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[image: image2.png]CraTaka — 310 pasnen Teopem‘{ecxoﬁ MEXaHHKH, B KOTOPOM H3Yy4aeTcs
YCIIOBHA PAaBHOBECHS CUCTEMBI CHJI, MNPHIIOXKEHHBIX K TBEPAOMY Tely, a TaKkKe

TIPHBEICHHE CTIOKHOH CHCTEMBI CHJI K NPOCTEHIIeMy BHIY.

1. OCHOBHDbIE MTOHATNUS N AKCUOMbBI CTATUKH

MaTtepuanbHOli  TOYKOH HA3BIBAIOT MaTepUalbHOE TeNO, pasMepaMmu
KOTOPOro B KOHKP@THBIX YCIOBHAX [BW)KEHHS MWIH PaBHOBECHS MOKHO
npeHebpeys.

Mexann4eckoii ¢cHCTeMON Ha3BIBAIOT COBOKYNHOCTh MATEPHANBHBIX TOYEK,
CBSI3aHHBIX W B3aHMOJIEHCTBYIOIIMX MEMHIY COOOM.

AGCOIOTHO TBEPABIM TEJOM HA3BIBAIOT TENIO, PACCTOAHHE MEXKITY TOUKAMH
KOTOPOTO He H3MEHSeTCS ITPH JIOOIX B3aHMOIeHCTBHSX.

Cuia — Mepa MEXaHWYECKOTO B3aHMOJEHCTBHA MATEPUAIbHBIX Tesl, B
pe3yibTaTe KOTOPOTO Teja MOTYT coo0OwWwark APYr APYry YCKOPeHHS HWIH
nedopmupoBatsca. Cila ABIAETCA BETHIHHON BEKTOPHOH.

CHcTeMoii CHT Ha3bIBAIOT COBOKYITHOCTh HECKONBKHX CHII, ACHCTBYIOMHX Ha
JIaHHOE TEIO HIIH CHCTEMY TelL.

DKBHBAJIEHTHHIMH CHCTEMAMM CHJI Ha3pIBAlOT TaKHE CHCTEMBI CHII,
JIeHCTBHE KOTOPBIX HA OJHO M TO K€ TEJNO OJMHAKOBO IPH NPOYHX PaBHbIX
YCJIOBHSAX.

PasHoaelicrBylomeii CHI0H JaHHOM CHCTeMBl CHJI HAa3plBAKOT CHIY,
JIeWCTBHE KOTOPOH Ha TeNo WM MaTepHalbHYIO TOYKY JKBHBAJIEHTHO AEHCTBHIO
9TOH CHCTEMBI CHIL.

YpaBHOBeIEHHOMH CHCTEMOH CHJ HAa3bIBAIOT CHCTEMY CHJ, NOJ AeHCTBHEM
KOTOpOil TBEpIOE TeJN0 HAXOOWTCA B TIOKOE MM JBIDKETCS 0O HMHEPIHH.
PaprozeficTByIOmas ypaBHOBEIIEHHOH CUCTEMBI CHII paBHA HYITIO.

YpaBHoBemnBalomweli CHIOH HA3pIBAIOT CHIY, PaBHYIO IO BEJIHYMHE
pPaBHOJCHCTBYIOMEH W  HaNpaBlICHHYIO MO JHHUM e  JelcTBud B

NPOTHBOHOJIOXKHYIO CTOPOHY.




[image: image3.png]Cocpe10To4eHHOH CHJIOH HAa3BIBAIOT CUITY, NPHIOKCHHYIO K Kako#-muGo
TOYKe TBEPIOro Tena.

PacnpenenéHHBIMH HA3bIBAIOT CHIIBI, NEHCTBYIOIIKE Ha BCE TOYKH JAHHOIO
00B€Ma, MM NaHHOW YacTH MOBEPXHOCTH, HIH JIMHHH. PacrpernenéHHble CHIBI
XapaKTePH3YIOTCS WHTEHCHBHOCTBIO ¢, T. €. CHIIOH, MPUXOIALICHCA Ha eIHHUILY
00BéMa, mIOMIAOW MOBEPXHOCTH HIH [IHHBI NTHHUH. PactpegenéuHble CHIb
0OBIYHO 3aMEHAIOT COCPENOTOUEHHBIMH.

BHYTpeHHHMBA CHAAMH Ha3bIBAIOT CHJIbI B3aMMOIEHCTBI MEXKIY Telamu,
BXOJIIMMH B MEXAHHYECKYIO CHCTEMY.

BHemHHMH  CHJIAMH  Ha3bIBAIOT CHJIbl, C KOTOPHIMH Ha  Teia
paccMaTpHBaEMOil MEXaHHUECKOH CHCTeMBI NeHCTBYIOT Tena, He BXOAAIIME B
JIAHHYI0 MEXaHHYECKYIO CHCTEMY.

Teso Ha3bIBAIOT CBOOOAHBIM, €CIH OHO MOXeT COBepliaTh JIOOhIe
nepeMellienHs B IPOCTPAHCTBE.

Bcé To, 4TO OrpaHMuMBaeT mepeMeIleHHs JaHHOTO Tela B MPOCTPAHCTRE,
Ha3bIBAIOT CBA3BIO.

Cuna, ¢ KOTOpoil JaHHas CBsi3b JEHCTBYeT Ha TeNO, [PEMsTCTBYS TeM WIH
WHBIM €ro MepeMelleHHsIM, HasblBaeTCA peaklineit cBs3n.

HanpaBneHa peakilis CBA3H B CTOPOHY, IPOTHBONOIOXHYIO TOH, Kyaa CBA3b
He AaéT nepeMemaThes Tely.

Teso, cBoGona nepeMereHHss KOTOPOrO OrpaHHYeHa CBS3AMH, HA3BIBAlOT
HECBOOO/IHBIM.

OCHOBHBIMH 331a9aMH CTATHKH ABJISIOTCS:

a) MpHBeICHUE CIOKHOA CHCTEMBI CHII K MPOCTeRIneMy BHAY;

©) ycTaHOBICHHE YCIOBHI PABHOBECHS CHCTEMEI CHIIL.




[image: image4.png]AKCUOMbI CTATUKH

1. AKCHOMA O PABHOBECHH CHCTEMbI ABYX CHJIL.
JlBe cuiibl, IPHIOXKEHHBIE K CBOOOAHOMY abCOTIOTHO TBEPHOMY Tely, OyayT
YPaBHOBEIIEHBI TOTIA M TONBKO TOTAA, KOTIA OHY PABHBI IO MOAYIIO H JeHCTBYIOT

110 OIHOM MPAMON B IPOTHBOIMOJNOXKHBIX HanpapieHuax (Pucyuok 1).

]
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PucyHok 1.

2. AkcHoma 0 x06aBIeHHH (0TOpPaCLIBAHMH) CHCTEMbI CHUT,
IKBHBAJIEHTHOH HYJIIO.
JlelicTBHe NaHHOH CHCTEMBI CHI Ha abCOMIOTHO TBEPOE TEIO HE H3MEHHTCH,

€CJIH K Hell TpUGABUTH WK OT He€ OTHSTH YPABHOBEIIEHHYIO CUCTEMY CHIL.




[image: image5.png]Cnedcmeue. [leiictBie cunbl Ha aGCOMOTHO TBEPZOE TENO HE H3MEHHTCS,
eCJIH TIePEHeCTH TOYKY NPHIOKEHHS CHIBI BIONb e JIMHUM JeHcTBUA B moGyro
JIPYryl0 TOYKY Tena, T. €. CHIA, NPHUIOKEHHas K abCOMIOTHO TBEPAOMY Tely,

SIBJIACTCS CKOJIB3SLIAM BekTopoM (PHcyHOK 2).

Pucynox 2.

3. AkcHOMA Mapaa/ie orpaMma cHI.
JlBe  cuNBl, TNpPHIOXKEHHbIE K Telly B OJHOH TOYKE, HMEIOT
PABHOZACHCTBYIOLIYIO, IPHIOKEHHYIO B TOH K€ TOUKEe H PABHYIO MeOMETPHYECKOH

cymMe 3tux cun (PucyHok 3).

Pucynox 3.

R=F+F, (1.1)




[image: image6.png]Moy paBHOAEHCTBYIOIIEH paBeH:

R=\[F’+F +2FF,cos(FF,) (1.2)

4. AkcHOMa paBeHcTBAa 1efCTBUSA H MPOTHRBOACHCTBHSA.

Cubl B3aHMOEHCTBHA ABYX TeNl PaBHbI 110 MOAYJIO H HalpaBIeHbl 10 OAHOH
HpsAMOH B IPOTHBOTIONOXKHBIE CTOPOHBI.

5. AkcHOMA OTBepIeBaHHS.

PasHoBecne JeopMHpyeMoro Teja He HApyLIATCH, €CIH TelNO CYHTATh
abCOMOTHO TBEP/IBIM.

6. AxcHOMA 0CBOGOKIAEMOCTH OT CBS3eil.

HecBoGoaHoe teno Gyaet cBOOOIHBIM, ¢CITH OTGPOCHTE CBA3H H 3aMCHHUTB HX

peaKiuAMA.

2. CUCTEMA CXOfsILYMXCsI CUI.

CHereMOll CXOAAIMHXCA CHIT HA3BIBAIOT CHCTEMY CHII, JIMHUM, ASHCTBHS

KOTOPBIX TIepeceKaloTCsi B OJJHOM TOUKe.




[image: image7.png]2.1. MpueedeHue cucmemb! CXOOULUXCS CUIT K
paeHodelicmeayiowell.

CHeTema  CXOASIIIMXCH  CHJ B obiem cily4ae  IPUBOJMUTCI K

paBHOZEHCTBYIOIIEH, KOTOpasi paBHAa TeOMETPHYECKOH CyMMe Beex CHII CHCTEMbI H

[POXOHUT Yepe3 TOYKY HepecedeHus IMHUH NeHcTBHs 9THX cull (PrcyHOK 4).

R=YF, (@1

PucyHok 4.

2.2. Cnocobbi HaxoxdeHus pasHodelicmeytouwed.
I'padnuecknii  (reomerpuuecknii) — mnyTéM MOCTPOEHHS BEKTOPHOTO

MHOTOYTOo/NbHHKA CHIT (PHCYHOK 5).

@
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PucyHok 5.




[image: image8.png]AHanuTHYecKHH — myT€M  MpOELMpPOBaHHS  CHJI  CHCTEMBl U

PpaBHOJEHCTBYIONIEH Ha BRIOPAHHBIE OCH KOOPJHHAT.
R=\R; +R} +R; ,

rae RX:ZFKA'; R)':ZFKY;RZ:ZFKZ;
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2.3. Ycnoeus paeHoeecusi cUucmeMb! CX0O0SIUUXCS CUIT.

IIJ'IZ PABHOBECHA CHCTEMbl CXOAAUIHXCH CHJI, NPDHIOXKEHHBIX K TBép,I(OMy
Tely, HeoGXOIWMO M JIOCTATOYHO, YTOObI PABHOAEHCTBYIOMIAS R 6bita paBHa
HYITIO.

R=YF, =0 (2.2)

VcnoBus, KOTOPbIM [pH 9TOM JOJUKHBl YAOBIETBOPATH CHIIbI CHCTEMBI,
MOJHO BBIPa3HTh B TeOMETPUYECKOH W aHATHTHYECKOH popMme.

1. F'eomeTpuueckne yc10BHs PABHOBECHS.

Jlnsi paBHOBECHSI CHCTeMbI CXOASIMXCH CHJI HEOOXOIMMO M JOCTATOYHO,
4TOOBI CHIIOBOH MHOTOYTONBHHUK, TOCTPOEHHBIN M3 STHX CU, OBLT 3aMKHYTBIM, T.€.
4T00BI KOHELL [TOCJIEeAHEr0 BEKTOPd CHJIbI COBITAIAN C HAYAIOM MEPBOro.

2. ARaJIHTHYEeCKHE YCJIOBHS PABHOBECHS.

Jlna1  paBHOBecHS NPOCTPAHCTBEHHOH CHCTeMbl CXOASIIHXCS  CHJ
HeoOX0IUMO H A0CTAaTOYHO, YTOOBI CYMMBI NPOEKLMIl ITHX CWJl Ha KAKIAYI0 W3
TPEX KOOPIHHATHBIX OCeii GBUTH PAaBHBI HYJIO.

Ry =Y Fy =0
Re =Y Fy =0 23)
R, =Y Fp =0




[image: image9.png]B ciyuae rmiockoit CHCTEMBI CXOASIIMXCS CHJL, PACIIONOXKEHHBIX, HAIPHMED, B

nnockoctd XOY nonyynuM 1Ba ypaBHEHHUA:

> Fe=0
) e =0

Teopema o Tpéx cuiax
Ecmu TBEpmOE TENO HAXOOMTCA B PABHOBECHH MOI JcHCTBHEM TpEX
HenapajieNbHbIX CHJI, JEKAIIHX B OJTHOH MIOCKOCTH, TO JIHHHH IEHCTBUA ITHX

CHII [IEpeCEeKarTCAa B 0)2[H0171 TOYKE.
3. MOMEHT CWJIbl OTHOCUTEJIbHO TOYKU Y OCH.
3.1. Anze6pauyeckull MOMEHM CuJlbI OMHOCUMESLHO MOYKU.
AsIre6pauvecKHM MOMEHTOM CHJIbI OTHOCHTENBHO TOYKH () HA3BIBAIOT
B34TO€ CO 3HAKOM IUIXOC UM MUHYC NPOU3BEAEHUE MOMIYJIA CHIIbI HA MIEY0 3TOMU

CHJIbI OTHOCHTENILHO TOUYKH O,

My(F)=+F-h (3.1)




[image: image10.png]Ilnedom h cHiel F  OTHOCHTENbHO TOYKH () HA3BIBAIOT JUTHHY
[epHEeHIRKYIAPa, ONYIEHHOTO B3 ToUKH () Ha TMHHIO NefiCTBHA CHIIBI

(Pucynox 6).

PucyHoxk 6.

MoMeHT cHJIbI OTHOCHTEIBHO TOYKH CUUATAIOT ITOJO)KATEIBHBIM, €CIIH Mo e€

JIeHCTBHEM TeI0 CTPEMHTCsI TOBEPHYTHCA BOKPYT TOYKH o NpOTUB X0Ja 4acoBOH

CTPEJIKH.
3.2. BekmopHbIlU MOMEHM CUMbl OMHOCUMESTIbHO MOYKU.

BeKTOPHBLIM MOMEHTOM CHJIBI F OTHOCHTENbHO TO4YKH () HA3bIBAIOT
TPWIOKEHHBI# B HeHTpe O BeKTOp M,(F), MONyTs KOTOPOTO paBeH
NPOM3BENCHHI0 MOy F CHIBl Ha €€ Tiedo A W KOTOPbIH HarpasieH
MepreHIHKYNSIPHO TIIOCKOCTH, IPOXONASIIEH Yepes LeHTp O H CUIly, B TY CTOPOHY,
OTKy/la CHJIA BU/IHA CTPeMsiLIeiiCs TOBEPHYTh Telo BOKpyr LeHTpa O MpoTUB Xoaa

9qacoBoii ctpenkH (Pucynox 7).





[image: image11.png]BeKTOpHHﬁ MOMEHT CHJIbI OTHOCHTEJIBHO LEHTpa O MOXHO NpeacTaBuTh B

BH/I® BEKTOPHOTO IPOH3BE/IEHAs

My(Fy=rxF, (3.2)

roe r=04 - pagAyc-BeKTOp, MpoBendHHbii W3 uewtpa O B Touky A

MPHIIOKEHUA CHIIBL.

3.3. MomeHm cunkbi OMHOCUMEsbLHO OCU.

Yro6bl HANTH MOMEHT CHIB F OTHOCHTENBHO OCH z , HYKHO:

1) B 060M MecTe IPOBECTH IIOCKOCTH 1, MepHeH UKy IAPHYIO OCH 2 ;

2) CNPOEUMpOBATH CHITy F Ha 3TY INIOCKOCTb H HAHTH JTHHY €& NPOEKLIMH;

3) U3 TOUKHM mepecedeHHs TIOCKOCTH C OChIO OMYCTUTh MEPIEHUKYJIAp HA
JTMHHEIO IeHCTBHS IPOSKIMH W HAHTH €ro JUTHHY A ;

4) BBIYHCIHTE [POHM3BeeHHE F) - A,

5) ycraHoBuTb 362K MoMeHTa (PHcyHOK 8).

Pucynox 8.




[image: image12.png]MomeHTOM CHIIBI F OTHOCHTEIBHO OCH Z HA3BIBAIOT B3ATOE€ CO 3HAKOM
OUIFOC MJM MUHYC TIPOM3BEACHHE MOJYJIA IPOSKUHH CHIIBI Ha [JIOCKOCTB,
NEPIICHAUKYAPHYIO OCH, Ha IUIEY0 3TOH TNPOEKLUHH OTHOCHTEJIBHO TOYKH
TiepecevYeHU s TMIIOCKOCTH C OCBIO.

M_(F)=+F -k (3.3)

MomeHT cHbl F OTHOCHTEILHO OCH 6y}1€’l‘ HMeTb 3HaK IJIKC, €CJIH C
TOJIOKUTEIIBHOrO KOH1LIAa OCH z BHICH I1IOBOPOT NIPOCKLIINH Fu BOKpPYT TOYKH O,

TIPOTHB XOJIa YacOBOH CTPEJKHU, U 3HAK MUHYC — €CIIH 10 XOmy 4acoBOH CTPEJIKH.

M3 (3.3) ciemyer, 4TO MOMEHT CHIIBI OTHOCHTEIIBHO OCH PaBeH HYJIIO, eCJIH:
1. cuna nmapamnensHa ocH (F, =0);

2. NHHUS JeHCTBHs CHITBI [IEPECEKAET OCh.

3.4. Cesizb MeGy MOMEHMOM CUJSlbl OMHOCUMEbHO OCU U
8EKMOPHbLIM MOMEHIMOM CUJIbl OMHOCUMENIbHO MOYKU Ha OCU.

MOMEHT CHJIbI OTHOCHTEJILHO OCH PaBeH NPOEKIHH Ha 3Ty 0Ch BEKTOPHOIO

MOMEHTa OTHOCUTEIBHO MO00H TOUKH OCH.

np My(F)= M ((F)
np, My(F) = M, (F)
np, My(F)= M, (F)

WM, (F) = M (F)i+ M, (F)j + M, (F)k




[image: image13.png]4. TEOPUA AP CHUI.

4.1. Mapa cun.

IMapoii cust HA3BIBAIOT CHCTEMY JBYX PaBHBIX 10 MOZYIIO, MapajielbHbX U
TIPOTHBOTIONOKHO HAMPABICHHBIX CHJ, AEHCTBYIOIIMX Ha abCOMOTHO TBEPAOE

Teno.
.
Hapy cnn Heab3d 3aMEHHTh OIHOH CWIOH, T.e. OHa He HMeeT
PaBHOAEHCTBYIOLIEH.
IlnockocTh, mpoxonsinas 4depe3 IMHMH JCHCTBHS CHII NApbl, HAsbIBAeTCA

TLTOCKOCTBIO IeHCTBUA napsl.

Pucynox 9. Pucynox 10. Pucynox 11.

Paccrosinne h Mexay JHHMAMH JeHCTBHSI CHJI Napbl HA3BIBAETCS [LIEHOM
mapsl cun (Pucyrok 9).

Mapa cHaA xapaKTepH3yeTCsl ILTOCKOCTBIO HEHCTBHSA, BENHYHHOA MOMEHTa
napbl ¥ HalpaB/IeHHEM BPAIIeHHUs.

AnrefpaH4ecKHM MOMEHTOM Tapbl CUJ HA3bIBAETCS B3ATOE CO 3HAKOM
«IUIIOC» WIM «MHHYC» TpPOW3BENEHHe MOAYNs OJHONW W3 CWJI Mapbl Ha ILUIEYO

(PucyHok 9).




[image: image14.png]3HAK «IUIHOC», eCIIM napa CTPEMUTCS BPAIaTh MIOCKOCTh e€ AeHCTBHA NPOTHB
X0J12 YACOBOM CTPENKA ¥ 3HAK «MHHYC», - ECIIH [0 X0y 9acOBO# CTPEIKH.

BeKTOPHBIM MOMEHTOM MNAapbl CHJI Ha3biBAeTCs BEKTOp M, MOAYIb
KOTOPOro paBeH IPOM3BEAEHHIO MOAY/A OJHOH M3 CHJI mapbl Ha e€ Iedo u
KOTOPBIH HaNpapieH NepHeHuKyISPHO TIIOCKOCTH eHCTBUSA Napel B Ty CTOPOHY,
OTKY/Ia [1apa BHJHA CTPEMSILIEHCs OBEPHYTh TENO MPOTHB XO/Ia 4aCOBOH CTPETKH

(Pucynok 10).

BeKTOpHBIA MOMEHT Mapbl ARIAETCSH CBOOOJHEIM BEKTOPOM M MOXET ObITh

NpHUIOXKeH K MoGo# TouKe Tesna, Ha KOTOpoe AeficTByeT laHHas napa.
Teopema.

BexTopHbiii MOMeHT NApbl DABEH CYMMée BEKTOPHBIX MOMEHTOB CHJI Naphl

OTHOCHTENBHO Moboro uentpa (Pucynok 11).
M =M, (F)+M,(F )
4.2. Teopema 06 3keueaseHmMHocmu nap cusn.

JKBHBAJICHTHBIMH HAa3bIBAIOT TaKWe ABE Iapbl CHJI, KOTOpBIE 06.]1&1.'(810'[
TeOMETPHYECKH paBHbIMH MOMEHTAMH, T.€. 3TH Tapbl UMEKOT OJIWHAKOBBIE IO
MOZYJIO MOMEHTEI, U 3TH MOMEHTBI OJWHAKOBO HANpPaBJIE€HbI.

4.3. Ceolicmea nap cun.

1) [deiictBue mapel cusl Ha TBEPAOE TeIO He H3MEHHTCA, CCIM Mapy Kyaa

YTOJHO TIEPEHOCHTH HIIH TOBOPAYUBATH B MJIOCKOCTH €€ IeHCTBHS.

2) JleficTBre mapsl Ha TBEPAOE TENO HE M3MEHHTCS, €CTH MPOH3BONBHO

MEHATH MOAYJIU CUIl U JUIMHY TJIe4d, COXPaHss HEM3MEHHBIM MOMEHT T1aphl.




[image: image15.png]3) [eiictBHe mapel Ha TBEPIOE TEJIO HE H3MEHMTCH, €CIM MEepPEeHeCTH 1apy B

1106y IPYTYIO TIapalIebHYIO MIOCKOCT.

4.4. CnioXeHue nap cun e npocmpaHcmee U 8 fIocKocmu.

COBOKYNHOCTB Tap, MPHJIOKEHHBIX K TBEPIOMY Telly, Ha3bIBACTCA CHCTEMOH
nap. ’

JIBe mapel cHa, JSHCTBYIONIME Ha OAHO M TO K€ TejNo W Jiexalme B
NEPECEeKAIONINXCA  UIOCKOCTSAX, JKBHBAJEHTHBI OJHOH TMape CWJ, BEKTOPHBIH
MOMEHT KOTOPOH paBeH CyMMe BEKTOPHBIX MOMEHTOB HCXOHBIX Iap CHIL.

IMapel, nexamme B OJHOH IIOCKOCTH, HMEKT Napalljle/bHble BEKTOPHBIC
MOMEHTHI, H BEeKTOPHAs CyMMa TIepPeXOIMT B alredpandecKyo.

Jlro6oe KONHYECTBO Map CHJ B TNPOCTPAHCTBE B OOIIEM CIIydae MOKHO
3aMEHUTh OJHOW AKBHBAIEHTHOH (pe3ynbTHpYIOMEH) Tapoi, npuMeHsas

10CJIEAO0BATEIIBHOE CIIOXKEHHE BEKTOPHBIX MOMEHTOB HCXOOHBIX Map CHJI:
V=3,
4.5. Ycnoeus paeHosecus nap.
JUisi paBHOBECHS Map CHJI, JAeACTBYIOIMX Ha TBEPIOE TeNo, HEODXOAMMO U
JOCTATOYHO, 4TO0bI MOMEHT YKBUBATIEHTHOH (pe3ynbTHPYIOILeH) napsl Obl1 paBeH

HYJIO!
M=% M;=0 (4.1)




[image: image16.png]Tlpoerupys ¢popmyiny (4.1) Ha OCH KOOpAMHAT X, y Mz fONy4aeM TpH

CKAJSPHBIE yPABHEHUS:

M, ZZMK.\' =0
My =My =0 4.2)
M, =% M,=0

.

5. MIPON3BOJIbHAST NMPOCTPAHCTBEHHASI CHCTEMA CHII.
5.1. lMpueederue cunbi kK 3adaHHOMY yeHmpy (Memod [lyaHco).

Jins npuBeleHHs CHAbLI F, NPWIOKEHHOH B Kako — nuGo Touke A
TBEpAOTO Tena, K 3a1aHHOMY LIEHTPY O HeobXoamMo:

(Pucynox 12).

1. Hepenectu cuay F mapaulelbHO caMoil cebe B 3aJaHHBIA UEHTD, HE
W3MEHAA MO CHJIBI.

2. B 3ajaHHOM meHTpe O MPHIOXKUTH Tapy CHI, BEKTOPHBIH MOMEHT
KOTOPOH paBeH BEKTOPHOMY MOMEHTY MEPEHOCHMOH CHIIbI OTHOCHTETbHO HOBOTO
LeHTpa.

DTy map CHJ Ha3bIBAIOT NPHCOEIHHEHHO# NAPOH.

5.2. MpusedeHue npou3eosibHOU cucmeMbi CUM K cune u nape

(OcHoeHasi meopema cmamuku — meopema [lyaHco)

IIpon3BoJbHYI0 CHCTeMY CHJA, NPUIOKEHHYIO K TBEPAOMY Tely, MOXHO
3aMEHHTL OJHOW CHJIOH — IJIABHBIM BEKTOPOM M OJHOH Mapod CHIl, MOMEHT

KOTOpO# paBeH IMaBHOMY MOMEHTY, He Hapylas IPH 3TOM COCTOSHHSA TBEPAOro

Tena (Pucynok 13).




[image: image17.png]Pucynoxk 12. Pucynok 13.

TnaHbIM BeKTOpOM R, Ul 3a/i@HHOM CHCTEMBI CHI HA3bIBAIOT BEKTOP,

PAaBHBIil BEKTOPHOH CyMMe 3a/(aHHBIX CHIL
R, = Z K

[ TIaBHEIM MOMEHTOM M, /U1l 3aJaHHOH CHCTEMBI CHII, [IPHBEICHHOMN K LEHTPY
O, Ha3pIBAlOT BEKTOPHYIO CYMMY MOMEHTOB BCEX 3a/laHHBIX CHJI OTHOCHTENIBHO
neHTpa O.
ﬁo EZA_{U(fK)

5.3. dopmynbi Onsa onpedeneHus 2/1a8HO20 8eKMoOpPa U 251aé6HO20

MomMeHma e Gexkapmoegol cucmeme KoopduHam

R,=+Ry+R +R},

rae R.‘(=ZFKX’ Ry=zﬁxya RZ:ZFKZ
(R,,R,,R, - MpPOEKUHH TIJABHOIO BEKTOPa HAa COOTBETCTBYIOIIME OCH

KOOpPIMHAT).




[image: image18.png]KOCHHyCBI YyIiioB, oGpasosaHme TJIaBHBIM BCKTOPOM € COOTBETCTBYIOILIMMH

OCSIMH KOOD/IMHAT, ONpPe/IeNsoTes o hopMyIam:

Ry

R;) ! Cos(yﬁﬁn ):% 5 cos(z, ‘R, )=£_7

cos(x, ‘R, )—

MOZ[y.l'lL IrJ1aBHOTO MOMEHTA OTHOCHTEJIBHO Bmﬁpa}mom LeHTpa

.

TMpuBeAeHHS O:

M, =ML+ M} +M?,

—

F)
M,y =ZMY(FK)
Mg, =ZMZ(FK)

(My,, My, , M,, - IPOEKIIHH TTABHOTO MOMEHTa OTHOCHTENLHO TOYKH O Ha

roe M, =ZM}{

KOOP/JIMHATHBIE OCH).
Kocunycsl yrios, 06pa3oBaHHBIX ITIABHBIM MOMEHTOM C COOTBETCTBYIOLIMMH
OCAMH KOOPAHHAT:

ﬁo.\(x,”ﬁg)=1‘;1—”: s cos(yfﬁa)=%, cos(z,hl\?(,)=};14—‘:lz

5.4. YacmHsie cry4au npusedeHust cucmemsi cul.

1. llpuBenenve K nape cui.

CucTema CHA NPHBOJHTCA K OHOH Nape cHi, MOMEHT KOTOPOH paBeH
rIaBHOMY MOMEHTY, He 3aBHCAIIEMY OT LIEHTpa IIPUBENEHHS.
2. TIpuBenenue K paBHOAEHCTBYIOMIEH.
a)R,#0, M, =0




[image: image19.png]CHcrema CHJA UPHBOAHTCS K PaBHOJCHCTBYIOMIEH, PaBHOM IiaBHOMY
BEKTOpY 110 MOAY/IF0 M HAPABIEHHIO H IPOXOAAUIHE Yepe3 UEHTP IpHUBEACHHUA.
6) R,#0, M, #0u M, LR,.
CucreMa CHJI UPHBOHTCH K PABHOJEHCTBYIOWEH, PABHOH [JIABHOMY
BEKTOPY MO MOMAYIIO W HAanpaBlIEHHMIO M OTCTOALIMA OT LEHTpa MpUBENEeHUA Ha

PACCTOsIHKE:

3. IlpuBeieHHE CUCTEMBI CIIIBI K AHHAME (JIMHAMUYECKOMY BUHTY).
R,#0, M,#0wu M, ne LR,.

CHeTemMa cHA NPHBOAHTCA K JHHaMe (IUHAMHYECKOMY BHHTY). JuHamoii
Ha3BIBAIOT COBOKYNHOCTh CHJIBI H Iapbl CHJ, BEKTOPHBIA MOMEHT KOTOpOH
HanpaBleH NapajulelbHO BEKTOpY CHIbL JIMHMIO meficTBHA AMHAMBI Ha3bIBAIOT
LEHTpaNbHOH BHHTOBOH OCBIO, KOTOpas HAXOJHTCA OT IIEHTpAa NpPUBEICHHS Ha

paccTosiHuM, paBHoM (Pucynok 14).

d= M()Si“[Eo»rHo_)

Ry

) f’7’Ro
. N
\.\ /Mo

{ 0

PucyHox 14.




[image: image20.png]5.5. Teopema BapuHboHa 0 MOMeHme pasHodelicmesyiowiel.

MomenT paBHOJEHCTBYIOMEH CHCTEMbl CHJI OTHOCHTENHHO IPOU3BONBHON
TOYKH paBEH TEOMETPHYECKOH CyMMe MOMEHTOB COCTAB/SIOLUIAX  CHJI

OTHOCHTEIEHO TOH TOYKH:
M()(R): ZM()(FK)
B
MomenT paBHOJeHCTBYIOUIEH CHCTEMBI CHI OTHOCHTEIBHO MOGON oOcH
paBeH anrebpaMuecKoil CyMMe MOMEHTOB COCTAB/IAIOMIMX CHJI OTHOCHTENBHO 3TOH

MZ(E):ZMZ(‘EK)

5.6. Ycnosus paeHogecust Mpou3eosibHol NpocmpaHcmeeHHoU

cucmemMsl cus.

Jasi paBHOBeCHS HPOH3BO/ILHOH TNPOCTPAHCTBEHHON CHCTEMbI CHJI,
[pHIOKEHHBIX K TBEPAOMY Tely, HeOOXOAHMO M JOCTATOYHO, YTOOBI [JIaBHbIT
BEKTOp Y INIABHBIA MOMEHT 3TOH CHCTEMBI CHII PABHSUTHCH HYJIIO.

Yca0BHS pABHOBECHS B BEKTOPHOH dopme:

R,=0,M,=0

YcaoBasi paBHOBeCHSl B aHATHTHIECKOH dopme:

(=0
)
« )=

—

S F =0 SM,
D Fy =0 M,
> Fpp =0 M

i

(e
"

0
0

z




[image: image21.png]5.7 PasHogecue npocmpaHCcmeeHHOU CUCmeMb] NapannesbHbIX

cun.

Jlisi MPOCTPAHCTBEHHOH CHCTEMBbI MAPaLTeIbHBIX CHJ MOXHO COCTaBUTh
TpH YpaBHEHMs paBHOBecHs. Eciu cuibl napauienbHbl OCH Z, TO HMeeM

CJIEAYIOLME YPABHEHHUsI pABHOBECHUS:

ZMX(—K)=O’ ZMY(fK ):0' ZFu:O

6. MT/IOCKAS1 CHCTEMA CHIl

6.1. PagsHoeecue npou3eosibHOU NI0CKOU cucmemMsl Cusl.

Jlasi OpoW3BOJIBHOH NJIOCKOH CHCTeMBbI CHJI MOXHO COCTaBHTH TpH
YpaBHEHHs PaBHOBECHsL.

Iepsas (ocnosnasn) popma ypasnenuii pasuosecun:
S Fee =0
> Fey =0
Z M o (F I3 )= 0
TpeTbe ypaBHEHHE COCTABIAIOT OTHOCHTEIBHO NMPOM3BONBHOMA ToukH. JIyuine

BCETO GpaTh TOUKY, B KOTOPOH UMeeTCst GONbIIe HEN3BECTHBIX PEaKIIHE.

Bmopas gopma ypasnenuii pasrosecus:
> Fpe =0
Em(F)=0
S M, (F)=0




[image: image22.png]Tlpy HCONb30BaHUM BTOPOH (OPMBI ypaBHEHHH PaBHOBECHS HEOOXOIMMO,
91068l 0OCh X He ObUIa MepreHInKyIApHa IpAMOil AB .

Tpembvsa ¢popma ypasnenuii pagnosecus:
Yu(F)=0
Z My (F 3 ) =0
YMy(F)=0
[px Hcnonb30BaHMHA TpeThel GOPMBI ypaBHEHHH paBHOBECHS HEOGXOIMMO,

4T0GB! TOYKU 4, B,N He JeXald Ha 0AHOH NPAMOHL.

6.2. PasHoeecue ruiockoll cucmeMsl napansesnbHbIX cusl.

Jlas niocKkoil  CHCTEMBI NAPAJLIEIbHBIX CHJI MOXHO COCTaBHTH /1Ba
ypaBHEHHsl paBHOBeCHs. Eciu CHIBI mapamienbHbl OCH Y, TO ypaBHEHHS
PaBHOBECHS HMEIOT BHJI:

a) nepeas popma ypasnenuii pagHoGecun:

S Fy =0

Z M, 0 (f X ): 0
BTopoe ypaBHEHHe MOXHO COCTaBHTh OTHOCUTENBHO MOGOH TOUKH;
6) emopas popma ypasnenuii pagnogecun:

Z M, (f K ): 0

Z M (F K ) =0

Otpe3ok 4B He JOIKeH OBITH MapaJule/ieH CHIaM.




[image: image23.png]7. CTATUYECKH OITPELQEITAMbBIE U CTATUHECKN
HEOINPELENUMbBIE CUCTEMbI

CTaTHYeCKH ONpefeHMble CHCTeMbI — 3TO CHCTEMBI, B KOTOPBIX HHCIO
HEW3BECTHBIX BEJIMYWH HE [pPEeBBIIAeT 4YHC/IAa HEe3aBHCUMBIX ypaBHEHWH
paBHOBECHS ISl JaHHOH CUCTEMBI CHIL.

CraTnyeckn HeonpeeJHMbIC CHCTEMbI — 3TO CHCTEMbI, B KOTOPBIX YHCIIO
HEM3BECTHEIX BEJWYHH NPEBBIIIAET YACIO HE3ABHCHMBIX YPAaBHEHHi PaBHOBECHS
JUISL IAHHOM CUCTEMBI CHIL.

PaBHoBecHe cHCTEMBI TeJl.

CucTemMa Tesl TIPEACTAaBISIET COOOH HECKOJIBKO Tell, COEAMHEHHBIX MEKIY
coboit kakuMm — 10 06pazoM. Cribl, IeHCTBYIONIHE Ha Tea CHCTEMBI, 1eIATCA Ha
BHEIIIHHE U BHYTPEHHHE.

TIpu pemensu 3a1a4 Ha PABHOBECHE TENl MOXKHO PACCMAaTpHBaTh PABHOBECHE
KaK CHCTEMBI Tell B 1IE]0M, TaK H WX MoObie codeTaHus. B ciydae paccMoTpeHHA
PaBHOBECHs CHCTEMBI B LIEJIOM BHYTPEHHHE CHJIbI B3aUMONEIHCTBISA MEXKIY TelaMu
He YUYMTHIBAIOTCA HA OCHOBAHHH AaKCHOMBI O DaBEHCTBE CHJ JEHCTBHA H
nporHBofeiictBus. EciM  paccMarpuBaTh  PABHOBECHE  Kakaoro Tena B
OTHENBHOCTH, TO CWJIbI B3aHMOJEHCTBHA MEKIY TelaMu OyAyT BHEIIHHMH H HX
HeOOXOIUMO y4HTBIBATE.

JUtsi  craTMMecKH ONpelelHMBIX CHCTeM  ofIiee 4HCIO ypaBHEHHH
PaBHOBECHS PaBHO YUC/TY Tel (YHCTy OOBEKTOB PABHOBECHS), YMHOKEHHOMY Ha
YHCIIO He3aBHCHMBIX YPABHEHUH PABHOBECHS JUISl CHCTEMBI CHJI, IEHCTBYOLIHX Ha

Ka){(ﬂﬂﬁ 00BeKT PpaBHOBECHA.




[image: image24.png]8. TPEHUE

8.1. TpeHusi nokosi.

Tpenust TOKOs! (CKONMBKEHNH) 0bycnoBneHo IIEPOXOBATOCTHIO
COIPHKACAOIIHXCS [TOBEPXHOCTEH.

Cuna  TpeHus [OKOA  HANPAaBIeHa B  CTOPOHY, MPOTHBOIONOKHYKO
BO3MOKHOMY /JBHJKEHHIO Teja. MakcHManbHOe 3HAYeHWe CHUIBI TPEHHS
[PONOPUHOHAIBHO CHJIE HOPMATBHOTO /IaBIeHUs H IOCTUTAETCS B MOMEHT BBIXOJA
TeNa U3 MONOXKEHHs PaBHOBECHS:

Fonr SfIN,
rae f, - GespasMepHas BeJIMYMHA, KOTOPYIO Ha3bIBalOT KO3(hdHIHEHTOM

TPEHUS TOKOA;

N - cujia HOpMAJIBHOTO AABJICHHUSL.
8.2. TpeHue CKONbKeHUsI.

Tocie BbIXOAA Tela M3  TOJOKEHWS PABHOBECHS CHIa TpPEHHs
YMEHbIIAETCSl, H MPH [BWKEHWH €€ Ha3blBAlOT CHJIOH TPEHHs CKOIbKEHHS.
TlosToMy K09hGHUMEHT TPEHHS CKOJILKEHHS HECKOIBKO MeHblle Kodhduimenta

TPEHHS MOKOSI.
8.3. 3aKoHbI MpPeHUs1 CKOJIbXEeHUSI.

PaccMmatpHBaeTcs Cyxoe TpeHHe TBepIbIX Tell.

1. Cuaa TpeHHSl CKOJIbJKEHHsl HAIpapjieHa NPOTHBOMNOIOKHO
BO3MOJKHOMY ABHIKEHHIO Tela H H3MEHAETCSA OT HyNd 10 MaKCHMAalTbHOTO
3HAYCHHUS.

2. Cuia TpeHHsI He 3aBHCHT OT IUIOMIAJH COIPHKACAIOMIMXCA

MOBEPXHOCTEH.




[image: image25.png]3. MaxkcHmaibHas CHJIA TpeHus TIPOMTOPUHOHANIBHA

HOpMallbHOMY [aBJIEHHIO:
Fouy =N

TTo HOpMANBHBIM JIaBeHHeM MOHUMAIOT MOJIHOe JaBleHHe Ha BCIO MUIOMAIh
COINPHKOCHOBEHHS TPYIMXCS IOBEPXHOCTEH.
4. Koo duuuenT TpeHHs CKOJIbKEHHS 3aBHCHT OT MaTepHasa H
A

(hU3MYECKOrO COCTOSIHUS TPYLUMXCS TIOBEPXHOCTEH.
8.4. TpeHue KaveHus.

TpeHHe kadeHus BO3HMKaeT B pe3ynbTare Ne(OpMaiHyd KaTsilerocs Tela
OMNOPHOM MOBEPXHOCTH, KOTOpbIE B NEHCTBUTENBHOCTH HE ABIAIOTCA abCONIOTHO
TBEpABIMH. [103TOMy HOpMambHast peaKlHs CMeIIaeTcs B CTOPOHY [BHIKCHHS
OTHOCHTEITBHO LIEHTPa KaTka Ha HEKOTOPYIO BETHYHHY, KOTOpas [PH BEIXOIE Tera
W3 PaBHOBECHS JOCTHIaeT MaKCHMyMa M HasbIBaeTCs KOI(MQHUIMEHTOM TpeHHs

kayenust [, (PucyHok 15a).

Jr
Pucynoxk 15a. PucyHnok 156.




[image: image26.png]Koa¢pduunenT TpeHnsi Ka4eHHA UMEET Pa3MEPHOCTH [UTHHBI B OTJIMYHE OT
6e3pasMepHOro  Kod(pduinenta TpeHHS CKOIbkKeHHs. OOBIYHO HOPMAJIBHYIO
peaki{io NPOBOAAT Yepe3 IEHTP KaTka, 100aBisii npH  3TOM Mapy CHI ¢
MomenToM (Pucynok 156), KOTOpBIi HAa3bIBAIOT MOMEHTOM TPEHMSI KA4EHHA M, .

M, = f N

9. LEHTP TAXECTH

Lentp TsxecTH TBepaoro Teia (PucyHok 16) onpesensercs no Gpopmyie:

’l 5!

[ B* g
e
P, P
) SN

Pucynok 16.

rl€e 7. - paaMyc — BeKTOp ToYkH C; P, - BEC K-TOH 4YacTHUbI, P =2PK - BEC

BCETro TeJia.
Hpoeuupyﬂ Ha KOOpIWHATHBIE OCH, MNOIYYHUM Cl)OpMyIlbl JUIsL KOOpAHHAT

HEHTpa TAXKECTH:

’ 52

PR -y(.=z’;§y‘-n»:z’;f’k ©.1)

THe X., Yy, Zx - KOODIHMHATBI TOYEK INPHIOKEHHS CHI TKECTH P,

neiic‘rnyloum Ha 4aCTHLIbI Tena.




[image: image27.png]JlAsl OAHOPOJHOrO TesIa BeC KAXKIOH YacTHIE MPONOPLHOHANEH 06beMy

3TOW YaCTHLIBL.

Py =¥y " P=yV,

TAe y - BeC eAUHULBI obbema.
Toraa UEHTP THKECTH OJTHOPOJHOTO Tejia MOXHO Ha3BaTh LIEHTPOM TSKECTH

obBema.

Dopmyet (9.1) npuMyT Bua:

Xo = ZJ;/KVK

v,
)'(‘22);/,( -

B

o= Z’VKVK 92)

s

Jlnsi 0JHOPOJHOH NJIACTHHBLI LIEHTP TKECTM MOMKHO Ha3BaTh LEHTPOM

TsHKecTH omanu. Ero KOOpHHATEHI:

roeZile, , nes 2 ©3)

H

e S, - WIOWAAb k- TOH 9acTy IIACTHHBI,
§=3S, - WIOMah BCeH MLTaCTHHBL

Jli1si OAHOPOHO# TPOCTPAHCTBEHHOH IHHH:

!
x =Z’;KIK 0 =Z);K .

> B

20 = ZZIK’K ; (9.4)

rae /- nuHa k - TOR 9acTH,

=3I, - AMHa Beei THHHM.




[image: image28.png]9.1. Cnoco6bi onpedenieHusi MOMOXeHUST UeHmpa msixecmu meJt.

1. Memoo cummempuu.

a) eciid OAHOPOJHOE TENO UMEET IUIOCKOCTh CHMMETpHH, TO LEHTP TAKECTH
HaXOIUTCA Ha 3TOH MIOCKOCTH;

6) ec/iM OHOPOJIHOE TENO HMEET OCh CHMMETPHH, TO LEHTP TAKECTH JICKHUT
Ha 3TOH OCH;

.

B) €cid OJHOPOAHOE TeN0 WMEeT LIEHTP CHMMCTPHH, TO IIEHTp THKECTH
HaXOMHUTCS B LIGHTPe CHMMETPHH.

2. Memoo pasbuenun na wacmu.

Cnoxnbie ¢opmbl pa3bMBalOT HA YACTH, LEHTPBl TMHKECTH KOTOPHIX
u3BeCTHBI. Torna B GopMyIbl st HAXOXKIEHUA KOOPAWHAT LIEHTPA THKECTH Teja
BXOZAT 06BEMBI HIIH IUIOMANH ITHX YaCTeM.

3. Memoo ompuyamenvhbix niowjadeti IPUMEHSIOT TIPH ONpEIeIeHHH LIEHTpa
TSDKECTH TeJl, HMEIOMUX BbIpe3anHble (MmycThie) yacTd. [Ipu 2ToM Teso pasouBaoT
Ha YaCTH, CYATAsl, YTO BbIpe3aHHble (ITYCTHIE) YAaCTH TeJa HMEIOT OTPULIATETHHYIO
TUTOMIA/Ib.

4.Memoo unmezpuposanua. OIHOPOIHOE Teno pa3dHBAOT Ha MPOU3BOJIbHBIE
MaJjble 3JeMEHTH U CTOAIEe B ypaBHEHHAX (9.2) — (9.4) CyMMBI BBIYHCIIAIOTCS
Kak ONpefieNieHHbIe HHTErPpalibl 110 00beMy, IIOMIAIH HiTH JIHHHH.

5. OkcnepumenmanoHeili Memoo.

LleHTpBl TSHKECTH HEOJHOPONHBIX TEN CIOKHOH KOHQUIYPALHH MOXKHO

OIIpeICTUTH METOAOM NOABEIHBAHUSA HJITH MeTOAOM B3BelIHBAHUS.
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