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§ 49. I'mpockonsl. [IBuxeHne cBo6OTHOro rHpocKona

1. B GykBanbHOM IepeBOjie CJIOBO «THPOCKON» O3HauaeT MpHOOp
AN OOHApy:KeHHUsS] BpaUleHHs. B LIHPOKOM CMBIC/E 2UpOCKONOM HA3bl-
BaeTcs1 OBICTPO Bpallarolleecss TBEpjioe Teslo, OCh BPaAlUEHHs KOTOPOro
MOKeT M3MEHATh CBOE HallpaBJeHHE B IIPOCTPAaHCTBE. [MPOCKOI, B 0CO-
GEHHOCTH KOIJia Ha HEro JIEHCTBYIOT BHELIHHE CHJIbI, MOXKET COBEpLIATh
V/MBHTENbHBIE JBHMKCHUS, Ka)Xyludecsl Ha INepBhbid B3IVIAL HEOXKHIaH-
HEIMH M HCMOHATHBIMH. OHH BCerJia BOCHPUHHMAIOTCA C 3aXBaThIBAIO-
UMM HHTEepPecoM. DbLICTpo Bpawmaomyicst BOMYOK MOXKET CHYXKHUTb He
TOJNBKO 3a0aBHOH Hrpyufkofl, HO M IIPEKPacHBIM JE€MOHCTPALMOHHBIM
npuOOpOM NPH W3Y4eHWH 3aKOHOB MeXaHHKH. Bce aBneHus, o6ycios-
JieHHple OBICTPLIM BpAIEHHEM THPOCKONA, HA3BIBAIOTCA 2upOCKonuUe-
ckumu. OHM HamIM [IHPOKHE HAyYHO-TEXHHUECKHE IMPHMEHEeHHs
(cm. § 51).

['upockonHueckre >PheKTH NMPOsABJAITCH TaKKe y aTomMoB 6Jaro-
Japs HaJHM4HI0 y HHX MOMEHTOB KOJHYeCTBA MBHXKCHHS, CBS3aHHBLIX
C BHYTPEHHHMH OpOHTa/IbLHBLIMH JBH:KEHHSIMH HJIH COOCTBEHHBIMH Bpa-
LIeHHAMH (CIIHHAMH) 3JEeKTPOHOB H aTOMHBIX sifiep. KoneuHo, atH, Kak
M BCKHE [pyrHe aToOMHbIE SBJEHHS, JOJ/KHBI PACCMATPHBATLCS HA
OCHOBE KBaHTOBOH MeXaHHKH. OJHAKO €CTb MHOIO OOLIEro B THPOCKO-
MHYeCKHX CBOHCTBAX aTOMHBLIX H MakpOCKOMHUeCKHX cucTeM. Ilostomy
TEOPHS THPOCKOIOB MOKET OKAa3aThCsl NOJME3HOH U NPH H3YYEHHH aToM-
HOH (PH3HKH.

HauGosblree 3HayeHne B HayKe H TEXHHKEe HMEIOT CUMMEMpPUYHbIE
eupockonsl. Cummempudrsin Ha3bIBAaeTCs THPOCKOM, 00Jaaiomuil CHM-
MeTpHEH BpAIlEHUs] OTHOCHTENLHO HEKOTOPOH OCH, Ha3bIBAeMOH eeo-
Mempu4eckoll ocvio MM 0coro gueypor 2upockona. TEOpHs CHMMETPHY-
HOTO THpOCKONa Gosee mpocta H Gonee BaxKHA, YeM TEOpHS HECHMMET-
pPHYHOTO THpOcKona. B janbHefiineM MBI OTpaHHYUMCS PACCMOTPEHHEM
TOJILKO CHMMETPHYHBIX THpPOCKomoB. OOLIYHO OfHa M3 TOYEK OCH ¢u-
T'ypbl THpocKona ObIBaeT 3aKperjieHa. 3aKpelseHHYIo TOYKY OCH Uy PEL
HAa3LIBAIOT MOYKOl onopet eupockona. B Gonee obieM cMBIC/IE mMO4KOL
OROPbL 2UPOCKONA HA3LIBAIOT TaKylo TOYKy O ocu ¢urypnl €ro, oTHOCH-
TeJBHO KOTOPOH - paccMaTpHBAalOT BpallleHHe TrHpockona. B ofuem
clyyae JBHKeHHe TMPOCKONa cJaraercs U3 JBHKEHHA TOUKH onophl O
H BpAlllcHHs1 BOKPYT MIHOBEHHOH OCH, IIPOXOAsllledl uepes 3Ty TOUKy.
ITpumepom rupockona ¢ ABHKYIIEHCS TOUKOH ONODPBI MOXKET CJYXKHTb
JeTcKasl Hrpyuwka — 60440K. OCHOBHBIM B TEODHM fBJIfETCA caydaH,
KOTJia TOYKa ONOphl HenodsuxcHa. K 3ToMy HacTHOMY C/Iyyard MOXKHO
cBeCTH M OOMWMH cayyal, Korja TOYKa OMOpHl ABHMKeTCH (M. m. 6).

2. Uro6nl ocb GUrypsl rHPOCKONA MOrJa CBOOOJIHO MOBOPAYHBATLCS
B HPOCTPAHCTBE, THPOCKON OOBIYHO NOMEIIAIOT B T4K HasLIBAEMOM
Kapoanosom nodsece (puc. 144). MaxXoBHUYOK T'HpocKomla 3akpen/sercs
Ha ero ocu ¢urypst A’A, KOTOpas MOXeT Bpall[aThCsi IO BO3MOMKHOCTH
C MaJIBIM TPEHHEM B HNOAUWMIHUKAX, YKPEIVIEHHBIX Ha KOHLAX AHaMeTpa



264 MEXAHHUKA TBEPAOTIO TEJA fra. vit

BHYMperHe2o Koablia. BuyTpennee KoJblo B CBOIO oYepeab MOXKET Bpa-
IAThCH BOKPYT NepHenjuKyasipHoi ocu B'B, npoxopsiiell uepes noj-
IIMIMHHKH Ha KOHLAX JHAMETpa Hapyscrozo xoaoya. HakoHeil, HapyX-
HO€ KOJIbII0O MOJKET COBEpLIaTh BpallleHHe BOKPYT Tperbed ock D'D,
MPOXOAAILEH uepe3 HENOABHKHBIE MOANMIHUKH nojcraBkiH. Och B'B
nepnengukynaspra kK ocu A’A. Bee Tpu ocH mepecexkaiorcs B OfHOM
TOUKe, Ha3bIBAEMOH yenmpom xapdanosa nodseca. THPOCKON B Kapja-
HOBOM TOJBECE UMeeT /Mpu CTelleHH CBOGOIBI H MOXKET COBEPIIATh JH06ble
TIOBOPOTLL BOKPYT LeHTpa rojaseca. Bo Bcex Bompocax Mbl GyjaeM mpe-
Hefperath KHHETHYECKOH 3HeprHefl H MOMEHTAMH HMIYJLCOB KOJell,
CYHTasl HX -[IpeHebpeKHMO
MaJILIMH 110 CDaBHEHHIO ¢ KH-
HEeTHYECKOH 5Hepruell H Mmo-
MEHTOM HMITYJIbCA MaxOBHY-
Ka rupockona. Ecanm nentp
KapJaHOBa MOJBEca HJH TOU-
Ka OIOpELI COBMAJAET C IEHT-
poM Macc THpOCKoma, TO
THPOCKOI! Ha3bIBAeTCH ypas-
HOBELUEHHDBIM..

3. CornacHo Teopeme
Siinepa (§ 47) JBUKeHHe
THpPOCKONa C HeNoJBHKHOH
TOUKOH onopel O  MOXHO
IPeCTaBHTL KaK BpallleHHe
BOKPYI  MTHOBEHHOH ocCH,
npoxojsllell yepes 3Ty TOU-
Ky. OGo3HauHM @ BeKTOp
MTHOBEHHOH YIVIOBOM CKOPOCTH, ¢ KOTOpOH Bpallaercst THPOCKOIM,
L — mMoMeHT HMIyJabca THPOCKOMA oTHocHTenbHo ToukH O. Haiinem
CBA3b MEXy BeKTOpamH L M @ p/1s1 cuMMeTpHYHOrO rupockona. Ecau
yIJ0Basi CKOPOCTh @ HANPaBJeHa BJOJAbL OCH (PUTYpBI THPOCKONA HJIH
MepHeHANKYMSIPHO K HeH, To BeKTopsl L H @ MHapa/jiefbHBl MeXay
coboit. ¥Y6eantbcsi B 3TOM MpOLIE BCETO MOXKHO CJIELYIOLIHM OBDPa3oM.
Mbic/ienno pa3oGbem Bce TEJIO THPOCKONA Ha Mapbl OJMHAKOBBIX MaTe-
pPHAJBHLIX TOYEK, CHMMETDHYHO pacClONOKEHHBIX OTHOCHTENBHO OCH
(urypsi THPOCKONA, KakK yKa3aHo Ha puc. 145 u 146. MomeHT umyibca
TaKOH Mapbl TOYeK OTHOCHTeIbHO Toukn O Oymer dL = dm[rwv,] +
+ dm[r,0,], rae dm — Macca Kaxnol us mux. Ecau rupockon Bpa-
LAeTCst BOKPYT OCH cBoed (urypnl (puc. 145), To ckopocTH o) ¥ 0,
paBHLI 110 BeJIHUHHE, HO HANpaBJeHbl IPOTHBONOIOKHO. B sToM cnyuae
dL = dm [v, (ry—r;)]. Bektopnl @, u (¥, —#,) NepNEHIHKYJISAPHbI
K ocu Bpaienns. [Tostomy BekTop dL, a ¢ HUM M MOMEHT HMIYJbCA
Bcero rupockona L OyayT nanpas/eHbl BIoJbL OcH Bpaiuenusi. [lo Be-
JHUMHe L COoBMAJaeT ¢ MOMEHTOM HMIYJbCa OTHOCHTEJNBHO OCH Bpa-
eHHs, a notomy L = /@, rae [/, — MOMEHT HHEDIMH THPOCKOIA
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OTHOCHTEIBHO OCH ero ¢urypel. Eciu Tenmeph TI'MpOCKoON Bpamaercs
BOKPYT' OCH, TIEPNEHAHKYJ/IsPHON K ocH urypsl (puc. 146), to v; =o,,
a notomy dL = dmlv; (r; 4 r,)]. Orciona BuaHo, uro dL w L onathb
HanpaeJ/eHbl BAOJbL OCH BpamleHus, npuiem L = /| o, rpe /| — mo-
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Puc. 145. Puc. 146.

MCHT MHEpLHUH THPOCKOla OVHOCHT@JNbHO OCH, HepIIeHIHKYJISPHON
K ero ocH (urypsl.

HouyctuM Temeph, 4TO MFHOBEHHAs OCb HalpaBJ/eHa NOA IPOH3-
BOJIBHBIM YIVIOM K OCH (Urypbl rHpockomna. Pa3joxuMm BekTop & Ha
ABE COCTAB/IAIOLIIE: HANPABJICHHYIO BAOJAb OCH (MIypbl THPOCKONA @y
U TIepIeHJHKYJAApHYIO K Hell o (puc. 147).

M3 obuiero ompejieleHnst MOMEHTa WMIyJbca /1%y
{cM. § 30) caeayer, uTO OH BLIpaxaercs
JIUHEeHHO uepe3 JIMHEHHBIC CKOPOCTH Mare-
pHaNbHBIX TOYEK, HA KOTODble MBICAEHHO
MOKHO pasbuTh Tejo rupockona. B csoio oue-
pelb 3TH CKOPOCTH BBIPaXaoTca JHHEHHO
uepes BEeKTOp YIJIOBOH CKOPOCTH ®, HMEo-
Uit OAflo W TO Ke 3HayeHMe NN BCeX ToueK
rupockona. Orciona ciaenyer, uto eexmop L

@,

- @
AUHelHo soipancaemes yepez . PaccmaTpusas /@, L
ero Kak (yHkuuo ®, MoxHo Hamucarb L =

= L (®) = L (0 + ®), win, B cuay yka- Puc. 147.

3aHHO#N JuHelHoctH, L = L (0)) + L (® ).

Ho ¢yuxuua L (w)) Gplia 6bl papHa MOMEHTY HMIyJbCa THPOCKONA,
eci  Obl NOCAEAHHH Bpallajcss TOJLKO BOKPYI €ro ocu Gurypsl
¢ yrJaopo#l ckopocrblo ©,. 3Hadut, L (o) = l,®;. AnanoruysHo
L(w;) = I,0;. B pesynprare momyunm

L:[h(l)“—i’[l(ﬂ_!_. (49.1)
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Ilonpayscy stoli QopmyJiof,, serko HalTH nocTpoenneM BekTop L,
ecJu H3BecTeH BeKTOop @ (puc. 147). M3 mocTpoeHus BUAHO, YTO BEK-
TOpHl L, ©® ¥ och QUrypH THPOCKOIIA J1exKaT B 0fiHOH mitockocTH. OnHAKo
B 0OIleM c/Jydyae Hanpas/jeHHs BEKTOPOB L U © He COBMAjaloT.

Ecnn BocnonbsoBatbesl dopmyaoit (47.2), To u3s (49.1) MoxHo nmosy-
UHTh CJENyIolle 1BA BBIPAXKEHHS [/ KHHETHYECKOH SHEPruH Bpa-
IIAIOUIErocsl rHpOCKoma:

1 9 2 1 Lfsl L2J.
Kz'i(llfml[+]iml)=§<ﬁ+—1‘r>- (49.2)
3TH BbIpaXKEHHs TOKA3bIBAIOT, UTO KUHEMUHECKQA IHEPeUs CUMMEMpUd-
HO20 2UPOCKONGA PASHA CYMME KUHEMUHECKUX IHepeull 08yx epauieHul, us
KOmopbix OOHO cosepuiaemca 6okpye ocu ueypsl, a Opyeoe — BOKpye
ocu, Kk Hel nepneHOUKyAApHoU.

Ha npaxTtuke rupockon BCeria MpHBOAMTCHA B GHICTPOE BpalleHue
BOKpYT ocH ¢urypsl. Ilo cpaBHeHnro ¢ 51TuM GHICTPHIM BpalieHHeM Bpa-
[lEHHe, BO3HHKamllee MO TeM HJAH HHBIM MpHYHHAM BOKpPYT HepIeH-
JUKYJASpHOH ocH, Bcerja IpPOUCXOAMT mMedaenuo. Torja pasnvuue
B HanpaBJeHHAX BEKTOPOB L H ® CTaHOBHTCA OYeHb MajbiM. Oba 3Tu
HaNpaBJCHHs TPAKTHUECKH COBNAJAIOT C Hampab/jeHHeM OCH (Uryphl
rupockona.

3a mo/0KHTEeJbHOE HalpaB/jeHHe OCH (QUTypsl MpOCKONa MpPHHU-
MaloT HampasJeHHe ee, COBIAJAloLIee C HalpaBJeHHeM BEKTOpa YII0BOH
CKOpOCTH ® (TOUHee, ofpasyloillee ¢ HUM OCTPHIA yroJ).. Eciu oT Touku
oopsl O 0T/10:kUTh 0Tpe30K OS eIHHHUHOH JJIHHBL B MOJOKUTENBHOM
Hanpas/JeHHH ocH (PUTYpPHLl THPOCKOINA, TO KOHEL[ 3TOTO OTpe3ka S Hashl-
BaeTcst eepuiunoli eupockona. EcIH H3BeCTHO [BHKEHHE BEpIIHHBI
rHpocKona H YIJIoBasl CKOPOCTb BPAMICHHS €r0 BOKPYT OCH (QHUTYpHI,
TO JBHIKEHHE THPOCKOIIA ONpeeneHo nosHocThio. Ilostomy ocHoBHAs
3ajlaua TeOpHH THPOCKONla CBOAMTCH K HAXOXJIEHHIO ABHMEHUS Bep-
IIHHBl THPOCKONA H YIVIOBOH CKOPOCTH BpallleHHs ero BOKPYr ocu ¢u-

TYpHL.
4, Bega Teopusi rHpOCKoNa MOCTpoeHA Ha ypaBHEHHH MOMEHTOB

L=M, (49.3)

npuyeM MoMeHTHl L ¥ M GepyTcsi OTHOCHTEIbHO HEMOABHIKHOH TOUKH
onopb! rupockona O. Ecan momeHT BHemHMX cusl M paBeH Hy0, TO

THpOCKON Ha3wlBaeTcs c806o0nbim. Jas ceoboaHoro rupockona L = 0,
H CJIeA0BATENLHO, '

LEIH(D”—l—]J_(!)J_ = const. (494)

DTo ypaBHeHHE BEIpPaXkaeT COXPaHeHHE MOMEHTA HMIIYJhCa THPOCKOMa.
K HeMmy cienyeT NpHCOGNNHHThL ypaBHEHHE COXDaHeHHs SHEPTHH

K= (Lo) =4 ([0} + [ ,0%) =const, (49.5)
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KOTOpOE TakKe ABJSeTCS CleicTBHeM ypaBHenus (49.3). Ecan ypas-
Henue (49.4) Bo3BecTH B KBajparT, TO MOJYYUTCS

I’ o} 4+ I, 0°, = const.

M3 sTOro ¥ npeipliyuiero ypaBHeHHH CeyeT, YTO npu OsudceHu ¢80~
6001020 2upOCKONa OAUHbL 8eKMOPO8 ) Lk @ 0CMAIONCS NOCIMOAHHbIMU.
BMecTe ¢ HUMU 0Cmaiomcs ROCMOAHHbLMU 1 00e COCMABASIOUIE MOMEHMA
umnyavca: Ly=Ilwy u L, =1,0,. CnefpoBateqbHO, ocmaemcs no-
CMOAHHIM Yy2or mexcOy eexmopamu L u @, KaK 3TO BHAHO U3 ypaBHe-
HHa (49.5). H3 nocmosncmsa L u L | caedyem makice Rocmosrcmeo
yara mexcoy sexmopom L u ocvio ueyper eupockona. B kaxaeii Momeut
BpeMeHH OCb (PHryphl THPOCKONA COBepIuaeT BpalleHHe BOKPYT MTHO-
BEHHOMH OCH C YIVIOBOH CKOPOCTBIO @. BekTopsl @ H L, Kak Mbl BHJENH,
JieKat B OJHOH IIOCKOCTH € OCbIO (UT'YpBl THPOCKOINA. A Tak KaK Bek-
TOp L COXpaHseT HEeH3MEeHHBIM CBOe HalpaBJeHHe B IIPOCTPAHCTBE, TO
MTHOBEHHas OCb H OCb (HIypH JOJLKHH BpamaTeCs BOKPYT 3TOTO
HeH3MeHHOTO HanpaBJieHHsI ¢ OJHOH H Toii 2Xe YIJIOBOH CKOPOCTHIO.
Bce sto npuBoauMT K caeayiolleli KapTuHE JBHKEHHs CBOOOJAHOTO
FHPOCKOIa.

B kaxcooui momenm epemenu Osudicetiue c60O00H020 2UpPOCKONG ectmb
spaujerue B0KpYe MeHOBEHHOU Ocu, npoxodsuel depe3 HenoOBUNCHYIO
mouKy onopot. C MedeHuem apemMer MEHOBEHHAs 0co U sexmop L mensom
C60e NOAONCEHUE 8 Meae, ONUCHIBAS KOHYCbL 80KpYe 0CU (hueypbr eupockona
C 00HOU u moll e NOCMOSAHHOU y2a060l CKOPOCMbIO @y, GO0OU4E
eosopsa, He pasHod . Hanpassenue sexmopa L HeusmeHHO 6
npocmpancmee. Ocb ueypol 2UpoCKONa U MEHOBEHHAS 0Cb PABHO-
MEPHO 6pAU{QIOMCst 68 RPOCMPAHCMGEe GOKpY2 3Mo20 HANPAaBAeHUsR C
motl xe yeA06oti CKOPOCMbIO ©1, HO 8 MPOMUBONONONCHOM HANPasAE-
Huu. Takoe jBHKeHHe HasbiBaercsl (80000HOU peeyrsapHoll npeyec-
cuetl eupockona. CJIOBO «peryJspHas» HaJ0 NOHHMAThb B TOM CMBICIE,
YTO Ha KOHHYeCKHe BpalleHHsl OCH QUIypHl I'MpPOCKONAa H MrHOBEHHOH
OCH He HAaK/aJbIBaIOTCS] HUKAaKHe JpOXKaHHS.

5. Ecau rupockon ¢ focrarouno GObIINM MOMEHTOM HHEPHWH NpH-
BeCcTH B OBICTPOE BpalleHHe, To OH Gyjer obiasath OOJIbIIHM MOMEH-
TOM HMIyJbca. lIpHpamieHHe MOMeHTa HMIyJbCa, KaK 3TO cJefyer
H3 ypaBHeHHs (49.3), onpenensieTcss HHTErpaJsioMm

AL ={Mdt. (49.6)

Ecau BHelUHss cHIa JefiCTBYeT B TeueHHe KOPOTKOTO IIPOMEXYTKA
BpeMeHH, To HHTerpas (49.6), a ¢ nMm ¥ npupaiienie MOMEHTa HMITYJIbca
O6yayT Mmajbl. 3HayHT, NPH KPATKOBPEMEHHHIX BO3JNEHCTBHAX Jaxe
oyeHb GOJIBILINX CHJ IBHKeHHe cBOGOJAHOIO THPOCKONA H3MeHsIeTea MaJlo.

T'Hpockon Kak Obl CONPOTHUBJsSIETCS] BCAKHMM IIONLITKAM H3MEHUTb
BeJIHUMHY W HanpaBjeHHe ero MoMeHTa Hmnynapca. C 3THM CBsi3aHa
3aMeqarTesbHasd YCTOMYHBOCTb, KOTOPYIO mpHOOperaeT ABHXKEHHE THPO-
CKOIla NOCJe NpHBeJeHHs1 ero B GhICTPOE BpAIlleHHE.
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Bo3sbMeM MacCHBHBIA THPOCKOI, HMEROLIMI KoHYycooOpasHyio cop-
My (puc. 148). Bpoab ocH ero Gurypnl MOXKeT BBHHUHBATbCS CTEPKEHD
C OCTPBIM KOHIIOM, KOTOPBIM THPOCKOI OIIHPAaeTCsl Ha NOJACTaBKY. BBHH-
THM CTepsKeHb HACTOJIbKO, YTOOLI TOUKA OMOPLI COBIAJa ¢ LeHTPOM Macce
rupockona. Torma rupockon cTaHeT ypasroBeleHHbIM. Ilpn J0Gom
HAKJIOHe ero ocH GUTYpbl OH GYAeT HAXOANTbCA B 0e3pa3aHMYHOM paBHO-
Becuu., IJoka rupocKon He Bpamaercd, MajeHIIHH TOJMUYOK JAaJieKo
YBOAHT €ro M3 MoJoXeHHs paBHoBecHs. IIpuBelieM Temepb THPOCKOI
B OLICTPOE BpailleHHe BOKPYr ero ocu ¢urypel. Eciu nmankoit nanectu
CHJIbHBIH yJap . 10 CTepKHIO THpPOCKoNa, TO HalpaBJeHHe CTePXKHSA
B MPOCTPAHCTBE [OYTH HE U3MEHHTCS,
CrepskeHb HauyHET JIMIUb COBEPHIATDL
CBOGOJIHYIO PeryJsipHYIO NPENeCCHIO,
T. €, BpaliaTeJqbhoe ABHXKEHHE IO
TIOBEPXHOCTH KOHYyCa MaJjoro yrJja
pacteopa. Ocblo KoHyca Oyner cay-
JKHTb HalpaBJ/eHHe MOMEHTa HM-
nyJibca THPOCKOINIa, KOTOPOE OH HpH-
MeT [10C/1e HaHeceHHs yaapa.

Bor apyraa jemoHcTpanus yc-
TOIYHBOCTH JBHKeHHsA OLICTPO Bpa-
majolierocsi rupockona. ['upockon
COCTOHT H3 MAaCCHBHOTO MeTaJJide-
CKOr0  MaxoBHYKa, IIOMELLaeMOro
BHYTpPH pa3BopHOro TMOJOTo MeTas-
JINYECKOTO 11apa, COCTOALILEro H3 IBY X
nosymiapuii, KOTopbie MOTYT Cllen-
JSIThCA MeXAY co6oil. KoHumsl ocu
MaxoBHUKa BXOJAT B TOJUIHIHHKH
MoJioro 11apa, TakK YTO MAaXOBHYOK
MOXKET BpallaTbCsi BOKPYT OJHOTO H3
JMaMeTpoB mapa. Ha ock MaxoBHuka
HaMaTbIBaeTcs HHUTh, CBOGOJHBLIH KO-
Hell KOTOPOH BBLIXOJHT HapyXKy 4epes
oTBepcTHe B moJioM urape. Jepras 3a
HHTb, MOKHO TNIPHBECTH MaXOBHUOK B OblcTpoe BpaitieHHe. Ecau Takoi
Wlap TONBLITATbCA CKATHTb C HAKJIOHHOH IIOCKOCTH, TO OH Oyaer
YIIOPHO COMPOTHBAATLCA 3TuM nonbirkaM. «flocaymmniMy map Oyner
TOJTLKO TOTJAA, KOTJAa OChb MAaxOBHUKAa TFODH30OHTA/JbHA H TMepIIeHiH-
KyJdsipHa K Hanpas/JeHHI0 CKaTblBaHHA. B 3TOM IOJIOXKEHHH 1map
MOXKeET CBOGOJHO CKaThiBaTbhbcs 0e3 H3MEHeHHs HalpaBJeHHs OCH Maxo-
BUYKd, T. €, §e3 U3MeHeHUs HampaBaeHHs BEKTODA MOMEHTa HMITy/Ibca
L. Bo BCSIKOM Jpyrom mMOJIOKEHUH AJs «HOPMAJbHOTO» CKaThIBAHHA
0Ch MaxOBHUKa, a C Hefl i BeKTOp L JOJKHBI MEHATHL CBOE HalpaBJeHne
B TNIPOCTPaHCTBe. «YTPSAMLI» THPOCKON 3TOTO «jenaTh He XOYer».
Ilon peiicTBHEM CHJIBI TSXKECTH IUAP THPOCKONA NPHOGpETaeT MeleHHOe

Puc. 148.
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Bpall{eHHe U CKATHIBAETCH C HAKJ/JIOHHOH IJIOCKOCTH «GOKOM», CTPEMSICh
COXpPaHUTb HEH3MEHHOH OPHEHTAIHI0 OCH MaxoBHYKa B IIPOCTPAHCTBE.
Ecay map ¢ BpalamoHMesi BEYTPH HET0 MaXOBHYKOM [IOCTaBHTL Ha
OCTpHe HIJIb! JJa2Ke B HAKJIOHHOM IOJIOXKEeHHH, TO OH He Najaer (puc. 149),
a npuofperaer MeJJIeHHOE BpallieHHe BOKPYT BepTHKaJdbHOH OCH 1oj
NeficTBHEeM CHJBL TsiKecTH. Takoe BpalieHHe HA3BLIBACTCS GuIHYNMCOCHHOL
npeueccuell. BbIHYXKIEHHYIO MPELECCHIO Mbl
paccMOTpUM B caejyiolieM naparpade.

6. IocmoTpuM Temepb, Kak H3MEHHTCA
ocHOBHoe ypaBHeHHe (49.3), ecau Touka
omopbl rHpockona apuxkercsl. OTBET MOXHO
nonyuuth 43 ypasHenus (37.2). CkopocTb
KazKJI0fl TOUKH JBHK yLILerocsi THPOCKONa npef-
CTABHM B BHJE U = Up - Uyp, T/l€ Vg — CKO-
pocth ToukH omopl 0, a T, = [er] —
CKOPOCTh, BO3HHKAWIas H3-3a BpalleHHs
BOKpPYT 3TOH ToYKH. Torjga MOMEHT HMITy./1bCa
THPOCKOTIA OTHOCHTEJNLHO TOUYKH OIOPHI IIpej:
CTaBHTCA BbIpayKeHHeM

L =\ dm[rvol + Ly,

rae L,, — MOMEHT MMNY/IbCa, BO3HHKAIOLIHHA
TOJbKO H3-3a BpalieHHsi. EcaH BBecTH pa
JHyC-BEKTOp LeHTpa Macc F¢, TO

L:L9p+ﬂ1 [rc‘Uo]. (497)

TpoauddepenpoBan 3T0 BhIpaXkeHHe H IOJ-
ctaBuB B gopmyay (37.2), moaydum

Ly=M—mlrcoo].  (49.8)

dra dopmya MOKa3blBaeT, YTO OT JABHIKEHHS
TOYKH OMOPLI MOXKHO oTBJeubcs, Ho Torna
K MOMEHTY JieficTBYIOIMX cHl M Hajo npHuba-
BITb MOMEHT «(PHKTHBHOM CHJBI, HJH «CHAB HHepUHW» F,, = —muo,
TNPWIOKENHOA K HEeHTPY Macc MpocKona. 3TOT pe3yJbTaT CTAHOBHICSH
COBEpIIEHHO €CTECTBEHHBIM, eCJIH OTHECTH [IBHXKEHHE K CHCTeMe OTCHeTa,
B KOTOpOil TOYKa OMOpbI THPOCKONa HemojpuzkHa (cMm. ra. IX).

Pnc. 149.

§ 50. upockon nop AelictBuem cua. IpubanxkeHnnas rteopus

1. HaunGosee uHHTepeCHBIM BHIOM JIBH)KEHHMS THPOCKOINA SIBJASETCH
soiHyodennas npeyeccus. OHa BO3HHKaeT moj [AeHcTBHEM BHEIIHHX
cua. Bosbmewm, Haipumep, T'MPOCKOI, H300paKeHHBII Ha CXemarHye-
ckoM pHc. 150. OH cocTOHT H3 IBYX OZHHAKOBBIX MaXOBHUYKOB, CBOGOLHO
Haca:KeHHBIX Ha OOIIYI0 OCb. 'HPOCKON YCTpPOEH TaK, YTO OH MOJKeT
cBOGOJIHO BpAIAThCS HE TOJIBKO BOKPYT ero ocH ¢urypel OZ, Ho Takiie



