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Metoanueckne peKOMEH a1 K BBIIIOJTHEHHUIO MPAKTHUECKUX pabOT COCTABIEHbI B COOTBET-
CTBHH C pabodelt IporpaMMoi JUCIUTUINHBL.

ITpakTHdeckue 3aHATUS MO JUCLUILIMHE UMEIOT LENbI0 3aKpEIUIEHHEe O0yYarolUMHCs Ha
MIPAKTHUKE OJyYCHHBIX TEOPETUYECKUX 3HAHUM I10J] pyKOBOJCTBOM IIPEIOAAaBATEII.

Ilpumepnana memamuka npakmuyeckux paoom

Howmep
paboThI

HanmenoBanue paboTsl

VYcioBus paBHOBECHSI CUCTEMbI CXOASUIUMXCA CUJI. YCJIOBUS PABHOBECHS IUIOCKOM CH-
CTEMBI IIapaJUIENbHBIX CUJL. Y CJIOBUSI PABHOBECHUS IUIOCKOM CUCTEMBI ITPOU3BOJIBHBIX CUJI

VYcioBus paBHOBECHUS MPOCTPAHCTBEHHON CUCTEMBI NTAPAJIJIEIbHBIX CHJI. Y CIIOBHSI PABHO-
BECHS IPOCTPAHCTBEHHON CUCTEMBI TPOU3BOJIBHBIX CHII

OrnpeneneHue KOOPAUHAT IEHTPA TSHKECTH CIOKHBIX KOHCTPYKITUH.

[IpomexyTOUHBII KOHTPOJIb 10 pa3faeny «CTaTuka»

KoopaunaTHslii cioco0 3aaHus IBMKEHUS TOUKU. EcTecTBeHHBIH criocob 3a1aHus 1BU-
JKCHUA TOYKHU. HOCTyHaTCJ'ILHOG M BpalqaTCJIbHOC IBUKCHUA TCJIA.

Onpenenenue ckOpocTel TOYEK M 3BEHbeB Iulockoro mexanmsma. MIIC. Onpenenenune
YCKOPEHUH TOYEK U 3BEHBEB IUIOCKOT0 MEXaHU3Ma.

Omnpenenenue abCONIOTHOM CKOPOCTH TOYKHM MPU CIOXKHOM JBMKEHHMU. OmnpeneneHue
yckopenust Kopnomnuca. Onpenenenue abCOIIOTHOTO YCKOPEHHUS TPH CII0KHOM JABHKCHUU
TOYKH.

IIpomeKyTOUYHBII KOHTPOJIb 110 pa3aeny «Kunemarnkay

WHuTerpupoBanue ypaBHEHUH JBUKEHUS
Teopema 00 M3MEHEHNH KHHETUYECKON SHEPTUU
[TpomexxyTOUHBIN KOHTPOJIb 10 pasfeny «JnHaMuka»

[TpuHIIMT BO3MOKHBIX MIEpeMeIeHun
VYpasuenue Jlarpanxa Il pona
[TpoMexyTOUHBINM KOHTPOJB MO pa3feny «AHAIUTUYECKAs MEXaHUKa»




CTATHUKA
1. PaBHOBecHe pa3JMYHBIX CHCTEM CHJI

Jlst paBHOBecHsI JT1000# CHUCTEMBI CHJI HEOOXOAMMO M JIOCTATOYHO, YTOOBI TJTABHBIN BEKTOP
CUCTEMBI CHJI U €€ TJIaBHBIE MOMEHT OTHOCHUTEIILHO JIF00O0T0 IeHTpa ObLTH paBHEI ()

R =0, My=o.
PaBHoOBecHe HpOCTpaHCTBeHHOﬁ CUCTEMBI IPOU3BOJIBHO PACITOJO0KEHHBIX CHJI. I[J‘If[ paB-
HOBCCUA HpOI/I3BOJ‘IbHOI71 HpOCTpaHCTBeHHOfI CUCTEMbI CHJI HCO6XOI[I/IMO n J0CTaTO4HO, YTOOBI

CYMMBI HpOGKHI/Iﬁ BCCX CHUJI HAa KAXKAYIO U3 TPEX KOOPAWMHATHBIX oceit CYMMbI UX MOMCHTOB OTHO-
CHUTENLHO dTHX OCel ObLIU PaBHBI HYJIIO:

SF=0. YF,=0, YF.=0;
Sm(F)=0, Ym,(F)=0, Ym.(F)=0.

PaBHOBecHe NPOCTPAHCTBEHHOM CHCTEeMbI NapajjieJbHbIX CHJ (Halpumep, ock z Oyaer
napajuiesibHa BeKTopaMm cui). lyis paBHOBECHS] MPOCTPAHCTBEHHOW CHUCTEMBI MapajlIeNbHBIX CHUII
HE00XO0IMMO M JOCTATOYHO, YTOOBI CyMMa MPOEKLUN BCEX CHUJ Ha OCh, MApauIeJIbHYIO CHUJIaM, U
CYMMBI UX MOMEHTOB OTHOCHUTEJIBHO JIBYX JAPYTHX KOOPIUHATHBIX OCEH OBLIM PaBHBI HYJIO:

YF=0,Ym( Fy)=0,Ymy(F})=0.
PaBHoBecHe cucTeMbl CXOASIIMXCH CUJL. J[JIsI paBHOBECHS CUCTEMBI CXOSIIUXCS CUJI, IIPH-

JIO)KEHHBIX K TBEPAOMY TeIlly, HEOOXOAMMO U JIOCTATOYHO, YTOOBI PaBHOACHCTBYIOIIAs, a, CIIeI0Ba-
TEJHHO, ¥ TJIABHBIN BEKTOP ITUX CHJI OBLITU PaBHEI HYJIIO.

R=>F,=0.
YcaoBue paBHOBecHus: B reoMeTpuyeckoi popme. (111 paBHOBECHS CUCTEMBI CXOAAIIMXCS
CHJI He00XOAUMO U JI0CTaTOYHO, YTOObI CHJIOBOM MHOT'OYTOJIbHUK, IOCTPOSHHBIM U3 3TUX CHJI, ObLI

3aMKHYTHIM.
YcaoBusi paBHOBecHsl B aHAJUTHYECKOi ¢opme. Moyb IJTaBHOTO BEKTOPA CUCTEMBI CHII

R=.R}+R>+R?=0,

Rx:O, Ry:O, RZZO,

Koraa OJHOBPEMEHHO

T. €., KOoraga
ZFkx = 0, szyzo, Zszz 0.

ﬂ.]'[?[ paBHOBECHUA HpOCT‘paHCTBeHHOfI CHUCTEMBI CXOOAIIUXCSA CHIT HGO6XOIH/IMO n 10CTaToO4HO,
YTOOBI CyMMBI IIPOEKLUI 3TUX CHJI HA KOKAYIO U3 TPEX KOOPAWHATHBIX OCei ObLIN paBHBI HYIIO.

ﬂ.]'[f[ PAaBHOBCCHA IUIOCKON CHCTEMBI CXOISIIMXCS CHII HCO6XO,I[I/IMO n JOCTAaTO4YHO, 9TOOBI
CYMMBI IIPOEKIUH 3THX CHJI Ha KaXIyI0 U3 IBYX KOOPIUHATHBIX OCEH OBLIM PaBHBI HYJIIO.

ZFkx = 0, ZFky:O.

PaBHOBecHe IIOCKOI CHCTEMBI NMPOMU3BOJIbHBIX CHJI. I[J'ISI PaBHOBECHU HpOHBBOHbHOﬁ
IJIOCKOW CHCTEMBI CHJI HEOOXOIUMO U JIOCTATOYHO, YTOOBI CyMMBI IPOCKITUI BCEX CHIT Ha KaXKIYIO
n3 IBYX KOOPAWHATHBIX oced u CyMMa UX MOMCHTOB OTHOCHUTCJILHO JIF000Tr0 IIEHTpa, JCKalICro B
TIJIOCKOCTH IEUCTBUS CUJI, OBLIA PaBHBI HYJIIO.

2 Fi =0, ZFky =0, 2my(F;)=0
Hpyras ¢hopma ycIoBHi paBHOBECHSI: JIJIsl paBHOBECHS IIPOU3BOJIBHOMN TUIOCKOW CUCTEMBI CHIT

HCOGXOI[I/IMO Hn A0CTAaTO4YHO, ‘-IT06I:I CYMMbI MOMCHTOB BCCX 3TUX CHUJI OTHOCHUTCIIBHO KaKI/IX-HI/I6y,Z[B
JBYX TIEHTPOB A ¥ B ¥ cyMMa UX MPOEKIHA Ha ock Ox, HE MEPICHIUKYJISPHYIO NPIMON AB, ObLIN

PaBHBI HYJIIO: B B
2my(F) =0, >mp(F)=0, > Fy=0.



PaBHoBecHe MJI0OCKO# cCHCTEMbI MapaJuieJbHBIX CHJI. B ciyuae, koraa Bce IelCTBYIOIINE
HAa TEJIO0 CUJIbI MApaJIENbHbI APYT APYTY, MOKHO HAIIPaBUTh 0Ch OX MEPNEHAUKYJIIIPHO CHIIaM, a OCh
Oy napajienbHO BEKTOpaM CHUJL.

B pesynbrare 11st mapajuienbHBIX CHII OCTaHETCs 1B (POPMBI YCIOBUS PaBHOBECHS:

2.}, =0, > my(F)=0;
Hpyras dopma ycnoBuii paBHOBECHS

Ymy(F)=0, Ymy(F;)=0,

IIPU 3TOM TOYKH A U B HE AOIKHBI JIe)kKaTh Ha IPSIMOM, apajyieIbHOW BEKTOPAM CHIIL.

Ilpoexyus cunvt Ha oce - anrebpanyeckasi BEIMUMHA, paBHAs MPOU3BEACHUIO MOJTYJISl CHIIBI
Ha KOCHHYC yIJia MEXAY CHUIION U MOJIOKUTEIbHBIM HAIIPABJIEHUEM OCH.

ITpoexiust CHIIbl Ha OCh CUUTAETCS MOJIOKUTENLHON, €CJIM HalpaBJIeHUE BEKTOPA CUJIbI COB-
Na/1aeT C HAIPaBJIEHUEM OCH.

Anzebpauyeckuii momenm cuibl F OTHOCUTENBHO EHTpa O PaBeH B3STOMY C COOTBETCTBY-
IOLIMM 3HaKOM IPOU3BEICHUIO MOAYJIS CHJIBI Ha €€ TUIeYO, T. €.

mo(F )=+F h.

IIpu 3TOM MOMEHT cUUTAETCS MOJOKHUTEIBHBIM, KOT/Ia CUJIa CTPEMHUTCS TIOBEPHYTH TEJIO BO-
Kpyr neHTpa O NpoTUB X0J1a YACOBOM CTPEIIKHU, U OTPULIATEIIBHBIM - [10 XOJy YaCOBON CTPEIIKH.

MOMEHT NpOEKIMN BEKTOPA CHJIbl Ha IUIOCKOCTh NEPIEHIUKYISIPHYI0 OCH OTHOCHUTEIBHO
TOYKH [EPECEUECHHUS OCH C STOM TIOCKOCTBIO HA3BIBAETCS MOMEHMOM CUIbL F OMHOCUMENbHO OCU.

MOMEHT CuJIbl OTHOCUTEIBHO OCH Oy/IeT UMETh 3HAK IUIIOC, KOT/Ia € MOJIOKUTEIBHOTO KOHIIA

OCH ITOBOPOT, KOTOpBIﬁ CTPECMUTCA COBCPIINUTL CHUJIA Fx , BUACH NPOUCXOJAIIUM MMPOTUB X044 Ya-

COBOM CTPEJIKH, U 3HAK MUHYC - KOTJ]a IO X0y YaCOBOM CTPEIKH.
3agaum 11 CAMOCTOSITEILHOTO PelleHust

3apaua 1.1. ®onaps 1 cucreMbl ocBeleHns] paboyero ycTyma Kapbepa YKpeIuieH Ha Tepe-
HOCHOM OIOpe 2 C MOMOIIBI0 TOpHU30HTanbHOUW mnonepeunHsl AC u noakoca BC. Haittu ycunusg S1
1 S2 COOTBETCTBEHHO B MOMEPEUYHHE U MOJKOce, eciu Bec ¢poHaps G - 500 H; /ac = 0,85 m; Isc = 1,0
M; KpeIUIeHUs B TOUKax 4, B u C 1mapHUpHBIE.

Otget: S1= 850 H; $2 =1000 H (moxnkoc cxar).

3agaua 1.2. @oHapp 1 ocBelleHUs yyacTKa Kapbepa MOJBELIEH K IEPEHOCHON orope 2 Ha
mHype AC 1 IpUTSAHYT K cToa0y onopbl TpocoMm BC. Bec donaps G = 500 H; a = 60°; B = 120°.
Omnpenenuts HaTsHKEHHME HIHYpa SAC U Tpoca SBC.

OrtBer: Sac =433 H; Ssc =250 H.

o

K 3zamaue 1.1. K 3amaue 12,



3apaua 1.3. BcaceiBaromuii maTpy0Ook pabodero opraHa 3eMcHapsiia MOJIBEIICH Ha KaHaTe,
HaMOTaHHOM Ha Oapaban nebenku D u orubarorem 010k A. biaok ykperuieHn Ha mtanre 4B, map-
HHUPHO 3aKPEIJICHHON B TOUKE B U yJIepKUBaeMON OTTSHKKON AE. Onpenenutb yCUiaus B IITaHTE U
OTTSDKKE, €ClI HaTshKeHue kaHarta paBHo 0,4 kH; Becom mranru u pazmepamu 010ka A mpeHedpeys.

Ortsert: Sas = 0,76 xH; Sag = 0,073 xH.

3anaua 1.4. [Ipu MmoHTa)Xe MpU3a00ITHON Kpeny MIApHUPHO 3aKPEIJICHHYIO B TOUKE 4 TUAPO-
CTOMKY OMYCTWJIM Ha BPEMEHHYIO onopy B. OnpeaenuTs peakiuu onop A u B, eciu BeC TuApOCTONKH
G = 6 xH u npunoxen B Touke C. [Ipu pacuerax npunars b= 0,5 m, /=0,7 m, o = 30°.

Otet: Ra = 3,65xH; Rs = 7,27 xH.
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K 3amaue 1.3. K 3amaue 1.4.

3agaya 1.5. OnpenenuTs MOIyJb PaBHOJAEHCTBYIOIIEH ABYX PaBHBIX IO MOAYJIO CXOAS-
umxcs cun F1 = F2 = 5H, oOpazyromux Mexy coboit yron o = 45°.

OrBer: 9,24 H

3agauva 1.6. PaBHoaelicTByIoIas CXOAAIMXCSA CUII 7, U F, paBHa 1o Moaymo 8 H u obpa-
3y€eT ¢ TOPH30HTaJIbIO yron o = 30°. BeKTop cuiibl F, HaIlpaBJIeH N0 TOPU30HTAIBLHON OCH, a BEKTOP
CUIIBl F, 00pa3yeT ¢ 3ToH ockro yrou 3 = 60°.

OrBert: 4,62 H

3apauya 1.7. Onpenenuts JaBJICHUE HA OCH BEAYIIETO | M OTKIOHAIOMIErO 2 MIKUBOB MHOIO-
KaHaTHOM MOJBEMHOM MaIIMHBI IPU UX PABHOMEPHOM BpAIICHUH MOJ ACHCTBUEM KPYTALIETO MO-
MeHTa M, eciiu CyMMapHOe HaTshKeHue Haberaromux BeTBel kanatoB S1 = 147 kH, cymmaproe Hats-
xkeHue coeraromux BetBed S2 = 113 kH, Bec mkuBoB: G1 = 77 kH, G2 = 22 kH; yron o6xBata o =
190°. TpenueM B MOAIIMITHUKAX TPEHEOPEUb.

OtBeT: Rot =335,9 xH; Ro2=30,8 xH.

3anaua 1.8. Ha pucynke k 3aaue n3o0paxeHa pacyeTHasi cxema OypoBoii mTanru: 6anka 48
HAXOJUTCS MO JCHCTBUEM SKCIIEHTPUYHO MPHUIIOKEHHOTO ycunust F; pasmepsl b u d 3anansl. Haittu
peakiuu ornop 4 u B u nzrudaromuii MomeHT Mc B cedenuu C.

[Tpumeuanue. M3rubarommuM MOMEHTOM B CEYCHHUU Ha3bIBACTCs anreOpanyueckas cyMMa Mo-
MEHTOB BCEX CHJI, JEHCTBYIOIIMUX Ha OANKy MO KaKylO-HUOYAb OJHY CTOPOHY OT CE€YEHHsI, OTHOCH-

TCJIBbHO I_ICHTpa TSIOKCCTU CCUCHUA.
OtBetr: Xa =-F; Ya=-F b/d; Re=F b/d; Mc= 0,5F b.

CL

K 3amaue 1.7. K 3amaue 1.8.



3agaua 1.9. OnpenenuTh IaBji€HUE KOJECHBIX MAp YETBIPEXOCHOIO >KEJIE3HOAOPOKHOTO
KpaHa Ha penbchl B Toukax 4, B, C u D). Bec xpana G npuioxeH B Touke K, Bec rpy3a paseH Q.
Pa3mepsl npuBeIeHbI Ha PUCYHKE K 3aj1a4e.
OtBet: Na=NB=0,5[G (b - ¢) - Ql]/b;
Nc=Np=0,5[Gc+ Qb+ )]/b.

K 3amaue 1.9.

3agaua 1.10. OnpeaenuTs peakuuu ONOp KOHCOJIbHOM Oanku, N300paKeHHOI Ha pUCYHKE.
JlaHHBIE, HEOOXOTUMBIE JUISI PACUETOB, PUBEICHBI B TabmIe 1.
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3apaua 1.11. Onpenenuth peakuuu omop OanKkW Ha ormopax, U300paKCHHOW Ha PUCYHKE.
JlanHbIe, HEOOXOAUMBIE [IJISl PACUETOB, IPUBECHBI B TabmuIe 1.
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Tabmuma 1.

Ho- Timusa, v Paccrosinue B gossax MoMeHT Cocpeno- | IHTEHCUBHOCTH
Mep IpoJieTa TIapHL CHT TOUCHHas | pacrpeneNeH-
BapH- cuia HOM Harpy3Ku
a}?Ta . & ai a: as M, Hwm P, xkH q, KI‘%}I\I/I
1 1,1 6 la 8a la 10 10 10
2 1,2 7 2a | Ta 2a 20 20 20
3 1,3 3 3a Sa 3a 30 30 30
4 1,4 4 4a | 4a 4a 40 40 40
5 1,5 5 Sa 3a Sa 50 50 50
6 1,6 6 6a | 6a la 60 60 60
7 1,7 7 Ta Ta 2a 70 70 70
8 1,8 8 8a 8a 3a 80 80 80
9 1,9 9 9a | 9a 4a 90 90 90
10 2,0 10 [ 10a | la Sa 10 10 10

3agaya 1.12. Onpenenuts HaTsDKEHUE KaHaTOB AM n MED, Hecynmx KoBl M sKkcKaBaTopa
—JlparJiaiiHa, a Tak)Ke peakiMu Onop CTPEbl; mapHupe A 1 HeBecomoMm ctepxkHe BD. Bec koBma Gk
=3 MH, Bec ctpensl Ge = 1,4 MH u npunoxen B Touke C; /A = 100 M; ocTanbHbIe pa3Mepsl MoKa-
3aHBI Ha pUCYHKE. Pazmepamu OJI0KOB U TpEHHEM MPEeHEOPEYb.
Otset: Tam = 2,52 MH; Tme = 3,92 MH; Ra = 7,75 MH;
R =- 0,52 MH (cTep>xeHb cKar).

K 3agaue 1.12 K 3anaue 1.13

3apaya 1.13. Cxun 1 Becom Q =750 kH paBHOMepHO nogHMMaeTcsi kKaHaToM DE 10 HaKJIOH-
HOM 3cTakaze 2, Bec kotopoit G = 4000 kH. Onpenenuts, mpeHeOperas CONMPOTUBICHUEM BPAIICHUIO
KoJIec CKuIMa, HaTsbkeHue 1pe kaHata DE v peakiiuu onop 3cTakajsl: Ra mapHupa 4 u R HEBECOMOTO
crepxHs BC, eciu [ = 50 m; hi=2 m; ho = 0,8 m; h3 = 1,2 m; o = 45° ; C1 u C2 — TICHTPBI TSHKECTH
COOTBETCTBEHHO CKUIIA U DCTAKAIbI.

Ortser: Tpe =530,3 xH; Ra = 3346,3 xH; Rs = 1570,5 xH.

3agauya 1.14. Ky3o0B | camocBaiia 2 moBopaunBaeTcs BOKPYT OCH IIapHUpa A MOJ ACHCTBUEM
ruapornHApa. OnpeneauTs yCuine S B TUIPOLMIUHIPE, PEaKIUi0 RA IIApHUPA U TABJICHHUE KOJIEC
Ha TPYHT B Toukax B u D, ecnu Bec rpyxenoro kKy3oBa Gi1 = 360 kH u npunoxen B Touke Ci; Bec
camocBaia 6e3 kyzoBa G2 = 194 kH u npunoxen B Touke C2; pa3Mepsl IOKa3aHbI HA PUCYHKE.

Otset: S=274,8 kH; Ra =279,2 xH; N8 =178,9 xH; Np = 375,1 kH.
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K 3amaue 1.14 K 3amaue 1.15

3agaya 1.15. Mexanu3m oBopoTa KOBIIA TMAPABINYECKOI0 IKCKaBaTOpa BKJIIOYAET KOBII |
BecoMm G = 320 kH, nmpunoxxeHHbM B Touke C, yrioBoil peryar 2, tary 3 u ruapourwsnaap 4. Onpe-
JEJIUTh PEaKUH B MapHUpax A u B u ycuius S3 B tare 1 $4 B TMIPOLMIMHPE NPU 33JaHHBIX pa3-
Mmepax b= 1,5 m; d= 0,8 m; los = lop.

OtBet: Ra =452 xH; Rg=S3=197,1 xH; S4=278,7 xH.

3agauya 1.16. OnpenenuTh peakuuy B MIapHUpaxX TPaNCUUEBUIHOW KpPENHU MOJA JCHCTBUEM
BEPTUKAJIBLHOTO ¥ TOPU30HTAILHOTO TOpHOTO faBinenus: g1 = 80 kH/M; g2 = 4 xH/m.

OtBet: XA =XB=15,1 xH; Ya=YB =160 xH;

Xg=Xc=31,1 kH; Y= Yc =104 kH;

3amauya 1.17. Onpenenuth ycunus, CXUMarouye cTouku A8 u CD, yuuThiBas yCloBHUE 3a-
maun 1.16.

OrtBert: Sas = Scp = 107,8 xH.
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K 3agaue 1.16, 1.17 K 3agaue 1.18, 1.19

3anaua 1.18. bynbnoszep (TpakTop 1¢ oTBamoM 2) IBIXKETCSI pABHOMEPHO 110 TOPU30HTAIBHON
iouazike, cpesas ciaoi rpyHra. Conporusnenue konanuto R = 110 xH; cunbl Beca Gi= 174 kH u G2
= 14 xH u mpunoxensl cootBeTcTBeHHO B Toukax C1 u C2; 1 =4,7™m; b =3,3 m; 5=2,2 m; r= 0,5 m;
h= 0,2 m. OnpenenuTh HOPMAJIBHYIO peakinio Nk TPyHTa U KOOPJIUHATY X TOYKHU €€ MPUIOKCHUS
(TIeHTpa naBIeHus).

OtBer: Nk =225,6 kH; x =2,68 Mm;

3anaua 1.19. Haiitu taxke cuiy creruieHus Ff TyCEHULl ¢ TPYHTOM, CYMMApHOE YCUIIHE S3
B TUAPOLMIMHIPAX 3, yIECPKUBAIOIIUX OTBAJ, U peakiuio Ra mapHupa A opyca AB, )KecTKo CBsI3aH-
HOT'O C OTBAJIOM YUYUTHIBas ycioBue 3aaauu 1.18.

Otser: Fr=103,4 kH; S5 =94,9 xH; Ra = 176,9 xH.

3agaua 1.20. XKectkas pama 3aznenana B 6eToHHOe ocHOBaHuUE. Ha Hee AeiicTByIoT cuia F
BeMYMHA KOTOpoit 5 kKH, paBHOMEpHO pacnpeneneHHas Harpy3ka nHTeHcuBHOCTH ¢ = 10 kH/Mm, a
TaK)Ke Iapa cui ¢ MOMeHToM M = 5 kH m.




OrnpenenuTh peakimio XecTKoH 3aenku mpu o = 30°u o = 60°, ecnmu a = 2m

3apaua 1.21. Pama ABC xecTko 3aaenana B creHy. Ha Hee nelCTBYIOT cuia F , BEIIMYMHA
KoTopo# 5 kH, paBHOMEpHO pacrnpeneneHHas Harpy3ka naTeHcuBHOCTH ¢ = 10 kH/M, a Taxke mapa
cui ¢ MomeHToM M =5 kH m.

OrnpenenuTth peakiuio XecTKo# 3aaenku mpu o = 30°u a = 60°, ecnmu a = 2m
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3agauya 1.22. )KecTkas pama 3akperuieHa Ha ABYX onopax B Toukax A u B. Ha Hee neiicTByroT

cuer P | M F 5 » BEJIMYMHBI KOTOPBIX COOTBETCTBEHHO PABHBI 3 kH u 2 kH paBHOMepHO pacnpene-

JICHHAsl Harpy3Ka HHTeHCUBHOCTH ¢ = 10 kH/Mm.
Onpenenuts peakuuu B onopax 4 u B pu o = 30°u a = 60°, ecnu a =2 M.
3anaua 1.23. XKectkas pama 3akperieHa Ha IByX oniopax B Toukax A u B. Ha Hee nelicTBy1oT

cuna I , BenmmunHa Kotopoil 4 kH, paBHOMEpHO pacnpeaeeHHas Harpy3ka MHTEHCUBHOCTH g = 10
kH/M, a Taxxe napa cuit ¢ MomeHToM M = 5 kH M.
Omnpenenuts peakuuu onop 4 1 B ipu o = 30°u o = 60°, ecmm a = 2 m.
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K 3amaue 1.22 K 3amaue 1.23
3agaua 1.24. OgnoponHas 6anka AB Becom Pl =10 H w nnuuoii 6 m ONMpaeTcs KOHIOM

U X

A Ha BBICTYNI CTEHBI, a B TOUKE B 3aKperieHa IMIapHUPHO-HETMOABMKHON omopoil. Ha Oanky meii-

CTBYIOT cuna ' , BenmmunHa kotopoit 5 kH, u mapa cun ¢ momentom M = 10 kHwm.
Ompenenutpb peakiuu onop B Toukax A u B ipu o = 30°u a = 60°, ecniu AC = C/].
3agaua 1.25. XKecTkas pama 3akperuieHa B TOUYKE A HIapHUPHO-HENOJBUKHOW ONOPOH H

yAEpKUBAETCA B JaHHOM I0JI0KEHUHM HeBecoMbIM crepskHeM BC. Ha pamy nelicTByroT cuiia F
paBHas 20 kH, paBHOMEpHO pacmnpeneseHHas Harpy3ka HHTeHCUBHOCTH ¢ = 10 kH/M u mapa cuin ¢
MoMeHToM M = 12 kHwm.



Omnpenenutpb peakiuio B onope 4 u ycunue B crepxHe BC pu o = 30°u o = 60°, eciiu a = 2

D

K 3amaue 1.24 K 3amaue 1.25

3agaua 1.26. Onpenenuts HaTsHKEHUE KaHaTa 7, €clii K HEMY MpHUKpeIieHa miardopma Be-
coM G1 = 0,5 kH ¢ rpyzamu G2 = 10 kH, G3= 6 kH u G4 = 8 kH.
OrBer: T=24,5 kH

3amaua 1.27. K xyOy NpHIIOKeHbI CHIIBL 7, , F, , £5 1 F, , KOTOpbIE ypaBHOBEWIEHBI CUIION R

. Onpenenuts pacctosHue b cumbl R OT Tmockoctu Oxz, ecu pebpo kyba a = 1 M, F1 = F2 = 15
kH, F3=F4=5xH u R =40 xH.
OtBeT: h=0,25M™
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3anaua 1.28. K dynnamenty Becom G =100 kH npukpermniena konconpHas 6anka AB mapain-
nenbHas ocu Oy. OnpenenuTh MUHUMaIbHOE 3HAaYeHHe CUiIbl Q, Moa JeicTBHEM KOTOpoi (yHa-
MEHT OIPOKHHETCS BOKPYT pedpa Ox, ecnu ero mmpuHa a = 0,5 M, BeuteT Oanku b = 5 M. Becom
6anku npeHeOpeys.

OtBer: Q=5 xH

3apaua 1.29. I'opusonransHas ogHopoaHas miactuia ABCD Becom G = 500 kH nonemniena
B TOuKax A, D, E K TpeM BEpTUKAJIbHBIM CTEpKHsM 1, 2, 3. Onpenenuts yCuwine B CTEpKHE 1, eciu
AD =2 AE

Ortser: S1 =500 kH

3anpaua 1.30. OnnopoaHoe Teno BecoMm G = 60 kH nop neficTBreM HaI0KEHHBIX CBA3EH Haxo-
nuTcst B paBHOBecHH. COCTaBUB ypaBHEHHE MOMEHTOB OTHOCUTENBHO ocu OX, ONpEeNeIuTh BEPTH-
KaJIbHYIO COCTABIISAIONIYIO PeaKIuu mapHupa B, eciu pasmep a = 0,1 m/

Ortset: Rz =40 xH
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3apaua 1.31. Ognopoanas ninuta O4BC Becom G = 30 kH ynep:xuBaeTcsi B rOpU30HTAIILHOM
nosioxkeHuu mapHupamu O, 4 u TpocoM BD. OnpenenuTs HaTsKeHUE Tpoca IBD, €CIIM a@ =2 M U yIoJl
a = 60°.

Ortser: T8p = 30 kH

3anaua 1.32. Jlomanslii 6pyc OABD naxonutcsi B paBHOBecuu. ONpeeuTh BEPTUKAIBHYIO
COCTaBIISIONIY IO peakiuu 3aaenku, ecau nano: OA = 1,7 m; AB =2 m; BD = 3,4 m; BD // Ox. Cwuiia
F =1 MH u unterncuBHOCTh Harpy3ku q =2 MH/m.

Otset: Roz =4 MH .

K 3amaue 1.31 K 3amaue 1.32

3agaua 1.33. OnHopoaHas mpsiMOyToNIbHAs TuUTa BecoM P = 3 kH co ctoponamu AB =3/, BC
= 2[ 3akperuieHa B TOUke A c(hepruuecKuM MApPHUPOM, a B TOUKE B UITUHIpHYECKUM IIApHUPOM (101~
LIIUITHUKOM) M yJIEpKUBAETCS B paBHOBECHH HeBecOMbIM cTepxkHeM CC'. Ha mnuTy JeicTBYIOT BE
CHUJIbI U TTapa CUJI, JIeXKallas B IJIOCKOCTH IUTUThL, ¢ MOMEHTOM M = 5 kH-M. Benmnuunsl cuit, ux Harpas-
JICHUS! U TOYKH MPUJIOKEHUS yKa3aHbl B TaOJ. 2; MpU 3TOM CUJbl F, U F, JIekKaT B IUIOCKOCTSX,

TnapaIeIbHEIX IIIOCKOCTH XY, CHlla > — B mockocTH, mapasiensHoii xz, i cuna F, — B IIIOCKOCTH,
napayuiesbHol yz. Touku npunokenus cun (D, E, H) HaX0mATCs B CepeIuHax COOTBETCTBYIOIINX
CTOPOH IIHUTHI. OnpeaenuTs peakuuu cBs3eil B Toukax 4, B, C. Ilpu pacuerax npussts [ = 0,8 M.
Yka3zanus. [Ipu pemeHun 3ama4uu clieayeT y4ecTh, YTO peakiusi chepudeckoro mapHupa
HMMEECT TPH COCTABJISOIINE, & PEAKIIUHU IIHIHHIPHUSCKOTO IapHHUpa (MMOAIIMITHAKA) — JABE COCTABJIS-
IOIIKE, JeXKalhe B IIOCKOCTH, MEPIECHANKYIAPHONH OCH IIapHupa. [IpU BBIYHUCICHHH MOMEHTOB
cinsl F yno6HO pa3noxuTs ee Ha cocrapisromue I m F' | mapanmenbHble KOOpIMHATHEIM OCAM,

Toraa no reopeme Bapunbona me(F) = m«(F') + m( F") n 1.1
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Fi1=4xH F>»=6 xkH F: =8 kH F4=10H
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g 1?4 X
o
S
S | Touka Toux
M o1, | Touka o2, | Touka o3, | a o4,
o | IpHUIIo
O | e rpa | IpWIO- | rpa | IpWIO- | rpa | OpuUa |Tpaj
CE; I JKEHHUST | I JKEHHS | I 0-XKe-
= | Hud s
1 D 60 - - E 0 —
2 H 90 D 30 — — _ _
3 - - E 60 - - D 90
4 - - - - E 30 H 0
5 E 0 - - H 60 — —
6 D 60 H 0 — _
7 - - H 30 - D 90
8 E 30 H 90 — — _ _
9 - - - - D 0 E 60
10 - - E 90 D 30 - —

Tabmma 2.
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IIpumepsl pemieHust 3aaa4



3anpaua 1. ['py3 BecoM P JISKUT Ha TIaKON HAKJIOHHOM MJIOCKOCTH C YTJIOM HaKJIOHA o (pHC.
a). OnpenenuTh 3HaYEHUE TOPU3OHTANBHOW CHIIBI F , KOTOPYIO HAJ0 MPUIOKHUTH K TPY3Y, YTOOBI

yIepiKaTh €ro B PABHOBECHH, M HANTH, €My TP 3TOM paBHa criia nasierns ) rpysa Ha IITOCKOCTS.
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K 3amaue 1.
Pemenne. VickoMble CHIIBI JIEACTBYIOT Ha pa3HbIC Tela: CWIa F Ha TPy3, CHIa O —na

TI0CKOCTB. JIJIst peLICH s 331241 PACCMOTPHM paBHOBecHe Tpy3a. [losromy Bmecto cutst O Gynem
HCKAaTh PaBHYIO il TI0 MOJYJIIO, HO MPOTHUBOTOJIOKHO HAMPABICHHYIO PEAKIIUIO MIOCKOCTH N . To-
IJla 3a/[aHHas cuIa P U UCKOMBIE CHIbl F M N OyayT JeicTBOBaTh Ha Tpy3, T. €. Ha OJHO TO Ke
Teno. N306pa3uM JeicTBYIONIUE HA 3TOT IPy3 CWIbl P ¥ F U PEakIuio CBA3U N .

PaccmoTpuM zBa crioco0a perieHus 3a1a4u.

T'eomeTpuueckuii cnocod. IIpu paBHOBECHM TPEYTONBHHUK, IOCTPOEHHBIH U3 cul P, F u

N , IOJDKEH OBITh 3aMKHYTBIM. [10CTpOEHHE TPEYTroIbHIKA HAYMHAEM C 3aJaHHol cuibl P (puc., 6).
Yepes HAYAIO U KOHEI 3TOH CHIIBI IIPOBOIMM TIPSIMbIE, TTapaslIe/IbHbIe HAPABICHUAM Ul F U N .
Touka nepecedeHus 3TUX MPSMBIX JAET TPETHIO BEPIIMHY 3aMKHYTOTO CHJIOBOT'O TPEYTroJibHUKA abc,
B KOTOPOM CTOPOHBI bc M ca paBHBI B BRIOPAHHOM MaciuTabe UCKOMBIM cuiaMm. Hampasnenue cun
OTIpeIeTIIeTCs MPABUIIOM CTPEJIOK: TaK KakK 3/1eCh paBHOJICHUCTBYIONIAs paBHA HYJIIO, TO IIPH 00X0/e
TPEYToJbHUKA OCTPHS CTPEJIOK HUT/IE HE TOJDKHBI BCTPEUATHCS B OJTHOM TOUKE.

Moaynu UCKOMBIX CHUJT MOXKHO U3 TIPSIMOYTOJIBHOTO TPEYTOJbHUKA abc HAWUTH U MMyTEM YHC-
JICHHOTO pacueTa:
F=Ptga, N=P/cos a.

AHasMTH4YecKui crnocod. Tak kak cucTteMa JEHCTBYIOIINX CXOIAMIUXCS CHIT SIBJISIETCS TI0C-
KOM, 11 Hee HaJI0 COCTABUTH JIBa YpaBHEHUs yclIoBUs paBHOBecus. CHadaa mpoBOAUM KOOpPIUHAT-
HBIE OCH; TIPH 3TOM JIsI TTOJTyYEHUs 00JIe€ IPOCTHIX YPABHEHHM OCh X HAIMPaBJIsieM MEPIICHIUKYJITPHO
HeM3BecTHOl cune N . Temepb cocTaBisieM ypaBHEHHUs MPOEKIUU cull P, F | N Ha OCH X U y
2 Fix=0; Psino - F cos a.=0;
2Fy=0;-Pcosa-Fsina+N=0.

Pemas atu ypaBHEeHUs, HallieM:
F=Ptga,
N =P cos a + P sin® a/cos o. = P/cos o.

Vickomast cnta aaBienns rpysa 0 Ha mIOCKOCTb YHCIEHHO paBHa N, HO HAIIPABICHA B IIPO-

TuBononOKHYyI0 cropony (O =N).

3agaua 2. OnpenenuTh CUIIbl, ¢ KOTOPBIMU JIaBIT Ha pesbChl kKoseca A U B KpaHa, cXeMaTH-
YecKu n300pakeHHOro Ha puc. Bec kpana P =40 xH, nentp Tsoxectu ero nexxut Ha nuHuu DE. Bec
nonHuMaemoro rpysa Q = 10 kH, Bbuter kpana b = 3,5 M, paccrosinue 4B =2 a =2,5 m.



K 3agaue 2
Pemenne. PaccmorpuM paBHOBecue Bcero kpana. Ha kpaH qeiCcTBYIOT 3a1aHHbIe CWIIBL P U

Q Y PEAKIUU CBS3EH N 4 H N g - A5 5TOM cuCTEMBI TapajuIeIbHBIX CUJI COCTABIIIEM YCIIOBHS paB-

HOBECHS, IPUHUMAS 32 LICHTP MOMEHTOB TOUKY A U MPOEUUPYS CUJIbI HA BEPTUKAJIbHYIO OCh. [Tomy-
YUM:

D m(F,)=0;-P-a+Ns -2a-Q (a+h) = 0;

2Fy=0; N\t Ns—P—-Q=0.

Pemras atu ypaBHeHUs, HAlIEM 3HAYEHUS PEAKLIUNA CBSI3EH:
Na=05P-0,50Q (b/a—1)=11 kH;
Ns=0,5P+0,5Q (b/a+1)=39 xH.

J111s TpOBEpKU COCTaBUM yPaBHEHHE MOMEHTOB OTHOCHTENBHO LIEHTpa B
D my(F)=0;-Na2a+Pa-0(b-a)=0.

[ToxcraBnsis crofa HallieHHOE 3HAYeHHUE NA, yOexkaaeMcs, 4TO YpaBHEHHE yI0BICTBOPSETCS.
HckoMble cHITbI JaBJICHUS KOJIEC Ha PEIBChI PABHBI YUCIEHHO NA ¥ NB , HO HaIlPaBJICHBI BHU3.

W3 naiinenHoro pemienust BUgHO, uto npu Q = a-P/(b - a) = 22,2 xH peakuust Na oOparaercs
B HOJIb U JIEBOE KOJIECO TIEpecTaeT JaBUTh Ha pelibe. [Ipu nabHelem yBemdeHun Harpy3ku O KpaH
Ha4YMHAET OMPOKUAbIBaThCA. Hambonbmias Harpy3ka (J, mpH KOTOpPOM COXpaHsSETCs paBHOBECHE

KpaHa, OIpeIeIsSeTcs U3 yCIOBUS Zm 5(F;)=0, rne F, — neiictByromye Ha KpaH 3a/JaHHbBIC CHIIBL

(B maHHOM 3a71a4e — CHUJIBI TSKECTH).

3anaua 3. XKectkas npsimoyroibsHas pama ABCD nmeeT B TOUKe A HEMOJABHKHYIO IIapHUP-
HYIO OIIOPY, U B TOUKE D — MOABUKHYIO IIIAPHUPHYIO OIOPY HA KaTKax. B Touke £ k pame npukpen-
JIEH TPOC C MOJBEIICHHBIM Ha HEM I'py30M, uMmeroieM Bec P = 25 kH. Ha pamy nelictBytot cuibl: F
= 30 kH, mapa cun M = 40 xkHwm, paBHOMEpPHO paclipesieleHHas: Harpy3ka MHTEHCUBHOCTH ¢ = 10
kH/M (puc.). OnpenenuTs peakiuu omnop B TOUKax 4 u D, BEI3bIBa€MbI€ ISHCTBYIOIUMH HAarpy3KaMHu.

B pacuerax npunsats o = 60°, y =45° B =30°%/=0,5 m.
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Pemenue. Paccmorpum paBHOBecue pambl. [IpoBeneM KOOpIMHATHBIE OCH X U ), ©300pa3uM
JEHUCTBYIOIIME HA paMy CHITy F , Tapy cuJ ¢ MOMEHTOM M, HaTsbkeHue Tpoca I (mo moaynto 7= P
). 3aMEeHHM CBS3M UX PEaKUHUSIMU: PEaKIMH CBSA3EH, PEaKIM0 HETOABIKHOMN MIApHUPHOU Omopbl 4

u300pakaeM AByMs eé cocTaBIsommmMu X, u Y, peaxuus [, mapaupHO-mOABIKHOM OmOpsl D

HanpasJeHa NepIeHANKYISIPHO ONIOPHON IIIOCKOCTH. PaBHOMEpPHO pacnpesielleHHy10 Harpy3Ky clie-
JyeT 3aMEHUTDh PaBHOACHCTBYIOIIEH cocpenoToueHHou cuion Q = ¢g-2/=10-2-0,5 = 10 xH. Bekrop
O npunoxen k cepeune otpeska AE (Touka L) 1 HAPABIICH B CTOPOHY AEHCTBHS paCIIPEIeICHHOI
Harpys3KH.

J1s1 IOTyYE€HHOM INIOCKOM CUCTEMBI CHJI COCTaBUM TpHU YpaBHEHMs paBHOBecHs. [Ipu BbIumc-
JIEHUH MOMEHTA CUJIbl F OTHOCHTEIBHO TOUYKHU A, Pa3lokKUM €€ Ha COCTaBIAIONINE, YUCICHHO PaB-
neie F'=F-cosam F'=F-sina

2 Fix=0; Xa+ Rp sinf - F cosa - T'siny + O = 0;

2 Fiy=0; Ya+ Rp cosP - F'sina. + T cosy =0;

Yma( F )=0; - M+ Rpcosp 2! +Fcoso. 3] - Fsino. 2/ + Tsiny 2] — Q [ =0.

BripakaeM 13 MOJy4eHHBIX YPaBHEHUN HEU3BECTHbBIE M BBIYUCIISEM 3HAUEHUSI HCKOMBIX Be-

JIAYMH:
Xa=17,8kH;
Ya=-22,4 xkH;
Rp =35,4 xH.

3Hak “MuUHYC" repes BEIMYMHON YA 03HauYaeT, 4To 3Ta CUJla UMEET HalpaBieHHEe 00paTHOE,
YKa3aHHOMY Ha PHUCYHKE.

3agaua 4. Ha npsMoyroabHOIM IITUTE CO CTOPOHAMU @ U b TeXKUT Tpy3. LICHTP TSKECTH TIIUTHI
BMECTE C TPY30M HAXOJUTCS B TOUKE D C KOOpAUHATAMH XD, D (pHC.). OA1H U3 pabounXx yaep KHUBaeT
TUTATY 3a yToi A. B kakux Toukax B 1 E IO KHBI IOJICP>KUBATH TUTUTY IBOC IPYTHUX pa00YHX, YTOOBI
CWJIBI, IPUKJIAIBIBAEMBIC KKIBIM U3 yACPKUBAIONINX TUTHTY, OBLTH OJJUHAKOBBI.
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Pemenue. PaCCManI/IBaeM PaBHOBCCHUC TINIMTHI, KOTOpAasd ABJIACTCA CBO60I{HI)IM TCJIIOM, HaAXO-

JSITUMCS B PaBHOBECHUU TOJ] IEUCTBUEM UYETHIPEX MapaiICIbHBIX CHII QI,QQ,Q ,P ,toe P -cuna

TspkecTH. COCTaBIIsIEM JUISL OTUX CHII YCIIOBHSI PaBHOBECHS, CUUTASI TUTUTY TOPU3OHTAIBLHON M TIPO-
BOJISl OCH TaK, KaK MOKa3aHO Ha PHCYHKE.

YF=0; 01+ Q2+ Q03— P=0;

Y (F 0)=0; O1b+ 2y —Pyp=0;

Yy (F )=0;-02a-Qsx+Pxp=0.

ITo ycnoBuro 3anaum TOJKHO BBINOJHATEC O1 = 02 = O3 = (. Torna u3 nepBoro ypaBHeHHUs
P =3Q. Iloacrapinss 510 3HaueHUE P B OCTaNbHBIC ypaBHEHUS, HAlZIeM OKOHYATEIbHO X =3 XD - @, ¥
=3yp-0b.

Pemenne BO3MOXKHO, KOTa
a/3 <xp < 2al3;
b/3 <yp <2b/3.

ITpu xp = a/3, yp = b/3 monyuum x = y = 0, a ipu xp = 2a/3, yp = 2b/3 Oynerx =a,y=b .
Korna Touka D B nieHTpe miuthl, x = a/2,y = b /2.

3anaua S. BeprukanbHas npsMoyroibHas mra Becom P = 5 kH (puc.) 3akpemieHa chepu-
YECKHM MIAPHUPOM B TOYKE A, IIMIUHIPUYCCKUM IAPHUPOM (TIOAIIUITHUKOM) B TOUKE B 1 HEBECO-
MBIM CTEP>KHEM JI/]', JIeXAIUM B IJIOCKOCTH, NMapauIeIbHOMN TUIOCKOCTH yz. Ha minuTy AelcTBYOT

cuna F1= 6 xH (B mnockoctu yz, a = 30°), cuna 2= 7,5 xH (mapannensHast ocu x) 1 mapa cui ¢
MomeHToM M = 3 kH (B muiockocTtu muntel). ['eomerpuueckue pazmeps! KTl AB = 1M, BC = 2wM,
; BE=AE; AK = K/[. Onpenenuts peakiuu onop A, B u crepxus /' .

K 3amaue 5



Pemenne. PaccmoTpuM paBHOBecHe IuThl. Ha Hee NEHCTBYIOT 3aJaHHBIC CUIIBL P, F |, F ,
U TIapa CHJI C MOMEHTOM M, a Taxke peakuuu cBs3eil. Peakuuio ceprudeckoro mapHupa pasiokuM
Ha TPU COCTAaBJISIOUIME X ,.Y 4,7 4, JWIMHAPUYECKOrO (IIOALIMIIHUKA) — HA JBE COCTAaBJISIOLIME
X 5,7 5, (B INIOCKOCTH, NMEPIEHAUKYJISIPHOW OCH HOJIINIHKUKA), PEAKLUI0 § , CTEpP)KHs HalpaBUM
BJOJIb CTEPIKHS, IIpEAnoaras, 4To OH CKart.

CocraBinsieM 11eCTh YpaBHEHUI paBHOBECHs I ACUCTBYIOLIEH Ha IUIUTY IPOCTPAaHCTBEH-
HOU CUCTEMEI CUII:

2Fkx = Xa+ X - F2=0;
2 Fxy= YA+ X - F2-cosa + Spi-sin30° = 0;
Y Fkz = - Za + Si-c0s30° + Fi-sino. - P = 0;
>mx(F ¢ )=-Sn-sin30°-4AB + Fi-cosa-AB - Ya-AB = 0;
BC

>my(F ¢ )=-Snc0s30°BC - F1-sina~%+XA-AB -F2. % +P- - + M= 0;

SmAF . )= Sisin30°-BC - Fi-cosa %=0.

pu— —n

Cuny F, pasmaraeM Ha coctasistomme [1 u F1 , mapannensHsie ocsm Y u Z, F/=Fi-cosa

, F/=F1-sino. W JUIs ONpPEJEICHUS MOMEHTA CHJIBI F; OTHOCHTEIBHO OCH Y IPUMEHSIEM Teopemy

— pu—

Bapunsona my(F,) = my(F1) + my(F1 ). AHaJOTHUHO MOYKHO MOCTYIIUTh ¥ C CHIIOH 5§ , .

[ToacTaBuB B cOCTaBICHHBIC YPABHEHHS YHCIIOBBIE 3HAUEHHSI BCEX 3aJIaHHBIX BEJIUYHMH U pe-
IIUB 3aTEM 3TH ypaBHEHUS, Ha1EM, YeMy paBHbI HCKOMbIE pEaKLIUu:

Xa=17,8 kH;
Ya=2,6 xH;
Za=2,5xH;
YB =0 xH;
Xs=-0,3 xkH;
Sn=15,2 xH.

3HaK MUHYC TIepe]] BETMINHON XB yKa3bIBacT, YTO CHJIA X ; HAINpPaBJIEHA IPOTHBOIOIOKHO
MOKa3aHHOM Ha PUCYHKE.

3apaua 6. ['opusonranbHas 6anka AB Becom O =200 H npukpernsena K cTeHe mapHUpoM A
u ormpaercs Ha onopy C (puc., a). K ee konny B mapaupHo npukperuieH 6pyc BK secom P = 400
H, onupatommiics Ha Beictyn D. Ilpu stom CB = AB/3, DK = BK/3, yron o = 45°. Onpenenutsb
peaKIyu orop, cuuTast Gasky u Opyc OJHOPOTHBIMU

K 3agaue 6
Pemenue. Pacusnensist cicremMy Ha JIBe YaCTH, pacCMaTpUBaeM paBHOBecue Opyca BK u 0ainku

AB B otnensroctn. Ha 6pyc BK (puc., 6) nefictByior cuna P u peaxiuu cesizeit 1V, Xg, Y. Broms
obo3HaueHne BK = a ¥ cOCTaBJIsisl U STUX CUJI YPaBHEHUS paBHOBECHS, ITOJTyYUM:

2Fix=XB - Npsin o, = 0;

YXFxy=1Ys— P+ Npcos o= 0;



Xms(F, )= Nb -2a/3 - P(a/2)cos a. = 0.

Pemas atu ypaBHeHus, HaleM:

Np = (3P/4) cos =212 H;

XB = (3P/8) sin 2a. = 150 H;

Ys =P - (3P/4) cos 20 =250 H.

Ha Ganky AB ecii ee paccMaTpuBaTh OTAENBHO, ACHCTBYIOT CHIa Q, PEaKIMH BHEIIHHUX

CBAA3EH N, X,, Y, u cunbl naBnenus X;H );' Opyca BK, nepenaBaemble uepe3 mapHup B (puc., ).

[Ipu 3TOM MO 3aKOHY O JEHCTBUM U NMPOTUBOACHCTBUM CHJIBI X;I/I IZ JOJKHBI OBITH HANpaBJICHBI

TIPOTHBOTIONOKHO Xgu Yy ; O MOTYIIO ke X, = XB, ¥, =V B.

BBogist o603HaueHne AB = b M cocTaBIss IS CWII, ACHCTBYIONIUX Ha OAJIKy, YCIOBHS PaBHO-
BECHSI, TIOJTYYHM:

XFx=Xa- x,=0;

Xma(F,)=-Y,;b+Nc-2b/3-0-b/2=0;

Xmc(F,)=-Ya-2b/3+ Q-b/6- v, -b/3=0.

ITonaras B 5TuX ypaBHEHMAX X, = XBH Y, = VB W pellas uX, HaliJIeM HEU3BECTHBIE CUIIBI

Xa=Xs=150 H;

Ya=Q/4-Ys/2=-75H;

Nc=30/4+3Ys/2=525H.

13 MOJTyYeHHBIX Pe3y/IbTaTOB BHIHO, YTO BCE PEAKIINH, KPOME 1, HMEIOT HATIPABIICHHS, T10-

Ka3aHHBIC HA PUCYHKE, Peakius xe Y, (haKTHUCCKH HAMPABIICHA BHHS3.

Bonpocs! 1 3agaHus 1J1s1 CAMOKOHTPOJISt

1. Ha npecc B Touke O nelictBytoT cuibl F1 =5 H u F2 = 7 H, nMHUM N€HCTBUS KOTOPBIX
HaXOJATCs B IUIOCKOCTH yepTexa. Onpenenure MOAYJIb CUIIbI JaBICHUS Tpecca Ha MaTepHall, eciu
3aganbl yriasl oo = 30°, B =45° (OtBer: 9,28 H).

Z ‘

K 3apanuto 1. K 3ananuto 2.

2. Tpu crepxusa AC, BC, n DC coeauHensl mapHUpHO B Touke C. Onpenenurts yCcuinue B
crepxkne DC, ecnu 3aaansl cuna F' = 50 H u yron o = 60°. Cuna F HaxoAuTCs B IUIOCKOCTH Oyz
(OtBer: 86,6 H).

3. HanumuTe ypaBHeHUs1 paBHOBECHS Tella IIPHU MPOU3BOJIBHOM IIOCKOW CUCTEME CHJI, AeH-
CTBYIOIIMX Ha HETO.

4. Kakoe MakcHMaJIbHOE YMCIIO HEM3BECTHBIX CHJI MOXKHO OIPENENINTh, pellas ypaBHEHUS
paBHOBECHS JIJIs TNIOCKOM CHCTEMBI MapaylIeIbHbIX CHJI?

5. Ha pamy ADB neiictByrot Beptukanenele cuisl /1 = 10 kH u F2 = 4 xH. Onpenenure
peakiuto onopsl B, eciu paccrosinusg AC =2 M, AB = 6 m (OtBeT: 6 kH).

6. Omnpenenure Bec rpy3a 1, HEOOXOAUMBIH Ui TOro, YTOOBI OHOpPOIHAs Oasika AB Becom
340 H B nonoxxenun paBHoBecus Obl1a ropusonTanbHa (OtBet: 170 H).



K 3amanuro 5. K 3amanuro 6.
7. Onpenenure MOMEHT M mapbl cuil, IpU KOTOPOM peakius onopsl B pasHa 250 H, ecin
WHTEHCHUBHOCTH pacripeaesieHHon Harpysku g = 150 H/m, pasmepst AC = CB =2 M (OtBet: 200 H).
8. Ompenenure cuny F2, Ipyu KOTOPOH phIYar B yKa3aHHOM IOJIOKEHUU HAXOJTUTCS B PaBHO-
Becuu, ecnu yroia o = 60°, F1 =50 xH, a nmunast AO =3 M, OB = BC = 4m (OtBert: 65 kH).
9. Ha 6anky AB neicTBYIOT pacnpeeseHHas Harpy3ka HHTeHCUBHOCThIO ¢ =2 H/M u cuna F
= 6 H. Onpenenure peakuuto onopsl B, ecnu qymmaa AC = 1/3 AB, yron o = 45° (OtBert: 4,08 H).
Fy
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K 3amanmuro 7. K 3amanuro 8. K 3amaguro 9.

10. Chopmynupyiite Teopemy BapuHbOHa 0 MOMEHTE PaBHOJCHCTBYIOIICH 3aJaHHOW CH-
CTEMBI CHIL

11. Apxka, umeromas ¢GopMy MOJIyOKPY>KHOCTH, KECTKO 3ajenaHa B Touke A. Ompenenure
MOMEHT B 3ajenke, ecnu cuina F =100 H (Oteet: 0 H).

12. Onpenenute B MOMEHT B 3ajenke A, ecnu cuna F = 80 kH, yron a = 30°, paccrosiaus /1 =
1,8 M, 2=2m, h=0,4 m (OtBer: 35,7 kHwm ).

ya ,_:

>

K 3apanuto 11. K 3ananuto 12. K 3ananuto 14.

13. Omnpenennute MOMEHT CHJIBI OTHOCUTENIBHO Havajla KOOpJIUHAT, €ClIM CUJIa 3aJlaHa MPOeK-
uusamMu Fx= Fy =210 H u n3BecTHbl KOOpAMHATHI TOUKH NpuiiokeHust cuibl x =) = 0,1 m (OTBeT: 0
kHwMm).

14. Cuna F =420 H, npunoxeHHast K Touke 4 1eXUT B Iiiockoctu Oxy. OnpeneanTe MOMEHT
CHWJIBI OTHOCHUTENHHO TOUKH O, ecinu koopauHatel x4 = 0,2 M, ya = 0,3 m 1 yron a = 30° (OteT: 151
kHwm).

15. Hanumure ypaBHEeHUs: paBHOBECHS JJ1s1 TPOCTPAHCTBEHHOW CHCTEMBI IPOU3BOJIBHBIX CHJI.

16. Kakoe MakcHUMallbHOE YMCJIO HEU3BECTHBIX CUJI MOKHO OINPEAEIUTh pelasi 3TH ypaBHe-
HUs?

17. T'opuzoHTanbHas ogHopoaHas kBajapaTHas tumta ABCD Becom G TMoOJBEIIEHA B TOUKaX
A, D, E x TpeM BEpTUKAJIBHBIM CTEPKHAM 1, 2, 3. Onpenenure BecC IINTHL, €CIIN YCUINE B CTEPXKHE 1
S1=200 H, AD = AE (Otsert: 200 H).



K 3aganuio 17. K 3aganuro 18. K 3aganuro 19.

18. K Banny OA noa npsameIM yriioM npukpermiensl crep:xxau BC u DE. K crepxHio DE npu-
J0KeHa pacnpeaeneHHas Harpyska g = 0,5 H/m. Onpenenute Moynb Cuiibl F, ypaBHOBEIIMBAIOIIECH
JIaHHyI0 Harpysky, ecin F || Oxz ( Otser 8,08 H).

19. Cuna F'=2Q = 120 H, npunoxeHHas K IKUBY, ypaBHOBELIMBAETCS IAPOU CUJI C MOMEH-
toM M = 18 HM. CocTaBuB ypaBHEHHE MOMEHTOB OTHOCUTENIBHO OcH OX, ONPENEIUTE PEaKIHIo YA
MOJIIUITHKUKA A, ecnu paauyc mkuBa » = 0,3 M, a = 0,3 m u cuna F | 0 | Oy ( OtBeT: 90 H).

20. Ha Ganky 4B neiictByeT mapa cun ¢ momeHnroM M = 800 Hm. Ompenenute MOMEHT B
3agenke C, ecmu AB=2wmu BC=0,5wm (OtBetr: 200HMm).

21. Onpenenute peakuuio onopsl 4, ecau cuna = 3 kH, yron o = 30°, pasmepsl AB = BC
(Oter: 3 kH).

A wxM B C
w7

K 3amanuro 20. K 3amanuro 21.

2. lleHTp TAXKECTH

PaccMoTpuM HEKOTOpBIE CIIOCOOBI HAX0XKIEHUS MOJIOKEHUS IEHTPOB TSKECTU TEN, KOTOPBIE
MPUMEHSIIOT MPU PELICHUH 3a/1a4.

Cnocob cummerpuu. Eciu ogHOPOJHOE TENIO UMEET IIIOCKOCTh, OCh WJIN LIEHTP CUMMETPHH,
TO €r0 LEHTP TSHKECTU JICKHUT COOTBETCTBEHHO MIIM B TUIOCKOCTH CUMMETPHUH, UM HA OCH CUMMET-
pHH, WIN B IICHTPE CUMMETPHH.

W3 cBOMCTB CHMMETPHH CIEIYET, YTO LIEHTP TAKECTH OJHOPOJHOTO KPYIIIOTO KOJbIIA, WIH
IUTACTUHBI, IPSIMOYTOJILHOTO MapalIeNenuIea, mapa u Ipyrux 0OJHOPOTHBIX TEJ, UMEIOLIUX LIEHTP
CUMMETPUH, JIEKHUT B TEOMETPUUECKOM IIEHTpE (LIEHTPE CUMMETPHH) ITHX TEJL.

Cnoco0 pa3ouenusi. Ecnu Teno MOXHO pa30uTh Ha KOHEYHOE YUCIIO TAKUX YaCTEH, IS KaxK-
JIOW M3 KOTOPBIX MOJI0KEHUE EHTPa TSHKECTH U3BECTHO, TO KOOPAMHATHI LIEHTPA TSHKECTH BCETO Tea
MO>KHO HETIOCPECTBEHHO BBIYUCINUTE 1O (hopMyJiaM, PUBEICHHBIM BbIlIe. [Ipu 3ToM uncio ciara-
€MBIX B KaXI0i U3 CyMM OyJIeT paBHO YMCITy YacTel, Ha KOTOpbIe pa30UTO TEIO.

Cnocod nomosHeHuss. DTOT CIOCO0 SABISAETCS YaCTHBIM CilydaeM crocoba pazouenus. OH
MPUMEHSIETCS K TeJlaM, UMEIOLIUM BBIPE3bl, €CIIU LIEHTPHI TSXKECTH Tesna 0e3 BbIpe3a U BhIPE3aHHOM
YaCcTH U3BECTHBI.

OnpenesneHue 1MoJI0KeHUA IEHTPA TAKECTH HEKOTOPHIX OAHOPOIHBIX TeJl.

- 17151 OTHOPOHOTO TBEPJIOTO TEJA BEC Pk JIIOOOH €ro 4acTu MPONOPIHUOHATICH 00beMy Vi 3TOM
yacTu: pk = YVk, a Bec P Bcero Tena npomnopiuoHaieH oobemy V atoro Tena, T. €. P =yV,

r7ie Y — BeC eIMHUIIBI 00beMa (00bEMHBIHN BeC).

B pesynbrare nosnygaem:



14 V V

Kak BHJHO, MOI0KEHNE LIEHTPA TSHKECTH OJHOPOIHOTO TEJa 3aBUCHUT TOJBKO OT €0 Te€OMEeT-
prueckoii popmbl. Touky C B 3TOM ciIydae Ha3bIBAIOT YEHMPOM maxcecmu oovema V.
- JUIs Tena, MPEeCTaBIAIONIEr0 cO00H OTHOPOJHYIO IUIOCKYIO U TOHKYIO IJIACTUHY

2.8 KXk 2.8 Vi
=T s yc=-_
S S
rae S — miaomaab BCeH INTAaCTHHEI, Sk — IUIOIIAIM €€ JacTel.

Touky C Ha3bIBaIOT YeHMpPoOM marxcecmu naouaou S.
- KOOPJMHATHI IEHTPA TSHKECTH JINHUH

= ,yc= T ,zc=T——,
L L L

rae L — nivHa Beel TMHUM; [k — IJIMHBI €€ YacTen.

Touky C Ha3bIBAIOT YEHMPOM MANHCECHU TUHUU.

XC

XC

3agauu A9 CaMOCTOSITEILHOTO pelIeHust

3agaua 2.1. OnpenenuTb KOOPAWHATY LEHTpPA TSHKECTU MPSIMOJIUMHEHMHOIO OJHOPOIHOIO
CTepxHS AB, ecnu 3amaHbl KOOpAUHATHI TOUeK A U B - xA = 10 cM, xB = 40 cm (OTBeT: XC = 25 cm).

3apaua 2.2. OnpenenuTb KOOPAMHATY IEHTpa TSHKECTH OJHOPOIAHOM IIACTHUHBI, KOTOpas
MMeeT BUJ MPSMOYTOIBLHOTO TpeyroibHuka ABJI, eciu n3BeCTHBI KOOPIWHATHI BEPIIMH XA = XB = 3
cM, x;1=9 cm (OtBeT: XC = 8 cm).

3amaua 2.3. OnpenenuTh MOJI0KEHHE IIEHTPa TSHKECTH TONEPEYHOro CeUeHHs MaTepuana, rmepe-
MEIIAaeMOro CKpeOKOBBIM KOHBEHEPOM; pa3Mephl yKa3aHbl HA PUCYHKE.

ST 13 -.‘.:‘.
Rl

g
472 =

Ortser: yc= 81,15 mm.
3anaua 2.4. Peruth npeapiayIinyto 3a1a4qy JUis KOHBeHepa C I0MOJTHUTEbHBIM OOPTOM; pa3Mephl
yKa3aHbl Ha PUCYHKE.

Otser xc =341,6 mm; yc = 151,8 mm.
3anava 2.5. HaiiTu KoopjMHaThI LIEHTpa TSHKECTH MOTyKoBIIa rpeidepa, ecmu R=1wm, /=1,5Mm,
0. = 45°; TONIIMHOM CTEHOK MpeHeOpeyb.



Otsert: xc = 0; yc= 0,75 M; zc = 0,845 m.
3anava 2.6. OnpenenuThb NOJIOKEHUE LIEHTPA TSHKECTH OJJHOPOAHBIX TUIACTHH, IPUBEICHHBIX HA
pucyHke. JlaHHbIE K pacueTaM IpUBeIeHbI B Ta0muIe 3.

TaGmuua 3.
Bapuant
Janusie | 1 2 3 4 5 6 7 8 9 10
a, MM 80 90 100 110 115 120 125 130 135 150
b, MM 40 50 60 40 50 60 70 80 70 50
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K 3agaue 2.6.

IIpumepsl pemrenus 3agaq

3apaua 1. OnpenenuTs N0JI0KEHUE EHTPA TSHKECTH KPYTJION MJIaCTUHBI paauyca R ¢ Bbipe-
30M paauyca r (puc.). Paccrosiuue C1C2 = a.



K 3amaue 1.

Pemenne. L{eHTp TsDKECTH IUIACTHHBI JIOKUT HA uHUA C1C2, TaK KakK dTa JUHUS SBISICTCS
ocbto cumMmeTpud. [IpoBoauM KoOpAUHATHBIE OCH. {1 HAXOXAECHUS KOOPAWHATHI XC JOMOIHSIEM
TUIONIA/Ib TDIACTHHEI JIO TOJTHOTO KpyTa (4acTh 1), a 3aTeM BBIYUTACM H3 IMOTYYCHHOHN TUIOIIA I TIIO-
I1a]1b BBIpE3aHHOTO Kpyra (4acTh 2). [Ipu 3TOM TI011a1p 4acT 2, Kak BEIYUTaeMas, TOJKHa OpaThes
co 3nakoM muHyc. Torna mmomanu S1 = nR%, $2 = - %, S = Si+ 82 = n(R? — ).

Koopaunats! ientpos tspkecta Ciu C2

x1=0,x2=a;

yi=y2=0

[ToxcraBnsis HaiiieHHBIE 3HAUYCHUS B (DOPMYJIBI, OMpPEIEISIONINe KOOPINHATHI IIEHTPA TSKe-
CTH TUTACTHUHBI, TIOJTy9aeM:

_ xS +x,8,  ar

S R2—r2;

2

C

yc=0.
Haitnennsiit nentp tskectu C, Kak BUAUM U3 BBIMUCIICHUM, TEKUT JieBee TOUKu C1.

BOHpOCBI U 3aJaHUA 1JId CAMOKOHTPOJIsA

1. Ilepeuncnure cnocoObl OnpeaesieH!s] KOOPAUHAT LIEHTPOB TAXKECTH Tell.
2. OnpenenuTe MoJIoKEHUE LEHTPA TSHKECTU YETBEPTU KPyra U YETBEPTU OKPYKHOCTH.
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K 3amanuro 3. K 3amanuro 4. K 3amanuro 5.

3. [Ipu kakom paccTosiHUU A OT OAHOPOAHOM TIacTHHBI ABD 10 ocu Ox KOOpIMHATA IIEHTpa
TsbKecTH miacTulsl ye = 0,3 M, ecnmu BD=0,3 M (OtBert: 0,2 m).

4. Onpenenure KOOPAUHATY yC LIEHTpa TskecTd miomanu purypst ABDEFG, cTOpOHBI KO-
TOPOM MapaliesIbHbl KOOPAUHATHBIM OocsiM. Pasmepsl Ha pucyHke 3ananbl B M (OtBeT: 1,19 m).

5. Onpenenure KOOPAUHATY XC LIEHTPA TSHKECTH 3aIUTPUXOBAHHOM IUIOMIAAN (PUTYpBI, eclin
paauyc » =2 M (OtBerT: - 0,126 m).



3. TpeHue CKOJIbKEHUS U KAYECHUS

Cuna TpeHus: CKOJIbKEHUS MPEMATCTBYET CKOJIBKEHHIO Tela 1Mo noBepxHocTu. Cusa TpeHus
MOKOsI IPUHUMAET 3HAUCHHE OT HYJIS IO MAKCUMAJIbHOTO 3HAUEHUS FTip HA3bIBAEMOT'0 MPEIeTbHOMN
CUJION TpeHwus, T. €.

0 < Frp < Frp.

[IpunoskeHHas K Tely cujla TPEHUs MOKOs HalpaBjeHa B CTOPOHY, IPOTUBOIOJIOKHYIO TOM,
KyJia IEHCTBYIOIINE HA TENIO CUIIBI CTPEMSITCS €r0 CABUHYTh.

[IpenenbHas cuna TpeHUs paBHA

Fp=fo N

Cratnueckuii koapduuueHT TpeHus fo — BenmunHa 6e3pa3mMepHasi, OH ONpeIesIeTCs KCIIe-
PUMEHTAIILHO U 3aBUCUT OT MaTepuaia COMPUKACAIOIIUXCS Tell, COCTOSHUS TTOBEPXHOCTEH KOHTAaKTa,
TEMIEPATYPbI, BIAXKHOCTH U T. 11

Cuna tpenust OyJeT paBHA BelIWYUHE FTip B COCTOSIHMM TIpeeiabHOro paBHoBecus. [Ipu ma-
JeiieM IpeBbIIEHUH STOTO 3HAUEHUS CHJIbI T€JI0 HAUMHAET ABUTAThCS (CKOJIB3UTD).

[Ipu ckonmpKEHUM TeNa IO IIEPOXOBATOM MOBEPXHOCTH K HEMY MPHIOKEHA CUJIa TPEHUS
ckousibkeHusl. HarpaBieHue 3Tol cuiibl IPOTUBOIOIOAKHO HAlpPaBICHUIO CKOPOCTH TeJa, a MOIYJIb
CWJIBI TPEHUS CKOJIbKEHUS ONpeAeNsieTcsl Mpou3BeIeHueM K03 PUIIMeHTa TPeHUs Ha HOpMaIbHOe
JTaBJICHHE:

Frp=1N,

rae f - KoapUIUEHT TPEHUS CKOJTBKCHHUS

[Tpu kaueHUU OJHOTO Tela MO MOBEPXHOCTH IPYTOro BOZHUKAET Mapa CUII, MPEMATCTBYIOMIAS
Ka4eHU0. MOMEHT 3TOM mapel CUl

M=3N,
rze 0 — K03 GUIUEHT TPeHUs KaueHHsI, UMEIOIINI pa3MEPHOCTD JITUHBI

3agaum 115l CAMOCTOSITEJILHOTO PereHust

3agauya 3.1. [IpuHuun AecTBUS U3MENBUYUTEIBHOTO YCTPONWCTBA, HA3bIBAEMOIO OETyHaMH,
OCHOBAH Ha TOM, 4TO KyCOK MaTepuasa, ronajas mnoJ WINHAPUUECKUI KaToK (OeryH), 3aXBaThIBa-
€TCs CHIIaMU TpeHUsI U ApoOuTcst. OnpenenuTh HanOONIBIINI TUaMeTp 3aXBaTHIBAEMOT0 KyCKa, Ipe-
HeOperasi ero BecoM, €clii U3BECTHBI quameTp OeryHa D u KodQUIUEHT TpeHuUs f.

Otser: d = Df*.

3angaua 3.2. OnpenenuTh AaBiICHUE NMEPETHUX U 33aJHUX KOJIEC KapbepHOI'o camocBasa Ha
TPYHT ¥ MUHUMAJIbHBIA KO GUIHMESHT CHETUICHHS MEXIY 3aTHUMH BETyIIIUMHU KOJIECaMH U JOPOT O,
HEOOXOAUMBIN JUIsl o0ecTieyeHns: paBHOMEPHOT'O JBMXKEHUS caMocBaa 0e3 MpoOyKCOBKU BBEpPX IO
noawseMy o = 8°. Bec camocBana G = 460 xH u npunoxen B Touke C. PazMepsl yka3zaHbl Ha PUCYHKE.
Tpenuem kKaueHus MpeHeOPEUb.

OtBet: Na =101,4 xH; N ==354,1 xH; /=0,181.

K 3agaue 3.1. K 3agaue 3.2.
3agauya 3.3. OnpenenuTb MaKCUMANbHYIO TIIyOUHY /1 BBIEMKH, KOTOPYIO MOTYT IIPEOA0JIETh
3aJIHUE BEAYIIUE KoJieca caMocBalia 0e3 MpoOYKCOBKH, a TaK)K€ MOMEHT M Ha KoJiecax, CYuTasi, 4To



KOHTaKT IIMHBI C TPYHTOM ocyuiecTsisieTcs: B Touke 4. KoadduumeHT cuemnnenus Koiec ¢ rpyHTOM
f=0,7; panuyc xoneca R = 765 mm; naBienue Ha 3aaHI00 ochk G = 160 xH u HampaBieHo BepTu-
KaJIbHO.

OtBet: h =138 mm; M = 70,2 xHwm.

3anaua 3.4. OnpenenuTh MAaKCUMaJILHYIO BBICOTY /1 TIOPOTa, KOTOPYIO MOTYT MPEOI0JIETh T1e-
penHue Koseca camocBaia 6e3 MpoOyKCOBKH 33JHUX BEAYIIMX KOJIEC, eClid KOA(P(UIMEHT Clerie-
HUS BeIyIIUX KoJjiec ¢ rpyHToM f = 0,4, konecHas 6a3a b = 3550 mm, paauyc kosieca R = 765 mm, Bec
camocBasia npusoxeH B Touke C.

Ortsert: £ =300,7 MM.

K 3agaue 3.3. K 3amaue 3.4.
3agaua 3.5. Kapbepnsiii camocBan BecoM G = 167 kH ¢ npunienom, map-HUpHO 3aKperieH-
HBIM B TOUKE A, IBUKETCS pABHOMEPHO 110 FOPU30HTANIBHON topore. OnpeaenuTb AaBIeHUE KaX 101
mapbl Kojiec Ha TPYHT ¥ MUHUMaJIbHOE 3Ha4YeHue KO (UIMEHTA CIETUICHHUS [ BEAYIIUX KOJIEC C JI0-
poroii, eciu cuibl B mapuupe 4 paBHbl: F' =243 xH; 7= 50 xH u 3agans1 pazmepst: 5= 3,55 m; b =

0,35 m; ¢ =0,57 m; h=1,65 m. Bec camocBana npusnosxeH B Touke C. TpeHrueM KaueHust mpeHeopeyb.
OtBeTt: Na =269,1 xH; Ns = 140,9 xH; = 0,186.

K 3amaue 3.5

IIpumepsl pemrenus 3agaq

3agauya 1. ABToMOOMIIE BecOM P CTOUT Ha HaKJIOHHOM y4acTke aoporu (puc.). Paccrosnue
MEXIy LHEHTpaMH Kojec a, cuina P npuiokeHa B Touke C, BbICOTa KOTOPOH HaJl MOJIOTHOM JOPOTH
paBHa /; K03 (HULIUEHT TPEHUS CKOJIBKEHHS KOJIEC O JOPOTY paBeH f.

ITpu kakoMm yriie 60KOBOrO HAKJIOHA JOPOTH O K TUNIOCKOCTH TOPU30HTA MOXKET MPOU30UTH
OIIPOKUIBIBAHIE aBTOMOOMJISI M KOTIa MOKET HauaThesi OOKOBOE CKOJIBbKEHHUE?



K 3amaue 1.
Pemenue. [Ipu paBHOBECHN aBTOMOOWIISA, CTOSIIIETO HA JOPOTe, HA HETO OYyIyT IEHCTBOBAThH

cuna Tsokectd P, HopManbHble peakiuu goporu N, N, u cunsr tpenus [, F;.

[Ipu onpokupIBaHUN aBTOMOOMIIb OYIET TOBOPAYMBATHCSI BOKPYT TOUKU A U cUiibl N2, 2 Ha
Hero He OyayT AeiicTBoBaTh. OMPOKUIBIBAHNE TPOU3OMAET, €CIIU MIPHU OTPHIBE Koyieca B OT MOJI0THA
JOPOTH MOMEHT OTHOCHUTEJIEHO TOYKH 4 OTPOKHUIBIBAIONINX CHII OyZeT OOJbIille MOMEHTA CHIT YAEP-
KHUBAIOLINX, T. €.

P sino-h > P cos o a/2.
Otcrona cienyeT, YTO OMPOKUIBIBAHNE OYIET, €CIH
tgo > a /2h

OmnpenenuM Tenepb 3HAYCHUE YIJIa O, IPH KOTOPOM HavyHETCs: OOKOBOE CKoNbkeHue. Pac-
CMaTpuBas JIEWCTBHE CUCTEMBI CHJI HA aBTOMOOWJIb U COCTaBHMB YPaBHEHHE MPOEKIMKN Ha OCh AB,
MOJIyYUM YCJIOBHE CKOJIBXKEHHUSI (OHO MPOMCXOJHT, KOTJa CABHUraiomias cuia OoJble cyMMapHOU
CHUJIBI TPEHUS)

P sina. > (F1 + F2)max
V4uTeIBas, 94To
(F1+ F2)max = fAilN1 + N2) = f P cosa
MOJIyYUM YCIIOBHE CKOJIbKCHHUS
tgo > f.

Takum o0pazom, aHATU3UPYS TOTYUYCHHBIE PE3YIbTAaThl, MPUXOIUM K CIECAYIOIIEMY:

aBTOMOOMIIb CKOJIB3UT 0€3 ONPOKUIBIBAHMS NPH f < tga. < a/2h;

aBTOMOOWIIb OTIPOKUBIBACTCS O3 CKOJILXKEHUS TIpH [ > tgal > a/2h;

aBTOMOOWJIb U OTIPOKHIBIBACTCS, U CKOJIB3UT NpH f < tga. > a/2h;

aBTOMOOWJIb HE OIPOKU/IBIBACTCS M HE CKOJIB3UT MpH f > tgal < a/2h.

3apaua 2. OnpenenuTh, IpU KaKUX 3HAYEHUSIX YIJIa o (pUc.) WIMHAP BecoM P U pajanycom
R, nexxanuii Ha HAaKJIOHHOM MJIOCKOCTH, OCTAHETCS B TIOKOE, €CIH KOA(PGUIIUEHT TPEHUS CKOJIbKECHUS
fo, a k03(ppuLMEHT TpeHus KaueHus o.

a
K 3amaue 2.
Pemenne. Paccmorpum paBHOBecue katka. COCTaBUM yCIIOBHUSI paBHOBECHUS B IPOEKLIMAX HA
OCH X U ).

P sina— F=0;



N—Pcosa=0.
N3 ypaBHEeHM HalEM, YTO
P sina. = fo P cosa;
N = Pcosa.
B npenenbHOM MosI0’KeHUH paBHOBECHSI, KOTAa OyAeT 1eHCTBOBATH MpeieibHas CUjla TPEHUS
F = Fup = fo-N = fo-Pcosa.
tga = fo.
CrenoBatenbHO, CKOJIbXKEHUS HE OylieT
npu yciaoBuu  tga < fo.
CocTaBUB ypaBHEHHE MOMEHTOB OTHOCUTENIBHO TOUKHU A, MOIy4YUM
ON — P-R sina. = 0.
Karok He Oyzaer nmoBopaunBatbes (KaTuThes), eciid ON > - P R sina. Yurs, uro N = P cosa.,
MOJIyYUM YCJIOBHE OTCYTCTBUS KQUE€HUS
tgo < &/R.
Taxum 0o0pa3oM, KaTOK Ha HAKJIOHHOM IJIOCKOCTH OYAET B MOKOE, €CJIM BBIIOJHAIOTCA 00a
yCIIOBUS
tga < fo.
tga < O/R.
Bonpocs! u 3a1aHus 1J1s1 CAMOKOHTPOJIA
1. Kak onpenensercs npeenbHas CHUiia TPEHUS CKOJbXKEHUs?
2. Yto noHUMarOT 1noj Ko3ppuuueHTomM TpeHus KaueHus?
3. OnpenenuTh HAMMEHBIIHN KO3 GUIMEHT TPEHUS CKOJIBKEHUS MEeX Ty Tpy3oM 1 Becom 400
H n minockoctero DC, ipu KOTOpOM Ipy3 | ocTaHeTcs B OKOE, €Cly Bec rpy3a 2 paseH 96 H
4. KakuM 0IDKeH OBITh HaMOONIBIIHIA Bec rpy3a 2 ais Toro 4ytoosl rpy3 1 Becom 100 H ocra-
BaJICS B TIOKOE Ha HAKJIIOHHOM MOBEPXHOCTH, €CIIU KO PUIIMEHT TpeHUs cKoyibxkeHus f = 0.37
5. K omHOpoaHOMY KaTKy BecoM 2 KH mpuioxkeHa ropu3oHTanbHas cuina F . OnpenenuTsb
HaUGOMBIINI MOy b CHIIBI F , TIPM KOTOPOM KaTOK He CKONB3UT U He KATUTCS, €CIU KO3 dUIIHeHT

Tpenus kadeHus O = 0,006 M, ko3puument tpenus ckonwxenus f = 0,2, paguyc R = 0,6 M, pazmep
04=04 wm.

30°
K 3aganwuto 3. K 3aganwuto 4. K 3aganwuto 5.

6. Ognoponubiii kKaTok 2 BecoM 4 kH cBsizan ¢ TesioM 1 HepacTsxUMOW HUTHIO. OnipenenuTe
HanOOoNBIINIA Bec Tena |, Mpu KOTOPOM OHO HAYMHAET CKOJIb3HUTh, €CIIH KO3 (DUITUEHT TPEHUS CKOJIb-
xenus f = 0,2, koapdunpent tpenus kauenus o = 0,005 m, momenT napst cun M = 50 H-m. Panuyc
katka R =0,5 m.

7. K ogHopoanomMy katky BecoM 4 kH npunosxxenst cuna F'= 50 H u mapa cun ¢ Momentom M
=20 H-m. Onipegenure HauMEHbBIIMHA pagnyc R KaTka, IPU KOTOPOM OH OyJIeT KaTUThCS BICBO, €CITH
ko3puuueHT Tpenus kadenus o = 0,005 m u OA = 0,6 R.

M

K 3amanuro 6. K 3amanuro 7.



KHUHEMATHUKA
4. KunemaTnka TOYKH

B xuHEeMaTuke TOYKU OMpCACIIAOTCA TPACKTOPUN ABUKCHUSA TOYKH, a4 TAKIKC BBIUYHUCIIAKOTCA
€€ CKOPOCTH U YCKOPEHHUSI.
[Tpoekumu CKOPOCTH M YCKOPEHHS TOYKH Ha KOOPJIUHATHBIE OCH (KOOPJAMHATHBINA CIIOCO0 3a-
JAHUWsI TBWKEHUS ) OTIPEIETISIOTCS 10 (hopmyiam
dx dy dz

=" _ ", W=, Vz=" ",

dt dt
dv, Jd2x _dv, 42y v, J2,

a, = = , a4, =——=——4d =
Y oodt A2 Y At drr’ 7 dt di?
TJIC X, y, Z KOOPJMHATHI TOYKH, 33JaHHbIE KaK (DyHKIIUU BPEMEHHU.
Moy CKOpOCTH U YCKOPEHHSI OTIPEACTSIOTCS 110 (hopMyiam

2 22
V=4V Vv, V]

_ 2, 2 2
a—\/ax +a, +a; .

b

Ecam n3BecTeH 3aK0H IBMXKCHUS TOUKH 110 33JJaHHON TPAeKTOPUH (€CTECTBEHHBIN CITOC00 3a-
JaHUS ABMKEHHS ), TO HCIIONB3YIOTCS (POPMYIIBI

y=15

dt
_dv_d?s 2
a.= = ,an=—.
dt dt? p

rzie s — AyroBasi KOOpJMHATa TOUKH;
P - palyC KpUBU3HBI TPAaCKTOPHH,
@ U Gn — TAHTCHLIIMAIIBHOE U HOPMAJIbHOE YCKOPEHUS TOUKH.
YckopeHHue TOUKU

3agaum 11l CAMOCTOSITEJILHOTO PeleHust

3anaua 4.1. Jlansl ypaBHEHHUs JBMKEHUS TOUKU X = £° , y = sin ¢, z = cos nit. OnpeaenuTsb
MOJyJIb CKOPOCTH TOUKH B MOMEHT BpeMeHH ¢ = 1 c.

Ortsert: v = 3,72 M/c.

3agauya 4.2. [Ipoekuus cKOpocTH TOUYKHU Vx = 2 cos ©f. ONpenenuTb KOOpAUHATY X TOUYKH B
MOMEHT BpeMeHu ¢ = 1 ¢, ecnu 1pu fo = 0 KoopauHata xo = 0.

Otset: x = 0.

3agaua 4.3. CkopocTh caMocBajla paBHOMEPHO YBEJINUUBAETCS B TEUCHHE
12 ¢ ot Hyns1 10 60 KM/4. OnpeaenuTh yCKOPEHHEe caMocBalla.

Otset: a = 1,39 m/c>.

3agaua 4.4. Touka JABMKETCS MO NPAMOIA ¢ yckoperueM a =0,5 m/c?. OnpeeuTh, 3a Kakoe
BpeMs OyAeT MpoNeHO paccTosiHUE 9 M, eciu 1pH fo = 0 cKOpocTh Vo = 0.

OtBet: t=6cC.



3amaua 4.5. Touka ABMKETCS TI0 TIPAMOii C MOCTOSHHBIM ycKopeHneM a = 0,3 m/c?. Omnpere-
JHUTH HAYAJIbHYIO CKOPOCTb, €CIIU uepe3 6 ¢ CKOPOCTh TOUKH CTala paBHOM 3 M/c.

OTtBeTt: vo =1,2 M/C.

3anaua 4.6. Ckopoctb aBTomMo6mist 90 km/4. OnpenenuTs MyTh TOPMOXKEHUS 10 OCTAHOBKH,
€CJIM CpeJlHee 3aMeIJIeHHe aBTOMOOWIIS 3 m/c.

Otset: S =104 M.

3amaua 4.7. JIaHbI MPOEKIMH CKOPOCTH HAa KOOPAMHATHBIE OCH Vx = 3¢, vy = 2, v, = £2. Ompe-
JIeTUTh MOJIYJIb YCKOPEHHUSI B MOMEHT BpeMeHH £ = 1 c.

OtBer: a = 5,83 m/c?.

3agaua 4.8. YckopeHue NpsAMOIMHENHOTO ABM)KEHUS TOUKH a = t. ONpeneanuTb CKOpOCTh
TOYKH B MOMEHT BpeMEHHU ¢ = 3 C, eclii TIpH fo = 0 CKOPOCTh Vo =2 M/C.

OrtBert: v =6,5 Mm/c.

3anaua 4.9. [Ipu TopmMoKEHNH camMOCBala 3aMeJjIeHne MalllnuHbl B TeueHue 0,8 ¢ Bo3pacraer
IPONOPILMOHATLHO BPEMEHH OT HyJIsl 10 3,2 M/c’ 1M 3aTeM ocTaeTcs MocTosHHOH. CKOpOCTh caMo-
cBajia B Hayayie TopMokeHus 18 km/4. OnpenenuTs BpeMs TOPMOKEHUS U TOPMO3HOM Iy Th.

OtBeT: t=1,96¢c; S=15,82 ™.

3amaua 4.10. Touka ABMKETCS 10 TPAEKTOPHHU COTTIACHO ypaBHEHHIO s = 0,572 + 4¢. Onpere-
JUTh, B KAKOW MOMEHT BPEMEHH CKOPOCTh TOUKH JocTUrHeT 10 Mm/C.

Otser: t =6 c.

3amaua 4.11. Touka JBUKETCS 110 OKPY’KHOCTH COTTIACHO ypaBHEHMIO s = £ + 22 + 3¢. Onpe-
JIENIUTh KPUBOJIMHEWHYIO KOOPAUHATY TOUKH B MOMEHT BPEMEHHU, KOT/Ia €€ KacaTeJIbHOE YCKOpPEHHE
a.= 16 m/c?.

Otser: s =22 m.

3anaua 4.12. KacarenbHoe yckopenue Touku a: = 0,2 ¢ M/c?. OnpeieuTh MOMEHT BPEMEHH
¢, KOT/1a CKOPOCTh TOUKH IOCTUTHET 10 M/c, ecru 1ipH fo = 0 CKOPOCTH Vo =2 M/C.

OtBeT: t = 8,94 c.

3anaua 4.13. [Ipoekiuu CKOPOCTH TOUKHU BO BpEeMsI ABUKEHUS ONPENIETAIOTCS BHIPAKEHUSIMU
vx = 0,27, vy = 3¢ M/c. OnpeienuTh KacaTeabHOE YCKOPEHHE B MOMEHT BpeMeHu ¢ = 2,5c¢.

OtBeT: a- = 0,385 m/c>.

3anaua 4.14. OnpenenuTh paguyc 3aKpyTIeHUs Tpacchl 600ces], eCliu MPU CKOPOCTH CITyCKa
120 xM/9 HOpMaAJIBHOE YCKOPEHHUE dn = 2.

OtBet: p = 56,6 m.

3anauya 4.15. JlaHo ypaBHEHUE IBUKEHUS TOUKH IO TPACKTOPUHU § = 5¢. OnpenesuTh paanyc
KPMBH3HBI TPAEKTOPHH, KOTJIa HOPMAIbHOE YCKOPEHHE TOUKH an = 3 M/C2.

Otsert: p =8,33 m.

3agaua 4 16. Touka ABMKETCS IO KPUBOJIMHEHHOM TPACKTOPUH € KacaTelbHBIM YCKOPEHHEM
a: = 1,4 m/c*. Onpenenuts HOPMAIbHOE YCKOPEHHE TOYKHM B MOMEHT BPEMEHHM, KOTJIa €€ MOIHOE
yckopenue a = 2,6 m/c?.

OTBeT: an = 2,19 M/c?.

3anaua 4.17. Yckopenue Touku a = 1 m/c?. BeKTopbl yCKOpPEHHs U CKOPOCTH 06pPa3yIoT yroi
45°. OnpenenuTh CKOPOCTh B KM/, €CJIH PaIyC KpUBU3HBI TpaekTopuu p =300 m.

OtBeT: v = 52,4 kM/u.

3agaua 4.18. Touka nBUXKETCS 1O OKpPYKHOCTH paaunyca R = 2 m. HopmanbHOe yckopeHue
TOUKH an = 2t M/c>. ONpefeNUTh yrojl MeKIy BEKTOPAMH CKOPOCTH M TIONHOTO YCKOPEHHS TOUYKHU B
MOMEHT BpeMeHH #1 =1 c.

Otsert: o = 45°.

3anaua 4.19. J[BrkeHre TOYKH 33/1aHO ypaBHEHUAMHU X = fi(f) uy = f2 (¢) (x, y - B MeTpax, f -
B ceKyH/ax). HaliTu TpaekTopuio IBMKEHHS TOUKHU. J[aHHBIe TpUBEICHbI B Ta0uIIe 4.

3agaua 4.20. Vcnonb3ys nansHble 3aaud 4.19 BBIUMCINTH CKOPOCTh U YCKOPEHHE TOUKU B
MOMEHT BpeMeHHU #1 = 1 c. [TokazaTh BEKTOPbI CKOPOCTH U YCKOPEHUS B 3TOT MOMEHT BPEMEHHU.



3anaua 4.21. Mcnonb3ys nanHbie 3aaa4u 4.19 BEIYUCIUTD painiyC KPUBU3HBI TPACKTOPUH B
MOMEHT BpeMeHHU 11 =1 c.

Tabmua 4.
Ho- 1 2 3 4 5 6 7 8 9 10
Mep
BapH-
aHTa
x =|2t+1 |£#+3 |2t -32 |2t 22 | 2t-3 | A 2t 5¢
fi(®)
y=f|-42 |2t 42 +1 | t+4 |44 4-2t |-£ 542t | 32 2¢-1
()

IIpumepsl pemrenns 3agaq

3anaua 1. J[BrkeHHe TOUKM 3aJI1aHO YPAaBHEHUSIMHU (X, J - B METpaXx, f - B CEKyHJax): x = 8f -
47,y = 6t -3¢

OnpenenuTs TPaeKTOPHUIO, CKOPOCTb U YCKOPEHUE TOUKH.

Pemtenue. /Iy ompeneneHusl TpaeKTOPUU HMCKIIOYaeM M3 YPaBHEHWH IBIDKEHHS BpeMms f.
YMHOXkast 00€ 4acTu MepBOro ypaBHEHHsI Ha 3, a 00e yacTu BTOPOro — Ha 4 ¥ BBIYUTAs U3 IEPBOTO
paBeHCTBa BTOPOE, MOTyUUM:
3x -4y =0 umm y = 3x/4.

CrenoBatenbHO, TPACKTOPUS - IPsIMast JTMHUS, HAKIIOHEHHAas K ock Ox MoJ YIJIOM ., T1e tgo
= 3/4 (puc.).

y
B
3
M t
24 3 l
I
14 |
i
o |
} } + t X
O 1 2 3 4
A
K 3amaue 1.
OmnpenensieM CKOPOCTh TOYKH.
vi=Xx = 8(1 - 7);
w=y =6(1 -1);

2 2
v=qlV, TV, =10 (1- 9.

Teneps HAXOOUM YCKOPEHHE TOUKHU.

ax=5c'=-8;
ay = y =-6;
a=10 m/c

HarmpaBiieHbl BEKTOpBHl V' U 4 BJOJb TPACKTOPHH, T. €. BAOJb HpsiMoii AB. IIpoekuunu ycko-
pEeHUs Ha KOOPAMHATHBIE OCH BCE BPEMs OTPHULIATEIIbHBI, CIEN0BATENBHO, YCKOPEHUE NMEET MOCTO-
sITHHOE HarpaBieHue oT B k 4. [Ipoekuuu ckopoctu nipu 0 < ¢ < 1 OJ0KUTENbHBI, CJIE10BATENBHO, B
TE€YEHHUE ITOTO NMPOMEKYTKA BPEMEHHU CKOPOCTh TOYKH HampasieHa oT O k B. Ilpu 3Tom B MOMEHT
Bpemenu t = 0, v= 10 m/c; mpu t = 1 ¢, v = 0. B mocnenyromme MOMEHTHI BpemeHu (¢ > 1c) obe
IIPOEKIIMH CKOPOCTH OTPHULIATENBHBI U, CJIEI0BATEIBHO, CKOPOCTD HAMpaBiieHa OT B K 4, T. €. Tak XKe,
KaK M YCKOPEHHE.



Wrak, nBrkeHre TOYKA HaYWHAETCsA U3 Touku O ¢ HadaJabHOM CKOPOCThIO vo = 10 M/c 1 mipo-
WCXOJUT BAOJIb MPSMON AB, HaklIOHEHHOH K ocu Ox MO YIJIOM o, IJs KoToporo tg o = 3/4. Ha
yuacTke OB TOUYKa ABIDKETCS 3aMEJIEHHO (MOIYJIb €€ CKOPOCTH YOBIBAaeT) U Uepe3 OJHY CEKYHIY
MIPUXOJAUT B TIOJIOKEHUE B, TJIe CKOPOCTh ee obpaiaercs B HyJdb. OTCIOAa HAUWHAETCS yCKOPEHHOE
JBUKEHHE B 00paTHYIO CTOPOHY. B MOMEHT ¢ = 2¢ Touka BHOBb OKa3bIBAa€TCsl B Hauajae KOOPAUHAT U
Janbllle IPOAOJIKAET CBOE ABUKEHUE BAOIb OA. Y CKOpEeHHEe TOUKU OCTAETCsl OCTOSTHHBIM U PaBHO
10 m/c?.

3anaua 2. /[aHbl ypaBHEHHS IBM)KEHUS TOUKH B INIOCKOCTH X

V4
x=-2cos-| —1t |+3;
4

3si ﬂ-l‘ 1
=3sin-| — 1 |-1;
Y 4

(x, y - B caHTUMeETpaX, ¢ - B CEKYHJaX).

Onpenenuth ypaBHEHHE TPACKTOPUU TOUYKU; HAUTU CKOPOCTh M YCKOPEHHE TOYKH IS MO-
MEHTa BPEMEHHU ¢ = ¢, a TaKKe ee KacaTelIbHOe U HOPMaJIbHOE YCKOPEHUS M PAJNyC KPHUBHU3HBI B
COOTBETCTBYIOIIEH TOUKe TpacKTopHH. [10Kka3aTh BEKTOPBI CKOPOCTH M YCKOPCHHS Ha YEPTEKE.

Pemenne. [l onpeneneHus ypaBHEHUS TPACKTOPUH TOYKH MCKITFOYUM W3 33JIaHHBIX YPaB-
HEHWIA IBUKCHUS Bpems £. 13 ypaBHEHMIA IBUKCHUST HAXOIUM BBIPaKCHHUSI COOTBETCTBYIOIINX (YHK-

1M, BO3BOJUM 00€ 4acTH YpaBHEHUH B KBaJpaT U CKJIa/IbIBAEM.
Vs 3—-x. . (& y+1
CoS: | —f|=——; smn| —f|=——.
4 2 4 3

[Honyuum:
G-0°, (r+1)’
A
Ot10 ypaBHeHHe diutunca (puc.). Haiinem mosnoxxenue Touku M 1uist MOMEHTa BpeMeHH ¢ = 1c,

OTIPEICITUB €€ KOOPIUHATHI:
xt=1c = - 1,59 cm, y=1c = 1,12 cm.

¥

4] 3,

K 3amaye 2.
CKOpOCTh TOYKH HalZeM IO €€ MPOSKIIUSIM Ha KOOPIUHATHBIE OCH:



2 2
V=4[V, +Vy .

B 3amanHbIil MOMEHT BpeMeHH, T.€. ipu £ = 1¢
vx = 1,11cem/c, vy = 1,67cm/c, v =2,0cMm/c.
AHaJIOTMYHO HAlIEM YCKOPEHNE TOYKHU:

dv, 7’
a, = = _cod =t |;
dt 8
dv, 37° («
a,=—>=-"—sin —1|;
dt 16 4
[ 2
a=.a;+a .
0 - ayv,+a,v, ;
A%

_ 2 2
a,=+a" —a_ .

3Has HOpMaJIbHOE YCKOPEHHE, HailieM paJnyc KpUBU3HBI TPAEKTOPUHU

2
v

p=—
a

n
C ydyeTom BpeMeHH ¢ = ¢, TOIIydrM
ax= 0,87 ecm/c%; ay = -1,30 em/c?; a = 1,57 em/c?; a. = -0,6 cm/c%;
an= 1,67 cm/c*; p =238 cwm.
IToxaxeM BEKTOpBI CKOPOCTEN U YCKOPEHHM JUIsl TOYKU M Ha TPaeKTOPUU B MOMEHT BPEMEHU
t = 1c (CM.pUCYHOK).

BOl'[pOCLI U 3aJaHUA NJA CAMOKOHTPOJISA

1. Kak 3amaercst ABMKEHUE TOUKU?

2. Yewm omnpezensercs MOJIOKEHUE TOUYKU MPHU BEKTOPHOM (KOOPAMHATHOM, €CTECTBEHHOM)
crioco0e 3a/1aHusl IBUKEHUs?

3. B yem oTiMuus NOHATUN «KPUBOJIMHENHASI KOOPAUHATA» U «IIPOUIECHHBIA My Th»?

4. Kakue BeIMYMHBI BXOJAT B YPaBHEHUS IBUKEHUS TOUKN?

5. Kak omnpeiennuth CKOPOCTH U YCKOPEHUS TOUKH MPHU PA3IMUHBIX CITOCO0ax 3aaHus €€ IBU-
xKeHus?

— 2% ~ 7
6. I[aHO YPaBHCHUC IOBUXCHUSA TOYKH r=t l+2l] +3k Onpez[eJmTe MOAYJIb CKOPOCTHU

TOUYKH B MOMEHT BpeMeHHu ¢ =2 ¢ (OtBet: v = 4,47 m/c).

7. CKOpOCTb TOUKHU y = 0,9+ + ¢* j . Onpenenute MoAynb YCKOPEHUSI TOUKU B MOMEHT Bpe-
men ¢ = 1,5 ¢ (OtBeT: a = 3,13 m/c?).

8. JlaHBI IPOEKIMHI CKOPOCTH Ha KOOPAMHATHBIE OCH Vx =3 M/C, vy = 2 2. OnpeieIuTe MOy b
YCKOpEHHsI B MOMEHT BpeMenH ¢ = 1 ¢ (OtBet: a = 4 m/c?).

9. Touka qBMKETCS 1O OKPYKHOCTH. OnpenenuTe paanyc OKpy>KHOCTH, €CJIH B MOMEHT Bpe-
MEHH, KOTJIa CKOPOCThb v = 10 M/c, BEKTOP YCKOPEHMS, paBHbIiA 1o Moxymio 1,2 M/c?, 1 BEKTOp cKo-
poctu o6pa3zytot yroia 30° (Oteet: R = 167 m).



10. 3agaHo ypaBHEHHE ABUKECHHS TOUKHU 110 KPUBOJIMHEHHON TPACKTOPUH:
s = 0,2 40,3 ¢. OnpezienuTe NOIHOE YCKOPEHUE TOUKH B MOMEHT BPEMEHH ¢ = 3¢, €CIIH B 3TOT MO-
MEHT pajiyc KpMBH3HKI TpaekTopun. p = 1,5M (OtBeT: a = 1,55 m/c?).

5. IHocrymareibHOe U BpaliaTejbHOE IBHKEHUE TeJIa

HpI/I IMOCTYNAaTCJIbHOM JABMIKXCHHU TCJIa BCC €TI0 TOYKU HMCIOT OAWMHAKOBBIC IO MOAYJIIO H
HaIpaBJICHUIO CKOPOCTHU U YCKOPCHUA.

OCHOBHBIMH KHHEMaTHYCCKHUMM XapaKTCPUCTHKAMH BpallaTCJIbHOI'O ABHXKCHHA TBCPIOIO
TCJ1a ABJIAKOTCA €T0 YIJIOBast CKOPOCTh M U YITIOBOC YCKOPCHUC €.

do do d2o¢
O=——;&e="_="_".
dt dt di?
CKOpOCTh ¥ YCKOPEHHE TOYEK TeJla OMPEACIIIIOTCS o popMyiam
v=ho;

a. =he; an = ho*
a=,la? +a} .
BeKTop CKOpOCTH HAampaBJIeH BCEr/Ia MO KACATENbHOW K TPAEKTOPHH JBMKECHHS TOUYKH. 7.

HaIpaBJIEH 10 KacaTeJIbHON K TPAeKTOPUH (B CTOPOHY IBUKEHHS IPU YCKOPEHHOM BpalllEHUU Tela
¥ B OOpaTHYIO CTOPOHY NPH 3aMEUICHHOM), 7 BCET/Ia HAMPABJIECH M0 PAaJnyCy KPUBU3HbI TPAEKTO-

pyUH K OCH BpalllCHUA.
33)13‘11/1 AJIA CAMOCTOATEJIBHOI'O PCIICHU S

3apaua 5.1. Teno 3, ycTaHOBJIEHHOE Ha JBYX LMJIMHIPUYECKUX KaTkax | u 2, coBepiiaer
MOCTyMaTelbHOe JIBIKeHue. Yemy paBHO yckopeHue Touku C, eClau YCKOpeHHe TOYKU A paBHO 2
m/c?, npugem BC=24B =1 wm.

OtBeT: ac = 2 M/c>.

K3angaue 5.1. K 3agaue 5.2.

3apaua 5.2. I'py3 | mogHMMaeTCs ¢ MOMOIIBIO JIeOeaKu, OapabaH 2 KOTOPOU BpaliaeTcs co-
IJIACHO 3aKOHYy ¢ = 5 + 2£2. OnpenenuTh cKOpocTh ToukH M GapabaHa B MOMEHT BpeMeHu ¢ = 1 c,
eciu nuametp d = 0,6 m.

Ortser: vm = 1,8 M/c.

3amaua 5.3. Teso BpalaeTcs paBHOIEPEMEHHO C YITIOBBIM YCKOpEeHHeM € = = 5 ¢ 2. Omnpeie-
JUTHh CKOPOCTh TOUKH Ha paccTosiHUM R = 0,2 M OT OcH BpallleHUs] B MOMEHT BPEMEHHU ¢ = 2C, €CIH
nipu to = 0 yryioBasi ckopocTb mo = 0.

OtBer: v =2 m/c.

3amaua 5.4. Teno BpamaeTcs BOKPYT HEMOJBMKHOM OCH COTTIACHO 3akoHy ¢ = 2. Ompere-
JUTHh CKOPOCTh TOYKH Tesia Ha paccTosHUM R = (0,5 M OT OCH BpalieHuss B MOMEHT BpEMEHH, KOT/1a
yroJi MoBopoTa ¢ = 25 paj.

OtBer: v =15 m/c.



3anauya 5.5. HopmansHoe ycKkopeHue ToUkH M AucKa, Bpalllarolerocsi BOKPYT HEMOABUKHOM
ocu, paBHO 6,4 M/c?. OnpeenuTh YIIoByI0 CKOPOCTh ( 3TOTO JAUCKA, €U ero paauyc R = 0,4 M
Otser: ® =4 ¢!

K 3agaue 5.5 K 3apmaue 5.6.

3anaya 5.6. YckopeHnue Touku M HCKa, BpAIIatolerocss BOKPYT HEMOJABHKHOM OCH, PaBHO
8 M/c?. OnpenenuThb yriaoBoe yCKOPEHUe 3TOro AUcKa, eciu ero paauyc R = 0,4 m, a yron y = 30°.

Otset: £ = 10 ¢,

3agaya 5.7. CkopocTh TOUKH Tesla Ha paccTossHUU R = 0,2 M OT OCH BpallleHUsI U3MEHSETCS
10 3aKkoHy v = 4 12, OnpeieuTh YII0BOE YCKOPEHHE JaHHOTO Tella B MOMEHT BpeMeHH ¢ = 2 C.

Otser: £ = 80 ¢

3anpaua 5.8. [Ipu paBHOMEpHOM BpallleHUH MaxOBUK jesiaeT 4 o6opoTa B cekyHy. Omnpene-
JIMTH 3a CKOJIbKO CEKYHJI MaXOBUK ITIOBEPHETCA HA Yroil ¢ = 24 .

Otger: t=3c.

3apaua 5.9. Porop snextpoaBuraresis, HauaB BpallaTbCcsi pABHOYCKOPEHHO, CAENal 3a nep-
BbIe 5 ¢ 100 060poTOB. OnpenenuTh yriioBoe yCKOPEHHE pOTopa.

OrtBet: € =50, 3 ¢.

3anaua 5.10. Teno Bpamaercst cornacHo 3akoHy ¢ = 1 + 4 t. OnpeaenuTs yCKOPEHUE TOYKH
Tena Ha pacctostHuM R = 0,2 M 0T ocu BpalieHus.

OrtBert: a = 3,2 M/c2.

3agaua 5.11. Koneco 1 Bpamaercs cornacHo 3akony ¢ = 20 ¢. Onpenenurs 4ucio 000poToB,
COBEPIIICHHBIX KoJIecoM 2 3a Bpems ¢ = 3,14 ¢, eciiu paguycbl R1=0,8 M R2=0,5 m.

OtBet: n = 16 o6opoToB

K 3amaue 5.11

IIpumeps! pelienus 3aaa4

3anpaua 1. ['py3 B mpuBOAUT BO BpallleHUE BAJI paJIAyCOM 7 M CUISIITYIO Ha OJTHOM OCH C BAJIOM
mecTepHio 1 paguycom ri. JIBuxkeHne rpy3a HAaUMHAETCS U3 COCTOSIHUSI TTOKOSI U IPOUCXOJIUT C T0-
CTOAHHBIM YCKOPCHUCM d. OHpGI[eJ'H/ITI), 10 KaKOMY 3aKOHY 6YI[6T IIpU 5TOM BpalaTbCs Haxoadmia-
sICs B 3alICTUIEHUHU € LIECTEpHEH 1 mecTepHs 2 paanycoM r2.



(s

K 3amaue 1.

Pemenne. Tak kak rpy3 B HauMHaeT ABUraThCs 0€3 HAYAIBbHON CKOPOCTH, TO €r0 CKOPOCTh B
1100011 MOMEHT BpEeMEHH ¢ paBHA VB = af. DTy CKOpPOCTh OyIyT UMETh M TOYku 00oza Baia. Ho, ¢
JPYTOi CTOPOHBI, CKOPOCTH ITHX TOYEK PAaBHBI W17, TJE 1 — OOIIIast JTs BaJia U MeCTepHU | yrioBas
CKOPOCTb.

CrnenoBarteibHO,

oir=at,o1=at/r.
Teneps Haiinem 2. Tak kak ckopocTh ToukH cueruieHus C JoHKHA OBITh OJJHOW U TOH e
JUIsl 00€UX IIECTEPEH, TO
Ve = O171 = M27?2,
OTKyJa
w2 =rioi/r2 =riat/rr.
Wrak, yriosasi CKOpOCTb HIECTEPHU 2 PACTET MPONOPLUUOHAIBHO BPEMEHU. Y YUTHIBAsI, UTO
o2 =de2/dt,
/i€ (2 — YTOJI MIOBOPOTA IECTEPHH 2,
MOy YUM
dp2=rat/rrdt.

Ortcrona, 6epst OT 00enx YacTe HHTETpaIbl U CYUTas, 4TO npu ¢ = 0 yron

@2 = 0, HalileM OKOHYATEJIbHO 3aKOH PAaBHOYCKOPEHHOTO BPAILIEHUS IIECTEPHU 2 B BUJE
Q2= (1al/2rr) .

BOl'lpOCLI 1 3aJaHUA T4 CAMOKOHTPOJISA

1. Kakoe nBm>KeHHE Tesa Ha3bIBAETCs MOCTYNATEIbHBIM?

2. Hanmmmure ypaBHEHHE BpalllaTENbHOIO ABM)KEHUS TBEPIOTO TENA.

3. JaiiTe onpeneneHus yriioBOil CKOPOCTH M YIJIOBOTO YCKOPEHHUS TeJla MPU €ro BpallleHUuU
OTHOCHUTEJIbHO HEIO/IBUIKHOM OCH.

4. Kak onpeAenuTh CKOPOCTH U YCKOPEHHS TOUYEK BpaIllaroIIerocs Teia’?

5. VrioBas cKOpOCTb TeJla M3MEHSAETCS COIVIACHO 3aKOHy o = 2 - 82, Onpenenute Bpems ¢
octanoBku Tena (Oteet: 1 =0,5¢) .

6. YI1I0BO€ YCKOpEHHeE Tela M3MEHsAETCs COTTIacHO 3aKoHy € = 3¢2. OnpeienuTe yTIoByIo CKO-
POCTb Tella B MOMEHT BpeMEHH ¢ = 2 ¢, eclIu TIpH fo = 0 yrioBas ckopocTh wo = 2 ¢’ (OtBeT: » = 10
ch.

7. MaxoBUK BpallaeTcs ¢ MOCTOSHHON YacTOTON BparieHus, paBHoit 90 06/muH. Onpenenure
yCKOpEHHE TOUKM MaXoBuKa Ha pacctosaauu 0,043 M ot ocu Bpamenus (OTser: a = 3,82 m/c?).



8. Teno BpaIaeTcs BOKPYT HEMOABIKHONW OCH COTTIACHO 3aKkoHYy ¢ = 2¢2. OmpesenuTe HOp-
MaJbHOE YCKOPEHUE TOUKH Tejla Ha paccTOsIHUM » = 0,2 M OT OCH BpaIlleHUs] B MOMEHT BPEMEHHU [ =
2 ¢ (OtBert: an = 3,82 M/c?).

9. Teno BpaIaeTcss BOKPYT HEMOABUKHOM OCH COTIIACHO 3aKOHY @ = 2£°. B MOMEHT BpeMeHH
t =2 c oNpeNeNnuTe KacaTelIbHOE YCKOPEHHUE TOUKH TeJla Ha paCCTOSIHUM OT OcH BpaiieHus ¥ = 0,2 M
(OtBer: a: =4,8 m/c?).

6. CiokHoe ABMKEHHE TOUYKH

Teopema 0 CJI03KeHHH CKOPOCTEii: P CI0XKHOM JIBIIKEHUU a0CONIOTHASI CKOPOCTh TOYKHU
paBHA TEOMETPUUYECKON CyMME OTHOCUTEIILHON U MIEPEHOCHON CKOPOCTEH.

Ecmn YToJ MEXKIAYy BCKTOpaMU Vo, uvy paB€H a, TO IO MOAYJITO

2 2
v36=\/v0T+vHep+2v V.. COS .

OT " IIep
Teopema 0 c10:K€HHMH YCKOPEHHUI: IIPU CJI0KHOM JBHKCHUHU YCKOPEHUE TOUYKH PABHO I'€0-
METPUYECKON CYMME TPEX YCKOPEHHI: OTHOCUTEIBLHOI0, IEPEHOCHOTO U KOPUOJIUCOBA.
6736 - EOT + aﬂep + aKop
KopuonncoBo yckopeHre paBHO yABOEHHOMY BEKTOPHOMY MPOM3BEICHUIO TEPEHOCHOM yT-
JIOBOM CKOpPOCTH TCJIa HA OTHOCHUTCIIbHYIO CKOPOCTb TOYKH.

aKOp :2((U_>< Vi )
Monynb KOpHOIMCOBa yCKOPEHHS, ECITH yrOJl MEKIY BEKTOpaMu O U i~ 00O3HAYHTE Q,

Oyner paBeH
Adxop = 2| (V) ’ |VOT ‘ sind.

3agauu 1Jisl CAaMOCTOSATEILHOTO PeUICHUSA

3agaya 6.1. Kpyrnas miactuna paguyca R = 0,2 M BpalaeTcsi BOKpyT OCH, IEpIEHANKYJISAP-
HOM K TUIOCKOCTH IUIACTUHBI U IPOXOASAIIEH Yepe3 TOUKY q, 1o 3aKkony ¢ = £ paa. Touka M 1Bu-

eTcs 1o 3akony OM = S: = 0,2 £ m. OnpenenuTs aOCOMOTHOE yCKOpeHue Touku M npu ¢ = 1 c.
3anauya 6.2. CtepkeHb BpalllaeTCsi BOKPYT HEMOJABHKHOM BEPTUKAIBHON OCH 1O 3aKOHY, (O =
£ pan. Touka M nBmxercs 1o 3akony OM = S; = 0,2 £ M. OnpeenuTs abCONIOTHOE YCKOPEHUE
Touku M ipu t=1 ¢, ecimm o = 30°.
3agauya 6.3. CrepkeHb BpalllaeTcsi BOKPYT OCH, IEPIEHANUKYIISIPHOM K €ro IIIOCKOCTU U MPOo-
xopsmIei yepes Touky O, 1o 3akoHy ¢ = 22 pan. Touka M IBUXeTCs BIOIb CTEPKHS 110 3aK0HYy, OM
= S: = 0,4 £ M. OnpeeuTh abCOMIOTHYIO CKOPOCTh U yckopeHne Kopuosuca Touku M mipu ¢ = 1 c.
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K 3agaue 6.1. K 3agaue 6.2. K 3agaue 6.3.




3anaua 6.4. [luck paguyca R = 0,5 M Bpaiaercsi BOKpYT HEMOJBH)XHON OCH, MEPIEHIUKY-
JNAPHOI AUCKY U mpoxofdieii yepes Touky O, ¢ yrioBoi ckopocThio o = 2 ¢’ ITo oboxy aucka
nBuxeTcs Touka M 1o 3akony OM = S = 0,5 R M. OnpeenuTs abCoMOTHOE YCKOPEHHe TOUKU M
B MOMEHT BpeMeHu 7 =1 c.

3anaua 6.5. [{uck paguyca R = 0,5 M BpaiaeTcs BOKpYT HenoABM»KHOU ocu OO1 ¢ yIIIOBOM
ckopocThio ® =2 ¢ ¢! TTo 060y aucka aBuskeTcs Touka M mo 3akoHy AM = S; = it M. OnpeaenuTsb
a0COJIIOTHOE YCKOPEHHE TOYKHU M B MOMEHT BpeMeHH ¢ = 1 c.

3agaya 6.6. [IpsMoyronabpHbIN TPEYroJbHUK Bpamiaercss' BOKpyr, ocu OO ¢ IOCTOSHHOM yr-
J0BO# cKopocThIo ® = 2 ¢™!. 1o cTopoHe TpeyronbHUKa JBUKETCS Touka M 1o 3akoHy AM = S; = 0,4
¢t M. OnipeienuTh YCKOpEHHE TOUKH M B MOMEHT BpeMeHu ¢ = 1 ¢, eciu o = 30°.
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3agaua 6.7. [IpssMmoyrosbHas TJIACTHHA BPAIAETCsl BOKPYT OCH, MEPIICHANKYIISIPHON K TUTOC-
KOCTH IJIACTHHBI M TIPOXOAsIeii yepe3 Touky O1, 1o 3akoHy ¢ = 2£* pax. Touka M nBuKeTcs Mo
3akony OM = Sy = 0,6 > M. OnpeieuTh a6COTIOTHOE yCKOpeHre Touku M pu t =1 ¢, eciu a = 0,6
M.

3anpaua 6.8. /{uck paguyca R = 0,5 M Bpaiaercs BOKpYT OCH, IEPIEHIUKYISIPHON K TIIIOCKO-
CTU JMCKa U mpoxosieil yepes nentp Oi, 10 3akoHy ¢ = 2¢°paj. Touka. M JBUKETCS MO 3aKOHY
OM = S: = n?> M. Onpeienuth aGCOMIOTHYIO CKOPOCTh U yckopeHue Kopuomuca Touku M mipu ¢ = 1
c.

3agauya 6.9. [lnactuHa BpamaeTcst BOKpYT OCH, NEPHEHIUKYIISIPHON K TJIOCKOCTH IIACTUHBI
¥ poxosieil uepes Touky O1, ¢ YIJI0BO# cKopocThio ® = £ ¢!, Touka M nBuskercs no 3akony OM
= 8= 0,57 t M. OnpenenuTh aOCOTIOTHOE YCKOpEHHE TOHKH Muput=1c,ecmu R= 1m.
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K 3agaue 6.7 K 3agaue 6.8 K 3agaue 6.9

3agaua 6.10. [luck Bpamaercss BOKpYT OCH, MEPIEHIUKYIIIPHON K IUIOCKOCTH AUCKA U MPO-
xopsmieit uepes ero rentp O1, ¢ yIIIOBOi cKOpocThIo ® = £ ¢’ TTo 0601y AucKa aBHKeTCs Touka M
110 3ak0Hy OM = S; = 272 M. OnpesiesIuTh abCOMIOTHOE YCKOPEHHE TOUKH M B MOMEHT BPEMEHH f =
1 ¢, ecnu panuyc nucka R = 0,2 m.

3agaya 6.11. [Tomynuck pagnyca R = 2M BpalaeTcsi BOKpYT CBOETO JUaMETPa C IIOCTOSHHOM
yr10Boii ckopocThio ® = 2¢™!. Tlo ero o6oxy aBusxkeTcs Touka M 1o 3akony OM = S; = nRt M. Onpe-
JIeTUTh a0COMIOTHOE YCKOPEHHE TOUKU M B MOMEHT BpeMeHHu ¢ = 1/3 c.




3amaya 6.12. [IpsamoyrosnbHas I1acCTMHA BpalaeTcsi BOKPYT CTOPOHBI 4 /] 110 3aKOHY (P = 33

pan. [To cropore 4B nBmkeTCs TOYKa 10 3aKoHy AM = Sr = 3 ¢ M. OnipeienuTh aOCOTIOTHOE yCKOpe-
HUE TOYKU M B MOMEHT BpeMeHH ¢ = 1 c.
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3anaua 6.13. IlnacTrna BpamaeTcst BOKPYT BepTHKanbHOU ocu 0102 10 3aKOHY (P = 212 pan.

Touxa M nBuxercs 1o 3akoHy OM = Sr = 0,2 #* M. OnpeieauTth abCONOTHOE YCKOPEHHE TOUKH M
nput=1c.

3anaua 6.14. Kynuca Bpamaercsi ¢ TOCTOSHHON yTIIOBOM CKOPOCTHIO ® =
2¢”! BOKpyYT ocH, HepHeH UKy IAPHOI K IIIOCKOCTH KYJIMCHI U HpoXxosieii uepes Touky O. [lonsyn
A JBWXKETCS B HANPABIAIOMIUX KYJIHCHI 110 3akoHy OM = S; = > M. OnpenienuTs abCcoTOTHOE YCKOpe-
HUe noyi3yHa mpu £ =1 c.

3agauya 6.15. Jluck R = 2M BpaiaeTcsi BOKPYT OCH, NEPIEHIUKYISIPHON K IIOCKOCTH JAMCKa

U IpoXoJsiieit yepe3 neHtp O, mo 3aKoHy ¢=2t2 pan. Boonb paguyca aBuxercs Touka M no 3a-
koHY OM = S; = 4 * M. OnpeieNIUTh aGCOTIOTHYIO CKOPOCTh U ycKopeHnue Kopuonuca Touku M mnpu

t=1c
1V o,
. 3ig"

0 M 4

dbRd 7
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K 3amaue 6.13 K 3anaue 6.14 K 3apaue 6.15
3anauya 6.16. Kpyrinas niactuna paguyca R = 0,5 M Bpaiiaetcsi BOKpYT BEpTUKaJIbHON OCH €
YIJIOBOH CKOPOCTBIO ® = 2 ¢ ¢! Touka M memxercs no 3akony OM = S; = 0,2n £ M. Onpenenurs
a0COJIIOTHOE yCKOpeHue Touku M npu t =1 c.
3agauya 6.17. Kpyrnas mactuna paguyca R = 1M BpaiaeTcst BOKpYT OCH, EpIEHAUKYJIISAP-

HOH K INIOCKOCTH IIJIACTHHBI U IPOXOAAMEN Yepe3 HeHTp O, 1o 3aKoHy (P = 312 pan. Touka M nBu-

’KeTcs 1o 3akony OM = S = 0,4 £ m. OnpenenuTs abCOMOTHOE yeKopeHue Touku M npu ¢t =1 c.
3anaua 6.18. [InactuHa BpamaeTcst BOKpYT BEpTHKaIbHOM ocu 0102 10 32KOHY ¢ = 2¢ Pall.

Touxa M nBuxercs no 3akony OM = S; = 0,1 £ M. Onpenenuts abCoMOTHOE YCKOPEHHE TOUKH M
npu ¢t =1 c, ecnu a. = 60°.
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3agaya 6.19. /luck Bpamaercs BOKpYT OCH, NEPIEHIUKYISIPHON K IJIOCKOCTU JUCKA U MPO-

xondien yepe3 Touky O1, 0 3aKOHY ¢=2l‘ 2 pax. Ilo nnamerpy nucka aBukeTcs Touka M mo 3a-

xkoHy OM = St = 0,4 £ m. OnpeienuTh a6CONIOTHOE YCKOpeHHe Touky M mpu ¢ = 1 ¢, ecltu paguyc
mucka R = 1m.

3apauya 6.20. [lmactrHa BpamaeTcss BOKPYT BEPTUKAIBHONW OCH MO 3aKOHY (0231‘ 2 paz.
Touxa M neuskercs mo 3akony OM = S = 0,8 M. OnpeieuTh a6COMIOTHYIO CKOPOCTh H YCKOPEHUE
Kopunomuca toukn M npu £ =1 c.

3agaya 6.21. IlnactuHa BparaeTcss BOKpPYT TOpU3OHTaIbHONW ocu 0102 1O 3aKOHY ¢ = 2t

pan. Touka M gBusxeTcs 1o 3akoHy OM = Sy = 0,25 nr> M. OnpeieuTh abCOMOTHOE YCKOPEHHE TOUKH
Muput=1c,eciu R=1m.
o
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K 3anaue 6.19 K 3anaue 6.20 K 3amaue 6.21
3amauva 6.22. BaueHHbIi KpaH BpaIaeTcss PABHOMEPHO C YTIIOBOM CKOPOcThIo ® = 2¢™'. Kpa-
HOBas TeNexkKa A repeMeniaercs 1o crpeje 1o 3akony OA = S = 2 > m. OnpenenuTs a6CONIOTHOE

YCKOPECHHE TEJICKKH B MOMEHT BpeMeHH ¢ = 1 C.
3apaua 6.23. Jluck BpaiaeTcsi BOKPYT OCH, MEPIICHINKYJIISIPHON TUIOCKOCTH TMCKA U TIPOXO-

V7744
7
%

nsmien uepes neHTp O, 1o 3aKOHY ¢=2t 2 pan. Touka M nBmxkercs 1o 3akony AM = S: = 0,4 £ m.

Omnpenenuth abCOMOTHOE YCKOpEeHUe Touku M B MOMeHT ¢ = 1 ¢, ecir a = 0,3 M.
3anaua 6.24. [IpsMoyrosbHas acTHHA BPAIAETCsl BOKPYT OCH, EPIEHANKYIISPHON K TI0C-
KOCTH TUIACTHHBI W MPOXOAALIEH Yepe3 TOuKy O, 10 3aKOHy ¢ = 4¢ paa. Touka M nBuKeTcs no

3akony OM = S; = 4 # M. Onpesienuth abCOMIOTHOE ycKOpeHue Touku M, ipu ¢ =1 ¢, ecmia =3 M.
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IIpumepsl pemienus 3agaq

3amaua 1. [InactuHa BpamaeTcss BOKPYT TOPH30HTANBHOM OCH MO 3aKoHY ¢ = 212 paj (Too-

YKUTEJIbHOE HallpaBJICHUE OTCUETA YIUIa () TIOKAa3aHO Ha PUCYHKE 1yroBoil crpenkoit). ITo ayre pagu-
3

t
yca R = 0,5 m gBuxercs Touka M 1o 3akoHy s =OM = TR— M; IOJIOKUTEIBHOE HAIIPABICHUE OT-

cyeTa KpUBOJIMHEHHOW KoopauHathl S 0T O Kk D.
Onpenenutb aOCOMOTHYIO CKOPOCTh Vag M @DCOJIIOTHOE YCKOPEHHUE (a6 B MOMEHT BPEMEHH £ =

lc.
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K 3agaue 1.
Pemenne: PaccMoTpum nBI>KeHHE TOUKU M Kak CIIOKHOE, CUUTAs €€ BUKEHHE 110 AyTe OT-
HOCHUTCIIbHBIM, a IBUXKCHUC BMECTC C HJ'IB.CTI/IHOI71 - HepeHOCHI)IM.
Ornpenenum Bce XapaKTEPUCTUKH OTHOCUTEIBHOTO U MEPEHOCHOTO ABUKEHU.

OTHoOCHTEIBHOE ABHKCHHUEC. 910 ABWIKCHUC MMPOUCXOJUT IO 3aKOHY

s:OM:§(7t—2t2).



CHauana ycTaHOBUM, Tie OyJIeT HaXOauThesl Touka M Ha nyre AOD B MOMEHT BpeMeHH f=1c.
5 N4
[lonarast B ypaBHCHHH ABWKCHHUS (=IC, MONYydUM §, = gﬂ'R. Torma ZOCM =-1-==-=30".

IToxasxeMm Ha pUCYHKE TOUKY B IOJIOKEHHUH, OIIPEAEIIEMOM ITUM YTIIOM.

Temnepb HAXOMUM YHCIIEHHBIE 3HAYCHUS Vor , A, U A,
2 2
_ dS _ 7Z'R 2 r dVOT . n _ Tom _ “om
Voo =—=—"3t";a, =——=7Rt;q,, = = ,
d 6 dt P., R

TJI€ Pom- PATUYC KPUBU3HBI OTHOCUTEILHON TPACKTOPHHU.
Jlnst MoMeHTa BpeMeHHM f=1c, yuuTsiBas, 4to R = 0,5 M, moay4duMm:

R 2
:E—ZZM/C; a;n ZZM/Cz; a, Zﬂ-—M/C2 .
2 4 2 8

3Haku IMOKAa3bIBAKOT, YTO BEKTOP 1~ or HaITpaBJICH B CTOPOHY MMOJIOXKUTCIIBHOTO OTCYCTA S, BCK-

om

—7 —n
TOp d,, - B TY KE CTOPOHY; BEKTOp d .

HamnpasiieH K neHTpy C no paauycy MC.
IlepenocHoe ABU:KeHUE. DTO BIKEHUE TUIACTUHBI (BpallleHHe) MPOUCXOIUT IO 3aKOHY () =
2£2. HaiifieM yIJIoByI0 CKOPOCTh () M YIJIOBOE YCKOPEHHE € IIEPEHOCHOTO BPAICHHS:
d dw
-9 =4t e= —=4.
dt dt

()

Taxum o6pazom, nipu ¢ = Ic;
o=4c'; e=4c2.
Jlyist onipeienneHust Viep U A nep HAWIEM CHaUasa pacCTOSIHUE TOYKU M OT OCH BpalieHus: 1 =
KB =2R — R-cos30°.

Tornma B MoMeHT BpeMenu ¢ =1¢ momyuum: 7 = 0,57m.

Vnep = @ - h=4. 0,57 = 2,28 M/C,

ap =& h=4%0,57=228 m/c%;

a’ =w?>-h=42-0,57=9,12 m/c%.

nep

53 Y
IlokaspiBaeM Ha PUCYHKE BEKTOP V' nep C yUCTOM HANPABICHUS () U BEKTOPHI @, (HAmpaBiIeH

K OCH Bpawlenns), d,, (HAIpaBIeH KaK V. nep).

Kopuonncoso yckopenue. Tak Kak yroj Mexay BEKTOPOM V om U BEKTOPOM (@ paseH 30°,
TO YHUCJIEHHO B MOMEHT BpeMeHH ¢ = 1c
A wop=2|V om|| @ | -sin30°=27/4 4 1/2 =3,14/c>.
HanpaBienue BeKTOpa d rop HAMIEM, CIIPOEIUPOBAB BEKTOP V om HA IIOCKOCTh, IEPIIEH-

—y

JAUKYJSIPHYIO OCH BpPAIllCHUA (HpO@KI_II/ISI HaIrpaBJICHA IIPOTUBOIIOJJIOKHO BEKTOPY anep

3aTeM 3Ty TIPOCKIIHIO B CTOPOHY ®, T.€. [0 X0y BpalleHus Tena, Ha 90°. M306pakaeM BEKTOp d xop
Ha PUCYHKE.

), ¥ TIOBEpHYB

Onpenesienne v, . Tak Kak v = ‘70T+vnep’ a BEKTOPBI i M V., B3aUMHO IEPICHIHKY-

JIIpHBI, TO B MOMCHT BpECMCHU t=lIc

2
vt = A Vo FVap = || = | +(2.28)% =24 w.
4

Onpenenenne aqs. [1o TeopeMe 0 CI10KEHUN YCKOPEHHI
o =T —n —y —6p —
a.=a,, +a,, +a,, +a,. +d,,.



Jliig onpenienieHus dqs POBEAEM KOOpIMHATHBIE OCH MX)yz W BBIYUCIUM MPOEKLUU BEKTOpa

4 . Ha 3T OCH. YUTEM [P OTOM, YTO BEKTOPBI A, d

.5 xop > Duep JICKAT Ha ITPOBCACHHOUN OCH X, A BEKTOPLI

a’ .a’ ., a’ Myz. 11 t=1c:
om? om? Clnep pacnonomeHH B IINTOCKOCTH yZ. OJ'Iy‘II/IM JI1 MOMECHTA BpeMeHI/I = 1C:

= 72— 2.
aasx= A xop+ @y 5,42m/c%;
n T
asoy=-a,, cos 60°+a . cos30°=0,74 m/c%;
_ 3 o n o 72— 2
datz=-d,,, €08 60° - a A cos 30°+a, =727 m/c".
OTcro/1a HaxX0IUM 3HAYEHHUE dag B MOMEHT BpEMEHH #1 =1c:

2 2 2
— + + — 2
aa6—\/aa5x aa6y aaﬁz =9,1 m/c”.

OTBeT: vas = 2,4 M/c;
a g = 9,1M/02.

BOl'[pOCl)I U 3aJaHUA NJd CAMOKOHTPOJIsA

1. Kakoe nBukeHHE TOUKH Ha3bIBAIOT OTHOCUTENIBHBIM, IEPEHOCHBIM, a0COTIOTHBIM?

2. Harmmmmre u 00bACHUTE (OPMYJIBI, BEIPAXKAIONINE TEOPEMBI O CIIOKEHHH CKOPOCTEH U
YCKOPEHUH TOYKH.

3. Kak onpenenuts MOAy/ b U HAllPaBJIEHUE KOPUOIUCOBA YCKOPEHUS?

4. Konyc BpamaeTcsi BOKpYT ocH Oz ¢ yrioBoii ckopocTsio o = 3 ¢!, Tlo ero obpasyromieii ¢
MMOCTOSIHHOM CKOPOCTBIO Vr = Vom = 4 M/C IBIKETCSI TOuka M B HampaBlieHUH oT 4 K B. Onpenenute
MOJIYJIb a0COIFOTHOW CKOPOCTH 3TOM TOYKH B TIOJIOKEHHH, KOT/1a paccTosiuue AM = 2 M, eclii yroi
o = 30° (OtBeT: vas = 5M/c).

5. uck Bpamaetcst BOkpyT ocu Oz. 1o ero 0601y nBmkercs Touka M ¢ TOCTOSTHHOW OTHOCH-
TEJILHOU CKOPOCTBIO Vi = Vom = 9 M/C. OnpeiennuTe NepeHOCHYI0 CKOPOCTh TOUYKH M B MOMEHT, KOT/1a
ee a0CoJIoTHAs CKOPOCTh paBHa 15 M/c (OTBET: iy = 12 M/C).

K 3amanuro 4. K 3amanmuro 5.
6. [TomsyH 1 IBHKETCS IO TOPU3OHTAIBLHBIM HAMIPABJISIFOIIMM C MTOCTOSHHBIM YCKOPEHUEM A1
= 4 m/c?. Touka 2 nepeMeniaeTcs o OTHOLIEHHIO K TION3YHY C YCKOpeHHeM a2 = 3 m/c?. Onpenenure
abconmoTHOE yekopenue Touku (OTBet: 4 = 6,08 m/c?).

7. Ilo cTopoHe TpeyTroJbHHUKA, BPAILIAIOIIEr0Csl BOKPYT CTOPOHBI AB ¢ yIIIOBOW CKOPOCTHIO (O
= 8 ¢!, nBukercsa Touka M C OTHOCHTENBHON CKOPOCTBIO Vr = Vom = 4 M/c. Onpesenure MoLyIb
yckopenus Kopuonuca touku M (OtBet: A xop = 64 M/c?).
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K 3amanuro 6. K 3amanuro 7.

8. Touka M nBWXKETCS C MOCTOSHHON CKOPOCTBIO v = 2 M/C MO KOJNbIly paguyca » = 0,5 m,
KOTOPBIif BPAIIaeTCs ¢ MOCTOSHHOM yIIIOBOi CKOPOCThIO ® = 4 ¢!, Onpenenure MOy b aGCOIIOT-
HOTO YCKOpeHHst TouKH M B yKazaHHOM nosioxkennu (OTBet: o4 = 16 M/c?).

9. Ilo nnameTpy aucKa, Bpamarnerocs BOKpyr ocu Oz, IBHXKETCs Touka M ¢ OTHOCUTEIBLHON

CKOPOCTBIO Vr = Vom = 4 M/c. Omnpeaenure MOLylb OTHOCUTEILHOTO YCKOPEHHS TOUKU M B MOMEHT
BpeMenu ¢ = 1 ¢ (OTBeT: dom = 64 M/c?).

Z
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K 3aganuro 8. K 3aganuro 9.

7. IlnockomapajuiebHOE IBUKEHHE Tea

CkopocTb J1t000# Touku M II0CKOH (UTYPBI T€OMETPUIECKH CKJIaIBIBACTCS U3 CKOPOCTH Ka-
KOU-HUOYAb APYTrOi TOUYKH A, MPUHATON 3a MOJIOC, U CKOPOCTH, KOTOPYIO Touka M mosyyaeT mpu
BpameHnu (GUrypbsl BOKPYT STOTO TOITIOCA

Ty o=y + Ty Yua L MA; via = 0-MA,

rZie ® — YIJIOBast CKOPOCTh (PUTYpBI, HE 3aBUCSAIIAsA OT BbIOOpa momoca. [Tomocom durypsl
MOJXKET OBITh JII00ast ee TOUKa.

Teopema 0 npoeKIHMAX CKOPOCTEH JIOCKOH (PUIYPBI: IPOEKIIMY CKOPOCTEH TOYEK INIOCKOU
(burypsl Ha O0Ch, IPOXOASILYIO YepPE3 ITH TOUKH, PaBHBIL, APYT APYTY.

Mznosennvim yenmpom ckopocmeii (MLC) Ha3pIBaeTcs TOUKA MIIOCKOH (PUTYPBI, CKOPOCTD
KOTOpPOH B IaHHBIM MOMEHT BPEMEHU PaBHA HYJIIO.

CrnenoBarenbHO, CKOPOCTH TOYEK IUIOCKOW (DUTYpBI ONPENEeNIOTCs B TaHHBIH MOMEHT Bpe-
MEHHU Kak 1pu Bpamenuu Bokpyr MLIC. IIpu stom

va=o-PA (v, 1 PA),

rae P — MIIC.

Yckopenue 1000i Touku M 11ockoi (pUTrypbl FeOMETPUYECKH CKIIaIbIBACTCS U3 YCKOPEHUS
TOUYKH A, IPUHATON 32 MOJIIOC, U YCKOPEHUs, KOTOpOe TOUKa M MOIy4yaeT MpH BpalleHUH (QUTYpBI
BOKPYT 3TOT0 MOJIIOCA.

ay T a,tay
OpnHako npu pereHny 3a1a4 yao0Hee BEKTOP 7,,, 3aMEHSTh €ro COCTAaBJIAIOIIMMU
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Bektop @, HanpapjeH NEPNEHANKYIAPHO AM B CTOPOHY BpAIEHHS, €CJIM OHO YCKOPEH-

HOE, ¥ IPOTHB BPAIICHHS, ECIIM OHO 3aMEICHHOE; BEKTOP d yy, BCETJa HAIPaBIEH OT TOUKM M K
nojtocy A.
T = . M n = . 2
azy =AM, ay, = AM-o°,

TJI€ € - YTJIOBOE YCKOPEHUE PUTyphI
3agaum 11 CAMOCTOSITEILHOTO PelleHust

3agauya 7.1. Onpenenute yrioByl0 CKOPOCTh IIATyHa AB KPHUBOIIMITHO-MOJ3YHHOTO MeXa-
HU3Ma B YKa3aHHOM TOJIOKEHUH, €CJIM TOYKa A UMEET CKOPOCTh VA = 3 M/c, a ANTuHa matyHa AB =3
M.

OtBerT: was = 1,15 ¢!

3anauya 7.2. Onpenenure yriioByr0 CKOPoCcTh KpuBomuna OA4 B yKa3aHHOM MOJIOKEHUH, €CIIH
CKOpPOCTb MON3yHa VB = 2 M/c, a niuHa kpuBommmna O4 = 0,1 m.

Otget: woa =20 ¢!

3anaua 7.3. bapaGan 1 Bpamaercs no 3akony ¢ = 2¢. OnpenenuTe CKOpocTh Ipy3a 2, ecliu
paauyc r = 0,2 m.

Otset: v2=0,2 M/c

K 3amaue 7.1 K 3amaue 7.2 K 3amaue 7.3
3agaua 7.4. Haiitu 1y Mexanu3Ma ckopocTd U yckopenus Touek B u C, ecinu O4 = 0,4
M, 7=0,15M, AC =0,1 M, woa = 2 ¢! IIpu pacuerax npuruMaTth 0. = 30°, o = 45°, o = 60°.
3agaua 7.5. Haiitu 111 MexaHu3Ma CKOPOCTHU U ycKopeHus Touek 4, B u C, /[ u yrioBble
CKOPOCTH BCEX 3BEHBEB, ECITH H3BECTHBI YIJIOBas CKOPOCTh KPUBOIIHMA oA = 4 ¢!, AB = OA =
A/l =0,4 M, AC = 0,2 m. [Ipu pacuerax npunumats o = 30°, a = 45° o= 60° .

!

K 3amaue 7.4 K 3amaue 7.5
3agauya 7.6. [y 3a1aHHOTO TIOJIOKEHUSI MEXaHU3Ma HATH Tpa)UdecKuM CIiocoOOM CKO-
poctu u yckoperust Touek B u C, eciu OA4 = 0,25 m, AB=0,35m, AC=0,15m, woa=2c!. Ilpu
HAXO0XJICHUU YCKOPEHHI pacCMOTPETh PAaBHOYCKOPEHHOE U paBHO3aMENIEHHOE (€0A = 2 c?) Bpa-
uieHue kpupomna OA



3anpaua 7.7. [{ns 3a0aHHOTO MMOJI0KEHUS MEXaHU3Ma HAUTH TpaUIeCcKUM CITIOCOOOM CKO-
poctu u yckopenus Touek B u C, eciu OA = 0,2 m, AB = 0,6 M, AC = 0,2 M, ®oa =2 c’. IIpu
HaXOK/IEHUH YCKOPEHHH pacCMOTPETh PABHOYCKOPEHHOE U paBHO3aMe IeHHOe (c0a = 2 ¢2) Bpa-
nieHue kpupommna OA

3anpaua 7.8. /{151 3a0aHHOTO MMOJI0KEHUSI MEXaHU3Ma HAUTH TpaUIeCcKUM CITIOCOOOM CKO-
poctu u yckopenus Touek B u C, ecniu OA = 0,4 m, AB = 0,6 M, AC = 0,3 M, ®oa =2 ¢’ IIpu
HaXO’K/IEHUH yCKOPEHHMH pacCMOTPETh PAaBHOYCKOPEHHOE M paBHO3aMe UIeHHOe (€0 =2 ¢2) Bpa-
nieHue kpusommna OA

0
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K 3agaue 7.6 K 3agaue 7.7 K 3agaue 7.8

~—

3agaua 7.9. [Iy14 3a1aHHOTO TIOJIO’KEHUSI MEXaHU3Ma HalTH rpa)uyecKuM crocoOoM CKo-
poctu u yckopenus Touek B u C, ecmu OA = 0,5 m, AB=0,8 M, AC = 0,3 M, woa =2 c’. IIpu
HAX0K/IEHUH YCKOPEHHUH PACCMOTPETh PAaBHOYCKOPEHHOE M PaBHO3aMe UIeHHOE (€0a =2 ¢2) Bpa-
meHue kpupommuna OA

3agauya 7.10. /I 3a7aHHOTO IMOJIOXKEHUS MEXaHM3MA HAWTU rpa@uueckuM crocodom
CKOpoCTH 1 yckopeHus Touek B u C, eciu OA = 0,4 M, AB=0,8M, AC=0,5M, woa =2 ¢ IIpu
HAXOK/IEHUH yCKOPEHHUH PACCMOTPETh PAaBHOYCKOPEHHOE M PaBHO3aMe UIeHHOE (€0 =2 ¢2) Bpa-
meHue kpupommuna OA

K 3anmaue 7.9 K 3amaue 7.10

3apaua 7.11. [Inockuii Mmexanusm coctout u3 crepxuedt 1, 2, 3, 4 u karka ¢ uenrpom C,
COCIMHEHHBIX MEXIy co00il mapHupamu. Ha pucyHke cTepkeHb 3 MIAPHUPHO COEIUHEH C IO3Y-
Hamu B u E. lllapaup D HaxoOuTCs B CEpEAUHE COOTBETCTBYIOLIETO CTEpKHs. JUIMHBI CTEpKHEN
paBHBI cooTBeTCTBEHHO: /1 = 0,2 M; L= 1,0 M; I3 = 1,2 M; 4= 0,8 M. Paguyc xatka R = 0,4 m. [Tono-
KEHHE MEXaHNU3Ma OIPENEIAETCS YIIIAMH P1, (2, (3, (P4. 3HAYCHUSI ITUX YIJIIOB U CKOPOCTH 3BEHBEB
yKa3aHbl B TaOJIHIIE, IPUYEM yTIOBast CKOPOCTh CTEPKHS | (1 M CKOPOCTH LIEHTpa KaTKa VC — BEJH-
YUHBI IOCTOSTHHBIE.



OnpenenuTh JIMHEHHBIE CKOPOCTH TOYEK V U YIJIOBBIE CKOPOCTH 3BEHBEB (0, YKA3aHHBIC B
cronbue «Hatituy» Tabauie .

[TocTpoeHue yepTexa ciaeayeT HAYMHATD CO CTEPIKHS, HAPABJICHHE KOTOPOTO OMPEICIISCTCS
yraoM @1. JIyroBeIMU CTpesIKaMu Ha PUCYHKaX MOKa3aHO, KaK OTKIIAJAbIBATH COOTBETCTBYIOIIUE YTIIBI
MIPY TIOCTPOCHHUH YEPTEka MEXaHW3MA. 3aJaHHYIO YIJIOBYIO CKOPOCTh (D1 CYUTATh HAIPABIICHHOM
MIPOTHB X0JIa YACOBOM CTPEJIKH, a 33JJaHHYI0 CKOPOCTh VC — BIIPABO.

VI

i
i A o
E i FETTRITITI I

VII

K 3amaue 7.11

Tab6muma 5.



Howmep Va1, rpag 3ayannbie Haiitu
CKOPOCTH

papraiTa P1 | 92| 03| 94| @y, ¢! |ve, M/c TQ:-)ICK 03113)2:
1 30 | 120| 30 | 60 — 4 B, A|2u3
2 0 12090 120 2 — C,B|(2ui4
3 60 | 60 | 60 120 — 6 B, A|2u3
4 0 |150| 30 | 60 3 — C,B|2u4
5 30 | 120|120 | 60 — 8 B, A|2u3
6 90 | 120| 90 | 60 4 — C,B|2ui4
7 0 (12090 | 120 — 2 B, A|2u3
8 30 {120 | 30 | 60 5 — C,B|(2ui4
9 90 | 120| 90 | 60 — 5 B, A|2u3
10 60 | 60 | 60 | 120 6 — C,B|2ui4

Ykazanus. [Ipy pemienuu 3aaa4n 1515 ONPEAEIICHHUS] CKOPOCTEW TOUEK MEXaHU3MA U YTIIOBBIX
CKOPOCTEH €ro 3BEHBEB CIIENYET BOCIIOJIb30BATHCSA TEOPEMOM O NMPOEKLUHAX CKOPOCTEM IBYX TOUYEK
TeNa U MOHATUEM O MTHOBEHHOM IIEHTPE CKOpPOCTEH, MPUMEHSS 3Ty TeopeMy (WK 3TO MOHATHE) K
Ka)kKJIOMy 3BEHY MEXaHU3Ma B OTJAEIbHOCTH.

ITPUMEPBI PEHIEHUSA 3ATAY

3agaua 1. MexaHu3M COCTOUT U3 cTepkHE 1, 2, 3, mon3yHa 4 U KaTka, COEAMHEHHBIX IpyT
C IPYIOM U € HENOJABUKHOM OMOpPOM £ mapHUpaMH.

Hano: ¢@1=90% @2=150° @3 = 240°% @4=150% 11=1,0Mm; 2=0,9 m; 5= 1,0 m; BE =2/]E; vc
=4 m/c.

Onpenenurs: CKOPOCTH TOYEK VA, V]I U YTIIOBBIE CKOPOCTH 3BEHBEB M1, (2.

Pemenne. CTpoum nosioxeHue MEXaHU3Ma B COOTBETCTBUU C 3a/laHHBIMH yTJIaMHU.

K 3amaue 1.

Omnpenensem ckopocth Touku | — vi. Touka [ nmpunapiexut crepxkuto CJI. UToOb!1 HaiiTh vy,
HAJI0 3HAaTh CKOPOCTb KaKOW-HUOYAb APYTOM TOUKU ATOTO CTEP>KHS M HaIpaBJIeHHE BEKTOpa V; . [1o

JAAaHHBIM 3a1a4Uu U3BCCTHBI CKOPOCTb LICHTPA KATKa VC = 4 m/cu HaIlpaBJICHHUEC €TI0 BEKTOpa— Iapaji-
JICJIbHO MMOBCPXHOCTH, IIO KOTOpOfI KaTUTCA KaToOK. HaHpaBHeHI/Ie BEKTOpa Vj HaﬁﬂeM, yuTs, 4TO



Touka J[ MpUHAUIEKUT elle U cTepxkHIo JIB, Bpamaromemycsa Bokpyr E; caenosarensno, v, L JIB.
Teneps, 3Hast HANPABIECHUE BEKTOPOB 7 M V; , BOCIOJIB3Y€EMCsI TEOPEMOIA O TIPOEKIHMAX CKOPOCTEH
nByX Touek Tena (crepxkHsa C/]) Ha mpsIMyI0, COSTMHSIONTYI0 3TH Touku. CHavaa mo 3Toi Teopeme
yCTaHaBJIHMBAEM, B KAKYI0 CTOPOHY HAIIPaBJICH BEKTOP V; (IPOEKLUH CKOPOCTEH TOJKHBI UMETh OJIU-

HAaKOBBIC 3HaKI/I). 38.TCM, BBIUUCIIAA 9TU MTPOCKIUU, HAXOJUM

3

vccos 30°=vn;  vi=vccos 30°= 47 =3,5 m/c.

OmnpenenseM ckopocTh ToukM A — va. Touka A mpuHamiexuT crepxxHio AB. Crnenoa-
TEJIbHO, HAJI0 CHaYaJla HAalTHU CKOPOCTh TOUKH B, mpuHajIexaniei oJHOBpeMeHHO cTepkHIo B/]. Tak
KaK CTep:KeHb B/[ Bpamaercss BOKpYr £, To BekTtop V,;-L B/l u HampaBieH B CTOPOHY IIOBOPOTa

CTEpKHs. BennunHy CKOPOCTH VB HalIEM U3 IPONOPLIUU

Yr _ Ve
JIE BE’

Tak xak BE = 2J[E, cnenoBaTelbHO,
vy BE v, 2JIE
JAE  JE

HOCKOJIBKy Touka A MNPUHAMJICKUT OAHOBPEMCHHO IMOJI3YHY, ABHXXYIIEMYC MMOCTYIIATCIIBHO
BJIOJIb HAIIPABJIAIOMIUX, TO JIMHUA JEHCTBUSA VA HU3BCCTHA. TOF,Z[H., 3Has HAIPaBJICHHUEC BEKTOPOB \_/B n

V= =2vn=23,5=7 wm/c.

V, , IOCTpOUM MrHOBEeHHBIHN LIeHTp ckopoctelt (MLIC) crepxkHs AB; 310 Touka P1, nexalias Ha Ie-
pECEYCHHUHU IIEPIIEHIUKYIIIPOB K BEKTOpaM V, U V, , BOCCTAaHOBIIEHHBIX U3 TO4YeK B u 4. Ilo Hanpas-
JICHUIO BEKTOpa V, OIpeeNseM HamnpaBieHne noBopota crepxHs 4B Bokpyr MILIC. Bektop v, Oy-
JIET HAIIPaBJICH B CTOPOHY MTOBOPOTA CTEPXKHS AB. YuuThiBas, 4To

vB = 01'BP1; va = 01"4AP1,

IIOJIyYUM
VB _ VA

BP, AP
Boruricnum BP1 u AP1. TpeyronbHuk AP1B — npsMOyToibHbIN, TaK KaK OCTPbIE YTl B HEM
paBubl 30° u 60°, u Torga
_ AB 1,0 _
cos30° 087
BP1= AP sin 30°=1,2-0,5=0,6 m.

AP

1

2 M;

b

B pesymsrate v, —YB AP _TL2 4,0 e,
BP, 0,6
OmnpenensieM BEIUYUHY YTIIOBON CKOPOCTHU CTEPKHA AB - o1:
o, Vs T e,
BP, 0,6

OnpenenseM BEITUYMHY YTJIOBOW CKOPOCTH CTEPKHS B/ - m2:
Vg Vg 7

—=7,8¢.
BE 1, 0,9

W, =

OtBert: va= 14,0 M/c; vi=3,5M/c; o1 =11,7c; =78 ¢’
3apaua 2. MexaHu3M cOCTOUT U3 cTepxHed 1, 2, 3 coeAMHEHHBIX APYT C IPYroM U HEmo-
IBYKHBIMU ontopamu O1 1 Oz mapaupamu. JJmHel cTepxHeit [1 =2 M, L =4 m, 3 =1,25 M. B MoMeHT



BpeMmeHH, korna o = 3 =30° u LO14B = 120°, st crepHs | M3BECTHBI BEJTMYUHBI M HATIPABJICHUS
YIJIOBO# CKOPOCTH U YTII0BOro yckopenus: m1=0,5 ¢!, 1 =1 ¢, Jlig 5Toro Mexanusma onpeieiuTh
CKOPOCTb M YCKOPEHHUE TOUKHU B, yrioBble CKOPOCTHU U YIJIOBBIE YCKOPEHUS CTEPKHEN 2 U 3.

K 3amaue 2.

Pemenne. Onpenenum CKOpOCTH VA, ®2, O3.

PaccmarpuBast BpaiaTesnbHOE ABMXKEHHE CTEPKHS |, HaX0um
V,=wl =1Mc V, LOA,y=30°
Tenepsp 11 cTEPKHA 2 HAXOIUM I0JI0KEHHE MTHOBEHHOT'0 LIEHTpa cKkopocTel — Touky C2 (13
gyepTeska BUIHO, UT0 (24 = C2B = AB = 4 m) u onpeensemMm
= VA/C24=0,25c", VB=w2-C2B=1 m/c
Tax kak crepkeHb 3 coBEpIIAET BpallaTebHOE IBUXKEHHE BOKPYT ocu O2, TO
o3 =Ve/lb=0,8c’!
Omnpenensiem yckopeHue Touku B. Tak kak Touka B ABMXKETCs 110 OKpYKHOCTU paguyca O2B,
TO HAIPABJICHUE 7, HEM3BECTHO. B 9TOM Cilyyae BEKTOp gz, CJIENYET NPEACTABUTL KaK CyMMY JBYX

€ro COCTaBJISIOIIUX 5; u c_lg. [TpunsB 1151 cTepAKHA 2 TOUKY A 32 MOJIOC, MOJIyYUM PABEHCTBO
a,+a,=a,+a,+a, +ay,.
BexTop ﬁz HampaslieH BAoab A0, u Zl; neprneHaukyasipHo A0 B HampaBICHUH TYTOBOU
cTpenku €1. X yucioBble 3HAUCHUS
a; = 8111 =2 m/c%
afl =a)1211 =1 m/c?
N3o0paxaem Ha pUCYHKE BEKTOP a_; ., (BIonb otpeska B4 oT B K A) M HAXOJJUM €r0 YUCII0BOE

3HAYCHUE
a!, =a’l, =025 we
YucnieHHoe 3HaueHue d ,, B COOTBETCTBUH C MOYKHO OTIPENENUT Kak d,, = &,/,, onHako B
JIAHHOM CITy4ae YIJIOBOE yCKOPEHHUE €2 HeU3BecTHO. Jiis BekTopa (5, YKaKeM Ha PUCYHKE HaIpaB-
neHue (MPeIookKUB, YTO €2 HATIPABJICHO MTPOTHUB XOa YaCOBON CTPEIIKH).

—n
Bexktop a, Oyner HanpapieH B1oaAb BO2 U YUCIEHHO PaBEH

ar =V}l =wl, =08 wc



) -7
HenspecTHblil BEKTOp @ HanpaBUM NEpHEHAUKYJApHO (O2B (IPENNoNoKUM, YTO YIJI0BOE

YCKOPEHHE €3 HAMPABIICHO MO XOJ1y YaCOBOW CTPEJIKH).
Takum o0pa3om, U3 BEIMYUH, BXOASIIMX B BEKTOPHOE YpaBHEHUE YCKOPEHHUM HEU3BECTHBI

—7 —7 o
TOJIBKO YHCJIOBBIC 3HAYCHUA aB u aBA , KOTOPLIC MOXHO HaWTH, CIIPOCKTUPOBAB 00€ JacTu 3TOro

YPaBHEHHMs Ha JIBE OCH.
B npoekuuu ypaBHeHUs Ha HanpasiieHUue BA4 (0Ch X), IOIyYUM

a,cosff+a,cosf=—a,cosy+a,siny+a,,
[ToacTaBuB YKMCIOBBIE 3HAYCHUSI HAMACHHBIX YCKOPEHUM, HAalIeM ZI; =— 1,8 m/c?. 3Hak Mu-

—7
HYC YKa3bIBacT, UYTO HAIIPABJICHUC aB MPOTHUBOIIOJIOKHO MTOKa3aHHOMY Ha pUCYHKEC, d.

Ha pucyske, 6 muis crepxas 028 MexaHn3Ma Moka3aHbl (JaKTHIEeCKHE HATIPABJICHUS BEKTOPOB
CKOPOCTH M YCKOPEHUS TOUKHU B, ONIPE/IETICHHbIE pACYETOM MEXAaHU3MA.
Teneps BIUMCINM IIOJIHOE YCKOPEHHE TOUYKHU B:

2 2
ay = (a;) + (ag) =1,97 w/c?
Ompenenum yriioBoe YCKOPEHUE CTEPKHS 2.
CrpoeKTHpOBaB BEKTOPHOE ypaBHEHHE yCKOPEHUH Ha HamnpasieHue BC2 (ock &), moayynum

—n _ =T —n .: —n —T
a, =—a,cosa—a,sina+a,,sinff+a,, cosp
[To/CTaBMB YMCIIOBBIC 3HAYCHUS, HAWIEM ; = 3,36 m/c?. Tak kak d ; > 0, To dbakTHuecku

BEKTOp d 5, HAIpABJIEH, KAK M0KA3aHO HA PUCYHKE, d.
T
[Tonp3ysick hopmyoi a; q = 6‘2[ 5, Honyunm &, = —_ 0,84 ¢, HanpaBJIeHHE €2 — IPOTUB
2
X0/1a YaCOBOM CTPEJIKH.
OmnpenensieM yriioBoe yCKOPEHUE CTEPKHS 3.

T
CTepskeHb 3 COBEPLIAET BpallaTebHOE JIBHKeHHE BOKpYT ocu O2. V3 paBenctBa d 5, = &5,

T

a
—__B _ - .
noxyyuMm &3 = =144c2 Hanpagnenune €3 — mpoTHB X0Ja YaCOBOM CTPEJIKH.

3
Otet: VB=1M/c, ®=0,25¢", @3=0,8c!, as=1,97 M/c?, 2= 0,84 ¢, e3=1,44 c>.

Bonpocsl 1 3a1aHus 1JIA CAMOKOHTPOJIsI

1. Uto Ha3bIBAIOT MTHOBEHHBIM LIEHTPOM CKOpOCTEn?

2. Kak onpesienuTh CKOPOCTH TOYEK Teja MPH IIOCKOMAPAIUICTbHOM JIBHKCHHU C TIOMOIIBIO
MIIC?

3. Kak onpeienuth CKOPOCTH TOYEK Tela MPH IIOCKOMAPAIUICTLHOM JIBHKCHHUU C TIOMOIIBIO
TEOPEMBI O MPOEKIHUAX CKOPOCTEN TOUEK TIOCKON QUrypbI?

4. Kak omnpenenuTh YCKOPEHHE MPOU3BOJILHON TOYKH TeJia TMPH IIOCKONApaJJIeIbHOM JIBH-
KEHUU?

5. Crepxenb AB nimHo# 80 ¢cM IBHXKETCS B INTIOCKOCTH YyepTeka. B HEKOTOPBIM MOMEHT Bpe-
MeHH TOUkH 4 U B cTepkHs uMeroT ckopoct va = 0,2 m/c, v = 0,6 m/c. Onpenenute yrioByio
ckopocTh ctepxkHd. (OTBeT: maB = 0,5 c™).

6. OmnpenenuTe yriioByK CKOPOCTh KoJieca, €ClTu TouKa A mMeeT ckopocTh va = 10 m/c, a pa-
auyc koreca r = 0,2 M. (OtBeT: ® =33,3 ¢!).

7. Cxopoctb rpy3a 1 vi = 0,5 m/c. Onpenenure ckopocTs rpy3a 2. (Otet: v2 = 0,25 m/c).



S
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K 3aganuio 5. K 3amanmuio 6. K 3amanmio 7.

8. bapab6an 1 Bpamaetcs o 3akony ¢ = 0,172, Onpenenure yckopeHue rpysa 2, ecli paguyc
r=0,2 m (OtBet: a2 = 0,02 m/c?).

9. Crepxenpb nnuHor AB = 40 cM ABUXKETCS B IJIOCKOCTH YepTeka. B HEKOTOPBIT MOMEHT
BpEMEHH TOUKH A M B cTepkHs MMEIOT YCKOPEHHS aa = 2 M/c® 1 as = 6 M/c?. OnpenenuTe yriosoe
yckopenue ctepkHs. (OTBeT: € = 10c?)

K 3amanuro 8. K 3amanuro 9.

JANHAMMUKA
8. luddepeHunanbHbie ypaABHEHUS IBUKEHUS TOYKH

OCHOBHOM 3aKOH JUHAMUKH JIJI1 MAaTEPUATbHON TOUYKH
ma=R wwm ma=yF,.

Z[I/ICI)(I)CPCHI_[I/IEIHBHHMI/I ypaBHCHI/IHMI/I I[BI/I)KGHI/IH TOYKHU B MIPOCKIHUAX HA JCKAPTOBLIC OCU:

2 42
dt,f—Z Joc m =2 Fpy s m tzz:Zsz-

JuddepeHnmanpabie ypaBHEHUS B IPOCSKIMSIX HA OCH €CTECTBEHHOTO TPEXTPAaHHUKA - Kaca-
TENbHYI0 MT K Tpa€KTOPUU TOYKH, ITIaBHYIO HOpMasib Mn, HallpaBJICHHYIO B CTOPOHY BOTHYTOCTH
TpaeKkTopuu, u OuHopmans Mb

dv =2 Fix; mﬁ— > Fin; 0=2Fib
dt p
IepBas 3a1a4a JMHAMUKH: 110 H3BECTHOMY 3aKOHY JBIM)KEHMS MAaTEpPUANLHON TOUKU HAlTH
PaBHOIEHCTBYIONIYIO BCEX CHJI, IPUIIOKEHHBIX K Heil.
Dra 3a7a4a penaeTcs MeTO10M MOJICTAHOBKH 331aHHBIX YPAaBHEHUI 3aKOHA IBMKEHUS B (-
(epeHIanbHbIE ypaBHEHNS U AU(PEpeHIIPOBAHIEM COOTBETCTBYIONNX (DYHKIIUHA.
Bropas (ocHOBHAas1) 321242 JMHAMUKH COCTOMT B TOM, UTO TIPH U3BECTHBIX JAEHCTBYIOIIMX
Ha MaTepHaIbHyI0 TOUKY CHJIAX, ONPEENSIOT 3aK0H JBHKEHHS TOUKH.
MeTon peleHus 3Toi 3a1a4u - UHTErpupoBanue AUdQepeHIuanbHbIX ypaBHenuit. [Ipu mo-
cJle/10BaTeIbHOM HHTErPHPOBAHKUH KAKI0T0 YPaBHEHHUs MOSBIISIOTCS ITOCTOSHHBIE MHTEIPUPOBAHHUS,
KOTOpBIE CIEAyeT ONpeeNsTh U3 HaualbHbIX YCIOBUIA 3aauH.



33[{3‘11/1 MJIAA CAaMOCTOATEC/ILHOI'O PeIICHUSA

3anpaua 8.1. B maxTte omyckaercst paBHOyckopeHHO TudT maccel 260 kr. B nepsrie 10 ¢ on
npoxoaut 35 M. HaiiTu HaTshkeHne KaHata, Ha KOTOPOM BHCHUT JTUQT.

Oteer: T=2418 H

3apaua 8.2. Touka maccoit m = 100 Kr IBHKETCS IO TOPU3OHTAIIBHON IJIOCKOCTH C YCKOpe-
HueM a = 0,3¢. OnpegenuTs MOYJIb CHIIbI, JEUCTBYIOLIECH HA TOYKY B HAIPABJICHUU €€ IBUKCHHUS B
MOMEHT BpeMeHHu ¢ = 3 c.

OtBet: F=3,6 H

3agaua 8.3. Teno maccoii m = 100 Kr HAUMHAET JBUKEHHUE U3 COCTOSHUS TIOKOS IO TOPU30H-
TaJIbHOM IIEPOXOBATOM MIIOCKOCTHU MO IEMCTBUEM MOCTOSIHHOM Cuiibl F. [Ipoiias myTh, paBHbBIN 5 M,
CKOpPOCTh TeJla CTAHOBUTCS paBHOU SM/c. OmnpeenuTs MOy b CHIIBI £, €CIIA CUJTa TPEHHS CKOJIBhKe-
Hus Frp=20 H.

Otsetr: F=270H

3anaua 8.4. [1o roprU30HTAIBLHON TUIOCKOCTH JBHMXKETCSI TE€JIO MACCOM m = 2 KI, KOTOPOMY
ObuIa cOO0IIEHa HaYaIbHasi CKOPOCTh vo = 4 M/c. JI0 OCTaHOBKM TEJIO MPOILIO MyTh, paBHBIN 16 M.
Onpenennutbs MOYJIb CUJIbI TPEHUS CKOJIBXKEHUS Frp MEXKIY TEJIOM M INTOCKOCTBIO.

OrTBer: FTp =1H

3apaua 8.5. [lo HaKJIOHHOH TUIOCKOCTH CITyCKaeTcsi 0e3 HauaabHOM CKOPOCTH TPy3 Maccou
m. Kakyro ckopocTh v OyAeT UMeTh Ipy3, MPOUIs MyTh, PaBHBIM 4 M OT Hadaja JABMKCHUS, ECIH
KO2(DPUITHEHT TPEHUS CKOTBKEHHS MEXKITY TPY30M U HAKJIIOHHOM TIOCKOCTHIO paBeH 0,157

OrtBer: v= 15,39 M/c

a+l
S|

30

-~
K 3amaue 8.3. K 3amaue 8.4. K 3amaue 8.5.

3agaua 8.6. [lerans maccoit m = 0,5 Kr CKOJIB3UT BHU3 MO JOTKY. [1oJ1 KakuM yriiom K ropu-
30HTAJIBHOM IUIOCKOCTU JIOJDKEH OBITh PACIOJIOKEH JIOTOK, Ul TOTO, YTOOBI JIeTalb JBUranach
ycKopeHueM a = 2 M/c?.

Otser: a = 11,8 rpan.

3agauya 8.7. MartepuanbHasi TOUKa Maccoil m = § KI' ABUKETCS B TOPU30HTAIBHON TJIOCKOCTH
cormacHo ypasHeHuaM X = 0,05 y = 0,372, OnpeneauTts MOLy.Ib PaBHOAEHCTBYIOIIEH TIPHI0KEHHBIX
K TOYKE CHJI B MOMEHT BPEMEHHU 4 C.

OtBer: R=10,7H

3agauya 8.8. MarepuanbHas Touka Maccoil m = 14 Kr JBUXKETCS MO OKPYKHOCTU R =7 M ¢
IIOCTOSHHBIM KacaTelbHbIM yckopeHueM ar = 0,5 m/c?. Onpeneauts Moay/b paBHOAEHCTBYIOMIEH
MPUIIOKEHHBIX K TOYKE CHJI B MOMEHT BpEMEHH ¢ = 4 C, €CJI TIPH £ CKOpOCTh vo = 0.

OtBer: R=10,6 H

3agauya 8.9. MarepuanbHas Touka Maccoil m = 10 Kr ABMXKETCS M0 OKPYKHOCTH R 110 3aKOHY
s =at® — bt , rae s — qyroas KOOPAUHATA, M; a U b - nocmosmuvie 6enuyunvl; t — TEKyLIEe BPEMS.
OmnpenenuTs MOIYJIb PABHOACHCTBYIONIEH MPUIIOKEHHBIX K TOYKE CHJI B MOMEHT BpEeMEHH ¢ = 2 C.
JlaHHBIE AJ1s1 pacyeTa NpUBeIeHb! B Ta0I. 6.

Tabmuia 6
Bapu- 1 2 3 4 5 6 7 8 9 10
AHT
a 4 5 6 7 5 4 3 2 6 4
b 2 6 4 9 4 8 5 4 3 2
R, M 2 3 4 5 3 4 2 3 5 4




3apaua 8.10. Teno nBMKETCS BHU3 110 HAKJIIOHHOM IIEPOXOBATOM MJIOCKOCTH, KOTOpas o0pa-
3yeT ¢ ropu30HTOM yroi 45°. OnpeaenuTs yCKOpEeHUe Tena, €Clid KO3()PUIHMEHT TPEHUS CKOTbKCHHUS
£=10,3.

Ortset: a = 4,86 m/c?

3anauya 8.11. MarepuanbsHas Touka maccod m = 900 Kr ABUIKETCS IO TOPU3OHTAIIBHOM MpS-
Mol ox aerictBreM cuiibl = 270¢, KoTOpasi HallpaBJIeHa 110 TOH ke NnpsiMoil. OnpenenuTb CKOpoCTh
TOYKH B MOMEHT BpemeHnu ¢ = 10 ¢, eciu nipu to ckopocth vo = 10 m/c.

OtBer: v =25 M/c

3anauya 8.12. MarepuanbHasg TOUYKa MacColl m = 25 KI IBUXKETCS IO TOPU3O0HTAIBHOM Mps-
Mol mox aevictBueM cuibl £ = 20¢, KOTOpas HampasiieHa IO TOH ke mpsMoil. OnpeaennTs MyTh,
MPONJEHHBIA TOYKOM 3a 4 C.

OtBer: s =8,53 M

3anauya 8.13. MarepuanbsHas Touka maccod m = 100 Kr ABUKETCS IO TOPU3OHTAIIBHOM MpS-
Mol oz nericTBueM cuiibl F' = 20¢, KOTOpast HallpaBJIeHa 10 TOM e npsAMoi. OnpeaenuTs BpeMs, 3a
KOTOPOE CKOPOCTh TOYKH YBEIUYMIACH C 5 10 25 M/C.

OtBet:1=20 ¢

3anauya 8.14. MartepuanbHas Touka Maccoil m = 10 Kr JBHIKETCS O KPUBOJMHEHHOMN Tpa-
eKkTopuu noj aercteueM cuibl F' = 0,47, OnpenenuTs KacaTeJIbHOE YCKOPEHUE TOYKU B MOMEHT Bpe-
MeHHu ¢t = 40 ¢, eclii yTroJI MeX]Iy CHJIONW U BEKTOPOM CKOpocTu paBeH 30°

Ortsert: a: =1,39 m/c?

IIpumepsbl peieHust 3aa1a4

3anaua 1. Ha BepTukanbsHOoM yyacTke AB TpyObl Ha rpy3 Maccoil m = 5 KT m JeHCTBYeT cuiia
TSDKECTHU U MOCTOsTHHAs cuita conpotuBienus R = 40 H. JInuna yuactka AB /1 =2 m. B Touke 4 rpy3
MMeeT HavyaJbHYyI0 CKOpocTh Vo= 6 M/c. Ha nakinonHoMm yuyactke BC Ha rpy3 JAE€HCTBYET CHjia TsKe-
CTH, criia TpeHHs (K03 UIIMESHT TPEHUS TPy3a O MIIOCKOCTh paBeH /= (0,2) u mepemMeHHas cuna Fx =
45 sin (3t) H.

OnpenenuTh 3aKOH ABWIKEHHS Tpy3a Ha ydacTtke BC: x = x(t).

Pemenne. PaccMoTpuM qBHKEHME Tpy3a Ha yuacTKe 4B, cunTas rpy3 MaTepruabHON TOUKOM.
N306paxaeM rpy3 (B POU3BOILHOM MOJIOKEHHH) U IeHCTBYIONINE HA HETO cuibl P 1 R .

K 3amaue 1.

ITpoBoIMM OCh Az B HaNpaBJIEHUU JBIXKEHUS I'py3a U cocTaBisieM AupdepeHInalbHOe ypaB-
HEHUE JIBUKEHUS TPpy3a B MPOEKIUHU HA ITY OCb:

dv, z _
. =YF,, wm D it P,+R,

Hanee naxogum P, = P =mg, R, = —R.



[Ipu V2= V nomyuum
dv dv R

m— =mg—-R —=g——
at g WM g m (1)

Torna, pazaenss B ypaBHeHUH (1) mepeMeHHBIE ¥ HHTETPHUPYS 00€ YacTH paBEHCTBA, IPUHSB
g ~ 10 m/c?, nomyuum

m

W3 HavanbHbIX ycnoBuii ipu t = 0 ckopocts V' = Vo, uto gaér C1= Vo. Torna ypaBHenue (2)
NPHUHUMACT BU

V=2t+6. 3)

VuuteiBas, uTo V = % , IOJTY4YUM
dz
—=2t+6
dt

OTkysna npu pa3feseHu NepEMEHHBIX U UHTETPUPOBAHNUN
z=t*+6t+ . 4)
N3 navanpHbIX ycnoBuii pu t = 0 1 HavabHOM KoopauHate zo = 0 Haxoaum C2 = 0, cremoBa-
TEJNBHO
z=t>+6t. (3)
C yuéroM ycioBuii 3a1a4u Ipu Z = /AB = 2 M B TOUKE B MOKHO HalTH BpeMsl t = TAB IBHXKEHUS
rpys3a 1o y4actky 45:
2=t"+6t wm t*+6t-2=0.
W3Bnekas kopuu, nmoyunm t1 = 0,3 ¢; t2 = —6,3 ¢, B pusuueckom cmeiciie t =  taB = 0,3 c.
Torna no ypasHenuto (3) ckopocThb B Touke B
Ve=2tAB+ 6 = 6,6 M/c. (6)
Tenepsp paccMOTpuM JBHXEHHE Tpy3a Ha yuyacTke BC; HaiiieHHas CKOPOCTh VB Oyner amns
JBUKEHMSI Ha 3TOM ydacTKe HadallbHOU ckopocThio (Vo = VB). U300paxaem rpy3 (B MpOU3BOILHOM

TOJIOKEHNH) U ITOKa3bIBAEM JICHCTBYIOIIHME HA HEro cuitbl P, N, F uFr. [IpoBeném u3 Touku B och
Bx u cocraBuMm nudpepennmranbHoe ypaBHEHHE IBHKCHUS TPy3a B MPOCKIIUU HA ATy OCh:

dVv.
m—==P_ +N. +F, +F.
dt X X X [ (7)

Onpenenum MpoeKUMH CUI Ha OChb X:
Px= P sin 30° = 0,5mg; Nx=0; Fx=45 sin (3t);
Frpx=—fN=—fP cos 30°=—-0,17mg,
TOrJa ypaBHEeHHE (8) MPUMET BUJ

d:l’tx = 0,5mg + 45sin (3t) — 0,17mg = 0,33mg + 45sin (3t).  (8)

m

Pa3zieniB 00€ 4acTy paBeHCTBA HA 71 = SKT U NpuHEMas g ~ 10 M/c?, momyuum

d V

YMHOxkast 00e yactu ypaBHeHus (9) Ha dt u uHTerpHUpys, HAAEM Vx:
Vx = 3,3t — 3cos (3t) + Ca. (10)



Ha yugactke BC OyaeM OTCUHMTHIBaTh BpeMsi OT MOMEHTA, KOTla TPy3 HaXOJUTCS B TOUKE B,
cuutas B 3ToT MOMeHT t = 0. Torma npu t = 0 ckopocTs rpy3a V' = Vo= V= 6,6 m/c. [loncrasnss 3tu
BeNMYUHBI B ypaBHeHue (10), momydanm

Ca= Vi + 3cos (0) = 6,6 + 3 = 9,6.

[Ipu naiinenHom 3Hauenuun C> ypasHenue (10) naér

Vv, =i—’t‘=3,3t—3cos(3t)+9,6.

YMHOXkast o0e yacT Ha dt U CHOBa MHTETPUPYSI, HAMIEM
x=1,65t> + 9,6t — sin (3t) + Cs.

Tax xak Ha yyactke BC npu t = 0 HauanbHast koopauHata x = 0, To C3 = 0. OKOHYaTENBHO
3aKOH JBIKCHUS I'Py3a MPUMET BUJL

x = 1,65t>+ 9,6t — sin (3t),
rZle X — B METpax, t — B CeKyHax.
OtseT: x = 1,65t + 9,6t — sin (3t).

BOl'[pOCl)I U 3aJaHUA NJd CAMOKOHTPOJISA

1. HazoBHUTE OCHOBHBIE 3aKOHBI MEXAHUKHU.

2. Hanummre nuddepeHnmanbaple ypaBHEHHUS IBUKCHUS MaTePHAIbHON TOYKH B KOOPIH-
HaTHOH (opme, B MPOEKLHUAX HA €CTECTBEHHBIE OCH.

3. Kakue 3aaun TMHAMHUKHA MaTepHaIbLHON TOUYKHA MOKHO PemaTh ¢ MoMoIbo auddepennn-
aJIbHBIX YPAaBHEHUH ABW)KCHUA?

4. Teno maccoit m = 50 Kr, NOABEIIEHHOE Ha TPOCE, TIOAHUMAETCS BEPTUKAIBHO C YCKOPEHHEM
a=0,5 m/c*>. Onipesienute cuny Hatsxenus Tpoca. (Otser: 7= 516 H)

5. Omnpenenute MOAY/Ib PaBHOAECUCTBYIOLIEH CHUJI, IEUCTBYIOUIMX HA MaTEpUAIbHYIO TOUKY
Maccoil m = 3 KT B MOMEHT BpeMeHH ¢ = 6 ¢, ecliu OHa ABMXKeTcs 110 ocu Ox COINIACHO YPaBHEHUIO X
=0,04£. (Otet: R = 4,32 H)

6. Teno mMaccoif m = 20 Kr mafaeT o BepTHKAJIH, CHJIa COMPOTHBIEHHUs Bo3ayxa R = 0,047,
Omnpexnenute MaKCUMaIIbHYIO CKOpOCTh NaneHus tena. (Oteet: v = 70 m/c)

7. MatepuanbHas Touka Maccoit m = 900 Kr IBM>KETCs 110 TOPU3OHTAIBHOU MPSAMOM MO 1eH-
cTBUEM cuiibl F' = 270¢, KoTOpas HalpaBiieHa IO TOH ke mpsiMol. Onpenenure CKOpoCTh TOUKU B
MOMEHT BpeMmeHH ¢ = 10 ¢, ecnu ipu o = 0 ckopocTb vo = 10 M/c. (OTBeT: v =25 M/c)

9. O61Me TeopeMbl TMHAMUKHI

Teopema 0 ABMKEHUH LIEHTPA MACC CHCTEMBbI:
= _N'FLe
TJe g, - YCKOpEHHE IEHTpa Macc cucteMbl; ¢ - BHeIHue cuitbl
JuddeperunanbHble ypaBHEHHs! JBU)KEHUS LIEHTPA Macc B MPOEKIMIX Ha OCH KOOPIUHAT
.. — e . P— e - .. = e
M . szx’MJ’c szy’MZC kz

Teopema 00 N3MeHeHUH KOJIHYECTBA IBUKEHHs cucTeMbl B 1uddepenunansaoit hopme

dQ -y Fe

k .
dt

B npoeknmsix Ha KOOpAMHATHBIE OCH



dQ, dQ,

d ;
=2 F¢, =2 F, %:Z ke

dt dt
KonnuecTBO ABMIKEHUS MEXaHUYECKON CUCTEMEI
O=Mm Ve

rac Ve CKOPOCTH €€ LICHTPA MacC

Ummnynbe cunibl F - 3a KOHEYHBIH OPOMEXkKYTOK BPEMEHH {1 BBIUMCIAETCS KakK Ipees HHTe-
TpaJIbHON CYyMMBI COOTBETCTBYIOIIUX 3JIEMEHTAPHBIX UMITYJILCOB, T. €.

_on_
S =|[Fadt.
0
Teopema 00 H3MEHEHUH KOJTUYECTBA JBUKCHHSI CHCTEMBI B UHTETPATbHON hopMme:

- —_— —-e
Q1 - Qo = ZS k.
TeopeMa 05 U3MCHCHUUN KUHETUYECCKOI'O MOMEHTA CUCTEMbI OTHOCUTECJIBbHO HCIIOABMK-
HOT'0 HE€HTpa:
& = Z ”_10 (F ke) .
dt
HpOI/ISBOI[HaH 10 BpeMeHI/I OT TJIaBHOI'O MOMCHTA KOJMYECCTB ABUXCHHUA CUCTEMBbI OTHOCHU-
TCIIBbHO HeKOTOpOFO HCIIOABHUXKXHOI'O I_IeHTpa paBHa CyMMe MOMCHTOB BCCX BHCHIHHUX CHJI CUCTCMBI
OTHOCHUTCJIIBHO TOI'O K€ HCHTpa.
B HpOGKHI/I}IX Ha OCH KOOp,Z[I/IHaTZ

dK — dK —_ dK =
X _ mFe;_y: Fe;_Z: sze'
= Em(F): == (Fe): = Eom, (F)

MOMEHT KOJIMYECTBA IBMKEHUS TOYKH OTHOCUTENBHO 11eHTpa O onpenenseTcs paBeHCTBOM
m, MV )=1xmv)

re ¥ - pajnyc-BEKTOP JABHKYIIEICS TOUKH, IPOBEICHHbIN 13 neHtpa O.

ITo Mmomynto
|y (mV )| =mvh.
Kunerndeckuit MOMEHT cUCTEMBI (TJ1aBHBIT MOMEHT KOJMYECTB JBUKEHUSI CHUCTEMBI) OTHO-
CUTENBHO JAHHOTO LeHTpa O
K,= Z”_?o (mv,).
Kunernueckne MOMEHTBI CUCTEMBI OTHOCUTEIIBHO KOOPJIMHATHBIX OCEH:
Kx = Xmx(mxy, ); Ky = Xmy(mxv, ); Kz = Xma(mxy, ).

KuneTnueckuii MOMEHT BpaIlIAlOIIETOCsl TBEPJIOTO TeIa BOKPYT OCH Z PaBEH MPOU3BEACHUIO

MOMEHTA UHEPLHH TeJIa OTHOCUTEIIBHO 3TOM OCH HA YIJIOBYIO CKOPOCTH TEJIa
K:=J; .

Teopema 00 M3MeHEeHHN KUHETHYECKON JHEPrUM MeXaHUYeCKOH CHCTeMbI: HU3MEHEHUE
KHHETHYECKON PHEPTUU CHCTEMBI NP HEKOTOPOM €€ MEPEMEIICHHH PaBHO CyMMe pabOT Ha 3TOM
MepeMEIEHUH BCEX MPUIIOKEHHBIX K CUCTEME BHEIIHUX U BHYTPEHHUX CHJL.

Ti-To=2 4c+2 4! .

Kunernueckas 3Heprus Tena npu nocTynaTeJbHOM ABUKEHUN PaBHA MOJIOBUHE MPOU3BEC-

HHSI MacChl T€JIa Ha KBaJpaT CKOPOCTH LIEHTPA Macc.
M,2/2.
Kunernueckas sHeprus Tejia Mpy BpalllaTeIbHOM JIBUKEHUH paBHA MOJIOBUHE TPOU3BEACHUS

MOMCHTA, HHCPLIUHU TCJIa OTHOCUTCIILHO OCH BpalllCHUA Ha KBaApaT €ro yFHOBOﬁ CKOpPOCTH.
TBp = cho2/2.



[Tpu mnockonapayuieIbHOM JBUKCHUY KMHETUYECKAs SHEPT U TeJla paBHA YDHEPIMM ITOCTyIa-
TEJIbHOTO JBUKEHUS CO CKOPOCTBIO LIEHTPA MAaCC VC, CI0KEHHON ¢ KWNHETUYECKOM YHEpruei Bpala-
TENBHOTO ABM)KEHHS BOKPYT LICHTpPa Macc.

Trnock = M\;Z [2+ JC0)2/2.

PaboTta moCTOSSHHO#M CHIIBI paBHa NPOU3BCACHUIO MOAYJIA CUJIBI HA NIEPEMCIICHHUE TOYKH €€
NPUIIOKCHUS U HA KOCUHYC YTJIa MCKAY BCKTOPOM CHJIbI U ICPEMCILICHUCM.

Aoy =F 51 cos o

PaboTa cuIibl TSHKECTH PaBHA B3SITOMY CO 3HAKOM IUTIOC HJIM MUHYC MTPOU3BEACHHUIO MOIYJIIS
CHJIBI HA BEPTHKAILHOE TIEPEMENIEHHE TOUKHU €€ NMPUIIOKeHus. PaboTa moIoKuTeIbHA IPH OITyCKa-
HHUHU TCJIa 1 OTpULATCIIbHA IPH Cr0 NOABEMCE.
A =+ Ph

(M OM 1 )
Pabota cuiibl ynpyroct paBHa MOJOBHUHE MPOU3BEICHHS KO HHUIMEHTA )KECTKOCTH Ha pa3-
HOCTb KBa/IpaTOB HaYaJIbHOI'O U KOHEYHOTO YUIMHEHUH (MU CKAaTUI) MPY>KUHBL.

c
A(MUMI) = 5(7“20 - 7“21 ),

PaGoTa cuiipl ipy IOBOPOTE Tena paBHA MPOU3BEICHUIO BPAIAIOIIET0 MOMEHTA Ha YTOJI T0-
BopoTa. PaboTa mojioxuTeIbHA B Cllydae, KOT/1a HallpaBJICHHEe MOMEHTA COBITAaCT C HAITPABICHHEM
MOBOPOTA U OTPHIIATENIbHA — KOT/Ia IOBOPOT TeJIa POUCXOJUT MPOTHB ICHCTBHUS MOMEHTA.

Py
A= IMZd(P um A =Mz o.
0

MOUIHOCTb - BeTMYKHA, OTNPEAETIoNmas padoTy, COBEPIIAEMYIO CHIION B €IMHUILY BPEMEHH.
N=d4/dt = F: ds/dt = Frv.

3agaum 11l CAMOCTOSITEJILHOTO PereHust

3agaua 9.1. OnpenenuTh KOOPAMHATHI XC LEHTPAa MAacC KPUBOIIMIIHO-NIOI3YHHOTO MeXa-
Hu3Ma npu yrinax ¢ = 90° u a = 30°, ecau macca kpuBomuna | paBHa 4 Kr, a Macca I1aTyHa 2 paBHa
8 xr. lllatyn 2 mymmHO# 0,8M cYUTAaTh OJHOPOIHBIM CTEpKHEM. Maccoii moysyHa 3 npeHeOpeds.

OtBet: xc = 0,231 M

3agaua 9.2. Teno 1 maccoii m = SOKr mogHUMAaETCs IO HAKJIOHHOM INUIOCKOCTH C ITOMOIIBIO
Tpoca, HamaTblBaeMoro Ha Oapaban 2 paguyca R=0,4m. OnpenenuTb MOIYJb TJIaBHOTO BEKTOpPA
BHELIHMX CHJI, JeHCTBYIOMUX Ha TeJo 1, eciu yriaoBoe yckopeHue 6apabana € = 5 ¢,

Otser: R°=100 H

3agaua 9.3. luck maccoit m = 20Kr Bpalaercsi paBHOMEPHO BOKPYT HEMOJBUKHOWU OCH C
YIJIOBOH CKOpOCTBIO @ = 10 ¢!, OnpenenuTs MOy b IIaBHOTO BEKTOPA BHEIIHUX CHII, TIPUIOKEH-
HBIX K JMCKY, €CJIM €r0 LEHTP TSHKECTH yAaJIeH OT OCU BpalleHus Ha pacctossaue OC=0,5¢cMm.

Otser: R°=100 H

K 3amaue 9.1. K 3amaue 9.2. K 3amaue 9.3.

3apaua 9.4. llIkus 2 panuyca R = 0,2M, Bpamiasich ¢ yriioBbIM ycKopeHueM €2 = 10 ¢, moj-
HUMAaeT OJHOPOHBIN uauHAp 1, Mmacca kotoporo m=>50kr. OnpeaenuTs MOIyJb TNIABHOTO BEKTOPa
BHEITHUX CHJI, JICHCTBYIOIINX HA IIWIHHIIP.

OtseT: R°*=50 H



3agaua 9.5. Ognopoaubiii crep:xkeHb OA maccoi m = 10Kr BpaiaeTcsi paBHOMEPHO C YTIJIOBOM
ckopocThio ®=10 ¢!, OnpeaenuTs MOTYIIb IIABHOrO BEKTOPA BHEIIHUX CHJI, ICHCTBYIONIMX Ha CTEp-

JKeHb, eclii ero aiuuHa OA=1M.
OtBetr: R°*=500 H

K 3amaue 9.4. K 3amaue 9.5.

3agaua 9.6. MarepuanbHas Touka Maccoit 0,5 Kr ABMXeTcs 1o npsiMoit. OnpeaenuTs MOayIb
HMITyJIbCa PaBHOJICHCTBYIOIICH BCeX CHII, IEHCTBYIOIIMX HA TOUKY 3a MEpPBbIE 2 C, €CIIH OHA IBUKETCS
10 3aKOHY § = 4£.

Otset: S =24 Hc

3amaua 9.7. llIxus 1 paguyca R = 0,4M, Bpamasch ¢ yIiaoBoii CKOPOCTbI0 ® = 2,5 ¢!, mogHu-
Maet rpy3 maccoit m = 10kr. OnpenenanTts KOJIM4YeCTBa IBUKEHUS Tpy3a.

Otet: mv = 10 xr mM/c

3anaua 9.8. TpyOka Bpamasch ¢ yriaoBoi ckopocTsio o = 10 ¢!, OTHOCHTENBEHO TPYOKH IBH-
xetcs mapuk M maccoid m = 0,2Kr co ckopocThio V1 = 4m/c. Onipenenuts MOIyJb KOJTHYECTBA JIBU-
KEHHUs IIapuKa B MOMEHT BpeMeHH, Korja paccrosiuue OM = 0,4m.

OrtBer: mv=1,13 kr M/c

3anaua 9.9. OgHopoaHbIi cTep)eHb Maccoit m = 10kr u agyiuHOM [ = 1M BpaimaeTcs 1o 3aKoHy
¢ = 5£2. OnpeaenuTh MOIyJIb KOJIMYECTBA ABUKEHHS STOTO CTEPKHSA B MOMEHT BPEMEHH £ = 2C.

Otset: Q = 100 kT M/C

1

K 3amaue 9.7. K 3anaue 9.8. K 3amaue 9.9.

3amaua 9.10. Jluck Bpamaercs ¢ yriaoBoii ckopocTsio o = 8 ¢! Tlo paguycy aucKa IBIKeTCs
Touka M maccoit m = 1 kr no 3akoHy s = 0,2¢. Onpenenurb MOay/Ib KOJUYECTBA JBUKEHUM 3TOM
MEXaHUYECKOW CUCTEMBI B MOMEHT BpeMeHHu ¢ = 0,5 c.

Otger: QO = 0,825 xr M/c
3apaua 9.11. Teno, KoTOpoMy COOOITHIIM HAYATIBHYIO CKOPOCTH V0 = 5 M/C, CKOJIB3HT TIO IIIe-

POXOBaTOW TOPU3OHTAIBHON IIOCKOCTH M OCTaHOBMIIOCH uepe3 1 c. HaiiTu koadduimenT tpeHus

CKOJIBYKCHUSI.
OtgeT: f=0,5

a5,
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K 3amaue 9.10. K 3amaue 9.11. K 3amaue 9.13.

3agaya 9.12. OnpenenuTb MOMEHT HHEPIIMM OJHOPOJHOIO JUCKA OTHOCUTENIBHO OCH, Kaca-
IOIIEeHcst ero 000/1a U PACcTIONOKEHHON MTePIEHANKYISIPHO TIIOCKOCTH aucka. Macca qucka m = 1 kT,
ero paguyc R =0,2 M.

Otset: Ik = 0,06 kr M?

3agaua 9.13. Ompenenure MOMEHT MHEPLMHM TOHKON OJHOPOAHOM IMPSIMOYIOJBHOW IIja-
CTHUHBI Maccoil m = 4 Kr oTHocuTenbHO ocu Oy, eciu pazmepsl /1 = 0,4 M, 12 =0,2 m.

OtBet: loy = 0,06 kT M?

3anaua 9.14. MarepuansHas Touka M maccord m = 0,5 KT IBIIKETCS CO CKOPOCThIO v = 2 M/C
o npsimoit AB, OnpesienuTe MOMEHT KOJIMYECTBA JBM)KEHUS TOYKH OTHOCUTENILHO Havajia KOOpIu-
HaT, eciu pacctosHue O4 =1 m u yroa o = 30°.

Otsert: 0,5 kr M%/c

3agauya 9.15. MatepuanbHast Touka M maccoit m = 0,5 kr 1BU»KeTCs 10 KpUBOM. J[aHbI KOOp-
JMHATBI TOYKU: X =y =z = | M ¥ IPOEKLUHU CKOPOCTH vx = 1 M/c, vy = 2 M/c, vz = 4 M/c. Onpeenutsb
MOMEHT KOJIMYECTBA ABMKEHUSI 3TOM TOUKH OTHOCUTENBHO ocu Ox.

Otser: 1 xr M%/c

3amava 9.16. TpyOka paBHOMEPHO BpamIaeTcs C YIIIOBOH ckopocThio ® = 10 ¢!, TTo Tpy6ke
JBYDKETCS MapuK Maccoid m = 1 xr. Onpenenuts MOMEHT KOJUYECTBA JBM)KEHUS 1IapuKa OTHOCH-
TEJILHO OCHU BpallleHus TpyOkH, korjaa paccrosiuue OM = 0,5 M ¥ CKOPOCTb IIapUKa OTHOCUTEIHHO
TpyOKH vr = 2 M/C.

OtBer: 2,5 kr M%/c

y ‘ _ -
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K 3amaue 9.14. K 3amaue 9.15. K 3amaue 9.16 3a-

naayva 9.17. OqHOPOHBIN CTepKEHBb ATUHOU / = 1 M ¥ Maccoil m = 6 KT JIeKalliil B TOPU30HTATLHOM
IJTOCKOCTH BPAIIAETCSI BOKPYT BEPTUKAIBLHON OCH, MPOXOISIICH Yepe3 ero LeHTp, ¢ YrI0BOM CKOPO-
ctbio @ = 10 ¢, OnpenenuTs KOIMUECTBO ABUKEHHUS CTEPKHS OTHOCUTEILHO 1ieHTpa O.

Otet: mv= 30 kT M/c

3agaya 9.18. I'py3 Maccoii m = 4kr, OImycKasCb BHU3, IPUBOIUT C IIOMOILBIO HUTH BO Bpalie-
Hue nuMHIp paguyca R = 0,4M. MOMEHT MHEpUUHU LWIMHIPA OTHOCUTEIBHO OCH BpalleHus [ =
0,2xr mM? . OnpeenuTh KHHETHYECKYIO0 PHEPTHIO CUCTEMBI TeJl B MOMEHT BPEMEHH, KOTja CKOPOCTh
rpy3a V' =2wm/c.

Oter: T=10,5 [Ix

3apaua 9.19. OgHopoaHbIN CTEpKEHb AB NIUHON 2 M 1 Maccoil m = O6KT MpU CBOEM JIBHKE-
HHUM CKOJIB3UT KOHIIAaMU A U B 10 rOPU30HTAIIBHON U BEPTUKAIBHOM TIOCKOCTAM. ONpenenuTh Ku-
HETUYECKYIO SHEPTHUIO CTEP>KHSI B MOMEHT BpEMEHM, Koraa yroi o = 45° 1 ckopocTh TOUKH A4 paBHa
Im/c.

Otset: T=2 JIx

3apaua 9.20. [To HaKJIIOHHOM TJIOCKOCTH CIyCKaeTcsl 0€3 Ha4allbHOM CKOPOCTH TEJIO MacCoun
m = 1xr. OnpenenuTb KHHETUYECKYIO SHEPTHIO T€Jla B MOMEHT BPEMEHH, KOT'/1a OHO MPOIILIO MYTh,
paBHbIN 3 M, ecnii Ko PuIueHT TpeHust ckoybxkenus f = 0,2.

OtBet: T=9,6 JIxx



a
! 30
K 3amaue 9.18. K 3amaue 9.19. K 3amaue 9.20.
3amaua 9.21. Tpy6a 1 Bpamaercss paBHOMEPHO C YIJIOBOI CKOPOCTBIO ® = 2 ¢! BOKpYT ocH
AB. BuyTpu TpyOKku ABuxkeTcs mapuk 2 mMaccoid m = 0,5kr. OnpeaenuTs KHHETHYECKYI0 YHEPTHIO
IaprKa B MOMEHT, KOTJ]a OH, HaXO/IsICh Ha paccTossHuu [ = 0,5M OT OCH, UMEET OTHOCUTEIBHYIO CKO-
poctb vr = 0,2 Mm/c.
Otsetr: T=0,26 Ix
3apaua 9.22. Jluck maccoid m = 2Kr paadyca r = 1M KaTuTcs MO IUIOCKOCTH, €r0 MOMEHT
WHEPIMU OTHOCUTEIBHO OCH, TTpoxoasiiei yepe3 ueHtp C neprneHIuKyIsIpHO TUIOCKOCTH PUCYHKA,
I = 2xr M2, OnpeaenuTh KUHETHYECKYIO SHEPTHIO JUCKAa B MOMEHT BPEMEHH, KOTJIa CKOPOCTh €ro

neHrpa ve = lm/c.
Otset: T=2 JIx

K3agaue 9.21. K 3agaue 9.22.

3apaua 9.23. OnpenenuTs paboTy, COBEPIICHHYIO MOCTOSTHHOM cwiioi F' = 1 H mpu moabseme
TeJa Ha pacCcTosiHUE § = 1 M 10 HAKJIOHHOM MJIOCKOCTH.

OtBet: A = 0,87 Ix

3agaya 9.24. I'py3 | maccoii m1 = 2 Kr IpUBOJUT B ABM)KEHHE KaTOK 2 Maccoil m2 = 1 Kr.
Koadumment tperns kauenus 6 = 0,01 m. Onpenennre paboTy BHEITHUX CHII CHCTEMBI IIPU OITyC-
KaHuu rpy3a | Ha BeicoTy /2 = 1 M, ecnu paguyc katka R = 0,1 m.

OtBet: 4 =18,6 Ix

3apaua 9.25. OnHOPOHBIN CTepKeHb AB NIMHON 2 M 1 Maccoil m = 4 KI IpU CBOEM JIBHXKE-
HHUH CKOJIB3UT KOHIIAMU A 1 B 10 TOpU30HTaIbHON 1 BEPTUKAIBHOM MJIOCKOCTSIM OT BEPTUKAIBHOIO

nosioxkeHus. OnpeaenuTh paboTy CHIIBI TSHKECTH CTEPXKHS B MOMEHT BPEMEHH, KOTIa yToi o = 45°.
OtBeT: A =229,1 Ix

K 3amaue 9.23. K 3amaue 9.24. K 3amaue 9.25.
3agaua 9.26. ['py3 maccoii m = 4 Kr, OIyCKasiCh BHU3, PUBOJIUT C MTOMOIIBIO HUTH BO Bpa-
uieHne nuanHap paguyca R = 0,4 M. MOMEHT WHEpIMH HUIUHAPA OTHOCUTEIHLHO OCH BpalieHus [ =



0,2 kr M%. OnpeIeUTh KHHETUIECKYIO SHEPTHIO CUCTEMBI TeJl B MOMEHT BPEMEHH, KOTJIa CKOPOCTh
rpy3a v =2 m/c.

Oter: T=10,5 Ix

3agaua 9.27. Kakyio HayalbHYIO YTJIOBYIO CKOPOCTH D0 HAJ0 COOOLIUTH OJHOPOIHOMY
CTEPKHIO JUTMHOW [/ = 3 M, 9TOOBI OH, BpaIIasich BOKPYT TOPU3OHTAIBHON ocu O, cienai moj-000-
pora?

OtBeT: vo = 4,43 m/c

3agaya 9.28. Onpenenuts CKOpOCTh Ipy3a 2 B MOMEHT BPEMEHH, KOTJja OH OIIyCTHJICSI BHU3
Ha paccTosiHUE § = 4 M, €CJIM MacChl IPy30B m1 = 2 KI, m2 = 4 Kr. B HauanbHbIH MOMEHT CUCTEMA TeJ
HaXo/W1ach B MIOKOE.

OtBeT: v2=17,2 3 M/C

R

v !

K 3agaue 9.26. K 3agaue 9.27. K 3agaue 9.28.
3agaya 9.29. MexaHnuyeckas cucTeMa COCTOUT U3 NPSAMOYTOJbHOW BEPTUKAJIBHOM IIUTHI |
Maccor mi = 20 kr u rpy3a D maccoil mz = 6 Kr; 1uinTa IBUXETCS BIOJIb TOPU3OHTAIBHBIX HAIIPaBIs-
rorux (puc.29.1-29.5) unu Bpariaercsi BOKPYT BEPTUKAILHON OCH Z, JeKallel B IUIOCKOCTH TUIUTHI
(puc. 29.6-29.10). B momeHT BpeMenH to= 0 Tpy3 HauMHAET ABUraThCs MO JEHCTBUEM BHYTPEHHHUX
CHJI 110 UMEIOIIEMYCsI Ha IUINTE Keno0y: 3aKOH ero JBikeHus s = AD = s(t) 3agaH B Tabn.7, T1€ S BbI-
paxeHo B MeTpax, t — B cekyHaax. dopma xxenobda Ha puc. 29.2, 29.1, 29.9, 29.10 — npssmMonuHeiHasi,
Ha puc. 29.3-29.8 okpyxkHocTh paguyca R = 1,2 m ¢ uenrpom B uenrpe macc Ci mutel. [lnura,
n3o0paxeHHas Ha puc. 29.1-29.5, umeet nipu to= 0 ckopocts Vo= 0, Ha puc. 29.6-29.10 — yrioByto
CKOpOCTh 00 =4 ¢™'. B 5T0 BpeMs Ha IIMTy HauMHAET AeHCTBOBAT BPALIAKOIIMIT MOMEHT UJIH MOMEHT
CHWJI COTPOTUBIIEHUSI (MOMEHT M OTHOCHUTENBHO OcH Z), 3alaHHbIi B Tabnuue. Cuuras rpy3 MaTepu-
QJIbHOM TOYKOM, cIelyeT onpeneauTh (Tabauna, croaousl 6, 7) Vi — CKOPOCTh IMIIUTHI B MOMEHT Bpe-
MeHH t1 = 1 ¢; N1 — onHyI0 Cuily HOpMaJIbHOT'O 1aBJICHUS IUIUTHI Ha HAIIPaBJIAOLIME B MOMEHT Bpe-
MeHu t1 = 1 ¢ (yka3aTp, KyJa cujia N, HallpaBlIeHa); ®1 — YIJIOBYIO CKOPOCTh IIJIUTHI B MOMEHT Bpe-

Menu t1 =1 ¢; o1 = f (t)— yrIIoByto CKOpOCTb TUIUTHI KaK (DYHKIIHIO BPEMEHHU.
Ha pucyHkax rpy3 nokasaH B MOJOKEHUH, IpH kotopoM s = AD > 0 (pu s < 0 rpy3 Oyzer
HaXOJUTHCS 10 APYTYIO CTOPOHY OT TOUKHU A).



e S

£ ¥ sy & - -
s - P rre i et

Fuc. 291 N Prc. 28.2

~, iy - i

o

| LA | e
i

E

i L E e
 Pmem0a Prc. 5.4
il er 2R
. TR Lo 1 q] -
g L N
| L
ol
Puc. 2005

AlF
LSR __ 1SR

Prc. 20.3
Afor _ er

Puc 2010

K 3amaue 9.29

Tabnuma 7



3akoH ,I[BI/IiKeHI/ISI rpy3sa /| Paccrosi-| MoMent Haiiru
Howmep S=s(),M
Bapu- Puc HHe o oni Puc
anrta | 29.1-29.2 Puc. . | oemZz | M, 29.6- Pc.
29.9-29.10 29.3-29.8 b, M kHm 2910 29.1-29.5
1 2 3 4 5 6 7
. T > R 2
I O,6s1n[3t j = 0.6 8 o1 = f(t) NI
2 0.4(1-3t%) ?(—29) 1,6 0 o Vi
3 0.4sin (xt%) “—fﬁ 12 12 o1 = f(t) N
4 O,8cos(nt2j n—th 1,6 0 )} Vi
4 6
5 0,3(1-3%) %28 0,6 0 o1 Vi
R
6 0,8sin(zt2j = 12 12 | er=f) N
R
7 0,6t ?tz 0,6 0 o1 Vi
R
8 0.4202-1) 7T?(—tz) 1,6 0 o1 Ni
9 0,6008(7219] nRt? 0,6 -8 o1 = f(t) Vi
T > nR 2
10 1,2c0s(6t j Tt 1,6 0 o1 N1

VYka3zanusi. B 3aiaue, rie TpedyeTcs onpenesuTh peakiuuto cBsa3u Ni, 1enecoodpa3Ho BOC-
MOJIb30BATHCA TEOPEMOM O IBIKEHUHU LIEHTPA Macc, a TaM, TJe Hy>KHO ONPEIeTUTh CKOPOCTh Tela
Vi, — TeopeMoii 00 U3MEHEHUH KOJWYECTBA ABIKECHUA. Teopema 00 M3MEHEHHH KHHETHIECKOTO
MOMEHTa IPUMEHSETCS B 337a4ax, IJle Hy>KHO HalTH yTJIOBYIO0 CKOPOCTb BPAIlEHUs IIJTUTHI M1.

[Tpu pemiennn 3a1a41 HEOOXOAUMO YUECTh, YTO a0COMIOTHAS CKOPOCTh T'Py3a CKJIAILIBACTCS
13 OTHOCUTENIBHON M MEPEHOCHOM CKOpocTel (ompenensieTcs Tak ke, Kak IpU CI0XKHOM JBUKEHUH

TOUKH), T.6. Vp = V., + Vor. MOMEHT MHEpIMH TUIMTHl OTHOCHTEIBHO OCH Z, NPOXOASIIeH uepes

2
m,/
neHTp Macc Ci IuThl, paBeH [z= 112 , Tae [ — mmpuHa minThl. {1 onpeneneHnss MOMEHTa HHEPIUH

Iz oTHOCHTENBHO OCH, HE Mpoxosiel yepe3 Touky Ci IIUTBI, HEOOXOJMMO BOCIIOIb30BaThCs TEO-
peMoii I'roiirenca 0 MOMEHTaxX MHEPLIMHA OTHOCUTEINIBHO ITapaJIEIbHbIX OCEH.

IIpumeps! pelieHus 3aaa4

3anaua 1. K BepTUKanbHON NPsIMOYTOJIBHON TUIMTE MAcCO m1 = 16 KT ¢ MOMOIIBIO HEBECO-
MOT0 mapHUpHOro crepxkus BD mnunoit / = 0,5 M npukperies rpy3 D maccoit m2 = 4 kr (puc. [12,
a). Ilnura ABMXKETCS MO TOPU3OHTAIBHBIM HaNpaBiAoOUUM 0e3 TpeHus. B MomeHT Bpemenu t = 0
CTEpKEHb HAUMHAET BPAIlaThCsl B INIOCKOCTHU IUINTHI BOKPYT TOUKH B, 1 AnuHa 1yru s = AD uzMens-
€TCsl 110 3aKOHY
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s=——(2—t
7 2,

rae s — B MeTpax, t — B CEKyHIax.
Onpenenuts peakuuto N HaIpaBIIAIOIKUX B MOMEHT BpeMeHHU t = 2 c.
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K 3agaue 1.
Pemenne. PaccMOTpuM MEXaHHYECKYIO CUCTEMY, COCTOSIIIYIO U3 TUTUTHI U rpy3a D, u u3obpa-

3UM JICHCTBYIOIME Ha HEe BHELIHKUE CUIIBI P1, P2 U peakuuio N . [IpoBeeM KOOPAHHATHBIE OCH .
Jlns onpeneniennst N BOCIIOIb3yeMCsl TEOPEMOM O JBUKEHUU LIEHTPA MacC CUCTEMBI U COCTa-

BUM JU(depeHIaTbHOE YPaBHEHNE €T0 JBH)KEHUS B IPOEKLIUHU HA OCh Y:
.. e _
mpc =3 Fy nm mje=N-F-F (1)
I m — Macca CucTeMsl; P1=mig; P2 = mag.
W3 dhopmymsl, onpenensionieil OpAMHATy yC IMEHTpa MacCc CUCTEMBI, CIIEAYET, YTO JUIs pac-
m -yc= mi-yci+ m2-yp. (2)

CManHBaCMOﬁ CHUCTCMBbI

Eciv npuHATH BBICOTY TUIMTHI PaBHOM 2/, TO, KaK BUIHO HA PUCYHKA
Yai=h, yp=2h-/-sing,

rJe yroi ¢ :;:%-(2—t2),
2
Tt

sin @ = sin __n-t
@ 2 4

2
J . 3)

oo

Tt

Tornma, ucnons3ys paBenctsa (2) u (3), momydum
2
myc-=m;-h+2m, -h-m, ~l-cos( 2 ]

Beruncisis npou3BOAHBIE M yUUTBIBAS, YTO /1 = const, MOIy4uM
o _m [ nt?
myCZEmz-l-t-sm — s

it n2 2 nt?
— |+—m, -/-tcos| — |.
4 4

m')'IC:gmz -l-sin(
2 2

T
[-tcos| —
4

IMoncrasus 3nauenne MY ¢ B pasenctso (1), Haiinem 3aBrucuMocTs N = N(t):
L it
—m, -
4

o
N=P, +P,+—m, -/ -sin| —
1R 4

Otcrona nipu ¢ = 2 ¢ onpeenM UCKOMYIO BEJIMYMHY PEAaKIMM HAIpPaBIAIOMUX IUIUTH N =

211,7 H.
OtrBer: N=211,7 H.



3anaua 2. K BepTUKaIbHON MPAMOYTOJIBHOM MJIUTE MAacCcor m1 = 16 K ¢ TOMOIIbIO HEBECO-
Moro mapHupHoro crepxkast BD mmmnoit / = 0,5 m npukpenien rpy3 D maccoit m2 = 4 kr. [Inura nsu-
KETCsI 10 TOPU30HTATBHBIM HaNpaBIsSoUUM 0e3 TpeHus u rpu ¢ = 0 ee ckopocThb u = uo = 0.

B momenT Bpemenu ¢ = () cTepkeHb HaUMHAET BPALIaThCs B IJIOCKOCTH TUIUTHI BOKPYT TOUYKHU
B, v nnuna nyru s = AD u3MeHseTcs o 3aKOHY

-l 2
s=—(2-t
-t

rae s — B MeTpax, t — B CEKyHIax.
Onpenenuts CKOPOCTH TUINTHI U B MOMEHT BPEMEHH ¢ = 2 C.
V| LllllLLLLLLllddLde
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C —
19 D —————— 3
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K 3amaue 2.

Pemenne. PaccmarpruBaeM MeXaHHYECKYIO CUCTEMY, COCTOSIIYIO M3 IUIUTHI U TPY3a, U H300-
paxxaeM IEiCTBYIOIME HA HEe BHELIHME CHJIBI P1, P2 M peakumio N . ITokaxeM BEKTOp CKOPOCTH
TUTATHI U, IPEIOI0KHB, YTO TUTUTA ABMKETCS BIIPABO.

[TpoBoaum ocu xy. s ompeneneHus: # BOCHOJIb3yeMCsl TEOPEMOil 00 M3MEHEHUH KOJIUYe-
CTBA JBIKEHUS CUCTEMBI B AU depeHnnanbHon hopme

— =2k (1
VYyuteiBaeM, 4TO AJI1 paCCMaTPUBAEMON CUCTEMBI
N __ N, AD
Q=Q"+Q", (2)
A — —D o
e Q7 =mMU u Q =m, Vp — KonMdecTBa JBIKCHHS IUIUTHI H IPy3a COOTBET-

CTBEHHO.
Cocrasnss ypaBHenue (1) B mpoekuuu Ha OCh X, MOTYyUUM

d
(?tx :z lfx :PIX+PZX+NX :O
Orcrona, ¢ YUYE€TOM BBIPAXKCHUA (2), CJIEOYECT, 4TO
mi-ux+ ma2-Vox= C1. 3)
ﬂ.]'[?[ OMpeacICHUA NPOCKIMUH HAa OChb X CKOPOCTH I'py3a Vpx pacCMOTpUM ABHMIXXCHUC I'py3a KakK
CJIOKHOC, CUHTasA €ro ABMXXCHHUC 110 OTHOIMCHHUIO K IINIMTC OTHOCUTCIIBHBIM, a IBUXKCHUC CaMOM IIJIMTHI
— NEPCHOCHBIM.

Torma BekTOp cKopoctd rpy3a Vp =V, + Vor, e uncnenno Viep = u, a Vor =$. Tokaxem

BEKTOp 7, , HAIIPAaBHUB €TO MEPIEHANKYISIPHO BD B CTOPOHY IMOJIOKUTEILHOTO OTCYETA S UK @, U

OTPEICITUM TIPOCKIINIO BEKTOPA Vp HA OCh X, MONYYIUM VDx = ux —Vor sin @, T/ie 3HAYCHHUE Sin ¢ JaeT
paBeHCcTBO (3) U3 NpeabIAyLIeH 3a1a4u.
ITpu HaliieHHOM 3Ha4Y€HUH VDx, €CIIA y4eCTh, UTO Ux = U, &

.oml
VOT :S:?t



paBeHCTBO (3) MpUMeET BUT

n-t2

=C,. (4)

(m1+m2)u+m2%ltcos

[To mavanpabM ycnoBusiM ripu t = 0 u = 0, yto gaet C1 = 0, © OKOHUATENBHO U3 (4) HAXOIUM

m, n-/ n-t?
u=- tcos
m; +m, 2

DTOT pe3ynbTaT ONPEIEISIeT 3aBUCUMOCTD u OT . [lonaras 3aech 1= 2 ¢, HailieM BEJIMYUHY UC-
Komoi ckopoctu u = 0,314 m/c.

Otset: u = 0,314 M/c (CKOPOCTh HaMpPaBJICHA BIPABO).

3agaya 3. K miute Maccoil m1 = 16 Kr ¢ IOMOILBIO HEBECOMOI'O IAPHUPHOTO CTEPKHA BD
mmHol [ = 0,5 M mpukperieH rpy3 D maccoit mz.= 4 kr. BepTukanbHas npsiMOyroJjibHasi TUIMTa
BpaIaeTcss BOKPYT OCH z M B MOMEHT BpeMeHH ¢ = (), KOr/ia yIIIoBas CKOPOCTh IUTMTHI ® = o= 4 ¢!, Ha
Hee HAYMHAeT JICHCTBOBATh Bpamaronmii MoMmeHT M = kt; e k = 8 Hm/c. B 3TOT ')K¢ MOMEHT Bpe-
MEHU CTEepKEHb HAYMHAET BPAIllaThCs B INIOCKOCTH TUTMTHI BOKPYT TOYKH B, U AnuHa 1yru AD u3me-

m-l
HSIETCS 110 3aKOHY S= T(2—t2 ), TI€ § — B METPax, { — B CEKyHJaX.

Omnpenenuts o = f(t) — 3aBUCUMOCTB YITIOBOM CKOPOCTHU ILIUTHI OT BPEMEHHU.

V™

X

K 3amaue 3.
Pemenue. PaccMoTpruM MeXaHHYECKYIO CUCTEMY, COCTOSIIIYIO U3 IUIMTHI U Tpy3a D, u uzo0pa-
3UM JICUCTBYIOIME HA HEE BHEUIHUE CHUJIbL: CWJIBI TSDKECTH P, P, pEAKUUM Rg, Ry HNOAISATHUKA U

MOJIIMITHAKA ¥ Bpalaromuyid MOMeHT M. I1okakeM Ha pUCYHKE OCH X, ), Z: OCb ) JIEKUT B IJIOCKOCTH
IUTUTHL, @ OCh X ei mepneHuKysipHa. Mcnonb3yem TeopeMy 00 M3MEHEHUH KUHETHYECKOT0 MOMEHTa
CHUCTEMBI OTHOCUTEIBHO OCH Z:

dK., —e
T 2m, (F) (1)

3aMeTHM, UTO, TaK KaK CUIIBI P, P, MapajueibHbl OCH Z, 4 PEAKIIUM R U Ry OTY OCh IIEpe-

CEKaIOT, TO MOMEHTBI BCEX 3TUX CHJI OTHOCHTEIIBHO OCH Z PaBHBI HYJIIO, T.C.
—¢c
Y m,(Fk) =M =kt,
1 BeIpakenwue (1) mpumer Bua

dK
Z — kt. 2
i (2)
YMHO)as 00e 4aCTH 3TOro ypaBHEHUs Ha df 1 MHTErpUpYsl, MOIYUUM

kt*
K, = 7+ C,. (3)

z



st pacCMOTPEHHOM MEXAaHUYECKOM CUCTEMbl KHHETUYECKUA MOMEHT

Jubsd D

Kz - Kz +Kz ’ (4)
01
rac KZ nu — KHHCTHUYCCKHUEC MOMCHTBI OTHOCUTCIHbHO OCHU Z IIIIUTHI U rpy3a D COOTBCT-
CTBCHHO.
HOCKOHBKY IJINTa BpalaeTCsa BOKPYT OCH Z, TO
o
Kz - IZ(D (5 )
2
m,/
rac Iz = 3 + =~ MOMCHT UHECPIUUU INNIUTBI OTHOCHUTCIIBHO OCH Z.

Jlii onpeenieHust K ° pacCMOTPHUM JIBHKCHHE I'Py3a KaK CII0KHOE, CYUTAsA €70 JBUKCHHUE I10
OTHOIIIEHUIO K IJIUTE€ OTHOCUTEIBHBIM, a BPAILLIEHHUE IJIUTHI BOKPYT OCH Z — IEPEHOCHBIM JBHKCHUEM.

Torna \_/D =V +\_/OT.

nep
D = _ _
Kz - mz (m2VD) - mz (mZVOT) + mz (m2Vr1ep) (6)
CretoBaTenbHO, m  (m ,V,, ) = 0 » T.K. BEKTOpP VOT JIEKHT B OJHOH IIIOCKOCTHU C OCBIO z. Bek-

TOp Vriep HaMpaBlieH MEPHNEHAUKYISPHO TUIUTE (MPOTHBOIOJIOXHO OCU X), M MO MOIYIIO Viep =
®-DD1. Torma

mz (mZ\_/nep) = mZVnepDDl = mzm(DDl )2

Ha pucynka BuHO, 4TO

DD, =/cosp = IcosS = lcosn—l(2—t2) =/cos E—n—tz = lsinn—t2.
/ 4] 2 4 4
[ToncraBuB Bce HallZIeHHBIE BEIMYUHBI B PABEHCTBO (6), MOTYyYHUM
D 2 2 nt’ ’
K, =m,o(DD,)” =m,w-/ sinT _ (7)

1 o
3Has KZ u I@, HalijieM u3 paBeHcTBa (4) 3Hauenue Kz, u Torna ypasuenue (3) npuMeT B

2\? 2
1 . Tt 2 kt
—m;+m,|sin— | |/ oo=7+C1
WJIY, TIPU IIOJICTAHOBKE UCXOAHBIX JAaHHBIX 3aa4H,
2 \2
. Tt 2
0,25(5.,3+4 smT o =4t" +C,. (8)

[Tocrostnayto uHTErprpoBanus Ci ONpeIeTUM 10 HaYaIbHBIM YCIOBHUAM: TP £ =0 @ = @0 =
4 ¢!, momyuum C1 = 5,3. I1o ypaBHeHuo (8) HAXOAUM MCKOMYIO 3aBUCUMOCTb @ OT t .
O 5,3+4¢7
OrtBer: m_—mz .
1,325 +sin’ u

IIpumeuanue. M3 momy4eHHOTo pe3yinbTaTa MOKHO HAWTH U 3HAUEHHUE M1 TIPU ¢ = 11.

Onnaxko, ecnu 1o ycioBusiM 3agaun M = 0, To ypaBHenue (2) na€t Kz = const, u Torna o040
MIpOoIIe He UCKaTh 3aBUCUMOCTH () B 00IIIEM BUJIE, a CHaYaIa OMpeAeNuTh MooxkeHue rpysa D (T.e.
Yroi o) mpu ¢ = 0 M BEIYMCIIUTB 3HAYCHHE K, TIPH ¢ = ¢, U 0=, C IIOMOIIBIO PABEHCTB, aHAIIO-

ruyHbIX (3)—(6); 3aTeM OnpeaenuTh MOJOXKEHHUE Tpy3a (YTosl 1) MpH ¢ = {1 U TeM Ke MyTEM HailTu

k 1mpu Q=@ u 0O=0)

Z]



T
Tak, ecnu B paccMOTpeHHOM npumepe npuHaTh M =0, To mpu t = 0 @o = E nDD1=0, a

Hth=t1=2C(p1=—§ u DD =0.

Tornma
Kzo = (%mllz +m20j(x)0;

4
K, = gmllz tmy0 | ),

3HaueHHE M1 HaxXo4UuTCs U3 paBCHCTBA KZI = KZO .

3angaua 4. ['py3 maccoii m= 2 Kr, OpOImIeHHBIN CO CKOPOCTRIO Vo= 20 M/C U3 IyHKTa A, HaXo-
nsmuiics Ha BeicoTe h = 5 M, umeer B Touke majeHus C ckopocTh vi = 16m/c. Onpenenuts, yemy
paBHa paboTa JASHUCTBYIOIICH Ha TPY3 MIPH €0 IBUKCHUU CHIIBI COMTPOTHBIICHHS BO3Iyxa R .

K 3anmaue 4.
Pemenue. Ha rpy3 npu ero ABMKEHUH IEUCTBYIOT CHJIa TSKECTH P UM cujia CONPOTHUBIIEHUSA
Bo3myxa R . Ilo TeopeMe 06 M3MEHEHMU KMHETHYECKOM SHEPTUH, CUUTas IPy3 MaTepHaIbHOM TOY-
KOM, UMeeM

mVi/2-m,:/2=A(P)+A(R).
W3 3TOr0 paBeHCTBa, yUUTHIBAs, YTO
A(P )= Ph=mgh,
Haxoanum

A(R)Y=mV{ /12 -my: /2 - mgh =- 242 Jlx

Otser: 4 (R ) =-242 Ix

3agaya 5. MexaHuueckas CUCTEMA COCTOUT U3 CIUIOIIHOTO IMJIMHIPUYECKOro KaTka 1, cTy-
MIEHYaTOro MIKKUBa 2 ¢ paguycamu cryneneit R2=0,2 m u r2= 0,1 M (Macca mK1UBa paBHOMEPHO pac-
TpeJiesieHa 1o ero BHenrHeMy 000/1y) u rpy3a 3 (ko3 pumueHT TpeHus rpy3a o INIOCKOCTh PaBeH f=
0,1). Maccsl Ten mi1 =4 kr; m2= 10 xr; m3= 2 kr. Tena cucTeMbl COeIMHEHbI PYT C JPYTOM HUTIMH,
HaMOTAaHHBIMH Ha IIKUB 2.

[Ton neiictBuem cunbl F' =2 (1 + 2S) H, 3aBucsieit ot nepemenieHus S TOUKH €€ MPUITOKe-
HUS, CUCTEMa MPUXOIUT B JABMIKEHUE U3 COCTOSTHUS TOKOs. [Ipu NBM)KEHMHM HA MIKUB 2 JEHCTBYET
OoCTOSIHHBIN MOMeHT M2 0,6 Hm cun conpotunenus. Onpenenuts CKOpOCTh Ve IeHTpa Mace KaTka,

korma S=S1=1mM.
Pemenue. PaccMOTpuM JBM)KEHUME HEM3MEHSEMOW MEXAHUYECKOW CHCTEMBI, COCTOSIIEH U3

Ten 1, 2, 3, COeIMHEHHBIX HUTSAMU. M306pa3uM Bce NEHCTBYIONIME HA CUCTEMY BHEIIHHME CUIIBI: aK-
TUBHBIC F, P,, P,, P,, MOMCHT CONPOTHBICHUS M2, peakuuu N,, N,, N, U CHIIBI TPEHUS F, U Fy .



K 3agaue 5.
Jlnia onpenenenus Vci BOCHoib3yeMcsl TEOpEMOi 00 N3MEHEHUH KMHETUYECKOM SHEPTuu CH-
CTEMBI:

T—To=YA\. (1)
Omnpenensem To u 7. Tak kak B HaYaJIbHBIH MOMEHT CHCTEMa HaXoauiack B mokoe, To 7o = 0.
Benmuuuna 7 paBHa CymMMe SHEPTUi BCEX TEJI CUCTEMBI:
T=T1+T1T+Ts. (2)
YuuteiBas, 4To TeNO | ABMIKETCS MIIOCKOIMAPAUIENbHO, TENO 3 — MOCTYyNaTelbHO, a TeIo 2
BpaIIaeTCsi BOKPYT HEMOABUKHOM OCH, TOJIYyYUM

2 2 2
mVe o msV;
| = + ; T, = ; h=—1—. 3)
2 2 2 2
Bce Bxomsmmue croga CKOpOCTH ClIeyeT BbIpa3uTh yepe3 UCKOMYIO V. IIpuHsAB BO BHUMaHueE,
9TO TOYKa K1 — MTHOBEHHBI! LIEHTP CKOpocTell KaTKa |, 1 0003Ha4YMB pauyc KaTKa 4epes 71, HOITyIUM

V. V. 14 R
©, = 4=, 2 = <, Vi=0,R, =V, —* “4)

K.C % r "r

1~1 1 2 2

Kpome Toro, Bxozsiue B ypaBHeHHE (3) MOMEHTBI UHEPIIUU UMEIOT 3HAYCHUS
Ic; =0,5mi1-+2; L =m2r2. %)

[TonacraBuB Bce BemuuuHbI (4) 1 (5) B paBeHCTBa (3), TOJYYHMM KHHETUYECKYIO DHEPTHIO CH-
CTEMBIL:
3 1 R} 1 R;
T=|Zm+—m,—2+—m,—2 V2 =27V} : (6)
4 1 2 2 2 2 3 2 C Cy
7 r
Haiiném cymmy pabot Bcex OEHCTBYIOIIMX BHEUIHMX CHJI MPU TOM NEPEMELICHUH, KOTOPOe
Oyzaer uMeTh cucrteMa, koraa Touka C1 mpoiaer myTh Si, A1 Yero yureM, 4TO 3/1eCh 3aBUCUMOCTh
MEX]y TepeMenIeHusIMHU OyeT TaKoH ke, KaK U MEXJly COOTBETCTBYIOLIMMHU CKOPOCTSIMU B paBEH-
cTBax (4), T.c.

S R
? =1, S =Sl_2'

) L
B pesynbTare nomyunm



L — S
A(F) = [ 2(1+2S)dS = 2(S, +S?);
0

L X S
A(P)=PS;sin60° AM,)=-M,¢p, =-M, —1;
1Y)

L5 . R, .
A(P;) =—P;S;5in30° =-P;S, r—zsm 30°;
2
TP TP R,
AE ") =-E"S, =fN,S, =—fP,cos3(0°S, —=
I-2
PabGota ocranbHBIX CHII paBHa HYJIIO, TaK Kak Touka Ki — MTHOBEHHBIH IIEHTP CKOPOCTEH,

To4ka O HEeNOIBUKHA, @ pEaKIus N, NEPIEeHANKYJIpHA NepeMelleHunto rpy3a 3. Torna OKoHYaTeIbHO

e .o S R
XA =25+ 512) +PS;sin60° - M, r—l— P;S, r_2 (sin 30° + fcos 30°).  (7)
2 2
C y4eToM 3HaYCHUIA 3aIaHHBIX BEJMUHMH TTOJYIUM BEINYHNHY paboT BCEX CHIT:

S A} =8,96 (8)

[ToncraBuB BeipakeHus (6) u (8) B ypaBHenue (1) u yunutbiBas, uro 7o = 0, moxyanm

2
27- V¢, =8,9.

OTcro1a HaXOJMM UCKOMYIO CKOPOCTb.
Otser: Ve, = 0,58 m/c.

BOl'[pOCl)I U 3aJaHUA NJd CAMOKOHTPOJISA

1. [aiiTe onpeneneHue MEXaHUYECKOM CUCTEMBI.

2. Kakumu cBoiicTBamMu 0071a/1at10T BHYTPEHHHUE CHIIBI B MEXaHUYECKOU cucteme?

3. B uem oTinune MeXy LICHTPOM MAacc U LIEHTPOM TSKECTU MEXaHUYECKON CUCTEMBI?

4. Ognopoansiii tuck paauyca R = 0,5M, Macca koToporo m=20Kr, BpaaeTcsi ¢ TOCTOSIHHBIM
YIIOBEIM yckopeHueM € = 10 ¢, Onpeneauts MOLy b TIABHOTO BEKTOPA BHELIHUX CUII, JEHCTBYIO-
umx Ha auck. (Otset: R° =0 H)

5. KpuBommn 1 mapHUpHOro napajjienorpaMmma BpalaeTcs paBHOMEPHO C YTJIIOBOUM CKOPO-
cthio ®1 = 5 ¢!, Onpenenure MOyIb TIABHOTO BEKTOPA BHELIHMX CUII, AEHCTBYIOIMX HA 3BEHO 2,
eciu ero macca m = 8 kr, imuHa OA4 = 0,4 m. (OtBeT: R° = 80 H)

7,

K 3ananuto 4 K 3apanuto 5
6. [laiiTe onpeneneHne KOJIMUECTBA IBUKEHHUSI MEXAaHUUECKOM CHUCTEMBI.
7. YTo Ha3bIBAIOT UMITYJIBCOM CHJIBI?
8. CchopmynupyiiTe 3aKOH COXpaHEHHS KOJTMYECTBA ABMKCHUS MEXaHHUECKON CHCTEMBbI
9. Moyib OCTOSHHOM MO HANPABIEHUIO CUJIBI M3MEHsAeTcs Mo 3akoHy F = 5+9/. Haiitu
MOJ1YJIb UMITYJIbCA STOW CHIIBI 32 POMEXKYTOK BpeMEHU T =12 - t1, Tae 2 =2 ¢, t1 = 0. (OtBet: S = 34
Hc)



10. lxus 1 pamuyca R = 0,4 M, Bpamasch ¢ YIJIOBOH CKOPOCTBIO ®=2,5 ¢!, mogHMMaeT rpy3
2 maccoit m = 10 xr. Onpeaenute MoyJib KOJIUUECTBA JBMKEHUs rpy3a. (OtBet: mv = 10 Kr m/c)

A ] U
! /!
(73]
0 _ 300
7 7
K 3amaguro 10 K 3amaguio 11 K 3amanuro 12

11. 3Beno 1 munoit OA4 = 1 M mwapHupHoro napaienorpamma O4BO1 Bpaaercs ¢ yriloBou
ckopocThio ® = 20 ¢!, Onpenenute MoyIb KOIMYECTBA JBUKEHHS MEXAHU3MA B YKA3aHHOM IOJIO-
KeHUU. 3BeHbs 1, 2 U 3 cuuTaTh OAHOPOJAHBIMU CTEPKHSIMHM, MAaCChl KOTOPBIX M1 = m2 = m3 = 4 KI.
(OtBet: Q = 160 kr m/c)

12. Teny, KOTOpOE CKOJB3UT MO TIaJKHUM HAKJIOHHBIM HAIMPABISIOMIUM, COOOUTMIN HaYalb-
HYIO CKOPOCTh Vo= 4 M/c. Omnpeienure, 4epe3 Kakoe BpeMs TEJIO JOCTUTHET MaKCUMaTbHON BBICOTHI
noawsema. (Otsert: £ = 0,815 ¢)

13. Onpenenute MOMEHT UHEPIIUU OJTHOPOHOTO TUCKA OTHOCUTEIHHO OCH, KacaloUIehcs ero
000/1a ¥ pacnoNIOKEHHOU MepNeHANKYIISIPHO MIOCKOCTH Arcka. Macca nucka m = 1 Kr, ero paguyc
R=0,2 m. (OtBer: Ix = 0,06 kr-m?)

14. Onpenenute MOMEHT MHEPIIUU TOHKOH OJHOPOJIHOU MPSMOYTOJBHOM IIJIACTUHBI MacCOM
m = 3 Kr oTHOCUTeNbHO ocu Ox, ecnu pazmepsl /1 = 0,4 M, /2= 0,2 m. (OtBet: Ix = 0,17 KT-M2)

15. MarepuanbHas Touka M maccoii m = 0,5 KT IBUKETCS CO CKOPOCTBIO V =2 M/C TIO TIPSIMOI
AB. Onpenenute MOMEHT KOJTMYECTBA IBMXKEHUS TOUKH OTHOCUTENFHO Havajia KOOPAHHAT, €CIIH pac-
crosaue OA = 1 m u yron a. = 30°. (Otser: 0,5 kr M%/c)

2 , vl
i ’ 8

4 o
X 0 R A X
K 3amanuro 14 K 3amaguio 15 K 3amanuro 16

16. OnHOpOAHBIH CTePKEHD JUTMHOM [ = 1 M 1 Maccoil m = 6 KT BpaIaeTcsl ¢ yTIOBOH CKOPO-

ctbio ® = 10 ¢!, Onpeennte KMHETHYECKUI MOMEHT CTEpsKHS OTHOCUTEIbHO HenTpa O. (Otset: Ko
=20 xr M%/c)

17. MatepuanbsHas To4ka Maccoit m = 0,5 Kr IBUKETCA [0 3aKOHY 7 = 20 + (4t_ >4 5)]_

<

051,
)
Y

Onpenenure MOMEHT PAaBHOAECHCTBYIONIEH BCEX NPUIIOKEHHBIX K 3TOH TOYKE CHUJ OTHOCHUTEIBHO
Havana koopauHat O. (OtBeT: Mo = 8 H M)

18. Tpy6ka Bparaercst BOKpYT BepTHKajibHOM ocu Oz, ee MOMeHT uHeptuu I, = 0,075 kr-m>,
ITo TpyOke mox neficTBHEM BHYTPEHHHUX CHJI CUCTEMBI IBHKeTCs mapuk M maccoit m = 0,1 xr. Korma
mIapuK HaxoguTcs Ha ocu Oz, yrioBas CKOpocTh wo = 4 paa/c. Ilpu kakoMm paccrostHuu / yriopas
ckopocTs paBHa 3 ¢'? (Otset: [ = 0,5 M)

19. I'py3 maccoit m = 0,4 xr noaBenieH Ha HUTH JuyrHOU [ = 1 M. Kakyro paboty coBepmiaer
CWJIa TSDKECTU T'py3a IIPH IEPEMEILIEHUH €T0 B BEPTUKAJIBHOM MJIOCKOCTHU U3 MOJIOKEHUS 2 B ITOJIOXKE-

nue 1? (OtBeT: 4 =-3,92 JIk)



20. Ha Touky 4 kpuBOIIMIA, KOTOPBIK BpalIa€TCsl BOKPYT TOPU30HTAIBHOM ocH O, IEHCTBYET
B BEPTHKaIbHOM miockocTu cuiia £ = 100 H. Onpeznenire MOIHOCTL CHIIb ', €CIIU CKOPOCTh 7,

touku 4 paBaa 4 m/c. (OtBet: N =200 BT)
21. Tpy6ka 1 BpamiaeTcs paBHOMEPHO C YIJIOBOH CKOpPOCThIO ® = 2 ¢! Bokpyr ocu AB.
BuyTpu TpyOku nBuxkercs mapuk 2 maccoit ma= 0,5 kr. Onpeaenure KUHETUYECKYIO SHEPTHUIO 11a-

pUKa B MOMEHT, KOT/Ia OH, HAXOJsCh Ha paccTossHud [ = 0,5M OT OCH, IMEeT OTHOCHTEIBHYIO CKO-
poctb vr = 0,2 M/c.(OtBet: 7= 0,26 [Ix)

% 1
-
- 0
2
2 Ua A
K 3amanuro 19. K 3amanuro 20. K 3amaguro 21.

22. MarepuainbHas Touka M Maccoi m IBUKETCS TOJI IEUCTBUEM CHUIIBI TSXKECTH IO BHYTPEH-
HEW MOBEPXHOCTH MOJyHWInHApa paguyca r = 0,2 M. Onpenenure CKoOpoCcTh MaTepUaIbHON TOUKHU B
TOYKE B MOBEPXHOCTH, €CIIH €€ CKOPOCTh B TOUKe A paBHa Hyi0. (OTBeT: vB= 1,98 M/c)

23. I1o TOpu30HTATBHOM IIOCKOCTH ABUKETCS TEIO MacCoi m = 2 KT, KOTOPOMY ObLTa c000-
IIeHa HaYallbHasl CKOPOCTh Vo = 4 M/c. [0 OCTaHOBKH TEJO MPOILIO My Th, paBHEIA 16 M. Onpenenure

MOJYJIb CUJIbl TPEHUS CKOJIbKEHUS FTP MEXIy TeNOM U mIocKocThio. (OtBeT: Frp = 1 H)

24. luck maccort m = 2 Kr paamyca r = 1 M KaTUTCS 1O IJIOCKOCTH, €0 MOMEHT UHEPIIUU
OTHOCHUTENILHO OCH, Mpoxoasiiei yepe3 1neHTp C nepneHauKyIsIpHO MIOCKOCTH PUCYHKa, Ic = 2 KT
M2. OnpeienuTe KHHETUYECKYIO YHEPIHIO JUCKAa B MOMEHT BPEMEHH, KOT/IA CKOPOCTh €TI0 HIEHTPA VC
=1 m/c. (OtBeT: T =2 JIx)

K 3amanuro 22. K 3amanuro 23. K 3amanuro 24
10. AHAJITUTHYECKAA MEeXaHHKA

[Tpunuun Janaméepa aJisi cucTeMbl: €CIIU B JTF0O0OH MOMEHT BPEMEHH K Ka)KJOM M3 TOUEK
CHUCTEMBI KpOME BHEIIHUX U BHYTPEHHUX CWJI IPUCOEAVNHUTH COOTBETCTBYIOLIUE CUIIBI HHEPLIUU, TO
MOJIyYeHHas cucTeMa cuil OyJIeT ypaBHOBEILICHHOMN

FrtR+r =0,

Hpunnun Janambéepa ajsi MaTepuaaIbHOH TOYKH.

F*+R+F"=0,

BekTopHYyI0 BemuuHy F “, paBHYIO 1O MOJYJIFO TIPOM3BEIEHHUIO MACCHl TOUKU HA €€ YCKO-

pEHUE U HAIIPaBJICHHYIO IIPOTUBOIIOIOKHO 3TOMY YCKOPEHHMIO, HA3bIBAIOT CUIION UHEPLIMY TOYKH.

—ma=F"



['maBHBIN BEKTOP CHJI MHEPLIMU MEXaHUYECKOM CUCTEMBI (B YACTHOCTH, TBEPJIOTO Teja) PaBeH
MIPOU3BECHUIO MACChl CUCTEMBI (T€Ja) HAa YCKOPEHUE [IEHTPa MacC U HAIPaBJICH MIPOTHBOIIOIOKHO
3TOMY YCKOPEHHIO.

R “=-m ac
I'maBHEI MOMEHT CUJI HHCPpIUH MEXaHUYECKON CUCTEMEI (TBep)IOFO TCJ'Ia) OTHOCHUTECJIIbBHO HE-

KoToporo neHtpa O WK OCH Z paBeH, B34TOH, CO 3HAKOM MUHYC ITPOU3BOJHON 110 BpEMEHU OT KHHE-
TUYECKOTO MOMEHTA CUCTEMBI (TeJla) OTHOCUTEIBHO TOTO K€ IIEHTpa WJIK TOU ke OCH. T. €.

dK, M= dKZ’
dt dt

IIpu mocTynaresbHOM IBUKEHMM CUJIBI MHEPLUH TBEPIOIO Tella NMPUBOLATCSA K PaBHOACH-
CTBYIONLIEH MPOXOIAIICH Yepe3 UEHTP Macc Tesla
Ru= -m ac
[Ipu BpaieHue Tena BOKpYT OCH, IPOXOASILEH Yepes LIEHTP Macce Tea. CUCTEMA CUJI UHEPLUHU
TCJa HpI/IBOILI/ITCﬂ K OI[HOﬁ TOJBKO nape C MOMCHTOM

A7 U= =
M

Ml =—Jczre.

HpI/I TIOCKOIIapaJUICIIbHOM ABUXXCHHUM TCJIa CUCTEMA CUJI HHCPIHUHU TCJIa ITPUBCACTCA K CHIIC,

MPUIIOKEHHOM B 1IeHTpe Macce C Tena, U mape Cuil
R'=-mAc;p v =—Jcre.

IIpuHIMN BO3MOKHBIX NlepeMelleH Il 111 paBHOBECHUSI MEXaHUYECKOW CCTEMBI C H1ealb-
HBIMH CBSI3SIMH HEOOXOIUMO U JOCTATOYHO, YTOOBI CyMMa DJIEMEHTaPHBIX Pa0OT BCEX ACHCTBYIONINX
Ha Hee aKTHBHBIX CHUJI P JIF0OOM BO3MOKHOM MEPEMEIICHUN CUCTEMbI ObLIa paBHa HYJIIO.

28.4:=0,

Bo03MOXHBIM ITepeMeIeHneM MEXaHHUeCKOH CUCTEMBI HAa3hIBAIOT BOOOPAKAEMYIO COBOKYTI-
HOCTb 3JIEMEHTAPHBIX MEPEMEIICHUN TOYEK ITON CHCTEMBI, KOTOPbIE OMYCKAIOTCSI BCEMH HATOXKEH-
HBIMU Ha CUCTEMY CBA3SIMMH.

W neanbHbIME Ha3bIBAIOTCS CBSI3U, JIJISI KOTOPBIX CyMMa 3JIEMEHTapHBIX pa0oT UX peakiuil Ha
J1000M BO3MOKHOM TEPEMEIIEHUN CUCTEMbI pPaBHA HYJIIO

5 A, =Y Ri-8r, =0.
O06001IeHHBIE KOOP/IMHATHI - HE3aBUCUMBIE MEXKIy COO0H MmapaMeTpsl JIF0OOH pa3MEpPHOCTH,
YHUCIIO KOTOPBIX PABHO YUCITY CTENEHEH CBOOOIBI CUCTEMBI U KOTOPHIE OJTHO3HAYHO OMPECIISIOT €€
MTOJI0KEHUE
q1, g2, ..., gs.
[TpounzBoaHBEIE OT 000OIIEHHBIX KOOPIWHAT MO BPEMEHHU HA3bIBAIOTCS 000OIIEHHBIMU CKOPO-
CTSAMU CUCTEMBEIL.

G,sGys - 9s-
Pa3sMepHOCTh 0000IIIEHHON CKOPOCTH 3aBUCUT OT Pa3MEPHOCTH COOTBETCTBYIOIIEH 0000IICH-
HOW KOOPJMHATHI.
Benuunny (1 Ha3pIBaroT 0000IIEHHOM CHIION, COOTBETCTBYIOIIEH KoopauHate ¢1. O6001meH-
HYIO CHITY ONIPEIEIISIOT 110 opMyIie
204,

- dq,

0,

OO0u1ee ypaBHeHHe TNHAMUKH.
20 44+28 4:=0
IIpU IBUKCHUN MEXaHUYECKON CUCTEMBI C nacaJibHbIMU CBA35MU B Ka)KI[BIﬁ MOMCHT BpEMCHU
CyMMa 3JICMCHTAPHBIX pa60T BCCX IMPUIIOKCHHBIX AKTUBHBIX CHUJI U BCCX CHUJI MHCPLUHU HaA JIFO00OM
BO3MOXXHOM IICPEMCIICHUN CUCTCMbI 6y,Z[CT paBHa HYJIIO.



YpaBuenus Jlarpan:xka vnu nuddepeHnuanbHble YpaBHEHUS JBWKEHUS CUCTEMBI B 0000-
IICHHLIX KOOpAWHATAX.

d(oT | oT
dt\ 04, aq,
TJIe i - YMCIIO CTEMEHEH CBOGOIBI CUCTEMBI,
T — KAHETHYECKAst SHEPTHS CUCTEMBI

0,

3agaum 115l CAMOCTOSITEJILHOTO PeleHust

3agauya 10.1. MarepuanbHas Touka Maccoil m = 2 KI' CKOJIb3UT IO HEIJIaJJKON TOpU30HTab-
HOM 1uiocKocTH nof aeiictBueM cuibl £ = 10 H, cocraBnstomeit yromn o = 30° ¢ rOpu30HTaIbHON
TUIOCKOCTHI0. ONpeIeNuTh YCKOPEHNEe MaTepHaIbHON TOUKH, eciii K03()(DUIIMEHT TpeHUsT CKOJIbKe-
Hus f=0,1.

Otset: a = 3,6 m/c?

3angaua 10.2. I'py3 maccoif m = 60 Kr moJBeIlIeH Ha HUTH, KOTOpasi HamMaThIBaeTcsl Ha Oapa-
6aH, BPAIAIONIHIICS COrIacHo ypaBHeHHIO ¢ = 0,61°. ONpeenuTh HATsSKeHUe KaHaTa, ECITH PauycC
Oapabana R = 0,4 m.

OtBet: T=617H

3agaya 10.3. MarepuanbHas Touka Maccoi m = 10 K IBHIKETCS IO OKPY’KHOCTH paauyca r
=3 M COIJIaCHO 3aKOHY JBMKEHHS s = 4¢°. OnpeaenuTe MOy b CHIIbl HHEPLMH MAaTepUAIbHON TOUKH
B MOMEHT BpeMeHu ¢ = 1 c.

Otsert: F"=537H

3anaua 10.4. bapaban 1 paguyca » = 20 cM noz AeHCTBUEM Mapbl CUI ¢ MOMEHTOM M Bpa-
IaeTCs C OCTOSHHBIM YIJIOBBIM YCKOpEHHEM € = 2 ¢ 2. OnpeieanTe Moy b peakiuy B maphupe O,
eci Ko PUITMEHT TpeHUs CKOJBXEHUs Tea 2 1o miockocTH f = 0,1, a Macca rpy3a 2 paBHa 4 K.
Maccoii 6apabaHna npeHeOpeb.

OtBer: Ro=5,25H

4

n
mg
K 3agaue 10.2 K 3agaue 10.3 K 3agaue 10.4
3agaya 10.5.0npegenute yrioBoe yCKOpEHUE OJJHOPOIHOTO TOHKOTO AucKa paauyca R = 0,6

M, Maccoi 4 Kr, BpallalOLIErocsi BOKPYTI BEPTUKAJIbHON ocH Az oA eicTBuEM MOoMeHTa Mz = 1,8
Hwm

—

OtBer: € =2,5¢7.

3agaua 10.6. Onpenenure yrioBoe yCKOPEHHE BpalleHUsi BOKPYTr ocu Oz OZHOPOIHOIO
CTEp>KHA. Maccoil m = 3 Kr u JynHoM / = 2 M. Ha cTepeHb AeHCTByeT mapa Cuil ¢ MOMEHTOM Mz = 2
H-wMm.

Otset: € =0,5 ¢



.

yM,

2,

AV
K 3amaue 10.5 K 3amaue 10.6
3apaua 10.7. Teno maccoit m = 10 Kr IBWXKETCS MOCTYyNATEIHHO MO TOPU3OHTAIIBHOMN IJIOC-
koctu. Kakyias Touka Tena JBUKETCS 10 OKPYKHOCTH paauyca R = 0,5 M ¢ TOCTOSTHHOM CKOPOCTBIO
1,5 m/c. OnpeaenuTs MOAYb TOPU3OHTAILHOW COCTABIISIONICH TJIABHOTO BEKTOpPA BHEIIHUX CHII,
NEHCTBYIONINX Ha TEIO.

Otser: RS =45H.

3agauya 10.8. Beprukanbnsiii HeBecomblit Bast AK (puc.8.1-8.10), Bpamaromuiicsi ¢ HocTOsH-
HOI YIII0BOI CKOPOCTBIO ® = 5 ¢!, 3aKperieH MOANATHUKOM B TOUKe 4 M HUIMHAPHIECKMM MOJI-
UIMITHAKOM B TOYKE, YKa3aHHOW B cTonbue 2 1abn. 8§ (4B = BD = DE = EK = a = 1 m). K Bany
KECTKO MPUKPEIUIEHbI HEBECOMBIN cTepxeHb | nmuHoi /1 = 0,8 M ¢ ToueuyHol maccoii m1 = 6 Kr Ha
KOHIIe U Teso 2 Maccoit mz2 = 10 kr ¢ nentpom macc C. Teno 2 umeet GpopMy CILIOLIHOTO OJJHOPO/I-
HOTO TOHKOTO aucka (puc.8.1, 8.2, 8.5, 8.6); cruioniHoi TOHKOW KBaJpaTHOW IJIAaCTUHBI (puc. 8.3,
8.4); onHOpPOHOTrO TOHKOrO Kousbla (puc. 8.7, 8.8); OAHOPOAHOTO TOPU3OHTAIBHOTO CTEPXKHS (pHUC.
8.9, 8.10). Touka kperieHus cTepkHs | U ypOBEHb KpeIUieHUs Tena 2 yKazaHbl B cToyionax 3 u 4
Tabi. 8. Yroa HakioHa o cTepkHs 1 — B crosdne 5, paccrosiHue b ot nenrpa mace C tena 2 10 ocu
Bajia — B cToJ01e 6. OnpenenuTs BEINYMHBI PEAKIUH MOAMSITHUKA U MOALIINITHHUKA.

Vkazanus. [Ipu pemenun 3a1aun ciaeryer NpUHATh, yTo HeHTp Macc C Tena 2 U cTepKeHb 1
JeXaT B IJIOCKOCTU uepTeka. Takke clieyeT Yy4YecTb, YTO KOTJa CHJIbl MHEPLUHM YacTHIl Tesa 2

o pE
UMEIOT paBHOAEHCTBYoIy0 R | To uncinenno R = m ac, rae ac — ycxopenne nentpa macce C tena
2.
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Tabmuia 8

Touka
Touka Touxka kperuie{  Yroua
Homep Kperuie-
Bapi- YCTaHOBKH = Hus Tena 2 | HaxioHa |Paccros-
ITOILINII- (YpOBEHb LIEH-| CTEPKHS 0., | HHE b, M
aHTa CTEPIKHS
HUKa 1 tpa C) I'pan
1 2 3 4 5 6
1 B D K 30 0,1
2 D B E 45 0,2
3 E D B 60 0,3
4 K D E 75 0,1
5 B E D 90 0,2
6 D K B 30 0,3
7 E B K 45 0,1
8 K E B 60 0,2
9 D E K 75 0,3
10 E K D 90 0,2

3angaua 10.9. Onpenenure OTHOIIEHNUE MEX/y BO3MOKHBIMU IIEPEMELICHUIMHU OSA TOUKU A
kpuBommuna OA u dsc Touku C monsyHa, eciu JnuHbl OB = AB.

Ortsert: 2

3agaua 10.10. OnpenenuTe OTHOIIEHUE MEXKTy BO3MOKHBIMU ITEPEMELICHUSMU OSB TOUKH B
Oapabana 1 u 0s2 rpy3a 2 nuddepeHImanbHOro BOpoTa, eciu paanycsl R = 22 = 20 cm.

Ortser: 4

3agaua 10.11. Onpenenure MOMEHT M mapsl CHII, KOTOPBIA HEOOXOMMO MPHIIOKUTH K Oapa-
Oany 2 paauyca r = 20 cM 1u1s paBHOMEpHOTO noabeMa rpysa 1 Becom 200 H.

OtBer: M =20 Hm
R r

A o5 b5y !

) N

0 30°, £ ds,
- w05, Z

K 3aganuro 10.9 K 3aganuro 10.10 K 3manuro 10.11

3apaua 10.12. Haiitu npogonbHOoe ycunue S B CToike AB mpu3abOWHON Kpemu Mo JCH-
CTBHEM cuJl TopHoro nasienus g1 = 40 kH/m u g2 = 20 kH/m ¢ yueTom Beca croiiku G = 6 kH, mpu-
JIO3KEHHOTO B Touke C.

Orer: §=163,76 kH

3angaua 10.13. ApouyHas Kpenb HaXOAMUTCS MO/ JECUCTBUEM BEPTHUKAIBHOTO TOPHOIO JIaBJie-
Hus g1 = 80 kH/m. OrnpenennTs HHTEHCUBHOCTD @2 OTIIOpa OOKOBBIX TOPHBIX MTOPOI.

OtBert: g2 = 60 kH/m




NEEENINSZ

K 3amaue 10.12 K 3amaue 10.13
3agaua 10.14. Onpenenuts peakuuu B mapHupax 4 U B TpanenueBUIHON Kpenu noj aeil-
cTtBUeM cuil ropHoro aasnenus F'=200 kH u Q = 160 xH.
Otet: Xa =-XB=-62,5kH; Ya =YB =100 xH.
3agauya 10.15. Onpenenuts ycumnue S1 B iepenHeit croiike 1 mpuzaboitHON Kpemnu moj aeil-
ctBueM cuii ropHoro gasierus Q1 = 150 kH u 02 = 80 kH; /ac=0,5 /aB.
Otset: S1=9,23 xH

K 3amaue 10.14 K 3amaue 10.15
3anaua 10.16. /IBa rpy3a, Macchl KOTOPBIX m1= m3 = 2 KT, COEJUHEHBI MKy COOO HUTHIO,
nepeOpoIIeHHOH uepe3 070K 2, Maccoil KOTOPOTo MOXKHO IIpeHeOpeys. OnpeaenuTe yCKOpeHue rpy-
30B, €CITH KOXPPHUIMEHT TPEHHUSI CKOIBKEHUS MEXAY Tpy3oM 1 u miockocthio f = 0,1.
OtBet: a = 4,41m/c?
3agaua 10.17. Tena 1 u 2 - onHOPOAHBIE AMCKH, MACChl U PAJANYChl KOTOPBIX OJIMHAKOBBI.
Omnpenenute yCKOpeHUe Temna 3, eclid ero Macca m3=ma= mi.
OtBer: a3 = 4,36 M/c?
3agaua 10.18. OgHOopoaHBIN cTepx)eHb AauHON / = 3 M u Maccoit m = 30 Kr Bpamiaercs B
BEPTUKAIBHOU TIOCKOCTH. OmnpenenuTe 0000IEeHHYI0 CHTY, COOTBETCTBYIOIIYI0 0000IIEHHON KO-
OpIMHATE (), B MOMEHT BPEMEHH, KOT1a yrou ¢ = 45°.
Otset: Q =-312 kH
1

3! .
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7

K 3amanuro 10.16 K 3amagurio 10.17 K 3anaHH}6 10.18



3agauya 10.19. Onpenenute yriioBoe yCKOpeHUEe AUCKa I, ecam Ha Hero AEHMCTBYET Mapa CHII
¢ moMeHToM M = 0,4 HM. Maccsl u paguycbl OqHOPOIHBIX IUCKOB 1 1 2 oguHakoBel: m = 10 kr, r =
0,2M.

Otser: £ = 1¢?

3apaua 10.20. Onpenenure yrioBoe yCKOPEHUE KaTKa 2, KaTAMIETOCs 0€3 CKOMBKEHUS, €CITN
Ha O7ok 1 neiicTByet mapa cuit ¢ MomeHToM M = 0,6 HM. KaTok 2 cuutath 0THOPOAHBIM UIUHAPOM
Maccoit m =4 kr u paguycom r = 0,5 M.

OtBer: £2=0,4 ¢

ge

(1N
17

K 3amanuro 10.19 K 3amanuro 10.20

3agauya 10.21. Mexanuueckas cUCTeMa COCTOUT U3 CTYNIEHYAThIX IKUBOB | U 2 ¢ paguycamu
crynerei R1 =R, r1 = 0,4R; R2 = R, r2» = 0,8 R (Maccy KaXJ10ro IIKHBa CYMUTATh pABHOMEPHO pacrpe-
JICJICHHOM TI0 €T0 BHEIIHEMY 000.1y); TPy30B 3, 4 U CIUIOIIHOTO OJHOPOJIHOTO IUIUHAPUIECKOTO
KaTka 5. Bec kax/10ro Tesa cOOTBETCTBEHHO yKa3aH B Tabi. 9 (ctonbipsl 2—6). Tena cucteMsl coeau-
HEHbI HUTSIMU, HAMOTAHHBIMH Ha IIKUBBI; yUYAaCTKH HUTEH NapasuieIbHbl COOTBETCTBYIOINM IJIOCKO-
CTSIM. I'py3bl CKOJIB3SIT HO IUIOCKOCTSIM O€3 TpeHMs, a KaTKu KaTsrcs 0e3 ckonbxeHus. Kpome cuin
TSKECTH, HA OJIHO U3 TEJI CUCTEMBI JICHCTBYET MOCTOSIHHASL cuila F, a Ha IIKUBHI 1 1 2 pH UX Bpatie-
HUM — TOCTOSTHHBIE MOMEHTBI CUJI COTIPOTUBIIEHUS, paBHbIE, COOTBETCTBEHHO M1 U M2, BETUUUHBI
KOTOPBIX TaKXe MPUBEJCHBI B TabauIle (CTOIOIBI 7-9).

Tpebyetcs cocTaBUTh A1 JTaHHOM CUCTEMbI ypaBHEHHE JlarpaHika U ONpeesIuTh U3 Hero Be-
JMYUHY, YKa3aHHYI0 B cTos01e 10 Tabnuiel, rae €1, €2 — yII0Bble YCKOPEHHs IIKKUBOB | U 2, a3, a4,
acs — yCKOpeHHUs Ipy30B 3, 4 1 LleHTpa Macc KaTtka 5 coorBeTcTBeHHO. Koraa B 3agade Hazio onpene-
JUTh €1 WK €2 , npuHuUMaroT R = 0,25 M. ToT u3 rpy30B 3, 4, BeC KOTOPOTo PaBEH HYJIO, HA YEPTEXKe
He n300paxats. [lIkuBsl 1 1 2 Bceraa BXOAAT B CUCTEMY.

TadOonuma 9

Howmep Bec tena, H Mowent compo- Cuma .
BapHaHTA tuBieHus, Hm FH Haiiti
Py P> P3 P4 Ps M; M> ’

1 2 3 4 5 6 7 8 9 10
1 120 0 10 0 30 2R 0 80 as
2 0 100 0 40 20 0 3R 60 €2
3 100 0 0 20 10 3R 0 40 €1
4 0 120 | 20 0 30 0 2R 100 as
5 80 100 0 0 20 0 3R 50 acs
6 130 0 20 0 10 0 4R 80 €1
7 0 120 0 30 40 2R 0 60 as
8 100 80 0 0 20 3R 0 50 €
9 120 0 0 50 40 0 2R 60 as
10 0 120 | 20 0 30 2R 0 100 acs




Vxka3zanus. MexaHn4eckas CHCTeMa UMEET OJIHY CTeTIeHb CBOOO/IBI, CIIC0BATEIBHO, €€ MOJI0-
KEHHE OIpeIesIeTCs] OJHONW 0000IIEHHOW KOOPIMHATON U JUIsl HE€ OJIKHO OBITh COCTABIIEHO OJTHO
ypaBHEHHE.

3a 00001IEHHY 10 KOOPAMHATY ¢ IPUHUMAIOT:

HepeMelIeHNe X COOTBETCTBYIOIIETO IPy3a WM IIEHTpa Macc KaTka 5 (B 3a/1a4ax, riae Tpedy-
€TCsl OTPENICIIUTD A3 , A4 WUIH AC5);

YTOJI TOBOPOTA () COOTBETCTBYIOMIETO MIKMBA (B 337a4ax, TJe TpeOyeTcs ONpeaeuTh €1 WIN
€2).

Jlnist cocTaBneHHs ypaBHEHUS HEOOXOIMMO BBIYUCIUTh CHauala KHHETUYECKYIO SHEPTUIO CH-
ctembl T ¥ BBIPA3WTh BCE BOMICANINE B 1 CKOPOCTH 4epe3 OOOOIICHHYIO CKOPOCTh, T.€. Yepe3 X ,
ecnu 0000I1IeHHas KOOpIMHATA X, WK Yepe3 ¢ , €CIIU 0000IIeHHast KOOpAUHATA (). 3aTeM BHIYUCIUTD
0000meHHyo cuity Q. s 3Toro Hajgo COOOIIUTE CUCTEME BO3MOXKHOE MEpEMEIIEHUE, TP KOTOPOM
BbIOpaHHAs KOOPIUHATA, T.€. X (MK (), MOJTyYaeT MOJIOKUTENIFHOE pupaiieHne Ox (Wi 0¢), 1 BbI-
YHUCIIUTh CYMMY 3JIEMEHTapHBIX paboT BCEX CHII Ha 3TOM IEPEMEIICHHH; B TIOJIyYCHHOM PaBEHCTBE
HaJI0 BCE JIPYTHE dJIEMEHTApPHBIC EPEMENICHUS BRIPA3UTh Yepe3 Ox (Wi 0¢) U BEIHECTH OX (MU OQ)
3a ckoOku. Koaddurment mpu ox (wiu 6¢9) u 6yaet o6o01eHHo# cunoit Q.



K 3amaue 10.21

3agaya 10.22. Pemuuts 3anauy 10.21, npumensis oOuiee ypaBHEHUE JUHAMUKH.

IIpumepsl pemienus 3agad.

3agaua 1. K HeBecomomy Baity 4B, 3aKpeIIEHHOMY B TOYKE 4 MOANATHUKOM U B TOUKE B —
MOJMINITHAKOM M BPAlIAIOIIEMYCs ¢ TOCTOSHHOM YTII0BO# CKOPOCTHIO ® = 4 ¢!, skecTko mpukpen-
JIEHbI HEBECOMBIU cTepkeHb | jumHou L1 = 0,4 M, UMEIOLIMI Ha KOHIIE TPy3 Maccoil m1 = 2 KT, U TEJIO



2 B BU/JIE CIUIOIIHOM OJHOPOIHOM KBaApaTHOM MIIACTUHBI CO CTOpOoHOM L2 = 0,6 M 1 Maccol m2= § K.
Omnpenenuts peakuuy noAnsaTHUKA A u noamunHuka B. Ilpu pacuerax npussTh a = b=c=0,5M.

Yy
Xp
B 1k
a k r ) A
oH e

Xa
K 3amaue 1
Pemenne. /{51 onpeneneHns HCKOMBIX pEaKIMi paCCMOTPUM JBUKEHHE MEXAHUYECKOU CH-

CTEMBI, COCTOSIIEH U3 Baja AB, MIIACTUHBI U TPy3a, U IpuMeHuM npuHIun Janamoepa. [Iposeném
Bpaliaromuecsa BMECTC € BaJIOM 0CH )CAy Tak, I-ITO6IJI CTCPIKCHDb U IJIACTHHA JICKAJIHN B IIJIOCKOCTH XY,

U ITIOKa>XXEM ﬂeﬁCTByIOIHHe Ha CI/ICTeMy BHCIIIHHUEC CHUJIbI. CUJIBI TAXKCCTHU P 5 f; COCTAaBJIAOIIINC peaK-
LMY MOAIATHHKA X, Y, ¥ PEaKIHIO TOIIHIHIKA Xg.
T u
CornacHo npusiuny JlamamGepa MokaxeM Ha pUCYHKe CHIy MHepiwu rpysza [, cumtas

o o o DU
T'py3 MaTCpruaJIbHOU TOYKOU, U I''ITABHBIM BCKTOP CUJI NHEPLUHU IJIACTUHBI Rz . Tak kak Ban Bpalia-

€TCS paBHOMCPHO (O) = COIlSt), TO DJIEMCHTHI INTIACTHHBI UMCKOT TOJIBKO HOPMAJIbHBIC YCKOPCHUA,
HaITpaBJICHHBIC K OCH BpalllCHUA. TOF[[a CHJIbl HHCPLUHN 6yIIYT HaIpaBJICHLI OT OCHU BPAIlICHUA.

BenuunHa rinaBHOro BEKTOpa CHJI MHEPLMHU MJIACTHHBI &{ = m2-ac, TA€ ac — yCKOPEHUE LIEH-

L
Tpa Macc IIACTUHBI, IPHU 3TOM aC = o’ 72
» L, 0.6
B pesynbrare fg= mo @ 7 =8.42 7 =38,4 H.

AHAIOrM4HO JUIst CHIThl nuepinn I rpysa

V3

F'= mi-@*Li-sin 60° = 24204 =111 H.

Tak kak BCe NEWCTBYIOIIKME CUJIbI U CHIIbI HHEPLUU JIEKAT B IUIOCKOCTH XY, TO U PEAKIUU
MOAMNATHUKA A U MOAIIUITHUKA B TOXe JIeKaT B 3TOM MJIOCKOCTH, YTO OBLIO yUTEHO MpHU UX u300pa-
KEHUU.

[To mpuaMTy [lamamOepa neicTBYOINE Ha TeJla CUCTEMbl BHEIITHUE CHJIBI U TTPHIIOKCHHBIC
CWJIBI MHEPLIUU 00pa3yloT YpaBHOBEIIEHHYIO cucTeMy cuil. COCTaBIIsIsl Al 9TOM TIIOCKOM CUCTEMBI
MPOU3BOJIBHO PACTIOJIOKEHHBIX CHJI YPABHEHUS! PABHOBECHS, ITOTYyYHM

Y F.=0; X,+X,—R +F =0;



ZF;W:O; Y, =P -P,=0;
= L
>m (F,)=0;=Xy(a+b+c)=PL, sin6(f +Pz?2+R§‘a—Fl“(a+b+Ll cos60’ ) =0

[ToncTaBrB B 3TH ypaBHEHHSI YMCIIOBbIE 3HAUEHUS BCEX 3a/1aHHBIX 10 YCIOBUIO 33J1a4H U BbI-
YHMCJICHHBIX BEJINYMH U PEIIUB 3Ty CUCTEMY YPaBHEHUH, HallIEM UCKOMBIE PEAKLIUU.

OtrBeT: Xa=4,7H; YA=98,1 H;, X =22,6 H.

3anaua 2. BeruncnuMm 06001EeHHYIO CHITY AJISl CUCTEMBI, Tie Ipy3 A BecoM P nepeMeniaercs
I10 TJIAJIKOM HAKJIOHHOM IJIOCKOCTH, a Ipy3 B BecOM P2 — 1o mepoxoBaTOM rOpU30HTAIBHON IIOC-
KOCTH, K03()(PULIMEHT TPEHUS O KOTOPYIO paBeH f. I'py3bl CBsI3aHbl HUTHIO, IEPEKUHYTON uepe3 OJI0K

O. Maccoii HuTH 1 0J10Ka IpeHeOperaeM.
Pemenune. Cuctema uMeeT OfiHy CTETIEHb CBOOO/IBI U €€ MOJIOKEHHE ONpeAeIseTCs KOOPAU-

HaTOM g1 = X (MOJOXKUTEIIbHOE HAMIPABIEHUE OTCUETA X TOKA3aHO CTPEIIKOM).

K 3agaue 2
g onpenenenust Q1 coobI1aeM cUCTEME BO3MOKHOE MEpeMEIeHUe OX, PU KOTOPOM Ox >

0, W BBIYHCIAEM HA 3TOM INCPEMCUICHUHN 3JICMCHTAPHBIC pa6OTBI CHUJl })1 n FT , OCTAJIbHBIC CHUJIBI

paborsr He coepraior. Tak kax F,, = fN = fB,, 1o
0A = (P, sin o — fP,)dx
CnenoBateibHO,
Q,= P sin a— fP,-
OtBeT:. 9, = P, sin o - fP,

3agaua 3. Bec OpeBHa (), BeC KaKJ0ro U3 JIBYX LMJIMHIPUYECKUX KATKOB, HA KOTOPBIE OHO
nos0keHo, P. OnpenenuTh, Kakyio culy F Hajlo IPUIOKHUTE K OPEBHY, 4TOOBI YI€pKaTh €ro B PaB-
HOBECHH Ha HAKIOHHOW IUIOCKOCTH TPH JTAHHOM YTJIe HaKJIOHA o. TpeHne KaTkoB O IIOCKOCTh H
OpeBHO 00ECTIEYMBACT OTCYTCTBUE CKOJIBKEHHS.




K 3agaue 3

Pemenne. Ecinu npeHeOpeub cONpOTUBICHUEM Kau€HHUIO, TO MJIOCKOCTh IJIA KaTKoB Oyjer
uaeanbHo# cBs3bto. [Ipu kadeHnn 0€3 CKONBXKEHHS Y CUCTEMBI OJfHA CTereHb cBoOOAbl. Coolras
CHUCTEME BO3MOKHOE NIEPEMEILCHHE, [TOTyYaeM

F s - O sin a-dsB - 2P sin a-0sc = 0,

rzie 0SB — BO3MOXKHOE MepeMenieHre OpeBHa, COBIAIAIONIEe C IEpPEeMEIICHHEM TOUKH B.

Touxka kacanus K sBisieTCSI MTHOBEHHBIM LIEHTPOM CKOpOCTel KaTka. CieqoBaTenbHO,

vB = 2vc U dsB = 29sc,

€CJIM CUUTATh

OsB = vadt, dsc = vedt.

[ToxcraBmnss 3TO 3HaYeHHE OSB B MPEbIAYIee YpaBHEHUE, HAllIeM OKOHYATEIbHO

F=(Q+ P)sin a.

Otset: F'=(Q + P) sin a..

3agaua 4. B nogpbeMHuKke, K mectepHe 1, umeroniei Bec Pi U paanyc WHEPIMHU OTHOCUTEIBHO
€e OCH p1, IPUWIOKEH Bpanaromuii MoMeHT M. OnpenenuTs yCKOpeHrue MoAHMMaeMoro rpysa 3 Be-
com Q, mpeHeOperas BECOM BEPEBKH M TPEHHUEM B Oocsix. bapabaH, Ha KOTOPBI HaMaThHIBAECTCS Be-
peBka, JKecTKo CKperieH ¢ Apyroi mecTepHei; ux oOuuii Bec paBeH P2, a pajnyc HHEPLUUU OTHO-

CUTEJIBHO OCH BpalieHus p2. Paanycel mectepeH paBHbI COOTBETCTBEHHO 71 U 72, a paanyc Oapabana
r.

K 3anmaue 4

Pemenne. M306pakaeM AefcTBYIONIyIO Ha cucTeMy akTuBHYyIo cuty () ¥ Bpamarommii Mo-
T u
meHT M (cuisl P1 u P2 paGoThl HE COBEPIIAIOT); TIPHCOEMHSIEM K HUM CHUTy HHepumu rpysa F;" n

napsi ¢ momentamu M| u M., K KOTOPBIM TIPUBOASTCS CHITBI MHEPIMU BPAIIAIONIIMXCA TET. DTH
BEJIMYMHBI 110 MOJYJIIO PABHBI:
u u 2 u 2
F' =(0/g)as; |M]'|=(Pg) p; e, |M5|=(PJg) p, e

Hamnpasnenus Bcex BeIUYnH MOKa3aHbl Ha yepTexke. CooldIias cucteMe BO3MOXKHOE TIepeMe-
IIICHUE M COCTaBJIsIeM 00Illee ypaBHEHUE TUHAMUKA

-(q +F3u ) 853+(M—M1u)8q)1 - M;Sq)z =0.

Bripaxas Bce nmepemenieHus 4yepe3 02, Haaem, 4To



O W, v
383 = rdQa, 0P _G Ny 31 = —Ldpa.
op, o, 1, r
OKOHYATEIILHO YPaBHEHUE JBHKECHHS TIPHMET BH
a P P v r
3 1 2. " 2
0 1+—|r+ —2,02282 ,016'1——M—=O.

=L
g g g h 4
Bxopsiiue crojia BEIMYHUHBI €1 U €2 BIPA3UM Yepe3 HCKOMOE YCKOPCHHUE @3. YUUTHIBAs, YTO
€1, €2 CBA3aHBI MEXKIY COOOM TaK Ke, KaK U M1, (2 MOJyUUM:
e =alr; €1=nre/r =r2aslrri.
B pe3ynprare HailieM OKOHYATEIbHO
(/)M =1°Q
a3 =3 2 22, 20p S
r'OQ+p P +(pin /)R
DTy 3aa4y MOXKHO ObUTO ObI PEIIUTh M C TOMOIIBIO TEOPEMBI 00 H3MEHEHUH KUHETUYECCKOM
SHEPIHH.

(rry )M =1*Q
PO+ piP+ (ot IR S

Otset: d; =

3apaua 5. Mexanndeckasi CUCTEMA COCTOUT M3 CTYNEHYATOrO IMKUBa 2 (paguychl CTyNeHen
R>=Rwur2=0,5R), rpy3a | u CIUIOIIHOTO KaTKa 3, MPUKPEIUIEHHBIX K KOHIIAM HUTEH, HAMOTAaHHBIX
Ha CTyneHH mKruBa Ha mkuB npu ero BpauieHuu AeHCTBYET MOMEHT ChJl conpoTuBiieHust M2 = 0,2PR.
Maccy 1mKuBa ciieyeT CYUTaTh PABHOMEPHO PACIpeeIeHHOH 10 BHEIIHEMY 0001y. OnpeaenuTs ai
— yckopenwue rpy3a 1. [Ipu Berauciienusx npuusath P1 = 8P; P> = 4P; P3 = 6P; a. = 30°.

Vi
2

K 3amaue 5
Pemenne. Cucrema uMeeT OJHy CTeneHb cBo0OoIbl. Bribepem B kauecTBe 00001IEHHON KO-
OpJIMHATHI MepeMeleHre x rpys3a 1 (q = x), monaras, 4To Tpy3 ABUKETCS BHU3, U, OTCUUTHIBAS X B
CTOPOHY JBIJKEHUS, COCTaBUM ypaBHeHue Jlarpanxa:



i(a_Tj_Q:Q (1)

dt\ ox ) ox
OnpenenuM KHHETUYECKYIO SHEPTHIO 7 CUCTEMBI, PABHYIO CYMME SHEPIUi BCEX TEII:
T=Ti +T2 +T5. (2)

Tak kak rpy3 | JBHIKETCSl MOCTYMATENbHO, IIKUB 2 BPAIIA€TCs BOKPYT HETOJBMKHOM OCH, a
KaTOK 3 JBIKETCA IJIOCKONapaJliebHO, TO

2
T = i 2 . T e ]2& . T _ P3 2 (3)
1 1 > 2 9 3 — Cy
2g 2 2g 2
MMOCKOJIbKY Macca IIKMBa CYUTACTCS PACIpeIeICHHOH M0 BHENIHEMY 0001y, a KATOK — CIUIOII-
HOM (ero paguyc 0003HAYMM 73), MOMEHTBHI HHEPIIMH Ted 2 U 3 paBHBbI:
P 1P,
I,=—=R I
T R R)
g g (4)
Bce ckopocth, Bxogsmue B BoipaxkeHus 71, 72 u T3 , BbIpa3uM yepe3 0000LIEHHYI0 CKOPOCTh
X , paBHyto V1. Ecimu yuects, urto V1 = w2r2,a y . = 0R2u 4ro Touka K sBisercs s kaTka 3
3

2
IC3O‘)3

MTHOBEHHBIM LIEHTPOM CKOPOCTEH, TO MOITYYUM
V X X :
T A L L RELCR 5)
b 2 - - -
05R 05R™ ~ 05" kC, r 05r
[Toncrasnss Benmmuunsl (5) u (4) B paBeHcTsa (3), a 3atem 3Hauenust 71, 72 , 73 B paBEeHCTBO
(2), Haiiném OKOHYATETBHO, YTO

1 P
T=—(P +4P, +6P,)x’ r=3%5
2g g
Tak kak 31eck 7 3aBUCHUT TOJIBKO OT X , TO
Q:@EX, EZ() & i(ﬁjzng
ox g ox dt\ ox g %

Haiiném o606mmennyto cuity Q. st 3Toro n306pa3um CHiibl, COBEPILAIOILINE TP IBUKEHUU
CHCTEMBI paboTy, T.e. CHiIbl P1, P2 1 MOMEHT CHJI CONTPOTHBIICHUS M2, HaIIpaBIICHHBIN MIPOTHB Bpa-
LICHUS MIKKBA. 3aTeM COOOILINM CHCTEME BO3MOKHOE (3JIEMEHTApHOE) MepeMEIleHUE, TPU KOTOPOM
0000111eHHas] KOOPAWHATA X TOJTyYaeT MOJIOKUTENILHOE MPHUPAIIEHUE OX, U MOKAXKEM IepeMelIeHUs
Ka)X/I0TO U3 TeI; uist Tpy3a 1 3To Oyzaer dS1 = dx, 11t mKMBa 2 — TOBOPOT HA YTroi 0¢2 , Ui KaTka 3
— nepemenienue dS3 ero ueHrpa. [locne 3Toro BRIYUCIUM CyMMY 3JIEMEHTApHBIX paboT CHII U MO-
MEHTa Ha JJAHHBIX NePEeMEIECHHUIX.

[Tonyunm

Vlzjc;(l)2

(6)

20Ak = P1-:881 — M2-0¢2 — P3-sin a-053 . (8)

Bripa3um Bce BO3MOXKHBIE TIEpEMEIICHHS Yepe3 Ox. YUTs, YTO 3aBUCUMOCTH MEXy dJIEMEH-
TapHBIMHU NIEPEMELICHUSIMH 3[1€Ch aHAIIOTUYHBI 3aBUCUMOCTAM (5) MEXKIY COOTBETCTBYIOUIMMH CKO-
POCTSIMU, TIOJTYYHM

8S1=8x; Sp=_0%: §S=R» 5¢2=2% . 9)
0,5R 0,5
[ToxcraBnsisi 3TH 3HAUEHUS B paBEHCTBO (8) M BEIHOCS OX 32 CKOOKH, HAMAEM, UTO

2M
ZSAk:[Pl ———2 2P, sin OL] Ox. (10)
R

KoadduuumenT nmpu dx B MOITy4eHHOM BhIpaXXEHUH U OyAeT 0000mmeHHon critoi Q.
CnenoBartenabHO,

2M
Q:(PI—TZ—ZQSMOLJ wm Q= 1,6P. (1D



[Toncrasnss naiinenusie Benmmuunbl (7) u (11) B ypaBaenue (1), momyuum

P .
60—Xx=1,6P.
g

Otcro/1a HaXOJJMM UCKOMOE YCKOPEHHE a1 = X .

Ortsert: a1 = 0,027g.

ITpumeuanue. Eciu B otBete nomyuurcs a < 0 (wm € < 0), To 3TO 03HAYaeT, 4TO CUCTEMA
JBUKETCS HE B Ty CTOPOHY, KyJia ObLJIO MPEANOI0KEHO MPHU PEIIeHNH 3a1a4uu. Toraa HanpaBieHue
MOMEHTa M TpOTHUB BpAIlEHUs IIKUBA U3MEHUTCS. B 3TOM ciyyae HE0OXOAMMO ellie pa3 COCTaBUTh
ypaBHeHus (8), (11) u 3aHOBO onpenenuTh Beauununy Q.

BOl'[pOCl)I U 3aJaHUA NJd CAMOKOHTPOJISA

1. I'py3 maccoit m = 60 Kr moaBelleH Ha HUTH, KOTOpas HaMaThIBaeTcs Ha OapabaH, Bparia-
IoLUICS coraacHo ypaBHeHHo ¢ = 0,6t2. Onpenenure HaTsSKEHUE KaHaTa, eciy paguyc r = 0,4 M.
(OtBer: T=617 H)

2. MarepuanbHasi Touka Maccoit m = 10 Kr JBHXKETCS MO OKPY>KHOCTHU pajauyca r = 3 M co-
IJIACHO 3aKOHY JBUKEHHs s = 4. Onpeenure MOy/lb CHIIbl HHEPIMK MaTepPHAIbHON TOYKH B MO-
MeHT BpeMenu ¢ = 1 c¢. (OtBet: F" =37 H)

3. Bapa6an 1 paguyca » = 20 cM 1o IeMCTBUEM TAphl CHJI ¢ MOMEHTOM M Bpaiaercs ¢ 1mo-
CTOSHHBIM YTTIOBBIM YCKOpEHHEM & = 2 ¢ >, OnpeieuTe MOy b peaKkiyy B mapHupe O, ecliu Kod¢-
(GUIMEHT TPeHUS CKOMRKEeHHS Tena 2 1o miockoctd = 0,1, a macca rpy3a 2 paBHa 4 kr. Maccoi
Oapabana npenebpeub. (OtBeT: Ro = 5,25H)

¢ s 2
it
r
m 1
my J T
K 3aganuro 1. K 3aganuro 2 K 3aganuro 3

4. OnpenenuTe OTHOIIECHHE MEXTy BOBMOKHBIMHU TIEPEMEIICHUSIMUA OSA TOUKH 4 KPUBOIIXTIA
OA u dsc Touku C non3yHa, ecinu JyuHbl OB = AB. (OTBeT: 2)

5. OnpenenuTe OTHOLICHHE MEX/y BOSMOKHBIMU IEPEMEIICHUAMH OS2 TOUKU B Gapabana 1
u 8s2 Tpy3a 2 muddepeHIaILHOT0 BOPOoTa, eciid paauycel R = 2r = 20 cm. (OtBer: 4)

6. Onpenenure MOMEHT M Tapbl CHJI, KOTOPBI HEOOXOIMMO TIPUIIOKUTH K OapabaHy 2 paau-

yca r =20 cM 1y paBHOMepHOro noabemMa rpysa 1 Becom 200 H. (Otser: M = 20 Hm)
R r

A j—bl’SA 558 ,
]
S
, 0 4 bs,
‘%J w77, 05, 2

K 3aganuro 4. K 3aganuro 5 K 3aganuro 6

7. J1Ba rpy3a, Macchl KOTOPbIX M1 = m3 = 2 KI, COEJUHEHbI MKy c000il HUTbIO, epedpo-
IICHHOU Yepe3 OJIOK 2, Maccoit KOTOPOTo MOXHO TIpeHeOpeusb. OnpeaennTe yCKOPeHHE TPY30B, SCITH
K09(QQUIMEHT TPEHHUs CKOJIBKEHUS MEXKTY Tpy30M 1 u mockocthio £ = 0,1. (OTBeT: a = 4,41 m/c?)




8. Tena 1 u 2 - ONHOPOAHBIE NUCKHU, MACCHI U PAUYChl KOTOPBIX OAMHAKOBBI. Omnpeaenute
ycKopeHue Tena 3, eciu ero macca m3 = m2= mi. (O1Ber: a = 4,36 m/c?)

9. OnHOpOIHBIN cTepKeHb JUIMHOW [ = 3 M 1 Maccoit m = 30 Kr Bpamaercs B BEpTUKAIbHON
wiockocT. Onpeaenure 00001IEHHYO CHUITY, COOTBETCTBYIOIIYI0 0000IIEHHOI KOOpAMHATE (P, B MO-
MEHT BpeMEHH, Korja yroa ¢ = 45°. (Orser: Q =-312 H)

!
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K 3apanuto 7. K 3apanuto 8 K 3apanuto 9

10. OnpenenuTte yriaoBoe yCKOpeHHe AUcKa /, eCIM Ha Hero JeHCTBYET mapa CHII C MOMEHTOM
M = 0,4 H - M. Maccel u paanycsl OTHOPOAHBIX IUCKOB 1 U 2 omuHakoBbl: m = 10 kr, » = 0,2Mm.
(OtBeT: e =1 ¢?)

11.0npenenure yrioBoe YCKOPEHHE KaTKa 2, KaTAMIETOCs 0€3 CKOMBKECHHS, €ClIi Ha 00K 1
nerctByeT napa cui ¢ MomentoM M = 0,6 H - M. Katok 2 cuntath 0qHOPOAHBIM HUTUHAPOM MACCOM
m =4 kr u paguycom r = 0,5 m. (OtBet: £ = 0,4 c?)
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K 3amanuro 10. K 3amanuro 11



