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[image: image2.jpg]METOOWYECKHE YKA3AHUA

B Kypce TEOpeTHHSCKO MeXANHIH CTYACHTHI MIYMBIOT TPH ce pasfena:
CTATUKY, KHHEMATHICY W THHAMHKY .

1. [In% Mayuemus Kypca HeOGXOMMMO HMETh COOTBETCTBYIOLIYIO MATCMa-
THUECKYI0 MOATOTOBKY. Bo Beex pasienax Kypea, HaWMHas co CTATHKH, WHPO-
KO HCTIONB3YETCH BEKTOPHAA anreGpa. HeoGXOMMO yMeTh BHMNHCIATS IPOEK-
LAH BEKTOPOB Ha KOODIMHATHBIE OCH, HAXOTH FEOMETPHYECIKH (TIOCTPOCHH-
€M BCKTODHOTO TPEYTONBHAKE WIH MHOTOYTONMHHKE) M BHATHTWMECKH (10
NPOCKUNAM Ha KOOPAWHATHLIC OCH) CYMMY BEKTODOB, BEIHCIIATH CKANAp-
1O M BEKTOPHOE MPOWIBENEHHS /IBYX BEKTOPOB M 3IHATh CBOACTAA ITUX NPO-
MiBencHMA, & B KMHEMATHKE W [MHAMHKE — IM(OEpEHUMPOBAT BEKTOPHI.
Hano Takxe ymeTh CBOGOMMO MOMBIOBATHCH CHCTEMON MPAMOYTONBHIX e~
KAPTOBLIX KOODIPAHAT HA TUIOCKOCTH B NMPOCTPAHCTBE, IHATH, HTO TAKOE e~
I0uKLIe BEKTOPh! (OPTBI) ITHX OCefl M KAK BHIPAXAOTCA COCTAB/AIOLIME BEK-
TOPa N0 KOOPIHHATHEIM OCAM € OMOLIHIO OPTOB.

JUis WIYNeHMS KMHEMATHKH HAJO COBEpIIEHHO CBOGOIHO ymeTh Mid-
e peHIHPOBATE YHKIN OHOTO NePEMERHOTO, CTPOHTS IPacHIaH ITHX dyHK-
U, GHITH 3HAKOMBIM C MORATHAMH O CCTECTBOHHOM TPEXIPAHIHKE, KPHBHIHE
KpWBOR M paiBIyce KPWBMINLI, JHATh OCHORBL TEOPHH KPHBBIX 270 NIOPRIKA,
HIyMaeMOft B AHATHTHYECKOM FEOMETPHH.

JUN% WIYHEHMA JMMAMIKH A0 YMETh HAXOMATH MHTEIpOTM (Heompeie-
NeHHBIE W ONpeAenieHHBIE) OT MPOCTEAUNMX (pyHIUW, BANMHCIATL YACTHME
NPOMIBOIBIE # NOMHLM HcpdepeRITAAT GYHIADI HECKOMBIHX TIEPEMEHHBIX,
4 TAKXE YMeTh HHTErpHPOBATH icdepeHUNATRHLIE YPaBHCHHA 1-10 NOpAAKA
© PAIICNRIOUMMHCA MePEMCHHLIMA W THHeHbIe MicdepCHUATEHbE YpaBHC-
MR 210 MOPAKa (ORHOPOMMEIE W HEOMHOPOMHbIE) ¢ NOCTOHHBIMA KO-
uumeHTaMH.

2. Tpw wIyNeHsW MaTepHana Kypea Mo yucOHHKY HyXHO MIpexdle BCEro
YHCHHTS CYWIECTBO K@XIOTO HANaraemoro Tam Bonpoca. [naswoe — 970 wo-
HATB HITIOKEHHOE B YYeGHKKE, 3 He "3ayWHTh".

Vi3yuaTh MaTepHan PEKOMEHIYETCA MO Temam (TYHKTaM MpHBO/MMOR
ke MPOTpAMMEI) WK N0 Iapam (naparpacbam) yucGHmka. CHauana cnesyet
NpowTaTh Bech MaTepan Temst (naparpaca) , 0coGeNHO He IATEPKHBANCE HA
TOM, UTO MOKAJWIOCH HE COBCEM MOHATHBIM: HACTO ITO CTANOBHTCA HIOHATHBIM
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[image: image3.jpg]3 TOCTENyIoWero. 3aTeM a0 BEPHYTLCR K MECTaM, BEIIBABUIMM JaTpyIHe-
HUS M BRMMATENBHO PatobpaTLcA B TOM, ¥TO GRLIO HescHo, OcOG0e BHEMAINE
TIDH NIOBTOPHOM WTeHHH 0GPATHTE Ha (HOPMYIMPOB I COOTRETCTBYROLIX ONpe-
Renielufl, Teopem H T.1I. (OHH OGHIYHO GHIBAIOT HAGPAHLI B YUEGHNKE KYPCHBOM
WM Pa3pANKOR); B TOUHMIX (OPMYMHPOBKAX, KAK MPABMINIO, CYLIECTREHHO
K&XKIO€ CTI0BO M OYeHb NONIE3HO NOHATH, HOYeMy NAHHOE NIOTIOXeHHE CHOpMY=
JMPOBAHO MMeHHO Tak. OIHAKO He CNElyeT CTAPaThCA 3ayUHBATH BOPMYTH-
POBXH; BaXGHO TIOHATH MX CMBICT H YMETh HITIOKHTS PE3YTLTaT CBOHMH CTIo-
Bamu.

Heo6X0MMMO Takxke MOHATH XOJl BCEX NOKAIATENBCTB (B MEXaHWKE OHM
OfLrHO He COXHLI) M Paso6paThcA B HX NeTanAx. JIOKA3ATENECTBA HAIO
YMeTh BOCTIPOH3BO/ITE CAMOCTORTENLHO, YTO HETPY/BHO CAIENaTh, OB HIED
DOKa3ATENBCTBA; MBTATHCA WPOCTO HX “3aYWMBATR" Me CTEAYET, MHKaKOR
TOMB3L ITO He IpHHECET.

3aKOHWMB M3yeHHE TeMbl, NIONIEIMO COCTABHTE KPATIGHR KOHCHIEKT, 110
BO3IMOXHOCTH He JAITAMILIBAR B YYeOHHK.

Tlpk w3yuerm Kypca 0co60e BHMMaHUE CHEAYET YIETHTS NPHOGETEHIT
HABLIKOR pelleiid 3anad. [UIA STOTO, M3YWt® MaTepHan NAaHHOM TeMBI, Hamo
cHawana OGW3aTenHO Pal06PaTRCA B DEUICHMAX COOTBETCTBYOUMX 3amas,
KOTOphle NPHBONATCA B YueGHUKe, 06paTHB 0COGOE BHEMAHME Ha METOMYec-
KHE yKAJAHRS TIO MX PELICHWIO. 3aTeM NOCTAPARTECH PEWINTS CAMOCTORTENLHO
MECKOMEKO AHATOTHYMBIX 3ala¥ M3 CGOPHMKa 3anat U.B. Memepckoro u nocne
ITOTO PEUIHTE COOTBETCTBYIOLIYIO IUTATY U3 KOHTPONLHOTO IA/LAHUA.

3. 32KONGMB H3yemMe TeMbi, HyXGO NPOBEPHTS, MOXETE JIH BB aTS
OTBeT Na BCe BONpPOCH! NPOTPAMMBI KYPCa 10 ITOfl Teme (OCYIIECTBHTS CaMo-
mposepxy) .

TlockonsKy Bee BOMPOCH, KOTOPE DOMIAHLY GLITS H3YUeHM M YCBOEHM,
B NPOrpaMMe NepewHCTIENs! JOCTATONNO NOIPOGHO, AOTIONMHHTELHbIE BONPOCH
IR CaMONpOBEPKH INECE He NPUBOAATCH. OIHAKO OYeHS NONEIHO COCTABKTL
TepeveHs TAIHX BOMPOCOR CAMOCTORTENBHO (B OTHENLHOM TeTpaaK) ClEAYI-

1BM 06pazoM. .
Hauas RaySemue o%epemuiofl T IPOTDAMMGI, BITACATS CHATANA B TET-

PADH NIOCNENIOBATENHO BCC NEPEUHCTERHIE B DPOTPAMME BOTPOCK JTOR To-
MBI, OCTABB CTIpABA LIMPOXYIO KOTIOHKY (floe) .

3aTeM 110 Mepe MIYUEHHA MATCPHANA TeMb! (VTCHNR yoOHMXA) Chenye?
B NpaBoRt KOMOHKE YXKaIATH CTpainLy yWeGHHKA, KA KOTOPOR HANSMMSTCA O-
OTBeTCTBYIUDH BOMPOC, @ TAKKE HOMED GOPMYTAl KN YPABHOIKNA (YpaBHs-
HHR), KOTOPLIE BMPAXAOT OTBET Ha BOMPOC MATEMSTHNOCKN. B pedymTare
B DaHHOR TeTPAmt GyneT NOMHLH Mepedelh BOMPOCON ANA CAMOMPOBOPIH,
KOTOpBIfl MOXHO HCTIONBIOBATS ¥ MK NOITOTORKE K IXIAMeHy, KpoMe Toro,
OTBETHB Ha BOMPOC WM HAIMCAB COOTBETCTRYIOULO POpMYny (ypankere),
BM MOXETe N0 yueGHHKy GhCTPO NPOBEPHTS, MPARKMMHO /M 3TO CAE/aHO,
€CTH B MPABWITBHOCTH CBOETO OTBETA COMHemacTech. HakoKou, No TeTpamn ¢

TAKHMH BOMPOCAMH BBl MOXETE YCTAHOBHTS, BOCh /M MATEPHA, MIPEYCMOT-
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[image: image4.jpg]PpeHHbifl NPOTPaMMOH, BAMH HIyWeH (eCTM M3YNeH BECh MaTepHar, TO MPOTHB
KaX0TO BOMPOCA B MPaBofl KONOHKe GyAeT yKa3aHa COOTBETCTBYIOUIAK CTpa-
1A yueGHmKa) .

CrleqyeT WMeTh B BWIY, YTO B PAVIMUHBIX YYeOHMKaX Marepwan Mo-
KET HINAraThCA B PasHOR NOCIEOBATENLHOCTH. [103TOMY OTBET Ma KaKOR-HM-
GyIIb BOMPOC NPOIPAMMBI MOXCT OXa3aTheA B iYTOR IMase y4eGHHKA, HO Ha
HIYWEHNH KYPCA B HEIOM 370, KOHEUHO, HHKAX HE CKaXeTCH.

YKaJAGA 00 BHIMOMHENNIO KOHTPOTWIBIX JATAHAA NPHBOZATCA HUKE
(nocne paboueh Nporpammsi) . Hx HaZo MPOUKTATE OGAIATENRHO M MMM PYKO-
BOACTBOBATECA. KpoMe TOro, K KMKIORA 3aave JAOTCH KOHKPETHbIE METO-
IHYCCKHE YKAJAHNA 110 €€ PellSHHIO W NPHBOMTCK PUMED PELLIEHNA.

PABOYAS MPOTPAMMA *

B Nporpamme 4aeTCA NepedeHs BOMPOCOB, KOTOPBIE KAK OCHOBHAA HacTh
KYPCa TIONXMHbI H3YHATECA CTYZIEHTaMM BCEX CTIEWHATBHOCTEM, H BOMPOCOB, Ko-
TOpLIe B 3aBHCHMOCTH OT CTETIEHM MX AKTYQTRHOCTH [UTA JAHHOR CIIEUMANBHOC-
TH W ICTA 4ACOB, OTBEACHIHBIX Ha KYPE YNCOHBIM IUIZHOM, MOTYT 110 peLLIEHHIO
Kaeapsi BITIONATLCA B MPOTPAMMY He NOTHOCTAIO WM HE BITIONATRCA COB-
CeM; 3TH BOMPOCH MOCTAB/CHEI B CKOGKEX H O BIUTIONEHIH HX B POTPAMMY
xadenpa Romxta coobumTs crynenTam. To pewienino Kadenpsl MR OTAENL-
MBIX CTIEUMANEHOCTER B NPOrpaMMY MOIYT BIJLONATHCA W ApYTHe HONOMHM-
TeMHHE BOMPOCH, NepedeHb KOTOPhIX TOXE AOMKeH Obith COOGIER CTY-
RewTam.

Baenenue

MexaHnveckoe ABIKCHAE KaK OIHa W3 Gopm Neuxerna matepinn. Mpen-
MeT MexaHuicH, TCODETHYECKAX MEXAHHK W €6 MECTO CPEDE ECTECTBEHMBIX
M TEXHMUECKHX HayK. MeXamMKa KaK TEODETHNECKa® 6ada pAza omacTed
coBpeMeHHOR TextHIH. OGBEKTHBHLIA XapaKTep JAKOKOB MEXAHHIGH. OCHOB-
Hble MCTOPHTECKHE JTABI PAIBKTMA MEXAMION CBAIL MEXAHKH C O6MECT-
BEHHLIM TDOMIBONICTBOM M €& PONb B PCWEHHM HAPOIHOXOIAACTBEHHBIX
327184, NOCTABIEHHBIX TAPTHER H MPABHTENLCTBOM.

CTATHKA TBEPJOrO TE/A

OcHOBHbIE NOWATHA M AKCHOMbI CTATRKK. [TpelMeT CTaTHiGK. OCHOBHRIE
NOATHA CTaTHKH: 26COMIOTHO TBEPIIOE TENO, CHIA, IKBHBATEHTHBIE W YPABHO-
BewICHHEIE CHCTEMBI CHUT, PABHOREACTBYIOLAN, CUITHl BHELIHE H BHYTPeHHME.

* CocTasneHa Ha OCHOBE MPOTPAMMBL M0 TEOPETHUECKOR MEXIHKKE, YTBEPK-
HeHHOR Y4eGHO-METODINCCIHM YIIpABTEHUEM 110 BHICLIEMY OOpa30BaiHIO
1 oKTaGps 1984 . (Wueke YMY/0-5/2).
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[image: image5.jpg]Axcuomss crammion. CBS3M # peaaumi casaed. OCHOBHAIE BHIL CRA3CA: IMall-
Kak WIOCKOCTh M MOBEPXHOCTS, TMANKAR ONOPA, THOKAA HATS, ATAHIPH-
ueciotl M ChepHuCCKHH IADHMDL, HEBECOMBIl CTEpXEHb; PEAKIDIM ITHX

cBAzeh.
Cherema cxopaumxes cur. TeoMeTpHIECut M AHATHTHICCIGHHA CIOCOBH

coXeHus cit. CXOMSUMECS. CHTH. PaBRONEACTBYIOWAR CXOLIUDIXCK CHIL.
TeoMeTpiieckoe M AHATMTHYECKHE YCTIOBWA DABHOBECHA CHCTEMBI CXOMA-
UPAXCH CHIL.

PasHoBecue NMPONIRONBHOR CHCTEMBI CHA. MOMEHT CHIThI OTHOCHTENMHO
Towas (ueKTpa) Kak Bexrop. Ilapa Gan; MOMEHT mapsi. Ceoficrsa napst
cun. TIOHATHe O NPHBETEHMN CHCTEMBI CWI K 3A14HHOMY LeHTpY. InasHidt
BEKTOp M IMABHAIA MOMENT CHCTEMA! CWI. YCIOBHA PaBHOBECHA NIPOHIBOML-

HOM CHCTEMBI Citt, IPHIOKEHHBIX K TBEPLOMY Teny.

Cucrema cHAI, PACTIONOWEHHMX H3 TLIOCKOCTH (MAOCKAA CHCTEM3 CWa).
ANITe6paKveCcKas BETHTMHA MOMEHTa CHIM. (BLIHCIEHHE FIaBHOIO BEKTOPa
W TNaBHOTO MOMEHTa IUIOCKOR CHCTEMR! CWI.) AHAHTHYECKHE YCTOBHA
PABHOBECHA TWIOCKOR CHCTEMBI CHIT. Y CIOBHA PABHOBECHA MIOCKOM CHCTEMB!
napamtenuihix Gwn. Teopema BapHHLOHZ O MOMEHTe paBHORACTBYOMWER.
(PaBHoBecHE CHCTEMBI Ten.)

CuCTeMa N, PACTIOTONEHNMX B MPOCTPANCTBE (MpOCTPARCTBEHHAN
cucTema cun). MOMEHT CHITH OTHOCHTENBHO OCH. 32BHCHMOCTS MEXIY MOMEH-
TAMH CHITM OTHOCHTENAHO LEHTPS W OTHOCHTENMHO OCH, NPOXOAAIEA Neped
STOT UeHTp. (AHaTHTHYECKHE QOPMYNIBI A BHIHCICHHA MOMEHTOB CHMBI
OTHOCHTENMHO TpeX KOOPIMHATHBIX OCefl. BLIMCHICHME ITIABHOTO BeKTOpa H
IMABHOTO MOMEHTA NPOCTPAKCTBEHHON CHCTEMBI CHL) AHATHTHUECKHE YCHO-
BHA PABHOBECHR NMPOKIBOMEHOA MPOCTPAHCTBEHHOR CHCTEMBI Citl. YCTIOBHA
PaBHOBECHA NPOCTPAHCTBEHHOM CHCTEMBI APATENBHBIX CHIL.

Uentp TrwecTn. LIeHTp THXECTH TBEPIOTO Tena M €O KOOPMHATM.
LlenTp TAXeCTH OBbema, IUIOMAIN W MHIHA. CrIOCOBM ONpEAENEHNA TIONOKE-
HUA UCHTPOB THOKECTH.

KHHEMATHKA

Boenenne » xunemaruxy. lpenmer sunemarnion. [IpoCTPANGTNO M Bpe-
M B KNacCUveckol Mexanuxe. OTHOCHTENMHOCTE MEXANNNOOKOTO ABHOHKA,
Cucrema oTcdeTa. 3aay KHHEMATHIO.

Komemamuxa 10wk, BexTopHal CNOCOS IJAZAKMA DBNXCHNA TOWKM,
TpaekTopus ToweH. CKOPOCTS TOWKH KAX NPONIBOZNAR OT 66 PAINYCE-BEKTOPE
10 Bpemer. YCKOpeHie TOWIGH KAK OPOMIBODMAN OT BOXTOPA CKOPOCTH 1O
Bpemeny. KOOPIMHATHMIR CNOCOD JARMNNA NBMXENMA TONKM B MPAMOYTOS-
HBIX eXapTOBLIX KOOPAMATAX. ONpeQenchNe TPAEKTOPHK TONKH. Onpenere-
MHe CKOPOCTH M YCKOPEIDUX TOWIGH N1 MX NPOCKIDIAM HA KOOPAMHATHLIC OCH.

EcTectennsit cnocol IJMMAHMA ABMXEIHE TOWKH. OCH eCTECTBEMHOrO
6




[image: image6.jpg]TPEXTPAHHMKA. ANreGpauveckan BEIMUMMA CKOPOCTH TOuxH. Onpenenersie
YCKOpEHHS TOUKH M0 €T MPOCKIMAM HA OCH ECTCCTBEHHOTO TPEXIPAHHKKA:
KACATENBHOE H HODMANIBHOE YCKOPEHHA TOUKH.

KHHEMATHKA TBEPIOTO TENA

TocTynaTensHoe M BPAUIATENSHOE ABMXEHMA TBepAOro Tena. [locryma-
TeNLHOE IBMXEHME TBEPROTO Tema. TeOpema O TPaeKTOPHAX, CKOPOCTAX
H YCKOPEHMAX TOUEK TBEPHOTO Tea MpH MOCTYMATENBHOM [BHXEHHH. Bpa-
LiieHHe THEPIOTO Tena BOKDYT HENOMBIKHON OcH. YpaBHeine (3aKOH) Bpaua-
TENBHOTO MBHXEHWA TBEPOTO Tena. YITIOBA% CKOPOCTH M YITIOBOE YCKO-
peie Tena. CKOPOCTS M yCKOpeHME TOWKH TBEPIOTO Tena, BPALAIOMIErOcK
BOKpYT HEMOmBMAHOR OcH. BeiTop YIMOBOR CKOpOCTH Tena. (Buipaxeime
CKOPOCTH TOYKH BPAUUOIErOCK Tena B BHAE BEKTOPHOTO MPOHIBEICHWS.)

TNnockonapannensioe (ILIOCKOE) ABWNEHMe TBEPAOTO Tema. [Liockoe
RBWXeHHe TBEPAOTO TeNa M IBKCHHC IUIOCKOR (MTYPM B ee MIOCKOCTH.
YpaBHEHRA ABHKCHUA MIOCKON BHTypI. Pasnoxertie ABHKeHAR WIOCKOA du-
TYPHl HA NOCTYNATENLHOE BMECTe C NOMIOCOM M BPAUITENBHOE BOKPYT NO-
MOCA: HEIABHCHMOCTS YIIOBOR CKOPOCTH GHTYPHI OT BHIGOPa NoMmoca. Ompe-
Henerme CKOPOCTH MOGOR TOUKH GHIYPH KaK TeOMETpHuecKofl CyMMs!
CKOPOCTH MIOMIOCA M CKOPOCTH 3TOR TOWIGH NpW BPAILEHHW (GHIYPs! BOKPYT
nomioca. Teopema © MpoeKUMAX CKOpOCTedl MBYX Touex (Mrypsl (Tena).
MrHOBeHHLI UEHTP CKOPOCTeHl. OnpenenieRMe CKOPOCTER Touek MIOCKOR
HIYDHI C IOMOLLHIO MTHOBEHHOTO LeHTPa CKOPOCTe.

Croxaioe (cOCTaBHOE) ABMNEHME TOWKH. AGCOMOTHOE K OTHOCHTENbHOE
RBWKCHHA TOUKH; MepeHOCHOe ABHxXeHHe. TeopeMa O CNOXEHH CKOpOCTeR.
Teopema O CIOXEHMH YCKOEHHA NP MEPEHOCHOM TIOCTYNATENMHOM X Mepe-
HOCHOM BPALATENILHOM [BWKEHHAX; KOPHONHCOBO YCKOPEHME M O BHIUHC-
newve.

AHHAMHMKA

Beepgenne B muuamuxy. [peamer maHamukn. OcHOBHbIC IOWATHA M ONpe-
HeMEHMA: Macca, MaTepMATHHAR TOUKa, CHA. 3aKOMbI MexaHuxH I'anunes—
HuioTona. MHEpUAATEHAR CHCTEMA OTCHETa, 3AaWH HHHAMMIOH.

Tmarmxa Towcn. nddepeHumansibie ypaBHeHHA IBHXeHHA cBOGOIHOR
H HecBOGOMHON MaTepHaTsHOR TOMKH B JEKapTOBBIX XOOpmMMaTax. (Ypas-
HEHUA [IBMXCHMA MATEPHATHHOR TONKH B MPOCKIMAX HA OCH €CTECTBEHHOTO
TpexrpanHmKa,) JlBe OCHOBHbIC JANAWH THHAMMKH TR MaTepHANEHOM TOUIH.
PeLucHHe NePBOR 3aTa4H THHAMHKH,

Peweine BTOpOl 3amaun MMHamHic. Havamkasie ycnosus. TlocTominbte
MHTETPUPOBAHMA M WX ONpeencHMe MO HAUATLHMIM ycnomMam. [lpumeput
MHTETPHPOBAHMA TMGGCPEHUMATEHLIX YPABHCHHA NBHXEHHA TONKM B Cny-
NaAX CWIBI, IABUCAUICA OT BPEMEHH, OT HONOXEHHA TOUKH K OT €& CKOPOCTH.
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[image: image7.jpg]OmnocaTentioe mBHKeHMe MatepwansHoil TowiH. Inddepemmansune
YPABHEHNA OTHOCHTENLHOTO IBWXCHMA MATCPHANLHOR TOUKH; NepeHOCHAX
M FODHONHCOB2 CHIB MHepiH. [IpHHIMN OTHOCHTENBHOCTH KITaCCHIeCKOR
MexaHuki. Cryualt OTHOCHTENBHOTO OKOA.

TpAmonunenbie KOAEGAHNA TOWKH. CBOGOMNAIC KONEBAITAR MaTepHATS-
HOM TOWIGH MOA ACHCTBMEM BOCCTAHABNMBAKIICA CHIHI, MPOMOPUMOHATBHOA
PACCTONHMIO OT WEHTPA Ko/NeGasHd. AMINIHTYNa, HauanbHas (a’a, YacToTa M
nepuon xoneGauft. 3aTyXuOUGE KONEGAMA MATCPHATHHOR TOMKH NpH
CONpOTHB/IEHHH, NPONOPIMOKAIEHOM CKOPOCTH; MEpHOR STHX KoNeGaHuA,
DEKPEMEHT KoNeSami. BLIHYKICHHME KONEGAHMA TOUKM MPK FapMOHIEC-
KOt BOIMywALIER CWle M COMPOTHBNCHUH, NPOTOPUHOHATBHOM CKOPOCTH.
PeaoHanc.

Buepenne B TUHAMUKY MEXAHRYECKOR CHCTEMBI. MEXIHIMECKAA CHCTEMA,
KnaccHduramus cwn, QefCTBYIOUMX HA CHCTEMY: CHUTBI AKTHBHbie (3allaBae-
MBIC) M PEAKIMR CBAIER; CWIMl BHEUIHHE M BHYTpeHie. CBORCTBA BHYTpeH-
X . Macca ccremut. LIeHTp MACC; pamiyc-BEKTOp H KOOPAHHATH lieHT-
pa macc.

MomenT WHepums. MOMEHT WHEpIH TBEPAOTO TE/a OTHOCHTENBHO OCH;
pamuyc wuepiid. TeOPEMa O MOMEHTAX HHEPUMH TeNa OTHOCHTETBHO Mapan-
NembHEIX oce. Ipumephl BLIACTEHHA MOMEHTOB HHEPIMH: MOMEHTEI HHEDLHR
OHOPOMHOTO TOHKOTO CTEPXHS, TOHKOTO KPYITIOTO KOMiia KNH NONOKO -
JMHAPA, KPYITIOTO IHCKA WK CIVIOWHOTO KPYITIONO IATHKAPA.

OB Teopembl AHHAMHKR

TeopeMa O ABKXeHHH ueHTPa macc. JInddepesunansiile ypasHeHMT
ABHXEHHA MEXAIHUECKOR CHCTeMbL TeopeMa O ABMXEHMH UCHTPA MACC MEXa-
HHUECKOR CHCTEMbL. 3AKOH COXPAHEHMA DBHKCHAA LEHTPA MACC.

Teopema 06 HIMEHEMHN KOTHYECTBA ABMXEHMA. KOTHYCCTBO HBWXEHHR
MATEPHATBHOA TONKH. DNICMEHTAPHLIA HMIYILC CUABL. MMAYBC CHILI 33 KO-
HeWOMH MPOMEXYTOX Bpemeint. Teopema 06 MIMEMEHHH KOTHYECTBA ABMXKE-
MR TONKH B IHDEPEHIMANEHON H B KOHEWHOR dopMax.

KOMHVECTBO MBIOKCHHA MEXAIHUECKOR CHCTEMBI; €T BLIpAXENHE Ueped
MACCY CHCTEMB( H CKOPOCTS t¢ UCHTPA Macc. TeopeMa 06 HIMEHEMHH KOMK-
NECTBA IBMKCHHA MEXAHHUCCKON CHCTEMB! B [P EHIAATEHOR 1 B KOHeN-
HOR QopMax. 3aKOH COXpAHEHHS KOMHUCCTBA ABHXKCIOLA MEXAHHWECKOR
cHCTeMBI.

Teopema 06 KIMEHEHHH MOMEHTA KOTHYECTBA ABMAMEHHA. MOMEHT KOMM-
YECTBA [BUKEHHS METEPHATHHOM TOYKH OTHOCHTCNBHO UEHTPA H OTHOCHTEMb-
HO ocu. TeopeMa 0O MIMCHCHWM MOMEHTA KONHNECTBA OBWKEHMA TONKH.
(CoXpaHeiHe MOMCHTA KOTHYECTBA IBWAKEHHA TONKH B CTyae LUeHTpAnsHOA
CUITBI; 3aKOR Mtowated.)

TnasHeift MOMEHT KOMHYECTB BHKEHWA WIM KHHETHYECKMA MOMEHT
MEXQHHUCCKON CHCTEMBI OTHOCHTENBHO UCHTPa M OTHOCHTENEHO ocH. KitmeTH-
8




[image: image8.jpg]WeCIGH! MOMEHT BPAIAIOIETOCK TREPHOTO TeNa OTHOCHTENBHO OCH BPALICHHA.
Teopema 06 HIMEHEHMH KHHETHYECKOTO MOMCHTA MEXAHMYECKOH CHCTEMSL
3aKOH COXPAHEHHS KHHETHYECKOTO MOMEHTA MeXalMaeckoRt cuctemss, (Ilid-
(hepeHIMATEHOC YPABHCHHE BPALIATENHOTO BHKEHHA TBEPAOTO TeNa BOKPYT
HETIOMBIDKHOA OcH.)

Teopema 06 HIMEHeNNH KMHETHYeCKOW IHEpri. KiHeTWueckas oHep-
WS MaTepHATEHOM TOUKH. INeMeHTAPHAR pabOTA CUTHY; AHATHTIYECKOE BhIpa-
XeHHe FieMeHTapHOH paGOTHL PaboTa CHIM Ha KOHEWHOM NEDEMELICHMW
Towi ee MpHoXeria. PabOTa CHIBE TAXECTH, CHIS! YNPYTOCTH | CHTLI TATO-
Temus. Moumocts. Teopema 06 MIMeHeHNN KGfHETHCCKOR SHEDTMH TOUMH.

KuHeTwuecKas SHEPIHA MeXaHmieckoR cucremil. Kumemwieckad sHeprug
TBEPNOTO Tena MpW NOCTYNATENBHOM BHKEHWH, NPH BPAUCHHH BOKPYT
HENOMBHAHOR OCH ¥ TPK IIOCKONAPATIETEHOM ABKXeHm Tena. Teopema o6
UIMEHCHIH KHHETHUCCKON SHETMH MEXAHWUECKOR CHCTEMLI. PaBEHCTBO Hy-
MO CymMMbl paGoT BHYTPEHHHX Cil B TBepHom Teie. PaBoTa i MougiocTs cir,
TIPHAIOKEHHBIX K TBEPAOMY Tely, BPAUIAIOWEMYCA BOKPYT HENOBHXHOR OCH.

Tpwpm [TanamGepa. TIpHisn BO3MORMSIX MiepemeteHsit, Cwa MHep-
wm matepransHoft TowcH. lMpwusn [anamGepa WIS MatepHamsHOR TOUKK
M Mexamuuecko cHCTembl. (BOIMOXGLIC WM BUPTYansifhie HepeMeweHus
TOUKH W MEXAHMYECKOR CHCTeMLI. MO cTeneneR cBOGOI! CHCTeMbl. Mneans-
Hbte cpaoM. [IpMamn BOIMOMMLIX Nepemewenufl. Oimee ypaBHeiHe M-
HAMMKH.)

Ypasnenun Jarpanxa. OGoGLUIEHNbIE KOOPIMHATH CHCTEMBI; 0606ieH-
HLle CKOPOCTH. Bhipaeie aTeMeHTapHOR paGOTH B 0BOGIICHHLIX KOOPIHNa-
Tax. OGoGuteHHBle CWIBI M WX BhrancienKe. dnddepeHipiansibic ypasHemis
DBHKEHWA CHCTEMBbl B 0GOGMICHHBIX KOOPAMHATAX WIH ypaBHeHus Jlarpamxa
2-ro pona.

CIIMCOK JIMTEPATYPbI

Boponxoa H.M. Kype Teoperwicckolt mexaunxit. M., 1954 % nocneayo-
e WINAHKS.

Tepner M.M. Kype TeopeTuueckoh mexamiar. M., 1970  nocnenymusie
A,

Tapz C.M. Kpamicahi kypc TeopeTwiecxoR mexamuicu. M., 1963 u mo-
CTeRyRoUe HINAHHS.

Mewepcxuil H.B. CSOpHHK 3a1ai TO TeopeTwieckofl Mexamke. M.,
1970 4 nocnenysouDte HINAHHA.

CBopimix 3134 o Teopemwicckol Mexawnke /Tlon pen. K.C. Koneci-
KxoBa. M., 1983.

CGopHtk 3aay Wist KypoRbIX paboT N0 TeopemHueckol Mexanmke /Mo
pex A.A. Si6nomckoro. M., 1972 w nocrenyiouste Wdmaus. (Comepwut
NpHMEpI pelics 3ana.)

JIonoNHUTeNbHAA MHTEPATYPa yCTaHABIWBAeTCA KadepoR B JABHCHMOC-

TH OT BICTIONaEMBIX B KYPC AOTIOTHHTENBHAIX BONPOCOB.
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[image: image9.jpg]KOHTPOJIbHHIE 3AJAHUA

CONEPKAHHE 3AJAHWA, BHIBOP BAPHAHTOB,
NOPANOK BbIMOTHEHHA PABOT,
OBUIME TOACHEHMA K TEKCTY 3AJAY

CIy/eHTH BRITIONHAOT ABa KOHTPONBHEIX JANAHHA (TBE PABOTLI) .
5 cer 3aname 1 (cramxa w jomemamuka) — samaw Cl, C2, K1, K2, K3.
G copr Sananne 2 (muuamuka) — 3amaw A1, 12, I3, 14, 11S. (16, cM. c. 56).

K xaxmoft 3anave aetca 10 pHCYHKOB X TAGNMUA (C TeM Xe HOMEPOM,
T W a%ava), CONCPXAUMA HOTONHUTENAHLIE K TEKCTY 3A1a ycnophs. Hy-
MCPAUMA PUCYHKOB JBOMHAX, TP JTOM HOMEPOM PHCYHKA SBNAETCH WHPR,
cToswas noene Touxw. Hanpumep, puc. C1.4 — 570 puc. 4 k samate C1 W T
(B TeKCTe 3aaWM NpM NOBTOPHLIX CCRUIKAX HA PHCYHOK MMIIETCH MDOCTO
pHC. 4 u Ta1) . Homepa ycnopuft ot 0 1o 9 npocrasienst 8 1-m cronbue (wmt
B 141 cTpoxe) TaGmus.

Crynesr BO BCeX 3aawax BIGHpIEeT HOMED PHCYWKa MO mpemmocnen-
Hell unppe ukdpa, a Homep yCIOBHA B TaBaMue — NO Nocne/Hedt; HanpuMep,
ecm UMGp OKaHMHBACTCK WHCOM 46, To GepeT puc.4 W ycnosua N 6 W3
TaGmALL

Kaxiioe 3aiaiie BRIOMHACTCR B OTASNBHOR TeTpam (ywemrieckoft),
CTPAINIM XOTOpo HymepywoTcs. Ha O6NOXKe YKAILBAIOTCA: HAIBAHME TTHC-
UMIVTHKEL, HOMEP PaGoTil, GAMMTHA ¥ MEMINATL CTY/eHTa, yueOHBUR umdp,
axynsTer, cneuMamiocts ¥ anpec. Ha nepsofl CrpalMue TeTpam 3amichi-
BEOTCH: HOMep PaGOTH, HOMEPA PEUIACMEIX 3ANaY IO MIMAMMA KOHTPOb-
HBIX 3an8500H.

Pewenne xaxaoil 3a43wh OGAIATENSHO WAYKHATL M2 PaIBOPOTE TETPaM
(3 YeTHOR CTPaIOILLE, HAWIHAX CO BTOPOR, UNHa%e PaGOTY TPYHO TPOBEPATS) .
Coepxy yKadhIBAaeTCX HOMED Ja/laWW, A€o [ENACTCH epTex (MOXHO Kapai-
AaUIOM) W 3AMMCBIBIETCA, TO B Jaa¥c MO M WO TPeGyeTCH ONpENENHTL
(TeXCT 3A20W He DepemMchiBaT). YepTex BAUIOAMACTCH ¢ YSETOM ycaoBMil
PEIIaSMOTO BapRANTA 3a7AYH; Ha HeM BCe YTTIB, fEHCTBYIONBE CHITHI, THCTIO
TENl W MX PACIONOXEHHE Ha UcpTexe JOMKEB COOTBETCTBOBATH ITHM YCIO-
BuAM. B peaynTaTe B UeTOM pATe JATAY YepTEX MONYSHTCK Gonee MpocTof,
em obupet.

YepTex MoMmxeH GbITh AKKYPATHBIM H HAITIAINLIM, 3 €10 PAIMEPLI IOTX-
HB TIOJBONATS ACHO NOKAIATh BCE CHITHI WIH BEKTOPHI CKOPOCTH K YCKOPEHHS
M 1p.; NOXA3LIBATE BCE STH BEKTOPH! H KOODIKHATHAIC OCK HA REPTEXE, 4 TAK-
e YKaIbIBATS eIHIHMUM TONYNACMBIX BEMHMH HYXHO OGIaTensHo, Pemeine
3813% HEOGXOIWMO CONPOBONCIAT: KPAaTKHMM NOACHeMuaMi (XakHe (pop-
MYTIAL WTH TeOpEeMbI IPHMEHAOTCA, OTKYA2 TONYSAIOTCA Te KTK MHEIE PeayTh-
TaTH W T.0) M NOAPOGHO HINAraTL Bec XO pacveron. Ha xaxdIoft crpamue
YT OCTABNIATS NOMS JUTA 3AMETANKH peleHIeHTa.

PaboThi, He OTBETAIONIIE BOEM NEPETHCIIEHUIM TPEGOBINAM, NPOBEPATS-

R He GyIYT W GYAYT BOIBPAATECR IR MEEAETKH.
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[image: image10.jpg]K pabote, BhickUTacMOH Ha MOBTOpHYIO MpOBepKy (eCTM OH BHINO-
Mea B Apyrofi TTpaimM), MOMKHA OGSIATENsHO MpHNIAraTucs He3awTeHHas
pabota. Ha oKkiamene HEoGXOMMMO MpCACTABMTH JauTcHibie MO [QHHOMY
PaIneny Kypca paGoThl, B KOTOPBIX BCE OTMEHCHHEIC DEUCHICHTOM NOTpelll-
HOCTH [I0/IKHBI GbITH HCTIPABACHSL.

Mpn drewmn TekcTa Kaxiofl 3anaun yucems creayiomee. Bonbumucrso
pHCYHKOB Nano 6e3 cobniofenna macwTaGa. Ha pucynkax x 3anavam Cl -C3
w L1 — [16 BCe NHMMM, NAPACNLALIC CTPOKEM, CHHTAIOTCA FOPHIOHTATBHLIMH,
2 NepNEHTHKYNAPHbIE CTPOKAM — BEPTHKAILHBIMA H 3TO B TEKCTE 3ajay Crie-
UMANBHO He oroBapupaercd. Takke 6e3 OroBOPOK CHHTAETCA, ¥TO BCE HHUTH
(BepeBKH, TPOCH) FBNSIOTCA HEPACTAXHMBIMM M HEBECOMBIMM, HUTH, epe-
KHHYThIC Yeped G710k, No GI0Ky Me CKONBIAT, KATKH W Koscca (B KHMEMaTH-
Ke M [WMHAMMKE) KaTATCA NO MIOcKocTAM Ged ckonsxerma. Bee castan, ecnu
HC CRENAHO APYTHX OTOBOPOK, CYMTAIOTCH MICATBHLIMMH.

Korila Tella Ha pHCYHKE NPOHYMEPOBANEL, TO B TEKCTE 3ana® W B TaG-
mmue P, 1, r, W TN 03HAYAloT BeC WM paaMepht Tena 1, Py, Iy, 7y — Tena 2
M TA. AHWIOTHUHO B KHHCMATHKE M AMHIMHKE up, g OGOIHAUAIOT CKOPOCTH
# ycxopetne TouiH B, vy 8¢ ~ Touidh C; w,. €, — YITIOBYIO CKOPOCTS M YT~
noBoe yckopewne Tena /, w,, ¢, ~ Tena 2 u TA. B xaxoft 3anave nonoGusie
0603HaYEHNA MOTYT TOKE CHEUHATIBHO He OTOBAPHBATECA.

CreqyeT Taxxe WMETh B BHAY, WTO HEKOTOPbIE M3 JaaHHBIX B YCNO-
BHAX 32024 BC/HUKH (PAIMEpOB) NPH PELICHWH KaKuX-HMEy/h BApHIHTOB
MOTYT He MOHANOGHTLCA, OHW HyXCHLI [ULR PELCHAS IPYTHX BAPHAHTOB AW,
M3 Bcex noscHeMuft B TexcTe 3Janawd o6pawafite BHMMaNHe TONLKO Ha OTHO-
CAUMIECR K BalleMy BAPHAHTY, T.e. K HOMEPY BALIErO PHCYHKA WIH Bauwero
yenosus B Tanuue.

MeTomuecicHe yKaWMA N0 PeweHIo 3aay, BXORAUMX B KOHTPONk-
HBle JanaMMA, QUOTCA MIA KaXIOR 3243w NOCE HUIOKCHHA ec TEKCTa mon
PYOpHKOA "YKalaHHA"; 3aTeM [aCTCA NPHMEp PCWICHAR aHAIOMMYHOR Janaw,
Llenth MUMCpa - PATRACHKTS XOL EWEHMA, HO HE BOCTPOHIBECTH €10 MOM
HocThio. [lo3ToMy B paie ClydacB MPOMEXYTONHME DACYETHI OMYCKAOTCA.
Ho NpK BHLINO/HEHHW 324aHUA Bee NPeOGPAIOBANNA H THCIOBMIE PACYETH AOMN-
MBI 6bIT OGAITENBHO MOCAENOBATENHHO NPOJENANBI C HEOGXOAMMBIMH NOAC-
HEMMAMN; B KOMLUE [AON B! GLIT LaNKI OTBETHI.

({ s g p PSR





[image: image11.jpg]3AAYA K KOHTPOJIbHBIM 3AJAHUAM

CTATHKA

3agaua C1

Kectican pama (puc. C1.0-C1 9, Tabn. C1) 3axpennena » Touxe A uiap-
HHDHO, @ B Touke B MPHKPEITEHa WIH K HEBECOMOMY CTepuatio BB, , Mk Kk
WIapHHPHOR OMope Ha KATKaX; CTEPXEMb MPUKDEMTEH K PAME K K HEMOMLBHX-
HOR ONOPE WapIHPAMH.





[image: image12.jpg]Ta6nuua Cl

F, A % %%
o 4 hx ;5 I

F,=10H F,=20H F,=30H F,=40H

Homep ~ -
yono- Towca o]  Towka of Touka of Touka af

Bux npunox. npunox. npwiox. npunox.

0 - - D 60 E 45 - -
1 K 30 - - - - H 60
4 - - H 45 K 30 - -
3 D 60 - - - - E 30
4 - - K 30 E 60 - -
| H 60 - - D 30 - -
6 - - E 30 - - K 45
7 D 45 - - H 60 - -
8 - - H 60 - - D 30
9 E 30 - - - K 60
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[image: image13.jpg]Ha pamy neficrayor napa cmn ¢ momentom M = 100 H - m u Ise cunu,
3IHAEHUA KOTOPLIX, HANDABNEHHS M TOWKH MPANONKEHHA YKaIAMEI B Tabmaue
(wanpumep, B ycnosnax N 1 ua pamy aeAcreymor cuna F, = 10 H non yr
nom 30° K ropuIOHTANLHON OCH, NpWIOXcax B Touxe K, u cuna F, =40 H
noR yriom 60° K TOPHIOHTATBHOR OCH, MPHNOXKEHHAA B TOuKe H) .

OnpeRenuTs peakuyy CBAICR B TOUKAX A W B, BLIILBACMBIC JAIAHHEIMA
Harpyaxamu. TIpH OKOHUATeNBHLIX HoncueTax npusTs = 0,5 M.

Yxasanus. 3anava Cl — Ha pasHOBecHe Teyia HOM MeACTBHeM WIOCKOR
cucremst cwni. COCTABNAA YPaBHOHMK PABHOBECHS, YUeCTh, WIO ypaBHEHHE
MOMeHTOB GyreT Gollee POCTMM. (COEPKAT MeHbille HEHIBECTHBIX), ECTH
OpaTh MOMENTM OTHOCHTENMHO TOWKH, Il NEPECEKAOTCH NMIMIH NeHCTBHK
RBYX peaxipiit cBR3eR (8 MaMHOM Cy%ae OTHOCHTENSO TS A) . TipH i
TWCEHHH MOMeHTa CIUTH F %acTo YHOGHO pawiowMTs ee Ha COCTABATOUBE
F' u F”, ina KoTOpLIX IIew Nerko BHMHCNSIOTCR, B YACTHOCTH Ha COCTAB-
MO, NAPATENBILIC KOOPMHATHLM OCAM, H BOCIONSIOBETLCH TeopeMoft
Bapumiona; Torma mg (F)=mg (F') + mo (F".

Tipumep C1. Kecrxas miactiia ABCD (puc. C1) HMeeT B Touke A Henon-
BHXHYIO LAPHHPHYIO OMOPY, @ B TOYKe B — NOIBHXHYI WAPHHPHYI OTOPY
Ha KaTiax. Bce [efiCTBYWOUGie RATPYIKH H PasMeps! NOKAIEHH! HA PUCYHKe.

Puc. C1

Nawo: F=25xkH a=60°, P=18 xH,vy=75°, M=50 ki - m, § =30°,
1=05m.

OmnpenesnnTs: peakmy b ToKax A u B, BHIbBACMEIE eACTBYOUM-
MH Hrpy3KaMH.

Pewenne. 1. PaccMOTPHM paBHOBece miacTibi. [TpoBeftem KoopauHat-
Hble OCH Xy X H306pa3uM NEACTBYIOUIME Ha INACTHHY CHBL: crty F, mapy cunt
© MomenTom M, marmxenue Tpoca T (no monymo T = P) u peaximu cosaeh
xA, )'A‘ Ra (peaKiniio HemoBUXHOR 1apAMpHOR onopsi A u3oGpaxaem nby-
MA ee COCTABNAIOUNMH, PeaKUMA WAPHUPHOR OMIOPHI HA KATKAX HANpaBiieHa
NePnEHIIKYNAPHO ONOPHOA MNOCKOCTH) .

2. JInA NOMYWEHHOR MIOCKOR CHCTEMBI CHN_COCTABHM TPH YpaBHeHus
pasxosecus. [lpu BHMMCTEMMH MOMeNTa CWIM F OTHOCHTeNBHO Tows A
14




[image: image14.jpg]Bocmonsayemcst Teopemolt Bapuiona, T.e. pasnoxoim cuny F " Ha cocTasnsmo-
e F, F* (F' = Fcosa, F* = Fsino) u yutem, wto my (F) =my (F') +
+my (F"). Tonywmam

EFgx=0, X4 +Rpsing - Fcosa+ Tsiny=0, )
ZFgy=0, Y4 +Rpcosp+Fsina—Tcosy=0, @
=my (F)=0, M—Rpcosg-4l+ Fcosa-2 - Fsina- 31—

- Tsinvy-20=0. ®

TIONCTABUB B COCTABNCHMBIE YDABHEHMA TACTOBLIE IHAUCHMA IATAMHEIX
'BEINUM H PELLIB ITH YPABHEHNS, ONPE/IEHM HCKOMBIE PEAKIDIH.
Otsem Xg=-85xH, Yq= -23,3 kH, Rp = 7,3 xH. 3Haxu yKass-

BaoT, o wmt XA W Y4 RANpasAciii NPOTHBOMNONONGIO TOKAJAHHAIM Ha
puc. CL.

3apawa C2

Opoponas mpaMoyromsuas mmTa Becom P = 5 KH co cropomamu
AB =31, BC =2l 3aKpemiena B T0¥Ke A CHEPHIECIIIM WAPHRPOM, 3 B TOIKe B
MATHHADHYECKHM WAPHAPOM (MOUMIHKKOM) M YACPKHBACTCH B PaBHOBE-
cum HeBecoMBIM CTepaaiem CC” (puc. C2.0-C2.9).





[image: image15.jpg]Ha muty neftceywor napa cun ¢ Momentom M = 6 kH - m, Texamas B
TWIOCKOCTH [UTHTHI, W [BE CHIBL. 3HAYCHUA FTHX CWI, HX HalDABNEHHUS H TOUKH
TpWIOKeHUA yKasaunl B TaGn. C2; mpu sTom cunki F, u F, nexar B miockoc-
TAX, NAPATNENBHBIX IWIOCKOCTH XY, cuna F, — B WIOCKOCTH, Napanienboft Xz,
ana F, — 3 mwiockocTw, napanienskoR yz. Touxw npunoxenus cun (D, E, H)

HAXOMATCA B CEPE/HIHAX CTOPOM [UTHTEL.





[image: image16.jpg]Ta6anua C2

F,=4xH F,=6xH Fy=8xH
Homep
yono- Towka af Towxa af Towa o Touwxa af
BHA MpHAOK. npwoX. npwiox. npunox.
0 D 60 - - E 0 % =
1 H 9% D E = = s
2 - - E 60 - - D 9%
3 - - - =" E 30 H 0
4 E 0 - - H 60 - -
s - - D 0 H 0 - -
6 . - H EL N - D 90
7 E 30 H 90 - - - =
8 - - - - D 0 E 60
9 - - E 90 D 30 - -

OnpesenuTs peaxun el 5 Towxax A, B C. [lp NofcdeTax npunsTs
1=08m.

Yxasauus. 3anawa C2 - Ma paBHOBecHe Tea MOR ACACTBHEM MPOCTPH-
CTREI0NON cHCTeMbt cHn. TIpH ce PELIEHSM YUCCTS, HTO PeaKBis ChepHIECKOTD
WAPIKIpa (TH NOMNIATHHK3) WMEET TPH COCTABTAIONDIC, 3 PEAKILAR LATHAIPH-
NCCKOFO WApHHPa (NOMUIMNKKKE) — [Be COCTas-
AOUIME, NEXALHE B WIOCKOCTH, NEPCHINKYNAP-
oM ock wapiupa. [pH BLIGICTCHNN MOMCHTOD
cwnes F Toxe wacto yno6Ho paanioxarts ee Ha coc-
Tasnmowse F' w F, napannensibie KoopmiHaT-
HUM_ocAM; Toraa, no Tcopeme BapuboMa.
My (F) = my (F) + my (F") wr.n

Tpumep C2. BepTwianshas npAMOYromuHan
winta Becom P (pwc. C2) 3aKpennena chepisec:
KHM WaPHHPOM B TOWKe A, UMMHHADHUCCKHM
(MOMmUMTHUKOM) B Tote B 1 HEBECOMbIM CTepx-
Hem DD’ REXAUIM B MNOCKOCTH, NapannensHol
nnockocth yz. Ha mauTy meficreyior cuna F, (8
nockocTH x2), cuna F, (napanncnsHas ocu y)
W naps cun ¢ Momeitom M (B mAocKocTH nak-
™).

2-1322





[image: image17.jpg]HDauo: P=5xH, M=3xH-m, F, = 6xH, F, = 1,5 xH, a = 30°,
AB= 1w, BC=2wm, CE= 05 AB, BK = 0,5 BC.

Onpemennts: peaxiwm onop A, B u crepxns DD'.

Pewene. 1. PaccMoTpum pasiosecie WmTsi. Ha hee feficTsylor 3anas-
wite qwnt 7, F,, F, w napa cwn c momentom M, a Takxe peaxipm cosed.
Peaiano chepHieckoro wapRupa pavionam Ha TpK coctasnmonsie X4, Y4,
Zj, wewmmpuuecxoro (nomummanka) ~ a e cocraanmousie Vg, Zp (»
MIOCKOCTH, MEPNENMKYNAPHOR OCH MOUINITHHK) , PEAKIHIO NV CTEPHHR Ha-
TPaBMM B0 CTEPXKHS, NPEINIONAras, YTO OH PACTAHYT.

2. 1R ONpENENENMA WECTH HEHIBECTHBIX PEAXIAAl COCTABNAEM WECTH

Ypanuenuft paBHOBECHS NeACTBYIOWICA K TUIHTY NPOCTPAHCTBEHHOR CHCTEMM
o

EFgx=0, X4 +F, cosa=0, i)
EFgy=0, Y4 +Yp+F, ~Ncos75° =0, @
EFg;=0, Zg +2Zg-P- Nsin 75" + F, sina=0, @)
Emy (Fg) = 0, -F;BK + N cos 15°BC=0, @)

zmy F)=0, P % +F, cosaBC - F, sina

—Z4AB + Nsin 15°AB + M =0, ©®)
Tmy (Fg)=0, Yq-AB - Ncos75°- AB=0. ®)

N8 ONpenencHMA_MOMENT CWibl F, OTHOCHTENMHO OCH Y pasmarasm
Ha coctasnmoumte F, u Fy, napannensusie ocam x u z (F) = F, cosa,
F} = F,sin o), w npumenscm Teopemy Bapuibona (cm. yxajauns). Amano-
THHO MOXHO NIOCTYMHTS fIpH OMPEIENIEIHH MOMEHTOB pearion .

TIONCTABME B COCTAB/IEHNNIC YPABHEIH WACTIOBBIE JMANENHA BCEX IATaM-
MLIX BeTHUMK W PELIMB 32TEM OTH YPABMEHHS, HaAZleM, YeMy PaBHBI HCKOMBIC
peaxinon.

Otser Xq=-S2KkH, Yq=38xH Zq= 284 xH, Yp= 75 ki,

Zp= -12,4 xH, N= 14,5 xH. 3uaxu yxasumanor, wro cwisi X4, Yg u Zg
HAIPABNIEHS! POTMBONONOXHO NOKAJAHHAIM Ha PHC. C2.

KHHEMATHKA

3amaua K1

Touka B mewxetca B wiockocTk Xy (puc. K1.0-K1.9, Tabn. K1; Tpack-
TOPHS TONKH Ha PHCYHKAX NIOKAIaHa YCTIOBHO) . 3aKOH IBUXCHUA TOUKN 3ala
ypaBHeruamu: X = f, (1), ¥ = [, (f), e X W Y BHIPaXeHbI B CANTHMETPaX, ! —
B CeKyHaax.

HafiTw ypasiiciine TPSCKTOPHM TONKH; [UTS MOMENTa Bpemck 1, = 1 ¢
ONIpEAENHTE CKOPOCTS H YCKOPEHHE TOUKH, @ TAKIKE €C KACATENBHOE # HOPMATh-

HOE YCKOPERHS W PAIAYC KPHBWIHbI B COOTHETCTBYIOUIEA TOUKC TPAEKTOPHA.
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[image: image19.jpg]3aBHCMMOCTS X = f, (f) YKA31Ha HEMOCPENCTBEMHO Ha PHCYHKAX, 2 3aBH-
camocts y = f, (1) mana B 1abn. K1 (11 phc. 0~2 B cTonbe 2, i pic. 3-6
B cronGue 3, mi puc. 7-9 B cronbue 4) . Kax u B 3anawax C1, C2, Homep pi-
CyHKa BHOHpaeTCR o MpeamocTenHeR wippe umpbpa, a HoMep YCTOBHA B
Tabn. K1 - mo nocnemedt.

Ta6awma K1
y=fi®

y:::q Puc. 0-2 Puc. 3-6 Puc. 7-9
1 2 3 4
0 4-9:55(;_1) no2 »4(:5:(%!
1 zAam;(%:) soos(-}- 1) 105in( £ ¢
2 l-6:os‘(%t) 4von lZﬁn’(%l)
3 lZcos(%l) 20+ 1)? 1-4“(%:)
4 9cos(%t)+5 2425.’:\(%!) 12cos ;—r +13
s [-10c0s % ) -2 3sin(% 1)
6 acos(;—x)~3 @+ 165t (£ ¢ |- 14
7 4:0;’(%:) 3-4«:;(% .») 6cos %r)
8 6:0;(%:)-1 2 l—9sin<%l)
9 Z—ans(% :) In'n(% :) 8cos %:);5

Yxazanus. 3anava K1 OTHOCHTCA K KMHEMATHKE TOMKM M pellactes
¢ nomoumio GopMyn, Mo KOTOPhIM OMPEAENFWTCH CKOPOCT: M YCKOPEHRE
TOKH B [IEKAPTOBBIX KOOPAMHATAX (KOOPMMHATHMA CMIOCOG JANANNA TBUNKC-
HHA TowicH), @ Taioke GOPMYN, TIO KOTOPLIM ONPERE/MIOTCA KACATENBHOE H
HOPMA/IbHOE YCKOpEHHSA TOUKH,
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[image: image20.jpg]B Aol 3adate BCe WCKOMBIE BETHHHSI HY®HO ONpENENHT: TONBKO
IR MOMeHTa BpeMeri £, = 1 ¢. B HEKOTOPHIX BapHaHTaX JallauH NpH Onpeste-
MEHWH TPAEKTOPMM WIH TpH MOCTENYIOUDX PACHETX (IR MX YMpOUIEHHE)
ClelyeT yiecTs HIBECTHbIE H3 TPHTOHOMETPHK GOpMYTEL: cos 2a=1 — 2sin’a =
=2cos’a - 1: sin 2a=2sina- cosa.

Tpumep K1. Jlas ypaHeHss IBHKeHHA TOUKH B IOCKOCTH XY

"cos[% :)u‘ y=zsin(;—1) =

(X. ¥ — B CANTHMETPaX, ! — B CeKyHIax) .

OmpenenwTs ypasHeiGfe TPAcKTOPHK TOMKH; MIA MOMEHTA BDEMENH
£, = 1 ¢ HafiTH CKOPOCTE H YCKOpEHHE TOUKH, 3 TAKXE €€ KACATENbHOE ¥ HOp-
MATILHOE YCKOPEHHA  PATHYC KPMBHINL B COOTBETCTBYIOWIeA TOYKE TPAeK-
TopHH.

Pewenne. 1. JU1% OMpeNeneHHS ypaBHEHNS TPAEKTOPHH TOUIN HCKITIOUHM
W3 JAAMHMIX YPABHCHMA JBHXEHMS Bpema f. [10CKONbKY ! BXOMMT B apry-
MEHTH TPHIOHOMETDHNECKHX GYHKIbIR, Tlie OTMH aPryMeHT BABOE Gombuse
RpYTOTo, enom3yem Gopmyy

1y LA e
cos2a=1-2sin’a win cns(‘l) 1 ZM(BI)< )

W3 ypaBHemuft IBHKEHHA HAXOMMM BLIPAKEHUS COOTBETCTRYIOLMX QyHK-
1A 1 noncTasngem B pasenctao (1).. Monywm

o2 rel
4 2
p—
3-x w1
s DT

OTciofia OKOHUATEMBHO HAXOMHM C/eAyIOLICe YPABHCHWE TPACKTOpIH
Tow (napabona, puc. K1) :

x=(+ D'+ L @)

2. CxopocTs Tosi Hafliem o ee
TPOEKLUIAM Ha KOOPMMHATHHIC OCH:

).
T (3):

dy (nl
o= =2 cos |t ):
Y 0 8

v=Vuity Puc. K1

=lc

" npH
vix = L1l emfe, vyy =0.73 em/c, vy = 1,33 em/c. [©]
21




[image: image21.jpg]3. ARanoro HaflZieM yeXOpetMe TouH:

wy .,
Y a T T M \w
a=JEra)
MOpH (= lc P

ayx=087cm/c?, ayy=-0,12 cm/c?, 0,88 cm/c?. (@)

4. KacaTensioe yckopeime Hafiziem, IidQepeHMpys 10 BpeMeHN pasen-
T80 v' =0} + v}, Monywum

4 d d
zui“i:zux}:i;zvy Yy
dv

7 (&)

UNMCIIOBLIE IHANCHHA BCEX BETHYMH, BXONAUMX B MPABYIO HACTh BLIpAXE-
142 (5), onpenenest u Naotcs panericrsamu (3) M (4). Moncrasus B (5)
3TH Wicna, Hafimem cpady, wro MU f, = 1 ¢ @y, = 0,66 cmfc’.

5. HopmansHoe ycxopenme Touxw dp = \/a' - ai. Nogcrasnas cona
HaliTleNHbIe WHCOBbIC IHANEHUA @, W @y, , MONYWMM, VIO IPH £, = 1 ¢ ayp =
= 0,58 cm/c’.

6. Pamyc KpHBHIHMI TPacKTOpuk p = v* [ap. TOACTABAAS CIONA WHCNIOBBIC
IHANEHMA vy U @y, WARCM, WTOTIDH £, = 1 ¢ p, = 3,05 cm.

OTser v,= 133 cm/c,a, = 088 cM/c’, a1, = 0,66 cm/c*, ayn =
= 0,58 cm/c?, p, = 3,05 cm.

3anaua K2

TINOEKHA MEXAHHIM COCTONT W3 CTepwaied I—4 u nonayKa B, coelunen-
WX APYT € APYroM W C HeNOZDHXMIMH onopamu O, W O, WapHHpamH
(pre. K2.0-K2.9). Junamst crepaoicht: [, = 0.4 m, 0, = 12 m,05 = 14 m,
1, = 0,8 m. TIonOXeHHE MeXAHHIMA ONPENETAETCH YINaMH a, B, ¥, ¥, 8, KOTO-
phie BMecTe ¢ IpYTHMM BETHWHHAMA JAZaNM B Ta6n. K2. Touxa D Ha Bcex pi-

Puc. K2.0

22




[image: image22.jpg]Puc. K2.8 Puc. K29
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[image: image23.jpg]Tabnnna K2

. Yot Lo
£ Hantm
£§ o B° * 0° 6° Wy Wy, vg.
1/c 1/e m/c
0 30 150 120 0 60 2 - - vg g w,
1 60 60 60 9 120 - 3 - vgupw,
2 0 120 120 0 60 - - 10 vgvp w,
3 90 120 9% 9 60 3 - - vgupw,
4 0 150 30 0 60 - 4 - vpugw,
5 60 150 120 90 30 - - 8 v upw,
6 30 120 30 o 60 5 - - Vg Up Wy
7 9 150 120 90 30 - H - vupw,
8 0 6 30 0 120 - - 6 g v,
9 30 120 120 0O 60 4 - - vpupw,

cyHKax u Touka K Ha puc. K2.7-K2.9 B cepeMmiie cOOTBETCTBYIOUIERD CTCpX-
HS. OMpedeNHTL BE/HMHBL, yKajaiHue B Tabuue B cronGue "Haitmv™. Hafttn
TakoKe YCKOpeHe a4 TOUKH A CTepHs I, ecmu cTepxens | uMeeT B Aannuut
MOMEHT BpeMeHH YI7I0BOe ycKopehe €, = 10 ¢™ .

Jlyrosele CTPEIKH HA PUCYHKAX NOKAILIBAIT, KK NPK MOCTPOCHHH
UEPTEXA [OMKHB OTKNAAMBATLCA COOTBETCTBYIUME YITIM, T.e. MO XORY
IR NPOTHB XOAA %ACOBOR CTPENKH (HANPHMeP, YTON v Ha pHC. 1 CleAyeT 0T
NOXHTH OT crepxis DE MPOTMB XOAA 4acoBOR CTPelkH, a Ha puc. 2 — OT
crepxaist AE 10 X0y HacoBOR CTpenicn) .

MocTpoeise YepTeXa HAWMHATH CO CTEpHF, HAMpABNEHHE KOTOPOTO
ONpenenseTCA YINOM a; Non3yH B u ero Hanpasnsioumie 1A GONsueil Ha-
ImsIHOCTH W306pasuTs, Kax B mpumepe K2 (cm. puc. K2). 3anamiyio yrmo-
BYIO CKOPOCTS CHHTATS HANPABNEHHOA NPOTHB XOMA YaCOBOR CTPEMKH, @ JataH-
HYI0 CKOPOCTB Ug — OT TOuKH B K b.

Yxazanus. 3anava K2 — Ha HCCNEROBaNHE IVIOCKONAPATNENEHORO ABKKe-
#us TBepHoro Tena. Tlpw ee pemwieHMM [TA OMpCHCNEHMA CKOPOCTeR Touex
MEXAHMIMA M YITIOBEIX CKOPOCTell X0 3BEHEEB CHCIAYET BOCHOMBIOBATHCH
TeopeMOR O NPOEKIMAX CKOPOCTE MBYX TOMEK Teila H MOMATHEM O MIHOBEH-
HOM UEHTPE CKOPOCTe, MPUMEHRA 3Ty Teopemy (HIK ITO NOHATHE) K KaWAO-
MY 3BEHY MEXAHNIMA B OTACTLHOCTH.

Tipumep K2. Mexamuam (puc. K2, @) coctout u3 crepxatert 1, 2, 3, 4 u
Non3yHa B, COEMMHERHBIX HPYT C APYTOM M C HENOBHXHLIMH Onopasst O,
0, wapuuparst.
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[image: image24.jpg]Puc. K2

Dauo: a=120°,6=60°,y=90°, p=0°,6 =30°, AD=DE, I, =06,
1L2Mw, =5c7', ¢, =8¢
OnpemennTs: vg v w, H dy
Pewestue. 1. CTpOnM TIONOXEHHE MXZHHIMA B COOTBETCTBINA € IANAHHBI-
ot yrnamu (puc. K2, 6).

2. Onpenensiem vg. Touxa E npusamiexst crepxitio AE. Yro6s: Hati
U, MO 3MATH CKOPOCTH KAKOH-HHGY[I IPYTOM TOYKH ITOTO CTEPXAR H Ha-
npapnemve vg. [1o HaHEIM 3271244 MOXEM OMIp CAETUTS

vg=w, 1, =5 06=3M/c; U4 10,4, m

Hanpasnemste vy HaieM, yuTd, 9TO Touka £ OPHHAVIEAMT OIHOBDEMEHHO
crepxano O, £, Bpamanomemycs Boxpyr O, ; cnenosarensio, vg L O0,E. Te-
Nleps, Mu% T4 H HATABNEHHE Tf, BOCTONLIYEMCA TeOPeMOfi © NPOCKIAX
cKopocTed IByx Touek Tena (CTepain AE) KA NPEMYIO, COEMMHAOMYIO ITH
Toukn (upamas AE). CHauana no 3Tofl TeOpeMe YCTAHABMBAEM, B KaKyl
CTOpoHy HanpasneH BeKTOp VE (ITPOCKUMH CKOPOCTEH MOMKHBI HMETH OJMHA-
KOBAIE IHAKH) . 3ATeM, BLIHCIAR ITH IPOCKILIH, HAXOMIM

v c0s 60° = v cos 30°; vy =33 =52 mfe. [}

3. Onpenensiem v Touxa B npuRANTEXKT CTepxatio BD. CrenoBaTensiio,
10 AHIOTHA C MPEALULYLM, ¥TOGH ONPENENHTE b g, HATO CHAYATA HARTH CKO-
POCTS,_Touxw D, mpuHaiexautell oioBpemeito cTepuatio AE. Jlua roro,
3HAK g # D, TOCTPOKM MTHOBENHKA ueHTp cKopocTelt (MUIC) crepxna AE;
70 T0uKa Cy, MEKAUAR KA NePECEEHNIN EPTCHNKYIAPOB K U4 H Vg, BOC:
cramnexuix W) Touek A W E_(K'uq M Uj; NepUeHRHKYNAPHN cTepyatn 1w 4).
To HanpaBneHWIo BEKTOPA v,y OpEENACM HANPAB/IEHHE MOBOPOTA CTEPAGA
AE okpyr MUC C,. Bexrop Up) 6yleT nepnenmkynspen ompeixy C,0,
coemtmsmoitiemy Touick D 1 C;, # KANPaBnEH B CTOPOHY TOBOPOTA. Bemuwany
v Hafiiem W3 mponopuKH

y y,
D AL &)
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[image: image25.jpg]Yrobht seracums C,D u C,A, 3aMeTum, ¥to AAC,E ~ npamoyroms-
b, TAK KaK OCTPBIE YTTIb! B Hem panhst 30 K 60°, w wro C,4 = AE sin 30° =
=0,5 AE = AD. Torna AAC, D RBnsetca pasHocTopokiim C,A = C, D. B pe-
3ynbTaTe panencTso (3) maet

vp=vg=3mfc; uplC,D. (4

Tak Kax Touka B MPHHAIEXHT OMIODPEMEHHO NONIYNY, ABIXYiEMy-
A BIONL HANPABNKIOUMX NOCTYMATENLHO, TO HanpasieRKe vp HIsecTHo. Tor-
Ra, BOCCTaBNAR 3 Todex B W D MepmeRIMKYMADH K CKOPOCTAM Vg W vp.
noctpoum MUC C, cTepwais BD. Tlo Hanpasnemnio mexTopa vy ompenensem
HanpasnenMe NOBOPOTa CTepXHA BD BOKpYT entpa C,. Bextop v Syder
Hanpamnen B cTopoy nomopora crepxain BD. M3 pwc. K2, 6 swamo, wro

L C,DB =30° a £ DC,B =90°, orkyna C,8 =1, sin 30°, C,D = I, cos 30°.
CocTasus Tefteps mponiopiwtio, HaRnem, wro
vg _*p
= % wp= ° = 1,7 Mfc.
CF TG ¢ TS LTme ©)

4. Onpenensem w,. Tax xax MIIC crepaais 3 wapecten (toua C,) ., To

D vD

- - —29c!.
C,D T, cos30° 22

ay
5. Onpenensem 4. Tak Kax €, WinecTHo, 10 a4, = I,e,. Hanee aq, =
=ui/l,,wm aq, =1, w}. Tornaay = \/ay  +ay,. lponIsens pbrucnenus,

nonymma, = 15,8 m/c*.

Otmet vp=S2mMlcvg= 17w, w, = 29,0, = 158 m/c’.

3anaua K3

Mpamoyronunax muacrwha (puc. K3.0-K3.5) wmm kpyras maacmuna
pamiycoM R = 60 cM (pic. K3.6-K3.9) mpamactcs Bokpyr Hemomswxaioft
OCH ¢ NOCTORMHON YT/IOBOR CKOPOCTHI w, Jadankoft B Tabn. K3 (npn anaxe
MUty HANDABAEIME w OPOTHBOMONONGO MOKIIAUHOMY Ha PUCYHKe) . Och

ShZ
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[image: image27.jpg]Bpaueiis Ka puc. K3.0-K3.3 u K38, K3.9 nepnemicynapha mnockocmt
ONACTHHBL H MPOXOMAT Yeped Touxy O (MNACTUHA BPAUIALTCS B CBOSH ILIOCKOC-
™H); na puc. K3.4-K3.7 och spaimenns 0O, NEXHT B TIOCKOCTH MAaCTHHBL
(nacTua BpausaeTcs B npocTpancTae) .

Tabnwua K3

Puc. 0-5 Puc. 6-9
Homep —
yeno- |w,1/c | boem | s=AM=f(@) 1 s=AM={®)
s
o |-2 |16 60(* ~3%) +56 |R —;—nuu:u')
1 4 |20 60(> - 27) R —;‘Ru’ -
2 3 8 80(2? ~1°) - 48 |R :—R(Jz —1?)
3 -4 |12 40(* - 3r) +32 %R %Ro' ~uhy
4 |3 |10 50¢> -0 -30 | R RO -1
5 2 |12 50(3 -1%) - 64 | R %R(u’—z:’)
4 "
6 4 |20 0027 -40 | R | TRE-uD
7 |-s |10 80(t ~1)+40 | R %R(zn -y
.
8 2 8 60(t ~ 1) +24 R —G—R(I—SI’)
4 "
9 |-s |16 4000 —19-32 | R | RQ 1)

flo anacruie naons npamo BD (pue. K3.0-K3.5) wiu no okpysoiocmu
pamiyca R, r.e. o obony mracriust (pue. K3.6-K3.9), asuxerca Touxa
M. 33KOH ee OTHOCHTENBHOTD MBHKENUS, BhipaXacMuIR ypanHenHeM § = AM =
=f(t) (s~ B canTumetpax, f — B ceKynaax) , 3anan 8 Ta6n. K3 otnensuo ma
puc. K3.0-K3.5 # w18 puc. K3.6-K3.9, npw 3Tom Ha puc. 6-9 s = AM ot~
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[image: image28.jpg]CUMTRIBAETCA MO MIyTe OKPYXHOCTH; Tam e flansl pamepsi b # /. Ha ncex pu-
cymKax Touka M NOKaJaHa B NONOKEHMH, NPH KoTopom 5 = AM > 0 (ip
5 < 0 Touka M HIXONMTCA O APYFYIO CTOPOHY OT Touki A) .

OnpenenmTs aBcomOTHYIO CKOPOCTS K ABCOTIOTHOE YoKOpelHe TouKM M
B MoMeNT Bpemein £, = 1 c.

Yxazanus. 3amasa K3 - Ha cronaioe meuxenme Touxw. Npu ee pemernas
IBWKEHME TOKH Mo MIACTHHE CYMTATH OTHOCHTENBHBIM, 3 BPAILATERHOE MBH-
XeHHe camoll ITACTHHE! ~ MEPEHOCHBIM K BOCTIONBIOBATHC TEOPEMAMH O CIO-
XEHHH CKOPOCTER B O CoXeHHK yckopetnl. [pexie tem MPOMIBOTUTL pac-
4TI, CrenyeT H306paIHTs TOuKy M Ka MNACTHHE B TOM NONOXEHHH, B KOTO-
POM HYXHO ONpENETHTS e aBCOMOTHYIO CKOPOCTS (WIH YCKOpeHSe) , a He B
NPOHIBONILHOM NONIOXEHHH, OKAIAHHOM Ha PHCYHKAX K dadade.

B crywasx, omnocaupixca kX pue. K3.6-K3.9, mpw pewem sanaw we
MOACTABNATE WHCIOBOTO JHAuEHMA R, MOKa He GyZyT onipedeneHs NONOKeHME
TouKH M B MOMENT BpemetM £, = 1 C M yron Mexay pamsycamu CM u CA »
ITOT MOMENT.

TMpumep K3. lWap pamsyca R (pc. K3, 4) Bpaumerca Bokpyr csoero
nuamerpa AB Mo dakoMy ¢ = f, (f) (MONONMTENRHOE WaNpaBNeiMe OTCveTa
yrna ¢ nokasao Ha pue. K3, a ayrosoft crpenoft) . Mo myre Gomuiworo xpy-
ra ("mepumsany”) ADB mwxercs Touxa M mo sakomy s =AM =, (1): mono-
HUTENRHOE HANPAB/IEHHE OTCHETa PacCTORMMA § 0T A Kk D.

Puc. K3

Dano: R=05m¢=-25=(R/6)(7 - ) (p - » pamranax, s —
B MeTpax, f ~ B cekyRIax).

OMpenenuTE vabeHda6e B MOMEHT Bpemenn 1, = 1 c.

Pewienne. PAccyOTpHM IBiKeHHE TOUKH M Kak CHOXGOE, COMTAR Ce [1BH-
Xewue 10 Ayre ADB OTHOCKTENbHBIM (AB ~ OTHOCHTENLHAA TPACKTOPHA ToU-
KH) . a BpallieHie IIAPa — NCPEHOCHBIM ABHXeHHEM. TOTIA ABCOMIOTHAR CKO-
POCTL va6c H a6COMOTHOE YCKOPEHHE dpc TOMKH HAMlAYTCR MO (opMynamM

vate = Yoru * Vnep:  dabc = dorm ¥ Inep * Ixops m
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[image: image29.jpg]I7e, B CBO Ouepemms,

s R B U )
fotn = Goru *Gomw: niep = nep * @ nep-

OnpenemiM Bce XapaKTEPHCTHKM OTHOCHTETHHOTO W MEpEHOCHOTO [IBH-
MeHUR.

1. OTHOCHTEenEHOE RBHXeHHe DTO IBHKeHHE NPOHCXOMUT
10 3aKony

<~
s=AM= 'TR 7t - 2%). @

CHatana yCTaHOBMM, Ile GYZIeT RAXOWTLCA Touxa M Ha fyre ADB B Mo-
ment Bpemem 1 . Tlonaras B ypansewu (2) f = 1 ¢, nonywm s, :% R, Tor-

na LACM, =’T§=v: 7= 150° wun L BCM, = 30°. HsoBpanaem ra prc. K3,a
TOWKY B ONOKENHH, OPETENAEMOM ITHM YTTIOM (TouKa M) .

Temeps HaXOMAM THCTIOBBIE IHANEHUA Yoy, @ oyt M 0 omy:

o TR . dvem 2
S = (1-4n), alg= =—— xR,
vom = G =g~ (1 =40, om=—g 3
n _vhm_ vbm

Gom = B
vom R

Ihe Pom ~ PAINYC KPUBMIMALI OTHOCHTENMHOR TPAEKTOpHH, T.c. Ayrw ADB.
Iinx MoMenTa Bpemert £, = 1 ¢, ywrmupas, wro R = 0,5 M, nonywum

R 2
vom= ¢ 3= wmic, "o‘m'—a—M/C"nm 5 M (&)

3HaKH NOKAIEBAT, YTO u:mpT&m HANpaBIEH B CTOPOHY MONOXHTENb-
HOTO OTCYETa PACCTORINR §, 3 BEKTOP d 3y = B TPOTHOTIONOXAYD CTOPORY;
BeKTOp Gy Hanpasnen  uewrpy C yrn ADB. Hio6paxaem Bee 3T BexTo-
Pt Ha puc. K3, @. Jina aramiocTw npusenei puc. K3, 6, e ayra ADB cos-

MeLLLEHA € IDIOCKOCTHIO YepTexa.
2. TMepenocHoe MBHXeHHe IToMBHXeHHE (Bpatenve) Mpo-
HCXOJT 110 33KONY ¢ = 2t HafiZle YT7I0BYIo CKOPOCTS  if yTTIOBOE YCKO-

DEHME ¢ MEPEHOCHOTO BPAIEHHA: w = § = ~2, ¢ = & = 0 (wap BpaueETcs pas-

HoMepHo) . Tatarm 06paom,
2, e=0. @

w=

3HaK yKa3biBaeT, YTO ManpasnelMe w NPOTHBONONOXHO MOMOKHTEN
HOMY HANIABNIEHMIO OTCHETa YTMa y; OTMETHM 3To Ha puc. K3, @ cootserct-
Bymowe# nyrosoft crpenkoft.

Tlns OnpeeneHuA Unep H dnep Mafiniem cHawwna paccrommme h Towak M,
0T ocu Bpamenua: h = R sin 30° = 0,25 m. Torna B MomenT Bpemens 7, =1 ¢,
30




[image: image30.jpg]yUMTBax paBencTsa (4) , nonywm
vnep = w 1h=0,5 m/c,
Gfiep = €h =0, Gfiep = w?h =1 m/c?. )
_MsoGpaxaem na puc. K3, a BEKTOP Dpiep C YeTOM HANIDABNIEHHA w # Bex-
TOPBpiep (HaNpPaBMeH K OCH BpaIeHHs) .
3. KOPpHONHCOBO ycKopeHNe Tak Kak yron Mexaiy BeKTo-

POM Ty M OCHI0 BpAlIEHHA (BeXTOpoM W) paseH 60°, TO WHCMEHHO B Mo-
Menr Bpemen £, = 1 ¢ [c. panenctna (3) 1 (4)]

Na

272 m/c*. ©

8xop=2 lvom I* 1w I-5in 60° = 2 % ‘23

Hanpanniewse dyop HafieM, CIPOEKTHPORAR BEKTOP Uory Ha ITIOCKOCTS,
TIepNERAMKYNAPHYIO OCH BPaUIEHS (NPOEKIMA HAUPAB/IEHA TaK Xe, KAX BeK-
TOp Tfjep), # MOBEPHYS 3aTeM 5Ty NMPOEKIMIO B CTOPOHY w, T.£. IO XOAy
sacosoft cTpent, Ha 90° . Miuate HanpasnenKe ayop MOXHO HaftTH, YuTA, ¥TO
Gxcop = 2 (X Vorn) - M306paxaem BexTop axop Ha pic. K3, 2.

Tericph MOXMHO BLHCTITS IHAYEITH vafic H dgfic:

4. Onpemenenue vase Tak KAk vae = “Vori * Urieps & BEXTOPHI
Tom M u,.,cp B3AMMHO NepNEeHIMKYNAPHE! (cM. puc. K3, @), To B MOMeHT Bpe-
Memu s, = 1c

/n
o =Vobm * viep = (%) +(0.5)* = 093 me.

5. Onpenenenue aype [To Teopeme o coxkesuy yckop emuft, Tak
KaK afiep = 0,

a6c = G5 * Tomn * Thiep * Ixop- )

Iinst onpenencHA g, MpoBeNleM KoopnuHaTHble ock M, xyz (puc. K3,a)
M BLISHCTIHM BPOCKIMH BEKTOPA Ta6 Ha ITH OCH. YuTeM NpH 9TOM, ¥TO BeKTOp
Tyop EXHT Ha MPOBEREIHOR OCH ¥, 3 BEKTOPLI G yry, Garry M Fpiep PACTONOKE-
MM B wiocKocTh Ay ADB, T.. B miockocTw M,yz (puc. K3, 6). Torma, npo-
eKTHpys 06e YacTH paBencTBa (7) Ha KOODIHHATHbIE OCH M YUTH O[HOBpe-
menno pasencrsa (3), (5), (6), Nonywim mnA MomenTa Bpemems £, = 1 c:

aGex = Axop = 2,72 m/c?,

n L V3
= +ap 60° — 1adpy 1cos 30° =1+ ——
936y = @nep + Tow €05 2g7u | cos 3
= 0,71 mfc?,
ag6c2 == 183y 1¢08 60° — gy cos 30° =

V3 - 159wt
« e E 2+ F EFETOYEEDOE Ok





[image: image31.jpg]OTCI0/12 HAXOMAM 3HAYEIHNE Ja5c B MOMEHT BpeMeRN £, = 1 ¢t
aa6c= a¥scx + discy + ¥5cz = 3,23 m/ch.

Otper vage= 0,93 M/c, Ga6e = 3,23 M/c*.
[OMHAMHKA

3amam 11

py3 D maccolt m, foNyWMB B TOKe A HANATEHYIO CKOPOCTS U, ABHKET-
oA B wioTHyToft TpyGe ABC, PACIONOXEHHOR B BEPTHKWIBHOR WIOCKOCTH;
YUacTKH Tpy6hi WTH 003 HAKTOKHBIE, WK OfOIH TOPHIOHTANMHAIA, 3 JPYToft
Haxnommit (puc. JA1.0-J1.9, Ta6n. JI1) . Ha yuactke AB Ha rpy3 Kpome ci-
S TAXECTH NeACTBYIOT NOCTORMMaX Cuna { (e¢ Haupasfele DOKA%HO Ha
PHCYHKAX) M CHIA CONPOTHBNEHHS CPeIMl R, IABMCALIAR OT CKOPOCTH v 1py-
3a (HAmpaBNEHa MPOTHB TBMKCHUR) .

Puc. 14 Puc. ILS

Puc. 1.6
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[image: image32.jpg]Puc. 1.9

Tabnuua 11
Homep |m, i |vg,mfc |QH | RH | Lm |t e | FuH
yCnosus
12 s |osw [ 15 | - | asin@n
20 6 04v | - | 25 | -scostan)
10 16 | 05w | 4 z 6
% s 03 - 2 | -2cos(2n)
1s 12 | 060 | s - | -ssincn
2 9 05 = 3 3t
12 10 | 08v [ 25 | - | 6costan
18 4 04v - 2 | -3sin@n
10 10 | 020 | 4 - | 4cos@n
2 9 0sv = 3 | asnen

B Touke B TPy3, He HIMEHSAA IHAYCHHA CBOEA CKOPOCTH, MEPEXOMAT Ha
yuactox BC TpyGhi, Ie Ha HETO KpOME CHIIbI TAXECTK NeAlCTBYCT NepeMeHHag
cuna F, npoexuns koTopofi Fy Ha 0Ck X 3a/1aHa B Tabnuue.

CuuTas rpy? MaTepHamiHOR Toukoft # 3Hak paccromuue AB = | win spe-
M I, ABMXKCHUR IPY3a OT TOUKH A 10 ToukH B, HaRtTH 3aKOH JBHXEHMA IPy3a
wa yuactxe BC,T.e. x={(t), tne x = BD. Tpeiuem rpy3a o TpySy npe-
HeGpeus.

Yasanus. 3agada J1 - Ha WHTETPHOBAHHE MichbepEHIMANLHEIX Ypan-
HeHUR IBMXCHMS TONKH (pElliCiBie OCHOBHOM JATaW MMHaMwk) . Peutenme
3aawn paIbMBRCTCA Ha Mme WacTH. CHAYATA HYXHO COCTARHTS W MPOKHTETPH-
POBATL METONOM PAIIENCHAR UepEMEHHBIX TiGEPEMMATHIOE YpaBHEHNE
IBWXEHUR TouIcH (TPY3a) Ha yuscTKe AB, yUTE HAVATBHHE YCTOBHA. 3aTeM,
WX BpEMA MBMXEHHR Ha YNacTke AB WIH €0 [UTAHY, ONPENENHTS, Kakyw
CcKOpoCTh 6yReT MMETs Ipy3 B Touke B. ITa CKOPOCT GYHIeT HavansHoR Anx
mBRxeIoL Tpy3a Ha yuactke BC. Tlociie 3TOTO HyXHO COCTABHTS W IPOHNTET-
PHPOBATH MHPEpEHIMATMIOE YpIBHEHHE IABHXECHAR IpY3a Ka:yvacTke BC
TOXE € YMETOM HAYATBHBIX yCTOBUH, BCAA OTCYET BPEMEHH OT MOMENTA, KOT-
7ia rpy3 HaXOMATCA B TOuKe B, W ONATaS, ¥TO B STOT MOMEHT BpemerM f = 0.

[pi WNTCTPHPOBAIOG YPABHEHUS [BWKEHUS Ha ywacTxe AB B cnyvae, KOTIa
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[image: image33.jpg]sapama wima | yReTKa, LenecooBpaImo NepeATn
B YPABHEHIH K TlepeMEHHOMY X, YWTA, 1O

LIRS

duy dug
[T

o

Tpumep Il Ha Bepruamsiom ywmcrke AB
Tpy6ut (puc. JI1) Ha rpys D maccoft m peAcTByoT
CHNA TAXECTH M CWIA CONOTHBMEHHA R; Paccros-
MHe OT TOUKH A, THe v = v,, 0 Touku B pasHo I.
Ha waxoHrom ywacrke BC Ha Tpy3 nefictsymor
cwia TakeCTH W NepeMenHas cuna F = F (1), 3aman-
Puc. Il HASB HBIOTOMAX.

Hawo: m= 2k, R=pv?,ten = 04 kr/m, v, = Smfc,I=25m,
Fx =16 sin (41).

Onpemenwurs: X=() ~ 3aKoH ABMKCHM Tpy3a Ha ywacTxe BC.

Peweune. 1. PaccMoTpUM ABRXente Tpy3a Ha yuactke AB, cuutan rpy3
MaTepuansHoR Toukofl. M30Gpaxae Tpy3 (B MPOMIBONBHOM MONOKeHHH)
¥ HeficTByloume Ha Hero cwnst P = mg u R. Tiposomim ock Az 1 cocTasnsem
TApepeHMATIIOE YPaBHEHHE IBIKEHMA TPY3a B MPOCKIDM Ha Ty OCH:

@,
m g =% Fkz Wi moz ;‘ Pz + R, o)

Tlanee waxomm: P; = P = mg, Rz = —R = —uv?; nomepkupaem, 4o 5
YPABHEHMM BCe NEpEMEHHBIE CHABI HAZO OGAIATENBHO BMPAINTH Yepe3d BemH-
WMHBI, OT KOTODHIX OHM JABHCAT. V4T €L, TO vz = v, ONYYHM

dv dv u mg
my S = mg - po? 20, B L )
v o - v S m(“ .,) @
Boefem A% CoxpatiteHus 3amicelt 06o3HaMEHI
m "
Lo cozmt, n=2E <50 M/, ®
m “

Tme npw nomcueTe MpUHATO g ~ 10 m/c’. Torma ypaswerme (2) MOXaHO Tpen-
CTaBuTE B BHIE

b1 :;L =-2% (* - n). )

Pasniensas B ypapHewun (4) mepemeiibie, 2 3aTem 6eps OT OBeHX HacTeh MM~
Terpani, nonymm
2udv

=~2kdz w In @V - n)=

. *z 4G, )
Ve .

v = v,, wT0 mact C, = In (v - n),
~2kz +In(v} — n) W In @ —n) -

Mo HauanLHLIM YCTIOBMAM NpH Z
W w3 paneHcTBa (5) Haxomim In (v7 — m)
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[image: image34.jpg]= 1In (v - n)=—2kz. Orciona

3 s
v -n Von
=2z m =e7k2,

In
von EE

B peaynsrare HaxomM
v =n @} - me ke ®

Tlonarax B panenctse (6) z = I = 2,5 M i 3aMeHs% k W N MX JHaNeHMR-
M1 (3), onpenemum CKOPOCTS v g IPy3a B TOUKe B (v, =5 M/c, micno e =2,7)

vp =50 - 25/¢=40,7 u vg =64 m/c. (@)}

2. Teneps paccMOTPHM IBHXekHe rpy3a Ha yuacTke BC; HalQeHHas Cxo-
POCTh vg GYHeT A ABMKEHWA HA 3TOM YYaCTKE HAYanbHOM CKOPOCTHIO
(5 = vp) . Ha06paxacs rpya (s npowssomsitom nonoxestm)  AeACTByoue
Ha Hero cwisi P , NuF.

TIpoBenem W3 TOuKK B Och BX H COCTABUM MitbdpepeHiDtanbioe ypasHenie
JBHKEHH T3 B POEKLIAH Ka 5TY OCh:

m X =Py + Nyt Fr ®)

Tax KaK Py = P sin 30° = 0,5 mg, Nx =0, Fx = 16 sin (47), To ypasHenue
(8) mpwmer Bun

dvy

m =0,5 mg + 16 sin (41). )

Paysienup o6 4acTW paBEHCTBa Ka M = 2 KT M NONaras omwis £ ~ 10 M/c?,
nonywm

dv,
dr

=5+ 8sin (40). 10

Yaoxas ofe vact ypapHerua (10) Ha df ¥ WHTCrpHPYS, Hafliem
ux =5t - 2cos(4n) + C,. an

BylleM Teneph OTCUHTHBATH BPEMS OT MOMEHTA, KOITA TpYd HAXOATCK B
Touke B, CHMTaA B 5T0T MOMeHT £ = 0. Toria npk £ = 0 vx = v, = vg, e v
naetcs pasesicrsom (7) . MoAcTannas a1 Bemuwist 3 (11), Nonyime

C,=ug+2cos0=64+2=84.

TNpu HafnenHom Inavennn C, ypasuenne (11) maer

=5t - 2cos(4r) +84. a2

YMHOXaA 3neCh 0Ge YacTH Ha df ¥ CHOBA MHTCTPUPY A, Haftmem
x=2,5¢* - 0,5 sin (41) + 841 + C,. a3
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[image: image35.jpg]Tax Kak npu £ = 0 X = 0, To C, = 0 # OKOHUATENBHO HCKOMBIH I2KOH IBHXNe-
1A Tpy3a Gynet

x=2,50* + 8,41 - 0,5 sin (41), 14)

Tfe X — B MeTpax, ¢ — B CeKyHIax.

3amawm 2

Mexaiieckas CHCTeMa COCTOMT M3 MPAMOYTOMBHON BepTHKATHHOR MWIH~
Thi  MaccoR m, = 24 kr# Tpy3a D Maccoll m, = 8 KF; MINTa WM ABMXETCA
BIOMS TOPHIONTABHEIX HanpapAsiousix (pc. [2.0-J12.4), Wi npaumerca
BOKpYT BEPTUKATHHOAOCK 2, Nexauled B WIOCKOCTH WINTS (puc. JI2.5 ~12.9).





[image: image36.jpg]Puc. 12.8 Puc. 12.9

B MOMeHT Bpemeit {,=0 IPy3 HauMH2eT JBKFATHCA MOX AeACTBHEM BHYTpeH-
1BIX CHT IO HMeEIOULEMYCA Ha IUTHTE ®enloBy; 3aKOW ero ABHXEHHA s = AD=
= F (f) 3aman B 1a6n. JI2, Fie 5 BLIPAXEHO B MeTPaX, I — B cexyHnax. dopma
*eno6a wa puc. 2.0, 2.1, 2.8, JI29 — npamonuneRuax (xeno KE),
Ha puc. J12.2-J12.7 ~ OXPYXHOCTH pamtyca R = 08 M ¢ uextpom B entpe
mace C, wmmst (s = AD Ha puc. 12.2-]12.7 OTCUATHIBAETCA 00 AyTe OKPYX-
HocTH) .

Inura (puc. 12.0-[2.4) HMeeT B MOMEHT f, = 0 CKOPOCTS U = 0.

Tmera (puc. J12.5~112.9) WMeeT B MOMEHT BPEMEHH I, = 0 YTIOBYIO Cio-
POCTL w, = 8 €71, M B ITOT MOMEHT Ha Hee HAGHAET NCACTBOBATS BPALIAO-
DG MOMERT M (MOMENT OTHOCKTE/BHO OCH Z) , J2aKHLIA B TaGHLle B HbioTO-
HOMCTPAX H HATABMEHHBIA KaK wq MpH M > 0 X B MPOTHROTIONOKHYIO CTOPO-
Wy mp M < 0. 0ck 7 npoXomIT o7 uentpa C, IIHTS! Ha pACCTORHMHA b; pasme-
Pl TUIATE OKAI2KAL Ha PHCYHKAX.

CliTan Fpya MaTepHATLHON TOMKOR W TpeHeOperas BEMM CONPOTHBAC-
HUAMM, ONPERENHTS yKaJaHHOE B TabMHUe B cTonGax 4 K 9, e 06oaHateHO:
B cronbue 4 (omwocutes k phc. J2.0-M12.4) X, - mepemeiienme MIHTH
22 BpeMx OT f, = 0 o #, =1 ¢, ¥, — CKOPOCTh MIHTHI B MOMEHT BpeMeHH

- 37





[image: image37.jpg]" a4
§i Puc. 0u 1 Pe2-4 27
2 s=F (@ ?:F(x) ]
= E

1 2 3 4

0 o,s;i..(;_r’) Lf -3 %
R

1 04@-3 "—aafzz-) u,
R

2 0dsin(u’) g N,
R

3 08cos (% " "—6 I u,
R

4 030 -3") "—6 Q@ -3) x,
R

5 O.Bsin(—:- I "T -1 N,
R

6 06 'T ” u,

7 5 Ry =

04 - 1) = G- i

8 06 cos( % IS R N,
L R

9 1,2 cos (? ” = X,

#, = 1¢, N, ~ NONHaX CHNA HOPMATLHOTO AABIIEHHS TUIHTLI Ha HANPABATIOLDIE
B MOMeNT Bpemeni £, = | ¢ (yxasas, Kyda Cwia Hanpasfiea) ; B cTonGue 9
(OTHOCHTCR X PHC. 5-9) w, — YITIOBaX CKOPOCTS TUTHTHI B MOMEHT BpeMeHis
£, =1¢ w=/() - yIIOBAX CKOPOCTH MANTH KaK DYNKIMA BPEMEHH.

Ha BeeX pHCYHKAX TPy3 OKa3ai B MONIOKEHHH, PH KOTopom § = AD > 0:
npu s < 0 Ipy3 HAXOIHTCH O APYTYIO CTOPOHY OT TouKH A.

Yxasanun. 3anava J12 ~ Ha IPKMEHENKE TEOPEM O ABMKEHWH UCHTPA MACT
¥ 06 HIMEHCHNH KOTIWUECTBE TBHKEHHS # KMHETHUCCKOTO MOMCHTA CHCTCMB.
Teopemoft 0 ABMXEHHH LEHTPa MacC LenecooBpaIHO BOCTIONMIOBATECS B a3~
Ye, TTIe HYXOHO OMIpENENHTS NOCTYNATENbHOE NEpeMellieHHE OIHOTO N3 Te CHC-
TeMBI (WIM PeaKuyio CBsi3n), @ TeOpeMOA 06 HIMEHEHHH KOMMYCCTBA JIBMKE-
HHA — KOTAa HYXHO ONPENENHTL CKOPOCTh TaKoro Tena. TeopeMa o6 namene-
MMM KHHETHYECKOTO MOMEHT2 TIPHMEHAETCH B Ja4a4ax, Fic HyXHO HafATH yr-

TIOBYIO CKOPOCTS WM 33KOH BPALLICHHA ONHOTO H3 TEN CHCTEMBI.
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[image: image38.jpg]TaGnuua 12

Puc. 5-7 Puc. 819 Puc. 5-9
V=F® s=F@® b | M Haftru
s 6 7| 8 9
R
1:— a- 0,4 sin (n1) | =f®
R 02-3 | & 1o w,
§ 3
g - of —-0,8¢ R 121 w=f{)
4R
1:— @ - | oza-sn | £ | o w
R R
16— - L N [ w,
=R
Sar-n 06cost) | R | -12 | w=f®
R R
56— wsa-m | 5 Lo |
4R
b} Gt -1*) 0.8(5* -2) - 0 w,
3 3
R
R a-n 0,417 = -8 w=f@
6 2
%R 3 -5t 0,6 (¢t - 27) %5 0 @

Tlpu peurenin 3a7aws yHecTs, ¥T0 a6COMOTHAR CKOPOCTL U IPy3a Cnaraer-
Cf W3 OTHOCHTENBHOR Dory M MEPEHOCHOR Tmp CKOpOCTER (OmpetensmoTCR
TaK e, KaK npw pewtexuu 3a1a%k K3), T.6. T = Voru + Unep- Torna komrsect-
BO BMXEHMA TPy3a My = Mugmy + MUpep, 8 MomenT my oTHOCHTensHO
oci z no Teopeme Bapmiiona (cTatuxa) Gymer mz (mu) = my (Mugm) +
+my (mﬁup); ITH MOMEHTHI BLIMCANIOTCH TaK Xe, KAK MOMEHTH! CHJIBL
KonKpeTiee XoNl pelenus pasbacHen » npumepax J12.
MOMEHT MHEPUNH TUTHT! OTHOCHTENBHO ock C, ', HanpaBneHHOR Tak e,
Kax ok z Ha puc. J12.5-112.9, Ho npoxonsAured Yeped uewtp Macc C, MIMTH,
panuaercs m, ' /12, rne | ~ umpwna nuuThr (3 3anave [ = 3R wm I = 4R).
IL1% ompeRe/ieHUS MOMEHTa MHepUHH [z OTHOCHTENILHO OCH Z BOCMONBIOBATH
& Teopemoft TIOATEHCa O MOMEHTAX WHEDUNH OTHOCHTENHHO NIpANTENBHLIX
oceit. Ock Z MpH HIOGPAKEHHK HepTeXa NPOBECTH Ha TOM PACCTOMMM b OT
uentpa €, , KOTOpOE yKa1aHO B TaGnHue.
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[image: image39.jpg]Mpumep N12. K BepruxansHolt miure / maccolt m, ¢ NOMOURIO HeBeco-
Moro crepxaist BD ot | nprkpennen rpya D maccot m, (puc. J12a) . B Mo-
MEHT Bpemeit 7, = 0 CTepXKeHb HAMAHAET BPAUATLCA BOXDYT TouxH B Tak,

w0 paccrommme s = AD wamensercn

9, x 1 1o 3axoky s = F (), T § - B MeTpax,
1 — B cexynmax.

TUWMTa  ABIOKETCH N0 TOPWIOH-

TATLHBIM HANPABILTIOUMM H TIPH 1, = 0

ee ckopocTs

— (3-7). (03]

Puc. 22

1. Onpenenenne mepemMemeH®A X, [IHTHI 32 BpemA 0T 7, = 0 mo 7 =t,.

Peweune. PaCCMOTDHM MEXAHWYCCKYIO CHCTEMY, COCTOAULYO M3 IUTHTH
M rpysa. M3o6padum JieficTayloup(e Ma Hec BHEIIDC CWIM: GHIM TAXECTH
P,. P, u cymmapuyo peaxipno N wanpasnmounix. [posesiem KoOpuuHaTHbic
OCH X TaK, WTOGH OCb ¥ NMPOUIIA Yepe3 HAYATHHOE MONIOKSHHE HCHTPA Mace
st JUTA OMpENeNeHHA X, BOCTONB3YEMCH TeOpeMOft O ABIDKCHHH UeHTpd
Mace C CHCTEME R COCTaBUM M BEPEHIMATEHOE YPABHEME €rO JBHKCHUA B
MPOEKIMK Ha OCh X, 06O3NAUAR MACCY CHCTEMBI Hepe3 m:

mE= £ Ffy, wnn m¥c =0, TaK Kak

EFf=Pix+Prx+ Nx=0.

UHTerpHpys 370 ypaBHEHHE, NOMYMMM
mic=C,, mxc=Cit+Cy, @

Thie C, # C, — NOCTOSHHEIe WHTETPHPOBAHKS.

M3 Qopmynsl, onpenensioumet abCIMCCy X UEHTPA Mace, CIEAYeT, ¥TO
IUIA PACCMATPHBAEMOR CHCTEMBI MX( = M, X + M, X ), Te X — a6CIMCEa UEHT-
P2 Macc IHTS!, OTPERENOLIAA OJHOB PEMEHHO e¢ MONoXesTte, Xp) — abeicea
rpy3a D. M3 puc. [13a BUIKO, 10 Xy = X — I sin g, e

> Goityx dhpatin [ 5 <2 -:ox(’—’i @
3 L A i 61

B pesynbTare, Halias HaveHHe MX (-  NOACTABHB €10 B (2),, NONywM

N
(m, + my)x —m,l cos L =Ct+C,. “4)

g onpenencima moctomuusix C, u €, NOHATOGHTCA elie OO ypasHe-
Hue, KoTopoe monywuM, npomuddepeunpobas ofc wacTH padeHcTsa (4)
10 BpEMeHH; 31O HACT:
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[image: image40.jpg]L ) . ©)

. it
o, +m,)x+'Tan,lsin (

e % = u — ckopocTh mnuTs. Mo HaYWIBHEIM yCTOBHAM NP { = 0 X = 0,
% =y = 0. TIONCTABKB 3TH BENWNANEI B paseHcTRa () W (4) , nonywm C, =0,
€, = -m,L Tipw wafinennuix snaucieax C, u C, W3 pasencrsa (4) oKowua-
TemsHO Nomy WM

m,1 (-r’)
= = ———— | ] =cOs | — .
srree [t-={ ]

IToT peaynbTaT Naet 3aBMCHMOCTS X o ¢. Tlonaras anecs £ = £, = 2 c, Haiaem
MeKoMoe nepemeueite X,. O TB ¢ T: X, = ~0,4 M (NIMTa NepeMecTHTCA
Bneso) .

2. Onpenenense cxopoctn 1. llpi Tex xe ycnopuax (1) Maiem cko-
POCTS 4, IUIHTLL B MOMEHT BpeMelnt £, = 2 ¢.

Pewenne. PacCMATPHBAEM ONATH MEXaHHYECKYID CHCTEMY, COCTOAULYIO
W TUTHTIE W TPy3a,  H30GpaXaeM AEACTBYIOUDIe Ha Hee BieunHe Wbt P, P,
# peakimio N; NpoBomiM ock X (puc. JI26) . [UTR ONpeneneHys u, BocoNk
3YEMCR TCOPEMOR OO HIMEHEHHH KOTHSCCTE IBHXEHNS CHCTEMS, Y0rToBa,
w0 mas pacematpusaemolt cucremr 0 = 0™ + 00, e 0™ =m,uu 0
= M1,Tp) - KOTHYECTDA HBHWEHNA TTHTS! M FPY28 cooTReTCTREHMHO. CocTaBnAR

YPpaBHeHie B NPOEKIDIN Ha OCh X, NONYWHM

o . s
F S T
Tax xaxc

EFf=Pix+Pyx+ Ny=0.

Orciona cnenyer, to

+0P <0 wm

+ mup, =C,.

muy+ myup, =C, 6) 6

JI1% ONpeNeneius vy, PACCMOTPHM BHKEHHE TPYIa KaK CIONGOE, CUH-
TAR €O IBHXEHME NO OTHOWIEHWIO K MIHTE OTHOCHTENBHAIM, 4 ABHXEMHE Ca-
MOR IUIMTI — NEPEHOCHBIM NBHXKCHHEM. Torm U = Vnep * Vorw, FAE WHCTeR-
O Unep = U M vory = §. TloKaXeM BEKTOP Uory Ha puc. JI26, Hanpasws ero
nepneiTKyAAPHO BD B CTOPOHY NONOXHTENLHONO OTCUETa § WK v, K ONperie-
UM NPOEKIDIO BEKTOPA Vpy Ha OCh X; MOMYWHM um = ux — vory cOsy, Te

2
b =T Gy mcosymeos (3 - T s (%) o
B namon 382a5¢ vy, MO0 eme AT, oMpeneHD aeuecy Touk D,
Texp=x ~Ising (phc. 120); Torma vpy = Xp = X — hocos g, e ¥ =
1§=, a 3mavenme cos y naeT paencTao (7).





[image: image41.jpg]TTph HAEHHOM IHANEHIM v]y, PARCHCTRO (6), ECTH YUeCTS, STOUx =i,
l

(m.¢m,)u+m,71sin(—)=c,. @®

Tlo MawamsHbiM yCnoBuaM npi ¢ =0 4 = 0, wro faet C, = 0, W OxoHIa-
TenkHO M3 (8) HaxOmAM

m, A
- = (2.
mie T (%

JT0T pesymLTaT ONpeNeNACT IABHCHMOCTS ¥ OT 7. llonaras 3nech
= 2., HaftlleM HCKOMYIO CKOPOCTS U, -

OtseT: u, = -0,48 M/c (cKOPOCTS HANpaBAEHS BneBo) .

3. Onpenenenwe peaxumn N, . TIpk Tex xe ycnosuax (1) HaRaem peax-
W0 N, HANDAB/IAOUMX B MOMEHT BPEMeHK 1, = 2 C.

Pewmenne. ONATH PACCMOTPHM MEXAHHYECKYIO CHCTEMY, COCTOSIIYI H3
naMT W Tpysa D, W ¥306pasum neficTBylouste Ha Hee BMeumue cwnst P, P,
¥ peasantio V' (pyc. J12a) . [l onpeneness N, BOCHOmMIyeMC TeopemoRt 0
TBHKCHHA UEHTPA MAce CHCTEMBI M COCTABUM MH(ep eHIMANLHOE ypaBHeRHe
€10 IBMKEHHS B MPOCKIMH }a 0Ch ¥

myc = TFgy, wan myc=N-P, —P,, ©

Tie m — macca cuctemst; P, = m, g; P, =m,g W3 GopMynsl, onpenensiomelt
OpIWHATY Y NCHTP MACC CHCTEMBI, CTENYeT, 4TO JUIS PAccCMATpHBaeMOR
CHCTeMUI My = M, Yo, + mM,Vp. TRe, Kak Bumio w3 puc. [2a, y¢y = A,
¥p = 2h — 1 cos p. Torna, HCNONL3Y A paseKcTBO (7) , HONYWAM

ar?

myc=m,h + 2mh - m,l sin (—6 :

BANHCIAR MPOKIBOMHME W YWHTHIBaA, ¥T0 k= const, HonysHM

. L mt?
mic=- T mteos [ T ]

k3 nt? n? a0
- omcos (T ) T mtern (T )

ToACTaBKB 3T0 IMaueHe MY - B pasencTso (9) , HalZlem 3aBHcHMOCTS N
OT ¢ W w3 Mee, NOMArag {=1f, = 2c, ONPENCAHM HCKOMYI Benwanny N, .

Otmer N, =1973H.

4. Onpenenenie yri0Bo# ckopocTH <. [LTHTA BPALAETCA BOKPYF OCH Z,
Jlexaued B WIOCKOCTH MWIHTHL (pHC. J12B), M B MOMEHT BpeMeHH !
12 yriopas CKOPOCTS IUIHTH PABHA W,, HA HEE HAWKHAET NeACTBOBATH BPALIAIO-
umd moment M.
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[image: image42.jpg]Jlano:  [OMOMMMTENBHO X ycro-
BuAm (1) =S5c', M=kt tnc k=
= 10 H-m/c.

Onpenpenuts: w=/() - 3a8u-
CHMOCT  yrNIOBOR CKOPOCTH ILTHTHI OT
BpeMeHu.

Pewenne. PaccMOTPUM  Mexammucc-
Kyl CHCTeMy, COCTORINYI 3 NNHTHI
W rpysa D. M w306pasuM AeficTaysoue
Ma Hee BMEWNME CWAM: CWIBI TAWECTH
P,. P, peaxunn Rp w Ry nonnsmumxa Puc. 28
W TOMUMAHNKA M BPALLAIWLR MOMEHT
M. NS ONpeNeneHMA w MPUMEHUM Tcopemy O6 MIMEHEHMH KMHETMHECKOTO
MOMEHTA CHCTEMBI OTHOCKTENBHO OCH Z. npeanpuunwu IAMETHM, UTO TAK
xax cunbi P, u P, napannensiut ock z, a peakwmn Rg u Ry o1y och nepece-
KAKT, TO #X MOMEHTHI OTHOCHTENRHO OCH Z paphst Hymo. Torma E mz (Ff) =
=M=kt wTeopema nact

dKy dK,

- =T me ) wm

=kt. 10

de

YMHOXaA 06¢ YacTM ITOTO ypaBWeHMA Ha df W MHTErPHpYS, NOAYNHM

o
x,:-;_ 4G, an

JIns paccmaTpuBaeMOofl MEXaHH4ECKON CHCTCMBI

D

Ke=K"+K7. a2

e K K2 - worneTHueckse MOMCHTHI OTHOCKTENHHO OCH 2 TLTHTS K TPy~
33 D cooTBeTcTBEHHO. TIOCKONLKY MIHTA BPAWACTCA BOKPYF OCK Z, TO

o

m 4
w. rae Iz = _31 @n= 5 m, . (13)

Iins onpenenemus K paccmotpum mewxenme Tpysa xax croxdioe,
CYMTAX €T IBIKENME MO OTHOWICHHIO K MAHTE OTHOCHTENBHIM, & BPALICHC
ML BOKPYT OCH 2 — NepewocHuin TBUKentem. TOrRa T = Tor * Tnep
M, 110 Teopeme BapuHboHa,

kP =y (m,Tomw) +my (™3 Tnep) - (14)

HO BEKTOP Gy MEXUT B OIHOR MNOCKOCTH ¢ OCHIO Z H, CNEAOBATENBHO,
mz (m,Tor) = 0. BeKTOp Tnep HANpaBNeH MCPNICHIMKYNAPHO MMTe (Kak
OCh X, €CTH OCh Y B NAOCKOCTH MAKTM); N0 MORYIO Uney = w: DD, . Torna
mz (M, Tnep) = Myvgep- DD, = myw (DD,)?. Ho w3 puc. IL2a sumio, ¥To
DD, =1+ 1 sin p. B3nB 3Havenye sin p w3 GopMynsi (3) M NOACTABHB Bee Halk-
ReHibie BenuMHLI B PaBeHcTS0 (14). nonymm
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[image: image43.jpg]1\
D emyw®D,)? =mywl (1 +cos%) . as)

3uan kI w KP [opmymt (13) r (15)], natnem w3 pasenctsa (12)
3navenue Kz; Torna ypapHenue (11) npumeT Ban

s 1 e
[3‘ m,+m,(1+cu;ls_) ]:m:% 65
M NPH YMCNIOBBIX JHAYCHUAX 3a7a9M
f
o,sa[ls»s(ncasT) ]...,=5ﬂ+c,. e

TMOCTOAHHYI0 WHTErPUPOBAHWA ONpEleNMM N0 HAYATBHBIM YCTIOBHAM:
mput=0 w=w,=5c'; nonywm C, = 128. lp srom 3uaternau C, 12
ypanHeHua (16) HAXOTHM HCKOMYIO JABHCHMOCTE W OT 1.

Ormem:

128+ 57
=y w3 | ? -
o.s4[1s+s(nm_€) ]

IMpumewanue. M3 TONYSeHKOTO pesy/IETATA MOXKHO HATH W IHAUEHHE w,
mph ¢ = t,. Ho eC/N MO YCTOBHAM 33/ ORHOBPEMERHO M = 0, To ypaBHeHHe
(10) maeT Kz = const, W TOFIa OBHMHO TpOLLe He HCKATH 3ABUCHMOCTb w OT
B oblleM BUle, 8 CHAUANA OMpPEENHTE HONOXeHHe Tpy3a D npu t = 0 (Te.
YION y) M BEMHCAMTS 3MauchHe K70 TIPH ¢ = 9, M w=w, CIOMOWIBIO pa-
BeHCTB, aHanorwwbix (11) - (15); 3aTem ONpedeNuTh NONOXEHHe TPY3a NpH
£=1, (Yromp,) W Tem xe MyTem HaTH Kz, MPH 9= ¢, B w = w, .

Tak, B paccMOTpeHHOM NipuMepe Tpw f = 0 6yAeT y, = n/2 1 DD, =20
(puc JI2B),amput=t, =2c OyneT ¢, #/6 w DD, =1/2. Torma

4 5 NE n
Kio=( 5 mlt e mal oy, K= 3 mit vmy o | o,

3Hasekme w, HAXOWMTCA 3 panerctsa Kz, = Kzo.

3anawa 13

MeXaHH'CCKaA CHCTEMA COCTOHT #3 TPY30B 1 it 2 (KOXpOHUHEHT TpeHus
rpy3os o mnockocts f = 0,1), WATHHIPHYECKOTO CMMOUINOTO OTHOPOMHOTO
KaTka J W CTYMeHWaTsix WKWBOB 4 W 5 C pamuycamu crymeedt R, = 0,3 M,
ry=01m, R, =02M, r, =0, M (Maccy KaxIOTO UIKHBA CYMTATh PaBHO-
MEpHO pacnipenicnenHoR Mo cro BiemMemy obony) (puc. [13.0-13.9,
TaGn. JI3). Tena CUCTEMbI COCTMHENSI APYT € APYTOM HHTAMM, HAMOTAHHEIMM

HA WKWBbI; YUACTKM HHTCH NapajicnbHbi COOTBETCTBYIOLIAM NNIOCKOCTAM.
a4
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[image: image45.jpg]Ta6nuua I3

A F=f(s), | s, [Hattran
we | ke | xe [ xr | ke [Hem[Hom| H M

Howmep
yerosun

6 0 o 08 |50(2+35) [ 1,0 | v,
0 8 0,6 0 [20(5+2) | 1,2 | w,
8 |0 | 0 |04[8003+45)|08 | v,
0 10 03 0 |40(4+55) (0,6 | v,
6 | 0|0 [o06303+2) |14 w,
o 6 09 0 |40(3+55) | 1,6 | v,
8 0 o 08 [60(2+5s) | 1,0 | w,
0 |10 06| 0 [308+35) |08 w,
0 8 03 0 |40(2+5s) | 1.6 vc,
10 [ 0 04 [S0(3+2) | 1,4 | v,

sorao0oNnboO
R N

[ A T
cooco®mooan

Tlon fieficTaiem cwibt F = f(s) , JABHCAULER OT flepeMelIERHS TOUKH MpH-
TIOXEHHS CWIbI, CHCTeMa MPHXOJMT B JABMKCHME #3 COCTORHMA MoKoA. Tpk
JBUXEHHR CHCTEMBI Ha WKHMBL 4 W 5 NEACTBYIOT OCTOAHHBIE MOMEHTLI CHT
conpoTiBeHuR, pasHbie cooTseTcTBEHHO M, H M, .

OnpenenHTs 3HayeHHe HCKOMOM BETHIHHBI B TOT MOMEHT BpEMEHH, KoT-
D3 epeMelIeHHe TONKH NPWIOKEHUS CWst F panho s, . Mckoman Benwumia
yKasana B cronue "HaltTw" TaGnuusi, e 0603MauCHO: v, — CKOPOCTH IpY-
32 1, uoy ~ CKOPOCTH LEHTPA MACC KAaTKA J, w, — YITIOBAR CKOPOCTH Te-
nad nra

Yxazanun. 3anava JI3 ~ Ha MpuMEHEHHE TeOpeMbi O6 HIMCHEHHMM KiHe-
THUeCKOR JHeprHK cucTemst. TIpu peleHNH 3aIa T yueCTs, 4TO KHHETHuECKAS
HEPTHSL CHCTEMBI PABHA CyMME KHHETHYECKHX IHETHA BCEX BXOMAULAX B
CHCTEMY TEN: 3Ty SHEPTWIO HYXHO BLIPAIMTS Wepe3 Ty cKOpOCTh (THHeMHylo
WIH YI7I0BYI0), KOTOPYIO B 3aaue HAZIO OMpenenuTs. [IpH BLIMHCICHHH KHHE-
THUECKOM - JHEPIHH KATKa, IBHXYUIETOCA UIOCKOMAPAENBHO, VA YCTaHOB-
NEHWA IABHCHMOCTH MEXy €TO YITIOBOMl CKOPOCTHO  CKOPOCTLO €F0 UEHT-
P2 MACC BOCNONBIOBATECH MOHATHEM O MTHOBEHHOM LICHTpe CKOpOCTeR (KHHe-
maruka). Tlpu onipenienieHMM paGoTHI BCe MepeMeWEHHA CTEAYET BLIPAIATH
NEPE3 JaNaHMOE MEPEMELLUCHHE 5, , YUTA, YIO JABHCHMOCTE MEXLY Mepemetlie-
HUAMK 3nech GyneT TaKoM ke, KaK MEXIY COOTBETCTBYIOUMMH CKOPOCTAMM.

Korna o nauHimM TaBauust m, = 0, Tpy3 2 Ha uepTexe He KIOBpaxaTh;
WIKKBEI 4 H 5 BCETNa BXOMAT B CHCTEMY.

Tpumep [13. Mexauudeckas cuctema (pic. J13) COCTOMT W3 crUTouIHOrO
WETHHADHYECKOTO KaTKa /, CTYNEHYATOTO WIKMBA 2 ¢ paTHycamM cTylewed
R, #r, (Macca UIKHBa PaBHOMEPHO pACTIpENieNieHa Mo ero BHEIHEMy 0Goay)
K rpy3a 3 (KoaHUMCHT TpeHHA rpyla O MIOCKOCT paden f). Tema cucre-
MBI COELIMHEHBI IPYT C 1Y FOM HKTAMM, HAMOTAHBIMM Ha KM 2,
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[image: image46.jpg]Moa neftcsuem cwisl F=f ().
I2BUCALICH OT NCPEMELUCHHA § Tou-
KM CC NPWIOWEHHA, CHCTEMa MpH-
XONMT B IBIKEHMA M3 COCTORHMA
nokos. lpn NBIKEHHH Ha WKHB 2
HCACTBYET MOCTOAMHBIR MOMEHT M,
cun conpoTHBACHHA.

Hano: m, =4 kr,m, = 10kr,
, =8k R, =02M, 7, = 01w,
=02 M, = 06H-m F=
20420 H, 5, = 2m. Puc. 113

Onpenenmts CKOPOCTL b, UCHTPA MACC KATKA, KOTAA § =5, .
Pewenue. 1. PaccmMOTpHM ABHXCHWE HEMIMEHSEMOR Mexanwueckoft
CHCTeMb, cocTORWER W3 Ten 1, 2, J, COLNMHENHLIX HMTAMH. U306patum Bee
neACTBYIOUMC Ha CHCTeMy BHewme cunnt: akTwsibie F P, Py, P,, MoMmenT
conpothancius M, , peaxcuwtn N, N,, N, u cwnns spenns F Py F !
JInA onpenenenus v, BOCNOMKIYCMCR TeopemoRt 05 uamenein kit
THUCCKOR SHCPIUK CHCTCMBI

- T,=tAf. m

2. Onpencanem Ty # T. Tak Kak B HANUIMHBIA MOMEHT CHCTEM HaXOH-
nack 8 noKoe, o T, = 0. Benmuitia T panka CymMe JHCpIHA BCCX Ten CHCTEMBL:

T=T,+T,+T,. @
YuMTLIBAA, 47O Teno | ABWKETCA IUIOCKONApANNENLHO, Teno 3 — MOCTy-
NaTensHo, @ Teno 2 BPALIACTEA BOKPYT HENOMBRAHOA OCH, NOMY WM

1 1
mvky ¢ 3 el Ty= 3 Lol T

5 mei. 3

o=

)=

BCe BXOMAUWME CIOIa CKOPOCTH CTCHYCT BLIPAIATS Veped HCKOMYIO U -
TpwuaB 5O BHHMaNKC, WT0 Touxa K, — MIHOBCHHMIH UEHTP CKOPOCTER KaT-
Xa 1. # 0603HaIKB PATMYC KATKA Yeped 7 , MOAySHM

vC1 "
W T B Ewn T @
) 2

KpoMe TOro. BXORAWME B (3) MOMCHTM HHEPLAH WMEOT IJHaueHHA

Icy=05myrl, 1, =m,R3. ©

TNoncrasus Bee penwwibi (4) W (5) B pasencrno (3), a 3aTem MCnoAL-
3y8 PABEHCTBO (2) . MOy SHM OKOKYATENBHO:
3 1 1 l’
’=(T”"i"'"'z""’n’)"f“ ©
3. Teneps Hakacm cymmy paGoT Boex CACTBYIOMUX BHEWMMX CHA NP

TOM NepemeuteNuH, KOTOpOE BT WMETS CHCTCMa, KOFMA Touka C, MpoRter
a7




[image: image47.jpg]NyTs 5, OUHOBPEMEHHO BCE NepeMeLIeHIA CICAYET BAIpIINTE YCped JATANHYI0
BEMUHHY §,, [UIA 4er0 yNTEM, 4TO JECh JABHCHMOCTE MOKIY NepEMCULEHHS-
Mit Gy 1eT TaKofl Ke. Kak # MEXIY COOTBETCTBYIOLMMH CKOPOCTAMH B paBeH-
cteax (4).T.e.p, =5, /R, s, =5, /,/R,). B pesynsrare nonyunm:

s 3
AF)=[ 201+ 2)ds=2(s, +5}).
o

A F,)=P,s,sin60°, A (M)~ M, 0, = M, ;—‘
R

- r
A (Py) = =Pysysin 30° = ~P,s, 1 sin 30°,
Ry

AFP)=—FPs, = -fN,s, = -[P, cos 30°

PaGoTa ocTanbHbIX CHA pasha Hyio, TaK Kak Towka K,, rae mpwioxe-
wut N, w FP — wenosentuit ucutp cxopocted, Touka O. e npHioXens:
P, u N, nenonsuxma, a peakuns N, NeprcHaukynspHa fiepemeutenHo rpy-
32 3. Torna oxonwarenso

SAG=2(s, +51)+ Py, sin 60° ~ M, :Tl =
s

o ,%uinso" +fcos 30°). )

4. TMoncranus Bhipaxenns (6) u (7) B ypasuenue (1)  yuuTsiBas, wro
T, = 0, nonyuum

‘lm s lmelm i).ﬂ =205, + 1)+ P,s, sin 60°
T T gy | T 260D+ Py
—M, St Py, ;—'(sin 30° + £ cos 30°). ®

1 2

TIpH ‘BACNIOBbIX MAUCHHAX, KOTOPhIE HMEIOT JAAIKHAIC BEMAMNLL, PaBEH-
€80 (8) maer

11

gy =

OTCI0a HAXOHM HCKOMYK0 CKOPOCTS.
Otser: vey = 153 M

3anaw 14

Beprukanmit oan AK (puc. [4.0-J14.9, Tabn. [14), spaumiousiica
€ MOCTORHHOA yITIOBOR CKOPOCTHIO w = 10 ¢™', 3aKpenncH NOMNATHHKOM
B TOUKE A W UMTHHAPKNYECKKM MORUIKITHHKOM B TOUKE, YKaJaHHON B TaGn. 114

B cTonGue 2 (A8 = 8D = DE = EK = b). K pany XecTko npuKperieHsi Hese-
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[image: image49.jpg]TabGnuua N4

« | Kpennenve « | Kpennemne
RHAFRE AR

B HIHEHE

i - e
SCHEH B R R EH AR

1 2 3 4 5 6 1 2 3 4 ] 6
0 B D K 30 45 || S5 D K B 30 45
1 D B E 45 60 6 \E B K 45 30
2 E D B 60 75 k4 K E B 60 75
3 K D E 75 30 8 D E K 75 60
4 B E D 90 60 9 E K D 90 45

oMl cTepxens  wumHoft I, = 0,4 M C TouewHOR Maccoft m, = 6 K Ha KoHue
M OHOpORIL CTepkehE 2 N0 I, = 0,6 M, RMewLUR Maccy m, = 4 Kr;
002 CTepXH JIEXaT B OMHON MIOCKOCTH. TOYKH KpETNEHHS CTepdich K B
ny yxasaksl B Ta6Auue B CTonGuax 3 u 4, a Ik o« u A — B cTonGuax S 6.

TipeHeGperas Becom Bana, OMPERENHTS PEAKINH MOMMATHKA K NIOMHIT-
Huka. [Tpu OKOHUATENBHEIX NOMCYETaX NPHEATE b = 0,4 M.

Yxasanus. 3anaw [14 — Ha UpHMEHEHHE K HOYWCHMI NBHXCHHR CHCTe-
it npuima Jlanam6epa. [IpH pelieHMM 3a1auH yWecTs, ¥TO KOTZa CHTBI
HEPLMK uaCTIIL Tena (B MAHHOR Jamave CTEpHHs 2) MEIT PaBHOEACTBYIO-
uyro-R¥, 10 wicnetmo R* = ma-, tne a - yexopenwe uenrpa mace C crepx-
HA, HO NMiHKA neficTBiA curst R % B oGutem cnywae He npoxonuT yepes Touxy C
(cm. npumep J14) .

Tpumep /4. C Henecomsm Banom A8,
BPAWAIOUNMCH ¢ MOCTOSHHOR YTNOBOR CKo-
POCTH w, XeCTKO CKpemien crepweis OD
nMHOR I M Maccoll m,, MMEIOLR Ha KoHUe
Tpy3 Maccolt m, (pue. 14).

Nawo: b,=06m, b= 02m, a=
=30 1=05m m =3k, m = 2xr,
w=6ct.

OnpenenTs PeakuinnOANATHM-
Ka A W nomumHKa B.

Pewenxe. JIIA  ompeeneHus  McKo-
MBIX PeAKUMA PACCMOTDUM [BMXEHHE MeXa-
HMHYECKOH CHCTeMBl, coCTOAIueH M3 Ba-
na AB, crepxus OD W Tpy3a, M mpHMe-
WeM  mpwunm  JamamGepa. Tlposenem
BpaualouIHecs BMecTe c BanoM  ocM
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[image: image50.jpg]AXy TaK, uToGs! CTepkeHb NeXall B IWIOCKOCTH XY, K #306pa3um fiehcTByoIME
HA CHCTeMy BHewHMe CHTh: CwH TAXecTK P, , P, , cocrannsmoume X4, Y4 pe-
AKINH NOANATHHKA H peakmno Xp nomummmnKa.

Cornacio npunmuny JanamGepa NpPHCOSOMHWM K STHM CHIaM CIOTS
MHCDIH 3IICMEHTOB CTEpXGIA M TPY3a, CUNTAA IPY3 MATEPHATLHOR TOWKOR.
Tax Kak Ban BpaulaeTca paBHOMEPHO (w =const), TO JIEMEHTHI CTEPXHS Hme-
T TONBKO HOPMANBHEIE YCKODEHWA Gk, HANDARTEHHMIE K OCH BPALICHUA,
8 WHCTERHO apk = wh, TAe Ak — paccrosHKe ementa oT ocH. Torma ckl
wtepuwsn F' GynyT HAupaBnens: T OCK BpAIIEHHA K WcewHo Fj' = Amapg =
= Amw?hy, me Am — macca anemenTa. lockonsky Bee Fj nporopusoHans-
st hg, To amopa TEX n:pumumuux ct 06pa3yeT TPeyTONBHUK H HX MOXHO
IAMEHHTS paBHoxedcTByweR R}, THHHS NEACTBHA KOTOPOR NPOXOMAT Yepe3
UCITP TAKECTH ITOTO TPEYTONLHMKA, T.e. Ha paccTosumu H, or pepumin O,

me H, = i_ H, (H,=1cosa).

Ho, Kak HIBECTHO, paBHOMEACTBYWOIAR MOBOM CHCTEMEI CHY paBHa ce
IMEBKOMY BEKTOpY, 3 WCTEMHO IMaBHbIM BEKTOP Ci0l MHEPLMM CTEpGiA
R} =m,ac, me ac - yckopeHue UEHTpa Mace CTepwas; NpH ITOM, KAK H 1A
M060T aMemeHTa CrepHais, ag = agy = whe = w? OCsina (OC=1/2). B pe-
aynsTate nonywim

1
R¥=m, w? 5 sna=135H.

Auanorwmo mia cunst wiepuws ;' 1py3a Hafiziem, ¥T0 oHa Toxe Hanpas-
JICHa OT OCH BpALIEHHS, 3 WACTEHHO F = m, w?l sina = 18 H.

Tak Kak Bce REACTBYIOUBME CWIM W CHIH MHEPIUTK NIEXET B MIOCKOC-
TH Xy, To ¥ PeAKINH TORNATHUKA A K TOMIMTHAKA B ToXe NEXaT B ITOR
ANoEKoCTH, G0 60 YUTERO IpH KX HIOGPAXCHIH.

Mo npunuyny JlanamGepa, NPHIOKCHNEIE BHELIHKE CHTM H CHITH Hilep-
LuH 06pasyIoT ypasHoBewsentylo cHcTeMy cut. COCTaBNAS WA 310 MHocKof
CHCTCMBI CIUT TpH YpABHERWS PABHOBECHS, NONYHHM:

IFkx=0; Xq+Xp+R!'+Fl'=o0, m
Yq4-P, -P,=0, (0]
mp (Fp)=0; Xq4 b, +b,) ~P, /D sina~P,lsina +

+RYH, +b,)+ FR @, + by=0. [©))

ZFiy=

Toncrasus cloa WHCTIOBbIe 3HAYEHHA BCEX 3aJIAHHBIX M BLMHCAEHHBIX
NCIIMYHK # EIIHB 3TY CHCTeMy ypaBHeHWH, HalllleM HCKOMBIE PEaKUMH.

Otser Xq=-118H;Y4=49.1H,Xg=~19,7 H.

3nakk ykaduisawT, wTo cwist X4 # Xp Hanpasiens: NPOTHBOMONONHO
HoKaIaHHLIM Ha pHC. 14,




[image: image51.jpg]3anam IS

MexXaHHYeCKaR CHCTEMa COCTOMT M3 CTyMeHWaThix Wv#BOB I 2 BecoM
P, w P, ¢ panuycamu cryneneft R, =R, 7, =04 R;R, =R,r, =0,8R (maccy
KaIOrO WIKHBA CWMTATh PABHOMEPHO pacnipeneichHOM 1O ero BHeumHemy
06ony) ; rpy30B 3, 4 M CIVIOLIHOTO OJIHOPOMHOTO IANIKHIPHYECKOrO KaTKa 5
Becom Py, P,, P, cootBercTBerno (puc. 15.0-15.9, TaGn. [I5). Tema cucre-
MBI COCMMHEHEI HWTAMY, HAMOTAHHBIMM Ha WKMBLI; YYaCTKH HMTell napan-
NeABHL COOTBETCTBYIOUMIM MIOCKOCTAM. I'py3bt CKOMKIAT MO WIOCKOCTAM
6e3 TPEHKS, & KaTKK KaTATCA 663 CKOMBKEHNA.
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Ta6nuua [IS
H

i § P, P PR | P M, M, F | Hantx
23] |

0 [12p | o P fo {3 | o2r|o 8 | a,
[ 10° |0 |4 |22 |0 03PR | 6P | e,

2 fwop | o o (22 |p 03R | 0 4 | e

3 (o 2P [ 22 10 |32 |0 0,22R | 10P | a,

4 |s# 0P o Jo [22 |0 03PR | 5P | acs
s |12 | o » o | P 0 04PR | 8P | ¢,

6 o 122 |0 |3p | 4r | 020R |0 6 | a,

7 |wp |8 o |o |22 | 03R |0 P e,

8 |12p |0 o |sp|ar | o 02PR | 6P | a,

9 lo 120 | 22 |o |3 | o2eR |0 107 | acs

KpoMe Cwi TAXCCTH Ma OfHO M3 Tenl CHCTeMut MeflCTBYeT NOCTOAHHaX
cwna F, a Ha wiuskt 1 K 2 NP HX BPaLLeHUU NERCTBYIOT MOCTORHHBIE MOMEH-
Ul CHA CONpOTHBNIEHKS, PaBHLiE coOTRETCTRENHO M, U M, .

COCTaBHTS 1A HaHMOR CHCTEMB! ypaBHeHMe JIaTpaHXa M ONpenenurs
M3 HEro BEIHUMHY, YK23aHHy® B Tabnuue B cTonGue "HaRT", roe 0603Ha-
WeNO: €,, €, ~ YITIOBMIE YCKOpEHWA LIKMBOB | K 2, d,,4,,aCs ~ yCKOpeNHA
rpy30s 3, 4 M UEHTPa MaCC KaTKa 5 COOTBETCTBeNNO. KOTHa 8 Jadate Hano onl-
PENEANTS €, WIH €, CATATE R = 0,25 m.

ToT w3 rpy30B J, 4, BeC KOTOPOTO paBen HyMO, Ha WepTexe He H30Gpa-
aTh. UxuBS! ] # 2 BCETAa BXOTAT B CHCTEMY.

Yrasauus. 3anawa JIS ~ Ha NpHMEHEHNME K WIYYCHHIO XBMKCHMA CHCTe-
Mul ypascHuA larpanka. B 3aiaue CHCTEMa HMEET OHy CTEMeHb CBOGOM,
(1C10BATENBHO, Ce MONOXKEHHE OMpelensercs onHofl 06obuIEHHON Koopauia-
TON M 1R Hee ONXHO GLITH COCTABNEHO OMIHO ypaBHEHKE.

32 0GobueIyI0 KOOPNKHATY ¢ GPMHATS: B 3ajawax, rie TpeGyerca
OUpEAENHTE 4, 8, WIH GCs, — MEpEMELLEHHE X COOTBETCTBYIOWIETD Fpy3a KK
uenTpa Mace C, KaTKa 5; B 3a7a@X, Tiie Tpe6yeTcs ONPEACTHTS ¢, WiK €, —
Y1011 I0BOPOTA y COOTBETCTBYIOUIErO WIKHBA.
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[image: image53.jpg]IS COCTABNENHS YpABHEHMA BLINHCTHTH CHAMATA KHHETHSECKYIO dlep-
mmo T cuctemst (xax » 3amave JI3) # BRpasuTs mce Bowemume B T KO-
POCTH Yepe3 0BOBILIEHHYI0 CKOPOCTS, T.c. Yepe3 X, ecnu 0606LueHHas KOOpaH-
HATA X, WIH 9pC3 y, €CTM OGOGMICHHAR KOOPAMHATA y. 3aTeM BHLIMHCTHTL
obo6uteiiyw0 ciny Q. JUIR 3TOT0 cooGLMTE CHCTEME BOIMOXHOE (MANOE)
TepemelieHKe, MM KOTOPOM BLIGPAKHAA KOOPIMHATA, T.c. X (WK y), mony-
“aET MONOKHTE/ILHOE NPHPAILERHE 5X (WK By) , M BRINHCTIHTE CyMMY SeMeH-
TAHMIX PaGoT BCEX CWT Ha ITOM NEEMELUEHWH; B MONYHCHHOM PaBEHCTBE
Halo BCE QPYTHC WIEMEHTADHBIE MEPEMElIEHKA BLIPAINT Yeped 5 (WIH de-
Pe3 8y, €CnH 06OBLIEHHAR KOOPIHHATA ¢) H BLIHECTH 65X (WK §p) 3a CKOGKH.
KosduuueHt npu &x (win 5¢) # Gymer oGobiueHHon cwioft Q (cm. eute
npumep II5) .

Tipumep JIS. MexaHMuecKas CHCTEMa COCTOMT M3 CTYNeHVATOTO WIKM-
Ba 2 (panuycsl cTynenedt R, u7,), rpysa I u cruiownoro katka 3, npukpen-
MeHHBIX K KOHUAM HHTEH, HAMOTAHHLIX Ha CTymeHW wkmsa (puc. J15). Ha
LIKKB NpK €10 BpALEHHH NeACTBYET MOMEHT CWI conpoTBNenns M, . Maccy
LIKHBA CYMTATH PABHOMEDHO pacTIpeneneHof N0 BHELIRemy 06oLy.

Puc. 115

Nano: R, =R.r, =06R. P, =6P P, =3P P, =5SP.M,=02PR,
30°.

Onpeaenuts: a, - yekopehue rpyda /.

Pewenme. 1. CHCTeMa WmeeT omiy cTenicHs cB0G0AsL. Buibepem B Ka-
uecTBe 0GOGLIEHHON KOOPAMHATE! Mepemelucye X rpy3a I (g = x), nonara
4IO Ipy3 MBHKETCA BHW3, M, OTCUHTLIBAR X B CTOPOMY MBMcHuS. COCTIBMM
ypanwense Jlarpanxa

4 or ) or

L S S 1
ar | 8% Friid : i

2. Onpenenum KMHETHUCCKYIO JHCPIMI0 T CHCTEMM, paBHyl cymme
Iepruh Beex Ten:

T=T,+T,+T,. . &)
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[image: image54.jpg]Tax Kax rpy3 ! ABHXETCH NMOCTYNAaTeNsHO, WIKMB 2 BPAWIACTCH BOKPYT
HENOmBHAOR OCH, 3 KATOK 3 TBHKETCA IIOCKONAPAENIIAO, TO

P, 1 P, 1
Ti=g W Ta=g hel =gk vba+ 3 Ios ), (&)

TAe, NMOCKOMEKY MACCA MIKWBA CHMTAeTCA PACIpeleieHHOR MO BHEWIHEMy
©00Ay, a KaToK — CHNOWHOA (€0 pamuyc o6osMawM 7,) ,

P, 1P,
l,=,—’ R?, lc;q-z— ‘—"’,. @
3. Bee cxopoct, Bxomsuie 8 T, T, 1 T, , Bhipasitm depen obobuieitiyio
CKOpOCTL X, PaBHYI0 OYEBMANO, v,. ECTH NpK 3TOM ydecTs, W10 v, = w,R,,
8 Uy = Wyr; W WO Touka K ABMAETCH WIA KATKA 3 MIHOBEHNbIM UEHTPOM
CKopOCTe, To onywMM:

w, = =—==2 % ®

MoncTannas sMawewus Benwwkn (S) W (4) ® pasenctsa (3), a Jatem
Maseuns T,, Ty, Ty B paBencto (2), Haliem OKOKWTENSHO, WO

1 3 n
wlrhey & ©
Tak Kax 31ech T 3aBHCHT TONIBKO OT X, TO
or P . oT d oT
aowigk Fooaglsl- o

4. Hattnem ouosm:m:yn cuty Q. JinR 370ro M30GpaumM cwsl, coBep-
WAOLHE MpH BUXEHHH CHCTeMb! pabory, T.e. cunst Py, P, W Moment cun
conpotuBnenns M, HanpaBneHuIA MpOTHB BpauICHMA WKKBA. 3aTem COOG-
LNM CHCTeMe BOIMOXGOE MepeMeuteHHe, IpH KOTOpoM OGOGUIEHHE KoOp-
NMHATA X TIOMyNAET MONOXHTENLHOE NPHPALICHKE 5X, W NOKaXeM Mepemeue-
MMR KaXIOrO W3 Ten; A rpy3a I 370 6yner &s, = 6X, /IR WKKBa 2 — MOBO-
POT Ha yron Sy, , WIA KaTKa 3 — NepemeuienHe 85, ero ucHTpa. Mocte atoro
BLIMCTHM CYMMY INMEMEHTApHLIX PAGOT CH K MOMEHTA Ha MAMHBIX Nepe-
mewennax. Monymm

8A =P bs, = M,5p, — P, sin ass,. ®)

Boe BXOAAILINE CIONA NEPEMELIEHHS HAO BLPAINTS Ueped 6X. YuTa, uTo
WNHCHMOCTH MEXQlY NICMCHTADHBIMM TIEpEMELICHHAMH JIeCh AHATOTHHBI
MBHCHMOCTAM  (5) MeXIY COOTBETCTBYIOUWMH CKOPOCTAMH, MOAYNHM

5x

bs, = 6%, bp, =

[
s b =re = T b )
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[image: image55.jpg]TIOACTaBNAA STH JHAYEHWA B PABEHCTBO (8) M BHIHOCK 5X 33 CKOGKH,
Haitiem, yTo
M, r,
s,q:(p,_TRL-R_'p,,ma)u a0
KoodduiseHT Npu 5X B NONYHCHHOM BhIpaxeHui 1 Gyaer 0GoGuenHol
cwioft Q. CnenosateinsHo,

M,

QEF =g

-p, % sina win Q=4,3P. an

S. Monctasnas waHnmenHbie Benmumnbi (7) u (11) B ypasHenwe (1),
nonywim

OTciona HAXOMUM HCKOMOE YCKOPEHHE 2, = X.

Orser: a,=037g.

IMpumewanue. Ecnu B oTsete nonywutca a < 0 (i e < 0), T0 370 03Ha-
WaeT, YT CHCTEMa MBWKETCA He B Ty CTOOHY, KyNa GLUIO MpCATIONOKEHO.
Toraa y momenta M, , HanpaneHHOro MPOTHB BPALICHHS WKHBA, HIMCHATCE
HanpaBcHUe M, CENOBATENLHO, KAK BWAHO M3 paseHcTsa (11), wamenwrca
BeTMURHA O, UIR KOTOpOft HAno HATH HOBOE BEPHOE JHAYECHHE.

3anam [6*

MexaHiueckas cHcTeMa cocToMT 3 Ten 1, 2, 3, 4, S, umeiowmx Beca P,,
P,, P, P,, P, COOTBCTCTBONHO; Tena CHCTCMBI CBAIANB! HHTAMH, HAMOTAHHb-
MK Ha cTymemsateie Gnoku 1 u 2 (puc. JI6.0~J16.9, Tabn. 116). Tpouepk B
cronbuax TaGnMubl, TOC 3a0aHLI BEC3, O3IHAYACT, YTO COOTBETCTBYIOUIEE TENO
B CHCTeMY HC BXOAMT (Ha yepTexe He W306paxars), a Honb B cronbuax Tabau-
Wbl OIHAYAET, UTO TeNO CYHTAETCH HEBECOMBIM, HO B CHCTCMY BXORHT (Ha Yep-
Texe MOAXHO GbiTh MI0GpacHo). JUTR Konec, 0GOIHAYEHHBIX HOMEPOM 4,
P, — ux b Bec (Bec MATGOPMBI TAKOM TeNeXKH He YUMTHIBAeTCH).

Pammycst cTyneHuaThix 670koB I W 2 paBHBI cooTBeTcTBeHHO: R, = R,
7, =08 R; R, =R, 7, =04 R. Iph BLINHCTCHHA MOMEHTOB WHepuHH 06a 610~
Ka, KONleca # KRTKK CYHTATh OMHOPOMHBIMA UHAWHIPAMK pamnyca R.

Ha cHcTeMy KpoMe CHIT TAXeCTH ReHCTBYIOT CH71a F. NpWioxeHHas 1
Teny 4 wAH 5 (ecnM Teno 5 B CMCTEMY He BXOJWT, CHUTA NpWAOXeHa B TouKe B
K Tenexke), u Mapst cun ¢ Momentamu M, u M, IpunokenHbie K GloKaM:

* Peluienenm Kaheapht Ha Beex (WIH HEKOTOPHIX) CTICUMANLHOCTAX B 3ajaHHC
N0 AMHAMuKe BMecTo 3aau LIS MOXer GhiTh BKnIodeHa 3anata 116, o e
CTYZEHTOB CROEBDEMEHHO HIBECTHT.
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[image: image56.jpg]Puc. 16.0

Puc. 116.1

Puc. 116.2

Puc. 116.3
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[image: image57.jpg]Puc. 116.4

Puc. 116.5

Puc. 116.6

Puc. 116.7
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[image: image58.jpg]Puc. 16.9

npu M < 0 MaNpaBneNHe MOMEHTA NIPOTHBONONOXHO MOKA3AHHOMY Ha pi-
cyme.

Ha yaacTke WMTH, yKasamKoM B Tabnuue B cron6ue "Tlpyscuua™, sicniote-
HA TIpyXHoHa C KOIPPUUHEHTOM KECTKOCTH ¢ (HATPHMEP, eCTK B CTONGBUE CTO-
T AB, To yuacTox AB sBneTCs MpyxXiKoR, ccnn ADT0 AD pyxHHa, KT.1L) ;
W HAYANBHBIA MOMEHT BpEMEHH Py XHHa He AeOPMHPOBaH.

COCTaBMTL Q1R CHCTCMBI ypaBHeHs JIarpawxa W OnpenenmTs W3 Hix
NOCTOTY M NepHOR KoNeGaNuR, COBEPLIAEMBIX TEIAMM CHCTEMBI NPH ¢ JBMKC-
ow

Yxazanus. 3anava J16 ~ Ha IpHMEHEHHE K H3YNCHIIO SIBMKENHA CHCTEMEL
ypasenuh Jlarpaika. B 3a1ave CHCTeMa MMeeT JBe CTeneh cBoB6OMM; cleno-
BATC/ILHO, €€ TIONOXEHHE ONpENENACTCA BYMSA 0BOBLIEHHBIMU KOOPARHATAMK
4, K4, WA Hee QOMKHBI GbiTh COCTARNCHB! ABd Y PABHEHNA.

OBo6uenHbie KOOPIAHITE MOXHO OGOINANTE q, = X M g3 = p WIK
4, %X W q, = . VIph 3TOM 32 KOODIKHATY X NPHHSTL Y ATHHCHKE NPy KHHSL,
O1CUHTLIBAEMOE B CTOPOHY TOTO W3 Ten 3, 4 WAH 5 CHCTeMB, K KOTOPOMY npy-
WHNA TIPHKPEIIEHa; HANDHMED, €CTIK DY XHHA IPHKPEILICH K Teny B Touke B
W te WIMHa B MPOMIBONEHRIA MOMCHT BpeMCHH pana AB, To x = AB = Iy, e
I, - ATHHa HeNcOPMHPOBAHHON MPYWHHLL. 32 KOOPIHHATY v NPHHATS yron
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[image: image59.jpg]Puc. J16.10

NOBOPOTa KpafHEro GROKa (3TOT GTIOK MOXET GLITL M HeBECOMbIM), OTCUH-
THIBAR ¢ OT RAYANKHOTO MONOKeHHA. ECTH B CHCTEMY Hit OHH GTIOK He BXOTHT
(exoasT nuLE Tena 4 i 5), 3a KOOPMHHATY y NPHASTH PACCTONHHE Tena 4 OT
HawanHOTO momoxenus. COOTBETCTBYIIMe NPXMEPL! NAHK Ha pHc. J16.10,
4,66

Tlpn Taxom BLIGOpe O6OGUICHHLIX KOOPAMHAT HCKOMBIE YACTOTa H Me-
PHOR KONeGaHWA MOTYT GLITh HaflZleHL! U3 Y PABHEHKA, ONIpENIEISIOLIEr0 3aBH-
cimocTe x=£(1).

lanee 1% COCTABNEHNA yPABHCHMA Halo BHIHCINTS KHHETHYECKYIO SHep-
o T cucremst (kak B 3anave JI3) # BbIpaswTs Bee BowemuHe B T CKOPOCTH
uepe3 06o6iieHHbIE CKOPOCTH X H §, €CNIH 32 06OBLIEHNbE KOOPIHHATS MPH-
HATHL X K g, WIK eped X B J, CCTH STHMM KOOPMAHATAMM ABNANITCH X i y.
3atem onpenensoTCA 0GOGIIEHKEIE CHITHI Tak, Kak 370 NOKA3EHO HHKE B IpH-
Mepe 116, e pasnACHEN BECh XON PELICHHS.

Tabnuua JI6
s
- O RO R O A I M, | Npysoa
£
o |p o [P -1 -0 0 -3PR| KE
1 |-} - | - | P 0 0 a8
2 lp o | - P -2 |o 0 AB
3 - 1- - |2 | P 0 0 BD
4 (P f— |22 | - | - |0 |-3r [ KE
s |- |2 |- Pl -0 0 2R | 4B
6 (P |0 |- 2 | - | o |2 0 AB
7 |o |2» | P -l -1o0 [ -2PR.| KE
8 |o|p” |- 2 | - |o |3 0 AB
9 l-lo I - e |l3r]o 0 4PR BD

s
3




[image: image60.jpg]Puc. 116

Tpumep [16. Mexannuecxas cucrema (pc. JI6) cocromt ua Gapabana /
puyca R, K KOTopoMy NpHIOKeH Mapa ciit ¢ MomeHTOM M, Tenexan 2
W KaTKa 3 (6apaban W KaTok O/HOPOMMBIE WATHHIPH); Beca BCeX Ten pan-
Wt cooTpeTcTBento P,, P,, P,; Becom Konec Tencxkin npee6peracm. Tenex-
KA coeitMiicKa ¢ 6apaGaHoM HAMOTaHHOM Ha HETO HKTHIO, 3 € KATKOM — NIpyX-
WOR BD; KOSGHUMEHT KeCTKOCTH MPYXHHBL paeK ¢. CHCTEM HAWAHACT Bk~
MClIME W3 COCTOSMMA NOKOR; MPYXHMHA B 3TOT MOMEHT HC AcPOPMHPOBAHA.

Nano: R c, P, =2P, P, =4P,P, = 2P, M=4PR, a= 30"

Onpemennth uactory K M MepHod 7 KoneBanR, coBepLIACMLIX Te-
NAMK CHCTEMLI NH €€ ABHKCHMUH.

Peuwesne. 1. JU1A pellienns 7212k BOETIONBIYeMEA Y anHeHHAMH Jlarpan-

Xu. PACCMATDHBAEMAA CHCTEMA WMeCT IBe CTeneh croGoat. BhiGepem B ka-
WeCTHe 0BOBLICKHLIX KOODIMHAT YIUTHHEHHE TIDYXHHBI X W YTON MOBOPOTa Ga-
pubuis ¢ (@, = x. q; = v). Torna ypasHenns Jlarpanxa GyayT uMeTs Bui:

a4 (o1 T a4 [aor aT
dr (ai )' w % g (?f) T CO o

2. Onpenenum KHHeTHUECKYI0 IHepriI0 T CHCTEMB, PABHYIO CyMMe JHep-
A Beex Ten:

TeT, +T,+T, @

Tax Kax 6apaGin BPAWAETCA BOKPYT HCMOABHXHON OCH O, TenexKa IBH-
KCTCH TIOCTYTATENLHO, & KATOK ~ MIOCKONApATNENEHO, TO

T,= 2 = Ipwl [6)
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[image: image61.jpg]roe I, = (P, /29) R?, Ip=(P,/28) R} (R, - pamayc katka J).

Bce BXOMMWME O3 CKOPOCTH HANO BMIPAINTE Neped 0GOGLEHHbIe
CKOPOCTH X 1 §. OueBHIHO, ¥TO W, = ¢, v; = Rw, = Ry. Jla onpenenc-
HHS up) PACCMOTPHM [IBHKEHMHE KATKS KaK CIOXHOE. YUHTBIBAA, 4TO X ONpe-
HeARET NONOKeHKE TOUKH D O OTHOLICHHID K TEAEXKE, HONYSHM ]y = T +

+ oppP, re uncnenwo vl = X, v = v, = Ry. Torma npunmas Bo aHHMz-

e, %0 mpy BO3paCTaNIN X v SXopOCTH TGY TP ampaneHs B pasnite

CTOOHM i 0 Touka E /U1 KATKE ~ MIHOBCHKBIN LCHTP CKOPOCTeH, NOAYMM

w _w iR

ED R, R,

vp=¥-Rp w, =

FloncTasnas Bee HARACKHBIC 3HAYCHHA CKOPOCTCR W IHaucHM [, W Iy B
pasencTea (3), nOnYuHM CrenyIOwMe Bhipaxenus 1a T, T,. T,.

LR . P
T oo R Tiegn R
3 p, 3 P . .
T,=2. 03 a2 D3 i Royt.
S r e T GoRD

Torna papenctso (2), ccnn yuecTs. wro P, = P, = 2P, a P, = 4P, oxonia-

TenwHo maer:
P . v B
T=— (4R¢* ~3Rgx + = x7). 4)
. (4R or + == x%) g
Otciona HaxoaHM
a7 _ P PR Y 4
- = (-3Rg+3%), —
PRI ax
aT P s . AT
— = — (8R'¢=3Rx), )
LI 4

3. Teneps onpenenum oGoGuickssic cunst Q, u Q,. MaoBpaxacm AchcT-
ByloUIMe A CHCTCMy KTHBHBIC CUNBI: CHABE TakecTn P,, P,. Py. cunst ynpy-
roctn F ', rte uenenno F= F* = cx, # napy ¢ MomeHTom M.

) Jlna onpertenienus Q, COOBLIAM CHCTEMe BOIMOXHOE MepeMeLichHc.
MPH KOTOPOM KOOPAMHATA X NOAYHACT MPHpAWicHue 5X > 0,2 ¢ He MIMCHA-
eTcsl. T.e. 5 = O (Gapaban NpH TAKOM NCPEMElUeHHH HE NOBOPAuMBICTCA
M Tenexxa He nepemeinaercs). Torna MCMCHTapHYIo paGoTy COBCPUIAT TOAb-
ko cuni Py w F: yura wto P, = 2P. nonyunm wia oToft paGoTi IHavcHMe

8A, = P,sin 30° - 5x — Fox = (P~ cx) 6x. 6)

6) flas onpenenchist Q, cOOBUINM CHCTEME BOIMOXHOE MEpeMeLLEHKe,
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[image: image62.jpg]1P KOTOPOM KOOPAKHATA ¢ MONYy¥aeT Npupalenne 5y > 0, a X He HIMEHACT-
¢, T.c. 6x = 0 (NPYXHHA NIPH TAKOM MeEPeMELUeHNH CHCTEMBI HE M3IMEHSCT
emoeh aannbn). Torna Tenexkka u UeHTp D KaTKa NONYyYaT ONMHAKOBRIE Niepe-
Mellicnia s, = 85 = RSy u aneMeHTapHas paGoTa BeeX ACHCTBYIOLUMX CHIE
Oyitet panna

8A, = Méyp — P,sin30° + &5, — P,sin30° - 8sp — F'és, + Féspy.

JaMcHAA 30eCh BCe BENWYHHBI UX 3HauEHWAMM, Halllem B pesynbrate,
4o

84, = (M- 0,5P,R - 0,5P,R) 6= PR5¢. )

Koadduunentsr npu 5x 1 59 B paenctsax (6) u (7) 4 GyayT Hecxombr
MH 0606LIEHHBIMH CHNAMH. ClielOBATENBHO

Q,=P-cx, Q,=PR ()]

lloncraBnsasn Benuunkbl (S) ¥ (8) B ypaBHewusa (1), nonyuum cneayio-
ke 1 depeHIHANBHEIC Y PaBHEHHA NBHXCHUA CHCTCMBI:

P P P . i
Y (-3R?p+3x)=P - cx, — (BR*yp - 3Rx)=PR. [©)]
4

4. Uro6bl onpenennts k U7, HCKIKYMM M3 ypaBHeHn# (9) ¢ Ins aroro
yMHOXHM 06e 4acTH NepBOTO M3 ypaBHeHkit Ha 8¢, a BToporo — Ha 3g/R u cno-
WMHM TOWICHHO NoNy4eHHble paBcHCTBA. B pe3ynbTare NpHAeM K Crielly lowemMy

IMdipepeunanbHOMy ypaBHeHnIO cBOGOHBIX KoneGaHui 15PX = 11Pg - Bcgx
W

.- 11
x+k’x=l_g‘ roe k?= —— ., aom

W3becTHo, yTo Korna ypasHcHue npuscieo Kk suny (10), 7o k B Hem
NBNIRETCA KPYFOBOA 4acTOTOR, a NepHoll 7 = 2n/k. ClenoBaTeNntHO UCKOMEIE
BCTHYHHBL HMCIOT JHaYCHMA:

k=/8cg/1SP, 7= 2n/k=2n/15P8cg.




