FrMTABA VI
MEXAHHUKA TBEPJAOIO TEJIA

* *

§ 44. Tsepnoe Teno B MexaHuWKe. YpaBHEHHS! ABHMEHHS
¥ PABHOBECHS TBEPAOro Teaa

1. B 1BYX nmpenbymuX I/1aBaX yxe IOBOPHJOCH O 3aKOHAX [BH-
JKEHHS1 TBEPJAOro Tela U HX NPHMEHEHHSX K HEKOTOPHIM NPOCTeHIINM
IABHXKeHHsAM. B 3Toil riaBe GyjeT NMpOAOKEHO H3y4Y€HHE H3OGpaHHBIX
BOIPOCOB MEXaHHKH TBEPJOTo TeJa.

Hanomuum, yro meeposim mesom B MEXaHHUKe Ha3bIBAIOT HeH3MeHse-
MYIO CHCTEMY MaTepHaspHbIX TOYEK, T. €. TAKYl0 HACaTH3HPOBAHHYIO
CHCTEMY, NIPH JIOObIX JIBHKEHHAX KOTOPOH B3aHMHbIE PACCTOSHHUS MEXKIY
MaTEpHaAbHEIMH TOUKAMH CHCTEMBI OCTAlOTCSl HEH3MEHHBIMH. 31eCh,
Kak 4 BOOOIi€e B K/J1aCCHUECKOH MEXaHHKe, O] MaTepuaJbHLIMU TOUKaMH
NOHHMAOT He aTOMBI HJIH MOJIEKYJbl, a JOCTATOUYHO MaJibie MaKPOCKOMH-
YyeCKHe YacCTH, Ha KOTOpble MBICJEHHO MOXKHO pa3jejHuTh paccMaTpHBae-
Myl MEXaHHYECKYID CHCTEMY.

C aTOMHCTHYECKOH TOUYKH 3DeHHS CHJbl B3aHMOJEHCTBHS MeXIy
MaTepua/JbHBIMH TOUKaMH TBepJAOTO TeJa SIBJIAIOTCA CHJIAMH 3AeKmpi-
yeckumu. Ho atomucTHUECKHH NOAXOA 4yK[ (PEHOMEHOJOTUYECKOH Me-
XxaHuke TBepjoro Ttesa. llocaennas paccMaTpHBaeT TBepOE TEIO Kak
CRAOWHYIO Cpedy, MEXIy pa3jiMUHBIMH 3/71eMEHTaMH KOTOpOH AeHCTBYIOT
BHYTPEHHHE CHJbl B BHIE HOPMAALHLIX N KACGMEAbHLX HANPANCEHUE.
[Tpuukeofi MX ¢eHOMEHOJOrHUECKan MEXaHHKa CUHTaeT Jeghopmaiuu
mea. Ecau B Tese cosceMm HeT jedopmanuit, To He MOXeT OblTb H BHYT-
peHnux Hanpsxenuil. OnHako ecan AedopmaryH, BO3HHKAOUME MOJ
nelcTBUEM BHEMIHHX CHJ, Majbl H CaMH [0 cefe HAC He HHTEpecyloT,
TO B pfge CJAydaeB OT HHX MOXHO OTBJeUbCs. TakKHM MyTeM Mbl
IPUXOJUM K H/leaJu3HpOBAHHON MOJIEJIH Teja, COBEPLIEHHO He Crocol-
HOro JeopMHPOBATLCHA, XOTH I10J ACHCTBHEM BHEIIHMX CUJ B HEM H
MOTYT BO3HHKATh BHyTpeHHHe HaTSKeHHA H JaBjeHud. D10 U €eCThb
niaeanbHO TBepioe Teno. JlomycTuMa WM HET Takasl, KaK H BCaKas
Apyrasi, W/eajH3alus — 3TO OIpPENeNsieTc He TOJbKO CBOHCTBaMH
peanbHLIX TeJ, HO H COJAEp:KaHHEM TEX BOIPOCOB, HA KOTOpbIE HAMO
NOJyulTh OTBET.

2, Tsepioe Tes0 #aABIAeTCSl MEXaHHUECKOH CHCTEMOH C 1IECTbIO
cTenensiMu cBoboms (cm. § 8). JLna onmHcanuns ero aABHxkeHHus Tpebyercs
1eCTh He3aBUCHMBLIX YHC/JIOBLIX ypaBHeHH#. Bmecto HHX MOXHO B34Thb
483 He3aBUCHMBIX BEKTOPHBIX  ypaBHelusi. TaKoBBIMH ABJAAOTCA
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ypaBHEHHe IBHMEHHS LEHTpa Macc

dav
m ar = Fouwen (44.1
M ypaBHEHHE MOMEHTOB
dL .
dt = Msuem- (44'21

YpaBHeHHE MOMEHTOB MOXKHO OpaTb OTHOCHTEJIBHO IIPOHM3BOJIBHOIO
HEeMNOABMKHOIO HA4anka HJH OTHOCHTENBHO IIEHTPAa Macc TBEPAOro Teja.
MozxkHo Tak:xe 6paTb MPOH3BOJNBHO JABHXKYIlEeCS HA4aN0, €CJIH TOJBKO
CKOPOCTb €ro B JI000H MOMEHT BPeMEHH mapaJjenbpHa CKOPOCTH LieHTpa
macc (cMm. § 37). Ilpu orpanuuenuu cBOGOALI JBHMEHHS YUCJIO HE3aBH-
CHMBIX YypaBHeHHH, TpeOylomuxcs A ONHCAHUA JBHKEHHS TBEDIOTrO
Tesla, yMeHbmiaercs. OHO Bcerja paBHO YHC/Y cTeneHell ¢BoOOABI.

B ypaBHenus (44.1) u (44.2) BXOAAT TONBKO BHeHIHHE CHJBL. BHyT-
pEHHHE CHJbl He BJAHUAIOT Ha JBHXXEHHE LEHTpPA Macc H He MOTYT H3Me-
HHTb MOMEHT HMMyJbca teja. OHU MOTYT H3MEHATb TOJBKO B3aHMHOE
pacrosloeHne ¥ CKOPOCTH MaTepHa/jbpHBIX Toduek Teqna. Ho aiasa aGeo-
JIIOTHO TBEPJOro TeJla TaKHe U3MEHEHHs HeBO3MOXHbBI. TaxkHMm o0pa3som,
BHYTPEHHHE CHJIbl He BJMSAIOT Ha JABHXKeHHe TBepioro Tena. Ecam xe
CHJIa BHEHIHAS, TO TOYKY IPHJIOKEHHA ee MOXHO IPOH3BOJBHO Mepe-
MellaTh BROJb JHHHH, IO KOTOpoil oHa geHcTByeT. JleHCTBHTENBHO,
IOPH TAKOM MEpPEMELIEHHH He MEHAIOTCS pe3y/bTHPYyIas BHEMHHX
CHIl Fyyey U HX MOMEHT M..., T. & ypaBHeHHd ABHKeHHA (44.1) u
(44.2) ocratorcs 6e3 u3Menenusi. IlogoGHoe nepemelnente He JOMYCTHMO
B Cclyuae JeopMHPYEMOro Tesla, TaK Kak OHO NPHBOAMT K Ilepepacmpe-
Jenenuio fedopMauuil M H3MEHEHHIO BHYTPEHHHX JBHXEHHH Teja.

3. Ecau TBepioe Tesio moKouTcs, To ypaBHenHd (44.1) u (44.2)
HIepeXORAT B

Fluem = 0’ Msuem =0. (443)

310 — Heobxo0umsie ycaosus paBHOBecHsl TBepporo Teja. Ho onu He
ABJSAIOTCS JAOCTATOUHBIMHM. [IpH MX BEIMOJHEHHH LEHTP MacC MOXeT
ele JABHraTbCsl TPSMOJHHEHHO M DPAaBHOMEDHO C IIPOHM3BOABHOH -CKO-
pPOCTBIO, 4 CaMO TeJO MOXeT BpallaThCA C COXPAaHEHHeM BpallaTellb-
HOTO HMINYJbca. Tak Kak Ipu PaBHOBECHH De3YJBTHPYIOLIAS BHEIIHHX
CHA Fyuer, PABHA HYJIO, TO MOMEHT 3THX CHJI My, B COCTOSHHH paB-
HOBeCHs He 3aBHCHT OT NOJIOXKEHHS HEMOJBHKHOro Havasna O, OTHOCH-
TeJBbHO KOTOporo oH Gepercs [cm. dopmyny (30.7)1. TTostomy npu pe-
IIeHHH J060H 3aau Ha paBHOBecHe TBEPHOro Tena Hauano O MoXHO
BLIOHPATb IPOH3BOMLHO, YTO MOMKHO MCIOJB30BaTh AJiA1  YIPOLILEHHS
CaMoro pelleHud.

4. He Bcerpa MOXHO 3aMeHATb peaeJibHble TBepible Tea HieaAMH3HPOBAHHHIMH
a6CoJTIOTHO TBEPIABLIMH MOJEAsIMU Jaxke B TeX C/yuasfX, Koria AedopMmalHH npeHebpe.
XHMO Manbl., B kauecTBe mpuMepa paccMOTpUM 3ajJauy O paBHOBECHH TBepAOH Galku,
[lycts ognopoasas 6anka Beca P sexut Ha asyx onopax I u 2 (puc, 1U8). Llentp
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Macc GalKH. HAXOJNTCH Tocepejnne Mexuy onopamu. Haiinem cmnur F; n Fy, ¢
KOTOpLIMH 6a/Ka BABHT HA ONopbl. MeXaHWKa TBEPAOro Tefia JaeT [Ba YCJOBHS pap-
HOBECH:

Fi+F,=P, F21=P-—é~, (44.4)
rae ! — paccrosinne Mexay omopamu. BTOpoe M3 WHX 03HAYdeT, 4To JAOMKEH obpa-
WaTeCA B HY/b MOMEHT JIGHCTBYIOLIMX CHJ OTHOCHTEALbHO onopwl /. M3 aTHX yciloBuit
nosyuaeM Fy = Fy = P/2. 910 — pasymuuiii pesynnrar. JedopMalgn Galky B pac-
CMATPHBAEMOH 3ajaue HE HrPalOT CYLWECTBEHHOH poiu. Mjealmzauust a6ComioTHo
TBEPJOTO Tella JONYyCTHMA,
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PaccmoTpum Tenepb Galky Ha Tpex onopax (pre. 109). Mexanuka TBepora
TeJ1a TIO-NpeXHEMY JaeT [Ba YC/OBHS PABHOBECHS:

{

Fi+Fo+ Fa=P, F3x+F21=P§-, (44.5)
rae [ — paccTosinHe MekKiy onopamu [ H 2, a X — Mekay onopamt I u 3. (Bropoe
ypabHeHHe (44.5) NOJYYHTCH, €C/H NPHPABHATH HYJIO MOMEHT BHEIUHHX CHJI OTHO-
CHT@bHO Onophl 1.) [IByX ypaBHeHHil HelOCTATOUHO LISl OTIPE/ie/ieHHS TPeX HeH3BecT-
HBIX CHal Fj, Fy, Fy. ORHOH M3 3THX CHJI MOXKHO TPHAATH MPOH3BO/bHOE 3HAYEHHE,
TOr4a M3 ypasHeHHH (44.5) HaliayTca ocTaAbHHe ARe. 3ajauao pacnpejeJieHHH Beca
a6COITIOTHO TBEPROT GaTKU MeXKIY TPEMA OIOPaMH, Ha KOTOHIX OHA JEKHT, OKasajlach
HeonpeJe/eHnol. MexaHHYeCkne CHCTEMBI, TOZOGHEIE aGCO/MOTHO TBeploH Galke Ha
TPeX OMopax, HasblBAIOT CMAMUYECKU HEONPedeseHHLIMU.

AHanormyHas CHTyauHsi BCTpeyaeTcs TaKkxe B 3ajjaue O PaBHOBECHH CTOAa,
CTOSIIETO HA FOPH3OHTANbHOM IVIOCKOCTH. MeXaHHKa TBEPAOTO Te/la JAeT B 3TOM CJyuae
TPH HE3aBHCUMBIX ypaBHEHHA paBHQBecHA. EC/H UHCIO HOXKeK CToMa TPH, TO M3 5THX
TpeX ypaBHEHHHI MOXKHO OQHO3HAYHO ONpPENeNHTh TPH CHJN, C KOTOPHMH HOMKH
AaBAT Ha IUIOCKOCTb onopel. Ho ecnw CTOM CTOHT Ha YeThpeXx HOXKax, To Tpex
YPaBHeHHI Mallo A/ ONpefelieHHs YeThIpeX CHJ JABJCHHS HOMEK HA MIOCKOCT
0fopsl. HeanpHo TBEPABNI CTOJ ¢ YeTHIPLMSA HOKKAMH, CTOSULAA Ha MIealbHO TBep-~
HOi TODHBOHTAALHON INIOCKOCTH, SBASETCH TaKMe CTATHIECKH HeoNpejlesleHHOH
CHCTEMOH,

Koneuno, pec peanbhoii Gaaku, Jemameli Ha Tpex onopax, BNOJIHE QIpeAe/eH-
HEM 00pasoM pacnpenensiercs MexAy HMMH. TOUHO TaK ke BIOJIHE OMpEeeHHbIM
06pa3soM pacnpefensieTcsl cuia AasjeHHs PEaihHOrO CToAa MEXIY 4YeTLIPbMS HOXK-
KaMH, Ha KOTOPLIX OH CTOHT. HeonpeneneHHOCTb, K KOTOPO# MBI MPHILTH, YKAa3blBaeT
IpoCTo Ha To, 4T0 B paccMaTpHBAEMBIX 3ajadax GaiKy Ba TpeX oNOpax WK CTOJ Ha
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yeTHIpeX HOMKAX Heabds cuumams udearsro meepdotmu. Hano yuuTslBaTe HX Aedop-
ManuH, a Takxe jedopManny onop.

5. Crneayioulee npocToe pacCy:xIeHHe BEISCHAET, noyeMy JedopMainuu Moryr
0Ka3aThCsl CyulecTBeHHEIMH. JonycTuM, YTo HieanbHO TBepAad GajKa JIeKHT Ha Tpex
omopax (cM. puc. 109). CMecTHM cpelHIO ONOPY HEMHOro BHH3. Tak Kak HIeanbHo
TBepaas 6anka He MOXKeT Ae)OpPMHPOBATHCS, TO MeXKAY Hell H omopoii 3 cpasy ke Bo3-
HHKHET 3a30p — 0a/lka TmepecTaHeT OMHpaThCs HA onopy 3 M AaBHTh Ha nee. CHaa
JlaBJeHHs] Ha omopy 3 CKauyKoM O6paTHTCS B HYJb, a Bec OajJKHu BNOJHE ONpene/ieH-
HBIM 00pa30M H TOXKe CKAuYKOM Dacrnpeie]uTCs MeXAy OCTaBLIMMHCS onopamu [ u 2.
To ke npousoiiier, eciy y TBEpHOTo CToja GECKOHEYHO Mallo YKOPOTHTH ONHY W3
yeTeipex Hoxkek. He To 6yzeT B cayuae peanbHol 6ank HIH pealbhoro crana. [lpu
6eCKOHEYHO MaJsloM ONYCKaHHH omnopbl 3
6anKa NpOTHeTCs H MO-pexHeMy Oyrer
Ha Hee onuparecsl. Cusa HaBneHMs Ha
ofiopy 3 He 06paTHTCA B HYJb, @ YMEHb-

wutcss GeCKOHEYHO Majio. AHaJOrHYHO, 7 2
KOTJa CTOJI CTOMT Ha YeTHPeX HOXKax, A
TO BCce HOHKH JLeOpPMHDYIOTCA, yKopa- 3

yHBasich NOJ JeficTBHEM cuibl Beca. EciH
NOANMK/INTb OXHY U3 HOMXKeK, YKOPOTHB ee
6eCKOHEYHO MaJlo, To deopManHa HOXKKH
YMeHbBLIXTCSH, HOXKa YIJIHHUTCS M CHOBA GYNeT KacaTbCs IIOCKOCTH onopwl. Takum
0o6pa3oM, H B 5TOM CJyuae JaBJeHHe HA HOXKKY H3MeHseTCs GeCKOHEYHO Mano, T. e,
HelnpephIBHO.

JlonycTuM Temepb, 4TO peajibHas Gaika JeXuT Ha ABYX onopax, I u 2 (puc. 110).
[Tox peficTBHeM cHiEl Beca Gajika mporHercsi. ByjeM moaBoAHTb mod GanKy TPeThbio
otopy 3, HenpepblBHO nogHuMas ee. Kak To/bKo onopa 3 xocueTcs 6anixu, ¢ Gajikoi
He npousoiilleT ellle HUKaKHX M3MeHenuil. Ho panecrefimee nojustHe onopel 3 Gyner
CBSI3AHO C BbINpsAMJeHueM 6alKH, a [/15 3TOTO OMNopa JoJIKHA JeHCTBOBAaTh Ha Ganky
¢ HekoTtopoii cusoii. [To Mepe nopuaTHA onophl'd 3Ta cusa 6yJeT HenpepulBHO Bo3pa-
CTarb, MPHHHUMAs BIOJHE ONPeJeeHHOE 3HAaUEHHE NIPH KAXKAOM MOJOKEHUH ONOPH 3.
[TpuseneHHOe paccyXieHue ACHO MOKA3bIBAET, IOYEMY NIPH PELIEHHH 3a1auu O pacmnpe-
JeNlenuy Beca GalKM MeKAy TpeMs ONODAMH HalO YYHTHIBATb ee YNpyrue CBOHCTBA,
Dra 3anaya 6yzer pewena B 171. X {(cM. 3azauy 3 k § 80). AnasorsuHoe paccyxzedue
MOKHO NpPOBECTH H AJIsl CToJa HA HeThpex HOMKAX,

Puc. 110.

§ 45. MrHoBeHHas ocb BpalleHHs

1. Tlycts TBepmoe Teso BpallaeTcst BOKPYI HENMOABHXKHOH OCH.
Urofbl IOY4YUTH NPEACTaB/JEeHHE O pacrnpejeneHHH CKopocTefl B Hew,
JIOCTaTOYHO PACCMOTPETh JBHKEHHE TOUEK Tesa, JexalluX B KaKo#-
A160 OAHOH NJOCKOCTH, NepneHAUKYJAAPHOR K OCH BpallleHHd. IT0
3HAUHT, YTO TEJIO MOXKHO CUMTAThb Kak Obl N0ocKHM. COOTBETCTBYIOIIEE
pacnpenesnenye CKopocTel NOKa3aHO Ha cxeMaThHueckoM pHc. 111,
Touka O Tena, uepes KOTOpYIO IIPOXOIHT OCh BpAlleHHs, HENOABHKHA.
Bce npyrue TOYKH TeNa ABHXKYTCA N0 OKpYXHOCTAM € ueHtpoM 8 O.
X ckopocTH NMpONOpUHOHAJABHEl pajHycaM COOTBETCTBYIOUIHX OKDyX-
HocTe#l. Bennuunel ckopocTeii MOTYT MEHATBCS C TeYEHHEM BpeMeHH, HO
OCbh BpalleHHs OCTaeTcs OXHOH H ToH Xe.

2. PaccmoTpuM Tenepb Gonee obliee JBH:KEHHE TJOCKOTO TBEPAOro
tena. IllockocTb BpalleHHst COBNaaeT C IJIOCKOCTBIO CaMoro TeJa.
Hukakoll nenonsuuoii oc, BOKpyr KOTOpoH NpoHCXOAHI0 6B Bpa-
lleHHe Tena, He npeanonaraercs. Ecau A u B — 1Be Npou3BOAblibIE



