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VIAK 523.11

IpeanaraeMeit c6OPHHK COCTABJIEH U3 TNonmyAasdp-
HHX cTaTeif Tpex BHAHBX acrpodusukos Jx. T'puucreii-
Ha, Jx. Hapaukapa H X. Yy H MOCBSAINEH CBepx3Be3-
aam. C MOMeHTa OTKPBHITHA cBepx3peag B 1963 r. oTH
sarafioyHne OGBEKTH NPOAOKAIOT OCTABATLCA B meHT-
pe BHMUMAHHA MHOTOYMCJIEHHHIX uccaexoparenei. Ceepx-
3Be3jpl ABAAIOTCA CAMBIMM MOIHBIMH MCTOYHMKAMH H3-
JNyYeHHsa B H3BecTHON HAM 4YacTH Beenensodi, 1 Ansa 065
sCHEHMs MX NPHPOAH (H3MKM MINYT OTBETAa HA BOMPOC,
oTKysa GepyTcA KOXOCCAJLHEE 3amacel HX 9HEpruM.
B KauecTBe BO3MOJKHOIO HCTOUHHKA SHEPIHH CBepX3Be3A
npeANoKeH «rPAaBHTALMOHHHI KoJJANcs — Iponecc Ka-
TacTpOdHUIECKOro CHXKATUA CBEPX3BE3[AH HOA AelcTBHEM
co6CTBEHHOro TNOJAS TATOTEHHA. DToMy SBJIEHHIO MOCBA-
meHwr cratbu Hapaukapa H Yy.

C6openk Gyaer HHTEpeceH MHOTOYHCJAEHHHM YHUTA-
TeAsiM, KOTOPBIX BOJHYIOT AKTYaJbHHIE npo6reMn COB-
peMenHo#t (PHIKKM H ACTPOHOMMHU.

PedaKyus KOCMUHECKUX uccaedosanuii,
aCTPOHOMUL U 2eoQu3uKuy




OT PETAKIIAU

Ceepx3Beszinl, AOMKHO OBITH, CaMble yAMBUTEIBHBIE
06'BbeKTHI cpefilu Bcex H3BECTHHIX acTpoHOMaM. OHU GBIIK
OTKDHITH coBCceM HepaBHO, B 1963 r., korza pammoactpo-
HOMaM yJZanoch ONpeReIUTh TOYHOE IOJNIOXKeHUe Ha Hebe
HECKOJIBKMX DPaJUOMCTOYHHMKOB H OKa3aJ0Ch, YTO NATH M3
HHUX COBNAJAIOT C ONTHYECKHMMHU OO'BeKTaMH, KOTOPBIe CUM-
TAJHUCh IIpexxkae caabbIMH 3Be3faMM Hameil IajJakTHKU.
OaHaKoO efHHCTBeHHOI 3Be3JOil, PaAMOMBIYYeHHe KOTOpO#
A0 CHX NOp yZAaBaJioch HAGJIOAATH, ABAseTcsH Hame CoJH-
Ie, a ecJH MOXHO GbLIO GBI yHANUTHL ero or Hac XOTH 6bl
Ha paccTosinve Onmikaiimiei 3Be3fbl, TO €ro pagHOM3IyYe-
HHe crajo 6ul B 100 MmuyimapnoB pas ciaabee u vabaogaTs
ero 6u170 6B HEBO3MOJKHO.

JApyroe peno — paguou3IydeHHe IeIblX raJaKTHK ¢ UX
COTHAMH MMJLIMADPJAOB 3Be3[ (KCTATH, U TAaJaKTHKH AAJEKO
He BCe ABNAIOTCA PAJAMOHCTOYHHKAMM); CaMble SpPKHe pa-
AuorajaktTuku usaydaior 10*° apez/cex.

HanbHeiinee usydyenue 3THX 06HLEKTOB IIPUBENO K HO-
BHIM 3aTaJIKaM: OKAa3aJI0Ch, YTO HX ONTHYECKOe M3JydYeHHe
MOIIHee M3JAydeHMs Bceit Hamei TI'anakTuku B 1esnoM.
Ecnn ponycTuTh, YTO MCTOYHMK M3JydYaeT B TeYeHHe
1 Munnuona ner, a TaKKe Y4eCTh CPABHHTEJIbLHO HEBHICO-
KY10 3(PeKTHBHOCTH IPOLECCOB, OTBETCTBEHHBLIX 38 M3JY-
UeHHe, TO OKA3hIBAETCHA, 4YTO 38 OTO BPpeMsA OH JOJKeH
BhIIEIMTh camoe MeHbiee 10% spz smeprum. Bro pasmo-
CHJIBHO mOJHOMY cropaHuio 100 MunnuonoB conny! 3nauur,
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TAaKOH MCTOUHHK He MOXeT OBITH 3Be3A0H, NOCKOJIBKY
Macca 3Be3fhl He AOJKHA npeBnimaTts maccy Coanna 6o-
nee dem B 100 pas. Torga, Mosxker OhITH, CBepX3Be3AB —
9170 ramakTuku? OAHAKO ¥ 3TO IIPEAIIONOXKEeHHe OTNazaeT:
BO-IIepBHIX, pasMephl uX B 5—10 pa3 MeHbllle JMHEHHBIX
pasMepoB OOGBIYHOM raJJAKTMKM; BO-BTODHIX, B CIEKTDe
LeJIOH rajJJAKTUKH He MOJXKeT OhITh CToJb GoJblIOro 4ucia
OTAeNBHBIX JWHMIA, KaKOe HabilofaeTca B CIIeKTpax CBepX-
3Be3jk.

HakoHel|, 0Ka3ajoCh, YTO0 Y HEeKOTOPBIX CBepX3Be3J
MOKeT KoJjebaTbcsi HHTEHCHMBHOCTH ONTHYECKOro H3Jyde-
HHfA C NepHOJOM OKOJIO rOfia, YTO O4YeHb TPYAHO OOBsC-
HHTb, TAK KAK CBeT BHYTPHM CTOJb INPOTAKeHHOro ob6paso-
BAHMSA PAaCIpOCTPAHAETCA CYLIeCTBeHHO O6oJiblilee BpeMd
(THICSYH JET).

IInsa o6bsACHEHHA KOJIOCCAJBHOrO BbIJEJ€eHUA IHEePruu
B CBepX3Be3fax Xo#a u dayiep npefsioXKUIH CleAYIOLLY O
cXxeMmy: ﬂOCTlepreTCﬂ cyuwecTBoBaHHe HEKOTOPOFO BeChb-
Ma maccuBHoro obGmbekrta (¢ Maccoii nopaaka 100 000 cox-
HEYHBIX MAacc); 3TOT OOBEKT ROJKeH GbITh rpaBUTAIMOHHO
HEYCTOMYMBEIM, T. €. CHJBl NPUTAXKEHHA, AeHdcTByIOlHE
HA COCTaBJAIOIIlee €ro BellecTBO, He GYyAYT ypaBHOBENIH-
BATHCA JAPYTHMMH CHJIaMH, OOGBIYHO IIOAAEP >KUBAIOIIUMH
ai06oe TeJO B PaBHOBECHH (TenJIOBoe JABH)KeHHMe Trasa,
3JIGKTPOCTATHYECKOE OTTAJIKMBAHME OJHOMMEHHO 3apAKeH-
HBHIX YaCTHll, HAKOHEL, AfePHEle CHJBI), M 3a KOHe4YHOe
BpeMsa Bce Tel0 OYyAeT «CXJOnuBaThCcA» B TouKy. llpm
3TOM NPOCTPAHCTBO M BPEMS B OKPECTHOCTAX Teja NpH-
obpeTaloT cOBepIIEHHO OCOOLle KayeCTBA B COOTBETCTBMH
¢ obmeii Teopueil OTHOCHTEJIbHOCTH. B mnpuHInMIe BHICBO-
Goaxxpalomasgca IPH KoJJalice PABUTAIMOHHAS DHeprus
Mosker coctaBHTh 1082—10% 3pe, T. e. gocraTouHO 60JB-
IIyI0 BeJMYMHY And ofecnedeHns Habmofaemoro Msjayde-
Hus cBepx3Be3f. [IpaBaa, Moka He scHO, KakuM o6pasoM
MOKeT CKOHAeHCHPOBATBCS CTONb MacCHBHOe Teso. B 1964 r.
B Jlannace cobpajicss CUMIO3HYM, CIELMAJbHO MOCBALIEH-
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HEIA rPABHTAIIMOHHOMY KOJIIAIICY, HA KOTOPOM PACCMATDH-
BaJINCh CBSI3aHHLIE C HUM IPOGIEMHI.

IIpepnaraemniit ynTaTemo cGOPHHK COAEPIKUT TPH CTa-
TbH. B cTaThe I'puHcTeiiHa ONMMCHIBAETCH HCTOPUA OTKPBHI-
THA CBepX3Be3Z, HX CBOHCTBA, CIIEKTPOCKONMHYECKUE
XapaKTepUCTHKH H DACCMATPHBAIOTCS BO3MOYKHBIE HCTOY-
HUKM uX 3Hepruu. B cratbax Uy u Hapnukapa peus uger
HMEHHO O rpaBHTallHOHHOM KOJJAaICe U TexX HHTEepeCHBbIX
ABIEHHAX, KOTOPhle C HMM CBA3AHBI; B YaCTHOCTH, pac-
CMOTPEHO KOCMOJIOTMYECKOe NpPHUMeHeHHe HJAed IpaBHUTAa-
IIHOHHOT'O Kojananca. Bce Tpu mnonyaspxble cTaTsu Hanu-
CaHBl KPYIIHHIMHM CHELMAJTMCTAMH, COJEPIKAT IpeKpacHbIe
WImoCTpauMM M GYAYT MHTEPeCHBl IIMPOKOMY KpYIy
YHTATENeH, KOTOPHIX BOJHYIOT aKTyaJbHble NMPoGJeMHEl co-
BPEeMEHHOH HayKH.



CBEPX3BE3/bI

HAxc. F'purcmeiin

B nauane 1963 r. acTPOHOMEI OGHAPYKHIU, YTO NATH
HebeCHBIX 06BeKTOB, KOTOPHIE CYMTANNCE ciaabriMu 3Be3fa-
MU Hameif TaslakTHKH, XOTS M HECKOJBKO HeOOLIYHBIMH,
Ha CaMOM Jejle ABIAIOTCH, OBITH MOYKET, CAMBIMHM yAMBH-
TeIbHBIMH ¥ 3araflouHBIMH O0BeKTaMu, korga-nubo Ha-
6momaBUIMMuUCS 4YeOBEKOM., ITH OGBEKTH OKAa3aauch He
cnabuIMu 3Be3ZaMH, A YPe3BHIYANHO MONIHBIMH MCTOYHH-
KaMH paguousnydeHus. CoriacHo OLEHKAM MOIIHOCTH MX
CBETOBOT'O M3JIyYEeHHHA, He HCKIIUYEHO, YTO 3THU O6BeKTH
ABJIAIOTCA CAMBIMH APKMMH BO Bcesennoil. [IBa o6mexTa,
O KOTOPEIX MBI HMeeM GoJiee NMOAPOOHBIE JaHHBEE, BO3MQIK-
HO, B CTO pa3 sApdYe, 4YeM BCA Hama lajJaKTHKa c ee
100 mwimmapaamu 3Be3fs. Tor GakT, 4YTO 3TH 06BHEKTHI
Kaxyrcd cnabeiMu 3BesfaMH, OGBACHAETCA MX OTPOMHBIM
yRanennem or Hac. OfiuH M3 IBYX OGBEKTOB, 0 KOTOPHIX
HAET peuys, II0 PACCTOAHHMIO OT HAC 3aHMMAaeT BTOpOe Me-
CTO cpexu HaubGosee AaleKuX HebecHBIX Tejy. PaccrogHus
A0 OCTAJIBHEIX TpeX elle He ONpeAeseHbl, HO OHH MOTYT
oKasarecs eme GOapmumu. JIo cUX NOp eAMHCTBeHHBIMH
obbeKTaMH, KOTOpHIe YAABAJOCH OTOMKAECTBUTH HA CTOJD
6ospmIMX paccTOAHMAX, OB ranakTuku. HoBele 06bex-
ThI, K M3YYeHMIO KOTOPHIX MHI TOJBKO 4YTO IPHCTYIIMIIH,
[0 CBOMM pa3MepaM IOYUTH HABEPDHJAKA MeHbIe, YeM ra-
nakTUKH. Bo BcakoM caydyae, MX AHAMeETPHl OLeHMBAIOTCSH
He Gonee uem B ofHY NATYIO, M, 6HITH MOJKeT, OHM COCTAB-
JIAIOT BCEro JHINb OKOJIO OAHOH COTOM AMaMeTpa THIIMYHOMH
raJJakKTHKH.

OTKpHTHe 3THX HEOOHIKHOBEHHEIX OOBEKTOB CTAJIO
BO3MOXXHEIM B De3yJbTaTe IIJIOKOTBOPHOI'O COTPYAHHYE-
[ CTBA DaAMOACTPOHOMOB M ACTPOHOMOB, MCIIOJB3YIOUIMX
f o6b9HEIe acTpOHOMHYECKME MHCTPYMeHTH. B cBoe Bpemsi
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Puc. 1. Caepxssezna 3C 48 — BTOpPOil mO yAaNeHMI0O OT HAC H3
Ha6aoaaeMEIX MCTOYHHKOB — TIOMeYeHAa CTPeJKoil B meHTpe (ororpa-
&un, noayuenmoit c¢ 200-mi0liMOBEIM Temeckomom obcepBaTOPHH
Mayur ITanomap. UYro6m JyuYlie NOKA3AThL [JEeTAJNH, BOCIPOH3-
Beflen HeraTus (Qororpadum. Jlo TOro kaK »TOT HCTOYHHK O
ONpH3HAH cBepx3Be3foli, OH DpacCMaTpPHBAJCA KAk oOOnuHas 3Be3-
na 16m, Cefiuac ero CYHTAIOT CBepX3Be3foif, MOTOMY 4YTO OH NOYTH
HaBepHAKA He MoxeT OGHTh OOniuHONl 3Be3goii. C Apyroit CTOPOHH,
ecnu 6Ll OH GELA pa3MepoM C THIMYHYIO TAJAKTHKY, TO ero n3obpa-
JKeHHe Ha MAACTHHKE Gnino 6m auddysnmm (cM. puc. 2).

TOUYHBIE IIOJIOKEHUS INATH HCTOYHHKOB KOCMHYEeCKOro H3-
Jy4eHHS, KOTOPBie TOrfa Ke OBLLIM OTOMKAECTBIEHHl KakK
06meKTH 3Be3ZHOro THIA, OB ompexeneHnl Ha ¢GoTorpa-
dnax, nosryueHHnx Ha obcepBaTopusax Maymr BuncoH
Maynr Hamomap. CHauana 2TH O6BeKTH OBLIM NMPHUHATHI
3a 3Besfpl. Ecau uckmounuts ConHue, To 3T0 6BIN NEepBEHIe
3Be3Jbl, MOII[HOCTh PAJHOM3JIYYEHHA KOTOPHIX AOCTATOYHA
AN TOro, YTOGH ero MOKHO 6hLIO 06HApYKHMTH Ha 3emJe.
Oxuako jajbHeililllee H3yYeHHe BTHX OGBEKTOB NMOKA3aJO,
YTO OHHM BOBCe He SABJIAIOTCS OTAENLHBIMHM 3Be38MH, &
OKAa3bLIBAIOTCS O0BEeKTAMHM He M3BeCTHOH A0 CHMX IOp NpH-
poanl (puc. 1). YTo6BI MOAYEPKHYTL HeGONbIIHe PA3MeEpPH!
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Punec. 2. Tunuunas paguoranmaxtuka M 23-112 (yxkasama cTpeikoi).
Ilo BuauMmoit spkocTH oHa MOYTH He oTaMuaercs ot 3C 48. M 23-112
HaxoAuTcs Ha paccrosHuu 0,8 MJADA. CBETOBHIX JIeT, TOrZa KakK pac-
crosinue 3C 48 paBHO 4 MJpDA. CBeTOBHX Jer. Ha 3Tolf naacrunke
(Taxxe monyuennoit Ha ofcepBaTopun Maynr Ilanomap) ona BeIraA-
Aur apue, yem 3C 48 (Ha NPUBEAEHHOM HETATHBE — TeMHee), OTOMY
YTO PKCMO3BHUHMA 3TOH IIACTHHKHM B TPHM pasa Gojblne, YeM ILIACTHH-
KH, NOKasaHHOH Ha puc. 1, a NIPH CheMKe HCHOJb30BANACH KOHT-

pacTHas mnaactuHka. Takasa ke mnpoueaypa, npuMenennHas k 3C 48,
He MO3BOJIMJIa OGHADYKHMTh HHMKAKHX HAMEKOB HA TralaKTHYeCKYIO

CTPYKTYPY.

3THX 00BbeKTOB, He MOAZOGPAB AJA HMUX JIyYlIero Ha3BaHUA,
MX Ha3BaJIM KBa3M3Be3MHBIMH DaJUOMCTOYHHKAMHU. Bepo-
SITHO, OHM INIOJy4YaT APYroe HasBaHue, Korjga GymeT Bhisic-
HEeHa MX NOAJMHHASA IIPUPOJA&, HO B 3TOH CTaThe HaAM He
ocTaeTcsi HUYero ApPyroro, KAk IPHAEPKUBATLCA DTOM Tep-
MHHOJIOTHH .

! B pycckoM nepeBofie TEePMHH <¢KBA3M3Be3LHLI PaaHOMCTOY-
HHK» NepeBOAMTCH KAK ¢CBEPX3Be3/la», ONHAKO 3aMeuyaHHe aBTOpa
BNOJHE MOMET OTHOCHTECS M K MHOCHefHeMy HasBauuio.— IIpun.
nepee.
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B HacTodiee BpeMs M3BECTHBI cJeAyioiiye NAThH CBePX-
apean: 3C 48, 3C 147, 3C 196, 3C 273 u 3C 286. IlepBnie
LBa 3HayKa — ¢3C» — COOTBETCTBYIOT COKPAIIEHHOMY Ha-
apanuio Tperpero KeMOGPHMKCKOro KaTajora HCTOUHMKOB
(3d Cambridge) KOCMHYECKOTo PajMOM3Jy4eHHsd, COCTaB-
neHHOro B KeMOpUAKCKOM YHHBepCHTETE rpynmnoi uccie-
ZoBaTeJeil Mof PyKOBOACTBOM Mapruna Paiina.

IIourn ABa AECATUIECTHH ocHOBHOIt 3aboToit pagmo-
ACTPOHOMOB OBIJIO COCTABJIEHME KATAJOrOB M onpeaejeHne
TOYHOI'O TOJOKEHHS HUCTOYHMKOB KOCMHYECKOTo pajHOMu3-
Jy4eHHs; PAAMOACTPOHOMBLI HAJEANUCh, €UTO B KOHEYHOM
cueTe 5TH HCTOYHMKH GYAYT OTOMAECTBIEHN ¢ OOBEKTaMH,
KOTOpbie 0GHAPYKHUBAIOTCHA Ha tororpaduax, moJTyYeHHBIX
npu nomoiu GONBUINX TENIECKOIOB. Karanor 3C cofepkHuT
TMOJI0KeH 1A HECKONBKHUX COTEH HauboJiee MOUTHBIX pPajHOUC-
TouHHKOB. HekoTOpHIe M3 HUX IPYNNHPYIOTCS BOIM3H HOJI0-
cbl Mueunoro IIyTH ¥ OTOXKJAECTBJEHH C ra30BHIMA TyMaH-
HOCTAMM. DHeprus WX pPajHOUBJIydYeHHA depnaercd OT
TEeIJIOBOTO ABHXKEHHSA YACTHUI| MeXK3Be3/[HOro rasa. HemHo-
I'Me MCTOYHHUKHM O6NaAAI0T 3HAYNTENbHBIMH YIJIOBHIMU AHA-
MeTpaMH M CUMTAIOTCA OCTATKAMH CBEPXHOBBIX 3Be3. Hx
pajuou3IydeHue B OCHOBHOM SABIseTCH HeTeIlJIOBBIM H
reHepupyeTcs 3JeKTPOHAMM C OYeHb GONBIIMMHU CKOPOCTA-
" MH, 3axXxBa4dyeHHbIMH MATHUTHBIMH IIOJAMH. PBAHOH&TIY'{G'
HMe, cO3JaBaeMOe TAKHMH JJIEKTPOHAMH, NPHHATO HA3H:
BATH CHHXDOTPOHHHIM H3JIy4YeHHeM.

Ha 6osiee BBICOKMX rajJaKTMYeCKMX HIMpPOTaX, T. €. MO
Mepe YAAJEHHA OT IJIOCKOCTH Mieusoro IlyTu, 60JBILIMH-
CTBO HCTOYHMKOB pPaAMOM3IYYeHHs, BOUIEAUIHX B Ka-
“ranor 3C, mnpeAacTaBiIdeT coboit pAaseKkue TaJIAKTHKH

(puc. 2). IlpumepHO 50 u3 HMX ceHyac OTOKJeCTBJIEHBI
¢ o6beKTamMH, HAGIIONAEMHIMH B ONTHYECKHe TeJEeCKONLL.
Her coMHeHMii, 4TO BHAMMAS# YaCTh THIHYHHX pajpuora-
NaKTHK npefcTaBiaserT co6oil rpaHAMO3HOE CKOIJIEHHE
3Be3 C AMAMETPOM B AECATKM M THICAYM CBETOBBIX JeT.
PaguousnydeHue e 3a4acTyio uabaonaercsa OoT ABYX 3HA&-
YUTeNBHO Oojiee TPOTHAMEHHBIX HEBHJMMBIX o6aacreii,
PACHOJIOKEHHBIX 10 06e CTOPOHEI OT BUIMMOM raJIaKTHKMH.
VraoBoii AMaMeTp KaXKAOH M3 TAKHUX obnacreit cocTaBiasfeT
1—5’, 1. e. npumepHo B 10 pa3 npesniaer AuaMeTp ca-
moii razakTuku. Viapeika oOJACTL PafUOM3NydeHHSA IO~
najaer B paiiOH ONTHYECKOH rajaKTHKH, NpWieM MO CBO-
¥M pasMepaM OHA OKA3LIBAETCA MEHbIUE, YeM raJaKTHK&.
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¥V ranakTUkK, KOTOpble ABJISIOTCH CHJIBHBIMH MCTOYHH-
KaMH pajuHOM3Jy4YeHHus, HePeJKOo OOHADYKHBAIOTCA YAH-
BHTeJbHBle CBoiicTBa. HeKOTOpDHle M3 3THX paAMOHCTOYHH-
KOB BHIMIAAAT Kak ABe (MJAH AaxKe Goabiue) xedpopMupo-
BaHHBIE TAJNIAKTHKH, CONPHKACAIOIIMECH APYr C APYTOM.
B apyrux cayyaax nabmofaercs aHOManabHOe paclpefese-
HHe CBeYeHHMs BJOJIb IIOBEPXHOCTH raJaxTuku. Ilo cBoell
dopme GonBIIMHCTBO PAZMOraJAKTHK NpeACTABIAeT cOGOM
SJITMIICOMABI MAM cdephl; B HUX COBCEM HeT MJIH MAaJIo
MEXK3Be3HOro rasa; 3Be3ABl ¢ BBHICOKOM CBeTHMOCTBIO 06-
HApYXXMBAIOTCA B HHUX OYeHb peAxo. Ho mpu Bcem atom
caMH no ce6e OHM MCKJIIOYHTENBHO SAPKM. WCTOYHHMKAMM
PaAHOH3NYyYeHUS OKA3aJHCh TAKMKEe HECKOJIBKO HeOObINHBIX
CIMPANBHBIX TrajJaKTHK ¢ OOJBIIMM cozep:kaHHeM rasa.

Ho u3 kakoro 6nl rasa HHM COCTOSJAa TIaJaKTHKA,
B GOJIBIIMHCTBe DAJMOraJAKTHK 9TOT ra3 OKas3HIBAeTCS
B BBICOKOH CTelleHM HOHHM30BAHHBIM; 3TO O3HAYAET, YTO
y GospuiMHCTBA ATOMOB ra3a yJAajeH OLHH 3JeKTPOH WIH
Raxxe Oonpmie. 3To ACHO BUAHO H3 CHeKTporpaMm, o6Hapy-
JKMBAIOIIUX CHJIbHBIE Pe3KHe JMHHM MCIYCKAHUA 3JIeMeH-
TOB, NOTEHIHAJbI HOHH3AILMH KOTOPHIX Rocturaior 100 ss.
O6bryHbIe DAMHNTHYECKHME TAJIAKTHKH HMEIOT B CIEKTpax
nMWL cnabele IMHUM HU3JIYUYEHHS DJI€MEHTOB, IOTeHI[MAaJIb
HOHM3AIIMH KOTOPHIX He NMPeBHMAIOT 15 36. Bricokme mo-
TeHIIHAJH MOHM3AIMM YKA3HIBAIOT HA TO, YTO MeK3Be3[-
HHlIl ra3 CUJIBHO HATDET; 3TC B CBOI0 OoYepeAh CBHAETEJ]b-
CTBYET O TOM, YTO B raJJaKTHKAX IIPOMCXOXWJIH MJIHM fAaKe
elle IIPOMCXOAAT KaKHe-TO MOIIHBEIE BO3MYIIeHHS.

B uexoTophIXx ciayyasx obiiee KOJHYECTBO IHEPrHH,
HCIIyCKaeMoe B BHJAe PAAHOM3NYYeHMA APKMMH paguOra-
JIAKTHKAMH, PABHO 06IIieMy KOJHYEeCTBY CBETOBOM DHEPTHH,
H3JIyYyaeMoii 3Be3flaMH, BXOAAIIHMHM B TANAKTHKY, HWIH
Aake npesnimaer ero. Ceifuac cuMmraercs, 4ro ara sHep-
I'HA paguoM3JydYeHHUsS BOZHUKAET B OCHOBHOM 3a CUET CUH-
XPOTPOHHOro uanydenusa. Ha To, 94To aToT nmpomecc Moxker
obecnieuurs HAGMOAAEGMYI0O MOIHOCTH pajgMOTANAKTHK,
6BlI0 BhepBhle YKA3AHO COBETCKMMH ACTPODU3MKAMH
H. C. IlIxknosckum u B. JI. T'unsbyprom; sra Touka 3pe-
HUSA ceiiyac o0IIeNPHHATA.

Onnako MexaHu3M nepefadM 3JeKTPOHAM BHICOKOX
SHEPrMH M CO3AaHUS MATHHUTHBIX NOJell coBceM HeSCeH.
O6LIYHO IpeAnoNarasoch, YTO 3JMEKTPOHBI BRICOKHX 9Hep-
TMi U MATHHUTHBIE NOJA OOPA3YIOTCA B Pe3yJIbTATE FHTAHT-
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CKMX B3DHIBOB, IIPOMCXOASILIMX BHYTPH TalaKTHKH. Bos-
MOJKHAS MOCJHEAOBATEJBHOCTh PA3BHTHA PpPaAHOraJaKTHKH
naobparkena Ha puc. 3. Beaex 3a HayaJAbHEIM B3PBIBOM
9JIEKTPOHH BEICOKMX BHEPruii # MATHHTHBIE IOJA BHIGpa-
CHIBAIOTCS M3 IaJIAKTHUKH, 3aPAKeHHbIe JACTHIIhI 3aXBaTHI-
BAIOTCH MATHHTHHIMHM IOJAMM B Henabmiofaemuix obia-
ctax, oTkyaa u HaGmiofaerca pazwousnydenue. Ecan
AOMYCTHTH, UYTO 9TH OGNACTH YAANAIOTCA OT TraJAKTHKH
PHMEPHO CO CKOPOCTBIO CBETa, TO MOXKHO IIOJACUMTATH,
KOTZA IpOM30MIes] MEePBOHAYAJLHEIA B3PHIB.

Haub60osee HMHTeHCHMBHBIe PAAMOMCTOYHHKH H3JIy4YaloT
B IpejeJaxXx pajHOAMANA30HA C MOLIHOCTBIO OKOJO
10%° apz/cex ¥ HeHM3BeCTHOE KONMYECTBO MH(PaKpacHOro,
yAbTpadHOJeTOBOTO, MAMMA- M PEHTTeHOBCKOro H3Jyye-
guii. Eciu AONyCTHTh, YTO MCTOYHHMK M3Jy4YaeT B TedeHHe
MUUIMOHA JieT (MHHMMAJIbHOE 3HaYeHue, onpefeseMoe 1o
PACCTOAHMIO HeBHAMMOM 06JACTH PafgHON3TYyYEeHHS OT CBO-
eli rajakTHKH), TO PHEPrHA B3PHIBA IpeBbLIIIAET 1058 ape.
IMockonbKy mpolece MPeBPAllleHUs dHePruy YacTHUll U Mar-
HUTHOTrO IIOJIA B M3JydeHHe He MoxeT 6BITh oueHb dPdeK-
THBHBIM, [OJHAS JSHEPrusf, NePBOHAYAJBHO 3aKJIOYeHHAs
B ABMXKYIIMXCA YACTHIAX H IIojle, AOJXKHA COCTABAATDH
1050—10°! spz. Jina cpaBHeHMS yKa)keM, YTO sjepHad
SHEpPrHs, KOTOpas BbIJEIAeTCA NPH IOJHOM NpeBpalleHnH
B reymii Macchl BOZXOPOA#, paBHOi macce Connia, cocras-
nser Bcero 1032 apz. ITOo O3HAYAET, YTO IHEPrus NepBOHA-
YanBHOro B3phIBa, HEOGXOAMMOro s Oo6pasoBaHMA MOII-
HO#t pajuOoraJiaKTHKM, PaBHAa IO KpaiiHe#i Mepe TOJIHOM
AlepHOil dHepruH, 3akaoueHHol# B 10° uau 10° connu!

Borpoc, CHIBHO 03aAAYMBAIOIIMI TEOPETHKOB, COCTOUT
B ciefyloineM: Kakum o6pa3om Moxker GbiTh BHI3BAHA A€~
ropanus 10° mau 10° COMHEIRHIX MACC BOAOPOAA B OLHOM
B3puiBe? B ycnoBHAX OOGBIYHBIX TEePMOAAEPHBIX Ipouec-
cos na CosHue BhigeneHne 10°2 apz smepruu norpe6osano
651 Bpemenn 10 muanuapnoe jer. Oxnako eute 6osiee 3a-
raOYHBEIM SBJISETCH TO, YTO MOCAeA0BATENBHOCTE COOBITHI,
NPUBOAALIMX K BOSHMKHOBEHHIO DAJHOM3Ny4eHHsd, Npen-
cTaBjsieTcs [IPOTHBOpPeYalleil BTOPOMY Haualy TepMOANHA-
‘Muku. JleficTBUTENBHO, COTJIACHO BTOPOMY Hauajly, 3HEp-
M B 3aMKHYTOH CHCTEME MOJXET NepPeXOAMThH TOJBKO OT
BecuIelt dopmu k Hmamei#l. Ha nepsniit B3rnan B paguo-
raJJAKTHKEX IIPOMCXOAMT IIPAMO NPOTHBOIIOICHKHOS. Anep-
Had 3HePruf NepBOHAYAJIBHOrO B3PhLIBA {ecau peficTBUTEND-
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HO MMeJ] MecTo AJePHBHIA B3pPHIB) BhI3HIBAET IOSBJIEHHE
6BICTPO ABMIKYINMXCA YACTUI[ M Y-JIyd4ei, MpUiyeM H Te
M [ApyrHe O6n1afaloOT 3Heprueil B HECKOJBKO MHJIJIMOHOB
aJeKTPOHBONBT. Coy/apeHHs M B3aUMOAEHCTBHE C OKPY-
JKAJOLMM BelleCTBOM JOJIKHHI ObliM OBl OYeHb 6BICTPO
NPHBOAXTH K TOMY, YTO DHEPIHs YACTHI, U y-Tydel 6pICTPO
npeBpamjanack 651 B Temno. Bmecro sToro B pe3yibTaTe
HelcTBUSA KAKOro-TO TAMHCTBEHHOINO MeXaHu3Ma 3Ta dHep-
'Us IOABNSETCS B BHICOKOOPraHU30BaHHOM dopmMe, & UMEH-
HO B Buje DJEeKTPOHOB ¢ ?Heprueii okoso 100 B3 u mar-
HUTHBIX TOJeli OrPOMHOM IPOTAXeHHOCTH. MOXKHO JMIID
CKa3aTh, YTO B MPUPOAE, MO-BUAUMOMY, UMeeTCHd MOAXOAA-
wuii MexaHM3M NpeoGpa3oBaHUA dHepruu!

TiaBHBIM IPENATCTBHEM K OTOXMKJECTBJIEHHIO PaJHOHUC-
TOYHMKOB ¢ BHAUMEIMH O0BexTaMu saABiasgercd TO, 4YTO
y paZMOTelIeCKONOB HHM3Kad paspemramiias cr1oco6HOCTB ;
103TOMY INIpH PafgMOHAGIIOeHUS X AOBOJBHO TPYAHO yCTA-
HOBUTH TOYHOEe IOJIOMKEeHHe HCTOYHHMKA pPajgMOMU3NTydeHHd.
60-MeTpoBas napabonudyecKas aHTeHHa, HCIOJb3yeMas Ge3
IOIOJHUTEJIBHBIX MPUCIOCO6IEHUH, O3BONAET ONPEefeNTUTD
KOODAMHATH! PAJHOMCTOYHHKA € TOYHOCTHIO He BEILIE He-
ckonbkux MuHyT Ayru. Ho B obnactu Takoro Auamerpa
Ha ¢oTtorpaduu PACHOJOKEHbl AeCATKH Pa3JHYHBIX 06B-
€KTOB.

Yro6h yBEJIWIUTh PA3PENIAIONIYIO CIOCOGHOCTH paguo-
TeleCKONOB, MOJKHO [PHMEHATh AHTEHHBI, COCTOAIIHE H3
‘HEeCKOJLKUX 2JIeMeHTOB, HAIIpHMeED M3 ABYX mnapaGonnue-
CKMX aHTEHH, YJaJeHHBIX HA PACCTOSIHHE B HECKOJNBKO THI-
¢4 MeTpoB ApYr oT Apyra. Boammi, uayuue ot paAmo-
HCTOYHHMKA, ZOCTMralOT 3THX mapaGosonaos ¢ HeGONBIINM
pasnuuueM mo dase; B pesyibrare obpasyiorcs unrepde-
PEeHIMOHHble MAKCHMMYMBl M MHUHUMYMBI, II0 KOTOPHIM
MOJKHO 3HAUYMTEJLHO TOYHEe paCCYUTATh DPasMepn H
NMOJIOYKeHHe MCTOYHMKA, 4YeM B cJydae OJHOH TOJBKO
aHTEHHBI.

. Acnons3ysa TaKoOH pazuonHTepbEepeHIMOHHBIA MeTOA,
HaGmionaTenun u3 Manuecrepckoro yHuBepcurera (AJieH,
Anugepcon, Kouseit, ITanmep, Peaaum u Po6con) u u3 Kanu-
dOPHHICKOro TEXHOJOTUYECKOro HHCTHTYTA (Menr6u,
Merreioc u ModdeT) HBYUYHIH CTPYKTYPY Haubonee CHIb-
HBIX paJMOMCTOYHMKOB. MaHuecrepckas rpymnna 3aperd-
CTPMpPOBaJia U3JNyYeHHe OKOJO 200 paaAMOMCTOYHHUKOB
¢ OAMHAMM BOJIH cBhIIIe 1 M. Ilpumenus paguountepdepo-

16 °




MeTp ¢ IPOCTHIMH IIePeXBHIKHBIMM 3JIEeMEHTAMMU, yjaJleH-
HBIMM APYT OT Apyra Ha paccrosiHue a0 61 000 girun BOAH
(r. e. npumepro 120 x¥a), UM yxranoce AOGUTHCA Npejesb-
Horo paspemeHus okoso 1”. Kak BulscHuiOCH, Cpeau
200 uccienoBaHHBIX HCTOYHMKOB OKa3aJTMCh YeThIpe CBepX-
3Be3Jbl. /IBe U3 HUX COCTOAT M3 MaJeHBbKOH SApKO#l cephlie-
BMHBI, II0 CBOMM pa3MepaM HaxofsflleficAa Ha mpexese
pa3pellleHHus, OKPYXKeHHOH caabbiM «raso», No-BUZUMOMY,
HMeomMM B AuaMeTpe okKoao 20”. [Ise papyrue cBepx-
3Be3/lkl NpeACTABIAIOT CO60 ApPKMe TOYKM C YIJIOBBIM
AuaMeTpomM MeHee 1”7, omHa u3 Hux — o6bekt 3C 48, Ko-
TOPBIi MHTEHCHUBHO H3y4YaeTcA B HACTOSAIee BpeMs.

Becerma sHepruyHoO HMCCJIEAYETCA TAK)Ke APYrol McTou-
HHK — cBepx3Besga 3C 273; ee TouHoe mONOKeHHe 6BHIIO
ompezeneHo B Hauane 1963 r. ascrpanniickumu nabmona-
rensiMmu Xasapaom, Makku u IllummuncoM. ABcTpaauiinsl
MOJIL30BAJIMCh BeJIHKOJENHKM 70-MeTpoBHIM mnapaGonude-
CKMM DpajJHOTeJIeCKOIIOM, DACNOJOMXKeHHLIM BOim3u Cuz-
Hea. IM yZxaJjioch BOCIIONB30OBATHCA TeM, YTO B IPHPOAE
cymecTByeT GOJNBIIONR €CTEeCTBEHHBIH JHUCK, IPOXOAAIIHHK
yepe3 3HAYUTEJbHYIO YaCTh He6A W 3aKPHIBAIOLIMI HEKO-
TOPble DaZHOMCTOYHMKH. OTOT eCTEeCTBEeHHBIH JHUCK —
peus ufier o JlyHe — GOJIBIIMHCTBO acCTPOHOMOB, paborato-
IHX ¢ ONTHYECKMMM NPHGOPAMH, CKJIOHHO CYUTATH MOMeE-
Xo#l; OAHAKO JJd PaJHORCTPOHOMOB OH OTKpPBHIBAET
BO3MOJKHOCTb C GOJIBIIOH TOYHOCTBIO ONpPeAesIsiTh IIOJOMKe-
HHUe DaJHOMCTOYHHKOB, 8 TAKXKEe HCCIeJOBATH MeJKHe He-
TaJH UX CTPOEHHA.

HAuck JIyHnl MOKHO paccMaTpuBaTh KAK 3KpaH, AH-
(dppaknusa cBeTa Ha Kpal KOTOpPOro aaer o6nl4Hble AHGpPaK-
IMOHHBle IIOJIOCHl - B. Té MOMEHTEI, KOrJa CBeTSAIIuiica
06beKT HcyesaeT 3a KpaeM JMCKA WJIN IIOABJIAETCA H3-3a
Hero (puc. 4). Bosee Toro, mockonapky mnosnoskesHue JIyHBI
B J1060if MOMEHT U3BeCTHO C BBICOKON QrefeHbiO TOYHOCTH,
MOXKHO TOYHO YKa3aThb Momw;kyggggpprmﬂ M TIOABJIEHHUSA
MCTOYHHKOB. ABcTpajHMiicKHe Ha JIOHaTeNH MCCIeROBANE.
HEKOTODBIe M3 MCTOYHHKOB Kagéyiora 3C, o - KOTOPHIX
H3BECTHO, YTO OHHM O6NajAOT YAZLIMH YIJOBHMH AHaMeT-
paMH; MM yJZaJoCh IIOJ.{TBepi(H'J"_P_?'_“!:fl‘() 9TM HCTOUYHHKH A&l
CTBHTEJLHO UMEIOT MAaJible DA3MEDH], a TaKXe YTOURNTEUX
nonoxenune. Cpeau >Tux HEPEHMKOB GHIT OAMH . U3_IATH
HeGONMBIINX O0GBLEKTOB, H3BECTHHIH * TemMeph ‘Kak : ‘eBbpi-
sBeaga 3C 273. el T
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Puc. 4. IloxpmTue paguoHcToyHHka JIyHofi mosponser C BLICOKOH
TOYHOCTBIO ONpeAe]HTh €ro MNoNoXKeHHe u crpoenne. Ha KpUBOi1
BHJHO, KAK PAJUOCHTHAN OT ABYXKOMIIOHEHTHOH CBEpPX3BE3[bl 3C 273
6 npepsan JlyHnoit 5 asrycra 1962 r.; 3amucer NpuHaAJEeXKUT aBCT-
panuiickuM HabmopaTendaMm, paboraBmuM ¢ 70-MeTPOBBIM paanoTe-

Pacronarad TOYHBIMM JAaHHBIMH O ITOJIOXKEHUM pajpuo-
HeTOuHKHKOB, MeTThioc (paamnoobeepsatopus KanugopHuii-
CKOro TexXHoJorudeckoro mucTutyra) n Conpgunx (obcepna-
tTopusi Mayur Buicon n Maynr Ilanomap) nmepecmoTpesu
dororpacduu Heba, TbITagch HAWTH O06BEKTH, KOTOPbIE
MOTJIiH 6bI COBMAZATH C HeOOJBIIMMH IO pazMepaM HCTOY-
HHUKaMu pajuousnydenus. Ho HM ¢ OAHHM H3 ITHUX HC-
TOYHHUKOB KaKas-1ubo HeoObIYHAA rajJakKTUKa He COBIIaJa.
Oxnako Merrpioc u CoHAMIMK CMOTJIH HAWTH 3Be3f0006pas-
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7 MuH

Jeckoniom B Ilapk (6a1u3 Cupnes). CTymeHeka Ha cnagamomeif yacTi

KPHMBOIl OTMeuaeT MOMEHT, KOTAA KOMIIOHEHTa B HAYMHAET HCYe3aTh

M3 nons 3peHHsA. PacnoyokeHHe OGEUX KOMIOHEHT OTHOCHTEeIBHO
JIyHE TAaKOBO, YTO BHOBb OHM TOSBIASIOTCH ORHOBPEMEHHO.

Hble u300paxkeHud B IpefielaX KPyra BepPOSATHOM OUIMOGKH,
HOACYUTAHHOM IJIA KaXJOro MCTOYHHMKA. JTH uzobpaske-
HHUS Ha NePBBIA B3rJaA] Ka3aJUCh HEOTIUYUMBIMU OT J060H
H3 COTeH ThICAY 3Be3k Ha IUIACTHHKe. BO3MOXHO, YTO
COBNajieHue ObLNO NIPOCTO CAYYAHHOCTBIO, BO3MOXKHO, YTO
HH OJMH U3 BUAMMBIX OOBEKTOB He MMeJ HHKAKOTQ OTHO-
UIeHUs K paguousaydeHuio. Takoe npeinonoxeHue GuLIO
BIIOJIHe MAONYCTHUMBIM, IOTOMY YTO O4YeHb MHOTMe HCCIIe-
JOBaTENN CYUTAJIH, UYTO OONBIINHCTBO pPaZMOUCTOYHUKOB
CIUIIKOM JaJIEKM W CJIHIIKOM CJabbl, YTOOBI UX MOXKHO

2 3akasz Ne266
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6610 YJIOBUTH HA (QOTONJACTHHKE Jaxke C IIOMOLIBIO
200-z10iiMOBOT0 TEJIECKOIIA.

U Bce xe f, KAK M MHOTMe Apyrue HabaiopaTenu, 1yB-
CTBOBAJI, YTO MCCJIeJOBaHUe 3Be3J, COBNAJAIOUIMX IO IMOJIO-
JKEHHMIO ¢ pajMOMCTOYHHKAMH, HBJIseTCA ype3BbIYAKHO
Ba’KHBIM. MBI AYMaJH, YTO OHH MOI'YT OKA3aThCHA IePBHIMH
HACTOSILMMH ¢«pajguosse3faMu». Ha 3ape passuTua paguo-
ACTPOHOMHM CUYHMTAJOCh, YTO MHOrMe pPaJMOUCTOTHHUKH
MOJKHO OTOAeCTBHTH CO 3Be3jiaMHu, oAHako Oosee Tia-
TeXbHbIe HCCAEAOBAHHUS CHEJATH TaKoe IIPeAIOJOXKeHHe
MaJoBepOATHRIM. Hampumep, HA TOM PacCTOAHMM, HA KO-
TOpOM HAaXOAMTCA OT Hac Onumxaimas 3Be3na, pajaHo-
nsnryderne CojiHIa YMeHbIIaeTcsd B 10! pas; aTO
06CTOATENLCTBO CPA3y CTABHT H3JydeHHe 3Be3Abl 3HAUH-
TeJILHO HUIKe IOpora YyBCTBUTEJILHOCTH COBPEMEHHBIX pa-
auoTteseckonos. IIpaBaa, M3BECTHHI coOlIIleHUus O TOM, 4YTO
GHLIM OTMeUYeHB! PaJMOCUTHAJBI OT HEKOTOPHIX Giamnaexa-
I{MX ¢«BCTBIXMBAIOIIMX 3Be3f» BO BpeMs BCIIBIIIKM, HO 3TH
HaHHBIe He OYEeHb HAJIEKHBI.

Bo Bcsxom caydae, CoHAMAXK cAenajl HOBYIO CepHIO
dororpaduit Ha 200-AI0HMOBOM TejeCKONe H o6HApPY KU
cnabble caefbl B TeX CAMBIX MeCTax, I'ie HaxojAATcA ABe
cBepX3Be3Abl M I/l PaHblle HUYero He OOHADYKHBAIH. Ha
OXHO# TMJIACTHHKe YZAAJNOCh 3aMeTUTh ciabhie KpacHOBa-
Thie BOJOKHA TyMaHHOCTH PasMepoM okoio 127; aru cie-
bl OKpyaju usobpakeHMe 3Be3Jkl, coBrnajalpllei ¢ pa-
auoncrounukom 3C 48. Ha apyroit QoTorpaduu MOKHO
6b10 yaoBuTh emie Gosee ciabyio TyMaHHOCTb, NPUMBI-
Kapomyo K OO0BeKTy, KOTOPHIH, BO3MOXHO, OTOXAECT-
pasercs ¢ 3C 196.

Tounoe MoMOXKeHHe M XapakTepuasa crpykrypa 3C 273
nanu BoamoxkHocts M. IImuary (oGcepsaropus Maynrt
Buncon u Mayur IlasmomMap) yBepeHHO OTOKAECTBHTEH pa-
JUOMCTOYHUK. ABcrpanuiicKue Habai0neHuss BO BpeMs IIO-
KpBITHA ucTOYHMKA JIyHOH OGHAPYIKUIHN, YTO HCTOYHHK
3C 273 CcOCTOMT M3 ABYX HeBOJBIIMX KOMIIOHEHT, 0603Ha-
yaeMbix A ¥ B, LLleHTPHl KOTOPHIX OTCTOAT APYr OT Apyra
ua 19”,5 (puc. 5). Komnonenra B umeer ¢popmy 4YyTh BBHI-
TAHYTOrO 3JLIUNCA ¥ BHAUMUTENBHO crafee KOMIOHEHTHI A,
KOTOpas MMeeT BHA CWJIBHO BBITAHYTOrO JJUIMIICA. IImuznr
moayuun ¢ororpadHy, MOKasnBaloiue, 4TO cnabbiii BhI-
6pOC TYMAHHOCTH COBNAJAET C ¢«PAJMOIIONOXKEeHHeM» KOM-
noHenTh: A. B TOM MecTe, Tie pacrojioxeHa KoMmnoHenTa B,
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Puec. 5. Crpykrypa wucrounmxa 3C 273, onpeAesIeHHAS

M. IIMmugrom nmo mamoMapcKuM ¢oTorpadusam (cneBa), oyeHb

6iM3Ka K TOMYy, 4TO MOJYYEHO IO JYHHOMY [OKPHITHIO BTOTO
HCTOYHMKaA (cIpasa).

Ha ¢ororpadpuu IlImupra O6GHApy:KWJICA HEKOTOPHBIi
cJiell, KOTOPBIfi MOKHO IIPUIIMCATE 3Besfe 13™. Her comue-
HUH B IPaBUJIBHOCTH OTOXKJAECTBJIEHHUS DTUX ABYX KOMIIO-
HEHT, IIOTOMY 4YTO B 3TOH 4YACTH IUIACTHHKM OTCYTCTBYIOT
Apyrue mnogxopgsiue 00beKTHI. :

IToka 3C 48 u 3C 273 ocraioTcs HauboNee yBepeHHO
OTOKJECTBJIEHHBIMH U Hambojee NMOAPOGHO H3YVUEHHBIMU
U3 IATH M3BECTHBIX cBepx3Be3l. B ontuueckoit acrpono-
MuH ¢Qororpadus o6'beKTa HABJIAETCA JMIIb IPeNIOAUe
K TI[aTeJbHOMY M3YYEHHUIO €ro CHeKTpPa; CIeKTp OGbeK-
Ta — JTO KJIIOY, KOTOPBIH I03BOJIET HAM MOJYYHTH AOCTYII
K TaHHBIM O TeMIlepaType, COCTABe OGBEKTA U PACCTOAHMH
Ro Hero. Ilepsrie cnektprr 3C 48, cHaTbIe ¢ Manoit Aucnep-
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cueit, 6blu nonydeHsl Coanaumxem Gonee uYeThIpex JeT
Hasajx. Ha miactuHKe 6bLI0 OGHADYKEHO HeCKOJBKO AHM(D-
®y3HBIX JIMHMH M3JyYeHUS Ha (OHe HelpepLIBHOTO
cnekTpa. OgHaKO KAa3ajoCh, YTO IOJIOMKEHHe KAaXKAOH M3
9THX JMHUR He COBNAJAJNO HU C ONHOM TBepPAO yCTAHOB-
JIeHHO#M JMHHell ATOMHBIX CIIEKTDOB.

Yro6bl pa3obpaThcsi B 9TOM 3arafike, OBLIM CHSATHI
CIIEKTDHI C BBICOKOM JucIepcHel (9TO o3HaAYaeT, YTO CIIEKT-
PaJibHEle JIMHMHM OKA3EIBAIOTCA Ha 0ojbllleM yAaJeHHH
ApYT OT Apyra); BUepBhle 3T0 chenan Mionu (Maysr Bua-
coH u Maynr Ilasomap), a mosxe g. O6BLeKT HACTOIBKO
cna6, uyto TpebyeTcs ceMHYACOBAA BLIAEPIKKA AJA CIIEKTPO-
rpacda c pokycHbim oTHouIeHHeM [/1!. TIpu crons Gombmux
BbIIeP:KKAX Ha CIEKTPOrpaMMax npeobjafailoT JHHUH
H3Jy4eHUA BO36YKAEHHBIX ATOMOB H MOJIEKYJ 3eMHOI aT-
Mocdepbl. Camble cinabble U3 3TUX JMHHE HOYHOro Heba
co31ai0T (POHOBHIH «IIYM», KOTODPHIA, IO CyIecTBY, OIpe-
Aensder mpejen AJNA CHEKTPOCKOIMM AAJIEKHX WX OYeHb
cnabbix OOBLEKTOB (3TO OrpaHMYEHHe MOXKHO GyjgeT mnpe-
0AoJeTh, co3xaB o6cepBATOPMU 3a NIpejlelaMM 3eMHOM aT-
mocdepshr).

B pesyaprare TIIATENBHBIX W3MepeHHII CeMH HeraTH-
BOB, NOJY4YEHHBIX PA3JIUYHBIMH HabaogaTe aMu, MHe Y-
JIOCh YCTAHOBHUTEL IIOJIOJKEHHe IIeCTH JHMHUIHA, KOTOpHIe,
MMO-BUAMMOMY, AeHCTBUTEJBHO MpuHAazdexar 3C 48.03'1'14

JUHUH PacCIoJIarajuch MeXAy AJMHaMu BoiaH 3500 A Ha

o
yabTpaduoseToBOM KOHIe crnektpa u 6000 A — Ha,
KpacHoM. OHHM He COCTABIANH Kako#-nmubo mpocroit mocie-
JOBAaTEJIBHOCTH M COBEPIIEHHO He COOTBETCTBOBAJIM JIVHU-
sAM, HabGaogaeMbIM B OOBINHEIX 3Be3JaX MJIM CBEPXHOBBIX;
OHM He COBNAJAJH TaK)XXe ¢ APDKUMH JUHUAMH B CIIeKTPax
TYMaHHOCTEHH.

CHexTpOCKOMMCTHI BCETAA SAICHO CO3HABAJIH, YTO MMeEIO-
IIMICSA aTiac CHEeKTPaJbHBIX JIMHUH OTHIOAL He TOJIOH H
YTO BCErja MOKHO OOGHADYKHUTH ATOMBI, HaXOAAIIMECS
B «3K30TUYECKHUX» YCJIOBUAX BO36yxaenus. IIpasna, araac
BKJIOYAeT B ce6sA NMOYTH BCe JHMHHUM, KOTOPHIe MOJKHO IIO-
JYYUTH B Na6OpaTOPHHIX yclnoBuaX. OgHAKO acTpOHOMMHYe-
CKHe OOBEKTHl 3a4acTYI0 OOHADYKHBAIOT <¢3anpelleHHBIE»
JIMHHMH, KOTOpEIe B JabopaTopum Bo36GYAMTL AOBOJHHO
TpyAHo. Takne JMHMM BO3HHKAIOT B aTOMAX IPH OYEHb

o CnexTporpad co cBerocuiaoli kamepmr 1 : 1.— Ipum. nepes.
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PEAKHX Iepexofax, KOTOPble INPOMCXOAAT JHMIIL TOTAA,
Koraa aroMuel o6pa3yloT ra3 HHMYTOMKHOH ILIOTHOCTH.
K cuacreio, gnunn BoNH sanpeleHHBIX HHMi MOXKHO
NPEACKa3aTh TEOPEeTHYECKH, M HMX aTiac AJA THIWYHBIX
9JIEMEHTOB TaKe AOCTATOYHO IIOJIOH.

ITonbiTKa OTOXZECTBUTH JHHHH H3JYyYeHUs ob6beKTa
3C 48 3zacraBuna MeHs [IepecMOTPeTh JHTEPATYPY IIO
CIEKTPOCKONMHK; B KOHIle KOHLOB s IPUINEN K YyOeKzae-
HMIO, UTO 3TH JHHMH MOT'YT MCIYCKATHCA CHJIBHO BO36yK-
ACHHEIMM MOHAMH, CKODee BCETO aTOMAMM reJMs, IIOTEPHB-
IIMMM OZIMH 3JIEKTPOH, H ATOMAMH KMCJIOPOZAA, IOTePSBIIU-
MU nATH 3JeKTPOHOB. [leficTBUTenbHO, oaHA M3 3THUX-
JHHUR COBMaJa ¢ JMHMelH, oOHapPYKeHHOI BIepBHle B Bpu-
TAHCKOM 3JKCNEPUMEHTAJLHOM TePMOAAEPHOM LeHTpe,
U 3TO emfe Goibllle YKPenUIO MOe MHeHWe. JIMHMH, KOTO-
Pble ellle He OTOKAECTBJEHH!, PACCYXKJAAN #, MOIYT IPH-
HaZlyleXxaTh NOKa ellle He M3BECTHOMY CIEKTPY, HANPHMep
CIIEKTPY HOHA CHJIBHO BO30YIKAEHHOTrO HeoHa.

Curyanus caemanace eme 6osee HeMOHATHO, Korpaa
IIIMUAT yenemHo BHIABHII HECKOJMBKO caabbixX JUHUH U3Ny-
Y€HHA OT BechMa caabnix ucTouHHMkoB 3C 147, 3C 196 u
3C 286. On o6HApPYKHJ, YTO HM OAHA U3 BTHX JTUHUH# He
coBnazaer ¢ Kakoi-iub6o suHuedt B 3C 48. M3 Bcex BO3-
MOXKHBIX OG'bACHEHMI HANDALIMBANOCL OAHO: BCe B3TH
O0'beKTHI — 3Be3I HeOGLIKHOBEHHOI'O COCTABA M K TOMY
JKe BCe pasHble; MOKeT OBITH, BCe 0d4M 6oraTei PeaIKuMHU
dJIEMEHTAMH H NPeACTABIAIOT co6oi ocraTku CBEPXHOBBIX,
H40JAIOKAEMEIX B DASIHYHBIX CTAZUAX nponecca o6paso-
BaHUA 3JleMeHTOB. OZHAKO YC/IOBMe, YTOGHI HUKaKHe ABa
00beKTa He HMeaH HU OAHOMH O6Imeit CIIEKTPAJBLHOM JMHHH,
Ka3aJI0Ch MHe BeCbMA MCKYCCTBEHHLIM.

B rakoM cocTosHMM HONOMKeHHe coxpaHAJoch OoJee
AByX JeT, moka IlIMuAT He NMpHCTYNHA K M3ydYeHHIO CrIEK-
Tpa 3C 273. Ha sror pas IpHUpOAA OKA3aJIaCh MMJIOCTH-
Bee. Yernipe u3 mectu auHMH Unyvenus 3C 273 cocraB-
1AM IPOCTYI0 rAPMOHUYECKYIO IIOCJAEeR0BATENLHOCTE, nIpH-
IeéM DACCTOSIHHE MeXAy JHHHAMH M X MHTEHCHBHOCTD
YMEHBIIAJUCE B HANDABAEHMHM K yiabTpadmoiery. Drtu
JIMHUH, HECOMHEHHO, NPHUHAJUIEXKATH K CeDHM TOro THNA,
KOTOPHIA MOXHO OKHAATH OT BOAOPOAA MJIH Apyroro aro-
Ma, y KOTOpOro yAaJleHHl BCe 3JIEKTPOHBI, KPOMe OXHOTO.
OxHAKO KAKOMY Ke ATOMY NPHUHAZNEIKAT DTH JUHUHU U Ka-
KYyI0 cepHI0O OHH 00pasyior?
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Puc. 6. ¢ — ua cnexrporpamme 3C 48, mosyueHHOt aBTOpOM, OGHa-
pyxuBaloTcd Tpd ciAabnie JIMHMH HaJaydeHMs: AL 3832, 4575 n
4685 A. IlpuBeaennass ¢oTorpadusa moaydyeHA HaJOXKEHHEM JABYX
crmexTporpaMm, uTobm caabbie NMHUM cTanu 3amerHee. Ho Raxe mpH
3TOM TpH OTMeueHHble JHHMH NOYTH NOAABJEHH HENPePRIBHEIM do-
HOM u3NnydYeHHs o6beKTa. 3aMETHO TaKXKe HEKOTOpOe YHCIO uaubonee
SAPKMX JNUHUi CBEYeHHHA HOYHOTO Heba, OGYCIOBJEHHEIX CBeYEHHEM
Bo3Ayxa B BepxHeit arMocdpepe 3emau. TmarenbHoe u3ydeHHE KaK
9Tolf, TAK M APYTMX CIEKTPOTPAMM TMO3BONMIC OGHADYKMTH eme TPH
OueHp ciaabhle JMHHAM H3TydeHMA: AL 4066, 5098 u 5289 A. Irtu
IIeCTh JIMHHE M3JAyYeHHs GBIIM OTOXKAECTBACHH! B NPEAMOJIOKEHNH,
YTO ANMHA HX BOJHH B MOKOAIIEMCH MCTOYHMKE HCIHITHBaeT Kpac-
noe cmemenue Ha 37% (cM. pme. 7).

6 — cnexktporpamma 3C 295, nauGoiee yaaneHHoro u3 BCeX na6uio-
L2eMHX 06beKToB, OOHApYXKMBAET EeXMHCTBEHHYIO ¥ O4YeHb caabyio
JUHMIO H3nNyyeHus (yxasaHa crpenxoft) oxono 5450 A. Bo3aMOXKHO,
OHa BO3HMKJa B pe3yjbTaTe KPACHOrO CMEImEHHA Ha 46% nByx Tec-
HO MNPHMBIKAIOMMX APYr K APYry JAMHUHA H3Ny4YeHHSA KHCIOPOAa, KO-
TOphie B HOPMAJBHHIX YCJHOBHAX HAXOAATCH OKOJO 3727 A. Ha sToii
cneKTporpaMMe H3JydYeHMe 3eMHOM arMocdepH BH3ILIBAET NOABJICHHE
MHOXKECTBa APKMX JHMHHI; caMad APKaf K3 HUX — 3eJeHas JIUHAA
cBeyenMs HOYHOro Heba (APKas TOPM3OHTAJNBLHAS JHUHMA, BO3MOXKHO,
coagaerca 3Be3foif). Ecam OH JHMHHA HINYYeHHS 3C 295 cosnajaa ¢
no6oii U3 ApKHX JHMHEHI CBEYEHHMA HOYHOrO ueba, nam Huxoraa 6n
He yjaajioch ee HabmoAaTh. TlockoabKy HAGMIOZaeTCH €AHHCTBEHHAHA
JIMHAS M3JydYeHMs], ee OTOXJecTBJIeHue ¢ KHCHIOpOAHOH JMMHMeH
3727 A B nyumem ciayuae npasfonoioGHas AOrajka.




IToutn cpasy xe IIMMAT ycTaHOBMI, 4TO Habaogae-
Mble AJIMHBI BOJMH He NPMHAJJIKAT U3JTYYEeHUIO HU OZHOTO
U3 H3BeCTHBIX aToMOB. Ho eciu npuHATL, 4yTO M3NMyyaeMble
aToMoM CIIEKTpaJIbHble JIMHUU CMeEIlleHEl K KpaCHOMY
KOHIly crnektpa Ha 16%, To 4erhipe HaGmogaemble JTUHUH
COBIAZAIOT C JMHUAMM M3JIYUYeHHA Bojopofa. OxHa u3 oc-
TAIOIIMXCHA JUHUHA JIETKO OTOXAECTBIISANACE C 3aTPeIleHHON
MUHUEH ABaKAbl MOHM30BAHHOI'O KHCJIOpPOoXa (T. e. aToMa
KHCJIOPOAA, JHUIEHHOTO ABYX 3JIEKTPOHOB), CMEIeHHOH HAa
TY e BeJIMYUHY 16%.0 Ilocnepusaa nuuua nmpuxozMIach

Ha JuuHy BojaHbl 3239 A B6IM3HN yABTPAdUOIETOBOrO KOH-
ua crnexkrpa. Ecau 651 He cMellleHMe K KDACHOMY KOHILY, OHA
=)

umesna G6ul anuny BonHel 2800 A B yanTpadmoneroBoii
4acTH chnexTpa, o0nluHO HeHabmogaemoit. MBI BCIIOMHHIIM,
4YTO JBe JIHHHKH MOHM3OBAHHOTO MArHHUSA PAacCIHOJIOKeHbI

BIIOTHYIO K 2800 A M 4TO 3TH JUHHUM GBLLIM CHJIbHEHIIH-

MU JIUHUAMM U3JIYyYeHHUs, OGHADYKeHHBIMH B CIIEKTDe COJI-

HEYHOro HM3Jy4eHU#, IOJYYEHHOrO HA paKere 3a Ipe-

AenamMu 3eMHO#K aTMocdepni. ITosxke ¢ mnomomsio doro-

9JIEKTPUYECKOro CKAHMPYIOLIero cuexkrporpada Oyk ob6Ha-

PYKHUJ, 4TO NepBas JHUHHUA cepum Bojopoga Ha, xoTopas
e

HMeeT AJMUHY BOJHBI «IOKoA» 6563 A, cmecTunachr B MH-

o
dpakpacHyo 06JacTh K AJHHE BOJHBI 7590 A. OTKpEITHE
HImMunTa oxasanoch KJIOYOM K 3aragke.

HesameanurensHo s mepecMoTpesn cBou CIIeKTpOrpam-
Mbl 3C 48, 4TOGHI BHISICHHTH, HE OTKPOET JH KpacHoOe CMe-
UleHHe BO3MOKHOCTh HMHTepIpeTanul HaGmogaeMbIX JH-
uuid (puc. 6). Camoit cuabHOM JUHUeH HA Moeil creKTpo-
rpamme 3C 48 6nua JIUHMA C  JJIMHOH BOJIHEI OKOJIO

o

3832 ;& Ecnu 6bt oma okasanace sunmeii 2800 A, cme

o

lieHHoit Gosiee yem Ha 1000 A, T0 2T0 cooTBeTcTBOBANO
6nl KpacHOMYy cMereHnio Ha 37Y%. HonycTus T0 1€ camoe
CMellleHHe II0 BCeMy CIeKTpPy, MeTTeioc M s cMOIVIM
OTOXJAECTBUTE IATH APYTMX JHHUH, HO HU OZHA M3 HMX
He coBmaja C JIMHMUAMH Bojgopoja. OHH OKa3ajHCh 3alpe-
HIeHHBIMH JUHUAMH OXHOKPATHO HOHM3OBAHHOIO KHCJIOPO-
AA W JIMHUAMM [BYKPATHO M 4YeThIPDEXKPATHO HOHM3O-
BaHHOro HeoHa (puc. 7). Eciim nunum Bogopoza m npucyt-
CTBYIOT, TO OHM CJMIIKOM INUPOKM U CHAMIIKOM MAJIO
KOHTPACTHEI, YTO6H BHIZENATHCA Ha 0obuieM (oHe.
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A1 o6paszoBaHusA YeTHIPEXKPATHO MOHH3OBAHHOTO ATO-
Ma HeoHa Heob6xoauma 3Heprus 100 26; sT0 yKasbpiBaeT
Ha TO, 4To raszoBble obsaka B 3C 48 ropsyee u 061a7a10T
MeHBIIeH IJIOTHOCTBIO, YeM ras3oBble obmaxka B 3C 273.
Kpome Toro, Oyk BBICHMJ, YTO HeNPEepHIBHHIA CIIEKTP
Yy 9THX ABYX O0GBeKTOB Pa3JHYHLBIA; 3TO yKasmiBaer Ha
pas3jiMyve B NPOUCXOXKJAEHUHU «boHa» crnextpor 3C 273 u
3C 48. OxuHaKoOB JU COCTAB 3THX OOLEKTOB MM HeT M Ha-
IIOMHHAET JIM BEIIeCTBO, U3 KOTOPOrO COCTOAT DTH O6DHeK-
ThI, OOBIYHOE 3Be3JHOE BEUIECTBO,— II0KA MBI HHYEro 3TOr0
He 3HAEM.

3HAYMTEeNbHBIe ¢KDACHBle CMeIleHMSA» B CIHeKTpax
3C 273 u 3C 48, cocraBasmolne cooTBeTcTBeHHO 16 u 37 %,
ABHJINCH MOJHOH HEOXHMAAHHOCTBIO. [0 cuX mop KpacHbIe
CMeIeHUA TaKOH BeJWYMHBl HAGMIOAANIHCH TOJBKO y HAH-
6osiee ymaneHHBIX ranakTHK. Hauboasimee wu3BecTHOE
KpacHoe cMmellleHue 6b1710 u3Mepeno Ha Ilamomapckoii 06-
ceppaTopun MHHKOBCKMM B ciy4dae caaCoil rajJakTHKH
3C 295. OG6Hapy)keHHasi BIepBbie KAK paJHOUCTOYHHK,
ranaktuka 3C 295 umeer KpacHoe cMmemenue 469%. Vixe
3 camoif mepmoit paborer Xa66sa (o6cepsaTopusi. MayHT
Buicon) B 1920 r. 6610 ACHO, YTO YeM AaJblile pacmnono-
JKeHa OT Hac raJIJaKTuka, TeM GoJibllle ee KpacHoe cMelie-
Hue. O6GmenpunaToe OGBACHEHHE ITOTO CMELIeHUS YaCTO-
Thl COCTOMT B TOM, 4YTO TAJIAKTUKH HENPepLIBHO pasbera-
OTCA APYT OT ApPYyra M yJAAJSIOTCA OT Hac.

KpacHoe cMellieHHe B CIIEKTPAX TaJJAKTHK ObIJIO CBSH-
33HO CO CKOPOCTBHIO HMX pa3beraHus M C PACCTOSHMUAMHU IO
Hux. Korga kpacHoe cMellneHWe HeBeJHKO, ero BeJUYMHA
B IPOLIEHTaX, rpy6o rOBOPA, PaBHA CKOPOCTH pasGeraHus,
BBIDa’KeHHOH B JOJIAX CKOPOCTH cBeTa. Ho ara cBa3pb 3a-
BeAOMO HeNluHeiiHadA, MOTOMY 4YTO CKOpocTh pasberaHus
HUKOTJla He MOXKeT JOCTUYhL CKODOCTH CBeTa B IIyCTOTe,
HEe3aBHCHMO OT BeJIMYUHBI KPAacHOro cmemieHus. CooTser-
CTByIOLIAas 3aBUCUMOCTH IpHBefieHa Ha puc. 8. Y3 rpadu-
Ka BMJHO, YTO KPACHOMY cMellueHHIO B 46% coorBercTByeT
CKOpocTh pa3feraHus, COCTaBIAIOILAA OKoJo 36% oT cko-
poctn csera. KpacHeiM cMmemieHuam B 16 u 379% nns
3C 273 u 3C 48 cOOTBETCTBEHHO CONOCTABAAIOTCH CKOPOCTH
pasberanns B 15 u 30% ckxopocrn csera. B npunsaToit
cedyac IIKaJe raJaKTMYeCKUX DacCTOAHMIE KpacHOoe cMe-
meHue B 46% ans 3C 295 cOOTBETCTBYeT PacCTOAHHIO OKO-
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Puc. 8. KpacHoe cMemeHHe MAaJeKUX TAJaKTHK WHTEpPNpeTHpPyeTcA
KaK cJaejcTBMe HX pasberaHus.

Kpusas na rpaduKe NOKA3EIBAET, KAK CBA3AHO Habmoaaemoe
KpacHoe CMelleHHe €O CKOPOCTBIO pa3beranus, KOTOpas He MOXKeT
AOCTHYL CKOPOCTH cBeTa. PajguoraraxTHka 3C 295 ypanena OT Hac
Ha paccTosHHe OKOJO § MJPA. CBETOBHIX JIET M SBJIACTCA CaAMBIM yaa-
NMeHHplM M3 Bcex HabmozaeMbix o6nekToB. CpepxsBesja 3C 48 3aumn-
MaeT Mo CBOeMYy YAaJeHHI0O BTOpPOe MeECTOo; 3C 273 — TakKKe CBepX-
3Be3jla, HAXORMTCA MPUMEPHO BABOE 6nuxe, yuem 3C 48. Touka A
Ha rpadMKe YKA3HIBAET MECTO, B KOTOPOM CIEKTpaJbHAA JHHHA, Ha-
XOAAUIAACA B HEMOABHXKHOM HCTOYHHKE B ynsTpaduonerosoif o6aacTu
(2800 A), 6ymer cmemaTbcs B HHOPAKpacHyioo ob6racTb (7000 A).
Touka B Ha rpadHke INOKa3BIBAeT MeCTO, TAe BOAOPOAHAA JAUHHA
Lo A=1216 A cmeimaercs B BHAMMYIO 4YacCTb CHEKTpa, BOIM3H
yasTpaduoiera, ¢ A = 3647 A.




JIO 5 MUAIUAPAOB CBEeTOBBIX JieT. Paccroanus aaa 3C 273
u 3C 48 cocraBasoT 2 U 4 MUIJIMAD/A CBETOBBLIX JIET.

Ho, Bo3MOkHO, cCaMBIM YAMBUTEJBHBIM Y CBEpPX3Be3k
3C 273 u 3C 48 saBasieTcss TO, YTO OHU BOBCE He BBITJIALAT
aanekumu obbekramu., OObluHAA ApKadg raJakKTHKa Ha
PacCTOAHUU B 4 MUJIIIMAPAa CBETOBBIX JIeT UMeeT BUAUMYIO
BeauduHy or 20 g0 22™, U ee MOXKHO HabJI0JaTh TOJBKO
Cc caMbiMU OOJBLIIMMM TejlecKonamMu. Buaumas BeauuuHA
3C 48 paBna 16™, a 3C 273 — 13™. 3Beszma 13™ moxer
Habmogatecs B 1000 MaJo-MalbCKU NPUJIHYHBIH caMo-
HBeJbHBIN TeseckoM. K Tomy ke 0oObluHas rajaxkTuUKa, H0-
CTATOYHO Gin3kas K HaM, 4TOOBl UMeThH 3Be3AHYIO Beju-
4uHy 16™, He roBopa yike o 13™, Bceraa Jerko paspeniaer-
CA KaK CJIOXKHas 3Be3ZHas cucrema (cMm. puc. 2). Ocraerca
saragkoi, kak 3C 273 u 3C 48 moryr HaxomuTbcs Ha Ta-
KOM yJaJleHUH M Ka3aThCA CTOJNbL Apkumu. C apyroit cro-
POHBI, €CJIM He CYUTATH MX CTOJNb YAAJNCHHBIMH o6BbeKTa-
MH, a IPUHUMATH 3a 00bIUHbIe 3Be3Jbl 16 n 13", To B 3TOM
cilyyae OHHM OKa3bIBAIOTCA B IpeAenax Hamlei amakTHKH.
Ho kaxk MoxHO Torga OGBACHHTH CTONEL GOJNBIIYIO BeJH-
YUHY KPACHOTO CMeEleHUS B UX CIleKTpax?

OxHako KpacHOe CMellleHHe MOKeT BO3HMKHYTH He
TOJILKO 38 cueT pacuupeHus Bcenennoit. CorsacHo obumieit
TEOPUHM OTHOCHUTEJIBHOCTH, POTOHEI, MIPOXOAA dYepe3 IpaBu-
TAllMOHHOE II0JIe, coBeplIalOT pabory. 3BaTpaTa sHepruu
NIPOABAAETCS KaK YMEHbIIeHHe 4YaCTOTHl WIU KaK CMe-
IeHHe JJIMH BOJIH B KPAcHYIO CTOPOHY — KpacHoOe cMellle-
uue. IlosTomy MoxkHO 6BLIO GBI ZONMYCTHUTBL, YTO KpacHOe
cmemienue B 37 % naa 3C 48 MoKeT BOZHUKHYTH B TOM
cjy4ae, eCJiM 9TOT MCTOUYHUK YPe3BBIYAIHO IJIOTHBIH MIH
uypesBbIYaiiHO MaccuBHBIN. Hanpumep, cBepxnnornas
3Be3fla ¢ Maccoif, paBHoii Macce CosHua, u paauycom
MeHbIre 10 km gasa OBl TaKOe Ke KpacHoe CMelleHUe, KaK
u 3Be3a pasmepom c¢ CoyHue u Maccoli, paBHOH’
200 000 cosneyHBIX Macc.

CaMbIMM NJIOTHBIMH O6BEeKTaMH, UBBECTHLIMH B HAa-
cTofAllee BpeMs, ABAAIOTCA Genble KAPJAMKHM; XOTH UX Mac-
ca ¥ MeHblIe maccel CoJHIA, HO pafuyc cocTaBisieT Bce-
O JIMIIL OKOJIO OAHON cOTOH comHedHoro paauyca. Ilas-
JeHUA IIJIOTHO CXKATHIX («BBIPOXKAEHHBIX») 3JEKTPOHOB
BIIOJIHE AOCTATOYHO, YTOOBI NPEJOTBPATUTL JaJIbHEHIIHH
«KoJuIanc» Gesoro KapJguKa Jake IIPH TeMilepaType abco-
JIIOTHOTO HyJs. BO3MOXKHO, UTO B HEKOTOPBIX 3KCTPAOPAH-
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HaApPHBIX YCJOBHUAX, O KOTOPHIX ceifyac TpPYAHO CKasaTh
4YTO-TU6O ONpefeseHHOe, AAPO MACCHBHOH 3Be3Abl MOXKeT
ObITH CXaTo A0 3HAUYMUTEJNBHO 00Jiee BBHICOKMX ILJIOTHOCTEN,
yeM y Genblx KapiAukoB. Eciu BHewmrHsas o6Gosiouka TaKoi
3Be3Abl MOJKeT 3aTeM MCIAapHUThCS, TO OCTAHeTCd Maccea,
paBHaA IO BeJUYUHE COJIHEYHOH, ¢ IJIOTHOCTBIO,
B 10’—10'% pas npeBHIIAKOIIEH NIOTHOCTL 6eJIOTO KapJiu-
ka. IIpu TakuX MJIOTHOCTAX HeHTPOHBI YU TMNEPOHHI (4ACTH-
bl GoJsiee TsxKesble, YeM HeHTPOHBI) npejcTaBAdIOT cO60M
YCTOHYUBYI0O OPMY BelllecTBa.

OaHakKo UMeIOTCA BeCKHe JOBOALI B HOJB3Y TOr0, 4YTO
CBepX3Be3Abl — He HeHTPOHHEBIE U He I'MIIEPOHHEBIe 3Be3bl.
Bkparue neno sakiaiouaerca B caexyooilem. 'azoBas o6o-
JIOYKA TAKOM 3Be3bl He MOYKeT OBITH TOJIIEe HECKOJBKHUX
COTEeH MeTpOB, MOTOMY 4YTO HHaYe B Ipefesax OOOJOUYKH
6yayT cyllmlecTBEHHO H3MEHATLCS CUJBLI TSATOTEHUS M 3TO
U3MEHEeHHe BbI30BeT 3HAUUTENBbHOE YIIMPeHHe JUHHUH HC-
NyCKaHUs, YKa3aHHas TOJUIMHA OGOJIOUKH COOTBETCTBYET
daxkTuyecku HabGiaogaeMoll muMpuHe auuHuit. Kpome Ttoro,
B caMoOif 060JIOYKe NJIOTHOCTh He MOJKeT NpPeBbIIIaTh HEKO-
TOPYIO, CPABHHTEJIBHO MAJIYI0 BeJIUYHHY; B IIPOTHUBHOM
caydae ucye3ad OBl 3alpelieHHble JTHUHUU u3aydeuus. O06-
liee KOJUYECTBO 3HEPruu, HU3jydaeMmoil Takoit He6onbLIOM
060/I04KOi1 MAaJIOH TIJIOTHOCTH, NPeHeOpeXuMo MAaJio
C aCTPOHOMHYECKON TOYKHK 3peHusA. PakTudyecku y naje-
KHX OT Hac HeMTPOHHBIX 3Be3J BooOIle Heab3s 6bi10 OBl
3aMEeTHUTEL JIMHUH HU3JIyUeHUs.

Cepresnble 3aTpyJHEHUS BOSHUKAIOT TaKyKe IpHM pac-
CMOTPEHHH JPYroil BO3BMOXXHOCTH, COCTOSIIEH B TOM, YTO
HabaloaeMble KpacHble CMEIIEeHUS CcO3Jal0TCH 3Be3JaMH,
Macchl KoTopeix paBHsl 10° mace Connma uau gaxe 60b-
me. OGwenpuHATas TEOPHUS BHYTPEHHEro CTPOEHUS 3Be3J
npejAcKa3bIBaeT, YTO 3Be3Aa ¢ Maccoit 6oapuie 100 conHeu-
HBIX Macc 6yZeT HeyCTOMYUBOH# M, CaefoBaTeJlbHO, HE MO-
JKEeT KOHJEHCUPOBATHCS U3 MeXk3Be3gHoro rasa. OgHako
B camoe nociefHee Bpema Xoia (Kem6pumxckuit yHuBep-
curer) u Paynep (KanmudopHUiCKUII TeXHOJOrHMYECKUH
HHCTUTYT) PAcCMOTDENH YCJIOBUS B AHOMAJBHBIX OOBEK-
TaX ¢ MaccaMHM OT MHJIJIMOHA A0 MHJIMADAA COJHEYHBIX
Macc.

OcTaBuMB B CTOPOHE BOIPOC O TOM, KaKuMmM o6pasom
Moriiu cpOpMHPOBATECSA CTOJB GoJyblline Macchl, U 0Jaro-
MMOJY4YHO MHHOBAB p#AJ HEYCTOMYHUBBIX KOHpUrypalui
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B npefenax OT COTHM A0 MWIIHOHA COJHEYHBIX MACC,
Xoiin u daynep HafeANUCh CHAYATA, YTO B OYEHL MACCHUB-
HBIX 3B€3ZaX MOJKeT MOABUTHCHA TEHJEHLMS K BpeMeHHO
yeroituusoctu. Ilociexyioliiee TeopeTHueckoe uccjaegoBa-
HHMe Bompoca, mpoBefeHHoe Xoitnom, Payrepom u ux co-
rpyAHuKamMu B KaaudopHUHCKOM TexXHOMOrMuecKOoM HH-
CTUTYTe, NOKa3aJ0, YTO OOBEKThbI C OYeHDb GOJILIIIHUMU MAaC-
CaMHU NOJIBePIKEeHbl IPABUTALMOHHOMY KOJIJIATICY, MpHYeM
HACTOJBKO OBICTPOMY, YTO YCTOHYUBBIE KOHAUrypauuu
MOTryT BOooGilie He cyIlecTBOBaTh. 'paBuTannonHOE KpacHoe
CMeIlleHHe B TAKMX MACCUBHBIX OGBEKTaX MOXKeT yIep:Ku-
BaTh OOTOHBI HJIH HEHTPHUHO OT «IIPOCAYMBAHUIS» Hapyxy,
TaK 4YTO B KOHEYHOM cueTe 3Be3fla GyAeT M30IMpOBaHA OT
Hamet BceseHHoOM, ecim He cuuTaTh AelicTBUA ee rpaBuU-
TALMOHHOTO II0JIA.

Becbma MasoBepOsITHO, YTO HAM YAACTCH <«IOHMATE>
OJAHY M3 TAaKMX CBEPXMACCHBHBIX 3Be3f B CTaAUM KOJJIAT-
Ca B TOT MOMEHT, KOTla OHa BOT-BOT LOJIKHA HCYE3HYTb
U3 BuAuMocTd. Ho BMecTe ¢ TeM oueHbL mpuBaekaTenbHOM
yeproit upeu Xoisa — Paysepa sBaserca TO, 4TO, KOTjza
FAPO TAKOH 3Be3Jbl B3PHIBAETCH, BBHICBOGOIKAaeTCSH rpaH-
AHO3HAs rpaBUTALMOHHAS BHEPrus, 3HAYUTEIBHO 60JIb-
masd, Yem BbIfeJdeMas NPH JIOObIX MBICAUMBIX SAEePHBIX
B3priBaX. Boshukawmas 1npu  srom rpaBuTanuMoHHAS
OHEPTHUs COCTaBJSAET, BO3MOXHO, or 1092 po 1064 gpz;
9TOr0 KOJNHWYECTBA JHEPTHM JOCTATOYHO, 4uTOGH  3a-
CTABUTDL JBUIaThCs 3HAUYUTENBHYIO YaCTh MAacChl 3Be3JAb
CO CKOPOCTBIO, HpHUOIHMIKAlOUleHCs K CKOpocTu cBera.
Hcrounnk wactui BHICOKOM 3Hepruwm, Hecymux ¢ coboit
sHepruio 109°—10°' apz, y CHABHBIX pazMoramakTUK JoJI-
roe BpeMs NPeACTABIAN COOOH CIOKHYIO TeOpeTHYeCKYIo
npo6iemy. CBepXB3pBIBBI, IOCTYJMPOBAHHBIe XOHIOM MU
| PdaysepoM, MOryT BHI3BATH TaKHe (DU3HYECKHe IIPOLeCCHI,
KOTOpHIe OfecreuuBaloT o6pasoBaHUe — XOTH U pasJyny-
HBIMH NIyTAMH — KaK MPOTSAXEHHbIX WHTEHCUBHBIX pafyo-
TaJaKTHK, TAK U CBepPX3Be3J.

Ho ecnu cBepx3Besfnl He CBEPXIJIOTHblE U He CBepX-
MacCHBHBIe 3Be3[bl, TO TOTAA YTO Ke OHM Takoe? [omy-
CTHM, 4YTO HUX O6OJIbIIIOE KpAaCHOE CMelleHUe HBISZeTCH
CJIEeACTBHEM BBICOKOH CKOPOCTM pa3feraHus M 4TO, CIieno-
BaTeJIbHO, OHU ABJAIOTCS OOBEKTAMH, VAAJEHHBIMH OT HAC
Ha MHLTHApABI CBETOBBIX JeT. Ecam uexomure us sroro
AONYIEeHHUS, JerKO BHIYMCIUTE 110 BeIMYUHE U306parkeHHs
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Ha (OTONIACTHHKAX, YTO 3Be3[Hble KOMIOHeHTH 3C 48 u
3C 273 wuMeloT MaKcHUMAaJbHble pa3Mephl MOpPAAKaA
16 000 u 3000 cBeTOBHIX JIeT COOTBETCTBEHHO. BrIGpOC
3C 273 u cnabnpie BonokHa okoyo 3C 48 umeror monepeuy-
Hbple pasmepnl okoso 299 000 cBeroBbix Jser. BriGpoc u
BOJIOKHA [eiiCTBUTEJHHO HMEIOT rajJJakKTHYecKue MacliTa-
6b1: 3Be3qHasi KommoHeHTa 3C 48 samumaer camoe 60ib-
lIee TPeTh pasdMepa THIIMYHON TraJIaKTHKH, a 3Be3fHAsd
yacTp 3C 273 MeHbllle OJHON AeCATOI.

OueHp MaJlo COMHEHHl B TOM, YTO HMX MOIIHOE pPajuo-
M3JIydYeHHUe BBI3BAHO CHUHXPOTPOHHBIM MexaHusMoM. OnHa-
KO MX OINTHYeCKOe H3JIydeHUe HEeBepOSATHO OCJOXKHSET
sagady. Hanuuue pe3KMX JIMHHUH HM3Jy4YeHHsS 3acTaBideT
HAC AyMmaTh, 4TO MBI HabiioZaeM He rajJakKTUYeCKUMH aH-
caM6Jyip 3Be3h, KOTOpPHIH JaBas 6bI MaM HeGOJBIIOE YHCIO
JMHUHE H3JIyYeHHs, WJIH OHH BOBCE OTCYTCTBOBaJH OHI,
a UMeeM [HeJI0 C MACCHBHBIM ra30BbIM 06JaKOM, HATPETHIM
no temnepatypsl cBbimie 10 000°K. MmeHHO Takue Temie-
paTypel Ha6aI0ZA0TCA B SAPKHX Tras3oBbIX TYMAHHOCTAX
B mpegesax Hameil co6cTBeHHOM IanakTuku.

Ho eme 6osiee M0GONBITHO TO, 4T0 Couaumx u Mer-
ThIOC OOHapyxuau myTeM (dorossekTpudeckux Habmone-
Huii: cser, ucxogamuit or 3C 48, usmenser cpBow fAp-
kocte Ha 30% B TeueHue ropa. Crapeie ¢Qororpaduun
ob6cepBaTopuu I'apBapACKOro yHHBepcHUTeTa, IePeCMOTPEH-
Hele Xoddaeitr u Cmurom (Mensckuilt yHupepcurer), mo3-
BOJIMJIM YCTAHOBHMThL AHAJOTHYHBEIE JOJIONEPUOAHBIE Ba-
puanuu sproctd Kak y 3C 48, rak u y 3C 273; He MCKIIO-
YeHO, YTO HEKOTOpbleé BCIBIIKH SAPKOCTH  UMEIOT
IIPOAOJIKUTENBHOCTh B IpefieslaX MecsIlia.

Takue Bapuanuu 6bLI0 6bl HETPYAHO OOBACHHUTH, €CIH
6nl 3C 48 u 3C 273 6piM NPOCTHIMHA 3Be3JaMH, HO €CJIU
3TH 00'beKTHl MMEIOT Pa3MepHl B HECKOJIBKO THICHAY CBeETO-
BbIX JIeT, TPYAHO NOHATH, KAK MOXKeT IpousoiiTn obuiee
yBeJuuYeHHe SPKOCTH 38 KPOXOTHYIO JOJIO TOrO BPeMeHH,
KOTOpOe HeoOXOAMMO CBETY AJs paclpocTpaHeHUs OT Of-
HOro Kpasi o6bexTa Ho Apyroro. MHBIMHU ciloBaMH, HEBO3-
MOYKHO OGBLACHUTHL peryJdapHhle H3MeHeHMs ApPKocTH 6e3
Kakoro-1ubo HMMIYJbCHOTO IlepelaBaeMOro CHrHajia; HO
TAKOH CHrHAJ He MO’KeT NepefaBaThcd CO CKOPOCTHIO,
6onsmeii ckopocTu cseta. IIpeAnonoxkenue o ToM, 4TO Ba-
pHAIlUM APKOCTH MOTYT BO3SHHKHYTh H3-3a CaydaifHRIX
bayKTyauuit SPKOCTH HeGOJBIINX OTAENLHBIX KOMIIOHEHT,
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6s110 paccmorpeno LlIMuzrom u NIPH3HAHO HENPUTOAHBIM.
Ecnu 651 B cBepxaBesge CYUIEeCTBOBAJIO CBBIIIE HECKOJILKHX
COTEH XaOTHYHO NYJbCHPYIOIIMX KOMIOHEHT, UX UHAUBU-
AYyaJIbHble KoJe6aHUA APKOCTH YCPeXHSAMCH GBI U HUKOTa
He Mornu 6bl BHI3BATE 3HAYMTENBHOTO yBeIMYEHHS APKO-
CTH BcCeil cBepx3Be3Zbl. OJHAKO ecau baykTyupyonux
KOMIIOHEHT OKOJIO COTHH — ABYX, TO K&XJasd U3 HUX ROJI-
*Ha Obla GBI MMeTh APKOCTH OT OZHON AECATOR X0 OXHOM
NATON APKOCTH HOPMAJBLHON ranakTuku. Cam daxr cyue-
CTBOBAHUSA TaKHUX HEOOLIYHBIX OOBEKTOB BLIZBAJ GbI 3HA-
UUTEJBHO GOJIbLIE TEOPeTHYECKHMX NMpobJieM, YeM MO3BOJIHII
6B pa3spemrure.

Bosspamascs k paguonsnyuenuo 3C 48 u 3C 273, Ml
OGHapyXHBaeM HOBBIe 3arafK{, MOMHMO TeX, KOTOphIe
CBA3AHBI CO BCEMH CWJIBHBIMH PaAHOMCTOYHHMKAMU. Coenas
Onpe/ieJieHHble MPEeANONOKEHUA, B YaCTHOCTH, CUYMTAdA,
UTO 3TH OOBEKThHl UMEIOT PA3MEPH OKOJO BO3MOMKHOIO
BEPXHEro mnpejeJsia, MOXXHO YCTAHOBHTB, YTO IIOJIHAS 3Hep-
A MArHUTHOro I0JIA CBEPX3Be3J MOKeT COCTABIATHL OT
10% no 108 spz. U3 aToit aHepruu npumepHo 10%2 apz B rox
YXOIUT B NMPOCTPAHCTBO B POPME CHHXPOTPOHHOIO HuaJyde-
HuA. Ho u3 aroro cieayer, 4To MakcuMmaasuoe BpeMS XK U3-
HH CBepxX3Be3Jbl 3aKJIOYEHO B Npeaeaax or 104 o 108 jper.
A TIOCKOJILKY COBEPIIEHHO SCHO, YTO BOBCe He BCA MardmuT-
Has SHeprus MoxeT OBITH INpeBpaleHa B u3JIydeHHe,
BEDXHMH mnpele)] BPeMEeHHM KM3HHM yMeHbIIaeTcH o
10°—107 ner. C ToukM B3peHus BpeMeHHOro wMacmraba
Beenennoit (13 Muannapnos JIeT) CBepX3Be3ABl BechMa He-
AOJITOBEYHEL. ITO OGCTOATENBCTBO NO3BOJIAET, MeXKJy Hpo-
4UM, O0BACHNTH, OYEMY CBePX3Be3J TAK MAJIo u noyemMy
HX OOHApYKHBAIOT TaK PeIKO.

O6BsicHeHHe TIPUPOABI DTUX 3araloyHbiX O06BbEeKTOB
! 6bl10 mpegsoskeno IIMuatom u muoio. B AelCTBUTENLHO-
CTH OHH MOTYT OKa3aTbCA 3HAYUTENBHO 6OJiee yAMBUTEND-
HBIMH, 4YeM HaM 3ro cefiuac Kaxkerca. H mosmomio cebe
M3JIOKUTE HEKOTOPhle INpeABApUTeNbHble COOOpaXKeHNs.
Corsacuo namemy ananuay, auametp 3C 48 moskeTr 3aKIIO-
4aTeca B npegenax ot 1 go 6000 cBeroshix ser, a ero mon-
Hasg macca — or 10* go 10® cosneunrrx macc. Auanormy-
HBIA aHanus Auas o6bekta 3C 273 pgaer pasmepel ot 6 go
6000 cBetoBnIX seT, a mMaccy 106—10!0 COJIHEUHBIX.
Y MeHA co3zasock Takoe BIIeYaTJ]eHHe, uto o6mert 3C 48
KpynHee, crapile U MeHee APOK, 4em 3C 273, rak uro mna
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3C 48 nyumie MpUHUMATE BepPXHUe 3HaA4YeHUsA pajuyca M
maccel. Cnexkrp 3C 48 HamoMMHaeT CHeKTp IJlaHeTapHOH
TYMaHHOCTH BOJM3M OYEHb ropAdeil 3Be3Abl, TOrAAa Kak
criektp 3C 273 npeacraBasaerca 6osee aHoMaabHBIM. OfHA-
KO B ob6oux caydasX MOKHO AYMATh, YTO JUHUH U3JTyde-
HUA BO3BHMKAIOT B OTPOMHBLIX Maccax B BbICLIeH CTeIeHHU
MOHM30BAHHOTO rasa. MCTOYHHK HMOHM3AI MU 3THUX THUraHT-
CKUX ras3oBBIX 00JAaKOB HeU3BECTEH, HO OH, IIO-BUAMMOMY,
He sBJseTcs 3Be3ZHBIM. HUKaKUX 3aKg0OueHUt 06 U30BIT-
Ke OTAeJIbHBIX BJEMEHTOB B 3TOM rase CcjeJaTh HeJNb3d;
colepaHye 3JeMeHTOB IIpeJCTaBIseTCs HOPMAaJBLHBIM, 34
UCKJIIOUeHUeM HeJoCcTaTKa Bojopoxa B 3C 48.

B xauyecrBe KOHKDeTHOH Mojenu (KoTopasi 3aBefoOMO
He oObAcHsAeT Bapuauuil O0jecka) MOKHO TNpPeACTABUTH
cebe cBepx3Be3Aly Kak B0o30yikJeHHOe ra3oBoe ob6jako Aua-
metpom 600 cBeTOBBIX JeT ¢ Maccoit 10° cosmHeyHBIX Mace.
B Hacrofulee BpeMs KaXXeTcs BeChbMa BEPOATHBLIM, 4TO
MCTOUYHUKOM JHepruM CBepxX3Be3Abl MOryT ObITH TI'pPaH-
GUO3HbIe B3PBIBbI, BBICBOOOKAaIOIINE AUb0 sSAepHYIO, 160
rpaBHTALIMOHHYIO 9Hepruio. CoBeplIeHHO He SCHO, BXOZAAT
J¥ B COCTAB CBepX3Be3f OObIuHble 3Be3[Abl WUJM HeT. Ecanu
ras pasjeraercs co ckopocTrio 1000 Km/cex, To nad LOCTH-
JKeHUsA HabaofaeMbIX Pa3MepPoOB CBepx3Be3fll HeoOXOAUMO
spemsa 100 000 ser. Ilonnas sHeprus, BblAedsieMas IIPH
B3pBIBe, cocraBasana 661 10%-—10° apez, uro numb HeMHO-
ruMm GoJibllle KHHETHYECKOH DHeprud pasjiera B HacTodAllee
BpeMs. Ecau B3pBIB HOCHJI SJlePHBI XapaKTep, TO OH TIO-
TpeGoBas Obl IPUCYTCTBHA BOJAOPOKA B KOJIUYECTBe
107—10% conueunsix macc. . Bepbumx (KanudopHuii-
CKUH YHHBEPCHTET) BBICKa3aJ NpPel0oNOoxeHue, 4To OBICT-
poe BbIJeJeHHe CTONb TDAHAUOBHBIX KOJIUYECTB IHEPIruH
MOJKeT ITPOM30MTH 3a CUeT LeMHONH peaKHUU B3PbIBOB CBEPX-
HOBBIX 3Be3]l, PACIOJOYKEHHEIX B <«I'yCTO HACEJeHHBIX»
3Be3faMu ob0jacTaX TrajJaKTHKU. [[pyras BO3MOXHOCTh
ykasaHa Xoitom u PaynepoM: HYKHOe KOJHYIECTBO
SHEPrHH MOJKeT BbIAEJIUTHCHA IPH M'PAaBUTAIIMOHHOM KOJIJan-
ce oTHenbHO 3Be3gbl ¢ Maccoil 10° conneunsix macc. Ha-
suuue BpI6poca y 3C 273 cBujeresnscTByer B IOJIB3Y TOTO,
YTO XapaKTepHO# OCOGEHHOCTBIO B3phiBa OblN BBHIGPOC HeE-
GONBLIOrO0 KOJWYEeCTBa BEUIECTBA CO CKOPOCTHIO, OJM3KOH
K CBETOBOIi, TOra KaK 3HAYUTEJIbHO GoJblIas NOJs Bellle-
crBa (o6pasyoouias LEeHTPaJbHYI0 KOMIIOHEHTY) ABMUTajlach
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VAR

CO CKOPOCTEIO, COCTABJSBIIEH BCEro JHMINL OKOJO TPETH
CKOPOCTH cBeTa.

B uyactHocTH, y cBepx3Beaan 3C 273 naubosee 6bicTpO
ABHIKYIIASCA KOMIOHEHTa — BRIGpOC — maer BKjax B pa-
AMOH3IydYeHHe B JeCATb pa3 Goiblne, yeM ueHTpasbHAS
KOMITOHEHTA.

He’l‘ HUKAKHX NpAMBIX AaHHBIX, onponepralomnx HJIH
TIOATBEpkAA0IUX runore3y Bepbumka o mMHorokpatumix
B3phIBaX CBePXHOBHIX 3Be3l. Ilogo6Has uennas peakuus
B3PBIBOB CBEPXHOBHIX MOrJIa OhI OKAa3aTLCA BO3MOIKHOM
B CBEPXIUIOTHOM siipé MHFAHTCKOM 3JUIMNTHYECKOH raJiak-
THKH, ¥ KOTOPOH PACCTOAHHMSA MEKAY COCeAHHMHM 3Be3NaMU
COCTaBJAIOT BCero JHUIIb HEeCKOJIBKO CBETOBBIX MecAlleB.
Ecau cepaneBuna ranaktuku COZEPIKHUT 3Be3Abl TAKOTO
BOo3pacTa, KOrja OHH NOCTHTalOT KPMTHYECKOH CTAaAHM 3BO-
JIIOLHH, TO B3PLIB OXHOM U3 3Be3fl MOXeT BO36YAUTH B3PBIB
ocTaJbHHIX. OFHAKO Y UBBECTHHIX 06LeKTOB dakTHYecKasa
HACEJICHHOCTh M TOJIHAA MAcCCa NEeHTPANBLHEIX o6iacreit,
HO'BHJIHMOMV, HeAOCTATOYHBI, 4YTO I‘OBOpHT He B IIOJB3Y
rHnoTe3bl Bepbupaxka.

Tunoresa Xoiina — Paynepa eme B MeHbHIelH cTemeHu
OIIpaBAaHa, IOTOMY YTO COBEPIIEHHO He M3BECTHO, KAK MO-
xer obpasoBaThCs 3Be3fia ¢ MAcCOH B 10° coNHEUHBIX
mace. Ilonnaa macca MeX3Be3ZHOro rasa, 3aKIIOYEHHOrO
BO Bceil Hameif FanakTuKe, HeMHOrUM Gosbine 10° conneu-
HBIX Macc, a Halla cuupanbHas ManaxkTuka 6orata mesk3se-
3AHBIM ra3oM. ¥ 3JIJITUITHYECKON ranakTUKu Macca Mex-
3BE3JHOr0 ra3a O4YeHb PeAKO npesnimaer 10° CONHEYHBIX
Macc. B 6oicTpo Bpalalomuxces CIMPpaJILHBIX CHCTeMaX ras

'06H82I88T HaCTOJBKO 3HAYMTEJNBHEIM MOMEHTOM KOJIn4YecCT-

Ba ABHXKEHUHA, YTO TPYAHO NpeACTAaBUTL cebe, Kak ras
¢ Maccoit B 103 conHeyHEIX Macc Moxker cobpaThcs B eau-
HEIH 00BeKT. YcnoBMsA, HeOGXOLUMBIe IJs  TOro, 4TOObI
Takad Gonbias mMacca rasa Moraa cobparbes BOEUHO, eiBa
JHX MoryT OwiTh O6GeclneueHH! B Ipefenax Kakoii-nu6o ra-
JAKTHUKH. .

Oxnoit u3 obnacreit, rxe Moryr cobpaTsest  Gosbiine
MAacChl rasa, ABJAETCA MEXXTaJaKTHYECKOe NMPOCTPAHCTEO.
IInoTHOCTE ra3a TamM MoskeT 6nITh OTHOCHUTENBHO BBICOKOI
(ckaxceM, OAMH ATOM HAa MMJIIMOH KyOHYecKHX caHTHUMeT-
POB), HO Ipu 3TOM ra3 ocraercs HeHabaOZaeMbIM U He
Bruser Ha pacurupenue Beenenmoit. K tomy xe pe3ynmb-
TUPYIOINMA MOMEHT KOJHYECTBA IBHKEHUS B MIPOTSKeH-
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HbIX 06JaCTAX MOXKeT B CDeJHEeM MMeTh OYeHb He0OoJIBIIYIO
BeJINUMHY. EcCaM NPHUHATL MEXKTraJaKTHYeCKyl0 TMIoTe3y,
TO CBepX3Be3fikl He MOTYT HMeTh 3BOJIOLIMOHHOIO POACTBA
C PMTFaHTCKMMH DaJHOrajJJaKTMKAMH, XOTS TAKAS BO3MOJXK-
HOCTH NOACKAa3bIBaeTcH APYrumMu jgaHHeimu, C ofHO#M cTo-
POHEBI, CBepX3Be3[bl MeHbIlle, YeM pPaJUOTaJIAKTHKH, &
¢ Apyroii — 061aal0T MeHBIINM 3amacoM dHepruu. Ecau
6Bl cBepx3Be3/hl NPEACTABAANM co60if paHHIOI CTajguIo
3BOJIONMH KPYIHBIX PafMOrajlaKTHK, clefloBajo Obl OXKH-
AaTh HaJUu4Yusa B HUX GoJibIIell 3Hepruw.

Ho kax 6l TO HU OBLIO, MBI CTOJIKHYJHCH C CAMBIM
3arafloYHbBiM BHIOM ACTPOHOMHYecKMX o6bekToB. 4TO
TauT B cebe uX 3arajoyHblii OJieCK — KaKue-TO HOBBIE
HeH3BeCTHBIe HAM (DyHAAMeHTajJbHbIe NpoliecChl UM, OBITH
MOXKeT, MPOCTO IIOKa HEeAOCTATOYHO Halmeil ¢aHTasuu ANA
MOHMMAHHUA UX NMPHUPOJABI — DTO TIOKaKkeT Gyayiee.




TPABUTAITMOHHBIN KOJIJIATIIC

X. 9y

3a uckIIOYeHHeM HeGOJBIIOrO YHCIA OCTATKOB CBEPX-
HOBBIX 3Be3/l, HAXOAAIIMXCA B Npefenax Hamei IaJakTu-
KH, GOJBIIMHCTBO KOCMHYECKHUX PAJHOUCTOYHHMKOB ABJSET-
cA «paguoranaxTuramMu». XOTd BCIOBIXUBAIOIIHE 3Be3AbI
BPEMEHaMH HCIYCKAIOT PafAHMOH3NydYeHUe, He OhLIO O6HA-
Py¥eHO HHM OAHON OOBIUYHON 3Be3AKl, obnajzalomieil CUJIb-
HBIM YCTOMYHBBIM pagUOU3IydYeHHeM. MoIHOCTE onmTHYe-
CKOT0 M3Jy4YeHMsA 3Be3]] OOGLIYHO 3aKJIOueHa B Tpejenax
oT 10% spz/cex (6ennie xapauku) ao 10° spz/cex (cBepx-
THTaHTH). 1A CpPABHEHMS YKaKeM, 4TO MOILLHOCTH OITH-
deckoro uanydenus Cosnua cocraBiasier 4 -103% apz/cex.
TunuyHAA MOIIHOCTH PAJHOMBNYYEHHS OCTATKA CBEPXHO-
Boit paBHa npumepHo 10%¢ spz/cex. Tna ruramrckoii ra-
NaKTHKH, cocToAIlel npubausurensHo us 10'1—10!2 3pean,
¢ moaHoii wmaccoit oxoso 10! MG (ME =2-10% 2z —
Macca CoJsHIa) ONTHYeCKAS  MOIIHOCTH  JOCTHTaeT
10% 3pz/cex. PaauoussydeHue HOPMAJNHHON TraJIAKTH-
KH, BooOme roBops, cnabee, ero MOIIHOCTL JEXXKHUT
B npefenax or 10% go 103° apz/cex. Ana nexoTopeix oco-
6eHHBIX raJaxkTHK, TAaK HA3LIBAEMBIX ¢DaJMOTATAKTHK»,
9Ta uUdpa 3HAYMTESBHO BhHIIIE; MOIIHOCTL UX PAJUOU3IY-
yenna 104 —10%5 apz/cex.

Oanako, Hauunaa ¢ 1960 r., 66 o6HApYKeHBI YVIH-
BUTeJbHbIe OOGBEKTHl COBEPIIEHHO HHOTO pOJa — CBepX-
3Be3/(Ll ; UMEHHO OHM GBI B IIeHTPe BHUMAHUS Ha Mexay
HADOAHOM CHMIIO3HYMe II0 IPaBHTALMOHHOMY KOJJAICY.
Hx mommocTs B pafKOAHANIA30HE DAaBHA I[PUMEPHO
10** 3pz/cex, a MOWHOCTL B  ONTHYECKOM AMATIA30HE —
okono 10 apz/cex; 3Ta ONTHYECKAs MOUIHOCTH B CTO pas
HIpeBHIIAET NOJHYIO MOUIHOCTL H3NYYEHHH T'HraHTCKOM
ranaktuku. K HacrodlueMy BpeMeHM H3BECTHO IeBATH

3*
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Takux o6bextos. Ha doTonmacTuHKax sTu HeoOBIUHBIE pa-
JAUOMCTOYHMKH BHINISAAT KaK 3Be3Abl, 4 ¥ OQHOr0 U3 HUX
OGHADYKHMBAIOTCA HEYCTOMYHMBBIe BapHalUi APKOCTHU C Of-
HHM IIepHOJOM OKOJO roja M ApYrumMm, Gojiee mMpOAOJIKH-
TeNbHBIM, IIEPHOJOM OKOJIO mecATH JeT. CamMble CKPOMHBIE
OlLIeHKH ITIOJIHO# dHEPrUH, 3aKJII0YEHHOH B KaXKJAOM M3 3THX
00bekTOB (B BHJEe KHHETHYECKON DHepPrud 3JIEKTPOHOB,
obnragaromux sHeprueit ~ 1 B3s), galoT KaKk MHUHHMYM
10% 3pz; ara BeAWYMHA DABHA YHEPrHM IOKOS NPHMEPHO
108 comnn !.

fAsnsaiorcss U cBepX3Be3AH 3Be3gamu? O6inenpuHATAS
TEOpHUS CTPOEHUsI 3Be3J He [OIyCKaeT CYIeCTBOBAHUA
3Be3n ¢ Maccoil, mpeBsnuawpmeii 100 M3. Ecau wmacca
3Be3bl NpeBHIIaeT YKAa3aHHBIA Ipefes, TO B Hell mpeoba-
JaeT AaBieHHe U3JAYYEHHS, U B CHJIY TePMOJAHMHAMHYECKUX
ocobeHHOCTell M3JIyYeHUSI B TAKHMX 3Be3iaX BO3HUKAIOT
nyiapcaluu Gonpuioll aMnauryael. B pesaynbpraTe myJbca-
1A yacTh Maccel 6yJer BeIGpomeHa u3 3Be3Anl, 1 obias
Macca 3Be3Abl yMeHbIIUTCA. MoKeT OBHITH, CBepX3Be3Jbl
asnsgiorea ramaktukaMu? Ho umx yrioBele pasmephl OKa-
aniBalorcss MeHblle 07,5, Torga Kak OOBIYHBIE TAJAKTHKH
HA COOTBETCTBYIOLIMX DACCTOAHHUAX (ompefesnseMbIX IO
KPACHOMY CMeIleHHUIO) AOJIKHEI WMeTh YIrJOBhie pa3dMepsl
nopsaaka 3”. Bapuauuu APKOCTH CPa3y HMCKJIOYAIOT ITpej-
IOJIOXKEeHUEe O TOM, UYTO CBEPX3Be3Jbl — 3TO raJTaKTHKH,
MOTOMY 4YTO y ralakTHK He Habmofaercs u3MeHeHHH
SADKOCTH. -

ITockoJabKYy HNPHPOAA 3TUX OG'BEKTOB MMOKA COBEPLIEHHO
HeACHA, AOBOJHHO TPYAHO NPHAYMATH AJA HHUX KOPOTKOE
Ha3BaHWe, B KOTOPOM OTpa’kajiuck 6Bl X caMble CyulecT-
BeHHBIe cBoiicTBa. MBI OyJieM HA3HIBATH X CBEPX3Be3ZaMU.

Meicap 0 TOM, 4YTO claeAyer cobpaTs KoHbepeHIHIOo,
[IOCBAILIEHHYI0 TI'DABHTAIMOHHOMY KOJJIANICY, BO3HHUKJA
Iocje TOro, Kak OblI OOHADYXKEH KOJOCCANBbHEIA dHepre-
THYECKUH BBIXOJ CBEPX3Be3J M BLIABMHYTA TEOPHUA rpaBH-
TAI[MOHHOTO KOJIIAICca ANsA OOBACHEeHHS 3TOro aHOMAJIBHO
BBICOKOTO BhIXoja 3Hepruu (Xoitn u Paynep). K momeHTy
OTKDHITHA CHMMIIO3UyMa IepBOHAvYaJbHafA ruUmoTe3a Xonaa
u @ayrepa (0 KoTopoil pacckasana Mapraper Bepbnax)
yske Gplia ocTaBjieHA M 3aMeHeHa IHUIOTe30H, O KOTOPOW

! Dueprua mokosa Comuna pasHa E=M(Q ¢ rae MO — macea
Conmuua, a ¢ — ckopocTh cBera. — IIpum. nepee.
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pedb moiAer HUMKe.BBlIM Takke mosyuens HoBble HaGIIIO-
AaTeJIbHble JaHHbIE, KOTOPbIe TOMKe ObIIM IpeACcTaBJIeHEBl HA
KOH(epeH1MI0. Be3 0co0bIX onaceHuii MoxHO cKas3aThb, 4TO
B HacTosillee BpeMdA Mbl ellle He NOHMMaeM HHM Quaude-
CKOr0 MexaHHM3Ma BbIfeJIeHUS DHEPIMM B CBepPX3Be3fax, HU
HMX BHYTPEHHEro CTPOeHHS.

IlpeBpamieHne BOAOPOAA B THAXKeJble BJIEMEHTHI ofec-
lleduBaeT BBIXOJ 3HepruH, cocraBadgomuit 1% sueprum
oxos Bemlecrsa. Ecau GbI MCTOUHHK dHeprum cBepX3Be3f
ObLI Obl AJEPHEIM IO CBOEHl NPUPOAE, HYKHO 6BIIO 6bl
Maccy 10° M BogopoAa «coxeub» 3a Bpems okouo 108 ser.
OnHako MayOBepOSATHO, YTO MOMKHO PABHOMEPHO BBICBO-
GoXXIaTh ANEpHYIO YHEPTHIO 38 CTOJbL GOJBLION IIPOMEKY-
TOK BpemeHH. Kpome TOro, sizepneie peakuuu, Kkak mnpa-
BHJIO, HAYT BO BHYTPEHHHMX O6JacTAX 3Besf; BHICBOGOXK-
AeHHAd 3Hepruss OyZAeT TIOCTENEHHO <«IIPOCAYMBATHLCH»
Hapy’y U B KOHIle KOHI[OB IPOABUTCA KAK TENJIOBOE WU3JY-
UeHHe a6COMIOTHO YEPHOTO TeJla C MAKCHMYMOM M3JIy4YeHHs
npu sHepruu 2 36. KakuM 006pa3soM MOKHO IOBBICHTH
SHEPTru10 3JIEKTPOHOB OT HECKOJBKHUX 96 JO HECKOJMbKMX
MIJIIMAPAOB 96, He HApyLIas BTOPOTO HAYaja TepMOAUHA-
Muku? Ecnu ucrmons3oBaTe Zaxe cambri BEIFOAHBIA Tep-
MOAMHAMHUYECKHUH IIHKJI, TO IOTPe6YeTCS HCTOUYHMK ARepHON
9HEPruM C 3aMACOM SHEPrHHM Ha MHOrO NOPHAKOB GOJbIIE.
IlosTomy y Hac ocraercss eIMHCTBEHHBIH HCTOWHHK 3Hep-
PMH, KOTODBI MOXKET 4YTO-TO J[aTh: TrpaBUTALMOHHAS
sHeprud. Buarogaps udumcro#t cnyvaiinocru rpaBUTAIHOH-
HOe roJie oKa3nBaeTcA CAMBIM CAal6bIM 1oJeM B mpupOAe,
HO BMeCTe C TeM 9TO eAMHCTBEHHOE II0Jie, KOTOPOe II03BO-
JseT (Mo KpaiiHeii Mepe TEeOPeTUYEeCKH) Wu3BJeYb [0
8/y sHeprum mokos BeluiecTBa.

ITocse aToro KpaTkoro BBeZeHHS s TepexoXKy K HU3J0-
KEHHIO OTAEJbHBIX DAbOT, NpEACTAaBIEHHBLIX HA CHMIIO-
3UYMe; I CBABHOCTH H3JIOXKEHUS NOKAAABI GYAyT H3ja-
TaTbCA He B NOPSAKe CJIEJOBAHHUA, & B MX JOTHYECKOM
CBSA3H,

OnuceiBas obuiue cBoiicTBa PagHOHUCTOYHHKOB, Mer-
Thioc  (Kasudopuuiickuit TexHOIOrHUecKuit WHCTUTYT)
yKasaj, 4YTO paguou3ayueHHe HOPMAJbHEIX raJaKTHK 3HA-
UHTENBHO ciabee MX U3NAYYEHUS B ONTHYECKOH O61aCTH.
Nx paguomomnocTs  cocraBiser npumepuo 10%—
10% apz/cex, a onTuveckas MOIHOCTH—o0KOIO0 101 apz/cek.
Jlums HeMHoOrue oco6GeHHBIE CIHPANBHbBIE TaJaKTHKH MoO-
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Puc. 1. CoaorHOumIeHHe MEXAY Aa6CONMOTHHMM pajuo- H ¢dotorpadu-
GeCKWMY BeIHUMHAMM TaJaKTHK M cBepxdpe3i. AGcomoTHasd pajpuo-
penmuMna M, ompepensercs dopmymoir M, = — 54,1 —2,56 1g$,
rie S — MOIIHOSTH PajMOM3NYYEHUHA B BATTAX Ha CEKYHAY Ha eJaH-
HUYHBIH UHTEpPBAJ CNeKTPaJIbHOM IMOJIOCH HA YacToTe 400 Mzy (Kpyx-
kH); B HeGONBIIOM YHCJIE HOPMAJBHBIX FaNaKTHK S omnpezensercs Ha
yacrotre 100 Mzy (xpecturn). Bexnuuna 0 omnpeaenser OTHOUIEHHE
MOLIHOCTH pAAMOH3IYYEHUS K MOIIHOCTH ONTHHIECKOTo M3NYyYEeHHH ;
3T0 OTHOWIEHME MPUHATO 38 EAMHHUIY B HODMAJNBHOH rajJaKTHKe. Y apy-
rHX pa8AMOTAJAKTHK 3TO OTHOIIEHHEe AOXOAMT J0 104, Csepx3Be3AbI
3C 273 u 3C 218 HaxomaTcs B Toit uacTH rpaduka, rie HUKAKUX ra-
MaKTHK Her. PaccTOSHMS ZBYX APYyrux csepx3sean (3C 286 u 3C 196)
He ompejeNeHBl, M MX BO3MOJKHHE MOJOXKEHUA Ha rpaduke yKasaHul
MYHKTHPHBIMH JIMHUSIMH,



TYT UMETh MOLIHOCTb PaauousnydeHus go 10 apz/cex.
CunbHble paguoraJakTHKH C MoutHocTeio 104 —10% apz/cex
HauGoslee 4aCTO BCTPEYAIOTCH CPeAHM TAK HA3LIBAEMBIX
D-cucrem. Dro — ranakruku c Ype3BLIYAWHO SADKUM sAfA-
poM (ramakruxu CeiidepTa). Hexoropeie cuapubie uerou-
HUKHM GBIIM OTOXKJAECTBJEHBI TAKXKE ¢ BIIHITHYECKUMH
raJakTHKamMyu. MOWHOCTL ONTHYECKOTO M3NMyYeHUS CBepx-
3Be3x cocrasaser okono 10'° apz/cex, a mommocty ux pa-
AMOM3Ny4YeHUA paBHa NpubausurensHo 10* spz/cex (cm.
puc. 1, Ha KOTOPOM NpUBeNeHbI rpaduUKu paxuo- u doro-
BeJIMYHMH rajJakKTUK U CBePX3Besf). ,

Ha ceropusmuuit KeHb. OTOMKIECTBIEHO ZeBATH CBepX-
3Be3x M3 BceX 00BekTOB, BXOAAIIMX B IepecMOTPEHHbIH
Tperuit xkem6pumkckuiit kKaTajor (8C); B mero BxoauT
OK0JI0 470 pagHOHCTOYHHKOB, npuieM MHOTHEe M3 HHUX [0
CMX IIOp He OTOKJECTBJIEHbI ONTHYECKM.

Hnsa ucenexosanus Gopmsi HEKOTOPHIX CHJIbLHBLIX CBEepPX-
3Be3J| cCHayaJja ObIIM HCIOJb30BAHEBI pPaguonHTepdepomer-
PHI ¢ yrioBeIM paspeuieHueM B 1”7, Dror MeTOJ MO3BOJSET
TaKXXe C AOCTATOYHON TOYHOCTBIO ONpeAesATh ITOIOXKEHHUe
9TUX HCTOYHUKOB. Takasi pa6ora 6bLia IpoBeZleHa B OC-
HOBHOM MAaHYeCcTepPCKO# Ipymnoid u rpynmoi Kanudop-
HUICKOr0 TeXHOJIOrHYECKOro UHCTUTYTA. B Touke, coort-
BETCTBYIOIUEH paJHONONOMKEHHIO HCTOYHHKa 3C 48, Ha
dortorpaduueckoil NMIacTHHKe 6bin O6HapyxeH 06BeKT,
HanmoMuHawoWui 3Be3Ny 16-# Bernunnwr (16™). Dra «apes-
Aa» Oblla OKpyKeHa TYMAHHOCTBIO pa3mepom 5X12”;
TYMaHHOCTE He Gblla NOXO03KA HH HA OJHY U3 MIBECTHLIX
rajaktTuk (puc. 2).

IIpumepHo B TO Ke Bpems HabJI0KaMNCh MOKPHITHA
paanoucrounuka 3C 273 JIyHoit; atu Habmoxenus 6Gulau
[IpOBeJleHEl IPYyNNod aBCTPANMHCKHX HccaegoBaTesneii. Ta- .
KO MeTox HaG/II0feHHUS NI03BOJHI NPOUIBECTH ONTUYECKOoe
oroxnaectBiaernne 3C 273. Ilpu nokpeiTuu JlyHoi#t paguouc-
TOYMHHMKA BO3HUKaeT AM(PPAKIMOHHAN KAPTHHA, N0 KOTOPOL
MOSKHO CYAMTB O IOJNOXKeHUH, GOpMe M pasMepax 3TOro
ucrounuka. Ha pue. 3 npexcrapnennr HEKOTOpble AudpPaK-
UHOHHbBIEe KAPTHHBI, MTOJNIyYeHHBle mpu mokpuituu 3C 273.
B uacrHocTH, HeTpyaHO O6HADYXHTH, sBNETCS JIX UCTOYU-
HHUK IIPOTSKeHHBIM. BeliIo HaligeHo, uro 3C 273 COCTOUT U3
ABYX MCTOYHHMKOB — A M B; OoHHM orcroaT zApyr or Apyra Ha
19”,5 (cM. puc. 4). KommoHeHTa B umeer $dopmy 4YyTh BhITS-
HYTOTO 3JJIMIICa M B YeTbIpe pa3a clabee KOMITOHEHTHI A.
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Puc 2. Momauuuasa oororpadus 3C 48 (8 npaBOM BepXHeM YyTray

cBepx3Be3ja MOKa3aHa B yBeJIHYEHHOM Bupe). O6BEKTH D u B saB-

JASIOTCH 3Be3faMHM CPABHEHHS, IO KOTOPHIM ONPERENAIT APKOCTD
3C 48. Cnabas TyMAHHOCTb BUAHA OYEHbL IJIOXO.

Ucnonpays 200-A10iMOBBIH TeJIeCKOTI, Couangx (obcepBa-
topus MayHT Buicon u MayuT Ilanomap) moayuua ¢oTo-
rpadun, KoTopble MOKA3bIBAIOT, YTO B MECTe, COOTBeT-
CTBYIOIIleM TOJIOXKEHUIO PaJHOUCTOYHHKA A, HaxoaurcH
TyMaHHOCTL B ¢opme BeI6poca, NpOCTHpAKIasca OT
aBeagoobpasHoro o6beKTa 13™, tunm xoropoit 611 HA3BAH
xommoHeHToii B. Oxna u3 ¢ororpaduit CoHaugKa NpuUBe-
JAeHa Ha pucC. d.
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Boin monyyen paguocnekTp 00eMX KOMIIOHEHT MCTOY-
Huka 3C 273 u cnekrp 3C 48. B o6miux yeprax MexaHU3M
paZHOM3JIYYeHUA U NPHPOJAA PaJHOCIEKTpa MOT'YyT OBITh
IIOSICHEHBI cieAyiomuM obpaszom. OnTudecKoe H3IydeHHE
3Be3], U TYMaHHOCTeH ollpejendercd FJIaBHBIM 06pazom
MOHAMU, BO36YXKIEeHHBIMH TEIJIOBBIM ABH)KeHHeM. CIek-
TPBI 3Be3J, ¥ TYMaHHOCTeH OoraTbl JUHUAMH H3JIy4eHHUS
U TIOIVIOUIEHUSI; KAaK IIPaBHJIO, 3TH CIEKTPLI COOTBeT-
CTBYIOT M3Jy4YeHHUIO aOCOJIOTHO YEePHOro Teja C MaKCHUMY-
MaMHi B HEKOTOPHIX AJMHAX BOJH B ONTUYEeCKOI o6JyacTi.
O6bluHble pagHOCIEKTPbl MOXKHO pa36uTh Ha [ABe KaTero-
PMU — COOTBETCTBYIOII[ME TEIJOBOMY HU3JIYYEHUIO M CHH-
XPOTPOHHOMY. B TelIOBOM CIIEKTPe WHTEeHCUBHOCTb, HPH-
XOAAIAsiCA HA eJUHUYHBIA HHTEPBaJ 4acTOT, PACTET B CTO-
poHy KopoTkux BoJiH. CIIEKTP 3TOro BuJa HAIMOMHHAET
CIICKTP JUTHHHOBOJIHOBOTO KOHIA TEIJIOBOTO U3JydeHUsd
abCoOIIOTHO YepHOr'o Teja; STUM U o0bACHAETCA ero Ha3Ba-
Hue. CKkopee Bcero, OHO BBI3bIBAETCA H3JIyUeHUEeM dJeK-
TPOHOB, BO3HHUKAIOUIMM, KOTAA BJIEKTPOH NPOXOAUT BOAU3U
HoHAa. B CUHXPOTPOHHOM CIIEKTPe MHTEHCUBHOCTH yObIBaeT
B CTOPOHY KOPOTKMX BOJIH, IPUYEM OOLIYHO MHTEHCUBHOCTD
Ha eJUHWYHBIA HHTEepBaJ 4YacTOT NPOIOPLMOHAJLHA VY %,
rAeV* —yacToTa, o — IOJIOMKUTEJbHOe YUCJI0, OOBIYHO 38&-
kaodeHHoe Mexay 0,3 u 1,2 (a1 60JBIIMHCTBA HCTOYHUKOB
oHo paBHo ~0,8).

TpaekTopuM 3JeKTPOHOB B MATHUTHOM II0Jie, KaK Ipa-
BUJIO, He IpsAMble JUHUU, & UCKPUBIeHHble. Ho 3J1eKTPOHBI,
ABUKYIL{HeCS II0 HUCKPUBJIEHHBIM TPAEKTOPUAM, HUCIBITHI-
BAaIOT YCKOPeHHe. ITH «yYCKOPsieMble» BJIEKTPOHbI H3IY4YaloT
MONAPU30BAHHBIE DJIEKTPOMArHUTHBIE BOJHBI T'JIABHBIM 00-
pasom B obJsacTu paguodacToT. Takoe usnyueHue OT MOHO-
SHepreTM4YeCKUX 3JeKTPOHOB BIEepBble HaGaIOLAJIOCEH B dJIe-
KTPOHHBIX CUHXPOTPOHAX; OTCIOJla U BOSHMKJIO Ha3BaHHe
aroro usznydyedus. O6bIuHO HaOIIOXAeMbIH CIIEKTP KOCMH-
YeCKHX JIyyedl uMeeT BU]

N (E)dE = E-*dE,

rae N(E)dE — morox 4YacTHI] B HHTepBaje sHepruii dE, a
k — moJoXKUTEeJBbHOE YHCJIO; [AJS KOCMHYECKHX YacCTHIL
BBICOKOI1 Hepruu R = 1,5. MOXHO IONYyCTUTH, YTO KOMIIO-
HeHTa KOCMHYeCKHUX Jydeii, MpeJcTaBJIeHHAA PeIATUBHCT-
CKUMH 3JIEKTPOHAMM, TAKKe IOAYMHIETCA 3TOMY 3aKOHY.
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Puc. 4. Cxema paauoucTounuka 3C273. CropoHml TpeyroJb-
HUKOB M3006paxaloT NOoJIOXKeHHS KpaeB JIyHn Bo BpeMs Io-
KpbiTHs. [IyHKTHPDHRIMH JIMHMSAMM [IOKa3aHa SKBHBaJICHTHad
IIHpMHA HCTOYHHKa Ha uactoTe 410 Mzy ans kaxjgoro U3 Tpex
MO3UIHOHHEIX YIJOB, OTMEYEeHHHIX HA cXeMe.

Torga MHTEeHCHBHOCTb CHHXPOTPOHHOTO H3JIy4YeHHf, OTHe-
CeHHasl K efMHUYHOMY HHTEDBAJy YACTOT, IIPONOPIHO-
HaJbHA Vv 7,

Paguocnexrp 3C 273, nmokasauubiit Ha puc. 6, cosgaer-
cA ABYMs UCTOYHUKAMHU A U B; ero MoHO pa3syjoXKHUTh HA
COCTaBAANONINE, KAK MOKa3aHO Ha rpaduxe. Takoe pasio-
JeHue OBIIO NMPOU3BELEHO BO BpeMs TOKPHITHA JIYHOI.
Cyaa mno Bcemy, CIEKTP KOMIOHEHTH A IpUHAAJIEKUT
CHHXPOTPOHHOMY THIIY, & CIeKTp B — TenmoBomy. OnHaxo
TaKasg HHTepnperTanud HAGIIOKAEMOro creKTpa KOMIIOHEH-
Tel B TpefyeTr TemmepaTypnl B HCTOYHHUKe nopagka 10°° K.
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Puc. 5 ®ororpabua 3C273. Buzen Bmibpoc, uc-

xoAAMil U3 3BeagoobpasHoro obbexTa. XOTA pac-

cTOfIHMe JO0 Hero CcoOCTaBJfer 1,8-10° cBeTOBHIX

ner, ero Jerko Ha0noAaTL uepes caMOAeJbHBIA

HrecTHAIOAMOBLI Teneckon (dororpadus Cangun-
sxa, Mayut Ilasmomap).

Crolp BLICOKAs TeMIlepaTypa IIPOTHBOPEYHUT BpeMeEHH
MU3HU, TOACYMTAHHOMY COTJIACHO COBPEMEHHOH TeopuH.
B ontuueckom crekrpe 3C 48 6bl10 HaiileHO HECKOJIBKO
JUHUH U3TyYeHUs, OAHAKO OJHOZHAYHOTO OTOXK/EeCTBJIe-
HUS BTHX JUHUI ¢ JMHUSIMH H3BeCTHbIX aTOMOB WJIH
MOHOB mpouaBectu He ynajock. Kpowme roro, T'puHCcTeHH
BBIACHMJI, UTO CIIEKTPbl HEKOTOPBIX caabbix CcBepX3Be3n
(3C 147, 3C 196, 3C 286), y KOTOPHIX TaKKe o6HapyKuBa-
oTca cnabple JUHUM M3JIYy4YeHHS, COBepIIEHHO He ITOXOXKH
Ha cnextp 3C 48.

M. IIIMUAT KCCAEeA0BAJ CIIEKTDP APKOro o6pexra 3C 273.
OH o6HapysKuJ 4YeThipe JUHUHM U3TYyYeHUusd, KOTopble obpa-
30BBLIBAJIM MPOCTYIO MAPMOHUYECKYIO IOC/eN0BATEIBHOCTD,
npuyem pacc'rosmuﬂ MeXAYy HUMHU U HNHTEeHCUBHOCTH y61>1-
BaJM TI0 HAMpaBJeHHI0 K yiabrpaduosery. ExuncrsenHad
BO3MOIKHAS MHTEpPIIPeTAlUs COCTOSNIA B TOM, 4TOOHI JOMY-
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Puc. 6. Pagnocnexrp 3C 273. Jluuus, NpoBefieHHAA uepe3

CBeTJbie KPYXXKH (KOMIOHEHTa B), nokasniBaer, xax MoOXKHO

MOROrHATEL 3TH AAHHBlE NOA TENJNOBOi crnektp. OAHAKO BCH

9Ta MHTEpNpeTALMs INpPeACTABAAETCA He CHMIIKOM NpABRO-
noxoGHOI.

CTMTH CYIIeCTBOBAHHNE KPACHOTO CMeIeHHs JMHHH AMA=~
=0,16, a 3a uzAYYaAIONIHIl BTEMEHT TNIDUHATH BOAOPOA (HY-
JKHO 6BLI0O AONMYCTUTHL 3HAYMUTENBHO GOJbIIee KpacHoe cMe-
IleHUe, ecTH B Ka4YeCTBe UBAYYAIOIIMX ATOMOB IPHHATH
Apyrue BopopoAonoao6ubie aTombr). Ecau npunare 3Ty HH-
TeprpeTanulo, To TMHUA Bogopoaa Ha cmecturcs or 6563 k

o

7590A B mHdpakpacHylo 4YacTb cmekTpa. B camom nene,
B. Oyk cymen 06HaApYIKHTb TAKYIO JHHUIO B uHbpakpacHoi
YyacTH cnekTpa. Kak BHIACHMJIOCH, CEKTpaJbHbie JIMHUH
APYTHX CBepPX3Be3Jl MOI'YT GBbITE TAKKe UHTepIPEeTHPOBAHBI
KaR pa3pelleHHble HJIH 3ANPeIleHHble JUHUH W3NYIeHHS
M3BECTHBIX ATOMOB C IIONPABKOif HA KPACHOE CMellleHHe.

B ceepxsgpesge 3C 48 nuauu H3nydyeHus GBIIM OTOXK-
AdecTBieHH Kak auHuH MgIl, a aanpemiessrle nuauyn — Kak
aunuu [OII], [NelII] u [NeIV]. Kpachoe cmemenue 3C 48
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cocrapager 0,37. COOTBETCTBYIOIIMEe CKOPOCTH (ecau MH-
TepIpeTHPOBATh KPACHOE CMellleHHe Kak IOTILJIEPOBCKUHI
apdext) ana 3C 273 u 3C 48 paBHHI COOTBETCTBEHHO 0,15¢
u 0,3c!. Ha puc. 7 npUBeAeHBl CIeKTPajibHble AaHHBIE
HEKOTODbIX CBepX3Be3J C YYeTOM HX KpacHOro cme-
LI[eH M.

Jlpyroit 0cO6eHHOCTBIO CBEPX3Be3J ABJNAETCA TO, HUTO
OHH OOHApPY’KMBAIOT AHOMAJBHO CHJIbHOe H3JyveHHe B
yAbTpaduoIeTOBOM YACTH CIIEKTPa Jaxke NPH KPacHBIX
cmemenusax AA/A=0,8. Mcrnonb3ys MeTOX CBETOQHIBTPOB,
Couaupsk ¥ Paity  yCHeNIHO BLIABUIU ellle HECKOJIBKO
ceepxaBesg (3C9, 3C 216, 3C 245) us rpynnb 06 BEKTOB C
H36LITKOM H3Jy4YeHHS B yJAbTpaduosere.

Moryr au CBepX3Be3[bl OKa3aTbCHA 3Be3JlAMHU Hamlei
TajakTHKH, YAAJAOIMMHECA OT Hac ¢ GOJBIIMMH CKOPO-
cramu? Taxkoe npeAnoJiOXKeHHe B BbIcIIell cTelleHUu MaJio-
BepOATHO. Bo-TiepBLIX, MOJIe TATOTeHUS Hame#l ['aJakKTUKH
He B COCTOSIHMM Y/JepiKaThb 3Be3fnl, obiagaioimue CKOpO-
cramu Gonbine 10—3c. Bo-BTOpHIX, cCOGCTBeHHOE JABHIKEHHE
(kaxylleecs mepeMellleHHe 3Be3JIbI OTHOCHUTEJIBHO 3Be3/,
o6pa3yolux HemmoABHKHBIH (POH) IpeACcTaBAANIOCH OBl HAM
BeChLMAa 3aMeTHBLIM II0 OTHOLIEHMIO K APYrUWM 3Be3JaM, HMe-
JOIIMM HAMHOI'O MeHbIlIHeé CKOPOCTH.

I>xeddpu (Becselickuil yHHBEPCUTET, KOHHEKTHKYT)
HcceAoBan COGCTBEHHOEe ABUIKEHME' 3C273. TIocKOJBKY
cepxaBeaga 3C 273 aocraToYHO ApKa, ee MOXKHO obnapy-
JKUTH HA MHOI'MX (OTOMJAaCTHHKaX HebecHOro maTpyis, Ha-
yunas ¢ 1888 r. I[IpoOHble IJIACTHHKH, IIOJy4YeHHBIE BO
MHOIHX 06CepBATOPUAX sC PA3JHYHBIMM = TeJeCKomaMu H
OXBaThIBAIOIME II0 BPEMEHM IOCJeAHUe ISATHAECAT JIeT,
GLIIH MCIONL3OBAHBI [JI YCTAHOBJIEHHS COGCTBEHHOTO
IBUKeHHMA. B kauecTBe CHCTEMBI OTCYeTa 66171 HCIIOJL30BAH

_ byHAaMeHTaJbHBIA KATAJIOT FK-3. Co6cTBeHHOE JBHIKEHHE

3C 273 cocrapager 07,001 =0,0025 B roa. Ilo monyyeHHOH
BeJIMYHHe COGCTBEHHOTO ABMYKEHHUA M 3HAUEHMIO CKOPOCTH,
ollpefieJIeHHOMY Ha OCHOBE auddepeHIUATIBHOIO BpallleHuA
Hamieir TamakTuku, paccroanue xo 3C273 mnpessimiaer

! JlonmiepoBckoe ~CMeIeHHe ONpelenseTcs dopmynoit dvfv=
= (—uv/c) (1—v?/c?) -%, rge U — OTHOCHTENLHASN CKOPOCTh MCTOYHH-
Ka u HabGmogarens. Jias ToMl Xe caMoi CKOPOCTH GOJNBIIMHCTBO KOC-
MOJIOTHMYECKHX TeOopHi ZAaloT AAs du/u BHIpa)KEHHsd, 3BKIIOYEHHEIE

1 -
Mexny (—uv/c) (1—0v?/c?) A4 m (—v/c) (auneiinas 3aBUCHMOCTB).
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Puc. 7. Cxematuueckoe usobpaxenue cnekTpos 3C 273,
3C48 u 3C47, a rakxke JleGena A n 3C 295. ITo ocu opau-
HAT OTJOXKEHO KpacHoe cMmeienue AL/A. 3anpemensnle Ju-
HUH M306paceHbl YePHBHIMHM TOYKaMH. Uucaa cGOKy oT To-
YeK YKA3BIBAIOT OTHOCHTEJbHBIe MHTEHCHBHOCTH JIMHMH;
uugpa 1 CTOMT OKONO CAMOH CHJIBHON JIMHUM CIEKTpA.

65000 cBeroBBIX JeT, u 5T0 oToxBuraer 3C 273 Ha rpaHu-
uy Hamest 'anakTuxku (pasmeps: Hatueil I'anakTHKY cocTaB-
as10T okosto 10° cBeroBhix Jet). K ananoruunomy pe3yJib-
Taty npuitieg u JlefiTeH, HCIOJBL30BaBII UL IIJIACTUHKH, IIO-
JIYYeHHbIE B IOCJIeJHee BpeMd,

Ho, mosxer 6bITh, KPACHOE CMelLleHWe OGYCIOBIEHO CH-
namu Tarorenusn? Kpacnoe cMeleHue, 06yciaoBieHHOe
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TATOTEIONIMM TeJOM pajuycoM R m maccoit M, no nopaAxy
BeJIMYHUHEI PaBHO

GM_ _ g M_(R )7
R =10 M@(%)’

rie RO =T7-10'° cm — conneunnlit paguyc. [las roro 4T06BI
MOJIYYUTh BeJUYHHY KPACHOTO CMeIleHud 0,1, HeobxoAM-
MO, 4TOOBI

M R \1
wsl's) <1

Jlns 3Be3fbl, Macca KOTOPOH paBHa macce Connna, ¢
paguycom R=~10% cm morpeGoBanace 66l INJIOTHOCTBH
105 z/cm3. CanbleTep PACCMOTpPea PaBHOBeCHble KOHQUIY-
palMy CBePXMJIOTHHIX 3Be3J M NPHILe] K BRIBOAY, YTO He-
BO3MOKHO CYIeCTBOBAHME CBEpPXIIJIOTHHIX 3Be3J]| ¢ Macca-
MH, MHOTO GOJBUIMMH, YeM COJHeYHas; KpoMme TOro, Kpac-
HOe CMellleHHe OT CBePXILIOTHBIX 3Be3J He MOKeT NPeBhI-
mrats 0,3. IpucyTcTBHe B CleKTpPe JHHMH TMOBOPUT O TOM,
4TO TeMIepaTypa Ha MOBePXHOCTH PABHA NPUMEPHO 104° K.
Ilo BenuuMHEe pajuyca CBEePXIJIOTHOH 3Be3AbI MOXKHO Hali-
TH TIOJHYIO MOIIHOCTH M3JYUEHHS U OTCIOfia IO BeJW4YHHE
Ha6J110[aeMOro CBETOBOTO NOTOKA ONpeAeauT: PACCTOSHUE.
Ecnu 6u1 ceepxaBeaga 3C 273 Guuta 6nl cBepXIIOTHOM 3Be3-
Ioil, ee paccTOsiHHE COCTaBHJIO 651 0,3 cBeTOBBIX rofia ¥ OHA
NpaKTHYeCKH HAXOZUIACH OBl BHYTDH Halleil COJHeYHOM
cucrembl! IIo MHTEHCHBHOCTHM 3alpelleHHBIX JIUHUH
J:x. TpuncTeiiH BHIYMCIMI, YTO PACCTOSHME AOJIKHO OBITH
maxke elne MeHblle. Takue 3Be3ibl GhLIN 611 o6GHAapy’KeHBbI
eme KenepoM, MOCKOJIBKY 38KOHBI ABHXKEHUA IJIaHET OKa-
3aguch 6B HApyLI€HHBIMH.

Ho MOKHO NPEeANOJOXKHUTh, YTO CBEPX3Be3Jbl HMEIOT
G6IbIINe Macchl U 60abiIMe PaZMyChl, YeM CBEPXIJIOTHHIE
aBesanl. Hampumep, nMpuMeM, 4TO 3C273 mnpeacraBasdeT
co6oii 3Be3fy, HAXONAIIYIOCSA HAa PACCTOAHHH 1000 csero-
Bbix JeT. UTo6sl oGecreduTh HeOOXOAMMYIO MOUIHOCTE H3-
Ay4YeHHus, HYKHO NPUMHATH PaguycC 3Be3H PaBHBIM 103 cm,
a 4TOGH MOJYYHTH HYKHOe KpPAaCHOe CMellleHue, CIefyeT
OJIOMKHKTH Maccy 3Be3inl paBHoit 107 MC.. daynep yka-
3aJ, YTO TAKHe 3Be3JLl /la’Ke He MOTYT C¥eub ¢BOii BOJO-
pol, MOTOMY 4TO OHM COMKMYTCHA 3a Npejejbl rpaBUTalH-
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OHHOTO pajuyca e€Ie [0 TOro, Kak TeMIepaTypa [HO-
CTUTHET 3HAYEHHs, MTPH KOTOPOM CMO’KeT «CropaTh» BOJO-
pox (107 K).

Yuneamce (Karndbopuuiickuit ynuBepcurer, Bepkiau) co-
061NN 0 HAGMIOAeHUAX JUHUH MeK3Be3JHOTO IOrJIOIeHUs
B cnekTpe 3C 273. Korza paauoBOsHBI, HAYIIME OT AaJe-
KHX TaJIAKTHK, JOCTMTAOT 3eMJIH, YacTh B3HeprHM Ha BOJI-
He 21 cm norjolmaeTrca BOAOPOAOM Hamieil IalaKTHKH.
OueHb cnabas JuHUSA MOIJOIeHUA A =21 ¢m Gulia o6HApY-
xeHa B paguocnexktpe 3C 273; ee cMelenue cOOTBETCTBYET
cxkopoctu 1 wm/cex =10 rxm/cex. DToT adpdekT, 6e3yCHAOBHO,
JIeKUT Ha nIpefiejle HAIIIUX BO3MOKHOCTeH.

ITockonsky HMKaKOH MHOM PA3yMHOH HHTepHIpeTaluu
KPacCHOTO CMelleHUd HeT, er0 MOXKHO OTHEeCTH TOJBKO 3a
CYeT KOCMOJIOTHYECKOrO KPACHOTO cMellleHHs. Ecau uc-
NMoJIb30BaTh 3aKoH Xabbna, To paccroauue 3C 273 nonyua-
ercs paBHbIM 1,8-10° cBeroBBIX Jer. OTciofa HermocpeacT-
BEHHO CJIeflyeT, YTO MOILIHOCTH ONTHYECKOrO0 H3Jy4yeHUs
3C 273 paBua 10*¢ spzicex. MHOrue cmpamuBaiT, Ha-
CKOJILKO HAJeKHO YCTAHOBJIEH 3aKOH Xab66ya. DTOT 3aKOH
yTBEPKAaeT, YTO PACCTOAHHE OT HAC [0 TAJAKTHUK JIHHEH-
HO CBA3AHO C BeJIUMYHHON MX KPACHOIO CMeLIeHHUS

CkopocTs pasberanus
i .

Paccrosinue =

Koaddumnuenr nponopunonansuocty H~100 xm/cex - Mnc
(1 nc=3,25 ceeToBOro rojla) Ha3bIBaeTCS MOCTOAHHON Xab-
6na. Beauuuna c/H omnpefensier pasmepsl Hameil BceseH-
Holi; Ha paccrosauu cH™' KpacHOe cMellleHHe MaKCUMAJb-
Ho. Hepeako npuxoAuTes CHBINIATH, YTO aCTPOHOMUYECKHUE
JaHHbIe He HACTOJHbKO TOUYHBI, YTOOBI MO’KHO ObIJIO OTHA-
BaTh NPeAIIOYTEHHE TOM MJIM HHOMH KOCMOJIOTHYEeCKOH MOZAe-
JIU; MHOTHe BBHICKA3BIBAIOT COMHEHHS IO MOBOAY TOro, 4TO
npuMeHeHue 3akoHa Xa6G6ya Moker maTh paccToAHMA He-
HM3BECTHHIX 00BEKTOB II0 BeJIMUHHEe UX KPACHOI'O CMeIlleHHUd.
OaHako 3TH gBa BOIIPOCA HEOAWHAKOBBI.

OonycTuMm, 4TO JOKAJbHASA IJOTHOCTH TaJIaKTUK OAU-
HaKoBa 1o Bceil BceneHHOM 6 0anHbil MOMEHT 8pemeHU U
YTO KPpUBU3HA BceleHHOH NOBCIOAY MMeeT OJHO U TO JKe
3HaueHue. Torga pasJUdHBIe KOCMOJIOTMYeCKHe MOJeNH
IIPeACKAKYT pas3jU4YHble IJIOTHOCTH I'aJIaKTHK, 3aBHCALHE
OT paccTodaHusA (9TH raJIaKTHYeCKHe ILIOTHOCTH Habmoza-
IOTCA U3 3aJaHHOH TOYKH IIPOCTPAHCTBa-BPEeMEHH), a pac-
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CTOSHHUA MOJKHO NOJYYUTh MO 3HAYEHUAM KPACHOTO CMe-
LileHUA U3 NMPUBEJEeHHOTO BhIlle ypaBHeHus. IlmoTHOCTH ra-
JaKTHK, HabaiogaeMas B TOYKe I POCTPAHCTBA-BpeMeHH,
OKa3bIBaeTCA PA3JMYHOH JJIS PasHbIX KOCMOJIOTHYECKHX
Teopuii U3-3a pacmiupeHus BcelsleHHOM, TOTOMY 4TO 3aBHMCH-
MOCTh CKOPOCTH DACILIHPEHMSA OT PACCTOAHMA B KaKAOH
MoZeau cBos. K coxasleHHIo, Bce KOCMOJIOTHYeCKHe TeOpMH
[IpeJCKa3bIBAIOT U3MePHMEbIe Pa3JIMYUA NJIOTHOCTEH rajlak-
THK JIMIIL HA PACCTOSHHAX, 3HAUNTENHHO IPEeBBINIAIOIIMX
npefesbl ZOCAraeMOCTH CaMOIO JIYYLIero TeleCcKoma B MM-
pe — 200-g10iimoBoro mnaJsiomapckoro. Hamporus, 3aKOH
Xa66na BmosHe HaAe)XHO 00OCHOBaH AJad GJIM3KHMX rajak-
THK; ero o60CHOBaHME ONMUPAETCS HA COOTHOIIEHUE MEeXKAY
IIepHOJaMi H3MeHeHHs 0JeCKa.H CBETHMOCTBLIO IepeMeH-
HBIX 3Be3n-ledeus. HaGmonad nepuos u BUAUMYIO SPKOCTh
Hedens B ApYyruX rajaKTHKaX, MOXXHO YBePeHHO BbIUHC-
JUTH paccTosgHue R0 HUX. AbGcomorHas ApkocTh Hauboiee
JaJIeKUX TaJaKTUK CBA3SLIBAETCS C UX KPACHBIM CMelleHH-
eM IyTeM JAOBOJIBHO CJIOMKHOTO CTATHCTHYECKOro aHalu-
3a, UCKJIOUYAOIIEro pasjau4usg B JOBOJBHO 3allyTaHHBIX
CBETHMOCTSAX OTHEeJbHBIX MaJIaKTHK. B pesdyabraTe TaKOro
aHaJu3a BHIABJISETCS 3AKOH, HA KOTODPLIHA IPH OlleHKe pac-
CTOSIHUIM MOJKHO IIOJIATATHCH C TOYUHOCTHIO A0 MHOMKHTEJS,
paBHOro AByM. VI3 Bcero CKasaHHOTIO CJeAyeT, YTO Mbl MO-
’KeM HCIoJb30BaTh 3aKOH Xab6ya npu oueHKe paccTOAHUR
[0 CBepX3Be3J M NOJIYYHTH IIPH DTOM HOCTATOYHO HAJEX-
Hble Pe3yJIbTaThI.

I. Cmur, (o6cepBarTopus MakjoHanpA) cMeo IOCTABHI
BOIIPOC: HeT JM Bapuanuii ApkocrtH y cBepx3meap? Poro-
nnacTuHku HebecHoro mnatpynasd obGcepBaTopuu TapBapa-
cKoro yHuBepcutera cobupaiorcs ¢ 1888 r. Xors muorue
M3 CTApBLIX IJACTHHOK HAXOAATCA B TAKOM COCTOSIHMH, 4TO
HAa HUX [OJIOKHTHCHA HENb3f, YACTh IJIACTHHOK COXPaHH-
Jachk B AOCTATOYHO XOpollleM cocTosiHuu. IIpu musMepeHHUH
BapHalUil APKOCTH HYKHO TOJIbKO CPABHHUTH M300pakeHHe
3C 273 ¢ usobpaxkenusmMu cocegHux 3Be3n. Cmur u Xod-
dneiir (Menpckuit yHuBepcureT) OOHADYXKHJIM 3aMeTHbIE
BapHaLM¥ SPKOCTH C aMILIHTYROM, goxoasmei ao 50%, u
kBasunepuofoM B 15 ser (puc. 8). CaHauAx HECKOJBKO
mo3:ke mcceiaenoBas cBepxaBesanl 3C 273, 3C48 u 3C 196
IIpPH ITOMOIIM (POTOINEKTPHUYECKOTO ycTpolicTBa M OGHADPY-
KU caydaiiHple BapHaIlMM, JOCTHIMAIOI[He HECKOJBKUX Je-
caTeix. CoryiacHO cTaTHCTHKe, ecau O6b1 3C 273 Obia ra-
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JAKTUKOH ¢ HOPMAJBHBIM uMcJyoM 3Besx (~10'°), To oxu-
JaeMoe M3MeHeHHe SPKOCTH 3a rox 6nuio 661 MeHee 107°
OT M3MeHeHHUsd SPKOCTH JI000H OTAenbHOH 3Be3fbl. ITOT
[pefies1 MOJy4YaeTca B NPEATIOJNOMEHUH, YTO BCe 3Be3JHI,
BXOJAHIMe B FaJIJaKTUKY, UMEIOT OJMH U TOT XKe ITepUOJ U3-
MeHeHHUsA APKOCTH. VI3 BTOTO pe3yibTaTa BBITEKAeT, YTO HHU
3C 273, Hu Apyrue CBepPX3Be3AbI HEe MOTYT GBITH KOMIIAKT-
HBIMH rajaktukamu. Kpome Toro, Ans Toro 4tob6bl CBeT
TAKOro 06beKTa MOI' MCILITHIBATL BapPHALMM C IIOCTOSHHOMN
BpPeMeHU OKOJIO OJHOT0 rofja (camole KOPOTKUe u3 Habio-
JeHHBLIX Bapualuii), dusudeckue pasmepsr 3C 273 e goJ-
SKHBI CYI[eCTBEHHO IPEBBINIATHL PACCTOSHHE, KOTOpOe MO-
SKeT 3a 9TO BpeMs MPOHTU CBETOBOM CUTrHAJ; APYTUMHU CJO-
Bamu, paszmepnl 3C 273 NOMKHBI GbLITH OKOJO CBETOBOTO
roza.

IIocKOMBbKY CBEpPX3Be3Jbl He MOTYT GLITH HU OJAUBKHUMH
3Be3aMH, HM raJJaKTUKaMH, CIeJ0oBasio 0OpaTUTLCA K IOA-
po6HOMY H3YUYEHHUIO UX CIeKTpoB. I'puHHCTeiiH pacckasall o
TOM, YTO JMHHUHU B CIIEKTPE dTUX 00'BEKTOB OTOMKAECTBJIECHDI
¢ sanpemjesapiMu JuHuaAMH OII, Nelll u NeV. U3 "exoro-
pPbIX BO30YKAeHHBIX COCTOSIHUH ATOMBEI IEePEXOAST H3-3a
B3aMMOJeHCTBUA BbICOKMX IOPSALKOB, BCJeJCTBUE Yero Bpe-
MEeHa UX KU3BHHU B 3THUX COCTOAHUAX OKA3BLIBAIOTCS 3HAYM-
reabHBIMU (~1 cex). B ycrmoBusx seMmMubix saGopaTopuii
IJOTHOCTH B Pa3pAAHBIX Tpy6kax Takosm (>10'° ua-
cruy/em®), aro Bo3GY:KIAeHUe JUKBUAUDPYETCS BCIeACTBUE
CTOJIKHOBEHHUSA LO TOro, KAK aTOM yCIIeBaeT BBICBETUTHLCS U3
BO36YKJEHHOrO COCTOSHUA; IIOITOMY COOTBETCTBYIOIME
JUHUU 00bIYHO B JaGopaTopuu He HAbmogalTCs (BOT Tove-
MY MX M Ha3bLIBalOT «3alpelleHHBIMU»). [TogBneHue 3amnpe-
[IeHHbIX JJMHHUIH yKa3bIBaeT HA HUBKYIO 3JICKTPOHHYIO IJIOT-
HOoCTb (<107 cm3); c yBeJMYeHHEM ILJIOTHOCTH 3alpelleH-
Hble JIJMHUH MOCTENEeHHO MCYe3aloT.

Ha6monaemble 3ampellieHHble JuHuy — ato [OII], [OIII]
u [Nelll]; nunus MgIl He saBasiercs sanpewenHoit. Ilo
cay4aifHOMY CTedeHHIO 06CTOSTeNLCTB 3HAUUTENbHAS A0S
uanyuaemoii sHepruu (20%) nNpuxoguTCA MMEHHO HA BTH
nuHUH., MOKHO ONpeAeNUTHh DJeKTPOHHYIO IJIOTHOCTBE N,
110 OTHOCUTEJHHOM CHUJIe 9THX JIUHUH B HAO/MI0MaeMbIX CIIeK-
rpax. Onpefensas paccTOosAHUEe IO KPACHOMY CMEIEHHI0 H
aGCoOMIOTHYIO HHTEHCHBHOCTD IO CHJIe 3THX JIMHUMA, MOMHO
OIIpeJleJINTh NOJHOE YHMCJIO H3AYyYaroliuX aTomoB. IpuHC-
TelH MOJY4YMJI CJeAYyIOlHe Pe3yJIbTAThl:
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M (manywaio-

CeepxaBseana Ne cM—? Paauyc, nc me# qacTu)/
’ /M @
I
3C 273 t 107 ‘ 0,6 ‘ 2.10%
3C 48 10% 5 2-10¢

Ecau 6 cBepx3Be3Anl 6BLIM CBEDXTLIOTHBIMH 3Be3-
Aamy, To AudpPepeHIHATIBHOE KPaCHOe CMeL{eHHe B pas-
JUYHBIX CJIOAX OrPAHMYMBAJIO GBI TONIUHY MBIyYalOIIero
CJI08 RO 3HaYeHUsd, COOTBETCTBYIOLIETO HabaiogaeMoil miu-
buHe 3ampewmeHHunX auHMA. Ho 3T0 orpammuenue mieuer
3a co6oif orpaHMYeHHe IOJHOTO YMCAA MBAYYAIOUIUX MO-
HOB. YCTAHOBMB TAKOH INpejesn M HCHOJB3ysA Habmogae-
MYl10 MHTEHCHBHOCTH 3aNIPELeHHBIX JuHui, I'puncreiin 3a-
KJIIOYMMJI, YTO CBePX3Be3Abl AOMMKHE! GblIM GBI HAXOAMTHCH
OT Hac He AaJbile, 4eM JIyHa. OgHAKO CTONEL CHABHOE rpa-
BUTALLMOHHOE BO3MYIIEHHE B COJHEYHOI CHCTeMe Bps JH
yCKOMB3HYNIO GBI OT OcTpOro B3rasaza Kemaepa. Ciegxosa-
TeNbHO, HAJIHYMe 3AIIPEIeHHBbIX JHHUN XaeT HAM XOTH H
He NpAMOH, HO CHJBHBIA APTYMEHT NPOTHB NIPEANOJIOKe-
HHSL O TOM, YTO KPacHOe CMellleHHe HMeeT I'DaBUTAI[HOH-
HYIO IIPUPOAY.

Huxnuuit npegen mace axs 3C 273 u 3C 48 mosxker 6uITh
ycTaHOBJNeH cueaywowum nyrem. Ilo ymmupenuso aunumii mo-
JKHO ONpeNeNUTh CKOPOCTh ABHIKEHHMS HU3JAYYAIOUIHX ATO-
MoB. OHa oka3sriBaeTcs oKoM0 1500 km/cex. lna Toro urto-
6Bl 3TH ATOMBI MOTJIH YAEPXKUBATHCH CHIAMY THTOTEHUA HA
paccrosinuu okoso 0,6 nc, nentp 3C 273 gomsken wumers
Maccy ~108M(©. Ora BenruuuHA U KaeT HMKHUH npeaeJy Mac-
cul cBepx3Be3s 3C 273 u 3C 48.

3HaueHHe MacChl MOXeT OBITh MOJNIyYeHO TaKIKe U U3
OHEepPreTHyecKUX OLEeHOK. ITo6n 3HaTh monmyio wuanyuen-
HYIO 9Hepruio, Hy»HO OLIEHHUThL BO3PACT cBepx3Besx. Mamy-
yaeMas MoIIHOCTb paBHa 3-10% spz/cex; sra Benuuuna
SKBUBAJICHTHA BBIXOAY ANEPHOH DHePrHM NIPH BHIFOPAHUH
Maccel BOZOpoZa, paBHOR Macce ConHua, 3a OAMH AeHb.
Y cBepxaseannr 3C 273 umeercs BbIGpOC (KOMIoHeHTa A),
oTcToAmui Ha paccroaHue 150 000 cBeTOBHIX JeT OT KOM-
NOHeHTH! B. BecbMa BepoATHO, 4To BRIGpoc A mexomaur oT
3C273. Ecan BecraTh Ha 3Ty TOYKY 3peHH#, TO BO3PACT
3C 273 okaxkercs paBHBIM IO KpaiiHeit mepe 150 000 ner.
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‘Orcioga AJasA IOJHOM M3JIYYEeHHOH JHepruu IoJydyaercsd

peauuuHa 10%° ape.

OxHAKO 9THM He MCYepIbIBARTCA BONPOC 006 dHepreTH-
YecKMX pecypcax cBepx3Bedf. MoXHO cuMTATh, UTO ONTH-
YecKoe M3JNyueHHe BOBHMKAET B Pe3ysbTaTe BO3OYMAeHUS
CTOJKHOBEHUAMM, IPHYMHONH KOTOPOTO CIYXKHT TeNJIOBOE
IBUIKeHHe HoHOB. VM3 BHja pajuOCIeKTpa (cM. puc. 6) ¢
6OJBILION BEPOATHOCTHIO CJeAyeT, YTO MeXaHU3M pajHou3-
JAy4eHHs cUHXPOTPOHHBIH. TemuoBoe u3NydeHHe C TaKOH
6oBIION MHTEHCHMBHOCTHIO TOTpeboBano 6bl TeMmepaTyphbl
nopaaka 10°°K, a mpu 3ToH TeMmeparype BpeMs MKHU3HU
cBepx3Be3[pl M3-3a yXOAa HEATPMHO He IpeBbilIaeT He-
CKOJIbKMX AHeil. PelATHBHCTCKME BJICKTPOHBI, ABUIKYLIHE-
¢ B MATCHMTHBIX TOJAX, MAOJKHBI M3Jy4YaTh TIJaBHBIM
obpasom B paguojuanasoHe. B Hacroginmii MOMEHT MblI
He 3HAeM HHMKAKOrO MeXaHM3Ma YCKOPEHHUs 3JIeKTPOHOB
BHICOKMX 3Hepruil, 06ajalomero RoCcTaTOYHONH 3hPEeKTHB-
HocThio. Ilo-BHAMMOMY, He IPOTMBOPEUMT HMKAKHM H3Be-
cTHHIM QakTaM (HanpuMmep, HaGMIOZeHUAM KpaGoBuaHoi
TYMaHHOCTH) yTBEPXKJEHHE O TOM, YTO OKOJIO 1% sueprum
MOJKeT NPUXOXMTHCS HA BBHICOKOPHEPrHYHBbIe 3JIEKTPOHDI.
DHeprus 3aKJIOYeHA TAK)Ke M B MAarHUTHOM TIOJE. Munu-
MaJbHAS OLeHKA IOJHOH BHepruM, coriacyiouascs ¢ pa-
AuoHAGMIOAeHNAMH, JaeT IO MeHblIed Mepe 10 ape.

Hajuude MATHUTHOI'O TIOJS NOATBEPIKAaeTcs TaKXKe
nosaspusanueil ONTHYECKOTro M3JIydYeHus. Ha anuze BOJIHBI

4500 A 6nM TOJYy4YeHBbl 3HAYEHMUA MOJISAPU3ANMH 0,45+
+0,15%. Vron moisApU3AIUN OKA3AJCA PaBHBIM +5°, 3TO
yKa3bIBaeT HA TO, YTO B ONTHYECKOH obyiacTy uMeeTCs He-
Gonpiiag A0JA CHHXPOTPOHHOIO H3JNy4YeHHd. ’

ITogBefeM Tenepb MTOTH HAIIEro aHaIM3a Haboznae-
MBIX CBOMCTB cBepX3Be3J. MBI NPHULIH K CJIeAYIOIHUM Bbl-
BOJlaM:

1) cBepx3Be3[bl NMPeACTABIAIOT co6oii MaccuBHble 06D-
exThl ¢ Maccoit 108M(© , sakiaO4eHHbIe B obsacTH NpPOCT-
PAHCTBA NPOTAMXEHHOCTBIO OKOJO 1 nc;

2) mo-BMAMMOMY, CBEPX3Be3/(bl He COCTOAT U3 OTAeJ]b
HBIX 3Be3l, a 06pa3oBaHbl eIHHOMI Maccoi;

3) BpeMa JKM3HH CBepX3Be3j 10 MeHblliel Mepe
105 net;

4) y cBepx3Be3J] CyLIECTBYeT CHJIbHOe pPajnoM3JIyHe-
Hie, HO MAKCHMYM M3JIyUeHHs Bce ’Ke NPUXOANUTCA HA
ONTHUYECKYIO 061aCTh;
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5) MOBEPXHOCTHL CBepX3Be3J ob6pasoBaHa O4YeHL paspe-
JKEHHBIM BeILeCTBOM: IJIOTHOCTH YACTHL[ HA IOBEPXHOCTH
nopaaxka 10 cm—3; .

6) mosnblif 3amac PHEPrMM CBepX3BeSj IIPeBHIILAET
aHepruio nokosa 10°°M .

Tenepr # mepexoXy K HEKOTOPHIM TeOPETHUYECKUM
IIPEAIIOJIOKEeHUSAM O CBEPX3Be3laX, OMMPAIOIIUMCSH B OCHOB-
HOM Ha 3Hepreruyeckue coobpakeHus. Ilonmnas sHeprus
10% spz (mam 10°M(@ c?) HaxoZuTCE B (PopMe OSHEPrHH
MArHMTHBIX TOJefi M YACTHI, BEICOKOH 3JHepPruM; BO3-
MOJKHBIM €e MCTOYHHKOM SABJSETCA rPaBUTAILMOHHAA JHEP-
T'Hd, KOTOpasg MOXeT BHICBOGOXKZAThCA B pesysbTaTe MOLI-
HBIX KATAKJIM3MOB (HANPHUMED, KOJJalca); Takum obpa-
30M, BCs BHICBOOOXKZaeMasa 3JHEePrus MOKET OKAa3aThCs
B BHJie BLICOKOIHEPruYHHIX dactui. Haubosee obuieii Teo-
PHeil TAroTeHusa aABAsAeTCA OOLIAS TEOPHA OTHOCHTEIBLHO-
cTd. O6mas TeopuAs OTHOCHTENBHOCTH IIPeACKAa3LIBAET
HEKOTOpble CUHIYJAPHOCTH, OZHY M3 KOTOPHIX — CHMHTY-
JsipHOCTE IlIBapIIIMIbLAA — MBI PACCMOTPHM HHXKe.

C TOYKHM 3peHMS KJIACCHYECKOH TeOpMM, eCJH AOIy-
CTUTH BO3MOJYKHOCTH HEOTPDAHMYEHHOH CTATHMYECKOH KOH-
LEeHTPal My HEKOTOPO Macchl, CKOPOCTh YCKOJIB3aAHUSA C IIO-
BepXHOCTH 3TOif MAacChl B KOHIE KOHIOB IIPeBHICHUT
CKOpocTh cBera. B kayecTBe JOGONBITHONH MCTOPUYECKOMH
AHAJIOTUH S HATIOMHIO YMTATEJNIO, YTO B CBA3M C KOPHOYCKY-
JApHOH Teopmeii ceera Jlannac nokasan B 1795 r., yrto
TeJIO, pa3Mephl KOTOPOTO PaBHBEI pasMepaM op6uTh 3eMuy,
a IJIOTHOCTH paBHA IJIOTHOCTH 3eMJH, He I03BOJIUIO GBI
HHU OZHOMY Jy4y cBeTa YHTH OT ceba. Iloatomy, saxaoun
OH, GOJIBIIMHCTBO CBETAILUXCA Tes Bo BceneHHON MOTrio 65
OKa3aThCsI HeBUAMMBIM.

K raxomy xe BHIBOAY IPMXOJUT M TEOPHUS OTHOCHTENb-
Hocru. IlpenensHas macca, PACCUMTAHHAS HA OCHOBE HBIO-
TOHOBCKO# TeOpHH, B TOYHOCTH COBIAJaeT ¢ IpeAeabHOM
Maccoii, onpefensieMoii o61eil TeopHell OTHOCHTENHHOCTH.
Cser, ucnyckaemslit Ha paccrosHuu R ot chepsl macesr M,
HCIBITHIBAET KPAaCHOe cMellleHue, paBHoe (1—2GM/Rc?)™,
KOoTopoe u ofHapyxuBaeT YAaJICHHLIH Habmiomartenp; AJIs
CBETa, UCIYCKAaeMOro Ha IIOBEPXHOCTH ¢ pajuycoM R*=
=2GM/c?, kpacHOe CMellleHHe CTAHOBUTCH GECKOHEUHBIM.
Bennuuna R* HaseiBaeTCsl TPABHTALMOHHEIM WJIH LIBAPL-
ITHIBAOBCKUM pajnycoM. MHOXUTENs, ONpeRe Aol 3a-
MeJlleHHe BpeMeHH, Takxe paseH (1 — 2GM/Rc?)!. Ona
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BHeIlIHero HabaoaTel s TeJo, najapllee N0 HATIPABJIEHUIO
K cdepe R*, HUKOrAa ee He KOCTUTHET, IIOCKOJBKY TIPH
i npubamKeHUd K Hedl MHOXKHTeJb, ONpeAeNsAIoONInil 3aMen-
) nenne Bpemenu (1—2GM/Rc?)™, nauuHaer OGearpaHMYHO
; BO3PACTATh, ABUKEeHHE HAUHET 3aMeJJIAThbCA U B KOHIle KOH-
LIOB IpeKpaTuTca (MallnHa Bpemenn!). Curaaisi, ocjaH-
{ HEle MAZalol[MM TeJIoM, OYAYT HCHBITHIBATEL Bce Gosbllee
i KpacHoe cMemmeHue U GYAYT cMellaTscs B o6iacTh OUeHb
!; IJIMHHBIX BOJIH. [l MecTHOro HabmiozaTess, najaiomero
i K LIEHTDPY, BpeMs IaJleHUA OKaXXeTCcd KOHeUHBIM. Hanpumep,
Aas copeMerHoro paauyca Conxua (7-10'°cxm) Bpemsi ma-
HeHUS K ILEeHTPy B IpeAnosoxenuu, uro Conxue pacro-
JIOKEHO BHYTPHM CBOETO IDaABUTAIIMOHHOrO pajauyca, MeHb-
e ogHux cyTox. [ua mporona R*=10-% cm, nna Connna
R*=2,6-10% cm; ana maccuBHoro obbekta M~10°MQE Be-
‘ auuuHa R*=~10 cm. Jna Koarancupylouleil 38e3abl, AJ1#
KOTOpOif MOXHO NpeHeGpeub AaBjieHHEeM, STOT pe3yJbTarT
! ocTaercs CIpaBeJJMBBIM; 3TO OBLIO MOKasaHO OnneHrei-
Mmepom u Cuaiisepom B 1939 r.
,f Xorsi cBeT M He MOJKeT IIPOHUKHYTH depe3 rpaBUTaLU-
i OHHBIH pajuyc, Noje TATOTEHUS M DJIEKTPOCTATHYECKOe IO
3 Jle TPAaBUTALIMOHHON CHHTYJSPHOCTH OyAayT OmMymaThCd
i BHemmHuM HaGaoxateneM. CieloBaTelbHO, IIIBaPIIINJb-
'\ AOBCKas CHHT'YJAPHOCTH MOeT ObITh OOHapyeHa IO CO-
', 3aBAeMOMY €10 IDaBUTAIIMOHHOMY IMIOJIO, XOTs caMa OHa
| § U HeBHAUMA.
| TIocKOABbKY ABHIKYIIUXCH BMECTe C IIIBA PIIII UJILLOBCKOR
i CHHI'YJSpHOCTBIO HabmomaTesel, NO-BUANMOMY, He CYIIe-
' CTByeT, MHOTHe CIELMATHCTHl 10 TEOPUU OTHOCHUTETLHOCTH
i CYMTAIOT, YTO T CHHTYJISPHOCTh BOSHHKAET B pesyJbTaTe
‘ BBeJleHHS CIIelMaJbHO# KOODAUMHATHOH CHCTEMBI MJIA ONH-
: caHMs rpaBUTAIHOHHOTO MOJA. Bblin npeAnpHHATE MHOTO-
yuMcJIeHHble MOMBITKHA HANTH KOOPAWHATHYIO CHCTEeMy, CBO-
! GOAHYI0 OT HIBAPIIIMJIBAOBCKOH CHHIYJSPHOCTH; Cpeau
! STHX MONBITOK OBLIO M BHAOM3MEHEHHe TONIOJIOTHMH IIPOCT-
PaHCTBEHHO-BpeMEeHHOro KoHTMHyyma. OaHako BO BCeX
cyyasix B KAKOM-TO MeCTe HeM3MEeHHO BHOBb BO3HMKaJa
CMHI'Y ISIDHOCTB.
i TIpaKTHYeCKH IIBAPIUIHIBAOBCKAA CHHIYJSPHOCTh YC-
f TaHaBIMBAeT BeDXHWI Ipejel, O KOTOPOTO MOXeT Mpo-
i HCXOAWUTh PABHTAIMOHHBIN KOJJAIC Texa. 3roT mpepexn
baKTHYECKH AOCTUrAeTCH B MOJeJH, npepaaoxxennoit Xoi-
gom u Paynepom. Xoitn cAenan cMelyio NONBITKY MpoaHa-
|
|
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JIM3UPOBATL YCJIOBHA OOpPA30BAHMA YDPe3BHIYAHHO 60Jb-
uro#t epuHo# Maccel. Jna o6pasoBaHusa Gonbwiof emuHOM
MAaCChl HMEIOTCS ABA NPENATCTBUA: 8) MOMEHT KOJHYecTBa
ABHXKEHUA U 6) npexxieBpeMeHHbIH pacnah GoabINX Mace
Ha OTAeJbHEIe MelKHe Macchl. Ilepuox Bpamenus npomop-
uuoHaneH R—2 (R mpeacrasnser coboit paamep o6bekTa),
OAHAKO BCe APYrue XapakKTePHble BpeMeHa (BpeMs cBOGOA-
HOTO NaJieHus, BpeMs PACTIPOCTPAHEHUS MATHMTOTHAPOLU-
HAMHYECKHX BOJIH IIO TeNy) B HEPEJIATUBHCTCKOM cCJydae
nponopuuonansHel R—%/2, CiemoBaTensno, Bpamenue 6y-
AET yAep:KUBATH BELECTBO OT JajlbHeiillleil KOHAeHcaLMH,
KOrjja CKOPOCTh BPAINEHHMS HA JKBATOPE CTAHET pPABHOMH
CKOPOCTH YCKOJNB3aHUA. [l cpaBHeHMs ykakeM, YTO NpPH
ob6pasosanuu CoiHIA BpallleHHe CTANO CYJIeCTBEHHEHIM,
KOrZla paguyc IPOTOCOJHLA AOCTUI BEeJWYMHBl, B 10—
100 pa3 npessimarpuieil ero COBpeMeHHOe 3HAYEHHe.

B pensrusncrckoit o61acTH Bce XapaKkTepHhle BpeMeHA
MMEIOT OAUHAKOBYIO 3aBUCUMOCTb oT R. Temepn yxe Apy-
rue QU3NYEeCKHe XaPAKTEPHCTUKHU Tesa (ILJIOTHOCTH, Macca,
MAarHUTHOE IOJe M IIP.) ONPEAENAIOT, KaKoe U3 XapaKTep-
HBIX BpeMeH sBJisAeTcA Hauboiee cymiecTBeHHEM. J[nd To-
ro 4yTo6el Morsia o6pa3oBaTbCsi O4YeHb GOXblIAA eAUHASA
Macca, HAUMEHbUIMM JOJIKHO GRITH XapaKTepHOe rpaBHTA-
LHOHHOe Bpems. CpaBHeHHe XapaKTePHOrO IpaBHTAI[HOH-
Horo Bpemenu [~(37/32 Gg)':] m xapakrepHoro maruuro-
THAPOAMHAMHYECKOrO BpeMeHH [~(4ng)'2R/H), rge H —
HANPAKEHHOCTh MATHHTHOTO IIOJIS, NOKa3LIBAaeT, 4TO AN
MarguTHOro mons 10~% zc u maorHoctn 10-2!' 2/cm3 xapax-
TePHOe IPaBUTALMOHHOE BPEMS MeHbIe XapaKTePHOro Bpe-
MeHHM MarHUTOHAPOAMHAMMYECKMX BOJIH, €CJIM Macca mpe-
Beimaer 10°MG . ([l OPHEHTHPOBKM yKajeM, YTO BeJHMIH-
HA TaJIAKTUYECKHX MATHHTHBIX IIOJIEH JIeKUT B npefenax
1075—10-5 z¢, nNOTHOCTH MeK3Be3THOM MaTepuHd paBHA
10-2* z/cM3, a maOTHOCTH TyMaHHOCTeiH ~10—2! zfem®) Hs3
AHAJIOTHYHOrO CPaBHEHHMA XAPAKTEPDHOTO Bpall{aTeJIbHOTO
BpeMeHH (0~!) H XapaKTepHOro rpaBUTALHOHHOIO BpeMeHH
MOXHO Hafitn npu 0=10"'° cex~' (yrmomas ckopocrs Bpa-
INeHUA FaJakTHKH) yciaoBHe 0>5-10-23 z/cm®. Caegosa-
TeJIbHO, HeT Heo6XOXMMOCTH B KAKOM-TO CBepX'beCTeCTBEH-
HO# IJIOTHOCTH, YTOGHI IIPEB3OHTH Ipefes, 06y ClIOBIeHHBIH
MOMEHTOM KOJHYeCTBA ABHIKEHHS.

JTa npocTas apryMeHTAIlMs He YYMTHIBAET IepeAady
MOMEHTA KOJHYEeCTBA JABHYKEHHUSA OT OZHOM vacTu Teja
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Tomuyura
ducxa |
|

Puc. 9. CnimomeHBH AucK B Teopun Xoiiaa.

K apyroii. OZHAKO eCJIM 9TO MMeeT MeCTO, TO NPUBeJeHHEIe
BEILIE AOBOABLI YyTPAuYMBAIOT cHAy. HemssecTHO, MOKHO JIH
HepefaBaTh 3HAUHTENBHYIO YACTh MOMEHTa KOJHMYeCcTBa
aBuxKeHud. He Tepad ONTUMH3Ma, MOKHO HAJEATHCHA, UTO
BHYTPeHHHe YACTH MOTrYT IPOMTHM B CBOeM NajeHHH 3HA-
YUTeNbHBIH IyTh, NPEXKJe YeM Iepeada MOMEHTA CTAHET
CyllleCTBEeHHOM. .

Takum o6pa3oM, BIOJIHE AONMYCTHMO IIPEAIOJIOMKEHHUE,
yro Goapmas macca (>10°M@) mMoxkeT cKOHZeHCHPOBATHCS
oo nmaotHocru okoso 10716 z/fem®. Tlpm sTolf IIJIOTHOCTH
BCJICZICTBMe BpAILEHMA TeJO HAYHET 3aMeTHO YILJIOIIATHCS
(pme. 9). ITycrs Tomuuna Aucka pasaa W, a guamerp D.
XapaKkTepHOoe BpeMsi AJA BePTHKAJHHOrO HalpaBJIeHUs OI-
penensierca Beqwuuno#i W, H xapaxTepHoe rpaBHTAIMOH-
HOe BpeMs MHOro 0oibllle XaPAKTEDHOrO MAarHHTOrHAPO-
AUHAMHYecKoro BpeMeHH. Bo BHemiHell yacTH Tenepb MO-
sKeT HayaThcs QparmeHtanusa., Macca m raxporo ¢par-
MeHTa onpejeaserca us coorHomenus m/M ~ (W/D)?; ecau
W/D~10-2, a M=108M©, 1o m=10Mp.

TeMmnepaTypy rasa MOJKHO IOACYNTATL HA OCHOBAHMH
TeopeMbl BHpHAJa (DABEHCTBO TeIJIOBOH dHepruu cdepsl,
HA KOTOPYIO AEeWCTBYIOT BHYTPEHHUE CHJIBI TATOTEHHS, H
rpaBUTAIMOHHON 3HepruM 3Toil cepnl). Pacuer paer Ans
aTOro cayyas BeJHuyuHy oxoso 10*°K, T. e. HECKOJBKO
MeHbIlle, YeM TeMIIePATYpPa HMOHMB3AIMM BOAOPOAA IIPH CO-
oTBeTcTBYyIOLIeH IuoTHOCTH. [anbHeiimee cxxarTue (xoTto-
pO€e NIPOMCXOAUT Telepb JOKAJIBHO B OTAEIBHLIX O0JACTAX)
NpHBefeT K TOBBILIIEHUIO TEMIIEPATYDH H, CJIeLOBaTeNbHO,
6yzer uoHnzoBaTh ras. iorusanus sogopoaa tpebyer npu-
6xusurensHo 10'% spz/z asHeprum, a TeroBas (¥ rpaBHTa-
IMOHHAA) DHePTUs PaBHA NPUMEPHO 1012 3pz/2 npu TeMre-
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parype 10* °K. I'paBuTanMOHHAA BHEPTUA IPONOPLHOHAID-
Ha R~!. Y1o6n nonyumuts 10'® apz/z smeprum, tpebyercs
cxxatue B 10 pas uiu yBenuwdeHue 1rotHocTH B 103 paa.
B pesysaprare miotHocTs Bodpacraer ¢ 10~ z/em® gmo
10713 2/cmd.

T'azoBoe 06:1aK0 OCTAETCA NMPOSPAYHEIM A H3TYUeHUS
BILIOTH RO TIOoTHOCTH Q-= 107! 2/cM3. B Teuenne dasm cixa-
TUSA YHEPrud AOJIKHA IIePeJaBaThes MOJI0 H3ayueHus. Cie-
AOBATEJILHO, CIKATHE He MOMKET IIPEKPATUTLCHA J0 TeX IOp,
NOKa ILIOTHOCTH He AOCTUTHeT 3Hadenus 10~ !! z/cm3. Kaxk s
Ve ynomuHaJ, 3Be3fbl ¢ Maccoii 100M ) HeycToiiuussl mo
OTHOIUEHHMIO K IyJabcanuam. TepMoguHamMuyeckoe pac-
CMOTPeHUe MeXaHHYEeCKHX CBOWCTB 3Be3q ¢ maccoit 100M@e
TTOKa3bIBAET, YTO ITH 3Be3JLl HAXOAATCA HA rpaHMIie YC-
TOHYHBOTO paBHOBecHA. JIONYCTUM, YTO NMPOMCXOAMT Obi-
CTPO€ cXKaTHe, MOYTH KOJUIAIC, PE3KO MOBBHILIAIOIIEE IIJIOT-
HocTh ¢ 107'% z/em® mo 107" 2/cm® 3a Bpems, cpaBHH-
MOe ¢ rPaBHTALIMOHHBIM BpPeMeHeM CBOGOAHOrO mafeHHs.
OcranoBurcs nu kosnanc? MB yBepeH:l, 4TO B 3Be3Aax,
obsazalomux Maccolf, PABHOM HECKOJBKMM COJHEYHBIM,
KOJIJIaTIC OCTAHOBHUTCH [0 TOIO, KAK HAYHeTCSA GYpPHOe BhIAE-
JleHue AxepHoil sHeprun. Kunermueckas sHeprus, cBs3aH-
Hasl C KOJJalcoM, GyZeT pacceMBATBCA B NOCHEAYIOUINX
Konebanuax. B spesmax ¢ maccoit 100M & komnanc, mo-
BHAUMOMY, 3aiier ropasfo Jajbllle M BO3HHUKAIOIIHE KO-
nebanusa GyAyT uMeTh OYeHb GOJIBILYIO aMILIMTYAY.

CaMbIM 3d(}EKTHBHEIM MEXaHU3MOM 3ATYXAHUA ABJSA-
ercsi HeHTPHHHafA AHHUTWIALNA 3JEKTPOH-IO3UTPOHHBIX
nap. Ho stor MexaHuaM urpaeT B3aMeTHY0 pOJb IIPH
T > 10°°K; npu Gosiee HUBKHX TeMIEpaTypax 3aTyXaHU
HeT. ITockoynbKy GIYKTyallMH TeMIepaTyphl B 3Be3fie Oy-
AVT BeChMAa BeJWKH, AlePHble PeaKIUUH (BHIropaHHe BOJO-
poxa) GyayTr mporekaTb AOBOJBHO XAOTHYHLIM o6pasoM.
Ouenka peaJJbHOrO XapaKTEPHCTHYECKOrO BpPeMeHHM fAjep-
HOTO BBHITODAHMA HOBOJBHO CJIOXKHA; ONHAKO AJIS COIJIACO-
BaHHUA IOJYYEHHOIO Pe3yJbTaTa CO CHOpafWYeCKHMHU Ba-
puanuamu spkoctu B 3C 273 cieayer npuHATH XapaKTepu-
CTHYeCKOe BpeMs BHITOPAHHA PABHBIM IIpMMepHO 1 roxy.
Takas ckopocTh COOTBETCTBYET TaKyKe M HabGaiogaeMoMy
NOTOKRY sHeprum (3 - 1046 spz/cex).

Oxnaxo Kosareitr (JIoypeHCOBCKAA pagual[MOHHAS Ja-
6opatopus) u Kamepon (TognapRoBCKHit HHCTUTYT KOCMH-
YEeCKUX MCCHeJA0BAHMI) BHIACHWIIM, YTO MEXAHM3M, MpeJIO-
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JKeHHBIH XOoMJoM, He MOCTaBJfAeT YaCTHUL, JOCTATOYHO BBI-
COKOi 3HepruH, crocoOHBLIX obecreYuTr pagUOM3IyUeHHe.

VaapHble BOJHBI, BO30y)KAaempie I@PH BCHBIIIKAX
CBEPXHOBBIX 3Be3Ji, PACIPOCTPAHSAIOTCA B OYeHb pasperkeRn-
HOM MEXK3Be3JHOM BellleCTBe U YCKOPHAIOT YacCTHUIBI AO pe-
JATHBUCTCKUX CKOpocTeil. 3HauuTepHAadA KOJS rpaBUTA-
[MOHHOI dHepruu OyJeT BBICBOGONKAATbCA BO BpeMs KOJ-
namnca cBepXHOBBIX. Kpome TOro, yjgapHblie BOJHBI GyAYyT
MOpOKJaTh BO BCeH Cpeieé MATHUTOTUAPOAUHAMUYECKHE
BOJIHBI, KOTOpble MOI'YT OO0BACHHUTL BApUAIIMH CBETOBOTO
6necka 3C 273 ¢ GonpiiuM mepuogom (15 yer).

OcCTaTKH 3TUX MACCHUBHBIX 3Be3J MOL'YT IPUHATE GopMYy
HeHTPOHHBIX 3Be3J, WJIM IIBADULJUJIBAOBCKHX CHHIYJSAD-
HOCTeli; U B TOM U APYroM cJjiydyae OHH MOIyT yCKODATH
4aCTHIBI A0 PEJATHBUCTCKUX CKopocreii. IMeHHO 3TOT Me-
XaHU3M Mor co3jaTh BbIGpoc B ranaktuxke M87. Wpes
yckopeHusa 6bina BeIABUHYTa SI. B. 3eanmoBuuem.

Ipyras uges, npeanoxeHHas Xo0#JIOM, COCTOUT B cJe-
ayomeM. BuyrpenHasa ob6aacTh 6oablioro Tena MOMKeT MC-
[BITATH TPABUTAILMOHHBIN KOJJIANC M KOUTH KO ypesBhIYaM-
HO BBICOKOM IJIOTHOCTH; BpallleHHe MoXKeT 6biTh Jnbo 1o-
IaBJEHO CWIAMM TAroTeHMA, nubo 3amac sHepruud Bpaiile-
HHUs pacxojyercsl 3a CUYeT PAJHAJIbHBIX IPABUTAIMOHHBIX
BOJIH (B IPeJAIIOJIOMXKEHHUH, UTO B De3yJbTaTe AeJeHNs He BO3-
HHUKJIU KaKue-1160 06pa3oBaHUsA IUJIMHAPUYECKOHR dopMH).
IaiicoH 3aMeTHJ, YTO TPYAHOCTB, CBSI3aHHAA C Teopuen
rPaBUTAIMOHHOTO KOJLJIAICA, COCTOUT B TOM, YTO IDABMTA-
[{HOHHBIH KOJIJIATIC OKOHYHJICA GBI 38 OAHU CyTKM (JIOKaJb-
Hoe BpeMsd, Heo6xoAuMoe Npo6HOHN wacTule, yT1Oo6BI IEpe-
ce4yp IIBAPIIIMJIBLAOBCKYIO CHHTYJAPHOCTb MAJS MAaccChl
100 M ® ). Kak MOKHO IOALEPIKUBATH COCTOSHME KOJIIAamnca
B TeueHHe Goyiee 10° seT, KOTOpble THIHYHBI AJIA CYLIeCT-
BOBaHUA cBepx3Be3n?

Tonx (KopHeJbCKHil YHMBEDCHTET) yKasaJ, 4TO INPH
B3PBIBAX CBEPXHOBBIX BBIXOJ CBETOBOTO M3JyYeHHA Hapac-
TaeT 6bICTPO, a yOBIBAeT 3HAUUTENHHO MeJJIeHHee; 9TO
[IPOTHBOPEYUT TOMY, UTO Habniofaerca y CBepX3Be3j (cMm.
puc. 8). Uneu Xoiira UIMIOCTPUPYIOTCA auarpaMmoi, Ko-
TOPYIO MBI BOCIPOM3BOAMM Ha puc. 10.

daysep paccMOTPes AHANOTMYHBIA MEXaHU3M JJIS Mac-
CUBHBIX 06BbeKkTOB. KaKk TOJBKO HAaYHHAETCH KOHJAEHCAIUd,
BHYTPeHHas 4acTh NPUXOAMT B GbICTpOe BpallleHHe, W MO-
’KeT HauaThbCcHa JejeHue. Koraa BHYTpPeHHAS 4acTb B pe-
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KoridercuposarHei maccusreni odsenm

BrewrAas obnacrme BHymperras odacms
8 omcymcmiue 80aULeHUA

Pazpeie

Pou Oenoix kapsiuxos 11000,
M~10%0 ] lpodomwarowyeecs
UJTU HEUITIPOHHBIX 36630
Grepeus 8viceodoxdnemes 8 o cwaimue

sudousMeHerHom CN-uuxse

Yexoperue Pepmu. I
Paduousriyverue (3C273) P ’

Be /55,000 2asa (3000 xm/cex) Konedarus Curzynsprocme
Ceugepmoscrue zanarxmusu, M 82 fpasumatuorrese eosmHer
u deserue

Puc. 10. CxeMa BO3MOXKHBIX MEXaHH3MOB rPaBHTALMOHHOro KoJJjalca
(no Xoiiny).

3ynbTaTe GudypkauuuM npuoGpeTAeT HECHMMETPUYHYIO
(opMy, BOBHHMKHET TIpaBHTAlIHOHHOE U3JTy4YeHUe, YHOCH-
iee 3aMeTHYIO YACTb HEPrMHU BpAIlleHUS (CPAaBHUMYIO C
TIOJTHOM 9Heprueil MoKos). ITO MPUBOAUT K yBeaMYEHUIO
MOTEHIHAJIBHON BHEPIHU U3BHE, M YACTh BelllecTBa NMpHoGpe-
TaeT MOJIOKUTeILHYIO 9Heprulo cBa3u. Macca Gyaer BbIGpa-
ceiBaThcA. TPyAHOCTS 34€Ch, KAK 3TO GBIIO OTMEYeHO MHO-
TMMHM, COCTOMT B TOM, YTO HeJb3st U36aBUTHLCA OT B3aWMO-
AeficTBUA MeXxJy BHYTDeHHell W BHenrdeii 4YacTAMHU, eciiu
cyulecTByer GpicTpOe HeCHMMETPHYHOE BpallieHHe.

TFona BeICKasas MBICIB, YTO eCoTH 3Be3AbI, BOBHMKAIO-
I1e B 3Be3[HBIX CKOIJIEHUSX, MOTYT YHOCHTH ¢ coboii 70-
CTATOYHBIH MOMEHT KOJMYECTBA IBHXKEHUS, TO 3Be3LHbIE
CKOIIJIEHUSI MOryT KOJIJIAIICUPOBATH M CTOJKHOBEHUS MeXK-
Ay 3Be3faMu OYyAyT IPOMCXOAMTHL ropasfo uaile. BnicBo-
GokmaemMasi mpM TAKUX COYAAPEHHAX DHEprus JOBOJBHO
BEJMKA M MOXKeT OOBICHHTH BOBHHKHOBEHUWE HEKOTODPBIX
AIBJICHUH B pAZUOTAIAKTHKAX.

Ha cumnosuyme paccmaTpuBaiuch M MHOrHe Ipyrue
BOIIPOCHI, He MMeIOll{Ue OTHOLICHHS K MACCHBHBIM OGBHeK-
TaM, HO CBSI3aHHBIE C I'DABUTAINOHHBIM KOJLJIAIICOM WMJIU
CTPYKTYPO# raJaKTHUK.

M. Bep6unx (KanudopHuiickuii YHUBEPCUTET) IIepe-
THCIUIA HECKOJIBKO NIPEAIOKEHHBIX 00bACHEeH Ml TPUPOABI
CHIBHBIX pajguouCTOYHHKOB. CHauala pajgHOMCTOYHUK
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|
} B JleGeme GBI OTOMKAECTBIEH C ABYMSHA CTaJKHMBAIOLIHMUCH
ranakruxamu. Munkosckuit (Kanudopuuiickuit ynuBepcu-
3 Ter, BepKju) MOCTYJHPOBAJ, YTO CTOJKHOBEHHH MEMKAY
i HOpMAJIBHBIMH TaJaKTHKAMM MOrYT IeHepupoBaTh 1acTH-
bl BHICOKMX JHepPruii, OTBETCTBeHHBie 38 pajHOMBIyHe-
| HMe; OZHAKO 9Ta MbICIL 6blna BIOCHEACTBUH OTBEPrHYTa,
i OTOMY YTO BhICBOGOXKAaeMas TAKUM DyTeM JHeprusd
! okaszaach caumxom maioil. Kpome Toro, umcio H3BeCT-
l HBIX DAAMOMCTOYHHMKOB HAMHOro GoJjbire, yem 3TOro Ccie-
{ AyeT 0KMAATh M3 YACTOTHl CTOJKHOBEHHA TraJaKTHK M4
i 60LIIMHCTBA ONTHUYECKHM OTOXKJECTBJIEHHBIX HCTOYHUKOB,
W He CBA3AHHBIX CO CKOIIEHHAMH rajakTuk. JIx. Bepbux
i # Xois NpeANONOXKUIM, UTO AOCTATOYHOE KOJHUIECTBO
‘ BHEPrHH MOTYT JATh CTOJKHOBEHMS MEXAY raJaKTHKaMHy
- ¥ AHTHraJaKTHKAMH (COCTOSIMMM U3 AHTHBEILECTBA). Ox-
i HAKO B 3TOM IPEANOJIOKEHHH eCTh MHOTO HEeSCHBIX MOMEH-
i TOB, B YACTHOCTH : [TOYeMY BeIllleCTBO U AHTHMBEIIECTBO (350971
i pasjeseHHBIMH BILUIOTB A0 HYXHOTO MOMEHTA AHHMIHW-
i% aauuu?
| JIpyruM MeXaHH3MOM HM3JIYUeHUS PajuOBOTH MOXKeT
CAYUTH B3AMMOAEHCTBHE TYPOYICHTHOTO MaTHUTHOIO no-
ns ¢ raszamu. Paguousnydenue M 82, moxer 6biTh, ¥ YyJAAa-
? J1och 6bI OGBICHUTD 3a CYeT HTOr0 MeXaHK3Ma, HO B BJLIHII-
'; TMUeCKMX ajJaKTHKaX NpaKkTHieckH Her rasa! Hanwiue
| KpyNMHOMAcHITAGHBIX CHJIBHBIX MATHUTHBIX noJjeil B 3JJIUMN-
THUYECKMX rajaKTHKaxX TaKXe BechMa MAaJIOBEPOATHO.
‘ Ecau NpUHATb, YTO OCTATKM CBEPXHOBBIX SBIAIOTCH
eIMHCTBEHHBIMM MCTOYHMKAMH DaJHOU3JTyYeHHs B raiax-
{ tukax, To Tpebyerca 10° cBepxHOBBIX 32 10 ner.
: . C. IlIk10BCKMi1 BbICKA3aJI MpeANOJOKeHne, YTo Ha pPaH-
1 HHX CTAJAMAX SBOJIOIMH IaJIAKTHK INPOMCXOAMJIO BéChMa
6bicTpOe (bopMHMpOBAHME 3Be3Nl, & AKTUBHOCTh CBEpXHOBBIX
6bLIa 3HAUMTENBHO Gosbiueid, uem ceituac. Kamepon He-
J cKONBbKO BuAouaMeHns upeio IlIkI0OBCKOro, npeAnooius,
4TO B OGJACTAX IPOCTPAHCTBA C GOJBLIIMM COAEPHKAHMEM
1 rasa, HO caa6bIM MATHUTHBIM IIOJieM MAaCCHBHBIE 3Be3Abl
‘l MOTYT KOHJEHCHPOBATHCI OJHOBDEMEHHO. Ilpoiigss cBOM
i HOPMAJIBHBIH 9BONIOIIMOHHBIA NYTh, OHM CTAHOBATCA cBepX-
‘ HOBLIMH — Bce B mpefienax 10° mer. OctaTKM 2THX CBepX-
HOBRIX MOTYT CHAYXHUTh HCTOYHUKAMH DafUOMIJyIeHHH.
YV oroii THIOTe3bl TO Ke camoe ciaboe mecro, UTO M y TH-
motesn J[x. DBepbumxa u Xoima: B BJITUIITHYECKMX
pajHoraJaKTHKax ra3a O4eHb MaJo.
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H. Bep6uisk MOCTYJHDPOBAJ, YTO €COM PACCTOSHHUE
MEXAY «JOCBEePXHOBHIMH» 3BE€3AAMH COCTABJIAET HECKOJIb-
KO CBeTOBBIX [Heil, TO B3PBIB OJIHOH M3 CBEDXHOBBIX B
OEeHTPe rajJIaKTHKHM MOJKET OKA3ATHCA «HAXXaTHEM CIIYCKO-
BOTO KDPIOYKa» AJA NPeBPAIEHUA BCEX OCTAJHHBIX 3Be3j
B CBepXHOBEIe. YTOOGBI 3TOT MEXAHHU3M MOT OCYI[€CTBUTBCSH,
Tpebyercs kouuenrpanus 107 36e3d/nc3. Croap BBICOKas
NJIOTHOCTh MOKET CYLIeCTBOBATb, OCTaBasfck HeobHApPY-
eHHOH. OJHAKO HUKOMY He M3BeCTeH Heo6XOoAuMBIil
«IIYCKOBOM MEXaHU3M».

Yy (FomzapAoBCKHiIi HHCTUTYT KOCMHYECKHMX MCCIERO-
BaHUM) pacckasay 06 MCCIeXOBAHHUH IBOMIOIMH «LOCBEPX-
HOBBIX» 3Be3fl. Bulyo ycTAHOBIEHO, YTO JO TOro, KaK CO
3Be3/0 Mpom3oiifeT KOJJIANC, B Hell ofpa3yercsi OYeHB
nnoTHoe saAxpo. Ilouru BecsA sHeprus, ocBoGoxkAeHHAs BO
BpeMs KoOJjalica, pacceeTcs B BHJE HEHTPHHO, a IJIOTHOE
ARPO IpeBpaTUTCA B HEATPOHHOE BellleCTBO.

Canbnerep caenan 0630p McclaeAOBaHMiX paBHOBECHBIX
KOHQUrypauuii HeMTPOHHBIX 3Be3)i. Korxa maoTHocTs mpe-
seimraer 1012 2/cm3, BelieCTBO COCTOUT B OCHOBHOM M3 HeHT-
POHOB, a npu eie Goyiee BEICOKO#M moTHOCcTH (> 1018 2/cm?)
MOTYT CYIIIeCTBOBATH T'MIIEPOHEBI. OTH HEHUTPOHBI HEe MOrYT
pacnajaTtescs, TOCKOJBKY BCE DJIEKTPOHHBIE COCTOSHUS 3a-
noyHeHbl. s HeHTPOHHOM 3Be3Jbl CYILECTByeT OIpefe-
JIeHHO€ TIpefieIbHOEe 3HaYeHHEe MAcCChl K He CYLIecTByeT CTa-
THYECKOH DaBHOBECHOH KOHQHIypallMH, ecaM Macca Ipe-
BOCXOJMT JTOT Hpefes. ITOT Npefes AJs UACATBHOTO (dep-
mu-raza paseH 0,76 M (upexenbHas macca Onmenreiime-
pa — Boxakosa). Eciau paccMOTpeTh peasibHble rasbl, TO
3TOT Hpejie] HECKOJBKO H3MeHseTcA, HO B JIO60M ciayuae
OH He IpeBocxoaut 3M G .

Bouan (Koposesckuit kosmegx, JIOHAOH; mONOKEHO
Casbnerepom) cTporo BhIBeJl 3HAYEHHEe BepXHero mpejeia
AAA<0,615 pna KPAacHOTO CMeELUEHMS MBJIYYeHHS C IO-
BePXHOCTH HEeHTPOHHBIX 3Be3A. DBrla npepsomxen u 6oiee
npaBfonoAo6usiit npexes okoso (,3; 5ToT peayapTaT, MeX-
Ay NPOYMM, MCKJIIOYHJI BO3MOIKHOCTH TOrO, 4TO KpacHOe
cmeurerve (>0,3) HEKOTOPBIX CBEepPX3Be3J ABJIAETCS I'DAaBH-
TALMOHHBIM. B mnpuHIHNIIe 5TC BepXHHH Ipefea Kpac-
HOTO CMeNIeHUA AJIA CBeTa, HCIYIUIEeHHOro aroMaMu Jio6o-
I'o TATOTEIOIEro TeJa.

Yunep (IlpuncToH) paccMOTpen JApYroii BHA rpaBUTa-
UHOHHOH# CHHryaspHocTH. OH NPEeANONOMHI, YTO MOIKHO
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cTaTHYeCKH aKKyMYJAHPOBAThH BellleCTBO AO TeX IOp, IIOKa
BpeMeHHO# MeTpUYecKHH KOdhdULMeHT Zoo HE obpaTuTcda
B HYJb (9TO COOTBETCTBYET KJIaCCUUYeCKOM CUTyalMuH, KOT-
Aa TrpaBUTALMOHHBIH MOTEHIMAJ] B IEHTPe Teaa PpaBeH
SHEprMM IIOKOA JTOro Teja). Jio60e BelllecTBO, Iajarolree
yepe3 «ABIPY» K IEHTPY, GydeT OTHAaBAThL 3HepreTHYecKHil
JKBUBAJIGHT SHEPrHM IOKOA Tesa, U TaKUM o6pa3omM IOJ-
Had rpaBUTHpYOllas macca (mabmosaeMas BHEIIHUM Ha-
6aromaTeneM 1o 3QGPEKTY TATOTEHUs) He MOMKeT BO3pacTH.
Takas CUHTYJAPHOCTH AeficTByeT KaK TIpaBUTAlMOHHA
MallliHa, NpeBpallaollas BelleCTBO B 3HEPTHIO. Tak KakK
YHCJIO HYKJIOHOB COXpaHfAeTcs, Yujep mnocryjiuposaj cy-
lllecTBOBaHMie HOBOTO Kjacca GO30HOB, JHIIEHHBIX Macchl
Hokos O-Tyueil, TEPEHOCALIMX HYKJIOHHOE YHCJIO. OpuH U3
npezicegaTeseif 3aMeTHJ, UTO O-Tydu — eCcJIM OHU cyllecT-
BYIOT — MOXXHO HCIIOJIB30BATE AJIA TOTO, 4yTOOBl TEPEHO-
CUTb BelLleCTBO C HEHYJIEBOM Maccol MOKOs CO CKOPOCTBIO
cBeTa.

OZHAKO HEM3BECTHO, MOYKHO JIH JAEHCTBUTEJIbHO aKKy-
MyJIMpPOBATH BEleCTBO CTATUYECKH [0 TAKOTO COCTOSIHMA,
4T06Bl IOSBUJACH Tpebyemas rpaBUTAllMOHHAS CHHIYJIAD-
HoCTh. Bece Mozean HEHATPOHHBIX 3Be3J,.NPEJJIOKEeHHbIE [0
CUX TIOp, YKa3bIBAIOT HAa BO3HUKHOBEHUE JIVHAMUYECKOTO
KoJIanca, Korja macca IPeBOCXOAUT HEKOTOPHIH KPHUTH-
veckuii mpezes (0630p MCCIeAOBAHMH MpeAeNbHBIX 3HAHE-
uuii maccol 6611 cxenaH Caabierepom).

B KOHI[e CHMIIO3MYMa BO3HHKJIA OKMBJIEHHAA AUCKYC-
cusi, BHOBbL BO3BPATHBIIAA YY4CTHUKOB K HEKOTOPBIM BO-
npocaMm, ofCyKAaBIIUMCA B XOJe CHUMIIO3WyMa. IyxkuHr
MOZYEPKHYJ, 4TO PAJA BOIPOCOB, CBA3AHHBIX C MaCCHBHLI-
MH O6beKTaMi, KOCMUYECKMMHM JIyYaMH M KOCMHYeCKHMU
PEHTTeHOBCKMMHM JIYYaAMHM H y-M3JTydYeHHeM, He monas B no-
Jle 3peHUA YYACTHMKOB KOH(epeHIMH. Beprman 3amMeTusm,
4T0 10 cux mop 3bdeKTs 06llei Teopun OTHOCHTEJIBHOCTH
Habioanuck TOJIBKO B IpeJeIbHOM ciy4yae ca1abpIX IIO-
seii. Temepb B CBASU C YCHIEUIHBIM Da3BUTHEM acrpodu3u-
KU o611asi TeOpUs OTHOCUTENBHOCTH CTAHOBHUTCHA 6osee du-
auuecKkoit Teopueit. OH BBIPA3HJ HAJeXKAy, YTO KBAHTOBAH-
HbIl BapHAHT PEJIATUBUCTCKOH TEOPHH MOIKET ceirpaTh
BajKHYIO POJIb JJs MMOHMMAHMSA NPUPOABI MACCHBHBIX 06B-
ekTOB. MMHKOBCKHUIl BBIpasuj YIOBJeTBOpeHHe TeM, 4TO
B TeyeHMe MOCJEAHHUX AECATH JIET TEXHMKA OITHYECKOro
OTOAeCTBJIEHHA PAANONCTOYHUKOB IIAaTHyJa IaJjieKo Bie-
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peA. OxHako TeopeTHYeCKOe NOHUMAHHE CTPOEHHMS MAac-
CHBHBIX OO'BEKTOB ellle ABHO HeJNOCTATOYHO. B ogHO# u3
CBOMX craTeit OmnmneHrefiMep, KOTOPDOMY NpHMHAIJIEMXKAT
nepBble paboTEl MO HEHATPOHHEIM 3BE3JAM M peJATHBHCT-
CKOMY KOJUIAINCY, 3aMeTHJI, YTO COBPeMEeHHAd BO3MOMXK-
HOCTh MHTEpIpeTali CBePX3Be3J HAaNOMMHAEeT MOJIoKe-
HHMe KBAHTOBOI 3JIEKTPOAMHAMHKM BOCeMHAAIATh JIET HAa-
3aj, Koraa 6b1J10 cOGpaHO MHOTO JAHHBIX M IAPHJIA MOJHAS
pacrepanHocTh. Ecau 2TA KOoHbepeHnus M Hay4yuna Hac
4eMy-Huby b, TO IpeKJe BCEro TOMY, YTO Te ABA TeMHBIX
obnauka Ha Ge3061auHO YMCTOM Hebe Pu3HMUeCKOit HayKH,
0 KOTOpBIX rosopus KelpBMH B KOHIle mpomsoro Beka
(MMess B BHAY €CTeCTBEHHYIO DAZHOAKTHBHOCTEH U peHTre-
HOBCKMe JyuH!), coBceM He pacrasau. Toabko ceiivac ux
HYJKHO MCKATh y)Ke HAa CaMOM Kpalo BcesieHHOI.

! ABTOp AONyCTMA HETOYHOCTb: 3HAMEHUTOE BHICKABHIBAHUE
KenbBuna orHocHTCA K TEOPHHM H3JYYeHHs abCOMIOTHO 4YepHOTO Teja
H peayanTary onmta MaiikenbcoHa. Ho cymiecTsa 3akmOYHTeNbHBIX
CJIOB €ro cTaThbH 3TO O00CTOATENBCTBO HUCKOJBKO He M3IMeHSeT.—
Ilpum. nepee.



TPABUTAIIMOHHBIN KOJIJIATIC

HAxc. Haparuxap

OTKpBITHE MOLIHBIX HCTOYHMKOB KOCMHYeCKOro pa-
AMOMBJIYUYeHMsA 3a TpedelaMu Hauleidl I'amakTuku nocra-
BIJIO Tepej COBPEeMEHHOH acTPOHOMUeill MHOXKECTBO HHTe-
pecHbIX npobiaeM. KioueBoil Bonpoc 3akjalodajca B clely-
JOIlleM ! OTKyJa 4epraloT 3TH HCTOYHMKH CBOIO (MaHTACTH-
YeCKyI0 10 BeauduHe 3Hepruio? OLeHKH yKasplBalOT, HTO
3a «BpeMs JKM3HH»  DaJAMOMCTOYHHMKA  PACXOAYeTCH
sHeprus nopsaka 109 ape; osra BelMYMHA COOTBETCTBYET
SIIePHOI DHEPruM COTeH MUJIJIMOHOB COJIHI. BosbIIMHCTBO
TeopHil O NPOMCXOMKAEHMH H IPHUPOJe ITOr0 PpagHOU3Ny-
YeHUsI OKA3aJIoCh O6eCCHJBHBIM HAWTH HCTOYHHUK CTOJb
00JIbIIOI PHEPTUM.

B 1963 r. Xoitn u ®@aysep BbICKa3zaJH 3aMedaTeNbHYIO
[UIIOTe3y, YTO MCTOUHMKOM JTOH BHepruM MoKeT 6bITH Ipa-
BUTAIMOHHBIH KOJJIANC «CBepX3Be3abi». IToM0o6HbIH 06BEKT
noskeH GBITH OYEHb MACCHMBHBIM — B COTHM MHJIJIMOHOB
pa3 maccusHee CoqHIA — M J0JKeH ObL1 6b1 pacrmosaraTh-
cA B LleHTpe radakTuku (puc. 1).

Bckope mocie 9Toro 6rarogaps COBMECTHBIM YCHIUAM
paZiMoacTPOHOMOB M ACTPOHOMOB, [Ba paAWOMCTOYHUKA
GbLIH OTOMKAECTBJIEHKl C OYeHb APKMMH 3Be34000pasHBIMHU
obbexTamMu. OAHUM M3 3THX HCTOUHMKOB OKa3ajcs 00beKT
3C 273; o sBAfAeTCA CAMBbIM SPKHM M3 BCeX M3BECTHBIX
06bexToB Bo Bcenmennoii. JannpHelimas pa6ora 1o ONTH-
YeCKOMY OTOXKAECTBJIEHHIO PaJHOMCTOYHHMKOB II03BOJIMJIA
BbIABUTEH Apyrue o0beKThl nogobuoro Tuna. K MmomeHTy Ha-
nucaHug 3Toi craThbu (Hayano 1964 r.) ux 60 U3BECTHO
y2Ke JeBATh.

Ilporpecc B TeOpMM M yBeJIMUeHHe MaTepuaa Haba10-
JeHuil OKa3aJMCh HACTOJBKO BaKHbLIMM, YTO B Jexabpe
1963 r. B Jlannace 6b11 co3BaH MeXAyHAPOAHBIA CHMIIO-
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Puc 1, Yepuasa ob6nacTs B HeHTpPe rajaktTuku M 82 — ato mecTo,

rie HaXOXMTCA MCTOYHMK DAJHOM3Ny4eHHA. 3a BpeMs CBOEro CYyIIecT-

BOBAHMA 3TOT PAAHOMCTOYHHUK PACXOAYET DJHEPTrHI0, 3KBUBAJIEHTHYIO

AflePHOIi SHEprHH NPMMEPHO CTA MMJUIHOHOB COJHL. JTa 3HEprus Mo-

JKeT BOSHHKHYTh 34 CYET TrPABHTAIMOHHOrO KoJjlanca — MafeHusd
KOCMHYECKOH IBIIH K LEHTpPY.



3MYM MO TPABUTAIMOHHOMY KOJLIANCY AJad oOcyXAeHus
MHOTOYUCJCHHBIX CIEACTBHH IIOJIy4EeHHBIX pe3yJIbTATOB.
He sBasioTca au 9T HeOObIYHBIe OOBEKTBI pPe3yJBTATOM
rpaBuranuonnoro koxxamnca? Kakoit mexaHusm npeoGpa-
3yeT rpaBHTAIMOHHYIO 9HEPTUIO B paguonsnrydenne? U Ha-
KOHel], — XOTA C TeOpeTHYeCKOH TOYKM 3PDeHHus 9TO OT-
HIOZh He MOCJeJHUI BOIPOC — IPUBOAUT JIU IPaBUTAIMOH-
HBbIH KOJUIANC K HEOrPAHHYEHHOMY CXKATHIO U BO3HUKHO-
BEHUIO «CHHTYJISPHOCTH» B CAMOM NPOCTPAHCTBE-BPEMEHH ?

TlocnegHuii BOIPOC S U XOUy PacCMOTpeTh B BTOM
crarbe. BO3MOKHOCTE CYLIECTBOBAHHS B IIPMPOJE CTOJb
MAaCCHUBHBIX 00'BEKTOB, K&K CBEPX3Be3/bl, IPHHYKAAaeT Teo-
PeTHKOB NEepEeCMOTPETL CBOM IPEACTABJIEHUS, ONUpaloLiye-
cs Ha O6IIyI0 TeOPHUIO OTHOCHUTEJIbHOCTH.

K 0eckOHeYHOH NJIOTHOCTH

IIpencraBum cebe chepudeckoe o6IAKO IBIJIM, YACTH-
LBl KOTOPOr'0 B3aHMHO NPUTATHBAIOTCA IO 3aKOHY BCEMMD-
Horo rtarorenus. O6JaK0 Kak 1lejioe HaAYHET CIKUMATBHCA U
6ymeT npomOIIKATH CIKHMaAThCA AO TeX IOp, IIOKA He CKa-
JKeTcA AedcTBHE KAKUX TO JApyrux cuia. Jlonmyctum Ha
MT'HOBEHHE, YTO HUKAKHUX JADYTUX CHJ HET; HeCcJIOXHEbIe
BBIYHMCJIEHUS ITOKa3bIBAIOT, YTO OGJIAKO COMMeETCS 6 TOYKY
3a KOHeuHoe BpeMd. Ecim MCXOAHAS NJIOTHOCTH BellleCTBA
B o6make cocraBaser 1 z/cm?, To morpebyercs ImpHMepHO
noyiyaca, 4yTobnl Bce oOJIAKO B pe3yJbTaTe KoJjalca IIPH-
obpeJio GeckOHEYHO Malible pa3MepHI.

EcrecTBenHO, BOSHHKaeT BOIPOC, IOUYeMy Bce OG'BEKThI
B IpHUpPOJe He MOABEPIKEHbl KOJIANCy, BHI3LIBAEMOMY CH-
JJAMU B3aUMHOTO NPUTSDKEHMS uX uacTeit. OTBeT oueBH-
JeH: OH COCTOMT B TOM, YTO, KDOMe CHJI IPHUTAXKEHUH, Cy-
LIIECTBYIOT M ApYyrue cuibl. K ToMy ’Ke rpaBUTAl{HOHHOE
B3aUMOJIeCTBHE O4YeHb cJIab0 M0 CpaBHEHUIO ¢ APYTMMH
B3aumofeiictBuaMu. Hamnpumep, cuia 3JIeKTPHYECKOTO
B3aUMOJeHCTBUS MeXAY IABYyMsaA aiaekTpoHamu B 1070 pas
NIpeBLINIAET CUJY IPUTSAXKEHUA MeXIYy HUMH. IlodToMy
rpaBUTALUOHHBIHA KOJJAnc OOBLIYHO IPOU30HTH HE MOJSKET.

Ho curyamus coBepliieHHO MeHseTcs, KOrJa pedb 3aXO-
IUT 06 OYeHH MACCHMBHBIX O0BeKTax, MOZOGHBIX TeM, KO-
TOpble paccMaTpuBanuck Xoiiom u Paynepom. Yem 6071b-
1Ie mMacca, TeM CHJIbHee CHJa TAroTeHuda. s oyeHp 601b-
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mux o6wbekToB rpaBHTaAllMOHHBIE CUJIBI CTOJIb 3HaAYUTEJb-
HBl, YTO HU OAHA U3 M3BECTHBIX CHJI, NMO-BUAUMOMY, He B
COCTOAHHM IPEJOTBPATUTH I'PABHUTAIHOHHBIM KOJJIAIIC.

CornacHo HBIOTOHOBCKO# TeopHH, eciu npolecc rpaBu-
TALHOHHOTO KOJIIAIICA HHYeM He OrPAHUYEH, TO BCe BeLecT-
BO KOHIIEHTPUPYeETCA B TOUKY, IePeXOoAs B COCTOSHUE ¢ fec-
KOHEYHOH mioTHocThi0. Ho MOKHO M mosaratbes Ha Teo-
puio HeloToHa BmIOTH KO 3TOi cTagum cxxaTus?

Tarorenne u TEOPHA OTHOCHTEJBHOCTH

HrlororoBckas Teopus taroTeHus, HeCMOTpH Ha Bce
€€ YCIIeXH B ONHMCaHHU TPaBHUTAIIHOHHBIX SABJEHMI KakK HA
3eMJle, TaK M B COJIHEYHOH CHCTeMe, ajleKO He cBoGoaHA
OT JoruvyecKux 3aTpyAHeHui. Tak, Hanpumep, no Hrioro-
Hy rPaBUTAlMOHHOEe B3aUMOJeEHCTBHE mepefaeTcsi MIHO-
BEHHO; OHO pacmpoCTpPaHAeTCA ¢ GeCKOHEYHOH CKOpPOCTHIO
H ero BIMSIHHE OLUYIAEeTCA He3aMelauTenbpHo. OZHAKO 3TO
NPOTHBOPEYHUT ClIELlHATBHOM TEOPHU OTHOCHTENBHOCTH, KO-
TOpas yTBEPXKAAET, YTO He CYLIECTBYET B3aMMOAeHCTBHUI,
pacnpocrpaHsnowuxca ObicTpee, yeM  cBeT B mycToTe.
BMmecTe ¢ Tem yike OKOJO NATHAECATH JeT TOMY Hasaj
OMHINTEHH TIPeIJIOMX U TEOPUIO TAMOTeHHs, KOTOpas corja-
CyeTcd H CO CHelHaJbHON TeopUell OTHOCHUTEJIHHOCTH, & BO
MHOTHUX OTHOUIEHUAX U C HBLIOTOHOBCKOH TeopMeil TaArore-
HUA. JTa TeOpUs TATOTEHHs Ha3blBaeTcs obmeit Teopueit
OTHOCUTEJILHOCTHU.

O6masa Teopusi OTHOCHTEIBHOCTM MCXOLUT M3 3aMeda-
TEJIbHOTO CBOMCTBA TPABUTAIIMH, COCTOSINIEr0 B TOM, 4YTO
FPaBUTAIIHI0 HEBO3MOMHO «BBIKJIOYHTh». OHa Bcerga ecTtb
¥ BCcerja OKa3biBaeT BJIMAHUE Ha BCe MAaTepHaJbHbIE
JacTunbl. B 3TOM cMbICIe OHA OTJAMYAETCS OT BCeX HM3BECT-
HBIX B (DU3UKe CHJI. OIJEKTPHYECKHE CHJbI OKa3bIBAIOT
BJIUAHHE TOJNBKO HA 3aPsKEHHbIE YACTHIbI. DJEKTPOH
(o6najaomuil OTPHULIATENLHBIM 3aPAAOM), NIPOTOH (3apd-
SKEeHHBIIl ITOJIOKUTEJIBHO) U HEUTPOH (BOBCEe JMUICHHBIH 3a-
pAzna) 6ynyT BectH cebd B OLHOM H TOM e 3JIEKTPUUECKOM
noJe no-pasHomy. C Apyroifi CTOPOHBI, B TpaBUTALMOHHOM
noje OHM OYyAYyT ABUraThCA COBEPUIEHHO OJHHAKOBO. DTO
06CTOATENHCTBO MOHAN elle laaumell Gorxee TPEeXCOT JeT
Hasala. Umenno Tanunel fokasan, 4ro Bce Tejla MajamoT ¢
ORUHAKOBBIM YCKOPEHHEM, He3aBUCHMO OT UX MAaCChl.
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Puc. 2. DitHmTeiiH MCXOAHA M3 TOro, 4YTO CHJBI TATOTEHHH
recHeifimuM o6pa3’soM CBA3AHHI C NPOCTPAHCTBOM H BPEMEHEM.
XoTsi TpaeKTOpMA CHApPAfa B TNOJe TSKECTH MpeAcCTaBAdAeT
co6oii KpMBYI0O JNMHHIO (JI€BbIH PHUCYHOK), ofmaa TeopHA OTHO-
CHTEJLHOCTH CYHTAET 3Ty JHHMIO NPAMOL B UCKDUGLEHHOM
NMPOCTPAHCTBE-BPEMEHH.

DitinTelin TpUIIEN K BBHIBOAY, YTO 2TO CBOMCTBO rpa-
BHTAIMM YKa3blBaeT Ha TeCHeHRUIyI0 CBA3b TIpaBHTALNA
C TpUpOAOH IIPOCTPAHCTBA ¥ BpPEeMEHH. Tlepshlii 3a-
KOH ABuKeHHs HBIOTOHA YTBEpKAAeT, YTO TeJIO MPOAOJKA-
eT ABUraThCA PABHOMEPDHO M NPAMOJHHEHHO JO TeX
nop, MOKa HA HEro He HAYHYT AEHCTBOBATHL BHEIIHHE CHMJILL.
IIpeacraBum cebe apTHIIepUiicKOe OpPYyAMe, CTpessdiomiee
nox yraom 45° k Bepruxanu. Ecau 6b1 ne 6b1JI0 CHJIBI TATO-
TeHHs, CHapAJk MPOAOJKAJ Obl CBOe ABHXKEHME IO npAMOit,
cocrapngiomeit 45° ¢ Beprukansio (puc. 2). Hanwdme rd-
FOTeHUS 3aCTABJIAET CHADHAJ ABUTATHCHA IO MCKPHBJIEHHOM
napa6oauueckoit TpaeKTopuu. IIoCKOJNBKY OT TATOTEHMH
u36aBUTHCH HeJNb3A, 6€CCMBICJIEHHO pacCMaTPHUBATH 38KO-
HBI ABMKEHUsA B OTCYTCTBME rpaBUTAlMH. TOJBLKO YTO NMPH-
BeJeHHBIH NpHUMep IOKA3BIBAET, YTO TArOTEHHe — IPH OT-
CYTCTBHM KAKUX-THG0 APYIMX CHJ — NPUBOAMT K TOMY,
4YTO YACTHMIIBI ABUXKYTCS He IO NPAMBIM JIHHUSM, a IO He-
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A (CesepHeii nontoc)

CoBeplIeHHO aHAJOTMYHO DTOMY JHMHMM, NpPOBeJeHHble Ha coe-

pe (Hampumep, Ha 3eMmne), INPEACTABIAIOTCA HaM KPUBLIMH

(mpaBeiii PUCYHOK), XOFS IO OIPpPeAeNeHHI0 OHHM SABJAAIOTCH

«NIPAMBIMM» : MMEHHO OHM IIPEACTABAAIOT KpaTyalimiee pac-

CTOSHMe MeXAY ABYMS TOYKAMH. OTH <IpAMEIE» BBHITAAAAT

HCKPUBJIEHHBIMH, TTOCKOJBLKY OHHM HM306pa’keHhl B HECBKJIHIOBOM
NPOCTPaHCTBE.

KOTOPBIM KPMBBIM. BMecTe ¢ TeM 3TU KpUBBle JMHHUHM MOX-
HO HA3BAThL ¢«IIPAMBIMHU», €CJIM U3MEHHUTh 3aKOHBI reoMeT-
puu. UMeHHO Tak M MocTyrnaeT o0Iias TeopHs OTHOCHUTEIb-
HoctH. Hanuuue cUJ TATOTEHUA INPHUBOAUT K TOMY, UTO
reOMeTPHUA NIPOCTPAHCTBA-BPEMEHH CTAHOBUTCH HeeBKJIUMAO-
BOM; KOJIMYECTBEHHO 3TOT BBIBOJ OIIMChiBaeTcs ypaBHe-
HUAMHU JHHIITEeHHA.

Pemenue llIBapuiunnnaa

YpaBHeHua OHHuUITeHHaA NOKAa3bIBAIOT, KAK HCKpPUBJIE-
HHe IPOCTPAHCTBA-BpeMeHHU (APYTMMH CJOBAMH, HeeBKJH-
OB XapaKTep NPOCTPaHCTBA-BpeMeHH) CBS3aHO C paclpe-
IeJleHMeM Bell(ecTBa. XOTS IOJIOJKEHHbIe B OCHOBY TeOPHH
HUJleM NPOCTHI M U3AIIHLI, 8 YPaBHEHHs MOTYyT ObITh 3anH-
CaHBl B. OYeHb KOMIIaKTHOH Qopme, peineHue J000# KOH-
KpeTHoii 3azauu B OOIIeHl TEOPHH OTHOCHUTENBHOCTH Ype3-
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Puc. 8. Ecau Telo CXUMaeTCH TaK, YTO OKAa3bl-
BaeTca BHYTpU cBoell cdepm IllBapunuunabaa, To
HM pajuo-, HU ONTHYECKHH CUIHAJ OT Teja HE MO-
ryT BeiiTH 3a mpeAenanl cdepni. Ho urobel morpy-
3uThes B cBoo cdepy llIBapumuiaspa, Teao DOJIXK-
HO cTaTh HeoObYaWHO IIJIOTHBIM, Hanmpumep AJs
ConHua pajuyc HIsapu3umnblla COoCTaBJsieT BCe-
ro KM,

BLIYAHMHO 3aTpYAHEHO IVIaBHBIM 06pas3oM u3-3a HeeBKJIN-
JOBOCTH IIpOCTpaHCTBa-BpeMeHH. M3-3a 3roro aumsp JAuad
HEeMHOTruXx 3ajgad4 3TOH T€OPHUHN H3BECTHBI TOYHBbIE peme}mﬂ.
OxHO OueHsb BajKHOe pellleHue Obimo Haligeno B 1916 r.
K. lIBapuiuuiasgom.

CoryiacHO 3TOMY peIIeHHUI0, TMOoJe TATOTeHUs Ha 00JIb-
IINX pacCTOAHMUSAX OT TeJa, CO3fAalolllero sTo moje, 6osee
MJIM MeHee cOBHNajiaeT C I10JeM, olpeleylsseMblM HbIOTOHOB-
CKOIi Teopueii. JIpyruMu cJOBaMH, OHO OY€Hb XOPOLIO OIH-
chlBaeTcsi M3BECTHBIM 3aKOHOM o6paTHOH NpOIMOPIIHO-
HaAJILHOCTU KBaJpaTy paccTogHus. OzHaKo 1mo mepe TOIO
KakK Mbl Bce OJMoKe M OJMMKe MOAXOAUM K Tesy, OTJIUYUSA
OT HBIOTOHOBCKOI TeOpHMH CTaHOBATCA Bce Oosee U Ooryee
cyllecTBeHHBIMM. KaK 3TOro u cienosajio OKHUAATH, Tpa-
BUTAI[MOHHOEe II0JIe CTAHOBUTCA BCe CUJILHEe U CHUJIbHEee.
Ho cunpHOe rpaBUTALIHOHHOE IIOJIe CONPOBOYKAAeTcs CHUIIb-
HBIM HCKa>XeHHeM TeOMETPUH TPOCTPAHCTBa-BpeMEHU;
3T0 06CTOATEIHCTBO HH B KAKOH Mepe He IpejcKa3blBaeTcs
HBIOTOHOBCKOM Teopueil.

Ipencrasum cefe KpaliHuii ciydail, Korja TArOTeIO-
l[1e MacChl CKOHI[EHTDMPOBAHBI B Touke. VIcKpUBJIeHUWE
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NIPOCTPAHCTBA-BPEMEHH BeJleT TOI/la K OYeHb WHTePeCcHO
CUTyalluH, KOTOPYIO TPOLIE BCEr0 YSCHUTH, IIOJb3YAChH
puc. 3. Bokpyr TAroreiomei Macchl MOMKHO IIOCTPOMThH
chepy oOImpegeseHHOrO0 paAuyca, Ha3bLIBAEMOIO HIBapi-
WHAIBJOBCKUM, KoTOopas HAeHCTBYeT Kak cBOeoOpa3HbIH
6apbep mns curnasoB. Hukakoi busudyeckuit curmaga He
MOX<eT BBIHTH U3 3TOH cdephbl HADYXKY; OIHAKO CUTHAJbI
H3BHE MOTYyT IOII4CTh BHYTPh Hee.

Moxker 1u Takas cHTyauHus BOSHMKHYTL Ha CaMOM Je-
Je ? OKasblBaeTCA TAKAS CUTYALUS BO3MOMHA B TOM CJy-
dae, €CIM TeJO HACTOJNBKO MAaJO, YTO JIeHKUT BHYTPH CBO-
el WBapUINILAOBCKOH cdepbl. Do YCJIOBHe He YAOBJET-
BODPSAETCA HU AJIA OAHOTO M3 TeJ BOKPYyr Hac. Tak, uIBapi-
IINABROBCKMH paguyc Aaa ConHuma cocrasiser OKOJIO
3 kM, Torza Kak B AeHCTBHUTENBLHOCTH pazguyc Conxua pa-
BeH npumepHo 700 000 wm.

Ho mnycts B pesyasraTe TPaBUTAlLlHOHHOTO KOJLIAIICa
T€JIO C3KaJIoCh A0 TAKHX Pa3MepOB, YTO OKA3aJIOCh BHYTpH
cdepsr llsapmunsga. To, yTo Gyger IIPOMCXOLUTH TOTAA
MOJKET CJIYKHTh NPEBOCXOAHOH Temoit nns Hay4YHO-(paH-
TACTUYECKOr'o poMaHa.

Cunryaapaocts NIPOCTPaHCTBA-BPeMeHE

Bepnemcs cHoBa k Hamemy IpuMepy o6GJaKa NbLIH,
KOJMaNCUPyIollero noj AeHcTBUeM COBGCTBEHHOro TaroTe-
i HudA. JTa 3ajaya MOXKeT GBITh pPaccMOTpeHa BIOJIHE CTpO-
ro B paMKax obuieit Teopun OTHOCHUTEJIbBHOCTH, OLHAKO OT-
BET OKa3bIBAeTCA HECKOJBKO O3ajauuBaiouium. Jlomycrum,
ITO BHayaJjle MBI [OCTABMJIM JBYX HabGmonartenmeii A u B
AJIA 3aIIHUCU XoJa COGBITHII IO Mepe caKaTus o6aKa. ITycrs
A ocTaercs Ha MecTe BHe obnaxka, a Buaxogurcs Ha OHOM
U3 yacTHI 06saKka U ABUIXKETCA BMECTE C Heif. Ha6mopaTe-
M1 A u B ycraHaBnIuMBaOT MeXAY coboit cBa3b IIpU IIOMO-
I CBETOBBIX WJIM PajJUOCHUTHAaNoB (puc. 4).

Ha6miogatenr A o6HApYXUT, 4TO 06JaKO0 Aenaercs
BCe MeHbllle U MeHbIlle: ORHAKO OH HUK020a He Ooxcueer
do rozo0, urobuL yeudersv, KaAK O6NAKO CHANOCH 6 TOuKY.
Ilpuuuna crTons yauBUTENIBHOTO pe3yJibTaTa KpoeTrcd B
MCKDUBJIEHNH NPOCTPAHCTBA-BpeMeHN. ITo mepe cxxatus 06-
JIaKa IoJIe TArOTeHUs BOJIU3H HEro CTAHOBHTCS BCE CHUIIh-
| Hee U CuibHee, a TeOMETPUS IIPOCTPAHCTBA-BPEMEHHU Bce
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Puc. 4. Ceass Mexay HaGmonatenem B, maxoasmumcd BHYTPU
KOJLTATICUPYIOIIeH TrajJaKTHKH, H nabaogatenem A, HaXOAAIIUMCH
BHe ee, BO3ZMOXKHA JHIIb AO TEX MOPp, NMOKa HaGmioAaTennL B ue nona-
Aer BHYTPs cdepn IIBapmiuunnAa. Habaogarens A HHKOrAa He
y3HaeT, yTo CJy4YMJIOCh ¢ Habmiofareiem B, nocie Toro Kak mnoclien-
Huil mepecex coepy IlBapuininAa. Ilepex uabmogartenem B 3a He-
CKOJBbKO CeKyH/ TIPOMeJNBKHeT 8ce Oydyujee nabmoparens A.

GobIIe ¥ GOJbIIe OTKJIOHAETCA OT eBKInAoBoi. Pusmuyec-
KM 3TOT 3(PeKT NPOSBIAETCHA CIeAYIOUM 06pasom. IIpen-
cTaBuM cebe, uTo HabmiofaTesr B mocsuiaer ABa CHTrHAJA
Yepe3 INPOMEXKYTOK BPDEMEHM B 1 cex nmo cBOMM dYacaM.
K na6mogaTeqio A IO ero dacaM 3TH CHTHAJIBI MONAAyT
BOBCe He C MHTepBaJioM B 1 cex; ux npubbiTHE 6yzer pas-
AeJeHO 3HAUMTEeJbHO GOJBIIMM HHTEpPBAJIOM spemenu! N
3TOT MHTEpBAJ CTAHOBUTCH Bce Goibure u fospire MO Me-
pe Toro, kak HabGmogarensb B npubGnuxkaercsi K MBapm-
munsxoBckoit chepe. Kak Toapko B nepeceder chepy
1[BapuIIMILAA ¥ OKAXKETCA BHYTPH Hee, HU OLHH curHaln,
[OC/JIAHHBIH MM, He JOCTHMrHeT nabmozarens A, faxe ecin
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661 A okasascsa GeccMepTHBIM] IlosTomy nabmiogarens A
BUAUT, YTO TesJO NPUOIHIKAETCA K CcBoeii LI Ba P UJILAOB-
CKO# cdepe Bce MeJJIeHHee U MeéJJIeHHee, HO OH HHMKOrja
He OOHapy’>XUT, YTO TeJO JOCTHUIJIO chepnl uaH, TeM
Bosee, coxuMasich, BOLLTO B ee mpejensl. B YaCTHOCTH, OH
HHKOT/la He y3HAaeT, YTO CIAYYMJIOCH c Habmiogatenem B
IocJie TOro, KaK OH nepecex 0aprep.

To, uro npeacraBasercs Habmogatemo B, okasbpiBaeT-
ca eule Gosiee MHTepecHBIM. Eciu HabmoaaTens A obua-
! Py¥XuBaer, 4To COGLITHA B TOM MecTe, rie Haxogurcs B,
NPOTEKAIOT BCe MeJ[JIeHHEee, 0 MePe TOro KaK Habmioga-

Tea» B npubauskaerca k cdepe Isapummunsaa, To B Bu-
AHUT, 4TO ¢ HabmofaTeseM A MPOUCXOAUT COBCEM IpOTH-
BonoJoxkHoe. [lna Hero cobbITUA B Touke, rpe HaXOJAHUTCH
HabmonaTens A, pa3sBUBAIOTCA Bce GricTpee, u B TOT MO-
MEHT, Korza o mepecekaeT coepy Illsapumuabaa, o B
TeYeHHe HEeCKOJLKMX MTHOBEHMIl BHMIUT Bce 6ynyiee A.
Onnako Bmepexm ero >KAYT ewle GoJbIIme HUCIBITAHHSA.
Pacuern nokaseiBaoT, 4TO BpeMs, Heo6XopuMoe Teay
(mo yacam HabmogaTens B), uTo6b1 cxkaTbes B TOYKY,
coBnafaer ¢ TeM BpeMeHEM, KOTOpPOe NOJyYaeTcs M3 HbIO-
TOHOBCKOil Teopun. Taxkum obpasom, ecam o61aKo Hawu-
HAeT CKUMATHCA OT IJIOTHOCTH 1 2/cmM3, oHO mocTuTHeT
KOHEYHOro cOCTOAHHA NPHOIH3MTENBHO 3a moauaca! IIpu-
MEpHO 3a 3To »Ke Bpems HabGmiosatenrs B Gyger cxaT B
TOYKY BMeCTe C OCTATKAMM KOJUIANICHPYIOIIEro o6Jjaka.
Cocrosnus ¢ 6eCKOHEUHOH IJIOTHOCTBIO MMEIOT KyJZa
Gonee cepnesnrle moOCHeNCTBUS ANA obuleit Teopum OTHO-
CHTEJIbHOCTH, 4YeM JJS HbIOTOHOBCKOM TEOPHH 1O OYeHb
NPOCTOH NPUYHHE: B TEOPMM OTHOCHUTEJILHOCTH THLOTEHUE
BéCbMa TECHO CBA3AHO C IPOCTPAHCTBOM-BpeMeHem. Co-
CTOSAHHA ¢ GEeCKOHEYHOH IJIOTHOCTHIO NMPHUBOAAT K GEcKo-
HEYHOCTH B reOMEeTPHHM CAMOTO  IPOCTPAHCTBA-BPEMEHH.
- 9TO 06CTOATELCTBO BBHIPAYKAIOT MHOTJa CJIOBAMH: <«IIPO-
CTPAHCTBO-BpeMA CTAHOBUTCH . CHUHTYJAPHbIM». Craenosa-
TeNbHO, oblllas TeOpUA OTHOCHTENBHOCTH NPUBOXMT K 38-
MeuaTeJIbHOMY pe3yJbTaTy: Aaa Habmogatens B mpo-
CTPAHCTBO-BPEMA CTAHOBHTCS CHHTYJSPDHBIM IPUMEPHO
3a moayacal

Ha »T0it craguu paccmoTpenus MOJKHO, KOHEYHO,

BCTATh HA Ty TOYKY 3PEHHUA, YTO B NPHBeAEHHOM BBILIE
NIpUMepe CHHIYJISPHOCTL BO3HUKAET JIMMIbL AJA Ha6mioaa-
Tenss B, KoTopmii Konsiancupyer BMecTe ¢ Texom. Ber-
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Huit HabGmofarens A HHUKOTAA dTOro He obHapyXuT; ANA
Hero 06JaKo HHMKOIZAa HE COXKMETCA 3a Npejiesibl IiBapli-
IHIBROBCKOro papuyca. C 9TOil TOUKM 3pEHHA OKOHYA-
renpHas cyApb6a 06beKTa, IMONBEPHEHHOrO IpaBUTALUOH-
HOMY KOJLIAIICY, HEe HUMeeT 3HAYeHHU .

Ho MBI AOJYKHBI PACCMOTPETH BCe BOBMOIKHBIE CJel-
cTBUA (DU3HYECKOH TEOPHH, ¥ NOTOMY BIIOJHE 3aKOHHBIM
fABJgETCA BOIPOC, AEACTBUTENBHO JH obuiag Teopusi OT-
HOCHTEbHOCTH IPMBOAUT K CHHI'YJISPHOCTAM NpOCTPaH-
cTBa-BpeMeHHU JAJA HaGumonaTeeii, noAo6HbIX HabmoxaTe-
mo B. Moxuo jau u36eXKaTh BO3HHKHOBEHHS CHMHIYJAD-
HOCTH, TNPHOCTAHOBHB rpaBUTALIHOHHBIR KOJJIATIC no6oro
o6beKTa HA KAKOH-TO ero PaHHeH craguu?

Mo2KHO JH NPeAOTBPATHTh NOABJCHHE CHETY IAPHOCTH?

§I yme ormeuas paHpllie, 4YTO 6n1arogaps «ciaabocTH»
rpaBUTAIMOHHOrO IOJA B 00BIYHBIX O0BEKTaxX Apyrue CH-
ARl B COCTOSHUU [POTHBOCTOATH AEHACTBMUIO CHUJ THroTe
Husg. Jlump AJasi O4eHb MACCHBHBIX o6exToB mnpobiema
rpannrauuoxnoro KoOJLjalmca CTAHOBUTCHA cepbeauoi'l.
BrsoTe A0 HeXaBHUX IIOPp CaMBIMU 60IBpIIHMY OO BEKTAMM,
JIS KOTODBIX NPHXOAMJIOCH DACCMATPHUBATH paBHOBECHE,
6bliu 3Be3xbl. JlaHHble HAGIIOfEHUM, YIOMAHYyTHIE B HAa-
yajle CTAThH, YKa3LIBAIOT C 6oNbIIOif BEePOATHOCTHIO HA
cylllecTBOBaHHe B IpHpPOJeE 06 beKTOB ¢ Maccoit, mo Kpai-
Heil Mepe B COTHM MMJIJIMOHOB pa3 NpeBLIIAoLIeH Maccy
3pean. IlosToMy BechbMa BayKHO BBISICHUTH, MOTYT JHU CH-
JIBI, KOTOpble MOAAEPIKUBAIOT paBHOBecHe OOBIYHBIX 3BE3[M,
ofecmeyuTs paBHOBECHE X MACCHBHBIX CBEDX3BE3J.

. ComaM TATOTEHNINR W iBeBRax IPETHBOCTOSIT EHA1 BHYT
peHHero KaBieHUfA. PaBHOBecHe MEXIY JaBJieHUEM H CH-
IaMU TATOTEHUS MAOIKHO NOAAepKUBATHCA OUEHDb TOYHO,
uHavie 3Be3fia ObICTPO CKOJUIATICUDPYET. Heob6xogumoe AJas
paBHOBeCcHs fAaBjeHUe B IEHTpe Connna cocraBiseT OKO-
no 10" kz/cm?, BeIUYMHA JIO 3EMHBIM MmacmrabamM KOJIOC-
canpHasi. Ecau Gbl TAKOTO BBICOKOTO AABJICHHSA HE 6BLII0,
ConHile CKOJJIANCHDOBAJO 661 B TedeHUE HECKOJBKHX
YACOB.

Bricoxue AaBJeHUS ¥ BBICOKME TeMTEPATYPH BHYTPH
3Be3j CO3LAIOTCS ANEPHBIMH peaKiHaMH. B ueapax Conn-
1ua sHeprus ocBoGoKAaeTcs NpHU npespaljeRdu BOJXOPOAR
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B reauii. Jlajsee IPOMCXOAMUT BHITODAHME Te€JHA U T. A.
B KoHIle KOHIOB BCe AfePHOE «TOILIMBO» B JIIOGOH 3Be3je
6ymer HcuepnmaHO M 3Be3Ja HAYHET CIKUMATBHCA. PacueThi
NMOKa3bIBAIOT, YTO €CJIHM MAacca 3Be3[bl He IIPeBLIIIAeT MAac-
cy Connna Gosee yem B 1,44 pasa, TO BHYTpH 3Be3AbI BO3-
HUKaeT HOBBIH BHJ [JAaBJIEHUS, CIIOCOOHBIH OCTAHOBHTH
cxaTHe. ITO JaBleHHe HA3HIBACTCA AAaBJICHHEM BLIPOK/AEH-
HOT'O 3JIEKTPOHHOTO rasa; ero BOSHUKHOBEHHE cCJeAyeT M3
KBAHTOBOH Teopuu. KBaHTOBas Teopust yTBepxKmaeT, 4TO
SJIEKTPOHBI HeJb3f CJHHMIIKOM Cc6Iu3UTL ADYr c ApyTrOM.
Yem OGosablie c)KaTro BeIeCTBO, TeM BbIllle 3TO A4B-
JeHHe.

Maccer cBepx3pe3f, paccMOTpeHHbix <PaysepoMm ¥
XO0iNOM, 3HAYUTENHLHO NPEBOCXORAT YKA3AHHBINA Tpexel.
Huxakoe aaBireHHe — HM TENJOBOE, HM AABJICHHEe BHIPOXK-
AEHHOTO ra3a — He MOYKeT NPOTHBOCTOATL B ITHUX OO'BEK-
Tax cuiam tsaroreHus. OueBHAHO, B OGLIYI0 TEODHIO OTHO-
CHTEJIPHOCTH HYKHO BHECTHM HEKOTOphle KOPPEeKTUBBHI,
4To6Bl H36eKaTh PA3BUTHA CHHIYJAPHOCTH NMPOCTPAHCTBA-
BPeME€HM BHYTPM STHX MACCHUBHBIX 00'bEKTOB, KOrja OHM
NMOABEPTralOTCA PEJATHBUCTCKOMY KOJLJIATICY.

Ilouemy Bce ke TAroTeHHe B KOHIle KOHI[OB OKa3bIBa-
erca noGexgurenem?

MoxkHo nosicHHTH 3TO ciaeAyloiuum obpasom. Koraa
MBI DACTATMBaeM pPe3HHOBHIM WIHYpP, B HeM cO3JaeTcH 3a-
nac moTeHUua bHOM sHepruu. Ecim szatem npemocraButh
WHYPY cBo6ORY, TO OH HAYHET CXKUMATLCS IOJ AeiicTBHEM
YIPYTHX CHJI M 3allaceHHad DHePrusi MoKeT ObITH UCIIONb-
30BaHa Aiuga mo6eix neineit. OgHako, Korja sra SHeprusd
6yler HMCNMONBL3OBAHA, CHJIBI, OTBETCTBEHHbIE 38 CIKaATHe,
NpeKpaTAT cBoe cylnecTBoBaHMe. Takas curyammusa TUnmu-
Ha IJiA BCeX M3BECTHBIX CHJI, 38 HCKJIOUYEHHEeM CHJ THAro-
TeHHA. B cayyae CUT TATOTEHMS MMEET MeCTO KaK pas
npoTHBONONOXKHOe. Horga cucreMa KoJuancupyer IIOZ,
OeHCTBHEM CHJI TATOTeHHA, CHJEI TATOTEHUSA BO3PACTAIOT,
a He yOGBIBAIOT.

Mo Ho OZ0oHTH K 3TOMY BOIIPOCY H ¢ HECKOJBKO MHOM
TOYKH 3peHus. ByJeM cuuTaTts, YTO TATOTeHMe oOianaeTr
orpullaTenbHoM dHeprueil. Ecam or orpunareapHoro
YHCJIa OTHATh IIOJIOMKHUTENBHOE, TO OTPMIATENbHOEe YHUCJIO
yBenuuurca (o abconoTHOH BeanuuHe). UmenHo 3To npo-
MCXOAUT C TPABUTALIMOHHON 3HepPrHell KOJIJIAICHDYIOIIEro
TeJa.
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Dro paccyxAeHue TMOACKA3bIBaeT HAM, YTO MOXKHO
usbesxkaTy KoJjiamca O CHHTYJAPDHOCTHM IIPOCTPaHCTBA-
BpEMEHH MyTeM BBEJEHMA TMOJS C OTPHLATEeSbHOH IHepri-
eif, KoTopoe BospacraeT ObicTpee, ueM TAroreHue, KOTAa
00beKT HauuHaeT cEuMaTbcd. Ho He MpUXOAMJIOCH JIH
dbu3uKaM paHbille PACCMATPUBATHL IIOJE OTpHIATEILHOA
3Hepruu, obysagarliee TAaKUM cBoiicrBoM?

KocMosiorudecKas aHAJOrHsa

Ha mnocneguuii BOIPOC Mbl AOJKHBI OTBETHTH «Ja».
Takoe moje y»Ke BBOJAWJIOCH B KOCMOJOTHH, yroOBl 0b€Ec-
NedyuTh HenmpepbiBHOe 00pa3oBaHUE€ BellleCTBA. Opua u3
TPyAHOCTE# TEOpHUH cranuonapHoit BcenenHoO#, kKorja OHa
BIlepBble Gblna cPOPMYJIHPOBaHA, COCTOAJA B TOM, YTO
HYXHO ObLJIO JATHb KOJUYECTBEHHOE o6bsicHeHHe HeImpe-
peIBHOMY 00pa30BaHHIO BEIIECTBA. Bear ¢ pacmiupeHueM
BceslenHOI NMJIOTHOCTH BellleCTBa B Hell Heu306eXHO AOJIXKHA
yGbIBaTh, €CJIH TOJBKO BEIIeCTBO He BO3HMKAaeT BHOBb.
B cranuoHapHOH BeesleHHOI IIJIOTHOCTh BellecTBa AOJKHA
ocTaBaThCi BCErAa HEM3MEHHOMH, ClefoBaTeNbHO, Heo0x0-
AMMO HempephiBHOe 06pasoBaHue BEIIECTBA.

Orkyna OepercA 3TO pemiectBo? OHO He - MOXKeT BO3-
HHUKHYTb U3 U3JyYeHUA HJIH Kakoro-1u6o HMHOro HCTOY-
HUKa TOJOMKUTEeILHON JHEPTAH. JIi060i1 mogoGHBIH HCTOY-
guk 6ygmer 6picTpo McHepnaH 3a cdeT ABYX 9hPEKTOB —
o6pasoBaHMs BellleCTBa U  PacCIIMpeHM: BcenenHOH.
Tlostomy Xoiin BBIABMHYJ HJA€X O TOM, HTO BeIl[eCTBO
cosnaeTrcd 3a cueT UCTOYHHKA C OTpHIIATEILHOMR 3Hepruei.
Ecnu BellecTBO BO3HHKAET 3a CYeT TaKOro MCTOYHHKA, TO
caM MCTOYHHMK CTAHOBHTCA elie Gouee OTpULATeTbHBIM.
OxHako, ¢ APYroi CTOPOHBI, OH CTAHOBUTCH MeHee OTpU-
LHaTeJbHBIM IIPH PaclIMpeHUH BceneHHOM. 9TU ABa IIPOTH-
BOIOJIOKHBIX d(dGdeKTa MOrYT ypaBHOBeWIUBATE APYT Apy-
ra u obecrmeuuBaTh CTAIlHOHAPHOE COCTOSHUE BcesleHHOM.
DTOT HMCTOYHHUK OTpPHLATENHLHOM 9Hepruu Xoin Haszsal
«ITOPOKAAIOIUM TTOJIEM». B cBsi3u ¢ 3TMM OUYE€Hb MOYYH-
TeNLHO NPOBECTH KOCMOJOTHYECKYIO aHAJOrHIO. TIpocreii-
arye MoJeau pacmnpmomei&ca Beenennoii B ob111eit Teopun
OTHOCHUTEJHLHOCTH MMEIOT CHHTYJSpHOE TIPOMCXOKJeHNE.
CornacHo atum mojaensaM (puc. 5), Bcenrennas Hauazna cBOE€
cyllecTBOBaHHe H3 GECKOHEYHO ILTOTHOTO COCTOSHHUA TY-
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Puec. 5. Cxemarnueckas auarpaMma paclIMpeHHs MOCHe THIAHTCKO-
ro B3priBa Beenennoit. CTpesKM M306paskaloT pacXoAsilMecs rajak-
TUKM (BepXHuit pucyHok). Ha HM¥XHeM pucyHKe u3oGpaskeHa Ta Ke
KapTHHa, HO ofpalleHHAs BO BPEMEHM — TANAKTHKU MOAXOAAT APYT
K Apyry Bce Oauaxke u OaMXKe AO TEeX MOP, MOKa He BO3HHKHET CHMH-
ryAsSPHOCTb.



rem B3peiBa. HabmiogaeMble HAMH pasteramoniyecs rajJak-
THKH npeicraBiasioT co00i ¢parMeHTsl B3pbIBa, YAAJIA-
foLHecs APYr OT Apyra. BoT mouemy HHOrZa 3TH MOJENIH
HA3BIBAIOT «MOJAEJAMH 'MI'AHTCKOTO B3PBIBa».

NomycTuM, 4TO MBI 3aCHSJIN HA IJIEHKY pacliupeHue
BeeneHHOH mOcJe «THTMAHTCKOrO B3pHIBa» U Temepp Mpo-
cMaTpuBaeM ILUIEHKY B OGpaTHOM HamnpaBJeHHU. Mgu1 yBU-
IMM CKMMamoLlyloca BceleHHYIO, B KOTOPO# TraJaKTHKH
cxopsitea 6mmke u Gauxe. B KOHIle KOHIOB BCe BeleCTBO
CKOHIIEHTPUPYeTCA B TOYKY M €ro IJIOTHOCTH obpaTurcs
B 6ecKOHeYHOCTh., PaKTHYECKHU 3TO IpelcTaBJIAeT coBoit
rpaBUTALMOHHBIN KOJLJIAIC Bceilt Bcenennoit. BeruuciieHHA
HOKa3bIBAIOT, YTO IIPOCTOH ciayyail Kojnanca obraka MblUIH
¢dopmansHO coBnazaer Co BcesleHHOH «rMTaHTCKOI'O B3PhI-
Ba», obpallleHHO# BO BPeMeHH.

CHMHIYJISDHOCTh IPOCTPAHCTBA-BPEMEHHU Bcenennoit
«THFAHTCKOTO B3pbIBa» HE IIOABJIAETCA B CTaI[MOHAPHOM
BeesleHHO#T 3a cueT HelpepbIBHOro obpaszoBaHus Belle-
cTBa; craluoHapHAas BcejleHHas He MMeeT CHUHIYJAPHOTO
Havana. Eciu BepHYTbCA K AHAJOTHM, KOTOpas paccMar-
puBajnach Bbinle, TO, OOPATHB XOJ BPEMEHH B CTALMOHAD-
HO# BceesenHo#l, MBI OOHADYKHMM CXKATHe U HeIPepbIBHOE
yHHUTOXeHue BelllecTsa. BcenenHnas cama 1o cebe HUKOTI-
Ia He MOZOMAET K CHHTYJIAPHOCTH IPOCTPAHCTBA-BPEMEHH.
He moryT jau WrpaTh pOJb 3TM sABJIEHMS B MaCCHUBHBIX
o0BeKTaX, KOTOpble MBI Hal3blBaeM cBepx3Beagamu’?

Xoiix u § BCECTOPOHHE M3YYMJIH 3TOT BOIIPOC M MPH-
IITH K BBHIBOAY, YTO COOTBETCTBYIOLee pellleHue CyLIeCTBY-
er. Ilo Mepe TOrO KakK TeJO CXKUMaeTcA, BeJIMYMHA MOJ,
IIOPOKAAIOIIETO BEIIeCTBO B DTOM Tejie, PacTeT, HO B TO
JKe BpeMs 3TO II0JIeé YHHUTOXKAET BeleCTBO. DTu ABa 1po-
fecca MOJKHO OTPEryJjHpOBATH TAKUM obpasom, 4TO IJIOT-
HOCTh BellecTBa B Teje Oyaer ocTaBaTbCHd TIOCTOSHHOM.
Takum 06pa3oMm, CHHTYJISAPHOe COCTOAHHE HHUKOrjaa He 6y-
get gocTurHyro. OfHAKO dTO penieHue obragaer ABYMS
CBOJICTBAMHM, KOTOpBIe, [0 BCe# BUAMMOCTH, He IMO3BOJAIOT
[IPUMEHNUTh ero AJA BbIACHEHHUS BONpoca 00 OKOHYATEeJb-
HOli cyxbbe MHTepeCYIOLIHX HAC MAaCCHBHBIX Tel. Bo-niep-
BBIX, TPOLECCHI, O KOTOPHIX TOJBKO YTO LIJA pevs, UAYT
NUWb B TOM cjydae, KOIfa IUIOTHOCTH BelllecTBa BHYTPH
rena oueHp MaJja, npumepao 1072 z/em3. Takaa 1JIOT-
HOCTH NPHUGIMU3UTENBHO COOTBETCTBYET NJIOTHOCTH Belle-
CTBA B MEXrajaKTHUeCKOM IMPOCTDPAHCTBe; CJeAyeT OXH-
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AAaTh, YTO CBepX3Be3/bl AOJIKHBI OBITH 3HAYUTEJNBHO IIJOT-
Hee. Bo-BTropmix, BpemeHHOH Macmra6 Bcero mpouecca
okasbiBaercs nopsaka 10! seT; mpouecc okasbpiBaercs
CIHIIKOM MepJeHHbIM. M3 HabmogeHuii BbiTekaer, uYTO
BpeMeHHble macluTabbl AOJKHB! OBITH 3HAYUTENBHO KO-
poue.

OnHako cyujecTsyer 60Jiee MHTEPEeCHAA BO3MOYKHOCTD,
B KOTODPO# IoJie, MOPOXKAAIOLlee BeleCTBO, PaKTHUYECKHU
He YHUYTOXKAeT ero, a IPOCTO CKHUMaeT 3a CYeT IpaBUTa-
LUMOHHBIX cui. Ho mo Mepe CHKATHA BeJIMYUHA IOJS BO3Pa-
craeT ObIcTpee, ueM IIOJie TATOTEHHS, M B KOHLiE KOHIIOB
MOPOXKJaroniee IoJjie OCTAHABIHMBAeT KoJJanc. Bmecro To-
ro 4To6bl HMOJOMTH K CHHTYJISAPHOCTH IIPOCTPAHCTBA-Bpe-
MeHH, TeJIO coBeplIaeT KOJeOaHUA MeXJY COCTOSHUAMH
BBICOKOH M HUBKOH IIJIOTHOCTU.

MakcumaspHas JOCTHKMMAS NJOTHOCTH COCTABJIA-
er 10% z/cm3, Teno, B ThicAYy Da3 MeHbllee 6yJaBOYHOM
TOJIOBKH, BECHT IIPM JTOM IJOTHOCTH YTO-HUOYAL OKOJIO
10'® ronn! Crons rpaHfHO3HBIe IJIOTHOCTH 4O CHX IIOp
HUKOT/Ia He paccMaTpuBaiuch. Jlake agepHas ¢pusuka He
MOXKeT IIOJCKa3aTh HAM, YTO NPOMIOIJeT ¢ BeLIeCTBOM,
NPHUBEEHHLIM B TaKOe COCTOAHHE.

OTcioa BO3HMKAeT MHOTO HHTEPECHBIX BOIIPOCOB AJSA
¢u3nKH BLICOKMX 3Hepruii ¥ actpoHomMuu. He ykasbiBaioT
Ju Habmaogaemble uamMeHeHUs OJlecKa CBepxX3Be3Z Ha Ha-
Jn4yue KoJsebarensHbix cocToaHuit? Ecau sto Tak, TO
HeNb3s JIU 3TH JaHHble HHTEPIPETHPOBATHL KAK CBUJAETeJb-
CTBa B IOJIL3Y CYLLECTBOBAHHS IIOPOMXKJA0lIero nous?

OyeHr MHOrHe ACTPOHOMBI AYMAalOT, YTO IOcCJe OOHa-
pyXeuua pacmiupeHusa BcenenHoit Xa66iom  oTKphITHE
MACCHUBHBIX CBepX3Be3J CJIEAYEeT CUMUTATh ONHHMM M3 HAH-
60s1ee Ba)KHBIX COOBITHI B HCTODMHM AaCTpOHOMHHU. Eciau
UMeTh B BUAY BCe CJEJCTBHA, KOTOPHIE BHITEKAIOT M3 3TOrO
OTKDBITUA AJIA aCTPOHOMHMH K 06lueil Teopuu OTHOCHUTENDb-
HOCTH, TO MOKET OKa3aThCs, YTO BTO AEHCTBUTEJHHO TAaK.
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