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BBEJEHHUE

IIpakTruecKu BCE, YTO MbI BUAUM BOKPYT cebs B KOCMOCE — 3TO 3BE3-
IbI, O0oJiee miiu MeHee Toxosxue Ha Hare ConHIile. Pazymeercs, HaM U3BeCT-
HO BeIIeCTBO U BHE 3BE3/[: 9TO IJIAHETHI U UX CITYTHUKHU, KOMETHI 1 aCTepPO-
HUIbI, MEXK3BE3MHBIE T'a3 U MbLIb. HO BCE 9TO HE3HAUUTENbHBIN «JOBECOK »
B CPABHEHUU C TMTAHTCKUMH 3BE3aMU, 00beINHEHHBIMI B CUCTEMbI —
JBOMHBIE M KPATHBIE, B 3BE3HbIE CKOILJIEHU 1 rajlakTuku. Kpome aToro,
eCTh CBUIETEJIBCTBA, YTO BO BCcesleHHON MHOTO HE0APMOHHOTO BEIIECTRBA,
COCTOSIIEr0 He M3 MPUBLIYHBIX HAM UYACTHUI[ — IIPOTOHOB W HEHWTPOHOB
(roaBHBIX IpeacCTaBUTEJNEH I'PYIIIbl OAPHMOHOB), 4 U3 YaCTUIL COBCEM APY-
roit, TOKa HesACHOUN NMPUPOJbl, EIUHCTBEHHOE B3aNMOeHiCTBIE KOTOPBIX C
OOBIUHBIM BEIleCTBOM ITPOUCXOAUT Uepes cuay rpaButamuu. Ho, gaxe ec-
JIX 9TO HeOOBIYHOE BEIIeCTBO CYIIeCTBYET, MOHATDH ero CBOMCTBA YIAaCTCH,
JINIITH U3y4as MHOBeJeHne HOPMAJIbHOTO BEII[eCTBA, T. €. 3BE3]] — I'JIABHOT'O
HabGaogaeMOTro mepcoHaka BceneHHoii.

Wrak, coepeMeHHass acTpoHOMUYECKasi BecesleHHAsi COCTOUT U3 3BE3].
Ho tak 6s1710 He Bcerga: 6oJiee 10 Mupa. et Hasan:, KOrja OT Hauaja pac-
mupenusa Beesmernuoi mporio He 6osee 300 ThIC. JeT, Halll MUP OBLIT 3aTI0JI-
HEH OYEeHb ropAYMM U OOJHOPOAHBIM BEII[€CTBOM M M3JIYyYEHUEM, HpI/I‘IéM
IO TIJIOTHOCTH CBOEHM MAacchl M3JydeHUe IPeBocxoamio BeiecTBo. Korga
BospacT Beenennoii mpeBbicus 300 ThIC. €T ¥ HATIOMHAIONIAA €€ MATEPU
octoiia npuMepHo 10 4 000° K, m10THOCTHE Macchl M3JIyUeHU CTajia HUXKe,
UeM BeIlleCTBA, U C T€X MOP 3TO PA3JINUYMe MEKIY BEIeCTBOM U M3JIyYeHM-
eM TOJIbKO HapacTajio; CeTOAHS MBI ;KMBEM BO BcesleHHO, TIe JOMUHU-
pyert BeiiecTBo. Ho eré MHOTME COTHM MUJIJIMOHOB JIET IIOCJIE TOT'O, KaK
BEII[ECTBO CTAaJI0 OCHOBHBIM KOMIIOHEHTOM BceJileHHO¥W, OHO 0CTaBaJiOCh
MMPAKTUYECKH OJJHOPOJHBIM, KaK BO3/IYX, 3aIOJHAIONINI HAIITM KOMHATHI:
€To IJIOTHOCTDH Be3Jle OMMHAKOBA; ero JIUIIb cJab0o BO3SMYIIAaIOT 3ByKOBBIE
BOJIHBI, 6eryn11/1e B Pa3HbIX HaAIlIPpaBJI€EHUAX.

o cuX TOp aCTPOHOMBI He 3HAIOT TOUHO, KaK IIPOM3OIILIO AeJIeHUE 0~
YTH OJHOPOJHOTO BeliecTBa BeesleHHOM HA 3BE3IbI, HO KAKMUM-TO 00pas3om
9TO CJIYUYHJIOCH: KOrJa Bo3pacT BcesieHHOH eié He goctur 1 mipn. Jet,
MoUTH BCE eé OAPMOHHOE BEIIeCTBO OKAal3aJoch PasOéMTO HA IJIOTHBIE Ta-
30BBIE IIAPBI C XapaKTepHOoil Maccoii mopagka 103 kr, o6beguHEHHBIE B
rajakTuiy ¢ maccamu nopagka 104! kr. IIpuENIUNNATBLHEIX TPYZHOCTEH
B MMOHMMAHUU 9TOTO Mpolecca HeT. PacmpocTpaHeHne 3ByKOBBIX BOJH B
KOCMMWUYECKOM BeII[eCTBe, KAK M B KOMHATHOM BO3AyXe, CO3LAET meperna-
JOBI ILIOTHOCTH. B 00BIUHOI 3BYKOBOI1 BOJIHE « KOMHATHOTO pasMepa» Cuja
YIPYTOCTH Tasa Tropasio BBIIIE CUJIBI IPABUTAIIMOHHOTO B3ATMOIECTBUA
€T0 YaCTHIL APYT C IPYTOM, IIO9TOMY I'DABUTAIINA HEe MEIIAeT ITUKJINIECKO-
My K0Je6aHMIO 3BYKOBBIX BOJH B KOMHAaTEe. HO B GOJIBITTNX, KOCMUUECKUX
maciitTabax meiicTBUe TPABUTAIINYI MOKET UBMEHUTH 9Ty KAPTUHY: €CJIU B
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HEKOTOPBIX 00/IaCTAX IMOBBIIIIEHHOH IIJIOTHOCTH Ira3a ero JaBJIieHNe He CII0-
COOHO ITPOTUBOCTOSITH €r0 JKe COOCTBeHHOU CuJjie IPUTSKEHUA, TO TaKue
VILJIOTHEHUS, CJAyUYailHO BOSHUKHYB, YK€ He PaCIIUPAITCA, a IPOJ0JIKa-
IOT CKUMAThCsA. OTOT MPOIeCC HA3BIBAIOT «T'PABUTAIIMOHHOMN HEyCTONUU-
BoCTBhIO» [1—3]. Ilo-BuAMMOMY, UMEHHO OH MOPOWJI 3BE3IBLI U 3BE3THBIE
CHCTEMBbI, BJIACTh B KOTOPBLIX OKOHUATEJIbHO 3aXBaTUJIA TPABUTAI[UA.

3AKOH I'PABUTAITUU HBIOTOHA
BEJIMKHNE TEOPEMEBI IPUTAKEHUSA

Wrak, B Mupe 3BE37 mapcTByeT rpasutanud. OctaabHble Tpu GQU3U-
YeCKUX B3auMO/eiCTBUSA — 3JIEKTPOMATHUTHOE, Cj1ab0e 1 CUJIBbHOE SAIep-
Hble — MPaAKTUYECKH HUKAKOHN POJIM B ABUIKEHUU 3BE3]] M B 9BOJIOIUU
3BE3AHBLIX cuCTeM He urpaioT. Cujia rpaBUTAIINN OMMCHLIBAETCS UPE3BHI-
4ailHO IPOCTHIM, OCOOEHHO C TOUKM 3PEHUS UCKYIIEHHBIX B MaTeMaTHUKe
HIKOJBHUKOB, 3aKoHOM. Mcaak HbioToH onybaukosas ero B 1687 rogy B
cBoeii 3amMeuarenbHOl kKHUTe « Hauamna marypansHO#l hunocopun». OTOT
3aKOH OIIUChIBaAeT BBaHMOﬂeﬁCTBHe ABYX MaTepUuaJIbHbIX TOYEK, T. €. Ta-
KHUX TeJ, padMep KOTOPBIX MaJl II0 CPABHEHUIO C PA3NEeNISIONINM UX pac-
crossameM, Ho OH mpuMeHUM K JIIOOBIM TeJIaM, TOCKOJIBKY KaKIoe N3 HUX
MOXKHO IIPEJICTABUTH B BHJIe COBOKYITHOCTH MaTePUATbHBIX TOUEK. 3aKOH
HpioTOHA TJIaCUT, YTO ABEe MaTepuadbHbIe TOUKHU, 0OJaAaIoNue MaccaMu
M, u M,, npuTaruBaioTca ApyT K APYry C OAMHAKOBOI CHJION, paBHOI
MIPOU3BEIEHUIO NX MACC, NeJIEHHOMY Ha KBaJpaT PACCTOAHUS MEXKAy HU-
MU U, Pa3yMeeTcsi, YMHOKeHHOMY Ha HEKOTOPYIO KOHCTAHTY (OOBIUHO B
Kypcax ¢usukm eé obo3HauaoT OyKBoii G, OoT JaT. gravitas — TaxKecTs),
3HaUeHWe KOTOPOH 3aBUCUT OT €IWHUI[ UBMEDPEeHUsI MacChl, CHUJIbI U pac-
CTOSHUA:

— GM1M2
F="0000

B cucreme CU ([M] = kr, [R] = m, [F] = H) srauenue
G=(6,673+0,001)-10"11 HKTIZIZ

HO acTPOHOMBI (1 PUBUKHU-TEOPEeTUKH, KOrga OHU paboTaioT B 9T0ii 06Ja-
CTH) MOJB3YIOTCA OoJsiee yAIOOHBIMY IJIA IPOBEeAEHU BLIUNCICHUN CUCTe-
MAMHU €IUHUIL, B KOTOPBIX MHOTHE KOHCTAHTEI, B TOM uncjie u G, MOMKHO
ImoJjiaraTh paBHBIMU €IJUHUIIE U Sa6bIBaTb IIPO HUX.

O6paTuTe BHUMaHMNe, KaK KOPOTKA 3amMuCh uncja G — BCETro YeThIpe
3Hauanux nudpsl; Apyrue pusnuecKkre KOHCTAHTHI cogepskar mo 8—10, a
mopoii u 12 mudp. [louemy ke nmenHo 3HaueHue G U3MEPEHO C TaKOIl H13-
KOH TOUHOCThI0? A IIOTOMY, UTO IrpaBUTAIlNS — cjaabas cuja, MeHee Jpy-
TUX MIPOSABJISIONIAaA cebA B 1a60paTOPHBIX 9KcIepuMeHTax. OueHb TPYIHO
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OIIpelesIuTh IIPUTAKEHNE IBYX TeJ C aKKYypPaTHO U3MepeHHOM maccoi. Ec-
am aBa 6osaburymux ciaona (M; =M, =4 T) croar B 1ab0paTopuu, TeCHO
MIPUIKABIIKCH APYT K Apyry (R=1 M), TO ©X B3aMMHOE I'DABATAIIOHHOE
MIPUTAKEHNEe cocTaBiadgeT Bcero okojo 0,1 r. A BOT ecsii OB OMUH CJOH
COCTOSLJI TOJIBKO M3 IPOTOHOB, & IPYTrOil — TOJIBKO U3 3JIEKTPOHOB, TO OHU
IPUTATUBAJINCH 6bI ¢ cuitoil mopaaka 103 ! K cuacTsio, Bee CIOHBI, IIa-
HEeTHI ¥ 3BE3IbI COCTOAT IPAaKTUUECKU U3 PABHOTO KOJIMUECTBA IIPOTOHOB 1
9JIEKTPOHOB, JIEKTPUUECKOe B3aMMOAENCTBIE KOTOPHIX YPABHOBEIINBA-
eTcs. 3aTO rPaBUTAIMOHHOE B3aMMOJENCTBHE BCEX YAaCTHUI[ — IIPOTOHOB,
HEeNTPOHOB M 3JIEKTPOHOB — CYMMUpPYETCs, MOCKOJbKY B IPUPOJAE HET
rpPaBUTAIMOHHLIX 3apsAA0B pasHoro 3uaka. [losTtomy KpaiiHe ciaabass cu-
JIa BCEMHPHOTO TSATOTEHWS, IMOUYTH He3aMeTHAas MeXKAy JIabopaTOPHBIMU
TeJIAMU, SBJISIETCA JOMUHUPYIOIIEH AJA KPYIHBIX KOCMUYECKUX TeJ.

HUrak, B3auMoeiicTBe MaTePUATbHBIX TOUEK OIMCHIBAETCS OUYEHbD
MPOCTHIM 3aKoHOM. [[JIisi MaTeMaTuKa 9Toro Ob1JI0 OB JOCTATOYHO, HO (pu-
3WK ¥ aCTPOHOM CpPasy BCIIOMHHAIOT, UTO peajibHbLIEe TejJa — 39TO Belb He
TOYKH, a IPOTAKEHHBIE 00 bEKTHI. 3HAUUT, IPOM3BOJA PACUETHI, IIPUAET-
Ccs1 UMETh JIeJI0 ¢ CYMMHPOBAHUEM WJIY C UHTETPUPOBAHUEM, T. €. C BHIUHU-
CJIEHMEeM CYMMBbI BCEX CUJI, NefCTBYIOIINX HA NHTEPECYIONINHA HaC O0BEKT
CO CTOPOHBI BCEX MPOUYnX 00beKTOB BeesenHoil. ITo 3a/jaua KpaitHe CJI0MK-
Had: mpeacTaBbTe cebe, UTO CJIOH MPUTATUBAET MBIIIIOHKA, 1 HAM IIPEJCTO-
HUT MPOCYMMUPOBATH BCE CUJILI, JENCTBYIOIE HA MBIIIIOHKA CO CTOPOHBI
KasKIou TOuKu X000Ta, yIiei, HOT, XBOCTA W MPOUYUX OPTraHOB CJIOHA —
CO CTOPOHBI MUJIJIMOHOB UacTeil, KayKaAyIo 13 KOTOPBIX MOYKHO YIIOLOOUTH
MaTepHuaJbHO ToOUKe... Cerogusa Mbl MOJKEM CKas3aTh: UTO B 9TOM OCOOEH-
HOro? MeuIcieHHO pa3o0bEéM CIOHA HA MUJIJIMOH YacTell 1 IPOCyMMUPYeM
CHJIBI OT €IVHUIIBI 0 MUJLINOHA. HACTONbHBIM KOMITLIOTED CAEJIAET 9TO 3a
MUHYTY, HIOCKOJBKY CYMMHUPOBATDL IPUAETCA MPOCTeHbKUE uieHbl. Ho BO
BpeMmena HrioTOHA He OBLIIO KOMIIBIOTEPOB, 1 JII000€e CYMMUPOBAHNE HJIN
TO, YTO MBI TeIlePh HA3BIBA€M MHTETPUPOBAHMEM 110 O0'BEMY, OBLIIO UPEe3-
BBIUAWHO CJIOXKHON omeparueii, BeIb €€ IPUXO0INJIOCH BBIIIOJIHATEL II€POM
ua 6ymare. I HrroToH He mpogBuHYyJICA OBl JaJIeKO B ucciegqoBanum Bee-
JIEHHOM, eciu OBbI He IBe 3aMeYaTeJbHbIe TeOPEMBI, KOTOPHIE eMY YAaJI0Ch
JOKAa3aTh.

Teopema 1. Chepuueckoe Tesio (ToHKasA cpepuuecKasi 0060JI0UKa) 1mo-
CTOSTHHOM TJIOTHOCTY TMPUTATUBAET JIOOYIO TOUKY, HaXOAAIIYIOCSd BHE
ero, Tak, Kak OyATO BCA Macca Teja COCPeAoTOUeHa B ero IeHTpe.

Ira n3yMHuTEJIbHAS TeopeMa Jajia BOBMOYKHOCTh HEeOECHBIM MeXaHMU-
KaM — JIIOJAM, KOTOPbIe 3aHUMAIOTCA PACUETOM ABUKEHUS IIJIaHET 1 KOC-
MHUYECKUX 30HO0B, a TaKJKe 3BE3[ 1 raJaKTHUK, — CBECTH OOJBIIHNHCTBO
3aJ1a4 0 B3aNMOJeCTBUM KOCMIUYECKHX TeJI K 3a/1aue O MPUTAKEHUHN ABYX
ToueK. [leso B TOM, UTO IIOUTH Bce HeOeCHBIE Teja, 3a PeIKUM HUCKJII0Ue-

5



HUEM, MOYKHO YIIONOOUTH IIOCJIEeN0OBATEIbHOCTH BJIOMKEHHBIX NPYT B APY-
ra cep, KaKkgasd m3 KOTOPbIX MMEEeT IOCTOSAHHYIO IJIOTHOCTh (KOTOpas
00BLIYHO MEHSAETCS JINIID OT IeHTpa K nepudepun). Hanpumep, y Hameii
3emuu (hopMa IOUTH ITapooOpas3Hasi, IJIOTHOCTh PACTET IO HATIPABIEHUIO
K IIEHTPY, OOHAKO, pa3buB eé HA 6eCKOHEUHOe KOJINUECTBO C(hepruuecKux
CJIOEB, BBI yOEAUTECh, UTO KAKABIA N3 HUX IPUTATUBAET BHEIIHIOIO TOUKY
TaK, Kak OyATo BCA Macca coCpeoToueHa B IeHTpe. [10aTOMy HUKAKOTO
CyMMUDPOBAHUA UJIU UHTEIPUPOBAHNUA HE HYKHO.

Teopema 2. Eciiu TOUKY IIOMECTUTD BHYTPHU OAHOPOLHOM chepsl (mpu-
uéM B J1I000M MecTe, a He TOJIbKO B IIEHTPE), TO OHA HE OII[YTUT IMPUTIIKE-
HUA chephl, MOCKOJIbKY CHJIbI, AEHCTBYIOINE HA HEE CO CTOPOHBI BCEX
9JIEMEHTAPHBIX YacTeit aToii c(hepbl, B TOYHOCTH YPABHOBECATCSH.

dra TeopemMa OYeHb MOMOTJIA TEM CHEIMAJIUCTAM, KOTODPbIE U3yUJalOT
Heapa HeOEeCHBIX TEJI: CTAJIO BO3MOJKHBIM PeIlaTh 3a1a4i, MBICJIEHHO II0-
MecCTHUB HabJII0[aTe/d BHYTDPh IJIaHETHI 1 He 3a00TACH O Te€X CJI0AX Bellle-
CTBa, KOTOPbIE HAXOAATCA CHAPYIKHU OT HEro, MOCKOJIbKY MX CyMMapHOe
MIPUTSKEHNe ¥ chepUUECKOil IJIaHeThl B TOYHOCTH PABHO HYJIIO.

Taxkum obpasom, cHapy:ku chepbl Bbl UyBCTByeTe, OyATO Bac IIPH-
TACMBAET TOUYKA, a BHYTPHU c(epbl — BOOOIIe HEBECOMOCTb. OTH 3aMeyda-
TeJIbHBIE TEOPEeMbI IIO3BOJIMJIN JaXKe BO BpeMeHa HpIOTOHA, IIPU IIOJHOM
OTCYTCTBMHY BBHIUNCINTEIbHON TEXHUKH, YPE3BIUANHO TOUHO PEIIATh NH-
TepecHelInve 3asaun; O CTPOEHWH ILIaHeT (B Y4aCTHOCTH 3emJjin), 00 mx
B3aMMHOM IPUTSYKEHNN U [BUKEHUHU B IPOCTPAHCTBE.

JABUKEHHUE IBYX TOUYEK IIOJ] TEICTBUEM
B3AMMHOT'O TPABUTAIIMOHHOT'O ITPUTAKEHUA

HpioTOH permiuya 3asady 0 TOM, KakK IBUYKYTCS IBe MaTepUaJbHbIE
TOYKM, BBAMMHO IIPUTATUBAIOIINE APYT APyra, HaIpuMep, IJIaHeTa U eé
CIYyTHUK. Bbl, KOHEUHO, 3HAeTe pellleHne dTO 3aJauun: II0J HEeHCTBUEM
B3AMMHOTO IPUTKEHUA KaKj0e U3 TeJ 00paIaeTcs mo sJLINITUYECKOH
opbuTe BOKPYT 00IIero meHTpa Macc, JeKarliero B (pokycax saaumncos. Op-
OMTHI TEJ MOJO00HBI, HO IMEIOT PA3HbIHA pasMep, 00PATHO IPOMOPIOHAb-
HBIA Maccam TeJi. Eciu u3 nHepIuaJabHON CUCTEMbI OTCUETA, CBA3AHHOM C
IEeHTPOM MACC, TTePeHTH B HEeMHEePIIUATbHYIO, CBA3AHHYIO C OMHUM U3 TeJI,
TO BTOpOe obparaeTcsa BOKPYT HEro TaKsKe IO JJIJIUNTHYECKON opouTe
(maiizure camu €€ pasmepsl).

Pemenne HrioTona, momyuennoe B KoHIe X VII Beka, moaTBepanio
HA OCHOBAHWM HOBOHM IO TeM BpeMeHaM (PU3UKU dSMIUPUUECKHE OTKDbI-
TudA, crenanHbie Kemirepom ermé B HavaJie TOTO JKe BeKa: IO pe3yJabTaTaM
MHOTOJIETHUX HAOJIIOIeHNiT, B OCHOBHOM IIPOIEIAHHBIX JATCKUM aCTPOHO-
moMm Tuxo Bpare, Kemniep o6Hapy:Kuii, 4TO ILJIaHEThI 00paIiaoTcsa BOKPYT
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ConHITa TIO 3JLIUIICAM C HEePeMeHHON CKOPOCTHIO, ABUTAACH TaK, UTO
paguyc-BeKTOp (unpsAmasi, coepmusomasn mwianery u CoJiHile) 3a paBHBIE
OTPEe3KH BPEMEHH 3aMeTaeT PaBHbLIE ILJIOMAN, 1 UTO KBaAPATHI IIEPUO0B
oOpaIlieHns ABYX ILJIAHET OTHOCATCA KaK KYObI OOJNBINTHX IOJyOCeil mx
sjmnnTuyeckux opour [4, 5]. HeoTOH, MCIOab3ysa chopMyInpPOBaHHBIE
UM 3aKOHBI MEXaHU KU U IPEAIO0J0KeHNe O TPaBUTAIIMOHHOI cue, obpar-
HOII KBaJpaTy PACCTOAHUS, HE TOJIBKO
o0bsAcHU HaliAeHHbIle Keniepom 3ako-
HOMEPDHOCTH IOBUXXEHUJA IIJIaHEeT, HO u
JIOKasaJl, YTO 3JIUIIC — JINIIh YaCTHBIN
caydai Jr000ro KOHMYECKOrO CeueH!s
(um MoxkeT OBITH TaK:Ke mapaboJa, ru-
mepbosia, OKPYKHOCTh UJIN IPSAMAsi), O
KOTOPOMY ITPOUCXOAUT ABUKEHUE NBYX
TPaBUTAIIMOHHO B3aWMOIEWCTBYIOMINX
ten (puc. 1). Pasymeercs, ecau pedb
I/I[[eT O [QJIUTEJBbHOM JBUXEHUHN CBA-
3aHHBIX, T. €. HE YJIETAIONIUX IaJeKO
IPYT OT ApyTra TeJ, TO 9TO JJIUIC MU
€T0 YaCTHBIN ciiydyal — OKPYKHOCTh
(a mouemy He OTPE3OK MPAMOIL?).

JI1060nBITHO, UTO 3aKOH HBIOTOHA  Pyc. 1. Cevenus KOHYCa IJIOCKOCTHIO
CIIpaBeJInB TOJIBKO B HaIlleM, TpeXMep- IPEeICTaBJIAIOT BCe BO3SMOXXHBIE TPACK-
HOM mpocTpaHcTBe. Ham TpymHo mpen- ;01”1“ IIBH?KEHH; B 3ajade ;BYX TZJI:
cTaBuUTH cebe APyroe MPOCTPAHCTBO, HO 1) OKPYMHOCTS, 2) axmuc, 3) napaGo-

J1a, 4) runep60J1a; IpsiMas MOJIy4aeTCs
MaTeMaTHKU U (UBNKH ONePUDPYIOT C g covennu KOHYyCa ILJIOCKOCTHIO, IIPO-
IIPOCTPaAHCTBAMMU IIPOM3BOJIBHOI'O YHCJIA  xonAmeil dYepe3 BepIINHY KOHYycA.
usmepenuit: ¢ 1-, 2-, 4-MepHbBIMHU, H
Ja)ke C IPOCTpaHCTBAMM OOJbIIeil padmepHocTu. Hampumep, ogHa u3
IMOCJIEAHUX TEOPUM CTPOCHUS 3JIEMEHTAPHBIX YACTHUI[ YTBEPIKIAET, UTO
MBI KuBEM B (He myrairech!) 506-mMepHOM IIPOCTPAHCTBE, HO TOJBKO
TPH eT0 KOOPAMHATHI JOCTYIMHBI HAM KAaK HAIIPABJICHUA ABUXKEHUSA, eIé

ogHAa — 3TO BpeMdA, a ocrajbHbie 502 HACTOJIBKO TYro «CBEPHYTHI B
KJIYy0OYEeK», UTO MBI UX HEe 3aMedyaeM, a BOT 3JIeMEeHTAPHbIE YaCTUILLI IIPU
BBICOKUX 9HEPruax — 3ameuaroT. Ho eciu ObI MBI KUJIW B PEATBHOM,

TMOJIHOTIPABHOM T€0METPUUYECKOM ITPOCTPaHCTBE OOIBIITeT0 NI MEHBIIIET0
Y1cIa U3MePeHnii, TO 3aKOH IPUTIKeHuA uMeJ 661 nHYyI0 opmy. JIerko
TMOHATH, KAKYIO: €CJIU HANPAKEHHOCTb (DUBUUECKOTO II0JIs, CBA3AHHOTO
¢ oomeHoOM cTabuibHbBIMU YacTuamu ((poToHamMu, rpaBUTOHAMY M T. II.),
MIPOMHTETPUPOBATL IO IOBEPXHOCTH, OKPYIKaWOIeil MCTOUYHUK STOTO
MOJisA, TO AOJYKHA IMOJYUYUTHCA KOHCTAHTA — IOJHBIN ITOTOK YAaCTHII.
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6) F~ L 6) F~ L
R R

Puc. 2. CMofennpoBaHHbIE HA KOMIIBIOTEPE TPAEKTOPUU ABMIKEHUS UYACTHUIILI, oOparmaio-

meiicss BOKPYT IleHTpa NPUTAKEHUS IO JeiicTBHeM CHJbl F ~ % BHauenna n=1,2u 3

COOTBETCTBYIOT HbIOTOHOBCKOMY IIPUTSKEHUIO B (DIBUYECKOM IIDOCTPAHCTBE JBYX, TPEX U

YeThIPEX U3MePeHUit.

Puc. 3. TpaekTopuu yactu-
IIBI IPY /L HEMHOT'O MEHBIIIEM
(@) mau 6oapmem (6), uem 2,
[IOKa3BIBAIOT HAaIpaBJIeHUe
[OBOPOTA OPOUTEI, 6IM3KOIL

a) F~ R11,5 0) F ~ ﬁ K 9JIJINIITHYIECKOI .

3HAUUT, ecau ObI MBI JKUJIN B €BKJIUAOBOM IPOCTPAHCTBe N M3MepeHu!
(Bpems — ocobasi KOOpAWHATA, 3[IeCh MbI €€ He PACCMAaTPUBAEM), TO 3aKOH
HyioTona numen 661 hopmy

F~ ﬁ,
HAIIpUMep, ecJau Obl MbI JKIJIN B 4-MEePHOM IIPOCTPAHCTBE, TO CHJa ObLIA
ObI 06PATHO IIPOIIOPIIMOHAJILHA KY0Yy PACCTOSHMA.

NuTepecHo, Kk uemy ObI 9T0 mpuBesio? JlaBaiiTe MEHATHh IMMOKa3aTeNb
cremenu npu R u cMoTpeTh, KAk OyAeT ABUTraThbCA IMIPOOHOE TEJIO B 9TOM
cayuae. Ha puc. 2 moKasaHbl BAPDUAHTHI TAKOTO ABWIKEHUS IJISI I[EJIOTO
n=N —1, aHapuc. 3 — IJd HEIeJIOTO 11 B 3aKOHEe

1
F ~ ﬁ .
Cpenu HAITMX TPUMEPOB TOJIbKO JIJIs HbIOTOHOBCKOTO IPUTAXKeHUs (n = 2)
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MOJYUYMUJIACHh TIPOCTAsi 3aMKHYTasI TPAEKTOPUA. BBITH MOYKeT, BbI yrajae-
Te elé OAHO 3HAYEHME 7, Jalollee dILININTUYECKYIO TpaeKTopuio? B uém
OTJIMYME STOIO JJLINIICA OT KEeILJIEPOBCKOM OpOMTHI?

IIpu n < 3 006J1aCTh ABMIKEHUA YACTHUIBI OTPAHUYEHA: XOTA TPAEKTO-
pusA He 3aMKHYTa, YaCTUIlA HE IMOKUAaeT 00JIaCTH B BHUJE KOJIbIA; TAKOE
IBUKEHNEe MOKHO CUNTATh yeTonuuBbIM. [Ipu n > 38 ycTOMYMBOCTD MCUe-
3aeT: yactuia Jubo 0eCKOHEUHO yAajJsieTcsa OT IleHTpa, Jubo mamaeT B
meuTp. [Ipu HeGOJIBIIIOM OTINYNY 11 OT 2 TPACKTOPUS UMEeT BUJ «PO3eT-
KW»; TAKYIO OPOUTY MOTJIO OBI MMETH TEJIO, ABUIKYIIEEC 110 3JIJINIICY, OCh
KOTOPOTO HeIIPePhIBHO TTOBOpaUnBaeTcs. B ciayuae n > 2 MOBOPOT 9JIIUIICA
IIPOUCXOJUT B HAIIPABJIEHUY NBUYKEHUS YACTHUIBI; B caydae n < 2 9JIJIUIIC
IIOBOPAYMBAETCA B IPOTMBOMOJIOMKHOM HalpaBjeHuu. Jlajee Mbl yBUAUM,
YTO 9TH MaTeMaTHUYECKHe STIOABI MMEIOT BAKHBIA (hU3UUECKUHA CMBICI.

PEAJBHOE IBUMKEHUE IMTJIAHET

3aueM MbI «13[€BAJINCH» HAJ IIPOCTHIM U UBAIHBIM 3aK0OHOM HbI0TO-
HaA # ? IleJio B TOM, 4TO, 00PAIIAACh K PEAJIbHBIM He0eCHBIM 00'beKTaM, MbI

3aMeuaeM MX OTJIMUYHNE OT HUAealbHBLIX chep. Popma Semuan uau CoaHIA
JIUIITH B TIEPBOM TIPUOJIMIKEHUN MOX0Ka Ha cepy. MbI 3HaeM, uTo 3eM-
JIsl TIO IIPUYMHE BPaIlleHUA CILJIIOCHYTA BIOJb MOJSIPHOM OCH: PACCTOSTHIE
MEXKIY €€ CeBePHBLIM U I0KHBIM MOJ0caMu HA 43 KM MeHbIIIe, YeM MeK-
Iy IIPOTHUBOJIEKAINMMY TOYKAMM sKBaTopa. V3-3a 5TOro, K CoKaJIeHHIo,
Teopema HrI0TOHA B TOUHOCTHM He BBIIIOJHACTCS, M 3€MJIS IIPUTATUBAET K
cebe He KaK MMOMeIIEHHAS B e€ IleHTpe MacCUBHAA TOUKA, a 1o 0oJiee CJI0K-
HOMY 3aKOHY. [IpnOaIn3uTe bHO 3TOT 3aKOH MOXKHO 3ammucaTh B (popme,
mom00HOM (hopMe HLIOTOHOBCKOTO 3aK0OHA:
F~ ﬁ,

rae |9 < 1 — maseHbpKast 700aBOUYKA, KOTOPAS MOYKET OBbITh HOJOKUTEb-
HOM MJIM OTPUIATEJIbHON B 3aBUcUMOCTH OT (popmbl Teja. Hapyriaercs
IIPOCTOTA HHIOTOHOBCKOIO 3aK0HAa, a 3HAUNT, HAPYIIIAeTCsA U IIPOCTOTA B3a-
VMHOTO ABMKeHHuA TeJ. Kak Mbl BUIe, OPOUTHI TEJI MOJIyUaloTCA Heaa-
MKHYTBIMHU ¥ TOPa3a0 00Jiee CIOKHBIMU, UeM JIJIUITUYECKUE.

HeticTBuTenbHO, HabOMIOAAA ABUKEHUE IIJIAHET W WX CIYTHUKOB,
aCTPOHOMBI OOHAPYKUJIN, UTO BCe HeOEeCHBIE Tesia NBUIKYTCA HE B TOU-
HOCTH TIO 3JIJIMIICAM, 4 CKOpee Mo «po3eTKam». Pagymeercs, 9T0O HUKOTO
He YAUBUIJO, IIOCKOJILKY, HaunHaa ¢ HeioTOHA, yuéHble ICHO IOHNMAJIH,
YTO MPOCTOM AJIJINTIC, KAK W caMa 3ajjaua ABYX TeJ — JIUIIL IepBoe Mpu-
Onm:keHne K peasbHOCTH. [IpMHSB BO BHUMaHUe B3aNMHOE IPUTSIKeHIe
miamer, obpalmamiuxcd BOKpyr CoJHIlA, YAAJI0CH IIOYTH IIOJHOCTHIO
00bacHUTL GopMy uX opouT. OpOUTHI CIIYTHUKOB, OJM3KUX K CBOUM
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ILJIAaHeTAM, B OCHOBHOM MCKAYKAIOTCA M3-3a HeC()ePUUHOCTH IIJIAHET, a Ha
IBUI)KEHME NAJEKNX CIIyTHUKOB (B MX uwmcjie — HaIa JlyHa) peraloriee
Biausinue okaspiBaet CoJHIie.

WUcnonnsya 3axkoHbsl HrioToHa, acrpoHomMbl X VIII—XIX BekoB 10-
CTHUIJIN BI)ICOLIaI‘/'IHIeI‘O HCKYCCTBA B IIPDEABbIUYNUCIIEHUN TpaeKTOpI/Iﬁ IIJIaHeT.
Ecnu mabaronaemoe qBUKEHUE IJIAHETHI OTKJIOHSJIOCH OT PACYETHOTO, TO
BUHOBHHMKA BO3MYII[eHUI NCKaJ1 He B OCHOBaX TeOpPUH, a Ha Hebe — cpe-
¥ HEOTKPBITHIX KOCMUYECKHUX Teji. Tpuymdpom B aToi paboTe cTajIo Te-
opeTmuecKoe OTKpbITHE IIaHeTsl HenTyH, KOTOPYIO «HA KOHUMKeE mepa»
obmapy:xkuau B 1846 roxgy ¢ppaniysckuit actponom Y. JleBepbe 1 aHTJINUA-
HuH ;K. AjaMc B IOMCKaxX BUHOBHMKA BO3MYIIeHUIT B IBUKEHUH Y paHa.

Opuako yske B XIX BeKe aTOM MAWJIJINY TMIPUIIEJ KOHEI[: KOTJa TO4-
HOCTh ACTPOHOMMUYECKHX PACUETOB BO3POCJA eIé HEMHOIro, 0Ka3ajaoCh,
uto Teopusd HeioToHA He cThIKyeTcs ¢ HaOaogeHuamu. [lo nuporuu cynab-
Obl, OOHAPYIKUJ 9TO HeJaBHUU TpuyMdaTop — JleBepwe, peIIUBIINN 1O~
ciie OTKPBITHS HemTyHa MoCTPOUTh HANTOUHEHINYIO TEOPUIO IBUIKEHUS
Bcex 1iaHeT. TaKyio TeOPUIO OH IEeMCTBUTEIBHO IIOCTPOUII, T. €. paspado-
TaJI AaHAJIUTAYECKYIO CXeMY IIPEeABLIUYNCIEHUA IIOJOKEeHN IIJIAHEeT; OHa-
KO He BCE B ATOH cxeMe MOJYUYMIo (pusudyeckoe oobsicHeHue. Hanpumep,
onmkaiimasa K CoaHIy manera MepKypuii ABUIKETCS MO SOBOJIBHO BbI-
TSHYTOH SJLINITUYECKOI opOuTe, IOBOPOT OCH KOTOPOH JIETKO 3aMETHUTh.
OOBIYHO ACTPOHOMEI BBIPAYKAIOT 9TOT IIOBOPOT KAK CKOPOCTH YIJIOBOTO IIe-
pemerltnieHus nepureausa — oauvskaumieii K Coaniy Touku opoutsi. Habiro-
JleHUs MOKAa3bIBaloT, uyTo nepureauit Mepkypus noBopauuBaercs Ha 574"
B cToJIeTHe. JleBepbe JOKa3as, uTo moBopoT Ha 531”7 3a 100 jeT BHI3BAH
BINSHIEM APYTIUX ILJIaHeT — B OCHOBHOM Benepsnl, IOnurepa u Semiu.
9to 93% ot Habmaomaemoro adderTa; Kasaaoch Obl, MOYKHO PAZOBATHCS.
Ho ocrasmineca 43” B cToseTre He AAaBAJW ACTPOHOMAM IIOKOS: CKAa3bI-
BaJiach MPo()eCCUOHATbHASA FOPAOCTh 34 IIPECIOBYTYI0 ACTPOHOMUYECKYIO
TOYHOCTH [6—8].

KcraTtu, nompo0byiiTe camMmu noragarbCsi, B KAKOM HAIIPABJIEHUM IIPO-
UCXOOUT NBUKEHUE mepureaus MepKypusa noj BIUAHIEM OKDYKAIINX
minauer. [y 9TOro mpeacraBbTe BCE IJIAHETHI «PA3MAa3aHHBIMH» BJOJIb
ux opout. MepKypuii Ipu 5TOM OKAa3bIBaeTCA BHYTPHU KOJbIlA. BCIIOMHUB
Teopemy HrioTOHA 0 rpaBuTanuy BHYTPH c(hephl, OMMPEIEINTe XapaKTep
IOJIsi BHYTPHU KOJbIla. Temeps BAM He COCTABUT TPyJa HANTHU 3HAK O H,
CJIeIOBATENIbHO, 3HAK BhIpaskeHUs n — 2. Temeps mOCMOTPUTE HA pUC. 3.
CkaKy 1o cekpery, uTo nepureanit MepKypus BpaliaeTcsa B MOJOMKUTEI b-
HOM HAIIPABJIEHUH, T. €. B CTOPOHY JBUKEHUS CAMOM IIJIAHETHI.

O0Hapy:kuB HEYBA3KY B ABU:KeHUN MepKypus, JleBepbe pemui, 4To
eMy BTOPHYHO yJBIOHYJIACh yAaua, Kak B cayuae ¢ Henrynom. OH BeIUM-
CJIMJI IIaPAMEeTPHI HeM3BECTHOM ILIAHETHI, KOTOPAsi MOIJIa Obl HAXOAUTHCS
BHYTPH 0pOuThEI MepKypus U HOMOJHATEILHO BOSMYIIATh €r0 IBUKEHIE.
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IToa:ke aTy runmoreTnuecKyIo IJIaHeTy HasBasnu Byinkanom. Eé nckainm, HO
He Haiwiu. [Toaromy B KoHu1le XIX Beke HeOecHAss MeXaHUKA BCTAJIA TIepe
IMapajiokcoM: HbIOTOHOBCKaA (DMBMKaA NMPEKPACHO OOBSCHAET ABUKEHUE
Bcex Tes CosHeuHOM cucteMbl, kpome Meprypus.

Yrobb! ciacTu GPU3UKy, OBIIO TPEAJIOMKEHO MHOYKECTBO OPUTUHAJIb-
HBIX TUIIOTE3; CaMble TOPSAYNe TOJOBLI JasKe MOKYIIAINCH «HA CBATOE» —
Ha 3aKOH rpaBuranuu HbioToHA, Ipeajiaras ero HEMHOTO MOAEPHU3UPO-
BaTh. [leficTBUTENBHO, ABUKeH e MepKypHrs yaaBaioCh O0bACHUTh, €CJIN
npuuATh n=2,00000016. Ho uyBCTBO MpEeKpacHOTO HEe MO3BOJAJIO (pu-
3uKam 0e3 OTBpAIleHUs CMOTPETH Ha 3aKOH I'PAaBUTAIINU B TaKoil (hopMme:

GM, M,
R2,00000016 *

F=

K cuacTbio, mpumién HHMITEeNH U 00bACHUI, UYTO Teopuss HbI0TOHA — 3TO
JINIIG TepBoe (1 OueHb Xopoimee!) mpubInKeHne K ONNCAHUIO ITPUPObI,
HO, Ha caMOM JieJie, IBUKeHe TeJI ¥ UX 'PaBUTAIlMOHHOe B3anMO/IeliCTBIe
YCTPOEHBI IOPA3I0 CIOKHEe, UeM 9TO Kasauoch 10 Hauyana XX Beka.

TEOPHUA IVHIITENHA U CILIFOCHYTOCTH COJIHITA

BMmecTo MeIKMX IOTPABOK K HBIOTOHOBCKOM Teopuu JUHINITENH IPU-
HEC ¢ co00ii HeUTO COBEPIIIEHHO HOBOE, TO, UYTO MBI ceiiuac Has3bIBaeM 00-
mieit Teopueit orHocurenbHoCcTH (OTO). K coskanenuio, ata Teopusa o4eHb
CJIOJKHA, U €€ HeJIb3A MPEeACTAaBUTh B TAKOU JKe 3aMeuaTesibHOU (opme,
KaK HbIOTOHOBY MeXaHuKYy. Ho 3aTo 0HA TPaBUJIbHO OTIMCHLIBAET IPUTIKE-
Hue u qBrsKeHue Tes. Korga Ha ocHOoBe OTO GBLI0 BRIUKCIEHO ABUKEHNE
Meprypus, B Y4aCTHOCTH, IIOBOPOT €r'0 JJIIMIITAYECKON OpPOUTHI, TO TEO-
PHUA COILIACH ¢ HAOIIOAEHUAMHU C TAKO TOUHOCTHIO, KAKYIO TOJBKO MOTYT
JIaTh COBPeMEeHHbIe aCTPOHOMBI. Jlake 3HAUNTEIHLHO MEHBITINHN 3(hdherT —
IIOBOPOT 3JLIAIITAYECKOM opOuThl 3eMiin Becero Ha 4” B cTrosieTue — BecbMa
TOuHO 00'bACHAeTCA B pamkax OTO [9].

OgHAKO CKYYHO JKUThH 0e3 mpobJsieM, MMOITOMY B 3aMeuaTeJIbHOM CO-
TJIaCUY 9UHIIITENHOBCKOM (PM3MKM C aCTPOHOMUYECKUMU HAOJIOeHUAMU
TOKe OBLT ycMOTpeH napanokc. CyTh ero B TOM, UTO BCe PACUETHI, KaK IO
Hp0TOHY, Tak ¥ 10 DUHIITEHHY, TPOBOAMIUCH AJid chepuueckoro CoH-
1ma, Kak Oyaro Obl Bcsa ero macca B meHTpe. A Beab CoJiHIle BpalaeTcs,
M03TOMY c(hepruuecKUM OHO ObITH He MOKeT. MBI B TejiecKOII HAaOJI0gaeM
BpAIlleHNe ero MOBEPXHOCTU, KOTOpad JeraeT oAmH o6opoT 3a 25,4 cyT.
Eciu ¢ Takum ke mepuogom BpainaioTcs u Hegpa Cosuiia, To ¢purypa ero
JOJIXKHA OBITH CILJIIOCHYTOM C OTHOCUTEJIbHOI PA3HOCTHIO SKBATOPUATBHO-

TO ¥ TIOJISPHOTO PAAUyCOB %’ ~10~°. Ho, BooOG111e TOBOPS, BHYTPEHHOCTHI

CoJHITa MOTYT BpallaThCA COBCEM He TaK, KaK IMMOBEPXHOCTh; B ACTPOHO-
MUY 9TOMY €CTh HEMAJIO ITPUMEPOB.
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Emié B 1960-e roger amepukanckuit pusuk Pobepr [[ukke — oquH U3
cosparesieit Koukypupyiomieii ¢ OTO penAaTuBUCTCKON Teopum (CKaJLAp-
HO-TeH30pHas Teopusi Bpanca—[uKKe) — o0paTuj BHUMAHUE HA TO, UTO
opmMysbl DUHIITEHHA NCHTONB3YIOTCA IJIA pacuéra MBUMKEHUS TJIaHET B
npexnmosioskenun, uro CoJrHile — 1miap, XOTs 3T0, OYeBUAHO, He TaK. A Ha-
JIO CKa3aTh, YTO AarKe AJIA TOUeUHBIX U IIIapO0OPa3HBIX TEJI BECTU PACUETHI
Ha S3BbIKe 00I1ell TeOPUU OTHOCUTEIBHOCTH — HOBOJBHO TPYAOEMKOE Je-
Jg0. [TosTomy B mepBBIX pacuérax, OCHOBAHHBIX HA TEOPUU IUHIITEIHA,
151 00JIerYeHns BBIYMCJIEHUI BCE TeJIa CUMTAJINCHh TOUKAMU WM IIapa-
mu. A JITukke noHsad: pad CoJHIle Bpaliaercs, 3HAUYUT HYKHO MPUHATDH
9TO BO BHHMAaHUeE 1 BCE nepecuntarh 3aHoBo! B 1960-e rogsl TexHnuecKue
TPYJHOCTY PEJATUBUCTCKUX PACUETOB yiKe ObLIM MPEOJOJUMBI: ITOABU-
JUCHh KOMIIbIOTEPHI. Ho HYKHO OBLIIO TOUHO 3HATDH, KakoBa (hopma ComHITa
¥ KaK OHO BpaIlaercs. Teopusa OHHINITeliHA yTBEPyKJaeT, YTO Ha CHJe
MPUTAKEHNsST 00bEKTa CKA3bIBAETCSA HE TOJBKO OTJIWYHNE ero (pOPMBI OT
UeaIbHOTO I1apa, HO M XapaKTep BPalleHUA: AaKe Y IBYX UIeaTbHBIX
IapOB TATOTEHVE OyIeT PasHbIM, €CJIM OJAVH U3 HUX HENOBUKEH, a PY-
ro# Bpamiaercs. I'paBUTAIMOHHOE IOJIe BPAIIAIONIETOCsS Tejia B paMKax
OTO umeeT «BUXPEBOH» KOMIIOHEHT: OHO He TOJbKO MIPUTATUBAET COCeJ-
Hee TeJI0, HO M PACKPYyUYUBAET ero BOKPyYT ceds.

@ chepons MaxkJopeHa

- durypa I:xuaca

’ sanuncouns Axobu

YrioBas CKOPOCTBh 0)2
RN
~

- / —
0,05 / N
/ (2D
/ XK=
// KOJBIIO
!
1
!
!
/ raaTesb [lyankape
/ map
/
1 1 1
0,01 0,02 0,03

VrioBoii MOMeHT j2

Puc. 4. ®opmbl BparmaoIuxcs Tea. ¥ Ka3aHbl IIOCIEL0BaATeIbHOCTY (hUT'yD PABHOBECHS HE-
COKMMAaeMBbIX, «KUIKUX» TeJl (CILIOIIHBIe JUHUN) U COKMMAaeMbIX, Fa30BBIX TeJl (IyHKTUD).
Ocu BpamieHus y Bcex GUIyp Ha PUCYHKe PACIIONIOKEHBI BEPTUKAIBHO.
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B 1969 rogy Pobept [lukke nuamepusa hopmy COTHITA U OTIPEIEITNI €TO

CILJTIOCHYTOCTh % ~5.1075, Jlna megnenso Bpamaomerocsa CoIHIA 5TO

HeToMepHO 00JIbINIasA CILIIOCHYTOCTD, HO JJuKKe yKasas, uto Hegpa CosH-
IIa MOT'YT BpallaThCA 3HAUNTEIbHO ObICTPee MoBepXHOCTH. Ecaiu ocHOBHAA
Macca Hallei 3Be3IbI COBepIitaeT 000pOT MeHee ueM 3a 2 CyT., TO IeHTPO-
OesxkHasA cuia nedopMUPyeT eé MMEHHO TaK, KaK IMOKAa3aJu U3MepPeHUs
Hukke [10]. B okpecrroctu crnocayToro CosHIA 3aKOH NPUTIKEHU,
KaK MbI 3HAeM, OTJIMUAETCS OT #, OpUYEéM HE TOJIBKO B DUHIIITEHHOB-
CKOM#, HO U B HbIOTOHOBCKOIT Teopuu. Ecau yuecTh KJaCCUUECKUHA BKJIAT
«COJTHEUHO# (DUTyphI» B ABUIKEHUE nmepuresud MepKypus, To ocTaroIad-
Cs1 PEJIATUBUCTCKAS IOMPAaBKAa yiKe He COBIIAIAeT B TOUHOCTH C IIpeAcKasa-
uuem OTO, a ckopee moATBepsKAAET (KaK BbI yKe, HAaBePHOE, T0TaIaINuCh)
Teopuio rpaBuTanuu Bpanca—Jukke.

IIpaBga, mpoBeAEHHBIE MO3XKe APYTUME WCCJIEJOBATEIAMN M3Mepe-
Husa ¢urypsl CoHITa He TOATBEPANIUA €T0 CUJIBHYIO CILIIOCHYTOCTD. IO
KOHIIA 9Ta mTpolbJieMa He peleHa g0 CUX MOop. ¥Y:Ke MHOTHEe TOAbl Haj Hel
paboTaroT acTPOHOMBI M husuKu: ogHU n3ydaoT CoHIle, UBMEPAIOT CKO-
POCTH ero BpAIleHusA U CTENEeHb CIIIOCHYTOCTU, NPYTHUEe PACCUUTHIBAIOT
JBUKEHUe TJIaHeT BOKPYT Bpalllaloliencs 1 c:xaroii 3ges3nbl. O0e aTu 3a-
Jlauy YPe3BLIYANMHO NHTEPECHHI.

KHUIKUE TEJA BPAIIEHUS

Pas y»x MBI 3aTrOBOPHUJIM O BPAIAIOIUXCA TEJIaX, O TOM, UTO UX IIPH-
TsKeHle 3HAUNTEJNbHO CI0KHee, UeM Y TOUEUHBIX MAacC, MOTOBOPUM Ke
M 0 TOM, BO UTO IIpeBPANIAOTCA BpAIlaIoIecs Teja, eCId UX PACKPYUHU-
BaTh BCE ObIcTpee u ObicTpee. Ha puc. 4 mokasaHa JOBOJBHO JIIOOOIIBLIT-
HasA IOCJIEeI0BATEILHOCTD (DUT'YD PABHOBECUS CAMOTPABUTUPYIOIIIUX TEJI.
CTpaHHBIM CJIOBOM «CAMOTPABUTUPYIOIIEe» 0003HAUAIOT TOT (DAKT, UTO Te-
JIO TIOJIBEPIKEHO TOJLKO AeMCTBUIO COOCTBEHHOM CUJBI TAMKECTH, KOTOPOH
IIPOTUBOCTOUT BHYTPEHHEE M30TPOMHOE JaBjieHre. PUCYHOK IMOCTPOEH B
KOOpAMHATAX «KBagpaT 6e3pa3MepHOro yrJiOBOTO MOMEHTAa j — KBaApaT
0e3pa3MepHOM YIIIOBOH CKOPOCTH (»:

JPI/G _ Q

/ 2M5/3\rG’ © VanGp ’

rae M, p, J u { — macca, IJIOTHOCTb, MOMEHT UMILYJIbCA U YTJIOBAs CKO-
pocTh BpalieHus Tejaa. JINHNK HA PUCYHKE MMOKA3bIBAIOT PEIleHns ypaB-
HeHW# paBHOBECHUS, T. €. YKa3bIBAIOT, C KAKOU YIJI0BOI CKOPOCTHIO OyAeT
CTAI[MOHAPHO BPAIATLCS TeJIO, 00Jiazaloinee OnmpeneléHHbEIM MOMEHTOM
nMnyabca. CIIOIIHBIMY JUHASIME YKA3aHbI PEIIeHNU OIS JKASKUX TeJ.
ITouemy :xuaknx? ITo yaoOHAA abCTpaKIus: UAealbHad JKUIKOCTD IO
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JaBJI€HNEM He MEHSEeT CBOIO ILJIOTHOCTh, HO IPW M3MEHEHHU BPAIleHUs
MeHsieT (OpMY: IMOBEPXHOCTh MKUAKOCTH BCETAA MEePIEeHAUKYIAPHA CyM-
Me BCeX JeHMCTBYIONNX Ha Heé cu (BKJIouasa meHTpodeskubie). [Ipu aTom
yDPaBHEHNA PABHOBECHUA PEIIaiOTCs CPABHUTENBHO JIETKO (p = const), a He-
KOTOpbIe KOCMHUUYECKNE TeJIa, HATPUMED, IJIAaHeThl, JeMCTBUTEeIbHO MOK-
HO CUMTATD JKUAKUMH, IIOCKOJIbKY UX IIJIOTHOCTD CJIa00 MEHSIeTCS C IiIyoun-
Hoti. Ho o1 HoOpMaJbHBIX 3BE3] 9Ta aOCTPAKIINA yoKe He TOAXOAUT: TLJIOT-
HOCTH WX BEIIECTBA OUEHBb CUJIbHO MEHSETCS OT I[eHTPa K ITOBEPXHOCTH.
ITosToMy [/Isi HUX PACCUMTAHA MOCJIENOBATEIbHOCTh (DUTYD CIKUMAECMbBIX
res (burypst [xunca).

CuauaJsia npexncraBum cebe COBCEM He Bpalllalolneecs JKUIKOe TeJio,
obOJiamaroiiee rpasuTaiueii. Pagymeercs, oo mapoo6pasuo. Hauuém pac-
KpPy4YHBaTh TEJO, COODIasi eMy BCE OOJIbIINI YIJI0BO MOMeHT. [Ipu aToM
yrJIoBasi CKOPOCTh TeJla HAUMHAET PACTH, a ero (purypa CTaHOBUTCS BCE
OoJiee u GoJiee CIIIOCHYTHIM 9JIJIUIICOUIOM BPAIEHUs, KOTOPBIHN 10 Tpa-
JUITNY HAa3bIBAIOT chepoumom MakaopeHa. OBOJIOIMUOHUPYS BIOIb ITOCIE-
JoBareabHOCT MaKJjopeHa, Tejo JOCTUTaeT TOUKM MaKCUMyMa yrIOBOM
ckopocru. [Ipu nanpHelIeM yBeJIMYeHNY YIJI0BOr0O MOMEHTA HAIIl JJLJIN-
IICOM/J] HACTOJILKO YILIOIIAETCS, YTO HAUNHAET OBICTPO BO3PACTATE €T'0 MO-
MEHT MHepnuu (3a CUéT yAaJeHWsI MacChl OT OCH BPAILEHWs), a yrioBas
CKOPOCTBH BPAII[EHUSI IIPU 9TOM yMeHbIaercsa. Teso craHoBuTCs BCE Goree
ILIOCKUM U IIOXOKHM HA IHUCK.

Bam Mo2xeT mOKas3aThCsi, YTO B MPUJIOKEHUN K KOCMUUECKUM TeJIaM
HAIIIe UCCJIeJOBAHME JIUIIEHO CMbICJIA: I'le 3TO BUJAHO, YTOOBI KTO-TO pac-
KpyuuBaJI IJIaHETY WU 3Be3y. 3aMeuy, UTO WHOTAA OBIBAIOT CUTYAIlUH,
KOr/a B3anMoIeliCTBHe ABYX OJU3KUX TeJ (Harnpumep, IJIaHeThl U e€ CIIyT-
HI/IKa) OIpUBOAUT K CYIIIECTBEHHOMY M3MEHEHUIO UX MOMEHTA MMIIyJIbCa.
Ho uae Tesd neiicTBUTEIbHO COXPAHAIOT CBOM MOMEHT, OSHAKO 3aMETHO
M3MEHSAT CBOIO ILIOTHOCTh. Hampumep, B Xoae (hOPMHUPOBAHUSA 3BE3/IbI
13 pa3perKeHHoro o6aKka eé pagMep yMEHbIIIAeT s MOUTHA B MUJLJIMOH Pas,
a IIOTHOCTD BogdpacTaeT B ~ 1017 pas! MaTeMaTHueCKH 5TO S9KBUBAJIEHTHO
pocry j. [Jokaskure camu, 4TO U ABUIKEHUE BIOJIb IIOCJIEJ0BATEIHHOCTA
MaxkJjopeHa IIpu 3TOM MPOUCXOAUT OT Iapa K AuUCKYy. IIpomoskum HAaIx
MBICJIEHHBIN OKCIIEPMMEHT.

Ha pucyHKe MBI BUJUM, UTO OT IOCJIeg0BaTeIbHOCTH huryp Makiaope-
HA B IBYX TOYKAaX, HA3bIBAEMbIX TOUKAMHU OMGYPKAINK, OTXOAAT HOBBIE
KPHUBBIE. ITO TAKIKe IIOCIEIOBATEILHOCTH (PUI'yp PABHOBECUS, KOTOPHIE
OBLIIV OTKPBITHI TTO33Ke, ueMm chepous Makiopena. Eciiu Mbl cOOOIIIUM Te-
JIy MOMEHT UMIIYJIbCA UyTh OOJIBIINIL, 4eM y IIePBOi TOuKHu OudypKanum,
¥ HEMHOMKKO BO3MYTHUM ero (OpMY, OHO MOKET CKauKOM IIPeBPATUTHCA 13
«TBIKBOOOpPa3Horo» cepousa MakijopeHa B «IbIHEOOPA3BHBINY DJLIUIICO-
uz SIkobwu, T. . CTAHET He CIJIIOCHYTHIM, 4 BEITSIHYTBIM 1 Oy €T yCTOMYNBO
BPAIIATHCS BOKPYT OCH, IePIeHANKYIIPHOM HAIPABIEHUIO dTOMN BHITAHY-

14



Toctu. Ecaiu pacKpy4YnBATh TEJIO CUJIbHEE, TO OHO OyIeT CTAHOBUTHLCS BCE
0o0Jiee BBITAHYTHIM, IIOKA HE IIPEBPATUTCA B AJUHHYIO CIIUILY.

Bropas touka Oudypkamuu Ha KpuBoii MakjopeHa cBsizaHa C IIpe-
BpallleHWeM AMCKA B KOJbIO. [Ipu ompeneléHHOM MOMEHTE BLINIE KPHU-
TUYECKOTO JUCK CTAHOBUTCS HEYCTONUYMBHIM: 3a CUET MEeHTPOOEIKHBIX CHUJI
BEIIeCTBO M3 ero CePeJUHKNA MOKET B KAKOW-TO MOMEHT OTCKOUYHUTH K IIe-
pudepun, v MOJYUUTCA KOJbI[0. Kazamock ObI, 9TO MaTeMaTHUYeCKasa 9K30-
THKa, HO COBCEM HEeJaBHO B KOCMOCe, cpeau (hOPMUPYIOMIUXCSA 3BE3]] ObLIN
00HAPY’KEeHBI UMEHHO TaKue 00'beKThL.

Ha guauu dKo0m MBI Takske BUAUM TOUKY OudypKamuu. ¥ CUJIb-
HO BBITSHYTOTO JJIJTUIICOUAA TIPY MOMEHTE UMITYJIbca O60JIbIlle HEKOTOPOTO
KPUTUYECKOr0 BEIEeCTBO MOJYKET M3 IEHTPa OTOUTH K KpasM, CO3LaB B
IEHTPe «IIePEeMBIUKY», aHAJOTUUHYIO AbIPKEe B KoJbIle. [loayuaerca rau-
TeseobpasHas purypa — raurenab [Iyamkape.

IToutn KakaasA U3 MPEACTABIEHHBIX 3[eCh (PUTYP HOCUT MM U3BECT-
HOTO MaTeMaTuKa uin ¢Gusnka. Buanure, KaKk IPOCTO MOYKHO ITPOCIABUTDH
CBOE MM B HayKe: JOCTATOYHO HAWTHU HOBYIO (DUTypy PABHOBECHS BpaIla-
forrerocsa teaa. Coseryio mompoboBaTh. Brpouem, mpoboBajiu y:Ke MHO-
THe: Ha PUCYHKe MPeACTaBIEHbI JaJleKO He Bce BOZMOKHBIEe (hOPMBI Bpa-
IIAIOIINX CA JKUAKUX TEJ; HO BbI YK€ BUAUTE, HACKOJIBKO CIOKHBI MOT'YT
OBITH 9TU (popMBI. A Beab T100ast 13 HUX MOYKeT ObITh IIPHCYINA KaK ILjIa-
HeTe, TaK 1 3Be3/Ie; a 3TO 3HAUUT, UTO UX COCETU-CITYTHUKY OYAYT B3AaUMO-
IeficCTBOBATH HE C MaTepPUAJIbHON TOUKOI, a HaTpuMep, BOT C TAKOU Oeriie-
HO BpamjaloIeiicsa raurensio. [Ipeacrasiasiere, Kakas MHTePECHAas 3aza4da
UL MaTeMaThKa — HCCJeNOBaTh NBUIKEHUE CIIyTHUKA TaKOU raHTeun?

TAJAKTUKHA

Bce okpy:karormire Hac 3BE3ALI *KUBYT B OTPOMHOM CHCTEeMe IIOJ Ha-
3BaHueM ['asakTnKa. B Heil COTHU MUJLINAPAOB 3BE3M, U KaKAasd U3 HUX,
B ToMm umucie u COJHIIE, ABUIKETCA XaOTUUYECKU, MMOCKOJIbKY €€ MPUTI-
TUBAIOT MUJLIMAPABI IIOCTOAHHO M3MEHSAIOIINX CBOE ITOJIOJKEHNE CBeTHI.
3a HCKJIIOYeHNeM HECKOJIbKHX OJMKaNINNX coceneli, CIIOCOOHBIX CBOMM
MIPUTSMKEHNEM KapANHAJIBHO U3MEHUTh TPAEKTOPHIO 3BE3/[bl, BCE OCTAJb-
HbIe JajJIéKue 3BE3IbI MOKHO YII0A00UTH HEeIIPEPBIBHOM Cpefie, «3BE3AHOMY
ra3y», 3amoaHsionieMmy oobéM ['anaktuku. OgHaxko eé hoopMa HACTOIBKO
OTJINYHA OT C(pepbl, YTO OPOUTHI GOJIBIMTNHCTBA 3BE3] NAXKe OTAAJIEHHO He
HAIIOMMWHAIOT KJaccuuecKwne ajnunckl Kemepa.

Opb6uTa 3Be3bl, ABUKYIIIelca B [anakTHKe, TAK CJI0KHA, UTO M300pa-
3UTH €€ Ha IMIJIOCKOCTU OUeHb TPYIHO — 9TO YsKe He «PO3eTKa», a MCTUHHAA
«po3a». OOBIYHO 3TO [eJIAIOT B ABA IIPpUEMAa: N300paKaoT IIPOEKILUI0 OpOM-
THI HA IJIOCKOCTD FAJIaKTUYECKOr0 9KBATOPA (IIOJIyUYalOTCsI KPUBLIE, BECh-
Ma IMOXO0JKMe Ha puc. 3, @) U Ha COMYTCTBYIOIIYIO 3Be3/le MEPUIUAHHYIO
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DKBaTopHATbHAL Puc. 5. Tpaexropuu mpo-
[LJIOCKOCTE M3BOJIBHBIX 3BE€3] B lamak-
1L TuKe. CBepXy — B IPOEKINN
Ha ILIOCKOCTH TrajaKTHue-
CKOr'0 9KBaTOpa; CHHUBY —
B IPOEKOUM Ha MEpUIU-
aHHYIO IJIOCKOCTHb. 3BE3JBI
— MMeJIN OANHAKOBOE Hadaslhb-
HOe II0JIO’KEHNUE, HO PasHble
Mepunnan=sas CKODOCTH U COBEPIINJIA IO
ILIOCKOCTB 10 060pOTOB BOKPYT LEeHTpA
L lanakTuxu.

ILJIOCKOCTD, HEePHEeHANKYJISPHYIO 9KBaTOpUaIbHOHI (puc. 5). YTob6B! 0CBO-
UTHCA C 9TUMU KOOPAMHATAMH, TOTIPOOYIiTEe cAaMU HAPUCOBATEL HA MEPU -
aHHO MJIOCKOCTH TPAEKTOPHIO 3BE3bI, IBUIKYINENCA B IJIOCKOCTH rajiaK-
TUYECKOTO0 3KBaTOpa Mo KPYyroBou opObuTe; 10 po3eTKOOOpasHou opouTe.
HamoMmHi0, UTO TaKyI0O TPAaeKTOPUIO 3Be3/la BBIMTMCHLIBAET IO MeHCTBUEeM
MIPUTAMKEHUS BCeX MaJEKMX 3BE3a ['anakTuku, pacupeneneHre KOTOPBHIX
B IIPOCTPAHCTBE MbI CUMTAEM CTAI[MOHAPHBLIM M yCPEeSHEHHBLIM («pasma-
3aHHBIM» ), KaK Yy JKUJAKOTO WJIY TBEPAOTO TeJia, KOTZA MbI 3a0bIBAEM O Cy-
IIIeCTBOBAHUM OTHEJNbLHBIX aTOMOB. A Bellb CYIIECTBYIOT €Ilé CIydalHbIe
COIMIKEHMS C COCeJHUMU 3BE3aMM, MACCUBHBIMHY 3BE3AHBIMU CKOIIJICHN-
AMHU 1 00JaKaMU MEeK3BE3IHOTO rasa, KOTOPhbIe MOTYT U3MEHATH TPAeK-
TOPUIO HAIIEH 3BE3Ibl CAMBIM HEIpeAcKasyemMbIiM 00pasom, WHOTAA HAa-
CTOJILKO CHJIBHO, UTO 3Be3/ia BOOOIIe MoKugaeT cucremy (IpubIu3uTesb-
HO 3a KQKJVIO ThICAUY JeT Hala [ajakTuka TepsieT TakuM o06pasoM OgHY
3Be31y).

Nmes B BUAY XaOTUUECKYIO TPAEKTOPHUIO KAK0M 3BE3/bI, KA3aJI0Ch
ObI, HAZO OKUATH, UTO U BCS 3BE3IHAS cucTeMa OyaeT 6echopMeHHOI, TO-
X0Kel Ha Kuceab. [leranau cTpoeHus Hatei cobcTBeHHOM ['ajlak TUK Y MbI
3HAEeM IIOKAa HeJOCTATOYHO X0opoIio. Ho BOKPYTr HAC eCTh MHOYKECTBO IIO-
JOOHBIX 3BE3NHBIX CUCTEM, B IPUHITUIIE, TAKUX JKe, KaK Hala [aJaKkTuka.
MpI cMOTPUM Ha COCEHUE TAJIAKTUKY CHAPYKY U BUAUM Y MHOTHX U3 HUX
Ype3BLIUAITHO PeryJIsipHLIN 3BE3AHBIN y30p. IIpeacraBbTe: COTHU MUJLIN-
apJIoB 3BE3]I, KAXKIad N3 KOTOPBIX IBUMKETCS OECTIOPAA0YHO, a BCE BMECTe

16



OHM TI0 KAaKOW-TO He COBCEeM IOHSATHON IPUUYHHE 00pa3yioT BechMa IIpa-
BUJIBHYIO CIMPAJIBHYIO KapTuHy (cM. ¢oTo Ha 00J10:KKe). Boduukaer Bie-
YyaTJIeHNe, YTO CYHIeCTBYIOT (DaKTODPHI, COTJIACYIOIMe ABUKEeHUE 3BE3,
YTO TPOUCXOAUT UX camoopraHuaanus. ClIoBOM, TATaKTUKU YOEIKIAIOT
HAC B TOM, YTO B Xa0Ce 3BE3HOT0 ABMIKEHU HAOJIIOJaeTCa KaKasa-To CH-
creMa. BelsgscHUTDH, KaKad UMEHHO, — IOCTOMHAA 3a1a4a AJI MaTeMaTuKAa.

3amMeuy, UTO MOAXOMABLI K PEIeHUIO 9TOM 3aJauyd BO3MOJKHBI CaMble
pasubie. MoKHO BOOOIIle HE YUYUTHIBATHL B3aMMOENCTBUE 3BE3N APYT C
JPYyroM M pacCMaTPUBAThL YNCTO KMHEMATHUUYECKYIO 3aaUy: BpaIaloas-
cd TOJIOBKA MOJHUBAJIBHON YCTAHOBKM POXKIAeT CIIUpPAJbHBIE CTPYU BOIBI
0e3 BCsAKOII camoopranusanuu yactuil. Ha aTom mmyTu Obliin 1 HeyJauHbIe
WJen: HAIIPpUMeEp, BLIOPOC BEIeCTBA CIMPAJbHBIX PYKABOB M3 BpAIIaio-
merocA AApa raJakTuKu (KaK BOABI M3 IMOJIUBAJbHOM ycTaHOBKH). Ho Ha
9TOM JKe IYTHU YIaJIOCh MMOHATH POKIEHNE CIUPAJIbHBIX PYKABOB Y IBOM-
HBIX TAJIAKTHUK, CO3LAIOIINX MIPUJINBHOE NCKaKeHre (OPMBI APYT Y ApyTa.

Ho 6oJiee mepCcreKTUBHOM BCE JKe BUAMUTCSI CAMOOPraHU3aIl s YaCTHII,
npuMep KOTOPO¥ AaéT BOJHOBOe aBuiKeHue. Cpenoii Ajid paciupocTpaHe-
HUSA BOJIH B IUCKE TAJIAKTUKNA MOTYT OBITH KaK 3BE3bI, TAK U MEXK3BE3/I-
HBI# ra3. Ha aToM myTH; co3maHo HeCKOJIbKO Teopuii. Hampumep, B 1970-¢
roabl coBeTckuii acrpopusuk A. M. @puaman ycMoTpes, UTO ypaBHe-
HUSA JBUYKEHUS BEIeCTBa B JUCKe TAJAKTHUKU IO (hopMe HAIOMUHAIOT
ypaBHEHUs, OMMCHLIBAIOIINE JBUKEHE BOJHBI B TOHKOM CJIOE JKUAKOCTH,
Korga AJinHa BOJIHBI MEHBbIIIe I‘J'Iy6I/IHI)I BOﬂOéMa. (I)I/ISI/IICI/I Ha3bIBAKT 3TO
BOJIHAMY HA MeJKO Boge. IIoCK0JIbKY Ha KOMIIBIOTEPE TOTAA HEBO3MOK-
HO OBLJIO MOJIeJIMPOBATH ABUIKEHNE MUJIJINOHOB 3BE3[ raJlakTUKHU (TaKkue
KOMIIBIOTEDEL U ceifiuac — 0oJIbIlasi peaKOCTh), CPA3y POAMIACDH U MO~
JeJIMPOBaTh CIIMPAJIbHBIN y30pP rajakKTUuKH... B Oo/1e ¢ Bogou. Hamman
B cIenuajabHOe OJII0AIle TOHKHII CJIOM BOAbI, 3aKPYTUJIHN €ro U II0 BOjJe
JEeUCTBUTEJbHO MO0eXKaiu CupajbHbIe BOJHBI. K cokajieHuIo, OBTO-
PUTh — He 3HAYUT MOHATH. TeOpusA BOJH HA MEJKON BOJE MHOTOTO He
MOXKeT OO0'BbSCHUTH, HO IO3BOJISIET CO3AaTh M3 OJofedKa ¢ BOAOM CBOe-
00pas3HbIi aHAJIOTOBBIA KOMIBIOTED U HOBTOPUTH HEKOTOPHIE MHTEPECHBIE
a(derTrl, HAOIIOaeMble B JUCKaX rajakTHuK.

A BOT elné oAuH TPpUMEpP CaMOOPTaHU3aIluu B 00BEKTEe, KOTOPHIi He
TaK AaJIEK OT HAC, KaK raJlakK TUKHU.
KoJbItA CATYPHA

Koubia Bokpyr CarypHa (poro I) — 9T0 poii MeJIKUX NBLINHOK, CHE-
JKMHOK M KAMYIIKOB PA3MepPoOM [0 HeCATHU-ABANIATA MeTPOB... OTHOIIe-
Hue guameTtpa KoJern CaTypHa K UX TOJIIUHE — CTO THICAY K OJJHOMY. ITO

17



ropaszmo 6oJsibIlle, UeM OTHOIIIeHWEe padMepa TeTPaaHOro JiucTa OymMaru K
ero rosnuue. [Togneraa k CaTrypuy u pasriaanbiBasa ero KoJbia (gporo I1),
MOXKHO 3aMETHUTDb YAUBUTEJbHYIO BEIllb: OKA3bIBAETCHA, 9TO HE CIIJIOIIHOE
MeCHUBO YACTHUIIL, 8 BLICOKOOPTaHU30BAHHbBIH HA0OP 113 TOHEHbKUX KOJIEUeK,
Pas3eIEHHBIX MYCTHIMU MPOMEKyTKaMu. A Beb KOJIEYKHU — 9TO IIPOCTO
TPAeKTOPUM, II0 KOTOPBIM JIETAT KAMYIITKY U IBIINHKH; & IPOMEXKYTKHA —
9T0 006JIaCTH, KOTOPBIX OpOuTHI m3beraior. Ho mo kKakoi npuunte?

HanpacHo 9T0 siBJIeHTEe TBITAJIUCH O0BSACHATH AeHCTBUEM MATHUTHBIX
¥ JIEKTPUYECKUX CUJI — HET, 9TO YMCTO I'PaBUTAIMOHHBIN a(hderT. Ho mo-
yeMy IrpaBUTAIlVA OPTaHU30BaJIa ABUKEHIe BelllecTBa B Koybiax CaTypHa
TaKuM CJIOKHBIM 00pa3oM, 10 CHX IIOpP He BHoJIHe AcHO [11].

3BE3IHBIE CKOILJIEHU A

Toapko B ogHOUM Harel ['ajlakTMKe COTHU MUJIINAPAOB 3BE3a. Mbl
XOTHM 3HATh, KaK KUBYT 3BE3IbI, KAK Oprann3doBaHa 3Bé3nHas ['ajaxkTu-
Ka, HO HAJO JIX AJIA 3TOTO M3ydaTh Kaxkayio 3se3ny? He TonbKO n3yunTs,
HO JlajKe IepemnucaThb Bce 3BE3AbI ['aJaKTHKM HEBEPOSATHO CJOYKHO. By-
KBAJbHO HEJABHO ACTPOHOMBI COCTABUJIM KATAJIOT, COAEPIKAINUI caMbIe
9JIeMEeHTAapPHBbIE JaHHbIe (KOOPAMHATHI U APKOCTH) 0K0J0 500 MiH. 3BE3.
U sto cunTaercsa 6oabpminM goctmikeHueM. OcrajabHble K€ COTHU MUJLJIN-
apgos ceetus — 99,5% ot ux mosHOro unciaa B [amakTuke — MOKa AJIs
Hac 0e3LIMAHHBI M Ha KapTax He o0o3HaueHbl. CieayeT Ju m3 aTOro, 4To
MBI HE MOJKeM CyauTh 0 skusHu 'amakruku? Bosce Her.

ITogo6HO TOMY, KaK COI[MOJIOT NCCIeAyeT O0II[eCTBeHHOe MHeHe MUJI-
JIMOHHOTO HACEJEHUS CTPAHBI MYTEM OIIPOCOB THICAY CIYYAWHBIX JIOAEH,
WM KaK MeHeTUK maydaeT JelficTBre HACJEeNCTBEHHOCTH HA MOTOMKAX He-
CKOJILKHUX CeMeil, TOUHO TaK yKe 1 aCTPOHOM MHOTO€ Y3HAET 0 YJKU3HU 3BE3],
M3y4YHUB IOAPOOHO JINIIIh HECKOJbKO HeOOJbIINX 3BE3JHBIX rpymil. Takue
TPYIIIbI, NIV CEMEeICTBA TeHeTUUEeCK ! CBA3AHHBIX 3BE3]] Ha3bIBAIOT 3BE3/I-
HBIMU CKOILJIEHUAMHU UJIU aCCONMAIUAME. Pasauume MeXKIy HUMU B TOM,
YTO B CKOILJIEHUSIX IIJIOTHOCTh 3BE3/] 3aMETHO BhIIIe, ueM B cpefgHeM 1o ['a-
JaKTHUKe, X II03TOMY B3aMMHasA I'PABUTAIINA AOJITO YIEPIKUBAET 3TU 3BE3-
Iawl BMecte (oo I1I), a B accormmamusax poACTBEHHBIE 3BE3bI TAJEKU IPYT
OT Ipyra U OCHOBATEJIbHO MepeMelllaHbl C APyruMu 3Bésaavu ['alakTuKu.
daxTuuecku, 3BE3MHBIE ACCOIMUAIIUY — JTO PACHANAIONINEcs 3BE3THBIE
CKOILJIEHUA.

CoBceM He TPOCTO YCTAHOBUTH, UTO JaHHAS TPYIINa 3BE31 JKUBET eI~
HBIM cemeiicTBoM. IIpu Habarogennn Heba Bce 3BE3AbI KAMKYTCS YAAJIEH-
HBIMU OT HAC Ha OOUHAKOBOE PACCTOAHIE, XOTA B eHCTBUTEILHOCTH 3TO
He tak. Ciyuaiinyio (pJIyKTyaIuio yncjaa 3BE3 Ha KBaJpaTuke Heba JerKo
MOXKHO ITPUHATD 34 CKOILJIeHNE, IIOATOMY TpeOyeTca U3BMEPUTDH PACCTOSAHIE
0 Ka)KJ0il M3 3BE3/, 4TOOBLI HANEKHO JOKA3aTh X B3aMMHYIO 0JM30CTH

18



B mpocTpaHcTBe. Takaa paboTa MPOBOAUTCS, ¥ BOT UTO BLIACHAETCA: UM
MOJIOKE 3BE3/IbI, TeM OOJIbIIAA NX YACTh 00'beJNHEeHA B CKOILJICHU S 1 aCCO-
nuamuu. UarepecHo, mouemy ato tak? Hampumep, Korga Mbl uiém Beude-
POM IO YJIMIle M BUAUM I'PYIIY MOJIOABIX Jiofeii, To nymaem: «Hecmpocta
aTo!». To :Ke camoe JymaeT aCTPOHOM, KOTla BUAUAT IPYIINY JKUBYIIUX IO
COCeJICTBY U He pasJieTalonuxcs APYr oT apyra 3Bésn: «Hecmpocrta oHu
BMECTE, UTO-TO B UX UCTOPUHU €CTh OOIIero, UTO CBA3bIBAET UX». Teopusa
ybOeskgaeT HAC B TOM, UTO MOUTH HEBEPOSITHO O0'beIMHEHME CIIYyUanHO OJIy-
JKIAIONIMX 3BE3/] B TDABUTAI[MOHHO CBSIBAHHBIN 00'EKT; HAITPOTUB, BEChbMa
BEpPOATHO, UTO OHU POJAUJNCH BMECTe U B JAaJbHEHIIIeM He paccTaBaiCh.
IlosTomy, naydasi 3BE3AHBIE CKOIIJIEHUS, Mbl OUeHb MHOTO Y3HAEM O TOM,
rlie 1 KaK POMKIAI0TCs 3BE3IBI, TOUEMY 9TO MPOUCXOANUT, KAKOBBI (hr3uue-
CKHMe MeXaHM3MBI 9TOTO ABJeHUdA... Ceifuac y:Ke sICHO, UTO 3HAUNTEIbHAS
JIOJIs 3BE3] POKIaeTCA ceMelicTBaMU, KOTOPbBIE 3aTeM IIOCTEIIEHHO pacia-
paiorcs. [IoHATH, TOUEMy 9TO MPOMCXOAUT — 3aJa4a AJIsS CIeINaJnuCTOB
IO 3BE3THOM JUHAMUKE.

Cpenu pasjimYHBIX 3BE3NHBIX CKOIJIEHUI ¢ HAMOOJBIITMM BHUMAHU-
€M aCTPOHOMBI M3Yy4alOT caMble MAaCCUBHbBIE, TAK HA3bIBAEMbIe ULAPOBbLE
CKOILJIEHU A, COleprKaIue 10 HeCKOJIbKUX MUJIJINOHOB 3Bé31. Eciu BBI O-
cmoTpuTe Ha ororpaduio Takoro ckomienus (poro IV), To y Bac He BO3-
HUKHET COMHEHHUS, UTO 9TH 3BE3ABI JKUBYT BMECTE, UTO 3TO He CaydaiiHasa
daykTyamus Ha GoHe 3BE3AHOTO Heba, a HACTOANIINHA 3BE3MHBIA TOPOI.
IlTapoBwie ckomaeHus Hanbogee MHTEPECHBI AJIsI ACTPOHOMOB, TMOCKOJIb-
Ky OHU OYEHb YCTOMUYMBHIE, HACEJAIOINE NX 3BE3bI OUEHb CTAphie — B
HEeCKOJIbKO pas crapie Harrero CoJIHIIa, a 3HAYUT, OHU ITOMHSAT TOPas3mo
0oJiee fpeBHUE dSIU30bI UCTOPUH, ueM COJIHIIE U ero IJIaHETHI.

IBOJIIOITUSA MIAPOBBIX CKOIIJIEHU

Munnuon 38é3n. Kak mayuaTh MX B3aUMHOE BJIUAHUE U JBUKEHUE B
mpoctpaucTBe? [[o mocieqHMUX JIieT He ObLJI0 KOMIIBIOTEPOB, KOTOPHIE MOTJIHN
OBl CIPABUTHCSA C PEIIeHMEM HECKOJbKUX MUJIJIMOHOB auddepeHnaib-
HBIX YPaBHEHUH, OIMCHIBAIOIIUX ABUMKEHMe oTuXx 3B€3n. HemaBHo Takom
KoMObIOTED co3naH B Simonmu. Pagymeercd, 3T0 He YyHUBEPCATbHBIA KOM-
IIBIOTED, a CHe]_[HaJIPISPIpOBaHHLIfI, Ha HeM HEJIb3d UrpaTh B IIIaXMaThbl UJIU
xoauTh mo VIHTepHeTY, 9Ta MalllMHA IPeJHAa3HAaUYeHa TOJbKO JJs pelie-
Husa quddepeHIInaIbHbIX YPaBHEHU, OMUCHIBAIONNX ABUKEeHNIE 3BE3] B
ckomenuu. Ho yK 3TO OHA yMeeT AesiaTh 3aMedaTebHO OBICTPO M MO-
JKeT MPOCJEeIUTh MBUKEHNEe MUJIJINOHOB B3aMMOAEHCTBYIOIIUX 3BE3] HA
OTpe3Kax BpeMeHU B MUJLJINAPABI JIET.

KoneuHo, B OKMAAHUHU CYNEPKOMIIBIOTEPA CIIEIMAJJIUCTHI IO 3BE3J-
HOI MWHAMUKE He CUIeNu, cJoka PyKu. OHU mCCIenoBaau dBOJIOIUIO
3BE3AHBIX CKOIJIEHUU Tak ’Ke, KaK (GM3WKU M3yUaloT IMOBeJeHne aTOMOB
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B MaKPOCKOMMYECKOM TeJjie: OIMHMCHLIBAETCS He KasKAbIH aTOM WJIU MOJe-
KyJia, KOTOPbIX HEM3MePUMO MHOTO, a UX CpeJHue mapamerpsl. IIpasaa,
3BE3bI HE HACTOJIBKO IIOXOXKHU APYT HA APyra, KaK aTOMbBI OTHOTO XUMU-
YECKOTO0 JJIEMEHTA, COCTABJAIOIIETO TeJO0. 3BE3AHOE CKOILJIeHue OOJIbIe
HAIOMHMHAET «KOKTehJb» M3 Bceil Tabuunbl MeHzeseeBa: mo maccam u
pasmMepaM 3BE37bI pa3inyaioTcA B cOTHH pas. Ho B mepBoM MpuOIMIKEeHUN
WX MOYKHO CUUTATh OJUHAKOBBIMI, a 3aTE€M IIOCTEIIEHHO YTOUHATH KapTH-
ny. Ha aToM myTu acTpoOHOMBI IPOJBUHYJINCH BEChbMa JaJIeK0: yIoao0us
3BE3HOE CKOIJIEHNE Ta30BOMY 00JIaKy, Te KaKJasa MoJIeKyJia — 3Be3za,
ynaisoch emé B 1940-e—1960-e roapl aHAIUTHUUECKN MOHATH CTPYKTY-
Py CKOIJIEHMII ¥ OCHOBHBIE MOMEHTHI €€ dBOJIIONNH. IloABIeHre TepBhIX
KoMIbi0TePOB B 1970-e—1980-e roab! M03BOJIMUIJIO YTOUYHUTH 9TY KapTHU-
HY, VUTS pasjuuue 3BE3[ Mo Macce (pasinune pasMepoB 3BE31 OOJBIIIOTO
3HaUeHUA He UMeeT, IIOCKOJIbKY COMIKAIOTCs, a TeM 0oJjiee — CTaJIKKMBA-
IOTCSI OHUM OYEHBb PeAKo). PacuéThl HA CymIepMOIHBIX KOMITBIOTEPax MmoKa
JIUIITD TTOATBEPIKIAIOT IMOJyUeHHbIe PaHee Pe3yIbTaThl, UTO caMo o cebe
npuATHO. B 1MoJiHO# Mepe BCIO MOIIb HOBOW TeXHUKU, BePOSITHO, YAACTCS
IIPOJIEMOHCTPUPOBATH IIPU MCCJIENOBAHUY 9K30THUUYECKUX CUTYyaIWMi, HA-
IpuMep, PHU PacuéTe SBOJIONMUM IJIOTHBIX Slep TaJaKTHUK, B KOTOPBIX
3BE3/bI C OTPOMHBIMYU CKOPOCTSIMY CTAJIKUBAIOTCA APYT C APYTrOM, CIAUIIA-
SACh WJIM PaspylIasch IPU 9TOM; I'/le OHU Pa3phIBAIOTCA NPUJIUBHBIMU CH-
JIAMU TUTAHTCKUX YEPHBIX IBIP U MOTJIOIAIOTCSI UMU. TOJTBKO MOAPOOHBIH
YUCJICHHBIN aHAJIN3 CMOYKET TPOSICHUTL CUTYAI[MIO B TAKMUX ycaoBuax. Ho
9TO mesio Oymyriero. A moKa MO3HAKOMHUMCS C 0a30BBIMH IPOIECCAMU,
TIPOMCXOAAIIUMY B 3BE3THBIX CKOIJIEHUAX,

I'paBuTanuonHOEe B3aMMOJAENCTBUE 3BE3N APYr C APYT'OM BbI3BIBAET
0o0MeH MexaHWYeCKOl sHeprueit merkay HumMu. COMMIKaACh B MPOCTPAH-
CTBe, /IBe 3Be3/Ibl BRBAUMHO BO3MYIIAIOT ABUKEeHMUE APYT APYyTa U, IPOJIETEB
o TUIepOOJIUYECKUM TPAEKTOPUSIM, BHOBL PACXOAATCA «HA OeCKOHeu-
HOCTB», HO y’Ke M3MEHUB CBOIO KMHETUUECKYIO 9HEPTUIO: B 3aBUCUMOCTHU
OT COOTHOIIIEHUS MAacC M CKOpOCTell ofHa U3 3BE3J IMpuodpeTaet, a Apy-
ras — TepseT 9Hepruio. B pesysibTaTe MHOTOUMCIEHHBIX B3AUMOAeHCTBUN
3BE3/bI B CKOILJIEHUH, KAK 1 MOJIEKYJIbI B ra3e, CTPEMATCA K paBHOpACIIpe-
JeJIeHUIO 9HePruu, KOTAAa BCe 3Be3Abl B CPeIHEeM UMEIOT OJUHAKOBYIO KH-
HeTuuecKyio sHepruio. OAHAKO HA 9TOM aHAJIOTU MEXKAY MOJIEKYJIaMu U
3BE3JaMH 3aKaHUNBAETCs.

Korpa B 6asaoHe ¢ Ta30M Cpelu MOJIEKYJ YCTAHABIMBAETCSA PABHO-
pacmpejiejieHe dHEPTruu, CUCTeMa MOJIEKYJ MPUXOAUT B CTAI[MOHADHOE
COCTOsSIHME, KOTOPOe yoKe He MeHsieTca. OnHaKo 3BE3THOE CKOILJIeHUe, JIN-
IIEHHOE CTEHOK, B IIPUHITUIIE HE MOJKET OBITh CTAI[MOHADHBIM: 3BE3[bI
¢ OOJILIIIMMY CKOPOCTSIMH BBLJIETAIOT M3 HErO M ysKe He BO3BpAaIlaioTcsd,
a MPUYMHBI AJA MPUOOPETeHUs OOJBIITNX CKOPOCTel y 3BE3 BCeTZa €CTh.
B ocHOBHOM MX TpPH.
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Bo-mepBhiX, KHHETHYECKAasi SHEPTrus PaBHA
2
a IOCKOJIbKY 3BE3bI PA3JIMYAIOTCS II0 Macce, TO Jajke IIPHU OJMHAKOBOM
3HaueHUN E, OHM MMEIOT PasHYIO CKOPOCTh: JETKUE ABUXKYTCA OBICTpEe.
Bo-BTOpBIX, cTaTMCTHUUYEeCKAas (PU3WKA YUYUT HAC, UTO B CTAI[MOHAP-
HOM COCTOSIHMM HE BCE YACTHUI[bl MMEIOT OAWHAKOBYIO (CPemHIO) sHEep-
THUIO: BCTPEUAIOTCS TaKIKe MeHee 1 00-
Jiee SHEPruYHbIe YACTHUIILI, IIOCKOJIb- % ———T
Ky oOMeH sHeprueil — IpoIecc CJy- "
YaWHBIA W, B OPUHIUIIE, PE3yJIbTaT
MOsKeT ObITh J1000#. CramumoHapHoe L -
pacipejeJieHue o 9Heprum onucbisa- 0,2 - =
ercs popmysaoit MakcBesa:

dN ~ e~ ®/vnY 12 4y, i ]
rae dN — 4KCIIO YACTHUIL B MHTEpBale (1 | _
ckopocreii ot v o v +dv, av,, — HaH- - E
0oJiee BeposATHAA CKOPOCTD, OJaM3Kasd
K cpenHeit apudMeTnueckoii (puc. 6).
B-Tpersux, Kpome 313008 Hap- ol o o L1
HOI'0 B3amMMOJEHCTBUs, Korma cOJim- Om
JKaloTCA W OOMEHMBAIOTCA dHEeprued p, . g CramuoHapHOe pacIpefeseHie
AB€ 3B€31bl, BOBMOJKHDI 9IIN304bI TEC~  mosneKys upeanpHOro rasa mo abcoroT-
HOTO B3amMOJeNCTBUSA TPEX u 0ojiee HOil BelHYHHE X CKOPOCTM — PAaCIpe-
3Bé3ﬂ. HpI/I ATOM peaJII/IByIOTCH paSHO- AeJIeHne Makcsessia. OHO HamoMuHAET
0GpasHbIe BADHAHTHI: HATIPEMeED, qpe  WAIWUOIIEro TpasKy ANH03aBpa ¢ Gecko-
HEeYHO OJIMHHBIM XBOCTOM.

3Be3Abl OOBENUHSIOTCS B MEIJIEHHO
IBIDKYITYIOCSA TPABUTAITMOHHO CBSIBAHHYIO NBOMHYIO CHCTEMY, a TPEThA
3BE3/1a, YHOCS DHEPrHui0 CBA3U, «BBICTPEIMNBACTCA» IMPOUYb. I TexX, KTO
3HAKOM C IIpOIlecCaM¥ MOHU3AIUMHU WM PEKOMOMHAIIUM aTOMOB, HETPYIHO
OyIeT IpeACTABUTH 1 APYTHe BAPUAHTHI TPOMHOTO B3aNMOAeICTBIS 3BE3.
WNrak, 3BE€34bI B CKOIIJIEHUM MMOCTOSHHO U3MEHSIOT CBOIO OHEPIUIO U
CKOpOCTbh. I[J1s1 MOJIEKYJI rasa 3To He CTPAIIHO, HO JJIA 3BE3]] — (daTaabHO.
BenmomHUTE, Kak Maid pasanuyne MeXKAy IePBOil U BTOPO KOCMUYECK MU

CKODOCTSIMU: TIPX CKOPOCTH
— . |GM
Vi=4/ 2

CIIYTHUK JMBUYKETCS BOKPYT 3eMJH IO CTAIIMOHAPHOM KPYroBO# opOuTe,

a yXXe IIpu CKOPOCTH
— . /2GM
VII R

HaBcerja 1o mapaboJje moxkugaer 3emurio. Eié xysxe 3akaHUMBAETCA IJIA
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CIIyTHUKA HEOOJbIIIOe YMEHbIIIeHNEe CKOPOCTH — OH manaeT. To ke camoe
MPOMCXOAUT U B 3BE3HOM CKOILIEHUU. Eciu 3Be3a HEMHOTO YMEHBIITUT
CBOIO CKOPOCTb, TO €M yiKe He yJeps:KaThCs Ha cBoell opbuTe, 1 OHA Ha-
YrHaeT MaJaTh K IIEHTPY CKOILIEHUA, KaK COIYTHUK Ha 3eMio. [losaTomy
MAaCCHBHBIE 3BE3JbI, OOMEHMBASCH C 0oJjiee JIErKMMU 3BE3JaMU KUHETH-
YeCKOU 9Heprueil, TOpPMO3ATCA U HAIPABJISIOTCSA K IEHTPY CKOILJIEHUAd,
a MeHee MaCCHUBHBIC, HAIPOTHUB, YBEJIWUYUBAIOT CKOPOCTH W HaIpaBJIA-
I0TCA K BHEIIHMM YacTAM CKOILUIEHUS WJIN BOOOIEe MOKugamT ero. Ilo
Mepe 3BOJIIOIUHU 3BE3HOTO CKOILJIeHUs 0ojiee MACCUBHBIE 3BE3bI OIYC-
KaoTcA K IIEHTPY, a MeHee MAacCUBHBLIE 3aHUMAIOT YAAJEHHOE IOJIOMKe-
HUe; M3HAYAJIbHO OJHOPOJHOE 3BE3MHOE CKOILJIEeHVEe HAYMHAET PacCJau-
BAThCA: Y HEro (popMuUpyeTcs IJIOTHAS IMEHTPAJbHAA YaCTbhb — SAAPO —
n3 0ojiee MACCHUBHBLIX 3BE3J] 1 OOIIHpHAaA mepudepus — «KOPOHaA» —
n3 JIETKUX 3BE31.

Pacuérsl moKasaiu, 4To IeHTPAJbHAA YACTh CKOTJICHUA JOJIKHA 3a
KOHEUHOEe BpeMsA CoKMMAThC 10 HYJeBOTO pasMepa u 0eCKOHEeUHOM IJI0T-
Hoctu. Korpa aTor TeopermuecKkuii pe3ybTaT ObLI IOJYYEH, aCTPOHOMOB
OUYeHb 3aMHTEPECOBAJIO, 4 UTO K€ IIPOUCXOIUT B IEUCTBUTEIbHOCTH B IIEH-
Tpe 3BE3MTHOTO CKOIJIEHUS, KOTJAA TEePAIOIe SHePTUio 3BE3AbI MOAXOAAT
0JIM3KO APYT K ApPyry. Benb B mpupoze He ObiBaeT 0ECKOHEUHOCTEM, 3TO
BCETO JUIIh MaTeMaTuuecKkad abcTpakiud. [1o moBoay yIJIOTHSAIOMUXCA
Anep 3BE3MHBIX CKOIJIEHUI BHICKA3BIBAJNNCH PA3HBIE UIEN: OJHU TOBOPH-
JIM, 4TO 3BE3ABLI OYAYT CTAJIKMBATHLCSI W pa3pyllaTh APYTr Apyra, Apyrue,
4YTO CTAJKMUBATHCA U CIAUIATBCA APYT C APYI'OM, U IIPU 3TOM M3 MHOI'MX
3BE3] MOJIyUnUTCA OfHA OoJibiasd 3Be3na. Ho Takad cBepx3Besna — KOH-
rJIoMepaT M3 COTEH CJAMBIINXCS BMeECTe 3BE3]] — IIpeAcTaBJjsia Obl cO00M
Upe3BBIYANHO 9((PEKTHOE 3PEJUINEe, a TAKOTO0 B 3BE3JHBIX CKOIJIEHUAX
HUKTO HUKOrAa He Habarogan. B Hammneii 'anaktuke okoso 150 mapoBbix
CKOILJIEHU1, ¥ HU Y OAHOTO U3 HUX B I[EHTPE HET CyIlep3Be3nbl. 3HAUUT,
IIPOCTHIE MOJEJNY He YUYNUTHIBAIOT KaKHe-TO BaXXHble 0COOEHHOCTU 3BE3J-
HBIX cKomIeHmui. Kakue sxe uMmeHHO?

TIPUJINBHBIN SDPEKT

BrisicHMIIOCH, UTO TIPEACTaBJIeHUE 3BE3M B BUJI€ TOUEUHBIX MAaCC ObI-
JIO Uepecuyp IpyOBIM IJIs HAIIIUX MOJeJieii: TaKkue 3BE€3bl 00MEHNBAJINCH
9Heprueil, HO B CyMMe He TepAJU €€, a B IeCTBUTEJILHOCTH 3TO HE BCeTaa
Tak. PaccmoTpuMm GIn3K Mt MPOJIET ABYX 3BE3A. Ecam B mpoiiecce cOMmKe-
HUS OHU OCTAIOTCA ITapo00Pa3HBIMU, TO IPUTATUBAIOTCS MO 3aK0HYy Hbio-
TOHA, a 3HAUUT ABMIKYTCA IO THUMEPOOJUUECKUM TPACKTOPUAM U TIOCJIe
cONMKeHnsA BHOBDL PACcXoaATCA «HA 6ecKOHeuHOCTh». Ha camom ke geie
B3aMMHOE IIPUJIUBHOE BIUAHNUE UCKAXKaeT (hopMy 3BE3T — OHU CTAHOBAT-
¢S BBITAHYTHIMH dJIIunconjamMmu. A nianoctpanuu 0yeM CUuTaTh, 4TO
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OIHA M3 3BE3]] OUeHb MAaCCUBHAS, JKECTKAA 1 HETIOABUIKHA, a BTOPAas 3Be3-
Ia moaJjieraeT K Helt uaganexa (puc. 7).

CuauaJjia mozJietTaiolnas 3ses3za Obljia 1apoo0OpasHa, HO MpubInKa-
ACh K MACCHUBHOH COCeIKe, OHA BBITATHBAETCS BAOJHh COCTUHSAIOIEH WX
npsamMoii. AToT 9 GEKT KaK pPas3 M HA3bIBAIOT NPUAUEHbLM: IO AHAJTOTUYHOU
mpuYrHe HA 3eMJie IIPOUCXOMAT MOPCKUe IPUIUBLI 1 oTauBhI [12]. JIyHa
mpuTATUBaeT 3eMJi0 (KOHEUHO, n 3eMJid TaKsKe mpurArusaet JIyny, HO
HAC cefuac MHTEpecyeT He 9TO), PACCTOSAHME OT JIyHBI 40 Oumkaiimen K
Hell TOUKM 3eMJiu MeHbIIe, YeM JI0 CAMOH yAAaJEHHOU, mMo3aTOMy Ha OoJjee
OnusKue o0jJacTu 3eMJIH AeiCTBYeT OOJIbIIAs CHJIa IPUTAMKEHUs, deM
Ha JajiéKkue, a 3HAUHUT, OJMMIKHAA K JIyHe 4acTh 3€MHOHM IIOBEPXHOCTH
umeetT HamboJibiliee ycKkopeHue B cropony Jlyubsi. Takum obpaszom, Jly-
Ha He MPOCTO TMPUTATHUBAET 3eMJI0, HO U
nedopMupyeT eé: 3eMHOH IIIap CTPEMUTCS
OPUHATH (POPMY SIIUICONAA, BEITIHYTOTO ®
B HampaBaeHuu JIyusl. OkeaHsl Jierde mosi-
AAaI0TCA BHEIIHEMY BJIMAHWUIO, YEM TBépﬂoe a)
TeJa0 3eMJIM, II09TOMY OHM CHJIbHEe «OT-
pabaTeiBalOT» NPUINBHBIN s3pdexT. ILna-
HeTa BpamaeTcCd, a IPUJINUBHBIEC BBICTYIIBL
OCTaIOTCsI OPMEHTUPOBAHBI 110 JUHUU 3€M-
na—Jlyna. IToaTomMy 1O TOBEPXHOCTU 3eM-
JIM HEeIPEepbIBHO KATATCA ABE BOJIHBI, 3a-
cTaBJIsid OKeaH u (B ropasno MeHbIIeH cre-
TIeHUW) TBEPJ0e BeIleCTBO COBEPINAThH C IIe-
puozoM 4yThb Gosee 12 yacoB KonebaTeNlb- Puc. 7. Biuskuii mpoaér ABYX
HOe [OBWJKEHUe: IPUJIUB — OTJUB, IIPU- 3BE3x Ges yuéra (a) u ¢ yduérom
JUB — OTJIUB... Keraru, Bompoc: a mouemy () mpuiuseoro sddexra. [lis
9TOT IIepHO/ He paBeH B TowHOCTH 12 4? } ;i?:iiﬁo;ii;ﬁ ;iezgcgifff}?o

To sxe camoe MPOMCXOANT €O BBE3NOH,  wscroi, megedopmupyemoii.
KOTOpasA mMpubImKaeTcss K IPyromMmy CBETH-
ay. OHa BBITATMBAETCS MPUJIABOM, a IMOCKOJbKY 3BE3ABI JBUIKYTCH, IIPU-
JIMBHBIHA rop0 MbITAETCSA OTCJAEIUTD HalpasaeHnne mesxay uumu. Ho B cuny
WHEPIINY U BA3KOCTU TOPO He MOKET TOUHO CIeOBATEH IIOBOPOTY pagmyca-
BEKTOpA 3BE3J: OH CHAUaJIa 3amas3ibIBaeT, a 3aTeM omepeskaer ero. B pe-
3yJIbTaTe B3amMOJelicCTBUEe TPOUCXOAUT He IO HbIOTOHOBY 3aKOHY: Oojee
O0nu3Kuit Top6 MPUTATUBAETCA CUJIbHee, ueM 0oJjiee NAaTEéKUil, a 3HAUUT,
€CTh COCTABJIAIONIAA CUJIbI MPUTSYKEHUSI, TOPMO3AI[aA ABUKEHUE
3Be3bl II0 OpPOMTe M YBOAAIIASA €€ C IMIPOCTOM I'MIepO0JTHNUYEeCKON TpaeK-
Topuu. 3Be3na MepPexoAUT Ha JJJIUNTUYECKYI0O OPOUTY M OKa3bIBAETCS
HaBcerja «IPHUBSA3AHHOW» K TOU 3Be3/e, C KOTOPOIl OHA CIydyalHO cOJIM-
sujack. Tak m3 ABYX OAMHOUHBIX 3BE3] MOKeT 00pasoBAThCsA ABOMHAS
cucrema.
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B3AMMOJENCTBUE OOJUHOYHBIX U TBOMHBIX 3BE3]

DopmMupoBaHUEe ABOWHBIX 3BE3] CIIOCOOHO CEPbE3HO MOBJIUATE HA 9BO-
JIIOIMIO 3BE3AHOTO CKOILJICHUS B IMEepHOoJ cyKatusA ero anapa. O6bequHuB-
muecs B ABOMHBIE CUCTEMBI 3BE3/IbI BEChMa CBOEOOPa3HO B3AUMOIEHCTBY-
IOT APYT C APYTOM U C OZMHOUHBLIMH 3BE3aMI CKOILJIEHUS, 3aCTABIASI UX
IBUraThCsi BCE Oojiee m Oosiee mHTeHCHBHO. CIeruanuCcThl 10 3BE3IHOU
IVHAMUKE IIPOBEJIN MHOKECTBO UMCJIEHHBIX 9KCIEePUMEHTOB, 3aCTABIIAN
OJMHOYHBIE 3BE3IBI IIPOJIETATEL MIMO ABOIHONI crucTeMbl. OKas3ajiocsh, UTO
pesyJbTaT MmpoJiéTa 3aBUCUT OT TOTO, HACKOJBKO CHUJIBHO CBS3aHBI JPYT
C IpYyroM KOMIIOHEHTBI IBOMHOM cucTeMbl. Ecau opOuTaibHAasd CKOPOCTh
KOMIIOHEHTOB JIBOMHOII CCTeMbI MEHbIIIe CKOPOCTH, C KOTOPOM HA HUX Ha-
JIETAeT TPeThsl, OMNHOUHAS 3Be3/a, TO UX BCTPeua B OOJILITMHCTBE CIyda-
€B 3aKaHYMBAaeTCs pacIaJoM CHCTEMBI: BCe TPH 3Be3[bl pasjieTaloTcs 110
He3aBHUCHUMBIM TpaeKTopusaMm. Ha sa3biKe (U3MKOB 3TOT IMPOIECC MOIKHO
Ha3BaTh MOHM3AI[MEN: MPoJIeTAOIINil MUMO aToMa 9JIEKTPOH, ecjin cOIm-
JKeHIe IPOUCXOAUT ¢ 6OIBIION CKOPOCTHIO, MOYKET HOHN30BATh ATOM, T. €.
OTOPBATH OJVH M3 €T0 JJIEKTPOHOB; B PE3yJIbTATE BMECTO JABYX CBOOOSHBIX
YACTHUIL MOJIyYaeTcss TP — HOH M ABa 9JIEKTPOHA, OJHAKO MX CKOPOCTH
YMEHBIIAIOTCSA, HOCKOJIbKY YaCTh KNHETHUYECKOM SHepIriui YIILIa Ha OTPLIB
9JIEKTPOHA.

dusznKaM 13BeCTEeH 1 OOPATHBIN IIPOIleCC — TaK Ha3bIBaeMbIH yJap
BTOPOTO pOJia, KOTAA IMPOJETAOINNA PAJOM C BO30OYKAEHHBIM aATOMOM
9JIEKTPOH MOJIYYaeT JOTOJHUTEIbHYIO 9HEPr IO 34 CUET TOTO, UTO ATOM IIe-
pexoauT n3 Bo30Y:KIEHHOTO B OCHOBHOE COCTOSIHUE, T. €. 3JIeKTPOH B HEM
oIrycKaeTcs Ha 6oJiee HU3KYIO opOuTy. BHI yike Joragainch, YTO TAKOI JKe
IIpoIlecc oKasajicsa BO3MOKEH U B 3BE3JHOM JUHAMHUKE: eCJIU ONUHOUYHAS
3BEe3/la MPOJIETAeT MUMO JABOWHOM CHCTEMbI, KOMIIOHEHTHI KOTOpPO# Tec-
HO CBsI3aHBI 1 OBICTPO ABUIKYTCS, TO, CKOpee BCEero, mocje TaKOo BCTpe-
Uy JBOWHASA CHCTEMAa COXPAaHHUTCS, CTAHeT el[é 0ojiee CBSI3aHHOI, C eIlé
0oJibITiel OpOMTAIBPHOM CKOPOCTHIO, & PA3HUILY B 9HEPTUU YHECET ¢ co0oM
HaJIeTaBIlIas OAUHOUHASA 3Be3/1a, KOTOpas IOCJe 3TOM BCTPEUN YBEJIHUUUT
CBOIO CKOpoCTh. HanmomMuI0: sHEPrus rpaBUTAIMOHHON CBA3H ABYX YACTHII,
paBHa

_ Gmym,
g B
Mo:kHO cKa3aTh, UTO KOMIAKTHBIE, XOPOIIIO CBA3aHHBIE IBOMHBIE 3BE3IBI
II0CJIe BCTpeuu C OJUHOYHBIMU CTAHOBATCA eme JIydIiie CBA3aHBbI; a PbIX-
Jble, IIIUPOKHUeE, c1abo CBA3aHHbIE JBOMHEIE CHCTEMBI IIOCJIE TAKUX BCTPEU
00BIUHO pacmagaioTcsa. Kak roBoputcs, OoraTble CTaHOBATCA Ooraue, a
OemHble — OexmHee.

IToMmuMO yIIOMAHYTBHIX BADMAHTOB B3ANMOJEMCTBUS OJUHOYHOI 3BE3-
OBl 1 JBOMHON CHUCTEMBI, UYMCJICHHBIE SKCIEPUMEHTHI YKA3all U APYyTue

E
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BO3MOKHOCTH. Hanmpumep, MHOT[a MPOUCXOAUT OOMEH KOMIIOHEHTA, KO-
rga B JBOMHOI cucTeMe 3aMeHseTCs omHa u3 3BE3x. JIIo0OoIbITHO, 4TO
B OOJIBIIIMHCTBE CJIy4aeB JIETKas 3Be3ja 3aMeHseTcA 0ojiee MacCCHMBHON
(«ToscTeie cTaHOBATCA TOJIE» 7). OUueHb MHTEPECHO HABGIIONATH CTOJIKHO-
BeHUeE IBYX ABOMHBIX 3BE31. Ho ocTaBuM 3Ty Temy: BbI 6€3 Tpyaa cMOKeTe
caMu OCYIIECTBUTDH TAKME 9KCIEPUMEHTHI Ha IIEePCOHAJHLHOM KOMIIBIOTE-
pe. CienuTe TOIBKO, UTOOBI 3BE3ABI He CTAJIKUBAJIUCH «B JOO», a TO He
MHHOBATh KOCMHYECKOH KaTacTpodsl (A MMEIO B BUAY [JeJIeHre Ha HOJIb).

Tenepsb cBeéM BOEAUHO TO, UYTO MbI Y3HAJIU O IIPUJIMBHOM MEeXaHU3ME
(hopMUpOBAHUA JBOMHBIX 3BE3M M O B3BAUMOIEHICTBUY ONUHOUYHBIX 3BE3] C
aBolHBIMHU. [IpUINBHBIN MexXaHNU3M IIPUBOAUT K (POPMUPOBAHUIO TOJIBKO
OUEeHb IJIOTHBIX ABOWHBIX CHCTEM, ITOCKOJBbKY OH «BKJIIOUAETCI» TOJIBKO
IIPY TECHOM COJIMIKEeHUM IBYX 3BE3x. ILIOTHBIE CHCTEMEBI HE PACIANAIOT-
csi, a MPU KasKI0HM BCTpeUe C ONAMHOUYHBIMHY 3BE3IaMH [IePealoT UM YacCThb
CBOEH SHEPIrMM M 3aCTABJSIOT UX ABUTATHCA 00Jiee MHTEHCUBHO. JTO U
€CTb TOT CAMBIH 3(P(HEeKT, KOTOPHII HEe IIO3BOJISIET EHTPAILHBIM 00JIaCTAM
3BE3NHBIX CKOILJIEHHII CoKAThCS O0 «0eCKOHEUYHOM» mJjoTHocTu. Korma B
Axpe 3BE3IHOr0 CKOIJIEHUS IIJIOTHOCTh BO3PacTaeT, 3BE€3Abl TAM HAYMHA-
IOT YaIIe BCTPEUATHLCA APYT C IPYTOM, dalle 00pasyioT JBOHEBIE CUCTEMEI,
KOTOpPBIEC HAUMHAIOT « Pa3rOHATH» OUHOYHBIE SBéBI[I)I, " Te BBICKAKuUBAaIT
¥3 3TOHU ILJIOTHO# 00J1aCTH, YXOAAT Ha mepudepuio CKomieHusd. [[BoiHbIe
MOT'YT BBIOPACBIBATEL M APYT Apyra. Eciiu mpomo/KUTh aHAJIOTUIO 3BE3-
HOT'0 CKOILJIEHUS C Ta30BBIM 00JIAKOM, TO IBOMHBIE 3BE3/bI UT'PAIOT B CKOII-
JIEHUY DPOJIb UCTOYHWKA TEILIA, HE IIO3BOJISIOINEro CXKUMAThCH 00JIaKy.
ITomrpoOyiiTe caMu TPOJOJIKUTH 9Ty aHAJIOTHIO, BCIIOMHUB CTPOeHNE 3Be3-
IbI (Beb 3TO TOXKE Ira3zoBoe 00JIaK0) M NCTOUHHUK €€ CTa0MIbHOCTH — Tep-
MOsiZiepHbIe PeaKIuu, IpoucxonAinue B aape. Uto obimero mexay Gop-
MUPOBAHMEM ABOMHBLIX 3BE3]] B IIAPOBOM CKOIJIEHHMM W IIPEBPAIlleHHEeM
BOZOPOZA B reInii?

VW CIIAPEHUE IIAPOBBIX CKOILJIEHUI

Ha mepudepun ckoiienns 3BE3IbI JOBOJbHO €Iab0 CBA3aHBI CHUJIOHN
TPABUTAIINHY C OCTAJLHLIMHY YJEHAMY CKOILICHUS; B PE3YJILTATE UX B3au-
MOZEeNCTBUS APYT C APYTOM TO OJHA 3BE3Ha, TO APYyras TePAIOT CBA3b CO
CKOILJIEHMEM UM YXOJAT OT Hero HaBcerjaa B riayOuHbI [amakTuku. @usuk
HA3BaJ OBI 9TO ucnaperuem. [[efiCTBUTEIBLHO, OCTABbTE OTKPHITOE OJIIOAIIE
C BOJIO¥, 1 yepes HeJleJII0 Bl OOHAPYIKUTE eT0 CYXUM: JBUTASACh Xa0Thuue-
CKHM 1 OOMEHUBAsICh dHEPTHeil, MOJIEKYJIbI BELIETAIOT C IOBEPXHOCTHU BOJbI
¥ IIPaKTUYECKH yiKe HUKOT/Ja He BO3BpaIlaioTcsa 00paTHO. ITO 1 eCTh UCIIa-
perue. IlosToMy MOKHO TOBOPUTH U 00 MCIIAPEHU Y 3BE3AHBIX CKOIJICHUI.

YT00bI JIyUIlle IOHATD 3BE3IHO-ANHAMUYECKHE IPOIECChI, 3ayMaeM-
Csl Ha MUHYTY, II0YEeMYy MCIAPAETCA KUAKOCTh. Ecyiu OBl y BCEX MOJIEKY.JI
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OBLIIO MOCTATOUYHO SHEPrui, 4YTOOLI MOKMHYTh APYT APyra, TO 3TO ObLIA
OBl yiKe He JKUIKOCTh, a ra3 — 00JIaYKO mapa, BhIpBaBIlleecsd uad KOTJa,
4TOOBI TYT K€ paccesaTbCsd. SHAUUT, B JKUJKOCTH MAJ0 MOJEKYJI, CII0CO0-
HBIX €€ cpa3y MOKUHYTh. KOTrja OHM BBIJIETAT, TO, KA3aJIoCh ObI, TAKUX
MOJIEKYJI HEe OCTAHeTCsI BOBCe, U ncnapenue npexkparurcs. Ho aTo He TaK.
MgzI 3HaeM, UTO caydaiiHOe B3anMOAEHMCTBIE YaCTHIL He IIPOCTO BLIPABHU-
BaeT UX CKOPOCTH, & YCTAHABJINBAET MAaKCBEJJIOBCKOE PacupeieleHne Mo
CKOPOCTSIM, ITPX KOTOPOM BCET/]a eCTh KaK Me/JIEHHbIE, TaK 1 OBICTDbIE Ya-
CTHIIBI, IPUUYEM CO CTOPOHBI OOJILIITNX CKOPOCTEH mpegesa Het (cm. puc. 6).
Korpa GpicTpble MOJIEKYJIBI MOKUJAIOT aHCaMOJIb, pABHOBECHE HAPYIIIAeT-
Csi, 1 HOBBIE MOJIEKYJIbI Yepe3 HeKOTopoe BpeMs (HasbIBaeMoe 8peMeHeM
perarxcayuu CUCTeMbl) BHOBb 3AMOJHAIOT 00J1aCTh BHICOKMX CKOPOCTEd,
HA3bIBAEMYIO B IIIYTKY «MAaKCBEJJIOBCKUM XBOCTOM». Pasymeercs, 1 3Tu
MOJIEKYJIbI OBICTPO MOKUAAIOT aHCAMOJIb, T. €. yJaeTyunBaoTcsa. [na cu-
CTEeMBbI 9TO HE HMPOXOAUT OECCJeIHO: €CJIiv U3 aHCAMOJIS «IMUTPUPYIOT»
caMble ITyCTPhIe, TO CpedHssA dHeprud (T. e. TeMmepaTypa) OCTABIINX-
cdA TMoHMIKaeTcsi. Bes mpuTOKa BHEIITHEH dHEPTUU 9TOT IPOoIece cam ceds
ocTaHaBJIMBaeT. B KOMHaTe ncIapeHue MPoJoJIsKaeTCs, IIOTOMY YTO BOZia B
OJI0/IITe UepIaeT S9HEPrUio U3 OKPYIKAIOIIEro IPOCTPAHCTBA. A B 3BE3THOM
CKoIieHum?

Boapiryio uacTh KU3HU 3BE3THOE CKOIIJIeHE ITPOBOAUT B YeAUHEHU U
M eT0 MOJKHO CUMTATHh M30JUPOBAHHBIM. He MMess BHEITHero NCTOUHUKA
9HEpPrum, CKOILIEHNE BHIHYIKIEHO MOJIb30BATHCS BHYTPEHHUM, T. €. CO0-
CTBEHHBIM I'DAaBUTAIIMOHHBIM moJieM. Korjga «ropssuues» 3BE31bl MOKUIAIOT
CKOILJIEHNEe, OCTaBIINECS, 00JIee «XOJOAHbIe» (T. €. MeIIEHHO JBUKYIIIHE-
Cs1) HEMHOT'O IPUOIMIKAIOTCA K IEHTPY U 34 CUET 9TOr0 «Pa3orpeBaroTCs».
B pesyisbraTe CKoOIJIeHNE, TePsis 3BE3AbI, HE TOJBKO COXPAHseT, HO JasKe
HEMHOTO YBEJIUUYHNBAET CBOIO «TEMIIEPATYPY», OTUETO TEMII ITOTePH! 3BE3]
BO3pacTaeT eIé cujbHee. JTOT, Ha IEPBBIH B3IJIAL, IMapagoKCaJabHbBINA
(hakT OKpecTuIM OMPUUAMENbHOIL Mena0EMKOCMbI0 36630HbLX CKONJIEHUIL.

Bmpouem, OBLIBAIOT CUTyaIlMU, KOT[A 3BE3JHOE CKOIJIEHWE HAXOIUT
¥ BHEITHUH MCTOYHUK dHepruu. Hanmpumep, 6JU3KUN IPOJET MUMO WU
CKBO3bh MAaCCHBHOE 00JIAKO MEK3BE3THOT'O BEIeCTBA BHISBIBAET IIPUJIUB-
HBIH «'PABUTAIIMOHHBLIN yJap» IO CKOIJIEHUIO, B PE3yJIbTaTe KOTOPOTO eT0
3BE3IbI HAUMHAIOT ABUTAThCA MHTeHCUBHee. [lomo0HbIe yiaphl CKOIIJIeHE
OIITyIIAeT BCAKUI pasd, KOT[a IPOoJeTaeT CKBO3b 00JIaCTh HEOJHOPOJHOTO
TPABUTAIIMOHHOTO TOJIA: HATIPUMED, MPOXOAA BOAM3U Axpa [amakTuku
WU CKBO3b rayiakTuuecKkuil quck. Takue smm30bl yCKOPSIOT UCIIAPEHTe
CKOILIeHUH. B pe3dyibTaTe CKOILJIEHUE IIOCTOSAHHO TepAeT 3BE3/IbI, a B3SAThH
HOBbIe — HEOTKyAa. [I0aToMy paHO WM MO3THO KajKJ0e 3BE3THOE CKOII-
JIeHWe UCTOIaeTcA 1 morubaer.

IIpomoMKUTEeNbHOCTh KU3HU 3BE3THOTO CKOIJIEHUSA OIPeNessieTcs
BpeMeHeM ero peJjaKcalliu: 4eM OHO KOopoue, TeM ObICTpee HaCBIIIAeTCs
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«MaKCBeJIJIOBCKHUII XBOCT» OBICTPLIMU 3BE3JaMM, KOTOPBHIE TYT Ke IIO-
KugaioT ckomiaeHme. HaOnioneHmsa MOKa3bIBAIOT CTPAHHYIO, HA IEPBBIN
B3IVISAZ, JUXOTOMHIO: B TAJJAKTUUYECKOM AUCKE B OCHOBHOM BCTPEUAIOTCS
CKOILJIEHUA 3BE3J] C MAJIBIMHU BpeMeHAMH PeJaKCallii, a B OKPYKAIOIeM
IVCK Taji0 IOYTH BCE CKOIUIEHUSA MMEIOT OYeHb 0OJIbIlIe BpeMeHa pPeJsaK-
camuu. HamoMH0, 4TO B JUCKE COCPEIOTOUEHBI OCTATKH MEK3BE3ITHOTO
BeIecTBa, U3 KOTOPOTO B HEIHEITHIOI 3TI0XY (POPMUPYIOTCS 3BE3ALI U UX
CKOIIEHUS, a TaJi0 HACEJIEHO OYeHb CTAphIMU 3BE3JamMu, 00pPa3oBaBIIIA-
Mucs B mepuoj panHed mosiogoctu l'amakTuku. Umes B BUAy 3BE3AHBIE
CKOILJIEHNSA, MOYKHO CKa3aTh, UTO CPeV CTAPMKOB MBI BCTPEUAEM OJHUX
JIOJITOJKHUTENEH, a Cpeiu MOJIOEIKY — B OCHOBHOM «JTOXJIAYKOB» . Ho Begb
9TO COBCEM HE CTPAHHO: JINIIb T€ CKOILICHUS MPOKUJIN MUJLINAD/bI JIET,
KOTOpBIE C CAaMOTO Hauajga uMesu OOJIbINIe BpeMeHa peslaKkCaluu, a UuX
COBPEMEHHUKH C KOPOTKMMHU BpeMeHaMu JAaBHO y:Ke mcuednu. Cupasen-
JINBOCTH TAKOT'0 BHIBO/IA COBCEM HEJJABHO MOITBEPANJIACH HAOJIIOAEH UMM
cpenu 3BE3] TaJaKTUUYECKOTO Taj0 ObLIIY BLIABICHBI I'PYIIITHI CBETUJT, TBU-
JKYIIMXCS 10 CXOQHBIM opOuTam. BeposiTHO, 3TO OCTATKM HE OUEHDb JABHO
pacIaBIINXCsA CKOIJIEHUIA.

Actponomsl obHapyKuau B ['anakTuke 0koa0 150 M1apoBbIX CKOILIE-
HUM, a BCEro mx, mo-sugmmomy, He 6ojee 200. ITo ymaua, 4TO MBI eIe
3aCTaju «IIOCJIeTHUX M3 MOTHMKAH», COBpeMEeHHUKOB (hopMmupoBaHus ['a-
JaKTUKH; Yepe3 HeCKOJbKO JeCATKOB MUJIINAP/IOB JIET U3 HUX He OCTa-
HeTcA HU OHOTO. UTOo Torga OyayT 1eiaTh ACTPOHOMBI, KTO MM PACCKAYKeT
o puAx Oypuo# mosomoctu l'anaktuku? Bupouem, acTpoHOMam ermié mo-
Be3JIO: HAIPUMep, MOCJeJHUI AWHO3aBD BLIMED DaHbINlE, UeM Ha CBETE
MOSIBMJICS ITEePBBIN OmoJsior. A y Hac, aCTpOHOMOB, B 3aliace eIé IecsT-
KV MUJLINAPAOB JIET OO TeX IOP, HOKA MCHAPUTCS MOCJIeJHEee 3BE3LHOE
CKOILJIEHUeE.

JIMHUH KU3HU MIAPOBBIX CKOIIJIEHU

Herpyaso paccunrarh, KaKk ObICTPO MCIIAPSIOTCSA CKOILJIEHUS, U IIPO-
caeauTs B OyayiieM cyabp0y Kaskaoro us Hux. OKasbIBaeTcs, IIPOIece 1c-
mapeHus UAET ObICTPee B KOMIAKTHLIX, HO HE 0UeHb MACCUBHBIX 3BE3JHBIX
CKOILIEHUAX: B HUX 3BE3/bI Uallle BCTPEUAIOTCS APYT C APYyroM, HO IBHU-
KyTCsA MeAJIEHHO, ¥ II03TOMY IIPH BCTPeUe YCIIeBAIOT CUJIbHEe NCKPUBUTH
TPAeKTOPUIO APYT APyra: OTCIOJa — KOPOTKOE BpeMs peJaKCAIlu’ U ObI-
CTpOE CTIapeHUe CKOTIJIeHUA. A B MACCUBHBIX U PBIXJIBIX CUCTEMAaX 3BE3/IbI
JeTaT AOBOJLHO OBICTPO, HO BCTPEUAIOTCA HE YaCTO; TAKKME CKOILJICHIS
JKUBYT JOJIBITIE.

KoMImakTHOCTH MJIM PBIXJIOCTH CKOILJIEHUsS O0yCJIOBJI€HA MECTOM €ro
poxxaeHus. Begs 'amakTnka — MaCCHBHBLIA KOHTJIOMEpPAaT, KOTOPBIN CBO-
UM IPUTAKeHeM Ae)OPMUPYET 3BE3AHOE CKOILJICHNE; YeM OJIMKe OHO K
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meHTpy amakTuKu, TeM JOJKHO ObITh KOMIAKTHEe, YTOOBI TPOTHUBOCTO-
ATH npuanBHOMY 3G eKTy, CHOCOOHOMY pasopBars ckomienue. Ho, ¢ apy-
TOHM CTOPOHBI, YeM CKOILJIEHHE 3BE3] KOMIIAKTHEe, TEM OHO «TopAuee» U
MOATOMY OBICTpee mcmapseTcs. BuIBoj: uem Osmke K IeHTPY lamakTu-
KU POAUJIOCH 3BE3HOE CKOIJIEHNE, TeM OHO JOJI’KHO OBITH KOMITAKTHEE, a
3HauUT ObICTPee Oy[eT pas3pyLUIaThCs, IPUUEM IIEPBLIMH IMOTu0AIOT caMble
nérkue. TeopeTmueckoe OJKUJaHMe TAKOBO: BIaJIM OT IeHTpa ['amakTuKm
MOJKEeT COXPaHUTBHCA AJUTEJIbHOE BpeMsi JII000e CKoIJIeHne — ¥ 00JIbIIoe,
¥ MaJIeHbKOe, 1 JIETKOe, 1 MaCCUBHOE; a BOIn3u enTpa ['araKk TuK Y BBIKA-
BAIOT TOJBKO KOMIIAKTHBIE ¥ IPW 9TOM — MAaCCUBHBIE CKOIJIEHUA, JTO 3a-
MeJYaTeJbHO COIJIaCyeTCs ¢ HabmomeHuaMu: Ha miaockoctu M—R (puc. 8)
KasKJas TOuKa — I1apoBoe CKoILieHue Hatier ['ajakTuku; Jis yaoocTea
B Jorapu(dMuuecKoil IMIKajge yKasaHbl UX pPeajbHbIe PACCTOAHUA OT IleH-
Tpa 'amakTuKu 1 peajsbHbie Macchbl. KommuecTBo 3BE3 B CKOILJIEHUH CO-
crasasaer N =~ 3M /M . Ha 570l iKe IJIOCKOCTH HAHECEHBI TeOPeTUUYeCKHe
JUHUU, OTJEJAIONIe 00JIaCTh MOJHOTO NCTIAPEeHUA CKOTLIEHUS (HUMXKe JIU-
HUM) [JIs yKa3aHHOrO Bo3pacTa CKorienus., MOMKHO Ha3BaTh UX «JIMHUA-
AMU KU3HU». PasyMeercsi, BCe 9TU PACCY KJEHUA JIETKO 3aINChIBAIOTCA
B Buze (hopMyJ, HO 3/IeCh s 9TOTO AesiaTh He 0yay. Te, Koro «3amema» Te-
Ma MOero pacckasa, HauayT (hopMasbHOe U3JIoKeHue B Kuurax [13—16].

BoapacT Bcex mIapoBBIX CKOILJIEHMH OUeHb 0JM30K K Bospacty [a-
JakTuKU. [ToaToMy AJid HUX BCEX COBPEMEHHOM JMHMEH KMUBHU CIYKUT
nmpsamMasi, COOTBeTCTByomasa Bospacty l'amakTuku — okoJio 10 mipa. Jjer.
HelicTBUTEIBPHO, IPAKTUYECKH BCE CKOILJIEHUS JIEJKAT BBIIIIE 9TOM JINHUMA.
Ho cama j1vHUSA ABUIKETCA: IPOUAYT SIIOXM, M OHA IIEPEMECTUTCS BHIIIE,
«CbeB» morpaHuuHbie ckomaenusa. Yepea 1000 mapa. ser B amaktuke
ocTaHeTCs MeHee IOJIOBUHBI M3 HbIHE JKMUBYHIUX CKOILIEHWH. A uepes
10000 mapn. jeT MpPakTUYECKW HU OJHOTO He OCTAHEeTCS: BCe IOTeps-
IOT CBOM 3BE3MbI, NCIAPATCA U IIEPECTAHYT CYIIECTBOBATH KaK CaMOCTO-
ATeJbHbIEe 00beKTHI. JKayb, Beab 9TO OOHU M3 KpacuBeNImunx O0HEKTOB
lanakTuku. [IpaBaa, He UCKJIIOUYEHO, YTO UM Ha CMEHY POJATCA HOBBIE.
B HEKOTODHIX TaJaKTHUKAX 3TO IPOUCXOAUT, IPUYEM ITPU BeCbMa HETPU-
BHAJBbHBIX YCJIOBUAX.

ITosHakoMUMCH eI11€ ¢ OMHUM AUHAMUYECKUM 3(h(heKTOM, BIAUAIOIIUM
HAa 9BOJIIOIUIO 3BE30HBIX CKOILJICHUM.
I[I/IHAMI/I‘IECKOE TPEHUE

Wunniickuit acrpodusuk-reoperuk Cyopamanbsau YaHapacekap, HO-
OeJieBCKUI JaypeaT, B ocHOBHOM paboraBmiuii B CIIIA, o6HADPYKUT B
1943 romy mIOGOMBITHBIN 3BE3AHO-TUHAMHUUECKUH 3(h(HEKT, KOTOPBINT OH
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1 Puc. 8. ITosroskeHMe MapoBhIX CKOIJIeHNH Hamell ['aJlak THKY Ha MJIOCKOCTH «Macca —
6 M M C M, ~2.1030
pasmep opOuthi». Macca (M) ykasama B egununax maccel Comama (Mg = Kr), a
pazuyc op6uTsi (R) — B Kmomapcekax: 1 kmk = 1000 nk ~ 3262 cs. et ~ 3,0857- 1019 m.
«JINHUY KUSHU» NEJAT 9Ty IJIOCKOCTh Ha 00JIaCTh MCIapeHus (HUJKe JIMHUM) M 06J1acTh
BBIXKMBAHUSA (BBILIE JINHUHU) AJISI YKA3aAHHOIO PSALOM C JIUHIE BO3PACTA CKOIJIEHHH B roAax.

—  Pwmc. 9. Ta e miocKoCTh, 4TO M Ha PuC. 8, HO 3[eCh HAHECEHBI «JIMHUU JKUIHU»,
cBs3aHHBIE ¢ 9()(HEKTOM ANHAMUUYECKOTO TPEHU .

HasBaJ duHamuyeckum mperuem. Cyrsb aToro ahdeKra oueHb mpocra —
CTPaHHO, YTO €ro He 00HAPYIKUJIN PDAHBIIIE,

IIpencraBuM cebe MacCUBHYIO YACTUILY — 9TO MOJKET OBIThH OJJHA I'PO-
MajJHadA 3Be3/ia UJIU IeJioe 3BE3THOE CKOILJIeHe, — KOTopasd JIETUT Yyepes
IIPOCTPAHCTBO, HAMOJHEHHOE MAJEHbKUMU JIETKUMU 3BE3mouKamMu (KakK
TOBODSAT aCTPOHOMBI, JIETUT Uepesd 3BE3nHoe mose). Kaxkmaa ssesna, mpu-
TSATUBAsCH K 3TOMY MaCCUBHOMY 00'bEKTY, 00JIeTaeT ero c3aAu o ruaepoo-
JauyuecKoit TpaekTopuu. Takum oO6pasom, 3BE3AbI, KOTOPbhIE BIepeau 00h-
eKTa OBLIM paccesHbl OMHOPOIHO, MO3aqu HEeT0 KakK Obl YIJIOTHSIOTCS B
KHWJIBBATEPHBIN CJiel M CO34al0T M30BITOUHYIO MJIOTHOCTb. DTOT «XBOCT»
BCEeT/ia BUCUT MO3aAU CKOIIJIEHUA, II09TOMY CYIIIEeCTBYET HECKOMIIEHCUPO-
BaHHAS CUJIA IPUTIKEHNA, KOTOPAsI TOPMO3UT MACCUBHBIN 00BEeKT. Yem
OoJibIlle ero macca, TeM BBIIIe ToOpMo3sinee yckopeHue. C coxpaHeHuem
9HEePruu BCE B MOPSAAKE: OHA IepelaeTcd BCTPEUHBIM 3BE3IaM, KOTOPHIE
mocJyie 006JIETa MACCUBHOTO OOBEKTA TOJyUaioT mpubaBKky ckopoctu. Kera-
TH, TaKOM «(OKyC» — pasroH KOCMUUYECKOTO 30H[a, 00JIeTaoIero Ha
BCTPEUHOM Kypce ILJIaHeTy, — XOPOIII0 M3BECTEH U YACTO MCIIOJb3yeTCs
B KocMoHaBTHuKe [17].

I9dderT TMHAMUUECKOTO TPEHUA HPUBOAUT K TOMY, YTO 3BE3THOE
CKOILIeHNe, NBUTAsCh B ['alakKTHKe, XOTA U He UCIBITHIBACT IPAMBIX CO-
yIapeHuil ¢ OKPY KaIOINMU 3BE3aMU TOJIA, HO BCE PABHO TOPMO3UTCH,
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TepseT SHEePruio U MOCTEeIIeHHO, 0 CIUPAJIbHON TPAeKTOPUU HPUOIMKA-
ercsa K meHTpy lamaktuku. [IosTomy 3a KOHEYHOE BpeMs BCe IIapOBhLIE
CKOILJICHHS, a B IIEPBYIO OUepe b — caMble MaCCUBHBIE, JOJIJKHEI YIACTh
K I[EHTPY HAIllel 3BE3AHOU CHUCTEMBI, PA3yMEeTCs, eCJIU OHM O 3TOTO He
WCTIAPSATCS.

Ha nmnockoctu R—M (puc. 9) MOKHO IIPOBECTH «JIMHUIO JKUSHU» , KO-
TOpas OTHEJUT JETKIUE U JaJléKue oT lleHTpa ['alakKTuKY CKOTILJIeHU S, Me[I-
JIEHHO TOPMOS3AIINECS 1 JOJITO MajaloIue, oOT 00jiee MaCCUBHBIX, CUJILHEe
TOPMO3AINMXCs U ObicTpee nagaioniux B 1eHTp ['amakTuku. Habmonenus
HaXOJATCSA B COTJIACUY C TEOPUEH: UeM JaJIbIlle OT IeHTpa, TeM 6oJiee Mac-
CUBHBIE CKOIJIEHUSA BBIJKHMBAIOT, a BO/IM3u 1eHTpa [alakTUKHY uX y2Ke HeT.

Takum o6pa3oMm, IO AeHCTBUEM ABYX OMUCAHHBIX 3(hdheKrToB — mc-
TMapeHus 3BE3T 1 TOPMOJKEHH!S 34 CUET AUHAMUUYECKOT0 TPeHUI — CKOILIe-
HUSA HA 9TOH IIOCKOCTH IBUMKYTCSA 10 HEKOTOPBIM (Da30BBIM TPAEKTOPUSIM:
JETKHE CKOILJIEHUS MCIIapsAIoTCA, TAMKENbIe — MaAaloT K 1meHTpy lamak-
Tuku. EcTh u apyrue apderTsl, IPUBOAAIINE K PA3PYIICHUIO 3BE3MHBIX
CKOILJIEHUI1, HO 9TH Ba — TJIaBHBIE.

S mompo6HO paccKasbIBao 00 9BOJIOIUN 3BE3THBIX CKOILIEHU, KO-
HEYHO, IIOTOMY, UTO OHI — MO JIOOMMBIN 00hbeKT n3yueHusa. Ho u Bimosme
00'bEKTMBHO OUE€Hb Ba’KHO IIPEACTABJIATH CYyIb0Y IPEBHENIINX ralaKTHUde-
CKUX 00pa3oBaHmii, KAKNMHU SIBJISIOTCS ITapOBble 3BE3THBIE CKOIJICHNUA.
Bosmo:xHO, uTO OHM c(hopMUPOBANHCE €I1€ A0 ['aTaKTUKK 1 IIO9TOMY «IIO-
MHSAT» CaMyI0 PaHHIOIO 910Xy *Kusuu BcecenenHou. K cokanenmnio, poau-
Jachk BcenmeHHas Tak JaBHO, OKOJIO 15 MJpa. JeT Hasaz, 4TO KepHOBa
WCTOPUHU TIEPEMOJIOJIN TTOUTH Bce harThi. Jlajke OT AMHO3aBPOB, KOTOPHIE
menee 0,2 MJpz. Jer JieKaT B 3eMJjie, yiKe IMOYTH HUUEero He OCTaJIoCh,
a 3BE3IHBbIe CHCTEMbI B IECATKHU pa3 cTaplie, IO3TOMY BOCCTAHOBUTH UX
WICTOPUIO HAMHOT'O CJIOJKHEe, YeM MCTOPHUIO AuHO03aBPoB. IIlapoBbie CKOII-
JeHHUs AAIOT HaM IIaHC 3arJIsSHYTh B IIyOOKYyI0 mcTopuio BceileHHOM, u
aCTPOHOMBI THITAIOTCA UM BOCIOJIL30BAThCA. B 9T0# padoTe y:Ke caesano
MHOTO HaxOJOK M MHOrO o1n0oK. He Bcerga Mbl mpaBuJIbHO IOHUMAaeEM,
KaKue CBOMCTBA 3BE3AHBIX CKOIJIEHNIT — BPOXKIEHHBIE, YHACTIETOBAHHBIE
OT 5ITOXM X (POPMUPOBAHUA, 4 KaKWe — OGJIaronpruodpeTéHHbIe, CBA3AH-
HbIE C UX IJIUTEJbHON dBOJIOIKel. B 910l 001acT MHOTO MHTEPECHBIX
3ajau aJidA JobuTteseil 3BE3HON AUHAMUKYN U acTpodusuku. Hazgeiocs,
YTO HEKOTOPBIE M3 HUX PEIUTE BbI.
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