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BBEAEHME 

IIpaKTM"tleeKM Bee, "tlTO Mb! BM)l;MM BOKpyr ee6.H B KOeMoee - 3TO 3Be3-

)l;bI, 6oJiee MJIM MeHee noxo.mne Ha Harne CoJIHn;e. Pa3yMeeTe.H, HaM M3BeeT­

HO Bem;eeTBO M BHe 3Be3,n;: 3TO ITJiaHeTbI M MX enyTHMKM, KOMeThI H aeTepo­

M)l;bI, Me.m3Be3,n;Hhre ra3 M rrhIJib. Ho Bee 3To He3Ha"tIMTeJihHbIH «,n;oBeeoK» 

B epaBHeHHM e rHraHTeKMMM 3Be3,n;aMM' o6'be)l;HHeHHbIMM B CMeTeMbI -

,n;BOHHbre M KpaTHhre, B 3Be3,n;Hhre eKonJieHM.H M raJiaKTMKM. KpoMe aToro, 

eeTb CBM,D;eTeJibCTBa, "tlTO BO BceJieHHOH MHOro He6apMOHHOI'O Bem;eeTBa, 

eoeTo.Hm;ero He H3 npHBbI"tlHblX HaM qaeTMIJ; - npOTOHOB M HeHTpOHOB 

(rJiaBHbIX npe,n;eTaBMTeJieH rpymihI 6apMOHOB), a M3 qaeTMIJ; eoBCeM ,n;py­

ro:H:, IIOKa He.HCHOH rrpMpO,n;bI, e,n;MHeTBeHHOe B3aMMO,D;eHeTBMe KOTOphIX e 

o6bI"tlHbIM Berr.('ecTBOM rrponexo,n;MT qepe3 CMJIY rpaBMTau;nn. Ho, ,n;a.me ee­

JIM aTo Heo6hI"tIHoe Bem;ecTBO cyru;ecTByeT, noH.HTb erk> cBolicTBa y,n;acTc.H, 

JIHrnb M3y"tla.H IlOBe,n;eHMe HOpMaJibHOI'O Beru;ecTBa, T. e. 3Be3,n; - rJiaBHOI'O 

H a 6 JI IO ,n; a e M o r o nepcoHa.ma BceJieHHOH. 

flTaK, COBpeMeHHa.H acTpOHOMH"tleCKa.H BceJieHHa.H COCTOMT M3 3Be3,n;. 

Ho TaK 6hIJIO He Bcer,n;a: 6oJiee 10 MJip,n;. JieT Ha3a,n;, Kor,n;a OT Ha"tiaJia pac­

rnnpeHM.H BceJieHHOH npornJio He 6oJiee 300 TbIC. JieT, Harn MMP 6bIJI 3anoJI­

HeH O"tleHb rop.H"tIMM M o,n;Hopop;HbIM Beru;ecTBOM M M3Jiy"tleHHeM, npM"tleM 

no ITJIOTHOeTM eBoeii Maccbr M3Jiy-qeHMe npeBocxo,n;MJIO Beru;ecTBO. Kor,n;a 

B03pacT BceJieHHOH rrpeBblCMJI 300 TbIC. JieT M HaIIOJIH.HIOm;a.a ee MaTepM.H 

OCTbIJia npMMepHO ,n;o 4 000 K, ITJIOTHOCTb MaCCbI M3Jiy-qeHMH CTaJia HM.me, 

"IIeM Beru;ecTBa, M c Tex nop 3TO pa3JIH"t!He Mem.n;y Beru;eCTBOM H H3JI~em-r­

e:M: TOJihKO HapacTaJio; cero,n;H.H MbI .mnBeM BO BceJieHHoli, r,n;e ,n;oMMHM­

pyeT Beru;eeTBO. Ho eru;e MHOI'He COTHH MHJIJIHOHOB JieT ITOCJie TOI'O' KaK 

Beru;ecTBO CTaJIO OCHOBHbIM KOMIIOHeHTOM BceJieHHOH, OHO OCTaBaJIOCb 

npaKTM"tleCKM O)l;HOpo,n;HbIM, KaK B03,n;yx, 3aIIOJIH.HIOI.ll;HH HarnH KOMHaThI: 

ero ITJIOTHOCTb Be3,n;e 0,lJ;MHaKOBa; ero JIMrnb eJia6o B03Myru;aIOT 3BYKOBbie 

BOJIHbI, 6erym;He B pa3HbIX HarrpaBJieHH.HX. 

,IJ;o CHX rrop acTpOHOMhl He 3HaIOT TO"tlHO, KaK rrpOM30rnJio ,n;eJieHHe rro­

"tlTH o,n;Hopo,n;Horo Beru;eeTBa BceJieHHOH Ha 3Be3,n;hr, HO KaKMM-TO o6pa30M 

3TO CJIY"tIHJIOCb: Kor,n;a B03pacT BeeJieHHOH eru;e He ,n;oeTHr 1 MJip,n;. JieT, 

IIO"tlTH BCe ee 6apHOHHOe Beru;eCTBO OKa3aJIOeb pa36HTO Ha IIJIOTHbie ra-

30Bbie rnaphr c xapaKTepHoii Maccoii rrop.a,n;Ka 103° Kr, 06'he,n;1rneHHbre B 

.raJiaKTHKH c MaccaMH rrop.a,n;Ka 1041 KI'. IlpHHll;HIIHaJibHbIX Tpy,n;HOCTeH 

B ITOHHMaHHM 3TOI'O rrpou;eeca HeT. PacrrpocTpaHemrn 3BYKOBbIX BOJIH B 

KOCMH"tleeKOM Beru;eeTBe, KaK H B KOMHaTHOM B03,n;yxe, coa,n;aeT rreperra­

,ZJ;bl IIJIOTHOCTH. B o6hl"IIHOH 3BYKOBOH BOJIHe «KOMHaTHOro paaMepa» CMJia 

yrrpyroCTH ra3a ropa3,n;o Bbirne CHJibl rpaBHTaIJ;HOHHOI'O B3aHMO,n;eiicTBH.H 

ero qaCTHIJ; ,n;pyr c ,n;pyroM, Il03TOMY rpaBHTaIJ;H.H He MernaeT IJ;HKJIH"tleCKO­

MY KOJie6aHHIO 3BYKOBhIX BOJIH B KOMHaTe. Ho B 6oJibrnHX, KOCMH"tleeKHX 

MaCrnTa6ax ,n;eHCTBHe rpaBHTaIJ;HH MO.iReT H3MeHHTb 3TY KapTHHy: eCJIH B 
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HeKOTOphIX o6JiaCT.flX ITOBhiilleHHOH ITJIOTHOCTH raaa ero ,n;aBJieHHe He cno­

co6HO npOTMBOCTO.HTh ero me co6CTBeHHOM c1rne npHT.HmeHHH, TO TaKMe 

ynJIOTHeHMH, c.J:Iy"tiaMHO B03HHKHyB, yme He pacmHp.HIOTCH, a npo,n;oJima­

IOT cmHMaThC.H. 8TOT npou;ecc Ha3hIBaIOT «rpaBHTaTI;HOHHOM HeycTOM"CJM­

BOCThIO» [1-3]. IIo-BM,n;H:M:oMy, HMeHHo oH nopo,n;HJI sBes,n;hl M sBea,n;Hhre 

CMCTeMhI, BJiaCTh B KOTOphIX OKOH"CiaTeJihHO aaxBaTMJia rpaBMTaTI;H.H. 

3AKOH f PABMT AU.MM HbtOTOHA 

BenHKHe reopeMbl npHn1>1<eHHS1 

IiTaK, B MMpe aBea,n; u;apcTByeT rpaBMTaTI;MH. OcTaJihHhre TPM cpMaM­

"CJecKHX B3aHMO,n;eiICTBM.H - SJieKTPOMarHHTHOe, CJia6oe H CMJihHOe H,n;ep­

Hhie - npaKTM"CJeCKM HHKaKOH pOJIM B ,ll;BHmeHHH 3Be3,n; M B 3BOJIIOTI;MH 

3Be3,n;HhIX CHCTeM He 'MrpaIOT. CHJia rpaBHTaTI;HH OITHChIBaeTC.H -qpe3Bhl­

"CJaMHO npOCThIM, oco6eHHO c TOqKH 3peHM.H HCKymeHHhIX B MaTeMaTMKe 

mKOJihHMKOB, aaKOHOM. IIcaaK HhIOTOH ony6JIHKOBaJI ero B 1687 ro,n;y B 

CBOeH saMeqaTeJihHOH KHMre «Ha"CJaJia HaTypaJihHOM cpmrococpMM». 8TOT 

3aKOH OITMChIBaeT B3aHMO,n;eH:cTBHe ,ZJ;BYX MaTepHaJihHhIX ToqeK, T. e. Ta­

KMX TeJI, pa3Mep KOTOphIX MaJI no cpaBHeHMIO c pas,n;eJI.HIOIIJ;MM MX pac­

CTO.HHMeM. Ho OH rrpHMeHHM K JII06hIM TeJiaM, IIOCKOJihKY Kam,n;oe M3 HMX 

MOmHO rrpe,n;cTaBMTh B BM,n;e COBOKYIIHOCTH MaTepI:IaJihHhIX ToqeK. 3aKOH 

HhIOTOHa rJiacHT, "CITO ,n;Be MaTepHaJihHhre ToqKH, 06Jia,n;a10n.:i;He MaccaMH 

M 1 H M 2 , npMT.HrMBaIOTCH ,n;pyr K ,n;pyry c o,n;HHaKoBoiI CMJIOM, paBHOM 

rrpOM3Be,n;eHMIO HX MaCC; ,n;eJieHHOMY Ha KBa,n;paT paccTO.HHM.H Mem,n;y HH­

MH M, pa3yMeeTCH, YMHomeHHOMY Ha HeKOTopyIO KOHCTaHTY (06h1qHo B 

Kypcax cpM3HKM ee o603HaqaIOT 6yKBOM G, OT JiaT. gravitas - T.HmeCTh), 

3HaqeHMe KOTopoiI 3aBMCMT OT e,n;MHMTI; H3MepeHM.H MaCChl, CHJihI M pac-

CTO.HHM.H: 

F= GM1M2 
R2 • 

B CHCTeMe CM ([M] =Kr, [R] = M, [F] = H) 3HaqeHHe 

G = (6 673 + 0 001) · l0- 11 H·M
2 

' - ' Kr2 ' 

HO acTpOHOMhl ·(M cpH3HKH-TeopeTHKH, Kor,n;a OHM pa6oTaIOT B 3TOM o6Jia­

CTM) IIOJib3YIOTC.H 60.rree y,n;o6HhIMH ,ZJ;JI.H npoBe,n;eHM.H BhI"CJMCJieHMH CHCTe­

MaMM e,n;MHMTI;, B KOTOphIX MHOrHe KOHCTaHThl, B TOM qHcJie MG, MOmHO 

IIOJiaraTh paBHhIMM e,n;HHMTI;e M sa6hrnaTh rrpo HHX. 

06paTMTe BHMMaHMe, KaK KopoTKa sarrMCh qHcJia G - Bcero qeThrpe 

aHaqan.:i;mc u;Mcpphr; ,n;pyrMe cpM3MqecKHe KOHCTaHThI co,n;epmaT no 8-10, a 

rropoM: M 12 Il;Hcpp. IloqeMy me HMeHHO sHa"CJeHMe G H3MepeHo c TaKoiI HH3-

KOH ToqHOCThIO? A II OTO MY, qTo rpaBMTau;mI - cJia6aH CMJia, MeHee ,n;py­

rHx rrpO.HBJI.HIOIIJ;a.H ce6.H B Jia6opaTOpHblX 3KcrrepMMeHTaX. QqeHb Tpy,n;HO 
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orrpe,n;eJIMTh rrpHTHmeHMe ,n;Byx TeJI c aKKypaTHO H3Mep~HHOM MaccoM:. Ec­

JIH ,n;Ba 6oJihmyn.:i;Hx cJioHa (M 1 = M 2 = 4 T) CTOHT B Jia6opaTopMM, TecHo 

rrpHmaBIDMCh ,n;pyr K ,n;pyry (R = 1 M), TO MX B3aH.MHOe rpaBMTaTI;MOHHOe 

rrpMTHmeHMe cocTaB.rr.HeT Bcero o .KoJio 0, 1 r. A BOT ecJIH 6hr o,n;MH CJIOH 

COCTO.HJI TOJihKO H3 rrpOTOHOB, a ,n;pyroli - TOJihKO H3 SJieKTPOHOB, TO OHM 

rrpMTHI'MBaJIMCh 6hr c CHJIOM rropH,n;Ka 1030 T! K cqacThIO, Bee CJIOHhI, uJia­

HeThI H 3Be3,ZI;hlCOCTOHT npaKTHqecKH H3 paBHOrO KOJIHqecTBa rrpOTOHOB H 

3JieKTPOHOB' SJieKTpMqecKoe B3aHMO,n;eHCTBHe KOTOphIX. ypaBHOBemMBa -

eTC.H. 3aTO rpaBMTaTI;MOHHOe B3aHMO,ZI;eMCTBHe BCex qacTHTI; - rrpoTOHOB, 

HeMTpOHOB H 3JieKTPOHOB - cyMMHpyeTCH, IIOCKOJihKY B rrpHpo,n;e HeT 

rpaBMTaTI;MOHHhIX 3ap.H,n;OB paaHoro 3HaKa. IIoa'toMy KpaiIHe cJia6a.H cH­

Jia BCeMMpHoro T.HrOTeHMH, rroqTM He3aMeTHa.H Mem,n;y Jia6opa'i'opHhIMM 

TeJiaMH, HBJI.HeTc.H ,n;oMHHMpy10n.:i;eM: ,n;JIH KPYIIHhIX KOCMHqecKHX TeJI. 

IITaK, B3aMMo,n;eiicTBHe MaTepMaJihHhrx ToqeK qrrHchrnaeTc.H oqeHh 

rrpOCThIM aaKOHOM. ,Il;JIH MaTeMaTHKa STOro 6bIJIO 6hI ,ZI;OCTaToqHo, HO cpM-

3MK M acTpOHOM cpaay BCIIOMMHaIOT' "CITO peaJihHhie TeJia - 3TO Be,n;h 'He 

TOqKH, a npOTHmeHHhie o6'heKThl. 3HaqMT, rrpOH3BO,ll;.H pacqeThI, npH,n;eT­

CH MMeTh ,n;eJIO c CYMMHpOBaHHeM HJIM c MHTerpMpoBaHHeM, T. e. c BhlqH­

CJieHHeM cyMMhl BCex CMJI, ,n;eiICTBYIOIIJ;HX Ha HiiTepecyIOIIJ;HM Hae o6'heKT 

co cTopoHhI Bcex rrpoqHx o6'heKTOB BceJieHHOH. 8To 3a,n;aqa KpaliHe cJiom­

Ha.H: rrpe,n;cTaBbTe ce6e, qTo CJIOH rrpHT.HrHBaeT MhIIDOHKa, M HaM rrpe,n;cTo­

MT rrpocyMMMpOBaTh Bee CMJihl, ,n;eHCTBYIOIIJ;Me Ha MhIIDOHKa co CTOpOHhl 

Kam,n;oiI ToqKM xo6oTa, ymeH:, Hor, XBOCTa H rrpoqMx opraHOB CJIOHa -

co CTOpOHhl MHJIJIMOHOB qacTeiI, Kam,n;yIO H3 KOTOphIX MOmHo yrro,n;o6MTh 

MaTepHaJibHoiI ToqKe ... Cero,n;HH Mhr MomeM cKasaTh: "CITO B 3TOM oco6eH­

Horo? MhrcJieHHO paso6heM CJIOHa Ha MMJIJIMOH qacTeli H rrpocyMMHpyeM 

CMJihI OT e,n;MHMTI;hl ,n;o MMJIJIHOHa. HaCTOJI,hHblM KOM.IIhlOTep c,n;eJiaeT 3TO 3a 

MMHyTy, IIOCKOJihKY cyMMMpOBaTh rrpH,n;eTC.H npocTeHhKMe qJieHhl. Ho BO 

BpeMeHa HbIOTOHa He 6hrno KOMIIhIOTepoB, M JII06oe cyMMMpoBaHHe MJIH 

TO, qTo MhI Terreph Ha3hIBaeM HHTerpHpOBaHMeM no o6'beMy, 6hIJIO -qpes­

BhJqaliHO CJIOmHOM OIIepau;HeM, Be,ZI;h ee rrpMXO,ll;MJIOCh BhIITOJIH.HTh rrepOM 

Ha 6yMare. II HhIOTOH He npo,n;BMHYJICH 6hr ,n;aJieKo B MccJie,n;oBaHMM Bce­

JieHHoli, eCJIM 6bI He ,n;Be 3aMeqaTeJihHhie TeopeMhl, KOTOpbie eMy y,n;aJIOCh 

,n;oKa3aTh. 

I Teope~a 1. CcpepMq~cKoe TeJIO (To. HKa.H ccpepHq.ecKa.H o6oJioqKa) rro­

CTOHHHOM IIJIOTHOCTH rrpMT.HI'MBaeT JII06yIO TOqKy' irnxo,n;HIIJ;YIOC.H BHe 

ero, TaK, KaK 6y,n;To BCH Macca TeJia cocpe,n;oToqeHa Bero u;eHTpe. 

8Ta M3YMMTeJihHa.H Teope1VIa ,n;aJia B03MOmHOCTh He6eCHhIM MexaHH­

KaM - JIIO,ZI;HM, KOTOphre 3aHMMaIOTC.H pacqeTOM ,ll;BHmeHM.H IIJiaHeT H KOC­

MHqecKMX 30H,ll;OB, a TaKJKe 3Be3,n; H raJiaKTHK, - 'CBeC.TM 60JihillMHCTBO 

3a,n;aq 0 B3aMMO,n;eiICTBMH KOCMHqecKMX TeJI K sa,n;aqe 0 rrpHT.HJKeHMH ,ZI;BYX 

ToqeK. ,Il;eJIO B TOM, qTo rroqTH BCe He6ecHhie TeJia, 3a pe,n;KHM MCKJIIOqe-

5 



HlfeM~ MO»rno yTio,n;o6HTb IIOCJie,n;oBaTeJibHOCTH BJIOmeHHblX ,n;pyr B ,n;py­

ra cQ:>ep, Kam,n;a.H H3 KOTOpblX HMeeT IIOCTO.HHHYIO TIJIOTHOCTb (KOTOpa.H 

o6brcIHO MeH.HeTc.H JIHIIIb OT u;eHTpa K rrepHQ:>epnn). HaTipHMep, y Harneli 

3eMJIH <t>opMa TIOlITH rnapoo6pa3Ha.H, IIJIOTHOCTb pacTeT TIO HaTipaBJieHHIO 

K n;eHTpy, O,D;HaKO, pa36HB ee Ha 6eCKOHet:IHOe KOJIH"CJeCTBO cQ:>epH'tieCKHX 

CJIOeB, Bbl y6e,n;HTeCb, lITO Kam,D;blH H3 HHX rrpHT.HrHBaeT BHeIIIHIOIO TO"CJKY 

TaK, KaK 6y,n;TO BC.H Macca cocpe,n;oTOt:IeHa B u;eHTpe. Ilo3TOMY HHKaKoro 

cyMMHpOBaHH.H HJIH HHTerpHpOBaHH.H He HymHO. 

I 
TeopeMa 2. EcJIH TOlIKY TIOMeCTHTb BHYTPH o,n;Hopo,n;Holi cQ:>epbl (TipH­

"CJeM B JII060M MeCTe, a He TOJibKO B u;eHTpe), TO OHa He om;yTHT rrpHT.Hme­

HH.H cQ:>epbl, IIOCKOJibKY CHJibl, ,n;eHCTByIOm;He Ha Hee co CTOpOHbl BCex 

3JieMeHTapHblX t:IaCTeH 3TOH c<t>epbl, B TOlIHOCTH ypaBHOBeC.HTC.H. 

8Ta TeopeMa Ot:IeHb TIOMOrJia TeM crren;HaJIHCTaM, KOTOpble H3y-qaIOT 

He,n;pa He6eCHblX TeJI: CTaJIO B03MO)KHblM pernaTb 3a,D;alIH, MblCJieHHO TIO­

MeCTHB Ha6Jiro,n;aTeJI.H BHYTPb rrJiaHeTbl H He 3a6oT.HCb o Tex cJio.Hx Bem;e­

CTBa, KOTOpble Haxo,n;.HTC.H CHapymH OT Hero, TIOCKOJibKY HX cyMMapHoe 

TIPHT.HmeHHe y cQ:>epHt:IecKoli mraHeTbl B TOlIHOCTH paBHO HYJIIO. 

TaKHM o6pa30M, cHapymH cQ:>epbl Bbl lIYBCTByeTe, 6y,n;To Bae rrpH­

T.HrHBaeT TOt:IKa, a BHYTPH c<t>epbl - Boo6m;e HeBecoMOCTb. 8TH 3aMet:Ia­

TeJibHble TeopeMbl rro3BOJIHJIH ,n;ame BO BpeMeHa HbroToHa, TIPH TIOJIHOM 

OTCYTCTBHH Bbl"CJHCJIHTeJibHOH TeXHHKH, t:Ipe3Bblt:IaliHo TOlIHO pernaTb HH­

TepecHelirnne 38.,ZJ;at:IH: 0 CTpoeHHH TIJiaHeT (B t:IaCTHOCTH 3eMJIH), 06 HX 

B3aHMHOM TIPHT.HmeHHH H ,ll;BHmeHHH B TIPOCTpaHCTBe. 

AaH>KeHHe ABYX ro'teK noA AeHCTBHeM 

B3aHMHOro rpaBHTaU.HOHHOro npHH>KeHHSI 

HbIOTOH pernHJI 3a,n;at:Iy o TOM, KaK ,n;BHmyTc.H ,n;Be MaTepHaJihHble 

TOlIKH, B3aHMHO TipHT.HrHBaIOm;He ,n;pyr ,n;pyra, HaTipHMep, TIJiaHeTa Hee 

CTIYTHHK. Bbl, KOHet:IHO, 3HaeTe perneHHe 3TOH 3a,n;alin: Tio,n; ,n;eliCTBHeM 

B3aHMHOrO TIPHT.HmeHH.H Kam,n;oe H3 TeJI o6pam;aeTC.H TIO 3JIJIHTITHt:IeCKOH 

op6HTe BOKpyr o6m;ero u;eHTpa Mace, Jiemam;ero B Q:>oKycax 3JIJIHIICOB. Op-

6HTbl TeJI TIO,ll;06Hbl, HO HMeIOT pa3HblH pa3Mep, o6paTHO rrporropn;HOHaJib­

HbIH MaccaM TeJI. EcJIH H3 HHepn;HaJibHOH CHCTeMbl OTCt:IeTa, CB.H3aHHOH c 

u;eHTpOM Mace, TiepeH'I'H B HeHHepn;HaJibHyIO, CB.H3aHHYIO c O,ll;HHM H3 Te~, 

TO BTOpoe o6pam;aeTC.H BOKpyr Hero TaKme TIO 3JIJIHTITHt:IeCKOH op6HTe 

(HaH,D;HTe caMH ee pa3Mepbl). 

PerneHHe HbIOTOHa, TIOJiy-qeHHoe B KOHD;e XVII BeKa, TIO,lJ;TBep,n;HJIO 

Ha OCHOBaHHH HOBOH TIO TeM BpeMeHaM Q:>H3HKH 3MTIHpHt:IeCKHe OTKpbl­

TH.H, c,n;eJiaHHble KeTIJiepoM em;e B Hat:IaJie Toro me BeKa: TIO pe3yJibTaTaM 

MHOroJieTHHX Ha6Jiro,n;eHHH, B OCHOBHOM Tipo,n;eJiaHHblX ,n;aTCKHM acTpOHO­

MOM THxo Bpare, KeTIJiep o6HapymHJI, t:ITO rrJiaHeTbl o6pam;aroTc.H BOKpyr 
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CoJIHn;a TIO 3JIJIHrrcaM c TiepeMeHHOH cKopoCTbIO, ,n;BHra.Hcb TaK, t:ITO 

pa,n;nyc-BeKTop (Tip.HMa.H, coe,n;HH.Hrom;a.H rrJiaHeTy H CoJIH;a;e) aa paBHble 

0Tpe3KH BpeMeHH aaMeTaeT paBHbie IIJIOm;a,n;H, H lITO KBa,n;paTbl TiepHO,ll;OB 

o6pam;eHH.H ,ll;BYX TIJiaHeT OTHOC.HTC.H KaK Ky6hl 60JibIIIHX TIOJiyoce:H HX 

3JIJIHIITHt:IeCKHX op6HT [ 4, 5]. HbIOTOH, HCTIOJib3Y.H cQ:>opMyJinpoBaHHhle 

HM 3aKOHbl MexaHHKH H rrpe,n;rroJiomeHHe 0 rpaBHTaD;HOHHOH CHJie, o?paT­

HOH KBa,n;paTy paccTO.HHH.H, He TOJihKO 

o6'h.HCHHJI Hali,n;eHHble .KeTinepoM 3aKo­

HOMepHOCTH ,ll;BHmeHH.H TIJiaHeT' HO H 

,n;oKa3aJI, lITO 3JIJIHIIC - JIHIIIb t:IaCTHblH 

CJiyt:IaH JII06oro KOHHt:IeCKOro Cet:IeHH.H 

(HM MomeT 6nlTb TaKme rrapa6oJia, rH­

rrep6oJia, OKpy.m.HOCTb HJIH np.HMa.H), no 

KOTOpOMY TIPOHCXO,ll;HT ,ll;BHJKeHHe ,ll;BYX 

rpaBHTaD;HOHHO B3aHMO,n;eliCTBYIOID;HX 

TeJI (pHc. 1). Pa3yMeeTc.H, ecJIH pet:Ih 

H,n;eT 0 ,ll;JIHTeJibHOM ,ll;BHJKeHHH CB.H-

3aHHblX, T. e. He y;reTarom;Hx ,n;aJieKo 

,n;pyr OT ,n;pyra TeJI, TO 3TO 3JIJIHIIC HJIH 

ero t:IaCTHblH cny-qali - OKpymHOCTb 

(a IIOlieMy He 0Tpe30K rrp.HMOH?). 
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PHc. 1. CeqeHHSI KOHyca IIJIOCKOCTbIO 
rrpe,n;cTaBJISIIOT BCe B03MO)KHbie TpaeK­
TOpHH ,ll;BHmeHHSI B aa,n;aqe ,ll;BYX TeJI: 
1) OKpymHOCTb, 2) 3JIJIHIIC, 3) rrapa6o­
Jia, 4) rHrrep6oJia; rrpsrMasr noJiyqaeTcsr 

Jlro6oTiblTHO, "CJTO 3aKOH HbroToHa 

crrpaBe,n;JIHB TOJibKO B HarneM, TpexMep­

HOM TipocTpaHCTBe. HaM Tpy,n;Ho rrpe,n;­

cTaBHTh ce6e ,n;pyroe rrpocTpaHCTBO, HO 

MaTeMaTHKH H Q:>H3HKH orrepHpyroT c B ceqeHHH KOHyca IIJIOCKOCTblO, npo­
rrpocTpaHCTBaMH TipOH3BOJibHOI'O lIHCJia xo.n;sr:rn;eii qepea Bepnnrny KOHyca. 

H3MepeHHH: c 1-, 2-, 4-MepHblMH, H . 

,n;ame c TipocTpaHCTBaMH 6onnrneli paaMepHOCTH. HarrpHMep, o,n;Ha H3 

IIOCJie,n;HHX TeopHH CTpOeHH.H 3JieMeHTapHblX t:IaCTHD; YTBepm,n;aeT, lITO 

Mbl JKHBeM B (He TiyraliTeCb!) 506-MepHOM rrpocTpaHCTBe, HO TOJibKO 

TPH ero KOOp,lJ;HHaTbI ,lJ;OCTyIIHbI HaM KaK HaTipaBJieHH.H ,ll;BHJKeHH.H, em;e 

o,n;Ha - 3TO BpeM.H, a OCTaJibHbie 502 HaCTOJibKO Tyro «CBepHyTbl B 

KJiy6ot:IeK», "CJTO Mbl HX He 3aMet:IaeM, a BOT 3JieMeHTapHbie t:IaCTHD;bi TIPH 

BhICOKHX 3Heprn.Hx - 3aMet:IaIOT. Ho ecJIH 6b1 MbI »<:HJIH B peaJil>HOM, 

IIOJIHOIIpaBHOM reoMeTpHt:IeCKOM TipocrpaHCTBe 60JibIIIero HJIH MeHbIIIero 

lIHCJia H3MepeHHH, TO 3aKOH TIPHT.HJKeHH.H HMeJI 6bI HHYIO Q:>opMy. JlerKO 

IIOH.HTb, KaKyro: eCJIH HaTip.H»<eHHOCTb cpH3Ht:IeCKOro TIOJI.H, CB.H3aHHOI'O 

c o6MeHOM CTa6HJibHbIMH t:IaCTHD;aMH (<t>oTOHaMH, rpaBHTOHaMH HT. rr.), 

TipOHHTerpHpOBaTb no IIOBepxHOCTH, OKpy»<arom;eli HCTOlIHHK 3TOI'O 

TIOJI.H, TO ,ll;OJI»<Ha TIOJIY"CJHTbC.H KOHCTaHTa - TIOJIHblH TIOTOK t:IaCTHD;. 
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I 
1ill 

a) F ~ ~ 6)F - l 
R2 

P:ac. 2. CMo,D;eJIHpoBaHHbie Ha ROMIIbIOTepe TpaeRTOPHH ,ll;BH:meHH.H qacTHD;bI, o6paID;aIO­

ID;e:iic.a BORpyr n;eHTpa rrpHT.H:meHH.H IIO,ll; p;eliCTBHeM CHJibI F - in . 3HatieHH.H n = 1, 2 H -3 
COOTBeTCTBYIOT HbIOTOHOBCROMY rrpHT.HmeHHIO. B cpH3HtieCROM rrpocTpaHCTBe ,D;Byx, Tpex H 

tieTbipex H3MepeHHli . 

a) F- - 1-
Rl ,5 

6) F - - 1-
R2 ,2 

P11c. 3. TpaeRTopHH 1IaCTH­

D;bI npH n HeMHoro MeHbIIIeM 

(a) HJIH 60JibIIIeM (6), tieM 2, 
IIORa3bI~aIOT . HarrpaBJieHHe 

IIOBOpOTa op6HTbI, 6JIH3ROR 

R 3JIJIHIITHtieCROll. 

3HatIHT, ecJIH 6bI MhI .iKHJIH B eBKJIH,lJ;OBOM npocTpaHCTBe N H3MepeHHH 

(BpeM.H - OC06a.H KOOp,lJ;HHaTa, 3,D;eCh Mbl ee He paCCMaTpHBaeM), TO 3aKOH 

HhIOTOHa MMe.JI 6hI cpopMy 

F ~ RJ-1' 
HanpHMep, eCJIH 6hI Mbl .iKHJIH B 4-MepHOM npocTpaHCTBe, TO CHJia 6bIJia 

6hI o6paTHO nponop:u;HOHaJibHa Ky6y paCCTO.HHH.H. 

llHTepeCHO, K qe:My 6hI 3TO npHBeJio? ,ll;aBaHTe MeH.HTh noKa3aTeJih 

CTeneHH npH RH CMOTpeTh, KaK 6y,n;eT ,lJ;BHraThC.H npo6Hoe TeJIO B 3TOM 

cJiyqae. Ha pHc. 2 noKa3aHhI BapHaHThI TaKoro ,n;BHmeHH.H ,n;JISI u;eJioro 

n = N - 1, a Ha pHc. 3 - ,n;JIH He:u;eJioro n B 3aKoHe 

F~ 1n· 
Cpe,n;H HamHx npHMepoB TOJihKO ,n;JI.H HhIOTOHOBCKoro npHT.H.meHH.H ( n = 2) 
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noJiytIHJiacb npocTa.H 3aMKHyTa.H TpaeKTOPH.H. BhITh Mo.meT, BhI yra,n;ae­

Te ern;e o,n;Ho 3HatieHHe n, ,n;arorn;ee 3JIJIHnTHtiecKyro TpaeKTOpHro? B tieM 

OTJIHtIHe 3TOro 3JIJIHnca OT KenJiepOBCKOH op6HTbI? 

IlpH n < 3 o6JiaCTb ,D;BH.iKeHH.H qacTHD;hl orpaHHtieHa: XOT.H TpaeKTO­

pH.H He 3aMKHyTa, qacTHD;a He noKH,n;aeT o6JiaCTH B Bli,n;e KOJihD;a; TaKoe 

,n;BH.meHHe MO.iKHO CtIHTaTh ycTOHtIHBhIM. IlpH n ~ 3 ycTOHtIHBOCTh Hcqe-

3aeT: qacTH:u;a JIH6o 6eCKOHetIHO y,n;amieTC.H OT :u;eHTpa, JIH6o na,n;aeT B 

:u;eHTp. IlpH He60JibillOM OTJIHl!HH n OT 2 TpaeKTOpH.H HMeeT BH,D; «P03eT­

KH»; TaKyIO op6HTY MOI'JIO 6bI HMeTb TeJio, ,D;BH.myrn;eec.H no 3JIJIHncy' OCh 

KOToporo HenpephIBHO noBopatIHBaeTc.H. B cJiyqae n > 2 noBopoT 3JIJIHnca 

npOHCXO,lJ;HT B HanpaBJieHHH ,lJ;BH.iKeHH.H qaCTHD;hI; B CJiyqae n < 2 3JIJIHnC 

noBopatIHBae!I'c.H B npoTHBonoJio.mHoM HanpaBJieHHH. ,lJ;aJiee MhI yBH,D;HM , 

l!TO 3TH MaTeMaTHtie~KHe 3TIO,ll;bl HMeIOT Ba.iKHbIM cpH3HtieCKHM CMbICJI. 

PEAnbHOE ABM>KEHME nnAHET 

3atieM MhI «H3,n;eBaJIHCh» Ha,n; npocThIM H H3.HID;HhIM 3aKOHOM HhIOTo­

Ha ~? ,It;eJIO B TOM, l!TO, o6parn;a.HCb K peaJibHbIM He6eCHhIM o6'heKTaM, Mbl 
R 

3aMetiaeM HX OTJIHtIHe OT H,n;eaJihHhIX ccpep. <I>opMa 3eMJIH HJIH CoJIHu;a 

JIHmh B nepBOM npH6JIH.meHHH noxo.ma Ha ccpepy. Mh1 3HaeM, tITO 3eM­

JI.H no npHl!HHe Bparn;eHH.H cnJIIOCHyTa B,D;OJih noJI.HpHOM OCH: paCCTO.HHHe 

Me.m,n;y ee CeBepHbIM H IO.iKHbIM nOJIIOCaMH Ha 43 KM MeHhIDe, tieM Me.m­

,n;y npOTHBOJie.marn;HMH TOtIKaMH 3KBaTopa. lfa-3a 3Toro, K comaJieHHIO, 

TeopeMa HhIOTOHa B TOtIHOCTH He BhinOJIH.HeTc.H, H 3eMJI.H npHT.HrHBaeT K 

ce6e He KaK nOMeID;eHHa.H Bee D;eHTpe MaCCHBHa.H TOtIKa, a no 6oJiee CJIO.iK­

HOMY 3aKOHy. IlpH6JIH3HTeJihHO 3TOT 3aKOH MO.iKHO 3anHCaTh B cpopMe, 

no,n;o6HOH cpopMe HblOTOHOBCKoro 3aKOHa: 

F ~ R;+6' 
r,n;e j(j I « 1 - MaJieHbKa.H ,n;o6aBOtIKa, KOTopa.H Mo.meT 6bITh noJIO.iKHTeJih­

HOM HJIH oTpH:u;aTeJihHOH B 3aBHCHMOCTH OT cpopMhI TeJia. HapymaeTc.H 

npoCTOTa HhlOTOHOBCKOro 3aKOHa, a 3HatIHT' HapymaeTC.H H npoCTOTa B3a­

HMHOro ,n;BHmeHH.H Te.JI. KaK MhI BH,n;eJIH, op6HThI Te.JI noJiytiaIOTC.H He3a­

MKHYThIMH H ropa3,D;O 6oJiee CJIO.iKHhIMH, tieM 3JIJIHnTHtieCKHe. 

,IJ;e:HCTBHTeJibHO, Ha6JIIO,D;a.H ,lJ;BH.iKeHHe nJiaHeT H HX cnyTHHKOB, 

acTpOHOMhl o6Hapy.mHJIH, l!TO Bee He6eCHbie TeJia ,lJ;BH.iKYTC.H He B TOtI­

HOCTH no 3JIJIHncaM, a CKopee no «p03eTKaM». Pa3yMeeTC.H, 3TO HHKoro 

He y,n;HBHJio, nocKOJihKy, HatIHHa.H c HhroToHa, yqeHJ>Ie .HcHo noHHMaJIH, 

l!TO npOCTOH 3JIJIHnc, KaK H caMa 3a,n;aqa ,D;BYX Te.JI - JIHilib nepBoe npH-

6.JIH.iKeHHe K peaJibHOCTH. IlpHH.HB BO BHHMaHHe B3aHMHOe npHT.H.iKeHHe 

1rnaHeT, o6parn;arorn;Hxc.H BoKpyr CoJIH:u;a, y,n;aJIOCh notITH noJIHOCThIO 

o6'h.HCHHTh cpopMy HX op6HT. Op6HThI cnyTHHKOB, 6JIH3KHX K CBOHM 
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nJiaHeTaM, B OCHOBHOM HCRaJKaIOTC.H H3-3a HeccpepMqHOCTM nJiaHeT, a Ha 

ABMJKeHMe AaJieRMX cnyTHMROB (B Mx qMcJie - Harna JlyHa) pernaro:m;ee 

BJIM.HHMe oRa3hrnaeT CoJIH:u;e. 

HcnoJih3Y.H aaROHhI HhIOTOHa, acTpOHOMhI XVIII - XIX BeROB AO­

CTMr JIM BbICOqaii:rnero MCRYCCTBa B npeABhiqMCJieHMM TpaeKTOpMii nJiaHeT. 

ECJIH Ha6JIIOAaeMoe ABMJKeHMe nJiaHeThl OTRJIOH.HJIOCb OT pacqeTHOro, TO 

BMHOBHMRa B03My:m;eHMH MCKaJIM He B OCHOBax TeOpMM, a Ha He6e - cpe­

AM HeOTRpblTblX ROCMMqecKMX TeJI. TpMyMcpOM B 3TOH pa6oTe CTaJIO Te­

opeTMqeCROe OTKpblTMe nJiaHeTbl HenTyH, ROTopyro «Ha ROHqMRe nepa» 

o6Hapy.1KHJIM B 1846 I'OAY cppaHIJ;Y3CKMH acTpOHOM y. JleBepbe M aHrJIMqa­

HMH ,[(JR. ~aMC B nOMCRax BMHOBHMRa B03My:m;eHMH B 'ABMJKeHMH YpaHa. 

0AHaRo yme B XIX BeRe aToii: MAMJIJIMM npMrneJI KOHeu;: ROrAa Toq­

HOCTh acTpOHOMMqecRMX pacqeTOB B03pOCJia e:m;e HeMHOro, ORa3aJIOCh, 

qTo TeopM.H HhIOTOHa He CThIRyeTc.H c Ha6JIIOAeHM.HMM. IIo MpOHMM CYAI>-

6h1, o6Hapy.IKHJI 3TO HeAaBHMH TpMyMcpaTop - JleBepbe, peIIIMBIIIMH no­

CJie OTKphITM.H HenTyHa nocTpOMTh HaMToqHeiirnyro TeopMIO ABMJKeHM.H 

Bcex nJiaHeT. TaKyIO Teopmo OH 'AeHCTBMTeJihHO nocTpOMJI, T. e. paapa6o­

TaJI aHaJIMTMqecKyIO cxeMy npeABhiqMCJieHM.H nOJIOJKeHM.H nJiaHeT; OAHa­

RO He Bee B aToii: cxeMe noJiyqMJIO cpMaMqecRoe o6'h.HCHeHMe. HanpMMep, 

6JIMJKaiirna.a R CoJIHIJ;Y nJiaHeTa MepKypMii ABMJKeTC.H no 'AOBOJihHO BI>I­

T.HHYTOH SJIJIMnTMqecROH op6MTe, nOBOpOT OCH ROTOpoii: JierKO 3aMeTHTh. 

06biqHo acTpOHOMbl BbipamaIOT STOT noBopoT RaR CROpOCTb yr JIOBOro ne­

peMe:m;eHM.H nepMreJIM.H - 6JIMJKaii:rneii: K CoJIHIJ;Y TOqRM op6MThI. Ha6Jiro­

AeHM.H noRa3hIBaIOT, l:!TO nepHreJIHii MepKypH.H noBopaqHBaeTc.H Ha 5 7 4" 
B CTOJieTMe. JleBepbe AORa3aJI, qTo noBopoT Ha 531" 3a 100 JieT Bhl3BaH 

BJIM.HHMeM APYrMx nJiaHeT - B ocHOBHOM BeHeph1, IOnMTepa M 3eMJIM. 

8To 93% OT Ha6JIIOAaeMoro acpcpeKTa; RaaaJIOCh 6h1, MOJKHO PMOBaThC.H. 

Ho OCTaBIIIMeC.H 43" B CTOJieTMe He AaBaJIM acTpOHOMaM nORO.H: CKa3hI­

BaJiaCb npocpeCCMOHaJibHa.H I'OP'AOCTb 3a npeCJIOBYTYIO acTpOHOMMqecRyIO 

TOqHOCTb [6-8]. 
KcTaTM, nonpo6yftTe caMM AOrMaThC.H, B RaRoM HanpaBJieHMM npo­

MCXOAHT ABMJKeHMe nepHreJIM.H MepRypM.a noA BJIM.HHMeM oRpymaro:m;Hx 

nJiaHeT. ,[(JI.H 3Toro npeACTaBhTe BCe nJiaHeTbl « pa3Ma3aHHblMM » BAOJib 

MX op6MT. MepRypMii npM STOM oRa3I>IBaeTc.H BHYTPM ROJihu;a. BcnoMHMB 

TeopeMy HI>IOTOHa o rpaBMTaIJ;MM BHYTPM ccpepI>I, onpeAeJIMTe xapaRTep 

noJI.a BHYTPM ROJihu;a. Teneph BaM He cocTaBMT TPYAa HaiiTM aHaK {) H, 

cJieAOBaTeJihHo, aHaK BhipameHM.H n - 2. Teneph nocMoTpMTe Ha pMc. 3. 
CRamy no ceRpeTy, qTo nepHreJIMH MepRypM.H Bpa:m;aeTc.H B noJIOJKMTeJih­

HOM HanpaBJieHMM, T. e. B CTOpOHY ABMJKeHM.H caMOH nJiaHeTbl. 

06HapymMB HeyB.H3RY B ABMJKeHMM MepKypM.H, JleBephe pernMJI, qTo 

eMy BTOpMqHo YJih16HyJiaCh YAaqa, RaK B CJiyqae c HenTyHoM. OH BhiqM­

CJIMJI napaMeTpbl HeM3BeCTHOH· nJiaHeThl, KOTOpa.H MOrJia 6bI HaXOAMTbC.H 

BHYTPM op6HThI MepRypM.H M AOnOJIHMTeJII>HO B03My:m;aTh ero ABMJKeHMe. 
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IIoame aTy rMnoTeTMqecRyro nJiaHeTy Ha3BaJIM ByJIKaHoM. Ee MCKaJIM, HO 

He HaIUJIM. IIoaToMy B KOH:u;e XIX BeKe He6ecHa.H MexaHMKa BCTaJia nepeA 

napMOKCOM: HbIOTOHOBCRa.H cpM3MRa npeKpaCHO o6'b.HCH.HeT ABMJKeHMe 

Bcex TeJI CoJIHeqHoii CMCTeMhI, KpoMe MepRypM.H. . 

'lJ T06hI cnaCTM cpM3MKY' 6bI.iIO npeAJIOJKeHO MHOJKeCTBO opMrMHaJib­

HbI X rMnoTea; caMhie rop.aqMe roJIOBhI AaJKe noKyrnaJIMCh «Ha CB.HTOe» -

Ha aaKoH rpaBMTaIJ;MM HhIOTOHa, npeAJiara.a ero HeM:Horo MOAepHH3Hpo­

Ba Tb. ,[(eiicTBMTeJII>HO, ABMJKeHMe MepKypM.H YAaBaJIOCh o6'b.HCHMTh, ecJIM 

npMH.HTh n = 2,00000016. Ho qyBCTBO npeKpacHoro He no3BOJI.HJIO cpM-

3MKaM 6e3 OTBpa:m;eHM.H CMOTpeTb Ha 3aKOH rpaBHTaIJ;MM B TaKOH cpopMe: 

F- GM1M2 
- R2,00000016 • 

K cqacThIO, npMrneJI 8ii:HrnTeiiH M o6'b.HCHMJI, qTo TeopM.H HhIOTOHa - aTo 

JIMIIIh nepBoe (H oqeHh xopornee!) npM6JIMJKeHMe K onMcaHMIO npMpOAhI, 

HO, Ha caMOM 'AeJie, ABMJKeHMe TeJI M MX rpaBMTaIJ;MOHHOe B3aMMOAeHCTBMe 

ycTpOeHhl ropa3AO CJIOJKHee, qeM STO Ka3aJIOCb AO HaqaJia xx BeKa. 

TeopHSI 3HHWTeHHa H cnnt0cHy1oc1b ConHL&a 

BMecTo MeJIKMX nonpaBOK K HhIOTOHOBCKoii TeopMM 8ii:HrnTeiiH' npM­

Hec c co6oii: HeqTO COBeprneHHO HOBOe, TO, qTo Mbl ceii:qac Ha3hIBaeM 06-

~eii TeopMeM OTHOCMTeJihHOCTM (OTO). K coma.rreHMIO, 3Ta Teopm1 OtieHh 

CJIOJKHa, M ee HeJib3.H npeACTaBMTb B TaKOH JKe 3aMeqaTeJibHOH cpopMe, 

KaK HblOTOHOBY MexaHMKY. Ho 3aTO OHa npaBHJibHO OnMChIBaeT npHT.HJKe­

HMe M ABMJKeHMe TeJI. KorAa Ha ocHoBe OTO 6hIJIO BhrqMcJieHo ABHJKeHHe 

MepKypM.H, B qaCTHOCTM, nOBOpOT ero SJIJIMnTMqecKOH op6MThl, TO Teo­

pM.H cornJiach c Ha6JIIOAeHM.HMM c TaKoii ToqHoCThIO, KaKyro TOJihKO MoryT 

AaTh COBpeMeHHbie acTpOHOMbl. ,[(ame 3HaqMTeJihHO MeHbIIIMH acpcpeKT -

noBopoT SJIJIMnTMl:!eCKOH op6MTbl 3eMJIM Bcero Ha 4" B CTOJieTMe - BeCbMa 

TOqHo o6'h.HCH.HeTc.H B paMRax OTO [9]. 
0AHaKO CKyqHO .iKHTb 6e3 npo6JieM, nOSTOMY B 3aMeqaTeJihHOM co­

r JiaCMM sii:HrnTeHHOBCKOM cpM3MKM c acTpOHOMMqecKMMM Ha6JIIOAeHH.HMM 

Tome 6b1JI ycMoTpeH napMOKc. CyTh ero B TOM, l:!TO Bee pacqeTI>I, KaK no 

HhIOTOHY, TaK M no 8ii:HrnTeHHY, npoBOAMJIMCh AJI.H ccpepMl:!ecKoro CoJIH­

u;a! KaK 6yATO 6h1 Be.a ero Macca B u;eHTpe. A BeAh CoJIH:u;e Bpa:m;ae'i'c.a, 

noSTOMY ccpepMqecKMM OHO 6hITb He MOJKeT. Mbl B TeJieCROn Ha6JIIOAaeM 

Bpa:m;eHMe ero noBepxHOCTM, KOTOpa.H AeJiaeT OAMH o6opoT 3a 25,4 cyT. 

EcJIM c TaKMM me nepMOAOM Bpa:m;aroTc.H M HeApa CoJIH:u;a, TO cpMrypa ero 

AOJIJKHa 6hITb CnJIIOCHYTOH c OTHOCMTeJibHOH pa3HOCTblO 3KBaTOPMaJibHO-

ro M noJI.HpHoro PMMYCOB il.r ~ 10- 5 • Ho, Boo6:m;e roBop.a, BHyTpeHHOCTM 
r 

COJIHIJ;a MOryT Bpa:m;aThC.H COBCeM He TaK, KaK noBepxHOCTh; B acTpOHO-

MMM STOMY eCTb HeMaJIO npHMepoB. 
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E~e B 1960-e rOAhI aMepirnaHeR~:H: cpH3HR Po6epT ,il;HRRe - OAHH Ha 

eoaAaTeJie:H: ROHRypHpyro~eii e OTO pemITHBHeTeRo:H: TeopHH ( eRaJI.Hp­

Ho-TeH30pHa.H TeOpH.H BpaHea-,il;HRRe) - o6paTHJI BHHMaHHe Ha TO, qTo 

cpopMy Jlhl 8HHIIITeHHa HeIIOJih3YIOTe.H AJI.H paeqeTa ABH.iKeHH.H IIJiaHeT B 

rrpeAIIOJIO.iKeHHH, qTo CoJIH:a;e - rnap, xoT.H 3TO, oqeBH,z:i;Ho, He TaR. A Ha­

AO eRa3aTh, qTo Aa.iKe ,lJ;Jl.H ToqeqHhIX H rnapoo6pa3Hh1X TeJI BeeTH paeqeThl 

Ha .H3hIRe o6~eii TeopHH OTHOeHTeJihHOeTH - AOBOJibHO TPYAOeMRoe Ae­

Jio. II03TOMY B rrepBhIX paeqeTax, OeHOBaHHhIX Ha TeOpHH 8HHIIITeHHa, 

AJI.H o6Jierqe:aH.H BhJqHeJieH'H:H: Bee TeJia eqHTaJIHeh TO:tIRaMH HJIH rnapa­

MH. A ,Il;HRRe IIOH.HJI: pa3 CoJIH:a;e Bpa~aeTe.H, 3HaqHT HY.iKHO rrpHH.HTh 

3TO BO BHHMaHHe H Bee rrepeeqHTaTh aaHoBo! B 1960-e ro.zi;h1 TexHHqeeRHe 

TPYAHOeTH peJI.HTHBHeTeRHx paeqeToB y.iKe 6hIJIH rrpeo,z:i;oJIHMh1: rro.HBH­

JIHeh ROMIIhIOTephI. Ho HY.iKHO 6b1JI0 ToqHo 3HaTh, RaRoBa cpopMa ConH:a;a 

H RaR OHO Bpa~aeTC.H. TeopH.H 8HHIIITeHHa YTBep.iKAaeT, qTo Ha CHJie 

rrpHT.H.iKeHH.H o6'beRTa CRa3hIBaeTe.H He TOJihIW OTJIHqHe ero cpopMhl OT 

HAeaJihHoro rnapa, HOH xapaRTep Bpa~eHH.H: Aa.iKe y ABYX HAeaJihHhIX 

rnapoB T.HroTeHHe 6yAe'l' pa3HhIM, ecJIH OAHH H3 HHX HeIIOABH.iKeH, a APY­

ro:H: Bpa~aeTC.H. I'paBHTaD;HOHHOe IIOJie Bpa~aIO~erOC.H TeJia B paMRaX 

OTO HMeeT «BHxpeBOH» ROMIIOHeHT: OHO He TOJihRO rrpHT.HrHBaeT eoeeA­

Hee TeJio, HOH paeRpyqHBaeT ero BORpyr ee6.H. 

0,1 

I 
I 

I 
I 

I 
I 

I 
I 

~ ccpepoM,n; MaKJIOpeHa 

I 
I 

I 

/ 
/ 

/ 

,/~ 
/ / cpHrypa ,ll;:>KMHCa 

oJIJIMIICOH,ZJ; flK06H 

/®map . 
I 

~Jib IIyaaKape 

0,01 0,02 
YrJiosoli MOMeHT j2 

,ll;HCK 

0,03 

PMc. 4. <l>opMhI sparu;aroru;Mxca TeJI. YKa3aHhI rrocJie,n;osaTeJihHOCTM cpHryp paBHOBecHa He­
CJKHMaeMhIX, «JKM,ll;KMX» TeJI (cIIJIOIIIHhie JIMHMM) Ii CJKMMaeMbIX, ra30BbIX TeJI (rryHKTMp). 
OcH sparu;eHMH y scex cpMryp Ha pMcyHKe pacrroJiomeHhI sepTMKaJihHO. 

12 

B 1969 rOAY Po6epT ,il;HRRe H3MepHJI cpopMy CoJIH:a;a H orrpeAeJIHJI ero 

eIIJIIOCHYTOeTh ~r ~ 5 . 10- 5• ,ll;JI.H MeAJieHHO Bpa~aro~eroe.H CoJIH:a;a 3TO r . . 
HerroMepHo 6oJihIIIa.H crrJiroeHyTocTh,. HO ,Il;HRRe yRa3aJI, qTo HeApa CoJIH­

:a;a MoryT Bpa~aThe.H 3HaqHTeJihHO 6hICTpee rroBepxHOCTH. EeJIH ocHOBHa.H 

Macca Harne:H: 3Be3,lJ;hI coBeprnaeT o6opoT MeHee qeM 3a 2 cyT., TO :a;eHTpo-

6e.iKHa.H CHJia AecpopMHpyeT ee HMeHHO TaR, RaR IIORa3aJIH H3MepeHH.H 

,ll;HRRe [10]. B ORpeeTHOCTH crrJirocHyToro CoJIH:a;a aaROH rrpHT.H.iKeHH.H, 

RaR Mhl 3HaeM:, OTJIHqaeTe.H OT ~2' rrpHqeM He TOJihRO B 3HHIIITeHHOB­

CROH, HOH B HhIOTOHOBCRoii TeopHH. EcJIH yqecTh RJiaccHqecRHii BRJia,z:i; 

« COJIHeqHOH cpHryphl » B ABH.iKeHHe rrepllreJIH.H MepRypH.H, TO OCTaro~a.H­

C.H peJI.HTHBHCTCRa.H rrorrpaBRa y.iKe He COBIIaAaeT B TOqHoeTH e rrpeAeRaaa­

HHeM OTO, a CRopee rro,z:i;TBep.iK.zi;aeT (RaR BhI y.iKe, HaBepHoe, .zi;ora,z:i;aJIHeh) 

TeopHro rpaBHTaD;HH BpaHca-,Il;HRRe. · · 

IIpaBAa, rrpoBeAeHHhie rroa.iKe APYrHMH HeeJieAOBaTeJI.HMH H3Mepe­

HH.H cpHryphI CoJIH:a;a He IIOATBepAHJIH ero CHJihHYIO crrJiroeHyToCTh. ,D;o 

ROH:a;a 3Ta rrpo6JieMa He perneH:a .zi;o CHX rrop. Y.iKe MHOrHe ro.zi;h1 Ha,z:i; Heii 

pa6oTaIOT acTpOHOMhI H cpH3HRH: OAHH H3yqaroT CoJIH:a;e, H3Mep.HIOT cRo­

poeTh ero Bpa~eHH.H H cTerreHh crrnroeHyTOCTH, APYrHe paccqHThrnaroT 

ABH.iKeHHe IIJiaHeT BORpyr Bpa~aro~eiic.H H C.iKaTOH 3Be3Ahl. 06e 3TH 3a­

AaqH qpe3BhJqaifHO HHTepeCHhl. 

>KHA~He Tena Bpall,\eHHSI 

Paa y.iK Mhr aaroBopHJIH o Bpa~aro~HXC.H Tenax, o TOM, qTo HX rrpH­

T.H.iKeHHe 3HaqHTeJihHO CJIO.iKHee, qeM y Toqe'tJHhIX Mace, rrorOBOPHM .iKe 

H 0 TOM, BO qTo rrpeBpa~aIOTC.H Bpa~aIO~HeC.H TeJia, eCJIH HX pacRpyqH­

BaTh Bee 6h1cTpee H 6h1cTpee. Ha pHc. 4 rroRaaaHa AOBOJihHO Jiro6orrh1T­

Ha.H IIOCJie,z:i;oBaTeJihHOCTh qmryp paBHOBeCH.H caMorpaBHTHPYIO~HX TeJI. 

CTpaHHhIM CJIOBOM « caMorpaBHTHpyro~ee » o6oaHa'l!aIOT TOT cpaRT, qTo Te­

no IIO,lJ;Bep.iKeHO TOJihRO AeHCTBHIO co6CTBeHHOH CHJihl T.H.iKeCTH, ROTOpo:H: 

rrpoTHBOCTOHT BHyTpeHHee 1rn'oTporrHoe ,z:i;aBJleHHe. PHcyHoR rrocTpoeH B 

ROOPAHHaTax «RBa,z:i;paT 6e3paa:M:epHoro yrJIOBOro MOMeHTa j - RBaApaT 

6e3pa3MepHOH yrJIOBOH CROpOCTH (J) »: 

. - Jp .1/6 

J - 2M513'1iiQ' 
w = _ _ n_ 

-../4nGp' 

rAe M, p, J H n - Macca, IIJIOTIIOCTh, MOMeHT HMIIYJihCa H yrJIOBa.H CRO­

POCTh Bpa~eHH.H TeJia. JlHHHH Ha pHCYHRe IIORa3hIBaIOT perneHH.H ypaB­

HeHHH paBHOBeCH.H, T. e. yRa3hIBaIOT, c RaROH yrJIOBOH CROpOCThIO 6yAeT 

CTaD;HOHapHO Bpa~aThC.H TeJIO, o6JiaAaIO~ee ·orrpeAeJieHHhIM MOMeHTOM 

HMIIYJihca. CrrJIOIIIHhIMH JIHHH.HMH yRaaaHhI perneHH.H AJI.H .iKHARHx TeJI. 

IloqeMy .iKH,lJ;RHx? 8To y.zi;o6Ha.H a6cTpaR:a;H.H: HAeaJihHa.H .iKHAROCTh IIOA 
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,n;aBJieHHeM He MeH.HeT CBOIO IIJIOTHOCTb, l!O IIPH H3MeHeHHH Bparu;eHH.H 

MeH.HeT cpopMy: IIOBepXHOCTb JKH,ll;KOCTH Bcer,n;a nepneH,ll;HKYJI.HpHa cyM­

Me Bcex ,n;elicTByroru;Hx Ha Hee CHJI (BKJiroqa.H :a;eHTpo6eJKHbie). IIpH STOM 

ypaBHeHH.H paBHOBeCH.H pernaIOTCH cpaBHHTeJibHO JierKO (p =canst), a He­

KOTOpble KOCMHqecKMe TeJia, HaIIpHMep, IIJiaHeTbI, ,n;eHCTBHTeJibHO MOJK­

HO cqHTaTb JKH,ll;KHMH, IIOCKOJibKYHX IIJIOTHOCTb CJia6o MeH.HeTC.H c rJiy6M­

HOH. Ho ,ZJ;JI.H HOpMaJibHbIX aBea,n; sTa a6cTpaK:a;M.H y.me He no,n;xo,n;HT: nJIOT­

HOCTh HX Beru;ecTBa oqeHb CHJlbHO MeH.HeTC.H OT :a;eHTpa K IIOBepXHOCTH. 

IIosTOMY ,n;JI.H HHX paccqMTaHa nocJie,n;oBaTeJihHOCTb qrnryp c.mMMaeMhIX 

TeJI (cpMrypbI ,Il;JKHHCa). 

CHaqaJia npe,n;cTaBMM ce6e coBceM .He Bparu;aroru;eec.H .mM,n;Koe TeJio, 

o6Jia,n;aroru;ee rpaBMTa:a;Meli. PaayMeeTc.H, OHO mapoo6paaHo. HaqHeM pac­

KpyqMBaTh TeJio, coo6ru;a.H eMy Bee 6oJihrnMli yrJioBoli MoMeHT. IIpM sToM 

yrJIOBa.H CKOpOCTb TeJia HaqHHaeT paCTH, aero cpHrypa CTaHOBMTC.H BCe 

6oJiee H 6oJiee CIIJIIOCHYTbllVl 3JIJIMIICOH,ll;OM Bparu;eHH.H, KOTOpbIH TIO Tpa­

,ZJ;HIJ;HH HaahrnaroT ccpepoM,n;oM MaKJiopeHa. 3BOJIIOIJ;HOHMPY.H B,ll;OJib nocJie­

,n;oBaTeJihHOCTH MaKJiopeHa, TeJio ,n;ocTMraeT ToqKH MaKCMMyMa yrJIOBOH 

cKopocTH. IIpM ,n;aJihHelirneM yBeJIMqeHHH yrJioBoro MOMeHTa Harn SJIJIM­

ncoM,n; HaCTOJibKO ynJioru;aeTC.H, qTo HaqHHaeT 6bICTpO B03pacTaTb ero MO­

MeHT HHep:a;HH (sa cqeT y,n;aJieHH.H MaCCbl OT OCH Bparu;eHHH), a yrJIOBa.H 

cKopocTb Bparu;eHHH npH sToM yMeHhrnaeTc.H. TeJio cTaHOBMTC.H Bee 6oJiee 

IIJIOCKHM H IIOXOJKHM Ha ,ll;HCK. 

BaM MO)KeT IIOKa3aTbC.H, qTo B rrpHJIOJKeHHH K KOCM:HqecKHM TeJiaM 

Harne MCCJie,n;oBaHHe JIMIIH~HO CMbICJia: r,n;e 3TO BH,ll;aHO, qTo6bI KTO-TO pac­

KpyqHBaJI IIJiaHeTy HJIH 3Bea,n;y. 3aMeqy, l:JTO HHOr,n;a 6blBaIOT CHTya:a;HH, 

KOr,n;a B3aHMO,ZJ;eHCTBMe ,ll;BYX 6JIH3KHX TeJI (HaIIpHMep, IIJiaHeTbl Hee CIIyT­

HHKa) IIpHBO,ll;HT K cyru;ecTBeHHOMY H3MeHeHMIO HX MOMeHTa HMIIYJibCa. 

Ho qaru;e TeJia ,n;elicTBHTeJibHO coxpaH.HIOT cBoli MOMeHT, o,n;HaKo aaMeTHO 

H3MeH.HIOT CBOIO IIJIOTHOCTb. HanpMMep, B xo,n;e cpopMHpoBaHHH 3Bes,n;hr 

H3 paspemeHHOrO 06JiaKa ee pa3Mep yMeHbrnaeTC.H noqTH B MMJIJIHOH pa3, 

a IIJIOTHOCTh BospacTaeT B ~ 1017 paa! MaTeMaTMqecKM sTo 3KBMBaJieHTHo 

pocTy j. ,Il;oKaJKHTe caMH, qTo H ,ll;BH./KeHMe B,ll;OJlb IIOCJie,n;oBaTeJibHOCTH 

MaKJiopeHa npM STOM npoMcxo,n;MT OT rnapa K ,n;McKy. IIpo,n;oJIJKHM Harn 

MblCJieHHbIH 3KCIIepMMeHT. 

Ha pMcyHKe MbI BH,ll;HM, qTo OT nocJie,n;oBaTeJibHOCTM cpMryp MaKJiope­

Ha B ,n;Byx TQqKax, Ha3bIBaeMbIX ToqKaMH 6McpypKa:a;HH, OTXO,ll;.HT HOBbie 

KPHBbie. 3To TaK.me IIOCJie,ZJ;OBaTeJibHOCTH cpMryp paBHOBeCHH, KOTOpbie 

6bIJIH oTKpbITbI noame, qeM ccpepoM,n; MaKJiopeHa. EcJIH MbI coo6ru;MM Te­

JIY MOMeHT HMIIYJibCa qyTb 6oJibrnHH,_ qeM y nepBOH TQqKM 6McpypKa:a;MH, 

H HeMHO.iKKO B03MYTHM ero cpopMy' OHO MOJKeT CKaqKOM npeBpaTHTbC.H M3 

«TbIKBoo6pasHoro» ccpepoM,n;a MaKJiopeHa B «,ZJ;hrneo6pa3HbIH» 3JIJIMnco­

M,n; HK06H, T. e. CTaHeT He CIIJIIOCHYTbIM, a BbIT.HHYTbIM H 6y,n;eT yCTQHqHBO 

Bparu;aTbC.H BOKpyr OCH, nepneH,n;MKYJI.HpHOH HanpaBJieHHIO 3TOH BbIT.~rny-
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TOCTH. ECJIH pacKpyqHBaTb TeJIO CHJibHee, TO OHO 6y,n;eT CTaHOBHTbC.H Bee 

6oJiee BbIT.HHYTbIM, IIOKa He npeBpaTHTCH B ,ll;JIHHHYIO CIIHIJ;Y. 

BTopa.H ToqKa 6McpypKa:a;1rn Ha KpHBOH MaKJiopeHa CBH3aHa c npe­

Bparu;eHHeM ,n;McKa B KOJih:a;o. IIpM onpe,n;eJieHHOM MOMeHTe Bbirne KpM­

THqecKoro ,ll;MCK CTaHOBHTCH HeycToftqMBbIM: sa cqeT tieHTpo6eJKHbIX CMJI 

Beru;eCTBO M3 ero cepe,ll;HHKH MOJKeT B KaKOH-TO MOMeHT OTCKQqMTb K ne­

pMcpepMH, H noJiyqMTC.H KOJih:a;o. KaaaJIOCb 6b1, 3TO MaTeMaTMqecKa.H sKso­

THKa, HO COBCeM He,n;aBHO B KOCMOCe, cpe,n;M cpopMMpyroru;HXC.H 3Be3,n; 6bIJIH 

o6Hapy.meHbI HMeHHO TaKHe o6'beKTbI. 

Ha JIMHHH HKo6M MbI TaK.me BM,ll;MM ToqKy 6HcpypKaD;MM. Y CMJib­

HO BbIT.HHyToro 3JIJIHIICOH,ll;a IIPH MOMeHTe HMIIYJibCa 60JibIIIe HeKOTOporo 

KPHTHqecKoro Beru;ecTBO MOJKeT H3 :a;eHTpa OTOHTH K Kpa.HM, cos,n;aB B 

:a;eHTpe «nepeMhrqKy», aHaJiorMqHyro ,n;hrpKe B KOJihu;e. IIoJiyqaeTc.H raH­

TeJieo6paaHa.H cpMrypa - raHTeJib IIyaHKape. 

JioqTH Ka.m,n;a.H H3 npe,n;cTaBJieHHbIX s,n;ecb cpMryp HOCHT HM.H M3BecT­

HOro MaTeMaTMKa MJIH cpM3HKa. BM,n;MTe, KaK npocTo MOJKHO npocJiaBMTb 

CBOe HM.H B HayKe: ,ll;OCTaToqHo HaHTH HOBYIO cpMrypy paBHOBeCH.H Bparu;a­

rorn;eroc.H TeJia. CoBeTyro nonpo6oBaTb. BnpoqeM, npo6oBaJIM y.me MHo­

rMe: Ha pMCYHKe npe,n;cTaBJieHbI ,n;aJieKO He Bee B03MOJKHbie cpopMbI Bpa­

rn;arorn;MXC.H JKH,ll;KHX TeJI; HO Bbl y.me BH,ZJ;HTe, HaCKOJibKO CJIOJKHbI MoryT 

6bITb 3TH cpopMbI. A Be,n;h Jiro6a.H H3 HHX MOJKeT 6bITb npHcyru;a KaK nJia­

HeTe, TaK H 3Bes,n;e; a 3TO 3HaqHT, qTo MX coce,n;M-CIIYTHHKH 6y,n;yT B3aHMO­

,n;eiiCTBOBaTb He c MaTep1rn.JibHOH TOqKOH, a HaIIpHMep, BOT c TaKOH 6erne­
HO Bparu;aroru;e:lic.H raHTeJihIO. IIpe,n;cTaBJI.HeTe, KaKa.H HHTepecHa.H aa,n;aqa 

,ll;Jl.H MaTeMaTMKa - HCCJie,n;oBaTb ,ll;BHJKeHHe CIIYTHMKa TaKOH raHTeJIH? 

rAnAKTHKH 

Bee oKpy.marorn;Me Hae sBes,n;hr mMBYT B orpoMHOH cHcTeMe no,n; Ha-

3BaHHeM I'aJiaKTHKa. B HeH COTHH MHJIJIHap,n;oB 3Be3,n;, M KaJK,n;a.H H3 HHX, 

B TOM l:JHCJie H CoJIHIJ;e, ,ll;BHJKeTC.H XaOTHl:JeCKH, IIOCKOJibKY ee IIpHT.H­

rMBaIOT MMJIJIMap,n;bI IIOCTOHHHO H3MeHHIO:rn;Mx CBOe IIOJIOJKeHHe CBeTHJI. 

3a HCKJIIOqeH:HeM HeCKOJlbKMX 6JIHJKaHIIIHX coce,n;e:H:, cnoco6HbIX CBOHM 

IIpHT.HJKeHHeM Kap,n;MHaJibHO H3MeHHTb TpaeKTOpHIO 3Be3,Zl;bl, Bee OCTaJib­

Hbie ,n;aJieKHe 3Be3,ll;bl MOJKHO yno,n;o6HTb HenpepbIBHOH cpe,n;e' « 3Be3,ll;HOMY 

ra~3Y», 3aIIOJIH.HIOIIJ;eMy 06'beM I'aJiaKTHKM. 0,n;HaKO ee cpopMa HaCTOJibKO 

OTJIHqHa OT ccpepbI, l:JTO op6HTbI 60JibrnHHCTBa 3Be3,n; ,n;a.me OT,n;aJieHHO He 

HanoMMHaIOT KJiaccMqecKMe SJIJIMIICbI KenJiepa. 

Op6MTa 3Be3,n;hr, ,n;BM.myru;elic.H B I'aJiaKTMKe, TaK CJIOJKHa, qTo Hso6pa -

3HTb ee Ha IIJIOCKOCTH Ol:leHb Tpy,ll;HO - 3TO y.me He «p03eTI<a», a HCTHHHa.H 

«P03a». 06hil:JHO 3TO ,n;eJiaIOT B ,n;Ba npMeMa: H306pa.maIOT npoeKIJ;HIO op6M­

Tbl Ha IIJIOCKOCTb raJiaKTMl:lecKoro 3KBaTopa (noJiyqaroTc.H KPMBbie, Becb­

Ma IIOXOJKMe Ha pHC. 3, a) M Ha COIIYTCTByrorn;yro 3Be3,n;e MepM,n;MaHHYIO 
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3KBRTOpRaJibHRH 

IlJIOCKOCTb 

~ D- ' MepH)1uauua: ' ~ -
IIJIOCKOCTb ~ 

PHc. 5. TpaeKTOPHH npo­

H3BOJibHbIX 3Be3,ll; B ra.rraK­

THKe. CBepxy- B npoeKD;HH 

Ha IlJIOCKOCTb ra.rraKTl:llie­

CKoro 3KBaTopa; CHH3y -

B npoeKD;HH Ha MepH,n;H­

aHHyIO IlJIOCKOCTb. 3Be3,ll;bl 

HMeJIH O,ll;HHRKOBOe Ha'!a.rrb­

HOe IlOJIO.ateHHe, HO pa3Hble 

CKOpOCTH II COBepmHJIH no 

10 o6opOTOB BOKpyr u;eHTpa 

faJiaKTHKH. 

ITJIOCKOCTh, ITepITeH,n;irnymipHyIO 3KBaTOpH8..7IhHOH (pHC. 5). °LJT061>1 OCBO­

HThCH c STHMH KOOp,n;HHaTaMH, ITOITpo6yliTe caMH HapHCOBaTh Ha MepH,n;H­

aHHOH ITJIOCKOCTH TpaeKTOPHIO 3Be3,ZJ;hl, ,ll;BHa<ym;e:Hc.H B ITJIOCKOCTH raJiaK­

TH'tleCKOrO 3KBaTopa ITO KpyroBOH op6HTe; ITO po3eTKOo6pa3HOH op6HTe. 

HaIToMHIO, 'tlTO TaKyIO TpaeKTOpHIO 3Be3,n;a BhIIIHChlBaeT ITo,n; ,n;e:HcTBHeM 

ITpHT.Ha<eHH.H BCeX ,ZJ;aJieKHX 3Be3,n; raJiaKTHKH, pacITpe,n;eJieHHe KOTOphIX 

B ITpOCTpaHCTBe Mhl C'tlHTaeM CTaIJ;HOHapHhIM H ycpe,n;HeHHhIM ( «pa3Ma-

3aHHhIM» ), KaK y a<H,n;Koro HJIH TBep,n;oro TeJia, Kor,n;a MhI 3a6hrnaeM o cy­

m;ecTBOBaHHH oT,n;eJihHhIX aToMoB. A Be,n;h cym;ecTBYIOT em;e cJiy'tlaHHhie 

c6JIHa<eHHH c coce,n;HHMH 3Be3,n;aMH, MaCCHBHhIMH 3Be3,ZJ;HhIMH CKOITJieHH­

.HMH H o6JiaKaMH Mea<3Be3,n;Horo ra3a, KOTOphie MOryT H3MeHHTh TpaeK­

TOpHIO Harne:H 3Be3,ZJ;hl caMhIM HeITpe,n;cKa3yeMhIM o6pa30M, HHOr,n;a Ha­

CTOJihKO CHJihHO, 'tlTO 3Be3,n;a B006m;e ITOKH,n;aeT CHCTeMy (ITpH6JIH3HTeJih­

HO 3a Kam,n;yIO ThlCH'tlY JieT Rama I'aJiaKTHKa Tep.HeT TaKHM o6pa30M o,n;Hy 

3Be3,n;y). 

llMeH B BH,n;y xaoTH'tleCKYIO TpaeKTOPHIO Kam,u;o:H 3Be3,ZJ;hl, Ka3aJIOCh 

6hl, Ha,ZJ;O Oa<H,n;aTh, 'tlTO H BCH 3Be3,n;HaH CHCTeMa 6y,u;eT 6ecq>0pMeHHOH, ITO­

xome:H Ha KHCeJih. ,ll;eTaJIH CTpOeHH.H Harne:H co6CTBeHHOH I'aJiaKTHKH Mhl 

3HaeM ITOKa He,u;ocTaTO'tlHO xoporno. Ho BOKpyr Hae eCTh MHOa<eCTBO ITO­

,u;o6HhIX 3Be3,ZJ;HhIX CHCTeM, B ITpHHIJ;HITe, TaKHX me, KaK Hama raJiaKTHKa. 

Mbl CMOTpHM Ha coce,n;HHe raJiaKTHKH CHapymH H BH,ZJ;HM y MHOrHX H3 HHX 

't1pe3BhI'tlaHHO peryJIHpHhIH 3Be3,ZJ;HbIH y3op. Ilpe,n;cTaBhTe: COTHH MHJIJIH­

ap,u;oB 3Be3,u;, Kam,u;a.H H3 KOTOphIX ,ll;BHa<eTCH 6eCITOpH,ZJ;O'tlHO, a Bee BMeCTe 

16 



<POTO I. 06IT1HH BH,ll; CaTypHa Hera KOJieD; ( 4 .HHBap.H 1998 ro.n;a). <POTO KOCMH'leCKOro 
TeJiecKorra HM. Xa66Jia (CIIIA). 

<t>oTo II. qacTh KOJien; Ca­
TypHa, cqJOTorpaqmpoBaH­
Ha.H c 6JIH3KOPO paCCTO.HHH.H 
KOCMH'leCKHM aoH.n;oM «Bo­
.H.n;mep » (CIIIA) . 

<PoTo IV. 0'leHh CTapoe 
H O'leHb MaCCHBHOe rna­
POBOe 3Be3.n;Hoe CKOIIJie­
HHe Me cc be 5 5 ( aaHRMa­
eT BCIO IIJIOllla,ll;b 3TOro 
CHHMKa). 

<PoTo III. CpaBHRTeJih­
HO MOJIO,ll;Oe 3Be3,ll;HOe 
cKorrJieHHe Meccbe 7 Ha 
cpoHe 6oraToro 3Bea.n;a­
MH MJie'lHOro IlyTH. 



OHH no KaIWH-TO He COBCeM nOHHTHOH IIPH1IHHe o6pa3yIOT BeCbMa npa­

BHJibHYIO cnHpaJibHYIO KapTHHY (CM. <}>OTO Ha 06JIO»tKe ). Bo3HHKaeT Bne-

11aTJieHHe, 1ITO cym;ecTBYIOT cpaKTOpbr, corJiacyrom;He ,lJ;BHmeHHe 3Be3,n;, 

11To npoHcxo,n;HT HX caMoopraHH3aIJ;HH. CJIOBOM, raJiaKTHKH y6em,n;aroT 

Hae B TOM, 1ITO B xaoce 3Be3,n;Horo ,lJ;BHmeHHH Ha6Jiro,n;aeTCH KaKa.H-TO CH­

CTeMa. Bb!HCHHTb, KaKa.H HMeHHO, - ,n;ocToliHaH 3a,n;a11a ,n;JIH MaTeMaTHKa. 

3aMe11y' 1ITO no,n;xo,n;bI K perneHHIO 3TOH 3a,n;a11H B03MOmHbl caMbie 

pa3Hbre. MomHo Boo6m;e He yqHThIBaTh B3aHMo,n;elicTBHe 3Be3,n; ,n;pyr c 

,n;pyroM H paccMaTpHBaTb 1IHCTO KHHeMaTH1IeCKYIO 3a,n;a11y: Bpam;arom;ax­

CH 'rOJIOBKa noJIHBaJibHOH ycTaHOBKH pom,n;aeT cnHpaJibHbie CTPYH BO,lJ;bI 

6e3 BCHKOH caMoopraHH3aIJ;HH 11acTH:a;. Ha 3TOM nyTH 6bIJIH H Hey,n;a11Hb1e 

H,n;eH: HanpHMep, BbI6poc Bem;ecTBa cnHpaJibHbIX pyKaBOB H3 Bpam;aro­

m;eroc.H H,n;pa raJiaKTHKH (KaK Bo,n;br H3 noJIHBaJibHOH ycTaHOBKH). Ho Ha 

3TOM me nyTH y,n;aJIOCb nOHHTb pom,n;eHHe cnHpaJibHbIX pyKaBOB y ,ZJ;BOH­

HbIX raJiaKTHK, C03,n;arom;Hx npHJIHBHOe HCKameHHe cpopMbI ,n;pyr y ,n;pyra. 

Ho 6oJiee nepcneKTHBHoli Bee me BH,ZJ;HTCH caMoopraHH3a:a;HH 11acTH:a;, 

npHMep KOTopoli ,n;aeT BOJIHOBoe ,n;BHmeHHe. Cpe,n;oli ,n;JIH pacnpocTpaHe­

HHH BOJIH B ,ZJ;HCKe raJiaKTHKH MOryT 6bITb KaK 3Be3,ZJ;bI, TaK H Mem3Be3,n;­

HbIH ra3. Ha STOM nyTH co3,n;aHo HeCKOJibKO TeopHli. HanpHMep, B 1970-e 

ro,n;hr coBeTCKHH acTpo<}>H3HK A. M. <l>pH,n;MaH ycMoTpeJI, 11To ypaBHe­

HHH ,ZJ;BHmeHHH Bem;ecTBa B ,ZJ;HCKe raJiaKTHKH no cpopMe HanOMHHaIOT 

ypaBHeHHH, onHCbIBaIOm;He ,ZJ;BHmeHHe BOJIHbl B TOHKOM CJIOe mH,n;KOCTH, 

Kor,n;a ,ZJ;JIHHa BOJIHbI MeHbIIIe rJiy6HHbI Bo,n;oeMa. ct>H3HKH Ha3bIBaIOT 3TO 

BOJIHaMH Ha MeJIKOH BO,n;e. IIocKOJibKY Ha KOMnbIOTepe Tor,n;a HeB03Mom­

HO 6bIJIO MO,ZJ;eJIHPOBaTb ,ZJ;BHmeHHe MHJIJIHOHOB 3Be3,n; raJiaKTHKH (TaKHe 

KOMnbIOTepbI H ceifqac - 60JibIIIaH pe,n;KOCTb), cpa3y po,n;HJiaCb H,n;e.H MO­

,n;eJIHpoBaTb cnHpaJibHbIH y3op raJiaKTHKH ••• B 6Jiro,n;:u;e c Bo,n;oli. HaJIHJIH 

B cne:a;HaJibHOe 6Jiro,n;:u;e TOHKHH CJIOH BO,ZJ;bl, 3aKpyTHJIH ero H no BO,n;e 

,n;eliCTBHTeJibHO no6emaJIH cnHpaJibHbie BOJIHbI. K comaJieHHIO, nOBTO­

PHTb - He 3Ha1IHT nOH.HTb. TeopH.H BOJIH Ha MeJIKOH Bo,n;e MHororo He 

MomeT o6'b.HCHHTb, HO n03BOJI.HeT C03,n;aTb H3 6JIIO,n;e11Ka c BO,ZJ;OH CBOe­

o6pa3HbIH aHaJIOI'OBbIH KOMnbIOTep H noBTOpHTb HeKOTOpbre HHTepeCHbie 

scpcpeKTbI, Ha6Jiro,n;aeMbie B ,ZJ;HCKax raJiaKTHK. 

A BOT em;e O,ZJ;HH npHMep caMoopraHH3aIJ;HH B o6'beKTe, KOTOpblH He 

TaK ,n;aJieK OT Hae, KaK raJiaKTHKH. 

Konbqa CatypHa 

KoJib:a;a BOKpyr CaTypHa (<}>oTo I) - aTo poli MeJIKHX nhIJIHHOK, cHe­

mHHOK H KaMyIIIKOB pa3MepoM ,n;o ,n;eC.HTH- ,n;Ba,n;:u;aTH MeTpOB ••• 0THOIIIe­

HHe ,n;HaMeTpa KOJie:a; CaTypHa K HX TOJIIIl;HHe - CTO TbIC.Hll K O,ZJ;HOMY. 8TO 

17 



ropaa,n;o 60.rrbIIIe, qeM OTHOIIIeHHe paaMepa TeTpa,n;Horo .rrHcTa 6yMarH K 

ero TO.JIID;HHe. Ilo,n;.rreTa.H K CaTypHy H paar.rr.a,n;orna.a ero KO.JihD;a (<f>oTo II), 
MO.iKHO 3aMeTHTh y,n;HBHTe.JibHYIO Bem;o: ORa3hIBaeTC.H, 3TO He CilJIOIIIHOe 

MeCHBO qacTHD;, a BbICOKOopraHH30BaHHblH Ha6op H3 TOHeHbKHX RO.JieqeR, 

paa,n;e.rreHHhIX nycThIMH npoMe.myTKaMH. A Be,n;o Ko.rreqRH - 3TO npocTo 

TpaeKTOPHH, no ROTOpbIM .JieT.HT RaMyIIIKH H nbIJIHHKH; a npoMe.myTKH -

3TO 06.rraeTH, KOTOphIX op6HThI H36eraroT. Ho no RaKoli npHqHHe? 

HanpacHo 3TO .HB.rreHHe nhITa.rrHeh 06'0.HeH.HTh ,n;elieTBHeM MarHHTHhIX 

H 3.JieKTpHqecRHX CH.JI - HeT, 3TO qlfcTo rpaBHTaD;HOHHhIH 3<f><f>eKT. Ho no­

qeMy rpaBHTaD;H.H opraHH30Ba.rra ,n;BH.meHHe Bem;eeTBa B KO.rrhn;ax Ca TypHa 

TaRHM eJIO.iKHhIM o6pa30M, ,n;o CHX nop He BnOJIHe .HCHO [11]. 

3BE3.QHblE CKOnnEHHSI 

TO.JibRO B O,D;HOH HaIIIeH ra.rraKTHKe COTHH MHJIJIHap,n;oB 3Be3,n;. Mb! 

XOTHM 3HaTh, KaR .iKHBYT 3Be3,D;bl, KaR opraHH30BaHa 3Be3,n;Ha.H I'a.rraKTH­

Ka, HO Ha,n;o JIM ,lJ;JI.H 3TOI'O H3yqaTb Ra.m,n;yro 3Be3,n;y? He TO.JihKO H3yqHTh, 

HO ,n;a.me nepenHCaTb BCe 3Be3,D;hl ra.rraRTHKH HeBepo.HTHO C.JIO.iKHO. By­

RBa.JibHO He,n;aBHO acTpOHOMhl eocTaBH.JIH KaTa.rror, co,n;ep.mam;Hli eaMbie 

3.JieMeHTapHbie ,n;aHHhie (Koop,n;HHaTbl H .HpKOCTb) OKOJIO 500 M.JIH. 3Be3,n;. 

M 3TO C"tIHTaeTe.H 60.rrhlIIHM ,n;oeTH.meHHeM. OeTa.rrhHhie .me eoTHH MH.JI.JIH­

ap,n;oB eBeTH.JI - 99, 5 o/o OT HX nO.JIHOI'O qlfCJia B I'a.rraRTHRe - no Ra ,lJ;.JI.H 

Hae 6eahIM.HHHhI H Ha RapTax He o6oaHaqeHhI. C.rre,n;yeT JIM H3 3Toro, qTo 

Mhl He MO.iKeM cy,n;HTh 0 .iKH3HH ra.rraRTHKH? BoBce HeT. 

Ilo,n;o6Ho TOMY' KaR COD;HO.JIOr HCC.Jie,n;yeT o6m;ecTBeHHOe MHeHHe MH.JI­

.JIHOHHOro Hace.rreHH.H eTpaHbl nyTeM onpocoB TblC.Hq CJiyqaHHhIX .JIIO,n;eli, 

HJIH KaR reHeTHR HayqaeT ,n;eHCTBHe Hac.rre,n;eTBeHHOeTH Ha nOTOMKax He­

CKO.JibKHX eeMeli, TO"t!HO TaR .me H acTpOHOM MHOroe Y3HaeT 0 .iKH3HH 3Be3,n;, 

H3ytIHB no,n;po6Ho JIHIIIh HeCKOJibRO He6o.rrhIIIHx aBea,n;HhIX rpynn. Ta:KHe 

rpynnbI, HJIH eeMeHCTBa reHeTHqecRH CB.H3aHHhIX 3Be3,n; Ha3hIBaIOT 3Bea,n;­

HhlMH CKOTI.JieHH.HMH HJIH aceon;Han;H.HMH. Pa3.JIHqlfe Me.m,n;y HHMH B TOM, 

qTo B eKOnJieHH.HX IlJIOTHOeTb 3Be3,D; 3aMeTHO BhIIIIe, qeM B cpe,n;HeM no I'a­

.JiaRTHRe, H n03TOMY B3aHMHa.H rpaBHTaD;H.H ,n;o.rrro y,n;ep.iKHBaeT 3TH 3Be3-

,lJ;hl BMeeTe ( <t>oTo III), a B aecon;Han;H.ax po,n;eTBeHHhie aBea,n;hI ,n;a.rreKH ,n;pyr 

OT ,n;pyra H OeHOBaTeJibHO nepeMelllaHbl C ,n;pyrHMH 3Be3,n;aMH I'a.rraKTHKH. 

<PaRTH"tleeKH, 3Be3,D;Hhie accon;Han;HH - 3TO paena,n;arom;HeC.H 3Be3,D;Hbie 
eROn.JieHH.H. 

CoBeeM He npocTo yeTaHOBHTh, qTo ,n;aHHa.H rpynna aBea,n; .iKHBeT e,n;H­

HblM CeMeHCTBOM. IlpH Ha6Jiro,n;eHHH He6a Bee 3Be3,D;bl Ra.myTC.H y,n;a.rreH­

HhlMH OT Hae Ha O,lJ;HHaR9Boe paeCTO.HHHe, XOT.H B ,n;eliCTBHTe.JibHOeTH 3TO 

He TaK. CJiyqaliHyro <f>JIYRTyan;Hro qlfc.rra 3Bea,n; Ha RBa,n;paTHRe He6a JierRo 

MO.iKHO npHH.HTh aa CKOn.JieHHe, n03TOMy Tpe6yeTC.H H3MepHTh paCCTO.HHHe 

,n;o Ra.m,n;o:H: H3 3Be3,n;, qTo6bI Ha,n;e.mHo ,lJ;ORa3aTb HX B3aHMHYIO 6.JIH30CTh 
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B npoeTpaHCTBe. TaKa.H pa6oTa npoBO,D;HTe.H, H BOT qTo BhI.HeH.HeTc.H: qeM 

MO.JIO.me 3Be3,D;hl, TeM 60.JibIIIa.H HX qacTh o6'be,lJ;HHeHa B eKon.rreHH.H H aeco­

D;HaD;HH. MHTepecHo, noqeMy 3TO TaR? HanpHMep, Kor,n;a MhI H,n;eM Beqe­

poM no Y.JIHD;e H BH,lJ;HM rpynny MOJIO,lJ;hlX .JIIO,n;e:H:, TO.,n;yMaeM: «HeenpoeTa 

3To! ». To .me eaMoe ,n;yMaeT aeTpoHoM, Ror,n;a BH,lJ;HT rpynny .mMBym;Hx no 

coce,n;eTBY H He paa.rreTarom;Hxe.a ,n;pyr OT ,n;pyra 3Bea,n;: «HecnpoeTa OHH 

BMecTe, qTO-TO B HX HCTOpHH eCTb o6m;ero, qTo eB.H3hIBaeT HX». TeopH.H 

y6e.m,n;aeT Hae B TOM, qTo noqTM HeBepO.HTHO o6'he,D;HHeHHe e.rryqaHHO 6.rry­

.m,n;arom;Hx 3Be3,n; B rpaBHTaD;HOHHO CB.H3aHHbIH o6'heRT; HanpOTHB, BeChMa 

Bepo.HTHO, qTo OHM po,n;M.JIMeb BMeeTe H B ,n;a.JihHeihrreM He paeeTaBa.rrMeb. 

II03TOMY' Hayqa,a 3Be3,D;Hhie eRon.rreHH.H, Mhl oqeHh MHOro yaHaeM 0 TOM, 

r,n;e H RaK po.m,n;aIOTC.H 3Be3,D;hl, noqeMy 3TO npoMeXO,lJ;MT, KaKOBhl <f>H3Hqe­

eRMe MexaHH3MhI 3Toro .HB.JieHH.H ••• Celiqac y.me .HCHO, qTo 3HaqHTe.JihHa.H 

,D;O.JI.H 3Be3,n; po.m,n;aeTC.H eeMeHeTBaMH, ROTOPhie aaTeM noeTeneHHO paena­

,n;aIOTC.H. IIoH.HTh, noqeMy STO npoHcxo,n;HT - aa,n;aqa ,n;.rr.a cnen;Ha.rrHCTOB 

no 3Be3,D;HOH ,lJ;HHaMHRe. 

Cpe,n;H paaJIHqHhIX aBea,n;HhIX cKon.rreHHli e HaH6o.rrhIIIHM BHHMaHH­

eM acTpOHOMhl HayqaIOT caMhie MaceHBHhie, TaR Ha3hIBaeMhie wapOBble 
eRon.rreHM.H, co,n;ep.mam;He ,n;o HeeRo.JibRHX MH.JI.JIHOHOB aBea,n;. Ee.JIM BhI no­

eMoTpHTe Ha <f>oTorpa<f>Hro TaKoro cRon.rreHH.H (<f>oTo IV), TO y Bae He B03-

HMRHeT COMHeHH.H, qTo 3TH 3Be3,D;bl .iKHBYT BMeCTe, qTo 3TO He e.rryqa:H:Ha.H 

¢>.rryRTyan;H.H Ha <f>oHe 3Be3,n;Horo He6a, a HaCTO.Hlil;HH 3Be3,D;HbIH ropo,n;. 

IIIapOBhie CKOn.JieHH.H HaH6o.rree MHTepeCHhl ,lJ;.JI.H aeTpOHOMOB, noeKOJih­

KY OHH oqeHh yeToliqHBbie, Haee.JI.HIOID;He HX 3Be3,D;bl oqeHb eTapbie - B 

HeCRO.JibRO pa3 CTapIIIe HaIIIero Co.rrH:u;a, a 3HaqMT, OHH nOMH.HT ropaa,n;o 

60.rree ,n;peBHHe 3nH30,lJ;hI HeTopHM, qeM Co.rrH:u;e H ero n.rraHeThI. 

3BOnlOL\HSI wapOBblX CKonneHHM 

MM.rr.rrMoH aBea,n; • .KaR HayqaTh Hx BaaHMHoe B.JIH.HHHe M ,n;BH.meHHe B 

npOCTpaHeTBe? ,Il;o nocJie,D;HHX .rreT He 601.JIO ROMnbIOTepoB, ROTOphie MOI'.JIH 

6hI enpaBHTbe.H e pellleHHeM HeCROJibKHX MHJIJIHOHOB ,n;H<t><f>epeHI.J;Ha.Jib­

HbIX ypaBHeHHH, onMchrnarom;Hx ,n;BH.meHHe 3THX aBea,n;. He,n;aBHo TaRoli 

ROMnbIOTep eoa,n;aH B .HnOHHH. PaayMeeTe.H, 3TO He YHHBepca.rrhHbIH KOM­

nhIOTep, a cnen;Ha.JIH3HpOBaHHhIH, Ha HeM HeJib3.H MrpaTb B IIIaxMaThl H.JIH 

-XO,lJ;HTb no llHTepHeTy' 3Ta MalIIHHa npe,n;Ha3HaqeHa TO.JibRO ,D;.JI.H peIIIe­

HM.H ,n;H<f><f>epeHD;Ha.JibHbIX ypaBHeHHH, onHebrnarom;Mx ,lJ;BM.iKeHHe 3Be3,n; B 

CKOn.JieHHH. Ho y.m 3TO OHa yMeeT ,n;eJiaTb aaMeqaTeJibHO 6hieTpO H MO­

.meT npocJie,D;HTb ,lJ;BM.iKeHHe MH.JI.JIHOHOB B3aHMO,D;eHCTBYIOID;HX 3Be3,n; Ha 

OTpeaRax BpeMeHH B MM.JI.JIHap,n;bI JieT. 

.KoHeqHo, B O.iKM,D;aHMH cynepKOMilbIOTepa enen;Ha.rrHeTbl no 3Bea,n;­

HOH ,n;HHaMMRe He cH,n;e.rrH, e.rro.ma pyRH. 0HH HCCJie,n;oBa.rrH 3BOJIIOD;MIO 

3Be3,D;HhlX eRon.rreHMH TaR .me, KaK <f>M3MKH H3yqaroT IIOBe,n;eHHe aTOMOB 
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B MaKpOCKOIIli'IeCKOM TeJie: OIIHChIBaeTC.H He Ka./K,lJ;hlM aTOM HJIH MOJie­

KyJia, KOTophIX HeH3MepHMo MHoro, a HX cpe,n;HHe napaMeTphI. IIpaB,n;a, 

3Be3,lJ;hl He HaCTOJihKO noxomH ,n;pyr Ha ,n;pyra, KaK aTOMhl o,n;Horo XHMH­

qecKoro 3JieMeHTa, COCTaBJI.HIOII.J;ero TeJIO. 3Be3,n;Hoe CKOIIJieHHe 60JihIIIe 

HanoMHHaeT «KOKTeMJih» H3 Bce:H: Ta6JIHD;hI MeH,n;eJieeBa: no MaccaM H 

pa3MepaM 3Be3,n;h1 pa3JIH1laIOTC.H B coTHH pa3. Ho B nepBoM npH6JIHJKeHHH 

HX MOmHO cqHTaTh 0,lJ;HHaKOBhIMH, a 3aTeM IIOCTeIIeHHO YT01lH.HTh KapTH­

Hy. Ha 3TOM nyTH acTpOHOMhI npo,n;BHHYJIHCh BechMa ,n;aJieKo: yno,n;o6HB 

3Be3,n;Hoe CKOIIJieHHe ra30BOMY o6JiaKy, r,n;e Ka.JK,n;a.H MOJieKyJia - 3Be3,n;a, 

y,n;aJIOCh eru;e B 1940-e - 1960-e ro,n;hl aHaJIMTM'tieCKM noH.HTh cTpyKTy­

PY CKOIIJieHHM H OCHOBHhie MOMeHThl ee 3BOJIIOD;HH. IIO.HBJieHHe nepBhlX 

KOMIIhIOTepOB B 1970-e-1980-e ro,n;hl II03BOJIMJIO YT01lHHTh 3TY KapTH­

Hy, Y"tfT.H pa3JIMqMe 3Be3,n; no Macce (pa3JIHqHe pa3MepoB 3Be3,n; 6oJihIIIoro 

3Ha1leHH.H He MMeeT, IIOCKOJihKY c6JIHmaIOTC.H, a TeM 6oJiee - CTaJIKMBa­

IOTC.H OHM oqeHh pe,n;KO ). PacqeThl Ha cynepMOII.J;HhIX KOMIIhIOTepax IIOKa 

JIHIIlh IIO,lJ;TBepm,n;aIOT IIOJiyqeHHhie paHee pe3yJihTaThl, qTo caMO TIO ce6e 

npH.HTHO. B noJIHOM Mepe BCIO MOII.J;h HOBoli TeXHMKH, Bepo.HTHO, y,n;acTcH 

rrpo,n;eMOHCTpHpoBaTh npH HCCJie,n;oBaHHM 3K30TH't!eCKHX CHTya:a;HM, Ha­

rrpHMep, rrpH pac11eTe 3BOJIIOD;MH IIJIOTHhlX .H,n;ep raJiaKTHK, B KOTOphIX 

3Be3,lJ;hl c orpOMHhIMH CKOPOCT.HMH CTaJIKHBaIOTC.H ,n;pyr c ,n;pyroM, CJIHna­

.HCh HJIM pa3pyIIIa.HCh rrpM 3TOM; r,n;e OHH pa3phIBaIOTC.H npHJIMBHhIMH CH­

JiaMHrMraHTCKMX 1lepHhIX ,n;h1p H norJioru;aIOTC.H HMM. ToJihKO rro,n;po6HhIM 

qHcJieHHhIM aHaJIH3 cMomeT rrpo.HCHHTh CHTya:a;HIO B TaRHX ycJIOBH.Hx. Ho 

3TO ,n;eJio 6y,n;yru;ero. A rroRa II03HaKOMHMC.H c 6a30BhIMH npo:a;eccaMH, 

IIpOMCXO,lJ;.HII.J;MMH B 3Be3,lJ;HhIX CKOIIJieHH.HX. 

I'paBMTaD;HOHHOe B3aHMO,n;elicTBHe 3Be3,n; ,n;pyr c ,n;pyroM Bhl3hIBaeT 

o6MeH MexaHH't!ecRoli 3HeprHeli Mem,n;y HHMM. C6JIHJKa.Hch B npocTpaH­

CTBe, ,n;Be 3Be3,lJ;hl B3aHMHO B03Myru;aIOT ,lJ;BM./KeHHe ,n;pyr ,n;pyra H, rrpoJieTeB 

TIO rHrrep6oJIM't!eCKHM TpaeKTOpH.HM, BHOBh pacxo,n;.HTC.H «Ha 6ecKOHeq­

HOCTh»' HO yme H3MeHHB CBOIO KHHeTH1leCKYIO 3HeprHIO: B 3aBHCHMOCTH 

OT COOTHOIIIeHH.H Mace H CKOpOCTeM o,n;Ha H3 3Be3,n; rrpHo6peTaeT' a ,n;py­

ra.H - Tep.HeT 3HeprHIO. B pe3yJihTaTe MHOrO't!HCJieHHhIX B3aHMO,n;elicTBHM 

3Be3,lJ;hl B CKOIIJieHHH, KaK H MOJieKyJihl B ra3e, CTpeM.HTC.H K paBHopacrrpe­

,n;eJieHHIO 3HeprHH, Kor,n;a Bee 3Be3,lJ;hl B cpe,n;HeM HMeIOT 0,lJ;HHaKOBYIO KH­

HeTH't!eCKYIO 3HeprHIO. 0,n;HaKO Ha 3TOM aHaJiorH.H Me.JK,n;y MOJieKyJiaMH H 

3Be3,n;aMH 3aKaHqHBaeTC.H. 

Kor,n;a B 6aJIJIOHe c ra30M cpe,n;H MOJieKyJI ycTaHaBJIHBaeTc.H paBHo­

pacnpe,n;eJieHHe 3HeprHH, CHCTeMa MOJieKyJI rrpHXO,lJ;HT B CTa:a;HoHapHoe 

COCTO.HHHe, KOTopoe yme He MeH.HeTC.H. 0,n;HaKO 3Be3,n;Hoe CKOIIJieHHe, JIH­

IIIeHHOe CTeHOK, B rrpHHD;HIIe He MOmeT 6bJTh CTaD;HOHapHhIM: 3Be3,lJ;hl 

c 60JihIIIHMH CKOpOCT.HMH BhIJieTaIOT H3 Hero H yme He B03Bparu;aIOTC.H, 

a rrpH1lHHhl ,lJ;Jl.H rrpHo6peTeHH.H 60JihIIIHX CROpOCTeM y 3Be3,n; Beer ,n;a eCTh. 

B OCHOBHOM HX TpH. 
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Bo-nepBhIX, KHHeTH't!ecKa.H 3HeprH.H paBHa 

2 

Ek= m~ ' 

a IIOCKOJlhKY 3Be3,n;hI pa3JIH't!aIOTC.H TIO Macce, TO ,n;ame npH 0,lJ;HHaKOBOM 

3Ha't!eHHH Ek OHH HMeIOT pa3HYIO CKOpOCTh: JierKHe ,lJ;BH.IKYTC.H 6:p1cTpee. 

Bo-BTOphIX, cTaTHCTH't!ecKa.H cpH3HKa y't!HT Hae,. 't!TO B cTa:a;HoHap­

HOM COCTO.HHHH He BCe qaCTHD;hl HMeIOT 0,lJ;HHaKOBYIO (cpe,n;HIOIO) 3Hep­

rHIO: BCTpe't!aIOTC.H TaKJKe MeHee H 60-
dN 

Jiee 3HeprH1lHhie 1laCTHD;hl' II OCK OJih- dv ,....-,.--.-,..---..-""""T"""-.--....---~....---.-T-""T""-r--.---i 

KY o6MeH 3HeprMeli - npo:a;ecc cJiy­

qaMHhIM H, B IIPHHD;HIIe, pe3yJihTaT 

MomeT 6hITh JII06o:H:. CTa:a;HoHapHoe 

pacnpe,n;eJieHHe no 3HeprHH onMChIBa- 0,2 

eTC.H cpopMy JIOM MaKcBeJIJia: 

dN ~ e-<vf vm)
2 v2 dv, 

r,n;e dN - 't!HCJIO 1'.laCTHD; B HHTepBaJie 

CKOpOCTeM OT V ,n;o V + dv, a V m - HaH-

6oJiee BepO.HTHa.H CKOpOCTh, 6JIH3Ka.H 

K cpe,n;HeM apHcpMeTH't!eCKOM (pHC. 6). 

B-TpeThHX, KpoMe 3IIH3o,n;oB rrap­

Horo B3aHMO,n;eMCTBH.H, Kor,n;a c6JIH-

0,1 

1 2 

.maIOTC.H H o6MeHHBaIOTC.H 3HeprHeM PHC. 6. CTan;HoHapHoe pacnpe,[(eJieHHe 

,n;Be 3Be3,lJ;hI, B03MQjKHhl 3IIH30,l1;hl Tee- MOJieKyJI 11.n;eaJibHOro ra3a TIO a6coJIIOT-

HOro B3aHMO,n;eMCTBH.H Tpex H 6oJiee HOR BemPrnHe HX CKOpOCTH - pacnpe-

3Be3,n;. II pH STOM peaJIH3yIOTC.H pa3Ho- .n;eJieHHe MaKcBeJIJia. 0Ho HanoMHHaeT 
IIJ;HITJIIOIIJ;ero TpaBKY ,[(HH03aBpa c 6ecKo-

o6pa3Hhie BapHaHThI: HaIIpHMep, ,n;Be He~HO ,[(JIHHHblM XBOCTOM. 

3Be3,lJ;hl o6'he,n;HH.HIOTC.H B Me,n;JieHHO 

,lJ;BHmyru;yIOC.H rpaBHTaD;HOHHO CB.H3aHHYIO ,lJ;BOMHYIO CHCTeMy' a TpeTh.H 

3Be3,n;a, YHOC.H 3HeprHIO CB.H3H, «BhICTpeJIHBaeTC.H» rrpollh. ,Zl;JI.H TeX, KTO 

3HaKOM c rrpo:a;eccaMH HOHH3aD;HH H peKOM6HHaD;HH aTOMOB, HeTpy,n;HO 

6y,n;eT npe,n;cTaBMTh H ,n;pyrHe BapHaHThl TpOMHOro B3aHMO,n;eMCTBH.H 3Be3,n;. 

MTaK, 3Be3,lJ;hl B CKOIIJieHHH IIOCTO.HHHO H3MeH.HIOT CBOIO 3HeprHIO H 

CKOpOCTh. ,Zl;JI.H MOJieKyJI ra3a 3TO He CTpaIIIHO, HO ,lJ;JI.H 3Be3,n; - cpaTaJihHO. 

BcnoMHHTe, KaK MaJI6 pa3JIH1lHe Me.JK,n;y nepBOM H BTOpOM KOCMH1le~KHMH 
~KOpOCT.HMH: npH CKOpOCTH 

V1=-Pi 
crryTHHK ,lJ;BHmeTC.H BOKpyr 3eMJIH no CTa:a;HoHapHOM KpyroBOM op6HTe, 

a yme npH cKopocTM 

V -- f2GM 
u--V!l 

HaBcer,n;a no napa6oJie noKH,n;aeT 3eMJIIO. Eru;e xy.JKe 3aKaH't!HBaeTc.H ,n;JIH 
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crryTHHKa He6oJihIIIOe yMeHbIIIeHHe cKopocTH - OH rra,n;aeT. To me caMoe 

rrpo11:cxo,n;11:T H B 3Be3,n;HoM cKorrJieHHH. EcJIH 3Be3,n;a HeMHoro yMeHhIIIHT 

CBOIO CKOpOCTb, TO en y.me He y,n;ep.maTbC.H Ha CBOeH op6HTe, H Olia Ha­

q11:HaeT rra,n;aTh R u;eHTPY CKOIIJieHH.H, KaR CIIYTHHR Ha 3eMJIIO. Ilo3TOMY 

MaCCHBHbie 3Be3,lJ;bl, o6MeHHBa.HCb c 6oJiee JierRHMH 3Bifa,n;aMH RHHeTH­

qecROH :3HeprHeH, TOPM03.HTC.H H HarrpaBJI.HIOTC.H R u;eHTPY CROIIJieHH.H, 

a MeHee MaCCHBHbie, HarrpOTHB, yBeJIHqHBaIOT CKOpOCTb H HarrpaBJI.H­

IOTC.H K BHeIIIHHM qaCT.HM CKOIIJieHH.H HJIH B006m;e IIOKH,lJ;alOT ero. Ilo 

Mepe :3BOJllOD;HH 3Be3,n;Horo CROIIJieHH.H 6oJiee MaCCMBHbie 3Be3,lJ;bl orryc­

RaIOTC.H R u;eHTPY' a MeHee MaCCHBHhie 3aHHMaIOT y,n;aJieHHOe IIOJIO.me­

HHe; H3HaqaJihHO o,n;Hopo,n;Hoe aBea,n;Hoe cKorrJieHHe Haq11:HaeT paccJiaH­

BaThc.H: y Hero cpopMHpyeTC.H IIJIOTHa.H u;eHTpaJibHa.H qaCTb - .H,n;po -

H3 6oJiee MaCCHBHhIX 3Be3,n; H o6nmpHa.H rrepHcpepH.H - «ROpOHa» -

H3 JierRHX 3Be3,n;. 

Pac1IeThI rroRa3aJIH, qTo u;eHTpaJihHa.H qacTb CKOIIJieHH.H ,n;oJimHa 3a 

ROHeqHoe BpeM.H c.mHMaThC.H ,n;o HyJieBoro pa3Mepa H 6ecROHeqHoH IIJIOT­

HOCTH. Kor,n;a STOT TeopeTHqecKMH pe3yJihTaT 6b1JI rroJiy1IeH, acTpOHOMOB 

01IeHh 3aHHTepeCOBaJIO, a qTo .me rrpOHCXO,lJ;HT B ,n;eHCTBHTeJibHOCTH B u;eH­

Tpe 3Be3,n;Horo cKorrJieHH.H, Kor,n;a Tep.Hrom;11:e sHeprHro 3Be3,n;hI rro,n;xo,n;.HT 

6JIH3RO ,n;pyr K ,n;pyry. Be,n;h B rrp11:po,n;e He 6hrnaeT 6ecRoHeqHocTeli, sTo 

Bcero JIHIIIh MaTeMaTH1IecKa.H a6cTpaKD;H.H. IIo rroBo,n;y yrrJIOTH.HIOID;HXC.H 

.H,n;ep 3Be3,lJ;HblX CROIIJieHHH BhICRa3bIBaJIHCb pa3Hbie H,n;eH: 0,lJ;HM rOBOpH­

JIH, qTo 3Be3,lJ;bl 6y,n;yT CTaJIKHBaThC.H H pa3pyrnaTb ,n;pyr ,n;pyra, ,n;pyrHe, 

qTo CTaJIKHBaThC.H H CJIHIIaThC.H ,n;pyr c ,n;pyroM, H rrpH 3TOM H3 MHOrHX 

3Be3,n; rroJiyqHTC.H o,n;Ha 6oJihma.H 3Be3,n;a. Ho TaKa.H cBepx3Be3,n;a - KOH­

r JIOMepaT H3 COTeH CJIHBIIIHXC.H BMeCTe 3Be3,n; - rrpe,n;cTaBJI.HJia 6hI co6oli 

qpe3BbiqaHHO scpcpeRTHOe 3peJIMm;e, a TaRoro B 3Be3,lJ;HbIX CKOIIJieHM.HX 

HMKTO HMKOr,n;a He Ha6JIIO,lJ;aJI. B HaIIIeH raJiaRTMRe OROJIO 150 mapOBbIX 

CROIIJieHMH, M HM y o,n;Horo M3 HMX B u;eHTpe HeT cyrrep3Be3,n;hI. 3Ha1IMT, 

rrpOCTbie MO,n;eJIM He yqMThIBaIOT KaRMe-TO Ba.mHbie oco6eHHOCTM 3Be3,n;­

HblX cRorrJieHMH. KaRMe .me MMeHHo? 

npHnHBHblM 34>4>eKT 

BbI.HCHMJIOCh, qTo rrpe,n;cTaBJieHMe 3Bi:fa,n; B BH,n;e Toqe1IHhIX Mace 6b1-

JIO qepecqyp rpy6bIM ,lJ;Jl.H HaIIIMX MO,n;eJieli: TaRMe 3Be3,lJ;bl o6MeHMBaJIMCb 

3HeprHeH, HOB CYMMe He Tep.HJIM ee, a B ,n;eHCTBMTeJihHOCTM :3TO He BCer,n;a 

TaR. PaccMoTpMM 6JIM3KMH rrpoJieT ,n;Byx 3Be3,n;. EcJIM B rrpou;ecce c6JIM.me­

HM.H OHM OCTaIOTC.H rnapoo6pa3HblMM, TO IIPMT.HrMBalOTC.H TIO 3aROHY Hbro­

TOHa, a 3HaqMT ,lJ;BM.myTC.H TIO rHrrep60JIH1IeCRMM TpaeRTOpM.HM M IIOCJie 

c6JIM.meHM.H BHOBh pacxo,n;.HTC.H «Ha 6ecRoHeqHocTb » • Ha caMOM .me ,n;eJie 

B3aMMHOe rrpMJIMBHOe BJIM.HHMe MCRa.maeT cpopMy .3Be3,n; - OHM CTaHOB.HT­

C.H BbIT.HHYTblMM 3JIJIMIICOM,lJ;aMM. ,Il;JI.H HJIJIIOCTpau;HH 6y,n;eM cqHTaTh, qTO 
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o,n;Ha M3 3Be3,n; oqeHh MaCCMBHa.H, .meCTKa.H M HeIIO,lJ;BM.mHa, a BTOpa.H 3Be3-

,n;a rro,n;JieTaeT R Hen M3,n;aJieRa (pMc. 7). 
CHaqaJia rro,n;JieTarom;a.H 3Be3,n;a 6brna rnapoo6pa3Ha, HO rrpM6Jm.ma­

.HCh R MaCCMBHOH coce,n;Re, OHa BbIT.HrMBaeTC.H B,lJ;OJlb coe,n;MH.HIOm;eli MX 

rrp.HMOH. 8TOT acpcpeKT KaR pa3 H Ha3bIBaIOT npUJtU8HblM: no aHaJIOrHqHOH 

rrpHqMHe Ha 3eMJie rrpOHCXO,lJ;.HT MOpCKMe rrpHJIHBbl H OTJIHBbl [12]. JlyHa 

rrpHT.HrHBaeT 3eMJIIO (KOHeqHo, M 3eMJI.H TaK.me rrpHT.HrHBaeT JlyHy, HO 

HaC cenqac MHTepecyeT He 3TO ), paCCTO.HHHe OT JlyHhl ,lJ;O 6JIM.maHIIIeH K 

Hell TOqRH 3eMJIH MeHbIIIe, qeM ,n;o caMOH y,n;aJieHHOH, II03TOMY Ha 6oJiee 

6JIH3RHe o6JiaCTH 3eMJIH ,n;elicTByeT 60JihIIIa.H CMJia rrpHT.H.meHH.H, qeM 

Ha ,n;aJieKMe, a 3HaqMT, 6JIM.mH.H.H K JlyHe qacTb 3eMHOH IIOBepxHOCTM 

MMeeT HaM60Jihrnee ycRopeHHe B cTopoHy JlyHhI. TaRHM o6pa3oM, Jly­

Ha He rrpOCTO rrpHT.HrHBaeT 3eMJIIO, HO H 

,n;ecpopMHpyeT ee: 3eMHOH rnap CTpeMHTC.H 

rrpHH.HTb cpopMy 3JIJIHIICOH,n;a, BblT.HHyToro 

B HarrpaBJieHMM JlyHhI. 0KeaHbI Jierqe rro,n;­

,n;aroTc.H BHeIIIHeMy BJIM.HHHIO, qeM TBep,n;oe 

TeJIO 3eMJIH, II03TOMY OHM CMJlhHee «OT­

pa6aTbIBaIOT» rrpHJIHBHbIH acpcpeKT. IlJia­

HeTa Bpam;aeTC.H, a rrpHJIHBHhie BblCTYIIhl 

OCTaIOTC.H OpMeHTMpOBaHbl TIO JIHHHM 3eM­

JI.H-JlyHa. Ilo3TOMY TIO IIOBepXHOCTH 3eM­

JIH HerrpepbIBHO RaT.HTC.H ,n;Be BOJIHbI, aa­

CTaBJI.H.H OReaH H ( B ropa3,n;o MeHbIIIeH CTe­

rreHH) TBep,n;oe Bem;ecTBO COBepIIIaTb c rre­

pMO,lJ;OM qyTh 6oJiee 12 qacoB KOJie6aTeJib­

Hoe ,lJ;BH.meHMe: rrpHJIHB - OTJIHB, rrpH­

JIHB - OTJIHB ••• KcTaTM, Borrpoc: a rroqeMy 

3TOT rrepHO,lJ; He paBeH B T01IHOCTH 12 q? 

To .me caMoe rrpoHcxo,n;HT co 3Be3,n;oli, 

ROTopa.H rrpH6JIH.maeTC.H R ,n;pyroMy CBeTM­

6) 

Pnc. 7. BJill3Kllli rrpoJieT ,n;eyx 
3Be3,n; 6e3 y"tJeTa (a) n c y-qeToM 
(6) rrpnJillBHoro · s<P<PeKTa. ,il;mI 
rrpocTOThl o,n;Ha n3 3Bea,n; n306pa -
JKeHa HeIIO,ZJ;BllJKHOH ll a6COJIIOTHO 
JKeCTKOH, He,n;e¢opMnpyeMOH. 

Jiy. 0Ha BbIT.HrHBaeTC.H IIpHJIMBOM, a IIOCROJibKY 3Be3,lJ;bl ,lJ;BH.myTC.H, rrpH­

JIHBHbIH rop6 IIbITaeTC.H OTCJie,n;MTb HarrpaBJieHMe Me.m,n;y HHMH. Ho B CHJIY 

HHepu;HH H B.H3ROCTH rop6 He MO.meT TOqHo CJie,n;oBaTh IIOBOpOTy pa,n;Hyca­

BeRTOpa 3Bifa,n;: OH cHa1IaJia 3arraa,n;hrnaeT, a 3aTeM orrepe.maeT ero. ·B pe-

3:;.7JihTaTe B3aHMO,n;elicTBHe rrpOMCXO,lJ;HT He TIO HblOTOHOBY 3aRoHy: 6oJiee 

6JIH3KHH rop6 rrpHT.HrHBaeTC.H CHJihHee, 1IeM 6oJiee ,n;aJieKHH, a 3HaqHT, 

eCTb COCTaBJI.HIOm;a.H CHJibl rrpHT.H.meHH.H, T 0 p M 0 3 .H m; a .H ,lJ;BH.meHHe 

3Be3,lJ;bl TIO op6HTe H YBO,lJ;.HID;a.H ee C rrpOCTOH rHrrep60JIHqecROH TpaeR­

TOpHH. 3Be3,n;a rrepexo,n;HT Ha 3JIJIHIITHqecRyro op6HTY H OKa3hIBaeTC.H 

HaBcer,n;a «IIpHB.H3aHHOH» K TOH 3Be3,n;e, c ROTOpoli OHa CJiyqanHO c6JIH-

3HJiaCb. TaR H3 ,n;Byx o,n;HH01IHhIX 3Be3,n; Mo.meT o6pa3oBaThC.H ,n;BoliHa.H 

CHCTeMa. 

23 



B.3aMMOAeMCTBMe OAMHO"IHb1x H ABOMHb1x 3Be3A 

' <I>opMHpOBaHHe ,D;BOHHhlX 3Be3,n; cnoco6Ho cephe3HO noBJIH.HTh Ha 3BO­

JIIOIJ;IUO 3Be3,D;HOI'O CKOnJieHM.H B nepMo,n; c.maTM.H ero .H,n;pa. 06'he,D;MHMB­

nrnec.H B ,D;BOHHhle CHCTeMhl .3Be3,D;hl BeCbMa CBOeo6pa3HO B3aMMO,n;eliCTBy­

IOT ,n;pyr c ,n;pyroM H c 0,lJ;HHOqHhlMH 3Be3,n;aMM CKOnJieHM.H, 3aCTaBJI.H.H MX 

,n;BMraTbC.H . Bee 6oJiee M 6oJiee MHTeHCMBHo. Cneu;HaJIMCThl no 3Be3,n;Holi 

,D;MHaMMKe npoBeJIM MHO.JKeCTBO qMcJieHHblX 3KCnepMMeHTOB, 3aCTaBJI.H.H 

0,D;H,HOqHble 3Be3,D;bl npoJieTaTh MMMO ,D;BOHHOH CMCTeMbI. 0Ka3aJIOCh, qTo 

pe3yJibTaT npoJieTa 3aBMCMT OT TOI'O, HaCKOJihKO CMJihHO CB.H3aHbl ,n;pyr 

c ,n;pyroM KOMnOHeJITbl ,D;BOHHOH CHCTeMbl. ECJIM op6HTaJibHa.H CKOpOCTh 

JWMnOHeHTOB ,D;BOHHOH CMCTeMbl MeHbIIIe CKOpO,CTM, c KOTopoli Ha HMX Ha­

JieTaeT TpeTb.H, 0,D;MHOqHa.H 3Be3,n;a, TO MX BCTpeqa B 60JihllIMHCTBe CJiyqa­

eB 3aKaHqMBaeTc.H pacna,n;oM CMCTeMhl: Bee TPH 3Be3,D;bl pa3JieTaIOTC.H no 

He3aBMCMMhlM TpaeKTOpM.HM. Ha .H3hlKe cPM3HKOB 3TOT npou;ecc MO.JKHO 

Ha3BaTb MOHH3au;Meli: npoJieTaIO~MH MHMO aTOMa 3JieKTPOH, eCJIM c6JIM­

.JKeHMe npOMCXO,D;MT c 60JibllIOH CKOpOCThIO, MO.JKeT MOHM30BaTb aTOM, T. e. 

OTOpBaTb 0,D;MH M3 ero 3JieKTPOHOB; B pe3yJibTaTe BMeCTO ,n;Byx CB060,n;HblX 

qacTMIJ; IIOJiyqaeTC.H TPM - MOH H ,n;Ba 3JieKTPOHa, o,n;HaKO MX CKOpOCTM 

yMeHhIIIaIOTC.H, nOCKOJihKY qaCTh KHHeTMqeCKOH 3HeprMM yrnJia Ha OTphIB 

3JieKTPOHa. 

<l>M3MKaM H3BeCTeH H o6paTHhlH npou;ecc - TaK Ha3bIBaeMhlH y,n;ap 

BTOporo po,n;a, Kor,n;a npoJieTaIO~MH p.H,D;OM c B036y.m,n;eHHhlM aTOMOM 

SJieKTPOH IIOJiyqaeT ,D;OIIOJIHMTeJibHYIO SHeprMIO 3a cqeT Toro, qTo a TOM rre­

pexo,n;MT M3 B036y.m,n;eHHOro B OCHOBHOe COCTO.HHMe, T. e. 3JieKTPOH B HeM 

orrycKaeTc.H Ha 6oJiee HM3Kyro op6MTY. Bbl y.me ,n;ora,n;aJIMCb, qTo TaKoli .me 

rrpcY.u;ecc OKa3aJIC.H B03MO.JKeH H B 3Be3,n;HOH ,D;MHaMHKe: eCJIM O,D;MHOqHa.H 

3Be3,n;a rrpoJieTaeT MMMO ,D;BOHHOH CMCTeMbl, KOMnoHeHTbl KOTOpOH Tec­

HO CB.H3aHbl H 6blCTpo ,D;BM.JKYTC.H, TO, CKOpee Bcero, nocJie TaKOH BCTpe­

qM ,D;BOHHa.H CMCTeMa coxpaHMTC.H, CTaHeT e~e 6oJiee CB.H3aHHOH, c e~e 
60JibIIIeH op6MTaJibHOH CKOpOCThIO, a pa3HMIJ;Y B 3HeprMM yHeCeT c co6oli 

HaJieTaBIIIa.H O,D;MHoqHa.H 3Be3,n;a, KOTOpa.H nocJie 3TOH BCTpeqM yBeJIMqMT 

CBOIO CKOpOCTb. HarrOMHIO: 3HeprM.H rpaBMTaIJ;MOHHOH CB.H3H ,n;Byx qacTMIJ; 

paBHa 

E = Gm1 m 2 
g R . 

Mo.JKHO CKa3aTb, qTo KOMIIaKTHble, xoporno CB.H3aHHble ,D;BOHHbie 3Be3,D;bl 

IIOCJie BCTpeqM c O,D;MHQqHhIMM CTaHOB.HTC.H e~e Jiyqrne CB.H3aHbl; a pblX­

Jlhle, IIIMPOKMe, CJia6o CB.H3aHHble ,D;BOHHbie CMCTeMbl IIOCJie TaKMX BCTpeq 

06b1qHo pacrra.n;aroTc.H. KaK roBopHTC.H, 6oraThre cTaHOB.HTC.H 6oraqe, a 

6e,n;Hbre - 6e,n;Hee. 

IlOMMMO YIIOM.HHYTblX BapMaHTOB B3aMMO,n;eliCTBM.H 0,D;MHOqHOH 3Be3-

,ll;hl M ,ll;BOHHOH CMCTeMhl, qMcJieHHbie 3KCnepMMeHTbl yKa3aJIM M ,n;pyrMe 
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B03MO./KHOCTM. HarrpMMep, MHOr,n;a rrpOMCXO,D;HT o6MeH KOMIIOHeHTa, KO­

r,n;a B ,D;BOHHOH CHCTeMe 3aMeH.HeTC.H o,n;Ha M3 3Be3,n;. Jiro60IIhlTHO, qTo 

B 60JibllIMHCTBe CJiyqaeB JierKa.H 3Be3,n;a 3aMeH.HeTC.H 6oJiee MaCCMBHOH 

( «TOJICTble CTaHOB.HTC.H TO,T.l~e» ?). QqeHh MHTepeCHO Ha6Jiro,n;aTh CTOJIKHO­

BeHMe ,D;BYX ,ll;BOHHblX 3Be3,n;. Ho OCTaBMM 3TY TeMy: Bbl 6e3 Tpy,n;a CMOa<eTe 

caMM ocy~eCTBMTb TaKMe 3KCrrepMMeHTbl Ha rrepcoHaJibHOM ' KOMIIbIOTe­

pe. CJie,n;MTe TOJihKO, qT06h1 3Be3,n;b1 He cTaJIKUBaJIMch «B JI06», a TO He 

MMHOBaTh KOCMMqecKOH KaTaCTPOcPhl (.H MMeIO B BM,D;Y ,n;eJieHMe aa HOJib). 

Terrepb cBe,n;eM Boe,n;MHo To, qTo MblY3HaJIM o rrpMJIMBHOM MexaHM3Me 

cPOPMMpOBaHM.H ,ll;BOHHbIX 3Be3,n; M 0 B3aMMO,ZI;eHCTBMM O,ZI;MHO't!HblX 3Be3,z;i; c 

,ll;BOHHhIMM. IlpMJIMBHblH MexaHM3M rrpMBO,ZJ;MT K cPOPMMpOBaHMIO TOJihKO 

oqeHh IIJIOTHbIX ,ZI;BOHHbIX CMCTeM, IIOCKOJibKY OH «BKJIIO'tlaeTC.H» TOJibKO 

rrpM TeCHOM c6JIM.JKeHMM ,D;BYX 3Be3,n;. IlJIOTHbie CMCTeMhI He pacrra,n;aroT­

C.H, a rrpM Ka.m,n;oli BCTpeqe c O,D;MHO't!Hl>IMM 3Be3,n;aMM rrepe,n;aIOT MM 'tlaCTh 

CBOeH 3HeprMM M 3aCTaBJI.HIOT MX ,ll;BMI'aThC.H 6oJiee MHTeHCMBHO. 8To M 

eCTh TOT caMhlH s<P<PeKT, KOTOpbIH He II03BOJI.HeT u;eHTpaJihHhlM o6JiaCT.HM 

3Be3,D;lihIX cKorrJieHMH c.maTbC.H ,n;o «6ecKoHeqHoif» rrJIOTHOCTM. Kor,n;a B 

.H,n;pe 3Be3,D;HOI'O CKOIIJieHM.H IIJIOTHOCTh B03pacTaeT, 3Be3,IJ;bI TaM HaqMHa­

IOT -qa~e BCTpe'tlaThC.H ,n;pyr c ,n;pyroM, 'tla~e o6pa3yIOT ,ZI;BOHHbie CMCTeMbI, 

KOTOpbre Ha't!MHaIOT «pa3I'OH.HTh» O,ZJ;MHO't!Hble 3Be3,IJ;hl, H Te BhICKaKHBaIOT 

M3 3TOH IIJIOTHOH o6JiaCTM, yxo,n;.HT Ha rrepM<PepMIO CKOIIJieHM.H. ,ll;BOHHhie 

MoryT Bbr6pachrnaTb M ,n;pyr ,n;pyra. EcJIM rrpo,n;oJI.JKHTh aHaJiorMro 3Be3,n;­

Horo CKOIIJieHM.H c ra30BhlM o6JiaKOM, TO ,ll;BOHHhle 3Be3,D;bl HrpaIOT B CKOrr­

JieHMM pOJib HCTO't!HHKa TerrJia, He II03130JI.HIO~ero C./KHMaThC.H o6JiaKy. 

IIorrpo6yliTe caMM rrpo,n;oJI.JKMTh 3TY aHaJIOI'MIO, BCIIOMHMB CTpOeHMe 3Be3-

,ll;bI (Bep;h 3TO TO.me ra30BOe 06JiaKO) M MCTO't!HHK ee CTa6HJihHOCTH - Tep­

MO.H,n;epHbie peaKu;MM, rrponcxo,n;H~He B .H,n;pe. qTo o6~ero Me.m,n;y <Pop­

MMpoBaHHeM ,D;BOHHhIX 3Be3,n; :s rnapOBOM CKOIIJieHHM M rrpeBpa~eHMeM 

Bo,n;opo,n;a B reJIHli? 

HcnapeHHe wapoBblX cKonneHMH 

Ha rrepMcl>epMH CKOIIJieHM.H 3Be3,D;hI ,ll;OBOJlbHO CJia6o CB.H3aHbI CMJIOH 

rpaBMTaa;MM c OCTaJibHblMM 't!JieH.aMM CKOIIJieHMH; B pe3yJibTaTe HX B3aM­

Mo,n;eHCTBM.H ,n;pyr c ,n;pyroM TO o,n;Ha 3Be3,n;a, TO ,n;pyra.H Tep.HIOT CB.H3h co 

CKOIIJieHMeM M YXO,D;.HT OT Hero HaBcer,n;a B I'Jiy6MHbI raJiaKTMKH • . <l>M3HK 

Ha3BaJI 6hI 3TO ucnapenueM. ,ll;eHCTBMTeJihHO, OCTaBbTe OTKpbITOe 6JIIO,n;u;e 

c BO,ll;OH, M -qepe3 He,n;eJIIO Bbl o6Hapy.JKMTe ero cyXHM: ,ZI;BMraHCb xaOTM'tle­

CKH M o6MeHMBa.HCh 3HeprMeH, MOJieKyJihI BhlJieTaIOT c IIOBepxHOCTH.BO,D;hI 

M rrpaKTM'tleCKM y.me HMKOr,n;a He B03Bpa~aIOTC.H o6paTHO. 8TO M eCTh MCrra­

peHMe. II03TOMY MO./KHO I'OBOpMTb H 06 McrrapeHMM 3Be3,IJ;HhIX CKOIIJieHMH. 

qT06hI JIY't!IIIe IIOH.HTb 3Be3,n;Ho-,n;MHaMH'tleCKMe rrpou;ecCbl, 3a,n;yMaeM­

C.H Ha MHHyTy, IIO'tleMy Mcrrap.HeTC.H ./KM,ZI;KOCTb. EcJIH 6bl y Bcex MOJieKyJI 
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6bIJIO ,n;ocTaTO"lJHO 3Hepr1ur, "l!T06hI IIORHHYTh ,n;pyr ,n;pyra, TO 3TO 6hIJia 

6h1 y.me He .m11,n;RocTh, a raa - o6Jia"tJRO rrapa, BhipBaBmeec.H 113 ROTJia, 

"l!T06hI TYT .me pacce.HThC.H. 3Ha"l!HT, B JKH,ll;ROCTH MaJio MOJieRyJI, crroco6-

HhIX ee cpaay IIOKHHYTh. Kor,n;a OHH BhIJieT.HT, TO, Ra3aJIOCh 6hI, TaKHX 

MOJieRyJI He OCTaHeTC.H BOBCe, H HCIIapeHHe rrpeRpaTHTC.H. Ho 3TO He TaR. 

M:b1 aHaeM, "l!TO CJiy-qaliHoe B3aHMo,n;elicTBHe "llaCTHD; He rrpocTo BhipaBHH­

BaeT HX CROPOCTH, a ycTaHaBJIHBaeT MaRCBeJIJIOBCKOe pacrrpe,n;eJieHHe ITO 

CROpOCT.HM, IIPH KOTOPOM Bcer,n;a eCTh KaK Me,n;JieHHhie, TaR H 6hICTphie -qa­

CTHIJ;hl, rrpH"lleM co CTOPOHhl 60JihillHX CKOpOCTeH rrpe,n;eJia HeT (CM. PHC. 6). 
Kor,n;a 6hICTphie MOJieKyJihI rroR11,n;a10T aHcaM6Jih, paBHOBec11e HapymaeT­

C.H, H HOBhie MOJieKyJihl -qepea HeKOTOpoe BpeM.H (Ha3hIBaeMoe BpeMeneM 
peJtaKca4uu CHCTeMhI) BHOBh 3aIIOJIH.HIOT o6JiaCTh BhICORHX CKOpOCTeH, 

Ha3hIBaeMyIO B myTRY «MaKCBeJIJIOBCKHM XBOCTOM». PaayMeeTCH, H 3TH 

MOJieRyJihl 6hICTpo IIOKH,n;aIOT aHCaM6Jih, T. e. yJieTy"l!HBaIOTC.H. ,lJ;JI.H Cl:I­

CTeM°hI 3TO He rrpoxo,n;HT 6eccJie,n;Ho: eCJIH H3 aHCaM6JI.H « 3MHI'PHPYIOT » 

caMhie mycTphie, To cpe,n;HH.H aHeprH.H (T. e. TeMrrepaTypa) ocTaBmHx­

CH IIOHHJKaeTC.H. Bea rrpHTORa BHemHeH 3HeprHH 3TOT npou;ecc caM ce6.H 

OCTaHaBJIHBaeT. B KOMHaTe HCnapeHHe rrpo,n;oJI.maeTC.H, IIOTOMY "l!TO Bo,n;a B 

6JI10,n;u;e "lleprraeT aHepr1110 113 0Kpy.ma10rn;ero rrpocTpaHCTBa. A B aBea,n;HoM 

CKOIIJieHHH? 

· BoJihmy10 "llaCTh .m11aH11 aBea,n;Hoe cRorrJieHHe npoBo,n;HT B ye,n;11HeH1111 

Hero MOJKHO C"lJHTaTh H30JIHpoBaHHhIM. He HMe.H BHemHero HCTO"lJHHKa 

3HeprHH, CROIIJieHHe BhIHy.m,n;eHO IIOJih30BaThC.H BHyTpeHHHM, T. e. co6-

CTBeHHhIM rpaBHTau;110HHhIM rroJieM. Kor,n;a «rop.a"l!He» aBea,n;hl rroRH,ll;aIOT 

CKOIIJieHHe, OCTaBmHeC.H, 6oJiee «XOJIO,ll;Hhle» (T. e. Me,n;JieHHO ,ll;BH.myrn;11e­

c.a) HeMHOro rrpH6JIHJKaIOTC.H K u;eHTpy H 3a C"lleT 3TOI'O «paaorpeBaIOTC.H». 

B peayJihTaTe CKOIIJieHHe, Tep.H.H 3Be3,ll;hl, He TOJihKO coxpaH.HeT, HO ,n;a.me 

HeMHOI'O yBeJIH"lJHBaeT CBOIO «TeMnepaTypy», OT"tlero TeMrr IlOTepH 3Be3,n; 

B03pacTaeT ern;e CHJihHee. 8TOT, Ha rrepBhIH B3I'JI.H,n;, rrapa,n;oKCaJihHhlH 

cpaRT oRpecTHJIH ompu4ame.nbnou men.noeMKocmb10 3Be3anbtx c Kon.nenuu. 
Brrpo"tleM, 6hrna10T c11Tyau;1111, Kor,n;a 3Bea,n;Hoe cKorrJieHHe Haxo,n;HT 

H BHeillHHH HCTO"tlHHR 3HeprHH. HarrpHMep, 6JIH3KHH rrpoJieT MHMO HJIH 

CKB03h MaCCHBHOe o6JiaRO MeJK3Be3,n;Horo Bern;ecTBa Bhl3hIBaeT rrpHJIHB­

HbIH «rpaBHTaD;HOHHhlH y,n;ap» no CKOIIJieHHIO, B peayJihTaTe KOTOporo ero 

3Be3,ll;hl Ha"llHHaIOT ,ll;BHraThC.H HHTeHCHBHee. Ilo,n;o6Hhie y,n;aphl CROIIJieHHe 

orn;yrn;aeT BCHRHH paa, Kor,n;a rrpoJieTaeT CKB03h o6JiacTh Heo,n;Hopo,n;Horo 

rpa:BHTaD;HOHHOro IIOJI.H: HarrpHMep, rrpoxo,n;.H B6JIH3H .H,n;pa I'aJiaRTHRH 

HJIH CRB03h raJiaKTH"tleCRHH ,n;HCR. TaKHe arr11ao,n;h1 ycKop.HIOT ncrrapeHHe 

CKOIIJieHHH. B peayJihTaTe CROIIJieHHe IIOCTO.HHHO Tep.HeT 3Be3,ll;hl, a B3.HTh 

HOBhie - HeOTRy,n;a. Il03TOMY paHO HJIH II03,ll;HO Ka.m,n;oe 3Be3,n;Hoe CKOII­

JieHHe HCTorn;aeTc.H H rror116aeT. 

Ilpo,n;OJIJKHTeJihHOCTh JKH3HH 3Be3,n;Horo CROIIJieHH.H orrpe,n;eJI.HeTC.H 

BpeMeHeM ero peJiaRcau;1111: "tleM OHO KOpo"tle, TeM 6hICTpee HaChIII.J;aeTCH 
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«MaKCBeJIJIOBCKHH XBOCT» 6bICTphIMH 3Be3,n;aMH, ROTOphie TYT .me rro­

RH,n;aIOT CKOIIJieHHe. Ha6JIIO,n;eHH.H IIOKa3hIBaIOT CTpaHHyIO, Ha rrepBhIH 

B3I'JI.H,n;, ,ll;HXOTOMHIO: B raJiaKTH"tleCROM ,ll;HCRe B OCHOBHOM BCTpe"tlaIOTC.H 

CKOIIJieHH.H 3Be3,n; c MaJihIMH BpeMeHaMH peJiaKcaa;irH, a B OKpy.ma10rn;eM 

,ll;HCK ra.rro IIO"l!TH Bee CKOIIJieHH.H HMeIOT O"tleHh 60JibillHe BpeMeHa peJiaK­

caa;HH. HarroMHIO, "l!TO B ,n;ncKe cocpe,n;oTo"lleHhI ocTaTKH Me.maBea,n;Horo 

Bern;ecTBa, H3 KOTOporo B HhIHemHIOIO arroxy cpopMHPYIOTC.H 3Be3,ll;hl H HX 

CKOIIJieHH.H, a raJIO HaCeJieHO O"lleHh CTaphlMH 3Be3,n;aMH, o6pa30BaBmH­

MHC.H B rrep110,n; paHHeH MOJIO,ll;OCTH I'aJiaKTHKH •. llMe.H B BH,n;y 3Be3,ll;Hhie 

CKOIIJieHH.H, MOJKHO CKa3aTh, "tlTO cpe,n;H CTapHKOB Mhl BCTpe"llaeM O,ll;HHX 

,D;OJII'OJKHTeJieH, a cpe,n;H MOJIO,n;e.mH - B OCHOBHOM «,ll;OXJI.H"tlROB». Ho Be,n;h 

3TO COBCeM He CTpaHHO: JIHillh Te CKOIIJieHH.H rrpo.mHJIU MHJIJIHap,n;bI JieT, 

ROTOphie c caMoro Ha"llaJia HMeJIH 60JibillHe BpeMeHa peJiaKcaa;HH, a HX 

coBpeMeHHHKH c KopoTKHMH BpeMeHaMH ,n;aBHo y.me HC"lle3JIH. CrrpaBe,n;­

JIHBOCTh TaROI'O BhIBO,n;a COBCeM He,n;aBHO IIO,ll;TBep,n;HJiaCh Ha6JIIO,n;eHH.HMH: 

cpe,n;H 3Be3,n; raJiaRTH"tleCKOI'O I'aJIO 6hIJIH Bhl.HBJieHhl rpyITIIbl CBeTHJI, ,ll;BH­

.myrn;HXC.H no cxo,n;HhIM op611TaM. Bepo.HTHO, aTo ocTaTKH He O"tleHI> ,n;aBHO 

pacrraBmHXC.H CKOIIJieHHH. 

AcTpOHOMhl o6Hapy.mHJIH B ra.rraKTHRe OKOJIO 150 mapOBblX CKOIIJie­

HHH, a Bcero 11x, rro-BH,ll;HMoMy, He 6oJiee 200. 8To y,n;a"lla, "l!TO MhI ern;e 

3aCTaJIH « IIOCJie,ll;HHX H3 MOI'HKaH », COBpeMeHHHKOB cpOpMHpOBaHH.H I'a -

JiaRTHRH; "llepe3 HeCKOJihKO ,n;ec.HTKOB MHJIJIHap,n;oB JieT H3 HHX He OCTR­

HeTC.H HH O,D;HOI'O. qTO TOr,n;a 6y,n;yT ,n;eJiaTh acTpOHOMbI, KTO HM paccKa.meT 

o ,n;H.ax 6ypHoli MoJio,n;ocTH I'aJiaKTHKH? Brrpo"lleM, acTpoHoMaM ern;e rro­

BeaJio: HarrpHMep, IIOCJie,n;HHH ,lJ;HH03aBp BhlMep paHI>me, "tleM Ha CBeTe 

rro.HBHJIC.H rrepBhIH 6110Jior. A y Hae, acTpoHoMoB, B aarrace ern;e ,n;ec.aT­

KH MHJIJIHap,n;oB JieT ,n;o Tex rrop, IIOKa HCIIapHTC.H IIOCJie,n;Hee 3Be3,n;Hoe 

CKOIIJieHHe. 

m'fHHH >KH3HH wapOBblX CKOnneHHH 

HeTpy,n;HO paCC"l!HTaTb, KaK 6nICTpO HCIIap.HIOTC.H CKOIIJieHHH, H rrpo­

CJie,n;HTb B 6y,n;yrn;eM cy,n;n6y Ka.m,n;oro H3 HHX. 0Ka3I>rnaeTc.H, rrpou;ecc 11c­

rrapeHHH H,n;eT 6hICTpee B KOMIIaKTHbIX, HO He O"lleHh MaCCHBHhIX 3Be3,D;HhIX 

CKOIIJieHH.HX: B HHX 3Be3,D;bl -qarn;e BCTpe"l!aIOTC.H ,n;pyr c ,n;pyroM, _HO ,D;BH­

.myTC.H Me,n;JieHHO, H II03TOMY rrpH BCTpe"tle ycrreBaIOT CHJihHee HCKpHBHTh 

TpaeKTOpHIO ,n;pyr ,n;pyra: OTCIO,n;a - KOpOTKOe BpeM.H peJiaKcaa;HH H 6I>I­

CTpoe HCrrapeHHe CROIIJieHH.H. AB MaCCHBHhIX H pbIXJibIX CHCTeMax 3Be3,D;bl 

JieTaIOT ,D;OBOJihHO 6hICTpO, HO BCTpe"llaIOTC.H He "tJaCTO; TaKHe CKOIIJieHH.H 

JKHBYT ,D;OJibme. 

KoMrraRTHOCTh HJIH pI>IXJIOCTh CROrrJieHH.H o6ycJIOBJieHa MeCTOM ero 

po.m,n;eHH.H. Be,n;h I'aJiaRTHRa - MaCCHBHhIH KOHI'JIOMepaT, ROTOphIH CBO­

HM rrpHT.HJKeHHeM ,n;ecpopMHpyeT 3Be3,n;Hoe CKOIIJieHHe; "lleM 6JIHJKe OHO K 
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:a;eHTpy farraKTHKH, TeM ,IJ;OJDKHO 6hITh KOMIIaKTHee, '1T06bI IIpOTHBOCTO­

.HTh rrpHJIHBHOMY 3cpcpeKTy, crroco6HoMypa3opBaTh CKOITJieHHe. Ho, c ,n;py­

roli CTOpOHhI, '1eM CKOIIJieHHe 3Be3,n; KOMIIaKTHee, TeM OHO «rop.H'1ee» .H 

II03TOMY 6hICTpee Hcrrap.HeTC.H. BhIBO,IJ;: '1eM 6JIH.iKe K :a;eHTPY raJiaKTH­

KH po,n;HJIOCh 3Be3,n;Hoe CKOIIJieHHe, TeM OHO ,IJ;OJI.iKHO 6hITh KOMIIaKTHee, a 

3Ha'1HT 6hieTpee 6y,n;eT pa3pyrnaThc.H, rrpn'1eM rrepBhIMH rrorn6aroT caMhie 

JierKHe. TeopeTH'1eCKOe O.iKH,IJ;aHHe TaKOBO: B,IJ;aJIH OT :a;eHTpa raJiaKTHKH 

MO.iKeT coxpaHHThC.H ,IJ;JIHTeJibHOe BpeM.H Jiro6oe CKOIIJieHHe - H 60JihIIIOe, 

H MaJieHhKOe, H JierKOe, H MaCeHBHOe; a B6JIH3H :a;eHTpa farraKTHKH Bhl.iKH­

BaIOT TOJihKO KOMIIaKTHhie H rrpH 3TOM - MaCCHBHhie eKOIIJieHH.H. 8To 3a­

Me'1aTeJihHO eorJiacyeTe.H c Ha6Jiro,n;eHH.HMH: Ha rrJIOCKOCTH M-R (pnc. 8) 
Ka.iK,n;a.H T0'1Ka - IIIapOBOe eKOIIJieHHe HaIIIeM faJiaKTHKH; ,IJ;Jl.H y,n;o6eTBa 

B JiorapHcpMH'1eCKOM IIIKaJie yKa3aHhl HX peaJihHhie paccTO.HHH.H OT :a;eH­

Tpa rarraKTHKH H peaJihHbie MaeChl. KoJIHqecTBO 3Be3,n; B eKOIIJieHHH eo­

CTaBJI.HeT N ~ 3M/ M 8 • Ha 3TOM me rrJioeKoeTH HaHeceHhI TeopeTH'1eeKne 

JIHHHH, OT,IJ;eJI.HIOIIJ;He o6JiaeTh IIOJIHOrO HerrapeHH.H eKOIIJieHH.H (HH.iKe JIH­

HHH) ,IJ;Jl.H yKa3aHHOro B03paeTa eKOIIJieHH.H. Mo.iKHO Ha3BaTh HX «JIHHH­

.HMH .iKH3HH». Pa3yMeeTe.H, Bee 3TH paeeym,n;eHH.H JierKo 3arrnehrnaroTc.H 

B BH,n;e cpopMyJI, HO 3,z:i;eeh H 3Toro ,n;eJiaTh He 6y,n;y. Te, Koro «3a,n;eJia» Te­

Ma Moero paccKaaa, Hali,n;yT cpopMaJihHoe H3Jiomeiine B KHHrax (13-16]. 
Bo3pacT Bcex rnapOBhIX eKOIIJieHHM oqeHh 6JIH30K K B03paeTy ra­

JiaKTHKH. Ilo3TOMY ,IJ;Jl.H HHX Beex COBpeMeHHOM JIHHHeM .iKH3HH CJIY.iKHT 

rrp.HMa.H, eOOTBeTeTByroru;a.H B03paeTy faJiaKTHKH - OKOJIO 10 MJip,n;. JieT. 

,IJ;elieTBHTeJibHO, rrpaKTH'1eCKH Bee CKOIIJieHH.H Jie.iKaT BhIIIIe 3TOM JIHHHH. 

Ho eaMa JIHHH.H ,n;BH.iKeTe.H: rrpoli,n;yT 3IIOXH, H oHa rrepeMecTHTC.H BhIIIIe, 

«C'beB» rrorpaHHqHhie CKOIIJieHH.H. l.Jepe3 1000 MJip,IJ;. JieT B farraKTHKe 

oeTaHeTe.H MeHee IIOJIOBHHbl H3 HhIHe .iKHBYIIJ;HX eKOIIJieHHM. A '1epe3 

10000 MJip,n;. JieT rrpaKTH'1eCKH HH 0,IJ;HOro He oeTaHeTc.H: Bee IIOTep.H­

IOT eBOH 3Be3,IJ;hl, Herrap.HTe.H H rrepeeTaHyT eyru;eeTBOBaTh KaK eaMOeTo­

.HTeJihHhie o6'heKThl. Jl\arrh, Be,n;h 3TO 0,IJ;HH H3 KpaeHBeMIIIHX o6'heKTOB 

I'aJiaKTHKH. IIpaB,n;a, He ncKJII0'1eHo, '1TO HM Ha eMeHy po,n;.HTe.H HOBhie. 

B HeK0Topb1x rarraKTHKax 3To rrponcxo,n;HT, rrpn'1eM rrpn BeebMa HeTpn­

BHaJihHhIX yeJIOBH.HX. 

lI03HaKOMHMe.H eru;e e 0,IJ;HHM ,IJ;HHaMH'1eeKHM 3cpcpeKTOM, BJIH.HIOIIJ;HM 

Ha 3BOJIIOIJ;HIO 3Be3,IJ;HhlX CKOIIJieHHM. 

AHHaMH'lecKoe rpeHHe 

MH,n;nlieKHM acTpocpH3HK-TeopeTHK Cy6paMaHh.HH l.JaH,n;paceKap, Ho-

6eJieBCKHM JiaypeaT, B ocHOBHOM pa6oTaBIIIHM B CIIIA, o6Hapy.iKHJI B 

1943 ro,n;y JII060IIhlTHhlM 3Be3,n;Ho-,IJ;HHaMnqeeKHM 3cpcpeKT' KOTOpbIM OH 

28 

..... . . ............... 
·....... . '.·· .. 

' · .J~· •U' • • ...... . ... ,, • .r-. •• ' 

lgR 

...... ~..... .... . . ....... .... • .. ,.-: .. . >·: ·~ . ....... . . 
:. :·"'-~···· '•9' 

• •• ~· :.. :-- .1012 

. ...... 

1010 

0 1 2 3 

lg_M_ 
M o 

- 6-

-4-

- 2-
IgR 

1012 

. / . . ·,: .• / ·l·,··.·,·/;· .. / .,,. .. ~.. ' / 
~ ..... -.. . ._., . 

• ... ·!)!, ~ :: •• " . . . . . . . , . . .. / . .. / ...... / . . . .. 
.i:· • • •• ,.. • 

/ •/ 

/ 

/ 

/ 

0 1 2 

1014 

/ 

3 

i Pnc. 8. IloJio.meHHe mapOBbIX CKOIIJieHHH Harne:li raJiaKTHKH Ha IIJIOCKOCTH «;gacca -

pa3Mep op6HTbI». Macca (M) yKa3aHa B e,z:t;HHm.i;ax Macchi CoJim::i;a (M0 :::::: 2·10 KfJ• a 

pa,u;nyc op6HTbl (R) - B KHJIOnapceKax: 1KITK=1000 IIK :::::: 3262 CB. JieT :::::: 3,0857·10 M • 

«JlHHHH .a<H3HH» ,u;eJI.ffT 3TY IlJIOCKOCTb Ha o6JiaCTb HCnapeHH.ff (HR.me JIHHHH) H o6JiaCTb 

BbI.a<HBaHH.ff (BbIIIIe JIHHHH) ,z:t;JI.ff yKa3aHHOrO p.a,z:t;OM c JIHHHeH B03pacTa CKOITJieHHH B ro,u;ax. 

Pnc. 9. Ta .me nJIOCKOCTb, 'ITO H Ha pnc. 8, HO 3,z:t;ech HaHeceHhI «JIHHHH .»<H3HH», 

CB.ff3aHHbie c 3$$eKTOM ,z:t;HHaMH1IeCKOI'O TpeHH.ff. 

Ha3BaJI auna.M.U1leCICU.M. mpenue.M.. CyTh 3TOro 3cpcpeKTa 0'1eHh rrpoeTa -

CTpaHHO, '1TO ero He o6Hapy.iKHJIH paHhIIIe. 

IIpe,n;cTaBHM ce6e MaceHBHyro -qaeTn:a;y - 3TO MO.iKeT 6bITh o,n;Ha rpo­

Ma,n;Ha.H 3Be3,n;a HJIH :a;eJioe 3Be3,IJ;HOe CKOIIJieHHe, - KOTOpa.H JieTHT qepe3 

rrpocTpaHCTBO, HaIIOJIHeHHOe MaJieHhKHMH JierKHMH 3Be3,l1;0'1KaMH (KaK 

roBop.HT acTpOHOMhI, JieTHT qepes 3Be3,n;Hoe rroJie). Kam,n;a.H 3Be3,n;a, rrpn­

T.HrHBa.Hch K 3TOMY MaceHBHOMY o6'beKTY' o6JieTaeT ero C3a,l1;H no rnrrep6o­

JIHqecKOM TpaeKTopnn. TaKHM o6pa3oM, 3Be3,n;h1, KOTOphie Brrepe,n;n o6'b­

eKTa 6bIJIH pacce.HHhl 0,IJ;HOpo,n;Ho, rrosa,n;H Hero KaK 6bI yrrJIOTH.HIOTC.H B 

KHJihBaTepHbIM CJie,n; H C03,n;aroT H36hITOqHyro IIJIOTHOCTh. 8TOT «XBOCT» 

BCer,n;a BHeHT II03a,lJ;H CKOIIJieHH.H, II03TOMY cyru;ecTByeT HeCKOMIIeHCHpo­

BaHHa.H CHJia rrpHT.H.iKeHH.H, KOTOpa.H TOpM03HT MaCCHBHhlM o6'beKT. l.JeM 

6oJibIIIe ero Macca, TeM BhIIIIe TOpM03.Hru;ee ycKopenue. C coxpaHeHHeM 

~3HeprHH Bee B rrop.H,n;Ke: OHa rrepe,n;aeTC.H BCTpe'1HhIM 3Be3,n;aM, KOTOpbie 

rroeJie o6JieTa Macc1rnHoro o6'heKTa rroJiy'1aroT rrpn6aBKY cKopoeTH. KcTa­

TH, TaKOM «<l>OKYC» - pa3rOH KOeMnqecKoro 30H,n;a, o6JieTaroru;ero Ha 

BCTpeqHOM Kypce ITJiaHeTy' - xoporno H3BeCTeH H qaCTO HCIIOJlh3yeTC.H 

B KOCMOHaBTHKe [ 1 7]. 
ScpcpeKT ,n;nHaMnqeeKoro TpeHH.H rrpHBO,IJ;HT K TOMY, '1TO 3Be3,n;Hoe 

CKOIIJieHHe, ,IJ;BHra.Heb B faJiaKTHKe, XOT.H H He HCIIhlTbIBaeT rrp.HMhIX eo­

y,n;apeHHM c OKpymaroru;HMH 3Be3,n;aMH IIOJI.H, HO Bee paBHO TOpM03HTe.H, 
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Tep.HeT 3Hepriuo M IIOCTerreHHO, no CIIMpaJibHOH TpaeKTOPMM rrpM6JIMma­

eTC.H K II,eHTPY I'aJiaKTMKM. Ilo3TOMY 3a KOHffqHoe BpeM.H Bee rnapOBbie 

CKOIIJieHM.H, a B rrepByIO 01Iepe,n;b - caMbie MaCCMBHble, ,ll;OJI)KHbl yrraCTb 

K II,eHTPY Harneii 3Be3,ll;HOH CMCTeMbl, pa3yMeeTC.H, ecJIM OHM ,n;o 3TOl'O He 

Mcrrap.HTC.H. 

Ha IIJIOCKOCTM R-M (pMc. 9) MOmHo rrpoBeCTM «JIMHMIO mM3HM», Ko­

Topa.H OT,ll;eJIMT Jiel'KMe M ,n;aJieKMe OT II,eHTpa I'aJiaKTMKM CKOIIJieHM.H, Me,n;­

JieHHO TOpM03.HIIJ;MeC.H M ,ll;OJil'O IIa,ll;aIOm;Me, OT 6oJiee MaCCMBHblX, CMJibHee 

TopM03.HIIJ;MXC.H M 6b1CTpee rra,n;arom;Mx B u.eHTp I'aJiaKTMKM. Ha6Jiro,n;eHM.H 

HaXO,ll;.HTC.H B COl'JiaCMM c TeOpMeii: 1IeM ,n;aJihIIIe OT II,eHTpa, TeM 6oJiee Mac­

CMBHbie CKOIIJieHM.H Bbl)KMBaIOT' a B6JIM3M II,eHTpa I'aJiaRTMKM MX yme HeT. 

TaKMM o6pa3oM, rro,n; ,n;eiicTBMeM ,n;Byx orrMcaHHhlX acp<t>eKTOB - MC­

rrapeHM.H 3Be3,n; M TOpMomeHM.H 3a C1IeT ,ll;MHaMM1IeCKOl'O TpeHM.H - CKOIIJie­

HM.H Ha 3TOH IIJIOCKOCTM ,ll;BMmyTC.H no HeKOTOpblM cpa30BblM TpaeKTOpM.HM: 

Jiel'KMe CKOIIJieHM.H MCIIap.HIOTC.H, T.HmeJibie - IIa,ll;aIOT K II,eHTPY I'aJiaK­

TMKM. ECTb M ,n;pyrMe a<t>cpeKTbl, rrpMBO,ll;.HIIJ;Me K paapyrneHMIO 3Be3,ll;HblX 

CKOIIJieHMH, HO 3TM ,n;Ba - l'JiaBHhie • 

.H rro,n;po6Ho paccKa3hIBaIO 06 3BOJIIOII,MM 3Be3,ll;HhlX CKOIIJieHMH, KO­

He1IHO, rroToMy, 1ITO OHM - MOH JII06MMblH o6'beKT M3yq:eHM.H. Ho M BIIOJIHe 

o6'beKTMBHO 01IeHb BamHO rrpe,n;cTaBJI.HTh cy,n;b6y ,n;peBHeHIIIMX raJiaKTM1Ie­

CKMX o6pa30BaHMH, KaKMMH .HBJI.H10TC.H rnapOBbie 3Be3,ll;Hbie CKOIIJieHHH. 

BoaMomHo, 1ITO OHM ccpopMMpoBaJIMCh em;e ,n;o I'aJiaKTMKM M rroaToMy «rro­

MH.HT» caMyro paHHI010 arroxy mH3HM BceJieHHOH. K comaJieHHIO, po,n;H­

Jiacb BceJieHHa.H TaK ,n;aBHO, OKOJIO 15 MJip,n;. JieT Ha3a,ll;, 1ITO mepHOBa 

HCTOpHH rrepeMOJIOJIH rroqTH Bee cpaKTbl. ,Il;ame OT ,ll;HH03aBpOB, KOTOpbie 

MeHee 0,2 MJip,n;. JieT JiemaT B 3eMJie, yme 1101ITH HHqero He OCTaJIOCh, 

a 3Be3,ll;Hhie CHCTeMbl B ,n;ec.HTKH pa3 CTapme, II03TOMY BOCCTaHOBHTh HX 

HCTOPHIO HaMHOI'O CJIOmHee, 1IeM HCTOpHIO ,ll;HH03aBpOB. IIIapOBhie CKOII­

JieHH.H ,n;aroT HaM maHc 3al'JI.HHYTb B rJiy6oRyro HCTOPHIO BceJieHHOH, H 

acTpOHOMbl IIblTaIOTC.H HM BOCIIOJih30BaTbC.H. B 3TOH pa6oTe yme c,n;eJiaHO 

MHOl'O Haxo,n;oK H MHOl'O OIIIH60K. He BCer,n;a Mbl rrpaBHJihHO IIOHMMaeM, 

KaKHe CBOHCTBa 3Be3,ll;HblX CKOIIJieHHH - Bpom,n;eHHbie, yHaCJie,n;oBaHHhie 

OT 3IIOXH HX <t>opMHpOBaHH.H, a KaKHe - 6JiarorrpMo6peTeHHbie, CB.H3aH­

Hble c HX ,D;JIMTeJibHOH 3BOJI10II,Heii. B 3TOH o6JiaCTH MHOI'O HHTepeCHblX 

aa,n;aq .,n;JI.H JII06HTeJieii 3Be3,n;Hoii ,D;HHaMHKH H acTpo<t>HaHKH. Ha.n;eroch, 

1ITO HeKOTOpbie M3 HHX peIIIHTe Bbl. 
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