OIlA.®.02.04 MPUKJIA/ITHASI MEXAHUKA
YACTbB 1. MEXAHUKA HEAE®OPMUPYEMOI'O
TBEPAOI'O TEJIA
Pabouas nporpaMma, 3aiaHus Uil pacdeTHO-rpadyuyecKux padoT
C MPUMEPAaMH PEIICHHUs AJIs1 CTYIEHTOB 3204HOT0 00Y4EHHS



BBEJIEHUE

Ob61me 3aMevYaHnda

Hucnununa "[pukiaanas mexanuka' siBjisieTcst OCHOBOIH ecTecTBeHHOHA~
YUHOH, 00TIeTeXHUYeCKO# 1 00IenpodecCHOHAIBHON MOITOTOBKN WHKEHePa
nozKapHoit 6ezomacHocTn. OHA TeCHO CBSA3aHA ¢ APYTUMU MaTeMaTHIeCKIMU,
eCTECTBEHHOHAYUHBIMU W OOIIENpOodhecCnOHaTLHBIMI TUucTUInHaMu: " Boic-
mag mMarematuka', "Undopmaruka", "®usnka", "Unxkenepnas rpadguka’,
"MatrepuaJjoseienne u Texuojorus marepuajos, " leraan mammn".

Hucnummmna "l[pukinagnas mexanuka'cocTouT U3 ABYX dacTeil, TepBoii
U3 KOTOpBIX maydaercs dacteb 1 Mexanuxa wededpopmupyemozo meepdozo
meaa. B Heil paccMaTpuBaIOTCs BOMPOCH CTATUKU, KUHEMATUKN W TTHAMUKY
MeXaHUIECKIX CUCTEM.

Nzyuenue [-oit wactn 3akamauBaeTcs auhbepeHImpOBAHHBIM (¢ OIEHKO )
3aueTOM, Ha KOTOPOM CJIyIIaTe /b JIOJKeH
3HaTh:

— MOHATHUS, ONpe/le/IeHNs], aKCHOMBI I OCHOBHBIE 3aKOHBI MEXaHUKU;

YMETh:

— ONpeJIeIITh KNHeMAaTHIeCKHe XapaKTepUCTHKU TOYeK W TBEPJbIX TeJ MpU
Pa3JIMYHBIX CIIOCODaX 3aaHus UX JIBUKEHUS;

— COCTaBJIATE pacdeTHbIE CXeMbl HECYITIX KOHCTPYKITUI, MCCJIeI0BATH UX PaB-
HOBeCHe TIPHU PAa3JIMYHBIX CJIydasdX MPOCTPAHCTBEHHOW OpUEHTAITUW CHUCTEM
CULT;

— HCCIeJIOBATH TTOBEIEHNE MaTepPHAJIbHBIX CUCTEM B MPOCTEHITUX CIydasix;
UMeTh Mpe/icTaBJIeHUE:

— 0 MeTO/IaX M3YUeHUs CJOKHBIX MEXaHUIECKIX CHUCTEM.

st u3ydenus mpejiMera HeoOX0MMO HUMETh JOCTATOYHYIO MaTeMaThde-
CKYIO TOJINOTOBKY. B JUCHUIIINHE TMPOKO UCIIOIB3YeTCss BEKTOpHAas ajred-
pa, MO3TOMY HEOOXOMMO 3HATh, KaK BBIYHUCIAIOTCH MPOEKITMN BEKTOpa Ha



KOOD/IMHATHBIE OCH, KAK AHAJUTUIECKH U TeOMeTPUIECKH ([IOCTPOeHNEeM ) Ha-
XOJIUTCST CYyMMa, BEKTOPOB, KaK BBIUUCISIOTCA BEKTOPHOE U CKAJSAPHOE TIPOW3-
BeJIeHUsT IBYX BeKTOopoB. HeoGxommmo Takzke ¢BOOOHO MOJIB30BATHCS CHCTE-
MO IPSAMOYTOJIBHBIX JIEKAPTOBBIX KOOPJUHAT, YMETh UCCJIC0OBATE [TOBEJICHIE
GyHKIMHI U cTpouTh UX rpaduku, yMerhb juddepeHnnpoBaTh GYHKIHN, a
TaKKe HaXOJUTh OTpe/ieleHHbIe W HeoTllpeiesleHHbIe HHTerPaJbl OT MPOCcTeli-
X QyHKINA.

Nsydarh MaTepras peKOMeHyeTcs Mo yaeOHuKaM (MX CIHUCOK TTPUBOJIIT-
cst Ha ¢Tp. 10 mocobust ), OpUEHTHPYSICH Ha MPUBOUMYIO HUKE PADOTYIO PO~
rpammy. Ocoboe BHUMaHHE HEOOXOJAUMO 00PATUTh Ha (DOPMYJIUPOBKU OTIpe-
JIeIeHU U TeopeM, B HUX CYIIECTBEHHO KarKjI0e CJIOBO. 3ayduBaTh WX Ha-
U3YCTh HE CJIEJYET, JOCTATOYHO TOHATH CMBICH, & TaKyKe YMeTb HU3JI0KHUTh
CYTb OIpejie/IeHUs] UJIM TeOPEMbI CBOUMH CJIOBAMHL.

Heobxommmo mpuobpecT HaBBIKK perienus 3agad. 1 sToro, m3ydns
TeopeTHUecKHil MaTepraJsl Kakoi-Tubo TeMbl, Ha 10 00s3aTe/IbHO pa30dpaThest
B [IPUMEpaX, MPUBEJICHHBIX B HACTOSIIEM METOIUUECKOM MOCOOHH, & TaKKe B
JIPYTUX YIeOHNKAX U y9IeOHBIX TTOCOOUSX, YKA3aHHBIX B CIMCKE JUTEPATYPHI.

Pabouas nporpamma aucnuiinebl "Ilpukaagnas mexaHuka'".
Paznen . Mexanuxa nedepopmupyemozo meepdozo mena

BBenenmne

MecTo MexaHWKHU cpejil ecTeCTBEHHBIX HayK. PoJib MeXaHUKH B TeXHHUKE.
CTpyKTypa COBpeMeHHOIl MexXaHUKH. PoJib OTedecTBEHHBIX U 3apyDerKHBIX
yUeHBbIX B Pa3BUTUM MeXaHUKH.

Tema 1. OcHOBHBIE TIOHATUS CTATUKU

Abcomorno TBepyoe Teno. Cuja, SKBUBAJEHTHBIE CUCTEMBI CHJI, PABHOJEH-
crBytomas. Cujibl BHElTHWE W BHyTpeHHUe. CBS3M W CUJIbI pPeaKinii cBsa3eil.
Axcnombl ctaruku. MOMEHT CHUJIbI OTHOCUTENBHO TOUKHU. [JTaBHBIM BEKTOD
W TJIABHBII MOMEHT cucTeMbl cuJj. Teopema BapuHboHa JJisT CUCTEMBI CHJI,
MPUJIOKEHHBIX K TOUKE.



Tema 2. Teopus map cui

[Tapa cui. Teopema 0 cymMme MOMEHTOB CHJI, 00PA3YIOIINX Hapy, OTHOCHTEIb-
HO 1eHTpa. MoMeHT maphl cujl Kak BeKTop. TeopeMbl 00 9KBUBAJCHTHOCTH
nap. CjyoxxeHnue nap. YCJIOBUsI PABHOBECHS CUCTEMBI T1ap.

Tema 3. IIpousBosibHasI cuicTemMa CHJI

Teopema o mapaJiesbHOM tepernoce cil. OCHOBHAsSI TeopeMa CTATUKHU O IIPHU-
BEJICHUN CHCTEMbI ¢IJI K HeHTPY. Kitaccudukaliys cucreM cujl. YCJIOBUs paB-
Hopecusi. Teopema BapunboHa Jij1st IpOU3BOJIBHOM crcTeMbl cuil. Cxomsiasicst
cucTeMa CIJI;, YCJIOBHS paBHOBecHus. [[mockas cucTema ciit; yeJIoBHs paBHOBE-
cusi. Haxox ienne peaxiuii ¢Bsizeil pu JefiCTBUM Ha TEJIO IJIOCKOM CUCTeMbI
cui1. PaBHoBecne KOHCTPYKIIUI, COCTOANINX U3 HECKOJIBKUX Tes1. CraTniecku
onpejie/IIMble W CTATUUECKH HeolpeaeuMble KOHCTPYKIMH. MoMeHT cHuibl
OTHOCUTEJIBHO OCH. YCJIOBHUsI paBHOBECHSI IPOCTPAHCTBEHHON CHCTEeMBI CHII.
Haxoxk ienne omopHBIX peakluil MPOCTPAHCTBEeHHBIX KOHCTpyKuuit. Ilpuio-
KeHUd K MOKapHOU TexXHUKe.

Tema 4. llenTp napaJ/aesbHbIX CUJ U HEHTP TIXKECTU TeJia
Ycs10BUST paBHOBECHST CHCTEMbBI MapasiebHbIX cuJl. LleHTp mapasienbHbIX
cui. DopMyJibl Il Olpejle/ieHusT KOOP/MHAT I1eHTpa NapaJijie/IbHbIX CHUJI.
[leHTp TsKecTH Tej1a, CrocoObl ero HaxXoxK ieHusd. CTaTuIecKnii MOMEHT T1JI0C-
KOil burypsnl. IIpumepsl U3 moKapHOi TEXHUKH.

Tema 5. KunemaTtuka To4Ykn

BekTopHbIi crtocod 3aaHus ABUKEHUs TOUKH. T paekTopus TOUKU. BekTop
CKOPOCTH M BEKTOD YCKOpeHUsT TOUKU. KoopguHaTHbII criocod 3a aHus JIBY-
»kerns Touku. Onpejesienne TpaekTopun Touku. Orpejiesiene cKOpocTH U
YCKOpeHMsl TOYKHU 110 UX MPOEKIUsAM Ha KOOpJAMHATHble OCU. FKcTecTBEeHHBbII
CTIOCO0 3a/1aHWsT JIBUKEHUS TOUKU. AJTredpandecKas BeJIMINHa CKOPOCTH TOY-
ku. OtpejiesieHre YCKOPEHUsI 110 ero MPOEKITM Ha OCH €CTeCTBEHHOTO TPeX-
IrpaiiuKa — KacaTeJbHoe U HOPMAJbHOE YCKOPEHWs TOUYKH.

Tema 6. IIpocTeiinine Buabl ABUXKEHUS TBEPIOro TeJia
[TocTynaTebHoe nBUZKEHHE TBEPIOrO Teja. leopemMa O TPaeKTOPUSIX, CKO-
POCTSX U YCKOPEHUAX TOUeK Teja MpHu MOCTYIaTelbHOM JABUKeHuH. Bparra-
TeJbHOE ABUZKeHUE TBEPAOro Tesa, ypaBHeHne BpalaTe/IbHOTO JBUZKEHUS Te-
Jia. YTJoBasi CKOPOCThb U YIJIOBOE YCKOpEHUe Tejla, UX MpejicTaB/IeHre B BU/le
BeKTOpOB. Haxoxenmne ckopocreit 1 ycKopeHuit Touek TeJa.



Tema 7. ITnockonapaJsuiesibHOe (IIJI0CKOE) NBUYKEHNE TBEP/IOTO TeJla
[LnockomapasiieibHoe JIBU2KeHHe TBEPJOT0 Teja W JIBUZKeHue TLIOCKOH (hu-
I'ypbl. YTJIOBasi CKOPOCTh M YIJIOBoe yckopenue. CUBA3b MeEXK/Iy CKOPOCTSAMHU
JIBYX TOYEK TLIOCKOW hurypsl. Teopema o mpoekiusgx ckopocreil. MruoBeH-
HBII 1IeHTP ckopocTeil. OrpejiesieHne cKOpocTell ToYeK IJI0CKOH (hUTyphI ¢
TOMOTI[bIO MTHOBEHHOTO TeHTpa ckopocteit. Onpejesienue ycKOpeHUit Touex
MJIOCKOH (PUTYPBI.

Tema 8. [IpousBoJ/ibHOE ABU2KEHUE TBEPAOTO TeJa

Cdpepuieckoe aBUKeHHE TBEPAOTO Teja. [[oHATHE O MTHOBEHHOM OcH Bpa-
IIeHUsT 1 MIHOBEHHOM yIJioBoil ckopocTu. DopMmyita Diiepa st cKOpocTei
TOUeK Tejia Mpu cepudeckoM aprkenun. [Tonsrtue ob obmiem ciydae JBU-
JKeHUd TBEPJAOro TeJia.

Tema 9. CiroxkHoe IBU>KeHNE TOYUYKN

CucreMbl oTcuera. ADCOJIOTHOE U OTHOCUTEIbHOE JBUKEeHUsT TOUKU. ADCo-
JIIOTHBIE, OTHOCUTEIbHbBIE U IIePEeHOCHbIe CKOPOCTU U yCKOPeHUsT ToOUKu. Teo-
pema o cioxKeHuu ckopocreii. Teopema Kopuosinca o cj102KeHHH YCKOPEHHIl.
KopuosmcoBo yckopenue, ero naxoxjpenue. [Ipumenenne noHsaTHit ¢J10:KHOTO
JIBUYKEHHS [IPU U3YUEeHUN CIelUaIbHBIX JUCIUILINH.

Tema 10. /luHaMuKa MaTepuajibHON TOYKU

3axonbl jguHamMukn Lagmnes-Heiorona. /IBe 3a1a4uu UHAMUKN MaTepUaJIb-
HOlt Touku. [InddepeHinaibable ypaBHeHNs JBUKEHNST CBOOOTHON U HECBO-
OojiHoOl MarepuasibHoll Touku. Hadajbhble yeiaoBus. OTHOCUTETBHOE JIBU-
JKeHre MaTepuaJbHoil Touku. [lepeHocHast U KOPHOJIUCOBA, CHJIbI MHEPIUH.
[IpuHIIUI OTHOCUTEILHOCTH KjaccudecKoil mexanuku. Ciydail OTHOCHTE b
HOT'O TTOKOSI.

Tema 11. MexaHnveckas cucreMa

Mexanmnyeckasi cucrema. Kiaccudukanuss cui, JeHCTBYIONINX Ha MeXaHH-
yeckyto cucremy. CpoifcTBa BHyTpeHHNX cui. Macca cucrembl. LeHTp Macc
CUCTEMBI, PAJNYC-BEKTOP U KOOPAUHATHI IeHTpa Macc. MOMeHT nHepIun OT-
HOCUTEIBHO ocu. Pamnyc nnepiun Tena. Teopema 0 MOMEHTaX MHEPUIUH OT-
HOCHTEJIbHO MMapaJjiiebHbIX oceil. [J1aBHbIe IIeHTpabHble OCH WHEPLINUN TeJla.
MoMmeHT nHepIUHU Tejga OTHOCHTEIBHO IJIOCKOCTH U roJjoca. [IpuMepbl BbI-
YUCJIEHIS MOMEHTOB MHEPIINH.



Tema 12. Ilpuanun damambepa

Cuel wHepH MaTepuabHoi Toukw. [lpunmun lagamOepa s MaTepu-
AJILHONM TOYKHM U MeXaHUIecKoi cucrembl. [IpuBejenune cui MHEPIUH TOUYEK
TBEPJIOTO TeJia K [EeHTPY, MVIABHBI BEeKTOD U IJIABHBLI MOMEHT CHUJI MHEePIUH.
UcnonpzoBanne npunnuna Jlagambepa s HAX0XKIEHUsT IMHAMUYIECKHIX De-
aKknuii cazeil. [IpuMeps! U3 MOXKapHOM TEXHUKH.

Tema 13. OO01iee ypaBHeHHe TUHAMUKU

DuieMenTapras padora cujbl. PaboTa cuiibl Ha KOHeYHOM TepemMernienun. Pa-
60Ta CUJIBI TAXKECTH, CHJIBI YIIPYTocT. Mexannieckue cBsI3u, HajlaraeMble Ha
cucTeMy. Bo3MoKHbIe TTepeMelennsi MaTepuaJIbHO TOUKH U MeXaHMIeCKON
cucTeMbl. Jucesio creneneit ¢cBoboibl. Pabota cuit Ha BO3IMOXKHOM TIepeMelrie-
aun. Uneanbabie cBstzu. Obiee ypaBHeHHe IUHAMUKH (IPHHINI Diigepa-
Jarpamxa-/anamoepa). TIpuniun Bo3sMOKHBIX mepemertenuii. [Ipumenenue
00111er0 YpaBHEHWS IUHAMUKHY JIJIs PAacdeTa IBUKEHUST MEXaHTIEeCKIX CHCTEM
(B wacTHOCTH [JisT pacdera JBHKEHUsI TPOTHBOTIOKAPHOTO 3aHaBeca). [1pu-
MeHeHue MPUHITNIA BO3MOYKHBIX MepeMenleHuil s ompee/eHus peakITiii
CBeA3eI.

Tema 14. VpaBHeHud Jlarpan>ka 2-ro poja

Kunernueckas sueprusg Mexanudeckoit cuctembl. DOpMyJIbl T BLITUCTIE-
HUS KUHETHICCKOUW SHepruu TBeporo Teja. O0obIeHHble KOOPAMHATL CH-
cTeMbl, 0O00ITeHHbIe CKOPOCTH. BhIpaKenue sjeMenTapHoil paboThl CHJT de-
pe3 obodImennbie mepeMertienns. O00OIeHHbBIe CUITBI U UX Bhluucenue. nud-
deperaTbubIe YpaBHEHNS JIBUZKCHUS MEXaHUIECKOW CUCTeMbI B 0D00IIeH-
HBIX KOoOpjuHaTax (ypaBHenus Jlarpamxa 2-ro pojga). HadasibHble ycioBus.
uddepennmraabuble YpaBHEHUST BPAIIATeILHOTO W IJIOCKOMAPAJICIHLHOTO
JIBUZKEHWs TBepioro Tena. Isukenne 6aaku npu odopymennn. [punmun a-
mubToHA - OcTporpajckoro. Majbie ¢cBoboHbIEe KOTeOanns MeXaHMIeCcKOi
cucteMbl. CobCTBEHHBIE ACTOTHI U (DOPMBIL. DJIeMeHTapHast Teopus yIapa.

Tema 15. O611IMe TeopeMbl AMHAMUKN

Teopema 0 IBMZKEHUHN I[EHTPA MACC MeXaHUIecKoi cucreMbl. Teopema 00 13-
MEeHEeHHH KOJINIeCTBa JIBUKEeHIS CHCTeMbI, UMITYJIbC cujibl. Teopema 00 nzme-
HEHUN KUHETHIEeCKOTO MOMEHTa, CHUCTeMbl OTHOCHUTEJBLHO TOYKH U ocH. Teo-
pema 00 M3MeHeHNN KMHeTHIeCKOH SHEePruu CUCTeMbl. 3aKOHBI COXpaHEeHUs.
[Ipumenenne oOIIMX TeopeM AMHAMUKKI CUCTEMbI JIJIsl HAXOXK/IeHUs XapaKTe-
PUCTUK TOXKAPHON TeXHUKHU. DJieMeHTapHas TeOpusl TUPOCKOIIA.



Bui6op BapuaHTa 3aJaHUS

B uwactu [ kypca npukiaHoil MexannKky U3yJdaioTcsd TpU pasjesa:; cTaThKa,
KHHeMaTHKa U JTHAMUKA. B cOOTBETCTBHM ¢ yIeOHBIM TIJIAHOM 00y JIaloITecs
JOJIZKHBI BBITIOJIHATE [[Be pacderHo-rpacudeckue padborst (PI'P).

B nepgoii PI'P neobxogumo pemurs 3ananust 1, 2, 3, 4, 5 u 6 u3 HacTOsIIIE-
ro nocobust, Bo Bropoit PI'P — 3ananus 7, 8, 9, 10 u 11. CpoKu BBINIOJIHEHUSI
PT'P onpesenenbl yueOHBIM TLIAHOM.

K kaxgomy saganuto gaercs 10 pucyHKOB (MCK/IOUEHHE COCTABJISIET 3a-
JTaHue 1: K HeMy DHCYHKOB HeT, U 3ajaHue 9: K HeMy JaeTcst OJUH PUCYHOK )
1 TabJInIa, cojlepKaliast JTOMOTHITEIbHBIE K 00ITeMy TeKcTy ycaoBusd. Tab-
JIUIA TMEEeT TOT YKe HOMep, 4TO U 3aJlaHne, a HyMepalius PUCYHKOB JIBOHHAs,
HanpuMep puc. 4.7 — 3T0 PUCYHOK 7 K 3aJlaHuio 4.

BapuanTt 3ajanus onpejieaseTcss COBOKYITHOCTBIO TpexX IUdp, YCJIOBHO
obosnadaemoit 6yksamu ABB Tak, uTo nepoii mudpe cooTBeTCTBYET OYK-
Ba A, Bropoii — B, a tperneit — B.

Caymarenb 3a0uHoro ¢akyaprera BapuanT ABB Buibupaer uz Tabauuyw
ewbopa sapuanma zadanus (c. 11-14) mo tpem mocseanuMm mudpam HOMe-
pa cBoeit 3auernoii kumkku H3K. Ecou H3K>499, To npeasaputesbio u3
HOMeEpa 3a4eTHON KHUKKU cieayeT BbidecThb H00.

B raduiax uexXoHbIX JAHHBIX B JIEBOM CTOJIOIE CTOST HOMepa CTPOK, a
oykBamu A, B nim B momedens! cHu3y ocrajbhble cToJONBL. V3 KaxK1oro
crojib1a GepyTest JaHHble (ducia, GYHKIM), CTOAIIIe B TOH CTPOKE, HOMEep
KOTOPOI COOTBETCTBYET OYKBE CHU3Y.

[IpuBegem mpumep BbIOOpa BapuaHTa 3 aHUMl s CIyIIATe s 3a0THOTO
daxyspTera, y KoToporo HoMep 3adeTHoi KHvzkKku — 990507, Tpu nocsteinue
g pbl HoMepa — 507 pator duc/io, dosbiree 499, mosromy u3z 990507 BbIUM-
taeM 500, momyuaem gucao 990007, orkyna H3K=007. U3 radaursr Bubop
sapuarma 3adanus Haxogum ABB=342, t.e. A=3, B=4 u B=2. Teneps npu
BBITIOJIHEHUH, HAIPUMeD, 3aJaHusd 2 HeOOXOAMMO U3 TadJ. 2 BRIOpaTh HOMEp
PHCYHKa Ha repecedeHnn crTojbdia Homep pucynka n CTPOKH 3, MOCKOJIBKY
cToJiber] ToMedeH cHu3y OykBoit A=3. AHAJOIMYHO OIMUCAHHOMY BBIOMpaeM
ocTaJIbHBIEe JaHHBIE K 9TOMY 3aaHnio. /[y HArIsAIHOCTH OHM 3aKJII0UeHBI B
TabJ1. 2 B (pUrypHBbIE CKOOKH.

[Tpu BBIOIHEHHH PADOTHI HEOOXOUMO YUECTh CJIeAyiolee. BoybInHCTBO
PUCYHKOB JIaHO 0e3 co0JIojieHusT MaciiTada. Beerja cauraeTcs, ecjim He Oro-
BOPEHO MTPOTUBOIOJIOKHOE, ITO BCE HUTH (BEPEBKH, TPOCHI) SBJISTIOTCST HEPAC-



TS>KUMBIMH, HEBECOMBIMHU, HJeaJbHO TMOKHMH; HUTH, [EPEKHHYTble depes
OJIOKH, & TakyKe HaMOTaHHbIe Ha KATKH WU Kojeca, He MPOCKAJIb3bIBAIOT;
KaTKH M KOJieca KaTsaTcs 10 ILJIOCKOCTsM 0e3 NpocKaJsib3biBaHus. Bee ¢Bsisu,
ecJIM He cKa3aHO WHOe, CUUTAIOTCA e bHBIMU.

Korna Ha pucyHKe 3BeHbsI MEXaHU3Ma ITPOHYMEPOBAHbI, TO B YCJIOBHUSIX 3a-
Jlad ¥ B TaOJUIAX JaHHBIX BeTuIuHbl Py, {1, Ry, r1, w1, €1 1 T.II. OTHOCATCS
K Tesy 1; aHaJOrudHO BeJUUMuHbl Po, fo, Ry, 79, wo, €9 — K TeJIy 2 U T.JI.
Vi, ap 0bo3Ha"aOT CKOPOCTHL U yeKOopeHnue ToUkd B a Vo U ac — cKopocTb
u yckopenue Touku C'.

Crenyer UMeThb B BHJLY, YTO HEKOTOPbIE U3 3aJaHHBIX B TAOJIHUIIAX BEJTUINH
IpU PelIeHnd 3a/1a9id KOHKPETHOTO BapuaHTa MOTYT He MOHAJI00UThCS, T.e.
oKazaTbcd JUITHIMU. HeoOXomumo BHUMAaTENbHO PaszodpaThbcs ¢ yCJIOBHEM,
0TOOPAB U3 TAOJUIBI TOJBKO TO, YTO OTHOCUTCS K KOHKPETHOMY BapHaHTY.

TpeboBanus, IpeabsBJIsieMble K COAePXKAHUIO 1 0(POPMIIEHUIO
pacueTHO-TpadruidecKnx padoT 1Mo MPUKJIaTHON MexXaHUKe

Kaxkast KOHTpoJibHas padoTa BBITOJTHAETCS B OT/e/bHOM TeTpajaun 12-18
CTpaHUI] WM Ha cOPOIIIOPOBAHHBIX JHucTax dopMata A4, ¢cTporo 1o Bapu-
AHTY CBOEro WHJIMBUIYAJBLHOTO IHpAa.

Bce crpanuiibl J0JKHBI UMETH 11oJisd 20-25 M.

[lepen BbIMOIHEHWEM 38 1aHUs HEOOXOJIUMO 3aIcaTh €ro yejJoBUe, BhIOpaH-
Hble MCXOJ/IHbIe JaHHBble W B COOTBETCTBUM C HUMU M300PA3UTh PAcIeTHYIO
CXEMY.

Pemenne 3amnucoisaercs HOﬂpO6HO N aKKypaTHO CO BCEMU BbLIYMCJICHHAMMU,
BCIIOMOT'aTe€JIbHBIMU Y€pTexKaMi U I[MOACHEHHUAMU.

PacuerHble cxeMbl DHCYIOTCsT KPYTTHO Ha OTJIeJILHOI cTpaHuIie (Ha pa3sopore)
¢ TIOMOTIBIO YePTEXKHBIX MHCTPYMEHTOB, CTPOTO B MacIlITabe, ¢ yKazaHneM
BCEX pPa3MepOB, YHCIOBBIX JIAHHBIX M OcCeil. YTJIbl JIOJKHBI BbIUE€PUNBATHCS
TOYHO C MCIIOJIB30BaHUEM TPaHCIIOPTUPA.

UcnipaBienus mocie MpoBepKH IperofaBaTeseM 3alcbiBaiorTcs B Konte PI'P
Ha JMCTBIX JUCTaX (& He B TEKCTe DeIleHus ), Wil B OTAesbHOl TeTpaju. [o-
METKH TIpernojaBaTess He youpatorceda. CaeayeT UMeThb B BHLY, UTO TPEToia-
BaTeJIb IIPU IIPOBEPKe PabOThl OTMEYAeT, KaK MPaBUJIO, JIUIIb MECTO MOsIB/Ie-
HUS OIMTUOKN U ee XapakKTep.



PazobpaBiinch 1o yuebHUKY ¢ TeOpeTHIeCKUM MaTepPHaJJIoOM, CIYIIaTe b 101
JKeH UCIPaBUTH JOMYIIEHHYIO ONTUOKY, a 3aTeM BHECTH HCIPaBJEHHUS BO BCe
pacyeThbl, OKa3aBIIecs: OIMOOYHBIMY, HAUYNHAS ¢ MECTa TOSBIEHUST OIITHOKH
U JI0 KOHIIA PelleHus 3a/a4u.

K pabote, BbichbLIaeMoil Ha TTOBTOPHYIO MPOBEPKY, B 00g3aTETLHOM TOPSIIKe
JIOJIZKEH MPUJIAraThesl ee TePBOHAYAJIBHBIN (He3aUTeHHbIH) BADUAHT.

Pa60ma, HE coomeemcecmaeyrouLad C60EMY sapuarmy, usU 8bNOAHEHHAA C
Hapywernuem U3A0HCEHHBLL mp€6060,HUﬁ, HE 3aMUMDBIBACTNCA U 6038PAUWLACTI-
C ONA UCNPABNAEHUA.
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Tabnauna

Tabnuia BeiGopa BapuanTta sajgannsg (H3K=000 + 124)

H3K ABB | H3K ABB | H3K ABB | H3K ADBB | H3K ABB
000 054 || 025 500 || 050 630 | 075 278 | 100 914
001 203 || 026 931 || 051 399 | 076 724 | 101 493
002 145 || 027 754 || 052 918 | 077 387 | 102 285
003 117 || 028 733 || 053 485 | 078 614 | 103 509
004 665 || 029 610 || 054 725 | 079 967 | 104 173
005 700 | 030 868 || 055 551 | 080 629 | 105 947
006 527 || 031 621 | 056 526 | 081 189 | 106 252
007 342 || 032 926 || 057 551 | 082 733 | 107 456
008 167 || 033 332 || 058 129 | 083 295 | 108  R12
009 152 || 034 649 || 059 049 | 084 &59 | 109 336
010 376 || 035 279 || 060 185 | 085 559 | 110 349
011 684 || 036 258 || 061 736 | 08 886 | 111 115
012 082 || 037 161 || 062 170 | O87 843 | 112 408
013 897 || 038 068 | 063 075 | 088 181 | 113 421
014 217 || 039 717 || 064 246 | 089 510 | 114 346
015 383 || 040 301 || 065 384 | 090 &9 | 115 694
016 098 || 041 096 | 066 660 | 091 734 | 116 901
017 172 || 042 232 || 067 871 | 092 183 | 117 502
018 966 | 043 746 | 068 582 | 093 483 | 118 737
019 543 || 044 106 || 069 405 | 094 734 | 119 509
020 584 || 045 096 || 070 539 | 095 713 | 120 368
021 809 || 046 452 || 071 065 | 096 289 | 121 366
022 072 || 047 582 || 072 838 | 097 547 | 122 122
023 905 || 048 719 || 073 729 | 098 532 | 123 039
024 354 || 049 779 || 074 762 || 099 475 | 124 035

[Iponoszkenue Ha caenyromelt cTpaHuIe
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[Ipononxkenue TabaUI b

Tabmmra Beibopa BapuanTa s3aganus (H3K=125 + 249)

H3K ABB | H3K ABB | H3K ABB | H3K ABB | H3K ADBB

125 114 || 150 040 | 175 835 | 200 070 || 225 131
126 769 || 151 576 | 176 433 | 201 717 | 226 234
127 764 || 152 366 | 177 678 | 202 327 | 227  &0%
128 517 || 153 627 | 178 523 | 203 345 | 228 784
129 435 || 154 518 | 179 345 | 204 077 || 229 936

130 127 || 155 430 | 180 333 | 205 879 | 230 417
131 462 || 156 785 | 181 129 | 206 100 || 231 364
132 474 | 157 124 | 182 176 | 207 202 || 232 0Ol7
133 577 || 158 820 | 183 510 | 208 622 || 233 427
134 526 || 159 871 | 184 352 | 209 046 || 234 494

135 744 || 160 644 | 186 686 | 210 276 | 235 542
136 071 || 161 189 | 186 639 | 211 961 || 236 361
137 937 || 162 814 | 187 554 | 212 639 || 237 054
138 679 || 163 567 | 188 047 | 213 859 | 238 605
139 010 || 164 305 | 189 574 | 214 244 | 239 989

140 930 || 165 271 | 190 692 | 215 281 | 240 399
141 078 || 166 876 | 191 165 | 216 688 | 241 632
142 197 | 167 500 | 192 035 | 217 782 | 242 421
143 052 || 168 957 | 193 543 | 218 820 | 243 070
144 512 || 169 295 | 194 558 | 219 120 || 244 821

145 243 || 170 338 | 195 157 | 220 829 | 245 115
146 289 || 171 856 | 196 321 | 221 115 || 246 107
147 192 || 172 189 | 197 130 | 222 448 | 247 264
148 949 | 173 180 | 198 563 | 223 374 || 248 501
149 122 || 174 194 | 199 360 | 224 151 | 249 602

[Iponoxenne Ha ciesmytoielt cTpasure
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[Ipomonxenue TabIUIIBI

Tabuia Beibopa BapuanTa 3ajanus (H3K=250 + 374)

H3K ADBB | H3K ABB || H3K ABB | H3K ABB | H3K ABB

250 646 || 275 758 | 300 764 || 325 155 | 350 437
251 164 | 276 454 | 301 610 || 326 750 | 351 446
202 191 || 277 898 | 302 642 || 327 747 | 352 610
253 922 || 278 975 | 303 791 || 328 602 | 353 826
254 870 | 279 526 | 304 383 || 329 772 | 354 411

250 015 | 280 829 | 305 948 || 330 597 | 355 575
256 050 | 281 834 | 306 543 || 331 169 | 356 219
257 723 || 282 938 | 307 047 || 332 651 | 357 482
258 743 || 283 633 | 308 132 || 333 568 | 358 149
209 672 | 284 494 | 309 296 || 334 776 | 359 615

260 446 | 285 350 | 310 129 || 335 260 | 360 652
261 556 || 286 297 | 311 649 || 336 055 | 361 R90
262 913 || 287 199 | 312 462 || 337 748 | 362 351
263 100 | 2838 367 | 313 461 || 338 181 | 363 952
264 030 | 289 059 | 314 873 || 339 6359 | 364 806

2650 290 || 290 751 | 315 565 || 340 724 | 365 882
266 192 || 291 847 | 316 312 || 341 059 | 366 083
267 158 || 292 680 | 317 309 || 342 523 | 367 512
268 842 | 293 399 | 318 776 || 343 431 | 368 298
269 639 || 294 475 | 319 330 || 344 865 | 369 399

270 073 || 295 162 | 320 746 || 345 872 | 370 547
271 306 | 296 869 | 321 096 || 346 353 | 37l 707
272 456 || 297 211 | 322 627 || 347 271 | 372 836
273 984 || 298 639 | 323 500 | 348 624 | 373 564
274 495 || 299 387 | 324 845 || 349 508 | 374 093

[Ipomomxenue na caesyroneil cTpaHuiie
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Okonuyanue TabAHIBI

Tabsmmra BeiGopa Bapuanta 3ajganus (H3K=375 + 499)

H3K ABB | H3K ABB || HBK ABB | H3K ADBB | H3K ABB
375 362 | 400 843 | 425 805 || 450 143 | 475 144
376 026 | 401 913 | 426 092 || 451 726 | 476 254
377 564 | 402 386 | 427 351 || 452 106 | 477 083
378 864 | 403 069 | 428 743 || 453 044 | 478 610
379 190 | 404 552 | 429 353 || 454 722 | 479 984
380 033 | 405 573 | 430 325 || 455 637 | 480 940
381 502 | 406 838 | 431 453 || 456 675 | 481 999
382 491 | 407 307 | 432 923 || 457 069 | 482 087
383 350 | 408 548 | 433 184 || 458 023 | 483 958
384 732 | 409 863 | 434 549 || 459 939 | 484 361
385 503 | 410 289 | 435 985 || 460 675 | 485 455
386G 004 | 411 375 | 436 149 || 461 352 | 486 609
387 927 || 412 640 | 437 685 || 462 437 | 487 204
388 775 || 413 638 | 438 758 || 463 962 | 488 592
389 157 || 414 538 || 439 861 || 464 432 | 489 285
390 462 | 415 409 | 440 076 || 465 739 | 490 196
391 173 || 416 139 | 441 735 || 466 902 | 491 227
392 711 | 417 068 | 442 005 | 467 857 | 492 245
393 441 | 418 210 | 443 515 || 468 698 | 493 043
394 764 | 419 021 | 444 926 || 469 376 | 494 975
395 016 | 420 316 | 445 332 || 470 973 | 495 665
396 686 | 421 526 | 446 734 || 471 610 | 496 419
397 867 || 422 336 | 447 176 || 472 857 | 497 394
398 481 || 423 820 | 448 942 || 473 346 | 498 238
399 835 || 424 102 | 449 497 || 474 161 | 499 307
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SAJJAHUE 1. KuaemaTnka TOUYKU

Touka B jgBuKeTcs B MJIOCKOCTH Y. 3aKOH JBUKEHHs TOUKH 3ajaH B
tabsmre 1 3aucumoctsivMu x=f1(t), y=f>(t), rme & u y BBIPAKEHBI B CaH-
TUMeTpax, { — B cekynaax. HaiitTn ypaBnenne TpaeKTOpUH U IIOCTPOUTH €€
Ha depTeke. [l MOMeHTa BpeMeHH ¢ OTIpeJIeInTh U MOKa3aTh Ha depTerKe:
a) TOJIOYKEeHWe TOUKH Ha TPAEKTOPUH, 0) BEKTOD ee CKODOCTH, B) BEKTODDI
KAcaTeIbHOr0, HOPMAJILHOTO U MOJHOTO YCKODEHUH U T) Pauyc KPHUBU3HBI
TPAKTOPUH B COOTBETCTBYIOIIEIl TOUKe.

YKazauud

Sajanue 1 BLITOJHSAECTCS ¢ UCTIOJIL30BAHUEM (DOPMYJT I OTIPe/IeICHUS
CKOPOCTH U YCKOPEHUsI TOUKHU MPU KOOPIUHATHOM CIIOCODe 3a/laHUs ee JBH-
KeHns. uc/ieHHble 3HAUEHWs BCEX MCKOMBIX BEJTMYMH HYKHO OIpe/IeTUTh
TOJILKO JIJIsi MOMEHT& BPeMeHN {1 .

B HeKOTOPBIX BapuaHTax 3a/1a4l OKayKyTcsl 110J1e3HBIMU TPUTOHOMEeTpHIIe-
ckre gopmymbl:  cos 2a=1—2sin? =2 cos’ a—1; sin 2a=2sin a cos a.

IIpumep 1

JIBuzKeHue TOYKK B IJIOCKOCTH LY 3aJIaH0 yDABHEHUsIMU
r=—2cos(nt/4)+3, y=2sin(nt/8)—1, (x,y — B M, { — B C).

Ornpejie/iUTh ypaBHEeHUe TPAEKTOPHU U MOCTPOUTHL ee Ha deprexke. s
MOMeHTa BpeMeHn f1=1c¢ HaliTh 1 nokasaTh Ha PUCYHKE TOJIOKEHHe TOYKH,
BEKTOPBI €€ CKOPOCTH, KACATETHLHOr0, HOPMAJIBLHOTO U MOJIHOTO YCKOPEHUH, a
TakzKe [EeHTP U PajnyC KPUBU3HBI TPAEKTOPUH.

Perttenne

Haiizem TpaekToprio TOUKH, UCKIIOYNB U3 3aJaHHbIX YpaBHeHU JIBIZKe-
HUsA BpeMs 1.

Cravasa naxomum cos(mt/4)=(3—x)/2, sin(nt/8)=(y+1)/2. Iloxcras-
JIs1sl TIOJTyYeHHble BbIpazkenus B GopMy.1y cos 2a=1—2sin? o, moaydnm ypas-
Hernme TpaekTopun: (3—x)/2=1—(y+1)?/2, KoTopoe moce yrnpomenuii mpu-
numaer Buj o=(y+1)>+1. Dro napaboia, nsobparkennas Ha puc. 1. [Too-
JKeHMEe TOUKK Ha TPaeKTOpuy Hpu ;=1 olpejesieM, BLIYUCIAS ee KOOPIi-
HaTBI U3 ypaBuenuit apuzkenus npu t1=1 : 2(1)=1,59 cm, y(1)=—0,23 cm.
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Tabnuma 1

Homep A, om f2(t) 5 em l1,
CTpoKH mpu A=0,1,2 | nopm A=3,4,5,6 | mpm A=7,8,9 ¢
0 2—3 cos(mt/6) 12sin(nt/6) 26242 4cos(mt/6)—2 | 0,2

1 6 cos(nt/6)—3 | —4—6 cos(rt/3) 8sin(rt/4) 14—16 cos?(rt /6) | 0,4

2 4 cos(mt/6) —3sin?(7t/6) (2-+t)? 4 cos(mt/3) 0,6

3 2—t 9sin(mt/6)—4 2t3 —10cos(wt/6) | 0,8

4 2t 3cos(mt/3)—2 242 cos(nt/4) —4cos?(mt/6) | 1,0

5 t—4 —10sin(7t/6) 2—3t2 8—12cos(xt/3) | 0,2

6 4—2t 2—6sin?(7t /6) 2—2sin(wt/4) 3 cos(mt/6) 0,4

7 12sin(7t/6) 2sin(nt/6)—2 (t+1)? 6—8cos(nt/3) |0,6

8 4—6sin(rt/6) | 9cos(wt/3)+5 23 9cos(nt/6)—3 | 1,6

9 8sin(wt/6)—2 | 3—8sin(nt/6) 4 cos(mt/4) —6 cos(t/3) 2,0
A b B
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Puc. 1.

Cxopoctb Toukn V' HaiileMm 10 ee NpOeKIHUAM Ha KOOPAMHATHBIE OCH,
muddepentupyst Gyuxkimun x u y no Bpemenn t : Vy=i=mnsin(wt/4)/2,
Vy=y=m cos(nt/8)/4, V=\/V2 + V2.

Ipu t=t; : V,(1)=1,11 em/c, V,(1)=0,73 cm/c, V(1)=1,33 cm/c.

BekTop ckopoctu 1% noctpouM 1o mpoekimsm V, u Vj, (¢ yderom nx
3HAKOB), OH HAIIPABJIEH IO KacaTeJbHON K TPaeKTOPHUHL.

[asee omnpejesisieM BEKTOP YCKOPEHUsI @ :
a,=Vy=n?cos(t/4)/8, a,=V,=—n?sin(nt/8)/32, a=\/az+aZ.

Ipu t=ty : a,(1)=0,87 cm/c?, a,(1)=—0,12 cm/c?, a(1)=0,88 cm/c?.

BekTop a@ mocTpoum 1o ero npoekuusM a,, a,. Kacareibnoe a, 1 Hop-
MaJIbHOE @, YCKOpeHUs HaiigeM 110 GpopMyJiam

a,=V=Vpa,+V,a,)/V, ap=y/a’—a?.
[lpu t=t; : a,(1)=0,66 cm/c?, a,(1)=0,58 cm/c?.

BekTopbl @, u @, mnocrpouMm Ha puc. 1 B COOTBETCTBUM ¢ BEKTOPHBIM pPa-
BEHCTBOM @ = @, + @, . BeKTop @, Bcerja HalpaB/eH B CTOPOHY BOIHYTOCTU
TPaeKTOPHUH, a d, — II0 KacaTeJbHOI K TpaeKTOpuH, mpuieM, ecian a, > 0,
TO Hanpasienns V U @ COBIAJAIOT, M JBHKCHIE TOUKN B JAHHDBI MOMEHT
BpeMeHH fB/ISeTCs yeKopeHHbIM. Eean ar < 0, To Hanpasiexus V. u a,
IIPOTHUBOIOJIOZKHBI, & JIBUZKEHUe TOUKHM — 3aMe]lJIeHHOe.

Haiizem pajuyc KpususHbl TpaekTopunt p=V ?/a,. pu t=t; : p=3,05 cM.
OTBer :

npu t=t;=1c: V=133 cm/c, a=0,88 cm/c?,

a,=0,66 cm/c?,  a,=0,58 em/c?,  p=3,05 cm,

TOYKA B paccMaTpuBaeMblil MOMEHT BpeMeHn t=t{=1 ¢ IBHKeTCsl YCKOPEHHO.
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SAJIAHUNE 2. Ilpocreiiliine aBU>KeHUsI TBEPIOro TeJia: IMOCTYyIa-
TeJIbHOE U BpallleHle BOKPYT HeIoJABU>KHOII ocu

MexaHu3M COCTOUT U3 ABYXCTYIEeHUATHIX KoJec 1, 2, 3, HAXOJSAINXCS B
3allelJICHUH WU CBA3aHHBIX peMEHHOM 1epeaveil, 3ybuaToit peiiku 4 u rpysa
5, IBUKYIIETOcs TOCTYIATeIbHO U TPUBSI3aHHOTO K KOHILY HUTH, HAMOTAHHOMN
Ha oHo u3 KoJiec (puc. 2.0-2.9). Pagnycer cryneneit kojec 1-3 paBHbl cOOT-
BeTCTBeHHO: r1=2cM, Ri=4cM, ro=60 cM, Ro=8 cm, r3=12 cm, R3=16 cm.
Ha obonax kosiec pacrosoxkennsl Touku A, B u C'.

B cronbue Jano Tadi. 2 ykazaH 3aKOH JIBUXKEHUST OJTHOTO U3 3BEHbEB Me-
XaHu3Ma, npudeM moja ;=f(t), pag — MoapasyMeBaeTcst 3aKOH BPAIIEHHUsI
KoJteca, a S;=f(t), cM — 0bo3HaTAET 3AKOH [TOCTYIATETBHOIO JBHIKEHNS Pefi-
KU WJIA TPY3a; BpeMs § U3MepseTcs B CeKyHIaxX.

Tabnuma 2

Howmep Jano t

CTPOKH | DHCYHKA %}ffﬁfﬁ: f(t) c
0 2.0 S 4(7—2) 0,5
1 2.1 S 2(12—-3) 0,75
2 2.2 o1 {2t2~9} 1,0

3 {2.3} 09 Tt—312 {1,25}

4 2.4 {903} 3t—¢? 1,5
) 2.0 01 525—2152) 2,0
6 2.6 02 2(12—3t) 0,25
7 2.7 Sy 328 0,5
8 2.8 Ss 2425t 0,75
9 2.9 V3 8t—3t? 1,5
A b B A

B durypubix ckobkax croar nannble, coorBeTcTByomne Bapuanty ABB=342

(cm. mpaBuyo BRIGOpa BapuanTa Bo BBEIEHUN).
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Puc. 2.6-2.9

[TomoXKUTEMbHBIM I (p; CAUTaeTCs HallpaB/JeHue MPOTUB XOJa IacoBOi
CTpeJIKHU, a I S; — BePTUKAJIBHO CBEPXY BHUS.

st Mexarm3Ma, n300pazkKeHHoro Ha pUCyHKe, 110 3aJJaHHOMY 3aKOHY JIBU-
YKeHUST OJJHOTO M3 3BeHBEB HAHTH B MOMEHT BPEMEHHU t1 BEJTUIUHBI CKOPOCTE
u yckopenuit touex A, B, C', peiiku 4, rpy3a 5, a Tak:Ke yIJIOBble CKOPOCTH
U yIJIOBble YCKOpeHus KoJiec 1, 2, 3.

YKazanud

Saganne 2 — Ha HCCIeJ0BaHNe MMOCTYIATeJILHOTO U BpallaTeJbHOTO JIBU-
»KeHUsl TBeporo Tesia. Ipu pemennn 3aa41u HEOOXOAUMO YIECTh, YTO, KOIJA
JIBa KoJleca HaXoAdTcs B 3allell/IeHNN, CKOPOCTH UX TOYeK KOHTaKTa PaBHBI,
IIOCKOJIBKY 3allellJIeHne IMpeJIrnoaraeT OTCYTCTBHE MPOCKaIb3bIBaHus. AHa-
JIOPUYHO, €cJI JiBa KoJieca CBs3aHbl peMeHHO# Iepepadeil Tak, YTO IIPOC-
KaJIb3bIBaHUE OTCYTCTBYET, CKOPOCTH BCEeX TOUYEK PEMHS U TOYEK, JIEXKAIUX
Ha 00016 KaxKJI0T0 U3 KOoJec, YUCJIeHHO OJMHAKOBBI.
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ITpumep 2

[To 3amannoMy ypaBHeHU0 T=2(t) TPSIMOJMHEHHOTO MOCTYIATETHHOTO

Puc. 2

JBUKeHust Tpy3a 1 (BpeMmst ¢ u3MepsieTcst B CeKyHIax) OMpeie/IuTh CKOPOCTh,
a TaK»Ke KacaTeJbHOe, HOpMaJIbHOe 1 II0JIHOe YeKOpeHust Touku M MexaHns-
Ma B MOMEHT BPEMEHH, KOr/a Iy Th, MPOHAeHHbI Tpy30oM, pasen L (puc. 2):
r=2+70t2 cM, Ry =>50cMm, 79 =30 cM,
R3 = 60 cwm, r3 =40 cm, L =40 cwm.

Pertenne

Haiinem MOMEHT BpeMenn tp, Korja MyTh L, TPORJICHHBIN I'PY30M, paBeH
40 em: L=z (t1)—x(0) = 70¢3, orkyna t;=,/L/70=0,76 c. 3arem, mucde-
peHIupysd T 110 BpeMeHH, HaiijeM cKopocTh rpy3a: Vi=1r=140t. I300pa3um
BEKTOP Vi na pHUCYHKE.

Tax kak HUTB, cBa3bIBalONIad IPy3 1 U Kojeco 2, HepacTs:KUMa U JIBU-
JKeTcs TIOCTyTaTe/IbHO, CKOPOCTh I'py3a U TOUKH, Jiexkalleil Ha 000/e MaJioro
pajmyca BTOPOIO KOJieca, OJIMHAKOBBI, T.e. Vi=ws Ty, THIe W YIJIOBas CKO-
pOCTB 3BeHa 2, OTKyIa wo=V) /19=4,67t. Tax Kax BeTBb HEPACTSZKUMOI HI-
THU, CBSI3BIBAIOIIECH Kosleca 2 U 3, IBMXKETCs MOCTYATEILHO, CKOPOCTH TOYEK,
JIezKallux Ha BHEITHUX 000bsIX KoJiec 2 U 3, OJUHAKOBEI, T.€. wy Ro=ws3 R3,
OTKy/a claeyer wy=wq Ry/R3=3,89t.

Haiigem yriosoe yckopenue: e3=w3=3,89c¢ 2. C y4eToM 3HaKOB U300pa-
3UM Ha PUCYHKE JIyTOBBIE CTPEJIKH Wy, W3, £3.
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Beraucaum ckopocts Touku M: V=wsr3=1561, ona HampaBjeHa Iep-
MeHIMKYJISIPHO PAJInyCcy B CTOPOHY, COOTBETCTBYIONLYIO BPAIllEHUIO KoJjleca 3.
[Ipu t=ty: V=119 cm/c.

Kacare/bHOe yCKOPEHHe TOUKH a,=¢c373=156 cM/c? oT BpeMenn He 3apu-
CUT U MUMeeT OJINHAKOBOe CO CKOPOCTBIO HallpaBjieHHe, TaK KakK 3HaKu ws U
£3 COBIAIAIOT (BpaIleHIe KOJIEC YCKOPEHHOE).

HopmaJibHoe yckopenue Toukn HaiijeM 1o dbopmyie a,=ws rs=605 12,
OHO HAaIpPAaBJEHO 110 PAJINyCy K IEeHTPY KOJIeca.

Berame/mm nosinoe yekopenue ay=/az+a2=383 cm/c?.

OtBer :
npu t=t;=0,76 ¢: w3=2,94 ¢!, £3=3,89 ¢ 2,
V=118 cm/c, a,=156 cm/c?, a, = 349 cm/c?,

ap=383 cm/c2.

SBAJIAHUE 3. Ilitockoe ABUKeHNe TBEPAOTO TeJia

[Inockuit MexaHU3M cOCTOUT U3 cTepzkueit 1, 2, 3, 4 mw nossyna B win I
(puc. 3.0-3.9), coeIMHEHHBIX MTADHUPAMHU JPYT € JIPYTOM U ¢ HEO[BIKHBIMHU
oropamu 7, Oy; mapuup D HaxoguTes B cepejune crepxkus AB. JIHb
creprKHel paBHbI cooTBeTcTBeHHO: £1=0,4 M, (=12 M, (3=1,4 M, £,=0,6 m.
[TostoxKenne MexaHU3Ma OIpeieIsieTcs yriaaMu o, 3, v, ¢, 6. 3Hadenns 3Tux
YIVIOB U JIPYTUX 38JaHHBIX BeJHUNH yKa3aHbl B TaOJI. 3a (1 BAPUAHTOB, B
KoTOpbIX A > B) wim B Tabr. 36 (g BapnantoB, B KOTopbix A < B).

OnpeieuTh CKOPOCTH BCEX TOYEK MeXaHM3Ma, 0003HAUEeHHBLIX OyKBaMH
Ha cXeMaX, a TaKyKe yIJIOBbIe CKOPOCTH BCEX CTeprKHei.

JlyroBble ¢TpeIKi Ha PUCYHKaX MOKa3bIBAIOT, KaK MMPH IOCTPOCHUH depTe-
JKa JOJIKHBI OTKJIAABIBATHCS COOTBETCTBYIONIHE YTIJIBL: 110 XO/y WJIN MPOTHB
X0Jla 9acoBOil cTpeskn (Hampumep, yroy 7y Ha puc. 3.6 cjeyer OTJI0XKUTH
or DB 1o xXomy 4acoBoil cTpesjku, a Ha puc. 3.9 — NPOTUB X0Jla TacOBOI
CTPEJIKH ).

[TocTpoenne depTeka HEOOXOAUMO HAUUHATL CO CTEPKHd, HAIpaBJICHHE
KOTOPOT'O OIPEJIEJISIeTCs YIJIOM (v TTIOJI3YH ¢ HAIIPABJIAIONIUMU J1J1sd O0JIbIeit
HaIJISIIHOCTH H300pazkaTh Tak, Kak B mpumepe 3 (cMm. puc. 3, 6).

3a,JaHHYIO YIJIOBYIO CKOPOCTH CUUTATHL HAIIPABJICHHOM MPOTHUB X018 Jaco-
BOI1 CTPEJIKH, & 3aJJaHHYIO CKOPOCTH \73 —orroukn B x K (ma puc. 3.5-3.9).
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Tabnuma 3a

Hanubie 1151 BapuanToB A>DB

Howmep Vriibl, rpat Jano
cTpoKW | pucyHKa | « | B | v | ¢ | 0 |wi, L/e| wy, 1/c
0 3.0 0 | 6030|0120 6 —
1 3.1 90 120 150| 0 | 30 - 4
2 3.2 30 | 60 | 30 | O [120 D -
3 3.3 60 | 150 | 150 {90 | 30 - 5
4 3.4 30 1 30 | 60 | O [150 4 -
5 3.0 90 | 120|120 {90 | 60 - 6
§ 3.1 90 | 150 | 120 {90 | 30 3 -
7 3.2 0 | 60| 60 |0 |120 — 2
8 3.3 60 | 150|120 {90 | 30 2 —
9 3.4 30 | 120150 | 0 | 60 - 8
A b B
Tabnuna 36
lanubie g1s BapnanToB A<b
Howmep Vruibl, rpaj Jlano
cTpoKW | pucyHka | « | B | v | ¢ | 0 |wi, L/ec| Ve, M/c
0 3.5 120 | 30 | 30 |90 | 150 2 —
1 3.0 0 | 6090 |0 [120 — 4
2 3.7 60 | 150 | 30 {90 | 30 3 -
3 3.8 0 |[150| 30 | O | 60 - §
4 3.9 30 | 1201120 0 | 60 4 -
5 3.5 90 | 120 | 90 {90 | 60 - 8
6 3.6 0 |[150] 90 | O | 120 5 -
7 3.7 30 120 30 | O | 60 — 2
8 3.8 90 | 120 1201{90 | 150 6 -
9 3.9 60 | 60 | 60 {90 | 30 - 5
A b B
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Puc. 3.0-3.5

23



Puc. 3.6-3.9

YKa3aHuga

Bajanue 3 — Ha HCCIe0BaHIe MIOCKOTO (IIOCKOTAPaJIIebHOTO) [IBIZKE-
HUs TBepaoro Tena. [Ipw ero BuImosHeHnn 1718 ompejie/ieHnsl CKOpocTeit To-
JeK MexaHn3Ma U YIVIOBLIX CKOPOCTeH ero 3BeHbeB CJIe/yeT BOCIIOIb30BaThCs
TEopeMOil O paBEHCTBe IPOEKIIN CKOPOCTeH ABYX IPOU3BOJIbHBIX TOYEK TBEP-
JIOTO TeJla Ha COCAMHSIONIYIO X MPAMYIO, & TaKzKe IMOHATHEM MI'HOBEHHOI'O
neHTpa ckopocredi. [IpuMensTs 9Ty Teopemy (Win MOHsTHE) HEOOXOAUMO K
KazK/J0MYy 3BeHY MeXaHu3Ma B OTHeJIbHOCTH.

MeToanka HaX0XKAeHNsT CKOPOCTEN TOUeK MJIOCKOTO MeXaHn3Ma MTPUBO/INT-
ca HiKe. [Ipexkiie 4eM NpUCTYNUTH K peleHnio TMOJ00HBIX 3aJad, HaJ0 XO-
POIIO YCBOUTH KNHEMATHUKY IIPOCTEANINX ABUKEHUIT TBEpIOoro Teja — IOCTY-
[1aTeJIbHOTO U BpalllaTeJIbHOT'O BOKPYD HEIIOABUZKHOI OCH.
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ITpumep 3

[Tnockuit mexauusm (puc. 3,a) cocTouT U3 crepxKueit 1, 2, 3 u 4 u moi3y-
Ha B, coeMHEHHBIX JpPYT ¢ APYrOM U ¢ HENmoABMKHBIMU oropaMu O u O,
IapHUpaMH.

Haittn ‘73, Ve u YTJIOBbIE CKOPOCTH BceX cTeprkHeit, ecam a=60°,
0=150°, ~=90°, ©=30°, 0=30°, AD=DB, (1=04wm, {(,=12w,
l3=1,4M, £4,=0,6M, w;=2"1 (nanpapjenue w; — IPOTUB XOJa YACOBOI
CTPEJIKN).

Perienue

CrpouM TOJIOZKEHUE MEeXaHU3Ma B COOTBETCTBUU € 3aJAHHBIMU YIJIAMU
(puc. 3,6).

Omnpenensiem Vg. Touka B npuHaTeKuT crepykuio AB. UToObl nHaiiTu
\73, HA/I0 3HATH CKOPOCTH KAKOW-HUOY/L JAPYIOil TOUKH 3TOrO CTEPYKHHA U
HallpaBJeHne V. o naHHbIM 3aJlavui, yIUThIBasg HAlpPaBJeHHe Wi, MOXKEM
OTIpeJIe/IUTh Va:

Va=w1 1 =08wm/c, VAJ_OlA.
Tak kak Touka B crepxis AB npuHa/ie:KuT 0 JHOBPEMEHHO MOJI3YHY, JIBU-
JKYTIEMYCsl BJI0JIb HAIIPABJISIIONIAX TOCTYATebHO, TO HallpaBJIeHue Vg us-
BecTHO. Terepn, 3HAL Vi u HaIpaBJeHne 173, CTPOUM MI'HOBEHHBIH IEHTP
ckopocteit (MIIC) crepxus AB: sro Touka (3, jexkaiias Ha MepecedeHnn
HepIeH TUKY/ISIPOB K Vi n ‘73, BoccTaHoB/IeHHbIX 13 ToueK A u B. Ilo na-
MIPABJIEHUIO BEKTOPA Vi ompejiesisieM HalpaBJjeHue moBopoTa crepxkis AB
Bokpyr MIIC ('3, a TakykKe HAXOAUM €r0 yIJIOBYIO CKOPOCTh W3 !
w3=Vu/C3A=V4/(l3 cos 30°)=0,66 ¢,

n300pakaeM Ha PUCYHKE JYTOBYIO CTPEJKY YIVIOBOW CKOPOCTH ws. Torma

Vp=w3 C3 B=w3{3 cos 60°=0,46 M /c .

Omnpenenum VE: ToYKa [/ TpUHAIEKUT cTep:kHIO DI, ciaegoBareb-
HO, M0 AHAJOTMU C TPEJBIIYIUM, YTOOBI OIpPEJIeUTD Vi, HaZo cHada-
Ja HalTH CKOPOCTh TOYKW [), TpUHaJJIeKarieil OJHOBPEMEHHO CTepK-
M AB un ED. Bekrop VD nepreHuKyasgpen orpesky CsD) | coennns-
foremy Toukn [ u (s, W HAIpaB/JeH B CTOPOHY, COOTBETCTBYIOILYIO IO-
Bopoty crepxkus AB. A BC3D  gBisgercs paBHOCTOPOHHUM, MOCKOJIBKY

C3B=AB sin 30°=AB/2. [losromy C3B=C3D u Vp=w3 C3D=0,46 m/c.
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0)

Puc. 3

Touka E npuna/uie:kuT Takzke crepxkiio OqF . BpalaiomeMycs: BOKPYT
O, nostomy Vi L O9F. IlpoBogst u3 Touek F u D nepreHIuKy/sipbl K
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CKOPOCTSIM Vi u VD, HaiiieM Touky (9 — MIIC crepxkug DFE. Ilo nHa-
MpaBJeHNI0 HaliIeHHOTO paHee BEKTOpa Vb oTIpesiesisieM HalpaBJeHue T0-
BopoTa crepKusg DF Bokpyr neaTpa Co. BekTop VE HallpaBJieH B CTOPO-
HY, COOTBETCTBYIONIYIO MOBOPOTY 3TOTO cTepKHs. U3 puc. 3,6 BUIHO, UTO
[ CoED=/CyDE=30°, orkyna CoE=CoD={5/(2 cos 30°). danee Haxomum
YTJIOBYIO CKOPOCTH cTepxKHS [ 1 cKOpocTh TOUKHN [Y:
WQ:VD/CQD:O,67 C_2 5 VEZWQCQE:O,46 M/C .

Omnpenensem panee wy=Vg/O:£=0,77 c~1. Hanpasenune Bparienns crepx-
HsT BOKPYT HEMOJABVMKHON TOUKH (Jy HAXOIMM, COTJIACOBAB €ro ¢ V.

OTBer :

Vp=0,46 m/c, Vp=0,46 m/c, wy=0,67 ¢!,
w3=0,66 C_l, wy=0,77 ¢ L

SAJIAHUE 4. CioxHoe JBU>KeHUE TOUYKHN

[Tpsimoyrosbrast (puc. 4.0-4.4) wiw Kpyrjas miactuaa pajguyca R=60
(puc. 4.5-4.9) Bpammaercss BOKDYT HEMOJBHXKHOI ocu 10 3akonHy = f1(1),
zajlanHoMy B TabOJ1. 4. IloJjioxkuresibHOE HallpaB/eHUe oTcuera yrja (o I0-
Ka3aHo Ha PUCYHKaX JyroBoil crpeskoit. Ha puc. 4.0, 4.1, 4.2, 4.5, 4.6 ocb
BpaIeHUs TePIeHInKYIApHa TJIOCKOCTH TJIACTHHBI U TTPOXOIUT dYepe3 TOUKY
O (miacTuHa Bpaiaercsi B ¢Boeil miockocTn); Ha puc. 4.3, 4.4, 4.7, 4.8, 4.9
ock Bparenust O] JIEKUT B MJIOCKOCTH TJTACTHHBI (IIaCTUHA BPAIAeTCsl B
IPOCTPAHCTBE).

[To mnactune Baosb npsMoit BD (puc. 4.0-4.4) win 1mo OKPYKHOCTH Pa-
auyca R (puc. 4.5-4.9) nmkercst Touka M. 3aKoH ee OTHOCHTE/IHLHOTO JIBH-
Kennst (3aBucnmoctb S=AM = f5(t), rie S BbIpazkeHo B caHTUMeTpax, ¢ —
B CeKyH/IaxX) 3aJaH B Tabjuie oTjesbHo jiist puc. 4.0-4.4 u st puc. 4.5-4.9;
TaM ke jaHbl pazmepsl b u £. Ha pucynkax Touka M mokazana B I10JIOXKe-
aun, pu Kotopom S=AM>0 (mpu S<0 Touka M HAXOIUTCS MO APYTYIO
CTOPOHY OT TOUYKH A ).

Haittu ckopocts n yeckopenue Toukun M B MomenT Bpemenu £1=1 c.

YKazanus

s perenus 3ajauu YI00HO BOCIOJIB30BATHCS TEOPEMaMU O CJIOYKCHIH
CKOpOCTEil M yCKOPEHUIl TOUKU MPH ee CJIOKHOM (COCTABHOM) JBUKEHHH.
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Tabnuma 4

Howmep Hnst puc. 4.0-4.4 Hnst puc. 4.5-4.9
= fi(t) =

CTPOKH | PHCYHKA b, cm | S=AM=f5(t) ¢ | S=AM =fi(t)
0 4.0 4(t2—t) 12 | 50(3t—t*)—64 | R | mR(4t*-2t*)/3
1 4.1 3128t 16 | 40(3t2—t*)—32 | 4R/3 | mwR(2t*—t3)/2
2 4.2 6t —12t* | 10 8(t2—t)-+40 R TR(2t*—1)/3
3 4.3 t2—2t3 16 | 60(t*=3t)+56 | R T R(3t—t2)/6
4 4.4 10625t | 8 | 80(242—t*)—48 | R TR(t*—2t)/3
5 4.5 2(t2—t) | 20 60(1*—2t?) R TR(t*—2t)/3
6 4.6 5t—4t? 12 | 40(t3=3t)+32 | 3R/4 | TR(t*—-2t%)/2
7 4.7 15¢t—3¢3 8 60(t—1%)+24 R T R{t—5t%)/6
8 4.8 2311t | 10 | 50(5t*—~)=30 | R wR(3t*—t)/3
9 4.9 6t2—3t> | 20 | 40(t—2t*)—40 | 4R/3 | wR(t—2t%)/2

A b B B
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Puc. 4.6-4.9

[Tpexk e vem TponsBOAUTH pacyeThl, CJAEAYET M0 YCJIOBHUIO 3a1aun OlIpe ie-
JINTD, TJie HaXoAuTcsd TouKa M Ha miacTiHe B MOMEHT BpeMeHn ¢y, 1 n300pa-
3UTH TOYKY UMEHHO B 9TOM TOJIOXKEeHHN (& He B MPOU3BOJHHOM, MOKA3AHHOM
Ha PUCYHKAX K 3aJIaHMUIO).

B cinyuasx, oTHocamuxced K puc. 4.5-4.9, npu pereHun 3aja4u He T0/I-
CTaBJIATH YNCJIOBOIO 3HadYeHWsd R, mMoka He OYyIyT ompeaeseHbl TOJIOKEeHHe
Touku M B MOMEHT BpeMeHU i, a TakxKe yroj mexjay paauycamu C'M u
CA B 5TOT MOMEHT.
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IIpumep 4

Tpeyroabhas miactuaka ABC B momenT (=0 HaduHaeT BpalllaThcs U3
cocTosnus 1oKos wo=0c¢™! Boxpyr cpoeit ocu AB (ocu 2) ¢ IOCTOAHHBIM
YTI0BBIM yekopenuem e=0,1¢72 .

OnnoBpemento o runorenyse BC u3 ee cepenuibl [, HAUMHAET JIBHKE-
aue Touka M. Bakon pemkenus Touku M 1o mpamoit BC' onpenensercd
ypasaernem S=LM=0,2sin(nt/3) , npudem KoopauHaTa S OTCINTHIBACTCS
B caHTEMeTpax oT Toukd L B cropony touku C (puc. 4,a). Kpome Toro,
nano: BL=LC=10cm, / CBA=a=40°.

Haiitu ckopocts n yckopenue Touku M nipu t=1c.

Perrienne

Bribepem MOABUAKHYIO CHCTEMY OTCUeTa, KECTKO CBsA3aB ee ¢ Bpalllaroleii-
co TLJTACTUHKOM.

Haiijiem yryioBy1o ¢cKOpoCcTh JABUKEHUS TTOJIBUYKHOM CHCTEMBI:

w=wo+ gs dt=ct=0,1¢t, nput=1lc w=0,1 ¢~

B cooTBeTcTBUN ¢ HapaBJIeHHEM BpallleHUs IIACTUHKH BEKTOD YIJIOBOI
CKOPOCTH (J TIOJBUKHOM CHCTeMbI OTCcUeTa IpH =1 ¢ HallpaBJeH 10 OCH Bpa-
menust or Bk A (nmpaBuio nmpaBoro GypaBunka).

Haiiem nosoxkenune Toukn M Ha mjiacTuHke npu t=1 c:

LM=0,2 sin(7/3)=0,173 cm .

Bemnauay — OTHOCHUTENBHOM — CKOPOCTH v, HajieM 10 Qopmyie

V,=S=mcos(nt/3)/15, mpu t=1¢ : V,=0,1cm/c.
Bekrop V, HampaBjieH [0 KacaTeJbHOH K TPAEKTOPUE OTHOCHTELHOTO
JIBUZKEHUsI B CTOPOHY YBeJMUeHHsl IyrOBOH KOOpAHHATHI S, Tak Kak V. > 0.

Besmunny mepenocHoit ckopoctu V, ompenesnm mo gpopmyie
Ve=w MK=0,65 cm/c,

rie pajuyc Bpamienuss MK =BM sin a=6,5 cM .

BexTop v, HAIIpaBJIeH MepPIeHINKY/ISIPHO MJIOCKOCTH TIJIACTHHKN U COTJIa-
COBaH ¢ HaIlpaBJIEHHEM ee BpalleHHs.

ADCOTIOTHYIO CKOPOCTD TOUKH ‘7(, Terepb MOYKHO HallTH, UCTIOJIb30BaB T€O-
peMy O CKOPOCTSX TOUKH MPHU CJIOKHOM JIBUKEHUU

V.=V, + V..
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6)

Puc. 4

[IpoexTupysi mocJjejiiee BEKTOpHOE COOTHOIIEHNE Ha ocH T, ¥y, 2z (puc. 4,a),

IOJIy 9UM
Vie= V. = 0,65 cm/c,
Voy = Visina= 0,06 cm/c,
Vo, =—V,cosa=—0,08 cm/c.
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[To HaiimeHHBIM TPOEKITUAM MOXKHO OPeJIeTUTh MOJY/Ib CKOPOCTH Touku M :

%:Va: \/(Vax)2 + (Vay)? + (Va2)? = 0,66 cm/c.

Haitnem Bemanny KacaTebHOTO OTHOCUTEIBHOTO YCKOPEHUS:
ay=V,=S= — w?sin (wt/3)/45, npu t=1c¢: a,,=—0,19 cm/c>.

3HaK MUHYC MOKa3biBaeT, 9To NMpu t=1c BEKTOp @, HAIpaBJEH IO I'd-
norenyse BC or M x B (puc. 4,6), T.e. B CTOPOHY YMEHbBIIIEHUsI JTyTOBOif
KOOD/IMHATHI.

Tak Kak OTHOCUTEJbHOE JBUZKEHHEe TOUKH MpPSIMOJIMHENHHoe (p,=00), ee
HOPMAaJIbHOE OTHOCUTEJILHOE YCKOPEeHHe PaBHO HyJO: a,,=V,%/p,=0.

[Tepenocnoe yckopernue y00HO pa3ioKUTh Ha KacaTeJbHOe — (., 1 HOP-
MAJBHOE — (g, .

Hopwmasibaoe mepenocHoe yckopeHnue HallpaBJeHO K OCH BpPAICHHs Iia-
cruaky o MK | npudem

e p=w> MK=0,065 cm/c? .

Taxk Kak w W € OJHOTO 3HaKa, TO HAIlpaBJIeHe KacaTe JbHOTO MTeEPEHOCHOTO
YCKOpPEHHUs COBTA aeT ¢ HallpaBJeHneM MepeHocHoi ckopocTu. [lpu sTom

Qer=¢ MK=0,65cm/c?.
Haiigem BeqmmauHy U HalpaBJeHne yckopenns Kopuosmca
.= 2W0xV,.

B coorBeTcTBHN ¢ OIpejiesieHHeM BEKTOPHOI'O IPOM3BEJEHUS BEKTOD
HepICHMKYIAPEH 000MM COMHOKUTENAM (BeKTOpaM & 1 V,.) i HAIpaBJICH
TaK, 9TO €CJIH MOCMOTPETh €My HaBCTpedy, TO OJIHKAMIIIil TOBOPOT OT mep-
Boro comuozntes (&) ko Broponmy (V) 0JKEH KAATHCS TPOMCXOISAIITIM
MPOTUB XOJ& YACOBOIl CTPEJKH (T.€. d. B PACCMATPHBAEMOM CJyUae TapaJi-
JIeJIeH OCH ).

Monyib yekopenusi KopuoJica OyaeT paBen:

|d@,|=2 @] |V,| sin40°=0,013 cm/c2 .

s HaxoxKeHus abcoMIOTHOTO yeKopenust Touku M mipu t=1 ¢ 3anwminem
TEOPEMY O CJIOYKEHHUH YCKOPEHHUI TOYKM IIPU ee CJOKHOM JIBUKEHUN:

&’azﬁr+(3@+d’c: ar7+6rn+667+66n+6c
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U CIIPOEKTHPYEM BEKTOPHOe COOTHOIIIeHNe Ha OcH X, ¥, 2. Mcnonbays puc. 4,6,
MOy YU M:

Aaz= 0 + aer + 0  + a= 0663 cm/c?,
Qoy=—0rr SN + 0 — Gen + 0=—0,187cm/c?,
Ug.= Gr,cosa + 0 + 0 + 0 + 0= 0,144cm/c?.

0 +
0 +

Haxomum Moynb yckopenus Touku M :

a, =a,= V(@az)? 4 (@ay)? + (aa-)? = 0,704 cm/c? .

OTBer :
npu t=1c: %:0,66 M/c, aM:O,7O4 M/c2.

SAJIAHUNE 5. PaBHoBecue Tejia, HaXOJIsIIerocd moja AeiicTBUeM
IJIOCKOII CHUCTEeMBbI CHJI

ZKectkast pama (puc. 5.0-5.9) 3akpernieHa B Touke A MapHUPHO, & B TOU-
Ke B mpukpernjeHa UM K HEBECOMOMY CTEPXKHIO ¢ MapHUpaMu Ha KOHIAX,
WJIN K MIapHUPHON OTope Ha KaTKax.

Tabnauma 5

Howmep Iy =10 kH Fy =20 xH

cTpokM | pucyHka | Touka mpuaoxk. | «y | Touka IpuaoxK. | Qo
0 5.0 H 30° D 60°
1 5.1 K 15° E 60°
2 5.2 H 75° D 30°
3 5.3 K 60° B 30°
4 5.4 H 30° D 60°
5 5.5 K 60° E 75°
6 5.6 H 60° D 30°
7 5.7 K 60° E 15°
8 5.8 H 60° D 30°
9 5.9 K 75° E 30°
A b B A b

B rabnune npunarer obosnadenus: oy (k=1,2) — yros mexy ro-
PHU30HTAJIBHOM OCblO 2, HAylleil cjeBa HapaBoO, U HallpaBJICHUEM
cuibl [}, OTCUNTBIBAEMBII IPOTUB XO/a YacOBOI CTPEJIKH.
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Puc. 5.6-5.9

B touke C' K pame mpuBs3aH TpoOC, MEPEKUHYTHIH depe3 OJIOK U Hecy-
it Ha kKonre rpy3 P =25 kH. Ha pamy neficTByeT mapa cua ¢ MOMEHTOM
M =60 xH™ n 1Be cuibl, 3HaUeHnsd, HAIpaBJIeHUS U TOUYKNA TPUIOKEHTA KO-
TOPBIX yKaz3aHbl B Ta0J. .

OmnpejiesinTh peakin cBs3eil B Toukax A n B, BbI3BaHHbIE JIefiCTBYOIIN-
Mu Harpyskamu. [Ipu okondaTenbHbIX pacueTax NpuHATH a=0,5 M.

YKka3anudga

Bajanne b — Ha paBHOBecHe TeJia, HAXOJSIIErocs I0j JeficTBUeM IIpo-
U3BOJILHOI TIIOCKOIN cucTeMbl cuii. [Ipu ero BBINOJHEHUHN CJIeAyeT y4iecTh,
YTO HATSXKEHUS B 00€MX BETBAX HUTH, MepeOpoIleHHoi depe3 OJI0K, OymayT



OJIMHAKOBBIMH (IIPEOJIAraeTcst, 9TO CUJIaMU TPEHUsl B OCH OJIOKa MOXKHO
npeHedpedb B CHJIY HX MAJIOCTH).

YpaBHeHre MOMEHTOB Oy/er 6ojiee MpoCThIM (CoiepsKaTh MEeHbIIe Heus-
BECTHBIX ), €CJIH B KA9ecTBE MOMEHTHOI TOYKH BBIOPATH TOUKY IMepecevdeHust
JIMHUH AefcTBUs JIBYX CHJI PEeakIuil CBs3eil.

T1pu BbIUNC/IEHAH MOMEHTA CUJIBL F ee yI0GHO IpejcTaBUTb ABYMSI COCTAB-
nsrompMn: F=F/4 F" 1 3aTeM BOCIIOIB30BATHCS TeopeMoil BapnaboHa:

—

Mo(F)=my(F")+m,(F").

[Tpu pemrennn 3a1a9 Ha, OIpeeseHIe OMOPHBIX peakinili 6agok, depM u
JIPYIuX KOHCTPYKIMH CJIeyeT CXeMaTHIHO M300pasUTh paccMaTPUBAEMYIO
KOHCTPYKIIMIO Ha 9epTezKe, 3aTeM MPABUIBHO PACCTABUTE OMOPHBIE PEAKIINH.

Ecn nanpas/ieHre peakiny 3apaHee HEM3BECTHO (KK 9TO MUMEeT MECTO,
HaIIPUMep, B HEMOABUKHO-IIAPHUPHON OMope), TO ee yI00HO Pa3IoKUTh Ha
JIBe B3AHMMHO ITepIeHIHKYIsipHble cocTapstomye. [locie sroro cienyer co-
CTABUTH B cJIydae MJIOCKOM CHCTeMbBI CHJI TPH YpPABHEHMsI pABHOBECHST TeJIa, a
3aTeM M3 9TUX YpaBHEHWI HAHTH BeJMYHHBI OMOPHBIX PEAKIil. Y paBHEHMUsI
PABHOBECHST COCTABJISIIOTCS B OJHOM U3 TpeX_’(l)OpMI
rnepBas: 3. F/m =0, ZFky =0, ZmP(Fk) =0;

BTOpAs: Fm =0, Zmp(Fk) =0, ZmS(Fk) = 0;

BrOpass opmMa MMeeT orpaHuueHue: mpsimasi P.S, Ipoxomsinas depes Mo-
MeHTHBIe Toukd PP u S, He Jo/KHA OBITH IepIeHIUKYIsipHa OCH , Ha KOTO-
PYIO TIPOCKTHPYIOTCS CUIBI B B

TPEThsI: ZmP(Fk) =0, st(Fk) =0, ZmT(Fk) = 0;

TpeThbst (hopMa ToKe nMmeeT orpanndenue: Toukn P, .S, T He 10JIKHBI JIEXKAT
Ha OJTHOII IPAMOIL.

Ecu k resty npuioxkena mapa cui ("mMoMenT"), T0 B ypaBHEHHsI TPOEKIIHit
OHA He BXOJIUT, TaK KaK CyMMa MPOeKIINil CUJI aphl Ha JI00YIO OCh paBHA, HY-
Jj10. CyMMa MOMEHTOB CHJI TTApPhl OTHOCUTEIHHO JTFOOOT0 HEeHTPa He 3aBUCHT OT
ero BbIOOpa W paBHa MOMEHTY mapbl. [losToMy B ypaBHEHHEe MOMEHTOB Iapa
BXOJIUT CJIArAeMbIM, PABHBIM MOMEHTY Iapbl ¢ COOTBETCTBYIOIINM 3HAKOM.

ITpumep 5

HaiiTu peakiuio »kecTkoii 3aj1eJiku B u30ruyToii nesecomoii daiku BDFE
(puc. 5,a), HAXOJMAIIElCS TIOJ JeiCTBIEM DABHOMEDHO DACIpejle/IeHHON Ha-
rpysku uHTeHcHBHOCTH =2 KH /M 1 cuibl /=20 kH npu ciepyromnux gaH-

ueix: a=30°, a=0,4 M, 6=0,3 m.
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Peurenne

—

PaccmorpruM paBHOBecue OajiKi, INoKasaB Ha pHUCYHKe : cuiay F', pas-
HOJICHICTBYIOIIYIO0 paclpeaeleHHON Harpy3Ku Cj (Q=qa), NpWIOKEHHYIO B
cepejiiHe OTpesKa CD, peaxmuio B 3ajieJiKe, COCTOSIIYIO M3 TPEX CHUJIOBBIX
cbaKTopOB X B, YB u Mp (puc. 5,6). dra cucreMa CUJI ypaBHOBeIlleHa, T.e.
{F Q XB,YB,MB} ~ 0.

CocTaBuM ypaBHEHUsI PaBHOBECHS, BOCTIOJIB30BABIINCEH TIepBOii (hopMOii:
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> F,=0 : Xp—F'cosa=0,
PRI =N Yp—Q—F sina=0,
ZmB(ﬁ):O . Feosab—Fsina2a—Q 3a/24+Mp=0.

[Tpu cocrasienun MOCJIE/IHETO Y PABHEHHST MOMEHTOB ObLIa HCIIONB30BAHA TeO-

pema BapunboHa: cuja F 6Gbuta 3aMeHeHa JIBYMsI COCTaBJISIOITUMHI Fiu FQ,

MOMEHTBI KOTOPBIX JierKo Hafitu. [Ipu stom F; = Fcosa, Fy = Fsina.
Pemast cucremy, HAXOAUM TOC/IE TIOJICTAHOBKY YHCJIEHHBIX 3HAYCHUN |

Xp=Fcosa=173 xH ,

Yp=Q+F sina=10,8 kH

Mp=0Q) 1.5a+F sin o 2a— F cos o b=3,28 kHw™m

Rp = X% +Y3=204«H.

OTtBert :
Rp=204xH, Mp = 3,28 kHwm.

SAJIAHUVE 6. PaBHOBecue cucTtemMbl ABYX TeJI, HAXOJSIIENCS IO
JEeNCTBUEM IIJIOCKON CUCTEMBI CHJI

KoHCTpyKIns COCTOUT U3 YKEeCTKOTO YTOJbHUKA W CTePXKHs, KOTOPBIE B
touke C' WM COeJMHEHBI JIPYT ¢ APYroM iapaupto (puc. 6.0-6.5), win cBo-
OonHO omupaloTes Apyr Ha japyra (puc. 6.6-6.9). BHemHuMmu cBs3sMu, Ha-
JIOKeHHBIMU Ha& KOHCTPYKIMIO B TOYKE , SIBJISIOTCS MIAPHUD, UM KecTKas
3ajle/Ka; B Touke B — HeBecowmblii crepykenb BB’ (puc. 6.0 u 6.1), win
raajikast miockocTs (puc. 6.2 u 6.3), win mapuup (puc. 6.4-6.9), B TouUKe
D — neBecombrit crepzkens DD’ (puc. 6.1, 6.2, 6.7), win mapHUpHas 0mopa
Ha KaTKax (puc. 6.8).

Ha xoncrpyknuio pefictByioT: mapa cuj ¢ MmomenToM M=60xHwM, pas-
HOMEPHO paciipe/ie/ieHHasi Harpys3ka wHTeHcuBHocTH ¢=20kKH /M u eme aBe
cutbl — Iy u Fy. Hamnpapiyienus cnjl 1 TOYKH UX NPUJIOKEHUs YKa3aHbl B
Tabs1. 6; TaM XKe B cTos0Ne Yyacmok yKazano, Ha KAaKOM yJdacTKe JAelicTByeT
pacripejieJieHHas Harpy3Ka.

Ompeesmts peaknuu cBsizeit B Toukax A, B, C' (ans puc. 6.1, 6.2, 6.7,
6.8 eme u B Touke D), BhI3BaHHbIE 3aJaHHBIME HArpyskamu. IIpu okonwva-
TeJBHBIX pacdeTax NpuHdaTh a=0,2 M. BekTop ¢ paBHOMEPHO pacipe/jiesieH-
HOIl HAIPY3KHU TIepIIeHINKYIspeH 0TPe3Ky, K KOTOPOMY OH& IPUJIOXKeHa, TIPH
sToM Jmbo ¢,<0, ecim xe ¢,=0, T0 q,<0.
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Tabnuma 6

Howmep Fy =10xH Fy, =20kH
Touka, Touka R LI
CTPOKH | PUCYHKA, a1 a9
TPUIONK. TIPUJIOXK.
0 6.0 H 0° L 90° CL
1 6.1 K 15° C 75° CK
2 6.2 E 30° L 60° AFE
3 6.3 H 45° C 45° CL
4 6.4 K 60° L 30° CK
5 6.5 E 75° C 15° AL
6 6.6 H 90° L 0° CL
7 6.7 K 0° C 90° CK
8 6.8 E 15° L 75° AFE
9 6.9 H 30° C 60° CL
A b B A b B

B rabsune npuadaTel obosnadenus: «y (k=1,2) — yroJs MexiIy ro-
)
PU3OHTAJIBHOM OCBIO X, MAYINeH cJjieBa HalpaBo, W HalIpaBJeHHEM

CHJIbI Fk, OTCUYUTBIBAEMBII I[IPpOTHUB XOoJa 4acoBOI CTPEJIKH.

YKazaunuda

Sajanue 6 — HA PABHOBECUE CHCTEMbI TeJI, HAXOISIINXC M0/ AeiCTBHEM
IOCKOI crcTeMbl cijl. BOZMOXKHBI JIBa MOJIX0/Ia K €r0 BBITOJHEHUIO: &) Pac-
CMOTpPeTh cHada/la PaBHOBECHe Bcell cUcTeMbl B 11€JI0M, cUUTasl ee eJUHbIM
TBePJbIM TEJOM, & 3aTeM — PaBHOBECHE OJHOI0 U3 TeJl CUCTEeMbI, H300pa3uB
ero OT/eJIbHO; 0) PACUJeHUTb CUCTEMY Ha JBa Teja, YIUThIBasi TPU HTOM
3aKOH paBeHCTBa JeHcTBUS U MTPOTUBO/IEHCTBUS; 3aTeM PACCMOTPETh PaBHO-

Becue KazKJ0ro u3 TeJl B OTACJIbHOCTH.

B 3aJladax, I'Ic UMeeTCAd XKeCTKad 3alde/IKa, YIECThb, YTO €€ peaKlMsd 9KBU-
BaJICHTHa ITape CHhJ, MOMEHT KOTOpOfI Heu3BeCcTeH, U cuJje, HEU3BECTHOI 110

BEJIMUMHE 1 HAIIPABJIEHUIO (CM. TIpUMep 5).
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IIpumep 6

Hafitm peaknum mapHUPHO-HEOJABUKHBIX OIOpP, & TakxKe ycuime Re,
BOBHUKAIOIIEe B COeJUHUTEJLHOM IapHUPE TPeXIIapHUPHON apKu, HaXOIsl-
meficss o geiicteueMm cusi F'=30kH, T=10kH u mapwr cuys ¢ MoMeHTOM
M=40 xHwm, a=1,5m, b=2m, a=53° (puc. 6,a).

Penienue

Apka cocTOUT U3 JBYX MOJIyapoK (TBEPIBIX TeJT), COeJINHEHHBIX ITapHI-
poMm . BpibepeMm cucTeMy KOOpAMHAT U PACCMOTPUM pPaBHOBECHE KarKJIOI'o
Tesa OTAEJbHO, PACUIeHUB apKy 10 IIapHUPY.
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CI/ICTeMa cuit, JeficTBYIOmAs Ha HOTyapKy ADC, COCTOUT U3 33JIaHHOI
CUJTBI F COCTAB/IAIONIIX X A, YA CUJIBI peaKIun ONOpPbI B A, 1 COCTaBJISIONINX
Xc, YC peakiuu Rc, ¢ KoTopoit nonyapka BLC' neficTByeT Ha paccMaTpu-
BAEMYIO TIOJIyapKy (puc. 6 ,0). COOTBeTCTBeHHo Ha rpaByio nojsyapky BLC
JlelicTByeT cucTeMa CUJI T M, X B, YB, XC, YC CorytacHO TpeTbeMy 3aKOHY
HoroTona, cubl B3amMoJIeficTBUs, BOBHUKAIOIIE B IapHUpe B, paBHBI 10O
BeJIMIUHE W TTPOTUBOIIOIOXKHBI 110 HAIIPABJICHIIO, YTO U YITEHO Ha PUCYHKAX.

CocTaBuM ypaBHEHHUsI PABHOBECHUSI JIJIsi CUCTEMbl CHUJI, JAeHCTBYIOIMINX HAa
nosiyapky ADC'":
> =0 : Xa+Xo—F cosa=0,
> =0 : Yai+Yo—F'sina=0,

) mA(ﬁ):O . — Xo2a+Ye 2a—F sina a+F cosa 2a=0.
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Amnajiornuno s noiayapku BLC:
> F,=0 : Xp—Xc—T=0,
> Fy:O : Yp—Yo=0,

—

> mB(F)zo o Xe20+Ye 20+T b+M=0.

[Tosyyaem cucTeMy HIECTH JIMHEHHBIX YpaBHEHHUIl ¢ 1IeCTbIO HEeN3BeCTHDI-
MMU: XA, YA7 XB, YB, X(j, Yc.

B Tperbe m IIecToe ypaBHEHHSI BXOAAT TOJILKO JBA HEM3BECTHLIX:
Xe u Yo. Torna uz tperbero cienyer Xo=Yo+F (cosa—sina/2).
[TogcraBuB  IOJYUYEHHOE BBbIpAyKeHHE B I[IECTOEC YpaBHEHUE, IIOJIyIUM
Yo 20+ F(cos a—sin «/2) 20+ Yo 2a+T b+M=0, oTKyna HAXO[UM :
Yo=—(M+T b+Fb(2cosa—sina))/(2a+2b)=—12 xH.

3aTeM JIErKo OIPeJeJISIOTCS BCe OCTABIINEC HEeU3BeCTHDIE:

Xqa= 24xH, Xp= 4xH, Xs= —6kH,
Y= 36kxH, Yp=-12xH, Y= -—-12xH.

OTpUiATeNbHbIE 3HAYCHNS YKASBIBAIOT, YT CHibl Y3, X¢ 1 Yo HAIIDABIICHDI
IPOTUBONOJIOZKHO MOKAZAHHBIM Ha PUCYHKAX.

Hanee naxoqum: Ra=/X3+Y3=433 «H, Rp=/X3+Y3=12,6 kH u
Re=\/X24+Y2=134 xH.

OTtBer :
Ria=433 xkH, Rp =126 xH, R¢c = 13,4 xH.

SAJIAHIVE 7. PaBHOBecue TeJjia, HaXOASIIIerocs IIoJ, AeiicTBUEM
IMIPOU3BOJIBHOM IMMPOCTPAHCTBEHHOI CUCTEMbI CILI

J1Be 0JTHOpPO/THBIE MIPSIMOYTOTBbHBIE TOHKHE TIUTHI JKeCTKO COeIMHEHbI (CBa-
PEHBI) TOJT MPSIMBIM YIJIOM JAPYT K JAPYTY U 3aKpeIieHbl ¢hpepriecKuM map-
HUPOM (MM TONATHUKOM) B TOUKe A, NHJIHHIPHIECKUM MIapHUPOM (T0jI-
IIUITHAKOM) B TouKe B u HeBecoMbiM crepxkueM 1 (puc. 7.0-7.7) nm ke
JIByMsI IOAIIUITHUKAME B TOUKaX A u B 1 JByMsI HEBECOMBIMU CTEPKHSIMH
1 u 2 (puc. 7.8, 7.9); Bce cTePKHU MPUKPEILIEHBI K TLIUTAM U HEIOJBIZKHBIM
OTIOpaM IIapHUPAMHU.

Pazmeps!l miuT ykazaHbl Ha DPHUCYHKaX, BeC ILIUTHI OGJbIIE ILI0IaIu
P1=5 kH, Bec méabmeir mmuTer Po=3 kH. Kaxgas u3 minT pacmosioxkena
napaJsijieJ;ibHO OJJHONH U3 KOOPIUHATHBIX IJIOCKOCTEH.
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Tabnuma 7

Howmep Fy =10 kH, Fi,<0 Fy =20 xkH, F5,. <0
cTpoku | pucynaka | Touka mpuaoxK. | v | Touka mpumiox. | o
0 7.0 K 75° D 15°
1 7.1 H 15° /5, 75°
2 7.2 K 30° D 60°
3 7.3 H 45° ) 45°
4 74 K 60° D 30°
5 7.5 H 75° E 15°
6 7.6 K 15° D 75H°
7 7.7 H 30° /5, 60°
8 7.8 K 45° D 45°
9 7.9 H 60° /5, 30°
A b B A b

B Tabaune npuHaTH 0003HAYEHUS: (v — YO MEXKJIY OChIO X U
HarmpapaeHueM cuianl F, k=1,2.

Ha mymter geiictByeT napa cui ¢ MomeaToMm M=4 kHw, nexamas B mioc-
KOCTH OJIHOM W3 TLJTUT, W JIBE CHJIbl. SHAYEHWs CUJI, UX HATPABJEHUS U TOUYKH
npuIozKeHust ykazanbl B Tad. 7. Cuja F napaJiiebHa MJIOCKOCTH XY, PU
srom [7,<0; a cura ﬁg — mapaJiiesbHa IJ0CKOCTU X2, TIpu 3ToM Fo,<0.
Touku npunoxenus cui (D, F, H, K) Haxonarces B yriax Wil B cepe/i-
Hax pedep TINT.

OnpeieTnTh peakin cBsizeii B Toukax A 1 B U peakinio cTep:kHst (cTepK-
weit). Ilpu nojgcuerax npunstTs a=0,6 M.

Ykazauuda

3ajiaHne 7 — Ha paBHOBECHE TeJa 110/l JIeHCTBIEM TPON3BOJIBHON TPOCTPaH-
CTBEHHO cuereMbl cuit. IIpn penennu 3a1adm yuecTs, 9T0 peakims cdepu-
YECKOro IapHupa (MOJIIsITHIKA) MMeeT TPH COCTAB/IONIIe (I1apaJliebHble
TPeM KOODJAMHATHBIM OCAM), & PEAKIHs TOIINITHIKA — J[BE COCTABJISIONTHE,
NepreH/ MK yJIsApHbIE €ro OCH.

TIpu BEIYUC/ICHHH MOMEHTA, GBI [ OTHOCHTE/ILHO OCH YA0BHO TpeicTa-
BUTB CUITY JBYMsl (HHOT/IA TPEMsl) COCTABJISIONIMMI 1 32TEM BOCIIOJIB30BATHCS
Teopemoii Bapunpona (cum. 3atanue 5).
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Puc. 7.0-7.5
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ITpumep 7

Cucrema, cocTosIias u3 JIBYX »KECTKO COCIMHEHHBIX MPIMOYTOJIBHBIX O/1-
roponubix it ABC'D secom Py 1 BOCGE Becom P (puc. 7,a), HaxonuTcs
B COCTOSTHUM paBHOBecHsi. KoHCTpyKIMsI MpUKperieHa K cTeHe IIpu IOMOIIN
chepudeckoro mapuupa D, et A u yaep:KuBaeTcss B paBHOBECHH TPO-
com CK (mumra ABCD pacriosioxena ropu3oHTaibho, a mwimra BCGE —
BepTHKAJIbHO). B Touke G npuioxkena cuia Cj , JIMHMSI JefiCTBUST KOTOPOIT 00~
pasyer ¢ 0csiMI KOOpJWHAT X, Y, 2 YIVIbl o, (3, 7. B miockoctn mmter ABC' D
neficTByeT mapa Ciji ¢ MoMeHToM M .
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Ny

6)

Puc. 7

Haiitu HaTsizkeHue Tpoca, peakiuy IeTJU U IapHUpPa MPU CJIEIYIOHNX
4UCJIOBBIX 3HaueHmsax: a=4M; b=3M; h=2m; H=5v3m; P=10«H;
P,=20 xH; Q=40 kH; M=10 xkHwm; a=60°; 5=45°; v<90°.
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Perttenne

PaccMmoTpum paBHOBecHe KOHCTPYKIMH, MBICJIEHHO OTOPOCUB CBA3U U 3a-
MeHHUB uX jieficTBre peakiusamu. Cubl, JeficTBYONINEe Ha, KOHCTPYKIIHIIO, T10-
KazaHbl Ha puc. 7,6. Bykpoii © obo3nadeH yroJi, odpa3yeMblil peakiyeii Tpoca
T ¢ naockocrbio DAB. Cpeau 9TUX CUJI 1IeCTh HEM3BECTHBIX: YA, 44, XD,
Yp,Zp,T.

Jlist obJierdenust cocTapieHus: ypaBHeHUI 3aMeHUM CUITY Q TpeMs COCTaB-
JAOMIMH Ql, QQ, Qg, HAIPABJICHHBIMA TAPAJIIEIBHO OCAM KOOD/IMHAT, &
CUITY T PAa3JIOXKUM Ha JIBe MepPIeHINKYISPHBIE COCTABIAIONINE — i mapaJi-
sesbio ocl z u Ty Biosib auaronau CA (puc. 7,0):
 =Qcosa, Qo =Qcosf, Q3 =CQcosy, Ty =TsinO, Ty =T cosO.

CocraBuM ypaBHeHHs paBHOBecHsi (depes @ obosmaden yroa ACD):

S, =0: Xp—Q1—T,sin p=0,

27 8= (N Yp+Y4—Qo—T5 cos =0,

ZF =0 ZD+ZA—|—T1+Q3—P1—P2:O,

Sy (F) =0 : =Py a/2—Pya+T, a—Qs h+Q3a=0

s my(F) = 0 Pib/2+4Pyb/2—Z pb—T1b+Q1h—Q3b=0 ,

—

Zmz( ) Yp b+Q1 a—Qs b—M=0.

13 coornomenust cos? a + cos? 3 + cos®>y = 1 naiigem cos®>y=1/4. Kpo-
Me Toro, tgO=H/\/a® + b?=+/3, tgp=b/a=3/4 , us gero ciemxyer: y=60°,
O=60°, p=37°.

Pemag cucremy ypaBHeHUil, HaliieM:

T =221xH; Yjy=322kH; Z4= 1,67kH;
Xp=2606kH; Yp=495xH; Zp=—10,8xH.
Jlasiee BBIMUCTUM
Ra=\Y}+73=32,2xH; Rp=\/X}+Y3+23=29,1 xH.

OTBerT :
T=221xH; R4=32,2xH; Rp=29,1«H.

SAIJAHUE 8. /lusnaMuka MaTepuajibHOI TOUKNI

['py3 maccoit m, mogyduB B TOYKe A HaYaJbHYIO CKOPOCTH V(, JIBUZKET-
csl 110 HAKJIOHHOH IIJIOCKOCTH BJIOJIb NIPsiMoit AB 110 HanpaB/IeHUIO K TOYKe
B (puc. 8.0-8.9). Ha rpys kpome CHJIbI TSIZKECTH p JleficTByeT cujia Tpe-
nus (ko3 unHeHT TpeHns CKOJbXKeHHs Ipy3a 0 noBepxHocTh [f=0,2)
U IepeMeHHasl CHJIa F, HallpaBJ/ieHre KOTOPOil 1M0Ka3aHO Ha PHUCYHKaX, a ee
3aBUCHMOCTDb OT BpeMeHH ¢ 3ajaHa B Tabul. 8. HaliTu 3aK0oH IBUKEHUS I'Py3a.
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Puc. 8.0-8.9
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Tabauma 8

Homep m, | Vo,| a, | 8, | F(t),H;
cTpok | prcynka | KU | M/C | TPaj | rpaj t,c
0 8.0 5120 | 20 | 30 | 5(e”*—1)
1 8.1 15| 10 | 10 | 20 30/t
2 82 | 10|30 | 15 | 25 |30(14+e™ ")
3 8.3 8 120 | 10 | 20 | 8(1+e M)
4 8.4 12 | 40 | 15 | 30 |24(1—e™%%)
5 8.5 20| 30 | 20 | 30 404/t
6 8.6 16 | 15 | 10 | 20 1,6t
7 8.7 15120 | 15 | 25 | 30(e%—1)
8 8.8 14110 | 20 | 30 2 8t?
9 8.9 18 [ 30 | 10 | 20 |18(1—e ")
A B|B| A | B B

YKazanuda

3ajande 8 — Ha cocTaBjeHWe W WHTerpupoBanue JudpepeHnnaabHoro
ypaBHEHWST ABUKEHUS MaTepuabHol Touku. [Ipu coctaBiennu ypaBHeHus
JIBUYKEHUST PEKOMEHIyeTCsI OCh & HaIpaBUTh BOJb HpsiMoit AB ot A x B,
MOMECTHB HAYaJI0 oTcdyeTa B TOUKy A, rje Haxojuics rpy3 B Hada bHbIH
MOMEHT.

Haiienmbplii B pe3yabraTe HHTEIPUPOBAHUS YpaBHEHUs 3aKOH JIBUYKEHUS
rpysa x=x(t) Oyuer cripase B JubO 0 MOMEHTA OCTAHOBKHU I'py3a (0bpa-
IEeHWst B HYJIb cKopocTH V'), b0 10 MOMEHTa OTPBIBA I'PY3a OT TTOBEPXHOCTH
(obpartieHust B HY/JIb HOPMAJIBHOIN COCTABJISTIONIEH peakiiny moepxHocT V).

ITpumep 8

[I'py3 maccoit m=12 Kr HAXOJUTCS Ha TOPU3OHTAJBHON MMOBEPXHOCTH U
JIBUZKETCS 110 TIpsiMoit A B, nmest B Touke A Hada bHyI0 CKOpocTh Vo=20 Mm/c
(puc. 8). Koschdurmen Tpenus ckoyibkenus rpysa o miockocTs f=0,2. Tle-
pPEeMEeHHas cuJia F cocrapasier yroa 30° ¢ npsamoit AB u MeHsieTcs cO Bpe-
meneM 110 3akony ['=12(e%3—1) H. HaiiTu 3aKoH JBUzKeHUs Ipys3a.

Perienne
Cocrapum nuddepeHnuajbHoe ypaBHeHne JIBHKEeHNs Tpy3a, 1mojaras ero
MaTepraJbHOi TOYKOH. 300pas3uM rpy3 B MPOU3BOJBHOM ITOJIOKEHUN Ha
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TPaeKTOPUN U MOKaXKeM Bce NeHCTBYIONINE Ha HErO CUJIBL: CUJIY TaKecTn P,
nepeMenHyio cuity F', cuiy Tpenns F'pp, HalPaBJIEHHYIO ITIPOTUBONOJIOZNKHO

BEKTOPY CKOPOCTH, HOPMAJIbHYIO COCTABJISIIONLYIO CHJIBI PeaKIUN TOBEPXHO-
ctu N.

y —
AN I
'V_O F"}‘p 30°
b - - -
Y 4 X
A B
v_
P
Puc. 8

3anuiieM BeKTOPHOE PaBEHCTBO, CJEJyiolllee M3 BTOPOro 3akoHa HbioTona
md =P+ F+N+Fq, (%)

rje @ — yCKOpeHue rpysa.

IIpoBegem och x, HanpaBJisis ee BIOJb TpaekTopun AB ot A Kk B Hadaso
oTcueTa MoMecTuM B Touky A, rme maxommscst rpys mpu t=0.

CrpoekTupyeM BeKTOPHOE PaBeHCTBO (%) Ha OCb X U, yUHTBIBasi, 4TO
a, = I, NOJy4uM

mi =P, +F,+ N+ Fopo.

[logcraBigg B mociemnee BbIpaxkenume BegumdauHbl: m=12, FP,=0,

Fy=Fcos30°,N;=0, Fopy =—Fop=—fN=—0,2N , npujieM K ypaBHEHUIO

123 = 12-0,87(e"* — 1) — 02N . (%)

B ero npaBoit yactu naxojaurcst HemsBecTHas Besimanna N . Haitjgem ee, mipo-
eKTHPYs COOTHOIIEeHHEe (%) Ha OCb Y:
my = Py + Fy+ Ny + Fapy .

[TomcraBuB B mocsenHee BbipaykeHne Besnaubl: =0 (yckopeHue rpysa
d nepreHuKyJ/ispHo ocu y), g~10 m/c?, Fy=Fcos60°, Ny=N, Fq,,=0,
Py=—P=—myg, n paspeag ero ornocutesbio N, Hafijem N=126—6e"3.

Uctiosb3yst B () HaitgenHoe Beipazkerne it N | MOJTydUM HOCTe TTPeot-
pazoBaHuii 00bIKHOBeHHOE JinddepeHIaibHoe YpaBHeHne BTOPOro MopsiIiKa,
OIUCBIBAOIIEe JIBUYKEHUE Ipy3a:

i = 0,97 —297. (35 %)
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Jlnst HAXOXKJIeHWsl 3aKOHA JIBHZKEHHS I'Py3a HEOOXOJNMO TIPOUHTErPHPO-
BATb YDABHEHUE (k%) C yUETOM JBYX HAUAIbLHBIX YCJIOBHUIL:
npu t=0: x=0, z=V,=20.
YunreiBag & =V, nepenuiem (x%%) B BHJE
dv

—— =0,97¢% —297.
dt

[locsie unTErpUpOBAHUS TTOJTYUUM:

V =097e"%/0,3 — 297t + Cy,
rae ] — TpousBOJIbHAS MOCTOsiHHAS. Ee HaXouM U3 HAYaJIbHOTO YCJIOBHS:
t=0,V=VW=20

20 = 0,97¢%3°/0,3 — 2,97-0 + O,
orkyna C1=16,8. Ternepb 3aKOH M3MEHEHWsI CKOPOCTU I'Py3a 3alChbIBAeTCs
TaK:

V = 3,23¢"3 — 297t + 16,8

C yuerom V = &, nocjiesinee BhIpazKeHue MpUHUMAeT BUJL Juddepeniiu-
AJIbHOI'O YpaBHEHUsI IePBOro MOPsiIKa:
dz

e 3,23¢"% — 297t 4+ 16,8,

1ocJIe UHTErPUPOBAHUS KOTOPOT'O MOJIYIUM :
2 =10,8e%% —1,49t> 4 16,8t + Cs,
rie Cy — MPOW3BOJIbHAS MOCTOsIHHAS, KOTOPYIO HAXOIUM, HCIIOJNB3Ys BTOPOE
HavaJibHOe ycjoBue: (=0, r=0
0=10,8¢"%% —1,49-0° + 16,80 + (s,
orkyna Co=—108.

OTBerT :

Baxon apmkenus rpysa; x=10,8¢"%—1,49t>+16,8t — 10,8; 2 u3Mepsercs
B MeTpax, { — B CeKyH/Jiax.

Bameuanue. 3aKOH JIBUKEHUs OYJIET ClIPABEJIUB, oK peaknus N HeorpunareabHa (10
MOMEHTa OTPBIBA TPy3a OT MoBEPXHOCTH ). OTpeie/ MM 9TOT MOMEHT M3 TIOJIyYeHHOTO Da-

nee mepasenctsa N = 126 — 6e%3* > 0. Pemas ero, maiiziem, 4To HalieHHBIH 3aKOH
cripaeqyms ipu ¢ < 10,1 c.

SAIAAHUE 9. Ilpunnun lanambepa

BepTukaJbHbI BT (pI/Ic. 9,@), Bpalllaloiuniicsg ¢ MOCTOSTHHON YIJIOBOI
cKopocThIo w=10¢™! | 3aKpernien MOAMATHIKOM B ToUKe A 1 IHINHIpHte-
CKUM TIOAIIUITHAKOM B TOUKe, yKa3anuoii B 1ab1. 9 (AB=BD=DF=FK=b) .
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K Basy »KecTKO IpHUKpeIIeHbl HEeBeCOMbIH creprKeHb 1 minHoit £1=0,4 M ¢
TOUYEYHOU Maccoil m;=0 KI' Ha KOHIle U OJIHOPOJIHBIN CcTepyKeHb 2 JJINHOMN
l5=0,6 M, umeronuit Mmaccy mo=4 Kr; BaJ U 00a CTEpPyKHS JexKaT B OJIHOI
IJIOCKOCTH. TOUKM KperJieHus cTepKHel K BaJIy U yIVIbI MeXKIY CTePKHIMU
u BasoM (o 1 (J) yKasaHbl B TaOJIHIIE.

[Ipenebperasi Becom BaJia, OIpeJIeIuTh peakinu cBs3eil. [Ipu okoHuaTe Ih-
HBIX IojicueTax npuHsITh b=0,4 M.

Tabauma 9
Touku Kperre-

Howmep | Ilommununk | gus crepxkueit | «, | 3,
CTPOKH B TOYKe : , rpaJ | rpaj
0 K B B 30 45
1 E D D 45 60
2 D E E 60 75
3 B K K 75 90

4 K B E 90 | 120
5 E D D 120 | 135
6 D E B 135 | 150
7 B K K 150 | 30
8 K B B 165 | 45
9 E D D 30 60

A b B A b

YKa3zaHud

3aganne 9 — Ha npuMenenue npunnuna lasambepa K U3yUeHHIO J[BHIKe-
Hug cucreMbl. [Ipn penernu 3a1a4u HeOOXOMMO YUECTh, ITO CUITbI HHEPITUH
CTepKHS 2 MEIOT PABHOACHCTBYIONYI0 ®=—1md,, r1e @, - YCKOpEeHHe 1eH-
Tpa Macce C cTep:KHsl, HO JIMHUA JIeHcTBUA cHJibl $ HE MPOXOUT Yepe3 TOUKY
C' (cm. mpumep 9).

ITpumep 9

C meBecoOMBbIM BajioM AB, BpaIaronmMcst ¢ MOCTOSAHHON YIJIOBOH CKOPO-
CTBIO W, YKECTKO CKPEIJIeH O IHOPOHBII crepxkenb OD jymHOi £ W Maccoi
my, Hecymmii Ha KoHIe rpy3 [ maccoit meo (puc. 9,6).
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OnpegennTs peakiun nofgnsaTHuka A u nommunauka B, ecan b;=0,6 M,
be=0.2 M, a=30°, {=0,5 M, m;=3 kr, Me=2 KT, w=6¢"".

Pemmenne

Jl1st onpeiesieHnsl HCKOMBIX peakluii npumeHuM npuniun Jlagsambepa K
MeXaHU1IecKoil cucreme, cocrosiieil u3 Bajga AB, crepxua OD u rpysa.
[TpoBejiem Bpalatoryecss BMecTe ¢ BajoMm ocu A xy Tax, 4ToObl cTep:KeHb
JIeXKaJT B IJIOCKOCTH X . 3aTeM H300pa3uM BHEITHUE CUJIbI, JICHCTBYIONTIE Ha,
CUCTEMY: CHJIbI TAXKECTH 151, ]32, COCTABJISIIONIIE X A, ?A PeaKIny MOJIIIHII-
HUKA C ITOJIISITHUKOM M PEaKIIHIO ﬁB HOJIIUITHUKA B.

B coorBercTBun ¢ npunmunoMm Jlagambepa cucrema BHEIIHMX CHJI U CHIJI
HHepHIuK ypaBHoBeleHa. M300pasuM cujibl HHEPLUH, TPUJIOKHIB UX K CTePIK-
HIO W TPy3y, cUuTas MOCTeIHNN MaTepuaabHOM To4dkoil. Tak Kak Baj Bpa-
aeTcsi pABHOMEPHO (w=const), TO BCe 9JeMEHThI CUCTeMbI HMEIOT TOJIBKO
HOpMaJIbHBIE COCTABJISIOIINE YCKOPEHUS @ 1, HAIIPABJEHHbIE K OCH Bpallle-
nud. Ilo Beamunne a,,=w>hy, Tae hy - paccrosguue s1eMeHTa oT och. Torna
CHUJIbI UHEPIINN 5k:—Amk @ ), OYIYT HAIIPABJIEHBI OT OCH BpAIIEHUs U PaB-
ubl Op=Amy app=0myw?hy, rie Amy — Macca s1eMeHTa. II0CKOJIBKY Bee
Cf% MPOTIOPIHUOHAJBHBI fiy,, TO STIOPa STUX MapasljieJIbHbIX CHJI 00pas3yeT Tpe-
YTOJBHUK U UX MOYXKHO 3aMEHUTH PaBHOJEHCTBYIOIIEH <I;1, JINHUST JIefiCTBUS
KOTOPO# IPOXOIUT depe3 HEeHTP TAXKeCTH 3TOIN0 TPeyroJibHUKA, T.e. Ha Pac-
crosaun Hy or Bepmunet O, e Hy = 2Hy/3 ) Hy = £ cosa (eMm. puc. 9,0).

PaprojelicTByromnias 1000l cucTeMbl CHJI paBHA ee TJIABHOMY BEKTODY, a
10 BeJIMUHHE TJIABHBIM BEKTOp CHJI MHepruu crep:xkis $i=mja., rie a. —
YCKODeHHe LIeHTPa MacC CTEePIKHsI; IIPU 3TOM

Qe=0cn=w*h.=w?OC sinar, OC=(/2.
B pesyabrare nosyunM 1 ®1=mjw?¢sina/2 = 135 H.

AHAJIOrUYHO JIJIsT CHUJIBI HHEPIIUN 52 rpy3a HaiijieM, 4TO OHa HallpaBJieHa,
OT OCH BpallleHus], a ducjeHHo Po=mow?fsina = 18 H .

Tak Kak Bce CUJIBI MHEPIUH JeXKAT B IJIOCKOCTH X ¥, TO U PEAKIIUU T10/I-
nsTHuKa A u mogmmnanKa B ToXKe JiesKaT B 3TOH [JIOCKOCTH, YTO OBLIO
YUTEHO P UX U300ParKeHUN.

[To mpunnuny lanambepa, n3odpazkKeHHbIe Ha PUCYHKE BHEIIHKE CHJIbl U
CHJIbI MHEPIUH 0Opa3yioT ypaBHOBEIIEHHYIO cucTteMy cujl. CocTaBss s
9TO IJIOCKOH CHCTeMbI CHJI TPU yPABHEHUsI PABHOBECHS, TIOJIYIHM:

I, =0: Xa+Rp+ P+ D=0,
ZFy:O YA—Pl—PQZO,
ng(ﬁ) =0: Xu(by+ b)) — Pilsina/2 — Pyl sina+
+ (I)l(Hl + bg) + (I)Q(HQ -+ bg) =0.
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[TogcTaBuB B ypaBHEHUs] UHCJIOBBIE 3HAYCHUS BCEX 3aJaHHLIX U BBIUHC-
JIEHHBIX BEJINYUH U DEIINB CUCTEMY YPaBHEHW, HalileM HCKOMbIe peaKIUu.

OTBer :

Xu=—118H, Y, =49,1H, Rp=—197H, Ru=yX3+Y7=50,5H.
3HaKN yKa3bIBAIOT, YTO CHJIBI Xau Rp HAIIPABJIEHBI TPOTHBOIIOJIOXKHO T10-
Ka3aHHBIM Ha puc. 9,0.

SAJJAHUNE 10. Ob6uiee ypaBHeHUEe JUHAMUKNA

Mexanudeckas crucTeMa COCTOUT U3 MIKUBOB 1 U 2, 00MOTAHHBIX HUTAMMI,
u Tpy3oB 3, 4, 5, npukperyienusix K otum zHutam (puc. 10.0-10.9). Cucre-
Ma JIBUZKETCsl B BEPTUKAJbHOU IJIOCKOCTU T10J JIeCTBUEM CHJI TSI?KeCTH U
JIBYX TTap CWJI: mapbl ¢ MOMeHTOM My, TpUIOXKEeHHON K MKUBY 1, U mapsl ¢
MomeHTOM My, IpuoyKeHHOM K MKUBY 2. Pajmycel cryneneil mkusa 1 pas-
apl: R1=0,3 M, r1=0,15 M, a mkuBa 2 — Rs=0,2 M, ro=0,1 Mm; ux paguycol
HUHEPIUU OTHOCHUTEJbHO Ocell BpallleHWsl paBHbI cooTBeTcTBeHHO: p1=0,2 M,

pQZO,l M.
[Ipenebperasi TpeHuem, OIpeNE/JNTh YCKOPEHHE I'Py3a, MMeIOINero Hau-
oonbmuit Bec. Beca P, P, ..., Ps mKuBoB u rpys3oB 3ajaHbl B Tada. 10

B HBIOTOHAX, & MOMEHTBI — B HBIOTOHOMETPaX.
Ipumevarue. TIKUBBI JOJKHBI BCEr1a H300pazKaThcsl Ha, YepTexKe, 1axKe
B cJIydasx, KOTJga UX Macca paBHa HYJIO.

YKazanuga

Bajganne 10 — Ha npuMeHeHHe 0OINEro ypaBHeHUs THHAMUKH (TTPUHIHIIA
Ditnepa-J/larpanzka-/lanambepa) K HCCTeI0BAHUIO JIBUXKEHHsT MATEPHATBHOI
CHUCTEMBI C OJIHOM CTENeHBIO CBOOOIBI.

Hamomunm hopMyIupoBKy 00IIero ypaBHEeHUsI JTUHAMUKN: [IPY JIBUYKEHNU N
MEeXaHUIEeCKOH CHCTEeMBI C UJ1eaIbHBIMH CBA3SIMEU CYMMa padOT aKTUBHBIX CHJI
U CHJI MHEePIUU Ha JII0OOM BO3MOXKHOM II€peMeIleHNH CUCTEMbl PaBHa HYJIIO.

CwuJioit unepuun ® Touku Maccoil m HazbIBaeTCS BEKTOD 5:—md’, Ha-
IpaBJIEHHBI B CTOPOHY, TPOTHBOIIOJIOKHYIO YCKOPEHUIO (4 TOUYKHN (pI/IC. 10,a)
¥ paBHBIN 110 MOJYJIIO IPOU3BEICHUIO MACChl TOYKM Ha MOJYJ/b YCKOPCHUA.

CucreMa cHJI MHEPIMH, NPUJIOYKEHHBIX K TOYKAM TBEPJOrO Teja, MOXKeT
OBITH 3aMeHEeHa SKBUBAJIEHTHON CUCTEeMOI, cocTosIeill 3 OqHOM CUJIbL U O/I-
HOM mapbl CUJL.
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Tabauma 10

Howmep Cunl, H MowmenTtnr, H-m
cTpoku | pucyHka | Py | P | Py | Py | P M, My
0 10.0 101 01]20] 0 |30 0,3 0
1 10.1 01302010 0 0 0,4
2 10.2 0 120( 0 [30]10 0,6 0
3 10.3 3000 1(10[20( 0 0 0,6
4 10.4 101 0] 0130120 0 0,6
5 10.5 011030 0 |20 0,3 0
6 10.6 0130 0 10120 0 0,6
7 10.7 200 0 130 0 |10 0 0,2
8 10.8 01102030 0 0,3 0
9 10.9 200 0 | 0 | 10|30 0,6 0
A b B A

[Ipu moctynare/sibHOM JBUKEHUM Teja CUJIbI UHEPIUU BCEX ero ToYeK
3aMEeHSIFOTCs OJIHO¥ cuytoii (puc. 10,6), TPUIOKEHHON B TEHTPE Mace Teja
CfD:—m(ZC, rjie d. — yCKOpeHue [eHTpa Mace TeJa.

Ecm Teno Bparmaercs BOKPYT HEMOABUKHON ocu (), ABJISIOMENCS OChIO
MaTepHaJIbHON CUMMETPHUN TeJsa, TO CHUCTeMa CHJI MHEePHUH SKBUBAJCHTHA
rnape Cujl ¢ MOMEHTOM ]\qu,z—[o £, rne I, — MOMEHT WHEPIMH TeJla OTHO-
CUTEJILHO OCH BpaIlleHusi, & — yIJIOBOe yCcKopeHue Teja. Hampapiienue mapb
IPOTHBOTIONOKHO HATIPABJIEHHIO TyroBoil cTpesiku & (puc. 10,6).

[Ipu myiockom JIBUKEHUN TeJjia, UMEIOIIEro MJIOCKOCTh MaTepUabHOM cM-
MeTpPUN, CUCTeMa CHUJI UHEPIUN 3aMeHACTCs 9KBUBAJICHTHON CUCTeMOi, COCTO-
AIel U3 CUJIbI 52—7}1&0 , IPUJIOZKEHHOH B I[EeHTpe Macc TeJsa, U Mapbl CUJI ¢
vomenTom Me=—1,& (puc. 10,2).

ITpumep 10

Mexanuveckasi cucrema (puc. 10,0) cocront us 6joka 1 Becom Pj u rpy3sa 2
BecoM P, cKoJIb3sIIero mo riaajgkoil HaKJIOHHOM IJIOCKOCTH, COCTABJISIOINIC
yroa « ¢ ropusoHToM. K rpy3y NpuKperjeHa HUTh, HaMOTaHHas Ha OJIOK
pajiuyca 11, paJinyc HHepIUU 0JI0OKA OTHOCUTEJILHO OCH BPAIeHHs PaBEH pj .
K 610Ky npujioykena mapa cuji ¢ MoMeHToM M | HanpaBIeHHBIM IPOTHB X018
yacoBoil crpesiku. Haiitu yriioBoe yckopenue 0J10Ka.
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Puc. 10.0-10.9
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Pertenne

Uccnenyemasi MexaHmdecKasl cucTeMa HecBOOOHAsA, TaK KaK Ha TeJa, U3
KOTOPBIX OHA COCTOUT, HAJIOKEHBI CBSA3M: HETOABUKHBIH mrapHup O, HAKJIOH-
Hasl [JI0CKOCTD, HepacTsKuMas HUTh (Ha puc. 10,e moKazaHbl peakiny STHX
cBsi3eii). DTa cHeTeMa MMeeT OJIHY CTeleHb CBOOO/IbI, TIOCKOJIBbKY ee MOJ0-
JKEeHUe OJIHO3HAYHO OMPEJIeIIeTCs 3aJaHneM OJIHOTO mapaMeTpa (HampuMep,
(01 — yTJla TIOBOpoTa OJI0Ka, WU Sy — IepeMelleHts Ipy3a BIIOJb MJIOCKO-
cTH).

HamoMHuM, 9TO BO3MOXKHBIM MTepeMeIeHHneM CHCTeMbl Ha3bIBAETCST COBO-
KYITHOCTb OECKOHEYHO MAJIbIX TTepeMeIeHril ee TOUeK, JIOIMyCKaeMbIX CBs3s-
Mu. Bo3MOXKHBIE TlepeMelnleHust CUCTeMbl He CBs3aHbl ¢ JIeHCTBYIONMMHU Ha
cucremy cuamu. [Tosromy mist 6s10ka Ha puc. 10,0 BOBMOXKHBIM TIepemere-
HueM OyzeT MmoBOpoT BOKPYr ocu () Ha OECKOHEYHO MaJiblii yroJ 0 Kak
MPOTHB, TaK ¥ 10 YaCOBOI CTPEJIKH.

Tak Kak MbI IIpeJIrojaraeM, 4To HUTh HEPACTIKHUMa U OCTaeTCsl HATIHY-
TOI, TO I'PYy3 IIPH STOM MOJYIUT OECKOHETHO MaJjioe IepeMerieHne BBepx Wl
BHU3 BJIOJIb HAKJIOHHOH IIJIOCKOCTH Ha BEJIUIUHY 0S9=71001.

CBs31, HAJIOXKEHHBIE Ha CHUCTEMY, Ha3bIBAIOTCSI UJAJbHBIMU, €CJIN CYMMa
padboT peakiuii ¢BsA3M Ha JIOOOM BO3MOXKHOM IepeMelleHuH CHCTeMbl paBHA
HYJTIO.

Pa60Ta cuitbl I Ha BO3MOKHOM repeMerneHu 0S5 HaXOIUTCs 110 daopMy.ne
SA(F ) F§5=F6s COS7Y, TJIe ¥ — yTOJ MEXK]Iy HAIPABJICHUEM CUJIbI Fu
HallpaB/JeHHeM BO3MOXKHOI'O IepeMeIleHrs] TOYKH PUJIOKEeHUs] ITOH CHJIbI
08. st mapet cunt 0A(M) = +M g, rne M — BesmdnHa MOMEHTA MApHI,
0 — YroJi IOBOPOTA TeJIa; TIPU 9TOM 3HAK ILIOC HepeTcs, ecjin HalpaB/IeHHs
BpAaIlleHUsl [Iapbl U yTIJIa [IOBOPOTa TeJjia COBIIAIA0T, U 3HAK MUHYC — €CJIM OHU
[IPOTHBOIIOJIOKHBI.

[IpoBepum UJATbHOCTD CBSA3EH JIs paccMaTpUBAEMON CHCTEMBL. Pabora
COCTABJISTFOITIX XO, Y, peaknuu mapaupa (O paBHa HYJIO, TaK KakK P JIO-
OOM BO3MOXKHOM TIepeMelleHrr cucTeMbl Touka O ocTaeTcsl HEIoBUKHOIM.
Pabora peaximm N HAKJIOHHOH IJI0CKOCTH paBHa HYJIO, TaK Kak N ep-
MeHINKYJIsipHA HAITPaBJIEHHUIO BO3MOXKHOI'O ITepeMeleHns ITpy3a 08y. CyMmma
padboT CUJI peakImy HUTH A (ﬂgz—fm, TaK KaK HUTb HEBECOMA)
obpaliaercst B HyJIb B CHJIYy HEPACTSI?KUMOCTH HUTH.

[Ipu perennn 3a1a4uu ¢ IOMOIIBIO ODINEr0 ypaBHEHUsI JUHAMUKN PEAKIINN
1JleaIbHBIX CBst3eil Ha depreske 0OBIMHO He MoKasbiBaioT (puc. 10,e cienan
JIJ1sT TIOSICHEHUsT TIOHSITHS A bHBIX cBszeil). Ha ueprexke ciemyer mokasbl-
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BATH JIMIIb AKTHBHBIE CHJIBI (B HAIIEM CIy9Iae 9TO CHJIbI ]31, ]32 U 1apa ¢
momenToMm M) u cuiibl uHepiwn 6J0Ka u rpysa (puc. 10,0).

Yrobbl 1300pasuTh CHJIbI UHEPIUH, HAJO0 3a/1aThCsl HAIIDABJIEHHEM YCKO-
pEeHUs I'Py3a (s W COTJIACOBAHHOTO C HUM YIJIOBOI'O YCKOpPEHHSI OJIOKa €1 .

[Tocsie 3TOr0 HEOOXOAMMO BBIHECTH Ha PHCYHOK CHJIy HHEPIUU TIpy3a
52:—m262:—P262 /g, NBHKYIErocs TIOCTYIATEIBHO, U APy CHJI HHEPIUH
BpalllaloIerocs: 6JI0Ka, MOMEHT KOTOPOil paBeH M¢1:—Io £ . Moment nnep-
muu  OJ10ka [, OTHOCUTE/NBbHO OCH BpallleHHsl HaxOoAUTcs 10 (hopmyiie
L=mpi=Pipi/g .

Bribepem Hanpap/ieHe BO3MOXKHOIO TIepeMelleHusT TakK, Kak MoKa3aHo Ha
puc. 10,0 n mojacanTaeM paboTy KarKa0il aKTUBHOM CHUJIbI U CHJIBI HHEPIMH Ha,
TOM IIepeMeIeHUH:

(5A(f)1):O, SA(M)=—M b1, (5A(ﬁ2):P2 3§52 c0os(90°—a)=P5 § 59 sin a,
514((1)2):(1)2 582 COS(1800):—(I)2(5$2, 5A<M¢1):—Mq>1 (5901 .

B coorBercTBUM ¢ 00IIKMM ypaBHEHUEM JMHAMUKH [IPUPABHUBAEM K HYJIIO
CYMMY 3THUX paboT:

Py sinadsy — M o1 — Prdsy — Ma1001 = 0.

C yuyeroM 08y,=r1dp; NepenuiieM IocjeHee BbIpaXKeHHe B BHJE:
(Pyrysina—M—®1r;— Mgy ) 01 = 0. Tak kak 3HaYeHne §¢1 TPOU3BOJIBHO,
TO PABEHCTBO MOXKET OBLITH CIIPABEJJINBO JIUIIL B CJIydae, €CJId MHOXKUTEIb
npu 01, 3aKIIOUEHHBIN B KPYTJIble CKOOKU, PaBeH HYJIIO, T.€.

Porysina—M—®or1— Mg, = 0.
Jlaee HaIO IOACTABUTDL B MOJIydeHHOe cooTHomeHue @y u Mepy, BhIparkeH-
Hble Jepe3 yCKOPeHHs, U ydecThb, YTO Gy = T1€1. B pesyibrare moJjydaem
ypaBHeHHe:

Pyrysina — M — Pyrie; /g — Pipiei/g =0,
OTKYy/Ja HaleM yIJIOBOe YCKOpeHHe &1 .

OTtBer :
&1 —=4g (P27’1 sin o — M) / (Plp% + PQT%) .
SAJIAHUE 11. VpaBuenus Jlarpanxka 2-ro poaa

Mexanudeckast ccTeMa, COCTOUT U3 CTYIeHIAThIX IMKUBOB 1 U 2, Becom P
u P, ¢ paguycamu cryneneit R1=R, r1=0,4R, Rs=R, r»=0,8R, R=0,25 v,
rpy30B 3, 4 Becom P3 n Py, a Takyke CIIONTHOTO OJHOPOHOTO ITHJIHHIPY-
qeckoro karka b Becom Ps (pue. 11.0-11.9, Tabu. 11).
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Tabauma 11

Howmep
P | B | P | Py Ps| M My F
CTPOKHU | PUCYHKA

0 11.0 12P | 0 P | 0 |3P]|02PR 0 8P
1 11.1 0 |10P| O |4P|2P 0 0,3PR | 6P
2 11.2 1opP| 0 0 |[2P| P |0,3PR 0 4P
3 11.3 0 |[12P| 2P | O | 3P 0 0,2PR | 10P
4 114 P | 0 |10P| O |2P 0 0,3PR | 5P
5 11.5 12y 0 | 2P | 0| P 0 0,4PR | 8P
6 11.6 0 |[12P| 0 |3P|4P|0,2PR 0 6P
7 1.7 (10P| O | 8P | O |2P|0,3PR 0 5P
8 11.8 2P 0 0 |5P|4P 0 0,2PR | 6P
9 11.9 0 |12P | 2P | 0 | 3P |0,2PR 0 10P
A B B A b

Macca KaxK10ro IMIKIBa paBHOMEPHO paciipejie/ieHa 1o ero BHeIHeMy 000-
ny. Tesa cucrembl coelMHEHbl HUTSIMU, HAMOTAHHBIMU Ha, IIKHUBBI, yYaCTKH
HUTeH TapaJijieIbHbl COOTBETCTBYIOMIUM IIJIOCKOCTAM. ['pPy3bl CKOJB3AT IO
IIJIOCKOCTSIM 0e3 TpeHUsI, a KaTKH KaTdATcs 6e3 IPOCKaJIb3bIBAHMS.

KpoMme cut Ts2KecTn Ha OJHO U3 TeJ AeHCTByeT IMOCTOsIHHAS CHJIa, F , Tla-
paJjieibHas COOTBETCTBYIONMIEH IIJIOCKOCTH, a Ha IIKUBBI 1 W 2 NpH UX Bpa-
IMEeHWHN JIeHCTBYIOT TTOCTOSHHBIE MOMEHTBI CHJI COTPOTUB/IEHU, paBHble My
u M5 coOTBETCTBEHHO.

OnpeieinTh ycKOpeHue IeHTPa KaTKa, COCTABUB I 3aJlaHHOi MeXaHH-
JecKoil crcTeMbl ypaBHenue Jlarpam:xa 2-To poja.

IHpumevarnue. IIxuBBI Beerma MOKHBI MPUCYTCTBOBATE HA CXEME, & TPY3bI, BEC KOTOPHIX

paBeH HyJI0, n300paXkaTh Ha YepTeke He 00sI3aTeTHHO.

YKazauuda

Saganue 11 — Ha npuMeHenwe ypaBHeHuii Jlarpamn:xka 2-ro pojga K mccjie-
JIOBAHUIO JBUKEHHs] MaTepHabHOM CUCTEMBbI ¢ OJHOM cTerneHbio ¢cBoOo bl B
9TOM CJIydae TOJIOKEeHHEe CHCTeMbI OTIpele/IsieTcs: OJHOM 0000IIeHHONH KOOp 1~
HATOM, & JIBMKEHHE CUCTEeMbBI OMHUChIBAeTCS OJHUM ypaBHenueM Jlarpamnzxka.
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/77

119

Puc. 11.0-11.9

Ypasuenus Jlarpamxa 2-ro poja — 31o JauddepeHnnaabHble YpaBHEHUA
JIBUZKEHUST MEeXaHUIeCKO CHCTeMbI ¢ UJIeaJIbHBIMI CBI3SIMU B 00OOIIEHHBIX
KoopanHaTax. O0O0OIIEHHBIMI KOOpAMHATAMEI CUCTEMbl HA3BIBAIOTCS JIIOObIE
He3aBUCUMbBIE MEXKJLy cODOI mapaMeTphl, OJHO3HAYHO ONPEICIAIONIE 1010~
JKeHIe CUCTEMBI.
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YpapHenus JlarpaHzka 3alichbIBaIOTCs B BUJIE

407} 0T o k=12 .5

dt \ dq;, 0 qi,
3nech S — uucso creneneii cBOOOIbI CUCTEMBI; ) - 0000IIEHHbIE KOOPIMHATHI
cucreMsl, Qp=Qk(¢j,t) — 0000IIEHHBIE CHJIBI, COOTBETCTBYIOIIIE KOOD/IIHA-
TaM qi; 1'=T1(q;,q;,t) — KUHeTHYecKas SHEPrUsl CUCTEMBI, BbIParKeHHas Ue-
pe3 00001IeHHbIe CKOPOCTH ¢ (IPOU3BOAHBIE OT 0OOOIEHHBIX KOOPJUHAT 110
BpeMeHn ), 00001IeHHble KOOPAUHATBI ¢; u Bpemst ¢ (j=1,2,...5).

ITpumep 11

Mexanndeckast cucreMa coOCTOUT 13 OJI0Ka 1 Maccoil my U KaTka 2 Maccoil
My, KaTsimerocs 6e3 MpocKa/b3bIBaHUs 110 HAKJIOHHOM IIJIOCKOCTH, COCTaB-
Jsgtoteit yros « ¢ ropuzontom (puc. 11); K meHTPy KaTka MpUBsi3aHa HeBe-

Puc. 11

coMasl HUTh, HaMOTaHHas Ha OJIOK W HapaJsiie/ibHasg HAKJIOHHOM IJIOCKOCTH;
pajunyc 0JI0Ka paBeH 71, paJuyc KaTKa — o, PaJNyc UHepUuu 0Ji0Ka OTHO-
CUTEJIbHO OCH BpallleHus — p1. KaTok ciemyeT cuuTaTh CIUIONIHBIM JUCKOM
(s apowm). [lpn aBurKeHnu cructeMbl Ha GJI0K IeHCTBYeT mapa CIJI COTPO-
TUBJICHUS C TIOCTOSHHBIM MOMeHTOM M ; IBMKeHNe HAUUHAETCs U3 COCTOSTHUS
nokos. Hafitu yckopenne 1ieHTpa KaTka.

Perrtenune

PaccmarpuBaemast MexaHn4deckast cucreMa (0JIOK U KATOK, COEMHEHHbIE
HUTBIO) UMEET OJIHY CTEleHb CBOOO/IBI, MOCKOJIBKY ee TI0JIOXKEeHHe OIHO3HATHO
OTpeJIe/IsAeTCs 3aaHieM OJHOrO Hapamerpa (MM MOXKeT OBbITh, HAIPHMEp,
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YyToJI IOBOPOTa OJIoKa 01, b0 x=ACy — jjuHa TPIMOJIMHEHHOr0 yIacTKa
HUTH, JUO0 KaKoil-Huby b Apyroil mapameTp).

[Tocko/ibKy Tpebyercst HailTH yCcKOpeHHe LEeHTPa KaTKa, 3a 0000IIeHHYIO
KOOPJUHATY Pa3yMHO IIPUHATEL paccrosnne ACy = x, T.e. ¢ = x. YpaBHeHHe
Jlarpamzka st paccMaTpUBaeMoil 3a1adn OyneT UMeTh BHJI
d (0T aoT
795) " Fw =% (*)
BeraumeanM KuHeTHUecKyto sHepruto cuctembl T'=T1+T5, rne T — KuneTu-
JecKasl Heprusi 0J10ka, Th — KMHeTHIecKasi SHePrust KaTKa.

Bripazkenue jjisi KHHETHIECKOM SHEPIUU TBEPJOIO TeJIa 3aBUCUT OT BHU/IA.
JIBUZKEHUsI TeJia.

Biiok Bpamaercs BOKPYT HeNojBHzKHOH ocu, nostomy Ti=Iw}/2, rae
I[i=m1p? — MOMEHT MHepIuHU 6J10Ka OTHOCHTELHO ero ocy Bpamienus O,
Wy — yIJIOBasl CKOPOCTH OJIOKA.

KaTok coBepimaer mjiockoe JBHKenne, nostomy To=moVi /24 Iow3/2,
rie [y=mor5/2 — MOMEHT MHepIMH KATKa OTHOCHTEIBLHO OCH, HPOXOIeil
gepes [eHTP MacC U epPIIeH INKY/ISIPHOIN IJIOCKOCTH JIBUZKEHUSI, Wy — YIJIOBas
CKOPOCTh KaTKa, Voo — CKOPOCTH 1IEHTpa Macc KaTKa.

Cxopoctb Vor M yIJIOBbIE CKOPOCTH Wi, Ws HAJ0 BBIPA3UTh depe3 0000-
EHHYIO CKOpOCcTh Z= Vaer. KaTok KaTuTed 663 IpocKaIb3bIBaHN, T03TOMY
Voe=wy Oy K=wors, T.x Vg = 0 (Touka K — MIHOBEHHBIH IEHTD CKOPO-
creii katka). B To xe Bpemst Voe=Vy =wir; , OTKyna moaydaeM we = /79,
w1 = &/r1 . Hoacrapisis 9TH KHHEMATHIeCKHE COOTHOIIEHNUST B (DOPMYJIBI JIsT
Ty, Ty u T, naxomum T=B%?/2, 3jech 1715 y100cTBa BBeIeHO 0603HAYeHNe
B=(myp3/r}+3ms/2)=const.

[TonsiTe 0000IEHHON CHJIBI () CBA3AHO C BbIPAXKEHHUEM CyMMbI 9JIeMEH-
TapHBIX pabOT aKTHBHBIX CHJI HA BO3MOXKHOM IlepeMelleHnn cucrembl. Ha-
IIOMHHM, YTO BO3MOYKHOE IIepeMeIleHHe CHUCTEMBI — 5TO COBOKYIIHOCTL Oec-
KOHEYHO MaJIbIX IIepeMelleHuil ee Touek, JO0NyCcKaeMbIX HAaJIOKeHHBIMH Ha,
cucTeMy cBsA3sMU. Ecin mepemelrieHust BcexX TOYeK CUCTeMbI BbIPA3UTh Yepes
Bapualmu 0000IIEHHBIX KOODIUHAT 0qf, TO BbIPayKeHNe JIJIsl CYMMBbI 3JI€MeH-
TAPHBIX PAOOT aKTUBHBIX CHUJI IPUBOIUTCI K BHLY

n S
Z 5Ak = ZQi5Qi-
k=1 i=1

Kosdpdurmentsr (), crodimme MHOKUTETIMEI TP 0¢; B 3TOM BBIDAYKEHUH,
HA3BIBAIOTCsl 0DOOIIEHHBIMI CHJIAMH, COOTBETCTBYIOIUMU OOOOIIEHHBIM KO-
OpJIHATaM ;.
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Yrobbl B paccMaTpuBaeMoil 3ajiade BBIMHCIUTL 0000IEHHYIO CHIy (),
HAJI0 PACCMOTPETH BO3ZMOYKHOE IepeMeIeHIe CUCTeMBI, IIPH KOTOpoM 02 > ()
(em. puc. 11). Ha geprezke Ha10 OKa3aTh BCe AKTUBHBIE CHJIbI, J€HCTBYIOIIIE
HA CHCTEMY. DTO CHJIbI TSIXKECTU TeJI P1 " P2

[TockobKy BeJMYMHA MOMEHTa cOnpoTuBaeHuss M u3BecTHa, Mapy Cuil
COIIPOTHUBJIEHNS] MOXKHO OTHECTH K aKTUBHBIM cuyiaM. MomenT M HampaBjeH
IIPOTHUBOIIOJIOKHO BpalleHnio 0J10ka. JIBrxKeHne HauMHAETCsl U3 COCTOSTHUS
IOKOsI, KATOK CKATBIBAETCS] BHU3, [TO3TOMY OJIOK OyIeT BpaIlaThbCsl MO XOIY
JIBUZKEHHST YACOBOH CTPEJIKH, YTO yITEHO Ha PUCYHKE.

[Togcunraem cymMmy paboT Beex IMepedrc/IeHHBIX CHJI Ha BO3MOYKHOM IIe-
peMeIeHNN CHCTEMBI:

Y 0A, = Pysinadxs — Moy .
Bce nmepemernienst, BXOAAIIHE B 9TO PABEHCTBO, HY’KHO BHIPA3UTH Uepes3 dr=02>.
B nannom ciydae dx=ri0p; orkyna dpy1=0x/r1. IlosTomy

Y 0A, = Pysinadxr — (M/ry) dx = (magsina — M/ry) dx,

OTKYa CJieJlyeT BhIpasKeHue JJIsi 0000IIEeHHONH CHIBI

Q. = mogsina — M/ry.
Ocraercs TOACTaBUThL HalijleHHbIe BhIpaxkeHus iss 1T u (), B ypaBHeHUe
Jlarpamzka 2-ro poja, 11 9ero yaI00HO IIpeIBapUTeIbHO BEIUNUCIUTE YACTHDIE
[IPOU3BOJIHBIE:

2 .92
OT _ 9 (g2 _ps, 9T_0(p")_
ox O 2 or Oz 2

[TocraBnsist HaiiileHHbIe BbIpaXKeHust B (), MOJTYIUM

%(Bx) — 0 =magsina — M/ry,

TJTH
B = maygsina — M/ry .

[Tocnennee Beipazkenne — 310 auddepeHInalbHoe YpaBHEHHe BUKeHUsI
paccMaTpPUBAEMON MeXaHHUIeCKO# cucTeMbl. UTOObI HAWTH 3aKOH JBUKEHIS
x = x(t), ypaBHeHHe HAJI0 MPOUHTEIPUPOBATE, YIUTHIBAsT HAYAJIBHbBIE YCJIO-
Bus: mpu t =0, 2 =¥y, =0.

VcekopeHue HeHTpa KaTKa (oc HAXOIUTCS HEITOCPeICTBEHHO U3 nuddepeH-
[[UAJILHOTO YPaBHEHUsI, IIOCKOJIbKY (oo = I.

OTBer :

asc = (magsina — M/ry) / (mipi/ri + 3ma/2).
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Samevanue. Hammume MomenTa cun compoTusyienust M Tpebyer NOMOJHUTETHLHON Tpo-
BEPKU PEIeHUsT 33JIa91, €CJI JTBIKEHIe HAUNHAETCS U3 COCTOSTHUS TIOKost. B 9ToM ciyuae
cxopocts V u YCKODEHHE (oo UMEIOT OJIMHAKOBBIE HAIIPABJIEHUS U PE3YIILTAT doc >0 03Ha-
YaeT, YTO HATIPABJICHNE JIBMKEHUST CHCTEMBI COBITAIAET € TIPEJIITOIATAEMbBIM.
OTpuriatebHOEe 3HAYEHNWE (¢ TOBOPHUJIO OBl O TOM, UTO JTUOO CHCTEMA OCTAETCS B
COCTOSTHUM TIOKOsT, JTMOO HAIIPABJIEHNE JTBIYKEHUS TPOTUBOIOJIOKHO BRIOPAHHOMY.

LLiist TpOJTOJIZKEH ST UCCIEIOBAHMST HAJIO U3MEHUTH HAITPABJIEHUE TTPEJIITIOIATAEMOTO JIBU-
JKeHust (TIPU 9TOM U3MEHSIOTCsT HAITPABJIEHUsI CUJT TPEHHs1) U BHOBb HAUTH dgc . Kemu HOBoe
3HAYEHNE YCKOPEHUST (a0 CHOBA OKAYKETCSI OTPHUIATEIHHBIM, TO 9TO OyJET 03HAYATH, YTO

CHUJIBI TPEHUHA BEJIMKU, U CUCTEMa HE Ha4YHET JIBU2KEHUHA, OCTaBasdChb B COCTOAHUU ITIOKOHA.

SAKJ/IOUHEHUNE. YTo nmenartb, eciin KOHTpPoJbHasi paboTa He 3a-
qreHa?

[Ipu BbINOJTHEHNN KOHTPOJIBHBIX PA0OT 110 MIPUKJIAIHON MeXaHHKe CJIyIla-
TeJIN U KyPCaHThl HEPeJJIKO JOIMYCKAIT OIMOKN 1 HeTouHocTu. HekoTopble u3
HUX MPOSIBJISIOTCA B BHJIe HEOPEXKHOCTH MJIM OTTUCKH, APYTHe CBUIETETHCTBY-
IOT O HEBEPHOM TMOHUMAaHUHU TEOPETHIeCKOTo MaTepHuaJa. B ciydasax, Koria
JIOJIs JIOMYIEHHBIX OIMMOOK M HeTOYHOCTEH BeJIMKa, KOHTpOoJbHas padoTa He
3aYUTHIBACTCS U BO3BPAIIAETCS JIJIsl HCIIPABJICHUS .

OnpIT MOKa3bIBaET, YTO U3 OOJIBIIONO Pa3HOOOPa3us JIOIYCKaeMbIX OIIH-
OOK HEKOTOPBIE MOSB/IAIOTCS Jallle BCEro. ITH OMUOKY KJIAaCCHU(DUITMPOBAHBI 1
cobpaHbI B HacTosIIeM rmaparpade. Kaxkiast 3 paccMOTPEHHBIX BO3MOKHBIX
CUTyaIuil mMeeT HOMep U HaOpaHa KypcuBoM. Jlajee OOBIMHBIM HIPUQTOM
JIAIOTCA PEKOMEH IAINH 1 YKa3aHWsI 110 ee HClpaBieHnio. B perensnn Ha KOH-
TPOJILHYIO PaboTy (& Tak:Ke B 3aMEYAHUSX IO XOJY DEIIeHus 3aatdn) mpe-
MoJlaBaTe b MOXKET COCJIAThCd Ha YIOMSHYTHIH HOMED, YTO 00JIeTIYUT PadoTy
Ha, OIINOKAMHU.

Omubku, nMeromine oodIUii XapaKTep

0.0. Bce 3adavu kornmpoavnot pabomut (Uit ux 4acmov) ne coomeemcmey-
10 HOMEPY 3A4EeMHOT KHUICKU UAL/U OMCYMCMEYEm peuenue 0010l Uil
HECKOALKUL 3aday Konmporvhol pabomu. B 9TUX cydasx peleH3upyroT-
¢l TOJIBKO 3aJ1a4d, PelIeHrns KOTOPBIX COOTBETCTBYIOT HOMEPY €0 3a4eTHOM
KHUKKH. PaboTa He 3a4MThIBACTCS W BO3BPAIACTCS CIYIIATE 0, KOTOPBIH
JIOJIKEH B cjlydae HeOOXOJAMMOCTH ITPOBECTH PabOTy HAJ OINIMOKAMM, 3aTeM
PeInTh HeJOCTAIOIIe 3a,/la9l U IPUCcIaTh paboTy Ha OBTOPHOE PeIeH3upo-
BaHMe.
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0.1. Ogopmaerue npucrarnnotli pabomuvl HACMOALKO HEOPEHCHO, YIMO PA30-
OPaMbCA 6 PEWEHUU 3a0aMU He603M0o2CHo. PaboTa He 3a9UThIBACTCS U BO3-
Bpalaercs 6e3 perensun. Ciyiiare/b J0JKeH TOBTOPHO MIPeJICTaBUThL pado-
Ty, BBITOJIHEHHYIO B COOTBETCTBUHY ¢ YKA3AHUSIMU HACTOSIIIEN0 METOIIECKOIO
IOCODMSI.

0.2. Pucynxu u wepmesicu, CoOnymemeyouue peuLeHuo 3a0a4i, umMerom ooun
UM HECKONEKO Caedyrowur nedocmamxkos: 1) pucynor svimoanen 6e3 npu-
MEHEHUA AUHETKU U UUPKYASA; 2) pucynor ewnosnen 6€3 cobaodenus mac-
wmaba; 3) yeavi 0MAoKHCEHBL BE3 NPUMENENUS MPAHCNOPIMUPE; 4) 0CHOGHbLE
U BCNOMOLAMENOVHYE MUHUL HE PASAUMAIOMCA (UMEIOM, HANPUMED, 00UH-
KOBYI0 MOMUWUNY, MUOO CNOMOLAMEADHIE AUHUL MOMUE 0CHOSHVLE), U3-3a
We20 HA PUCYHKE HEGOZMONCHO BLOCAUMD USYHaeMbill 00sexm (meno, mexa-
nusm). 3ajiada He 3aunThiBaeTcs. CIyIaresb JOKeH TPEICTABITh PeIeHre
3aj1a4i, o(bOPMJIEHHOE B IIOJTHOM COOTBETCTBUU C YKA3AHUSIMU HACTOSIIErO
MEeTOINTIECKOr0 IT0COOMS.

0.3. B npedcmasaeriom mexcme pewenus 360041 HAPYWEHE A02UKG UCCAE-
dosanus: 68 DOAEE PANHUL CMPOKAL MEKCMA PEWEHUA UCNOALIYIOMCA HUC-
AEHHBLE BHAMEHUSA UM CUMBONDHBLE BWPAHCEHUS, KOMOpbe DEPYMCs Heus-
secmno omkyda, AubO 63AMBL U3 CMPOK, Pacnosodcernnvr Huoice. Cyina-
TeJb JOJIZKEH IIpeACTaBUTh HOBYIO PeJaKIINIO PeIleHts B BU/Ie, KOT 18 Ka K 1asl
BBIKJIAJIKA OIUPAaeTcs JIMOO Ha ycJIoBHe 3aJia4du, JU00 Ha paHee II0JIydeHHOe
YHUCJeHHOE 3HavYeHHe WJIH CUMBOJBHOE BbIpaykKeHue.

0.4. CumsosvHble BLPANCENUA UM YUCNEHHBLE ZHAMEHUA BEAUMUN, UMEI0-
WUT HEOOUNAKOBBIE PUSUMECKUE PA3MEPHOCTIU, AMUDO CYMMUPYIOMCA, AUOO
CMOAM NO PASHBLE CMOPOHBL OM 3HAKAG PABEHCMEG. LaKas cUTyalus HeJo-
mycTUMa (HeJb3sl, K IPUMepY, U3 aMIlepa BbIYeCTb MeTD, UM CeKYHTy MpHU-
paBHATDH BOJBTY ). CIryIaresib 0JIKeH CaMOCTOSTETHLHO HAWTH OIMMOKY (111
OTHCKY) U MCTIPABHUTD €, HAUMHAs ¢ MEeCTa BXOXKJICHHUS U JI0 TTOJIY I€HUsT OKOH-
JaTeJbHOI'O OTBETA.

0.5. B pabome, nocmynusweli Ha nosmophoe PeUEH3uposaHue, UCPABAEHA
YKA3AGHHASA NPENOOABAMENEM 0UUOKG MONKO 6 MEcme ee noAsaeHus. [lanb-
HETUUE BVYUCACHUA UAU NPEOOPA30BaHUA 0CaAAUC npexcrumy. Cyia-
TeJIb JI0JIZKeH 3aHOBO IpoJiesiaTh paboTy HaJl OIIMOKAMU U TTOJHOCTBIO yeTpa-
HUTD I0CJIeICTBHS JOIYIIEHHON paHee OMNOKM, HAUNHAS C MECTa, ee IMOsIBJIe-
HUS U JI0 KOHIIA PelleHus 3a/a4uu.
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0.6. Boavwoe KoauMecmeo aszedpaurieckur U mpuzoHOMEMPUYECKUT OULU-
ook, neseproe duddepenuuposarue, UHMEPUPOSAHUE, QULUOKU NPU HATOHC-
dernuu Koncmanm urmezpuposarus. OUHMOKN TAKOrO Poja CIylaTe/b Hc-
IPABJISIET CAMOCTOSITENBHO, MOJb3YsICh COOTBETCTBYIOIIUMHU yUeOHUKAME I
yUeOHBIMU TIOCODUSMHU.

0.7. Hebpeotcnocmd npu 3anucu Mamemamudeckur svipascenuti. OrvedeH-
HOe BbIpayKeHUe COJIEpXKUT CKaJIIPHbIE BeJUYHUHbBI, TI03TOMY CTPEJIKU Ha/l
CIMBOJIAMH, KOTOPBIE HCIOJIB3YIOTCS /I 0003HadeHs BEKTOPOB, 3/1eCh CO-
BEpINeHHO HeyMecTHBL. [Ipu ucnipaBierny paboThl 1/ WK Mepe/] 3a4eTOM Heoh-
XOJAMMO OTPEIaKTUPOBATD 3aITUCH, H30ABUBIIUCEH OT OIMTUOOUHBIX YKPAIICHUI
He TOJIbKO B YKa3aHHOM MecTe, HO M BO Bceil padore.

0.8. Hebpeotcrnocmnv epaduneckozo opopMaeHius: 0OmmedeHnvill 6eKmop usob-
DANHCEN BMECTNE C €20 COCMABAAIOUUMU U HE ACAACTNCA UL 2COMEMPUMECKOT
cymmoti. Ilpu yerpanenun 1ol HeOpeXKHOCTH HEOOXOINMO [IPOC/IEUTD, UTO-
Obl N300paKeHUsI BEKTOPA U €0 COCTABJAIONINX COOTBETCTBOBAJIN IIPABHIILY
mapaJsiiesiorpaMma (CM., Harpumep, d, dy, d, Ha puc. 1 HACTOSIIero mocoous,
VLTV ff, fl,fg Ha puc. 7).

Baganue 1

1.0. Ha pucynxe aubo He8epHO U300PAACEHE MPAEKMOPUSA UAL/U NOA0ICE-
HUE TOYKY 68 UCCACOYEMBITE MOMENT, BPEMENU UM/ U BEKMOPDL V,a, d,, a,.
Heobxommo Ha HOBOM pucyHKe 1) m306pasuTh 0CH KOOPJAHHAT, 2) MPaBUILHO
HADHCOBATH TPAGKTOPHIO TOUKHU, 3) HA TPACKTOPUH YKA3ATh MOJOKEHNE BU-
KyTIeficst TOUKN B MCCIeyeMblil MOMEHT BpeMeHH {1, 4) MpaBUIbHO HAPUCO-
BATDb BCE BEKTOPDI, IPOBEPHE [IPH 3TOM, UT00bI V U @, ObLIM HAIIPAB/ICHDI 110
KacaTeJIbHOM K TPaeKTOPUHU, YTOObI BEKTOD (G ObLT MEPIeHUKYJIIPEH O, , &
BEKTOD ¢ ObLI AMATOHAJBIO MPSAMOYTOJBLHOTO MapaJijie/ienumesia, CTOpOHaAMU
KOTOPOTO CJIYKAT BEKTODBI G, U .

Bananue 2

2.0. Ha pucynke nanpasaenus 6eKmopos cxopocmets moyex u 0y208vix cmpe-
NOK Y2N0BHIT CKOPOCMEl He CO2AaCo8anvl, AUb0 ol 6o0bwe (Uit 4acmuy-
no) omcymemsyrom na wepmesice. HeoOXoInMO UCIPABUTL PUCYHOK, H300-
pa3uB Ha HEM KHHeMaTUYecKH cOrJIaCOBaHHbIE BEKTOPbI CKOPOCTEl 1 1IyTroBble
CTPEJIKH YTJIOBBIX CKOPOCTEH.
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3aganne 3

3.0. Ha pucynre nanpasienus 6EKmopos ckopocmeti mover u 0y208uix cmpe-
AOK Y2N08BT CKOPOCMET, HE CO2AACOBAHDL, AUOO OHU 6000We (UAU HaCTIUY-
no) omcymemsytom na wepmesce. HeoOXOIMMO MCTIPABUTD PUCYHOK, H300-
pa3uB Ha HEM KHHeMAaTUYeCKH COrIacOBaHHbIE BEKTOPBI CKOPOCTEH 1 JIyTroBbIe
CTPEJIKHM YTJIOBBIX CKOPOCTEH.

Sananue 4

4.0. B mexcme pewenus ne ykasarn 6uibop nodsusrcholl cucmemv, omeuemda,
bes wezo 6ce 6uikAMIKY cpady meparom scakull cmoica. OTpeJakKTUPOBATH
peleHne, sICHO YKa3aB BBIOOD M XapaKTep JIBHXKEHUs TMOBHKHON CHCTEMBI
oTcyeTa.

4.1. I3 pucynra He803MONACHO NOHAMD, KAKOSA NPOCTNPAHCMEEHHAA OPUEH-
MAUUA BEKMOPOS OMHOCUMENOHBIT U NEPEHOCHBIT 6EKMOPO8 cKopocmels U
ycxkopenutl, yckopenusa Kopuoauca, a maxoce sexmopa y2n06010 CKOPOCMU
nodsusicnotl cucmemv, omcwema. HeoOXo Mo BBITTOJTHUTH PUCYHOK 3aHOBO,
ciesiaB ero 6oJiee MOHATHBIM, KPOMe TOI'0, B TEKCTe MOSICHUTh CJIOBAME MPO-
CTpaHCTBEHHOE HAIpaBJIeHNEe KaKJ 00 U3 YIIOMSHYTHIX BBIIIE BEKTOPOB.

4.2. Bexmopvl ommocumesvnur U nepenocuur ckopocmet u yckopenut, a
makoce yexopernus Kopuoasuca me coomsememasyrom eulbOpannoti nodsusic-
noti cucmeme omevwema. HeobXoammo 1o yueOHUKY pa3odpaThbcs B TEOPEeTH-
YeCKOM MaTepuaJe U PelInTh 3a1a9y 3aHOBO.

3amaHne 5

5.0. Henpasuavno paccmasaenv, cuib, peaxuyutl mexanuveckur ceaseti. Heod-
XOJIUMO € TIOMOIIBIO yIeOHUKaA pas300paThesd ¢ BOMPOCOM PACCTAHOBKH CHJI
peaxkiuii 1 3aHOBO PEIINuThb 3a/1a4y.

5.1. Qucao neussecmmvix 60AvWe UAU MEHDULE YUCAA COCTNABACHHBIT YPAG-
Hernutll pasnosecus. Kak IpaBuiio, 3Ta CUTyalldsl CBA3aHa C JIOIYIIEeHHOMN
ommokoii 5.0.

5.2. B ypasnenusr pasnosecus nomepanst Aubo npoexuuu cun, AubO Mo-
MEHMBL CUA (UM MOMEHMBL NaP) omaukvie om Hyas. Ilpu cocraBieHnn
ypaBHEHUI paBHOBECHS 9Ta OINTHOKA BCTPETaeTcs dallle BCero.

Y100l 9TOr0 HE CIYUHJIOCH, PEKOMEH]IyeTCsl BBIITUCATh B OJIHON CTPOKE
BCe CUJIBI U MTaphl, TPUJIOKEHHBIE K TeJTy, pABHOBECHE KOTOPOT'O UCCJIETYeTCs.
Tenepb ypaBHeHUS PABHOBECHS CJIeJIyeT 3alUCATh TaK, YTOObI MPOEKITUU CHT
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(/T MOMEHTBI) B YPABHEHUIX DACIOJNATAIICH B TOH Ke MOC/IeI0BATEIHbHO-
CTH, YTO U B CTPOKE.

Ecim npoekiust (MOMEHT) paBHA HYJIO, TO 9TOT HYJb HYKHO SIBHO 3alld-
caThb B ypaBHEHUU JIJIsI CAMOKOHTPOJIA. [Ipn TakoM mopsijike B KaxKJIOM U3
ypaBHEHUII paBHOBECHs] OKaryKeTCsl POBHO CTOJIBKO ¢JlaraeMbIX, CKOJIBKO 3Jjie-
MEHTOB COJIEPXKUT CTPOKA, U MpOoTazka Kakoi-1100 cuibl Oy1eT NCKII0UYeHa.

Hanmomuum 371ech, 4TO MPOEKIHUA CUJIbI Ha OCh paBHa HYJIO, KOTJa CH-
J1a TePIeHINKYIApHa OCH; MOMEHT CHJIbI OTHOCHTEJIHHO KaKOH-JIM00 TOUKH
paBeH HYJIO, KOrJla 3Ta TOUYKA JIEKUT Ha JIMHUU JeHCTBUA CHUJIBI; MOMEHT T1a-
PBI CHJI He 3aBHUCUT OT BBIOOpA TOUYKH, OTHOCHUTEJHLHO KOTOPOI COCTABISIETCS
ypaBHeHUE MOMEHTOB.

5.3. IIpu ucnoavaosanuu meopemvr Bapurnvorna nomepan omausnoili om Hy-
AF MOMERM, 0010 U3 COCMABAAOWUT cuv. IIpl mcpaBieHny omuoOK pe-
KOMEH/IyeTcsl B CTPOKeE, YIIOMSIHYTOH B 11.0.2., 3allMcaTh BMECTO CHUJIbI BCe ee
COCTABJIATIONTHE U JAeHCTBOBATE 3aT€M B COOTBETCTBUM € YKA3AHUAMH K 11.0.2.

3amanue 6

6.0, 6.1, 6.2, 6.3 — owubku anaro2uywnv, owudbkam 5.0 — 5.3 sadanus 5,
NOIMOMY PEKOMEHOAUUL NO UL UCTIPABAECHUIO ME HCE.

6.4. Axcuoma deticmsus-npomusodeticmeus npumensemcs neeepro. [pu-
YUHY MOsIBJIEHUST STOH OMIMOKHU MOSCHUM, BEPHYBIIHNCH K IIPUMEpY, Pa3zodpaH-
HOMY B 3aJlaHuu 6.

Jlist ©661bIIeit sICHOCTH PacCyzKIeHNN 1epeodO3HAYNM CUITY T, AeHCTBY-
foryio Ha nojiyapky BLC depes I/, obosHatenue cuibl Te, JeHcTBYyOMeHd
wa nojyapky ADC | ocraBuM 6e3 usMeHeHUs1 (sl CUJIBI ¢ aHAJOTHIHbIE
PaCCyZKIEHNST MOXKHO TIPOBECTH CAMOCTOSITEILHO). BeKTOpBI X' U ¢ MOTYT
ObITH IIpeJICTaBJIEHbI B BHJIE

To =ize, Th=—izt, (1)
rje i eIMHIYIHDIH OPT OCH X, & T U T — ajJredpanvdecKkne 3HAUeHUs COOT-
BETCTBYIOIINX BEKTOPHBIX BEJUYUH: €CJIM OHU OKAZKYTCs MOJOKUTEJIbHBIMU,
TO 9TO Oy/IeT 03HAYATDH, UTO CUJIBI PEaKIi cBs3eil To U X OY/IyT Halpas-
JICHBI TaK K€, KaK U Ha PUCYHKEe, ecJIM OTPULlATe/IbHBIMU — HallPaABJICHUS CUJI
peakiuit Oy1yT IPOTHBOIIOJIOKHBI TOMY, YTO U300parkeHo Ha PUCYHKE.

B coorBeTcTBUM ¢ AKCHOMOI JIeliCTBUA-TIPOTUBOIHCTBIS

To = _fé]v (2)
4TO M yUYTEHO Ha PUCYHKAaX.
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Ecoan (1) moacrasuts B (2), TO mocse mpeodpazoBaHuil Moy UM
re = 336, (3)
97O HUKAK He MPOTHBOPEUHUT, HAOOOPOT — COIMIACYETCs] ¢ BEKTODHBIM COOT-
HoOIIIeHIeM (2).

OmuchiBaeMasi OMKUOKA COCTOUT B TOM, UTO CJIYIIATETb B IPOIEcce periie-
HUSI COBEPIIEHHO MPABUJIBHO 3aIlFCAHHON CHCTEMbl YDABHEHUH DABHOBECHSI
IpH 3aMeHe 3HAYEHUsI X+ MOJIb3yeTcs He COOTHOIeHneM (3), a COOTHOIIeHH-
eM (2) co cHATBIME 00GO3HAUEHUSIMU BEKTOPOB. [Ipw 9TOM He yduThIBaeTcH,
9TO, BO-TIEDPBBIX, (2) CBA3BIBAET BEKTODBI, & He ajredpantieckKne 3HaTeHUs H,
BO-BTODBIX, AKCHOMa JIeHCTBHA-TIPOTHBOIEHCTBI ObliIa yKe yUTeHa Ha pac-
JeTHBIX CXeMax M HelPaBUILHO IPUMEHSITH ee TOBTOPHO. B nrore ormicanubre
JefiCTBHS TIPUBOJSAT K HEBEPHOMY OTBETY 3a/1a<H.

Saganme 7

7.0, 7.1, 7.2, 7.3 — owubku ananroeuqnv, owubdkam 5.0 — 5.8 zadanusn I,
NOIMOMY PEKOMERIAUUL NO UL UCnpasieruro me sce. J1o0aBuM 37€Ch, 9TO B
[IPOCTPAHCTBE TPEeX M3MEPEeHN CHjIa MOXKeT OBITh IIpeICTaBJIeHa KaK IBYMSI,
TaK U TPEeMsI COCTABJISIONUMIU.

HamoMuuM, 9TO NpoeKIyst CUIbl Ha OCh PaBHA, HYJIIO, KOTJa CHJIA [TePIIeH-
JIAKYJIsipHA OCH; MOMEHT CHJIbI OTHOCHTEJHLHO KaKOH-TuO0 OCH paBeH HYJIIO,
KOI'JIa CHJIA TapaJlieibHa OCH WM JIUHUS JeHCTBUS CUJIBI [IEPECEKAeT OCh.

Samanne 8

8.0. Hesepro onpedeaaromcs KoHCmanmor Unme2puposanua, us-3a 4e20 OKoH-
YAMENDHOE BUPAHCERUE He YIOBAEMBOPAEM HAYAALHBIM Ycrosuam. Ha mpu-
Mepe 3aa91, PA300paHHON B 3ajaHuN 8, OTMETUM HECKOJHLKO OCOOCHHOCTE!H,
NPUCYIIUX DEIIeHNIO 3a/1ad JMHAMUKN MaTepHaJbHONH TOYKH.

Bo-mepBbIx, BEKTOPHOE DABEHCTBO (*) M3 MpuMepa K 3ajaHui0 8, cJie/Ty-
Iolee U3 BTOporo 3akoHa HbloToHA, 3aBUCUT JIMIIL OT yCJIOBUS 3aJladd U He
MEHSeTCs B 3aBUCUMOCTH OT BBIOODA CUCTEMBI OTCHETa U BEIOPDAHHOTO METO 14
pelieHus.

Bo-BTopbIX, BUJ 1uddepeHnajIbHOr0 ypaBHeHUsS IBUKEHNsT MaTepra/ib-
HOI TOUKH (%% ), KOTOPOE TIOJIyIaeTcs U3 (), a TaKKe HAuaJbHbIe YCJIOBHS,
KOTOPBIM JIOJZKHO VIOBJIETBOPSTE PEIIeHHe (%% ), CYIECTBeHHBIM 00pa3oM
3aBUCAT OT BBIOOpPA CHCTEMBI OTCUETA.

Eciu B pazobpanHoM NpuMepe BBeCTH OCh T B HallpaBjeHun oT B K A,
a Ha4vaJIo OTCYeTa MOMECTUTh B TOUKY, HaXO/AILyiocs TpaBee A Ha 2 MeTpa,
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To nuddepeHnraIbHOe YpaBHEHHE JBUKCHHS (***) IpUMeT JIPYToil BUJI:
¥ = —0,97e"% +297;

TpaHcOpMaIAM TOABEPIHYTCS TaKyKe BbIpayKeHUs I HaYaJbHBIX YCJIO-
B t=0: =2, z=V,=-20.

Bce 3710, Kak npasuiio, rnosjeder 3a coOOIL:
1) JIPYTOit cr1ioco® MHTErpUpOBaHUs YpaBHEHHS (***),
2) JIpyrue BeJMIMHbl KOHCTaHT uHTerpupoBanus 7 u Cs,
3) JPYroil BT aHAJIUTUYECKOrO BhIpaXKeHUsI 3aKOHA JIBUKEHUS I'PYy3a.

Ha OTMeEe4YEeHHbIe O6CTOHTeﬂbCTBa CﬂymaTeﬂb JOJIZKCH O6paTI/ITb BHUMAaHME
IPU BBIMOJTHEHUN PAOOTHI IO UCTIPABJICHUIO JIOTYIIEHHBIX OMUO0K. OTMeTnM
3JeChb 2KE, 4TO OChb I B 9THUX 3ajJadax paHHOHaﬂbHee BbI6I/IpaTI> B HaHpaBﬂeHI/H/I
HavYaJIbHOM ckopocTu V.

3aganue 9

9.0, 9.1, 9.2 — owubku anarozuynv, owubkam 5.0 — 5.2 sadanus 5, noamomy
PEKOMEHOAUULU NO UL UCTUPABACHUIO ME IHCE CAMbLE.

9.3. Touxa npunsooicenus pasnodeticmeyrowets Cus UNEPUUL 0N MAMEPU-
aNv1020 00HOPOOH020 CcMepdcnAa ykazana Hesepro. Heobxonumo moBTopHo
pazodparhbes ¢ MpUMepoM 9 HACTOSIIErO MOCOOUST ¥ 3aHOBO PELINTH 3a/1ady.

Samanue 10

10.0. Ha pacuemnoli cxeme KUHEMAMUMECKY, HE COZAACOBAHYL HANDPABAEHUA
BEKMOPOS BOZMONCHBIT nepemewerutl (ckopocmet, yekoperuti) Mamepuans-
HOIL MOYEK U Men, JBUNCYWULCA NOCIYNAMENHO, 0 MAKACE HANPACACHUS
Y206LT CIMPENOK INCMEHTNAPHBIT Y2A068 NOGOPOMA (Y2r08bix ckopocmel, ye-
AOBBLT YCKOPEHUT) MeA, COBEPWAOUUT NAOCKOE deudtcenue, Aubo epauyaio-
wWuzcs 6okpye Henodsusiciot ocu. OMmUOKN HeOOXOIUMO HAUTH U UCITPABUTD
CaMOCTOSTEJIHHO.

10.1. Bupasicerus 0 2IAEMEHMAPHBIT PAOOM, CUN UHEPUUL UMEIOM PA3HbLE
3HAKU. DTO O3HATALT, UTO JUOO UCTIOJIb3YIOTCS HeBepHBIe (DOPMYJIbI /I BbI-
JUCJIEHUs 3JIEMEHTAPHBIX padoT, JUOO MPOsIBUJINCH MOCIEJICTBUS paHee J0-
myteHHoi ommoku 10.0.

10.2. Cymma snemenmapHuir pabom aKmuGHuT Cus NOJCHUMANHG HEBEPHO.
9T0 O3HaAYAeT, YTO JUOO HCIOJIL3YIOTCS HeBEpHbIE (DOPMYJIbI JIJIsl BBITHCIE-
HUSI 9JIeMeHTapHBIX padoT, b0 IPOSBUIINCH IOCJIEICTBUS paHee JIOIYIIeH-
Hoit ommoxu 10.0.
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Baganue 11

11.0 — owubka, anarozuvnas owubke 10.0, nosmomy pexomendauuu no eé
UCNPABAEHUIO TE IHCE CAMDBLE.

11.1. Hesepno svivucacno swvipasicernue 0600wennoti cuavt. JInbo ncrnoibay-
10TCS HeBepHbIe hOPMYJIbI I BEITUCIEHUS SJIeMeHTapHbIX padoT, OO Mpo-
SIBUJINCH TTOCJIeICTBUS patee jpomnyinennoit omubdkn 11.0. C omubkoii neodxo-
JIUMO paz300paThest CaMOCTOSTENHHO.

11.2. Hesepho svvucaeno eupasicenue KuHemureckot Inepaul Meranue-
ckoli cucmemot. Vlenoib30BaHbl HEBEPHbBIE COOTHOIIEHUST MKy CKOPOCTSIMU
MaTepHAJbHBIX TOUYEK (TBEPIbIX TeJI, COBEPIIAIINX OCTYIATE TbHOE JIBIZKE-
HUE) U YTJIOBBIMH CKOPOCTSIMU TeJI, COBEPIIAIONIIX [IJIOCKOE JIBIZKEHUEe HJIH
BPAIIAIONINXCsT BOKPYT HeMoBUKHON ocu. C omuOKoi HeoOXOIUMO pas3o-
OpaThCsl CAMOCTOSITe TLHO.
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OCHOBHbBIE OBO3HAYEHUW I

BEKTOD YCKOPEHUSI, MOJIYJIb YCKOPEHUST;

KOMIIOHEHTBI YCKOPEHUsT B JIEKAPTOBOH CHCTEME KOOPIMHAT;
KACATETLHOE, HOPMAILHOE YCKOPEHUS;

pabora CuIIBI, D/IeMeHTAPHAs PaboTa CUILI HA BO3MOYKHOM IIe-
PEMEIEHIH;

KOI(DMDUITMEHT TPEHUST CKOJIbYKEHMSI;

CHJIA, CHJIA MHEPITNAN;

yckopenue cBobosnoro najenns (g & 10m/c?);

OPTBI JIEKAPTOBOM CHCTEMBI KOODIMHAT;,

MOMEHTBI HHEPITUH TBEPIOTO TEJI8 OTHOCHMTEILHO OCel;
Macca TOYKH, TEJA;

MOMEHT CHJIBI F' OTHOCHTEIBHO mojtoca (Touky, rieHTpa) B,

MOMEHT Taphl CHJI, MOMEHT Haphl CUJI UHEPIIAH;
CHUJIA;

0bobIIeHHAsT KOOPAMHATA, 0DOOIEHHAsST CKOPOCT!
obobIIIeHHAST CHIIA;

CUJIa COIPOTUBJIEHUS, CIJIa PeaKIIun CBI3U;
BpeMS;

KUHeTH4YecKas SHepPrust TOUKU, CUCTEMDBI;

BEKTOD CKOPOCTH, MOJIYJb CKOPOCTH,

KOMITOHEHTBI CKOPOCTH B JIeKAPTOBOH cucTeMe KOOPJIUHAT,
JeKapTOBbI KOOPIUHATHI

KOMITOHEHTHI CUJIbI peakITnu R B B JICKAPTOBOU cucTeMe KOOp-
JUHAT B c/Iydae, KOIJla eec HallpaBJICHUe 3apaHee HeU3BECTHO!
KpaTkoe obozHadenwe 1meppoft W BTOPOH  NPOU3BOIHON
(byHKIIUU W 110 BpeMeHu

BO3MOKHOE IlepeMellleHre TOYKU, Bapualus J1eKapToBOH,
0000IIeHHON KOOPIMHATHI;

YIJIOBOE YCKOPEeHUE,;

PaJInyC KPUBU3HBLI TPAEKTOPUH;

yTOJ IOBOPOTA;

yIJI0Bas CKOPOCTD.
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BBEAEHUNE

3AJIAHUE
3AJIAHNE

3AJIAHUE
3AJIAHUE
3AJIAHUE

3AJIAHNE

3AJIAHUE

3AJIAHNE
SAJIAHUE

8.
9.
3AJIAHME 10.
3AJIAHME 11.
3AKJIIOYEHUE

OCHOBHBIE

OBO3HAYEHU A

CopepxkaHue

Ob1ne 3aMedYaHusl.

Pabouast mporpamma, muctummast " puk-
sannast Mexanuka". Paznen I. Mexanuka
Hee(hOPMUPYEMOTO TBEPJIOTO TEJa

Bribop BapuanTa 3aaH1As].

TpeboBanust, TpeIbaABASIEMBIE K COTEPKAHNIIO
1 0OPMITEHHIO paCIeTHO-IPaPUIECKIX
paboT 1o MPUKJIATHON MeXaHUKe

Pexomennyemast murepatypa
Tabuia BeIOOpa BapuaHTa 38 AHMST
Kunemaruka touxm

[Ipocrefimue nBMKEHUsT TBEPIOTO TEJIA:
IOCTYHATEILHOE U BPAICHUE BOKPYT
HENOABUKHOW OCH

[Ltockoe nBUMzKeHME TBEPIOrO Teja
CroxHOE IBHKEHUE TOYKN

PasroBecue Tesa, HaXOISIIErOCS IO
TeficTBHEM TLIOCKOU CHUCTEMBI CHJI

Pasrnosecre cucrempr aByx Te,
HaxoAImecst oA JeHcTBUEM ILIOCKONH
CUCTEMBI CHJI

PasroBecre Tesia, HaXOMAIIErOCsT O/T
JTeficTBreM TPOM3BOJIBHON
OPOCTPAHCTBEHHON CHCTEMBI CHJI

HuraMuka MarepuaabHON TOUKK
Ipummmun danambepa

Obiree ypaBHeHHE TUHAMUKA
Ypasuenust Jlarpamxka 2-ro poma

Yro menarh, ecii KOHTPOJILHAsS paboTa
He 3auTena’
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