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Teoperuueckasi MeXaHMKA: METOIMYECKHUE YKa3aHUs, yueOHas TIPO-
rpaMma ¥ KOHTPOJIbHBIC 3a/IaHUsI K KypCY ISl CTYAEHTOB 3a09HON (hOpMBI 00Y-
YEHUS 110 HANpaBJICHUSIM OakalaBprara, BKIIOUYAIONIIM H3yYeHUE TeOpeTHYe-
ckoit Mmexanuku /cocT.: M. H. Apxunos, 10. A. Jlo6psaun. — CII6.: CIIOIJITY,
2019.-40c.

B Meroanyeckux yka3aHUSAX MPUBOAATCA: ydeOHas mporpamma, Kak oc-
HOBa OCBOEHUS Kypca; BapHUaHTHI 3aJJaHUN JBYX KOHTPOJBHBIX pabOT I CTy-
JICHTOB 3a04YHOM (popMBbI 0OYUEHHUS MO HAMPaBJICHUSAM OakanaBpuaTa; MPUMEPHI
pelieHus 3a1a4, BXOIAIMX B KOHTPOJIbHbIE pa0boThl. TUIIbI 3a/1a4 U UX KOJIHYE-
CTBO U3 JIByX KOHTPOJIbHBIX pa0OT OMpPENESIIOTCS MpernogaBaTesieM IS KaXKI0-
r0 HampaBJIeHUs 0 paboYUM MPOrpaMMaM AUCLUILITUHBI

Hacrosimne meromnueckne ykasaHHs MO CPABHEHUIO C NPEAbLAYIIMMHU
W3JIaHUSMHY TIepepaboTaHbl, UCTIPABJICHBI M TIEPEBEICHBI B DJIEKTPOHHYIO (popMy
notieHToM ApxunoBbiM M. H. ABTOpBI ¢ 01aroapHOCTbIO U yBa)KEHUEM OTHO-
cATcsi K coaBTopam mnpeabiaymux uzaanuid B. b. Kpacnocensckomy u C. S1.
KonTyHOoBy ylieamum U3 x)u3HU HECKOJIBKO JIET Ha3al.



1. OBIIUE YKA3AHUA

Teopernueckas MexaHMKa — Hayka O MeXaHHYeCcKoM ABmxkeHuu. Kypc
TEOPETUYECKOM MEXaHUKH COCTOUT U3 TPEX OCHOBHBIX Pa3J/IeNIOB: CTATUKA, KHU-
HEMaTWKa M JUHaAMUKa. B MeToamueckux yka3zaHUSX MpUBEIeHA ydueOHas Tpo-
rpaMMa Kypca TEOPETUYECKOM MEXaHHUKH, OCHOBAa KOTOPOH COOTBETCTBYET pa-
O00oyuM MporpamMmaM HampaBleHUH MOATOTOBKU OakanaBpoB. HeoOxomaumebie
Y4eOHUKH M PEeCcypchl MpuBeAcHB B OuOnuorpaduueckom crmcke[l, 2, 3, 4].
[Tpuctynas K pemeHuto 3a1aHuii KOHTPOJIBHBIX PaboT, CleayeT U3y4yuTh Teope-
TUYECKUI MaTepuan mo teMe.3areM pa3o0paTh IPUMEPHI 3334 Ha ATy TEMY B
ydeOHUKE W 3aJlady, MPUBEICHHYIO B KAa4ECTBE MpUMEpPa PEUICHUS B JTaHHBIX
METOIMYECKUX YKA3aHUSX.

[To xKypcy TeopeTH4ecKkoil MEXaHUKH CIIEYET BBIIOJIHUTH JIBE€ KOHTPOJIb-
HbIE PabOTHI: OHY — MO CTAaTHKE M KMHEMAaTUKE, BTOPYIO — MO AuHamMuke. Kax-
7asi KOHTPOJIbHAs paboTa COCTOUT U3 MATH 3a1anuil. KonnyecTBo 3a1anuid, BX0-
JSUMX B KOHTPOJIbHBIE paOOThI, ONPENEIISAIOTCS MPEnoJaBaTesieM B COOTBETCT-
BUU ¢ paboyeil mporpaMMoi Kypca KakKIOro HarpaBieHHUs TOJTOTOBKU Oaka-
naBpoB. KoHTpoJibHBIE pabOTHI CIIEAYeT BBHINOJHATH B OTIEIBHOM TeTpaau, Ha
00J10’kKKE KOTOpOHM HamucaTh Ha3BaHUE Kadeapbl, HANMECHOBAHUE JTUCIUILIAHEI,
(baMuIMIO U MHUIUANBI CTYACHTA, U MUdpP paboTHI.

[udp padoTel cocTouT U3 TPEX Udp U GopMUpPYETCS CTYACHTOM CaMo-
crositenbHO. IlepBas nudpa mmdpa coorBeTcTBYET AHIO poxiaeHus (IP) cry-
neHTa mo Mmoaymo 10, To ecTh 4uciO AecATKoB oTOpachiBaeTcs. Bropas uudpa
mudpa cOOTBETCTBYeT Mecsiy poxnaeHus (MP) cryaenra, Takke mo MOayInio
10. Tpetbst uudpa mudpa COOTBETCTBYET nOCIeOHel yugdpe Homepa 3a4emHoll
xnuxcku (ITL3K), mo xotopoit BeIOMpaeTcs cxema Wik BapuaHT 3aaaHust. 1o
nepBoi nudpe mudpa (AP) OGepyrcs naHHble IJIs CUJI WM MOMEHTa BPEMEHHU.
[To BTOpoOit mudpe mmdpa (MP)6epyTcs nanHbIC TSI pa3MEPOB.

Hanpumep, eciu nata poxaeHus cryneHnrta 27 HOsiOps, TO UCXOIHbIE TaH-
Hble B Ta0JMIle K 3TOM 3amadye, COOTBETCTBYIOT HoMmepy 7 (27 mo monymo 10
paBHo 7 — JIP) u 1 (HOs10ph — 11 mecs, 11 mo moaymto 10 pagHo 1 — MP); ecnu
nocyenHsAs uudpa HoMepa 3a4eTHON KHUKKH 2, TO mocheaHelt uudpoi mudpa
oyner 2 —III3K(B 3amanusix OpaTe cxemy uiu BapuaHT 2). B ganHom ciyyae
mm@p coctapiseT unciao’/12.

ITo I3 K crynentom 6epétcs cxema mis 3ananuii Cl1, C2, 112, 13, /14,
5, mexanusm miis 3aganuid K2, K3, ypaBHeHus aBvkeHus s 3aganus K1 us
COOTBETCTBYIOIINX TAOJIHII.

[Tpu oopmieHNUN KOHTPOIHHOW PAOOTHI HY)KHO OCTaBIIATH OIS JIJIST 3a-
MEYaHUW PEleH3eHTa. BBIMOIHIS KOHTPOJIbHBIE PabOThl, HEOOXOAUMO TMOJIHO-
CTBIO MEpenucaTh TEKCT Kaxaou 3anauu. [Ipu odopmileHUn pelieHus 3agadu



CJIeTyeT PYKOBOJICTBOBATHLCS MPUMEPOM PEIICHHS 3TOTO THIIA 3a/1a4, TPUBEICH-
HOTO B JJAHHBIX METOJWYECKHX YKa3aHWsIX. XOJl PEIIeHUs JOHKEH COMPOBOXK-
JATHCS KPATKUMHU TIOSCHCHUSIMHU.

ATTecTanus CTy/IeHTa B BUJE dK3aMEHA WM 3a4eTa HEBO3MOXKHA 0€3 BhI-
MOJTHEHHBIX U 3aYTEHHBIX KOHTPOJBHBIX PaboT (paboTh).



2. YUEBHASAIIPOI'PAMMA
2.1. BBeaenue

TCOpCTI/I‘{CCKaH MCXaHHKa U €€ MCCTO CpCIr €CTCCTBCHHBLIX HAYK. Mexa-
HHKa KaK TCOPpECTUUCCKaA 0aza COBpCMCHHOﬁ TCXHUKH.

2.2. CraTuka TBepaoOro reja
Bseoenue 6 cmamuxy
Cucmema cxoosawuxcs cui

IIpeamer cratuku. OCHOBHBIE IOHATHUS U AKCUOMBI CTaTUKU. CBA3U U pe-
akuuu cBazed. Cucrema cxopsiuxcs cwil. IIpoekuus cuiel Ha OCh M ILTOC-
KOCTh. AHAJIUTUUECKHUI M TE€OMETPUUYECKUI CIIOCOObI HAXOXICHUS PaBHOACUCT-
BYIOILLIEH. YCJIOBUE U YPABHEHUS PABHOBECHSI CUCTEMBI CXOAAIIMXCA CHIL. Teo-
peMa 0 paBHOBECHUHM TPEX HEMAPAJUICIbHBIX CHIL.

Momenmui cuibl OmHOCUMENbHO MOYKU UOCU

AnreOpanyeckuii MOMEHT CUJIbl OTHOCHUTENBHO TOYKU. MOMEHT CHUJIBI OT-
HOCUTEIBHO OCU. YacTHbIE Ciaydan BBIYMCIIEHUS MOMEHTA CHJIbI OTHOCUTEIBHO
OCU. BEeKTOpHBII MOMEHT CUJIBI OTHOCUTEIBHO TOYKH. lTeopema O IPOEKLHH
BEKTOPHOTO MOMEHTA CHJIBI OTHOCUTEIBHO TOYKH Ha OCbh.

Teopus nap cun

[TonsiTue mapel cuil. AnreOpanyeckuii 1 BEKTOPHBIA MOMEHTBI Maphl CHIL
CpoiicTtBa map cui. Teopema 0 CIOXKEHHH JIBYX M MPOU3BOJIBHOTO YMCIa map
cun. ['eomeTpruecKkoe M aHAIIUTHUYECKOE YCIOBUSI PABHOBECHUSI CHCTEMBI Map
CHIIL.

HpOMS’@O]ZbHCl}Z cucmemda Cuji

I'maBHBI BEKTOP M TIIIaBHBIMBEKTOPHBIMMOMEHTIPOU3BOJIBHON CUCTEMBI
cun. llpuBenenue cuibl K 3agaHHOMY LieHTpy.Teopema onpuBEICHUU MPOU3-
BOJIBHOM CHCTEMBI CWJI K 3aJaHHOMY LIEHTpy. ['eomeTpuueckue u aHaJIuTHye-
CKHME YCIIOBUS PAaBHOBECHS INPOU3BOJIBHOM CUCTEMbI CHil. [Ipom3BosibHas muio-
CKas CUCTeMa CWJI KaK YaCTHBIM ClIy4adl IPOU3BOJIBHONM CHCTEMBI CHII. Y paBHE-
HUS PaBHOBECUS ITPOU3BOJIBHON IIJIOCKOM CUCTEMBI CHIIL.

Paesnosecue mena npu Haauduu cujl mpernus

Tpenne ckonbxenus. KordpuimeHTsl TpeHUs CKOJIbKEHHUS, KaueHUSU
nokosi. PaBHOBecue kaTka Ha OMOPHOM MOBEPXHOCTU. MOMEHTCOMPOTUBICHHUS
KauEeHHUIO.

Lenmp msaxcecmu



Lentp napamnenbHbix cui. LleHTp TskecTn TBepaoro tena. KoopauHartel
IIEHTPOB TSHKECTHU OHOPOIHBIX Tes (IIEHTPHI TsHDKECTH 00bema, TIIOMAIH, JHU-
Hun). CriocoObl OTNIpeAeIICHUS TTOJI0KEHUS IEHTPOB TSHKECTH TEJT.

2.3. Kuuemaruka
Kunemamuxa mouku

Beenenune BkuHeMaTukKy.CrocoObI3afaHUSIIBIKCHUSATOUKHN (BEKTOPHBIMH,
KOOPJIMHATHBIN, €CTeCTBEHHBIN). Onpeenenre CKOPOCTH U YCKOPEHHUS! TOUKH
IPU BEKTOPHOM, KOOPJMHATHOM U €CTECTBEHHOM CIocO0ax 3a/JlaHusl ee JBUXKe-
HUSL.

IIpocmeuiwiue 0sudicenusi meepoo2o mena

[locTynarenpbHOE IBHKEHHE TBEPAOIro Teia. Teopema O TpPaeKTOPHSIX,
CKOPOCTSIX M YCKOPEHHSIX TOYEK TEJA, COBEPIIAOIIErO NOCTYATEIbHOE JBUXKE-
Hue. Bpamienue Tena BOKpYr HEMOJBHM)KHOM OCH. YpaBHEHHE BpAIlaTEIbLHOTO
JBUKEHUSA, YII0oBasi CKOPOCTh U yrioBoe yckopeHue. CKOpOCTH M YCKOPEHUS
TOYEK TBEPJOIO TeJa, BPAIAIOIIETr0oCcsl BOKPYT HEMOIBH>KHOM OCH.

IInocxonapannenvroe 0gudicenue meepoo20 meia

VYpaBHEHHs MIOCKOMAPAUIEIBHOIO ABMKEHUS TBEpaoro tena. CBOMCTBA
IUIOCKONApauIeTbHOTO ABMXKEHUA. TeopeMa 0 CKOPOCTSAX TOUEK IIIOCKOM (ury-
pBl U ee ciencTBre. MIHOBEHHBIH IIEHTP CKOPOCTEH M CIOCOOBI OMNpeeeHUs
ero noJsioxkeHusi. Teopema 00 yCKOpEHHSIX TOUEK TIIOCKOU (PUTyphI.

Crnooicnoe osudicerue mouxu

[ToHsiTHE O CIOKHOM JABMXKEHHU TOYKH. OTHOCUTENIBHOE,IEPEHOCHOE U
abCoNIIOTHOE JBMKEHHUS TOUKH. Teopema o crokeHuuckopocteil. Teopemsl o
CJIIO’KEHUU YCKOPEHHI MPUIEPEHOCHOMITOCTYIIATEIbHOMU BpAIATEIbHOM JBU-
xKeHusx. Y ckopenue Kopuonuca.

2.4. IluHaMuKa
Beeoenue 6 ounamuxy

IIpenmer guHamuku. OCHOBHBIE IOHATHUS U onpeaeneHus. OCHOBHBIE 3a-
KOHbl MexaHuku ['anmunes-Heiorona. /(uddepenunanbabie ypaBHEHUS JIBUXKE-
HUSI MAaTEPUAIBHOM TOYKHU. JIBE€ 3aauM AMHAMUKU MATEPUAIBHOM TOYKH U UX
pemenus. JluddepeHmanbabie YpaBHEHUS OTHOCUTEIHHOTO JBUKCHUS MaTe-
pHAIBHON TOYKH.

Beeoenue 6 OuHamuKy MexXaHUYecKkoll cucmembl



Mexannueckas cucrema. Knaccuduxanus cui, JeHCTBYIOIIMX Ha MeXa-
HUYECKYI0 cucteMmy, CBoiicTBa BHYTpEHHUX CHJI. Macca MEXaHWYECKON cucTe-
MbI. L{eHTp Macc u KoOpAMHATHI IEeHTpa Macc. MOMEHT MHEPLIMY MEXAaHUYECKOU
CUCTEMBI (Tesla) OTHOCUTENBHO OcU. Pamnyc MHEpLY, MOMEHTBI HHEPIIUU HEKO-
TOPBIX MPOCTBIX T€J OTHOCHUTEIBHO OCH. Teopema 0 MOMEHTax MHEpPLUHU TBEp-
JIOTO TeJIa OTHOCUTEIILHO NapaAJIJIENIbHBIX OCEH.

Obwue meopemvl OUHAMUKU

TeopeMa 0 IBMKEHUU LEHTPA Macc U ee ciueacTBus. KonnuecTBo nBUkKe-
HUS ¥ UMITYJIBC CHJTBL. TeopemMbl 00 M3MEHEHUN KOJIMYECTBA JBM)KCHUS MaTEPH-
aJIbHOM TOYKH M MEXaHMYECKOU CUCTEMBbI. MOMEHTHI KOJIMUYECTBA JIBHKCHUS OT-
HOCHUTEJILHO TOYKHM U Oocu. Teopema 00 M3MEHEHWH MOMEHTa KOJIMYECTBA JIBU-
JKeHUSI MaTepUIbHON TOYKU. KMHETHYECKUA MOMEHT MEXaHUYECKON CHCTEMBbI
OTHOCUTEIHHO IIEHTpa U ocu. Teopema 00 N3MEHEHUH KMHETHYECKOTO MOMEHTA
MEXAHUYECKON CUCTEMBI U €€ cliencTBUsl. KHHEeTHYeCKnii MOMEHT Bpalaronie-
rocsi Tejaa OTHOCUTENBHO ocH BpameHus. Juddepennuaibsuoe ypaBHeHHE Bpa-
IIaTEILHOTO JBIKECHHS TeJila BOKPYT HEMOABMXKHOW ocH. JuddepeHuunanbHbie
YpaBHEHHMS IUIOCKOMAPAIIICIBHOTO JABUKEHUS Tejla. DJeMeHTapHas pabora cu-
a1, PaboTa cwiibl Ha MPSIMOJTWHEHHOM TIEPEMENICHUH TOYKU €€ TPHIIOKCHUSI.
Momnocts. Pabora MomenTa cunbl. Kunernueckass sHeprusi maTepuanbHON
TOYKM M MEXAHUYECKOW CUCTEMbl. KMHEeTHUeCKass HEprusi Tejaa Mpu MOCTyIa-
TEJLHOM, BpaIlaTeJIbHOM U TUIOCKOTapaUIeIbHOM JBHXKEHUSIX. Teopembl 00
W3MCHEHUH KHHETUYECKOM SHEPIrUM MAaTEPHAIBHOM TOYKM M MEXAHUYECKOMN
CUCTEMBI.

OcHogvikuHemocmamuxku

MeTon KMHETOCTATUKU JJIi MATEPUAIBHOW TOYKU.METONKUHETOCTATUKH
JJII MEXaHUYEeCKoM cuctembl.lIpuBeneHrecuImHepUru TBEPJAOrO Tejla K IMPo-
CTEHIIEMY BUY.

Onemenmol aHATUMUYECKOU MEXAHUKU

Knaccudukanus csizeil. Bo3aMmokHblenepeMeIieHusIMEXaHUIEeCKON CucC-
Ttembl. Uneanbubie cBs3u. [IpuHnmnm Bo3MOxHBIX mepemerniennii.O01ee ypas-
HeHue AUHAaMHUKU. OOOOIIEHHbIE KOOpPAMHATBHI M YHUCIIO CTEHNEHEH CBOOOIBI.
O00061eHHbIe cuibl. Y paBHeHus Jlarpanxa BTOpOro poja.

3. KOHTPOJIBHASA PABOTANe 1



3aganue C1

Tema: Paenosecue mena noo oeiicmeuem npPoOU3BOJIbHOU NIAOCKOU
cucmembsl CuJl.

Ha ropusontansHyto Oanky OeHCTBYIOT: cocpenoTtodyeHHas cuiaF, mapa
CUJI ¢ MOMEHTOM MU paBHOMEPHO pacrnpeeieHHasi Harpy3ka HHTEHCUBHOCTBIO
q. OnpenenuTs peakuuu onop, npesedperas Becom Oanku u crepxHs BC(puc.1,
tabmn. 1)1 cxem 3, 7, P=F.
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Tabauna 1
w |Foaa| M 7> % MP | B, tpan | a,m | b,m | d,m | TILBK
kH-m kH/m | tpan
0 4 1 2 30 0 60 | 2 | 8 | 4 0
1 6 2 4 45 1 30 | 4| 6 | 6 1
2 8 3 6 60 2 45 6 | 4 | 8 2
3 10 4 8 30 3 60 8 | 2 | 4 3
4 12 5 10 45 4 30 | 2| 8 | 6 4
5 14 6 12 60 5 45 4 | 6 | 8 5
6 16 7 2 30 6 60 | 6 | 4 | 2 6
7 18 8 4 45 7 30 8 | 2 | 4 7
8 20 9 6 60 8 45 2 | 8 | 6 8
9 | 22 10 8 30 9 60 | 4 | 6 | 8 9

a = 60°% B = 30°.

IIpumep pemenusi 3aganusa C1

Cxema 0anku 1oka3aHa Ha puc.2,a.
Jlano: F = 4kH; M =5kHw; q=2"";a=2m; b=3m;d=2w;

Haiitu: peakuuu onop 4 u B.

Pemenne

CocraBuM pacueTHyro cxemy mig Oanku AB. OcBoOogum ee OTCBs3eH,

3aMEHUB UX JIEHCTBUE PeaKLUAMU cBA3ei. CBsA3U OANKN: HETIOABMXKHBIN LIUINH-
apudeckui mapHup A u noaswxkHasonopaB. TakxesaMeHMM paBHOMEPHO pac-

NpeAeICHHYIO

Harpys3Ky

MHTEHCUBHOCTBIO  (PAaBHOACHCTBYIOIIEN,PABHON
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Q =q-b=2-3=06kH, KOTOPYIONPUIIOKUMB IIEHTPE TIKECTH ILIOIIAJAU ITOU
Harpy3ku. Pacuetnas cxema 6ankuAB npencrasnena Ha puc.2,0.

N
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i a b d |
! |
R, |

I 5

|

|

|

|

! .

! B! o
Y /30
|

|

|

|

|

X lQ UL
o2 Mm 3Mm 2M : X
Puc. 2

banka ABHaxoauTCABpaBHOBECHUIIONIECHCTBUEMIIPOU3BOIBHON TUIOCKON
CUCTEMBI CUJI. B COOTBETCTBHM C 3TUM COCTaBUM TPU YPaBHEHHUs PABHOBECHS,
IIPUHAB cUCTEMY KoopauHaT Oxy:

n

Fiy = 0; X4 + F-cos 60° — Rg-sin 30° = 0; (1)

]:

[y

S

F,, =0; Yy — F-sin60° — Q + Rg-cos 30° = 0; (2)

]:

[y

n
Z M4(F;) = 0; =F-2-sin60° — Q3,5 — M + Ry 7-sin 60°
j=1

3)
=0.
N3 ypaBHenus (3)
R — F-2-sin60°+Q-35+M
B 7-sin 60° B
422 4+635+5
7.%2
2
N3 ypaBHenus (1)

X4 = —F-cos60° + Rg-sin 30° =

10



= —4.0,5+ 5,4-0,5 = 0,7 kH.
W3 ypaBHeHus (2)

Y, = F-sin60°+ Q — Rg-cos 30° =

3 3
= 4-\/2——+6—5,4-§z4,8 kH.

{1 mpoBEpPKHM TOJIYYEHHBIX 3HAYEHUMOMOPHBIX PEAKIMHACOCTABUM JO-
MOJHUTEJILHOE YPABHEHUE PAaBHOBECHSI, PABEHCTBO HYJIIO CyMMbl MOMEHTOB OT-
HOCUTEJIHHO TOYKHU B:

Mp(F) = 0;=Y,-7 + F-5-5in 60° + Q-3,5 — M = 0.

n
=1

J

3
—4,87+4- 5-% +63,5—5~-336 +17+21,5—5=—38,6+ 38,5 = —0,1

IR

0.

Pazumma B 0,1 Bo3HMKINA 3a cueT okpyrieHns (V3 =~ 1,7) B nponecce Bbl-
YUCJIEHUI U COCTaBIISIET MeHeE 5%.

3HAUMT, peakiuy HalICHbI, BEPHO.
Orset: X, =0,7kH; Y, =48kH; Rg = 5,4 kH.

3aganue C2

Tema: Pasnosecue cocmaenoii KOHCmMpPyKyuu noo oeiicmeuem npous-
60/1bHOII TUTOCKON CUCTEMBICHIL.

Ha coctaBHYI0 KOHCTPYKIMIO (CHCTEMa JIBYX Tel) NEHCTBYIOT: COCPEO-
To4yeHHas cwiakF, mapa cuin ¢ MOMeHTOMM W paBHOMEPHO pacrpesienieHHast Ha-
rpy3Ka WHTEHCUBHOCTHIO ¢. OTpeaenuTh peakiiuy Orop U JaBJICHUE B MPOMe-
xyTouHoM mmapaupe C.(puc. 3, Tabm. 2).

11
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Ta0Onuna 2
M1I3K

a,
rpajg

a,M | b,Mm|dm

MP

Puc. 3

kH/m

kH-Mm

M,

F, kH

JIP




0 4 3 2 0 2 3 4 30 0
1 6 5 2 1 4 3 2 45 1
2 8 3 3 2 3 4 2 60 2
3 5 9 3 3 3 2 4 30 3
4 7 8 4 4 4 2 3 120 4
5 9 5 6 5 2 4 3 150 5
6 10 3 3 6 1 5 2 45 6
7 12 4 5 7 2 3 6 60 7
8 3 7 2 8 3 5 2 150 8
9 14 9 4 9 2 6 3 120 9

Ilpumep pemenus 3axanusa C2

CxeMa coCTaBHOM KOHCTPYKIIMM MOKa3aHa Ha puc.4,a.

Jlano: F = 2kH; M =7kHw; q=5"; a=3m b=2w;
d=4wM; a= 30°.

Haiitu: peakunn onop 4 u B 1 J1aBiieHre B IPOMEXYTOYHOM mapHupe C.

Pemenue

IIpn paccmMoTpeHUN paBHOBECHS COCTABHOW KOHCTPYKIIMH B LIEJIOM IOJIY-
yaeTcs 4 HEM3BECTHBIX COCTABIIOIIMX PeakUuid B TOUKax A U Bu 2 HensBecT-
Hble B mapHupe C Ha TpU ypaBHEHUS PABHOBECUS, KOTOPHIE MOYKHO COCTABUTh
JUIsL 3TOW cucTeMbl cuil. 1loaToMy Mt penieHus 3a1adu COCTaBHYHO KOHCTPYK-
LU0 HAJ0 Pa3feNUTh HAJBE YAaCTU MO MPOMEKyTOUuHOMY mapHupy Cu cocra-
BUTH €IIE TPU YPABHEHUS PAaBHOBECHSA I OAHOW M3 dacTen. B mecrte pasnene-
HUSKOHCTPYKIIMU HEOOXOJUMO TMOKa3aThb COOTBETCTBYIOIME PEAKIMH IO B3a-
MMHO TPOTHUBOIOJIOKHBIM HAIIpaBICHUAM I Kaxaod wu3 dacred. Ilpu-
4EeM,COOTBETCTBYIOIINE COCTABJISIOLIME PaBHBI MO BEIMYUHE, MOITOMY Oyaem
0003Ha4YaTh MX C OJHOW CTOPOHBI CO IITPUXOM, C JAPYrol Oe3 mTpuxa, Npu
sroM(X. = X, Yo = Y¢).

PacueTHas cxema u3 IByX COCTaBHBIX YacTeil moka3aHa Ha puc. 4,0. Kax-
Jasi U3 4acTel HaXOAUTCsS B PABHOBECHUHU MOJ JIEHCTBUEM IMPOU3BOJIBHOM IJIO-
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CKOM cucTeMbl cuil. JJ1s Kaxa0i 4acTu KOHCTPYKIIMU COCTABUM MO TPU ypaBHE-
HUS paBHOBECHs, IPUHSAB cucTeMy KoopauHat Oxy.

a) M A F
14 (—l C)VL Ay B 4
j. A 4 '
. 0
! a b ! d

Puc. 4

Ha pacdetHOlf cxeme BMeCTO pachpeAei€HHOW Harpy3Kd HHTEHCHBHOCTBIOG
n3o00pakeHa cocpegorouenHas cuia Q: Q = g-b =52 = 10 kH.
PaccMmoTpumM paBHOBecHe TpaBOW YacTH:
n
Fiy = 0; X¢ + F-cos 30° = 0; (1)

]

S
=

Zij=0;—YC—Q+YB+F-sin30°=0; 2)

-
1]
[y

Mc(F;) = 0;—Q-1 + Y5-2 + F-6-5in 30° = 0. 3)

o

—~
1l
=

PaccmoTpuMm paBHOBECHE JIEBOM YaCTH:

Fiy =0; X, — X = 0; 4)

M-

~
Il
Ju

M-

Fy, =0; Y, + Y, =0; (5)
j=1
n
D MA(F) = 0; My + M+ 723 =0, ©)
=1
V3

U3 ypasrenna(l)  x. = —F.cos30° = —2:—-~ =17 kH.
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_Q1—-F6-sin30° 10-1—-26-0,5

Us (3 Y, = 2 kH.
3) B > 5
s (2) Y. =—Q + Yy + F-sin30° = —10 + 2 + 2:0,5 = —7 kH.
Us (4) X, = X, =—1,7 kH.
s (5) Y, = Y, =7 kH.
s (6) M,=-M-Y.3=-7—(-7)3=14kHMm.

JUIsl IPOBEPKU IOJIyYEHHBIX PE3YyJbTAaTOB MOKHO COCTABUTh YPaBHEHHE
MOMEHTOB OTHOCUTENIbHO KaKON-IMOO TOYKH WM ypaBHEHHUE MPOEKUIUN Ha Ka-
KyIO-HHUOYAb OCh, KaK JIJIsl BCe KOHCTPYKIIUH, TaK U JUIsl OTJEIbHBIX YacTel. B
Jr000M U3 3TUX YpaBHEHHH MPH PAaBHOBECHH U MOJCTAHOBKE MOJYYEHHBIX 3HA-
YEHUH peaKUil JOHKHO MTOIYYUThCS TOKIAECTBEHHOE PABEHCTBO HYJIIO.

CocraBUM ypaBHEHUE MOMEHTOB [UJIsl BCEH KOHCTPYKLIMM OTHOCHUTEJIBHO
TOYKH B:

n
Z Mp(F,) = 0; F-4-sin30°+ Q-1+ M — Y;-5 + M, = 0;
j=1
2:4.054+10-1+7—75+14 = 0;0 = 0.
OtBet:X, = —1,7kH; Y, = 7kH; M, = 14 kH-M; Yy = 2 kH; X, =
—1,7 kH;

Yo = —7 kH. Otmetnm, pa3 peakiuu X, uY, moJIyduiuch OTPHUIATEIbHBIMH, 3HAYUT
UX UCTUHHBIE HAMPABIEHUS IPOTUBOIOIOKHBI IPUHATHIM Ha CXEMEIPOU3BOJIBHO.

3aganueK1
Tema: Kunemamurka mouxku.

Ilo 3amaHHBIM ypaBHEHUSM ABWKECHHUS TOYKU M HAWTU ypaBHEHUE TPACKTOPHUH
9TOM TOYKM M JJIsI MOMEHTa BPEMEHUE; BBIYMCIHTH CKOPOCTh, IIOJIHOE, HOPMAJIBHOE,
KacaTeJIbHOE YCKOPEHUs TOYKU U PaAuyC KPUBU3HBI TPACKTOPUHU.

[To moay4yeHHBIM JTaHHBIM MOCTPOUTH B MaclTabe TpaeKkTopuro Touku./lyid 3a-
JJAHHOTO MOMEHTA t; HAWTH IIOJIOKEHUE TOYKH HA TPACKTOPUU U IOCTPOUTH B COOT-
BETCTBYIOIMX MacIITa0ax BEKTOPHI CKOPOCTH U YCKOPEHHS TOUKH.

Jlis BemonHeHus: 3amanusiK1 HEoOXoauMO TPHHATH MO TMOCienHed mudpe
mudpa(I1L3K) B Tabnuue 3 ypaBHEHUs ABUKEHUS TOUKUM, a MO JTHIO POXKICHUS
(AP), npuHATH 3HaUEHNUE BpEMEHUL; .

Tabnuma3l
YpaBHEHUS ABUKEHUS Bennuuna
13K AP
x = fi(t),cm y = f,(t),cm t;,C

15



0 | x=4cos(M/3)t—1 y = 4sin(T/3)t 0 1
1 x=2sin?()e—3 | ¥ =—2cos’(T/g)t 1 2
2 X =5t2+4 y=3t 2 3
30| x=1+2c0s(Y)t | ¥ =3sin(T/y)t 3 4
4 x = 6t y=2t"—4 4 2
5 x = 5cos("/g)t y = 3sin(Y/)t 5 ;
6 x = 3cos?(/,)¢ y = 3sin?(T/y)t 6 1
7 x=3t2—-1 y =6t 7 4
8 | x=4cos(V/3)t+2 | y=4sin(T/3)t—2 8 3
9 x =3t y=9t*+1 9 2

Ilpumeppemenusizananua Kl

JlaHo: ypaBHEHUS ABMXKEHUS: X = 2t; y = t* + 1; (¢ B ceKyH[ax, X, VB CaH-
TUMETpPax); MOMEHT BpeMeHu t; = 1,5 c.

HaiiTu: ypaBHEeHHE TPAaeKTOPUU JBUKEHHS TOYKUA U TOCTPOUTH TPAEKTOPUIO,
MOJIOKEHNE TOYKM HA TPAEKTOPUHU Ul 3aJaHHOTO MOMEHTa BpeMeHH t = t;, CKO-
POCTB,IIOJTHOE YCKOPEHUE,KacaTeIbHOE YCKOPEHHE, HOPMAJIbHOE YCKOPEHHE U pajuyc
KPUBU3HBI TPACKTOPUH B JJAHHOW TOUKE

Pemenue

Jlnst onpezesieHsl ypaBHEHMs TPACKTOPUU TOYKHU U3 YPABHEHUH JIBUKCHUS UC-
KIIIOYMM BpeMs f. Haxonum ¢ u3 nepBoro ypaBHEHMs JBUKECHHS U MTOJCTAaBUM €TI0 3Ha-
YEHUE BO BTOPOE YPABHEHUE
X2

t = . y= +1
YT T
2
VYpaBHEHHE TPACKTOPUU:Y = x: + 1 — nmapaGona (npux > 0,y > 0).

[Tocne mocTpoeHust TPAaCKTOPUM JBUKEHUSITOUKHU OMNpenesieM €€ KOOPAUHATHI
JUTSI 33/IaHHOTO MOMEHTa BpeMeHut; (B35Th U3 TaOJIULIbI 3).

x=2t=215=3cm; y=t?+1=15%+1=3,25cm.

HaﬁI[CM CKOPOCTb TOYKH I10 NPOCKIHUAM CKOPOCTU HA OCHU KOOpJAUHAT:
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V= |vi+vi=X%+y?
v=42%2+2t)? =21+ t%cm/c.

[Iput =t; = 1,5c:
x=2cM/c; y=3cM/c; v =13 = 3,61 cM/c.

HaiiieM yCKOpeHHE TOYKH TaKXKe 110 POEKIHMSIM:
d*x d?y

A =~ = ay=ﬁ=j};5c'=0;j}=ZCM/c2;

a= |a2+4+ai=%2+j%2=a, a=2cm/c>

B nmaHHOM ciyyae moOJIHOE YCKOPEHHE HE 3aBUCUT OT MOMEHTA BPEMEHUIIO-
CKOJIbKY BTOpas IIPOU3BO/IHAsl paBHA MIOCTOSHHOW BEJIMYMHE.

[Ipu onpeneneHun KacaTelbHOrO U HOPMAJIbHOIO YCKOPEHUS CIEAYET UMEThH B
BHJIY, YTO 3T OIPEIEIICHUSI YCKOPEHUI HE MOJHBIE, 2 COKPAIIEHHBIE, TAK CKA3aTh pa-
ooune. [IpaBriIbHO MX HA3bIBATH TaK: MPOEKLHUS YCKOPEHHUS TOYKHM Ha OCh KacaTelb-
HOM A U MPOEKIMUS YCKOPEHUITOUKM Ha OCh IJIaBHOM HOpMalna,,. Ha puc 5 nmokaszansl
€CTECTBEHHBIE OCU «D» U «n». OCh «D» HANPABIAETCA [0 BEKTOPY CKOPOCTU U, KO-
TOpasi BCEIr/la HANPABIISIETCS MO KAcaTeIbHOM K TPAaeKTOPUHU B JAAHHOM TOYKE, a OCh
TJIaBHOM HOPMAJIU «#1» MOJ MPSMBIM YIJIOM K OCH «7» B CTOPOHY BOTHYTOCTH TPAa€KTO-
pun. Ocu «7» U «n» 00pa3yOT COMPUKACAIONTYIOCS TUIOCKOCTh, B KOTOPOU JIC)KHUT BEK-
TOP IOJIHOTO YCKOPEHUSATOUKHUA, ONPEAEIEHHOIO KOOPAUHATHBIM CIIOCOOOM H, CJIe-
JOBATENIbHO, HA €CTECTBEHHYIO OCh «b» — 0Ch OMHOPMAIIH, HAMPABICHHYIO TIEPIICH/IH-
KYJISIPHO COTPUKACAIOMICHCS MIIOCKOCTH, He npoekTupyercs (a, = 0).Oco0eHHOCThIO
ocelt «», «n», «by» ABISAETCS TO, YTO OHU JBUTAIOTCS BMECTE C TOUKOM, MX €Il Ha3bl-
BAIOT OCSIMU Diijiepa UM OCSIMU €CTECTBEHHOTO TPEXTPAHHUKA.

HaﬁneM KaCaTCJIIbHOC U HOPMAJIbHOC YCKOPCHUA TOYKU:
dv _d(2v1+1t2) 2t
dt dt NG ¥ 2

a, =

Jsit =t;, = 1,5¢:
_2:15 3
oJ1+152 [325

[TonHoe YCKOPCHUC TOYKH:

~ 1,66 cMm/c?.

a=.a?+ az.

W3 3T0it popMyIbl MOTYYUM BhIpaXKEHHUE I HOPMAJIBHOTO YCKOPEHUS:

a, =+/a%z—a? =22 —(1,66)? ~ 1,11 cm/c?.
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MOo3KHO 17151 BBIYMCIIEHUN KacaTeIbHOTO U HOPMAJIbHOTO YCKOPEHHUH TakKe HC-
M0JIb30BaTh (POPMYJIBI:

$E 4y
r=
2.0 + 2t2 2t | 2:15 r
a; = = ; Arle= =——= 1,66 cM/C*;
Tovit+er Ni+ez MY 11152
iy —yi
ay = ="
22 —2t0 2 | 111 /e
. = = Ho I == 1, cCM/C™.
VIt Ni+ez VMY 11152

Omnpenenum paauyc KpUBU3HBI TPACKTOPUU B MOMEHT Bpemernn:t = t; = 1,5 c:

B vz_ _v?_ (361)* 13 171
= P T T L e

Yro06bl MoKa3aThpanyCc KPUBU3HBITPAEKTOPUH B TaHHOM TOuke M,Hano cieno-
BaTh MPABUITY: PAJUYC KPUBHU3HBITPACKTOPUM B JTAHHOM TOYKE HCXOAUT U3 ILIEHTpa

KPUBU3HBI K, KOTOPBIM HAXOAUTCS HA OCH TJIaBHOW HOpMaJH 1, TO ecTb KM = p.
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M

D

X, M

Puc. 5
[TocTpoeHue TpPaeKTOPHH TOYKH, & TaKK€ BEKTOPOB CKOPOCTH M YCKOPEHUS
TOYKHU MOKA3aHO B COOTBETCTBYIONIMX MaciuTadax Ha puc. 5. [Ipu 3ToM BEKTOp CKOpO-
CTH JOJDKEH OBITh HAIIPABIICH 10 KaCaTEIbHOW K TPACKTOPUH, & BEKTOP YCKOPEHUS HE-
00XOJMMO HOCTPOMTH JBYMs CIIOCOOAMH: MO COCTaBIAIOIMMA, = XUd, = J, U IO
COCTaBJISIIOIINMA .

OTBeT: TpacKTOpHUs — mapadoya: y = 1—2 +1(x>0,y>0); v=3,61cm/c;
a=2cm/c?; a, = 1,11 cM/c?; a, = 1,66 cm/c?; p = 11,71 cM.
3ananune K2
Tema: Onpedenenue ckopocmu u yCKOpenus mouku menda npu nioCKond-
PANIETbHOM OBUNCEHUU.

JIns 3aJaHHBIX TOJIOKEHUH KPUBOIIUITHO-TIOJI3YHHOTO MexaHu3ma (cxemsl 0-5,
puc.6), xoneca (cxembl 6-7, puc.6), MEXaHU3Ma U3 CTEPKHS U CBA3AHHBIX C HUM IIOJI-
3yHOB (cxeMbl 8-9, puc. 6) omnpenenuTb CKOpOCTb U YCKOPEHHME TOUYKU B, YIIIOBYIO
CKOPOCTh U YCKOpEHHE 3BeHa A BUiu KoJjeca.

Jlis BemonHeHust 3amanus K2 HeoOxomumo mo mociemHed mudpe mmdpa
(ITI3K) BeIOpaTh cxemy u3 puc. 6, a no aHto poxaeHus ([IP) n3rabnunel 4 — naHHbIe
0 FeOMEeTPUYECKHX pa3Mepax U KNHEMaTHUECKUX BEJIMUMHAX.
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TabOnunad

TP
IMII3K | Benuuuna

0 1 2 3 4 5 6 7 8 9
OA, cm 30 | 20 | 40 | 25 | 30 | 20 | 40 | 15 | 25 | 40
AB, cm 75 | 55 | 70 | 35 | 45 | 50 | 60 | 40 | 30 | 55

0-5
o pa/c | 1 2 05| 4 1 3 8 5 2 3
gompar/c® | 2 1 05| 1 2 1051 5 3 2 1 2
R, cM 20 | 15 | 25 | 10 | 30 | 40 | 55 | 50 | 35 | 55
6-7 V4, CM/C 10 | 15 |20 | 40 | 30 | 35 | 5 | 25 | 30 | 40
a, em/c> | 20 | 5 10 | 25 | 45 | 10 | 20 | 10 | 20 | 15
AB, cm 25 | 20 | 30 | 45 | 10 | 40 | 50 | 45 | 55 | 30
8-9 V4, CM/C 40 | 15 5 | 20| 35|40 | 10 | 30 | 35 | 45
a, em/c® | 20 10| 2 | 3050 | 15| 25| 20| 25| 20

4
O
nl:_‘l% 60° £y,
B
M*V @y,
B 0

20
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IIpumep pemenus 3aganusa K. 2

Cxema KpUBOILUITHO-IIOJI3YHHOIO MEXaHU3Ma I0Ka3aHa Ha puc.’.

Puc. 7

CrepxxkenbOA — KpuBoLIUIl, AB — MaTyH; T€JIOB — NOJIBYH. Wy, — YIJIOBask CKO-
POCTb KPUBOIIUIA, £y, — YIJIOBOE YCKOPEHUE.

Hano: 04 =30 cm;AB = 50 eM;wp4 = 1 pan/c; g4 = 2 pan/c?.
Haiitu: ckopocTb, yCKOpEeHUE MOJI3yHa B NyriI0BOCYCKOpEeHUE 3BeHa AB.
Pemenne

B KpuBOHIMIHO-NIOJI3yHHOM MEXaHMU3ME WIATyH AB coBepLIaeT IJI0CKOMapa-
nenpHOE JBMKEeHHE. CKOPOCTh TOUKU B OyZeM oIpelensTh, HCIOIb3Ys HOHATUEMIHO-
BEHHOTroIleHTpackopocteit (ToukaP,z).CKopocTh TOUKHU A

UA = a)OA'OA =1-30= 30CM/C
BekTop CKOpOCTH TOYKH AHalpaBieHNepIEeHIUKYISIpHOOABCTOPOHY YIiIOBOU
CKOPOCTH 4. 7151 onpeieneHusnoaoKeHussMrHOBEHHOTO LIEHTpa CKOPOCTEN IIaTyHa

AB BOCCTaHOBHUM INEPHEHIAUKYJIAPHI K CKOPOCTSIM Touek 4 U B matyHa AB. Touka ux
nepeceyeHus — MTHOBEHHBIH IIEHTP cKopocTel Py 3BeHa AB (puc.7).

Vg = Wyp * APyp; Vg = wyp * BPyp,

T7I€ Wyp YII0Basi CKOPOCTH 3BeHA AB.

V3
AP, = AB - cos 30° =50 N ~ 43,3 cM;

BP,z = AB -sin30°=50-0,5 = 25 cm;
Vg 30

= A 2 069 ;
©aB = 4p.s 433 paa/c

CM
v =0,69-25=173 ~

Jlyist omipesieNieHns yCKOPEHUsI TOYKUA B COCTaBUM BEKTOPHYIO(DOPMYITY IS 3TO-
IO YCKOpPEHUs MO TeopeMe 00 YCKOPEHHSIX TOYEK IUIOCKON (UTYyphl, IPUHIB TOUKY A
3a MOJIKOC:

d _ >n >T >n =>T
ag = a, +a, +ag, + agy. (1)
Bbruncnum yckopeHust:
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ay = wh, - 0A =1%-30 =30 cm/c?;
ai =gy 0A=2-30=60 cm/c?;
ap, = wig - AB = 0,69% - 50 =~ 24,0 cM/c?;
agA = EAB - AB.
B ¢opmyse (1) HEM3BECTHO yriIoBOE YCKOPEHHEE, p 3BEHAAB.
Bce Bekrtopa, Bxomsmue B dopmyny (1), MOKHO moka3zaTh Ha cxeme (puc.7),
NpuYéM HampapieHHs BEKTOPOBAg U (g ,BbIOMPAIOTCS MPOU3BONILHO. Bribepem cuc-

TeMy KoopauHaTOX)y,COBMECTHBOCH XC HEM3BECTHBIM YCKOPEHHEMdg. [IpoexTupys
ypaBHeHue (1) Haocux,y, MoJIy4um

np. X: —ag = —ay — ag, - cos 30° + ap, - cos 60°;

np. ¥: 0 =aj + ag, -sin30°+ ag, - sin 60°.

N3 ypaBHenus (3)

—a; —ag, -sin30° —60—24,0-0,5
sin 60° - 0,86

3HaK MHHYC 0003HAYaeT, YTO BEKTOPAp,, BHIOPAHHBIN [0 HAIPABJIECHUIO MIPO-
U3BOJIBHO, (PAaKTUYECKH HAIMPABJICH BIPOTHBOIOJIOXKHYIO CTOPOHYH 3TO OIpENeisieT
HarnpasJieHUE YTIIOBOTO YCKOPEHHS £y5.

N3 ypaBHeHus (2):

ag = ay +ag, - cos30°—ap, - cos60° =30+ 23,8:-0,87+82,6-0,5
~ 92,4 M/ 5

agA = ~ —83,1 CM/CZ .

VYrioBoe yCKOpEeHHUEE, g 3BeHAAB:

lag.l 92,4 pa
=g =50 - 80 e

Orser:vg = 17,3M/; ag = 92,4 CM/Cz; &g = 1,85 pa,q/cz_

3aganue K3

Tema: Onpenenenre aOCOMIOTHBIX CKOPOCTH M YCKOPEHHSI TOUYKHUIIPH CIOKHOM
JBHKCHUM.

[Ipy 3agaHHOM 3aKOHE IIEPEHOCHOIO BpaIlIaTEIbHOIO JIBIKEHHS (¢ =
f1(t) pag/c,u 3aKoHE OTHOCHUTEILHOIO MPSIMOJIMHEHHOTO ABMKEHHS TOYKHS = f, (t)
nput = 1 c,onpenenuTh abCOMOTHBIE CKOPOCTh U YCKOPEHHE TOYKH IIPH CIIOKHOM
IBWKEeHUU (puc.8, Tadim.s).

Tabnuuas

Bennuunna

MI3K JIP

@, pan S, M

23

2)
3)



0 0 3t + t2 0,4t>

1 1 3t 0,2t3

2 2 6 + 2t2 0,3t

3 3 42 0,1t

4 4 8+ t3 0,2 + 0,1t

5 5 4 + t? 0,6t2

6 6 t — t? 0,5t2

7 7 7t? 0,4t + 0,2t
8 8 2t2 0,6t + 0,15t2
9 9 5t2 0,1t + 0,6t>
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=

Puc. 8

IIpumep pemenus 3ananusa K3

[Mnactuna ¢ TpyOKOi(puc.9)coBepiiaeTIepeHOCHOEBPAIIATENbHOE JABUKECHHE-
BOKPYT BEPTHKAIILHOM OCH I10 3aKOHY(Q = 2t% pam,a B TpyOKe TOUKACOBEPLIAET OTHO-
CUTEIIbHOE NpAMOIMHENHOEe ABMkeHue 10 3akonyS = 0,1t3 M (¢ B cexynpax). Jus

MOMEHTa BpeMeHut = 1 conpenenauTb adCOIOTHBIE CKOPOCTh U YCKOPEHUE TOUKUM.

z

A
|
I
|
|
|
|
|
|
|

X
R
I\/we
«_ _______
y
Ja? | S
0\!
I Y d=02wm
7/
Puc. 9
Pemenne

Onpenenum nojioxxeHue Touku M B MOMeHT!= 1c.

S=01wm.
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ITo TeopeMe CIIOKEHHUS CKOPOCTEN aOCOMIOTHAS CKOPOCTh U, ONMPEAENAETCS 10
bopmyne
B, =B, + D,
rje U, — HEPEHOCHAs CKOPOCTh; U, — OTHOCHTEILHAS CKOPOCTb.
Tornav, = w, * R,
I7i€ W, — yIioBasi CKOPOCTh NEPEHOCHOTO JABUKEHUS,
R — pannyc oKpy>XKHOCTH, KOTOPYIO OITUCHIBAET TOUKABMOMEHT/= 1 C.

dp d(2t?) paj
=—=——=4t )
©e = at dt /c

[lput =1 c=>w, = 4pa,q/o

R=d+S5-sin30°=0,2+0,1-0,5=0,25wm;
v, =4-0,25=1,0 M/
Bekropy, HampaBlieH NEPIEHIUKY/ISIPHO IUIOCKOCTH ILIACTHHBI B CTOPOHY
BparieHus (puc.9).

ds d01t®) .

=—=— 3t2M/
dt dt ’ /c

Ur

[put =1 c=v, = 0,3 M/.
Hamnpagnen BEKTOpPY, 110 HAIIPABIEHHIO TPYOKH OT TOYKUO.
Tak kak ¥, L 7,.,T0a6COMIOTHYIOCKOPOCTBMOKHOOIIPEAEINTD, UCTIONb3Ys TEO-

pemy ITudaropa.

Vg = V2 +v2 =12 + 0,32 =~ 1,04 M/,.
BekTop aOCcoII0THOM CKOPOCTH T, Ha PUC.9, a HE MOKa3aH.
[To Teopeme cokeHUsT YCKOPEHUI ONpeIeINM a0COIFOTHOE YCKOPEHUE
d, = d, + a, + dy,
rae  d, — MEPEHOCHOE YCKOPEHUE;
, — OTHOCUTEIBHOE YCKOPEHHE;
(i}, — KOPHUOJIMCOBO YCKOPEHHE.
Taxk xak nmepeHOCHOE ABMKEHHUE BpaIIaTEIIbHOE, TO
d, = al + at.

CnenoBaTeiabHO,
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d, = ady + at + da, + d. *)

OHpeIleJ'II/IM BCIINYNHBI YCKOpeHHﬁ, BXOIAIIKUX B IIPABYIO YaCTb nocjegHen

bopmybI:
al? = wZ-R =4%-0,25 =4M/C2;

ag=¢ R=4-025=1"/,;

e=at ~ ar T fc2
d?S
a, = I =0,6- tM/Czi

[lput = 1 c=a, = 0,6 M/Cz;
_ A
Ay = 2+ w, * V- Sin (weﬁr).

o d /\ fo)
HanpaBnenue BekTopa w,,noka3aHo Ha puc.9. Torma yron | —» = ) = 30°;

a,=2-4-03-05= 1,2M/C2.

-n >T - -

Hampasnenust BektopoBa,, dg;, a,, 4, MNOKaxeM Ha puc.9. Ha stom pucyHke
MOKa3aHa TaK)Ke CUCTEMAIpPsIMOYTOJIbHBIXKOOpAMHATM XYz, YpaBHeHue (*) cupoeKTu-
pyeM Ha OCH X, V, Z:

np.X; aax=a£+ak=1+1,2=2,2 M/Cz;

mp. ¥:  Gay = a7 — @, -sin30°=4-06-05=37 M/,

V3
np. Z: Qg = a,-cos30°=0,6- - ~ 06087 =0,52 M/CZ'

Torma
a, = \/agx +a2, + a2, =222 +3,72 4+ 0,522 ~ 4,3 M/CZ.

Ha puc. 96 nokazan BekTOp aOCOIIOTHOTO YCKOPEHHUSI TOUKU M, MOCTpo-
€HHBIW M0 MPOCKLUHAM Ha OCU KOOPAWHAT:
Puc 96

Otser:v, = 1,04 M/¢; a, = 4,3 M/cz'
4. KOHTPOJIBHAS PABOTA Ne 2
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3apanue /1

Tema: Humezpuposanue ougpepenyuanvHovix ypasHeHuil 08UMHceHUs mame-
PUAIbHOU MOYKU (6mopas 3a0aua OUHAMUKU MAMEPUATbHOU MOYKU).

Haiit: ypaBHEHME NPAMOJIMHEWHOIO IBWKEHUSA Tena M maccou m npUHUMae-
MOI0 3a MATEPUAIBHYIO TOYKY M HAXOIAIIErOCs IMOJ JEUCTBHEM NEPEMEHHOU
miF = X T, roe X — MPOEKIMUS CHIIBI HA OCh X, IPU 3aJaHHBIX HAYAJIbHBIX YCIOBUAX:
t =0,x = x5 x = Xy. Teno ABMXKETCS MO LIEPOXOBATON IMOBEPXHOCTH, KOTOpas Ha-
KJIOHEHA K TOPU30HTY MOl YTIIOM ¢, KOO(PMUITUEHT TPEHUS CKOJIbKEHUS f.

Cxema nokasana Ha puc.10 u sBIseTCs OMUHAKOBON JUIS BCEX BAPHAHTOB IIH(]-
pa. 13 Tabn. 6 no meproit mudpe mudpa ([IP) onpenensercs yroma a, a mo BTOpOi
udpe mudpa (MP) BeIOUparoTCs ocTaabHbIE UCXOIHBIE BETUYMHBI JIJIs 3a/1a4H.

-

F -7 x
M
o
Puc. 10
Tabnunab
Bennunna
P a, rpaj MP S M
m, ke F,H S| xoM | Xo,—
C
0 30 0 2 5. sin((n/3)t) T 0,10 0 1
1 5 1 4 (2t +5)-7 0,15 1 2
2 20 2 6 e?t.7 0,20 2 3
3 60 3 8 4-cos((n/6)t) T 0,18 3 4
4 0 4 10 (7t2+3) -7 0,22 4 1
5 35 5 12 —3-sin((m/2)t)-T | 0,24 5 2
6 50 6 14 —ett.7 0,26 1 3
7 75 7 16 (1—-e™39.7 0,12 2 4
8 25 8 18 (4t+1)-7 0,28 3 1
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9 10 9 20 1-t»-7 0,30 4 2

IIpumep pemenus 3aganus 1
Cxema Tena, pacrnoj0KEHHOI0 Ha HAaKJIOHHOM INIOCKOCTH, TIOKa3aHa Ha puc.11.
Jlanoom = 4 kr; F = 3t?-TH; =025 a=30°Tpu t=0 =x5 =1M; X, =
3 M/c.

HaliTu: ypaBHEeHHE MPSAMOJIMHEHHOTO ABWKCHUS TEIABHOIONCUMETbHOMHANDAGTEHUU-
ocux(x > 0).
Pemenmne

Kpome cunblF mpuinoXuM K Telly CUJly Beca mMg,HOPMalIbHYIO peakuuio N U CHILY
TPEHUACKONBKEHUAF 1, (pHC. 1 1).CocTaBumanpdhepeHnanb-HOe ypaBHEHUE IBUKEHHS TENA.

n
m5C'=Zij =2ij;
j=1 '

j=1

Puc. 11

mi=F—m-g-sina— Fy,. @)

Haiinemcuiy TpenusiFy,
Epp=fN=f-m-g-cosa.
[Tpeobpazyem(1) k Bumy:

mi = 3t2 —mg -sina — fmg - cosa. (2)

[IpencraBum(2) B BUzC

. _ 3t .

x=F—g-sm(x—f-g-cosa,HnH

dx 3

E=%-t2—g-sina—fﬂg-cosa. 3)

Paznenum nepemMeHHbIE U IPOUHTETPUPYEM

3
fd)'c=Eft2dt—g-sinafdt—fg-cosafdt;
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23T ina-t—f t+C C)
X=—+——g-sina-t—fg-cosa- .
m 3 9 g 1
[Tpon3BONBHYIO TOCTOSIHHYIO HHTErprpoBaHust C|OMPeaeInM, TOACTABIIS B IEPBBII
uHTerpan (4) ucxoaHoro auddepeHnnanIbHOro ypaBHeHus(3) HayallbHbIe YCIOBUS:
nput = 0 =x, =3 M/c:

C; =3 m/c.
t3
Torza (4) mpumer Buz J'c=%—g-sina-t—fg~cosa-t+3.

[IpeacraBum(5) B BUzC

dx t3 _
E:E—g-51na-t—fg-cosa-t+3.

PaznenumnepemMeHHbIe ¥ MPOMHTETPUPYEMBTOPOI pa3

1
fdx=Eft3dt—g-sinaft-dt—fg-cosaft-dt+3fdt;

t* t t?
x=m_g.sjna-?—fg-cosa~7+3t+C2. (©)

C, ompenenum, MOACTaBIIsIsI BO BTOPOM HHTErpan (6) ucxonHoro auddepeHnaIbHoro

ypaBHeHHs (3) HayanbHbIe YCIOBUS: Ipu t = 0 =xg = 1 M:

0* 02 02
1=m—g-sina-7—fg-cosa-7+3-0+62.
C; =1m.
t* t? t?
Torza x=m—g~sina~7—fg~cosa-7+3t+1.

C y4eToM MCXOIHBIX JaHHBIX TpencTaBuM (7) B BUE

t* t2 t2
= —98.05-——0,25-98-087-—+3-t+1;
* =716 2 g totd

x(t) =0,062-t*—351-t>?+3-t+1, m
Oter:x(t) = 0,062 -t* —3,51-t>+3-t+1, M.

3aganue /12

TeMa:Teopema 00 u3MeHeHuUu KUHemu4ecKoil IHepsuu mouKu u meopema 00 us3-
MEHEHUU KOJIUYeCmeda 06UNCEHUA MOYKU.

Teno Maccoiim, KOTOpoe MOXKHO MPUHATH 32 MaTepUaIbHYIO TOUKY, IOJYyYUB Hayallb-
HYIO CKOPOCTbV,, IBWKETCS B M3orHyTON Tpyoe ABC. Tpyba pacmosioxeHa B BEPTHKAIbLHON

30
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MJIOCKOCTH M UMEET JiBa NMpAMbBIX ydacTka AB u BC. Ha Teno neicTByeT KpoMe CHIIbI TSHKECTH
nocTosiHHas cwia F(HampaBiieHUE €€ M0Ka3aHo Ha puc.l2),aTaxkecuiia TPEHUs CKOJIbKEHUS C
koddurmentomf. B Touke BTeno, HE U3MEHSA CBOEH CKOPOCTH, MEPEeXoauT Ha ydacTok BC.
Paccrosinne AB = [, BpeMs aBuKeHHs Ha ydyacTke BCpaBHo7. Onpenenutb CKOpPOCTH Teja B
tTouke BuB Touke C (puc. 12, Tabmn. 7).

Cxema BwiOupaetrcss mo III3Ku3 puc.12. M3 Tabn.7 mo mepBoit nudpe mudpa
(AP)onpenenstoTcst UCXOHBIC JaHHBIC.
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Puc. 12

Tabnuua7
Bennunna
[TL3K JIP M
m, K2 Uy — F.H AB =1I,Mm f 7, C
0 0 0,1 0,5 6 0,4 0,2 2
1 1 0,3 0,6 8 0,2 0,1 3
2 2 0,4 0,8 9 0,3 0,15 4
3 3 0,6 0,7 10 0,5 0,2 1
4 4 0,2 0,5 7 0,4 0,3 2
5 5 0,4 0,6 8 0,5 0,1 4
6 6 0,5 0,7 10 0,2 0,15 2
7 7 0,3 0,5 12 0,4 0,25 5
8 8 0,5 0,6 9 0,3 0,1 3
9 9 0,4 0,8 7 0,5 0,3 4

IIpumep pemenus 3aganus /12

Cxema Tpy6b14 BCriokazaHa Ha puc. 13.
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AL fN\o0°

Puc. 13

HMano: m= 0,5«kr; vy, =0,6 M/c; AB=1=03m; F=8H; f=01;, 7=
3c

Haiitu: ckopocterena B ToukaxBuC. [{ns onpeneneHus: CKOpocTUVg BOCIOIb-
30BaThCATEOPEMON 00 M3MEHEHMHM KMHETUYECKON IHEPrUUMaTEpUAIbHON TOUKH, IS
OIpeNIETIeHNUs CKOPOCTUV - IPUMEHUTH TEOpEMY 00 U3MEHEHHH KOJUYECTBA JBUKECHUS
MaTEpHUAIIBHON TOUYKH.

Pemenue

[Tokaxem Ha puc.13 nmpomMexyTOUHbIE TOJOKEHUS Tella Ha yyacTke AB urpu-
JIOKUM K HEMY cnnyﬁ , CHIly Becamg, HopMaJILHonpeaKumoﬁln CUILY TpeHI/ISIﬁmp_l.
Fpp1=f*Ny=f-m-g-cos60°=0,1-05-9,8-0,5=0,245H.

ITo Teopeme 00 M3MEHEHUM KMHETHYECKOW YHEPrUUMATEPUAIILHON TOUKU MMe-
eM

2 2 n
mvg muvy 5
- a(B);
2 2 :
J=1
CyMMma paboT cwl, TPUJIOKEHHBIX K TEy Ha y4acTke AB, paBHa:

> A(E) = AF) + A + AF,) + A(Fps);

j=1

A(F)=F-1-c0s0°=8-03-1=24H-m;
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A(mg) =m-g-sin60°-1-cos180° = —0,5-9,8-0,866 - 0,3 ~ —1,27 H - M;
A(Ny) =N;-1-c0s90°=N;-03-0=0H - m;
Cuna neprieHIUKYISIpHAS IEPEMENICHUIO HE IPOU3BOANUT PAOOTHI.
A(Fpp1) = Fppy - 1+ c0s180° = —0,245- 0,3 ~ —0,074 H - ;

n
ZA(ﬁj) =24—-127+0-0,074=105H M.
j=1

N3 dpopmyns (1) umeem

23" A(F, 21,03 M
vy = ;(])+v2 = +0,62 =214 —
m 4 C

0,5

[Toxaxem Ha puc.13 nmpomexyTouHOE MOJOKeHHe TenaHaydyactke BC u mpu-

-

- —
JIOKUM K HeMy cuiblF, mg, N,, Fnp 2.

V2
Fmp_z=f-N2=f-m-g-cos45°=0,1-0,5-9,8-7z0,35H.

[To Teopeme 00 M3MEHEHHM KOJIMYECTBAJBUKEHUSAMATEPUAIBHOW TOYKM Ha
yuactke BC umeem

n
MUy — MVpg, = Z Sjx- )

j=1

CymMa npoeKIuil Ha OCh X UMITYJIbCOB BCEX CHUJI, IPUIIOKEHHBIXK TEJly Ha y4da-
ctke BC, paBHa:
n
V2
Zij =(-m-g-sin45°+F — Fpp,) T = <—O,5-9,8-7+8—0,35 -3
j=1

~ 12,7 H - c.

U3 popmymsr (2) nmeem

R TSV -
Vex =T VBT g5 T E Al

OTBCT:UB = 2,14 M/c, Ve = 27,3 M/c.
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3ananune /13

Tema: Teopema 00 usmenenuu KuHemuueckoul IHEPZUU MEXAHUUECKOU
cucmembul.

OpnHopoHBIN KaTOK D Maccoilmp u paguycoM Rp coelMHEH TMOKON HepacTs-
KUMOW HHUTHIO ¢ TeloM A maccoiim,. Hute mepebpormiena yepe3 010k B maccoiimpg
(6mox B cunTaTh OMHOPOAHBIM KpyTiibiM auckoMm). K ocu katka C (puc. 14, cxemsl 2;
6-7; 9), wiu x tenyA (puc. 14, cxemsl 0; 3-5; 8), winu Kk CBOOOHOMY KOHITY HUTH (pHC.
14, cxema 1) npunoxeHna noctosiaaas cuia F. Katok kaTutcst 6€3 CKOIbKEeHUs, KO3 -
(GUIUEHT TPEHUS CKOJBXEHUS TeNa O TUIOCKOCTB f, YTOJI HaKJIOHA TIockocTH o. K kat-
Ky IIPUIIOKEH TOPMO3AIIUA MOMEHT M., (puc. 14 cxemsl 0-1; 3-5; 8) nm Bpamaro-
i MomenT My, (puc. 14, cxemsr 2; 6-7; 9). Tpennem B nogmunuauke 6110ka B u Tpe-
HUEM KayeHUs MpU JABUKEHUU KaTka D npeHeOpeub. HuTh mapanienbHa MIOCKOCTH.
Onpenenuts CKOPOCTh TeNla A, KOrAa OHO MPOMAET MyTh S, a TAKKE YCKOpPEHUe Tena A.
B HavanbHBIE MOMEHT cucTeMa Haxouiach B mokoe (puc. 14, Tabm. 8).

TaOnuma 8
Bennuuna Bennuuna

HL3K |- AP my, mg mp F 7 MP a Rp, S,
Ke K2 K2 H 2pao. M M

0 0 1 3 4 30 0,10 0 20 0,3 2
1 1 2 4 1 40 0,12 1 30 0,1 3
2 2 3 5 2 50 0,14 2 40 0,6 4
3 3 5 3 1 60 0,16 3 50 0,4 5
4 4 2 4 5 70 0,18 4 60 0,3 6
5 5 3 5 4 40 0,20 5 20 0,5 2
6 6 4 2 3 50 0,22 6 30 0,7 3
7 7 5 3 1 60 0,24 7 40 0,4 4
8 8 2 4 5 70 0,26 8 50 0,6 5
9 9 3 5 2 90 0,28 9 60 0,25 6
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Puc. 14
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IIpumep pemenuns 3aganus /. 3

MexaHuueckas cucTemMa IoKa3aHa Ha PHC. 15.

Puc. 15

Hano:my = 4xe; mg= 3ke; mp = 5k;F=50H; f=02; §S=
4’M, RD=0,2M;UO=O.

Haiitu: ckopocTs U yckopeHue tena A, KOrjaa OHO B COCTABE MEXaHUYECKOU
CUCTEMBI U3 COCTOSIHUSI IOKOSI IPOUIET MYTh S.

Pemenue

[To Teopeme 00 M3MEHEHUM KUHETUYECKOW SHEPTrUU MEXAHWUYECKOU CHCTEMBI
IS HEU3MEHIEMON MEXaHNYECKOM CUCTEMBI NIMEEM

n
i=1

n
T1 :ZAle’ T1:TA+TB+TD'
i=1

Brraucium KHMHCTHYCCKYIO SHCPIUIO CUCTCMBI:

KuneTnueckas 3Heprus Tena A, COBEpPIIAKOIIETro MOCTYNATENBHOE ABHKEHHE:
- myvi 4-vf
=" =7

Kunernueckas OHCPIuAa O0Kka B, COBCpIIAOIICTO BpAalaTCIIbHOC JABHUIKCHUC!

— 2
= 2vj.
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Jswp _ 15 Rz -v;
Ty = = = 0,75 - vZ,
2 2R

r7Ic MOMEHT MHEPILIMH OJI0OKa [ M KPyroBasi 4acToTa €ro BpallleHUs Wpg:
— 2 _ 2, —
]B—EmB°RB —1,5'RB, a)B—_.

Karox D COBCPIIACT IINIOCKOIIApAJUICIIBHOC IBUIKCHUC. Ero kuneruueckas
OHCPIui:

_mp v¢ Jpwh
T =3 2

Tak kak HUTH, CBA3bIBarOIAs TeI0 A M KaTok D HepacTsKumasi, TO CKOPOCTH
tena A u uentpa C xatka D OJUHAKOBBIEV, = V4,a IOCKOJBKY KayeHue tenal npouc-
XOIUT 0€3 CKONBbKeHUs (TI0 YCIOBHIO 3a7add), TO B TOYKE KOHTaKTa Katka D ¢ mo-
BEPXHOCTBIO MMYTH HAXOJUTCS MTHOBEHHBIN LIEHTP CKOPOCTEH, ToukaPu miockomnapai-
JeNbHOE JBUKEHHE KaTKa MOXHO IMPEJCTaBUTh KAaK MTHOBEHHOE BPAILATEIIbHOE JIBU-

JKEHHE BOKPYT TOYKHM P M 3amucarh BBIPAXKEHUE Ve = Wp -Rp, U3 KOTOPOTO ONpenes-
VA

€TCAl YIIIOBAast CKOPOCTh Wp: Wp = —=.
D

T, =2-v:+ 075 -v%+ 3,75 -v3 = 6,5 v2.
[Tpunoxum k TenamA, B, D BHEUWIHUE CUJIbI, ICUCTBYIOIINE HA 3T TENA!
S5 = > N - —
mug, Nay Epp,mpg, F, My,. 31€ch crieyeT OTMETUTS, Y4TO Ha puc. 15 He npercTas-
- -

JIEHBI BHEIIHUE CHIIBI Mg J,pEaKkMu B ToAMKNHNKE BXp U Yg,HOpManbHas peakius
— -

Np,cuna TpeHUs! CKOJIbKEHUS Frﬁp, TaK KaKk OHM HE COBEpILAa0T paboThl HA 3a/IaHHOM

- - — >
nepeMenieHuu: My g, Xz U YIIPUIIOKEHBI B HEMOABMKHOM TOUKe, a Np U F,Qp MpUJIO-
YKE€HbI B MTHOBEHHOM I[EHTPE CKOPOCTEH, TO €CTh Y HUX HET MEePEMEILCHHUS.

Bperaucinum CYMMY pa60T BHCHIHUX CHJI, ITIPHUJIOKCHHBIX K CUCTCMC

n
Z A¢ = A(myg) + A(Fyp) + AF) + A(mpg) + A(M,,).
i=1
Pa60Ta CHUIJIBI TAXKECTU TCJIa Ai
A(mug) =my - g-sin60°-S-cos180° = —4-9,8-0,87-S~—34-S H-m;
Cuna tpenus u e€ paboTa:

Epp=f Ny=f-my-g-cos60°=0,2-4-98-0,5~= 3,9 H;
A(Finp) = Fpp + S+ c05180° = =3,9-S H - m;
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PabGora nocTtostHHOM BHELIHENH cUnbl F:

A(F)=F-5+c0s0°=50-SH-m;

PaGora cuitel Tsxect Tena D:

A(mpg) =mp-g-sin20°-S-cos180°=-5-9,8:0,34-5S=-16,7-S H - m;

Pa6ota Bpamaromiero MomeHTaM,),:
S S

A(MBP)=MBp-g0D=MBP-E:2-ﬁ=1O-SH'M;

n
ZA?=—34,1-5—3,9-S+50-S—16,7-S+10-S=
i=1

=53-S H-mMumb,3:S oKk
6,5-v2=53-85.

_ [53:5_ [53-4_ m
VAT 1765 |65 ¢

[Ipomuddepennupyem (1) mo BpemeHu:
as dv,  dS
e’ de M ae

dv,

6,5 . ZUAE = 5,3

Uy

53 M
13aA = 5,3, aA == E = 0141 C_Z,

M M
OtBeT:v4, = 1,8 A= 0,41 =
3ananue /14
Tema: Ilpunyun 603mo0cHbIX nepemeuseHuil.

(1)

B kpuBommMmnHo-mos3yHHOM MexaHusme(puc. 16) k kpuomuny OA npuiioxKeH
MOMEHT M, a x non3yHy B cunaF. 3aganbl nnvunsl kpuommuna OA u matyHa AB.Jns
3a/IaHHOTO TMOJOKEHUs1 MexaHu3Ma omnpeaenuts F (cxemsl 0-4) npu 3amanHom M u
onpenenutb M (cxemsl 5-9) npu 3aanHoN cuieF B mosioskeHuu paBHoBecus (puc. 16,

Tabmn. 9).
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Puc. 16

Tabnuua9
P

Bennuuna

0 1 2 3 4 5 6 7 8 9
OA, m 0,2 04 0,7 04 0,6 04 0,7 0,3 0,9 0,5
AB, M 0,5 0,6 0,9 0,8 1,1 0,7 1,2 0,8 1,3 0,7

ITII3K
0 1 2 3 4 5 6 7 8 9

IIpumep pemenus 3aganus /14
Cxema KpUBOILHUITHO-IIOJI3YHHOTO MEXaHU3Ma [T0Ka3aHa Ha puc. 17.
Hano: 0A=03m, AB= 05mM; M =4H M.

Havitu: cuny F' B IOJ0KEHUU PaBHOBECUS MEXaHU3MA.
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Pemenue

Ha mexanu3m aeiicTByroT akTuBHas cuia F u napa cuin ¢ MomeHToM M. Coo06-
MM MEXaHH3My BO3MOJKHBIE MEPEMEIIECHUSI U COCTAaBUM YpPaBHEHHUE IJIEMEHTapHBIX
paboT MO MPUHIKITY BO3MOXKHBIX EPEMEIICHUN:

n
Z Fi . 851' . COS(ﬁi,&)i) = 0,
i=1

O0A=M:-6¢p —F-8s, =0. (1)

Puc. 17

Haiiném cooTHOmeHne Mexay 8¢ U 6S;:

6s; 0s;
0p =—=—.
0OA 0,3
Bo3smoxubie mepemenieHust 6s; U 8S, NPSAMOTPONOPIHUOHAIBHBI CKOPOCTSIM
Touek A u B, Haliném mono)keHue MrHOBEHHOTO IIEHTpa CKOpOCcTel — Touky P (puc.
17).
Torna
6s, AP AP

=255 051 = 0S5
5s, Bp’ °°1T %%2pp

AP = AB -sin30°=0,5-0,5 = 0,25 m;
BP = AB - c0s30°=0,5-0,87 = 0,43 m;

8§s, =68 0.25 0,58 - 85s,;
517 052933 ¥ 00 0% 2)
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. 652 * 0,58

op = 03 ~ 1,93 - §s,.

[Toacrasnss (2) B (1), monyuum
M-8s,-193 —F - §s, = 0;
F=M-193=4-193=7,72 H.
OrBeT:F = 7,72 H.

3ananme /A5
Tema: Obuee ypasnuenue ounamuxu u ypasuenue Jlazpausca emopozo pooa

[To ycnoBusam 3amaum [1. 3, puc. 14 u tabn. 8 onpenenuts yCKOpeHue rpysa A,
UCTIONB3ys 00lee ypaBHEHNE JMHAMUKY U ypaBHeHHe Jlarpanxka BTOpPOro poja.

IIpumep pemenus 3aganusa /A5

Cxema MexaHM3Ma MOKa3aHa Ha puc. 18.

Puc. 18

Hano:my =4 xe;mp =3 keymp =5 we;FF = 50 Hyf = 0,2;Rp = 0,2 m;M,,= 2 Hom;

Haiitu: yckopenue tena 4.
Pemenne

OO01ee ypaBHEHHE TUHAMUKA MOXKET OBITh 3aIIICAHO B BHJIE
n n
Z F;-6s; - cos(ﬁi -85 + Z @; - bs; - cos(&)’i - 85;) = 0.
i=1 i=1
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Jlis JaHHOW MEeXaHWYEeCKOM CUCTEMBI 3a/laBaeMbl€ CUJIbI, YYACTBYIOIIUE B JBU-
YKEHUU U COBEPIIAIOIINE dIIeMEHTapHYI0 paboTy:

-

mAg)i ﬁmpi F! ng)r MBp.
Fnp=f+Ny=f-myg-cos60°=0,2-4-98-0,5=39H.

[Tpunoxxum 3amaBaemMblie cuiibl K Tenam 4, B, D (puc. 18). Berauciaum u npuiio-
XKUM K Tenam A, B, D cuibl unepuuu (puc. 18).

TGJIO A COBepH_IaeT HOCTyHaTeHBHoe I[BI/I)KeHI/Ie:d)A = _mA . aA.
d)A=mA'aA=4'aA.

Teno B coBepiaet BpamareabHOe IBUKEHUE BOKPYT HEMOIBUXKHOM ocH (LIEHTP
Macc pacroyIOXKEH Ha OCH BpaIIEHUs1), U MOMEHT CUJI MHEPIUU Teja B onpeaenuTcs mo

dopyne: M = —J; - &

au

Mg) =Jp e = _mBRLZB’ -— = 1,5Rp - ay;
2 Rg
au
s = EmBRéi &g = E-

Teno D coBepiaeT miockonapaiieiabHoe aBuxenue. Toraa:
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Coo0mum MexaHW4YeCcKOW cuctemMe BO3MOXKHoe mnepemerieHue (puc. 18). Co-
CTaBUM ypaBHEHHUE AJIEMEHTAPHBIX Pa0OT BCEX 3a/1aBa€MbIX CUJI U CHJI MHEPILIMH, COOT-
BETCTBYIOLIEE 00IIEMY YPAaBHEHUIO TMHAMUKH:

—m,g - sin 60°- SS—CDA-(Ss—Fmp-(Ss—Mg’ -0¢pg —mpg - sin 20°- §s —
—®p - 8s —Mp - Sp + F - 8s + My, - S¢p = 0;

0s 0s

dpg = —; 6pp = —.
Pp R, Pp R,

[ToncraBuB B ypaBHeHue (1) 3HaYeHUS CHIJI © MOMEHTOB:

0s
—4-9,8-0,87-55—4-aA-65—3,9-65—1,5-RB-aA-R——5-9,8-0,34-5s—
B
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ds ds
—S-aA-Ss—Z,S-RD-aA-R—+50-55+2-ﬁ=0.
D )

CoxkpamasiHads:

—341—4-a,—-39—-15-a,—16,7—5-a, —2,5-a, + 50 + 10 = 0;

5,3 M
5,3 = 13CLA; a, = E = 0,41 C_Z

[Tonmy4yeHHbIN pe3yNbTaT COOTBETCTBYET PE3YJbTATy, MOJYYEHHOMY B 3a/laHUU

3.

Onpenenum yckopeHnue Tena A, UCIoib3ys ypaBHeHHE JlarpaHxka BTOpOro po-
na. JlaHHas MexaHW4Yeckas cCUCTeMa MMEeT OJHY CTeleHb CBOOObI. 3a 0000IEHHYIO
KOOpJMHATYy NPUHUMAeM MyTh stenad. YpaBHeHue Jlarpanixa BTOPOro poja B 3TOM
Cllyyae UMEEeT BUJ:

d (aT) oT _

ac\as) "o O

7 )

Nmeemv, = s; ay = S.
O6061mEnnyI0 cuy Qg onpeaesuM U3 paBeHCTBa

54,
QS - 55 '

DOnemeHTapHas paboTa aKTUBHBIX CHIIOAg ONIPEACIIUTCS aHAJTOTUYHO TTPUMEPY K
3aganuio J13:

8A; = —myg - sin60°6s — F,, - 6s + F - 6s —mpg - sin20°6s + My, - §¢p;

oS
Fmp=f'NA=f-mAg-cos6O°:3,9H; 6<pD:R—;
D

0s
SAS=—4-9,8-0,87-55—3,9-55+50-55—5-9,8-0,34-55+2-ﬁ
= 5,3 4s.

Torma 5,3 -6ds
= = 5,3 H.
QS 65

Kunernueckast sHeprus MEXaHMUECKOW CUCTEMBI OIpe/eieHa B puMepe K 3a-
naue J1.3:

Nmeewm:
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[TopcTaBUB COOTBETCTBYIOIIME 3HAUEHUS B YpaBHEHUE (2), MOTYIUM:

. . 53 M
13'S=5,3; S = Ay =Ez0,4lc—2.

[Tosy4eHHBIN pe3ynbTaT TAakK)Ke COBIIAJ ¢ aHAJOTHYHBIM, IMOJYYCHHBIM B IpPHUMEpE K
3ajganuto J13.

M
Otset: a4, = 0,41 =z
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