Tema 1. CHCTEMA OTYETA.
MEXAHHWYECKOE JIBHKEHHUE

W3BecTHBI 4 MEXaHUKU:

1. Knnaccuueckas mexanuka WM. HetoToHa (COOTBETCTBYIOIIAsE OOJIBIIMM Maccam, T. €.
MaccaM, HeM3MEpPUMO OOJBIIMM MacChl 3JIEMEHTAPHBIX YacTHUI] U MaJIbIM CKOPOCTSIM, T. €.
CKOPOCTSIM, HEU3MEPUMO MEHBIIIUM CKOPOCTH CBETA);

2. PensTuBHCTCKAsE MEXaHUKa — TEOPHUSl OTHOCUTEIBHOCTU A. DiiHImTelHa (OoMbIINe
MaccChl, OOJIBIITHE CKOPOCTH);

3. KBanToBas MexaHuka (MaJible Macchl, MaJible CKOPOCTH);

4. PenaruBucTckasi KBAaHTOBas MEXaHHKa (MaJible Macchl, OOJIBIINE CKOPOCTH).

OHM NOJHOCTHIO COTJIACYIOTCSI MEXIY COOOM «Ha CTBIKAX»

Hanee mMbpl Oyznem paccMaTpuBaTh TONBKO KJIACCHYECKYIO MEXAHUKY M COIPOTHUBIICHUE
MaTEepHaOB B IApaUICIbHOM U3JI0KEHUH.

E1ie pa3 oTMETUM epanuybl npumenumocmy KJIACCHIeCKOH MeXaHNuKH:

— 0OBEKTHI JOJKHBI OBITh MAKPOCKOIIMYECKHE;

— CKOpOCTH TOY€K OOBEKTOB AOJIKHBI ObITh MAJIBIMU IO CPABHEHHIO CO CKOPOCTSIMU
CBETa B BaKyyMe;

— BJINSHHE HA MEXaHWYECKOE ABMKEHHE OPYTHX NPOLECCOB (TEIUIOBBIX, XUMHUE-
CKUX U T. JI.) JOJDKHO OTCYTCTBOBATb.

Mexanuka (Tped. unyavikyj — WUCKYCCTBO TOCTPOSHHUS MAIlMH) pa3fael (U3UKH,
HayKa, U3yJaromias MEXaHMYeCKOe ABMKCHIE MATEPUAIbHBIX TNl U MX B3aUMOJICUCTBUE.
Conpomugnenue mamepuanog — WHKEHEPHOE YyUYEHHWE, H3ydJarolee «a30yky»

U «'pPaMMaTHKy» pacueToB HaNpsDKEHHO — Ae()OpPMUPOBAHHOTO COCTOSHUS AeQOpMUpY-
€MBIX TBEPABIX TeJI, C IIEIbI0 OLIEHKU MX MPOYHOCTU M KECTKOCTU M yCTOWIMBOCTH.

Ilpounocms — cnocoOHOCTH TET BOCTIPUHUMATH BO3JCHCTBHE BHEIIHUX CHII IO HEKO-
TOPOTO Mpeaena, He pa3pyliasch.

JKecmkocmb — cIOCOOHOCTBH Te BOCHPUHMMATh BO3JECHCTBHE BHEIIHUX CHJI 10 He-
KOTOPOTO Mpefena, CyIIeCTBEHHO He IeOPMUPYSICh.

MexaHuuyeckoe ABHKEHHEe — H3MEHEHHE IOJOXKEHUSI OOBEKTOB B IPOCTPAHCTBE
C TCYCHHWEM BPEMEHH, T. €. JBIDKEHHE BCEra MPOMCXOAUT OTHOCHTEIHLHO MPOCTPAaHCTBA
Y BPEMCHHU.

«Bpemst 1 IpoCcTPaHCTBO COCTABISAIOT Kak Obl BMECTHIIMIIIE CAaMHX CE0sI U BCETO CyIIe-
cTBymomero. Bo BpemMeHu Bce pacronaraercs B CMBICIE TOpsiiKa MOCIEA0BaTENbHOCTH,
B [IPOCTPAHCTBE — B CMBICIIE MOpsiiKa pacnoyiokeHusn» (HboToH).

«Abconromnuoe npocmpancmeo 1o CaMoil CBOEH CYIIHOCTH, O€30THOCUTEINIBHO K YEMY
ObI TO HU OBIJIO BHELITHEMY, OCTA€TCs BCET1a OAMHAKOBBIM U HETIOIBHXKHBIM.

To ecTh MOAETH A0COTIOTHOTO MPOCTPAHCTBA MPEICTABISIET COOOH TpeXMEpHYIo, Oe3-
OTHOCHUTEJIBHO HETOJABHMKHYIO, CIUIOLIHYIO, OJHOPOJHYIO, M30TPOIHYIO Cpedy, COCTOS-
LIyI0 U3 OECKOHEUHOro JU00 KOHEYHOI'0 4YHcia TOYEK, PACCTOSHUE MEXAY KOTOPbIMU HE
n3Mmensercs. [Ipuuem cBoiicTBa aOCOIIOTHOTO IIPOCTPAHCTBA HE 3aBUCST OT TEJI U MPOLEC-
COB, HAXOJISIIUXCS B IPOCTPAHCTBE.

«Abconomnoe, UICTHHHOE, MaTeMaTHYeCKOe @pemsa TO cebe W 1Mo caMoil cBoei
CYIIHOCTH, 0€3 BCSKOTO0 OTHOIICHUS K YeMY-THOO BHEIIHEMY IPOTEKaeT PaBHOMEPHO
1 MHA4e Ha3bIBAETCA AJTUTEIBHOCTHION.

OHO OTHOPOAHO, METPU3YyEMO, OECKOHEYHO, MEHSETCA OJMHAKOBO BO BCEX TOYKaX
MPOCTPAHCTBA B HaNpaBieHUH yBenndeHus. CBOWCTBa BpeMEHH HE 3aBHCSAT OT CBOICTB
[IPOCTPAHCTBA U IIOBEACHUS TEJI, HAXOASIINXCS B HEM



COBOKyHHOCTI: a0COIIOTHOTO MIpOCTpPaHCTBA U BPCMCHU COCTABJIACT aﬁCOJIIOTHle CcHh-
CTEMY OoTCUETA " o0o3HaAYaeTCs:

~N

Y

OueHp BaxXHBI U TMosAcHEHMs camoro HeroToHa. Omuocumenvrnoe npocmpancmeo —
€CTh HEKOTOpasl MOJBM)KHAS YacTh a0CONFOTHOTO MPOCTPAHCTBA, KOTOpasl ONpeJelsieTcs
HaIllUMHA YyBCTBAMHU IO TOJIO)KEHHIO HEKOTOPBIX TET W KOTOpPHIE B OOBLICHHOW >KU3HU
MIPUHUMAETCS 32 IPOCTPAHCTBO HETIOABHIKHOE.

«Omuocumenvroe, Kaxylieecs WK OObIIEHHOE 8peMsa — €CTh WM TOYHAs, FIH H3-
MEHYMBasl, TIOCTUTaeMasi YyBCTBaMH, BHEIIHSS, COBEpIICHHAs MPU TOCPEICTBE KaKOTO
100 IBMKEHHS Mepa MPOJOKUTEIILHOCTH, YHOTpebsieMas B OObIICHHON )KU3HU BMECTO
HMCTUHHOTIO MaTeMaTHYECKOro BPEMEHH, KakK TO: 4ac, JeHb, Mecsl, ron». Hanpumep, coi-
HEYHbIE CYTKU B JIEHCTBUTEIHFHOCTH HE PaBHBI M TOJHKO NMPUHUMAIOTCA 32 PaBHBIE MPO-
MEXYTKH.

Hetoton, eme He HCcnob3ysl KOOPAUHATEL, IPUMEHSI TOHATHE «MECTO» M PACCTOSHUE
TO4YeK Jpyr oT Apyra. «Mecto» no Hpl0TOHY, «eCTh 4acTh MPOCTPAHCTBA, 3aHUMAEMOTO
TETIOM.

/Jleusrtcenue — nepemMennieHue Tela U3 OJHOTO MecTa B Jipyroe. To ecTh Mexanuueckoe
08uoiceHue MOXKHO TPAKTOBaTh, KaK MPOUCXOSIIEE BO BPEMEHH IOCIIEOBATENHHOE COB-
MaJIeHre TOYEK Tella ¢ TOYKaMHu MPOocTpaHcTBa. «CBOMCTBO JBMKEHHS COCTOUT B TOM, YTO
YaCcTH, COXPAHSIONINE TOCTOSHHOE TIOJOKEHHE 10 OTHOIICHHIO K IEJIOMY, YYacTBYIOT
B JIBMDKEHUH 3TOTO IIETIOTOY.

IMoxoii — ecTb NpeObIBaHKE TENA B... OJJHOM H TOM K€ MECTE.

«CBoiicTBO McmunHoeo TIOKOSI COCTOUT B TOM, YTO TeJla UCTHHHO MTOKOSIIHECS HaX0-
JSITCSL B TIOKOE W IPYT OTHOCHUTENBHO ApyTay. Eciii mpeanoaoXuTh, 9YTO B 3TOW CHCTEME
BCer/ia HaifzieTcsa XoTs Obl OJTHO HETOABMYKHOE TEJIO0 (He U3MEHSIOIIEe CBOETO MOJI0KEHUS
OTHOCHUTEJIFHO TOYEK MPOCTPAHCTBA — 3aKPEIJIEHHOTO K €ro TOYKaM) M Ha3BaTh €ro me-
JIOM omcyema, TO MEXaHMIECKOE JABIKEHUE TeJl MOXKHO pacCMaTpUBaTh KaK IMPOUCXOIs-
11ee Mo OTHOIICHHUIO K TeJly OTCUeTa.

HrbioToH oTMeuasi: «MoOXeT OKa3aThCs, YTO He CYIIECTBYET MOKOAIIETOCS Tefa, K KO-
TOPOMY MO>KHO OBbLTO OB OTHOCUTH MECTA U IBUKCHUS TIPOUHX.

BBenenue Tena otdera sABIAETCS MPOCTO yIOOHBIM NIPHUEMOM, HE OTPHULAOLIEE OHS-
THe «MecTo» o HpioToHy. PakTHYeCcKH ONpenesieHHas 4acTh aOCOIIOTHOTO MPOCTpaH-
CTBa, T. €. MECTO, Ha3BIBAIOT TEJIOM OTCYETA.

Y 106CTBO COCTOUT B TOM, YTO K TEJIy OTCUYETa MOKET OBITh 3aKpeIlieHa cucTeMa Ko-
opauHaT (IexapToBas, chepudeckas, MUITUHAPUIECKAS U T. J.) B KOTOPOH yI0OHO OTIHCHI-
BaTh JABI)KEHHE MaTEeMaTHYECKIMH MeToaMu. Teno oTcyera U KOOpINHATHAS CHCTeMa He
SIBIISIIOTCSL CUCTEMOM OTCUeTa, a TOJNbKO ee gomnonHeHueM. Jliobas cuctema oTyera, CBs-
3aHHas 1 ¢ 3eMIiel, 3Be3JaMH U T. I1., CTPOTrO TOBOPSI, HE sBJIsIETCS] aOCOMIOTHOM B TIOHU-
Manun Heiotona. OgHako, kKak noadepkuBai HbI0TOH, BO MHOTHX acIeKTaX OTHOCHTEINb-
HOE MTPOCTPAHCTBO IPUHUMAETCS 3a HETTOJABHIKHOE.
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Ha puc. 1 moka3aHa cHCTEMa OTCYETa C JOIIOIHCHUSIMHU.

Puc. 1. Cucmema omcuema ¢ 0ononanenusimu

1 — aGcomoTHOE IPOCTPAHCTBO (Ha PHCYHKE OHO OTPaHUYEHO);

2 — abcoroTHOE BpeMs (YCIOBHO MOKa3aHa OCh BPEMEHH t);

3 — Temo 0TCUeTa;

4 — neuxynpecs 0OBEKTHI (Temna);

5 — 00BEKT HAXOIUTCS B COCTOSTHUHU TTOKOS (3aKPEIUICH K TOYKaM ITPOCTPAHCTBA);
X, Y, Z— OCH KOOpJIMHAT.

IIpocTpaHCcTBO U BpeMs B KJIACCHYECKON MEXaHUKE pacCMAaTPUBAIOTCS KaK MEPBUYHBIC
«abCOJIOTHBICY TIOHATHS U CYMTAIOTCSI HE3aBUCHMBIMH JIPYT OT JIpyTa.

daxtnyeckn HpI0TOH naeann3upoBan MOHATHE NPOCTPAHCTBA U BPEMEHH, adCTparu-
PYySCh OT UX PEATBHBIX CBOMCTB, JAHHBIX HaM B OLIYIIEHUSAX. 3[JECh YMECTHO 3aMeUyaHNe
JI. Diinepa: «Bcskuid, KTO CKJIOHEH OTPHUIATh CYIIECTBOBAHHE aOCOJIOTHOIO MPOCTPaH-
CTBa, IPUXOJHT B BeJUUaiiliee cMymeHne. B camoMm aene, BBIHYKICHHbIH OTOPOCHUTH a0-
COJIIOTHBIN MOKOH M JBM)KEHHE, KaK MYCTHIE CJIOBA, JIMIIEHHbBIE CMBICIIA, OH JOJDKCH OyAeT
HE TOJBKO OTOPOCHTH 3aKOHBI JIBHXKCHUS, TIOKOSIIUECS HA ATOM MPHHIUIE, HO U JIOIY-
CTHUTb, YTO BOOOIIIE HE MOYKET OBITh HUKAKUX 3aKOHOB JBIIKCHHUS... TIPUIILIOCH OBl YTBEP-
X/1aTh, YTO BCE IIPOUCXOAUT CITy4alHO U 0€3 BCAKUX MPUUHH».



Tema 2. OCHOBHBIE IIOHATUA U OIIPEAE/IEHUA

Macca (xoauvecmso mamepuu) — €CTh MEpa MaTE€pPHUH, YCTaHABIMBAaeMas MPOTIOP-
[IHOHAIBHO TUIOTHOCTH M 00BeMy Tena. OmpenesieTcss Macca 1o Becy Teja, n0o oHa Ipo-
MOpLMOHATBHA BeCy. B COBpeMEHHON TEpMMHOJIOTHU. Macca — 3TO Mepa KOJIUYECTBa
BEIIECTBA, MPONOPIIMOHAIBHAS €T0 IUNIOTHOCTU U 00bEMY.

Macca sBisIeTCS TakykKe MEpO¥ MHepnuu Tena. JlaTWHCKoe ¢jIoBO inertia osmauaeT
«IEHBY», «KOCHOCTh». V30nmupoBaHHas MaTepuaibHas TOYKa (T. €. Takas, NECHCTBHEM Ha
KOTOPYIO BCEX MPOYUX TEJI MOXKHO MpeHeOpeus) Kak Obl JICHUTCS U3MEHHUTH CBOE COCTOSI-
HUEC. 21.]15[ TOr0 4YTOOBI M3MEHHUTL JTO COCTOsIHMC, HY’KHa KaKasa-TO BHCUIHAA IpUYWHA,
Ha3bIBaeMasi CUJIOM.

®. DHrenbce nucair: «MexaHuKa: TOYKOH OTHpaBICHUS IS Hee ObLila HHEPIIHS.

BenuunHa cwiibl MHEpLMM NpONOpLHOHAIbHA Macce. I1oaToMy Macca sBisieTCs: MEpoit
HHEPLINH.

I'eomeTpuueckass ToYKa — OOBEKT, JIUIICHHBIA MPOCTPAHCTBEHHOW OpPHEHTAIIVIH,
pa3MepoB U MacChl.

MaTtepuajbHas TOYKa — 3TO TeOMeTprUYecKasi TOUKa HaJeJIeHHast MaCCOM.

Mexanu4yeckasi CHCTEMA MaTePUATbHBIX TOYEK — TakKas WX COBOKYITHOCTb, TpH
KOTOPOW TIOJIOKEHUE W JBIKEHHE KAXKIOW TOYKU 3aBUCHUT OT TOJOKEHUS W IBIKCHUS
BCEX APYTrUX TOUYCK, BXOAANIUX B CUCTEMY.

«MexaHHKa», ¢ TPEUECcKOro, B OYKBaJIbHOM TIEPEBOJIE O3HAYACT «XHUTPOCTb, YXUIIpe-
Hue». C HEKOTOPBIMU XUTPOCTSIMU MBI YK€ CTOJIKHYIHUCH BhImie. Hanmpumep, Touka — 3T0
TEJNO, JIMIIEHHOE OPUEHTAIlMH M Pa3MepoB, a TEJIO0 — 3TO MeXaHW4YecKas CHCTeMa TOYEK.
Wnu nonsits abCoOMIOTHOTO MPOCTPAHCTBA M BpeMeHU. Ha mpakTuke Toxe MOXHO TOJIBKO
YAUBISITHCS TAKOW XUTPOCTH, KaK MMPUMEHEHNE phlyara IpH MobeMe Ipy3a, KOTAa MeHbIIee
omoneBaeT Oombinee. OuepeHbIe XUTPOCTH KIyT HAC U B AalbHeWIIeM. B dacTHOCTH, AIist
MaTeMaTHYECKOTO OIMMCAHUS SIBJIEHUH B MEXaHHKE HOTpC6OBaﬂOCb BBCACHUEC KOJIMYCCTBCH-
HOUM Mepbl MEXaHIMYECKOT0 B3aMMOJICHCTBUSI MATEPUAIBLHBIX OOBEKTOB. DTO CHIIA.

Cuna — gexmopras Mepa MEXaHHYECKOTO B3aMMOJCHCTBUS MaTePUANBHBIX TEIl, Xa-
pakTepusyromas WHTEHCHBHOCTh W HANPABICHHOCTh ACWCTBHS OJHOTO Tella Ha JAPYToe.
PasmepHocTh cocpenoToucHHOM B Touke criibl — HBpIOTOH (H). Ha cxemax mzo0paxaercs
HaInpaBJIeHHBIM OTPE3KOM. BennunHa oTpe3ka B HEKOTOPOM MacIITa0e O3HAyaeT 3Hade-
HUE CHUIIBI 10 MOJTYJII0, HAPaBJICHUE COBIIAIACT C HAMPABICHUEM JIEHCTBUS CHIIbL. JIuHUS,
coleprKalas JaHHBIA OTPE30K, HA3BIBACTCS UKLl Oeticmaus cuibl (CM. PHC. 2).

JInHUA IeiicTBHS CHIBI

Puc. 2. Cuna 6 mouxe

JIBe abcTpakiuy — MatepuaibHas TOUYKA U CUIIA, TPUIOKeHHas B Touke. CocpeaoTo-
YeHHas B TOYKE CWiIa F OmpaBiaHa IpU YCJIOBHUH, YTO, JIMOO ILIOIIA/b, THOO pasMep JiH-
HUU KOHTaKTa MPEHEOPEKMMO Mallbl 0 OTHOIIEHUIO K pa3MepaM KOHTaKTHPYEMBIX Tell.
PeanbHO, B3anMoeiicTBIE 0OBEKTOB IIPOUCXOANT B OCHOBHOM 4Y€pe3 HEMOCPEICTBEHHBIN
KOHTAaKT, KaK ITOKa3aHo Ha puc. 3.
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Branmoneiicteie pedpom

Puc. 3

OueBUIHO, YTO B MPUBEACHHBIX Ha pHC. 3 TIPUMEpax, CUCTEMY CHII B3aUMOJICHCTBUS
MpaBWIbHEE 33J[aBaTh KaK HArpy3Ky, T. €. CHIy, PaclpeleleHHYI0 IO Tutomamy (mpu-
Mep @) ¥ 10 TUHUH KOHTaKTa (mpumep 0). Toraa WHTEHCHBHOCTh Harpy3KH (] IMEeT pas-
MEPHOCTb H/M” ¥ H/M COOTBETCTBEHHO.

CyliecTByeT MOHITHE CHWI, PaclpeeiCHHBIX M0 00beMy. Hampumep, ymenbHbIN
BEC — CHWJIA TSDKECTH, IEHCTBYIOMAs Ha KaXKIbIH dIIeMEHTapHBIA 00BeM Ten. PasmepHoCTh
MHTEHCHBHOCTH HATPY3KH — H/M".

Knaccudukarus cun v UX CHCTEM MPOU3BOIUTCS 110 MHOTHM TIpU3HaKaM. Paznmudaror:

— CWJIBI HeuwiHue — JICHCTBYIONUEC HA MaTepHadbHbIE TOYKH OOBEKTa CO CTOPOHBI
JIPYTHX MaTepHAILHBIX O0OBEKTOB;

— CHWJIBl 6HYyMpeHHUe — JNESHCTBYIONUE MKy MaTepPUabHBIMUA TOYKaMU OOBEKTa.
BryTpennue cuibl A KOHKPETHOTO OOBEKTa SIBISIOTCS BHEITHUMH U €T0 YacTew.
Hampumep, cua, AeiCTByOIIas B TPOCE MEXaHUIECKOW CHCTEMBI. Ipy30Bas JiedeaKa —
TPOC — TPY3, ABIACTCA BHEIIHEH 1151 JICOSAKH U TPpy3a.

N eme onHa «XxuTpocTh» MexaHWKH. [loHSATHE BHYTPEHHHX CHJI, OOECTIEUMBAIOIINX
LEJIOCTHOCTh JIFO00N MEXaHMYEeCKOH CUCTEMBI, BHOJHE sICHO. OJHAKO KOJIMYECTBCHHOE
oTpezeNieHNe 3TUX CHJI, N3HAYaJIbHO ACWCTBYIOMINX B MEXaHMYECKOi cucteme (IIpH OT-
CYTCTBMH BHEITHUX CHII), BO3MOXXHO TOJIBKO TEOPETUYECKH (C TOUKH 3pEHUS] MaTepruaso-
BEJICHVSI BHYTPEHHHE CHJIBI KOJIMYECTBEHHO OTPECIICHBI IS KaXKIOTO BHJIA MaTepPHaa).

Jannast mpo0OiieMa perraercst cleAyommM oopazom. B pacuerax compoTHBIeHHsT Ma-
TEPUAIOB TIOJ GHYMPEHHUMY CUIIAMU TIOHUMAIOTCSI HE COOCTBEHHO OHU, a UX NPUPALYeHUs,
BO3HUKAIOIIUE NIPU JICHCTBUM HA TEJIO BHEIIHUX CUJI. B 4acTHOCTH, OIICHKA npouHOoCmu
(ciocoOHOCTH TeN BOCTIPUHUMATH JCHCTBHE BHEIIHUX CHJI HE pa3pyllasch) CTPOUTCSA Ha
OIICHKE BEJIUYHMHBI UMEHHO ATHX MPUPALCHUM,

Mepy BHYTPEHHUX CHJI Ha3bIBAIOT MEXAHUUECKUM HANPIAHCEHUEM.

Jlist u3ydeHusi MEXaHWYEeCKHX HAINpPsDKEHUH B TOUYKe NeOpMUPYeMOro Tela depes
TOYKY MBICIIEHHO TIPOBOJISAT CEYCHUE U OTOPACHIBAIOT OJHY 4YacTh Tena. [leiicTBue oTopo-
[IEHHOHN YacCTH Ha OCTaBIIYIOCS YaCTh 3aMEHSIOT BHYTPEHHUMH CHIIAMHL.



Ecnu Ha Mablif 9JIEMEHT CeUCHHUS MO b0 S, BBIICICHHBIA B OKPECTHOCTH T. A,
neiictByer BHyTpeHHsA cuna dF, To mpenen otHomenns limgg,odF/dS = P HassBaeTcs
BEKTOPOM HOJHO20 MeXaHuueckoeo nanpscenus B T. A (cM. puc. 4). PasMepHOCTh TOTHO-
ro HanpsvkeHns /M’ = [Ta — macKab.
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dSBT. A

Puc. 4

Cocrapusroliyie BEKTopa P 10 HOPMaJH U K CEUCHHIO U TI0 KacaTeIbHOW K HeMy Ha3bl-
BAIOTCSI COOTBETCTBEHHO HOPMANbHBLIM O, (CHTMa) M KacameibHuiM T, (Tay) MeXaHWYe-
CKUM HampspkeHueM B Touke A 1o miomanake dS (puc. 4). HopManbHble HanpspkeHust Oy-
JIeM CYUTATh TOJOXHUTEIBHBIMU, €CIM WX HAIpaBICHHUE COBIAJACT C HAIpPaBICHUEM
BHEIIIHEH HOPMaITH K TUIOIIAJIKE.

Hanpsicennvim cocmosnuem 6 mouxe mesa Ha3bIBaeTCs COBOKYIHOCTH BCEX BEKTO-
POB MEXaHHYECKUX HANPSHKCHUH HAa MHOXKECTBE CEYCHUH (TUTOIAIOK), TPOXOAAIINX Ye-
pe3 TOuKy.

MOXHO TOKa3aTh, YTO COBOKYITHOCTh HOPMAIIbHBIX M KacaTeNbHBIX HAINpPSHKCHUH Ha
TpeX B3aUMHO TEPIICHAVKYJISPHBIX TUIOMIAIKaX, IPOBEJACHHBIX Yepe3 TOUKY Tella, MO3BO-
JISIET OTpENeNTh HANpPsHKEHUS Ha JII00OW IJiomaske oOIero moioxeHus. Takum oOpa-
30M, IIECTh KOMIIOHEHTOB HANPSKEHUH Gy Oy, Gy, Tyxz, Tyz, Txz HOJIHOCTBIO ONPENETIAIOT
HAIPSOKEHHOE COCTOSIHHME B TOYKE TeJia (CM. PUC. 5) 1 00pa3yoT meH30p HAnpsiceHuil.

Oy Txy Txz

Tyx Oy Ty; | = Ty

Tzx Tzy O3

ITo TeopeMe 0 MapHOCTH KacaTeJIbHBIX HAMPSKECHUI !

Ha JBYX B3aWMHO TNEPHNEHAWKYJSPHBIX IUIOMIAAKAaX COCTABISIOMINE KacaTEIbHBIX
HaNpsOKEHUH, TEPIIeHANKYISPHEIE K 00IIeMy peOpy, PaBHEI 110 BEIUYHHE W HATIPABICHBI
00e 1100 K pedpy, b0 oT pedpa.

T.e. tXZ=1ZX, XY =1YX, tYZ=1ZY.

W3 manHOTrO 3aKOHA CIIeAyeT, YTO TEH30p HANpPsHKEHWH TH COmEep)KUT TOJBKO IIECTh
HE3aBUCUMBIX KOMIIOHEHT HANPSKEHUN, ONMPEICISIONUX HAPSLDKEHHOE COCTOSIHUE B TOY-
Ke JIehOpMUPOBAHHOTO TeJIa, 3AIOTHECHHOTO CIUIONIHON CpeIoi.



XO;

Puc. 5

[Ipogomkum KiaccupuKaImio Cui:

1. Cunsl nocmosnxvie — He U3MEHSIOIINECS B TCUCHUE BCETO BPEMEHU ACHCTBUS;

2. Cwitel 8pemennbie;

3. Cunbl cmamuyeckue — Harpyxasi OObEKT, PacTyT JOCTATOYHO MEIJICHHO, OT HYJIS
JI0 KOHEYHOW BEIIMYHHEI, JIOCTHUTHYB KOTOPOH OO HE M3MEHSIOTCS, TUOO M3MEHSIOTCS
MEJJICHHO ¥ He3HAYUTENbHO. [Ipn 3TOM npeHeOpekuMO Matbl YCKOPEHHSI MaTepUAITbHBIX
TOUYEK 00BEKTA;

4. Cuntbl Ounamuveckue — JISACTBUE KOTOPHIX BBI3BIBAET CYIIECTBEHHBIE YCKOPEHUS
MaTepUaIbHBIX TOUYEK 00BEKTa M KOTOPBIE B CBOKO OYepE/Ib MOPA3ACISIOTCS Ha:

— GHE3aNHO NPUNOJCEHHble — HarpyXKaroT 00BEKT cpazy BCel CBOEH BETMUMHON

(puc. 6.);

Puc. 6

— N0BMOPHO-NepemeHHble — HATPYKEHUE MOXXET MHOTOKPaTHO MOBTOPSTCS MO He-
KOTOPOMY IUKIY (IIUKIUYECKHUE) WIH CIy4aiHBIM 00pa3oM (CIyd4aifHbIe), KaK MOKa3aHO

Ha puc. /;
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t t

Puc. 7

— yoapHble — XapaKTePU3YIOTCS PE3KUM U3MEHEHUEM CKOPOCTEH COyaapseMbIX Tell.

5. Cuitbl peaxmuensbie (peakyuu céssetl) — BBIpAKAIONTNE NCUCTBHE HAKIIAIBIBAEMBIX
Ha MaTepUaANbHBII OOBEKT BHEITHUX ¥ BHYTPEHHUX CBSI3CH;

6. Cunbl akmuenvle — OOBIYHO 3a/1aBaeMbIC CHIIbI, BBI3BIBAIOIINEC U3MEHEHHE Mapa-
METPOB JBIKECHUSI 00BEKTOB U BOSHUKHOBEHUE PEaKIIUi CBSI3EH.
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Cucmemotl cun Ha3bIBACTCS COBOKYMHOCTh KaKUX-THOO CHJI, NEHCTBYIONIMX HAa MaTe-
pUATBHBIA OOBEKT.

Inockas cucreMa cuil — BEKTOpa CUJI JIeKAT B OJJHOM MIIOCKOCTH.

Ilpocmpancmeennas cuctemMa CUII — BEKTOPa CUII HE JIEKAT B OTHOM TUIOCKOCTH.

Ilpouseonbuas cuctemMa CHII — BEKTOpa CHJI POU3BOJIBLHO PACTIONIOKEHBI B IPOCTPaH-
CTBe MO0 B OJJHOM TNTIOCKOCTH.

THapannenvuas cuctema CWl — JMHHUU JICUCTBUS BCEX CHJI PACIIONIOKEHBI Mapasuieib-
HO JIPYT APYTY B MPOCTPAHCTBE JIMOO B OJTHOM MIIOCKOCTH.

Cxo0sawasacs cucTeMa CWI — JUHUHN JTEUCTBHSI BCEX CHJI MEPECEKAIOTCS (CXOMATCS)
B OJIHOM TOYKE MPOCTPAHCTBA JINOO TUIOCKOCTH.

CucTeMBbI CHIT TTIOKa3aHbI Ha puUC. 8. 1 9.

a)

0) B)

F P Fs

0 X 0 / X

a) npou3eobHAs, 6) NapaLlenbHas; 8) CX00AWaAsCs

Puc. 8. ITnockas cucmema cun

z a)

F
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%
a) npoussonvHas, 0) NApaIIenvbHas, 8) CX00AWAAC

Puc. 9. I[Ipocmpancmeennas cucmema cun

«lIpunosicennasn cuna ecTb neiicTBHE, TPOM3BOANMOE HAJ| TEJIOM, YTOOBI H3MEHHUTH €r0
COCTOSTHHE TIOKOSI WJIU PaBHOMEPHOTO MPSIMOJIMHEHHOTO NBrkeHHs. CHla MPOSBISETCS
TOJIBKO B JICWCTBUY, U TIO TIPEKPAIICHUN JACUCTBUS B TEJIC HE OCTACTCH. .. ».

«Bpoowcoennas cuna MaTepuy €CTh NPUCYIIAsl €l CIIOCOOHOCTh COMPOTHBIICHUS, II0
KOTOpPOW BCSIKOE€ OTHENIbHO B3ATOE TEJI0, MOCKOJIBKY OHO MPEACTAaBIIEHO camoMmy ceOe,
BeChMa BPa3yMHUTENBHO Ha3BaHa “‘cuioi uxmepyuu”. ITa CUIA MPOSBISETCS TEJIOM €IHH-
CTBCHHO JIMIIb, KOr'JIa Apyrasd Cujia, K HEMY IIPUIJIOKECHHAas, IIPOU3BOJAUT USMEHCHHUE B €I'0
COCTOSTHHM.

OxeusaneHmubiMy Ha3bIBAIOT CUCTEMBI CHJI, KOTOPEIE, IEHCTBYS 110 OTIEIEHOCTH, BhI-
3BIBAIOT OJHO W TO K€ KMHEMATHYECKOEe COCTOSIHHE MEXaHWYECKOW CHUCTEMBI, JIN0O BO3-
HUKHOBCHHNEC OJMHAKOBBIX peaKHI/Iﬁ CBSI3EH.

Ion xumemamuueckum cocmosnuem MEXaHMUECKON CHUCTEMbI MOHUMAIOT COBOKYII-
HOCTh CKOPOCTEH U YCKOPEHHUH €€ TOUeK.

Ecnu cucreme cui SKBHUBaJIGHTHA OJHA CHJIA, TO OHAa HA3BIBACTCS PABHOOEUCHE)IO-
wjeti — OKa3bIBAIOIIEH POBHO TaKoe e JAecTBHE, Kak BCs cucTema cui. Ilpudem, paBHO-
JIEHUCTBYIOMIAs IMEET KOHKPETHYIO TOUKY MPUIIOKEHHS, T. €. BEKTOP 3aKperuieHHbIi. Cu-
cTeMa CWJI, PKBUBAJICHTHAS HYJIIO, SIBIIIETCS YPAGHOBEULEHHOU.

AOCOJIIOTHO TBEp/AOEe TeJO — MEXaHHYECKasi CHCTEMa, PACCTOSHUE MEXAY JIFOOBIMU
JIByMsI TOYKaMH KOTOPOU OCTAETCsI TOCTOSTHHBIM TP JIEUCTBUU JTFOOBIX PaKTOPOB.

TBepaoe nedpopMupyemoe Te10 — HA3BIBAIOT Telld, B KOTOPHIX BO3MOXHO M3MEHe-
HUC paCCTOHHI/Iﬁ MCXKAY €ro TOUKaMu 1101 I[Cf/iCTBPICM BHYTPCHHUX WJIM BHCHIHUX q)aKTO-
poB. O0BEM TeJI 3aII0JIHEH HJICATBHO CILIONIHOMN, OJHOPOIHOM, U30TPOIHON CpeoH.

CrnaiowiHotl Ha3BIBAIOT CPEy, HEITPEPHIBHO 3aIOMHSIONIYI0 00BEM Tema.

Oonopoonoti — cpeny, (HU3NKO-MEXaHHIECKHE CBOMCTBA KOTOPOM BO BCEX TOYKAX
(3meMeHTapHBIX 00beMax) Tella OJJUHAKOBHI.

Hzomponnoti — cpeny, CBOMCTBA KOTOPOM BO BCEX HAIMpPABICHUSX, BBIICICHHBIX B
TeJe, OINHAKOBBIL.

Hepenko B TeopeTndeckoit MeXaHHKE CBOMCTBAMH MaTeprajia BOOOIIIe MpeHeOperaor,
JIUIIast TEM CaMbIM TEJIO BCSIKUX CBOMCTB. Hampumep, reomeTprudeckas TOUKa.

Ion medopmarmsiMu Ten IOHUMaETCs U3MEeHEHHe (DOPMBI ¥ pa3MepOB Tell MO IEHCTBH-
€M BHEIIHUX (paKTOpPOB. PaznuuaroT yrpyrue u miacTuueckue (0CTaTOuHbIe) Ie(hOopMaIi.
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Ynpyeumu nHazpBatoT degpopmayuu, Mcyesaromue cpaszy IOCie MPEeKpalieHus aei-
cTBHUA (AKTOPOB, MX BBI3BIBAIOIINX. B MPOTHBHOM ciydae degopmayuu Ha3bIBAIOTCS
OCTNAMOYHBIMU.

B otnuune oT TeopeTHUecKoil MEXaHHWKM, B COIPOTHUBICHUH MaTepUaIOB MHTEPEC
IPEJCTaBJIAIOT TOIBKO T€ MEePEMEIEHHUs] TOUEK Tejla, KOTOPbIe CBSA3aHbl C €ro gedopma-
nueil. [lepemenienus pa3HbeIX TO4eK Tejla B OOIIeM ciydae OyayT pasjM4yHbIMH, a 3HA-
9uT, OyIyT QYHKIUAMH KOOPAMHAT 3TUX TOUeK. Tak Kak MaTepual Tesa HaJelleH CBOM-
CTBOM CIUIOIIHOCTH, TO JIB€ OSCKOHEYHO OJM3KHE TOYKH, BBHIJEICHHBIC B TEJ€, MOTYT
MoJy4yaTh MEpPEeMELeHHs], OTINYAIOUINecs TOJbKO Ha OECKOHEYHO Majylo BEIHYUHY.
PaccmoTpuM B3aMMHOE TepeMeleHre JAByX Todek Tena — T. A u T. B (cm. puc. 10).
IIpu s3TOM Oyzmem mpennonaraTh Takylo CBSI3b KOOPAWHATHBIX OCEH C TEJIOM, MPHU KOTO-
poit Touka A ocTtaeTcs HEMOJBIKHOM, a Touka B, B ciiencTeue nedopmanuu tena, me-
peMeIaeTcss OTHOCUTENBHO T. A.

Ha puc. 10 Touka B; — 310 nonoxxenue Touku B nocie nedpopmannu tena.

N

Adr B;

Puc. 10

PasnoxxuM paguyc-BeKTOpa Mo KOOpauHaTHBIM ocsM (cM. puc. 10 u 11).
dr = dxi +dyj + dzk, Adr = Adxi + Adyj + Adzk.

Bemnunnbr AdX, Ady, Adz — Ha3BIBaIOTCS abComommbiMu TUHEHbIMU 0ehopmayusi-
Mu B TOUKE A B HalpaBJIE€HUHU OCel X, Y, Z.

OmuocumenbHbIMU JuHeUHbIMU Oeopmayuamy B TOUYKe A B HApaBICHUN KOOPIH-
HATHBIX OCEH Ha3BIBAIOTCS BEJIMYMHEI:

&x = Adx/dx, g, = Ady/dy, €, = Adz/dz.

\
.
[

Adz T .
dz Bx Bi
A dv i Adx i



OTHOCHUTENBHBIC JIMHEHHBIC TedopManui — BEIMYHHBI Oe3pa3MepHBbIe, MO0 BBIpa-
xarorcs B poreHTax. [Ipu AdX x dx > 0, g,> 0, mpu Adx x dx < 0, &< 0 1. 1. Hapsny ¢
JMHEHHBIMH Ae(hOopMalsIMH B 1e()OPMUPYEMOM Telle POUCXOIAT U YIJIOBBIe Aedopma-
i, To ecThb, BBIIECNCHHBIE B Tejie A0 JedopManuy yriibl IOJMYYaroT HPHPAIICHHUS.
Hanpumep, kak mokasaHo Ha puc. 12, mpsAMoi yroia ZAY M3MEHWICS Ha BEIHYUHY Yyy.
DTOT yroi, U3MepseMBbIid B paJaHax JIM00 B rpajycax, Ha3bIBACTCS Y2l080u 0edhopmayu-
et 10O yenom couea B TOUKE A B IUNIOCKOCTH ZAY.

B KOOpAMHATHBIX MIOCKOCTX YIJIbI CIBUTA 0003HAYAIOTCS: Yxy, Yyz Vox-

Puc. 12

COBOKYIMHOCTh JIMHEHHBIX nedopManuii o TpeM KOOPAWHATHBIM OCSIM M YTJIOBBIX
nedopMaIii B TpeX KOOPAWHATHBIX TUIOCKOCTSX, MPOXOMASAIIUX 4Yepe3 NaHHYI TOYKY,
Ha3bIBACTCS OehopMUupyeMvbim COCMOSTHUEM 8 OYKe.

AHAUTHYECKH MOXHO II0Ka3aTh, YTO JUIsi ONpEACTICHUS JTUHEWHBIX W YTIJIOBBIX Jie-
(hopManuii B JaHHOW TOYKE B JIFOOBIX HAMPABJICHUSX U IIOCKOCTSIX JOCTATOYHO IIECTH
KOMIIOHEHT JiepopManuii &y, €y, €, Yxy> Yyz> Yzx- IIpe/ICKa3aTh 3TOT akT MOKHO HAa OCHOBA-
HHUH cleqyroumx paccyxxiaenuil. [lepememenue Toukn B B monoxxenune B; MoxkHO mpen-
CTaBHUTh KaK CYMMY JIBYX JIBUKCHUI.

Bpamenre Bokpyr HemoaBWKHON Touku A — B — B” u npsimonuHeiiHOEe B Hampas-
aennn AB; — B” — By (ewm. puc. 13).

Puc. 13

TakuMm 00pazoM, JeOopMUpYEMOe COCTOSIHUE B TOUKE TOJHOCTBIO OMpPEJeNsieTcs Iiie-
CTBIO KOMIOHEHTaMU. J[eopMUpyeMOe COCTOSIHHE B TOUKE 00JICe CIOKHOE TIOHATHE YeM,
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Hanpumep, BekTop. Eciiu BekTop MOXKHO 337aTh TpeMs YyhciIaMu (3HAYCHUS TPOCKIIUN BEK-
TOpa Ha TPU KOOP/IMHATHBIC OCH), TO Ie(OPMUPYEMOE COCTOSTHUE B TOUKE 3aJIACTCS MIECTHIO
YHCIaMU B BUJE TaOIHIBI (MATPHUILBI), KOTOPask HA3BIBACTCS /MEeH30pOM Oeopmayuil.

ExYxyYxz
YyxEyYyz | = TA
YoxYzy€z

[Nousitre neopMUPYEMOro COCTOSHUS B TOYKE OCHOBAHO HA YHCTO I'€OMETPUYECCKUX
cooTHOMIEHUX. [[03TOMY OHO CIIpaBeTMBO IS IIOOOTO OTHOPOIHOTO TEJa, HE3aBUCHMO
OT CBOWCTB MaTepuana.

CpoiicTBa TBepabIX JAeOpMUPYEeMBIX Ted Oorade M OJIMKE K peaabHbIM, YeM abco-
JIIOTHO TBepAbIX. JIMIIKMB TEI0 CBOMCTBA Ae(hOPMHUPOBATHCS, MbI JHUIIUM COMPOTUBICHHUE
MaTepHasoB MpeIMeTa UCCIICIOBAHNS.

ConpoTHBIEHUS MaTEPHAJIOB PEIIACT CISAYIONIHIE 3a[a4H:

1. [TomoOpath MaTepuaa U pa3Mephl Teja, HAarPYKEHHOT'O W3BECTHBIMH BHEITHUMHU CH-
JIaMH, TaK, 9TOObI MPOYHOCTh M KECTKOCTh TeJia ObLTH HAJE)KHO 00CCIICUCHBI.

2. IIpoBepuTh MPOYHOCTH U KECTKOCTh TEJa, HATPYKEHHOTO M3BECTHHIMH BHEITHUMU
CHJIaMH, TP 3aJaHHBIX pa3Mepax U MaTepuale.

Hccnenopanne HanpshHKeHHO-IC(POPMHUPOBAHHOTO COCTOSHHUS OOBEKTOB OCHOBAaHO Ha
TpeX COCTABIAIONINX: T€OMETPUYECKON, CTaTHYECKOW W Qusmdeckoit. ['eomerpudeckas
COCTaBJISIONIAsl OTHOCUTCS K U3YYEHUIO JehopMaIiii 1 MOXKET OBITh Ha3BaHa reoMeTpuei
COMPOTHBJICHHS MaTeprasioB. CTaTHUeCKas COCTABJIAIONIAs OTHOCHTCS K U3YyUCHHIO MeXa-
HUYECKUX HamnpsokeHui. Pusndeckas oOHApYXHMBaeT CBA3b MEXIy nedopMarusMu U
HanpsoKeHUSMH. To eCTh TOCTPOEHUE COTPOTUBICHHUS MaTEPHAIIOB aHAIOTUYHO MTOCTPOE-
HUIO TEOPETUUECKON MEXaHUKHU.



Tema 3. MEPbI MEXAHHUYECKOTI'O ABUKEHUA

TakoBBIMU SABJISIIOTCS. KOJIWYSCTBO JBIDKEHHS, MOMEHT KOJIMYECTBA JABIDKEHUS, KUHE-
THYECKAs SHEPTHS.

«Konuyecmeo dsudicenus eCTb Mepa IBUKCHHS, YCTaHABIIUBAEMas MTPOMOPIIUOHATBHO
ckopoctu U Macce. KomnyecTBo ABMKEHUS LIETIOTO €CTh CyMMa KOJIMYECTB JIBUXKEHUS OT-
JeTBHBIX ero yacTei». BBeis 0003HaYCHHUS KONMNYECTBA ABIKCHHUS K — JUIs TOYKH 1 K —
JUIS MEXaHUYECKOM CHCTEMBI, 3aITHIIIEM.

k=mV;K =Y k; = X mV, ey
rae M — macca Toukyu; V — ee CKopocTh; | = 1, 2, 3...N; N — KOIMYECTBO TOYEK MeXa-
HUYECKOM CHCTEMBI.

Toukoii npunoxeHus BekTopa k sBIseTCa camMa MaTepuaibHas Touka. BekTop xe K
SIBJISICTCSI CBOOOHBIM, a 3HAYUT, MOKET OBITh MPUIIOKEH K JIF000H TOUKEe MEXaHMIECCKOU
cucteMbl. Bektop K Ha3sbIBaIOT 21a6HbiM 6eKMOpOM KOIUHECMEA OBUNCEHUs MEXaHHIe-
CKOH CHCTEMBI.

Pa3mepHOCTh KONIMYECTBA ABMXKEHUS [KT - M/c] mubo [H - c].

MOMeHmOM KoJjuuecmea aGM.?fC@HMﬂ MamepuaﬂbHoﬁ mo4yKu OTHOCHUTCIIBHO ITIOJIFOCA O
(Kunemuueckum MoMeHmoM) Ha3bIBAETCS BEKTOP l, PaBHBIA BEKTOPHOMY MPOM3BENEHHIO
pagmyc-BeKTopa T, MaTepHUaIbHOW TOYKHA OTHOCHTENIHHO Tojitoca O M BEeKTOpa KOJIMIeCTBa
IBMKeHUs Touku k = mV, Torga

I, =Tox k=ToxmV ()

Ha0IoIaTe b

0]

Puc. 14. BexmopHulil MOMEHM KOAUHECMEA OBUNCEHUSL MOUKU
Benuuuna sToro Bekropa:
Tl =1k Th, 3)
rae h — nepnenaukynsp, nposeaeHHbIH 13 T. O Ha TMHUIO [eiicTBUs BeKTOpa K.
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Momenm konuuecmea 08uUdNCEHUs MEXAHUYECKOU cucmembl OTHOCUTENRHO moirroca O
€CTb BEeKTOp L,, paBHBIM BEKTOPHOW CyMME MOMEHTOB KOJHWYECTBA JBUKEHUS €€ TOYEK,
paccUMTaHHBIX OTHOCUTEIBHO TOTO ke moitoca O:

Lo = Xloi = X(Foi x ki) = X(Foi x m;V)), “4)

raei=1,2,3...n; N — KOJIMYECTBO TOYEK MEXAHUYECKON CUCTEMBI.

Ero Ha3bIBAIOT 21a6HbIM MOMEHMOM KOAUYECMBA O8UMNCEHUS MEXaHUMICCKON CHCTEMBbI
MaTepUaIbHBIX TOUYEK OTHOCHTEIHHO TOJFOCA.

BekTopa I, u L, 3akpenieHHbIe — TOYKO# NpuiokeHus spisercs nomoc O.

Ux pasmeprocts B cucteme CH — kr - Mm% /¢, 6o H - M - c.

Ha psgy ¢ BeKTOpHBIME MepaMu Mexanudeckoro apuxkenus k, K, Io, Lo, cymecTtByer
eIle U CKaJIsIpHAs Mepa, OTHOCSIIASICS K OCHOBHOW. DTO — KUHEmMUUeCKdsi SHepeus Wi
Jlcusast cua.

Kunemuuecxoti suepeueti mamepuanvbHol moyky Ha3bIBACTCS CKaIAPHAs IOJIO0XKH-
TeJbHas BEJIMYMHA |, paBHasi MOJIOBUHE MPOU3BEIACHHS MacChl TOUYKH U KBaJpaTa €e CKO-
poctu:

T=-m-V2=2-V2 (5)

Kunemuueckoti suepeueil mexanuueckou cucmemuvl Ts Ha3pIBa€TCS CyMMa KHHETHYe-
CKHUX 3HEPTUM €€ TOYeK:

T, =Z%mi-Vi2,i=l,2,...n (6)

Pa3MepHOCTb 3TOH Mepsl — Kr - M° / ¢ = H - M = JiK (KOYJIb).

Ee 3HaueHne He 3aBUCHUT OT HANPABIICHUS JBIDKCHUS (HE OTpaXkaeT ero) Jake Uil Of-
HOHM Touku. Ha puc. 15 noka3aHsl 1Ba pa3nuyHbIX BH/A JBIDKCHUS MaTepUAbHOW TOUKU
Maccou m.

1 2
T=-mV
2
m v v m
@ > — @ ~
HpsIMOJTHHeHoe KpHBOIHHeHOe
Puc. 15

B 060oux ciy4asx Mbl IMEEM OJIHO U TO K€ 3HAUCHUEC KMHETUIECCKON SHEPTUU.

Boobe srepeus (0T rped. enérgeia — meiicTBre) — o0mas Mepa pasIMyHBIX (GopM
JIBWOKCHUS Marepud. JlJI1 KONMYSCTBEHHON XapaKTePUCTHKU Ka4eCTBEHHO Pa3IUYHBIX
(hopM JIBYDKEHUS BBOJSATCS Pa3iWyYHBIC BUIBI JHEPTUU: MEXaHUYECKas, DJIEKTPOMArHHUT-
Hasl, si7epHast v T. JI.
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Ilonnas mexanuueckas snepeus — SHEPTrUs MEXAHUUECKOTO JIBUKEHMS, PaBHAS CyM-
M€ KHHETHUYECKON M MOTEHI[MaJIbHON SHEPTUil.

Tomenyuanvrnas snepeus — 9acTh SHEPTUM MEXAHUYECKOH CHCTEMBI, 3aBHCAIIAs OT €€
KOH(UTypauuu, T. €. 0T B3aUMHOTO MOJI0KEHHSI TOUEK CUCTEMBI M MX TMOJI0XKEHHS BO BHEII-
HeM criIoBoM none. [Ipn n3aMeHeHnn KOHQUTypanuy MEXaHHIeCKOH CHCTEMbI H3MCHSACTCS
U €€ TIOTCHIUAIIbHASL SHEPT Ul

HecTtanmonapHbIM cunoguim noiiem Ha3bIBa€TCS 4acTh IMPOCTPAHCTBA, B KOTOPOM Ha
MaTepHaIbHYIO TOUKY JEHCTBYET CHJIA, 3aBUCALLAS OT €€ MTOJIOKEHUS U BPEMEHH.

B 3aMkHYTOM (KOHCEpPBATHBHOI) MEXaHWYECKOW CHCTEME BBITIONHIECTCS 3AKOH COXpA-
Henusi MeXaHn4ecKor 3Heprud. Ilpu 3TOM KHMHeTHUYecKas: SHEPrHsi MOXKET NMpeoOpa3oBbI-
BaThCS B IOTCHLIMAIBHYIO SHEPTUIO U HA00OPOT.

Paboma — cxanspHas ¢uzuveckas BeIMYMHA, XapakTepHU3yrollas npeoOpasoBaHHe
SHEPTUuH U3 OHOU (POPMBI B APYTYIO.

Onemenmapnas paboma cunel F, coBepuiaemasi Ha dJI€MEHTAPHOM (OECKOHEYHO Ma-
aoM) nepemenieHur dr TOYKM ee MPWIOKEHUS M, ompeaensercs paBeHCTBOM (CM.
puc. 16):

z
M dr
T o
.
rni+dr F
0 y
)
X
Puc. 16
8A = Fdf = |F||df| cos a = Fxdx + Fydy + F;dz; (7

7€ 0. — yroll MeX/y BEKTOpoM cuilbl F 1 BekTopoMm nepemernienus dr;
X, Y, Z — JIeKapTOBbI KOOPAMHATHI TOUKH M;
Fv, Fy, F; — mpoekiuu cuisl F Ha ocu koopanHaT.

ITpu 0 < o < 90° SA > 0 u cuna F HasbiBaeTCst ABHIKYIIEH;

npu o, = 90° SA = 0 u cuna F pabory He coBepiaer;

npu 90° < o, < 180° SA < 0 u cuta F HaseIBaeTCs CUIION CONPOTUBIICHHS.
B cucreme CH paborta BelpakaeTcs B [ — IKOYIIb.



Tema 4. TEOMETPUYECKHUE XAPAKTEPUCTUKHU OBBEKTOB

C reoMeTpUYECKON TOYKHU 3PEHHUS Tella OAPa3Ae/SIFOTCS Ha.

— Maccusbl, 3TO TeJa, BCE TPU U3MEPECHUS KOTOPBIX COU3MEPUMEI,

— 000704KU, 9TO Tejla, OJUH pa3Mep KOTOPHIX MHOT'O MEHbIE ABYX Apyrux. Ilmoc-
K€ 000JI0YKH HA3BIBAIOT AIACINUHAMIL,

— 6pyces, 3TO Tejla, OJHO M3MEPEHHE KOTOPBIX MHOI'O OOJIbIIE ABYX APYyrux. B 3a-
BUCHUMOCTH OT (hOPMBI OCH Opyca M YCIIOBUIH HAarpyKeHHsl, €T0 €Il¢ HA3bIBAIOT CHIEPIIC-
HeM, 8a110M, OANKOU, KpUSbIM OPYCoM.

Moenbio HIMPOKO MPUMEHSEMBIX Ha MPAKTHKE KAHATOB, TPOCOB, IEMEH U T. IN. SBJIS-
eTC abCcomomno 2ubKas HepacmsdiCUMas WA YApyeas Humb — MEXaHudecKas cucreMa
TOYEK, HENPEPHIBHO paclpeaeCHHBIX [0 KPUBOA.

Ha puc. 17 nokazaHbl OCHOBHbIE OOBEKTHI MEXAHUKH.

* . % (0

TOYKA MeXAHIMeCKAl CHCTEMA abcoMmOTHO TBEpIOe
1T TedopMupYyeMoe  TeTo

Dj:.

MACCHB 000/ T0MKA opyc

Puc. 17. Obvexmuvr mexanuxu

Tak kak manee mpocTeiiinre BUAbI AeopMaruii OyayT pacCMaTPUBATLCSA Ha MPUMEPE
nedopmanuii Opyca, MIpuBeeM €ro OCHOBHBIE XapaKTEPHUCTUKH.

Teno B Buzme Opyca obpasyercs cieayrommuM oopaszom (cMm. puc. 18). Byaem mepeme-
aTh IWIOCKY0 ¢Gurypy @ BmOib NPOCTPAaHCTBEHHOW KPHBOW L Tak, 4TOOBI LIEHTP TSHKE-
CTH TUTOLIaau (GUTypHl Bceraa NpuHaIexan KpuBoi L, a miockocTs GUrypsl octaBaiach
neprneHIuKyasipHold K kpuBoit L. Ecnu mnuna xpuBoit L MHOro Gonblie XapaKTepHBIX
pa3MepoB TUIOCKOH (QUTYpHI, TO Teno, 00pa30BaHHOE TAKKM 00pa30M MO OMPEACTICHUIO 1
sBrsgeTcss Opycom. To ecTh, ero MpoaOJBHBIA pa3Mep BAONb KpuBOH L MHOTO GosbIie
pasmepoB ¢urypsl O (monepedHsIx pasmMepoB Opyca).

L

Puc. 18
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KpuBas L HaspBaeTcs ochio Opyca, a miockas ¢urypa @ — monepevHbIM CeYCHUEM
Opyca.

Ecnu npu aBmkeHnH TII0CcKas (puUrypa He IOBOPAaYMBAETCS OTHOCHTEIBHO OCH Opyca u
HE U3MEHSACT CBOIO (OPMY U pa3Mepbl, TO Opyc MMEET MOCTOSHHOE MONEePeYHOe CeUeHHE.
Ecmu ock Opyca ecTs mockast KpuBasi, TO Opyc Ha3bIBae€TCs IJIOCKUM KpuBBIM. [Ipu mips-
MOJIMHEHHON OCH IMOJIydaeM ILIOCKH# mpsiMoii Opyc. Eciu pasmeps! ¢purypsr @ ot cede-
HUS K CEYCHUIO U3MEHSIOTCS, TO UIMeeM OpyC MEPEMEHHOTO CEeUCHHS.

l'eomeTpryeckHMHU XapaKTEPUCTHKAMH IIOCKOH (DUTYPHI SBISIOTCS:

IO (PUTYpPBI, CTATHYECKHII MOMEHT TUIOMIQJIU TUIOCKOH (PUTYpPBI OTHOCHTEILHO
OCH, MOMEHTBI HHEPIIMH TUIOIIAIHN TIOCKOH (PUTYphl OTHOCHUTEIIEHO TOYKH — TOJISIPHBIH,
OTHOCUTEIBHO OCHU — OCEBOH WJIM 3KBAaTOPHUAJIBbHBIN, OTHOCUTENIBHO IJIOCKOM CHCTEMBI
ocell — IEeHTPOOCKHBIH.

1. Ilmomaas MJI0ckoii purypsl

[Tnomanp mIOCKOW GUTYPHI 3TO Mepa €€ «IIOCKOW» MPOTSHIKEHHOCTH MO OTHOIICHHIO
K cTaHAapTHOH (urype — KBaJIpary cO CTOPOHOM, paBHOW €IMHUIIE IJIMHBI OTpe3Ka. Pas-
MEpHOCTh IUIOMAH (CIMHHIA IMHE) — MM’, cM, M° M T. 1. Bbluucienne miomamu
IUIOCKOH (DPUTYphI COCTOUT B MOHOTOHHOM IIpOIIecce e pa30MeHus Ha CTaHJapTHBIC KBa-
patbl ¢ IpOOHO YMEHBIIAIOUIMMHU pa3MepaMi UX CTOPoH (cM. puc. 19).

-] M~y
e

(

Puc. 19. Ilonsmue nrowadu niockou gueypol

B mpenene cymma riomaiei KBaapaToB, MOMENICHHBIX B IUIOCKYI0 (QUTYpY, MPHHU-
MaeTcs 3a ee TUIOIAIb:

F=[dF

E

b

rae dF u F — mnomaap sJeMeHTapHO# IIOMIaIK| | TUIOMIa b (GUTyPEl COOTBETCTBEHHO.

2. CtaTnyecknii MOMEHT MJIOMIA/IH IJIOCKOi GUTYPbI OTHOCHTEIHLHO OCH

Puc. 20. Ilonsmue aJleMenmapHoco cmamu4iecKkoco momenma
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CraTnyeckMM MOMEHTOM dyieMeHTapHo# miomniaaku dF oTHocuTensHO oceit X u Y
Ha3bIBAIOTCS areOpandyeckue BenuunuHbl dSX u dSy cOOTBETCTBEHHO:

dSx = ydF, dSy = xdF. €))

B 3aBuCHMOCTH OT 3HAKOB Y U X, CTATHYECKHE MOMEHTHI MOTYT IIPUHUMATh KakK I0JI0-
XKHUTEJIbHBIE, TAK U OTPULATEbHBIC 3HAUCHHS.

[MpocymmupoBaB HX TO Bcel IUIOMAAN (QHUTYPBI, TIOJIYYUM CTATHUYECKHUE MOMEHTBI
IO (GUTYPBI OTHOCUTEIHHO OCEH:

Sx=J; ydF, Sy =/, xdF. 9)

Pa3MepHOCTb CTATHYECKOTO MOMEHTA — EIMHMIA UIHHBI B Ky6e (M°, cM® 1 T. 1w.). TTo
TeopeMe O CpeTHEM, CTaTHYECKHE MOMEHTHI IJIOCKON (pUTyphI (3HAUEHUSI COOTBETCTBYIO-
IIMX UHTETPAJIOB) MOXKHO MPEJICTABUTH B BUJIEC:

Sx = Fyc; Sy = FXc, (10)

r7ie Yc U Xc — KOOPJMHATHI TOYKH, KOTOPYIO HA3BIBAIOT IIEHTPOM TSKECTH TUIOIIAIH (HH-
rypsl (cM. puc. 21).

HEeHTPAJdbHad 0Ch

Xc

Puc. 21. [Jlenmpanvuas oco

JIrobas och, mpoxomsmas depe3 Touky C, Ha3bIBAETCS ICHTPATBLHON OCBIO IUIOCKOMH
¢urypsl. Eciu Touky C npuHATH 3a HayaJlo KOOPAWHATHOW CUCTEMBI, TO B (hopmyie (9)
Yc = Xc = 0, a 3HAYUT CTATHYECKU MOMEHT IUIOCKOH (PUTYpBI OTHOCHTENBHO JI000H 13
[EHTPAJILHBIX OCEH paBeH HYJIIO.

[loHsATHE CTATHYECKOTO MOMEHTA UCIONB3YETCs AJIsl ONPEACTICHHUS TIOIOKEHHsI LIEHTpa
TSDKECTH IUIOMIAIH IUIOCKON GUrypsl. B uactHocTH, mr06as ock cMMMETpUH (QUTYPHI SBIIS-
eTcs IIEHTPaJIbHON OChio nHepimu. Ecnu urypa umeer neHTp cHMMETpPHUH, TO OH SBJISET-
Csl €e LICHTPOM TSKECTH.

3. MoMeHThI HHEPUHMHU IUIOMIATH MJI0CKOH QUrypsbl

MomMeHTaMu UHEPLIMH TUIOIIAAN TUIOCKOH (PUTypBl OTHOCUTENFHO TOUYKH (TIOJISIPHBIM),
ocu (OCEeBBIM), TUIOCKOH CHCTEMBI KOOPAMHAT (LIEHTPOOEKHBIM) HA3BIBAIOTCSl CKAJISIPHBIC
BEJIMYMHBI, ONIpe/ieliieMble HHTETpalaMH BUJIda COOTBETCTBEHHO:
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Jp = IpZdF, Ix = J‘yzdF’ Jy :J deF, Jzy = _[xde
F F F F

rZie p — Paanyc-BEKTOp, a X, Y — KOOPAMHATHI IIEHTPa THKECTH dIIEMEHTApHO! IUIoMmaI-
ku dF mromany riockoit Gpurypsr (cM. puc. 22).

e
-
=

-
=
~

0 X X 0

Puc. 22. Dnemenmapnvie momenmoi unepyuu

Pa3zMepHOCTH MOMEHTOB MHEPIIMHA — CIUHUIIA JJIMHBI B YeTBEPTOH CTCIICHH (M4, em?
T. I1.). HTETpaNBl, Onpenesioniue 0CeBble MOMEHTBI HHEPIIUH, MOTYT OBIThH MPEACTaBIIC-
HBI B BUJIE:

Ix= [y2dF=FiZ Jy =[dF =Fi?, (12)
F F

rae ix ¥ Iy — paauycsl uHepIUH QUIyphl OTHOCHTENBHO OCEH X H Y COOTBETCTBEHHO. Mx
pa3MEepHOCTh — M, CM U T. 11

Eciu nostroc 0 siBisieTCst TOUKOM IepecedeHus 0cei, TO HOSPHBIN U 0CEBbIE MOMEHTBI
WHEPLUU HAXOIATCS B 3aBUCHMOCTH:

3, = [p?dF = [(z2+yHdF = Jy + Jz. (12)
F F

B conporuBiieHur MaTepualioB MOJIIPHBI MOMEHT WHEPIIMH UMEET CMBICIH, €CIIU IpU
nedopmanun Opyca ero NMoNepeyHoe CEUSHHE TOBOPAYMBAETCS BOKPYT HEKOTOPOH TOUKH,
JIeKAIIeH B TNIOCKOCTH CEYCHUS, HApUMep, IpU KpydeHun Baja. OceBbie MOMEHTHI HHEP-
MM MUMEIOT CMBICI, eClTi Npu Jedopmanuu Opyca ero cedeHHe MOBOPAYMBACTCS BOKPYT
OCH, JIKAINH B TUTIOCKOCTH CEUCHIS, HApUMeEp, TIPH YFCTOM H3THOE. DTUM OOBICHIETCS
NPUCYTCTBHE B HA3BAHHH MOMEHTOB WHEPIIMU MOHSITUS «HHEPIVS», OTPAKAIOIIEE CIIOCcO0-
HOCTb (DUTYpPBI YIACPKUBATH CBOE HAYAIEHOE COCTOSHUE (COMPOTHBISITHCS H3MEHEHHUIO CBO-
€ro MoJoXKeHHs Mpu AedopMUpoBaHNH Opyca). B conmpoTHBIEHUH MaTepHAIOB 3TO CBOM-
CTBO Ha3bIBaeTCAd JKECTKOCThIO. CIIOBO «MOMEHT» OTpakaeT TOT (aKT, YTO CBOMCTBO
YKECTKOCTH TIPOSIBIIACTCS MIPH MOMBITKE MOBEPHYTH (GUTYPY OTHOCUTEIBHO TOYKH JTHOO OCH.

W3 onpenenenus cienyer, uro J,, JZ, Jy Bcera nonokuTenpHel. 3HaK JZY 3aBHCHUT OT
MOJIOKEHMSI KOOPAWHATHBIX ocell. Tak, nmpu nmoBopote ocei Ha 90° (puc. 23) 3HaK Jzy u3-
MEHSETCS Ha IPOTUBOIOJIOKHBINA. 3HAYNUT, CYIIECTBYET TakKas KOOPJHMHATHAS CUCTEMA,
OTHOCHUTEIHLHO KOTOPOW IEHTPOOEKHBIF MOMEHT WHEpIHH oOparmraercs B HOJb. OcH Ta-
KO KOOPJIMHATHOW CUCTEMbI HA3bIBAIOTCS TIIABHBIMH OCSIMH WHEpIWHU. Eciu riiaBHas och
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WHEPIMH MTPOXOAUT Uepe3 HMEHTP THKECTU TUIOMAaand (GUrypsl, TO OHA SBISCTCS TIIaBHOW
HEHTPATHLHON OChIO MHEPIUH TUIOCKOH (PUTYPBHI.

PaccMOTpUM 3aBHCHMOCTH MEXITy MOMEHTAMH WHEPIMU MPH MapalieIbHOM MepeHo-
ce oceil. Ha pucynke 23 moka3aHsl 1iockasi GUrypa u jBe KOOPIHHATHBIE CHCTEMbI —
0JIHa, coCTosIas u3 HeHTpanbHbix ocell Cy u Cz, Bropas u3 oceit 0y u 0z, mapaiienbHbIX
[EHTPAILHBIM OCSIM.

z a

F Y

e

Puc. 23. Ilapannenvuvlii neperoc ocei

[Ipu 3amaHHBIX MOMEHTAX MHEPIIMHA OTHOCUTEIIBHO IIEHTPANBHEIX ocelt JcY, Jcz, JoY,cZ
M 3HAaYeHHsX a M D, Heo6XOMUMO BHIYHCIINTE 3HAUEHHE MOMEHTOB MHepuuu Jy, Jz, Jyz
otHocuTenbsHO oceit 0y u 0z.

U3 pucynka 23 crnenyer, uto Y = Yc + @ U Z = Z¢ + b. Torna u3 onpeaeacHnss MOMEH-
TOB WHEPIUH TTOTYIHM:

Jy=[22dF = [(zg+b)?dF = [2c2dF +2b [zcdF + b2 [dF,
F F F F F

2 o
rae [z."dF =)oy — no onpenenenmo, [z¢dF = Scy = 0 — Kak craTuuecKkuii MOMEHT
F F

wioma M GUrypbl OTHOCHTENBHO IEHTpaIbHOU ocH, a [dF = F — momans Gpurypst.
F
Toraa okOHYATEEHO MOTYYUM:

Jy = Jey + b%F. (13)

AHaAJIOTUYHO
Jz=Jcz + a°F. (14)

B stux dopmymax cmaraembie b’F u a’F Ha3bIBAIOTCS TEPEHOCHBIMH MOMEHTAMH
uHepyH. Tak Kak OHHM Bcer/a OObIe HyJIs, TO MPH MapauieIbHOM MEPEHOCE EHTPAIb-
HBIX OCEH, OCEBbIE MOMEHTHI MHEPLHUU YBEIUUMBAIOT CBOE 3HAUCHHE. 1O €CTh OTHOCH-
TEJIHHO 33JJaHHOU IIEHTPAIIEHOW OCU 0CEBOM MOMEHT MHEPIIMH ILIOMIAIN TUIOCKOH (PUTypBI
BCEI/Ia MEHbBIIIE, YeM €ro 3Haue€HHE OTHOCHUTENIBHO JII000H Ipyrod ocH, mapauieabHOH
LIEHTPAJIbHOM.
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U3 OIpeACICHUA LICHTp06e)KHOF0 MOMCHTA MHCPLIUU:

Jzy = [zydF = [(z,+b)(y . +a)dF = [zcy dF +afzcdF +bJy dF +abfdF.
F F F F F F

Tak xax IzcyCdF = Jzey. — no ompexenernio, [zcdF =Sy, =0wu fych =Sz.=0—
F F F

KaK CTaTUIECKHUE MOMEHTHI HHEPIIMH OTHOCHTEIILHO IICHTPAIBHBIX OCEH, a [dF =F, 10:
F

Jzy = Jzpy, + abF, (15)

31nech & U b MOXHO paccmarpuBaTh Kak KOOPIHHATHI IEHTPA TSHKECTH (BHUTYPBI B OCSIX YZ,
He 3a0bIBast 0 3HAKAX.

Tenepp moxy4rM 3aBUCUMOCTH MEXXy MOMEHTAMHU WHEPIWHU TP ITOBOPOTE, KaK JIFO-
00 CHCTEMBI IIPSIMOYTOJIBHBIX OCEH, TaK U IIEHTPAIBHBIX B YaCTHOCTH.

[Ipu 3amaHHBIX MOMEHTaX WHEpUUU OTHOcUTEIbHO oced Cy u Cz, u 3HaYeHUH yria
MMOBOPOTA 3TUX OCEH — o, HE0OXO0AMMO HAWTH MOMEHTHI uHepuuu B ocsix Cu u CV (cm.
puc. 24).

C

Puc. 24. Ilosopom koopounammuwix ocel

M3 aHanuTH4YeCcKOl reoMeTpuHr CBSI3b MEXIY KOOpAMHATAMU 3JIEMEHTAPHOMW TIJIOIIA/I-
k1 dF B OKa3aHHBIX KOOPAWHATHBIX OCSX:

V =Z cosa - Y Sina.,
U =Yy cosa + Z sina.

Torma u3 onpeneeHuii MOMEHTOB MHEPLIMU MOJYUUM:

Ju= [v2dF= [(zcosa—ysina)2dF = cos’a [z2dF — 2coso sina [zydF + sino [y2dF.
F

F F F F
Nnn
Ju = Jycos?a — Jzysin2o. + Jzsin‘o. (16)
AHaJIOTHYHO MOJIy4YunM:
Jy = Jzc08% + Jzysin2a + Jysin‘a. 17)
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