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[Tocesmena npoGieMe BO3MOKHOCTH CYIIIECTBOBAHUS KU3HHU, B TOM YHCIIE U Pa3yMHOM, Ha APYTHX
IUIAHETHBIX CUCTeMax. BMecTe ¢ TeM KHUIa COAEpKHUT JOCTaTOYHO IOJHOE U JOCTYNHOE H3JI0XKEHHE
pe3yIbTaTOB COBpeMEHHOW acTpodusuku. KHura momyuuna mepByro NpeMuio Ha KOoHKypce OOmiectBa
«3HaHWe» Ha JMyYIIYI0 HayYHO-NONYJSIpHYI0 KHHTY. [1sT0e n3nanue ObuI0 epepaboTaHO B COOTBETCTBHH C
HOBOI TOUKOH 3peHus aBropa. lllecroe m3nanue, moarorosiaeHHoe K myOnukamuu H. C. Kapnamessim u B.
U. Mopo3om, nononneHo tpems cratbsiMu W. C. IIIkioBcKoro.

Jlns mmpokoro Kpyra unTaTeseii co CpeIHUM 00pa30BaHUEM.

(ITpumedanune OCR: B kHUTE 0KONIO 120 PHCYHKOB M MHOKECTBO Tabnwuil. Tabmuisl OyayT B TEKCTe
IIPUBEAEHBI IOJHOCTBIO, PUCYHKH K COKQJIECHHIO HET, M3-32 PE3KOr0 YBEIMYEHHUS pa3Mepa BBIXOJHOTO
¢aiina, 4To Uil HHTEPHETa HEMAIOBAXKHO. )
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HPUJIOKEHHUE

1. IToncku BHE3EMHBIX LIUBUIN3ALAI.

II. Bo3moskHa 111 CBSI3b ¢ pa3yMHBIMH CYIIECTBAMH IPYTHUX TUIAHET?
[II. CymecTByIOT 11 BHE3EMHBIE TUBUIIN3ALINAN?



OT PEJAKTOPOB

U. C. Llxnoseckuii o Becenennotl, scusnu, pazyme

Aptop kuurm MHocudp CamywmwroBny IlIkmoBckuifi — BBIJAIOMUHCA acTPODU3HK, UJICH-
koppecnionneHT Axkaaemun Hayk CCCP, wieH MHOrMx 3apyOeHbBIX akKaJeMHid, OKa3aBIIUH 3aMETHOE
BIIMSIHUE HA Pa3BUTHE aCTPOPHU3UKH BTOPOH MOIOBUHBI XX Beka. OH SBIAETCS co3AaTeNleM KPYITHOW LIKOJIBI
BCEBOJTHOBOW DBOJIIOITMOHHON acTpOPU3NKH, aBTOPOM COBPEMEHHOW TEOPHUH COJTHEYHONH KOPOHHI,
OCHOBOTIONAraoux padot no Gpusnke MeK3BE3HOM Cpelbl Ha OCHOBE JaHHBIX aTOMHOW M MOJICKYJISIPHOM
PanuOCHEeKTPOCKONNH, O CBSI3M KOCMHUYECKHX Ma3epoB C OOJIACTSIMU OOpa30BaHUS 3BE3]] M IUIAHETHBIX
cucteM, 00 HBOIIONMHU 3BE3]l OT TJIABHOM IIOCIENOBATEIHLHOCTH Yepe3 CTaaui0 KPacCHBIX TUTAHTOB K
IUTAHETAPHBIM TYMaHHOCTSIM M OENIbIM KapJHKaM, O Pa3BHUTHH KOCMHYECKHUX B3PBHIBOB CBEPXHOBBIX 3BE3] U
Aaep TalaKTHK, O PEJIMKTOBOM KOCMOJOTHYECKOM H3Iy4YeHHUH U, HaKOHeN, O MpoOiieMe >KU3HU BO
Bcenennoii.

N. C. llxnoBckuit pommics 1 wrons 1916 . Ha Ykpaune, B ropome ['myxoBe. OKOHYHMB IIIKOJTY-
CEMHJIETKY, OH paboTaeT NEeCITHUKOM Ha cTpouTenbcTBe baiikamo-Amypckoil skene3noit moporu, B 1933 1.
MOCTyIaeT Ha (U3NKO-MaTeMaTndeckuil (akynpTeT BIaguBOCTOKCKOTO yHHMBEpCHUTETa W uepe3 I1Ba roja
nepexoquT Ha Qusndeckuid Qaxymerer MI'Y. B 1938 r. mMomomoro ¢Qusmka-onTHKa MNPUHAMAIOT B
acnMpaHTypy Ha kadeapy actpodus3uku B ['ocynapcTBeHHBIH acTpoHOMUYeckuit wHCTHTYT uM. I1. K.
[repubepra npu MI'Y, ¢ KOTOPBIM B AadbHEHINIEM OH OBLI CBSI3aH BCIO CBOIO XH3Hb. J{anee Hayano BOWHBI,
aBakyarms B Amxabas (u3-3a IDI0X0ro 3peHHs He B3sUIM Ha (GpoHT), Bo3BpamieHne B Mocksy, B AU, u
MHOTHE TONIbl Ha TIEpeAHUX (PPOHTAX PEBOJIONUN B aCTPOHOMHH, HAYABIIEHCS B ITOCICEBOCHHBIE TOJIBI.
HenpepbiBHO, CO BpEeMEHU OCHOBAaHHWS, OH BO3IJIABIUT OTHEN acTpOPHU3WKH B MHCTHTYyTE KOCMHYECKHX
uccanenoBanuii AH CCCP u otnen pagumoactponomuu ['AUWII. On ymep B Mockse 3 mapta 1985 r. ot
HEOXXKMIaHHO HACTyHHUBIIEro WHCYnbTa. OH Bcerma ObUT MCKPEHHHM W TOOPHIM YEIOBEKOM C TIIyOOKHM
AQHAJMTUYECKUM yYMOM, HEUCCIKAEMBIM IOMOPOM, YKMBBIM M OOIIMTEIBHBIM XapakTepoM. Boibmoi TamaHT
€ro KaKk y4eHoro u ¢uiocoga, OpUrHHAIBHOCTb MBICIEH U MPOCTOTA UX M3JIOKEHHS, TEMIIEPAMEHT OpaTopa
1 ONaroXenaTelbHOCTh K KKIYIIUM 3HAHWNA, MHOTOYHCIICHHBIE BBICTYIUICHUS TEpel CHEIUaUCTaMUd U
IUPOKON ayJUTOPUEH CHUCKAIM €My IIHPOYaMIIyIH0 M3BECTHOCTh KaK B Hay4HBIX Kpyrax, Tak M Cpeau
yuaieiics MOJIOJIe)KH, CTYAEHTOB, acnupaHToB. HawuOonee XapakTepHbBIMH €ro 4YepramMu ObUTH
OecripenenbHBIN HHTEpeC K (akTaM, TOUCK TIaBHOTO, JJFOOOBE K MPOCTOTE B IOHUMAaHUH SIBICHUN TIPUPOIBI,
CTpeMIICHHE BCera ObITh Ha TIEpEeTHEM Kpae.

Ero unTepec k mpobieme xu3HM BO BceneHHOW, MO-BUAMMOMY, Hadajucs ¢ coBMecTHOW ¢ B. .
KpacoBckum  paboThl, CBSI3BIBABIICH  KaTacTpopuyeckylo THOENb PEeNTWIMH ¢  TOBBIIICHUEM
KOPOTKOBOJTHOBOTO H3JTyYeHHUs, OOYCIIOBJICHHOTO B3pPBIBOM OJikaifimell cBepxHOBOW. PabGora Oblna
nomnoxkeHa Briepsbie B 1957 r. B AU u BoI3Bana mmpoxuii pesonanc. 3arem M. C. lkmosckuit B 1958 1.
YBJIEKCSI TUIOTE30H 00 HCKYCCTBEHHOCTHM CITyTHUKOB Mapca. AHomansHoe TopMmokeHne ®oboca mpu
IBIKCHUU TI0 OpOWTE 3aCTaBISIO MPEAIoaraTh OYeHb Malylo €ro IUIOTHOCTh MJIH JIaXKe MyCTOTY BHYTPH.
It moareepxkaeHuss rumoTe3sl B AW Obur Hadar make CIHEMUATBHBIA TPOCKT, IPEIITOIararoniuii
n3Meputh auameTp doboca ¢ MOMOIIBIO MEPBHIX MEXKIUIAHETHBIX CTaHIMWA, HaMpaBisieMbIXx K Mapcy.
OrpoMHOe BIMSIHUE HA Pa3BUTHE UHTEpeca K MpodieMe KU3HU Bo BeeneHHol okas3ano Hayamo KOCMUYEeCKHX
nccaenoBannii M myonukamus B 1959 r. B kypHaie «Nature» ctateu JIk. Kokkonn m @. MoppucoHa,
MpeAIararomieil HauaTh MONCK UCKYCCTBEHHBIX CUTHAIIOB Ha BoiHEe 21 cM. Ilepras crares U. C. IlIkinosckoro
B TOM e obnactu omyOnukoBana B xypHaie «[Ipupona» Ne 7 3a 1960 r. Ona npuBenena B npuioxenun 11.
IIepBoe u3nanme xuHuru «BcenmeHHas, Xu3Hb, pasym» BbIILIO B 1962 r. Kuura oxazana 3HauuTenbHOE
BJIIMSIHME Ha caMble IIMPOKHe KPYTH YuTaTesel B Hameil ctpaHe u 3a pyoexxoM. B nmpunoxenunu I x aTomy 6-
My U3JaHHIO MBI IPUBOIUM OTpBIBKM M3 BocnoMmuHanuil M. C. llIkioBckoro o ToM, Kak co3jlaBajiach 3Ta
KHUATA, ¥ O TEPBBIX TOJax CTAaHOBJECHHS MpOoOJIEeMbl MOWCKA XW3HM BO Bcenennoii. Uurarenb, KOHEYHO,
3aMETHUT, YTO ATH BOCIIOMUHAHUS HAIMCAHbl B CTUJIC JINTEPATYPHBIX 3alUCOK M 3aMETHO OTJIMYAIOTCS OT
0011Iero TeKCcTa KHUTH U ABYX crareid. B mpunoxkenuu 11l mpuBOAUTCS MOCTENHSS €r0 CTaThs, BBIIICANIAS B
xypHare «3emist u Bceenennas», korma Wocuda CamymmoBwua yke He CTajno. Becbma WHTEpEcHO
cornocraBiieHue mnpuinoxkeHus Il w mpumokenms III, oTpaxaromee »sBomronnio B3NIIIOB  HMocuda
Camyunosnua 3a 25 ner. [llupoko m3BectHa mocnemnss konmenmus M. C. IIKIOBCKOro 0 BO3MOXKHOM
YHHUKaQJIBHOCTH KHM3HM Ha 3emie. JTa MO3UIMs CBs3aHa, C OJHOW CTOPOHBI, C MPOTHBOPEUYHEM MEKIY
OecIipeIelbHOCThI0 HAyYHO-TEXHUYECKAX BO3MOXKHOCTEH YeIoBeYeCTBa M MOJYAaHHEM KOCMOCA, HECMOTPS
Ha OTPOMHBIE YCIIEXH acTpo(U3NIeCKUX HAOMIONeHUH B ocieqane roabl. C qpyroil CTOPOHBL, Ha TMTO3UITHI0
aBTOpa OYEHb CHUJIBHO MOBIHUSI IyX IMEPBBIX YCHEXOB OCBOEHHS KocMoca B 60-e ToJpl U CyIIECTBEHHOE
OCIIOKHEHHE MEXKITyHAPOTHOW OOCTaHOBKH, Yrpo3a BCEOOINEro YHHYTOXKEHHWS, HABHCIIVE HaJ MHPOM B
MOCJIEHUE TOJBL.



B menom x mpoliieMe ToWcka XU3HH BO BcelmeHHOH 3a MOCIeqHHE TONBI MO-TIPEKHEMY pacTeT
UHTEpEC CO CTOPOHBI AaCTPOHOMOB M pAaOOTHUKOB CaMbIX pa3lIWYHBIX crenuansHocTeid. B 1982 T
lenepanbHas accambness MexayHapoaHOro acTpoHomuyeckoro coroza (MAC) yTBepamna cosgaHue
TTOCTOSTHHON KoMuccun «broactponomusy. Komuccns Ha 1985 1. cocrosuta u3 nmpuMepro 250 anenos MAC.
Pe3ynprarel mocneaHUX HMCCIETOBAHUN JOKJIAABIBANINCH Ha MEepBOM MEXIyHapOJHOM CHMIIO3UYME 3TOTO
coto3a, mpomeanmeMm B 1984 r. (CILA). Hekortopbie Haubolsiee 3HaUYUTENbHbIE pabOTHI OMUCAHBI B 3TOM
W3JIaHUH.

ABTOpBI HACTOSILETO HPEAUCIOBUS HE Pa3fEiIIOT TOYKHM 3PEHUS] O E€AMHCTBEHHOCTH XHU3HMU Ha
3emite. la u cam Mocud CamyunoBud MHOTO pa3 TOBOPHJI, YTO TIEPBBIM pajioBajics Obl, eciii Obl MPU3HAKH
BHE3EMHBIX LUBUIM3aUMKA Obuin oOHapyxkeHbl. [lo  HamemMy MHEHHIO, TIJaBHOE OOCTOATENBCTBO,
3aTpyAHAIOIIEE IIOMCK, — WCKJIIOYUTEIbHAs TPYAHOCTh IIpeAcKa3aTb OOJMK U IIOBEJCHUE, €CIHU
LMBUWIM3AIMS HA MAJUIMAP/IBI, MIJUTHOHBI, THICSIYM MM XOTs ObI HAa COTHHM JIET CTapile Hac (a BeAb BO3pacT
BcenenHoii ¢ ee coBpeMEHHBIMH (QOpMaMH acTpOHOMHUYECKHX 00BekToB 10-20 mMuimmapaoB net). OTy
npobnemy MHocup CamyunoBud MHOro pa3 oOcyxganl co cBouMH Komieramu. llowck  dopm
YeJIOBEKOMOAOOHBIX COOOIIECTB, HAXOIAIIMXCS Ha OJM3KOM K HaM TEXHOJIOTHYECKOM YpPOBHE, — HAMBHOE
3a0Iy’KAeHUe, He Ccyisliee HHUKakux ycrnexoB. Cepbe3Hble MPOrpaMMbl, MO-BUAUMOMY, JOJDKHBI
0a3upoBaThCA HA MOUCKE M MCCIEIOBAHUIX HEOOBIUHBIX 00JacTeil KOCMHUECKOIO MPOCTPAHCTBA, KOTOPHIE
MOXHO OBUTO OBl CBS3aTh B JAJBHEHWIIEM C pPa3yMHOW IICJICHANPaBICHHOW AESITEIbHOCTHIO. BromHe
BEPOSITHO OOHApPYXKEHHUE HOBOTO KJacca acTPOHOMUYECKHX OOBEKTOB, XapaKTEPU3YIOIIUXCS B TIEPBYIO
oyepenb aHOMaJIbHO OOJIBIIMM KOJIMYECTBOM BELIECTBA B TBEPAOTENbHON (opme. X OTKpBITHE MOKET OBITH
CIENaHO C TIOMOINBI0 AaCTPOHOMHYECKMX HAONIOACHUI, B IEPBYIO oOuepenb B MWIUIMMETPOBOM H
nH(ppaKpacHOM AMaIa3oHax, IIe HaXOJIWUTCS MaKCHMyM TEIUIOBOIO H3JIYYEeHHs TaKOro BellecTBa. 3/1eCh
0COOCHHO MHTEPECHBIMHU MPEACTABISAIOTCA  PE3YIbTaThl HAOMIOACHUH ¢ TOMOIIBIO NIEPBOT0 KOCMUYECKOTO
nH(ppakpacHoro Teneckoma (IRAS, mnpoekr BemmkoOpuranwm, HunepnammoB u CIIA). Teneckom
obHapyxun okojo 200000 HOBBIX acCTPOHOMHYECKHMX OOBEKTOB, YaCTh KOTOPBIX O0OJaZaeT CIEKTPOM,
CXOJHBIM C 0’)KHJAEMBIM OT KPYITHBIX aCTPOUHKEHEPHBIX KOHCTpyKLui. [laxke B Hamelt ColHeUHOH cucTeMe
obOHapyxeHo okono 10000 HOBBIX OOBEKTOB, MO-BHANMOMY, aCTEPOUAOB. Tak YTO TpPHU H3YyUYEHHUH ITHX
00BbEKTOB HH(]paKpacHylo, CyOMMIUIMMETPOBYI0 M MHJUIMMETPOBYIO ACTPOHOMHIO OXKHMIAKOT KpPYIIHbIE
OTKPBITHS, BO3MOXKHO, U B 00JIaCTH OOHapy>KEHHsI BHE3EMHOW >KM3HU. BecbMa BepOsSTHO M OOHapyKeHUe
CHeUUaNbHBIX PaJMOCUTHAIOB JAPYrHX IuMBWiIM3auui. Kak Ham ceifuac KakeTcs, 3TO JOJDKHBI OBITH
TEJIEBU3UOHHBIC NIEPEayun, U HanboJiee NepCIeKTUBEH MX MIOMCK B AMAaNa30He MUUIMMETPOBBIX BOJIH.

Hpyras cTopoHa HCCIeIO0BaHHUM, BEPOATHO, CBA3aHA CO CTAHOBJICHHEM HOBOW HAayKH — HAyKH O
3akoHax ® (opMax pa3BUTHA LUBHIM3AIMHA HAa ACTPOHOMHYECKMX HWHTepBajax BpemMeHd. OgHO U3
IpeaaraByxcs Ha3BaHUK 3TOM HayKu — KocMoco¢usi. O4eBUAHO, YTO TaKas HayKa JOJKHA 0a3sMpOBaThCs
Ha 3aKOHOMEPHOCTSX HaIlleH ITMBUIN3AIAN, 0000IIaTh X C YIETOM pa3sHOOoOpaswii ycioBuil Bo BeeneHHOMH,
YUUTBIBaTh IEPCIEKTUBBI CO3JaHUA HCKYCCTBEHHOIO pa3yma, OeccMepTHs, OCBOEHHS KOCMHYECKOTO
npocTpaHcTBa... Bo Bcex atux Bompocax kHura M. C. IIkI0BCKOro OTKpBIBa€T MeEpEeN YHUTaTENEM
3aXBaTHIBAIOIINE TEPCIICKTHUBBI.

PenakTops! cTpeMWINCh B MAKCUMAaJIbHO BO3MOYKHOM CTENEHW COXPAHUTh OPUTMHAIBHBIA TEKCT .
C. IlIxnoBckoro. CrnenaHHble peJakTOpaMy JOMIOJHEHUS BbIACICHBI poMOuKamu (#).

H. C. Kapoawes, B. U. Mopo3



HNPEAUCJIOBHUE K IATOMY U3JJAHUIO

[lepBoe m3manwe 3Tol KHHMrH OBUIO HamucaHo JieToM 1962 roma. Beixoq KHuUTH B CBET OBLI
MIPUYPOYEH K CIABHOMY IOOHMJICI0 — ISATHIICTHIO 3aIlyCKa MEPBOIO COBETCKOI'O MCKYCCTBEHHOTO CITyTHHKA
3emim — coOBITHIO, KOTOpOe 10 TpeminokeHnto TormarmmHero mpesumenta AH CCCP M. B. Kenppima
JOJDKHO OBLIO OBITH MIMPOKO OTMEUEHO B Halllel Hay4YHOH nedaTu. Sl HUKoraa He 3a0y 1y TOT BBICOKHH Hakai
cTpacTeil M YyOEecHOE BOJIHEHHME, IOCTOSHHO HCIIBITHIBAEMOE B TO BpeMsS HaMH — CBUACTCILIMH H
yuacTHUKamu Benukoro IIpeanpusitus — nepbix, Torza emnie poOKuX, IaroB Ha [JUIMHHOM IIyTH OBJIAICHUS
yenoBeuecTBOM Kocmoca. CoObITHs pa3BepThIBaINCh ¢ (paHTacTHueckoil ObicTpoToii. IlepBhie coBerckue
«JlynHukmn», paHTacTHUECKOE OUIYIICHHE OT MEPBBIX, BECbMa HECOBEPUICHHBIX CHUMKOB 00paTHON CTOPOHBI
Jlyns1, deepuyecknii monet ["arapuHa u mepBwIid BBIXOJ B OTKpHITEI Kocmoc JleonoBa. U yxe Torma —
nepBbie padoyre MpopaboTKH JaTbHUX KOCMHUYECKHX pelicoB kK Mapcy u Benepe. VBB, B Halll BEK MBI KO
BceMy OBICTPO MpPHUBBIKAEM; BBIPOCIO YK€ MOKOJCHHUE JIOJCH, POJUBIIMXCS B Hadane KOCMHUYECKOW 3PHI.
OnHu cTaHyT CBHAETEISIMHU elle Oonee rpaHAMO3HBIX M JEP3HOBEHHBIX cBeplueHHi. Ho HecoMHEHHO, 4TO
MepBbINA MPOPHIB UesioBeuecTBa B KocMoc HaBcerga ocTaHeTcsl KpyIHeHIe BeXo B €ro HCTOPHH.

S mumy 3To A TOro, 4To0Bl YUTATENN MOHSIH Ty aTMocdepy, B KOTOPOH co31aBanach 3Ta KHUra.
Ona B KakoW-TO CTENEHH IEMOHCTPHPYET TOT AABHO W3BECTHBHIH ()EHOMEH, YTO MBICIIb YEJIOBEKa BCErna
OIIEPEXKAET €T0 pealbHbIE BO3MOXKHOCTH M CIYXKHT TEM CaMbIM Kak Obl ITyTE€BOIHOM 3BE370H, YKa3bIBAIOLICH
Ha HOBBIE Ilenu U mpobiembl. OT MEpBBIX «JETCKUX» IAaroB dyenoeuecTBa B Kocmoce, cBuperensaMu
KOTOPBIX MBI OBUIH, IO Tpsxymied nepecTpoilku CONTHEYHOH CHUCTEMBl YEJIOBEYECTBOM — JAWUCTAHLUS
OrpoMHOTO pa3mepa. Ho Tak yx ycTpoeH 4enoBek, 4To eMy He00X0IUMO UMETh IIEPCIEKTHUBY .

[IpenmeT 3TON KHHUTM Tak e CTap, KaKk W 4eloBedeckas KynbTypa. Ho Tonmpko B Hamie Bpems
BIIEPBbIE OTKPBHUIACh BOBMOKHOCTH MOAJIMHHO HAYYHOT'O aHalu3a Mpo0IeMbl MHOKECTBEHHOCTH OOUTaeMBbIX
MupoB. Celiyac y>ke O4E€BHAHO, YTO 3Ta IpolieMa SBISETCS KOMIUIEKCHOHM, Tpelyromeid K cebe camoro
CephEe3HOI0 BHMMAHMs IIHPOYAMINEro CHEKTpa Hay4HbBIX Ipodeccuii — KHOEPHETHUKOB, ACTPOHOMOB,
paano¢pu3nKoB, OHOJIOTOB, COLIMOJIOTOB M Jake DKOHOMHCTOB. YBBI, 3Ta MpoOiiemMa paHbIlle HaMm
npeacTaBisIack HAMHOTO OoJiee MPOCTOH, 4eM oHa okaszanach. OT 3MOXU «IOAPOCTKOBOTO ONTHMHU3MAy,
HEaBHO HOCHBILEIO TOTAIbHBIH Xapakrep («BOT MOCTPOMM OOJIBIION-00MBIION PpaaAnOTENecKOoNn U
YCTaHOBUM KOHTAKT C MHOIUIAHETSHAMM»), MCCIENOBATeNN MPHUCTYMAIOT K Oojee 3penoMy aHalnu3y 3Tod
TpyaHeimeil npodieMel. 1 yem Oosblie Mbl yrayOnsieMcs B €€ MOHHMaHHE, TEM SICHEE CTAaHOBUTCA, YTO
pasyMHasi KHU3Hb BO BceneHHON — (eHOMEH HEeOOBIKHOBEHHO PEIKUi, a MOXKET OBbIThb, AaXK€ YHHUKAJIbHBIMN.
Tem OoibplIasi OTBETCTBEHHOCTh JIOXKUTCSI HAa 4EIOBEYECTBO, YTOOBI 3Ta MCKpa CO3HaHMs Ojaromapsi ero
HEepa3yMHBIM JEHCTBUSAM HE Ioracia, a pa3ropeiach Obl B sIpKUi KOcTep, HaOMoJaeMblid Jake ¢ AaleKux
OKpauH Hauel ["anakTuku.



BBEJIEHUE

[IpencraBnenus o TOM, 4TO pa3yMHas >KU3Hb CYLIECCTBYET HE TOJIBKO Ha HallleH IiaHeTe 3emMie, HO U
LIUPOKO PACIPOCTPAHEHA HAa MHOXKECTBE APYTUX MHPOB, BO3HUKIM B HE3amaMsTHBIE BpPEMEHA, KOTrJa
acTpoHOMHUS ObliIa elle B 3a4aTOYHOM COCTOSHUH. [lo-BHIMMOMY, KOPHH 3THX TMPEICTABICHUI BOCXOIAT K
BpPEMEHaM TIEPBOOBITHBIX KYJIbTOB, «OKHUBIISIONINX» OKPYKABIIUE JTIOACH MPEAMETHI U SBJICHUS. TyMaHHbIC
UJeW O MHOKECTBEHHOCTH OOMTAeMBIX MHPOB COZIEpKATCs B OYAMUNACKON PEUTUH, TJe OHU CBA3BIBAIOTCS C
HIeaTUCTHIeCKOW uaeed mepecenenns aymr. CorimacHo 3ToMy penuruo3Homy ydenwro Comnne, JlyHa u
HCMIOABHMIKHBIC 3BE3bI ABJIAIOTCA TCMU MECTAaMH, KyJda MEPECCIIAIOTCA AYIIH YMCPUINX HIOI[GP'I, MMPEKIAC YEM
OHH JIOCTUTHYT COCTOSIHUSI HUpBaHHL...

[To Mepe pa3BUTHS aCTPOHOMHHU HJIEH O MHOXXECTBEHHOCTH OOMTaeMBIX MHUPOB CTAaHOBWIIHCH OoJiee
KOHKPETHBIMH M HayYHBIMH. BONBIIMHCTBO rpedeckux GuiaocodoB, Kak MaTepHaIUCTOB, TaK U UICAIHUCTOB,
CUMTAJIH, YTO Halla 3eMJisi HUKOMM 00pa3oM He SBJISICTCS €AUHCTBEHHBIM OOUTAIUINEM Pa3yMHOW HKU3HHU.

[IpuxomuTcsi TONBKO YAWUBISATHCS TEHHATBHOCTH OTANIOK TpedecKuX (HiIocodoB, €Clid y4ecTh
YPOBEHb pa3BUTHS HAyKH TeX BpeMeH. Tak, HalpuMmep, OCHOBATEllb MOHUHCKOH (hHUI0CcO(CKONW MIKOIBI
darnec y4ui. 4TO 3BE3MbI COCTOST M3 TAKOTO K€ BEIIECTBa, 4TO M 3emiid. AHaKCHUMaHIp YTBEpKAall, YTO
MHpPBl BO3HHUKAIOT M pa3pyllalTca. AHaKcarop, OJUH W3 IEPBbIX MPUBEPKEHLEB T'€IUOLUEHTPUYECKOU
cucTeMbl, cauTal, uro JlyHa oduraema. CorisacHO AHaKcaropy IMOBCIOTy paccesiHbl HEBUIAMMBIE «3apOIbIIITH
KU3HN», SABIAIOUIHUCCA HpH'—IHHOﬁ BO3HHMKHOBEHHUSI Bcero >kuBoro. Ha MPOTSXKCHHUU IMOCICAYIONIUX BEKOB
BILIOTh JI0 HACTOSIIETO BPEMEHHU TIOJOOHBIC HJCH «IaHCICPMHUM» (M3BEYHOCTh J>KU3HH) MHOTOKPATHO
BBICKA3bIBAINCh PA3NUYHBIMU Y4YeHbIMH U (uinocodpamu. Wpen «3aponsimieil >XM3HW» OBUTH TPUHSTHI
XPUCTHAHCKON peTUrueil BCKope Mocie € BO3SHUKHOBEHUS.

Marepuanuctuueckas Qunocodckas mKoida ODNUKypa Y4YWiia O MHOXKECTBEHHOCTH OOMTAaeMBIX
MHUpPOB, TIpUYEM CUUTANIa 3TH MHUPHI BIIOJHE MOJ00HBIMU Hamred 3emie. Hampumep, sanukypeernr Mutpomop
YTBEP)KAAJ, UYTO «...CUATATh 3EMIII0 €IWHCTBEHHBIM HACEJIEHHBIM MHPOM B O€CIpe/leIbHOM IPOCTPAHCTBE
OBLTO OBl TAaKOH e BOIUIOIIEH HENENOCThI0, KaK YTBEPKAATh, YTO Ha TPOMAHOM 3aCESHHOM MOJIe MOT ObI
BBIPACTH TOJIBKO OJUH MIICHUYHBIN KOJIOCY». HTEpEecHO, YTO CTOPOHHUKU 3TOTO YUYEHHS MO «MHUPAMU»
mopa3yMeBajdll HE TOJBKO IUIAHETH, HO M MHOXECTBO JPYTUX HEOECHBIX Tel, pa3OpOoCaHHBIX B
0e3rpaHruHBIX MpocTopax BeeneHHO.

3ameuaTenbHbIA pUMCcKUi punocod-marepuanuct Jlykpenuid Kap Obul miiaMeHHBIM MPUBEPKEHIIEM
UJer 0 MHOXKECTBEHHOCTH OOMTaeMBbIX MUPOB U O€3rpaHMYHOCTH WX dncia. B cBoeit 3HamenuToit nosme «O
MpUpoOJIe Bellei» oH nucai: «Bech 3TOT BUAUMBINA MUP BOBCE HE €IMHCTBEHHBIN B MPUPOJIE, U MbI JIOJKHBI
BEPHUTh, YTO B JPYTHUX 00JACTAX MPOCTPAHCTBA UMCIOTCS JIPYTHE 3€MJIM C JAPYTUMU JIIOJbMU U JIPYTHMU
KUBOTHBIMHUY». JIFOOOTIBITHO OTMETUTH, uTO Jlykpenwnii Kap coBepieHHO HE TOHUMAN IPUPOABI 3B€31 — OH
CUMTAT MX CBETSALIMMUCS 3€MHBIMH HCHApeHUsIMH... 1103TOMy CBOM MHpBI, HACEJIEHHBIE Pa3yMHBIMHU
CyLIECTBaMHM, OH MOMeEIAaJ 3a MpeaeaaMyd BUANMOM BceeHHOM. .

B Teuenue mnocneAyromUX TMOIYTOpa THICSY JIET TOCHOJCTBOBABIIAsS XPUCTHUAHCKAs PEIUTHS,
onupasch Ha yueHue [Itonemes, cuutana 3emito cpernotouneM BeenenHol. B Takux yCloBUSX HH O KaKOM
Pa3BUTUHU TIPENCTABICHUH O MHOXKECTBEHHOCTH OOHMTAaeMBIX MHPOB HE MOIJIO OBITh M peud. Kpymienue
MITOJIEMEEBOM CHCTEMBI, CBS3aHHOE C MMEHEM Te€HUAIBHOTO MOJhCKOro acrponoMa Hukonas Komepnuka,
BIIEPBBIE TIOKA3aJI0 YEJIOBEYECTBY €ro HUCTHHHOe MecTo Bo Bcenennoit. Komp ckopo 3emmst Obina
«HHU3BEICHA» NI0 OJHOW W3 PSNOBBIX IUIAHET, oOpamaroniuxcs BoKpyr ConHIIa, MBICIE O TOM, YTO W Ha
JIPYTHX IUIaHEeTax Tak)ke BO3MOXKHA JKU3Hb, MOTYyYHiIa Cephe3HOe HaydyHOe 000CHOBaHHE.

IlepBrie Teneckonmuveckne HaOMrOAEeHUs [ammies, OTKPBHIBIOINE HOBYIO 3II0Xy B aCTPOHOMHH,
Iopakalii BOOOpakeHHe COBpeMEeHHUKOB. CTajo SICHO, YTO TUIAHETHI — 3TO HEOECHBIE Tela, BO MHOTHX
OTHOIIECHUAX MOXO0kKHMe Ha 3emiro. EcTecTBEHHO BO3HHKA BOIIPOC: €CJIM Ha HYHG €CTh I'Opbl U JOJIMHEI,
rmoueMy ObI HE CUMTATh, YTO TaM €CTh U TOpPOJa, HACEICHHbBIC pa3yMHBIMU cyliectBamu? U mouemy ObI He
cuuTarb, yTo Hame COJIHLIE HE SIBJSETCS €AUHCTBEHHBIM CBETHJIOM, OKPY>KCHHBIM COHMOM IUIaHET? OTH
CMeJlble WJEH B SICHOH M HEIBYCMBICICHHOW ()OpME BBICKA3bIBal BEJIMKHHA HTAIbSHCKHNA MBICIUTEIb
mecTHaauaroro Beka Jxxopaano bpyno. On nucan: «...CymiecTByIOT OecunciieHHbIE CONTHIIA, OecUrCIeHHbIe
3eMJIM, KOTOPBIE KPY>KATcSd BOKPYT CBOMX COIHII, ITOJI00HO TOMY KaK HaIll CeMb IUIAHET KPY>KaTCsi BOKPYT
Hamrero ConHna... Ha 3Tux Mupax oOMTarOT KHUBBIE CYIIIECTBaY.

Karonuyeckass 1epkoBb JkecTOKO pachpaBuiack ¢ Jxopmano bpyno. Cymom careiimeit
VHKBH3UIIMK OH OBLIT MPU3HAH HEUCIPABUMBIM €PETHKOM U COXKEH 3akuBO B PuMe Ha muomaau [[Betos 17
deBpans 1600 r. DTo mpecTyIUieHHe MEPKBH MPOTUB HAYKW OBLIO NTaJeKo HE MOCIeTHUM. BIIOTh 40 KOHIA
XVII B. karonnyeckas (a TakKe MPOTECTAHTCKasl) IIEPKOBb OKa3blBajia SIPOCTHOE COMPOTHBIIEHHE HOBOIA,
TeIIMOIICHTPUYECKON cucTeMe Mupa. llocTeneHHO, OIHAKO, OE3HANEKHOCTh OTKPHITOH OOpHOBI LEPKBU
NPOTUB HOBOTO MHPOBO33PEHUS CTAaHOBWJIACh SCHOM Ja)xe caMuM LepkoBHMKaM. OHHU cTanu



mpucnocaOnuBaThCsl K HOBBIM ycioBusM. M ceifuac 0OOrocioBel yxXe NPU3HAIOT BO3MOXKHOCTh
CYIIIECTBOBAHUS MBICIAIIMX CYIIECTB Ha APYTUX IUIAHETaX, CUMUTas, YTO 3TO HE NMPOTUBOPEUUT OCHOBHBIM
JoTMaM peNnTHH. ..

Bo Bropoii monoBure XVII n 8 XVIII B. paaoM ydeHsIX, GpmiocodoB u mucaTeleld ObIJI0 HaITuCaHO
MHOTO KHHT, TIOCBSIIIICHHBIX TIPOOJIEME MHOXKECTBEHHOCTH OOMTaeMbIXx MUpoB. HazoBem mMena Cupano ne
Bepxepaka, ®ontenens, ['riireHca, Bonbrepa. OTH couynHeHuWs, WHoraa Onecrsmue mo GopMe u
coiepxamye riyOokue MbIcau (OCOOGHHO 3TO OTHOCHTCS K Bomnbrepy), OBUIM  COBEpPLICHHO
YMO3PHUTEIBHBIMH.

l'ennanbublil pycckuit yuenslid M. B. JlomoHOCOB ObIT yO€XIEHHBIM CTOPOHHHKOM HIEH O
MHOXECTBEHHOCTH OOHMTaeMbIX MHUPOB. Tex >ke B3IJSI0B MPHIACPKUBAINCH Takue Belukue (uiaocodsl n
yuenble, kak Kanr, Jlammac, I'epuiens. MoXXHO cKa3zaTh, 4YTO 3Ta HAes TOJy4yusia TOBCEMECTHOE
pacrnpocTpaHeHre, ¥ IOYTH He ObIIO0 YUEHBIX MM MBICIHUTENEH, KOTOpPBIE BHICTyNaIM OBl IPOTUB Hee. JIumb
OTJENIbHBIE T0JIOCa TPEAOCTEperagl NpPOTHB NPEICTAaBICHHS, 4YTO >KU3Hb, B TOM 4YHCIE pa3yMHasd,
pacnpocTpaHeHa Ha BCEX IUIaHETax.

YkaxeM, HanmpuMmep, Ha KHUTY aHIVIMHCKOTO ydeHoro YsiiBeiuia, BhIeNIyro B 1853 r. VYaliBemn
JOBOJIBHO CMEJIO JJIsl TOTO BpeMeHHU (KaK MEHSIOTCS BpeMeHa!) BhICKa3all yTBEep)KACHHUE, UYTO JANeKO HE BCe
IUTAaHETBl MOTYT CIYXKUTb HpuOexumieM >ku3HU. Hampumep, OH yKaspIBaeT, 4TO OOJIBIIME IUTaHETHI
ConHEeyHOH CHCTEMBI COCTOAT U3 «BOBI, TA30B M IAPOB» M IO3TOMY HENPHUIOJHBI AJIS KU3HU. B paBHOU
CTETICHH HETPHUTOJHBI JUIS JKU3HU IJIAHETHI, CIMIIKOM OJHM3KO pacrnoiiokeHHble K CONHILY, «TIOTOMY 4YTO
Onmaronmapsi OOJIBIIOMY KOJHMYECTBY TEIUIOTHI BOJA HE MOXKET yIEpXaTbCsl Ha MX HOBepxHOCTW». OH
JIOKa3bIBaeT, 4T0 Ha JIyHe He MOXKeT ObITh HUKaKOW >KU3HU — HAes, KOTOpas BeCbMa MEAJICHHO BXOAWNIA B
CO3HAHUE JIIOJIEH.

Haxe B koHume XIX B. u3BecTHbli acTpoHoM B. IlukepuHr yOexOeHHO [OKasbIBaj, 4YTO Ha
noBepxHOCTH JIyHBI HAOIIOHAIOTCS MAacCOBblE MUTPAaLMM HACEKOMBIX, OOBACHSIOIIME HaOII0JaeMyto
W3MEHYUBOCTh OTIEbHBIX JeTajel JIyHHOro JaHAmadra... 3aMeTHM, YTO B CPAaBHUTEIBHO HEIaBHEE BPEMs
9Ta TUINOTE3a IPUMEHUTENbHO K Mapcy BO3poIuiIack CHOBA...

o kakoii crenienn oOmenpuasThl Ot B X VIII B; u mepBoit monoBuHe XIX B. mpeacTaBieHus o
[IOBCEMECTHOM PpACIPOCTPAHEHUH pPa3yMHOW >KU3HHM, BHUIHO, Ha CIELYIOIIEM Ipumepe. 3HAMEHUTHIN
aHTIMickuit actponoMm B. I'epmens cuurain, yto CoiHile 00MTaeMo, a COTHEYHBIE MATHA — 3TO MPOCBETH B
OCJICTIMTENbHO SIPKUX O0JlakaX, OKYTHIBAIOIIMX TEMHYIO MOBEPXHOCTh HAIIero CBeTWia. Yepes dTH
«TIPOCBETHI» BooOpaskaeMble skutenu CoJIHIIa MOTYT JIF000BATHCS 3BE3THBIM HeOOM... KcTaTH, ykakeM, 9To
Benukuil HproToH Takke cuntan ConHile 0OMTaeMbIM.

Bo Bropoit monoBuHe XIX B. Gompuryro momyJsipHOCTH mpuobpena kaura ®nammapuona «O
MHOXECTBEHHOCTH O0MTaeMbIX MHPOB». JlocTaToyHO cKa3arb, uyTo 3a 20 JeT oHa BbLAEpKayia Bo DpaHunU
30 m3manmii! JTa KHUTA OBLIA TTepeBeicHa Ha PsJl HHOCTPAHHBIX S3BIKOB. B 3TOM MpOM3BENCHNH, a TAaKXKE B
IPYTUX CBOMX COYMHEHUSX (DIaMMapHOH CTOMT Ha HUIACATUCTHYECKUX TO3UIUAX, CUMTAs, YTO >KU3Hb —
uesib o0pazoBanus mianeT. Kuuru diaaMmapuona, HalMCaHHBIE OYEHb TEMIIEPAMEHTHO, )KUBBIM, HECKOJIBKO
BBIYYPHBIM SI3bIKOM, IIPOU3BOANIN OOJIBIIOE BIIEYATIEHNE HA COBPEMEHHUKOB. OUeHb CTPaHHOE OLIYILIEHUE
BO3HUKAET, KOTJIa WX 4YHTaellb Temneph, B HamM JHHU. [lopaxkaeT HECOOTBETCTBHE MEXIY MHU3EPHBIM
KOJINYECTBOM 3HAHMH O TPUpOJe HEOSCHBIX CBETHUJI (UTO OIpPENeNsUIOCh TOTAAIIHUM YPOBHEM TOJIBKO
HauMHABLICH Pa3BUBATHCS acTPOPHU3UKH) U KaTETOPUYHOCTHIO CY>KACHUH O MHOXKECTBEHHOCTH OOMTaEeMBIX
MHUPOB... ®1aMMapHoH OOJIBIIIE aNeJTPYET K SMOLIMAM YUTaTeNeH, YeM K UX JIOTHYECKOMY MBIIIIJICHHIO.

B konue XIX B. u B XX B. 001IbII0€ pacpoOCTpaHEHUE MOTYYHIN pa3inyHble MOTU(PHUKALIUN CTAPOH
runoTessl naHcnepmMuu. CorylacHO 3TOW KOHIENIMHK XHU3Hb BO BceeneHHol cymiecTByeT u3BedHO. JKuBas
CcyOCTaHIIMS HE BO3HHMKAET KaKMM-HHMOYIb 3aKOHOMEPHBIM 00pa3oM M3 HEXHUBOH, a IEPEHOCHUTCS TeM WU
HWHBIM CIIOCOOOM OT OJTHOM IIJIaHETHI K JPYTOM.

Tak, Hanpumep, cormacHo CBaHTe APpPEHUYCY YaCTHUIIBI )KUBOTO BELIECTBA — CHOPHI N OaKTepHH,
OCEBIIIME HA MaJbIX NMBUIMHKAX, CHJIOM CBETOBOTO JAaBJICHUS NEPEHOCATCS C OJHOW IUIAHETHI Ha JIPYIYyIO,
COXpaHsis CBOIO KHM3HECTIOCOOHOCTh. Ecim Ha Kakoi-HUOYAb TNIaHETEe YCIIOBHS OKa3bIBAIOTCS MOJXOISIINMH,
MIOTIaBIIME Ty/Aa CIIOPBI IPOPACTAIOT U JAIOT Hayajlo 3BOJIIOLIMH JKU3HU Ha HEW.

XO0TA BO3MOKHOCTh IEPEHOCA >KU3HECIIOCOOHBIX CHOP C OJHOM IUIAHETHl Ha APYIYIO B IPUHLHUIE
HEJb3s1 CYATATh UCKITFOYEHHOW, TPYAHO CEiUac Cepbe3HO TOBOPUTH O TAKOM MEXAaHHM3ME IEPEHOCa KU3HHU OT
OIHOM 3BE3MHOW cuUCTeMBI K JApyroi (cM. 1. 16). AppeHuyc cuuTtajn, HalpuMep, 4TO IOJ BIMSHHUEM
CBETOBOTO [JaBJICHUS NMBUIMHKA MOTYT JBUIAThCA C OFPOMHOM CKOPOCThIO. OIHAKO HAIIM COBPEMEHHBIE
3HAaHUA O IPUPOIE MEXK3BE3THON CpeIbl CKOPEE BCET0 MUCKIIOYAIOT TAKYI0 BO3MOKHOCTh. HakoHern, caM 1o
ceOe BBIBOJ 00 M3BEYHOCTH KM3HH BO BCeleHHOW peImmTenbHO MPOTHBOPEUUT CYIIECTBYIOIIUM ceifdac
MpEACTaBICHUSIM 00 SBOJIOLMH 3Be3]] U ranakThuK. COrJaacHO 3TUM MPECTaBICHUSIM, JOCTaTOYHO HAJCKHO



000CHOBaHHBIM OOJIBIITUM KOJTHMYECTBOM HAOIOACHHM, B MPONLIOM Beenernas Obu1a 9UCTO BOIOPOTHON HITH
BOJIOPOJHO-TEIIMEBOM  MJIa3MOM. I[To Mepe »sBomtonuu BceleHHOW TMPOUCXOAUT HENMPEPHIBHOE €€
«0o0oTraieHne» TSHKEIBIMU 3JeMEHTaMu (CM. TJ. 7), KOTOPBIE COBEPIICHHO HEOOXOAWMBI JUIS BCEX
MBICTTUMBIX (pOPM KUBOW MaTepHH.

Hanee, n3 HaOII0AaEMOT0 «PENTUKTOBOTO» M3IydeHus Beenennoii cnemyert, uto B npouuiom (15—20
MJIp. JIET Ha3aJ]) yCIIOBUS BO BceneHHOM ObUTH TaKOBBI, YTO CYIIECTBOBAHUE YKU3HH OBLIIO HEBO3MOXKHO (CM.
1. 6). Bce 3T0 03HayaeT, 4TO )KU3Hh MOTJIA TIOSBUTHCS B ONPEACICHHBIX, OJIaronmpusaTHBIX JJIS €€ pa3BUTHUS
obmacTsx BceneHHONW WP HA HEKOTOPOM JTale JBOJIONHMH TOCIeAHeH. TeM caMbIM OCHOBHOE
IMPEATIOJIOKCHNUE TUIIOTE3bI ITaHCIICPMUN OKa3bIBACTCA HEIIPABUJIBHBIM.

[InaMeHHBIM CTOPOHHMKOM HJAE€H O MHOXXECTBEHHOCTH MHPOB, HACEJICHHBIX pPa3yMHBIMU
CylllecTBaMH, OBUT 3aMeUaTeNbHBI PYCCKHHA YUYEHBIH, OCHOBaTenh acTpoHaBTHKH K. D. llmomkoBckwuii.
[IpuBeneM TONBKO HECKOJBKO €0 BhICKa3bIBAHUI IO 3TOMY BOmpocy: «BepostHo nu, 4yroObl EBpomna Obuia
HacelleHa, a JApyTas 4acTh cBeTa HeT? MOXKeT Jin OBITh OJIMH OCTPOB C JKUTENSMH, a Ipyrue — 0e3 Hux...?» U
nanee: «...Bce aszpl pa3BUTHS JKMBBIX CYHIECTB MOXKHO BHIETh HAa pa3HbIX IuaHeTax. YeMm ObLIO
YCJIOBCYCCTBO HECKOJIBKO TBHICAY JICT TOMY Hadal U 4Y€EM OHO 6YZIGT 110 UICTCUYCHUHN HECKOJIbKHX MUIIJIMOHOB
JET — BCE MOXKHO OTBHICKaTh B IUTAHETHOM Mupe...» Ecnmu meppas murara L{uonkoBCKOro, mo CyIiecTBy,
MIOBTOPSIET BBICKA3bIBAHHUA AHTHYHBIX (QHIOCO(OB, TO BO BTOPOW CONEPKHUTCS HOBas Ba)KHAS MBICIb,
[IOJTyYWBIIasl BIIOCIEACTBHH pPa3BUTHE. MPBICIUTENN W THCATeNM TNPONUIBIX BEKOB TMPEACTaBIsUN cebe
OUBWIM3alMKM Ha OPYIrux IUIaHETax B COLHHUAJIBHOM MW HAYYHO-TCXHHYCCKOM OTHOIICHHAX BIIOJIHE
MMOOOHBIMH COBPEMEHHOW MM 3eMHOW HuBWIH3anMd. [[MOTKOBCKMI CIpaBeIMBO yKa3zal Ha OTPOMHYIO
pa3HMIly YPOBHEH LIMBUIM3ALMU HA pa3HbIX Mupax. Bee ke ciaenyeT 3aMeTUTh, YTO BBICKA3bIBAHMS HAILIETrO
3aMeyYaTesbHOr0 YYEHOTo MO ATOMY BOMPOCY HE MOINIM TOrna eme (1a U ceddac...) ObITh MOAKPEIICHBI
BBIBOJAMH HAYKH.

PasButne mnpencraBneHWI O MHOXKECTBEHHOCTH OOWTAaeMBIX MHPOB HEPa3phIBHO CBSI3aHO C
pa3BUTHEM KOCMOTOHMYECKUX THUIOTe3. Tak, Hampumep, B TMepBod Tpeth XX CTOJIETHS, KOTJAa
TOCTIOACTBOBAJIa KOCMOTOHUYECKasi TUmoTe3a J[>KWHCa, COrNIaCHO KOTOpo# miuaHeTHas cuctema CoiHIa
oOpa3oBanach B pe3ylbTaTe MaJlOBEPOSITHOH KOCMHUYECKOW KaTacTpo(bl («IIOYTH CTOIKHOBEHHE» ABYX
3Be31), OOJNBIIMHCTBO YUYEHBIX CUYUTANIO, UTO KHU3Hb BO Beenmennoit — penuaiimiee siinenne. [IpeacTaBisuiocs
KpaiiHe MaJIOBEpOSTHBIM, YTOOBI B Halllell 3Be3HON cucTeMe — [ amakTuike, HaCUUTHIBAMOMIEH cBbime 150
MJpA. 3Be3d, XOTs Obl y omHOW (mommmo Hamero ConHna) Obia ceMbs IwiaHer. KpylieHwue
KOCMOTOHHYECKOW THIOTe3bl [KHHCA B TPUANATHIX TOAAaX 3TOTO CTOJETHS U OypHOE pa3BUTHE acTPOPUIUKU
IMOABCIIM HaC BINUIOTHYIO K BBIBOAY, YTO IJIAHCTHBIX CHUCTEM B I'anakTuke OT'PpOMHOC KOJIMYECTBO, a Hallla
ConHeuyHas cucTeMa MOKET OBITh HE CTOJIKO MCKIIOUEHHEM, CKOJILKO TPaBUIIOM B MHpE 3Be3A. Bee xe 310
BeCbMa BEPOSTHOE MPEAOIOKEHNE TIOKa ellle CTPOro He Joka3aHo (cum. . 10).

Pa3BuTHe 3Be3gHON KOCMOTOHWHM TakKe HMMEJO W HWMEET peIIaroliee 3HAaueHHe ISl MpoOIeMbl
BO3HUMKHOBCHHUA WU pa3BUTUA KU3HU BO Bcenennoii. Yike TCIICPb MbI 3HAE€M, KaKHU€ 3B€3bl MOJIOABIC, KaKHEC
cTapble, KaK JOJTO 3BE3/bl M3Iy4Yar0T Ha TOM MOYTH IOCTOSIHHOM YpPOBHE, KOTOPBIH HEOOXOIUM s
MoJIepKaHusI KU3HU Ha OOpamaronuxcsi BOKPYT HHX IUTaHeTaxX. HakoHer, 3Be3gHas KOCMOTOHHS IaeT
JaNieKuii mporuo3 oyayero Hamiero CoJHI, YTO UMEET, KOHEUHO, penlaliee 3Ha9YeHue sl cyaed KU3HU
Ha 3emie. Takum 0o0pa3oM, AOCTHXKEHHs acTpodu3uku 3a nocienHue 20—30 ner caenany BO3MOKHBIM
HAYYHBIH TIOJIXOJ1 K MTPOOJIeMe MHO)KECTBEHHOCTH OOUTaeMbIX MUPOB.

Jlpyroe BakHelIlIee «HAMpaBICHUE aTaKW» 3TOW MPOOIeMbl — OMOJIOTUYECKHE ¥ OMOXUMHUYCCKUC
uccienopanus. [Ipobiema ku3HM — B 3HAYMTEIBHON CTENCHH XMMHYecKas rnpobieMa. Kakum criocobom u
IPU KaKUX BHELIHUX YCJIOBHUSIX MOT MPOUCXOOUTH CHHTE3 CIOMXHBIX OPraHMYECKHX COCAMHEHHM, UTOrOM
KOTOpOTO OBLIO TOSIBJICHNE HA TUIAaHETE MEPBBIX «KPYIHID KUBOTO BemlecTBa? Ha MpoTsSHKeHNH MOCIeTHIX
JeCATUIICTHH OMOXMMHKH CYIISCTBEHHO TPOJIBUHYNM BIepel 3Ty npobieMy. 37ech OHHM MpPEXIe BCEro
OMUPAIOTCSI HA PE3YJIbTAThl JIA0OPATOPHBIX DKCIEPUMEHTOB. Bce ke, Kak MPeCTaBIsIeTCS aBTOPY ITOH
KHHUTH, TOJBKO B MOCJEIHHUE TOJbI MOSIBUIACH BO3MOKHOCTh MOJOUTH K BOIPOCY O MPOUCXOXKICHUN KUZHU
Ha 3eMJie, a celoBaTeNbHo, U Ha APYTUX IJIaHeTax. ToJbKO ceffuac HauMHaeT IPUOTKPhIBAThCS 3aBeca, Haj
«CBSITasl CBATHIX» XKUBOW CyOCTaHIIMYA — HACICICTBEHHOCTBIO.

Brigaromuecss ycrexw TEHETHKA W TPEXJIe BCEro BBICHEHHE «KHUOEPHETHYECKOTO CMBICTIA)
TE30KCUPUOOHYKIIENHOBOH M PHUOOHYKIIEMHOBON KHCIIOT HACTOATENHHO TPEOYIOT HOBOTO OIpEIeIeHuUs
CaMOro OCHOBHOTO TIOHSTHS <OKU3HB». Bce Oollee SCHBIM CTaHOBUTCS TOJOXKEHHE, YTO MpoldiiemMa
MPOUCXOXKIIEHUSI KU3HH B 3HAYUTEIBHOW CTeleHHu TmpoOiieMa reHerwdeckas. OTpoOMHBIE yCHeXd
MOJIEKYJIIPHON OHMOJIOTHH TIO3BOJISIFOT HAIEesATHhCS, YTO 3Ta BaKHeHImas mpobiieMa ecTecTBO3HaHWS Oyjaer
pelieHa B 0003puMoM Oy IyIIeM.

[IpuHIUITUANTEHO HOBBIN ATAll B Pa3BUTHH MPEJCTABICHUI O MHOXECTBEHHOCTU OOUTACMBIX MUPOB



HavaJcs C 3aIycka B HaIllel CTpaHe MepBOT0 NCKYCCTBEHHOTO CITyTHHKA 3eMJIH. 3a TPUALATH JIET, HCTEKIITIX
mocie maMaTHoro JHS 4 okTAOpsa 1957 r., ObIIM JOCTUTHYTHI MOpPa3HTEIbHBIE YCHEXW B OBJAJECHUH U
M3YYCHUU ONIMKaWIUX K Halled IutaHeTe o0nacTell KOCMHYECKOTO MHpPOCTPAaHCTBA. AmMO)eo30M STHX
ycnexoB ObUIH TpuyMQalbHBIE TOJETH COBETCKHX M aMEPHUKAHCKHX KOCMOHABTOB. JIFOIM Kak-TO BIPYT
«BECOMO, FPY60, 3pUMO» IMOYYBCTBOBAJIN, YTO OHU HACCIAIOT OYCHbL MAJICHBKYIO IUIAHCTKY, OKPYXKCHHYIO
0e3rpaHMYHBIM KOCMHYECKUM MpOCTpaHCTBOM. KOHEUHO, BceM UM B IIKOJAaX MPENojAaBaiy (Yalle BCEro
JOBOJIPHO TUIOXO) aCTPOHOMHUIO, M OHH «T€OPETUYECKM» 3HaJIM MecTO 3eMiu B kKocMmoce. OIHAaKO B CBOeH
KOHKPETHOH [esATeNFHOCTH OO PYKOBOJACTBOBAINCH, €CIHH TaK MOXHO BBIPA3UTHCS, «IIPAKTHUECKAM
TeOlCHTPU3MOM». [l03TOMY HENb3sl Jake TIEpeoleHUTh NEepEeBOPOT B CO3HAHMH JIIOJEH, KOTOPBIM
03HAaMEHOBAJIOCH HAYaJI0 HOBOW APHI B UCTOPHH YEIOBEYECTBA — HPBI HETMIOCPEACTBEHHOTO M3yYCHUsS U, B
MIEPCIIeKTUBE, TIOKOPEHUS KOCMOCa.

Bormpoc 0 kH3HM Ha IPYrUX MHpax, OBIBIIMK J0 HEJIaBHErO BPEMEHHU YMCTO aOCTPAaKTHBIM, ceiuac
MpHOOpETaeT pealibHOE MPAKTUIECKOe 3HaUeHue. B Ommkaiiime rojsl OH OyAeT, €Clii TOBOPUTH O TUIaHETax
CoyHEYHOH CHCTEMBI, OKOHUATENIFHO pelIeH dKCIepuMeHTanbHo. CrennaibHble TPUOOPHl — WHAHKATOPHI
KHN3HU — IIOChLIIAJIUCh U 6YIIYT IMMOCBhUIATBCA Ha MOBEPXHOCTHU IJIAHCT U AaAyT YBepeHHBII‘/‘I OTBET. €CTh 1N
TaM JKU3Hb U €CIIU €CTh, TO Kakas. Hemaneko To Bpemsi, KOT/ia acCTPOHABTHI BEICAIIATCS Ha Mapce, a MOXKeT
OBITh, Ja)Ke Ha 3araJIoYHON HEroCTeNpPUUMHON BeHepe, U CMOTYT M3y4yaTh TaM JKU3HB (€CIH OHA, KOHEYHO,
€CTh) TEeMH K€ MeToJaMH, 49To W Oumosiorm Ha 3emie. Ckopee Bcero, OAHAKO, HHKAKHX, JaKE CaMBIX
MPUMUTHBHBIX (OPM >KM3HU OHHM TaM HE HAHIyT, Ha YTO YKa3bIBAIOT PE3yJbTAaThl YXKE BBHIMOIHEHHBIX
SKCIIEPUMEHTOB.

Kak BbIpakeHHe OrpOMHOTO WHTepeca MIMPOKHX CJIOEB Hapoja K MpobiemMe OOMTaeMOCTH IPYTHX
MHPOB CJIEIyeT pacCMaTpUBaTh MOSIBIIEHUE B MOCIIEAHIE TPU ACCATUIETUS psAda paboT KPyHHBIX (GU3UKOB U
ACTPOHOMOB, B KOTOPBIX CTPOT0 HAYYHO PAacCMaTpPUBAETCs MPoOJieMa YCTAaHOBICHHS CBS3H C Pa3yMHBIMHU
CYIIIECTBAMH, HACEISIOUIMMHE JPYTHe TUTAHETHBIE CHUCTEMBI. YK€ COCTOSUICS DS HAyYHBIX KOH(EpEHIIHIA,
MOCBSAIICHHBIX BHE3eMHBIM muBmin3anmsiM, — B CIHIA wm B nHame# crpane. Ilpu paspaboTtke 3T1oit
YBJIEKATEIbHOW MPOOJIEMBI YYEHBIE HE MOTYT 3aMbIKaThCAd B paMKU CBoel creruanbHocTH. C
HEOOXOAMMOCTBIO HAJI0 CTPOUTH T€ WM MHBIE THUIIOTE3bl O MyTAX Pa3BUTHS IUBWIN3ALUN B TEPCHEKTHBE
THICSY ¥ MIJUTMOHOB JIET. A 3TO, TIPaBO )K€, HeJeTKas ¥ He COBCEM ONpezesieHHas 3afada... Ml Tem He MeHee
€€ HaJl0 pfuiaTh, TaK KaK OHa MMECT COBCPIICHHO KOHerTHLIfI CMBICJI, @ TJIaBHOC, NPaBUJIbHOCTH PCIICHUA
MOJKET OBITh B IIPHUHIIUIIE TIPOBEPEHA KPUTEPUEM ITPAKTHUKH.

[lenb 3TOM KHUTM — O3HAKOMUTH IIUPOKHE KPYTHM YUTATENe, MHTEPECYIOINUXCS YBIEKaTeIbHON
po6JieMoii KM3HN BO BceneHHOM, ¢ COBpEMEHHBIM COCTOSIHHEM 3TOM Mpo0saeMbl. MBI Mog4epKUBaeM — «C
COBPEMEHHBIMY, TaK KaK Pa3BUTHE HAIUX IMPEICTABICHUH O MHOXXECTBEHHOCTH OOMTaeMBIX MUPOB ceifuac
UIeT JOCTaTo4HO ObicTpo. Kpome TOro, B OTIMYME OT JPYTUX KHHT, MOCBSAIIEHHBIX ATOH MpoliemMe
(manpumep, A. U. Omapun u B. I'. ®ecenkoB «Ku3up Bo Beenennoii» u I'. Criencep xoHce «Ku3np Ha
IpYyTUX MHpax»), I/e NPEHUMYIIECTBEHHO pPacCMaTpUBAETCS BOMPOC O JKWU3HU TOJNBKO Ha IJIaHETax
Conreunoll cucteMbl — Mapce u BeHepe — Ha OCHOBe 0O€3HAJIEKHO YCTapemblX NAaHHBIX, MBI yACIHIN
IOCTATOYHO MHOTO BHUMAaHHWS JPYTHUM IUIAHETHBIM cucTeMaM. HakoHer, aHanmm3 BO3MOXHOCTEH pa3zyMHOU
J)KU3HH BO Bcenennon u HpO6JIeMI)I YCTAHOBJICHHUA CBA3UM MEXKAY MNOUBWIN3AIHUAMHA, PA3ACICHHBIMU
MEX3BE3THBIMU PACCTOSHUSIMY, HACKOJIBKO HaM HW3BECTHO, HU B OJNHOW KHure 10 1962 r., xorma ObUIO
HaIUCaHO MePBOE U3/IaHUE dTOW KHUTH, HE TIPOBOIHIICS.

OTta KHHra COCTOMT W3 Tpex dacTted. IlepBas 4acTh COIEPXKHUT acTPOHOMUYECKHE CBEICHHS,
HEOOXOMMBIE IS TOHUMAaHUS COBPEMEHHBIX MPEICTABICHUN 00 SBOJIIOIMU TaIAaKTHK, 3BE3/] U IJIAHETHBIX
cucreM. Bo BTOpoil yacTu paccMaTpUBarOTCA YCIOBHS BO3HHKHOBEHHS XH3HU Ha KaKOW-HHOYyHb IUIaHETe.
Kpome Toro, 3mechk oOcykmaercss Bompoc 006 obutaemoctn Mapca, Beneps! u apyrux miaHeT CogHEYHON
cucteMbl. B 3akmrouenne 3TOM 4acTH KPUTUYCCKNU pPAaCCMaTpUBAIOTCSA COBPEMCHHBLIC BapUaHTBI TMIIOTC3bI
naHcrnepMu. HakoHer, TpeThs YacTh COACPKHUT aHAIU3 BO3MOXKHOCTH Pa3yMHOW KHM3HH B OTJIENBHBIX
obmactsx Bcenennoit. Ocoboe BHUMaHWE OOpamiaeTcss Ha MPOOJIEMy YCTAaHOBJICHHS KOHTAaKTOB MEXITY
MUBUIM3AIUAMUA PA3HBIX IIJIAHCTHBIX CHUCTEM. Ilo CBOCEMY XapaKTEepy TPEThbA 4YaCTb KHUT'HU OTIMYACTCA OT
MIEPBBIX JIBYX, KOTOPBIC M3JIaral0T KOHKPETHBIE UTOTH U PE3YJbTaThl PAa3BUTHS HAYKH B COOTBETCTBYIOIIMX
obxnactsx. Ilo HeoOXomMuMOCTH B 3TOH YacTH MpeodiafaeT TUIIOTETUIECKUN 3JIEMEHT — Belb TIOKa MBI eIle
HE YCTAaHOBWJIM KOHTaKTOB C MHOTUIAHETHBHIMH IHUBHIU3AIUSAMH H, B CYyITHOCTH TOBOPS, HEM3BECTHO, KOT/Ia
YCTaHOBUM W YCTAHOBUM JIH BoOOIIE... HO 3TO HM B KOC# CTENeHM HE O3HA4aeT, YTO 3Ta YacTh JIMIICHA
HAy4YHOTO COJIepXKaHWUA ¥ SBISAETCS YHUCTOW (paHTAcTHUKOW. HampoTwB, MMEHHO 37eCh aHATU3UPYIOTCS, U
MPUTOM TI0 BO3MOXKHOCTH CTPOTO, HOBEHIIIME AOCTIDKEHUS HAYKH M TEXHHUKH, KOTOPBIE B OyIyIeM MOTYT
MPUBECTH K ycrnexy. BMecTe ¢ TeM 3Ta 4acTh KHUTH MO3BOJISIET JaTh HEKOTOPOE peajbHOE MPEICTABICHHE O
MOIIH YEIOBEUECKOr0 pa3yMa JJake Ha COBPEMEHHOM dTare ero pa3BuThs. Benb yxe ceifyac uenoBeyecTBO



CBOEH aKTHBHOM JEATEIBLHOCTHIO CTAJI0 (PAKTOPOM KOCMHUYECKOT0 3HaUeHHS. Yero e MOXKHO OXKHIATh Yepe3
HECKOJIBKO CTOJIETHI?



Yacmwb nepsas

ACTPOHOMHUYECKHH
ACIIEKT
ITPOBJIEMBI

U ctpaimHbIM, CTpaIHBIM KPEHOM
K npyrum xakum-HuOy 16
HeBenombIM BCeIEHHBIM
INoBepHyT Mneunstii [1yTs...

b. [lacmepnaxk

1. Macuumaowt Bcenennoii u ee cmpoenue

Ecnu 661 acTpoHOMBI-TIpodecCHOHabl MOCTOSTHHO M OLIyTHMO TNPEJCTABISUN cebe YyIOBUIIHYIO
BEIMYMHY KOCMHUYECKHUX PACCTOSHUH M MHTEPBAJIOB BPEMEHHU SBOJIOIMH HEOCCHBIX CBETWJ, BPSAI JH OHHU
MOTJIM YCIICIIHO pa3BHBaTh HAyKy, KOTOPOW TIIOCBSTHIIM CBOIO JKH3Hb. |IpWBBIUHBIE HaM C JEeTCTBa
MIPOCTPAaHCTBEHHO-BPEMEHHBIE MAaCIITa0bl HACTOJIBKO HHUYTOXKHBI 10 CPABHEHUIO C KOCMHUYECKHMH, UTO
KOTJ]a 3TO JOXOJUT 10 CO3HAaHMsS, TO OYKBaJbHO 3aXBaThIBAET AyX. 3aHUMasCh KaKOH-HUOYAb MpoOieMOi
KOCMOCa, aCTPOHOM JIHOO0 pellaeT HeKYyI0 MaTeMaTH4ecKyIo 3ajady (3TO dallle BCETro JETar0T CIEIHaTUCThI
10 HeOECHOM MEXaHHUKE U acTPOPUIUKU-TCOPETHKH ), THOO 3aHMMACTCSI yCOBEPIIICHCTBOBAHUEM TTPUOOPOB U
METOJIOB HAONIOACHUH, MO0 K€ CTPOUT B CBOEM BOOOPAKECHHWH, CO3HATEIHHO WM OECCO3HATENBHO,
HEKOTOPYI0 HEOOJBIIYI0 MOJENb HCCIeAyeMOH KOCMHUYECKOW cucTeMbl. IIpn 3TOM OCHOBHOE 3HaUeHHUE
MMeeT TpaBUJIbHOE MOHMMAaHWE OTHOCHTEIHHBIX Pa3MEpPOB M3ydaeMOW CHCTEMBI (HampuMep, OTHOIICHHE
pa3MepoB JeTajeil NaHHOW KOCMHYECKOH CHCTEMBI, OTHOIICHHE pPa3MEpOB 3TOIl CHCTEMBI U JPYTHX,
MOXOXHMX WIM HEMOXOXHX Ha Hee, U T. A.) U MHTCPBAJIOB BpeMEHH (HampuMep, OTHOIICHHE CKOPOCTH
MIPOTEKAHUS TaHHOTO MPOoIecca K CKOPOCTH MPOTEKAaHUS KaKOT0-THOO0 IPyroro).

ABTOp 3TOW KHHWTH JOBOJIBHO MHOTO 3aHHMAJICS, HAaIlpUMep, COTHEUHOH KopoHoU u ["amakTukoit. U
BCETJ]a OHU TPE/ICTABISUIMCH EMY HENPaBHIBLHON (GOPMBI ChepOonIaTbHBIMH TEIaMU IPUMEPHO OJMHAKOBBIX
pasMepoB — 4T0o-HUOYIs OK0i0 10 cm... [lowemy 10 cm? DTOT 00pa3 BO3HHK IMOACO3HATEIHHO, MTPOCTO
MIOTOMY, YTO CIIMIIKOM YacToO, pa3AyMbIBasi HaJ TEM FJIM MHBIM BOIPOCOM COJHEYHOW WIIHM TaIAKTUYECKOU
¢u3uKU, aBTOpP 4YepPTWI B OOBIKHOBEHHOH TeTpaaud (B KJIETOYKY) OYepTaHHs MpPEIMETOB CBOUX
pasmbliiieHnit. YepTui, crapasch NpuAepKUBaThC MacTa0oB siBineHui. [lo 0THOMY OYeHb JTHOOOTIBITHOMY
BOMNPOCY, HAlpUMep, MOXHO OBLIO TPOBECTH WHTEPECHYH) AaHAJOTHI0 MEXIYy COJNHEYHOW KOPOHOW H
lNamakTukoil (BepHee, Tak Ha3bIBAEMOW «TaJaKTHYECKOW KOpoHOi»). KoHedHO, aBTOp 3TON KHUTH O4YEHb
XOpOIIO, TaK CKa3aTh, «yMOM» 3HaJ, YTO pa3Mepbl TalaKTHYEeCKOW KOPOHBI B COTHH MWJIMAPIOB pa3
Oosblie, 9eM pa3Mephl coHeYHOH. Ho OH crokoifHO 3a0bIBai 00 3TOM. A eciid B psje ciydaeB OONbIINE
pasMephl TATaKTHIECKOH KOPOHBI MPHOOPETAIN HEKOTOPOE MPUHITAITHATIRHOE 3HaYeHHe (OBIBAIO U TaK), 3TO
YUUTBIBAIOCH (POopManbHO-MareMarniecku. Y Bce paBHO 3pHUTENBHO 00€ «KOPOHBI» TPENICTABISUIUCD
OJIMHAKOBO MAJICHBKHAMHU...

Ecim Ob1 aBTOp B mporecce 3Tod paboTel mpemaBayicss (GHUIOCOGCKHM Pa3MBIMUICHHSIM O
YyJOBHUITHOCTH pa3MepoB [amakTuky, O HEBOOOpPAa3MMOM pa3peKeHHOCTH Ta3a, U3 KOTOPOro COCTOWT
rajJjakTHyeckas KOpPOHa, O HUYTOXXHOCTH HAllled MaNIOTKU-TUIAHETBl U COOCTBEHHOTO OBITHS M O MPOYHX
IpYTUX HE MeHee MPaBWIBHBIX MpeAMeTax, padoTa Haja mpoOJIeMaMy COJIHEYHON W TallaKTUYeCKOW KOPOH
MpeKpaTuiIach ObI aBTOMATHUYECKH. ..

[TycTs IPOCTUT MHE YUTATEND 3TO JIMPUYECKOE OTCTYIUICHHE». Sl HE COMHEBAIOCh, YTO U Y IPYTUX
ACTPOHOMOB BO3HHKAIIM TaKWE€ YK€ MBICIH, KOT/Ia OHH pabdOoTaliu HaJ CBOMMH mpobiemaMu. MHe Kaxercs,
YTO MHOT/Ia TI0JIe3HO MOOIIIKE TTO3HAKOMHUTBCS C «KYXHEW» HayqHOH paOOoTHL...

Ecnn MBI XOTMM Ha CTpaHHUIAX 3TOM KHHUIHM 00CYXKJaTh BOJIHYIOIIME BOMPOCHI O BO3MOKHOCTHU
pa3yMHOH Xu3HU BO BceneHHOH, TO mpexae Bcero HyHO OyIeT COCTaBUTh MPaBMIIBHOE NMPEICTAaBICHUE O
€€ TPOCTPaHCTBEHHO-BpEMEHHBIX MacmTabax. Emne cpaBHUTENsHO HENABHO 3€MHOW IIap IPEICTaBIISIICS
YeNIoBEKY OrpOMHBIM. CBBIIIE TPEX JIET TOTPeOOBAIOCH OTBaXKHBIM CITOJIBIKHUKaM Maresiana, 9To0sr 465
JIET TOMY Ha3aJ1 IEHOI HEMMOBEPHBIX JIMILICHUH COBEPILINTE IIEPBOE KPYrocBeTHOE My TenecTBue. HemHorum
6onee 100 et mpomuio ¢ TOro BpeMeHH, KOT/Ia HaXOUHUBHIN repori paHTacTrueckoro pomana XKroms BepHa
COBEpIIHJI, TOIB3YSCH MOCIEAHUMHU TOCTIKEHUSIMA TEXHUKH TOTO BPEMEHH, IyTEIIeCTBHE BOKPYT CBETa 3a
80 cyTtok. M mpomio Bcero aumib 26 JIET ¢ TeX MaMSITHBIX JJI BCETO YeJIOBEUECTBa JHEU, KOTJa MEPBBIMA
COBETCKHII KOCMOHABT ['arapus o0eren Ha JISTeHJapPHOM KOCMHYECKOM Kopaldiie «BocTok» 3eMHO# map 3a
89 mumH. VM MBICTH JFOACH HEBOJBHO OOPATHINCh K OTPOMHBIM IPOCTPAHCTBAM KOCMOCA, B KOTOPBIX



3aTepsIach HeOOIbIIas IIaHeTa 3eMIIS. ..

Hamra 3emist — oana u3 muanetr ConmHeuHoM cucteMbl. 1o cpaBHEHUIO ¢ APYTHUMH IUTaHETaMH OHA
pacmosnoxeHna JA0BOJbHO Onn3ko K COJNHILy, XOTS U He SBiIAeTcsl caMod Onm3koi. CpegHee pacCTOSHHE OT
Comama mo Ilmytona — camoit gamekoi maHetsl ConHeuHOUW cucteMbl — B 40 pa3 OoJbllie CpeaHETo
paccrosHus oT 3emiu a0 ConHua. B Hacrosiiee BpeMs HEU3BECTHO, UMeEIOTCs M B CONHEYHON cucTeme
IaHeTsl, eule Oonee ynanennsle oT ConHua, yeM [lmyToH, MOXXHO TONBKO yTBEpKAaTh, YTO €CIIHM TaKue
IUTAaHETHI U €CTh, TO OHU CPaBHUTEIHHO HEBEIHUKH. Y CIIOBHO pa3Mepbl CONTHEYHOH CUCTEMBI MOXHO MTPHHATH
paBHBEIME 50—100 acTpoHOMHYECKMM eIMHHIAM (ACTPOHOMHYECKAs CIUHUIIA — CPEIHEe PACCTOSHHE OT
3emumn 1o Comnra, paBaoe 149600 Teic. kM), win okosio 10 mupa. kM. Ilo HammM 3eMHBIM MaciiTabaM 3T0
OueHb OOIbIIast BETMYMHA, PUMEPHO B | MUJUIMOH pa3 MPeBOCXOIAIIAS TUAMETP 3EMIIH.

Msr MoxeMm Oojiee HArisAHO MPENCTABUTh OTHOCHUTENbHBIE MacmTaObl CONHEYHOH CHCTEMBI
cnenyomuM obpazoM. Ilycte CosHile u300paxaercs OWIIHApAHBIM IIapoM guamerpoM 7 cM.. Torma
omwkaiimas k ConHny mianera — MepKypHuil HAXOIUTCS OT HEro B 3TOM Maciutade Ha paccTossHud 280 cMm,
3emnst — Ha pacctossHud 760 cM, rurantckas miuanera FOmnurtep ynaneHa Ha paccrosiHue okono 40 M, a
caMada OaJIbHASA IINIAaHETA — BO MHOI'MX OTHOIIICHUAX IIOKa CIIC 3araI[O‘IHI)II‘/'I HHYTOH — Ha pacCCTOAHUC
okono 300 M. Pa3mepsl 3eMHOrO 1mapa B 3TOM Maciitabe HecKoJIbKo Ooibme 0,5 MM, TyHHBIH quaMeTp —
HeMHoruM Oonbire 0,1 MM, a opOuTa JIyHBI IMeEeT TuamMeTp OKoJIo 3 cM.

Haxe camas Omm3kas k HaMm 3Be3fga — [Ipokcuma lleHTaBpa yaameHa oT Hac Ha Takoe OOJbIIOE
pacCTogHuEe, 4YTO IO CPAaBHCHUIO C HUM MCKIUUIAHCTHBIE PACCTOAHUA B IpE€Aciiax COIHEYHOH CHCTEMBI
KKYTCS CYIIUMH IyCTsKaMu. UnTaTend, KOHEUHO, 3HAIOT, YTO ISl M3MEPEHHS MEXK3BE3/IHBIX PACCTOSHUN
TaKOW eTUHUIIEH JUTMHBI, KaK KHJIOMETp, ITOYTH HUKOTAa He ToJIb3yroTcs (Ilokamyid, TOMhKO CKOPOCTH 3BE31T
U TJIaHEeT B aCTPOHOMMHU BBIPAKAIOTCS B €IUHMIIAX «KUJIOMETP B CEKYHAY»). DTa €AMHHUIIA U3MEpPEHHH (Tak
&Ke KaK CaHTHUMETp, AI0WM U JIp.) BO3HUKJIA U3 MOTPEOHOCTEN MPAaKTUUECKOW eI TeNbHOCTH YeIoBeUecTBa Ha
3eminie. OHA COBEpPIICHHO HEMPUTOIHA UISI OLEHKH KOCMHYECKHUX PACCTOSHUM, CIUIIKOM OOJBIIUX II0
CPaBHEHUIO C KUIIOMETPOM.

B nmonynspHo#l nuTepaType, a WHOTA W B HAYYHOH, JUIS OIICHKH MEK3BE3JHBIX U
MEXTATaKTHYECKUX PACCTOSHUM KaK eIWHUIy W3MEpPEHHS YIOTPEONSIOT «CBETOBOM rom». DJTO Takoe
paccTosIHKE, KOTOPOE CBET, MBUTASCh CO CKOPOCThI0 300 THIC. KM/C, MPOXOAMT 3a ToA. JIerko yoeauThes, 9To
CBETOBOJI TOJT paBeH 9,46 ¢ 10" kM, wim oxono 10000 MJIPJI. KM.

B HayuHO# nuTeparype Ui U3MEPEHHS MEX3BE3AHBIX U MEKIaIaKTHUeCKUX PACCTOSHUI OOBIYHO
TIPUMEHSETCST 0co0ast eaMHUIA, TOTYYHBINAs Ha3BaHME «Mapcek»; | mapcek (k) paBeH 3,26 CBETOBOTO roja.
[Tapcek onpenensercs Kak TaKOe pacCTOsIHHE, C KOTOPOTO payc 3¢€MHONH OpOUTHI BUJIEH MO YIJIOM B 1 cek.
Oyrd. DTO O4YeHb MaJleHbKHH yrois. JloCTaTOYHO CKa3aTh, YTO MOJ TaKHM YIJIOM MOHETa B OJHY KOMEUKY
BHJTHA C PACCTOSIHUSA B 3 KM.

Hu oxna u3 3Be3q — Ommkaimmx cocenok ColHEYHOW CUCTEMBI — HE HAaXOIUTCS K HaMm OJIMIKeE,
yem Ha |1 nk. Hampumep, ymomsiayTast [Ipokcuma LlenTaBpa yaangeHa oT Hac Ha paccTosHue okojo 1,3 k. B
TOM MacmiTade, B KOTOPOM MbI n300pasminn CONHEYHYIO CUCTEMY, 3TO COOTBETCTBYET 2 ThIC. KM. Bcee 310
XOpOIIO WILTIOCTPUPYET OOJNBIIYI0 HM3OIUPOBAHHOCTh Hamied CONHEYHONH CHCTEMBI OT OKPYKaOIIHX
3BE3HBIX CUCTEM; HEKOTOPBIE U3 3TUX CUCTEM, BOZMOKHO, UMEIOT C HElf MHOTO CXOJICTBA.

Ho okpyxarone Connue 3Be3nsl 1 caMo COJHIE COCTaBISAIOT JIMIIbL HUYTOXHO Malyl0 4YacTb
TUTaHTCKOTO KOJUIEKTHBA 3BE3/] U TYMaHHOCTEH, KOTOPHIi Ha3biBaeTcs «[ amakTukoii». ITo CKOIUIeHHE 3Be3]T
MBI BHJIUM B sICHbIe O€37TyHHbIEe HOUYH Kak IepeceKarollyio Hebo mosocy Mieunoro Ilytu. I"'anaktuka nmeer
JOBOJIBHO CJIOXHYIO CTPYKTYpy. B mepBom, camoM rpy06oM NpuOIMKEHUH MBI MOXKEM CUHTATh, YTO 3BE37bI
U TYMaHHOCTH, W3 KOTOPBIX OHAa COCTOHUT, 3allOJHSAIOT O00BhEeM, UMEIOIMUN (OpMy CHIBHO CXKATOTO
JJUATICOMAA BpamieHus. Yacto B momyisipHOW Jnureparype ¢Gopmy [amakTUKd CpaBHHBAIOT C
JBOSIKOBBITTYKJIOHN JH30HM. Ha camom gene Bce 0OCTOWUT 3HAYMTENBHO CIIOXKHEE, U HapHCOBaHHAs KapTHHA
SIBIISIETCSL CIIMIIKOM Tpy0oil. B nelcTBUTENbHOCTH OKa3bIBaeTCs, YTO pa3HbIe TUIIBI 3BE3]] COBEPIIEHHO MO-
pa3HOMY KOHIIEHTPUPYIOTCA K HEHTPY lamakThukum W K ee «IKBATOpUaNbHOHN IIIocKocTm». Hampumep,
ra3oBbl€ TYMAaHHOCTH, a TaKXKX€ OYCHb TIOpsAYUC MACCHUBHBIC 3BC3AblI CHJIBHO KOHICHTPUPYIOTCA K
9KBATOPHANBHOW TIJIOCKOCTH [anmakTuku (Ha HeOe ASTOH IUIOCKOCTH COOTBETCTBYET OOJBIION KpYT,
MPOXOJAIIUK 4epe3 IeHTpalbHbie 4dacTH MieuHoro Ilytu). Bmecte ¢ Tem oHHM He OOHapyXKHWBaKOT
3HAYUTENFHOW KOHIIEHTPAWK K TaJlaKTHdecKoMmy IeHTpy. C Ipyrod CTOpOHBI, HEKOTOPBIC THITBI 3BE3] U
3BE3IHBIX CKOIUIEHHH (TaK Ha3bIBaEMbIE «IIAPOBBIE CKOIUICHUS», PUC. 2 (He CKanuposacs)) MOUYTH HUKaKOH
KOHIIEHTpAIlMH K 3KBATOPHAIBHOW IDIOCKOCTH ['anakThku He OOHApyXHBAarOT, HO 3aTO XapaKTEePHU3YIOTCS
OrPOMHOM KOHIIEHTpAIlMEN IO HAMPAaBJICHUIO K €€ LEeHTpy. Mexay STUMH JBYMs KpaHUMH THUIaMU
MIPOCTPAHCTBEHHOTO pacIpeleleHns (KOTOpOe acTPOHOMBI Ha3bIBAIOT «IUIOCKOE» U «cpepuueckoey)
HaXOIATCS BCE NMPOMEXKYTOUHBIE Clyyaw. Bce ke oKa3pIBaeTCs, YTO OCHOBHAs 4acTh 3Be3/ B | amakTuke



HaXOJUTCSl B TUTAHTCKOM JIMCKE, aMeTp KOoToporo okoio 100 Teic. CBETOBBIX JIET, a ToJIuHa okoyio 1500
CBETOBBIX JIeT. B 3TOM /rcKe HacUMTHIBAeTCSl HECKOIBbKO Oosbie 150 Mip/. 3Be3 caMbIX pa3IUYHbIX THIIOB.
Hame Connume — oaHa W3 3THX 3Be3ld, Haxonsmascs Ha mepudepun [amakTuku BOMM3M OT ee
9KBAaTOPHUAIBHON IUIOCKOCTU (TOYHEE, «BCETO JIMIIb» Ha PACCTOSHUU OKOJIO 30 CBETOBBIX JIET — BEIUYMHA
JIOCTAaTOYHO MaJiasi TI0 CPABHEHHIO C TONIIUHON 3BE3/ITHOTO UCKA).

Paccrosnue ot Conuua o sapa ['anakTuku (Mo ee 1eHTpa) cocTaBisieT 0Koso 30 ThIC. CBETOBBIX
net. 3Be3/Hasl IIIOTHOCTH B |'anakTuke BecbMa HepaBHOMEpHA. Brimie Bcero oHa B 001aCTH rajlakTHYECKOTO
snpa, TAe, O MOCIeTHAM JaHHBIM, TOCTHTAET 2 THIC. 3BE3/ Ha KyOWUYeCKni mapcek, 4To moutu B 20 ThIC. pa3
Ooutblile cpesiHeit 3Be3MHON MIIOTHOCTH B okpecTHOCTAX ComHna. (B camMoM meHTpe ranakTH4ecKoro siapa B
00JIaCTH TMOMEPEYHHKOM B 1 IK HAaXOIWUTCS, MO-BHIMMOMY, HECKOJBKO MWIIJIMOHOB 3Be3l.) Kpome Toro,
3Be3/bl MMEIOT TEHACHLUIO OOpa30BBIBATH OTHACNBHBIC TPYIIBl WIM CKOIUIEHHS. XOPOLIMM NPUMEPOM
TAKOTO CKOIUICHHUS BJSIOTCS [Lmesiipl, KOTOphIe BUIHBI Ha HallleM 3UMHeM HeOe (puc. 3 (e ckanuposancs)).

B lanakTuke MMEIOTCS W CTPYKTYPHBIE AETalli ropas3io O0oiplmmnx macmraboB. VccnenoBaHusimu
MOCJIEOHUX JIET JOKa3aHO, YTO TyMaHHOCTH, a TaK)Ke TOpsiuMe MAaCCHBHBIC 3BE3Ibl pacIpelesieHbl BIOJb
BeTBel cinpany. OCOOEHHO XOPOIIIO CUpalibHas CTPYKTypa BHIHA Y APYTUX 3BE€3THBIX CHCTEM — TalaKTHK
(c maneHpKO# OYKBBI, B OTIMYHME OT Hallel 3Be3NHOH cucTeMbl — [‘amakTuku). OHA U3 TAaKUX TaJlaKTHK
n3o0paxeHa Ha puc. 4 (ne ckanupogancs). Y CTaHOBUTD CIIUPAIBHYIO CTPYKTYpY [ anakTHKu, B KOTOPOW MBI
caM{ HaXOJHMMCsl, OKa3aJI0Ch B BBICIIEH CTEIICHU TPYIHO.

3Be3Abl U TYMaHHOCTH B Ipenenax | alakThKu ABMXKYTCS JOBOJNBHO CIOXKHBIM oOpaszoM. IIpexnme
BCETr0, OHM YYaCTBYIOT BO BpalleHUM [aJakTHKH BOKpPYT OCH, NEPHEHIMKYJSIPHOH K €€ 3KBaTOpHaIbHON
IUIOCKOCTH. OTO BpAallEHHWE HE TakKoe, KaKk y TBEPAOTO Teja: pas3iuyHble ydyacTKu [amakTuku HMeET
pasnu4Hble nepuonsl BpamleHus. Tak, CoJHIE W OKpY’Karollde ero B OPOMHON 00JacTH pazMepamu B
HECKOJIBKO COTEH CBETOBBIX JIET 3BE3/bI COBEPIIAIOT MOJHBIA 000poT 3a BpeMs okosio 200 miH. jet. Tak kak
ConHIle BMECTE C CEMBEH IUIAHET CYIIECTBYET, IIO-BHIMMOMY, OKOJIO 5 MIpPA. JET, TO 3a BpeMsl CBOEH
IBOJIFOLMHU (OT POXKICHHUA U3 Ta30BOM TYMAHHOCTH O HBIHEIIHETO COCTOSHUS) OHO COBEPLIMIIO IPUMEPHO 25
000pOTOB BOKPYT OcH BpaieHus [ amaktuku. Mbl MOKeM CKa3aTh, 4To Bo3pacT CojHIa — BCEro JUMIb 25
«TaTaKTHYECKHX JIET», CKAXKEM MPSIMO — BO3PACT LBETYIIHH. .

Ckopoctp nBrxeHus: CoJHLIA M COCEAHMX C HMM 3B€3] IO MX IOYTH KPYTOBBIM TaJJaKTHYECKUM
opoutam gocturaet 250 km/c. ([Toe3HO 3alIOMHUTH MPOCTOE MPABUIIO: CKOPOCTh B 1 TIK 3a 1 MJIH. JIET MOYTH
paBHa ckopoctu B 1 km/c. [IpemocraBisieM unratento yoeautscst B 3ToM.) Ha 3T0 perynspHoe aBmKeHHE
BOKPYT T'aJlaKTUYECKOTO siApa HAKJIaAbIBAIOTCS XaOTHUYECKHUE, OecropsanoUHble ABMKeHUs 3Be3n. Ckopoctu
TaKuX JABMKCHUH 3HAYUTENBHO MeHbIe — mopsaka 10—>50 km/c, nmpudeM y 0ObEKTOB pa3HBIX TUIIOB OHU
pa3nuuHbl. MeHblIe BCETO CKOPOCTU Y TOPSYMX MAacCHUBHBIX 3Be3l (6—8 KM/C), y 3BE3/ COJHEYHOTO THIIA
oHHU 0Kko0J0 20 KM/c. YeM MeHbILIE 3TH CKOPOCTH, TeM 00Jee «IUIOCKHM» SIBJISIETCS paclpeelieHue TaHHOTO
THUIIA 3BE31.

B Tom wMmacmtabe, KOTOPBIM MBI IOJB30BAJIHMCh Ui HArISAAHOTO mpexacraBieHus COXHEYHOH
cucTeMbl, pasMepsl ['amakTuku OynyT cocTaBisiTh 60 MIIH. KM — BEJIMYMHA, YK€ JOBOJIBHO OJIM3Kas K
paccrostauio oT 3eMiu g0 Comara. OTcroma SICHO, UTO IO Mepe NMPOHUKHOBEHHS BO BCe Oojiee yIalIcHHBIC
obnactu BeeneHHOH 3TOT mMacmiTad yke HE TOIUTCA, TaK KakK TepseT HArMSAHOCTh. [103TOMy MBI pUMEM
IOpyroii Macmtad. MBICICHHO YMEHBIIUM 3€MHYI0 OPOUTY 10 pa3MepoB caMoli BHYTpEeHHEH OpOHMTHI aToMa
BOJIOPOJIa B KJIaccHueckoil Mozenn bopa. Hamomunwm, 4To pamuyc 51oit opoutsl pasen 0,53 « 10 cm. Toraa
Onnokaiiias 3Be3aa OyeT HaxOaUThes Ha paccTossHud npudausutenbHo 0,014 MM, nentp Manaktukun — Ha
paccrossHun okoio 10 cM, a pasMepbl Hamei 3Be3nHON cucTeMbl OyayT okomno 35 cMm. [uamerp Connua
OyeT HMeTh MHKpOCKommueckne pasmepsr: 0,0046 A (aHrcTpem — eauHHUIA JTHHEBL, paBHas 10 cm).

Mpl yXe MOJYEepKHUBAIM, YTO 3BE3[bl yNAJIEHBI APYI OT Apyra Ha OIPOMHBIE PACCTOSIHUSA, U TeM
CcaMbIM TPAKTHYECKH HU30JIMPOBaHBL. B YacTHOCTH, 3TO O3Ha4aeT, YTO 3BE3/bl MOYTH HUKOIA HE
CTAJIKMBAIOTCA JIPYT C APYTOM, XOTS JIBHKEHHME Ka)KIOW M3 HUX OIpPEIENAeTCS IMOJIeM CHJIbI TSATOTEHHS,
co3JlaBaeMbIM BceMH 3Be3amu B l'anaktuke. Ecnm Mbl Oynem paccMaTpuBarh ['anakTuKy Kak HEKOTOPYIO
00JIacTh, HAITOJHEHHYIO T'a30M, IPUYEM POJIb TA30BBIX MOJIEKYJ M aTOMOB UTPAOT 3BE3[Ibl, TO MBI JOJIKHEI
CUMUTATh ATOT ra3 KpaiiHe pa3pexeHHbIM. B okpecTHocTAx CoONHIIA cpefiHee paccTOsSHUE MEXIY 3Be3JlaMHu
npuMepHo B 10 MiH. pa3 Oosnblie, yeM CpelHUM AnameTp 3Be3l. Mexay TeM NpH HOPMalbHBIX yCIOBHUSIX B
OOBIYHOM BO3IyX€ CpEHEe PACCTOSHUE MEKAY MOJIEKYJIAMH BCETO JIMIIb B HECKOJIBKO AECSITKOB pa3 Ooblie
pa3mepoB mocieAHuX. UToOBl JOCTUTHYTH TaKOW K€ CTENEHH OTHOCHTENBHOTO pa3peKeHus, INIOTHOCTh
BO3/IyXa CIIEJ0BATO ObI YMEHBIINTH IO Kpaiineil mMepe B 10 pas! 3ameTum, 0HAKO, YTO B LEHTPAIHHOI
obsnactu ['anmakTukuy, rae 3Be3qHasl IUIOTHOCTh OTHOCUTEIBHO BBICOKA, CTOJKHOBEHHS MEXIY 3BE3laMU
BpeMsl OT BpeMEHH OyAyT MPOHCXOIUTH. 3ech CIeAyeT OKUAATh MPHUOIM3UTEIHHO OJHO CTOJIKHOBEHHE
KaXXIblli MAJUTUOH JIET, B TO BpeMs KaK B «HOPMAJIBHBIX» 00JacTsAX ["allakTHKH 3a BCIO HCTOPHIO IBOIIOLUU



Hallle 3BE3JIHOM CHCTEMBbl, HaCUMTBHIBAIOIIYIO, MO KpailHei mepe, 10 Mup. JIeT, CTOJKHOBEHHH MEXIy
3BE37aMH MPAKTHYCCKU HE OBbLIO (CM. TJI. 9).

MpI KpaTKo 0OpHUCOBAIM MAacIITad U CaMyto OOIIYIO CTPYKTYPY TOH 3BE3AHOIN CHCTEMBI, K KOTOPOU
npuHauiexuT Hame Comane. [Ipm 3TOM COBEpIIEHHO HE pPacCMATPHBAIWCH T€ METOABI, MPU MOMOIIH
KOTOPBIX B TEUYEHHE MHOTHX JIET HECKOJIbKO ITOKOJICHMA AacTpPOHOMOB IIar 3a IIIaroM BOCCO37aBajik
BEITMYCCTBECHHYIO KapTUHY CTpocHHs [amakTuku. DTOW BaKHOW MpoOJieMe MOCBAIICHBI APYTrUe KHUTH, K
KOTOPBIM MBI OTChUTAEM WHTEpECYIIuXcs yuTarenen (Hanpumep, b. A. Boponmos-BenbsimuaOB «Ouepku o
Bcenennoit», 10. H. Edbpemor «B riryounsr Beenennoii»). Hama 3amaya — maTh TOJIBKO CaMyro OOIIyIO
KapTHHY CTPOCHHS M Pa3BUTHA OTAEIHHBIX 00heKTOB BeeneHHoi. Takas kapTHHA COBEPIIEHHO HEO0X0ANMA
JUTS TOHUMaHUS 3TOM KHHTH.

V3ke HECKOJIbKO JECATUIIETUA acTPOHOMBI HACTOMYMBO M3Yy4aloT JIPyTHe 3BE3JHBIE CUCTEMBI, B TOM
WU WHOM CTETICHH CXOIHBIC C Halmeld. DTa 00IacTh UCCIECOBAHUH MOMyYHiia Ha3BaHUE «BHETATIAKTHUECKON
actpoHoMumn». OHa ceffyac Urpaet eBa JU HE BEAYIIYIO pOJIb B aCTPOHOMUU. B TedueHue mociaenHux Tpex
NECSITUIICTHI BHETaJlaKTUYecKass acTpPOHOMHS JOOWMJach IIOpa3HMTENbHBIX ycrexoB. lloHemHory cramm
BBEIPHCOBLIBATHCS TPAHAMO3HBIC KOHTYPHI MeTarajgakTHKH, B COCTaB KOTOPOW Halla 3BE3HAs CUCTEMa
BXOJMUT KakK Majas yacTuia. Mbl emie Aaleko He Bce 3HaeM o Mertaranaktuke. OrpoMHasi yJaleHHOCTh
O00BEKTOB CO3[a€T COBEPUICHHO CHenH(pUYecKrue TPYIHOCTH, KOTOPBIE pa3peliatoTcs MyTeM MPUMEHEHUS
CaMBIX MOIIHBIX CPEJCTB HAONIOIEHUS B COYETAHUH C TIyOOKHMH TEOPETHIECKIMH HCCIIEeNOBaHUAMU. Bee
ke o0Imas CTpyKTypa MeTarajlakTHKH B TTOCIICTHUE TOABl B OCHOBHOM CTaja SICHOM.

MBI MOXEeM ONpeAeNnuTh MeTarajakTHKy KaK COBOKYITHOCTh 3BE3JIHBIX CHCTEM — TallaKTHK,
JIBIDKYIIAXCS B OTPOMHBIX IIPOCTPAHCTBaX HaOmtomaeMolt Hamu 4dacTH Bceenennoi. bmmkaimme x Hammen
3BE3[IHOM CHCTEME TaJaKTUKH — 3HaMeHHUThle MaremnanoBel O0iiaka, XOpOIIO BHIHBEIE Ha HeOE I0KHOTO
MOJTyIIapHs KaK J1Ba OOJBIIKX IATHA TPUMEPHO TAKOH e TOBEPXHOCTHOM sSpKOCTH, Kak U Muteunsiii [1yTh.
Paccrossnne 1o MaremranoBeix OONakoB «Bcero Juimb» OKoNo 200 THIC. CBETOBBIX JI€T, YTO BIIOJIHE
CpPaBHUMO C OOIIEH MPOTSHKEHHOCThIO Hamrel [amaktwku. [lpyras «Onm3kas» K HaM TaJlaKTHKa — 3TO
TYMaHHOCTb B co3Be3auu Anapomensl. OHa BHUJHA HEBOOPY)KCHHBIM TJIa30M Kak ciaboe CBETOBOE
MATHBIIKO 5-i 3Be3gHOW BenmwuuHBL. (IloTOK wW3MydeHHs OT 3Be3Nl W3MepseTcs TaK Ha3bIBaeMBIMU
«3BE3IHBIMU BeMMUnHAMM». [10 ompemeneHunto, MOTOK OT 3Be3abl (m+1)-i BemuumHbl B 2,512 paza MeHBIIIE,
YeM OT 3BE3[IbI /-1 BEIMYMHBI. 3BE3/IbI clladee 6- BETUYMHBI HEBOOPY)KCHHBIM TJIa30M HE BUIHBL. Camble
SIPKHE 3BE3]lbl UMEIOT OTPUIIATEIIbHYIO 3BE3/IHYI0 BenuuuHy (Hampumep, y Cupuyca oHa paBna -1,5.) Ha
caMOM Jielie 3TO OTIPOMHBIA 3BE3JHBIM MHp, IO KOJWYECTBY 3B€3J M IMOJHOM Macce pa3a B Tpu
MpeBBIMAoONeld Hamry [amakTuky, KOTOpas B CBOIO OYEpElb SIBJISICTCS THTAHTOM CpPEId TaaKTHK.
Paccrosinue no TymaHHOCTH AHApPOMEIBI, WU, KaK €€ Ha3bIBAIOT acTpoHOMBI, M31 (3TO O3HauaeT, yTo B
M3BECTHOM Kartajore TymMaHHocTeli Meccke oHa 3aHeceHa mo Ne 31), okono 1800 ThIC. CBETOBBIX IIET, YTO
npuMmepHo B 20 pa3 mpeBbimaer pasmepbl [anaktuku. TymManHocTh M31 uMeeT SBHO BBIPOXKEHHYIO
CIIUPATLHYIO CTPYKTYpYy W IO MHOTUM CBOMM XapaKTEpHUCTUKaM BeChMa HAllOMHHAET Hamry [ amakTuky.
Psmom ¢ Helt HaxoaTCs ee HeOONbIINe CITy THUKY dJUTUIICOnAanbHOM GopMel (puc. 5 (e ckanuposancs)). Ha
puc. 6 (He ckanuposancs) puBenaeHBI GoTrorpadui HECKOIBKUX CPAaBHUTEIBHO ONM3KUX K HAM TaJaKTHK.
OOpamiaer Ha ce0s BHMMaHUe Ooibloe pazHooOpaszue ux (opm. Hapsmy co cnupalbHBIMH CHCTEMaMH
(Takwe rajakTUKH O0O03HAYarTCI CHUMBOJNIaMU Sa, Sb u Sc B 3aBUCHUMOCTH OT XapaKTepa pa3BUTHS
CHUPATBHON CTPYKTYPBI; IPH HATMYHUU TIPOXOMSIIEH uepes spo «IepeMbIukiy (puc. 6a, (He ckanupogaics))
mociie OykBel S craBuTcs OykBa B) BcTpeuaroTcs chepouaanbHble W 3JUTHIICOUIATBHBIC, JTUIICHHBIC BCIKUX
CJIEIOB CIHPAIBHOU CTPYKTYpBI, a TAaKXKE «HEMPABUIbHBIC» TAIaKTHUKH, XOPOIIMM MPUMEPOM KOTOPBIX
MOTYT CIyx)uTh MaremnanoBsl O0mnaxa.

B Oonpmme Temeckombsl HAOMIOJAETCS OTPOMHOE KOJHYECTBO TallakTUK. EcCiM TajmakTHK spue
BUIUMOM 12- BeMWYMHBI HACUUTHIBaeTCA 0Koyo 250, To sipue 16-it — yxe okono 50 Teic. Cambie cinabbie
00BEKTHI, KOTOPBIC Ha Mpe/iee MOKET ChOTOTpapupPOBaATh TEIECKOM-PEQIIEKTOP C AUAMETPOM 3epKayia 5 M,
nMeroT 24, 5-to BemmumHy. OKaspIBaeTCs, UYTO Cpedd MIUNIHAPAOB TaKUX CIIa0eHmmX OO0BEKTOB
OOJIBIIMHCTBO COCTABJISIOT TaJIAKTUKA. MHOTHME M3 HUX YJaJICHbl OT HAc Ha PACCTOSHUS, KOTOPBIE CBET
MPOXOJIUT 32 MUJUIHAPABI JIET. DTO 03HAYAET, YTO CBET, BHI3BABIIMI NOYCPHEHUE IIACTUHKHU, ObLT H3JIy4YCH
TaKOU yIaJleHHOM ralnakTHUKOH ellle 3aJI0JIr0 10 apXeHCKOro nepuoja reoIoruueckoi ncropun 3emiu!

WHorma cpeny ranakTukK MOMANArOTCs YAWBUTENbHBIE OOBEKTHI, HAPUMED «PAaIUOTATAKTHKI. DTO
TaKue 3BE3[HBIC CUCTEMBI, KOTOPBIC H3IY4YalOT OrPOMHOE KOJIMYECTBO SHEPTUHM B paguoauamnazoHe. Y
HEKOTOPBIX PAJHOTaJaKTHK IMOTOK PAJHOU3IYYCHHS B HECKOJBKO pa3 IMPEBBIMIAET TOTOK ONTHYECKOTO
M3ITyYeHHs], XOTSI B ONITHYECKOM JTHAIa30HE UX CBETMMOCTHh OYEHb BEJIMKA — B HECKOJBKO pa3 MPEBOCXOAUT
MOJIHYIO CBETUMOCTH Hamied ['amaktuku. HamoMHUM, 4TO TOCTEAHSS CKIAABIBACTCS W3 M3IIYUYCHHSI COTCH
MUJUTHAPJIOB 3BE3Jl, MHOTHME M3 KOTOPHIX B CBOIO OYepelb H3Iy4alT 3HauuTeapbHO cuiabHee ColHIa.



Kiraccnuecknii mpuMep Takod paguoTalakTHKH — 3HAMEHHUTHIM 0O0BekT Jlebenp A. B omrmueckom
IUANa30He 73TO JBa HHUYTOXKHBIX CBETOBBIX IIATHRIMKA 17-i1 3Be3mHON BenmwmuuHBl (puc. 7, (He
ckanuposancs)). Ha caMom Jniene ux CBETUMOCTh OUY€Hb BeNUKa, MpuMepHO B 10 pa3 Ooublie, 4eM y Hariei
lamaktukn. Cnaboif 3Ta cucreMa KayKeTcsl TIOTOMY, YTO OHA yJlaleHa OT Hac Ha OTPOMHOE PAacCTOSTHHE —
600 muH. cBeTOBBIX JeT. OgHAKO MOTOK paauousmydeHust oT Jlebemss A Ha METPOBBIX BOJIHAX HACTOIBKO
BEJIHMK, YTO MPEBBIMIACT JJaXKe MOTOK paauounzinyueHus ot ConHia (B nepuoabl, koraa Ha COJIHIE HET MATEH ).
Ho Benp ComHIle oueHb OIU3KO — PacCTOSHHE JI0 HETO «BCETO JIUIIE» 8 CBETOBBIX MUHYT; 600 MIIH. JeT —
u 8 MuH! A BeIlb TOTOKH H3IYUICHIS, KaK U3BECTHO, 0OpaTHO  MPOTOPITMOHATBHEI KBapaTaM PacCTOSHHMM!

CriekTpbl OOJIBIIMHCTBA TaJAaKTUK HAIIOMHHAIOT COJIHEYHBIM; B 00OUX ClydyasX HaOJII0IaI0TCs
OTJIENbHBIE TEMHBIC JIMHUH TTOTIIONIEHHS Ha TOBOJIBHO SpKOM (GoHe. B 3TOM HET HU4Yero HeOXKUJaHHOTO, TaK
KaK M3JIy4YeHHE TaJakTHK — 3TO M3IyYeHHE MIUDIHAPAOB BXOISIIIMX B MX COCTaB 3Be3/, Oojiee WM MEHee
noxoxux Ha CosHile. BHUMaTenpbHOE U3ydeHUE CIEKTPOB T'aJIAKTHK MHOTO JIET Ha3aj IMO3BOJIMIIO CIENaTh
OJTHO OTKpBITUE (YHIAMEHTATBHOW BaXXHOCTH. J[€70 B TOM, YTO MO XapakTepy CMEIICHHs JJIMHBI BOJHBI
KaKOH-IIM0O CHEeKTPaTbHON IJIMHUHM IO OTHONICHHIO K JIA0OPaTOpPHOMY CTaHIApTy MOYKHO OIpPEIeNIUTh
CKOpPOCTh ABWIXCHUA H3IYyHarOIIECTO0 MCTOYHHUKA IO JIydy 3pCHUA. J%03080%071 CJI0OBaMH, MOXXHO YCTaHOBUTB, C
KaKOW CKOPOCTBIO UCTOYHHUK MPUOIINKACTCS WIN Y IAISIETCS.

Ecnmr wmcToyHWMK cBera NPUONMIKAETCS, CIIEKTpPaAllbHBIE JHMHUW CMEMIAIOTCS B CTOPOHY Oosee
KOPOTKHX BOJIH, €CIIH YIAIIETCI — B CTOPOHY OoJjiee JUIMHHBIX. JTO SBIICHHE Ha3BIBacTCS <«dPheKToM
Homepay. Oka3anoch, 4TO y TajJakTHK (32 UCKITIOYCHUEM HEMHOTHX, CAMBIX OJM3KHX K HaM) CIEKTPaIbHEBIE
JUHUHM BCETJa CMENIeHbl B JUTMHHOBOIHOBYIO YacCTh CIEKTpa («KpacHOE CMEIIeHWe» JMHWHN), TpudyeM
BEJIMYMHA 3TOTO CMEIICHNS TeM OOJIbIIIe, YeM 0oJjiee yaajeHa OT HaC TalaKTHKa.

OT0 03HayaeT, YTO BCE TAJAKTUKU YAAJISIOTCS OT HAC, NPUYEM CKOPOCTh «pasjieTa» Mo Mepe
yaaneHus rajnakTuk pacteT. OHa TOCTUTaeT OrPOMHBIX 3HaueHUi. Tak, HanmpuMep, HaiileHHas IO KPACHOMY
CMEIIEHUIO CKOPOCTh yJalleHus paguoranaktuku Jlebeap A 6mm3ka k 17 Teic. kM/c. Eme aBanuaTth 0ATh JIeT
HazaJa peKopa MpHHAIICKAT OYeHb cl1a0oi (B onTrdeckux dydax 20-it Benmuanabl) paguoranaktuke 3C 295.
B 1960 r. 6bu1 nonyyen ee cnektp. OKa3anoch, YTO M3BECTHAs YIbTPA(HUOICTOBAS CIEKTpabHAs JHHUS,
MIPUHAJUIeKAIAS WOHU30BAaHHOMY KHCJIOPOAY, CMeIleHa B OpaHkeByIO o0nacTh cmektpa! OTcroma Jerko
HaWTH, 9TO CKOPOCThH yHIaJeHHS 3TOH yIWBHUTEIHLHOH 3BE3THON CHUCTEMBI cocTaBisieT 138 Thic. Km/c, Win
MIOYTH TOJIOBHHY CKOopocTu cBeta! Pammoramaktuka 3C 295 ymaneHa oT Hac Ha pacCTOSIHHE, KOTOPOE CBET
MPOXOJUT 332 5 MIPJ. JeT. TakuMm o0pa3oM, aCTPOHOMBI HCCICIOBAIA CBET, KOTOPBIH ObLT U3JIy4YCH TOI/A,
Koraa o0pa3oBeBaNIACH COJTHIIE U TIAHETHI, & MOKET OBITh, Ta)Ke «HEMHOTO» paHsbIle... C TeX MOp OTKPHITH
erre 0osiee yaajIeHHbIe 00BEKTHI (TJI. 6).

[IpuuuHBl pacHIMPEHHUS CUCTEMBI, COCTOSIICH W3 OrPOMHOIO KOJMYECTBA TallaKTHUK, MBI 3/1eCh
KacaThCsl He OyJeM. DTOT CIIOKHBIN BOMPOC SIBIIIETCS MPEAMETOM COBpeMeHHON kKocMonorun. OHako caM
(hakT pacmmpenus BeenmeHHO# nMeeT 00JbIoe 3HAUCHHE IS aHAIA3a Pa3BUTHS JKU3HHU B HEH (CM. TIIL. 7).

Ha o6iee pacimpeHne CUCTeMbI FJIAKTUK HAKJIaIbIBAIOTCS OSCIIOPSIIOYHBIC CKOPOCTH OTIIEIBHBIX
TaJlakKTUK, OOBIYHO paBHBIE HECKOJIBKHM COTHSIM KHJIIOMETPOB B CeKyHIy. VIMEHHO moaToMy Onmmkaifmue K
HAM TaJakTUKd He OOHapyXKWBAalOT CHUCTEMAaTHYECKOTO KpacHOro cMemieHus. Bens cxopoctn
OecropsAOoYHBIX (TaK HA3bIBAEMBIX «IEKYJISPHBIX») ABMKEHHUN UIS ATHX TaJlakKTUK OONbIIE peryispHOR
CKOPOCTH KpacHOro cmemieHus. [locnenHss pacTteT mo mMepe yJalieHUs TalaKTHK MPUOIU3UTENbHO Ha S50
KM/C, Ha KaXXIpld MHJUTHOH Tapcek. [lo3ToMy uIsl TajakTHK, PacCTOSHUS IO KOTOPBIX HE MPEBOCXOMAT
HECKOJIbKAX ~MWIIHOHOB TapCeK, OCCIOpPSIOYHbIE CKOPOCTH MPEBBIINIAIOT CKOPOCTh  yAAJCHUSA,
00yCIIOBJIIGHHYIO KpacHbIM cMeieHueM. Cpenu ONM3KUX TalaKTHK HaONMIOJArTCS M Takue, KOTOpPbIS
IPHOIKAIOTCS K HaM (Hampumep, TYMaHHOCTh AHnpomMenst M31).

lNamakTuky HE pacnpesieNieHbl B MEeTarajJakTHIeCKOM IPOCTPAHCTBE PABHOMEPHO, T. €. C TOCTOSTHHON
IUIOTHOCTHIO. OHHU OGHap}DKI/IBaIOT SAPKO BBIPAXKCHHYIO TCHACHIIUIO 06p330BbIBaTB OTACIIBHBIC I'PYIIIBI WA
ckoruieHus. B wactHocTH, rpynmna u3 npuMepHo 20 ONM3KMX K HaM TalakTHK (BKJIIOUas Hamry [ amakTuky)
o0Opa3yeT Tak Ha3bIBaEMYIO0 «MECTHYIO CHCTeMy». B CBOIO odepenp MecTHas CHCTEMa BXOAWT B OOJBIIOE
CKOIUICHUE TaIaKTHK, [IEHTP KOTOPOr0 HaXOIUTCS B TOH 4acTH HeOa, Ha KOTOPYIO IIPOCKTUPYETCs CO3BE3IUE
JleBBl. DTO CKOIUIEHUE HACUUTHIBAET HECKOJIBKO THICSY WICHOB U MPHHAIJICKHUT K YUCITY CAMBIX OOJBINUX.
Ha puc. 8 (ne crauuposancs) npuseneHa ¢ororpadus HU3BECTHOTO CKOIUICHWS TallaKTUK B CO3BE3/IHUU
CesepHoii KopoHBI, HAaCUNTHIBAIOIIETO COTHH TaJlaKTHK. B MpocTpaHCTBE MEXIy CKOTUIEHUSMHE TUIOTHOCTH
TaJIaKTUK B JICCATKH Pa3 MCHBIIIE, YEM BHYTPH CKOTUICHHM.

OO6pammaer Ha ce0s BHUMaHHE Pa3HHIIA MEXAY CKOIUICHHUSMH 3Be37, 00pa3yIOUIMMH TaJakTHKH, U
CKOIUIEHUSIMHM TaJaKTHK. B TiepBOM cilydae pacCTOSHHA MEXAYy WIEHAMH CKOIUIGHHS OTPOMHBI II0
CpaBHCHHUIO C pasME€paMM 3B€3[, B TO BPEMA KaK CPCAHUEC PACCTOAHUA MCKAY TraJlJaKTUKaMKU B CKOIIJICHUAX
TaJIAKTUK BCETO JIMIIhL B HECKOJBKO pa3 Oouiblie, 4eM pa3Mepbl ramakTuk. C Ipyrodl CTOPOHBI, YHCIO



TaJIaKTHK B CKOIUICHHSAX HE MIET HA B KaKO€ CPaBHEHHE C YHCIIOM 3Be3] B TajakTHKax. Eciu paccMaTpuBaTh
COBOKYITHOCTb T'aJIaKTUK KakK HeKOTOpLIﬁ ra3z, ra€ pojib MOJICKYJ UI'parOT OTACIbHBLIC TaJIAKTUKHU, TO MBI
JOJKHBI CYUTATh 3Ty CPEIly UPE3BBIYATHO BSI3KOE.

Kak >xe BrIiTsiguT MeTaranakTrka B Hallei MOJEINH, TIe 3eMHasi opOnTa yMeHbIIIEHa JI0 Pa3MepoB
nepBoi opouThl atoMa bopa? B 3ToM Maciitabe paccTosiHue 10 TYMaHHOCTH AHIPOME/bI OYAET HECKOJIBKO
0oJbIe 6 M, pacCTOSTHHUE JI0 LIEHTPAIbHON YaCTH CKOTUICHUS TaJlakTHK B J[eBe, Ky/1a BXOIWT U Hallla MeCTHAs
CUCTEeMa TallaKTUK, OyneT mopsinka 120 M, mpuyeM Takoro e mopsiaka OyneT pasMep caMoro CKOIUICHUS.
Pamnoranaktuka Jlebenp A OyaeT Temephb yIaJieHa YXKe Ha BIIONHE IIPHIIMIHOE» PACCTOSHUE — 2,5 KM, a
paccrostaue 10 paguoragaktuku 3C 295 gocTurHer 25 KM...

MBI TIO3HAKOMHJIMICh B CaMOM OOIIEM BHUAE C OCHOBHBIMH CTPYKTYPHBIMH OCOOCHHOCTSMHU H C
MacmTabamu Beenernol. DTo Kak OBl 3aCTHIBIUH Kanp ee pa3BuTHA. He Bcerna oHa Oblia TakoH, KaKOW MBI
Tenepb ee HabmogaeM. Bee Bo BeeneHHON MeHSETCS: MOSABISAIOTCS, Pa3BUBAIOTCS M «yMHPAIOT» 3BE3IBI U
TYMaHHOCTH, Pa3BHBACTCsS 3aKOHOMEPHBIM 00pa3oM ['ajmakThka, MEHSIOTCS cama CTPYKTypa M MacIITa0bl
Meraranaktuku (XOoTs OBl MO MPUYMHE KpacHOro cmemieHus). [lo3ToMy HapHCOBaHHYIO CTaTHYECKYIO
kapTuHy BceneHHON HEoO0XOAMMO JIOMOJIHUTh JUHAMUYECKOW KApTUHOW O3BONIOIMH  OTICIBHBIX
KOCMHUYECKHUX 00BEKTOB, M3 KOTOPHIX OHA 00pa3oBaHa, U Bcel BceneHHoi Kak 1emnoro.

Uro kacaeTcs HBOIIOIUHU OT/ENBHBIX 3BE37] U TYMaHHOCTEH, 00pa3yIUX TaTaKTHKH, TO 00 3TOM
pedb OyneT B Ti1. 4. 31ech MBI TONBKO CKaXXEM, YTO 3BE3ABI POXKIAIOTCS M3 MEXK3BE3THOW Ta30IbLIEBOM
cpelsl, HEKOTOpoe BpeMs (B 3aBUCHMOCTH OT MaccChl) CIIOKOMHO M3Ty4aroT, Mocje 4ero 6oiee WM MeHee
JIpaMaTHIeCKUM 00pa3oM «YMHUPAIOTY.

OTtkpeITHE B 1965 T. «PETUKTOBOTO» U3IYUICHUS (CM. TII. 7) CO BCEH HATrISAHOCTHIO MMOKA3aJI0, YTO Ha
caMbIX paHHUX OJTamax »>BOJIOLMK BceneHHas KayecTBEHHO OTJIMYajach OT CBOETO COBPEMEHHOTO
cocTosiHus. [J1aBHOE — 3TO TO, YTO TOrJa HE OBLIO HH 3BE3J, HU TANAKTUK, HU TKEIBIX AJIEMEHTOB. U,
KOHEYHO, He ObuTo >kM3HH. MBI HaONro/aeM TpaHAMO3HEIH MPOoIecC SBONIONHUN BCeneHHOH OT MpocToro K
cinoxHoMmy. Takoe e HampaBiIeHHE SBOJIONMNA HMEET W pa3BUTHE XM3HHM Ha 3emite. Bo Bcemennoit
CKOPOCTh 3BOJIIOIIMY BHAYaje ObLTa 3HAYUTENBHO BHINIE, YeM B COBPEMEHHYIO 3moxy. [loxoxke, ofHAKO, 4TO
B DPa3BUTHH XKM3HM Ha 3emiie HaOdromaercss oOpaTHas KapTHHA. OTO HArJSAJAHO BHIHO W3 MOJENH
«KOCMHYECKOW XPOHOJIOTHIY, TIPEIACTABICHHON B TaOJMIle 1, MpemTokKeHHONH aMepUKaHCKIM ITIaHETOJIOTOM
CaranoM. Bpime MBI JOBONBHO TOAPOOHO Pa3BHIM MPOCTPAHCTBEHHYIO Monenb BceneHHOH,
OCHOBBIBAIOIIYIOCS HAa BHIOOpE TOTO MJIM MHOTO JIMHEWHOTO Maciitada. B cymHoCcTH roBOps, TOT e METOJ
ucrionp3yercst B TaOim.1. Bce Bpems cymectBoBanus BceeneHHOW (KOTOpoe Ui  ONPEIEICHHOCTH
IIPUHUMACTCSA pPaBHBIM 15 MUJIMapJaM pe€ajibHbIX «3€MHBIX» I'0J0B, IMMPUYCM 31C€Ch BO3MOXHaA omnbKa B
HECKOJIBKO JICCSATKOB IPOILIEHTOB) MOJISIUPYETCS HEKOTOPBIM BOOOPaKaEMbIM «KOCMHUYECKUM TOIOMY.
Herpyano yOenuThes, 94TO OJHa CEKyH/Ia «KOCMUYECKOro» rofa paBHa 500 BmomHe peanbHbIM Tomam. llpu
TakOM MacmTabe Kaxmoil 31moxe pa3BuTHs BcelneHHOW CTaBUTCS B COOTBETCTBHE ONpeAeNeHHas nata (d
BPEMS «CYTOK») «KOCMUYECKOT0» ToJIa.

Jlerko BHIETH, 4TO 3Ta TabNUIA B CBOSH OCHOBHOHM YacTH Cyry0O «aHTPOIIOIEHTPUYHA»: HaThl U
MOMEHTHl KOCMHYECKOTO KaJleHIaps IIOClie «CEHTSOpsS» W, OCOOEHHO, BCErO CHEIMabHO BBIIECIEHHOTO
«aexalbps», OTpaXkaloT OIpeJesiCHHbIe JTarbl Pa3BUTHS KU3HM Ha 3emie. DTOT KaJeHJaph COBEPLICHHO
WHA4Ye BBITIISACN OBl JUis oOuTaTelell KakoW-HUOYAb IJIAaHEThI, OOpAIIaoNIeiics BOKPYT «CBOCH» 3BE3/bI B
KakoW-HUOYAb yAalleHHON TrajakThKe. TeM He MeHee camoO COIMOCTaBIIEHHE TeMITa KOCMHYECKOH U 3eMHOM
3BOJIOIINHU B BBICIIIEH CTEIIEHHU BIICYHATIAIOIC.



Tabnuya 1

Bbonbiioi B3peis

1 suBaps 0” 0™ 0°

O6pazoBanue rajgaktuk (z~10)

10 stBaps

O6pa3oBanne COTHEYHON CHCTEMEBI

9 ceHTAODPS

O6pa3oBanue 3emin

14 cenrs6ps

Bo3HUKHOBEHUE KU3HH Ha 3eMIie

25 ceHTAOps

O06pa3oBaHne IpeBHEHIINX CKaJl Ha 3eMiie 2 OKTAOps
IosiBrreHHe OaKTEPH U CHHE-3EJICHBIX BOAOPOCICH |9 OKTAOps
Bo3HukHOBEHHE POTOCHHTE3a 12 HOs1Ops
IlepBbie KJIETKH C AOPOM 15 HOsOps
JeKadpb
Bockpecense  |IlonenensHux |BropHuk Cpena Yetepr [TaTHMIIA Cy06b6ota
1 2 3 4 5 0
Bo3nukHoBeHnEe MorHast
KHCIOPOTHOM BYJIKAHUYECKast
aTtMoc(epsl Ha JIeSITETFHOCTh
3emuie Ha Mapce
7 8 9 10 11 12 13
14 15 16 17 18 19 20
[lepsrie uepBH OxeaHCKHU OpIoBHK. Cumyp.
IIJIAHKTOH. [TepBbie priObI  |PacTenus
Tpunooutsr KOJIOHU3UPYIOT
cyury
21 22 23 24 25 26 27
Men. ITepBbie Kap0Oom. [Tepmb. Hauano Tpuac. Opa.
[epBeie uBeTs |amMpuOuM 1 [epBrie [TepBbie Me30305 [TepBbie [lepBbie nTHLIb!
KpBUIATHIC JIepeBb JIMHO3aBPBI MJIEKO-
HaceKOMbIe [epBrie MUTAIOIIUE
PENTHINH
28 29 30 31
[eBoH. TpetnuHslii IlepBbie YeTBepTUUHBII
ITepsrie TIEPHOI. TOMUHHIBI TIEPHO/I.
HaCEKOMBIE IIepBbie [lepBrie m0au
XKusotusie NPUMATEI (~22"30™)
KOJIOHU3UPYIOT
cyury




2. Ocno6Hble xXapaKkmepucmuKu 36e30

B pesynbrare orpoMHO#i paboThI, MPOJECTAaHHOW acTpOHOMaMHM psfa CTpaH B TE€UYCHHE MOCICAHUX
NECSITUIICTHI, MBI MHOTO€ Y3HAIIM O Pa3JIMYHBIX XapaKTePUCTHKAaX 3BE3[l, MPHUPOJIE WX W3IYUYCHHS U JaxKe
sBomonMi. Kak 3TO HM TOKaXeTcs MapaJoKCalbHBIM, Celdac MBI TOpa3lo JIydile IMpeICTaBiIsIeM
0o0pa3oBaHKE M HBOJIOIMI0O MHOTHX THUIIOB 3BE€3], YeM COOCTBEHHOH IUIaHETHOH cUcTeMbl. B Kakoi-To
CTEIeH! 3TO TOHSATHO: aCTPOHOMBI HAOIIOAAIOT OTPOMHOE MHOKECTBO 3BE3[, HAXOASIIUXCA Ha PA3THMYHBIX
CTaMsAX SBOJIOIHH, B TO BpeMs KaK HEITOCPEACTBEHHO HAONIONATh APYTHE TUIAHETHBIE CHCTEMBI MBI TTIOKa HE
MOJKEM.

MBI yHnoMsHYIM O «XapaKTepUCTHKax» 3Be3l. llog 3TUM NOHMMAIOTCS TakWe€ WX OCHOBHBIE
CBOWCTBa, Kak Macca, IMOJIHOE KOJHMYECTBO JHEPTHH, HM3Iy4aeMOW 3Be370H B eIWHUIly BpeMeHu (3Ta
BEJIMYMHA HAa3bIBAETCS «CBETUMOCTBHIO» M OOBIYHO O0O3Ha4yaeTcs OykBoW L), paamyc M TeMmIepaTtypa
MIOBEPXHOCTHBIX CJIOEB. TemrmepaTypa OIpenesseT LBET 3Be3Ibl M ee CHEeKTp. Tak, Hampumep, eciu
TeMIiepaTypa MOBEPXHOCTHBIX cJO€B 3Be3nbl 3—4 Thic. K, To ee uBer KpacHoBaThlif, 6—7 Thic. K —
»kenTtoBathlii. O4eHb rops/aue 3Be31bI ¢ TeMIiepaTypoit ceime 10—12 Toic. K mMmeroT 6embiii i rory0oBaThIit
IBeT. B acTpoHOMHHM CYIIECTBYIOT BIOJIHE OOBEKTUBHBIC METOJBI M3MEpEeHHs LBeTa 3Be3i. llocieaHuit
oTpesieNsieTcs TaK Ha3bIBaeMbIM «ITOKA3aTelIeM I[BETa», PaBHBIM pa3HOCTH (hoTorpaduveckoil U BU3yalbHON
3Be3mHOM BenmnuuHBL (Tak kak OOBIYHAs HeCEHCHOMNIHM3UpOBaHHAs (ororpadudeckas IUIACTHHKA
YyBCTBHUTENIbHA K CHHEMY CBETY, a TJla3 — K JKEITOMY W 3elleHOMY, TO (oTorpadguyeckue U BU3yalIbHbIE
BEJIMYMHBI HEOAMHAKOBBI. Hanpumep, 11 KpacHBIX 3B€3]1 TOKA3aTellb LIBETA MOYKET AOCTUTraTh 1,5 3Be3qHON
BEJIMYMHBI M Jaxe OOoJbIlle, B TO BpeMs Kak JUIi roilyOOBaThIX OH OBIBaeT OTpHUIATenbHbIM.) Kaxkmomy
3HAYEHHMIO TOKa3aTels LBeTa COOTBETCTBYET ONpEICNEHHBIH THUI CHEKTpa. Y XOJOJIHBIX KPAacHBIX 3BE3]
CHEKTPbI XapaKTePU3yIOTCsI IMHUAMHU MOTJIOMEHHSI HEUTPAJIBHBIX aTOMOB METAJJIOB U MOJIOCAMH HEKOTOPBIX
npocteimux coequHennit (Hampumep, CN, CH, H,O wu ap.). [lo mMepe yBenmdeHus TemmepaTypsl
MTOBEPXHOCTH B CIEKTpPaxX 3BE3]] MCUE3al0T MOJIEKYJISIPHBIE MOJIOCHI, cTabel0T MHOTHE JIMHUW HEHTpaIbHBIX
aTOMOB, MOSIBJISIIOTCS TMHUYA MOHW30BAaHHBIX aTOMOB, a Tak)Ke JIMHUU HeUTpaiapHoro renus. CaMm BHJ CIIEKTpa
paaukanpHO MeHsercd. Hampumep, y ropsuMx 3Be3g C TEMIEpaTypoll MOBEPXHOCTHBIX CIIOEB,
npeBbimatomerdr 20 Teic. K, HaOMIOmalOTCS NMPEUMYyIIECTBEHHO JTHHUH HEHTPATbHOTO W HWOHHU30BAHHOTO
reJvs, 8 HeMPEePBIBHBIA CIEKTP OYCHb WHTCHCHBEH B YIILTPA(pHONETOBOM yacTh. Y 3Be3/ C TeMIIEpaTypoil
MOBEPXHOCTHBIX cJioeB 0koJio 10 Teic. K Hanbosiee WHTEHCHBHBI IMHUK BOAOPOJIA, B TO BPEMS KaK y 3BE3] C
TeMIepaTypoi 0koio 6 Teic. K — MTuHIE HOHH30BaHHOTO KAJBIUs, PACIONOKEHHbBIE Ha TPAHUIE BUAUMON H
yIbTpadHOIETOBOM YacTel CIIeKTpa. 3aMEeTUM, UTO TaKOH BUJ MMeeT criekTp Harnero ColHia.

[TocnenoBaTeNbHOCTh  CIIEKTPOB  3B€3[, IOJYYarOIIMXCSl TPU  HENPEepHIBHOM  HM3MEHEHUU
TeMIepaTypbsl UX TMOBEPXHOCTHBIX CIIOEB, 00o3Havaercs cienyrmumu oyksamu: O, B, A, F, G, K, M, ot
CaMBIX TOPSYNX K OYeHb XOJOaHBIM. Kaxxmast Takas OyKBa ONMCBHIBAET CHEKTPaIbHBIN Kiacc. CIIeKTPHI 3BE3]
HAacCTOJBKO YYBCTBUTENBHBI K H3MEHEHHIO TEMIIEpPaTypbl HMX IOBEPXHOCTHBIX CIJIOEB, YTO OKa3aloCh
nesiecooOpa3HbIM BBECTH B Ipeeiax Kakaoro kiacca 10 moaknaccos. Hanpumep, eciu roBopArt, 4To 3Be31a
nMmeeT criekTp B9, To 310 03Hauaer, 4To oH OnrnKe K CeKTpy A2, yeM, HanmpuMep, K criekTpy Bl.

CeeTuMoOCTh 3Be37bI L 4YacTo BhIpakaerca B eamHmiax cBetumoctu Comnma. [locnemuss paBHa
4 « 10* spr/c. o cBOei CBETUMOCTH 3BE3/bI PA3IHYAIOTCS B OUCHB MIMPOKHUX mpesenax. EcTh 3Be3mnl (UX,
IpaB/a, CPaBHUTEIBHO HEMHOT0), CBETUMOCTH KOTOPBIX MPEBOCXOAAT cBeTUMOCTh COJNHIIA B JECATKUA U
ke COTHHM ThICSY pa3. OrpoMHOE OOJBIIMHCTBO 3BE3J COCTABIAIOT «KAPIHKH», CBETUMOCTH KOTOPBIX
3HAYUTEFHO MEHbIIE COJHEYHOM, 3a4acTylO0 B THICSUM pa3. XapaKTEPUCTHUKOM CBETUMOCTH SBISETCS TaK
Ha3bIBaeMas «aOCONIOTHAS BETMYWHAY 3Be3/bl. Buarmas 3Be3Has BEIUYMHA 3aBUCHT, C OJTHOW CTOPOHBI, OT
€€ CBEeTHMOCTH U IIBETa, C IPYTO — OT PacCTOSIHHUSA 10 Hee. Ecin oTHeCTH Kakyro-mubo 3Be3/ly Ha yCIOBHOE
cTaHjmapTHoe paccrosHue 10 mK, To ee BennumHa OyneT Ha3bIBaThes «abcomoTHOM». IloscHuM 31O
npumepoMm. Ecnu Buaumast 3se3nHas Benunuuna ConHia (ompenensemMas IOTOKOM U3TYYeHHUs OT Hero) paBHa
— 26,8, To Ha paccTossHuU 10 Tk (KOTOpOe MPHONMM3UTEIHHO B 2 MITH. pa3 0OJIbIIe UCTHHHOTO PACCTOSHHUS
ot 3emuu no CoJjHIAa) €ro 3Be3[Has BeauunHa OyneT okono + 5. Ha TakoMm paccTOsSHMM HAIle JHEBHOE
CBETWJIO Ka3aloch Obl 3BE370UKOH, eBa BUAUMON HEBOOPYKEHHBIM IJ1a30M (HAIIOMHHM, YTO caMble cladble
3Be3/bl, BUJNMbIE HEBOOPYKEHHBIM TJIa30M, UIMEIOT BEMYHHY + 6). 3BE37bl BHICOKOH CBETHMOCTH HMEIOT
OTpHIIaTEIbHBIE a0COTIOTHBIE BEIMYUHEI, HATIpUMeED - 7, -5. 3Be3/1bI HU3KOH CBETUMOCTH XapaKTepU3YIOTCS
OO0JIBIINMU MTOJOKUTEIHHBIMHI 3HAUEHUSMH a0COJTIOTHBIX BeTUYMH, Hanpumep + 10, + 12 u 1. 7.

BaxkHoli xapakTepHCTHUKOIN 3Be3[bl sBISETCA €€ Macca. B oTiHMuMe OT CBETMMOCTH MaccChl 3BE3]
MEHSIOTCS B CPaBHUTENBHO Yy3KuX mpenenax. OueHb Masio 3B€3]l, MaCChl KOTOPHIX OOJbIIE MM MEHBIIE
conueuHoit B 10 pa3. Macca Comnra pasna 2 « 10 1, uro npessimaer Maccy 3eman B 330 Thic. pas.

Eme onHa cyniecTBeHHas XapaKTepUCTHKA 3BE3bl — €€ pafuyc. Paanycsl 3Be31 MEHSIOTCS B OUYEHb
IIMPOKUX TIpenenax. EcTh 3Be31bl, T0 CBOMM pa3MepaM He MPEeBBIIIAoNe 3¢MHON Iap (Tak Ha3bIBaeMble



«OempIie KapIIuKN»), €CTh OTPOMHBIC «ITy3BIpH», BHYTPH KOTOPBIX MOTJIa OBl CBOOOIHO TOMECTHTHCS OpOUTa
Mapca. MbI He CiIy4ailHO Ha3BaJIM TaKUE TMTAHTCKUE 3BE3[bI «ITy3bIpsiMu». M3 Toro (akra, 4To MO CBOMM
MaccaMm 3Be3/[bl OTJIMYAIOTCS CPAaBHUTEIIEHO HE3HAYUTEIHHO, CICAYET, YTO MPH OYCHb OOJIBIIOM pPaguyce
CpenHssl IUIOTHOCTH BEIIeCTBAa AOJDKHA OBITH HUYTOXKHO Majiod. Eciam cpemHsis IUIOTHOCTh CONHEYHOTO
BeIeCTBA paBHa 1,4 T/CM’, TO y TAKHX ITy3bIPEii» OH MOXKET ObITh B MAIUTHOHBI Pa3 MEHBIIE, YeM y BO3YXa.
B 10 ke BpeMst Oernbie KapJIMKU UMEIOT OIPOMHYIO CPEIHIOI TUIOTHOCTH, JOCTUTAOIIYIO JIECATKOB M JJaXe
COTEH THICSY TPAMMOB Ha KyOWYEeCKHA CAaHTHMETP.

Bonpiioe 3HaueHne nMeeT UcciieloBaHne XHMUYECKOTO COCTaBa 3BE3/] MyTEM TIIATEIBHOTO aHaTn3a
UX CHEeKTpoB. [Ipu 3TOM HEOOXOAUMO YUUTHIBATH TEMIICPATYPY U JAaBJICHUE B MOBEPXHOCTHBIX CIOSAX 3BE3I,
KOTOpBIE TaKKe IOJy4aloT W3 CHEeKTpoB. BooOmie cnekTporpadudeckre HAONIONEHUS MAlOT Hamboee
TTOJTHY10 HH(POPMAITHIO 00 YCIIOBUAX, TOCIIOJICTBYIONTNX B 3BE3IHBIX aTMOChepax.

[To xuMHUYECKOMY COCTaBy 3BE3[bI, KaK MPaBUJIO, TIPEICTABISAIOT cO00 BOMOPOIHBIC M TEIHEBBIC
mia3mbl. ([Tna3moli Ha3bpIBaeTCS MOHW3OBAHHBIA Ta3, B KaXJIOM 3JIEMEHTE 00beMa KOTOPOTO HAXOIMTCS
OJIMHAKOBOE KOJMYECTBO JJIEKTPOHOB U TOJIOKUTENBHBIX HOHOB.) OCTaNbHBIE DIIEMEHTHI NMPUCYTCTBYIOT B
BUJIE CPABHUTEIBHO HE3HAUUTEIBHBIX «3arps3HeHui». CpemHuid XUMHUYECKHU COCTaB HAPYXKHBIX CIIOCB
3Be3.IbI BHIMJIIAUT IPUMEPHO clieaytomuM oopasoM. Ha 10 Teic. atTomoB Bogopoaa npuxoautcs 1000 atomoB
renmusi, 5 aTOMOB KHCIIOpOja, 2 aToMmMa a3oTa, OAMH aTtoM yriepona, 0,3 aroma skene3a. OTHOCHUTENbHOE
colep)kaHhe JPYTHX OJJIEMEHTOB €Ie MEHbIIe. XOTS 10 YHCIy aTOMOB TaK Ha3bIBAEMBIE «TSDKEIbIE
AIIEMEHTBD» (T. €. AJIEMEHTHI C aTOMHOW Maccoil, OOJbIIei, 4eM y Tenus) 3aHuMaroT Bo BceneHHOl BechMa
CKPOMHOE MECTO, WX pOJIb OYeHb Benuka. lIpexkme Bcero OHM B 3HAYMTEIBHON CTENEHU ONPEACISIOT
XapakTep 3BOJIOIUH 3BE3]I, TAaK KaK HEMPO3PadHOCTh 3BE3THBIX HEJAP VIS M3IIyYEeHUS CYyIIECTBEHHO 3aBHCHT
OT COJIePIKaHMS TSDKEIBIX dJIEMEHTOB. B TO ke BpeMsi CBETUMOCTh 3BE3/Ibl, KAaK OKa3bIBACTCS, TOXKE 3aBUCUT
OT €€ HEeNpO3payHOCTH. MBI 37IeCh Ha 3THUX BOIPOCaX HE MMEEM BO3MOXKHOCTH OCTaHOBUThCSI. OO0 3TOM
MOJIPOOHO HATIMCAHO B HAIlleW KHHUTE «3BE3/bl: HX POXKICHUE, )KU3Hb U CMEPTHY», K KOTOPO MBI U OTCHLIaeM
yuTaTENEH.

Hanuuue Bo Beenennoit (B 4acTHOCTH, B 3B€3/1aX) TSKEIBIX 3JIEMEHTOB UMEET PEIIalolee 3HaUCHHE
U TIPOOJIEMBI, KOTOPO# TOCBseHa 3Ta KHura. COBEpIIEHHO OYEBHIHO, YTO JKUBAas CYOCTaHIUS MOXKET
OBITh TIOCTPOEHA TOJBKO MPH HATUYAW TOKENBIX 3JEMEHTOB W WX coequHeHnid. OOImen3BecTHa pPOJb
yIJepo/ia B CTPYKTYpE JKUBOM Marepun. He MeHee BaKHBI M APYTUe 3JIEMEHTHI, HAapuUMep xelie3o0, dhocdop.
apcTBO KUBOTO — 3TO CIOXHEHIINE CHCIUICHUS TSKENBIX 3JIEMEHTOB. MBI MOXKEM MHOSTOMY CO BceH
OTIPEACTIEHHOCTHIO C(HOPMYIINPOBAThH CIEMYIOIIee MMOJIOKEHUE: ecnr Obl He OBUIO TSHKENBIX DIIEMEHTOB, HE
O6buto Obl u Ku3HU. IlosTomMy mpobieMa XHMMHUYECKOIO0 COCTaBa KOCMHYECKHX OOBEKTOB (3BE3J,
TYMaHHOCTEH, IUTAHET) UMEET MEPBOCTEIICHHOE 3HAUYCHME JI1 aHAIM3a YCIOBUM BO3HUKHOBEHHS JKHU3HHU B
TeX WU UHBIX obnacTsx Beenennoii. Beerna mu Bo BeenmenHoi Obutm Tshkenbie aneMeHThI? Hrke Mbl Oynem
0o0CYXIaTh A3TOT BaXHBIA Bompoc. OKaszpIBaeTcd, YTO B JAJIEKOM IPOIUIOM BO BCeNmeHHOW TSKEIBIX
3JICMEHTOB OBLJIO 3HAYUTEIHHO MEHbINE, YeM ceiyac. MoxxeT ObITh, UX COBceM He Obuto. [loaTomy
KpyTHEHUIIel HaydHOU MPOOIeMO SBISETCS MMPOUCXOXKIEHUE THKENBIX JIIEMEHTOB. JTa MpoliieMa CTOJb JKe
Ba)KHA, KaK MPOOJIEMBI IPOUCXOXKACHNUS 3BE3/l, ITUNTAHET U AaXKe JKU3HM.

CHIeKTpPOCKOMUYECKUE HCCIENOBAHUS TIOKAa3aId, YTO WMEIOTCS YIWBUTEIBHBIC pa3Iudus B
XUMUYECKOM COCTaBe 3Be3[l. Tak, Hampumep, ropsude MACCHUBHBIC 3BE3/bl, KOHIICHTPUPYIOIIHECS K
TalaKTUYECKON TUIOCKOCTH, CPaBHUTEILHO OOTaThl TSHKENBIMHU  DJIEMEHTAMH, MEXKIY TeM KaK y 3Be3J,
BXOJIAIIUX B COCTaB IIAPOBBIX CKOIJICHUH, OTHOCUTEIBHOE COAEPKAaHUE THKEIBIX DJIEMEHTOB B JIECATKH Pa3
MEHBIIIe. DTOT BAXHBIA (AKT HAXOJAUT OOOCHOBAHUEM COBPEMEHHBIX TEOPHUSAX IBOJIOIUH 3BE3/ U 3BE3IHBIX
CUCTEM, O KOTOPBIX peYb OYJeT UATH HUXKE.

HccnenoBanns mocneaHUX MECATHIETHIA TO3BOJIMIH CACNATh BBIBOJ, UTO 3BE3/IBI BPAIIAIOTCS BOKPYT
CBOMX OCEH. BBIICHWIOCh, YTO 3BE3[bl PANIMYHBIX CHEKTPAIbHBIX KJIACCOB BpAIIAIOTCA C pa3HOM
CKOPOCTBI0. DTOMY OUY€Hb BaXKHOMY JIJII KOCMOTOHHMH BOIIPOCY OyeT nocesiieHa rir. 10.

Hakonern, cTtouT cka3zaTh HECKOJIBKO CIIOB O MarHeTH3Me 3Be3Nl. TeM e CIeKTPOCKOTMHYECKUM
METOJIOM OBbLIO OOHApPYKEHO HAJIMYME MOIIHBIX MArHUTHBIX TIOJ€H B arMocdepax HEKOTOPBIX 3BE3.
HamnpsixkeHHOCTD 3THX MOJEH B OTHEIBHBIX clydasx moxomuT no 10 teic. D (apcrexd), T. €. B 20 ThHIC. pa3
OoJpllle, YeM MarHUTHOE Tojie 3eMiIH. 3aMeTHUM, YTO B COJHEYHBIX IMMATHAX HAIPSKEHHOCTh MarHUTHBIX
mojie J0XomuT a0 3 — 4 Teic. D. BooOIle MarHuTHBIE SIBJIEHUS, KaK BBIACHUJIOCH B IIOCJIEIHHE TOJBI,
WUTPAIOT 3HAYUTEIBHYIO POJb B (PU3MUSCKUX MPOIIeccax, MPOUCXOA[IIUX B COTHEUHOH atMochepe. MMerorcs
BCE OCHOBaHMsI IOJIaraTh, YTO TOXKE CaMOe CIPaBEIJIMBO W JJs 3Be3qHBIX atMocdep. Kazamocws Obl, K
po0iieMe MMPOUCXOKICHUS U Pa3BUTHSA JKU3HHA BO BCENeHHOW 3BE3IHBI MarHeTU3M COBEPILEHHO HE MMEET
oTHoleHus. Ho 3TO TONbKO Tak KaxkeTcs. B JeHCTBUTENBHOCTH MPUUYMHHASA LETb SBJICHUN, TPUBOJSAIIUX B
WUTOTE K BO3HUKHOBCHHMIO XHM3HM Ha KaKOW-HUOYAb IUIaHETe, 3a0pOIIeHHOW B IpocTopax BceneHHOI,



HEOOBIKHOBEHHO CJIOKHA. B YacTHOCTH, CyIIEeCTBEHHBIM 3BEHOM B JTOH MEMU [OJDKHO OBITH camo
BO3HHKHOBCHHE TUIaHeT. M BOT oka3bIBaeTcsi, 4TO MarHHTHBIE 3((eKThl Tpu 00pa30oBaHUM TUTAHETHBIX
CHCTEM MOTYT UMETh permaroiiee 3aadenue. 06 3tom peus Oyner uaru B ri. 10.

MBI nepedrcIIi OCHOBHBIE XapaKTEPUCTHKH 3Be3]l. BO3HHMKaeT BOMpOC: CYMIECTBYET JIH MEXKIY
THMHU XapaKTEePUCTUKaMHU Kakas-HUOynb cBs3b? Takas CBsI3b, OKasbiBaeTcs, cymiectByeT. OHa Oblna
oOHapyxeHa cBblie 70 jeT Hazam.

Bynem m3o0paxkaTh 3Be3/1bI TOUKaMH Ha auarpamme ['eprimmpynra — Peccena, re mo ocu adcmmce
OTJIOXKEHBI CIIEKTPaIbHBIE KJAacChl (MJIM COOTBETCTBYIOIIME MM ITOKAa3aTelld IBEeTa), a M0 OCH OpJWHAT —
abCOIIIOTHBIE BEJIMYMHBI, SIBISIOIIMECS MEPOH CBETUMOCTH COOTBETCTBYIOMIMX 3Be3x (puc. 9). M3 pucyHka
BHJHO, YTO 3BE3/IbI JIKAT HAa DTOW JuarpaMMme He OECTOpSINI0YHO, a OO0pa3yloT SBHO BBIPAKEHHBIC
[TOCIIEI0OBATENIFHOCTH. BOJBIIMHCTBO 3BE3/1 HAXOAWTCS B TMpEAeNiaX CPaBHUTENBHO Y3KOW TOJIOCHL, WAYIIEH
OT JIEBOTO BEpPXHETr0 yIja JuMarpaMMbl K TIpaBOMY HIDKHEMY. OJTO TakK Ha3bplBaeMas «rJIaBHas
MOCJIEe0BaTENFHOCTE» 3Be3l. B BepxHEM NpaBoM YIIy TpYNNUPYIOTCS 3Be3Ibl B BHIEC JOBOJBHO
Oecriopsamounoii kyun. Mx crnekrpanbHbie kimaccel — G, K u M, a abcomoTHbIe BETHMYUHBI HAXOIATCS B
npenenax (+ 2) — (- 6). OHu HA3BIBAIOTCS «KPACHBIMU TMTAHTAMMY, XOTSI CPEIU HUX €CTh U JKEIITHIC 3BE3IHI.
Haxoner, B HIDKHElH J1€BOI YacTH IuUarpaMMbl Mbl BUIUM HEOOJBIIOE KOJIMYECTBO 3Be3l. VX aOcomoTHBIE
BennuuHEI crabee + 10, a cekTpaiabHBIE KIIAcCHl JexkaT B npenenax oT B mo F. CnemoBarensHo, 3TO 04eHb
ropsiave 3Be3/bl C HHU3KOM CBETUMOCThIO. HO HHU3Kas CBETUMOCTh IMpPHU BBICOKOM MOBEPXHOCTHOMU
TEMIIEpaType MOXET ObITh, OYEBUIHO, TOJBKO TOT/A, KOTJAa PaJuyChl 3BE3J JOCTATOYHO Mabl. Takum
00pa3oM, B 3TOW YacTH JUATPAMMBI «CHEKTP—CBETUMOCTEY» HAXOASTCS OYeHb MaJeHBKHE TOpsune 3BE3/IbI.
Taxue 3B€36I HA3BIBAIOTCS «OETBIMU KapiIuKaMuy. FIMEHHO 0 HUX peus IjIa B Ha4yaJie 3TOU TJIaBhl.

iy
| - CB BT e TN
™ L
L 1 .
. -
u fuensms ® -
- o L] -
- -
- q“ -
M nf:":' ] * ¥ L] " )
=4 e, s Lt Lel, g
. k—i‘. P ‘%’%: L] ‘b:'a"‘"".
N, S, "ln = -
*"éﬁ:;:: . ”‘%‘% er 3"
P R e i .

S ¥
e ':' ?‘:;iik ;
| +5® R SRR LY S
- . Plaagas
" . ..,i;Li
. . _i"!'f‘r.
] * . -...;
™ - ':I:{'
. T
- Trh
» * .:ll:,'
I~ Srmit . T
" : "t agmay " . H,‘:‘
- “ ,{
C 3
Ly \
L L 1 i p ** i
i 8 A 2 & il M

LEkrmana e RASEE

Pree. & Mwarpesesaa Depaanpyeris — Pecegta, [lo peprakanbisof ook —afon o #a0 THEILHI
KonuuectBo TOuek Ha JuarpamMMme «CIEKTPp—CBETUMOCTbHY», TNPHUBEICHHOW Ha puc 9, He paer



MIPAaBIIIFHOTO TPEACTABICHISI 00 OTHOCHUTEITFHOM KOJIMYECTBE 3Be3] Pa3IMYHbIX KiaccoB B ['amaktuke. Tak,
HaIrpuMep, 3BE3-TUTAHTOB C BBHICOKOW CBETHMOCTBIO HAa ATOW JMarpamMme HEMpOMOPIMOHATHFHO MHOTO IO
CPaBHEHHUIO C «KapJIMKAMW» HU3KOW CBETHMOCTH. JTO OOBACHSCTCS YCIOBHSIMH HAOJIOJCHMIA: Olaromaps
BBICOKOH CBETHMOCTH THTaHTHI BHIHBI C OYEHb OOJBIINX PACCTOSHHUM, MEXIy T€M Kak 3HAUHTEIbHO Ooiee
MHOTOUYHUCIICHHBIC KapJIMKM Ha TaKUX PACCTOSHUSAX OYeHb TPYAHO HaOMogaTh (€CIM TOBOPUTH O
CHCKTPaJIbHBIX HAOIOCHUSIX).

HekoTtopoe mpencraBienue 00 OTHOCHTEIHHOM KOJMYECTBE 3BE3]] Pa3HBIX ITOCIEIOBATEIbHOCTEH
MOJKHO TIOJTyYUTh, €CIIA OTKJIAABIBATh HA IUArPAMME «CIIEKTP—CBETHMOCTEY BCe 0€3 UCKITFOUEHUS 3BE3[IBI,
Haxomsmecss or CoNHIIA HA pacCTOSHWUHM, He mpeBbmarmomeM 5 mk (16,3 ceeroBoro roma). Takas
nuarpamma npuBenieHa Ha puc. 10. OOpamaer Ha ce0s BHIMaHUE OTCYTCTBUE XOTsI ObI OJTHOTO TUTAHTa. 3aTO
HWDKHSIS TIpaBast 4acTh TIIaBHOM ITOCIIEAOBATENBHOCTH OYeHb OTYETINBO BBIpaXeHA. MBI BHIIUM, YTO B 3TOM
chepuyeckoM 00beMe panycoM S5 TK (IOBOJIBHO THUIIMYHOM JJisi ["allakKTHKK) MOJaBIIsIFOIIee OONBITHHCTBO
3Be3x ciabee u xonoanee CoyHIA. DTO Tak HA3bIBACMbIE «KPACHBIC KAPJIMKWY, JISKAIUEC HA HUKHEH ITpaBon
4acTH TJIaBHOH mocienoBaTenbHOCTH. Ha 3T0# e nuarpamme HaneceHo Hamre Conaie. ToabKo Tpu 3BE31bI
(n3 mpumepHo 50, HAXOIAMIUXCS B ITOM 00BeMe) U3MydarT cuibHee ConHia. 1o Cupuyc — camas spkast
13 3Be3/, BUAUMBIX Ha HeOe, Anbranp u [Iponnon. 3aro Ha puc. 10 MBI BUAMM MATh OENBIX Kapiukos. M3
TOTO TPOCTOrO (paKTa, 9TO B MAIOM OOBEME PaTUyCcoOM 5 MK HAOIOJAeTCS CTOJIb 3aMETHOE YHCIO OerbIX
KapJIMKOB, CIEIYyeT, YTO YMCIO WX BO Bcel ['amakTuke odeHb BenwKko. [lomcdeTsl moka3pIBalOT, YTO YHCIO
OenpIX KapJiMKOB B HAIllel 3BE3THON CHCTEeMe IO KpalHel Mepe paBHO HECKOJBKUM MIJUIMAPAaM, a MOKET
ObITh, Jaxke Oounbine 10 Mipa. (HATOMHUM, YTO TIOJTHOE KOJMYECTBA 3BE3]l BCEX THIIOB BO BCeil ['amakTuke
okoio 150 mupa.) Uwmcno OenbIXx KapiWKOB B IECATKH THICSY pa3 OOJbIIE, YeM THTAHTOB BBICOKOM
CBETHUMOCTH, CTOJb OOMJIBHO TPEICTAaBICHHBIX Ha AMarpamme, M300pakeHHOW Ha puc. 9. DTOT mpumep
yOeIUTENHHO TMOKAa3bIBACT, KAaKyl0 3aMETHYIO pOJib B aCTPOHOMMH (TaK K€ KaK M B JIPYyrHX HayKax o
MIPUPO/JIE) UTPAET HAOIFOIATEIIbHAS CeNIEKIINSI.

Ha muarpamme «CrieKTp—CBETHMOCTBY (MJIH «IIBET—CBETUMOCTEY»), KpOME OTMEUYEHHBIX TJIaBHON
MOCIIEIOBATEILHOCTH M TPYNIHPOBOK KPACHBIX TMTAHTOB M OENBIX KapJIMKOB, CYIIECTBYIOT M HEKOTOPBIC
IpyrHue TOCIeN0BAaTeIbHOCTH. YK€ Ha pUC. 9 HaMedaeTcsl TOCIIeN0BAaTEIbHOCTh 3BE3]], PACIIONIOKEHHAS
HECKOIJIbKO HMKE TTIaBHOW. DTO TaK Ha3bIBaeMble «CyOKapiuKm». XOTS B OKpecTHOCTSX COJHIIA 3TH 3BE3IbI
CPaBHUTEIIPHO MAJIOYHCIICHHBI, B IICHTPAJIbHBIX 00NacTAX [ amakTHUK{, a TakKe B IIAPOBBIX CKOTUICHUSX
KOJIMYECTBO WX OrpoMHO. CyOKapIIMKy JOBOJIBHO CJIA00 KOHIICHTPUPYIOTCS K TaJaKTHYECKOM TIOCKOCTH, HO
3aTO OY€Hb CHJIIBHO — K LEHTPY Hameld 3Be3aHoM cucrtembl. Ilo-BuaguMoMy, OHM — caMbli
MHOTOYHCIICHHBI Tum 3Be3q B lamaktuke. CyOKapiawKed  OTIMYAIOTCS OT  3BE3]  TJIaBHOM
MIOCJIETIOBATEIPHOCTH CPABHUTEIBHO HUZKUM COJIEP)KAHUEM TSKEJIBIX 3JIEMEHTOB. Pa3HHIIA B XUMUYECKOM
CoCTaBe SIBISETCS NMPUYHHOM pa3Nu4us B CBETHMOCTSIX IPH OJMHAKOBON TeMIIepaType IMOBEPXHOCTHBIX
crnoeB. (Pagmycsl 3Be3/1 TIIaBHON IOCIIEOBATEIHHOCTH U TIOCIEI0BATEIHLHOCTH CyOKApIMKOB C OIMHAKOBOM
MTOBEPXHOCTHON TeMIIepaTypoil HEOANHAKOBEL. )

To, 4TO AMarpaMma «CIEKTP—CBETUMOCTH» TECHEHIINM 00pa3oM CBs3aHa ¢ MPOOIEMON SBOIONUAN
3Be3/], MHTYUTHBHO YyBCTBOBAJIOCH aCTPOHOMAaMH cpa3y K€ IOCIIe OTKPBITHS 3TOH muarpammbl. CHauama
CUMTANOCh, YTO 3BE37bl B OCHOBHOM 3BOJIIOLIMOHHUPYIOT BJOJIb TJIABHOM MociefoBaTenbHOCTU. [lo aTum
HAaUBHBIM TPECTABICHHUSIM NIEPBOHAYAIBHO 00pA30BaBIIASACS 3BE3]1a MPEICTABISICT COOON KPACHBINM TUTAHT,
KOTOPBIN, CKUMASICh, YBEJIMUUBAET TEMIIEPATYPY, II0KA HE MPEBPATUTCS B «TOTYOOH THTaHT», HAXOISAIIUNACS
B BEpXHEM JICBOM YLy JUHArpaMMBI «CIIEKTP—CBETUMOCTB». OBOJIONUOHUPYS BIOIHh TJABHOMN
MOCJIEIOBATEIBLHOCTH, OHA CTAHOBUTCS «XOJOJHEE» U M3NydaeT MeHble. OTroI0CKOM TUX MpeacTaBIeHUN
SIBIIIETCSl CYIIECTBYIOIIAs W TOHBIHE Y aCTPOHOMOB TEPMHHOIOTHS: CIIeKTpanbHble kimacchl O, B, A u
gactiaHO F HaspBaroTcs «pamHmMm», a G, K, M — «no3gammu». Ecom wuaTté BHONG TIIaBHOU
MOCTIeIOBAaTEIbHOCTH OT cHeKTpalbHbIX KinaccoB O—B no K—M, To wmaccel 3Be3q HENpephIBHO
yMeHbInaroTcsi. Hanpumep, y 3Be3n kiacca O Macchl JOCTUTAIOT HECKOJIBKHUX JECSITKOB COTHEUHOH, y 3BE3[
B - okomo 10.

Comnane nMeer cnekTpaibHbil Kmace G2 (cM. puc. 10). Y 3Be3n 6osee MO3THUX KIIACCOB, YeM
ConHile, Macchl MEHBIIIE COJTHEUHOH. Y KapiMKOB CIEKTpajibHOro kiacca M maccel mpumepHo B 10 pa3
MeHbIre, yeM y CounHna. Tak kak BOJb TJIABHOH MOCJIEIOBATETFHOCTH U Macca U CBETUMOCTh HETIPEPHIBHO
MEHSIOTCS, MEXIy HUMH CYIIECTBYeT dMIMpHUeckoe cooTHomeHue. Ha puc. 11 mpuBeneHa 3aBUCUMOCTH
MEXIY MacCoil M CBETHMMOCTBIO JIJIS 3B€3J1 IIaBHOM MOCIIEeI0BATEIHLHOCTH.
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Puc. 11. 3aBHCHMOCTL CBETHMOCTH 3Be3l OT HX MAaCCHI

Ecmn  cuwrtath, dYTO 3BE3MBI KAKUM-TO 00pa3oM  SBOJIONHMOHHUPYIOT  BAONb  TJIaBHOU
MOCJIETIOBATEIFHOCTH, TO HEOOXOIUMO CIIENATh BBHIBO, YTO OHHM HEMPEPHIBHO TEPSAIOT 3HAUYNUTEIHHYIO YaCTh
CBOCH MepBOHAYAIbHON Macchl. Takue MpencTaBICHUS CTAIKUBAIOTCA C HEMPEOAOTUMBIMHU TPYIHOCTIMHU.



XOTs enanich MONBITKH MOCTPOUTH TEOPUIO 3BOJIOIMH 3BE3J BIOJIb IJIABHOW IOCIEIOBATEIBHOCTH Ha
OCHOBE TIPEJICTABIICHUH O HENpPEPHIBHON MOTEpe MMHU Macchl, OHH OKa3alllCh COBEPIICHHO HEYJaYHBIMH.
(Pasymeercsi, B OTHENBHBIX ChOy4asx HaONIOAaeTcs BHIOpAchIBAHHE BEILECTBA U3 IOBEPXHOCTHBIX CIIOCB
3Be31 (HampuMmep, NMpH BCIBIIIKaX HOBBIX W CBEPXHOBBIX, & TAKXKe B BHAE CIOKOWHOTO HMCTEYEHHS, TaK
Ha3bIBAEMOTO «3BE3IHOIO BeTpa»). Peub MOeT 0 HEBO3MOXKHOCTH OOBSICHEHHs DBOJIONWU 3BE3] BIOIb
TJIaBHOHM TOCJIEI0BATENBHOCTH TaKUM criocoOoM.) [IpaBuiibHas Teopus 3Be3JHOM 3BONIOLMH, OCHOBaHHAS Ha
COBPEMEHHBIX MPEACTAaBICHUAX 00 HMCTOYHUKAX 3BE3QHOW HSHEPrMM M Ha OOraroM HaOIIOIAaTETLHOM
Mmarepuaie, ObUla pa3BHTa B IATHACCATHIX TOAaX. JTa TEOpHs, YCIEIIHO OOBSCHUBINAS AUHArpaMMy
«CTIEKTP—CBETUMOCTBY, OyJIeT 00CYKIaThesl B IIL. 4.



3. Mesczee30nan cpeoa

CornacHO COBPEMEHHBIM MPEJCTABICHUSAM, 3BE3Ibl OOpPa3yIOTCS IMyTeM KOHJCHCAIMM BechMa
pa3pexEHHOM MEX3BE3JHOM ra3ombuieBoil cpedsl. [loaTomMy, mpexae yeM pacckazaTbh O MyTSAX SBOJIIOLUU
3Be3, HaM IMIPHUIETCS OCTAHOBUTHCS Ha CBOWCTBAX MEX3BE3THOW Cpefbl. DTOT BOIPOC HMMEET TaKke
CaMOCTOSATEIbHOE 3HAYCHHE JIJIsi MHTEpecyrolell Hac mpoOiieMbl. B wacTHOCTH, peleHue Bompoca o0
YCTaHOBJICHUH PA3JIMYHBIX THUIIOB CBSI3U MEXKIY LUBUIN3ALUSIMU, HAXOIALUIUMUCS HA PA3IUYHbIX MJIAHETHBIX
CUCTEMAaX, 3aBUCUT OT CBOMCTB cCpeibl, 3alOJHSIOLIEH MEX3BE3JHOE IPOCTPAHCTBO, PAa3lECISIOLIEE ITH
LMBHIJINA3AIAH.

Mesk3Be3HBIN Ta3 ObUT OOHAPYKEH B CAMOM Hauaje TeKYIIEero CTOJETHsI OJaronapst MOrJIONeHHIO B
JIMHUSAX HOHU30BAHHOTO KalblMs, KOTOPOE OH MPOU3BOAUT B CHEKTPAX YHAJICHHBIX TOPSYUX 3BE3J.
(CobcTBeHHBIC JIMHUM TIOTJIOMICHUS HOHU30BAHHOTO KaJBIIMS y TaKUX 3BE3]l OTCYTCTBYIOT, TaK Kak
TeMIIepaTyphbl UX MOBEPXHOCTHBIX CJIOEB CIUIIKOM BBICOKH.) C TeX MOp METOIBI U3yUECHUS MEK3BE3IHOTO
raza HENpPEepBHIBHO YIy4IIaNNCh M JOCTHUIJIM BBICOKOH CTENEeHW COBepIleHcTBa. B wuTore Oonbmion
MHOTOJIETHEW pabOTHI, MPOIeTaHHOW acTPOHOMAaMHM, Cedac CBOHMCTBAa MEK3BE3IHOTO ra3a MOXHO CUHATATh
JIOCTATOYHO XOPOIIO H3BECTHBIMH. [IIOTHOCTH MEX3BE3IHOW Ta30BOM cCpelpl HUYTOXKHA. B cpenHem B
06/1aCTAX MEXK3BE3HOTO POCTPAHCTBA, PACIIONIOKEHHBIX HENANCKO OT TAaKTHYECKOH MIOCKocTH, B 1 cM’
HaXOJUTCS MPUMEPHO 1 aToMm.

HamoMHHM; 4TO B TakoM e oObeme Bo3myxa maxomurtes 2,7 ¢ 10" momexyn. Jlaxe B cambIx
COBEpIICHHBIX BaKYyMHBIX KaMepax KOHIIGHTpalus aTtoMoB He MeHbme wem 10° cm’. M Bce ke
MEK3BE3HYI0 Cpelly HEJb3sl paccMaTpuBaTh Kak Bakyym! Jleno B TOM, YTO BaKyyMOM, KakK H3BECTHO,
HA3BIBACTCS TakKas CHCTEMa, B KOTOpOH anuHa cBOOOAHOro mpobOera aToMOB WJIM MOJIEKYJ IPEBBIIIAET
XapaKTepHbIE pa3Mepbl 3Toi cucTeMbl. OJHAKO B MEK3BE3JHOM MPOCTPAHCTBE CPEAHSS JJIMHA CBOOOIHOTO
mpobera aTroMOB B COTHH pa3 MEHbIE, YeM pACCTOSHUS MeXIy 3Be3mamu. [loaTromy MbI BrpaBe
paccMaTpuBaTh MEX3BE3IHBIN I'a3 KaK CIUIOIIHYIO, CKUMAEMYIO Cpely M HNPUMEHATh K 3TOH Cpelle 3aKOHbI
ra3oBOM TMHAMUKH.

XUMHUUYECKHUI COCTaB MEX3BE3THOTO Ta3a I0BOJIBHO XOpoIo uccieaoBad. OH CXOJEH ¢ XUMUYECKUM
COCTaBOM Hapy’ KHBIX CIIOEB 3Be3]] TNIABHOW mocienoBaTensHOCTH. [IpeobnagaroT aToMbl BOAOPOAA U TN,
ATOMOB METAJJIOB CPaBHUTEIHHO HEMHOTO0. B TOBOJBHO 3aMETHBIX KOJMYECTBAX MPUCYTCTBYIOT
npoctelime MoiekynspHele coenunenus (Hampumep, CO, CN). Bo3MOXHO, 4TO 3HAUMTENIbHAs YacTh
MEX3BE3[THOTO Ta3a HaxoguTcs B (opme MOJEKyIsIpHOro Bomoponaa. Pa3sutue BHeaTMochepHOU
ACTPOHOMHHM OTKPBUIO BO3MOXHOCTh HAONIOJACHHWS JIMHUI MOJEKYJISIPHOTO BOAOpPOJa B JalleKoi
yIBTPa(QHOIETOBON YaCTH CIIEKTpa.

@u3nyecKkue CBOMCTBA MEX3BE3JHOIO raza CYyIIECTBEHHO 3aBUCAT OT TOTO, HAXOJUTCS JU OH B
CPaBHUTENBHOH ONM30CTH OT TOPSYMX 3BE3] WIH, HAIIPOTHB, JOCTATOYHO yJalleH OT HuX. [lemo B Tom, 4TO
yIbTpadUOIETOBOE U3IYUCHUE TOPSUUX 3BE3]I, TTOJTHOCTHI0 HOHU3YET BOJOPOJ HA OTPOMHEIX PACCTOSHUSX.
Taxk, 3Be31a kitacca OS5 MOHU3yeT BOKPYT ce0sl BOJOPO/] B TMTAHTCKOI obmacTu paguycom okoio 100 mk.

TemmnepaTypa MeEX3BE3JHOTO Ta3a B TakKux oOmacTsax (ompexpensieMas Kak XapaKTEepPHCTHKA
0ecnopsIIOYHBIX TEIUIOBBIX JBWKeHHH wacTtuil) nocturaer 10 teic. K. IIpy 3THX ycloBUsSX Mek3Be3qHAs
cpea u3NydaeT OTICNbHbIC TUHUU B BUAUMON YaCTH CIEKTPA, B YACTHOCTH KPACHYIO BOJOPOIAHYIO JTUHUIO.
Otu 00JacTH MeX3BE3THOW cpenbl HOCAT Ha3BaHue «30HBI HII». OmgHako Oomnblras 4acTh MeEX3BE3THOH
Cpelbl IOCTAaTOYHO yAAJleHa OT ropsdyux 3Be3ld. Bomopon Tam He noHM30BaH. Temmeparypa raza Hu3Kas,
okoiio 100 K mm auxe. IMEHHO 3/16Ch UMEETCSl 3HAUUTEIHPHOE KOJTMYECTBO MOJIEKYTI BOJIOPOA.

Kpome raza, B coctaB Mex3Be3qHONU cpeabl BXOAUT KOCMHUYECKasl MbUIb. Pa3Mepbl Takux MBUIMHOK
coctaBisioT 10°*—107 cM. OHH SIBISOTCS IPHYMHOM MOOIMICHHS CBETA B ME/K3BE3IHOM IPOCTPAHCTBE, U3-
3a KOTOPOTO MBI HE MOXEM HaOmonaTh OOBEKTHI, HAXOJIIMECS B TAJTAKTUYECKOW IUIOCKOCTH Ha
paccrosiHusAX, Oonbmux 2—3 ThIC. K. K cYacThio, KOCMUYECKasl MbLIb, TaK K¢ KaK M CBA3aHHBIN C HEl
MEK3BE3IHBIM I'a3, CUIBHO KOHIEHTPUPYETCA K TraJaKTUYECKOH MIOCKOCTU. TONIIKMHA ra3o0mbUIeBOrO CIOS
cocTraBisieT Bcero Jumb okoso 250 mk. [loaromy m3mydeHHEe OT KOCMUYECKHMX OOBEKTOB, HANPaBICHUS Ha
KOTOPBIE COCTABIISAIOT 3HAUUTEIBHBIC YIIIbI C TATAKTUYECKOM IJIOCKOCTHIO, MOTJIONIACTCS] HE3HAUUTEIBHO.

Mex3Be3aHble ra3 W MbUlb NepeMenianbl. OTHOILIEHHWE CPEAHMX IUIOTHOCTEH Ta3a W MbUIM B
MEX3BE3HOM IPOCTpaHCTBE paBHO mnpuommsurensHo 100:1. HaGmrogerwst 1MOKa3BIBalOT, dYTO
MIPOCTPAHCTBEHHAS IJIOTHOCTH Ta30TBIICBON MEX3BE3HOM Cpellbl MEHSIETCS BechMa HeperyspHo. st atoi
CpelIbl XapaKTEPHO PE3KO BHIPAKCHHOE «KIIOUKOBaTOE» pacnpeaencHue. OHa CyIIeCTBYeT B BHJE 00JIaKOB (B
KOTOPBIX TUIOTHOCTH pa3 B 10 GoJbIie CpeHei), pa3aeieHHBIX 00JI1aCTsIMH, T/I€ TUIOTHOCTh HUYTOXKHO MaJia.
DT Ta30mbUIeBble O0JIaKa COCPEAOTOYCHBI NPEUMYIIECTBEHHO B CHHPAIbHBIX BeTBSIX [amakTuku u
YYacTBYIOT B raJlakTUYeCKOM BpamieHnu. OTaeiabHbIe 00JIaka UMEIOT CKOPOCTH B 6—8 KM/C, O 4eM YyKe
roBopmiiock. Hanbomnee mioTHEIE U3 TaKUX 00JIaKOB HAOMIOAIOTCS KaK TEMHBIE HITH CBETIIbIC TYMaHHOCTH.



3HAYUTENFHOE KOJMYECTBO CBEIEHUI O MPUPOIE MEX3BE3IHOTO Ta3a OBIIO MOIYYECHO 3a MOCIIETHNE
TPU JOeCATWICTHS Oyarojaps BecbMa 3()()EKTHMBHOMY NPUMEHEHUIO PaIHMOACTPOHOMHUYECKHX METOJIOB.
OCOOCHHO TUTOOTBOPHBIMU OBUIM MCCICIOBAHHMS MEXK3BE3HOTO Taza Ha BosiHE 21 cMm. UTo 3TO 3a BoHA?
Emie B cOpokoBBIX TOaX TEOPETUIECKH OBLIO MPEACKa3aH0, 9TO HEUTPAIbHBIE ATOMBI BOJIOPOJIA B YCIOBHSIX
MEX3BE3HOTO MPOCTPAHCTBA JOJDKHBI M3Iy4YaTh CHEKTPAIBHYIO JHHHIO C JUIMHOW BOMHEI 21 cM. Jleno B
TOM, YTO OCHOBHOE, CaMO€ «TiyOOKOe» KBaHTOBOE COCTOSIHAE aTOMa BOJOPOAA COCTOUT W3 JIBYX OYCHB
ONM3KHUX YPOBHEH. DTH YPOBHH PA3NYAIOTCA OPUEHTANMSIMH MarHUTHBIX MOMEHTOB sJ[pa aTOMa BOJOPOJIa
(mpoToHa) W Bpamaromerocss BOKPYT HEro 3JeKTpoHa. EciM MOMEHTHI OpHMEHTHPOBAHBI IMapayuIeIbHO,
MOJIy9YaeTCss OJWH YPOBEHb, €CIH AaHTUIAPAICIHPHO — JAPYyrod. DHEpPrus OJHOTO W3 OTHUX YPOBHEH
HECKOIJIbKO Ooublie Npyroro (Ha BEIWMYWHY, PAaBHYIO YJIBOCHHOMY 3HA4Y€HHIO DHEPIHH B3aMMOACWCTBUS
MarHATHBIX MOMEHTOB 3JIEKTpOHa W MpoToHa). CorlacHO 3aKOHaM KBaHTOBOW (DM3WKH, BpEMS OT BPEMEHHU
JIOJDKHBI CaMOTIPOM3BOJIFHO TPOUCXOIUTH MEPEXOAbl ¢ YPOBHS OOINBIICH SHEPTUU HA YPOBEHH MEHBIIEH
sHepru. [Ipu 3TOM OyJeT U3Iy4aThcs KBAaHT C YaCTOTOM, MPOMOPIIMOHATIBLHON PA3HOCTU SHEPTUil YPOBHEH.
Tak Kkak TOCTEeNHs s B HalleM CiIy4ae OYeHb Majla, TO M 4YacToTa U3Iy4YeHHs OyAeT HU3KOW.
CooTBeTcTBYIONIAs AJMHA BOIHBI Oy1eT paBHa 21 cM.

PacueTsl MOKa3bpIBAIOT, UTO TaKue IEPEXOABl MEXKAY YPOBHSMH aroMa BOAOPOJA IPOUCXOIST
Ype3BBIYAHO PENKO: B CPEIHEM I OJTHOTO aToMa MMeeT MecTo ofuH mepexon B 11 miH. ner! UtoOsl
MMOYyBCTBOBAaTh HUYTOXXKHYIO BEIMYMHY BEPOSTHOCTH TaKHWX MPOIECCOB, JOCTATOYHO CKas3aTh, YTO TPHU
MBIIYYCHUH CIEKTPANbHBIX JUHUNH B ONTHYECKOM [IHAMA30HE TMEPEeXOAbl MPOUCXOMAT KaXKIyIO
CTOMWJUTHOHHYIO JIONIIO0 CEeKyHABI. M Bce ke OKa3bIBaeTCs, 4TO 3Ta JIMHUS, HM3Nydaemas MeK3BE3THBIMHU
aTOMaM¥, IMeeT BIOJHE HAOII0JaeMyI0 HHTEHCHBHOCTb.

Tak kak MeX3BE3[HbIC aTOMBI MMEIOT pa3jMuHbIe CKOPOCTH IO JIydy 3peHHus, TO u3-3a 3¢dexra
Homuepa uznydenue B UK 21 cM OyneT «pa3MazaHo» B HEKOTOPOH mosioce yacToT okono 1420 MI'n (sta
4acToTa COOTBETCTBYeT JuimHE BONHEI 21 cM). [lo pacmpeneneHnio MHTEHCHBHOCTH B 3TOW Mmoiloce (Tak
Ha3bIBAEMOMY «IIPOMHITIO JTMHUI») MOKHO M3YYHUTh BCE JBIDKEHHS, B KOTOPHIX YYaCTBYIOT MEK3BE3THBIE
aTOMBl BOAIOpPOAa.  TakuM TyTeM yIaloch UCCIEAOBaTh OCOOCHHOCTH TaJlaKTUYECKOTO BpalleHUs
MEX3BE3THOTO ra3a, 0ecropsAA0YHbIE ABIKEHHS OTACIBHBIX €ro 00JIaKOB, a TaKkKe ero Temmneparypy. Kpome
TOTO, W3 ITUX HAOJIOAEHUH ONpeAemseTcss KOJNIeCTBO aTOMOB BOIOpPO/Ja B MEK3BE3JHOM IIPOCTPAHCTBE.
Msbl BuAMM, TakuM OOpa3oM, YTO paJMOAaCTPOHOMHYECKHE HCCIEelOBaHHWs Ha BoNHE 21 cM ABIAIOTCA
MOIIIHEHIIIUM METOJOM H3YYCHHsI MEX3BE3AHOU cpeApl U nuHaMuku ['amaktuku. B mocnemanue roasl 3TuM
METOJIOM H3YyYaroTci [pyTHe TalaKTHKHW, HampuMep TyMaHHOCTh AHzapomensl. I[lo mepe yBenmmaeHus
pa3MepoB PaJMOTENIECKONIOB OYyAyT OTKPHIBAThCS BCE HOBBIE BO3MOXKHOCTH M3Y4YCHHs Oojiee yIaliCHHBIX
TaJIAKTUK MPH MTOMOIIIH PaIUOIUHIH BOAOPO/IA.

B xonme 1963 1. Obuta OOHapy)KeHa elle OJHAa MEX3Be3IHas PaTUOIHHMS, IPHHAJICKAINAS
MonekynaMm ruapokcmina OH, ¢ mmuHOM BomHB! 18 cMm. CymiecTBOBaHWE 3TOH JIMHUW OBIIIO TEOPETHUCCKH
MIPEICKa3aHO aBTOPOM 3TOH KHUTH emie B 1949 r. B HanpaBieHUN Ha rajJakTUYECKU IEHTP UHTEHCUBHOCTH
3TOW NMHUM (KOTOpas HabOIromaeTcss B IOTJIONICHWH) OKasajach oueHb BbicokoW. (Jlmanms OH cocrout u3
YeTBIpeX OMM3KUX 1O YacTOTaM KOMIOHEHT 1612, 1665, 1667 u 1720 MI'1r). 3To moaTBep>kaaeT CaeTaHHbIN
BEIIIIE BBIBOJI, UTO B OTCIBHBIX 00JACTSIX MEXK3BE3IHOTO MPOCTPAHCTBA T'a3 HAXOUTCS IPEUMYIIIECTBEHHO B
MOJIEKYJIIPHOM COCTOSIHHH.

B 1967 1. 6bi1a oTKpBITa paguonauans Boasl H,O ¢ gmuHOo# BoHE 1,35 cMm. MccnenoBanust Ta30BbIX
tymanHoctel B muHUsIX OH u H,O npuBenn K OTKPHITHIO KOCMHUYECKUX Ma3epoB (CM. CIEAYIONIYIO TJIaBYy).

3a nocienuue 20 neT, IPOTEKIIUE MOCIe OTKPBITHS MExk3Be3aHON paanonuauu OH, ObUIO OTKPBITO
MHOTO JIPYTHX DPAaTUOIMHHUNA MEXK3BE3HOTO IPOUCXOXKICHUS, MPUHAICKAIINX Pa3TUIHBIM MOJIEKYJIaM.
[TomHOE uncno OOHAapYKEHHBIX TakuM oOpa3oM Mojekyn yke mpeBbimaetT 50. Cpemun HHX OCOOEHHO
Oonpiioe 3HaueHue uMeer moiiekysa CO, paguoluHUsS KOTOPOHM ¢ JAIWHON BOJHBEI 2,64 MM HaOIrOmaeTcs
MOYTH BO BCEX 00JACTIX MEXK3BE3IHOW cpeibl. ECTh MOJIEKYIBI, PaJUOIUHIHA OT KOTOPBIX HAOIIOMAIOTCS
WCKIIIOYUTEIHHO B TUIOTHBIX, XOJIOJHBIX OOJIakax MeX3Be3THOW cperpl. JIOBONBHO HEOXHAAHHBIM OBLIO
oOHapy)XKeHHE B TakuX oOOJaKax pPaJUOJUHHA BECbMa CJIOKHBIX MHOTOATOMHBIX MOJICKYJ, HalpuMmep,
CH;HCO, CH3;CN u ap. DTo OTKpBITHE, BO3MOXHO, UMEET OTHOIICHUE K BOJHYHIOIIEH Hac mpobiieme
MIPOUCXOXKIEHUS KU3HU BO Bceenennoit. Ecnu oTkphiTHs OyAyT M Jainbllie JenaThCs B TAKOM TEMIIE, KTO
3HAeT, He OYIyT U OOHAPYKEHBI HAMTUMU TIprbopamMu Mex3Be3nuabie Moaekynsl JJHK u PHK? (eM. 1. 12).

BecbMa mone3HBIM  SBISIETCS  TO  OOCTOSATENBCTBO, YTO COOTBETCTBYIOIIME  PATUOIUHHH,
MpUHAJUICKAIINE PA3TUIHBIM H30TONAM OJHOH M TOW K€ MOIIEKYJbI, WMEIOT JIOBOJHHO 3aMETHO
pa3iyaronrecs IIHHBI BOJH. JTO MO3BOJSET MCCIEAOBATh M30TOIHBIA COCTaB MEXK3BE3THON Cpenbl, U4TO
“MeeT OOIbIIOe 3HAYUCHHE NI M3Y4YEHHUS MPOoOJIeMBl DBOJIOIMHU BelecTBa BO Bceenmennoil. B wactHOCTH,
pa3aenbHO HAOIIOJAI0TCS TaAKHE U30TOMHBIC KOMOWHAITMH OKUCH YTIIEpPOa: 12le’O, B0 u 2c®o.



OO6macTi MEX3BE3THOM Cpefbl, OKPYIKaIOIIeH TopsIre 3BE3 b, T/I€ BOJAOPO MOJTHOCTHIO HOHU30BaH
(«3omb1 HII»), BecbMa yCHENIHO HWCCIENYIOTCS IMPH TIOMOIIM TaK HAa3bIBAEMBIX «PEKOMOMHAIOHHBIX)
panuoIMHUH, CYIIECTBOBAHHE KOTOPBIX OBLIO TEOPETHUYECKH MPENCKa3aHo eUle A0 UX OTKPBITUS COBETCKUM
actporomom H. C. KappameBplM, MHOTO 3aHMMaBIIMMCS TakXe IPOOJIEMO CBS3M C BHE3EMHBIMHU
nuBIIM3aESIMU (M. TI. 26). «PeKoMOMHAIIMOHHBIC» JUHUU BO3HHUKAIOT MPHU IMEPEX0Jax MEXKIY BechMa
BBICOKO BO30Y>KACHHBIMH aToMaMmu (Hampumep, mexny 108 u 107 ypoBHaMu atoma Bomopona). Cronb
«BBICOKHE» YPOBHH MOTYT CYLIECTBOBaTb B MEX3BE3IHOH Cpele TOJIBKO MO MPUYMHE €€ YPE3BBIYANHO
HU3KOHU TUTOTHOCTH. 3aMETHM, HaIIPIMEp, YTO B COJTHEUHOH aTMOoc(hepe MOTYT CYyIIeCTBOBATh TOIBKO ITEPBBIC
28 ypoBHe#l aroma Bojopona; Ooyiee BBHICOKHE YPOBHU pa3pylialoTcs Onarojaps B3anMOICHCTBHUIO C
YaCTUI[AMH OKPY KarOIIeH Mia3Mbl.

Ve CpaBHUTEIBHO JAaBHO ACTPOHOMBI MOJYYWJIM P KOCBEHHBIX JOKA3aTEIbCTB HAJIWYUS
ME)X3BE3JHBIX MAarHMUTHBIX TOJeH. DTH MarHuUTHBIE IOJI CBSI3aHBl C OOJIAaKaMH MEX3BE3IHOTO0 Ta3a u
JBIKYTCA BMecTe ¢ HUMH. HampsokeHHOCTB Takux moneii okono 107 3, T. e. B 100 Thic. pa3 MeHbIIe
HanpsOKEHHOCTH 3€MHOTO0 MAarHWTHOTO TIOJII Ha TIOBEPXHOCTH Hamiel roianeTsl. OOIee HampaBiieHHe
MAarHUTHBIX CHWJIOBBIX JIMHUM COBMNAJA€T C HalpaBJIE€HUEM BETBEW CHUPAIbHON CTPYKTypbl [ ajmakTuku.
MoXHO cKa3aTb, YTO CaMU CHHpaJbHBbIE BETBH IMPEACTABISIIOT cOOOH THraHTCKUX pa3MEpOB MarHUTHBIE
CHJIOBBIE TPYOKH.

B xonme 1962 r. dakT cymecTBOBaHUS MEK3BE3IHBIX MAarHUTHBIX TOJEH OBUT yCTaHOBIIEH
AHTIMICKIMH PaJHoacTpOHOMaMH ITyTeM MNpsAMBIX HaOmoaeHui. C 3TOH LEIhI0 HCCIENOBAJNCh BeChMa
TOHKHE TOJSIpU3alUOHHbIE dPQPEeKTsl B paguonuHnu 21 cMm, HaOdr0gaeMoil B TOTJIONMIEHHH B CIEKTpe
MOIITHOTO WCTOYHHKA pamuom3nydeHuss — KpaboBumHoil TymaHHOCTH (00 ATOM HCTOYHHKE CM. TII. 5).
(JIuaus morsomenus 21 cM, OOYCIIOBICHHAs MEXK3BE3JHBIM BOJOPOAOM, 00pa3yercs B PaauOCIEKTpe
KaKoOT0-TH0O0 MCTOYHUKA COBEPLIEHHO TaKUM >Ke 00pa3oM, KakK JIMHHUH MEX3BE3IHOIO KaJbLUs B CIIEKTPax
YAaJeHHBIX TOPSYMX 3Be3i.) Eciom Mex3Be3NHBIH Tra3 HAXOMUTCS B MarHMUTHOM IIOJIe, MOXHO OXHIaTh
paciieryieHus: JMHUM 21 ¢M Ha HECKOJIbKO KOMIIOHEHT, OTJIMYAIOIIMXCS Nossipu3anueil. Tak Kak BelInYuHa
MarHUTHOTO TIOJII OY€Hb Maja, 3TO paclierieHhe OyIeT cOBEepIIeHHO HUYTOXHBIM. Kpome Toro, mmprHa
JIMHUY norjoueHus 21 cM 10BONBHO 3HaUUTENbHA. ENMHCTBEHHOE, YTO MOXKHO OKHAATh B TAKOH CUTyaluu,
— 3TO HEOOJNBIINE CHCTEMATHYECKHE Pa3IHdusl MONAPU3AIUHN B Tpeenax NpouiIs JTHHAN TTOTIOMEHMS.
[MosTOMy yBepeHHOE OOHAPYKEHHE ITOTO TOHKOTO 3ddekTa — 3aMedaTeslbHOe TOCTHKEHHE COBPEMEHHON
Hayku. M3MepeHHOe 3HauyeHHE MEK3BE3AHOI0 MarHUTHOTO IOJS OKa3ajJoch B IOJHOM COOTBETCTBHM C
TEOPETUYECKU 0’KUJIAEMBIM COTJIACHO KOCBEHHBIM JIaHHBIM.

st nccnenoBaHMM MEX3BE3JHBIX MarHUTHBIX IIOJIEM HMPUMEHSETCS M PaguoacTPOHOMUYECKUN
METO/Jl, OCHOBaHHBIN Ha M3YYEHUHU BPAIIEHUSA MJIOCKOCTH MOJSAPU3ALUN PaAUOU3ITYyUEeHUS BHETATAKTUYECKUX
WCTOYHUKOB (Pagron3NydyeHHe OT METarallakTHYeCKNX HMCTOYHHUKOB IIMHEHHO TIONSPU30BAHO, MPHYEM
CTETIeHb TOJSIPU3AlNN OOBIYHO IOpPSIKAa HECKOJIBKHUX MPOIEHTOB. [lomspuzamus 3TOoro paguon3TydeHus
OOBSCHSIETCSI €T0 CHHXPOTPOHHOM MPUPOIOH (CM. HMKE)) TIPH €ro MPOXOKICHUU Yepe3 «HaMarHHIeHHYIO
MeX3Be3HYIO0 cpely («siBieHne Papanes»). ITUM METOJIOM YXkKe Ceiuac yaajoch ITOIyYUTh P/ BaXKHBIX
JAHHBIX O CTPYKTYpE MEK3BE3[IHbIX MAarHUTHBIX Moyied. B mocneaHue roapl B KauecTBE HCTOYHUKOB
MIOJIIPU30BAHHOTO M3JIyYEHHUS JJIs1 M3MEpPEHHs MEX3BEe3JHOTO MAarHUTHOTO MO TakUM METOIOM
WCHOJIB3YIOTCS MyJbcapsl (CM. TII. 5).

Mesk3Be3JHbIE MarHUTHBIE TIOJIST UTPAIOT PEIIAOINIYI0 POJIb MPH 00pa30BaHHMHU IIOTHBIX XOJIOJHBIX
ra30MbUIEBEIX 00JIAKOB MEK3BE3THOM CpeIbl, M3 KOTOPHIX KOHIECHCUPYIOTCS 3BE3IbI (CM. TIIL. 4).

C Mex3Be3AHBIMM MAarHUTHBIMH TIOJISIMH TECHO CBS3aHbI MEPBUYHBIE KOCMUYECKHE JIyUH,
3aIOJTHSIONIUE MEXK3BE3THOE MPOCTPAHCTBO. JTO YaCTHUIIHI (ITPOTOHEI, siipa OoJiee TSHKEIBIX DIIEMEHTOB, a
TaKoKe HIEKTPOHBI), YHEPTUH KOTOPHIX MPEBBIMIAIOT COTHH MHIUTHOHOB 3EKTPOH BOJBT, 10X0xas 10 107 —
10*' 5B. OHM ABMAKYTCS BIOIb CHJIOBBIX JTMHHUII MATHUTHBIX HOJEH MO BHHTOBBIM TPACKTOPHAM. DJIEKTPOHBI
MEPBUYHBIX KOCMUYECKUX JIy4yeil, ABUTasACh B MEXK3BE3JAHBIX MArHUTHBIX MOJSAX, U3IY4YalOT PaJHOBOIHEL
OTo W3mydeHHe HaOI0JaeTcs HaMH KaK paguou3iTydeHrne | amakThku (Tak Ha3blBaeMOE «CHHXPOTPOHHOE
n3nydeHue»). TakuM o0pa3oM, pagnoacTpOHOMHS OTKPHUIA BO3MOXKHOCTh M3y4YaTh KOCMHUYECKHE Jy4d B
rinyOunax [anakTuky U Jaxke Aaneko 3a ee npenenamu. OHa BIepBbIC MOCTaBHIIa MPOOIEMY IPOUCXOKACHUS
KOCMHUYECKHX JTydell Ha MIPOYHBIN Hay9IHBIH (DyHIaMEHT.

UccnenoBarenn, paboraBmine Haj MpoOIeMOil MPOMCXOXKACHUS JKU3HH, IO HENaBHETO BPEMEHHU
OCTaBIUIM 0e3 BHUMaHHUS BOIPOC O MEPBHYHBIX KOCMHYECKHX Jy4ax. MexXOy TeM YPOBEHb >KECTKOM
paauanuy, BbI3BIBAIOIIEH MyTalllH, SBJIAETCA, HA HAlll B3TJISJ, BECbMa CYLIECTBEHHBIM 3BONIOLUOHHBIM
(haxTopom, MIMerOTCS BCe OCHOBAHMSI TI0JIaraTh, YTO XOJI SBOJIIOITUH KM3HU OB OBl COBCEM IPYTUM, €CITH ObI
YPOBEHb KECTKOM pamuanui (KOTOpPHI celyac B 3HAYUTEILHON CTEIEHH OOYCIOBIEH TEPBUYHBIMU
KOCMHUYECKUMH JIy4aMH) ObuT Obl B JAECSATKH pa3 BBIIIE COBpEMEHHOro 3HaueHusa. OTcCioa BO3HHMKAET



BKHBII BOIIPOC: OCTACTCS JIM MIOCTOSTHHBIM YPOBEHh KOCMUYECKON paguaIiii Ha KaKOW-HUOY b TUIaHeTe, Ha
KOTOPOH pa3BUBACTCS XHU3HL? Pedb UIIET O CPOKAX, HCUUCIIEMBIX MHOTUMHU COTHSIMH MUJUTHOHOB JIeT. MBI
YBUJIUM B CIEAYIONIMX TJaBaX 3TOM KHHWTH, KaK COBpEMEHHas acTpo(U3MKa U PaJMOaCTPOHOMUS OTBEUAIOT
Ha ATOT BOIIPOC.

Macca Mex3Be3IHOro raza B Hamedl [anakThke OJM3Kka K MHUIMAPAY COJIHEYHBIX Macc, 4TO
cocranisieT HeMHOTUM Oobiie 1 % oT moiaHoH Macchl ["anakTuku, 00yClIOBIIGHHOY B OCHOBHOM 3Be3a1aMu. B
IPYTUX 3BE3JHBIX CHUCTEMaxX OTHOCHTEIBHOE COJep)KaHWe MEK3BE3JHOTO Ta3a MEHSETCS B JIOBOJHHO
MIUPOKKX Tpefenax. ¥ INIUNTHICCKUX TATaKTHK OHO OYEeHb Majo, OKOJIO 10 u nmake MeHbIIE, B TO BpeMs
KaK y HEMPaBHJIBHBIX 3BE3IHBIX cHUCTeM (Tuma MaremianoBeix OO0JIaKOB) COJCpKAHUE MEXK3BE3IHOTO rasa
moxomuT o 20 u gaxe 50%. DTO 0OCTOATENBCTBO TECHO CBSI3aHO C BOMPOCOM OO JBONIOIMU 3BE3THBIX
CHCTEM, O 9eM pedb OyIeT HITH B TIIL. 6.



4. Jeonroyusn 36e30

CoBpeMeHHas acTpPOHOMHS PpacmoiaraeT OONBIINM KOJMYECTBOM apryMEHTOB B MOJIB3Y
YTBEPXKACHUS, UTO 3BE3Ibl 00pa3yrOTCs MyTeM KOHJICHCAIMU O00JaKOB Ta30IbLUICBOW MEK3BE3THON CPEIlbI.
[Ipomecc obpa3oBanms 3Be31 W3 3TOM Cpelmbl MPOAOJDKASTCS W B HAcTosIlee BpeMs. BBIsICHEHHWE 3TOTO
00CTOsITENbCTBA SIBIACTCS OJHMM W3 KpPYNHEHIIMX JOOCTIKEHMH COBpEMEHHOW acTpoHoMuu. Ermie
CPaBHUTEJBHO HEJABHO CUMTAIM, YTO BCE 3BE3/bI 0OPA30BANKCH MOYTH OJJHOBPEMEHHO MHOTO MHJLIAAPIIOB
net Hazan. Kpymenwro 3Tux meradu3nyecKuX IMpeNCTaBIeHHH CIocoOCTBOBAI, MPEXAE BCEro, MPOTpecc
HaOIIOIaTeIbHOM aCTPOHOMHH U Pa3BUTHE TEOPUU CTPOCHUS M 3BOJIOLWU 3Be3[l. B pesynbrare crano sicHO,
YTO MHOTHE HaOII0JaeMble 3BE3[Ibl SBJISIIOTCS CPABHUTEIBHO MOJIONBIMH OOBEKTAMH, & HEKOTOPBIE M3 HHUX
BO3HUKJIM TOTJa, KOT/Ia Ha 3eMile yKe ObLT 4elI0BeK.

BaxxHpIM apryMeHTOM B TMOJB3y BBIBOJIA O TOM, YTO 3BE3JbI OOPa3yloTCs M3 MEX3BE3THOU
ra3onbUIeBOM cpenbl, CIYyXKHUT pAaclojio)KeHHE TPyNI 3aBeIOMO MOJOJBIX 3Be3]] (TaK Ha3bIBAEMBIX
«accomnuanuiiy) B CIHPAIbHBIX BeTBsAX ['amaktuku. Jlemo B TOM, dYTO COINIACHO PaanoacTPOHOMHYECKUM
HaOOICHHUSIM MEX3BE3IHBINA Ta3, KOHIEHTPUPYETCS MPEUMYIIECTBEHHO B CIIUPAIBHBIX PyKaBaX TaJlaKTHK.
B uactHOCTH, 3TO MMeeT MecTo M B Hamell ['amakTuke. bojee Toro, u3 JIeTaqpHBIX «pagnoON300pakeHUI»
HEKOTOPHIX OJNIM3KMX K HaM TallaKTUK CJeQyeT, 4YTOo HauOousbIlas IJIOTHOCTh MEX3BE3JTHOTO Trasa
HaOIoJaeTca Ha BHYTPEHHUX (IT0 OTHOIICHUIO K IIEHTPY COOTBETCTBYIOIIEH TaJaKTHKH) KpasX CIIUPAIH, 4TO
HAXOJUT E€CTECTBEHHOE OOBSICHEHHWE, Ha JETallsiX KOTOPOr0 MBI 3[leCh OCTaHABIMBaThcs He MoxkeM. Ho
HMEHHO B 3THX YacTsIX CHMpajiedl HaOII0AaloTCsl METOJaMH ONTHYeCKoW acTpoHoMuH «30HBI HII», T. e.
o0Jlaka MOHM30BAHHOTO MEX3BE3IHOTO ra3a. B ri. 3 yxe roBopmiioch, 4TO MPUYWHOW MOHHW3AIUU TaKHX
00J1aKOB MOXKET OBITh TOJBKO YIBTPA(HOICTOBOC H3JIyUECHHE MACCHUBHBIX TOPSYUX 3BE31 — OOBEKTOB
3aBEJIOMO MOJIOJIBIX (CM. HUKE).

LenTpanpHBIM B IpoOJIeMe SBOITIONNHN 3BE3]T SBISETCS BOIPOC 00 MCTOYHUKAX MX dHEpruu. B camom
Zene, OTKyAa, HampuMmep, OepeTcss OTPOMHOE KOJMYECTBO SHEPTHH, HEOOXOOMMON IS TOIAep KaHus
n3nydeHuss ConlHIIa TPUMEpPHO Ha HAOMI0JaeMOM YpOBHE B TEUEHHE HECKOJNBKHX MUJUIMAPAOB JIeT?
Esxecexynmuo Connue usayuaer 4 « 10> spr, a 3a 3 muipa. et oxo msnyunio 4 » 10°° spr. HecomueHnHo, 4To
Bo3pact CoJyHIIa OKOJO 5 MIIpA. JIeT. DTO CleAyeT XOTsS Obl M3 COBPEMEHHBIX OIEHOK BO3pacTa 3eMITH
Pa3IMYHBIMU PaIUOAKTUBHBIMH MeToaMu. Bpsn nmu ComHile «MoJoxke» 3eMIiTu.

B mnpomioM Beke M B Hayajle 3TOr0 BeKa NpeUlarajuch pasIMyHbIE THUIOTE3Bl O MPHPOJE
nctouHnkoB dHeprun ConHIa W 3Be3A. Hekoropwle ydeHble, HampuMep, CUYHUTAIM, YTO HCTOYHHKOM
COJTHEYHOW HSHEPTHH SBISETCS HEMPEpPBIBHOE BBIMIAJICHWE HAa €r0 MOBEPXHOCTh METEOPHBIX Tel, APYTHE
UCKald MCTOYHHMK B HempepblBHOM cxatud Connma. OcBoOokparommiascss TP TakOM —Mpolecce
MOTEHI[HANIbHAS SHEPTUsl MOTiia Obl, TPU HEKOTOPHIX YCIOBUSX, NMEepeiTH B m3nmydeHue. Kak MBI yBHIUM
HIDKE, STOT MCTOYHUK Ha paHHEM JTalle JBOJIIONNHU 3BE3Ibl MOXKET OBITh MOBOJHHO 3(h()EeKTHBHBIM, HO OH
HHUKaK He MOXeT o0ecnieuuTh n3nyueHue CollHIa B TeueHrne TpedyeMoro BpeMeHH.

VYcnexu sinepHol (QUBHMKM MO3BOJMIM PEIIUTHh MPOOJIEMY HMCTOYHMKOB 3BE3HOM HEPrHM elle B
KOHIIE TPUIIATHIX TOJOB HAIEro CTOJETHS. TakKuM HMCTOYHUKOM SIBJISIFOTCSI TEPMOSIEPHBIE DPEaKIuu
CHHTE3a, IPOUCXOSIINE B HEAPaxX 3Be3]] MPU TOCHOCTBYIONIEH TaM O4eHb BBHICOKOH Temreparype (Iopsaka
JecsATH MIITMOHOB KebBUHOB).

B pesynprare 3THX peakiuii, CKOPOCTh KOTOPBIX CHIIBHO 3aBHCHUT OT TEMIIEPaTypbl, MPOTOHBI
MIPEBpAIIAlOTCA B sIIpa TeNHsi, a OCBOOOMTAOMIASCS IHEPTHUS MEINIEHHO «IPOCAYUBAETCS» CKBO3b HeEpa
3BE3ll U B KOHIIC KOHIIOB, 3HAYUTEIBHO TPaHC(HOPMUPOBAHHAS, H3JIyYaeTCs B MHEPOBOE MPOCTPAHCTBO. DTO
WCKITIOYUTEIHHO MOIHBIA UCTOYHHK. ECiH MpenmnoiokuTh, 9To nepBoHavyaabHO CONHIIE COCTOSIIO TOJBKO
W3 BOIOpOJA, KOTOPHIM B pe3ylbTaTe TEPMOSIEPHBIX pPEaKNWi I[IeTUKOM NpPEeBpaTHiCS B TEIHH, TO
BBIIE/IMBIIEECS] KOMYECTBO PHEPIMM COCTABUT IpHMepHO 10°° spr. Takum 06pa3oM, Uis MOIEpKAHHS
W3Ty4YeHUs Ha HaONI0AaeMOM YpOBHE B TeUCHHME MHUIMApIOB JIeT JocTarodHo, 4toOel ConHie
«m3pacxomoBano» He cBbimie 10% cBOero mepBOHAYAIIEHOTO 3armaca BOI0po/a.

Teneps MBI MOKEM IPEJCTABUTh KaPTUHY 3BOJIIOLMU KaKOH-HUOYbh 3BE37bI CAEAYIONINM 00pa3oM.
[To HeKOTOpPBHIM MpUYMHAM (MX MOXKHO YyKa3aTb HECKOJIIBKO) Hayalo KOHIEHCHPOBAThCS 00JIAKO
Me)X3BE3JHON ra3ombpuIeBoi cpebl. JJ0BONBHO CKOpO (pazymeercs, 0 aCTPOHOMHYECKUM MaciiTadam!) mon
BIUSHUEM CHJI BCEMHPHOTO TATOTEHHS M3 3TOTO 00I1aka 00pa3zyeTcs CpaBHUTENHHO IUIOTHBINA HEMPO3padHbINd
ra3oBblii map. CTporo roBops, 3TOT IIap eIlle Helb3sl Ha3BaTh 3BE370H, TaK KaK B €ro IEHTPaIbHBIX
o0JIacTsIX TeMIeparypa HeJOCTaTOYHa AJIsl TOTO, YTOOBI HaYallch TEPMOsACpHbIC peakuun. JlaBieHue rasa
BHYTpH IIIapa HE B COCTOSHHUH ITOKA YPABHOBECUTH CHIIBI MPUTSHKEHUS OTACNBHBIX €T0 YacTel, M03TOMY OH
OyZeT HempephIBHO CKUMaThcid. HekoTopble acTpOHOMBI paHbIIE CYHTAIH, YTO TaKHE «IIPOTO3BE3JIBDY
HAOJIONAIOTCS B OTACNBHBIX TYMAaHHOCTAX B BHJE OYECHb TEMHBIX KOMIIAKTHBIX 0Opa30BaHMi, Tak
HasbIBaeMbIX THoOyn (puc. 12, wHe crauuposancs). Ycuexu paanoacTpOHOMHH, OJHAKO, 3aCTaBUIIA



OTKa3aTbCs OT TAKOW JOBOJIHHO HAMBHOM TOUKH 3peHUS (CM. HIKe). OOBIIHO OHOBPEMEHHO 00pa3yeTcs He
OJlHa TIPOTO3BE3/a, a Oojee WIM MEHEEe MHOTOYHCIICHHAs Tpynmna ux. B mambHEHIeM STH TPYIIIbI
CTAaHOBSATCS 3BE3JHBIMH AaCCOLMAIUSMHU W CKOIUICHUSMH, XOPOIIO W3BECTHBIMH acTpoHoMaMm. BecbMma
BEpPOATHO, YTO Ha JTOM CaMOM paHHEM DJTale 3BOJIONUH 3BE3bI BOKPYT Hee OOpa3yloTCsl CTYCTKH C
MEHBIIIEH MacCOM, KOTOPHIC 3aTEM TIOCTETICHHO TIPEBPATAIOTCS B IIAHETHI (CM. TI1. 9).

[Ipu cxxaTuu MPOTO3BE3/IbI TEMIIEPATYPa €€ TOBBIIIASTCS ¥ 3HAUYUTENNbHAS YacTh OCBOOOXKIArOIIeH s
MTOTEHIIMAIBHON 3HEPTUM M3IydaeTcs B OKpY’Karollee MPOCTPAaHCTBO. Tak Kak pa3Mephbl CIKUMAFOIIETOCs
ra3oBOTO MIapa OYeHb BEIUKH, TO U3IYUCHHE C €IWHUIIBI €ro MOBEPXHOCTH OyIeT He3HauuTenbHbIM. Koib
CKOPO TOTOK M3JIYYCHHS C CIUHHUIIBI IMOBEPXHOCTH IPOMOPLIHMOHAICH YETBEPTON CTETICHH TEMIIEPaTyphl
(3axon Credana — bonpiMaHna), TeMIieparypa MOBEPXHOCTHBIX CIIOEB 3BE3/IbI CPABHUTENBHO HU3KA, MEXKITY
TEM KaK €¢ CBETMMOCTH ITOUTH TaKas e, KaK Y OOBIYHOM 3BE3IbI C TOH ke Maccoi.. [ToaToMy Ha amarpamme
«CTIEKTP—CBETUMOCTD» TaKHe 3BE3Ibl PACIIONIOKATCS BIPABO OT TJABHON IMOCIIEIOBATEIILHOCTH, T. €.
MOMmaayT B OOJACTh KPACHBIX THTaHTOB MJIM KPAaCHBIX KapJWKOB, B 3aBUCHUMOCTH OT 3HAYCHHU HX
MepBOHAYAIFHBIX MACC.

B nmanpHeliieM TpoTO3BE3Ma IMPOMOJDKAET CXKUMAThCS. Ee pasMepbl CTaHOBSTCS MEHbBIE, a
MMOBEPXHOCTHASI TEMIIepaTypa pacTeT, BCISACTBUE YEro CIEKTP CTAHOBUTCS Bce Ooyiee «paHHHM». Takum
0o0pa3oM, NBUTAsICh MO AUArpaMMe «CIIEKTP—CBETHMOCTH», MPOTO3BE3/a JOBOJBHO OBICTPO «CSAET» Ha
TJIAaBHYTO TIOCJIEZIOBATEIBHOCTD. B 3TOT Iepro1 Temrieparypa 3Be3AHBIX HEIP YKe OKa3bIBaeTCA JOCTAaTOYHON
IUISL TOTO, 9TOOBI TaM HAYaJIUCh TepMOsIIepHbIe peakimu. [Ipu »ToM naBieHue ra3a BHyTpH OyAaymieit 38316l
YpaBHOBEIINBAET MPUTHKEHUE M TA30BBIN IIap IepecTaeT cKuMaThes. [IpoTo3Be3qa CTaHOBUTCS 3BE3I0M.

UTOOBI IPONTH ITY CaMyI0 PAaHHIOIO CTAIUIO CBOEH IBOJIONHH, POTO3BE3IaM HYKHO CPaBHUTEIHHO
HeMHOro BpeMeHu. Eciu, HampuMep, Macca MpPOTO3BE3/bl O0OJbIlE COJHEYHOH, HYKHO BCEro JIHIIb
HECKOJIbKO MUJUIMOHOB JIET, €CIIM MEHBIIIE — HECKOJIBKO COT MHJUIMOHOB JIeT. Tak Kak BpeMs SBOJIIOIUU
IIPOTO3BE3]] CPABHUTEILHO HEBEINKO, dTY CaMy0 paHHIOK (pa3y pa3BUTHs 3Be3bI OOHAPYXKUTH TPYIHO. Bee
JKe 3Be3Ibl B TAKOW CTaJWH, MO-BUANMOMY, HAOMOMar0TCs. MBI IMEeM B BHILy OYCHb MHTEPECHBIC 3BE3IBI
tuna T Tenba, 0OBIYHO MOTPYKEHHBIE B TEMHBIC TYMaHHOCTH.

B 1966 1. coBepIlieHHO HEOXHMIaHHO BBISIBUIACH BO3MOXXHOCTH HAOIOATh MPOTO3BE3/IbI HA PAHHHIX
CTamusAX WX DBONIONMH. MBI YK€ YIOMHHAIHd B TPeTbed TJaBe 3TOW KHUTH 00 OTKPBITUH METOJ0M
pazuoacTpOHOMUU Psia MOJIEKYJI B MEXK3BE3THOM cpene, mpex e Bcero runpokcmia OH u mapos Boasl H,O.
Benmuko ke OBUIO yIOWBICHWE pajHoOacCTPOHOMOB, Korma npu o03ope Heba Ha BomHe 18 oM,
cootBeTcTBYytomEH paauoanauy OH, ObLIr 00HAPYKEHBI SIPKHUE, YPE3BHIYAHO KOMITAKTHBIC (T. €. IMEIOIITHE
MaJjible YTIOBBIC pa3Mephl) UCTOUYHUKH. DTO OBLJIO HACTOJILKO HEOKHUIAHHO, YTO IIEPBOE BPEMS OTKA3bIBAIHCH
JIaK€ BEPUTh, UTO CTOJIb SIPKUE PAJUOIMHUKM MOTYT IIPHHAJICKATh MOJIECKYJIe THApOKCHIa. beuta Bricka3aHa
TUIOTE3a, YTO OTH JMHUHM MPHHAIJIEKAT KAKOW-TO HEM3BECTHOW CYOCTaHIIMH, KOTOPOHW cpa3y XKe [aid
«IoAXOIAIIee» WM «MHCTepuyM». OIHAKO «MHCTEPHYM» OUY€Hb CKOpPO pa3feniyl Cyas0y CBOHMX
ONTUYECKUX «OpaTheBy — «HEOYIHSI» U «KOPOHUM». JIei0 B TOM, YTO MHOTHE JACCATUIICTUS SIPKUE JIMHUU
TyYMaHHOCTEd W COJIHEYHOH KOpPOHBI HE TOJJaBalliCh OTOXKIECTBICHHIO C KaKMUMH OBl TO HH OBLIO
W3BECTHBIMU CHEKTPaJIbHBIMH JMHUSAMH. [l03TOMYy WX MpHUMHCHBAIA HEKHM, HEHW3BECTHBIM Ha 3eMIIe,
TUTIOTETUYCCKUM D3JIEMEHTAM — «HEOYIHIO» U «KOpoHUI0». He OyneM CHHCXOMUTENTHHO YIBIOAThCS Hall
HEBEKECTBOM aCTPOHOMOB Hayaja Halllero BeKa: BeJb TCOPHU aToMa Torja eie He Obuto! PasBurue Gpusuku
HE OCTaBWJIO B MEPHOAMYECKON cucTeme MeHeneeBa MecTa Uil SK30THUECKUX «HeOoxuTeneh»: B 1927 T.
ObUT  pa3BeHYaH «HEOyNMI», JUHHUM KOTOPOTO C TIOJMHOH HaJCKHOCThIO OBUIM OTOXIECTBJICHBI C
«3ampelieHHbBIMU» JIMHUSAMH HOHM30BaHHBIX KUCIOpoAa U a30Ta, a B 1939 -1941 rr. Obuio yOeAuTENbHO
MTOKa3aHO, YTO 3araJIoYHbIe JTMHUN «KOPOHHS» MPUHAIIE)KaT MHOTOKPATHO MOHM30BaHHBIM aTOMaM JKele3a,
HUKEJIS ¥ KaJIbITHsl.

Ecmu s «pa3BeHuaHUs» «HEOYIHS» W «KOPOHHS» MOTPEOOBATUCH JECATHIECTHS, TO YK€ Uepes3
HECKOIIbKO HEJICIb MOCJIC OTKPBITHS CTANIO SICHO, YTO JIMHUHM «MUCTEpUyMay MPUHAICKAT OOBIKHOBEHHOMY
THIPOKCHITY, HO TOJIBKO HAXOJSAIIEMYCsI B HEOOBIKHOBEHHBIX YCIOBHSX.

JanbHeiiinmne  HAOMIOJCHMS, TPEXKAE BCETO, BBISIBHIN, YTO HCTOYHHKHA «MHUCTEPUYyMa» HMEIOT
WCKITIOYUTEIBHO MaJIble YIJIOBBIC pa3Mephl. DTO OBLIO MOKA3aHO C MOMOIIbI0 TOTJA elle HOBOTO, BEeChbMa
3¢ (eKTHBHOTO MeTOoJa HWCCICNOBaHMI, TMONYYMBIIET0 Ha3BaHHWE «paguouHTepdepoMerpus Ha
CBEpXTMHHBIX 0a3zax». CyTh MeToJa CBOJUTCS K OJHOBPEMEHHBIM HAOMIOJEHHSIM FCTOYHHKOB Ha IBYX
PaaMOTENEeCKONax, YAAJCHHBIX APYr OT JIpyra Ha PacCTOSHHS B HECKOJBKO Thicsu KM. Kak okaspIBaeTcs,
YITIOBOE pa3pellieHHue TPU 3TOM OIPEeNsIeTcss OTHOIIEHHWEM [UITMHBI BOJHBI K PACCTOSIHHIO MEXKIY
panpoTeneckonaMi. B HaleM clydae 9Ta BeIMIHHA MOXKET ObITh ~ 3 * 10™ paj mim HECKOIBKO THICIUHBIX
CeKyHIbl Ayru! 3aMeTHM, 9TO B ONTHYCCKON aCTPOHOMHUHU TAKOE YTIOBOE Pa3pelICHUE IMOKA COBEPIIECHHO
HEJOCTHXKHMO.



Taxkne HaOMIONCHWS ITOKa3ald, YTO CYMISCTBYIOT IO KpaifHEH Mepe TpHM Kiacca HCTOYHHKOB
«vuctepuyMa». Hac 3mecs OyayT MHTEpecoBaTh UCTOUHHUKH | Kiacca. Bce oHM HaxosITCs BHYTPH Ta30BBIX
MOHM30BAaHHBIX TYMaHHOCTEH, HalpuMep B 3HaMeHUTOH TymaHHocTH OpuoHa. Kak yxe roBopuiock, ux
pa3Mephbl Ype3BbIUAHO Masbl, BO MHOI'O THICSY pa3 MEHbILIE pa3MEPOB TYMaHHOCTH. Bcero uHrepecHee, 4to
OHM O00NAJAIOT CJOKHOW MPOCTPAHCTBEHHOW CTpPyKTypod. PaccmoTpum, Hampumep, WCTOYHUK,
HaxXOAIIUICS B TYMaHHOCTH, OJMy4YUBIIEeH Ha3BaHue W3.
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Puc. 13. MMpodunu 4eTHIPEX KOMMOHEHT JIMHUM THAPOKCWIA, M3y~
YaeMBIX HCTOYHMKOM W3

Ha puc. 13 mpuBenen mpoduns muaum OH, u3mydaembprii 3TUM HCTOYHHKOM. Kak Buamm, OH
COCTOMT M3 OOJNBILIOrO KOJMYECTBA Y3KHUX SIPKUX JHHUH. Kaknol TUHMH COOTBETCTBYET ONpeAeieHHas
CKOPOCTh [BMKCHUS II0 IJIydy 3pEHHs HW3IYy4alollero 3Ty JHHHUIO oOnaka. BemwmuwmHa 53TO# ckopocTH
onpenemsiercs dpdexrom Jomrepa. Pazmmuane ckopocTeit (1o Jydy 3peHus) MEeXAY Pa3THIHBIMH 00JIaKaMHu
nocturaetr ~ 10 kM/c. YnoMmsiHyThle BbIlIe HHTEpdepoMeTprYeckre HaONIOJeHUsT TIOKa3ald, 4To o0Jaka,
M3IyYalone KaXIyr JIMHUI0, MPOCTPAHCTBEHHO HE coBHamaroT. KapTwHa momydaercss Takas: BHYTPHU
obyacTy pazMepoM NPHUONMM3UTENBHO 1,5 CEeKyHABI OYTH IOBIKYTCS C Pa3HBIMH CKOPOCTSIMU OKojo 10
KOMITAaKTHBIX 00y1akoB. Kakmoe 0065ako M3mydaeT OfHY ONpEeneieHHYIO (M0 YacToTe) JIMHHUIO. YTIJIOBEIE
pa3Mepbl 00JIAKOB OYEHb MaJIbl, MOPSJIKA HECKOJIBKUX THICSYHBIX CEKYHJbI JAYyTH. Tak Kak pacCTOSHUE 0
tymanHOoCcTH W3 wu3BecTHO (okono 2000 mK), TO YIJIOBBIE pa3Mephl JETKO MOTYT OBITh IEpeBEleHBI B
nuHeitHbe. OKa3bIBACTCS, YTO JIMHEHHBIC pa3MepbI 00JIACTH, B KOTOPOH ABIKYTCS obaka, mopsiaka 107 mk,
a pazMepsl KaXJ0ro 00J1aka BCero JIMIIb Ha MOPSIIOK BETMYMHBI 00JblIe paccTossHus oT 3emin g0 CoiHua.

BozHrKaT BOMPOCH:: YTO 3TO 32 O0JIaka W MOYEMY OHHM TaK CHJIBHO H3JIYYalOT B PaIHOIUHHUIX
ruapokcriaa? Ha BTopoil Bompoc OTBET OBLI IMONYYeH IOBOJIBHO CKOpo. OKa3ajaoch, YTO MEXaHH3M
W3JTyYeHUs BIIOJIHE MOJJOOCH TOMY, KOTOPBIN HAOII0alCsl B 1a0OPaTOPHBIX Ma3epax U ja3epax.

Wrtak, WCTOYHUKU «MHCTEPHYMa» — O3TO THFaHTCKUE, TPUPOIHBIE KOCMHYECKHUE Ma3ephl,
paboTarommye Ha BOJHE JMHUH THAPOKCHIIA, JTMHA KOTOopoi 18 cMm. iMeHHO B Ma3epax (a Ha ONTHYSCKUX U
HMH(ppaKpaCHBIX 4acTOTaX — B Jla3epax) AOCTHTaeTcs OTrPOMHas SPKOCTb B JHMHHUM, IPUYEM CIIEKTpasIbHAs
mupuHa ee Mana. Kak M3BECTHO, yCUJICHHE M3JIyYCHUsS B JIMHUAX OJlaromaps Takomy 3QQeKTy BO3MOKHO
TOTJa, KOT/Ia Cpe/ia, B KOTOPOH PaclpoCTpaHeTCs U3ITyYeHNEe, KAKUM-JIN00 CIIOCOO0M «aKTUBHUPOBaHay. JTO
O3HAYaeT, 4YTO HEKOTOPHI «CTOPOHHMIT» WCTOYHWK DJHEPruu (Tak Ha3blBaeMas «HAKadKay) [enaeT
KOHIIEHTPAIMIO aTOMOB MJIM MOJIEKYJI Ha UCXOJHOM (BEPXHEM) YPOBHE aHOMAIBHO BBICOKOW. be3 mocTosHHO
NEHCTBYIONIEH «HAaKauyKW» Maszep WIH Jia3ep HEBO3MOXKHEI. Borpoc o mpupoge MexaHHU3Ma «HAKAYKI»



KOCMHUYECKHX Ma3epoB IIOKa €I€ OKOHYATENIbHO He pemeH. OJHAKO, CKOpee BCEro «HAKAYKOH» CIIy>KUT
JOCTaTOYHO MOLIHOE HH(ppaKpacHOe u3aydeHue. [IpyrumM BOZMOKHBIM MEXaHU3MOM «HaKa4KH» MOTYT OBITh
HEKOTOPBIE XUMUYECKHUE PEAKIIUH.

CrouT mpepBaTh Halll paccka3 O KOCMHMYECKMX Mas3epax Ul TOro, 4ToObl MOAyMaTh, C KaKUMH
YAMBUTENBHBIMH SIBICHUSMHU CTAJKHUBAIOTCS aCTPOHOMBI B KocMoce. ONHO M3 BEIMYAMIIUX TEXHUYECKHX
n300peTeHnii Hamero OypHOro BeKa, WUrparoliee HEMalylo pojib B MEPEKWBACMON HaMH Telepb Hay4YHO-
TEXHUUYECKOW PEBONIOINH, 3aIIPOCTO PEANU3YyeTCsl B €CTECTBEHHBIX YCIOBUSAX U NMPUTOM — B I'POMATHOM
MaciTabe!

[MoTok pagron3TydeHus OT HEKOTOPBIX KOCMUYECKUX Ma3epOB HACTOJILKO BEJMK, YTO MOT OBl OBITH
OOHapyXeH Jake NPH TEXHUYECKOM YPOBHE pPaJUOACTPOHOMHUH JIeT 35 ToMy Haszad, T. €. eule [0
n3o0pereHus MaszepoB u jazepoB! Jlns 3TOro Hamo OBUIO «TOJIBKO» 3HATh TOYHYIO MJIMHY BOJIHBI
paguonuuuu OH u 3amHTEpecoBaThes mpoodiemMoii. Keratu, 310 He MepBbIii Cilydai, KOrjia B €CTECTBEHHBIX
YCIOBUSIX PEaM3yIOTCsl Ba)KHEWIINE HAyYHO-TEXHHMUECKHE IMPOOJEMBI, CTOSAIMIME Tepel 4eIOBEUYECTBOM.
TepMmosimepHble peakuuu, moanepkuBaromue u3nydeHne ConHIa U 3Be3x (CM. HIDKE), CTHUMYJIUPOBAIH
pa3paboTKy M OCYIIECTBICHHE MPOEKTOB TONyYEHHS Ha 3eMIle SICPHOTO «TOPIUET0», KOTOpoe B OyayIieM
JOJDKHO PEUIMTh BCE HAIM HEpreThdeckue NpoOieMbl. YBBI, MBI MOKa €LIe NAJIEKH OT PElIeHUs STOH
BaKHEMINEH 3amauM, KOTOPYIO MpHUpOJAa pemmia «3ampocTto». IlonTopa Beka TOMy Ha3aj OCHOBATENb
BOJIHOBOM Teopuu ceera Dpenenp 3ameTun (IO ApyroMy MoBody, KoHe4HO): «llpuponma cmeercs Hapg
HaIIMMU TpyAHOCcTAMK». Kak BuanM, 3amedanue dpenens emre Oosiee cipaBeJIuBO B HAIH JTHH.

Bepnemcsl, oqHako, K KOCMUYECKHM MasepaM. XOTs MEXaHU3M «HaKadKi» 3TUX Ma3epoB IOKa eIle
HE COBCEM SICEH, BCE JKE€ MOKHO COCTaBUTH ceOe Tpydoe mpencTaBicHue 0 GU3NIECKUX YCIIOBUAX B 00JIaKax,
U3TyYalonX Ma3epHbIM MexaHu3MoM JmHHIO 18 cMm. [Ipexnme Bcero, okaswplBaeTcs, YTO 3TH oOOJaka
JIOBOJIGHO IUIOTHBI: B KyOHYECKOM CAHTHMETpE TaM MMeeTcs 1o Kpaiineii mepe 10° — 10° wactuu, npuuem
CyLIecTBeHHAas (a MOXeT ObITh U 0OJIbILAs) YaCTh MX — MOJIEKYJIBL. Temrmeparypa Bpsi JH HPEBBIIIACT IBE
THICSIYM KEIHBUHOB, CKopee Bcero oHa mopsaka 1000 KenpBuHOB. DTH CBOWCTBA PEe3KO OTIUYHBI OT CBOMCTB
JaKe CaMbIX IJIOTHBIX OOJIAKOB MEK3BE3JHOTO ra3a. YUHTHIBas €Ile CPAaBHUTEIBHO HeOOJbIINE pa3sMephl
00JIaKOB, MBI HEBOJILHO MPUXOAUM K BBIBOLY, YTO OHM CKOpEE HAIOMHHAIOT NMPOTSHKEHHBIE, JIOBOJBHO
XOJIOAHBIE aTMOC(ephl 3Be3-CBEpPXTUraHToB. OueHb IOXOXKE, YTO 3T 00JaKa €CTh HE 4TO HHOE, KaK
paHHsA CTaaus pa3BUTHUS MPOTO3BE3[, CICAYIOLIAs Cpasy 3a UX KOHJCHCALMEN W3 MEX3BE3IHOHU cpenbl. B
MOJIB3Y TOTO YTBEPXKIEHHS (KOTOpOE aBTOP 3TOM KHUTH BBICKa3al emie B 1966 r.) TOBOPAT U Apyrue (akThl.
B TymaHHOCTSIX, rie HaOIONAIOTCS KOCMHUYECKHE Ma3ephl, BUAHBI MOJIOZBIE rOpsidue 3BE31bl (CM. HUXKE).
CrnenoBaTenbHO, TaM HEJABHO 3aKOHUYMJICS M, CKOpEe BCETO, MPOOJIKAETCA U B HACTOALIEe BpeMsl, IIpoIecc
3Be3noo0OpasoBanusl. [loxkanyi, camoe JO0OMBITHOE 3TO TO, YTO, KaK MOKa3bIBAIOT Pald0aCTPOHOMUYECKUE
HaOIIoeHNsI, KOCMHUECKHE Ma3epbl 3TOr0 TUMA KaK Obl «IOTPYKEHB» B HEOOJbIINE, OYCHb IUIOTHBIC
o0Jyiaka MOHM30BAaHHOTO BoAOpona. B »Tux oOmakax MMeeTcsi MHOTO KOCMHUYECKOW IBUIM, YTO JENaeT UX
HeHaOJIF0JaeMbIMH B ONTHYECKOM JMarna3oHe. Takue «KOKOHBD» MOHHU3YHOTCS MOJIOJOW, ropsuel 3BE3J0M,
Haxozsencs BHyTpH HuX. [Ipu ucciaenoBanum nporeccoB 3Be31000pa30BaHus BeCbMa MOJIE3HOH 0Ka3anach
nHbpakpacHas acTpoHoMus. Benp ams uHOpakpacHBIX JTydeld MEX3BE3ZHOE IOIVIOLICHUE CBETa HE Tak
CYILIECTBEHHO.

Mpl MOXeM Tenepb NPEACTABUTE CIEAYIOIIYIO KapTHHY: U3 00JIaKka MEK3BE3THON CpeAbl, IyTEeM €ro
KOHJIEHCAIlMH, 00pa3yeTcsi HECKOJIBKO CTYCTKOB Pa3HOM MaccChl, HBOJIOLMOHMPYIOIIMX B MPOTO3BE3IbI.
CKopoCTh 9BOJIONMH pa3inyHa: AJsi 00Jiee MACCHBHBIX CT'YCTKOB OHa OyzeT OoJjbie (cM. Janblie Tadi. 2).
[TosTOMyY paHblle BCero mpeBpaTuTcs B rOpsYyr0 3Be3ly HamOosee MacCHBHOM CIyCTOK, MEXAY TE€M Kak
ocTalibHble OymyT Ooniee WM MEHEe MAOJIr0 3aJCp)KUBaTbCcs Ha CTalud NPOTO3Be3Abl. MX-TO MBI H
Ha0JIr0aeM KaK MCTOYHUKU Ma3epHOTO M3JIY4YEeHUS B HENOCPEICTBEHHOH OJM30CTH OT «HOBOPOXKICHHOM»
ropsiueil 3Be3fbl, HOHU3YIOUIEH HE CKOHACHCHPOBABLIMI B CIYCTKM BOJOPOJ «KOKOHa». Pasymeercs, sTa
rpy0as cxema OyzaeT B JalbHEWIIEM yTOYHSTHCS, MPUYEM, KOHEYHO, B Hee OyIyT BHECCHBI CYIECTBEHHBIE
n3MeHenus. Ho daxr ocraerca (akToM: HEOXKMIAHHO OKA3aJloCh, YTO HEKOTOPOE BpeMs (CKOpee BCEero —
CPaBHUTENBHO KOPOTKOE) HOBOPOXAEHHBIE MPOTO3BE3/bI, 00pa3HO BBIpAXKasiCh, «KPUYAT» O CBOEM
MOSIBJICHUH HA CBET, IOJIb3YSICh HOBEHIIMMHU METOAAMHU KBAaHTOBOM paanopu3uKH (T. €. Ma3epamH)...

Coycers 2 rozma mocie OTKPBHITHS KOCMHYECKHMX Mas3epoB Ha ruapokcuie (muHus 18 cm) Oblio
YCTAQHOBJIEHO, YTO T€ K€ UCTOYHUKU OJHOBPEMEHHO M3JIy4yaroT (Talkoke Ma3epHbIM MEXaHHW3MOM) JIMHHIO
BOJSIHBIX MAapoB, JUTMHA BOJHBI KOTOpoH 1,35 cM. HTEHCHBHOCTH «BOASHOTO» Ma3epa Jaxke OoJiblle, YeM
«runpokcuiasHoroy. Obnaka, usnydatomue auHuo H,O, X0Ts 1 HaXoOsATCs B TOM K€ MajoM 00beMe, 4TO U
«THIPOKCHIBHBIC» 00JaKa, IBIXKYTCSA C OPYTMMH CKOPOCTSMH U 3HAUMTENbHO Oojee KoMIakTHbL. Hemb3s
WCKJII0YaTh, YTO B OJM3KOM Oyaymiem OyayT oOHapy)KeHbl M apyrue masepHsele JuHuHM. (HemaBHo Obutn
OoOHapyXeHbl MaszepHble JHHHM Monekynsl SiH). Takum 00pa3oMm, COBEpUICHHO HEOXHUIAHHO



paaroacTpOHOMHUS TIpeBpaTHiIa KIACCHYECKYI0 MpoOJieMy 3Be37000pa3oBaHHA B BETBh HAONONATENBHOM
actponomuu. (bonee moapoOHO 0 3BE37000pa30BaHUM CM. KHUTY aBTOpa: «3BE3/bI: UX POXKICHHE, KU3Hb U
cmepth» (M.: Hayka, 1984)).

bumsOxkazaBmurce Ha TJIABHOW MOCIENOBAaTENFHOCTH M TEPECTaB CXKUMAThCS, 3BE3/a JIUTEIHHO
H3JIy4acT MPAKTUICCKU HE MCHAA CBOCTO ITOJIOKCHUA HA JUArpaMMe «CIICKTP—CBETUMOCTDL). Ee H3JIYyUCHUEC
MOJ/ICP’KUBAETCSl TEPMOAJCPHBIMU PEAKUUSIMH, HUAYIIMMH B LEHTPAIbHBIX oOnacTax. Takum obOpasom,
[JIaBHAs TIOCJIEOBATEIHHOCTh MPEACTABISIET COOOW KakK OBl TEOMETPHYECKOe MECTO TOYEeK Ha AHarpaMme
«CTIEKTP—CBETHMOCTBY, TJe 3Be3/1a (B 3aBHCHMOCTH OT €€ MacChl) MOXKET JUTUTENFHO U YCTOMYHBO M3ITydaTh
Onaronapsi TEPMOSIIEPHBIM peakiusiM. MecTo 3Be3/bl Ha TJIABHOM IMOCIIEIOBATEIILHOCTH OIPENEIseTCs ee
Maccoid. CreyeT 3aMeTHTh, YTO UMEETCS €Ille OJUH MapaMeTp, ONPEACIAIONINN MOI0KEHNUE PAaBHOBECHON
M3Iydalomied 3Be3lbl Ha JdarpaMMe  «CHeKTPp—CBETUMOCTH». TakuMm  ImapaMeTpoM  SBISIETCS
MePBOHAYANILHBI XMUMHUYECKHUH cocTaB 3Be3fbl. ECIM OTHOCHTENILHOE COJEpKaHHE TSDKENBIX 3JIEMEHTOB
YMEHBIINTCA, 3BE3/1a «JISDKET» Ha AuarpaMMe Hiske. IMEHHO 3THM 00CTOSATENCTBOM OOBSCHICTCS HATMINE
MOCIIEIOBATENILHOCTH CYOKapianKoB. Kak y»e TOBOPWIIOCH BHINIE, OTHOCHUTEIBHOE COJAEPIKaHUE TSKEIbIX
AJIEMEHTOB y ATHX 3BE3JI B JICCATKH pa3 MEHBIIIE, YeM y 3Be3]l TIIaBHOM MOCIIEI0BATCILHOCTH.

Bpems npeObiBaHusi 3Be3Abl Ha TNIABHOW IMOCIIENOBATEIBHOCTH ONpENeNsieTCs e¢ MepBOHAYaIbHOM
Maccoi. Eciim mMacca Benwka, W3NmydeHHeE 3BE3[bl UMEET OTPOMHYI0 MOIIHOCTh M OHa JOBOIBHO OBICTPO
pacxomyer 3amackl CBOETO  BOAOPOAHOTO  «TOprodero». Tak, Hampumep, 3Be3Ibl  TJaBHOU
MIOCJIEZIOBATENIbHOCTH C MAacCOM, NPEBBIMIAIONICH COJHEYHYI0 B HECKOIBKO NECATKOB pa3 (3TO ropsiuue
roayOble THTaHTHl CIEKTpaibHOro kimacca ), MOryT yCTOMYMBO W3IIy4aTh, HAXOISICh Ha JOTOU
MTOCIIEIOBATENIFHOCTH BCETO JIUIIh HECKOIBKO MIJIIMOHOB JIET, B TO BPeMs KakK 3BE3Ibl C MAacCOU, OIM3KOH K
COJIHEUHOM, HaxOJTCs Ha TIIaBHOHM mocnenoBarenbHocTd 10 — 15 mupa. ner. Hike npuBoautest Tabdm. 2,
Jamomas BBIYMCICHHYIO NPOJODKUTEIBHOCTE TPABUTAIIMOHHOTO CKaTHs M NpeObIBaHMS Ha TJIaBHOH
MTOCIIEIOBATENILHOCTH ISl 3BE3JT Pa3HBIX CIIEKTPAILHBIX KIIACCOB. B ATOM ke Tabmuie mpuBeieHbl 3HAYCHUS
Macc, paiIiyCoB M CBETUMOCTEH 3BE3/] B COTHEUHBIX eINHUIIAX.

Tabauya 2
Bpewms, ner
Cnexrpanbheii | Macca Pammyc CeetnmocTs IPaBUTAIIMOHHOTO | IPEOBIBaHMUS HA IIIaBHOM
KJracc coKaTus MOCIEeA0BaTEIbHOCTHU
BO 17,0 9,0 30000 1,2+10° 8+10°
B5 6,3 42 1000 1,1 +10° 810’
A0 3,2 2,8 100 4,1+10° 4+10°
A5 1,9 1,5 12 2,210’ 2+10°
FO 1,5 1,25 438 42410’ 4+10°
F5 1,3 1,24 2,7 5,6+10" 6+10°
GO 1,02 1,02 1,2 9,410’ 1110’
G2 1,00 1,00 1,0 1,1 «10® 13+10°
(CouHrie)
G5 0,91 0,92 0,72 1,1« 10° 17+ 10°
KO 0,74 0,74 0,32 2,3+10° 28+ 10’
K5 0,54 0,54 0,10 6,0 10° 70 « 10°

W3 tabmuuel ciemyer, 4To BpeMs NpeOBIBaHUS Ta TIABHOW MOCJCIOBATEIBLHOCTH 3Be3l, Oosee
«mo3aHux», yeM KO, 3HaunTenpHO Ooibiiie Bo3pacta ['amakTWKH, KOTOPBIM MO CYIIECTBYIOUIMM OIEHKAM
oym3ok K 15 — 20 mup. meT.

«Briropanue» Bomopona (T. €. TMpEeBpallleHWEe €ro B TelHid MPH TEPMOSIEPHBIX PEaKIUIX)
MPOUCXOJUT TOJBKO B IEHTPANBHBIX OOJIACTAX 3BE3J(bl. JTO OOBACHSETCS TEM, YTO 3BE3JJHOEC BEIECTBO
NepeMenIBaeTCs JINIIb B IEHTPATbHBIX 00JacTsAX 3BE3/bI, TJC WAYT SJCPHBIC PEakiud, B TO BpeMs Kak
HapyXHBIC CJIOM COXPAHSIOT OTHOCUTEIILHOE COJCPKAHME BOJOPOJa HEHM3MEHHBIM. Tak Kak KOJIMYECTBO
BOJZIOPOZIa B LIEHTPAIBHBIX 00JAaCTAX 3BE3[bl OTPAHUYCHHO, PAHO WM TMO3JHO (B 3aBHCUMOCTH OT MACChI
3BE3/bI) OH TaM MPAKTUYECKU BECh «BBIFOPHUTY. PacueThl MOKA3bIBAIOT, YTO Macca U PAINYC IICHTPATBHON ee
007acTi, B KOTOPOW HAYT SACPHBIE PEAKINH, MMOCTENECHHO YMEHBIIAIOTCS, MPU OTOM 3Be3/la MEIJICHHO
repeMeniacTcs, Ha JUarpaMMe «CIIeKTP—CBETUMOCTB» BIIPaBO. DTOT MPOIECC MPOUCXOAUT 3HAYUTEIBHO
ObICTpee Yy CpaBHUTEIBHO MACCHBHBIX 3Be3l. Ecmu mpeicTaBUTh cebe¢ TPYIINy OJIHOBPEMEHHO
00pa30BaBIIUXCS IBOIOIMOHUPYIONINX 3BE3/, TO C TEUCHUEM BPEMEHH TIIaBHAs MOCIEI0BATEIHHOCTh Ha



IUarpaMMe «CIeKTp—CBETHMOCTbY, IIOCTPOCHHAS AJIS ATON TPYIBL, OyAeT Kak OBl 3aru0aThCs BIPABO.

Uro e mpou30MIeT co 3BE3/10i, KOr/Aa Bech (MM MOYTH BECh) BOJOPOA B €€ sAape «BhIroput»? Tak
KaK BBIJICJICHUC SHEPTUU B IICHTPAJIBHBIX OOJIACTSAX 3BE37bl NMPEKpaIlaeTcs, TeMIepaTrypa U JaBJICHHE HE
MOTYT TIOJIEP)KMBATBCA TaM Ha YpPOBHE, HEOOXOIWMOM ISl TPOTHBOACHCTBUS CHJIE TSITOTEHHUSA,
CKUMAIOIIEH 3Be3Ty. SIpo 3BE3/IbI HAUHET CKUMATKCS, a TeMIlepaTypa ero Oyaer moBeimarhes. Obpasyercs
OUCHb TUIOTHAsI TOpsiyasi 00JacTh, COCTOSAIIAS M3 Teliusl (B KOTOPBIA MPEBPATUIICS BOAOPO) C HEOOIBIIOH
MIPUMEChI0 Ooliee TSDKENBIX 3JIEMEHTOB. ['a3 B TaKOM COCTOSIHUM HOCUT Ha3BaHUE «BBIPOXKIEHHOTO». OH
o0JazaeT psIoOM HHTEPECHBIX CBOMCTB, Ha KOTOPHIX MBI 3/IeCh OCTAHABIMBATHCS HE MOXKeM. B 3To# mioTHO#M
ropsiueit oOnacTu SAepHBIE PEaKIUHU IMPOUCXOAWTH HE OyAyT, HO OHHU OyAyT AOBOJBHO HHTEHCHBHO
MPOTEKaTh Ha Tepudepun sapa, B CPAaBHUTEIHFHO TOHKOM CJ0€. BEIUNCIIeHNs TOKa3hIBAIOT, YTO CBETUMOCTh
3Be3ABl M €€ pa3Mephl HAYHyT pacTH. 3Be3fa Kak Obl «pa3OyxaeT», M HayHEeT «CXOAWUTH» C TJaBHOU
MIOCJIETOBATEIFHOCTH, MTEPEXOsl B 00JIaCTH KPacHBIX THUTaHTOB. Jlaiee, OKa3bpIBA€TCS, UTO 3BE3/BI-TUTAHTHI C
MEHBIIIUM COJICPKAHUEM TSKEIBIX 3JEMEHTOB OyJyT MMETh MPHU OJMHAKOBHIX pa3Mepax 00jee BBICOKYIO
CBETHMOCTb.

Ha puc. 14 mpuBeneHsl TEOPETHUECKH pACCUMTAHHBIE SBOJIIOLMOHHBIE TPEKH Ha AMarpaMme
«CBETUMOCTb—TEMIIEpaTypa MOBEPXHOCTU» JUIsl 3Be37 pa3Hoil Maccel. [lpu mepexone 3Be3NbI B CTAIUIO
KpacHOT'O THTaHTa CKOPOCTh €€ IBOJIOINH 3HAYUTEIFHO YBEINIHBACTCS.

Jis mpoBepKH TEOpUH OOJBIIOE 3HAUYEHHE MMEET ITOCTPOCHHE IUATPAMMBI «CIIEKTP—CBETHMOCTD)
JJI1 OTACJIBHBIX 3BE3IHBIX CKOTIJICHUH. ,Z[CJ'IO B TOM, YTO 3BEC3blI OHOI'O M TOI'O K€ CKOIIJICHUA (HaanMep.
[Inesinpl) UMEOT, OYEBHIHO, OJAMHAKOBBIA Bo3pacT. CpaBHHBAs AMArpaMMBI «CHEKTP—CBETUMOCTEY» IS
Pa3HBIX CKOIUIEHUH — «CTaphIX» M «MOJIOABIX», MOKHO BBIACHHUTH, KaK dBOJIOIMOHUPYIOT 3Be3a6l. Ha puc.
15 wu 16 mpuBeneHBI AMATPaMMBI «IOKa3aTeNlb I[BETa—CBETUMOCTEY IS JBYX Pa3IHMYHBIX 3BE3IHBIX
cxomenun. Croruienne NGC 2254 — cpaBHUTEIHHO MOJI0/I0€ 00pa3oBaHue.
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Puc. 14. DpomolMOHHEIC TPEKH N8 3Be37 pasHoit maccel  Puc. 15, [duarpamma [epummpynra — Peccena
Ha OuarpaMme «CBETHMOCThL — TeMOEpaTypay Ina 3Be3fHoro ckoivieHus NGC2254

Ha COOTBCTCTBYIOHICIZ AuarpaMMe OTYCTIIMBO BHU/IHA BCA IJIaBHasd MMOCJICA0BATCIbHOCTb, B TOM YHCJIC

€e BEpXHsAsA JieBas 4acTb, IJIE€ PacHoOJIOKEHBI TOopsSYMe MAcCHUBHBIE 3Be3lbl (MoKka3zaremto nBera — 0,2
cooTBeTcTBYeT Temnepatypa 20 teic. K, T. e. criektp imacca B).
[[TapoBoe ckoruieHne M3 — «cTapelii» 00BEKT. SICHO BHIHO, YTO B BEpXHEH YacTH TJIABHOU

MIOCTIeI0OBAaTEIbHOCTH JHarpaMMbl, TIOCTPOSHHON I 3TOTO CKOIJICHHS, 3BE3[ IOYTH HET. 3aTO BETBb
KpacHBIX TUTaHTOB y M3 mpexacraBieHa BecbMa Oorato, B TO Bpems kak y NGC 2254 xpacHbIX THTaHTOB
O4YEeHb Majo. OTO U MOHSITHO: y CTaporo CKOIUIeHHs M3 Oonblioe Yuciio 3Be3l YXKE YCHENO «COMTH» C
[JIaBHOM MOCIIEZI0BAaTENbHOCTH, B TO BpeMs Kak y Mojozoro ckorieHuss NGC 2254 3To mpou301UI0 TOIBKO ¢
HEOOJIBIINM YHCIOM CPaBHUTEIBHO MAaCCHUBHBIX, OBICTPO 3BOMIOLMOHUpYIOMKX 3Be3a. OOpamaer Ha ceds
BHMMAaHHE, YTO BETBb TMraHTOB i M3 uaeT mOBONBHO KpyTo BBepx, a y NGC 2254 ona moutu
ropuzoHTaibHa. C TOUKU 3pEHUS TEOPHH 3TO MOXKHO OOBSCHUTH 3HAYUTENIFHO 00JIee HU3KUM COAEPKaHUEM



TSDKENBIX MIEMEHTOB Y M3. U meficTBUTENBHO, ¥ 3BE3/T MApOBBIX CKOIUICHHWH (TaK e Kak U y APYTHX 3BE3I,
KOHOCHTPUPYIOINUXCA HE CTOJIBKO K raJjakKTH4ecKoi IIJIOCKOCTH, CKOJIBKO K TaJJaKTHYECKOMY HGHTpY)
OTHOCUTEIBHOE COACPKAHUE TSHKEIBIX AIEMEHTOB HE3HAYUTEIBHO.
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Puc. 16. Hduarpamma [epumnpysra — Peccena ans mapoporo ckonnexus. M 3. [lo sepruxaneHofl ocH -
OTHOCUTENIbHAA 3BE3AHAS BeH4YUHA

Ha nuarpamme «mokaszaTenb [[BETa—CBETUMOCTE» JJ11 M3 BUAHA €llle OJHa TOYTHU FOPU30HTAIbHAs
BCTBb. AHAJOTHYHOW BETBHM Ha muarpamme, moctpoeHHOM mis NGC 2254, Her. Teopus oOBsICHSIET
TOSIBIIEHHE 3TOM BeTBU cienyomuMm oOpasoM. [locime Toro kak TemmepaTypa CKUMAIOLIEToCs TIOTHOTO
TEJIMEBOTO fAJipa 3Be3/Ibl — KpacHOro ruranta — aocturuer 100—150 mun. K, Tam HauHeT MATH HOBas
SJIepHasT peakiys. JTa peakiusi COCTONT B 00pa3oBaHUM sjpa yriiepoja u3 Tpex saep remus. Kak Tombko
HayHETCsl 3Ta peakuus, CKaTue sapa IpeKpaTuTcs. B nanpHelIieM NTOBEPXHOCTHBIE CIIOW 3BE3Ibl
YBEJIMYMBAIOT CBOIO TEMIIEpATypy U 3Be3[a Ha JMarpaMMe «CIIEKTP—CBETHMOCTB» OyAeT MepeMeIiaThes
BIeBo. FIMEHHO U3 TakuX 3Be3/1 00pa3yercst TPeThs TOPU3OHTAIIFHAS BETBh JUArpaMMbl s M3.

Ha puc. 17 cxematuuecku npuBejieHa CBOJIHAS UarpaMMa «LBET—CBETUMOCTb» Juisl 11 ckomuieHuid,
U3 KoTopelx ABa (M3 m M92) mapoBele. SICHO BHAHO, Kak «3arubaroTcs» BIPAaBO M BBEpPX TJIaBHBIE
MOCJIETIOBATEIPHOCTH Y Pa3HBIX CKOIUICHUHM B IMOJIHOM COIJIACHU C TEOPETHUYECCKUMH MPEIACTABICHUSIMH, O
KOTOpBIX yXe€ 1uIa peyb. 13 puc. 17 MOXHO cpa3y onpenennTh, KaKUe CKOIUIEHUS SBIIIOTCS MOJIOABIMU U
Kakue crapbiMu. Hampumep, «aBoitHoe» ckoruieHue x u h  Ilepces momomoe. OHO «cCOXpaHHIIO»
3HAUUTEIBHYIO0 YacTh IJIaBHOM mocnemoBarenbHOCcTH. Ckormnenue M41 crapie, emie crapiie CKOILICHUE
I'mane! v coBceM cTapbIM sIBIsieTCs CKOIUieHHe M67, nuarpaMMa «LBET—CBETUMOCTb) JIJIsl KOTOPOr'O0 OYEHb
MOX0Ka Ha aHAJIOTUYHYIO JUarpamMmy JJisi mapoBbIX ckoryieHHnd M3 u M92. TollbkO BETBb TMIAaHTOB Y
LIAPOBBIX CKOIUICHWM HAXOJUTCS BBIIIE B COTJIACHM C PA3IUYMSIMU B XMMHYECKOM COCTaBE, O KOTOPBIX
TOBOPUJIOCH paHbIIIE.

Takum o00pa3oMm, maHHBIE HAOJIOAEHWH IIONHOCTHIO IMOATBEPKIAIOT W OOOCHOBBIBAIOT BBIBOJBI
teopun. Kazanocs Obl, TpyIHO 0KHIaTh HAOIIOAATENBHOM MPOBEPKU TEOPHH MIPOIIECCOB B 3BE3AHBIX HEApax,
KOTOpBIE 3aKPBITHI OT HAC OTPOMHON TONIIEH 3BE3AHOTO BemiecTBa. M Bce ske Teopus U 37€Ch MOCTOSHHO
KOHTPOJIUPYETCS TPAKTUKOH acTPOHOMWUYECKHX HaOmoJeHnid. HyXHO OTMeTHUTh, 4YTO COCTaBJICHHE
OOJIBIIIOTO KOJMYECTBA JHarpaMM «I[BET—CBETHMOCTBY IOTPEOOBAIO OTPOMHOTO TPyAa acTPOHOMOB-
HaOJoaTeNIeii 1 KOPEHHOTO YCOBEPIICHCTBOBAaHHUS METOJ0B HaOmropeHuid. C Apyroil CTOPOHBI, YCHEXU
TEOPUH BHYTPEHHETO CTPOSHUS W DBOJIONUM 3Be3] OBbUTM OBl HEBO3MOXHBI 0€3 COBPEMEHHOM,



BBIYHCIIATEIHHON TEXHUKH, OCHOBAaHHOW Ha NMPUMEHEHHH OBICTPOAEHCTBYIOIINX 3JEKTPOHHBIX CUYETHBIX
MaiMH. HeoleHuMyIo YCayry TEOpHHM OKa3aJd TaKKe HCCICAOBAaHUS B 00JacTH sAACpHOUW (HU3UKH,
MO3BOJIMUBIINE TOJYYUTh KOJUYECTBEHHBIC XapPAKTEPUCTUKHU TEX SIACPHBIX PEakUUi, KOTOPHIE MPOTEKAIOT B
3BE3OHBIX HeJpax. be3 mpeyBenndeHns MOXKHO CKa3aTh, YTO pa3paboTKa TEOPHH CTPOSHHS W JBONIOIHU
3BE€3/] SIBJSAETCS OJJHUM U3 KPYIHEUIINX JOCTMKEHUN aCTPOHOMUHU BTOPOM NOJIOBUHBI XX CTOJIETHUS.

PasButne coBpeMeHHOW (PHU3MKM OTKPHIBAET BO3MOXKHOCTH IPSMOW HAaOIIOATEIBLHOW MPOBEPKU
TEOPUN BHYTPEHHETO CTPOCHHUsS 3Be3ll, U B 4acTHOcTH CornHIla. Pedb umeT o BO3MOXKHOCTH OOHapy KEeHUS
MOIITHOTO ITOTOKAa HEWTPUHO, KOTOPBI MOIHKHO HcmyckaTh COJNHIE, €Cii B €ro Heapax HMMEIOT MECTO
sIIEpPHbIE peakIui. XOpOIlIOo M3BECTHO, YTO HEHTPUHO YpPE3BBIYAMHO ciab0 B3aWMOJEHCTBYET C IPYTHMH
JJIEeMEHTapHBIMH YacTHIaMu. Tak, HampuMep, HEUTPUHO MOXKET MOYTH 0e3 MOTIIONMIEHHUS MPOJIETETh Yepes
Bcto Tomry ConHIla, B TO BpeMs KaKk PEHTTEeHOBCKOE M3IYUYEHHE MOXKET IMPOWTH 0e3 IMOTJIOMICHHUS TOJBKO
yepe3 HECKOJIbKO MHJIJTUMETPOB BEIIecTBa CONHEYHBIX Henp. Ecnu mpencraButh cebe, uto uepe3 ConHie
MPOXOAUT MOIIHBIA MYYOK HEUTPUHO C dHeprued Kaxkao vactursl B 10 MuH. 3B, TO W3 HECKOJIBKHUX
JIECSITKOB MWJUTMOHOB HEWUTPHHO TIIOTIOTUTCS TONBKO ofHO. OTcloja sSCHO, YTO OOHAapYKUTh IOTOK
COJIHEYHBIX HEUTPUHO YpE3BBIYANHO TPYAHO. BMecTe ¢ TeM 3TO MpeacTaBisieTcd BECbMa 3aMaHUMBBIM, TaK
KaK 00HapyKEHHbIE KAKUM-JTHOO0 CITIOCOOOM COJTHEUHBIC HEUTPUHO MPUXOJIAT K HAM HEMOCPEACTBEHHO U3 €ro
riryouH. CrenoBarenbHO, U3ydasi 3TH HEHTPUHO, MOXKHO TOJIYYHUTh JOCTATOYHO MOIPOOHYI0 HHGOPMAIIHIO O
(hM3UYeCKNX YCIIOBHAX B IIEHTPATBHEIX 00JacTsx CoiHIIa.

Clemumacte

Kpacred

~

(onybod :
- Udem
Puc. 17. Cponnas nmarpamma [epuiunpysra —
Peccesa ays 11 3Be3nHbIX CKOMUICHAH |

KakoB xe oxumaemsiii moTtox HedTpuHo oT Comuna? Ecnm, Hampumep, B €ro Heapax HAET
YIJIEPOAHO-a30THAs peaKkUus, TO, KaK OKa3bIBAETCS MPHU NPEBPAILECHUN YETHIPEX SI€p BOAOPOAA B OOHO SAPO
renusi o0pa3yroTcs JBa HEUTpHHO. [IpH «IIPOTOH-TIPOTOHHOW» pEaKIUU BBIXOJ HEUTPHHO OYAET IPYyTOM.
DHEPreTHUeCKU CIEKTP COMHEYHBIX HEHTPUHO CHUIIBHO 3aBHCHUT OT TEMIIEPATyphl IEHTPAIBHBIX 00JacTeit
Conana. Oxxujaemas BeqUYMHA MOTOKA 3Hepruu oT CoiHIa B OpME HEUTPHHO COCTABJISIET HECKOJBKO
MPOLIEHTOB OT BCETO MOTOKA COJTHEYHOI'O U3JIyYEHHsI. DTO OUE€Hb MHOTO.



Kak »xe o0OHapyXHTh TIOTOK COJHEYHBIX HEUTpHHO? Mer0 Takoro SKCIEpPHMEHTa BIICPBBIC
MIPETIOKIII MHOTO JIET ToMy Hazana akagemuk b. M. IlontekopBo. ConHeuHOe HEHTPUHO, B3aUMOJICHCTBYS C
AIpoM m30TOma Xiaopa - Cl, 3axBaThIBAacTCS MOCHEAHMM. IIpH STOM H30TON XJIOpa MpPEBPAIIAeTCs B
PAIMOAKTHBHEIH H30TON aproHa ° Ar M MCIIyCKAeTCs SJIeKTPOH. I1o NMpHuMHE MCKIIOUHTENBHO CIaboro
B3aUMOJICUCTBHSI HEUTPUHO C BEHISCTBOM TAaKHE IPOIECCHl OYIyT MPOWCXOAWTH UYPE3BBIYAWHO PEIKO.
[Moatomy ycTaHOBKa Uisi OOHAPYKEHUSI CONHEUHBIX HEHTPUHO BBITIIAIUT BechMa HEOObIYHO. [IpencraBbre
cebe OONBIIOE KOJNHYECTBO CIENHAIBHBIX IIUCTEPH, HANOJHEHHBIX MPO3PAvyHOM  KHUIKOCTHIO
nepxiopatuieHoMm (C,Cly). KommdectBa 3TOH >KHIKOCTH JOCTATOYHO, YTOOBI, HAMpUMEp, 3alOJHUTH
OosplIoi GacceiiH I TUIaBaHMSA. B TakoM THTaHTCKOM KOJMYECTBE MEPXJIOPITHIIEHA MOXKHO OXHIATh
00pa30BaHUsI OKOJIO JECATKAa M30TOIMOB aproHa €XKEJHEBHO W3-3a 3aXBaTa COJHEYHBIX HEUTPHHO SApaMU
’ICl, BxomAmuMMHM B cOCTaB KHAKOCTH. OKAa3bIBAETCA, UTO CPEACTBA COBPEMEHHON SKCIIEPMMEHTANBHOI
(hM3UKK TIO3BOJSIOT OOHAPY)XKUTH 3TO HHUYTOXHO MAaJlo€ KOJHMYECTBO BHOBH OOpPA30BABIIMXCS H30TOIOB
aproHa.

DTy yCTaHOBKY MO’KHO paccMaTpHBAaTh KaK CBOCOOpPAa3HBIN TMTaHTCKUI TEPMOMETP ISl H3MEPEHUS
TEMIIEpaTyphl IMEHTPAIBLHBIX obmacTeir ConHia, OO KOJIMYECTBO BHOBH 00Pa30BaBIINXCSl H30TOMOB aproHa
CWJIEHO 3aBHCUT OT DHEPreTUYECKOIO CIIEKTpa COJNHEYHBIX HEUTPHHO, KOTOPHIH, KaK YK€ YINOMUHAIOCHh
BBIIIIe, YyBCTBUTEIHHO 3aBHCHUT OT TEMIIEPATyphl CONHEYHBIX Hedp. lIpuxoawTcs TONBKO YIAWBIATHCS
BO3MOYKHOCTSIM HeJIoBedeckoro pasyMma. Takoi skcmepuMeHT Obl1 BhIToTHEH B CIIIA. OxaspiBaercs, 9TO
COJIHCYHBIX HEHTPHHO pa3 B JIECATH MEHBINE, YeM MOXKHO OBLJIO OXHUAAaTh. BO3MOXKHO, 3TO OOBSCHSICTCS
HECOBEPIICHCTBOM CYIIECTBYIOIIUX MOJIENeld COJHEYHBIX HENp, XOTS MPUYMHBI MOTYT OBITh U Ooee
TITyOOKUMH (CM. KHHUTY aBTOpa «3BE3bI:...»).

BepHeMcs, oHaKo, K BONPOCY O JAJBHEUINEH 3BOJIIOLMU 3Be3l. UTO ¢ HUMU NPOU30MAET, KOrna
peaKIus «refinii — yriiepo» B IEHTPAIBHBIX 001aCTAX HCUEPIAeT ce0sl, TaK JKe KaK U BOJOPOJIHAS PEAKIIHS
B TOHKOM CIIO€, OKPYKaroIlleM Topsdee MmIoTHoe sAapo? Kakas cragus SBONFOIMK HACTYIUT BCIIEN 3a CTanuei
kpacHoro ruranTa? COBOKYIHOCTh JAaHHBIX HAONIOACHHHA, a TaKXKe PsAJ TEOPETHUECKHX COOOpaKeHUH
TOBOPSIT O TOM, YTO Ha STOM 3Talle 3BOJIOIUM 3BE3]lbI, MacCca KOTOPBIX MeHbIe, yeM 1,2 macchl CoJHIIA,
CYIIECTBEHHYIO0 YacTh CBOEW MacChl, OOpa3ymINyl HX HapyXHYK O000JIOUKy, «cOpachiBaloT». Takoit
TpoIiecc MBI HaOJIrogaeM, Mo-BUANMOMY, KaKk 0Opa3oBaHMe TaK HAa3bIBAEMBIX «IUIAHETAPHBIX TYMaHHOCTEID»
(puc. 18, e ckanuposancs). [ocne TOro Kak OT 3BE3/bI OTACIUTCS CO CPABHUTEIBLHO HEOOIBIION CKOPOCTHIO
HapyXHas 000JI0uKa, «OOHaKaTCsA» €¢ BHYTPCHHUE, OYCHb ropsume ciou. [Ipu 3TOM OTAeIHMBIIAsCS
00010uKa OyJeT pacpATHCS, BCEe JANbIIE U AANbIIE OTXO/IS OT 3BE3/IbI.

MormHoe ynbTpaduoIeTOBOE HM3INTyUeHHE 3BE3Ibl — Spa IUIAHETapHOW TyMaHHOCTH — OyJeT
MOHM30BaTh aTOMBI B 000JI0UKe, BO30YyK/as UX cBeueHHEe. Yepe3 HeCKOJIBKO JIECATKOB ThICAY JIET 000JI0YKa
pacceercss W OCTaHETCS TOJBKO HEOOJNbINas OYEHb Topsdas IUIOTHas 3Be3na. l[locTeneHHO, JOBOJIBHO
MEJIEHHO OCTHIBasi, OHA MTPEBPATUTCS B OEIIBII KapIHK.

Takum 00pazom, Oenble KapiIUKH Kak Obl «BBI3PEBAIOT» BHYTPHU 3B€3]] — KPACHBIX 'MTAHTOB — U
WTOSIBJISIFOTCSL Ha CBET» TII0CNE OTAENCHHs] HapyXHBIX CJIOEB THUTAHTCKHX 3Be3l. B 1pyrux ciydasx
cOpacpIBaHNE HapyKHBIX CIIOEB MOXET IPOUCXOIUTh HE ITyTeM 00pa30BaHMA IJIAHETAPHBIX TYMAHHOCTEH, a
IIyTEM MOCTEIICHHOTO KCTEUEHHs aTOMOB. Tak WM WHa4de Oeible KapiuKd, B KOTOPHIX BECh BOJOPOI
«BBITOPEI» U SACPHBIC PEAKIIUU TPEKPATHIINCH, TO-BUIUMOMY, MPEACTABIISAIOT COOOH 3aKITIOYUTENBHBIN 3Tan
ABOIIOLIMK OOJBITWHCTBA 3Be3Ml. JIOTHYeCKUM BBIBOJIOM OTCHOJIA SIBIISIETCSI TIPU3HAHUE TEHETHYECKOH CBS3U
MEXIy CaMbIMU TO3JIHMMH 3TallaMH 3BOJIOIMH 3BE37 U OelbIMU Kapiaukamu. [locTenmeHHO ocThIBasi, OHU
BCE MCHBIIIE ¥ MEHBIIIEC U3Iy4YaloT, IEPEX0/ii B HEBUIUMBIC «UEPHBIC» KapIUKUA. DTO MEPTBEIC, XOJIOIHbBIC
3Be31bl OYEHb OOJBINON IUIOTHOCTH, B MHJUIMOHBI pa3 IUIOTHee BOIBL. KX pasmepsl MeHbIE pa3MepoB
3eMHOTO I1apa, XOTS Macchl CPAaBHUMBI C coHewHOi. [Iporecc ocThBaHms GENbIX KapiIUKOB JUTHUTCS MHOTO
COTCH MWJUIMOHOB JeT. Tak KOHYaeT CBOE CYIIECTBOBAaHHE OONBITMHCTBO 3Be3n. OmHako (QuHAI KU3HU
CPaBHUTEJIBHO MACCHBHBIX 3BE3]l MOXKET OBITh 3HAYUTENHHO Ooliee ApamaTuueckuM. OO 3TOM OyIeT uaTu
peub B riase S.

MBI HEOJHOKpAaTHO TOJYEPKUBANM, UYTO CKOPOCTh JBOJIOLMU 3BE3[ OIpeNeNnsercs HX
MepBOHAYANILHON Maccoi. Tak Kak 1o psjay MpPU3HAKOB CO BPEMEHU 00pa30BaHMsI HAICH 3BE3JIHOM CUCTEMBI
— Tamaktukn — nponwio okono 15—20 mupa. JeT, To 32 3TO KOHEYHOe (XOTS M OTPOMHOE) BpeMs BECh
OTIMCAHHBIN HBOJIOIMOHHBIA IyTh MPOIUIA TOJBKO T€ 3BE3/IbI, MACCHl KOTOPHIX MPEBBHIMAIOT HEKOTOPYIO
BenuunHy. [lo-BunuMomy, 3Ta «kpuTHdeckas» Macca Bcero juiib Ha 10—12% npessimaeTr maccy CounHua.
C npyroii CTOpOHBI, KaK y)Ke TOAYEePKUBAIOCH, TIPOIlecC 00pa30BaHus 3BE3]] U3 MEXK3BE3HON ra30MbLICBOM
cpenbl TPOUCXOMWT B Hamed ['amakTuke HempepbslBHO. OH IMPOUCXOMUT M ceidac. FIMEHHO TOATOMY MBI
HaOJII0/1aeM TopsSYre MacCHBHBIC 3BE3]IbI B BEpXHEH JICBOM YacTH TJIaBHOW mociemoBarenbHocTH. Ho maxke
3Be3/bl, 00pa30BaBIIKeCsS B caMOM Hayaie (OpMUPOBAaHHUS [almakTWKu, eciium Macca WX MeHbIne dyem 1,2



CONTHEYHOMW, elle He YCIIeIM COWTH C TJIABHOM TOCIENOBATEIHHOCTH. 3aMETHM, KCTAaTH, YTO TEMI
3Be31000pa30BaHus B HACTOAIICEe BpeMs 3HAYMTENBHO HIKE, YeM MHOTO MWJLIMApHOB JieT Hazan. CoiHie
00pazoBasiock OKOJIO 5 MIpA. JIeT Hazaid, Korjaa [amakThka yke JaBHO c(opMupoBajach U B OCHOBHBIX
yepTax OblIa CXOJIHA C «COBPEeMEHHOW». BOT yke 1o kpaifHel mepe 4,5 MIIP. JIET OHO «CHINT) Ha TJIaBHON
MOCJIEe0BaTEILHOCTH, YCTOWYMBO H3ITydas Oyaroaaps sJAepHbIM peakiusM MpeBpalleHus BOJ0Poa B TEIHH,
MPOTEKAIOUINM B €ro LEeHTPalbHBIX 00nacTsaX. CKOJBKO elle BpeMeHH 3T0 OyAeT mpomosnkathesi? PacueTs
MTOKa3bIBalOT, YTO Hamie COJHIlE CTaHeT KpaCHBIM TUTaHTOM 4epe3 8 mupi. jeT. [Ipu 3ToM ero cBeTuMocTh
YBEIMYUTCS B COTHH pa3, a paguyc — B JIECATKH. OTa CTaiusl DBOJIOIHMH HAIIero CBETHJa 3aiimMer
HECKOJBKO COT MUJUTHOHOB JieT. (Y IUBUTENBHO, YTO TaKyro 3Bomonuio ColHIIa mpencKasal ¥YaIuic 3a/101r0
70 BOHUKHOBEHHSI T€OpeTHYecKoil acTpodmsmku. Ero myrterecTBeHHHK BO BPEMEHH, KaK, MOXET OBITh,
IIOMHHT YWTaTeNb, YBUAET B JaJieKOM OyIyIieM Haj MyCTHIHHBIM OKE€aHOM OrpoMHoe KpacHoe CouHIIe...
[IpaBna, Yamic He yd4en, 4To Temreparypa 3eMiIH Ipu 3ToM Obuia Obl OYEeHb BBICOKOH, mopsiaka 300—500
°C. Benp cBerumocTh Takor CoylHIIa — KpacHOTO THraHTa, O4eHb Beduka.. Ho, He OyaeM Mero4HO
MIPUIUPATHCS K BEJIMKOMY TPOBHUALY...) HakoHemn, TeM wim MHBIM criocobom pasdyximiee ConHIle cOpocuT
CBOIO 000JIOYKY M IIPEeBpaTHTCSA B O€bId Kapiauk. BooOie roBopsi, HaM, KOHEYHO, HeOe3pa3nuyHa cyapba
ComnHIla, Tak Kak ¢ HEIO TECHO CBSI3aHO pa3BUTHE )KU3HHU Ha 3eMIle.



5. Ceéepxnoevie 36e3001, nynvcapbl u yepHvie Oblpbl

B mpenwinymieit riiaBe Obuta HaOpocaHa KapTHUHA HBOJIOLUN «HOPMAIBHOM» 3BE3/IbI OT MOMEHTA €¢
3apOKICHHUA B BHUJE CTyCTKa CXKHMAFOIIEHCS Ta30MbUIEBOH TYMaHHOCTH IO TIYyOOKOW «CTapoCTW» —
CBEPXIUIOTHOTO XOJOIHOTO «HYepHOTO» Kapiuka. OJHAKO HE BCe 3BE3Abl MPOXOAST TAaKOH «CIOKOWHBIM»
Iy Th pa3BuTUsi. HeKoTOphIC Ha 3aKITIOYUTEIIBHOM 3Talle CBOSH IBOJIOIUHN B3PBIBAIOTCS, BCIIBIXMBAS MOTYYUM
KOCMHUYECKHM (eliepBepkoM. B Takux ciy4asx TOBOPAT O BCIBIIIKE «CBEPXHOBOI» 3Be3mpl. OT
«CBEPXHOBBIX» 3BE3]] CIEAYyeT OTIHYaTh «OOBIYHBIC» HOBBIE 3Be3bl. MOITHOCTH BCHBIIIKK y 3THUX 3BE3 B
TBICAYU pa3 MCHbIIC, YEM Yy CBCPXHOBBLIX. BcnbeIxuBaroT HOBEBIE 3BE31bI CPAaBHUTCIIBHO YacCTO (B Hamen
lanmakTuke — OKOJIO CTa BCHBIIIEK B rof). J[isi HOBBIX 3Be3]] XapakTepHa MOBTOPSIEMOCTh BCHbIIeK. [lpu
Ka)KIOW TaKOH BCITBIIIIKE 3B€3/1a BEIOPACHIBAET ¢ OOJNBIION CKOPOCTHIO 10 — 107 cBoeii macchl. JlokazaHo,
YTO BCE€ HOBBIC 3BC3bI SABIIAKOTCA OYECHb TCCHBIMU ﬂBOﬁHLIMH cucreMmamMu (CM. TJI. 8) Bcnplmky HOBBEIX HeE
MPHUBOJAT K CYIIECTBEHHOMY W3MEHEHUIO CTPYKTYphI 3Be3Jl. HampoTuB, BCHBIIKAa CBEPXHOBOH — 3TO
paauKaTbHOE U3MEHEHHE, U Ta)Ke YaCTHYHOE Pa3pyIIeHUE CTPYKTYPHI 3BE3/IbI.

[Toxa HaM eme HE W3BECTHBHI KAaTacTpOQbl, IO CBOMM MacmiTabam Oojiee TpaHIUO3HBIC, YEM
BCIBIIIKA CBEpXHOBBIX. (B mociennee Bpems, Mo-BHIMMOMY, OOHApYy>KEHBI yAWBUTEIbHBIE OOBEKTHI —
B3pBIBAIONINECS spa TaaKTUK, SBIICHHE HECPABHEHHO OoJiee TPaHAN03HOE, YeM BCIIBIIIIKA CBEPXHOBBIX (CM.
. 6). 3a Kakue-HUOYIb HECKOJIBKO CYTOK BCITBIXHYBITIAS 3B€3/1a YBEIMYHUBACT CBOIO CBETHMOCTh WHOTIA B
COTHM MWUIMOHOB pa3. BbIBaeT Tak, 4TO B TEUEHHE KOPOTKOI'O BPEMEHHM OJHA 3BE3lla M3JIy4aeT CBETa
0oJbIlle, YeM MHJUTAAP]IBI 3BE3]] TOM raJIakTUKH, B KOTOPOW MPOM30IILIA BCIIBIIIKA.

B oTnmume oT Bembimek «OOBIKHOBEHHBIX» HOBBIX 3BE3J, 3TO SBJICHHE NPUHAIICKUAT K YHCITY
BeChMa PEIKUX. B 0OJBIINMX 3BE3MHBIX CHUCTEMax, MOJAOOHBIX Hallel [anmakTWKe, BCIBIIIKH CBEPXHOBBIX
MPOUCXOASAT B CPEAHEM pa3 B CTOJIETUE HIIM HECKOJNBKO damie. [103TOMy Takue BCHBIIMIKH H3peaKa
HaOmIOar0TCsT B Apyrux ramaktukax (puc. 19). Ecnam nmepkaTh CHUCTEMaTHYEeCKH «IOJl HAOIIOJCHHEM»
HECKOJIBKO COT TaJaKTHK, TO MOXKHO C OOJBIION BEPOSITHOCTHIO YTBEPXKIATh, YTO B TE€UEHHE OJHOTO TO/a
XOTs1 OBl B OJIHOM W3 TaKMX TaJIAKTUK BCIIBIXHET CBEPXHOBas 3Be31a. Bo BCAKOM cilydae, Takod Croco0
HAOMIOZCHUY TOpa3no Ooliee IenecooOpa3eH, YeM OXUJaHWe B COOCTBCHHOH ['allakTWke BCHBIIIKK B
TE€YEeHNE HECKOIBKUX CTONeTHH... Ceiidac eXerogHo OTKPHIBAIOT OKOJIO 20 BHETATAKTHYECKAX CBEPXHOBBIX.
ITonHOE MX yncio gocturaeT mouTtu 600.

Poc 19 Bonsaues coeproonofl o aaaceoll raapgrise. Ha apanoll dovorpadas, nomveemrofl s 15940
CECPRNDMULE FLUINA, i Denod, noayuedaeod w193 e, et

Tem He MeHee HCTOpHA COXpaHMJA JOBOJBHO 3HAUUTENBHOE YHUCIO XPOHUK W Jak€ HAy4dHBIX
TPAKTaTOB, COJEpXKAIIUX OIMCAHHWE BCIBINIEK CBEPXHOBBIX B Hameld ['amaktuke. Tak, Hampumep,
COXpaHWJICA DSl KUTACKUX XPOHHK, B KOTOPBIX PACCKa3bIBAaeTCs O MOSBICHWU Ha Hebe B uione 1054 r.
«3BE3BI-TOCTENY. DJTa 3Be3/a ObLIa HACTONBKO SpKa, YTO €€ BHICIH AaXe JHEM; IO CBoeMy OJiecKy oHa
npeBocxoamia Beraepy,— camoe sipkoe cBeTwiio Heba mocine Comana u JIyael. Heckonpko MecsIeB 3Be3na
OblIa BUHA HEBOOPYKEHHBIM TJ1a30M, a TIOTOM ITOCTENIEHHO Toraca.

Uepes cemMb C MONOBUHOM BekoB (ppaHiy3ckuii actpoHoM Illapms Meccbe, cocTaBisis 3HAMEHHTHIH
Karajor TymaHHocTeld, mojm Ne 1 momecTms oOBEKT HeoObIYaiiHOH (hopMbl. BrociencTBuu 3TOT OOBEKT



momyunn Ha3BaHue «KpaOoBumHas TymMaHHOCTBY. Dortorpadusi 3TOW TYMaHHOCTH B KpPAacHBIX ITydax
npuBeneHa Ha puc. 20 (BBepxy). JanpHelne HaOmoaeHUs Mokaszaiu, 4yTo KpaOoBuaHas TyMaHHOCTh
MEAJICHHO pacIIupsieTcs, Kak Obl «pacon3asich» mo HeOy. Tak Kak paccTOsIHHE [0 3TOH TYMaHHOCTH PaBHO
2000 mk, TO 3aMeTHOe, XOTs M MEUICHHOE, yBEIMYCHHE €€ pa3MepoB Ha Hebe O3HadaeT, 4TO CKOPOCTh
pasiera o0pa3yoNuMX e¢ ra3oB OrpoMHa. JTa CKOpocTh gocturaer 1500 kM/c, T. €. OoJblle, YeM B CTO pa3
MIPEBOCXOJUT CKOPOCTH UCKYCCTBEHHBIX CITyTHUKOB 3€MIIH.

Mesxry TeM CKOpPOCTh JBIDKEHHS OOBIYHBIX T'a30BBIX TyMaHHOCTeH B ['amakTuke peako mpeBbIIaeT
20—30 xm/c. ToapKO THTAaHTCKHX MAacIITAa00B B3PHIB MOT COOONIUTEH TaKOH OOJNBIIOW Macce Tra3a CTOJb
BBICOKYIO CKOpPOCTb.

Pue. 20, Kpafomiuinan tyMainosth

W3 Habmomaemod ckopocTd  pacmiubiBaHus  KpaOOBHMAHOW  TyMaHHOCTH — CIENyeT, 4TO
npubnuzutensHo 900 ner Hasax BCSL TyMaHHOCTh ObLIa COCpEAOTOYEHA B OuYeHb ManoMm obOneme. B
codyeTraHuu ¢ TeM, uro KpabGoBuaHas TyMaHHOCTh HaXOAWTCS Kak pa3 B TOH oOiacTu Heba, rae Hekormga
BCIIBIXHYJIA YAWBUTENbHAS «3BE3Ja-TOCThsS», HaOIromaeMasi CKOPOCTh pacIIMpeHHs JOKa3bIBaeT, YTO 3Ta
TyMaHHOCTb HE YTO MHOE, KaK OCTaTOK I'PaHIMO3HON KOCMHUYECKOH KaTacTpo(bl — BCIBIIIKHA CBEPXHOBOM,
KoTopast mpom3omnnia B 1054 T.

B wucropun actpodmsuku mocneqHUX ABYX JecatuneTnid KpaOoBHIHAs TyMaHHOCTH ChIrpaia
0co0eHHO BakHYIO poib. U 310 He ciydaiiHo. Benp 3Ta TyMaHHOCTh — OJUH M3 ONMMKAWIIMX M TOITOMY
JydIle JpyTruX UCCIeJOBABIINXCS OCTATKOB B3pbIBa 3Be3/bl. TyT 1 TaM 1o HEOYy pa30pocaHbl yIMBUTEIIBHEIE,
XapakTepHOil (OpMBI TyMaHHOCTM — OCTaTKM HEKOIZla BCIBIXMBABIIMX B Halled 3Be3JHON cucreme
CBEPXHOBBIX. J[BE Takne TyYMaHHOCTH NpUBeneHbI Ha puc. 21 u 22. Bee oM (32 HEMHOTUMH UCKITIOUEHUSMHU )



«crapme» Kpabosuanoii. Tak, Bo3pacT TymMaHHOCTeH Ha puc. 21 u 22 MCYUCIAETCS HECKOIBKUMH JIECATKAMHU
TeicaueneTnii. Kasamnoce 6I)I, O4YCHBb JICTKO CIIyTaTb TaKHUEC O0BEKTHI ¢ OOBIKHOBEHHBIMU Ta30BbIMH, TakK
Ha3bIBaeMbIMU <« (HY3HBIMI» TYMaHHOCTSIMU, TOJOOHBIMU TIpUBECHHON Ha puc. 23. EcTh, onHako, 1Ba
00CTOSITENIhCTBA, KOTOpPhle OE30IMO0YHO TIO3BOJNISIOT OTIMYUTh TYMAHHOCTH — OCTATKH BCITBIIIEK
CBCPXHOBBIX 3BE€3]] — OT O6I)IKHOBeHHI)IX TYMaHHOCTeﬁ.
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B 1949 r. Opmo obHapyxeHo, uro KpaOoBuaHasi TyMaHHOCTb SIBJSIETCSI MOLIHBIM HCTOYHHUKOM
panuounsnydeHus. Bckope ymanoch OOBSICHUTH NPHUPOAY 3TOTO SIBIEHMS: H3Iy4alOT CBEPXIHEPrUUHBIE
JNEKTPOHBI, IBMKYIIHECS B MArHWTHBIX TOJSIX, HAXOMAIIMXCS B 3TOM TyMaHHOCTU. PaHbIle MBI yXe
YHOMHHAIH, YTO Ta XK€ NpUUMHa OOBsACHseT oOmiee paguousnydeHue [amaktuku. Takum obOpasoMm, Hpu
BCITBIIIIKE CBEPXHOBOM 3BE3Ibl KaKMM-TO CIIOCOOOM (TOKa emle /10 KOHIIa He TOHSATHBIM) oOpa3syercs
OTPOMHOE KOJIMYECTBO 4YACTHI] CBEPXBBICOKMX 3HEPrMil — KocMuyeckux Jydeld. IIpumensas teopuro
«CHHXPOTPOHHOT0» M3ITyUYEHUs PEIATUBUCTCKUX 3JIEKTPOHOB, IO U3MEPEHHOMY MOTOKY PAaTUOU3ITyUEHUS U
M3BECTHBIM pAacCTOSHUSM M pa3MepaM TyMAaHHOCTH yAajoCh OLIEHUTh IMOJTHOE KOJWYECTBO HaXOIALIUXCS B
Hel kocMmuueckux Jydei. Ilo mepe pacmupeHHss W paccessHus TYMaHHOCTH 3aKIIOYEHHBIE B HEH
KOCMHYECKHE JIydd BBIXOAAT B MEX3BE3[HOE NpOCTpaHCTBO. Ecnm ydecTb, Kak YacTo BCIBIXMBAIOT



CBEpXHOBBIE 3Be3[bl B lamakThke, TO OOpPa3yIOUIMXCS TIPH OTHUX BCIBIIIKAX KOCMHYECKHAX ITydei
OKa3bIBAETCA JOCTATOYHO JUIA 3aII0JHEHUS UMHU Beell ['allakTHKN ¢ HAOII04aeMO INIOTHOCTBIO.

Puc. 23, Tudubvaims Tysaiinocs

Taxum oOpa3oM, BIEpBbIE CO BCEH OYEBUAHOCTHIO YAAIOCh AO0KAa3aTh, YTO BCIBIIIKM CBEPXHOBBIX
3BE3] ABJIAIOTCA OJHUM N3 OCHOBHBIX MCTOYHHKOB ITOIIOJIHCHUA T"anakTHKN KOCMHUYECKUMHU JIydaMu; KpoMe
TOT0, OHM 00OTAIAIOT MEXK3BE3AHYIO CPENy THKEIBIMHU 3JIEMEHTaMU. DTO MMEET OTPOMHOE 3HaYCHUE IS
9BOJIIOLINY 3BE€3]1 M Bcel ['aakTUKH B LIETIOM.

KpaboBunnasi TyMaHHOCTH 00J1ajaeT emie 0OJHON yIUBUTENbHOW 0coOeHHOCTh0. Kak moka3zan aBTop
aTOoW KHHMTH B 1953 T., ec ONTHYECKOE H3NIYyYCHHE, MO KpaitHeir mepe Ha 95 %, OOYCIIOBJICHO TaKxke
CBEPXSHEPIUYHBIMU JJIEKTPOHAMH, T. €. HMEET «CHHXPOTPOHHYIO» IPHUPOAY. ODHEpPrusi >JICKTPOHOB,
N3IyYaloUMX B ONTHYECKOM [JHamna3oHe JUIMH BOJH, B COTHM pa3 OOJbILIE SHEPIHU 3JIEKTPOHOB,
H3Iy4YaiolKkX PaguoBoiHbl, oHa mocturaer 10" — 107 5B. Ha ocCHOBe HOBOH TEOPHH ONTHYECKOTO
n3nydeHust KpaOGoBuaHOW TyMaHHOCTH YyHAlOCh IIpeAcKa3aTb, 4YTO S5TO H3Iy4YEHHE [OJDKHO OBITh
noJsipu30BaHHbBIM. COBETCKHME U aMEPUKAHCKKE HAOMIOACHUS [TOJHOCTHIO ITOJTBEPAMUIM STOT BBIBOJ TEOPHHU.
Tem campIiM Bce TCOPETUYCCKUE BBIBOABI, KAaCAOMIUCCA IMPUPOJAbI PAAVOU3IYUCHHA W OLCHOK KOJHUYECTBA
KOCMHYECKHX YacTHLl, HAIIM MOJIHOE MOATBEpXkAeHUEe. B HacTosmiee BpeMs CHHXPOTPOHHOE ONTHYECKOE
U3Ty4YeHHEe OOHApy)XEHO e€Ile Yy HECKOJbKMX OOBEKTOB, IPEHMYLICCTBCHHO paAuoragakTHk. Ero
HCCIIeIOBaHNE UMEET OYSHB OOJBIIOE 3HAYCHUE [T aCTPOHOMUH U (PU3UKH.

B 1963 r. npu moMomu pakeTsl ¢ YCTaHOBJICHHBIMH Ha Hell mpuOopamH yaanoch OOHapy>KUTh
JOBOJIFHO MOIIHOE PEHTTeHOBCKOe M3nmydeHue oT KpabGoBuaHoil TymanHoctu. B cnemyromem, 1964 r., Bo
BpeMs MOKpBITUS 3TOH TyMaHHocTu JIyHOH ymanoch mokas3aTb, 4TO 3TOT HMCTOYHHMK PEHTI'€HOBCKOIO
M3y4YeHUs] TPOTSDKEHEH, XOTS €ro YIJoBBIE pa3Mepbl B 5 pa3 MEHbIIE YIVIOBBIX pa3mepoB «Kpabay.
CrenoBaTenbHO, PEHTIT€HOBCKOE M3JIy4YEHHE MCITyCKAaeT HE 3BE3/1a, HEKOI/Ia BCIIBIXHYBIAs KaK CBEPXHOBAs,
a caMa TyMaHHOCTb. BbUIO N10Ka3aHO, YTO PEHTITE€HOBCKOE H3nydeHue KpaOGoBuaHONW TyMaHHOCTH HMeEET
TaK)Ke CHHXPOTPOHHYIO MPUPOAY M OOYCIOBICHO CBEPXIHEPTUYHBIMHU PENSATUBHCTCKUMH JJIEKTPOHAMHU C
sueprueit nopsaxa 10" — 10" 3B.



JlanpHelmre HaOMIOACHHS TOKA3aIH, YTO BCe 0€3 MCKITIOUCHHUS TYMAaHHOCTH — OCTaTKU BCIIBITIICK
CBEPXHOBBIX 3B€3J] — OKa3bIBAIOTCS OoJiee WM MEHEe MOIIHBIMA HMCTOYHUKAMHU PaJHOU3ITYICHHS,
MMEIONIETO Ty K€ mpupoxy, 4to W y KpabGoBumHoW TymaHHOCTH. OCOOCHHO MOIIHBIM HUCTOYHHKOM
paguoOM3ITydeHHS SBISETCS TYMAaHHOCTh, HaXoismiascs B co3Be3amm Kaccmomem. Ha MeTpoBBIX BONHAX
MIOTOK pamuoun3iayudeHus oT Hee B 10 pa3 mpeBsimaeT moTok oT KpaGoBuAHON TYMaHHOCTH, XOTS OHA JaJIbIIe
nocnenHeld. B ontuyecknx nydyax 3Ta OBICTPO paCIIMPSIONIAsCS TYMaHHOCTh OdeHb ciaba. Kak ceituac
JI0OKa3aHo, TYMaHHOCTb B Kaccuornee — 0OCTaTOK BCHBILIKM CBEpXHOBOW, MMeBIIeH MecTto okoio 300 mer
Hazaa. He coBcem sicHO, MoYeMy BCIBIXHYBIITYIO 3BE3[y TOTIa HE 3aMeTHiIM. Bemab ypoBeHBH pa3BUTHS
acTpoHoMuH B EBporie ObLI TOT/1a TOBOJIEHO BHICOK.

TyMaHHOCTH — OCTAaTKH BCHBIIIEK CBEPXHOBBIX 3BE3Jl, CIYUYHBINUXCS JaXe ICCATKH THICSY JIET
Ha3aa, BBIICIAIOTCS CPEIy APYTUX TYMaHHOCTEH CBOMM MOIIHBIM pamdoW3IydeHHeM. B dacTHOCTH,
WCTOYHUKAMH PAAMOU3Iy4CeHHs, TpaBaa, pa3 B 10 meHee MomabIMU, yeM KpaboBuiHas TyMaHHOCTD,
SIBJIAIOTCSA TYMaHHOCTH, TIOKa3aHHbIe Ha puc. 21 u 22.

JpyruM OTIUYHUTENBHBIM MPU3HAKOM TYMaHHOCTEH, — OCTaTKOB BCTIBIIIEK CBEPXHOBBIX 3BE3M, —
SIBJIIETCS. UCITYCKAaeMO€ UMHU PEHTTEHOBCKOE M3ITydeHHE. JTO M3IyUYEHHE MOJTHOCTHIO MOTIOMASTCS 3eMHOU
atMoc(epoll ¥ MOKET HaOJIIOJAThCsl TOJBKO C TIOMOIIBIO amliapaTypbl, YCTAHOBJICHHOW Ha pakeTax u
cnyTtHUKaX. OcoOeHHO LIEHHBIE Pe3yJIbTaThl ObLTH TOJYYEHBI B MOCIEIHUE TOABI Ha CIEIUATH3UPOBAHHOM
CITyTHUKE «DUHIITCHHY, 3aIyIIIEHHOM B 03HAMEHOBAHHUE CTOJICTHS CO JHS POXKICHHS BEIMKOTO yueHoro. Ha
puc. 24 TmpuBeneHa CXeMa CTPYKTYpbl PEHTT€HOBCKOT'O HM300pa)KeHHsS CBEPXHOBOM, KOTOPYIO HaOIonaml
Tuxo bpare B 1572 r. PeHTreHOBCKOE U3IyYEHUE B TAKMX TYMaHHOCTSX BBI3BAHO HATPEBOM MEK3BE3JHOTO
raza 10 TEMIIEpaTyphl B HECKOJIHKO MHJUIMOHOB TPaayCOB IBIKYIIAMUCS dYepe3 HETO € OOJBITUMHU
CKOPOCTSIMH Hapy>XHBIMH CJIOSIMH B30pBaBIIeics 3Be3dbl. Kak B pagmo, Tak ¥ B PEHTICHOBCKUX Jydax
CTPYKTypa TaKMX KCTOYHHUKOB HOCUT «OOOJIOUEUHBI» XapakTep. B NpPOTHBOMOIOKHOCTH 3TOMY,
KpaboBuanas TyMaHHOCTh M HECKOJIBKO CXOIHBIX C HEW OOBEKTOB B PEHTTEHOBCKHX JIydaX HE HMEIOT
obomnouek (cM. puc. 20).
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Puc. 24. Cxema oONTHYECKOI,
PalIHo- i PEHTTEHOBCKOM CTPYK-
ypu  ocratka CBepxHOBOW
1572 r. XupHble CIUIOWIHBIE
JHHHM — ONMTHYECKHE BOJIOKHA. o
JlBe KOHLEHTPHUECKHE OKPYX- §3°57"
HOCTH oTipefesiAoT 060 JIoUKY,
HAYYAIOUYIO ~ PEHTTEHOBCKHE
KBaHTbI
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Jlo cux mop pedb NUIa TPEUMYIICCTBEHHO O TYMAHHOCTSX, OOpa3yIOMIMXCS MpPH BCIHBIIIKAX
CBEPXHOBBIX 3Be3ll. UTO e MOXXHO CKa3aTh O CaMHX BCIBIXHBArONMX 3Be3fax? Kak yxe ynmoMUHAIOCh,
JIAHHBIC HAOIIOJICHUI OTHOCATCSI K CBEPXHOBBIM, BCIIBIXMBAIOIIMM B JPYTUX 3BE3JHBIX CUCTeMaxX. B Harreil
lamakTuke mociemHsAs Takas BCHBIMKa HaOmomamack B 1604 r. DTy 3Be3qy, B YaCTHOCTH, HAOIOmAm
Kemnep. Toraa emie He ObIT M300peTEH TENECKOIN, & CIEKTPANbHBIA aHAIN3 — 3TOT MONIHEWUIIMHA METO[
ACTPOHOMHUYECKUX UCCIICOBAHUI — CTAT MPUMEHSATHCS TOJIBKO CITYCTS J[Ba C TIOJIOBHHOM CTOJETHSL. .

Ilo Ha6J'IIOIleHI/IHM BCIIBINICK B APYIUX raJlakKTUKax yAajl0Chb YCTaHOBHUTL, UYTO CBEPXHOBEIC OLIBAIOT
nByx tunoB. CBepxHOBbIe | THIa — 23TO JOBOJBHO CTapble 3BE3ABl C MacCOM, JIMIIbL HEMHOTO
MPEBOCXOJISAIIECH COMHEUHYI0. Takue CBEPXHOBBIC BCIBIXMBAIOT B JJUTHNTHYCCKUX TATAKTHKAX, a TAKKE B
CTIMPAIbHBIX, 3BE3/IHBIX CHCTeMax. MOIIHOCTh U3JIyYeHHs] Y TAKHX CBEPXHOBBIX OCOOCHHO BEJHKA, XOTS
MAacChl BEIOPOIIICHHBIX T'a30BbIX 000JI0UEK HE MPEBBIMIAIOT HECKOIBKUX JecIThIX Macchl ColHIa.

Tak Ha3bpIBacMble CBepXHOBBIC I THIIa BCHBIXMBAIOT B CHHUPANBHBIX rayiaktukax. OHH HUKOTIA HE
BCIIBIXMBAIOT B OJJUTUITHYECKUX 3BE3IHBIX cucTeMaxX. CBEpPXHOBBIE 3TOTO THUIA, KAaK TPUHSITO JyMarth,
MAaCCHBHBIC MOJIOJBIC 3BE3/bI. NmenHo 1o 3Tou IIPpUYNHE OHU, KaK IpPaBUIIO, Ha6JIIOIIaIOTC$I B CIMPAJIBHBIX




BETBSX, TJ€ eIlle MPOI0IDKAET UATH MpoIlecc 3Be3no000pazoBanms. He nckimrodueHo, 9To ecnu He OOIbIIas, TO
1o KpallHe#W Mepe 3HaYMTEeNbHAs! YacTh TOPSYMX MAacCHBHBIX 3BE3J CHEKTpalbHOTO Kiacca O KOHYAeT cBOe
CYIIIECTBOBAHUE BCIIBIIIKOW CBEPXHOBOH 3TOTO THUIIA.

Cy1miecTByeT HECKOJBKO THIIOTE€3 O TPUYMHE B3PHIBOB 3BE37, HAOIIOMaeMBIX KaK CBEPXHOBBHIE.
OpnHako OOIIeNPU3HAHHONW TEOPHH, OCHOBBIBAIOIICWCS HA W3BECTHBIX (haKTaX M MOTYIIEH NpeacKa3aTh
HOBBIC SIBJICHHS, MTOKa HeT. MOXKHO, OJIHAKO, HE COMHEBAThCs, YTO Takas Teopus OyJIeT co3laHa B CaMOM
Ommxaiimem BpemeHH. [lo Bcell BEpOSTHOCTH, NMPUYMHOW B3pBIBA SIBISETCS KaTacTpO(UUECKH OBICTpOe
BBIJIEJICHNE TIOTEHIINAIFHOW YHEPTHH TATOTEHHS MIPH «CIIaJIe» BHYTPEHHHX CIIOEB 3BE3/BI K €€ IIEHTPY.

MaI cefiuac OCTaHOBUMCS Ha 3TOW Ba)KHOM JIJIsl BCEH COBPEMEHHOM acTpou3uku mpodiieMe Ooee
nonpo6Ho. B mpenpinymieii rnaBe Oblia HapucoBaHa oOIMast KapTHHA 00pa30BaHUS 3BE3]] U3 MEXK3BE3THOU
cpensl. PemaromumM (akTopoM B 3TOM TpoOLIECCe SBISETCS CHJIa BCEMHPHOTO TATOTEHHS, KOTOpas BCera
CTPEMHTCSI CONM3UTH OTHCTbHBIC YAaCTH BEIIECTBA W TEM caMbIM 00pa3oBaTh 0ojee KOMITAKTHEBIC Tela.
MoHO cpa3y ke 3a/1aTh «JICTCKUI» BOMPOC: «A eCTh JIM MpeNeNn YIDIOTHEHHs BEIIEeCTBA MO BO3CHCTBUEM
cwtbl TsokecTr? He MoxeT i 3Be3/1a B KOHIIE KOHIIOB CKaThCS B TOUKY?» XOPOIIO U3BECTHO, YTO MHOTHE U3
TaK Ha3bIBAEMBIX «JETCKHUX» BOIPOCOB CaMbIM TIIyOOKHMM 00pa3oM 3aTpardBar0T KOPEHHBIE MPOOJIEMBI
MUPO3JIaHus 1 ObITHS. MOXKET ObITh, UMEHHO TIOSTOMY OHU M HA3bIBAIOTCS NeTCKUMHU... C(hopMyITMpoOBaHHBIN
BBIIIIE BOTIPOC KaK pa3 OTHOCHUTCS K ATOH KaTeTOpUH.

Kak xe orBeuaeT Ha Hero coBpeMeHHas Hayka? Korma mporo3sesma coKMeTCsl 10 TAKUX pa3MepoB,
YTO TeMIeparypa B €e Hellpax CTaHeT JOCTATOYHO BBHICOKOW W MOWAYT SJepHBIC PEaKiid, OHa MEPEecTaHeT
CKHMaThCsi W OyIeTr J[oIroe BpeMsl HaXOMUThCS B PABHOBECHOM COCTOSHHH. OTO pPaBHOBECHE
OCYIIECTBIISIETCS B KaXKIIOM DJIEMEHTE ee o0bhema MO JACHCTBHEM [BYX paBHBIX M IPOTHBOIOJIOKHO
HAIpaBJICHHBIX CHII: TPAaBUTAIlMM M Pa3HOCTH ra3oBOTO AaBJcHUs. [lepBas cuia CTpeMHUTCS CKaTh 3BE3Y,
BTOpasi — PacCIIUPHUTh.

3Be371a B TAKOM PaBHOBECHOM COCTOSIHMU HAXOJUTCS Ha TJIABHOW TOCIIEOBATEIBHOCTH, O Ye€M pPedb
nuia B mpensiaymiei rmaBe. Ho paBHOBecwe He Oyner mpoaoinkaThes BewHO. Korma smepHoe roprodee —
BOJIOPOJI B HEIpaX 3BE3/(bI — OYIET UCUYEPIAHO, HACTYIIAT PAIUKAIBHBIC U JIOBOJILHO OBICTPBIC IEPEMEHEI B
ee Km3HH. B mpenmpimymiedl rmaBe MBI THCANH, YTO TIOCIE MCUEPIIaHUS BOJOPOAHOTO TOPIOYEro W3
LIEHTPAIbHON YacTH 3Be3Ibl 00pa3yeTcsi BeCbMa Tropsiuee W IUIOTHOE SApPO, cama 3Be3fa IMpeBpaliaeTcs B
KPacHBIH TUTaHT, a 3aTeM, MociIe «cOpocay 000J0UKH — B OEIbIN KapJIHK.

Ho Takoii myTh BOJIOIUU MOTYT HPOJEIATh TOJBKO 3BE3/Ibl, ¥ KOTOPBIX MacChl, OCTaBIIHECS MOCIIC
cOpoca 000JIOUKH, HE CIUIIKOM BEJIMKH, HapuMep He Ooibine 1,2 COTHEYHON MacChl. 3BE3IbI, y KOTOPBIX
OCTaBIAsiCSI Macca HaxoAwjach B mpenenax 1,2—2.5 CONHEYHBIX MacC, KaK IOKa3bIBAIOT HAJIC)KHBIC
TEOPETHYECKUE pacueThl, HE MOTYT 00pa3oBaTh YCTOWYMBYH KOH(HUrypaiuio Oenoro kapnuka. OHu
KaTtacTpopuIecku OBICTPO CKUMAIOTCS JIO HUYTOXKHBIX pa3MepoB mopsaka 10 KM, MpuueM HX CpemHss
miotHocTs  gocturaer 10" T/cM’, dWTO TpeBBIIAGT IIOTHOCTH AaTOMHOTO sapa. Kak MOKa3bIBaioOT
CTeUANIbHBIE TEOPETUYECKUE HCCIICAOBAHMS, BEUICCTBO TAKHX 3BE3J COCTOUT M3 YPE3BBIYAWHO TUIOTHO
«YTIaKOBaHHBIX» HEUTPOHOB, MO0 CBOOOIHBIE AIIEKTPOHBI KaK OBl «BIAaBIUBAIOTCSH» B MPOTOHBL. MMeHHO
[IO3TOMY Takhe OOBEKTHI TONYYHJIN Ha3BaHHE «HEHTPOHHBIX 3Be3M». PacdyeThl MOKa3bIBalOT, dYTO
NepBOHAYaJbHAs TEMIIEpaTypa TOBEPXHOCTH y HEWTPOHHBIX 3BE3]l OKOJO MWILUIHapja KelnbBUHOB. B
JJTbHEHIIIeM HEeWTpOHHAs 3Be3/1a OyaeT OBICTPO OCTHIBATh, & TEMIIEPATypa e MOBEPXHOCTHU OBICTPO MaAaTh.

OTKpBITHIE TEOPETUYECKH «HA KOHYMKE Tepa» HEHTPOHHBIE 3BE3[bI JOJDKHBI OBUIM MPEICTABISATH
co0oii OO0BEKTHI, YPE3BBIYAWHO TPYAHBIC I HaONOJeHUE. B caMoMm jene, COBEpIICHHO Oe3HAIEHKHO
00HAPYKHUTh TEIIOBOE ONITUYECKOE U3TYUYCHHE TAKOH 3BE3/IbI 110 MPUUWHE HUYTOXKHO MAJIOH M3ITy4aTeIbHON
MOBepXHOCTH. Ecny, Hampumep, TemmnepaTypa MOBEpXHOCTH HEUTpOHHOM 3Be31bl okoio 6000 K (T. e. Takas
ke, kak y Comnma), a paamyc paBeH 6 kM (1. e. mpuMmepHo B 100000 pa3 MeHbBIIE CONHEYHOTO), TO
CBETUMOCTH €€ OyJeT B AecsATh MIJUTHAPAOB pa3 MeHble, yeM y ConHIa. DTO 03HAYaeT, 4To ee abCOMOTHAS
BennunHa Oyner Onu3ka k 30. Eciim Obl naxe Takas 3Be3/1a HAXOWIACh, OT HAC HA PACCTOSHUM BCETO JIHIIb
1 mk (1. e. 6mwke 000 IPyToit 3Be31bl), €e 0JIECK COOTBETCTBOBAI ObI OOBEKTY 25-i BETHIMHEL.

Bricokas Temmeparypa MOBEpXHOCTH OOpa30BaBIIUXCS TOCIE B3pPbIBA CBEPXHOBBIX HEHTPOHHBIX
3Be3]l TO3BOJISLIA HAJESTHCS, YTO MOXKHO OyZeT OOHAapY KUTh UX PEHTI€HOBCKOE U3TyUYEHHE.

B camom nene, ecim Temreparypa MOBEPXHOCTH TaKOW 3BE37bl MUJUTAAP]T KEIIEBHHOB, TO, COTJIACHO
n3BecTHOMy 3akoHy Ctedana — bonpiMaHa, MOTOK W3IY4YEHHS C EIUHHIBI MMOBEPXHOCTH HArpeToro
HEMPO3payHOro Tea MPOMOPIUOHANICH YETBEPTOH CTEIICHU €ro TEMIIEPaTyphl; HAllla KPOXOTHAsT HEUTPOHHAS
3Be3ma Oyner m3mydath ~ 10% ospr/c, T. e. Gomblue, yem Bcs Hama [amaktnka. OJHAKO COBEPIICHHO
OYEBUIHO, YTO TAKyI0 OTPOMHYIO MOIIHOCTb HEHTPOHHASA 3Be3Aa OyleT M3IIydaTh TOIBKO OYE€Hb KOPOTKHH
NPOMEXYTOK BpeMeHHU. OcThiBaHHE OyJeT MPOMCXOAMUTH TIaBHBIM 00pa3oM 3a CUeT M3IIyueHHs HEHTpHHO,
KOTOpbIE B OOJNBUIMX KOJMYECTBAX 00pa3yloTCs BO BceM ee 0ObeMe MpHU CTOJIb BBICOKOH Temmeparype. Ho



Iake ecly TeMmIepaTypa IOBEepXHOCTH Obuta OBl «Bcero numb» 10 MITH. KelbBHHOB, MOIIHOCTH €€
PEHTTEHOBCKOTO M3IydeHHs ObIa 661 ~ 10°7 3pr/c, 4To B HECKOIBKO ThICAY pa3 GONbIIE MOIIHOCTH BCETO
nznyuenus ConHua.

Eme B 1963 r. B co3Besguu CKOpHIHMOHA OBII OTKPHIT C TIOMOIIBIO CYEeTYWKa (POTOHOB,
YCTaHOBJIGHHOI'O Ha OOpTY pakeTbl, MEepBbIi PEHTTEHOBCKUI MCTOYHWK, HAXOISIIUICS 3a TpeaenaMu
ConHeuHo# cucteMbl. Bckope OBLTO OTKPHITO PEHTIeHOBCKOE M3Nydenne oT KpaGoBuaHOW I'yMaHHOCTH (CM.
BhIIIe). B HacTosIee BpeMsi H3BECTHO YK€ HECKOJIBKO COTEH PEHTTEHOBCKHX MCTOYHUKOB, TPHUUYEM MHOTHE
W3 HUX OTOXKIECTBISIOTCS C TYMaHHOCTSMH — OCTaTKaMH BCIIBIIIEK CBEPXHOBBIX. bombimas dYacTh
PEHTTEHOBCKMX MCTOYHHUKOB — 3BE31000pa3Hbie 00beKThl. Cpasy ke mociie OTKphITUsS B 1964—1965 rr.
MHOTHE acTpPOHOMBI M ()M3WKH pEIIMIM, YTO HAKOHEN-TO JOJITOXJAaHHbIE HEUTPOHHBIC 3BE3[bI
OOHApy)XeHBI... YBBL, HMX JHKOBaHHWE, KaK 3TO dYacTO OBIBAJIO B HCTOPUH acCTPOHOMHH, OKa3aloCh
npexaeBpeMenHbiM. [loHanoomiock eme 20 yieT, yToObl oOcepBaTopus «DUHINTEHH» OOHApyX Hia B
HEKOTOPBIX OCTAaTKaX BCIBIIIEK CBEPXHOBBIX TOUYEYHBIE PEHTTEHOBCKHE HCTOYHHKH, KOTOPBIE MOXKHO
WHTEPIIPETUPOBaTh KaK W3Iy4YeHHE IOBEPXHOCTH HEHTPOHHOHN 3Be3fpl. TEOpeTHKH IMMOACYUTAIH, YTO
OCTBIBaHHE HEUTPOHHBIX 3BE3]] IPOUCXOUT AaXe OBICTpEe, UeM CUMTANIN PaHbIIE: BCETO JIUIIb 32 HECKOIBKO
MeCsILIeB TeMIlepaTypa HMOBEPXHOCTH HEHTPOHHOW 3Be3Ibl yHaleT 3HAUYUTENbHO HIKE AECATH MHUIMOHOB
KEIIbBUHOB, a TaKOH OOBEKT METOJaMH COBPEMEHHOW PEHTTEHOBCKOW aCTPOHOMHH YK€ HE CMOXET OBITh
oOHapyxeH. CToilb OBICTPHIN CPOK OCTHIBAaHHS HEUTPOHHBIX 3BE3]l, BO BCSAKOM CIydae 3a BpeMs, MHOTO
MeHbIIIee, YeM CPETHHUIA MPOMEKYTOK MEXKY BCIBIIIKAMU CBEPXHOBBIX, KaK OyATO ObI O3HAYAET, YTO CPEIH
HaOII0JJaeMbIX KOCMUYECKHX PEHTTEHOBCKHX HCTOYHHUKOB HEHTPOHHBIX 3Be3f ObITh He MoxeT. (U Bce ke
0Ka3aJIoCh, YTO PEHTTCHOBCKHE 3BE3bI — 3TO HEHTPOHHBIC 3BE31IBI B ABOWHBIX crcTeMax (cM. Ti1. 8). Ho ato
cTaJo ACHO ToyibKo mocie 1970 r.)

Takum oOpazom, Hanekga OOHAPYKUTh HEHUTPOHHBIC 3BE3[BI MO MX TEMJIOBOMY PEHTTE€HOBCKOMY
M3ITyYeHUIO OKa3ajlach BpOJIe OB Pk IEBPEMEHHOM.

W Bopyr, OyKBaJIbHO «KaK TPOM Cpenu sICHOTO Heba», OBUIO CAENaHO OTKPHITHE, MPEeBpaTHBIIEE
TaMHCTBEHHbIC HEUTPOHHBIE 3Be3/IbI B HaOMogaeMble 0OBEKTHl. Peub HaeT 00 OTKpBITHH 1)ibCcapos, eaBa JIn
HE CaMOM BIEUYATJISAIONIEM OTKPBITUU B ACTPOHOMHH 33 HECKOJBKO ITOCIETHIX JICCATUICTHH.

MBI CIHIIKOM YacTo 3JI0YTOTPEOIIsieM CIIOBOM «OTKPBITHE», OTUYEr0 OHO MOCTEIIEHHO «CTHPAETCS.
Mesxay TeM B HCTOPHU HAYKH KOJIWYECTBO MOJTUHHBIX OTKPBITUH OYeHb HEBEIHKO. ..

Jlaxxe 1Mo. caMblM CTPOXKAWIIMM KPHUTEPUSM OOHApy>KEHHE MyJIbCapoB NEHCTBUTENBHO SBIISETCS
MOJTMHHBIM OTKPBITHEM. DTO OTKPBITHE, KaK 3TO BCETJa OBIBAET, C HACTOSIINM OTKPBITHEM, MTPOU3OIILIO
ciry4aitHo. Jlerom 1967 r. acmupaHTKa HM3BECTHOTO aHTJIMMCKOTO pajnoacTpoHoMa Xbpiouina mucc bamn
HEOXXHJAHHO OOHapyXWja Ha HeOe COBEpIICHHO HEOOBIYHBIH PaJMOUCTOYHUK. DTOT HUCTOUYHUK M3Tydal
KpaTKOBPEMEHHBIE PaJHOUMIYIbCHl, KOTOpPHIE CTPOTO TEPHOJUYECKH, uepe3 Kaxasle 1,33 CexyHIbI,
MOBTOPsUTNCh. Bekope ObuM OOHAapy>KEHBI emle TPH TaKuX JK€ HCTOYHHKA C APYTUMH TaKXKe «IIOYTH
CEKYHIHBIMI MEPUOJAMHU.

DTO OTKpHITHE HACTOJIBKO OLIEIOMHJIO WCCIIEAOBATENeH, YTO OHH, 3alO0J03PUB, YTO ATH CHUTHAJIBI
MMEIOT HCKYCCTBEHHOE MPOUCXOXKIEHHE W TMOCHUIAIOTCS HEKUMH «CBEPXIUBIWIM3ANHAAMN» (CM. YacTh 3
Halllell KHUTH), 3aCEKPETWIN 3T HAOJIONEHHS M B TEYEHUE MOYTH IMOJYyroja HUKTO 00 dTOM HEe 3Hal —
cirydail OecrpenieIeHTHBI B MCTOPHH ACTPOHOMUH... TOJIBKO MOCIE TOTO, KaK OHM YOEIWJIHCh, YTO STH
CUTHAJBl — HE pPEe3yJlbTaT aKTHBHOCTH BHE3EMHBIX Pa3yMHBIX IMBIIIM3AIUH, Pe3ylbTaThl HAONIOJEHUIH
ObUIH OMyOJUKOBAHBI.

He cpasy Ob110 MOHSTO, YTO MPUYMHON CTPOTOH MEPUOJUYHOCTH PAJHUOMMITYJIECOB OT 3THX HOBBIX
WCTOYHUKOB (TONYYHMBIIUX Ha3BaHHE «ITyJIbCApb») SBISETCS OBICTpOE BpalleHHE 3BE3000pa3HBIX
00bekToB. TONBKO BpalleHHe MacCHBHOTO Tela MOXET OOBSICHHTh YAMBHTEIHHOE ITOCTOSHCTBO (C
TOYHOCTBIO JI0 CTOMHJUTHOHHOM JIOJIM) TIEPHOAOB IylbcapoB. bonee TiiaTensHble HAOTIOMEHHS TOKa3aiH,
YTO Ha CaMOM JeJie IEPUOJIbl HE CTPOTrO NMOCTOSHHEI, a MeAJIeHHO pacTyT. [IpeacraBum cebe, 4To H3nydeHne
pPaAMoOBOIH HE PAaBHOMEPHO IO BCEM HAIPAaBIEHHSIM, a COCPEIOTOYEHO BHYTPH HEKOTOPOTO KOHYCa, OCh
KOTOpOro 00pa3yeT ONpeAe]CHHBIH Yroysl C Ochblo BpamieHus. Temepb BooOpasum cebe HaOmromatess,
KOTOPBI B KaKOW-TO MOMEHT BpPEMEHH HaXOJHUTCS Ha MPOJODKEHWH OCH KOHyca. SICHO, 4TO OH CMOXET
HaOOJaTh PaUoOU3ITydeHre. JT0 OyJeT BO3MOXKHO B T€YEHHE HEKOTOPOT'O BPEMEHH 0 TeX IMOop, MOKa U3-
3a BpAIlIeHUs 3BE3bl OCh KOHyCa YHIET, JOCTaTOYHO Aanieko. OHAKO depe3 IPOMEKyTOK BpEMEHH, paBHBIN
NepUoy BpallleHHs 3Be3/bl, paJuOU3IydYCHHE CHOBa MOXHO OyaeT HaOmogaTtb. JTa mpocTas MOJelb
myJibcapa n300pakeHa Ha puc. 25.

Uro e 3TO 3a 3Be3nbl, ObICTpOE BpalleHHWE KOTOPHIX €CTh MpHYMHA HaOII0AaeMOTro SBICHHS
nyascapoB? B 1967 1. ObUT OTKPBIT MyJibcap ¢ peKopaHo KopoTkum mnepuonoMm B 0,033 cek. (06 atom
3aMedaTesbHOM IyJibcape pedb NoiaeT naneiie). Tak ObICTPO BpallaTbesi MOXKET TOJIBKO OYEHb MaJICHBKOE



Teso. Benp auHeitHas CKOPOCTE BpallleHus Ha SKBATOPE ONPEAeIIIeTCs MKOIbHOU hopmymoit: v = 2zR/T, Tie
R — pamgmyc Bpamaromierocs tena, I — mnepuop ero BpameHnus. M3 3toit Gopmynsl crneayer, 9to npu 1 =
1/30 cek., y4uThIBasi, 9YTO CKOPOCTh BPAIICHUS HUKAK HE MOKET MPEBBINIATh CKOPOCTh CBETA, PAJIUYC TeJa HE
npesbimaer 1500 kM, uTo B 4 paza meHblne 3eMiau. Ho 3To sBIseTcs O4YeHb TpyOOH OICHKOW BepXHEH
TPaHMIIBl Pa3MEPOB BpaIaloONIerocs Tena. Tak Kak JMHEHHas SKBaTOpPUANIbHAs CKOPOCTh BPAIICHHS II0
MPOCTHIM TPUYHMHAM JIOJDKHA OBITH B JICCSITKH pPa3 MEHBIIE CKOPOCTH CBETa, HEMOCPEICTBCHHO SICHO, YTO
JIUHEHHbIE pa3Mephl MyJIbCapoB HE MOTYT MPEBBIIATh HECKOJIBKO NIECATKOB KriioMeTpoB. Ho eciu 310 Tak,
TO IMyJbCapbl — 3TO HE YTO UHOE, KaK HEUTPOHHBIE 3BE3/IbI!
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Puc. 25. Moznens nynbcéba

HNmeercs u apyroe A0Ka3aTelbCTBO ATOTO BaKHEHIIEro BbIBOAA. YIOMSHYTBHIN BbILIE PEKOPIHO-
KOPOTKONEpHOANYEeCKHH MmyJibcap (moiayunBinid HazBanue NP 0532) pacnonoxeH... B uentpe KpabosuaHoit
tymanHoctu! Jlpyroil mymibcap, TEepHOI KOTOPOTro Bcero Jmmb B Tpu pasa mmuHEEe (0,089 ), Takke
HAXOJUTCS BHYTPH TYMaHHOCTH, SIBJSIFOLIEHCS Oojiee CTapbiM OCTATKOM BCIBIIIKH CBEPXHOBOW. UTak,
MmyJabcapbl HAXOMATCS TaM, TIJI€ TMOJOKEHO HAXOMUThCS HEUTPOHHBIM 3BE37aM, KOTOPBIE JOJHKHBI
00pa30BaThCs TMPH BCIBINIKAaX CBEpPXHOBBIX! To 0OCTOATENBCTBO, YTO HE BO BCEX OCTAaTKaX BCIBIIIEK
CBEPXHOBBIX HAOIIONAIOTCS ITyJIbCapbl W TOJNBKO Majas 4acTb IyJbCapoB (WX ceifdyac M3BECTHO CBBIIIE
TPEXCOT) HaXOJUTCS B OCTaTKaX CBEPXHOBBLIX, HE JOJDKHO HAC CMYIIaTh. Jleao B TOM, YTO MyJIbCap MOXKET
OBITH OOHAPYIKEH TOJIBKO TIPH «OIarONPUATHONR MO0 OTHOMICHUIO K HAM OPHEHTAINH €T0 OCH BpaieHus. JTo
sacHO W3 puc. 25. Eciam ydecTp 3TO, OKa3bIBaeTCs, 4TO enBa JU 5% BcexX MyJhCapoB MOXHO XOTS OBl B
npuHiune Habmomate. I[lopasurensHo, uyro KpaboBuaHas TyMaHHOCTb, NOMHMO TeX 3aMeyaTelbHBIX
0Cc00EHHOCTEH, O KOTOPBIX TOBOPHJIOCH BBILIE, €IIe MMEET W MyJbcap, «ydayHO» OPUEHTUPOBAHHBINA IO
OTHOLICHUIO K 3eMII€...

C apyroil cTOpOHBI, JETKO MOHATH, ToYeMy OOJBIINHCTBO IMyJIHCAPOB HE CBSA3aHO C TYMaHHOCTSIMHU
— oOcTaTKaM{ BCHBIIIEK CBEPXHOBBIX. JleJO0 B TOM, YTO HOCIEAHUE NPEACTABISIOT OO0 MOI00HO
IUTAHETAPHBIM TYMaHHOCTSIM CpPaBHUTEIFHO KOPOTKOKMBYINME o0Opa3oBaHus. biaromapst pacuImpeHUro
00pa3yOIINX UX Ta30BbIX BOJIOKOH M HAXOIIIINXCS TaM KOCMUYECKHX Jy4del OHU «PacIIBIBAIOTCS» U 4epe3
COTHIO THICAY JIET TepecTaloT OBITh HaOmromaeMbIMH. Mexay TeM Bo3pacT OOJBIIMHCTBA IyJbCapOB
WCYHCIISIeTCS MIUIMOHAMH W JeCSITKaMH MHIDIHOHOB JIeT. JTO cieayeT u3 HaOIoJaeMoro O4YeHb
MEIJIEHHOTO 3aMeIIEHUS MX BpalleHus. SICHO, HalpuMep, YTO €CIIK 3a T MEPHO KaKoro-HUOYAb MTyJibcapa
HN3MCHUTCA Ha OOAHY ACCATUMUIUIMOHHYIO JOJIIO, TO €r0 BO3PAaCT JOJIKCH OLITH OJIM30K K JCCATU MUIJIJIMOHAM
net. UTak, mynbcapbl «IIEpeKUBAIOTY» TYMAHHOCTH, B KOTOPBIC OHU OBLITH «IIOTPYKEHBD) TPU POXKICHHUH.

Ha ocHoBaHWYM HAOIOEHMI TyJIHCAPOB MOXKHO HAPUCOBAThH TAKyIO KApTUHY Pa3BHTHS HEUTPOHHOU
3Be3mpl. OHa oOpasyeTcss TPH BCIBIINIKE CBEPXHOBOW KaK OBICTPO BpaIlaronIuiicss OOBEKT OTPOMHOMN
WI0THOCTH. [IprumHy OBICTPOTO BpallleHHs MOHSTH JIETKO: 3TO CIEACTBUE OJHOTO M3 OCHOBHBIX 3aKOHOB
MEXaHUKU — COXPAHEHUE MOMEHTa KOJMYECTBa NBIKEHUA. [IpowsuirocTpupyeM 3TOT 3aKOH Ha IpUMEpe
BOOOpakaeMoi 3BE31IbI, SIBILIIONICHCS «IBOHHUKOM» Hamrero Comuma. Ilepwon ee BpalmieHHS BOKPYT OCH
OYCHb BEJTUK — OKOJIO Mecsa (0 BpallleHuH 3Be3]1 moApoodHee cM. Ti1. 10).

JlommycTuM Teneph, YTO MO KaKHM-TO MPUYMHAM 3Ta 3BE3/a KaTaCTPOPHUUSCKU CKalach, IPUYEM €
pamuyc R ctam paBHsIM 10 kM, T. e. ymenbmmwics moard B 100000 pas. Ecmm ee macca M mipu 3TOM He



HW3MEHWIACh, TO U3 3aKOHA COXPAaHEHUS] MOMEHTA KOJIMYECTBA IBH)KECHUSA
vMR = const

CJIeIyeT, YTO SKBaTOpuaibHas cKOpocTh yBenuuutcs B 100000 pa3 U COCTaBUT MOYTH IMOJIOBHUHY
ckopoctu cBerta! Ilepron ke BpamieHWsT YMEHBIIUTCS MOYTH B JECITh MIJUIHAPAOB pa3 u OyAeT MEHbIIe,
YeM ThICSYHAs J10JIs CeKyHIBI.

Ha camom fnerne, Tak Kak 4aCcTb MOMEHTa KOJIMYECTBa ABMKECHUSI YHOCUTCS BHIOPOIIIEHHBIM BO BpEMS
BCIIBIIIKA CBEPXHOBOW BEIIECTBOM, HSKBATOPUANBbHAs CKOPOCTh BpalleHHs OOpa30BaBIICICS TpU STOU
KaracTpode HEUTPOHHOW 3Be3/IbI OyIeT HEMHOTO MEHBIIE, a TIEPUO]] BpallleHus UINHHEH, HO CyTh JieNia OT
3TOro0 He MEHSETCS: TOJNBKO YTO OOpa3oBaBlIasCs HEHTPOHHAs 3Be3/a JOJDKHA BpAIIaThCS C OTPOMHOU
CKOPOCTBIO.

Tenepsp oOpaTuM Hallle BHUMaHHE Ha NIpyroe oOCTOATeNbCeTBO. Kak yke ymoMuHAIoch B TUI. 2, Ha
3Be37aX MMEIOTCS MarHUTHBIE MMOJIA. JJOMyCTHM, 4TO Ha MOBEPXHOCTH 3BE3/bl, KOTOpas IOJIKHA BCIBIXHYTh
KaK CBEPXHOBAas, MarHUTHOE IOJIE HEBENUKO, ckaxeM ~ 100 O (310 Bce e Oomblie, YeM Ha MOBEPXHOCTH
Hamrero Comana). [Ipu katactpoduyeckoM CkaTHM 3Be3MbI JODKEH OCTAaThCS HEU3MEHHBIM IOTOK
MarHUTHBIX CUJIOBBIX JIMHUHN Yepe3 ee MOBEPXHOCTH, T. €.

HeR = const,

u ecnu paamyc R ymenemaercs B 100000 pa3, To marHuTHOe monie H o0si3aHO yBenuuuthes B 10
MHIJUIHAPIOB pas, JOCTHIHYB uymoBuiqHOro 3HaueHmss 10> D! UroGsl MOYyBCTBOBATH CHIy 3TOTO
MAarHUTHOIO IIOJIsI, IPUBEAEM Takoil mpuMep. ILIOoTHOCTH MarHUTHOW 3Hepruu W), cBs3aHa C BEIMYUHOMN
MarHUTHOTO TOJISL (POPMYJIIOi

Wy =H/8x.

Ipu H = 10 D W,,., Gyzner passo 4 * 107 spr/cm’. Bemnunna py = W)/c’, cornactHo mpUHIMIY
SKBHUBAJICHTHOCTH Macchl M HEPIMH, €CTh IUIOTHOCTh BEIIECTBA, COOTBETCTBYIOIIErO IJIOTHOCTH 3HEPIUU
Wy. OxasbiBaercs, 4to py ~ 50 r/cM’, Y4TO TIOTHEE BCEX M3BECTHBIX Ha 3emie BemiectB. ILIOTHOCTh ke
«OOBIYHOTO» BemecTBa B aTMoc(epe HEHTPOHHOM 3Be31bl HA MHOTO MOPAIKOB MeHbIIe. Takas cuTyarus
HUTJIE B KOCMOCE HE BCTpeYaeTcs.

Wrak, HeiTpoHHAs 3Be3/1a HE TOJIBKO OBICTPO BpamaeTcs, HO U CHIIbHEHIINM 00pa3oM HaMarHW4eHa,
MpUYeM ee MarHWTHasi OCh HE COBIANAeT ¢ OChI0 BpamieHus. OKa3pIBaeTCs, YTO MATHUTHAS OCh HEUTPOHHOU
3Be3bl KaK pa3 M SBISIETCS OChI0 TOTO KOHyca, B Mpeaesiax KOTOPOro HAIlpaBlIEHO Paguou3IydeHHe (CM.
puc. 25). OgHako UCTHHHAS NMPUYKMHA CTOJIb MOILTHOTO PagHOU3IYUYeHHs JaBHO YK€ OCTHIBIIEH U, Ka3aJloCh
OBI, MEpTBOH HEUTPOHHOH 3BE3IIbI TTOKA OCTACTCS HESICHOH, XOTS B Pa3HOTO POJa OCTPOYMHBEIX THITOTE3aX
HejocTaTKa HeT. HeCOMHEHHO TOJIBKO OJTHO: MEXaHH3M PaJHOU3IyUEHHs JOJDKEH OBITh KaKUM-TO 00pa3om
CBSI3aH C MAarHeTU3MOM M OBICTPBIM BpalllcHHEM HEWTPOHHBIX 3Be3ll. VIMEHHO BBICOKAs «aKTHBHOCTB)
HEUTPOHHBIX 3BE3]] OKa3alach COBEPUICHHO HEOXUIAAHHOM M Hempenckazyemoil. Toabko mo3ToMy
HEHTPOHHBIE 3Be3/1bI OBUIM OOHAPYKEHBI COBCEM HE TaM, I MX MCKAJH... DTO U JaeT HaM NPaBO Ha3bIBATh
oOHapyKeHHEe HEMTPOHHBIX 3B€3]l OJUIMHHBIM OTKPBITHEM.

Kak yxe roBopuioch BbIlIE, NMEPUOJ BPALIECHUSA MYJIbCAPOB — HEUTPOHHBIX 3BE3[l HEMPEPHIBHO
pacter. Tak Kak KWHETHYECKas SHEPTHs BpAIAIONIETocs Tejda OOpaTHO IPOMOPLIHOHATBHA KBajpaTy
MepuoAa, TO HAIWLO HENPEephIBHOE YMEHBIICHHE KHUHETHYECKON DSHEpPruu BpaLICHHUsS IyJIbCapoB,
00yCJIOBIEHHOE HUX TOpMOXKeHHeM. KakoBbl ke mpudyuHBl TOpMOkeHHA? [lo-BHOMMOMY, OCHOBHOI
MIPUYUHON TOPMOKEHHUS SIBJISETCS U3TYUYSHHS STUMH CHIIbHO HAMarHWYCHHBIMH BPAIIAIOIIUMHUCS 00bEKTaMHU
CBEPXJIMHHBIX 3JEKTPOMAarHUTHBIX BOJIH, YaCTOTa KOTOPBIX paBHAa 4YacTOTe BpalleHHs MyJiscapoB. Ecmim,
HampUMep, 3Ta 4acToTa paBHa | «oOpaTHOH cekyHIe» («repiy») (THIIMYHOE 3HAYCHUE IJISl MYJIHCApOB)
mHa BOTHEI OyneT 300000 kM. CyIiecTBYIOT U JpyTye MPUYUHBI TOPMOXKESHHS, HAIPUMEP BHIOpAChIBAHUE
W3 IyJIbCApOB CTPyH BelecTBa. [T OUYEHb MOJIOABIX IYJNbCAPOB, Y KOTOPBIX MEPUOJ BpaIlCHHs] MEHBIIE
OJIHOM COTOM CEeKyHIIbl, OCHOBHYIO DPOJIb B TOPMOXXEHHH MOXET HUIpaTh H3Iy4YeHHE TaK Ha3bIBA€MBIX
«TPaBUTALMOHHBIX BOJH» — TMPOILECC, SIBISIOMIMNACS CIEICTBHEM OOIIEH TEOpUH OTHOCHTEIBbHOCTH
OWHmTeHa. 3aMeTHM, OJHAKO, YTO TOKa eIle TPaBUTAIMOHHBIE BOJHBI MPSIMBIMH HAOIIOEHUSIMH HE
OOHapyXKEHbI, YTO OOBICHSETCS OrPOMHBIMH JKCIIEPHMEHTAIBHBIMUA TPYAHOCTSMH. ABTOp, OJHAKO, HE
OyzeT yIuBIIEH, €CIH MEePBBIM KOCMUYECKUM 00BEKTOM, OT KOTOpOro OynyT oOHapy>KeHBI TpaBUTALIIOHHbIC
BOJIHEI, OyeT Bee Ta ke KpaboBuiHas TYMaHHOCTh, BepHee, HaXoAsmuiicst Tam myabcap NP 0532.

O6 »>TOM 3aMedaTeNbHOM ITyJIbcape CTOMT eIle CKaszaTh mapy (pa3 OTACIBbHO. DTO — CaMbId
MOJIOJOH M ObICTpee BceX Bpallalolmmiics mynbcap. Ero mepuon pacteT (OTHOCHTENBHO) 3HAUYUTEIBHO
OBICTpee, YeM Yy APYTUX MyIbCapoB, YTO €CTECTBEHHO OOBSACHSETCS €ro «MOJIOAOCThIO». Ho, moxaiyii, ero
CaMbIM 3aMEUaTelIbHBIM CBOWCTBOM SIBJISETCS TO, YTO OH HAapsAy C PaJdOMMIIYJbCAMHU IIOCBUIAET K Ham
ONTUYECKHE W PEHTreHOBCKHE UMIyJbchl. Ha puc. 20 B nentpanbHoil yactn KpabGoBuIHONH TyMaHHOCTH
BUAHA ciabas 3Be3nouKka 16-i BeMMUMHBL. DTO M €CTh IyJbCap, KOTOPHIH M3My4aeT B ONTHYECKUX Jydax



KOPOTKHMH HUMITyJbcamMu ¢ mepuomoMm B 1/30 c. BwricHminocs 310 B Hagame 1969 1. cpasy xe mocie
OTKPBITHS TyJbcapa B KpaOoBuaHON TyMaHHOCTH. YKe JaBHO acTPOHOMBI ITOJIO3PEBANIM, YTO 3Ta ciadas
3BE3/I0YKa NOJDKHA OBITh KaK-TO CBs3aHAa CO «3BE3JHBIM» OCTAaTKOM Bcmblku CBepxHoBod 1054 1.,
puBeIIed K oOpasoanmio KpabGoBumHoit TymanHOCTH. Korma OBUT OTKPBIT «PaHoITyIbcapy», BOZHUKIIA
cMmenas Hjes: a He SBIEeTCS JM OOBEKT, KOTOPHIM Ha mpoTskeHnd nodytd 100 nmer BcemMu cuuTancs
OOBIKHOBEHHOW 3BE3J0YKOH, COBCEM HE TeM, 3a KOro ero mpuHuManu? I[IpoBepka 3TOro mpeanoioKeHHs
Obuta cremaHa ¢ OONBIIMM OCTPOYMHEM H TIpeAeNbHOW HAarIITHOCThIO. B Temeckom ObUT BCTaBlieH
BpAIAIONTHICS HEMPO3payHbIA MUCK, Ha Tepru(epruu KOTOPOTO OBLIO MPOCBEPICHO BOCEMb OTBEPCTHH,
MIpUYEM PACCTOSHUE MEXY OTBEPCTUSMH PAaBHSJIOCH MX AuamerpaM. Ecim mpencraButh cede, 4To BO BpeMs
AKCIO3UIINH KaKOW-HUOYAb 3BE3/IbI JUCK BPAIaeTCs, TO sl TIOTYYEeHUs HEraTUBa TaKOH K€ TUIOTHOCTH, YTO
u 0e3 AucKa, Hy>KHO SKCIIO3UIINIO IPUMEPHO YIBOUTE. Temnepsb npenctaBbTe cebde, uTo dororpadupyercs He
OGI)IKHOBGHHaSI 3B€3/1a, a HMHYHBCHLIﬁ HUCTOYHUK CBCTA, MPUYECM HMITYJIbCbl NEPUOANYCCKH IMOBTOPAIOTCA.
Torna, ecnu nepuop BpalleHUs AUCKa paBeH MEPHOAY MOBTOPSIEMOCTH CBETOBBIX HMIYJIbCOB OT UCTOYHHKA,
MOXKHO, MEHsAA (pa3y BpaIICHHUs UCKA, B OJHOM CIydae JOOWTHCS MOIHOTO «IOTAIlICHUs» MCTOYHUKA, a B
JpyroM — TIOJIHOCTBIO 0€3 MoTeph Ha TOTJIONIeHUE B JIMCKE, UCTONB30BaTh M3yYeHHE UCTOYHHKA. Takoe
YCTPOHCTBO CXOAHO C AETCKOW MTPYIIKOH, HA3bIBAEMOH «CTPOOOCKOI.

Puc, 26, Povorpiipis nyascipa MPOSAD, doavecHBan © oMo |.||:'|nﬁuu.'n.||1;'|

BOmusu 1eHTpambHON 3Be3moukd B KpaOoBHIHOW TyMaHHOCTH HAXOIWTCS Hpyras, BIIOJHE
3aypsaHas, HU4ero ooLiero ¢ TyMaHHOCTBIO HE UMEIolIas U CIy4ailHO Ha Hee IpoekTupyromasics. Ha puc.
26 mpuBeneHsl ¢Gororpaduu HeHTpalbHOW dacTh KpaOoBHIHOW TYMaHHOCTH, CHATHIE Yepe3 ONMHMCAHHBIN
BBITIIEC BPAIMAIOIMINNCS TUCK. J[MCK BpamaeTcss co cKOpocThio 30 000pOTOB B CEKYHAY, (ITO COOTBETCTBYET
nepuoay nyibcapa NP 0532) Ho ¢ pasHbiMu (pazamu. CHUMOK 3TOT MOPA3HMTEICH B CBOCH HATNISIHOCTH: B
OJHOM Clly4ae SIpKOCTb LEHTPAJILHON 3BE3JJ0YKH ropas3io OOJbIIe, YeM y «COCeIKn» (HOPMaJIbHOM 3Be31bl!),
a BO BTOPOM — IIEHTpaJIbHAs 3Be3/la COBCEM HE BHJHA. 3aMETHM, YTO Ha OOOWX CHHMKAax HOpMallbHas
3BC3/44a BBITJIAAUT OJUHAKOBO. OTH CHUMKH C ITOJTHOH OYCBHUJIHOCTBIO JEMOHCTPUPYIOT, YTO JaBHO M3BECTHAA
HeHTpajbHas «3Be3na» KpaboBuaHoit TymanHOCTH — 3TO mmynbscap. Ha puc. 27 npuBenena «kpusas Onecka
ATOTO MyJbCapa, MOIYYeHHAS! OOBIYHBIM (POTOIEKTPHIECKUM METOIOM.

OnTrueckoe wm3nmydeHne mynscapa NP 0532 mHm B koeMm ciydae He SBISIETCS TEIUIOBHIM — B
MPOTHBHOM clly4yae OH HHUKOraa Obl He HaOmrojancs. ABTOp 3TOW KHHUTH IMOKa3al, 4TO 3TO H3Iy4YeHHUE
SIBIIIETCS. CHHXPOTPOHHBIM, T. €. OOYCIIOBICHO PENSTHBHUCTCKHUMHU JJICKTPOHAMH, IBIKYIIUMHUCS B
MarHuTHOM TmoJie. V3mydaeT, KOHEeUHO, He TIOBEPXHOCTh HEHTPOHHOH 3BE3/IBL, a €€ «aTtMocdepay, BepHee —
«MarauTocgepay, pazmepsl KOTOPOH B COTHIO pa3 00JIbIle pa3MepoB HEUTPOHHOH 3BE3IBI.

Taxkum 00pa3zom, B ImyJbcapax UMEET MECTO YCKOPEHHUE 3apsHDKEHHBIX YaCTHIl JO OTPOMHBIX SHEPTHH.
[Toxoke Ha TO, YTO 3TW YACTHUIIBI MOMANAIOT U3 MarHUToc(hepsl mynbcapa B KpaOoBHIHYIO TYMaHHOCTh U
00ecrevnBalOT CBEUCHUE MOCTCTHEH.
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Puc. 27. «Kpusan 6necka» nynwcapa NPO5S32:

Mo>xHo ObII0 OBl €111e MHOTO TOBOPUTH O 3aMeuaTeIbHbIX CBOMCTBAX MyiascapoB. Hampumep, usyyas
MOJIAPU3ALMIO X PaJUOU3IIyUYEHHs], KaK OKa3bIBA€TCSA, MOXKHO OINPEIEIUTh HANPSKEHHOCTh MEK3BE3AHOTO
MarHUTHOTO MOJs. DTO, MOXKATyH, Jy4lIui U3 CYIIECTBYIOLIUX METOJOB OIpPEAENICHUsl 3TOM Ba)KHEUIIEH
XapaKTEPUCTUKN MEX3BE3OHOM cpenbl. Clo)kHEHIIe BOMPOCHl CTaBsT IIyJIbCapbl U MEpe] TEOPETHKAMHU.
Tak, BHyTpeHHHE CJIOH ITyJIbCapa JOJKHBI HAXOIUTHCS B CBEPXIPOBOAIIEM U B CBEPXTEKYUYEM COCTOSHHH.
Jnst IBYX caMbIX MOJIOJBIX MyJbCapoB, HAXOJIIIMXCS B 000JI0YKAaX CBEPXHOBBIX, HAOMIOAATINCH BHE3AITHBIE
«cbou» B MEPHOAAX, YTO HEM30EKHO JOJDKHO OBITH CBS3aHO C U3MEHEHHEM IIEepHOoJa BpalLIeHUs. JTH TaK
Ha3bIBAEMBIE «3BE30TPIICEHUSY, T0-BUAUMOMY, CBA3aHbI C KAKOW-TO NEPECTPOUKON BHYTPEHHEN CTPYKTYPbI
mynecapoB. VX mpupona, kak M MHOTroe Apyroe, Kacarolleecs IIyJbCcapoB, MOKa Heus3BecTHa. Ilouemy,
HalpuMep, ONTUYECKHE KBAHTBI M3Iy4aeT TOJNbKO caMblii Mojonoil mynbcap NP 0532, naxopsmuiics B
«Kpabe»? Iloxoxe Ha TO, 4TO I'€HEpaLMsl 3apsDKEHHBIX YaCTHI[ CBEPXBBICOKUX SHEPTUil NOJDKHA OBICTPO
3aTyxaTh cO BpeMeHeM, HO modemy? B ri. 8 Mbpl HEMHOTO KOCHEMCS €Ille OJJHOTO WHTEPECHOTO acleKTa,
CBSI3aHHOTO ¢ IyJibcapoM B KpaGoBunHoi TymanHoctu. O IpyroM HeJaBHO HOSBUBIIEMCSI METOJE U3YyUEHHS
HEUTPOHHBIX 3Be3]] pedb OymeT Takke WATH B TJI. 8. A Temepp MBI mepeineM K Ipyroi, HE MeHee
BOJIHYIOIIIEH TIpobieme.

Eme B KxoHIE TpuALATHIX roJoB Oblla JAOKa3aHa TeOpeMa, COTIACHO KOTOPOW NaBlieHHWE ra3a B
HeZIpax 3BE3/bl, JIMIIEHHOH HWCTOYHUKOB SHEPTUHU (HampuMep, BHYTPU HEHTPOHHON 3Be3Abl), HE MOXKET
YPaBHOBECUTH TPaBUTAIIMOHHOE NMPHUTSDKEHUE HAPYKHBIX CIIOEB 3BE3/IbI, €CIIM Macca MOCIeAHEN MPEeBhIIIaeT
HEKOTOPBIN Mpeaen. DTOT NpeAes He TaK YK BEJIMK U TOJIbKO HEMHOTUM MpPEBBIIAET 2,5 COMHEYHON Macchl.

Ho Benp macca mepBoHauasibHO oOpa3oBaBiueiics M3 0o0Jaka MEXK3BE3AHOTO rasa MPOTO3BE3IBI
MOJKET 3HAYMTENbHO IPEBOCXOAUTH 3TOT mpenen. Yro xe Oyner toraa? [lo mocieqHero BpeMEHH HESIBHO
MIPUHUMAJIOCh, YTO 3Be37a B CTAJMHM KPACHOTO THMraHTa «cOpachIBaeT» H3IHUIIEK MAacChl T€M WM WHBIM
cocobom (cM. 1. 4). Ho Benp 3T0 coBepuieHHO HeoOs3aTenbHO! 3Be3Aa HE KUBOE CYIISCTBO, M [IOITOMY
OHa HE MOKET TOYHO «IIOMHHUTHY», CKOJIbKO K€ MMEHHO el Hazno cOpocuTh c ceOsi BellecTBa, 4TOOBI HE
TMIOTIACTh B «HEMPHUATHOE MOJIOKEHHUE. ..

A TIOJNIOKEHHE TAaKOW 3BE3bl, BHIpa)Kasich 0Opa3HO, MbI BIIOJIHE MOXKEM Ha3BaThb He3aBHIHBIM. Tak
KaK Iepenag ra3oBOro JaBJICHUS YK€ HE MOXET INPOTUBOACHUCTBOBATH CHUJIE TNPUTSHKEHUS, HACTYIHT
KaracTpoda: 3Be3/la HAaYHET C OIPOMHOM CKOPOCTBIO CKHUMAThCS, OJHOBPEMEHHO YIJIOTHAACh. OHa Oyner
Kak Obl pa3zaBieHa COOCTBEHHBIM BECOM. 3a KaKMX-HUOYAb HECKOJBKO CEKYHJ] 3B€3/]a MOXKET MPEBPATHTHCS
B CBEPXIJIOTHYIO «TOUYKY». OJTO SBIEHHE, KOTOPOE YK€ NaBHO 3aHMMAaeT yMbl TCOPETHKOB, IMOJIYYHIIO
Ha3BaHME «IPABUTALUOHHBIN KOJIAIICY.

Ho coxmercs mu «kosutancupyomas» 3Be3/ia 10 To4edHbIX pa3mepoB? To, uro OyneT HamucaHo
HW)KE, HEMOATOTOBJICHHOMY YHTATENI0 MOXET TIOKazaTbcad (aHTacTukoil. M TeM He MeHee 3TO
aKTyalbHEHIIast, CTpOro Hay4Has 3aJada COBpeMEeHHOM (pu3uku u actpopusuku. Mrak, 3s8e3na OyneTr O5ICTpo
C)KMMaThCsl, IpUYeM ee Macca OyJeT ocTaBaThcsl HEM3MEHHOH. OueBHAHO, YTO MPU 3TOM TaK Ha3bIBaeMas
«mapabonuyeckas, UK, Kak MHOTHE TOBOPSAT B MOCTEIHIE TOJIbI, «BTOPasi KOCMHYECKas», CKOPOCTh OyneT

HETPEPBIBHO PACTHU IO 3aKOHY,
—1/2
Viap OCF

rae » — paamyc 3Be3nbl. Jlns moBepxHocTr CoHITa mapabdoandeckas CKopocTh mpuMepHo 700 xkm/c.
Eciu 651 mHame CoiHIlE CKajJoch 0 TaKHX Pa3MepoB, YTO €T0 PAJANYC CTal PaBHBIM 3 KM (TP 3TOM €ro
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CpeHsIs IOTHOCTH Gbita 661 0kono 10'® r/ecm’, uto B 10 pa3 mpeBbIMAET MIOTHOCTh ATOMHOTO SIAPA), TO
napabosryueckas CKOpPOCTh cTaja Obl paBHOW CKOpPOCTH cBeTa c. BoT TyT-To W HaumHaoTca uyzpecal
BerynaroT B neficTBre 3aKOHBI O0IIEi TECOPUM OTHOCHTEIBHOCTH, MPUYEM B CHIIbHEHIIIeH creneHu. [Ipexne
BCEro, B 0OY€Hb CHJILHOM I'PaBUTAIIMIOHHOM II0JIe, KaK U3BECTHO, TEUeHNE BpeMeHHU 3ameuiercs. [loaTomy Te
HECKOJIbKO CEKYHJI, KOTOpbIe TPeOYIOTCS i KaTacTpo(UYEeCKOro Craaa 3Be3/bl B TOYKY, OTCUHMTAN ObI
BOOOpakacMblii HAONIONATENb, HAXOJAIIMNACA HAa COKUMAIONICHCS 3Be3ne. MexIy TeM MpH TOIXOAe K
YIOMSHYTOMY BBIILIE KPUTHYECKOMY PAaIHyCy, ISl KOTOPOro Vi, = ¢ (3TOT paauyc, NpONOpPLHOHAIbHbIH
Macce Tela, Ha3bIBAeTCs «IIBApIIIMIBIOBCKHUMY»), BpeMs IO YacaM «3€MHOTO HaOmogatens» Oyner
MpPOTEeKaTh BCE MEIJICHHEE W MEJUICHHEEC W, HAaKOHEIl, OCTAHOBHUTCS, KOTJAa 3BE3/Ia COXKMETCS JO ITOTO
KPUTHUYECKOTO pajinyca.

ITosicHUM 2TO Ba)kHOE OOCTOSITENHCTBO CIEMYIONIMM TpuMepoM. BoobOpasum cebe acTpoHaBTa,
KOTOPBIN JIETUT B IIyOMHAX ['amakTWKu Ha 3Be30JIeTe. YJeTas B KOCMOC, OH 00s3aJCs KaKIYI0 CEKYHIY
MOCBUIATh Ha 3EMIII0 PaJMOCUTHAN, KOTOPHIA MPUHUMAIOT €ro OCTaBIIMECs Ipy3bs. Temepb mpeiactaBuM
ceOe, 9TO OH TIOJUIETAeT K 3aTepsBIICHCS B MPOCTOpax ['aJakTHKU «cIaBIIeCs» 3Be3/e, paanyCc KOTOPOH
paBeH KPUTHYECKOMY MIBAPIIIHIBIOBCKOMY paauycy. OH yke COBCeM OJIM30K K ATOMY Ty, M 3€MHBIC
HaOJIIOJIATeNU C YIUBJICHUEM U CTPaXOM 3aMEYar0T, YTO PAJUOCUTHAIBI CICAYIOT OJMH 3a IPYTHM HE Yepe3
CEKyHIly, a pexke. BoT yke Mexay HUMH MPOXOIIT MHUHYTHI, 3aTE€M 4Yachl, TOJbI, Beka. HakoHel, cCUTHaIBI
MIEPECTaIOT MOCTYNaTh COBCEM... A MEXIy TeM acTPOHABT IO CBOMM YacaM aKKypaTHO, KQXKIYI0 CEKYHIY
TIOCBIIAT CUTHAIHI !

W3 sToro mpumepa, B YaCTHOCTH, CIIEAYET, YTO TMOCTOPOHHUH (Hampumep, 3eMHOH) HaOIOIaTENh
HUKOTJa HE YBUAWT, YTO COKUMAIOIIEECS TENIO0 TOCTUTIIO CBOETo IIBAPIIIIMIBIOBCKOTO paamyca. M3 Takoro
Tena BOOOINE HE MOTYT BBIXOAWTh HU HM3JIy4YCHHE, HM Kakue-Tu00 dactuilpbl. OHO B3aMMOJICUCTBYET C
OKpPY)KAIOIUM MHPOM TOJBKO Yepe3 TpaBUTAIlMOHHOE mpuTskeHue. OdeHb oOpasHo akamemuk . b.
3enb0BHY Ha3bIBAJl TAKYHO «CKOJUIATICUPOBABIIYIOCS» 3BE3]ly «TPAaBHTAIMOHHOW MOTHIIOW». B mocnemnue
TOJIBI TaKHE OOBEKTHI MOYIHIIN HE MeHee 00pa3Hoe Ha3BaHNE — «UEPHBIE IBIPHD».

JKvBas Hayka gaer, Kak Mbl BUJMM, CEOKETHI [T (PAHTACTHYCCKUX POMAHOB, C KOTOPHIMU HE MOXKET
CPaBHAThCS caMmasi TbUTKasg (aHTa3usg poMaHHCTa. Hampumep, mpeciIoByTas <OKele3Has 3Be3[a» WH3
«Tymannoctn Aaapomens» M. A. EdbpemMoBa BEIMISANT BeChMa HAMBHO PSAIOM C BIIOJHE peabHOM 3BE3/I0H,
OKa3aBILEHCS B «TPaBUTALIMOHHON MOTHIIEY.

HHTepecHy10 aHANIOTHI0 MOXKHO IMPOBECTH MEXIY MEPEXOAOM OT >KM3HU K CMEPTH JUIsl Ka)J0Tro
WHANBHIyyMa W TIPOXOXKICHHEM KaKOTO-THO0 o00beKkTa depe3 MIBApIIIAIBIOBCKAN paanyC BHYTPb
HEKOTOPOH uepHO# AbIpbl. [10100HO TOMY, Kak C TOYKHM 3pPCHHs BHEIIHEro HaOIIOJaTeNs MOCcieIHee
COOBITHE HUKOTJa HE MPOM3O0UJCT, C TOYKH 3PCHUS WHIVBHUIAYYMa, BEPHEE CKa3aTh, €ro «s1», COOCTBEHHAs
CMepTh HENpeJCTaBUMa W B 3TOM CMBICJIE TOXE HHKOT/a He npousoiaer. CieayeT OTMETHTh, YTO B ITOH
AHAJIOTWH TIOHITHS «BHYTPEHHUID M «BHEITHHIT» KaK OBl MEHSAIOTCA MecTaMHu. Eciii B «acTpOHOMHYECKOM)»
CIlydyae MHpP C €ro MpOCTPaHCTBEHHO-BPEMEHHBIMH COOTHOIICHUSMH OIPEICISCTCS BHE OKPYIKAIOIIUX
YepHBIE JBIPHI MIBAPIIIHIBIOBCKAX c(hep, TO B «ICHXOONOIOTHYECKOM) pPealbHOe CO3HAHWE WHINBUIYYMa
HaxOJUTCS BHYTPH HETo, OyIAydd Hepa3phIBHO CBS3aHHBIM C €ro «i». ABTOp ObUT OBl paj, ecim Obl
¢dunocodri-npodeccuoHa bl pa3sBUIN 3TY aHAJIOTHIO C MO3UIMNA TUATCKTHKO-MATePHATUCTHUECKOTO YUCHHUS
0 €JMHCTBE MPOTUBONOJIOKHOCTEH. MOXKET OBITh, 3TO MPOSCHUIO OBl HEKOTOPHIC JIO CHX MOP HEPEUICHHBIC
MpOoOJIEMBbI B3aUMOOTHOIICHUSI WHAVBUAYYMa W OKPYXKAIOIIETO MHpPA, YaCThI0 KOTOPOTO OH SIBISIETCS. A
MOKa KaK HE BCIIOMHUTH CTUXH CEeNbBUHCKOTO, HAITMCAHHBIC JIET TPUIIATh HA3all, B KOTOPHIX Pa3BUBACTCS
Onu3Kas unes:

«... IlomymaiiTe: Kak 3T0 XOpoUIo...

Hawm Tonbsko xuts! Hurne n aukorna

MBI HE YBHIIUM COOCTBEHHOTO TPYIIA.

Mpg1 ymupaeMm TOIBKO AJISL JPYTHX,

HO I ce0st MBI YMEPETh HE MOXKEM —...»

[Toka emie geTanbHas TEOpUs T'PaBUTALMOHHOTO KOJUIAarca 3BE3/bl HE CO3/1aHa. JTa TEOPHs TOJDKHA
YYHUTHIBATh U TaKWe BakHbIE (DaKTOPHI, KaK, HAPUMEpP, BPAIleHHE 3BE3/bl U HAIWYNE Ha HEH MarHUTHOTO
moJsl. JTO OuYeHb TPyIHAs 3a/ada, HO y)Ke ceidac, HallpuMep, SCHO, YTO BPaIeHHEe 3BE3/Ibl BOKPYT CBOEH
OCH TpPU HEKOTOPBIX YCJIOBHUSX MOXKET MNpeAyNpeAuTh KOJJIANC CHKUMaromieics 3Be3anl. [lo mpuumHe
COXpaHEHHUS BpaIlaTeJIbHOTO MOMEHTa JKBaTOpHajbHAas CKOPOCTh OyIeT OBICTPO pPacTH, a 3TO MOXKET
MIPUBECTH K CIUTIOMIMBAHAIO CKUMATOIIEHCS 3Be3/IbI U Pa3phIBY ee (M3-3a AeUCTBUS MEHTPOOSKHOH CHIIBI) Ha
OTHIENbHBIC KYCKH JO TOTO, KaK OHA JOCTUTHET IIBapUIIUIBIOBCKOTO paamyca. [lodToMy IOCTHTHYTH
KPUTUYECKUX Pa3MEPOB CHKUMAIOIIASCS 3BE3/a MOXKET TOJBKO B TOM CJIydyae, €ClU €€ IepBOHadaIbHas



BpalaTenbHas CKOPOCTh ObLIa MaJIOH.

B npuHOuIE IpaBUTALMOHHBIM KOJUIAIC MOXET IPOU30HTH HE TOJIBKO CO 3BE3J0M OCTATOYHO
0O0JIBIIION MACCHI, HO U C TAJTAKTUYeCKUMU sifpaMu. OO0 3TOM pedb OyJeT UATH B CIEIYOIICH TiIaBe.

Takum oOpaszom, (hMHATBHAS CTaAWs YBOJIIONNH 3BE3/I, KOTOPAasi HACTYIIAET MOCTE «BBITOPAHUM) B FIX
HCHTPAJIBHBIX o0JacTax AACPHOro ropro4ero, CymeCTBCHHbIM 06pa30M 3aBUCUT OT UX MACCHI. O)Z[HaKO npu
3TOM HEOOXOJUMO YYHTHIBATH HEM30EKHYIO MOTEPI0 MACChl B IPOIIECCE IBOJIOLUHU, a TaKKe BpAIICHUC
3BE3I.

Ecnu mMacca 3Be311bI MEHBIIIE HEKOTOPOTO MPEAeTFHOTO 3HAYEHHUS (KOTOpOe HEMHOTO OOJIbIIIEe MaCcCHI
CoJiHIla), KOHEYHBIM 3TallOM 3BOJIIOIMK OyJeT oOpa3oBaHHME OCNBIX KapJIMKOB, MPEBPAIIAIONIUXCS MOCIIE
OCTHIBaHHSA B «4€pHBIE KapiuKu». B eHCTBUTEIHHOCTH, OJJHAKO, B O€IIble KapJIMKA MOTYT IIPEBPATUTHCS U
3Be3/bl CO 3HAYUTEIHLHONM Maccod. XOpOoUIMM MPUMEpPOM CKa3aHHOMY SIBIISIE€TCS 3HAMEHUTBHIM CIYyTHHUK
Cupuyca — HCTOpUYECKH MEPBBII OTKPBITHIN Oenblif kapauk. Tak kak cam CupHyc INpencTaBiseT coboi
JIOBOJIBHO MAaCCUBHYKO 3BE3/y CIICKTPAJLHOTO Kjacca A, TO €ro CIYTHUK, KOTOPBIA YCIEN CHIBHO
TIPOABOJIIOIMOHUPOBATh, PEBPATHBIIUCH B OCINBIA KapiHK, TOJDKeH ObLT BHavalle 00iafaTh elle OOJbliei
Maccoil, Mo kpaiiHel Mepe B TpHU pasa mpesbimatonieid Mmaccy Conaia. 6o Bpems npeObIBaHMs Ha TIaBHOM
MOCIIEIOBATEIILHOCTH TEM KOpoue, YeM Oolibilie Macca 3Be3bl (cM. Tabi. 2). Tak kak Macca OeJloro Kapinka
— cmnytauka Cupuyca — paBHa 0,9 CONHEYHOH, 3TO MOXET O3HAuaTh TOJBKO OJHO: TPEXAe YeM
MIPEBPATUTHCS B OEITBIH KapiuK, ciyTHUK CHpHyca oTeps 1mo KpaiiHeit mepe 70% cBoeit Macchl.

Ecnu mepBoHawanmbHas Macca 3BE3[Ibl HAXOAWIach B Tmpenenax 1,2—2.5 COTHEYHOW MAcCCHI,
«UUCTas» TeOopUs YTBEPKIAeT, YTO KOHEUHBIM pEe3yJbTaTOM OHBOJIOLNWU [OJDKHO OBITh 0OOpa3oBaHUE
HeUTpoHHOM 3Be3ibl. U 31ech, 0JlHaKo, Kak, BIIPOUEM, U BCEr/a, peajbHas JEUCTBUTEIBHOCTh OKa3alach
ooraue «4UCTOM» TCOPUH. OI[I/IH N3 [OBYX IIYJbCapoOB, OTOXACCTBIACMBIX C OCTAaTKaMW BCIIBIIICK
CBEPXHOBBIX, HECCOMHEHHO 00pa30Balia MMOCIIe BCIBIIKH CBEpXHOBOH Il THma. DTo BUAHO MO TYMaHHOCTH, C
KOTOpOW OH OTOXIecTBisieTcs. Ho 3Be3bl, BCIBIXMBAIOIIME Kak CBepXHOBBIe Il Tuma, mMmeror Mmaccy,
3HAYUTEIHHO MPEBHITIAOITYI0 2,5 conHeunoi! Kak ke OpITh? [loXoe Ha TO, UTO 3/IECh PEIIAOIIYI0 POJTh
urpaer OBICTPOE BpaICHHE BCIBIXHYBIICH 3Be3abl. [0 ATOM NpUYMHE TpH KaTaCTPOPHUUECKOM CHATHUU
TONILKO CaMble BHYTpPeHHHE 00JacTW 3Be3/bl, JIMHEHHAs CKOPOCTh BPAIEHHs KOTOPHIX HE3HAYHTENIbHA,
MIPEBPATIIINCh B HEUTPOHHYIO 3BE3/1y, MEXKIY TeM KaKk OCHOBHAs Macca, B KOHIIE KOHIIOB, OblJIa BEIOpOIIIeHa
B MEX3BE3JHOE ITPOCTPAHCTRO.

Hy, a kak ObITh ¢ (PUHANTBHON CTaUCH IBONIOIMYA MACCUBHBIX 3Be311? MOTYT JIM OHH JICHCTBUTEIBHO
MIPEBPATUTHCS B YepHBIE NBIPBI? Tak U YK 00s3aTeTbHO 00pa3oBaHUe HEHTPOHHBIX 3BE3 ITOCIE B3PHIBOB?
BCI[I) IIpyu TpaBUTAIIMOHHOM KOJIJIAIICE BBIACIIACTCA OrpOMHAasd SHEPrusA, KOTOpas BIIOJIHE MOXKET OLITH
M3pacxo/ioBaHa Ha BhIOpACHIBAaHKME BEIISCTBA C OONBIION CKOPOCTBhIO M Ha ero HarpeB? J[pyrumu cioBamu,
MOTYT JIH B PE3yJbTAaTe BCIBIINIKA CBEPXHOBBIX B HEKOTOPHIX CIydasX OOPa30BHIBATHCS YEPHBIE IBIPHI?
OO01mee KOMMYECTBO MYJIHCAPOB B HAIIeH | amakThKe TaKOBO, YTO TMO3BOJISIET CIENATh BBIBOM, YTO MOYTH BCE
BCIIBIIIKYA CBEPXHOBBIX MPUBOAT K 00Pa30BaHUIO HEUTPOHHBIX 3Be3/. TOra BOZHUKAET BOMPOC: a KaK BCe-
Taku OBITH C YepHBIMU AbIpaMu? I e ux uckarp?

benvie xapnukn ObuM OOHApPY>KEHBI aCTPOHOMAaMH CBBINIE TIOJTyBeKa Hazaj. HeHTpoHHBIE 3BE3IbI
(mynbcapsl) ObuTH 0OHapyskeHbl okoJio 20 et Hazaa. Ha ouepean — mocienHsas U, MOXKET ObITh, BaKHeHIIas
po0JieMa 3aKITIOYUTEIBHON CTaIuH 3BE3THON IBOJIOIMU — OOHApYKEHHUE YepHBIX AbIp. [Toxoxe Ha To, 4TO
YepHBIe ABIPHI (110 KpaliHel Mepe oHa) y)Ke 0OHApYKEHBI (CM. Jajblie, TJ1. 8).

MsI Teneph nepeiieM K COBEPIIEHHO APYTrOMYy BOINpPOCY: MOXeT Ju Hamle CoNHIle BCIBIXHYTh Kak
cBepxHOBas 3Be3fa? Pasymeercs, uis mpoOiieMbl NANbHEUIIETO Pa3BUTHS KU3HH Ha 3€MJIe 3TOT BOIPOC
MMeeT OuYeHb CePbe3HOEe 3HAUeHHE: BEe/Ib TaKas BCIBIIIKA WCIAPHUT BCE TUIAHETH 3eMHOU rpymmbl. Kak ke
OTBEYAeT Ha 3TOT BOIPOC coBpeMeHHas acTpodmsuka? Ilpexne Bcero. ConHIle HE MOXKET BCIBIXHYTH KaK
CBEpXHOBasd II Tuma: IJId 9TOro 'y HEC CIIMIIIKOM Majla Macca. Peur moxeT UIATHU TOJIBKO O BCIIBIIIKE COJIHHa
Kak cBepxHOBOH | Tuma. OmHako u 3Ta y4yacte He rpo3uT ComHily. HagexHble pacueThl MOKa3bIBaKOT, YTO
JUTS TAaKOTO B3pbIBa Macca CoJTHIIa HEIOCTaTOYHA.

Bcenblky cBEpXHOBBIX — JIOBOJIBHO peakoe spieHue. Ho ['anakTuka cyiiecTByeT Tak JI0Jro, 4To 3a
BpEMs €e ABOJIIOLUY MOTOOHBIX BCIBIIIEK OBUIO JOCTATOYHO MHOTO. BO3HMKAaeT MHTEPECHBIN BOMPOC: ObLIN
JI1 B TEYCHHE T€OJIOTUIECKON MCTOPUU 3eMIIM TaKUe SIOXH, KOT/la CBEPXHOBAs BCIBIXMBAJA CPAaBHUTEIHHO
ONTM3KO, HAIPUMeEP Ha PACCTOSIHUN OJIMKAWITNX K HaM 3Be3x? J[pyruMu cioBamu, KakoBa BEPOSTHOCTH TOTO,
4TO 0J1HA U3 Onmkaimux kK COJHITY 3Be3/] BCIIBIXHET Kak cBepXHOBasi? UTOOBI OTBETUTH HA 3TOT BOIPOC, MbI
ceifuac mpojienaeM HECIIOKHBINA pacyer.

[Ipumem, uro ogHa cBepxHoBas Il Tua BembixuBaet rae-HuOymb B ['anaktuke oawH pa3 B 100 mier.
Kak ye TOBOpMIIOCH, CBEPXHOBBIC 3TOT0 THIA BCIBIXMBAIOT B JIOBOJBHO TOHKOM CJIO€ OKOJIO
TaJIAKTUYECKON TUIOCKOCTH. TOJIIIMHA TaKoro CJOs HE MpeBbIIaeT coTHU mapcek. C Apyrod CTOPOHBI,



rajakTuaeckas opoura CojHIa IETMKOM HaXOAUTCs (M B MPOIIIOM HAXOAWIACH) B MPEIENIax TOTO CIIOS.
Beenem B paccMmorpenue chepuueckyro o0aacTh paauyca R, okpykatomryto Comnie. OTHomEHHE 00beMa
3TOM 001acTH K 00BEMY BCEr0 TallakKTUYECKOTO MPOCTPAHCTBA, TNIE BCIBIXMBAIOT CBEpXHOBBIC Il THma,
COCTaBUT:

4/3 « R’ : md,

IJie ¥ — pajnyC TaJaKTHYECKOTO JKCKa, B IMpeleinax KOTOPOTO MPOUMCXOJAT BCIBINIKUA, d - €ro
TOJIIIMHA. DTO OTHOIIEHHE 00BEMOB TIPEACTABISAET COOON BEPOSITHOCTh TOTO, YTO MPH CITyYalHOW BCIIBIIIKE
OJTHO¥ cBepxHOBOH COIHIIE OKaKETCS OT Hee Ha pacCTOSHUHM, MEHBIIEM R, IpUYeM R TOJDKHO OBITH MEHBIIIE
d.

Ecim otHa BeTbITIKa CBEpXHOBOM MTPOUCXOIUT B CpeAHEM 3a 7 JIET, TO CIEAYET OXKHUAATH «OIU3KYIO»
BCITBIIIIKY OJMH pa3 B TE€UEHHE MTPOMEKYTKa BPEMEHHU:

t=3/4+rFdR’ T

ITomarast » = 10 TeICc. K, d = 100 K, R = 10 nx u T = 100 ner, HaiigeM, 4to #; = 750 MIIH. JIET.
Bpemst ¢; MOxeT OBITh U B HECKOJBKO Pa3 MEHBIIE, €CIH YYEeCTh, YTO 3HAYMTENbHAS YacTh TallaKTHYeCKOU
opoutbl CoOJHIIA HAXOAWUTCS B Mpeneiax CIUPAIbHBIX BETBEH, TINe NPEHUMYIICCTBEHHO BCIBIXUBAIOT
ceepxHoBble [l Tuma. [lpomenaHHBI TONBKO YTO pacyeT IMOKAa3bIBAaET, YTO 3a BCIO HCTOPHIO 3EMIIH,
HACYHTHIBAIOIIYIO OKOJO 5 MipJ. jer, ColHIle HECKOIBKO pa3 HaXOIWIOoCh Oirpke, ueM Ha pacctosaun 10
TIK, OT BCIBIXHYBIIIEH CBEPXHOBOM. UTO ke Tipu 3TOM npou3oiaer? Ecimu ObI B Takue 3MOXU Ha 3eMIIe KN
pa3yMHbIe CyIIECTBA, OHM TPEXKJIe BCEro yBHUAEIM Obl Ha HeOe HEOOBIKHOBEHHO SPKyIO 3Be3dy. [loTok
M3ITydeHus OT Hee ObUT OBl B MHJUTHOHBI pa3 Oosblie, ueM oT Cupuyca — caMoid spKoit u3 3Be3a. Bee xe oH
0511 OB1 B 10 THIC. pa3 MeHbIIe, 4eM MOTOK n3mydeHus ot ConHia. TeM He MeHee OCBEIIeHHOCTh, CO3/IaHHas
TaKoW 3Be3/10i HOUBIO, OblIa ObI B COTHIO pa3 Oouibllie, 4eM OT MoJHOH JIyHBI, u 9Ta 3Be3aa sSpKo ocBelana
Obl HOYHOU JIaHAMA(DT HAICH IJTAHETHI.

Crnenmyer, 0JJHaKO, 3aMETHTh, YTO TIOTOK M3IyUEHHs OT BCIBIXHYBIIEH 3BE3/bI B yIbTPa(UOIECTOBOR
00J1acTH CITEKTpa B ACCATKU pa3 MPEBOCXOINI OBI COTHEUHBINH. DTO BBHI3BAIO OBl 3HAYNTEIIHHYIO HOHHU3AITHIO
BEPXHHUX CJIOCB 36MHOI aTMOC(Ephl, OJTHAKO HE MPHUBENIO ObI K KaTaCTPOUIESCKUM IOCIeACTBUsAM. J[eno B
TOM, 4YTO BCS yIbTpaduoieTroBas paauanus CBEPXHOBOW ObUTa OBl TOJHOCTBIO IOTJIONIEHA 3E€MHOU
atMocdepoil U 10 TOBEpXHOCTH 3eMiTH He momnia Obl. Takas HEOOBIKHOBEHHOM SPKOCTH 3Be3da ropesa Obl
Ha He0Oe HECKOJIbKO MECSIIEB, MOCTENeHHO yracas. Bokpyr 3Be3bl 00pa3oBanach Obl TYMaHHOCTb, KOTOpas,
pacimpsisich, CO CKOPOCTBIO HECKOJIBKO THICSY KHJIOMETPOB B 1 CEK., 3axBaTHiia ObI Yepe3 HECKOIBKO COT JIET
3HAYMTENbHYI0 4YacTh Heba. HouHoe HeOO cBeTWioch OBl B JIMHUSAX CHEKTPA, XapaKTePHBIX IS TaKHX
TyMaHHOCTeH. Bripodem, 3To cBeueHme ObUIO OBl IOBOJBHO CINAa0BIM, €1Ba BUAWMBIM HEBOOPYKEHHBIM
riazoM. Yepes3 THICAYENETHS CKOPOCTh PACIIMPEHHS TYMaHHOCTH 3HAYMTEIBHO 3aMeUIniach OBl W3-3a
MTOCTETIEHHOTO TOPMOKEHHS €€ MEX3Be3/HOU cpenoii. COMTHEYHOH CHCTEMBI PaCIIUPSIONMIASACS TYMaHHOCTh
nocturia O0b1 mpuMepHO uepe3 10 Teic. met. Ilocie 3Toro B TedeHHWE HECKONBKHX MECATKOB TBHICSY JIET
CoyiHIIE M OKpYJKalOIIMe €ro IUIAHEThl HAXOIWJIHUCh Obl BHYTPU TYMAHHOCTHM — OCTATKa BCIIBIIIKH
cBepxHOBOM. O/IHA U3 TaKUX TyMaHHOCTEW B co3Be3AuH biu3HenoB noka3zana Ha puc. 21.

Kaxmne moxxHO 0XHAaTh 3QGEeKTH MpH «HorpykeHnm» COTHEYHOW CHCTEMbI Ha CTOJb JIUTEIHHOE
BpeMsl B «PaJlMOTYMaHHOCTh» — OCTATOK BCIIBINIKUA CBEpXHOBOU? [Ipexme Bcero, INIOTHOCTh MEPBUYHBIX
KOCMHUYECKHUX JIydell B OKPECTHOCTSAX 3eMJIM YBEIMYUTCS BO MHOTO JICCATKOB pa3, TaK Kak
«paIMOTYMaHHOCTH» «HAYMHEHBI» CBEPXIHEPIMYHBIMK dYacThlaMu. KocMmuueckue iy4dn B TIpenenax
PaaMOTYMaHHOCTH PaclpeieCHbI JOBOJIBHO HEPABHOMEPHO M B OT/CIIbHBIC TIEPUOIBI, IJISIINACCS CTOJICTHS,
IUIOTHOCTh KOCMHYECKUX JIY4eH B COTHHU pa3 OyJeT MPEBOCXOIUTH COBPEMEHHYIO.

K xakuM ke TOCIENCTBUSM MOXKET MPUBECTH CYIIECTBEHHOE YBEIUYCHHE IJIOTHOCTH MEPBUYHBIX
KOCMHUYECKHX ITydei, Iuisiieecs AeCATKH ThICAY JeT? be3ycnoBHO, Takoe M3MEHEHHEe OKPYIKAIOIIIX 3eMHOU
map ycJloBUHM JTOMKHO MMETh Cephe3Hble OHMOJIOTHYECKHe (TO4YHee, TeHeTHYEeCKHe) MOCIEICTBUS U psijia
BH/JIOB J)KMBOTHBIX M PACTCHUN, HACEIAIONINX HaNly IuTaHeTy. Kak n3BeCTHO, SBOIIIOLIUS BUJIOB PETYIHPYETCS
€CTECTBEHHBIM OTOOPOM O] BIUSHUEM Pa3INIHbIX (PH3MUECKUX YCIOBHN OKpyXxaromei cpensl. OmHaKo 10
CHX ITOp MPH aHAIKM3E TAKOW DBOJIIOIUU COBEPIICHHO HE YUNUTHIBAINCH BO3MOKHBIC H3MEHEHUS CO BPEeMEHEM
YPOBHS KECTKOW paauanuu. MexIy TeM €CTECTBEHHBIH ypOBEHb PAaJUOAKTUBHOCTH B MPHU3EMHOM CJIOC
BO3/[yXa W B BOJIE SIBIISICTCS OIHOW M3 MPHUYMH TaK HAa3bIBAEMBIX «CIIOHTAHHBIX MYTAIlHii» — BHE3AITHBIX,
CKaYKO0OOpa3HBIX M3MEHEHHWH Pa3IHMYHBIX OMOJOTHYECKHX XapaKTEPUCTHUK JAHHOTO BUIA, MEPEHaroIInXcCs
3aTeM I10 HACJIEJCTBY. Y BEJIMUCHUE YACTOTHl TAKMX MYyTAllMi XOTs OBl B JiBa pa3a MOXET MOBJICYb 32 COOOMU
JUTE HEKOTOPBIX BUJOB JKUBOTHBIX M PACTEHUU Cephe3Hble T€HETHYECKHEe MOCIeACTBHs. M3 paguannoHHON
OMONOTMH W3BECTHO, YTO YacTOTa MYTallWii pacTeT NMpH OOIYydYeHHWH >KWBOTHBIX M DPACTEHHH JKECTKOH
paauanueii. OMHAKO pa3IMYHBIC BUBI MO-Pa3HOMY PEAarupyroT Ha Takoe oOiayuyeHue. Tak, Hampumep, s
BHUJIOB C KOPOTKHUM BpPEMCHEM IIMKJIA PAa3MHOXCHUS B PsJC CIy4yacB JUIsl BO3PACTAHUS YaCTOTHI MYyTallHU



BIBOE TpeOyeTcsl yBEJIMYEHUE J03bl OOIy4YEHHUSI B COTHH M Aaxke ThICA4M pa3. OIHAKO AT TOITOKUBYIIMX
($opM yIBOCHHE YacTOTHI MyTaIii TpeOyeT yBeIHIeHuUs 1036l b B 3—10 pa3.

CornacHo CyIIeCTBYIOLIMM JAaHHBIM, CPEOHASA A 3eMIU paluOaKTUBHOCTh BO3AyXa B MPHU3EMHOM
cioe cocraBmsier 0,12 P (pentren) B roa. Ha nBe Tpetm 3Ta paamoaKTHBHOCTH OOYCIIOBIIEHA «3EMHBIMIDY
(hakTopaMu, MPEKIE BCErO PaIUOAKTHBHOCTBHIO 3eMHOU KOpbl. Oanako 0,04 P B rox mamT KOCMHUYECKHE
Ty4H.

Otcrona cienyer, 4To €CiM, HallpuMep, HHTEHCUBHOCTh KOCMHYECKHX JIydel moBbicutcs pa3 B 30,
TO CPeOHWH YPOBEHb MOHHU3AIMHA B MPHU3EMHOM CIIO€ YBEITWYHTCS MPUOIM3UTENbHO B 10 pas. A 310 yxke
MOYET UMETh CEepPhe3HbIC I'CHETHUYECKHE MOCIEACTBUS JUIS PA3TUYHBIX JOJTOKUBYMIUX BUIOB. OCOOCHHO
ySI3BUMBI BBICOKOOPTaHM30BaHHbIC, CHJIBHO CIICLHAIM3HPOBABLIMECS BHIbI KMBOTHBIX CO CPaBHUTEIBHO
HE3HAYUTEIbHBIM KOJIMYECTBOM 0coOel. [l TakuxX BUAOB IJIMTEJIBHOE, MPOIOIIKAIOIICeCS AECATKU ThICIY
JIeT TIOBBIIICHWE YPOBHS HOHHU3ALMU B OKpY’)KaIOLIEH cpeie B JIECATKH pa3 MOXKET IMOBJIEYh 3a COOOU
KaTacTpo(UUECKUe MOCIECACTBHUS.

B 1957 r. aBrop coBmecTHO ¢ B. M. KpacoBckum BbICKa3an rumore3y, OOBICHSIOIIYIO XOPOIIO
W3BECTHOE BHIMHpAHHE PETITHINI B KOHIIE MEJIOBOTO MEPHOJIA CTOMKIM YBEIIMYEHHEM YPOBHS KOCMHYECKHX
Jdy4el B AECATKH, & MOXKET ObITh, U COTHU Pa3. ITO MOTJIO IPOU3OUTH, €CIIU «PSIIOM», HA paccTostHAU 5—10
nk ot ComnHua, Kakas-1100 U3 3Be3/1 BCIBIXHYJIA KAK CBEPXHOBASL.

ITo3xe MBI pacCMOTpPUM JPyTue TMIIOTE3bl O IPUYMHAX MACCOBOTO BBIMUPAHMS PENTUIMN Ha 3emie
(cm. xower 1. 14).

He st Bcex BUIOB JKUBBIX CYIIECTB AJMTENBHOE YBEIWYEHHE YPOBHS JKECTKON pajualyu IOJDKHO
OBITh TYOWTENBHBIM. BITOJHE MOTJIO CIIYYHTBCS, YTO TakKoe OOJIydeHHe IS psja BHUIOB OKa3alloch OBl
(dakTopoMm, OJIaroNpUATCTBYIOIINM 3BOJIONHMH. BBICOKHI YPOBEHb pPaIHOAKTHBHOCTH, OOYCIIOBIICHHBIN
nonaganueM CONHEYHOH CHUCTEMBI B PagMOTYMaHHOCTb — OCTaTOK JOCTATOYHO OJIM3KO BCIBIXHYBILEH
CBEPXHOBOM, MOT' OBITH MOLIHBIM (PAKTOPOM, CTUMYJIMPYIOIIMM CaMO BO3HHKHOBEHHUE KM3HU U3 HEXHUBOU
MaTepuu. XOTs M3Y4YEeHHE BOIPOCA O MPOUCXOKACHUM XKM3HU Ha 3eMyie B MOCIEIHHE TOJbl 3HAUYUTEIHHO
MPOABUHYJIOCH, OKOHUATEILHOTO PELICHUS 3TON BaKHEHIIEH U BMECTe C TeM TpyIHeHIeld mpoOieMbl moKa
eme HeT. B Takoil 0OcTaHOBKE NpHBIICYEHHE HOBBIX WACH M NPEACTABICHUH MOXKET MPHUHECTH TOJBKO
HOJIB3Y.

[IpencraBnsercss BO3MOXHBIM, YTO BBI3BAaHHBI KOCMHYECKHMH OOCTOSITEIBCTBAMH BBICOKHM
YPOBEHb PaAOAKTUBHOCTH, UMEBILIHH MECTO B ATIOXY, OTACICHHYIO OT HAC HECKOJIBbKUMH MUJUTHAPAAMH JIET,
MOT CTHMYJHUPOBaTh OOpa30BaHHE M3 IPOCTHIX OPraHMYECKUX COEAWHEHMH CIOXKHBIX KOMIIJIEKCOB, H3
KOTOPBIX MOTJIa Pa3BUTHCS KU3Hb Ha 3eMIIe.

Takum 00pa3oM, BCHBIIIKH CBEPXHOBBIX 3BE€3J HE TOJNBKO HIPAlOT OrPOMHYIO pPOJb JUIs
BO3HUKHOBEHHS U 3BOJIIOLMH XH3HU BO BceneHHO# (00pazoBaHue TSXKENBIX JIEMEHTOB, YPOBEHb >KECTKOI
paguaryy, OOyCIIOBIMBAIOIIANA MYyTaIldH), HO W MOTYT OBITh IEPBONPHYNHON OOpa3oBaHUS >KHUBOUH
cyOcTaHIK U3 MepTBOU. [IpUXOIUTCS TOJIBKO YIUBIISATHCS, OT KAKOTO CJIOKHEHIIIETO CIICTEHHS Pa3InIHbIX
HE3aBUCHMBIX 00CTOSATENBCTB MOXKET 3aBUCETh BOSHUKHOBEHHUE U Pa3BUTHE XU3HU BO BeeneHHoi.

B c¢BsI3u ¢ 3aTpOHYTHIM BOIIPOCOM OCTAHOBHMCS €I1I€ HA OJJHOM JIFOOOIIBITHOM OOCTOSITENbCTBE. YKe
ceeie 30 et B HaOMIOJaeMOi KapTHUHE paclpeneiaeHus no HeOy ApKOCTH KOCMHYECKOTO PaJuOU3TydeHUs
uMeeTcsl OlHa TOKa HeoOBbsicHHMas AeTanb. SIpkocTe Heba B paguoilydax HMEET SBHO BBHIPAKCHHYIO
TEHJICHLIMIO KOHIIEHTPUPOBATHCS K LEHTpaIbHONW JMHUU MieuHoro [lyTw m k ramaktuueckomy supy (B
co3Be3auu Ctpenbia). OgHAKO 3TO MPaBHIO HApyIIAeT OTPOMHBIN, SpPKUM (B pamuoilydax, pazyMeercs)
«I3BIKY», TAHYMIMHCS MO HEeOy MOYTH NepHeHAuKYJsipHO K Miteunomy Ilytu. OH HaumHaetcs B oOmacTu
Mueunoro [lyTw, ynaneHHOH OT TaJakTHYECKOTO IeHTpa Mpuoau3uTensHo Ha 30°, U MPOCTHpAETCs MOYTH
JI0 CEBEPHOT'0 TajJaKkTUYecKoro mosroca. Ha puc. 28 cxemarmdueckw mpuBeneHa kKapta HeOa, Ha KOTOPOH
HaHECEHBl KPHBBIC, COCAMHSIONINE TOYKH HEOOCBOJA, TIE «PaTHOSPKOCTB» OJMHAKOBA. Takue KpUBBIE
(HazpiBaeMble «M30()0TaMuU») JArOT HATTISAHOE IPEACTABICHHE O PaclpelelIeHUU SIPKOCTH PaJiOU3ITydeHHS
110 HeOy.

Ha pucyHke oT4eTIIMBO BHJHA KOHLEHTpaLXs ApKOCTH K nosioce Miteunoro Ilytu. B To xe Bpems
BUJHO, YTO JIeBe€ TaJlaKTHUECKOro LEHTpa M30(OTHl paiuOU3IyUYeHUS] KPYTO MOIHUMAIOTCS BBEpX. OTO U
€CTb OIUCAHHBIN «S3BIKY.
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Puc.- 28. UsodoTsl. paguonsnysesns FanakTukn (cxema)

Cpenn rumore3, KOTOPHIMU B pa3HOE BpeMs MbITANUCh OOBSICHUTH NPUPOLY 3TOH aHOMAJIUU B
pacipeneneHun SIPKOCTH  PaAMOM3IY4YeHHs, OCO0Oro BHHMMAaHMSA 3acCily’KMBaeT TIHIIOTE3a BHJIHOIO
aHrauiickoro paguoacTpoHoma bpayna. CormacHo 3TOH Trumorese, «I3bIK» — 3TO PaJuOM3IIydaromiast
000J104Ka CBEPXHOBOM, BCIBIXHYBILEH O4eHb OJIM3KO OT HAC HECKOJBKO JIECSITKOB THICSY JIeT Ha3al. Tak kak
aTa 000JI0YKa yJalieHa Ha paccTosHue Bcero b 30—40 mk, To npu ee TuHEHHbIX pazmepax 30—40 mk
OHA JI0JDKHA 3aHMMAaTh OI'POMHYIO 4acTh HeOOCKIOHA. CKa3aHHOE MOsCHSET CXeMa, IPUBEIeHHas Ha puc. 29.
OTa THIOTE3a CTAJKWUBACTCA C TPYOHOCTBIO: HHUKAKHX CJIEJOB ONTHYECKH HaOJII0JaeMOi TYMaHHOCTH,
KOTOPO# JoJKHA OBITH paciiupsmouiascs 000JI0uka CBEPXHOBOW, B 3ToH yactu HebGa Her. Kpome Toro,
HEJaBHO B IOKHOW dYacTW Heba kak Oyaro Obl Oblla OOHApy)KeHa IeTaidh paguom3IydeHus [ armakTuku,
BEeChbMa HAIlOMHUHAIOIIAs «3bIK». [IpucyTcTBHEe B OMM3KHX OKpecTHOCTAX COJIHIIA HECKOJBKHUX OCTaTKOB
BCIIBIIIEK CBEPXHOBBIX, BCIBIXHYBIIMX 3a MOCJIEJHHE HECKOJIBKO NECATKOB THICSY JIET, MPEACTABISECTCS
BEChbMa MaJOBEPOSITHBIM. Eciy, HECMOTpPS Ha BCE yKa3aHHBIE BBIIIE TPYIHOCTH, JaJIbHEHIINE UCCIIEIOBAHUS
MOJATBEPAAT runoTe3y bpayHa, To yepe3 HECKOJBKO ThICAY JIET MJIOTHOCTh KOCMUYECKHX JIydel B Mpejenax
ConHeuHol cuctembl yBenuuutcs pa3z B 10. MoxeT ObITh, AaXXe W HBIHEIIHSS MIOTHOCTh KOCMHYECKHX
Tyded y 3eMin SBISIETCSl aHOMAIbHO BBICOKOM, HETUITMYHOH TSl «CPEAHUX» TIEPUOIOB SBOJIOLMH KHU3HH Ha
3emie...

Jbonovra .
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Puc. 29. Cxema; NOSCHAIOHIAA BCHBILIKY CBEPXHOBOMH

3Be3bl 0kodo ConHua. Cnpasa JaHO PAcIpelciieHHe

paauoApkoctT 000A0YKH B 3aBHCHMOCTH OT YI/OBOTO
pACCTOAHKA [0 €€ LEHTpa |

Mo>KHO HallesAThCs, YTO B ONmKaiieM OyIyIlieM 3Ta yBIeKaTelbHas 3arajika KOCMHYECKOW (U3UKU
OyIer pelieHa MeTOJaMH PEHTTeHOBCKOH, paiuno- u ontudeckor actpoHomud. (HemaBHO OBLTO MOKa3aHO,
YTO B OOJIACTH «S3BIKQ» HAONIOMACTCS MITKOE PEHTICHOBCKOE HM3JIYyUCHHE MOBBINICHHOW HWHTCHCUBHOCTH.
Tak Kak Takoe U3IYYCHHUE XapaKTePHO JUI CTaphIX 000JI0YEK CBEPXHOBBIX 3BE3[l, TO TMIOTe3a bpayHa Tem
caMbIM TOJy4HIIa Cephe3HOe 000CHOBAHUE. )

# YacToTa BCTIBIIIEK CBEPXHOBBIX 10 COCEACTBY C AHHOW 3BE3/I0H MOXET 3aMETHO yBEIWIUTHCA,
€CJIH 3Be3/la TPOXOIUT uepe3 CHUpanbHbIA pykaB I'amaktuku. CroupaibHBIE pyKaBa IpPEICTaBISIOT co00i



00JacTy TIOBBIIIIEHHOW KOHIIEHTPAIlMM 3BE3 M MeX3Be3nHOW cpenpl. OHHM BpaIIaroTCcsd BOKPYT IEHTpa
l'ajlakTUKN € NTOCTOSHHOM YTJIOBOW CKOPOCTBIO, HE 3aBHUCAILEH OT paccTOsHUSA A0 Hero. B To e Bpems
yIJI0Basi CKOPOCTh OPOHMTANBHOTO JBIKEHHS 3Be3/ B [alakTWKe MEHSETCS C PacCTOSIHHEM R OT LeHTpa
MPUONM3UTEIHHO 00paTHO MpomopIuoHaTbHO R. B I'amakTike mmeercs KOpOTaMOHHAS OKPYKHOCTH, Ha
KoTopoi 00e ckopocTu paBHBI. MHTepecHo, yTo CoONHIIE HAXOAWUTCSA KakK pa3 Ha 3Toil okpyxkHocTu. Ilo-
BUIMMOMY, 332 BpeMsl CyIIECTBOBaHHUs | allakTHKK OHO He Oojiee 4eM OAMH pa3 MPOLUIO Yepe3 CHUpaTbHBIN
pykaB. ComnHIe, Tak kK€ Kak W ApyTHUEe 3BE3Jbl, HAXOJANIMECs BOJIM3M KOPOTAIIMOHHON OKPYKHOCTH H
pacToyoXKeHHbIE BHE CHHPANBHBIX DPYKaBOB, OTHOCHTENHFHO OoJjiee CBOOOAHO OT KaTacTpo(HUIecKoro
BO3MIEHCTBUA BCIbImeK cBepxHOBBIX. JI. C. Mapounuk u JI. M. MyxuH BBIIBHHYJIH THIOTE3Y, YTO
KOPOTAIMOHHASI OKPY>KHOCTh MOXET OBITh CBOETO POJa «IIOSICOM JKU3HW» B HAIleW U JPYTUX TaJlaKTHKaX, B
KOTOPOM HamOoJjIee BEPOATHO BCTPETUTH OOWTAaEMbIE TUTAHETHI, IIOX0XKHE Ha HAITy 3eMITiO #.



6. 06 360nr0UUU 2A1AKMUK

B 1. 4 paccmarpuBancs Borpoc o0 3BOJIOIMH 3Be3z. Tam ObUTO paccka3aHO, B YaCTHOCTH, YTO
KpacHble THUTAaHTHI «COPachIBAaIOT» CBOW HapyXXHbIE OOOJIOYKU, TIIOCTETIEHHO pacCEeWBAIONINecs B
MEX3BE3THOM IpocTpaHcTBe. OCTaeTcsl OYeHb IUIOTHAsl Topsdas 3Be3la, KOTOpas, OCTHIBasi, CTAHOBHUTCS
cHauana OesbIM, a B KOHIIC KOHIIOB — «YEPHBIM» KapiukoMm. Bce ke B mporiecce DBOJIOIUHN 3BE3Ja
«BO3BpaIlaeT» B MEXK3BE3HOE MPOCTPAHCTBO 3HAYMTENBHYIO YacTh CBOei Macchl. M3 aToro rasza OyayT
o0pa3oBbIBaThCS Oo0Jlee MOJOZIBIE 3BE3BI, KOTOPHIE B CBOIO OUYEpENb TaKkkKe OYyIyT HIBOJIOIHMOHHUPOBATH
onmcaHHpIM obOpa3zoMm. CremyeT emie pa3 MOAUYCPKHYTh, YTO 3a BpeMs CYIIECTBOBaHUA [ allakKTHKH TOIBKO
CPaBHUTEIIBHO MACCUBHEIC 3BE3/Ibl YCIIEIU IPOUTH BECh CBOM 3BOJIOIIMOHHBIN My Th.

[Ipu kpyrooGopote BemecTBa B ['amakTuke (10 cXeMe «MEX3BE3IIHBINA Ta3 — 3BE3[bI — 3BE3/bI +
MG)K3B€3ZIHLII71 ra3») 3HAYUTCIIbHad 4aCTh €T0 OCTA€TCA B 3BE€3THOM COCTOAHHU B HEApPaAX «MCPTBBIX)» OebIX
KapJUKOB, HEUTPOHHBIX 3BE3]l M, BO3MOXHO, YepHBIX AbIp. Kpome TOro, u3-3a orpaHMYEeHHOCTH BO3pacTa
lanmaktuky 3Be37b1, 00pa30BaBIINECs JaXke B CAMYIO PaHHIOIO 3II0XY €€ CYNIECTBOBAHUS W MMEIOIIUE MacCy
MEHBIIIE COJTHEUHOM, eIlle He YCIelH «COWTH» ¢ TIaBHOW mocienoBareabHOCTH. ClieoBaTebHO, OHH Jae
«JaCTUIHO» HE YCIIETH BEPHYTHh B MEK3BE3IHOE MPOCTPAHCTBO 3aTPAYCHHOE HA MX 00pa30BaHUE BEIIECTBO.
W3 ckazaHHOTO crlemyer, 4TO KOJMYECTBO MEXK3BE3HON Cpebl B ['alakTHke JOJKHO MO MEpe ee pa3BUTHUS
yOBIBaTh. DTO BaXHBIM BBHIBOJ O HAIPaBJIICHUW pa3BUTHA Hamieil ['amaktuku. Ta ske TEHICHITUS B Pa3BUTHH
JOJI’KHa 6I)ITI) 1 'y OCTAJIbHBIX 3BE3JHBIX CUCTECM.

B mporecce kpyroo6opota MeX3BE3HOTO Ta3a HEMPEPHIBHO MEHSAETCS €r0 XMMHYCECKUN COCTaB —
OH «00oTaImaeTcs» TelueM U TSOKENbIMH dyeMeHTaMu. [Ipexie ueM BepHyThCs B MEX3BE3IHYIO Cpely, ra3
AJIATEIIBHOC BPEM HAaXOOUJICA B HEAPAX 3BE3[ IPU JOCTATOYHO BBICOKHUX TEMIICPATYPC U JABJICHUM. B mem
MIPOUCXOAUIIU TEPMOSICPHBIE PEAKIIUU BOAOPOIHEIE U reiaueBsie. [1o aTol npuirHe XUMUYIECKUN COCTAB €T0
MEJIEHHO MEHSUJICS: BOJIOPOJ TIOCTEIIEHHO «BHITOpA», KOIWYECTBO TEIHS POCIO, BO3pPACTall0 TaKXKe
KOJIMYECTBO TSDKETBIX 27eMeHToB. [locneaane OyayT 00pa3oBeIBaTECS M3-32 PEAKIIHN
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¥ gampHeimux peakmmii 2C u '®0 ¢ mpotoHamm u HeiitpoHamu. IIpH TaknX peakimsax OyIyT
IIPEHMYIIECTBEHHO 00pa3oBbiBaThCst m3otomsl °C u 0.

OI[HaKO HeO6XOI[I/IMO IMMOAYECPKHYTh, qTo CaMbIC TSKCJIBIC JJIEMCHTBI JTUM CIocoooM
«IOCTETICHHOTO HapaIllluBaHus» 00pa3oBaTbcs HE MOTYT. Jlemo B TOM, Y4TO MO MEpEe TAaKOTO «POCTay saep
MyTeM MPHUCOECIWHEHMs] K HUM HOBBIX HYKJIOHOB OHU C HEM30E€KHOCTBIO JIOJKHBI CTaTh HEYCTOWYMBBIMU
SIIPaMA PaJMOAKTUBHBIX M30TONIOB HEKOTOPHIX AJIEMEHTOB. DTH Apa paclamyTcs JI0 TOro, Kak K HUM OyZer
MPUCOCIUHEH OUYEpPeIHON HYKJIOH. TeM caMbM JadbHEHIIMM Mpolecc «YTSDKEICHUS» flpa IyTeM
MTOCIIEI0BATENILHOTO MPUCOSANHEHUS HYKIIOHOB OYIeT OCTaHOBIIEH.

I'me >xe MoryT 00pa3OBBIBATHCS CBEPXTsDKENbIE 3JeMeHThI? [lo COBpeMEHHBIM IpeNCTaBICHUSM
(THUTJTIEM», B KOTOPOM «BapATCA» ITH 3JIEMCHTBI, MOT'YT OBITH BCIIBIIIKH CBCPXHOBBIX. HO-BI/I)Z[I/IMOMY, Ipu
B3pBIBE TaKOH 3BE3]IbI MPOUCXOMIST LIEMHBIC PEAKIIUU, COMTPOBOXKIAIONINECS 00pa30BaHUEM BeCchMa OOJIBIIOTO
KOJIMYeCTBa HEWTpoHOB. He WHCKIIOYeHO, 9YTO CTONh OONBIIOE KOJWYECTBO HEWTPOHOB OOECIICUHT
MoCTeNyIOIMUK 3aXBaT sJApaMH JIByX M Oojee HEWTPOHOB, TaK YTO MPOMEXKYTOUYHBIE Apa HE YCHEBAIOT
pacnacthes. [locne Toro kak Takue sjapa OBICTPO 3aXBaTIAT OYEPEAHONH HEHTPOH, OHU CTaHYT YCTONYHUBBIMH,
Y JambHeWImuil poct ux OyneT yxke uAaru 0e3 momex. Tak MOryT oOpa3oBBIBAaTHCS DJIEMEHTHI BILIOTH JO
TPaHCYPaHOBBIX.

B PE3YIbTATEC BCHBINICK CBEPXHOBBIX B MEK3BC3AHOC IMPOCTPAHCTBO HEIPEPBIBHO IIOCTYNAIOT
TSDKEITbIe U CBEPXTSKEIbIe 3JIEMEHTHI, KOTOPBIE ITOCTETIEHHO MMEPEMENITHBAIOTCS C MEK3BE3IHBIM T'a30M. MBI
BHJIENIM, YTO CBEepXHOBHIE Il THITa — 3TO MOJOIBIE MacCHBHBIE 3Be37bl. Tak Kak CKOPOCTh 0Opa30BaHUS
TaKuX 3BC31 U3 Me)K3Be3IIHOI‘/'I Cp€abl CHWJIBHO 3aBHCUT OT IIJIOTHOCTH HOCJIe,HHeﬁ (I/IMeIOTCSI HEKOTOPLIC
OCHOBaHMsI TIOJaraTh, YTO OHA MPOMOPIMOHANIbHA KyOy TUIOTHOCTH), TO MBI NMPUXOJUM K CICAYIONIEMY
WHTEPECHOMY BBIBOY.

Panbiie, korna B ['ajmakThke comepikaHHE MEK3BE3HOTrO rasza ObLIO 3HAYUTENILHO OOJNBIIE, YeM
ceifuac, ¥ CKOpPOCTh Ipolecca 00pa3oBaHUs 3BE3] U3 HEro ObLIa MHOTO BBIIIE COBPEMEHHOM, CBEPXHOBBIC
3Be3/bl BCIBIXUBAIU ropaso vamie. CriennanbHO BBITONHEHHBIE PACUYeThl MOKA3bIBAIOT, YTO KOTAA BO3pacT
TlamakTiky OBIT MEHBINE 1 MIIpA. JIET, 9aCTOTA BCHBIIIEK CBEPXHOBHIX ObuTa mpuMepHO B 100 pa3 Gosnpire,
yeM ceiuac.

Y4uTEIBas 3TO 00CTOATEIBCTBO, MOKHO CIENIaTh BBIBOJI, YTO 33 BCIO MCTOPUIO pa3BuTus [ amakTuku
B HEW BCIIBIXHYJIO IPUMEPHO | MIIpJI. CBEPXHOBBIX 3BE3]. DTOr0 KOJIMYECTBA Kak OyATO OBl JOCTATOYHO IS
OOBSICHEHHUsT HAOJII0JJACMOI0 COJACPIKAHUS TSHKEIBIX M CBEPXTSDKENBIX JJEMECHTOB B MEXK3BE3JHOM rase U
00pa30BaBIINXCS W3 HEro0 B pa3HOE BpeMs 3BE3]l «BTOPOTO TOKOJICHUS». B TO ke BpeMs 3Be3[bl,
oOpa3oBaBmmecss B 3M0OXy ¢GopMupoBaHus ['amakTuku (3TO CyOKapiMK{d M 3BE37bl, BXOISAIINE B COCTaB



IapOBBIX CKOIICHHH, MacChl KOTOPBIX MEHBIIIE OJTHOM COJTHEUHOM), COXpaHMIIN, TI0 KpaifHelt Mepe B CBOHMX
HapYy>KHBIX CJIOSIX, «IEPBOHAYAIBHBIMN» XUMHYECKUI COCTAB MEX3BE3AHONW cpeabl, U3 KOTOPOM OHHU
oOpazoBanuch. M neHCTBUTENBHO, y TaKUX 3BE3/ «IEPBOTO TOKOJCHHS» OTHOCHUTEIBHOE COJepIKaHHE
TSOKENBIX DJIEMEHTOB B AECATKH pa3 MeHblne, yeM y CosHIla, KOTOpOe SBIISETCS 3BE30W «BTOPOTO
nokosneHusi». Takum oOpa3oMm, HaONIOmaeMble XapaKTEepHbIE pa3linuvs B XHMHYECKOM COCTaBE 3BE3[
[JIABHOM IIOCIICIOBATENBHOCTH M CyOKapiMKOB, O KOTOPHIX IJa peyb B INI. 2, HaXOJSIT €CTECTBEHHOE
OoOBSICHEHHE B paMKax OOIIed KapTWHBI HEMPEpHIBHOIO OOOTamleHUs BellecTBa [ allakTUKH TSDKEIBIMHU
3J€MEHTaMH.

Jo cux mop peds Iia IpeuMyIIeCTBEHHO O Harel 3Be3aHoi cucteme ["anaktuke. O01ue cBeeHus
0o Hamel [amakTuke, a Takke O APYTUX TAJAaKTHKaX YK€ H3Naraiuch B MEpPBOM IJlaBe. 31€Ch MBI
OCTaHOBHMCS Ha MOP(]OIOTHYECKNX pa3IHdusiXx MeXAy ramaktukamu. [lomoOHO Tomy, kak Oblia B CBOE
BpeMs1 pa3paboTaHa Kiaccu(UKaIHs 3Be3/1, OCHOBBIBAIOIIASCS HA MX CHEKTPax W CBETHMOCTSAX M HaIIeIIas
CBOE BBIpAXCHHWE B 3HAMEHUTOH auarpamme [epummpyHra—Peccena (cm. puc. 15—17) Obin
KJIACCU(HIIMPOBAaH UM MHUpP TallakTUK. M3BecTHO, 4TO Kiaccu(WKamus — STO TEpPBBIH Iar K IO3HAHUIO
3aKOHOMepHOCTell mpupoasl. Bcmomuum, Hampumep, JIMHHEeBCKyr0 KiIacCU(UKAIMIO JKMBOTHOTO U
pactutensHOro MuUpa. [locienyromiee pa3BuTHe HayKd MPUBOAUT K Ooiiee TTyOOKOMY MOHMMAHHIO YHCTO
smnupudeckor knaccuukammu. Hanpumep, Ttompko cmyctss ~ 40 ner ObUI NPaBWIBHO TOHAT
3BOJIIOIIMOHHBIN CMBICI Auarpammsl [ epimmnpyHra—Peccena.

OObmenpuHsTas kiaccupuKays ralakTiK Oblia MpeUIosKeHa BETHKUM aMEPHUKAHCKAM acTPOHOMOM
XabbnoMm emie B 20-x romax Hamiero croyietws. OH k€ HEMHOTO TO3)K€ OTKPBUI 3HAMEHHUTOE «KpacHOe
CMEIIleHNe» B CIIEKTpax TalakTHK (CM. TJ. 1), BBITEKaroliee W3 pa3BUTOW HECKOJIBKUMH TOJIaMH PaHbIIEe
KOCMOJIOTHUECKON TEOPUHU BBIJAIOIETOCS COBETCKOro maremaruka A. A. @punmana. Takum oOpazom, He
OyzeT mpeyBelUYEHHEM cKa3aTh, YTo XabOy OTKpbUl MeTaralakTHKy — BOT YXe ACHCTBHTEIFHO CaMoe
00JIBIIIOE OTKPHITHE B UCTOPHH HAYKH...

CormracHo Xa00.ry TamakTHKY JIEISITCS Ha TPU OCHOBHBIX THIIA: @) DJUTHNITHYCCKUE, 0) CIUpanbHBIC,
B) HenpaBwibHble. PoTorpaduy THIMMYHBIX MPEACTaBUTENIEH BCEX KIACCOB rajlakKTHK MPUBEAEHH Ha puc. 6
(He cranuposanucy). DMIMNITHYECKHE TalakTHKU («E-ramakTukm») mpencTaBisoT coboit chepouasl ¢
pa3HON CTENEeHBIO CIUTFOCHYTOCTH W C OOJNBIION KOHIICHTpalued SpKOCTH K IHeHTpy. Kak  mokazamu
MIOCTIEAYIONINE CIIEKTPOCKOMUYECKHE HCCIeN0BaHNsA, E-ralakTHKH COCTOAT W3 OTPOMHOTO KOJIMYECTBa
CTapbIX 3BE3]l Malol Macchl ¢ W30BITOYHBIM COJEpKaHHEM BoAopona. Takod e MPUPOABI 3BE3ABI,
obpasyromrre chepruIecKyr0 COCTaBIMIONTy 0 Hamrel ["amakTuku (M. 171, 1).

CrupanpHble TalaKTHKH («S-TaJaKTUKW») HapAgy co cdeprudecKoi 3BE3THOW COCTaBIISIOIIEH
XapaKkTepU3yIOTCsS HaJMYMEM HECKOJBKHMX CHHUPAIbHBIX PYKaBOB HEMPaBUIBHOM, KJIOYKOBAaTON CTPYKTYpHI.
XoTst cymMMapHasi Macca 3THX PYKaBOB B COTHH pa3 MEHbBIIE MAacChl «CEepUvecKOl COCTaBIISIOMIEID
COOTBETCTBYIOILEH TaJaKTUKH, OHU PE3KO BBIACISAIOTCS HM3-3a NPUCYTCTBUS 3HAYUTENBHOIO KOJWYECTBA
MOJIOJIBIX MAaCCHBHBIX 3B€37] BBICOKOW CBETUMOCTH. ODTH 3BE3[bl HEMPEpPBIBHO O0Opa3yloTcs W3 00JaKOB
MEK3BE3JHOU Ta30mbLIEBON cpelbl, KOHLIEHTPUPYIOMICHCS K IJIOCKOCTH, B KOTOPOH JieXaT CIHpalbHbIC
pykaBa. 3ameTnM, 9TO y E-TamakTuk cojepkaHre MEX3BE3/HOTO Ta3a B COTHH M THICSIYM Pa3 MEHbIIE, YeM y
S-ramaktuk. [Toaromy nporecc 38e31000pa3oBanus B E-rajakTukax NpakTHUECKH JaBHO YKe MPEKpaThiICs.

Hakxonen, HempaBWibHBIE TallaKTHMKH XapaKTEPHU3YIOTCS CBOCH HeperyisipHod Qopmoill u
CpaBHUTENBHO Majol Maccoil. KeraTtu, mo cBoeli Macce (ompeenseMoil KOIMIeCTBOM HaXOISIINXCS B HAX
3Be3) TalaKTHKM PA3IMYalOTCss B BEChbMa IIMPOKMX mpenenax. Hama Tamaktika ¢ ee maccoit B 10"
COJIHEYHBIX MacC MPUHAUIEKHT K YUCIY TMranToB. TyMaHHOCTE AHApomensl (M31), Kak y»e rOBOPHIIOCH B
1. 1, uMeeT MpUOIU3UTENBEHO B TP pa3a 0oJbiyto Maccy. [loxkanmyii, caMoit OONBIION M3 U3BECTHBIX MAacc
oOnamaer 3HaMeHWTas TrajakTuka MS87, HaxonmAmascs B IEHTPAIBHOW YacTH CKOIUICHHWS TalaKTHK B
co3Be3nuu [eBbl. ITo-BunuMoMy, Macca 3TOM FaJIaKTUKU B COTHIO pa3 MPEBBIIIAECT MAacCy Hamel I'anakTuku.
Ha apyrom mosroce HaXOASTCA KapIMKOBBIE TANAKTHUKH, MAcChl KOTOPOil ~ 107 COTHEUHOM, YTO TONBKO B
HECKOIIbKO JIECATKOB pa3 0OJIbIIIe MACCHI IIAPOBBIX CKOTUICHHH.

Hapsany ¢ maccoil BaxHeIlel XapakTEpUCTUKON TaJlaKTUKK SIBJIIETCSI ME€pa €€ OCEBOr0 BpaIlEHUS
— BpalaTeNbHbId MOMEHT Ha €IMHUIYy Macchl. Mepa BpaieHus y E-ranakTuk ropaszao MeHbIle, yeM y S-
ranmaktuk. OueHb MeUIeHHOe BpaimleHHe E-ramaktuk He MoXeT OOBSICHHTh UX HaOII0gaeMyro
AJUTUITHYHOCTB, T. €. CINTIOCHYTOCTh, TOJO0HO, HANpUMeEpP, TOMY, KaKk ACWCTBHUEM IIEHTPOOEKHOW CHIIBI
MOKHO OOBSICHHTH CIUTIOCHYTOCTH 3€MHOTO IIapa y MoJitocoB. [lo-BHAMMOMY, CIUTIOCHYTOCTh E-rajmakTuk
OOBSCHIETCS CaMHUM XapaKTEPOM 3BE3THBIX IBMKCHHUU B TaKHX TaJaKTHKaX. B MPOTHBOMOIOXKHOCTH 3TOMY
BITUSHUE IIEHTPOOEKHOW CHIIBI y CPAaBHHUTEIHHO OBICTPO BPAIIAIOMINXCS PYKaBOB S-TallaKTHK BeChbMa
cymectBeHHO. CreyeT NOTYEepKHYTh, YTO pa3nuuud Mexay E- u  S-ranaktukamMu He SBISIOTCS
9BOJIOLMOHHEIM 3ddekrom. [pyrumu crnoBamu, TajlakTUK{A poxpaaroTcs aubo kak S, nubo kak E, un B



MIpPOIIECCe HBONOLMU THIT TaJakTHUKU coxpaHserca. CTpyKTypa TalaKTHKH OMpEeIeNseTcsl HadalbHBIMU
yCIOBUSIMH ee o0pa3oBaHMsl (HAIlpHUMEp, XapaKTepoOM BpallleHWs TOTO CryCTKa rasza, M3 KOTOPOTO OHa
o0pazoBanach).

B macrosimmee BpeMsi MMEIOTCS yXKe JOBOJIBFHO XOpOIIO pa3pabOTaHHBIE MOJENH IPEeBpaIleHUs
OrpOMHOT0 00JIaKa Tasa, CKHUMAIOIIETOCs B pe3yJIbTaTe NeHCTBHS 3aKOHA BCEMHUPHOTO TATOTEHHS CIIEpPBa B
MPOTOTANIAKTHKY, & IMOTOM B TalakTHKy. [lOCTpoeHHME Takux MOJECICH OKa3alloCh BO3MOXHBIM TOJIBKO
Omaromapsi BBEICHHIO B TMPAKTHKy HCCIEIOBAHUN OBICTPOACHCTBYIOIIUX 3SJICKTPOHHO-BBIYUCIUTEIHHBIX
mamuH (OBM). B camoMm Hagaine ciiemyeT MpeAcTaBUTh ce0e OTPOMHBIN T'a30BBIN IMap, CKUMAFOIIHIACS T10
3aKOHY CBOOOJTHOTO MajeHus K [eHTpy. [lepBoHavanbpHas TeMIepaTypa 3TOro ra3a Moria ObITh JIOCTATOYHO
BBICOKOH, OBICTPO yMeHbINIAJach, IPHYEM U3-32 TPABHTAIMOHHOW HEYCTOHYHBOCTH OOpPa30BHIBAIINCH
OOBITUX Pa3MEPOB CTYIICHHS, IBOJIOIMOHNPOBaBIINe B o0aka. braromgaps OecriopsIO9HBIM TBUKECHUIM,
9TH 00J1aKa CTAIKHUBAJINCh, YTO BEJIO K UX JaNbHEHIIeMy YIIOTHEHUIO. Ha 3TOM JOBOJNBHO paHHEM JTare u3
00JIaKOB cTa 00pa30BBIBATHCS 3BE3IBI «IIEPBOTO MOKONEHUs». Hanbonee MaccuBHBIE M3 HUX YCHEBaIH
MTPOABOIIIOIIMOHUPOBATE 33/I0JITO IO TOTO, Kak MPEKpaTHSIOCh C)KaTHe MPOTOTallakTUK. B3phIBasch Kak
CBEpXHOBBIE, OHM O0OTaIlIamy MEXK3BE3JHYIO cpelqy Merauiamu. [lo 3Toil mpuynHE 3Be3Jbl CIEAYIOMINX
MOKOJICHUH UMEJH yXKe APYrod XMMHUYECKUil cocTaB. DTO MPHUBEJIO, HAIPUMEP, K TOMY, YTO 3BE3AbI BOTU3U
LEHTPa DIUTUNTUYSCKUX TaAKTUK OoJiee OOTaThl TSKEIBIMU JIEMEHTAMH, YeM HaXOJSIIHecs Ha nepudepun,
YTO KaK pa3 ¥ HaOJIoJaeTcsl.

OO6pucoBaHHas cedyac KapTHHA 3BOJIONMU OTHOCUTCA K E-ramaktukam. B mporo-S-ramaktukax
3Be3noo0pa3oBanre muio MezneHHee. [loaToMy B HUX cMor o00pa3oBaThCs Ta30BBIA JIUCK JTOBOJBHO
3HAYUTETHLHOW MacChl. DTOMY CIIOCOOCTBOBAIO TAaKXKE IOBOJHHO OBICTPOE BpAaIICHHE IPOTO-S-TATAKTHK,
MPEMSTCTBYIONIEe OTCKAHUIO BCETO Taza B 00JACTh s/ipa W MPEBPAICHUIO €r0 TaMm B 3Be3Abl. Jpyrumu
CIIOBaMH, BpallleHHE MPOTOTAIAKTHK YMEHBIIAET CKOPOCTh 3B€37000pa30BaHuUsl.

Pesromupys, MBI MOXKEM CKa3aTh, YTO Pa3HbIE THITHI TAIAKTUK MPOHCXOIAT OT MPOTOOOIAKOB C
Pa3HBIMH IUTOTHOCTSMH M Pa3HBIM pPa30pOCOM CKOpOCTell BHYTPEHHUX ABWKCHHWH. B dactHoctH, E-
rajJakTHKu o0pa3oBaiuch W3 Oojiee MJIOTHBIX OOJAaKOB ras3a, HaXOAALIETOCS B COCTOSIHUM JOBOJBHO
OBICTPOTO  OECHOPSAMOYHOTO JBWKEHHS. OJTUM, B YaCTHOCTH, OOBIACHSETCSA, I04YeMy «Oorarbiey,
CPaBHHUTENBHO TUIOTHBIE CKOTUIEHUS TaJlaKTHUK COAEPIKaT MPENMYIIeCTBEHHO E-ramakTuku, B TO BpeMs Kak B
«OemHBIX» Pa3pEeKEHHBIX CKOIUIGHUSX HaONIONAIOTCS IMPEeMMYLIECTBEHHO S-ramakTukd. Korma ke
MIPOUCXOAMI BAXKHEHIINH TNPOIECC NPEBpAIeHNs] OTPOMHBIX CHKUMAIONIMXCS OOJIAKOB Tra3a CHadaia B
MPOTOTANIAaKTHKH, a 3aTeM B ramakTuku? HecomHeHHO, 3TO OBUIO OYEeHb JaBHO — JaXke IO
aCTPOHOMHYECKUM MaciiTabam. Bo3pacT rajakTuk (BO BCSIKOM Cly4yae, MX IOJABJISIONIET0 OOJBIIMHCTBA)
MPaKTUYECKH PaBeH Bo3pacTy BceneHHOW. DTO O3HAYaeT, 4YTO TalaKTUKKW OOpa3oBaCh TOTAa, KOTJa
Bcenennas Obuta coBceM elre 10HOW. Hrbke MBI yBUANM, YTO BEIMYMHA KPACHOTO CMEIIEHUS ISl Hanbolee
yAaJeHHBIX U3 HAaOII0gaeMbIX OOBEKTOB:

My=1+z=4,5 rne

(A — m3MepeHHas UTMHA BOJIHBI KaKOW-HUOYAb CIEKTPaIbHON JINHUHY,

Ao — ee mabopaTopHOE 3HAUCHHE).

C npyro#t cTOpOHBI, HMEET MECTO MTPOCTOE COOTHOIIICHHE:

R/Ry=1+z, rne

Ry 1 R — XapakTepHbIe pa3Mepbl paclmpstomnieiics BcerneHHoll B 3moxy, korga Oblia M3TydeHa
HaOmroaeMasi CrieKTpalibHast JIMHHUSA, U B COBPEMEHHYIO SMOXY. MBI BHIIUM, YTO B Ty OTHAJIICHHYIO OT Hac
30Xy pa3Mepbl pacmwmpsitomeiics BeeneHHol ObUTM TPUOIM3UTENBHO B MATH pa3 MEHbLIE, YeM ceiddac. A
BeJlb TAIAKTUKH 00pa30BalnCh elle panbiie. Korma xe?

B crenyromieit riaBe MbeI yBHIUM, 9TO TIpH z ~ 1000 HUKaKUX TalakTUK Bo BeenenHoit emre He OBLIO.
3Ha4YmuT, CKOpee BCero, OHU 0Opa3zoBayiich rae-To Mexay z = 10 u z = 100. Cpexgusis mwiotHOCTs Beenennoit
torga 6bima B 10° — 10° pa3 Gompme cospemenHOro 3Hauenus. M Boobme BceneHmas Gbuta coBceM
HEMoxo0’ka Ha HBIHENTHIo. W enBa ju He BeTHMYANIINM JOCTH)KEHHWEM HayKH SBISIETCS TO, YTO MBI HMEEM
ceifyac peaabHEHIIYI0 BO3MOXKHOCTh «3arJITHYTh» B JIAJIEKOE Mpolioe BeenenHoit, koraa oHa Obliia coBceM
ee roHOM. O6 3TOM OyZeT UATH pedb B CIEAYIOLIEH riiaBe.

OnucaHHas cXeMa SBOJIIONUW 3BE3HBIX CHUCTEM [0 Mepe JalbHEeWIero pa3BUTHS acTPOHOMHUU
OyZIer yTOuHATHCS U Bce Ooiiee n Ooiee KOHKPETU3NPOBATHCS. MHOTHE BOIIPOCHI, CI0JIa OTHOCSIIIHECS, eIl
JIaJieKo He SICHBI M OXHIAIOT CBOEro pewreHus. W mpexne Bcero — 3to mpobiemMa ragakTadeckux saep. o
CPaBHUTENEHO HEJaBHETO BPEMEHHM Ha 3TH CaMble LEHTpPalbHBIE OOJACTH CHUPATBHBIX W JJUIANTHYECKUAX
3BE3AHBIX CHUCTEM — TaJaKTHK He 00pamaioch JOJDKHOTO BHAMAaHUSA. ACTPOHOMEBI IPEATIONAraii, 9To 3TO
— mpocTo Hebompimre 00JacTH ¢ BeChbMa BBICOKOW IIOTHOCTBIO 3Be3i. [loskamyi, mepBbIi, KTO 0OpaTmiI
BHUMaHUE Ha HETPUBUAIBHBIC, KAUSCTBEHHO CBOCOOpa3HbIC CBOWMCTBA TaJIAKTUYCCKUX siiep, ObLT aKaJleMUuK



B. A. AMmbapiymsH. B mociieraue TOABI HAKOMHIICS OTPOMHBIA HAOIOMATEeIFHBIN MaTeprai, Kacarouluics
TaJIaKTU4YCCKUX Aa€p, KOTOprﬁ I[eﬁCTBPITeJ'IBHO IMOKa3bIBA€T, YTO OHU UT'PAIOT OI'POMHYIO POJIb B 3BOJIIOIIUU
ranaktuk. CaMbIM YJAMBHUTENBHBIM PE3YJIbTATOM JSTHX HAONMIOACHUN, KOTOPBIE IPOBOAMIUCH BO BCEM
IUarma3oHe MIKAbl 3JeKTPOMArHUTHBIX BOJH — OT Paguo 10 PEHTTEHOBCKHUX, SBUJIOCH OTKPBHITHE
AKTUBHOCTH siiep. DTO OTKPBITHE (KaK M BCSIKOE OTKPBITHE) ObUIO HeokuAaHHbIM. Ipenmnonaranocs Beeraa,
YTO TAJJAKTHYECKHUE SApa — 3TO MPOCTO CKOIUICHUSI COTEH MUJUTMOHOB 3BE3/I, IOTPYKECHHBIX B MEK3BE3IHYIO
cpeny. Ilpu Takoit kapTHHE, KOHEYHO, HE MPUXOAUTCS OXKHJIATh, YTO MOIIHOCTh M3JIYYCHHUS S/Ipa HA KaKOu-
00 BOJIHE MOXKET 3aMETHO M3MEHHUTHCS 33 CKOJb YTOJHO JJIMHHBIN MPOMEXYTOK BPEMEHHU HAOIIOJeHHHA
(mampumep, COTHIO JIeT). MEHSAThCS MOXKET H3NydeHHe Kakoi-Tubo OJHOM 3Be3Nbl, HO YCpEIHEHHas IO
TUTaHTCKOMY KOJIMYECTBY 3Be3J] MOIIHOCTh M3IYYEeHHUs JIOJDKHA, Ka3alloch ObI, OCTaBaThCa MOCTOSHHOW. U
BOT OKa3bIBAETCA, YTO KaK ONTHYECKOE, TaK ¥ OCOOCHHO PaJIMOM3NIy4YeHNE HEKOTOPHIX TATaKTHYECKUX SAep
MOXET 3aMETHO H3MEHHTHCS 3a HECKOJNBKO MECSAIEeB W Jaxe Hemelb! DTo o3HAuaeT, 4To B TEUYCHUE
CPaBHUTEJIBHO KOPOTKOTO TPOMEKYTKa BPEMEHH IO KAaKHMM-TO MPHYUHAM OCBOOOXKIAETCS THUTAHTCKOE
KOJIMYECTBO PHEPTHH, B COTHH pa3 MPEBHIIIAOIIEe TO, KOTOPOE OCBOOOXKIAETCS MPH BCIBIIIIKAX CBEPXHOBBIX.
Takue AApa MOJIYy4YHJIM Ha3BAHUC «AKTHBHBIX», a COBOKYIIHOCTH IIPOLCCCOB, IMO-BHAUMOMY, B3PBIBHOI'O
XapakTepa, MPUBOIAIIAs K OCBOOOMKICHUIO CTOJIb OTPOMHOTO KOJIMYECTBA DHEPIHH, MOIYYHIa HECKOJIbKO
HeoTpe/IeJIeHHOe Ha3BaHUe «aKTUBHOCTHY siep. [lo cymiecTBy, mpupoaa akTUBHOCTH siiep TATaKTHK eIlle He
MOHSTA, XOTA OTJENIbHBIE CTOPOHBI ATOTO TPAHIUO3HOTO SBJICHUS celdac yke MOXHO OCMBICHHTE. Ciemyer
MOAYCPKHYTh, YTO AKTHBHOCTH Ha6JHOIIaeTCH TOJIBKO Yy B€CbMa HE3HAUYNTEJILbHON YacTu AACp TaJlaKTHK.
[NonaBnstoriee GONMBIIMHCTBO MX (B YaCTHOCTH, SAPO Hamleld ['amakTWKW) W3Iy4ar0T CTPOTO MOCTOSIHHO U
BITOJTHE 3aCITYKIUTH Ha3BaHUE «CIOKOWHBIX». HabmoneHnns roBopst, 0IHAKO, O TOM, 9TO 3TO «CHOKOHCTBHE)
HE MpoJoJKaeTcsl BeyHo. Bynkansl Ha 3eMiie B MPOMEXYTKH BPEMEHHU MEXIY M3BEPKEHUAMHU TOKE MOXKHO
CUUTATh CIIOKOWHBIMU... TOYHO TaK ke M TATaKTHYSCKUE Apa MOCIe JIIUTEILHOTO TePUOJIa «CIIOKOMCTBUS
(ucuucisieMoro, MoXeT OBITh, NPOMEXYTKAMHA BpPEMEHH B JIECATKH MUJUIMOHOB JIET) HCIBITHIBAIOT
CPaBHUTENBHO KPAaTKOBPEMEHHBIE, JITUTEFHOCTHIO B THICAYH M JECSTKHU THICSY JIET, TIEPHUOBI AKTHBHOCTH.
Takum 00pa3oM, SIBJICHUE aKTUBHOCTH SICP HOCUT IOBTOPSIOIIUICS» XapakTep. OJHAKO ClIebl KPaTKUX,
HO OYpHBIX TIEPHOJIOB AKTUBHOCTH TAIAKTUYECKHX SIIEP MOXKHO HAONIONATh [UIUTENBHOE BPEMs TIOCIIE TOTO,
KaK aKTHBHAS «BCTIBIIIKA» 3aKOHIHJIIACH.

Oco0eHHO BIEYATIISIONIE AKTUBHOCTD sIJIEp MPOsBIsAeT ce0s B pamuonuanasone. Eme B 1946 . Ha
3ape paauoacTpOHOMHU ObLJIa OTKpHITA IEpBas TallaKTHUKA, SBISIONIASICS WUCKIFOYUTEIBHO MOIHBIM
ACTOYHHKOM PaTUOM3IyUICHUS. DTO — 3HAMEHHUTHIM 00BekT Jlebear A. B HacTosimee BpeMs YHCIIO
MU3BECTHBIX 3aHCCCHHBIX B KaTaJIOI' paJMONCTOYHUKOB, HAXOAAIINUXCIA B MeTaraHaKTI/IKe, IMPEBOCXOAUT YyIKE
10000. Bce oHM SBASIOTCA TalakTUKaM{, @0 KaKUM-TO TMPUYUHAM CHJIBHO H3IyYalOIIUMH B
pamuonuana3one. Takue OOBEKTH TMONYyYWIH Ha3BaHHE «paauoraiakThky». Hama [amaktimka — Taxke
M3ITy4YaeT PaJrdOBOIHBI, HO MOIIHOCTb 3TOTO HM3IIy4eHUS («PaIHOCBETHMOCTHY) Y HEE B NECATKH M COTHHU
TBICAY pa3 MCHbIIC, YEM Y paJuoTrajlaKTUK. B0061ue CJICAYECT 3aMETUTD, YTO BCC TAJIAKTUKU HU3JIYyHalOT B TOM
WJIM WHOW CTETICHU PaUOBOJIHEL. Y paguoralakTUK, OJJHAKO, 3TOT IPOIIECC BBIPaXKeH OCOOEHHO CHITBHO.

Kak HamexHO yCTaHOBIEHO, HEMOCPEICTBEHHON NPUYWHOW pPAaIHOW3IYUYEHHS U «HOPMAJIBHBIX)
TaIaKTUK (BpOJE HaIEH), M «PaJUOTATAKTHKY SBIACTCA HATMIUE TaM OTPOMHOTO KOJIMYECTBA KOCMHYECKHUX
Jydel, KOTOpbIe IBUXKYTCS B OOJiee WM MEHEe CHIIBbHBIX MEK3BE3JHBIX MAarHUTHBIX MOJSIX. [leHTpanbHbIM
BOIPOCOM SIBIISIETCS TIPOMCXOXKACHUE dTUX KOCMUYecKux Jyderd. Eciu B Hameid ["anaktuke oHM 00paszyrorcs
MIPU «PacCIUIBIBAHUM» B MEK3BE3JHON Cpelic TYMaHHOCTEHl — OCTATKOB BCIIBIIIEK CBEPXHOBBIX (KOTOpHIE,
KaK MBI BUJICTH B MPEABIAYIICH TJIaBe, KHAUMHEHBDY KOCMUYECKHMH JTy4YaMH), TO B ClIydae pajroralakTUK
neno obcrout nHade. CBEpXHOBBIX 3BE3]l TaM SIBHO HE XBaTaeT IJIS TOTO, 4TOOBI 00pa3oBaTh OYEHb YK
OOJIBITIOE  KOJIMYECTBO KocMudecknx mydedd. [locmemaune oO0pa3yroTcss TpH Topas3mo 0ojiee MOITHBIX
MpoIieccax B3PBIBHOTO XapakTepa, MPOUCXOMSIINUX B sIAPaX B MEPHOJBI MX BBICOKON akTHBHOCTH. OOBIYHO
PENATUBUCTCKUE YACTHIIBI BHIOPACBHIBAIOTCS W3 SJICP B BHUJC JBYX OTPOMHBIX OOJAKOB, Pa3JICTAIOIIUXCS B
pa3HBIe CTOPOHBI U CPABHUTENIBHO OBICTPO (32 «KaKue-HUOYAb» COTHHU THICAY JIET) MOKHUIAIOIINX TPEIeITbl
rajakTukd (cM. puc. 33 B cienyromeil riaBe). B KoHIle KOHIIOB OHM PacCeMBAIOTCA B MEKTAJIAKTUIECKOM
npoctpancTBe. HaOmromaroTcs ciydyaw, KOrJa OKOJO TallakTUKA BHJHBI JIBA «CTapbhix», BECbMa
MIPOTSKEHHBIX, TIOYTH PACIUIBIBIINXCS O0JIaka W OJHOBPEMEHHO 10 00€ CTOPOHBI sfpa N1Ba HEOONBIIUX,
OYCHb SIPKHUX, «MOJIOABIX» obOmaka (puc. 30). DTO HAISIAHO NAEMOHCTPHPYET «IHUKIMYECKHN» XapaKTep
AKTUBHOCTH SifIEp.

Cy1iecTByeT Ki1acc TaJlakKTHK, KOTOPBIA B MOCIIEAHUE TONbI MPUBIEKaeT K cede 0co00e BHUMaHUE
acTpoHOMOB. Peup maeT o Tak Ha3bIBaeMBIX «cel(epTOBCKMX ranakTtukax». llociemnue mpeacTaBisioT
coboit Gonee WM MEHEe HOPMANbHBIC CIUPATBHBIC TATaKTUKH, HO TOJBKO C OYCHHb SPKUMH M BeChMa
aKTUBHBIMU sijpaMu. CHEKTPHl TOCICAHUX YKa3blBalOT HA HAJIUYWE TaM B CPaBHUTEIBHO MAaJoi



MIPOCTPAaHCTBEHHON 00JACTH JOBOJIBHO TUIOTHBIX OOJIAKOB TOPAYETO Ta3a, OecIopsIOYHO IBIKYIIUXCS C
OTPOMHBIMU CKOPOCTSIMM B HECKOJIBKO ThICSY KM/C. DTO CBHUICTEILCTBYET O MOIIHOM BBIOpAchIBAHUU
ra30BbIX CTPYH U3 sAACp TAKUX TaJlakTUK. V3myueHrne ¢ HempephIBHBIM CIIEKTPOM YacTO ObIBACT MEPEMEHHBIM
Y UMEET Ty )K€ MPHUPOJY, YTO ONTHUECKOE n3yueHne KpaOoBuIHOW TyMaHHOCTH (CM. IPEABIAYIIYIO TIIaBY).

910 03Ha4acT, 4TO TaM UACT MolIHasd reHepannud KOCMUYCCKUX queﬁ.
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Puc. 30. «PamousoGpaxenue» ranaxtuxy NGC 5128

[IpumepHo 1 % Bcex cnHMpaNbHBIX TAJTaKTHK SBIsETCS cehdepToBCKkUM. Bce roBoput o ToM, 4TO
cefihepTOBCKHE TaJaKTHKH — 3TO OoJiee WM MEHEE JYacTO MOBTOPSIOMIUNCS 3TAll B Pa3BUTHH HOPMATBHBIX
CIIUPAJIBHBIX TalakKTUK. MBI MOXEM eIle CKa3aTh, YTO 3TO HOPMAaJbHBIC TalaKTHKH, y KOTOPBIX sipa
HaXOIITCSA B aKTUBHOM COCTOSIHHUU.

BnonmHe BO3MOXKHO W JJa)ke BEChbMa BEPOSITHO, YTO MHOTO MWJUIMOHOB JIET Ha3aa SAPO Harel
lamakTuku OBIIO «ceiepTOBCKUMY, T. €. aKTUBHBIM. Tak kak COJHIIE M BCS Hallla IUIAaHETHAs CHUCTeMa
HaXOSITCSA OYEHb OJM3KO OT TaIaKTUYECKOHW IUIOCKOCTH, IJI€ MHOTO KOCMHYECKOM MBIIH, MBI HE MOXKEM
METOJJAMH ONTHYECKOW AacTpOHOMHH HaOmoAath sAApo Hameld [amaktuku. OpHAkKO B paaWo- ©
WHGPAKPACHOM JHAMa3oHe 3TO OKa3bIBaeTCs BO3MOXKHBIM. Ha puc. 31 mpuBeieHO «paanon300paXKeHHE»
00J1aCTH TaJTaKTUYECKOTO IIeHTpa. KoMITakTHBII HCTOYHUK pa3Mepamu B 10 cekyHa ayru B 1ieHTpe puc. 31 u
ecTh sapo Hamed [Namaktuku. Tak Kak OHO HaxoOWUTCSA OT Hac Ha paccTtosiHuu okoyio 30000 cBETOBBIX JIET,
€ro JIMHEWHBIE pa3Mepbl OKa3bIBAIOTCSA MEHBINE OJHOTO Tapceka. HemaBHHME paanoacTpOHOMHYECKHE
HAOJIFOICHHUS TIOKAa3ajd, 4TO B IICHTPE slpa HUMEETCS elle MeHbIee o0pa3oBaHHE, pa3Mephl KOTOPOTO



MEHbIIIE HECKOJIBKUX THICAYHBIX napceka. I1o Bcem npu3HakaMm B HacTosiee BpeMs siapo Hameil [anaktuku
«CTIOKOMHOY, XOTS CJIEABI €r0 JOBOJHHO BBICOKOH aKTHBHOCTH B IPOIIJIOM MOXKHO U ceiiyac HaOJronaTh B
BHJIE Ta30BBIX CTPYH, MOJHMMAIOLIUXCA HaJA IUIOCKOCTHIO ['allakTMKM Ha pacCTOSHUE B HECKOIBKO COTEH
Hapcex.

WHTepecHO, YTO ramakTHYECKOe SIAPO TAKXKE SBIAETCS MCTOYHMKOM HH(PPAKpPacHOTO H3TYUECHHUS.
VYrnoBsle pazMepbl 3Toro ucrouHuka 10 cexkyHAa OyTH, T. €. TakUe K€, KaKk U Yy COBNAJAIOLIEr0 ¢ HUM
panuoucTovyHuKa. l3-3a OrpOMHON BEIMYMHBI IIOTJIOMICHUS CBETA MEXK3BE3IHON MBIIBIO ONTHYECKOE
M3IIyYCHHUE siapa Hamed [amaktukm HAOMIOmaTh HENb3sA. TeM He MeHee W3 aHaimu3a HH(PpPaKpacHOTO
W3ITy4YEHHS siIpa MOYKHO CIeNIaTh BBIBOJ], UTO TaM, B 00JIaCTH MOMEPEYHUKOM BCEro JHIIb B 1 MK, HAXOAUTCA
HECKOJIBKO MHJUIMOHOB 3B€3[. DTO O3HAYAeT, YTO 3BE3[HAs IUIOTHOCTH siApa Hamleld ['anakTuku B AECATKU
MIIJIHOHOB pa3 O0JIbIIIE, YEM B «TaJIaKTHUECKUX» OKpecTHOCTsAX CounHia!

B nentpe TymaHHOCTH AHIpOMEOsl B ONTHYECKUX JIydyaX HaOJIOAaeTcs KOMIIAKTHBI OOBEKT C
yrinoBeiMu pa3mepamu 1" x 1,5”. Ero Buanmas 3Be3qHas BenuurHa okoio 12 ™. Tak Kak pacCTOSIHHE 10 3TOH
TUTaHTCKOU 3Be3HOM cucteMbl okojio 700000 mk, To MUHEHHBIE pa3Mepsl ee sapa 3 X 5 MK, a CBETUMOCTh
COOTBETCTBYET HECKOJIBKHM JecsiTKaM MILIHOHOB ComHI. 3aMeTHUM, YTO ONTHYECKHE HaONIoAeHUs sapa
TYMaHHOCTH AHAPOME]Ibl BO3MOKHBI TIOTOMY, YTO €€ 9KBATOpUaNbHas MJIOCKOCTh HAKJIOHEHA K JIyuy 3pEeHus
non OONBIIMM YIJIOM, TaK YTO HPOTSHKEHHOCTh IIOTJIOMIAIONIET0 CBET CJO0S MEX3BE3JHON IbUH
CPaBHHUTENBHO HEBEIMKa. Mexay TeM u3-3a Toro, 94ro CoHIle HaXOAUTCS OYEHb OIM3KO OT IajJakTU4YeCKOH
IUIOCKOCTH, K KOTOPOH KOHIIGHTPHPYETCS MEX3Be3/IHas MbUIb, U3TydeHHE OT IeHTpa Hameid ['amakTuku
MPOXOIUT Yepe3 OIPOMHYIO TOJIILY TOTJIOMIAOIIEr0 CBET BEIECTBA.
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B 1963 r. Opun OOHapyXeHBl MeTaralakTHdecKue (T. €. pacIOJIOKEHHBIE 3a MpeeaMy Halleh
lamakTiki) 0OBEKTHl HOBOTO THIIA. DTO OTKPBHITHE OBUIO CIAETAHO TOJIAHACKHUM acTpOHOMOM MaapTeHoM
HImunrom, padortaromum B Kanmupopaun. YkazaHHble 00bEKTHI UMEIOT 3BE3000pa3HbId BHIl U HEKOTOPEIC



VW3 HUX €IIe paHbllle OBUIM OTOXIECTBJICHBI C PaJMONCTOYHHKAMH BEChMa MAaJIBIX YTJIOBBIX pPa3MEpOB.
CHeKTp OTHUX «KBA3U3BC3IHBIX O6’I)eKTOB», WJIHh, KaK HX cefiyac ITOBCEMECTHO Ha3bIBalOT, «KBa3apoB»
COCTOMT W3 SIPKUX JHHHHA W3Iy4YeHHs Ha «HempepbiBHOM» (oHe. CoBepiieHHO HeoxumanHo I[lImunr
OTOXIECTBIJI MIX C OOBIYHBIMH JIMHHASMHU BOJOPOJA, KACIOPOAa M MarHusi, HO TOJIBKO CHJIBHO CMEIIEHHBIMHU
IO CIIEKTPY B KpacHy1o cTopoHy. Eciu uepes
AL=A-N

0003HAYNTH Pa3HOCTHh HAOIIOIAEMON JITMHBI BOJIHBI 1 U3MEPEHHOH B Ta0OPAaTOPUU MK B «OIH3KUX»

TYMaHHOCTSX, TO BEJIUUHHA
z= ()\, - 7\.0) / }\.0

XapaKTepU3yeT KPACHOE CMEILEHUE CIIEKTPalbHbIX JIMHUNA. OHA OIMHAKOBA [l BCEX JIUHUUN JAHHOTO
ncrounuka. /st mepBoro u3 uccnenoBanubx [lImuarom kBazapos z = 0,36. B manmpHeiinemM ObUIO OTKPHITO
MHOTO (HECKOJIEKO COTEH) MMOJOOHEBIX 00OHLEKTOB, MpUYeM HAauOOJbIIee U3 U3BECTHBIX KPAaCHBIX CMEIICHUN z
=4, Dra BenuurHa (JaHTACTUYECKH BEIMKA — HUYETO MOA00HOTO JI0 3TOr0 aCTPOHOMBI HE OOHAPYKHUIIU HU
Yy OJJHOTO HeOecHOro cBeTHIa!
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A 9TO 03HAYaeT, YTO B CIIEKTPAX KBAa3apoB HAOIIOJAFOTCS NalleKHe YIbTPa(pHOIETOBBIC JINHIH, H3-32
OTPOMHOTO KPAacHOTO CMEIICHUS «ChEXaBIIME» B BUANMYIO 4YacTh criekTpa. Ecim Obl He Takoe KpacHOe
CMEILEHNE, 3T JIMHUM HUKOTAa Obl HE HaOIIOJAINCh, TaK KaK 3€MHAas aTMOC(epa MOTHOCTBIO MOTJIONIAEeT
yIBTpapHONIETOBOE U3TyUECHHE.

Tenepp yke Malo KTO COMHEBAeTCS, YTO IMPUYMHON KPAaCHOTO CMEUICHHS KBa3apoB SBIISETCS
spdexr [omnepa. CnenoBaTenbHO, Bce KBasaphl YyHaSsIOTCS OT Hamed [alakTMKM C OTPOMHBIMH
CKOPOCTSIMH, BIUIOTH A0 290 TBIC. KM/C, T. €. BIIOJHE CPAaBHHUMBIMU CO CKOPOCTBIO CBeTa! DTH OrpOMHEIE
CKOPOCTH CBSI3aHBI C paciiupeHreM BeeneHHOH (CM. CIeyIONIy o TIIaBy).

Tak Kak CKOpPOCTH yJaJeHUs] KaKOro-HHOYIb 00beKTa, 00yCIOBICHHAs KPACHBIM CMENICHHUEM, TEM
6oJbie, yeM 00BeKT Ooee yaaieH, TO U3 OrPOMHON BEIMYMHBI KPACHBIX CMEIIECHUH KBa3apoB CIeIyeT, YTO
OHHM OT HaC HEMMOBEPHO YJAJICHBI, 3HAUUTENHHO JalbllIe, YeM JaKe camble yIAJIICHHBIC M3 HAOII0JaeMBbIX
rajaktuk. Ecom mpm TakoM ynameHHH MBI BCE K€ MX MOXKEM HAONI0gaTh, TO 3TO O3HA4YaeT, 4YTO HX
CBETUMOCTH BO MHOI'0 ACCATKOB pa3 MPCBOCXOAAT CBETHUMOCTHU HJAXKE CaMbIX 60JII)HH/IX TaJIaKTHK. BCI[B
MOIIIHBIE MAsIKU BUJHBI C OUYeHb OONBILINX PacCTOSHUI!

Bcero ynuBuTenbHEE TO, YTO SIPKOCTh KBa3apoB (B ONTHYECKOM JHana3oHE) MEHSETCS. JTO
O3HAYaeT, YTO KBa3aphl HE MOTYT OBITh 00BEKTaMHU, CXOAHBIMH C TaJIaKTUKaMH, T. €. COCTOSIINMH U3 COTEH
WM THICSY MWIIHApAoB 3Be3d. CKopee OHM POACTBEHHBI TaTaKTUUECKUM SApaM, MOLIHOCTH W3TYy4eHUs
KOTOPBIX, KaK MBI BHJIEIH, JOBOJBHO OBICTpO MeHsercs. EcTh, omHaKo, pasHHIAa B MaciuiTade SBICHUS:
MOIIHOCTh M3Ty4eHHs KBa3apoB NPEBOCXOAUT MOIIHOCTh M3Iy4deHUs ceiipepTOBCKUX saep B THICAYM pas!
W3 Toro ¢akra, 4TO 3a KaKyl0-HHOYb HEJEII0 KBa3ap 3aMETHO MEHSET CBOU OJiecK (3a CueT HEeNpephIBHOTO
CIEKTpa, TaK KaK HHTCHCUBHOCTD €r0 JTMHUN M3IIyUeHHsI OCTAEeTCsl HEM3MEHHOM ), clielyeT MPOCTOH, HO OUCHb
BA)KHBIH BBIBOJ, YTO JIMHEHHBIC pa3Mephl €T0 U3ITydaronieil 00JacTH He IPEBOCXOIAT HECKOJIBKUX CBETOBBIX
HeJleNb, T. €. OJHM3KH K COTOH JoJie mapceKka, MEeXAy TeM KakK pa3Mepbl TaJlaKTHK UCUUCISIOTCS MHOTUMHU



TBICSTYaMH NapceK. [ Takol HUYTOXKHBIN 110 aCTPOHOMUYECKHMM MaciuTabaM oObeM H3JIydaeT SHEpPIuio B
COTHH pa3 Oouibllle, YeM Kakas-HUOYAb TUTaHTCKas 3Be3[qHas cucrema THma Hamed [amaktuku! Dto
yKa3bIBaeT Ha TPaHANO3HOCTD TeX (PU3MYECKHUX MPOLECCOB, KOTOPHIE TaM HPOUCXO/ISAT.

Ceiiuac B 00LIEM SICHO, YTO MMEETCSI HENpephIBHAs MOCIEJOBATEIbHOCTh KOMIIAKTHBIX OOBEKTOB,
UAyIas OT sifiep HOPMANBHBIX TANAKTUK, Yepe3 siipa ceiepTOBCKUX rajlakTHK, paluoraJakTHK K KBazapam,
rze AeHCTBYIOT KaKue-TO CXOJHBIE, a CKOpee BCEro — OJMHAKOBbIC (PU3NYECKUE MPOLECCH, OTINYAI0OIHECs
JWIIb MaciuTaboM »HeproBbineneHus. Kcratm 3ameTum, 4TO, €CIM OTBIEYBCS OT KPAacHOTO CMEILICHUS,
CIIEKTPHI KBAa3apOB YIUBUTEJIBHO [TOXO0XH Ha CIIEKTPHI celiepToBCKUX siep. U Tam, U TyT MBI UIMEEM JIENO C
OBICTPBIMM JIBIKEHHAMH O00JakoB Tropsiuero rasa. OnHako B KBa3apax Macca 3TOro rasa JOCTHTaeT
MWIJIHOHOB COJIHEYHBIX Macc, YTO B THICSYM pa3 OoJblue, 4eM y celidpepToBekux saep. Mmerorcs u npyrue
obmue ueptel. Kak HekoTopele KBa3apbl, TaK M HEKOTOphIE cei(epToBcKHE sapa XapaKIEpPU3YIOTCS
MEHSIOIIMMCS CO BPEMEHEM JIOBOJIFHO MOIIHBIM paanousitydeHrneM. (Tak ke Kak M Aapa TajlakTHK, Jaleko
HE BCE KBazapbl aKTUBHBI, T. €. MEHSIOT CBOM CBOICTBa co BpeMeHeM.) M3 xapakrepa HM3MEHEHHH co
BpEeMEHEM Ha pas3HbIX YacTOTaX paAuoauana3oHa MOXKHO CHeslaThb BBIBOJ, 4YTO B 0OOOHX CIydasx
HaOJI0JaI0TCs BHIOPACHIBAHUS 00IaKOB KOCMHUUECKUX JTyueil, KOTOpBIE JOBOJIBHO OBICTPO PACIIUPSIOTCS.

Utak, KBazapel — 3TO 4YTO-TO MOXOXee (MM AaXe TOXKICCTBEHHOE) Ha «CBEPXMOIIHBIE
rajJjakTU4ecKue sjpa. XOTs B HACTOSAIIEEe BPEMS MBI €€ OYEHb AAJeKH OT MMOHMMAHUS UX MPUPOABI, KOE-
KaKHe COOO0paXeHUs 110 3TOMY IIOBOLY MOKHO Y€ BbICKA3aTh.

[Ipexae Bcero oOpamaioT Ha cebst BHUMaHHUE KpaifHe MaJble pa3Mephl 00JIacTH, TJe COCpPeI0TOUeHa
MEPBONPHYMHA caMOoro (peHOMEHa sapa TanakTuku. Tak, HampuMmep, y Hamed ['anakTuku pazMepsl camoro
LEHTPAIbHOTO MCTOYHHMKA PATUOM3IIYYEHUS HE MPEBOCXOIAT HECKOJIBKUX TBICSYHBIX NMapceka. Bo3moxkHO,
9TO 3TH Pa3Mepsl He IPEBBIIIAIOT pauyc opoutsl FOmurepa, T. e. 10" cM. HecomHenHo, uTo HabmromaeMoe
PaAMoON3ITydEeHNE BBI3BIBAETCS MMOTOKAMHU 3JIEKTPOHOB OUEHBb BBICOKHMX 3HEPTUH, JBM)KYIIMXCS B MAarHUTHOM
nose. M3 HaOmogaeMoil MOIIHOCTH ATOTO M3JIyYEHHS CIIEIyeT, YTO €KECEKyHAHO B 3TOH Mmanoi obiactu
Beiensercs 1o 10% spros sHeprum B hopMe KOCMHUECKHX JTydeil. DTO B MHIUTHOH pa3 GOJIbIIE MOIIHOCTH
coiHewyHoro u3nyueHus! OTKya xe Oepercs 3Ta SHeprus, YTO 3TO 32 MOTYUYHH YCKOPHUTENh TaM padoTaet?

Henp3s HCKITIOYNTH, 4TO AApO Hamlel ['alakTHKM — 3TO OJHA 4YepHas AbIpa C OTPOMHON Maccoi, B
MIUIMOHBI pa3 npesbimaromed maccy ConHua, aM00 MHOKECTBO MEHEE MACCHBHBIX UEpPHBIX ABIp,
JBIDKYIIUXCS B 3TOM Mayiolt o6macTu. 3aMeTuM, KCTaTH, YTO €CIU B IEHTpe Hamiel ["allakTUKu HaXOIUTCS
OJHa YepHas JbpIpa ¢ MaccOol B MHJUIMOH COJIHEUHBIX Macc, ee pasMepbl OyayT Oomnbiie panumyca ConHia
JIUTITH B 4 pasa.

Ha ruranTtckyio IeHTpaJbHYIO UEpHYIO [bIpy HENPEephIBHO HATEKAaeT MEX3BEe3AHbIN Tas.
CoBepILIeHHO Tak ke, KaK B cly4ae 3Be3HOH yepHOH nbpIpbl Jlebenp X-1 (cM. rii. 8) ra3 obpasyeT ObICTpO
BpAILAOLINIICS JUCK M TOCTENIEHHO MaAaeT B «IbIPY», BBIAEISSA IPH 3TOM OTPOMHOE KOJIMYECTBO SHEPTHH.

UepHas nmeIpa B IEHTpe Hamreld ["alakTHKA — CpaBHUTENHHO CKpPOMHOE OOpa3oBaHHe. Y IPYTUX
raJlakTUK U KBa3apOB MACChl YEPHBIX JIBIP MOTYT OBITh B IECSITKH THICSY pa3 OOJIbIIIE.

HaOnronaemass akTUBHOCTh TaJIAKTHUECKHX SACP CBs3aHa C HEPAaBHOMEPHOCTBHIO BBINAJAHUS Ha
COOTBETCTBYIOIINE «YEPHBIE IBIPBD» OKPYKAIOIIETO rasa.

Crnenyer mMoA4YepKHYTh, YTO TOKa €IIe «4EepHO-ABIPHAs» TEOpHs TaJaKTHYECKUX SAep SIBIISETCS
TOJIBKO TUIOTE30H, MpaBla, BechbMa MpaBAONOA00HOH. Bymem HanesTbes, YTO CKOpPO 3Ta BakKHEHIIas
mpodieMa acTpOHOMHUH OyZAET pelueHa.

MHoroe, MOeT ObITh, OY€Hb BaXKHOE, OCTAeTCs IMOKa 3araJlouHbIM M HEMOHATHBIM. [laBHO yxe,
HaTnpUMep, YAUBISIET TOT (pakT, 4TO KBa3aphl ONPEACICHHO N30eTal0T CKOTUICHUH TaJIakTHK, MEKAY TeM Kak
o kpaiiHeit Mepe 90% Bcex rajJakTHK COCPENOTOYEHBI B CKOIUICHUAX. MMeroTcs u npyrue npobiemsl, eme
KAYIIAE CBOETO PEIICHMS.

B 3akirodeHuwe 3TOM TNaBbl 3aMETHUM, 4YTO Uil TPOOJIEMBI PACIPOCTPAHEHHOCTH KH3HH BO
BcenenHoll peHOMEH aKTHBHBIX B3PBIBAIOIIMXCS SACP MPEACTABISIET ONpeesieHHbIH nHTepec. Eciam Takue
B3pBIBBl JIOCTATOYHO MOIIHBI M TNPOUCXOISIT HE TaK yXKe PENKO (CKaXeM, pa3 B HECKOJbKO JECATKOB
MUJUTHOHOB JIET), BPS/ JIM M3-32 BBICOKOTO YPOBHSA JKECTKOW paJHalliy TaM Ie-HUOyAb MOXKET pa3BUBATHCS
xu3Hb. C ApPYrodl CTOPOHBI, MOXKHO MNPEICTaBUTh ce0€ TaKylo CHUTyalHlo, KOrjAa He KaTacTpo(UUecKH
BBICOKHH YPOBEHb TakOW pafHalliy SBISETCS OJaronpuATHBIM (aKTOPOM U BO3HUKHOBEHHS U Pa3BUTHUS
XKU3HU. 711 3TOro mpolecca B3pbIBBI siep FJIaKTHK MOTYT UMETh Jlake OOJblliee 3HAUCHHUE, YeM BCIIBIIIKI
OnMM3KUX CBEepXHOBBIX. Clenyer, OJJHAaKO, MOAYEPKHYTh, YTO MOLIHOCTH B3pBHIBOB B Hamiel ['anaktuke, mo-
BUAMMOMY, BCeraa Obula HE3HAYMTENbHOW M CEPbE3HOro BIMSHUS HAa PAa3BUTHE KU3HM B HEH OHM He
OKa3aH.



7. Bonvwas Bcenennasn

YenoBeueckoe MBIILICHUE HE TEPHUT orpaHuueHui. HecoMHEHHO, y uuTaTelneld BOSHUK BOIPOC
OTKYyJIa B35JIOCh TO NIEPBOHAYAIBHOE JIOCTATOYHO Pa3peKEHHOE Ta30BOe 00JIaK0, M3 KOTOPOTo B AalbHEHIIIEM
00pa3oBaiCh CKOIUIGHWA TallaKTUK W TalakTUKK? 37ech MBI CTalKWBaeMcs, IOXKalyi, C CcaMoH
IpaHAMO3HOM MPOOIEeMOI COBPEMEHHOTO €CTECTBO3HAHMUS. Pedb UJeT 0 Tak Ha3hIBAEMOW «KOCMOJIOTUYECKON
mpoOiieme». Kocmororus 3aHMMaeTcsi UCClieZIOBaHUEM CTPYKTYPBl M pa3BHTHs BCel HaOIrOmaeMoil HaMu
gact Bcenennoit. Konmeuna wimm OeckoHeuHa BcenmeHHas, kakas y Hee T'E€OMETpPHSA, B YeM TNpUIMHA
pa3beraHusl TajlaKTHK, BBI3BIBAIOIIEIO HAOJIOaeMOE KpPAacHOE CMEIICHHE, — BOT BOIPOCHI, KOTOPHIMHU
3aHUMAETCS] KOCMOJIOTHS.

OTu BOMPOCH CBs3aHBI C OOmel mpoOiaeMol H3BONIONMKM BceneHHOH, B YaCTHOCTH C ee
HaOJIIOMaeMbIM pacmpeHueM. Eciu, Kak 3TO CYUTAIOT B HACTOAIIEE BPEMS, CKOPOCTh «pa3jieTay TallaKTHK
yBenuuuBaeTcs Ha 50 KM/CeKk Ha Ka)Iblii MULIMOH MapceK, TO SKCTPAMONANUS K MPOILIOMY MPUBOIUT K
YAUBHUTEIBHOMY pe3yJibTary: npuMepHo 20 Mupa. JieT Ha3aa Bes BceneHHas Oblia cocpeoTodeHa B OYE€Hb
MaJeHbKO} 061acT. MHOTHE ydeHbIe CUMTAIOT, YTO B TO BPEMs ILIOTHOCTh BeeneHHoit 6bia okomo 10 —
10" r/eM’, T. e. Takas e, KaK U y aTOMHOTO s/ipa. A elle paHblie, KOrjaa Bo3pacT BeelleHHoi neuucscs
HUYTOXXKHBIMH JIOJIIMA CEKYHZBI, €€ TUIOTHOCTh Obllla 3HAYUTENhHO BbIIIE simepHOi. [lpome roBops.
Bcenennas Torma mpeacTaBisLia cOOOW ONHY THUTAHTCKYIO «JACTHIY» CBEpXbSAepHOH IoTHOCTH. [lo
KaKAM-TO IIPUIMHAM dTa «YaCTHUIAy MPUILIA B HEYyCTOWINBOE COCTOSHUE U B30pBajiack. [lociencTBus 3Toro
B3phIBa MBI M HA0JIOJJacM celvac Kak pa3jieT CUCTEMbI TaIaKTHK.

BozHukaer ecTecTBEHHBIH BOMPOC: HE 03HAYAET JIK (B MPEINOJIOKEHHUH, YTO M3JI0KEHHAs! TUTIOTEe3a
crpaBe/yiMBa), uto okoysio 20 wmupa. JeT Hazaa ObUl0 «Hadano cBera»?  OTcroga OAMH IHar Jao
npencTaBieHus, 4yro 20 Mipa. JeT Ha3aa Obul COTBOpEH Mup... Hamo cka3aTh, YTO HEPKOBHHUKH IIMPOKO
WCTIOJb30BANIN U UCTIONB3YIOT OMMMCAHHOE OJHO W3 BO3MOXKHBIX CIIEICTBHI HAOIIOIaeMOT0 pa3jeTa rajlakTHK
IUT PeIUTHO3HON mporaranasl. Ha 3ToM mpuMepe BHIHO, KaK EPKOBH IMBITAETCS MCIOJIH30BATH BHIBOIHI
COBpeMeHHOﬁ HayKH, OPpE€ABAPUTEILHO NCKAa3B U U3BPATHUB UX.

Crnenyer, 0IHAaKO, UMETh B BUY, YTO €CJIM BBIBOJ O TOM, 4To 20 Mipa. jJeT Ha3ajd Bcs Bceenmenuas
MIPEJICTaBIIsIIa COO0H CBEPXIUIOTHYIO <«SIIEPHYIO» KATUTIO, SBJISETCS MPABMIIBHBIM (a 3TO, MTO-BHINMOMY, TaK),
BCAKHEC paCCyXICHUA O «HaAYaJIC» U TCEM OoJsee «COTBOPCHHU» MHUPaA ABJIAIOTCA HCHAYYHbIMHU. Boo6n1e caMo
MIOHSITUE «BPEMsD MPHU TAKUX OTPOMHBIX ITIOTHOCTSAX MOKET MOTEPATH BCIKUN HArNIAIHBIN cMbich. CTOb ke
0ECCMBICTIEHHO TOBOPHTH B TaKHX YCIOBHSIX O KaKOM-TO «Hadalle BpPEMEHH». 31eCh JOJDKHBI OBLTH
JEHCTBOBATh 3aKOHBI KBAaHTOBOW TEOPHH TATOTEHHS — HAYKH, KOTOpas TOKa elle He co3aaHa. V3mumiHe
MOAYEPKUBATh, YTO B YCJOBHSIX Takod BceneHHOM — CBEpXIUIOTHOM «YacTHIBI» — HUKaKas >KU3Hb
HEBO3MOJXKHA.

HyxHo, ogHako, 3aMeTHThH CJemyrolllee: Helb3s 3apaHee HCKIIOYNTh, 4TO HabIomaeMas HaMu
ceifuac KapTWHaA pasyieTa TalaKTHK MPOHCXOJUNIA C OJMHAKOBOW CKOPOCTHIO M B CKOJb YTOJHO JalIeKOM
nponutoM. Bellb MOKHO CUUTATh, YTO B MPOILIOM CKOPOCTh pa3iieTa TaIaKTUK OblIa APYTroi W, B YACTHOCTH,
MeHbIIeld. HekoTopsle KOCMOJNIOTH Tonaraiu, 4To BceneHHast He pacImpsuiach «OT TOYKHY C IMOCTOSTHHOU
CKOPOCTHIO, a Kak ObI ITyJIbCHPOBaa MEKAY KOHEYHBIMH MPEesIaMu €€ CpeiHel MIIOTHOCTH. JTO 03HAyYaIo
Obl, YTO B MPOILIOM CKOPOCTH pasjieTa TaJlaKTHUK ObLla MEHBIIE, YeM ceidac, a ellle paHblle CHCTeMa
TaJlaKTUK, MOXET OBITh Jake CIKUMAach, T.€. TAIAKTUKHA MPUOIMKAIUCH IPYT K JPYTYy C TeM OOJbIen
CKOPOCTBIO, YeM OoJIbIllee pacCTOSHWE WX pasmensuio. M B OyaymieM HaOmromaemasi HaMu ceidac 3moxa
KpaCHOro CMEHICHUA IMMOCTCTICHHO MOXKET CMCHUTHCA 3IMOXO0H q)HOJICTOBOFO CMCUICHUSA.

HeoOxoanmo, omHako, 3aMeTUTh cienymoomee. Ecnmu Obl gaxke THIIOTE3a «IyJIbCHPYIOIIEH
Bcemennoit» okazanachk MpaBUILHOW, OHA HE cTana OBl aIbTEPHATHBOM THIIOTE3€ «CBEPXIIOTHON YaCTHITBDY
KaK HaydalbHOTO coctosHus Bcenennoil. Jledo B ToM, 4YTO Henb3s cebe MPEACTaBUTH HEOTPAHMYCHHO
0O0JIBIIIOE YKCIIO ITyJIbCAIIMI MEXTy MpeAeaMu CPEeIHEH MIIOTHOCTH, KOTOPBIC HUXKE SICPHOM.

B camom nene, Bo BeenenHol naetT HeoOpaTUMBIN TTPoIiece — IpEeBpaIleHre BOJAOPOAa B TelINi pH
TEPMOSIICPHBIX peaKIusIX B Heapax 3Be3n. B HaOmomaeMoil HaMH (IOBOJIBHO 3HAYMTEIHHOM) YacTH
BcenenHnoii yxe HECKOIBKO JECATKOB MPOIEHTOB aTOMOB BOAOPO/Ia MPEBPATHIIOCH B aTOMBI Tenusi. Ha atoT
MIPOIIECC MOTJIO YHTH camoe OoJblliee HECKOJNBKO NECATKOB MWLTHapaoB yieT. Ecin Obl BeeneHHas B TOM
MPUMEPHO BHJE, B KAKOM MBI €e HaOIlo[aeM ceifuac, CyIecTBoBaia CBBIINIE COTHH MHJLTHApPIOB JIET, OHA
ObuTa OBl «IIOYTH TeNiueBas». Bech BOJOPOJ YK€ IABHO «BBITOPEI» Obl, CBETHMOCTH 3BE3], 00pa3yroIIux
raJlakTuky, ObutH Obl Manel. Ho 3TOTO 3aBeoMo Her. [lpyrumu cinoBamu, HaOnromaeMasi HamMu BcenenHas
TEPMOAMHAMUYECKH TOCTATOYHO MoJona. Tak Kak mynbcannu BcenmeHHoW MeXIy HE CIHUIIKOM OOJBIIMMU
npeacjiaMu IJIOTHOCTH HE MOTYT HM3MCHUTL TEMII 3BOJJIOOWU 3BE31, MOXHO CACIAaTh BBIBOJ, 4YTO CCJIH
nyibcaluy BceneHHON B MPOILIOM M MMENM MECTO, YHCIO UX MOXKHO NEpecYuTaTh MO MajbllaM OJHOU

PYKHU...



MoxHO cebe mpencTaBuTh (IO KpaHEH Mepe, MaTeMaTHYeCKH) HEOTPaHWYECHHO OOJIBIIOE YHCIIO0
IyJbCALMM, IPU KOTOPBIX, OJHAKO, B KAXKJIOM LUKIEC BeeneHHas cxuMaercs 10 KpallHed Mepe 0 SIIEpHBIX
IUIOTHOCTEH. Slapa renus (Tak e Kak U IpyTuX 3JE€MEHTOB) IPU 3TOM pachalaloTcs Ha HyKIOHBI U Kak Obl
«00e31MUMBalOTCA». A IIOTOM BCE OISITh HAUMHAETCA CHadana... B 3Toil Mmogenu Bcenennas BnonHe MokeT
OBITH yriooOieHa nereHapHoi nrume OeHnke...

Bpsin nu, onmHako, 370 Tak. IIpocToe MOBTOpeHHE NMKJIOB MO CYIIECTBY HCKJIIOUAET pPa3BUTHE
Bcenennoit B nemom, uto ¢unocodcku coBepuieHHO HempuemieMmo. M yxe ecnu Bcenennas korma-to
«B3PBIBATACHY U CTaJa PACHIMPSTHCSA — HE MPOLIE U CUYUTATh, YTO ITO ObUIO OUH pa3... (MoxHO, IpaBaa,
roJjlarath, 4YTo B MpenblIylliye IUKIBI 00pa3oBaHMsA TAJAaKTUK M 3Be3[ He mpoucxonuwno. OmHako 3To
MPEATOIOKEHNE BBITJISIAUT TOBOJIBHO UCKYCCTBEHHBIM. )

Pa3zButne actpodusuky, 1 0cCOOEHHO PajMOACTPOHOMHUH, B IIOCIEAHHE TOABI MOKA3ajJ0 IOJIHYIO
HECOCTOSITEIbHOCTh KOHIEMNIMH MyJbCHPYIOMEeH MeXIy KOHEYHBIMHU IpeAesaMH IUIOTHOCTH BceeneHHOM
(cM. HEXKE).

Ilo HacTosAmEMY anbTEPHATUBON KOHLEMIMM SBOJIOLHOHUPYIOMIEH OT «CBEPXIJIOTHOM YacTHUIBD)
BcenleHHOR sIBISIETCSI TUIIOTE3a «HE MEHSIOLIEHCSA», COXPAHSIOLIEH CBOM XapaKTEpPUCTHKU BceneHHOH,
KOTOPO# TNpHIepXUBajcid H3BECTHBIM aHTTMUHCKUKA acTpodu3nk XOWJI M HEKOTOphle IpyTHe YUeHBIC.
Heusmennocts Beenennoil (HecMOTps Ha ee pacIIMpeHHe) B 3TOW TMIIOTE3€ JOCTUTaeTCs AOMyIIeHUEM, YTO
HMEET MECTO HEIPEPHIBHOE «TBOPEHME» MATEPHM U3... HUUETO. JTa CTpaHHas uies GU3N4YeCKu HUYEM He
ObL1a 000CHOBAHA.

# Jlume B 1986 1. coBerckuii actpodm3uk A. [I. JIuHme BBIABUHYN TUIMOTE3Y, MOIAKPEIUISIONIYIO
Mozenb. OH NPenrnoaokui, YTO «TBOPEHUE» MAaTEpUH MPOUCXOIUT U3 BaKyyMa, o0yiafaroniero B Oosbleit
yacTu oObema BcelleHHOW CBEpPXBHICOKON IUIOTHOCTBIO. DTOT MPOIECC NMPOUCXOIUT B BHUAE POXKACHUS
pacUIMpSIOMUXCs My3bIpeil 00BIYHOTO BELIECTBa, B OJHOM M3 KOTOPBIX MBI M )KUBEM. #

OKOHYATENBHO PEIINTH BONPOC — 3BOIIOLUOHUPYET IU BeenenHas uinm octaeTcs HEM3MEHHOM —
CMOTJIH TOJBKO aCTPOHOMHYCCKHE HAOIIOACHUSA. ITH K¢ HAOIIOACHUS JODKHBI PEIIUTh BOIIPOC 00 0OmMIHX
cBolicTBax Bcenennoli (Hanpumep, BOpoc 00 ee KOHEYHOCTH, XapakTepe METPUKH U TIp.).

Haubonee  >ddextuBHBIME A pemieHnss  KOCMOJOTUYECKOM — HpoONeMBl  SIBISIOTCS
panuoacTpOHOMUYECKUE METOAbl HcciaenoBaHusi. COBpPEMEHHbIE OOJBIINE PaJUOTENIECKOIBl II03BOJIIOT
M3y4aTh paJvoOrajakTUKKM M KBa3apel (cM. Ti. 1, 6), ynajeHHble Ha TaKW€ OTPOMHBIE PACCTOSHHS, MpU
KOTOPBIX YK€ HAaUMHAIOT CKa3bIBaTbCS PEISITUBUCTCKHE 3(PPEKTHI.

Phe. 33 Pamnwormmastikn 3C 2700 Kpyskamu nokasansl oBaacTe, 13 EOTOPME HCXOUNT aayscHne. 20
ofiancTa He conlataion © casofl maasmmEei, 3 pacnofoens caMMeTpiao ne ole croponu oT Hee

Bompoc 0 3aMKHYTOCTH MPOCTPAHCTBA B TPHHIIUIIC MOXKET OBITh PEIICH M3MEPEHHEM YTIIOBBIX
pacCTOSTHUI MEXTy KOMIIOHEHTAMHU JBOWHBIX PaAHOTANIAKTHK. (Y CTaHOBJICHO, YTO JBOWCTBEHHOCTH BEChMa
pacnpocTpaHeHa Cpelld PauoTaIakTUK). Jlo HeJaBHETO BPEMEHH CUUTAIIOCH, YTO PACCTOSHHS MEXKIY STUMHU
KOMIIOHEHTaMH MEHSFOTCSI B CPaBHHUTEIHLHO HEOOJNBININX Tpefenax (ceiuac BBISCHHIIOCH, YTO PACCTOSHUS
MEXJy KOMIIOHEHTAMH JBOWHBIX paAUOrajJakKTUK MEHSIOTCS B JOBOJBHO IIMPOKUX IIpejaesiax, 4To
OCIIOXKHSICT 3ajJady, HO HE JelaeT e¢ Oe3HaJaexHO#) M cocTaBistoT okojo 100 Teic. nk. Ecmu Obr



IIPOCTPAHCTBO OBIIO €BKJIMIOBBIM, TO YI'OJ MEXIy KOMIIOHEHTaMH HEOI'PaHWYEHHO yMEHBIIAJcsA 10 Mepe
YBEIMYEHHSI PACCTOSIHUS 10 paJMoTalakTUK. Eciau e mpocTpaHCTBO HEEBKIWIOBO, TO, KaK OKa3bIBaeTcH,
3TOT yros OyAeT YMEHbBLIAThCS TOJIBKO 0 ompeaeneHHoro mpexaena (okosno 20”) W mpu aanbHeimem
YBEITMUYEHHUH PACCTOSIHHS OCTAHETCS IIOCTOSHHBIM WM JaKe HAYHET PacTH.

Iloka Takux HaONIOAEHWH, KOTOpPHIE IOJDKHBI OBITh OYE€Hb MHOTOYMCIEHHBI, YTOOBI HCKIIOYHTH
ciydaitabie 3¢ ¢exTsl, HeT. OAHAKO B MEPCHEKTHBE ONMKANIIEro NECSTUIETHS OHH BIIOJNHE MOTYT OBITH
BBITIOJTHEHBI.

[Ipexne Bcero, paanoacTpOHOMUYECKHE HAOIIONEHHS IO3BOJISIOT YBEPEHHO MCKIIOUUTH THIIOTE3Y
«Heu3MeHHO» BcenenHoil. HaliieHo, 4TO IpOCTpaHCTBEHHas IUIOTHOCTh DPAJMOTANIAKTHK UM KBa3apos,
yAaleHHBIX OT HAC Ha PAcCTOSHHE B HECKOJbKO MUJIIMAPAOB CBETOBBIX JIET, 3HAUUTEIBHO OOJIBIIE, YeM B
CpaBHHUTEIBHOM «Omm3octu» oT Hac. (Pasymeercs, «OnM30CTB» B 3TOM Cilydae cJleQyeT MOHMMATb
OTHOCHUTENIBHO: peub UAeT 00 O0beKTaX, HaXOIAIIMXCS OT HAC He Aajbllie, YeM, HalpuMep, MHILTHAP
CBETOBBIX JIET.) JTO O3Ha4yaeT, 4To B Oojee paHHHE SIOXM HBOJIOLUUHU BceneHHOW OTHOIIEHHE dYHcia
pazuoragakTHK K YHCIIy BCEX T'aJaKTUK ObLIO 3HAUUTENBHO Oonblie, yeM ceifuac. [IpuunHoii 3TOro sBIeHUS
MOKEeT OBITh, HANpUMEp, 3HAYMTEIHHO OONbIIAs TUIOTHOCTh MEXKrajakTHueckoro rasa. CriemoBarenbHO,
MPUTOK 3TOTO Ta3a B 00JIaCTH TralaKTHYECKHX SiAep OBbLI TOTAa 3HAYUTENFHO OOJiee MHTEHCHBEH, YeM B HaIIy
anoxy pacmupeHus BcenenHoil. Ecnm B3peIBBI B TaJlakTUYECKHMX SApax, SBISIOIIMECS NPUYUHOU
00pa3oBaHUsl PAagUOTANAKTUK, CBSI3aHbBI, KaK II0JIATaeT aBTOP, C NPUTOKOM MEKIaJaKTHYECKOTo rasa, To,
OYEBHHO, HAONIOJaCMBIl PaJlOACTPOHOMAMH JBOJIOLMOHHBIA 3(dekr Oyner oObsicHeH. Bmpouewm,
BO3MOXHBI U Apyrue oObscHeHus. Ho, Tak uiam mHauye, paguoacTpOHOMHYECKHE HAOIIOAEHHS TOBOPAT O
TOM, YTO MUJUIMAPABI JIeT Ha3ax Beenennas Oblia apyrasi, 4eM ceidac, T. €. OHa 3BOJIIOLIUOHUPYET.

OpHako camblil BBIJAIOMIMICS BKJIAJ B KOCMOJIOTHIO PaIH0acTpOHOMUS caenana B 1965 1. xoraa npu
HCTIBITAHUN HOBOH, BeCbMa YyBCTBUTEIBHON MPUEMHO panuoanmnaparypsl B tabopatopun bamta (CLIA) Ha
BOJIHE OKOJIO 7 cM ObUI OOHapyXeH COBEPILCHHO HOBBIH THUI KOCMHUYECKOTO PpaAnOM3Iy4YeHus,
HMHTEHCUBHOCTH KOTOPOT'O CO BCEX HampaBiieHUH Ha HeOe Obuta oquHakoBoi. Ha Gosiee IIMHHBIX BOJIHAX 3TO
U3Ty4YeHHe HaONoJaTh 3aTPyAHUTENBHO, TaK Kak OHO «MAacKUpyercs» Oojee HMHTCHCHUBHBIM
panuounsiaydenueM ['anaktuku n MetaranakTuky. J{eno B TOM, 4TO, KaK IOKa3aly AajbHEHIINE HAOIIOACHUS
Ha. JpYrHMX BOJHAX CAHTHMETPOBOIO [IWANa30Ha, WHTEHCHUBHOCTh JTOTO M3JIYYEHUS pACTET C POCTOM
4acTOTHl TPOIOPIUOHATIBHO KBaJApaTy TIOCIEAHEH, MEXAy TeM KaK WHTEHCHBHOCTh TaJaKTHUYECKOTO U
MeTarajJlakTHYeCKOro CHHXPOTPOHHOTO PaJHON3ITyUYeHHS TOBOIBHO OBICTPO MagacT ¢ POCTOM YacTOTHI (PHC.
34).
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Iom  Im Wem Tom A

Puc. 34, Cnektp ralakTu4ecKoro
(D) ¥ H3OTPONHOIO «TPexXrpamyc-
Horon (If) w3nyuenus

CriekTp ¥ WHTEHCHBHOCTb BHOBb OTKPBITOTO «H30TPOITHOTO» PAJWOHMIYUYECHUS COOTBETCTBYET
YEepPHOMY Tey, HarpeToMy A0 TemmepaTypbl okoyio 3 K. DTo m3nydeHue 3amoiHseT BClo MeTarajaakTuKy,
TaK KaK HUKAaKOW KOHIeHTparuu kK Mneunomy [lytu He oOHapyxuBaeT (OHO Belb «u30TporHO»!). [IpocToit
pacyeT TOKa3bIBACT, YTO IUIOTHOCTh YHEPIMH HOBOTO THIIA M3NIyHEHHs COCTABIAET MpuOmM3uTensHo 1077
3pr/cM’. DTO 3HAYMTEIBHO GOJIbIIE ITOTHOCTH BCEX BHIOB SHEPIUU B MeTaranakThKe, HAIPHMeEp, SHEPIUH
ONTHYECKOTO U3IYUYCHUS OT rajakTUK, KHHETUUYECKOU SHEPTUH IBIKCHUSA MaTepuu U Mp. TOIBKO IIOTHOCTH

2
DHEPrHU IIOKOS, PaBHAs Pgp*C’, THAE P — CPeAHsAs (WIH, KaK TOBOPST, «pa3Ma3aHHas») IIOTHOCTb
MEeTarajJlakTH4eCKOro BEIeCTBa, MPEBBIMIAET MJIOTHOCTh IHEPTUH OTKPHITOro B 1965 r. HOBOro BHUJA
H3JIy4ECHHUS.

OOBsiCHEHHE H3TOr0 TAWHCTBEHHOTO «TPEXTPAJyCHOTO» H3IYYCHHUS, HAIMOJHSIONIIETO BCIO
Bcenennyto, 010 mano 6vicTpo. Eme B 1948 1. m3BecTHBIM Qusuk . A. 'aMoB (TOT caMblii, KOTOPHIA 3a
JBAJLATE JIET IO 3TOr0 OOBSICHUI G-pacraji paIHMOaKTUBHBIX sJIEp HA OCHOBE MPEACTABICHHN KBaHTOBOM



MEXaHUKH) pa3paboTall TEOPHIO TIEpPBOHAYAIEHO OYCHB ropsucii pacmmpsromieiics Beenennoit. Peus umer o
CaMBIX PaHHHUX 3Tallax ee IBOJIOIUH, KOTJa He OBUIO HU 3BE3[], HU TaJIaKTHK, HU JaXKe TSHKENBIX 3JIEMEHTOB
(Benp mocnenHue 0Opa3yroTCs TOIBKO B HEApax 3Be31; cM. L. 6). [lo Mepe pacmmpeHus 3TOro Ype3BbIYaiiHO
TOPSIYEro «OTHEHHOTO IIapay» ero TeMIepaTypa IOJDKHA OBICTPO ManaTh (10 TOH ke MPUYHHE, IO KOTOPOU
OXJI2XKJJACTCS PACIIUPSIIONINICS B ITycTOTY ra3). HakoHel, koraa TemiiepaTypa ra3a ynaaer IpUOIH3UTeIbHO
10 4000 K (kak moka3pIBAIOT pacdeThl, 3TO OBLIO TOT/A, KOryia «Bo3pact» BceneHHol Obu1 okoo 500 ThIC.
neT, a pasmepsl npuMmepHo B 1000 pa3 MeHbIIE COBPEMEHHBIX), BOJAOPO/] IIEPECTaHET OBITh HOHM30BAHHEIM.
[locne atoro 3amomustoniee BeeneHnyto n3mydeHne (KOTOPOE B Ty 30Xy COOTBETCTBOBAIO HATPETOMY IO
4000 K Temy) mepecTaHeT B3aMMOJICHCTBOBAaThH C BEIIECTBOM M B JalbHEWImeM OyneT MEHSATh CBOIO
WHTEHCHBHOCTH M CIEKTPaJbHBII COCTaB HE TaK, KaK PacIIUPSAIONMAsAcsS MaTepus. PacueTsl MOKa3bIBalOT, YTO
M0 Mepe pacmupeHus BceneHHON 3To W3mydeHHe OyIeT Bce BpeMsl COXPaHSATh CBOW «PaBHOBECHBIM»
xapakrtep (T. €. ONHMCBIBAThCS U3BecTHOU (hopmyiioi [lnanka), a ero Temneparypa Oyler yObIBaTh 0OpaTHO
MIPOTOPITMOHANBHO pa3MepaM BceenenHoil. Mexay TeM ra3 OyJeT OXJIaXIaThCs 3HAYMTEIBHO OBICTpEe
0o0paTHO TPOMOPIMOHAIEHO KBajpaTy «pa3mepoB» Bceemennoii. (Ilom «pasmepamm» pacmupsromeics
BcenenHoit 31ech MOHMMAETCsl PacCTOSIHUE MEXKAY JBYMsSI KaKMMH-HUOYAb TOYKaMH, KOTOpPOE B Ipoliecce
pacIIMpeHusT HENpephIBHO pacteT.) Tak Kak MOclie «OTKJICWKW» H3JIy4YeHUs OT BeliecTBa BcerneHHas
yBennumia CBoM pasMmepsl Ooiee yem B 1000 pa3, To ceifuac TemrmepaTypa 3amoiHsmomero BcemeHHyrO
M3ydeHus] AobkHA ObITh okomo 3K; MMeHHO 3TO W3NMydeHHe M OBUIO OOHapYyXEeHO COTPYIHUKaMHU
nabopatopun bamma. Takum o00pazoM, 3TO HBIYYCHHE HE TEHEPHPYETCS KaKUMU-THOO TelaMu
«COBpEMEHHOI» BceleHHOM, a oTpakaeT ee COCTOSHHE Ha paHHeM i3Tarie 3Boironuu. [lo aToil mpuunHe
aBTOp KHHTH Ha3Baj €ro «PEIMKTOBBIM» M Celdyac ATOT TEPMHH IOJyYHJI BCeoOIIee pacipoCTpaHEHHE.
ITogo6HO TOMY, KaKk HEKOTOPHIE BUIBI JKUBOTHBIX W PACTCHHM SIBJISIOT COOO aHAXPOHU3M U OKa3bIBAOTCS
«3aCTBHIBIIMMW» OCTaTKAMU TOW JKU3HH, KOTOpas Obula Ha 3emiie B IPOUICIIINE TEOJIOTMYCCKUE SIOXU
(HarmpuMep, cyMYaThie MICKOIIMTAIONINE, HEKOTOPBIE BHJIBI PBIO H T. II.), TPEXTPayCHOE U3ITYICHHE eCTh KaK
OBl «PENTMKT» TAaBHO IMPOIIIE/IIIETO JTara B YBOIIOINH MHPA.

OOHapyKeHHE «PETUKTOBOTO» M3IYUCHUS, HAPSY C OTKPbITHEM Xa0b0JIoM «pa3deraHus rajlakTHK,
SIBIIIETCS] KPYITHEUIINM JOCTIDKEHUEM HaOIoaTeTbHOH KocMOJIoTui. OHO PE3KO COKpAaIlaeT KOJIHMYECTBO
BO3MOXKHBIX THIOTe3 00 »Bomonuu BceenmenHoil. Hampumep, oHO HaBepHSKa 3aKphIBa€T THIIOTE3Y
«CTalMOHAPHOI», HE MEHSIOLIENHCS CO BpeMeHeM BceelleHHOM, 0 KOTOpo# peyb 1ia BhIlIE, 0 KpalHell Mepe
B e¢ MepBoHauadbHOM BHAE. OHO [eNaeT TaKKE HECOCTOSTENBbHON THUIOTE3y MHYJIbCUPYIOMIEH MEXIy
KOHEUYHBIMH 3HAUECHHUSIMU CpEJHEN IIOTHOCTH BeeneHHoil.

Tenmepp MOXHO CYHTaTh TOJHOCTBIO JOKAa3aHHBIM OCHOBHOE ToOJIOKeHHe: BcenenHas
SBOIIIOLIMOHUPYET, U MPUTOM CHIIBHEUIINM 00pa3oM. BMmecTe ¢ TeM OTKPBITHE «PEIUKTOBOT0Y» M3ITyYeHUS U
€ro oObsCHEHHE JIeMOHCTPUPYET TMONCTHHE Oe3rpaHWYHble BO3MOXKHOCTH TIO3HAHUS OOBEKTHBHO
CYIIIECTBYIOIIETO, pealbHOTO MUpa. CTOUT HEMHOTO 3amyMaThes: 10 1963 r. MakcuMansHOE HabIromaeMoe
3HaYeHHne KpacHoro cMenienusa 6outo z = 0,47 (mas papunoranaktuku 3C 295 - cMm. mpeasiaynlyio riasy). B
9TOM ciydae HaOIMOJaeMblii 0OBEKT W3Iy4all TOT[a, Korja pa3Mmepsl BcerneHHoW ObUTM B MOJTOpa pasa
MEHBIIIE, UeM Ceidac, ¥ oOHa OblIa MOJIOJKE B JBa pa3a. Beero ymms 20 €T Ha3aa 3TO CYUTAIIOCH OOJIBITAM
noctkeHneM. OTKpbhITHE KBa3apoB pPE3KO YBEIHMUYMIO BO3MOYKHOCTH acCTPOHOMOB «3arfis/bIBaTbh» B
nponutoe BeenenHol: kBa3ap ¢ z =~ 4 (a Takue 00BEKTHl HAOIIOJAOTCS, CM. IUI. 6) COOTBETCTBYET pa3Mepam
Bcenennoii, yxxe mpuMEpHO B 5 pa3 MEHBLIUM, YEM ceifuac, U Bo3pacTy, B 10 pa3 meHpieMy! 9T0, KOHEUHO,
TUTaHTCKOE TPOJBMKEHHE «Ha3am». M BOT Bcero jumis 4epe3 2 roja mocje OOHApy)KEHUS KBa3apoB
OTKPBIBACTCS PEIMKTOBOE M3ITyYeHUE, MO3BOJAIONICe HAOMI0AaTh BceeleHHYyIO, Koraa ee pa3Mepbl ObLTH
mpumepHo B 1000 pa3 MeHbIIE COBPEMEHHBIX, a BO3pacT — B JECATKH THICSY pa3 MeHblme. M Mol
«HETIOCPEICTBEHHO» BUIWM, YTO B CTOJIb OTJAJIEHHYIO SIOXY €Ille HUKaKUX TaJJaKTHK ¥ 3Be37 He ObUIO U B
noMuHe, a BceneHnas mpezncraBisiga co0Oi MPOCTO paciiupsronieecs, IOBOJIBHO Tropsidee 0O0JIaKo
BOJIOPOJHO-TEIMEBON TUIA3MBI C IUIOTHOCTBIO B HECKOJBKO THICSY YAaCTHUI[ HA KyOWYECKHA CAaHTUMETP. DTO
— mpocTelinas actpodu3mueckas Imia3Ma, CXOJHAas C IUIa3MOM IUTaHETapHBIX TYMaHHOCTEH, HO TOJBKO
«TIOTIPOIIE» — BEAb TSHKEIBIX JIEMEHTOB, MPUCYTCTBYIOMINX B IUTAHETAPHBIX TYMAaHHOCTSX, TOT/IA €IIe HE
0bUT0. ECTh, 0/IHAKO, OJTHO CYIIECTBEHHOE Pa3IM4YKe: B TO BPEMs KaK IUIOTHOCTh U3IYUYCHUS B TUIAHETAPHBIX
TYMaHHOCTSX CPaBHHUTEIHHO HEBEJWKA, HAlll «OTHEHHBIH MIap» HAIOJHEH PaBHOBECHBIM ILUIAHKOBCKUAM
M3ITydeHNeM, TUIOTHOCTh SHEPTUH KOTOPOTO Ha MHOTO MOPSIKOB OO0JIbIIIe, YeM IJIOTHOCTh TETUIOBON YHEPTHUU
mwia3mbl. ([Ipy 3TOM Ha KaXABI TPOTOH BellecTBa BceleHHOW MNPUXOMUTCS HECKOIBKO JECATKOB
MUJUTMOHOB KBaHTOB. Ba)kKHO OTMETHTH, YTO 3TO OTHOIICHHWE COXPAHHUTCS B TeUeHHe BCel NanbHeiIen
sBoMIOITMK Bceenennoi). M1 BOT Hamo MpeACTaBUTh, YTO 3aKOHOMEPHOE Pa3BHTHE DTOTO IPOCTEUIIETO
IUTa3MEHHOTO 00JlaKa, HAlOJHEHHOTO PAaBHOBECHBIM H3IIyYCHHEM, MPHUBEIO K TOW HEBEPOATHO OoraToi
KapTuHe BcenenHoii, koTopyro Mbl ceiiuac HaOmomaem. OrpoMHOe pazHooOpas3ue 3Be3l, BKIIOYas Croaa U



HEUTPOHHBIE 3BE3/1bl, IJIAHEThI, KOMETHI, )KHUBYI0 MATEPUIO C €€ HEBEPOSITHOU CIOXKHOCTBIO M MHOTO €Ile
TaKOro, 0O 4YeM MBI celyac HEe WMeeM JaKe TOHATHS, — BCE B KOHIIE KOHI[OB Pa3BHIIOCH H3 3TOTO
MIPUMHUTHUBHOTO TUIA3MEHHOTO 0oOnaka. HeBonbHO HampammBaeTcs aHAIOTHs C KAKMM-TO TUTAHTCKUM T'€HOM,
B KOTOpPOM OBIIa 3aKOIMpOBaHA BCS OyAyInas, HEBEPOSATHO CIOXKHAs HCTOPHUS Marepuu BO BceneHHOil...
KoHeuHo, 370 BeChMa MOBEPXHOCTHAS aHAJIOTHUS, HO YyBCTBO OE€3MEPHOI0 yAUBICHHS OCTACTCA, MO KpaiHeH
Mepe Y aBTOpa STOM KHUTH...

KTo MokeT mopyduThCst 32 TO, YTO YCIIEXH HAYKH B OJIMKAWIIMEe HECKOIBKO JIET WIH JAeCATUICTHN
HE TO3BOJIAT «3arJISTHyTh» B emle Oojiee paHHWE SIOXW 3BONIONMKA BceneHHoW? 3arisHyTh HE TUIa3zaMu
TEOPETUKOB (KOTOPHIM B HM3BECTHHIX TIpelelaxX «BCE IIO3BOJICHO»), a HAWTU DKCIEPUMEHTATHHO HEUTO
MOXO0Kee Ha «PENHMKTOBBIE» KBAHTHI, HO Jarolnue WHGOpMAIMIO O Topa3mo Ooiee Monomoil BcemeHHOM.
Kaxoit xe ona Obta 10 TOrO, Kak HM3ITydeHHE «OTKIIEHJIOCH» OT BemecTBa? SIcCHO omHO: oHa Oblma erme
MeHbIIIeH, Oonee ropstueit M Oosee TUIOTHOH. HWKakuxX KBAaHTOB M3JIy4eHHS OT TOW JalleKoil 3moxu
coxpaHuThcs Bo Bcenennoit He morno. [loxoxe Ha TO, 4TO, B MPUHIUIE KOHEYHO, COXPAHUTHCS MOTIH
TOJIBKO HEUTPHUHO, AJIsl KOTOPBIX YyAOBUIIHOM MJIOTHOCTH CIOU BELIECTBA — HE Mperpaaa. BoamoxHo, 4To
KOrJa-HUOYyIb yJacTcs HaOMomaTh BO BceeleHHOW HEUTPUHO, COXpaHMBIIKECS BO BceleHHOW OT Tex
BPEMEH, KOrJa €¢ BO3PacT ObLT MEHBIIE THICSYHBIX JIOJICH CEKYHIbI, IUIOTHOCTh MPEBHIINANA SICPHYIO, a
TemIepaTypa ObUIa BBIIIE, YeM JECATKA MUJUIMAPIOB KEJIHBHHOB, T. €. OHA ObLIa TOH caMOW «saepHOU
CBEpXUYacCTHUIIEH», 0 KOTOPOH pedb Ijla B Hadayie 3Toi riaBbl. Celiuac HEHTPUHHAS aCTPOHOMMSI JIETIAET CBOU
MepBbIE, COBCEM eliie poOkue 1miard. Ee pa3putue Oyaer Hen30€KHO CONMPSHKEHO C OTPOMHBIMH TPYIHOCTSIMH.
Ho BeIcOuaiiniast niens — Haiitu Bo BceneHHoIi peaibHbIe (T. €. MaTepHalibHbIE) CIe/bl TIEPBBIX MTHOBEHUN
)KU3HU BceleHHOW — J0JDKHA OmpaBlaTh BCE YCWJIMS Ha TPYJHOM MYTH Pa3BUTUA HEUTPHUHHOU
actpoHomuu. [loxoxke Ha TO, YTO TEPBBIC CICABl YK€ HaWIeHBL. MBI YK€ HEOJHOKPATHO TOBOPWIH O
XUMHUYECKOW JBOMIOIMU BceneHHON, 0 ee HenpepbhlBHOM OOOTAICHUH TSKEIBIMH — DJIEMEHTAMH,
BO3HUKAIOUIMMU IyTEM HYKJIEOCHHTE3a B HEApaxX 3Be3/] — CTALMOHAPHBIX U B3pbIBaroluxcs. B wactHocTH,
B T€YCHHE MHOTHUX MIUIHAPAOB JIET MPOUCXOIUI TPOoIecc 000TaleHnss KOCMUYECKOT0 BEIIECTBa TeIHeM 3a
cueT Bojopoja. Bo3HukaeT, olHaKO, BOMPOC: MOXKHO JI TAKUM 00pa3oM OOBSICHUTH MPOUCXOXKICHHUE BCETO
kocmudeckoro renus? Okas3pIBaeTcs, HET. B MPOTUBHOM cilydae SIPKOCTh YIaJIeHHBIX TallaKTUK ObLIa OBl
3HAYUTEIHHO OO0JIbIIe HAOMIOJaeMOi. ITO 03HaYaeT, YTO OOJIBIAT YaCTh KOCMHYECKOTO TelHsl (TaK JKe KaK 1
neitepus) oOpa3oBajiach Ha JIO3BE3IHON cTafuu 3BoyonuMU BceeneHHoil. PacueTsl MmokasbIBalOT, YTO 3TO
OBLIO TOTJa, KOTJa IUIOTHOCTh BeeneHHoM Oblia OiiM3Ka K SICPHOM, a TeMIlepaTypa UCUUCISIIaCh MHOTUMHU
MUJUTHApIaMu KellbBUHOB. Ho 3T0 03Hawaet, uTo Bo3pact BceneHHON MCUUCISIICS HEMHOTUMH MHHYTaMmH!
Takum 00pa3oM, XOTS M KOCBEHHBIM IIYTEM, HO, OMHMPAsCh HA peajbHbIC aCTPOHOMHYECKUE HAOJIIOIECHUS
TaJIAKTUK, MBI MOXKEM 3ariiTHYTh B BIOXY, KOTJa OHa ObLia €IIe B COTHH THICSY Pa3 MOJIOXKE, YeM B DIOXY
«OTKJICHKI» PENUKTOBOIO U3Ty4eHHUs !

Bepnemcs, oiHaKo, K 3M0X€e 3BOJIIONMUA BceleHHOM, KOraa Mpou30Iilia «OTKIeHKa» U3ITyUYeHHUs OT
BEIIECTBA W BO3BHHUKIM «PEIUKTOBBIC» KBAHTHI, YJIABIMBAEMBIC COBPEMEHHBIMH PaTHOTEICCKOMAMHU.
Bnepenu emie TUraHTCKUHA 3BOJIIOLMOHHBIA IMyTh A0 COBPEMEHHOTo cocTosiHusl Bceenennoi. Ilmasma
JOBOJIBHO OBICTPO CTAaHOBHUTCS HEHTPAIBHBIM BOJOPOJHO-TEIMEBHIM aTOMapHBIM Ta3oM. OTOT Tas3,
pacHImpssich, OBICTPO OXJAXKIACTCS, TOpa3no ObICTpee, YeM HM3IydeHre. MOXKHO MOKa3aTh, YTO MOJIEKYIIBI
BOZIOpOa 00pa30BaThCs HE YCICIOT — CIIHMIITKOM Majia CKOPOCTh COOTBETCTBYIOIICH XUMUYECKON PEaKIUU.
Korga pasmepsl BeenenHolt yBenndaTcs B HECKOJIBKO JECSATKOB pa3, a TEMIEPATypa ra3a OIMyCTUTCS HUXKE 5
K, HacTynuT cileyronuii OueHb BaXKHBIN NEPUOJ €€ pa3BUTHs. IlepBOHAaYaIBHO NTOYTH OJHOPOAHAS Ta30Bast
cpena pa3o0beTcsl Ha OTJICNIbHBIC CIYCTKU. B uem mpuumHa Takoi «dparmeHTanumn»? Benb nepBoHavanbHO
TaKye CTYCTKH TPEACTaBIsUIM CO0O0W MpocTo obmactn MeTaralakTUKH, TN TUIOTHOCTh BEIIECTBA TOJBKO
HE3HAYHUTEIHHO TPEBHIIAET CPEAHIOI0 IUIOTHOCTh. Kak e BO3HHKIN OTH O0NacTH C W3OBITOYHOMN
IJIOTHOCTHIO B TIOYTH OJHOPOHOM, J1a €Ile K TOMY e OBICTPO pacimpsroneMmcs BemecTse Beenennoit? Ha
3TOT, Ka3aJoch ObI, TAaKOM MPOCTOI BOMPOC COBpPEMEHHAas HayKa HE JaeT elle OJHO3HadyHoro orsera. C
JIOCTOBEPHOCTBED MOXHO TOJBKO CKa3aTh, YTO «3apOAbIIIN» HEONHOPOOHOCTH BceeneHHOW B Hel
MIPUCYTCTBOBAJIM BCET/a, €CIM YIrOJHO — M3Haydaja. BceneHHas HUKOTAa He ObLIa CTPOro OJHOPOJIHOM, OHA
ObLTa MMOYTH OJTHOPOJIHOM JJaKe B IMEPBbIC MTHOBEHUS CBOETO CyIECTBOBaHUsA. M Ha/lO ICHO MOHUMATh, €CITU
OBl HE 9TH «3apOABIIIN» HEOTHOPOTHOCTH, UCTOPHS €€ Pa3BUTHS ObLIa ObI COBCEM JIPYTOH U, MPEkKIE BCETO
yYOUNCTBEHHO CKYYHOMH, JIMIIIEHHOW KaKOTO OBI TO HU OBLIIO MHOTO00Opasus GopM 1, KOHESTHO, KU3HA. MoeT
OBITh, OTH «3aPOJIBIIIH HEOTHOPOIHOCTUY U €CTh TOT «CBEPXTEH», O KOTOPOM PEUb IIUIA BHIIIE. ..

Urak, u3 «3apojsliiein» HEOTHOPOAHOCTH BceeneHHON (0 MPOUCX0XKIESHUN U TIPUPOJIE KOTOPHIX MBI
MTOKa HE 3Ha€M HUYETr0 JOCTOBEPHOTO) BITOJIHE 3aKOHOMEPHBIM, TEOPETHIECKH OCMBICIIEHHBIM IIyTEM TIPH Z ~
10—100 BO3HMKIM TUTAaHTCKHE Ta30BbIE CI'YCTKU. M3 3THX CTyCTKOB, SBISIOMIMXCS «IIPOTOCKOTIIICHHSIMID)
TaJIaKTUK, MyTeM AalibHeHIel GparMeHTanuu o0pa3oBalrch MEHBIIUE CTYCTKU. KaIplii Tako# CTyCTOK,



XapaKTepU30BaBIIMICS  ONpeNeIeHHOM  Maccod M BpalllaTeIbHbIM  MOMEHTOM,  ITOCTEIEHHO
SBOJTIOIMOHUPOBAN B TaTakTUKYy. [locie 3Toro pacmupenue BeeneHHONH CBOAMIOCH K Pa3ieTy TalakTUK (T.
€. K HeMpephIBHOMY YBEIMYCHUIO PACCTOSHUS MEXKIy TajJaKTHKaMH), MEXIy TeM KaK CaMH TaJaKTHKH
MIPAKTHYECKH HE PACIIUPSIIUCH.

Takum o00pa3om, HapHucOoBaHHas KapTHHA [OKa3blBaeT, YTO TalaKTHKH, a TIOTOM 3BE3IbI
00pa3oBaUCh Ha CPaBHUTEIBHO TO3JHEM dTalle IBONIOUUU BceneHHo, Korga pasMepsl mocienHed Obliu
npumepHo B 10 — 100 pa3 menblue, yem ceifuac. Ha paHHuX sTamax cBOEH 3BOJIOLUUU TaJIaKTHKH, IO-
BUINMOMY, OBUIH 3HAYUTENHHO 0OJiee «aKTUBHBI», YeM B HAmlu JHU (00 aKTHBHOCTH TaIaKTHK, TOUYHEE HX
A1ep, CM. MPeIbIIyIIyIo I1aBy). IMEHHO MO3TOMY KOJMYECTBO PaJHOTajaKTHK M KBa3apoB B Ty JOBOJIBHO
OTJAJICHHYIO OT HAC 30Xy OBLIO 3HAYUTEIFHO OOJIBIIIE, YeM Ceifuac, O 4eM pedb IUIa BHIIIE.

Hanexo He Bech raz BeesleHHOM CKOHJIEHCUpOBAJICs B TalakTUKU. HekoTopas 4yacTh raza ocrajiach B
ME)XTATaKTUYECKOM IPOCTPAHCTBE. YNIbTPa(QHOIETOBOE M PEHTTEHOBCKOE M3IIydeHHE OOpa30BaBIIUXCA K
TOMY BpEMEHHU 3B€3]] M TaJJaKTHYECKHX sep OyJeT MOHU3UPOBATH M HArpeBaTh MEKIaJaKTUYECKUH Tas.
Temmeparypa ero moJsIMETCS 0 MHOTHX JECATKOB MUJLTHOHOB KenbBUHOB. (HemaBHO OBIIO 0OHapyx)eHO
PEHTTEHOBCKOE U3Iy4YeHHE OT MEXTaJlaKTHYeCKOro Ta3a B CKOIUIEHHSX TaJlaKTHK; COIVIACHO JTHM
HAGITIOICHUAM TEMIEPaTypa MEXralakTHIeckoro rasa okono 10° kenbBuHOB, a miotHOCTs ~ 10™ wacTuIs!

Ha KyOmueckmii camtumerp mim ~ 107° r/ecm’). Takum o6pasoM, OxmaaeMas JOBOJBHO BBHICOKAs
TeMIepaTypa MEXIaJaKTHUYeCKOTO Ta3a B COBpEMEHHON BceleHHOW eCTh pe3ylbTaT €ro «BTOPHYHOTOY
pazorpeBa — BeIb K MOMEHTY 00pa3oBaHHs CKOIUIEHHI TaJakTUK OH OBUI OYEeHb XOJIOJHBIM.

MesKranakTH4ecKoe MPOCTPAHCTBO 3aIlOJHWIOCH TaKXKE CBEPXIHEPTUYHBIMH 3apsDKEHHBIMH YaCTHLIAMU —
KOCMHUYECKHMH JIydyaMH, KOTOpble 00pa3oBajuCh B pE3yJbTaTe AKTUBHOCTH sSIEp TaJaKTUK U B3PBIBOB
CBEPXHOBBIX 3Be3. Jlo 00pa3oBaHus rajJlakTUK BO BcenleHHON He OBLII0 KOCMHUYECKUX JIy4eH Tak ke, Kak U
TsKeNbIX d31eMeHToB. IloctemeHHo BceenenHas crama npuHUMarh Te 4YepTsl, KOTOpBIE MBI ceddac
HaOJIFOJaeM.

Wrak, BceneHHas 5BOJIIOLMOHUPOBAJA U IBOJIOIMOHMPYET. DTa 3BOMIOLUS, SBILIIOLIAascS ee
OCHOBHOM 0COOEHHOCTBIO, HaOMIOJaeTCsl Ha BCEX YPOBHSAX. MBI ceiiuac 0OpHCOBAM KapTHHY 3BOJIOLUH
BcenenHnoil B 11e10M OT NPUMHUTHBHOM BOJOPOJHO-TENNEBOM MIa3Mbl JO TOTO TPaHIUO3HOTO MO CBOEMY
MHOTO00Opasnio (peHoMeHa, KOTOpPBIM MBI HabmomaeM ceiuac. B cBOw odepenb HBONIOIHMOHUPYIOT
TaJakTHKH OT TMPOCTEUIINX OONAKOB O CIOXKHBIX CIUPAIBbHBIX 3BE3JHBIX CHCTEM C OTPOMHBIM
pasHooOpazuem momyssinuii. OO 3BONIOUKHM 3BE31 MBI yKe TOBOpWIX B T11. 4. B 111, 9 peus Oyner uaru o6
9BOJIIOIIMU IIAaHETHBIX cHcTeM. M, KOHEYHO, OrpOMHYIO 3BOJIIOILMIO IIpeTepresna >KU3Hb Ha 3emiie U, Kak
MO>KHO TI0JIaraTh, Ha JIPyTUX IUIaHETax.

CoBpeMeHHas Hayka o BceneHHOM — acTpoHOMUS — BCsl HACKBO3b ABOJIIOIMOHHA. He Bcerna Tax
obuto. TonbKO pa3BuUTHE HAIIEH HayKd, MOTpeOOBaBIIEE OTPOMHBIX YCHIMHA OT €€ TBOPLOB, NPHBEIO K
9BOJIIOLIMOHHOMY B3TJIsily Ha BceeneHHyro, MpUYEM He B IIJIaHE YMO3PHUTENBHBIX 3aKIIOYCHHI, @ HA OCHOBE
crpororo ananu3a ¢akroB. B XVIII, XIX u naxke nepBoit monoBuHe XX CTONETUS acTPOHOMHS ObLia
CTaTUYHOH, 3acThIBIIEH. M3ydanuch ¢ OONBLION TOYHOCTHIO IBMXKEHHS IUIAHET U KOMET, MOJENN 3BE3IHBIX
atMocdep, WX XUMHYECKHH coctaB. M 3TO, KOHEYHO, OBUIO OYEHL BakHO. Ho WCTHHHAsS KapTHHA
MEHSIIOIIeNCsl, Topakaroleil MHOrooOpasueM sBJICHHH, 6oraToil «ckauykaMu» U B3pbiBaMH BceneHHoit cTana
SICHOW acTpOHOMaM TOJBKO B TIOCJIEAHIOI YETBEPTh BeKa. OTOT INepHoA «Oypu W HATHUCKa» IO
CIPaBEeIUIMBOCTH MOKET OBITh Ha3BaH «PEBONIOLUEH B acTpOHOMUW». B mepBylo TpeTh Hamero Beka
AHAJIOTHYHYIO PEBOJIONMI0 Tepexxmna ¢us3nka. Ceiiuac MbI SBISEMCS CBUACTEISIMH PEBOIIOIUOHHOTO
B3prIBa B Omosnoruu. Bmecte ¢ mocnenHeil acTpoHOMHsI B HAaIlM AHM HAaXOAWTCS B aBaHTapAe HAyK o
MIPUPOJIE.

OnHako BepHeMcs K KocMmojoruu. Jlius pemieHds OOLIMX BOIPOCOB O T'€OMETPUU M METPUKE
BcenenHoit o4eHb BaXXHO OLIEHUTH CPENHIOI0 IUIOTHOCTH BEIECTBA B HEW. DTa OleHKa uMena Obl OoJbIIoe
3Ha4YeHUe IJis BbIOOpa Mojaenu BceneHHOH, T. e. AN BONpoca O €¢ KOHEYHOCTH WM OEeCKOHEYHOCTH.
OKa3BIBaETCS, UTO «Pa3Ma3aHHA» TIIOTHOCT TATAKTHK JaeT BENHUHHY, MeHbIIyio e 107 r/cv’.

Iloka emre, ogHAaKO, HE COBCEM fACEH BOIpPOC, Kakas IO BellecTBa BO BceneHHOW HaxoAuTcs B
(dhopMe MeXramakTHYecKOro raza. Mo>KHO TOJNBKO TOJaratk, 4YTO 3TOT a3 JOJDKEH OBITh OYEHb TOPSYUM U
JIOCTaTOYHO pa3pekeHHBIM. EcnM, HampuMep, OKaXKeTCs, YTO CpeNHAsA IUIOTHOCTh MEKTalaKTHYeCKOIO
BellecTBa He OOJIbIlIe Pa3Ma3aHHOM IUIOTHOCTH IajakTHUK, BceneHHas He OyneT 3aMKHYyTa (Tak Ha3blBaeMasi
«OTKpBITas MoJenby). lMeroTcs OCHOBaHMS TMOJIaraTh, YTO BaXKHEWIIMA BOMPOC O TUIOTHOCTH
MEXTaJJaKTHYEeCKOH cpenpl OyneT B OMM3KOM OyaylleM OKOHYATEeNbHO PELIEH METOJAaMH PEHTI'CHOBCKOMN
aCTPOHOMHUH.

Hnst  toro uroObl Bcenennas Obula 3aMKHYTa, HYXHO, 4YTOOBI CpEIHSS IUIOTHOCTD
MEXTaJJaKTHYeCKOTo ra3a Obiia mpuMepHo B 30 pa3 Oosbliie «pa3Ma3zaHHOI IUIOTHOCTH TajlakTHK. Bpsg nu



9710 Tak. Eciin e Bce-Taku okakeTcs, uTo BceneHHas 3aMKHyTa, CleqyeT UMETh B BUAY, YTO 3TO ABIIETCS
HEKOTOpPOH  XapaKTepUCTHKONW  YETBIPEXMEPHOTO  MPOCTPAHCTBEHHO-BPEMEHHOTO  MHOT000pa3Hs.
HenonnmManme 3Toro o0CTOSTENBCTBA YACTO HAXOIUT CBOE BHIpAKEHHE B HEIOYMEBAIOLIEM BOMPOCE: €CIU
Bcenennass 3aMKHyTa, TO YTO K€ HaXoIuTcsA 3a ee npeaenamu? KoHeuyHo, MOXHO ObLIO OBl IPEACTaBUTH U
npyrue BcenenHble, Oojiee MM MeHee CXOAHBIC C Haiei, ecnu Ol Mup (wm «CBepxBcelieHHas) ObLI
MHOT000pa3neM MATH WK OOJNBLIETO KOJIMYecTBa u3MepeHuil. Het, oqHako, HUKaKMX Cephe3HBIX OCHOBaHUHN
B II0JIb3Y 3TOTO MPOHU3BOIBHOTO MPEAOIOKEHHS (CM., BIIPOYEM, KOHEII 3TOM IJIaBbl).

IIpuxoauTcst Taxke CibILIATh MHEHHUE, YTO BBIBOJ O 3aMKHYTOCTH BceneHHOI SKOObI HECOBMECTHM
¢ ¢unocodueil IUANEKTHYECKOTO MaTepuainiMa. JTO, KOHEYHO, 3abmyxnaeHue. OCHOBHBIM aTpHOyTOM
Bcenennoit ¢ Touku 3peHus ¢uiaocopuu IUATEKTHYECKOIO MaTepHaiu3Ma SBISIETCS €€ OOBbEKTUBHOE
CyIIECTBOBaHWE M II03HABaeMOCThb. Henemo cBs3bpIBaTh Cyap0y d3ToH Qrmrocopun ¢ KaKUM-HHOYIH
KOHKPETHBIM CBOWCTBOM BceneHHOW, HampuMep CBOWCTBOM KOHEYHOCTH WM OECKOHEYHOCTH.
3akoHOMepHOCTH BceneHHOW MOTOMY M Ha3bIBalOTCS OOBEKTUBHBIMH, YTO HE 3aBUCAT OT NPEIB3ATHIX
B3IIA0B OTAEbHBIX JIFOACH, MIJIOX0 MOHUMAIOIIUX AyX (rinocodun AMaNeKTHIeCKOr0 MaTepHaIn3Ma.

st ipoGIeMBl IPOUCXOXKIACHHSI U Pa3BUTHUS JKU3HU BO BceleHHON ee pacmimpeHHE MMEET O4YeHb
Oonbiioe 3HaueHue. Kak Jerko mokasaTh MaTeMaTHYECKH, IUIOTHOCTH IOJNS M3TMY4YEHUS B OECKOHEUHOM
BcenenHoil, paBHOMEPHO 3ar0JHEHHON M3Iy4arolMMU 0OBEKTaMu, TOJDKHA OBITh O4eHb Oonbiroil. Tak kak
B 3TOM CIIy4yae 3B€3/bl JOJDKHBI SKPaHUPOBATh APYT Ipyra, TO IOBEPXHOCTHAsS SAPKOCTh HeOa NOJDKHA OBITh
TaKoM ke, Kak y 3Be3q win ConHua. HBIMU ciioBamu, HE00 ObLIO OBI OCIENMUTENBHO SIPKO, a TeMIeparypa
BemlecTBa Bo Bceil Beenennoit Obu1a 061 okoo 5 — 10 teic. K. ToT dakr, uto spkocTh HEOa, 00yCIOBICHHAS
H3Iy4YeHHEM BceX OOBeKTOB BceseHHOH, Bce-TakM He3HauuTelbHA, XOTA BceneHHas MoxeT OBITH U
0eCKOHEUHOM, TpeOyeT 00BsICHeHUs. DTa MpodiieMa U3BECTHA aCTPOHOMAM YyiKe CBBILIE MOJYTOpa CTOJIETHH.
Ona nonyunia Ha3BaHuEe «(HOTOMETPUUECKUH MapagoKey.

Eme B XIX crosnetnn aenanuch MONBITKA yCTPaHUTh (POTOMETPUUIECKUN MapaloKC MPH MOMOIIH TeX
WIA MHBIX THIIOTE3 O XapakTepe pacIpeneNeHus H3Jydarolux o0BbEeKTOB BO BceeneHHOH. DTH HOIBITKH,
OJTHaKO, HOCHJIM BecbMa MCKYCCTBEHHBIH XapakTep M OKa3ajuch HeydauyHbIMH. CTOJNb jke HeyAadHbl ObLIH
MONBITKA ~ yCTpaHEeHUs: (OTOMETPUYECKOTo TapajoKca IIyTeM BBEJCHUS MOIVIOMIAIOIIEH Marepu,
pacrnpenieneHHoM 1o Bceld BeenenHoil. AHanu3 mokaszal, 4To HaJlu4yue TaKOW MOIJIOMIA0IIe CBET MaTepuu
TOJIBKO YCHJIUIIO OBl IMapaiokKc.

Pa3Butne coBpeMEHHOH KOCMOJIOTMHM, OCHOBBIBAIOIIENHCS HAa TEOPHUM OTHOCUTEIBHOCTH U
HNOJATBEP)KICHHOW HAONIONEHNSAMH PEIUKTOBOTO H3JIYyY€HHs, YCTPaHWIO (OTOMETPUYECKUHM MapamokKc.
Pemrarormym 00CTOATENBECTBOM SIBIISICTCS HAallMUUE KPACHOTO CMEIEHHsl B CIIEKTpaxX TajaKTHK. bmaromaps
3TOMY SIBICHHIO KBaHTHI CBETa — (POTOHBI, U3TyUYCHHbIE OYCHb NAIEKUMH TaJaKTUKaMH U JOMICAIINE J0
HAac, KaK OBl «IerpagupyroT» WIH «TOLIAI0T»: COOTBETCTBYIOLINE UM AJIHHBI BOJIH CTAHOBSTCS BCe OOJbIIE U
0oJIBITIe, a DHEPTHHM YMEHBITAIOTCA. M3mydeHne caMbIX yAalleHHBIX OT HAc dacTedt Bcenennol Omaromaps
SIBJIGHUIO KpPacHOTO CMEIICHHS YXOAWT B JUIMHHOBOJHOBYIO, HEBHAMMYIO 00JacTb CIEKTpa, U €ro
MHTEHCUBHOCTh CHJIBHO MafaeT. MOXHO CKa3aTb, YTO KpPacHOE CMELICHHE Kak OBl «cpe3aeTy H3IydeHHe
JIanekux odsacreit BeenmeHHo#, TeM caMbIM yeTpaHsst (POTOMETPUICCKUH TTapaioKC.

HeoOxoaumMo moAuepKHYTh, YTO SIBJIEHHE KPAacCHOTO CMEILIEHHs, BBI3BAHHOIO paCIIUpPEHHUEM,
pas3eToM TrajakTHK, OJaronpusSTCTBYET BO3HUKHOBEHHIO M PAa3BHTHIO XHM3HHM B TEX WIM HMHBIX YTOJKax
Bcenennoii. Eciin 661 Beenennast He pacmmpsiiack 1 Oblia ObI OECKOHEYHOM, TemIepaTrypa B Heil Oblia Obl
HACTOJBKO BBICOKOW, YTO Ja)ke MPOCTEHIINE MOJIEKYJISIpHBbIE COCTUHEHHS BPSAJ JIM MOTJIM 0Opa3oBaThCH.
Koneuno, HaprcoBaHHast B 3TOil IJ1aBe KapTHHA pa3BUTHsI U 3BONIOLMH BeeneHHol sBisieTcst caMoi o01ieid u
[0 Mepe Pa3BUTUS HAyKH JODKHA KOHKPETH3MPOBAaThCSI M YTOUHATHCS. He uCkiIo4YeHo, pasymeercs, 4To
OTJIENbHbIE Ba)KHBIC JETallM 3TOW KapTHUHBI IPETEPILT CylIecTBEHHOE uM3MeHeHne. Ho ocHOBHOM BBIBOJ, K
KOTOPOMY TIO/IBOJIUT HAC Pa3BUTHE KOCMOJIOTHH W acTpOPHU3UKH BO BTOPOH MOJOBHHE XX CTONETHUS, BPSA
nu OyneT mokoneOsIeH: B ICTOPHH pa3BUTHA BceneHHol, paccMaTpuBaeMoid Kak 1enoe, Obutn (1, BEpOSTHO,
OyZayT) 310XH, BECbMa 3aTPyIHSIOIINE, €CIH HE MCKIIIYAOLINEe, BOSHUKHOBEHUE U pa3BUTHE XKU3HU. JKU3Hb
€CTh 3aKOHOMEPHBIN ATal pa3BUTHS MaTepun Bo Beenennoil. TeM Gosiee 3T0 OTHOCUTCS K pa3yMHOM KU3HH.

ITocne Toro xak coBpeMeHHas: acTpo(U3UKa BOCCTAHOBHJIA Janekoe mpouuioe BeeneHHoit u Obln
OCBEIICHBl BCE JTAllbl €€ YIMUBUTEIBHOTO PAa3BUTHUS, HAuMHAas OT CBEPXIOPSYET0 U CBEPXIUIOTHOTO
COCTOSIHMSI, IMEET CMBICI 00CYIUTh ee Oyayiuee pa3Butue. B camom nene, 6osee yeM yMECTHO IIOCTAaBUTh
BOTIpOC: a Kak OyleT BhIMIsiAeTh BeenenHas B qanekoM Oyaymem? Mbl yxKe 3HaeM, YTO B JAJIEKOM MPOILIIOM
OHA KauyeCTBEHHO OTJINYAlIach OT COBPEMEHHOI'O CBOETO COCTOSHUS. MOXKHO JM OXHIATh KauyeCTBEHHOT'O
OTIIMYHS COCTOSTHUSA Oymytiel BeemeHHo# OT COBpeMEeHHOT0?

Jiga oTBeTa Ha ATOT BOIPOC HAAO MpEXKAE BCEro 3HaTh, 3aMKHyTa BceneHHas wiM, HampoTHuB,
oTKpbITa. [pyrumu cinoBamu, OyzaeT iu BeeneHHas ckolib YyTOJHO AOJTO PACIIUPATHCS («OTKPBITAas» MOAECITD



BcenenHoit) wim Korma-HUOYOb e€e pacIIMpeHHe CMEHHUTCS cxkaTheM. (Xapakrep HoBeneHuUs BceneHHOMH
BIIOJTHE AHAJIOTMYCH TIIOBEJCHUIO KaMHs, OpOIICHHOTO BBEPX B TMOJE 3EMHOro TiaroteHus. Ecim ero
MIepPBOHAYANIbHAS CKOPOCTh JIOCTATOYHO BEJIMKA, OH MPEO0JICET TATOTECHHUE U OyIET BCE BPEMsl YIANATHCS OT
3emin (aHAJMOT «OTKPHITOI» Mozenu). Ecimu e CKOpOCTh HEAOCTaTOYHA, TATOTEHHE OCTAaHOBHUT €r0 W OH
ynajet o0paTHO (aHAJOT «3aKpPBITOM» MOJIENH)). Bhilie MBI yke Mo JUepKUBajIH, YTO OKOHYATEIBHBIA BEIOOD
MEXJy 3TUMHU JIByMS MOJCISMHU CIIeNaTh TOKa HENb3s. DOTO OyAeT BO3MOXKHO TOT/AA, KOTJa C TMOJHOU
HaJEKHOCTHIO OYJIET onpeieNieHa cpenHsis («pa3Ma3aHHas») INIOTHOCTH BelllecTBa BO BceneHHOM.

3ameTnM, 9TO pa3MaszaHHas IDIOTHOCTh TATaKTHK B HECKOJIBKO JECATKOB pa3 MEHbIIE KPUTHIECKOM.
Cy1ecTByeT, 0IHaKO, KOCBEHHBIN METO/T OTIPEICIICHHS CPEIHEH TIIOTHOCTH BelecTBa BO BeenenHoii. Brime
MBI 3aMETHITH, YTO JeiTeprii Bo BeeneHHoi Mor 00pa3oBaThes TONBKO B TIEpBBIe MUHYTHI TIocie bombiioro
B3peiBa, Kornma MmIOTHOCTE M TeMmepaTypa OBUIM JOCTATOYHO BENWKH. 3Has KOJHYECTBO AEWTEpHUs B
Mex3Be3gHon cpezae (B 50000 pa3 MeHsbIe, yeM BOAOPO/Ia) M TOTAIIHIO TeMIeparypy BcenenHoil, MoOKHO
HaWTH €€ IUIOTHOCTh. DTOT METOJ JAaeT 3HauCHHE INIOTHOCTU B COTHIO Pa3 MEHBIIYIO, YeM KpuTudeckas. B
HACTOsIIIee BPEMS 3TO OJHMH U3 TJIABHBIX apTYMEHTOB B TIOJIb3Yy OTKPHITON MO/ISIH.

CpaBHUTENIBFHO TPOCTO TMpeacka3aTh Oyayimiee BcenmeHHON ISl «3aKphITOM» MOAETH. YK €Clu
Bcenennas HayHEeT CXKMMATBCS, TO ATOT MPOLIECC HUYTO HE OCTAHOBUT U OHA, B KOHIIE KOHIIOB, PO I Yyepe3
KOMIIaKTHY0, CBEPXIUIOTHYIO ropsdytro (aszy, coxmercs B TOuky. B srtom ciydae BcenmeHHast xak Obl
MTOBTOPHUT HUCTOPHUIO «B OOpaTHOM MoOpsaKe». Bech MUK «pacmimpeHne — OCTaHOBKa — C)KaTHe» JOJDKEH
3aHATH Bpems mopsinka 100 mummapaos jer. Tak Kak co BpeMEHH Hadaia PacIIUPeHUs MPOIIIO «TOIBKOY
15 — 20 MuTHApIOB JIET, TO MBI (B CIy4ae «3aKpBITOI» MOJIENH) HAaXOAMIUCH OBl B Havaje ukia. Hagurner
i BeeneHHast mociie cBOero cKaTwsi B TOUKY HOBBIM IMKJI paciiupeHusi? ByayT T HOBBIE IIUKIIBI ITOJHBIM
moo0ueM TpenbIayIiero (T. €. Hamero, B KOTOpOM MBI kuBeM)? OTHO3HAYHBIX OTBETOB Ha 3TH BOIIPOCHI
MOKa HET, XOTS BPSA JIM MOKHO 0XKMJIaTh TOXKECTBA Pa3HbIX LUKIOB. Hampumep, mpu KaXXA0M HOBOM ITUKJIE
MOTYT O0Opa30BBIBATHCS COBEPUICHHO pa3HbIE JJIEMEHTapHBIE YACTHUIBI, YTO, KOHEYHO, pPaTUKAIBHO
OTpa3uTCs Ha XapaKTepe ero MpOTEeKaHNs.

B ciydae «OTKpBITOI» MOJENH, KOTOPOW MPUACPKUBACTCS ceidac OOJBIIMHCTBO KOCMOJIOTOB U
CHEIMAaINCTOB [0 BHETAJAKTHYECKOW aCTPOHOMUH, IPH CBOEM HEOTpaHMYEHHOM paciiipeHnn BceneHnHas u
MaTepus, U3 KOTOPOil OHa COCTOMT, B HEBOOOpA3WMO JajeKoM OyayIneM IMpeTepIsT psl KadyeCTBEHHBIX
m3MeHeHnil. HeobxoauMo moq4epkHyTh, 9TO pedb UIET O YyAOBHIIHO OIPOMHBIX HHTEpPBaJaX BPEMEHH, IO
CpPaBHEHHUIO C KOTOphIMH 15 — 20 MHIIMapIOB JET, MPOMICAIINX I[OCIE IEPBOHAYAIHHOIO B3pHIBA
Bceenennoit, xaxxyTcs MrauoBeHueM. UTO M TOBOPUTh — B ClIyya€ OTKPBHITOM MOJEIM «Yy Hac B 3amace
BEUHOCTBY», XOTS OTy KATErOpHUI0 TIOCTHYh HAIMUMU JKAJIKAMHA YyBCTBAMHU, MSTKO BBIPAXKAsCh,
3aTpyAHUTENBHO. B 3TOM CBA3M cieayeT 3aMeTUTh, YTO KaK OFPOMHBIC, TaK U HUYTOXKHO MaJlble BEITUYUHBI,
MBI BOCIIPHHMMAaeM YCJIOBHO, BCerJa IpuUMepsisi K HUM CBOW BeChMa OTPAaHWYCHHBIH >KU3HCHHBIA OIIBIT.
WmenHO TO MBI UMENU B BUAY, KOT/A B TUI. 1 paccka3plBajy O MPOCTPAHCTBEHHBIX M BpEMEHHBIX MacIiTadax
Bcenennoit. JlobaBuM K 3TOMY, 4TO (PU3UKH, 3aHUMAIOIIAECS JJIEMEHTAPHBIMU YaCTHUIIAMH, HHUYTOKHBIN
uHTepBas BpeMern 107 cex (BpeMst KH3HH CaMbIX HECTAOMIBHBIX YAaCTHII, TAK HA3BIBAEMBIX «PE30HAHCOBY)
OTOXKJIECTBIIAIOT CO BPEMEHEM, 32 KOTOPOE HYacTHIla, MBMKYIIAsICS CO CKOPOCTHIO ¢, TIPOOEraeT OTpe3oK,
paBHBIii pasmepy saapa (1077 cm).

Bepnemcs, ognako, K OTKpbITOi Monenu Bcemennoit. UTo ee oxumaeT B CTOJIb HEOOO3PHMO
yAaJeHHOM OT Hac Oyaymiem?

Ipexne Bcero, uepes 10'* mer (4To BO MHOTO THICSY pa3 NPEBBIIACT BO3PACT COBPEMEHHOM
BceneHHol) «OCTBIHYT», HUCYEpPIaB CBOE SJACPHOE TOpIOYEE, BCE KAPJIHMKOBHIC 3BE3[bI C MAaCCOW,
MIPEBBIIAONIEH HECKOIBKO COTHIX JOJICH CONHEYHON MacChl. DTH 3Be37bl MPEBPATATCSH B Oelble KapiUKH,
KOTOpBIC, OCTHIBas, CTAHYT XOJOJHBIMUA «YEPHBIMU» KapJIMKaM{ C pa3MepaMH MOopsaKa 3eMIId B C OYeHb
0O0JIBIION TUIOTHOCTBhEO. HecMOTpst Ha TO, UTO B3aMMHBIC CITy4aliHbIe COJMIKEHUS 3BE3]] B TaJJaKTHKaX OyAyT
IPOMCXOAUTH pesiko, yepe3 10" et 1o 3Toif mpUUNHe NPAKTHYECKH BCE TIAHETHI OYIyT OTOPBAHBI OT CBOMX
MaTepHHCKHX 3Be3. I10 3Toif ske mpuunHe (CaydaiiHbie cOmmKkenns 38e3) coycrs ~ 10 mer mo kpaitueit
Mmepe 90% Bcex 3Be3/ MOKMHYT CBOM T'aJIAKTHKH, a IICHTPaIbHBIE 00JACTH MOCIETHUX COXMYTCS, 00pazys
BecbMa MaccuBHbie (M ~ 10° M) uepHbie apIpbl. VITak, HACTYIUT 30X, KOTA TATAKTHKH MPEKPATAT CBOE
CYyIlleCTBOBaHUE (OT HUX OCTAaHYTCS TOJHKO MACCHBHBIC UEPHBIE IBIPHI), & M3 3BE3]] OCTAHYTCS TOJBKO
XOJIoHBIE Oerpie Kapiauku. [Ipu 5ToM oTAensHbIe 3Be3/bI OYIyT y9acTBOBATh B paciIupeHnn BeeneHHoi.

o 3Toif 310XU pa3ieTaiuch TOJBKO TaJIAKTUKHU, Pa3MEpPhl KOTOPBIX CPaBHUTEIBHO MAJIO0 MEHSUINCH,
TaK YTO PaCCTOSHUS MEXIY 3Be3[aMH ObLIM TaKWMH JKe, KaK B HaIly 310Xy, T. €. HECKOJIBKO CBETOBBIX JIET.
Teneps ke pacCTOSHHA MEXIy COCETHHMH 3Be3ZaMH OyayT B Hadale 3TOW 3MOXH NPEBHIATh MHOTO
Meramapcek W Jaibliie OyIyT HEOTPaHWYCHHO pacTH. PaccTOSHUS MEXIy COCETHUMHU 3BE3IaMH CTaHYT
MIPEBOCXOAUTH HBIHELTHUE PACCTOSHUA 10 KBa3apoB, HCUMCIsIEMbIE MIILTHApAaMu napcek. Eciau yuecTs, 4To



K TOMY BPEMEHH BCe 3Be3/bl OyIyT OenbIMH KapiuKaMy BeCbMa HU3KOH CBETHMMOCTH, TO HAa BOOOpa)kaeMOM
HEOOCKIIOHE KaKOro-HHOYIh HHYTOKHOI'O TAaKOTO KapjiMKa HUKAKUX CBETHJI HH B KakKOW TeNEecKOI
OOHapyXHTh OyAeT Henb3s. Jo uero ke 3T 3Be37bl OyAyT U30JIMPOBAHbI — CTPAIIHO Jake NpeAcTaBUTh. 1
Kakas TaM OyZeT LHapUTh YepHasi HOUb...

[epexonss k Hensmepumo OoJiee yAaleHHOMY OyIyleMy, Mbl JOJDKHBI YYHTBIBATH KAa4E€CTBEHHO
HOBBIE U3MEHEHUS B caMOll CTpyKType Matepui. [Ipexe Bcero, HelIb3sh UCKIIOYUTH BO3MOKHOCTD TOTO, YTO
C MaTepuell MOTYT NPOU30MTH «KPYIHbIE HENPHUSATHOCTH». Jleso B TOM, YTO HEJb3S TapaHTHPOBAThH
CTa0MJIBHOCTH IPOTOHOB — OCHOBHBIX «KHPIHYEH», U3 KOTOPBIX IOCTpoeHa Bcst Marepusi. CyliecTByomue
9KCIIEPUMEHTAJIbHBIE JAaHHBIE TapaHTHPYIOT, YTO TEPHOJI PaAMOAKTHBHOIO pacmaja MpOTOHa BO BCAKOM
ciyuae npessimaer 10°° ner. Ho riie rapanTHs, 4TO HPOTOH OCTAHETCS CTAGMIBHBIM B TCUCHHE HEH3MEPHMO
OosBIIMX TPOMEXYTKOB BpeMeHH? CylecTBYIOT, HalpUMeEp, TEOPHH, COIJIACHO KOTOPBIM IIPOTOHBI
CaMOIPOM3BOIILHO PACIIANAIOTCSA HA Y-KBAHTHI M HEHTPHHO 3a BpeMs ~ 1072 net. Celiuac yxe IITaHAPYIOTCS
SKCIEPUMEHTHI, HMEIOLIME LEeNbI0 OOHApYXWUTh CaMONpPOM3BOJBHBIN pacmajg MNpoToHOB. Eciom 3tm
SKCIIEPHMEHTHI JAyT TOJOKHUTEIbHBIA pe3yiIbTar, To Beenennas uepes ~ 10°% et Gymer mpencTasisTh
COBOKYITHOCTh PAa3JICTAIOUIMXCSI KBAHTOB M HEUTPHHO C HENPEPHIBHO yOBIBaoIIeH (M0 Mepe pacIIupeHHs
Bcenennoit) sHeprueii. XodeTcs, 0IHAKO, BEPUTH (cefuac pedb MOXKET MITH TOJBKO O BEpe), YTO MPOTOH
abcomoTHO cTabuibHas YacTULA U TaKOI Mao WHTepecHbIH (uHaN Haweil BeeneHHON He yrposkaer...

Nmeercs ewme onHa cepbe3Has npodiiema: Te rapaHTHUs TOro, YTO 3aKOHBI IPUPOABI, IeHCTBYOIHUE
BO BceneHHoi B COBpEeMEHHYIO ATIOXY, Oy AyT AEHCTBOBATH B UyAOBHIIHO OTAAICHHOM OyaymeM? ["apanTui,
KOHEYHO, HET, HO OOHaIe)KMBaloIlee OOCTOSTENbCTBO Bce ke uMmeercs. OIHUM M3 YAMBUTEIbHEHUIIHMX
OTKPBITUH IOCJIEAHUX AECATHIETUH ABISIETCS OOHApy)KEHHE €CTECTBEHHOI'O YPaHOBOTO peakropa B ['aboHe
(Bamagnas Adpuka). [To mnpuuuHE BBHICOKOTO YPOBHS BBIJCICHUS HEHTPOHOB 3a TOCIEIAHUE Mapy
MUJJTMAPJOB JIET W30TOIMHBIA COCTaB B OKPECTHBIX MUHEpalax TaM CHJIBHO M3MeHEH. M BOT oka3bIBaercs,
YTO W3 aHaJIW3a OTHOCHTENBHOTO COJCP)KAaHHs H30TOIOB caMapus CIEAyeT, 4TO B 3TUX sApax OajaHc
JIEKTPOMArHUTHBIX U SIAEPHBIX CHUJI MIOAJEPKUBACTCSA Ha MIOCTOSIHHOM YPOBHE II0 KpaifHel Mepe MUJLIHapIbI
neT! OTo U JOKa3bIBaE€T HEM3MEHHOCTh 3aKOHOB MPUPOABI HO KpaiiHel Mepe B TeUeHHe MUJIINApI0B JeT!

Utak, nna nanpHeWmiero aHaiu3a Mbl OyJdeM TNPHIACPKHUBATHCS TUIOTE3 00 aOCOIIOTHOM
CTa0MJIBHOCTH NIPOTOHOB U HEM3MEHHOCTH 3aKOHOB IPHUPOJIBL. B TakoM ciydae cieayeT cuMTaThcs C TeM,
uto yepes ~ 10* et moGoe TBepaOE TENO CTAHOBHUTCS NaXe TPU aGCONIOTHOM HyJle KHIKMM. 3HAUHT, BCE
OCTBIBIINE OeNble KapJIUKH, HEKOT1a OBIBIIIE 3BE3JaMH — «XOPOILIMMH M Pa3HBIMHU», CTAHYT CHEPUUECKUMHU
kuakuMi Karwpivu!  Eme depes dynoBHINHEI mpoMexyTok Bpemenn ~ 107°%(!) mer moGoe BemecTso
CTaHOBHTCSl PaJUOAKTHBHBIM. JIelo B TOM, YTO 3a TaKHe MPOMEKYTKH BpPEMEHH JIeTKHE siapa OyayT
«CIMBAThHCS» B Oojiee TsDKENble, a TsDKEJble CTaHyT NeNUThea. B pesysnbraTe 3THX MpOLEcCOB BCe KUAKHE
KaIUIi — OBIBIINE 3BE31bl — CTAHYT KEJIC3HBIMU.

Ho dro mpowmsoiiner ¢ npyroi koMmoHeHTOW BcenmeHHOW — OBIBIIMMH MAacCHBHBIMHU 3BE3JIaMH U
AIpaMy TaJlaKTUK, CTaBIIMMH YepHBIMM Jblpamu? s najdpHEWIero aHain3a OY€Hb CYIIECTBEH BBIBOJ,
MOJTYYEHHBI HECKOJIBKO JIET TOMY Ha3a[ BBIAAIOIIMMCS aHTJIMHCKUM TEOPETHKOM XOKHHroM. OH IoKasal,
YTO YEepHBIC IBIPHI OTHIOb HE ABISIIOTCSA «BEYHBIMU O00pa30BaHUAMM» (KakK 3TO CUMTAJIOCh paHble). Uepes
NPOMEXYTKH BpPEMEHH, NPONOPIHMOHAIbHbIE Ky0aM WX MacC, OHH «HCHApsIOTCS», U3Iydas
3JIEKTPOMAarHUTHBIE BOJIHBI C JUIMHOM MOpsiiKa pa3MepoB uepHoil Ablpbl. Hanpumep, uepHas apIpa ¢ Maccom,
paBHoii 10 comHewHBIM MaccaM (YTO OJNIM3KO K Macce Ioao3peBaeMoil depHou nwiphl Jlebeap X-1)
«ucnapurcsa» depes 10%7 ner, n3nydas paauMoBONHBI JTHHON 0K0y10 30 KM. A CBepXMAcCHBHAs yepHas JbIpa
(M = 10° My — ObiBlee AP0 KaKOH-HMOYAh ramakTHku) wucmaputcs uepes 107 mer, m3myuwas
CBEpPXUIMHHBIE BOJIHBI JAJMHOM MOPSIKA IECSITH acTPOHOMHUYECKMX eIUHML. MTak, Bce YepHBIC IBIPHI —
«3BE3IHBIC» U (CIIEPHO-TAJTAKTUYECKUE» B KOHIE KOHIIOB IIPEBPATATCA B CBEPXUIMHHOBOJIHOBOE
3JIEKTpOMAarHuTHoe n3nydeHue. OctanyTcs oT BceneHHOI TONBKO TUIOTHBIE, )KUIKKE, XOJOIHBIE JKeJIe3HbIe
kamwti. Ho 510 emte He Bce! OKasbIBaeTCs, YTO KOT/A HCTEUET GoJblie, gem | ()!0000000000000000000000000 (") ner,
9TH JKEJE3Hble KaIIM MPEBPATATCS JMO0 B HEWTPOHHBIE 3BE37bl (KOTOpPBIE IOTOM IPEBPATATCS B UEpPHBIE
IBIPHI), THOO MPSIMO B YepHbIe AbIpbl. [locnennue ke, MpakTHUEeCKH MTHOBEHHO (BCETO 3a «KaKHe-HUOYIb»
10 ner), ucnapsres.

Wtak, B OTKpBHITOIl MOJENny, NpU BCEX BapHaHTax (Aa)ke €CIU MPOTOH HecTaOWieH!) B KOHEYHOM
nutore Bcenennas npeBpaTtuTcs B COBOKYITHOCTh Pa3JIeTAIOIINXCSA CBEPXIJIMHHOBOIHOBBIX KBAaHTOB, a TAKXKE
HEUTPHHO MaJbIX SHepruid. OcTaeTcs TOJNBKO YTEIAThCs TEM, YTO 3TO OyAET, MATKO BBIpaXKasich, OX, Kak HE
ckopo! Mmeercst orpoMHOE KOJIMYECTBO MPoOIeM, HEM3MEPUMO OoJiee aKTyalbHBIX, OT PELICHUS! KOTOPBIX
3aBUCUT Oynylliee 4YeloBeYecTBa M €ro OTAENbHBIX IpeacTaBuTenell. Bcee xe cormacurech, JHOOOMIBITHO
3HaTh, YTO OyneT co Bcenennoit B Heo003puMo nanexom OyaymieM. TakoBa yx mpupoia 4eoBeka. ..

B 3akmroueHne 3Toi ri1aBbl OCTAaHOBUMCS Ha OYEHb MHTEPECHOM U, O-BUAMMOMY, Ba)KHOM BOIIpOCE



O COOTHOUIICHHAX MEXAY «MHPOBBIMA KOHCTAHTaMI» MAaKpO- W MHKPOMHPOB. MBI yBHIUM, YTO IS
HWHTEPECYIONIeH HaC IPOOIeMBI )KI3HU BO BCEIeHHON 3TH COOTHOMICHUS UTPAIOT PEMIAIOIIYIO POJIb.

W3 coBpeMeHHOW (HU3MKH H3BECTHO, YTO BCE 3aKOHOMEPHOCTH MHUpa YHPABISIOTCS YETHIPHMS
THITAMH B3aUMOACUCTBHI: 1) dJEKTPOMAarHUTHBIMH, 2) TPAaBUTAMOHHBIMH, 3) CIIAOBIMH U 4) CHIHHBIMH.
IIepBblil TUII B3aUMOAEHUCTBHSI OIIPENEISAET CTPYKTYPY aTOMOB, a CJIEIOBATENbHO, OMMCHIBAECT BCIO KapTHHY
SIBJICHUM B XUMUU U (QU3UKE (32 UCKIIOUEHUEM SACPHBIX IMpolieccoB). OH XapaKTepU3yeTcs «KOHCTAHTOM
B3aMIMOJCHUCTBU» — 3apsioM JJIEKTPOHA e, CBA3aHHON C M3BECTHOW Oe3pa3MepHON TMOCTOSHHOW TOHKOU
CTPYKTYPHI

a=¢/hc=1/137

(h=h/2rn — nocrosunas Ilnanka, c — CKOpOCTH CBETa).

['paBuTanoHHOE B3aMMOJAEHCTBUE ITOCTATOYHO MACCHUBHBIX TENl MIMEET pellaroliee 3HAYCHHE IS
TUTAHETHOM, TaJTaKTMYECKOM W MeTaralakTH4ecKod acTpoHOMHH. OHO MOXKET XapaKTepu30BaThCs CBOEH
KOHCTAHTO} B3aMMOJICHCTBUS — TPABUTAIIMOHHON MMOCTOSIHHOWM G M CBsI3aHHOM C Hel Oe3pa3MepHoOi

oG =Gm’y /he=5+107

CusnbHBIE B3aUMOJIEHCTBHS TOMHHUPYIOT B 00JacTH aTOMHBIX SA€p M 3J€MEHTapHbIX YacTHIl, B TO
BpeMs KakK Cla0ble OINHUCHIBAKOT TaKHWE NPOIECCHI, KaK [-paguoakTUBHOCTH. [l CHIBHBIX M ClaObIxX
B3aMMOJECHWCTBUH TaKKe MOKHO BBECTH CBOM KOHCTAaHTBI B3aMMOJEWCTBUS, TI0O CMBICTY aHanorn4dHble o.. OHK
0003HAYAIOTCS KaK O W Oy U UMEIOT OIpeIeIeHHbIC 3HAYCHHS.

HecomHeHnHO, mpuBeneHHas BbIle KiIacCH(QUKAIMs B3aWMOJCHCTBUIA OTpaXkacT COBPEMEHHBIH
ypoBeHb (hM3WUYECKOW HaykKu. BrioiHe BO3MOXXHO, 4TO B Oyaymem (MOXeT OBbITh, M HEHaJIeKOM)
B3aUMOJICUCTBHSI OyIyT MO0 MOTHOCTHIO OOBETWHEHBI, JINOO WX OCTaHETCS MeEHbIIe. (JTO O3HAYaeT, YTO
MeXy KOHCTaHTaMH B3aMMOJEUCTBHUS MOXKET OBITh Kakas-TO cBs3b.) HO 3TO 00CTOSATENHCTBO HE JOMIKHO
YMCHBIIIUTH HAIIE YUBJICHUE TOMY (aKTy, YTO MEXKIYy KOHCTAHTaAMH B3aUMOJICHCTBUS U XapaKTePUCTUKAMU
BcenenHnoii cymecTByeT Kakas-To CTpaHHasi 3aBUCUMOCTh. Harpumep,

Ry=Cety=(a/ag)* oy, THC

Ry v ty) — panuyc u Bo3pact BeeneHHoH,

a="h/myc’ =0,53 10" cM — pamuyc nepBoit opoUTE GOPOBCKOI MOIEIH BOIOPOIHOTO aTOMA.

JIpyTHMHE CIIOBaMH, OTHOIIEHHE paauyca Beenennoii (R, ~ 10%* oM, Tak kak BospacT BeeneHHOi £y ~
10" mer = 3 + 10" cexyn) k pa3smMepam aToMa paBHO OTHOLICHHIO SIEKTPOMATHUTHBIX U IPABUTAIIHOHHBIX
CIJI, IEHUCTBYIOMINX MEXIY IEMEHTAPHBIMU YaCTUIIaMU !

J1st 0OBSCHEHHUS ITOTO YAMBUTEIBHOTO OOCTOSATEIHCTBA 3HAMEHHTHIN aHTIUACKuN (u3uk upax
eme B 1937 r. OpemIOKWI THUIOTE3y, YTO TPaBUTAIMOHHAs TMOCTOsHHAasE G MeEHseTcsl 00paTHO
MPOMOPLHOHAIILHO Bo3pacTy BceneHHOH #, B TO BpeMsl Kak OCTalbHBIE KOHCTaHTHI (¢, 7, e) ocTaloTcs
Hen3MeHHbIMU. OJHAKO COBpPEMEHHBIE HAONIONEHUS METarajlakTHIeCKUX OOBEKTOB HCKIIOYAOT TaKyIo
BO3MOKHOCTb.

CoBepIIICHHO APYTYIO TUIOTE3Y pa3Bui B 1961 r. BeIgaronIuiicss aMepUKaHCKUN (DPU3UK M aCTPOHOM
Juke. DTy runore3y Mo mMpaBy MOXHO Ha3BaTh «aHTPOMHON». CyTh €€ COCTOWT B cieAyromeM. s Toro
qTOOBI THe-HUOYAh BO BceleHHOW BO3HHKIA XU3Hb, HEOOXOTUMO, YTOOBI OBUTH TSDKENBIC DJICMEHTHI,
KOTOpbIe 00pa3yroTcsl MPH BCIBIIKAaX CBEPXHOBBIX. OO0 3TOM MBI YK€ TOBOpHJIM paHblne (cM. 1. 5). Ho
OTCIOZIa CJEYyeT, YTO BO3PacT MO3HaBaeMOW pa3yMHBIMH HaOmiojatensMu BceneHHON AommkeH OBITH HeE
MEHBIIIe BO3pacTa 3Be3]l, BCIBIXMBAIIINX KaK CBepXHOBbIe. Ecu mMacca nmociennux ~ 1,5 comHedHol (4TO
COOTBETCTBYET CBEPXHOBOHM | THUIIA — CM. I'I. 5), TO 3TOT BO3PACT ¢ MOPsAKA HECKOIBKUX MUJUTHAPIOB JIET.
W3 Teopun BHYTPEHHETO CTPOEHUS U SBOJIIOLIMY 3BE3/] MOKHO MOJyUYUTh COOTHOILIEHUE:

Hh= aG_I * 1, THE

t,=r,/ c=107 cex,

rp="h/myc = 10" cM — pazuyc npoToHa.

C mpyroii cropoHsl, Bo3pacT BecenenHoii (0 He MOXeT ObITh MHOTO OOJIBIIE #1, TAK KaK B 9TOM cllydae
TIOYTH BCE 3BE3/BI MPEBPATIIINCH ObI B Oeible KapiuKA U HEUTPOHHBIC 3BE3/IbI, O YeM PeUb YK€ IIUIa BBHIIIE.
[Mockonbky MBI Takol BeenenHoii He HabIr01aEM, TO

fo~H = 0!(;71 * by,
cly = (XG_I'I"p = (0(/(16) Q.

Taxum 00pa3oM, COOTHOIIIEHHE MEXAY pa3MepaMu BcenmeHHON 1 aToMa ecTh IPOCTOe CIIEACTBHE U3
ycnoBus HaOmogaeMocTH BeeneHHoOH pa3yMHBIMU CyIecTBaMu!

Mesxry KOHCTaHTaMU TPaBUTAIMOHHOTO U ¢1a00ro B3aUMOJICHCTBHII UMEETCs COOTHOIIICHNE:

oG~ OCW4, Tac
oy = gmze /B
Bo3MO0xHO, 4TO, 3TO COOTHOIIEHHUE TAKKE BHIPAXKAET «aHTPOMHBIN» mpuHIun. Kak okaspiBaeTcs, 3T0



COOTHOIIEHHE OOBACHSET, MOYeMy BO BpeMs IEPBUYHOTO CHHTE3a sep, Koraa Bo3pacT BceneHHoM
WCYUHCIISIICS. HEMHOTMMH MUHYTaMu, 25% Bcex oOpa3oBaBmIuxcs saaep (1o macce) Obutn renueBbIMUA. Ecnu
Obl o OBUIO YYTOUYKY MEHbLIE, Bce oOpa3oBaBILMecs siApa ObUIH OBl TelUeBBIMH. B Takoil «renmeBoi»
BceneHHo# XU3Hb, KOHEYHO, HEBO3MOXKHA (HampumMep, He Ob1T0 OBI BombI). C IpyTroil CTOPOHEI, €CITH OB oy
66110 ObI YyTOUKY O0JIbIe, renrs BO BeeneHHOM He ObII0 OB COBCEM U 3BOJIONHMS 3BE3]] II1a OB COBCEM TIO-
npyromy. HeGe3bpIHTEpECHO TaKkKe OTMETHTB, YTO €CIU OBl iy Aake HE3HAUMTENIbHO OTJINYAJIOCh OT CBOETO
Ha0JII01aeMOT0 3HaUCHHS, He OBIJIO OBl BCHIBIILIEK CBEPXHOBBIX, TaK KaK yCJIOBUS B3aUMOACHCTBHS HEHTPHHO
C BEIIECTBOM OBUTH OBI COBEPIIICHHO APYTHMH.

OcTaHoBUMCS TeNeph Ha JIPYroM 0OCTOSTENLCTBE. BhIllle MBI yXe oTMedad, 4To Bo BeeneHHoil Ha
kaxpie S ~ 10° poToHOB MpuxoaUTCS OaMH MPOTOH. Hu (U3MKa, HH KOCMOJOIHs HE JAIOT OOBACHEHHS
3TOMY HAJEKHO YCTaHOBJIEHHOMY (akTy. VI BOT BBIACHSETCS, YTO «AHTPOIHBIM» NPUHIMII OIPAaHUYHUBAET
3Hauenne S. OKa3bIBACTCS, TO MPEAeNbHOE 3HaYeHHe S ~ ag " ~ 10°. B IPOTHBHOM Clydac HH TalaKTHKH,
HU 3Be3/Ibl HE MOTJIH OBl 00pa30BaThcs MyTEM KOHACHCALUK r'a3a MoJ NeHCTBUEM CHIIBI TATOTECHHUSL.

Jlns BOBHUKHOBEHUS Tae-HUOYOb BO BceneHHON XM3HHM, Kak OKa3bIBAeTCs, pellaloliee 3HAUYCHHE
HUMCIOT COOTHOLICHUA MCKIAY MacCaMU J3JICMCHTAPHBIX YaCTHII. OTHOIIIEHNUST Mace OJICMCHTAPHBIX YaCTHUI]
YIUBUTEIBHBEIM 00pa3oM CBs3aHBl C KOHCTaHTAMH CHJIBHOTO M BJIEKTPOMAarHUTHOTO B3aMMOJACHCTBHH.
Hanpumep,

f2=2m,/ m,
o= (my - my)/ my, TOC
=15, My, ¥ My,— MAacChl HEUTPOHOB U T-ME30HOB.
Ecnu OBl 3TH COOTHOIIIEHHUS HE BBITIOJIHAJIUCH, B IMPOUECCE HYKJICOCHMHTE3a 3JICMCHTHI, HCO6XOIH/IMBIC
VTS )KU3HU, HEe 00pa3oBbIBaINCh Obl. CleIoBaTeIbHO, STH COOTHOIICHUS MOTYT TaKXXE UMETh «aHTPOITHBII
CMBICIL. 3aMETHUM B 3TOH CBS3U, YTO YCIOBUE M. << m, HEOOXOOUMO Ui OOpa30BaHUS CIOXKHBIX
MHOTOAQTOMHBIX MOJIEKYJI, SIBJISFOIIIAXCSI OCHOBOM JKM3HU.

Msr BUaMM, TakuM 00pa3oM, YTO Halla pealbHas BceneHHas Mmopa3WTelbHO MPUCTOCOOIeHA IS
BO3HUKHOBEHUS W Pa3BUTHA B Hel ku3HH. Ecnu Obl, HampuMmep, MEPBUYHBIH HAOOp Macc SJIEMEHTapHBIX
yactull, (OPMHUPOBABIIMKCS B TepBble ceKyHIBI mocie «bompmoro BapeiBay, Obu1 ObI Ipyroit (a sto, B
MPHUHIIMIIE, B TeX YCIIOBUSX BIOJIHE ObLIO BO3MOXHO!). BcenenHass Obuia OBl COBCEM JIPYrod U yKe BO
BCAKOM cCiy4ae Oe3KM3HEHHOH. TOYHO Tak e pelaroliee 3HaYeHHEe HWMEeT W IIepBUYHAS YJeNbHas
SHTponus BeulecTBa Beenennoil, onpeaensemast BEMUIUHOM S (CM. BBILIE).

Bompoc o Tom, cymiecTByloT 1M Apyrue BceneHHble, MpeacTaBiseTCs OTHIOAb HE MPa3IHBIM.
CoBpeMeHHasi HayKa HE B COCTOSHHUH AK€ TMOJOWUTH K AToW mpoOieme. [loka chemaHbsl TONBKO TEpBBIE
MIOTIBITKM K TIEPBOMY IIary B 3TOM (haHTACTHYECKH TPAHCIIEHACHTHOM HamlpaBieHWH. MBI UMeeM B BHIY
YHCTO abCTpaKkTHBIE KOHCTPYKIMM aMepHKaHIeB Ywuiuiepa u OBeperta. [locneqHuii meITancs cBa3aTh 3TOT
Bompoc ¢ (hyHIaMEHTATbHOW NI KBAaHTOBOW MEXaHHWKH IpobiemMol m3mepeHuit. CoracHo DBeperTy npu
KOKIOM TakOM H3MepeHnun BceneHHas «pa3BeTBIAETCS» Ha psAl MapaUieNbHBIX BceneHHBIX, Kaxkgas u3
KOTOPBIX COOTBETCTBYET OIpPEIEICHHOMY pe3yabTaTy usMepenuil. Iloka 3to, koHedHo, urpa yma. Ho — xto
3HAET, YeM Takas urpa KoHuutcs? He sBusercs mu unes DBeperTa «0e3yMHON» B BBHICOKOM «bBopoBcKoM»
cMeiciie 3Toro cioma? Ilpuaercs, yBbl, HOO0XKIaTh, N0 KpaiHed Mepe no XXI Beka... A MOKa, BMECTE C
BonbrepoBckum [lanrmocom Mbl HMeeM Bce OCHOBAHHS CUMTATh, UTO KHBEM B JyYIIIEM M3 MHUPOB, TaK Kak
MpakTH4ecKu Bce «BceneHHble DBepeTTa» AOIKHBI OBITH «MEPTBOpPOXIEHHBIMMY». Kak >xe mor BombTep
MIPEIBUETH TAaKylO CHUTYaIHI0?..

HeoOxoammo momdepkHYTh Cieayromee o0cTosITensCTBO. Jlo TociemHero BpeMEHH MOITYaHBO
MPUHUMAJIOCh, YTO BO3HWKHOBEHHE M DPa3BUTHE >KM3HU Ha 3eMile €CTh CTPOrO JIOKAJIbHBIH (EHOMEH.
Hpyrumu cioBamu, B BOSHUKHOBEHUHU U DBOJIOLMHU >KM3HU Ha 3emie ["amakTtuka u MeraranakTuka HUKAKOH
ponn He urpatoT. (Ecimi, KoHeYHO, He TOBOPUTH O THIOTe3e mancnepMun). CINTaIoCh, 9TO €ClId Obl HUYETO,
kpome ConHeYHOM cHCTeMBbl, BO BcemeHHOW He OBUIO, JKHM3HH pa3BUBAIACh TaK, KaK MBI 3TO 3HAEM.
[Ipennonaranock, yto ConHedHas cucTeMa H30JMpOBaHa. Temepp SICHO, YTO 3TO HE Tak. Bcs sBomtonus
Bcenennoit oT MoMeHTa ee BOSHUKHOBeHUS TpH «bosbimom B3peiBe» kak Okl TOATOTOBUIIA BOSHUKHOBEHHE
B OTIENBHBIX €€ MaJIbIX YacTSIX O4YaroB XKM3HHW. Henb3sl MOHSATh BOSHHKHOBEHHE W JBOIIOLHUIO KH3HU Ha
3emiie 6e3 MOHWMAaHMS NPoLiecca BOSHUKHOBEHUS M Pa3BUTHUS Beell BeeneHHOM.



8. Kpammnuie 36e30nbte cucmemol

B 1. 2 MBI paccMaTpuBalli HEKOTOPBIC OCHOBHBIC XapaKTEPUCTHKHU 3BE3/: AMAMETDP, CBETUMOCTb,
uBeT u Jp. K 3TUM XapakTepucTHKam ciexyeT J00aBUTh €lie OJHY — KPaTHOCTh. 3HAYUTEIbHOE YHCIIO
3Be3x (ot 30 mo 50 %) obOpa3yer ABOWHBIC, TPOWHBIE W APYTHe KpaTHBIE CHCTEMBI. SIBJIeHHE KpPaTHOCTH,
OUYEBUJIHO, SIBIICTCS (PYHIAMEHTAIBHBIM CBOHCTBOM OTPOMHOTO KOJIMYECTBA 3BE3].

HabOmonmaetcs Oomnbiioe pazHOOOpa3We CBOWMCTB KpaTHBIX CHCTEM. B psge ciaydaeB 3BE3[IHI,
obpasyromue cucTeMy (WU, KaK TOBOPST aCTPOHOMBI, KKOMITOHEHTBI CHCTEMEBID»), HaXOIATCS Ha TOBOJHHO
OompiioM paccrossHuu (puc. 35, He ckanuposancs). CucTeMaTHIECKUE HAOIOACHIS MTO3BOJISIOT YCTAaHOBUTH
opOUTaIbHOE IBMKECHUE TAKUX 3BE3]] IPYT OTHOCUTEIHHO JPYyTa.

Ha puc. 36 mpuBeneHs! nociaenoBaTebHbIC TIOJOXKEHHS OJHOM U3 KOMIIOHEHT JBOMHOW CHCTEMBI &
Bonbmioit Menseauiibl OTHOCUTEIBHO Jpyroi. [lepuoabl oOpaiieHust B OTACIBHBIX CIydasX MEHSIOTCS OT
HECKOJIBKHX JIET 1O ThicsueneTuil. [IpuMeHeHne W3BECTHBIX 3aKOHOB HEOECHOW MEXaHWKH IT03BOJISICT
JIeJIaTh OLIEHKH Macc 3BE3/I.

B GonpmioM gmciie cimydaeB, ONHAKO, KOMIIOHEHTHI JBOWHBIX CHCTEM PaCIOJIOKECHBI HACTOJIBKO
OJIU3KO, YTO HUX HEJIb3sA HAOIIOAATh pa3AeibHO; NPU TAKOM IMOJIOKEHHUH JBONCTBEHHOCTH CHUCTEMBI
JIOKa3bIBA€TCSl CIEKTPAbHBIMU HAOMOJAeHUsIMHA. biarogaps opOWTalbHOMY JBM)KEHUIO 3Be3] ApPYyT
OTHOCHUTEIHHO JIpyTa UX CKOPOCTH 10 JIyIy 3pEHHUs HeOAMHAKOBBI. Hampumep, oHa 3Be3/1a MOYKET B TAHHBIH
MOMEHT K HaM MpPHOJINKATHCS, apyras — ynansatbes. M3-3a s¢dexra [oruiepa 310 mpHBEneT K
HEOOJBIIOMY CJIIBUTY CIICKTPAIBGHBIX JIMHUA OJHOW 3BE3llbI OTHOCHTEIHHO COOTBETCTBYIOIIUX JIMHUN
npyroii. Tak kak W3-3a OpOUTANBHOTO IBUKEHHS CKOPOCTH MO JYy4y 3pPEHHS MEPUONNYESCKH MEHSIOTCS
(oueBHHO, TIEPUON W3MECHECHHSI CKOPOCTEH paBeH MepHoay OOpalieHus OIHOW 3BE3[bI OTHOCHUTEIHLHO
JIpyroii.), TO H CMCIIEHHUE COOTBETCTBYIONIUX JIMHUH TOXe OyAeT TNEePUOJUYCCKH MEHSTHCS.
Cucremarnyeckd HaONIONas Takoe CMEIIEHHE W YCTaHOBHB €ro 3aBHCHMOCTH OT BPEMEHHU, MOXHO
COBEPIICHHO HAJICKHO BBIYUCIUTE OCHOBHBIC XapaKTCPUCTUKH OpPOWUTHI W TIOJYYHTH HEKOTOPOE
MPEACTABIEHUE O MaccaX KOMIIOHEHT TECHOM [BOWHOW cucTtembl. Takue TEeCHble JIBOMHBIE CHUCTEMBI

Ha3bIBAIOTCA aCTPOHOMaMHU ((CHeKTpaJILHO-Z[BOﬁHHMPI».
s % -

Puc. 36. MocnenosateibHble OTHOCUTENBHBIE MOJNOKEHNS,
KOMOOHEHTH! ABOMHON 3Be3ant HA opbute

B tex cpaBHMTENBHO peNKHX Clydasx, KOTAa IJIOCKOCTh OpOWTBI TECHOM maphbl 3Be3[ 00pasyer
HEOOJIBIION YOI C JIy4OM 3pEHUs, MOXKHO HaONIOIaTh Kak Obl «3aTMEHHE» OIHOU 3Be3/bl Apyrou. Tak Kak
00e KOMIIOHEHTBI TaKOH CHCTEMBI pa3[eNbHO HEe BUAHBI HU B OJHMH Ja)XE CaMblii MOLIHBIA TENECKOI, TO BO
BpeMs TaKOro «3aTMEHHUS» MOXKHO HaOIrolaTh TOJIBKO yMeHbIIeHHe Onecka 3Be3npl. Korma 3atmeHue
KOHYaeTcs (0OBIYHO OHO JJUTCS HECKOJBKO YacoB), 3B€3/1a BOCCTAHABIMBACT CBON MEPBOHAYAIBHBIN OJIECK.
[TocTporB MO BO3MOKHOCTH TOYHYIO 3aBHCUMOCTH OJiecKa 3Be3[bl OT BPEMEHH (TaK Ha3bIBAEMYIO «KPHBYIO
Onecka» 3Be3/Ibl), MOXKHO COBEPIIEHHO YBEPEHHO OINPEACIUTH HE TOIBKO OCHOBHBIEC MMapaMeTphl OPOUTHI, HO
U IUaMeTphl 3BE3/ U JaKe yCTAaHOBUTH, KAK CIAAAET PKOCTh X AMCKOB OT LIEHTpa K Kparo. Cxema OpOUTHI
3aTMEHHOU TTePeMEHHON 3BE3/IbI AJITOJIbL M COOTBETCTBYIOIIAS € KpuBas OJiecka MPUBEICHBI Ha puc. 37.

KoMIoOHEHTBI CHEeKTpalbHO-ABOMHBIX M 3aTMEHHBIX INEPEMEHHBIX 3Be3/ OBIBAIOT PACIIONOKEHBI
O4YeHb OJIM3KO ApPYr K Ipyry — HMHOTAA OHM IIOYTH COIPUKACAIOTCS CBOMMHU IOBEPXHOCTSAMH. B Takmx
Cllydasx HaOJIOJAIOTCSl WHTEPECHBIE M CJIOXHBIE SBICHHUS BBITEKaHHs MaTepUH W3 3Be37, BbI3BAaHHbBIE
MOIIHBIMHA TIPUJIMBHBIMHA cuiaMu. YacTo Takue 3Be3Abl MOTPYXKEHHI B OOLIYI0 MPOTSHKEHHYIO, CHIIBHO
pa3pekeHHYI Ta30ByH 00omouky. Cxema OIHOW TakoW TeCHOW Maphl mpuBeneHa Ha puc. 38. Ciemyer
HallOMHUTB, YTO BCS KapTHHA SBJICHUS IIOJydaeTcsl TOJIBKO M3 aHaJlINW3a CIEKTPOB M OJiecka 3BE3.
Pazymeertcs, B Teneckonsl n300paxeHus, NOAOOHBIE IPUBEJECHHOMY Ha puc. 38, HUKOTAa He HAOII0AAI0TCS;
IUIS1 3TOTO HEeJIOCTaTOYHa pa3pellaroiias ClIOCOOHOCTh Aa)e CaMbIX KPYIHBIX HHCTPYMEHTOB.



Ilepuonsl oOpamieHus TeCHBIX Iap, Kak 3TO CIEAyeT M3 H3BECTHOro 3akoHa Keruepa wu
HEMOCPEICTBEHHO IOATBEP)KIaeTCd HaOMIOJeHUsIMH, O4eHb Maibl. Camblii KOPOTKHH W3 H3BECTHBIX
MepUOI0B NPUHAICKHUT 3aTMEeHHOH nepeMeHHoil AM I'onunx [IcoB. On 61130k K 18 MuH.

Kak yxe ynmomMuHamaoce B INI. 5, BECbMa BEPOSITHO, YTO BCE TaK HA3bIBAEMBIE «HOBBIE» 3BE3IbI
MIPEJICTaBJIAIOT COOON OYeHb TECHBIE JBOMHbBIE CUCTEMbI. HECKOIBKO TaKUX 3Be3, COIVIACHO HAOIIOACHUAM,
SIBIIAIOTCS 3aTMEHHBIMH TepeMeHHbIMH. OKa3bIBaeTCs, HAJIWYHE «3BE3/IbI-COCEIKN», PaCIOI0KEHHOU
CIIMIIKOM OJIM3KO, «MEIIACT» HOPMAIbHOW 3BOJIOLHMM 3BE3Ibl, B YAaCTHOCTH, INEPEXOLy €€ B CTaAMIO
KpacHOro ruranra (cMm. Huxke). IIpu 3ToM MOXKeT BO3HUKHYTh HEKOTOpas HEYCTOWYHMBOCTb, MPUBOISIIIAS K
PEryJISIpHO TIOBTOPSAIONIUMCS (4epe3 COTHH W ThICSYM JIeT) BCHBIIIKAaM. Bo BpeMs TakuX BCIBIIIEK
CBETUMOCTb HOBBIX XOTS W BEIMKa, HO B THICAYM pa3 MEHBIIE, YeM Y CBEPXHOBBIX. Macca rasa,
BEIOPACHIBAEMOTO TIPH K&KIOH BCIBIIIKE, cocTaisieT 10°—107 maccsr CouHia.
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Bpema, vace!

Puc. 37. Cxema 3aTMEHHOl ABOIHOI 3BE3aAbl

Puc. '38. Cuctema B Jlupwr (cxema)

Macchl KOMIOHEHT JBOWHOW CHUCTEMBI (B TEX CIydasX, KOrJa WX MOXKHO HaWTH MOPO3Hb, a 3TO
BO3MOJKHO JJAJIEKO HE BCer/ia) OOBIYHO MEHSFOTCS HE B OYeHb IIMPOKUX Ipenenax. YacTo Macchl UX MOYTH
OJIMHAKOBHI WJIM, BO BCSIKOM cirydae, Oiu3ku. beiBaeT, ogHAaKO, W TaK, 4TO Macca OAHOW KOMITOHEHTHI B 10
pa3 MCHBIIIC I[perﬁ, a CBETUMOCTHU OTIIMYAIOTCA B THICAYHN pa3 u 60.]]66. CpeI[I/I KOMIIOHCHT ﬂBOﬁHBIX CUCTEM
HaOmoqaroTes Oenble Kapiauku. [IpuMepom MoxkeT ciyxuth cyTHHK Cupuyca. J{ns uHTepecyromeil Hac
mpo0eMbl 0co0oe 3HaUeHHE MMeeT TOT (haKT, YTO HEKOTOPhIE KOMITOHEHTHI KPAaTHBIX CHCTEM OO0JamaroT
HACTOJILKO MajlIoi Maccoil, YTO UX CBETUMOCTH COBEPIICHHO HUUYTOXXHA. VX HENb3sl HAOMI0aTh HU B KaKue
TEJIECKOIIBI, XOTSI OHU WHOT/Ia HAXOAATCS HA JIOBOJHHO 3HAYUTEIHLHOM PACCTOSIHUM OT «TJIABHOW)» MaCCHBHOM
U SIPKOW 3Be31bl. B Takux cilydasx TOBOPST O «HEBHAWMBIX CIYTHUKax» 3Be3iA. Kiaccumueckum mpumepoM
TaKOM CHCTEMbl SBJIIETCA OJHA M3 OmmKaummx K HaMm 3Be3x 61 JleOeds, OCOOCHHO TILATEILHO
WCCJICJIOBABIIAsCS MYJIKOBCKUM actpoHomoMm A. H. Jlefiuem. DakT ABOWCTBEHHOCTH Y OTHX 3BE3]
YCTaHaBIMBAETCSA ITyTEM H3yYEHUS HUYTOXKHO MAIIbIX MEPHOAMYECKUX KONEOAHWW B JBIKEHUM TIABHOU
3Be3/Ibl. M3IHUIIHE MOYepKUBaTh, UTO TaKKe HAOIIOAEHUS TPEOYIOT OONBIION TOYHOCTH M TIATEILHOCTH. B
HaACTOAIICC BpeMSI HU3BCCTHO Y)Ke HECKOJIBKO «HCEBUIUMBIX) CHYTHI/IKOB. Nx MacCcCbl OYCHb Mallbl,
npubm3utensHo 0,01 comHe4HOUM Macchl, 4TO Bcero Juiib B 10 pa3 mpeBhIIaeT MacCy IUIAHETHI-TUTAHTa
IOnmrepa! U Bce ke Takne HeOSCHBIC Tella ABJISIOTCS 3BE3/IaMH, T. €. CAMOCBETSIIUMHUCS Ta30BBIMH ITIApaMH,
a HE XOJIOAHBIMHU IINIaHETAMU, CBECTAIIUMU (B BI/II[I/IMOﬁ qacTu cneKTpa) OTpa)I(eHHBIMI/I J'Iy‘-IaMI/I 3BE€3/1bI.

Bmpouewm, crienyer moguepKHYTh, YTO pa3HUIA MEXKIY IUIAHETAMHU-TUTAaHTAMH W HEBHIUMBIMU
CIYTHUKaMU 3Be3]] He TIPUHIUNHATbHA. BO-TIepBRIX, XUMHUYECKUI COCTaB y HUX JOJDKEH OBITh CXOCH; KaK
Te, TaK M JAPYTHE COCTOAT B OCHOBHOM W3 BOJOPOJA U Tenns. B mociieane roasl Ha OpOUTATBHBIX CTAHIIASIX
00HApYKEHO MHOTO «PEHTTCHOBCKUX 3BE37]», OKA3aBIIUXCS TECHBIMU JBOHHBIMU CHCTEMaMH (CM. HUXKE).



Ecam 661 Macca FOnmTepa Obuta pas B 10 Oosbime, TeMIieparypa B €ro IMeHTPaIbHBIX YacTSIX MOBBICHIACH OBl
HACTOJIBKO, YTO OH CTaJ OBl W3y4aTh (XOTA M ciabo) B BUAMMOM dacTh criekrpa. KOmuTep cran Obl BechbMa
c1aboii 3Be3/10i — KpacHBIM KapJIUKOM C TeMIeparypoit moBepxuoctu 1—2 Toic. K.

OO6pamaer Ha ce0s BHUMaHWE OOJBIIAsl PacIPOCTPAHECHHOCTh HEBUIMUMBIX CITyTHHKOB 3Be3ld. Tak
KaK YCIIOBHSI UX HAONIOJICHUI OYEHb TPYIHBI, OHU MOTYT OBITH OOHAPYKEHBI TOJIBKO Y OYEHb OJIM3KUX K HaM
3Be3a. U BOT okaswiBaeTcs, uto B cepe paamycom B 10 mk, okpyxaromeii ConHile, u3 53 3Be31 5 UMEIOT
HEBUJVMBIE CITyTHUKHU! BTONHE €CTeCTBEHHO BO3HHMKAET BONPOC: HE MMEIOTCS JIM Y HEKOTOPBIX 3BE3[| €IS
MEHBIINX pPa3MEpPOB CIyTHHUKH, KOTOpBIE B CHIIy CBOEH OTHOCHTENFHO HHYTOXXHO MajlOd Macchl He
BBI3BIBAIOT 3aMETHBIX KOJIeOaHWH B ABMKEHHUM 3TUX 3Be3N? Ho Takue «yInbTpaHEBUANMBIC) CIYTHHKH YKE
HE OTJIMYAIOTCS MPAKTUIECKH OT OonbImmx TuraHeT tuna FOmurepa u Carypra. TeM caMbIM MBI TOIXOIUM K
OCHOBHOMY BOIIPOCY: MMEIOTCS JIM OCHOBAaHUS IOJIaraTh, YTO Y MHOTHX 3B€3]l CYIIECTBYIOT ILUIaHETHBIE
CHCTEMBI, B TOW MJIM MHOW CTENIEHN HAIIOMHUHAIOIINE HAITY?

K sT0#i menTpanbHON mpobieMe MBI BEpHEMCS B cleAyIoLIel riaBe. 3/eCh K€ MBI PacCMOTPUM
Ooinee y3KMI BOIPOC: MOXHO JIM B HACTOAIIEE BpeMsl CPEICTBAMH COBPEMEHHOW HaOIromaTenpbHON
ACTPOHOMHHM [JIOKa3aTh HaJHYHE TUIAaHEeT y Oikalmmx K Ham 3Be3n? OrpaHHuuM pacCMOTPEHHE TOJBKO
OONBIIMMHU TJIAHETAMU-TUT@HTaMHU. SICHO, YTO €cClii, HampuMep, B HAcTofAllee BpeMs HE CYIIECTBYET
BO3MOXKHOCTH HAOIOAATh JJake OKOJIO CaMbIX OJIM3KUX K HaM 3Be3]1 OOJIBIIUE TUIAHETHI, TO HE MOXKET OBITh U
pedr 0 HEMOCPeICTBEHHBIX HAOIIOIEHUIX, 0COOCHHO WHTEPECHBIX IS HAC TUTaHeT Tuma 3emun win Mapca.

HomyctumM, uto Ha pacctosHuu 10 mk ot Hac (000 33 CBETOBBIX JIET) HAXOAUTCS 3BE3/1a, MOX0XKas
Ha ComHite. BokpyT 3T01i 3Be3/1bI Ha TAKOM ke paccTossHuM, uyTo U KOmuTep ot Comuima (B 5,2 OosbieM, yeMm
paccrostauie ot ConHIa 10 3eMiin), oOpamaeTcs IraneTa-rurant. [ycTth 3ta mianeTa OyaeT «IBOWHHKOM)
OmuTepa, T. €. MeeT Takue ke pazMepsl U Maccy. [Ipermonoxum emie, YTo Mbl HAXOJAMMCS IOYTH TOYHO B
IUIOCKOCTH OpOWTHI 3TOH TuIaHeThl. B mpuHUOMINE OOHApYXUTh HANMYWE TAKOW TUIAHETHI OKOJO 3BE3ZbI
MOXXHO Tpemsi crocobamu (puc. 39). IlepBeiii w3 HUX 3akimodaercs B cienyromeM. O4eHp MemsieHHOe
MIPSIMOJIMHEHHOE TTepeMeleHne 3Be3bl Mo HeOy, oOyCIIOBIeHHOE ee ABIKEeHHEeM oTHocuTenbHo CoiHIa,
JOJDKHO JIOTIOJIHSTHCS. «BOJHOBBIMH» KosieOanusM. (Takoe mepemelieHne Ha3bIBaeTCs «COOCTBEHHBIM
IBYOKEHUEMY 3Be3/bl. i OJIM3KHUX 3Be37 OHO JTOCTHUTAeT HECKOJIBKHUX CEKyHH MyTH B Tof. Ilepros «BONHEB)
OyneT, OYeBUIHO, PaBEH MEPHUOAY IBMKEHUS TUTAHETHI, T. €. B HameM ciaydae 11,9 rona.
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Puc; 39. .Tpn cnoco6a oSHapyméan MJAHET OKOJIO 3Be3]

Takoe «BOIHOBOE» JIBUKECHHUE OOBACHICTCS TEM, UTO 3BE3]1a U3-3a MPUTIKCHUS TUIAHETOMN JBYIKETCS
M0 JJUIANITHYECKON OpOWTE BOKPYT OOMIET0 IIEHTpa THKECTH 3Be3Abl M IUIAHETBHl. JTO OpOUTaIbHOE
JBIDKEHUE CKIIAIBIBACTCS C IPOCTPAHCTBEHHBIM JBIKeHHEM. Tak kak macca 38e3a6I B 1000 pa3 Gombine, yem
Macca TJIaHeTHl, IIEHTP Macc CUCTEMBI HaXOAUTCS ONM3KO OT HEHTpa 3Be3bl. [loaToMy aMIIuTyAa «BOJIHBDY
B COOCTBEHHOM JIBM)KCHHUH 3BE3/IbI OUYCHb HEBEIIMKA.

Pacyersl, BEITIONHEHHBIE B CBOE BpeMs W3BEeCTHBIM amepukaHckuM actpoHomoM O. JI. Crtpyse,
MOKAa3bIBAIOT, YTO OTKIIOHEHHE COOCTBEHHOT'O IBMXKEHUS OT mpsMoiuHeitHoro He mpesbimaer (0,0005 cek.
IYTH B TOA, T. €. HUYTOXKHO MAJI0 U HAXOJIUTCSH 3a MpPEJe/iaMd TOYHOCTU COBPEMEHHBIX aCTPOHOMUYECKHX
HaOIOIeHHIA. 3aMeTHM, YTO, eclii ObI Macca CIyTHHKA 3Be3/bl Obuta B 10—20 pa3 6ombire, ueM y FOmurepa,
TakWe KoJieOaHWs B COOCTBEHHOM IBIDKCHUHM YK€ MOXXHO ObII0 OBI (TMpaBma, ¢ TPyAoM) OOHAPYKHUTh.
HmeHHO 3THM cocO0OM OBUTH OTKPBITHI H H3YYalOTCSl HEBHMMBIC CITyTHUKH HEKOTOPBIX OJHM3KHUX 3BE3J, O
KOTOPBIX IIIJIa PEYb.

Hpyroii cmocod — creKkTpockonudeckuii. J[BIkeHrne 3Be3dbl M0 OpOWTE BOKPYT IICHTpa Mace
CHCTEMBI «3Be3lla — IUIaHETa» JIOJDKHO BBI3BIBATH TEPHOANYECKUE KOJeOaHHS COCTABIISIONIEH CKOPOCTH
3Be31bI 110 JIy4y 3peHus. B camom nene, nerko yoemuThes, 94To OyAyT Takue MPOMEKYTKH BPEMEHH, KOT/ia
opOHTanbHAsS CKOPOCThH HaIpaBlieHa K HaM | OT Hac. l[lepros koneOaHMit JIy4eBBIX CKOPOCTEH AOIDKEH OBITh
paBeH Tmepuomy oOpamenust tuiaHeTsl. OmHako 3TOT 3Pdekr HuutokHO Man. Pacuer O. JI. Crpyse
MOKAa3bIBACT, YTO MEPHOANYECCKUE HW3MEHEHHUS! Jy4eBOH CKOpOCTH 3Be3nbl He mpesbimaroT 10 m/c, yto



COCTaBIIIET TPUMEPHO THICAYHYIO JOJIF0 TIOJIHOM JIy4eBoM ckopoctd 3Be3apl, Ckopoctm 10 wm/c
COOTBETCTBYET CMELIECHUE JUIMHBI BOJIHBI CIIEKTPAJIBHON JIUHUU IPUMEPHO Ha 0,000]A (mamomHMM, yTO 1

= 10® cM, a [UIMHA BOJHBI BHAMMOTO CBETa JEXKHT B mpenenax 4—7 teic. A). Takue HHYTOKHO Majbie
W3MEHEHUS JUIMHBI BOJHBI M3MEPUTh HEBO3MOXKHO, OCOOCHHO €CIIH y4YeCThb, YTO CIIEKTpPAJIbHBIC JINHUU HE
0EeCKOHEYHO Y3KH, a UMEIOT KOHEUHYIO IIUPHHY HOPsAKa JECIThIX J0JeH aHrcTpeMa U OoJiblie.

Tperuii cnocod6 — ¢Qoromerpuyeckuii, T. €. CBOAUTCS K CHUCTEMaTHYECKOMY, IO BO3MOXHOCTHU
TOYHOMY, U3MEPEHHIO OJlecKa 3Be3/bl. Tak Kak M0 YCIOBHIO 3éMHOW HaONIOaTeNb HAXOAUTCS B TUIOCKOCTH
OpOWTHI MJIAHETHI, TO MepHOANYECKH Kaxeie 11,9 roga muanera OyJeT MPOEKTUPOBATHCS HA IHCK 3BE3IBL.
[lonobnoe sBnenune Habmiomaercs u B ConHewHOH cucteme. MBI MMeeM B BHIY IMPOXOXIECHHE IJIaHET
Benepst 1 Mepkypust mo aucky Conama. Tak kak miaHeTa — TEMHOE, HE CaMOCBETSIIeecs TeNo, TO B
ciy4ae, KOTJa OHa MPOEKTHPYETCs Ha 3Be3/y, HEKoTopas (Manas) 9acTh AWCKA MOCIeAHeNH OyIeT 3aKphITa.
[MosTOoMy Oineck 3Be3bl OyJeT HECKOIBKO YMEHBIICH. DTO aHAJIOTUYHO SBJICHUIO 3aTMEHHBIX MEPEMEHHBIX
3Be3[ (cM. puc. 37).

PacdeTsl moKa3pIBAIOT, YTO MPU MPOXOXKICHHUH IDIAHETHI pazMepoM ¢ FOmuTep depe3 AWCK 3BE3[IBI,
nono0Hoi CosHily, ee Oineck ymeHbmutcs Ha 0,01 3Be3qHON BennuuHbL. MTHTEPECHO OTMETHTh, YTO TaKUE
MaJible U3MEHCHHS MMOTOKA M3ITyYEHUsS OT 3BE3J] COBPEMEHHAs AJICKTPO(OTOMETPHUS 3apETUCTPUPOBATh yiKE
MOXeT. BCIToMHMM, OfHAaKO, YTO MBI pacCMAaTPUBAINA OYEHb MAaJIOBEPOSTHBINM CITydall, KOTJa HarpaBicHHE
«ComnHIle — 3Be3/1a» JIKHT B TIOCKOCTH OPOUTHI TIAHETHI. J{0CTaTOYHO OTKIOHUTHCS 3TOMY HaIlpaBICHUIO
BCEro JIMIIb Ha 2—3 MUH. IyTH, KaK YK€ IUIaHeTa HU MPH KaKOM IIOJIOKEHUH He OyJIeT MPOXOIUTh Yepe3
miuck. TakuM 00pa3oM, W 3TOT BO3MOXKHBEIM CIOCOO HAONIOJCHHS TUTAHET, OOpaINaoNINXCcsi BOKPYT 3BE3I,
OKa3bIBAETCS IPAKTUIECKN HEPEATEHBIM.

HamomuuM, 9TO peds mia 0 BO3MOXKHOCTH HAOIIOIEHUH OUYeHb OOJIBIION TIAHETHI, 00paIaroIeics
mo opOuTe BOKPYr IOCTAaTO4YHO ONM3KOM K HaM 3Be3dbl. M3 cka3aHHOrO cliemyeT, YTO COBpEMEHHas
ACTPOHOMUS TIPSAMBIMU HAOIIOJICHUSIME TIOKa HE B COCTOSSHUM OOHAPYXKUTh MPHUCYTCTBHUS ITUIAHET y 3BE3],
yAaJeHHbIX OT HAc Ha paccrostaue Oonee 10 nk. Bripoyem, HEOOXOIUMO 3aMETHTh, YTO HEAATEKO TO BPEMS,
KOrJla Takue HaOJIOACHUS CMOTYyT OBITh MpPOBEJACHBI. ECoM Ha KOCMUYECKOW HAyYHOW CTaHIIHH,
YCTaHOBJIGHHOW Ha WCKYCCTBEHHOM CITyTHHKE 3eMJIH, OyJeT KPYITHBIA TEIECKOI ¢ 0ObEKTHBOM THAMETPOM
2 M wimu OoJbIIe, TO TOSBHUTCS BO3MOXHOCTH HENOCPEICTBEHHBIX HAONMIOACHUH IUTaHET-THTaHTOB,
oOpamiaromuxcs BOKPYT ONU3KMX K HaMm 3Be3ld. Jeno B TOM, YTO BO3MOXKHOCTH OOJBINHMX TEJIECKOIIOB,
pacIoIOKEHHBIX Ha 3eMIIe, UCTIOIB3YIOTCS NajJeKO HE MOJHOCTHIO. M3-3a mpenoMyIeHusl CBeTa Ha MENKUX,
OecropsAI0YHO ABIDKYIIUXCS CTPYSX M HEOTHOPOTHOCTAX aTMoc(epsl ma)ke TOYEHHBIM MCTOYHHK CBETa
(mampumep, 3Be3/la) pa3MasbIBaeTcs B IUCK pasmepamu 0,5 — 2 cek. ayrd. Mexay TeMm eciH IjaHeTa-
THTaHT YyJajJeHa OT CBOE€H 3Be3pl Ha pacCTOsIHME, pPaBHOE paccTosgHuio oT 3Jemin 1o ConHia
(«acTpoHOMHUYECKasl €MUHUIIA»), a caMa 3Be3a ylalleHa oT Hac Ha 10 mK, TO YIIIOBOE PacCTOSHHE MEXIY
IJTAHETOW W 3Be3m0oi HUKorma He Oyaer mpeBbimaTh 0,1 cek. Iyrd. DTO O3HAYAET, YTO TEICCKOIN JIFOOBIX
pa3MepoB, €Clii OH YCTaHOBJIEH Ha 3emile, He pa3JeNuT U300pakeHus IulaHeTsl W 3Be3nbl. Kpome Toro,
BBHJly paccesHHs CBeTa B 3eMHOW aTrMocdepe, BOKPYT CPaBHHTEIBHO SPKOHM 3Be3lbl Bcerma Oynmer
CBETSIIUHNCS OpPeo, B KOTOPOM MOJTHOCTHIO «yTOHET» HUYTOXKHO cadast o CBOeH SIPKOCTH IUIaHeTa.

Jpyroe neno, eciii Takoi TeJIeCKOI MOMEIIeH Ha KOCMHUYECKON CTaHIUH. ATMOC(EepHBbIE TOMEXH, O
KOTOPBIX IIJIA PEYb, YkKe He OyAyT MelaTh HAOMIOJCHUSIM. JTO, KOHEYHO, HE O3HAYACT, YTO MOXKHO Oyjaer
pasnensHO HabOmromath (Hampumep, (GoTorpadupoBaTh) CKOJIb yroIHO ONWU3KHE APYT K JAPYTY 3BE3IIBL.
CymiecTByeT M 371ech Ipenen, 00yCIOBISHHbIN BOJHOBON MpHpOoH cBeTa. BBumy audpakiuu Ha onpase
00bEeKTHBA TeNecKona Kaxkaast 3Be31a B POKaIbHOM IUIOCKOCTH MOCIEIHEr0 JacT CUCTEMY Kojel KOHEYHOH
tommuHbl. [lo 3TOll mpHuYMHE TpeneNbHOEe YTIIIOBOE «pa3pelieHHe» TeJIecKola IPOIOPIHOHATBHO
OTHOIIIEHUIO JUIMHBI BOJHBI CBETa K AMaMeTpy oOBekTHBa. Hampumep, mns CHHHX Jyded MpH Iuamerpe
o0bekTHBa 1 M MpeZieTbHOE YTIIOBOE PACCTOSHHUE MEXK/TY 3BE3/IaMH, TIPU KOTOPBIX UX €Ille MOKHO HaOII0IaTh
pazzenbHO, Oyner menbuie 0,1 cek. ayru. [lpumMeHeHue cnenuanbHBIX NPHOOPOB — HHTEP(EpOMETPOB —
MO3BOJISIET U3MEPATH Ykl naxe B 0,01 cex. ayru.

3Be3mHas BeNMMYWHA OOJIBIION IUTAHETHI, CXOaHOW c HOmmTepom, Haxozsmielcs Ha PACCTOSHUU
OJIHOM aCTpOHOMMYECKOW €TMHUIIBI OT 3Be3/1bl, MoX0skel Ha CoJlHLe U ylalIeHHOM oT Hac Ha paccTogHue 10
K, OyJeT oxoJo 24.

# Ha puc. 40 moka3zana momHOCTh m3nydeHus Comnma u FOnuTepa B pa3HBIX AHAMa30HAX CIICKTPA.
B onTuueckom auana3zoHe pasziauuue B MUJLTHAP]] pa3, B HH(QpaKpacHOM OK0J0 BOJHBEL 30 MkM — Bcero B 10
Teicsiu pa3. B CIIIA 3akaHumBaeTcsi MOArOTOBKAa K 3allyCKy TelecKoma ¢ 3epkaioM 2,4 M, ¢ IOMOUIbIO
KOTOpPOTO, BEPOATHO, VyAAacTCs OOHApYXWTh IUIAHETHI OKONIO Ommkaimmx 3Be3n. Kocmmaeckuit
WHPPAKpPAaCHBIA TENECKON C pacKphIBAOIMIMMCS pPedIIeKTOpOM IHaMeTpoM OKojJo 15 M crmocobeH
OOHAPYXHUTh  IOMUTEPONOO0HBIE TUIAHETHI B IMpe/ieiaX ASCATKa CBETOBBIX JIET OT HAC #.
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Puc. 40. KpHBbIEC 3BHCHMOCTH MOLIIHOCTH M3JIy4eHHus B ¢au-

HHYHOM YaCTOTHOM HHTepBaje oT uactorsl ans Connua H

. IOmuTepa B HACANIM3UPOBAHHOM MPEIONIOKEHUN O HEPHO-
TEALHOM MEXEHH3ME H3JIy4eHHs

[IpuBeneHHbIe BBIIIE COOOpPaKEHHUS OTHOCATCS K OIIEHKE BO3MOXHOCTH HAONIONATh TUIAHETHBIE
cucteMbl Ha paccrosHusx 10 mk u 6omnbmie. Hy, a ecnu mmaHeTHas cucTeMa HaXOAMUTCS «COBCEM OJTM3KO», Ha
paccrostaum 1,5—2 mk? Ha TakoM pacCTOSHUHU OT HAC HAXOIUTCS CTOJIh Majo€ YHCIIO 3BE3[, YTO UX MOXKHO
OyKBaJNbHO TepecuuTarh Mo mnanblaMm. Kazamoch Obl, BEpOSTHOCTh OOHApYKEHUS IJIAHETHBIX CHCTEM Y
Hamux OmmKalMx coceledl JOoKHa OBITh BechbMa HE3HAYMTENbHOW. Tem Oolbliee 3HAYEHHE HMEET
WCKIIIOYUTEIBHO Ba)XHOE WCCIICJIOBAaHNE W3BECTHOTO aMEPHUKAHCKOro acTpoHoma  BaH Jne Kawra,
KacaroIeecs OHON u3 Hanboee OIM3KIX K HaM 3BE3]] — 3HAMEHHUTOM «JIETSAIICH 3Be31bI bapHapma.

Ota 3amevarenbHas 3Be3[la HaXOAWUTCS B CO3BE3AMHM 3MEEHOCHA M OTJIMYAeTCS CaMbIM OOJBIINM
COOCTBEHHBIM JIBIDKEHHEM CpPEIM BCEX H3BECTHBIX 3Be3l. [lo 3TOH mpuymHEe OHA W TMONydYWiIa CBOE
HEOOBIYHOE Ha3BaHME. XOPOIIO W3BECTHO, YTO 3BE3BI TOJHKO B MEPBOM IPHOIMKEHUH MOKHO Ha3bIBAaTh
HETIOJBWKHBIMU», T. €. HE MEHAIOIUMH CBOEro TOJOXEHHWs Jpyr OTHOCHUTENBHO Jpyra. B
JNEHCTBUTENBHOCTH HU3-32 TOTO, YTO OHU JIBUXKYTCS B IPOCTPAHCTBE C OTHOCUTENBHBIMH CKOPOCTSIMH MOPSIKA
JECSITKOB KMJIOMETPOB B CEKYHIY, WX B3aMMHOE DPAacIoJIOKeHHe OYeHb MeUIeHHO MeHsercs. OmHako 1o
MPUYHHE OTPOMHOM BEJIMYMHBI MEXK3BE3IHBIX PACCTOSHUNA YTIIOBOE TepeMelleHre o HebecHol cdepe 3a
rof (a 3TO M eCTh «COOCTBEHHOE JABMKECHHUE») AaXKe IS CaMbIX OJU3KUX 3BE3/ OUYEHb PEIKO IpeBbIIaeT 1 c.
Hns 3Be3nel bapuapaa sta Benuuuna paBHa 10,3 ¢ B roa. 3to o3HayaeT, yTo 3a 180 neT oHa mepeMecTUuTCs
110 HeGy Ha BETHYHMHY JIYHHOTO QHAMETPA, KOTOPBIH, KAK M3BECTHO, ONIM30K K '/, rpagyca. CToib Gomblimoe
COOCTBEHHOE JIBW)KEHHE 3TOW 3BE3/bI OOBACHSAETCS, MpeXKIe BCEro, TeM, YTO IOCIE TPOMHON CHCTEMBI o
LenTaBpa 3Be3na bapHapa sBisiercs Hamiel Onmmkaiimeit cocenkoil. PaccrosiHue 1o Hee Bcero iumib 1,8 MK.
DTO O4YEHb CJIA0BIA KpacHBIM KapidK CHEKTPAIBHOTO Kiacca M5, paamyc KOTOpOro B 6 pa3 MeEHBIIE
COJIHEYHOI0, a Macca cocTanisieT 15% coaHEeYHOM MAacCHI.

MHoronerHue HaOmoAeHU BaH Ae Kamma mpuBenu K OTKPBITHIO y 3TOH 3BE3AOYKH HEBUAMMOTO
CIIyTHHKA PEKOPAHO Manioil Macchkl. Ha mpoTspkenun 25 et aMepuKaHCKUR acTpOHOM Hoiaydui okoso 2000
¢dororpadwuii sToit 3Be3abl. ['omuuHOMY COOCTBEHHOMY JBHIKEHHUIO HCCIEIYyEeMOro 00beKTa COOTBETCTBOBAIIO
CMELICHUE TON0KeHHs n300pakenns Ha ¢ororpadun Ha 0,546 MM. TiiarenbHbIe U3MEPEHHS «TPACKTOPUNY
3Be31bl bapHap/a 1o OTHOMIEHWIO K COCETHUM 3Be3/[aM IMO3BOJIMIM O0HAPYKUTh BOTHOOOPa3HBIN XapakTep
JIBUKCHHUS.

Ha puc. 41 mnpuBeneHbl ycpemHEHHBIC pe3yJNbTaThl 3TUX HM3MEPEHHUH MO JBYM HeOECHBIM
KOOpJWHATAM — TPSIMOMY BOCXOXJIECHHIO W CKIOHEHWIO. M3 STOro puCYHKa OTYETIIMBO BHIHBI
TIepuoIudIecKue KojieOanwss COOCTBEHHOTO IBIDKEHHWS 3Be3Nbl bapHapma, mpudeM mepuoa Oau3ok k 24
rogaM. s TOoro 4toObl MOYYBCTBOBATH MAaJOCTh M3MepseMoro 3ddekra, Ha puc. 41 B BepxHEM MpaBoM
yIily npuBefeH MaciuTad, pasubiii 0,01". Takue nepuognyeckne U3MEHEHHsI COOCTBEHHOT'O ABHKECHUSI MOTYT
OBITh OOBSICHEHBI HAIMYHEM <«JIETKOTO» HEBHIUMOTO CITyTHUKA. 3HAas Maccy 3Be3[bl U MEPUOJ OOpaIleHHs,
MOXKHO ONpENEeNNUTh M3 TpeThero 3akoHa Kemiepa OOdbIIyI0 TOIXYOCh OPOUTHI CIYTHHKA, KOTOpas
OKa3bIBaeTcsi paBHOM 4,4 acTpOHOMHYECKOW enUHMIBL. Ha TakoMm paccTOsSHHU MONyoCh OpOUTHI Oblia OB
BHUHA o[ yTioM 2,4". Cama 3Be3/1a IBIKETCS C TEM e TIEPHOJIOM BOKPYT IIEHTpPa Macc CHCTEMBI, IPUIEM
MaKCHMyM €€ YTJIOBOT'O CMEIIeHHUs JOJDKEeH OBITH BO CTONBKO pa3 MeHbIne 2,4", BO CKOJIBKO pa3 ee macca
6ombire. OTCIONa CiIeayeT, YTO Macca HEBUAMMOTO CITyTHHUKA AOJDKHA ObITh moytH B 100 pa3 meHsle, yem
Macca caMoi 3Be3nbl bapHapa.
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Puc. 41. OrxnoHeHus B cobcreenHoM - aBuxkenun Pnuc. 42, Opbura cnyrtHuxka 3Be3ast bapaapaa..
3pe3asl bapHapaa 3a 24 ropa liTpuxoBas OKPYXHOCTh NOKa3biBAET Pa3MEPH]

dororpaduieckoro M300paxeHus ITOH 3BEILI
NpH CPEHHX YCOBHAX HaGuitoaeHHH

D710 3HAUUT, 9TO €ro Macca cocrapisieT 0,0015 comHeuHOI Macchl M Beero Iumib B 1,5 paza 6obIe
macchl FOnutepa! YBeI! DTOT yBiIeKaTeNnbHBI pe3ysbTaT ceiiuac ocmapuBaeTcs. He UCKIOYEHO, YTO OH
00yCIIOBIIEH KaKOH-HUOYIh MePUOINIECKON OMMOKOW BUHTOB M3MEPHTEIHLHOTO MHCTPYMEHTA. BO BCSKOM
cilydae ApyTUe HCCIIeIoBaTeNH MoKa He TOATBEPANUIIN OTKpbITHE BaH Ae Kamma.

Ecnu 3TO OTKpBITHE MOATBEPIUTCS, TO, CKOPEE BCEr0, HEBUIUMBIN CIyTHHUK 3Be3lbl bapHapaa —
9TO OOJbINasi TUTaHETa, OYeHb Moxoxkas Ha lOmmrep. OHa He MOXKET OBITH CAMOCBETAIINMCS OOBEKTOM, a
CBETHUT TOJBKO OTPAKEHHBIM CBETOM CBOET0 MaJIeHBKOTO KPacHOTO «CONHIa». [Ipw Takux ycCIOBHSX ero
BUIMMAas 3BE3/IHAsl BEIWMYMHA cOCTaBisieT okosno 30, B TO BpeMsl Kak BUAUMAs BEIWYMHA CaMOU 3BE3/bI
Baprapna paBHa 9,5. Her HukakoW HageXIel TpPH TIOMOIIM COBPEMEHHBIX METOJOB AaCTPOHOMHU
HETIOCPEICTBEHHO HAONIONaTh CITyTHUK 3Be3abl baprapna. Ha puc. 42 mpuBeneHa opOuTa CITyTHHUKA 3TOU
3Be3abl. OKpPY>KHOCTh (IITPUXOBasi JIMHUS) COOTBETCTBYET BEIMUYMHE M300pakeHus 3Be3nsl bapHapaa mpu
CPEIHUX YCIOBHSAX HAOIIOICHUM.

Ecm ©Ob1 oTkpeiTHE BaH Jne Kamma moaTBepamiioch, OHO  JTOKAa3piBaJlo OBl  OTPOMHYIO
pacrpoCcTpaHeHHOCTh MJIAHETHBIX CHCTEM BO Beenmennoit, nbo naxke y caMoit 6JM3KO0#M K HaM 3BE3bI UMEETCS
maHeTHas cuctema. [lpaBaa, HAIKUIIO OAHO CYIIECTBEHHOE pa3IUYUe MEXAY Hallel MIaHeTHOU CUCTEMOH U
CUCTEMOM 3Be3bl bapHapna: CIyTHHUK MOCIEIHEH ABMKETCS 10 PE3KO IUIHIITHIECKON OopOuTe, MEXIY TEM
Kak Ooupimue rianeTel COJMHEYHOW CHUCTEMBI ABIDKYTCS IO TOYTH KPYroBbIM opbOuram. [loka HesicHO,
SIBJISIETCSI JIM 3TO pa3jinyuue NMPUHIUIHATRHBIM. Elie pa3, ofHako, moauYepKHEM, YTO OTKPHITHE BaH jae Kamia
ITOKa HE TOITBEPIKACHO.

BrmionHe ecTecTBEHHO CUMTATh, YTO KPATHOCTH 3BE3/ M HAJIMYHUE TUIAHETHBIX CUCTEM CYTh OJHO M TO
e sBjeHHue. B 3Toil cBA3M OTMETHM, YTO COTJIACHO MCCIIEOBAaHUSAM aMepHKaHCKOoro actpoHoma Koiinepa
CpelHee pacCTOSHUE MEXAYy KOMIIOHEHTaMH JIBOMHBIX 3Be3]] OKOJO 20 acTpOHOMHUYECKUX EIWHUII, YTO
0sm3Ko K pazmepam COITHEYHOH CHCTEMBI.

B monp3y BbIBOJAa O TOM, UTO KpaTHBIE 3BE€3/IHBIE CUCTEMBI U IUIAHETHBIE CUCTEMBI 3TO, MO CYIIECTBY,
OJIHO | TO K€ SIBJICHUE, TOBOPUT CTATUCTHYCCKUI aHAU3 MPpoOyieMbl. B Hauaie 3Toi ri1aBbl MbI MUCAIH, YTO
no pasHbiM oneHkaMm oT 30 mo 50% Bcex 3Be37 BXOAAT B COCTaB KPATHBIX CUCTEM. DTHU OLIEHKH, OJIHAKO,
CTpaZaroT OJHWUM CYIIECTBEHHBIM JAe()EeKTOM: OHU HE TIOJHBI M OTATOLICHBI HAONFONATEIbHON CeNeKIHen.
I'maBHas ommbKa NMpH TakuWX MOACYETaX — TPYIOHOCTh HAOMIOJAEHMA Tapbl, Y KOTOpOH Macca OTHOU
KOMIIOHEHTBI 3HAYUTENHHO OoIble, yeM BTOpod. OO 3TOM yXe IIa pedb BBIIIE, IIPH aHaIN3e MPoOIeMBbI
HEBUIVMBIX CIIyTHHKOB 3Be3l. HenaBHO amepukaHckne acTpoHOMBI AOT W JIeBH BBITONHWIM THIATETHHOE
HCCIIe0OBaHNE KPAaTHOCTH Yy 123 Ommkaiimux K HaM 3BE37 COJTHEUHOTO THUIIA.

Bce 3TH 3Be3nbl, BUAMMBIC HEBOOPYKCHHBIM TJIa30M, HAXOATCS B CEBEPHOM MOJyIIapuu Heba U
ynanensl oT CoOJHIIA Ha PacCTOSHHS, HE MPEBBINIAIONINE 85 CBETOBBIX JIET, TaK YTO PEUYb HIET O HAIINX
OmmKaimmx coceqsax. Tak Kak BEIOpaHHBIE 3BE3/IBI IOCTATOYHO SIPKH, UX MOKHO OBLIO CaMBIM TIIATEIHHBIM
00pa3oM HCcIenoBaTh ¢ TOMOLIBIO CHEKTporpada ¢ BBHICOKOW aucrmepcuedl Ha 2,1-MeTpoBOM peduieKTope
Harmmonaneroit o6cepBatopun Kutt [Iuk (Apuzona). B pe3ynprare 3TUX UCCIEAOBaHUI OKa3aaoch, 4TO U3
123 BBIOpaHHBIX 3BE31 57 OKa3aauCh ABOMHBIMH, 11 — TpPOWHBIMU W 3 — dYeTBEepHBIMU. TakuMm o0Opa3om,
okojsio 60% Bcex 3Be37] COMHEYHOTO THIMA OKa3alnch KpaTHHIMH. Ho B JeHCTBUTENBHOCTH 3TOT NMPOLEHT
JIOJDKEH OBITh BBINIE, MO0, KaK ATO YK€ MOJYCPKUBAIOCH, M0 NMPUYMHAM YHCTO HAOIFOMATEIBHBIM, MaJo
MacCHBHBIE KOMIIOHEHTHI HEMOCPEICTBEHHO HAOM0JaTh ObLTO HEBO3ZMOXKHO. UTOOBI yUECTh CHCTEMBI C MaJIO
MacCHUBHBIMH KOMITOHEHTaMH, AOT U JIeBM Ha OCHOBE MOJYYEHHOTO MMM HAaOIIOAATENILHOIO MaTepHhaia
MOCTPOMJIM 3aBHCHUMOCTh YHWCJIa Map OT OTHOIIECHHS MacC KOMIIOHEHT. JTa 3aBUCHUMOCTb CTPOWJIACH HJIst
Pa3HBIX TEPUOJOB OOpaleHus 3Be3q — cM. puc. 43. M3 3Toro pucyHKa BUIHO, MPEXIE BCETO, YTO IS



THHEBIX (> 100 71eT) u KOPOTKUX NMEPHOAOB ATa 3aBUCHMOCTH IOJIy9aeTcs pa3HoW. B To Bpems kak s
KOPOTKHUX TEPHOJIOB YUCIIO Tap M0 MEPE YMEHBIIICHHUS OTHOIICHUS MAacC TJIaBHOW 3BE3IbI U €€ CITyTHHKA
MEJICHHO yOBbIBaeT, /I JUIMHHBIX TIEPUOJIOB TOIy4aeTcs oOpaTHas KapTHHA. TakuM 00pa3oM, UMEIOTCS KaK
OBI IBa THIA KPAaTHBIX 3BE3IHBIX CHCTeM. He BmaBasch B 0OCYKIIEHHE 3TOTO SIBJICHHS (4TO OyIeT cIenaHo B
nI. 9); oOparuMm 37ech BHHMMaHHE TOJILKO Ha TO, YTO KPHBBIC I MallbiX IIEPUOJIOB JIOMYCKAOT
AKCTPAIOJIALUIO BILIOTH JIO CAMBIX MAJbIX, TIOKA elle He HaOJIF0JaeMbIX, OTHOIIEHUH Macc KOMIOHeHT. U
BOT OKa3bIBAETCS, YTO €CIH SKCTPAIOIUPOBATh KPUBBIE 0 3HAYEHUs 3TOTO oTHomenus M,/M; = 1/100, To
MOXHO OXumaTh eme 20 map, a eciaum dKcTpamoyimpoBath 1m0 M,/M; = 0, To nobGaButrcs eme 25.
CrnenoBaTenbHO, TTOJHOE KOJIMYECTBO JABOMHBIX CUCTEM OyAET MOYTH TO4YHO paBHO 123! /Ilpyrumu cmoBamu,
€CIIM YYUTHIBATh JIOCTATOYHO Majble 3HAYEHWs OTHOWIEHUS M,/M;, TO MOIXy4YHTCS, YTO TPAKTHUECKH BCE
3Be3/bI COJTHEYHOTO THMA JHOO0 KpaTHBIE, JIN0O OKPY KEHBI CEMBEH IITaHeT.
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Puc. 43. PesynpraTel ananuza 123 Onu3kux 3B€3a ConHeu-
HOro Tvna. Uncna y nuHuH yka3plBalOT MHTEPBAIHI NEPHOAOB
oOpanieH usa

Eci yCIOBHO TONOXHTH, 4TO HauGoONbIIAs Macca IaHeThl paBHa 107 Mg (FOmurep!), To
nonyuutcs, 94to ~ 10 % Bcex 3Be3n Tuma CodHIIAa MMEIOT IUTAHETHBIE cHUcTeMBl. [lo Hamemy MHEHHIO,
HECMOTpS Ha CPaBHHUTEIBHYIO OEIHOCTh MCHOJIH30BABIIETOCS CTATUCTHYECKOTO MaTepHalla, UCCIICIOBaHUS
AOTa u JleBu SIBISIFOTCS JIYYIIMM U3 BCEX CYIIECTBYIOIIUX OOOCHOBAHHWEM MHOKECTBEHHOCTH ILIAHETHBIX
CHCTEM JJIs 3B€3]] COJIHEYHOTr'O THIIA.

PaccmoTpuM Temeps BOIIPOC O MPOUCXOXKIACHUN KPATHBIX 3BE3IHBIX cucTeM. B cBoe Bpems Ooubiioe
pacmpocTpaHeHHe UuMela TUIoTe3a JIeJIEHWsS OJHOM TepBOHA4YajdbHON 3BE37bl Ha JIBE KOMIIOHEHTHI.
[IpuuuHoOl AeIeHMUsT MOTJIO OBITh OYE€Hb OBICTPOE BpallleHue 3Be3/bl. [1of neiicTBHeM IEHTPOOSKHON CHIIBI
MTOBEPXHOCTH OBICTPO BpaIIaIOIIEiics 3Be3 Il IiepecTaeT ObITh chepudeckoil. PacueTsl mokas3piBaoT, 4YTO NpH
HEKOTOPHIX HICATU3UPOBAHHBIX YCIOBUAX OBICTPO BpaIllaroIieecss TeJIO0 MPHOOpeTaeT XapaKTepHYIO
rpyuieBuaHyo (Gopmy, a mpu eme 0ojiee ObICTPOM BpalllEHUHM OHO MOXKET IMOTEePATh YCTOMYUBOCTH U
pacmacThCs Ha JBE YacTH.

Puc. 44. Yerepnas cucre-
Ma 3Be31 (cxema)

OpmHako THIOTE3a AETICHUS 0Ka3alach HECIIOCOOHOH OOBSICHHUTH pe3yIbTaThl HAOIIOACHUS U TOJDKHA
Obuta OBITH MO3TOMY ocTaBiieHa. Hexoropwie yuensie (Hampumep, O. lO. IlIMuaT) BBIABHTaNM THUIOTE3Y
«3axBaTa», COTJACHO KOTOPOH IpH OIpEIENCHHBIX YCIOBHSAX IBE 3BE3lbl, J0 STOrO JIBUTABIIMECS B
MIPOCTPAHCTBE HE3aBUCUMO, CONMKA’ICh, MOTYT 00pa30BaTh IBOMHYIO CHCTEMY. XOTS MaTeMaTUYeCKH TaKOU
MIPOIIECC BO3MOXKEH (HAIPUMeEp, MPH CIIyYaiiHOM CONMKEHHUU TpeX 3Be37 OJHOBPEMEHHO), BEPOSITHOCTH €ro
HUYTOXHO Maya. Kpome TOro, oH mpoTHBOpe4YHMT HabmoaeHusM. Hukak Henb3si 0OBSICHUTH, HampuMmep,



[I0OYeMy YETBEPHBIE CHCTEMBI BCET/Ia OBIBAIOT TaKWe, KaK 3TO CXeMaTH4eCKH m300paxeHo Ha puc. 44. Bes
COBOKYITHOCTh (DaKTOB, HAKOIUICHHBIX aCTPOHOMHEH 3a MOCICIAHUE JIBA JECATHIICTHsI, TOBOPUT O TOM, YTO
KpaTHbIE CUCTEMBI 00pa30BaUCh COBMECTHO, M3 HEKOTOPOHW MEPBOHAYAIHHON ra30MbUICBON MEXK3BE3THOU
CpeIpl.

B nporecce 3Be31000pa3zoBaHys BO3HUKAIOT, KaK MPaBUiIO, LENbIE TPYMIbI 3Be3/1 — aCCOLUAIINH,
CKOIUICHHS U KpaTHbIe cucTeMbl. OTCIO/1a CIEAY€eT BaKHBIN BBIBOJI: KOMIIOHEHTHI KPATHON CUCTEMBI TOJKHBI
MMeTh OJWHAKOBBIH Bo3pacT. COBpeMEHHBIE NpEICTaBleHHs 00 SBONIONHUU 3Be3l, O KOTOPHIX OBLIO
pacckazaHo B TJ. 4, TO3BOJSIOT IMOHSATh HEKOTOPBIE XapaKTepHBIE OCOOEHHOCTH KPAaTHBIX CHCTEM. OJTH
O0COOCHHOCTH OBUIM YCTAaHOBJICHBI YHCTO SMIHUPUYECKH YK€ JaBHO M MPEICTABJISIIUCH COBEPIICHHO
HETIOHSATHBIMHU.

Hampumep, oueHp dWacTo BCTpedaeTcss Takasg KOMOWHAIMs, Korga o00e KOMIIOHEHTHl KpaTHOU
CHUCTEMBI SIBJSIFOTCSL TOPSYMMH  3BE3JaMH  CIEKTPaIbHBIX KiaccoB O WM paHHUX MOAKIAccoB B.
CoBpeMeHHBbIC TPEICTABICHUS 00 SBOJIOIHMUA 3BE3JI BIIOJNHE OOBSICHAIOT A3TOT (aKT: W3 TNEPBUUHON
TYMaHHOCTH 00pa30BaIMCh OJJHOBPEMEHHO BE 3BE3/IbI C OUYEHb OJU3KHUMHU MacCaMH, KOTOPbIE, ECTECTBEHHO,
HAXOJISTCS HA OJTMHAKOBBIX CTATUSIX IBOJIOIIUU.

B ciydae, korma SBONIIOIIMOHHMPYET TECHAs JBOWHAs CHCTEMa, C MEPUOJOM OOpallleHUS MEHBIIS
HEJEMd W C paAcCTOSHUEM MEXJy KOMIIOHeHTaMu MeHblne 0,1 acTpOHOMHYECKOW enuHUIBI, (akT
IBOMCTBEHHOCTH CYIIIECTBEHHO OMpEeIsieT XapaKTep 3BONIONMHA. BHadaine, moka o6e 3Be31bl HaXOIWINCh
Ha TJIABHOW IOCJICJ0BATEILHOCTH, WX 3BOJIIOIMS MPOTEKaaa TaK ke, KaKk M B Cllydae, KOrJa OHU ObUIH ObI
n3onupoBanbl. Ho 3arem Ooniee MaccuBHas 3Be3fa IOCIE «BBITOPAaHUS» BOJIOpPOAA B €€ sApe HaYHET
«pa3dyxaTb», IepexoAs B CTaIWI0 KPaCHOTO TMTaHTAa; OHAa JOCTUTHET TAKOTO KPUTHYECKOTO paamyca, MpU
KOTOPOM JTAJIbHEHIIIEE €ro YBEIUUECHUE CTAHOBUTCS HEBO3MOXHBIM, MO0 BEIIECTBO B IOBEPXHOCTHBIX CIIOSIX
SBOJIIOLIMOHUPYIOIIEH 3BE3/Ibl HAUHET MEePETeKaTh Ha BTOPYIO KOMIIOHEHTY. 3a «KaKHX-HHUOY/b» HECKOJIBKO
JECSITKOB THICSY JIET, CYIIECTBEHHAs YacTh MAacChl DBOJIOIMOHUPYIOUIEH 3BE3/bI MEpeTedeT Ha BTOPYIO
KOMIIOHEHTY, KOTOpasi cTaHeT Oojiee, MAaCCHBHOW, MEXIY TeM KaK CBETHMOCTH JBONIONHOHHUPYIOIIEH, HO
y’K€ MEHEe MacCCHUBHOW KOMITOHEHTHI, OyJIeT 00Jiee BBICOKOW, XOTS W HE TAaKOM BBICOKWH, KaK y TUTAHTOB.
Taxue 3Be3/1pI HA3BIBAIOTCS «CYOTUTaHTAMU» M UX MOXKHO BHETh Ha nuarpamme [ 'epummpysra — Peccena
(cm. puc. 9). Bece 3To Bpemsi OT 3BONIOIMOHUPYIONIEH 3BE3bI HA BTOPYIO KOMIIOHEHTY OYAYT T€Yb CTPYH
rasa, a cama JIBOiHas cucteMa OyJieT Kak Obl morpy’keHa B razoBoe oomnako (cM. puc. 38). BBuay orpomHoit
PacCpOCTPAaHEHHOCTU SIBJICHUS KPAaTHOCTU CpEIW 3Be3]| Hamiel [amakThku OCOOBI XapakTep 3BOJIOIMH
3Be3/] B TAKUX CHCTEMaX MMeeT MPHUHIINITHAIEHOE 3HAYCHHE.

Jler qBanaTh Ha3am K ATOM KOJUIEKIHH (HAaKTOB, KACAIOUTUXCS XapaKTEPUCTUK KOMIIOHEHT TBOMHBIX
CUCTEM, TPUCOEIUHUIICS HOBBIA, HE MEHee MHTepecHbI. Kak W3BECTHO, MAaCCHUBHBIE TOpSAYUE MOJIOJbIE
3Be3/Ibl IMEIOT CPAaBHUTEIIEHO MaJble XaOTUYECKHE CKOPOCTH MPOCTPAHCTBEHHBIX JBIKEHHM, KaK MPaBUIIO,
menbine 10 km/c. IMEHHO TT03TOMY OHH OY€HB CHIIBHO KOHIICHTPHUPYIOTCS K TaJaKTHIECKOH MIIOCKOCTH (CM.
1. 1). Ho u3 3Toro mpaBuiia MMEIOTCA YK€ JaBHO M3BECTHBIE HCKIIoueHus. HeOoisbioe KoindecTBO
TOPSYUX MACCHUBHBIX 3BE3]l JBIDKETCS C HEOOBIKHOBEHHO OOJBIIMMH MPOCTPAHCTBEHHBIMH CKOPOCTSIMH,
nmocturaromumu 100 kv/c. Oxa3pIBaeTcs, 9TO TaKHe 3Be3/bI HEKOTOPOE BpeMs Ha3al «BBUISTEII U3 TeX WIN
WHBIX 3BE3JHBIX aCCOLHANNA — TPy MOJIOABIX TOPSYHX 3BE3[ (CM. TII. 4). DTO XOPOIIO BUAHO HA puc. 45,
IJIc 3Be370YKaMH HM300paKEHBI TPU TaKHE «OBICTPHIC» TOpSYUE 3Be3Nbl. [IyHKTUpHBIE MNpsSMbIE —
HamnpaBIeHHs UX JBUXKEHHUU 110 HeOy. Tpu mpsiMple OUYTH TepeceKkaroTcs B oonacTtu co3pe3aus OproHa, rie
HaXOAMTCs OOJBINAs ACCOLMAIIMS TOPAYNX 3Be3/. Tak Kak paccTosiHue 10 accorpanuyd OpHoHa U3BECTHO, TO
[0 HaWJCHHBIM CKOPOCTSAM 3BE3]l MOXHO YCTaHOBHTH, YTO «OCTJCHbl» MOKHHYJIH AaCCOLUAIUI0 COBCEM
«HEJJAaBHO» — OT 2 JI0 5 MJIH. JIeT Ha3a/l.

ITo kakoit ke MpUYIMHE BHIOPACHIBAIOTCS TaKWE 3BE3MbI M3 accoluanuu? [ oiIaHaCKuil acTpoOHOM
braay oOpaTtmyi BHMMaHHWE Ha TO, YTO 3BE3JBI-«OETJICHB» BCETJa SBISIOTCA OAMHOYKaMH. MeEXIy TeM
KpPaTHOCTh CPEIM MaCCHBHBIX, TOPSYUX 3BE3]l OCOOCHHO PaclpOCTpaHEHAa — IMOYTH IOJIOBUHA UX 00pa3yer
KpaTHble CcHCTEMBL. UTOOBI OOBSICHHTH ATOT YIOUBUTENHHBIA (PaKT, TOJUTAHICKHH acTPOHOM BBIIBHHYII
MPEIION0KEHHE O TOM, YTO PaHbIIe 3BE3JbI-Oriieibl ObUIM KOMIIOHCHTaMHU JBONHBIX cHUCTeM. Bropas
KOMITOHEHTa — 00JIee MacCUBHAs Topsiyasi 3Be3/1a TOTO K€ CIeKTpainbHOro kiacca O - B30pBajach Kak
ceepxHoBas Il Tumna (cm. 1. 5).

Uto mpomsonaeT, ecau Oojiee MacCHMBHAs 3Be3Jla B JIBOMHOW cHCTEME BIPYT Kak OBl HCUC3HET,
nponager? Cuiia npUTsHKEHUs He Oyaer OOJbINe yNIep)KUBATh OCTABIIYIOCS 3BE3/y Ha €€ JIUIMINTUYCCKON
opbute. OHa yiAeT 1Mo KacaTelnbHOH K CBoel opOWTe, COXpaHUB MPH ITOM OPOUTAIBHYK) CKOPOCTh. B
NeHCTBUTENBHOCTH, KOHEYHO, Macca B30PBABIICHCS 3BE3/IbI HE MOXKET OECCIIETHO MCUE3HYTh.
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Puc. 45. Topsune 3Be3sbl, BBUIETAIOUIME W3  CO3BE3AUS
Opuona .

Ecnu pacmupsoniascs TyMaHHOCTh — OCTAaTOK B3pbIBa CBEPXHOBON — HAXOJUTCS BHYTPHU OPOMTEI
OCTaBIlIeics 3BE3/bl, CHIIa TIPUTSKEHUsSI TIOUTH HE M3MEHUTCS W 3Be3/la HUKOTIa «He YOexxuT». Ecnmm xe
3Be3/a OKaXXETCSl BHYTPHM TYMAaHHOCTH, HOCJEIHAS MOYTH He OyIeT ee MpUTATHBaTh. UTOOBI ONMMCAHHBIN
«ddexT nmpamw» (MHAYE ero TPYAHO HA3BaTh) HMEN MECTO, HEOOXOIMMO, YTOOBI Ta3bl — MPOIYKTHI B3PhIBA
CBEPXHOBOM — yIUIM 3a OpOMTY OCTaBIIEHCS 3Be3/Abl 3a BpeMs, 3HAUMTEIHHO MEHBIIEe, YeM IepHO]
oOparieHust. ITo yciaoBUe OyJET BBITOIHSITHCS I JBOWHON CUCTEMBI, KOMIIOHEHTHI KOTOPOH YAaJeHbI OJTHA
OT Jpyrol JOCTaTO4YHO Aanieko, Hanmpumep Ha 10—20 acTtpoHomMuueckux eauHul. Ilpu sTOoM mepuonbl
oOpareHusi JTODKHBI OBITh TOpsIIKa HECKOJNBKUX JIET, a OpOWTaNbHBIE CKOPOCTH (TIPH JTOCTAaTOYHO
MacCCHBHBIX 3Be371ax) — okoiio 100 km/c.

Hanuune cpeny KOMIOHEHT KpaTHBIX CHCTEM OENbIX KapiMKOB (Hampumep, B cucteme Cupuyca)
JIETKO OOBSICHACTCSA TEM, 4TO OoJjiee MacCUBHAsi KOMIIOHEHTA 3aKOHYMJIA CBON 3BOJIOLMOHHBIM IIyTh, CTaB
MaJIeHbKOH, O4YeHb IUIOTHOM 3Be3/m0i (cM. Ti. 4). HampoTuB, Henb3sl MpeAcTaBUTH ABOWHYIO CHUCTEMY, Y
KOTOpOW OJHAa KOMIIOHEHTa — Tropsidas, MacCHBHas 3Be3[a cCIeKTpaibHOoro kmacca O, a Bropass —
OOBIKHOBEHHBIN KpacHBIA TUTAHT ¢ Maccoil B 1,5—2 paza Goibiie coTHeIHOW. Benp 11 Toro, 9To0h 3BE3/1a
TaKO# Macchl coIlla ¢ TJIABHOM MOCIEA0BaTEIbHOCTH U CTajla KPAaCHBIM THTaHTOM, HY>KHO COOTBETCTBEHHO 4
u 2 mipa. net (cM. Tabi. 2), B TO BpeMs Kak ropsdas 3Be3fa kinacca O He MOXKET CylIecTBOBaTh cBbimie 10
MIIH. JieT. 1 neficTBUTENbHO, MOJOOHbIE IBOHHBIE CUCTEMBI HEU3BECTHBI.

B 1. 5 MBI y)Xe TOBOPHJIH, YTO «3BE3[HBIC)» PEHTICHOBCKHE HMCTOYHUKM HHMKAK HE MOTYT OBITH
«MOJIOABIMUY, €Il HE YCHEBIIMMHU OCTHITh HEUTPOHHBIMHU 3B€3/IaMH, TaK KaK MOCIEIHUE CIHMIIKOM OBICTPO
ocThIBalOT. M Bce k€ COBEPIIEHHO HEOXHIAHHO BBUICHWIOCH, YTO 3TH KOCMHYECKHE PEHTTCHOBCKHE
HCTOYHUKH SIBJIAIOTCS HEWTPOHHBIMU 3Be3gaMu. HaOmroneHus, BBIOJHEHHBIE Ha CIEIHMATM3UPOBAHHOM
aMEpUKAHCKOM pPEHTTEHOBCKOM CIYTHHKE «YXypy» TMpHBENHM K YAUBUTEIHHOMY OTKPBITHIO: TOTOK
U3TY4YeHUs OT IOBOJBHO OOJBIIOrO KOJMYECTBA HCTOYHUKOB MEHSETCS CO BPEMEHEM CTPOTO IMEPHOANYECKH,
[pUYEeM TMEPUOIBI COCTABISIOT HECKOJBKO IHEH. Y OBYX MCTOYHHUKOB OBIIM OOHapy»KeHBI, KPOME TOrO,
KOPOTKOTIEPHOANYECKHE U3MEHEHHs TIOTOKa ¢ nepuonamu 1,25 u 4,88 cexyHapl. DTH KOPOTKHE MEPHOIBI B
CBOIO OYEPE/Ib TNIABHO MEHSAJIUCH C YKa3aHHBIM BBILIE IJIMHHBIM IEPUOJIOM, IPHUEM aMIUIUTY Il U3MEHEHU I
MaJbIX TEPHOAOB XOTS M Malbl, HO BIOJHE u3MepuMbl. (B HacTosimee BpeMs yke U3BeCTHO okoyio 20
PEHTI'€HOBCKHUX UCTOYHUKOB C aHAJOTMYHBIMH EPUOIUYECKUMHU U3MEHECHUAMU IT0TOKA H3JIyYCHHUS. )

OOBsiCHEHNE STHM yAWBUTEIBHBIM (DakTaM BecbMa IPOCTOE M JaKe OUYEBHIHOE. PEHTreHOBCKHI
HUCTOYHUK — 3TO MaJIeHbKas, KOMIIAKTHAs 3BE€37a, BPAILAIOIIAsCS BOKPYT BTOPOH, «HOPMAIbHOWY, 3BE3.HI,
IpUYeM JIyd 3pEHHS MOUYTH «CKOJIB3UT» BAOJb IIOCKOCTH OpOWTH. MHHHMYM IOTOKa PEHTI€HOBCKOIO
M3Ty4YeHus] HaOIoJaeTcad TOT/a, KOT/Ia PEHTI'€HOBCKAash KOMIIOHEHTa 3aXOAMT 3a ONTHYecKylo. [[pyrumu
CJIOBaMH, MbI Ha0JIt0JJa€M 3aTMEHHYIO IBOMHYIO CUCTEMY.



Hanmnume cexkyHAHBIX TEpHOOB O3HAYAET, YTO HAOIIOMaeMble MCTOYHHKH MPEICTABIISIOT COOON
«PEHTTCHOBCKHUE ITyJILCAPBI», T. €. OYCHb OBICTPO BpPAIIAIONIHECS MAJICHBKUE 3BE3/bl. TaKk KaK MUHUMAJTBHBIH
MEPHOJ TAKOTO OCCBOI'O BpAIllEHWS JHUIIb HEMHOTMM OOJbBIIE CEKYHIbI, TO 3TO HE MOTYT OBITH Oe€IbIe
Kapiaukd. TOIbKO HEUTPOHHBIE 3BE3[bl MOTYT MMETh TaKME€ KOPOTKHE IMEpUOnbl BpameHus. l3MeHeHue
BETTUYHMHBI [IEPHO0JIa KOPOTKUX PEHTTEHOBCKUX UMITYJILCOB, 00YCIOBIICHHBIX OCEBBIM BpaIllcHUEM, B TCUCHUE
OpOUTATIBHOTO TEpHoa OYCBUIHBIM 00Opa3oM o0bBsicHseTcs 3¢ dexkrom Jloruepa. M3 aMmuimuTyabl 3THX
M3MEHEHUI HeTIOCPEJICTBEHHO ONpeielsieTcsl OpOnUTaIbHAS CKOPOCTh PEHTT€HOBCKOM 3BE3/IBI.

B psnme ciaydyaeB 1O HM3MEHEHUSIM TMOJOKEHUS JIMHUM IOTJIOIIEHUS B CIHEKTPE ONTHYECKOU
KOMIIOHEHTBI TaKOW JBOWHOW CHUCTEMBI OBbUI ONpPEAeicH OpOMTANbHBIA TEPUOM, KOTOPBIH OKaszajics B
TOYHOCTH PaBHBIM MEPHUOY, TIOTYYCHHOMY U3 PEHTT€HOBCKUX HAOIIOICHU.

Bo Bcex cnyuyasx HEUTPOHHBIE 3BE3/bl, M3Iy4alOU[ME PEHTICHOBCKUE KBAaHThI, BXOIAT B COCTaB
TECHBIX JBOMHBIX CUCTEM. B Takux cUCTeMax NpU JOCTATOYHO OOJIBIIIOM PATUYyCe ONTUYSCKOW KOMITOHCHTBI
C YaCcTH €€ TMOBEPXHOCTH, OOpaIlleHHONW KO BTOPOI KOMIIOHEHTE, HEIPEPHIBHO OyJeT UCTeKaTh CTPYS rasa.
1o 3T0i1 MpruMHE BOKPYT HEUTPOHHOM 3BE3/bI 00pa3yeTcsi OBICTPO BpaIAIONINIICS Ta30BBIN AHUCK, BEIECTBO
KOTOpOTro OyJeT majaTh Ha MOBEPXHOCTh HEHTPOHHOM 3Be3/bl. Tak Kak CKOPOCTh MOJOOHOI0 MaJCHUs rasa
JIOBOJIBHO OJIM3Ka K CKOPOCTH CBETa, MPH TAKOM IMpoLecce (HA3bIBAEMOM «aKKpEIUei») OyaeT BhIICIATHCS
OTPOMHOE KOJIMYECTBO SHEPIHM, KOTOpas HarpeeT ra3 B AMCKE OO TEMIIEPaTypbl B HECKOJBKO NIECATKOB
MUJUTHOHOB KEJIBBHHOB, CJIEIaB €r0 MOITHBIM HCTOYHUKOM PEHTI€HOBCKOTO M3TTyueHusI. CXOIHBIE TPOIECCH
OyIyT UMETh MECTO M TOTJa, KOT/Ia KOMIOHEHTONW «ONTHYECKOW» 3Be3Nbl OynmeT uepHas neipa. OTIUIUTH
YEPHYIO JbIPY OT HEUTPOHHOM 3BE€3/IbI MOKHO TOI/Ia, KOTJa U3BECTHA Macca PEHTI€HOBCKOW KOMIIOHEHTHI U3
HaOIOACHW ABOWHON CHCTEMBI, B KOTOPOW OHA HaxomuTcs. HamoMHUM, 9TO eciii Macca «KOMITAKTHOMY,
«IPO3BOJTIOIIMOHUPOBABIIICH» PEHTTEHOBCKONH KOMITOHEHTHI OOJIbIIE 2,5 COTHEUHBIX Macc, OHA JODKHA OBITh
yepHO Jpipo (cM. Ti1. 5). [Toxoxke Ha TO, YTO OJHA YEepHAs JbIpa yKe HAOIFOJAaeTCs — 3TO 3HAMECHUTHIN
peHTreHoBcKmit nctouHuk Jledens X-1.

Takum o0Opa3oM, HEHUTPOHHBIE 3BE3[BI «CaMH TIO0 cebe» He SBISIOTCS PEHTTeHOBCKUMH
HUCTOYHHUKAMU. TONBKO TOrAa, KOTJa OHHU OKaXyTCS B TECHOM ABOMHON cHCTEMe, MpU OIMpeAeleHHBIX
YCIIOBUSIX HAYHET JEHCTBOBATh «MallWHa», BechbMa J((EKTUBHO BbIpadaThHIBAIONIas PEHTTEHOBCKOE
M3IIYYCHUE C TIOMOINBIO TITyOOKOW «IOTEHIIMAILHOW SIMBDY B OKPECTHOCTAX HEUTPOHHOH 3BE3BI, Kyla
Majaer ra3oBasl CTpys, MOCTaBIsieMas ONTHYECKOW KOMIIOHEHTOW. To e camoe OTHOCUTCA, KOHEYHO, U K
YEPHBIM JBIpaM.

Bce wm3nokeHHble (axkThl TOKA3bIBAIOT, YTO KOMIIOHEHTHI KpATHBIX CHCTEM 00pa30oBalNCh
coBMecTHO. Koslb CKOpPO MMEIOTCS OCHOBaHHUS MPEIojiaraTh, YTO TUIAHETHBIE CHUCTEMBI B TIPHUHIIMIIEC HE
OTJIUYAIOTCS OT KPATHBIX 3BE3[THBIX CHUCTEM, IIAHETHI, CKOPEE BCETO, OJDKHBI 00pa30BaThCs MapaLIeIbHO C
(hopMUpPOBaHNEM COOTBETCTBYOIINX 3BE3].



9. O npoucxoscoenuu Conneunoii cucmemol

Bor yxe nBa Beka mpobnema mpoucxoxaeHuss COJHEYHOH CHCTEMBbl BOJHYET BBIAAIOLIMXCS
MBICTTUTENIEH Halllel TUTaHeThl. DToW MpoOIeMoii 3aHMMalach, HaunHas oT ¢unocoda Kanra u matemarnka
Jlarumaca, miesima actpoHomoB u (pm3ukoB XIX m XX cromermii. Eit oTnanm manp Ham 3aMedaTeTbHBIN
COOTEYECTBEHHHK, YEJIOBEK pa3HOCTOpOHHE TadanTuBbiid, OTTo FOnbeBnu munt. U Bee ke MBI elje oueHb
Jaekd OT ee pemeHus. Kakue Tonpko TaliHBI He OBUTM BHIPBAaHBI Y TPUPOABI 3a OTH JBa CTOjieTws! 3a
MIOCTIEIHNAE TPU ACCATUIETHS CYIIECTBEHHO MPOSICHUIICS BOIIPOC O MyTAX BOJIONWH 3Be3d. U xoTs meranu
YAMBUTEIBHOTO TIPOIlecca POXKACHHUS 3BE3/bl U3 Ta30IbIIEBOM TyMAaHHOCTH €IIle TaIeKO He SICHBI, MBI TEIephb
YEeTKO MPEACTABISIEM, YTO C HEl MMPOUCXOIUT Ha MPOTSHKEHUH MUJUIMAPAOB JIeT JanbHelei sBomonnu. O0
3TOM JIOBOJIBHO TMOAPOOHO NuTa peds B TI. 4. YBBI, BONPOC O MPOUCXOXKIACHUU M SBONIOIHMH TUTAHETHOU
CHCTEMBI, OKpyxaroreit Hame CoJHIle, JaleKo He Tak SICEeH.

Ha nepBrIii B3rs KaXKeTCsl CTPAaHHBIM U JaXKe MapaJoKCalbHBIM, YTO aCTPOHOMBI CMOTIIM Y3HATH O
KOCMHUYECKHX 00BEKTaX, BeChMa yNaJeHHbBIX U HAOMIOAeMBbIX C OONBIIUMH TPYAHOCTSIMH, TOpa3ao OOJbIIe,
geM o miaHeTax u CojHIE, KOTOphIe (10 aCTPOHOMHUYECKAM MacmTabaM, pa3yMeeTcsl) HaXOMITCs Y Hac
«tox 6oxkom». OJHAKO B 3TOM HET HUYErO YIUBHUTENBHOro. J[eno B TOM, YTO acTPOHOMBI HaOIIOJAIOT
OTPOMHOE KOIMYECTBO 3BE3JI, HAXOAIINXCS Ha Pa3HBIX CTAAMSIX SBOJNIONHU. V3yuas 3Be31bl B CKOTUICHUSX,
OHHM MOTYT YHCTO AMITMPUYECKH YCTAHOBUTH, KaK 3aBUCUT TEMII SBOJIIONNU 3BE3J OT HAYAIbHBIX yCIIOBHMA,
HampuMmep Maccbl. Ecnmu Obl He OBUIO 3TOTO OOMIMPHOTO SMIUPHYECKOTO MaTepuana (TpexIe BCETo
paccMaTpHuBaBIICHiCss HAMU BBIIIEC AWArPaMMBl «LBET — CBETUMOCTB» Ui OOJIBIIOTO YHCIa CKOILJICHHUH),
BOMNpPOC 00 3BOJIOIMY 3Be3 OBUT OBl MpeAMeToM 0oJiee WM MeHee OECIUIOAHBIX CHEKYJSIHA, KaKk 3TO U
6510 MpuMepHo 110 1950 1.

B coBepuieHHO OpyroM TONOXKEHHH HAaXOIATCS HMCCIENOBATENH IMPOUCXOXKIEHHUS W JBOJIOLUH
Hallel IIaHeTHO# cucTeMbl. Beaph MBI IOKa HE MOXEM HETOCPEICTBEHHO HAOIIOaTh TaKUE CUCTEMBI Jaxe
OKOJIO CaMBIX OJIM3KUX 3Be31 (CM. 1. 8). Eciu ObI 3TO yIanoch M MBI IMETH peabHOE TPECTaBICHHE, KaK
BBITJIAAT IJIAHCTHBIC CUCTEMBI Ha PAa3HBIX 3Talax cBOel OBOJIFOIINN WJIN XOTHA OBI KaK CHJILHO OTJIMYAIOTCS
OJHM IUTAaHETHBIE CHUCTEMBI OT OPYTHX, 3Ta BOJHYIOIIas mnpoOnema Obia Obl, HECOMHEHHO, pelleHa B
CPaBHHTENBHO KOPOTKME CpoKd. Ho moka MBI HaOmomaeM IUTaHETHYIO CHCTEMY, TaK CKas3aTh, «B
€MHCTBEHHOM 3K3eMIUIsipe». boiee Toro, HeoOXOAMMO €I1Ie JT0Ka3aTh, YTO OKOJIO APYTUX 3BE3] UMEIOTCS
IUTaHETHBIE cUcTeMbl. Huke MBI MOmbITaeMCsl 3TO CHeNaTh, MOJb3YACh HaOMI0JaeMbIMU XapaKTePUCTUKAMHU
3BE3I.

3HAYUT JIK 3TO, YTO MBI €IIe PEIIUTENIFHO HUYETr0 HE MOXKEM CKa3aTh 0 mpoucxoxaeHnn CoTHe HON
CHCTEMBI, KpOME TPHBHUAIBHOTO YTBEP)KICHUS, YTO OHA Kak-TO 0Opa3oBanach He MO3XKe, YeM 5 MIIpI. JIeT
HazaJ, MOTOMY YTO TaKOB MPUOIU3UTENBEHO Bo3pacT ConHma? Takas «ImecCUMUCTUYEeCKas TOUKa 3peHHS TaK
K€ Majio 00OCHOBaHA, KaK M M3JIHMIMTHUN ONTHMHU3M aJIeNTOB TOW WM WHOW KOCMOTOHHWYECKON THIOTE3BI.
MosHO cKa3aTh, UTO KOE-YTO O MPOUCXOXKICHUN CEMBH IUIaHET, obparmatonuxcs Bokpyr CollHIa, MBI yKe
3HaeM. Bo BcSKOM ciydae, Kpyr BO3MOKHBIX THIOTe3 O MpoucxokaeHud CoNHEeYyHOH CHUCTEeMBI ceiuac
3HAYUTENHHO CY3UIICS.

[lepexons k m3nOXKeHHIO (IO HEOOXOTUMOCTH BECbMa KpPaTKOMY) pa3iIMYHBIX KOCMOTOHHYECKHX
THIIOTE3, CMEHSBIINX, OJHA IPYIyI0 Ha MPOTSHKEHWH MOCIEAHUX IBYX CTOJICTHH, MBI HAYHEM C THUIOTE3HI,
BIIEPBBIC BBICKA3aHHOW BEINUKAM HeMelkuM (uiaocopom KaHTOM M CIycTsS HECKONBKO IECATUICTHN
HE3aBUCUMO TIPEIIOKEHHOW 3aMedaTeNbHBIM (paHIly3cKUM MarteMmatukoM Jlammacom. W3 mampHefimero
6YI[6T BUIHO, YTO CYIIECTBCHHBLIC IPECANIOCBLIIKA 9TOM KJIACCUYECKOM THUIIOTE3EI BBIACPIKAINW HCIIBITAHUC
BpEMEHEM, U celdyac B CaMBIX «MOJIEPHHUCTCKUX» KOCMOTOHHUYECKHX THUIOTE3aX MBI JIETKO MOKEM HalTh
OCHOBHBIE uaeu runore3sl Kanra — Jlannaca.

Touku 3penus Kanrta u Jlamnaca B psae BaXKHBIX BOIPOCOB Pe3KO oTiavyanuck. Kant, Hanpumep,
HCXOJIUII U3 3BOIOLMOHHOTO PAa3BUTHS XOJOAHOM MBIJIEBOM TyMaHHOCTH, B X0JI€ KOTOPOTO CIIEPBa BO3HUKIIO
LIEHTPaIbHOE MAaCCHBHOE TEJI0 — OYIyIee COJHIIE, a TOTOM YXKe ITUIaHETHI, B TO BpeMs Kak Jlammac cuuran
MEPBOHAYATIFHYIO TYMaHHOCTh Ta30BOW M OY€Hb ropsiuei, HaXOIIEHCs] B COCTOSIHUM OBICTPOTO BPAICHMUS.
CxuMasich TIOf JIEHCTBHEM CHJIBI BCEMHPHOTO TATOTEHHs, TyMaHHOCTb, BCIECICTBHE 3aKOHA COXPAaHEHHS
MOMEHTa KOJIMYECTBA JIBIKEHHsI, Bpaliaiach Bce ObicTpee u ObicTpee (00 3TOM moapoOHee pedb OyaeT UATH
HIKe). M3-3a 60NbIIUX EHTPOOEIKHBIX CHJI, BOSHHKAIONIUX MPH OBICTPOM BpAIlEHUH B HKBATOPHAIBHOM
nosice, OT HEro MOCJeN0BaTeNbHO OTACISUIMCh KOJbIa. B nanbpHeHIneM 3TH KoJblla KOHAEHCHUPOBAIHCH,
00pa3zysl MIaHeTHl (CXeMa, WILTIOCTPUPYIOIIas 3Ty THIIOTE3Y, IPUBEACHA Ha puc. 40, He CKaHUposaics).

Taxum oOpazom, corjacHo rumnoreze Jlaruraca, mmaneTsl odpaszoBanuchk panbmie Comara. OmHako,
HECMOTpsSI Ha Takoe pe3Koe pasinyuue MeXAy ABYMs TMIIOTe3aMH, OOIIel WX BaKHeHmed 0coOeHHOCTHIO
sBIsieTcsl mpeAcTaBieHue, uyTo CoilHeuHas CHCTeMa BO3HUKIA B pe3ysibTaTe 3aKOHOMEPHOTO Pa3BHTHS
TyMaHHOCTH. [103TOMy ¥ IPUHATO HA3BIBaTh ATy KOHIENIHIO «Turnote3oi Kanra — Jlammacay.



VYxe B cepenuae XIX croyieTrs cTajo SICHO, YTO 3Ta THIIOTE3a CTAIKHUBACTCA ¢ (pyHIaMEHTAIBHOMN
TPYAHOCTBIO. [lemo B TOM, UTO Hallla TUIAHETHas CHCTEMa, COCTOSAIIAs M3 JAEBSTH IUIaHET BeCbMa PasHbIX
pasMepoB © Macchl, oOnagaeT OOHOW 3amMeyaTelbHOM OCOOEHHOCTHIO. Peub wHAeTr o HEOOBIYHOM
pacripeneneHNr MOMEHTa KoJM4decTBa IBIKeHHsT CONHEYHOW CHCTEMBI MEXIY HEHTPAIbHBIM TEIOM —
CoJHIIEM U IUIaHETaAMHU.

MoOMEHT KOJIMYEeCTBa ABIXKCHUS €CTh OJITHA U3 BXKHEHIINX XapaKTEPUCTUK BCSIKOW M30JUPOBAHHON
OT BHEIIHETO MHpa MEXaHHYECKOW CHUCTeMbl. MIMEHHO Kak TaKyr CHCTEMY MBI MOXXEM paccMaTpUBaTh
CouHIle ¥ OKPYKAMOIIYIO €T0 CEMBIO TNIaHET. MOMEHT KOJIMYECTBa JIBHKEHHS MOXKET OBITH OTpeseieH Kak
«3arac BpalIeHHUA» CUCTEMBI. JTO BpallleHHE CKIAIbIBAETCS W3 OpOMTAIbHOTO [BMKECHHSA IUIAHET U
BpallleHus! BOKpYT cBoMX oceil CoNHIIa U TUTaHeT.

MaremaTndecKu «OpOWUTANBHBIIN» MOMEHT KOJMYECTBA JBIKEHHS TUIAHETHI OTHOCHTENHHO IIEHTpa
Macc CUCTeMBI (BechbMa Oim3koro k meHtpy ColiHIa) ompeensercs Kak Mpou3BeeHNEe MAacChl TUTAHETH Ha
ee CKOpOCTb U Ha PacCTOsHHE 10 LEeHTpa BpameHus, T. €. ConHna. B cinydae Bpamaromerocs chepunieckoro
Tena, KOTOpoe MBI OyJeM CYUTaTh TBEPABIM, MOMEHT KOJHYECTBA JBWKCHHS OTHOCHUTEIEHO OCH,
MPOXOIAIIEH Yepe3 ero nentp, pased 0,4 MvR, rne M — macca Tena, v — ero dKBaTopHallbHas CKOPOCTh, R
— paauyc. XOTsA cymMMapHas Macca BCeX IUIaHET COCTaBIISCT Bcero Juiib 1/700 COMHEYHOMW, yUHUTHIBAs, C
OJTHOM CTOPOHBI, OoybIIHe paccTossHUs OT CONHIA IO TUIAHET M C JAPYTOM — Majyl CKOPOCTh BpallleHUs
CounHI1a, MBI TIOTYYHM ITyTeM MPOCTHIX BRIYHCIEHHH, 9T0 98% Bcero MomeHTa COTHEYHOH CHCTEMBI CBA3aHO
C OpOWTaNbHBIM JBMKEHHEM IUTaHeT W ToJbKo 2% — c BpameHueMm ConHua BOKpyr ocH. (CKopocTh
BpaieHusi CONHIIa Ha €ro 3KBaTOPE COCTABIISAET BCETO JIMIIb 2 KM/C, 9TO B 15 pa3 MeHbIIe CKOPOCTH 3eMIIn
Ha opOute.) MOMEHT KONHW4YecTBa ABM)KEHHUS, CBS3aHHBINM C BpAaIleHHEM IUTAHET BOKPYT CBOWX OCEH,
OKa3bIBA€TCS MPEHEOPEKMMO MaJIbIM M3-32 CPABHUTENHHO MAJIBIX MACC TUTAaHET U UX PaJinyCOB.

Ha puc. 47 cxemaTtuyecku OpeCTaBICHO paclpenesiCHUEe MOMEHTA KOJUYECTBA ABMXKCHUS MEXIY
ConHieM ¥ iaHeTaMy. 3Ha4€HUS MOMEHTOB AaHbl B cucteMe equHul CGS. Haiinem, Hampumep, MOMEHT
KommuectBa mBrkenus IOmmrepa I Macca FOmurepa pasaa M = 2 « 10 1 (1. e. 10” maccsr Conna),
paccrostaue ot IOmutepa go Comnma r» = 7,8 « 10" cm (wmu 5,2 acTPOHOMHMYECKOW EIUHUIBI), a
op6uTambHas ckopocts v = 1,3 » 10° cm/c (okomo 13 km/c). Orciona

I=Mvr=190« 10*.

B sTux eauHMIIaX MOMEHT KOJMYECTBa JBHXEHMs Bparmatomierocss CojHIIAa paBeH BCEro JIHUINIb
6« 10*. U3 PUCYHKa BHJHO, YTO BC€ IUIAHETHI 3eMHOI rpynnsl — Mepkypuii, Benepa, 3emnsa u Mape —
AMEIOT cyMMapHBIH MoMeHT B 380 pa3 menpmuid, yem lOmumtep. JIbBUHAS 1071 MOMEHTA KOJWYECTBA
nBukeHnss COJTHEYHOW CHCTEMBI COCPEAOTOYeHa B OpOMTAIHHOM JBM)KEHUH IUIaHET-TUraHToB lOmuTepa u
CarypHa.

C Touku 3peHus runorte3bl Jlammaca, 3T0 COBEpIIEHHO HEMOHATHO. B camoMm Jiene, B 310Xy, KOTJa OT
MIEpPBOHAYAIFHON, OBICTPO BpAIIAFOIIEHCS TYMAaHHOCTH OTIEISIOCH KOJBIIO, CIOM TYMaHHOCTH, U3 KOTOPBIX
BIIOCIIEZICTBUU CKOHJeHCHpoBaiock CoJHIIe, MU (Ha eMHMILY MAcchl) IPUMEPHO TaKOil ke MOMEHT, KaK
BEIIECTBO OTHAEIMBINErocs Koibia. (Tak Kak yriaoBble CKOPOCTH KOJbIA U OCTABIIUXCS YaCTe OBLIN IMOYTH
onnHAKOBHL.) Tak Kak Macca IMOCIEAHETo ObLIa 3HAYNTEIHHO MEHbIIE MacChl OCHOBHOW 4acTW TYMaHHOCTH
(«TIPOTOCOITHIIAY ), TO TOTHBIM MOMEHT KOJIMYECTBA JBUKCHUS Y KOJBIA JODKEH OBITh MHOT'O MEHBIIIE, UeM Y
«IpOTOCONHIIA». B rumorese Jlamnaca oTCyTCTBYeT Kakoi ObI TO HU ObLIO MEXaHU3M IEpeaud MOMEHTA OT
«IPOTOCONHIA» K Koiblly. [loaToMy B TedeHHMe Bcell HanbHEHIIEH SBONIOIMH MOMEHT KOJHYECTBa
IBUDKEHUSI «IIPOTOCONHI@», a 3areM M CoiHIa AODKEH OBITh 3HAYUTENHHO OOJbINe, YeM y KOoJIell U
00pa30BaBIINXCS U3 HUX TUTaHET. HO 3TOT BBIBOJ HAXOAUTCS B Pa3UTEIHLHOM MPOTUBOPEUYHH C (PAKTHUSCKUM
pacrpeneIeHIeM MOMEHTa KOJTMYeCTBa ABIKeHNs Mexay COITHIeM U TutaHeTamu!

Hns runotessrl Jlaruiaca 3Ta TpPyJOHOCTh oOKaszajach Hemnpeojoinumon. Ha cmeny eit cramum
BBIJIBUTaThCS APYTHe TUIOTEe3bl. MBI HE OyZleM HX 3]IeCh JaKe MePEeUHCIIiaTh — Ceiyac OHU MPENCTABISIOT
TOJBKO UCTOpUYECKUU HHTepec. OCTAaHOBUMCS JUIIL Ha rumnore3e J[KuWHCaA, MONYYUBIIEH MOBCEMECTHOE
pacmpocTpaHeHrEe B NIEPBOM TPETH TEKYIIETO CTOJETHS. JTa TUIIOTE3a BO BCEX OTHOMICHHUSAX MPEACTABISET
c000ii MONHYIO MPOTUBOMONOKHOCTG Tunore3e Kanta — Jlannaca. Ecnu mocnenusist pucyer o6pa3oBaHue
IUTAHETHBIX CUCTEM (B TOM umcie U Hamieli CONHEYHOMH) KaK eTMHBIA 3aKOHOMEPHBIN MPOLECC IBOIIOIUU OT
IPOCTOTO K CIIOKHOMY, TO B rumnore3e J[kmHca oOpa3oBaHME TakuUX CHCTEM €CTh JIel0 ciaydas u
MIPENICTAaBISAET peaJaiee, HCKIIOUYNTEEHOE SIBIICHHE.

CornacHo rumote3e JKuHCA, WMCXOIHAs Marepwisi, W3 KOTOPOH B JalbHEiIneM o00pa3oBauCh
IUIaHeTHl, OblIa BhIOpomieHa u3 ConHIA (KOTOpOEe K TOMY BPEMEHH OBLIO YK€ JOCTATOYHO «CTapbIM» U
[IOXOKMM Ha HBIHENIHEE) NpPH CIy4aifHOM NPOXOXKIEHHH BOJIWU3M HEro HEKOTOPOH 3Be3Abl. OJTO
MIPOXOXK/I€HHE OBLIO HACTOJMBKO OJIM3KUM, YTO MPAKTHYECKH €0 MOXHO pacCMaTpUBaTh KaK CTOJIKHOBEHHE.
[Ipu TakoM OuYeHBb OJU3KOM MPOXOXKICHUHM OJarogaps NPUIMBHBIM CHJIaM, JCWCTBOBABIIUM CO CTOPOHBI



HaneteBmei Ha CoJHITE 3BE3/bI, U3 MIOBEPXHOCTHRIX ciioeB CoHIa Oblia BRIOpOIIIEHa CTPYS Ta3a. ITa CTpys
ocranercs B cepe npursbkeHus: ColHIIa U TIOCKe TOro, Kak 3Be3na yiaer ot ConHia. B nansHelineM cTpys
CKOHJICHCUPYETCS U IaCT HAYaJIO ILIAHETaM.
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Puc. 47 Pacnpenenenue BpamatenbHoro momesra B Con-
HeuHoit -cucteme (B emmunax 1048 CGS)

YT0 MOKHO CKa3aTh ceidyac 10 MOBOJY 3TOM TMIIOTE3bl, BIAACBIIEH yMaMU aCTPOHOMOB B TECUEHHE
Tpex necstunetuit? [Ipexae Bcero, oHa mpennoiiaraeT, 4To 0Opa30BaHUE IIAHETHBIX CHCTEM, MOJIOOHBIX
Hamreld CoJNIHEYHOH, €cTh TpoIlecC WCKIIOYHTENBHO MallOBepOsTHEIM. B camom neme, kak yxke
MOYEPKUBAJIOCHh B TII. 1, CTOJIKHOBEHHS 3BE3[l, @ TAK)KE WX OJM3KWE B3aMMHBIC MPOXOXICHUS B HaIICH
lanaxkTuke MOTYT IPOUCXOAUTH Ype3BbIYAHO peako. [10sSICHUM 3TO KOHKPETHBIM PaCUETOM.

WzBectHO, uTo Hamie CoNHIIE MO OTHOIICHWIO K ONMKAaWIIMM 3Be3[laM ABIIKETCS CO CKOPOCTBIO
okoio 20 xm/c. Jlaxke camast Onm3kas kK HaMm 3Be3na — lIpokcuma lleHTaBpa HaxomuTCs OT HAc Ha
paccrossHun 4,2 cBeroBoro roga. YToOwl mpeononeTh 3TO paccTosHue, ConHIe, IBUTAsICh C yKa3aHHOM
CKOPOCTBIO, JTOJKHO MOTpaTuTh npubnmsurensbHo 100 Teic. sner. byxaem cumrtaTh (4TO B JaHHOM Cllydac
paBWIbHO) nBIKeHHEe COHITA IPSIMOTUHEHHBIM. Torma BeposSATHOCTh OJU3KOTO TIPOXOKIACHHUS (CKaXeM, Ha
PAcCTOSIHUH TPEX PaJNyCOB 3BE3/bI) OyAET, OYCBUIHO, PaBHA OTHOIIECHUIO TEJIECHOTO yTia, MO KOTOPHIM
BHJICH C 3eMJIM YBEJIMYCHHBIA B 3 pa3za JHMCK 3Be3/bl, K 4. MOXXHO yOEIUTHCS, YTO JaHHOE OTHOIICHUE
cocraBisier okono 107, Dro osmauaer, 4ro 3a 5 MJIpA. JeT cBoed xu3Hu CONHIIE UMENIO OJMH IIAHC U3
JIECSITKOB MIJITHAPIOB CTOJKHYTHCS FUIM OYEHBL CONM3UTHLCS ¢ KaKoH-ImOo 3Be3noi. Tak kak B ["amakTuke
HACUUTHIBAETCS BCEro OKoJio 150 Mipj. 3Be3, TO MOJHOE KOJUYECTBO TAaKUX OJIM3KUX MPOXOXKICHUH BO
Bcell Hallell 3Be3IHOM cCUcTeMe JOJKHO OBITh mopsiaka 10 3a mociemHue 5 MuIpA. JeT, 0 4eM yKe pedb Iia B
. 2.

Ortcrona cneayer, uTo, eciu Obl rumnore3a JkuHca ObuTa TPaBHIILHOMN, YHCIIO IIAHETHBIX CHUCTEM,
oOpa3zoBaBmuxcs B [amaktuke 3a 10 MIpI. J€T ee SBOJIIONUU, MOXKHO OBLIO MEPECUYUTATh OYKBAIBHO IO
nanpiaM. Tak Kak 3TO, MO-BHIUMOMY, HE COOTBETCTBYET JCHCTBUTEIHLHOCTH M YHCJIO TUIAHETHBIX CHCTEM B
lamakTuike mocTaTogHO BEIMKO (CM. HIDKE, a Takke I &), rumore3a JIXKMHCA OKa3bIBAaeTCs
HECOCTOATEIbHOM.

HecocrosiTenbHOCT 3TOM THIIOTE3BI CIEAYET TakKe U U3 APyrux cooOpakeHuit. [Ipexe Bcero, ona
CTpaZiaeT TeM ke ¢aTaabHBIM HEJOCTAaTKOM, 4TO W rumnore3a Kanra — Jlammaca: rumote3a [[xnuHca HE B
COCTOSIHUU OOBSICHUTH, TOUEMY ITOJABIISIIOIIAS YaCTh MOMEHTA KOIuuecTBa ABIKEeHUST COTHEUHON CHCTEMBI
COCpeIOTOYeHa B OPOUTAIFHOM JIBMKCHUU TUTAaHET. MaTeMaTHYeCKUe pacyeThl, BHITIOJHEHHBIE B CBOE BpEMs
H. H. IlapwiickuM, ToKa3aay, 9TO MPU BCEX CIIyYasX B paMKax THIOTEe3bl JkuHca 00pa3yroTcs IIaHETHI ¢
OYCHb MaJleHBKUMH opOutamu. Emie pasbpiie Ha 3Ty KIACCHYECKYI0 KOCMOTOHHYECKYIO TPYIHOCTH
MPUMEHUTENBHO K runotese JKuHca yka3an amepukaHer] Peccenn.

Hakonen, HHOTKyna He criemyer, uTo BbIOpomieHHas w3 CoiHIIA CTpysS TOPSYEro ra3a MOXKET
CKOHJICHCHPOBAaThCs B IUIaHeThl. HaoOopoT, pacueTsl psijila M3BECTHBIX acTPO(U3MKOB, B YaCTHOCTH,
Jlaitmana ChouTnepa, MOKa3alid, YTO BEIIECTBO CTPYHM pacceeTcsi B OKpPYXKarolleM IPOCTPaHCTBE U
KOH/IeHcaluu He Oyzer. Takum o0pa3oMm, KOCMOTOHHMYEcCKas rumnore3a JkmHca okaszanach MOJTHOCTBHIO
HECOCTOSITETFHON. DTO CTAJI0 OYEBUIHBIM YK€ B KOHIIE TPUAIATHIX TOAOB TEKYIIETO CTOJICTHSI.

Tewm Oonee yIMBUTENBHBIM MPEACTABIACTCA BO3pOKACHNE uen J[)KrHca Ha HOBOH OCHOBE, KOTOpOe



MPOM3OIII0O B TMOCIHEAHWE Tonxbl. Ecianm B mepBOHAYaIbHOM BapWaHTe THNOTe3bl J[KWHCA TUTaHEeTHI
00pazoBaiUCh M3 Ta30BOTO CTycTKa, BbIOpomeHHOro n3 CoJHIA NPUIMBHBIMH CHJIAMU TIPH OJIH3KOM
MPOXOXJICHUU MUMO HETO 3BE3/Ibl, TO HOBEWIIMI BapuUaHT, pa3BuBaeMblii ByndcoHoMm, npeamonaraer, 4yTo
razoBas CTPys, U3 KOTOpOH 00pa3oBaIMCh IIAHETHI, ObLTa BBHIOpOIIeHa W3 mMpoxoauBiiero mumo CoiHIa
KOCMHYECKOT0 00beKTa. B KauecTBe mocieHero MpuHAMAETCS YKe He 3B€3/1a, a MPOTO3BE3/1a — «PBIXJIBII»
O0BEKT OTrpOMHBIX pa3MepoB (B 10 pa3 mnpeBbIIIAOIIMN paguyCc HBIHCIIHEH 3e€MHOW OpOWTHI) U
CpaBHHTENBHO HeOompmIol macchl ~ 0,25 Mp. Ha puc. 48 mpuBeneHa cxemMa TaKOTO «CTOJKHOBEHUS,
OCHOBaHHAas Ha TOYHBIX pacderax. [lomokeHre MpoTo3BE3pl Ha THIEpOOIHYecKoi opouTe Bokpyr CoiHIa
MIPUBEIEHO I pa3HbIX MOMEHTOB BpPEMEHH, KOTOpPOE€ BbIpaxkaeTcs B CeKyHJaX. Bce saBieHme OJM3KOTO
MIPOXO0XICHUS IPOTO3BE3/IbI, CXeMaTUIeCKH H300paKkeHHOe Ha puc. 48, 3anumaet okoino 30 ner. U3 pucyHka
BHIHO, KaK Je(opMUpyeTCs MOBEPXHOCTH MPOTO3BE3 B MO BIMSIHNUEM MPIIIMBHBIX cuil. Ha 3ToMm pucyHke
MPUBEACHBI TaKXKe pazIuyHble OpOUTHI 3axBauyeHHBIX COJHIIEM OTAENBHBIX «KYCKOB» IPOTO3BE3HOTO
crycTtka. Jlns kaxmol Takoi OpOWTHI yKa3aHbl Kparuaiiiiee paccrosHue 10 CoNHIIAa U AKCIEHTPUCHUTET.
HenocpencTtBeHHO BUIHO, YTO HEKOTOPBIE OpOMTHI Tak ke yaaneHsl oT ConHia, kak opboura HOmutepa u
Jaxe Jaipllle, — KaK IMOKa3bIBAIOT pacdeThl, — 10 30 acTpOHOMHUYECKUX €IUHHUIl. Takum o0pazom,
HOBeimas MoauduKkanus TUnoTe3bl J[PKUHCA CHUMaeT OCHOBHYIO TPYIHOCTh, C KOTOPOW CTOJIKHYJICS €€
MIEPBOHAYANILHBIA BapHaHT — OOBSICHEHHE aHOMAIBHO OOJBIIOTO BpaIaTeIFHOTO MOMEHTA IUIaHEeTH. B
cxeme Byndcona »3To mocTHraercs MPENNONOKEHHEM O OOJNBINNX pa3Mepax «CTATKHWBAOMIETOCH» C
ConHileM 00BEKTa U €ro CpaBHUTENLHO HeOombiol Macce. U3 puc. 48 BUAHO, YTO MEepBOHAYATBHBIE OPOUTHI
CTYCTKOB OBLIM BeCchMa JKCIEHTPUYHBI. Tak Kak 3aBeoMO He Bech 3axBaueHHbIH COJHIIEM Ta3 cMOT
KOHJEHCHUPOBAThCS B IUIAHETHI, BOKPYT IBIKYIMXCS CTYCTKOB JOJDKHA ObLTa 00pa3oBaThCS HEKOTOpas
razoBas cpena, KOTOpas TOpMO3mia OBl uX JBWKeHHe. lIpu 3TOM, Kak W3BECTHO, MNEpBOHAYAIHHO
AKCIEHTPUYHBIC OPOUTHI TIOCTENICHHO OYAyT CTAHOBUTHCS KPYTrOBBIMU. Ha 3T0 morpedyeTcst cpaBHUTEIBHO
MaJio BpeMEHU — TOPSIKa HECKOJIBKUX MIJIIHOHOB JieT. KaxkIblii Tako# CrycToK OyJIeT MOBOJBHO OBICTPO
9BOJIIOLIMOHUPOBATh B TPOTOIUIAHETY. Bpallenne NpoTOoruraHeT MOXKeT OBITh 00yCIIOBIEHO IeicTBHEM
MPWIUBHBIX CWII, ucxoasmux ot ConHna. B pamkax 3Toi MOJENN MOXKHO TaKKe MOHATh MPOUCXOKICHUC
CHYTHUKOB TuiaHeT. [locnemHue OTHENsIoTCsS OT MPOTOIUIAHET IMPH CXKATHH W3-32 WX HECUMMETPUYHOMN
¢urypsl. Ciemyer 3aMETHTh, YTO 3Ta THIOTE3a CPABHUTEIHHO JIETKO OOBICHAET MPOUCXOXKIACHHIE OOJIBITHX
IUIAHET W WX CHOYTHUKOB. /Il OOBSACHEHHs IUIAHET 3E€MHOWM TPYIIbIl HEOOXOIUMO TIPUBJICYL HOBBIC
MIPEICTaBIICHUSI.

l'umotesa Jxunca B Momudukammn Byndcona 3acmyxkwBaer BHUMaHHA. OHa, 1O CYIIECTBY,
CBsI3bIBaET 0Opa3oBaHHE IUIaHET ¢ oOpa3oBaHueM 3Be3d. llocienHue 00pa3yroTcs M3 MEX3BE3IHOM
ra3oMbUICBOM Cpelibl TPYNIIaMU B TaK HA3bIBAEMBIX «3BE3/IHBIX accomuanusax» (cM. ri. 4). B takux rpymmnax,
KaK TI0Ka3bIBAlOT HAOIIOJEHWs, CliepBa O00pa3ylOTCsS CPaBHHUTEIHHO MACCHBHBIE 3BE3/IbI, a TIOTOM BCSIKas
«3BE3[THAsI MEJIOYbY», KOTOPast 3BONIOIMOHUPYET B KapJIMKA. DTO XOPOIIIO coriacyeTcs ¢ Tumnore3oi [xnHca
— Byndcona. PacyeTsl NOKa3bIBaIOT, OAHAKO, YTO €CITH STOT MEXaHU3M ObUI OBl €JMHCTBCHHOW MPUYNHON
00pa30BaHMs TIAHETHBIX CHCTEM, TO WX KonndyecTBO B ["amakTuke ObuTO OBl BechbMa Malo (0HA TUTaHEeTHAs
cuctema, npumepro, Ha 100000 3Be3m), XOTS M HE TaK KaTacTpopUIECKH Majo, KaKk B IEPBOHAYAIHLHOMN
runore3e J[xuHca. [lo cymiecTBy, 3TO SIBISIETCS E€IWHCTBEHHBIM YS3BUMBIM ITyHKTOM COBPEMEHHOMN
Momudukauuu runote3bl JxuHca. Ecam ¢ J0CTOBEpHOCTBIO OyAeT IOKa3aHO, YTO OKOJO XOTS Obl
HEKOTOPBIX OJIMKAWIINX K HaM 3BE3JI UMEIOTCS TUTAHETHBIC CHCTEMBI, 3Ta TUIoTe3a OyAeT OKOHYATEIhbHO
nmoxopoHeHa. lloxoxke Ha TO, YTO B HAaCTOAIIEe BpEeMs TaKOe JIO0KA3aTENbCTBO YXKe HMeeTcs (CM.
MPEBITYIIYIO TJIaBY).

BeImire MBI yke yITOMHHAIH, YTO BBIIAIONINIICS COBETCKUI YUeHbBIH 1 o0mecTBeHHbIH aesrens O. 0.
[Imunr B 1944 1. mpemnoxmn cBoro Teoputo mpoucxoxaeHus Comreunoit cucreMbl. Cormacao O. IO.
HImunTy Hama TUIaHeTHas cucTeMa oOpa3oBajlaCh M3 BEIECTBA, 3aXBAaY€HHOTO U3 Ta30IbUICBOM
TYMaHHOCTH, 4epe3 KOTOpyr Hekoraa mnpoxoauiao CojHie, yke TOrga WMEBIIee MOUYTH «COBPEMEHHBIN»
Bua. llpm >TOM HWKakWX TpPYAHOCTEH C BpallaTeJbHBIM MOMEHTOM IUTAHET HE BO3HHUKAET, TaK Kak
MepBOHAYANBLHBIII MOMEHT BEIIECTBA 00JaKa MOXET OBITh CKOJb yromHo OompmuM. Haumnast ¢ 1961 r. sty
TUIOTE3y Pa3BUBAN aHTJIMUCKUNA KOCMOTOHHCT JIUTTITOH, KOTOPBIN BHEC B HEE CYIICCTBECHHBIC YITYUIIICHHS.
Herpyano BuaeTh, uTo OI0K-cXeMa «aKKpelnoHHOM» runoresbl [lIMuara — JluTTiTona coBmnamaer ¢ OJI0K-
CXeMOH «TumoTe3sl 3axBaTa» JkuHca — Byndcona. B obonx ciydasx «modTu coBpeMmeHHOe» CoHIe
CTaJIKUBaeTCs ¢ OoJiee MM MEHEE «PBIXJIBIM» KOCMHUYECKUM OOBEKTOM, 3aXBaThIBas YaCTH €r0 BEIIECTBA.
Crnenyer, BIIpo4YeM, 3aMETUTh, YTO UIA TOTO, YTOOBl COJIHIIE 3aXBAaTHIIO JOCTATOYHO MHOTO BEIIECTBA, €ro
CKOPOCTH IT0 OTHOIICHUIO K TYMaHHOCTH JOJDKHA OBITh OUY€Hb MaJIEHBKOW, TTOPSAKA CTa METPOB B CEKYH/Y.
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Puc. 48. Moaene CTONKHOBEHHS® HpOTOCONHIA C IIPO-
To3Be30H, OpOHTE 3aXBAYEHHBIX CrYCTKOB Xapax-
Tepu3yloTca  3HavueHHAMHM Oonplioit moayocH (B
eaununax 10'% cM) v (B ckGOkax) 3KCHEHTPHCHTETA.
BykBoii t 0003Ha4YeHB! MOMEHTHI BPEMEHH, BbIpaXEH-
HbI€ B CEKYHA3X

Ecnu y4gecTs, 4TO CKOpPOCTh BHYTPEHHUX JIBUKCHHUU AJIEMEHTOB 00Jlaka JOJDKHA OBITh HE MEHBIIIE,
TO, TI0 CYIIECTBY, pe4b HJAET O «3acTpsBmiemM» B obOiake ColHIlE, KOTOPOE, CKOpee BCEro, JOJDKHO MMETh
obmiee ¢ oOmakoM TpoucXOoXAeHHe. Tem caMbIM 00pa3oBaHME IUTAHET CBSI3BIBACTCS C IIPOIIECCOM
3Be31000pa3oBaHus. B cienyromeli riaBe Mbl paCCMOTPHM THIIOTE3bI, B KOTOPBIX IaHeThl u CoJHIe
00pazoBaNCh U3 CAUHON «COJIHEUHOW» TyMaHHOCTH. I1o cymiecTBy, peds MOHACT O JaIbHEHIIIEM pa3BUTHH
runote3bl Kanta — Jlannaca.



10. Bpawenue 36e30 u nianemnas KOCMOZOHUA

[pexne yem nepelTH K U3JI0KEHUIO COBPEMEHHBIX TUIIOTE3, ABJISIOMINXCS pa3BuTHeM uaei Kanra u
Jlarmmaca, HEOOXOAMMO OCTaHOBUTHCS Ha BAKHON XapaKTEPHCTHUKE 3BE3J — HMX BPALICHHH BOKPYT CBOHMX
oceit. Eme B 1877 r. mourn 3a0BITHIA ceiidac aHTIMHCKANA acTpPOHOM DOHH TPEIJIOKHI COBEPIICHHO
MPaBUIBHYIO WACIO ONpelesieHHs CKOPOCTH BpallleHHs 3Be3[ IMyTeM CHeKTporpaduueckux HaOmogeHuil. B
caMoM Jielie, TPeICcTaBuM cede 3Be3qy, JOCTATOYHO OBICTPO BPAIAIONIYIOCS BOKPYT OCH, COCTAaBJISIOIICH
HEKOTOPBI YTOJ ¢ JydoM 3peHHs. Torma, O4eBHIHO, YacTh MOBEPXHOCTH 3Be3Ibl OyAeT NBUTAThCA OT
HaOmroaTest, yacth — K HaOmonarento. Benencreue a¢dexra [oruiepa Bece IMHUM B CIIEKTPE ITOH 3BE3/bI
OyAyT paclIMpeHBbl, TaK KaK 3TOT CIIEKTP 00YCIIOBIICH U3Ty4YEeHHUEM BCEH 3BE3/IbI B LIETIOM.

B Te BpemeHa acTpOCTIEKTPOCKOIUS OblIa eIlle B 3a4aTOYHOM COCTOSIHWH, U Onectsamas uaes JOHU
He Moryia OBITh peann3oBaHa. [loJIOKEHHE OCIOXKHSIOCH €Ile TeM, YTO, KaK IOKa3ad JaibHeHine
HAOIOJICHHSI, B CIIEKTPE OJHOM W TOM ke 3BE3Jbl MOTYT OBITh KaK Y3KHE, TaK W IIUPOKUE IJUHUH.
[ToTpeboBanock HECKOIBKO NECATHIICTHIA, TPEXKIE YeM aCTPOHOMEI CMOTIIH pa300paThCsi B MHOTOUHCIICHHBIX
MpUYUHAX, TMPHUBOIAMINX K PACHIMPEHUIO JMHAN 3BE3AHBIX CIEKTpPoB. OKas3alloch, YTO Psf SIBICHUH B
atMocgepax 3Be3f (Tae 00pa3yroTcs CHEKTpalibHBIC JUHHUK), HE UMEIOIIMX HUYEro OOIIEero ¢ BpalleHUEM
3Be3bl KaK IIEJIOT0, MO-pa3sHOMY PaCIIUpPSIIOT pa3inyHble JIMHUU. B 4acTHOCTH, JIMHUM, MPHHAICKAIINE
JOCTAaTOYHO PACHpPOCTPAHEHHBIM JJIEMEHTaM, IPHU COOTBETCTBYIOIMNX (DM3MUYECKUX YCIOBHAX B aTMOc(hepax
3BE3]l MOTYT OBITh OUCHb IMPOKUMH, HE3ABUCUMO OT BpAIICHUS 3BE3/IBI.

Tonmpko B 1928 r. amepukanckuit actpoHoM O. JI. CtpyBe u coBerckuii actpoHom I'. A. Illaiin
pemmn 3Ty npodnemy. Ha puc. 49 (ne ckanuposancs) mpuBeeHBl YIACTKH CIIEKTPOB TPEX TOPSYUX 3BE3:
1 I'epkyneca, n bonpmoit Mensenuisl u 3Be3161, o0o3Hadaemoii kak HR 2142, Tpu cample HHTEHCHUBHBIE
JIUHUM B OTUX CHEKTpPax MNPUHAUICKAT  BOAOpoay (KpaitHss neBas) u renuto. CpaBHEHUE BEpXHEH H
CpeIHel CIeKTporpaMM TIIOKa3bIBaeT, YTO B TO BpeMsl Kak BOJOpOnHAs JMHUS Hy BBITIAOUT MOYTH
OJIMHAKOBO, TEJIMEBhIE JTMHUHM Ha CPEOHEH CHEeKTporpaMMe 3aMeTHO IIMpe M He TaK KOHTPACTHBI, Kak Ha
BepxHell. Ha HWXHEH crnekrporpaMMe BCE JIMHHH OYEHb IMUPOKH W Pa3MbIThI, YTO JENaeT MX ITOYTH
HEBUIUMBIMH. LCTONKOBaHHWE 3THUX CIEKTPOB INPOCTOE: Ha BEPXHEW CIEKTPOrpamMMe COCTaBIISIOILIAs
CKOPOCTH BpAIICHHUS 110 4y 3peHHs OJHM3Ka K HYIO (T. €. 3Be3/a OYTH He BpaIaeTcs WK JKe BpallaeTcs
BOKpPYI' OCH, NMPAaKTUYECKH COBMAJAIONICH C JIy4OM 3pEHHs), MEXKAY TeM KaK CpeIHss CIEeKTporpamma
yKa3bIBaeT Ha CKOpOCTh BpamieHus 210 km/c. Tak kak mUpHHA BOJOPOTHON JTUHUK (OOBSICHsEMasi pa3HbIMU
MPUYUHAMH, HUYETo OOIIEeTo ¢ BpalleHHEeM 3Be3bl He HMEIOLIMMHI) OYeHb BEJIMKa, TO BpaIlleHUE 3BE3/IbI eIlle
He OKa3bIBaeT Ha Hee 3aMeTHOTro BIHsIHMS. VHOe meno 3Be3/a, CIeKTp KOTOPOH MpHBeNeH B HIKHEW YacTh
puc. 49. 31ech CKOPOCTh BpallleHUs HACTOJbKO Besnka (450 KM/C), 4TO BCE JIMHUU B CIIEKTPE, B TOM YUCIE H
Hy, oka3pIBalOTCS CHIIBEHO PACIIMPEHHBIMH U «3aMBITBIMI).

[TomoOHBIM METOOM K HACTOSIIEMY BPEMEHH HCCIEeNOBAaHO BpalleHHe OONBIIOr0 KOJIWYeCTBa
3Be3l. AHAIU3 3TOr0 OOMIMPHOTO HAOIIONATENFHOTO MaTepHala MoKasal, YTO CKOPOCTH BpAIICHHsS 3BE3[
BOKPYI CBOHMX OCEW BECbMa HEOJWHAKOBBL. MBI BHJEIH, YTO, HANpPUMEpP, SKBATOpHUAIbHAS CKOPOCTh
BpameHusi CoJHIITa BOKPYT CBOE€H OCH BCEro JIMIIb OKOJO 2 KM/C, B TO BpeMsl KaK CKOPOCTH BpalleHHUs
HEKOTOPBIX 3Be31l MpeBocxoasT conHeunyio B 200 pa3! Okazaiock, 9T0 CKOPOCTH BpallleHHs] 3aKOHOMEPHO
CBSI3aHBI CO CIIEKTPaJIbHBIM KJIACCOM 3Be3[. bricTpee Bcero BpaliaroTcs MacCUBHBIE 3Be3/bl KitaccoB O u B,
MIPaKTHYECKH HE BPAIAIOTCH JKENThle M KpacHble Kapiuku. B Tabn. 3 mpuBeneHnl JaHHBIE O CKOPOCTSIX
BpaIeHuUs 3BE3] Pa3INIHBIX CIEKTPAIHHBIX KIACCOB.

Traﬁvnnna'3‘)

IlpoueHT 3BE3a, CKOPOCTH
BPALUSHHA KOTOPHBIX
. HAXOAMTCA B 3aJaHHBIX
CxopocTe npepenax
BpALICHWS, = :
KM/Cc - o (A g 3
‘3 m i ad
S|loj=<|ElE] O
0—50 0]21]22130]|80] 100
50 —-100 0[151124]|50120 0
100 — 150 0120}22115} O 0
150 —200 If 6122 4(°0 0
200 —250 31219111 0 0
250— 300 181 0} 1] O] O 0
300 — 500 781 o1 Ol Ol O 0 -

*) Bo BTOpOM cTOnGue oGoanauenus Oe,
Be OTHOCATCA K TOPAYHUM, MAacCCHBHBIM 3BE3aM,
B CIIEKTPaX KOTOPHIX HMEHTCH JMHHHM H3IY-
YeHHA. :

OO6pamaer Ha cedss BHUMaHUE CIIEMyIoIee 00CTOSTEeNLCTBO: T/Ie-TO BOJU3H CIIEKTPATLHOTO Kilacca



F5 (Temmeparypa MOBEepXHOCTH 3Be37 3TOTO Kiacca Okoyio 6 Thic. K) cKopocTh BpamieHus pe3Ko, MOYTH
CKauKOM yMEHbIIaeTcsa. B To Bpemsi Kak 3Be3lbl 0ojiee «paHHHX» CHEKTPalbHBIX KIACCOB BPALIAIOTCS C
9KBATOPUATBHON CKOPOCTHIO, KaK MpaBwiio, mpebiraromneii 100 kM/c, Kapauku CHeKTpaibHBIX KiaccoB G,
K, M mpaktnuecku He Bpamatorcsa. llociaemHee oOCTOATENBCTBO JJOKAa3aHO CAMBIMH TIATEIHEHBIMU
CHEKTpOrpapuueCKUMHU HAOTFOICHUSIMHU.

Bo3HuKaeT OCHOBHO# BOITPOC: MTOYEMY TaKas XapaKTePUCTUKA 3Be3]], KaK BpallleHUE, U3MEHICTCS He
IUIAaBHO BIIOJIb TJIABHOM TOCJIENOBATEIFHOCTH 3BE3/, a CKA4KOM, BOJIM3M CIIEKTpabHOTO Kiacca F5?7 Benp
IpyTHe OCHOBHBIE XapaKTEPUCTHKH, KaK, HaIpHUMep, CHEeKTPaldbHBINH KJIacC, CBETHUMOCTh, TEMIIEpaTypa
IIOBCPXHOCTHU, MCHAIOTCA BIOJIb rJIaBHOM IMOCJICAOBATCIIBHOCTH 3BC3] HCIPCPLIBHO. Y100BKI MONBITATHCS
OTBETUTh Ha STOT Ba)XHBIH BOIMPOC, PACCMOTPHUM CIEAYIONIMA MBICICHHBIH 3KCTIEpUMEHT. UTO OBLIO OBI,
ecim Ob1 Bce TuraneThl ComHedHo# cucreMbl cmmich ¢ Comanem? Tak Kak B M30MPOBAHHON CHUCTEME
MOMCHT KOJIMYCCTBA ABUKCHUSA NOJKECH COXPAaHUTHCA, a MaCCa BCEX IJIAHCT HUYTOXKHO MaJia 10 CPaBHCHUTIO
¢ Maccoii Comnma, To ConHIle ¢ HEOOXOIUMOCTHIO JIOJDKHO OBbLTO OBl BpallaThCs C SKBATOPUATBHOMN
ckopocThio, B 50 pa3 Oombleil, yeM ceiiuac (Tak KakK €ro BpallaTeNbHBII MOMEHT JOJDKEH OBLT OBl
yBenuuutbes ¢ 2 mo 100% momHOrO MOMeEHTa KojudecTBa JBIKEHUS (COJIHEYHOW CHCTEMBI).
CrnenoBaTenbHO, DKBaTOpUANIbHAS CKOpoCTh BpameHust CoiHia crana 061 Onuskoit k 100 km/c. Ho aTo kak
pa3 HoOpMajbHas CKOPOCTb BpallleHWs 3Be3J, 00Jee MAacCHBHBIX M ropsumx, 4em F5. HampammBaercs
BaXHBI BBIBOZ: CKOpOCTh BpameHus CoiHIla, KOTopash KOTAa-TO ObLIa JOBOJBHO BBICOKOW, PE3KO
yMmenbIinaercst (B 50 pa3) 6marogapsi TOMy, 9TO OCHOBHAs 4aCTh MOMEHTa KOJIMYECTBA NBIDKCHUSA ObLIa
repeaaHa riaHeTam.

MBI MOXXEM CUWTaTh, YTO HE TOpSYME 3BE3[bl AHOMAaJIbHO OBICTPO BpamaroTcsi, a HA00OpOT,
XOJIOJTHBIE KapJIMKOBbIE 3B€3/Ibl IOYEMY-TO OU€Hb MeJIeHHO BpammaroTcs. [1o anamoruu ¢ ConHiem cienyer
Kak OblI HANPAIIUBAIONIUICS BBIBOJ: MPUYMHA MEIJICHHOTO BPAIICHUS 3BE3][ TIABHOM MOCIIEA0BATEIBHOCTH,
Ha4YMHAs CO CIIEKTpalbHOTO Kiacca F5 m Oonee mo3gHUX, — HaJIW4Yue BOKPYT HUX IDIAHETHBIX CHCTEM, IO
KaKOW-TO TIOKa HEM3BECTHOH NMPHYMHE «BOOPABIIMX» B ceOsi OOIBIITYI0 YacTh NMEPBOHAYAIHHOTO MOMEHTA
TOr'0 CT'yCTKa BEIIEeCTBA, H3 KOTOPOTO C(POPMUPOBATUCH 3BE3/IbI U ILIAHETHI.

MeIcouMBl TIO KpaliHel Mepe J1Ba MEXaHHW3Ma «IepeKadyKu» MOMEHTa OT IEHTPaJbHOW 3BE3/BI K
wranetaM. [lepBpIii Takol MexaHW3M OBUT MPEIIOKEH H3BECTHBIM IIBEACKHM (PH3UKOM W acTPOHOMOM
AJ'IBBCHOM, KOTOpblﬁ 06paTI/IJI BHHUMAaHHUE Ha TO, YTO POJIb «HEPECAATOUYHOr0 PEMHA» MOKET BBIIIOJIHATH
MarHutHoe mosie. Pasputue uaen AJbBEHa COJCPKHUTCS B KOCMOTOHHUYECKOH THIIOTE3C AaHIJIMICKOTO
actpodm3uka Xoitna, BELIBUHYTOH B 1958 T.

Crnenyst KinacCHMUECKOW Tpamulmy, XOMJI CUYMTaeT, 4TO IUIaHETHl 00pa30BalNCh M3 HEKOTOPOH
ra3onbUIeBOM TyMaHHOCTH. B mepBOHAauYaNbHYIO 310Xy IUIOTHOCTH BEIIECTBA B 3TOW TYMaHHOCTH ObLIa
oueHb HH3KA. OTIENbHBIE «KYCKI» TYMaHHOCTH JIBUTAIUCh JPYT OTHOCUTENBHO JIpyra ¢ OecropsaoYHbIMU
CKOpOCTSIMH. BenmmuwHa TakmX CKOPOCTEH, Kak CIIeAyeT W3 HaOmoAcHWHN «audQy3HBIX» TYMaHHOCTEH,
okoio 1 km/c.

[lo »TO¥ MpWYHMHE MEepBUYHAS TYMaHHOCTh JIOJDKHA 00Ja/laTh HEKOTOPHIM MOMEHTOM KOJIHUYeCTBa
IBIDKCHUS, TPHYEM OH OKAa3bIBAETCSA OYCHH OONBIHM (TIAaBHBEIM 00pa3oM H3-3a OOJBIINX pPa3MEpoOB
TYMAaHHOCTU — IOpsAAKa HECKOJBbKHX CBETOBBIX JIeT). Ecau Obr B mpouecce KOHACHCAIUU MOMCEHT
KOJIMYECTBA JBU)KCHUS COXPAHSUICA, TO 3KBATOpHAalbHAs CKOPOCTh «HOBOPOXKICHHOW» 3BE3/bI ObLIa OBl
IIOYTH paBHA CKOPOCTH cBeTa. [10CKONBKY, OJJHaKO, 3TO 3aBEAOMO HE TaK, HEOOXOAMMO JOMYCTHTh, YTO IO
KpaiiHeit mepe 99 % MoMeHTa KOIWYecTBa IBM)KEHHS OBLIO MOTEPSHO TYMaHHOCTBIO JI0 TOTO, Kak
oOpa3oBanach 3Be3/a. Takas «yTeyka» MOMEHTa, COTJIaCHO XOiiy, MOXeT ObITh 00yCIOBIICHA
MEX3BE3THBIM MAarHUTHBIM II0JIeM. Tak Kak CHJIOBBbIE JIMHHHM 3TOTO TIOJISA, «IPHUKIECHHBIE» K
KOHACHCHUPYIOIIeMYCsl 00JIaKy, YXOAiT B OECKOHEYHOCTh, TO, KaK OKa3bIBAETCS, BIOJh HUX, KaK MO0 THOKAM
CTpyHaM, MOXKET «IIepeKaunBaThCS» MOMEHT OT 00Jlaka K OKpY’Kalollei ero Mex3Be3gHou cpene. OnHako
TaKO# MPOIECC «IEePEKaYKU» MO MPUINHE, Ha KOTOPOH MBI HE MOXEM 3]IeCh OCTaHABIUBATHCS, OYJIET UATH
TOJIBKO JI0 T€X TOp, MOKa IJIOTHOCTh 00Jlaka He CTaHeT JOCTATOYHO BBICOKOW. HaumHas ¢ 3TOro BpemeHH
s peKTHBHAs Iepeaya MOMEHTa OT 00JIaka K OKpYXKaroIlel cpeie MPeKPaTUTCS.

OTOT pe3ynbTaT UMeeT OOJBIIOE 3HAUCHHUE, TaK KaK OH HE MO3BOJIIET OOBSICHATH OYCHb MEJICHHOE
BpallleHUEe CPaBHHUTEIBHO XOJOMHBIX 3Be3l] (B ToMm uucie CoiHIIA) TMepemadeil MOMEHTa CKUMAroIIencs
TYMaHHOCTBIO OKpY>Karolied Mex3Be3HoW cpene. Kak mokas3piBaloT pacyeThl, BBHIMOJHEHHBIE XOHIIOM,
OCTaBILHUIICA MOMEHT, eciu Obl OH OBUI COCPEJOTOYEeH TOJNBKO B CKOHICHCHUPOBABILEHcS 3Be3le,
COOTBETCTBOBAI OBl DKBATOPHAIILHOW CKOPOCTH BpAIlleHUs! TOCIETHEH B HECKOJBKO COT KHJIOMETPOB B
cexkyHIy. IMEHHO Takne CKOpOCTH BpallleHHus HaOIIomarTcs y CpaBHUTENBHO ropsumx 3Be3n. Komb ckopo
0osiee XOJIOHBIE 3BE3/IbI BPAIIAIOTCA OYEHb MEJJIEHHO, HEOOXOIUMO JOMYCTHUTh, YTO OHU MOTEPSUIN CBOM
MOMEHT TOJIBKO IOCJIE TOTO, KaK IMEePBUYHAS TYMaHHOCTh CKajach O HEOOJBIINX Pa3MEpOB, HAIPUMED O



pasmepoB COTHEUHOH CHCTEMBL.

Ocraercs 00BSICHUTD JBa (pakTa:

a) TIo4YeMy 3Be3[Ibl, CIIEKTpalbHBIE KIacChl KOTOPBIX OoJiee mo3nHue, yeM F5, moTepsuin mo4TH Bech
CBOH BpamareIbHbIA MOMEHT?

0) moueMy 3TO He MPOU30ILIO0 y OoJiee ropsInx 38e31?

UtoOBI OTBETUTH HA 3TH BOMPOCH], OOpaTUM BHUMAaHHUE Ha TO, YTO MO MEPE CXKATUS TYMAHHOCTH (MBI
MOJKEM TeIeph Ha3bIBaTh €€ «IIPOTO3BE3I0H») OyIeT BpamaThcsi BOKPYT CBOEH OocH Bce OpIcTpee U ObIcTpee.
MoxHO TOKa3aTh, YTO IpPHU Macce MPOTO3BE3JIbl, PABHOW COJIHEYHOW, M TpHU paguyce, MPEeBbIIIAIOLIEM
conHeuHslid B 40 pa3, meHTpoOexHas cuia Ha dKBarope OyAeT YpaBHOBEUIMBATh CHIIY NPUTSHKEHUS.
Hactymaer cocTosiHMe HEyCTOHYMBOCTH, M BEILECTBO OTIENISETCS OT 3BE3/bl, 00pa3ysl 3KBaTOpUANIbHBIN
muck. IToka 310 eme coorBeTcTBYeT cxeMe Jlammaca.

Onnako B (QopMupyIOIIeiics 3Be3ie MOXKHO OXHIATh HalIW4Hs OOIIEro MarHUTHOro moisi. Ecim
CHJIOBBIC JIMHUM 3TOTO TOJSI MPOXOIAT Yepe3 OTACHUBIIUICS AUCK (a B IMpolecce OTICSNCHHU AUCKA OHHU He
MOTIJIM «IIOPBAaThCs»), BPALICHUE OCTABIIEHCS OCHOBHOM Macchl NMPOTO3BE3Abl OyIeT 3akpyuyuBaTh ux. B
pe3yNbTaTe CyIIECTBOBaHMS TaKOH «MarHUTHOI» CBSA3M MEXKAY OTAETUBIIMMCA OT MPOTO3BE3]bI TUCKOM H
€e OCHOBHOH MaccOi M3-3a HATSDKEHHSI CHIIOBBIX JIMHUH BpallleHue TPOTO3BE3AbI OyJeT TOPMO3UTHCS, & JUCK
HayHeT YIalsIThCs OT HMOBEPXHOCTH MPOTO3BE3IbI, IPUYEM Ka)KAas €ro ToYka OyJdeT YXOAWUTh HapyxkKy IO
ciupany. C TeueHHMEM BpEMEHHM [IHUCK BCIEICTBHE TPEHHS «Pa3sMaXeTCs», M YacTh €ro BEIIeCTBa
MIPEeBPATUTCA B IUIAHETHI, KOTOPBIE TAKMM 00pa3oM «YHECYT» ¢ COOOM 3HAYUTEIHHYIO OO MOMEHTA.

[Touemy >ke Takoi Mmporecc NPOUCXOAUT Y CPABHUTEIILHO XOJIOIHBIX IIPOTO3BE3], a y Oosiee ropsuux
HeT? OTBET Ha ATOT BaXKHBIM BOIIPOC COCTOMT B ClenyromeM. Macca OTOENUBILETrocs OT IPOTO3BE3bI TUCKA
HE OYCHb BEJINKA, MOATOMY JUCK HE MOXKET «HAMOTAaTb» Ha cebs OOJbIIoe KOJIMYECTBO BUTKOB CHIIOBBIX
JUHAKA MarHUTHOTO mMoJyii. B MpoTHBHOM ciy4yae yHpyrocTh CHJIOBBIX JIMHHI pazopBana Obl €ro u
JanbHEHIINK TpoLece «HaMaThIBaHUS» TpeKpaTHics. EXuHCTBEHHOE MeCTO, IZieé MOTYT HaXOOUTHCS
HaMaTbhIBa€Mble BHUTKM CWJIOBBIX JIMHMHM, — 3TO BHEIIHME CJIOU IpOTO3Be3Abl. B mpomecce Takoro
HaMaTbhIBaHUS CWJIOBBIE JIMHWUHU [JOJDKHBI TOTPY)KaThCS B CPaBHHUTENIBHO TIyOOKHE CJIOM MPOTO3BE3IbI.
Oxa3pIBaeTcs, YTO OJIAroNpUATHBIE YCIOBHS U TAKOTO «IOTPYKEHUS CUIIOBBIX JTMHUNA UMEIOTCS TOIBKO y
CPaBHHUTENBHO XOJIOIHBIX 3Be3/. FIMEHHO y TakuX 3B€3[l O] IOBEPXHOCTHIO HAXOJUTCS JOBOJIBHO TOJICTHIH
CJIOI BeIeCTBa, OXBAYCHHBIM OypHBIMH, OECHOPSITOYHBIMH JBM)KEHUSMHU BBEpX M BHU3. llepBompuduHoOit
00pa3oBaHMsl TaKMX CIJIOEB SBJSETCS TO, YTO BBHUAY MNaJeHHUA TEMIIEPAaTyphl MO Mepe NpPUOIMKEHHS K
[IOBEPXHOCTH 3BE3Abl BOJOPOJ, [0 3TOrO0 HOHM30BAHHBIA, CTAHOBUTCS HeWTpanbHbIM. M3-3a 3TOrO
HapyIIaeTcsl TEMIOBON PEXKUM, TePSAETCs] MEXaHH4eCKasd YCTOWIMBOCTh M BO3HUKAIOT KOHBEKTUBHBIE ITOTOKU
raza. [Ipu 3THX yCIIOBHAX MarHMTHBIC CHJIOBBIC JHHWH, KaK OBl «IIPHKJICCHHBIE» K ABHXYIIUMCS OTOKaM
rasa, MOT'yT IIOTPY>KaTbCs Ha 3HAUUTENIbHBIC TITyOUHBI IO OBEPXHOCTHIO MIPOTO3BE3 I

Ecnn ke mpoTo3Be3ga IOCTaTOYHO TIopsiya, BOAOPOJA B HEHl HMOHM30BaH BIUIOTH O CaMbIX
MTOBEPXHOCTHBIX CJIOEB U «KOHBEKTHBHOW 30HBI» He oOpasyercs. [loaToMy cuiIOBblE JTUHHM MarHUTHOTO
MOJISl HE MOTYT yXOJOUTh BriyOb. OHM OyAyT HaMaThIBaTHCS TOJBKO B CaMbIX IOBEPXHOCTHBIX CIOSX, IPUYEM
O4YeHb HeAoNro. JlOBOJBHO CKOPO BCIEACTBHE MajOH IUIOTHOCTH BEIIECTBA B ITHX CJIOSX YIPYIOCTh
CWJIOBBIX JIMHUH MPHUBENET K COpachIBaHUIO HOBOT'O ra30BOTO JMCKA, B TO BPeMs KaK CTaphli elle He ycIreeT
MOJIYYHUTh CKOJBKO-HUOYAb 3HAUNTEILHOIO MOMEHTA KOJINYECTBA JBIKEHHS.

TakoBel B 0OWIMX YepTax OCHOBHBIC pe3yJbTAaThl KOCMOI'OHMYECKONW TrumoTe3sl Xoina. Ona
JIOBOJIBHO HETIPUHYKJIEHHO OOBSICHAET Pe3KOCTh 0OphIBa BpallleHHUs 3BE3]] B paiioHe CIEKTPaJIbHOro Kiacca
F5. Ora peskocTh BeI3BaHa, B KOHEYHOM HTOI€ CHJIBHOM 3aBHCHMOCTBIO MOHHU3AIMM aTOMOB BOAOPOZA OT
TeMIepaTyphl. Yike y 3Be31 kiacca FO, Temneparypsl noBepxHOCTe KOTOpsIX Beero jauib Ha 2000 K Beie,
yeM y F5, KOHBEeKTUBHas 30Ha HaYMHAECTCSA TaK OJM3KO OT MOBEPXHOCTH, 4TO 3¢ (EKTHUBHOE HAMaTbIBAHUE
CHJIOBBIX JIMHUH MOYTH UCKIIoYaeTcs. [IpuxoanTcs TOIBKO YAUBIATHCS CIOKHOCTH B3aUMOCBSI3€H SBICHUMH,
MPUBOAIINX K TAKOMY «CKHU3HEHHO HEOOXOAMMOMY» IJIsi BOSHUKHOBEHUS U Pa3BUTHsI )KU3HU BO BceeneHHoOI
poreccy, Kak 00pa30BaHuUE IIIAHET. .

T'unoreza Xoilna, ogHako, HUMEET psiA TpyAHOCTEH W mpotuBopeunil. Hampumep, Henerko
MPEICTaBUTh, KaK MOTJIM «OTCOPTHUPOBATHCS» W30BITOYHBIH BOAOPOI W TENHUH B MEPBOHAYATIHLHOM Ta30BOM
JHCKe, U3 KOTOPOTro 00pa30BavCh MJIaHETHI.

OnHako TIJaBHOW TPYAHOCTBIO THUIOTE3bl XOia sBIsSETCd TpeOOBAaHHE CIMIIKOM CHIJIBHOI'O
MarHUTHOTO TONISl Y «IPOTOCOJHLA», PE3KO MPOTHBOpeYallee COBPEMEHHBIM acTpO(U3NUYECKUM
MIPEICTABICHUSIM.

B 1962 r. dpanmy3ckmii actpodu3uk llarMan oOpatui BHUMaHHE HAa TO, YTO HATMINE MAarHUTHBIX
mojieli Ha 3Be3llaX OTKPHIBACT BO3MOXKHOCTh OS(QQEKTHBHON MMOTEpU BpallaTeIbHOIO MOMEHTa 0e3
oOpazoBanus riaHet. M3BectHO, yto Hame ConHIE SBISETCS HCTOYHUKOM IMMOTOKOB 3apsKEHHBIX YacTUI] —



KOPITyCKYJI, BBIOpAachIBAEMBIX M3 €ro atMochepbl (comHedHBIH BeTep). OTHENbHBIC CTYCTKH TOPSYETO
MOHU30BAaHHOTO Ta3za KakK OBl «BBICTPCIIMBAIOTCA» U3 O6J'IaCTeI>i, OKpYyXarolmuX COJHCYHBIC IIATHA, H
nBkyTcs oT CoNHIIA CO CKOPOCTSMH B HECKOJIBKO COT M JaXKe ThICSY KM/C. Tak Kak MOHU30BaHHOE
BEIIECTBO TAaKWUX CTYCTKOB SIBIIIETCS XOPOIINM IPOBOJHUKOM D3JIEKTPUYECTBA, TO WX IBMKEHHE TOJDKHO
MPOUCXOJUTh II0 CHJIOBBIM JIMHHUAM COJHEYHBIX MarHUTHBIX noneii. Ha Oospiiux PacCToAHUAX OT
COJTHEUHBIX TSTCH MAarHUTHBIC IOJII UMEIOT TIOYTH pPaJivaibHOE HampamiieHue. J|BUrasch paguaibHO BIOJIb
CWJIOBBIX JIMHHW, CTYCTKM MOTYT YXOJWTh Ha 3HAYUTENBHBIE PAacCTOSHHUA OT moBepxHocT CoJHIIA,
HCYHCIIsieMbIe TeCATKaMHU eTr0 PaJinyCoB.

Tenepb HeO6XOI[I/IMO OTMETUTH, YTO CHJIOBBIC JIMHHMH MAar"duTHOTO IIOJIA COJ'IH]_Ia, KOHIBI KOTOPBIX
YXOZST B €ro TIyOOKHE CIIOH, BPAIAIOTCS BOKPYT OCH C TOW YK€ YTIIOBOW CKOPOCTBIO, YTO ¥ TIOBEPXHOCTHEIE
ciou. Harnmsagaoe mpeacraBieHrne 00 3TOM JaeT MPOBOJIOYHBIA KapKac, MPUKPEIUIEHHBI K BPaIlalomieMycs
mapy. OTcrofia ciueayer, 94To BeIOpomieHHBI n3 COJIHIIa CTYCTOK MO0 MEPE €ro IBHKEHHUS BIOIH CHUIOBBIX
JUHHUIA HapyXy OyIeT HENpPEephIBHO YBEIMYUBATH CBOW BpAIllaTElIbHBI MOMEHT. ECiyu B KOHIIC KOHIIOB OH
«COPBETCS» C CWJIOBBIX JHHHUW COJIHEYHOTO MArHHTHOTO TOJS (KOTOpoe Ha OONBIIUX PACCTOSHUSX YKE
3HAYHUTENILHO OcllabeeT U He CMOXKET OOJIbIIIE ONPEEIIsATh IBUKEHUE CTYCTKA), TO YHECET ¢ cO0OW JOBOIBHO
3HAYUTEIHLHBI MOMEHT.

[IpencraBum, HanpuUMep, YTO TaKUE «CPBIBBDY MPOUCXOAAT Ha paccTtosHuu 30 pamuycoB ConHIa ot
ero neArpa. Torma, 9ToObI MOTEPSATH TOYTH BECH CBOW BpallaTeNbHbBIH MOMEHT, COJHIIE TOKHO BEIOPOCUTH
npubm3utensHo 0,001 gacTh cBoeli Macchl. Takasi CpaBHUTENBHO Majiasi MOTEPs] MAaCcChl 38 MUJUIAAP]IBI JIET
SBOIIIOLIMK BIIOJIHE Bo3MOXxHa. Cremyer, mpaBaa, 3aMeTWTh, YTO B HACToslIee BpeMs JPQPeKTHBHOE
TopmoskeHre CoOJIHIIA 3TUM CHOCOO0M HE MPOUCXOAUT — €ro «KOPIYCKYJISIPHOE H3IIyYEeHHE» CIUIIKOM
Mano. Ho B mpomnuioM 310 MOrjio ObITh W HE Tak... MOXHO MPEICTaBUTh, YTO TAKOW MEXaHH3M IOTEPU
BpalllaTeIbHOTO MOMEHTa JCHUCTBYeT Ha BceX (WM IMOYTH BCEX) 3BE3JaX, IJIe UMEIOTCS CBS3aHHBIC C
AKTUBHBIMU OOJIACTSAMHU Ha WX MOBEPXHOCTSIX MArHWTHBIC MOJA. Tak Kak Takue oOpa3oBaHUS OOYCIOBJICHBI
HaJIMYMeM Y 3Be3]] «KOHBEKTHBHBIX 30H», TO OTKPBIBAE€TCS BO3MOXKHOCTH IOHSTH, IMOYeMy HaOIomaercs
Pe3KHii «OOPHIB» BpallleHUs OKOJIO CIIEKTPAILHOTO Kitacca F5.

Pabora IllaniMana nMena 1enbi0 OOBSICHATH MEUIEHHOE BPAIllEHHE 3BE3]l MO3HUX CIIEKTPAITBHBIX
KkiaccoB. Ho BMecTe ¢ TeM OHa MocTaBWIIa IO COMHEHHE BEpY B MMPABHIIBHOCTD apTyMeHTa, YTO MEJIEHHOe
Bpall€HUEC MaJI0 MAaCCHUBHBIX 3B€3 CCTh ApTyMCHT B IIOJIB3y HaJIW4YHd OKOJIO HUX IUIAHCTHBIX CHCTCM.
OpnHako HeJaBHO OBUIO JOKAa3aHO IyTeM HAONIOJCHWH, YTO Majo MAaCCUBHBIC MPOTO3BE3IIbl BPAIAIOTCS
MemieHHo. Tem cambIM JoKa3aHo, 9To MexaHum3M lllarmMana He OOBACHSET MeMJIEHHOE BpallleHHE Mayio
MAaCCHBHBIX 3BE3]I.

HauGonee mocnenoBaTelbHBIM CTOPOHHUKOM THUIOTE3bl 00pa3oBaHus COJNHEYHON CHUCTEMBI U3
TIEPBUYHON «COJTHEYHOW» TYMaHHOCTH SIBIIICTCS aMepuKaHckuii acTpoHoM KamepoH. OH CBSI3BIBaeT B
eIMHBIA TIporiecc oOpa3oBaHMe 3Be3N M IDIAHETHBIX cucTeM. CoBpeMeHHas HaOJrojaTenbHas aCTPOHOMUS
MPaKTUYECKH Jl0Ka3aja, 4TO 3Be3J[bl O0pa3yroTcsi IyTeM KOHJCHCAIIMK OOJIAKOB MEK3BE3THOH cpelbl B
pe3ynbTaTe WX TPaBHTAIMOHHOW HeycroiumBoctH (cMm. Ti. 4). [lepBoHawanbHO Takas KOHJEHCAIIHS
MIPOUCXOANT C OOJNIaKaMH, Macca KOTOPBIX BO MHOTO THICAY pa3 MPEBOCXOOUT cosHeuHyko. Criemyer
NOAYCPKHYTH, YTO B OINPCACIICHHYIO 310Xy TOJIBKO Majlasd 4aCTbhb TaKHX 00JIaKOB HaxXoJuTCA B CTaauHu
TPaBUTAI[MOHHOTO CXAaTWs, B TO BpEeMs KaK I[OAABISIONICE OOJBIIMHCTBO WX WMEIOT IUIOTHOCTH,
HEJOCTaTOYHbIE JJs 3TOr0. BakHO TOMYEepKHYTh, YTO BpeMs OT BPEMEHH CTOPOHHUE MPHYUHBI
YBEIMYUBAIOT IJIOTHOCTh OOJIAKOB, MOCJIE YEro MOCICIHHUE HAYMHAIOT COKUMAThCs. TakUMH MpUYMHAMH
MOTYT OBITH B3pBIBBI CBEPXHOBBIX HEMOJAIEeKy OT oOnakoB. OOpa3oBaBIascCs IMOCIIC TaKOro B3phIBA B
MEX3BE3THOW Cpelle CHIIbHAs yJapHas BOJHA CXKMMAaeT ra3 B Oim3iexarieM o0Jiake, Co3/1aBas TeM CaMbIM
YCIIOBUS TS €T0 JATbHEHIIIEro CKaTHsl y)Ke IO BIMSIHHEM BHYTPEHHEH CHJIBI TATOTEeHHUS. Takum oOpazom,
BCIIBIIIIKHU CBEPXHOBBIX MOTYyT CJIY’KUThb KakK 61)1 «TpUITCPaAMU», (CTUMYJIATOPpaAMU» mponecca
3Be31000pa3oBaHus. JTa ujesl, BRICKa3aHHAs YeTBEPTh BEKa HA3a]] 3aMeYaTeIbHBIM 3CTOHCKUM aCTPOHOMOM
DnHKoM, ceifgac MOATBEPKIAETCS HAOII0ICHUSMH.

To, uro «y KomnbiOenwm» Hamiei CONTHEYHON CHCTEMBI CTOsIa B30pBaBIIascs 3Be3na, Kamepon
00OCHOBBIBACT AHOMAJBHBIM H30TOMHBIM COCTABOM METEOPUTOB, SIBISIONIMXCS 4YacThIO BEIIECTBA
ConHewyHoll cuctembl. B uacTHOCTH, W3 MOMOOHOTO aHalW3a CIEAyeT, YTO B IEPBUYHOM BEIIECTBE
COTHEYHOH CHCTEMBI JO/DKEH ObLI MPHCYTCTBOBATH PaJMOAKTHBHEIA H30TON AMOMHHHSA “CAl, mepuon
MOJTypacmaia KOTOPOro MEHbIIEe MIJUTHOHA JIET.

[lo mepe cxatus mMaccHBHOTO oOJjaka OHO pa3dWBaIoch Ha 0ollee MENKHE CTyCTKH, OIMH U3
KOTOPBIX W OBUI «COJIHEYHOI» TyMaHHOCTHIO. llepBoHauampHO Ta3, 0Opa30BaBIIMI 3Ty TYMaHHOCTb,
Haxogujicsa B COCTOSHHH 6I)ICTpOI‘O, 6CCHOp$[IlO‘-IHOI‘O JABMKCHHUA U 110 STOM IIPUYINHE O6J'IaI[aJI
3HAYUTEIHLHBIM BpalaTeIbHbIM MOMEHTOM. DTO 00CTOSTEILCTBO MEIIATIO EMY Cpa3y e CKOHICHCUPOBATLCS



B OJHO KOMIIAKTHOE TEJI0 — TMPOTO3Be3ay. BmecTto »Toro obOpa3oBaiicsi HOBOJBHO YIUIOMICHHBIA IHCK C
paanycoM B HECKOJIBKO JIECTKOB aCTPOHOMUYECKUX €AUHUII.

Teopetnueckuii aHanu3 AanbHEHIIEH dBOJIONMU TAKOTO AMCKA C YUETOM BSI3KOCTH 00pa3yloLIero
€ro Tas3a IO3BOJISIET CHENaTh BHIBOJ O BO3HHKHOBEHHHW B HEM HEYCTOMYMBOCTH, KOTOpas NPHUBOAHUT K
00pa3oBaHUI0 HECKONBKUX (2—3) ra30BBIX KOJEIl. 3aMETHUM, YTO 3TO JOJKHO MPOU30NTH HA PAHHEH CTauu
3BOITIOLIMY JIMCKA, KOTJIa IIeHTpalibHOE Teo (T. e. Oynymiee CoinHile) emie He chopMupoBaiocs. JlanbHelinme
TEOPETHUYECKUE PACUYEThl TOKa3bIBAIOT, YTO KAXKIOE€ TaKoe KOIBIO0 TOBOJHHO OBICTPO TPEBPATUTCS B
OrpOMHBIM  Tra3oBbeIi  cryctok. Takue cryctku KamepoH HasplBaeT «TUTAHTCKUMHU — Ta30BbIMU
MPOTOIUIAHETAMI». 3aMEeTHM, YTO pa3Mephl 3THUX CTYCTKOB JOJDKHBI OBITh TMOpsSAKa acTPOHOMHYECKOM
eanHUIBL. OOpazoBaHue TaKUX MPOTOILUIAHET B CHUTYAIlMH, KOT/Ia TIPOTOCOJHIIE elle He 00pa30oBalloch, UMENO
BeCbMa CYIIECTBEHHOE 3HA4YECHWE JUIA JManbHedmiel spomonmu CoJHEYHOW cucTeMbl. B wacTHOCTH, 3TOT
BapMaHT THUIOTE3bl «COJHEYHOH TYMaHHOCTH», TIO-BHAMMOMY, peIIaeT KIACCHYECKyl0 MpolieMy
pacnpeneneHus BpalaTrenbHoro MoMeHTa COMHEYHON CUCTEMBI.

KamepoH paccmaTpuBaeT JalbHEHIIYIO 3BONIOIHMIO THTAHTCKUX Ta30BBIX HpoToruraneT. [Ipu sTwmx
pacueTax NPUHUMANIOCh, YTO Macca IPOTOINIaHeThl paBHa Macce lOmwmrepa. B mporecce sBomronuu
MPOTOIIAHETHI CXKUMAIOTCS, MPUYEM TeMIlepaTypa B MX IEHTPAIBHBIX 00JacTax JocTuraet 3—4 TEIC.
kenbBUHOB. [Ipym Takoil TemmepaType ¥ COOTBETCTBYIOIIEM JaBICHHH BCE TBEpJble (PAKIMH CTAHOBATCS
KUIKAMHA. BOJNBITYI0 pONb B 3BONIONHMH MPOTOIUIAHET MOJDKHA OblIa UTpaTh KOHBEKIHS, MPUBOAIIAS K
MepeMenInBaHnio BemiecTBa. Bo BHyTpeHHux dactsax ConHeYHOH cucTeMbl Onaromaps HPUIUBHBIM
BO3MYIIEHUSM OOOJIOUKH TPOTOIUIAHET KaK Obl «0OJUpaNHCh» W BXOAAIIEe B HHUX BEUIECTBO IOMANATI0
0o0paTHO B MEXIUIAaHETHYIO Cpefy, oOoramas ee BKIIOYCHHSIMH KyCOYKOB TBEPABIX (PAKIHiA, KOTOPHIE
MPOIIUTH Yepe3 CTAUI0 pacIUIaBlieHHs BO BHYTPEHHHUX YaCTIX MMTAHTCKUX MpoToruiaHeT. Ha Oonee mo3anei
CTaJM{ BOJIIOLUU COJTHEYHON TYMaHHOCTH, KOTJIa OHA Y€ MOoTepsiia OOJbIIyI0 YacTh ra3a, HCTPauyeHHOTO
Ha oOpa3oBanne CONHIIA WM TUCCUITHPOBABIIETO, BXOJAIINE B HEE TBEpPJbIC YACTHIBI 00pa3yrT TOHKUN
CJIOM B 3KBAaTOpUAIIbHOM IIJIOCKOCTH JuCKa. B janpHeleM Mo MpUYMHE BCE TOW Ke€ TpaBUTAIlMOHHOMN
HEYCTOHYMBOCTH M3 3TOTO CJI051 00pa3yroTCsl aCTEPOUIBI.

# Jpyroil cueHapuil SBONIONNN «COJNHEYHOW TYMaHHOCTH» TWPEANONaraer, 4ro He TOIJBKO
acTepouabl, HO W BCE IUIAaHETHI 3eMHOH rpymmbl (Mepkypuit, Benepa, 3emis1, Mape) chopmupoBanuch u3
3TOTO CJIOSl B pe3yJIbTaTe CTOJKHOBEHHS TBEPHBIX YaCTHIl, UX CIHUIIAHHSA, 00pa30BaHUSI M POCTa MIIAHETHBIX
3apogpleil — mnaneresumaneit. B. C. CadpoHOB, neTadbHO M3YYMBIIMK 3TOT BapUaHT, MIOKA3all, YTO AJIS
«cOopkm» 3eMin moTpedoBagoch 06l 0k010 100 MUILUTHOHOB JIET.

MHorue MeTeopuThl CoJiepKaT 3araJoyHble CTEKIOBUAHbIE BKIIOUEHUS — XOHAPHL. WX cTpykTypa
MOKAa3bIBAET, YTO BEIIECTBO XOHAP MO KpaiiHel Mepe oAWH pa3 ObUIO B PACIUIaBICHHOM COCTOSHUH. B
runote3e KamepoHa 3TO €CTECTBEHHO OOBSCHSAETCS, €CIH IPEAINOIIOKNATh, YTO BEMIECTBO XOHAP MPOIILIO
yepe3 Heapa mnpoToruraneT. OOHAKO pacIulaBiIeHWe W Jake UCIapeHHe MOTJ0 MPOW3OUTH U
HETOCPEICTBEHHO B Ta3O0MbBUICBON cpelle, €Cl e¢ MOTOKH MPOXOIWIN depe3 OimKallline OKPeCTHOCTH
poxnatomerocst Conxua. #

Wrak, MBI pa3oOpanim OCHOBHBIE COBPEMEHHBIC THUIOTE3bI 00 oOpa3zoBaHWW COJTHEYHON CHUCTEMBI.
Xotrsi aBTOp crapaics ObITh OeCIpUCTPACTHBIM, €ro CHMIIATHH Bcerja ObLTM Ha CTOPOHE THUIIOTE3BI
«COJIHEYHOM TyMaHHOCTH». [lo HamieMy MHEHHIO, OCHOBHBIM JOCTOMHCTBOM JTOH MpOAOJDKArOIIEd U
Pa3BHUBAOIIEH KIACCHUECKYI0 KOCMOTOHHYECKYIO TPATUIIMIO THIOTE3BI SBISETCS €€ Hepa3phIBHAS CBSI3b C
(yHIamMeHTaIbHON MpoOIeMOi POUCXOKACHUS 3BE3/T U3 MEK3BE3HOM ra3omnbuieBoi cpeasl. Kak mMbl yxe
HEOJHOKPAaTHO MOJYEPKHBalM, d5Ta INpobieMa B TNOCICAHHE TOABI CTajga MPEIAMETOM H3YUYCHUS
HaOMOaTeNbHOW acTpoHOMHH. B T, 8 OBUIO TOKa3aHO, YTO CTATHUCTHKA KPATHBIX 3BE3IHBIX CHCTEM
HEMOCPEICTBEHHO TOJBOMUT HAC K TMPEACTaBICHHUIO, YTO OOpa30BaHHE IUIAHETHBIX CHUCTEM HEpa3phIBHO
CBSI3aHO ¢ 00pa30BaHKEM 3BE3/I.

B uem KopeHHas mNpHYMHA KpaTHOCTH 3Be3A? B KOHIE KOHLOB,— B 3aKOHE COXPaHEHHS
BpAIlaTeIbHOTO MOMEHTa CXKMMAIOMIETOCS IO/ JeHCTBHEM COOCTBEHHOTO TPHUTKEHHUS MEK3BE3THOTO
ra3zoBoro o6mnaxa. O6nagaroniee 3HaYNTENbHBIM BpaIlaTeIbHBIM MOMEHTOM O00JIaKO Ha OCHOBAaHUH 3aKOHOB
MEXaHHUKH [IPOCTO HE MOKET MPEBPATUTHCS B OAWHOYHYIO MEJICHHO Bpallarolytocs 3se3ny (Bpoxe Connua,
HO 0Oe3 mmaHer). BepHee cka3aTth, ecnm Obl Takas 3Be3nga oOpa3oBaiiach — 3TO ObUTO OBl OONBIION
penkocTeio. Bemp mis 3TOro HAIO NPUIMHUCATH TMEPBUYHOMY CXKHMAMOIIEMycs OO0JaKy BpamaTelbHBINH
MOMEHT, B COTHU pa3 MEHBIIIHNN, YeM Y «HOPMAIILHBIX» CKUMAIOIIUXCS 00JIAKOB, YUCIIO KOTOPHIX COCTABIISICT
BO BCsKOM ciny4ae Oombme 90% Bcex Takux obOmakoB! Cpasy e BHAHO, YTO Takue obOiaka OymyT
BCTpeUaThCsl Upe3BbIUaiiHo penko. [louTn HaBepHsIKa MpakTHUECKH Bce 3Be3/bl Tuma CoHIIA, KOTOPHIX TOKa
CUHUTAIOT OJWHOYHBIMH, UMEIOT HEBHJMMBIE CITyTHUKH C JOCTATOYHO Majod Maccoil M CBETHMOCThio. U
Cpeay HUX MOYKHO O’KHIAaTh 3BE3/Ibl, OKPY>KEHHBIE CeMbel muaHeT. Bonpoc, 0AHaKo, COCTOUT B CEAYIOIEM:



KaK 4acTO CpeAd CHCTEM DJTOTO THMA IIOMaNaloTcs (HapAgy C KapiNKOBBIMH 3Be3ZaMH W OONBIIMMH
HHaHeTaMI/I) IUTAHETHI 3eMHOr0 TUIa? B «onNTHMHCTHYECKOMY cjiydac J0Jid TaKUX CUCTEM IO OTHOIICHUIO KO
BCEM 3Be37aM coIHeYHOro tuna Oyaer 10%, kak 3TO clieyeT U3 CTaTHCTUYEeCKOoro aHanusza AOta u JleBu
(cM. 1. 8), B «IIECCHMHCTHYECKOM» — HEOMPEISICHHO MeHbIe. To oOcrtostenscTtBo, 4to ComHIe
MIpeJICTaBIgeT co00M 3aypsIHEHIIYIO 3Be3Ay CHEeKTpaldbHOro kiacca G, JIMIIEHHYIO KakKuX Obl TO HU OBLIO
O0COOCHHOCTEH, €CTh HEKOTOPBI apryMEHT B IOJIb3Y «ONTUMHCTHYECKOTO» BapuaHTa. B 3rom cirydae
MOJTHOE YHWCIIO TANAKTHYECKHX IUIAHETHBIX CHUCTEM, B COCTaB KOTOPBIX BXOJST TUTAHETHI 3€MHOTO THIIA,
MOJKET OBITh TOPSIIKA HECKOJIBKUX IECATKOB MIUUIMOHOB, a €CIIH MPUOABHUTH €IIe 3BE3bI CHEKTPATHHOTO
xnacca K, 1o 310 umcno ~ 10°. B 3TOM «ONTHMHCTHYECKOM» CIydae PACCTOSHHE O OMIKAMIINX K HaM
IUIAHETHBIX cUcTeM OymeT ~ 50 CBETOBBIX JeT. 3aMeTHM, OJHAaKO, YTO J3TH OLEHKH HOCIT Cyry0o
OPUEHTUPOBOUYHBIN XapakTep.

B ImocJICAHEC BPEMA IMMOABUIICA HOHOHHHTCHBHBIﬁ, OYeHb BaKHBIN APTYMEHT B II0JIb3Y THIIOTC3bL
COJTHEYHOW TI'yMaHHOCTH Kak MEPBOOCHOBBI MpoucxoxneHus CoiHeuHo# cuctembl. B 1. 4 MBI yxke
TOBOPHJIM O KOCMHYECKHMX Maszepax W CBf3all WX C MpoOieMoil 3Be3mooOpasoBaHus. HakommBrumiics
00JIBII0M HAOIIOIATENIBHBIA MaTepHall M0 «TUAPOKCHILHBIMY U, 0COOEHHO, «BOJSHBIMY» Ma3epam, MO3BOJIHI
HEJaBHO MOCTPOUTH MX MOJIeNb. OKa3anock, 4TO JIydllle BCETo JaHHbIE HAOIIOACHUH O0BICHIIOTCS MOICITBIO
MacCHBHOT'O Ta30BOT0 JUCKA, B OOMIMX YepTaX HATIOMUHAIOIIETO KAMEPOHOBCKYIO COJTHEYHYH) TYMaHHOCTb.
JT0 HampaBleHNE PaInOACTPOHOMHH ceifuac OBICTPO Pa3BUBAETC M MOKHO 0KHIATh, YTO B CAMOM OJIH3KOM
6YI[YHIGM Ha4daJIbHbIC CTaJWU JBOJIIOIHWU IINIAHCTHBIX CUCTEM 6YI[YT IMMOHATBI U YTOYHCHBEIL. 3aMeTI/IM, qTo
repBast TOMBITKA CBA3aTh KOCMHYECKHE Maszephl ¢ MPOTOILIaHETaMHU Oblia C/ieJlaHa COBETCKUMH yUeHbIMU B.
C. CrpenpaunikuM u P. A. CIoHSA€BBIM. DKCTPAMOAIUsA JaHHBIX HaOmoneHnid A6ta u JleBu (cM. puc. 43)
BILIOTh JI0 MaJIbIX 3HAYCHHI OTHOIICHUH Macc M2/MI npuBOAMUT K BBIBOAY, UTO Bce 123 Onu3Kue 3BE3/bI
kiacca G BXOJIISAT B COCTaB KPaTHBIX 3Be3; 67% BTOPUYHBIX KOMIIOHEHT — HOPMaJIbHBIC 3Be31bl, 15% —
HEBUINMEBIE cnabble 3Be3bl («4epHble» Kapnuku) U 20%, MO-BUAMNMOMY, UMEIOT IUIAHETHBIE CHCTEMBI.
EcrecTBeHHO cumTarh, 4TO KOPOTKOMEPHOANYECKHE CHCTEMBI 00pa30BajCh U3 OJHOTO Ta30BOTO CTYCTKa,
KOTOPBIH B Ipolecce 00pa3oBaHUs JIUCKA PaclajacTcs Ha JBE KOHJCHCAIUU C MPUMEPHO OJIMHAKOBBIMU
Maccamu. MexXTy TeM JONTONepHOANIECKHe CHCTEMBI C CaMOT0 Hadaia KOHIACHCUPOBAJINCH B IBYX IIEHTPaX,
TPaBUTAIIIOHHOE B3aWMOJICHCTBHE KOTOPHIX OBUIO HE3HAYWTENbHBIM. [Ipm ATOM BpamiaTenbHBII MOMEHT
CKUMAFOIIETOCS 00JIaKka OKa3ajcs COCPEIOTOYCHHBIM B OPOUTAIBHOM ABHKEHUHU 3THUX CTYCTKOB.

Takum 00pa3oM, pa3BUTHE COBPEMEHHOW HaOIIOMATENBHON aCTPOHOMHH €CTECTBEHHO MPHBOIHUT K
BBIBOJTy O MHO)KECTBEHHOCTH TNIAHETHBIX CUCTEM BO BcenmeHHOM.

Yacmov emopas

JKU3Hb BO BCEJIEHHOH
Ha nanexoii 38e3ne Benepe

CoJIHIIE TJTAMEHHEH M 30JI0TUCTEH,
Ha Benepe, ax, Ha Benepe

VYV nepeBbeB CUHUE JIUCTHAL. ..

H. I'ymunes

11. Ycnosus, neobxooumsle 0111 603HUKHOBEHUA U PA3GUMUA HCUZHU HA NIAHEMAX

JJiss 9BOJIFOIIMM JKWBBIX OPTraHU3MOB OT mpocTedmmx ¢opM (BUPYCHI, OakTepuu) K pa3syMHBIM
CYyIlIeCTBaM HEOOXOIUMBI OTPOMHBIE WHTEPBaJbl BPEMEHH, TaK KaK «JIBHXKYIIEH CHIIOW» TaKOH IBOIIOIUU
SIBJISTFOTCST MyTaITHH M €CTECTBEHHBIN 0TOOP — TIPOIIECCHI, HOCATITUE CITyYalHBIA, CTATUCTHICCKUN XapaKTep.
Nmenno yepe3 OOJNBINOE KOJWYECTBO CIIYYAMHBIX IIPOIECCOB PEAM3yeTCs 3aKOHOMEPHOE Pa3BUTHE OT
HU3MUX (GopM XKM3HM K BeIcIIMM. Ha mpumepe Hamied IuiaHeThl 3eMJIM MBI 3HAeM, YTO 3TOT MHTEPBAI
BpPEMEHH, MO-BHINMOMY, IPEBOCXOAUT 3,5 Muimmuapa set. [loaromy TompKo Ha TuTaHeTax, 0OpaIaronmxcs
BOKPYT JTOCTaTOYHO CTapbIX 3BE3/, MBI MOXEM OXUIATh IMPHUCYTCTBUS BBHICOKOOPTAHM30BAHHBIX JKHBBIX
cymectB. OTciofa cpa3y ke CJleAyeT eCTeCTBEHHBIN BBIBOJ, YTO BBICOKOOPTaHM30BaHHAs (B YAaCTHOCTH,
pa3yMHas) ®KH3Hb MOXET OBITh TOJILKO Ha TUIAaHETaX, OOPAaIIaroIIUXCsl BOKPYT 3BE3J, CIEKTPAIbHBINA KIlacc
KOTOpBIX Oonee «o3aHui», yeM FO (cm. 1abia. 2). C npyroil cTOpoHbl, JOBOJIBHO HEHA/IEKHbIE apryMEHTHI,
OCHOBaHHBIE Ha aHaNM3e OCOOCHHOCTEH BpalleHHS 3BE3] BOKPYI CBOMX OCEH M CTAaTHCTUKE KPaTHBIX
3BE3HBIX CHCTEM, TOBOPST O TOM, YTO TOJBKO Y 3Be37 Ooyiee «IO3IHUX» KIAcCcoB, 4eM F5, MOKHO 0KUAaTh
IUIAHETHBIX CHUCTEM. 3J€Ch MBI €IIe€ pa3 JOJDKHBI TMOMYEPKHYTh, YTO TPH COBPEMEHHOM COCTOSHHUU
ACTPOHOMHH MO>KHO TOBOPUTH TOJBKO 00 apryMeHTaxX B IMOJIb3Y THIOTE3hl MHOXKECTBEHHOCTH IUIAHETHBIX
cucreM. CTpOTUM JI0OKa3aTeNbCTBOM STOTO BaXKHEWINETO YTBEPXKACHUS acTPOHOMHMSI MOKa HE pacrojaraeT



(cm. 1. 10).

C a3T0i1 BechbMa CyIIECTBEHHOW OrOBOPKOI MBI Oy/eM B JajbHEHIIEM CUUTaTh, YTO HEKOTOPOE, IOKa
ellle He M3BECTHOE HaM KOJIMYECTBO 3BE€3] IJIABHOW IOCIEA0BATENBHOCTH, CIEKTPAIbHbBIE KIaCChl KOTOPBIX
Oosee «mmo3gHUEY, ueM F5, UMEroT MIaHeTHBIE CUCTEMEI.

C npyroil CTOpOHBI, HMMEIOTCS OCHOBaHMSA IIOJIaraTh, YTO Yy 3BE3[ «IE€PBOIO MOKOJCHU»
(cyOKkapiuKoB) IJTaHET THUMNA 3eMIIM OBITh HE MOXET, TaK KaK Cpefla, U3 KOTOPOW OHH 00pa30BaJIMCh, ObLia
BecbMa OeHa TshKeNbIMH dieMeHTamMu. Ha 31o o6crostenscTBo 0Opatui BauManue J. A. J(ubaii.

JJ11 BOSHUKHOBEHUS M Pa3BUTHA JKM3HU HA TUIAHETE HEOOXOAMMO, YTOOBI BRITTOJHSUIICA P YCIOBHN
BecbMa o6mero xapakrepa. CoBepIIEeHHO OYEBUAHO, YTO JAJIEKO HE Ha BCSKOW IJIaHETEe MOXET BOSHHUKHYTh
XKHU3HB. XOPOIINM MPUMepOM siByisieTcs JIyHa, MpakTHYeCKH JTUIIEHHast aTMOC(EPhl U MOJHOCTHIO JINIICHHAS
BOIHOW 0005109k — TuApochepsl. KoHeUHO, MpU TaKWX YCIOBHSIX TOBOPUTH O KaKOW OBl TO HHM OBLIO
KU3HM Ha JIyHE HE IPUXOAUTCS.

KuzHenesrenpbHOCTh JIOOOTO  OpraHW3Ma €CThb HPEeXKIE BCEro COBOKYMHOCTh Pa3IHYHBIX
COTJIACOBaHHBIX MEXAY COOOM CIIOKHBIX XUMUYECKHX MPOIECCOB. JKN3Hb MOKET BO3HUKHYThH TOJIBKO TOT/IA,
KOTJla Ha IUTAHETE Y)K€ WMEIOTCS JOCTATOYHO CJIOKHBIE MOJICKYJISIpHBIE coeanHeHus. Camo oOpa3oBaHHE
TaKUX COCAMHCHHM, XMMUYECKHE PEaKIMH MEXKIy HUMH, B KOHEYHOM HUTOTE IaBIINE HAYalo >KUBOMY
BEIIECTBY, W JKH3HENEATENILHOCTh OOpA30BaBIIMXCS Ha IUIAHETE OPraHU3MOB TpPEOYIOT, B YacTHOCTH,
MOIXOJSAIINX TEMIEPaTyPHBIX yciaoBuid. CIIUIIKOM BBICOKHE W CIUIIKOM HHU3KHE TEMIEPaTyphl UCKITIOYAIOT
BO3MOXXHOCTh BO3HUKHOBCHHS W Pa3BUTHs KU3HU. B paBHOM cTeneHHW T'yOUTENBHBI JUIsl BOSHUKHOBEHUS U
Pa3BUTHS )KU3HHA OUEHB Pe3KHe KoIeOaH!s TEMIIEpaTyphl.

MBI MOXKEM TIPeCTaBUTh cebe BOKPYT Ka)IOi 3Be3bl, MEIOMIeH IUTaHETHYI0 CHCTEMY, 00IacTh
WM 30HY, TJie TEeMIIepaTypHbIe YCIOBUS Ha IUIaHETaX HE HCKII0YAal0T BOSHUKHOBEHHUS U Pa3BUTHS >KU3HHU.
SIcHO, YTO B JOCTATOYHOW OJM30CTH OT 3BE3Abl TEMIIEPATYphI IUIAHET OYIyT CIUIIKOM BBICOKUMH IS
BO3HUKHOBEHHS JKH3HH. XOpOIIEH WILTIOCTpaluedl CKa3aHHOMY sBIseTcs MepKypul, TemMrieparypa
oOpamieHHO# K CONHIYy 9acTH KOTOPOTO BEIIIIE TEMIEpaTyphl IIABICHUs CBUHIA. Ha qocTaToYHO GOIBIIIOM
yAAJCHUU OT 3BE3]IbI TEMIIEPATypa IUIaHET OYJeT CIUINKOM HU3KOH. Hemerko cebe npeacTaBuTh, Hampumep,
Ku3Hb Ha Ypane u Henryne, temmeparypa mnoBepxHocTeil koTtopeix —200 °C. Henb3s, onHako,
HEJO0OIEHNBATh OTPOMHYIO IPUCTIOCOOISIEMOCTh («aIanTalHioy) )KUBBIX OPTaHU3MOB K HeOJIarompusTHBIM
ycnoBusiM BHemHeidl cpenpl.  Crenyer eme 3aMeTHTh, 4YTO JUIS KHU3HEAEATEIHHOCTH OpPraHM3MOB
3HAUUTEIBHO «OIMAacHEee» OUYEHb BBICOKHE TEMIEPATYPhl, YeM HHU3KHE, TaK KaK MPOCTEHUIINE BUABI BUPYCOB U
OaxkTepuii MOTYT, KaK W3BECTHO, HAaXOAWTHCS B COCTOSHWM aHaOWo3a TPH TeMIeparype, ONHM3KOH K
a0COTIOTHOMY HYJIIO.

Temneparypa IUTaHETHl ONPENEHSICTCS TMPEXKAEC BCEro KOJUYSCTBOM H3IYUEHHUS OT 3BE3Mbl,
MaJaf0IIUM Ha eIUHUILY IUIOMAJN €€ TOBEPXHOCTH 3a eIUHUIy BpeMeHH. [1o 3Toil mpuunHe pa3Mepsl «30H
0o0MTaeMOCTI» U Pa3HBIX 3Be3/ paznudHbl. OHM TeM OOJbIe, YeM BBIIIE CBETUMOCTDH 3BE3IbI, T. €. 4eM
OoJiee «paHHUM) SIBIISICTCS €€ CIIEKTPAJIbHBIN Kilacc.

Y KpacHBIX KapJIUKOB CHEKTPaJIbHOTO Kilacca M, a Takke Mmo3gHux nojkiaccoB K BHemHM pagmyc
«30HBI OOWTAaEMOCTH» CTAaHOBHUTCS OYEHb MaJeHBKHM, MEHbBINE, HalpuMep, paamyca OpOWTHI «HAIIEeTO»
Mepkypus. [ToaToMy BEpOSTHOCTH TOTO, YTO XOTs OBl OJHA M3 IUIAHET, OOPAaIIalOUIMXCSI BOKPYT TaKHX
KapJIMKOB KPAacCHBIX 3BE37], HAXOAMUTCA B MpeieliaX «30HBI O0OMTaeMOCTH», KaK MOXHO JyMaTh, HEBEJIMKA.
Crnenmyer, OIHAaKO, 3aMETHTh, YTO IUIAHETHBIE CHCTEMBI, OKPYKAIONIME 3Be3[bl, MOTYT IO CBOUM
XapaKTepUCTUKaM 3HAYMTENBHO OTIMYATHCA OT €AMHCTBEHHOW IUIAHETHOM CHUCTEMBI, KOTOPYIO MBI TOKa
3HaeM, — Hameld ColHeyHOU cucTembl. B yacTHOCTH, HE MCKIIIOUEHO, YTO BOKPYT KPACHBIX KapJIMKOBBIX
3Be3/I IJIAaHETHl MOTYT O0OpaIaThCs 110 CPaBHUTEIEHO HEOOIBIINM OpOHUTaM.

Ecnu cnenate BechbMa «ONTHUMHUCTHYECKOE) TPEATION0KEHNE, YTO TUTAHEThI, Ha KOTOPBIX BO3MOXKHA
KU3Hb, UMEIOTCA Yy BCEX 3Be3] TJIABHOM IIOCIIEOBATENbHOCTH, CIEKTpajbHBbIE KIAcChl KOTOPBIX Ooisee
«mo3aHuey», yeM F5, u Oonee «pannuey, uem K5, To okaxercs, uyto jumb 1—2% Bcex 3Be3n B ['amakTuke
MOTYT OBITh «OOWTaeMbI». YUHTHIBAs, UTO YMCIIO BCEX 3BE3] B HAICH 3BE3MHON crcTteMe okojo 150 mipi.,
MBI TPUXOJUM K JOBOJBHO «yTEUIMTEILHOMY» BBIBOAY: MO KpaifHel Mepe y MWUIMapAa 3Be3[ Halei
lamakTuky MOTYT OBITh IJIAHETHBIC CUCTEMBI, HA KOTOPBIX B IMIPHHIIUIIC BO3MOXHA KHU3Hb.

Hy>xHo, BipoueM, CYUTATHCS C €Ie OJTHUM 00CTOSATENECTBOM. Kak M3BECTHO, OKOJIO TTOJIOBHHEI BCEX
3BE3]T BXOJUT B COCTAaB KPAaTHBIX cucTeM. [IpemcraBuM cebe ImIaHeTy B CHCTEME TBOMHON 3Be3mbl. Boobmme
rOBOpsl, € OopOuTa OYJET JOBOJBHO CIIOKHOW HE3aMKHYTOH KpHWBOH. BhIYMCICHHE XapaKTEPUCTHK TaKOU
OpOWTHI TPENCTAaBIACT JOCTATOYHO TPYAHYIO MaTeMaTHYecKyl 3adady. OJTO TaK Ha3blBaeMas
«orpaHuueHHas» 3afada Tpex Ten. [lo cpaBHeHHI0 ¢ oOmieli 3amadeid O ABIKEHHWH TpeX TeEJ, B3aMMHO
MIPUTATHBAIOIIMXCS 1O 3aKoHy HBIOTOHa, «OorpaHMYeHHas» 3ajada Ipolle, Tak KaKk Macca IUIaHEeTH
HUYTOKHA IO CPABHEHUIO CO 3BE3JaMH U HE OKa3bIBACT BIUSHUA HA JBUKCHHUE 3BE3I.



JIBuTasch 1Mo CBOCH CIIOXKHOW OpOHTE, TIaHETa BpeMEHAMU MOXKET TPUOIMKATHCS K OJTHOW U3 3BE31T
Ha HEOONBIINE PACCTOSHUSA, a BPEMEHAMH YIAIATHCS OT 3BE3]l OYCHBb JAIEKO. B COOTBETCTBHU C ATUM
TeMIlepaTypa MOBEPXHOCTU IUIAHETHI OYJET MEHSATHCS B HEJOIYCTHMBIX IJii BO3HUKHOBCHHS U Pa3BUTHS
XKU3HU Tpenenax. [losToMy BHadane cyuWTadd, YTO OKOJO KpPATHBIX 3BE€3]] HE MOTYT OBITH OoOWTaemble
miaHeTsl. Ho cBerme 30 et mazan Cy lllyxyaHr mepecMoTpel 3TOT BOIPOC U MOKAa3all, YTO B OTIEITHHBIX
CIIy4asix MOXET OBITh TAKOE JBUKCHUE IUIAHET IO MEPUOTUICSCKUM OpOUTaM, IIPH KOTOPOM TeMIIeparypa ux
MMOBEPXHOCTEH MEHSAETCS B JOMYCTHMBIX U Pa3BUTHS JKU3HU Tpeaenax. Jlns 3Toro HyXHO, YTOOBI
OTHOCHUTENbHBIE OpOWTHI 3Be3n ObutM ONWM3KKM K KpyroBbiM. Ha puc. 50 mpuBeneHBI Ce4eHHUs TUIOCKOCTHIO
HEKOTOPBIX «KPUTHYECKHUX IMOBEPXHOCTEH» B OrpaHHMUEHHOW 3amade Tpex Tei. Ilepuoanyeckue OpOUTHI
IDIaHET, JOMYCKAIIIUe Pa3BUTHE JKU3HMU, JEKAT MO0 BHYTPH IMOBEPXHOCTH, MpoXoasdmei dyepe3 L;, mudo
CHapyX TIOBEPXHOCTH, Tpoxojnsmend deped L, Ecam maccel o0ewmx 3Be3l OIMHAKOBBI, TO BHYTPH
MTOBEPXHOCTH, TPOXOAAIei depe3 L; , OpOUTHI, TOAXOASIINE Ui Pa3BUTHA KU3HH, OyAyT CYIIECTBOBAThH
TIPH YCIIOBHH, YTO PACCTOSHIE MEX/Ty 3Be31aMu a@ >> 2 [ "> ((q BHIpakeHO B ACTPOHOMHYECKHX €IMHHIAX),
e | — CBETHMOCTb KaxIoil u3 3Be3) (B equunnax ceetumoctr Comnia). Korna a craner Gomsime 13 172,
KOKIyI0 W3 KOMIIOHEHT IBOMHOW CHCTEMBI MOXXHO PAacCMAaTpHUBATH JJIsSi MHTEPECYIOIIEH HAac 3aladd Kak
OJIMHOYHYIO 3BE3MY.

Puc, 50, Ob6nacts «6jaronpuaTHLIX» IUIAHET-
- HbIx OpOMT B ABOiHOH cHCTeme

3aMeTuM, YTO Yy MHOTHX JBOWHBIX CHCTEM DPAaCCTOSHHE MEXIy KOMIIOHEHTaMH MPEBOCXOAHUT 3TO
«kpuTH4eckoe» 3HadeHHe. ClieZoBaTeNbHO, B MPUHITUIE BOKPYT JOCTATOYHO YAAJEHHBIX IPYT OT Apyra
KOMITIOHEHT JIBOMHON CHCTEMBI, ABMKYIIUXCA MO MOYTH KPYyTrOBOW opOHTE, BO3MOKHO HAJIHMYHME OOMTaeMbIX
miaHeT. B ciaydae, Korna KOMIIOHEHTH! IBOMHOM CHCTEMBI TOCTATOUYHO ONU3KU IPYT K APYTY, MOAXOISIINE
MIePUOTNIECKHE OPOUTHI MOTYT OBITH BHE TIOBEPXHOCTH, IIpOoXosamieit uepe3 L, (puc. 50). Kak moka3siBaroT
Beruucienus Cy llyxyanra, mpu paBHBIX Maccax KOMIIOHEHT JBOWHON CHCTEMBI OPOWTHI, MMOAXOISAIINE TS
BOBHMKHOBEHUS M PAa3BUTUS KU3HH, MOTYT OBITH IpH ycioBuu, 4t0 a << 0,4 [ 2. Takum obpasom, B
o6mnacty 3Hauenuii 2 [ ? > g > 0,4 [ '? uckmodaercs BO3MOKHOCTb CYIIECTBOBAHMS OOUTACMBIX TLTAHET.
AHaNoOTHYHBIE PEe3yNbTaThl MOXKHO MOJYYUTh MYTEM BBIYHCICHHA W A5 Oojiee OOIIero cirydas,
KOT'Jla MacChl KOMIIOHEHT JBOWHOM CHCTEMBI HE paBHbI. TakuMm 00pa3oM, MbI IOJKHEI C/IeTaTh BBIBOJ, YTO U
B KPaTHBIX 3BE3JHBIX CHCTEMax, B MPUHIUIIE MOTYT OBITH TUIAHETHI, TEMIIEPATYPHBIE YCIOBUS Ha KOTOPHIX
HE WCKIIIOYAIOT BO3MOXXHOCTH BO3HHMKHOBEHHWS WM pa3BUTHS Km3HH. Cremyer, OIHAKO, OTMETHUTh, YTO
BCPOATHOCTb CYIIECTBOBAHUA TaKUX IUIAHCT OKOJIO OAMHOYHBIX 3BE€3J 3HAYWUTCIILHO BBIIIC. Bnpoqu,
BO3MOXHO, YTO 00pa3oBaHUe KPaTHBIX 3BE3/ U IUIAHET CyTh MPOLIECCH, B3AUMHO HCKITIOYAIOIINE APYT ApyTa.
g onleHkn KonmmdecTBa 3Be3X B | amakTrke, BOKPYT KOTOPBIX, KaK MOYKHO TOJIaraTh, oOpaImaoTcs
O6I/ITaeMI)Ie IJIAHCTHI, YUCT KPATHBIX 3BE3d HEC MMECT, KOHCUYHO, CECPHLE3HOTO 3HAYCHHU, TaK KaK MBI €1Ba
MOeM Tpy0O OLEHUTh TOJBKO MOPAAOK 3TOH BennumHbL. [Ipm Takux pacderax xod¢p¢uumeHt 1,5—2 He
urpaet ponu. Jlpyroe 1emno, Korja pedb UAET O BEPOSTHOCTH CYIIECTBOBAHHUS OOMTaeMbIX TUIAHET B KaKOW-
HUOYIb COBEPIIEHHO OIPEIEICHHOW KPaTHOW CHCTEME, TTI0 TEM WIIM WHBIM MPUYHHAM MPEICTABIIAIOMEN s
Hac uHTepec. Hanpumep, oqHa u3 6mmkaiimmx 38e3q — o LleHTaBpa — kparHas cuctema. EctecTBeHHO, 4TO
BOIPOC O BO3MOXXHOM HAIIMYHMH B ATOH CHCTEME OOMTAEMBIX TUIAHET MPEACTABISIET A1 HAC OCOOBIA MHTEpEC.
o llenraBpa sBisercs TpoWHOW cucTemMoil. OTHOCHTENbHas OpOWTa ABYX HaAmMOOJee MACCHBHBIX
KOMITOHEHT 3TOW CHCTEMBI — JJUIMIIC ¢ OOJBIION MONTYyOChl0, paBHOU 23,4 acTpOHOMHUYECKOW €TMHUIIBI, U C
JOBOJIBHO 3HAYMTENBHBIM 3KcueHTpucuTeToM: 0,52. Takum 00pa3oM, pacCTOSIHHE MEXIy ABYMS TJIaBHBIMHU



KOMITOHEHTaMH JOCTaTOYHO BEJHKO, YTOOBI BOKPYT KaKIAOW M3 HUX MOTJIH CYIIECTBOBAThH IMOAXOJSIINE
IJIAaHETHBIC MepUOAUYECKUe OpOUTHI (cM. BhIme). OgHaKo OOIbIIast BEIMYWHA SKCIICHTPUCUTETA 3BE3THBIX
opouT TpeOyeT s ATOro Ciaydas CHEIHaTbHOTO PACCMOTPEHUs (HAIOMHUM, YTO MIPUBEICHHBIC PE3YJIbTaThI
Berauciienni Cy IllyxyaHra OTHOCSATCS K CIydaro KPYTrOBBIX OPOUT KOMITOHEHT MBOWHOW cucTeMBbl). HykHO,
BIIpOYEM, 3aMCTUTH, YTO CUCTEMA O IIeHTaBpa, IMO-BUAUMOMY, CPAaBHUTCIIBHO MOJIOIAs. BXOZ[S[HII/IC B HEC
3BE3/bI, BO3MOXKHO, €Ill¢ HE «CEeJIM» Ha TIIABHYIO IMOCIEAO0BATEIBHOCTh. [[03TOMY MalIOBEpOSTHO, YTO TaM
MOTYT OBITh TUIAHETHI IaXKe C MPUMUTHBHBIMA (hOpMaMU JKU3HU.

Ha puc. 51 mpuBeaena ¢ororpadus MTpOCTPaHCTBEHHOW MOJIEIH OJNIKANUIINX OKPECTHOCTEH
ConHeuyHol cucteMbl. B cooTBeTcTByroleM MacmiTabe wu3zoOpaxena chepa paguycom B S5 mk (16,3
cBeToBOoro roja), mpudeM ConHIIE HaxoAuTcs B ee IeHTpe. Kaknmplii TeMHBIM Imapuk 3ToH cdepsl
mpencTaBisgeT cobor 3Be3ny. OTHOCHTENBHOE IMPOCTPAHCTBEHHOE DACIONIOKEHUE 3BE3]] COOTBETCTBYET
neiicreurenbHoMy. Cdepa BBITOJIHEHA W3 TUIEKCUTIIaca U UMeeT auaMmerp okosio 130 cMm, Tak 4TO B 3TOM
Macmitabe OJIMH CBETOBOH roj paBeH 4 cMm. PasMepsl IapukoB, CIEIaHHBIX U3 JIepeBa, MPHOIH3UTEIHLHO
COOTBETCTBYIOT CBETUMOCTSIM COOTBETCTBYIOLIHX 3BE3L.

Puc. 51, TpocrpancrachHoe pacnpeaencuue Ganwafmnx ¢ Cominy aneil

Bcero BHyTpu 3T0M chepbl HaxonsaTcs 53 3Be3nbl (cuMTas 3BE3/bI, BXOASIIUE B COCTAB KPATHBIX
cucreM). CnipaBa BHH3y ot COJHIIa HAXOAUTCS camasl sipkas 3Be3fa Ha Hebe — Cupuyc. PagoM ¢ HUM BueH
€ro KpOXOTHBIM CITyTHUK — Oenblii kapnuk. CrpaBa BBepxy oT CoJiHIIAa BHIHA Apyras sipkas 3Be3ga —
[pommon. Y Hee cyTHUK — Takxke Oenblid Kapiuk. Spkas 3Be3/a ciieBa oT meHTpa — AubTamp. Bee atn
3Be37bl UMEIOT CIIEKTpPabHBIE Kiacchl, Oojee paHume, yem F5. IlosToMy, corimacHo Hameli OCHOBHOU
THUTIOTE3€, BOKPYT HHUX HENB3s OKHIIATh OOMTAeMBIX INIAHETHBIX CHCTEM. BOIBITUHCTBO 3BE31 BHYTPH 3TOU
cdepbl — KpacHbIC KapJIMKA HU3KOW cBeTuMocTd. He cumras Hamiero CojHIA, TOJBKO TPH 3BE3IbI U3 53
YJIOBJIETBOPSIOT CPOPMYITHPOBAHHBIM YCIOBUSAM (T. €. OHM MMEIOT CIIEKTpalibHbIC Kiacchl Mexay F5 u K5 u
SIBIISTIOTCS. OJTMHOYHBIME). DTO 3Be3/bI € Dpuaana, T Kuta u € Unpeiina.

[IpoBenennpIil ceifyac aHaIM3 MOJEH, W300paKEeHHONW HA pUC. 51, HATTSAHO NEMOHCTPUPYET, UTO
TOJILKO HECKOJIBKO MPOIEHTOB 3BE3]l MOTYT UMETh (HO, KOHEYHO, OTHIO/Ib HE 00S3aTENIbHO JOJKHBI UMETh)
oburtaemble maHeThl. ClieqyeT, OHAKO, ellle pa3 MOAYEPKHYTh, YTO B HACTOSIIEEe BPeMsI MBI HE MOXKEM
HCKIIFOYNTh KPacHBIE KapJIMKOBBIE 3BE37bI (KOTOPHIC COCTABIIAIOT MOMABIISIONICE OOJBITHHCTBO BCEX 3BE31)
13 YKcia BO3MOXKHBIX 09aroB U3HU BO Beenennoit (cM. Beimme). Crneayer, 0THaKO, OTMETUTD, YTO OTPOMHOE
OOJIBIIMHCTBO KPACHBIX KAPJIUKOB OOJIAAal0T BHICOKOW aKTUBHOCTBHIO (3TO TaK Ha3bIBa€MbIE «3BE3Ibl THIIA
UV Kwutay) 94T0 HCKITIOYAET, IO-BUIUMOMY, BO3MOXXHOCTD Pa3BUTHSI )KU3HH B HX OKPECTHOCTSIX.

Kak yke moauepKuBanoCh, Uis Pa3BUTHS KU3HM HA KaKOW-HUOYb IUIAHETE HEOOXOIUMO, YTOOBI
TeMIepaTypa IOCIeAHEeH HaXOIWIach B OMNPEICIICHHBIX JOMYyCTHMBIX TNpeAenaXx. OTHM TpeOOBaHHEM
OTIPENIETISIOTCS pa3Mephl M CaMO HaJIM4re «30H oOuTaeMocTm». Kpome Toro, Heo0X0aumMo, 4ToObI H3ITydeHue
3BE3MIbI HAa TMPOTSHKCHWHM MHOTHX COT MWJUIHOHOB W JakKe MIUIIHMAPIOB JIET OCTABajOCh MPUOIH3UTEIHHO
MOCTOSTHHBIM. Harnpumep, oOIIMpHBIN KiTacc IEPEMEHHBIX 3BE3/l, CBETUMOCTH KOTOPBIX CHILHO MEHSIOTCS CO
BpeMeHeM (JacTo MEePHOANYECKH ), JOIDKEH ObITh HCKITIOYEH U3 PACCMOTPEHUSL.

OnHako TOMaBIAONIee OOJNBIMMHCTBO 3BE3I TIUVIABHOW  ITOCIICIOBATEIIBHOCTH  HW3IydaeT C
YIUBUTEIBHBIM ITOCTOSHCTBOM. Harmpumep, corfiacHO reoJIOTHYeCKIM TaHHBIM, CBETUMOCTh Hamero CofHIa
3a MOCJEJHNUE HECKOJIBKO MUJUIMAPIOB JIET OCTABAJIACh MOCTOSHHOW C TOYHOCTBIO 10 HECKOJBKUX JECATKOB



mporieHToB. [lo-BUANMOMY, Takoe IMOCTOSHCTBO CBETHMOCTH €CTh O0Iee CBOHCTBO OOJBIIMHCTBA 3BE3.T
[JIaBHOU TOCJIEIOBATEILHOCTH. TakuM 00pa3oM, BaXKHOE YCIOBHE MOCTOSHCTBA CBETUMOCTH 3BE3IIbBI —
LIEHTpa IUIAHETHOMW CHCTEMBI — TIOYTH BO BCEX CIydasX YIOBIIETBOPSETCS, BO BCSIKOM CIIy4ae, €CIU Peyb
HJIIET O 3BE€3/1aX C MACCOM, OJIM3KOM K COJIHEYHOIA.

MBI 1OBONBHO MOAPOOHO PACCMOTPENHM TEMIIEPaTypHBIC YCIOBHS, IMPH KOTOPBIX BO3MOXKHO
BO3HUKHOBEHUE U PA3BUTHUE KU3HU HA TOM WM MHOM IJIaHETE, HO 3TH YCIOBUS, KOHEUHO, HE €IUHCTBEHHEIE.
OdeHp BakHOE 3HAYEHHWE JUIA pacCMATPUBAEMOW HAMHU MPOOJIEMBI UMEIOT Macca 00pa3oBaBIIeHCS KaKUM-
60 croco0OM IJIAHETHl M XUMHUYECKUH cocTaB ee atMocdepshl. [lo-BunnMoMy, 3TH JBe MEepBOHAYAIBHBIE
XapaKTCPUCTUKN IUIAHETBI HE MABJISAIOTCA HE3aBHUCUMBIMU. PaCCMOTpI/IM CcriepBa cnyqaﬁ, Korga mMmacca
o0pa3oBaBIIeiics TIaHETHl HeBellnka. MOIIEKYIJIbl U aTOMBI B BEPXHHX CIIOSX aTMOC(EPHI, T1ie ee TUIOTHOCTh
HU3Ka, IBUTAIOTCA C PA3IMYHBIMA CKOPOCTSAMH. YacTh W3 HUX WMEET CKOPOCTH, MPEBHIMIAIONIYI0 «BTOPYIO
KOCMHUYECKYI0 CKOPOCTH» (ACTPOHOMBI HAa3bIBAIOT 3Ty CKOPOCTh «HapaboiMyecKoi»), u Oyjaer
OeCIpenaTCTBEHHO YXOIUTh 32 MPEeIibl TUIAHETh. JTOT MPOIECC, 0 HEKOTOPOH CTEIICHU HAITOMHHAIOIIUI
WCIapeHue, Ha3bIBaeTCs «auccunanuein». OueBuaHO, d3(h(HEeKTUBHAS AUCCUTIAI MOXKET IIPOUCXOIUTH TaM,
IJie TUIOTHOCTh aTMOC(epbl HACTOJIBKO HHU3Ka, YTO «YCKOJIb3AIOIIUE» ATOMBI YXE HE HCIBITHIBAIOT
CTOJKHOBEHHUU C JPYrUMH aToMaMu. Eciau Obl Takue CTONKHOBEHUS UMEIM MECTO, TO OHU MOTJIH OBl
W3MEHUTh BEIMYMHY ¥ HAIPABICHUE CKOPOCTH YCKOJB3AIOMIMX AaTOMOB, YTO TPEMATCTBOBANO OBl
JTUCCHITAIINH.

Juccunanus TiaHeTHBIX aTMoc(ep MPOUCXOAUT HENPEPBIBHO, TaK KaK BCET/a HalIeTCs HEKOTOpOe
KOJIMYECTBO MOJIEKYJI (aToMOB), KOTOpBIE TpPW JJaHHOW TeMIepaType arMocdepbl HMEIT CKOPOCTH,
HampaBlieHHBIE «BBEPX» M TMPEBOCXOsAImue Tapabommyeckyro. OHaKo JUid pa3HBIX Ta30B  JIOJA
JUCCHUITAPYIOLIUX YaCTHIl OyAET pa3audHOi. Bosbiile Bcero oHa Iuisl JIETKUX T'a30B — BOJOPOJAA M TEIHSL.
CaMo0 co0olf pa3ymeercsi, 4YTO KOJUYECTBO JUCCUNHUPYIONIMX YAaCTHUI[ 3aBUCUT, M TMPUTOM OYCHBb
YYBCTBUTENBHO, OT TEMIIEPATyPhI aTMOC(hEphl Ha T€X BBICOTAX, TJI€ MPOUCXOUT JUCCHIIAITHS.

Maremarndeckasl TeOpusi AWCCHUTIAIMH TUIAHETHBIX atMocdep BIEepBble OblIa pa3BHTa B Hadaie
9TOT0 BEKa aHTIUHUCKUM acTPOHOMOM J[>KUHCOM (aBTOPOM M3BECTHOM KOCMOJIOTMYECKON TMIIOTE3HI, CM. TIL
9). B nanmpHeiimeM oHa ObUIa yCOBEPIIEHCTBOBaHA TPyAaMHU psla YUYEHBIX, B YaCTHOCTH, aMEPUKAHCKUM
actpomukom Jlaiimanom CHUTIEPOM W aBTOPOM 3TOH KHUTH. KOJIMYECTBO aTOMOB, YCKOJB3AIONINX W3
atMocgepsl 3a 1 ¢, 1aetcs cienyroinei hopMyJIoi:

 4nR} | /3T GmM =GmM.
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rne Ry — pamuyc miametsl, G = 6,7 + 10° — u3BecTHAs NMOCTOSHHAS B 3aKOHE BCEMHPHOTO
TrotenHusi, I — Temmeparypa atMoc(epbl Ha ypOBHE, TI€ IUCCHUNANNs CTAHOBHUTCS CYLIECTBEHHOW, m —
Macca atroma, M — macca miaaHeTsl, e = 2,718... — ocHOBaHWE HAaTypaJbHBIX JIorapu(MOB, kK — MOCTOSTHHAS

Bonbimana, n.— IMIOTHOCTH HAa ypOBHE yOeraHusl.

W3 atoii opMyInbl cremyeT, YTO BECh BOJOPOJ, HAXOSIIMKCA B HACTOSIIEe BpeMs B 3eMHOU
aTMocdepe, TOIDKEH «YCKONB3HYTh» B MEXKIDIAHETHOE MPOCTPAHCTBO 3a OYCHHb MAJOe BpeMs — MOpsIKa
Heckonbkux JieT. ([Ipu 3ToM yuWThIBaeTCsS, 4TO TeMIepaTypa 3eMHOW aTMoc(epbl Ha BBICOTE YPOBHS
muccunauu (~ 500 km) oxono 1500 K.). Ecnn 6b1 He mocTosHHOE TOCTYIUIEHHE BOJOpOJa B atMocdepy,
TJTaBHBIM 00pa30M H3-3a UCIIAPEHHS] MUPOBOTO OKeaHa, BOJAOPO/ia B aTMOc(epe Halllel IIaHeThI He ObLIO OBl
COBCEM.

U3 dopmynsl BUAHO, YTO CKOPOCTH IOUCCHUIALMU CHIBHO 3aBHCHUT OT MAacChl IUTaHETHL. JTO H
MOHATHO. Benb mpu Manoit Macce mapaboiandeckas CKOpOCTh OyIeT HEBEIUKa, IIOATOMY 3HAUUTENbHAS 9aCTh
aTOMOB M MOJIEKYJI OyJeT UMEeTh CKOPOCTh, NMPEBBIIIAIOIIYI0 apadonmdeckyro. Hampumep, y Jlynsl, macca
KoTOpoil B 81 pa3 MeHbIe 3eMHOH, a paxuyc Onm3zok k 1700 kM, mapaboinveckasi CKOPOCTb COCTaBISIET
Bcero mmmb 2,4 kM/c. IloaTomy maxe CpaBHHUTENBHO TshKenble Ta3pl JlyHa Ha TNPOTSHKEHWH CBOEH
«KOCMHYECKOW» HCTOPUH YIepKaTh He MOTJIa. DTO OOBACHAET OTCYTCTBHE aTMOC(ephl Ha HAIIEM CITyTHUKE.
Mepkypwuii Takke JUIIEH CKOJIBKO-HUOYAb TUIOTHOH aTMOC(ephl.

# Bmpouem, HemaBHO mnpH HaOMIONEHHAX cHeKTpa MepKypusi € BBICOKHM pa3peKeHHEM
O00HApPYXHUJIM, YTO OH MMEET YPEe3BBIYAIIHO pa3pexeHHYI0 aTMoc(epy, COCTOAIIYIO TIIaBHBIM 00pazoM u3
aTOMOB HaTpus. #

Taxkum o6pa3oM, 4TOOBI Ha IUTAHETE MOTJIa BOSHUKHYTh U Pa3BHBATHLCS KHU3Hb, €€ Macca He JOJDKHA
OBITh CIUIIKOM MajeHbkoW. C Jpyroil CTOpOHBI, CIWIIKOM OOJNbINas Macca IUIAHETHl TaKXKe SBIIIETCS
HeOIaronpuaTHEIM (akTopoM. [1maHeTsl, MacChl KOTOPHIX JOCTATOYHO BEJIMKH (HApuMep, OJU3KH K MaccaMm
mwianeT-rurantoB Omutepa u CatypHa), HOTHOCTBIO YAEPKUBAIOT CBOIO NEPBOHAYAIBHYIO aTMocdepy. JTa
«TepBOOBITHAS) aTMOc(epa JA0KHA OBITH OYeHb Oorara BOJOPOJOM, Tak Kak NepBOHAdYalbHas cpena, U3



KOTOpOii 00pa30BaiCh IJIAHETHI, UMENla TIPUMEPHO TOT XK€ XUMHUYECKHH COCTaB, YTO M 3BE3/bI, KOTOPHIEC B
OCHOBHOM COCTOSIT M3 BOAOpOAa U reius. Eciiu maHeTa coxpaHuia «IepBOHAYAIBHBIN» COCTaB CPEibl, U3
KOTOpOii oOHa oOpa3oBajiach, €€ BOJOpPOJHO-TeNiMeBass arMocdepa JOKHA OBITh OYEHb ILUIOTHOM.
HcKITrounTensHO TUIOTHOW BOJOPOIHO-TEIHEBON aTtMmocdepoit o0iamaroT IUIaHeThI-THranTel HOmuTep u
CatypH. MBI yXe MOJYepKUBAIU B TJI. 8, 4YTO eciiM Obl Macchl miiaHeT ObuiM B 5 — 10 pa3 Ooublire, yem y
IOnurepa, oHM yke NPUHIMITUAIEHO HE OTIMYAIMCH Obl OT KapiIMKOBBIX 3Be3l. Psn aBTOpoB (Hampumep,
akagemuk B. I'. @eceHkoB) cunrtany, 9To Npu OOIBIIOM OOMIMH BOIOPOa 0Opa30BaBIIAECS HA €T0 OCHOBE
XIMHYECKHE COCTUHEHHA: aMMHaK, METaH W JPyrHe — HCKIIIOYAlOT BO3MOKHOCTH OOpa3OBaHUS KHBOU
CyﬁCTaHHI/II/I, TaK KaK 3TO JOBOJIBHO AJOBUTBHIC TIa3bl. Bnpoqu, TaKOC YTBECPKIACHUC HC ABJIACTCA
OecCropHBIM, W B HACTOSIIEE BpPEeMsl BO3MOXHOCTh CYIIECTBOBAaHUS MPHUMUTHUBHBIX (HOpPM IKU3HU Ha
Oompmux maHeTax COTHEYHOW CHCTEMBI, B IPHHIIUIIEC HENIB3S MOTHOCTHIO HCKITtoUaTh (M. Ti1. 17). Tak nmm
nHa4ye, OJid TOro yTOOBI Ha IIJIAaHETaX MOTJIa BO3HUKHYTH M pa3BUBATHCA KU3Hb, UX MACChl JOJIKHBI 6[)ITB
OTPaHUYCHBI KaK CBEPXY, TaKk M CHU3Y. [10-BHIUMOMY, HIDKHSS TPAHUIA BO3MOKHOW MaCChl TAKOW TJIAHETHI
ONMM3Ka K HECKOJBKHUM COTBIM MacChl 3eMJIH, a BEPXHsSA B JACCATKH pa3 MPEeBOCXOAUT 3eMHYR0. Kak BuanM,
nmpeacjbl BO3MOXHBIX MACC INIAHET, MPUTOAHBIX JIA )KU3HU, JOCTATOYHO HINPOKHU.

Te BOIpPOCHI, KOTOPHIE MBI CeHyac 3aTPOHYIIM, TECHO MEPEIUICTAIOTCS C OCHOBHBIMU MPOOJIeMaMu
IUIAHETHOW KOCMOTOHHH W TIPEXK]IE BCErO C IMOHMMAaHHWEM CaMOTr0 paHHero mepuona 3emid U IUiaHeT. Mbl
yKe mogdepkuBaiy B 1. 10, 9TO 1MOKa COCTOSTHIE TITAHETHON KOCMOTOHWH TaKOBO, YTO €IIIe HE CYIIECTBYET
OMMPEACIICHHBIX OTBCTOB Ha BCC BO3HUKAIOMIME Ba’XHBIC BOIIPOCHI. Mo>XHO BBICKA3aTh TOJIBKO HECKOJLKO
3aMeuaHWii caMoro ooOmero xapakrepa. Henmp3s cuuTarh, 4YTO TEpBOHAYANBHBIA CTYCTOK MaTepHH,
yAEep)KUBa€MbI  CHJIOW B3aWMHOTO TSTOTEHHS COCTaBJISIOIIMX €0 aTOMOB W MOJEKYJ, W3 KOTOPOTO
BIIOCJICICTBHH 00pa3oBajiach 3eMJls, IMENI XUMHUCCKHU COCTaB Takoil ke, kak CoJHIIe U 3BE3/bl, T. €. ObLI
Tak ke OoraT BOJOPOJOM U renueM. MOXKHO IOKa3aTh, YTO HHUKAaKas IUCCHUIAIUS HE B COCTOSHHH
«OTCOPTHPOBATH» M3 TAKOTO CTyCTKa BOAOPOA u renuil. Koib ckopo 3T0 Tak, MBI JOJDKHBI CAENATh BBIBOI,
9T0 3eMIIsl, TaK XKe Kak U Ipyrie «BHyTPEeHHHE» IUIaHeTH, 00pa30oBaliach U3 BEIIECTBa, OEIHOTO BOAOPOIOM
U renueM. TakuM BEIIECTBOM MOTNIHM OBbITh NMBUIMHKA M MOJICKYJSPHBIC arperaTtbl, oOpa30BaBIIUECS B
MepBOHAYANILHONW TYMaHHOCTH. BMecTe ¢ TeM Ha CpaBHUTENHEHO OONBIINX paccTOsSHUSAX oT CONHIIA YCIOBUS
ObUTH OIIArONPHUATHBI U1 00pa30BaHUA JOBOJIBHO MACCHBHBIX BOJIOPOJIHO-TEIMEBHIX KOHIEHCAINNA, KOTOPBIE
BIHOCJICACTBUU IIPEBPATHIIUCH B OOJIbIINE IIJIAHETHL. I[J'IS[ 9TOM CXEMBI TPYAHOCTBIO SABJISACTCA o0BsIcHEHHE
XUMHYECKOT0 cocTaBa YpaHa U HenryHa, KOTOpbIe CpaBHUTEIHHO OCAHBI BOAOPOAOM U remueM. OO0 3ToM
MbI yKe ToBOpuiu B 11.10.

Bo BcsikoM ciyuae, Mo-BUIMMOMY, HE CITyYaiiHa CpaBHUTENbHAS 0JM30CTh K COJHITY TUTAaHET 3€MHON
TPyNIbl ¥ 3HAYUTENbHAS YJIAICHHOCTh OT Hero Oosbmux rwianer. OTcro/la Mbl MOXKEM CHeIaTh BaXKHBIN
BBIBOJI: TO OOCTOSTEIBCTBO, YTO IUIAHETHI,  aTMOC(epbl KOTOPHIX B TPHUHIMIIE TPUTOAHBI IS
BO3HHUKHOBEHHSI W Pa3BUTHA JKU3HH, HAXOIATCS B CpaBHHUTENbHON Omm3oct ot ConHIA, T. €. B «30HE
O0UTaeMOCTH», SBIISIETCS 3aKOHOMEPHBIM CIIEJCTBHEM Ipolecca, NPUBOIAIIETO K (OPMUPOBAHHIO
IUTAHETHBIX CHUCTEM. OTO, KOHEYHO, MOBBIIIAET BEPOSTHOCTh TOTO, YTO HA HEKOTOPHIX IUIAHETAaX JAHHOU
IUIAHETHOW CHCTEMBl MOKET BO3HHKHYTh WM DPa3BUBAThCS KHU3Hb. MTak, pasHbele ycioBHA (TIOJOXKEHHE
IUIAHEThI B «30HE OOUTACMOCTHY», IMOAXOJAIIAS Macca €€ U  «OJaronpUsATHBIN» XUMHUYECKUH COCTaB
aTMoc(epbl) MOTYT BBIIOJTHITHCS OJTHOBPEMEHHO, T. €. HE SBISIOTCS HE3aBUCHMBIMU.

B aT0ii r1aBe MBI paccMOTpENH HEKOTOPBIE YCIOBHS, HEOOXOAUMEIE JIJIsl BOSHUKHOBEHUS M PA3BUTHUS
KM3HM Ha 1uraHeTax. OHHM HOCST CcaMBbIi O6H.[I/II71 XapakKTep U ABIAKOTCA, €CJIM MOXHO TaK BbIPA3UTLCH,
«acTpoHOMHYECKUMM». Pa3ymeercs, 4ToObl HAa KaKOH-HHOYIb IUIAHETC BO3HHUKIA KH3Hb, HEOOXOIMMO
BBITIOJIHEHUE psifia ApyTrux ycinoBui. Tak, HampuMep, OYeHb Ba)KHO, YTOOBI Ha IMOBEPXHOCTH IUTAHETHI
oOpa3oBanach xuKas 0001049ka — ruapochepa. MiMeroTcs Bce OCHOBaHMS TOJIaraTh, 4TO MepBOHAYAIHHBIE
(OpMBI JKU3HU CKOpPEe BCEro MOTJIM BO3HUKHYTH B Bojxe. Ho /s oOpa3oBaHMs Ha IJIaHETE JAOCTATOYHO
MOIIHOW TUApoc(epbl HYXKHO, 4YTOOBI CYIIECTBEHHAs 4YacTh BOJOPOJA, HAXOJANIETOCS B TOM
MEepPBOHAYAIFHOM MaTepuaie, W3 KOTOporo oOpa3oBaiiack IUTaHETa, HE yCHela AUCCUIINPOBAaTh, a
COCUHIIACH C KUCIIOPOAOM. DTO, KOHEUHO, HAKIIABIBAET JIOTIOJIHUTEIILHOE, U IPUTOM JOBOJIBHO JKECTKOE,
YCIIOBHE Ha Maccy IUIAHETHI, €€ PaJInyC U PACCTOSIHUE OT IUIAHETHI JI0 3Be3]lbl. Ha IpyroM BaskHOM YCIOBUHU
(YpOBeHBb KeCTKOH paJinallii) MBI HEMHOTO OCTaHOBUMCS B L. 13.



12. O6 onpedenenuu noHAmMUA «IHCUZHDY

MsI moonuIM Temepbh K caMOMy BaKHOMY M BMECTE C TEM CaMOMY TPYAHOMY, BOIPOCY: KaKUM
00pa3oM U IPH KaKMX YCIOBHUSIX M3 HEXXHMBOTO BELIECTBA BOHUKIIO )KUBOE? ABTOP 3TOM KHUTH — acTPOHOM,
a He Owomor wim XuMHK. [losTOMy ans Hero 310 0coOeHHO TPYIHBIM Bompoc. B mopsinke «yTemeHus»
MOJKHO TOJIBKO CKa3aTh, YTO BOOOIIE 3Ta BakKHEHIIas rmpobiieMa COBPEMEHHOTO €CTECTBO3HAHMS MOKa ellle
He pemeHa. MIMeroTcs OTHeNbHbIE, YacTO BeChbMa OCTPOYMHBIE, THUIOTE3bI, MOAKPEIUIEHHBIE pa3IMYHBIMU
XUMHUYECKUMH ¥ OMOXMMHYECKHMH J1a0OpaTOPHBIMH OJKCIepUMeHTaMu. Her, onxHako, HHUKaKoU
YBEPEHHOCTH, YTO COOTBETCTBYIOIINE PEaKINH, HEKOTNa MPOWCXOIUBIINE Ha Hallell miiaHeTe, MMEHHO H
MIpUBENTH K BOSHUKHOBEHHUIO *KU3HU. CIUIIKOM CIIOKHA M TPyIHA 3Ta MpobiieMa, a yCIOBHUA Ha «MOJIOIOM»
3emite U3BECTHBI HaM JJAJIEKO HE C TIOJTHON JIOCTOBEPHOCTHIO.

KonedHo, nmpu TakoM MOJTO’KEHUH BEIIEH MOXKHO OBIIIO OBI TPOCTO 0OOMTH 3TOT BOMPOC MOTIAHHEM.
Mgl Mori ObI IPUHATH MPaBAONOI00HYIO TUIIOTE3Y, YTO MPHU MOAXOAALINX YCIOBHIX (0 KOTOPBIX pedb IIa
B MpenbIaylIell I1aBe) B ONpeAeieHHbIe MEPUObl Pa3BUTHS MJIaHET Ha HUX KAKHM-TO HEU3BECTHBIM HaM
00pa3oM BO3HHUKAET XU3HB. [Ipoias MOCTaTOYHO NONTUN 3BOIIOIMOHHBIA MyTh, 3Ta JKU3Hb MOXET CTaTh
pazymHo#. Torna Bo3HMKaeT KOMIUIEKC MHTEPECHBIX BOIPOCOB, KOTOPBIM OyJIeT MOCBAILIEHA YacTh 3 3TOM
KHUTH. MBI, OAHaKO, Tak HE IMOCTYIIMM W TMOCTapaeMcs, XOTa Obl B caMmoil oOmeil ¢opme, maTh
MIPEJICTaBICHNE O COBPEMEHHBIX B3IISIIaX Ha MPOMCXOXKACHUE )KU3HH. JTO TeM Ooliee BaXKHO CIeNaTh, YTO
pazBuTHe OMOXUMHH, OMOGU3NKM M TEHETHKH CeiJac HAeT TaKMMH TEeMIIaMH, YTO JelaeT BIIOJHE
BO3MOJKHBIM pelieHre «Ipo0ieMbl Nely B OJU3KOM OyayIieM.

[Ipexxae Bcero, Mbl JOJDKHBI OTPEACITUTH MMOHITHE <OKUBOE BEIIECTBO». 3aMETHUM, UTO 3TOT BOIPOC
ABIISIETCS] JaJIeKO HE MPOCTHIM. MHOTHE aBTOPHI, HAPUMEpP, ONMPEIEISIOT KUBOE BEHIECTBO KaK CIIOKHBIE
MOJIEKYJISIpHBIE arperatel — OENKOBBIE Tesa, OOJafjaroliye YIopsI0uYeHHbIM OOMEHOM BeriecTB. B
YaCTHOCTH, TaKOH TOYKHM 3peHUsl HpuaepkuBaercsi axkanemMuk A. M. OnapuH, MHOrO 3aHMMaBIIHMKCS
MPOOJIEMOI TIPOUCXOXKICHHUS KU3HU Ha 3eMIle.

Koneuno, oOMeH BeIIecTB €CTh CYyIIECTBEHHEHITNN aTpruOyT ku3HU. OIHAKO BOMPOC O TOM, MOXKHO
T CBOJWTH CYIIHOCTHb JKU3HU IPEXJAE BCEro K OOMEHy BEIECTB, SIBISETCS CIOPHBIM. Benb u B Mupe
HEXHBOTO, HAIIPUMEP, Y HEKOTOPHIX PacTBOPOB, HAOIO1aeTCs OOMEH BEIIECTB B €ro MpocTeHmux Gopmax.

B ocHOBe Xu3HEAESITETHHOCTH BCEX OPTaHM3MOB, HAYMHAS OT MPOCTEUIIHX, JIEKUT OYCHb CIIOJKHAS
CHCTEeMa B3aUMHO CBSI3aHHBIX XUMHUYECKHUX PEaKIi — KaK OKUCIUTEIbHBIX, TAK U BOCCTAHOBHUTEIHHBIX. B
3THX PEAKUUSIX YYaCTBYIOT MOJEKYJbl OEJIKOB M HYKJICHHOBBIX KHCIOT, SIBISIOMIMXCS «MaTepUalbHBIMU
HOcHTEISIMA» KuU3HU. CyIIECTBEHHO, YTO HECMOTpPS Ha OOYCJIOBIEHHOE XHUMHYECKHMH PpEaKIUusIMU
HEeMNpPEepHIBHOE pa3pylLIeHHe BCeX CTPYKTYp B OpraHM3Me, OHM JOJKHBI HENPEPHIBHO BOCHPOM3BOAUTHCS. B
OCHOBE TaKOTO BOCIPOHM3BOJCTBA JISKUT CHHTE3 OENKOB. DTOT CHHTE3 MPOUCXOIUT B KIETKAaX OpraHu3Ma
mpu momoru HykienHoBbIX kucnoT JIHK m PHK («me3okcmpuOoHyKIIEMHOBas» W «PUOOHYKICHHOBASH)
KHCIOTHI). BelKn MpeacTaBIsioT coGoif OYEeHb CIIOXKHBIE MAaKpPOMOIEKYnbl (aToMHass Macca o 107).
CTpYKTYpHBIMH 3JIEMEHTaMU OENKOB SBJISIOTCS aMHHOKHUCIOTBHL. XOTS TMOJIHOE KOJHUYECTBO H3BECTHBIX
OpPraHNYEeCKOW XUMHH aMHHOKUCIOT gocTturaeT ~ 100, Oenku, oOpa3ylonye Bce OpraHu3MBbl, «HUCTIONB3YIOT»
Toibk0 20 aMHUHOKHCIOT. benku, ecTecTBeHHO, 0O0JIamaroT OYeHb CIOXKHONH CTpyKTypoi. OCHOBOHU
CTPYKTYpPHI OeJka SBJIsIeTcs MOCIeI0BaTeIbHOCTh 00Pa3yOIUX €ro aMHHOKHUCIIOT.

3HaynTeNbHO OOJiee TMPOCTOW CTPYKTYypoW 0O0NafaloT HyKJIEHMHOBBIE KHCIOTH. OHHM 00pasyroT
JUTMHHBIE TIOJIMMEPHBIE IETH, SJIEMEHTAMH KOTOPBIX SBISIOTCA HYKICOTHABI — COCIUHEHHS a30THCTOrO
OCHOBaHMsI, caxapa u octatka ¢hochopHoit kucinotel. Y Monekyasl JIHK azotucteie ocHOBaHUS (ITypHHBI —
aJIcHUH, TYaHWH ¥ MUPUMUAWHB — THHUH, OUTO3WH) NPUCOEAMHSIOTCA K caxapy IO OJHOMY B Pa3HOM
MTOCIIEI0BATENILHOCTH.

B 1953 r. aarnuuanun ®@. Kpuk u amepukasen JI. YOTCOH ¢ MOMOIIBIO PEHTIEHOCTPYKTYPHOIO
aHanm3a Hanu ctpoenue Mosekyisl JJHK. Oxazamoch, 9To Kaxkaas Takas MOJIEKyJa MPECTaBIsSeT co00it
JIBE CIIapeHHbIE HUTH, 3aKpYUYEeHHBIE B ciipain (cM. puc. 52). Kaxxaas u3 3TUX HUTEH COeAMHSETCS C APYTOi
BOJOPOIHBIMH CBSA3SIMH, TIPUYEM KaXK/as U3 TaKUX CBSA3EH TOMapHO COeNUHSET 00 aJeHWH OAHOM LEu C
TUMHHOM JIPYyTOM, JINOO TyaHuH ¢ uuto3nHoM. OtkpeiTie Kprka n YoTtcoHa, GeccriopHo, cieqyeT OTHECTH K
BEJIMYANIINM HayYHBIM JOCTH)KEHHSIM HAIlIeTO BeKa, KOO 3TO OTKPHITHE CTaNI0 (PYHIAMEHTOM MOJIEKYJIIPHOU
onooruy.
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Puc. 52. Cxema JAHK
JAHK npencrasnser coGoit
ABOH HYH) .CHMPATL AUAMETPOM
18—20 A. Ilar aroit cnupanu
paBeH 34 A Caxapo-docdart-
Hoe muth JHK Brmouaior
B cebda Takke octaTku ¢oc-
dopHo#i KHCHOTHI 1 MOTNEKYJIbI
caxapa. K monekynam caxapa
TIPHK pENJIEHBE MOAEKYNbI OBYX
NYPUHOBLIX (AMEHUH U ['yaHHH)
W ABYX NHPHMHAMHOBBIX (TH-
MHH ¥ UWTO3NH) OCHOBAHHH,
MpPEaCTABJIEHHbLIX Ha  CXeMe
B BHIE «MOCTOB», CBA3LIBAIO-
wux wute JHK. Bee muoro-
o6Gpa3ue HACIEACTBEHHLIX NPH-
3HAKOB ONPEAEIACTCH pa3jiud-
HbIMH KOMOMHAUMSAMH  3THX

«MOCTOB»

Kak moxazanu panpHeiimue uccnenoBanus, ocHoBHoW ¢ynkmuert JHK sBnsercs mepemaua mo
HACJIEJICTBY T€HETHYEeCKOW MH(OPMAITUH, YTO SBIISETCS OCHOBOM *u3HU. [Ipn aToM Monekynsl JJHK urpator
POJIb KOJA, MO «yKa3aHHUIO» KOTOPOTO MPOUCXOAAT BCE CHHTE3bl OEJIKOBBIX MOJEKYJ B KJIETKaX OpraHu3Ma.
D10 ocHOBHOe 3HaueHue AoiHOU cnupanu JJHK Bmepsoie monst B 1954 1. I'. A. 'amoB — TOT cambrit
y4eHBIH, KOTOpbI B 1928 T. nanm mepByr0 TEOpHIO O-pPaJUOAaKTUBHOCTH, a B 1948 TI. mpemiokuil MoIenb
«ropsiaeit BeenmenHo» 1 mpencka3an OTKpeIToe B 1965 T. «pelluKTOBOE U3MydeHne» (CM. TIL. 7).

Breime wmb1 yxxe oOparunum BHuManue Ha To, uro B uenu JHK asoructeie ocHoBanus
MPUCOCAMHAIOTCS K caxapaMm B caMOW pa3lWYHOW IMOCIIEeAOBaTeIbHOCTH. B 3TOM Kakymiemcs Oecropsake
neitnuBeid yM . A. T'amoBa ycmotpen «mmdp», «xom». Xof ero paccyxkiaeHuid Obur TakuM. Kak yxe
TOBOPHJIOCH BBINIE, OCNKH cocToAT W3 kKomOmHammii 20 ammHOokmcior, a B JIHK wepemyrorcs dersipe
A30THCTBIX OCHOBaHUA. Eciu NpennoyioxuTh, 4TO KaKIAOH aMHUHOKHCIOTE COOTBETCTBYET OIpeNesICHHas
KoMOuHauus (T.e. ONpelesIeHHbIH MOPSA0K YepPEeIOBaHMs) a30TUCTBIX OCHOBAHHM, TO Cpa3y e BHUIHO, YTO
KaXI0H aMUHOKHUCIIOTE HE MOXKET COOTBETCTBOBATh COYETAHHE U3 ABYX TAaKUX COEIUHEHUH, MO0 dmcio
COYETaHMH M3 YEThIpEX JJIEMEHTOB IO JBa pPaBHO 16, Mexay TeM, Kak dYHciao aMuHokuciaor 20.
CnenoBaTenbHO, MMUHUMAJIBHOE YHUCIO TAaKUX COYETaHUH MOJKHO OBITH TPH a30TUCTBIX OCHOBAHMS M3
YeThIpeX. JTO JACT YMCJIO BO3MOXKHBIX KOMOMHAUUK 64, YTO 3HAYUTEIBLHO OOJI