepruKkanu Buu3 (Ha puc. A12,6 cuant F, Py, P; He noKasaHkl, HO TpH pe-
LIEHHH 3aJaud TAKHM NyTeM HX HaA0 M306paxarb).

Tenepb coofliaeM CHCTEME BO3MOXKHOE MepeMellleHHe, NpH KOTOpOM
yroJ ¢ MoJyuaeT MOJOKHTeJIbHOe NpHpalleHne 8¢, u BoluKcasieM paGoty 6A
BCexX Ha3BaHHBIX CHJI Ha 3ToM nepemelienuH. Iloayunm

64 = (— Flcos g+ Pi—g-Sin @)+ Padss (1)

B pasencrse (15) Hano BbpasuThb 8s; uepes d¢. Tlo ananoruu ¢ nocven-
HHM U3 paBeHcTB (5) Haiuem, yTo
8s3 = 216¢/3 . (16)

Onpesie/iHM ellle 3HAUEHHE CHIbL yNPYrocTH F. Mo moaymio F = cA, rae
A — yAJHHeHHe MDYXHHEI, C/araiolleecsi H3 HayajbHOrO yAJTHHEHH: Aer H
JIOTIOJIHATE/IBHOrO YAJMHEHHS! S4, KOTOpOE BBHIY MAaJOCTH Yria ¢ MOXHO
cunraTh paBHEM [¢. Torna A = A+l M

F = c(hea+ 1) . (17)

Mopcrapus Beauuunsl (16) u (17) B pasenctso (15) u yurs, uTO
P, = mig, a P3 = mag ¥ uTO BBHAY MaJOCTH @ MOXHO CUHTaTb sing =@,
cos@ = 1, MpHBeJeM OKOHUaTeJbHO PaBeHCTBO (15) k Bupy

8A = [— c(her+ lg)l + migle/2 + 2msgl/3]8¢ .
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Kos¢ppuuuent npu 6¢ B npaBoit YacTH NOJYYEHHOrO PaBEHCTBA H fBJA-
eTcs UCKoMo# oGoGuieHHo# cuaoi. CienoBaTesbHo,

Q=[—chert+(mig/2 —cl)o+ 2msg/3)i. (18)

BeanunHy A, OMATb HAaXOAHM YYHTHIBAsi, YTO NMPH pPaBHOBECHH, T. €.
npu ¢ = 0, 6yaer 1 Q = 0. B pesyabrare monyyum Ans A., 3HaueHue, na-
Baemoe ¢opmynoii (11). Ilpu TakoM A, Haitmem u3 (18) okoHuaTesbHO, YTO

Q= (mg/2—chlg. (19)

IMoacrasasifi 3HaueHHSI COOTBETCTBYIOLUIMX MDOH3BOAHLIX H3 DaBEHCTB
(7) u sHauenne Q, naBaemoe ¢opmynoii (19), B ypaBHeHue (14), npusenem
€ro OKOHYaTe/JbHO K BHAY

§ (el —mg/2 0= 0. (20)

Peulenue ypasheHusi (20) CyLeCTBEHHO 3aBHCHT OT 3HaKa Ko3(QHIHeHTa
npu ¢. Ecan 3T0T KO3 PHLHEHT MONOKHTENEH, T. €.

c>mg/2l, (21)
TO, BBelsi 0603HaueHHe
k= (cIl—mg/2)l/ao , (22)
NoJly4dM, KaK M3BecTHo, pelieHne ypaBHeHust (20) B BuAe
¢ = Csin(kt) 4 Cocos(kt) .

Ecan npu t =0 ¢ = o 1 ¢ = ¢o, T0 C2 = @o, C; = qo/k. Ho qo 1 o
BCerja MOXXHO BbIGPATh CTO/b MaJbIMH, YTO YroJ ¢ BO BCe Bpems ABHXKEHHS
ToxKe Gy/leT ocTaBaTbCs MaJbiM H, CJ1eJlOBaTe/bHO, CHCTeMa OyleT coBepllaTh
Manble KoseGaHHS OKOJMO MOJIOXKEHHSI ee DaBHOBeCHs, ONpeleisieMoro yr-
aom ¢ = 0. PaBHOBecHe CHCTeMbl B TaKOM cjiyuae Ha3blBalOT YCTOUYUBbIM;
YC/I0BHe YCTOHUHBOCTH paBHOBECHS ONpe/eNsieTcsl B JaHHOH 3a1aye HepaBeH-
ctBoM (21).

Ecnu xe koadduuHeHT npu ¢ B ypaBHenuH (20) GyneT oTpHL@TeNbHbIM,
T.e. Gymer c<<mg/2l, T0 BBeis 0603Haqeune n® = (mig/2— cl)l/ay,
npuBejem ypaBHenue (20) K BULy ¢ —n’@ = 0. Peluennem 3T0ro ypaBHeHHs,
KaK ToXXe H3BecTHo, 6yner

Q= C|€M+ Cge_"‘

H, KaKOBbI Gbl HH GbIJIH HauanbHbIE YCJOBHs, MHOXHTENb €™, a ¢ HUM H yroa ¢,
. 6yRyT co BpemeHeM BO3pacTarb, T. €. CHCTEMa, BolBeleHHast H3 paBHOBECHOTrO
NOJIOXKEeHHS CKOJb YrOoAHO MajbiM CMelleHHeM (To/MuKom), 6yZeT OT 3TOro
NoJ0oXKeHHs1 Bce Gosblie H Gosblie OTKIOHATbCA. PaBHoBecHe CHCTEMBI
B TaKOM C/ydyae Ha3blBaeTcs HeyCTOL4UBbLM.

B pewaemoit 3anaue ¢ = 750 H/m, a m g/2/ ~ 49 H/M u HepaBeHCTBO
(21) Brimonusercs. CienoBaTenbHO, paBHOBECHE CHCTEMbI SIBJISIETCS YCTOHYM-
BbIM H OHa MOXXeT COBeplIaTh OKOJIO MOJIOXKEHHsI PpaBHOBECHSI MaJible KoJeGa-
Hust. KpyroBas yacrora k 3THX KoseGaHHil onpenesiercsi U3 paBeHcTBa (22),
a neproa T = 2n/k. UncnoBble 3HaYeHHSI HCKOMLIX BEJHUYHH MNOJy4aloTCs,
KOHEYHO, Te e, 4TO H B M. 5.
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