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bymuxoe Eezenuit Heanosuu

ABUKEHUA KOCMHYECKHX TEJ
B KOMIIBIOTEPHBIX MOIEJIAX
II. 3ATAYA MHOI'X TEJI

BBEJIEHUE. AHAINTUHYECKHUE
N YU CJIEHHBIE PEIITEHUA

TouHbIe aHATUTHYECKHUE PeIeHus Tud-
(hepeHUMABPHBIX ypaBHEHUU ABUXKEHUS 3a-
MedJaTeIbHbl TeM, YTO OIHChIBAeMbIe TaKHUMHU
pelIeHnsIMHU JIBUXKEHUS OKa3bIBAIOTCS BECh-
Ma TpocThiMU. B yacTHOCTH, Kiaccuueckas
3adaua Kennepa ' o npuxenun tena nop ueii-
CTBUEM IIEHTPAIIbHOH CHJIBI TATOTEHMS, 00-
PaTHO TMPOITOPIUOHATIBHON KBaJpaTy paccTo-
SHHS, UMEeT aHAIUTHYECKOe pelleHue, KO-
TOpPOE ONHUCHIBAET CPaBHUTEIBHO MPOCTHIE
BO3MOXHbBIE JIBUXKEHHUS MO KOHUYECKUM Ce-
yeHusM. K coxaneHuio, TOYHbIE pelIeHus
penko BcTpedaoTcs B ¢usuke. [Ipu Hamm-
YUM BO3MYILAIOIINX BO3NEHCTBUU (TATOTEHHE
APYTUX IUIaHET, OTIIMYME CWIbI TATOTEHHS He-
6ecHOrO Tejla OT CTPOrod cthepruIecKor CUM-
METpUU, W T.Nl.) YpPaBHEHUS JBUXEHUS CTa-
HOBSITCA HeuHTerpupyeMmoimu. [Ipucymiee
KEIUIEPOBBIM JIBIKEHUSIM «UyI0» 3aMKHYTBIX
opOWT, paBHO KaK M 3ameyaresbHas UX IPO-
crora, OeccieqHo Hucue3alnT. Maremarudec-
KO€ HCCIIeOBaHHe BO3MYILIEHHBIX IBHXEHHIA
HEU3MEpPUMO YCIIOXHSIETCS.

Korna Bo3Mymiamimmne Bo3IelCcTBHS
MaJibl TI0 CPaBHEHUIO C OCHOBHOU CHJIOW Td-
TOTeHUsI, MOXHO HCITIOJIb30BaTh MPHUOIIKEH-
Hble aHAJUTUYECKUE METOAbl. B HEKOTOphIX
CITy4asx JOMyCTHMO MPHUHSATH KEIUIEPOBO [IBU-
KeHHe B KauyecTBE HYJIEBOTO MPHOIIKeHUS,
CUYUTas, YTO BO3MYIIEHUS BBI3BIBAIOT CpPaB-
HUTEIIBPHO MeJJIEHHbIe W3MEHEHHs IapameT-

POB KeIUIepOBOM OpPOUTHI, U MOMBITATHCS Haii-
TU aHAIUTUYECKUE BBIPAXKEHUI IJIS 9TUX ME[-
JICHHBIX H3MeHeHui. B 3amagax o mexmia-
HETHBIX TE€peieTaX MOXHO IPUMEHATb MpH-
OJIMKEHHBI aHATUTUYECKMH METOH COTps-
KEHHBIX KOHUYECKHMX CEYeHUM (CM. HHUXe).
Korga xe BO3MylleHUS HEJb3d CUUTATh Ma-
JIBIMM, KakK, Halpumep, B OOIIeM ciydae TaKk
Ha3bIBaEMOU 3aodauu mpex meJ, Jaxe IpH-
OJIMKEHHBIC PeIlICHMs IOJIyYUTh HE YIaeTCs.
Torma ocraeTcs moiaraTbCs TOJIBKO Ha YHC-
JICHHbIE METOJABl PELICHUS YpPaBHEHUU IBU-
KeHMUs.

IToscHUM wHIero YHUCIEHHBIX METONOB
pacyeta nBuxeHus. IlycTb a1t HEKOTOpPOro
HAYaJIbHOTO MOMEHTA BPEMEHM 3adaHbl I1O-

Ha ocnobe pawona beemuphoro isoiieus
wmoRehe boracaniis ipabudiaguonioe yekopetue,

coobuyaemoe garkomy ieny Kaggum kebecivmn
idrewom € odngeniiocind. .
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ﬂeumeuuﬂ KocmMuueckux meji 6 KOMNolOmMEPHbLX MO0eNAX.

I1. 3a0aua muo2ux mean.

JIOXEHUE U CKOpPOCTb paccMaTpUBaeMOro
KOCMHYECKOro Tejia (IUTaHEeThl, KOCMUYECKO-
ro amrapara), a TaKXe pacIOJOXEHUE BCEX
HEeOECHBIX TeJl, COOOIIAIIIUX €My yCKope-
HUE CBOMMH cWiIaMHu TAroteHusi. Ha ocHose
3aKOHa BCEMHUPHOTO TATOTEHUS MOXKHO BBI-
YUCJIUTh TPaBUTAIIMOHHOE YCKOpEHHE, C000-
[1aeMoe JIaHHOMY TeJly KaXIbIM HeOeCHbIM
TEJIOM B OTHENbHOCTH, a 3HAYWUT, W TOJHOE
YCKOpEeHHE KaK BEKTOPHYI0O CyMMY 3THX YC-
KOpeHU. 3Had BEJMYUHY M HaIpaBjeHUE
CKOPOCTH Tejla, MOXHO, YYMTHIBAS BBIYHC-
JIEHHOE YCKOpPEHUE M CYHUTad €ro MOCTOSH-
HbIM, pacCUMTaTh MOJOXEHHE M CKOPOCTh
Tesa yepe3 HeOOJbUIONH MPOMEXYTOK BpeMe-
HU («1Iar» HWHTErpupoBaHusd). [ng HaiineH-
HOTO HOBOTO TOJIOXEHHS MOXHO CHOBa pac-
CUMTATh YCKOPEHUE Tesla, U 3aTeM IO TOH Xe
CXEME paCCUMTaTh CIEAYIOLIEE IOJOXKEHUE
Tela M ero CKOpOoCTb, U TaK pHaiee. Takum
IyTeM MOXHO IIIar 3a IaroM MpocCieanuTh Bce
IBHXEHHE paccMaTpUBaeMOro TeJa.

EnuncTBeHHOE NpUOIMXEeHHe, KOTOpoe
IIPU TOM TPHUXOIUTCS JOMYCKaTh, 3aKiII0va-
eTcs B TOM, YTO B T€UEHUE KaxJIoro HeOOosb-
IIOTO NMPOMEXYTKa BpPEMEHM (Iara pacue-
Ta) YCKOpPEHHE Tela CUUTAETCSl MOCTOSHHBIM,
TOrga Kak Ha CaMOM JIeJle OHO BCE€ BpeMs
usMeHsercd. Ho TOYHOCTh pacyera MOXKHO
MIOBBICUTh, YMEHBILAS Al WHTETPUPOBAHMA.
KoneyHo, 3a MOBBIIIEHHE TOYHOCTH MPHUXO-
AWUTCS TUIATUTh YBEIWYeHUEM oObeMa BBIYMC-
JICHUH.

Msl onmcanu 31ech TaK Ha3bIBa€MbIi
ANrOpuTM Diisiepa YUCIEHHOTO WHTErPUPO-
BaHUs YPAaBHEHUI NBUXEHUSA, U3BECTHBIN TaK-
K€ KaK METOJ JIOMaHbIX. DTOT METOJ HaeT
CPaBHUTEJIPHO HEBBICOKYIO TOYHOCTh M MpPHU-
BOAUT K HakammBaiomumcs ommbkam. Cy-
IIECTBYET MHOXECTBO YIy4IIEHHBIX MOIU(U-
Kanui anropurMa Diinepa. Hampumep, Mox-
HO IIpelcKasarh JJId O4YEepEeJHOro Iiara Ho-
BbIE MOJIOXKEHHUS Te (a 3HAaYUT M HOBBIE YC-
KOpEeHHs B KOHLIE 3TOroO Iara), a 3aTeM Io-
BTOPHUTH 3TOT WIar eimie pas, B3SIB I YCKO-
PEHUS KaXxIOro U3 TeJl CpelHee MEXIY YC-
KOpEHHEeM B Hauale JaHHOIO Iiara U Ipel-
CKa3aHHBIM YCKOpEHHEM [yl KOHIlA Imara.
[Ipu KOMIBIOTEPHOM MOIETHUPOBAHUH OOBIY-
HO WCIIOJIb3YIOT HECKOJNBKO Oojiee CIIOXHBIN

Merog Pynre — Kyrra yerBeproro mopsjaka
TOYHOCTH, JIMIICHHBIH HEIOCTATKOB, MPHUCY-
IUX MpOCTOMy MeTomy Ditepa. Meron Pyn-
re — KyTTa ucCronp30BaH U B MaKeTe MpPO-
rpamMM «[IBHXeHHS KOCMHUYECKUX Tes», TMpH-
jaraeMoM K JaHHoOW craThe.’ Ha mpakrtuke
MIPOBEPUTH KAYECTBO MCIOIB3YEMOTO YHUCIIEH-
HOTO aJrOpUTMa MOXHO, MPUMEHSIS ero K
3amaye Kemmnepa, U cpaBHUBasg pe3yabTaT ¢
U3BECTHBIM AHAIIUTHYECKUM peIlleHUEM.

[Ipu nobGaBneHuu emie OAHOrO Tela K
CHUCTEME [BYX B3aMMOJCHCTBYIOIIMX TeJ 3a-
naya B OOIEM cCjiydae CTAHOBUTCS aHAJIUTH-
YeCKM Hepa3pelnuMoii, B TO BpeMs KakK INpH
WCIIOJIb30BAaHUM YHUCIIEHHBIX METOOB HHKa-
KUX TPUHIUIMHAATBHBIX TPYAHOCTEH HE BO3-
HUKAeT, JIUIIb HEeCKOJIIbKO BO3pacTaeT o0beM
HEOOXOAUMBIX BBIYUCIICHUH.

MPEIECCHSA DKBATOPHAJIBHOI
OPBUTHI CIIYTHUKA IUVIAHETDBI

Hamry nmnaneTy MOXHO cuMTath cde-
pPUYECKH CUMMETPUYHOU JIMIIL B IIEPBOM
npubmxeHnd. OCHOBHOE OTKJIOHEHHE BbI3-
BAHO «CIUIIOCHYTOCTBIO» 3€MHOIO IIapa, y
KOTOPOTO MOJApHBIA paguyc Ha 21 KM Ko-
poue skBaTopuanbHOro. Ilosromy rpasura-
LJUOHHOE II0Jle 3eMJIM He HMMEeeT CTpOroi
cepuyeckoil cummeTpuu. B HebGecHoil Me-
XaHUKe 3eMJTI0 MHOTIA MPEACTAB/SIOT B BUJIE
1iapa ¢ HaIEThIM Ha HEro IO ®KBaTOpy Mac-
CHBHBIM 00py4eM, TO €CTb BMECTO IOJISIPHO-
IO CXKaTus UCIONb3YIOT SKBUBAIECHTHOE IIPEL-

. S S S |
. e

& rebecnod mexanune Seman ahoiga

apegeiabasuod b buge wapa ¢ ragediun

#a tew wo swbadiopy maccubhom oGpyret...
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bymuxoe E.HU.

CTaBlieHHe 00 DKBATOPUAIBHOM «B3IYTHH»
3emin. B BbIpakeHUUW IS CHIIBI TITOTEHHS,
JEUCTBYIOIICH Ha CIyTHUK 3emiid, Olaroma-
P ®KBaTOPUAIbHOMY «00pydy» HPUCYTCTBYET
JIOIIOTHUTEIIBHBIA YJIEH C OCEBOW CUMMETPH-
ei. [lpu ydere TakMX UCKaXEHUU MONI TH-
TOTEHUSl JBUXEHUE CIYyTHUKA MPOUCXOIUT
yXe He MO KeIJepOBY dJUIHIICY, a MO BECh-
Ma CJIOXHOW TpaeKTOpWUHU, B OOIIEM CIy-
yae HE 3aMKHYTOM U HE JieXalleld B OIHOU
miockoctu. Ilocime coBepuieHUS OAHOTO
o0opoTa CIOYTHUK yXe He MonagaeT B Ipe-
KHIOIO TOUKY.

I cnyTHUKa, HaxondUierocs Ha
OYeHb OOJIBIIIOM PACCTOSHUM OT 3eMiH, (haK-
THYECKOE pacrpesielieHne Macchl 3eMiIM He-
CYyIIEeCTBeHHO. IpyruMH cJlIOBaMH, Ha OYEHb
OOJIBIIIOM PACCTOSHUU TIOJIE€ TSATOTEHUS 3eM-
JIM MOXHO CUMTaTh TaKUM, KaK eCiii Obl BCH
Macca 3emiid OblIa COCpeIOTOYEHA B ee IIeH-
Tpe: CUJIa TATOTEeHHUS yObIBaeT OOpaTHO IPO-
MOPUMOHAIBHO Kéaopamy pacctosinus. Hc-
KaXEeHHUE LIEHTPATBbHOTO MO TATOTEHUS Ija-
HETHI, BBI3BAHHOE €€ CIUTIOCHYTOCTBIO BIOJIb
OCH, OITUCBHIBAETCS MAJIbIM JIOMIOHUTETHHBIM
YJICHOM, YOBIBAIOIIUM Tropaszjio ObicTpee —
00paTHO MPOMOPLUUOHAIBHO Uemgepmoil CTe-
NIEHH PacCTOSHUS A0 IeHTpa IUIaHeTsl. [o-
TIOJTHUTENbHAS CUJIa TATOTEHUS, NEeHUCTBYIOIAs
Ha CIyTHUK CO CTOPOHBI MAacCHBHOTO 3KBa-
TOPHAIBHOTO «00py4a», B OOIIEM CiTydae He
HarnpapjieHa K LeHTpy oOpyda. [lostomy mor-
Had CWia TATOTEHUS! XapaKTepu3yeTcd TOJbKO
oceBoil (a He chepuvecKoil) CHMMeTpHei.

Korga uckaxenust cge-
pUYECKH CHMMETPHYHOTO OIS
TATOTEHUS HEBEJIMKH, YI0OHO
CUYMTATh, YTO CIYyTHUK TBUXKET-
Csl O JUIUIICY, HO CaM 3TOT BJI-
JIUTIC HEINPEpBIBHO H3MEHSETCs.
Taxyio KeriepoBy opOUTY ¢ IO~
CTETIEHHO M3MEHSIOIIUMHUCS Tia-
pamerpamu JlarpaHx Ha3Bail
ockyaupywwen. H3-3a oTCyT-
CTBUSI C(epUvYecKOoil CHUMMeET-
PUH TUTOCKOCTh OCKYJIUPYIOLIEH
OpOUTHl MOCTENEHHO TMOBOpa-

¢ qono. P’
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cebe naaneiy b buge wapa
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Csl HEU3MEHHBIM, TO €CTh IUIOCKOCTh OPOUTBI
MeIJICHHO npeyeccupyent BOKPYT 3eMHOM OCH.
IIpu ABUXEHUU B BKBATOPHUAIBLHOMU
IJIOCKOCTH IIJTAHETHl 3ajaya YIpoImaercs,
100 IOTMOJIHUTE/IbHAS CUJTA TIPUTSIKEHUS CITyT-
HUKa «00py4yeM» HarpapjieHa K LIEHTpY, TO
€CTh KaK M B ciydae cepuueckd CHUMMeT-
PUYHOH TIJIaHEeTHl 3aBUCUT TOJBKO OT pac-
CTOSIHMS r IO TIeHTpa miaHeTsl. Ho 3Ta 3aBu-
CHMOCTH CTAaHOBHUTCI 0OJIEE CIIOXKHOM: K IJIaB-
HOMY 4JIeHY, OOpaTHO IPOIOPLHOHAIIEHOMY
KBaJIpaTy paccTosHus, jJobapsgercss HeOOIb-
II0H 4ieH, 0OpaTHO MPONOPLUOHATIBHBIN YeT-
BEPTOH CTENEeHW PacCTOSHUS 7
M R?
7 (1+br—2).

m

F=-G

B aroii opmyrne G - rpaBUTalMOHHAsA
MOCTOSIHHAS, M - Macca CIyTHHWKa, M - Mmac-
ca TUTaHeThl, R - ee DKBAaTOPUAILHBIN paiu-
yc. 3Hauenune Oe3pa3MepHONW KOHCTAHTHI b
3aBHCUT OT CTENEHH «CIUTIOCHYTOCTH» IlIa-
HETHI: OHO PaBHO OTHOIIEHHIO JOTIOHUTEITh-
HOTO YjieHa CHJIBI TATOTEHUS K T[IIaBHOMY
(HPIOTOHOBCKOMY) WJIEHY Ha paccTosHuH R
OT ILIEHTpa TUTAHETHI.

B ciyyae oceBoro cxarTus IJIaHETHI
KoHcTaHTa b nonoxurenbHa (b > 0). ¥V 3em-
JII «CIUTIOCHYTOCTb» HEBeJMKa: 3HauyeHHe
Oe3pa3MepHON IMOCTOSHHOM b cocCTaBigeT
Bcero qumb 0,0016. s rumoreTuyecKoi
IUIAHETHI, BBITIHYTOH BHOJIb OCU (IIOXOXEH
Ha MSY Ui perOu), KOHCTaHTa b OTpHIa-
tenpHa (b < 0). B mocneanem ciydyae MOX-
HO TpeJacTaBIdTh cebe ma-
HETy B BHUJE IlIapa C JOMOJI-
HUTEJIbHBIMU TOYEUHBIMHU Mac-
caMHM Ha TOJICaX — CBOETo
pona MOJAPHBIMU «IIamnKa-
Mu». B mepsom ciydae momoi-
HUTEJbHBII YJeH yCUJIMBAaET
NPUTSKEHUE DKBATOPUATLHOTO
CIyTHHKA K TUIaHEeTe Ha MaJIbIX
paccTOSHUSIX, & BO BTOPOM -
ociabnsger (MO CpaBHEHUIO CO
cimydaeM ceprueckKu CHMMET-
PUYHOTO pacrpeieieHus Macc,

yuBaeTcd B IpocrpaHcTee. Ilpu
3TOM YroJ MEXIYy OChl0 3eMIIH
U IJIOCKOCTBIO OPOUTBHI OCTaeT-

ROTELAUMK  HACCANK
#a aowecax - coero poga

nongpinmns Wwankanas ...

KOTJa BCI0 Maccy IJTaHEThI
MOXHO CYHUTaTh COCPEIOTO-
YEHHOU B €€ LEHTpE).
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ﬂeumeuuﬂ KocmMuueckux meji 6 KOMNolOmMEPHbLX MO0eNAX.

I1. 3a0aua muo2ux mean.

Hanuuue pomnoiaHuTe bHO-
r0 WieHa y CHIIbI TITOTeHHUs, Obl-
crpee (MO CpaBHEHHWIO C OCHOB-
HbIM) YOBIBAIOIETO C PaccTosl- .
HHEM, OCOOEHHO 3aMETHO CKa-
3bIBAETCS Ha CUJIBHO BBITSHYTBIX
opOHUTax CHOYTHUKOB, BBI3bIBAS
MIOCTETIEHHBIN MMOBOPOT OOJBIION  *
OCH 3JUIHIICA BOKPYT (poKyca MpHU
HEW3MEHHbIX MaKCUMaIbHOM U
MUHUMAJIFHOM PacCTOSHUSAX OT
LEHTpa IUIaHeTbl. TakoW Herpe-
PBIBHBIN MOBOPOT OpOWTHI OOBIY- *
HO Ha3bIBAIOT Mpeyeccueli.

KauectBeHHoe oObsicHe-
HHUE MpelecCcuy BBITIHYTOU Op-
OMTBI 3aKJTIOYACTCS B CIICIYIOIIEM.
Ha Gompmmx paccTOSHUSIX OT

HO cooOlaemMoe ®TOH CUIIOWH
CIIyTHUKY ycKopeHHue Ooiblie,
yeM HCO6XO):[I/IMO JJI1 ABU2KEHUA
M0 KeIUIepoBY dJLTUIICY. B pesyib-
Tare B6.HI/I3I/I IJIaHEThl TPAacKTO-
pusd UCKPHUBIIACTCA CUJIbHEE, 4YTO
MOXHO TpaKTOBaThb KakK ITOBOPOT
OOJIBIIION OCH BJUIMIICA BOKPYT
LIEHTpa IUlaHeThl. Takoil MoBoO-
poOT, KakK JIEITKO BUIAECTH, MPOUC-
XOIUT B HAMPABIEHUU OPOUTAIIb-
HOTO ABUXCHUA CIIYTHHKA. Yy
3eMiIn peanbHas CIUTIOCHYTOCTb
MaJjia, IMO3TOMY OOJIbIlasi OCh 3JI-
JUTNITUYECKON OpOUTHI 3a OJUH
000pOT CIyTHHKa IOBOpayUBa-
€TCd Ha OYEHb MAJIBIA Yroj, Of-
HaKo 3TOT 3((PeKT HaKaruIMBaeT-

IUTAHETHI TOJIE TATOTEHUSI MOYTH  ...mAozoueneciikobas cs 3a OOINbIIOe YUCTIO 0OOpPOTOB

HEe OTIIMYAETCS OT KYJIOHOBCKO-  “packdiopus bewogy o opowure.

ro, ¥ MOXHO CYUTaTh, YTO IBU- anomio ganoakaes HaGmonaemasd B Monesu-
waigelyo 0baaciis. .,

’KEHHEe CIyTHHKA MPOUCXOAUT MO
KeriepoBy ayuurncy. [lo mMepe mpubImxeHus
K TJIaHETe pOJib TOMOJHUTEIBHOTO YjeHa
CWIbl TATOTEHUSI BO3pacTaeT (OH CUIIbHEE 3a-
BUCHUT OT paccTosiHusd). BOMW3M miaHeTs
CWIa TATOTEHHS! B 3KBATOPHATBHOM IJIOCKO-
cTH OOJIBIle, YeM B Cilydae IapooOpa3Hoii
TUTaHETHl TaKOM € MacChl, U COOTBETCTBEH-

Pucynoxk 1. Ilpeyeccusa opbumot cnym-
HUKA, KOMOPblll 00pawaemca 6 skeamopuaiy-
HOUl NAOCKOCIMU 60KPY2 NJAHEMbl, «CHAIOCHY-
moti» 600.Jib OCU.

pyIoLIeM dKCIEpUMEHTe Iperec-
CHS DKBATOPHATBHON OpOWTHI B MOJIE TSTO-
TEHUS] «CIUTIOCHYTON» TUTAHEThI WIITIOCTPUPY-
ercst Ha pucyHke 1. Urobsl achdexT 6bLT 60-
Jlee 3aMeTeH, MPU MOIETUPOBAHUH MOXHO
3ajlaBaTh YTPUPOBAHHO OOJbIINE 3HAYCHHS
(mopsiika eauHMIB) Oe3pa3sMepHOro Inapa-
MeTpa b, XapakTepu3yioliero HechepuaHOCTb
IUTAHETHl M BXOMMIIIETr0 B JIOMOJTHUTEIbHBIM
YJIeH CHWIbl MPUTSXKEHUS.

Ha pucynke 1 TOHKMMH JIUHUSIMH TIO-
Ka3aHbl OCKY/JUPYIOIIWE 3JUTHICH UId TpeXx
touek (S, A u B) tpaektopuu. Ecnu Ob1 j10-
MIOJTHUTENTBHBIA YWIEH B BBIPAXKECHUU TS CHUTBI
TATOTEHUS BHE3alHO MCYe3, BCE MapaMeTpsl
OCKYNHPYIOIIETO ®JIJIUIca B AalbHEHIIeM
OCTaBaIUCh Obl HEU3MEHHBIMHU, M JIBUXEHUE
CIyTHHMKA MPOMCXOAWIIO ObI MO DIUTUICY, Ka-
camomeMycsl IeHCTBUTEbHOW TPaeKTOPUM B
paccMaTpyBaeMoOil TOYKEe. DTOT 3JUIUIC JaeT
IIpe/ICTaBlIeHHe O XapaKTepe MCTUHHOW Tpa-
€KTOPUHM II0 KpaiiHEd Mepe [UId HEKOTOPOU
OKPECTHOCTH HAHHOU TOYKH.

JeficTBUTEIbHOE ABMXEHHE CIyTHUKA
XapaKkTepu3yeTcsl OByMs MEpPHOAAMHU: OTHHUM
VIS paguaibHOTO JBUXKEHUS MEXIy MaKCH-
MaTbHBIM U MHUHUMAIbHBIM yHUICHHSIMH OT
HeHTpa (U1 MEPUOTUYECKUX W3MEHEHUH MO-
IyJsl panuyca-BeKTopa), M JIPYTHM — JUTd TOJI-

INPEAMETHOE OBYYEHUE
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HOro obopora pamguyca-BeKTopa. B oOimem
ciiydae 9TH TepHOIbl HECOM3MEPUMBI, U MHO-
TOJIETIeCTKOBAsl TPAaeKTOpPHUsl BCIOAY TUIOTHO
3aMOJTHSIET KOJIBIEBYI0O 00JacTh MEXAy OK-
PYXHOCTSIMH, TIOKa3aHHBIMU IITPUXOBBIMH
JMHUSAMHU Ha pucyHke 1. «Hymo» 3aMKHYTBIX
KEIJIEPOBBIX BILTUITUYECKUX OpOUT 00YCITOB-
JICHO TOYHBIM COBIQJICHHEM 3THX IBYX TepH-
OJIOB TP JBUXEHUH TIOJ ACHCTBUEM IIEHTPATh-
HOW CHJIBI TATOTeHUs, yObIBaIOIIEH oOpaTHO
MPOMOPIUOHATIBHO KBapaTy pacCTOSHHSI.

B ciydae oceBOro «pacTskeHUsS» IuTa-
HeTsl (MM TPU HAJUYUK TOJSPHBIX «IIa-
MOK») JOTOJHUTEIbHBIA YIeH CHJIbI TSATOTe-
HUS B 9KBATOPUAIBHON IUIOCKOCTU OTpHUIIA-
teneH (b < 0), TaKk KaK Ha MaJlbIX PaccTos-
HUSIX OT TUIAHEThl CUJIa TATOTEHHS MEHbIIE,
yeM Tpu cepruyecku CUMMETPUYHOM pac-
npejienieH mMacc. B camoM nene, mpu mpu-
OJMMXKEHUU K IUIaHETe PACCTOSHUE JIO IOJIAp-
HBIX «IIAMOK» YMEHbINAETC MeIIeHHee, YeM
paccrosdHue 0 ee IeHTpa. B artom ciyvae
npu MpUOIMXKEHUH K IUIaHeTe CUJIa TSTOTe-
HUS cOOOINAeT CHYTHUKY MEHbIlee yCcKope-
HUe, 4YeM HeoOXOAMMO JIIsl JIBUXEHHS I10
KeIyIepoBy 2JUTUIICY, W DTOT DIUTUIC KaK Obl
«pacrpsimiisieTcs» BOJIM3U repured. B pesyib-
Tare Tpereccus OpOWTHI MPOUCXOOUT B Ha-
MPaBJICHNH, TPOTHBOIMOIIOXHOM OpOUTATIBHO-
MY JIBUXEHHUIO CITyTHHKA.

CIIYTHHK ILTAHETBI,
OFPAITAIOIIENCS BOKPYT 3BE3/IbI

IOBuxenue miaanetr Bokpyr CoiHia
MOYTH IEJIUKOM OIpEIeNIIeTCsS CUIaMH HX
nputsikenust K Conniy. M3-3a Toro, 4ro Mac-
Chl IUIQHET Majbl IO CPAaBHEHUIO C MAacCOW
ConHua, AedCTBYWOINNEe MEXAy IUTaHEeTaMu
CUJIBI TSITOTEHHS NPUBOIAT JIMIIb K CPaBHU-
TEJIbHO HEOOJIBIINM OTKJIOHEHHSIM OT 3aKO-
HoB Kermiepa. B cinyyae 3Be31pl ¢ €IMHCTBEH-
HOM IUTAHETOW JIBUXEHHUE TUIAaHEThl ObUIO ObI
B TOYHOCTH KEIUIEPOBBIM.

Ho uyTOo MOXHO CcKa3aThb O JBHXEHUU
CIIyTHHMKA IUTaHeThl? B Kakoil Mepe aTO IBU-
’KEHHUEe MOXHO CuuTaTh KeruiepoBbiM? Bejb
IOMUMO CHJIbI NPUTSKEHUS K IUIaHEeTe Ha
CIIYTHHK JIUCTBYeT cuia nputsaxenus Kk Coi-
Hity. Hanpumep, cuna npursxenus K CoiH-

Iy HaIllero eCTECTBEHHOTO CITyTHUKA — JIyHBI,
KaK JIeTKO MOACYUTATh, MPEBOCXOOUT CHITY
npuTsKeHus: K 3emne. B KakoM Xe cMbiciie
MOXHO TOBOPUTh 00 oOpariieHun JIyHbl BOK-
pyr 3emiu?

Heno B TOM, YTO TpPU OINUCAHUU [BH-
KeHHs CIYTHHKA IUIAHEThl Mbl paccMaTpH-
BAaEM €r0 JBUXEHUE OMHOCUMENIbHO NJAHe-
mot, a He oTHocuTenpbHO ComHIa. A cucrema
OoTcUeTa, CBi3aHHas C IUIaHEeTOM, He SBJIIeT-
Cs WHEpUUATbHON: OHa BMECTe C IIaHEeTOH
NojIBEpKeHa YCKOPEHHIO, HAINPaBIEHHOMY K
Conuny. Korga cnyTHUK HaxomuTcs OJTM3KO
K IUIaHEeTe, COJIHEYHOE MPUTSIXEeHHe CO00-
[IaeT eMy MOYTH TaKoe Xe yCKOpeHHe, Kak
U camoii miaHete. [IoeToMy BMEIIATETHCTBO
ConHua B JABUXEHHE CITYTHUKA OTHOCUTEIIb-
HO TUUIAaHEThl OKa3bIBaeTCSd HE3HAYMTEIILHBIM:
B IJIaBHBIX YepTax 9TO JBUXKEHUE OIUCHIBA-
erca 3akoHamu Kemnepa. Tarorenne k Con-
HIy TNPOSBISETCS B 603Myuaroujem yckope-
Huu, KOTOPOE PaBHO HE YCKOPEHHUI0, CO00-
maemMomy cryTHUKY CoJHIEeM, a pazHocmu
yckoperuii, coobmaembix CoJTHIIEM CITyTHH-
Ky W miaHete. KeriepoBo IBHXEHHE CITyT-
HUKA OTHOCHTENIbHO 3eMJIM BO3MYILIAETCSl He
caMuM 1O cebe COJIHEYHBIM TATOTEHHEM, a
JIMIIb €r0 HEeOOHOPOOHOCmbI0. B 3eMHBIX Jie-
JlaX HEOTHOPOAHOCTh mojisi TsaroreHus Coin-
HIla OOHapyxXwuBaeT cebs (BMecTe ¢ HEOIHO-
POOHOCTBIO IIOJIA TATOTEHUs JIyHBI) B MOpC-
KUX TPHUIIUBAX.

Ha mporsixeHuu OKOI03eMHON OpOu-
Thl CITyTHHKA HEOJHOPOTHOCTH TOJS TITOTE-
Hug ConHua He3HauuTendbHa. [loaTOMy mpu
pacuere ABUXEHHS CIYTHUKa BOJIM3U IIaHe-
Tl OKa3bIBAETCS BO3MOXHBIM B IEPBOM TIpH-

& semiwr geaax heoghooghocidit nous
disaoimenus (oanga obnapyspubacd: ceta ...
€ mopeway wpunanbar.
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ﬂeumeuuﬂ Kocmuueckux mejl 6 KOMnolOmMepHslx MOOeNAX.

I1. 3a0aua muo2ux mean.

Ha wparage cqpepn gedciibus
RAARCHOGEARPAIECKAR: & 1eaUOUeTinfuTeckAS:
dpacriiopun conpsaaniica (... wewulawiicar)...
OMKEeHUH YYUTBIBATh €r0 MPUTSKEHUE TOJIb-
KO TutaHeToi. Il CIyTHHKa, Macca KOTO-
pOro MHOIO MEHbLIE MacChl IUIAHETHI, 3TO
OyzeT MpoCTO KENJIepOBO ABMXEHHE B LIEHT-
paIbHOM TMoJie TSAroTeHusl miaHeTsl. Opbura
CIyTHHKa OTHOCHUTENIPHO IIJIAHETHl MOXET
OBITh BIUTMIICOM WM OKPYXHOCTBIO, a IIPO-
JIETHas TPaeKTOpUsT KOCMHYECKOTo ammapa-
Ta — mapabonoil unu runepoosoi. CrnoxHas
netneoOpa3Hasl WM BOJTHOOOpa3Hasi Tpaek-
TOpHS CIlyTHHKA B CHCTEME OTCYETa, CBSI3aH-
HOH cO 3B€310M, OOBSICHSETCS CIIOXEHHEM
IBYX IOBMXKEGHHUU: JIBIKEHMS MO OOJIBIION OK-
PYXHOCTH (WJIM 3JUIMIICY) BMECTE C IUIaHe-
TOH BOKpYI 3Be3ibl M OOpalleHHs] BOKPYT
IUIaHETHl 110 Majlod OKPYXHOCTH (WM MaJlo-
My BIUTUIICY).

Bynem HazpiBaTh KEIUIEPOBO IBUXKEHUE
CIYTHHUKA OTHOCHTEIBHO IUIAHETBl HEG03MY-
IyeHHbIM JIBUXEHHEM. [IBIXKEHHE CIyTHUKOB
no opOuTam, MPOJIETAIOIIUM CpPABHUTEIHHO
HeajeKo OT IUIAHEThl, C XOpOILIeHd TOYHOC-
ThI0O MOXHO CUMTaTh HEBO3MYILUEHHBIM, HO
MpPU 3HAYUTEIBHOM YHAIEHHUU CIIyTHHUKa OT
IUTAaHETHl BO3MYILAIOIIEe BIUSIHUE HEOTHO-
POIHOCTH TOJS COJIHEYHOIO TSATOTEHMS CTa-
HOBUTCS CYIIECTBEHHBIM. [l Kaxnmod ma-
HEThl MOXHO yKa3aThb OKpYyXalollylo ee 00-
JIaCTh HEBO3MYIIEHHOIO JIBUXKEHHUSI CIYTHH-
KoB. B HeOecHOW MeXxaHHMKE U KOCMHYEC-
KOH OUWHAaMHUKE TaKyl 00JIacThb HAa3bIBAIOT
chepoii Oeiicmeua TTAHETHI OTHOCHUTEBHO
Connna.

[lpu npubIMKEeHHOM aHaIW3e IBHXe-
HUSl CHYTHUKA (KOCMHYECKOTO KOopabisd u
BOOOIIE Tejla HMpeHeOPeXKUMO MaJOH MaccChl)
noJ| JEHCTBUEM CHJI TATOTEHHS IUIaHETHl U
ConHua (To ecTb mpH NPHUOIMKEHHOM pe-
IIIEHUU 02PAaHU4eHHON 3aJ1a4i TPEX Te) MOX-
HO MKCIIOJIb30BaTh TaK HAa3bIBAEMbIH Memoo
CONPAKEHHbIX KOHUuueckux ceuenui. Unes ero
3aknmovaercs B cienymoomeM. [loka cnyTHHMK
JIBUXETCS B OKPECTHOCTH IUIaHETHI B Ipefe-
7ax cepsl ee neicTBUS, IBUKEHHE paccMaT-
pUBaeTCd KakK KeIJIEPOBO AJIAHeMOYeHmpu-
yeckoe (B YaCTHOCTH, T€OIEHTPUYECKOE),
IpoUCXOJdIlee MO DJUTUICY, napabosie Win
runiepbonie. [lpu mepexone uepe3 rpaHuily
cepsl meicTBUS CIMYTHUK (KOCMHYECKUU
amnmapat) nonagaet Bo Biacte ConHIA, U ero
IBUXEHHE €CTECTBEHHEE paccMaTpuBaTh Kak
KEeIJIEPOBO 2esiuoyeHmpuneckoe ¢ (HoKycom
B nentpe Comuua. Ha rpanune ccepsr neii-
CTBHUS IUTaHETOIEHTpUYEeCKasd U TeIHOLIeHT-
puuecKkas TPaeKTOPUU COIpSTraroTcsl («cKJe-
UBAIOTCS», «CIIMBAIOTCSA») IO OIMpEeAeIeHHbIM
IpaBuiIaM (C MEPEecYeToM CKOPOCTH IpH Iie-
pexone OT OJHON CHCTEMBI OTCYeTa K JIpy-
roii). [IpuONUXeHHBI METON COMPSIXEHHBIX
KOHMYECKUX CEYEHUU IIMPOKO HCIOIb3YeT-
cs B MEXaHHMKe KOCMHMYECKOIrOo IojieTa Mpu
peIBapUTEIbHOM MPOSKTUPOBAHUHN OpPOUT
MEXIUTAaHETHBIX TlepesneToB. B yacTHOCTH, ero
NPUMEHSIOT MpU OTOOpPEe BO3MOXHBIX TpaeK-
TOpUH B 3aaye JOCTHUXEHUS JIyHBI

Korga opbuta cryTHUKA JIEXUT IJIy-
60KO BHYTpH cepbl JeHCTBUS TIAHETHI, BH-

kAR ban0uurch nageruen cnygiiara
ra nnatemy wan Ka ;dem,.,
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bymuxoe E.HU.

JKeHWe CIyTHWKA YCTOMYHMBO, TO €CTh OH 00-
peueH BeuyHO 0OpamaTthCsd BOKPYT TUIAHETHI.
B cnyuae opOuThl cnyTHHKA, TPHOIMXKAIO-
mieiica K rpaHuie cgepsl IeicTBUd TUTaHe-
ThI, BO3MOXHBI pa3HOOOpa3Hble BAPHAHTHI He-
YCTOMYUBBIX IBUXEHUN, OKAHYMBAKOIIUXCH
MaJleHueM CITyTHUKA Ha TUIaHEeTy WX Ha 3Be3-
1y, Tubo0 «BbIOpachiBAHMEM» CIYTHHKA 3a
Mpeaesbl CUCTEMbl. BO3MOXHBI TaKXe O4YeHb
WHTEpECHBIE IBUXEHHS, COMPOBOXIAIOIINE-
Csl TIePEeXOoIoM CIYTHUKA OT OOpaleHus] BOK-
pyr IUIaHEThl K OOpallleHHI0 BOKPYT 3BE3IbI
(Korma CIyTHHMK TIpEBpaIlaeTcs B CaMOCTOS-
TeJIbHYIO IIaHeTy). MoXeT okazarbcs, 4YTO
yepe3 HEKOTOPOE BpeMs TaKOW MOTEPSHHBIN
TUTAaHETON CHYTHMK CHOBa OKaXeTcs 3axBa-
YeHHbIM IIaHeTOU. I[TogoOHas «mepenacos-
Ka» CIIyTHUKOM MEXIY IIJIAHETOM U 3BE300U
B OTOM «KOCMHUYECKOM OackeTOoje» MOXET
MOBTOPATHCS HEOMHOKpaTHO. PrucyHOK 2 nmaet
MpUMEP TaKOTO XaOTHYECKOro ABUKEHHUA
CIYTHMKa HEKOTOPOW IUIaHeThl, oOpamaro-
LIENCA BOKPYI 3BE3[bl [0 JJUIUIITUYECKOU
opbute ¢ HEOONBIINM DKCHEHTPUCUTETOM.
B makere nporpamm «JIBuXkeHud Koc-
MHYECKUX Tell» MOXHO HalWTH MHOTO momgo0-
HBIX MPUMEPOB HEOOBIYAHHO CIIOXHOTO IO-
BElIEHUS CUCTEM, MOTYUHSIOMINXCS MPOCTHIM
U CTpOruM (u3NyYecKuM 3akoHam. s He-
TUHENHBIX AuddepeHnanbHbIX YpaBHEHUH,
OTHCHIBAIOIIMX XAOTHUECKOE JBUKEHHE CITYT-
HUKa, KOTOpoe HabJionaercss B MpPUBEICH-

wecau Semag npuiiganbaedi vlgny, dio « lyra
l iracod e mepe wpaiisaubaedi Senwao...

HOM IIpUMepe, XapaKTepHa 4pe3BbIYaiHO
CWJIbHAS YYBCTBUTEJIBHOCTh K HAaYaJIbHBIM yC-
JIOBUSIM: HUYTOXHOE M3MEHEHHE HAyaIbHOIO
COCTOSIHUS MOXET IPUBECTH K PaJUKaIbHbIM
U3MEHEHMSIM B JIOJITOBPEMEHHOM IIOBEIEHUU
cucrembl. HebecHag MexaHuUKa gaeT HaMm
OIMH M3 MHOIOYMCIIEHHBIX IPUMEPOB Xa0-
TUYECKMX JBUXEHUN B (pusmke. MoxXHO Iy-
MaTh, YTO OTCYTCTBHE aHAJIUTUYECKUX pellle-
HHUIl B MOJOOHBIX Ciydasx OTpaxaeT He
CTOJIBKO Oeccuiine MaTeMaTUKH, CKOJIbKO BO3-
MOXHYIO CJIOXHOCTb JIBUXEHUH B CHCTEMaX,
OIMCBHIBAEMBIX HEIUHEHHBIMU ypPAaBHEHUSIMU.

JBOMHAS 3BE3JIA — 3AJIAYA JIBYX TEJI

o cux mop MbI TOBOPHUJIM O JBUXeE-
HUU TeJla MOX HEUCTBUEM
HEHTPATIbHONH CHUJIBI TSITOTE-
HUS B TPEIINOTOXEHUH, UYTO
Macca IEHTpaJbHOro TeJa
3HAYUTEJIPHO MPEBOCXOIUT
Maccy Telia, oOpalarmiinero-
ca mo opbure. B atom ciy-

Pucynok 2. Tpaexmopua cnymruka, noouepeono obpa-
wyaruezoca okpy2 naanemvl U 6okpye 3ee30w. Caeea ogusxe-
HUe NOKA3AHO 6 «2eJIUOYEHMPULECKOU» (C8A3AHHOU CO 36€300i1)
cucmeme omcuema, CNPasd — 6 «2eOYEHMPUUecKol» (CeA3aH-
Holl ¢ naanemoul) cucmeme omcuema. Coenaoaioujue yugppol
COOMEEemMcmeyiom 0OHOEPEMEHHVIM NOJOKEHUAM HEOECHbIX MeL.

yae MacCHUBHOE ILIEHTpabHOE
tesio (ConHue B 3agadye o
IBUXEHUU IUIAHET WIA 3eM-
JIIO B 3aJa4Ye O JABUXCHHHU
CIYTHUKOB) MOXHO TpUOIU-
XKEHHO CYHUTATh HCECIIOABUX-
HBbIM, U 3aJa4ya CBOJUTCA K
HaAXO0XICHUIK OBUXCHUS JICT-
KOro Teja B 3aJaHHOM CTa-
HI/IOHapHOM II0JIE TATOTCHUA.

B ob6uiem ciydae, Kor-
Jla MaccChl B3aMMOJIECHCTBYIO-
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ﬂeumeuuﬂ KocmMuueckux meji 6 KOMNolOmMEPHbLX MO0eNAX.

I1. 3a0aua muo2ux mean.

1 .0QH0 U iren g@%aﬁcﬁ bowcppys gpyioto
o usincy...
IIMX TeJl COMOCTaBUMBI, TaKoe MpHUOINXe-
HUE HECIpaBeIJIMBO, TaK KaK HU OJHO U3
Tel He OyleT HEMOJABUXHBIM B WHEPIHUAIb-
HOM cucTteMe oTcyera. I'paBuTanus — 31O B3a-
UMOJENUCTBHE, U €cld 3eMJid NPUTATHBAET
Jlyny, To u Jlyna B Takoil Xe Mepe MpHUTATH-
BaeT 3emumo. [loaToMy, cTporo rosops, He
cienyeT ToBOpUTh, 4To JlyHa obOparmmaercs
BOKpYr 3eMild — Ha caMoM Jejie oba Tesna
ABUXYTCs, oOpaiasdch BOKPYr OOIIero IeH-
Tpa Macc. biarogaps ToMy, YTO CWIBl B3au-
MOJEUCTBUS MEXIY TelaMH MOAYMHSIOTCS
TpeTbeMy 3akOoHy HpoTOHa (TO €CTh 3TH
CHJIBl PaBHBI 110 MOJAYJIO U MPOTHUBOIMOIOXK-
HO HaIpaBJIEHbI), 3a0auy 08yX meJj MOXHO
MaTeMaTHUYeCcKU CBECTH K 3ajaye O JBHXKe-
HUM EIUHCTBEHHOIO «BUPTYAIBHOTO» Tejia
C TaK Ha3bIBAEMOU NpUBEOeHHOU MAaccol
m = mm,/(m, + m,), IBUXKYILErOCd IO A€k~
CTBHEM CTallMOHAPHOW CHIIBI, PaBHOU cuiie
B3aMMOJICHCTBHUS «HACTOAIIUX» Tel. B pe-
3yJbTaTe ymaeTcd HaWTU JIBUXEHHE OTHOTO
Telna OTHOCUTENbHOTo apyroro. Korma Tena
B3aUMOJICMCTBYIOT TOCPEICTBOM CHJIBI TSTO-
TeHUsI, OOpaTHO MPOTOPIUOHATILHON KBal-
paTy pacCTOdHHS, dTO OTHOCUTENIbHOE IBH-
KEHUEe TMPOMCXOAMUT IO KOHMYECKHUM cede-
HUSM B COOTBETCTBUHM C 3aKkoHamu Kermmepa.
3Had, KaK OXHO M3 Tel IBUXETCS BOKPYT
APYroro Mo JJUIHICY (CKaXeM, JBOWHAs 3BE3-
1a), MOXHO I10Ka3aTh, YTO 00a OHM JBHXYT-
Csl CHHXPOHHO MO TeOMEeTpHYecKd Mogo0-
HBIM 3JUTUIICAaM BOKpYI OOIIEro meHTpa macc
Bcell cucteMbl. lIpuMep Takoro IBUXKEHUS
MoKa3aH Ha pucyHKe 3. B Kaxmplii MOMEHT

BPEMEHU KOMIIOHEHTBI JABOWHOM 3BE3[bl Ha-
XOHITCS Ha IPOTHBOIIOJIOXHBIX KOHLIAX OT-
pe3Ka, MPOXOAALIEro 4epe3 LIEHTP Macc, U
JeNAT ®TOT OTPE30K B OTHOILIEHWH, OOpATHO
IPOIIOPLHUOHATIBHOM CBOMM Maccam.

TpamuumoHHBIN MMOAXOJ K 3a1aye JIByX
TE€J, OCHOBAHHBI Ha KOHLENLUM IPUBEIECH-
HOU Macchl, OyIydyd BIOJHE KOPPEKTHBIM U
JOCTATOYHO IPOCTBIM B MaT€MaTH4YECKOM
OTHOLIEHUHU, MOXET TEM HE MEHEE BbI3bIBATh
OIIpE/ICTIEHHBIE JIOTHYECKHUE TPYLHOCTH y yda-
LIMXCH, TaK KaK II03BOJIIET paccMaTpUBaTh
CBA3aHHYI0O C OJHHMM M3 T€Jl HEUHEpLHAJIb-
HYI0 CHCTEMY OTCY€Ta KaK HHEpPLUUAIBHYIO.
OObsicHEHHME 3TOTO KaXyIEerocsi HeCOOTBET-
CTBUS MOXET OKa3aThCs IS yJallUXCS CIIUIII-
KOM TOHKMM MOMEHTOM IIpHU II€pPBOHAYANb-
HOM HU3y4yeHuM npeamera. bonee Toro, nepe-
XOI OT OJHOH CUCTEMBI OTCYE€Ta K APYIOo B
9TOM 3ajadye MOXET TaKxXe I0Ka3aTbCd He-
pocThIM JienioM. Benp B cBoe Bpems u la-
auned, 1 KonepHuk CTOJIKHYJIUCh C HeEMa-
JIBIMA TPYIHOCTSMM B IIOIBITKAaX HOHECTH
Takue uIeu 1o yeiosedectsa. ITosromy 3mech
MBI IIPEVIOKUM HECKOJIBKO HMHOH MOAXO0H K
3ajjadye JBYX TeN, CBOOOIHBIA OT BBIIIEYIO-
MSHYTBIX TPYOHOCTEH. AHAJTOTMYHBIN MOAXOT
OymeT UCIMONIb30BAaH B TOW cTaThe U JJIS
OOBSCHEHUS] BO3BMOXHBIX TPOCTHIX JBUXEHHN
B CHCTEMax MHOIUX Tel.

34 %
\“““g____ i d-f/t.j L

L

et

Pucynok 3. Tpaexmopuu komnonenm
OBOIHOUL 36€30bl 6 cucmeme omcHemda, CEA-
3aHHOU C YeHmpom macc cucmemsl. OOHo-
6PEMEHHble NONOKEHUA MeS OMmMeUeHbl 00U-
HAKOBbIMU YUDpaMUL.

INPEAMETHOE OBYYEHUE
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bymuxoe E.HU.

ByneM OTHOCHUTH ABUXEHHE KaxXIOro
u3 Tell (KaxXxaouM U3 KOMIIOHEHT JIBOMHON 3Be3-
Ibl) K WHEPUHATbHON CHCTEMe OTcueTa, B
KOTOpPOH ULEHTP Macc BCEM CUCTEMbl IOKO-
utcd. HampaBneHue cuiabl TATOTEHHS, PH-
JIOXXEHHOM K KaXJIOMy M3 T€Jl CO CTOPOHBI
JIPYroro, Bcerjga MpPOXOJUT Yepe3 HEMOIBUX-
HBI TEeHTp Macc cucteMbl. UToOBI 00BsIC-
HUTH, TTOYEMY TBUXKEHHS T MPOUCXOIIT IO
KOHUYECKMM CEYEHUSIM U TOAYUHSIOTCS 3a-
koHaMm Kermnepa, JocTaTOuyHO TOKa3aTh, YTO
KaXJ0€ M3 TeJl MOXHO paccMarpuBaTh Kak
IBUXKYIIEECS He TOJ JEUCTBUEM CUJIBl TArO-
TEHUS APYroro JIBUXKYIIErocs Teia, a IMoJ
IEUCTBUEM LEHTPAJIbHOW CHUIIBI TATOTEHUA,
co3laBaeMOil HEKOTOPHIM HEMOIBUXKHBIM
HCTOYHUKOM, PACIIOJIOKEHHBIM B IIEHTpE
Macc CHCTeMbl. DTOT BOOOpaXaeMblii MCTOY-
HUK XapaKTepu3yeTcsd OmpeielleHHOM agdex-
TUBHOH Maccoit M b JleiCTBUTENBHO, IyCTh
r, ¥ r, 0003Ha4al0T PaCCTOAHMUA Tejl C Macca-
MU M1, U M, COOTBETCTBEHHO OT LIEHTPA Macc
cucrembl. Torna, o4eBHaHO, m,r, = m,r,, W,
ciaeposarenbho, r, + ry, = (1 + m/m,) r,.
ITociienHee cOOTHOIIIEHUE MO3BOJIIET BbIpa-
3UTh MPUJIOXEHHYIO K TIEPBOMY TEIY CO CTO-
POHBI BTOPOTO CHUJIy TATOTEHMs F| TONBKO
4epe3 pacCTOsiHUE 1| TEPBOIO Teja OT LEHT-
pa macc:

mm
Fl :—G1722_
(n+r)

__ mm, My
- 2 2 - 2 >
r-(1+my/my) n
3
m
e M,,, :722.

(my +my)

Takum 06pa3oM, B WHEpIHATb-
HOU cHCTeMe OTcyeTa JABUXEHHUe Tep-
BOro M3 Tej OyIeT B TOYHOCTH Ta-
KM, KaK ecjiid Obl Ha HEro IeiCTBO-
Bajla 00paTHO MPOMOPLHUOHAIbHASL
KBaJIpaTy pacCTOSHUA 1, OT LEHTpa
Macc cuia TArotenus F, cosnasae-
Masi HEINOABUXHBIM HMCTOYHHUKOM C
maccon M by & HE JIPYTUM JIBUKY-
muMcst TeoM. Kak Mbl 3HaeM, Ta-
KOe JBHXXEHUE MPOUCXOOUT B COOT-
BeTCTBUM C 3aKkoHamu Kermepa. Ana-

Fanpabuchue cunt imgaoierus, npunosennod
k kaggomy «z diec co cioponw gpyor, beerga
aporogudi tepey henoglugehud wetiif mace
cucmens..,

JIOTHYHBIE COOOpaxXeHUs MPUMEHHMBI U KO
BTOpOoMy Tenmy. OcTraercs JMIIb OKa3aTh, 4TO
KeIJIepOBbI JIBIXEHHS OOOUX Tesl MPOUCXO-
AT CUHXPOHHO IO TeOMETPUYECKH MOn00-
HbIM KOHUYECKHUM CEUeHHsIM, JIMHEWHbIE pa3-
Mepbl KOTOpPBIX 0OpaTHO MPOMOPLUUOHATHHEI
Maccam Ten. [locienHee yTBepXIeHUEe He-
MeIJIeHHO CcJieAyeT W3 COOTHOIIEHUS
m,r, +myr,=0 MexX1y panuycaMu-BeKTOpa-
MH TeJl OTHOCHTENBHO HEHTpa Macc, KOTO-
pOe CBSI3BIBAET MOJIOXKEHUS JBUXYIIUXCS Tell
B KaXIblii MOMEHT BpEMEHH.

B kakoii-nub0o WHOW HHEpIUaIbHON
CHUCTEeMe OTCYeTa, OTHOCUTEIbHO KOTOpPOii
HEHTP MAacC CHCTEMbl HAXOIWTCS B JBUXKe-
HUU, Tejla OMHCHIBAIOT 3aMbICTIOBAThIE BOJI-
HOOOpa3Hble WM MeTieo0pa3Hble TPaeKTo-
puu. TlpuMep Takoro OBMIKEHHUS! TMOKa3aH Ha

Pucynok 4. Tpaekmopuu komnomenm O060UHOI
36306l 6 NPOU3EOJILHOU UHEPYUATBHOU Ccucmeme om-
cuema. OOHOBPEMEHHbIE NOJOKEHUA MeS OMMEUEHbl
00uHaKo8viMu yugpamu. TOHKOU npAMOIL JuHUell NOKA-
3aHA MPAEKMOPUA YEHMPa Macc.
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I1. 3a0aua muo2ux mean.

MNawun cnocobom Guwu buepbue obrapyspenn
Geite KBk, .

pucynke 4. Kaxymadcsi CIOXHOCTh Tpaek-
TOPHI TTOPOXKIAETC 31eCh CIOXEHHUEM CpaB-
HHUTCJIIBHO HpOCTBIX HepI/IO)II/I‘IeCKI/IX KeIlie-
pOBbIX IIBI/I)KCHI/Iﬁ KaxXxXaoro m3 TeJI OTHOCHU-
TEJIbHO IIEHTPA MacC C PaBHOMEPHBIM Mps-
MOJIMHEUHBIM JABUXKECHUEM CHUCTEMBI KaK IIC-
JIOTO.

JIBoiiHag 3Be3ma Ha3bIBAETCS 6U3YAJIb-
HOUl JBOWHOM, €clii ee KOMIIOHEHTBhI HaXxo-
IATCAd Ha yFJ'[OBOM paCCTOHHI/II/I, JOCTATOYHOM
Ui UX paspelieHus (pasjieabHOro HabJIo-
JEeHHUsI) C IOMOIIBI0 ONTHUYECKOIO TeIeCKOo-
na. M3Mepss nepuoa oOpailieHust U pasmep
Op6I/ITBI OTHOCHUTEJIBHOI'O JABUXKEHUS, MOXHO
OmnpeneuTh CyMMy Macc KOMIOHeHT. YTto-
6]31 OHpeI[eJ'[I/ITb MaCCBhbl OTACJIIBHBIX KOMIIO-
HEeHT, HYXHO W3MEpHUTh OpOWTHI, OMHCHIBAC-
MbI€ UMHU OTHOCHUTECIIBHO HCHTpa Mmacc. B Ha-
CTOod1Iece BpeMﬂ HN3BECCTHBI THICAYU BI/I3yaJ'Ib-
HBIX JBOHHBIX C TIepHOiaMH OOpalieHus OT
HECKOJIBKHUX JIET 10 MHOTUX TBICAY JICT.

3Be30y Ha3bIBAIOT ACHIPOMEMPULecKoil
JIBOMHOM, KOIJla CBEYEHHE OJHOM M3 €€ KOM-
IIOHEHT CIIMIIKOM ciiaboe s HaOIroaeHud
B TEJIECKOII, a O €€ MPHUCYTCTBUU MOXHO Cy-
IUTH I10 CJ'[O)KHOMy JABUXCHUIO BPI):[I/IMOﬁ KOM-
ITIOHCHTHBI Ha (bOHe JAIICKUX HCEITOABUXKHBIX
3Be31. TakuM criocoboM ObLIM BIEpBble 00-
HapyXeHbl Oesble Kapiuku — KOMIIAKTHBIE
3BC3HBIC O6’LCKTLI, BO3HUKAKIINE KaK KO-
HEYHBIN IPOAYKT ®BOJIOLMHU 3BE3J CPaBHU-
TENbHO HeOOJBIIOW Macchl. B yacTHOCTH,

CJI0XHasi BOJHOOOpasHast tpaekropusi Cupu-
yca, U3MEPEHHAad [0 OTHOLIEHUIO K JAPYIrUM
3Be311aM, CBUIETE/ILCTBOBAIA O MPHCYTCTBUU
HEBUAWMOTO CITyTHUKA, KOTOprﬁ BIIOCJIEA-
CTBUU YIQJIOCh 3aperucTpPUpPOBATh U OITH-
YECKUMHU CpPEIACTBaAMU.

B cnekmpockonuueckux NBOHHBIX 3Be3-
Jax KOMIIOHEHTbI HACTOJIBKO 6.HI/I3KI/I, qTo
OOBIYHO HE TOIIAIOTCS pa3iesIbHOMY HaOIio-
JEHUIO B ONITHYECKUM TEJIECKOII, HO HUX OT-
HOCUTEJIbHOEC JIBHUXKEHHUE MOXKHO 3aperucTtpu-
poBaTthb MO MNEPUOAUYCCKHUM H3MCHCHHAM B
CIEKTpe W3IydyeHUs. Bapuanuu cniekrpa Bbl-
3bIBAIOTCA OOIIVIEPOBCKUM CIABUTIOM CIIEKT-
PaIbHBIX JIUHAR. DTOT CABUI' BOSHUKACT TOI-
la, KOrja B MEPUOANYECKOM OTHOCHTETHHOM
ABUXCHHUU OTJIMYHBI OT HYJIA IMPOCKIHU CKO-
pocTeil KOMIIOHEHT Ha HarpaBslIeHHe Jyda,
pacrpocTpaHnsiolerocss B Cropony 3emuu. B
MOCJISAHUE TOJBI TaKMM CIOCOOOM yIamoch
0OHApYXUTh B Haiedl ['ajlakTHKe MHOXECTBO
3Be3[ ¢ OOpAaIlalIIUMUCS BOKPYT HHX Mac-
CHBHBIMU IIVITaHETaAMU.

ILTAHETA
B CUCTEME JIBOIHOM 3BE3/IbI

Hamra 3emid BXOOUT B MJIAHETHYIO CH-
cTeMy OAMHOYHOU 3Be3npl — CoJHLA, MpH-
yeM 11aHeTsl COJTHEUHOM CHCTEMbBI HaXOHT-
cd OIHA OT JAPYrOM Ha JOCTATOYHO OOJBIINX
paccTodHHuaX. Macchl IJIJaHET HAMHOIO MEHb-

AHoero gymaiis, wio pagbaiiae gubucuzanua ha
avanede, brogaued b cacieny glodnod ezgw,
wpoucrogune Gi megaehnee, wem Aa Senae...
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e Macchl LeHTpanbHoro tena — ConHIA.
Bnarogapss ®TUM OCOOGEHHOCTSIM CTPOCHUS
COJIHEYHOM CHCTEMBI JIBUXEHHUE IUIAaHET B
[JIaBHBIX YEpTaxX OKa3bIBAa€TCd BECbhbMa IIpoO-
ctbiM. OCHOBHOE BJIMSIHAE Ha JBMXEHHE KaX-
JOM W3 IUIaHeT OKa3bIBaeT CHJIa TATOTEHHS
ConHila, a BIUSHUEM TATOTEHHS JIPYTHX IUTa-
HET B IEPBOM HPHUOJIMXEHUH MOXHO IIpe-
HeOpeub. [ToaTOMYy € XOpoIlleil TOYHOCThIO
JBUXEHHE IIJIAHET ONMCHIBAETCS 3aKOHAMU
Kemnepa. Kak pe3onHo ormeuaer B.B. be-
nenkuii B KHure «O4epkud O JABUXEHUU KOC-
MHYECKUX Tes» (u3garenbcTtBo «Haykar,
Mocksa, 1977), B 9TOM OTHOIIEHUH YeJIOBE-
YECTBY IOBE3JIO: 32 CPABHUTEJIBHO KOPOTKUU
CPOK €My YAalloCh, BO-NEPBbIX, MOCTUYb 3a-
KOHBI JBUXeHus miader (Kemiep) u, Bo-BTO-
pbix, 00BbiICHUTh UX (HbIOTOH).

Bonpimoe uwncio 3Be3n B I'amakTuke
NpeAcTaBiIgeT COO0H KpaTHbIE CUCTEMBI —
IBOMHBIE U TPOUHBIE, B OTJIMYME OT OAMHOY-
HBIX 3Be3J, MojoOHBIX HamieMy CoJHIY.
KommioHeHThl ABOMHON 3Be31bl MOJ ACUCTBU-

€M CHJI B3aUMHOIO TITIOTE€HUS COBEPLIAIOT
opOuTATbHBIE BUXKEHUS BOKPYT LIEHTpa Macc
10 TEOMETPUYECKH MOJMOOHBIM BJUTUITHYEC-
KUM (WIM KPYTOBBbIM) KEIUIEPOBBIM OpOUTaM.
B cucreMe KpaTHbBIX 3BE3l TakXe BO3MOXHO
CyLLECTBOBAHUE IUIAHET, B TOM 4YHUCJIE U C

Pucynok 5. Tpaexmopua naanemst P,
obpawaroweiica 6okpye 0OHOI U3 KOMNOHEHM
(S,) osounon 3ee306 S,— S, Cogenadarowue
yugps. coomeemcmeyiom 00HO8PEMEHHBIM
NOJOKEHUAM MeL.

YCTOWYMBBIMU OpOuTaMu. TpaeKTopuM TaKux
iaHeT OyIyT OYeHb CIIOXHBIMU. PUCYHOK 5
JaeT TpHMep BO3MOXHOrO IBUXEHHUS IUIa-
HeTbl, oOpamawIneics BOKPYr OJHOU H3
KOMIIOHEHT JBOHHOM 3Be3upl. Ilo Habsome-
HASIM 3a TaKMMH IUTaHEeTaMHd ObIIO OBI CO-
BCEM HE IPOCTO BBIIBUTh 3aKOHOMEPHOCTHU
UX JBUXEHHH, U yX COBCEM TPYIAHO OBLIO
OBl TIOHSITh, YTO BTH 3aKOHOMEPHOCTH 00YC-
JIOBJIEHBI IPOCTBIM 3aKOHOM IPUTSXEHUS
IJTAaHETHl K KaxXJoW u3 3Be3d. MoxXHO ay-
MaTh, YTO Pa3BUTHE IUBWIM3ALMU HA IUIaHE-
T€, BXOIAILEN B CHUCTEMY ABOMHOW 3BE3IbI,
POUCXOAUIo Obl MejjicHHee, 4eM Ha 3eM-
Jie, TaK KaK TaM Y4YeHble HAXOIWIIUCh OBl B
3HAYUTEJIBHO XYIIIMX YCJIOBHUSX IJIs IO3HA-
HUs 3akoHOB [lpupossl. 3eMHOMY 4elioBe-
YeCTBY yIaJIOCh CPABHUTEIBHO OBICTPO IIPOMTH
BTOT TSKKMHA IyTh IMO3HAHUS.

Boisiee toro, MoxHo 6e3 0OO0JbIION
UPOHUU TPEIIOJIOKUTh, YTO OTKPBHITHE 3a-
KOHAa BCEMHUPHOIO TITOTeHHs ObUIO Obl Ha-
MHOTO 6oJiee TPYIHBIM JeJIOM, €ClTi Obl BCKO-
pe mociie ycraHoBieHus: KerjiepoMm 3aKoHO-
MEPHOCTEN IUTAHETHBIX IBUXEHUN MOSBUIINCH
Obl naHHbIe OoJiee TOYHBIX ACTPOHOMHYEC-
KUX HaOJIIOJIEeHUH 10 CpaBHEHHUIO ¢ HabJII0-
nenusimu Tuxo Bpare. B camom xene, B 6o-
Jiee TOYHBIX HAOMIOJEeHHSIX C Heu30eXHOC-
ThIO OOHAPYXWJIHUCH OBl OTKJIOHEHHS OT 3a-
koHOB Kemepa. DTy cTpaHuUIly B HCTOpUU
HayKM MOXHO paccMaTpUBaTh KaK CBUJIE-
TEJILCTBO B TI0JIb3Y NapaJlOKCAIbHOTO YTBEp-
XIEHUS, YTO yBEJIMYEHUE TOYHOCTU BKCIIe-
PUMEHTAJIbHBIX JTaHHBIX, JOCTUTHYTOE CIIHIII-
KOM PaHO, MOXET CTaTh TOPMO30M IIPOrpec-
ca B Hayke. ['eTe B CBOMX 3aMeTKax IIOJl Ha-
3BaHMeM «Pa3MblIlUIEHUs] B JiyXe CTPaHHHU-
KOB» IIHIIET, YTO 3amac HaOJIoJeHUNd IpH-
HOCHUT HayKe CHauaja I0Jjib3y, IOTOM Bpe,
TaK Kak Oyarojaps MHOXECTBY HaOJIOICHUI
3aMeyYarT HE TOJIbKO IMPaBHJIO, HO TaKXe
UCKJIIOYCHHMSI, @ UCTUHY KaK CpellHee MeX]y
HUMU HE BBHIBEIEIID.

Ecnu Macca miaHeTsl MHOTO MEHbIIIE
MacC KOMIIOHEHT JIBOMHOM 3BE3[Ibl, €€ BIIU-
HUEM Ha IBUXEHHE DTHX KOMIIOHEHT MOXHO
npeHeOpeub. B TakoM cityyae MbI 31€Ch UMe-
€M JIEJIO C 02PAHUHEeHHOU 3adauell mpex meJ,
KOrja KOMITIOHEHTBI JIBOMHOW 3Be3Ibl 0Opa-
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ﬂeumeuuﬂ KocmMuueckux meji 6 KOMNolOmMEPHbLX MO0eNAX.

I1. 3a0aua muo2ux mean.

Ronerno, geao zgecs we iiontnco b
mademadiaeckod caoghocdin agau, #o « b
UckwotUienthod Caoehociin camuy glaerud...

IIAI0TCS BOKPYT LIEHTpa Macc MO Kermiepo-
BBIM OBJUIAIICAM TOJIKO TOJ JEeWCTBHEM CHII
NPUTSKEHMS APYT K Apyry (KaK B 3amade ABYX
Tela), B TO BpeMs KakK JIBUXEHUE IJIaHEThI
ompesiesisieTcsl CUIaMH MPUTIXeHus 00enx
3Be31. B MaremaTHueckoM OTHOIIEHUM Jaxe
OTpaHMYCHHAs 3ajavya TpeX Tel Ype3Bbluaii-
HO TpYIHA, U B 0OIIleM cilyyae He UMEeeT aHa-
JUTHYECKOTO pelieHus. HpyruMu cIoBamu,
He CcymecTByeT (hOpMYI, MPeICTABISIONINX
JBUXKCHHME IUTAHETHl U IMO3BOJISIOIIMX BBIUKC-
JUTH €€ MOJOXEHHUEe B MPOCTPAHCTBE MpPH
MPOU3BOJIPHBIX HauyaJIbHBIX YCJIOBUSX, He-
CMOTpsI Ha TO, YTO 3BE3/Ibl ABUXYTCS IO MPO-
CTBIM KeIIepOBbIM ayTurcam. KoneuHo, nemo
3leCh HEe TOJbKO B MaTeMaTH4eCKOW CIOX-
HOCTH 3aJlaui, HO U B UCKJTIOYMTENTLHOHN CITOXK-
HOCTH CaMUX JIBUXEHHH. MeXIy Tem, IpH
YUCJIEHHOM peIlleHUH TaKOH 3amadyu HUKa-
KUX MPUHIUIHAIBHBIX MaTeMATUYeCKHUX 3aT-
pyOHEeHHI He BO3HUKAaeT. 3agaya Tpex Tell
YHCIIEHHO pellaercd TakK Xe MpPOCTO, KaK U
3ajava JIBYX Tell; JIUIb yBeJTMUUBaETCs 00beM
HEOOXOIUMBIX BbIYMCeHUI. OIHAKO Clieay-
€T UMETh B BUIY, YTO YHCIIEHHBIE METOIBI
Janeko He BcecWNbHBI. [Img pacuera JIBHXe-
HUS U TIpeICKa3aHus TOJOXEHUs ILJIaHEeThI
yepe3 OOJBLION MPOMEXYTOK BPEMEHH Tpe-
OyeTcd odeHb TOYHO 3HATh ee HayaJbHOE CO-
crosHre. M1 Ttem Oosiee YKMCIEHHBIE METOJIbI
He IO3BOJIAIOT M3y4yaTh Haubojiee oOIIHe
CBOWCTBA JIBUXXCHHMI HeOECHBIX Tel.

3agaya Tpex Tel BO MHOTHX Kypcax
MEXaHUKU IPUBOIAUTCS KaK IPUMEp upes-

BBIYAMHOMN CJIIOKHOCTA BO3MOXHBIX HBHXKE-
HUU B MEXaHHUYECKUX CHUCTeMax, MOTYUHSIO-
IMXCS MPOCTBIM U TOYHBIM 3aKOHAM (PH3H-
ku. OpHako eme co BpeMeH Jlarpanxa Xo-
pOILIO H3BECTHO, YTO JUIS HEpa3pelruMoil B
o0IeM ciyvyae 3alaydl MHOTHUX TeJl CyIie-
CTBYEeT HECKOJIbKO YacCTHBIX pPELIEHH, OIH-
CBHIBAIOIIMX MPOCThIE KEIJIEPOBbI JABUKEHUS
Ten, BXomdumx B cucrtemy. llopasurensHo,
YTO KOHEYHOE MHOXECTBO HEOXUAAHHO TPO-
CTBIX JBUXXEHUH, OMMCHIBAEMBIX JIarpaHXe-
BBIMHU DpeEIICHHSIMH, BbIAgaeT U3 OeCKOHeY-
HOTO pa3HO00Opa3us HEeOOBIYAHHO CJIOXHBIX
ABUXEHMI, XapaKTepHbIX Uid OOIIero ciy-
yaq 3ajaud Tpex Ted. M 3Tu mpocTeie IBH-
KEeHUsT HECOMHEHHO IOJIXHBI NOMYyCKaTb B
paBHOU Mepe mpoctoe uznveckoe 00bsc-
HEHUe.

B cepre3nbix Kypcax HeOecHOU Me-
XaHUKU TPOCThIE PE3ylbTaThl, Kacaroluecs
TaK Ha3bIBACMBIX JIArPaHXEBbIX TOYeK JIHO-
paiuy, TOSBIFIOTCS W3 HArPOMOXIEHHS Uy-
JIOBUIIHO CJIOXHBIX (popMys, U MOTOMY He
INPUHOCIT 3CTETUYECKOIrO YAOBJIETBOPEHUS:
MBI BIIpaBe OXHIATh, YTO MPOCThIE U Kpacu-
BBIE PE3YNIbTAThI 3aCIYyXUBAIOT CTOJIb X€ TpO-
CTBIX U SCHBIX CIOCOOOB WX MOJYYCHHUSI.
Huxe MbI mpemiaraeM mpocToe (hU3HMYecKoe
00bsICHEHHE M3BECTHBIM TOYHBIM YaCTHBIM
pEIIeHHsIM 3a1adyl MHOTUX Ten. Mbl yTBepXK-
JIaeM, YTO B TeX CIydasix, Korga ABHUXKEHHS
OTHENIbHBIX TeJl, CBI3aHHBIX T'PABUTAIIMOHHBI-
MU B3aUMOJEUCTBUSIMH B CHUCTEME MHOTHX
TeN, TMPOUCXOAAT BHOJIb KOHHYECKHMX Cede-
HUI, KaXIoe M3 TeJl MOXHO paccMaTpuBaTh
KaK JBHUXYIIeecsd He MOoJ IelCTBUEM He-
CKOJIBKUX CHJI TATOTEHHS, CO3IaBaeMbIX JIpYy-
TUMHM JBHXXYIIUMUCS TETaMu, a MOJ JAeHCTBU-
€M EIUMHCTBEHHOU UEHTPAIBHON CHJIBI THATO-
TEHHs, CO3[JaBaeMOil HEKOTOPHIM HEMOABUX-
HBIM HCTOYHHUKOM, PACIOJIOXEHHBIM B IIEHT-
pe Macc cucrembl. Cuia TITOTeHHs] YObIBaeT
00paTHO TPONOPIUOHATFHO KBagpaTry pac-
CTOSIHMST OT TaKOro BOOOpaxxaeMoro Toyed-
HOTO HMCTOYHUKA, XapaKTepuzyemoro agdex-
TUBHOH Maccorl M, e IIpu BhIOIHEHUM OII-
peneneHHbIX ycnoBuil 3¢heKTHBHOE TpaBH-
TAallMOHHOE TI0JIe, AEWCTBYIOIIEee Ha KaxXIoe
U3 TeJl CHCTEMbl, MOXET OBITh CTaluoHap-
HBIM, HECMOTPS Ha TO, YTO CO3HAETCH 3TO

INPEAMETHOE OBYYEHUE
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roJie JIBUXKYyIIUMHUCS Tenamu. Takoil moaxon
ObLT MPOWJUTIOCTPUPOBAH BBILIIE Ha TpPUMEpe
CUCTEMBI JIBYyX TeJ.

AHanu3 TOYHBIX YACTHBIX pelIeHUi
3aJla4yd MHOTHX T€JI MBI HAYHEM C IpOCTeil-
IIero MpuMepa CUMMETPUYHON CHCTEMBI TpeX
TeNl B KOJUIMHEAPHOW KOH(UTIypaIuu.

KOJUIMHEAPHASA CUMMETPUYHAA
CHUCTEMA TPEX TEJ

Ilyctb aBe mwianeTsl A U B UMEOT Oau-
HAaKOBBIE MacChl, U B HA4aJbHbII MOMEHT
PacnosIOXEHbl Ha OJMHAKOBBIX PAacCTOSHU-
49X OT 3Be3lbl S Ha ONHOW MPIMOM CO 3BE3-
JO C ITPOTUBOIIOJIOXKHBIX CTOPOH OT Hee (CM.
JIeBYI0 4YacTh pucyHka 6). Eciau mpu aTtom
CKOpPOCTH IUIAHET PaBHBI U HaIIpPaBJIE€HBl B
IIPOTUBOIIOJIOKHBIE CTOPOHBI, TO, KaK JIETKO
BUIETb, CUMMETPUYHOE B3aMMHOE PacIIOo-
KEHHE BCEX TPEX TeJl TaKOW TUIIOTETHYEC-
KO IJIAaHETHOH CUCTeMbl OyIeT COXpaHSTh-
CA U IIpU IOCIEAYIOIIEM [IBUXEHUH.

IToxaxeM, 4TO ABUXEHUE IUIAHET IIPU
aTOoM OymeT KermiepoBbiM. LleHTp macc cuc-
TEMBI B HAYAJIbHBIIi MOMEHT HAXOAUTCS B LICH-
Tpe 3BE3/bl, U IIPU PABHBIX M MPOTHUBOIIO-
JIOKHO HATPaBJIEHHBIX CKOPOCTSIX IUIaHeT Oy-
JeT OCTaBaThCs TaM U B jaanbHeimeMm. Cuna,
JEUCTBYIOIAs Ha KaXOyl0 M3 IUIAHET, CKJla-
JBIBAETCH U3 IPUTSKEHUS K 3BE3l€ U K ApY-
roil minanere. Dra cymMmapHasg cuia Oyuer
LEHTPAIBHON (HANPaBJIEHHOM B KaXIblil MO-

. cummediparioe bzaunmpoe pacnoorenue beex
wpex ien inakod
cucimemss Cygein CoXpaksnicH & npi
nocaegywuen glasenu...

nemuteckod naakemhod

MEHT K ILIEHTPY 3Be3MIbl), a €€ BeluduHa Oy-
AeT o0paTHO NPONOPIMOHAJIbHA KBaJpaTy
paccrosiHus 10 3Be3bl. B camom 1ere,

mM+G mm __
r? 2r)?
=Gm(M+m/4)‘

2
7

B sroil ¢opmyne M — macca 3Be3lbl,
m — Macca KaxJIo# U3 IUIaHeT, 7' — PaccTosl-
HUe oT 000l M3 maHeT 1o 3Be3nbl. M3 Ta-
KOT'O BBIPAXEHUS [UISl CUJIBI CIIEIyeT, YTO JABHU-
KeHHe KaxXIoW M3 IUIaHeT OyoeT MpOoUCXo-
IOWUTh 1O KeIUIEPOBY BJUIMIICY TaK, KaK €ciH
Obl TUIaHEeTa MPUTATUBAIACH TOJIBKO 3BE3HOMH,
HMEIOLLEH Maccy MWM, =M + m/4, u He Uc-
IbIThIBaa Obl HUKAKOTO BO3MYIIEHHS CO CTO-
POHBI BTOpOi IutaHeTel. [lnaHeTsl B Takoi
CHUCTEME JIBUXYTCS MO OJUHAKOBBIM BILIHII-
caM ¢ oO0muM (POKycoM B LIEHTpPE MAacc CHUC-
TEMBI, HaXOISICh B KaXJbli
MOMEHT Ha MPOTHBOMOIOXK-
HBIX KOHLAX OTpe3Ka, IMpo-
XOZALIEro yepe3 3Be3ny. Dil-
JIUNTHYECKUE OPOMUTHI IUIAHET
MOKa3aHbl XHUPHBIMU JIMHU-
SMH B JIEBOM 4acTH PUCYHKa

F=G

PucyHok 6. Kensnepoevl Osuskenus, onucviéaemvie mou-
HbIM YACMHBIM pelleHUem 3a0aqu mpex men (CUMMEMPUiHOe
PAcnoNoX)eHue 00OUHAKOBbIX MACCUBHbIX naaHem A u B omnocu-
menbHO 36€30bl S), 6 cucmeme omcuema yeHmpa macc (caesa)
U cucmeme omciema, C6A3AHHOU ¢ naanemoun B (cnpasa).

6. TOHKUMH JTHHUSIMHU TTOKa-
3aHbl HEBO3MYIIEHHBIE Op-
OUTHI, 1O KOTOPBIM Kaxmad
W3 IUTAHET JBHraach Obl (OT-
HOCHUTEJILHO 3BE3JIbI) TOJIBKO
MOJ IEUCTBUEM TPUTSKEHHUS
3BE31bI, TO ECTb €CIIU ObI BTO-
pas TulaHeTa BHE3aIllHO WC-
yesna. DTH OCKYJIUpYLIue
OJUIMIICHI, Kacawlecs Aei-
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Pucynok 7. Heycmoiiuugocms Oguske-
HUA 8 CUMMEMPUYHOIL KOJJIUHEAPHOU KOHPU-
2ypayuu, pa3euearouaica npu HUYMOKHOM
HepageHCcmee HauabHblX PACCMOAHUIL NIAHEM
A u B om 36e300bt S.

CTBHUTEJIbHBIX OpOWT, TOKa3aHbl Ui IepHUre-
JueB A u B (TONMBKO 4YacTH DJUTUIICOB) U JJIS
Touek A" m B', pacrnonoxeHHbIX ONIuXe K
adpesIusIM JTeUCTBUTENIBHBIX OPOUT (LIeJIble BJI-
nuricel). B mpaBoii yactm pucyHka 6 moka-
3aHbl TPAEKTOPUU 3BE3bl S U IJIaHETHI A B
CUCTEME OTCUEeTa, CBSI3aHHOM C IIaHeToH B.

PaccmaTpuBaemasi cucrema WUTIOCTPHU-
pYET YacTHBIM Cilydail OHHOTO W3 JIarpaHXe-
BBIX TOUHBIX PEILIEHUH 3amayu Tpex Tesl, KOr-
Ja 3Be3a S HaXOIUTCS BO BHYTPEHHEH KOJ-
JIUHEAPHOW TOYKe JIMOparu ABYX MacCHUB-
HbIX Ten A u B.

CummerpuyHas KOH(UTypalus CHUCTe-
Mbl COXPaHSEeTCS NpPU IBUXKEHUU TeNl JIUIIb
[pU YCIIOBUH, YTO HayalbHbIE CKOPOCTH ILIa-
HET OTHOCHUTEJIbHO 3Be3[bl B TOYHOCTU pPaB-
Hbl 110 MOAYJIK U MPOTUBOIOJIOXHO HAIpaB-
neHbl. Eciiu Xe 3TO yclloBUE HEe BBIIOJIHEHO,
WIN HaYaJIbHbIE PACCTOSIHUS IUIAHET OT 3BE3-
Ibl HE TOYHO PaBHbI, WM TPU Teja HE JieXaT
TOYHO Ha ONHOH MpSMOH, TPaeKTOpUM ILIa-
HET PaHO WIM IO3QHO HAYHYT OTKJIOHSITHCS
OT KEIUIEPOBbIX BJUIMIICOB, U 3TH OTKJIOHE-
Hus OymyT TporpeccuBHO Hapacrtath. Yepes
HEKOTOPOE BpeMs ABUXKEHUE CUCTEMBbI CTa-
HOBUTCSl HEPETyJSIPHBIM M OYEHb CIOXHBIM.
DTO 3HAUUT, YTO MEPUOOUYECKOE HBUXEHUE
CHCTEMBI, OINHUCBHIBAEMOE PACCMOTPEHHBIM
YACTHBIM pELLUEHUEM 3aJlayll TpeX Tesl, Heyc-
TOHYMBO. PUCyHOK 7 WUIIOCTPUpPYET 3Ty He-
YCTOMUMBOCTh Ul Ciy4das, KOrga HaydalabHbIe
paccTosiHUd I1aHeT A U B oT 3Be3nsl S ciier-
Ka OTJIMYAITCS.

XOPOBOJ OJNMHAKOBBIX «ILTAHET>»

Tounble pemieHus 3agaydl MHOTHX Tell,
OIHCHIBAIOINIME TIEPUOANYECKHE IBUXKEHUS TI0
KeIuIepoBbIM OpOUTaM, aHaJOTHYHbIE pac-
CMOTPEHHOMY BBIIIE MPUMEPY, CYIIECTBYIOT
TaKXe Ul TMIIOTETMYECKMX CHCTEM M3 He-
CKOJIbKMX OJMHAKOBBIX T€1 B PaBHOCTOPOH-
Hell KOH(UTrypauuu, OKPYXamIIUX LEHT-
pansHOe Teno. Ipencrasum cebe, 4To n «Ia-
HEeT» C MPOU3BOJILHO OOJBIIUMU, HO PABHbI-
MH MaccaMH pacIlOJIOKEHbl BO BCEX 7 BEp-
IIMHAX MPaBUJIBHOTO (PaBHOCTOPOHHETO)
MHOTOYIOJIbHHKA, W €lIe OOHO TeNOo («3BE3-
Ja», Macca KOTOPOM MOXET OTIMYaThCad OT
Macc «IJTaHEeT») HaXOOUTCd B LIEHTPE 3TOrO
MHOTOYTOJIbHUKA.

O4eBHIHO, YTO B TaKOH CHUMMETpHY-
HOM KOH(UIYypalMu IIEHTPAIbHOE TEJIO Ha-
XOJIUTCS B PABHOBECHU TOA JAEUCTBHEM CHJI
TATOTEHUS, MPWIOXKEHHBIX K HEMY CO CTO-
POHBI BCeX OKpyXamimux Ten. M3 cummer-
PUU CHUCTEMBI SICHO, YTO pe3yJbTHpYIOIIas
CWia TATOTEeHUS, MPUJIOXEHHad K JII00oW U3
«IIJIAaHET» CO CTOPOHBI LIEHTPAJIHHOTO Teja
(«3BE30BI») U BCEX OCTAIBHBIX «IIJIAHET,
HampapjieHa K LEHTPY cHUcTeMbl. BenuunHa
DTOU CHIJIBI 0OPAaTHO MPOIOPIMOHATBHA KBaJ-
pary paccTOsiHMS OT LEeHTpa (WM BooOlIe
KBaJpaTy JI000ro JMHEHHOro pa3Mepa MHO-
TOYrOJIbHUKA, HallpuMep, IJTUHBI €T0 CTOPOH).

[IosToMy B Takoi cuUCTEME OIUHAKO-
BbIE «IUIAHETBl» MOIYT, COXPAHSAS PAaBHOCTO-

e 2 Wanakensn

.. pacwosozgetio
bo beer w bepuatar upaluinoso

(tabrocimoporness) mnotoyronihara...
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POHHIOIDO KOH(UTypalrioo, CHHXPOHHO JBH-
raTbCd BHOJIb PABHBIX KEIUIEPOBBIX OJUIUII-
COB (WIM JlaXxe BIOJb OTKPHITHIX Mapabosu-
YEeCKMX WIH THNEepOOIMYECKHX TPaeKTOpHUIA)
c obumM (POKYCOM B IIEHTpe «3Be3dbl». s
9TOr0 HEOOXOAWMO JIUIIb, YTOOBI HAYaIbHbBIE
CKOPOCTH BCEX <«IUIaHET» OBUIM OIMHAKOBBI
U HAIpPAaBJIECHbl IIOJ PaBHBIMU yIJIaMU K CO-
OTBETCTBYIOIIIUM pajuyCcaM-BEKTOPAM.

B uyactHOCTH, «IUTaHETBI» MOIYT PaB-
HOMEPHO [BUTATbC 110 OAHOU U TOU X€ Kpy-
rooii opbute (B KOTOpYyl BIHCaH oOpa3ye-
MBIA UMU MHOT'OYT'OJIBHUK ), HAXOISICh HA paB-
HBIX PACCTOSHUSAX OjHAa OT Jpyroil. B srom
CJIy4yae MHOTOYIOJIBHUK C «IUIAHETaMHU» B BEP-
IIMHAX PAaBHOMEPHO BpAILAETCA BOKPYI LEH-
Tpa. Ilpu JABUXEHUU «IUIAHET» MO BJUIUIITH-
YECKUM TPAEeKTOPHAM YINIOBasg CKOPOCTb MHO-
TOYTOJIbHMKA MakKCHUMalbHa B MOMEHTBI, KOIZa
«IUIAHETBI» OJHOBPEMEHHO IIPOXOHAT 4YEpPE3
nepurenuu ceoux opout. [Ipu TakoMm Hepas-
HOMEPHOM BpAILEHUM MHOIOYIOJIbHUKA [UIH-
Hbl €r0 CTOPOH INEPUOAUYECKU U3MEHSAIOTC.

7

N

Pucynoxk 8. Ilepuoouueckue xenneposst 0suskenus oou-
HAKOBBIX MACCUBHBIX «NAAHEM» 6 PAGHOCINOPOHHUX KOHpU2Y-
PayuAx, OnuUcviéaemvlie MOUYHLIMU YACHHLIMU DEUEHUAMU 3a-

oauu MHO2UX meJ.

N
Ar =y

T

B BepxHeii yacTu pucyHKa 8§ mMmokasa-
Hbl MPUMEPHl TAaKWUX TOYHBIX pelIeHUU s
cucteMbl Tpex (cjieBa) M 4eTbIpex (crpasa)
«mwianeT». [Ipu ABUXEHUU MO BIUIAIICAM B
KaXIplii MOMEHT Tella HaxXOIdITCI B BepIIH-
HaX COOTBETCTBEHHO MPABUJIHBHOTO TPEYIroOJib-
HUKa W KBajipaTa. TOHKHUMH JIMHUSIMHU TIOKa-
3aHbl HEBO3MYILIEHHbIC OPOUTHI, 1O KOTOPHIM
Kaxjas U3 «IUIaHeT» IBUIrajach Obl MOJ Jeii-
CTBHEM CHJIBI TITOTEHHS OIHOM JIUIIbH «3BE3-
Ibl», €ClI Obl OCTaJIbHbIE «IUIAHEThI» BHE-
3aITHO MCYe3/d (OTHOCHUTENIBHO IIEHTpa Macc
OCTaBIIUXCI NIBYX TeJl). DTU OCKYJIHUPYIOIIIHe
BIUTUTICHI TIOKA3aHbI JUIS [IEPUTETUEB NeHCTBH-
TENIbHBIX OpOUT U g Touek A, B, C (u D).
HecoBnaneHue HCTUHHBIX TpPAaeKTOpUH (110-
Ka3aHHBIX XUPHBIMU JIMHUSIMU Ha PUCYHKE
8) ¢ OCKYIUPYIOIIMMHU 3ITUIICAMU SBHO TIO-
Ka3bplBaeT, 4YTO B JAHHOW MOJENTU MacChl
«TUTAHET» COTIOCTaBUMBI C MAcCOW «3BE3IbI»,
TO €CTh 3/IeCh MBI IMEEM JIENIO C HACTOSIIEH
3ajayeil MHOTHX Tejl, a He C TPUBHAIbHBIM
cllydyaeM HECKOJIBKUX CIYTHMKOB IpeHeOpe-
KHMO MaJIOW MAaCCHI.

B HuxHe# yactu pu-
CyHKa 8 TMOKa3aHbl aHATOTHY-
HbIE JBUXEHHUS B CHCTEMax W3
IIECTH U BOCBMH «IUIAHET» B
CUMMETPHYHBIX PaBHOCTOPOH-
HUX KoH(purypauusx. ToHKu-
MU JIMHUASIMHA TIOKa3aHbI HEBO3-
MYILEHHbIE OPOUTHI, TI0 KOTO-
PBIM JBUTAIUCh OBl BOKPYT
«3Be3Mbl» OTHAENbHBIE «IUIaHe-
TBI» B OTCYTCTBHE JIPYTUX
«I1aHeT». B ominune ot Bep-
XHEH 4YacTu pucyHKa 8, 3mech
OCKYJTUPYIOILIHE BIUIHIICH CO-
OTBETCTBYIOT CHCTEME OTCue-
Ta, CBI3aHHOH CO «3BE3I0U»,
a He C IIEHTPOM MacC CHUCTe-
MBI JBYX TeJl.

3aMeyaTenbHO, YTO
paccMaTpuBaeMble 31ech TOY-
HbIEe pelIeHHus 3aJadyd MHO-
TUX TeNl CYIIECTBYIOT U TOT-
Ja, Korma macca LEeHTpasib-
HOTO Tella paBHA HYIO. DTO
3HAYUT, YTO CHUCTEMa OJUHA-
KOBBIX «IJIAHET», HaXo.nd-

%
TN
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ﬂeumeuuﬂ KocmMuueckux meji 6 KOMNolOmMEPHbLX MO0eNAX.

I1. 3a0aua muo2ux mean.

IIUXCSI B BEPIIMHAX TMPABUIBHOTO MHOTO-
YIOJIbHUKA, MOXET COBEpIlaTh TaKOW BeJu-
KOJIEIHBIA XOPOBOI IOJ NEHCTBUEM CWII B3a-
UMHOTO TIPUTSKEHUS U B OTCYTCTBUE «3BE3-
ael». [Ipu 9TOM Kaxmoe W3 TedT IBUXETCS
Mo IEHCTBUEM CHWI TITOTEHHUS (TIPUIOXEH-
HBIX K HEMY CO CTOPOHBI JPYIUX ABVKYIITUX-
cs TeN) Tak, KaK eciv Obl Ha Hero JIeicTBo-
Bajla €IUHCTBEHHad ILIEHTpajbHad cwuia, CO-
3MaBaeMas HEeIMOABUXXHBIM TOYEUHBIM HCTOY-
HUKOM, PAacCIOJIOXEHHBIM B IIEHTPE CHUCTe-
Mbl. B 4YacTHOCTH, TpU OAMHAKOBBIX TeJja,
HaxXOJINNECs] B BEPIINHAX MPAaBUIBHOTO Tpe-
YyrOJIbHUKA, MOTYT CHHXPOHHO OITHCHIBATH
KOHIPYSHTHBIE 3JUIMIICHI, OOJIbIIIME OCH KO-
Tophix o6pasyior yriel B 120°. B Bepxuei
yacTH pPUCYHKa 9 cijieBa IOKa3aHbl OPOMTEI
Ten A, B u § oIMHAaKOBOM Macchl B MHEPIU-
AJIbHOUM CHUCTEME OTCYETa, CBSI3aHHOM C IIeH-
TPOM Macc, a ClipaBa — B CHUCTEME OTCYETA,
CBSI3aHHOUN ¢ ogHMM U3 Ten (S).

Pucynok 9. Kennepoguvi 06uskerus 0OUHAKOBbIX Mesl 6
pasHocmopoHHell kongueypayuu. Tpaekmopuu men nokasa-
Hbl 6 cucmeMme Omcyemd, CEA3AHHOU C YeHMpPOoM macc (cae-
6a), u ¢ OOHUM U3 mea (cnpasa).

Cucrema Tpex Tell B paBHOCTOPOHHEH
KOH(DUTYpaliK 3amevaresibHa TeM, UTO B Heil
KeIyIepoBbl JBUXEHUS BO3MOXHBI JIaxe TMpH
pasauyHbsix maccax ten. Ilpocroe (HO cTpo-
roe) J1I0Ka3aTelbCTBO MOXHO HaWTH B CTaThe
aBTopa «Regular Keplerian motions in
classical many-body systems», European
Journal of Physics, vol. 21, pp. 465-482
(2000). Oka3spiBaeTcs, 4TO U B ITOM CiIydae
NOJTHASl CWJIa TITOTeHMS, AEWCTBYIOIIas Ha
KaxJoe W3 Tel CO CTOPOHBI ABYX JPYIuX,
HarpapjieHa K HEHTPY Macc CHCTeMbl U 00-
paTHO TPOMOpPLUOHAIbHA KBaapaTy paccTo-
aHUS OT Hero. MHave roBopsi, MOXHO CUH-
TaTh, YTO B PABHOCTOPOHHEH KOH(UTYyparmu
KaXxI0€e TeJI0 HaXOOUTCA B LIEHTPAIbHOM TI0JIe
TATOTEHUS, HEeNOOGUXKHbIIL TOYEUHBIH HCTOY-
HUK KOTOPOTO pAaCIlOJIOXKEH B IIEHTpE Macc
CUCTEMBI, HECMOTPSl Ha TO, YTO 3TO MOJIE CO-
3paercd oguxywumuca tenamu. Ilpu stom
npuoOpeTaeMble TeJlaMU YCKOPEHHs MPOMop-
[UOHATILHBI PACCTOSHUSAM TeJ
ot ueHrpa Macc. ITostomy Tena
MOTYT CHHXPOHHO OITUCHIBATDH
reOMETPUYECKU MONOOHbIE BJI-
muncel (¢ oO0muM (POKyCoM B
LIEHTPE Macc) Tak, 4yToObl paB-
HOCTOPOHHSSI KOH(pUrypanus
Tpex TeJ COXpaH4jIach BO Bpe-
M JIBUXeHUd. B yacTHOM ciy-
yae BJUIMICHL MOTYT BBIPOX-
JaThcsd B KOHLIEHTPHUYECKUE OK-
pyxHocTu. Ind peanuzauuu
KPYrOBOTO JBMXEHUS Hayallb-
HbIE CKOPOCTH TeJ JOJIKHBI
OBbITh BBIOpAHBI ONpeNeICHHBIM
0o0pasoM.

IIpu KpyroBbix ABUXKE-
HUSX 00pa3yeMblil TelaMu Tpe-
YrOJbHUK BpallaeTcss paBHO-
MEpPHO W JJIUHBI €ro CTOPOH
Heu3MeHHbl. B ciydae smmn-
THUYECKUX JBUXEHHH TPEyrob-
HUK Bpaliaercsd HepaBHOMep-
HO: YITIOBasg CKOPOCTh MaKCH-
MajlbHa B MOMEHTHI [TPOXOXJIe-
HUS Tel vepe3 MEepUIeHTPbl —
Onuxaiime K LEHTPY Macc
TOYKM 3JUIMINICOB. Bpaiadach
BOKDYI' IIEHTPa MacC CHCTEMBI,
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Pucynok 10. Kennepoess: osusxenus 6 pasHoCmopoHHell
KOHpUISYpayuu cucmemv. mpex mes HepagHvix Macc.

BTOT TPEYrOJIbHUK KakK Obl «IBIIIAT» — JIJIH-
Ha €ro CTOPOH IMEePUOIUYECKH HU3MEHSIETCS.

Ha pucynke 10 mokaszan mpumep Ta-
KOTO TIEpUOANYECKOrO ABUXKEHUS TpeX Tell pas-
JIMYHBIX Macc (m, = O.SmS, my = O.6mS).
B wuHepruanpHON CHCTeMe OTcueTa, CBS3aH-
HOM Cc UeHTpoM Macc (JeBas 4YacTh
pucyka 10), Tena ONMCBHIBAIOT IreOMETpHYEC-
KU TIOJI0OHBbIEC BJUTUIICHI, JIMHEHHbIE pa3Mepsl
KOTOPBIX OOpaTHO IPOIOPIUOHAIBLHBI Mac-
caMm Tel. B cucreMe oTcuera, CBA3aHHOU C
Hanbosiee MacCUBHBIM TesioM S (ITpaBasl 4acTb
pucynka 10), Tenra A U B ONUCHIBAIOT OMM-
HAaKOBbBIE BJUTUIICH], MOKa3aHHbIE XUPHBIMH
JVHUSMU. Bonblme ocu ®THX 2JUTHICOB 00-
pazytor yron 60°. TOHKUMM JTMHUAMH HOKa-
3aHbl (HEpaBHbIE) OCKYJUPYIOLIHE BJUIUIICHI
IUI MOMEHTA MPOXOoXAeHus ten A u B uepes
aceru cBoux op6but. Ilo cooTBeTcTBYyMOIIEC-
My SJUIMIICY JABMTaJioCh OBl Jajibllie B 3TOU
CUCTEME OTcYeTa Kaxnoe u3 ten A u B BOK-
pyr S, ecnu Obl BTOpOE TEJNO BHE3AHO WC-
4e3710 (TO €CTh MON JCHCTBHEM CHIIBI MPUTS-
’XKEeHHUS TOJIBKO K S§).

Takoe peryasgpHoe HepUOIHIECKOe
IBIKEHUE TpeX Tesl HEYCTOMYHUBO IO OTHO-
IIeHUI0 K (MajbiM) U3MEHEHHUSIM HadaTbHBIX
YCJIOBHM, HApPYHIAIOIINM CHUMMETPHUIO CHCTE-
Mbl. HeycTONYMBOCTD MBUXEHHUS B PaBHOCTO-
pOHHE! KOH(UTypallMd WJITIOCTPUPYETCS
IIpUMEPOM Ha puUCyHKe 11.

B uvactHOM cnydae, Korga Tejia COBEp-
IIAI0T KPYroBble IBMXEHUS, U Macca OJHOTO
U3 TeJl MpeHebpeXUMOo Masa, OCTAeTHUN pac-
CMOTPEHHBIM MpPHUMEpP CHCTEMBI TpPeX Tell B
PaBHOCTOPOHHEH KOH(MUTYypalluu MPUBOIUT
Hac K BONPOCY O TPEYroJbHBIX TOYKax JIMO-

My B MPOABHUHYTHIX Kypcax

MEXaHUKM B CBSI3UM C Orpa-

HUYEHHOH 3ajadeil Tpex Tell.

XOopouio U3BECTHO, UYTO KOTI-
A’ Ja JIBa MAacCHUBHBIX Teja CO-

BEpIAIOT KPYTOBbIE IBUXeE-

HHUS BOKpYr OOINEero IeHrpa
B’ Macc, CyLIECTBYET IATH I10-
JIOXeHUl (TaK Ha3bIBaEMBIX
mouex aubpayuu), B KOTOPbIX
npoOHOe TeNlo NpeHeOpexu-
MO MaJIOM Macchl MOXET Ha-
XOIWTHCS B PABHOBECHU B HEMHEPUIUATHHOU
CUCTEME OTCYETa, Bpallalolleiicd BMECTE C
MAaCCHBHBIMH TeJlaMH. IpyruMu CJI0BaMH, BCS
CUCTeMa TpeX TeJl MOXET MOoA00HO TBEpIo-
My Tely (TO ecTh coxpaHsds KOH(UTYpAITHIO)
PaBHOMEPHO BpalllaThCd KakK LeJIoe BOKPYT
1eHTpa Macc. Tpu TOJIOXKEHUS OTHOCUTENb-
HOTO paBHOBecHsl IPOOHOrO Teja JiexaT Ha
OIIHOM NPSIMOM C MacCHUBHBIMM TejlaMu (OfHa
BHYTPEHHSS U [BE BHEIIHUX KOJITMHEApHBIX
TOYKHM JuOparuu). Ba APYrux pacroioxe-
Hbl B BEPIIMHAX PAaBHOCTOPOHHEIO TPEYrOjib-
HUKA, OCHOBAaHUEM KOTOPOIO CIYXHT OTpe-
30K, COEQUHSIIOIINA MacCHUBHBIE Temna. PaB-
HOBecHe IMPOOHOro Tejla B 3THX JiarpaHXe-
BBIX TOYKaxX OOECIeUYMBAETCsS COBMECTHBIM

Pucynok 11. Ilepexoo k nepezynapo-
MY OBUXKEHUI0 @ CUCcmeMe mpex meJl, coeep-
masuleli CHauana 08UXeHue, o4eHs 6auU3Koe K
Kenaepoeomy, ONUCHIEACMOMY HIOHHBIM HdC-
MHbIM pelleHUeM 3a0auu mpex med.
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ﬂeumeuuﬂ KocmMuueckux meji 6 KOMNolOmMEPHbLX MO0eNAX.

I1. 3a0aua muo2ux mean.

JEUCTBHEM CHJI TATOTEHHS CO CTOPOHBI Mac-
CHMBHBIX TeJl U LEHTPOOEKHOU CHJIbI MHEPIIUH.

3aMedaTenbHO, YTO OTHOCHUTENbHOE
paBHOBecUe Tella B TPEYroJIbHBIX TOYKaX
TUOpalK YCTOMYMBO, €CJTU OTHOIIIEHUE MAcC
TAXENBIX TeJl /M /m, He IpeBbILIAeT NPUOIH-
surenpHO 0.04. Ing cuctemsr Jlyna — 3ems
m,/m, = 0.0123, TaK 4TO TPEYrObHBIE TOY-
KM HOpanuu ycToiuuBbl. [osToMy MOXHO
TOBOPHUTH JaXe O MPAKTHYECKOM 3HAYCHHH
COOTBETCTBYIOIIETO TOYHOTO pPEUIeHHUs 3aa-
Yy TpeX TeNl A KOCMHYECKOW JUHAMUKH
Onaromapsi BO3MOXHOCTH (XOTd Obl B TIPUH-
[UIe) 3amycKa CTAalMOHAPHOTO CIYTHUKA B
TPEYTobHYI0 TOUKY JHOpanyu cucteMsl JyHa
— 3emna. B ConHeuHoil cucTeMe yCTOMYH-
BbIE TPEYroJbHbE TOYKHU JHMOpanuu o0pazo-
BaHbl TAKXE€ COBMECTHBIMH TPaBUTAIIMOHHBI-
Mu cwiamu IOnurepa — Hauboliee MacCHUB-
Hoii u3 1wiaHeT — u Comuia. M3BecTHBI aBe
MHOTOUYHUCIICHHbIE TPYMIBl aCTePOUIOB (MX
Ha3zplBalOT I'pekamu u TposgHIamu), «3axBa-
YEHHBIX» B 3TUX TOYKAX W JABUXKYIIUXCSI BOK-
pyr ConHua cuHXxpoHHO ¢ FOmmrepom.

KOCMHYECKHE KATACTPO®bI

3Be3ibl Ha HeOe MPEeICTaB/ISIOTCS HaM
HEIIOABUXXKHBIMU. Ho TIIATCJIbHBIC U3MCPECHUA
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Pucynok 12. Bcmpeua 06yx naanemmuwix cucmem.
Tpaekmopuu mesn 6 cucmeme omcuema OOHOU U3 36€30
(cnesa), u 6 cucmeme omcuemad, 20€ YEHMP MACC He-

noogusxe (cnpaea).

MOKA3bIBAIOT, YTO OTHOCHUTENIbHBIE TOIOXe-
HUSl «HEMOABHMXHBIX» 3BE3Jl MEIUICHHO W3-
MEHSIOTCSl. DTH U3MEHEHUS! CBHAETENbCTBY-
10T O JIBUXEHUSX 3Be3]l B HANPaBJIEHHSIX, Tep-
NeHIUKYJISPHBIX JIydy 3peHus. Takue aBH-
KEHHUS] TPYAHO 3aMETUTh TOJNBKO MOTOMY, YTO
paccTosHHS A0 3Be3l UYyTOBULIHO BETUKH.
JIBrXeHue 3Be3bI BIOJb JIyda 3peHHs MOX-
HO OOHapyxXuTh Omaromaps agdexkty Hom-
Jepa — CMEIIEHUI0 JIMHUU CcHeKkTpa H3iy-
YEHUSl 3BE3/bl, MPOMOPIUOHATLHOMY JIyde-
BOU CKOPOCTH.

ConHue HaxoauTCd Ha mnepugepuu
Hamei [amakTvKy, rie 3Be3Ibl yIajJeHbl OHa
OT Jpyroii Ha OuYeHb OOJIBIINE PACCTOSHHS.
B npenckazyemom OyiayineM HaM He TPO3MT
BCTpeya ¢ apyroi 3se3moil. Ho Giuke K 1ieH-
Tpy lanakTuKu KOHLEHTpauus 3Be3l 3HAuH-
TEJILHO BbIIIE, W MapHbIe COMMXEHHUS 3Be3Jl
NPEJICTABIAIOTCS HE CTOMb yX PEAKHUMH CO-
ObiTusIMH. B3auMHOe TpHUTIXEeHHe cooOIa-
eT 3Be3daM YCKOPEHHUs, 3acTaBiisisi UX OT-
KJIOHATBCA OT IPSIMOJIMHEMHBIX TPAaeKTOPHI.
OTHOCUTENIBHO TIEHTPa MacC CHUCTEMbI BCTpe-
Jalomuecs 3Be3/lbl MPOYEPUUBAIOT OTKPBITHIE
KeIyIepoBbl TPAaeKTOPHUH — TUMEpOosbl ¢ 00-
mmM gokycom. [ocne cOnmmxkenus Kaxmas
U3 3Be3Jl yaalseTcs BHOJb JPYroil acHMITO-
THI TOH Xe TUnepOOoIbI.

OnHa W3 MOJENUPYIOIIUX
nporpamMM Inakera «J[BUxeHue
KOCMHYECKHX Tell» MO3BOJISIET BOC-
IIPOU3BECTH TMOA0OHOE «3BE3THOE
paHieBy», KOTOpOe MOXET ObITh
0COOEHHO HMHTEPECHBIM, €CIIH
BCTpEYAIoIIrecs 3Be3abpl 00IaiaoT
iaHeTaMu. [paBUTallMOHHBIE BO3-
MYILEHUsI OT TPOXOAdIIel Mmobu-
30CTH 3BE3/Ibl MOTYT IPOU3BECTH
KaracTpouyeckue H3MEeHEHUS B
I1aHeTHou cucteme. Ha pucynke
12 mokaszaH BO3MOXHBIN CIIEHAPHIA

44 BCTPEYU JABYX IUIAHETHBIX CHUCTEM.

Macca 3Be3nbl S, BOKpPYr KOTOpOW
oOpaiarorcst Jise IJ1aHeThl A U B,
BIBOE OOJIbIlIe, YEM Macca 3Be3JIbl
Z ¢ eIUHCTBEHHOH IulaHeTou P.
B pesynbrare BCcTpeuu
CTPYKTypa IUIAHETHBIX CHUCTEM pa-
IMKalbHO M3MeHunach. OOparias-
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bymuxoe E.HU.

Oragwbaedics, wio dipu vieaa ..., chagarnue
spabudiaguotun branmogedcitiuen, moryi

Lett. 70, 3675-3679, 1993, u coBceM He-
JIaBHO dTO JBHXEeHHE ObLIO MaTeMaTHYeCKU
W3y4eHO JIeTATbHO B (TOKa ele He OmmyOsu-
KOBaHHOW B IEpPUOAMYECKOHN II€YaTH) CTaThe
A. Chenciner and R. Montgomery A
remarkable periodic solution of the three body
problem in the case of equal masses («3ame-
YarelbHOe MEePUOANYECKOe pellleHHe 3a1adyu
TpexX Tell B CJydae paBHBIX Macc»). [IpenpuHT
CTaThWl MOXHO HAWTH B CETH Mo ajapecy http:/
[orca.ucsc.edu/~rmont/annals.pdf).

cobepuaiii ygubuiieaio upociioe ... glurienue,
worAACE gLyt 3a gLyiomn...

11ascsd BOKPYT 3BE€3/bl S IO IOYTH KPYroBOM
opOuTe BHYTpEHHss IlaHeTa A oKa3zajaach
3aXBAYCHHOH 3BE310M-IIPUILENbLIEM Z, U KOI-
Ja 3Be3Ibl pacxomsdrcs, BOKpYr Z obpama-
10TCs yke nBe 1iaHeTol, A u P. Cynp6a BeTpe-
YAIUIUXCS IUIAHETHBIX CUCTEM 4YpE3BblYaii-
HO YYBCTBUTEJIbHA K HAYaJbHBIM YCJIIOBUSM.
JloCcTaTOYHO JIMIIB YyTh-4yTh U3MEHUTH Ila-
paMeTpbl MpU MOAETUPOBAHUHU, YTOOBI TO-
JIy4MTh COBCEM HMHOU pesysprar. Hampumep,
BO3MOXEH CLEHapui, IPUBOAAIIUNA K IIOJI-
HOMY OOMEHy IUIaHEeTaMH MEXIy BCTpeyaro-
HuMuUcs 3Be3famMu. B makere Moaenupyro-
IIMX IporpamMm «JIBUXEeHHE KOCMHMYECKHX
TEI» MOXHO HAaWTH MHOXECTBO 3aXBaTbIBa-
IOIIUX [PUMEPOB BO3MOXHBIX HeOECHBIX
KaracTpod.

BEJINKOJIEITHASI «<BOCBMEPKA»

B 3axiroueHMe Halero HECKOJIBKO 3a-
TSHYBILIETOCS OOCYXJIEHUS] TIOUCTHHE HEWC-
YeprnaeMou TeMbl ABUXEHUU KOCMHYECKHUX
TeJl W, B YACTHOCTH, 3aJa4ydl MHOTHX Tel 00-
paTUMcd K COBCEM CBEXEMY M HEOXHUIAHHO-
My (CKopee Jaxe CEHCAllMOHHOMY) OTKpPbI-
THI0O B TEOPETHYECKOH HeOeCHOH MeXaHHKe.

OkaspIBaeTcsl, 4TO TPH Tejla OAMHAKO-
BOM MaccChl, CBI3aHHbIE T'PaBUTALMOHHBIM
B3aUMOJIENCTBUEM, MOTYT COBEpIIATh YIUBHU-
TEJIBHO IPOCTOE INIOCKOE IEPUOAUYECKOE
IBUXKEHME, TOHSSICH OPYr 3a APYrOM TIO BBI-
COKO CUMMETPUYHOH 3aMKHYTOH TPaeKTOPHH,
uMmerorei Bug 1udper 8 (puc. 13). Ha Bo3-
MOXHOCTh TaKOTO JBHXEHHS IO-BUTUMOMY
BHepBble ObUTO yKazaHo B crtathe C. Moore
Braids in Classical Dynamics, Phys. Rev.

[ TaHHOTO JBUXKEHHS XapaKTepHBI
HYJIEeBOE 3HAYEHHE MOJTHOTO MOMEHTA UMITYJIb-
ca, U 4Ype3BbIYaifHO OoraTelii HabOp 2iIeMeH-
TOB CUMMETPUHU. B HEKOTOpBIii MOMEHT Tena
Haxo#dTcs B KOJUIMHEapHOW KOH(UTypauuu
Ha PaBHBIX PAcCTOSHUSAX JIPYTr OT jpyra (puc.
13). CkopocTu KpallHUX Tel B 3TOT MOMEHT
OJMHAKOBBl MO BEJUYHMHE U HAINpPaBJICHUIO,
CKOpPOCTbh CpPEIHEr0 BABOE OOJbIle U HalpaB-
JIEHa IIPOTHBOIIOJIOXHO. Tena BO3BpalalOT-
Csl B UCXOAHYI0 KOH(UTYpAIUIO yepe3 HeKOo-
TOpBI WHTEpBaJ BpeMeHH 7, Ha MpPOTIXe-
HUU KOTOPOIO KaxXJ0€ TEJIO OIUCBHIBAET Lie-
JIMKOM OIHY M Ty X€ 3aMKHYTYIO BOCBMEDKY.
UYepes untepBan 1/3 (TpeTb MOITHOIO MEPUO-
J1a) TeJla OISITh OKa3bIBAIOTCS Ha TOM Xe Mps-
MOW, YTO U B UCXOAHON KOJUIMHEAPHON KOH-
thuryparnu, HO pacronaralTcd Ha dTOH Mps-
MOH B MHOM MOpsaKe (IMPOUCXOMAT LMKIIH-
yeckue IepecraHoBku). Emie ogHa mnpsmad
JIMHUS, HAa KOTOPOHM BCe TpHU Teja OKa3bIBa-
I0TCSd OJHOBPEMEHHO Yepe3 HHTEpBal Bpe-
meHu 7/6 mocse MpOXOXIEeHUs Yepe3 MCXOI-
HYyI0 KOJUTHHEapHYI0 KOH(UTypaluio, pacro-
JIOX€HA CHUMMETPHUYHO MCXOIHOM OTHOCHUTEb-
HO TMpOJIOJIBHONH OCH BOCbMEpKU. B mpome-

Pucynok 13. Ilepuoouueckoe osuxe-
HUe mpex OOUHAKOGHIX MeJl, CEA3AHHBIX 2pa-
BUMAYUOHHBIM 83AUMOOELICTNEUEM.

22 © KOMIIBIOTEPHBIE HHCTPYMEHTBI B OBPA3OBAHHU. Ne 5, 2001 r.



ﬂeumeuuﬂ Kocmuueckux mejl 6 KOMnolOmMepHslx MOOeNAX.

I1. 3a0aua muo2ux mean.

KYTKE MeXJly 9TUMHU KOJUIMHEapHBIMH KOH-
turypaumsamu (yepe3 unrepsan 7/12) tena
00pa3ylT paBHOOEIPEHHBIH TPEYrojbHUK.

Haubosnee yauBuTenbHas M HEOXHIaH-
Had 4YepTa ABUXKEHHS 1O BOCbMEpKE 3aKIIio-
yaercss B ero ycmouuusocmu. Eciu cierka
W3MEHUTh HadalbHble YCIOBHS (IpU coxpa-
HEHHU HYJIEBOTO 3HAYEHHUS! IMOJTHOTO MOMEH-
Ta WUMITYJIbCa), TBHXXECHUE yTPAuMBaeT TepH-
OIMYHOCTh, HO OOIIMH ero xapakTep
(BocbMepKoOOpa3Has TPaeKTOpHUsl) COXpaHs-
erca. Ha pucynke 14 mokazaHbl TpaeKkToO-
pu Ten (Ha MPOTSXKEHUH OTHOTO TIOYTH MOJI-
HOTO IIMKJIa) B JABUXEHUH, KOTOPOE IMPOHC-
XOJIUT TPHU cJierka W3MEHEeHHBIX Hampasiie-
HUSIX HAYATbHBIX CKOpocTeil. [IBUXeHue mpo-
JOJKaeTcsd HeOTpaHWMYeHHO JoNro 6e3 CToj-
KHOBEHUH. DTO 3HAYUT, YTO JIBUXKEHHUE IO
BOCbMEpKE YCTOWYHMBO MO OTHOIIEGHHIO K
MaJIbIM HM3MEHEHHSIM HayaJlbHBIX CKOPOCTel
U TOJIOXEHUU TeJl.

Pucynok 14. Unarocmpayusa ycmoiiuu-
60CMU OBUKEHUA NO «BOCbMEPKe» Mpex meJl
00uHakoeoll maccwl. Tlokazansr mpaekmopuu
6cex mes HA NPOMANKEHUU NOUMU NOJHO20
yukaa.

' E.M. Byrukos. J[BiXeHus KOCMHUECKHX Tell B KOMITbIOTEpHBIX Moxersix. 1. 3anaua Kernepa. XKyp-

Hanl «KoMmmbloTepHble HHCTpYMEHTHI B 00pazoBanum», Ne 3-4, 2001 r., ctp. 20-44.

2 «BupryansHas 1abopaTopus ABIKEHHS KOCMUUECKHX TeJT», KOMIUIEKT TUCKeT K KypHary «Kou-
IbIOTEpHbIE HHCTPYMEHTHI B 00pazoBanum», Ne 3-4, 2001 r.

bymuxoe Eezenuit Heanoguu,
npogpeccop ¢usuueckozo axyromema
CIIoly.
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