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Cratuka

TCO[!CTI/I‘ICCKaH MEXaHUKa — HayKa 06 O6LT_[I/IX 3aKOHaX /[ABUKEHUA U
paBHOBECUA TEJI.

B TCOPCTM‘ICCKOﬁ Me€XaHUKe HN3y4aloT He€ CaMM peaJibHble TeJla, a UX MO/EJIN.
OcHoBHbIE MOJeJIN.

1°. _MarepunajbHasi TOYKa — TeJIO MaJbIX pasMepoB, obJjazaiolee

MACCOlL.

2°. _A6comotHo tBepaoe teio (ATT) — MarepuajbHoe TeJo, Y

KOTOpPOTO PacCCTOAHUA MEKIY JIIOOBIMU ABYMA TOUYKaMW OCTalOTCA TMOCTOSAH-
HBIMH, KaKHUM OBI BOS[[CfICTBHHM 9TO TEJIO HE IIOABEPIraJocCh.



|M1M2’ = const .

OCHOBOMOJIO;KHUKHN KJacCHUuecKoll MexaHukKu: [ammaen, HpioToH,
Oinep, Jlarpanx .

Pexomenyemas nurepatypa

L. Byrennn H.B., Jlynr A.J1., Mepkun [.P. Kypc Teoperuue-
ckoil mexauuku. CII6.: Jlaup, 1998. 736 c.
2. Kupcanos M.H. PemeOnuk. Teopernueckas mexanumka. M.: OU3-

MATIJINT, 2002. 384 c.

§1. OcHoeHble NOHIMUS U aKCUOMbI CMamuKu

HauneMm ¢ onpejie/leHust CTaTUKU.

Cratnka — pasaea TeOpeTI/I‘{eCKOfI ME€XaHUKH, B KOTOPOM H3yUYa€TCA
PaBHOBECHUE MaTEPUAJIDHBIX TEJI IIO[ L[efICTBPIeM IIPUJIOKEHHbIX CHJI.

Ve B caMOM 3TOM onpeaeJeHnn Mbl BCTpeHYaeMCd € HETPUBHAJIBHBIMU ITOHATHA-
MH CHJIbI U paBHOBECHA. HOBTOMy HaYHEM C aHaJ/M3a OCHOBHDbIX, HanboJiee (pyH[[aMeH—
TaJbHBIX TOHATHUNH MEXaHWUKH.

1. OCHOBHbIE NOHATUA MEXaHUKMU

HauneMm c HHEPBOIro M3 BCTPETHBIINXCA HaM TTOHSTHIA.

PaBHoBecue Tena — COCTOsAHHE, B KOTOPOM BCE€ €Iro TOYKM HaXOJATCA
B IIOKO€ OTHOCUTEJIbHO BbI6paHHOI>JI CHUCTEMBI OTCUETA.

ITongarue PaBHOBECHA TeEJla 06J1a/:[aeT BeChbMa BBICOKOH CTEIleHbBIO 06]J_[HOCTI/I, HO
BCe-TaK1l HE ABJIAETC (byH[[aMeHTaJIbHI)IM. MBI TOJIBKO YTO BHAE/IM, YTO OHO CBOJIHUTC
K IIOHATHAM ITOKOsI U CUCTEMBbBI OTCYETA.

3aiiMeMcst oTUMH ToHATHSIMH. OHU To)Ke He SBJISIOTCS (PyH/IaMeHTAIbHBIMU
(T.e. MEPBUUYHBIMU) TOHATHAMU MeXaHUKH. DyHJaMeHTAJIbHblE MOHATHS MEXaHUKH
MbI cell4ac MepPedncIuM.

OyupaMeHTa bHble (Heolpeae/seMble) ITOHATHS MEXAHUKHU: IIPOCT-
PaHCTBO, BpeMsi, TeJo, Macca, CUJA.



ITH TIOHATUS He MOTYyT OBITD BbIpasK€Hbl Ye€pe3 KaKue-TO /[[pyrue. CMbICT WX
BbIpasKaeTCda 4Yepe3 aKCHOMDbI, XapaKTepusylllne HX CBOMCTBA W OTHOIEHUS Apyr K
Apyry. AKCI/IOMI)I, Kak Bbi 3HaeTe, ABJIAITCA MCXO/HbIMU IMOJIOJKEHUAMU TEOPUU; HX
HUCTUHHOCTD MNOCTYJUPYETCA, a HE [JOKa3bIBa€TCA CpeCTBaMU JIOT'MYECKOT'O BbIBO/lA.

ﬂJIH TOrO, YTOOBI JaTb OIIpe/leJIEHNE CUCTEMDI OTCYETA, BBEAEM IIPpE€ABaApUTEJIbHO
TaKOe ollpe/ie/ieHue.

FeomeTqueCKaa TBEpAAA Cp€la — COBOKYIIHOCTb TOUYEK, pPacCTOAd-
HUA MEXOY KOTOPbIMU OCTAIOTCA HEM3MEHHDbIMW; 3allOJIHAET BCE IIPOCTpaH-

CTBO.

STO, pasyMeeTcda, YNCTO YMO3pHUTEJJIbHad KOHCTPYKIUA. OZ[HaKO n MHOTHe Apy-
Tne IoHATHA B HaYKe, eCJIM BAyMaTbCd, TaKOBbI. Onn IpeaCcTaBJaAI0T coboit naeajamn-
3allil0 peaJibHbIX 00BEKTOB 1 HBHEHI/Iﬁ, WHOI'/la 3aXO/A11YI0 BeCbMa [1aJIEKO. Baxxno
TOJIbKO, 4TOOBI TaKas niaeajan3anmsa ObLIa HJIO[[OTBOPHOfI.

Ecim Bce ke TpebyeTcss HATJISIHO TPECTaBUTH ceGe TeOMETPUIECKYIO TBEPAYIO
cpefy, TO MOXHO BOOOPasnTh, CKaxkeM, TTPO3pavunbiii 6,10k aba. IlpemcraBum — mbic-
JEHHO — 4YTO 3TOT OJIOK CTAaHOBUTCSI Bce GoJibllle W GOJibllle, MOKa He 3allOJHUT BCe
npoctpancTBo. lIpu aTOM MBI TIpejosaraeM, YTo OH aOCOJIOTHO TIPOHUTIAEM JIJISI [IPY-
I'MX TeJ, KOTOpble /IBUKYTCS BHYTPH HEero Kak B IyCTOTe.

MokHO MPUITH K TOHATHIO TeOMEeTPUYeCKOoil TBep/loii cpe/ibl U MHavye. 3aMeTuM,
YTO ee olipe/le/ieHre OYeHb MOXOXKe Ha olpejie/ienre abCOMIOTHO TBEPOTO Tesa; TOJb-
KO flobaBJisieTcsi TpeboBaHKe, YTOObI OHa 3aroJHsIa OO0l Bee mpoctpancTBo. OTcioa
BBITEKAET TaKash WHTepPIIpeTalus MOHSTHS TeOMeTPUYECKON TBEPION Cpe/lbl.

Ilpumep. Paccmorpum Boimykgoe ATT, u mycte O — BHYTpeHHsIS
TOUKa Tejia. PaccMOTpuM BCeBO3MOKHbBIE OTpe3KU, coequHsole Touky O
C FpaHHHeﬁ TeJa. Torz[a 06'beI[I/IHeHI/Ie BCEX OTPE3KOB COBIIaZa€T C MHOJKE-
CTBOM TOUYEK TeJia.

Oé’be[[I/IHeHI/IG TPAKTYETCA KaK B MaTeMaTUKe: TOYKa HPpUHAJEKUT Oé'bE[[I/IHGHI/IIO
OTPE3KOB, €CJIM OHa IIPHUHAAJEKUT XOTA ObI O/THOMY U3 HUX.

[Ipu sTom Kaxkaas Touka Teqsa (Kpome, pasymeercs, camoil Touku O) mpuHa-
JIEXKUT POBHO O/THOMY OTPE3KY.

Ecmm teno ABUIKETCA, TO U OTPE3KU [ABUIKYTCA BMECTE C HUM.

BommykmocTs Tea 60JbIIoi posu B HailleM mpuMepe He urpaeT. OHa mpesmosia-
raercst, 4ToObl cziesiaTh HGOpMyIHpoBKE GoJiee KpaTkuMu (Beilb €CJH TeJO He SIBJISETCS
BBITTYKJIBIM, TO MOXKET CJIYYUTbCS Tak, YTO He BCSKas TOYKA HAIUX OTPe3KoB Oy/er
HPUHATEKATD Ty ).

[Ipofo/KUM Tellepb KasKABIH OTPe30K 0 GeCKOHEYHOCTH: ITOTYIUM
ay4. OObeanHeHNe BceX Jydell JacT TeOMeTPUUYECKYI0 TBEpAyIO Cpemy,

JKecmko cesasannyto ¢ faHHbIM ATT.




Ha camom Jiejie dTa KOHCTPYKIUA ABJAETCA yHHBepcaJIbHOfI. B IIpUHITUIIE BCA-
KYIO reoMeTpuiecKylo TBepaylo Cpely MOXHO CHUTATb JKECTKO CBSI3aHHOII ¢ HEKOTOPbIM
a6CoJIIOTHO TBEPbIM TE€JIOM (peaJIbeIM NnJIn BOO6Pa}I{a€MbIM).

HaI‘JIHI[HO MOJKHO IIPp€JCTaBUTb ce6e, HTO [AaHHO€ TBEPJOE€ TEJO HaM€PTBO BMEP-
3JI0 B 9Ty Cpely U [BUIKETCA BMeCTE C Hell.

MoskHO cKa3aTh U TaK:

TeoMeTpuyecKasi TBepasi cpefia — 3TO abCOJIIOTHO TBepaoe Teso (pe-
aJibHOE WJIM BooGpaskaeMoe), OT pa3MepoB U (OPMbI KOTOPOTO MbI abcTpa-
TUPYyeMC.

Ternepb — o cucremax orcyera.

Cucrema orcuera (CQO) — IIPOU3BOJIbHAA TeoMeTpuuecKas TBepAas

cpeda, IIO OTHOIICHHUIO K KOTOpOfI paccMaTpuBaeTCA [ABUJKECHHE TOUYEK U
TeJI.

C YY€TOM TOI'O, YTO Mbl 3Ha€M YK€ O I'eOMETPUYECKUX TBEP/bIX Cpe€laX, MOJKHO
CUUTaTb, YTO BCAKad CHCTE€Ma OTCHeTa CBdA3aHa C KaKHUM-J1160 TBEP/bIM TE€/IOM (peaJIIr
HbIM WJI BOOépB.)KaeMbIM); Takoe TeJ0 OOBIYHO HA3BIBAIOT OIMCUENIHLIM INEJIOM.

Bo MHormx 3ajiauax JOCTATOYHO OTPAaHUYUTHCS BBEJ[€HHEM TOJIbKO O/IHOI cHUCTe-
Mbl oTcueTa. Torja moj| cjoBaMH “TOYKA JABUKETCs” ITIO/pasyMeBaloT, YTO ee IOJIOoXKe-
HIle OTHOCUTEJBHO J/JAaHHOW CHCTeMbl OTcYeTa W3MeHsSeTCs ¢ TedyeHueM BpeMeHu. Ecim
JKe ee TIOJIOJKEHWe OTHOCHUTEJbHO JIAHHOW CHUCTeMbl oTcueTa He MeHSEeTCS, TO TOBOPAT
IIPOCTO: “TOYKA MOKOUTCH” .

CaMO oOTCcUeTHOe TeJIO M CcBA3aHHasg ¢ HUM CHCTeMa oTcdeTa ImpearoJaralTca B
9TUX pacCyKA€HUAX HEIOABUIKHDBIMH. PaSYMeeTCH, OTCHETHOE TeJO MOJKET CcOoBepUIaTb
ABIKeHHe OTHOCHUTEJ/JIbHO KaKOI'/JI*H]/I6yZ[b Z[pyI‘OfI CHUCTEeMbl OoTCc4He€Ta, HO 06 9TOM ceHyac
pedb HE UMET.

Yro6nI VIIPOCTUTD Hallly TEPMWUHOJIOTHIO, IIpUMEM CJEAYIONee CorJalleHune.

Cozaawenue. 3aduxcupyeMm HekoTopyio CO, KoTOpyio 6yneM Ha3bl-

BaTh ycaoBHo HemozaBu:knoit (y.uH.CO). DBymeM roBoputh, 4TO TOYKA
nBrskercst (MM HAXOAUTCSI B MOKOE), €CJIM OHA C TeueHWeM BPEeMEHU W3-
MeHsieT (He M3MeHsieT) CBOe IoJIo)KeHue oTHocuTeabHO y.H.CO.

PaSyMeeTCH, T€JO Mbl Ha3bIBa€M ITOKOAIIHMMCA, €CJM HaXOJATCA B IIOKOE BCe €ro
TOYKH.



CuioBoM “ycsIOBHO” KakK pas M BbIpaskaioT TOT (pakT, YTO JaHHas cUcTeMa OTcYeTa
noJiaraeTcs Helo/BUKHOH MMEHHO B /IaHHON KOHKPeTHOW 3ajave, T.e. B paMKaxX J/laH-
HOT'O COTJIAIEeHUA.

B 6ospmmHCTBe 3amauy MexXaHWKH cuyuTaioT, urto y.H.CO cBs3aHa c
3eMJield.

Peun HaeT o 3ajladax, € KOTOPbIMH MbI OOBbIYHO CTAJKUBaeMCS B HOBCGI[HGBHOﬁ
skusiu. Ho ne BCera TaKOM BI)I60p YCJOBHO HCHOHBHH(HOﬁ CUCTEMDI OTCYETA Ppa3y-
MEH. HaHpMMep, IIprU N3yYeHUn ABUKCHUA IIJIaHEeT WA MEKIIaHETHbIX 30H/I0B YC-
JIOBHO HEMOJABUIKHYIO CUCTEMY OTCUETa CBA3bIBAIOT C HEIIOJBUKHbIMHU 3BE3/1aMU.

CJIG[[yeT 0c0o60 MOoAYEPKHYTb, 4YTO 6eCCMBICJIEHHO TOBOPUTb O /[IBMJKE€HHM, €CJIU
HE€ YKa3aHO, 110 OTHOIIEHHUIO K KaKol cHcTeMe OTcyeTa OHO pacCMaTpuBacTCA. Bor
IIpuMep: IYCTb Y€JOBEK CTOUT Ha H{eﬂeBHOHOPOH(HOﬁ HJIaT(l)OpMe. Mbl MOXKEM cucre-
My OTCUYETa CBA3aTb C HﬂaTCI)OpMOﬁ, a MOXeM — C IPpOXOoJAIUM MHMO Hee I10€3/I0M.
OTtHoCHTETHHO HCpBOfI CHCTEMbI OTCHY€Ta 4Ye€/JOBEK IIOKOHUTCA, OTHOCHUTEJIbHO BTOpOﬁ -
ABUKETCA.

HenoaBu:KHAS cucTeMa KOOPAWHAT — CHCTeMa JeKapTOBBIX KOOPIU-
HaT, cBg3aHHas c¢ y.H.CO.

MosxHO 6bL7T0 OBl CKa3aThb “YCJOBHO HENO/BMIKHAsA”; O/HAKO 3TO He 00s3aTelb-
HO, IIOCKOJ/IbKY MBI Y3Ke cjle/Ia/ll 9Ty OrOBOPKY OTHOCUTEJIbHO CaMOil CHCTeMbl OTCUeTa.
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3[[er 1/1306pa>1<eHa HEKOTOpasA TOYKa M, IIOJIOKeHue KOTOpOfI 3a/1a€TCA painycC-
BEKTOpPOM I' OTHOCHUTEJIBHO Hadaja HEHOZ[BHH(HOﬁ CUCTEMDBI KOOpAWHAaT. Ecmm Touka
[ABUKETCA, TO €€ PaJnyC-BEKTOP MEHAETCA; €CJIN OHa HaXOAWUTCA B IIOKO€, TO OH OCTa-
€TCA IIOCTOAHHDBIM.

IHTPI/IXOBKOﬁ B MeXaHUKe IIoMeYdaloT HelloABHUIKHbIe Oé'b@KTbI; 3Ha4YUT, Ha pH-
CYHKe€ IOKa3aHO, YTO OCHU CUCTE€Mbl KOOPDJIWHAT HEIO/IBUKHDI.



HasnaueHnue cucteMbl KOOpAMHAT — B TOM, YTO € €€ IOMOIIbIO MOKHO IepeiTi
OT BeKTOpHOII 3armucu (GopMmya K ckasmsiphoii. Hampumep, nososkenue namieii toukn M
MOKHO OXapaKTePH30BATh TPeMsi ee KOOPIUHATAME X, Y., 2, (KOTOpbIe, pasymeer-
cst, GYIyT OJIHOBPEMEHHO SIBJIATHCS TIPOEKIHSIMU €€ Payc-BeKTopa Ha OcH X, Y, 2).

Tenepb C TNOHATHUEM PpaBHOBECHUA MbI BIIOJIHE paSO6paJII/ICb. BCPHCMCH K TOMY
HEPETHIO q)yHZ[aMeHTaJIbeIX HOHHTHfI, KOTOPbeI Mbl YK€ IIPUBO/INJIN. Hamomnio stot
nepedueHb: IMpoCTpaHCTBO, BpeMAa, TeJ10, MacCa, CUJa.

Ceilyac Mbl OrpaHUYMMCA JHIIb KPaTKOW XapaKTePUCTUKON 3THX NoHATHH. Bo-
ofIIie e, MBI He pa3 Ha MPOTSKEHNN BceTo Kypca Oy/ieM obpamarbess K TeM W/ WHBIM
CBOICTBAM OCHOBHBIX HOHSTUH MeXaHUKH.

HpOCTpaHCTBO B KJacCUYeCKOW MeXaHHKe — TpEXMEPHO " €BKJIN/I0-
BO.
Ilocnennee O3HaYdaeT, YTO NMPOCTPAHCTBO Y/OBJETBOPAET BCEM aKCHOMaM €BKJIN-

Z[OBOI71 Tr€OMETpHH. W3 sroro BBITEKAIOT IBa cJieylolnuXxX IOJORKeHNd, HMeIlne O0CO-
6eHHO 6OJIbINoe 3HaUYeHIe AJIAd MeXaHUuKH.

Caeactsue. IIpocTpaHCTBO 06J1a1a€T CBOWCTBAMMU:

1) oxmuopomHoctH (Bce TOYKHM €ro paBHOIIPABHBI);

2) wusorponHocty (Bce HalpaBjIeHUS B HEM DAaBHOIIPABHBL).

BTI/I XOpoIlIo H3BECTHDIE CBOﬁCTBa E€BKJIN0Ba HIPOCTPAaHCTBa HaXOJAT MHOTOO6‘
paSHbIe HpI/IMeHeHI/IH B MeXaHUKe.

Hanpumep, ecau Gbl MbI I€peMecTHJIM BCe TeJa MeXaHUYeCKO# CUCTeMbl B Ka-
Ky10-T160 PYyTryio 06JAcTh MPOCTPAHCTBA, TO XO/[ MEXaHWIECKUX ITPOIECCOB OCTAJICS
6bI TeM Ke camMbiM. Haso OroBopuTH TIpM 9TOM, YTO eCJM Ha Te4YeHWe [TaHHbIX MPOoIec-
COB BJIHSIIOT Kakue-T160 BHENTHHe (PaKTOPbI, TO M OHU JIOJKHBI OBITh BOCIIPOM3BE/I€HDI
B HOBOIi CUTYaIlUH.

3aMeTuM, BIpPOYEM, YTO C TOHATHEM IPOCTPAHCTBA Mbl — KaK IPaBUJIO — Ha-
npsiMmyio paGorath He GyeM: Bce paccMOTpeHusi OYIyT BEeCTHCh B BbIOPAHHOI cucTeMe
orcuera. OMHAKO TepevyucJeHHble TOJbKO UYTO XapaKTepHble CBOHCTBAa MPOCTPAHCTBA
MOKHO CUMTATDh TaK)Ke U XapaKTePHbIMU CBOMCTBAMU CHCTEMbl OTCYeTa.

B ANHaMUuKe, I1paB/la, Mbl YBU/IWM, YTO B MMOJTHOT Mepe 9TH CBOMCTBa CIIpaBe/lJIn-
Bbl TOJIbKO [JIA TaK Ha3blBa€MbIX HHEPLHAJIbHbIX CHCTEM OTCYETA.

Tenepb — O BpEMEHN. B MmaremaTnmuecKoM mJjaHe 3TO — TOXKe €BKJIMJOBO IIpO-
CTPaHCTBO, TOJIbKO O/[HOMEpPHOE. A B KauecTBe ero OCHOBHBIX CBOWCTB MBI OTMETHM Ta-
Kue:

BpeMms B Kjaccuueckoil MexXaHUKe:

1) a6comotHo (MMeeT onnHAKOBBIH cMblca Bo Bcex CO);
2) oaHopoaHo (Bce MOMEHTBI BpeMeHH PAaBHOIIPABHBI);
3) anumsorpornHo (MOMEHTHI BpeMEeHU YIIOPsII0YeHbI).

W3 sToro cnmcka cBOHCTB BHU/HO, YTO H€ TOJIbKO Pa3dME€pHOCTbIO Bpe€MA OTJIHYa-
€TCA OT IPOCTPaHCTBaA. HaHpMMep, JJIA BCAKOIO KOHKPETHOI'o COOBITHS MOYKHO O/1HO-
3Ha4YHO CKa3aTb, KOI'/la OHO IIPOHM30IIJIO; HO IOBOPUTb O TOM, YTO HEKOTOpasd TOYKa II0-



KOHUTCA (T.e. B pa3dHbl€ MOMEHTbl BpeM€HH 3aHUMaeT O/HO U TO JKe HOJIO)KGHI/IG), Gec-
CMbBICJICHHO, €CJIM He€ YKa3aHa ollpe/le/ieHHad CUCTeMa OTCHEeTa.

AHU30TPOITHOCTD K€ BpeMeHU O3HavaeT, YTO B HeM HMMeeTcsl NPUBUJIEIMPOBAHHOE
HalpaB/ieHue: OT MpolLIoro Kk Oyaymemy. Ecrb Hemano Mexannueckux spienui (Ha-
HnpuMep, ABUJKEHHE Tejla B CONPOTHBJAIONIEICA cpejie), TPOTeKaHHe KOTOPbIX HOCHT
CYIIIECTBEHHO HeOOpaTHMBbIN XapaKTep.

Takum ob6pasomM, ToHATHS “10” U “Tlocie” 110 OTHOIIEHUI0 K MOMEHTaM BpeMeHH
HUMeIOT BIIOJIHE OIIpe/leJIeHHbIN XapakTep.

BHPO‘IGM, B CTaTHKe BpeMd eC/Jin U YIIOMHUHaeTCA, TO TOJIbKO B CBA3U C Ollpe/e-
JIeHHeM COCTOAHHA IIOKOA.

Bor o Temax bl Gy/eM roBOpHUTH MOCTOSHHO. 3aMeTHUM, YTO B MeXaHWKe pac-
cMaTpuBaloTCs He mpocTo Tejga (KOTopble M3YydaloT B TEOMETPHH), a MaTepuaJbHble Te-
Ja. 3amuiieM, 4To TIOHUMaeTcs TOJ| TIOHSATHEM “MaTepuaibHOe TeJio”.

MaTepI/IaJ[I)HOC TEJO — MHOXeCcTBO B TOYEK, KOTOPbIE Henpepvle-

HbIM 06pa30M 3allOJIHAIOT HEKOTOPYIO OTpaHMYE€HHYIO 006J1acTh B MpoCTpaH-
CTB€ KW Ha KOTOPOM 3aJaHa CRaJidpHad Cl)yHKLII/ISI Y — _ILJIOTHOCTD.

Jlannas GyHKIMS OGBIYHO TIpe/noaraeTcss HenmpepbiBHOW (M, 1mo Kpaiiheii
Mepe, KYCOYHO HETPEepPBIBHOI).

LIepes IIJIOTHOCTD OIIPEeAC/IACTCA Macca. ﬂeJIaeTCH 9TO TaK.

BbII[eJII/IM B Teje B 3JIeMeHTaprIﬁ MaTepHaJIbeIﬁ o0beM — MHOXe-

CTBO TOYEK, 3aHMMAONIUX 0CTATOYHO MaJjbiii o6beM dV B mpocTpaHcTBe.
Torma npoussenenne dm = ydV ectpb Macca sjeMeHTapHOTO MaTepHAb-
HOro obbeMa.

OroBopka “mocTarouHo Majibiii” mpuMennTesbHO K o6bemy dV B mpocrpancTBe
JlesiaeTcst ISk Toro, 4ToObl MOKHO ObLIO TpeHeOperaTh pasjnvreM B 3HAYEHUSAX TLIOT-
HOCTH Y IS PA3HBIX TOYEK HJIEMEHTAPHOIO MaTepPHATBHOTO OObheMa.

DakTH9IecKu — YTO W OTPKEHO B 0O03HAUEHUSAX — MBI paboraeM ¢ mauddepen-
IajaMi Maccbl U oObeMa. B aToM ciydae, Kak 3TO M TPUHATO B MaTeMaTHYeCKUM
aHaJ3e, MOXXHO NpeHeOperarb GECKOHEYHO MaJbIMU BeJMIHHaMH GoJiee BBICOKOTO MO-
PsKa MaJIOCTH.

OGparnTe BHUMaHWE: 3JeMeHTApHbIl MaTepuajbHblil 06beM u o6beM dV B mpo-
CTPAaHCTBE — JTO pasHble BeNM. JJeMeHTApHBII MaTepHaJbHBbII 00heM 00Opas3oBaH
TOYKaMu Tesia, a oobeM dV — ToOukamMu yCJOBHO HENOABUIKHOII cicteMbl orcdyerta. Ec-
JII TeJIO [IBHJKETCS, TO B pas3Hble MOMEHTBI BpPeMeHH 3JeMeHTAapHOMY MaTepUaIbHOMY
00beMY COOTBETCTBYIOT pas3Hble 0ObeMbI B IPOCTPAHCTBRE.

Axcuoma maccol:

1) mns MaTepuabHON Touku m = const u m >0;
2) nns sJIeMeHTapHOTro MaTtepuasbHoro obbema dm = ydV = const
u dm>0.



ITO — BaXKHBIN [/ MeXaHWKW (pakT, Beab B 00IeM ciydae nedopMupyeMoro
MaTepuagbHOTO TeJla W TLIOTHOCTh, 1 00beM dV MOryT MEHSTBCST ¢ TeueHreM BPeMeHH.

BI/I[[HO TaKKe€, 4YTO IIJIOTHOCTD Y 1IOYTHU BCIOAY IOJIOKUTEJJIbHA.
A TeIepb MOJKHO /[aTb OIlpe/le/IECHHE MaCCbl MaTepHAaJIbHOI'O TeJia.

Macca MaTE€EPHUAJIbHOT'O TEJIa @ — IIOJIOJKUTeJIbHasa BeJIMYMHA
m = jy dv .
14

MHTCFpaJI 3/1€Cb (paKTI/I‘ICCKI/I - TpOﬁHOfI, HO B MaTeéMaTHKe BcCe 4allle MCIIOJIb-
3YIOT O/JWH CHMBOJI WMHTEIpaJa, a 3alliCaHHas 110/ HUM 006.1aCcTh HHTErpupoBaHuA KaK
Pa3 u olpe/jender, B KaKOM CMbICJ/I€ IIOHMMaeTCA 3TOT HHTerpaJ.

Ecmm Ui CUCTE€Mbl MaT€pUaJbHbBIX TOYEK MacCCa €€ paBHa CyMMe€ MacCC TOYE€K, TO
I MaTepHaJIbHOTI'O TeJla MacCCa BbIPpaKaeTCAd KaK MHTerpaJ OT IJIOTHOCTH.

W3 sroro He cJaeayer, 4To Macca TejJa — 3TO IHOHATHUE 1TPOU3BOJHOE, a HE OCHOB-
HOeE. HPOCTO MbI ceiuac BbIHYK/1€HbI OéXOZ[I/ITbCH JOCTATOYHO 9JIEMEHTAPHbIMHU MaTe-
MaTH4Y€CKHUMH CpeACTBaMMn (Bnpoqu, TaK Ke IoCcTynaJ n caM HbIOTOH).

B 6osee ob6cTogTETBHBIX COBPEMEHHBIX KypCaX MeXaHWKN HWMEHHO MacCCa, a He
IIJIOTHOCTDb, BBO/JHUTCA KaK IIepBHYHOE ITOHATHE. B nux macca TPaKTyeTCa KaK Mmepda
MHOKeCTBa, MU /laHHad TPaKTOBKa ABJIAETCA eZ[I/IH006paSHOﬁ — n 4Jjiid CUCTEM MaTepu-
AJIbHbIX TOYE€K, M AJd MaT€pHUaJIbHbIX TeJl. Ho 1A IIOHUMaHUA BCETO 3TOIO HYJKHO
BJIaJ€Tb OCHOBaAMH TEOPpUU MEPDI JleGera ", COOTBETCTBEHHO, 6oJiee O6IL[I/IM IIOHATNEM
nHTETrpaja — a Bor B Kypce BBICIIIENl MaTeMaTUKU 3TO He n3yvdajiun.

BHPO‘IGM, B CTaTUKe HaC MaccCa 6YZ[€T HWHTEepeCcOoBaTb JIWIIb IMOCTOJIbKY, TTOCKOJIb-
Ky HEKOTOpbI€ CHJIbI, ﬂeﬁCTByIOIHHe Ha TeJla, 3aBHUCAT OT MaCCbl 3THUX TeJl (HaHpI/IMep,
TaKOBbI CHJIbIL TH}KGCTI/I). OTtMeTHM TaKXe, 4TO olpenejeHud JaHbl /A JIIOOBIX MaTe-
PHAJIbHbBIX TeJI; HO HacC 6y[[yT HWHTEpeCcOoBaTb JIWIIb abCOJTIOTHO TBepAbIE TeJla.

Ocraercst msitoe U3 (pyH[[aMeHTaJIbHI)IX MOHATHUI MEXaHWUKH — TIOHSITHE CHJIbI.
Ho €My MbI ITOCBATHM OTI[CJIbHI)IfI ITYHKT.

2. Cuna un ee xapaKTepuUCTUKH

B Mexanuke moHsATHEe CUJIbI MUCTOIL3YETCS [JisT ONMUCAHUS MeXaHWYeCKOTo B3au-
MO/IeiCTBUA.

MexaHnuyeckoe B3aHMOJAEHCTBHE — OJHUH N3 BHUAOB BSaHMOﬂeﬁCTBHH

MaTepun, CIIOCOOHBIN BbI3BAaThb H3MeHeHHe MeXaHWYeCKOIo ABMJKEHUA Ma-
TEPUAJIDHDIX TEJI.

Cnma XapakTepu3dyeT KOJUMYECTBEHHYIO CTOPOHY MeXaHWU4Y€CKOTo BSaI/IMOZ[elL/'ICT—
Bug. TaxuMm 06pa30M, Korjia roBop4dT, 4TO Ha TeJIOo HeﬁCTByDT CHJibl, TO 9TO 3HA4HUT,
4YTO Ha HETro BOSZ[efICTBYIOT Apyrue Tejia (I/IJH/I CI)I/ISI/I‘IGCKI/IG HOJIH).



He BCerga, BIIpoYeM, CUJIa ]_[eIL/'ICTBI/ITeJIbHO MNpUBOJAUT K HU3MEHEHUIO [IBUKEHUIO
TeJa, TaKoe M3MeHeHHe MOJKeT 6JIOKI/IPOBaTI)CH Z[efl()TBHeM APYyrux CcuJji.

C YU€TOM CKa3aHHOT'O 3allulleM:

Cuna (HbIOTOHOBa) — Me€pa ME€XaHHU4YEeCKOT'O BOSﬂeﬁCTBHﬂ Ha HEKOTO-
po€ MarepHuaJibHOE TEJIO CO CTOPOHBI APYIOoro MaT€pUaJIbHOI'O TeJjia (I/IJII/I
CpI/ISI/I‘IeCKOTO HOJIFI); OHa XapaKTE€pU3YET MHTCHCHUBHOCTD M HallpaBJICHUE
9TOTI'O B03I[eI>JICTBI/IH.

STO, pa3yMeeTcAa, HE Oollpe/leJieHue, a JIMIb IMOoACHEHUE K ITMOHATHIO CHUJIbI. IIo-

CKOJIbKY TIOHATHE CUJIbl — q)YHZ[aMeHTaJIbHOG, TO €r0 TOYHBIH CMBICT PaCKpbIBa€TCA B
aKCHUOMaX MeXaHHKI.

[loka >xe mMbl otMeTM BOT uTo. OroBopka “HbIOTOHOBa” cieslaHa [IOTOMY, YTO B
JITHAMUKe Mbl BCTPETUMCSI € JPYTUMH BeJMYMHAMHU, TakK)ke MMeHYeMbIMH CHJaMM, KO-
TOpbIe, O/IHAKO, He SIBJISIOTCS MepaMHi MeXaHW4eCKOro B3auMOJIeHCTBUS.

B sTom xe ceMecTpe pedb 6yZICT AT MMEHHO O HbIOTOHOBbBIX CHJIaX, W MbI [IJIA
KpaTKOCTH 6y,/f[eM Ha3bIBaTb UX IIPOCTO CUJIaMMU.

[lanee, mon cioBom “Mepa” B MexaHHMKe W B (pU3NKe MOHUMaeTcs (puandeckas
BeJIMYMHA, KOTOpas CJAYKHT [IJIsl KOJUYecmeeHHozo0 ONNCAHWS KaKOTo-Tu60 CBOWCTBA
WM OTHOIeHWs. B ganHOM ciydyae pedb uaeT 00 OIMMCAHUN MMEHHO MeXdHUuuecKozo
B3anmo/ielictBus (a GbiBaloT eile, Kak Bbl 3HaeTe, U [pyrue B3aUMOAEHCTBUS — TeIJIO-
Bble, XUMHUYeCKHe W TPOUHe).

B (I)I/IBI/IKG JJIEMEHTAapPHbIX YaCTHUIl BbLACJIAKOT 4YETbIpE C,bl/HadMeHmaﬂbelx B3an-
MOZ[GP,ICTBI/IHZ CUJIbHOE, 3JJIEKTPOMAlrHHUTHOE, ciaboe U I'paBUTallUOHHOE. It HeTbipe
BSaHMOZ[efICTBI/IH JeXaT B OCHOBE BCeX HaéJIIO[[aeMbIX IBJIeHU — OTHOCAIIUXCA KaK K
Me€XaHWKe, TaK U K /[[pPYI'UM pas/e/iaM eCTeCTBO3HaHWA.

OpnHako B MakpoMmupe (yH/IaMeHTaIbHble B3alMOJEHCTBUS IIPOSB/AIOTCS, Kak
IIPABHUJIO, OTIOCPEIOBAHHO, W HAM IIPUXOAUTCS UMETHb JeJI0 CO 3HAUNTebHO Oosee IIH-
POKHM TiepeyreM B3anMozeiicTiil (yke He 00s13aTeIbHO (DYHIAMEHTATBHBIX ).

Ecsn roBoputb 0 MexaHMYeCKUX B3aMMOJIEHCTBUAX, TO pedb MOKeT MATU O CH-
JIaX Pas/IMYHOIO IIPOMCXOK/ICHU.

HpI/IMepr CUJI! CHJIbl TAMXKECTH, CHUJIbl YIIPYTIOCTH, apXUMEJOBbl CHJIbI,
CHJIBI COIIPOTUBJIEHUA CpeAbl U [1P.

B 6oabimmncTBe 3a/la4y ME€XaHHWKH, BIIpO4YeM, (bI/ISI/IIICCKaH Ipupo/ia TeEX NJHN WHDBIX
CHJI OOBIYHO nHTeEpeCa HE IIPEACTABJIAECT.

Ertte MblI, TOsICHSISI TTOHSITHE CHJIBI, TOBOPHJIM OO0 MHTEHCUBHOCTH W HAIlpaBJIeHUU
BO3/IeHiCTBUS. ITO O3HAYaeT, YTO CUJIa SBJISIeTCS BEKTOPHOI BesimuuHOM. VMeHHO, 3TO
— BEKTOp, MPUJOKEHHBIN K olpe/le/IeHHOI TOYKe MaTepUuabHOTO TeJa.

HO3TOMy MOXHO roBopurb O TaKNX XapaKTepI/ICTI/IKaX CHJIbI.
Cujia XapaKTepusyercs:

1) BeqmuuHON (MOmysIEM);

2) HampaBJIeHUeM;

3) TOYKOH NPHJIOKEHHUS.
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MOZ[y.]Ib 1 HallpaBJieHHhe OJHO3Ha4HO OIIpe/1e/IAI0T BEKTOP CHJIbL.

Bexmop cunvi: ¥ = Fer, tne F = |F| — MOJYJb CUJIBI, €r — €lIu-

HUYHBIN BEKTOpP HallpaBJIEHUA CHUJIBL.

O6paruTe BHUMaHue: Haj OGyKBaMu, OOO3HAYAIONUMHU BEKTOPBI, MUINYT YepTy.
ITo 00s13aTeIbHO HA/0 JlesiaTh. B Mexanmke odeHb 4acto B (POpPMyJIax OJHOBpeMEH-
HO (PUTYPHUPYIOT W BEKTOPBI, U uX Moay/au (Kak B (OpMyJie, KOTOPYIO MBI TOJBKO UTO
samucann). Ecoaun wepry se mucarh, GopMyJia TepsieT CMbICII.

K coxanenunio, Ha sk3amMeHe HepeIKO TPUXOUTCS BCTPEYATLCS C TOJHBIM TIpe-
HeGpeskeHneM K 9TOMY TMpaBuiay. B jydiiem ciydae sk3aMeHATOp B 9TOW CUTYAIMK TO-
CTYIIUT TaK: B3[IOXHET ¥ TOINPOCUT CTY/eHTa ObICTPEHBKO ITPOCTABUTH OOO3HAYEHUS
BEKTOPOB B TEKCTe OTBeTa Ha TOCTaBJEHHBIN Bolipoc. Ecuau cTymeHT He cyMeeT Tipa-
BUJIHO TIPOCTaBUTh O0O3HAYEHMS — HTO MEPBBIil Mar Ha MYTH K TTOJYYeHUIO “IBOWKM .

HOSTOMy, HO}K&JnyICTB., He HTHOpprﬁTe B CBOUX KOHCIIEKTaX 4YepTy, €CJIM OHa
HalliCaHa Ha /JOCKe.

HpI/I ITOMOIII1 3aIMCcaHHON CI)OpMy.]IbI HallTH 3HaueHUe BEKTOpa CUJIbl, €CJIN [1aHbl
€ro Mo/lyJib U HallpaBJICHUE, COBCEM HETPY/IHO. O6paTHa51 onepanuda TaKyKe He BbI3bI-

BaeT pr[[HOCTefI: .
| F | = (F’ F) ’ EF = g J
“ |F|

prTJIbIC CKOOKH ¢ 3ardaToil B cepeInHE 0603HaYAIOT CKaJIApHOE IIpou3Be/leHne
BEKTOPOB (SaHHTaH IIpru 9TOM PpPas/iedeT COMHO}KI/ITQ.}II/I). O6paTI/IT€ BHUMaHHe:. BO
MHOIMX KHHTI'aX CKaJIApHOE IIpOH3Be/lcHNE o6o3HavYaeTCd WHadYe — TOYKOM MEXK/1y B€K-
TOpaMu, IIPpUYEM TOYKY OOBITHO MOZKHO OIlYCTHUTD.

Ho mbl Gy/eM TpuaepKuBaTbesi UMEHHO Takux oGosHaueHuil (OHU TOXKe [ocTa-
TOYHO pacipocrpatenbi). [loMHMO Bcero mpodero, OHH MO3BOJAIOT U36eKaTh IyTaHK-
bl (Beab CKaISIpHOE MPOU3BE/IeHNe BEKTOPOB HYKHO OTJIMYATh OT OGBIYHOTO IIPOU3BE-
JIeHHUS [IBYX CKaJISPOB).

HaHOMHIO (1)OpMyJIbI JIJIAA BbIYHUCJICHUA CKaJIHpHOI‘O HpOI/IBBe[[eHI/IH.
CKaJIHpHoe HpOI/ISBeJIeHI/Iel
(a,b) = |a

l_)|-cos(z_l/,\5);

(a,b) = ab, +a,b,+ a,b,.

3mech X, Y, 2 — OCH KaKOU-THOO JeKapTOBOil CUCTEMbBI KOOP/IMHAT.

[lepBoii 3 aTX (HOpPMyY.JT TMOIH30BATHCS /IS BBIYUCICHUST MOYJISI CHJIBI GeCCMbI-
CJICHHO, IIOCKOJIbKY MOJYJIl CHJIbI MbI KakK pa3 M He 3HaeM. A ec/i M3BeCTHbI IIPOeK-
1IMM BEKTOpa CUJIbI HA OCU X, Y, 2, To BTopas ¢dopmysa BaMm BrHosiHe MOXeT MPUTO-
JIUTHCS.

Ecom MoCMOTPpEeTb Ha TO, YTO Mbl K HACTOAIIEMY MOMEHTY BpPEMEHU 3allucajJii B
9TOM IIYHKTE, TO BC€ 3TO Bawm YK€ XOpolio M3BeCTHO H3 KypCOB (1)I/ISI/IKI/I 1 JTUHEHHON’
aJII‘eépr (BOSMO}I{HO, 3a UCKJIOYEHNEM HEKOTOPDIX 0603Ha‘{6HI/HL/,I). ITO U eCTeCTBEHHO:
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HaiHaTb H3JOKE€HNE HOBOI'O MaTe€pHaJia Jiydlie ¢ KPaTKOro IOBTOPE€HUA YIiKe HpOﬁ-
JAE€HHOT'O.

Pasymeercsi, Bam usBecTHO M3 Kypca ¢usuku, yro cuga (M ee MOAYJb) — 3TO
pasMepuble Beanunubl. HanomHio, B Kaknx euHUIIAX U3MEPAETCA CUJIA.
KI'-M
)
C

Emuauna ans F 8 CU; upoton (H =

O6bsacusercs TocJjieHee BbIpakeHue JAJid €/JUHUIbI CUJIbl OY€Hb IIPOCTO: CHJIA,
PaBHaA O/THOMY HbBIOTOHY, o6ecIieunBaeT MaTepHaﬂbHOﬁ TOYKe ¢ Maccoll B OUH KHWJIO-
rpaMMm (B coorBercTBUu co II 3akoHOM HbIOTOHa) YCKOpEHNE, paBHOE OJHOMY METPY
Ha CEeKYH/Y B KBa/lpaTe.

Ho II 3akon HbloroHa oTHOCHTCS yKe K JUHaAMUKe, a Mbl ceifdyac 3aHUMaeMcs
cratukoii. Mrtak, 4ro elle Mbl MOJKeM CKa3aTb O BEKTOPE CHUJIbI?

CTaH[[apTHaH orepanua B BeKTOpHOﬁ aJIre6pe — 9TO BbIYMCJ/ICHHE ITPOECKIINMH BEK-
TOpa Ha KaKyIO-JII/I6O OCb. ﬂJIH BEKTOpa CHJIbl UME€EM:

HPOCKHI/IS cusbl F Ha och [ ¢ €IMHNUYHbIM BEKTOPOM e:
Fl = (e, F ) .
BeKTOp é 3/1€Cb, pa3yMeeTCida, BOBCE HE 006s13aH COBIIa/IaTb C BEKTOPOM EF’ O KO-

TOpPOM MbI TOBOPHJIN PaHeEE. I/IMCHHO, MbI IIpeACTaBJ/IAJIN BEKTOP CHUJIbl B BH/E IIPOU3-
Be€leHNA €ro MO/lyJId Ha e[[HHH‘IHbeI BEKTOpP HallpaBJI€EHUA CHJIbI.

Ho BEKTOP CWJIbl MOJKHO 3a/laThb TaKiKe ero IpOoeKIUuAMU Ha OCH ﬂeKapTOBOﬁ CHC-
T€eMbl KOOp/JHHAT.

~I
>

- Y

|

VmeeM:
F = Fi+F,j+FKk,
rme i, j, K — exunuunble BekTOpHI OCeii X, y, 2, a F,, F,, F, — mpoek-
muu cusnel F Ha aTH ocH.

Ha mpaktuke 5TH MPOEKIMH YaCTO OKa3bIBAeTCsT YIOOHBIM BBIYUC/ATH Yepe3 CKa-
JIIpHBbIE TIpou3BesieHus. MeHHO:
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F, = (i,F) = |f °|F|°cos(x = Fcosa,
1
Fy = (j7f) = FCOSB:

F, = (K,F) = Fcosy;

&
31ecb O, B, ’Y — YTIJIbl BEKTOpPa F c ocamu KRoopAuWHaT.

It (bOpMyJIbI, pasyMeeTcs, IIPpUMEHAI0T, Kor/la U3BECTHDbI BEKTOP CHJIbI U €€ Ha-
IIpaBJIEHHUE. Ecan xe AaHbl MMEHHO IIPOEKIHUH BEKTOpPa CWJ/Ibl Ha [A€KapTOBbl OCH, TO
MOKHO HAUTH MOZYJIb CHJIbI W BCE TpH yTIJa.

Eciu manbr F,, Fy, F,, To:

IS
B 7] ) ) B Iy
F = \/Fx+Fy+F2 , 0O = arccos 7 U T.I.

Iloxa MBI TOBOPHUJIM TOJIbBKO O BEKTOpPE CHJIbI. Ho monsarue cuiapr He CBOIHUTCA K
IIOHATHUIO €€ BEKTOopa. Baxxma ele M TOYKa IIPUJIOKEHHA CUWIbIL: BeJb €CJIM TOT Ke IIO
BeJIMYHHE W HallpaBJ/JICHHWIO BEKTOP CUJbl IIPUJIOJKUTb B ].[pyI‘OfI TO4YKe TeJa, TO €ero
ABHKeHIEe MOKeT M3MEeHNTbCA.

B reoMeTpun 1IpuHATa cJaeylollasd TEpMUHOJJIOIM.

Csob00nviii_eexmop (Ui MPOCTO BEKTOP) — BEKTOP, XapaKTepu-
3yeMblll TOJIbKO MOJyJieM U HallpaBJIeHHeM.

Ceasannvlii 6exmop — BEKTOP, XapaKTepU3yeMbIll elle U TOUYKOHN
TIPUJIOKEHUS.

I/IHOFZ[a HCITOJb3YIOT TaKne 0603HaYeHA.
Uepes u.A o6GosHauaercsi CBSI3aHHBIH BEKTOP, IOJYYAEMbBIH, eCJIH
CBOGOIHBIN BEKTOP U MPUJIOKUTH B Touke A .

OépaTI/ITe BHHMaHHe: 37€eCb TO4YKa IIMHIETCA He B cepe/MHe CTpPOKH (KaK mpu
YMHOKEHUN III/ICGJI), a Ha ee HIDKHEH JUHUN.

TaxuMm o6pa30M, MOJKHO c/ie/IaTb CJIeZ[yIOH_[I/Iﬁ BbIBO/I.
Wrak, cuna — cBsizaHHbI BeKTop (mosHoe o6osHavenue: F.A).

TaM, rae HaM HOTpe6y€TCH IMOAYEPKHYTDb HaJJHU4ue Yy CHJIbI OHpe[[eJIeHHOfI TOYKH
IIpUJIOKEeHNs, Mbl 6y1:[eM [IOJIb30BaThCd HMEHHO STHM IIOJHBIM OO03HAUYEHUEM. TaM,
rae TO4YKa IIPUJIOKEHUA CHJIbL 6y1:[eT 3apaHee OorosopeHa, Mbl 6y[[€M IIpUMEHATb COKpa-
IeHHoe 0603Ha‘{6HI/Ie, o6o3Hauast CHJy IIPOCTO F (T.e. TaK K€, KaK 1 BEKTOpP CI/IJIbI).

O Touke IIPpUJIOKEHUA CUJIbl HYKHO CKa3aTb CJe/yIollee:

Ecan cuna I[efICTByeT Ha MaTe€pHaJIbHyIO TOYKY, TO TOYKOM IIpuJIo-
JKEHUS CJIIYKUT CaMa 9Ta TOYKaA.

Ecan cuna ﬂeﬁCTByeT Ha MaT€puaJIbHOE TE€JIO, TO TOUYKOU IMpHUJIOKe-
HUA CJIYKUT TOYRa TeJla (OHa MOJKEeT MEHATbCA ¢ TeUEeHUEM BpeMeHI/I).
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B 06]_[[6M CJydae TOYKa IMPHUJOKEHUA CUJIbl He MOJKET JieKaTb BHE TeJla. Ecm
TeJIO — aBGCOJIOTHO TBEepaoe, TO JaHHOE OrpaHM4Ye€eHHEe MOJKHO CHATb; HO 06 5TOM MBI
6y11€M TOBOPUTD IIO3KeE.

Bosnukaer BOITPOC: a KaK MOJKHO Ha IIPpaKTHKeE 3a/laTb TOYKY IPUJIOKEHUA CU-
JIBI? jIIO6yIO TOYKY MOJKHO 3a/laTb, HallpuMep, €€ paJnyC-BE€KTOPOM, ITPpOBE/E€HHbIM U3
HEKOTOPOro I1oJiroca.

IHomoc - IMpOM3BOJIbHO BbBIAEJICHHasA TOYKa (HOJIO}KGHI/IG KOTOpOﬁ
OOBIYHO [IpeaIrojgaracTcia I/ISBGCTHI)IM).

Pas 3mech roBopuTcst “o6bIMHO”, TO TeKCT B CKOOKax BbI BIoJHe MokeTe WTHO-
pupoBarb. UYacTo GbIBaeT Tak: B3sIM HEKOTOPYIO TOYKY M OObABUIN ee TosocoM (i
Gy/IeT OHA € HTOTO BPEMEHH CUUTATHCS TAKOBBIM).

Ho Ui 3a/laHUA TIOJIOKEHHA TOYKH IIPUJIOKEHHA CHUJbl HaM KaK pa3 HYJKHO
3HaTh TOJIOXKeHHe ToJmoca. MOXHO — HO He 00g3aTeIbHO — IIPUHATD 3a ITOJIIOC Ha4da-
JIO CUCTE€MbI KOOpJAWUHAT.

Paxnyc-Bektop touku A orHOcuTesbHO moMoca B — Bekrop, mpo-
Begenunlii u3 B B A: ¥y, = BA.

Yrorpebisiior 06a 0603HaYeHNsI, HO TePBOe TPEANOUTHTE/IbHEe: BEKTOP 0003HA-

JaeTcsl ofiHON OyKBOii, a OykBa “r” HallOMHHaeT, YTO pedb W/eT HMEHHO O Pa/yc-
BEKTOpE.

HOPHZ[OK CJeI0BaHnA MHAEKCOB 3/1€Chb CYIIEeCTBEHEH. BHPO‘IGM, Korja IIOJII0OCOM
CJYKUT HadaJlO CUCTEMbI KOOpAWHAT, HepBbe/i MHAEKC OOBIYHO OIlyCKaloT.

2

A

X

s PUCYHKa OY€BUJHO COOTHOIIEHHE:

r, = rgt rg,.
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Ono Ham IIpUTOAUTCA, KOrJa MbI 6yz[eM CTaJIKHUBaTbCAa C H606XO]_[I/IMOCTI)IO CcMe-
HUTDH ITOJIIOC.

Camu PalnyC-BEKTOPbl MOJKHO 3a/laBaTb I110-Pa3HOMY — HallpuMep, 4Yepe3 HX
IMpOoEKIIMN Ha A€KapTOBbl OCH KOOpAUHAaT. B cJydae, Kora IOJICOM CJIYKUT HadaJlo
KoopAuHaT, 3TU ITPOCKIHUHN COBIIaJal0T ¢ KOOpANHaTaMH TOYKH.

Tax = Xar Tay = Yar Taz = 24

Tgay = X4— Xg, ¥ T.L
HOCJIe[[HHe paBeHCTBa CJIeZ[yIOT N3 3allMCaHHOI'O HaMH1 BeKTOpHOFO COOTHOILICHMA.
TaKI/IM 06pa30M, IIpUXoANM K BI)IBO[[y:
Cuny F.A moxuo 3amatb asyms sexkropamu (F u ¥,) mmm mectsio
cramsipamut (Fy, F,, F,, X4, Ya, 24).

Jto — yao6HO, U Tak nocrymaiT yacto. Ho 3aarh cuiy MOXKHO TakyKe WHBIM
CIIOCOO0M, KOTOPBIN MBI PACCMOTPUM B CJIeIyIONeM TYHKTe.

3. MOMEHT cUnbl OTHOCUTENbBbHO TOUYKHU

Xorg cnia OTHO3HAYHO XapaKTepu3yeTcda CBOMMHU BEKTOPOM 1 TOUKOIT IIpUJIOIKEe-
HUSA, BaKHYIO POJIb B ME€XaHUKE HUTpaeT €lle OHa €€ XapaKTepUCTUKa.

MoMeHT CHIBbI OTHOCHUTEJBbHO IoJioca B — BEKTOP, HpHJIO}KGHHbIﬁ B

Touke B u paBHbeI BEKTOPHOMY IIPpOU3BEJACHUIO pPaAWyC-BEKTOpPa TOYKH
I[IPpUJIOKEHMA CUJIbl Ha BEKTOD CHJIBI.

PaZ[I/IyC—BeKTOp 3/eCb, eCcTeCTB€HHO, BbIYHMCJ/IAETCA MMEHHO OTHOCHUTEJbHO ITOJJIIO-

caB.

Takum o6paszom:

M, (F.A) = [r,,, F]

O6paTI/IT€ BHUMaHWE, 4YTO BEKTOpPHOE IIpou3Be/leHne  Mbl 3/1€Cb 6yz_‘[eM 0603Ha-
qaTb KBa/[paTHbIMU CKOOKaMH ¢ 3aIliTOd B cepeinte. Yacto HCIIOJb3YETCA HHOE 060-
3HaueHue ollepaliu BEKTOPHOI'0 YMHOJKEHUS — IIPU TTOMOIIN KOCOTO KpecCTa MeX/1y
COMHOXHUTEJAMHU.

3aMeTbTe ceule, 4TOo IMOpPAAOK HalluCaHUA COMHOKUTEJIeH CyIIeCTBEHEH: Be/b Brr
3Ha€Te, 4YTO IIpu IepeMeHe MeCT COMHOKUTEeJIeH BEKTOpHOE TIpon3Be/ieHne MeHAeT 3HakK.

B olpeaeJeHnn ObLIO YKa3aHO, 4YTO MOMEHT CHJIbl IIPUJIOKEH B IIOJIIOCE. 3Ha-
HUT, 9TO — CBSI3aHHbBIN BEKTOD.

Mpmr He 6y1:[€M VKa3blBaTb €ro TOYKY IIPpUJIOJKEHHA ClIpaBa OT CHUMBOJIA, 0603Ha-
YJallero MOMeEHT, TMOCKOJIbKY OHa YiKe YKa3aHa B BU/I€ MH/IEKCA.

PaCCMOTpI/IM HEKOTOpbIE CBOIICTBAa MOMEHTa CHJIBI.

15



CBoiicTBa MOMEHTa CHJIbI

YTBer{Z[eHI/IH, KOTOpbIE ceityac 6y[[yT C(I)OpMyJII/IpOBaHbI, HeMe/JIEHHO BbIT€Ka-
TOT W3 M3BECTHBIX BaM cBoiicTB BEKTOPHOI'O YMHOKEHU .

0 f— p— j— — f— —
1°. My(F) LF, My(F) Ltp,.
/leiicTBUTE/IbHO, BEKTOPHOE IPOM3BeE/IEHIEe OPTOrOHAJBHO KAsK/IOMY M3 COMHOKU-
TeJIeH.

20 | M(F)| = | Foul- | F|-sin(F,,, F).

ITo ananormunoi (I)OpMy.JIe BbIYHCJIAECTCA MO/YJIb BEKTOPHOI'O ITPpOU3BEICHUA JIIO-
ObIX JIBYX BEKTOPOB.

CresaeM PHCYHOK, Ha KOTOPOM 3TH CBOWHCTBA MOMEHTA CHJIbI OY/yT TPOUJLTIOCT-
PUPOBAHBL.

~I
-

>
i

o

X

OGparure BHUMaHNe Ha TPEYTOJbHUK, 0Opa3OBaHHbBIII BEKTOpaMu I, U F (ua
PUCYHKE OH 3alliTPUXOBaH, a €ro ILJOoIla/lb o6o3HaveHa qepes S) PaCCManI/IBaH ero,
MOKHO [aTb IE€PBbIM [IBYM CBOHCTBAM MOMEHTa CUJIbI HHYIO, Be€CbMa HarJIAAHYIO q)Op—
MYJILPOBKY.

Monyab BekTopa M (F) paBeH yaBOeHHO# IJIONAIN TPEYTOJbHU-
Ka, o6pa3oBaHHOTO BeKTopaMu Fp, U F, a cam aTOT BeKTOp OpTOroHaJEeH
IIJIOCKOCTU JAHHOTO TPeyToJIbHUKA.

ﬂeﬁCTBHTCHbHO, MO/1yJ/JIb BEKTOPHOT'O ITPOU3BEIEHUA PaBeH ILJIOMAa/JN ITapaJjieso-

I'paMMa, IHOCTPOEHHOI'O Ha COMHOKXUTEJ/IAX; a ILJIOHa/lb JaHHOI'O TPEYroJIbHNKa paBHa
1IOJIOBHHE ILJIOHIaIU 9TOTI'O ITapaJlie/JiorpaMMa.

[IaJIee, €CJIN BEKTOP OpTOTOHaJIeH /[IBYM HellapaJ/ljieJIbHbIM BEKTOPaM, JeKallliM B
OZ[HOﬁ IIJIOCKOCTH, TO OH OPTOroHaJieH caMOM 9TOH TIJTOCKOCTH.

Taxum 06pa30M, B COOTBETCTBUHM € STUMHU CBOHCTBAMU MbI 3HaeM, 4HYeMy paBeH
MO/ZlyJ/JIb BEKTOpa MB(F), a TaKyke 3HaeM, 4YTO OH OPTOroHaJieH IIJIOCKOCTH TPeyroJib-
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muka. llo3BoastioT mm aTH cBeleHnA OJHO3Ha1YHO I/1306pa31/ITb Z[aHHbIﬁ BEKTOP Ha 4ep-
Teske? Her: Ha/lo elle 3HaTb, B KaKyl0 HUMEHHO CTOPOHY OT IIJIOCKOCTH TPeYyTroJIbHUKa
OHa HallpaBJICH. BeKTOPHaH aﬂreépa a€T OTBET U Ha 3TOT BOIIPOC.

3°. Bektop M (F) nHampaBsien B Ty CTOpOHY, OTKyZa KpaTdaimrumii
IIOBOPOT OT Iz, K F BuAeH mpoucxoasmuMm IpPOTUB XOJa YacoOBOI cTpeJi-
KU.

To ecTb:

T4, F, M5(F) 06pasyior _npasyio TpoHKY BEKTODOB.

CTpOTO TOBOP4A, BCE€ Hallll PacCy’K/A€HUA OTHOCATCA K CJay4dalo, KOT/la TPeyroJib-
HUK H€ BbBIPOXK/IAETCA B OTPE3OK HJIM TOUYKY. Ho B CJIydae TaKOT'O BbIPOXK/IE€HUA BEK-
TOpPpHOE IIpon3BeJeHIe O6pa]].[aeTC5{ B HOJIb.

IJTO — OYeHb BayKHOE yTBepKJAeHne, u ero I1oJieaHo 3allucaTb, aKKypaTHO C(i)Op—
MYyJINPOBaB. ITosichum paccMaTpUBa€eMylO CUTYallUl0 PUCYHKOM.

[

|

B

HpHMaH l, Ha KOTOPOIK/,I JEeXKHUT CHJIa, HOCUT ocoboe Ha3BaHUe.
JInnns ZleﬁCTBHH CUJIbl — IIpdAMad, MMpoXodllad B HallpaBJIEHHUU CH-
JIbl Yepe3 TOUYKY €€ IIPUJIOKEHNA.

A TEIIEPD C(l)OPMyJII/IpyeM ouepeaHoe CBOICTBO MOMEHTA CHU.JIbI.

4°, Mz(F.A) =0 < mnomoc B nexur Ha JUHUKM [efCTBUS CHU-
JIBI,

[Ipu pertenun 3a/1a4 HepeKO BO3HUKAET BOIPOC O HauboJjee 11e/1ecoo0pasHoOM
BbIGOpe mosfoca. OOBIMHO ero BBIGMPAIOT TaK, YTOObI OOpPaTHTh B HOJMb OAWH WJIW He-
CKOJIBKO MOMEHTOB Heussecmuuix cui (dem GoJibliie, TeM Jydiie).

[y [e]
C yyeroM cBoiicTBa 4~ ACHO, KaK 3TO c/lesIaTh: IOJIOC OJIKEH JieKaTb Ha JWHUI
JENCTBUS HEU3BECTHOW CUJIbBI.

Benmomuaum elle oaHO CBOIICTBO BEKTOPHOT'O IIPpOU3BEACHMA.

JII/IHGfIHOCTb BeKTOpHOI‘O HpOI/ISBeJIeHI/IHZ
[a,b+¢c] = [a,b] + [a,¢];
[a,£b] = k£[a,b].

OTCIOZ[a BBITEKaeT TaKoe CBOHCTBO MOMEHTa CHUJIBI:
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5°. Mz(F+G) = Mz(F) + Mz(G), ecau cunnt F u G mpuio-
SKeHbI B 0JHOU TOYKE;
MB(kF) = kMB(F).

[lepBoe paBEHCTBO TO3BOJISAET BBIUUCAATH MOMEHT CYMMbI [[BYX CHJI. 3aMeTHM,
uto ecau cuaibl (Mam moGble CBA3aHHBIE BEKTOPbI) MPUJIOKEHBI K PasHbIM TOYKAM, TO
ux ckaadvieame Heawvssi (6e3 OrpaHHYeHWH MOKHO CKJa/bIBaTh TOJBKO CBOOOHbIE
BEKTOPbI).

BTopoe PaBEHCTBO YTBEPIK/aeT: e€CJU CUJIYy YBeJUYUTb B k Pas3, TO U €e MOMEHT
VYBEJIMYUTCA B k Pas (Hpe[[HOJIaI‘aeTCH, YTO TOYKa IIPpUJIOKEeHUA CHJIbI HE MeHHeTCH).

BriBo: nepexo/ OoT CHUJibl K €€ MOMEHTY — JIMHeHas OIIepanusi.

PaCCMOTpeHHbIe HaMU TISITh CBOWMCTB MOMEHTa CHUJIbI BeCchbMa YacTo HCIIOJIb3YIOTCA
IIpy pelHieHun 3a/a4 CTaTUKH. A pPeaJIbHOE 3HaY€HHE ITOHATUA MOMEHTa CHUJbI ITOJJIHO-
CTbIO PaCKpbIBa€TCA yiKe B JJUHaMUKe.

3aberas BIepe/, OTMETHM:

MoOMeHT CHUJIbl XapaKTepusyeT gpauidmenviivlil d¢hgexm CUiIbl.

ﬂef[CTBI/ITeJIbHO, €CJIN 3aKpeIIuTb Kakoe-1u60 TeJo B IOJII0CE U IIPpUJIOKHUTDb K
HEMY CnJay, JIMHUA HeﬁCTBHH KOTOpOfI He IPpOXO/IUT 4Yepes II0JI0C, TO CHJIa 6YZ[6T CTpe-
MUTDBCA TMOBEPHYTDH TE€JIO BOKPYT IIOJIOCA. HpI/I 9TOM HalIpaBJIEHHME OCH IIOBOPOTa OIIpe-
JdeJisdeTcd HallpaBJIEHHeM MOMeHTa CHJIbL, a KOJINYeCTBeHHbI T 3(1)(1)6KT Z[efICTBI/IH CI1JIbL
6y/:[eT TeM CUu/ibHee, 4YeM 6oJIbllle MOMEHT 110 MOAYJIIO.

Borancaarn MOAyJIb MOM€HTa MOJKHO I10 (bopMyJIe, KOTOpasd HaM H3BECTHa KaK
CBOICTBO 20 MOMEHTa CHJIbI (T.e. KaK TIpou3Be/leHne MO/AYJA paJuyC-BEKTOPa TOYKH
IMPpUJIOKEHNA Ha MO/YyJIb BEKTOPa CHUJIbI M Ha CHUHYC yIJla MeX/1y I3TUMHU BeKTOpaMI/I).
ﬂaHHOG IIpou3Be/lecHne Mbl MHTEPIPpETUPOBaJIN KaK Y/[BOEHHYIO ILJOIMa/(b HEKOTOPOIro
TpeyroJibHHUKa.

O]:[HaKO 9TOH (bOPMyJIe MOJKHO, MHCIIOJIb3yAdA IOHATHE JIMHUU Z[efICTBI/IH CHJIbI,
ImpuaaTb M HECKOJIbKO WHOH BU/.

OHYCTI/IM IMNEepIeHAuRYJIAPp U3 II0JII0Ca B na sunuMio JIEMICTBUS CUJIbI.
ﬂJII/IHa h storo MeprneHauRyJidpa Ha3bIBa€TCA IMJAE€YOM CHJbI OTHOCHUTEJIbHO

noJiroca B.
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A Teniepb paccysk/iaeM Tak.

ITo cBoiicTBy 2°,
| M, (F)| = 25 = 2-%1% - Fh.

BZ[GCB MbI BOCITOJIb30OBaJIUCHh T€M, YTO IJIOIA/lb TPEYTOJbHUKAa MOKHO BbIYUCJ/IUTD
KaK IIOJIOBHHY IIpOU3BEACHUA OCHOBaHUA Ha BDLICOTY. B namem cJaydae /I/inHa OCHOBa-
HUA 4YUCJAECHHO paBHa MO/YJIO CUJIbl, a BbICOTa paBHa ILJIEYY CHJIbI.

N3 sroii ('I)OpMy.III)I Cpa3dy BHU/HO, B KaKUX €JUHUIlaX U3MepAeTCA MOMEHT CHUJIbI.

Emunnia a1 MmomenTa cunbl B CU: #potor-metp (H-m).

ﬂef[CTBI/ITeJIbHO, B 3allMcaHHOI (l)opMyJIe HepBbeI COMHOJKHUTEJ/Ib U3MEPAETCA B
HbIOTOHaX, a BTOpOﬁ — B Me€Tpax.

TakuMm o6pasoM, TIe4O CHJIbI — Ba)KHAs XapaKTepucTHKa cuibl. OTmpesesnenne
mJeda CUJIbI MBI YV3Ke 3alucalii, HO 4acTo yaoOHee TI0Jb30BAaThCS HECKOJbKO WHOH —
9KBUBAJICHTHOH — ero (hopMoii.

Ilneyo cuapi — KpaTqaﬁmee pacCTOAHHUE OT IIOJIIOCa A0 JIMHUU ,Z[ef/’I-
CTBHUA CHJIBI.

B camom JieJie, 9TO pacCToAHNEe KaK pa3 M paBHAETCA [AJIMHE TepHneH/UKYJidApa,
OIyII€HHOTO M3 IOJI0Ca Ha JIMHWUIO ﬂeﬁCTBHH CHJIbI.

IlongaTne miaeda CUJIbI, MEK/y NIPOYNM, HOABUJIOCH B MEXaHUKE€ HaMHOI'O paHbIIle
MMOHATHS MOMEHTa CUJbl. BO3HHK/JIO MOHATHE TIJIeda B CBI3H C 33].[3‘16171 O paBHOBeCHHN
pbIdyara.
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Ppruar:

Pemenne stoii 3a/ladmn Bam sHakomo ele M3 HIKOJIbI, a yMeJIn ee pellaTb /[peBHE-

rpedeckue yuenble (BeposTho, yike Apxut Tapenrtckuii). B kauectBe cu.t 3mech oObiu-
HO BBICTYTIAIOT Beca [BYX I'PY30B.

VeioBust paBHOBeCHsI TIPSIMOTO HeBecoMoro pbivara (Mexanuka J[pes-
Heii T'perun):

F h,

G 3
Nubimu CJIOBaMH, IIpH paBHOBECHH OTHOIICHHNE BECOB OépaTHO OTHOIIIECHHWIO ILJIeY.

HPI/IMGPHO TaK BbIpa’kKaJMCb H [ApeBHEIrpedeCcKne MeXaHHUKHW, HO OHH OrpaHMYHMBaJJHCh
JIMIIb CJIOBECHDbIMI (I)OPMYJII/IPOBKaMI/I.

Wuast popma (MexaHWKa CPEIHEBEKOBbS):
Fh, = Gh,.

3I[6CI) Mbl BOCITOJIb30BaJIUCb TEM, YTO IIPOU3BEACHUE KpaﬁHI/IX YJIEHOB IIPOIIOP-
MK pPpaBHO IIPOM3BEICHUIO €€ CPpeHUX YJIEHOB. B sToit (1)OpMyJIe MbI Ge3 Tpy/la y3Ha-
€M PaBEHCTBO MOMECHTOB /[BYX CHJI (TOLIHee, nx MOI[yJIefI).

YxkazaHHoe CBOIUCTBO Iponopuun ApeBHue IrpeKn 3HaJil, HO T'OBOPHUTb O PaBE€HCT-
Be HpOI/ISBeZ[GHI/Iﬁ CHUJI Ha COOTBETCTBYIOIME IlJIeYW OHW He MOIJIM: B T€ BpeMe€Ha He
6bLIO NPpUHATO IIEPEMHOKaTb BeJTUYMNHDbI pa3H0171 Pa3MEPHOCTH.

[logo6uas (opMyMpoBKa YCJIOBHIT paBHOBeCHS pblyara MOSB/SETCS JHIb B
cpelHie BeKa; TOrja JKe MOCTeleHHO W BO3HUKAeT TOHATHe MOMeHTa cu/ibl (cHauatia B
CKAJISIPHOIT, a MOTOM U B BEKTOpHOU (hopme).

KcTaTti, HeCKOIbKO €JIOB O MTPOUCXOK/IEHUN TEPMUHA “MOMEHT CHJIbI”.

“MoMeHT” — OT JATHHCKOTO cJjoBa momentum B 3HAYEHUU ‘BJINSI-

”

HHUue .

A BOOOIIE 9TO CJIOBO JIATUHCKOTO SI3bIKA MMEEeT Y/IUBHUTEJbHO MHOIO 3HAYEHWI.
B “Jlatuncko-pycckom caosape” M.X./IBoperkoro (1986 r.) ykaszano 13 pasianduHbIX
3HaYeHUIt!

Cpeau Hux ectb 3Havenue “mruoserne” (MbI TOBOPUM cedyac: “MOMEHT BpeMe-
Hn”), sHauenne “o6cToATenbeTBO” (MBI TOBOPUM: “OTMETHM BasKHbIH MOMEHT B TAKOM-
To nene”)... Korma Mbl MOJIb3yeMCsl TEPMUHOM “MOMEHT CUJIBL”, TO pedb HJ/leT NMEHHO
0 @AuUsSHUYW CUJBI HA BpallleHue TeJa, T.e. 00 ee BpaliarejbHoM ¢ deKTe.
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Yro Kacaercs 3a/lai O paBHOBE€CHU pbIdara, TO /JId APEBHUX I'DEKOB “mreuo” —
9TO MUMEHHO IIeYO pbIdara, T.e€. [[JIMHa Y4YaCTKa pbl4ara OT €ro KOHIla /[0 TOYKHK OITOPbI.
06]]_[66 IIOHATHE IlJIeda CHJIbl IIOABMJIOCH IIO03/Hee, U HCTOPHKaM MeXaHMKH H3BECTHO,
Korjga 9TO IIpOM30ILLIO0.

O6iee monsitre “mieuva cusibl” BBesa 6 Koppa B 3amaue o joma-
HOM pblyare.

JlomaHbIN phryar:

FYy

N6n Koppa yrBep:kmaer, 4to fgeiicTBHe Tpysa OyleT TakuM Ke, Kak ecau Obl
pbruar uMeJ opMy, NMOKazaHHYIO HITPUXOBOI JinHUel. B ero paccysxiaeHusx axriuue-
CKHM BBOJMTCA CTpPOroe olpejle/ieHre Illeda KaK KpaTdallllero pacCTOSHUA OT IOJI0Ca
JI0 JINHUY JIeHCTBUS CUJIDI.

161 Koppa, Ca6ur (836-901)! — cupuiickuii MaTeMaTuK U MeXa-
HUK.
O6CYZ[I/IM TEIepb TaKoOu BOIIpOC. HYCTI) MOMEHT CHJIbI U €€ BEKTOP U3BECTHbI, a

TOYKA TPUJOKEHUsT — HeT. MOKHO JIM HallTH pajinyc-BeKTOp TOUYKHU NPUJIOKEHUS CH-
JIBI?

4. BbluucneHue paguyc-BeKTopa TOUKU NPUNOXEHUS CUTbI

[Tpesxnie 4eM OTBeTHTb Ha MOCTaBJICHHBIN BOIIPOC, PEIIUM IIpe/IBapUTe]bHO OIHY
3a/1a4y M3 BEKTOPHOIT ajareOpbl.

! Mosmoe mur: Aoby-n-Xacaun Cabur MoH Koppa ac-Cabu an-Xappaau. OH poauics B CHpHHCKOM ropoae Xappas,
a xun u pabotan B bargane, Bo Bpemena xamada Xapyna ap-Pammma. M6m Koppa mpexpacHo 3HAI Tpyas! ApeBHE-
TPEYECKUX YUCHBIX, MHOTHE M3 KOTOPBHIX JOILIH J0 HAC TOJBKO B mepeBoaax MOH Kopper Ha apaOckuii si3pk. B
HECKOJIBKHX TPAKTATaX MO MATEMATHKE M MEXAHUKE OH M3JIOKUJ COOCTBEHHBIE HAYUHBIC PE3yJIbTATHL
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3ajgaya. PasyiokuTb B TpeXMepHOM IIPOCTPAHCTBE BEKTOp a4 Ha [Be
COCTaBJISIIONINE — TapaJjjielbHYI0O U OpPTOrOHAJIbHYIO 3a/laHHOMY eINHHIY-
HOMY BEKTODY €.
SOpPT -~~~ -~~~ T T T T T T T T T T ¢

a

e
_..

> 5

rpa(I)I/I‘leCKOC pemeHune I[aHHOﬁ 3a/laiil IIOKa3aHO Ha PHCYHKeE; HO Hallla I€JIb
celiuac — IIOJIVIUTD ABHDIC (l)OpMyJII)I LA o6enx COCTaBJIAIONIUX BEKTOPa 5

Pewenue. 3anumem paBeHctBo a = a P + a°P" B Buge
(+) a=b>b+c,
e b=a"P|le, c=a"Le.

C mapaJiie/ibHOI cocTaBJsOlIell — Bce MPOCTo.

IIpoekiusi BeKTOpa A Ha HallpaBJieHHe BekTopa € pasHa (€,2), Tak
4TO

b = (e,a) e.
Yro6bl HAlITH OPTOTOHAJIBHYIO COCTABJSIONIYIO, BOCIIOIB3YEMCS CIEINATbHO BbI-

OpaHHOI /IeKapTOBOI CHUCTEMOIl KOOpMHAT, a MOTOM TIPe/ICTaBiM pe3yJbTaT B (opme,
KOTOpasi OT BbIOOpA CHCTEMbI KOOP/WHAT ysKe He 3aBHCHT.

OtMeTuM cHava/Ia OJlHO — u3BecTHoe BaM — CBOICTBO eIMHMYHBIX BEKTOPOB Jle-
KapTOBOI CHCTEeMbI KOOD/[MHAT.

Jlns equHUYHBIX BeKTOpoB 1, j, K JekaproBoil cucreMbl Xyz crpa-
Be/IJIMBbl COOTHOIIEHUS:

[i,j] =k, [j k] =1, |[k,i] =7.
Bce ITHU TpI/I (bOpMyJIbI HOJIy‘{aIOTCH [[pyl" u3 z:[pyra ].[I/IKJII/IHGCKOfI SaMeHOﬁ BEeK-

TopoB. Ec/m ke B BeKTOPHBIX IPOU3BE/CHUAX IIOMEHATb COMHOMKUTE/IN MeCTaMH, TO B
IIPaBbIX YacTAX IOABUTCA 3HAK “MUHYC’.

Terepb, VIUTBIBast, YTO BEKTOP € OPTOTOHAJICH BEKTOPY €, PACCYIKIAeM CJe/yio-
UM 06Pa30oM.

IIycts pasnoskerue (*) mosydeHo. BeibepeM cucTeMy KOODIMHAT
TakK, 4TOOBI:

o]
I
ol
G 0|
Il
o el
~I
Il
| |
o
G 0|
[ —
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(ectm ¢ =0, npumeM 3a j IPOM3BOJIbHBIN €IMHUYHBI BEKTOp, OPTOrO-
HaJIbHBIH € ).

Borancanm BEKTOpHOE IIpou3Be/ieHrne BEKTOPOB é n a.

l[e,a] = [e,b]+[e,c] = [i,¢j] = cli,j] = ¢k
b+¢ 0
Terepb BHOBb YMHOKUM TMOJIYYEHHBIN PE3yJIbTaT HAa BEKTOP €.
[e,[e,a]l] = [i,¢ck] = ¢[i, k] = -¢cj = -¢.

Utak, ™Mbl (akTHuecKn MOJYYNIN BbIpa)keHue s BekTopa €. Uto6br msba-
BHTBCS OT 3HAKA “MIHyc”, TIOMEHSIEM COMHOMKUTEIH B IPON3BEICHIN | €, | Mectamu.

Omeem:

(%) a = (E,i_l)é‘i' [E,[ﬁyé]]

IJTO — ToJIe3Has (bOpMy.JIa, KOTOpad HaM IIpUIO/IMTCA e€lle He paa3. 3amoMuHa-
€TCA OHa [JOCTAaTOYHO JIETKO (HaZ[O TOJIbKO CJIe/IUTh 3a T€M, KaK pacCTaBJ/I€HbI CK06KI/I).

Tenepb Be€pHEMCA K I/ICXOI[HOﬁ MeXaHn4eCcKOoul 3a/lade: KaK HaWTH paanyc-BEKTOP
TOYKH IIPUJIOJKEHUA CUJIbI, €CJIN U3BECTHbI BEKTOP CUJIbI U €€ MOMEHT?

Ilycts 3aganbl momioc B u Bektopsr F u Mg(F) = [Tz, F 1;
M,(F) LF.
HCHO, qTO ec/in 00a 3a/[aHHbIX BEKTOPpa HE€ OPTOroOHaJIbHbI /[Pyl APYyry, TO IO-

cTaBJieHHas 3aj/iaya pellieHuss He uMeeT. DykBoil A Mbl 31ech 0GO3HAYHIH HCKOMYTO
TOYKY TIPUJIOKEHNST CUJIBI; BEKTOP Iy, HaM U TpeGyeTcs ceifdac HATH.

OZ[HO OI‘paHI/I‘{eHI/Ie Ha BeI{TOp CHJIbl MbI HaJJOJKUM cpasy JKe.
CunrtaeM, uto F # 0 (unaue Touka A MoskeT 6bITb J11060i1).

PasyMeeTc;I, €CJIM BEKTOp CUJbI paBeH HYJ/IIO, TO U MOMEHT CHUJIbl [IOJIXKEH TaKiKe
PaBHATDHCA HYJIIO. Torz[a ycJjoBuA 3a/ladd  BDBIIOJJHAIOTCA IIpH Jo60oM BI)I6OP6 TOYKHM
IMpUJaOKeHnA CHUJIbI.

Eciu cuna we pPaBHa HYJIO, TO BBEJAEM B paCcCMOTpeHUHe e[[HHH‘IHbeI BEKTOpP Ha-
IIpaBJIEeHUA CHJIbI.

Jlnst ipoctoThl 0603HavYeHtiT WHAeKca “F” 1ipu GyKBe € MbI ceifyac He MUIIeM.

O6o3HaunM € =

Tenepb paccysxiaeM Tak.
Pa3nokuM HMCKOMBIH BeKTOp Y, Ha MapasjejbHYI0 U OPTOrOHANb-
HYIO COCTaBJIAIOIINE:!

LY Feat Fpe -
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3I[€Cb touka C — ocHoBaHme neprenjuKyJjdapa, OIYIIEeHHOro M3 I10JiloCa Ha JH-
HUIO Z[eﬁCTBHH CHJIbI.

3aMeTuM, 4TO
0
- — _ — _ — _ —
My (F) = [T, F] = [FF] + [7,, F].
PeByJIbTaTI)I 9TUX BDIKJIA/IOK MOKHO C(i)OpMy.III/IpOBaTb TakK.
3ameyanne. MOMEHT CUJIbI HE 3aBHCHUT OT TOrO, I'Je UMEHHO Ha JIH-

HHUU1 J:[efICTBI/IH CHUJIbl HAXOAUTCA TOUYKA IIPUJIOKECHUI.

PaSyMeeTCH, OT PacCIIOJIOKEeHU A caMOll JTUHWNU [[eIL/,ICTBI/IH B IIPpOCTPaHCTBE MOMEHT
CHJIbl 3aBHUCHUT.

BHPO‘IGM, ITUM pe3yJIbTaTOM MblI CMOJKEM BOCIIOJIb30BaTbCA B 6yz[ymeM, a IIOKa
MbI paJlyC-BEKTOPOB TOYEK Cu A He 3HaeM.

Yro6bl HAllTH WX, IPUMEHUM YsKe M3BECTHYIO HaM (popMy.y.

B cuay (**) mac.22:
FBA = (E,FBA)E + [é)[FBAaé]] =
(F, 7)) F | F, [Ty, FI
F2 + F2

B BEKTOpPHOM IIpOU3BEJCHUN [rBA 5 F ] MbI 6e3 TpyAa y3Ha€eM MOMEHT CHJIbI F
OTHOCHUTEJIbHO ToJoca B y KOTOprfI 3a/laH.

Ho B 3anucannoii ¢popmyJie purypupyer eiie cKaJsspHOe ITPOU3BeJIeHIe BEKTOpa
CUJIbI Ha pa/InyC-BeKTOp TOUKM ee TpuJokeHus. J/laHHoe mpousBe/ieHHe TakyKe MOKET
paccMarpuBaTbhCea Kak O/lHA M3 XapaKTepUCTHUK CUJIbI M HOCHUT ClleliaJbHOe Ha3BaHUe.

BI/IpI/IaJI CHJIBI OTHOCHUTEJIbHO IoJjioca B — CKaJIApHOE IIPpOU3BEACHUE
paauyc-BEKTOpa TOYKHU IIPUJIOKEHUSA CUJIbI Ha BEKTODP CHJIDBI.

Vo (F.A) = (ry,, F).

24



(DOpMaJIbHO JaHHOE oIlpe/ieieHne HallOMHHaeT oOlipe/e/ieHne MOMeHTa CHJIbl OT-
HOCUTEJIbHO TOJII0Ca, TOJIbKO BMECTO BEKTOPHOI'O IPOU3BE/ICHUA HCIIOJIb3YETCA CKaJAP-
HOe€. PeSyJIbTaTOM IIpHU 9TOM, pa3dyMeeTcCda, CJHYIRKUT yiKe€ He BEKTOP, a CKaJIAp.

[TonaTtue Bupuasa cusabl BBes Kuaysuyc B 1870 .

Knaysuye, Pymonbd IOmiyc Dmmanysiap (1822 -1888) — mnemen-
KU PU3UK.

Ito — onuH u3 KpynHeimux ¢pusnko XIX Beka. OcHOBHBIE ero pabOTbl OTHO-
cATCSl K TepMOJIMHAMKKe, OJHUM M3 cosjareseil KoTopoil o cran. Mmenno Kuaysuyc
copMyIMpOBAJ BTOPOE Havya/lo TePMOJUHAMUKU W BBeJI HOHATHE DHTPOIUH.

3aMeTHuM, 4TO

_ _ - 0
V.o(F) = (¥4, F) = (Fo,, F) + (¥, F) .

Nnage roBops, BUPHaJ CHJbI Ollpe/eiAeTcdaA TOJbKO HapajUIeJIbHOfI COCTaBJIAIO-
]J.[ef[ palnyC-BEKTOPa TOYKH IMPUJOKEHUA, T.€. TMOJOKEHHUEM 9TOH TOYKW Ha JUHUHU Z[ef[—
CTBHA CHJIbBI.

[lenaem Terepb cielyIonMii BbIBOI.

BreiBoz: ecsii M3BEeCTHBI BEKTOP CHUJIBI (F + (0), ee MOMEHT U BUpHAJ
OTHOCHUTEJ/IbHOT'O 3aaHHOT'O IIOJIIOCa B, TO paanyC-BEKTOP TOYKH A Ipu-
JIOKEHUA CHJIbI OIllpeaesdeTrcd OQHO3HAYHO,

V.(F)F [F, M,(F)]
(F,F) (F,F)

KBaz[paT MOAYJIA CWJIbl MbI 3/leCb 3aME€HUJIN CKaJIAPHBIM KBa/[paTOM BEKTOpa CHU-
abel. Ha IIpaKTUKe TaKasd (bopMa 3allic UCIIOJb3YyeTCA HECKOJIbKO 4Yallle.

[Ipu 3anmomuHaHuM AaHHOI (POPMYJIBI cJefyeT oOpaTHTh BHUMaHHe Ha TOPSIOK
CJIe[IOBAaHNSA COMHOKUTe/Iell BEKTOPHOTO ITPOU3BE/ICHU.

Hamomuio emnte, 4To IepBoe cJaraeMoe 3/eChb CJIYKUT IapaJlle/IbHOI coCTaB-
JSOIel  pa/iuyc-BeKTopa TOUKH A, a BTOpoe — OPTOroHa/bHOI coctanJisionieid (o
OTHOIIIEHNUIO K HarpasJjeHuio Bekropa F ).

3aMeTnM TENnepb, 4TO B I/ICXOI[HOﬁ ITIOCTaHOBKE C(l)OpMy.]II/IpOBaHHaH HaMMn 3a/fada
OJHO3HAYHOI'O PpE€IICHUA HE NMEET. Ecau usBectHbl mosvko BEKTOp CHJIbI 1 €€ MOMEHT,
TO MBI He MoeM HalTH TOYKY NPUJIOKEHUA CUJIbI: TpeéyeTCH [JId 9TOro 3HaTb ele n
3Ha4Y€Hne BUPpHaJIia CHUJIbI.

O[[HaKO u 6e3 3HaHug BUpHaJa Mbl MOKEM OIIpe/Ie/INThb HE TaK YK MaJo. ﬂef/’l—
CTBUTEJbHO!

Dopmya
| F,
1o (

| ZI

5(F)]
F)
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oripeiesisieT TIOJIO}KeHue OJmKaiiiieit K mosiocy B TOUKM Ha JUHUHU JeHcT-
BUS CUJIBI; TIPU 3TOM |FBC| = h.

Orcroga:
Xe = Xp+ I'pc,> Yo = Yp t Tpey > ¢ = R T I'pc, -
Herpyano naiitn u Bcio JmHuIO feiictBud. B camom nesie:

Tak xak BEKTOp F CJYJKUT HallpaBJIAIONIUM BEKTOPOM JIMHUN ,Z[eI/UICT-
BU, TIOJyYaEM €€ KAHOHUYeCKUEe YPABHEeHUA:

L. U S CHNNN ¢

F F F

X Y z

B anammtnueckoi reoMeTpun 95TO — OJWH N3 HauboJee TIOITY JIAPHDBIX c11oco6oB
3a/laHA HPHMOﬁ; 371echb X, I, 2 — TEeKyIlue KOOpanHaTbl TOYKH, ﬂemameﬁ Ha HpHMOfI.

[lpyroii coco6 — 3aaBaTh MPSIMYIO ee TTapaMeTpuvecKUMU ypaBHeHUsiMu. [l
JUHUM JIEHCTBUST MbI ceiiyac 6e3 Tpy/la MOJKEM 3alucarb M uX.

llapamempuuecxue ypagmenus JTUHUN NEHACTBUS:

x = x.+ F,t, Yy = yc+ F,t, 2 = z.+ F,t
(¢t — mapamerp).

ITOT CKaJIHprIfI ImapaMeTp U3MEHsETCA OT —oo [0 + o0 ; €ro KOHKpPEeTHOe 3Hayde-
HHe ollpe/esdaeT IMOJOoKeHne TeKyH.[efI TOYKH. BOO6IH€—TO, B HallleM cJy4da€ IlapaMeTp t
OKa3bIBa€TCA padME€PHbIM; HO HHUKaKHX IMPaKTHUYE€CKHX HeyI[O6CTB 9TO HE JOCTaBJIAET.

B BexTopHOil dopme:

r = r.+ (F .
Fgt+ g
Ho nng touxku A
_ V.(F) F
tAF = FCA = B_ — 5
(F,F)
oTCIOIa B
V(@)
! (F,F)

Mpu1 ceitgac BbISICHHUJIM, KaK CBA3aHbIl ITapaMeTp TOYKH ITPHUJIOKEHHA CHUJIbI U BH-
pHaJ CHUJIbBI. OHu oxasananch IIpoONOpHNMOHAJIBbHDbIMH .

5. MoOMeHT cunbl OTHOCUTENBLHO OCHU

B sToMm ITyHKTe 6YI[6T BBe/ZleHO eIle OHO — JOCTaTOYHO BayKHO€ — IIOHATHE CTa-
THKH.
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Haunem Mbl, OAHaKO, C BbIYMCJIEHUA HpOGK].[I/IfI MOM€HTa CHJIbl Ha OCH [I€KapTO-
BOI cuCTeMbl KOOp/JUHAaT. HPI/I 9TOM 6y1:[6M CHUTATb — [JIA IIPOCTOTbI — YTO ITOJIOCOM
CJIYKHUT HaYaJO CUCTEMbl KOOPDJAWHAT.

Iyctb i, j, K — emuHWYHbIe BEKTOPbI J€KAPTOBOI CHCTEMBI KOOP-
muaar Oxyz, a F.A — cuna.

Mpu1 6YZ[€M celigac ImpealoJararb, 4To U IIPOEKIHH BEKTOpa CHJbI, W KOOp/AHMHAa-
Tbl TOYKH TIPpUJIOKEHUA CHUJIbl U3BECTHDI.

Nmeem:

F = Fi+Fj+FEKk,

X <

r, = ry, = xi+yj+zk.
Ot GOPMYJIbI MBI VIKe 3allUChIBAIN PaHee; s TIPOCTOTHI 3aluch uHiaeke “A”
[pH KOOPAMHATAX TOUKH A ceifdac OImyIieH.

Tenepb BBIUUCJSIEM MOMEHT CHJIbI OTHOCHUTEJbHO mo/oca O Kak BEKTOpHOE IIPpO-
nsBezieHune.

M,(F) = [¥, F] =

Q:ﬁj & el
RES I
Il

i
X
FX
= (yF, - sz)f + (zF, - xF,)j + (xFy—yFX)E.

Koapdurmentamu npu i, j, K cayxkar mpoeximu MOMeHTa CHJIbI Ha OCH CHCTe-
Mbl koopauHaT Oxyz. Iloaromy mnosydaeM McKoMblie (DOPMYJIbI:

My, (F) = yF, - zF,,

Moy(F) = zF, -xF,,

My, (F) = xF, - yF,.
Kak MOKHO 3allOMHUTD TOJyYeHHbIE (POPMY.IbI?

Eciu mpoekiuu Bektopa F ob6osnavate we Fy, F,, F,, a X, Y, Z,
TO TIOCJIeIHsIsT (POpMyIa TIPUHUMAET BUI:

(%) M, (F) = xY - yX

Ira GopMyJia JIeTKO 3alTOMUHAETCS, €CJU YNTaTh OYKBbI, 3alicaHHble B MPABOI
JacTH, Mo-pyccku. B Bys3oBckoMm (osbkiope oHa u3BecTHa Kak “gopmyna XY MuHyC
VYX”. Ocrayphble (pOpMyJIbl CIIEIMAJbHO 3allOMUHATD HEeT HYXK/bl: OHU IIOJYYalOTCs
JIPYT U3 JpyTa IUKJIMYeCKOH MmepecTaHoOBKOI OVKB X, Y, 2.
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C noo6HOTO pojia IMUKJINIECKOI IIePEeCTAHOBKOH MBI YaCTO CTAJKHBAEMCsI, KOT/a
pedb 3aXO[UT O KOOPAWHATHOW 3aIlCy BEKTOPHBIX IIpousBe/icHuil. Bcrmomuure: B mpe-

AbLAYHIEM IIYHKTE MbI YK€ IOJABeprain HI/IKJII/IIICCKOﬁ IIepecTaHOBKE BEKTOPbI i, ) k,
Korjga roBopuin 06 ux IOIIaPpHBIX BEKTOPHbBIX IIPOU3BEJCHUAX.

@opmyaa (*) npunagaexur [Iyanco (1803 r.).

Ilyanco, Jlyu (1777 -1859) - dpanmysckuil MexaHWK, B TpyAax
KOTOPOTO OpOPMUJIACh TeOMEeTPUUECKasl CTATHUKA.

l'eomeTpuueckas cTaTuKka — 3TO KaK pa3 Ta CTaTHKa, KOTopyilo Bbl u3yuaerte B
JAHHOM ceMecTpe. Bbl yike Bu/e/in, 4TO HEKOTOPbIE 3aKOHBI CTATHKU ObLiu chHOpMy-
JIMPOBAHBI OUEHb [IaBHO; HO CHCTEMATHYECKOE ITOCTPOEHWE CTAaTUKU HAa OCHOBE YETKO
copMyIMpOBaHHBIX aKCHOM ObLIO c/eiaHo uMeHHO llyarco B ero TpakTare “OjeMeH-
Tbl cTtatuku”, uzganHoM B 1803 rogy. C ero pesyabraramMu Mbl BCTPETHMCS ellle He
pas.

CyimecTByeT ellle W aHAJIUTHYECKAs CTaTHMKa — pas/ies aHaJUTUYeCKOW MeXaHW-

ku. (OHa BO3HHK.JA nosaHnee, HO OTHOCHTE/JIbHO 3aKOHYCHHbIC (1)OPMI)I Hp]/IOépGJIa HE-
CKOJIBKO paHee, 4eM CTaTHKa I'eOMeTpHuYeCKasd.

Urak, craTuky B Bysax ceifluac uaJjaraior, B ocHoBHoM cienys Ilyanco. UYro us-
MeHWJIOoCh ¢ ero BpeMeH? llocienoBaTe/lbHO TpUMEHSETCS BEKTOPHAs CMMBOJIMKA, a B
anoxy llyanco camo c/ioBo “BeKTop” OBLIO ellle HEN3BECTHO.

Brpouem, IlyaHco u ero coBpeMEHHUKH MPEKPACHO OOXOMNINCH 6€3 Hero, TMOJIb-
3ysCb TepMMHAMU “HAlpPaBJEHHBI OTPE30K” W “TreoMeTpuuecKkoe KoJumuecTBo”. Bot
TOJBKO BBIKJIQJKUA Y HUX H3-32 OTCYTCTBHSI YZIOOHOTO MaTeMaTHYeCKOro (popMaiu3Ma
HEPE/IKO OKa3bIBAJINCH GoJjlee TPOMO3JIKUME, YeM B COBPEMEHHBIX YUeOHHKaX.

[Ipenynpeskmaem: He KoBepkaiite (amuanio llyanco, mobasiasiss “H” Ha KOHIE
(mosyuure “nyancon” - pa6ouyio jgetaib imTamna). I[lomuure: (amuausa Ilyanco
okaHumBaeTcs Ha OykBy ... “r”: Poinsot.

Ho Bepaemcs k ¢opmyiie (). 3amerum caeayonuuii $hakr.
B mpaByio yactb popmyJibl (*¥) He BXOAWT KoopauHaTa 2. IlosTomy
€e 3HaUeHNne He M3MEHAETCA IIpu CABUTEC HadaJa KOOpAWHAT BA0JIb OCHU Oz.

B camomMm [enae, Ipu TaKOM CABHUI€ M3MEHHUTCA TOJBKO KOOpAHMHATa 2, a KOOPpAH-
HaTbl X U y HE U3MCHATCA.
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BbIBO,Z[: I[IpOoeKIuA MOMEHTa CHUJIbI Ha OCb H€ HM3MEHSAETCA IIPpU CABUTE
ITIoJIT0Ca BAOJIb 9TOU OCH.

3[[6Cb MbI TOBOpHUM YK€ HE 06 ocu OZ, a o HpOI/IBBOJIbHOﬁ OCH: (ACHO, 4YTO IIPO-
HN3BOJIbHO BbIépaHHYIO OCb B IIPOCTPaAHCTBE MOJKHO IIPDHUHATH 3a OCb 0z HeKOTOPOfI e-
KapTOBOﬁ CHUCTEMbI KOOp/JMHAT.

JTo onpaB/biBa€T BBEACHUE CJIEAYIONIETO OIIPEACJTIEHN].

MoMeHT cHJIbI OTHOCHTEJbHO OCH — CKaJIsdApHad BeJIMYMHA, paBHadAd

IIPOEKIIUU Ha 3Ty OCb MOMEHTa CHUJbl OTHOCUTEJbHO TOUKH, JIeKalled Ha
JaHHOU OCH.

MBI TOTBKO YTO BUEIM, YTO OT KOHKPETHOTO BBIOOpA YIIOMSHYTOH TOYKH HIYe-
ro He Mensercs. lloatoMy U B 0603HAUYEHWN MOMEHTA CHJIBI OTHOCHTEJBHO OCH MOXKHO
9Ty TOUKY He yKa3bIBaTb.

2

——————— M, (F)

M, (F)

F

AHaINTHYECKNH cIToco® BBIUNCIEHIA MOMEHTa CHJIbI OTHOCHUTEJIBHO OCH MBI yiKe
PacCcMOTpeEJIN. PaCCMOTpI/IM [[perfI - FeOMeTpI/I‘ICCKI/Iﬁ — ¢1oco6 TaKOTO BBIUNUCICHUS.

DopMy/IMPYI0 COOTBETCTBYIONIMIT PELelT.

lF'eomerpuueckuii cmoco6 BLIYMCTIEHUS Mz(F):

1) cunpoektupoBath Bektop F u Touky A Ha IMIOCKOCTb, OPTOrO-
HaJIbHYIO OCH;

2) YMHOXWTb MOMYJIb TIPOEKIIUK CUJIbI Ha IIJIEYO STOM MPOEKIUH;

3) mpummcarh NPOM3BENEHMI0 3HAK “+”, ecjaM ¢ KOHIIa OCH Kpar-
qafilmii TTOBOPOT OT Ty 40 F BHIEH MPOMCXOISNINM IIPOTHB XOa Yaco-
BOI CTpeJIKu, a WHaue — 3HaK “—".

O6ocHyeM [TaHHDI pelenT.
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M, (F.A) = [r,,,F] = [F+F,F+F,] =
= [F.F ]+ [F ]+ [F 7]+ P
||2 J_Fz,Te lr,, T.e
1z 1z

Takum 06pa30M, IIPpU BBIYHUCJIEHUUN TIPOEKIIMM MOMEHTa CHJIbI Ha OCb £ Ha/Jl0 y4H-
ThIBaTb TOJIBKO II€epBO€ c/jaraemoe. A oHO PaBHO MOMEHTY CHJIbL Fl OTHOCHUTEJIbHO TOY-

ku B.
My (F.A) = My (F.A) = £ |My(F.A)| = & Fh.
Hy:xnas ¢opmyra obocHoBaHa. B m3o6pakeHHOl HA pUCYHKe CUTyalluM, KCTa-

TH, HaJ0 6paTh UMEHHO 3HaK “+”, Tak Kak KpaTdailliiiii TTOBOPOT OT Yy, m0 F, T.e. or
r, 1o F,, BUIUM MPOMCXOAAIMM TIPOTHB XO/[a YACOBON CTPEJIKH.

3ameuanne. Ecsom F u B snexar B MJIOCKOCTH, OPTOTOHAJIBHOU OCH
Z, To mocJjenHss popMysa YIpOIIAeTcs:

My, (F) = + Fh

SZ[GCI) COCTaBJIAIOIIHE BEKTOPOB € MHIAEKCaAMH 2 B006H_[€ OTCYTCTBYIOT. HOSTOMy
F — s10 MOAYJ/Ib caMoi CWJIbl, a HE €€ IPOEKIHN; TOYHO TaK JKe h — srO IJIe4o caMoi

CHJIbI.
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B

3nech Hajg G6ykBoil [ uepra orcyrerByer. Tak Toske MOXKHO mucath: GykBa 060-
3HaYaeT MO/yJb BEKTOpa CHJIbI, HO He caM 9TOT BeKTop (HalpaB/jeHHe ke BeKTopa CH-
JIbl TTOKA3aHO CTPEJIKOI).

[TockosbKy BEKTOP O/IHO3HAYHO Olpe/le/ieH, KOT/la U3BeCTHbl ero MOJYJb M Ha-
MpaBJieHne, TO TaKoil croco® 0603HAYeHNs] BEKTOPOB HA PUCYHKAX BIIOJIHE KOPPEKTEH.

Mdopmya, 3akJI0YeHHAs B PaMKy, JIEXUT B OCHOBe pelleHUus 33/lad CTaTUKU 10
TeMme “llnockast cucrema cun”.

3aMeTuM elle, YTO MJs CUTYyallud, Tpe/CTaBJIeHHOW Ha PHUCYHKe, B Qopmye
HY’KHO BbIOpaTh 3HaK “—”: CHJIa CTPEMHUTCS TIOBEPHYTH TEJIO BOKPYT TOYKH B 1o xomy
4acOBOH CTPEJIKH.

TO, 0 9eM MBI ¢ Bamu ropopunjan [0 CHUX IOp, OTHOCHUJOCD, cOOCTBEHHO roBop4,
He K CcTaTHuke, a JHUIIb K ee (I)OPMaJIbHOMy allltaparty. Mabr Oécy}KZ[aJII/I CHJIbI U UX Xa-
PAKTEPUCTUKHU, TIPAKTUYECKN HUTHOPUDPYA TOT (baKT, YTO CHJIbL IIPpUJIOJKEHDbI K MaTepH-
AJIbHDBIM TeJIaM.

Benomuum Terepb, 4YTO B olpeJe/IeHHH CTaTUuKH (1)I/Il"ypI/IpyIOT TaKyKe IIOHATUA
PaBHOBECHA M MaT€pHaJIbHOI'O TeJia.

6. PaBHOBecue MaTepuanbHbIX Ten
HauneMm ¢ nonaruit MaTe€epHuaJbHOI'O Te€Jla U €I0 MacCChbl.

HGPBOC YTBEpIKA€eHNEe — TaKOBO.

Besikoe MamepudilvHoe meslo B CTaTUKE pacCMaTpUBaeTCA KaK MHO-

KeCTBO TOYEK.

B reoMeTprun IMOCTYIAIOT aHaJIOTUYHO: TeOMETPUYECKUe TeJia (I/IMeIO]J_II/Ie (l)OpMy
Ky6a, Imapa, HWINH/APa 1 TaK z[aJIee) TOJKe paccMaTpUBalOTCA KaK MHOKECTBa HEKOTO-
PbIX TOYEK. Tosbko B reoMeTpun CHHUTAIOT, YTO 3TU TOYKHM JeyKaT B IIPOCTPaHCTBE; a B
MeXaHUKe CUTyallusd 6oJtee CIOKHAS.

AKcuoma cnaowHocmi. B Ka)KZ[beI MOMEHT BpE€MEHH TO4YKaM TeJla
63AUMHO 00HO3HAYNO COIIOCTABJIEHbl TOUYKHU IIpoCTpaHCTBa, KOTOpbIE€ HE-
I[Ip€pbIBHbIM 06pa30M 3allOJIHAIOT B HEeM HEKOTOPYIO OTpaHUYE€HHYIO 006-

JIaCThb.
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I/ICHOJIbSyIOT TaKylO TEPMUHOJIOINIO!
Ilos0oskeHNe TOYKM Tejla — Ta TOUKa O6JIaCTI/I, 3aHUMaeMoll TEJIOM,
KOTOpasa COIIOCTaBJIEHA HaHHOﬁ TOYKe TeJia.

Takum 06p330M, B MeXaHUKe ITPOBOJAAT pa3djnyvne MeX/1y TOYKaMU CaMOro TeJia
N nX TEKYHIUMU TTOJIOKEHUAMU.

Axcuoma Odsuxenus. ¢ TedeHUeM Bpe€MEHHU IIOJIOKEHHA TOYEK MaTe-

PHUAJIDHOTO TeEJla (a 3HauuT, " 06JIaCTb, 3aHUMaeMasd TeJIOM) MOr'yT HU3MeE-
HATbCA, HO TOJIbBKO HEIIPEPBIBHBIM O6p3.30M.

ITO O3HavaeT, 4YTO MaTepHaJibHOe TeJIO He MOKEeT CKaUKOM H3MEHHUTb CBOE€ MeCTO
B IIPOCTPaHCTBE. Taxoe CKa‘lKOOépaSHOG N3MEHEHUE pacCMaTpuBalOT (I)aHTaCTI)I " Ha-
3bIBalOT TeJIeHOpTa]_[I/IefI; B KJaccH4ecKoll MeXaHUKe 3TO HeBO3MOKHO.

MDakTHIeCcKN H3MeHeHHe TIOJIOKeHHS TOYeK Teja — 3TO HereprBHbeI Irporecce.
Kax mb1 TOBOPpUJIN paHEEC, ITOT IIPOLECC U IPENCTABJIACT coO0ll Mexanuueckoe Qeusxe-
Hue.

Hackonbko peandbHbl HANK TIPEIIOJIOKEHNS O MaTepuabHbIX Tejnax? Mbl 3Ha-
€M, 4TO TeJia COCTOSIT U3 aTOMOB, aTOMbI — W3 SI/Iep M 3JEKTPOHOB. JDJIEKTPOHBI BOOO-
e He MMEIOT TPOCTPAHCTBEHHON IPOTSKEHHOCTH, a cCyMMa O0BbeMOB si/iep HUYTOKHO
Maja MO CpaBHEHHIO ¢ 00ObeMOM Tesia. Tak 4TO peajibHble TeJa BOBCE He SIBJSIOTCS
CIIOIIHBIMU M B OCHOBHOM “COCTOSIT U3 IIyCTOTbHI” .

Ho Ha MakpoCKONMYeCKOM YpPOBHE [AMCKPETHOCTH (IIPEepBhIBUCTOCTD) CTPOCHHSI
BelllecTBa MPAKTUYECKH He OIIyIIaeTcsi, a 06JacTh MPUMEHUMOCTH KJIACCHYeCKOil Mexa-
HUKHW, KaKk MbI 3HaeM, KaK pa3 W OrpaHWYWBaeTCs SBJICHUSIMH MaKpOMUPA.

3Ha‘II/IT, IIOHATHE MaTE€pUaJIbHOTO TeJa B KJacCHUecKoll MeXaHHKe — 3TO JHUIIb
Modenn PE€AJTBbHOTO TeJia. Ho T€OpUuA, OCHOBaHHAaA Ha TaKou MO/leJI, B€ECbMa YCII€NIHO
pa60TaeT Ha IIpaKTHUKe, 1 3TO — TJIaBHOE.

CJICZ[YIOH_ICC Tp€6OBaHI/I€, HaJlaraeMOe€ Ha MaTepHaJibHble TeJ/a, TaKOBO!:

Axcuoma maccul. BCAKOMY MaT€pHaJIbHOMY Te€JIy COIIOCTaBJIEHA IIO-

CTOSIHHAS IIOJIOKHUTEJIbHAS BeJMUYNHA — Mdccd TeJa’
m = const, m >0,

ITocTrostHCTBO Macchl Temna O3Ha4a€eT, 4YTO OHa He€ MEHAETCA C TE€YCHUEM BPEMEHMH.
B PaMKaXx KJacCHIecKOil MeXaHUKHU 3TO CIIpaBe€JINBO BCET/A.

[laHHasi akcmoMa He TOBODUT O TOM, YTO TaKOe Macca, XOTS W yCTaHaBJIUBAaCT
BaskHbIe ee cBolicTBa. PeasbHBIN CMbBICJ MOHATUSI Macchl PAacKpbiBaeTcs B JAPYTUX aK-
CHOMax MeXaHWKHU.

Hanpumep, us Il 3akoHa HbloToHa caepyer, 4To Macca — 3TO Mepa MHEPTHOCTH
teqa. OO6 sTOM MbI Gy/IeM TOBOPUTD, KOT/Ia 3aliMeMCsl TMHAMUKOIA .

3amMeTuM elle, 4TO Macca COIMOCTaBJeHa TeJay B 1leJoM. MOKHO TOBOPUTD TaKKe
0 Macce OT[eJIbHBbIX 4JacTell TeJla, HO He O Macce OT/eJbHBbIX ero TOYeK: Be/b 9THUX TO-
yek — Geckoneuyno MHoro (1eJibit KOHTI/IHyyM). Ecan 661 kaxkgad n3 HUX uMeJa KO-
HEYHYIO Maccy, Macca Bcero tesia Oblaa 6bl GeCKOHEYHO BeJTHKA.
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HpI/I rocjie1oBaTe/JIbHOM aKCHOMAaTHUY€CKOM IIOCTPOCHUHN MEXaHMKKW BBOAT e€llie
HECKOJIbKO aKCHMOM, KOTOpPbIE ellle 6oJiee YTOUHAIOT ITOHATHE MaT€pUaJIbHOI'O TeJla.

HaHpI/IMep, Mbl HE€ TOBOpHJIM O TOM, BXO/JAT JIN B COCTaB OéJIaCTI/I, 3aHNMaeMon
T€JIOM, €€ I'paHH4YHble TOYKH; a TaKoM BOIIPpOC MOJKHO IIOCTaBHUTb, W €CTb BECKHE€ OCHO-
BaHWA HOTPCéOBaTb, yTOGBI 9TH TOYKHM 6cezdd BXO/MNJIM B COCTaB o6iaact. Ho mam
celiuac 6YZ[6T JIOCTAaTOYHO TpeX IepevdrcJIeHHbIX aKCHOM.

IJTH aKCHOMBI He 3allpelaloT MaTe€pHUaJbHbIM TeJlaM I[e(i)OpMI/IPOBaTbCH , T.€. Me-
HATDb CBOIO (pOpMy Ho B TeOpeTI/I‘leCKOfI MeXaHUKe, KaK Mbl YK€ OTMe€Ya/In, pacCMaT-
PHUBaIOTCA JINIIb HEZ[e(pOpMI/IpyeMbIe TeJa, T.e. TeJla a6CcoJIIOTHO TBEPp/AbIC.

B Goapmmnctse 3a/la4 Ha OJHO TBEPJAO0€ TEJO I[ef[CTByeT H€ O/lHa CHJia, a He-
CKOJBKO. B ¢BSI3M ¢ 9THM BO3HUKAET MOHATHE CHCTEMbBI CHJI.

7. CuctemMbl cun
Cucremoii  cua { Fl.Al, . Fn.An} Ha3bIBaeTCsI COBOKYIIHOCTb
CUJI, TIPUJIOKEHHBIX K TOuKaM ofHoro u toro xe ATT.

Kak Bbr BH/UTE€, CHCTEMbI CHJI 00603HaYaIOT TaK, KaK IIPpUHATO 0603HavYaTh MHO-
KeCTBO. OZ[HaKO HE€ BCAKOE€ MHOKECTBO CUJI MOJKHO pacCMaTpuBaTb KaK CHUCTEMY CHJI.
Ecmu cunbr IIpWJIOKeHbl K pa3/IMYHbIM TeJlaM (I/IJII/I K O/THOMY MaT€pHaJIbHOMY Te€Jy, HO
HE ABJIAIOIIEMYCA abCoTIOTHO TBCP[[I)IM), TO TEPpMUH “cucteMa cua’ K TaKOMY MHOKe-
CTBY H€ IIPUMEHAIOT.

Kpatkoe o6osuauenne: { F, ..., F, }.

PaCCManI/IBa&[ Pa3/IM4Hble CHUCT€Mbl CHJI, B CTAaTHUKE€ BbIACJAIT HX IIO/KJIACChI,
KOTOpbIe XapaKTepU3yITCA TeMHU HJIW UHbIMH CIlelIAAaJIbHbIMN cpoiictBamu. IlosHako-
MUMCA C COOTBCTCTByIOHIGI'/JI TepMI/IHOJIOTI/Ieﬁ.

Cucrema cuy — cxoadamanca, ecJn JIMHKMKU I[eﬁCTBI/IH BCEX CHUJI II€pPE-
CEKaloTCAa B OI[HOﬁ TOYKe.

Cubl 06pa3y10T CUCTEMY IapaJLUICJAbHBIX CHJ, €CJIN JIMHUU UX J:[efl-

CTBUA IIapaJlJi€JbHDBI.

CucremMa cuyl — IJIockKas, eCJH JIMHUM JelCTBUSI BCeX CHUJI JieXKaT B
OTHOH TIJIOCKOCTH.

Bo Bcex stux onpefeJeHuAX 3HadeHne MMeroT TOJbKO YCJIOBUA, Ha/laracMbl€ Ha
JIMTHHUI ﬂeﬁCTBHH cuia. Hukaxkmx YCJIOBI/Iﬁ Ha MOAYJIW CUJI CUCTEMbI HE HaJlaracTc:d.

Kax ™Mbl yske TOBOPHWJIM, CHJIBI, [ICHCTBYIOIIME HA MaTepuaJbHble Tesa, TMPUBOIAT
K M3MEHEHUIO COCTOSHUS TOKOS WM [BIKeHus 3Tux Teid. Ho Hepemko ObiBaeT Tak,
YTO /[Be Pa3/JMYHbIe CHCTEMbl CHJI OKa3bIBAIOT HA Tesa, K KOTOPBIM OHHU IPHJIOMKEHBI,
OJIHO U TO 3Ke Bo3jieiicTBue.

B rakux curyanuax IpuHATO FOBOPUTb O TOM, YTO TakKue /[Be CHCTEMbl CHUJI SB-
JSI0TCS 3Kksusaienmuvimu. O6cyM 310 GoJiee TTIOPOGHO.
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[Ipexxe Bcero, paccMoTpuM oOlliee TOHSITHE SKBUBATEHTHOCTH KAaKUX-JNOO IBYX
0OBHEKTOB.

IJKBHBAJEHTHOCTh — 3TO PaBEHCTBO II0 OTHOIMEHHWIO K HEKOTOPbIM

BbII€JIEHHDBIM IIpU3HaKaM.

HOJIaTaIOT, 4yTO /[Ba 00beKTa IKBUBaJICHTHbI, €CJIn JaHHbI€ TPU3HAKW Y HUX COB-
IHa/aloT. HPI/I 9TOM OOGDEKTDI MOT'YT pa3jniaTbCA KaKUMHU-J160 WHBIMU IIpu3HaKaMu;
HO TaKoe€ pasjun4une mnpe/loJjarailorT — B paMKaX /TaHHOI'O KOHKPETHOI'O paCCMOTPEHUA —
HeCyIeCTBEHHDbIM.

TPI/I O6H33T6JII)HI)IX Tpe6OBaHI/I$[ K 9KBHBaJICHTHOCTHU:

1) Aw A (pedaekcuBHOCTb);

2) Anwn B = BwA (cuMMerpuuHoCTb);

3) AnB, Bskn C = A w C (IpaH3UTUBHOCTD).

3Hak “o” 3/ech UCTOIb3YeTcs /I8 0003HAUYeHUs] OTHOIIEHUST 9KBUBAJIEHTHOCTH.

Ho BepHEeMCA K CUcTeMaM CHJI.

/IBe cucTemMbl CHJI { F .., Fn} i {Pl, . Pm} HAa3BbIBAIOTCS K-
BHBAJICHTHBIMH, €CJIM OJHY U3 HHUX MOKHO 3aMeHUTb JPYyToii, He Hapyuas
cOoCTOSIHUS TToKos ujan apmkeHnss ATT.

B cooTBeTcTBUU C YiKe BBeIeHHbIMU 0603Ha‘I€HI/IHMI/I, 9TO MOJKHO 3allucaTb TaK:
{F,,....F,} » {P, .., P,}.

Ilo CMbICJTY TIPpUBEIEHHOT'O OIIpe/ie/IeHuA ACHO, YTO OTHOHIEHUE 3KBUBAJEHTHOCTHU
CUCTEM CUJI YVIOBJIETBOPAECT BCEM TpEM TpeéoBaHI/IHM K 9KBHUBaJI€EHTHOCTH.

B I[eﬁCTBHTeJIbHOCTM MbI ceillyac 3HaeM 00 9KBUBAJEHTHOCTH CUCTEM CUJI COBCEM
HeMHOTOE. M3 JaHHOTO ollpe/leJiecHUu:A BOBCE HE CJACYET OTBET Ha CJIe[[yIOH_[I/Iﬁ IIpHUHIN-
MTAJIbHBIN BOIIPOC: a KaK UMEHHO MOJKHO YCTAaHOBUTDH, 3KBHUBAJIEHTHDI /[B€ KOHKPETHbIE
cucTeMbl CUJI WU HeT?

Jlns oTBera Ha 3TOT BOIPOC CJe/0BAO Obl IepeiiT K JAMHaMuKe aOCOIOTHO
TBep/loro Tesa. JleficTBUTeJbHO, B IMHAMUKE YCTAHABJIMBAIOTCS YPaBHEHUS [BUKEHUS
TBEP/IOTO TeJia; €CJW PeNIMTb 3TH YPaBHEHUS TPH 33@aHHBIX CHJAX, TO MOXKHO Oy/er
y3HaThb, KaK MMeHHO Oy/leT ABUTATHCS TeJO, eCcJu K HeMY MPUJIOKUTh Ty WA WHYIO
CHCTEMY CH.I.

B stom cJayvdae OTBET 6y1:[eT IIpOCT: ecJaru ABUIKEHUA COBIAAYT, TO CUCTEMbI CUJI
9KBUBaJICHTHDI; €CJ/JIN ABHUXEHIA 6YZ[}7T OT/IMYaTbCA — HEDIKBUBaAJICHTHDI.

Ho sagada pemenunsa ypaBHeHMIl [BIMJKeHUS MOXKeT OKa3aTbCA BecbMa CJIOYKHOI.
[Toatomy 0O6BIYHO WAYT TO APYTOMY IYTH: BBISBISIOT TMPHU3HAKH, 1O KOTOPBIM MOKHO
cy/Tb 00 3SKBUBAJIEHTHOCTH [IBYX CHCTEM CHJI, He pelllas YpPaBHEHWH [[BUKEHUS.
VIMenHO Takoil MOAXO W OKa3biBaeTcs Hanbomee 3(PpeKTHBHBIM.

Mbr yBUAMM, YTO BOIIPOC 06 9KBUBAJEHTHOCTU ABYX CHCTEM CUJI MOKET ObITH
peleH yiKe B paMKaX CTaTUKU. I/IMGHHO, HEKOTOpPbI€ aKCUOMbI CTaTUKU KaK pa3 U YC-
TaHaBJIUBalOT (paKT 9KBUBAJICHTHOCTH HEKOTOPbIX HpOCTefH.HHX cucreM CHJI; II03XKe,

34



olpasdchb Ha d9TU AKCHMOMbI, MbI MOJYYHUM O6H.[I/Iﬁ KPI/ITepI/H?I 9KBUBaJEHTHOCTH CHUCTEM
CHJI.

OpHako OIMH YacTHBIN cJjydyail Mbl MOJKEM PacCMOTpPeThb yiKe ceiidyac. J3aruiieMm
orpe/iesieHue.

Ecau cucrema cua {Fl, ., Fy }, 6yAy4un TIPUJIOKEHHON K ITOKOSI-
memycsa ATT, He u3MeHsIeT COCTOSIHUSA IIOKOs, TO OHa Ha3bIBaeTCs YPaBHO-
BEIIIEHHOM

{F,,...F,} »» O.

CnpaBa 3alliCaHa CHUcCTeéMa CHJI, YHCJO CHJ B KOTOpOfI PaBHO HYJIIO (T.e. IIycToe
MHO)KGCTBO). O‘{eBI/II[HO, 4YTO €CJIM K IOKOAIEMYCA Teay B006H_[e He TIpHKJIa/blBaTb
HUKaKNX CH1JI, TO €ro COCToAHIEe ITOKOJA He U3MEHUTCH.

Takum o6pasoM, ypaBHOBeIlleHHas CHCTeMa CUJI JKBHBAJIEHTHA ITyCTOMY MHOJKe-
CTBY.

B mMexanuke Yallle UCIoJab3yeTcd, IpaB/la, HECKOJIbKO UHOH cIIocob 3alic.
Mumyr: {Fy, ..., F,} o 0.
HyJIb 3/lecb 3alluCaH 4Y1CTO (pOpMaJIbHO — IO Tpaaulnn. CumBor HyJIA B 9TOM

YCJIOBHOfI 3allUCH 3aMeHAeT CHUMBOJI IIYCTOI'O MHOKeCTBa.

Takas sanuch cBs3aHa ¢ TeM, YTO CUMBOJIMKAa CTaTUKHU paspabaTbiBajach B Te
BpeMeHa, Korja elie He OblJI0O HU TEOPUU MHOKECTB, HU COOTBETCTBYIONIMX OOO3HaUe-
HUMH.

Hcnonb3yloT yacto U Apyrue HasBaHUA U1 yPABHOBEIIEHHOW CUCTEMbl CHI.

CHHOHUMBI: cHUCTeMa CHJI, SdKBUBAJICHTHAaA HYJIIO; HYJb-CUCTEMA.

BBeZ[eM Ternepb B paCCMOTpeHNEe OCHOBHbIE XapPpaKTEPHUCTUKHU CHUCTEMbI CHJI.

I1aBHBI BEKTOP CUCTEMBI CUJI — CBOOOIHBIN BEKTOpP, PABHBIM CyMMe
BEKTOPOB BCEX CHJI CHCTEMBbI:

R -YF,.
k
HO[[IICPKHCM, YTO MbI 3/leChb CKJaJAblBacM He CaMMW CHJIbI, a JHUIIb HUX BeKTOpr.

Cnibt CKJIa/IbIBaTb MOJKHO, JIMIIb €CJIM OHH IIPUJIOKEHbI K OZ[HOﬁ TOYKe.

s ornpeaeacenusa cjaenayer, 4ro TJIAaBHBIN BEKTOp CHUCTEMbI CHJI CaM CUJIOI He IB-
JIAETCA, XOTA €T0 PasMEPHOCTDb W COBHAJACT € PA3MEPHOCTDBIO CHJIBI. Besakag cuma 064-
3aT€JbHO NMeEET TOUKY IIPUJIOKEHHNA, a BEKTOP R ectp BEKTOD CBOéOZIHbeI, n I HEero
TOYKa IPUJOKEHUA HeE Oollpe/lejieHa.

CJICI[yIOH_[ee olrpejaeJseHue:

I'1aBHBIE MOMEHT CHCTEMbl CUJ OTHOCHUTEJIbHO Iojioca B — BEKTOD,

HpHJIO}KGHHbIﬁ B Touke B u paBHbeI CyMM€ MOMEHTOB BEKTOPOB BCEX CUJI
CHUCTEeMbl OTHOCHUTEJIbHO JaHHOT'O IIOJIIOCA.

L, = £ M,(F.

35



B orsuume oT rraBHOTO BeKTOpa, TJIaBHBIH MOMEHT CHCTEMbBI CHUJI SIBJISETCS CBS-
3aHHBIM BEKTOPOM.

TeopeMa (06 U3MEHEHUN TJIaBHOTO MOMEHTa IIpU CMEHE HOJIIOCB.).
I'y1aBHBIT MOMEHT CHUCTEMBI CUJI OTHOCUTEJBHO HOBOTO IIOJIIOCA O IfoJsy4a-
€TCA, €CJIM K I'JIaBHOMY MOMEHTY CHUCTEMBbI CHUJI OTHOCHUTEJIPHO CTapOro IIO-
moca B npu6asuts ciaraemoe M, (R.B).

Yro ato 3a cuaraemoe? Bekrop R - 570 ruaBHbIil BEKTOP CHCTEMBbI CUJI, T.e.

CBOéOZ[HbIIL/,I BEKTOP. 3[[601) VKa3aHO, 4TO Z[aHHbeI BEKTOpP IIPpUJIOJKEH B CTapOM IIOJIIOCE
B, peBpaTuICA Jin OH IIOCJE 9TOTO B CHJIy?

[TpeBpaTuiics, TOJbKO 3Ta cuja — He HBIOTOHOBA, MOCKOJIbKY OHa He SIBJSETCS
Mepoii BO3/IEHCTBHS Ha [aHHOE TeJO €O CTOPOHBI KAaKOTro-JuG0 APyroro tena winm (u-
auydeckoro noJs. Takas “cusia” BBelleHa HaMH YUCTO (POPMATBHO.

[HosTomy:

3mece M ,(R.B) — BbIunc/IeHHBIH OTHOCHTENbHO HOBOTO moJioca O

MOMEHT 8000paKdaemoi CUJbl, BEKTOP KOTOPOIl paBeH TJIaBHOMY BEKTOPY
CHCTEMBI CUJI ¥ KOTOpasi TIPUJIOoKeHa B cTapoM moJioce B.

Nrak, Teopema yTBep:kiaer, 4To

(%) L, =0L, + [T, R]

HpI/ICTyHaeM K 10Ka3aTeJIbCTBY TE€OPEMDI. SZ[CCI) n fajgee HadaJIo 11 KOHell JOKa-
3aTeJIbCTBa 6y1f[€M o6osHavarh 3HaukoMm W .

u O6osHaunM T, = Toa, r, = T,
Hamomuum, uto uepes A, ..., A, o6o3HAYECHBI TOYKU HPUTOKCHHS CHJI
CHCTEMBI.
OueBuIHO:
T, = Top+ Ty
Tor/:[a:

ZI

%[f,ﬁk]
[ Fos. F, | +Z [¥, F.] =

[ Fos. Zk: F,| + Zk: M (F,) =

B
.

@opwmyJia (*) uHOrIa HasbiBaercs ¢opmynou [yanco.
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Nmenno on BII€epBbIE C(l)OpMYJII/IpOBaJI " I0OKa3aJl [JaHHYIO TeOpeMYy.
CJICZ!CTBI/IC. Ecin rnaBHBIN BEKTOP CHUCTEMDBI CUJI paB€H HYJIIO, TO €€

rJIaBHBII MOMEHT He MeHSeTCs IIPU CMeHe I10JII0Ca (T.e. IIpeJICTaBJsgeT CO-
601t ceob00HbLU BeKTop).

Kak mbr BU/IeJIN paHbllie, MHOT/la IIpU pelleHnn 3a/{la4 CTaTHKN ObIBaeT I0JEe3HbIM
TaKKe IIOHATHE BUpHaJla CUJIbI. B cBasm ¢ satnM BBOT €llle U TaKoe ollpe/ie/ieHne.

I'1aBHBIH BUpHaJ CHUCTEMbI CHJI OTHOCHUTEJIbHO IIOJIIOCA B - CyMMa

BUPHUAJIOB BCEX CHUJI CUCTEMbI OTHOCUTEJIBHO JaHHOTO TIOJIOCA’
Ug = 2. V3 (F,) .
%
HPI/I CM€EHE 110/II0Ca BHPpHaJ TaKiKe U3MCHAECTCA.
Anagsior dopmysbr (*):
U, = Uy + Vz(R.B) = Uy + (¥, R).
JlokaspiBaetcst annast GopMyJia TOYHO Tak ke, Kak u ¢opmyna Ilyanco, TOIbKO

BMECTO BEKTOPHDbIX HpOI/ISBeZ[eHI/IfI HCITOJb3YIOTCA CKaJIAPHDbIE.

Hepeﬁz_‘[eM Ternepb K dKcuomam cmdmuky — OCHOBHDIM IIOJIOJKEHUAM, KOTOpbIE
ITPUHUMAIOTCA B Hell B KauecTBe HNCXO/HbIX. OHI/IpaHCB Ha 9TU aKCHUOMbI, MbI YK€ YH1C-
TO JIOTUIECKUM IIyTEM CMOKEM TIOJYYUTb BCe BasKHeHTITHe pe3yJ/ibTaTbl CTAaTUKH, HEIO-
CPEeCTBEHHO HCIIOJIb3yE€MbIe 1IPpU PEIIeHUN IMTPaKTHIEeCKUX 3a/lay.

Haunem ¢ akcuoMm 1epBoii TPYIIIIbI.

8. AKCUOMBI CTaTUKK: OOl Me aKCUOMbI O cunax

PaCCManI/IBaeMbIC B 3TOM U cJeAYyIolUleM ITYHKTaX aKCHOMbI OTHOCATCA MMEHHO K
CTaTHKe W1 BbIpaykKaloT coboll Te ycjaoBusAia, 1Ipu C06JIIOZ[€HI/II/I KOTOPbIX T€JIO HE N3MEHIAET
CBO€Iro COCTOAHMA (B JaCTHOCTH, COCTOAHNA HOKOH).

HOCKOJIbe TIOKOH eCcTh BechbMa YaCTHBIH CJIy‘{aﬁ [ABUXKEHUA, TO MOJKHO 6bLIO ObI
060HITICh 6e3 3TUX AKCUOM. I/IMCHHO, BCE€ YTBEPIKIAEHUA, KOTOPbIE MbI C(I)OpMyﬂI/IpyeM
B 3TOM IIYHKTE€, MOKHO IIOJIYYUTDb KaK JIOTHYeCKHue CJEACTBUA U3 aKCUOM JUHAMHUKH.

Tak wHOTA W MOCTYMAIOT aBTOPBI yuebHnKkoB. Ho Mbl ¢ Bamu u3 obmmx akcruom
MeXaHWKHM 3HaeM T0Ka YTO TOJBKO aKCHOMBI CILJOITHOCTH, [BW;KEHWS W MAacCChl; 1
(hopMyTMpPOBKY OCTATBHBIX TpebyeTcsl TpelBapuTeJbHO BBECTH PS/i KHHEMATHIECKUX
TIOHSATHI.

BbIXOI[ — O/IUH: H3JlaraTb CTaTHKY KaK CaMOCTOSITeTbHbBIHI pas/iesqr HayKu CO
CBOMMHU COOCTBEHHBIMU aKCHOMaMU. ITO — TOKe BecbMa paCHpOCTpaHeHHbIﬁ crroco6
HN3J/JI0JKEHUA MaTepHraJia, 1 BIIOJIHE COCTOSTENbHBIN C JOrMYECKOH TOYKH 3peHNA.

AxcuoMmsl /111 yro6cTBa 6yzieM HyMepoBaTh PUMCKUMH I PaMu.

[. Axkcuoma mapaJjejiorpaMMa CuUJ
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CocTosiHUE Teja He U3MEHUTCA, €CJIN [AB€ CHJIbI, IIPUJIOKEHHDbIC B 00-
HOU moyxe, 3aMEHUTb UX FGOMeTqueCKOﬁ CyMMOfI.

(F, A F.A) o {F.A4),

rne K = F1+fz.

HasBanne akcHoMbl OOBACHSIETCS TE€M, YTO BEKTOPbI CUJ CKJAAbIBAalOTCA 110 3a-
KOHY IlapaJljieJorpaMmma. DaxkTYecKkn aKcuoMa VYTBEPXKAa€T 3SKBUBAJIEHTHOCTb /[JABYX
CHUCTEM CHJI.

s CI/IMMC;TPI/I‘{HOCTI/I OTHOII€HNA 3KBHBAJIEHTHOCTH BbITE€KaeT I O6paTHOC yYTBEDP-
JKAeHHe: cCljla F Bceraia MOJKeT OBITDH Pa3j/iojKe€eHa Ha /[IB€ COCTaBJIAIOLIHNE. HOSTOMy
JaHHYIO aKCHUOMY HWHOI/[a Ha3bIBalOT TaKiKe€ NPUHUUNOM CAOKEHUA U PA3JN0KEeHUA CuJl
110 3aKOHY IlapaJljleJjorpaMMa.

Xorsa JaHHad aKCHOMa C(l)OpMyJII/IpOBaHa KaK aKCHhoMa CTaTUuKH, pedb B Her niaer
O IIPOHU3BOJIbHOM COCTOAHHUHN MaTE€PHUAJbHOI'O TeJIa (He TOJIBKO O COCTOAHHI HOKOH).
3Ha‘lI/IT, NIPpUHIMITL CJOKEHUA U Pa3/IOJKEeHUA CUJI IMPpUMEHUM HE TOJIbKO K IOKOAIIWUMCA,
HO 1 K JABUIKYIITUMCA MaT€pUaJbHbIM TeJIaM.

3azymaeMcs: a pasBe 3TOT TPHUHIUII He cJjefyeT IPOCTO U3 TOro, YTO CHJIbI
MPeICTABISIOT coboii BeKTOpbI? Ecuau 6bl 3TOl akcuoMbl He ObLJIO, TO HaM BCe PAaBHO
HUYTO OBl He moMemnano caoxuTh Bektopbl Fy m F, 1o 3akony mapasienorpamma.

Ho akcuoma yTBepskiaer Gosibiiee. OHa FOBOPUT, YTO 3¢h¢hexkm ONHOBpeMeHHO-
ro ICHICTBUSA Ha TeJO IBYX CUJI — TaKOW ke, KaK W Y OJHOW CUJIbI, PaBHOH MX CyMMe.
A nanHoe yTBep K/eHHe Yy3Ke He CaMOOYeBHHO ¥ 000011aeT coO0ll [aHHble MHOTOYWC-
JIEHHBIX HaOJI0/IeHN U 9KCIIePUMEHTOB.

\%h3s C(i)OpMyJH/IpOBaJII/I IIEPBYID aKCHOMY — aKCHOMY IlapaJljle/lorpaMMa CUJI.

Omna YTBeEPK/aeT, YTO [Be€ CWJ/ibl, IPUJIOKE€HHbIE B OZ[HOﬁ TOYKE TBEpAOro TeJa,
MOXHO 3aME€HUTb X BeKTOpHOﬁ CyMMOfI.

C(l)OpMyJII/IpOBaHO OBbLIO M3JI0KEHHOE IIpaBUJIO CJIOJKEHUA CHJI 3a/0JIro /10 BO3-
HUKHOBE€HUA BEKTOPHOI'O UCYUCJICHU .

HpaBI/IJIO CJIOJKEHNUA CUJI TI0 3aKOHY IlapaJijieJiorpaMMa OTKPbIJI Cre-

Bua (1605 T.).

CreBun, Cumon (1548 —1620) — HuAepJaHACKHI MaTeMaTHK, MeXa-
HUK U WHXXeHep.
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ITomuMo IIpUHIUITa CJIOKEHUA W Pa3JIOJKEHUA CHJI, CreBUH HaIesa KpI/ITepI/IfI
PaBHOBeCHUA TpeX CXOAAIIUXCA CUJI, Ipe/iCTaBUJI HOBOE [0Ka3aTe/JIbCTBO yCJIOBI/Ifl PpaB-
HOBecHs Tela Ha HaKJOHHON IIJIOCKOCTH, BbLJIBUHYJI IIPUHIUII HEBO3MOKHOCTH BEYHOI'O
ABUKeHUAd, pa3pa60TaJI TEOPpHUIO Z[efICTBI/IH BEPEBOYHbBIX MallllH.

B TUAPOCTaTUKE (CTaTI/IKa }KI/IZ[KOCTI/I) CreBun OTKPbIJI HE3aBUCUMOCTD /TaBJICHUA
BO/IbI Ha /THO COCy/[a OT (pOprI CTEHOK T O0O0CHOBAJI 3aKOH COO6H.I3.IOH.[I/IXCH COCY/IOB.
Bcee atnn JOCTHKEeHHUA IIO3BOJIAIOT CUHUTATb CreBuHa OJHUM M3 OCHOBOIIOJJIOJKHHUKOB CTa-
TUKH U THAPOCTAaTHKH.

B maTtemaTnke oH oHUM U3 TepBBIX B EBporlie BBes fecaTudnble ApoOGU W OTPH-
lareJibHble KOPDHU YPaBHEHWIl, INpeIoskus (POpMyJy s pacyeTa CJIOKHDBIX IPOIeH-
TOB. Dbl1 Takke aBTOPOM TPaKTaToOB 110 OyXTaJTEPCKOMY ey U dopTiduKaimm.

HepeXO[[I/IM K ApPYyruMm akcuomMaM CTaTHUKU. O[[HO O6HI€€ 3aMe€daHue I10 IIOBOAY
9TNX aKCHOM:

OcraJjibHble aKCHOMbI CTaTUKHU Tpeytoxui [lyarco (1803 r.).

Mbl yske TOBOPU/IM O TOM, YTO BIOJHe O(OPMUJIACh TeoMeTpuuecKas CTaTuKa B
TpakTaTe 3TOro (ppaHIly3CKOro yueHoro “OjeMeHTbl craTuku”. VimenHo B Hem Ilyanco
U IIpe/ICTaBUJI Ty CUCTeMYy aKCUOM, KOTopas cTaja JOIMYeCKUM (PyH/IaMeHTOM CTaTUKH.

II. Akcmoma o HYJb-CHCTEMe

Cocrosamne ATT He u3MeHUTCs, ecJu K JelcTByIolleli Ha Hero Cuc-
TeMe cusl 106aBuTh (UM OTGPOCUTB) HYJIb-CHCTEMY.

HaHOMHIO, qTo HYJIb-CI/ICTeMOfI (I/IJII/I ypaBHOBeLHEHHOﬁ cucTeMoit CI/IJI) Ha3bIBa-
€TCA TaKad CHUCTeMa CUJI, KOTOopad, 6}7[[}7‘{1/1 HpHJIO}KGHHOfI K MMOKOAIIEeMYCA aBCoIOTHO
TBEP/JIOMY TeJay, He U3MEHAECT COCTOAHUA TTOKOA.

B akcuome peYb UJAET, BIIPOYEM, YK€ HE O COCTOAHHU IIOKOA, a O IIPOU3BOJIbHOM
ABUKEHUHN TeJia.

UTo6bI chopMyIUPOBATH CJAEAYIONYIO aKCHOMY, BBeJEeM Ipe/BApUTETHbHO CJe/ly-
Iolllee olpe/leJIeHue.

TeJIO, Ha [ABHKE€HHE KOTOPOI'oO HE€ HaJIOKEHbl HHMKaKH€ Hallepea 3a-
JaHHbI€ OTPaHUYECHUA, Ha3bIBa€TCA CBO6OZIHI)IM.

HaHpHMep, €CJN Ha TJIa/IKYI0 TOPHU3OHTAJbHYIO TOBEPXHOCTDH IMOJOXNJIN TAKE-
JIBII mpeamMeT, TO IOBEPXHOCTb M€IIACT ITOMY IIPE€AMETY 1HPOBAJIUTHCA BHU3. IAro —
Hallepe/l 3a/laHHO€ OIrpaHH4Y€eHrne, W OHO [OJI)KHO BbIIIOJIHATDBCA IIpU J1060M BO3MOKHOM
ABUKEHUHN TeJla.

HaHpOTI/IB, CBO6OI[HO€ TE€JIO MOJKET B IIpPHUHIMIIE COBEPHIATb M3 /JaHHOI'O Ha4daJlb-
HOTO TIOJIOKeHUs Jfo0Oble nepemMenieHnsa B 1IpoOCTpaHCTBE — BCE 3aBUCUT OT HeﬁCTByIO-
X Ha 3TO TeJIO CHJI U OT HadaJbHbIX CKOpOCTefI TOYCK TeJia.

A Terepb — TPETbA aKCHMOMa CTaTUKH:

ITI. AkcuoMa o ABYX CHJaxX

CBo6omroe ATT mon gelicTBueM [BYX CHJI HAaXOAWUTCS B PABHOBECUHU
TOT/Ia 1 TOJbKO TOI/Ia, KOT/Za STU CUJIbI:
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1) paBHBI IO MOJYJIIO;
2) TPOTHUBOIOJIOKHbI TI0 HATIPABJIEHUIO;

3) J1eKaT Ha OIHOW IIPSIMOIA,

el

=

cDOI)MEUII)HO 9TH YCJIOBHUA MOJKHO 3allhucCaTb TaK:

1-2) F, = -F,
() L
3) F, Il AB.

Takum o6pa30M, aKCHOMa YTBEPK/IA€T CJIEAYIOIIEE.

CMBICJ aKCHOMBI:
(F,F) w0 o (.

[leiicTBuTesbHO, cucTeMa cuJI, Kotopas, OYAydul NMPHJIOKEHHONH K TOKOSIIeMYCS
abGCOTIOTHO TBEPIOMY Tey, He U3MeHseT COCTOSHUS TIOKOSI, KaK pa3 U Ha3bIBaeTcs
YPaBHOBEIIICHHOI CUCTeMOI CUJI, T.e. HYJIb-CUCTEeMOIi.

HOZ[‘IGPKHGMI aKCHMOMa IIpUME€HHMa TOJIbKO K CBO6OZ[HOMy abCoJIIOTHO TBEPJIOMY
TeJay. Bcenomuure 3a/[a1y O paBHOBECHUM pbIHara (O KOTOpOfI MbI T'OBOpWJIH, paccMar-
PUBaid ITOHATHE ILJI€Ya CI/IJII)I). B sroit 3a/ladye CHJIbl He JieXaJll Ha OZ[HOﬁ Hp}IMOﬁ, a
MOAYyJIM UX HE ObLIN PaBHbI; OJHaKO pbliar HaXOJAWJICA B PaBHOBECHUU.

HpI/IIII/IHa — B TOM, 4YTO pbIYal' HE ABJIAECTCA CBO6OZ[HI)IM TeqoM. Ha ero ABHKe-
HHUE€ HAJOJKEHO Hallepe/] 3a/laHHOE€ OrpaHUMY€Hne, B COOTBETCTBUH C KOTOPbIM TOYKa €ro
OITIOPbI 3aKpelljeHa.

Axcnoma III YCTaHaBJ/INBA€T H€O6XOZ[I/IMI)I€ n A0CTaTO4YHbIC YCJIOBHA, IIPpU BbI-
MOJIHEHU N KOTOPbIX CUCTEMa U3 aegx CHJI OKa3bIBaeTCA HYJIB—CI/ICTGMOIL/,I. A Kak GbITb B
cJydae, Korja CuCTeMa COCTOUT U3 0010 CUIIBI?

Akcuoma o ABYX CWJIaX IIO3BOJIAET [aTb OTBET U Ha 3TOT BOIIPOC. HOCKOJIbe ee
(pOpMyJII/IpOBKa He IIpejliogaraer, 4To TOYKHU ITPUJIOKEHUA CUJI 006s13aHbI OBITD pas3ani-
HBIMU, TO MOJKHO IIPOBECTU TaKOe pacCyiK/IeHUeE.

3ameuanne. Cucremy cun { F.A} Moxuzo mo akcuome I 3aMeHHTD
cuctemoit { F,.A,F,.A}, rne F,+F, = F. Ho F, || AA, rax uro
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I/ITaK, CUCTEMa N3 OZZ[HOI>,I CIJIbl SKBUBaJIEHTHa HYJIIO TOrJa W TOJIbKO TOr/la, KO-
Ila BEKTOP 9TOI CHJIBI PaBEH HYJIIO. IIo akcmome II, TaKylo CHnJy MOKXHO Z[O6aBJIHTb "
OT6paCbIBaTI), HEe MeHAA COCTOAHMA TeJia.

ITOT pe3yJbTaT, pazyMmeercs, Ajdercda TpuBMaabHbiM. Ho mz axkcumom II m III
BBbITEKAeT JIPyroe — He CTOJb TPUBUAJIbHOE — CJeJCTBHE, KOTOpPOe Mbl ceifyac paccMoT-
pUM.

Caeacteue (o0 mepeHoce CHUJIBI BIOJb JUHUN JEHCTBUS). Cuny, npu-
JgoxkeHHy1I0 K ATT, MOXHO NepeHOCUTb BJOJIb €e JIMHUU JeWCTBUS B JIIO-

6yIO TOYKRY, HE€ ME€HASA COCTOAHUA TeEJIA.

| —
[Iyctb K Teny mpuiosxena cuia F.A, a Touka B jexur Ha ee

JUHUNU JeHCTBUS.

=

[Ipunoxum k Teny Ttakxke cunpt F,.B u F,.B: F, =

F2 = *F
F,

{F,,F,} » 0 — no akcuowme III.

MozkHo 6b1y10 Obl cocsaTbesi U Ha cHOPMYJTMPOBAHHOE BbIllE 3aMedaHue,
MOCKOJIbKY Mbl (paKTHYecKu M00aBUIM OIHY CUJIY, BEKTOP KOTOPOI paBeH Hy-
JIO.

{F} » {F, Fl,Fz} — 1o akcuome II.

Urak, k cuie F noGasaennt cunbl K, u F,; cocrosHue tena mpu stoM He
H3MEHUIOCD.

Ho {F, Fz} v 0 - mo akcuome III, Tak 4TO 3TH [IBe CHJIBI
o akcrome II MOXHO OTOpPOCHTD.

Nraxk:

(F} w {F,F,F,} » {F}, re. {FA} » {FB}.

BeiBox: cuny, npunoskennyio Kk ATT, MoxkHO paccMaTpuBaTbh Kak
CKOAb3AUWUU BEKTOP.
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Yro s10 Takoe? Eciau cBsizaHHbBII BEKTOD XapaKTepUu3yeTrcda MoO/yJieM, HallpaB-
JIEHHeM U TOYKOI MMpUJIOKEeHUA, TO CKOJII)BHH_[I/IIL/,I BEKTOp — 1O OIllpeleJIEeHUI0 — XapaK-
TEPpU3YETCA MOAYJIEM, HallpaBJCHUEM N JMHWEH Z[ef[(]TBPIH. Touka IMPpUJIOKEHUA MOKET
BbIéI/IpaTbCH Ha JIMHNN I[eflCTBI/IH ITPpOU3BOJIbHO.

[Toguepkuem, uto akcuombl II u III (1 caenctBue o repeHoce CUJIBI)
TIPUMEHUMBI JINIIb K aO6COJIIOTHO TBEP/BIM TeJlaM.

Cuna JKe, IIPUJIOKeHHad K [[e(l)OpMI/IpyeMOMy MaTepuaJIbHOMY Te€JNy, BCErAa pac-
CMaTpUBaeTCAd KakK CBSI3aHHBIN BEKTOp; IEepeHOCUTb €€ B/10JIb JINHUU Z[eIL/'ICTBI/IH HeJIb34.

TeHepb BCIIOMHHMM, 4YTO CHJIbL ABJ/IAIOTCA MEpaMHM MEXaHMYE€CKUX BOSZ[CI?ICTBI/II?I Ha
MaTepHuaJIbHbIE T€Ja CO CTOPOHDbI APYTUX TEJ (I/IJII/I (bHBI/I‘{eCKI/IX HOJIeIL/,I). PaCCMOTpI/IM
ceiffgac TOJBKO TOT Cﬂy‘{aﬁ, Korjja Cujia XapaKTepU3yeT BSaI/IMOZ[GfICTBI/Ie JaHHOI'o TeJla
C APYI'uM Mare€puaJIbHbIM TE€JIOM.

IV. Axkcuoma o AeiicTBUU U NPOTHBO/AEHCTBUH

Eciu nHa teno 1 ¢ cusoit FlZ BO3/IelICTBYeT TeJio 2, TO Ha TeJjo 2 CO
CTOPOHBI Tesa | melcTByeT cuJa F,, Ipu4eM 3TU CHUJIbI:

1) paBHbI 110 MOJY.JIIO;

2) INPOTUBOIIOJIOMKHBI II0 HAIIPABJIEHUIO;

3) Jexkar Ha OJHOW IIPSIMOIA.

CDOpMaJIbHaH 3allliCb:

1-2) F, = _le
3) F, || AB.

3alnucaHHble YCJIOBUA OYeHb IMOXO)KM Ha Te, ¢ KOTOPbIMM Mbl BCTpPEYaINUCh B
dopmy.mHpoBKe akcHoMbI 0 BYX cuiaax (akcwoma I11). OmgHako ecth BasKHOE OTJIHYHE.

Hesepno, uTo {Flz, F,, } v 0, mbo 5TH CUJIBI TIPUJIOKEHBI K pas-
HBIM TeJlaM.

ﬂeﬁCTBHTeJIbHO, CaMO olIpe/ieJJeHne CUCTEMbI CUJI ITpe/liojgaraer, 4YTo BXOAAIUE
B Hee CHJIbl IIPHJIOKEHDbI K OaHOMU u momy ske abCoOTIOTHO TBEPAOMY TEJY.

O6bIuHO MepBy1o N3 YKa3daHHbIX CUJI Ha3bIBalOT aeiicmeueM, a BTOPpYIO — npomu-
sodeticmeuem. ITU Ha3BAHUA YCJIOBHbBI N 3aBUCAT OT TOTO, KaKOe€ M3 /[BYyX TeJI Mbl CUM-
TaeM TeJIOM 1, a Kakoe — TeJoM 2.

AKcuoMa o I[CIL/,ICTBI/II/I n HpOTI/IBOI[efICTBI/II/I BOBC€ HE€ YTBEPIKJa€T TOro, 4TO MeXa-
HHUYeCKoe BSa]/IMOZ[efICTBI/IC ABYX TeJl BCerja XapaKTepus3yeTcda [ABYyMA CUJIaMU. B I[eﬁl-
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CTBUTE/JIbHOCTH B3alMO/ICIICTBHEe MOJKeT OIMChIBATbCSA [BYMs CUCTEMaMH CHJI, JIeHCT-
BYIOIIMX Ha Ka)k/[0e M3 9TUX TeJ, W HU O/HA U3 ITUX CHCTeM He 00s3aHa CBOAUTHCS K
OJIHON CHL.Te.

AkcnoMa paccMaTpHBaeT TOJIbKO YaCTHDBIN CJydail B3auMOJEHCTBUA, U IOITOMY
ee (oOpMyJIMPOBKA HAauMHaeTCsi co cjoBa “ecqm”. B Gosee obiieM ciaydae kaxdot n3
CHJT, TIPUJIOXKEHHDBIX K TeJy !, MOKeT ObITb COIMOCTaBJeHa HEKOTOpas CHJa, MPHJIOKeH-
Has K Tesry 2 W urpamolias poJib MIPOTUBO/ICHCTBHSA.

He caepyer cMmemmBath akcuomy o feiictBun u nporusojeiictsun ¢ 111 3akonom
Hbiorona, o kotopoM peub ujer B auHamuke (u kotopbiii Bam ussecten us Kypca ¢u-
suku). Tpernii 3akon HploTOHa OTHOCHTCS K B3aMMOZEICTBHIO MaTe€pHa/JbHbBIX TOYEK,
a JlaHHad akcuoMa — K B3aMMOJIEHCTBUIO MaTepUabHBIX Tel.

Bripouem, B nmuHaMuke ocHOBHOe yTBepsKIAeHUE aKCHOMbBbI O JAeHCTBUU U TTPOTHBO-
neictu MoskeT GbiTh BbiBegeHo u3 III zakona Hbiotona (¢ npus/iedeHreM HEKOTOPHIX
APYTHX aKCHOM [MHAMHKH ).

[TepexomuMm Ternepb KO BTOPOIl TpyIIle aKCHOM CTaTHKH.

9. AKCUOMBI CTaTUKWN: aKCUOMbI O CBA3AX

Haunem co CJCAYIOLIETO olIpeae/IeHNA.

CBasp — Haliepea 3alaHHOE€ OrpaHMYeHnEe Ha ABUKEHHE TeEJI.

OO6BIYHO CBSI3M BO3HUKAIOT IMIpy KOHTaKTeE a6COJIIOTHO TBEPADIX TEJ U
O6yCJIOBJIeHbI crroco6oM ux COeIMHEeHUA.

[Tpumepnr cBs3eit Bam yxke 3HakoMbl U3 MpakTUdYecKuX 3aHdaTuil. Tak, Ha rpys,
JIexkalliuii Ha TJIaJIKOH TTOBEePXHOCTH CTOJIa, HAJIOMKeHa CBS3b: ITJIOCKOCTb CTOJIa He /laeT
rpysy nepememarbess BHu3. Ha pbluar HajsokeHa cBas3b (BpaliareJbHbIH IapHUp), He
HO3BOJIAIONIas OAHOI M3 Touek pbryara (Toli, B KOTOPOIl 9TOT IIApHUP YCTAHOBJIEH)
nepeMenaThCs B TPOCTPAHCTBe.

N3 atux mpuMepoB BHUIHO, YTO (PaKTHUeCKN HAJUUHe OTPaHuYeHUl Ha JBUKeHUe
TeJl CBA3aHO C MeXaHWYeCKMMH BO3/eCTBUAMM, KOTOPbIE [aHHble TeJla UCIIBITBIBAIOT CO
CTOpOHDBI Apyrux Ted. lloHATHe €BA3W HCIOMB3YIOT B TeX ciaydasx, Korjaa apdexrt Ta-
KHUX BO3/JEHCTBUII MOKeT GbITh OIMCaH YHCTO KHHeMaThdeckuM crocoGoMm (B Buze Ha-
nepe/| 3aJlaHHbIX OrPaHMYEHNIl Ha MOJIOKEHHS WK CKOPOCTH HEKOTOPBIX TOYEK TeJIa).

Mepoﬁ MeXaHH4YeCKOro BSaHMO[[efICTBI/IH Ten sBJAdercss cuiaa. B cJjaydae, Kor/a
peub UJET O CBA3AX, UCIHOJb3YIOT TaKyI0 TEPMUHOJOTHUIO.

Peaknun cBAseit — cuJjbl, JeficTByMOIlMe Ha Teja CO CTOPOHBI CBH-
3eM.
HOCKOJIbe CBA3U XapaKTepI/IBYIOT 3(1)(1)6KT HeKOTOprX MeXaHNUYeCKUX BOBZ[EﬁCT-

BMII MeK/ly MaTepUaJIbHbIMU TeJaMu, TO PeaKIun CBA3eil OTHOCATCS K YUC/JIY HbIOTOHO-
BBIX CHJI, TIPe/ICTaB/sAs OO0l WX YACTHBIN CJIydaii.

B I[eﬁCTBHTeJIbHOCTI/I HbIOTOHOBbBI CUJIbI MOJKHO Pa3/IeJIUTb Ha /[IBa KJlacCa.
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peaKlnu cBs3en
HpioTOHOBBI CHJIBI @!
& AKTUBHbBIE CHUJIBI,
Cwmbica ITOCJIEIHETO TEPMUHA OIIPpENE/TIEH celiyac BIIOJIHE OHO3HAYHO. Nmenmno:

AKTHBHbBIE CHJIBI — HbIOTOHOBBI CHJIbl, H€ ABJIAIOOINECA PpeaKIUuAMU

CBs3€eM.

JTto MOTyT ObITH CUJIBbI TAXKECTH, CHJIbl COIIPOTHUBJICHHA Cpe/Ibl M TaK [aJiee. B
KOHKPETHbIX 3ajadaX OHHU OOBIMHO GbIBAIOT 3a/laHbl; PeaKIUn Ke cBsa3eit HUKOr'la 3a-
paHee He U3BE€CTHbI, U UX MOKHO HaﬁTH, TOJIBKO pellad COOTBETCTBYIOIINE 3a/ladn CTa-
THKH (I/IJII/I JMHaMHUKH, €CJIN TeJla Z[BI/I}KyTCH).

I/ITaK, celyac P€Yb l'[OfIZ[eT O MaT€pUaAJIbHDbIX Te€J/JIaX (I/IJII/I CUCTeMax TeJI), Ha KO-
TOpble, BO3MOJKHO, HaJIOK€HbI HEKOTOPbIE CBA3U.

V. Akcuoma OCBO60}KﬂaeMOCTI/I OT cBs3eil

Coctosnue tena (MM cUCTEMBI TeJ) He M3MEHHUTCS, €CJU OTGPOCHTH
Kakue-Tu60 U3 HAJOKEHHDBIX CBsI3el, s3amenus NefCTBUE CBs3eli WX peak-
IUASIMU.

HO KaKUM IIpaBHJIaM ITPOHU3BO/UTCA TaKad 3aM€Ha — 3aBUCHT OT KOHKPETHOI'O
BHU/la OT6paCbIBa€MOI>i CBA3U.

Ilpumep 1 (ToueuHBI!T KOHTAKT TJIAIKUX HOBerHOCTeI‘/’I). IIycte ATT
KacaeTcsl B TouKe K Tyiafikoil HelOABUKHON MTOBEPXHOCTH.

HOBerHOCTI) paccMaTpuBaeMOro TBEPAOIro TeJjJda TaKiKe CUUTaeTCA I‘JIaZ[KOIL/’I.
HpeZ[HOJIaI'aeTCH, YTO JaHHO€ TeJIO HaXO/[AWUTCA IIO[ HeﬁCTBHeM HeKOTOpOfI CHCTEMbI
IIPpUJIOJKEHHbIX K HEMY aKTHUBHbBIX CUJI. Ycnosue HEIIPOHUKaHUA TOYKHN K BHYTPb HeE-
HOZ[BI/I}KHOfI IIOBEPXHOCTU IIPpEACTaBJIAECT coboit CBA3b, HAJOKEHHYIO Ha JaHHOE TeEJO.

= %

B e ey ey o

PaccmarpuBaemas ceifuac cuTyarysi — He caMblii OOIIMIT TIPUMEDP HA TOYEUHbIN
KOHTaKT /IBYX IJIaJ[KUX NOBepxXHOCTell. VIMEeHHO: OHO M3 KOHTaAKTHPYIOIIUX TeJl Ipe/l-
noJjiaraeTcsi HeMOABWKHBIM. BrpodeM, (aKT HENMOABMIKHOCTH 3TOTO TeJsia IS [afb-
HEUIUX paccyk/IeHUN He IPUHITUITHAJEH.

PeHEHT BBeJ€HUA peaKIUN CBA3W B /[IaHHOM IIpHUMEPE TaKOB:
[Ipu orb6pachiBaHUU JaHHON CBSI3U ee eliCTBUE 3aMeHsIeTCsl peakiineit
cBsisu N.K, HampaB/ieHHOH IO BHeITHel HOpMaJd K MOBEPXHOCTH.

[Towemy aTO Tak, Mbl O6OCHYEM YyTh MO3KeE.
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WcnonabsoBanue 6yKBbI N B o6oszHaueHUn Pe€aKIlMn CBA3H 34€Cb IIPpHU3BaHO IIO/-
YEPKHYTDb, YTO peaKlusA HallpaBJeHa 10 HOpMaJId K ITOBEPXHOCTU.

Bepuemcs k akcuome ocBoGOKIaeMocTH OT cBsizeii. B meit roBoputcs 06 or6Gpa-
CBIBAaHWH HEKOTOPBIX cBsizdeil. Ho MOXXHO OTGPOCHTH gce CBSA3W; B 3TOM CJIydae TPHUXO-
JIUM K TaKOMY BBIBOJY.

3amevanne. I3 akcuombl V cjenyer, uTo Jilo6oe HECBOOOIHOE TeJIO
MOJKHO paccMaTpwBaTh Kak cBOOOIHOe, M00ABUB K aKTUBHBIM CHJIAaM pPeak-
IIUU CBsi3ell.

HaHOMHIO, 4YTO Ha /[ABHUKEHHE CBOéOL[HOFO TeJda He Ha/JIOKeHbl HHMKaKune Hallepejl
3a/laHHble OI'paHUY€HU. TeHepb MbI MOJKEM 3JTO YCJIOBHE€ BbIPa3UTb KOpOYe: c60600-
Hoe meJio — 3TO TeJ0, Ha KOTOpO€ He HaJOKeHbI CBA3U.

HpI/I pelIeHrnn 3a/la4 CTaTHKHN HOZ[OéHI)IfI 1pueM — OCBO60)K£[6HI/I€ TEeJIa OT BCEX
HAJIOKEHHBIX CBA3EH — ABJIAETCA OObITHBIM.

C IIpaBHUJIaMH, IO KOTOPbIM CBA3M 3aMEHAIOTCA HX peaKIUHuAMH, Bbr o3naxomu-
TeCb Ha MPaKTHYECKUX 3aHATHUAX. OZ[HaKO HEKOTOpbIE O6H.[I/I€ 3aKOHOMEPHOCTHN TaKoi
3aM€Hbl Mbl paCcCMOTPUM ceituac.

Kak MoskHO B aHAJIUTHYECKOM (1)opMe BbIpasuTb Te€ OrpaHH4Ye€HHA, KOTOPbIC HaJa-
raloTCA CBA3bIO Ha /[IBHKEHHe TeJa? ﬂJIH 9TOT'O B MeXaHHNKe BBOJAT ITOHATHE BO3MOK-
HOTO IepeMenieHusAd.

BosmozkHoe INEPEMEMIEHNNE TOUYKU Teja — 6eCKOHEYHO MaJloe nepe-

MeIeHue 2TOU TOYKH, [JOITyCKaeMO€ CBA3bIO B I[aHHbeI MOMEHT BpE€MCHU.

Taxkoe repemelenmne pacCMaTpuBaeTCA KakK B006pa>KaeMoe. B PE€AJbHOCTHU TeE€JIO,
HaXOACh IO/ HeﬁCTBHeM KOHKPGTHOP’I CWJI, MOJKET, HallpuMep, OCTaBaTbCA B IIOKOE€; HO
MBI celfgac TOBOpUM O TeX [JABMXEHUAX, KOTOPbl€ OHO € npuHuune croco6Ho COBEP-
11aTb, HE€ Hapylad CBSI3€el.

BeromuuM mipuMep 7, B KOTOPOM TBep/ioe Tesio Kacajach B Touke K TIajKoii
HeIO/IBUYKHOI TTOBEPXHOCTU.

B IIpuMepe 1. CKOJBbKEHUIO TeJja II0 ITOBEPXHOCTH OTBE€YAE€T BO3MOIK-
HO€ IlepeMellleHne TOYKHU K, HallpaBJIEHHOE I10 KacaTeJIbHOH K ITOBEPXHO-
CTH.
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3nech depes dry 0603HAUeH BEKTOP BO3MOYKHOTO mepemelieHus. DaKTHaecKn
ato — nudpdepeniman paauyc-sekropa touku K. Ilpuumnny toro, uto on o6o3Havaercs
6ykBoii “8”, a we “d”, MBI BBISICHNM B IpOIeCCe M3YUYCHUST aHATUTHICCKON MEXaHUKH
(Ha caMOM siesie 3TO CBSI3aHO ¢ OrOBOPKOW “B /IaHHBI MOMEHT BpeMeHU”, KOTOPYIO MbI
ceifiqac He O6CysKIaeM).

Ha PUCYHKe Mbl BUHUM CPa3y HECKOJDbKO BEKTOPOB BO3MOJKHbIX HepeMeH_[eHI/Iﬁ.
Ha unx BeJIMYUHY B aTON 3a/ladye HMKaKHX OFpaHI/I‘{eHI/IIL/,I He HaJIaraeTcd, mo6oi 13 HUX
AOITYyCKa€TCA CBA3bIO.

W3 sToro mpuMepa XOpONIO BH/HO, TTOYEMY MBI TOBOPHM HMMEHHO O GECKOHEYHO
MaJbIX IlepeMellleHusAX. JIMeHHO OoHM HalpaB/eHbl IO KacaTeJbHOHl K ITOBEPXHOCTH;
1P KOHEYHBIX JKe TepeMelleHnsiXx Touka K [Io/DKHA c/ieloBaTh BIOJb ITOBEPXHOCTH,
coo6pasysich ¢ ee KPUBHU3HOI.

Hamowmnio euie, 4To B JaHHOM IIpUMepe pedb (baKTI/I‘{eCKI/I naer o rjiaaJgkoM ToO-
YE€YHOM KOHTaKTe /[BYX TeJl, O//lHO U3 KOTOPbIX IIpe/lloJaracTcsa HENOABU/KHDIM.

3ameuanne. /[lanee o6cyskmaercs cuydail, KOT[a OJHO U3 JIBYX KOH-
TaKTUPYIOIIUX TeJl HelmoABHKHO (nHave cjiemoBao 6bl TOBOPUTH 06 ommo-
cumeioHblx BO3MOYKHBIX ITepeMeIeHIX ).

CnenanHass OroBOpKa ITO3BOJUT HaM YIPOCTUTH [aJjbHelle (HOpMyIHPOBKH,
ob6olisich 6e3 caoBa “oTHocHUTeIbHBIE” .

CJIeI[yeT OTMETHUTb, YTO BO3MOKHbIE€ II€epeMellleHnA MOKHO pa3/Je/iMTb Ha [JABa
KJIacca.

BosmozxHoe IepeMelreHre Or Ha3bIBaeTCs:

- HCOCBO60}KZlaIO!!II/IM, ecan OGeCKOHEUHO MaJioe [epeMeEnieHne — or
TaKXXe sIBJIAETCA BO3MOJKHDBIM,

— OCBO60}KZ!aIO!!!I/IM, ecau OECKOHEeYHO MaJioe [mepeMeEIiecHue -dr
BO3MOJKHBIM He€ ABJIACTCA.

Ha npegpiayiieM pucyHnke Mbl H300pasuiu s npuMepa | WMEHHO HEOCBOOOK-
Jlatolie BO3MOMKHBIE TIepeMelieHlsI, OTBedaiolie CKOJbKEHUIO TeJa MO TTOBEPXHOCTH.
Ho Tesio MokeT mpocTo MOKUHYTDH JaHHYIO TIOBEPXHOCTD.

OcBobGox atomire mepemeriennst B npumepe ! (oTBeuaror cxomy Teja
C TIOBEPXHOCTH):
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A BOT nepeMenieHnsda TOYKu K BHYTPb IMOBEPXHOCTU CBA3bIO 3allpelleHbI.

B coorsBercTBUT C nnoapasaejaeHneM BO3MOKHDIX HepeMeLHeHI/IfI Ha /IBa KJaccCa
CBA3U MOJKHO TaKiKe pa3/leJIMTb Ha [Ba KJacca.

CBs3p — ABYCTOPOHHAA (I/IJII/I yuepmunammaﬂ), €CJIN BCE BO3MOXK-
HbI€ IEepeEMEIICHUA HeOCB060}KI[aIO]lII/Ie.

CBsi3b — OAHOCTOpOHHsIsE (WM HeyJAepsKHBAIOas), ecju Cpeau

BO3MOJKHBIX HepeMeﬂleHI/If/’I €CTb OCBOéO)K[[aIOHH/Ie.
Taxum ob6pazom:
Cpsi3b B mpuMepe | — OJHOCTOPOHHSSI.

[Ipumep nBycTOpoHHeil cBsi3u Oy/eT NpHBe/ileH YyTb To3ke. A ceifuac chopmy-
mpyeM obliee IPaBUIO, TIO3BOJIAIONIeE CYy/UTh O HAIPaBJICHUH PeakInil CBA3M.

O6mee mpaBuyo: 15 cBsisell 6e3 TpPeHWS] PEaKNIUsl CBSI3U OpmMozo-
HAbHd HEOCBOOOKIAIOMNM BO3MOXKHBIM IlepeMelleHHsIM, a ee IIPOeKIs
Ha HalpaBJjieHHe OCBOGOXK/IAIONIETO BO3MOXKHOTO IIepeMeIeHUs] Heompuud-
meJibHda.

Tenepn Harr perent, 1Mo KOTOpoMy B TipuMepe | cBSI3b 3aMeHSIETCSI ee peaKilnei,
CTaHOBUTCS OOOCHOBaHHBIM. VIMeHHO:

B CuJjly II€pBOT'O YCJIOBUA B IIPpHMEDPE 1 Pe€aKuA CBA3KM HallpaBJI€HA
10 HOpMaJik K TIOBEPXHOCTHU, a B CUJY BTOPOTO — TIIO GHeULHell HOpMaJINn.

W3 manHOTO TMpHMEpa BU/HO, YTO M3JOXCHHOMY OOIIEMY IPABHIY MOXKHO IIPHU-
nath eiie u Takyo ¢opmy (He CTPOryio, HO YIOGHYIO [I7Isi TIPUMEHEHNS ):

PeaKHI/IH CBA3M HalIpaBJIEHa B CTODPOHY, RPOMUBONOJIO0KHYIO TOﬁ,

Ky/Za CBsA3b HE Ja€T IIepeMENlaTbCA TEJY.

Taxum 06pa30M, pearknnda BOSHUKa€T B TOM W TOJIbKO B TOM CJlyda€, KOr'/a BO3-
MOJKHO€ liepeMellieHne B COOTBETCTBYIONIEM HallpaBJICHHN 3allPpE€ll€eHO CBA3bIO.

PaccmoTpuM ente ofyH 1puMep, B KOTOPOM Mbl BCTPETUMCSL y3Ke C JIBYCTOPOHHell
CBA3bIO.

Ipumep 2 (cdepuyeckuii mapHup). PaccMoTpuM Tejio, COeIuHEH-
HOe ¢ OCHOBaHUeM cepruuecKrnM IapHUPOM.
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HOZ[ OCHOBaHIEeM B CTaTHKe IIOHUMMalOT HeIIOABUXHOe TeJO0, He BXOo/sdlllee B CO-
CTaB paCCManHBaeMOﬁ MeXaHUYeCKON CUCTEMDI.

A 49to Takoe “cdepudeckuii mapHup”?

Cdepuueckuii mapHup — BHUI COIWHEHHS, TPU KOTOPOM [IBa COUJIE-
HEHHBIX TeJsila MMeloT OOIMyI0 TOUKy, a APYTUX OrpaHWYeHWH Ha OTHOCHU-
TeJIbHOE JIBIJKeHHe TeJl He HaKJaJblBaeTCH.

B YaCTHOCTH, O/HO HU3 TeJ MOKeT CBO6OZ[HO IIOBOpaYUBaTbCA BOKPYT IIPOU3-
BOJIbHOM ocH, CBSI3aHHOI ¢ APYyTHUM TE€JIOM H HpOXOZ[H].L[Cﬁ qepes O6H.[y10 TOYKY.

B wamem npumepe o/HO M3 Tes — HENOABUIKHOE, M CJOBO “OTHOCUTe/IbHOe” B
onpejieieHu MOKHO onyctuth. OGias Touka oboux tej u oGosHaueHa GyKBoi A.

-?)I[GCI) KOHTaKT /[BYyX Te€J — TO‘{G‘leIIL/,I, " CBA3b [JOIIYyCKa€eT BpallleHu:A, TaK 4YTO
peaknua CBA3N NOJIKHa CBOJAUTHCA K OZ[HOfI cujie, HpI/IJIO}KGHHOfI B TO4YKe A 5

YcaoBue Ha Bo3MOKHOe Ilepemelienne: dr, = 0.

B camom JeJie, TOYKa A MOABUYKHOI'O TeJla HUKY/[a N3 CBOEro TEKYUIeTro I0JIOKe-
H1A CMECTHUTbCA HE MOKET.

3anucaHtoe YCJIOBHE TI03BOJIAET 6es TpyAa BbIACHUTD, K KaKOMY M3 /[IBYX KJlacC-
COB OTHOCHUTCA Z[aHHbeI BH/l CBA3U.

CB43b B mpuMepe 2 — [BYCTOPOHHIA.

JlelicTBUTEIbHO, BO3MOKHOE TI€peMelleHne 3/1ech euHcTBenHoe (paBHOe HyJIIO).
OT npunucpiBaHua 3TOMY BO3MOKHOMY IlepeMeleHUIO 3HaKa “MHHYC’ HHYero He MeHs-
eTcsl, TaK 4TO IepeMellleHne — HeoCBOOOKaatolee.

A Kak MokeT ObIThb HampaBJeHa peakims cBsa3u? OHa [0KHA OBITH OPTOTO-
HaJIbHA BEKTOPY O T, ; HO 110601 BEKTOP OPTOTOHAJEH HYJIEBOMY BEKTODY.

BoiBo: peakrust cBsisn R.A MoskeT mMerb Jo6oe HampaBjieHWe B
IIPOCTPAHCTBe.

Kaxkoe UMEHHO, MOXHO YCTaHOBUTb, JIMIIb peliad 3a/[ady O paBHOBECHMU HaIllEero
IIOABMIYKHOI'O TeJla.

I/ISOép&SI/IM 9TO TeJIO OCBO60}K[[6HHI)IM OT CBsI3ei.

OcB0O6GOXKIEHHOE OT CBSI3€H TeJIO:
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IJTO — WTOT HaNIMX IpeblAylnmXx paccMorpenuii. Ilpu pentennn npaktmyeckux
3a/1a4, Tpasaa, OOBIYHO MOCTYIIAOT WHAYe.

Paznoxxum CUJIy R Ha TPpHU COCTaBJAIOIINE, TapaJijejbHble OCAM X, U,

R =X,+Y,+Z,.
IT0 — CTaHZ[apTHbeI IIpueM, KOTOPbIM ITOJb3YIOTCA B CJHYy4YadX, KOI'/la HEU3BECT-

HO HallIpaBJICHHE MCKOMOW CHUJIBI. y[[O6CTBO €ro — B TOM, YTO HalIpaBJICHUA CHJI XA’
YA’ ZA Terepb olpe/eeHbl; HeM3BeCTHbI TOJIbKO BEJIMYMHDI 9TUX CHJI.

B manmoii cutyarmmu pHUCyHOK ¢ OCBOGOK/ICHHBIM OT CBsI3eil TeqoM OyeT BBITJIs-
JIeTb MHave.

ITosyuaem:

£,

SZ[er HCITIOJIb30BaHO coOrJiallleHne, O KOTOPOM Mbl YK€ TOBOPUJIN. I/ISO6P3}K€HI)I
Ha pUCYHKe He CaMM CWJIbl, a UX BEJWYWHbI; HaIlpaBJE€HUA K€ CUJI ITOKa3aHbl CTpeJKa-
MH.

“Bemunna” cusibl — 9T0 He 00sI3aTe/IbHO ee MOAYJib. VIMeHHO:
X4, Yy, Z4 — npoextiuu cun X4, Y, Z,4 Ha HampaByeHust, 0603Ha-
YeHHbIE CTPeJIKaMu: XA = = | X4 |, 1 T.I.

Ecim mocne peuieHra 3aja4m O paBHOBECHUUN [JaHHOIO TeJa Haﬁ[[eHHoe JJIA XA
3HaYeHMne OKayKeTca OTpHullaTe/JIbHbIM, TO 3TO O3Ha4daeT, 4YTO B Z[eﬁCTBHTeJIbHOCTI/I CHJIa
X 4 HallpaBJieHa B IHaMeTpa/IbHO IIPOTHUBOIIOJIOJKHYIO CTOPOHY .
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Bo us6exanue HeI[OpaSyMeHI/Iﬁ Halo 3aMe€THTb, 4YTO Ha IPAKTHYCCKHUX 3aHATUAX
Brbr BCTpedYaJIUCh C epauidmeslbHbiMU NTapHUPaMN. O6o3Havgaercs Bpa]l[aTeJIbeIfI rap-
HHUD TaK Ke, KaK 1’ C(l)epHHGCKHﬁ; HO 9TO — Z[perfI BH/l COYJICHEHN .

Nmenno, 1mpu aHHOM COUJIEHEHUM /IBa TeJia UMeIOT oONIyIo ochb. DBparmarebHbrii
MAPHUP [IONyCKaeT OTHOCUTEJbHOE BpallleHUe TeJl TOJbKO BOKPYI 9TOW OCH — a He BO-
KPYT TPOM3BOJBHON OCH, KaK B ciaydae cepruiaecKoro mapHupa.

B samauax no teme “Ilnockasi cucrema cus” BpaiaTeJbHBLIN IIAPHUD TIPU OCBO-
GOKIEHUY OT CBSI3M 3aMEHSIeTCS [[ByMsI B3aUMHO OPTOTOHAJIbHBIMU PEAKIIUSIMU.

BepHeMCH Ternepb K OéCY}KZ[eHI/HO AKCHOM CTaTHKI. PaCCMOTpI/IM IIOCJIETHIOIO M3
I9THX aKCHOM.

VI. AkcuoMa 0 HaJIO’KEHHH HOBBIX CBSI3€H

CocTosiHUE ROKOS MaT€pUuaJIbHOT'O TeEJia (I/IJII/I CUCTEMDbI TeJI) HEe Ha-
pymuTrcsA, ecJil HaJOKUTb HOBBIE CBA3U.

SHGCI) pedb UAET YK€ H€ O IIPOU3BOJbHOM COCTOAHUU Te€Jga, a UMEHHO O COCTOA-
HuK nokod. Hasoskenne HOBBIX CBsA3eld Ha ABHIKYyIeecda TeJIO MOKET UBMEHUTb XapakK-
TePp ABUKEHHA.

daMeuaHue. Hpe[[HOJIaI‘aeTCH, UTO TEKYIIUE IIOJIOKEHUS TOUEK TeJla
VAOBJIETBOPAT BHOBDb HaJlal'a€MbIM CBA34M.

OO6BIMHO 3TO Tpe/INoJIoKeHIe He OroBapuBaloT sSBHO, a mojpasymeBaior. Ho 6e3
Hero akcnoMma VI yske He GyzieT crpaBe/JIMBOI.

Hampumep, mycTb Ha Kese3HOOPOKHON IIaT(OpPMe yCTaHOBJEHa cKaMelika, a
Ha 9TOil ckaMeiike crouT yeMozaH. Ec/au Mbl HaJOXUM Ha 3TOT YeMOJ/laH CBA3b B BUJIE
MPUBSI3aHHON K HeMY BepeBKHU, a JIPYToll KOHell BepeBKU MPUKPENUM K JBEpPHOil pyuKe
POXO/AIIEr0 MUMO TOE3/1a, TO Yepe3 HECKOMbKO ceKyH/[ (KaK TONbKO HUTh HATSIHETCS )
4eMOJIaH MMOKOUTHCS YiKe He Oy/IeT. ..

IIpu pemeHun 3aj1a4 CTATUKU 4YacTO MCIOJIb3YETCsl CJECTBUE U3 aKCUOMbI O Ha-
JIOKEHUU HOBBIX CBsI3eil, mpeicTaBisioniee cobo0il ee YaCTHBIN Coryyvaii.

Yacrublil cayyail (npunyun omeepdesanus). CocrosiHUe MOKOsI Ma-
TepHaJbHOrO Teja (MM CHCTEMBI TeJI) He HAPYIIUTCS, €CJIU IIyTeM HaJo-
’KEHUsI HOBBIX CBsi3€il IPEBPATHUTb ero B aGCOJIIOTHO TBEPJOE TeJO.

Napivu CJIOBaMH, HOBbI€ CBA3N JOJJIKHDI ObITD TaKNUMH, 4TOOBI U3MEHEHHe pac-
CTOSTHU MeXYy JIOGBIMI TOYKAMH TeJIa CTAA0 HEBO3MOKHBIM.

[Tpunimmnom orBepeBanus yA00HO TOJb30BAaThCs B TaKoW curtyarmu. Ecuau se-
dopmupyemoe testo (mam cucreMa TBEpAbIX Tea) HAaXOAMUTCS B PABHOBECHH, TO OHO OC-
TaHeTCs B paBHOBECHU, €CJIM €r0 PacCMaTpuBaTh KakK eJIMHbIN “MOHOIUT” .

YenoBus paBHOBECHA TOJYHEHHOTO a6CcoJIIOTHO TBEP/IOTO TeJia 6YZ[yT 1eobx00u-
MbiMY YCJIOBUAMU PaBHOBECHA HNCXO/JHOTO T€Ja, HO HE JOCTAaTOYHbBIMU. OZ[HaKO n3
ITUX yCJIOBI/If/'I, BO3MOJKHO, YAaCTCA HallTM 4acTh HEeM3BEeCTHBLIX BeJTUINH (a €CJIN IIOBe-
3€T — MMEHHO T€, KOTOpbl€ U IIPEACTaBJ/JIAIOT NHTEpEC B pemaeMoﬁ saz[aqe).

Takoii npueM perienus 3aga4 cratuku Gy/er 6oJiee opoOGHO pasdobpaH Ha Tpa-
KTUYEeCKUX 3aHATHSIX.
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A ceifyac Mbl pacCMOTPUM ellle OJIMH BasKHBIN BU/I CBSI3€Hl.

10. HeHarpyxeHHble MOBOAKU

Buosp nHaunnaem c onpeaeJieHuAd.

HOBOZ!OK — ATT, uMemnmee poBHO ABa COE€AVWHEHNA C APYTrHUMU TeE-
JIaMHU. HOBOJIOK Ha3blBa€TCAd HEHAIPpVIKEHHbIM, €CJIM Ha HEro He Jj[efICTBy-
IOT aKTHBHbBIE€ CUJIDBI.

Hl!I/IMep. PaCCMOTpI/IM ABa TeJia, KaxKJ0€ M3 KOTOPbIX COE€MHEHO C

HeHarpysK€HHbIM IIOBO/JIKOM, IIpHUYEM COE€CAUHEHU aonucxamm BPAUCHUA.

.Li IIOBOJIOK

A

OO6bIuHO B KOHKPETHDBIX 3a/la4aX HEHaIrpysK€HHbI€ TMOBO/JKHU IIPE/ICTaBJIEHbI B BU-
e TOHKUX CTep}KHGIL/,I (HPHMOJII/IHGI‘/)IHI)IX nJmn I/ISOTHyTbIX), U TOra MpeAIoYnuTaoT Io-
BOPUTb O HEHAIPYIKEHHDBIX CTEP/KHAX. Bnpoqu, ITO HE O6$[321T€JII)HO, n B O6H.[€M CJIy-
qae CI)OpMa IIOBO/IKa MOJKeT ObITH HpOI/IBBOJIbHOﬁ.

MbI OrOBOPUJIM, YTO COEJAMHEHUS JIONYCKAIOT BPAIEHUsA, W B HAleM C/Iydae 9To
MMEHHO TaK: HapHCOBaHbI [Ba cPepuyecKuX IapHUpa. SHAYUT, BBOAUMbIE IIPH OCBO-
GOK/IEHUH TIOBO/IKA OT CBA3€il PeaKIMu CBOJAATCHA K [[BYM CHJIaM, IPUJIOKEHHBIM B
toukax A u B.

OCBO6OI[I/IM CUCTEMY OT cBsseii. Ilo akcuome o ABYX CuJIaX, IIpUJIO-

’KeHHble K 1MoBoaKy peakimu R,.A u Ryz.B ymoBIeTBOPSOT yCIOBUSIM:

ﬁA = _EB’ EA”ﬁ

Ilo akcroMe O melcTBUU U IIPOTUBOJAENCTBUU, Ha Jpyrue Teja JenCT-
= (1) = (2) = () o = (2) =Y
BytoT cusibl R A u R“.B, mpuuem R = -R,, R = - Ry,
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[ToguepkHeM, 4TO Mbl OrOBOPUJIM, YTO COEJMHEHUs JIONyCKaloT BpalleHus. B 3a-
Jlayax Ha IIPOCTPAHCTBEHHbIE CUCTEMbl CUJ pedyb HeT O IIPOU3BOJIBHBIX OTHOCHUTEJIb-
HbIX BpallleHUsAX BOKPYT JIOGbIX OcCeil, TPOXOAIINX Uepe3 TOUKy A Wi yepe3 TOUKY
B. Cdepudeckue mapHUpbl [OMYCKAIOT TaKue BPaIeHUs.

B 3a/la4ax Ha IJIOCKHE CHUCTEMbl CWJI p€4db H/AET TOJIbKO O BpallleHUAX BOKPYT
Oceﬁ, OPTOIrOHAJIbHBIX IIJIOCKOCTHU CHJI. B sTom cJydya€ MOKHO CHUTaTb, YTO IIapHHUPbI
B TO4YKaXx A unb - BpalllaTe€/JIbHbIE.

Taxum O6paBOM, HallpaBJ/ICHUA BCE€X Y€TbIpEX CUJ OJHO3HAYHO OIIpE€/J€/ICHDI.
Ucnonb3oBaHHble Ha HaIIUX PUCYHKax 0603HauYeHN BIIOJIHE KOPPEKTHDI. OZ[*
HaKO IIpU pelieHnn KOHKPETHbIX 3a/la4, KaK YyiKe TOBOPUJIOCH, JIy4Yllle 00603HaYaTh Ha

PUCYHKaX He€ CaMH CHJIbl, a UX BE€JUYNHDbI (T.e. IIpOEKIIMKN Ha HallpaBJICHHUI, 0603Ha-
YeHHbIE CTPCJIKaMI/I).

A BeJIMYWHBI BCexX HETDbIPEX CUJ Yy HaC celigac O/IMHAKOBbI. OHI1 — TaKHe XKe, KakK
Y CuJIbl RA . Urtob6nI y4ecTb 9TO, Jgydlle u 00603HaYaTh UX OIUHaKOBO.

B unbix o6o3HaueHUAX:

B [[€I>JICTBI/IT6JIbHOCTI/I HCIIOJb3YyEMbIC 00603HaYeHUS MOKHO ele 6o.IbIIe VIIpO-
CTHUTD. Be/:[b MbI TOJIBKO YTO pa3 MU HaBCe€l/la PEUIWJIN 3a/la4y O PaBHOBECHH HEHaIpPy-
JKEHHOI'O IIOBO/IKAa: [[efICTBYIOlL[I/Ie Ha HEro peakuyun [A0JI;KHbI ObITH HallpaBJieHbl UMEHHO
TaK, KaK Ha BEPXHEM PUCYHKE.

HpI/I penieHnn 3aja4 O paBHOBECHUU CHUCTEM TeJI, BRJIIOYAOINWX HEHarpyyKeHHbIe
ITOBO/IKM, MbI Tellepb BCeEr/la MOKEM ITOJIb30BaTbCA IMOJIYYEHHDIM PeE3YyJ/IbTaTOM. Wrak:

HpI/I OCBOéO}KI[eHI/II/I CUCTeMbl TeJl OT CBs3el HEHarpysKeHHbI€ TIOBO/I-
K1 cJjeayeT paccMaTpuBaTb HE KaK CaMOCTOATEJbHbIE TeJja, a JIKWIIb KakK
B/ COYJICHEHUA.
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MuapiMn CJIOBaMMH, HeHaI‘py}KeHHbIﬁ ITIOBO/IOK pacCMaTpUBa€TCA KaK ITPOMEKYTOY-
HbIN 9JIEMEHT, C IMOMOIIbIO KOTOPOIr'O OCYIIECTBJAECTCA COeJUHEHNE MEK/1Yy APYTUMU Te-
JaMH1 CHUCTEMDI.

HOSTOMy 6y,7:[eT COBEpPHICEHHO UW3JIUITHWUM PHUCOBATHb OTAEJIbHO HeHaI‘py)KeHHbIﬁ
IIOBO/IOK C ﬂeﬁCTBYDH[HMH Ha HETO CHJIaMW W BbBIIIACDHIBATb [JIA HETO YPaBHEHUA paB-
HoBecus. OH IIpOCTO OT6paCbIBa€TCH, Kak u Jiroboe Apyroe coeiuHeHue, a €ro ﬂeﬁCT-
BH€ Ha coeIluHA€EMblIe Te/Jla 3aMEHACTCA PEaKHUAMU.

O6paruTe BHUMaHWe: TOBOJIOK OTOPACHIBAETCS @Mecne ¢ COeMHEHUsMHU Ha €ro
KoHIax. B namem mpuMepe 6bLio 661 Tpy6oil ommmOKoil, ecan 6bl 1 Teda | B TOUKe
A 6ol Gbl HAPUCOBAHBI €llle U PeAKIH [TapHUpPA.

CraskeM HeCKOJbKO CJOB elle O BO3MOJKHbBIX TlepeMelleHNuAX B TaHHOM IIpUMepe.

Tak Kak MOBOJIOK sBJseTcsl ab6cosoTHO TBepabiM, To | AB| = const.
Cunrasi Tes0 1 HEMOABIKHBIM, moayuaeM: 8r, = 0, 8ry; L AB.

5T,

5T,

5T,

JlelicTBUTeIBHO, TIPH 3aKperieHuH Touku A Touka B Moker mnepeMeniatbest
JIUIIb TI0 TIOBepXHOCTH cepbl, paauyc Kotopoii pasen paccrosuuio |AB|. Bee napu-
COBaHHbBIE 3/IcCh BO3MOKHbBIE TlepeMellleHIsT HallpaBJIeHbl 110 KacaTeJbHOI K aToll cdepe.

Bce Bo3MoskHBIE nepeMeneHnd — HeOCB060>KI_[aIOH_[I/Ie = CBd3b —
ABYCTOPOHHA.

Takum 06pa3oM, B [EHCTBUTENBHOCTH peakiins B TOUYKe B MoskeT GbITh Harpas-
JeHa M K Touke A, u or Hee.

Bosmoskubie cayyau (pu Ry > 0):

R, A B R,

S (cixatue)

ARARAB

B nepBoM ciuydae peakiuu cBssell CTpeMATCA PacTAHYTb ITOBO/JOK BJ/IOJb IIPSIMON
AB, a Bo BropoM — cxarh (COOTBETCTBEHHO, BO BTOPOM CJIydae M3MEHSTCS Ha TPOTH-
BOIOJIOJKHBIE W HANPaBJIeHUs CUJI, JedcTByonmxX Ha Teqa 1 u 2). Pasymeercs, cam
MOBOJIOK, GYIy4H aGCOTIOTHO TBEP/bIM, He OyeT HU PACTATUBATLCS, HU CKUMATHCS.
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BHPO‘IGM, IIp1 pelleHUN KOHKPETHBIX 3a/la4 HE CJACAYET pacCMaTpHUBaTb 06a CJIy-
dasd IO OTAEJbHOCTHU: JOCTATOYHO OIPaHMUYUTHCA IIEPBLIM CJIyYacM, KaK Mbl M /[i€JIlaJin
PaHbIIIEC. Ecaun sHauenne R 4 B IIponecce peluieHusd 3ajjaduy HOJAyIuTCA OTPpUIaTE/IbHbIM,
TO 9TO 1N 6y[[€T O3Ha4aTb, 4YTO B HeﬁCTBHTeﬂbHOCTH ITIOBO/IOK CJKaT.

PaCCMOTpI/IM KOPOTKO €ll¢e OJMH BU/ COYJIECHEHH:d, BO MHOI'OM CXO[[HbeI C coen-
HEHUEM TeJl Yepe3 HEHarpysKe€HHbIE€ TOBO/IKH.

PaccMoTpuM /Ba Tesa, COeAMHEHHBIX THOKON HEPACTSKUMON HuUmMuio,
KOTOpasl Ipe/loJiaraercss HaTSHYTOM.

e SN U
A

Poab HuTH peasbHO MOTYT WIpaTh TakKe BepeBKa, IIHYP, KaHaT, TPOC, Iellb.
[Ipeamonoxenye o TOM, UTO HUTD SIBJASIETCST THOKOI M HEPaCTSDKUMOI, OOBIYHO HE OTO-
BapuBaloOT SIBHO, a TO/[Pa3yMeBaloT.

HpI/IMeHI/IM K Y4YaCTKy HHTH, Ha KOTOprfI He ,Z[efICTByIOT AKTHUBHDbIE
CUJIbl, TIPUHIUII OTBEPAEBaHUA, TOI'Ja OH IIPEBPATUTCA B HeHaI‘pymeHHbeI
IIOBO/OK.

A Kakue peakIMu JeHCTBYIOT Ha HEHATPY>KCHHbBIH ITOBOJOK, Mbl YK€ 3HaeM.
Nrak:

4

TA ,’ 2
T,
A B
B
T,

Peakiua HutH o6GosHadaerca Oyksoit T (or statmHckoro ciosa tensio ‘Hamps-
JKeHne, HaTsykenne ) M HasblBaeTcsl namsienuenm wmtn. Cuia, JeficTByolas Ha He-
HOBIKHOE TeJlo, 37leCh He IIOKa3aHa.
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Mar BUAWM, YTO peakKlud HUTH BCerla HallpaBJ/JieHa B/0JIb Hee; TOYHO TaK JKe
HallpaBJI€eHa W pe€aKIna HPHMOJII/IHGP,IHOI‘O HeHarpyKeHHOT'O ITOBO/[Ka.

OZ[HaKO OJTHO OTJHYNE HUTU OT HEHAIPYIKEHHOI'O IMOBO/IKa BCE K€ NMeeTCHd.
CBsi3b uepe3 HUTb — OJHOCTOPOHHSS: 14 = 0.

ﬂef[CTBI/ITeJIbHO, IIpu TIOIIbITKE CyKaTb HUTHb OHa IlepecTaeT ObITD HaTHHyTOﬁ u
IIpOCTO IIPOBUCAET. HpI/I 9TOM OHa 6OJIbH_Ie HE 6yz[€T OrpaHU4YMBaThb /IBUJKEHUE CO€/[U-
HAEeMbIX TeJI, N €€ peaKlnid 6yz[€T PaBHa HYJIIO.

WNrak, Mbl MO3HAKOMUJIMCH C aKCHOMaMHM CTATUKH M IIPOCTEHIINMHU IIpUMepaMu
ceaseii. llepeiinem Temnepb K ouepenHOll TeMme.

§ 2. Mpueedenue cucmem cun K npocmeltiwiemy eudy
Peup HOﬁI[CT O KOHCTPYKTHBHDBIX croco6ax 3aMeHbl CHCTEMBbI CuJI, IPHUJIOKECHHDIX
K a6COJIIOTHO TBEp/IOMY Teay, Ha dKBUBaJICHTHYIO eit CUCTEMy, HO 60.7166 ITPOCTYIO.

Kaxkne crmoco6nt Hp606paSOBaHI/IH CUCTEM CHJI, COXpaHJglolMe S3KBUBaJE€HTHOCTD,
MbI YiKe 3HaeM? Te, KOTOpbI€ YIIOMUHAIOTCA B aKCUOMaX CTAaTHUKH. Taxne Hp606p330-
BaHUWA HA3bIBAIOTCA IACMEHMAPHOIMU ONePAUUAMY HA[l CHCTEMaMU CHJI.

1. OnemMeHTapHbIe onepauuu

daementapHasa omepanusi I tuma — 3amena (mo akcuome I) aBYX
CHJI, BXOJAIIUX B CHUCTeMY U IIPUJIOXKEHHBIX K OJHOM TOYKe, UX CYMMOU
(I/IJII/I pa3JjioyKeHune O,Z[I—IOﬁ 13 CUJI Ha [ABE COCTaBJIHIOHlI/Ie).

Takasg onepanus paspelleHa akcHoMoil mapaaentorpamma cui (akcuoma 1 B Ha-
eM M3JI0KEHNN ).

Paccmorpum, Hanpumep, pasJioskeHne CHJIbl Ha cocTaB/sgomue. Vmeem:
= — =] =/ =
{F, A, ,F, A, ..} » {F.A F'A F,A,, ..},
p— e j—
ecu F +F = F,.
Bormpoc: kak maMeHsITCS OCHOBHbBIE XapaKTEPUCTUKU CHCTEMbI CHJI TIPH TlepeXo/le
OT CTapoil cUCTeMbl K HOBOW ?

R =F+F+.. =F+F +F+..

F +F
CyMMa, CTOAIasd cnpaBa, eCTb FJIaBHbel BeI{TOp HOBOI71 CUCTeMDbI CHUJI. MbI BHU-
UM, 4YTO OH paBeH I‘JIaBHOMy BeKTOpy CTapOfI CUCTeMDbI CHUJI.

HepeXOZ[I/IM K TJIaBHOMY MOMEHTY CHCTEMbI CHJI. Benmomuum IIpH 9TOM OJ/ITHO H3
CBOIICTB MOMEHTa CHJIBI.

JI1s cuJ1, IPUJIOKEHHBIX B OJHOI TOUKe,
MB(F') + MB(FH) = MB(Fl),

IIOSTOMY
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M, (F) + M, (F,) + .. -
1\_/[B(F') + l\_/IB(F") + 1\_/[B(F2) +

CyMMa, CTOAIaA CIipaBa, €CTb TJIaBHBIL MOMEHT HOBOW CHCTEMBI CHJI.

=
o]
[

PaCCMOTpI/IM ene nu TJTaBHBIN BUpHaJl CUCTEMbBI CHJI.

Uy = Vo(F) + V,(F) + ... =

g § gl 4 4
Vo (F )+ V,(F )
! e 4 4 p—
= VB(F )+ VB(F )+ VB(F2)+
SI[CCI) MbI BOCIIOJIb3OBa/JIUCb O/IHUM W3 CBOJCTB BUpHaJjJa CHUJbIL, IO KOTOPOMy

BUpHaJ CYMMbI /IBYX CHJI, IIPUJIOKCHHbBIX B 00101l TOYKE, paB€H CyMM€ NX BUPHAJIOB.
Taxoe cBOWCTBO MbI PaHbllie He [OKa3blBaJIN; C/e/laeM 3TO ceityac.

B camom JeJsie, OJId CHJI, HpI/IJIO)KeHHbIX B OI[HOﬁ TOUYKeE.
VB(F,) + VB(F") = (FBA]’F’) + (FBAlyfu) =
- (fBAl,F+F ) = V,(F)).

| S —

F1
BriBoa: omepamuu [ Thna He M3MEHSIOT TJIaBHBIM BEKTOpP, IJIaBHBIU
MOMEHT U TJIaBHbIN BHUPHAJ CUCTEMBI CHJI.

3anuiiemM TEINEPb APYroe€ OIpee/IEHNE.

AaementapHas onepanus Il tTuna — go6aBieHue uian or6pacbiBaHNe
(o axcwomam II, ITI) aByxX cuu ¢ obrueil JuHUEH AeHCTBHs, PaBHBIX IO
MOJIYJII0 U TIPOTHBOIIOJIOKHBIX TI0 HalpasJjeHuto (MM MepeHoc OJHON 3
CHJI CHICTEMBI BJIOJIb JINHUU ee [eHCTBUS).

Mu1 BUeJan, YTO aKCMOMa O HYJ/Ib-CHUCTeM€ H aKCHMOMa O /[BYX CHJIaX [JOIIyCKaloT
TaKyl OIllepaluio. Cpa3y I1ocJjie (I)OPMYJII/IPOBKI/I JaHHbIX aKCHOM ObLIO JOKa3aHO U
CJe/ICTBUE, 110 KOTOPOMY /[IOIIYCKa€TCA IepeHOoC CUJibl B/IOJb €€ JIMHUN [[efICTBI/IH.

PaccmotpumM, nanpumep, oréGpacbiBaHue /IBYX CHJI, 0Opa3yioONUX HYJIb-CHCTEMY.
{F,.A,,F,.A, F;.A;, ...} o {F;.A4;, ...},

ecru F, = -F,, F,| T4, -

Kaxk BeAyT cebs IIpH 3TOM OCHOBHbBIE€ XapPDAKTEPUCTHKH CHUCTEMbI cui?

R = F +F,+F+.. = F,+..;

——

_fz

L, = M (F)+ M (F) + My(F,) + ... =
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= | e, Fi 1+ [Fg,  Fo]1 + My(F)) + .. =

|

Ypat ¥aa

= | Fps , Fi+F] + [F o B + My(F) + .. =

0, u60 F,=-F, O, u6o F, | T4a

My (F;) +
BriBoa: omeparum 11 Tuna He M3MEHSAIOT TJIaBHBIM BEKTOD U TJIABHBIU

MOMEHT CHUCTEMbI CIJI, TJIaBHBIN BUpHaJl MOJKET U3MEHUTDHCA.

HOCJIGZ[HCC YTBepK/eHrne BIIOJIHE OY€BU/IHO, €CJIM pacCMaTpuBaTb TaKylO oOllepa-
MU0, KaK IepeHoC CUJibl BIOJIb JUHUN €€ Z[efICTBI/IH. Be[[b BUpHaJ, KaK Mbl 3HaeM, KaK
Pa3 U XapaKTepU3yeT IOJOKeHNne TOYKH IPUJJIOKEHUA CUJIbl Ha JIMHUN HeﬁCTBHH.

Taxkum 06pa30M, B Teopun 3KBHUBaJE€HTHDbIX Hp606paSOBaHI/Iﬁ CHUCTEMbI CHJI OC-
HOBHYIO POJIb UT'PpalOT MMEHHO TJIABHBIH BEKTOD K TJIaBHBI MOMEHT CHUCTEMbI CHJI, KO-
TOpbIE COXPAaHAKOTCA IIPU 3JIEMEHTAPHDIX Oll€palluiax.

IlonsaTue ke ryIaBHOTO BUpHaJa TIPpUMEHAOT B T€X 3a/la4aX, B KOTOPbIX HH(pOp-
Mallida O TOYKaX IPUJIOKEHNA CHJI ABJAECTCA CyHlCCTBCHHOfI.

PaccMoTpuM Terepb OfIMH M3 CITOCOOOB 3aMEeHbI CHCTEMbI CHJI Ha DKBUBAJTEHTHYIO
eif, HO GoJiee TIPOCTYIO CUCTEMY.

2. lNpuBeaeHune cuCTeMbl CUM K ABYM cunam

TeopeMa. JIIO6yIO CUCTEMY CHJI TIpU IIOMOIIU 3JIEMEHTAPHDBIX OIll€pa-
HI/Iﬁ MOJKHO IIPpUBECTHU K AByM CuJjlaM, OJAHa U3 KOTOpPbIX IIPUJIOJKE€Ha B Ha-
rnepen SaI[aHHOfI TOYKeE.

1°. Ecuu 3amannast Touka O He SIBJSIETCS TOUKOHN MPUJIOKEHUS
OJIHOM M3 cuJ cucTeMbl, go6aBuM K cucreme cuay F.O, F = 0.

Vike oTMeqasIoch, YTO CHJIY, BEKTOP KOTOPOIl paBeH HYJIIO, MOXHO /100aB-
JSTh W OTOpachiBaThb, He MeHssl COCTOSHMS Tena. Takoe mobaBiieHue TIpej-
cTaBJsieT coboil aneMenTaphyio onepanuio 11 tumna.

Cuubl, BXO/IAINE B CUCTEMY, MOKHO HYMepoBaTh B Jo6oM Topsijike. Ham
GyeT yo0HO CYUTATh CUJIY, TIPUJIOKEHHYI0 K Touke O, 1epBoil U3 CUJI CHC-
TEMBbI.

Urax:
Nmeem cuctemy { F,.0, F,.A,, ..., F,.A,}.

Tenepb paccyskaeM Tak.
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2°. Ecau n =2, Tteopema y:Ke JOKasaHa.
Ecau n =1, mocrarouno mo6aButh rae-inbo HYJIEBYIO CHUIY.
Cayuaii 1 =0 MBI MCKTIOUMIN YK€ B TyHKTe 1°.

[layee cunraem, uro n = 3.

3°. Bsexem oGosnauenus: F, .A, , = P.A, F,.A, = Q.B.

Taxum o6pa30M, MBI ceilyac uHTepecyeMcda TOJbKO HepBOfI n IByMA I10-
cJeHUMINI M3 CUJI CUCTEMDI. Yrobbl He OépeMeHHTb cebs WHAEKCaMHW, MbI YII-
pPoCcTUIN 0603HauYeHUI U CaMIX CWJI, M TOYEK HUX IPUJIOKEHHI.

[IpoBeseM IJIOCKOCTU depes:

~PuoO:;

- QuO.

Ha sunuu [ mepeceuenus: mockocteii BosbMeM Touky C, ot-
mmunyio ot O,

MDakTHyecKn MBbI IIpoBeJIN IIJIOCKOCTb 4Ye€pe3 HadaJJO M KOHEI[ BEKTOpa ﬁ u
gepe3 TOUYKY O, T.€. Yepe3 TpHu TOYKH. Ecan Bce TpHU TOYKH pPa3/IM4YHbI, TO

IIJTOCKOCTD olipe/ie/ieHa O/JHO3HAYHO; €CJIM HET — BO3bMEM KaKyIO—JII/I6O (HPO—
I/ISBOJIbHyIO) N3 NMMPOXOJAIIHNX Yepe3 TPpHU TOYKH ILIOCKOCTEN.

Bce ckazanHoe oTHOCUTCS U KO BTOpOfI IIJIOCKOCTMH. [[Be 9TU IIJIOCKOCTH
3aB€/IOMO IIepeCceKaloTCda, TaK KaK HMEIOT O6H_[yIO TOYKY 0. Ecim xe onm
COBITa/1al0OT, TO 3a JIMHHIO [ MOHO B34Tb JIIO6yIO M3 IIPAMDbIX, JEKallluX B
[[aHHOfI IIJTOCKOCTHU U ITPOXOAAIINX HYepe3 TOUKY 0.

O

B
C \
Q

4°. Tlposemem nipsimbie AO, BO, AC, BC u pasnoxum:
i — F'+FH’ 6 — 6'+67'.
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Taxum 06pa30M, MbI IIPUMEHNJIN DJIEMEHTAPHYIO Ollepallliio I Tnma n mupei-
CTaBUJ/IN KaX[YIO U3 CHUJT Pu Q B BHJ€ CYMMDI /IBYX COCTaBJ/IAIONINX.

! - ! o o
5°. Ilepenecem P u Q Bmosb munuit fefictBus B O U CJI0KUM

c Fy: —,

=l -~ I

[Tepenecem P u Q
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31:[er Mbl HCIIOJIb30Ba/IM CHadaJla JJIEMEHTapHbI€ Ollepallin IT tnma (He-
PEHOC CUJIbl BAOJIb JIMHHUHA HeﬁCTBHH), a IIOTOM — oll€paluu I tuna (CJIO}KC-
HHUE CUJI 110 IIpaBuJIy HapaﬂﬂeﬂorpaMMa).

B pesyibrate cucrema uz tpex cuan F;, P u Q mpeobpasoBana B cucremy
p— 4
uz geyx cui F u F .

Yro ke MBI ceilyac mMeeM ?

6°. McxomHast cucreMa 3aMeHeHAa 5KBUBAJIEHTHOW CUCTEMON U3
n-1cumr: {F.O, F,.A,, ..., F,,.A,,, F.C}.

NupiMu CJOBaMH, YUCJO CUJI YMEHDIIWJIOCH Ha €JUHUILY.

Ecniu n = 3, teopema JoKa3aHa.

Ecmu n >3, samensiem 7 Ha 11— 1 u Bo3Bpamaemcst K 1m.6°,

HCHO, To JIA 06010 HUCXO/HOTO 3HaueHWd /I Mbl 3a KOHEYHOE YHUCJI0
lmaroB ¢BeAeM CUCTEMY K JIBYM CHJIaM, Ha €M aJTOPUTM W 3aBEPHINTCA.

B urore nomyunm:
{F,,..,F,} » {F.0,G.D}.

Ecsm 6b1 ncxomnoe 9uCIO CUII PaBHAIOCH TpeM, To poJb cuibl F urpasna
j— = =
6b1 custa F ) poab cuibt G — cuta F o u posb toukn D — touka C. BooGiie
’Ke Ha KaXKOM Iare aJTOPUTMa CHJIBI MEHSIIOTCS; HO BCeTJa TOYKOW IPUJIO-
JKeHust TepBoii u3 cua 6yaer touka O.

[[OKaSaHHaH TEOPpEMa HNMEET 60JIplIIOE 3HAYEHHE. Tenepb MbI, B 9YaCTHOCTH, YM€-
€M pellaTb JIIO6yIO 3a/la1y O paBHOBeECHUUN TBEPAOIO TeJla 110/ L[efICTBI/IeM SaZ[aHHOﬁ CHIC-
TEeMbI CIJI.

B camomMm aejae, JOCTaTOYHO Hpeo6pa30]3aTb 9Ty CUCTEMY K /[IBYM CW/IaM, a 3aTeM
IMPUMEHUTDb aKCHMOMY O /IBYX CHJIaX: €CJIh /IB€ 3T CUJIbl paBHbI TIO0 MO/YJIO, ITPOTHBO-
IIOJIOKHDBI IO HallpaBJEHHUIO W JeyKaT Ha OZ[HOﬁ HPHMOIL/,I, TO paBHOBECHE 6YI[6T HNMETDb
MeCTO, a MHade — HeT.

Eme OJHO 3aMedYaHHue, OTHocAlleecA K Z[aHHOfI TeopeMe:

Teopema npunaaiesxur Jiaepy (1765 1.).

Jleonapa diinep (1707 —1783) — mBelapcKuii MaTeMaTUK W MeXa-

HUK.

“IlIBeittapckuii” 37ech o3HavYaeT TOJbKO MpoucxXoxkaeHue. 20-JeTHUM MOJIOIBIM
y4eHbIM OH Tipuexas B lleTepOypr, u BCIO OCTaBIIVIOCS JKU3HD (C HEKOTOPBIM MEPEPHIBOM)
pa6orasn B Poccun u I'epmanim.

Bue Bcsakoro comHeHus, 3To — yyeHblil HOMep O/IMH W B MareMaTHKe, U B MeXa-
Huke. OH ABHJICA OCHOBOIOJIOKHMKOM MHOTMX Pas/le/IoB 9TUX HAYK; CIIMCOK HayYHbBIX
TPYAOB JilJepa COMEPKUT OKOJIO 850 Ha3BaHMIi.
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B Mmexanuxke 3171.116[) 3aJIOKIJI OCHOBbI JMHaMHKHN a6CoOIIOTHO TBEPJOIro TeJia.
CDyHZ[aMeHTaJII)HbIM ObLI U BKJIa/l Bﬁﬂepa B CTaTUKY M KHMHEMaTHKY; O €ro pe3yJbTa-
TaX MbI 6yJ:[eM TOBOPpUTDH €llle He pas.

Nsnoxennoe 3/1eCb [I0Ka3aTeJIbCTBO TeOPpeMbl O IIpUBeJE€HNN K ABYM CHJIaM [a€eT
KOHCprKTHBHbeI AJTOPUTM TaKOro Hp606paSOBaHI/IH. OI[HaKO B 06]]_[€M CJaydae [TaHHasd
Inponeaypa oKasbIBaeTCA I‘pOMOSZ[KOfI, TaK 4TO 3a/jfayda Hp606paSOBaHI/IH CHCTeMbI CHJI K
HpOCTCfIIHCMy BUY HYX/IaeTCA B [[aJIbHefIH.[eM Hccae10Bannm.

3. Mapa cun

Peub B sTOM IyHKTe T0Oii/leT O cucTeMe U3 ABYX cujl. OJHAKO He BCAKas CHCTe-
Ma U3 JBYX CUJI oOpasyeTr mapy.

Hapa CHJd — CHCTEMa ABYX CHUJI, pPaBHDBIX IIO MOJAYJIIO W IIPOTHUBOIIO-
JIOJKHO HaIlpaBJIEHHDbIX,

s olpegeseHnudA BbITEKaeT, 4TO JIMHHN Z[eﬁ(]TBHH CInJI, 06p33yIOH_[I/IX Imapy, 065~
3aTeJIbHO ITapaJije/JIbHbI. qepes JBe IlapaJljae/JbHble IIpAMbIE BCerjJa MOKHO IIPOBECTH
IIJIOCKOCTD.

IL1ockocTh napbl CHJ — IIJIOCKOCTb, IIPOXOJAIlad UYepe3 JIMHUKU HUX

JIefiCTBUS,

EcrecTBenHO 3a/1aTh cpasy ke Takoii BOIPOC: MOKeT JIHM mapa cuJ ObITh SKBUBA-
JICHTHA HYJII0?

[lo akcuome o ABYX cHJyaX, Iapa CHJ KBUBaJICHTHa HYJIO0 < ee
CUJIBI JiesKaT Ha OJHOW TPSIMOMU.

B Taxoii CUTyalluu, pasyMeeTcda, ITJIOCKOCTb ITapbl CHJI OIpeleJadeTcsa HEOIHO-
3HauHo. B gacTHOM CJy4dae, KOr/la BEKTOPbI CHJI IIapbl paBHbI HYJ/IIO, TaKiXe€ MOKHO
CUYHTaTb, YTO CHJIbI JeKaT Ha OZ[HOI7[ HpHMOfI.
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Ecmm sxe muHMM feficTBUS CUJT TTapbl He COBIIA/IAIOT, TO Tapa CHJI HYJIO He 9KBH-
BasieHTHa. Takum o6pasoM, 3TO — MPOCTENINii TIpUMep TAKOI CUCTEMbI CHJI, KOTOPYIO
HeJIb3sT 3aMEHUTDb OTHOW CUJION, T.e. KOTopas He CBOAWTCS K PaBHO/ICHCTBYIONICH.

PaCCMOTpI/IM TJIaBHBII BEKTOp " IJIaBHBIIT MOMEHT Imapbl CHJI.

R = F,+F, = -F,+F, = 0.

=
o
I
Z|
]

W)+ My(Fy) = |7y, K, ] + [Ty, Fg] =

— —

_FB FOA"" F05
= - [FOA,FB] + [Fo,zpFB] + [FAB,FB] = MA(FB)

0

BbIBO,Z[: rJIaBHBIH BEKTOpP IIapbl CHUJI paBE€H HYJIIO, a IJIaBHBIII MOMEHT

Imapbl CUJI HE 3aBHUCUT OT Bb160pa II0JIIOCAa.

[lelicTBUTE/IBHO, TIOC/€EHEEe BbIpaskeHHe He 3aBHCHT OT TOrO, T/l MMEHHO B3AT
noJsioc O

HOSTOMy BBOAUTCA TaKasd TEPpMHWHOJIOIUA.

MoMeHT napbl CUI — c6000JHbLL BEKTOP, PaBHBIM BEKTOPHOMY ITIPO-

HU3BE€ACHUIO pPaJyC-BEKTOpa TOYKHU IIPUJIOKEHUA OI[HOfI u3 CHUJI Ilapbl, B3i-
TOT'O OTHOCHUTEJIBHO I[pyl"OfI TOYKHU IIPpUJIOKEHUA, Ha 3Ty CUJY.

M = M(F, F,) = [¥,, F;] = [¥,, F,].
B TrocJjae/iHeM BbIpasK€HUN 06a COMHOJKHUTEJIAA BEKTOPHOI'O IIpoOu3BEA€HUA HU3MeE-

HWJIW 3HaK, TaK 49TO pe3yJibTaT HE M3MCHUJICA.

MBI TOJBKO YTO Buae/Mm, 4TO TJIaBHBIH MOMEHT ITapbl CUJI OTHOCHUTEJIbHO Jmo60oro
MnoJiroCa O/IMH N TOT XK€ W paBeH MOMEHTY Ilapbl.

Oco6eHHO JIErKO BBIYUCJISETCS MO/lyJIb MOMEHTa Iapbl CUJI. B camom JeJsie, BBe-
JIeM TaKoe ollpeejieHne:

Ilredo mapbl cuji — paccTosHUE MeXKAY JUHUSIMHU AeHCTBUS CUJ Tia-
PBI.
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Paccrosgnue MeXAYy IapaJl/ieJIbHbIMU MIPAMbIMU paBHO [JJWHE 06mero rnepnexd/n-
KyJ/iiipa K 3TUM IIPAMbBIM. Ha PUCYHKE 3a OCHOBaHHE€ TIEPIICHAWKYJAPa B3ATa TOYKa
IIPHUJIOKEHNA CHJIbI FA 5

Tenepb BbIMHCJ/IECHNE MO/YJIA MOMEHTa Iapbl CUJI CTAHOBUTCA TPUBUAJIbHBIM.
M| = [M,(F,)| = Fy-h = F,-h.

Caencreue. Ilapa cus skBuBaseHTHa HyJiIO <& h =0 < M = 0.

Ecmm sxe MomeHT IIapbl CUJI OTJIMYEH OT HYJA, TO 3Ta Iapa CHUJI HYJIO HE 3KBU-

BaJIEHTHa.

HeprZ[HO BbIYHUCJIUTH W HallpaBJe€HH€e MOMEHTa IIapbl CUJI, IIOCKOJIbKY 3TOT MO-
MEHT paB€H MOMCHTY CH.JIbL FB OTHOCUTEJIbHO TOYKH A (a HallpaBJIECHNE MOMEHTa CUJIbI
MbI OlIPEAECIATD YMCCM). B pe3yJabTare I1oJydYaeM TaKoe YTBEpKIeHue:

MomeHT INIapbl OpPTOTOHAaJIEH IIJIOCKOCTU IIapbl KW HallpaBJIEH B Ty CTO-
POHY, OTKyZa IIOBOPOT, KOTOprfI CTPEMHUTCA BbI3BaTb Ilapa, BHU/AEH IIPONC-
XOAIIrM IIPOTHB XOJa YacoBOM CTPEJIKHU.

AM

B coBpeMeHHOII reomeTpuueckoil craTuke IIOHSATHE IApbl CUJ HUIpaeT, Kak Mbl
ceiluac yBU/IUM, Ba’KHEUIIYIO POJIb.

ITonatue mapbl cus BBenl B 1803 r. Ilyanco, nokasaBmuil cJegyio-
IIYIO TEOPeEMY.
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Teopema (o mpuBemeHWU CHUCTeMbl CUJ K cuje u mape). Jlwo6yio
CHACTEMY CHJI IIpH IIOMOIIM 3JIeMEHTApHBIX OIlepalliii MOXKHO IIPUBECTH K
cuJie, IPUJIOKeHHO B Hamepesn 3amanHoil Touke O (uyenmpe npusedenus),

u K nape cuia. Ilpu aTom riaBHbIli BeKTOp R paBeH BeKkTOpy aTOfi CHJIBI, a
riaBHbIE MOMeHT L, — MOMeHTY aToil maphl.

1°. Ilo TeopeMe O TIpUBEIEHUU K JIBYM CUJIAM;
(F,, .. F,} » {F.O0,G.D):

R u L, coxpaHnsiiorcs mpu sjeMeHTapHBIX Ollepallnsx.

3Ha‘lI/IT, NOCTATOYHO /IOKa3aTb Hallly TeopeMy /[IJid CUCTEMbI N3 [IBYX CHJI.

2°. [lo6aBUM HYJIb-CUCTEMY {FZO, F' O }, BasB G = F =

!
= —F |, aszarem caoxxum F u F

P =F+F.

Monyunan: {f, E} o) { P, G, F”}; cuna P u mapa { ﬁ,é}
— HCKOMBbIE.

- e 4
[leiictButebio, cuant G u F o6pasyior mapy cu.

[Ipu atom
R =P+G+F' =P,
0
L, = M,(P)+M,(G) + M,(F") = M(G,F").
o =
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ﬂOKaSaHHyIO HaMW TeopeMy HWHOr/la Ha3bIBalOT OCHOBHOU meopeMoﬁ CmamukKu.
B camom JieJie, OHa, BO-TIEPBbIX, ITPOACHAET CMbICJI MMOHATHH TJIaBHOTO BEKTOpa W TI'J1aB-
HOT'O MOM€HTa CHUCTEMbI CHJI.

BO-BTOprX, C ee IIOMOUIbI0 MOJKHO ITOJIYYUTDH HeO6XOI[I/IMbI€ n A0CTaToYHbI€ yC-
JIOBUA paBHOBECHA abCoJIIOTHO TBEPAOro TeJjia. IJTUM MBI U 3aiiMeMcs.

4. YcnoBua paBHoBecus ATT

B cBoe Bpemsi MBI OoTMeWas H, YTO ecJaW K TMOKOSIIeMycsi abGCOMIOTHO TBEPAOMY
Tesly TPUJIOKHUTH KaKylo-JMO0 CHCTeMy CHJI, TO OHO OCTaHeTCs B PaBHOBECHH TOTAa W
TOJIbKO TOr/Ia, KOrJla 3Ta CHUCTeMa CUJI SBJSeTCS yPaBHOBEHICHHOH. 3HauuT, ceiyac
Hallla 1eJb — TOJYYUTh MPOCTbIEe YCJOBHS, TPU COOTIOEHUN KOTOPBIX CHCTEMA CHJI
6yieT ypaBHOBEIEHHOI.

Teopema. /[[ss1 Toro, uTOOGBI TTPOU3BOJIbHAS CUCTEMA CUJ ObLIa ypaB-
HOBeIIIeHHOI, HeoOXOIMMO W JOCTATOYHO, YTOObI ee TJIaBHBI BEKTOP WU
IJIaBHBIII MOMEHT OTHOCHUTEJBHO ITPOM3BOJIBHOTO TOJiioca B ObLINu paBHBI
HYJIIO:

(x) R =0, L; =20

VIOMAHYTBIH TPOM3BOJIBHBIA Ho/Moc (LEeHTp NpHBeAeHnsi) Mbl 3/eCh 0603HAUN-
mi GykBoit B, 9TOGbI TIOAYEPKHYTH, YTO OH MPOU3BOJIEH U He 00si3aH COBIA/IATh ¢ Ha-
YaJIOM HENOJABUKHOW CHCTEMbI KOOP/IMHAT.

1°. Heob6xoamMoCTh.

Ham HaJo IIOKa3aTb, 4YTO AJA ypaBHOBemeHHOﬁ CHCTEMbI CHJI BC€r/a BbI-
IOJIHAIOTCA BEKTOpPHbBIE paBE€HCTBa (*)

HaHOMHIO, YTO PO YpPaBHOBEHIEHHYIO CUCTEMY CHUJI TOBOPAT, YTO OHa 3K-
BUBaJIECHTHa HYJIIO.

Umeem: {F,, ..., F,} o 0.
ITo TeopeMe o IpHUBeIeHNU K JBYM CHJIaM:
{F,,...,F,} «» {F.B,G.D}.

Hcnonb3yembie 1pu TakoM TPUBE/IEHUM 3JieMEeHTapHble ollepallii He Me-
HSIIOT COCTOSTHUSI TeJia, TaK YTO HOBas cucTeMa CUJ Toxe OyjieT ypaBHOBEIIeH-
HOI.

IIo akcuome o ABYX CHJIaX:

_ F = -G,
{F,G} » 0 =

el

| BD
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[TepBoe paBeHcTBO o3Hauaer, yT0 R = F + G = 0, a cusb
F u G o6pasyior napy. IlockosibKy OHa 9KBUBaJIeHTHA HYJIO, TO
L, = M(F,G) = 0.

I/ITaK, 06a BGKTOPHI)IX paBeHCTBa ﬂeﬁCTBHTeﬂbHO BbITTOJIHAIOTCA .
2°. JlocTaTOYHOCTD.

Vcxonum us paBeHcTB (),

Hy)KHO IIOKa3aTb, 4YTO CHUCT€Ma CW/I SKBUBaJIEHTHa HYJIO, T.€. ABJACTCA
ypaBHOBGIHGHHOfI.

HO TEOPEME O IIPpUBEACHUU K cuJjie Hape:
(F,,..,F,}) » {P.B,G.D,F'B},

rre { G, F"} — I1apa CH.

ﬂJIH HarJAAHOCTH A HMCIIOJIb30BaJl 0603HaYeHnsd U3 IOKa3aTeJ/IbCTBa YIIO-
MHHyTOﬁ TeOopEMbI.

Ho P = R = 0, u cuny P MOXHO 0T6pOCHTb.

HTaxk, {Fl, ...,Fn} w {E,F"}. [ aTON mapbl cUJI
M(G,F") = L, = 0.

Tlostomy { G, F"} o 0, Te.

{F,, ..., F,} o» 0. -

[Ipu pertennn KOHKpPETHBIX 3a/1a4 y/i00Hee MOJb30BATHCS PA3BEPHYTON 3AINCHIO
yeqosuii (), ToJyYaeMoli ¢ ydeToM oInpe/ieJieHuii TJaBHOTO BEKTOpa W TIJIaBHOTO MO-
MeHTa.

[TepernumieM (*) B BuzE:
() >F, = 0, Y M, F,) = 0.
% %

JTo — BeKTopHas QopMa ypasHeHul pasHosecus TIPOU3BOIbHOH

HpOCTpaHCTBeHHOI;’I CUCTEMDI CHJI.

B cniay Z[OKaSaHHOIL/'I HaM# T€OpEMbI HX BbIIIOJHEHUNE ABJIAECTCA H€O6XO]_[I/IMI)IM n
JAOCTAaTOYHDbIM YCJOBHUEM YPaBHOBCIIEHHOCTU CHUCTEMDI CUJI. OI[HOBPCMCHHO X MOHO
paccMaTprBaTb W KaK YCJIOBUSA PaBHOBECHA TOI'O abCoOIIOTHO TBEP/Oro TeJjia, K KOTOPO-
MYy 3TN CHUJIbI IIPUJIOKEHDI.

CTpOTO roBOp4da, COOTHOHICHHA (**) MOTYT pacCMaTpuBaTbCA KaK YpaBHEHUA
JIMIIb B TeX CJAyYadX, Kor/la cpe/ln CUJ CUCTEeMbl €CTb HEN3BECTHDbIC (Z[JIH X HaXoK[1e-
HUA [TaHHDbI€ YpaBHEHUA U I/ICI'IOJIbByIOTCFI). Ecim xe Bce cmint 3a/lalbl, TO COOTHOIIE-
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Hust (¥%) TOJUKHBI OGPATHTHCS B TOXK/ECTBA; B MPOTUBHOM CJIydae HUKAKOTO PaBHOBe-
cusi He Oy[ierT.

A ceilyuac — B KaydecTBe CJIGI[CTBI/Iﬁ U3 TeoOpeMbI 06 YCJIOBUAX PaBHOBECHA abco-
JIIOTHO TBEPAOTO TeJa — Mbl HOJYUYUM ViK€ CKAAAPHbIe YPaBHEHUS DPaBHOBECUA CHUCTE-
MbI CIJI (KaK B 06H_[€M cJiydae, Tak U B HanboJiee BayKHBIX YaCTHBIX CJIy‘laHX).

HyCTb XYz — TIPOU3BOJIbHAA OE€KapTOBa CHUCTeMa KOODAWHAT.

51 He ykasas, T/ile HaAXOAUTCS HAYAIO 3TOW CHCTEMBI KOOpAMHAT (ero MOKHO IMO-
MeCTUTb M B TOUKY B, u B Kakyio-HuOyap aApyryio touky O). O9rto ceiiuac He umeer
3HAUEHWs, TIOCKOJbKY Hac OYYT MHTEpecoBaTb MPOEKIIMH BEKTOPOB HA JaHHbIE OCH, a
He KOOP/IMHATBI KaKuX-Tu00 TOUYeK, T/e BBIOOp Havassa KOOpAMHAT Obla Obl CYIecTBEH-
HBIM.

Craencteue 1. YpaBHeHUSI paBHOBecHUs IPOWU3BOJbHON ITPOCTPAHCT-
BEHHOU cUCTeMBbI CUJI B CKaJsApHO# dopme:

MBx: ZMBx(Fk) = 0,
k

MBy: ZMBy(Fk) = O,
k

MBz: ZMBz(Fk) = 0.
k

[Tonydyenbl JaHHble ypaBHEHUs TPOEKTUPOBAHNEM BEKTOPHBIX paBeHCTB (#%) Ha
KOOpIMHATHbIe OCU. /[IBa BEKTOPHBIX paBEHCTBA IIPU 3TOM 3aMEHSIOTCS UeCmblo CKa-
JISPHBIMU.

CneBa or ypaBHeHI/Iﬁ IIPpOCTaBJIEHDbI YCJIOBHbIE METKH, KOTOPbI€ HallOMUHAIOT O
CMbICJIE COOTBETCTBYIOIINUX ypaBHeHI/IfI. Peun HAET O IPOEKIUAX TJIaBHOI'O BEKTOpa
CHUCTEMbI CUJI HA OCU X, lf, 2 W O IPOEKIHUAX TJIaBHOTO MOMEHTa Ha Te Ke OCH.

Korz[a MbI 3allUCbIBa€M YpPpaBHEHUA PaBHOBeECUA B O6H_[6M BH/IE (KaK cef?mac), TO
JaHHbIe METKU ABJIAITCA U3JTNITHUMI. OZ[HaKO OHHM OKa3bIBalOTCA I10JI€e3HbIMH, €CJIH
Bce MPOEKIVHN 3aME€HHUTb MX KOHKPETHBIMHU BbIPDAKEHUAMU.

3aMeTnM elle, 4YTOo eCJIM 3a HavdaJlO KOOp/(MHaT BCe-TaKW IPUHATH ITOJIOC B, TO
CJaraemble, BXO/AlIMe B TPU IMOCJEJHUX YpaBHEHUSA, MOKHO TPaKTOBaTb WU KaK MOMEH-
Tbl CHJI OTHOCHUTEJ/JIbHO KOOP/AHNHAaTHbIX oceil.
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Ecmm paccMaTpuBaeTCA 3a/lada O paBHOBECHHN cuUcmemv. TBEP/bIX TeJ, TO YKa-
3aHHbIe IIIeCTb ypaBHeHI/Iﬁ COCTaBJIAIOTCA 14 KasKA0oro TeJia. O6H_[€e YUCJIO ypaBHEHI/Iﬁ
PaBHOBECHA 6y1:[eT B IIeCTb pa3 60JIbIlle KOJIHYECTBa Tel.

Tenepb paccMOTpUM YacCTHBII caIydaii.

HyCTb CHUCTEMa CUJI — RJAOCKdA, N IIOJIIOC B BMmecTe ¢ ocAMU X U y
JIEKUT B TOU Ke TIIJIOCKOCTU, YTO U1 CHJIBI.

[Ipu sTOM OCH Z Oy/IeT OPTOrOHAJbHA JAHHOI IMJOCKOCTH.

CaencrBue 2. ypaBHeHI/IH pPaBHOBECHA [IJIOCKOM CHUCTEeMbI CUJI:

X . ZFkX = O,
k
y: Zk:Fky = O,

MB: ZMBZ(F}C) = O
k

Nmenno ¢ stumu ypasHenusMu Bbl BeTpeTwsnch Ha I€pBOM IIPAKTUYECKOM 3a-
naruu. DykBy “2” B ycJIOBHOU MeTKe ypaBHEHHS MOMEHTOB MbI OILyCTUJIU, ITOCKOJIbKY
Mbl MeeM [IeJIO € TIPOEKIUAMI MOMEHTOB TOJIBKO Ha O/HY 9TY OCb.

B camom gene, VB F, L Bz u Mz(F,) |l Bz, tak uto ocrain-
HbI€ TPU YpaBHEHUA OépaTI/IJII/ICb B TOXIECTBa.

3Ha‘lI/IT, 9TN ypaBHEHHUA B CJay4dae ILJIOCKOH CHCTEMBI CUJI MOXKHO B006H_[6 HE y4u-
ThIBaTb.

MoMeHTBI cuI Imapa/uieJbHbl OCH 2, IIOCKOJBKY M BEKTOPbI CHJI, M paluycC-
BEKTOPblI WX TOYEK IIPUJOKEHUA, BbIYUCJ/JE€HHbIE OTHOCUTEJbHO IIOJIIOCa B, JexxaTr B
IIOCKOCTH XY/, a BEKTOPbl MOMECHTOB OPTOTrOHaJIbHbI /JaHHDBIM BEKTOPaM.

Caenyonmii 4acTHBIN C/Iydaii:

Ilycth naHa cucteMa naparrersnoix cun: Yk Fy, || Bz,

CJICZICTBI/IC 3. ypaBHeHI/IH paBHOBeCI/IH CUCTEMDbI HapaJIJIGJIbeIX CHUJI.
2 . z sz == O 5
k
MBx: Z MBx(Fk) = 0 ’
k
Mg, : > Mgy, (F,) = 0.
k

B camom gene, Yk F, || Bz u Myz(F,) L Bz.

Brosb TPHU YpaBHEHUA U3 HIECTH O6paTI/IJII/ICb B TOX/1eCTBa, U NX MOKHO B006H_[€
HE Yy4YUTbIBATD. HO, B OT/IMIMUE OT CJay4dasd TIJIOCKOU CHCTEMBI CHJjI, B TOXAeCTBa 06pa—
HMarTCcAa yKe Apyrue ypaBHEHU.

W, HakoHell, noc/ie/{HUI YacTHBIN cJy4aii:
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HyCTb CUCTEMa CUJ — C)COa}ZuL,d}ZCﬂ, n JIMHUN HeﬁCTBHH BCEX CHJI

IpPOXOIsT uepes 5.

CJICZICTBI/IC 4. ypaBHeHI/IH PaBHOBECHUA CXOﬂHUIGﬂCH CHICTEMDBI CUJI.
X . Z Fkx == O 5
k
7 Z Fky = 0 ’
k
2. Z sz = O 5
k

B camom xene, V£ Myz(F,) = 0.

ﬂeﬁCTBHTGHbHO, MOMEHT CHJIbL 06pau1aeTc51 B HYJb TOIr'/la U TOJIbKO TOr'/la, KOr/la
JIMHHWA [[6171(3TBI/I$[ IIPpOXOJAUT Y€PE3 IIOJII0C, YTO cefiyac U BbBITIOJHSIETCS.

TpI/I CKaJIAPHDIX YpaBHEHHUA PaBHOBECHA ceilyac BIIOJIHE MOKHO 3aMEHHUTH OJHUM
BEKTOPHDbIM.

YcioBue paBHOBeECHUA JIA CXO,Z[HH.[GﬁCH CHUCTEMDBI CUJI.
R = 0.
BosmMoskHbl KOM6I/IHI/IPOBaHHbIe cJIydan, Kor/la cucTeMa IapaJileJIbHbIX CHUJ WJIA
JKe Cexozdaladaca CucreMa CHUJ O/JHOBPEMEHHO OKa3bIBa€TCA W ILTOCKOIl CUCTEMOIT CHLI.

B sTux CJayqaiax OCTaloTCA dea HETPUBUAJDHDBIX YPpaBHECHUA PaBHOBECHA. Kaxue umen-
HO — BbI JleTko cMoOsKeTe YCTaHOBUTb CaMW, a Mbl Ha 3TOM 3a/Iep;KUBaTbCA HE 6yz:[eM.

,HJIH Hero HyKHbl ypaBHEHHA paBHOBeECHUA — B 06H_[6M—TO, IIOHATHO: M3 3TUX
ypaBHeHI/Iﬁ MOJKHO HallTH HeW3BEeCTHbIE CHJIbI, 06€CH6‘{I/IBaIOH_[I/Ie pPaBHOBECUE TBEP/AbIX
teq. OO6GBIYHO — HO He BCerjga — 3THUMHN HEU3BE€CTHbIMU CHJ/IaMH 6YZ[YT Pearun cBA3ell.

PaccmoTrpum nipumep.
Ilpumep. PaccMoTpuM paBHOBecue HeBecOMOH OaKM, 3aKpersieHHOMN
Ha KOHIIaX BpalllaTeJbHbIMU IIapHUPaAMH.

B() ()C

7577
-

]
‘ i

Yr

banka HarpyskeHa eaMHCTBeHHOU aKTUBHON cusioit P, mpuiokeHHOI mocepein-

HeE.

SaMeTI/IM, YTO CHUCTEeMa CUJ B 3TOM 3ajlade 6yZ[CT ILTOCKOIA. HOCKOJIbe B 3a/la4de
NMEIOTCA CBA3H, OCBO60[[I/IMCH OT HUX, BBOJS peaKINH CBsI3el.
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Xg X,
B C
J2)
CocTaBuM ypaBHEeHUs PABHOBECHS /IS IJIOCKOW CHCTEMbl CHI:
(D) x: Xz+ X, =0
(2) y: Yy +Y.-P =0
(3) Mg: Y.-20-P-1 =0
Permraem sty cucremy:
3) = Y = P/2, (2) = Y, = P/2.

A d4ro [[aJII)H_Ie? CyMMa CHJI XB " XC paBHa HYJ/IIO; 3Ha4YUT, IIPOCKIHNN NX Ha
OCbhb X paBHbBI IO MOAYJ/IIO W IIPOTUBOIIOJIOKHDI TI0 3HaAKY. Ho o TOM, Y€MY paBHbI UX
MO/AyJ/IM, Mbl HUYETO CKa3aTb HE MOKEM. 3anuiiem:

Cuspl Xz u X, IOpO3Hb HaHTH HeJb3s.

B uem 3mech npuunna? B toM, uro umc/io HensBecTHbIX (MX — uYeTbipe) GOJb-
e, 4eM 4uc/Io ypaBHeHuii (a ux — Tpu).

B rakoii cutyannyn (HepeaKo BCTpevarolleiics Ha MPaKTHKe) HCIIOIb3YIOT TaKyio
TEPMUHOJIOTHUIO.

3ajaua CTaTUKM — CTATHYECKH onpee]uMas, eCJU YHCJIO HeU3BeCT-
HBIX He TPEBOCXOAUT YUCJIa YPABHEHWUH PaBHOBECHSI.

(DOpMaJIbHO YCHOBI/IQ CTaTI/II{eCKOﬁ OolpeaeJIMMOCTH MOJKHO 3alIlucaTb TakK:

Ecin B 3amaue N Tes M M HEHW3BECTHBIX, TO B CTATHYECKH OIIpeje-
JIMIMOU 3aj/1aue:;

— m < 3N (mnockuii coyyaii);

— m < 6 N (mpocTpaHCTBEHHBIH ciyyaii).

B mpumepe: N=1, m=4; 4 >3-1 = 3agaua cratuuecku He-
oripeeuMas.

SaMeTbTe, YTO YacTh HEM3BECTHBIX MBI BCe-TaKM HAILIA. JTO — JAOCTAaTOYHO TH-
[M4YHasg curyalusd; ecJin Obl Hac HUHTEepecoBaJin TOJIbKO CHJIbI YB n YC’ TO 3a/lady BCE
PaBHO MOKHO CHUTATb pGMEHHOﬁ.

B O6HICM JKe cJiydae [IJd pelleHUudA CTaTU4YeCKHU Heollpee/IMMbIX 3a/la4 Ha/lo OT-
Ka3aTbCs OT TUIOTE3bI abCOJIIOTHO TBEPAOro TeJga W YyIUTbIBATh aegﬁozzmauuu T€JI, BbI-
3BaHHbI€ BHEIIHNUMU Halrpy3KaMH. Taxnm o6pa30M, IIOJIHOE pelIeHne HO[[O6HI)IX 3alaqd
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BO3MOJKHO, €CJIM OT MeTO/I0OB TeOPeTHYEeCKOH MeXaHWKH IepeiTH K MeTojaM MeXaHWKH
nepopMUPYyeMOro TBep/IOTO TeJa.

\Y 1 IOJIyUnJin - yCJIOBUA PaBHOBECHUA a6CcoJIIOTHO TBEPAOro TeJia. Ceﬁqac, ne-
ToJab3yA 3TN YCJIOBHUA, TTOJYYUM OélL[I/Iﬁ KpI/ITepI/IfI SKBUBAJICHTHOCTH [/IBYX CHUCTEM CHUJI.

5. Kputepumn aKBMBaNeHTHOCTU CUCTEM CUN

[Tox croBoM “KpuTepmii” TMoOHMMaeTcss HEOOXOAWMOe W [IOCTATOYHOE YCJOBHE Ye-
ro-moo.

Teopema. JlioGble [Be CHCTEMbI CHJI SKBUBAJEHTHbI <> y HHUX paB-
HbI TJIABHbIE BEKTOPbI U IJIaBHbIE MOMEHTBI (OTHOCHTEJIbHO IIPOM3BOJIBHOIO
nostioca Q).

HaunewMm ¢ HEKOTOPDIX IIpe/BapUTE/JbHbIX paCCYH{HGHHﬁ.

1°. O6o3HauMM TJIaBHBII BEKTOp U TJIABHBIII MOMEHT CHCTEMbI
{F,.A,, .., F,.A,} qepes R u L,, a cucrems: { P,.B,, ...,
= =/ =/
P,.B,} — 1epes R u L.

Tenepb pacCMOTpUM O/ITHY BCIIOMOTraT€J/JIbHYIO CUCTEMY CHJI. I/IMGHHO, 3a-
ImMaieM cJjeaymolinee yrBepsK/AeHUe:

HpI/IMeHHH 7l pa3 aKCHOMY O IBYX CHJaX, y6e>1c;:[aeMC§1, 4qTo
(*) {Fl'Al’ ...,Fn.An,_Fl.Al, ,_Fﬂ.An} w O

[Ipucrynum K 0Ka3aTeqbCTBY HEOOXOIMMOCTH M [IOCTATOYHOCTH c(HOPMY-
JINPOBaHHOTO B TeopeMe YCJIOBHA.

2°. Heo6xomamMocCTh.
IlycTp {Fl, ,Fn} w {Fl, e Fm}

Tenepb BCIIOMHUM, 4YTO [JAB€ CHCTE€Mbl CHJI Ha3bIBalOTCA SKBHUBaJEHTHbBIMH,
€CJIM OJHY N3 HUX MOKHO 3aME€HUTb ]Z[perfI, He MeHAA COCTOSAHHNA ITIOKOS MJIN
ABHUKE€HNA TBEPAOIrO TeJla.

3ameHuM B (*) COBOKYIIHOCTb CHJI {E, e Fn} Ha {Fl, e
P, }.
() (P, . P -F,. ...-F.) o 0.
I/ITaK, ChUCTeEMa CHJI (**) ABJIAETCA Hyﬂb—CI/ICTeMOﬁ, T.e. ypaBHOBeLHeHa.

BOCHOJIbSyeMCH Terepb TeOpeMOfI 006 YCJIOBUAX PpaBHOBECHUA a6GCOJIIOTHO TBEP-
0ro TeJia.

YcaoBus paBHOBECHUA OJIA CUCTEMDI (* *):
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Urak, R = R u EO=LO.

3°. JlocTaTO4YHOCTb.
I~ e 4 e b
IIycetrb R = R, L,=L,.
Buosb PaCcCMOTPUM BCIIOMOTaTE€/JbHYIO CUCTEMY CHJI (**)
3~ kK T kek
Nmeem: R =0 u L,y = 0, 7ak uro cucrema (**) — HyJb-
crucTeMa.
[To akcroMe O HYJb-cHUCTeMe, TO6ABUM CUCTEMY (x%) ® 1-#1 cuc-

TeMe:.
{F,, ..., F,} o {F,..,F,, P, .., P,,
-F,, ..., -F,} o» {P,..,P,};
3/1echb ObLia 0T6pomeHa HYyJIb-CUCTEMA (*). u

BpiBoz: T/aBHBIN BEKTOP U IJIaBHBIW MOMEHT ROJIHOCINGIO (¢ TouHO-
CTHIO [0 9KBUBAJIEHTHOCTH ) XapaKTepUus3yloT CUCTEMY CUJI.

Baskublit yacTHbBIN cIydyail OKazsaHHOW HaMU TeOPeMbl TOJIy4YaeTcs, eCJM IpuMe-
HHUTDb ee K TlapaM CHJI.

CJICZICTBI/IC. .HIO6I)I€ ABE Hapr CUJI 3KBUBAJIEHTHBI < HNX MOMEHTDBI
PaBHBI.

B camom zaeJje, cefiyac TJIaBHbBIE BEKTODPbI 3aB€/IOMO paBHbI HYJ/IIO, a MOMEHTbI
Iap CuJ — 3TO U €CTb UX TI'JlaBHbI€ MOMEHTDI (KaKOﬁ OBl IIOJIIOC MbI He BSHJII/I).

BbIBOI_[: IHapa CHUJ ROJHOCHbIO (C TOUYHOCTBIO /10 SKBI/IBaJIeHTHOCTI/I)

XapaKTepu3yeTcsi CBOMM MOMEHTOM.

B cooTtBercTBUN ¢ 5THM B 3aladax, r/jie (pHprI/IPYIOT Iapbl CWUJI, IIPUHATO 3a/la-
BaTb (I/I H306pa)l(aTb Ha pI/IcyHKaX) HE CaMM CHJIbl, COCTaBJIAIOIIWE 3THU IIapbl, a TOJIbKO

BEKTOPbI MOMEHTOB Ka}KZ[OIL/'I nu3 1map.

W3so6pakeHne apbl CUJI:

M
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HOCKOJIbe MOMEHT IIapbl CHJI — 3TO CBO6OZ[HI)H71 BEKTOp, TO HapucOBaTb €ro
MOKHO B OO0 TOYKe. ﬂJIH Har/JAAHOCTH, BIIpOYEM, JYYIIE€ HE BbIXOAWUTD 3a IIPeAeJ/Ibl
MecCTa, 3aHMMaeMOI'O TEJIOM.

B caydae miockoil cucreMbl CUJI BEKTOP MOMEHTa Iapbl OPTOrOHAJIEH TIJIOCKOCTH
PUCYHKA, W €ro TPWHATO M300pakaTh AYTOH CO CTpeJKoil Ha KoHile. Psgom ¢ myroit
MTPOCTABJISIOT 0603HAYEHNEe MOJYJIS 9TOTO BEKTOPA.

B niockux 3aJavax.

[lelictByeT OObIYHOE MPABUJIO O TOJOKHUTEJBHOM M OTPUIATETHHOM HAIlPaBJIEHU-
X BpallleHUsl: ecJu yra OpMeHTUpPOBaHa IIPOTHB XO/la YacOBOW CTPEJKH, TO BEKTOP
MOMeHTa HallpaBjeH Ha HaGmojarens (M ero Impoekius Ha OCh 2 TOJOKHUTENbHA); ec-
JIX JKe JIyTa OPUeHTUPOBaHA IO XO/Iy YaCOBOW CTPEJIKM, TO BEKTOP MOMEHTa HallpaBJieH
or Habmozaarens (M ero MPoeKIus Ha OChb 2 OTpUIaTe/bHa).

B cootBercTBUM ¢ 3THUM BMecTO BIIOJHE KOPPEKTHOTO BbIpaykeHHWs “Ha Teso eii-
cTByeT mapa cui ¢ MoMeHToM M” 4acro, folyckasi BOJIbHOCTb pedM, TOBOPST: “Ha Te-
Jo neiictByer MoMmeHT M”. fI3bIk, Kak Bcerja, CTpeMHUTCS K JAaKOHMYHOCTH — Jlake B
yiiep6 TouHOCTH. Takoii crmoco® BbIpasKaTbCsl BIOJHE YKOPEHUJICS, W TO3TOMY TpHEM-
jaeM (HO TONBKO TIpn YCJIOBUM, YTO TOBOPSIIUN OTYETJINBO OCO3HAET, YTO HA CaMOM /le-
Je uMeercs B BI/I]Z[y).

HpI/I OCBOéO)KZ[GHI/II/I TeJI OT HaJIOKEHHBIX CBA3eil BO3SHUKaloIlle peaKIMM TaKiKe
MOTYT IIPpUBO/IUTbCA HE TOJDbKO K CHJIaM, HO U K IIapaM CHUJI.

Ilpumep: xecTkas 3azenka (miockuii caydaii). PaccMorpuMm 6asiky,
KOHeIl KOTOPOU 3aj/ielaH B CTEHY.

////i

-?)Z[er npeanoJjaraeTrcsa, 4YTo Ha 6aJIKy l[eIL/,ICTByeT KaKasda-TO CUcteMa aKTHUBHDbIX
CWJI, JieKallluX B ITJIOCKOCTH PUCYHKa (OHI/I He HapI/ICOBaHbI).

IIpeanonaraercss takske, uro Gaaka sajgenaHa “HamepTBo” (BaleMeHTHpOBaHa).
B aroM caydae co cTOpPOHBI CTeHKH Ha GalKy /eiCTBYeT IieJias CUCTeMa CHJI; HO JlaH-
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HYIO CUCTE€MY Mbl MOJKEM IIPUBECTU K CWJI€e, KOTOpad IPpUJIOKeHa, CKasKeM, B TOYKeE A,
n K I1ape CuJI.

Kak u B cJIydae BpalllaTe€JbHOI'0 MIapHHUpPa, CBA3b 3allpellaeT TOYKe A CMECTHUTb-
Cia Ky/la 6bl TO HU OBLIO. 3Ha‘H/IT, IIpuJjaoKeHHada B ATOI TOYKe peaknusg MOKeT ObIThH
HallpabJ/Ji€Ha ITPOU3BOJIbHO W NPEACTABJJIACTCA (B ILIOCKO# 3a1:[aqe) ABYMA COCTaBJIAIO-
HIMMH.

Ho — B orsmme oT ciaydas HMIapHUpa — Telepb 3arpelieH elie W MOBOPOT GaIKu
BOKPYT TOUKH A. DTOMy HOBOPOTY MPEISITCTBYET YIOMSHYTas Mapa CHJI.

B wrore nomyyaem cuseytommii perienT BBeJeHUS peakIMil ¢BsA3el B JJaHHOW CH-
TyaIuu.

HpI/I OT6paCbIBaHI/II/I ﬂaHHOﬁ CBA3HU €€ ,I[ef’ICTBI/Ie 3aMEHACTCIA pedKuu-

AMU 3a0e]Ku: CUJION ﬁA = §A+YA U TIapoii cuJsi ¢ MoMeHTOM M 4:
AV
M, A“'\
A4 —F—>x,

-

Bee crpesiku 3ech M306paskeHbl OPHEHTHPOBAHHBIMU TOJOXKHUTENbHO. ITO, pa-
3yMeeTCst, YHCTasi YCJOBHOCTB: CBSI3b — JIBYCTOPOHHSIsS, W 3HaK y BequuuH X,, ¥, u
M, Mosxer OKa3aTbCst JTIOODIM.

Bce ompenensiercs TeMH aKTHBHBIMH CHJIAMH, KOTOpbIe JeHCTBYIOT Ha OaJiKy.
Ecim 6br Takux cuin BooOie He 6blio, TO 3Havenus: BeawdnH X,, Y,, M, Obum Obl
paBHbI Hy 0. B o6uieM ke cyuae 3HaYeHHUs JaHHBIX BEJUYHH MOTYT OKasaTbCs JIO-
GbIMH, TIOCKOJIbKY PeaKIMH 3a/leJIKH CIIOCOOHDBI YPaBHOBECHTD 1100y10 CHUCTEMY aKTHB-
HbBIX CHT.

Termepb BepHeMcsi K OCHOBHOW TeMe [aHHOTO Taparpada — K BOIPOCY O TIpuBe-
JIeHUN CUCTEeMbI CUJI K IPOCTeHIeMy BULY.

6. CMnNnoBOW BUHT
ﬂaBafITe TITOABITOKUM: Yero Mbl /JOCTUTJU K HaCTOH]J_IeMy MOMeHTy?

ITo TeopeMe O IpuBe/ICHUU CUCTEMbI CUJI K CUJIEe U Tlape CHJ, Mbl BCAKYIO CUCTE-
My CHUJ MOYKE€M 3aME€HUTb SKBUBAJEHTHOW eil cucTteMoll 13 CIJIbI, HpI/IJIO)KGHHOﬁ B IIPpO-
HN3BOJIbHO BbIépaHHOM HEHTpe HpuBeAcHUA, U Iapbl CUJI. A 10 KPpUTEPUIO 3KBUBaJICHT-
HOCTH CHCTEM CHJ, BCAKad CHUCTeMa CHJI ITOJHOCTbIO (C TOYHOCTbIO 1O SKBUBAaJEHTHO-
CTI/I) XapaKTepusyercda CBOMMU I'JIaBHbBIM BEKTOPOM M T'/TaBHbBIM MOMEHTOM.

Taxas XapaKTepusalusga BKJIKOYaeT, OAHaKO, OHpeZ[e]IEHHbIIL/’I ITpOU3BOJI, TaK KaK
3a LHEeHTp IIpuBeJeHHUA MOKHO B3ATb JHO6y10 TOYKY . Yro6bl U36aBUTHCS OT HOZ[O6HOTO
IIpoOn3BOJIa, B MaTeMaTUKe €CTb CTaH[[apTHbII';I IipueM: BC€ BO3MOKHbDBIE CI10COObI BbI60pa
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paccMaTpuBalOTCA OJHOBPEMEHHO. HNnaue roBopAa, HEHTP IIpUBEACHUA MbI 6y/16M CUHI-
TaTb IIEPEMEHHDIM.

Ecm EeHTp HpuBeAcHUA NU3MEHACTCA, TO TJIABHBIH BEKTOP CUCTEMbBI CUJI OCTa€TCA
HEen3MeHHbIM, a TJIABHBIII MOMEHT — MeHgeTcsd IO VK€ U3BECTHOMY HaM 3aKOHY (y Hac
6bLi1a (I)OpMyJIa, OTIChIBaOIasd U3MEHEHNE TJIaBHOTO MOMEHTa TP CMEeHe IToJI0Ca; YyTh
1nos:ke g ee Bam Hal'[OMHIO).

Takum 06pazoM, BEKTOP TJAaBHOTO MOMEHTa B KaK/[0il TOYKe — cBOii. B mare-
MaThKe B TMOJOOHBIX CJyYasix TOBOPST, YTO B MPOCTPAHCTBE 3a/[aHO BEKTOPHOE TIOJIe.

BCKTOPHOC HoJji€ — CpYHKHI/IH, 3aBHUCAITaA OT TOYKKM IIPOCTpPaHCTBA,

3HAUEHUSIMH KOTOPOH SIBJISIIOTCSI BeKTOphl: U = U (B).

B kavecTBe aprymenTa 3/7iech yKasaHa IPOM3BOJIbHAS TOYKA MTPOCTPAHCTBA, 0060-
sHavenHast Gyksoil B.

Urak:

[IpousBoJibHAsE CHCTeMa CUJ OAHO3HAYHO (C TOYHOCTBIO 1O SKBUBA-
JIEHTHOCTH) XapaKTepHU3yeTcsi CBOOOIHBIM BEKTOPOM R u BEKTOPHBIM I10-
qeM L = L(B) = Ly.

ApI‘YMeHT B MOJKHO yKa3blBaTb IMO-pa3HOMY: M B BH/I€ MH/ICKCa, KaK MbI [ieJa/J i
JI0 CUX TIOp, U B CKOOKaX — KaK apryMeHT (PYHKIIHN.

Buauennst nons L = L(B) B Pa3JIMUHBIX TOUYKaX CBA3aHBI COOTHO-
[IeHreM
() L, = L,+ [F,; R].

Ita dopMysia, HATOMHIO, BbIpaykaeT coboii cofep:kaHie TeopeMbl 00 M3MeHeHUH
rJlaBHOIO MOMEHTa ITprU CME€HE I10JI10CA.

I/ICHOJIbByIOT TaKyl0 TEPMUHOJIOTHUIO:

CoBOKYITHOCTb CBOGOTHOTO BEKTOPA R u BEKTOPHOI'O I10JI L =L(B),
yI0BJIeTBOpstforero (*), Ha3bIBaeTCsl CHJIOBBIM BHHTOM.

Borpaxkenne “cuioBoii BUHT” Hajo MOHMMATh Kak TepMuH. Kakoe oTHoleHme
5TO MMeeT K OOBIYHBIM BHHTaM, Ha KOTOPble HAKPYYMBAIOTCS TallKi, MbI GerJio o0Cy /1M
nossiHee. B MareMaTH4ecKoM TJiaHe CHJIOBbIe BUHTBI — 3TO BOBCe He Teja, a OOBEKThI,
u3ydeHne KOTOPbIX OTHOCHUTCS K JMHEIHOI ajare6pe.

dameuanne. B uHeliHOU aﬂreépe BHUHTOM Ha3bIBalOT IIPOU3BOJIbHYIO
— —o —o0
COBOKYITHOCTDb CBO6OI[HOI‘O BEeKTOpa U M BEKTOPHOIO IIOJIA U = U (B) =

= llB, y,Z[OBJIeTBOpHIOH_H/IX COOTHOIIIEHHUIO
— O — 0 — —_
U, = Uy, + [T, u].
Ho mbl moka GyjieM TOBOPHTH TOJBKO O CHJIOBbIX BHHTaX (M IS KPaTKOCTH
0ObIYHO Gy/leM OIycKaTh TpHJaraTejbHoe “cusoBoii”). A BooOGIle B MeXaHHUKe BCTpe-

yaloTcs ellle KMHeMaTHdecKne BUHTHI (B KMHeMaTWkKe) M KUHeTHWuecKue BUHTBHI (B M-
HaMUKe).
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[Ipu paGore co BceMu STHMU OOBEKTAMH OKa3bIBAeTCS MOJE3HOW WX e/[uHas
TpakToBKa. (COOTBETCTBYIOIMIT MaTeMaTHYeCKWil almapaT pa3BUT B pasjese JUHeiHO
aJareOpbl, KOTOPBI Tak W HasbiBaeTcs: “reopust BUHTOB”. Ero mnossienne m ocHOBHbIe
TIPUJIOKEHNS CBSI3aHbBI TIPEK/e BCETO € 3allpocaMy MEXaHWKH.

He6oubias crpaBka:
Po6epr Cronyasan Bomn (1840-1913) — aHrymiicKuil MateMaTHK u
MeXaHUK, OCHOBOIIOJIOKHUK T€OPUU BUHTOB.

1876 r.: R.S.Ball. “The Theory of Screws”.

Jro — nepsas MoHorpadus Bora 1o Teopuu BUHTOB.

BeKTOpHOe 110J1€, (erprpymmee B olipejejJeHnn CHJI0OBOro BMHTa, 3TO — I10JI€
BeéCbMa CIlellHa/JbHOI'O BH/A. B CUJIy COOTHOHICHUA (*) OHO IIOJIHOCTBIO OIIpe/le/IeHO,
€CJIN N3BECTHO €Ir0o 3Ha4YeHHue B OI[HOfI*GZ[I/IHCTBeHHOﬁ TOYKE IIPOCTpaHCTBA.

l'oBopsT Tak:

['naBubiti BekTop BUHTa R m Moment BuHTa L; — aJeMeHTBI mpuBe-
IeHHsI CUJIOBOTO BUHTA OTHOCHUTEJbHO TOUKU B.

ITU BEKTOPbI OJHOBPEMEHHO ABJAIOTCA TJIaBHBIM BEKTOPOM W TJTaBHbIM MOMEH-
TOM cucreMbl cuil. llosToMy yTBep:k/ieHue, 3alllicaHHOe HaMK B Hayajle IIYHKTa, MOXK-
HO c(POPMYIUPOBATDh TaK:

HpOI/ISBOJIbHaH CUCTeEMa CHJI OJHO3HAYHO (C TOYHOCTBIO O 3KBHBa-
JIeHTHOCTI/I) XapaKTepUu3yeTcd CBOUM CUJIOBBIM BHUHTOM.

IIpu cMmeHe 1teHTpa NIpUBeieHUsT 3JIeMeHTbI TTPUBEIEHUsI CUJIOBOTO BUHTA MEHSIOT-
cd. Yro ocraercs HeM3MEHHbBIM ?

['naBHbI BekTOp BuHTA R He 3aBuCUT OT BbI6Opa IleHTpa IpuBeje-

Hua: R = inv. 9Tto — nepewii cmamuueckui uneapuanm.

loBopsiT eme: “mepBblii HHBapuaHT cusoBoro BunTa”. Boobiie “uHBapuantToMm”
B MareMaTHKe Ha3bIBAIOT BCSAKYIO BEJIWYHHY, KOTOpas He MeHseTcs MpH TpeoOpasoBa-
HUSAX Ollpe/leJIeHHOTO BH/IA.

Bunr naspiBaeTcs BBIPOKAEHHBIM, €CJIU €ro IJIaBHbI BEKTOD paBeH
HYJIIO.
Hemnoro nosske Mbl yéeﬂ[I/IMCH, YTO TaKad TEPMUHOJIOIUA BIIOJHE pa3dyMHa.

I/ICXO[[H N3 TJIaBHOI'O BEKTOpa R, MOJKHO TMOJYYUTb PAL APYTIUX HWHBapUaHTOB,
KOTOpbIe YyiKe, IIpaB/la, HE 6y1[yT He3aBHMCHUMbIMMH. HaHpMMep:

(R,R) = inv, |R| = ‘\/(1_1,1_1) = inv .

Ho y J060TO BUHTa €CTh €le OANH MHBapuaHT — He3aBUCUMBIN OT IepBoOro. On
ABJIAETCA YK€ HEe BEKTOPOM, a CKaJIAPOM.

Bmopou cmamuueckuil uneapuanm: ( L;,R) = inv.

NubiMn CJIOBaMU, YTBEPK/IAACTCA: CKaJAPHOE IPOU3BE/ICHNE MOMEHTa BUHTa Ha
€To TJIaBHBIH BEKTOP H€ 3aBHUCHUT OT Bb16opa TOYKHU IIPpUBEACHUI.
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B camom gesne, B cuy (*):

(L,,R) = (L,,R) + ([r, R],R) = (L, R).

1R
IlonsaTie 0 cTaTHUYeCKUX MHBapHaHTaX HaM HOTpe6yeTCH YyTb 1IO3Ke, Korjga ¢ ux

IIOMOIIbIO MbI IIOJIYYUM II0OJIESHYIO KﬂaCCH(pHKaHHIO CUJIOBBIX BUHTOB. A IOKa 06cy—
JUM BOT KaKoi BOITPOC.

TeopeMa O NIpuB€€HNN CUCTEMDI CHJI K CHUJIE U Ilap€ II03BOJIAET YIIPOCTHUTD 3TY
CUCTeMy, I1pe/CTaBUB €€ B BU/I€ CHUJIDbI, HpI/IJIO)KGHHOfI B HEKOTOPOM IEHTpE IIpuBe/ie-
HUA, W IIapbl CUJI. Ho Henbss [[O6I/ITI)CH ele 6OJIBIIIETO yiipouieHu:A, BbI6paB HEHTP
npuBegeHusd ClieliiaJabHbIM 06pa30M? OKaSI)IBaeTCH, MOJKHO.

rOBOpﬂT, 4UTO IIOJNIYUHEHO CTAHAAPTHOEC NPEACTABJCHUE CHCTEMDI CHJI,
€CJIK CuJla IIpuBeZeHa K TaKuM CUJaM RB U Iap€ ¢ MOMEHTOM LB’ 4qTo
L; Il R.

Tepmun “KoJumnHeapHblii” B NPUMEHEHWN K BeKTOpaM oO3HavaeT, Kak Bbr sHaere,
YTO 9TH BEKTOPbI JexkaT Ha ofHoi mpsmoii. [lockosbky Bektop R — cBoGoambIil, TO
ero MOKHO HPHJIOKHUTD TJie YTOJHO — a 3HauyuT, U B Touke B, T/le NPUIOXKeH BeKTOp

L. B cuny ycnosusa mapa/ienbHocTn oH GyJeT pacIiojlaraTbCsl Ha TOH ke HPAMOI,
9yro 1 BekTop L 5.

O‘{eBI/II[HOG 3aMevdYaHue:

[Ipu mepeHoce IieHTpa IPUBEAEHUS 600/b TJIaBHOTO BEKTOPA MOMEHT
pumTa He Mensercsi: L, = Ly + | Fog, R] = Ly, ecom Top |l R.

B camom ZeJ1€, BEKTOPDHOE 1IpOU3Be/ICHUE B 3TOM CJIydae o6pamaeTCH B HYJIb.

ITosToMmy, ecun EB I ﬁ, TOo [Ist Jo6oii Toukn (J, B3ATOH Ha OCH,
KoTopasl IIPOXOAUT depe3 B B HalpaBJ/ieHHNU BEKTOPOB RulL p, AMeeM:
L, R.

yHOMHHYTaH OCb HOCHUT OCO60€ Ha3BaHHe.

Ocb, st 060 TOYKM KOTOPOI 3JIeMEHTBbI IIPUBEIEHUS BUHTA KOJI-
JIMHeapHbI, Ha3bIBae€TCsl OCbIO BHHTa (MM IEHTPaJbHOI OCBIO CHCTEMBI

CILI).

Jlemma (06 ocu HEBBIPOXKJEHHOro BHMHTa)., Ecam B — 3amaHHBIHA
IIeHTp TpuBeaeHuss, To OJmKaiimylo K HeMy ToukKy C Ha OCH HEBBIPOIK-
JIEHHOT'O BUHTa MOJKHO HaWTU TaK:

[R, L]
(R,R)

IToka MbI, IIpaB/ia, €llle¢ He 3HaeM, [AJId BCAKOI'O JIM HEBbIPOXKIACHHOIO BUHTa HMMeE-
€TCA OCb, W O//HO3HAYHO JIM OHa olIpe/ieieHa. IJTO MBI TOKaKeM To3/iHee, a IOKa yT-
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BepsKeHne JIeMMbl 6}7Z[€M IIOHUMaTb TaK: €CJIN OCb BHHTa CYIIECTBYET, TO OHa XapaK-
TEPU3YETCA YKadaHHbIM CBOICTBOM.

Tak kak Touka C JI€XUT Ha OCH BUHTA [, TO CHCTEMa CUJ TIPU-
Bogutcsi K cusne F.C u mape ¢ momentom M, s kotopeix F =
=R#0uL.=M, npuuem [ || F u M| F.

ITpu stom [ ectb siunus AefictBus cubl F .

ﬂeﬁCTBI/ITeJIbHO, 9Ta OCb IPOXOJUT Yepe3 TOUYKY IMPUJIOKEHUA CHJIbL F u
HallpaBJieHa B/10J1b BEKTOPa 3TOI CHUJIBI.

[Mosoxkenne Gmkaiimeil Kk moJsiocy B TOYKM Ha JMHUU JeHCT-
BUSI CUJIBI JaeTcsl pOpPMYJIOi:

| F, M,(F)]

(F,F)

Ity (opMyTy MBI HOJyYadM, Korja OOCYXKIAId BOIPOC O HAXOXKJACHUH
TOYKHN le/IJIO)I(eHI/IH CHNJIbI IIO U3BECTHDLIM BeKTOpy " MOMeHTy CHUJIDbI.

Ho L; = M4z(F) + M TI09TOMY

Fpe

_ [F,L,-M] [F,L,] |[F,
rpe R
( ) (F

= | 2|

|
)

mockomsky F =R u [F,M] = 0 (rax xax F || M).

Hysxnas nHam ¢dopmy.ia f1okasaHa. m

HOCKOJIbe BbIYMCJIATDb [1JIA KOHKPGTHOIUI CHCTEMBI CUJI ee TJIaBHbBIN BEKTOp H
TJIaBHBIII MOMEHT MbI yMeeM, TO HaXOJK/€HHne OCHU BUHTa (I/IJII/I, 4YTO TO Xe caMoe, IeH-
TpaJIbHOﬁ OCH CHCTEMDbI CI/IJI) 1A HaC 60Jee HUKAKOMH HpO6JI€MbI He€ COCTaBJIAECT.

ITosryunm, HanpuMep, ypaBHEHHS 3TOI OCH.
Tak Kak ﬁ - HaHpaBJIHIOH_[I/Iﬁ BEKTOD HeHTpaﬂbHOfI OCH CHCTEMbI
CHJI, TO IIOJy4YaeM €€ KaHOHHYEeCKHE YDaBHEHW!
X-Xp  Y-Yys _ Z-2p
- - ’

R, R, R,

3/1eCb XC == XB + I’BCX, nu T.na.
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Yepes x, y, 2 ob6o3HaYeHbI, KaK OOBIYHO, TEKYIIIe KOOPIUHATHI TTPOU3BOJLHON
Touku ocu. Ilpezanomnaraercsi, KOHEYHO, YTO BEKTOP Iz MBI HAXOIUM, TIOJIB3YSCH (HOp-
MYJIOH M3 JIOKa3aHHOW HAaMU JIEMMBbI.

[Tonyuennbie ypaBHeHUs UMEIOT TaKoil ke BU/, KaK M M3BecTHble BaMm kaHoHWUe-
CKUe ypaBHeHUs JWHWUM JeiicTBusA cuJbl. Ha mosyyenun nmapaMerpuyeckux ypaBHEHUN
OCH BHHTA MblI OCTaHABJIUBATHCS He OyieM.

7. Pa3nuyHble criyyau npuBeaeHUs CUCTEMbI CUT

Boigcuum OKOHYaTeJ/JbHO, KaKOBO CTaH/[apTHOE€ IIpeJACTaBJEHNEe pa3/IMYHbIX CHC-
TeM CHJI.

HYCTI) HepBblﬁ cTaTU4ecKUi WHBapWaHT CHUCTEMbI CHUJI pPaBE€H HYJIIO.

R = 0 (cayuait euposxdeniioeo ciioBoro BUHTA).
OueBu/iHOE yTBEPIKICHUE:

Torga u BTOpo#l craTmueckuii nHBapuaHT paseH HyJo. (Lg, R) =

MoMeHT BUHTA IIpHU 9TOM TOKeE 6yﬂeT HHBapHUaHTOM:

Lo, = Ly + [FOB’R] = L,

AHaJH/ISI/IpyH 3HaYeHUA EB’ PaCcCMOTPHUM [IBa CJayYasd.

Cayuait 1: R =0, Ly;=0. Tormau L, = 0, T.e. B mo6oii Touke
CUJIOBOIl BHUHT HMeeT CTaHIapTHOe TIpe/cTaBjeHue, u Jiobas mpsiMasi CJy-
JKUT €ero oCblo.

DJIeMeHThl npuBeieHuA 37eCb KOJUIMHeapHbl TPpHBHAJ/JIbHbIM 06pa30M. Onarhb xe
JIIO6y10 NpAMYIO0 MOJKHO CHHUTATb HaHpaBJIeHHOfI B/10J1b HYJIEBOT'O BEKTOPA.

Yro KacaeTcsl caMOil CUCTEMbI CWJI, TO JaHHasd CUTYalusd BamMm XOpoHIO U3BE€CTHA.

Cucrema cuJs 5KBUBaJIEHTHA HYJIIO.

HepeXO[[I/IM KO BTOpOMY cCJIy4alo.

Cayuaii 2. R =0, L; # 0. B mo6oii Touke CHIOBO} BUHT HMeeT
CTaHZAPTHOe IIpeACTABIeHMe, M Jmobas mpsiMas, mapanieibHas Ly, ciy-
JKUT eTo OChIo.

Bnoss KOJUVIMHEAPpHOCTDb 3JIEMEHTOB IIPpUBEICHUA TpHUBHUAJbHA! JI0060i BEKTOP
KOJUTMHEapEH HYJEBOMY BEKTOPY.

A o cucreMe ¢TI MOYXHO CKasaTb cjaeaymoluee:
Cucrema cuj 5KBHUBaJIEHTHA IHape CuJji (C HEHYJIEBDIM MOMGHTOM).

MomeHT 3T0il mapbl u paBeH MoMeHTY BUHTa L 5.

3aiimeMcs Ternepb HEBbIPOXKIACHHBIMHU CHJIOBbIMKW BHUHTaMU. Hpeﬂcz_‘[e BCero, pe-
II1MM BOIIPOC O CYIIECTBOBaHWHN N €/ITUHCTBECHHOCTH OCHU CHUJIOBOT'O BUHTA.
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TeopeMa (O CTaHAAPTHOM IIPpEACTABJEHHNN HEBBIPOXKIEHHOTO BI/IHTa).
HpI/I ﬁ #+ (0 cuy0oBOI BUHT TaKKe AOIIYCKAa€T CTaHAAPTHOE IIpeACTaBJEHUE,
IIpuiueM €ro ocCb olIpeaesieHa 00HO3HAUNO. I[JUI TOUEK, B34ATbIX Ha OCH
BHHTa, MOJAYJb €ro MOMEHTa BHMHTa MHHUMaJIECH; CaM K€ MOMEHT BHUHTa OT-
HOCHUTEJIbHO JIIOOOH M3 HUX MOJKHO HaWTH TaK:

(L, ®) o
(R ®)

(%) L =

rae B — NpouW3BOJIBHBIN 1IEHTP MPUBEIEHMUS.
I/IH[[GKC mpu E B JIEBOU YacTU PaBE€HCTBa A OIIYCTW/I: Mbl ViK€ 3HaeM, 4YTO [JIAd
BCeX TOYECK OCH BUHTa MOMEHT BHHTa OJUHAKOB.

Yro6bl Jrydllle 3alOMHUTD TIPUBeIeHHYIO (popMyJIy, obparuTe BHUMaHHUe: B Kade-
crBe MHOxuTess 1pu R B Heil crour BTOpoil cTaTMyecKuil MHBapHaHT, /eJCeHHbII Ha
CKAJISPHBIN KBa/[paT IepBOTO CTATHYECKOTO MHBapHaHTa.

Mu1 BOCIIOJIb3YEMCS JIeMMOil 06 ocu HEBDBIPOKIEHHOI'O BUHTA, Z[OKaSaHHOfI
B OpeblylleM ITYHKTe. Omna la€T KOHKPETHOE BbIpaykKeHue /[1Jid paJlnlycC-BeK-
TOpa OmKaien K II0JII0CY B TOYKHM Ha OCH HEBbIPDOKIECHHOI'O BHHTa (B
IpealoJoKeHnmm, 4T1o 3Ta OCb Cy]_L[eCTByeT).

1°. Paccmorpum Ttouky C, paamyc-BeKTOp KOTOpO#l [Jaercs
dopmy.ioit
IR, L]

(R,R)
U TIPOBeleM depe3 3Ty TOUKY MPsMYyio [ ¢ HampaBJSIONIUM BEKTO-
pom € = R/ |R|

Mbr co61/1paeMC$[ IIOKa3aTb, 4YTO 39Ta IIpsAMad U 6yz[eT OCbIO BHHTAa.

Ipe

b

[Tpumenum k BekTOpy L dopmysy, mo xortopoil BekTop pac-
KJIa/IblBaeTCsl Ha MapaJljieJIbHyl0 U OPTOTOHAJIBHYIO COCTaBJISIONINE:

a = (e,a)e + [e, [a,e]]
[[e.a], €]

Hanom#io, uto mepBoe cjaraemMoe 3/lech NapaJ/ijie/lbHO eJMHUYHOMY BEeKTO-
Py €, a BTOpOe OPTOTOHAJIBHO €My .

Bo BTOPOM cCJlara€MOM A ABaK/ibl IIOMEHAJ MeCTaMN COMHOXHTEJJIN B BEK-
TOPHDBIX IIPOU3BEACHUAX; B pe3yJ/ibTaTe€ 3HaK HE€ M3MEHUJICA.
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_ R _ R R - R
LB = T’LB PR TaLB y T =
(|R| j|R|+ {|R| } R
_(RLy) g, [[REL] ¢
(R,R) (R,R)

A TENEPb IIPUMEHUM TEOPEMY 06 U3MeHEeHNN TJIaBHOTO MOMEHTa 1Ipun cMeHe
IEHTpa IIpUBEJACHUA:

L. = L,+[r., R] = LI_:B)I_{+ [r.;, R] -
— (R, R)
- [FCB’ﬁ] = —(TLB’_I_{) R .
(R, R)

MopmyJia U3 ycjaoBus TeopeMbl nojdydeHa. Yrto Mbl BUAuUM u3 3toii ¢op-
MyJabl? Mbl BuauM, uto Bekrop L . nponopruonanen Bektopy R.

Tak xak L. || R, To mpexcraBieHne BuHTa — CTaHZapTHOE, a
och [ — ocb BUHTA.

MoOMeHT BUHTa OTHOCHUTEJbHO JI060H Apyroii Touku ocu [ 6ymaer
pasex L. = L.

ITo teMMe 06 OCH HEBBIPOKIEHHOTO BUHTA, Touka C — OJImKaii-
masi K moJiocy B Touka ocu BUHTA. ITa TOYKa W BEKTOp € OCh

BUHTa OIIPEACIAIOT 00HO3HAUHO.

ITO M OTJIMYaeT CJyYail HeBBIPOKIEHHOIO CHJIOBOrO BHHTa. B caydasax
ke 1° m 2°, paccMOTPeHHDBIX HaMH BbIIIe, JIeHCTBUTEIbHO HMEeT MEeCTO BBIPO-
JKICHUe: IS HUX OCh BHHTa OJHO3HAYHO He ompefefsercs (XoTs Toxe cy-
IECTBYET).

!
I/ITaK, 6oJIbllIas 4acTb TeopeMbl HaMH [OKa3aHa. Ocrasioch 060cHOBaTh
MWHHMaJIbHOCTb MO/YJ/II MOMEHTA.

2°. Ilyctb Touka B — mNpouW3BOJIbHAS TOYKA, He Jexdulds Ha

OCH BHHTA.

Torma
L, = L, +[F,R] = L, + M,(R.C),

|
npudem Bektop L, = Mz(R.C) = 0 (nomoc B He j1exuT Ha
R

JIMHNN I[GIL/’ICTBI/IH CHJIBI
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IIpu atom: EC I R, Elj_l_l, T.e. ECJ_El.

Takum 06pa30M, BEKTOP LB HpeacTaBJieH B BU/l€ CYMMbI /IBYX B3aMMHO
OPTOTrOHAJIbHDIX CJIara€MbIX.

[To Teopeme Iludcparopa:
— — — (2 - 2 =
1Tl = VIL L > [Tl = L] = min. g

Cﬂyqaﬁ HEBbIPDOJK/IEHHOT'O CHJIOBOI'O BHHTAa MOJKHO TaKiKe I10/[pa3/Ie/INTb Ha /IBa
PasJMYHbIX CJayYad, aHaJU3UPYyA 3Ha4Y€HUe YyiKe BTOPOIro CTaTHY€CKOI'O MHBapHaHTa.

Caywaii 3. R+0, (L;,R) =0. B cuny (%) Ui TOYEK Ha OCH
guaTa L = 0.

Taxum 06pa30M, €CJIN 3a LEHTP IpHBEACHUA CHUCTEMbI CHJ 6paTb TOYKY Ha OCH
BHHTa, TO CHCTEMa 6y]16T IpuBejeHa K CHJIe U I1ape CHUJI C HYyJ/leblM MOMEHTOM; HO TO-
I'Ta 9Ta IMapa CUJI 3KBUBaJIECHTHa HYJIIO, U €€ MOKHO OT6pOCI/ITI).

Nraxk:
CI/ICTeMa CHJI 9KBHBaJIEHTHa O,Z[HOfl cuJjie, y KOTOpOfI JIMHNA ﬂeﬁCTBHH
— OCb BHHTa, a BeKTOp paBeH R

Takas cusa HasblBaeTCsI paBHOJEHCTBYIONIEN.

Takum 06pa30M, B TaHHOM cJiy4a€ CUCT€Ma CUJI ITPUBOJUTCA K paBHO[[efICTBYIO-
v o o o
men. KCTaTI/I, CUCTeMa CUJI TIIPUBOJUTCA K PaBHO/JACUCTBYIOIIECN U B CJoydae 1 , HO TaM
9Ta CHJla paBHa HYJIIO.

He caemyer mytaTh paBHOIEHCTBYIONIYIO U TJIaBHBIH BEeKTOp cucteMbl cui. Pas-
HOJICHCTBYIOIAss — 3TO CHJIa, a TJIABHBI BEKTOp — 3TO CBOOOAHBINH BekTOop. JlioGas
cucreMa CHJI MMeeT TJIaBHbIII BEKTOp, HO He KaK/as CHUCTeMa CUJI IPUBOJIUTCS K PaB-
HOJlelicTBYO1IIEH .

3ameuanne. Ecuu mpu satom Ly = 0, 1o Touka B JjeXuT Ha JUHUH
JeliCTBHAS paBHOJENCTBYIOIE, a uHaue — Her.

o o u v
Hamomuro TaKsKe, 4TO B CJay4dadx 1" u2 BTOPOU CTaTHYECKUN MHBapHaHT TaKiKe
PaBE€H HYJIIO.

Hpe[[HOJIO}KI/IM TENEPDb, 4YTO BTOPOﬁ CTaTI/II‘IeCKI/Iﬁ MHBapUaHT OTJIMYEH OT HyJIH.

Cayuait 4. (Lz;,R) # 0 (a torma u R=0). B cuny (x) mus
Touek Ha ocu BuHTa L * 0.

CucTeMa cuJI 5KBHBajleHTHa cuje (y KOTOpOWi JIMHMS JeficTBHS — OCb
BHHTA, a BEKTOp paBeH R) u mape cui ¢ HeHyseBbiM MomentoM M = L,
npuuem M || R.

C HOZ[O6HOI‘O PoOlla CHCTEMON CHJI MbI, MEK/Y IIpOYHM, BCTpe€HYaeMCdA, UMeA [1€J10
¢ OOBIYHBIM BHHTOM. Korz[a MBI OOBIYHBIH BHHT OTBepTKOIL/'I BBUHYNBa€M B OTBEPCTUE,
TO Mbl OJJHOBPEME€HHO MPUKJIAJbIBa€M K €ro oCu KaK CUJ1y, TaK U MOMEHT.
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re]

Bo MHOTMX y4eOHWKAX MeXaHWKU TO0OHAs CUCTeMa W3 CHJIbI M TTapbl HA3bIBaeT-
ca “IMHAMUYeCKMM BUHTOM”, a B ciaydaax 1°—3° TepMun “BHHT” He yHOTpeGAIOT.
Ceituac Takoe cjoBoynorpebJeHre cjeyeT Mpu3HaTh ycrapeBimM. VrHopupoBaTh Bbl-
POXK/ICHHbIe BUHTDBI WJIM BUHTBI C HYJeBbIM MUHUMaJbHBIM MOMEHTOM — BC€ PAaBHO, 4TO
OTKa3bIBaTh YUC/JIy HYyJb B IIpaBe Ha3blBaTbCA YUC/IOM, a HYJIEBOMY BEKTOPY — HMEHO-
BaTbCsl BEKTOPOM.

CaoBo “muHaMu4vecKuil” Tak)ke He BIIOJIHE IIOAXOUT: IIOHATHE CUJIOBOIO BHUHTA
BCTpevaeTcss W B [UHaMUKe, ¥ B craruke (a B AMHAMUKe, KpOMe Hero, ynorpebisgercs
TaKyKe W TOHATHEe KMHeTUYeCKOro BUHTA).

3ameuanue 1. /[s1s miockoii cucrembl cua R JIeKUT B mIocKoCTH, a
L ; oproronanen eii; nostomy ( L, R) = 0, u cayuait 4 BcTperurbes
He MOJKET.

3ameuanne 2. Jlns cucrems! mapastenbubix cun VR F, || €, roe €
— HEKOTOPbIN HeHyJeBOU BeKTop. IlosTomy:

R =XFle, Ly = > My(F,) L &;
% %

BHOBb ( Ly, R) = 0, u cayuait 4 BCTpETUTbCS He MOKET.

BHPO‘ICM, O CHUCTEMaXx IlapaJlJIeJIbHbIX CHUJI MbI celigac IIOrOBOpHUM OTA€JDbHO.

8. LleHTp napannenbHbIX CUn

ITyctb maHa cucreMa [apaJijeIbHbIX CHJI {FI.AI, e Fn.An},
rIaBHBI BeKTOp R KOTOpOil om.uuen oT HY/IS, Tak UTO OHA MPHUBOIATCS
K HEHYJIEBOI PaBHO/ENCTBYIOIIEN.

HOCJICZ[HGG YTBepKJeHnue Mbl 060CHOBAIU B TIpeJblIyleM IIyHKTE.
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O6o3HauuM uepes T, paanyc-BeKTOPbI ToueK A, OTHOCHUTE/JbHO Haua-
Ja cucteMbl Koopauuat Oxyz.

HaHOMHIO, 4YTO CHJIDbI, Z[efICTByIOLL[I/Ie Ha abCOIIOTHO TBEpAoe TeJlo, OépaByIOT
CUCTEMY IlapaJ/I€JIbHbIX CHJ, €CJAN JIMHUN HNX I[eIL/'ICTBI/IH ITapaJuieJIbHbI. 3Ha‘H/IT, BCE
BEKTOPbI 9TUX CUJI ITapa/uIeJbHbL APYT [APpYTY.

[Iyctp € — eaWHUYHBIN BEKTOP, 3aJAIONINII HAlpaBJeHWUe CUJ CHUCTe-
Mo, a F, = (e, F,) — mpoeknus cunbt F, Ha Hampas/ieHue BeKTOpa €

(rak uro F, = F,€).
OueBH/HO, BeKTOp € OyAeT CIYKHTh TaKyKe HAIPABJSIONMM BEKTOPOM JIMHUH
JIleHiCTBUS PaBHO/ICICTBYIOMIEH .

Yro npu 3ToM MOKHO CKasaTb O BEKTOpe 3TOIl paBHO/lEHCTBYIONIEH, T.e. O TJaB-
HOM BEKTOpe CUCTeMBI CUJI?

R = > F, = (ZFkJe = Re,
k k
rne R =Y F, .
2
3[[er R - IIPpOEKIHA I'JIaBHOI'O BEKTOpa CHUCTEMbI CMJI Ha HallpaBJl€eHHE€ BEKTOpa
e.
PaccmoTpuM odnoepemennviii nosopom CUCTEMBbI CHUJI, TIPU KOTOPOM
o — — 7 — 7 .
OHa 3aMeHseTCs CUCTeMOU { F..A,, ..., Fn.An}, rne F, = F, e, a Bek-
—t o
TOp € — TOXKe eIMHUYHBIH.

Taxum o6pa30M, TOYKHN NPUJOKEHUA U MOJAYJN CHUJI CUCTEMbI ITPpU TaKOM ITOBO-
poTe HE€ HU3MEHAIOTCA; MEHAIOTCA TOJIbKO HallpaBJEHUS CHJI (HPI/IHGM corjgacoBaHHO,
TaK 49TO CHJIbl OCTalOTCA IlapaJ/Jije/JbHbIMWU APYI [Pyry, W HOBajd CHUCTEMa TOKE 6y[[€T
cucTeMoit ITapaJuieJIbHbIX CHJI).

™ =~ —
Jlns "HoBoOl cucteMbl R = Re .
SaMeTbTe, qToO CKaJI?[prIfI MHOKUTEJb R OCTaJICA TeM Ke CaMbIM.

Mubr BH/UM, 4YTO TJIaBHBII BEKTOP CHUCTEMbI CHJI IIPpU IIOBOPOTE H3MEHAETCA, TaK
qTO OZ[HOBpeMeHHbel IIOBOPOT He_sdesJidermncsd 3KBUBaJIEHTHBIM HpeOépaSOBaHI/IeM CHCTe-
MbI CILJI.

Korz[a MbI CTaJIKUBaeMCA Ha IIpaKTHKe C OJHOBPEMEHHbIM IIOBOPOTOM CHCTEMbI
IapaJjaeJIbHbIX cur? HpeZ[CTaBbTe ceée, 4YTO pedb MAEeT O CHJIaX TAMKECTH, Z[eI>,ICTBy10—
X Ha OTAEJbHbIC YaCTH TBEPJOTO TeJa, a Mbl 3TO T€JO HOBEPHYJ/IN. HPI/I 9TOM H3Me-
HATCA IOJOKEHHUA TOYEK IPUIOKEHUA CUJI TAKECTH, a BEKTOPbI 3TUX CUJI OCTaHYyTCHA
HEN3MEHHbIMH .

Ho tak Gymer, ecsau BecTn HaOGJIONEHUS B CHCTeMe OTCYeTa, CBSI3aHHON ¢ 3eM-
Jeii. Ecum ke B3ATb 3a YCJOBHO HEIIO/IBUKHYIO CHUCTeMYy OTCYeTa, CBA3aHHYIO C TEJIOM,
TO TOYKU IIPUJIOMKEHUS CUJI OCTAHYTCSI HENOJABIXKHBIMU, a U3MEHATCS HallpaBJIeHUS
BeKTOPOB aTHX cuii (OHM TOBepHYTCst BMecTe ¢ 3emueil). ITo — Kak pa3 paccMarpu-
BaeMblil HaMu cJIyvaii.
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Teopema. [lsigs BcsiKoll cucTeMbl TapajiedbHbiXx cua mpu R # 0
cymiectByer enuHcTBeHHast Touka C (uewmp naparrervuvix cur), udepes

KOTOPYIO TIpOXOJAT JIMHUU ﬂeﬁCTBHﬂ paBHOﬂeﬁCTByDMHX JIFOOBIX CHUCTEM,
IIoJIyda€MbIX U3 HCXOZ[HOfI OJHOBPEMEHHDBIM ITOBOPOTOM. HpI/I 9TOM

> AT,

2 F,
k

(*) FC =

|

O‘IGBI/IZ[HO, LEHTP IapaJJje/JIbHbIX CHJ — €CJIn OH CylecTByeT — [0JIJKEeH
JeXaTb Ha JHUHUU Z[eﬁCTBHH paBHOI[efICTByIOH.[efI I/ICXOZ[HOfI CHUCTEMDbI (T.e. Ha
HeHTpaJIbHOfI OCH 3TOH CHUCTEMbI CI/IJI).

1°, Ilycte B — mpousBojibHasi TOUKa Ha IEHTPAJIbHON OCU HC-
XonHoOU cucrteMbl cuil. IIpuBeneM sTy cucTteMy K paBHO/EHCTBYIO-
meit R.B.

HpI/I 9KBHBAJIEHTHDIX Hp€06paSOBaHI/IHX CHUCTEM CHJI T'JIaBHbl€ MOMEHTbBI HeE€

MEHAITCA, TaK 4YTO IJIaBHBII MOMEHT Halllell CHCTEMBbI CHJI MOKHO HaWTH KakK
MOMEHT €€ paBHOI[efICTBYIOIL[eIL;I. BosbmeM 3a moJtioc TOYKY B.

Ouesngno, L; = Mz(R.B) = 0.

B camom JeJse, cujaa celfgac IIpUJI0OKE€Ha B IOJIOCE.

Ho rsaBHBII MOMEHT CHCTEMBI CHJI MOKHO BBIYUCJUTH W HHaUe — Nncxo 4
HEIIOCPE/ACTBEHHO U3 Ollpe/le/IEHUA TVIaBHOT'O MOMEHTa.

C apyroii CTOPOHBI,
EB - ZMB(Fk) = 2 [FBAk’Fk] =
k % —
F,e
- %:[FkFBAk’E:] - {Zk:

!

r, - > F, vy, e}
%
r,—Trg
HO MbI TOJBKO 4YTO BU/E€/JH, YTO BeKTOp EB paBeH HyJIIO.
% %

ITO BEKTOPHOE PAaBEHCTBO BBITIOJHSAETCS IS 000 TOUKH HA JTWHWH JIeli-
CTBUSI PAaBHO/IEICTBYIOIIEN — a 3HAYUT, U /Jisi uckoMoii Touku C.

2°. Iloatomy ans Touku C mmeeM:
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[z@@_z@n@}=o.
k k

Ho touka C JO/UKHa — 110 YCJOBHUIO — JieKaTb W Ha JIMHUAX JIeHiCTBUS
paBHO[[efICTBYIOIHI/IX BCeX CHUCTEM CuWJI, IOJYyYaeMbIX W3 HCXO[[HOfI CHCTEMDbI
O/THOBpEMEHHDbIM ITOBOPOTOM. 3HaINT:

IIpoBogsa Te ke paccy:KIeHUS AJsd “TIOBEPHYTbIX CUCTEM CHJI,
[IoJIy4YaeM:

k k

BCKTOPHOG IipousBe/iecHne paBHO HYJIIO TOrJa W TOJIbKO TOT/Ja, KOr'/Jla €ro
COMHOKHUTEJIN IlapaJijle/IbHbI. 3Ha‘{I/IT, HepBbeI COMHOJKHUTEJb [JOJIJKEeH ObITD
IrapaJiiaejieH JIIOéOMy C/IMHUYHOMY BEKTOPY.

Ho sT0 BosMokHO U B O/THOM cCJy4a€ — Korjga 3TOT HepBbeI COMHOKH-
TeJb paBeH HYJIO. Nrak:

ITO BO3MOKHO TorAa M TOJIBKO TOrJa, Korja

(k) > F,r, - > Fr. = 0.
k k
OTcioza MOKHO HaliTHU I, ¥ IIPUTOM OJHO3HAUYHO — 110 POpPMY-
qe (*).
I/ITaK, MbI JOKa3aJun Cy]].[eCTBOBaHI/IG n €/MHCTBEHHOCTDb IE€HTPa IIapaJi-
JIeJIbHBIX CHJI, O[HOBPEMEHHO 060cHOBaB (opmy.ty (). N

@opmysia (¥) maer gBHOe BbIpaskeHWe /LIS pajlyc-BEKTOpa IeHTpa MapaJiie/ib-
HbIx cua. Ha mpakTuke uaie ObiBaer yo6Hee paGoTaTh UMEHHO ¢ 9KBUBAJIEHTHDBIM €ii
cootHoienueMm (#%).

B ¢opmyay (*) Bxogsar pamuyc-Bektopbl Touek Ap u C OTHOCHUTENBHO TIOIOCA
O. B gelicTBUTeIBHOCTH OT BBIGOPA 9TOTO MOTIOCA HUYETO He 3aBHUCHT.

3ameuanune. IlosioskeHMe IIeHTpa MapaJljeJbHbIX CUJI He M3MEHWUTCS,
ecJIM 3a Hayajo KOOPAWHAT B3sTh JIOOYIO Apyryto Touky D. B camom me-
Jjie:
Z F,r, Zk: F,
% _

— rD =
ST

SAR(R-T) TR,

2 F 2 F,
3 k
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NuabIivMn CJIOBaMH, /[JId BbIYUCJEHUA paJuyC-BEKTOpa IEeHTpa MapaJsjJieJIbHbIX CHUJI
OTHOCHUTEJIbHO HOBOTO TOJIIOCAa MOKHO IIOJb30BaThCS TOU JKe (bOpMy.HOfI (*), HO paju-
VC-BEKTOpPbI TOYEK IPUJOKEHUA CUJ BbIYUCJIATDb TaKiKe€ OTHOCUTE/IbHO HOBOI'O 11OJIIOCA.

N3 dopmy.ibl (¥) HETPYAHO MOJYUUTH — TIPOCTHIM MPOEKTUPOBAHUEM Ha KOOP-
JIMHATHDBIEe ocl — (POPMYJIbI JIJIsT KOOP/IMHAT I[eHTpa NMapasieTbHbIX CHUJI.

KOOPI[I/IHELTI)I HeHTpa HapaJIJIeJIbeIX CUJI.
> F EXp
Rk
2 F
%
O6paTI/ITe BHUMaHHEe. BO BCceX PaCC}’)K[[eHI/IFIX ITOTO HyHKTa HPCZ[HOJIaTaJIOCb, YTO
TOYKU HpI/UIO}KCHI/IH CHJI CUCTeMbl He MEHAIOTCH. ECJH/I paSpeH_H/ITI) I9TUM CHJIaM CMe-

araTbCAa BAOJIb JUHUH WX ﬂeﬁCTBHH, IoJIOJKeHne IeHTpa IlapaJie/JIbHbIX CHJI, BOO6H.[€
rosopsa, U3MEHUTC.

X = , W T.J.

3Ha‘{HT, KOHKPGTHblﬁ BbI60p TOYEK TIPUJIOKEHUA CUJI CUCTEMbl ABJIAETCA celigac
CyHIEeCTBEHHDBIM. A MBI 3HaeM, 4YTO B HO[[OéHbIX CUTYyallUAX MOJKET OKa3aTbCA I10JIE3-
HbIM IIOHATHE BUPHaJla CHJIbI.

W feiicTBUTEIbHO: cefiyac MbI MOKa)keM, 4TO K MOHATHUIO IEHTPa MapaJiie/IbHbIX
CHJI MOKHO TIPHITH COBCeM JApyruM myteM. IloyduM BaskHOe CJie/ICTBHE U3 [[OKa3aH-
HOIT Hamu TeopeMbl (a Tounee — u3 GopMyJibl (#%), TOJyYeHHOI B XO/e ee 0Ka3a-
TeJbCTBA).

Caencteue (OCHOBHOE CBOMCTBO Il€HTpa TapaJsiiefibHbIX cui). Ecin
PaBHO/IEMCTBYIOIAsl CUCTEMbl IapaJljieJbHbIX CHJI IPUJIOXKEHa B IEHTpe
TapaJlyieJIbHBIX CHJI, TO TJIABHBIM BUPHAJ CUCTEMbl OTHOCUTETIBHO JIOOOTO
noJsiioca O paBeH BUpHUaJy paBHOJEHCTBYIOIIEN:

U, = V,(R.C) .

L .
Broraucagem:
Up = ZVO(Fk) = Z(Fk’Fk) = (ZFka’E
k k —— k
F,e

V,(R.C) = (r,,R) = (¥, Y F,) =
k
= (ro, (X Fe) = (X Fr,e
k

B cuny (##*) o6a BbIpaskeHHsI COBIIAJAIOT. -

Mu1 3HaeM, 4YTO BUPHAJ OJ[HOZHAYHO XapaKTepHU3yeT II0JOReHre CUJIbl Ha €€ JI-
HUN Z[efICTBI/ISI. -?)Han/IT, eCcJ/in paBHOHeﬁCTBYIOLHYIO IMPpUJIOKUTDH YK€ HE B TOYKE C, a B
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Mo6oil IPpyTOoil TOYKe IEeHTPATbHOI OCH CHCTEMBI CHJI, TO BUPUAJ PAaBHOENHCTBYIOIIE
yiKe He Oy/IeT paBeH TJIaBHOMY BUPHATY CHUCTEMBI CILI.

Crago 6bITb, IIPpH HaXOKJA€HNH IEeHTPa IlapaJ/uleJbHbIX CHJ MOYKHO 6b1710 ObI HC-
KaTb €ro KakK TOYKY IIPUJIOXKEHUA TaKoil CWJibl, y KOTOpOﬁ BEKTOP PaB€H I'/TaBHOMY B€K-
TOpY CHUCTEMbI CUJ, MOMEHT — TJlaBHOMY MOMEHTY W BUpHWaJI — TJIaBHOMY BUDPpHAJTY.
Ho 3a/[a1y HaXOK/€HUA TOYKHU IPUJIOKEHUA CHJDbI 110 €€ BEKTOPY, MOMEHTY W BUPHAJTY
Mbl yiK€ pellaJin.

S marmomuio Bam nosyuennyio torga ¢opmy.ty, 3aMeHuB B Heil nomioc B na 1mo-
moc O.

B Cujy CbOpMyJIbI AJIAA palnyC-BEKTOPa TOYKHU A IMMpHUJIOKEHUA CUJIbL
Vo(F)F  [F, M, (F)]

(F,F) (F,F)

AJIA LEHTpa IIapaJljieJIbHbIX CHUJI IIOJIyYaeM:

UyR  [RE,]

(R,R) (R,R)

B pamkax KOHKpeTHOH 3a7auu TaKoe BbIYHCJEHWe MOKeT ObIThb Gosiee adek-

TUBHBIM, 4eM 1o (opmyse (%), ecau B Xo/e pelleHns 3aj/aud yyke ObLaM HalileHbl
Bektopbl R u L, u ckansip U, .

r, =

re

PaCCMOTpI/IM Telepb Bas)KHOE IIpUMEHEeHNEe TeOpeMbl O LEHTPeE IlapaJljle/IbHbIX CHJI.

9. Hentp ts3xectu ATT.

Pacemorpum ATT u paszobbem ero Ha N »sjieMeHTapHBIX 06BHEMOB
AV,.

Jlanee Gyner nccienoBarTbes caydail, Koraa 4ucao N aTHX 371eMeHTapHBIX 00be-
MOB cTpeMutrcs K GeckoHeuHocTH. CaMmu 06beMbl NIPH 9TOM GyAyT CTATUBATHCA K TOU-
kaM. llosTomy:

[Tonoxxenne o6beMa 6yIeM XapaKTepr30BaTh PaJNyC-BEKTOPOM

l’k = in+ykj+2kk
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DakTHIecKu Iy — 9TO PAJNYC-BEKTOP HEKOTOPOW TOYKHU, B3SITOH BHYTPH 0ObeMa
(mampumep, ero nentpa). Ilockoabky pasmepbl o0beMa CTPEMATCS K HYJIO, TOYHOe
MOJIOJKeHNe 3TOH TOYKHW BHYTPH 3JeMEeHTapHOTO o0beMa Hac ceifyac He MHTepecyer.

HYCT]) TE€JI0 HaXOJUTCA B OaHOQOaHOM I1oJjie CuJI TAKECTH.

Bbi 3Haere us Kypca (1)I/ISI/IKI/I, YTO ITI0JIe CHUJ TAXKECTH B Ka}KZ[DfI TOYKE XapaKTe-
puU3yeTcsa BEKTOPOM E — BEKTOPOM YCKOpe€HHA CBO6OZ[HOTO IHaleH1A. B cJay4dae O/[HO-
POAHOIO IIOJIA B J060H TOYKe 3TOT BEKTOP OJWH W TOT XK€ — W 110 MO/IyJIO, W 110 Ha-
IIpaBJIEHHUIO.

ﬂJIH He CJMINIKOM IIPOTAYKEHHbIX TeJ B IIOJ€ TATrOTEHUA 3eMJH 3TO BEPpHO C
BecbMa GOJIBIION CTEeHbI0 TOYHOCTU.

Yro cjaeayer us3 MnpearoJoKeHns 006 O/THOPOAHOCTHU TIOJIA TSIKEeCTH ?
Ha o6bem AV, neiictByer cuna tsokectn Fj, ¢ Monysem

rie Y (ry) = Y (Xp, Yp, 2p) — yoeavHolii sec Tena B TOUKe C paanyc-

BEKTOPOM I,
Ilonarue YA€EJIbHOT'O BeCa BamMm 3HaAKOMO; HaIllOMHIO, YTO OH paBe€H Iipe/eay OT-

HOHNIEHWA MOAYJA CHJIbL TAKECTH K 3JIEMEHTapHOMY O6'b6My, Korjaa HOCJICZ[HI/Iﬁ cTpe-
MUTCA K HYJIIO.

Eciu tesio He aBasiercss ogHOpoAHbIM (T.€. MMeeT B Pa3HbIX TOYKAX Pa3/IMUHYIO
IJIOTHOCTB), TO WM V/IeJIbHBIH BeC B Pa3/JMYHBIX TOYKaX Tesia OyleT PasindHbIM, YTO U
OTpaskeHO B HAIMX OO0O3HAYCHUSIX.

Sammncannas Hamu (opMyia BepHa JUIb TPUOIMKEHHO — ¢ TOYHOCTBIO 10 Gec-
KOHEYHO MAaJIbIX cJaraeMbix GoJiee BBICOKOTO TIOPSI/IKa MaJocTH. JlelicTBUTETHHO, MBI
npeHebperaeM pasjnyieM B 3HAYEHWSIX V/EJbHOTO Beca B Pa3HbIX TOYKAX dJIeMeHTap-
HoOro o6beMa.
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s IIpeaInoJIoKeHn A 006 O/ITHOPO/JHOCTH IIOJIA TAKECTH BbITEKaeT TaKiKe, YTO BCe
CHJIbL Fk ITapaJsuleJibHbl [[PYT APYIY, HOCKOJIbKY YCKOpPpE€HHE CBO6OZ[HOTO ITalcHud I10-
CTOAHHO I1O HallpaBJI€EHUIO. Nrak:

{Fl, ey FN} — CcHucTeMa IapaJjijieJibHbIX CHJ; IYCTb € — eIUHUY-
HbII BeKTOp, 3aJaloliuii UX HallpaBJieHue.

TnaBHbBIH BEKTOD I[aHHOIL/,I CHUCTEMDI C1JI, OY€BU/IHO, HE€ paB€H HYJ/IO, TaK KaK BC€
9THU CWJIbl TAKECTU COHallpaBJICHDI. HO3TOMy IIPUMEHNMa TeOopEMa O ILEHTpeE IlapaJi-
JIeJIbHbIX CHJI.

dra cucTeMa cuJ TpUBOAUTCS K paBHopeiictByiomein R.C (C -
IIEHTpP MapaJIJIeJbHBIX CUJI), [JIST KOTOPOI:

R = Y Fe = > vy(¥F,)AV,-¢,
k k

ZFka ZY(Fk)AVk'Fk
3 %

2. F, >, 7 () AV,
% %

?)aMeTI/IM, YTO B 3HaM€HaTeJIe HOCJIGZ[HEIL/,I d)OpMyJIbI CTOUT MO/YJ/Ib BEKTOpa R.

rC —_—

[Iyctb Tentepp N — oo u AV, — 0; cymmbl mepeiifyT B MHTETPAJIbI,

a paBHOJENUCTBYIOIIAs R.C - B neictBytomyto Ha ATT cuay maxecmu
P.C:
P = Pe,
rae
P = |
N —> b

im Y y(F,) AV, = Jy(?) dv ;
1%

lim Y y(F,) AV, - F, = jy(f)fdv.

N — b
V

O6a sTHx HHTErpaja ABJAIOTCA TpOﬁHbIMI/I. HpI/I stoM P ectb MOAY/Ib CHJIbI TA-
JKeCTH.

Hrak, nosyuaeM:

(%) P = jv(f)dv :
vV
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Jy(F)FdV
v

jy(f) dv

Touka C, paauyc-BeKTOp KOTOpOWi ormpeessieTcss (opmytoit (%),
Ha3bIBaeTCs LHeHTpoM Tsaxkectd ATT.

@opmyay (#%) MOKHO Tlepernucarb ele 1 Tak:
_ 1 .
r, = I3 f y(r)yrdV.

s orpeaeaeHusA NeHTpa IMapaJaje/JIbHbIX CHJI Cpa3dy K€ BbITCKa€T TaKOe CBOWCTBO
HeHTpa TAKeCTH.

Ecan IMIOBEPHYTDH TE€JIO BOKPYT OCH, HpOXO,Z[HH_Ieﬁ qepes C, TO IIOJIO-
JKeHune neHTpa TAKECTH HEe M3MEHUTCH.

WNubiMu cioBamu, uM no-tipexkHemy Gyzer touka C. /leiictBuTesbHO, Takoil mO-
BOPOT 3KBUBaJIEHTEH O/[HOBPEMEHHOMY TIOBOPOTY CHUCTEMbI CUJI TSIXKECTH; a IMOJIOKCHUE
IleHTpa mapa/uleJJbHbIX CUJI He MeHdeTCd MPHU OJTHOBPEMEHHOM ITOBOPOTe.

[Ipoektupys dopmyny (#*%) Ha KOOpJAMHATHbIE OCH, TOay4YaeM (GOPMYJIbI s
KOOP/IMHAT IeHTPa TAKeCTH.

Koopaunarts! nentpa tsoxectd ATT:

Xo = %jxy(x,y,z)dv, U T.I.

PaCCMOTpI/IM elie Cﬂy‘laﬁ O/THOPOJHOIO TeJa, KOI'/la B Pa3HbIX €Io TO4YKax
y[[eJIbeIﬁ BeC — OAMH MU TOT JKe.

st odnopodnozo tena (korma Yy (x,y,2z) = const):

J rdv
P=9V, T, E%f
v

jdv

3[[6Cb MbI BBIHECJU IIOCTOSHHBIH MHOKHUTEJD Y 3a 3HaK HMHTErpaJja; B (l)OpMyJIe
JUJIA FC MbI COKpaTW/In Ha Y YUCJUTEJb U 3HaMe€HaTeJb.

[To nmoBosy noHsATHS “lleHTpa TsKecTH” cliesiaeM TaKoe 3aMeyaHie.
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[lonaTne neHTpa TSKECTU U IIpaBUJA CJOKEHUS IapaJjljle/IbHbIX CHJI
BBesl ApXume[.

Apxumen us Cupaxys (287 —212 mo H.5.) — TpedyecKuii MaTeMaTHK 1
MeXaHUK.

On He TOJBKO BBeJ TOHATHE HeHTpa TAKEeCTH, HO M ollpee/n/ €ro ITOJOKeHne
JJIXI MHOTMX KOHKPETHDbIX TeJI; MHTErpalaMu ITpH 3TOM OH, KOHEYHO, H€ I10JIb30BaJICA, a
Z[eIL/,ICTBOBaJI IIpu petieHn KOHKPETHbIX 3a/la4 TaK: HaXO/JAWJ/ € IIOMOIIbIO HEKOTOPbIX
HEeCTPOrnx MeTo/l0B 3HadYeHue Iipe/ielia, a MOTOM YiKe CTPOro — pacCyrK/AeHneM OT IIpOo-
THBHOI'O — [JOKa3bIBaJl, YTO 3TO 3HaYeHHE He MOKET OBITh HUKAKUM ApYyIruMm.

APXI/IMCZ[ 3aJIOKIJI TaKyK€ OCHOBbBI THPOCTAaTUKHN (BKJIIO‘{aH 3HaMEHUTDBIN 3aKOH
ApXI/IMe]_[a). On cjesrajr HepBbeI mrar mo myTn akKCUMOMaTHU3alluil MeXaHWKHU, C(i)OpMy—
JINPpOBaB P/l aKCMOM O paBHOBECHH pbIdara, M /[iaJ/l BIIOJIHE TOYHOE pelleHue aTOM 3a/la-
qn.

B maremarnke oH npeaJoKnJa MeTO/[bl BbIYHUCJECHUA HJIOHlaZ[GfI 1 00beMOB TeJa1,
KOTOpPbIe TIPEe/[BOCXUIITAJN MHOTHE N/I€N UHTEIPAJIbHOIO UCYUCJIEHUA.

ﬂJIH TBOpYECTBa APXI/IMGI_[a ObLIO XapaKTepHO co4Ye€TaHne CTPOruxX MaTreMaTu4de-
CKHX METOA0B M HHKE€HEPHOro IIoAXo/[a. On H306peJI HeMaJIO BECbMa HWHTEPECHbIX
Malllnd 11 Me€XaHU3MOB.

Xord 3alail ME€XaHWUKH, KOTOPbIMH 3aHUMAJICA APXHMGI[, 6bLIL — C COBpPEMEH-
HOH TOYKHU 3peHuda — AJOCTATOYHO NPOCTbIMHU, €ro JOCTHKE€HUA BbI/IEPIKAJN TIPOBEPKY
BpeM€EeHEM U IMOCJIYKUJIN OTIIPaBHBIM ITYHKTOM [IJIXI MHOT'UX I/ICCJICZ[OBaHI/IfI HOS[[Heﬁﬂle—
ro BpeM€E€HH. HaHOMHIO, YTO O TBOpPYECTBE [APYIOro BEJUKOIO ME€XaHUKa /[[PEBHOCTU —
ApI/ICTOTeJIH — 9TOro CKa3aTb HeJ/Ib3d.

10. CoocoObl BbIYHCJIEHHS IIEHTPA TSZKECTH.

Cnoco6 1 (ucrosb3oBatne CUMMETPHH).,

ITyctb ATT umeeT mI0CKOCTb CUMMETPUU.
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Mur BbI6paJII/I 3/1eCb OCH KOOp/WHAaT CllelilMa/JIbHbIM 06pa30M.

O)Cy — IIJIOCKOCTb CUMMETPHUH.

BHoBb pasobbeM Tesio Ha sseMeHTapHble 06beMbl. Jlerko Buzerh, 4To pasbueHne
MOJKHO TPOBECTH TaK, YTO KaXK/IOMY 3JeMEHTApHOMY OObeMy HaJl TJIOCKOCTBIO CUMMeT-
pun OGyJleT COOTBETCTBOBATH TaKoil ke 1Mo ¢opMe 3JeMeHTapHblii o6beM TIOJ ITOM
TJIOCKOCTBIO.

AV, = AV
X, = X, Y = Y, z, = -2,
CresiaeM Terepb elre OIHO TIPe/IONOKeHHe.
HyCTb CUMMETPUA PaCIIPOCTPAHAECTCA N Ha y,[[eJIbeIfI BecC.
y(xk’yk’zk) = y(xj’yJ"Zj)'

JarnuireM q)OpMy.IIbI AJIA KOOpAWHAThl Z,-, HO HE€ B BH/E HHTErpaja, a B BHUE
CYMMbI, KOTJa Hpe[[eJIbeIﬁ Iepexo/ elle He IIPpOonu3Be/eH:

Z F, 2,
Rk
2 F
k
B qucJaurTeJie Ka}KI[OMy CJIal"aeMOMy
Foz, = v(xp,4,,2,) AV, - 2,

OTBE€Ya€ET CJjlaraemMoe

F}Zj = V(XJ’yj’Zj) AVJ'Z]‘ = =y (X, Yp,2,) AV, - 245

ZC =
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OHU COKpAlIlaloTcs.
BeiBog: 2z, = 0, T.e. IIEHTP TSKECTH JIEKUT B TIJIOCKOCTH CUMMET-
puu.

Teno moxxer XapaKTepu3oBaTbCAa CI/IMMeTpI/Ieﬁ HHOIo pojJa: MME€Tb OCb CUMMETPHUH
njin neHTp CUMMETPUU. PaCCMOTpeHI/Ie 9THUX CJyYa€eB MOXHO ITPOBECTU aHaJOI'MYHO;
3allniieM TOJbKO pe3yJ/ibTaTbl.

3ameuanue 1. Ecau ATT umeer oce cummempuu, To IeHTP TSIXKeCTU
JIEKUT Ha 3TOHN OCH.

3ameuanne 2. Ecau ATT umeer yewmp cummempuu, TO LEHTD Ts-
’KeCTU COBIIaJlaeT C 3TUM I[€HTPOM.

Bor [puMep TeJa ¢ HEHTPOM CUMMETPUHN: TIPAMOYTOJIbHadA IJIaCTUHKA.

|

PaayMeeTc;[, 1 B 9TUX [ABYX CJAyYadX IO/ApPa3yMe€Ba€TCA, YTO CUMMETPUA PaCIIPO-
CTpaHA€TCA N Ha y[.[eJIbeHL/,I BecC.

Wcnonb3oBanne cMMMETPUN TO3BOJISET COKPATUTh BBIKJIAJKUA TPU BBIYUCJICHUN
KOOp/IMHAT IleHTpa TsxkecT win (B ciydae IieHTpa CHMMeTpHu) BooOlie oGoiTuch Ge3
BBIYUCJICHUS UHTEeTPAJIOB.

Cnoco6 2 (Merton pasbueHust).

[Ipeanonoxum, uto ATT MoXHO pa3buTb Ha HECKOJbKO YacTei, IleH-
TPbI TSXKECTHU KOTOPBIX JIETKO BBIUMCJISIOTCH.

1
2
-t Y - —— -} —
C, C C,
Hnsa i-11 yactu:
Pr = y(r)rdV,
Vi
rae r; — paagnyc-BeKTOpP IIeHTpa TSKECTH [-f YacTHu.
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[lsis1 Bcero Tea:

PT, = [y(OFV = % [y(OFdV = T AF;

Z PL vV V.,
OTCIO1a
Z Pi Fz
(*) FC = l
> P

Bo MHOrux mpakTHuecKuxX 3a/lauaxX Ha BbIUUCJEHHE 1eHTPa TAXKEeCTH ITOT MEeTOJ
3 PEKTHBHO UCIIOIb3YeTCS.

Cuoco6 3 (MeToa OTpHUIlaTEIbHBIX BECOB).

[Iycte 0dnOpodHoe Teso J3 nuMeeT TOJIOCTb WU OTBEPCTHE:

y

7

R

o i

HapI/ICOBaHHaH Kpyrjad IJTaCTUHKa UMeeT IIPAMOYTOJIbHOE OTBEpCTHE. B OéHleM
cJydae MbI, O/[HaKoO, 6y,[[€M TOBOPHUTDH O IIOJIOCTU (I[JIH e[[I/IHOO6paBI/IH).

MbIcIeHHO 3aIl0JIHUM I10JIOCTh MaTrepuaJioM, U3 KOTOPOTO COCTOUT Te-
JIO. HOJIy‘—II/IM HOBO€E TeJlo ﬁo, JaCTAMU KOTOPOTI'O ABJIAIOTCA TeJia ﬁ] =B

n @2.
@opmyJa (*) maer:
P r, = Pr, +Pr,.

q€p€3 Fi 3/1eCb OIIATb o6o3HaYeH painyC-BEKTOP HEeHTPa TAYKeCTU i-ro Tena.
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HpeZ[HOJIO}KI/IM Terepb, 4YTO IEHTPbI TAMKECTH TeJl .@0 n .@2 (a TaKiKe BeCa 9THX
TeJI) BbIYHCJIAIOTCA JET'KO.

Jlns nentpa tsizkectun C Tena B umeeM:

_ _ Pry - P, Pry - B,
r. = r, = —

P, P, - P,

I/ITaK, HEHTPp TAKECTH NCXO/HOIo TeJla Haﬁ[[eH.

HasBanue meroma oGbsicHsiercst mpocto. [last aToro mepermiieM (GopMy.ty st
rc B WHOM BH/E:

Pr,+ (-P))r,
Py + (=F)

Ecan orBaeubcst or mHOTO criocoba HyMepallu, TO 39Ta cl)opMyJIa BIIOJIHE aHaJ1Oo-
I'MYHa (pOpMyJIe MeTOola p336I/IeHI/IH, OZIHaKO BeC IIOJIOCTH BXO/UT B Hee CO 3HaKOM “Mu-

”

Hyc”. 3anuuem:

re

Ita dopmysa aHagornura dpopmyse (), HO Bec MOJOCTH CUUTAETCS
OTpULIATeJIbHBIM,

[Monyuennyio dpopmysy Jrerko o606INTL Ha Caydail HeCKOJIbKUX MOJIOCTE.

B cayuae N mosocreii:

N+1
P T, Zpi r;
_ i=2
r =
4 N+1
PO o Pz
1=2

Berancanm KOOp/JiMHaTbl HEHTpa MacC IIJIaCTUHKH C OTBEPCTHUEM, I/IBOép&)KGHHOfI B
KadecTBe IIpuMeEpa Ha IIpuBe€/€HHOM PUCYHKeE.

B npumepe:
P, = v-nR*S, P, = y-abs,

rae Y — YyAeJbHbIN Bec, 0 — TOJIIIHMHA IIJIACTUHKH.

Hlanee:
x, = 0, X, = a/2.
‘ - Pyx, - P, x, _ P,-0-P-a/2 _
P, - P, P, - P,
-Yyabd-a/2 a?b
 YRR’5 —yabs  2(nR2-ab)
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C koopauHaToil Y, — Bce Ipolle:
Yo = 0 (ucrosp3yeM 0CeBYI0 CHMMETPUIO).
Bepremcst Terepb K BOIIPOCY O CBA3SAX W X peakimsix. Korga Mbl (popMy.IHpo-

BaJin 061_[[66 IIpaBWJIO, IIO3BOJIAKOIIEE CYAUTD O HallpaBJIECHUN peaKHI/Iﬁ CBA3U, TO yT-
BepiK/aJj, YTO peaKIun CBA3N [JOJIJKHbI ObITH OPTOTOHAJIbHDI HeOCBO60}KI[aIOH_[I/IM BO3-

MOKHDBIM TIepeMelleHUSIM.
[Ipu stom oroBapuBajiioch, YTO 3TO BepHO [Isi cBsizeli Ge3 Tpenusi. Ceityac xe
MbI KakK pa3 pacCMOTPUM CHUTYaIlHIO0, KOT/la TPEHHEe MMeeTCH.

§ 3. Cunbi mpeHusi 8 cmamuke

1. PaBHOBecue Ten npu yyeTte CuUn TpeHus

HauueMm c¢ PacCMOTpeHNA KOHKPETHOI'O BU/la CBA3U.
Ilpumep 1. Paccmorpum ATT, mmelolllee TOYeUHBINI KOHTAKT C He-
TTOJIBUKHON TTOBEPXHOCTBIO S .

o

S 777 77 T T

Taxoit B1/ CBA3H Ha3bIBaeTCAd, KaK Bror 3HaeTe, TOY€YHbIM KOHTaKTOM [IBYX IIO-
BerHOCTefI. O[[HaKO Terepb Mbl yyKe He lpeArosaraeM, 4YTo 3TU ITOBEPXHOCTU —

TJIaKHe.

Bor 3HaeTe, 4YTO CBA3b — 3TO Hallepe/ 3a/laHHO€ OIpaHH4Y€HMEe Ha /[ABHUJKEHHE TeJl.
B sTOM oTHOIIIEHNH CBA3U C TpEHHEM HE OTJHUYAIOTCA OT cBsa3eil 6e3 TpEHHA. B uacTHo-

CTH:
BosMosxkHbIE rnepeMenieHsa nmpmu HaJuinunu TpeHusa — Te JKe, UTO U IIpHu

€TI0 OTCYyTCTBHUU.

B wactHocTH, B HalleM npuMepe CBS3b — IO-TIPEKHEMY O/IHOCTOPOHHASA: Cpeu
BO3MOKHBIX IlepeMelleHtii ecTh HeocBOGoKaaoIme n ocsoboxkaomme (nocaeanmne
COOTBETCTBYIOT CXO/IY TeJia ¢ TIOBEPXHOCTH ).

Otnune ke 3TUX JIBYX CJy4aeB — B TOM, YTO PeaKI[uu CBs3eil BBOJSTCS TO-
pasHOMY.

CdopmympyeM pelent, MO KOTOPOMY B PacCMaTpUBAaeMOM IpUMepe BBOJISTCS
peaKIuu CBA3U.

97



Ecu tpenme mmeercst, To npu oT6pachbIBAHWU JAaHHOHM CBsSI3U ee ieli-
cTBue 3ameHsiercst cusoii R.K u mapoii cun ¢ momentom M.

Taxum 06pa30M, CUCTEMa CUJI, KOTOpbIE Z[ef[CTByIOT Ha [aHHOE€ TeJIO CO CTOPOHDI
CBA3U, IIPUBOAUTCA ViK€ HE K OZ[HOI?I CHlJje, KOTOpad OpTOroHaJibHa IMOBEPXHOCTH S, a K
CHJie U I1ape. 3a HEeHTp IIpHuBeAeHNA B3ATa TOYKa KOHTaKTa.

[Ipaktuueckn 10 — OOMMIT caydail mpuBesenuss cucreMbl cuil (3a OLHUM-€/[H-
CTBEHHBIM HCKJIIOYEHHEM, KOTOPOE CBS3aHO C TeM, YTO CBA3b SBJISAETCS OIHOCTOPOH-
Heit). VMeHHO:

[Ipu aTtoM mpoeknusi peakinu R Ha HampaBiieHNe BHeNIHeH HOPMAaJu
HeoTpUIlaTeIbHA.

TaKOMy AOIIOJTHUTEJIbHOMY Tpe6OBaHI/IIO YAOBJIETBOPAJIA U peaKInA l"JIaI[KOfI CBA-
3H. HaHOMHIO, 4qTo OCBO60}KZ[aIO]J_[I/Ie nepeMeneHnsa B /IaHHOM IIpUMeEPE HallpaBJICHDI
BOBHE IMOBEPXHOCTHU S.

Ecmu IIpHu pelieHnn 3ajgavdn O paBHOBECHH /[aHHOI'O TeJa I10/] I[efICTBI/IeM IIpuJIo-
JKEHHDbIX aKTUBHbIX CHJI MbI IOJIYYUM, YTO CHJa ﬁ HallpaBJieHa BHYTPb IMOBEPXHOCTHU
S, TO paBHOBeCHUA He 6y[[€TZ TeJ0 COfII[eT C ITOBEPXHOCTH, a peaKInuA ﬁ 1 MOMEHT 1\_/[ B
ﬂeﬁCTBHTeHbHOCTH 6YZ[YT paBHbI HYJIIO (TaK KaK BSaHMOHeﬁCTBHe I/IC‘IGBHCT). BHpO—
yeM, 9TO — 06H_[€€ CBOICTBO O/THOCTOPOHHHX CBS3eil.

I/ITaK, cuna R o6gasatespro HallpaBJIeHa BOBHE€ OT IIOBEPXHOCTU, HO YK€ He
006s3aTeIbHO TI0 HOpMaJIn K Heit. Ha HallpaBJieHHE K€ MOMEHTa M s 06]J_[eM cjaydae
HUKaKHNX OI‘paHI/I‘-IeHI/Iﬁ He HaKJ/Ia/bIBaeTCA.

Ho ecau oreiaeubcs ot JOIIOJTHUTEJbHOI'O OI'paHNY€Hnd, CBA3aHHOIO C OJHOCTO-
POHHUM XapaKTepOM CBA3U, TO pacCCMaTpuBaeMad CUTyallusd (1)OpMaJIbHO HeOoT/IM4nMa
OT >KeCTKOU 3a/I€JIKI. HOCJICZ[HHH — B I[IPOCTPAHCTBEHHOM cCJiydae — TOXe [a€eT ITPOU3-
BOJIbHO HaHpaBJIeHHbIﬁ BEKTOP CHJIblL W ITPOU3BOJIbHO HaHpaBJIeHHbeI BEKTOPp MOMEHTAa.

Oranune Bce ke €CTb, U CBA3aHO OHO C Hareit OTOBOPKOfI O XapaKTepe BO3MOJK-
HbIX HepeMeH_[eHI/Iﬁ B CcJIyda€ TpEHU:. B cJjay4dae JKeCTKOMN 3a/leJIK1 3allpeleHbl BOOéH_[e
Kakue Obl TO HII ObLIO ABUKEHUA TeJla, a B HallleM IIpUMepe — HeEeT.

CoopmynupyeM — TNpeBapuTeIbHO — TaKoe MOJIOKeHHe:
TpeHI/Ie MMpEenATCTBYET ABUKEHNIO B COOTBETCTBYIOIIEM HallpaBJIEHUU,
HO HE 3alIp€lIia€T €TI0 COBCEM.

Uto6bl nipuiitT K GoJiee orpejieleHHbIM BbIBO/IaM, MPOAHAIM3UPYEM HAIll TTPUMep
6oJiee JleTaJIbHO.
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Paznoxum cuny R u Mmoment M Ha KacaresbHYIO U HOPMaJbHYIO CO-
CTaBJISIONINE TI0 OTHOIIEHUIO K TIOBEPXHOCTH S :

_______ I a BEpU
M M
3mecb: N — HopMasibHasi cocraBJistiolnasi peakiuu (Hopmaivnas pe-
= TP — Kau
akuusn); F ° — cuna Tpenus ckosbkenus; M~ — MOMEHT TpeHHUsl Kade-

—= Bepu
Hust; M — MOMEHT TPeHUsI BepueHUs.

HaHOMHIO, 4YTO B cJy4a€ KOHTaKTa TJTa/ KX HOBerHOCTeIL/'I MbI NMeJIN €10 TOJIb-
ko ¢ cuaoit N. Celiuac xe Z[O6aBI/IJII/ICb ClJla TpeHUA CKOJIbKEHMA W /I[Ba MOM€EHTa, Ka-
}K].[b[f[ N3 KOTOPbIX MOJKET pacCMaTrpuBarbCia KaK MOMEHT COOTBGTCTByIOH.[GfI I1apbl CHJI.

Hasannsa o6bacusiorcs ITPpOCTO. Brr 3HaeTe, 4YTO peaKluAd CBI3ell TTOSBJISeTCS
TOr/la, KOr/la CBA3b IIPEIATCTBYET ABUKECHUIO B KaKoM-11160 HallpaBJ/ICHUH. 3HaunT:

— —
Cuna F P KacaTeJIbHadA COCTaBJIAOMaA pearkKIInn R. Omna I[MperAar-
CTBYET CKOJbs,KeHUlo TeJla, T.€. €ro ABUIKEHNIO B KacCaTeJIbHOM HallpaBJle-

HUH,

Vmeercst B Buly HarmpabJeHne KaKOTO-THOO M3 HEOCBOOOKIAONINX BO3MOKHBIX
nepementennii roukn K. Kak Bbl 3Haete, Bce OHU JieKaT B KacaTeJbHOU TLIOCKOCTH K
nopepxHoctu S.

CiroBo “HpeHHTCTByeT” He O3HadYaeT, YTO CKOJIbKEeHIe BOO6H_[6 3allpetieHoO.
CKOPO MbI yée[[I/IMCH, HTO CHJIa TpEHUA HE BCET/la croco6Ha npeaoTBpaTUTb CKOJIbyKe-
Hue; Torga Teao 6}7Z[6T ABHUI'aTbCd, a CHJla TpEeHUSA CKOJbKEHUA 6y[[€T JIMIOb TOPMO3UTDb
[ABIKeHHe TeJia.

Hpe[[l'[OJIO}KI/IM, O/[HAaKO, 4YTO CKOPOCTb TOYKH K PaBHa HYJ/IIO, U ITPOCKaJIb3bIBa-
HUug HeT. B O6H_[€M CJyda€e 3TO H€ O3Ha4daeT, 4YTO [ABUIKEHHNE TeJa B006H_[e HEeBO3MOKHO
— TeJO B HPpUHIUIIE MOJKRET, CKasKeM, IOBOPAYNBAaTbCA BOKPYT KaKOIL/'I*HI/I6yZ[b OCH, IIPO-
XO]_[HH_[EEﬁ B Z[aHHbeI MOMEHT BpeME€HU 4Yepe3 TOUKY KOHTaKTa.

OI[HaKO IIpU HaJIU49UN TpEHUA CBA3D 6y[[6T IIPpENATCTBOBATb U TaKOMY Bpallla-
T€JIbHOMY /[JABUKXEHUIO. Nmento:

3 2 Kayd N
Moment M — KacareJjbHast cocrtaBJsioniasgs Momenta M. Coor-
BeTCTBYIOIAasl eMy Iapa CUJI MPensTCTBYeT KdueHuto Teja TI0 TTOBepXHOCTH

S.
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Kax mbr yBUANM B KMHEMaTHKe, CKOPOCTH TOYEK TBEPOTO Tesa TpU KadeHuHn 6e3
MIPOCKAJIb3bIBaHUSI paclipe/ie/ieHbl B KasK/blii MOMEHT BpeMeHU TaK, KakK ecJiiu Obl TeJio
BpallaJoch BOKPYT OCH, IPOXOJAIlell Yepe3 TOUYKY KOHTaKTa M Je)allleil B KacaTe/ib-
HOl TIJIOCKOCTH.

— Bepy o

Momeutr M — HopMaJsibHast cocTaJistoniass momenta M. Coort-
BETCTBYIOIIAs €My Iapa CUJI IPENSTCTBYeT gepuenuio Teja, T.e. BPAILIEHUIO
BOKPYT OCH, TIEPIEeHIUKYJISPHOI MoBepXHOCTU S .

Ha PUCYHKE S3TOT MOMEHT HallpaBJIECH BHU3, HO 3TO 06CTOATEIBCTBO — CJIy‘IafI—
HOE: OH MOKeT ObITb HallpaBJIEH 1 BBEPX (BCE 3aBUCUT OT HallpaBJE€HHWA Bep‘IeHI/IH).

B O6H_I€M cJydae /[IBUKE€HUE TBEP/AOro TeJla Ipu TOY€HYHOM KOHTaKTe C HENOABUIK-
HOlt IIOBEPXHOCTbIO CKJIa/[bIBA€TCA M3 CKOJIbKE€HUA, Kad4€HHA KN BePUYEHU. Ecau 661
Mbl HE OrOBOpHMJIM, YTO IOBEPXHOCTDH S - HennoABHXHadA, TO Halo ObLIO OBI TOBOPHUTD
006 OTHOCHUTEIHHOM ABUKEHHUN TeJia.

Borgcunm Terepb, KorJa pacCMaTpuBaeMoOe TeJIO 6y[[€T HaXO/[UTbCA B paBHOBE-

CHI.
HpeJIHOJIOX{I/IM, YTO TeJIO HaXOAUTCA B paBHOBeCI/II/I.
YcioBusa paBHOBECHA TIPUHUMAIOT BU/I.
- aKT ~ - aKT ——
R +R = 0, L, +M = 0;
= aKT - aKT o o
3/1eCb R u LK — TJIaBHbIM BE€KTOD U T'JIaBHbIM MOMEHT aKTHUBHBIX CHJI.

Paszyioxkum aTH BEKTOPBI Ha KacaTeJbHYIO U HOPMaJbHYIO COCTaBJISIO-
mnue:;

= aKT —1 —n — aKT = —n
WNupekcamu “1” u “n” no Tpaauimn o603HAYAOT KacaTejbHble M HOPMaJbHbIE
COCTaBJISIIONME BEKTOPOB: “f” — oT cjoBa “HOpMa/bHBIN”, “1” — OT cJjoBa “TaHTeH-

mmaibibiii” (3TO — CUHOHMM K CJIOBY “KacaTeJIbHBIN").
Bextoppt R u M MbI pasioxuan Ha KacaTeJbHYI0O M HOPMAJbHYIO COCTaBJISIO-
e paHbIie.

Kaxcaoe nus3 YCJIOBI/If/,I PaBHOBECUA MblI MOKEM PacCIilMCaTb B BU/E /[IBYX PaBE€HCTB —
OT/I€JIbHO JIA KacaTeJIbHbIX W HOPMaJIbHbIX COCTaBJIAIOIIUX.
BoiBoa: mpu paBHOBecuH B IpuMepe | nMeeM:

= ~ T == = 1

F"” = -R", N = -R",

S5 Kau & Bepd —n

M = -L;, M = -L,.

3a]1aqa, TaKNM O6p330M, ABJIAETCA CTaTHYeCKH OHpGZ[GJH/IMOfI. Bce cocraBagio-
e peaKHI/IfI CBS3eN HaXoAATcA OJHO3HA4YHO.

(*)

3ameTum TOJIbKO, YTO pelieHue 3a/la4n O paBHOBECHUU TeJla IpU HaJIUYUKN TPEHUA
HE NCYEPIIbIBAETCA 3THMH PaBEHCTBaMH.
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Yenosus (*) ABAAIOTCS HEOOX00UMbLMU YCTOBUAMYU PABHOBECHS, HO

HE JOCTAaTOYHBIMMU.

NubiMu CJIOBaMH, €CJI1 paBHOBECHUE MMEET MECTO, TO 3THU YyCJIOBUA BBIIIOJIHAIOTCA.
Ho ne BCeE€r/jga CBA3b criocob6Ha pPeasm30BaTh pEaKIVU, Y/AOBJETBOPAIOIINE ITUM paBEH-
CTBaM.

BoJjiee Touno:

— Tp == Kau
[lnsi paBHOBecusi TpebGyercsi Takxke, 4roObi Bektoppr F °) M
3 2 BEp4d
M P YJIOBJETBOPSJIU JIOTIOJTHUTETbHBIM OTPAHUYECHUSIM:
— TP | < TP | —— Kau | < Kau | ~— Bepu | < Bep4
G+) |[FP| < FP  |M < M2 M < M2

Ha Moaynb ke cuibl N, Kak ¥ B cJiydae OTCYTCTBUS TPEHUS, HUKAKUX OTpaHU-
4YeHUI He HaKJIa/bIBaeTCs.

Tosbko B TOM cilydae, Korja MOJAYJH [JaHHBIX BEKTOPOB HE IIPEBOCXOJAT HEKO-
TOPBIX MPEJIEIbHBIX 3HAUYEHUIl, MOKHO IOJIb30BAaTbCsl COOTHOUIEHUsIMU (*) [JIsi BBIUUC-
JIEHUs STHX TpeX BeKTopoB. llHaue HauHeTcs ABUKEHHE, a 3HAYEHMA [JAaHHBIX BEKTO-
poB OyIyT ysKe WHBIMHU.

O TOM, KaKOBbl YIIOMAHYTbBI€ IIDE€AEC/IbHbIE 3HAUC€HUSA, MbI IIOTOBOPUM IIO031HEE.

SBnenue TPEHUA BO3HUKAET, Pa3yYMEETCA, HE TOJBKO TIPU TOYEYHOM KOHTAKTE.
KOHTaKTI/IpyIOH_II/Ie T€Ja MOTYT COIIpHKacaTbCAd MW TI0 HEJbIM ILJIOIIaJKaM. HPI/IBGZLEM
COOTBETCTBYIOIINM TIpUMeEp.

Ilpumep 2. Ilycts ATT saBisercs OPYyCKOM, OCHOBAaHHE KOTOPOTO
JIEKUT Ha MIEPOXOBATON TocKocTH (nogepxnocmuuiil kowmaxm), a TOUKa

K — mentp ocHoBanus. BHOBb mpusenem peakium cBsisu K cuyie R.K u
mmape ¢ MmomeHToM M.

=V

SV N a BEPY

M M

F"

!

K

Coctasaamonme y cuapl R u Mmomentra M — Tte ke, uTo U B mpumepe /, HO u3-
MeHUJIach NpHUpoja KacaTeJbHOIl cocTaBJsdiollell MOMeHTa.

B camomMm JA€JI€, BOSMOKXHDBIE TIEPEMCIICHNA, OTBEUAKOIINE KAaU€HUIO, TEIIEPD 3allpe-
IIIE€HDbI. prCOK MOJKET ABUI'aTbCA IIO IIJIOCKOCTH, a TaKJiK€ IIOBOpavduBaTbCsid BOKDPYT
BepTHKaJIbHOfI OCH.

Nrax:
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B JaHHOM cCJiydae KaueHHe 3allpellieHO CBA3bI0; COOTBETCTBYIOIIEE
o !
AE€NCTBUE CBA3U XapaKTEPU3YETCAd MOMEHTOM M.

Cuna N, KaK " paHblile, MellaeT TeJy ITPOBAJIMTbCA BHU3.

Ecim 6b1 mitockocTh 6bly1a abGCOMOTHO TJIAAKOI, W3 BCeX M300paKeHHBIX HA pPH-
= ==l
CyHKe BeKTOpoB ocrasuch Obl Tonbko N 1 M. A BOT Hasuuue [BYX /IPYTUX BEKTOPOB
crelru@uIHO /Ui MepoXoBaTol MJI0CKocTH. OTMeTHM:

= TP ~= Bepu
Cuna F " u Mmoment M XapaxkTepusyioT apdeKTbl TpeHH.
O6cymM Tetiepb (haKTOPBI, TPUBO/IANINE K BO3HUKHOBEHUIO TpeHUs. ITH (dax-
TOPbI B IIEPBYIO OY€EPE/Ib CBA3aHbl C COCTOAHUEM BSaI/IMOI[efICTByIOHlI/IX HOBCPXHOCTCI!/JI.

Hpemz[e BCero, pedyb MOKET WATH O HaJIMYUKn WJIN OTCYTCTBUM CMA3KU, T.€. TOH-
Kolt HpOCJIOIL/,IKI/I MeX/1Yy KOHTaKTUPYIOIIUMU TeJIaMU, COCTOHH_Ief/,I N3 HEKOTOpPOro cMma-
309YHOIo MarepunaJja (TBep[[OFO, HKHUAKOTO NN ra3006pa3Horo). B cBsi3u ¢ atumM Bbl/1€-
JIAIOT:

nyoe TPpEHUE€ — TpeHUE IIpU OTCYTCTBHUU CMa3KH.

Bsskoe TPpEHUE — TpPEHHE TIPpHU HaJUIUKU CMa3KH.

CMaSKy OOBITHO HCIIOJIb3YIOT, YTOOBI VMEHbINNUTb Tpe€HHe W HMHTCHCHBHOCTb WN3-
HalllUBaHMA, a TaKiKe n36aBUTHCS OT HEKOTOPbIX HeKe/laTeJIbHbIX OCO66HHOCT6]7I, IIpH-
Cylux CyXoMy TPEHHIO.

OG6BIYHO B KadecTBe CMa3Kd HCIIOJb3YIOT KN/IKOCTb (HaHpI/IMep, CMa304YHbIe
MaCJI?)’.); B 9TOM CJyda€ TroBOpAT O HKUOKOCIHOM TpEHUU. Hprme HHOT'/la IIPUMEHAIOT 1
TBep/ble CMa30UHble MaTepHaJibl (I‘pa(l)HT, Te(I)JIOH, MOJII/I6Z[€HI/IT), KOTOpbl€ HAHOCAT B
BH/IE HOKprTI/IfI Ha KOHTaKTHPYIOIIHUE MMOBEPXHOCTH.

CuJibl BA3KOTO TpeHUsl CYIIECTBEHHO 3aBUCAT OT OTHOCUTEJbHON CKOPOCTH KOH-
TAKTHPYIONIMX TeJ; eCJU OHa paBHA HYJIO, TO 9T CHJIbI TakyKe OOpallaioTcs B HYJIb.
[Tockoabky MbI ceifdac 3aHMMaeMCsl CTATHKOI, TO WX Mbl paccMaTpuBaTh He GyeM.
Nrax:

OI‘paHI/IIII/IMCH CJIyda€M CYXOTI'O TpE€HUA.

UemM BbI3BAaHO HaJaWune cyXoro TpeHus? CoBpeMeHHbIe ITpe/icTaBIeHUs 00 3TOM
ABJIEHUN TaKOBBI.

CyXOG TpEeHHNE BO3HHUKAaET 3a CUET MEXaHUYECKOI'O BSaHMOI[efICTBI/IH
MeXAy MHUKPOHEPOBHOCTAMU COIIPUKACAIOIMUXCA HOBerHOCTeﬁ, a TaKiKe
adeesuu (CHGHJIGHI/IH I9TUX HOBerHOCTeﬁ, BbI3bIBA€MOI'0 MEKMOJIEKYJIAP-
HBIM B3aUMOIeHCTBUEM ).

Jlnst nerasieii, OObIMHO MCIIOJNB3YEMbIX B MAIIMHOCTPOECHHU, Pa3Mepbl YIIOMSHY-
THIX MUKPOHEPOBHOCTEIl U3MEHSIOTCS OT JI0JIeil MUKPOMeTpa /10 JeCATKOB MUKPOMETPOB
(T.e. BecbMa HEBeJUKH).

CJIG]IOBaTeJIbHO, CyXoe TpeHHe — 3TO CJOKHOE (1)I/ISI/I‘I€CKO€ ABJIeHne, BbI3blIBae-
MoOe€ [IByMA (I)aKTOpaMI/II MeXaHNn4YeCKHM M a/Ilre3NMOHHbIM BSaI/IMOZ[CfICTBI/IeM.

Kor/:[a MbI CTAJIKUBa€MCA C KOHTAKTOM /[IBYX 3aB€/IlOMO wepoxoedinblx TIOBEPXHO-
CTeI>,I, TO Ha HepBbeI IIJIaH BbIXOAAT MeXaHM4YeCKHe (baKTOpr; Korjga Xe Mbl IIbITaeMCA
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CABUHYTb [APYTI OTHOCHUTEJIbHO /pyTra /[IB€ OTIIOJHPOBaHHbI€ CBUHIOBbIE IIJIACTUHKH, TO
9TO TPYAHO CAe/IaTb H3-3a 3(1)(1)6KT3 a/[lre3nm.

OécyZ[I/IM Telepb BOIPOC O TOM, KaKNMU MOTYT ObITD HpeAE/JIbHDbIE 3HAYEHWUA CHUJI
TpEHUA. OI'paHI/ILII/IMCH celigac TpeHueM CKOJIbKEHMA.

2. PeweHue 3agay CTaTUKU NPU HANMMMYUKU TPEHUA CKOMbXEHUA

SaKOHOMepHOCTH, KOTOPbIM TIOYUHAECTCA TpeHUE CKOJIb;KE€HUI, ObLIN IepBOHa-
YaJIbHO C(i)OpMyJII/IpOBaHbI KaK 0606]_[[6HI/I€ IKCII€EpUMEHTaJbHbIX [[aHHbIX; (bHSI/ITICCKa}I
Ke IIpupoJa TpeHHA [JOoJIroe BpeMda OcCTaBaJlaCb HeBbIsIcHeHHOM. IlonokeHne Hadaso
MeHsaATbcI B XX BeKe, Kor/ja O(l)OpMI/IJIaCb neJjaasd HayKa O TpEHUU — TPI/I6OJIOI‘HH.

TpuGosorusi — HayKa O MPUPOJE U 3aKOHOMEPHOCTSIX TPEHUS.

HasBanue ee mpoucxXouT OT TpevecKkux cJoB TO1B0¢ ‘Tpenne’ m AOYOG ‘cJo-
BO, yueHue’. ITO — KOMILJIEKCHAs Hay4yHas UCITUIIJINHA, JedKallas Ha CTbIKe MeXaHu-
KH, (PU3NKK, XUMUU ¥ MaTepHATOBEICHUS.

BHPO‘JGM, BO MHOI'MX HWHJXEHEPHDIX pacHe€TaX W IIOHbIHE MIMWPOKO HCIIOJb3YIOT
yihpouleHHbie Ipe/icTaBJeHHA, MMeHYyeMble 3aKOHaMW TpeHUI. It 3aKOHOMEPHOCTHU
C(l)OpMy.IIHpOBaHbI JOCTATOYHO [JaBHO, WU MbI TaKKe€ OIpaHUYNMCA UMU. 3armiem:

OrpaHrYMMCsl SMITUPUYECKAMHU 3aKOHAMH CYXOTO TpeHHs, copMy-
JIMPOBaHHbIMU (ppaHily3cKuMKU MexaHuKamu (1 ¢usnkamMu) AMOHTOHOM
(1699 r.) u Kysnonom (1781 r.).

CisioBo “sMnmpuyeckue” 37iech O3HadaeT, YTO 3TO — He (PyHIaMeHTasIbHble (u-
3uveckre 3aKOoHbl. OHU UMEOT OCTATOYHO IMMPOKYI0 00JACTh MPUMEHEHUs, HO TIPe]I-
CTaBJISIOT cOO0Il JIUITb HEKOTOpoe TIPpUOIMIKeHe K IeHCTBUTETbHOCTH.

Tuitom AmonTon (1663 -1705).
[Iapab Oriocten Kymon (1736 - 1806).

O6a stux VY€HbIX HaYWHaJHU CBOIO HAYYHYIO [I€ATEJbHOCTb KaK ME€XaHWKH, a I0-
TOM OépaTI/IJII/ICb K (I)I/ISI/IKE. AMOHTOH n3ydaJj [laBJ/IEHUE I'a30B, JKECTKOCTDb HI/ITeIL/,I, AB-
JIeHue TpeHHudA; I1103]Hee OH 3aHMMaJICA TepMOMeTpI/ICﬁ n OJHUM M3 II€PBDLIX BbIJIBUHYJI
naero 06 aBGCOIIOTHOM HyJ€ TeMIIepaTypbl.

Kynoun 3anumaJsicss cTpouTe/bHON MeXaHWKOW W Teopueil Tpenus. Vccaemys 3a-
KOHBI YIIPYTOTO KPYYEHUs] HUTEH, OH MOCTPOUJ UYPe3BbIYAHO TOYHbII M3MepUTETbHbIN
mpuéop — KpPYTUJIbHBIE Becbl. VIMEHHO ¢ WX TMOMOIIBIO OH CMOT 3KCIEPUMEHTAJIBHO
YCTaHOBUTb OCHOBHbBIE 3aKOHBI 3JIEKTPOCTATUKA M MarHUTOCTATHKH.

Urak, usnoxum, ciepys (xors u ve GykBanbHo) AMonTOHY U KyJIOHY, 3aKOHbI
TpeHus CKoJbkeHusA. lIpeaBapurebHO — IS TPOCTOTBHI 3alMCH — BBEJEM O/HO 060-
3HAYCHMeE.

O6osHaunm yepe3 N MonyJb HOpMaabHOU peakiuu: N = |N| .

3aKOHBI TpEeHUA CKOJIbJKEHUA (HpI/I HOKOG).
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1°. Ecau Teso, Ha KOTOpOe [IeHCTBYeT CHJIAa TPEHHs CKOJbXKEeHUS,
HAXOANUTCSI B TTOKOE, TO MOJYJb ee MOKeT IPUHUMATb J060e 3HaueHHe OT
Tp
Hyasa go F o

(+) IF"| < FP

max
a CaMa OHa [OOJIYKHa YAOBJIETBOPATH YpaBHEHUAM PaBHOBECHUI.

O6 9TOM MbI ViK€ TOBOPpUJIM B IIpe/bILAYIINEM ITYHKTE. Ecan 3a/lada — CTaTHYeCKH
orpe/ie/inMadA, TO BEKTOp CHUJIbl TPEHUA MOKHO HalTH 13 ypaBHeHI/Ifl paBHOBeECH:A, a yC-
JIOBHE (*) HCIIOJIb3yeTCA [JiA ITPOBEPKHU TOrO, Z[eﬁCTBHTeJIbHO JIM TIOKOH Teja BO3MO-
JKeH.

BHpoqu, 3a/la41 Ha paBHOBECHE TEJI C TPEHUEM YaCTO ObIBAIOT CTAaTHYECKH He-
OIpeEC/JTNMbIMA .

TepMI/IHOJIOI‘I/I‘IeCKOe 3aMedYaHune:

Tp Tp
| = F .« HAa3bIBAETCS CIyUYaeM npedevbH0z0 PaAsHOse-

Cayuaii | F

2°. Hpe[[eJIbHaﬂ BE€JIMYMHa CUJIbI TpE€HUA IIPOIIOPHMOHAJIbHa MOAYJIIO

HOpMaJibHOl peaknuu (3akoH Amonrtona — KyJona):

(**) F;}Zx = fON

rie f, — GespasMepHBINl cTaTHYecKHil K09 PUINEHT TPEHHS.

TakuMm o6pa30M, o 3aKOHY AMoHTOHA — KyJIOHa npeaejibHad BEeJIMYNHa CHJIbI

TpEHUA JIMHEITHO 32BUCHUT OT MOAYJIA HOpMaJIbHOfI Pe€aKInm.

3°. 3nHauenue fO He 3aBHCUT OT ILJOoIMaar COIIPUMKOCHOBEHUA.

B YaCTHOCTH, OHO OCTaHeTCd TeM Ke CaMbIM, €CJIH HepeﬁTI/I OT cJay4das IoBepX-
HOCTHOT'O KOHTaKTa K CJIydald KOHTaKTa TOY€YHOIO.

4°. 3Hauenue [, 3aBHCUT OT MaTepHaja COMPHUKACAIOIIUXCS TeJ,
YUCTOTBI OOPAGOTKY IMOBEPXHOCTEN W T.[I.

COL[GP}KBHI/IG 1IE€PBbIX TPpEX 3aKOHOB 3HAJI YiKe AMOHTOH (a K}/JIOH 060CcHOBAI UX
3aHOBO C IIOMOMLIbIO CBOUX 9KCIIEPHUMEHTOB, B€CbMa TOYHbIX [JIA TOI'O BpeMeHI/I).

Borssienue ke (akToOpoB, OT KOTOPBIX 3aBHCHT 3HaueHHe CTaTHYECKOTO KOa(-
dunmenta Tpenusi — a1o 3acayra Kymona (AMOHTOH TOJMYYN/I B CBOUX OIbBITAX /s [
sHavenne 1/3 u orpammumics stum). KyJloH BBIACHWI, Cpe IIPOYEro, UTO 3HaUCHHe
fo saBucut or HampaBieHus ABuKeHHs (CKayKeM, TONEPEK BOJOKOH [IPEBECHHbI HJIN
B/IOJIb HUX), OT TeMIEPATYPbl U BJILKHOCTH arMoc(epbl, OT BPeMEHH MpeBapUTebHO-
IO KOHTaKTa II0BEPXHOCTEIl.

HPI/IBGZ[GM HEKOTOpbI€ /[aHHbI€ O BO3MOKHbBIX 3HAYECHUAX CTATHICCKOT'O K03(1)(1)I/I-
MUEHTa TPEHUA.
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3HaueHne [, mpyu HOPMAaJbHBIX YCJIOBUSX [JIsi HEKOTOPBIX IIap Mare-
puanos: 0,15 (cramp — cranb), 0,3 +0,5 (uyryH — mepeso), 0,027 (craub
— Jem).

3aMeTuM, 4YTO eCJIi TOBOPUTH O MeTa/llaX, TO 3TH JAaHHbIE AaHbl s OOBIYHBIX
VCJIOBUIA, KOT/[a MOBEPXHOCTb MeTaJ/lia TOKPbITa TOHKOW OKCU/HON TieHkoil. Ecuau
HpeoTBPaTUTh ee obpasoBanue (YTO JOCTATOYHO TPYAHO), TO MMEET MECTO TaK Hasbl-
BaeMblIil cayyall _106eHi1bH020 TpeHWs, IPH KOTOPOM 3HaudeHWe KoadpuimenTa Tpenus
BO3pacTaeT B HECKOJIBKO Pas.

SRCJIyra YCTaHOBJIEHUS 3aKOHOB TPE€HUA KadeHU:A (‘—IGI‘O MBI ceilyac He KacaEMCH)
— TOsKe 3acJiyra Ky.IIOHa. YTto ke KacaeTcs TpeHUA BEPUYEHUA, TO OH CyMeJ JKCIIepU-
MEHTAJbHO OIIpEACINTD BBI3BAHHBIN TpEHHUEM MOMEHT COIIPOTUBJICHUA CTPEJKH KOMIIa-
ca, yCTaHOBJIeHHOIL/’I Ha OCTpue. Perenne sroit 3aladi TpeéOBaJIO U3MepeHu:A O4Y€Hb
MaJIbIX MOMEHTOB Tp€HUA, HO 3TO HE€ CMYTHUJIO KyJIOHa — I/ISO6P€TEIT€JIH CBEPXYYyBCTBU-
TeJIbHbIX KPYTWJIbHbIX BECOB.

Mbr paccMOTpe/in He BCE€ 3aKOHbI TPEHUA CKOJbKEHUA, a JHWIIb 3aKOHblI TpeHUA
IIpH 1IOKOE€. C 3aKOHaMM, KOTOPbIM IIOJYHUHAETCA TpEeHHE IIPpU ABUKEHUH, Bbr nmosna-
KOMUTeCHh TIpHU U3yYeHUU JUHaMUKH.

CripaBe/[IMBOCTH Pa/il HAO OTMETHTDb, 4TO GOJBIIYIO YacTh 3aKOHOB TPEHUS OT-
KpPBLJ ellle 3aMevyaTeJbHbIII UTAJbSHCKUNA XYIOKHUK W yYeHbIH-dHIUKJoneaucT Jleo-
Hapio Aa Bununm (1452 -1519). Ho atu ero pesyJbrarbl OCTAJMCh B PYKONUCAX, W
6bLM ONMYOTMKOBaHb! JUITb B X X BeKe, TaK YTO BJAMSHUS Ha XO/[ Pa3BUTHS HAYKW OHU
He OKasasu.

3aMeuaHmue, KYJIOH I[IOKa3aJl, 4YTO B HEKOTOPbIX CJay4dasdX BMECTO 3a-

KoHa (##) GoJiee TOUHOU siBJIsieTCs caenyomas ¢gopmyra Kyiona:

FY = f,N+ A,

max

rae A — cueniiemocmas, IIpoIopIruOHaJibHaA IIJIOITaA COIIPUKOCHOBEHUA.

C COBpeMeHHOﬁ TOYKHM 3p€HHA, HaJU4YHE STOr'o CJaraeMoro ecrtb cCJje/CTBHE 3(1)*
(I)GKTOB a/IFe3NN. Taxum 06pa30M, B O6H_IGM cJayvdae 9acCTb TpEHUA HE 3aBHCUT OT HOP-
MaJIbHOI PeaKI1n. B 6osbiuncTBe CJy4a€B, OJHaKO, CHEIIAEMOCTb BECbMa MaJjaa, W
9THM CJIaraeMbIM npeHeéperaIOT.

[Tocte AmonTtona u Ky/ona monroe BpeMsi CylieCTBEHHBIX MPO/IBUIKEHW B Hay-
Ke o TpeHun He 6bito. Tombko B XX Beke HaMeTHJICS SIBHBIN mporpecc: ObLIN oOIuca-
HBI U OODBSICHEHBI HEKOTOPble OTKJIOHEHWS OT c(OpMYJHPOBAHHBIX 3/I€Ch 3aKOHOB Tpe-
HUSA, TOJyYeH P ApYTUX (OPMYyJ, YTOUHAIONIMX WJIU 3aMEHSONMX 3aKOH AMOHTOHA
— Kysiona, usydyeHa — yyke Ha KOJUYECTBEHHOM yPOBHE — KOHKpeTHas 3aBUCHMOCTD
3HaueHUH [, or ormesibHbIX (usnueckux (axkropoB u T.A. Ho paceMorpenue 3THX
NOCTHKEHUI COBPEeMEHHON TPUOOIOTUN BBIXOIUT 32 PAMKHU Kypca MeXaHUKH.

Hepeﬁz[eM K IIpHUM€paM pelieHnsa 3ala4 CTaTUKK 1IpH HaJUYUKW CHUJI TpeHU
CKOJIbKEeHN .

IIpumep 1. PaccMoTpuM cXeMy TPOCTENIIero mpubomempa — TPH-
6opa 7151 U3MepeHus CUJIbl TPEHUS.
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V@

3aech 6pycok Beca P JieXUT Ha HENOABMIKHOW ITocKocTH (cUTyalus, paccMar-
pHBaBIIasgcd HaMH B IIPebIAYIIEM IIYHKTe), a K GPYCKy IpuBg3aHa HUTb. Hutb mepe-
6polileHa vepe3 HeBecoMblil GJIOK; Ha ee KOHIle mojBelieH Tpy3 Beca @ (aToT Tpy3
MO’KHO 3aMEHSATH JPYTHM).

OcBo6oMM GPYCOK OT CBSi3eli:

AN

Ar\ — ()
k|

vp

?)I[er ClJIa HaTAXKEHUA HUTU, Pa3yMeeTCda, paBHa BeCy I'py3a Q — YTO U IIOKa-
3aHO Ha pUCYHKeE.

F'' -

Cuma P IIepeHeHa BHU3 TIO €€ JIMHUH Z[eﬁCTBHH, YTO 3aKOHHO.

Moment M’ 31ech 3aBefoMO HeHyJeBOii: OH JIO/DKEH YpPaBHOBEIINBATh Bpalla-
TeJIbHOE JIeHCTBIe mapbl ¢, obpasyemoii cuamn Q u F'C. A BoT 0 MOMeHTe TpeHus
BepueHusi TOBOPUTH He TPUXOUTCS: OH JOJ/KeH ObLT Obl JIedKaTh B TJOCKOCTH PUCYH-
Ka, HO CUCTeMA CUJI — TJIOCKast, W OH 3aBeIoMO Oy/leT paBeH HY.TIO.

CocTaBasgem VpaBHEHUA PaBHOBECHUA:
x: Q-F" =0 = F?=0Q;
y: N-P =0 = N-=P.

(%) !
ypaBHeHI/Ie MOMEHTOB, H3 KOTOPOro MOXHO HaWTH MOMEHT M, IIMCaTb He 6yz[eM.
I/ITaK, ClJla Tp€HHuA paBHa BeECY I'pysa, T.€. U3BEeCTHOM BeJauunMHe. A JJId HaXOXKIeHHA
CTaTH4Y€CKOI'O KOS(i)(pI/H_[I/IeHTa TpeHuA MOYKHO HeﬁCTBOBaTb TaK.

[lom6opoM rpysa HaxomamMm HaunboJblllee 3HaueHUe Beca (, TpU Ko-
TOpoM 6pycok 6yaer mokoutbesi: @ = @ pax-
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B cuny sakona AmonToHa — KyJsona

P
Fmax = fON’
TaK 4YTO
P Frox  Quma
N P

[Tpesxkie yem paccMOTpeTb BTOPOIi IIpUMep, MPOBe/eM HEKOTOpble Paccy KIeHUus.

B 3ajmavye o TpuGomMerpe Mbl PacKJIAbIBAJN CUJIY PEAKIMK CBSI3UM HA JIBE COCTaB-
T]
asonme: cuty Tpenns F T o nopMaibuyio peakimmio N (Tak Mbl MOCTYIAMM W PaHb-
me). Ho wuHorma GbiBaer yjaoGHee paGoTaTb HEMOCPEICTBEHHO € TIOJHON peakIueii
CBSI3U.

PaCCMOTpI/IM Terepb IMOJIHYIO pE€aKIUi0 B TOUKE K:

K

Ilycth 0. — yroa Mesxay BekTopamu R um N.

Hamomato, u9to BekTOp HOpMaJbHOU peakimu N HampaB/eH BIOJb BHeITHEl
HOPMaJM K TIOBEPXHOCTH.

Nmeem:

™ ™
F = Fmax - fON
T .
Ho F'P = R sino, N = R coso, Tak uro
Rsina < f,Rcosa;

tga < fo;
o

N

a,, rme o, = arctgf, .
A Temnepb — olipejiesieHue:

Yroa o, = arctg [, HasbIBaeTcs! YIJIOM TPEHHS.

Taxum 06pa30M, BMECTO CTaTH4YeCKOI'O KOS(i)(l)I/H_[I/IeHTa TpeHu:a MOKHO 3a/laBaTb
yYroJ TpeHusa (B CIIpaBOYHHKaX OOBIIHO IIpUBOAATCA 06e BGJII/I‘II/IHI)I).

BbIBOL[: IIp1 paBHOBECHUN YTOJI BEKTOpa IIOJTHOI peaKlii C BEKTOPOM
BHeIITHel HOpMaJIi K IIOBEPXHOCTH MEHDbIIE yTIJia TpEeHUA HJIN (B ciaydae
IIpeaeJpHoro paBHOBeCI/IH) paB€H €MY.
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SaMeTI/IM, 49TO yroJl TpEeHUA He olipe/ieadeT OJHO3HAYHO HallpaBJIEHNEe BEKTOpa R
Aaxe B cJy4dae IIpe/leJIbHOTO paBHOBECH:A. C usMeHeHEeM CUCTEMbI aKTUBHBIX CHJI 3TO
HallpaBJICHUE 6y[[eT MEHATDbCA.

Tax, ecau B HarreM nipumepe ! cuiay ) TPHIOKHUTDH He ClipaBa, a cJeBa OT Opy-
cka, To cimaa R Gymer oTKIOHATBCS OT cmiibi N Ha TOT 5Ke YTou a, (npu npesenbHOM
paBHOBecH1), HO yske BIpaBo. B Gosee oGieM cayuae BekTop R MokeT mponsBo/ib-
HBIM OGPa30M MOBOPAYMBATLCS BOKPYT BekTopa N.

Beeniem Teriepnb erie ojiHO onpeiesieHue.
reOMeTqueCKOC MeCTO BCeX BO3MOJKHDIX HaHpaBJIeHI/Iﬁ HOJIHOIL/’I peaK—
nuumn R mpu MpeacJbHOM PAaBHOBECHUU HA3DIBACTCA KOHYCOM TPCHUA.

K

3ameuanne. Eciu KoadpduieHT f, 3aBUCHT OT HAMPaBJEHUS BO3-
MOJKHOTO JBIKEHUsI TeJla, KOHYC TpeHUsl He 6yZeT KPYTOBBIM.

Tenepb CZ[eJIaHHbeI HaMHl paHee BbIBO/J MOKHO C(I)OpMyJH/IpOBaTb 1 nHave.
BoiBoa: mpu paBHOBecuu BekTop R sexxut BHyTpm wmim (mpu mpe-
NIeJIbHOM PaBHOBECHH) Ha IPaHUIlE KOHYCa TPEHHUS.

N3 JaHHOT'O BbIBO/la HEME/JJIECHHO BbITEKa€T MHTEPECHOE CJIe/[CTBHE.

Caeacreue. Eciu cucrema aKTHUBHBIX CHJI [IpUBOAUTCA K OJIHOII cHU-
JIe, HpHJIO}KGHHOfI B TOUYKe K, TO €€ HalIpaBJIEHHWE IIpHU paBHOBECHHU CO-
BIIaZa€T C HAIIpaBJIEHUEM ﬁ CkoJib 6B BeJiKa HHU ObljIa 2Ta CHJIa, OHa HeE
MOJKET CABUHYTDH Te€JIO, €CJIU €€ JIMHUA JIeficTBUS He BBIXOJUT 32 IpeaeJibl
KOHYCa TpeHNA.

Tenepb paccMOTpUM BTOPOIi TIpUMeEP.

IlIpumep 2. JlectHuina onupaercss KoHilamu A u B Ha 1o u creHy
(yrJbl TpeHHUs: 0.4 ¥ O U3BECTHBI). BBISCHUTDH, NPU KAKUX IOJIOMKEHUSIX
CTOSIIIIEr0 Ha Hell yejioBeKa BecoM P oHa ocTaHeTCs] B paBHOBECUU.

Cama JIECTHHIIa IIPpEAIIoIaracTCsa HEBECOMO.

HapucyeMm necTHWIly BMecTe CO CTEHKOH W TIOJIOM, a TIOTOM OCBOOOINM ee OT
CBA3€ell.
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K

Hpe[[BapI/ITeJIbHO InpozejiaeM TakKue paCCY)K[[eHI/IH.

Jlunusi mefictBusi cusisl P — BEPTUKAJb [, TPOXOMSIIAs Yepe3 TOUKY
C. Jluuus pmeiictBusi cuibl R 5 3aBeJIOMO TlepeceKaeT 3Ty BEPTUKAJIb B Ka-
KOIi-TO Touke D.

[Tepenecem cusibl Rz u P B Touky D u caoxkum, monyuus cuay F.D.

3HaYnT, MOXKHO CYUTATD, YTO HA JieCTHUIY jeiicTByioT dée cumapi: F u R, . Ilpu
atoM simHus feiictBust cuabl F npoxomaut vepes touxy D.

IIo akcuome o ABYX CHJIaX, IIPHU paBHOBECHU CHUJIbBI F u RA 00513aHbI
nMeTb OéH.IYIO JIMHUIO ﬂeﬁCTBHﬂ. I/ITaK, JIMHUN ﬂeﬁCTBHﬂ BCEX Tpe€X CHJI
JOJIJKHbI IMETb 06H_IyIO TOYKY IlepecevueHnA.

A rtenepb GyzeMm pemiath 3aga4dy rpadudecku. Iloctpoum B Toukax A u B komy-
Cbl TpeHus.

[Tosicuum pucyHOK.

I/I306paDKGHI)I ABa YIJIOBbIX CEKTOpa, IIoJiydaeMble IIpU IlepeCceueHUu!U
KOHYCOB Tpe€HUuA C IIJIOCKOCTbIO PHUCYHKA, O6].T_[a§{ yacte U CEKTOpOB 3a-
MTpUXOBaHa.
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Touka mepeceuenuss D nunnit geiictBust cua R, u R momkna Ha-
xoautbest B obactu U,

HO qepes STy TOIIKy O6H3aHa HPOﬁTI/I n JIMHUA Z[efICTBI/IH CHJIbI ﬁ, T.€. BEPTHU-
KaJb /.

BoiBoa: mpu paBHOBecun Touka C [JOJIKHA pacliosiaraThCsl Tak, 4ToO-
661 BepTHKaib [ mepecekana ob6aacth U (r.e. touka C mpuHamiexasa oOT-
pesky AC").

Saﬂaqa, Me)K[[y Impo4iunmMm, HBJIH_GTCH C_TaTI/IIIeCKI/I HeOHpeZ[eJII/IMOfI, TaK KaK B Heﬁ

YETbIPpE HEU3BECTHDLIX: MO/YJ/IM CHUJI RA n RB n yrJjibl, 3a/Jalomue HallpaBJ€HUE I3TUX
CILJI.

Bce sTu HemsBecTHbIe MOMKHO ObLTO Obl HAilTH, ecju Obl MbI 3HAIU MOJOKEHHE
touku D. Ho MbI peaibHO 3HAEM JHUIHh, YTO OHA MPUHAIEKUT OTPE3KY, BBICEKAEMO-
My obusactpio U Ha mipsimoit /.

Jra CUTyallusd TUIINYHa A4 3aJa4 CTaTUKW IIpU HaJIMYUW TPEHUA: IOJIOKEHNE
PaBHOBeCUA 37€Cb HE ABJIACTCA € JUHCTBEHHDIM.

OtmMeTum einiie Takoil (akt:
ECJII/I o, = , TO TOYUKa C MOJKET paclioJjiaraTbCd rjge vroaoHo Ha OT-
A
peske AB.

[leiicTBuTe/IbHO, B 3TOM cJiyyae JIECTHUIA TOTMa/leT BHYTPb KOHyca TPeHus, Io-
crpoerroro st Touku A. B stoMm ciyuae mepecedenne Beprukaiu ¢ obmactbio U Gy-
JIeT 3aBe/IOMO HEIyCTO, TaK KaK caMoil JIeBOH TOYKOil aToil obmactu Gyner touka B.

YnoMmsaneM €€ OAHO IIPUMEHECHUE TTOHATHUA YTIJIa TPEHUI.

Hpech:[e BCero, IIpuBeJeM CXeMYy IIPOCTOro SKCIIEpUMEHTa, W3 KOTOPOro 3TOT
Yroj MOKHO HalTh HETTOCPEACTBEHHO.

3amevanne. [lng 6pycka, Jeskallero Ha IepOXOBATONW HAKJOHHON
IIJIOCKOCTH, TIOJIHAsl peaKIUsd JOJKHA yPaBHOBEUIWBATbH CUJIY TAKECTHU:

AR
o

Mpar TIpeAIIoJIOKNIN, YTO ApYyTrre aKTUBHbIC CHJIbI Ha 6pyCOK He HeﬁCTBymT.
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3ameTuMm Terepb, YTO YIroJ O BEKTOpa R c HOpMaJblO K IIJIOCKOCTH, OYE€BU/HO,
PaBeH YIJIy HaKJOHa 9TOH TIJIOCKOCTH.

HOBTOMy yroJ TpE€HUu:A paBE€H YyelYy ecrmeCmeenHHoz0 OmKocd — MaK-

CUMaJIbHOMY VYIJIY HaKJIOHa IIJIOCKOCTH, IIPHU KOTOPOM 6py€0K elre MOJKeET
HaXOJUTbCA B PaBHOBECHUH.

Ecn 3aMeHUTh HAKJIOHHYIO TJIOCKOCTH KOHYCOOGpasHoil Kyueil necka (umu Apy-
TOTO CBINYYero MaTepuasa), IpUYeM KPyTH3Ha 3Toi Kyun Gy/er GoJiblie, YeM yToJl ec-
TeCTBEHHOTO OTKoca (paBHBIN ceiiyac VriIy TPeHUs MEK/Y YacTUIaMU IecKa), TO Tmec-
YMHKW HAYHYT CKaThiBaTbcsl BHM3. CTaso ObITh, KPYTH3HA KyYH HE MOKET IPEBOCXO-
JUTh YTOJI €CTECTBEHHOTO 0TKoca (MHavye Kyda OChIIIETCs).

PaccmoTpum Teniepb elie o/iHY 3aj7la4y, B KOTOPOI BecbMa CyIIeCTBEHHA POJIb CHUJ
’
cyxoro Tperuda. Peub noiijier o MojleSIMpoBaHUK “UTPbI CUJI” B TOPMO3HOM MeXaHU3Me.

3. 3apgaya 0 TOPMO3HOWM Konoake

IIJIH YMeHbIIeHUA CKOPOCTH WJIHW [1JIA IMOJTHON OCTaHOBKU TpaHCHOpTHOﬁ MallTHHbI
HUCTTOJb3YIOT TOpMO34a. UcnommuTe TbHBIM OpraHoM TOpMOSHOfI CUCTEMDI ABJIACTCA TOP-
MO3HOHW MeXaHW3M.

Idro - yCTpOfICTBO, C TIOMOIbIO KOTOPOro ycuwjine, co3/laBaeMO€ TOPMO3HbIM
IIpUBO/IOM, HpeoépasyeTCH B TOPpMO3HO€ BOSZ[GfICTBI/IG, IIpUKJIa/[bIBa€eMO€ K KOJIeCy M
cos/laolee NHCKYCCTBEHHOE COIIPOTHBJIEHUE €TI0 BpallleHUIo.

B coBpeMeHHBIX TpaHCHOPTHBIX MalllMHAX NPUMEHAIT TOPMO3a Pa3/IUYHbIX TH-
MOB: KOJIO/IOYHbIE, [MCKOBbIe U JIeHTOUHble. Mbl paccMOTpPUM O/IHY M3 KOHCTPYKIIMIA
KOJIO/IOYHOTO TOPMO3a, KOTOpas HCIOJb30BaTach B HEKOTOPBIX MOJEJsIX MOTOIUKJIOB.
WNHora KoMo0YHbIN TOPMO3 HA3bIBAIOT ellle 6apaGaHHbBIM TOPMO3OM.

Cxema KOJIOJIOYHOT'O TOpMO3a MOTOITUKJIA!
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3nech: | — 6apabaH, 2 1 3 — KoJOAKH, 4 — KYJIAuoOK.

KyJIa‘{OK — 3TO 3BE€HO Me€XaHu3Ma C¢ IIOBEPXHOCTbHIO HepeMeHHOﬁ KPUBU3HDbI.
HpI/I IIOBOPOTE KYyJ/IaYKa 4 m3MeHsieTCsI OTHOCHUTE/IbHOE TIOJOKeH!e KOJIOJIOK: OHHI c6.11-
KalOTCA WKW Ppa3/IBUTalOTCA.

BapaGan TopMo3a ycTaHOBJIEH Ha OCH KoJieca M KECTKO € ITOH OChIO COe/MHEH.
Crpenka Ha puCYHKe IHOKasblBaeT HalpasjeHue Bpamienus GapaGana (1 koseca).

KOJIO[[KI/I pacliojiaralorcsa BHYTPHU 6apa6aHa. IToka BOUTE/Ib HE I10JIb3YETCA
TOPpMO30M, OHU C IOBEPXHOCTDHIO 6apa6aHa HE COIIPHUKACAIOTCA. HPI/I 9TOM KYJIa4OK 3a-
HUMaeT BEPTHUKaJbHOE II0JIOKEeHNEe, KOJOAKU C6JII/I}K€HI)I, a IIpy’KnHa yA€PRKUBAECT UX B
TaKOM ITOJIOJKEeHUH.

Ecim TOPMOKE€HNE HaYMHaETCA, TO YyCU/ine, CO3/[aBacMO€ IIPpHUBO/IOM, ITOBOpaiu-
BaeT KYJa4OK, KOJIOJAKH pa3JBUTAIOTCA W IPUIKUMAIOTCA K IOBEPXHOCTHU 6apa6aHa.
BOBHI/IKaIOH_[I/Ie ITpU TaKOM KOHTaKTe€ CHJIbl TPEHUSA TOPMO3AT BpallleHue 6apaéaHa.

Jlas anasmMsa NPUHIMIIMAIBHBIX OCOOEHHOCTeH “UTrpbl cuJ” B TOPMO3HOM MeXa-
HU3Me Mbl PAacCMOTPHUM OY€Hb VIIPOIIEHHYIO ero Moje/b. [liag mepexofa K Heil Mblc-
JICHHO pa3obbeM KOJIOJIKY 2 Ha OT/Ie/IbHbIe TOHKHE 3JIeMEeHTDbI, MMeolne (GopMy CTepiK-
Hs (O[MH U3 TaKUX DJI€MEHTOB MOKa3aH Ha PUCYHKE).

BYI[CM cJeJuTb TOJIbKO 3a OJHHM 2J/IEMEHTOM, a 6apa6aH 3aM€HUM ITPAMOYTOJIb-
HOI IIJIaCTUHKOM. Byz[eM pa6OTaTb B CUCTEMe OTcCYETa, CBSI3aHHOI C MOTOILIMKJIOM, KO-
TOPYIO U IIpUMEM 3a YCJIOBHO HENO/BUIKHYIO.
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[Tpuxomnm Kk caemyroleii 3amade.
Cayuaii 1 (npmwxumMHas Kosoaka). CrepskeHb 2 AJUHBL [ onupaercs
KOHIIOM A Ha HJIaCTI/IHKy 7, KOTOpaE{ JIEKUT Ha FJIa[[KOﬁ IIJIOCKOCTH.

3nech cuna P Mopmenupyer meficTBue KyJauka Ha KoJOAKy, (@ — Bec
naacTuHKu, F — cusa, “BbIpbiBaioias’ MIACTUHKY U3-TIOJ KOJIOIKHU.

CTporo 1oBOps, CTep:KeHb COOTBETCTBYET He caMOU KOJIO/IKe, a JIMIIb O/[HOMY U3
ee 3JIEMEHTOB; HO /Il KPATKOCTH Mbl MMEHYEM ero IpocTO “KOJIOAKON”.

HPCZ[HOJIaI‘aeTCH, YTO BCe IlepeducJ/ieHHble CHJIblI HallpaBJI€eHbl MMEHHO TaK, KaK
IOKa3aHO Ha pUCYHKe, T.e. 3HaY€HU TePEeMEeHHbIX P, Q u F nosoxurenpubl. OrMe-
TUM 39TO:

Cunrtaem, uto P, Q, F > 0.

JTO TpeéoBaHI/Ie ABJdeTcA, CTalo 6bITb, O/THUM U3 yCJIOBI/Iﬁ 3aladi.

HOCKOJIbe IIJIOCKOCTb — TJIa/IKad, TO TPEHUA MEX/Y TLJTACTUHKON M TIJIOCKOCTHIO
Her. Ho MEXY IITACTUHKON 1 CTEpsKHEM TpeHHE €CTb.

IIycth — cTaTu4yecKuil Koa UIIMEHT TpeHUA B TOUKeE A
0

Mbi cunraem, uto cunbl P u Q, amuna [, yroa o u xoadduiinent f, 3asaubi.
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Tpebyercst maiit cuay F, mpu Kotopoil cuctema O6yaeT B paBHOBe-
CHUU.

OcBOGOMIM CHCTEMY OT CBsI3€ii:

3aMeTHM cpasy jKe:
XA — CWJla TPEHUAI, YA — HOpMaJibHasd peaRIuA.

[Touemy mampaB/ienue BBeJEHHbIX HAMU PeakIil cBsi3eil BbIOPAHO MMEHHO Ta-
kuM? Ilpn paBHOBecun aeiicTByIONasi Ha NJIACTHHKY cuiaa X, O/DKHA YpaBHOBEIIN-
BaTh cuay [, MOSTOMY OHa W HampaB/JeHa B CTOPOHY, IMPOTHBOIOJIOKHYIO cuie F .
CrepsKkeHb [JaBUT HA TJIACTUHKY, TaK YTO CUJIa Y, HampaB/ieHa BHU3.

[IpumMensis Termepb akcMOMYy O AEWCTBUM W TTPOTUBO/ICHCTBIHN, OIHO3HAYHO OIIpe-
fleisieM W HalpaBJjeHue CHJ, IeHCTBYIONMX B Touke A Ha cTepyKeHb €O CTOPOHbBI ILIa-
CTUHKH.

Co CcTOpPOHBI TJTAJIKOI TIOCKOCTH Ha TLTACTUHKY JelcTBYIOT cuia N ¥ mapa cuiu
c momentom M'. Tak Kak cB3b — OAHOCTOPOHHSASA, To cuia N HampaBIeHa BBepX;
Hanpas/eHue sxe MoMenTa M ' BbIGpaHO IIPOU3BOJIBHO.
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MpeAMETHbIA U UMEHHOW yKa3aTerb

AOGCOJI0THO TBepJoe Tedo, 1
Axcroma

nBKeHus, 31
macchl, 8, 31
0 BYX cuJjax, 39
O JENCTBUU U NPOTUBOAENUCTBUH, 41
0 HYyJ/b-CHCTEME, 38
napaJiiejorpamMmma cuJa, 37
cBsizei, 49
crutomHocTy, 31
Amonromn, 102, 104
AHU30TPOITHOCTD, 7
Apxut Tapenrckuii, 19
byrenun HB, 2
BexkTopHoe npoussejenue, 15
Bupuaa cwuibl, 24
Tanuneit, 2
I'1aBHbIT BekTOD, 34
I'1aBHbBII MOMeEHT, 35
Nén Koppa, 20, 21
Kunaysuyc, 24
Kyunon, 104
Jlarpamnx, 2
Jleonapno na Bunum, 104
Jlunusa peiicteus, 17

MarepuajbHas To4Ka, 1
Mexanndeckoe B3anuMo/lelicTBue, 9
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Momenr cuabl, 15
Henoasu:kHast cucremMa KOOpJuHarT, S
HyJab-cucrema, 34

Hrroton, 2

I1aeyo cunnr, 18, 19
[LooTHoctb, 7

[lomioc, 13

[IpaBad Tpoiika BeKTOpOB, 16
[Tyanco, 27

PaBHoBecue, 2
Pagnyc-BekTop, 13
PediexcuBHoCTbD, 33
PereOnuk, 2

CB0GOIHBIN BEeKTOD, 12

CBs3aHHbBINA BeKTOD, 12
Cuma, 9

CUMMETPUYHOCTD, 33

Cucrema orcuera., 4
CkaJsusipHoe 1pousse/ienue, 10
Crarnka, 2

TpansuTuBHOCTD, 33
Tpubosorus, 102

Yroa Tpenus, 110

dinep, 2

IKBHBAJEHTHOCTbD, 33
IOBenuabHoe tpenue, 104
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