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BOIIPOC 1.
Hcemopuueckue ceedenust 0 pazeumuu cmamuxu, Kax pasoesa MexaHuxil.

OTBET.

Ha3panue «MexaHMKa» BIEpPBbIe BBEN BEIMKUN MBICIUTENb U YUEHBINH APEBHOCTH ApUCTOTEIb,
yueHuk Ilnarona, sxuBmmii ¢384 mo 322 r. 1o Haruei >pbl. APUCTOTENb KOCHYJICS BOIIPOCOB Me-
XaHUKH B TPEX CBOMX COYMHEHHsX. «Pusnkay, «O Hebe» u « O BO3HUKHOBEHHMU M YHUUTOKE-
HUW». B cOunHeHnsIX ApUCTOTENS, HOCSALIMX B OCHOBHOM (prioco(CKuii, a HEe eCTeCTBEHHO Ha-
VUHBIM XapakTep, U3jaraercs y4eHUE O PAaBHOBECHM peldara W Apyrux MamuH. Bo Bpemena
ApucroTenst MexaHHKa pa3BUBANaCh OUY€Hb MeIJIEHHO. MOJXHO OTMETHUTh TOJBKO OAMH CIydai
O4YeHb OBICTPOrO, MOYTH CKAYKOOOPA3HOTO PA3BUTHUS MEXAHHKH, CBA3AHHBIM C MMEHEM BeJHU-
JalIero MEXaHuka BCEX BPEeMEH M HAPOAOB - CHpPaKy3ckoro yuéHoro Apxumena (287 -212 r.
JI0 H.3pbL), KOTOPBIH Jajl MEXaHHKe HACTOsIIee HAy4HOe OOOCHOBaHHE, BKIIFOUUB €€ B 00JIacTb
TOUHBIX HayK. B cBOux coumHeHHsIXx ApxXumes H3JIOKUJI TEOPUIO PABHOBECHUS phlyara, Haxoms-
1Ierocs Moj BO3AEHCTBUEM NAapAJUIEIbHBIX CHJI, CO3AAJl YUEHHE O LIEHTPE TSDKECTU Tel, a TakoKe
HCCIIEIOBAJl PaBHOBECHE TeJ, IUIaBaroOIMX B kugkocTH. CounmHeHMss Apxumena OTJIMYAIOTCA
CTPOTOCTBIO CBOMX BBIBOZIOB M H3SIECTBOM MeTozaa. Ha mpoTsskeHuH MOYTH ABYX THICAY JIET
nocne ApxuMena He ObUIO Y4E€HBIX TakOro OoJbIoro 3HadeHus. Cpenu uccienosarenei 3a 3TOT
NEepUoJ MOXKHO ynoMmsiHyTb I'epoHa M3 AJsekcaHApuH, 3aHUMABLIETOCS TEOpPHENH paBHOBECHs
npoctbix MamuH. B koHie 111 Beka Haweii spbl ocraBui nocie cedst pabotsl o Mexanuke Ilamnmn
Anexcangpuiickuil. B yacTHOCTH, eMy NpuHaqIexaT ABe BaXKHbIE TEOPEMBI O LIEHTPE TSXKECTH.
Cpenu pesiteneit snoxu BospoxaeHnss 0COOEHHO BbIAEISUICS T€HHATIbHBIN XYA0XKHUK, [EOMETP U
nHxeHep ntanesiHen Jleonapno na Bunun (1452 — 1519r.1.), KOTOpOMY NpHHAANIEKAT UCCIEN0-
BaHUs B OOJIACTH TEOPHH MEXAaHH3MOB, TPEHHUs B MAIIMHAX M JBHKEHUS MO HAKJIOHHOM IJIOCKO-
CTH.

Hanee cnenyer ynomsinyTh o pabote rojnanana Cumona CreBuHa (1548-1620), koTOphIid HC-
CJIEeIOBAJ 3aKOHBI PABHOBECHUS TEJ Ha HAKJIOHHOH IUIOCKOCTH U B PE3YJIBTATE MPUILIEN K BBIBOIY
OCHOBHBIX 3aKOHOB CcTaTUKH. OH OTKPbUI 3aKOH PAaBHOBECUS TPEX CHUIJI, MEPECEKAOIIUXCS B Of-
HOM TOYKE.

B reomerpuueckyro cratuky Oonbmoil Bkiax BHecnu ¢panuysckue yuéHele 11, BapuaboH
(1654-1722r.r.) n JI. Ilyanco (1777-1859r.r.). BapuHbOH yCTAaHOBHJ B OKOHYATEJIbHOM BHIE
MOHATHE MOMEHTA CHJIBI OTHOCUTEIBHO TOYKH U J0Ka3ajJ TEOPEMY O MOMEHTE PaBHOACHCTBYIO-
mel, Hocsimyro ero mMs. B cBoeit padore « Ilpoekr HOBO# Mexanukm» (1687r.) Bapunbos,
MOJIB3YSICh 3TOH TEOPEMO, a TAKKE METOJIOM CJIOKEHUS U PA3JIOKECHHs CHIL, Aa€T CTPOIYIO CTa-
THYECKYIO TEOPHUIO MpocTeiinnx MamuH. B 31oit paboTe cratuka TBEPAOro Tesa MOJIy4Hia noy-
THU MOJIHOE 3aBEpPLICHUE.

B 1804r. nosunoce counnenue JI. Ilyanco «2neMeHTBI CTaTUKW», B KOTOPOM M3J1araercs
CTpOIfHas cHCTeMa reoMeTpudeckoil cratuku. B atoit padore Ilyanco ycraHaBimBaeT MOHATHE
mapsl CUJI, pa3pabaTbiBaeT TEOPUIO Map U 3aTeM MPHMEHsET 3Ty TEOPHIO K PELISHUI0 B 00IeM
ciIydae 3afa4du O MPHUBENECHUH K NMPOCTEHIIEMYy BHIY CHCTEMBI CHJI, NPHJIOXKEHHBIX K TBEPAOMY
TeJy, U K BbIBOAlY YCJIOBUI PaBHOBECHs TBEPIOTO TENA.

OCHOBOTIOJIOXKHUKOM aHAJMUTUYECKON CTATHKU SIBISIETCS BEJHKHH (paHIy3CKMH MaTeMaTuk U
mexanuk JKozed Jlyn Jlarpamx (1736-1813r.r.). B mexanuke Jlarpamx BbIIONHMI padoTy 1O
CHCTEMAaTH3aLUH MTOJIy9eHHBIX PE3YJIbTAaTOB U 1O X 000cHOBaHM0. B ocHOBY crartuku Jlarpamxk
TTOJIOKAJI IPHHIAI BO3MOSKHBIX NMEPEMEICHHA.



HanpHelilee pa3BUTHE AHATUTUYECKON CTATUKH CBSI3aHO C UMEHEM BEJIMKOIO PyCCKOro MareMa-
Tuka u Mexanuka M.B. Octporpaackoro (1801-1862 r.r). Axagemux M.B. Octporpanckuii siB-
JsieTCsl KPYNHEWIIUM IIPECTaBUTeNIeM aHAJIUTHYECKOrO HAIIPABJIEHUs] B MEXaHUKE U POAOHA-
JaJbHUKOM PYCCKOM IIKOJIBI aHAIMTHKOB — MeXaHUKOB. Ero rimaBHelimue paboTsl OTHOCATCS K
AHAJTMTUYECKON MEXaHUKE U €€ OCHOBHBIM NPUHLUNOM. Tak, MPUHLUI BO3MOXKHBIX NEpeMele-
Hui OcTporpanckuii 0600mmn Ha cirydaii Tak Ha3bIBAEMBIX HEYAEPKUBAIOLINX CBSI3€i, TO eCcTh
CBsI3€H, BBIPAXKAIOLINXCSI MATEMATUYECKU HEPAaBEHCTBAMU.

JIpyrum BBIDAIOIIMMCS] PYCCKMM MAaT€MaTUKOM M MEXaHUKOM sBisiercst akaneMuk I1.J1. UeObI-
meB (1821-1894 r.r.), U3BECTHBI CBOMMH MHOTOYHCICHHBIMH MAaT€MaTHUYECKUMHU HCCIIEIOBa-
HHUSIMH M TPYAAMH 110 MPHUKJIATHON MexaHuke. HeOblieB sBIsAeTCsS OCHOBOMOJIOKHIUKOM PYCCKOM
IIKOJIbI TEOPUH MEXaHU3MOB U MALIUH.

B o0ocHOBaHWU aKCHOMATHUKKM CTAaTHUKU OOJbINYHO poib cbirpamu JI. Ditnep (1707-1783 r.r.),
H.E. XXykosckuii (1847-1921 r.r.), C.A Yamubirun (1869-1942r.r.), B.I'. Umimeneuxuii (1832-
1892r.r.), O.1. Comos (1815-1876r.1.).

Bbonbioii Bkian B pazsutie rpadocraruku BHec B.JI. Kupnuués (1845-1913r.1.)

BOITPOC 2.
lIpeomem cmamuxu. OcnoeHbie 300a4u CMAMUKU.

OTBET.
CraTtuka — paszen TeopeTHdecKol MEeXaHWKH, B KOTOPOM pacCMaTpPUBAIOT CBOMCTBA CHJI, NPH-
JIO’KEHHBIX K TOYKaM TBEPAOrO Teja, U YCIOBUS UX paBHOBecHs.. OCHOBHBIE 3a1a4H:

1. IIpeobpazoBaHus CHCTEM CHIT B 3KBUBAJICHTHBIE CUCTEMbI CHJI.
2. OmnpeneneHue yCIOBUI pABHOBECHS CUCTEM CHJI, IEHCTBYIOIIUX HA TBEPIOE TEJIO.
BOIIPOC 3.

louamue mamepuansnoit mouxu. Onpeoenenue MeXaHUYECKOl Cucmemsl u
aoconomno meepoozo mena (A.1.T.).

OTBET.

MarepuaapbHON TOYKON Ha3bIBAIOT MPOCTEHIIYIO MOJIENb MAaTEPHAIIBHOTO TeNa

7r000# opMbI, pasMepbl KOTOPOTO AOCTATOYHO MaJjibl H KOTOPOE MOYKHO MPHHATH 38 T€OMET-
PUYECKYIO TOUKY, HMEIOIIYIO OMPENeNIEeHHYIO Maccy. MexaHn4eckoll CUCTEMOM Ha3bIBAETCs
nr00asi COBOKYMHOCTh MaTepuanbHbix Todek. A.T.T., unmm HeusMeHsieMOol MeXaHH4eCKOH
CHUCTEMOH Ha3bIBAIOT MEXAaHUYECKYIO CHUCTEMY, PACCTOSIHUSA, MEXAY TOUKaMHU KOTOPOil He U3-
MEHSIOTCS TIPH JIFOOBIX B3aUMOIECHCTBHSIX.

BOIIPOC 4.
Ilousimue cunvt u cucmemst cun. Pasnosecnas cucmema cun. Sxeusanenmusie CucmeMul CUl.

OTBET.

CuIoii Ha3BIBAIOT OZIHY M3 BEKTOPHBIX Mep ACHCTBHS OJHOTO MaTePHAIBLHOIO OOBbEKTa Ha IPY-
roit 00bekT. [lonstue cuibl B T.M. siBjisieTCs1 OCHOBHBIM, MEPBUYHBbIM MoHsTHEM. CHcTeMOi
CHJT Ha3bIBAIOT COBOKYITHOCTH CHJI, ICHCTBYIOIIUX HA PACCMAaTPUBAaEMOE TEJIO WU B OoJiee 00-
IIeM Clly4ae Ha TOUYKU MEXaHU4YeCcKOM cuctemMpl. CHUCTEMOH CHJl, 3KBUBAJICHTHOM HYJIIO, WU
PaBHOBECHOHN CHCTEMOM CHJI Ha3bIBAOT TAaKyK CUCTEMY CHII, JeHCTBHE KOTOPOH Ha TBEPIOE Te-
JIO WM MaTE€PUAJbHYIO TOUKY, HAaxOISAIIHNecs B MOKOE WM ABMKYIIHUECS MO0 MHEPLHH, He TpU-
BOOUT K UIBMEHCHUIO COCTOAHUSA IMOKOA WM ABUKCHUS IO MHEPIIUHN 3TOI0 TEJla UJIN MAaTCpUajib-
HOM TOYKH.

JIBe cucTeMbl CUJT Ha3bIBAIOTCS SKBUBAJIEHTHBIMU, €CIIH UX AENUCTBUE MO OTAEIbHOCTH



Ha OJTHO U TOXe TBEPAOE TEJIO NI MaTEePUaIbHYIO TOYKY OJIMHAKOBO MPH MPOYUX PABHBIX yCIIO-

BUSIX. YCJIOBHS 3KBHBAJIEGHTHOCTH IBYX cuctem cun {F ,F,, . .F yu {F ,F,, . F_} BelpaxaioT B

[— —1
bopme {F}7 00 {F;}],

BOIIPOC 5.
Pasnooeiicmsyrowas cuna. Ypasnogewusarowas cuia.

OTBET.

PaBHOEHCTBYIOIIEN CHIION pacCMAaTPUBAEMO CHCTEMbI CUJT Ha3bIBAIOT CHly R* |
JIECTBUE KOTOPOU Ha TBEPAOE TEJNO WM MaTEPUAJIbHYK) TOUKY 3KBHUBAJIEHTHO NEHCTBUIO 3TOH

—_—

CHCTEMBI CHJI. DTO BbIpaxkaercsi B Bume Koo {R}"
YpaBHOBeMIMBAKOIIEH CUJION 3aJaHHOW CHUCTEMbI CHJI Ha3bIBAETCS Takas CUja, AoOaBJIeHUE KO-
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TOPOH K 33aHHOM aeT HOBYIO CHCTEMY, SKBHUBAJCHTHYIO Hy0. Ecu  R™ siBsieTcs ypaBHOBe-
—_— —X

TO OHa yAOBJIeTBOpsieT ycnosuto {F, F,,..F R }o0 0

n
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IIMBAKOIIEH CUJION CUCTEMBI CUTT {R, }

BOIIPOC 6.
T'eomempuueckas ceazo. Peaxyus ceasu.

OTBET.

CBs3b10 [UTA a0COIOTHO TBEPJOTO TeNa WM MaTePUAIbHONM TOYKU HA3bIBAIOTCA MaTepUasIbHBIE
00BeKTHI (TeNa W/WIK TOYKH), KOTOPbIe OrPaHUYUBAIOT CBOOONY MEpeMeEIleHus] paccMaTpuBae-
MOTO TBEPJOTO TeJa UM MaTePHAIbHON TOYKU.

IIpumepsl cBsi3eii: CTOJ, NOAAEPKUBAIOIIUNA KOMITBIOTEP; TPOC, HA KOTOPOM BHCHT I'PY3; PENbCHI,
Ha KOTOpBIE OMUPAETCsl BaroH. B mMammHax cBsi3siMu 1st JiF0OO# IeTaiu CiaykaT APyrue AeTay,
B3aUMOJEHCTBYIOLIUE C TAHHOM.

Peaxiueil cBsi3u Ha3bIBAETCS CHIIA, C KOTOPOM CBsA3b NEHCTBYET HA TeNO. Peakuus CBA3M BO3HH-
KaeT B pe3yJbTaTe ACHCTBU Tena Ha CBsi3b. HampasneHue peakuuu CBA3H MPOTHUBOMOJIOKHO Ha-
MIPaBJICHHUIO, B KOTOPOM CBSI3b IPEIATCTBYET IMEPEMEIIIEHUIO TEa.

Ecnu Ha nepemernenye Tea WM MaTepuaitbHON TOUKHM HE HAJIOXKEHO HUKAKUX OrpPaHUYEHHH, TO
OHH Ha3bIBAOTCSI CBOOOHBIMHL.

PaGoter M. HetoToHa (1642-1727rT.), 3aJ0KMBIINE OCHOBBI KJIACCHUECKON MEXaHHKH, COAepIKa-
JIM 3aKOHBI IBUXKEHUs] CBOOOIIHBIX CUCTEM MAaTEPUANIBHBIX TOYEK. ITO OOBSICHAETCS TeM, YTO B
XVII Beke JOMUHHPYIOLINE 3HAUEHHE UMeNHU 3a4a4u acTpoHOMuU. OOHAKO, pa3BUTHE TEXHUKU
B XVIII Beke npuBeno kK pa3BUTHIO MEXaHUKH HECBOOOTHBIX CHCTEM, TaK KaK MAIIWHBI U MeXa-
HU3MBI SIBJISTIOTCS HECBOOOAHBIMH CUCTEMAaMU MaTePUAbHBIX TOYEK.

Ecnu B MeCcTe CONPUKOCHOBEHUS TEJIa CO CBSI3bI0 HET TPEHUs], CBSI3b HA3bIBACTCS HJealbHOU. Pe-
aKLMs UAEAbHON CBSI3M HallpaBiieHa Mo HOPMAJH K CONPUKACAIOLUIUMCS MOBEPXHOCTSAM B TOUKE
KOHTaKTa.

PaccMoTpuM HECKOJBKO MPUMEPOB UAEANBHBIX CBA3EH.




Ha sTtoMm pucyHke n3o0paxkeH Iuap, JieXKaluii Ha TOPU3OHTANbHON MmiIockocTH. I1nockocTs He

naet mapy onyckaTtbes. Ilostomy /N HampasneHa BepTHKAILHO BBEPX.
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Ha BTOpOM pHCYHKE IIap JIEXKUT Ha ABYX IUIOCKOCTSX. Peakuuu 3TUX IUIOCKOCTE
HaIPaBJIEHBI IEPIIEHANKYJISIPHO K IJIOCKOCTSIM.
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Ha tpeThem pucyHke u300paxkeH miap, JIeKaIliii Ha TOPU3OHTAJILHOM MJIOCKOCTH U KaCaOIIHICS
BEPTUKAIbHOUN CTEHKU.

Peakuust cBsi3u BO3HUKAET B pe3ysbTaTe ASHCTBUs Tena Ha CBsa3b. Lllap meficTByeT Ha CBSI3U CBO-
el crolt TspkecTH. JTa cujla He MOKET IPHXKATh Iap K BepTHKaIbHOU crenke. [loaTtoMy cuia

N, paBHa HyJIIO U ee U300paXxKaTh HE HYKHO.
A S /
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Ha stom PUCYHKE FI/I6Ka$I HEPACTAXKUMass HUTh, 3aKPCIJICHHAA B TOUKE 1A7 HE NPECOATCTBYCT La-
Py niepemeraThcs B IFOOOM HaINpaBIEHUH, KPOME OJHOTO: Iap HE MOXKET YAAIUTLCS OT TOYKH A
60.]'[66 YEM Ha OJIMHY HUTH. HOSTOMy peakuusa HUTH BCErJa HalpaBJICHA BAOJIb HUTU B CTOPOHY
3aKPETICHHOrO KOHLI.

BOIIPOC 7.
Axcuomer cmamuri.

OTBET.

1. Axcuoma 00 ypaBHOBEMIEHHOCTH ABYX CHJI, NPHJIOKEHHBIX K TBEPAOMY TeNy, B3aUMHO
YPaBHOBEIINBAKOTCA TOJBKO B TOM Cliyda€, €CJIM CUJIbI HAIIPABJICHBI B PA3HBIC CTOPOHBI
BOJIb OOLIeH JTMHIK AEHCTBUS U MOAYJIH UX PABHBL

2. Axcuoma MPUCOCANHEHU U UCKIIFOUCHUS YPABHOBCINCHHBIX CUCTEM CUJL: ,ZI[CPICTBI/IC CHUCTEMBbI
CHJI Ha TBEPAOE TEJIO HE U3MEHHTCS, €CIM K Hel 10OaBUTh MM U3 He€ UCKIIIOYUTH YPaBHO-
BELIEHHYIO CUCTEMY CHIL.

Cnencreue 1.



Culy, MPUIOKEHHYI0O K TOYKe ab0COJIOTHO TBEPAOTO TENa, MOSKHO MEPEHOCUTH B JIOOVIO

TOYKY JIMHUU €€ NeHCTBUS.
3. Axkcuoma mapajuienaorpamma CHl

JIBe Cuiibl, MPUJIOKEHHBIE K TOUKE TEIa, MOKHO 3aMEHUTh PAaBHOACUCTBYIOLIECH CUIIOH, MPU-
JIO)KEHHOM B TOH e TOUKE, KOTOPasi ONPEAENAEeTCs] BEINYMHON U HAMlpaBJIeHUEM JUAroHajIu mna-
pannenorpaMma, IOCTPOSHHOTO Ha 3THX CHJIaX.
Cnencraue 2.

Ecnu abcomoTHO TBEpAOE TENO HAXOOUTCS B COCTOSIHUH IMOKOSI, HaX NefCTBUEM TPEX Hema-
PaJIeNbHBIX CUJL, JIEKALIUX B OAHON IUIOCKOCTH, TO JIMHUU ACHCTBUSA 3THX CUJ NMEPECEKAIOTCS B
OIHOH TOUKe.

—
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4. Akcuoma AEHCTBHS U IPOTUBOACHCTBUS.

JelicTBHe BCerna paBHO U NPSIMO IPOTHUBOIOJIOKHO MPOTUBOAEHCTBUIO, T.€.

D). F1,2 = F2,1;

2). cunbl Fy, u I, neficTByroT mo onHoO# npsiMoii. 3ameTum, 4To cunbl /12 U [, Hemb3s pac-
CMaTPUBATh KaK YPABHOBEIICHHYIO CHCTEMY CHJI, TAK KaK OHU MPUJIOKEHBI K PA3JIMIHBIM TEJIaM.
5. Axcuoma CBsI3H.

CBsi3b MOJKHO OTOPOCHTD U 3aMEHHTD €€ CHJION, HAa3bIBAEMOM PeaKLUeH CBSI3U.

6. Axcuoma OTBepAeBaHH

Ecnu Mexanmndeckasi CHCTEMA HAXOIUTCS B COCTOSTHUN PaBHOBECHS, TO OHO COXPAHUTCS, €CJIM Ha
CUCTEMY HAJIOXKUTb JOTOJHUTEIbHbIE CBS3H WIIH €CJTH OHA OTBepaeeT (cTaHeT abCOMIOTHO TBEp-
JIBIM TEJIOM).

BOIIIOC 8.
Tpenue cronvoucenus.

OTBET.
Tpenue Mexay TBEpABIMU TeJIaMH ObIBAET TPEX BUIIOB:
e TpeHue CKOJBXKEHHs, COOTBETCTBYIOLIEE IOCTYIATEJbHOMY [BHXXEHUIO CONPHUKACAIO-
IIUXCS TeJT OTHOCUTEIIBHO APYT IPYyTa,
e Tpenue xadeHus (HampuMep, KOJeca 1o Peibey);
e Tpenue BepueHus (Hampumep, B MOAMATHHKE), UMEIOIIEe MO CBOEH IMPUPOIE MHOTO 00-
IIEro C TPEHUEM CKOJIbKECHUS.
IlpocTeiimne CBONCTBA TPEHUsI CKOJBXKEHHUS WIM TPEHUs MEPBOTO pOAAa YCTAHOBJIEHBI
I'. AmonTonoM (1663-1705r.1.) 1 11 Kynonowm (1736-1806r.r.).
Croticteo 1. Cuna TpeHHs HaIpaBjeHa B CTOPOHY, IPSMO IPOTHUBOIOJIOKHYIO HAIPaBJICHUIO
JBYDKEHUS TeJ1a OTHOCUTENILHO IIOBEPXHOCTH CBSI3U.
Csolicteo 2. BenuuuHa cusbl TPEHUS B COCTOSIHUU IIPEIEIbHOIO PABHOBECHA MPSIMO MIPOIOP-
LUOHAIbHA BEJINUYNHE HOPMAJIBHON COCTABJIAIOLIEH peakuy IIOBEPXHOCTH CBSI3U

FmaX: fN
Kos¢pduumeHT nmponopuuOHAIBHOCTH  f HAa3bIBAETCS CTATUYECKHM KO3()(DUIIMEHTOM TpeHus
CKOJIBYKEHUSI.
J10 MOCTHOKEHUs TEJIOM COCTOSIHUSI MTPEAEIbHOTO PABHOBECHS BEJMYHHBI CUJIbI TPEHUS YIOBIIE-
TBOPSIET HEPABEHCTBY



Fp<fN
IMocne Havana mBrKeHHUsT KO3(DOULIMEHT TPEHHUSI CKOJIBKEHUST HECKOJBKO YMEHBIIIAeTCsl U TPH-
HHUMACT 3HAYCHUEC THHAMHUYECKOTO KOB(b(I)I/H_[I/IeHTa TPEHUA CKOJIbXKCHUA

f@ul—l<f

CornacHo KyJIOHOBCKHM 3aKOHAaM TPEHUs KO3(p(PULIMEHTHI TPEHHsI CKOJIbXKEHHUS HE 3aBUCST HE OT
JaBJICHNs,, HU OT BEJIMYHMHbI TPYLIUXCS TIOBEPXHOCTEH, HU OT ckopocTu. OHHU 3aBUCAT (pu3nye-
CKOM TPHUPOIBI TPYLIUXCS TeJ, MIIM(OBKU MOBEPXHOCTEH. M3J0KEHHBIE BOMPOCHI O TPEHHHU
CKOJIbXXE€HHsI OTHOCATCA TOJIBKO K CYXOMY TPEHUIO. HpI/I HaJIMYUK1 CMa3Ku CYLIECTBYIOT CBOU 3a-
KOHBI TPCHMUS.

OCHOBOIIOJIO)KHUKOM TEOPHUH TPEHUS NPU HAIMYMH CMAa3Kd SBJISIETCS PYCCKUH yUYEHBIH
H.ILIlerpos (1836-1920r.r.). [lanpHeiilnee pa3BuUTHE 3Ta TEOpPHs NOJy4dwia B padorax
H.E Xyx0BCKOro U psiia ApYTuxX UCCIENOBATENEH.
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Omnpeneenus.

1. PaBrHOpmelicTByromass K HOpMalbHOW peakUUU W CHJIbI TPEHMS HA3bIBAETCs MOJIHON pe-
aKiuei.

2. PaBHopeiicTByromas R HOPMalbHOH peaklMU U MAKCUMAJIbHOW CHJIBI TPEHUS Ha3bl-
BaETCsl MAKCUMAJIbHOU TTOJTHOM peakiuei.

3. Yron mexnay MakCHMaJbHOM MOJHOM peaklMed M HOPMaNbHOW peakluel Ha3blBaeTCs
YIJIOM TPEHUS QPmax.

U3 ompeneneHus CNeAyer, YTO I1€Pmax—1f.
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ITocTpoum KOHYC, OCb KOTOPOIO COBIAAAeT C HAalpaBJICHUEM HOPMAJbHON peakiuy, a yrojl Me-
Ky oOpasyrolieil KOHyca U HOPMaJIbHOW peakuueil paBeH yriy TpeHus. [losnydeHHbIN KOHYC
Ha3bIBAETCS KOHYCOM TpeHHs. M3 puUCyHKa BHIHO, YTO MOJHAS PEAKIHS JISKUT JTHOO BHYTPH,
100 Ha MOBEPXHOCTH KOHYCa TPEHHSL.

KonycoMm TpeHust oObsICHSACTCS SIBIEHHE 3aKJIMBAHMS Y3JI0B MAIlMH. A MMEHHO: €CIM Ha TeJO
Jiekaliee, Ha HErJIaJKol IJIOCKOCTH, OKAa3bIBAeT NAaBJICHUE CHJIA, JIMHUS AEHCTBUS KOTOPOI Jie-
’KUT BHYTPU KOHYCa TPEHMUsI, TO, CKOJIb Obl BEJIMKA HH ObLIa Takas CHja, OHA HE MPUBEAET TEJIO B
IOBHKCHUE.

BOITPOC 9.
OcHosHble 5mMAanst peuieHs 300ay CIMAamuKi.

OTBET.

1. OcBoboxkneHue oT BHEIIHUX cBsizell. OcBoOOKIaeM paccMaTpUBaeMyl) MeXaHUYe-
CKYIO CUCTEMY OT BHCIITHUX CBHSefI, 3aMCHsA UX PCAKLIUAMMU.



2. Pemenne. OcBOOOKIEHHYIO OT BHELIHUX CBSI3€H MEXaHUYECKYI0 CUCTEMY pacuyIeHs-
€M Ha OTJeNbHbIE TeNa U AEHCTBUE TeJ APYr Ha Apyra 3aMeHsieM CHJIaMH, COTJIaCHO aKkCHOMam
CBSI3U U PaBEHCTBA NEHCTBUS U MPOTUBOJEHCTBUSI.

3. PaBHoBecue. PaccmaTpuBaeM COCTOSIHME MOKOSI BbIAEJIEHHBIX T WJIM YacTel CUCTe-
MBI T€JI, CUNTasi UX OTBEPIEBILINMH, U MPUMEHAS K HUM YCJIOBHSI PAaBHOBECHS CHJI, NPHIIOJKEH-
HBIX K CBOOOJTHOMY a0COJIIOTHO TBEPAOMY TEIY.

BOITPOC 10.
Tonamue momenma cunvt OMHOCUMENLHO MOYKU.

OTBET.
MowmenTtoMm cunbl /7 oTHOCHTENBbHO TOUKH O Ha3bIBACTCS, B3STOE C COOTBETCTBYIOLUM 3HAKOM,

IPOM3BEAEHNE BEIMUHHBI CHIIBI HA paccTosHue h oT Touku O 10 MMHUM JeHCTBUs CUiIbl £, . DTO
npousBeneHe OepETCs CO 3HAKOM TUTIOC, €CJTU CHla F' CTPEMMTCs BpAallaTh TEJIO MPOTHB XOAa

Y4aCOBOI CTPENKH, M CO 3HAKOM -, €CIM CHja [ CTpeMHTCsl BpalaTh TENO MO XOAy 4acOBOif

CTpeJKH, TO ectb my F = Fh, m I, =—Fh, . JlnuHa nepneHIuKynsapa h HasbBaeTcs IedoM

cunbl I7 touku O. DPdexT nefcTBUS CUITBI T.€. YIIIOBOE YCKOPEHUE Tejia Ooiblie, yeM Ooblie
BEJINYMHA MOMEHTA CHJIBI

BOITPOC 11.

Llapa cun. Momenm nap cun na nnockocmu. CymMma MOMEHMOS CUll NAPbL.

OTBET.

IMTapoii cu Ha3BIBAETCS CUCTEMA, COCTOSILIAS U3 JBYX PaBHBIX MO BEIUYHHE MapalIeIbHbIX CHIL,
HaNpaBJeHHBIX B MPOTHUBOIOJOXKHBIE CTOPOHBL Paccrosiaue h Mexay JNUHUSMH IeHCTBUS CHIT
Has3bIBaETCs IUICYOM Mapbl. MoMeHTOM mapbl cuil m(F, ') HasbplBaeTcs B3ATOE C COOTBETCT-
BYIOLIMM 3HAKOM NPOU3BEAECHHE BEJIMYNHbBI OMHOM U3 CHJI, COCTABILIIOIINX T1apy Ha IJIe40 Maphl.
3anmuceiBaercs ato Tak: m(F, F')* F - h, roe [IpousBenenue OepeTcs co 3HAKOM ITUTIOC, €CIIH Ma-

pa Ccuit CTPEMUTC BpallaTh TCJIO IPOTHUB XOJa 4aCOBOM CTPCIIKU U CO 3HAKOM MUHYC, €CJIU I1apa
CUJI CTPEMUTCA BpalllaTh TEJIO MO XOAYy 4acOBOU CTPECIIKHA.

Teopema 0 cyMmMe MOMEHTOB CHJI TIaPBhL.

Cymma MomeHTOB cuit mapel (F, F') oTHOCUTENbHO JFOOOH Touku O, B3SITON B IJIOCKOCTH i -

CTBHSI apbl, HE 3aBHCUT OT BbIOOpA STOH TOUKM U paBHA MOMEHTY napbl. JleficTBUTeNbHO, ¢ 0x-
HOH CTOPOHBI

I:—’“

mF=F-H, mF'=-F(H-h) F
mOFerOF':Fh



C npyroii CTOPOHBI, TIO OMPENCIICHUIO m(F, F‘) = F'-hm, cienoBaTenbHo,
m(FF")y=m,F +m,F'

XapaKTeprIM SJICMCHTOM Iaphbl, ONPEACTIAIOIIUM €€ JIENCTBUE HA TEJIO, ABJSACTCA MOMECHT Iapbl.

BOIIPC 12.
Teopema 06 sxeusanrenmuvix napax. Cneocmeusi.

OTBET.

Teopema. [JlBe mapbl, MOMEHTBl KOTOPBIX paBHbI MeXAy COOOH, 3KBUBAJICHTHBL T.€.
(F,F")~(P,P")

Crnencreue 1. Tlapy cui MOKHO MEPEHOCUTH B JIFOOOE€ MECTO TUIOCKOCTU €€ JACWCTBHS a TAKiKe
MOBOPAYMBATH HA JIFOOOH Yroy M U3MEHATH IUIEHO U BETMUUHY CHJI MapHl,

COXpaHssda IprU 5TOM MOMECHT ITaphl.

Crnencreue 2. [Tapa cuin He UMeeT PaBHOAEHCTBYIOIIEH U HE MOXKET ObITh

ypPaBHOBELLEHA OJHON CHUJIOH, JiexKallel B IJIOCKOCTH Maphl.

BOIIPOC 13.
Cnodicenue u ycnogue pagHoGeclist CUCHIEMbI NAP HA NIIOCKOCHU.

OTBET.
1. Teopema O CIOKEHUH Map, JeXamux B OOHON IockocTH. CHUcTeMy mmap, Kak yrogHO
PaCIOJNIOKEHHBIX B OAHON MJIOCKOCTH, MOXKHO 3aMEHUTh OJHON Mapol, MOMEHT KOTOPOIl paBeH

CyMMe MOMEHTOB JIaHHbIX map, T.e. m(P,P') = Zm(E, F)
i
2, Teopema 0 paBHOBECHUU CUCTEMBI AP HA MIOCKOCTH.

s Toro, 4toObl abCONIIOTHO TBEPIOE TENO HAXOIMJIOCh B COCTOSIHUM TMOKOS TOM JAeHCTBHEM
CUCTEMBI Map, KaK YrOAHO PACMOJONKEHHBIX B OJHOW TMIOCKOCTH, HEOOXOIUMO U JOCTATOUHO,

YTOOBI CyMMa MOMEHTOB BCEX Map Obljia paBHA HYJIO, TO €CTh Zm(E,E) =0

1

BOIIPOC 14.
Jlemma Ilyanco o nepenoce cuno.

OTBET.

10



Jlemma Ilyanco:

Cuny F', npunokeHHy0 K aOCOMIOTHO TBEPAOMY TeJy, MOYKHO MEePEHOCUTh MapajliiesbHO CaMoii
cebe B moOyro Touky O Tena, 1oOaBss MPH STOM Mapy, MOMEHT KOTOPOI paBeH MOMEHTY CHJIbI

I OTHOCHTENBHO TOUKH 0, To ecThb F~{F',(F,F")}, eoe F:F:—F”, m(ﬁj:ﬁ"):moﬁ

BOIIPOC 15.
IIpuseodenue nnockoii cucmemvl cuil Kk OAHHOMY yeHnmpy. 1nasnviii 6ekmop cucmemsi cui, 21a6-
HbIll MOMEHM CUCMEMBI CUIL.

OTBET.
Teopema.
ITpou3BOJIBHYIO TIJIOCKYIO CHUCTEMY CHJ MOJXKHO 3aMEHHUTb OJHOW CHJION ﬁ , TPUJIOKEHHOU B
MIPOU3BOJIBPHON TOUKe O MIOCKOCTH, paBHOW IeéOMETPUUECKON CyMMe 3TUX CUJ U MapoH (;5,;5') ,
MOMEHT KOTOPOH paBeH anredpanyeckoil CyMMe MOMEHTOB BCEX AaHHBIX CHJI OTHOCHTENBHO TOH
ke Touku 0, TO ecTh {1_7;};’:1 ~ {fé, (;5, ?5')}, 20e R= ZI_T;, M, = m(ﬁ,ﬁ') = Zmol_f

i i

Bexrop ﬁ PaBHBII r€OMETPUYECKON CyMME BEKTOPOB JAHHBIX CUJI, HA3bIBAIOT INIABHBIM BEKTO-
poM 3TOH cucteMsl cuil. MoMeHT M, mapsl (ﬁ, l_;'), paBHBIM CyMMe MOMEHTOB JAaHHBIX CHJI OT-
HOCHUTENBHO TOUKHU 0, Ha3bIBAIOT INIABHBIM MOMEHTOM CHCTEMBI CHJL.

Ilpouenypy 3aMeHBI CUCTEMBI CHJI PE3YJILTUPYIOLIEH CHIION R , TIPUJIOKEHHOU K Touke 0 U ma-
poit (ﬁ, 1_5'), C MOMEHTOM M|, Ha3bIBAIOT NPUBEICHUEM CUCTEMBI CUJI K JAaHHOMY LIeHTpy O, a
Touka O Ha3bIBAETCS LIEHTPOM NPUBENCHHUS.

3ameTuMm, 4TO ypaBHEeHUEe R = ZE — BEKTOpHOe, a ypaBHenune M, =m(P,P') = ZmOE — CKa-
i i

JSIPHOE.

BOIIPC 16.
Yenosus pasnosecus npoussonsnoit niockocmu cucmemst Cuil.

OTBET.

Teopema 1. /{ns Toro, uToObl CBOOOIHOE aOCONOTHO TBEPAOE TENO HAXOAMIOCH B COCTOSHHUM
ITOKOSI IO NEMCTBHEM IIJIOCKOM CHCTEMBI CHJI, HEOOXOIMMO M JOCTATOYHO, YTOOBI INIaBHBIN BEK-
TOP ¥ TJIABHBI MOMEHT 3THX CHJI OTHOCHUTENbHO MPOU3BOJBHO BHIOPAHHOM TOYKH TUIOCKOCTH

ObUTH paBHBI HYJIIO, T.€. JHOJDKHO BBIMOJHSTHCS BEKTOPHOE ypaBHeHHE KR = Z F, =0 u cka-
JsIpHOE ypaBHEeHUe M = ZmOE =0
1

Teopema 2. Jlisi Toro, utoObl CBOOOMHOE aOCONOTHO TBEPAOE TEJO HAXOAUJIOCH B COCTOSIHUH
MIOKOSI TIOZ EWCTBHEM IUIOCKOH CHCTEMBI CHJI, HEOOXOANMO M OCTATOYHO, YTOOBI CyMMa Ipo-
€KLHI BCEeX CHJI Ha KaXAYI0 U3 IByX KOOPAUHATHBLIX OCEeH M CyMMa UX MOMEHTOB OTHOCUTENBHO
MPOU3BOJIBHOM TOUKH O TIOCKOCTH ASUCTBUSI CUIT OBUTH PaBHBI HYJIO, TO €CTh

> X, =0
=0

ZmOF;:O
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BOITPOC 17.
Teopema Bapunvona

OTBET.

Teopema. Ecnu cuctema CUIl Ha IJIOCKOCTH 3KBUBAJIEHTHA PABHOACUCTBYIOLIEH, TO MOMEHT
PaBHOMENHCTBYIOILIEN OTHOCUTEIBHO MPOU3BOJILHON TOUKH MJIOCKOCTH PABEH CYMME MOMEHTOB
BCEX CHJI OTHOCHUTENBHO TOH K€ TOUKH, TO €CTh

1

moé = ZmOF

BOITPOC 18.
Cnodxcenue 08yx napanienrsbHux CUuil.

OTBET.
1. CrnoxxeHne ByX MapajuleNbHbIX CUJI, HAIIPABJIEHHbBIX B OJJHY CTOPOHY.

JIBe napaJienbHble CUITbI, HATIPABJIEHHBIE B OIHY CTOPOHY, IPUBOISATCS K OHON paBHOAEHCT-
BYIOLIEH CUJIe, UM MapajuIeIbHON U HAPABJIEHHON B Ty K€ CTOPOHY. Benuuuna paBHOAEHCT-
BYIOLIEH paBHA CYMM€ BEJIMUUH JAHHBIX CUJL, & TOUKA €€ MPUJIOKEHHUS C JCIUT PACCTOSIHUE Me-
XKy JIUHUSMU JEHCTBUS CHJI BHYTPEHHUM 00pa3oM Ha 4acTH, 0OpaTHO MPOTIOPIIMOHAIBHBIE Be-
JINYMHAM 3THX CUJI, TO €CThb

— F BC
R=F +F, R=F+F, —2L1=2=
F, AC
2. CJ'IO)KCHI/IC E[ByX HEC paBHbIX 10 BCJINYUHEC HapaJ'IJ'ICJ'[I:HbIX CI/I.]'I, HaHpaBJ’[eHHBIX B HpOTI/I-

BOIIOJIO’KHBIE CTOPOHBL.
I[Be HE PABHBIC IO BEJIMUUHE aHTUTIAPAJIICJIBHBIC CUJIbl IPUBOAATCA K O,Z[HOI71 paBHOHefICTBYIO-
LIed Cuiie UM NapaulebHOM U HAMIPABICHHOW B CTOPOHY OOJIBIIEH CHJIBL.

BenuunHa paBHOAEMCTBYIOLIEH paBHA PA3HOCTH BEJIMYMH JAHHBIX CHJI, @ TOUKA €€ MPUJIOKEHUS
C, menuT paccTosiHUE MEXIy JIMHUAMH JeHCTBHS CUJI BHELTHUM 00pa3oM Ha 4acTH, OOpaTHO
MIPOMOPLIMOHANIbHBIE BEIMYNHAM 3TUX CUJI, TO €CTh

R=F -F,, A BC

F, AC

3aMeTUM , YTO PaBHbIE AHTUMAPAJJISIbHBIE CHUJIbI HE HIMEIOT PAaBHOACHCTBYIOLIEH, a 00pa3yroT
napy CHJL.

BOIIPOC 19.
Paznuunvie 6uowr ypasuenuii pasnosecust nOCKOU CUCMEMbl CUL.

OTBET.
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1. [lepBas popma ypaBHEHUIT paBHOBECHS
> X, =0 Y =0, > myF, =0

3ameTuMm, 4TO Ha BBIOOP OCEil KOOPAMHAT X Uy U LIEHTPa MOMEHTOB 0 He HAJIOXKEHO HUKAKHX
OTPaHUYECHHIL.
2. Bropas popma ypaBHeHHUIT paBHOBECHS MIIOCKOH CUCTEMbI CHIL.

> X, =0

ZmAﬁzo AB me 1 Ox

ZmBE:O

Jast Toro, 4ToObI aOCOFOTHO TBEPOE TENO MOA AEHCTBHEM IIOCKON CUCTEMBI CHJI HAXOIUIIOCh
B COCTOSIHUH TMOKOS, HEOOXOIMMO M AOCTATOYHO, YTOOBI CyMMa MPOEKIUi BCEX CHJI Ha KaKyI0-
1100 och ObLIA paBHA HYJIO, @ CYMMa MOMEHTOB BCEX CHJI OTHOCHUTENIBHO KaKAOH U3 JBYX TO-
YeK, JeKaIUX Ha JIMHUY, He TIePIIeHANKYJSIPHON K BBIOpAaHHOM OCH, OBLIM PaBHBI HYJIIO.

3. Tpetbst popmMa ypaBHEHUI paBHOBECHSI IJIOCKOW CUCTEMBbI CHIL
2.m =0
i
> myF =0
i
2. me k=0
i

Jlast Toro, 4To0Ob! aOCOMOTHO TBEPAOE TEJIO MOJ JeHCTBUEM IIOCKOH CHCTEMBI CHJT HAXOAUJIOCH
B COCTOSIHUH TMOKOSI, HEOOXOIUMO U JOCTATOYHO, YTOOBI CYMMbI MOMEHTOB BCEX CHUJI OTHOCHU-
TEJIbHO KaXIOH M3 TPEX TOUEK, HE JEeKAIIUX Ha OJHOU MpsIMOM, ObLTH paBHBI HYJIFO.

BOIIPOC 20.
Ilapa cun, npunosicennas k abconomuo meepoomy meiny. Kaxumu snemenmamu onpeoensiemcsi
Oeiicmeue naput cui. Momenm napawi.

OTBET.

Teopema. ITapy cui, IPUIOKEHHYIO K a0COTIOTHO TBEPAOMY TEJTy, MOXKHO IEPEHOCHUTH B JIFO-
Oy10 MIOCKOCTD, NMapaUIeNbHYIO IUIOCKOCTH JSHCTBHS Maphl.

3aMeTnMm, 4TO AeHCTBUE Mapbl CHII Ha a0COIIOTHO TBEPOE TEJIO HE 3aBUCUT OT MOJIOKEHUS
MJIOCKOCTH AENCTBUSA Maphl U ONPENENIeTCs TOIbKO HAPABIEHUEM HOPMaJH TIOCKOCTH AEHCT-
BHsI TapBI.

JleficTBust mapel CUi1 HA a0COJIFOTHO TBEPAOE TEJIO ONPEALNISAETCS TPEMS SJIEMEHTaMU,

- BEJIMYMHON MOMEHTA Taphl,

- HanpaBJeHUEM BpallleHus Hapkhl,

- HaIpaBJeHUEM HOPMAJIH INIOCKOCTH EHCTBHs MapHL.

Momenmonm naper Ha3pIBaeTCss CBOOOAHBII BEKTOP PaBHBIN MPOU3BEACHUIO OTHOM M3 CHUI Maphbl
Ha ee IUIeUO U HalpaBJIEHHBIN [0 HOPMAaJH IUIOCKOCTU AEHCTBUs Mapel B Ty CTOPOHY, OTKyAa
BpallleHUe Tesa apoi MPeICTaBIsAeTCs MIPOTUB IBIKEHNS YaCOBON CTpenku. BekTop-MomMeHT
Hapbl IOJHOCTBIO ONPENENsET mapy CHJL.

13
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BOITPOC 21.
Ocnosnvie meopemul 0 napax cui

OTBET.

ITapa cu He UMeeT paBHOAEHCTBYIOIIEH 1 HE MOKET ObITh YpaBHOBEIIEHA OJTHOI CHIION.
Teopema 0 CyMMe MOMEHTOB CHJI Haphbl.

BekTop-MOMEHT napbl paBeH reOMeTqueCKou CyMM€ BEKTOP-MOMEHTOB CHII N1aphl OTHOCH-

TeJIbHO IPOU3BOJIBHOH TOukH 0, TO €CTh m(F jal )=m, F +m, F

Teopema 0 CIOKEHUH Hap, JISKAIMNX B IEPECEKAIOLTIXCS 00JIACTSX.

JIBe mapbl, MPUIIOKEHHbIE K aOCOIOTHO TBEPAOMY TeNy U JIEXKAIINE B TIEPECEKAOLIIXCS TII0C-
KOCTSIX, MO>KHO 3aMEHUTDb OJTHOM UM HKBUBAJICHTHOH Mapoi BEKTOP-MOMEHT KOTOPOIl paBeH
reOMEeTPUUECKOH CyMMe BEKTOP-MOMEHTOB AaHHBIX Map.

3ameTuM, 4TO €ClIi Ha a0CONIIOTHO TBEPAOE TEJO AEHCTBYET CHCTEMa Hap

{(F, F)"),...(F,,F ')}, TOOSTycHcTeMy nap MOXKHO 3aMEHHTb OJHON paBHOACHCTBYIOLIEH a-

poii (R, R")~{(F,F"),. . .(F,F,)}, Bektop-momeHT m(R, R"), KOTOpBIil paBeH reomeTpuye-
CKOM CyMMe€ BEKTOP-MOMEHTOB JaHHBIX Map
—_— — n ——
' — '
mRR) =Y m(F, )
i=1
Teopema 0 paBHOBECHH CHCTEMBI AP B MPOCTPAHCTBE.

JList Toro 4To0bl a0COMIOTHO TBEPAOE TEJIO HAXOAMIOCH B MIOKOE MO JSUCTBHEM CUCTEMBI T1ap,
PaCIOJIOJKEHHBIX B HpOCTpaHCTBe HEOOXOUMO U OCTATOYHO, YTOOBI CyMMa MOMEHTOB Map Obl-

Jla PaBHa HyJIIO, TO €CTh Zm(F =0
i=1

BOITPOC 22.
Ilpuseoenue npou360abHOI NPOCMPAHCMBEHHOT CUCMeEMbL CUIL K OGHHOMY yeHmpy. 1 naeHuiii
6EKMOP U 2NIABHBLIl GEKMOP-MOMEHN!.

OTBET.

OcHoBHas Teopema ctaThkU. [Ipor3BoSIbHAS CUCTEMA CHJT {F; , ,f,: }, IpUIIOKEHHAs K abco-
JIIOTHO TBEPIOMY TeJly, SKBHBATEHTHA CHCTEME CHI, COCTOSLIEH U3 CHIIBI R , PABHOI reoMeTpH-
YeCKOH CyMMe CHJI, TPUJIOJKEHHOM B JIE000# Touke O Tena U mapbl CHIT (1_): 1_):) C MOMEHTOM L_O ,

PaBHBIM CYMME€ MOMEHTOB BCEX CUJI OTHOCUTEIIbHO TOYKHU O, TO €CThb
{F,- B~ (R, (P, P)}
— — N —
R_ZE; LO_m(PJP)_ZmOF;
i i
CI/IJ'Ia, MPUIJIOKCHHAs B HEHTPE NMPUBEACHUS, HA3bIBACTC I nasnoiv BEKMOPOM CUCHIEMBL CUJL.

MowmenT napal, COCTaB.]'ISII-OH_[eI‘/‘I COBMECTHO C I'NIaBHBIM BEKTOPOM CUCTEMY, SKBUBAJICHTHYIO
HpOI/ISBOJleOfI CHUCTEME CUJI, HA3BIBACTCA 2AABHbIM GEKIMOP-MOMEHNTIOM.
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3aMeHa cucTeMbl CUJI CHIION R , pujioxkeHHOH B Touke 0, u mapoii (P, P')c momeHToM L, Ha-

3bIBACTCA MPUBCACHHUEM CUCTEMbI CUJI K TOUKE O, a cama Touka 0 Ha3bIBAETCS YEeHMPOM npueede-
HUA.

BOITPOC 23.
Yenosus pasnogecus cucmemut cun 6 6eKMOPHOL U AHATUMUYECKOTH (POPMAX.

OTBET.
1. YcioBust paBHOBECUsI CUCTEMBI CHJT B BEKTOPHOM (hopme.

Teopema.
Jist Toro uToOBI a0COIFOTHO TBEPOE TEJIO HAXOIMIOCh B COCTOSIHMU TOKOSI MO/ ACHCTBUEM

NPOU3BOJILHOM CHCTEMBI CHJI, HEOOXOIUMO U JOCTATOYHO, YTOOBI IIaBHBIN BEKTOP CUCTEMBI CHJI
U TJ1aBHBII BEKTOP-MOMEHT CHUCTEMBbI CHJI OTHOCUTENBHO JIOOO0T0 LIEHTPa IMPUBEAEHHs ObLIN
PaBHBI HYJIIO.

Hnaue: nnst toro, yrodwl (F,...,F. ) ~ 0, HeoOxoauMbl 1 foctaTouHsl yenosust R=0, [, =0.

OTH yCIOBUS SBJISIFOTCS] BEKTOPHBIMHU YCJIIOBHSIMH PaBHOBECHUS IS IPOU3BOJIBHON CHCTEMBbI CHJI.
2. YcnoBusi paBHOBECHSI CUCTEMbI CHIT B aHAJIUTHYECKOH (hopme.

Teopema.
Jlnist Toro uToOBI a0COJIFOTHO TBEPO TEJIO HAXOAUIOCH B COCTOSIHUY MOKOSI MOA ICHCTBUEM IPO-

W3BOJIbHOW CHUCTEMBI CHJI, HEOOXOIUMO U JOCTATOYHO, YTOOBI CYMMBbI TIPOEKLIUE BCEX CHJI HA OCH
JIEKapTOBBIX KOOPAMHAT U CyMMBI MOMEHTOB BCEX CHJI OTHOCHUTEINIBHO TPEX OCel KOOpIUHAT
TakxKe ObIIM PaBHbI HYJIIO, TO €CTh

YF.=0 YF =0 }F=0 YmF=0

ZmyE:O ZmZF;:O

3. YcnoBusl paBHOBECUsI IPOCTPAHCTBEHHON CUCTEMBI MAPaJIEIbHbIX CHJL.

Teopema. [{nst Toro, 4ToObI a0COTIOTHO TBEPAOE TEJIO HAXOAUIOCH B COCTOSIHUH MOKOS MO AeH-
CTBUEM MPOCTPAHCTBEHHON CUCTEMBI MapaJIebHBIX CHJI, HEOOXOAUMO U IOCTATOYHO, YTOOBI
anreOpandeckast CcyMMa 3TUX CHJI U CYMMbI MOMEHTOB CHJI OTHOCUTEJIBHO JIBYX KOOPIMHATHBIX
OCel, MepIeHANKYISIPHBIX CHJIaM, ObUIH paBHBI HYJIFO, TO €CTh

>.Z,=0, meﬁzo, Zmy?f:o

BOITPOC 24.
IIpuseodenue npocmpancmeeHHol cucmemsl Cull K pasiudHbIM YeHmpam.

OTBET.
CHauasa mpuBeZieM JaHHYIO cUcTeMy cual {F,...,F } | mpuioxkeHHy0 K aOCONOTHO TBEPAOMY
Teny, kK ueHTpy 0. Torna nosyyaeM 5KBHBAJIEHTHYIO CHCTEMY, KOTOPAast XapaKTepHU3yeTCsl IaB-

_— no__, — no__, no_
HBIM BEKTOpoM R = ZFI U IJ1aBHBIM MOMEHTOM L, = ZLO (F)= Z rx I
i=1 i=1 i=1
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3areM mpuBeneM JaHHYIO crucTeMy K HOBoMy LeHTpy C. OueBUAHO, IIaBHBIH BEKTOP CHCTEMBI
IIPU 5TOM He U3MEeHUTCs. [ TaBHBIN MOMEHT U3MEHUTCS], TaK KaK OTHOCUTENBHO HOBOTO LIEHTPA
MIPUBEACHNS MOMEHT KaXXAOW U3 CUJI CUCTeMBI CTaHeT ApyruM. Halinem ero nsmMeHeHue.

. n — —_ —
L zm 2( <F)= Y[ +CO)xF, =
i=1
M e . n o _, e . -
=D (r;xF))+CO0x E L,+COxR=L,+m,R
i=1 i=
Takum 06pasom, Npy U3MEHEHUH LIEHTpa MIPUBEASHNS, TIaBHbIH MOMEHT U3MEHSCTCSI Ha BEJIH-
YHHY, PABHYIO MOMEHTY [JIJABHOTO BEKTOPA OTHOCHTENIBLHO HOBOTO LIEHTPA MPUBEICHHS.

BOIIPOC 25.
Cmamuueckue uH8apuUAanmbl.

OTBET.

I'naBHBII BEKTOP MPOCTPAHCTBEHHON CUCTEMBI CUJI HE U3MEHSETCA [IPU NIepeMEHe LIEHTpa Ipu-
BEZICHIS, T.€. OH IIPEACTaBIIseT cOOOH CTaTHUECKUH MHBAPHAHT ITPOCTPAHCTBEHHON CHCTEMBI
CHUI IO OTHOLICHHEO K M3MCHEHHUIO LIEHTPA NPHBEEHIS.

CrpoektupyeMm paBeHCTBO L L +m, R ma HaIpaBJIEHHUE TJIAaBHOTO BEKTOPa Ru MOJIyYUM
Pr; Lc =Pr; L0

OTO PaBEHCTBO MOKA3BIBAET, YTO MPOEKLUHU ITIaBHBIX MOMEHTOB OTHOCUTEJIBHO LIEHTPOB MPUBE-
nenust O u C Ha HanpaBJIeHHUE IIABHOTO BEKTOPA PABHBI MEXKY COOOH, TO €CTh MPOEKIHS TJ1aB-
HOT'O BEKTOPa-MOMEHTA OTHOCHTEJNIBHO JIF00OH TOUYKM HA HAIIPABJICHUE [NIABHOTO BEKTOPA €CTh
BTOPOI CTaTUYECKUI MHBAPUAHT IIPOCTPAHCTBEHHON CUCTEMBI CUIL.

Ecnu neByto u npaByro yactu pasencrsa L, = L, +m_ R CKaJsIpHO YMHOYKMM Ha I'JIaBHBIH BEK-
Top R, Tomonyuum L,-R=L,-R.
Takum 06pa3oM, CKasIpHOE MPOU3BEAEHHE [NIABHOIO-BEKTOPA MOMEHTA CHCTEMbI OTHOCUTEITb-

HO JII000H IEHTpa NPUBEICHUS Ha €€ TJIABHBIM BEKTOP JAaeT IPYroe BhIpaskeHHe JJIsi BTOPOro
CTaTUYECKOIO HHBAPUAHTA.

BOITPOC 26.
Jlunamuveckuii eunm. LlenmpanvHas oco cummempu.

OTBET.
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COBOKYITHOCTB CHJIBI U TIAPBI CHJI C MOMEHTOM, KOJUTMHEAPHBIM CHJIE, HA3bIBAETCS JUHAMOM MIIN
JUHAMHYECKUM BHHTOM.

Teopema.

Ecnu BTOpOli cTaTudyeckuil MTHBApUAHT HE PaBEH HYJIIO, TO IPOCTPAHCTBEHHYHO CUCTEMY CUJI
MOJKHO IIPUBECTU K THHAMUYECKOMY BHHTY.

JelicTBuTenbHO, IpUBEneM cucTeMy CHIl K Touke 0. [Iprdyem yros oo Mexay rilaBHbIM BEKTOPOM

— s

= T
R v rnmaBHBIM MOMEHTOM [, HE paBeH 5 B sTtom cnyuae MOMEHT L, MOXKHO Pa3jiOXKUTh Ha

ABC COCTABJIAOIIUE, OAHA U3 KOTOPBIX Ll HalipaBJICHa IO JIMHUU JIeHCTBHS [JIABHOTO BEKTOpa

—_

R

, aBTOpas L, TepHeHuKyJIspHa K Heil.
Lo = Ll + Lz

A &
—_—

R R

N
l!

1 Ll

O A

I'naBHBIN BEKTOP-MOMEHT L, OTHOCHUTEIBHO TOUKU A, He JieKallel Ha JMHUU JefCTBUSA IJ1aB-
HOTO BeKTOpa, OyaeT
L,=L,+m,R=L+L,+m,R

Ecnu B 3TOM paBeHcTBE MONOKUTh L, +m, R=0,10 L, =L, , TO €CTb B TOUKE A IJIaBHbII BEK-

e

TOP-MOMCHT LA reOMETPUYCCKU paBEH BEKTOPY Ll , HarpaBJICHHOMY I10 JIMHUU HeﬁCTBHH rijiaBs-
L, L,Sina
o

Taxum 00pa3oM, TOKa3aHO, YTO CYLIECTBYET LEHTP NMPUBENEHH A, 111 KOTOPOTO TJIaBHBIN BEK-
TOP ¥ IMaBHBII BEKTOP-MOMEHT KOJIMHEAPHBI.

Horo BekTopa R . [TonoskeHne TOUKH A omnpenensieM U3 cooTHomeHust OA =

T » < -
Ecmm o = E , TOTAa CUCTEMA CUJI IPHUBOAUTCA K OJHOU PABHOACUCTBYIOLICU CUJIE, TCOMETPpUYC-

CKH PaBHOM TJIABHOMY BEKTOPY R, TMHUSI NEHCTBUS KOTOPOW OTCTOUT OT TOYKH O HA paccTosi-

Huu O4 = & )
R
BOIPOC 27.

UeHmpclJleaﬂ OCb CUMMENPUU — OCb MUHUMAIIbHbBIX 2/IA6HbIX MOMERNIOE.

OTBET.

Ilpsimasi, mpu NMPUBEAEHUHN K TOUKAM, KOTOPOH JTAHHAS CUCTEMA CHJI 3aMEHSIETCS IMHAMOM MU
OJHOW PaBHOAEUCTBYIOLIEN CUJION, Ha3bIBAETCS LIHTPATIbHOM OCBIO CUMMETPUH.

TTokaxem, 4TO BEIMYMHA IIABHOTO MOMEHTA CHCTEMbI OTHOCHUTENBHO TOUEK LEHTPATBLHON OCH
SIBJIIETCS. MUHUMAJILHOM.
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Bo3bMeM TOUKy A Ha LEHTpabHOI ocH U TOuKy B B 11000M MecTe abCOMOTHO TBEPAOTO TENA.

—

Torna nony4uum cnenyroiee cootHouenue L, =L, +m,R

Tax kak Bekropa L, u R konuHeapHsI, TO BEKTOp M, R = BA xR Bcerja nepneHnuKyIspeH K

<L,

—_—

BEKTO L, . CnemoBatenbHO,
A

. HOSTOMY LHEHTPAJIbHYKO OCb HA3bIBAOT OCBIO

MHWHHMAJIbHBIX I''TABHBIX MOMCHTOB.

BOITPOC 28.
Bosmooicnsie cryuau npugedenist npous3soasHoll NPOCMPAHCMEEHHOT CUCIEMbI CUIL.

OTBET.
Ilepsbiii nuHBapuaHT | I'1aBHBIIL Bropoii K yemy mpusoaurcs
BekTop-MOMEHT HHBAPHUAHT Cucrema CHJI
R=0 L,#0 R-L,=0 K mape cun
R#0 L,=0 R-L,=0 K paBHozeiicTByIO-
ntedi cune F =R
R+#0 L, #0 unepnenau- | R-L,#0 K pasrozefictsyro-
5 et cune F =R
KyJisipeH Kk R
R#0 f(: #0 U He Tep- R- EO +0 K nunamuveckomy
o BUHTY
NEHIUKYJIsIpeH K R
R=0 ZO =0 R. ZO -0 K paBHOBecHIO naH-
HOU CUCTEMBI CHII,
TO €CTh CUCTEMA CHJT
SKBUBAJIEHTHA HYJIIO

BOITPOC 29.
Llenmp napannensusix cun. Koopounams: yenmpa napanienbuix cui.

OTBET.

IlenTpoM napanienbHbIX CUJI HA3bIBAETCS] TOUKA HA JIUHUU JEeHCTBHS PAaBHOACHCTBYIOLIEH 3THX
CHJI, KOTOpasi He U3MEHSET CBOET0 MOJIOKEHUsI ITPH MOBOPOTE BCEX CHJI BOKPYT TOUEK UX MPHUIIO-
JKE€HUA Ha OAVH U TOT K€ yroJl B OAHOM HalIpaBJICHUU.

Touka, yepe3 KOTOPYIO MPOXOIUT PABHOAEHCTBYIOIIAS CUCTEMA MapaJUIeIbHBIX CHIT OIPeNessi-
etcsi o opmyJie

. XEn :
r=E—— 20 F=)1F,

ITpoexkTupyst 0Oe 4acTH 3TOr0 paBeHCTBA HA KOOPAMHATHBIE OCH, MOJIy4aeM

n n n

SEx Sry, S

_ i=l _ =1 =

xc - F > yc - F > Zc - F .

OTKyZ[a CJIICAYET, YTO MOJIOKCHUEC LICHTPA NapaJUICJIbHBIX CUJI HE 3aBUCHUT OT HAIlpaBJICHUS CUJL, a4
3daBUCHUT TOJIBKO OT UX MO,E[yHeﬁ " UX TOYUCK MPUIIOKCHUA. 3TO MO3BOJISIET C(bOpMyHI/IpOBaTb
Ba)KHOE CBOMCTBO CHUCTEMBI rnapayuieJbHbIX CUJI, @ UMEHHO: €CJIN BCE€ CUJIbI SaﬂaHHOﬁ CUCTCMBI

napajiyieIbHbIX CUJI IIOBEPHYTh HA OOUH U TOT XK€ YIOJI, COXpaHAsd HCU3MEHHBIMU UX TOYKH ITPU-
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JIOKCHUsA, TO U paBHOI[efICTByI—OH.IaSI 9THUX CUJI MOBEPHETCA HA TOT K€ YyroJl, IPpUYEM IOJIOKECHUEC
LHEHTPA NMapalICJIbHbIX CUJI HC U3MEHHUTCA.

n _ n n n

Beipaxenus » Fr,, > Fx,, Y Fy,, Y Fz COOTBETCTBEHHO HA3BIBAKOTCSH CTATHHYE-
i=1 i=1 i=1 i=1

CKMMH MOMEHTAMU IapajuIeSIbHbIX CUJI OTHOCHTENBbHO Havajaa KoopAUHAT O ¥ OTHOCUTEBHO KO-

opauHaTHbIX ockoctelt z0y, x0z, yOx.

BOITPOC 30.
Lenmp msaocecmu

OTBET.
IlonsiTue LEeHTpa TSKECTH BIIEPBbIE YCTAHOBJIEHO ApXHUMenoM Okono 250 10 H.3.

z

r 3

Tl

Y

X

Bcsikoe Teno MOKHO MPEACTABUTH COCTOSIINM U3 OOJIBIIOrO YHCa MaTepUaIbHBIX YacTull. Ha
Ka)KIyH0 TaKyl0 4acTHIy AEHCTBYeT cunia TskecTd P, . BeeneM runoresy o napauielbHOCTU CHJT

TAXKECTHU, XOTHA (I)aKTI/ILIeCKI/I OTU CUJIbI NIPUTSKEHUA, HAIIPABJICHBI K HEHTPY Semn.

PasHopeticTytomas P = ZPz HA3bIBAETCS BECOM Tena, a HeHTp C CHCTeMBI 3THX Hapajlieib-

1

HBIX CHUJI HEHTPOM TSAXKECTHU TECJIA. Ecnu teno 6y;[eT MCHATH CBOC IMOJIOXKEHUEC B IMPOCTPAHCTBE, TO

OTHOCHUTEJNBHO TeJa CHiIbl £, OyAyT MOBOPAuMBATHCS BOKPYT TOUEK MPUIIOKEHHS, COXPAHSIS IIPU
3TOM CBOIO NAPAJUIENILHOCTD BEJIMYUHY U TOUKU IpriiockeHust. IIpu TakoM oBOpoOT napanesns-
HbIX crJI HeHTp C CHCTEMBI 3THX CHJI HE H3MEHHUT CBOETO TOJIOKEHUSI OTHOCHTENBHO Tena. Ko-
OpJMHATHI LIEHTPA TSHKECTH Tela

> Py, > Py, >z
= i=1 - i=1 7z = i=1

X , ;
‘ P P P

2 yc

n
roe P = Z P - Bec Tena 1 CyMMUpOBaHHE PACPOCTPAHEHO HA BCE MaTepPHAJIbHBIE YACTHUIIBI Te-
i=l
J1a.
Ot GopmyIibl ABJISAIOTCS OOIUME HOPMYJIAMH, OTPEIEISIFOIIMMU KOOPAUHATHI LIEHTPA TSHKECTH
JIF000Tro Tea.

BOIIPOC 31.
Lenmp msicecmu 0OHOPOOHO20 MEEPOV2O Mea.

19



OTBET.

Bynem HasbIBaTh TENO, MIOCKYIO PUIYPY M JIMHUIO OAHOPOIHBIMH, €CJIH BEC V AMHULBI 00BEMa
TeNa, BeC A OMHHULIBI INIOIAIH TUIOCKOH (PUTYpBI M BEC Y €AMHULBI [UINHBL. JIMHUM UMEIOT COo-
OTBETCTBEHHO O/THO U TOKE 3HAYCHUE BO BCEX YACTSIX TeJa, INIOCKON (GUTyphbl U JIMHHUH, & UMEH-
HO:

v - const, A - const, Y - const.

KoopauHats! neHTpa TSLKECTH OHOPOIHOIO TBEPAOIO TeNa!

S xdV S ydV SzdV
T &, y, = ) 2= ) , Tie V — o0BéM Terna.
V V V

W3 31X hopMyI BUAHO, UTO MOJIOKEHHE HEHTPA TSHKECTH OJHOPOAHOTO TeJla He 3aBHUCST OT Be-
ca tesia. OHU 3aBUCST TOJIBKO OT ero o0béma u opmel. [T03TOMY LHEHTP TSIKECTH OTHOPOIHOTO
TBEPIOTO TeJla MOXKHO Ha3BaTh LIEHTPOM 00bEéMa Tenna. IHTerpasbl, CTOSsIIUE B YUCIUTEISIX B
BBILIE HATMCAHHBIX (hOPMYJIaX, HA3bIBAIOTCS] CTATUYECKUMH MOMEHTaMH 00bEéMa Tejla OTHOCH-

S xdV

TEJIbHO KOOPANHATHBIX H.]'IOCKOCTCI:L TO €CTh - CTaTUYECKUM MOMEHT OTHOCHUTEJIBHO
)

J10cKoCTH Y0Z.

S ydV .

") - CTaTHYECKHI MOMEHT OTHOCHTENBHO INIOCKOCTH X0z.

S zdV .

o) - CTaTHMYE€CKHI MOMEHT OTHOCUTENBHO MIOCKOCTH X0y.

BOIIPOC 32.

Lenmp msiocecmu 0OHOPOOHOT NIOCKOT (huypbi.

OTBET.

Ecnu Tesno umeer popMy TOHKO#I OTHOPOAHOMN TUIACTHHKH, TO €r0 MOXKHO PacCMaTpPHUBATh KaK
TJIOCKYIO OOHOPOAHYIO purypy. Pazobbém e€ Ha OoJblIoe YMCIO O4eHb MaJIbIX IUIOIAI0K TIpsi-
MBIMH, NapaJUIENbHBIMUA KOOPAHHATHBIM OCsM. Bec kasknoii Takoii momanku paseH P = A AS,

£x, ixiASi il’iyi iy,ASi
1 _ r=l , yc — =1 — =1

>p f
r=1

S
27

r=1
I'me S- mnomane MIOCKON QUTYpPHL
X,y; - KOOpAUHATHI Iomanku AS, .

Torma x, ==

Iepexons k npeneny npu AS, — 0, nonyaum
S xdS S ydS

_® y =

c S > c S

KoopnuHats! 11eHTpa TSXKECTH IIIOCKOH (PUIyphI 3aBUCAT OT €€ ruionaay U GopMbl. BennanHel

X

S xdS , S ydS coOTBETCTBEHHO Ha3bIBAOTCS CTATHYECKMMH MOMEHTAMH ILJIOIIAAH (PUTYPBI
) (8

OTHOCHTENBHO KOOPAMHATHBIX OCEH V U X.

BOITPOC 33.
Llenmp msaxcecmu naockoil 0OHOPOOHOT NTUHUN.
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OTBET.

[TycTe 0gHOpOAHOE TENO UMeeT POpPMy TOHKOTO KPUBOJMHEHHOTO cTepskHsl AB ¢ mocTosiHHOM
TJIOMIANBI0 S TonepeyHoro cevenus. Boinenum snemenT Tena DK nmunoii dl u o6wéma Bcero
tena: dV=S dl, V=S|, rae S- miomane nonepevyHoro ceueHus CrepkHs, 1- aiuuHa crepkHs. To-
r71a Ha OCHOBAaHUH (HOPMYIT LIEHTPA TSKECTH OTHOPOIHOTO TBEPIOTO Tesa

P

h

S de K
S xdV S ydv SzdV B
_ _ _ i, et
o} - —7 yc - 5 2 ZC - -
% % %
Y4uTbIBas1, 4TO UHTETPAN N0 0OBEMY COOTBETCTBYET MHTErPaJTy Mo JAyuHe I
SxdV = ijdz N j xdl
! 0

X

*)
371eCh S BBIHECIIN 3a 3HAK MHTErpaa, MOCKOJbKY S MOCTOSIHHO Ha BCEH ANMHE |, OKOHYaTENbHO
MOJIY4YUM

Sxdl Sydl Szdl
el 5 G W
! ! !

TIE X,V,Z — KOOPAWHATHI JIEMEHTa KPUBOJIMHEHHOTO CTePIKHS, TMHA KOTOporo pasHa dl.
KoopauHaTs! 1IeHTpa TSHXKECTH OMHOPOAHON JIMHUY 3aBUCST TOJILKO OT €€ JUTHHBI 1 (hopMbl. Be-
guuubbl Sxdl, Sydl, Szdl cooTBeTCTBEHHO HA3BLIBAIOTCS CTATHUECKUMH MOMEHTaMH JTuHHUK AB
OTHOCHUTEJIbHO KOOPAMHATHBIX MockocTel y0z, z0x, x0y.

BOITPOC 34.
Cnocobvl onpedenienus yeHMpPOE MANCECMU HEKOMOPLIX Meil.

OTBET.

1. Cummerpust. Eciu 0qHOPOAHOE TEJIO CUMMETPUYHO OTHOCUTEBHO MJIOCKOCTU WIIH
OCH WJIA TOYKH, TO LEHTP TSHKECTH JIEKUT, COOTBETCTBEHHO, WJIH B INIOCKOCTH CHMMETPUH, WITH
HA OCH CUMMETPUH, WJIN B IEHTPe cumMeTpun. Hanpumep, HeHTP TSKECTH OTHOPOIHOTO Iapa
JISKUT B IIEHTPE I1apa.

2 Pazbuenue. Eciu Teo MOXKHO pa30UTh HA KOHEYHOE YHCIIO YaCTEel TaK, YTO LEHTP TsI-
JKECTH KaKIOW YacTu OymeT U3BECTEeH, TO KOOPAUHATHI [IEHTPA TSHKECTH BCErO TeJla MOXKHO BbI-
YUCITUTH TI0 HOPMyJIaM:

)LD WA ¥ 2
r=1 _ =1

X == 5 = r=1 5 Zc
o P Xz I P

3. Meroa OTpHULATENBHBIX Macc.

OTOT METOJ ABJSAETCS YaCTHBIM CllydaeM MeTona pa3ouenusi. OH MpUMEHSeTCs K OJTHOPOTHOMY
TeJy, UMEIOIeMy OTBEPCTHS, NPH YCIOBUH, YTO U3BECTEH LIEHTP TSDKECTU TeJa, B KOTOPOM OT-
BEPCTHSI 3aII0JIHEHBI TEM K€ BEIECTBOM YTO U TEJIO;

- LIEHTP TSDKECTU OTBEPCTHUM TaK)Ke U3BECTHBL
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BOIIPOC 35.
Iepsas meopema Ilanna-1ynvouna.

OTBET.

B
>

X

C onpeneneHNeM MOJIOKEHUI LIGHTPOB TSDKECTH JIMHUHA U TUIOLIAACH CBS3aHbI IBE 3JIEMEHTAP-
HBIC TCOPEMBDI, HA3bIBACMBIC TCOPEMAMU Hanna-rynanHa.

Teopema 1.

IToBepxHOCTE Tea, 0OPa30BaHHOTO BpaIlEHUEM IUIOCKOI KPUBOH BOKPYT OCH, JIeKaIleH B ee
TJIOCKOCTHU U €€ HE MepeceKaroleil, paBHa MPOU3BEAEHUIO IJIMHBI L 3TOI KPpUBOH, HA JJIMHY OK-
PY’KHOCTH, OTIMCAHHOH ee LeHTPOM TskecTH S = L-27mx, . JleficTBuTenbHO, mycTh AB — miockas

KpHBasi, KOTOpas Bpaiaercs BOKpyr ocu 0z, o0pa3ys GOKOBYIO TIOBEPXHOCTh TENa BPalEHHS.
Boinenum Ha kpuBoiit AB snement ab=dl.
[Tnomans snementa OOKOBOI MOBEPXHOCTH TeJia, 0Opa3oBaHHAas BpaleHneM 3jaementa dl, ¢
TOYHOCTBIO 1O OECKOHEYHO MaJIOi BTOPOTO MOPSIIKA MAJIOCTH MOKET ObITh HaliieHa, kak O0Ko-
Basi IOBEPXHOCTh YCEYEHHOTO KOHYCA.
CrnenoBatenbHo, dS = 2nx - dl, roe X — npubIMKEHHOE 3HAYCHHE KOOPAUHATHI LIEHTPA TsDKe-
cru 3nemenra dl.

S xdl
Hanee S =27 (§) xdl, oTKyna Ha OCHOBaHWH QOPMYIIBI X, = (L)L wm X, L= g) xdl | no-

ayqaeM S =27 x_ -L.

BOITPOC 36.
Bmopas meopema [lanna-1'ynvouna.

OTBET.

Teopema 2.
Obmbem Tena, 00pa3oBaHHOTO BpaLEHHEM IIOCKOH (PUTypBI BOKPYT OCH, JIeXKalel B €€ MI0CKO-

CTH U He TIepeceKarolleil ee KOHTYp, PaBeH MPOU3BEAEHHIO TIOAAH 3TOH (QUTYPhI HA AJTUHY
OKPY>KHOCTH, OTIMCAHHON €€ LIEHTPOM TSKECTH, & UMEHHO:

V=2mx,-§
JIeliCTBUTEIBHO, MPEATIONOKHIM, UTO TuIockas ¢purypa Q Bparmaercs BOKpyr ocu 0z. Beimenum

sneMeHT iomaau dS U paccMOTpUM 3JeMeHT 00beMa Tejla BPALeHHUs], OITMCAHHOTO STHM 3Jie-
MeHTOM iowaau. C TOUHOCTBIO 10 OECKOHEYHO MAJIbIX BTOPOTO MOPSIIKA MAJIOCTH 3TOT 3Jie-
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MeHT o0bema onpenessiercs o popmyne dV =2x x-ds, Tae X- NpUOIHKEHHOE 3HAYeHHE KO-
OpAMHATHI LEHTPA TSHKECTH dyieMenTa dS.

S xds
Torma V =2n g)xds. Cornacno dopmyre x, = % win - X, S :(§)XdS uMeeM
V=2rx,S.
'z
Q
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