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OT ABTOPA

B nameit ["aaktuke Gosplilas 4acThb 3Be3[d —
[IBOIiHBIC. ABTOp HE pelllaeTcs NOCTaBHTh yAapeHHe B CJIOBE
«Oonplasg», Tak Kak TOYHOE KOJIHYECTBO MBOMHBIX 3BE3N
H UX [JoJid B oOlIeM 4uciie 3Be3[ HEH3BecTHHL M3BecTHO
TOJIbKO, YTO MX HE MEHee [eciaTka HpoleHToB. HexoToprie
onenkud mnpudamxkarorcas k 80—909% . Ho s3to He enun-
CTBEHHOE M [ake¢ He IJIaBHOE, YTO NPHUBJIEKAET B ABOMHBIX
3BE3JHBIX CHCTeMax. [ JIaBHBIX NPHYHH [IBE.

IlepBas — uncro mnpaxTtuyeckas. OpuHOYHas 3Be3ja —
Bellb TPyOHONO3HaBaeMas. Jlpyroe neno, eci 3Be3ga BXO-
OUT B ABOIHYIO cucTeMy. JIBONHCTBEHHOCTH MHOIrO€ AejaeT
JOCTYHOHBIM. 3/1€Ch MOXHO, YTO Ha3bIBAeTCs, «mOnmpoOoBaTh
ec Ha 3y6».

Bropas mpuuuHA COCTOMT B TOM, YTO XHU3Hb JBOWHOHI Ha-
MHOTO pa3HoOoOpa3Hee, 4YeM >XW3Hb OJUHOYHOH 3BE3Ipl.
JIBoiinbie 3Be3apl uHTepecHee. [{oOaBiieHne x omHOH 3Be3ne
LPYro#f 3KBHBAaJICHTHO NPUOABJICHHIO €lI€ OJHOIO H3Mepe-
Hus. JXu3Hp BABOEM HACTOJIBKO Xe€ Ooraue oaWHOYECTBA, Ha-
CKOJILKO IUIOCKOCTh Ooraue JIMHHMH, a IMPOCTPaHCTBO Ooraye
ILTOCKOCTH.

JIBoiiHble 3B€3IbI HCCIEAYIOTCA HECKOIbKO croieruil. Ho
TOJIBKO B IOCJIEIHAE NECATWIETHS MBI HayaJll MOHMMATh 3a-
KOHBI, II0 KOTOPHIM OHH XHBYT. OcobeHHO Goibliine CABUTH
mpou3onutk B nocieaude 10— 15 ser Giaromaps pa3BUTHIO
HOBO# OTpac/ii aCTPOHOMHUH — PEHTTE€HOBCKOM acTPOHOMHH.
B Hayke o [BOHMHBIX 3Be3iax HaOJIIOJEHMs M TEOpHs IIO-
CTOSIHHO CONEPHUYAIOT, MOATAIKUBAs APYr OPyra K caMbIM
HEOXHIAHHBIM M CMEJIbIM OTKPBITHSAM.

KpyTo u3MeHMIINCh, HAlllU IPEACTABJICHUS O XH3HH 3BE3]L.
H3menwiace 4 Mopaib. MHoroe craio mosBoyieHo. Paspe
Mor acTpoHOM 50-X roIOB Cepbe3HO I'OBOPHUTH, HANPHUMED,
O TAakOM IPOIECCE, KaK «IpOIJIaThIBAHHE» OMHOH 3Be3Ibl
npyroii? Ceifuac xe 3TO — O(Ha U3 Cephe3HEHIINX mpobiem,
UCClIe[yeMblIX HabIIoqaTeNlbHO M TeopeTHuYeckn. MOoXHO JIH
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ObUTO mpeacTaBuTh, YTO B I anakTuke " eCTh OOBEKTH, KO-
TOpHIE CYIIECTBYIOT TOJIbKO IIOTOMY, YTO €CTh TIpaBHTa-
npoHHbIe BOJHBI? TO, 4TO mecATWIETUSIMHU (PHU3UKH MBITAKOT-
Cs 3aperucTpHpoBaTh, B IPHPOIE HCIOJIB3YETCA CaMbIM
mpo3au4eckuM o6pa3oM.

Ocobenno mpuBJiekaeT B JBOMHBIX 3Be3JaX MHOrooGpa-
3H€ MPOTEKAIOIIUX B HUX (PU3WYECKUX IPOIECCOB, IS IOHH-
MaHKs KOTOPBIX HEOOXOIUMO 3HAHME NMPAKTHYECKH BCEX pa3s-
nesioB  coBpeMenHoit ¢u3uku. Koneuyno, paccka3zate 000
BCEM, YTO HOBOTO H HHTEPECHOTO MPOHU3OILIO B HAYKE
O JIBOMHBIX 3B€3/1aX, COBEPIICHHO HEBO3MOXHO, a U HE HYX-
HO. Kak roBopur HesHnaiika: «Bce 3HaTh HeEJb3s...»

ABTOp cTapajicsi BLIAECINTH MPHHIMIHAILHBIE HIIEH, KO-
TOpbIe ONPEICTTUIN HANPABJICHUE HUCCienoBanuid. TaMm, rae ne
XBaTaJlo CJIOB, aBTOp Opayl B pyKHM MEpO W TYIIb.

HccenoBanus mpoaosnkaloTcs. YKe ceifyac BHAHBI CO-
BEPILIEHHO HOBHIE I'OpU3OHTH. HeCOMHEHHO, NMPEACTOUT elle
MHOI'0 OTKPBLITHHf W HHTEPECHBIX COOLITHii, CBHAETEIIMHU (a
BO3MOXHO, H YYaCTHHKaMH) KOTOPBIX CTAaHYT YHTATEJId 3TOM
KHUTH YXe€ B Oamxkaiiue rojsl.

S mocBsAwaro 3Ty KHATY MaMATH MOEi MaTepH — IepBoi
Moeii (M1 MHOTHX APYTHX) yuureabuune, Jlunynosoit Bepe Cre-
IIAHOBHE.

Xouetcst BbIpa3uTh Ii1ybokyro 6iarogapuocts H. A. Jlu-
IIyHOBOH, OKa3aBIlel OOJpIllyl0 IOMOIIb HPH OOCYXIEHHH
TeKCTa U IOATOTOBKE DPYKONMCH K II€YaTH. ABTOp Takxe
6naromapes T. A. Bupyne 3a moMolls IpH IO OTOBKE
PHCYHKOB. "



T'JIABA 1

YTO TAKOE JABOVIHAA CUCTEMA?

Yrto Takoe aBoitHaa cucrema? Kaxkercs, oueHp
JIEFKO OTBETHTh HA 3TOT BONPOC, HANMpUMEDP TakK: IBOHHAA
3BE3[IHAsT CHCTEMa — 3TO CHUCTEMA, COCTOosIas U3 IOBYX Ipa-
BUTAIMOHHO CBS3aHHBIX 3Be3ld. Ho 3TO oweHb IWIOXO€ ompe-
nenenne. Benn moOrie Be 3Be3/1b! (1a ¥ BooOIIe JrOObIE 1BE
Maccel) CBs3aHbpl cwiaMu TsaroTeHus. COIJIACHO TakoMy
ONPEAEJICHHUIO TIOJIyYaeTCcs, YTO BCE 3BE3AbI NONAPHO ABOMHLIE.

Takoe ompezeneHue 0ka3ajloCh COBEPIICHHO OeCIONe3HBIM.
YT10o0Bl MOHATH, YTO MOJPA3YMEBAETCs MO ABOWHOM cHCTe-
MOIif, HY)XHO CHAYaJla YIPOCTHTH CHTYAIHIO.

INpencraBum cebe, uro u3 BceneHHo#t wucuessno Bce
H OCTAJIKCh JIMIIIb JBe 3Be3/bl. B kauecTBe Takoit Beenennoit
MOXHO B3ATh YHCTBIA JIMCT OyMarm M HapuUCOBaTh HA HEM
nBe ToukH, 1 u 2. Ilycts 3To OyayT 3Be3mbl ¢ MaccamMu M, u
M, (puc. 1). Haiinem nentp Macc 3Be3g — Touky O. UToOb
caenaTh 3TO HeopMalbHO, HYXKHO Ha BpeMs BEPHYTHCSH
B HOpMalbHylo Bcenennyto, Ha 3emmio. CoenMHMM [BE
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Maccel M U M, HEBECOMBIM CTEPKHEM M HailIeM Ty TOYKY
Ha HEM, NPUBSA3aB K KOTOPOH HUTOUYKY, MbI CMOXEM YIEPXKH-
BaTh NOABCEIUEHHBIA CTEPXEHb B TOPH3OHTAJILHOM IIOJIOXKE-

HUH. OTO U OyIeT HeHTp Macc

Myry=Myry CHCTeMBI JBYX 3Be3n. O603Ha-
r "y yuM ero Oyksoit O.
®-—=—— ¢ e - Hraxk HAac TOJILKO [BE
”' 0 M2 td y I[B

3Be3IbI, © MBI «CHOAAM» B HX
Puc. 1. Paccrosmms ot mentpa LEHTpe Macc. MoXHO JaBaTh
Macc [0 3Be3)l o6paTHO nmponop-  omnpenesieHHe. byneM CYMTaTh,
IWMOHANLHK UX MaccaM. O — UeHTP  yro 5Ty gBe 3Be3bl 06PA3YIOT
MacCc OBOMHOH CHCTEMBI v

ABOMHYIO CHCTEMY, €CIH MX
JBIDKEHHE IPOUCXOAHUT B HEKOTOPOH ozpanuuentoli 06IacTH.
OTO 4YHCTO KHHEMATHYECKOE ONpeejieHHE OSKBHBAJICHTHO
JpyromMy, SHEPIre€THYECKOMY OIpeNeJICHHIO: IBOWHOH HAa3bI-
Ba€TCd CHCTEMA, NOJIHAas JHEPTHMA KOTOpOH OTpHUATEJbHA.
HploToHOBCKass MEXaHHMKa M TEOPUs TSATOTEHHS YCTPOEHBI
TaK, 4TO TpeOOBaHMA OrPaHMYEHHOCTH IBHXXEHWS M OTpPHIA-
TEJIBHOCTU 3HEPTMM B3aHMMO3aMEHSIEMEL.

Yrtobbl poka3aTh 3TO, BOBCE HE HYXHO 3HAThb KOH-
KPETHBIl 3aKOH, IO KOTOPOMY NPUTSArUBaloTCs Tena. Baxwo
TOJILKO, YTOObI CHJIa NPHUTSAKEHHS JOCTATOYHO GHICTPO YORI-
BaJla C YBEJIHYEHHEM pAcCTONHHUSA Mexay TenaMu. J[okaxem
oT npotuBHOro. ITycTh nojiHasA 3Heprus 3Be3 [, COCTOAIAS M3
KMHETHYECKOH M NMOTeHUMaIbHON, oTpunarenbHa. [Ipenmono-
UM, YTO 3Be3[bl YHAIWINCh IPYT OT Apyra Ha GeckoHeuHoe
paccrosiaue. IIpum 3ToM moONHAasA BSHEPTMS COXPAHWIIACH,
a SHeprus I'paBATAUMOHHOTO B3aMMOIEHCTBHUS (IOTEHIHMAIIb-
Has JHeprus) ucuessna. Temepb moOJNHAs 3HEPTUS COCTOMT
TOJBKO M3 KHHETHYECKOW OJHEPIruM 3Be3Jl, KOTopas, IIo
KpaiiHeil Mepe, He oTpunaTtesbHa. MBI npuiuM x _IpOTHBO-
peunto. CrenoBaTesIbHO, Tejla HE MOTYT pa3OWTHCh Ha
6eckOHEYHOE pacCTOsHME, €CJIM UX MOJIHAs JHEPTHsl OTpH-
LaTeNbHa.

Ho 310 juiup obiee onpenesieHHe U K TOMY k€ O KOH-
112 IOKa He MOHATHOe. Bo-nmepBBIX, BOKpYr HAc MOJIHO 3Be3J.
He oxaxercs Ju Hallle ONpeJeeHne CINIIKOM JajleKuM OT
KM3HH? A BO-BTOpBIX, HHTEPECHO 3HaTh, KAK MMEHHO [BH-
KyTCs 3B€3bl B JIBOMHOM CHCTEME.

IlepBoe Bo3paxenue He crpamno. Hama Bcenennas, 6o-
Jlee Toro, Hama [anakTuka, JOCTaTOYHO MPOCTOPHEL. B Helt
BCET1a MOXXHO HAaWTH «IIYCTHIHHBIN YTOJIOK», Iie ABE 3BE3bI
OyIyT HOCTaTO4HO YIAJIEHBI OT BCETO OCTAJILHOIO COIEPKH-
Moro I'atakTuku. A BOT 0 TOM, HO KakuM 3aKOHaM IBHXKYT-
cA 5TU 3BE3IIbl, MBI M pacckaXeM B 3TOil Ijase.
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3akons1 Kemnepa

WsBecTHpiii HeMenkuit actpouoM HMorann Ke-
Iiep nocjie okoH4aHUS TIOOMHIeHCKOW akaJeMHUH paclpeje-
Jics npogeccopoM MaTeMaTHKH M «HPABCTBEHHOM (HIIOCO-
¢un» B ogHy u3 rumHasmid. Tak B 1593 r., T. e. 3a 17 jer mo
n300peTeHUs TeJlecKona, Hayajgachb €ro Hay4yHas Kapbepa.
BriociieacTBHM 3TOT 4eIOBEK NPOSIBII Ce0s HE TONBKO BeEJIH-
KKM TEOPETHKOM, HO M HE MeHee BBIJAIOIMMCS IKCIIEpUMEH-
TtatopoM. 3a 6 ser mo Toro, xkak I'ammneo anuneit nampa-
Bua cBod Teseckon Ha He6o, Kemnep Hamucan KHHTY
O NMPWIOXEHUHN ONTUKHU K acTpoHoMuH (!). Hanbomee pacrpo-
CTpaHEHHbIE CeHYac CHCTEMBI IIIKOJIBHBIX TEJIECKOINOB, B KO-
TOPBIX U OOBEKTHB, M OKYJIAP — YBEIHUUTEIbHbIE JINH3BI, H30-
6perenn Kemepom B 1611 1. ]

Ho cambie mopasuTensHbie OTKphiTHS Kermiep cnenad,
YTO Ha3bIBAETCH, «Ha KOHYUKe mepay». Kemiep He ObUT Teope-
THKOM B COBPEMEHHOM CMbIcie ciioBa. Ha coBpeMeHHOM
a3pIke OJTMKe K HEMY HMOAXOOUT OmNpelesieHHe «MHTepHpera-
Top». '0BOpAT, YTO UHTEPIPETATOP — ITO YEIOBEK, KOTOPHIi
He Habnro1aeT, HO U He CTPOMT TEOPHH — OH IMPHUBOJUT B TIO-
paok (akThl, HiLleT 3akoHOMepHOCTH. [IpaBaa, 3TO HE OYeHB
Toydo. Kennep cBATO Bepwil B BEIHKYIO T'apMOHHUIO IIPH-
ponsl. Horma sta Bepa 3aBoAmiia ero CIHIIKOM [JAJIEKO, HO
B TO € BpeMs OH Bcerja ONHpajICs Ha YeTKHE IKCIEpUMEH-
TaJIbHBIE JaHHBIE. A B 3TOM CMBICJIE €My OCOOEHHO IOBE3JIO.

B 1601 r. Kemnep okasajics «HacJieIHHKOM» O€CIIEHHOTO
cocTrosiHus. B ero pyku noman apxuB HabroneHuil (IHEBHUK
HabJ1ro 1ennii) Bestmkoro acrponoma Tuxo bpare. [leBaTh jier
norpatwn Kermwiep Ha ananu3 HaOmionmenuii minaxers! Mapc.
B Te BpeMena yueHble HE MUCAJIX HaydHbIx crateil. He ObuIO
U NEpUOIUYECKH H31aBaEMBIX Hay4YHBIX XypHa1oB. IlosTomy
CBOM MCCJIEOBaHUs yueHble u3Jjarainu B kumrax. Kemiep To-
e Hamucall KHUT'Y, Ha3BaHHEe KOTOPOH CTOHT NMPUBECTH IIEJHU-
koM: «HoBas acTpoHOMHUSs, NMPUYMHHO OOYCIIOBJICHHAS, WIH
¢usuka HeOa, U3JIOXKEHHAs B MCCIEIOBAHHMAX O ABWKCHHH
3Be3apl Mapc, no nHabiromenusM OyaropoiHeiiiiero Myxa
Tuxo Bparey.

3nece BmepBole Kemnep monoxwmn, uro Mapc mBuxercs
o 3Juiuncy, B ogHoM u3 ¢okycoB kotoporo Haxomurcs Co-
nHie. HanoMHuM, 4TO 3JUTHIC — 3TO IUIOCKas KpHBas, Ipen-
craBjsromas coboif reoMeTpUYIEeCKOoe MECTO TOYeK, CyMMa
paccTosiHui KOTOpPBIX OT ABYX APYIHX ero (pUKCHpoBaHHBIX
TOYEK ITOCTOSHHA. (DJUIHIIC JIETKO HapucoBaTh. Bo3pMmure 1Be
MIOJIKM W HAKOJIUTe uX Ha JucT Oymaru. Mecra mpokoJioB —
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310 (okychl. IlpuBsi3aB X MroJIKaM HUTKY, HaATSHHUTE €€
kapanjaiioM. IliaBHo nepeasvras xapaHziall, MOJIY4UTe 3J1-
aunc. Beap [UIMHA HUTKH NOCTOsIHHA.)

Kax napucoeamb snnunc

OnnospeMenno Kemep nogmerwi, yro msmxenne Mapca
HepaBHOMepHOe — npu npubimkenun k CoJlHIy OH yCKO-
psercs, a npu ynajienuu — 3ameyiserca. Ho Kemnep Besne
uckaJl xpacoty. Oka3anoce, YTo IUIOIA |, ONUCHIBAEMEIE pa-

JAYCOM-BEKTOPOM  IUIAHETHI  3a
t, OOMHAKOBOE BpEMs, OJUHAKOBBI

+ (puc. 2).

5 Yepes 10 ner Kemnep nammcan
ellle ogHy KHUTY — «["apMonus Mu-
pa», B KOTOPOH COOOIIMWI, YTO TOY-

t 3 HO TaK e, kKak ¥ Mapc, ABHXYTcs
2 U JApyrue IulaHeThl. 10 ecTh Bce

Puc. 2. 3a pasaple mpoMe- IIJIAHETHI OBHXKYTCS IO 3JUJIMIICAM,
gc_yz‘m fl;eMeHﬂ (té - It& > BonHOM m3 ($hOKyCOB KOTOPBIX Haxo-
ISR gl e pa1£ murcs Connne (nepseii 3akon Ken-
HOBeJWMKHe wiomamy (3axon  JIEPA), © BCET/Ia 32 OMHAKOBbIE IPO-
Kenepa) MEXYTKH BPEMEHH PaaHyc-BeKTOP
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[UTAHETHl OMHCHIBAET PABHOBEJIMKHE IUIOIAMH (BTOPOIi
3akon Kemnnepa). Yurarenb MOXET CIOPOCHTH: IPUYEM
TYyT KpacoTa, rapmonus? Hy, amnunc, Hy, oBan — kakas
pasHuna. A Bel Hapucyiite smmunc. OH ropasmo KpacuBee
osaja. Bel ckaxere, YTO Ha BKYC M LBET TOBApHINEH HET.
U Bce xe IMNC — yHHKaIbHas Qurypa. [TotoMmy 4ro 3ii-
JIMIIC — 3TO TE€Hb KPyra, caMoil CHMMETPUYHOM IUIOCKOH ¢u-
rypel. IIpoeknus kpyra — 3To He oBaj, a yaumnc. Moxer
OBITb, HO3TOMY JUIHIIC KaXETCS KpacHBee.

Ho ectes B 3akonax Kemiepa m gpyras xpacora, UMero-
nias rayboxuii usuveckuit cMeic. Benws ymuBuTenbHO, mo-
YeMy CTOJIb yJAaJIeHHbIE OPYr OT Ipyra H, Ka3ajiock Owl, co-
BEPILIEHHO HE3aBHCHMBIE ILUIAHETHI «3HAIOT», YTO HM HYXHO
IBUraThes no wuiuncaM. Koraa Mel pucyeM 3JUTHIIC HA JIUCT-
ke bymarwy, Bce sicHo. EcTh HMTOUKA, KOTOpast AEPXKHUT KapaH-
manl. MeHsas IIMHY HUTKH, MOXHO HapuCOBaTh MHOro ¢u-
ryp, HO Bce OHM OymyT auncamu. 3uauut, Bo Bcesenuoi
Toxe ecTb cBou «uutm». Morann Kemnep B 3ToM u BHuen
rapMoHuIo # kpacoTy. OH cuMTal, YTO MHpP MPOHU3aH HEBHU-
IUMBIMH HHUTSMH. B 3TOM ero ybemwia TpeTbsi yIOMBUTENIb-
Has 3aKOHOMEPHOCTh B IBIDKEHNY IwiaHeT. KBagpaTel nepuo-
0B oOpallieHus IUIaHeT OTHOCATCA Kak KyOnl MX Oonplnux
nonyoceil (Tperuit 3akon Kemepa). Bonswioii nonyocsto Ha-
3bIBAE€TCS IOJOBHHA PACCTOSIHUS MEXIy AByMsS Haubolee
yIaJleHHbIMH IPYT OT IPYra TOYKaMH 3JUIMICA.

Ho uto 310 3a HeBunuMmbie HuTU? Bojlee Wi Menee 310
CTaJI0 MOHATHO JIMIIL B Havaje Halllero Beka mociie pabor
Anpbepra DitHuTelina no oObIel TEOPHH OTHOCHUTEIBLHOCTH.
Ho eme B XVII Beke Ucaak Hel0oTOH 3HAYMTENBHO NPOSCHIWI
Iiesio, 3aMeHuB TpH 3akoHa Kemnepa ogHuM 3akoHOM — 3a-
KOHOM 6CeMUPHO20 MAZOMEHUA.

JiBHkenHe B IPaBHTAHOHHOH BOpOHKE

Ananumsupys 3axkonsl Kemwiepa, HeioToH mpu-
mejl K BBIBOAY, YTO CWIA HATSHKEHHS HEBUIUMBIX HUTEH,
CBSI3BIBAIOLIUX YIOaJICHHbIE TeJIa, 00paTHO MPONOPIMOHAIBHA
KBaapaTy DAcCTOSHUS MEXIY HHMH. OTH HUTH OH Ha3Bal
BCEMHPHBIM TATOTEHHEM. 3aKOH BCEMHPHOT O TATOTEHHUS MPH-
MEHUM K JIIOOBIM TellaM He3aBHCHMO OT I[BeTa, BKyca, 3ama-
Xa ¥ BoOOIlle XHMUYECKOTO COCTaBa. Y HUBEPCAIBHOCTD TSACO-
TeHHs1 OOBSACHAET, NO4YeMYy BCE IUIAHETHI MABHXYTCS IIO
OIWHAKOBBIM OpOHTaM.

Kemtepy u HpioToHy — BOOOILIE 4elIOBEYECTBY — CHIIBHO
noBe3Jio. Macca CoinHiia B COTHH pa3 INpeBHILIAET Maccy BCeEX
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IUTAaHET BMECTE B3ATHIX. DTO O3HAYAET, YTO OOpaTHOE BIIHs-
uue wianeT Ha CoJIHIE HEBEeJIMKO U UM MOXHO npeHeOpeus.
ITosToMy nBuxeHue mwiaHeT BOKpYr CoJHIA BHITJISOUT JOCTa-
To4HO npocTto. OgHAKO HA pa3raAblBaHHe JIULMKIIOB M IH-
(hepeHTOB 4eJIOBEYECTBY IOHAXOOWIOCH GoJjiee THICIYH JIET.
KTo-TO mouryTwi, 4¥To eciid Obl 4esI0BEYecTBO BO3HMKIO HA
IUIaHETe B ABONHON 3BE3JHOM CHCTeMe, I'lie ABHXXEHHE IUIa-
HET BooO1lle He moagaercs GOPMyYIbHOMY ONMCAHHIO, TO OHO
6bI HMKOIJa HE OTKDPBUIO 3aKOHAa BCEMHPHOIO TSIOTEHHS;
CJIeJOBaTEILHO, B TaKMX 3BE3IHBIX CHCTEMAax pPasBHTBIX IfH-
BIWIM3AIMIA He HOJIKHO OBITh.

CosceM npyroe neno — Hama CosHeynas cucrema. [[Bu-
JKEHUE TUIaHET NPOMCXOOUT B OCHOBHOM Mo deiicrBueMm Co-
nHoa. B3amMuoe NpHUTsDkeHuwe IUTaHET O4YeHb Maiio. Takoe
IBIDKEHHE YHOOOHO paccMaTpuBaTh HE Ha S3BIKE CHII
(IIKOJIBHBIX 3HAHMH HEJOCTaTOYHO, YTOOBI PEIIMTHL ypaBHe-
HHMS [BWKEHHS), a HA 3HepreTuyeckoM sbike. CorjacHo 3a-
kony HeloTona Tena co3maroT BOKpYr ceOsi mojie TAroTeHus,
WIH I'PaBUTAIMOHHOE II0JIe. DTO NOJIE XapaKTepu3yeT MOTEH-
mman U, ¢usmyeckuit cMBICA

/ KOTOpOro CleOyroluMif.
Y IMycTb HMeeTCs TeJIo MacChl
M (puc. 3). YtoObl M3MepHTH
€ro moJie TArOTEHHs, HEOOXO-
\\” . - IMMBI TaK Ha3bIBaeMble npoo-
Hble uacmuyvl — TeJa, Macca -
KOTOPBIX HACTOJILKO MaJa,
YTO HX BJHsAHHE HA Teino M
HeBenuko. OObIYHO NpUHMMA-
FOT MacCy npoOHBIX Tel pae-
HOU €IOWHHUIIE B TOH CHCTEMe
€MHHIl, B KOTOPOM BEI XOTHTE
Puc. 3. Pabota, KOTOpy:0 HyXHO paborars. MTak, BO3bMeM
COBEPIINTE nr;u nepeMelleHHH NPOGHYIO HaCTHIly M IepeMe-
npobHoli wactmust M B rpasu- CTHM ee M3 ToykH I Ha Oecko-
TallMOHHOM IIOJie, paBHa pa3HOC- HEYHOCTBD. led 3TOM HaM
i MOTEHIKATOR H‘é ;H;ﬁU : MEXIy  HyKHO NPHIOXHTh CHIY K,
R T o q)opN:I’ ':;Tﬁ npeojojieBas TATOTEHHE, CO-
nepeMereH s BepLINTL paboty. Pabota, BhI-
HoJIHAEMasi TakuM obpa3oM u
B3siTass C OOpPaTHBIM 3HAKOM, HA3LIBAETCA NOMEHYUAIOM
rpaBUTalMOHHOIO0 noias Tena M. HaoGopot, ecim u3 Gec-
KOHEYHOCTH MajaeT YacTuma, 1o paboTa, mpou3BedeHHAs
TPaBUTAIMOHHBIM IOJIEM, H €CTh IOTEHIHal ¢ OOpaTHBIM
3HakoMm, — U.
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Cwia rpaBUTAlUH 3aBHCUT TOJIBKO OT PAacCTOSIHHS M Ha-
nmpaBJieHa BeerAa mo paauycy k teny M. 3HavyuT, H NOTEH-
oMaj 3aBUCUT TOJBKO OT paccTosiHus 10 Tena M. Pabora,
KOTOPYIO HYXHO COBEPLINTH, YTOOBI HEPEHECTU MNPOOHYIO
Maccy U3 TO4Ykd 2 B TOYKY I, paBHAa Pa3HOCTU NOTEHIUAIOB
U,—-U,. Ilpu cBO6OOJHOM ABMXECHUM NMPOOGHBIX YaCTHI[ CO-
XpaHIeTCA WX MOJIHAS JHEPTrHs, T. €. CyMMa KHHETHYECKOMH
(K) u notennuanbuoit sueprun (U): K + U = const. IoTen-
MaJl TOYEYHOr'o Tejla Macckl M mMeeT BHUI

GM
U= — s (1)
R
rae G — mOoCTOsIHHAS TATOTEHHUSA, r — PAcCTOSHUE OT Tesa
Maccel M. 3HaueHHe TOCTOSHHON TATOTEHHs ymoOHee BCEro
3anoMHHTH Tak: 1/G =1,5-10'° kr-c2/m3.

Ha puc. 4 xavyectBeHHO moka3aH mnoTeHmuas CoJHIA,
uMeromuii Bun runepooiel. Bpamas runep6osy Bokpyr ocu
U, nonyunM rpaBUTALMOHHYIO
BopoHKy. Ilose3noe cBOHCTBO
NOTEHIMAJIa COCTOHT B TOM,
YTO TeJIO, «IOMELICHHOE» B He-
KOTOpO# Touke r, OynmeT «cka-
THIBATHCA» B 00JIACTB, I'Ae HO-
TEeHI{UaJl MeHbILE.

ITnanerst CosHe4HOH cu-
CTEMBI — Te XK€ NpPOOHBIE 4a-
cruiiel. Temepp MBI MOXeEM
ckazath, u4ro miIa Kemiepa
u HploToHa IIaHETHI OKa3a-

JINCh UMEHHO TeMH MPOOHBI- Puc. 4. I'paBUTanMOHHas BO-
MH YaCTHIAMH, C IOMOIIBIO poHka BOKP}g ((30HHH8~ B )KO-
OpIMHATaxX noTeHIMan) u
KOT?pBIX OHH HCCJICOOBAJIN r (PaccTosHWE) OPGWTH ITa-
CBOMCTBA  I'PABUTAIMOHHOI' O HET H306paXeHBl OBaTaMH

oyt Cosana. (Msl ke mpocto
XHBEM HA OJJHOM M3 TAaKUX MPOOHBIX YACTHUIl O] Ha3BaHHEM
3emuis.)

Kak e IpOHCXOOMT IBUXCHHE B I'PABUTAIMOHHOM BO-
ponke? B koopmunartax U (r) mBrxeHHe IUTaHET H300paxaet-
ca kpyramu (eciu opGHMTBHI KPYroBbI€) WIM OBalaMH (HE 3JI-
muncamu !). Bo3HukaeT BOmpoc: noueMy IUIAHEThl HE «CKAThbI-
BalOTcs» Ha OHO BopoHkH! KoHewHO, Bce €O B TOM, 4TO
oHH 00afaroT BpaUIaTelIbHBIM MOMEHTOM (YIJIOBBIM MO-
MEHTOM, OBYCJIOBJIEHHBIM OpPOUTAJIbHBIM [IBHXEHHEM). [lBu-
EHUE IUIAHET NMPOUCXOAUT Oe3 TPeHHs, MO3TOMY MX Bpallla-
TeNbHBII MOMEHT HCYe3HyTb He MoxeT. Ho 2310 He
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€IMHCTBEHHO BO3MOJKHBIA THUI JBUXEHHSA B IPAaBUTAIUOHHOMH
BOpoHKE. MBI yXe TOBOPWIM O TOM, YTO €CIIH OCTOPOXHO
MOJIOXKUTh HPOOHYIO YaCTHMIy Ha CKJIOH BOPOHKH (a y Hee
Be3ie CKIOH), TO OHAa CKaTWUTCA K neHTpy (ymazmer Ha Cousn-
ne). Haobopot, eciid CWIBHO WIETKHYTh YacCTHYKY, TO OHA
MOXeT BooOIIe yiereTh OeckoHeuHO nayiexo. B aToM ciyuae
TOBOPST, YTO NMpo6Has YacTHIa IOJIyYna CKOpOCTh Ooublie
BTOpOIi kocMHYeckoil. Mbl HabmonaeM IBHXEHHE TOJBKO IO
UIHIICY IOTOMY, YTO BCE, YTO JOJIKHO ObLTO yiereTsh u3 Co-
JIHEYHOH CHCTEMBI, NaBHO YJIETEIO, a TO, YTO JOJIKHO ObLIO
ynacTb, JaBHO ymajo.

ITonpoO6HbIil aHAN3 TOKa3bIBAET, YTO BCE THUIBI TPAaeKTO-
puii IBUXEHHS B TPaBUTAIMOHHOM BOPOHKE MOXHO MOJIYy-
YUTh C MOMOIIBIO KOHyca M IUtockocTH. Ilepecekas komyc
IJTOCKOCTBIO, TIOJTyYUM TpPHU THIIa KpUBBIX (pHc. 5): 1) okpyx-
HOCTh WM umnc; 2) napaboisy; 3) rumepbosty. Kpusbix

OwpiprHoCmb annune lTapacora

TIunepdona

Puc. 5. Pa3Hble THOB KOHHYECKMX CEYeHMI

YeThIpe, a TUNOB TpH*). 310 He ciyyaitHo. OKPYXHOCTH
M 3JUJIMIC COOTBETCTBYIOT 3aMKHYTOMY OBHXEHHUIO, ISl KO-

*) JiBHXeHHE BO3MOXHO M TO NPAMON JIMHHH. DTOT BBIPOXIEHHBIH
cily4ait peanusyercs, eclii IpoOHAS YacTHIA HE UMeET BPAIIaTEILHOTO MO-
MenTa. IToyHas 3HEpPrus Npu 3TOM MOXET HMeTh Jro6oif 3HaK.
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TOPOro CyMMa KMHETHYECKOH U NMOTEHUUAJILHOH 3HEpruii or-
puratenpha. Ilapabona coOTBETCTBYET TOYHOMY pPaBEHCTBY
aToll cymMmel Hymro: K+ U =0. Hakonen, runepbosia co-
OTBETCTBYET IIOJIHOH IOJIOXHTENIBHOW 3Hepruu. Hampumep,
eciu 661 B COJTHEUHYIO CHCTEMY MPHIIETEN MeX3BE3AHBIH KO-
pabJib, To OH aBHTascs Obl o rumep6oJie, IoKa ero oouTaTe-
JIM HE BKJIIOYWIN OBl [BHTaTeNH, 4YTOOBI BBINOJHHWIOCH
HepaBeHCTBO K + U < 0. D10 HeoOxomwmoe yciaoBHE KOH-
TakTa.

Ho BepHeMcs k mianeraMm. BaxxHoii xapakTepucTHKOM op-
OMTBI IUIAHETHI — 3JUTHIICA — SIBJISAETC €r0 OIKCIEHTPHCHTET,
KOTOPBIA MOKa3bIBAET, HACKOIABKO CXAT JUIMIC (CM. pHuC. 6).

UYeM CHJIBHEE CXAT 3JUIMIIC, TEM

GoJibllle €ro 3KCHEHTPHCHTET H e=VI-02/a2
TeM OJIHXKE €ro 3HAYeHHE K eOu-

Hune. HaobGopot, y oxpyxHocTH b4
(HecKaTBIi 3JUIHIIC) SKCHEHTPHUCH- F
TET paBeH Hymo. Y opbuts 3eMiun F
skcuenTpucuret e = 0,017, nostomy a
OHAa OKa3bIBaeTCsA TO OJmke (3H-

MOH), TO jambme (nerom) oOT Puc. 6. K onpenenenuio
Connna.  IlpaBna, 5Ta  pasHU-  scpenrpucnrera smmanca
A pacCcTOsHWH O4YeHb HEBEJIHKA )

H HE BIHAET CYIIECTBEHHO Ha CMEHY BpEMEH Troja.

IlepBriit 3akoH Kemnepa sBiisiercd clenacTBHEM KOHKDET-
HOTO BHJA 3aKOHA TsAroTeHusA. Ecim Obl ciyla TATOTEHHS H3-
MEHIach He [0 3aKOHY OOpaTHBIX KBAgpaToB, TO OPOHTHI
MPOOHBIX YacTHIl OBLTH OB HE 3UTUIICAMH, U OoJiee TOro, OHM
He ObulH OBl 3aMKkHyTHIMH. OQHAXIBI BLIOpOLIEHHAs U3 Ka-
KOH-THO0 TOYKHM YacTHIAa HHKOrjaa Onl He MOBTOpPHWIA CBOErO
nyTH aBaxabl. [IepHoIMYHOCTE OBMXEHHSA — 3TO YHHKAJIBHOE
CBOHCTBO CWJ, 00paTHO MPONOPUMOHAILHBIX KBaIpaTy pac-
crosiHuA *).

Bropoii 3akon Kemiepa sBisercs ClIeICTBHEM 3aKOHA CO-
XpaHeHHs BpAIlaTeIbHOIO MOMEHTAa MPOOGHOH YacTHIIbE B IO-
Jie CHWIBI TSXKECTH TOYeHYHOM Macchl. JlelicTBHTENBHO, cwia
TATOTEHUs BCEria HampaBjleHAa IO JIMHWY, COEMHSIOIIEH
npoOHYIO YaCTHIly M LEHTpaibHOE Tesio. BpalatensHeii Mo-
MEHT OIIPeJeNIIETCA KOMIIOHEHTON IBHXXCHHA, INEPIICHIUKY-
JIIPHOM PpaIMyCy-BEKTOPY, H HE MOXET HM3MEHHTBbCA H3-3a
CIWIBI TATOTEHHS. DTO CBOHCTBO OTHOCHTCS HE TOJIBKO

*) TakuM CBOHCTBOM 06JIafiaeT elle ABIKEHHE Tell B MOJIE CHI, IIPSIMO
NPONOPIMORAILHBIX PAcCTOAHHIO (BpallleHHe IPY3HKa HA PE3HHKE).
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K TATOTEHHIO, HO H K JEOOOMY IEHTPabHO-CHMMETPUYHOMY
TOJIIO CHJL

Tpernit 3akon Kensepa MoxHO 3anmucaTte B BUIE CIeaylO-
meit dopmynsl, o6o3HaumB 4epe3 P mepuon obpaleHus
miaHeTsl BOkpyr Connna:

3mecs My =2-103° kr — macca Connna, a — Gonbluas mo-
Ayoch muimnca. Jisi KPYroBbIX OPOMT ITOT 3aKOH MOXET
BbIBECTH JIF00O# IIKOJIbHMK. HYXHO TOJBKO MOMHHTb, YTO
wis kpyra Goibllas HOJNYOCh — 3TO NPOCTO €ro pPajuyc.

YuTaTenb MOXET CIHPOCHTH, OYEMY MBI Tak NMOAPOOHO
rOBOPMM O IBHXKCHHH IUIAHET, XOTsl OOELIalM paccka3aTh
O IBOWHBIX 3BE3/IHBIX CUCTEMax. B IBOMHBIX cuCTeMax Macchl
3B€3]1 MOTYT GLITH CPaBHEMBL, U TOTZ@ BCE 3TO MOXET OKa-
3aThCs HenmpuMeHMMbIM. Ho yIuBWTenbHAas Bellb — MOYTH
BCE, O 4eM MBI TOBOPWIH BBIIIE, OCTA€TCS CIPABELIHBBIM
VI OBOHHBIX 3BE3.

Boxpyr uenrpa macc

KoMmoHeHTbl [JBOWHON CHCTEMBI HPOOHBIMH

TeJaMH He Ha30Bellb. JIBHkeHHE ONHON M3 HHMX OIPENEIscT-
cf TIOJIOXKEHHEM Apyroii, 1 Haobopor. Ob6e oHM BpallaroTCs
BOKpPYI' Apyr apyra. Ho Msl 3Ha-

M2 €M, 4YTO HEHTP MacC 3aMKHYTOH

CHCTEMBI JOJDKEH MOKOMTHCS WM

paBHOMEPHO ABUTaThCA. Bimisuue

Ipyrux 3Be3nq HeBesimko. OO6e

3BE3bI IBUXKYTCA TOYHO TaK XKe,

Kak mwiaHeTsl COJIHEYHOH CHCTe-

MBI, T. €. [10 JJUIAICAM, B OJXHOM

o w3 (OKYCOB KOTOPBHIX Ppacmoio-

! JKEH LIEHTP Macc JABOIHON cHCTe-

Puc. 7. A6comoTasie op6utsl MBI (CM. pHC. 7). DTH 3JUIMIICHI HA-

3Be3] B ABOHHOH cHCTeMe 3pIBalOT abCOIOTHBIMEH OpOHTa-

mu 3Be3d. CToib BBICOKOE Ha-

3BaHWE IPOCTO IIOJYEPKUBAET,

YTO 3TH OpPOUTH HOCTPOEHBI B CHCTEME LIEHTpa Macc IBOii-
HOH.

OIUINNTHYHOCTh OPOWUT IBOWHBIX 3BE3] JOKAa3bIBACTCS
npsAMBIMH HabGrofeHMIME ONMukallliMX OBOMHBIX 3Be3X (CM.
puc. 8). IIpaBaa, actpoHOMaM yqoOHee B 3TOM cJlydae H3Me-
PATH He a0CONIOTHYIO, 3 OTHOCUTEJIBHYIO OpOHUTY.
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OOBIYHO MOCTYMAIOT CJIEAYIOLMM 06pa3oM. Bribuparor
O[Hy M3 3B€3[, CYHTas €€ HEMOIBHXHOM, U OTHOCHUTEILHO
Hee U3MEPSIOT MOJIOXKEHHE BTOPOIf 3Be3abl. Bugumas opbura
€CTh NMPOEKLUs UCTUHHOM OTHOCHTENbHOM OpOMTH Ha Hebec-
Hyto cpepy. Ona Toxe aummnc. (Hemunoro moaymas, uuta-
TEJIb NOWMET, YTO €CJIU MPOEKUHUs OKPYXHOCTH — JJLIMIIC, TO

900
- ¥ 180°

1830%7910° S U
789

X Anoacmp

18408,°\7920

¢ 1850% 1930
270°

012345678 9m" /9401 Teouacmp

q
‘1870

Puc. 8. Bunumas opbura OQHOH H3 3Be3N B OBOHHOIH CHCTEME 3Be31bl

o LlenraBpa. Dto Gmkaiiiuas K KaM U3 JBONHBIX, I03TOMY Popma opGUTHI

3Be3/bl BLIDHCOBBLIBAETCA IO NPSAMBIM HabGmroneHusM. Slpxas 3pe3ia Ha-

xomurcs B To4Yke O, MOJOXKEHHA CIYTHHKAa SAPKOH 3Be3qbl IMOKa3aHbI

Toukamu. (HaGmronenus mnposomuiauck ¢ 1830 mo 1940 rr. IMxana
MOKa3bIBACT MAcIUTab B yrJIOBBIX CEKYHAAX.)

00

U OpOeKIMs dJutHnca Toxe uunc,) Oguako GoKycel BHIU-
MOTO ¥ HAcCTOSIIIEro JLIHICOB He coBmajaioT. [TosTomy He-
HOJBMKHAS 3B€3/a HA PUC. 8§ HAXOOMUTCSA HE HA OCH BHIMMOMH
OpOUTBL

Ilpu ABYOXEHHMHU 3Be3[bl MO IJLIMICY OCTAETCA CIpPaBel-
JIMBBIM U BTOpO# 3akoH Keruiepa. A BOT TpeTHii 3aKOH cller-
Ka H3MeHseTcs. JTo sicHOo. B ¢dopmyiy, cBs3bIBaroLlyro
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HEPUOL M pa3Mep OpOHUTBI, MAcChl 3Be3[ MOJDKHBI BXOIUTH
PaBHONPABHO:

a3

G
I =_41|;_2(M1 + MZ)' (2)

Eciu M, muoro Memnniie M, (M, << M,), To0 M, MOXHO
IpOCTO BRIOPOCHTH W3 (OPMYJIBI, U MBI HOJYYMM TPETHH 3a-
koH Kerwiepa mia 1wiaHeT.

Touka opOUTHI, B KOTOPOIi 3B€3IbI CXOOATCH Ha OJIMxKaii-
HIee PacCTOsHHUE, HA3BIBACTCH Nepuacmpom, a ToYka MaKCH-
MaJILHOTO yJaJieHus — anoacmpom *). OueBuano, Oonbiias
OCh MPOXOIUT 4Yepe3 3TH JBe Touku. Ee MHOrna HasbIBaroT
JIMHHEH ancud **).

Kt10 raasunee?

Kakas u3 3Be3[ nBOiiHO# cucreMsl urpaer 0o-
Jlee BaxHYIO pojiib B opOutajbHoM mBrkenun? HawmsHO
MOXHO ObUTO OBbI MOaYMaTh, YTO, KOHEYHO, O0Jiee MacCHBHAS
3Be31a «TyIaBHee». |Is ompaBAaHusi 3TOr0 MOKHO ObUIO OBl
Jaxe COBEPUIHTH MNpENETbLHbIA NEPEX0[, YCTPEMHB K HYIO
Maccy oaHou u3 3Be3n. Ha camoM nese oTBeT He Tak IpOCT,
cKopee, Boe HaoOOpOT.

OpbutanbHoe ABHXEHHE B CHCTEME IIEHTpa Macc Xapak-
TEpU3yeTCa TpeMsa MexaHuueckumu BeimumHamu. Kaxpas u3
3Be3 oOnamaer uMmmysibcoM: M v, u M,v, — 310 pa3. Kax-
nas u3 3Be3q o0JlamaeT KMHETHYECKOW sHepruei: M vi/2 m
M,v3/2 — 510 nBa. U Tperbs BakHeiilllas BeJMYHUHA — MO-
MeHT BpaineHus. /I KpyroBbIX OpOUT €r'0 MOJACYHTATDH JIET-
Ko: Mjvr; 1 M,v,r,, The ¥y U T, — PACCTOSSHHSL OT LIEHTpa
Macc ABOHHOH no 3Be3d. Bce 3TH BeJIWYMHBI NO-CBOEMY
BaXXHBI.

JlaBaiite cpaBHMM 3Be31bl IO 3THM TpPEM NapaMeTpam
(cM. Tabm. 1). Ilycte M; > M,. B cucreme neHrpa Macc 06-
LU AMIYJIbC ABOWHOMN MOJIKEH OBITh paBeH HyMIO. 3HAYMT,
IO MOJYJIIO MMIYJIbCH 3Be3[l OOMHAKOBBI (y HHX 3HAK pa3-
Holif). CpaBHuM 3Heprud. OTHOIIEHUE KMHETHYECKOH 3HEPTHU
6oJlee MacCHUBHOI 3Be3bI K MEHee MAacCHBHOW, OYEBUIHO,
PaBHO OTHOILIEHHIO HX OPOUTAIBHBIX CKOPOCTEH, Bedb HMM-
MyJIbChI 3Be3/1 paBHBL. Ho M3 paBeHCTBa MMIIYJILCOB CIIENYET,

*) IlepuacTp H anoacTp o6pa3oBaHbl OT IPEYECKHX CIOB peri — «OKo-
JIO», apo — «OT» H aster — «3Be3/an».
**) Jluuusa ancun — JIMHAS, COeqWHSAIONIAs BBHIACTEHHbIe TOUKH (absida
OT JaT. «apKW», «CBOABI»): Gnmxaiiluyio W HamGoJsiee yIajeHHYIO.
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Tabnunpa 1

dusuyeckas Bosee Menee K
BCJIHYHMHA MacCuBHas MacCuBHas TO 9

(no Moxmymo) KOMIIOHEHTa KOMIOHENTA - T1aBHee -
HWmnynsc Mv, M,v, OIMHAKOBHI
Kunernyeckas M 022 M 32 MeHee MacCCHBHas
3Heprus
Opb6utanbHbli Mvir, M,v,r, MeHee MaCCHBHas
MOMEHT

4TO v, /v, =M, /M, T. €. KHHETHYECKasl SHEPTUs MEHEE Mac-
CUBHOH 3Be3mpl Oosiblue!

To xe caMoe M W11 MOMEHTa BpallleHHs. Pa3nenus Mo-
MeHT GoJiee MacCHBHOW 3Be3Jbl HA MOMEHT MEHEee MacCCHB-
HOM, MOJIyYMM r,/r,, 4TOo paBHO M,/M,, T.e. ToXxe MeHb-
me emuHuupl. ITo BceMy BHIOHO, 4TO MaJleHbKas 3Be3na
«TJIaBHEEY.

OnpenesmM OpOHTY /JBOHHOI

SlcHO, YTO AJIA ONMMCAaHMS OPOUTHI HYXHBI Be-
JIMYHHBI, HE 3aBHCSAIIME OT BpPEeMeHH. 3[eCh Ha MOMOIIb
IPHUXOJAT 3aKOHBI COXPaHEHU S, [IOCKOJILKY IMEHHO OHHU OIIpe-
JEJISIOT BEJMYMHEI, COXPaHAIOIIMECS BO BPEMEHH.

Bo-miepBHIX, COXpaHSETCA DBHEPrUs HBOIHONR — cHcTeMa
3aMKHyTas. BO-BTOpPHIX, COXpaHSETCsl ITOJIHBIH UMITYJIbC JBYX
3Be31. B-TpeTbHX, IOCTOSHHBIM OCTaeTCs BpalllaTeJIbHbIH
MOMEHT, CBA3AHHBIA C OPOMTAILHBIM ABHXKEHHEM. 3aMeThTe,
YTO HAC [IPH 5TOM He HHTEPECYIOT HM Pa3Mephl 3Be€3 ]I, HU HX
TEMIIEpPaTyphl, CBETUMOCTH U T. I. OT 3THX BEJIMYHH IBIXKe-
HHE IO OpOHTE HE 3aBHCHT.

Eciin opOHTEI HE KPYrOBBIE, HOSBISETCS €llie OJHAa coxXpa-
HAIOUIAS BEAWYMHA — HANpPaBJICHUE JIMHUU alCuf,

JlaBaiiTe moAcuMTaeM, CKOJIBKO BEJIHYMH HYXXHO 33JaTh,
yroOnl opOuTa ObuUta ompeneiieHa. IlepeiineM B cucremMy oOT-
cyeTa, HA4Yajio KOTOPOi COBMAJaeT C LEHTPOM Macc HBOM-
HOM. MOMEHT BpallicHHSI TBOUHON — 3TO BEKTOP, IEPICHIH-
KYJSpHBIM IUIOCKOCTH BpailleHus 3Be3d. ClenoBaTesbHO,
3a4aB MOMEHT BpallleHHs, MbI aBTOMAaTHYECKH 3aJaJuM
OpHEHTAIMIO IUIOCKOCTH OpOUTHL. BexTop 3amaercs Tpems
CKJISAPHHIMH BEJIHYAHAMH. 3HAYHMT, CTOJBKO € BEIHYHH
ONpeEISIOT IWIOCKOCTh OpOUTHL. OnHAKO €CiM MBI 3a1a1uM
TOJILKO 3TH TPH BEJIMYHHBI, MBI BCe ele OynmeM najleku OT
HOOJIHOTO 3ajJaHus opOuTh. Bemp 3/UIMIIC MOXHO BpallaTh
B 3TOH IUIOCKOCTH, MEHSs HampaBiienue OGoJbIlIoi ocH (-
Hun ancun). CliefoBaTeNIbHO, HYXKHO 3aJaTh €lle JBe BeJd-
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YMHBI, ONPEACIAIOIINE HANpaBJIeHUe JUHUM ancui. Bcero te-
nepsr Oyaer naThb. 3aaB NATh BEJIMYHH, Mbl 3a(UKCHPOBAIH
opOUTYy B MPOCTPAHCTBE, HO HUYETO HE CKa3aJli HH O ee pas-
Mepax, HE O €€ CXAaTHH. JTO ellle [Be BEJIUYMHBL. 1aKuMm
06pa3oM, BCero IS TMOJHOTO 3aJaHus OPOUTHI HEOOXOIUMBI
ceMb BeJIMYMH. B kxauecrBe TaKOBBIX, HAIIPUMEDP, MOXHO ObI-
JI0 OBl 3aaTh MOJIHYIO SHEPTHIO JBOWHOH (0OHa BEJIMYUHA),
IIOJIHBIN BpallaTeNILHBI MOMEHT (€llle TPH BEJIHYUHBI), BEK-
TOp B HANPABJICHUH JIHHUM ancHi (3TO elle TPH BEJIHYHHBI,
HO M3 HHX TOJIbKO JBE HE3aBHCHMBIE) H OKCIEHTPHCHTET.
OnuHako 3TO He caMas yaayHas KOMOUHANus, TaK KaK SHEPIus
WM BpAIIaTeJILHBIA MOMEHT IPSAMO HE HAOJII0JaeMBI.

Ha mnpaxTuke mNOJB3YIOTCS CJICAYIOIIMMH BETHYMHAMH:
MaccaMu 3Be31 M, u M ,, 60J1bII0H NOJIyOChIO @ WIH IE€PHO-
oM [BoiiHO# P (oHM CBs3aHbI
TpeThuM 3akoHoM Kemsepa ue-
pe3 Macchl), IKCHEHTPHCHTETOM
e, YIJIOM HaKJIOHa i IJIOCKOCTH

SsS "
X OPOMTHI K KAPTHHHOH IUIOCKOCTH
§ (T. €. K TUIOCKOCTH, NEPHEHIUKY-

i

ASpHOA  JIydy, vsperma), yrJIOM
Mexay JIMHHEH  nepecevcHHus
TUIOCKOCTH OpOMTHI ¢ KapTHHHOH
IUIOCKOCTBIO (JIMHMEH Y3JIOB) H
JIMHUEH amncHIl ® W, HaKOHell, Tak
HA3LIBAEMBIM TO3HIMOHHBIM YT-
aom Q (puc. 9). Ha pucynke
Puc. 9. K onpenenennio napa- N yKa3bIBaeT HaIpaBJICHHE Ha
MeTpOB OPOMTH 3Be3Nbl B CepepHBIN IOJIIOC MHpPA, N — BEK-
NBOMHOM cHcTeMe (CM. TEKCT) TOp HOPMaH K ILIOCKOCTH Op-

outel. Bce 3TH ceMp mapamer-
POB OCTAlOTCS HEH3MEHHBIMH B HBIOTOHOBCKOH MEXaHHUKE.
Habmromatenu OBOWHBIX 3Be3J B INEPBYIO O4YEpedb CTpe-
MATCS OHpPENEeJIMTh 3TH CeMb MnapameTpoB. Ho 4TOOHBI
ONHCATH JBHXXCHHE 3BE3J MO0 OpOMTE, HYXHO ellle 3a1aTh Io-
JIOXEHUE 3B€3J B KaKOH-TO YCIOBHBIH MOMEHT.

T
)

ITpoGubie YacTHIbI B ABOHROH CHACTEMe

Kax 6n1 mBuranuch 1wiaHeTbl COJIHEYHOH CH-
creMbl, ecid Obl psimoM ¢ CoJIHIIEM HaxoAwlach BToOpas
3Be3qa cpaBHUMOI Maccel? Teneps mosBisAeTCs yXe HE OJHA,
a JBe rpaBHUTAlMOHHbIE BOPOHKH. SICHO, YTO Takas CHUCTEMa
IOoJDKHA OBITH ropasjgo cinoxuee. [lo-emaumomy, u Kemepy
6but0 6B TPyIHO pa3obpaTbcs B TaKOM JIBHKCHHH.
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JIBrkeHHe MPOOHBIX YACTHI[ B MOJIE TAXECTH IBOHHO
3B€3/Ibl MPOLIE BCEro HMCCIenoBaTh, MEPeiils B CHCTEMY OT-
CYeTa, XECTKO BpAllAIOIIYIOCS BMeECTe cO 3Be3gamu. Llentp
TakoH CHCTEMBI COBMELIEH C LIEHTPOM MAacC, OCh X HaIlpaBJie-
Ha BJOJIb JIMHUH, COEAUHSIOLICH 3Be3bl, OCh ) JIEXHT B ILIO-
CKOCTH OpOHMTBI, @ OCb z MepHEHAMKYJIsApHa K Heit (puc. 10).
Tak MBI cMOXeM H36aBUTLCA OT
Bpaienus. Ho u36aBuBHINCHL OT
BpallleHHd, Mbl npuobpeTaeM
LIEHTPOOEXHYIO CHJIy, KOTOpas
BO3HHKaeT B JI00OH HeHUHEp- M,
IHaJIbHOM cucTeMe orcueta. Ho 7
3TO He crpaimHo. B cucremax ¢
KPYI OBBIMH 60p6nTaMn yrjiosas 4y
CKOpPOCTBH oObpalueHust 3Be3q IO y
OpOWTe He MEHSCTCS CO BpEMe-  woery o, Iigﬁ’:;f e mpobnok
HEM : 3Be3 bl ABUXKYTCS paBHOMED- 3B€3 11
HO MO OKpyXHOCTsM. Cuisl,

JeicTByIOIINE HAa IPOOHYIO YacTHILy, HE 3aBHCAT OT BPEMEHH,
a 3aBUCAT TOJILKO OT MOJIOXEHHS YacTuibl. [To3TOMy MoXXHO
NOJI30BaThCs MOHATHEM MOTEHIHAJIA.

B HeOecHOI MexaHUKe Takas 3ajaya HA3bIBAETCs OTrpaHH-
yeHHOUW 3amadyeil Tpex Ten. OrpaHHueHHOH, MOTOMY YTO
TpeThbe TeNO — NpoOHas YacTHIA — HE BJIMAET Ha JBUXKEHHE
IByX Opyrux. B obineM ciydae TpaekTopHs 4acTHIBI MOXET
OBITH OompenesieHa JIMIUL YUCIEHHO, U mo ¢opMe oHa Oymer
HaNOMHUHATh HeuTo, m3obpaxeHHoe Ha puc. 10. Mensas Ha-
YaJIbHblE KOOPOHHATHI YaCTHUIIBI €€ CKOPOCTh, MOXHO IIOJTY-
YUTh MHOTO TpaeKkTOpHii Takoro Tuma. YHWIO pa3HoO-
o0pa3HbIX BapHaHTOB O4YeHb BedMKO. Mcrnonn3ys camble
COBEpILIEHHbIE BHIYMC/IUTEIbHbIE MAIIHHBI, MBI MOXEM COKpa-
THTh BPEMsl CY€Ta, HO IIPH 3TOM «YTOHEM» B TOM OTPOMHOM
KojipyecTBe Gymar, koTopbsle HaM OyneT BbAaBaTh MalllMHA.

K cyacTbio, HaM 3TO He HoOHaAOOuTcA. [IBHXeHHe mpo-
OHBIX YacTMII MOXHO MCCIeNOBaTh KaueCTBeHHO. Ilpu 3Tom
HE HYXHO CJIEIUTh 3a TpaeKTOpHeH OTIEbHOH YaCTHIIBL
OHa HacToJILKO CJIOXKHA, YTO 3TO 3aHATHE COBEpIIEHHO Oec-
nosie3Hoe. Mb1 6yneM ciequTh JIHIIL 3a CyAbOOW 4YacCTHIBL
BnepBble Takoe KayeCTBEHHOE HMCCIIEHOBAHHE MPOBET aMepH-
KaHCKMIl acTpoHOM M MaTeMaTuk J[xopmx XWIT B KOHIE
OpOLLIOro Beka.

ITycTh Ha MpOOHYIO YaCTHIy NEHCTBYIOT TPH CHJIBI: CHJIBI
NpUTSDKEHAs OT 3Be3x M, u M, u uenrpobexHas cwia. Bee
3TH CWIbl MOTEHIMAILHBIE U MOTYT OBITH ONMHCAHBI OJHHM
s¢pexTBHEIM noTeHmuaioMm U. [laBaiiTe mpocieauM 3a
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YacTHUIEH, ABHXKYIIEHCS B TUIOCKOCTH OpOMTHI ABOiHOMN. Boe
TPH CWIbI HaXOHATCA B 3TOH XK€ IUIOCKOCTH, IO3TOMY MpO-
OHas yacTHIIa HHKOTa U3 IUIOCKOCTH HE BBIHJET.

IToBenenue norennuaia U KayecTBEHHO IOKAa3aHO HaA
puc. 11. I'padpux mpexncrasiser coboif Tpu «yreca», pas3ie-
JIGHHBIX BOPOHKaMH B TOM MECTE, i€ PacCloJIOXKEHBI 3BE3 /b1
Cpa3y GOpocaroTcst B Ijasa TpH ocoOble Toukd. I[loyoxuB
OCTOPOXXHO Ha BEPIIHHLI YTECOB NMPOOHBIE YACTHYKH, MBI 3a-
METHM, YTO OHH TaKk H OyIOyT JexaTh B paBHOBECHH. XOTh
HEYCTOHYMBOM, HO BCE Xe paBHOBecHu! BrepBble 3TH TOYKH
obHapyxw1 Benukuil ¢panmysckuii yuenbiit JIym Jlarpamx
B 1772 1.

IToBepxHOCTH pPaBHOTO MOTEHIHATIA HA3BIBAIOTCSA HOBEPX-
HocTsMH Xwula. OHH TONYYalOTEs CEYEHMEM MOTEHUHAlIa
TUIOCKOCTSIMH, TIapaJUIEIbHBIMA OCAM X H y (cM. puc. 10).
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A HX NpOEKUMHM HAa IUIOCKOCTh Xy IOKa3aHbl Ha puc. 11.
K coxanenuro, m300pa3uTh NMOBENCHHE MOTEHIMATA B IUIO-
ckoctH xy HempocTo. HyxHo uMeTs B BUIy, YTO Ha caMoM

v

L3 M L Ly
|
1
I
i

7
]
1

Puc. 11. Tlosenenue 3bdexkTHBHOro NOTEHIMANa B JBOWHONW cucreme

Jiejie MOTEHIMAJl HapacTaeT NPH YJAJIEHHH OT OCH X BIOJb
ocu y. Tak uro Touku L,, L, u L, — 3T0, CKOpEE, HE Bep-
IIMHBI, a nepeBaisl (cM. puc. 12). OnHako YMUTaTENh MOXET
3aMETHUTh: €CJIM NOTEHLIMA! PACTET NPH YIAJIEHHH OT TOYEK
L,, L, n L;, a Ha GeCKOHEYHOCTH OH ONSATh MaJjl, 3HAYMT,
rae-To0 eCTh BepIIMHBL. COBEpIICHHO BEPHO. DTH BEPIIMHBI
COOTBETCTBYIOT €llle ABYM TOY-
kaM Jlarpanxa (MHOT1a MX HA3bI-
BaloT ToykamMu JmOpamuu). Ho
06 3TOM MBI IOrOBOPHM 4YyTh
ablie,

Ilpu nmBwxenun npoOHONM uya-
CTHIBI COXpaHfEeTCAd €€ HOoJHas
SHEPrus, T.€. CyMMa KHHETHYE-
ckoit K wm mnoremmmaneHoit U

SHEPTUU JACTHUIIBI: Puc. 12. TloseneHue TIOTeHIH-
ana BOJIHM3H BHYTPEHHEH TOYKH
K + U = E = const. Jlarpanxa (cenio)

IMocTaBuM criemyromuii MBICIEHHBIH 3KcriepuMeHT. Bynem
3amycKkaTh YaCTHYKM ¢ OJHOM M3 3Be3n. OUeBHIHO, €CTIH MBI
4yTh-4yTh NOATOJIKHEM YacTHYKy, TO OHa HEMHOIO HOJHH-
MeTCs BBEPX, 2 IOTOM ONATh CBAIHTICA B BOPOHKY. B Makcu-
MaJbHO YIOAIEHHOH OT 3Be3Jbl TOYKE YaCTHUIA OCTaHABJIH-
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BaeTCs M ee KHHETHYECKas SHeprus obpariiaercs B HyIb: K =
=0. 3HaudT, B 3TOT MOMEHT MOJHAas 3HEPIUs YaCTHUIbI
E paBHa noTeHnpaly B TOYKe MoBopoTa. [IOHATHO, YTO IBU-
JKEeHHe YaCTHHbI BO3MOXHO TOJIbKO TaM, rae U < E. IlpoBens
ceueHue nmoTennmaia mo Junun U = E, Mbl HaiifeM 00JacTh,
BHYTPH KOTOpPOH MOI'YT IBHUTaTbCsi 4acTHUBI ¢ 3Heprueii E.
B Tpexmepuu — 310 OyayT HE JIMHMH, a TOBEPXHOCTH DaB-
HOTO MOTEHIMaIa (TIOBEPXHOCTH Xmma) TaxuMm obpazom,
3Hast 3HEPTMIO YaCTHUIbI, MBI MOXEM YKa3aTh 30HY €€ IBUXeE-
uuss. Ha puc. 13 nokaszan
pa3pe3 MOBEPXHOCTH XWlia
B m1ockocTu opbutsl. IToka
3HEPrMs YacTHIBI Mala,
Majla H o0JacTb BO3MOX-

f HOTO [IBHXEHHS €€ BOKPYT
4 Q 3Be31bl. «BricTpemuBas» 4a-

cTunsl Bce ¢ Oospliueil u

m Gosipllieli CKOPOCTBIO, MBI

Ls L, Ly yBeJIMYMBAeM HX 3HEPTHIO

1 00J1aCTh HX BO3MOXHOTO

Puc. 13. JIuaun %am-loro ng'rex-‘l'uu?)ﬂa BHXEHMSL. npﬂ HEKOTOPOM

B onione Mo ’;;ZIS;BP‘;’;'[%"'O’ 4~ 3HAYCHWH ‘3HepTMH OOJACTH

cMmbIkaioTcs B Touke Jlar-

panmxa L;, M TmONy4YaeTcs IOBEPXHOCTh, IIOXOXas Ha

BoceMepky. Ee Ha3piBaloT kpuUTHYECKOH mosiocThio Po-

mia B 4eCTh (PpaHIy3CKOTO acCTPOHOMAa M MaTeMaTHKa JIy-
apaa Poma.

IMpobnas wacruia, nomapmias B To4yky L,, 6e3 3arpar
3HEPTMH MOXET IMONMacTb Ha COCEAHIOI 3Be3dy. YacTHipl
C OYeHb OOJBUIMMM 3HEPrUSMH MOTYT BBIHTH 3a HPEIEIIBI
nosioctu Pollla — OHY yXe He NMPHHAIeXAT KaKOW-TO OnHOR
3Be3ne. B Toukax Jlarpanxka paBHOIEHCTBYIOIlas BCEX CHIL,
JeHCTBYIOIMX Ha NMPOOHYIO 9YacTHLy, OOpaliaeTcs B HYJNb.
YuraTellb MOXET JIETKO BOCHOJIB30BAaThCA NMOCIEIHAM CBOH-
CTBOM, 4YTOOBI HAWTH TOJIOXKeHHe 3THX Touek. OcobenHo
HPOCTO BBINVIANMT OTBET B CIydyae 3Be3[ PaBHBIX Macc. Mbl
npeljiaraéM 4YMTaTeNII0 CaMoMYy IOJIyYdTbh OTBET K ITOM
3aj1ayve.

JI1s 3KCHEHTPUYHBIX OPOUT IBMXKEHHE NMPOOHBIX YaCTHIL
yk€ HE ONMUCHIBAETCs MOTeHIMaIbHOH Qynknued. M Tam yxe
HEJIL3sl YTBEPXKIATh, YTO Ta WIM HHAs YacTHIA C ONpEneJIeH-
HOIl 3Heprueil 00s13aTeNIbHO OyaeT OBHIaThbCs B OKPECTHOCTH
ojHOH 13 3Be3n. Koneyno, MoxHO ¢ momombio OBM mpo-
CYMTATh TPAEKTOPHH YaCTHII, 2 BOT KAYCCTBEHHBIA aHAIM3 HX
IBYDKEHUSL YK€ HE MPOXOIMT.
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®urypsl 38e3]

B mmmpoxo pacnpocTpaHeHHOM CpeaH acTpPOHO-
MOB aHEKJIOT€ PACCKa3bIBAETCH O TOM, YTO HA 3K3aMEHE II0
TEOPETUYECKOH acTpodu3uke CTyAEHTY qocTajics Owier ¢ Bo-
MPOCOM O BHYTPEHHEM cTpoeHMH 3Be3d. HaxomuuBwlil cTy-
JIEHT, He 3Has Bompoca, 601po oTBeyaer: «3Be3ma — 3TO pac-
KaJIEHHBIN ra3oBbIil 11ap, a wiolaab llapa paBHa YeThIpE —
oM — 3p — KBajapaT..» U T. 1.

Ja, neiicTBUTENBLHO, OJUHOYHBIE 3Be3Obl MMEIOT (opMy
mapa. ITouemy? DHepreTuiecku BLITOqHO. BeliecTBo 3Be3 pl,
NOTOOHO XHMIKOCTH, 3aMOJIHAET COCYH, B KOTOPHIA €ro HAJH-
BaIOT, a TOBEPXHOCTL €€ COBNAJAET C IKBHIOTEHIMAILHOM
MOBEPXHOCTHIO. 3Be3/1a caMma co3JaeT ToJie, B KOTOPOM e€ Be-
IIECTBO «pPa3jiMBAETCs». MBI yKe F'OBOPHJIM, YTO MOTEHIHAI
TOYEYHO} Macchl M3MEHSETCA C PAcCTOsSHMEM Kak r~ ! (¢op-
myna (1)), npuyeM B Touke r =0 MOTEHIMAT YXOOUT B (MH-
Hyc OeckoHeuHoCTs». B mpupone Tak He ObIBaeT, mo kpaiineit
Mepe, B OObIYHBIX 3Be3/ax. IloTeHImasn 3Be3Ibl HANOMHHAET
PIOMKY C OTOHWTOH HOXKOM
(cM. puc. 14). TIpu r = 0 noTen-
uMajd Maj, Ho koHeueH. Ha
TIOBEPXHOCTH r = const, T.e€.
3Be37la — map.

A xakoBa ¢opMa 3Be3a B
IBOMHBIX cucTeMax? JlelicTBys
[I0 aHAIOTMM C OAMHOYHOH
3Be30M, MBICJIEHHO 3aIOJIHHM
MOTEHUHAJILHBIN pelibed ABOM-
HOM cHcTeMBbI (cM. puc. 11)
x)uakoctbio. Ona pacreyeTcs
TakuM 06pa3soM, 4TO MOBEPX- Puc. 14. I'paBHTalHOHHBIH NOTEH-
HOCTb 3Be3bl OyNEeT MOBEPX- uman 3Be3bl He YXOMHT B «MH-
HOCTBIO PaBHOTO NOTEHIIHATA, HYC GeCKOHEYHOCTH»

T. €. TOBEPXHOCThIO XHJLIA.
3Be3/1a BLITSHETCA BIOJb JIMHUM, COEUHSIOLICH KOMIIOHEHTHI
JIBOWHOH CHCTEMEL.

Buaure, kak MbI JIETKO PaclpaBIWINCh C 3TOH MpobieMoi.
A B XVIII Beke Bokpyr 6osee npocToii mpobjieMsl pa3ropen-
csl CTOJIb CWIBLHBIM CIIOp, YTO Jaxe Oblia CHapshkeHa Crie-
IMaJbHAd apKTHYecKas SKCIEOWIusa. DTy HCTOpDHIO Iiepe-
cka3piBaeT Bhuiparommiics actpopmuk Cybpamanbsn Yan-
Ipacekap B cBoeii MoHorpaduu o ¢urypax 3Be3..

B 1687 r. Ucaak HuioToH onybiukoBaji CBOH caMblil 3Ha-
MEHHTBII TpyA «MareMaTudyeckHe Hayajda HaTypalIbHOH
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¢umnocodpun». UIMEHHO 31€Ch OH OOBSCHHI KEIUIEPOBCKHE
3aKOHBI 3aKOHOM BCEMHPHOI'O TSTOTEHHS, PEIIMB U MHOLO
IPYTUX «4acCTHBIX» mpoOJieM. Onuo# w3 Hux ObLia 3amaya
o dopme 3emiin. HeroToH yTBEpXIajl, YTO M3-3a BpAIllCHUS
3eMJIs vV ITOJIFOCOB CIUTIOCHYTA, H (JopMa ee HAIMOMHHAET pe-
Cotep ny. OH 1aj ocTpoyMHOe n0Ka3a-
TeJIbCTBO 3TOro. IIpeamonoxmm,
4yTO B 3eMJI€ HMPOPBITHI [[BA KO-
Jlomia 1o ee neHTpa (cM. puc. 15):
OI¥MH — BIOJIb OCH BpAaIleHHs,
JpYroi — B IUVIOCKOCTH 3KBaTOpa.
Ll 745\ Kogoanwl 3anonnensl Bogo#. Jiis
bty TOrO 4TOObI BOJA HAXOIWIACh B
paBHOBECMM ¥ HE BHIIECKHBA-
Jlach, HEOOXOOMMO, 4YTOOBI BeC
KHUIKOCTH B 000MX CTOJI0ax OBLI
102 onunakoBsiM. Ho Bec Tena — sto
MpOU3BEeAEHNE MAacChl HA 3(deK-
THBHOE YCKODEHHE, KOTOPO€E €CTh
Pa3HOCTb MEXAY YCKOPEHHEM CH-
JIBI TSDKECTH M YCKOPEHHMEM IIEHTPOOEXHBIX CHJ. B 3kBa-
TOPHAJIBHOM KOJIOALE YCKODEHHE CHJIBI TSDKECTH Clierka
ociiabiiseTcss 1EeHTPOOEXHBIM  yckopenHeM. UYToOBI  Bec
BOJIbI HA 3KBATOpe ObLI TakuM, Kak M B IOJSIPHOM KOJIOJIIE,
YPOBEHb BOABI Ha 3KBAaTOpE HOJDKEH OBITH IOBBIIIE.
Ho »sTor BBBOA OBUI B BONMIOIIEM IPOTHUBOPEYMH
C ACTPOHOMHYECKHMH JTAHHBIMHU TOTO BpeMenn! 3HaMeHUTHIH
¢panny3ckmii actpoom Jlomenuko Kaccunu, mposoaus-
Mt criendaIbHble H3MEPEHHs OYTH MEpPHINaHa Ha TeppUTo-
pun ®paunmm, cuuTal, YTO €ro JAHHBIE TOBOPAT O BHITSAHY-
TOCTH 3eMJIM BAOJB I0JItocoB. TpyaHo ObLIO HE AOBEPSATH
3TOMY 4eJOBeKy, mepBoMy mupekTopy Ilapmxckoit obcepBa-
TOPHH, OTKPBIBIIEMY 4eThbIpe cmyTHHKA CaTypHa M 3HAMEHH-
TyI0 Iedh B koabiax CarypHa.

i‘l|s

SALE gt S
RXNIEN

Puc. 15. MruicneHHsIi 3KcIe-
pumeHT HproToHa

Kro xe mpaB?

Heckonbko mokosiennit mocnexnoBatesiedr Kac-

cuau 1 HetoTona crmopwin Mexay coboil. Jlmmup B 1738 T.
¢pannys MonepTion CHapsAowl CIENUATIbHYIO 3KCHEIHIUIO
B Jlamtanauro. ApkTHuecKass 3KCHEAUIUS IMOJIHOCTBIO MOJ-
TBepawia Touky 3peHus Hoiorona. Boiasrep Tak orpearupo-
BaJI Ha 3TO:

«U moxarBepOWiId BHl CPEAH MYCTHIHL TENEPh

JIvins TO, 4TO HbrotoH 3HaJI, HC BBIXOJA 33 OBEPH».



[nsa mpoBepku ¢GOpMBI 3B€31 HE HYXHO CHapskaThb CIie-
OUATIbHBIE OKCIIEAMIMY, HyXeH Teseckon. [lomo6uno 3emue,
BBITSTUBAETCS U 3Be3/a B ABOIHOM cucrteme. KauecTBenHas
KapTHHA Takas ke, HO B JBOMHOI BCE yCIIOXHAETCA TEM, 4YTO
3Be31Ibl BpAlllalOTCsl BOKPYT LEHTpa Macc, KOTOPBIi HE COB-
najgaer c neHrpamu 3se3a. K ToMy e Ha 3Be3y ACHCTByET
HEOJIHOPOJIHAsl CWIa NPUTSDKEHUSE CO CTOPOHEI cocenku. Mbl
BHJEJIH, 9YTO MOBEPXHOCTH XWIa — 3TO MECTO, I'JIe CKOPOCTh
YyacTHIBl C JAaHHOW 3Heprueit obOpaiaerca B HyjiIb. UTOOBI
MOBEPXHOCTh COBIIATa C IIOBEPXHOCTBIO XWLIa, HYXHO,
4yTOOBI 3Be34a ObUIa HENOJBIKHA BO Bpallarollieiicss cucre-
Me oTcyeTa. DTO BO3MOXHO TOJBKO B TOM CHy4dae, €cid
MEepHOJ] BpallleHHs 3Be3[bl paBeH HepuoAy olpareHus
nBoitHOM. B 3TOM cilyyae roBopsT, 4TO 3Be3da Bpalmaercs
CHHXPOHHO.

Ha puc. 16 nokazana ¢opma 3Be311bl B JBOHHOM CHCTEME.
IToxa ee pa3mepsl Majbl [10 CPAaBHEHHIO C PasMepaMu I0JIO-
cru Pomra, ee ¢purypa HanmoOMMHAaeT TPEXOCHBIA 3JUIHIICOML,

a

Puc. 16. ®opmsl 3Be3A B [IBOHHOH cHCTEME

WIH, TONPOCTY, CPeAHEea3sHaTCKylo bIHIO (puc. 16,a). Ctporo
roeops, 3To He ToyHo. Ha camoMm nese ee popma HecHMMe-
TpuyHa. DTO OCOOEHHO 3aMETHO, KOrjJa pa3Mephl 3Be3.bl
npubwkatoTcss K noyiocTH Pomra.

3Be3ga, 3amojHsArOlIas II0JIOCThL Polla, HamoMHHaeT
yxe coBceM npyroii «ppykr» (cM. puc. 16,6). YV TakoH
3Be31bl IOSABJIAETCS «HOCHK» BOJM3M BHYTpPEHHEH TOYKH
Jlarpanxa. BeiecTBo ¢ «HOCHKa» MOXeT 6€3 IQIOJIHHMTEb-
HBIX 3aTpaT JHEPrHM «epebupaTscsa» B IOJOCTh COCETHEH
3BE3[hL

OTo caMoe YIOMBHMTEILHOE H 3aMe4aTeJILHOE CBOHCTBO
mBoitnoii cucremsl. IlpaBaa, Ha mepBBIA B3IJIS OHO KaXeTcs
JIOBOJILHO aOCTpakTHbIM, BCs CHTyamusl HpeaCTaBiseTCs Ha-
nymanHoii. ‘TloueMy pa3mepsl 3Be3bl JOJDKHBI COBIIANaTh
¢ pasMepamu nojioctu Poma? 310 MOXET MPOU3OHTH YUCTO
cryvaitno. Ilpupona, ogHako, ycTpoeHa Tak, YTO IOYTH BCE
[BOMHBIE CHCTEMBI PAHO WIM HO3JHO CTAHOBATCH TaKUMH
«ypoaaMm».
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OGpa3zoBanne ABOHHLIX 3Be3]

3Be3pl 00pa3yloTcs M3 rasa M ObUIH BCJIE-
CTBHE TpaBHTAllMOHHOH HeycToiymBocTH. B mnpmMenenun
Kk CosiHlly 3Ta MIes Ha T'yMaHUTapHOM YPOBHE ObLla BBICKa-
3aHa eme MmmanywioM Kantom B 1755 r. m momnmepxana
no3xuee Jlamnacom. OOpa3oBanue 3Be3] «OKYTaHO TyMa-
HOM», HO JIMIIEHO BCSAKOH «4epToBIIUHBIY. «Tymam» mno-
ABJISE€TCA OTTOrO, YTO CXHMaromeecs 00JIako rasa Hempo-
3payHO IS 3JI€KTPOMAarHUTHBIX BOJIH. IIpoTHBHHMKM 3TO#H
THIIOTE3bl, MECTAMH COXPAHHUBILHECS M IO CEd [EeHb, 4acTO
B KaYeCTBE apryMEHTa BBICKA3LIBAIOT TE3HUC, YTO, MOJI, HUKTO
HUMKOT Ja He BHIEJ CxkaTHs 00JIaKoB rasa, a Ha000poT, BCIOIY
HaOJIF0JaloTCs CIUIOLIHBIE B3PHIBBL 34eCh paboTaeT MOLIHBIHK
addexT cenexuun. 3Be3qpI 00pa3yIOTCA B MeCTax, Iie MHOI'O
rasza u meuin. Ho MMeHHO TaM BHAMMOCTL OCOOEHHO ILTOXasi.
Uto xe 3acraBiiseT CKHMaThcd obisaka raza? Ha asrtor
BOIIPOC CTPOTHH MaTeMaTHYECKHH OTBET Jajl AaHIJIMICKHit
actponoM /[Ixeitvc [xunc B Hadate XX Beka. IlycTh Gecko-
HEYHOE MPOCTPAHCTBO 3aMlOJIHEHO OJHOPOXHBIM ra3zoMm. Bos-
MYTHM cClleTKa IapaMeTpel ra3a B KakoW-HHOyIb MaJloi
00J1acTH, HaIpUMep ciierka coxmeMm ras. Echiu 6wl He 6BUIO
rpaBUTAIMH, CKATHE CMEHIIOCh OBl pacCIIMpEHHEM, BO3MY-
mas coceqHue ysacTku rasa. Ilo rasy mobexana Obl BoJIHA
BO3MYIIEHHU — 3ByK. B Mex3Be3mHOM INpOCTpaHCTBE pas-
MepbI 00J1aKOB BEJIHKH, U HAPSAAY C CIWIAMH JAaBJIeHHUs 060JIb-
HIyI0 pOJIb HAYMHAIOT HIpaTh CWILI I'PaBUTAIMH. Bouixenmm
M3 MEX3BE3IHOHN cpedpbl NapooOpazHylo 00JIaCcTh U CIIETKa e
coxMeM. Cwia, ¢ KOTOpPO# 00JIakO MPUTATHBAET caMoO celsl,
nponopumonanbia GM2/R? (M u R —wmacca u pammyc
obslaka). BHeniHue CHIBI HE YYHTHIBAIOTCH, TaK KaK OHHM
B3aHMHO KOMIIEHCHPYIOT IPYr [Apyra. 3HAYMT, AaBJjICHUE
CWIBI IPaBHTANMHU NponopuuoHanbHo (pR)2*). A nasienue
OIHOATOMHOI'O raza HpH aanabaTU4eCKOM CXXATHH 3aBHCHT
OT IUIOTHOCTH M0 3aKkoHy P ~ p*3, Orciona BuaHO, 4TO ecnm
Mbl 6ynem Gpath Bee Gosbliee H Gosbliee 06J1aKo, TO CHIa
rpaBUTAlMU NPH HEKOTOpoM R cramer GoJiplie CWIbI IaBJie-
HHMs ras’a 4 o0JIak0o HEMHHYEMO HAYHET CKHUMAThCA. ITOT
MPOLECC Ha3BbIBAETCH ONCUHCOBCKOU HEYCMOtiuueocmoio.
MuHuManbHBIA pa3Mep, HaYMHAadA C KOTOpOro 00JIako
CTaHOBMTCSl HEYCTOMYHBBIM II0 OTHOIIEHHIO K CXKATHIO, Ha-
3BIBACTCA OMNCUHCOBCKOU OAUHOL 604Hbl. «BOIHEDY — HOTOMY,

*) HeiictBHTeNbHO, 3aMeTHB, 4T0 M = pR3, mosiyvaem 411 naBlieHus
CHIBI TpaBuTamME Pr, ~ (GM?/R?)/R? ~ p?R2,
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YTO TOYHBIN OTBET MNOJIYYaeTCs MPH PELIEHUH 3alaull O pac-
NMPOCTPaHEHHH BOJIH B caMorpaBUTHpYIoleM rase. IIpubiiu-
’EHHO KUHCOBCKYIO IJIMHY MOXHO HAaiTH, MpUpaBHAB na-
BJICHHE ra3a B luape paguyca R naBjeHWio CHIBI TpaBUTa-
uun. JlaBjieHue rasa BbluMCiIgeTca mo ¢opmynre MeHnesee-
Ba — Kuaneiipona. JlaBjieHue CHI TrpaBUTAUUMHd NPHUKHHEM
MBICIIEHHO, pa3/ejuB 1Iap IONOJaM M BBIYHCIUB CWIY IpH-
TSDKEHHS NBYX INOJOBHMHOK Ipyr k apyry. Wtak, monydyaem
PaBEHCTBO

RT _ GM?

n 4nR%

H3 KOTOpOro HaxoIauM l'lpPl6JII(DKeHHOC 3HAaYCHUC JHKUHCOB-

CKOHM UITMHBI BOJIHBI:
3 AT
Ry, ~ — 3

3nece T — TeMmmepatypa rasa, £ — ra3oBas [OCTOSIHHAA,
W — MoJIEKyJIsIpHas Macca rasa.

Konewyno, ra3 B T'anakTuke pacnpenejleH OTHIOAb He
ognopoano. Kak BeiscHwioch B koHue 70-X romoB, MOYTH
BEChb ra3 COCPeINOTOYEH B I'MIAHTCKUX MOJIEKYJSPHBIX 00Jia-
KaXx ¢ MaccaMM B COTHH ThICSY M MWLIHOHB Macc CoJHna.
IToueMy, cmpamuBaeTcs, U3 ogHoro obJyiaka He obpa3syercs
onHa rurantckas 3se3na? IToroMy, uto u obJyiaka HEOIHO-
pOOHBI: 3Be3000pa30OBaHME UIET B CaMbIX IUIOTHBIX IIEH-
TPaJIBHBIX YacTax 3Tux obnakoB. Kpome Toro, B objakax ras
HE TIOKOHUTCH, & Y4aCTBYeT B PA3JIUYHBIX XaOTHUYECKUX IBHKE-
Huax. Takue MOBMXKEHHS Ha3bIBAlOTCA TYpOYJIEHTHOCTBIO.
Ot enbHbIe gveiiku 00j1aka BpaIaloTCs B Pa3/IMYHBIX HATpa-
BlIeHuAX. [IpuyeM BUXpH BCTpeyaroTCHd Ha Bcex Macuitabax —
oT pa3Mepa camoro obJjlaka OO CaMBIX MaJIbIX €ro 4YacTei.

Hrax, TypOyJIEHTHOCTD, NO-BUIUMOMY, SBJISETCA IMPHUYU-
HOHM BO3HMKHOBEHHS [BOHMHBIX CHCTEM. Pe3yibTaThl pacue-
TOB, HPOBENEHHBIX HA CAaMBIX KPYMHBIX BBIYHCIHMTENIbHBIX
MallMHaX, KaYeCTBEHHO TpencTaByieHbl Ha puc. 17. Obaako
BHayalle CXXHMaeTCs 110 OCH BpallleHWs, a MOTOM IpeBpa-
maerca B Top. Top pa3buBaerca Ha OTAENbHbIE CTYCTKH, U3
KOTOpBIX U 00pa3yroTcs nBoiiHble 3Be3mbl. Ha camoM jaene
yacro 06pa3’yroTCs CHUCTEMBI He IBYX, a Oosbllero umcia
3Be3n (kpaTubie 3Be3abl). B T'anakruke ouenr MHOTO
KpaTHbIX 3Be31. Hamla xHHra nocBsilieHa JBOHHBIM 3BE3aM,
XOT4 3Be3[bl, O KOTOPHIX MBI OyI€eM roBOpPUTh, MOTYT OBITH,
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Puc. 17. BoaMoxHas xapTuHa o6pa3oBaHUs ABOMHON CHCTEMEI M3 BpaLiao-
mierocs o6aka: BUI € HOJIIOCOB (CJieBa) M C 9KBAaTOpa BpalUCHHA (CIpaBa)



HanpuMep, U TPOHHBLIMH. DTO YNPOILEHHE BIOJHE ONpPaBJa-
Ho. Hac OGyner MHTepecoBaTh KPaTHOCTH CHCTEMBI TOJBKO
C TOYKH 3PEHHMs BJIMAHMA 3Be3[ APYr Ha npyra. [Ipupona Ttak
yCTpoOeHa, 4YTo Jrobas KpaTHas CUCTEMAa B 3TOM CMBICIIE CBO-
nurcs K aBorHOR. Tpu 3Be3mpl HE MOrYT YCTOMUYMBO Cyllle-
CTBOBAaTh COBMECTHO M paBHompaBHO. CHCTeMa, cocTosIas
U3 TPeX 3Be3[, PACCTOSHUSA MEXIY KOTOPLIMH CPABHHMMBI
JIpYTr ¢ OIpPYroM, paHo WIH IO3JHO BHIOpachIBaeT u3 cebsa on-
Hy M3 3B€3]1. BuHOI 3TOMY cBO€OOpa3HbIil KyMyYJISTHBHBIN 3¢-
(GekT, M3BEeCTHBIH M3 ruapoauHaMukd. OH NpUMEHsICH
B rofbl BOWHBI B CHEIHAJIBLHBIX MPOTHBOTAHKOBBIX CHapsIaX.
CyTtp ero wunocrpupyercs onbIToM ITokpoBckoro.

Bospmute npobupky, HamoJIHeHHYIo Boaoil. Eciu BepTH-
KaJlbHO COPOCHTH €€ Ha IOJI ¢ HeOOJIBIION BHLICOTHI (HANPH-
Mep, HECKOJILKO AEIUMETPOB), TO U3 Hee BBIPBETCS CTPYS BO-
Ibl, HanpaBJj€HHas BBEPX Ha HECKOJLKO MeTpoB (puc. 18).
F

"o
° (]

h>>h,

GTHIH

Puc. 18. OnbiT IToKpOBCKOro, WLIIOCTPHPYIOIIHHA KYMYJISITUBHbIH 3(QexT

Kaxercs, He BBINOJHAETCS 3aKOH COXPAaHEHHS OHEPrHUM.
B neiictBuTenbHOCTH ¢ 3Heprueil Bce B mopsake. IIpocro
NMPOMCXOIUT NepepaclpeieieHie JHEPTUH W HUMIyJbca Me-
XJIy 4acTAMH BOJbL. BOsblnas 4acTh BOIBI OCTAE€TCA B IPO-
O6upke, BooOllle HE BLUIMBAACh, & CBOIO KHHETHYECKYIO SHEp-
THIO mepefaeT MeHbIIEH 4acTH BOJAbIL, KOTOpas IMOJHUMAaETCs
Ha BBICOTY, MHOI'O GOJIBIIYIO HAYaJIbHOM.

C xkyMyJaaTuBHBIM 3G¢eKToOM HaM MPHUXOJMUTCA CTaJIKH-
BaTbCc B MeTpo. MHXeHep, CIPOEKTUPOBABLIMIA pa3MEHHbIH
aBTOMAT, YeTKO COIJIacOBaJI BBICOTY, C KOTOPO# MajaloT ms-
Ta4KH, C BLICOTOH OKoOIlleyka, OTKyAa Mbl ux G6epem. Kaxaprit
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OTJEJIbHBIA MATAYOK HE B COCTOSIHMHU MeEpEeTeTh Yepe3 3a-
rpafiuTe/IbHYIO CTEHKY, HE XBaTHUT HAYaJbHOH MOTEHLMAJIb-
y Hoif sHeprun. TeM He MeHee, maTay-
3 KH BpEMS OT BPEMEHH BBIJIETAIOT Ha
noJl. Bunoit ToMy TOT Xe KyMmy-
aatuBHbIf  3ddext. Bruterenrmii
Fyp ki3 Ha TOJI MATAYOK OTOOpal 4acTh MM-
myJibca y cBoux cocejeit. UeM 60J1b-
Ile MOHET, TEM JIerye 3TO neJiaTh.
HMMeHHO n03TOMY yallle NPUXOAUTCS
HaruOaThCs MOCie pa3MeHa Bajua-

THKOTIEEYHBIX MOHET.
Puc. 19. B TpoiiHbIXx cucTe- B pesysnprare  kymysATMBHOIO
max paccrosue mexay nsy-OP@exTa cucreMa JMGO CTaHOBHT-
Ms 3Be3JaMH, Kak OpaBmiIo, CS JBOHHOIM, 10O OCTaeTCs TPOHOIM,
MHOTO MEHbLIE PacCTOSHAA 10y @pM 3TOM OJHA M3 3Be3] [BU-
TpeTHEH KETCS 10 OpOHMTE HAa PACCTOSHUM,
MHOro OO0JibIlIEM, YEM pAacCTOSHUE MeEXay OJu3kuMu 3Be3-
namu. Hambonee CyiieCTBEHHBIM OKa3bIBA€TCH INPHUTSDKEHHUE
nByx Onm3kux 3Be3f. [109TOMy KpaTHblE CHCTEMBI CBOIATCA

K OBOWHBIM (puc. 19).



FTABAII

IMAPAJJOKC AJITOJIA

MBI HayHeM cBOH paccka3 O TOM, KakK XHUBYT
JIBOMHbIE 3BE31bl, CO 3BE3/JIbI, XOPOUIO H3BECTHOH MHOI'MM
JIOOUTEISIM acTPOHOMHH. DTa 3B€3a HAXOOUTCS B CO3BE3-
auu Ilepces u masbiBaercs AjrosieM (He myTaTh ¢ AJIToJIOM
u 1. O.). JIpyroe ee ua3Banue — f Ilepces. IlepemeHHOCTB
OJiecka 3TOM 3Be3/bl OBLIa OTKPBITA HTAJIBSHCKMM MaTeMa-
THKOM M acTpoHoMoM JIxuoBanHu MouTtanapu B 1669 r.
BoT yXe HECKOJIBKO CTOJIETHI AJIToJib SIBISIETCS XpecToMa-
THUHHBIM NPUMEPOM 3aTMEHHO-NIEpEMEHHON 3Be3abl. Mi3MeHe-

Knaccuyeckaa xpueaa 6necka
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Hus OJlecka, MOXOXHE HAa aIroJieBCKHe, ObUIM HaMaeHbI
Yy MHOTHX COTEH JPYTHX 3BE3[, B CBSA3M C YeM UM$ «AJTOJIb»
CTaJI0 HApHIATEJIbHBIM — KOPOYE, CTAaHIapTHas, OObIYHas
3Be3a. ITokoJsieHnss acTpoHOMOB, Habsronas AJroJib, He Ha-
XOIWJIA B HEM HMuYero yauButessHoro. U Bapyr (B ucropuue-
CKOM CMBICTIE, NEHCTBUTEILHO, «BPYI») aCTPOHOMBI TIOHSIIH,
YTO C 3TOH 3BE3J0i HE BCE JIAJHO, IPH 3TOM HHMYErO HOBOIO
B Hell He OTKpBIB. IIpOCTO TO, YTO paHbIlE Ka3aloch BHOJHE
HOPMAQJIbHBIM, BJIpPYr CTAJIO COBEPLICHHO YINBUTEILHBLIM
U HEMOHATHBIM. UTOOBI YIOMBIATHCSA, HYXKHO MHOTO 3HATh.
JImue pa3obpaBHINCh B 3aKOHax 3BOJIOIMH 3BE3J, acTpo-
HOMBI TOHSUIM, YTO TaKOW 3Be3[bl, KaKk AJIroJjib, BOOOIE HE
JIOJKHO OBITH — €€ CYIIECTBOBAHHE NMPOTHUBOPEUYWIO 3THM 3a-
xoHaM ! Kak Bcakmii Hactosiuii napamgokc, napamokc Ajro-
Jis OKa3saJica BecbMa MPOAYKTMBHBIM. OH cTajl KIIOYHMKOM,
KOTOPBI NIOMOI OTKPBITH TaifHy 3BOJIIOLMU ABOWHBIX 3BE3[L.
Jns Toro yroObl yuTATENBL MPOYYBCTBOBAI 3TO, HYXHO pac-
CKa3aTh BCE MO TOPSAAKY.

Kro «pomue» ceerur?

B acrponomun 6ieck 3Be3n usMebsercs B Ges-
pa3MEpHBIX 3BE3[IHBIX BEJIMYMHAX. 3Be3qHAas BEJIMYMHA BBO-
OUTCA clledyloluM oOpa3oM: BbIOMpaeTcs Kakas-HHUOYIb
onopHas 3Be31a U ee OJeck NMPUHAMAETCs PaBHBIM HYJIEBOM
3Be3AHON BelwuMHe. 3amuchbiBaerca 310 Tak: m=0. Bieck
Jro60i Ipyroit 3Be3lbl MOXHO HalTH no (opmyre

F

[}

rae F u F, — BeJIMUMHBI, XapaKTEePU3YIOLINE SHEPreTHUECKHiA
Oneck 3Be31 m-ii U HyJIEBOi BEJIMYUH COOTBETCTBEHHO. OOBI-
YHO B KAYECTBE YHEPreTHYECKOH XapaKTEPUCTHKH BHIOHUPAIOT
OCBEIICHHOCTD, CO3[aBaEMYIO0 3BE30H, — KOJIMYECTBO CBETO-
BOM 3HEPTUH, MAJAIOUIEH OT 3Be3/bl B €IUHUIY BPEMEHU Ha
MOBEPXHOCTb €IUHHYHON mwiomann. U3 onpenenenus 3Be3n-
HOI BEJIMYMHBI BUTHO, YTO 3Be31a, HANpUMep, 5-i BEJINUYMHBI
B 100 pa3 ciabee 3Be3Ibl HYJIEBON BEJIMYMHBIL

Moxer BO3HHKHYTH BONPOC: 3a4€M MOHaa00WIOCh BBO-
IUTH 3BE3[HbIC BEJIMYMHBI, €CIM ©CTh Takas (u3uueckas xa-
PaKTEpUCTHUKA, KaK OCBEIICHHOCTH? 3Be3gHas BeJIMYMHA
ynoOHa TeM, YTO OCBEIIEHHOCTH, CO3/JaBaeMble 3Be€3JaMH,
OYeHb CWILHO OTJIMYaloTCsA Apyr ot apyra. Hampumep, ca-
Mag apkas 3Be3na (Coanue) u camas ciabas 3Be3na, BUIM-
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Masi HeBOOPYXEHHBIM IJ1a30M, OTJHYAIOTCA M0 Giiecky GoJiee
yeM B 10!'% pa3. A B 3Be3JHBIX BEJIHYHHAX 3TO COOTBETCTBY-
eT uyyTh Oosiee 30™. Takoe 4HCIO NPOU3HOCHTL IOpa3ao
ynobHee.

ITO 00CTOATENBCTBO ywIa NMPUPOJA, CO3aBasi desloBeve-
ckmif ri1a3. OHa noMecTwia BHYTPH HAC CBOEOOPa3HYIO «BbI-
YUCIUTEILHYIO MAIUHKY», KOTOpas yMmeeT Jiorapudmupo-
BaTh. B ¢usHoIOrHH 3Ty «MAIlMHKY» HA3bIBAIOT 3aKOHOM
Bebepa — dexHepa: HALIK OLIYIIEHUs PACTYT B apudMeTHye-
CKO# MpOTpeccHH, KOraa pa3Jpak€HHEe HapacraeT B reoMe-
TPUYECKO#N MpOrpeccHd. 3TO OTHOCUTCSA HE TOJBKO K HALIMM
rjas3aMm, Ho u k ymaMm. MiMeHHo Omnaromaps 3akoHy BeGe-
pa — ®dexnHepa cwiy 3Byka u3MepsiioT B Aenmbenax. Ilpasna,
B OTJIMYHE OT 3BE3IHBIX BEIHYHH, B ONpelesieHuH aenudena
nepen jorapuMoM CHIBI 3ByKa CTOUT MHOXHUTedb 10, a He
—2,5. Ho npuHIUNHATILHOW Pa3HUILI MEXIY 3BE3IHBIMH Be-
JMYdHaMu U genuOenamu HeT. JXKenaromue Moryu Obl u3Me-
pATh CHJIy 3Byka B 3BE3JHBIX BEJIMYHHAX WIH SPKOCTH
3Be3 — B genubenax. Ho Tak yx moBenoch (Hayunas c I'u-
mapxa — II Bexk Ho H. 3.), YTO B aCTPOHOMHH MPHUBWIHCH
3Be3Hble BenuuyMHbl. UYUTOOBI mpencraButh cebe OJieck
3Be34bl HY/IEBOH BEJIUYMHBI, B3IJIsHUTE JieToM Ha Bery. Ee
3Be3/IHas BeJIMYHHA OJiM3ka K cTaHmapty: m = 0™ 14.

Ho Bepuemcs kx AnroJito.

Kpusas G1ecka

B xonme XVIII Bexa aHriwifickuii acTpOHOM-
mobutens Ixou I'ynpaiik 3ametwi, yro Giieck Aurons Mme-
HSETCS CTPOro nepuoauyecku. Yepes kaxable ABOE CYTOK, 20
4acoB ¥ 49 MUHYT ero OJieCKk BOCIPOU3BOAWICA [0 NPEXKHErO
ypoBHsi. JIs OmMCaHHs MMEPUOTHYECKUX IPOLECCOB yIOOHO
BBeCTH pa3y. Paza — 370 BpeMsi, BhIpaxXaeMoe B AONAX Iie-
puona P. Ha npaktuke ¢a3y BBIMHCISIOT CJIEAYIOLINM 00pa-
30M. BpibuparoT kakoifi-HUOyAb MOMEHT BpEMEHHM 3a Ha-
4aJbHBIA M NpUMUCHIBAlOT eMy ¢a3y, paBHyw Hymo. IIpu
HaOJIOJICHUH 3Be3[, Kak MPaBWIO, HAYAIbHBIA MOMEHT (Mo-
MEHT HyJieBoii (a3bl) coBmazaer ¢ MHUHHMYMOM GJiecka
3Be3/1bl. Janee 3aMevaroT BpeMsi HaOJIONCHUS, BHIYUTAIOT U3
HEro HAYANIbHBIE MOMEHT BpEMEHH U [eiIAT HA MEPHOI.
JpobHslif ocTaTok menenus U Oyzet ¢da3oit. Bieck nepeMen-
HOMH 3Be3AbI OOBIYHO M3MEPSETCS 10 OTHOLICHMIO K KaKOii-
au00 MOCTOSIHHO# 3Be3fe, Haxomsueiics nobiamsocru. [pa-
¢ux 3aBucmMocTH OJyiecka 3Be3asl OT (a3bl Ha3bIBAETCA
KpuBoOii GJiecka.
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KpuBas 61ecka Anrons, HaiinenHas I'ynmpaiikoMm, umera
3a IepHoA Ba MHMHHMYMA — @TJIyOOKMi1»  IepBUYHBIM
(r1aBHBIF MUHMMYM) Ha (a3e HYJIb H «MEJIKHi» BTOPHUYHBIHA
Ha ¢aze 0,5 (puc. 20). [Touarp Takoit xapakrep KpuBoii Ge-
CKa MOXHO, JIMIITb MPEAIOI0XKUB, 4YTO AJIrOJIb — 3TO HE OJHA
3Be31a, a aBe. (Cxema sBienus mosicHserca puc. 20.) Bpa-
LIasCh OJHA BOKPYT OPYroi ¢ nepuoaoM 2.9 nHs, 3Be31bl IIO-
MEPEMEHHO 3aKpBIBAIOT OT HAc JpYr HOpyra. 3akpblBalorT,
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Puc. 20. Kpusas Gaecka Airons

[1paBja, He MOJIHOCTHIO, & YaCTHYHO. Bo3HukaeT Bompoc: mo-
4YeMy OJUH MUHHUMYM FJ1yOokuii, a pyroii Menkuii? Benp ka-
kKOas U3 3Be3]] 3aTMEBAET OJMHAKOBYIO IUIOLIAb CBOEH CO-
cenku (3Ta IUIOWIaAb IIONPOCTY paBHA IUIOMIAAM OOIIeH
YacTH OBYX Ilepecekaroluxcs KpyroB). JaBaiite momymaem:
YTO Takoe IJIyOMHa 3aTMEHHS, YeM OHa ompeneiserca? Bue
3aTMEHHMS MBI BHAHM 00€ 3Be3Jbl OJHOBpEMeHHO, M Oeck
CHCTEMBI €CTh CyMMa OJireckoB 3Be3n. Korma onsa 3Be3na
«HAIOJI3ae€T» B MPOEKIMH HA OPYTYIO, OJIeCK MBOMHOM magaeT
POBHO Ha CTOJIbKO, CKOJLKO H3JIy4aeT 3aKpeiTas 4acTh
3Be3abl. UTOOBI BBIMMCIMTH KOJMYECTBO SHEPIrUH, H3ITydae-
MO€ 3aKpHITOH YacCThiO IIOBEPXHOCTH 3Be€3[bl, HYXHO IIO-
MHOXHTH 3HEPTHIO, U3JIy4aeMYIO €IUHHUIIEH MOBEPXHOCTH, HA
wiolmangs 3TOM caMoM 4acTH moBepxHocTH. OTcCloaa SCHO,
YTO pa3sHHMIA B riyOMHaX MHUHAMYMOB CBS3aHa C pa3jivyusi-
MH B KOJIMYECTBAX 3HEPruM, W3JIy4yaeMO# eOUHHULEH IOBEpX-
HOCTH 3B€3[, T. €. B IIOTOKaX, HAYIIMX OT KaxXIOH 3Be3Mbl
B niepBoM mpuOIIMKEHUH MOXHO CYHTATh, YTO 3BE3]bI HU3JY-
YalOT Kak «abCoNIOTHO depHbIe» Tejia. IIpuMepoM Takoro
«abCOTIIOTHO 4EPHOro» Tejla MOXET OBITh TEJIO, UMeErolllee
MOCTOSHHYIO TeMmrepatrypy. s abGCONIOTHO 4YepHBIX Tel
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cnpaBeutuB 3akon Credana — BonbipMana, corjiacHO KOTo-
poMy HOTOK C E€IUHHIBI MOBEPXHOCTH MPOMOPLHMOHAJIICH Ye-
TBEPTOH CTENEHHM TeMmepaTyphl:

F=0oT*

3mecb 6 =5,67-10"% IIx/(M?-K*-c) — mocroaunas Creda-
Ha — Bonbimana. CoGcTBeHHO, MOKA 3TOT 3aKOH HYXEH HaM
JUIIL JJIS TOrO, 4YTOOBI CKa3aTh J[JOBOJBHO OYEBHAHYIO
BEIllb — YeM Tropsyee TeJlOo, TeM OHO spue. Temeps SCHO, YTO
AJITONb COCTOHMT M3 3Be3[ C Pa3HBIMH TeMIlepaTypaMH, Npu-
yeM Ha (pa3e Hy/JIb 3aTMeBaeTcsa Oosiee ropsyas 3Be3ja.

KpuBbie Oyiecka TuUma AJITOJIS OYEHB PacCIpPOCTPaHEHBI
cpemu nepeMeHHBIX 3Be3n. Ceifuac U3BECTHO HECKOJIBKO ThI-
cA4 Takux 3Be3d. JUIS BceX HHX XapakT€PHO HAJIMYHE ABYX
MHHAMYMOB C NPUMEPHO MOCTOSHHBIMH y4yacTKaMu OJiecka
Mexay HAMH. I1OCTOSHCTBO OKa3bIBaeTCA TOJBKO IIPH-
MepHbIM. [Toyemy? Benb Mexay 3aTMEHUSMHU MBI BUIUM 00e
3Be3/1bI UEJTHKOM, a OJIECK CHCTEMBI €CTh IPOCTO cyMMa OJie-
ckoB 3Be3ld. IlocTosHCTBO HOJKHO OBITH TOuHBIM. Ho Ha
KpuBoOii 6iecka (puc. 20) XOpOIIO BHOHO, YTO IOCIE TUEPBUY-
HOT'O MHHHMYyMa OJIECK CHCTEMBI IOTHXOHBKY pacTeT k (ase
0,5, u ecnu ObI HE BTOpPMYHOE 3aTMEHHE, TO B 3TOM MeCTe
ObUT OBI MakCHMyM.

Sfgdexm ompascenusn

Vceunenne Onecka oObsacHseTca 3¢dexToM oTpaxeHus.
BcmomumM, uTo onHa u3 3Be3n AJrois ropsuee apyroii bo-
Jiee TOpsiYas 3Be3[1a MOJCBEYHUBAET C OOHOM CTOPOHBI XOJIOI-
HYIO, IIO3TOMY OIUH OOK XOJOHHO#N 3Be3[bl, OOpallleHHBII
K ropsyeil 3Be3ge, CTAHOBHUTCH 4yTh sipue. ['opsyas 3Be3na
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Kak Obl oTpaxaeTcs B xojoaHoil. Ha camMoM nesie mpoucxo-
T HE OTPaXeHHe, a Mepen3yueHue, NPUYEM MepensiyyeHne
C M3MEHEHHEM [UIMHbI BOIHBI cBeTa. KCTaTH, oTpaxeHue BH-
IIAMOTO CBET2 B 3€pKajle — 3TO TOXe nepeusinyyende. Ilepe-
M3JIyYaIoT 3JIEKTPOHBI B TOHKOM CJIO€ MeTajlia, HAHECEHHOr O
Ha crewio. Ho B 3epkajie IINHA BOJHBI HE MEHSETCS, [103TO-
My €CJIM BaM KaXX€TCs, YTO BBl B 3€pKaJie PBLDKHM, Bl U
B CaMOM [eji€ PbDKMIA.

JasaiiTe 3anoMHuUM noJiyutiie (a3oByl0 3aBHCHMOCTL 3(¢-
¢dexra orpaxenus. Ha ¢ase Hy b XojomgHas 3Be3ma 3aTMe-
Ba€T ropsA4ylo, U 3HAYUT, MBI BUIUM THUIbHYIO, HauGoJjiee Xo-
JloAHy10 vyacthb GoJiee TeMHol 3Be3abl. ITo Mepe opGuTaibHO-
ro BpalleHHs, C YyBelwueHHeM ¢as3nl, Mbl BHINM BCE
60sbIyI0 U GONBIIYIO 4aCTh MOJCBEYEHHON CTOPOHBI ITOIA
3Be3/1bl — OOIUii 6JIeCK CUCTEMBI MEUIEHHO YBEJINYHBAETCS,
¥ K ¢aze 0,5 xononnas 3Be3na pa3BopauMBaeTCs CBOeH Ha-
ubosiee ropsiueit uyactpro. DPdeKkT OTpaxeHHs CTAHOBHTCS
MakCHMaJIBLHBIM. 3aTeM OJIeCK CHCTEMBbl CHMMETPHYHO Tia-
naet x ¢ase 1. B cucreme Anrons 3¢dgexkt oTpaxeHdus Mal
M MrpaeT BTOPOCTENEHHYIO poJsib. ['J1aBHOE — 3TO 3aTMeHHs.
Ho npencraBeTe, YTO CHCTEMA PAacCloOJIOXeHA TakK, YTO KOM-
MIOHEHTHI HE 3aTMEBAIOT OPYT APYIa, WIM UM Heuéro U HeyeM
3aTMeBaTh (Takoe Toxe Bo3MoxHo!). Torma enuncrBeHHOM
NPUYMHON U3MeHenus Gyiecka NBONHHONW MOXET ObiTh (et
oTpaxenus. Jlagpllie MbI e€llle BCTPETUMCS C [BOIHHBIMHY,
y KOTOPHIX 3(p}eKT OTpaxxeHHs B NECATKH pa3 CWIbHEE, YeM
y Anrons.

O ueM pacckasbiBaeT A/Iro/eBCKas KpHBas
onecka?

Kaxkyto unpopmanuio MOXHO U3BJIeYb U3 KpH-
BOii OJiecka aJIrOJIEBCKOIo THIIA, T. €. KPUBOM, coCTOsIEd U3
myx muanmMyMoB? IlycTs, HanpuMep, IBoifHas CHCTEMa Ha-
6ronmaercs ¢ pedpa, T. €. JIy4 3peHus JISKHUT B IWIOCKOCTH Op-
6uTn! (cM. puc. 21). Op6ury mis npOCTOTHI MPHMEM KPYro-
BOii. B 3TOM cilyuae 3aTMeHHs OyIyT LEHTPAILHBIMM H OJHA
U3 3Be31 OyOeT 3aKphIBaThCs OT HAaC NEJIMKOM. YTOJ HakKjo-
Ha IUIOCKOCTH [BOMHON K KApTHHHOI IU1ockocTH i =90°. 3a-
TMEHHSI NIPH 3ToM OynyT umeTs ¢opMmy Tpameuuu. Ilycrs
Oouee sipkas 38e3na I uMeer GONblIMe pa3Mephl. B nepBuu-
HOM MHHHMYMe 3aTMmeBaeTcs Oosiee sipkas (M 60Oiblias mo
pasmepaMm) 3Be3na. Hawionnas cropona AB Tpamemuwm co-
OTBETCTBYET MOCTENEHHOMY 3aKpbITHIO 3TOH 3Be3/ibl 3BE310H
2. B Touke B kpas 3Be3q I u 2 xacaroTcs (BHyTpeHHee Kaca-
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HHE), U MOKa 3Be3Ja 2 MPOXOAMT HO JUCKY 3Be3abl I, OJieck
cuctembl He MeHseTcs. Ha yyactke CD 3Be3na | mocTeneHHO
BBIXOZUT H3-32 3Be3abl 2. Uem OoJblile paadyc 3Be3mpl 2,
TeM [UIHHHee yd4actok CD.

ITonHas WIMTEIBHOCTH 3aTMe- 4 7
Hus (0T A no D) onpenensiercs
CyMMO# pa3MepoB 3Be3l, a
JUIATEIBHOCTh  IOCTOSHHOTO
ydacrka (mHa) BC — pasHo- 8 ¢
CTbIO pa3MepoB 3Be3n. J[IBa

YPaBHEHHs], [BAa HEH3BECTHBIX.

A8 8C (Wi
3HayuT, KpUBas GJiecka Mo3BO- y
JISeT HAWTH paguychl 3BE3[.
Yuratenb MOXKET yIUBUTHCH,

KaK 3TO Tak: U3MEPUB BpeMs,
MBI HaxoauMm paccTtosinue. Puc. 21. LlenTpanbHoe 3aTMEHHE
Benp HyXHO 3HATh elle H
CKOpOCTb, a e¢ U3 KpuBoii 6J1ecka He onpeaenuinb. COBEpILIEHHO
BEPHO — pa3Mephl 3Be3J Mbl He HaigeM. Ho MOXHO HaiTu
pa3Mepsbl 3Be€3J B €OUHUIAX paauyca OpOMUTHI ABOMHOH (a).
JeicTBUTENBHO, 3a IepuoAd 3Be3a HPOXOOUT pPacCCTOSTHUE
2na. Ilepuon HaM M3BECTEeH, 3HAYUT, MBI MOXEM Y3HATH,
KaKyro 4aCThb OT IOJIHOHM JJIMHBI OpOHTHI MPOXOAHUT 3Be3la
3a BpeMs 3aTMEHHS.

Ecnu nBoiiHas cuctema BHOHa He ¢ peOpa, TO IJIMTeNb-
HOCTb 3aTMeHHUs U ero ¢dopma OyayT onpenensaTbcs He TOJb-
KO OTHOCHTEJIbHBIMH pa3MepaMU 3Be3[1, HO elle U BeJIMYHHOM

T

Puc. 22. Ectb nu 3aT™MeHHA?

yriaa i. B atoMm ciysae usmenutcs u ¢opMa xpuBoit Oiecka.
Ecnu yron takoB, YTO MeHblIas O pa3MepaM 3Be3Ja HE 3a-
TMeBA€eTCA MOJHOCThIO, TO BO BTOPHYHOM 3aTMeHUHM He Oy-
JIET IL10CKOro «aHa». dopma 3aTMEHHs MO3BOJISET OIpese-
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JIMTH YTOJI HawioHAa ABOHHOI. IIpm HEKOTOPOM HOCTaTOYHO
MaJIOM yrje i 3aTMEHHs MOTryT BOOOIIE HE MPOUCXOIUTb.
MunuMaibHOE 3HAYCHHE YIJIa ONpenessieTCsl OTHOCHTEIbHbI-
MH pa3MepaMH 3Be3]] — KOMIIOHEHT JBOHHOI CHCTeMBI (CM.
puc. 22) — u3 mpOCThIX T€OMETPHYECKHX COOOpaKeHHiA.

Hrak, xpuBble OJiecka MO3BOJSAIOT ONPENEIHTh IEPHOI
JIBOMHOH W OTHOCHTEJBbHBIE paauychl 3Be31. Ho xak ompene-
JINTh pa3Mephl 3Be3j H, IJIaBHOE, KaK OINPENeIHTh MaccChl
3Be3n? I'ne B3ATH «UIMHEHKY», C IOMOIIBIO KOTOPOH MOXHO
ObUTO OBl U3MEPHUTh pa3Mep OpOWUTHI JBOHHOH W PpagUyChl
3Be3n? IIpupoaa co3majia Takue CTaHIAPTHBIE JIMHEHKH, OHU
CYLIECTBYIOT B JIIOOOM aTOMeE, HE3aBHCUMO OT TOTO, Tie 3TOT
aTOM HaxoauTcsad — Ha 3emile WIH B [JaJIeKOH 3Be3IHOM
CHCTEME.

ddext Jdomrepa

Korpa pacckasbBaroT 06 3ddexre Jomepa,
4acTO BCIIOMHHAIOT HIYTKY PO (U3MKA, KOTOPBI Ipoexas
IIEPEKPECTOK Ha KpacHbIii cBeT. HaxomuuBblili HapylIuTes b
00BsCHWI moJyimIeickoMy, 4ro u3-3a 3ddexta [lomrepa
KpacHbIii cBeT cBeTodopa eMy mokasaics 3eile#bmM. Ho mo-
JIMIEHCKUH OKa3alici He MeHee COOOpa3HUTENIbHBIM YeJIOBe-
KoM u omTpacdoBan ¢pusnka 3a npeBbILIEHHE CKOPOCTH. ITOT
aHEKAOT, MO-BUAMMOMY, TJIYOOKO 3amajl B CO3HaHHE CIIYyXObI
nopoxHoro apmxeHus. Ceiivac Ha 00O4YMHAaxX JOPOT 4YacTo
MOXHO YBHNETh MHJIMIEHCKYIO MAalllMHy, B KOTOPO#i Haxo-
JUTCA CHEeNMaJIbHBIM MpUOOp, H3MEPSIOIIHI CKOPOCTh MPOXO-
nsamero tpascnopra. Pabora storo mpubopa ocHOBaHa Ha
a¢dekte domnepa, KOTOPBII COCTOHT B CIIEIYFOLIEM.

IIycte MMeeTcss W3JiyvaTelb NEPUONUYECKAX HMITYJIHCOB
M UX NpHEMHHK. Ecin W3JIyvaTenh MOKOWTCS, TO NMPHEMHHK
OyneT NpUHMMATh CHTHAJIBI C TOH Xe MepHOAHYHOCTBIO,
C KOTOPOIi OHH H3JIyvyaloTcs (MyCTh, HAPUMeED, IEPHO U3JIy-
yatens paseH P, ;). Temeps mycTh H3IyyaTenb IBUKETCA
B HaIpPaBJICHHH HA MPHEMHUK (WIH OT HET0) CO CKOPOCTHIO V.
3a Bpems P, m3nyuartenpb npoitaer paccrosuue vP,,,. 3Ha-
YUT, CJIEOYIOIIUH MMITYJIBC MPHUAET C MeHbIIero (0oJbHIEro)
paccrosHus. IlpuyeM HMIyJIbC NMPHAET paHblie (IO3Xe) Ha
BpeMs, 32 KOTOPOE CUTHAJI NPOXOIUT CABUT M3JIy4aTens, T. €.
vP,,,/c, THE ¢ — CKOPOCTh pacnpocTpaHeHHs curHajioB. Ile-
pMOJ CHTHAJIOB, NMOCTYMAIOIINX B IPHEMHHUK, M3MEHUTCA HA
BenuyuHy P =P, — P, =AP. OTHOCHTEJIbHOE H3MEHEHHE
nepuosia u ectb dbdext Homnepa:

AP/P,,, =v/c. @
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Ecmu mepwoj w3iiyuaTens W3BECTEH, TO, CPaBHMBAas €ro
C MPHHUMAEMBIM IIEPHOJOM, MOXHO HAWTH CKOPOCTH IIPH-
OJmKeHUs WIH yAajleHHs u3iayudartens. IlpuGop, m3mepsro-
LU CKOPOCTH aBTOMOOUJIEH, — OJHOBPEMEHHO M H3JIyYaTellb,
u npueMHuk. OH 00JIyyaeT MallMHBI U NPUHEMAET OTpa-
XeHHbI curHajn. ClenoBaTelNbHO, B 3TOM Cllyyae HET Mpo-
6seM ¢ BenmuuHO#N P, .

ACTPOHOMBEI TOX€ HU3MEPSIIOT CKOPOCTH C IOMOIILI0 3¢-
¢exra Jorutepa. Benp cBer 3Be31 — 3TO 3JI€KTPOMArHUTHbIE
BOJIHBI, OCOOble OOBEKTHI, COCTOSINME H3 KOJeOIIoNHXCS
MarHMTHBIX U JJIeKTpuueckux noieii. Kak mpaswmio, 31eck pa-
6oTaroT He ¢ IepHOJaMH, a ¢ MIMHAMH BOJH. HamoMuuM,
YTO JUINHA BOJIHBI — 3TO MyTh, KOTOPHIH BOJIHA MPOXOIMT 3a
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omud mepuona: A =cP. OTHOCUTENbHOE W3MEHEHHE UTHHBI
BOJIHBI OIIPEAENAETCS TaKXKe OTHOLICHHEM CKOPOCTH [BHXKE-
HHUSA MCTOYHHKA CBETa K CKOpPOCTH cBera. SIcHO, uTo 3ddekT
Jloruiepa 3aBUCHT TOJIBKO OT KOMIIOHEHTBI CKOPOCTH, HaIpa-
BJIEHHOH BJOJb Jiy4a 3peHHsA. DTy KOMIIOHEHTY Ha3biBalOT
JIy4YEBOH CKOPOCTBIO U, :

= (4a)

Ho Bo3HMKaeT BOIpOC, OTKyJa acTPOHOM 3HAaeT UTHHY
BOJIHBI A,,, CBETA, U3JIy4eHHOr o 3Be310i1? B u3yyyenuu 3Be3n
HMEETCS IOJHBIA HAOOp 3JIEKTPOMAarHUTHBIX BOJIH C Pa3HbI-
MH JJIHHAMH — criekTp. Boodiie ropops, cnekTp H3JiydeHus,
BBIXO/ISIIIETO M3 HEAP 3Be3Ibl Ha ee MmoBepxHOCTh ((oTocde-
pY), — COBEPUICHHO IJIAAKHH H HEMNPEPBIBHBINA: KOJIMYECTBO

fomor
U3y YEHUS

[Tomar
s YeHUS

Aruna Bonrer Anurna Bonrsr

" [opavud
. Teas

ANAANANA
NN

Puc. 23. Bo3HHKHOBEHHE JIMHHI NOIJIOLIEHAS B HENPEPLIBHOM CHEKTpe

3HEPruM, Hu3JIy4aeMoe 3Be3[0i B TOH WJIM HHON [JIMHE
BOJIHbI, MEHSETCS IUIABHO C HM3MEHEHHEM [UIMHBI BOJIHBI
(puc. 23).

Mpul yxe mpuBOAWIM NOHATHE aOCOJNIOTHO YEPHOIO Te-
Jla — TeJla, HAXOAMIErocs B TEPMOJMHAMHYECKOM PaBHOBe-
cui. Ytobs! noyuuTs abCoIIOTHO YEpHOE TEJI0, HYXKHO €ro
OKDYXHUTB CO BCEX CTOPOH TEIUIO- H CBETOHENPOHUIIAEMBIMH
CTeHKaMH. DJTo HeoOXoAuMMO [JjIs TOro, 4TroObI BelIeCTBO
M 3JIeKTPOMATHUTHBbIE BOJIHBI MPHIIUIA B TEILUIOBOE PaBHOBeE-
cHe, IIPH KOTOPOM B CPEIHEM JHEPTUs HE NEPeXOTHT OT Be-
IIecTBa K M3Jy4eHMIo, 1 HaoOopoT. Tak GbBaer ¢ Tenamy,
HMMEIOLIIME OJIHH2ZKOBYIO TeMmmeparypy. B atoM cMmeicie ro-
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BOPAT o Temmneparype usjyuenus. CruexTp abCoaIOTHO vep-
HOTO Teja onuckiBaercs ¢GopMyJioH, XOTOpPyl0O Ha pyOexe
XIX u XX BexoB BbiBel Maxc Inank.

Henmpa 3Be3n cronb HENpoO3pauHbl, 4YTO 3JIEKTpoMar-
HUTHLIE BOJHBI OYEHb [OJITO MOTJIOLIAIOTCS M M3JIY4aroTCH,
Tpe/ie 4eM BBINTH Ha MOBEPXHOCTHb 3Be3[pbl. 3a 3TC BpeMs
BEIIECTBO M U3JIyYCHUE NPUXOAAT B KBa3UPABHOBECHUE, MO3TO-
MY CHEKTp BBIXOAsiLero u3 ¢orochepsl m3nydyeHus OIU30K
K cnekTpy abconroTHo uepHoro rena. Ha 3ToM cnekrpe HeT
«HU Cyyka HH 3aaopuHxu». Eciiin BBl MPUHSIK CBET C ompene-
JICHHOM JJIMHON BOJIHBI, HM3MEHHMBUIEHCH WH3-3a JABWKCHHS
3B€3[Ibl, TO 3TO HE IIOMOXET BaM OIPEIEIUTh CKOPOCTb
3BE3bI. )

K cuacrtslo, mpupona He Tak COBEpIIEHHA, U NOTOMY IO-
3HaBaeMa. Y 3Be31 ecTb atMochepbl. Bens 3Be3mbl — «3TO
packalieHHbIE IUIa3MEHHbIE Hapbi». BHYTpW OHHM ropsuue,
a BOKpYT HUX — kocMoc ¢ Temneparypoit —270 °C. Kak mpa-
BWIO, aTtMoc(epsl 3Be31 XOJIOI-
Hee camMux 3Be3l. M3iyyenue r
NPaxTU4ecKkn OecnpensaTCTBEHHO
MPOXOAMUT CKBO3b aTMochepy u
MIOTOMYy HE YcClieBaeT NpUHTH B
paBHOBECHE C €€ BEILECTBOM.
CnexkTp HaYMHAET «IOPTUTHCA»;
Ha HEM HOSABIAIOTCA «3a3yOpu-
HBI» — CHEKTPAJIbHbIE JIMHUH.

BcnoMuuM, 4YTO CBET — HE
TOJIBKO 3JIEKTPOMAarHuTHas BOJI-
Ha, HO u vyactunma. CeeT wus-
JIy4aeTCa U norjiolaercd nopuua-  Puc. 24. B anekTpoMarHuTHO#M
Mu — kBaHTamMu. Kaxaplii atom  BOPOHKE BO"EYT JJ;Z‘T‘*O:[‘;‘ :ll};
MOXET M3Iy4aTh KBaHTH TOJIBKO l;znbzgfx;fc"xpemue SHATeRAR
ONpeacjicHHOMU OJIMHbI BOJIHBI, 9HEprHH
COOTBETCTBYIOLIIHE nepexoy
9JIEKTPOHA C OJHOIO HUCKPETHOIO YPOBHA Ha Jpyrou
(cM. puc. 24). Tor xe Makc Ilnank nokasan, 4TO 3HEp-
rUd KaXIOoro KBaHTAa ompeneasercd TOJAbKO €ro IJIMHOM

BOJIHBI: ¢

rae h=16,63-10"3* Jx-c — nocrosnnas Ilnanka. Hanpu-
Mep, KBAHT 3€JIEHOTO IBETa HUMEET 3HEPTHIO, PaBHYIO IIPH-
6m3utensHo 2,5 3B. (1 3B (371eKTPOH-BOJIBT) — 3TO IHEPrHd,
KOTOPYIO NIPHOOPETAET IEKTPOH, NPOXOJd Pa3HOCTh MOTEH-
muajioB B 1 B)
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Atombl at™Mocdeps! 3Be3nnl, KoTopas OoJiee XoJogHAs,
4YeM cama 3B€3[ia, MOIJIOIIAIOT KBAHTHI, COOTBETCTBYIOLIHE
OINpENEJICHHBIM 3HEPTeTHYECKMM Iiepexonam, T. €. OmIpeje-
JICHHBIM JUIMHAM BOJIH. B pesynbTare B cnekTpe 3Be3pl Oy-
JeT HeAOoCTaBaTh CBETAa HA ONPENCICHHBIX IJIMHAX BOJIH —
NOSIBJISIIOTCA TEMHbIE JIMHHM HorJomenus. 'oBops o «xo-
JIOAHBIX aTMocdepax», Mbl HECKOJILKO YIIPOIIAEM CHTYaIHIO.
Benp y 3Be3x HET TBepAOH MOBEPXHOCTH, MO3TOMY M HET aT-
Mocthep B OOBIMHOM CMbICIE 3TOro cioBa. ATmocepoit
3Be31bl HA3BIBAIOT TOT CJIOH €€ BelllecTBa, B KOTOpoM (op-
MHPYIOTCS CIEeKTpajbHble JIMHUM («3a3yOpHHBD»). Bunm crek-
TPaJIbHOM JIMHUHM ONpenesiseTcs TeM, Kak MEHSETCS TeMIIEpa-
Typa B aTMmocdepe ¢ riyounoi. Ecnu Temmeparypa B citoe
majgaer npu NpHOJIMKEHHH K Habiromatento, oOpasyroTcs
TEMHBbIC JIMHHHM TOIJIOUIEHHs. B mpoTMBHOM cilyyae MOTyT
MOSBJISATHCH SIPKUC JIMHHUU W3JIyYeHHs (MX Ha3bIBAIOT 3MHC-
CHOHHBIMH). ¥ NOIABJIAIOMIEr0 OOJIBIIMHCTBA 3BE3[ TEMIIE-
paTypa Hapyxy CHayajla majaeT, a IOoToM pacreT. Poct TeM-
nepaTypsl HAYMHAETCA yXE€ B TOM MeCTe, Tle IUIOTHOCTb
BEILlIECTBA MaJjla M KBaHTHI cBOOOAHO BBLIXOIAT K HabiromaTe-
aro. Tak uyTro y OGoJpIIMHCTBA 3B€3J B ONTHUYECKOM JIHANa3o-
HE BUIHBI TEMHBIC JIMHAU NOTJIOLICHHUS.

JinHa BOJIHBI JIMHHM ONPENCIACTCS TOJBKO 3aKOHAMH
B3aHMOJCHUCTBHA 3JICKTPOHOB M sAep. 3aKOHBI 3TH OJAMHA-
KOBEI Be3zie Bo Beenennoit. MsmepuB Ha 3emiie [IHMHBI BOJIH
KBAaHTOB, M3JIy4aeMbIX WIHM MOIJIONIAEMBIX aTOMaMH TOrO
WIK HHOT'O XMMHYECKOTO 3JIEMEHTa, MBI TEM CaMbIM DPEIINM
3aavy HaxoXAeHHS A.,. CpaBHMBas J1abopaTOPHBIA CIEKTP
CO CHEKTPOM 3Be3[bl, HAWOEM CKOPOCTh €€ IBHXKCHHSL

KpuBan snyueBbix ckopocreii

Ha npaxtuke crmexTp 3Be3asl IOJIYYAIOT Clle-
oyromuM obpasoMm. B dokyce Teneckoma moMeIaroT Crek-
Tporpa¢ — npubop, KOTOpIif paboTaeT HanoAOOUE MPU3MEIL,
HO ropas3zo JIydvlie.

ITpu mosyyeHMHM cOeKTpa TeJecKON HYXEH I TOoro,
4yTOOBI CcOOpaTh Kak MOXHO Oojbliue cBera oT ciaaboit
3Be3mpl. [Ipu 3TOM cnekTp 60 CHUMAroT Ha (POTOIIIACTHH-
Ky, 1u00 3amuchiBaloT yepe3 mpeodpasosatens B DBM. Ilo-
JIy4eHHBI CIEKTp 3Be3Ibl CPaBHUBAIOT C JiabopaTOpHBIM
CHEKTPOM KaKOro-THOO XHMHYECKOTO 3JIEMEHTA.

CHHUMas CrIeKTp B pa3/IMYHbIE MOMEHTHI BPEMCHH, HA pa3-
HBIX OpOMTaNIBHBIX (a3ax, MOXKHO OIPENEIUTh CKOPOCTh
IBIDKEHHS OBOMHBIX 3BE3[. 3aBHCHMOCTh CKOPOCTH OT (pa3bl

4



Ha3bIBAIOT KpUBOH JyueBBIX ckopocTeil. [Ipum mBMxeHun
3Be€3 bl IO OPOUTE MEPHOIUUECKH MEHSETCS MPOSKIHUA CKOPO-
CTH 3Be3[bl HAa JIy4 3peHHus. 3aMeThTe, YTO y KOMIIOHEHT
IBOWHOM 3TH M3MEHEHMS NMPOUCXOIAT CTPOro B mpoTuBoOda-
3e. Ha cmektpax BHOHO, KaK JIMHMH KOMIIOHEHT «XOHAT»
B npotuBodase (puc. 25).

PaccMoTpuM mpocroit ciy4ait kpyroBbix opOut. Ilycrs
JIyd 3pEHUS HAXOOUTCA B IUIOCKOCTH [OBOIHOM (puc. 25).

K wacnrooameno .
E—— Apacrelid
I\r\mm\y §’ 8
S
S 8/« N\,
— g g 1 1
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Puc. 25. Tlepuonuyeckoe XoXIEHHE JHHMH B CHEKTpe IBOHHOH (puM-
CKHMH IHbpaMH MOKa3aHO COOTBETCTBHE IOJIOXKEHHH 3B€3]] M CHEKTpaJjb-
HBIX JIMHUH)

ITycrto 3Be3na I u Gosee ropsiuas, u 6osee MaccuBHas. B mo-
MEHT MEPBUYHOTO MHHHMYMA NPOEKIUS OpPOMTAILHOU CKO-
pPOCTH Ka)K[aoil 3Be3abl HA JIy4 3PEHUs paBHA HYJIO. 3aTeM
3Be3ma | HayMHAeT MPUOIMXAThCA, a 3Be3na 2, HaoOOpoT,
ynanarecsa oT Hac. IIpubimxkeHue xapakTepu3yercs OTpH-
HATEJIBHOM CKOPOCTBIO, a YJaJIEHHE — MOJIOKHUTEIbLHOM.
KpuBblie JTy4eBRIX CKOPOCTeii IPeACTaBISIIOT CO00# IBE CHHY-
coupl B mpotuBodaze. AMIUTUTYAbI CHHYCOHJ PaBHBI opOu-
TAJIBHBIM CKOpOCTAM. Ho MHOrZa CHHycOuabl NepeceKaroTcs
HE Ha ocu abcuucc.

Bce neno B TOM, YTO CHCTEMa ABHXETCS OTHOCHUTEIBHO
Hac kak menoe. CkopocTh, IPH KOTOPOH MEpeceKaroTCs
KpHBBI€ JIYYEBBIX CKOPOCTEH KOMIIOHEHT, Ha3bIBa€TCS raMma-
CKOpPOCTBIO. SICHO, 4TO raMMa-CKOpOCTh — 3TO IPOEKIMS
CKOPOCTH LIEHTpa MacC OBOWHOW HAa JIy4 3pEHHA.

Yto MOXHO CKa3aTh O mapaMerpax IBOHHOMH, 3Has KpH-
Bylo JyueBbiXx ckopocreii? IIpexne Bcero, oHa MO3BOJNSET
OnpeaeTuThL abCONIOTHBIE Pa3Mephl OPOUTHI TBOMHOM — Bellb
HaM M3BECTHBI CKOPOCTb ABHXKEHHWS 1O OpOWTEe H Tepuo.n
IBOiHOM. MOXHO cKa3aTh, 4TO JJIMHA BOJIHBI KBAHTOB CBETA,
M3JIy4aeMBbIX aTOMaMH, oOKa3ajach TOH caMo# JIMHEHKOM,
C IOMOILBLIO KOTOPOH yJajlock M3MEPHTh pasMep IBOMHOMN
cucTeMbl. 3Has pa3Mmep OOJNBIIOH MOIyoCH M mepuond, €
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noMouibi TpeThero 3akona Kemsepa (¢popmyia (2)) MoxHO
HalTH CyMMY Macc ABOMHOH. A MOXHO JIM HaWTH Macchl
3Be3q 1o oraesibHocTu? Moxuo. BcmoMHHM, yTO OTHOIIIE-
HHe OpOMTAIBHBIX CKOPOCTEil 3B€31 paBHO OOpPaTHOMY OTHO-
LIEHUIO MX Macc. 3HA4YHT, 3Has OTHOILIEHHE AMIUINTYH KpU-
BBIX JIYYEBBIX CKOpDOCTEH, MBI CMOXEM Y3HaThb OTHOIICHHUE
Macc 3Be3f.

Utak, aHaIu3upyst KPUBBIE JIYUEBBIX CKOPOCTEl U KPHBbHIE
6s1ecka, MOXHO HAWTH HE TOJILKO pa3Mepbl OpPOMTHI HBOI-
HOM, HO M Macchl U pa3Mepsl 3Be31. KoHeuHo, 3T0 BO3MOXHO
PH YCIOBHM, 4YTO B CHEKTPE BHUAHBI JIMHHH OOEHX 3Be3]
M YTO OBOiHas cHcTeMa. BHaHA ¢ pebpa. B mporuBHOM cCity-
4yae OObIYHO MPUBJIEKAIOT AONOJTHHUTEIBHYIO (KOCBEHHYIO) HH-
¢dopMarnuro 1 Bee e OLIEHMBAIOT TapaMeTPhl 3B€3 I, BXOISAIIHX
B BOHHYIO CHCTEMY.

Cpenu OBOIHBIX 3BE3]T 4acTO OBIBAE€T Tak, YTO B CIIEKTPE
BHIHBI JIHHUY JIMIIL ONHON U3 3Be3x — OoJiee sipkoit. B aTtom
cllydae Mbl UM€EM TOJIBKO OJHY KPUBYFO JIYYEBBIX CKOPOCTEIHA,
a MMEHHO KPUBYIO JIYYEBBIX CKOpPOCTeil 6oJiee sApKoii 3Be3 bl
ITo onHoOW KpUBOW OTHOILUEHME MAcC 3B€3J HE OINpEIeIHIb.
TMpuxoauTcsi TOBOJIBCTBOBATHCS TEM, YTO €CTh.

YTo € MOXHO y3HaTh, M€l B PyKaX OJHY KPUBYIO Jy-
ueBoif ckopoctu? JlaBaiite BHa4Yale PEIIMM NPOCTEHBKYIO CH-
cTeMy 4eThipex ypaBHeHuii. IIpeamosioxum, 4To OpOHUTHI
3Be3 ABOIHOW Kpyroseie. O4eBHIHO, CyMMa paguycoB Op-
6uT 3Be3q paBHA OOJBIION MOJIyOCH IBOMHOI CHCTEMBL DTO
MepBOE YpaBHEHHE: :

r 1 +r 2 =a.

B kxayecTBe BTOpOro ypaBHEHHsS BO3BMEM YCIOBHE, OIpele-
JISFOLIee PAacCTOSIHME OT IIEHTpa MacCc ABOMHOM OO0 KaxOoH
W3 3BE3N:

M r, =M,r,.

Tperwnii 3akon Kemnepa (2) Oyner TpeTbuM HalluM ypaBHe-
HHUEM ,
a G

P 4n?

M, +M,).

ITocTpouB KpUBYIO JIy4eBBIX CKOpocTeit 3Be3abl I, MBI MoO-
K€M ONpedeiuTh pa3Max cHHycoMnbl (ammiuTyny). Pasme-
JuM ero momnosiaM M obo3HayuM K,. OTa BeJIMYMHA HA3bI-
Baercd noityammintynoii. Kakos ee dbmuueckuit cmbicin? Tak
Kak, corjiacHo 3¢dexty Jlomiepa, CABHI JIMHBI BOJHBI IIPO-
MOPLHOHAJIEH TIPOEKIMH CKOPOCTH IBIDKECHHSA 3Be3[Ibl Ha JIydY
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3penus (1y4eBoil CKOpOCTH), TO sicHO, yTo K; — mpoekuus
opbuTaJIbHOW CKOpOCTH 3Be3abl I Ha ayy 3penus. Ipu kpyro-
BOM DaBHOMEPHOM [BIXEHHU OpOUTAIbHAs CKOPOCTh paB-
Ha IJIMHE OKPYXHOCTH, IEJIEHHOH Ha nepuon. JHAYHUT,
K,= 2na sini.
P

OTOo U eCcTh Hallle YeTBepToe ypaBHeHue. [loncrasiss nocie-
JIOBAaTEILHO OJHO YpaBHEHHE B ApYroe, u3bamissch OT 1y, I,
U a, IONyYUM OJHO YPaBHEHHE, COJep)Kalllee NATh BEJIUYHH:
Macchl 3Be€3J, YroJ HakJOHa ABOWHOU CHCTEMBI, NEPHOI €€
odpalieHus ¥ MOJyaMILTUTYOy KPHBOH JIYHYEBBIX CKOPOCTEH.
«IIpuuelmieM» 3TO ypaBHeHHe Tak, YyToObl B NpaBOil €ro ua-
CTH OCTaJIUCh M3BECTHBIC WM H3MEpPSAEMBbIE MPSIMO BEJIH-
4uHbl. Bce ocTalibHOE MYCTh OCTAEeTCH B JIEBOH 4YacTH. OTY
JIEBYIO 4acThb Ha3biBaloT (yHKnued Macc. BoT kak oHa BbI-
TJIAOAT!

M3sin®i  PK?
(M, +M,)> 216G

f1(M) . ©)

Tounee, f,(M) — 310 QyHKIMS Macc, onpejeieHHas N0 JIU-
HUSIM nepBoii 3Be3npl. VI3 coobpaxenuit CHMMETPHH SCHO,
YTO €CJIM 3aMEHHMTh UHAEKC 1 Ha uHAeKC 2, Mbl MOJYYHIU ObI
TaKylo e KOMOMHaIUIo, TOJbKO M, HYXHO 3aMEHUTL Ha
M. O1o Obuta OBl (PyHKIMS Macc, onpele/ieHHas O CIEK-
TpaJIbHBIM JIMHUAM 3Be3ab! 2. Ho BepHemcs x (opmye (6).
O6paTtuTe BHHMaHHE, (PYHKIMS MacC HMeeT Pa3MEPHOCTb
maccel. O0bIYHO ee u3MepsroT B Maccax Connna. Ytobsl mo-
YyBCTBOBAaTh «(PU3UKY», NaBaiiTe NpPOAHAIHU3UPYEM 3aBHUCH-
MOCTh (DYHKIMHM MAacC OT MOJYaMIUIUTYAbI KPHBOMH JiyYeBBIX
ckopocteil. Ilycts nepuon mBoiiHOW He Mensierca. Bynem
MEBICJIEHHO YBEJIHuYMBaTh nojiyamiuiuryay K,. Uro 3to 3ma-
yur? 3Be3ga I mBuxerca Bce OwbicTpee u Ovictpee. Ho nBu-
KETCA-TO OHa B IPABUTAlIMOHHOM IoJie 3Be3ansl 2. 3HauurT,
oJbkHa pacTu ee Macca. [Toatomy B opmyJte (6) B wicnuTe-
Jie ctouT Ky6 Maccel BTopoit 3Be3pl. Ha camoM fielte, KOHeu-
Ho, noiayammiuryna K,; ectp BenuumHa mnocrosinHas. Hama
MBICJIEHHBIH JKCIEPUMEHT MoJelHpyeT nepebop pasHbIX
IBOWHBIX C OJHMM OPOUTAIBHBIM IEPUOAOM H YIJIOM HakJIo-
Ha. DTOT 3KCIEPUMEHT IMOKA3BIBAET, YTO (PYHKIMA Macc Co-
nepxutr B cebe uudopmanuro (npaBaa, B CKPHLITOM BHJIE)
0 Macce 3Be3Ip! 2.

3aMeTbTe, YTO (YHKIMA Macc ONPENEIAeTCs CIEKTPOCKO-
nnyecky. 3Hasa QYHKIUIO Macc, KOHEYHO, He HaiiJelllb MacChl
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3B€3J1 M0 OTHAEJIBHOCTH M YroJl HaloHa i. HyxHa nOHOJIHH-
TesbHas MHpOpManus, mosyyaemasi, HanmpuMep, W3 KPHUBOM
61ecka. [ToueMy e MBI yIeJIWJId €if TaK MHOIO BHUMAaHHSA?

®dynkiusg Macc obylaaeT OYEHb BaXKHBIM CBOWCTBOM.
Paspenmm f (M) Ha Maccy BTOpO# 3Be3pl:

£1(M)/M, = (7“1—1”) sin®i,

Jlerko ybGemuThcs, YTO mpaBas YacTh MOCJIEIHETO PaBEHCTBA
MEHbIIIE WIK PaBHA €OUHHIE. 3HAYUT, CIPABEIJIUBO HEPABEH-

cTBO
M, =1 (M)

DT0 HepaBEeHCTBO HMeeT OOJIBIIYIO MPAKTHYECKYIO IIEHHOCTD.
IlpencraBbre cebe Takylo curyamuio. Bel actpoHoM. B onny
IPEKPACHYIO HOYb BaM YIAJIOCh CHATHL CIIEKTP BecbMa 3ara-
noyHoit 3Be3apl. CoOCTBEHHO, CHayalla B Heil He ObUTO Huve-
ro 3arafJoyHoro. Bbl oTcHsuiM cnekTp, mposBwin ¢oroma-
CTHHKY (IOCJIE TOro, Kak BBICIAJIHMCh) U BHUMATEILHO ee
paccMmotpenn. Ha r1utacTHHKe oOKasaics OOBIMHBIA CHIEKTP
OIVHOYHOH 3Be3Apl. Ho BB Tak MpOCTO He cHaerech M Ha
CJIEAYIOUIYIO HOYb, OJ1aro oHa TOXe OKa3ajlach IPeKpPacHOIA,
CHUMaeTe CIIeKTp 3Be3/bl emle pa3. [IoBTOpsieTe Bce CHOBA.
Teneps y Bac nBa crekTpa OJHO#M U TO# e 3Be3abl. Bel Ha-
YHHAETe UX CPaBHHBATh M BOPYI 3aMeyaeTre: BCE JIMHHHU BTO-
pOro CHeKTpa COBUHYJIMCh MO OTHOLIEHHIO K JIMHHSM CIIEK-
Tpa, MOJIYYEHHOT O B NEPBYIO HOUL. JIeJIO SICHOE: BBI OTKPHUIH
nBouyio 3Be3ny. Hu B ogHOM katajiore sTa 3Be3/ia He 3Ha-
YHTCA KaK JBOMHAs. A KaXIblif aCTPOHOM, NpeXxnae YeM Ha-
6nromaTte Kakylo-TO 3Be3Oy, NPOCMAaTpUBAacT KaTajloru
U CTaTbU: HET JIM 4Yero O Hei?!

Urak, 3Be3ga nBoifHas. OqHako BO3HMKAeT BOIPOC: IO-
YeMy B CIIEKTpe He BHUIHBI JIMHHHM BTOpoii 3Be3mpl? Otser
U1 Bac fICEH: BTopas 3Be3la ciaabee U CIEKTp ee He 3aMETeH
Ha ¢oHe nepBoii 3Be3apl. Ho oT 3TOr0 BTOpas 3B€31a CTaHO-
BHUTCA elle 3arazouyHee. Bam xouercs 4ro-HHOyAb Y3HATH
o HeBHIMMKE. Bbl TpaTHTe ellle Mecsll, U y Bac B PyKax KpH-
Basg 6iecka — uncras cuHycouga ¢ nepuoaoM 1,2 mus. Ilo-
JlyaMIUIMTyAa okasajack paBHoi K, =400 xm/c. IToacraBus
9TH 3HaveHus B Qopmyny (6), Haud GYHKOHIO Macc
f1 (M) = 8M,. Teneps Bbl 3HaeTe, 4TO KakuM Obl HU ObLI Ha-
KJIOH [IBOHHOM, kakoBa Obl HH OBLTa Macca BUIMMOM 3BeE3 b
M, macca HeBummMkH 3aBenoMo Gonbire 8 macc Connia.
HNuorpa takas umHQOpMalMs OKa3bIBaeTCs KpaifHE BaXKHOM.
B rn. VII MBI yOemuMmcs B 3TOM.
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IToyemy 3Be3abI pa3zHble

YTto6bl BOOUMIO YOEOUTHCA B TOM, HACKOJIBKO
3Be3Jbl pa3HbIC, B3TJISHUTE C ITOMOILIBIO HEOOJBLIOTO TEle-
ckomna Ha aBoinyro B Jlebens (AnpOmpeo). JTo omHO U3
CaMBbIX IIOPa3UTENbHBIX 3PEJIUIL, KOTOPOE JOCTYIHO JIFOOUTE-
JIIM acTpoHOMHH. B 1mosie 3peHus teneckomna Bbl yBUOUTE psi-
JIOM J1B€ 3BE€3[bl — ronyboro m opaHxeBoro nsera. Ilouemy
cronp pasuble nsera? IlpemMeTsl, OKpyXaroliye Hac, TOXe
HMEIOT pa3Hble IBeTa. Kak mpaBwio, 3TO CBS3aHO C pa3iu-
YUSIMHA B HX XHMHYECKOM COCTaB€, CBOWMCTBAaX IIOBEPXHOCTH
U T. O. 3HAYNUT, IPUYMHOM PA3INYKii B IBETE MOXKET OBITH XH-
Muveckuii cocraB. Ho MBI 3HaeM, 4YTO IBET Tejla 3aBUCUT
elle OT Temmeparypsl. Hampumep, HarpeBas MeTajll, MbI
YBHIUM, YTO CHavaja OH pacKajsgeTcs JOKpacHa, a MOTOM
mobena. Tak moyeMy e mBer 3Be3q pasublii? M3-3a pasnu-
YHii B TeMIlepaType WIH B XHMHYECKOM cocrase?

OTBeTHTH HAa 3TOT BONPOC HaM ITOMOXET CHEKTPaJIbHBII
aHanmu3. HyxHO CHATH CHEKTp 3Be3Ibl, 3aTeM OIIPEIESINTb,
KakiM XMMHYECKMM 3JIEeMEHTaM NPUHAJIEKAT CIIEKTpaIbHbIE
Jiuann. Oka3anock, YTO B CIIEKTpax 3B€3/l pa3HOro IjBeTa Ha-
GJIFOHAIOTCS JIMHUM Pa3sHBIX XMMHYECKHX 3JIEMEHTOB. B Buau-
MoM crmekTpe CoJIHIA CaMbIMHM CHJIBHBIMH JIMHUSMH SIBJISI-
FOTCS JIMHAM Kajblps. Y ToOJyOBIX 3B€3[ JIMHMM KaJIbLUA
He HaOJIIOMArOTCS, M TIJIAaBHBIMH OKa3bIBAFOTCA JIMHUU BO-
nopona, a y Oenblx — npeobafaroT JIMHAK Teaus. 3HA4uT,
3Be34bl BBHITJIAOAT IIO-pa3sHOMY H3-32 Da3jduusi B XUMHYe-
CKOM COCTaBe.

D10 coBceM He Tak. [ejio B TOM, YTO MOIIHOCTH CIIEK-
TPAIBHBIX JIHHMI TOrO WIM HHO O XMMHYECKOTO JJIEMEHTa
B CIICKTPE 3BE€3[bI ONPEIEIAETCS B OCHOBHOM TeMilepaTypoi
at™Mochepsl 3Be3bl. Y XKeJITHIX 3Be3p Tuma CoJIHIa caMbIMHU
CWILHBIMH JIMHUSMUA B BHIUMOM CIIEKTPE SBJISIOTCS JIMHUH
OHAXObl HOHM30BAHHOTO KaJbIMi (OJHAX]BI — 3HAYHUT,
YTO y HErO OTOPBaH TOJIBKO OOuH 3JekTpoH). Ho B cmekTpax
royObIX 3Be3[ JIMHAH KaJIbIUs HCYE3AIOT, IIOTOMY YTO 3TH
3Be3bl ropsyee. B ux atmocdepax Bech Kaibuuii HoYTH HOJI-
HOCTBIO HOHH30BaH (OT HETO OTOpPBaH HE OJMH, a NpPaKTH-
YeCKH BCE 3JICKTpOHBI). IIpu HarpeBaHHH B IEPBYIO OYEPEIb
pacmanaroTcs (MOHH3YIOTCS) aTOMBI CO cJlaboif 3Hepruen
cBsi3u. [losToMy JIMHMM TakdXx aTOMOB He HaOJIOHArOTCA
B CIIEKTPax OYECHb I'OJyOBIX 3Be3J, XOTH XUMHYECKHN COCTaB
MpUMepHO OIMHAKOB IoYTH y Bcex 3Be3n. ITo macce Ha 709,
3Be3Ibl COCTOSAT M3 Bojoponda, 299, — reiams, a OCTajJIbHOE
UPUXOIUTC Ha Oosiee TSKEIbIEe 3IEMEHTHL
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I1a xapakTepucCTUKM UBeTa (WIM TeMIepaTyphl) 3BE3.bl
aCTPOHOMBI HCHOJB3YIOT CHEKTPaIbHYIO KJIacCuUKanMIO.
Kaxaoii 3Be37i€ B 3aBUCUMOCTH OT €€ CIIEKTpa NPHUIKHCHIBAET-
¢ oaHa M3 OYKB CledyOLUEro psina:

OBAFGKM.

Krnaccel pacnonaraioTcss B nopsake yObiBaHus TeMmuepaTyp
3B€31, OT TOPAYMX C TEMIEpaTypaMH B HECKOJIbKO [IECSTKOB
ThICAY rpaaycoB (3Be3abl O — B) 0 X0J10aHBIX ¢ TeMIepaTy-
paMH B HECKOJILKO ThICAY rpanycoB (3Be3abl Tunma K — M).
Jlnig 3armOMHHAHUS CIEKTPATIBHBIX KJIACCOB OBUIO NMPUAYMAaHO
HECKOJILKO BapHaHTOB IIYTOuYHbIX ¢pa3. Ecrb pycckuii Ba-
puant: «Oaun Bputelii AMepukanen ®unnku Kepan Kaxk
MopxkoBb». XKenaroiue MOryT BOCHOJIL30BAThCSA aHIJINIi-
ckmM BapuantoM: «O Be A Fine Girl Kiss Me!» #).

IMonavasy BroJiHE XBaTajlo ceMH OYKB, HO IOTOM OKa3a-
JIOCh, YTO pa3iuyMs MexAy 3Be3naMu Touslie. Ilpunuiock
KaXOblii CIEKTpaibHBINA Kiacc pa3buTh Ha 10 moaxaccos,
0603Hayas KaxIblii KJ1acc OJHOM U3 ceMH OYykB M 1Udppoil oT
0 10 9 B TakoM nopsaaxe: ..B9, A0, Al, A2, ...,A9,... Conxne
uMeeT crekTpanbHbii knacc G4. Taknx 3Besn B Haweid Ia-
JIAKTHUKE MIJUTHOHBI. '

3Be3b1 OTJIMYAIOTCSA 110 TEMIlEpAType B AECATKH pa3 — OT
HECKOJIBKUX AECATKOB THICAY I'PafycoB A0 ThICAY IPaaycoB.
CrnexTpajibHas kiaccudukauus no3BojiseT ONnpeaeliarTh TeM-
nepaTtypy NoBepXHOCTH 3Be3l. Ho ellle cuibHee 3BE3Ibl OT-
JIMYaloTca 1O cBeTuMocTu. HamoMHMM, 4TO CBETHMOCTBIO
L 3Be3bl Ha3LIBAETCSA KOJIMYECTBO JHEPIUM, KOTOPOE OHA M3-
Jly4aeT B eauHHULy BpeMeHu. PakTHUeCKH CBETHMOCTH — 3TO
MOILLHOCTh, Bblje/iseMas B Buae csera. CermmocTh CollHIA
paBua Ly =4-10%¢ Br. Ecrb 3Be31b1 B MWUIMOH pa3 Moll-
Hee U B ThicAud pa3 ciabee Counna, cienoBaTenbHo, ColH-
L€ 10 CBOEH CBETHMOCTH — HUYEM HE IpUMevaTesIbHas
3Be3na.

Jina XxapakTepUCTMKM CBETHMOCTH 3Be3[bl IOJB3YIOTCA
a6 CcoJIIOTHBIMH 3B€3AHbLIMU BesinduHaMu. Eciiu 661 Mbl oMe-
CTWIH Bce 3Be3/ibl Ha paccrosiHue 32,6 cBeToBbIx JieT (10 map-
CEKOB), TO MX BMAHMMbIE BEJIMYHHBI M PaBHLIHCh Obl abco-
motaeiM. Connue umeer abcontoTHyro Beauunny 4,7. Ho
3B€3.bI HAXOAATCA HA Pa3HBIX PACCTOSHHUAX OT HAC, U IO HX
BUAMMOMY OJieCKy HHYEro HeNb3s cKa3aTb 00 HX CBETHMOCTH
unu abcontoTHOM 3Be3aHol BetnunHe. Kak ke ynanock ycra-
HOBHTb, 4YTO 3B€3bl UMEIOT Pa3sHyIO CBETHMMOCTH?

*) O, 6yap xopolueil IEBOYKOMH, moueyii MeHs.
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Bo-nepBBIX, AJIs1 3TOr 0 MOXHO BOCIOJIL30BAaTLCS TBOMHBI-
MH CHUCTEMaMHM — BeIb 00€ 3Be3abl OBOMHOI 3aBeIOMO Haxo-
OSTCS OT HAc Ha OJUHAKOBOM pacctostHuM. Ilo3atomy eciu
HaM KaXXeTcsl, YTO OJHAa W3 HMX sipue APYrOi, 3TO 3HAYHT,
4YTO OHAa MOIIIHEE.

B nBoiiHO# cucTeMe MBI MOXEM CpaBHUBATb TOJIBLKO JBE
3BE€31bl, @ B 3BE3IOHBIX CKOIUIEHHMAX — ThICSYH. bimkaifiiue
K HaM CKOIUIeHUs 3Be31 — 310 Ilnesannt u ['mamel. B kaxaom
CKOIUIEHMM COTHHM 3B€3[, M BCE OHM HAXOMATCSA MPHUMEPHO Ha
OIHOM M TOM Xe€ pacCTOSIHUM OT Hac. IIpexpacHasi BO3MOX-
HOCTbH HCCJIEIOBATh Pa3jIMudsi B CBETUMOCTH MeXIy 3Be3na-
mu! DToii BO3MOXHOCTBIO BIIEPBBIE BOCIHOJIB3OBAJICA JaT-
ckuif actponoM JitHap INepmunpysr B Havane XX Beka. s
3Be3 1 ckorienuit [Tnesabt v I'maasl oH MocTpowa ABe OOUHA-
KOBBIE€ OUarpaMMbl — 3aBHCUMOCThL BUOMMOM 3BE3IHOM BesH-
YHHBl OT TEMIIEPATyp 3Be3d (PeaIbHO OH IOJIB30BAJICI HE
TEMIepaTypoi, a mnpsaMo HaOIrogaeMoOd CTElEeHbIO TOiy-
OM3HBI 3BE3.).

Yepe3 HECKOJIBKO JIET, He3aBUCHUMO oOT [epuumpysdra,
amepukaHckmii actpoaoM I'enpu Peccen Hawan crpouths aHa-
JIOTUYHbIE OHArpaMMBl AJIS 3B€3[, HAXOMALIMXCA HA M3-
BECTHBIX pPacCTOSIHUAX. Ternepp 3TU auarpaMMbl Ha3LIBAOTCSA
muarpamMMamu ['epmumnpynra — Peccerta. Cpeau coTeH pas-
JIMYHBIX THUIIOB AMAarpaMM, MOCTPOECHHBIX ACTPOHOMAaMH 3a
nocnenuue 100 Jyier, caMoii 3HaMeHaTeILHOH OKa3ajlach Jua-
rpamma [epmumnpynra — Peccena (puc. 26).

Vxke Ha mepBLIX AMAarpamMmax, NocTpoeHHbIX Peccenom
u I'epunpynrosm, 66010 3aMETHO, YTO 3BE3ObI HE «pas3Ope-
JAlOTCS» IO AMarpaMme, a cOOHpAroTCs «cTagaMH» BJIOJIb
HekoTopbix JuHMi. [Tomasisroliee YMCIO 3Be3 BBITSHYJIOCHh
BJOJIb JUArOHAJILHOM JIMHUHU, Ha3bIBAa€MOM IJIaBHOM Mocieno-
BaTeldbHOCThIO. Tyga e, KCTaTH, «IpUOMNOCH» M Hallle
Counnue. OT rJ1aBHO# MMOC/IEAOBATEILHOCTH OTACIISETCS TOPH-
30HTAJILHAS BETBb 3B€3] T[HraHTCKOH CBETMMOCTH. 3Be3.bl
obpa3zoBayiM HCKaxeHHYIO OYkBY «y». «CTamHBId HMHCTHHKT»
SBHO yKa3blBaJl HA TO, YTO MEXIY CHEKTPaJIbHBIM KIacCcOM
M CBETHMOCTBIO 3BE3[bl CYLIECTBYET ONpeaeieHHAas — XOTs
M HE OJIHO3HAYHAsi — 3aBUCHMOCTb.

TaunHcTBeHHass muarpamMMa craja SICHOW JIMUIb MOC]IE TO-
ro, kak ObUla IOCTPOEHAa TEOpHUsT BHYTPEHHETO CTPOCHUS
M 3BOJIIONMH 3Be31. DTa Teopus (0 Heil mogpoOHO pacckasbl-
BacTCs B ClIeayrolleil ryiaBe) OOBICHIIA, MTOYEMY OOJBILIMH-
CTBO 3Be3/1 I'PYNNUPYIOTCSA Ha IJIaBHOW MOC/IeNOBaTEIbHOCTH
H 1o4eMy BoOOOILIe CylIeCTByeT IJIaBHAs [MOCTIeOBaTelb-
HOCTb. [J1aBHas MOC/IEeNOBaTEIbHOCTh MpPEACTaBisieT Ccoboi
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reoMeTpHYecKoe MeCTO TOYEK, B KOTOPBIX 3B€3/[bI MPOBOISAT
HauboJbiiee BpeMsa. UeM MeHblile Macca 3Be3fbl, TEM OHA
XOJIODHEE U TEM MEHbIIlE €€ cBeTUMOCTh. Ho 3Be3anl He Beu-
HO «CHIST» Ha TJIaBHOM mociiefoBaTejlbHocTH. Pano win no-
3JIHO OHH CXOIAT C Hee CHavayia B 00JIacTh CyOTHraHTOB, HO-
TOM — TCMTaHTOB U T. 1.

TeopHus 3BOIONMH 3Be3]l MOKA3bIBACT, YTO 4YeM Oosiblie
Macca 3Be3[bl, TEM MEHbIIIee BpeMs OHA IPOBOJHUT Ha TIJIaB-
HOIl mocienoBaTeIbHOCTH. 3Be3/bl Tuma CoJHIa XHUBYT Ha

Cnexmpanshoni KAAGe
0 8 A F & K M M8

[ B ' [ B

o

..5'5 BN -

Adconmomnan Benuvuna

+15 - -

Puc. 26. Inarpamma I'epmmunpynra — Peccena

IJIABHOM ITOCIEJOBATENLHOCTH MIWUIHAPBI JIET, a rojyobie
O — B 3Be3pl — B COTHH pa3 MeHbllle. JIpyruMu cioBamu,
yeM MacCHBHee 3Be3/la, TeM OBICTpee OHa cropaeT. A cama
rjlaBHas MOC/IEN0BaTeIbHOCTh COOTBETCTBYET IIOC/IEIOBa-
TEJBLHOCTH 3Be3] pPaBHONH Macchl (Maccel ToyObIX 3Be3[
6ombl11e, YeM KpacHBIX). Macchl caMbIX XOJIOQHBIX 3Be31 IPHU-
MepHo B 10 pa3 MeHbllle My, a ropsyux — B JECATKH pa3
6ombi1e M. 3Ha4uT, U1 HOJaBJIAIOLIEro yucia 3e3n B ["a-
JIAKTHUKE MX pa3/inyus oOyCIOBJICHbI Pa3IHYMsIMH B Maccax.
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Haxkonen, napagokc

Teopus BHYTPEHHETO CTPOEHHS H 3BOJIOIUH
3Be3] NMOJIyywia NPEeKpacHoe MOATBEPXKIEeHHE, Koraa ObuIx
H3MEPEHBI Macchl 3Be34. MBI yxe Bued, Kak B JBOWHON cH-
CTEME MOXHO «B3BECHTB» 3Be3/Ibl, MCIIOJIb3YyS KPHBBIE JIy-
4eBBIX ckopocTeil. Bpuin mpoBeneHbl MHOI'HE COTHH H3Mepe-
HMH, H BCE OHHM IIOKa3bIBaJId, YTO 60Jiee MAacCHBHAasA KOMIIO-
HEHTa JBOHHON Boerna mmeeT OoJiee roiyboit nser. IToanblit

TpuyM$ Teopum.

Ho B 50-x rogax XX Beka acTpOHOMBI CTald 3aMeYaTh,
410 6e3MATEXHOE CorjlacHe TEOPHH U HaOJIFOAECHUM HayMHAET
JaBaTh TPEIIMHBL. DTH TPEIHHBI IONOI3JIH OT CAMOM YTO HH
Ha €CTh CTAHIAPTHOM NBOIHOM 3Be3 bl — AJronsa. CoBeTckue
actpoHombl A. I'. Maceeny u Il. Il IlapeHaro oGpatwin
BHMMaHUe Ha mapamokc Aurons. COBMeCTHBIM aHAIU3 KpH-
Boif Gyiecka M KpHBO# JIyueBBIX CKOPOCTEil MMOKa3bIBaJl, YTO
B 3TOH cHcTeMe Oojlee MaccHBHAas 3Be3a HAaXOOUTCH Ha
TJIaBHOW MOCIENOBATEIBbHOCTH, 2 MEHee MAacCHBHas KOMIIO-
HEHTa yXe MOKHHYJIa IJIaBHYIO MOCJIEeNOBaTEIbHOCTL M IIpe-
Bpatwiach B cyoruraat. OgqHako o4eBHIHO, YT0 0be 3Be3 bl
ponwiuch oaHoBpeMeHHO. Kak oOBSCHHTLITOT mapamokxc?

Teopus 6bUIa HACTOJIBKO IMPEKPACHOM, YTO HE SICHO ObUIO,
CTOWIO JIU OTKa3biBaThCA OT Hee paau onHod 3Be3mpl. Ho
MO3JHEE BBIACHWIOCH, YTO NMApagokc AJrosis OoKa3ajcs O4YeHb
pacopocTpaHEHHbBIM B [JBOMHBIX CHCTEMax — OH, YTO Ha3bl-
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BaeTcH, «ie3 BO Bee AbIphI». OTCl0Aa ClleIoBal TOJIBKO OJHH
BBIBOJl — OPHHATH, YTO 3BE3bl B ABOWHBIX CHCTEMAX 3BOJIIO-
IMOHUPYIOT HE COBCEM TaK, KAK OJHHOYHBIE 3BE3/IbI, VIS KO-
TOPBIX M ObUIa MOCTPOCHA BCA TEOPHsA BHYTPEHHETO CTpOeE-
HUS U 3BOJIIOLMM 3BE3 [

Paspeminty mapagokc AJITOns MOXHO OBUIO TOJBKO
NPENoI0XNB, 4YTO B JBOMHOHN CHCTEMe Macca 3Be3dbl €CTh
BelTHYMHA nepemenHas. IlpencraBeTe cebe, 4TO MeHee Mac-
cuBHas 3Be3fa B Auroje pasbllie 6buia 6oJiee MacCHBHOIL
Omna panbllle ylIJa ¢ IJIaBHOH NOC/IENOBATEIBLHOCTH, NIOTOM
O KaKOW-TO NPHYMHE HNOTEpsUIa Maccy M cTalsla Jierye cocel-
ku. Tak paspeunwicsa 6s1 napanoxc Anrons. Ho noyemy 3Bes-
a BIPYT HayMHAET TepATh Maccy? OTBET Ha 3TOT BONPOC
nan amepukanckuit acrpodpmsux I, Kpoydopn, xoropsrit
NMPEeTOXKUI CHEHApUH 3BOJNIONWU JBOHHOH C MNEpPEMEHOMH
poJeil.

Ilepemena poneii

Teopus 3BONIONMH OAWHOYHBIX 3BE€31 YTBEp-
XJA€ET, YTO, YXOAA C IJIaBHOW MOCIEI0OBATEIbHOCTH, 3Be31a
pacluMpseTca. JTO CBOWCTBO IMO3BOJSET IOHATh, NOYEMY
B JBOMHON CHCTEME OHA M3 3BE3[l HAUYMHAET TEPATh Maccy.
IlpencraBuM cebe nBOIHYIO CH-

My> My CTEMY, COCTOAINYIO U3 3B€3[l, Ha-

M, A XOMSILIMXCA HA IJIaBHOM MOCJIen0-
@ @ ) a BatenbHocTU. [1ycTh Macca 3Be3-
opl 1 Oosbllie MacChl 3BE3IbI 2.

Bravane 3Be3Opl XKUBYT, HE 3a-
Meyasi apyr apyra (puc. 27, a).
3Be3na I paHble COWIET C IJIaB-
HOM TOC/NENOBATEIBHOCTH M HaY-
HET paclmpAaThca. B HekoTophIit
MOMEHT IiepBasi 3B€3/1a 3aNOIHUT
cBoro noJjiocts Pomna. [lanee Be-
LIIECTBO 3Be3AbI | uepe3 ropJioBH-
Hy (B OKDECTHOCTH BHYTPEHHEH
ToukH Jlarpamxka) Oynmer meperte-
kaTh Ha 3Be3ny 2 (puc. 27, 0).
ITpencraBbre cebe, uTO HepeTek-
JIO TaKk MHOTO BeEllleCTBa, 9YTO
OCTaTOK 3Be31bl ] MO Macce cTal MeHbHIE 3Be31bl 2, YBEJIH-
YHB MacCy I3TOH 3Be3Ibl. 3Be3Ibl NOMEHSINCh POJISAMH:
paHee MeHee MacCHBHas 3Be3ja cTaja 0ojlee MaCCHBHOH,
u naobopoT. IToayunnace cucrema, B xoTopoit Gonee Mac-
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CHBHasi 3B€3/1a BCE ele HAaXOQMTCA Ha IJIABHOM [OCJIE10BATEb-
HOCTH, @ MEHEe MaCCHBHAs YK€ paclIMpWiIach A0 pa3MepoB
cybruranrta. Tak, mo-BUAMMOMY, U OOCTOHMT O€JI0 B CHCTEME
Anrons.

OO1ue YepThl 3TOrO CUEHAPHS NPOSCHWIMCh K CEpEeUHE
60-x romoB. Ho torga eue HUKTO HE 3aMeuali, YTO B 3TOM
crieHapuu ObUIa «BaI0KeHa MHHA 3aMEUICHHOTO ACHCTBHM.
Oxaszasioch, 4To Onarogmaps nepeMeHne posieit Bo Bcesennoii
CYLIIECTBYIOT OOBEKTBI COBEPIIEHHO HEOOBIYHON MPHPOIBL
HNMenHo ux oTkpbiTHe U u3yueHue B 70-¢ roapl NpHBEIO
K MOSIBJICHUIO COBEPIIEHHO HOBOH HAYKU — PEHTT€HOBCKOI
aCTPOHOMHUH.

JIBoiiHbIE CHCTEMBI, Y KOTOPBIX B IPOLECCE 3BOJIOLMHU
MPOUCXOIUT 0oOMeH Maccol, Ha3dbiBaroTci TecHbIMHU. Hccoe-
JIOBAHUE 3aKOHOB 3BOJIIOLIMH TECHBIX ABOMHBIX 3BE3] NATEKO
elle OT CBOEro moJjiHoro 3aBepiueHHs. OCOOEHHO HEACHBIMH
OCTAlOTCA 3aKIIOYHTEIbHBIE JTambl JBOJIONMH OBOMHBIX
3Be3n. Curyauus 3aech Oo4YeHb HHTepecHa. IToHOTa HalMx
3HAHMIA O TOM, KaK XXMBYT 3B€3/Ibl, YObIBAE€T MO MEpE IEPEX0-
J1a OT PAHHHX 3TANOB 3BOJIIOIHUH ABOWHON Kk OoJiee MO3aHHUM.
IMoyemy Tak? Ha nosmHMX 3Tanmax MOSBJISIOTCS COBEPLIEHHO
HOBBIE, 3K30THYECKHE OOBEKTBI, O CYLIECTBOBAHHM KOTOPBIX
YUYEHBIE PaHbIIE M HE IIOJ03PEBAIM M KOTOPbIE TOJBKO HE-
JaBHO CTaJIM HAOJII0AaEMBIMHU.

ABTOp mpemiaraer YMTATEII0 COBEPLIMTh BMECTE C HHM
OYTELUIECTBHE OT CAMBIX PAaHHHMX OO CaMbIX MO3JHHX CTaMii
-3BOJIIOMH BOUHBIX 3Be3a. [Io Mepe cun aBTOp Oynmer cra-
paTbcs oObsacHUTh Bce. Ho koe-yTo mpupeTcs mpuHATH Ha

Bepy.



[JTIABA III

BJIBOEM B OJMHOYECTBE

IlyremectBue BO BpEMEHH, IO CTYNEHSM 3BO-
JIFOLMH TBOMHBIX CUCTEM, MBI HAYHEM C CAMOI'0 HNEPBOrO 3Ta-
na. Cpa3y mocsie o60pa3oBaHUs MBOHHOM CHCTEMBI pa3Mephl
3B€3/1 MHOTO MEHBIIE PACCTOAHMS MEXAY HUMHU. DTO O3Ha-

- o

-~ o

~ —
—_—

Bdeoem ¢ 00uHouecmee
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YaeT, YTO OHH IJIYOOKO «CHAST» B CBOMX mnojocrax Porma
¥ He BJIHSAIOT ApYr Ha apyra. Kaxpnas w3 3Be3 pa3sBUBAaeTcA
TOYHO TaK Xe, KaK eclIi Obl OHM OBLIM OJMHOYHBLIMH 3B€31a-
MH. BoT u mosyuaercs, 4yTo XHUBYT Bpoje Obl BABOEM, HO IO-
onuHouke. VI3yuasi 3BOJIOIMIO TAKHX HAYAIBHBIX 3TAIOB, MBI
(aKTHYECKH Y3HAEM O TOM, KaK YCTPOEHBI U KaK XHBYT OJH-
HOYHBIE 3BE3 DI

Bcero 3a 40 mmuyT

CoJiHile, HECMOTPS Ha CBOM OTPOMHBIA pa3Mep
(ero paguyc Ry = 700000 kM), co3naer Ha MOBEPXHOCTH rpa-
BUTAIMOHHBIA moTeHnuan, B 3600 pa3 Goubliuii, 4YeM IHOTEH-
Iuajl Ha noBepxHocTH 3emiH. BcmomumM ¢opmyny (1) mis
MOTeHIHajla TOYeYHOro Teja. dta GopMyna ocTaeTcs cipa-
BEJUINBON BHE ceprueckoro Tejla MPOU3BOJLHOTO pa3Mmepa.
IMoTeHnuan UMeeT pa3MEPHOCTh IHEPTHH HA €IUHMILY MAcCChL
Taxyro xe pa3MepHOCTh UMeEET U kBaapar ckopoctu. Iloren-
uas1 (KOHEYHO, M0 MOJYJIIO) HONPOCTY PaBeH KWHETHYECKOM
3HepruM NPOOHOH YaCTHMIBI, WUMEIOIICH HYJIEBYIO IMOJIHYIO
sHepruro. YacTuip! ¢ HyJIEBOH SHEPrueil — 3TO YaCTHIpL, CBO-
Oonuo magaroriue u3 Oeckoneunoctu. Teno, cBoGogHO mna-
Jarolliee Ha 3eMJIto, MMeJIo ObI CKOPOCTh, paBHYIO 11 KkM/C Ha
ee moBepxHocTH, a Ha Conuue — 617 xkM/c. KBaapar ux ot-
HolleHus npuMepHo u pased 3600. IIpeBocxoactBo Conana
JIOCTMraeTcs 3a c4yeT ero Mmaccel (Macca Conxnma Mg =
=2-10%° xr; macca 3emun M g = 6-10%* kr).

Molnnsie TPaBUTAIMOHHBIE CHJIBI CTPEMSATCA CXaTh
Connne. HecMotps Ha 310 CoJIHIIE HE CKHUMAETCH, TaK Kak
rpaBUTAIMOHHEIEC CUJIBI yPaBHOBELINBAIOTCSA CHJIAMHU 1aBJICHANA
raza. 3TO DPaBHOBECHE IIOJIJIEPKUBAETCI C OTPOMHON TOY-
HocThro. Eciin GBI B Kakoi-TO MOMEHT BIPYT Hcue3Jjia CHia
razoBoro naaJieuus, To vepe3 40 mMuHyT CoONHIE CXJIOHHY-
Jock 661 B Touky. OnmHako CoiHIEe CBETHT YK€ MHUIMApIbl
JIET, HE MEHsAs IIPH 3TOM CYLIECTBEHHO CBOMX pa3MepoB. Bpe-
Ms cxionbBanus ConHi@a, U BooOiie Jr060i 3Be3Ibl, Ha3bl-
BAIOT JAMHAMHYeCKHM BpeMeHeM. OHO IPUMEPHO PaBHO OT-
HOIIEHUIO pajuyca 3Be3Ibl K BTOPOH KOCMHYECKOH CKOPOCTH
Ha €€ IOBEPXHOCTH:

t, X Ry /vy. )

310 wncno (40 MUHYT) MOXHO HOJyYHTh ToyHO. IIpen-
craBuM cebe, uTo cwia nasiienus BHyTpu CoJIHIIA INEHCTBH-
TEJILHO MCYe3JIa, U OHO HAYHET majgaTh «camMo Ha cebsa». Kak
nonro 3to 6ynetr muuthea? YToOwl OTBETHTH HA 3TOT
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BOMPOC, BCIOMHKM, YTO I'PaBHUTAIMOHHOE [IOJIE BHE LIapa co-
BNAJAET C I'PaBUTALMOHHBIM IIOJIEM TOYKH TOI K& MacChl,
pacnonoXeHHOH B HeHTpe mmapa. Toraa wHamia 3ajgaya JKBH-
BaJICHTHA CJIEAYIOLIeii: BEIYUCIIUTD, 32 KAKOe BpeMs npobuas
YacTHIA ymajeT Ha TOYKY Maccel, paBHO#i Macce CosHIa,
¢ paccrosinus, paBHoro pamuycy CosHua. [IBrxeHue Takoit
YaCTUIbl HA3BIBAIOT CBO60IIHI>IM JBUXCHHUEM B «T'paBHTa-
LUOHHOW BOPOHKE». 3HAYUT, OHO ONHUCHIBAeTCA 3akoHamMu Ke-
wiepa. OTO OBHXEHHE (IBHXEHHE 0 NMPSAMOM) MOXHO Ipen-
CTaBHUTL KaK JBHXKEHHE IO JUIUIICY, 3KCHEHTPHCUTET KOTOPO-
ro paBeH €NMHHUIE, a OOJbllas MOIYOCh PAaBHA MOJOBUHE
pamuyvca CosHna.

OueBHAHO, HCKOMOE BPEMsl PaBHO UYETBEPTH MEPHOJA
oOpailieHusi MO BBIPOXICHHOMY JJUIMICY, ONpPENesIsieMOro
TpeThuM 3akoHoM Kerwiepa (dopmyna (2)). IMoncrasiss
B HEe M, =M, u M, =0, a=Ry/2, noiyuum

T Ry
7 | 26Mg © 40 muH.
Kaxk BuauMm, npubimxkendas oueHka (7) ve cuiphio oTianyaer-
¢Sl OT TOYHOro oTBeTa. TOYHOCTD, ¢ KoTOpOo# B CoJIHIE ypaB-
HOBEIIIEHBI CHJIbI TPaBHUTALNHY U NABJICHUS, ONPEAEISETCS OT-
HOLIEHHUEM NUHAMUYECKOT 0 BpeMeHH Kk Bo3pacty ComHua, T. €.
paBaa ~107!'4 Cospaerca Bneyatsienwe xpynkoctu COJiH-
na. [IpencraBpre cede, 4TO CWIbI NABJCHHSA M [PaBUTAaLUH
pa30ajlaHCUpPOBAJINCh HAa HECKOJBbKO NpoueHToB,— CoHue
CXJIOIHETCS 4Yepe3 HEeCKoJbKOo 4acoB. Ho 3Toro He mpoucxo-
out. ITouemy?

Papuosecue CosHua u 3Be3 yctoituuBo. MbI 3HaeMm, 4To
YCTOH4YHBOE PABHOBECHE BCEINa COOTBETCTBYET MHHHUMYMY
sHeprun cucrteMsl. VI3 yero cocrout 3Heprus 3se3ani? Ona
CKJIAJBIBAETCS U3 MOTEHUHMAIbHOH I'PABUTALMOHHON SHEPTHU
U KHHETHUYECKOH SHEPruy 4acCTHUI] — HOHOB U 3JIEKTPOHOB. Bes
KHHETHYECKast SHeprus OOJIBIIMHCTBA 3BE3J COCPENOTOYEHA
B XaOTHYECKOM ABIDKCHHHM 4YacTH (BpallleHHe, HAIpHMED,
CouHna, Kak HEJIOro NaeT OYeHb Majbli BKJaJ B KUHETHYE-
CKYIO 3HEPrHUIO 4acTHL, ero cocrtasjsromux. [Toatomy Cosn-
e ¥ KpyrJioe.). XaoTHYECKOE IBIXKCHHE YacTHUIl — 3TO TEIUIO-
BO€ JIBI)KEHHE, CIIENOBATEIbHO, KUHETHYeCKas dHeprus CoutH-
Ha — 310 ero TemuoBas dHeprusa. Ilonunas sueprus CosHua
E pasna cymMe temtoBoit K u motenuuansHoit U sHepruii:

E=K+U.
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Y10o0bl NPOBEPUTH YCTOHYMBOCTL 3BE3[bI, NaBalTe He-
MHOro ee coxmMeM. Ha puc. 28 moka3aHa 3aBHCUMOCTD I10JI-
HOH 3HEpruM 3Be31bl OT MU3MeHeHHs ee paauyca. Ecim cxu-
MaTh 3Be€31y, TO TelloBas dHeprus OyaeT pacTu ObICTpee,
yeM IpaBUTAllMOHHAS MNazaTh (CM. £
puc. 28). [leliCTBHTENBbHO, NOJHad
TeIUioBasi J3Heprus 3Be3anl K mpo-
NMopUHOHAbHA POU3BEACHHIO Mac- R,
CBI 3Be3/Ibl Ha e TeMneparypy: K ~
~RMT (R — razosast NOCTOSIHHAA).
Bynem cuutath, 4TO CXaTue 3BE3-
bl TMPOMCXOIOUT [OCTATOYHO OBICT-
PO, TaKk YTO OHA He yCreBaeT OTHAaTh
Terwo. Takoe cxaThe HA3BIBAETCH  p.. 78 [ismenenue sHep-
amabatuyeckuM. Ilpu annabatuye- ruy sesnnt npn cxarau
CKOM CXaTHH OJHOATOMHOIO rasa ¥ pacCIIHPEHUH
TeMmepaTypa cBs3aHa ¢ 00beMoM
3aBucuMocTbio T~ V™23 Ho 06beM 3Be3 b V ~ R3, nosromy
T~R™2 W Tennopas HePTHs NPH CKATHH 3BE3[bl pacTeT
kak 1/R%. A BOT rpaBHTallMOHHAs JHEPTHUsS 3BE3[IbI NPOMOP-
MOHAJIbHA NOTEHIHaly, T. €. H3MeHseTcad kak 1/R (cM. ¢op-
myny (1)). I'paduk, u3obpaxenublit Ha puc. 28, npeacTrasBiseT
coboif cyMMY IBYX runep0oJ1; MoNa0XUTEJIbHONW KBAXpaTHYHOM
H OTpMUATENBbHOH mepBOro mnopsaka. MHUHUMYM SHepruu
(E,us) U COOTBETCTBYET PAaBHOBECHOMY Daiguycy 3Be3nnl R..

Kak yxe 0TMev4aJoCh, P CKAaTHHU 3Be3[bl €€ TemioBas
JHEpPrus pacTeT ObICTpee, YeM TIpaBUTALHOHHAS, CJIe[10Ba-
TeJbHO, ObICTpee PACTyT U CHJIBI AABJICHHS, T. €. 3Be31a CTpe-
muTtca paciuputhes. [lonoOHo mpyxuHe, 3Be371a HaYHET KO-
1e0aThCs BOM3M PaBHOBECHOIO 3HAa4YeHHUs, NPHUYEM IepHOn
KoJiebaHuii OyneT nopslika ee JUHAMHYECKOrO BpeMerH. s
OOJILLLIMHCTBA 3BE3J 3TO BpeMs U3MeEpseTcs 1eCATKAMH MH-
HYT WIM YacaMH.

Epmn |-~

Oxaaxganc,, HarpeBaeTcs

B paBHOBecHu 3Heprus 3Be3gbl, Kak U IOJIHas
JHEPrUs JBOMHON CHCTEMBI, OTpHLATENbHA. JTO oblliee CBOM-
CTBO JIIOOBIX TPaBHUTALIMOHHO CBS3aHHBIX CHCTeM. TemsoBas
sHepruss K B paBHOBECHM BCerla OKa3blBaeTCd OAHOTO IoO-
pslKa C rPaBUTALMOHHOM (B35ATOH ¢ 0OpaTHBIM 3HaKoM). TO
06CTOATENILCTBO MPUBOIUT K YAUBUTEJIBLHOMY CBOWCTBY
3B€3]] — OTPHULATEILHOH TENJIOEMKOCTH. Y OKPYXaIOIIHMX Hac
IPEJMETOB MpPH HArpeBaHuM (IPH YBEIHYEHHH HX JHEPrHH)
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TeMmepaTypa HOBHILAETCS — UX TEIUIOEMKOCTh IOJIOXKHUTENb-
Ha. A y 3Be3/1bI Bce Ha000poT. IIpu yBeu4yeHnu moIHOR SHep-
UM 3Be3IbI (IpU e€e HarpeBaHWM) TEIUIOBas SHEPrus yMEHb-
maeTcs, T. €. NOHHXKAeTCA CpelHsAs TeMmmepatypa. eiicTBu-
TEJILHO, €CJIH YBEJIMYMTH SHEPrUio 3Be3lbl (HArpeTh), TO OHA
pacCLIMPUTCA M NEPEHIET B HOBOE PaBHOBECHOE COCTOSIHHE.
Ho npu 3ToM yMeHBIIUTCS 10 aOCOMIOTHON BEJIMYMHE T'PaBU-
TAllMOHHAs JHeprus (BO3poC paduyc), a ClIeHOBaTEIbLHO,
YMEHBIIUTCA M TeIuoBas 3Heprus. 3sesna octeiHeT! Ilpm-
YHHA 3TOT'O0 COCTOUT B TOM, YTO IMMOCJIE YBCJIMYEHHUS SHEPTHU
3B€3/1a PacClIUpWIach M COBEPLIWIA paboOTy HPOTHUB CHI rpa-
BuTanud. BoT oHa u ocrThUIa.

34ech HET HAPYIICHUS 3aKOHOB TEPMOIMHAMUKHU. DTO BBI-
IJISIAMT JJIS HAC HEMPHBBIYHO, MOTOMY YTO Ha 3emile MbI
CTaJIKHBaEMCsl C IpeIMETaMH,
paBHOBecHE KOTOPBIX obecre-
4YUBaeTCd KOPOTKOAEHCTBYIO-
mumu cwiamu. Kak mpaBmto,
3TO CHIBI MOJIEKYJISIPHOT O IIPH-
TSKEHHS (B CYLIHOCTH, 3TO
OOBIYHbIC 3JICKTPUIECKHE CHITHI,
JedcTByolUe MEXIY MOJIAPH-
30BaHHBIMH, HO B CPEIHEM HEii-
TPaJIbHBIMH CHCTEMaMH 3apsi-
OB — MoJIekyJamu). Paccmar-
puBas  HEKOTOPBI  MaJIbIid
3JIEMEHT TeNla, Mbl mpeHebpe-
raéM €ro B3aMMOJICHCTBUEM
C IpYrUMH, HEMOCPEACTBEHHO
HE CONPUKACAIOIUMHCS YacTs-
f =) M. MBI MOXeM Tak IenaThb
IOTOMY, YTO B IIPHPOJE €CTh
3NEKTPUYECKUE 3apaabl o6oux
3HAKOB, KOTOpBIE 3KPAHHPYIOT
Opyr apyra. A BOT IpaBHUTALMOHHBIE 3apsabl — MAacCHl —
BCerjJa OJHOTIO 3Haka (HET AaHTHUIPaBUTAIMHM).

IlosToMy rpaBuTanMOHHAs CWIAa OCTa€TCA OAILHOMIEH-
crBytomeil. JIro6oit 3/1eMeHT 3Be3[IbI «YyBCTBYET» MPHTSIKE-
HHAE HE TOJBKO CBOETO COCEeNa, HO M BCEX OCTAJBHBIX y4YacT-
kOB 3Be3qpl. OOlliee rpaBUTAILMOHHOE IMOJIE CO3IAET PE3EPB
oTpuuateapHoit sHeprun. Ilpu pacliupeHdu 3Be3IBI 3TO,
CKOpee, He pe3epB, a HA0OOpPOT, HEHACHITHBIA HOTPeOUTEIIb.
A BOT mpHM OXJIaXIEHNM M CXKAaTHH 3Be3Jbl 3TO YXe pe-
3epB, NOBBIIAIOIMUA €€ TeMIepaTypy. 3Be3dbl CBETAT —
3HAYUT, OHH MOOJDKHBI CXKHMAThCS, TEPSs CBOIO OSHEPIHIO.

60

OmpuyamenbHaa mennoeM-
Kocmb 38e30



Bcero 3a 30 mMuinoHOB Jer

ITonHell 3amac TEIUIOBOM SHEPTHH B 3BeE3lE
IPMMEPHO paBeH €€ I'PAaBUTAIMOHHON SHEPTHH C OOPAaTHBIM
3HAKOM, T. €. mopsiaka GM?/R. Jlna CoilHna TemioBas JHep-
rus paBHa 4-10*' k. Kaxayro cexynay ConHne Tepser
4-10%® k. 3amaca ero TeIIOBOH O3HEPTHMHM XBAaTHT Ha 30
MIWLIHOHOB JIeT. XapaKTepHOe BpeMs, 3a KOTOPOe 3Be3ja Te-
pS€T CBOIO TEIUIOBYIHO SHEPTHIO, HA3LIBAETCA TEILIOBLIM:

t. ~ K/L. ®

Opnnaxo 3emida u CojHIE CYIIECTBYIOT MOYTH B HEM3MEHHOM
BHIE HECKOJBKO MWLIMAPAOB JieT. 3HauuT, BHyTpu CoJHIA
JOJIXKEH CYLIECTBOBATh MCTOYHHUK 3HEPTHH, KOTOPHIH IOIOJ-
HSET NOTEPH Ha u3JydeHHe. MBI BHIEIH, UTO B 3BE3JE €CTh
TUTaHTCKMH pe3epByap rpaBHTAlMOHHOM sHeprun. Ho uep-
naTh U3 HETO 3HEPruro Oe3HaKa3aHHO Helb3d. HykHO, YTOOBI
ConHIe CKUManoch, IPHYEM OHO [IOJDKHO YMEHBIIATHCA B
2 pasa-xaxmple 30 MwuIHOHOB JieT. HyXHO HMCKaTh ApYToi
HCTOYHYK 3HEPTHH.

Ero naiien aHTJIMACKME acTpOHOM, CO3IaTelb COBPEMEH-
HOH TEOPHHM BHYTPEHHETO CTPOEHHS 3Be3q ApPTyp OIIMHI-
TOH, KOTOpbIH paboTtai B ToM xe KeMOpHmIkXcKkoM yHHBeEpCH-
tere, yTo U HbiotoH, HO 200 romamMm no3xe. DAIUHTTOH
npeamnosioxkuwi, 4ro BHYTpH CoJIHIA BBIOCJSETCS saepHas
9Heprus BelllecTBa. JTa ujes Obula BBRICKa3aHa 3aJ0JITO 110
CO3JaHUs TEPMOSANEPHOH OOMOBIL

Ortkyna Oepercsa snepHas 3Heprusa? Sapa atoMoB mpen-
CTaBJISIOT COOOW cMech HEHTPOHOB W NPOTOHOB (HYKJIOHOB).
ITonHas 5Heprus sAApPa COCTOUT U3 MOTEHIMAJILHOU SHEPrUH
SIEPHOTO B3aMMOJEUCTBHS, 3JIEKTPHUYECKOTO OTTAJIKUBAHHSA
NPOTOHOB M KMHETHYECKOIO IOBYXXEHHS Bcex dacruu. Ha puc.
29 nokxa3aH rpauk 3aBHCUMOCTH SHEPTHH OJHOrO HYKJIOHA
OT aTOMHOIO HOMepa XMMHYecKkoro diemenra. CpenHss

«

Puc. 29. Cpennsas sHEp-
THS CBS3H OJHOIO HYy-
KIOHA B fAApax pa3sHBIX
XMMMYECKHX 3JIEMEHTOB

OHepaus,
Naﬁ//fymof/
N

] - 1 ]
40 80 7120 160 200
Amaomuas macca

)
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9HEpPIrus OJHOI'O HYKJIOHA B siape, B3ATas ¢ OOpaTHBIM 3Ha-
KOM, MOKa3bIBa€T, HACKOJBKO CIJIBHO CBS3aHBI HYaCTHIIBI
B siape (HaCKOJIBKO IJIy0OKa MOTEHIHAIbHAS sMa, B KOTOPYIO
ond mnonany). I'nsasa Ha 3TOT rpaduk, MBI BHIUM, 4TO Ha-
uOOoJIbIIEH CBA3BIO 00JIaJaIOT 3JIEMEHTHI, I'PYHIHPYIOLIHECS
BOMM3u keje3za. Y Oosiee JIETKMX 3JIEMEHTOB HYKJIOHOB
B sape Mayio. Benp sHeprus sgepHOro B3auMoJeHCTBUS HpO-
OpUHOHAIBHA KBAaApaTy 4HCIa 4acTHn (Kaxaas 4acTUna
B3amMozeicTByeT ¢ kaxaoit! Kcratu, no sroif xe npuuuHe
U TpaBUTANMOHHAS OHEPIrus MPONOPUHOHAIbHA KBaJapaTy
Macchl.). JHeprus, NpUXOoJsIiascs Ha OOHY 4acTHIYy, pacTer
¢ pocToM umcia yacTur B sape. Ho 3to cnpaBemuBO TOJIb-
KO 10 TeX MOp, OKa fiApa He OYCHb BEJMKHU. SImepHble CHIbI
OueHb Ko?omozxencrsyromne, OHHM JICHCTBYIOT Ha PaccTOsi-
nusx 10713 cM, a Ipu yBesIMUEHMH PACCTOSHHS YMEHBIIAIOT-
csl 10 HyJS. l'IoaTomy B Aapax ¢ OOJIBIINM KOJIMYECTBOM Ya-
CTHI] HYKJIOHBI B3aUMOJACHCTBYIOT TOJBKO C OJIMKAMIIMMH
cocesiMH. A BOT 3JIEKTPHYECKOE OTTAJIKHBAaHHE, SHEPrUus Ko-
TOPOro MOJOXUTENbHA, H3-3a MAbHOJCHCTBHUA pPAacCTET BCe
BpeMsi IPONIOPLMOHAILHO KBAPATy UMC/IA HYKJIOHOB (HC/IA
IPOTOHOB M HEHTPOHOB B sApax MNPUMEPHO MPONOPLHUO-
HaTbHBI). [T03TOMY y siiep 37eMeHTOB Gonee' THXKENBIX, 4eM
KeJIe30, JHeprusi CBS3M HaYMHACT manarh. I paduk mokasbi-
BAET, YTO JIETKMM 3JIeMEHTaM JHEPreTUYECKH BBITOJHEE IIpe-
BpaTHTBCA B GoJjiee TsKeJIbIe, @ CBEPXTSXKEIBIM — Ha00OpOT,
pacnactbes. (Pacran cBepxXTsKeJIbIX 3JIEMEHTOB HCIHOJIB3YeT-
csl B aTOMHBIX 3JICKTPOCTAHIHSAX.)

CuHTte3 — OObeIHHEHHE JIETKHX 3JIEMEHTOB — COIPOBO-
X/IaeTcsl THTaHTCKUM JHeproBuijeiienneM. Hampumep, veTbl-
pe sapa aroma Boaopoda (IPOTOHa) HMEIT Maccy
6,69-10727 xr, a sapo remus — 6,65-10727 kr. Jedpekrt
Macchbl oncmeTca.Teopneﬁ otHocutenbHOCTH. [To dopmy-
Jie JiHINTelHAa MOJIHAasg JHEPrusi Tejla CBS3aHA C MAaccoi
COOTHOILICHUEM

E=Mc% ®

DHeprus CBA3U B MM HA OJUH HYKJIOH OOJIblle, 3HAYMT,
IyOXe €ro mNOoTeHIHAIbHAS sSMa M MEHbIIE €ro MNoJHas
sHeprus. Eciu kakmM-1o o6pa3oMm u3 1 kr BogopoJa CUHTe-
3UPOBATh TEJIHH, BBIEJIMTCS JHEPTHs, PaBHAs 6-10'* Ix.
10 npuMepHO 1%, MOJHON 3HEPrHM 3aTPAYeHHOTrO TOIUTHBA.
Bor BaM u pesepByap 3Heprum.

A B TO Bpems, korja DAIUHITOH BBIIBHHYJT HICIO
O SLIEPHOY MPUPOAE 3BE3IHOM 3HEPrHH, €if (Maee) ObUI HaHe-
CEH «CMEPTEIbHBIN» yaap.
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Ecan Obl He KBaHTOBas MeXaHHKaA

CxenTuky, NEHCTBYS B paMKax CYILECTBYHOIIUX

3aKOHOB, «JOKa3aJIu» MOJIHYI0 HECOCTOATEIBbHOCTh TEPMOS-
JepHoro cunresa B neurpe Connna. Ha puc. 30 nokasas rpa-
(UK 3aBUCMMOCTH JHEPIUU B3aH-
MOJIEHCTBUA [IByX NPOTOHOB OT
paccTosiHus Mexay HuMH. Branu
B3aUMOJIEICTBHE  OnpeneseTcs
IEKTPUYECKUM  OTTAJIKHBAHHEM
JBYX HOJIOKHUTEJILHO 3apSIKEHHBIX
YacTUI. OHEPrus B3aHMOJIEHCT-
BHS TNOJIOXKHUTEIbHA M PACTET IO
Mepe cOmkeHus yactun kak 1/R.
B makcumyMe 3Heprust npuMepHo  Puc. 30. Fpaduk 3asucumoc-
pasia 1000 1oB, arew, wa pac- 1 nep eericm
crosHun  ~ 10 oM, B oty RO
BCTynaeT siJepHOE B3aMMOJEHCT-
BUE H MNOABIAETCA 00J1acTh C OTpHIATEJbHBIMU 3HEp-
THSAMH, COOTBETCTBYIOIasi CBS3aHHOMY cocTosiHuio. Ho
4yTOObI NPOHHKHYTH B 00JIaCTh C OTPUIATESILHOH JHEPIHEH,
HYXHO mpeonoJieTb 6apbep B 1000 x3B.

Temnepatypa B nenrpe CojHIA OLEHUBAETCA U3 yCIOBUs
NPUMEPHOTO PaBEHCTBA TEIUIOBOH M I'DaBUTALMOHHOW 3JHEP-
run (RMT ~ GM?/R) u oxa3biBaeTcs paBHO# 10 MUIIHOHAM
rpanycoB. CpenHsis SHEpPrus NPOTOHOB NPH TaKOW TeMie-
patype okojo 1 k3B, T. €. B ThICAYy pa3 MEHbILUE, YeM JHEp-
rug, Heobxonumas Ui cuHTe3a reius. B uentpe Cosnna

£
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Keanmosbiti mynnensbili spghexm
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CJIMIIIKOM XOJOIHO, ToBopwid ckentukd. Ho c3p Aptyp
DNAUHITOH yupsMo 3asBisi: «[TouuTe-ka MeCTO Mmorops-
yee!» Torma 3To pacueHMBaioCh Kak YHPSIMCTBO, Teliepb —
KaK MHTYHIIHS.

Ha nomours npuiiia kBaHTOBasi MexaHuka. OTKpbITas
B 1926 r., oHa oueHb OBICTPO NPOHHKIA B acTpoHomuto. Oka-
3aJ10Ch, YTO MHKPOMHD 00JagaeT COBEPLICHHO YIMBHU-
TeIbHBIME cBoOMicTBaMu. OOHO M3 HHUX — TYHHEJIBHBIA 3¢-
(exT, MpocaurBaHUe YACTHII TOJ HOTECHIMAILHBIM OaphepoM.
DJleMeHTapHbIE YaCTHUIBI MOT'YT MPOCAYUBATHLCHA Mof Oapwep,
JaXe eCIH MX JHeprUs MHOr'0 MeHbllle 3toro 6aprepa. Ecinu
OBl NPBITYH B BBICOTY HNPOCKOYWI MOJ IUIAHKOH, eMy He 3a-
CYMTATIM OBl B3ATHE BBHICOTHL. 3aKOHBI IPHPOILI HE Tak
«cTpOorm».

ITonyvaercs, 4TO caMblif 3pUMbIi KBAaHTOBBIH 3ddekt —
3TO cBeveHue 3Be3d. A eciid Obl He KBaHTOBas MexaHuka?..

SinepHas 3BOIIOLMA

Ileperopanue Bomopoda B TelHif — HeoOpa-
THMBIH mporiecc. 3amackl BOZOpOJa B 3Be3Ji€ OTPaHUYCHBI.
TepMosiiepHble peakiil MOTYT HATH TOJLKD IPH JAOCTATOY-
HO BBICOKOM Temrepatrype U IIOTHOCTH. B nenrpe Cosuaia
IWIOTHOCTH BelllecTBa gocTuraer 100 r/cm3. PeanbHo B Kave-
CTBE TOILINBA JJIS 3B€31 MOXET CIYXHTb TOJIBKO IEHTPaJib-
Has UX YacTh ¢ Maccoi, cocrasisromneii 109, mosiHOH Macchl.
IMoxncuntaeM, Ha CKOJIbKO BpeMeHH XBaTHT COJIHIlY SIEPHO-
ro TOIUIUBA.

IMonnas smeprus Commma Mgc? = 10*7 JIx, snepHas
sneprus (E,;) cocraBisier npumepno 19, 1. e. 10*° Ix, u
C YUYETOM TOrO, YTO HE BCE BEIIECTBO MOXET CrOpeTh, MOJIY-
unrcsa 1044 . Pa3aenus 3Ty BeJIMuMHy Ha cBeTUMOCTh COJIH-
ma L=4-10%¢ [Ix/c, noiyuyum, 4TO €ro SAEPHONH IHEPrUH
xBaTHT Ha 10 MWUIHAPOOB JIET. DTOro BIOJIHE JOCTATOYHO,
4yTOOBI HE BCTYHaTh B MNPOTHBOPEYHE C TEOJIOT MYECKHUMH
JaHHBIMH O Bo3pacTe 3emuin. Ho, ¢ mpyroit cTopoHsl, 3TO 03-
HAYyaeT, YTO 3BE€3/bl HE BEYHHI. OHHM 3BOJIIONHOHHPYIOT. ITo-
CTeNEeHHOE BHITOPaHMe JIETKUX JJIEMEHTOB B 3Be3/JaX OIpene-
JISET UX SOEPHYIO 3BOJIONHIO. A BpeMs BBITOpPaHHS HA3bI-
BAIOT SAECPHLIM BPEMEHEM; OHO OINpedeNseTCs Kak

E M \"2
a2 & 101°(M—o) ner. (10)

3aBHUCHMOCTh SAOEPHOTO BPEMEHH OT MAaCChl 3BE3IbI MOXET
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OBITH MONLyteHa, ECTH y4ecTb, YTO SJCPHAS SHEPIHs 3BE3bI
E,,~ Mc?, a ceeTHMOCTb BeleT cebs npumepHo kak L~ M3,
l'IonqepKHeM 4yT0 mpaBas 4acTb ¢popmyisl (10) — sTo nuub
rpy6oe npubnmxenue. Uem Oosblue 3Be3ma, TeM ObicTpee
oHa cebs cxwuraer!

BciomunM Teneph muarpammy INepmumpynra — Peccesta.
BonblnHCTBO 3Be3[ rpymnmupyercs BAOJb TJIABHOM MOCIe-
JIOBATEIBLHOCTH. DTO 3Be3/Ibl, B HEHTPE KOTOPBIX IIPOUCXOIUT
siaepHOe ropexue Bogopona. ViIMenHo Bomopoja. 3aropaHue
6oJiee TAXKEJBIX 3JIEMEHTOB MMPOUCXOIUT Mpu OoJiee BHICOKOH
Temmeparype (mis HuXx OoJsblie NOTEeHHUATIBHBIN Oapbep)
H COIPOBOXJIAETCA YXOJAOM 3Be3[bl C IJIaBHOM MocjenoBa-
TEJIBHOCTH.

CpaBHUM sfepHOE BpeMs 3Be3bl C €€ TEIUIOBHIM BpeMe-
neM (cM. dopmyiny (8)). IMpubnuxenHo TewioBoe BpeMs 3a-
BHUCHT OT MacChl 3Be3Ibl Tak:

2
t a3 107(i) ner. (1)
Mo

CooTHollleHHEe TpeX XapakTepPHBIX BPEMEH — JHHAMUYeE-
CKOro, TEIUIOBOTO M SIEPHOTO — OMNpEIEIfeT XapakTep 3BO-
Jironuu 3Be3abl. To, YTO TUHAMHYECKOE BPEMS MHOTO MEHb-
e TeIJIOBOTO ¥ SIEPHOTO, O3HAYaeT, 4YTO 3Be3Ja BCeraa
ycreBaeT MPHHTH B THAPOCTATHYECKOE PAaBHOBECHE. A TO, YTO
TEIUIOBOE BPEMsI MEHBIIE SAEPHOro,— YTO 3B€3Ja YCIIeBa€eT
NPUITH U B TEIJIOBOE PaBHOBECHE, T. €. B PABHOBECHE MEXIY
KOJIMYECTBOM 3JHEPIMH, BbIJCISEMBIM B LEHTPE B EIUHHILY
BPEMEHH, M KOJHMYECTBOM. SHEPIHH, H3JIlyYaeMBIM I[IOBEPX-
HOCTBIO 3Be3/bl (CBETHMOCThIO 3Be3nnl). B CosHne kaxmapie
30 MIWLIHOHOB JieT OOHOBJIAETCA 3amac TEIUIOBOH JHEPTHH.
Ho sueprusa B CoslHIE NEPEHOCHTCS H3JIyYeHHEM. 3HAYMT,
¢oronamu. ®OTOH, POXACHHBIA B TEPMOSAEPHON peaKIUH
B LIEHTPE, HA TOBEPXHOCTH MOSBJIAETCA 4Yepe3 TEIUIOBOE Bpe-
Ms, ~ 30 mwuinoHoB JieT ¥). Ecim 6B HMCTOYHHMKHM TepMo-
SJEpHON SHEPTHU «BBIKIIOYWIHCHY» ceroqus, To CoJiHie mpo-
JIOJIXaJo Obl CBETHUTH ellle MIWLUIHOHBI JIET.

IIpu ropeHny BoJOpOAa POXIAIOTCA HE TOJIBKO (HOTOHBL,
HO M HeiTpuuo. HeifTpuno OecrpenaTcTrBeHHO BBIXOOAT U3
ConHIa co CKOpOCThbIO cBeTa 3a BpeMs, paBHoe 700000 kM :
1300000 xm/c = 2,3 c (paguyc CosiHIA B CBETOBBIX CEKyH-
nax). Ho Bems OTOH TOXe ABHXKETCA CO CKOPOCTBIO CBETA,
a 3arpaumBaer 30 mwumonoB Jier?! Konedyno, Bce neio

*) Koneuno, 3ro Gymer yxe coBceM papyroii (oroH (cM. nanblie).
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B TOM, YTO (POTOH, NOCTOSHHO TNOIJIOLIAfiCh H IEpeusJy-
4asiCh, CWILHO 3amyThIBAET CBOKO TPAaEGKTOPHIO, TaK YTO €€
IUIMHA CTAHOBUTCA paBHOM 30 MWIUIHOHAM CBETOBBIX JIET
(paccrosiHue 1O JajieKHX rainaxkTtuk) (cM. puc. 31). 3a Takoe
Oonblioe BpeMs U3JIyYEHHE YCIEBAae€T INPHHTH B TEILUIOBOE
PaBHOBECHE C BEIECTBOM, 110 KOTOPOMY OHO mBuxeTcs. [lo-
3TOMY CIEKTPp 3Be3J H OJIM30K K CIEKTPY YEpHOro TeJia.

Teopus BHYTPEHHETO CTPOEHHMSA 3Be3[ IJIaBHOH MHOCIEHO-
BaTEJIbLHOCTH, MOCTpOeHHas k Hayainy 30-X rogoB DAAMHITO-
HOM, MNOJIHOCTBIO OOBACHWIA HMX HabJrogaeMbie CBOMCTBA.

Cbemurtocme, LA
8
~ %

3
A

Il
a7 7 0
Macoa 383dst, M/Mg

Puc. 31. Tpaektopun ¢otona Puc. 32. INo wnabmoneHusM IBOMHBIX

(Y) u HeliTpuHo (V), BBUIETEB-  yAAJIOCh NOCTPOUTH 3aBHCHMOCTb «Mac-

mux u3 ueHrpa CoyHua €a — CBETHMOCTb)» 3Be3] TJIaBHOW NOCe-
ZOBATENbHOCTH

Ho nHa muarpamme I'epmunpysra — Peccena crpostcs Benu-
YHHBbI «CBETUMOCTb — CHEKTP», KOTOPHIE ABJIAIOTCH (PpyHKIHEH
Macc 3Be3[. 3HAYUT, VIS OKOHYATEILHOTO IMOATBEPKICHHA
TEOpHH HEOOXOmMMO ObUIO B3BECHTHL 3Be3AbL 31ieCh Ha MO-
MOIIb NPHILIA JBOHHBIE cHcTeMBbl. Mcnonb3ys pe3ysibTaThl
($boTOMETpHYECKNX H CHEKTPAIbHLIX HAOJIIOJCHHH IBOMHBIX,
YIQIOCh ONPENEIMTh MacChl MHOTHX COTEH 3B€3] M CBS3b HX
CO CBETHMOCTBIO (CM. pHc. 32). DTa cBA3b OKa3ajach B Ipe-
KpacHOM corjacuu ¢ Teopueir. Ho mouemy HeKoTOphHIe
3Be3apl Ha aumarpamme Iepmunpynra — Peccena e nomwm-
HSAIOTCA TJIaBHOM NOC/IENOBaTENbHOCTH?

IMoknaas rjaBHYI0 NOC/I€0BATEJILHOCTD

Jlumms, BHOOJIb KOTOpOi OBHXETCA 3Be3la Ha
miarpamMe @'epmunmpynra — Peccena, nasnBaercs 3BoOJIIO-
OUOHHBIM TpekoM. IlepBBIM, KTO BKJIIOYM/I B pacyeThl BHY-
TPEHHET O CTPOEHHS 3Be3 ] AEPHBIC PEAKIUH, ObLI aMepHKaH-
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ckuii actponoM Maprun lIBapmmmisa. DTH pacyeTsl aaiu
OTBET HA BOMNPOC K CJEAYIOLIEMY INyTOYHOMY PHCYHKY.

0, 3mu 3ee3dHbie cmada,
Kmo 20Hum ux myda-cioda?

BHayasie 3B€31a HEMHOIO «IPOIOJI3aeT» BBEPX IO IJaB
HO¥ moc/ieoBaTeIbHOCTH. MI3MeHeHHs ee CBETUMOCTH U TeM-
[epaTypsl MPH 3TOM CBA3AHBI C MEIJICHHBIM H3MEHEHUEM XH-
MHYECKOr0 COCTaBa siApa 3Be3/Ibl — BOJOPOM IPEBPAILAETCA
B renuif. [Tocrenenno Becs Bogopoa Beiropaer. CHayajia 310
MPOUCXOJHUT B LIEHTPE 3BE3[bl, € IUIOTHOCTh U TEMIEpaTy-
pa MakcuMaiibHBL. O6pa3syercs resnueBoe aapo. Temmeparypa
B Si[[pe HEIOCTATOYHA [UIA 3arOPaHus reJius, HO BOKPYT fpa
BOIOPOA MPOJOJIKAET ropeTh B 1AapoBoM ciloe. Takoit pe-
XHUM Ha3bIBAE€TCHA FOPEHHEM B CI0€BOM HcToyHHKe. [ esneBoe
SOPO OKa3bIBAeTCH . BHYTPH HCTOYHHKA JHEPTHH, U B HEM
yCTaHaBJIMBAETCA MOCTOsiHHAsA TeMmmeparypa. [To3ToMy Takoe
SOpO Ha3bIBAIOT HW30TepMHYecKkHMM. OOpa3oBaHHE CIO€BOTO
HCTOYHHKA BBI3bIBAET YBEJIMYEHHWE MMOTOKA 3HEPIHH OT MEH
Tpa. OOos0Yka 3Be3ObI BOKPYT CJIOEBOr0 HCTOYHHKA Ha
qpHaeT OypyMTh HanmogOoOWe KHISAIIEro YaiHHKa.

AHaJIOrHA C KMIICHHEM [IOBOJIbHO riiyOokas. B wvaiinmke
B ONpeAe/ICHHbIH MOMEHT HavdHaeTca Oypienue (Wwim, HO
HAYYHOMY, KOHBEKLHS), HOTOMY 4YTO TEIUIONPOBOAHOCTh
OKa3bIBAETCS HEJOCTAaTOYHOH [UIS MEepeHoca TeIUla, HOCTy-
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Marolero co AHa. JIMHAMUYECKH KOHBEKLUS HACTYmaeT cie-
OyromuM obpasom. ['opsiuas Boja HauMHAET BCIUIBIBATHL CO
Ha Toj JEHCTBUEM CHJIbI ApXuMeIa — BEIb OHA JIer4ye Xo-
JNoanoit. HeycTrodYMBOCTD TSXKEIOH XUAKOCTH, HaxoAsllencs
HaJl JIETKO#, Ha3pIBaeTCs HeycToH4YuBOCTRIO Peniest — Teitopa.

gl
601

2
S

(= ya)
s0F R
L ¥R
40f

64My

70 M,

1 1 1 1 1 L
48 46 44 42 40 358 \gr

Puc. 33. Vxoa ¢ riaBHOH nocneqoBaTeNIbHOCTH 3Be3Jl pa3HOW MacChl

OGpa3oBaHde CJIOEBOr0 UCTOYHHKA NMPUBOJUT K oOpaso-
BAaHHIO KOHBEKTHBHOH 000youkH. 3Be3na mpM 3TOM pacllu-
psierca. Ha muarpamme Iepuuinpynra — Peccena 3to Bbiriis-

Ternepamypa

Clepxausarin

Haomepmuyeoxoe  Groslbol
adpo UCTIOYHUK

Puc. 34. Crpoenne ceepxruraHra
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JUT KaK yXOJ C IJIaBHOH Iio-
C/IeIOBATEJILHOCTH B HAmpas-
JICHUY TUTAHTOB M CBEPXTUTaH-
TOB (puc. 33).

Bunenu 11 Bbl, Kak TOPHUT
Topdp Ha Gomorax? Orus He
BHAHO, TOJIbKO JIETKHH HbIM.
Topd ropur B HebGosibIIOM
KoJIbLeBOM citoe. Cloii mocre-
NIEHHO PACIIHPSETCs, OCTABJIAA
BHYTpH ce0s BCE yBEJIUYMBAIO-
Ieecs M YBeJIAYMBaroOLIcecH
JKEJITOE MATHO XKYXJIOH TPaBBhI.

Tak u B 3Be3ze. ITo Mepe
TOpEeHMs Macca IeJIHEBOro Aapa
BCE€ YBEJIMYMBACTCA M YBEJIMYH-
BaeTcsa. S apo craHoBUTCHA Ha-
CTOJIBLKO OOJIBIIINM, YTO HE B CO-
CTOSIHMM YXe€ CAepXaTb CBOIO
Maccy ¥ HaYHHAET CKUMAThCSL.
Hanbaelimas cyapba 3Be3[bl
3aBUCHT OT ee Macchl. Y 3Be3[



6oJIBIION Maccel TEMIlEpaTypa B TeJIHEBOM SiApE IIOIHH-
MaeTcsl HacTOJIBKO, YTO HAYMHAETCSI CHHTE3 TeJIUS B YIJIEPOL.
OTa peakuus HOET NYTeM TPOHHOTO OOBEAMHEHHS TpPeEX
siep aTOMOB Trefus (Q-4acTHII), TO3TOMY €€ HHOTOA HAa3bl-
BaloT 3o-peaxnuei.

¥V 3Be3pI MOTYT OBITH [1Ba, TPH U O0Jiee CIOEBBIX HCTOY-
HHMKOB. ¥ 3Be3l ¢ Maccoit 6onbiie 10M , siaepHBI CHHTE3
JOXOIHUT O 3JIEMEHTOB I'PYIIBI )Kejie3a. BHelllHe Takas 3Be3-
Ja BBITJISAUT Kak rojy6oit ceepxruranr. Ilpu 3toM pamayc
3Be3abl yBenmuuBaercs B 100 pa3 U HOCTHUraeT B HEKOTOPBIX
cinydasix Teicsiy pamuycoB Conuna. UYtoObl NOYYBCTBOBATh
3TH pa3Mepbl, MOXHO CKa3aTh, YTO €CIM OBl TakKylo 3Be3.Iy
noMecTuTh BMecTo Counia, 3eMiis OuyTHWIach Obl IJIy6oKO
BHYTpH Hee (paccTosiHue ot 3emuu no Connna paBuo 214 pa-
maycam Connna). KakoBa xe manbHeiilias cyanba 3Be3pl?

Benbie xapinku

Teopuss DIIUHITOHA BEJIMKOJIENIHO OOBACHSIA
MmoJIOKeHUs 3Be3x Ha muarpamme Iepmunpynra — Peccena.
3amaBasi Maccy 3Be3[bl M €e XMMHYECKHl COCTaB, MOXHO Obl-
JIO TONYYHTh BCe HAOJIFOHAEMblEe XapaKTEPUCTHKHU: CBETH-
MOCTB, paJuyc, TeMreparypy nosepxHoctu 4 T. A. Ho Bcio
3Ty NpPEKpPacHyIO KapTHHY NOPTHJIA OJHA HeEB3payHas 3Be3-
nouka 40 Dpupana B. Ha muarpamme Iepuimpysra — Pec-
cella OHa paclojarajach 3HaUYHTEILHO HUXE M JIeBee 3Be3J
rJIaBHOM MocC/ieqoBaTeIbHOCTH. [IIg CBOEil BBICOKOH Temile-
paTypbl OHa HMeJIa CIMIIKOM MAJIEHBKYIO CBETHMOCTD,
a CJIeqoBaTeNbHO, U CIMIIKOM MaJjible pasMepbl. OTO HHKaK
HE YKIaAbIBAJIOCh B TEOPHMIO DIHHITOHA.
Brixon 6bLn1 HaiimeH aHriamiickuM ¢usukoM P. dayrepom
B 1926 r. OTo OBUIO BpeMs yOUBHTEJILHBIX (U3HYECKHX OT-
kpeiTuii. B 1925 — 1927 rr. nemenxue ¢usuku Bepuep Ieii-
3enbepr u Opsun llpenunrep co3maiu KBaHTOBYIO MeXaHH-
ky. B 1927 r. Teiizenbepr chopMymHpoBal NPHHIMII
HEONPEeIeJIEeHHOCTH, TJIACSIIHIA, YTO MBI HE MOXEM abCoJIIoT-
HO TOYHO H OJHOBPEMEHHO 3HATh 3HAYEHHS KOODPAHUHATHI
H CKOPOCTH 3JIeMEHTapHO# uactumbl. Bossdranr Ilayiam
B 3TH X€ roasl GOpPMYIHPYET NPHHLMII 3alpeTa, COrJIACHO
KOTOpOMY [Ba 3JI€KTPOHAa HE MOTYT HAXOAMTHCA B OJHOM
KBaHTOBOM cocTosinuu. DHpuko ®epmu u ITons upak uc-
clenyoT (yHIaMeHTAJIbHBIE CBOWCTBA MAaTEpPHH C Y4YETOM
KBaHTOBO-MEXaHHYECKAX MPUHIMIIOB. OTH HOBBIE OTKPHITHA
[MOKa3aJjid, YTO MPH ONPEAE/ICHHBIX YCIIOBHAX BEIIECTBO IlEpe-
CTaeT BeCTH ceOs OOBIMHBEIM O0Opa3oMm.
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Teopus DAAMHTTOHA NpEeANOJiaraeT, 4Yro BEUIECTBO
3Be3bl — 3TO HIEANIbHBIA ra3, T. €. ra3, NOAYHHSAIOLIMIACS
YpaBHEHHUIO QT

P=p— (12)
n

rae P v p — naBjieHHe U TUIOTHOCTb BELECTBA COOTBETCTBEH-
HO, | — MOJIEKyJIsipHas Macca. MosekynspHas macca — 3TO
CpeIHss Macca OJHOM YacTHIpl, BHIpaXEHHAass B Maccax aTo-
Ma Bogopona. B TakoM Buzme omnpeneneHue rogurca U Ui
WiasMbl, B KOTOPOH HET W B INOMHHE HUKAKUX MOJIEKYJL.
VY NOJHOCTBIO HOHM3HPOBAHHON BOIAOPOJHOM ILIa3Mbl MoJe-
KyJsipHas Macca ¢ Oonbioit TouHocTeio paBHa 0,5. Ha
KaX[Ible [BE 4YacTHLbl (VIEKTPOH M NPOTOH) NPUXOIUTCH
TOJILKO Macca npoToHa (Macca anekTpoHa B 1800 pa3
MEHBIIIE).

Knaccuyeckoe ycioBHe HA€aIbHOCTH ra3a COCTOMT B TOM,
4TOOB! pa3Mepbl 4acTHI ObLJIM MHOTO MeEHbIlE JUITMHbI CBO-
6oanoro npodera. 3aaymMbIBaJIMCh JIM Bbl KOT Ja-HUOYIb, MO-
YeMy OKpYXalolllie HAC NPeIMETHl UMEIOT IJIOTHOCTH, O6/1M3-
kue k 1 r/CM3‘7 IInoTHOCTL BOABI, HANpHUMEp, NPOCTO paB-
Ha 1 r/cM>. [laBaiiTe mnonbiTaeMcss OTBETMTb Ha 3TOT
BOIIPOC.

Eciu oxnaxmaTh oxkpyxarolue Hac Tena, TO IUIOTHOCTh
HX INPAaKTHYECKH HE U3MEHHUTCA. DTO O3HA4YaeT TOJILKO OJHO,
a UIMEHHO TO, YTO 3TH BEIECTBA yXKe HaCTOJIbKO OXJIaJAWINCh,
YTO YaCTHIlBI, MX COCTABJIAIOLIME, NPUILIIN B CONPUKOCHOBE-
HME W JajbHeillliee OXJIaXIeHHe He MPUBOAUT Gouibllie K Cxka-
THIO. /la, B TAKOM XOJIOJHOM MHpPe Mbl xuBeM. IlnoTHOCTB
OKPYXIOIUX HAC TeJl —3TO IUIOTHOCTh aTOMOB, H3 KO-
TOPBIX OHM COCTOST. ATOM Boziopona mMeeT Maccy 10724 r,
a ero pasmep — 10“ cM. PazpenuMm maccy Ha kyb pasmepa,

nonyuuMm 1 r/cm®! 3HauuT, B TBEPABIX M IKMIOKAX Tesax
aTOMBI U MOJIEKYJIbl YIaKOBaHbl HACTOJIBKO IUIOTHO, YTO HH
O KaKoi MJIeaJIbHOCTH He MOXeT ObITh U peun. Haiinem 2l
Hi010 10THOCTL CoJIHIA. PaszleJmn maccy Coanna (2 10°3 1)
Ha obveM */3m (7-10'°)3 cm? monyunm 1,4 r/cm®. Beme-
crBo CoJjiHIA IUIOTHEE BOIbI, o;maxo ero ¢ 6onBIIAM 3ama-
COM MOXHO CYHTaThb MJeasbHbIM rasom. Ilouemy?

BcnomuuM onpeniesieHne HaeaibHOCTH. JInHA CBOOOIHO-
ro npobera gomxHa GbITH MHOTO 60JIbllle pa3sMepPOB YacTHIL
JmHa cBo6oaHoro npodera paBHa NPOHU3BEACHHIO CPEIHETO
MPOMEXYTKa BPEMEHH MEXY NOC/Ie10BATENbHBIMH CTOJKHO-
BEHMSMH Ha ckopocThb yacTumpl. C yBeJIMYEHHEM IUIOTHOCTH
BpEMs MEXJy CTOJIKHOBEHHSMH YMEHBIIAeTCA, H3-3a ITOro
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yYMEHBIIAETCS U [UTHHA cBoOoaHoro npobera. Ho ecnu ¢ yse-
JIMYEHNEM IUIOTHOCTH YBEIMYMBATh U CKOPOCTb YAaCTHI, TO
UTHHa cBOOOOHOro mpodera MOXeT He TOJNBKO YMEHBLIATh-
cil, HO Aaxe pacTH. MBI 3HaeM: CKOPOCTh [JBMKEHHS pACTeT
npH yBeJIWYeHUH TeMmneparypbl. B 3toM-To Bce u aeno! Be-
mectBo CoJIHIIA HATPETO HACTOJIHKO, YTO [JAXe€ HPH ILUIOTHO-
cru 6osee 1 r/cM® OHO ocTaeTcs UaeaILHBIM ra3oM (TOYHEE,
wiazMmoi). OgHAKO ACHO, YTO €CJIH MBI HAYHEM MBICIIEHHO
cxuMath CoJIHIE, He CHWIBHO NOBBIIAS €ro TEMIEpaTrypy,
yCIOBHE MJEATLHOCTH PAHO WIM MO3JHO HAPYIIHMTCAH.

Ilpu cxaTuH YCIIOBHE HUOCAIBHOCTH HAPYIIHMTCS ropas3jio
paHbliie eme 4 mo aApyrod mnpuuune. UHTEpecHo, uro
B caMoM KoHne mnpouuioro Beka K. 3. L[H0oIKOBCKHif BbICKA-
3aJ1 MOEI0 O TOM, 4TO npu cxaTud COJIHIIA ero BeLIECTBO
MOJXET MEPEUTU B HOBOE COCTOSIHHE, HE OIMHUCHIBAEMOE YpaB-
HEHHEM HJiealIbHOrO raza. PaccmMarpuBas cxxaTtue 3Be3J B pe-
3yJIbTAaTE M3JIY4EHUs, OH MPEIIOJIOKM, YTO IPH ONpeIesIeH-
HOM IUIOTHOCTH CXXAaTHE MOXET OCTAaHOBHUTHCA 3a CHeT
OTKJIOHEHHUs OT uaeabHOCcTH. Ho, KOHeYHO, OH He MOr mpen-
BHJETh, YTO MPUYHUHOM ITOrO CTAHYT 3aKOHBI KBAHTOBOM Me-
xanukd. Kax BnepBoie ormerwn P. ®ayinep, mpu CKaTuu
3Be3abl Boero Jimiip B 10— 100 pa3 BaxHyI0 posib HaYMHAET
HTpaTh pacTaJKMBaHHE JICKTPOHOB 3a CYET MPHHIMIA 3a-
npera Ilaynu. Ilpu miotHoctH 10° — 108 r/cmM® mpoTombt
U HOHBI HACTOJIBKO OJIM3KO HAXOIATCA APYr OT APYra, 4To MX
aTOMHBIE YPOBHH 0OBbemuHsAIOTCH. [Ipu 3TOM 00BEIUHAIOTCS
JIEKTPOHBI, 00pa3ys cBoeoOpa3Hblii ra3, KOTOPLINA HA3HIBAIOT
BBIDOX/ICHHbIM. IIpHMEHHB ypaBHEHHE COCTOSHMSA BBIPO-
XKIOCHHOTO 3JIEKTpOHHOro rasa, P. ®daynep Hamien, 4ro pas-
Mepbl TaKUX 3Be3] AOIXHBI ObITh mopsiaka S000 — 10000 kM,
T. €. HOpAAKa pa3MepoB IwiaHer. Tak ObUIO OOBACHEHO MpO-
THBOpeure y 3Be3apl 40 Dpunmana B u apyrux 3Be3a Takoro
THIIA. DTH 3Be3[bI Ha3BaIM OEJIHIMU KapJIMKaMH.

B uenTpe 3Be3a ¢ Maccoil MeHbllle 3M , «BBI3peBacT» re-
JIHEBOE AOPO, KOTOpOE, CXKHMAasiCh, MpeBpalllaercs B re-
JMeBblil Oenblit kapyuk. IIpu cxaTmu BeiaeNIsS€TCS T'paBHTa-
[MOHHAs 3HEPrHs, OHA HArpeBaeT OOOJIOYKYy, M Ta OXiIa-
Xaaercd, T. € DacClIUpAeTcsi M pacceMBacTcsi B BHIC
KOJIbLeOOpa3Hoit TYMaHHOCTH. Bo3MOXHO, HMEHHO Tak
0o0pasyroTcs IIaHeTapHbie TYMaHHOCTH (cM. puc. 35). B men-
Tpe HX, KAK IPaBWIO, HAXOOAT OYECHb T'OPAYYI0 H KOMIIAKT-
HyIO0 3Be3J0YKYy (OCTHIBaIOLIEE FEJTHEBOE AAPO?).

V 3Be3q GOnBIIMX Macc TeMmmepaTypa B LEHTpe OOCTa-
TOYHA VIS TEPMOSAEPHOro CHHTe3a OoJiee TDKEIBIX 3IEMEH-
toB. Eciu macca 3Be3nnl Mensilie 8M o, (undpa npumepHas),
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TO B Heli «BbI3PEBAET» PO, COCTOALIEE U3 YIjepoia U KHuC-
Jopona. CxaTie Takoro yrjlepoaHO-KHCIOPOIHOTO A1pa, ec-
JIM ero Macca 6M3ka K 4aHApaceKapoOBCKOMY HIpenesy, Nnpo-
HUCXOIUT HE CTOJIb 0€300MIHO, KaK €CId Obl OHO COCTOSJIO W3
resivs. B nieHTpe 3Be3bl MOIKUTAeTCs Yrjiepold, U Mo 3BE3Je
MeUIEHHO PacnpOoCTpaHsAeTCs BOJIHA TOPEHUSA. DTOT MPOLECC

Puc. 35. IInaHeTapHas TyMaHHOCTb B co3Be3AuH BonoJes

XOPOILLIO M3BECTEH CHEIMAINCTaM IO B3PbIBYATBHIM Bellle-
crBaM. On HaswBaeTca nediarpanmedi. B HexoTopeiii Mo-
MEHT HapyLIaeTCs THAPOCTaTHYECKOE PABHOBECHE, 3BE€3/1a Ha-
YMHAET IYJILCHPOBAaTh CO BCE BO3PACTAIOLIEH aMIUIMTYIOM.
Takas packayka MOXeT OPUBECTU K B3PbIBY M IOJIHOMY pa3-
Jery Oesioro Kapiuka. DHEPrus 3TOro B3pbiBa CpaBHHMA
C JHEprHeil BCIBILKA CBEpXHOBOH. PasopmaBiuasca 3Be3na
cHabkaeT MEX3BE3IHBIH ra3 TSXKEIbIMH XHUMHYECKHMH JJie-
MEHTaMH, KOTOpble MOTOM BOHIYT B COCTaB HOBBHIX 3BE3[,
HOBBIX IUIAHETHBIX CHCTEM, TJ€ BO3MOXHO BO3HHKHET
pa3yMHas XH3Hb.

Haxonern, B 38e31ax ¢ Maccamu (8 — 10) M, yraepoa moJ-
HOCTBIO BBI'OpaeT M 00pa3yeTcs sapo, COCTOSALLUEE U3 LeJIOo-
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ro Habopa 3j1eMEHTOB — KHCJIOpoOJAa, HEOHa, Marausa. Bmoc-
JIEICTBUM 3TH sIpa OCTHIBAIOT U IpeBpallaloTca B Oeiible
Kapiauky. JIniiiHee BeILLECTBO «THUXO» pacceHBaeTcs B BHJE
IUIAaHETApHON TYMaHHOCTH.

HeiiTponnsie 3Be3abl

BrIpoxeHHbI ra3 obsanaer yIuBHUTEIbHBIM
CBOWCTBOM: €ro JaBjieHHE HE 3aBUCHT OT TeMIEepaTyphl,
a OmpenesseTcs TOJbKO IIOTHOCThIO: P ~ p3/3, Kak 6bl HM
ocTbIBaJl Gesblif KapjuK, OH HUKOTa HE COXMETCH. YpaBHe-
HHME COCTOSHHUS Oeoro KapJjnka MpUBOMUT K HeOOBIYHOH 3a-
BHUCHMOCTH €ro paauyca OT MAacChl. DTy 3aBHCHMOCTDb JIETKO
MOJIYYHTb.

HaBnenne cun rpaBUTalM ompeneigercas kKak P x
~ (GM?/R) /4nR?> ~ M?/R*, a paBnemwe rasza — kak P ~
~p33 ~(M/R?53 ~ M53/R5%. B paBHOBecun o6a naBJicHHS
JOJIXKHBI OBITH paBHEI, 3HAYMT, R ~ M ~/3: yem 6onblue mac-
ca Kap/iuKa, TeM MEHbIE €ro paauyc U TeM Oouibiile ero
WIOTHOCTb. HOo mnpm BoO3pacTaHMM IUIOTHOCTH BO3pacTaer
9Heprus 3IeKTpoHOB. Kakx M3BECTHO, 3EKTPOHBI B aTOMe
CTpEMSATCS 3aHATh caMble HIKHHE YPOBHH. Tak ke U B 9JIek-
TpoHHOM rasze. Ho B BBIDOXIEHHOM 3JIEKTPOHHOM rase Bce
HIDKHME YPOBHU 3aHATHI, 4 Ha 3aHATHI YPOBEHb 3JIEKTPOHY
HeJb3s momacTh u3-3a npuHumuna Ilaymm. Eciu MbicieHHO
yBeInuMBaTh Maccy Gesioro kapimka, To OyJeT pacTu ero
IUTOTHOCTb. DJIEKTPOHBI OYIOyT «yNakoBLIBATLCH» BCE IUIOT-
Hee, HO HIDKHHE IOJIKH 3aHATHI, 1 UM NPUXOOUTCHA 3aHHMATh
caMble BEPXHHE, I/ie SHeprus Beluka. IlocTemeHHO 3Heprus
3JIEKTPOHOB CTAaHOBHTCS CPAaBHHMOH C HX JHEPruei mokos
m,c?. DIEKTPOHHBI Tra3 CTAaHOBHTCH PpEJISATHBUCTCKHM.
A CXHMMaeMOCTb PEJISTUBHCTCKOTO Ira3a ropasjio Jydile, 4YeM
HepensaTuBucrckoro. [{ns nero nasnenue P ~ p*3, 1.e. P ~
~ (M/R3*3 ~ M*3 /R* Ta3oBoe 1aBjieHHE PH CXATHH pac-
TET TaK e, KaKk M JIaBJICHHE CHI I'DaBHTAIMH. DTO O3HAvaerT,
YTO paBHOBecHe O0ejIoro KapjMka BO3MOXHO JIHIIb TPH
OIHOM M TOJIBKO OOHOM 3HaueHuH Macchl. Kpurudeckoe 3Ha-
YeHHEe Macchl, paBHoe npumepHo 1,5M, HaswpiBaroT mpene-
soM Yaumpacekapa. OHO 6BUIO MOJIy4eHO ABAANATHIECTHUM
unaauiickuM uzuxom C. Yanapacekapom B 1931 r. B 1983 r.
3a nuK1 pabot no teopun Oenbix kapiaukoB C. YaHapacekap
6nt1 ynocroen HobeneBckoit npemuu no Qusuke.

ITpu Macce 6osblre YaHIpPacekapoOBCKOro Ipenesia JaBiie-
HME 3JIEKTPOHHOTO ra3a He CIOCOOHO IPOTHBOCTOSATH CHJIaM
rpaBuTanud, u Genplii xapimk cxmvaercsa. HezaBucumo ot
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Yanapacekapa 3TOT npeest ObUT MONTYYeH COBETCKUMHE (U3 H-
kamu . . ®penxenem u JI. . Jlanmay. JI. 1. Jlannmay
B cBoeit pabote 1932 r. npeanosoxkuiI, YTo 3BE3bI C MaCCOM
6oJibllie KpDUTHYECKOI O HpeJe/ia CKUMAIOTCA 0 TeX Mop, Io-
Ka UX sIpa He NPUOYT B COMPHUKOCHOBEHHE U He 0oDOpa3yercs
onHo ruraHtckoe saapo. Koraa Jlangay mucas cBoro pabory,
3a roJ 10 OTKPLITUSA HEHTPOHA, GU3MKHA HE 3HAIM, YTO MpPH
CIIMSIHUM OPOTOHOB H JJIEKTPOHOB OOPa3ylrOTCH HEHTPOHBL
A OyKkBaJILHO 4epe3 rojl aMEpUKaHCKHE aCTPOHOMBI Basintep
Baane u ®pen LI[Bukku BBIIBHHY/IM THNOTE3y O TOM, 4TO
BCIIBIIIKA CBEPXHOBOH 3BE3AbI €CTh PE3YJLTAT CXJIONBIBAHUS
OObIYHOI 3Be3Inl B 3BE3dy, COCTOSILYIO U3 OOHHUX Hel-
TponoB. Takue 3Be3apl ObUIM Ha3BaHbI HEWTPOHHBIMH 3BE3-
Jgamu. [IIOTHOCT, HEHTPOHOB B HHX OJiM3Ka K SOCPHOIN,
10'3 — 10'® r/cM3. D10 O3HAuaeT, YTO pa3Mep HEUTPOHHOM
3Be3/Ibl, I'Ie BCE HEUTPOHBI IUIOTHO HMPHXAThl APYT K APYTY,
B (10'5/1)Y/3 pa3s menbiie pazmepa Connia, cpeaHss IUIOT-
HOCTh KOTOporo Ousiu3ka Kk eaunune. Pamuyc HeHTpOHHOM
3Be3abl moiydaerca mopsgka 10 kM. [Ipu 3toM ee Macca
G6onsire Maccel CosHIa.

HeifrpoHHble 3Be3Abl POXKOAIOTCA B KOHIE 3BOJIIOLMHU
3B€3]l C NEepBOHa4aldbHOH Maccoi Gosnee 10Mv,. Bonbiuas
Macca HyXXHa 3Be3fJe IS TOro, 4ToObl MO Mepe BbIITOpaHus
JIETKMX JJIEMEHTOB XBaTHJIO TEMIIEPATYphl Ui IOKHIaHUSA
Gosee TAKEIBIX 3JIEMEHTOB. B 3THX 3Be3/1ax cropaer Bce JO-
Tia, T.€. A0 xeie3a. JlajnpHeMIIuif CHHTE3 sJEp YyXe He
BBIJIEJINET, a HaoOopoT, moryiomiaer 3Hepruto. Ilo3Tomy,
HA4YaB CXKHMAaThbCH, JKEJIE3HOE PO YXKE HE MOXKET OCTaHO-
BHTHCAL.

Beiaensroniascs rpaBUTaAHOHHAS SJHEPTHUS PACXOIYETCs Ha
cuHTe3 OoJsiee TAKEIBIX JIEMEHTOB, H CKATHE 3BE3/[bI CTAHO-
BHTCs KaTacrpoduueckuM. Takoit mpomecc Ha3nIBaeTcs KoJ-
JsancoM. Bo Bpems kosuiamca BeIIEIsSieTCS CTOJML OoJblas
3HEprus, YTO BCA MaccHBHas oDoJyioyka cOpachBaercs co
CKOPOCTBIO B HECKOJIBKO JECATKOB THICAY KWIOMETPOB B Ce-
KyHIy. OTO, HO-BHAUMOMY, H HaOJIOHAETCS Kak B3pbiB
cBepxnoBoil. 'mnoreza baane n L{Bukku ObLia BEIHKOJENHO
noarBepxaeHa B 1968 r., xorga B KpaboBuaHO# TyMaHHOCTH
(ocTaTke BCOBILIKH CBEPXHOBOH) ObUI OOHapYXeH paaHoNyJib-
cap.

Hsny4yenue paguolyiabcapa NPHXOOHT K HaM B BHAE
CTPOro NEPHOJHUYECKOM MOCIEOBATEILHOCTH Y3KHX HMITYJIb-
coB. KpuBas Oslecka paamonyinbcapa HAalmOMHHAET CTapyro
pacuecky ¢ peaxuMH 3yObsmu (cM. puc. 36). 3yObs (uM-
MyJIbCbI) MOTYT CJIEIOBaTh OJWH 3a JPYTMM, a MOTYT H IPO-
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najgaTh, HO MNOSBJAIOTCA OHU TOJBKO B CTPOTO ompene-
JIEHHBIX MecTax (B OIpeneN€HHbIE MOMEHThl BPEMEHH).
B pacuecke Takoe «haTaJpHOE NOBENCHHE» — PE3YIbTAT TeX-
HOJIOTHM €€ NPOM3BOACTBA (MalllMHAa WITaMnyeT 3yObs, paB-
HOOTCTOSIIIHE APYr OT JApyra). A BOT YTO NOAAEPXHUBAET

2
I
S8
TX
33
§b
1 1 1 AL - 1 1 i
4 2 4 & 8
BpemAa, ¢

Puc. 36. 3anuchb paJHOCHTHaja OT OTKPHITOTO OJHHM K3 MNEPBHIX
. myascapa PSR 0329 + 54

CTPOT'yIO0 NEpUOINYHOCTL myJsibcapa? Okxa3biBaercs, Bpallie-
HMe HeWTpoHHOit 38e3/16l. Ho BpamaTtscs ¢ nepuonoM 0,033 ¢
MOXET TOJILKO HEeWTpOoHHas 3Be3nma. JIoOyro Ipyryro 3Be3-
Iy pa3’opBYT I'HTAHTCKHE HEHTPOOEKHBIE CHIIBL
AMepukancknii actpopmsuk Tomac Iona nepBbM 1O-
HAJI, YTO PaJMOMyJbCcapbl — 3TO HEUTPOHHBIE 3BE3[HI, B KO-
TOPBIX UCTOYHHKOM 3HEPIUHU M3JIYYEHHs fBJIAETCA UX Bpallie-
HHE, a MAarHUTHOE I0OJIE HEMTPOHHOM 3Be3[bl SABJISETCA TEM
nepeJaTOYHBIM PEMHEM, KOTOPBI «BBIYXKHBAeT» 3Ty 3JHEP-
THIO U3 HEHTPOHHOI 3Be3bl. MarHuTHOE NoJie HEUTPOHHOM
3Be3 /b1, NOO0HO noiro 3eMiid, UMEET TUMOJILHBIA XapakTep.
DTOo 03HAYAET, YTO B HEM €CTh
BHIZICJIEHHAS JIMHHA, IPOXOAd-
1as yepe3 MarHUTHBIE [0JIFOCA.
Bnone 3Toif 1MHMM BHIOpachI- 0,089230
BAaIOTCA NOTOKH PpEIATHBHCT-
CKMX 4YacTHIl H H3JIyYCHHUS.
Iynbcap, noaobHO Bpalnaro-
HIEMYCsl NPOXEKTOPY, «OCBe- 0,089210
maeT» KkocMoc. Ilepnoauyecku ,9'70 ,3'75
Jy4Y «YHPKAET» MO 3emiie, H Toder
TOTJa Mbl BOCIIDHHHMA€M HUM-
nyibc m3ayuenus. Ho msnyvas, Puc. 37. Mamenenue nepuona
nyibcap OOJDKEH 3aMeNJIAThL  Pajuonyiscapa B CO3BE3AHH
CBOE BpalllcHHE — 3TO M Ha- Iapycos
6monaerca. Ilepnoasl panuo-
nylbcapoB MOCTENEHHO YyBesmyuBarorcs (cMm. puc. 37). Ho
MOYEMY HEHTPOHHBIE 3BE3[BI CTOJIb OLICTPO BpAILIAIOTCA H
00J1aal0T CTOJIb MOLIHBIMH MATHHTHRIMH [OJISMH?

T

0489220

lepuad, e
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bricTpoe BpallleHHEe M MOIIHbIE MAarHATHBIE [OJIS — 3TO
TakoW Xe cilel («poauMoe MATHO») MPOIEcca POXICHHS
HEHTPOHHBIX 3Be3J1, kKak H KpaboBuaHas U nonoGueie eif Ty-
MaHHOCTH. Pa3sHHIA TOJBKO B TOM, YTO TYMAHHOCTb PAaCCEH-
BaeTCsl M IepecTaeT OBITh BHAUMON 32 HECKOJBKO IECSITKOB
TBHICSY JIET, a BpallleHHe ¥ Mar-
HATHOE TIIOJieé COXPAaHSIOTCH
MHOTHE MWUIHOHBI JieT!

ViuBuTeNbHBIE  CBOMCTBa
IyJbCapOB HE OCTAaBJSIOT CO-
MHEHUI B TOM, YTO HEHTPOH-
HBIE 3Be3bl POXIAIOTCA IpH
CXJIOIIHIBAHHH OOBIYHBIX 3BE3 I
Tounee, KeJe3HBIX AAEP 3BE3 .
XKenesHoe sapo, BBHI3pEBIIEE
B LIEHTPEe MAacCHBHOH 3Be€3Jbl,
MOXeT HMeTb Maccy OoJiblile
JaHPaCEKapPOBCKOI'O Ipe/esia.
OHo koJUTancupyer, BbIAENAA
THTaHTCKYIO 3HEPTHUIO 3a CYET
paboThl CUJI TATOTEHHH. DTOM
3HEpPIUH XBaTaeT+U HA cOpoc
MaCCHBHOH OOOJIOYKH 3Be3[bl
(oOpa3oBanne TYMaHHOCTH —
ocTaTka CBEPXHOBOH), M Ha
Puc. 38. Marmurochepa pammo- Y CHJICHHE €€ MATHHTHOIO NIOJIS,

nyibcapa M Ha YCKOpPEHHE ¢¢ Bpa-
LICHHUA.

Camoit TpynHo#t 3mech ocraerca npobiema copoca 06o-
JI04KH 3Be3dpl. IIpH cxkarum xejle3Horo sapa 3Be3Ibl fAapa
aTOMOB BJaBJIMBAIOTCA APYr B Jpyra W HAET IPOIECC HEM-
TPOHM3AIMH BEIIECTBA, IPOTOH P! COENMHSETCS C JJIEKTPO-
HOM e, o0pa3ys HEHTpOH n:

Clemoabod yunurdp

pt+e >n+wv.

IMpu sTOM BBHINENAIOTCA HEUTPUHO V. OHU-TO U YHOCAT 3HEp-
rmo. Il1oTHOCTB 31€Ch Tak BeJIMKA, YTO JaXe HEHTPHHO C HX
BCETIPOHMKAIOIIEH CIIOCOOHOCTBIO HE MOTYT NPSMO BBLIATH K3
3se3apl. HeilTpuHO HayMHAIOT INOrJIOWIATHCH (HAIpUMeD,
B OOpaTHBIX peakumsx), oTAaBas CBOH MMIyJbC. Bo3Hukaer
MOIIHOE HEHTpUHHOE HaBiieHHEe. ACTPOQM3MKH II0JIAraroT,
9TO MMEHHO B pe3yJIbTaTe 3TOr0 JaBJIEHHA M cOpachiBaeTca
obonouka 3Be3npl. CyIIeCTBOBaHHE e HEHTPOHHBIX 3BE3[
OOATBEPKIAET 3Ty KApTHHY.
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Ho B onpeneneHHbIx ciy4asx o0ojouka He cOpachIBaeT-
ca. Hy u 4TO, CKaxeT yuTaTesib, 00pa3yeTcs MacCHBHAs Heii-
TpoHHas 3Be3aa. Ho B TOM-TO M [1€JI0, YTO MACCHBHBIX HEil-
TPOHHBIX 3Be3] HE ObIBaeT.

Yepubie abIphl

Touno Tak xe, Kak Oeyiple KapJIWKH HE MOTYT
HMETh Maccy OoJibllle 4YaHOpacekapoBCKOrO IIpenena, Tak
M HEHTPOHHBIE 3BE3[bI HE MOTYT OBITH CKOJIb YrOgHO 60JIb-
muMH. Briepsrie 310 nonsuiu B 1939 r. amepukanckue uzu-
ki OnnenreiiMep u BonkoB. K coxasienuro, TOYHOE 3HAUYEHHE
npenena OnnerreiiMepa — BonkoBa 1o cux mop He ompene-
seno. CBA3aHO 3TO C T€M, YTO MBI He 3HaE€M TOYHO, KaK Be-
€T cebs BEIeCTBO IPH IUIOTHOCTAX, OONBIINX SIEPHOM.
INpubiMXxeHHO 3TOT mpenes ceiiyac oleHuBaeTcd kak (2 —
—3)M . B 3Be3zie ¢ Gonplueit Maccoif HIKaKOe JaBJICHHE HE
CMOXET MPOTHUBOCTOATH CwiaM rpasutaiuua. OHa KOJIJIAINCH-
pyet, obpa3ys 4epHYIO IBIpY.

B mpomnoMm Beke Benmkuil (paHimysckuii yuenslii Ilbep
Jlamwiac Ha ocHOBe Teopum TAroTenuss HploToHa BHIIXYMAa
«vepHBIe IbIpbl». HazBaume, npaBia, MOSBWIOCH JHUILG B Ha-
e BpeMs. Paccyxnenus Jlamnaca 6butn kpaifHe TpOCTBI, HO
pe3yIsTaT HX OBLI COBEPHICHHO HEOXXHIAHHBIM.

Y1oOnr B CBOOOOHOM IOJIETE MOKMHYTH ITOBEPXHOCTD
MPUTATHBAIOIUEr0 TeJla, HYXHO pa3BUTh HAYAILHYIO CKO-
pOCTb, PaBHYIO BTOPO#i KOCMHYECKOH CKOPOCTH

v= 2914—.
I/ R

Jna 3emim oma pasua 11,2 xM/c, mna Connna — 600 xm/c.
Ho naBaiitTe MbicieHHO cxuMaTh Teso. Bropas kocMuveckas
ckopocts Oynmer pacrtu. Ilpu HekoTOpoM pammyce OHa [O-
CTHUTHET CKOPOCTH CBeTa. DTOT KPUTHYECKHH paauyc (ceituac
€r0 Ha3bIBAIOT I'PAaBUTAIMOHHBIM PaJUyCcoM) paBeH

2GM

R, = (13

02

Hna Connna R, nonyuaercs pasubiM 3 kM. Teso, umeromee
TaKo# paauyc, He MOXET CBETUTh — CBET HE CIOCOOEH MOKH-
HYTh €FO MOBEPXHOCTH.

Ha camoM nene pacyer, MpOBENEHHBI HAaMH, HE BEPEH.
Ilpu pa3mepe Ttesla mHOpsAOKA TPAaBHTANMOHHOIO pajuyca
HBIOTOHOBCKAsl TEOPHsl OIHCHIBAET fABJICHHE HETOYHO. UTOOBI
TOYHO PpEIINTH 3aJaiy O TIPaBUTANMOHHOM IOJIE€ TaKOro
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TeNa, HY)XHO PELUIUTh YPaBHEHUS OOIIeif TEOPHH OTHOCHUTEJIb-
HoctH. D10 B 1916 1. cmenanm meMeukuii acrpomom Kapn
MIBapmumiba (oteny Maptuna HIBapimnwisga, mpoaesiasiiie-
ro mepBble pacyeThl AAepHOI 3BoNonHMH 3Be3n). MuTepecHo,
YTO B TOYHOM pEUICHHH MOSBJISETCA BEJIMYMHA Pa3MEPHOCTH
paccrosaus U popMyna [uis Hee coBmagaeT ¢ popmyJioit (13).
Ha sToM aHajorus C HBIOTOHOBCKOM TEOpHEH KOHYAETCS.
B TouHoM pemennn IlIBapmuwibga Ha PacCTOSHHM, PaBHOM
IrpaBUTALOHHOMY pPaaHyCy, MPOHCXOIMT HEYTO Oouibluee,
4YeM IMPOCTO BBIPAaBHHBAHHE CKOPOCTH CBETa M BTOpOH KOC-
MHYECKOH CKOPOCTH.

YToOBI NOKHHYTH TEJIO, BOBCE HE HYXHO Pa3BHBATh BTO-
PYIO KOCMHYECKYIO CKOPOCTb. JTO TpeboBaHHe HEOOX0IMMO
NpH CBOOOIHOM IBHXXEHHH. 3EMJII0 MOXHO IOKHHYThH CO CKO-
poctbio uepenaxud. HyxeH HEBBIKJIIOYAIOUIHMCS IBHIATENb.
Tak e u JIAIIACOBCKYIO YEPHYIO IBIPY MOXHO OBLIO OBI IMO-
KHAHYTH, HAPUMED, [0 BEPEBOYHOM JIECTHHIIE.

A BOT yiTH H3-OA IPaBHTALMOHHOIO PagUyca HEJIb3S
BooOIIe HuKoraa. He moMoryT HuKakue CBEpXCHJIbHBIE [IBHTA-
TE€JIH, IOTOMY 4TO CHJIA FPAaBUTALUHN CTAHOBHTCS OECKOHEYHO
6onpoit. IIyTe B 4YepHyIo ABIDY — 3TO Kak aHH3OTPOIHOE
mocce U3 pomana 6parbeB Crpyrankux «TpymHo OviTh 6o-
rom». [1o HEMy MOXHO JBHraThbCs TOJIKO B OJHY CTOPOHY.

Ho Ha 3TOM napagokchl TEOPMH OTHOCHTEILHOCTH HE 3a-
kanyuBaroTcs. Oxa3biBaeTcs, VIS HAC, yAaJIEHHBIX HaOJroma-
TeJei, YepHas AbIpa MOJHOCTHIO HHKOrAa He obpasyerca! Eit
Ha 3TO HE XBaTaeT BpeMeHU. B CWIBHOM moJjie TSHKECTH Bpe-
Mms 3amemisercs. Ecin Mbr 6yneM ciiemuTs 3a XOIOM 4acos,
YCTAHOBJIEHHBIX HA KOJUIANCHPYIOUIEH 3Be3le, TO 3aMeTHM,
4TO OHH HAYT MeIJIEHHee HAllIMX (JJabopaTtopHbix) yacoB. [Ipu
OpuOJIIKEHNH K TpPaBHTALMOHHOMY paJyCcy 3aMeyIeHHe
BpPEMEHH CTAaHOBHTCS OeckoHeuHo OosibirmM. JUis Hac 3Be3na
Oyner OecKkOHEYHO HOJTO CKMMAThCA OO Pa3MEpOB, PaBHBIX
rpaBUTaIMOHHOMY pamuycy. [ToaToMy YepHBIE ABIPHI HHOT 42
HA3BIBAIOT 3aCTHIBIIMMH 3BE3JaMH.

Jlpyroe neino, eciin HaM HE MOBE3JIO U Mbl HAXOJUMCS Ha
MOBEPXHOCTH CXKMMarolueics 3Be3lbl. 3a BpeMs, MeHbLIee
HECKOJIBKHX CEKYHJ, MBI JOCTHTHEM TI'DaBHTAIHOHHOIO pa-
mayca. Hauero crpallHOro mpu 3TOM He NMPOM3OHAET (eciu
JI0 3TOTr0 Hac He pa3AaBAT mpwiuBHbIe cwibl). Ho, nepeiins
rPaBHUTAIMOHHBIN pajuyc, Mbl okaxeMcs 6e3Bo3BpaTHO mo-
TepsSHHBIMH 11 Becell Hawedl BcenenHoi. CHrHAIBI, 1OCHI-
JlaeMble HaMH, OyqyT majaTh BMECTE€ ¢ HAMH B YEPHYIO [bl-
py. IMeHHO mO3TOMY MOBEPXHOCTH pajmyca R, HasbBaercs
TOPH3OHTOM COOBITHIA.
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Ilpenxn U nOTOMKH

IMoabiTOXXMM  mONyYeHHYr0  uHpoOpMamuro.
Cynnba 3Be3anl 3aBUCHT OT €€ HayajJbHOW Macchl. 3Be3[bl
MaJibix Macc (Menbiie 2—3 Mmacc CoJHIA) POXIAIOT Te-
snueBbie Oesple kxapiauku (cM. puc. 39). Uem Oosbize Macca
3Be3dbl, TeM OoJiee TAXKEIOe SAPO OHA POXIAeT (TSKEIoe

& Nomomrud>
Macca, MM
1,5 ~2
)
bLensre Hedmponnsie | §3
KapruKU 36e3der NN
R
o
[~ = c')
x i =
[+] |
o
=
7 3 8 1w ~30 oo
Macea , MM
& /Ipedru>

Puc. 39. «IIpenxm» ¥ «HOTOMKH»

M B CMBIC/IE MAacChl, U B CMBbICJIe aTOMHOIO HOMEpa XUMHYe-
ckux 3nementoB). U3 3Besx ¢ maccamu (8—10)M 5 obpa-
3yroTcs OeJible KapJINKH, COCTOSIIME U3 yIilepoaa, Kuciopoaa
H T. 1. Macchl 6eJbIx KapJIMKOB MEHbIIIE YaHIPacekapOBCKOro
npenena (~ 1,5M ;). UHTEpecHO, 4TO B YIJIepOOHOM sape
¢ Maccoii, 6JTH3KO#l K YaHAPAceKapOBCKOMY IIPEeNy, OrpOM-
HOE BBbIJIC/IEHHE SHEPIUN MOXKET IPUBECTH K IOJIHOMY pasiie-
Ty s1pa, ¥ TOorAa OT 3B€3[bI HUYETO HE OCTAHETCS — TOJILKO
BCIBIIIKA CBepXHOBO# M muddy3Has TYMaHHOCTS.

B 3Be3max c Maccamu Gonee 10M  BBI3PEBAIOT JKEJIE3HBIE
anpa. Kosutancupys, oHH [aroT HEWTpOHHBIE 3Be3bl. Macca
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HEHTPOHHOI1 3Be3IbI HE MOXeT ObITh Oosblie mpepena Om-
nenreiiMepa — BosnkoBa ((2 — 3) M). Hakonen, B oco6eHHO
MAaCCHBHBIX 3Be€31aX BO3MOXHO OOpa3oBaHHE YEPHBIX [BIP.

I[ToatoMy 3Be3gnl [mOelAT Ha JBa Kiacca: MAacCCHBHBIE
3Be3bl (= 10M ), KOTOpBIE POXIAIOT HEHTPOHHbBIE 3BE3/IBI
M YepHble OBIpbI, H MAaJOMACCHUBHBIE, pOXJarolue Oeble
KapJIMKH.

Takx XUBYT OJMHOYHBIC 3BE€3Ibl WIH [IBOMHBIE CHCTEMBI
¢ OOJBLUINMH PAaCCTOSHUAMH MEXIY KOMIIOHEHTAMH. A 4TO
MPOMCXOIUT B TECHBIX IBOMHBIX cucTeMax? B cucremax, riae
BO3MOXEH nepeHoc Macchl? O4eBHAHO, BCE, O Y€M MBI 3/1€Ch
FOBOPWIH, OCTA€TCs CIPaBEUITHBLIM [I0 TE€X IOp, MOKa OHa
U3 3BE31 HE 3aMOJIHMT CBOIO MOJOCTh Pollla U He HavyHeTCs
obMen Maccoit. IloTepsB cBOIO Maccy, 3Be3a MOXET mpe-
BpaTUThCS M3 MAaCCHUBHOH B HeMaccHBHYI0. OTHAKO K Havaly
oOMeHa 3Be3/la yke «3HaeT», Kakoe y Hee OyAeT MOTOMCIBO.
Tun xoMnakTHOI 3Be31bl OmMpeneseTcs HauyajlbHONH Maccoii
3Be3bl. DTy 3Be3Jy M NPHHATO Ha3bIBATh MPEOKOM.

O6MeH Maccoit B MacCHBHOH JBOIMHO# cHCTeM€ cnacaeT
ee ot pacnaga. Ho o6Men Maccoit He NMPOUCXOAUT MTHOBEH-
Ho. 3Hayut, B I'ajlakTHKe OOJKHBI OBITHL [BOIiHBIE, B KO-
TOPBIX OOMEH Maccoii mpoucxoauT ceituac. OOHapyxeHHe Ta-
KHX CHCTeM OBbUIO OBl JIYWIIMM IOATBEPXKICHHUEM CLEHApHUs
C NEpPEeMEHOH pOJIci.



T'JIABA 1V

IMEPBbII OBMEH

IMapamoxc Arosis mNOKAa3HIBAE€T, YTO Macchl
3Be3/1 B IBOMHBIX CHCTEMaX CHIBHO MeHAIOTCA. Tenepp 3TO
KaXXeTCs BIIOJIHE ecTecTBeHHbIM. COrJIaCHO 3aKOHaM 3Be3[-
HOH 3BOJIIONMHM 3B€3[1a PaCUIMPSAETCH, a COIJIAaCHO 3aKoHaM
HeOEeCHOM MEXaHHKHM BELIeCTBO, BbIIIemilee 3a NoJOCTh Po-
ma, Tepsaercsa 3Be3noil. CoBMecTuB 00a 3THX (paKTa, MBI He-
MHHYEMO TNPHXOAMM K M€ NEPETEKaHWsA MAcChl OT OIHOM
3Be3bl K APYIoil

Opnako napamokc AJITOjis B TEOpETHYECKHE cooDbpaxe-
HUA ellle He [OKa3hBaloT (akT IepeTeKaHHs BeIeCTBa.
HyXHBI YIIHKH — JOCTOBEPHBbIE AOKAa3aTeIbCTBA OOMeHa Mac-
coii. I Takue yIMKH HAULIACh. ACTPOHOMBI, MOXHO CKa3aTh,
«10fiMaji C NOJMYHBIM» OJHY H3 TaKMX 3B€3R B Iporecce
obMeHa.

CnoBa {xon I'ynapaiix

10 centsa0Opsa 1784 r. [Ixon I'yapaiix oTKpwLI

BTOPYIO 3aTMEHHO-NIEpEMEHHYI0 3Be3ay — B Jlupel. J1a 3BeE3-
Ia, nogobHo Ajroio, craja 3HAMEHMTOH Ojaromapsi cBoeit
KpuBo#t 6necka. B ot-
Py qmyne ot Aurons f
Jluppl He wumeer na-

K€ HOPUMEPHO MOCTO-
SIHHBIX Y4aCTKOB OJiec-
ka. (Ha neii, xax roeo-
PHUTCS, HET <OKHBOTO
141 MecTa», cM. puc. 40.)
Mexny nByms 3atme-
HUSAMH 3Be€3[a HE BBI-
an XOIUT Ha MOCTOSHHBIH
! ! ! ypoBeHb 6Jiecka, a, Ao-
49 ¢”’5 10 CTHrasg MakCHMyMa Ha
asa ¢azax 0,25 u 0,75, cpa-

Puc. 40. KpuBas Onecka P Jlupwi, nouy-
yenHas Ha Tamnb-Maubckoit cranmmm I'ocy- 3Y 7K€ HaUNHACT CIyCK.

JIaPCTBEHHOTO ACTPOHOMHYECKOT 0 HHCTHTYTa HanOMHP\{M, 4TO TO-
uM. I1. K. MItepuGepra CTOSIHHBIH Yy4acToK
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6siecka COOTBETCTBYET TEM MOMEHTAM BPEMEHH, KOI[a MBI
BuouM obe 3Besmbl BMecte. Biieck cucreMbl — 310 cymma
6JyieckoB 3Be3 (TOYHEE, MX JHEPreTHYecKHX moTokos). Ile-
puoa u3MeHenns 6necka P Jluper pasen 12,9 aus, T. €. 6osee
4eM B YeThIpe pa3a Gosblie nepuona Auross. Kasanoce 6bi,
9TO 3Ta CHUCTEMa JOJDKHA OBITH HIMpe AJIronsi ¥ 3aTMEHHE
B Heil nomxHO OHITH yxe. Ho Bce meno B TOM, 4TO 3BE3 bl
B JIupsr MaccuBHee u GoJIBLIIE IO pa3MepaM.

IMTomuute cnop Kaccuun m Herorona o ¢opme 3emim
(cem. ro1. I)? Bpaiienne BOKPYr OCH CIUTIOLIMBAET OQMHOYHYIO
3Be31y Yy monrocos. Bpainienue xe B JBOMHON CHCTEME MpH-
BOJUT K BBITSAIMBaHHWIO 3B€3J BIOJIb JIMHMM, HX COEIUHSIIO-
e, Mo3ToMy 3Be3bl M0 (opMe HANOMHHAIOT ABIHH (TOY-
Hee, TPEXOCHBIE UTHIcounnl). B pesynbrate opbutaibHOrO

2R
P00
5222 Q
LA f/
LA %0,
QRIS 6
O RIS

Spgexm 3nnuncoudanbHocmu

JBHKEHHS 3BE3[bI [MOBOPAYMBAIOTCA TO OJHHM, TO IPYTHM
60xoM k HabirogaTento, MO3TOMY M MeHSETCS OJiecK IOBOii-
HOW CHCTeMBI. DTO sBJIeHHE Ha3bBaercs 3ddexToM 3ILTHI-
congaIbHOCTH. B wicToM BHe Takoil 3¢dexT MoxHO momy-
YUTh, PaCCMOTPEB [BOIHYIO, B KOTOPOH TOJIBKO OJHA M3
3B€3[l «IbIHSA», a BTOpas HMEET OYeHb Malible pa3Mepsl
(puc. 41).

JUIst MpOCTOTHI OJIOKUM Yron HakioHa i =90°. Ha daze
0 MBI BHAMM 3Be3dy ¢ Topra, u Oieck ee MHHHUMaseH (mpd
9TOM JIy4yeBasi KOMIIOHEHTa CKOPOCTH 3Be3[bl paBHA HYJIIO).
3aTem 3Be3/a IOBOPAaYMBAETCS, H BHANMAN IUIOLIA(b IUIaBHO
Bo3pacraer. Bieck cucTeMbl HOBBIIIAETCA U JOCTHraeT Mak-
cumyMma Ha (ase 0,25. B 3toT MoMeHT 3Be3aa BuaHA COOKY;
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CKOPOCTL ee MaKkCMMaslbHa M HampaBjeHa OT Hac. Yepes
4eTBEPTh OpPOHTAILHOrO mepuoja OJieck 3Be3[bl ONATH [IO-
cruraeT MUHUMyMa. [lanblile Bce MOBTOpPSETCA. 3a OOHMH Iie-
puon Ojeck 3Be3[bl IOCTHUraeT MakcuMyMma (M MUHHMYMa)
nBaxapl. [loatoMy Takyro
KpuByto OJiecka Ha3bIBalOT

IBOMHO# BOJIHOM.
Bcnomuum: sgdext oT-
paxeHus TPHBOJUT K OJ-
HOM BOJIHE 3a MEPUOA H
=425  makcumyMmy Giecka Ha dase
0,5. OddexT 31TMICOUTATB-
HOCTH JaeT ABOMHYIO BOJIHY
M MakcHMyMbl Ha (a3ax

025 u 0,75.

Omnako MozesibHas KpH-
Basi, wm300paxeHHas Ha
\/\/\/ puc. 41, Bce ke OTJIMYAETCA
R oT HabmomaeMoif KpHBOIA
0 45 10%wa (M. puc. 40). OcobenHo
3aMeTHO OTJIMYME B TJIy-

L L /
70 g5\ _/40 #asa 6unax MuHEMYMOB. B rias-
HOM MHHHMYMe OJIecK OBOM-

HO#i mapaet no 4™,2, a BoO
Puc. 41. Usmenenne Giecka 3Be3bl A A ot

—_ m
Beyencreue 3ddexTa IITHIICOMIATD- BTOpHYHOM — 1o _3"9. Ho
HOCTH 9TO JIETKO  OOBsACHAETCA

YaCTHYHBIM 3aTMEHHEM KOM-
noHeHThl nBoitHoH. WMrak, xpuBas B JIupel — 3TO cymma
IBYX 3dexToB — 3aTMeHu# U 3¢ddexTa FUTUICONIATHLHOCTH.
Bespunna  3ddexta  UIMNCOUNATBLHOCTH  OrpaHUYEHa
CTeIIeHbIO CIJIFOCHYTOCTH 3Be3J B JBOMHOW cucreMe. Mak-
CHMaJibHas BBITAHYTOCTH JOCTMI'aeTcs TOTAa, KOrjaa 3Be3ja
3anoJiHAeT mnojiocth Poma nemmkom. ITosToMy u3MeHeHue
6necka nBoiHONW wu3-3a 3¢dexTa 3IIMICOUNATLHOCTH HE
MPEBOCXOUT HECKOJBKHUX OECATHIX 3BE3THOH BEJIMYHHBL

B 1. I MBI yxe oTMevany, 4To peayibHas ¢opMa 3Be3 bl
B ZIBOiHOI cooTBeTCTBYeT popMe moBepxnoctu Xwuia. Eciaun
pa3mMep 3Be3bl mMpHOIIKaeTcs K pasMepaM mojoctu Porna,
TO ee ¢popMa yxe HAIOMHUHAET HE JBIHIO, a, CKOpee, IPYILYy.
CropoHna, moBepHyTas k cocezike, no ¢opme orimuaercs oT
obpaTHO# CTOPOHBI. 3TO NMPUBOIUT K Pa3jINvHsIM B SPKOCTH
MPOTHBOMNOJOXHEIX cTopoH. Hocuk 3Be3 el (061acTh BOIM3H
BHYTpeHHe# Touku Jlarpamxka) xojlofHee, YeM APYTHE 4acTH
noBepxHocTH. I103TOMy MHHUMYMBI Ha KpuBOii 3¢dexTa 1~
JIATICOUAILHOCTH BCEraa pasHble (2 MaKCHMYMBI?).

0,5
1

475-

breck

+
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CKODOCL
S
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Msmepenne amMmiuryabl 3¢dexTa UIHICOMIATLHOCTH
MO3BOJISIET ONPEASIHTh CTENEHb 3allOJIHEHUs moyiocTH Poina
3Be3iofi B ABoiHON cucreme. IlompocTy — HallTU OTHOCH-
TeJIbHBIE Pa3sMephl 3Be3/bl. AHAJIM3 KpuBOii G6iecka B Jlupsl
IOKa3bIBacT, 4To OoJlee spKas KOMIIOHEHTAa MMEET pa3MeEpHI,
6m3kne (a MoxeT OBITh, H PaBHBIE) K pasMepaM CBOEH Io-
Joctu Poma. D10 mo3BoMWwIoO 3amof03pUTh €€ B IEpETeKa-
HHMM Ha Apyryio 3Be3ny. Ilono3penne mepepacraeT B yBepeH-
HOCTh, €CJIH ITO3HAKOMHUTBCHA CO crnekTpoM B JIupsL

Cnextp B JIupsi

V nopaeisroliero OOJIBIIHHCTBA 3BE3J, Kak
n y CojHla, B CEKTpax HAGJIONAIOTCA TEMHBIE JIMHHH IO-
rioienus. PacckaseiBas 06 agdekre JJomwiepa, Mbl 00bsCHA-
JI1 HX NOSIBJICHHE B CIIEKTPE CYIIECTBOBAHHEM Yy 3Be3] TOH-
kax xonoxsblx atMochep. Takue nuumu HabGaronaroTca
B ciektpe B Jluppl. Ho kpoMe HHX, B CIEKTpe BHIHBI H Sp-
KH€ JINHUH Pa3JIMYHbIX XUMHUYECKHX 3JIEMEHTOB. CBETJIbIE JIH-
HHH Ha3bIBAIOT €llle SMHCCHOHHBIMU. SIpkue ¥ TEMHbIE JIMHHA
MEPHOJIUYECKH «XOAST» IO CHEKTPY C TEM XK€ IepHO-
oM — 12,9 mud,— ¢ kxakaM MeHseTcs U OJieck ABOMHOM. DTO
BIIOJIHE HOHSATHO. OTHAKO HEJIOTHMYHO APYroe. DMHUCCHOHHBIE
JIMHUH Pa3HBIX XAMHYECKHX 3JIEMEHTOB «XOOAT» B DPa3HBIX
(azax. IIpnuem takmx ¢da3 He ongna, u He aBe. Cospaercs
BIIEYATJICHUE, YTO 3TO HE OBOIHAs CHCTEMa, a LeJbId poi
3Be3. Ho aroro, xoHe4Ho, He MoxXeT ObITh. Beap Torma ae-
BO3MOXHO MOHATH, KAK UM BCEM YJaeTcs BpaIllaThCi C OJH-
HAaKOBOH 4aCTOTOML.

CoBceM apyroe neilo — JIMHMM morJouieHus. Bce oHm
«xomsAT» B ogHO# (aze, 1 MpUMeUaTENBLHO TO, YTO B MOMEHT
IJIaBHOTO MHHMMYMa JIy4eBas CKOPOCTH 3BE€3Ibl IEPEXOIUT
4yepe3 HyJb. [IpuueM ckopOCTb MEHSET MPU 3TOM 3HAK C MO-
JIOXHTEJIbHOI'O HA OTPHIATEIbHBIA. 3HaUUT, 3B€3/1a, KOTOPOIif
NpUHAIeXAT JIMHAH, 1O [JIaBHOTO MUHMMYMa yJaisuiach OT
HAC, a IOTOM Hayaja MpUOIMXKAThCA, T. €. OHA 3aTMEBAETCH.
OTO0 BOOJIHE €CTECTBEHHO, TaK KaK B IJJaBHOM MHHHMYME 3a-
TMeBaeTcs OoJsiee sipkasi 3Be3/a, JIMHMH KOTOPOM JOJIXKHBI
OBITH BHIHBI. A BOT JIMHHU BTOPOU 3Be3JbI HUKOMY HE ylIa-
BaJIOCh OOHAPYXHUTH [0 CaMOT'0 HOCJIEIHEr0 BPEMEHH.

Ilo - TuHMSAM TOIJIOLIEHUS YOAJIOCh ONPEAEIHTh CIeK-
TpaJibHBLA KJIace sApkoii komnoHeHTH B Jlupel. KoMmonenTa
oKa3ajiach 3Be3foil cmekTpajbHOro wiacca B8, HMcmonmb3ys
3aBHCHMOCTB «CBETHMOCTBH — Macca» (cM. puc. 32) mis 3Be3j
rJaBHOK INOCJAEIOBATEJIBHOCTH, YAAJIOCh ONECHHTH Maccy
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ApKoit 3Be3pl. Ona npumMepHo paBHa 3M . A ¢ynxuus Macc,
oInpezeieHHas Mo KPUBOH JIy4YeBbIX CKOpOCTei, Oblsia Ha yau-
BieHue 060iblIoii — npuMmepHo 12M . BcnoMuuMm 3ameva-
TenbHOe cBoiicTBO (yHknuu Macc (. II): macca BTOpOI
3Be3Ibl HE MOXET OBITH MeHbllie (GYHKIMM MacC. 3HauuT,
BTOpas 3Be3/ia 3HAYMTENbHO MaccuBHee. Hanuno napanmokc.
Bropas 3Be3ma mo4yTu B 4 pa3a Gonbllle nepBOi, 1 TeM He
MEHEe, B CIEKTpe [BOMHONH HET HH OOHON ee JUHUH!

Hrak, Becb KOMIUIEKC HaOJIOOATEIbHBIX NAaHHBIX HPUBO-
IWI K MPOTHBOPEYMBON KapTHHE, B KOTOPO#l BHINEISUIUCH
nBa HamboJsiee BaXKHBIX Bonpoca: 1) KakoBO IPOMCXOXIECHHUE
SMHUCCHOHHBIX JUHMIA? 2) modyeMy 3Be3[a, HaAMHOI'O INPEBOC-
XOIfILAs COCEAKY MO CBOEH Macce, HE OA€T HHUKAKUX CIEK-
TPaJIbHBIX JHHUIA?

I'paBuTanuonHbIi BeTep

PacckasbiBas 06 H3MepEHHH JIY4YeBBIX CKOPO-
creit 3Be3x (r1. II), MBI BBIACHWIN, KaK B CIEKTPE 3Be3bl
00pa3yroTcs JIMHUH MOTJIoleH:s. MBI BHENH, YTO €CITH Me-
KAy HAMH U TOPSAYUM TEJIOM, JAIOLUM IUIAHKOBCKMI CIEKTD,
MOMECTUTDL XOJIOMHBIN ITOJIYyPO3pavHblii ra3, T® HA CHEKTpe
MNOSBATCH «ALEPOUHKM» — JIMHAM IOTJIoLEeHds (CM. pHc. 23).

PaccMoTpuM npyroit MblciieHHBIH 3KcniepmMeHT. Bymem
NIOCTENEHHO HarpeBaTh ra3, 3aKphIBAIOINHWil OT HAC 3BeE3[y.
IIpu HarpeBaHMH YBEJIMYMBAETCH 4acTOTa M CWJIa cCOyZIape-
HHMl aToMOB rasa. AToMsl OynyT B3auMHO BO30yXmatTbcs —
KAHETHYECKAs OHEPrus MEPEXOMMT IPH CTOJKHOBEHHSAX
B JHEPIrHIO 3JIEKTPOHOB. DJIEKTPOHBI, MOJYYMBLIHE SHEPTHIO,
6ymyT «3abpachIBaThCs» Ha BEpXHHE 3HEPreTHYECKUE YPOBHH.
Ho nonro taM oHM He MOryT HaxOJUThLCH M OYEHb ORICTPO
(uepe3 Bpemss ~ 1078 () cBaNATCA B NMOTEHIMATILHYIO AMY
3JIEKTPUYECKOTO IIOJIA SApa, W3JIyYHB KBAaHT CBeTa. Tak Kak
ra3 He Oo4YeHb IUIOTHBIN, TO KBAaHT CBETA Cpa3y HOKHHET €ro,
YHOCS 3HEpPTHIO, T. €. oxjaxzas ra3. Ho Mul npogoyixum Ha-
rpeBaTh ra3, KOMIICHCHPYS €ro oxiaxneHue. Uto npu 3ToM
O6yner mpoucxoauTs?

Harperbiii ra3, corjacHo 3aKOHaM KBaHTOBOH MEXaHHKH,
H3JIy4YaeT TOJILKO B JIMHMAX, B TEX CAMEIX JIUHHUAX, B KOTOPLIX
OH TIOTJIOIAJ M3JIyueHHe 3Be3bl. Teneps MOHATHO, YTO MPH
HarpeBaHUM rasa «IlepOHHKM» (IMHMHM TorJowenus) OyayT
3aNOJIHATLCA H3JTYYEHHEM M CTAHOBHUTBLCS MeEHee ITyOOKHMHU.
Ecin yBeqMYMTH NIPUXOJ TeIUla U MOOHATL TEMIEPATypy ra-
32, MOXHO JOOHTLCH TOrO, YTOOBI «alIepOUHKMY 3aNOJHATHCH
LEJIMKOM H TOJIy4WICsA CHeKTp Oe3 JIMHHMIA,
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Tenepr ybepem 3Besny. HempepbiBHOE M3JIydeHHE HCues-
HET, a CHEKTP IPEBPATUTCA B YACTOKOJ SPKHX 3MHUCCHOHHBIX
JIMHUH, HaXOOsIHMXCA B TeX XkKE MECTax, e paHblie 6bUIH
JiuauM rorioiienus. Mtak, npo3pauHblil ras, HarpeThiii g0
TEMIIEPATYPhl, DU KOTOPOH €llle CYLIECTBYIOT HEHUTpasibHbIE

Puc. 42. Bo3HHKHOBEHHE 3MHCCHOHHBIX JIMHHA B CHEKTpe 3BE3AbI

atomsl (10000 K), m3nyyaeT cnekTp, MOYTH MOJHOCTBIO CO-
cTosIIMiA M3 4acTokoja Junuil. KoHeyno, nmpu TeMmepaType
10000 K ects u cBoOoaubie 3nekTpoHbl. CBOOOMHBIN 3JIEK-
TPOH (3JIEKTPOH BHE aTOMa) MOXET H3JYYHThb KBAHT JIFOOOM
yactoThl. Ho mpu Temneparype 10000 K sueprus 3iaexrpona
CTOJIb MaJjla, YTO, YyTh NPHOJIM3UBILKCE K HOHY, OH 3aXBaThi-
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BaeTcs (PEKOMOHHHUDYET), @ 3aT€M BCIO CBOIO SHEPTHIO H3JY-
yaeT Ha yacToTax Jjuuui. ITosTOMy BxJIaa HeNpepbIBHOTO
cnextpa Oyner man (puc. 42,8).

KoneuHo, Takoil CexTp O4YeHb CWIBHO OTJIHYaeTcs OT
IUTAHKOBCKOT O CIEKTpa abCOJIFOTHO YEPHOro Tella. DTO H Io-
HATHO. ['a3, xoTopelifi MBI paccMaTPHBAEM,— ONTHYECKU
ToHKHH. POTOH, U3IYUYHBIINCh M MCIBITAB JIUIIb HECKOJBKO
paccessHUH U HOTJIOLIEeHUH, mokunaer ra3. Msmayuenue He yc-
neBaeT npuobpectu TemMneparypy rasa. ITosToMy ero crnexrp
CTAHOBHUTCS MOXOXHM Ha «4acTOKOJI».

CnenaeM ellie OJUH MBICJIEHHBIH 3KCIEPUMEHT (pHC. 42, 2).
BepueM 3Be3ny o6paTHO, HO 3aCTaBMM Ia3 ABUTAThCsA OTHO-
cutenbHO 3Be3npl. Ilycrs, HampuMmep, ropsuuii ra3 npubin-
xaerca k HaM. U3-3a addexra [domnepa Bce 3MHCCHOHHBIE
JINHUH, W3JIyyaeMble ra3oM, CABHHYTCS IO CIIEKTpY B (uote-
TOBYIO CTOPOHY, a JIMHHH IOIJIOILEHHS OCTAHYTCA HA TOM Xe
MeCTe, YTO U B cliyyae puc. 42,a. Tax OTHOBPEMEHHO B CIEK-
TpE 3Be3/Ibl NOSABATCA U OMHUCCHOHHbIE JIMHHH, W JIMHUH IIO-
[JIOIIEHHUs, COOTBETCTBYIOIHE OJHOMY H TOMY XK€ aTOMHOMY
nepexonay. Eciu 3acTaBuTh IBUraThCS rOpAYMid ra3 mo Kpyry,
TO MBI YBUI¥MM, KaK B CIEKTPE NPOHUCXOOHT IMEPUOAUYECKOE
«XOXJIEHHE» JIMHUHA U3JIy4eHUs OTHOCHTENBbHO MUHMIl MOrjo-
ICHHUS.

HIMeHHO Takoe «XOXIEeHHe» H HabiiomaeTcs B CIIEKTpe
B JIupsl. Tonbko JIMHUM H3JIy4EeHHS PA3HBIX 3JIEMEHTOB Hepe-
MEIIAIOTCs NO-Pa3HOMY B 3aBHCUMOCTH OT (pa3bl. IIpu sTOM
aMIUIMTY bl Ha KPHBOI1 JIyYEBBIX CKOPOCTEH Y pa3HbIX JIMHUH
MenstoTcst or 80 mo 360 kM/c, 9YTO MOXHO OOBACHUTH TPH-
CYTCTBHEM HECKOJIbKHX IIOTOKOB ONTHYECKH TOHKOTO rasa
C pa3Hoit Temmeparypoii. JIuHuu jierko Bo36yxmaeMbIX dJie-
MeHTOB (opMupyioTcs B 6o-
Jiee XOJIOAHBIX IIOTOKAax, a B
6onee ropAYUX — JIMHUH 3Jie-
MEHTOB, 1JIsi BO3OYXIeHUS KO-
Topeix Tpebyerca Goubluas
sHeprus. B mpummmmne sto Mo-
XeT ObITh W OOUH NOTOK, B
KOTOPOM IIEPEMEHHEI CKOPOCTh
H TeMrmepaTtypa.

Otkyna Oepyrca MOTOKM
raza? BcnoMuuM, 4TO kpuBas
B JIupsl moka3niBaeT, yto 60-
Jlee Apkas 3Be31a 6JIM3Ka K 1mo-
Puc. 43. Tasoue motoxm B cy- JIOCTH Pollla, a Moxer GbITs,

creme B Jlupst MOJHOCTHIO ee 3amoJnseT. Tor-
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Jla BCE BCTaeT Ha CBOH MeECTaA.
BelectBo spKoit 3B€311bI, pac-
[OJIOXKEHHOE BOJIM3H HOCHKA
3Be3bl (BHYTPEHHEH TOYKH
Jlarpanxa),  3axBaThIBaeTCA
rpaBUTALIMOHHBIM TOJIEM TEM-
HOM 3Be31pl. IloTOk rasa, Bce
YCKOPSSCh, BLITITUBAETCA B BH-
€ CTPYH U YCTpeMisieTcs K
TEMHOIt 3Be3e. DTO MOXHO
Ha3BaTh rpaBUTAlIHOHHBIM
BeTpoM. Bens u¥To Takoe Be-
Tep? DTO ymopsOYEeHHBIH NO-
ToK rasza. OObBIYHO BeETEp Ha
3emile BO3HHKAET U3-3a Pa3HO-
CTH [aBjieHWi. A B NBOHHOM
CHCTEME MOTOK ra3a IBIXETCS
Mo AEWCTBUEM CHJI TIPUTSKE-
uus. [lo-BUIUMOMY, HMEHHO
TaKoi rpaBUTAIMOHHBIN BETEP
«ayeT» B OBOMHOH CHCTEME O6men
B JIupsl

Tax naBHO 3HaKOMas NepeMEHHas 3Be3fa, OTKphITas (Kak
nepeMenHas) eme B kourne XVIII Bexa [Ixonom I'yapaiikom,
MOMOIJIa acTPOHOMaM YOEOUTBCH, YTO MEPEHOC MAacChl —
peaibHOE SBJIEHHE B MHpe IBOMNHBIX 3Be3a. Ecim mapamokc
AJronis NWINp «HAMEKHYJ» Ha OOMEH Maccoil, TO 3MHC-
CHOHHbIE JIUHUHA B JIMPHI 3aCBHAETENLCTBOBAIM 3TOT OOMEH.

Euie omun sipxuii mpuMep OypHoro obmeHa maccoit ne-
MoHcTpHpyeT BoiHas 3Besga RX Kaccuonen, moapoGrO
U3y4YeHHAsA OJHUM U3 IMOHEPOB COBETCKOM LUKOJIBI H3Yy4CHHS
moitabIx 3Be3a JI. . MapTHIHOBEIM. DTOT CIHCOK MOXHO
ObUIO OBl W MPOAOJIXKHTD.

Hcnopuennblii npuéop

W3BecTHO, 4YTO YPOBEHb XHIKOCTH B €000-
HIAIOLIAXCA COCYNax OJWHAKOB. J[Is IEMOHCTpAlMH 3TOro
SBJICHHA CTEKIOAYBHl BBIAYBAIOT CreHMaIbHBIA J1abopa-
TOPHBIA NPUOOP — ABE KOJOBI, COEIMHEHHBIE MEPEMBIYKOM.
Jlns ynobcrBa mepeMbIYKy HEOOXOMHMMO PACHOJIOKHTE y JHA
cocyna (B 3TOM clIyyae «CooOIaeMOCTb» HE 3aBHCHT OT KO-
JIMYeCTBa BOMBI, HCIOJB3yeMoli B skcnepuMente). Ho mpen-
CTaBbTE, YTO IO OLIMOKE WIHM CIIENUAIBHO (MCXOIA M3 CBOHX
3CTETHYECKHX BKYCOB) CTEKJIOAYB NMPHNAasI IEPEMBIYKY CBEPXY,
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a He cHm3y. Takoit «ombIT» [u3aifHa MOXHO ObLIO Ol
CMeJIO 3aHOCHTh B KOJUIEKLIMIO KYpbe3HbIX m3oOperenuit. Ho
HeE CIIELLIMTE 3TOro aesaTh. ¥ Bac B pykax OTJUYHOE HPHCIIO-
cobJieHHe, JEMOHCTpUpYlolllee OOMEH Maccoil B IBOHHOM
3Be3aHON cHcTeMe. Xopoluo eine, 4ToOBI BBICOTA COCYIOB
6suta pashag. Cocyd ¢ MEHBIIMM Ce4YeHHEM M0JXKeH ObITh
HeMHoro Bboue (puc. 44). I[lepeMbluka Hrpaer pojb ropjo-
BHHBI BOJIN3HM BHYTpeHHEH Touku Jlarpamxa. A BepXHUe Kpas

Puc. 44. OnbiT Onst AeMOHCTPAallMM MEpeTeKaHHS BEIIECTBA B JBOHHOM

COCyIOB 3aMEHSIOT BHeLIHUE Touky Jlarpanxa (L, u L, cM.
puc. 13). HamomuuM, uro Touka L, JiexuT OJmxe K MeHee
MAaCCHBHOH 3B€3/[l¢ H YPOBEHb MOTEHIHUAIA B HEH HHUXe, YeEM
B Touke L. Hanus Boxy B JieBslif (cM. puc. 44) cocya, MOX-
HO MOJIEJIUPOBATDh AAEPHYIO 3BOMIoMIO 3Be3qnl. [Toka Bona
HIDKE IEPEMBIYKH, COCYAbl HUKAaK He CBA3aHbI M YPOBHU B HUX
pasuble. ITocTeneHHOe IMOBBIIIEHHE YPOBHA XHIKOCTH B Jie-
BOM COCyle MOIETHPyeT paciuupeHde Oosiee MacCHBHOM
3Be3Bl B XOA€ ANEPHOM 3BOIONMH. Bropas 3Be3ga MMeeT
MEHBLIYI0O MacCy H OCTaeTcsi MHPaKTUYECKH HEH3MEHHOM.
Koraa Boaa molnia [0 mHepeMbIMKH (3aMOJHHIACH IMOJOCTh
Poura), cocya obpen CBOHCTBO cOOOIIAEMOCTH H YPOBHH
B o0eux Koj10ax Hayaiu BbipaBHMBaTbca. Eciium He mpekpa-
aTh NPHTOKA BOMOBI, TO CHAaYajla YPOBHH CTaHyT OJMHA-
KOBBLIMH, 2 IIOTOM HACTYNHT MOMEHT, KOrja mnpaBas Kosba
3aMOJIHATCA 10 KpaeB (OHA HHXKE) H BOJA HAYHET MPOJIMBATh-
cf Ha CTOJ (BELIECTBO MOKHIAeT NBOiHYIO0 cucremy). Koneu-
HO, [BYMs KoJ0aMu, Jaxe OYEHb HMCKYCHO CIEJAHHBIMH, HE
3aMEHMIIb ABOMHOM cHCTeMbl. OOMEH Macc — 3TO CJIOXKHBI,
JI0 KOHIIa elle He SICHBbIN ra3oadHamMu4eckuii npoiuecc. Jlabo-



paTopHblii npudop naeT NpaBWIbHOE NPEACTABIEHHE O Ha-
NpaBJIeHHH npoueccoB. JleTanu xe MX ropa3sfio CJIOXHEe.

Ilycts 3Be3spa 3amonnser cBoro mnoiocTs Poma. Eciu
CJIerka NOATOJIKHYTh YacTHYKY BOJIM3M Touku Jlarpanxka, ona
ckatutcs B nojiocts Powa npyroit 3Be3mpl. HanomuuM, uto
B Touke Jlarpanxka paBHOJEHCTBYIOIasi TPEX CWI paBHa Hy-
g0 (Tpex, a He aByx!). [IBe cWiIbl — 3TO CWIBI NPUTSKEHUS
3Be3l, a TPeTbs — LEHTpoOexkHas cwia (Mbl HaxXoauMmcs BO
Bpaljaroumencs cucrtemMe koopauaat). Ecim Ob1  yacTuup
CKaThIBAJIMCh U3 TOYkH JlarpaHxka, He B3aUMOIEHCTBYS IPYT
C ApYTroM, TO KaxJas IBUrajiach Obl MO CBOEH CWIBHO 3amy-
TaHHOH Tpaektopuu (cM. puc. 10). Ho BeilecTBo 3Be3mml
npeacTaBIseT coboif ras, 4acTUubl KOTOPOTO CTaJIKUBAIOT-
cs. CiyvaiiHble IBMXKEHHS YCPEOHSIOTCS MNpPH CTOJIKHOBE-
HUSAX W ucye3arT (nepexonsT B Temwino). Ocraercs Iullb
TO, YTO OOBEOUHAET YaCTHIBI — IBUKEHUE OT OAHON 3Be€3 bl
K Apyroii. Bo3HukaeT ra3oBblii MOTOK («TPaBUTAIMOHHBIH Be-
Tep») B BUIe cTpyu rasa. Yrobbl cTpys ObuUla HOCTAaTOYHO
IUTOTHOM, 3Be3/1a NOJIKHA YyTh-YyTh NEPENOJIHATH CBOIO MO-
nocts Pomia (ypoBeHb B J€BOi# koyibe mOTXKEH OBITH 4YyTh
BBIIIE MEPEMBIYKH).

KaxkoBa Oyaer nanbueiimas cyan6a crpyn? KavectBennas
KapTuHa aBHXeHUs TakoBa. CTpys rasa ¢ TOJIIMHON MOPAJ-
ka 0,1 paguyca ucrekarollel 3Be3bl HE MOXET NPsSMO IIO-
acThb Ha BTOPYIO 3Be3Ay. DTO JETKO NOHATh, €CIN NMEpEeiHTH
B CHCTEMY OTCYeTa, CBsi3aHHYIO co BTopoi 3Be3noi. Mcre-
Kalollas 3Be3Jia, a BMECTE€ C Heil M CTpys rasa BpallaroTcs
BOKPYT Hac ¢ nepuoioM obpallleHust NBOWHHOM. 3Ha4uT, Be-
LIECTBO CTPYH 00J1aJaeT OTHOCHUTEIBLHO HAC MOMEHTOM Bpa-
IeHus — ona 6ber MuMo Hac! Ilanenue BenlecTBa mon zeit-
CTBHEM CHIbI TSXKECTH HA3bIBAETCS aKKpeLHeil, a 3Be3ja, Ha
KOTOPYIO MaJaeT BELECTBO, Ha3bIBAETCH AKKPEUUPYIOLICH.
CTpys rasa 3aBopauuBaeTCs rpaBUTALIOHHBIM MOJIEM aKKpe-
uupytoulei 3Be3apl. Eciu BTopas 3Be3a jajieka OT 3alojiHe-
HMs cBoeii mosioct Poiia, cTpys raza He MOXET CTOJKHYTh-
csi ¢ Hell «B J100», a 3aKpydyMBaeTcs BOKPYT Hee B BHIE
razoBoro koijbha (amckooOpa3Hoit obosnoukn). Bpaiuenue
B 000JI0YKE NMPOMCXOIUT C Pa3HOH YIJIOBOH CKOPOCTbIO Ha
pasHbIX paccrosinusax. Takoe Bpauienne HaswbBaercs midde-
pEHIMAILHBIM. Mexay coceHMMH CIOSIMH BO3HHMKAeT Tpe-
HHME, NpHBoAsilee K OOMEHy BpalllaTeJIbHbIMH MOMEHTaMH
Mexay unMmu. Kojbuo pacnoisaercs B AucK. BHyTpennue
CJIoM, OTJaBas CBOHM BpallaTeJIbHbIH MOMEHT BHEIIHUM, NPH-
OJIMXKalOTCA K aKKpenupyrouieil 3se3ae. B KoHIE KOHIIOB Be-
LIECTBO «OCEJAeT» Ha NOBEPXHOCTH 3Be3Mbl (puc. 43).
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3akoBaHHas B JIAThI

B pexume ucTeveHus 3Be3ga Oyim3ka K MOJIO-
ctu Poma. B macitabax 3Be3apl MOXHO CKa3aTh, YTO €€ IIO-
BEPXHOCTb M €CTh MOBEpXHOCTh mosioct Poma. Kaxercs,
YTO TaKO€ IMOJIOKEHHE MTOJIKHO BCKOpPE Hapywiuthbes. lei-
CTBHTEJIBHO, MOTEPSB YacTh CBOEH Macchl M CTaB MEHBIIIE,
3Be€3/1a TOJKHA YMEHBIUNTH CBOM Pa3Mephl, YTOOBI COXpaHU-
JIOCh THAPOCTATHYECKOE paBHOBecHe. UeM MeHbIIIe Macca He-
BBIPOXIEHHOM 3Be31bI, TEM MeHblIe ee panuyc. [loncrpoiika
3Be€3/[Ibl MOJ HOBYIO MacCy HPOMCXOAUT MPAKTHYECKH MIHO-
BenHo (mis Cosnma 310 Bcero 20 muuyT). Kasanoch Obi,
mepeTeKaHue JOJDKHO NPEKPaTHThCA.

He o6s3atensHo. Benp mpu moTepe Macchl 3BE310i Me-
HSETCSl OTHOLIEHHE MACC KOMIIOHEHT JBOMHOM H MEHSIOT-
ca pa3Mepsl noioctu Poma. Kpome toro, He 6ymemM 3abbi-
BaTb, YTO B 3Be3J€ INPOJOJIKAETCS sACPHAsT 3BOJIFOLMSA,
COMPOBOXIAIOIIASACS YBEJIMYCHHEM pajauyca 3Be3[bl,— Bedb
HMEHHO OJiaromapsi €if 3Be3/ia W 3amoyiHWIa moJyiocTs Porna.
Hrpa stux Tpex MpoueccoB W OMpenesiseT CKOPOCTh M IIPO-
JIOJIKUTEIbHOCTD MEPETEKAHUs BEIECTBA.

Kax u3Menutcs pasmep nosnocru Poma? {is npocToTsl
OyneM cudMTaTh, YTO BEIIECTBO C OMHOM 3BE3IBlI IEJIHMKOM
mepeTexaeT Ha IpPYyryro, ocenas Ha Heit. Takoe ympoleHue
MO3BOJISIET PELIUTD 3a1avuy Oe3 BoicIleil MaTeMaTHKH., JlocTa-
TOYHO BOCIOJIB30BaThCA 3aKOHOM COXPaHEHHS OpOUTAIBHOIO
MOMEHTA ABOMHOM (Beapb [BOiHas He TepaeT Maccy). Eciu npu
ob6MeHe Maccoil BelecTBO HE NMOKHMIAeT NBOWHYIO, TO TaKou
o0MeH Ha3bIBaIOT KOHCEPBAaTHUBHBIM.

Ilycte i oONpenesieHHOCTH BEIIECTBO  IIEPETEKAeT
¢ Gonmieit (mo Macce) 3Be3apl HA MeHbIIYI0. BozbMeM Mrbic-
JienHo 1 r BelltecTBa ¢ 6o0JIblIeif 3Be3ObI H OCTOPOXKHO IOJIO-
XKHMM €ro Ha MeHblIylo. Menbliasg 3Be3ga obyiamaer 6OMb-
UM opOuTabHBIM MOMeHTOM. OHa «@JiaBHee» (cM. i I).
Ilpu TaxoM mepeHOCE Mbl YMEHBIIMM CPEOHUN (HAa €XHHMIYY
Maccel) OpOUTANIbHBIE MOMEHT MEHEe MACCHBHOM 3BE3[bI —
OHa 4YyTh HoABUHETCs Kk Oospiioi. CiemoBaTelbHO, MHpH
meperekaHud ¢ OoJblliel 3Be3IObl HA MEHBIIYIO PACCTOSHHE
Mexnay 3Be3gaMH yMeHblnaercs! [[BoifHas «Cbe3XkaeTrcs»
U COOTBETCTBEHHO YMEHBIIAIOTCS pa3Mepsl mosioctd Pora.
Ho 3Be3a, oTepsBIlas Maccy, BHIIUIA U3 TEIUIOBOI'O PaBHO-
Becus. OHAa H3Iy4yaeT SHEPrHIO, HE COOTBETCTBYIOIIYIO €€
Macce. TemnoBoe paBHOBECHE YCTaHaBIMBAETCA Tropas3zo
MEIJICHHEE, 9e€M THAPOJAMHAMHYECKOE, HO BCe Xe ObICTpee
snaepHoit 3BosmronuH 3Be3abl (cM. popmynsr (7), (10), (11)).
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HUrak, ymeHbllieHHE pa3MepOB 3Be3Obl KOMIIEHCHPYETCH
yMeHbllieHHeM nosiocTu Poma. 3Be3na mcTexaeT B TeIWIOBOM
1IKaJie BPEMEHH, OCTaBasiCh BCE BPEMs «3aKOBAHHOMW B JIAThI»
nosioctd Poira. [Iiis MacCHBHBIX 3Be€3[ 3TO BpeMs coOcCTa-
BisieT ~ 10* — 10° ner. Temnbl 06MeHa Maccoii B TakMX CH-
creMax pocruraior ~1073 — 107* M /roa. D10 B 10 Mu-
sMapioB pa3 Gosblue Temmna ymenblieHus Maccel CoJiHIa
H3-32 COJIHEYHOT O BeTpa. «[ paBUTAaLIMOHHBINA BETEP» MO CpaB-
HEHHIO C HUM IIPOCTO yparas.

IIycts Temepb MeHee MacCHBHAs 3Be3[a 3aIMONHAET CBOIO
nonocts Poma. B atom ciyyae BemecrBo ¢ 60iablIMM Bpa-
HaTeJIbHBIM MOMEHTOM OCEIaeT Ha 3Be3J€ C MEHBIINUM Bpa-
AaTeJIbHBIM MOMEHTOM M YBEJIMUMBAET €€ CPEIHUA MOMEHT.
JIBoitHasi cHCTEMa «pacmoJi3aeTcsa», NoJocTh Poia yBesrnym-
Baerca. Ecinu meperekanue OyneT O4YeHb HHTEHCHUBHBIM, TO
noJyiocTh Pollia «oTopBeTCS» OT 3B€3AB H OOMEH IpEeKpaTHuT-
cs. Ileperexanne BO30OHOBHUTCA TOJBKO 4epe3 SAEPHOE Bpe-
M3, KOr1a 3Be3/1a, PACIIMPUBIINCH, ONAThH 3aMOJHUT MOJIOCTh
Poma. Ha camoMm pesie mporecc nmepeTekaHuss MOXET HATH
He Tak OypHO, coXpaHss pa3Mephl 3Be€3Ibl paBHBIMH pa3Me-
pam nonoctu Poma. 3Be3na omsATh OKa3bIBa€TCAd «3aKO-
BaHHOI» B noBepxHoctb Poma. Ho Tenepp oOMeH yxe
HIET HE B TEIUIOBOM, a B #ANEpHOI IIKajle BpeMeHH (CM.

dopmyny (10)).

Bropas 3araaka  JIupbl

Bepuemcsa cuoBa x cucreMme P JIupel. 3araakxa
SMHCCHOHHBIX JIMHHMI yOemwia Hac B peajlbHOCTH OOMeEHa
Maccoil. A xak OBITb CO BTOpOW 3araixoii: moyeMy OoJee
MaccHMBHAas 3Be3Ja B JTOM CHCTeMe He IposBiseT cebs
B CIEKTpe BOiHOIi? JIMHAU NOrJIOIEHHS B 3TOH CHCTEME
MpHHAJIEXAaT MEHEe MACCHBHOM ropsuci 3Be€3Jle CEKTPaib-
Horo Kiacca B8. dyHkmusa Macc, onmpeejeHHas N0 3THM JIH-
HHSAM, HaKJIaJbIBaeT OrPaHHYCHUE «CHH3Y» Ha Maccy HEBHIH-
Moro cnyTHHka: 12M . DTo mouTH B 4eThIpe pa3a Gosblie
Macchl 3Be316I B8. CoBepILIeHHO HEBEPOATHO, YTOOBI 3Be3ja
C TaKO# Maccoii HUYEM He MposBisia cebs B cnekTpe. BcnoM-
HHM, YTO JJIS HOPMAJIBHBIX 3B€3]] CBETHMOCTh IPUMEPHO
nmponopupoHaisHa kyoy Maccel (cM. i III). Ilpu otHo-
meHud Macc 4:1 OTHOIIEHHE CBETHMOCTEH NOJKHO OBITh
64:1 B noin3y Gosiee MacCUBHOH 3Be3/bl!

Kak paspeumrs 31oT mapanokc? Ilapamoxc Asrons npu-
BeJI K MJEe NEpeMeHbl pojieil. A K 4eMy BedeT NapaloKC
B JIupri? Camble OTHasHHBIE T'OJIOBBI TOTOBBI ObLIM mOBE-
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pHTh, uTO GoJlee MacCHBHas 3B€3/1a B 9TOH CUCTEME — YEpHas
meipa! Ona Beap uepHas — BOT M He BuaHa. Ho 310 cosep-
[eHHO HeBepHO. Kak MBI yBHIUM Jaibllie, YepHas AbIpa, Mmo-
MEIlEHHAas B TaKylO JBONHYIO CHCTEMY, OKa3bIBAaeTCH 3HAYH-
TEJIbHO SpYe MHOTHX «OeNbIX» 3Be3 .

B0O3MOXHBIM BBIXOJOM H3 3TOro mapamokca Obutia Obl
cnenyrolias runoresa. COOTHOLIEHHE «Macca — CBETUMOCTHY
OPHMMEHAMO K 3B€3JaM IJIaBHOM MOCIeqOBaTEIbHOCTH, T. €.
K 3Be3JaM, HaXOIAUIUMCSl B TMIPOCTATUYECKOM M TEIUIOBOM
paBHOBecHH. He ciyuwioch i Tak, 4TO BTOpas, TeMHas
3Be3ga B cucreMe [ JIupsl emie He «mpHiia B cebs» mocie
OypHOro meperekaHus Ha Hee BelecTBa? Benp g0 Hauata
obMena Maccoit oHa ObUla MEHee MAacCHBHOH M M3Jy4aja
maito. Tenepb xe Macca ee BO3pOcCiia, BO3POC/IO IHEPT OBhIIE-
JIeHHE B LEHTpe, HO MBI 00 3TOM Y3HA€M TOJIbKO 4epe3 M-
JIMOH JIeT (TemioBoe BpeMs). BoT BaM U TeMHBIit MaCCUBHbIH
cnyTHHK ! 3B€31a HAMOMMHAET JUHO3aBpa, KOTOPOMY OTKYCH-
JIX XBOCT, @ OH, HI O YEM HE J0TajbIBasCh, MBITAETCA MOYe-
caTh cebsi XBOCTOM 32 YXOM.

ITocie ooMena

3Be3na, 3amosiHMBLIAs MoJocTh Pota, xuBeT
B pexuMe OBICTpOif moTepu Macchl. PacyeTbl 3BOJIIOLMU Ta-
KHX 3B€3]{ Ha4yaThl elle B 60-e rogbl U UX pe3yJbTaThl MOKa-
3aHbl B BHJE 3BOJIIOIMOHHBIX TpekoB Ha auarpamme [epu-
mmnpyHra — Peccena Ha puc. 45. I[To Mepe motepu Macchl
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Puc. 45. OBomouust 3Be3[A C CWIbHOH morepeil mMaccel (% — HayajbHbIE
OOJIOKEHAS 3Be3X Ha [JIABHOH MOC/IENOBATEIBHOCTH, A — IOJOXCHUA
9HCTO TEJIHEBLIX 3BE31)

3Be3JI0# orousoTca Bce Gosee u 6osee rirybokue BHYTpeEH-
HHe e¢ cJioH. YeM mosiplie 3B€3[a MPOXWIA OO 3aMOTHEHUS
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nojioctd Poma u uem Gosbllle Macca 3Be31bl, TEM Jajiblile
3alula sepHas SBOJIONHUA, TeM DoJjiee TAXKENbIE XUMUYECKHUE
3JIEMEHTBI YCIIEJIH NeperopeTb BHYTPH 3Be3anl. OOMeH Macc
B [BOHHON CHCTEME€ CHHMMAET BEPXHIOI, HENEper OpeBHIyIO
BoJoOpoaHylo obosouky. Ocraercs 3Be3ga € aHOMAaJIbHBIM
XAMHAYECKUM COCTAaBOM, COCTOSLLIAS MOYTH LEJUKOM U3 Donee
TSOKEJIBIX 31eMeHTOB. OOMeH Maccoil 3akaH4yMBaeTcsi B MoO-
MEHT CrOpaHds B IEHTpPE BOAOpOIAa M 3aropaHus relus.
Paauyc 3Be3bl PE3KO yMeHbILAeTCd M 3Be3la OTPHIBAECTCA
ot nosoctu Pomwa. Tak 06pa3yroTcs reaMeBhie 3BE3IbL
Bo3MmoxHO, ”MeHHO Tak 0Dpa3yloTcs 3Be3[bl, OTKPBITHIE
6osee 100 seT Hazan HeMeukuM acTtpoHomMoM M. Bousbdpom
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Puc. 46. {sa TMnnuHbIX cnexTpa 3Be3d Boxinda — Paiie

u ¢pannysckuM actpoHomoMm I'. Paiie. Ilopasutesien cnekTp
3THX 3B€3] (cM. puc. 46). 3TO He YacCTOKOJ, a LEJbIA Jiec JIu-
HUH H3JIy4eHHs TeIMsA U OPYTHX TsAXEIbIX 3neMeHToB. In-
PMHBI JMHAR [JOCTHTAIOT HECKOJBLKHX HaHOMETPOB. JTO CO-
OTBETCTBYET CKOPOCTSM PACIIHPEHHS B HECKOJBKO ThHICHY
KHJIOMETPOB B CEKYHIY.
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Eie B mavase 20-x romoB anrjiumiickuii actrpooMm Kap-
a1 Bwic mpeamoyiokmwi, 4To cBoicTBa 3Be3q Bonbda —
Pajie OOBACHAIOTCA MOIIHBIM H3OTPONHBIM HCTEUCHHEM Be-
{I[ecTBa C IOBEPXHOCTH 3Be3Ibl (cM. puc. 47). U3-3a addexra
Honsepa juHUU pacliups-
oTcd no cnekrpy. Ilpu
3TOM CBET CaMoOif 3Be3Ibl C
TPYAOM IpoOUBaETCs uepes
HCTeKalolllee BellecTBo. B
crekTpax 3Be3a Bosbda —
Paiie HeT nMHUA Bomopo.a.

OTBevas HA BOIPOC, IO-
4yeMy 3Be3 16l pa3ubie (1. II),
MBI TIOTYEPKUBAJIH, YTO 3TO
CBSI3aHO B OCHOBHOM C pa3-
HOH UX TEMIIEPATYpPOi, a HE
Pa3IMYHAMH B XUMHYECKOM
cocrase ux armMocdep. Cie-
Iys STOMY @paBWIy, MBI

. . b 3BE€31bI
ggfn.(ba‘tz Pal‘g?iep?;:;:; B Jmunﬁx, JOJKHEI ObLTH GBI 06,,1”[0'

MHOTO GOJIblIe CaMOi 3BE3bl HHUTDH OTCYTCTBHUC JIMHMH BO-

Jopona B 3Be3nax Boybga —
Pajic HeOnaronpuATHBIMH YCIOBUSMH [ BO30YXIeHHS
3THX JUHUWHA. A BIpyr B ciyuae 3Be3x Bousibda — Paife Mbl
CTOJIKHYJIUCh C HCKJIroueHueM u3 mpaBwia? Moxer OBITh,
JIMHWI BOJOPOAa HET MOTOMY, YTO HET Boaopoma?

I'enneBas 3Be3ga IpM OAMHAKOBOH Macce ¢ BOJOPOIHOM
3HAYATEJILHO MeEHblIE e€e no pa3MepaM. [enueBas 3Be3na
¢ Maccoil 10M , nomxna umeTs pamuyc (2—3)R — mpu-
MepHO B 3 —5 pa3 MeHbllle BoqopoaHbIx 3Be31. Ho xak ompe-
IeJTUTh paauyc 3Be3ab1? Belb ee MOBEPXHOCTH MBI NPaKTHYE-
ckn He BHAuM. [To ee crekTpy TOXe HHYEro He CKaXellb —
yX O4YEHb CHJIBHO OH OTJIMYAeTCS OT CIEKTpa YEpHOTO TeJa.
Bor eciu 6b1 3Be3ma Bonnda — Paite Obna wieHoM 3aTMEH-
HO-TIEPEMEHHOM CHCTEMBI, TOrJa IO KPHBO# OJiecka MOXHO
ObUTO ObI HAWTH pa3Mephbl AUCKOB 3BE3[I.

K cuacTplo, HECKOJBKO TaKHX 3aTMEHHO-IBOMHBIX CH-
creM Habmopmaercs. M3 HuX Jyullle Bcero u3yueHa 3Be3fa
V 444 Jlebens (6yxBa V o3Hauaer, 4To 3Be3[a IEpPEMEHHAS).
KpuBas Onecka ee moka3aHa Ha puc. 48.

H3-3a Toro, uro 3Be3ga Bonbda — Paite obsnamaer 006-
HIAPHOH moJynmpo3pavyHoil 000JIOUKOM, K HEM OOBbIYHBEIE Me-
TOJbI «BBIY)KMBaHHUA» Pa3MepoOB 3Be3[ U3 KpUBOii Oiiecka He-
BO3MOXHO IpHMeHHTb. B Hauane 70-Xx romoB coBETCKUE
acTpodu3UKy, MPUMEHUB HOBBIf METOJ, BOCCTAHOBWIM IIO
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KpuBOii Oyiecka mapamerpsl 3Be3q B cucreMe V 444 Jlebens.
Panuyc 3Besmsl  Bosbga — Paitle  okasajicsi  paBHBIM
(2—3)R . OT10 O3Hauaer, uro 3Be3abl Bosbda — Paiie — re-
JiMeBble 3Be31bl. B mocnenyromue rogpl ObUTH MCCIIENOBAHBI
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Puc. 48. Kpupas Gnecka V 444 JleGens

ellle TPH 3aTMEHHBIX OBONHBIX cO 3Be3gamMu Boibga — Paite.
OTu HccleNOBaHUS HOATBEPAWIH T'€JIMEBYIO TMIIOTE3Y.

ITo Mepe BBITOpaHMS TSAXENBIX 3JIEMEHTOB 3BOJIFOIMS
3BE3Ibl BCE YCKOpseTcs U YcKopsiercs. BpeMs Xu3Hu re-
JIMEBBIX 3BE3]1, UCHUCIISIEMOE SIACPHBIM BPEMEHEM LIS Tellus,
npuMmepHo B 100 pa3 kopoue simepHOrO BpEMEHH I BOIO-
pona. Bropas xe 3Be3ma, XOTsS U CTajla MacCCHUBHEE IEPBOM
(mepemeHa poreit), MO-MPEXHEMY €llle «CHOAMT» HAa BOIOpOIE
U HE MOXET AOTHATh MepBYyIo. Uepe3 HECKOJIbKO COTEH THICAY
JIET B MacCHBHBIX JBOIHBIX CHCTEMAaX rejineBas 3Be3ia B3phbI-
BaeTcsd, pOXXJas HEUTPOHHYIO 3Be€3[y WIM UYEpHYIO IbIpY.
B MasioMaccUBHBIX IBOHMHBIX CHCTEMaxX MPOUCXOOMT «THXOE»
oOpa3oBanue OeNIbIX KapJIMKOB.

IIpononxkenne ciegyer

B xoHne ri1. II MBI rOBOpIWIN O TOM, YTO MeXxa-
HU3M IepeMEHbI poJieii moao0eH MuHE 3aMeEJIEHHOTO Ieii-
CTBHSL. (gH WTpaeT NPUHUUIHAILHYIO POJIb B 3BOJIOLUH
mBoifHoM cucteMel. IIpenacraBumM cebe, yro He ObLUTO OOMeHa
Maccoif ¥ mepBOHavyaJbHO OoJjiee MaccUBHas 3Be3a Tak
u ocTtanack 6osiee MaccuBHOi. [Ipu koyamce ee sopa us3
IBOMHOM CHUCTeMBI Oymer BBIOpOIIEHA NPAKTHYECKH BCS €€
Macca. Benp Macca nelitponnbix 3Be31 B 10—20 pa3 menblie
Maccel MaccuBHO#M 3Be3gpl. CucreMa 3aBeOMO TOTepSeT
GoJIbllle TIOJIOBUHBI CBOEH MacChl M pacmaieTcs.

Hrak, 6e3 nepeMenbl posieii cucteMa mOruOHeT Kak ABOM-
Has. CoBceM Opyroe [iesio, €cjiu mpou3olles oOMeH u B pe-
3yJIbTaTe B3PLIBAETCA MEHEe MacCUBHas 3Be3/a (2 OHA HUKAK
HE MOXeT COpOCHTH OOJIbllIe MOJIOBHHBI IOJHONH MacChl
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IBoitHO#M). Bo3HNKaeT NPUHHMIHAJILHO HOBBIA THI IBOMHBIX
3B€3] — 3BE€3/1, COJIEPKAIIUX HApAIy C HOPMAaJIbHBIMH 3BE3-
JJaMH HEWTPOHHBIE 3BE€3IIbI W, MOXET ‘ObITh, YEPHBIE ABIPHI
IIpuuem sr06ast MacCHBHAs CHCTEMa, KOTOpas XHBET IO Clle-
HapHIO C MEPEMEHOMN poJiel, NOJI)KHA NaTh TaKo# 3K30THYe-
cknif cmM6uo3. CKOIBLKO Takux 3Be3ji JOJKHO OwiTh B Ia-
snaxtuke? EcTe jim Hanmexna ux oOHapyxuTh? DTH BOMPOCH
BOJIHOBAJIM Y4eHbIX B koHIE 60-x roxos. U mano k1o nomos-
peBasl, YTO y HHUX HaJX TOJOBOH NPOCTO MHPHAIBI TaKHX
3Be3 1,

Kax cunralor 3Be3aml?

IlpencraBeTe cebe, 4TO BBI CTOMTE B OuepeId
B My3eil HA OYeHb MHTepecHylo BwricTaBky. Ouepenp 60Jnb-
mas u mnpojasuraercs MemieHHo. CTOATH XOJNOOHO H
CKyyHo. BaM mnpHXomAT B TOJIOBy pasHbI€ MBICIH, HO BCE
OHM KpYTATCH BOKpPYT BBICTaBKH. Hampumep, BBl copa-
muBaeTe cedd: CKOJIBLKO YEJIOBEK HAaXOOUTCd B My3ee Oj-
HoBpeMenHo ? Kak MoxHo pemuth 3Ty 3agauy? Croute Bbl
yXe OaBHO, TaK 4TO cuUTyauus crabwimsupoBaiack. Cra-
OWIM3HpoBajach — 3TO 3HAYHT, YTO B CPEIHEM KOJHYECTBO
Jrofeil, BXOOAIMX B My3eid, paBHSETCS KOJHMYECTBY JOACH
BoIxomsuiux. Ecim 310 TpeboBanne He OYyneT BHINOJIHATHCH,
TO MO0 My3eit omycTeeT, MO0 HAYHETCA CTOJNOTBOPEHHE.

CxoJIbKO Xe JIonedl (3THX CYACTJIMBYHKOB) B My3ee?
MoxHo Ob110 ObI IPOCTO JOXKAATHCH CBOEH OuepenH, 3alTH
B My3eil u ObICTpO cocuuTaTh Beex nocerureneil. Ho 3to, Bo-
NEPBbIX, TEXHUYECKH TPYAHO UCIIOJIHUTH, 2 BO-BTOPHIX, HE 3a-
TeM BHI NPHLUUIM B MYy3eil.

Hpyroii peaybHBIi MyTh COCTOUT B ciienyroileM. Brr 3ace-
KaeTe BpeMs U HaXOIHMTE CPEIHHMH NOTOK BXOJSAILIUX JIFOJCH.
JlonmycTuM, oka3ajiock, 4To 3a yac BxonaT 100 wenosek (3To
4uciio «corpesaeT» Bac). Ho ocranoch eie MHOro BpeMeHH,
H BBl OTIIPABJISETECh K BBHIXOAY M3 My3es. 3/ieCb Bbl IPOH3BO-
IuTe HEeOOJBIIOH «COUMAJIbHBIA ONMpOC», 3ajaBas BBIXOIS-
MM OJWH U TOT Xe Bompoc: «Kak nonro Bbl HaXOJWIHCH
B My3ee?» YcpenHMB OTBETHI, Bbl NOJIyYHTE, HAIpUMeED,
4 yaca. OToil uHpopMalMH yXKe NOCTATOYHO, YTOOBI HAaHTH
4yuCciIo Jrofel, Haxonsauuxcsa B My3ee. OHO paBHO MpousBe-
JICHHIO TIOTOKa Ha BpeMs npeObIBaHMsS BHYTDH:

100 uenoBek/4 x 4 u = 400 ueyiOBek.

Kak BuauTe, npM TakoM peHiCHHHM My3eil Tak M OCTaJjCcs
«YEPHLIM SAIUKOM», CTPYKTypa KOTOpPOrO oKa3alach He
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BaxxHa. EAUHCTBEHHOE, HO OYEHb BaXXHOE AOMYIIEHHE, KOTO-
poe MBI HCIOJIB30BAJIM, — 3TO TO, YTO MPOCMOTD BBICTABKH
cTabunmsupoBajica. DTo Ha3bIBaeTCd TpeOOBaHHEM CTaIHO-
HApPHOCTH HOpoLecca.

Takoit MeToA HOJCYETa LIMPOKO MPHUMEHSETCS B acTpo-
HOMHH. [[omycTHM, BBl 3HA€TE, CKOJILKO 3BE3 HAHHOMW MAacChl
poxnaercs B ["aylakTuKke B €IHHHUIYy BPEMEHHU. DTy BEIHYHHY
MOXHO Ha3BaTh TEMIOM (CKOPOCTHIO) POXICHHS 3BE3I.
OHa 3aBHCHT OT MaccChl 3B€3]I, 4 3Ta 3aBUCHMOCTh Ha3bIBaeT-
ca ¢pynkmmeit Conmurepa. DuBuH CoJITHTEP BIEPBLIE OIpe-
nmenun ee B 50-e roapl, craTHCTHYeCKH oOpaboTaB 0oJblioe
ypcio Habmonenuit. [l Hameil 'aakTHKa YUCIO pOXIaro-
wpxcst (HoBbIX) 3Be3a N (M) ¢ maccoit 6osbine M paBHO

N(M)=0,7(M/M o)~ *3% 3Be3n/ron. (14

Io 3toii popmyse wicio 3Be31 ¢ Maccoit 6onsiie 10M, po-
xaarommxcs exeroaHo, pasHo 0,03, T. e. 1 3Be3na 3a 30 ner,
a 3Be3X ¢ Maccoit 6osbiie M — 0,7 3Be3a8l B roa. 1o mo-
Ka3BIBaeT, YTO CKOPOCTb POXICHUSA CUJIBHO YMEHBIIAETCH
C POCTOM MaccChl 3BE3.Bl.

Teneps jerko MoACYMTATh, CKOJBKO 3Be3d B I amaktuke
C OmpejeJIeHHOW Maccoll MPHUCYTCTByeT omHoBpeMeHHo. [lo-
MyCTHM, HAC HHTEPECYIOT 3BE3/IbI IJIABHO# MOC/IeqOBATEILHO-
ctu ¢ Maccoit 6ombine 10M ;. Bpems xu3HM Ha IJ1aBHOM NO-
CJIEOBATEILHOCTH ONpEAC/ISETCA ANEPHBIM BpEMEHEM VIS
Bogopoaa (bopmyna (10)). Hns 3Be31 ¢ Maccoit ~ 10M, oHO
paBHO 10 MWIIHOHAM JIET. YMHOXAas HA CKOPOCTh POXICHUS
3pe3n (0,03 roa~ '), monyuaem, uro B IanakTeke NpUMEPHO
300000 Takux 3Be3n.

Jlerko BBIMMCIMTH TaKXKE KOJIMYECTBO CBEPXTMIAHTOB.
HUx macca 6onbmie 10M,, a BpeMs SKH3HH B CPEOHEM B
100 pa3 Menblile saepHOro. 3Ha4uT, B I'anakTuke nmpuUMepHO
3000 O — B cBepxrurantoB (T. €. CBEpXTHTaHTOB CIEKTpaJIb-
wpix KjadaccoB O m B). KoneuHo, mpum TakOM pacyere MbI
npeanojiaraeM, uyro curyamus B ["amaktuke crabumimzuposa-
J1aCh.

Teneppr MBI MOXEM OTBETHTh Ha BONPOC, CKOJIbKO B I'a-
JIAKTHKE JBOMHBIX CHCTEM C DEJIATUBHCTCKMMH 3Be3JaMu
(HeiTPOHHBIMH 3Be3/1aMH M 4YepHbIMH Jbipamu). M3-3a mepe-
MeHBI poJiell MPakTHYECKH Jro0ast TecHas ABOMHAs poOXJaeT
Takyro niapy. CkoJlbko BpeMeHH uBeT Takas mapa? He Bna-
BasCh B HETAJH, MOXHO NpPEIBHACTH, YTO JKUBET OHA, IO
Kpaiineii Mepe, 1O Tex HOp, IOKa HOpPMajibHas 3BE3[la Haxo-
IWTCA Ha IJIaBHOM Moc/ieqoBaTelbHOCTH. Tak kak mocie 06-
Me€Ha Macca HOPMAaJIbHOM 3Be3/bl yBenuuBaeTcs U w3 10M
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B cpenHeM craHoBuTcs paBHOit 20M,, To HyxHO OpaTh
sanepHoe BpeMss uHMeHHO mia 20M, T.e. IpUMEpPHO
5-10° ner.

B IamakTuke Takde 3Be3abl pokaaroTcs omuH pa3 B 30
JIET, U3 HUX II0JI0BHHA JBOHHBIX. HO Tak kak 3Be3pI IBE, TO
Hyx)HO pasneauts 30 emie nomosiaM. OKOHYaTEJIbHO HOJY-
Yyaercs, YTO TMOIXOAMIas [ABOHHAA POXAAETCI OIMH pa3s
B 50 — 100 ner. YMHOXHM 4YacCTOTy pOXJeHus Ha 5-10°
H HaiineM, yTo B lamaktuke noiaxHo ObiTh 50— 100 ThIC.
MACCHBHBIX 3B€3]] C PEJISTUBUCTCKUMHU KOMIIOHEHTaMH.

3HauuT, MPOIOJIKEHHE NCHCTBUTEIBLHO CIEmyeT.



I'TABA V

MACCHUBHBIE PEHTTEHOBCKHE
JABOWHBIE

3Be3iHas 3BOJIIOIMS MIET B OJHOM HamIpaBJie-
HMM — K MCYCPIIAHHUIO AJICPHBIX MCTOYHHUKOB 3Hepruu. Hewus-
6exXXHbIM CJIECTBHEM 3TOr0 [JOJDKHO OBITH 0Opa3oBaHHE
KOMIIAaKTHBIX 3Be3[ — Oe/IbIX KapJINKOB, HEUTPOHHBIX 3BE3]
M YepHBIX AbIp. HelTpoHHBIE 3Be3/1bI U YepHBIE OBIPHI 00pa-
3yIOTCd B pe3yJbTaTe O3BOJIIOLMH [JIOCTATOYHO MAaCCHBHBIX
3Be3[, C Maccoil He MeHbllle 10M ;. DTH KOMIAKTHbIE 3Be3 bl
MOXHO Ha3BaTh DENATUBHCTCKAMH. Wx monsas sHeprus (¢
yHeTOM Maccel nokos) Mc? cpaBHMMa C TpaBUTALMOHHOM
sneprueit GM2/R. V 4epHBIX ObIP MOYTH BCSA SHEPTHA CoOcpe-
[IOTOYeHA B I'PAaBUTAIMOHHOM ITOJIe, & Y HEHTPOHHBIX 3BE3[
I0JI TPaBUTAIMOHHOW 3Hepruu nocruraer 10—309.
B03MOXHOCTb  CYyILIECTBOBAHMS  HEHTPOHHBIX  3Be3[
U 4YepHBIX ABIp BhIsicHWiach eilie B 30-e rogpl. Ho B TeueHme
20—-30 ner (BwioTh Ao Hayana 60-Xx roxoB) mocjie 3TOro
npeAcKka3aHus BONpPOC 00 3KCIIEPUMEHTAILHOM HX oOHapy-
keHuH BooO1ie He craBwicsa. C yeM 310 cBsizaHo? U uro m3-
MeHWIoch B 60-¢ roaw?

M ¢ TOUKOIH»

Bce nmemo B pa3Mepax HEHTPOHHBIX 3Be€3[
4 vepHBIX abip. IIpy 3Be3qHON Macce UX paauyc U3MepseTcs
BCErO JIMIL JECATKAMH KIWIOMETPOB.

CBeTUMOCTBH HarpeToro Tejla MPONOPIMOHATbHA IUIOLIA-
U W3JIyvyarolleil TIOBEPXHOCTH M YETBEPTOH CTENEeHH TeMmiie-
parypsl (o 3aKOHY CreQ)aHa Bom,mviana) Ilromame mo-
BEPXHOCTH HEWTPOHHO# 3Be3dpl, mMeromleit pamuyc 10 kM, B
(700000/10)*> ~ 5 MIUTHAPOB a3 MCHbIIE COJTHEYHOIA.
3uauuT, opu oguHakoBoii ¢ CosIHIIEM TeMmepaType HEeHTpOH-
Has 3Be3na Obuta Obl B 5 MwummapnoB pa3 ciabee. Takoe
pasyinyne B APKOCTH COOTBETCTBYET 24 3Be3IHBHIM BEJINYHHAM
(cM. ¢popmyny (3)). AbcomroTHasd 3Be3AHAas BelHYHHA (3Be3[-
Has BeJIMYHMHA C paccTosHuA 32,6 cBeToBHIX JieT = 10 mapce-
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KoB) Oblia Obl paBHa 29™. A nmaxe JIyylIHE COBPEMEHHBIE Te-
Jeckonbl uMmeroT npezaen 23™ Hyxxo 6bu1o ObITH 60IBIINM
ONTHMHUCTOM, YTOOBI HUCKaTh CTOJIb cjiabbvie 3Be3npl. UTO yx
TOBOPHUTb O YEPHBIX IbIPaX, KOTOPbIE HE TOJBLKO HE H3JY-
4al0T, a HA06OPOT, BCe MOTJIOIAI0T BOKPYr cebs. Huxro He
XOTeJl 3aHUMATbCA CTOJb Oe3HalexHBIM nAeloM. MoxHO
IEepeCcYUTaTh MO MajblaM Bce paboThl, HANMCAHHBIE BO BCEM
MHpE [0 HEUTPOHHBIM 3BE3JaM H YepHBIM AbIpaM a0 1960 r.
VauBuTenLHO, Kak BoOOIIe Takue paboTel noseiasuiuck. Ha-
npuMmep, B 1949 r. coserckmit actpopusuk C. A. Kamwian na-
nucay paboTy, MOCBSILEHHYIO AHAJIN3Y IBMXKEHHUS NPOOHBIX
YacTHIl B NOJIe TAroTeHWs uepHoil mpipbl. MHTEpecHO, uTo
Torga oH pabortas B obcepBaTopun JIbBOBCKOTO YHHBEPCHTE-
Ta, TEJECKONbI KOTOPOil 3HAYUTEILHO YCTYNAIH JYYllIUM 3a-
pybOexHbIM 0Opa3uam.

Curtyanys pe3ko u3MeHwiIach B Hayaje 60-x ronos, Korja
OBLTH OTKPBHITHI KBa3aphl ¥ NEPBLIE PEHTT€HOBCKHUE HUCTOYHH-
k. KBazapbl — KBa3uW3BE3IHbIE OOBEKTHI — BBLIIJISAAT B BHU-
IUMO# 00J1acTH CHeKTpa Kak 3Be3nbl. ITopaXaeT WX TMIaHT-
ckas ceeruMocTb: B 1013 —10!° pa3 Gosblue cBeTUMOCTH
CoJsiHIa ¥ B COTHH M Thic4d pa3 OoJblle, 4eM CBETUMOCTD
rajakTuk. ['aJakTHKU CBETAT 3a cYeT AAepHbIX MCTOYHMKOB
SHEPTUU B 3BEe3[aX, a MO pa3MepaM 3HAYHTEIbHO HPEBOCXO-
IAT KBazapbl. 3HAYMT, B KBa3apax «paboTaloT» Kakue-To
npyrue, 6osnee 3hPeKTUBHbIE UCTOYHUKH SHEPTHH.

B 1964 r. coBetckwmii ¢pusuk 5. b. 3enboBuy U He3aBUCH-
MO aMepHKaHCKHil acTpodmsuk OaBud CoanuTep HAUUIH HC-
TOYHHK JHEPTdH, KOTOPBHIA B COTHH pa3 3¢dexTuBHee Tep-
MosaepHbIX peakiuid. s Toro 4roOwl peajn3oBaTrh 3TOT
cnoco0 100bI4M SHEPruy, HeoOXoqUMa peSTHBUCTCKAs 3Be3-
Ia (rpaBUTAlIMOHHOE TIIOJIe KOTOPOH coBepilaeT paboTy)
H OKpYXalolllee €€ BELIECTBO («TOIUIMBOY).

ITycts Ha MOBEPXHOCTH 3Be3Ibl CBOOOJHO NMataeT OKPY-
Xarollee ee BElecTBo. JIBUrasch Tak e, Kak M NpoOHble va--
CTHIBI C HyJIeBOii 3ueprueit (cMm. ri. I), aTo BewmectBo Oyner
MonaaaTh Ha IOBEPXHOCTH CO BTOPOil KOCMHMYECKON CKO-
poctrio. Kunetnueckas SHEPrus 4acTHI BEIECTBA C €OWHIY-
HOM Maccoii npu 3ToM paBHa v?/2 = GM/R. TIpeanonoxum,
YTO BCH KHHETHYECKas JHEPrus NpH yJape O INOBEPXHOCTb
MEPEXOUT B TEIUIO, a NMOTOM H3JIy4aeTcs B OKpYXarollee
npocrpaHcTBo. [Tanenue BelllecTBa NoJ eCTBHEM I'DaBHTa-
LA — aKKpeIuIo — YNOOHO XapakTepHU3OBaTh KOJIHYECTBOM
BELIIECTBA, BHINAJAIOIETO HA IOBEPXHOCTH 3BE3/IbI B €IMHMIY
BPEMEHHU. DTy BEJIMYMHY HA3bIBAIOT TeMIOM akkpemuy. Ona
MOKa3bIBAeT, KaK OBICTPO M3MEHSETCA C TEUCHHEM BPEMEHH
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Macca 3Be3fpl. CKOpPOCTb HM3MEHEHMS KakOH-HHOYIb BeEJIH-
YUHBI Ha3bIBAE€TCs MPOU3BOIHOM 3TOM BeIuuuHbL UTOOBI OT-
JIMYaTh €e OT caMOW BEJMYHHBI, HAJ €€ O0O3HAYCHHEM CTa-
BAT TOuky. (D10 o00O3HaYeHHe, KaKk H CaMO IOHATHE
npousBogHoi, npuayMai HMcaak Heroron.) Hampumep, npo-
u3BoAHas paccrosHus X obo3Hauaercs X («HMKC C TOUKOW»).
JTO NmpOCTO CKOPOCTb HBHXCHHSA. A CKOPOCTb YBETHYCHHS
(w1 yMeHbllIeHHs)) Macchbl 3Be3Obl 0003HaYaroT M («3M
C TOYKO»). DTO 0003HAYEHHE HACTOJIBKO HPHBHIOCH, YTO HE
XOUYETCS OT HETO OTKA3bIBAThHCA, JaXe B MOINYJISAPHON KHUTE.
OHo He moTpebyer Kakux-TO OcoObIX 3HaHWi. JU1s Hac mdo-
CTaTOYHO MOHMMATh, YTO 3Ta OykBa C NIOMETKOiIl (MeueHas
OykBa) O3HAYaE€T CKOPOCTh M3MEHEHHS MAacChL

Wrtak, xaxaylo CekyHOy Ha IOBEPXHOCTb 3Be3Ibl BBIIA-
Jaer M xr BemiecTBa. Kaxaprit kwiorpaMM HMeeT KHHETHYE-
ckyto 3Hepruro GM/R, (R, — pamuyc 3Be3gpl). Eciin Bca 3rta
3HEPrUs NEPEXOAUT B M3JIYYCHHE, CBETHMOCTHL 3BE3.bI Oyner
paBHa

L= MGM

(15)

*

Jns HeHTPOHHBIX 3BE3 1L GM/R, ~ (0,1 —0,3) c?, 3nayuT, o
Hux L~ (0,1 -0,3) M ¢ U3 nonxoii 3HEprUuu rokost TrOpIOYEro
Begesiercss 10—309; sHepruu B Buae W3JIydYeHHs. DTO IpH-
MepsHo B 100 pa3 Oosnblne, yeM Ta 0JI9 MACCHl HOKOS, KOTO-
pasi BBLOENAETCA HPH CXKUTAaHMHM BOJOPOJA B TIeJIdil.

Ho xax ObITH ¢ 4epHOH IBIPOH, Y KOTOPOH HET HHUKAKOH
TBepOoi moBepxHocTH? IlanarolieMy BellleCTBY HE C 4YeM

Puc. 49. TI'paBuranuoHHbIf «yckoputeab». CTajkuBasChb C peNATH-
BUCTCKOH 3Be3jloH, o6Gnaka BbicBeunBaloT Ao 109, MX DoJHOH 3Hepruu

CTAJIKABATLCA. BBIXOJ M3 3TOTO TPYQHOTO MOJIOXEHHs ObLI
Haiinen 5. B. 3enpmoBuueM. HyxkHO «3acTaBUTH» BELLECTBO
CTaJIKMBaThcs ¢ caMuM coboit! TpencraBbTe ceGe, 4TO IBE
4acTHILI CHMMETPHUYHO MAfaloT Ha 4YepHYIo Iwipy (puc. 49),
YCKOPSIIOTCSl B €€ TPaBHTAlIMOHHOM II0JIe W CTAJKHUBAKOTCA HA
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HEKOTOPOM OCH (3Ty OCb Ha3bIBAIOT OCBIO akkpermu). CTOJK-
HOBEHHE HYXXHO YCTPOUTH HobJimke K 4yepHOH mpipe. Torma
CKOPOCTH CTaJIKMBAIOLIHXCS YACTHI] IPUOIH3ATCS K CKOPOCTH
ceera. Ilpu crosiknoBeHuu BbimenuTcs 109 sHepruum mnoxos
yactun, CIMimkoM OJIM3KO K YEPHOM IbIpe MmoadupaThbcs HE
CTOMT. BBIUTpHII B JHEPIHU CTOJKHOBEHHS CKOMIICHCH-
pyeTcs TeM, YTO [bIpa 3aXBaTHT Ha cebs OOMBIIYyIO 4acThb
H3JIy4YeHHS.

B cBoeit pa6ore 1964 r. SI. b. 3enpnoBuy noayepkusal,
9TO OCOOEHHO MOILHBIM HCTOYHHK 3HEPTHH MOXET OBITh
B IBOMHOM CHCTeMe, I'Ie BTOpas 3Be3la crocoOHa ImocTa-
BJISSTE HEOOXOOMMOE TOIUIMBO [UIl T'PaBUTAalHOHHOH Ma-
114215138

CoBMEIlICHHE HJEH aAKKPELHMH PEJIATHBHCTCKON 3Be3N0i
¢ upeeil NBOMCTBEHHOCTH IPHBEJIO K B3PBIBY TEOPETHYECKOU
U SKCIEPUMEHTAJIbHON MBICIIH.

«Ipue Thicam CouHu»

Bce oObIyHBIE 3BE3/IBI TEPAIOT BEIIECTBO HE3a-
BHCHMO OT TOTO, BXOJAT OHH B JBOHHYIO CHCTEMY WIH HET.
IlepBrle KOCMUYECKHE MTOJIETHI MOKa3aidy, 4ro o1 CoJiHna He-
MPEPLIBHO HCTEKaeT IOTOK 3apsHKEHHBIX YacTHI[ CO CKO-
POCTBIO B HECKOJIBKO COTE€H KWIOMETPOB B CEKYHOY. OTOT
MOTOK IUIa3MbI OBLI Ha3BaH COJIHEYHBIM BETPOM.

JU1s XxapaKTEpPUCTHKH MOILHOCTH 3TOTO IMOTOKa MOXHO
MPUMEHUTH Ty ke BeiuunHy M. TeMm ucreveHus BelliecTBa
u3 Conuna npumepHo paseH 10714 M /ron. Y3-3a ucreyeHus
macca CosiHIa yMeHbLIaeTCs BABOE 3a Bpems, paBHoe 104
JIET, YTO MHOro OOJbllie ero BOo3pacra. 3HAYUT, COJIHEYHBIH
BeTep HE OKa3bIBa€T HHKAKOTO BJHSAHHSA HA 3BOJIIOIUIO
Conuna. Takue xe BeTpbl HAOMIOJAIOTCA Yy IPYTHX 3BE3].
IIpuyeM 3aMeveHO, YTO YEM sIpyue 3Be3/a, TEM MOILHEE €€
3Be3IHBIA BeTep. Y royObIX CBEPXTMTAHTOB TEMI HCTEYCHHS
nocruraet 10°% M g /ron, a y 3Be3x Bosbda — Paite — npu-
Mmepro 1073 M o /ron. MHoro 3to win Maino?

ITocunTaeM, kakoBa OyneT MOIIHOCTH I'DaBHTAIMOHHOMN
MallIMHBI, €CIIH €€ K. I. 1. paBeH 109;:

L=0,1Mc? ~ 15000Ly ——

(1078M g /ron) (16)

ITonyyaercs, uro eciu Bcero Jjuinb 1/1000 yacTh BelecTBa
3BE3JHOTO BETpa, HCTEKAIOLIETO C Iolydooro CBEpXTHTaHTa,
NMOMafeT Ha PEeJSTHBUCTCKYIO 3Be31y, BCIIBIXHET HCTOYHHK
«iapye Toicaudn CoHIp.
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Ho xax xpormieyHas 1o miomany HeATpoHHas 3Be3Ia Mo-
XKET M3Jy4YaTh TaKkOoe OrPOMHOE KOnn4ecTBo 3Heprumu? Ove-
BH/HO, TOJBKO 3a CHYET BBICOKOW TeMmmepaTyphl. Msl mpu-
KHIBIBAJIH, YTO IUIOWIAAb HEUTPOHHOMU 3BE31bI B 5 MHULUIMAD-
noB pa3 Mensbiie wiomwam Conuana. g Toro yTobul UMETh
ceetuMocTh B 1000 pa3 6dabiuyro, veM y CouiHIla, COrJIaCHO
3akoHy CredaHa —bosbiMana HEOOGXOMMMO HMETh TeMIepa-
TYpy B |/5-10°- 1000 ~ 1500 pa3 seimue, yeM y Conrua. Tem-
nepaTtypa HEHTPOHHOM 3B€3Ibl JOJIXKHA COCTaBJATH HECATKH
MWUIHOHOB rpanycoB. POTOHBI, H3JIyueHHBIE TEJIOM, Harpe-
THIM A0 TaKOH TeMIepaTypsl, UMeoT SHepruio ~ 1000 3B.
A 3TO yXe DEHTr€HOBCKHiI AMama3oH chekTpa. KBaHTHL ¢
Takol 3Heprueil He NPOXONAT CKBO3b aTMoctepy 3emun.

ATMoagepa COCTOMT M3 HEWTpaJIbHBIX aToMoB. Heii-
TPAJIbHBIE aTOMBEI MOTYT MOIJIOIIATh CBET TOJILKO B Y3KHX
JIMHHUSIX CIEKTPa, NIPH IIEpeXole C YpoBHA Ha ypoBeHb. Ho
3TO CNIPABEIJIMBO TOJBKO JO TEX MOP, IIOKA 3HEPTHA BJIETEB-
uiero B atMoctepy 3eMild KBaHTa HEAOCTATOYHA IS MOHH-
3alMM aTOMOB. DHEPrus MOHM3AUMH Pa3JIHYHLIX ATOMOB CO-
CTaBJISIET JECATKU 31EKTPOH-BOJIBLT. A PEHTTEHOBCKHII KBAaHT
HMEET SHEPruIo B COTHHM pa3 GoOnbluyro. PeHTrenpsckoe us-
JIyu€HHMe, TPOXOIAs Yepe3 BO3IAyX, HOHH3YET €ro aTOMEI
U MOJIHOCThIO MM noruiomaercs. IToatoMy mis perucrpanuu
PEHTTE€HOBCKOTO M3JIy4YeHUS HYXKHO BHIATH 3a IUIOTHBIE CIOH
aTMocdepsl.

B 1962 r. rpynma aMepuUKaHCKHX acTpOQM3UKOB, BO3IJa-
BisieMasi Puxxapnio J)xuakkoHu, 3allyCTHIIa Ha pakeTe «Aspo-
6u-150» cnenpaabHylo annapatypy Ajs HabGiroJeHus peHTre-
HOBCKOro u3nyyeHus. «CrenuaibHasy ammaparypa cocTosiia
u3 Tpex cyeTunkoB I'eiirepa, cnocoOHBIX NPUHUMATH (HOTOHBI
¢ aHeprueir or 1600 mo 6200 3B *).

Hcropus peHTIeHOBCKON aCTPOHOMMH TECHO HeperieTa-
€TCSl — KaK B TEOPETUYECKOM, TaK U B aNlapaTypHOM IUIaHe —
¢ ucropmeit atomHoii ¢usuxu. Cueryuk I'elirepa HeMHOrMM
CJIOXHee 3AEKTPOMETPa, C HMOMOIIBIO KOTOPOro ObLIM OT-
KpBITHI KOcMu4eckue yud. IIpunnun pabotel cyerynka Ieii-
repa OCHOBaH Ha CMOCOOHOCTM PEHTTeHOBCKHX (POTOHOB MO-
HH30BaTh ras.

IpencraBeTe, YTO MEXIY OBYMS 3JIEKTPOJAMH, IOIKIIO-
YE€HHBIMH K HCTOYHHMKY BBICOKOTO HANPSIKEHHS, HOrJIOTHIICS
peHTreHoBckuMi kBaHT (puc. 50). Dueprus xBaHTa ylLia Ha
voHmM3ammio atoMa. OcBobonuBImiics (3aTpaBOYHBIN) 3JieK-

*) Pentrenosckoe u3iyyenne CoiHua GBUIO OTKDHITO ellle paHblle,
B 1948 r, c moOMOLIBIO paKeTH, NOAHABIUEHcA HA BhIcOTy 200 KM.
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TPOH YCKOPSAETCS B 3JIEKTPHYECKOM IIOJI€ M MOHM3YET APYrue
aTOMBI, pOXJas HENIyIo JIABHHY OJJIEKTPOHOB,— BO3HHKAET
TOK. Takoi CYeTYMK Ha3BIBAIOT MNPOINOPIMOHATLHEIM Ia3o-
pa3psanHbIM  cueTYMKOM. [IponopnuoHaNIbHBIM — NOTOMY,
YTO TOK Ha BBIXOAE IPOIOPIMOHAJIEH SHEPTHH IOTJIOMIEHHO-
ro ¢orona (ueM GoJibllie IHEPTHS
doToHa, TeM 6oJibllE KOJHYECT-
BO 3aTPaBOYHBIX 3JIEKTPOHOB).
YToOHI cenaTh CYETYMK HAIPaB-
JICHHBIM, €r0 INOMEIaloT B 3a-
IMATHBIA KOXYX C OKOIIEYKOM.

Kax TOJBbKO pakeTa ¢ amma-
parypoii BBOIUIA 3a IUIOTHHIE ':l—--|,U'
cjoM 3eMHOH aTMochephl, ¢ ee
6opta Havayu IMOCTynaThb CHUI- Puc. 50. Cxema cyetunxa Ieii-
HaJIbI, NOKa3aBIIME, YTO CYETYM- repa
KH PETHCTPUPYIOT IE€pPEMEHHOE
PEHTTEHOBCKOE u3JIyueHHe. IlepHOA PEHTreHOBCKOrO II0-
TOKa B TOYHOCTH DaBHAJICA MEPHOAY BpAIICHHUS DPAaKEThI
BOKpPYI cBoeH ocd. Bpamienme pakeTel Mo3BOJISUIO HAaWTH
(xoTa u rpy6o0) HampaBJieHHe Ha MCTOYHHK. OKa3ajioch, 4TO
PEHTTEHOBCKOE M3JIy4€HHE MPUXOIUT U3 co3Be3ausi Ckopmmo-
Ha. Tak OBUI OTKPBIT NEPBBI PEHTTEHOBCKMI MCTOYHHK BHE
Conneynoit cucrembt — Ckopmon X-1 (X (MKC) — OT aHrL
X-ray — «pEHITEHOBCKHE JIy4n»). PEHTTeHOBCKHiT IOTOK OBLI
CTOJIb BEJIMK, YTO IOJITO€ BPEMs Y4YeHble OOSUTMCh «OTOHBH-
HYTb» HCTOYHMK 3a npeneisl ConneyHoi cucreMsbl. Tak, Ha-
OpHMeEp, €CIH IIOJIOXHUTH PACCTOSIHHE A0 Hero paBHbiM 1000
CBETOBBIX JIET, TO €r0 CBETHMOCTh B IECATKH ThIcAY pa3 Oy-
ZIeT TpeBOCXOAuTh cBeTmMocTh CosHLA.

B 1967 r. 4. b. 3enpnoBuy u . JI. HOBUKOB U He3aBHCH-
mo U. C. MIxnosckuii npeamonoxuim, yto Cxopnuon X-1 —
3TO ABOMHAs CHCTeMa, B KOTOpOil HEHTpOHHas 3Be3da mepe-
XBaTHIBAE€T BELIECTBO, MCTEKAIOLIEE C HOPMAJILHOW 3BE3IBI,
U W3JIyYaeT B PEHTTeHOBCKOM muanasone. Ho 3To Gnuta ru-
noTe3a, a CTPOTHX [OKa3aTeslIbCTB He ObLIO.

IToxa peHTTEHOBCKas AacTPOHOMHS [ejiajla TMepBbIE, HO
o6 ryMaHHBIE LIard, paJdOacTPOHOMBI CJIy4ailHO OTKPBUIH
HEATPOHHBIE 3BE3IbI (MbI paccKa3biBaJIM 00 OTKPHITHH pa-
muonynbcapoB B ri1. III). 1o OTKpeITHE MOAXIECTHYNIO pa-
6oty teoperuxoB. C 1967 mo 1971 rr. B CoBerckom Coroze
nejias rpynmna MoOJIOABIX acTpo(U3HKOB MOJ PYKOBOCTBOM
. B. 3enbaoBuua moBesia IIHPOKOE HACTYIUICHHE Ha IIpO-
6neMy wucclienoBaHWS —AaKKPEUHUPYIOIUX PEISTUBHCTCKHX
3BE3 1.
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B 1969 r. BmepBrie OBUIO paccMOTpeHO (OpPMHpPOBAHHE
CIEKTpa aKKpelUpyrolled HeHTpoHHOM 3Be3bl. PacyeTsl 10-
Ka3bIBAJIM, YTO HEHTPOHHBIEC 3BE3bI JOJKHBI OBLITH MCTOYHH-
KOM peHITEeHOBCKoro usjaydenus. Kak mepBoe mnpubJmxeHue
6BpL1a paccMOTpeHa HEWTpOHHAsA 3Be3ga 0e3 MarHMTHOrO IIo-
g, OgHako sBJIEHHE DPaaHONyJILCAPOB NPSIMO IOKa3LIBaeT,
9TO MAarHUTHBIE NOJIA Y HEHTPOHHBIX 3B€3J €CTh U OHH MO-
IyT UTpaTh BaXHYIO POJIb IPU AKKpPENMHU BellleCTBA HA HX
MOBEPXHOCTb.

AxkpenppyeMoe BeELIECTBO B [BOWHOM CHCTEME — 3TO
W1a3Ma, NpeKpacHO HpoBoOIAINAs JMEeKTpH4eckuii Tok. Ilpm
XapakTepHOM IS OBOMHBIX CHCTEM TeMIIE aKKpeIMH Mar-
HUTHBIE TOJIA HAYMHAIOT BJIMATH HA [IBUKEHHE BEILIECTBA Ha
PacCTOSHUAX B HECKOJIBKO THICAY KWJIOMETPOB, T. €. Ha pac-
CTOSHUAX, B COTHH Pa3 MPEBOCXOIAIIUX pa3Mephl caMoi
HEHTpOHHOH 3Be3apl. BelecTBo moj AeiicTBHEM mNoJg Ha-
YUHAeT JBUTaTbCi AHU3OTPONHO. 3HAYUT, M H3JIy4aTh Hell-
TPOHHAa 3Be3Ja OyleT aHM30TpOIHO. Bpalnenue 3Be3asl coe-
JIaeT H3JIyYeHHE MYJILCHPYIOIIUM !

IMpumepuo B 310 Xe Bpemsa B. ®. IIsapuman, yyeHuk
A. B. 3ensa0oBuva, BRIABHHYJ CMEIYIO HACKO O HEOOXOIUMO-
CTH CYILIECTBOBAaHUS DPEHTTEHOBCKHUX MYJLCAPOB' B TECHBIX
IBOMHBIX cucTeMax. OH pacCyXaasl CleRyIoIMM o6Gpa3oMm.
ITomecTuM MBICIEHHO Kakoi-HHOYIOp paIMOIyJibCcap, HANpPH-
Mep paauonyibcap B KpaboBuaHoit TyMaHHOCTH, B IBOMHYIO
cucteMy. Takoil Iyibcap U3JIy4aeT (KEKTHPYET) MOIILHBIE
MOTOKH IEKTPOMArHUTHBIX BOJIH M PENATHBUCTCKUX YaCTHIL
JlaByieHHe KEKTHPYEMBIX MOTOKOB HACTOJIBKO BEIIHMKO, YTO
BCE BEILIECTBO 3BE3JHOTO BETPa «BLIMETAETCHA» W3 ABOHHOM
CHCTEMBI W aKKpelus HEeBO3MOXHA.

Ho Beuno Tak mpomoixkaTeca HE MoxeT. Benp mynbcap
TepseT SHEPruIo BpallleHus — 3HA4uT, 3aMemisgercd. [To mepe
3aMeUIeHHs NaJaloT €ro CBETHMOCTh M JaBJIeHHMe, oTOpachl-
Balolliee 3Be3dHbINH BeTep. OOA3aTeNIbHO HACTYIIMT MOMEHT,
KOrJa paJgMonyJIbcap HACTOJIBKO «IOXYXHET», YTO aKKpelH-
pYyIolliee BELECTBO MOJ NEHCTBUEM NPUTSKEHUA YCTPEMMTCH
K HeHTpoHHOH 3Be3ne. M3iyyeHue mysbcapa 3aTyxio, HO ak-
Kpenus ellle HeBo3MoxHa. Eif Memaer GuicTpo Bpainaroiiee-
Cci MAarHuTHOE IoJie HEUTpoHHOU 3Be3mpl. OHO, nomoGHO
TUTaHTCKOMY Nporneuiepy, pa3bpachiBaeT BELIECTBO, HE AaBas
eMy ynacTb. O10T 3¢dexT nosxe 6vu1 mazpan A. ®. Uia-
proHoBEIM B P. A. CronseBsM 3¢dexToM npomnestepa. Ot-
6pacbiBasi BEIIECTBO, MYJILCAP MPOJOJIKAET TOPMO3UTLCH, U
HAKOHEIl, aKKpelUs CTAaHOBUTCA BO3MOXHOH. Bemecrso
YCTPEMJISE€TCS Ha MarHMTHBIE MOJIOCA HEUTPOHHOM 3BE31bI,

108



rOe BBIOENSETCS T'HTaHTCKas
sHeprus. BenbixuBaer peHtre-
HOBCKHIf MyJbcap, HCTOYHHK
3HEPIUH  KOTOPOro — aKKpe-
[us.

OTOoT cueHapmii ka3ajcs
CJIMIIIKOM CMEJIBIM M MHOTHMH
cnenuagucTaMu ObLT BOCIHPH-
HAT BEChMa MECCUMHCTHYHO.
OnaHOBpEMEHHO MOJIOIOH acT-
podusux H. U. Ilakypa pac-
CMOTPEJ AUCKOBYIO aKKPELHUIO
Ha 4YEpHYIO OBIPYy M JOKa3al,
YTO YepHas Opipa B JOBOHHOM
CHCTEeME NOJKHA OBITH HMCTOY-
HMKOM PEHTT€HOBCKOro H3JIy-
yenus. BykBaibHO uepe3 rop
BCE 3TH pe3yJbTaThl ObLIH Be-
JIMKOJIEMHO MOATBEPKIECHLI Ha-
6monenusMu ¢ 6opta amepu-
KaHCKOT O PEHTT€HOBCKOI'0
CIYTHHKA «YXypy».

Pa6ortel, BeIMOJIHEHHBIE CO-
BETCKUMH acTpou3uKaMu [0
3amycka «YXypy», OOBSACHATH  Puc. 51. Tpu cocTosHHA HEHTPOH-
OPaKTHYECKH BCE OCHOBHBbIe HOH 3Be3llbl B nno:i;;oﬁ CHCTEMe:
YEpPTHI M CBOMCTBA PEHTTEHOB- - «;’;g;’:;gzgf? ol ax‘ggzﬁg_’
CKHUX HMCTOYHHUKOB, OTKPBITBIX Iolllasi HeHTPOHHAs 3Be3/a
B 70-e rogpl. YUtobObI maTh moO-

YyBCTBOBATh BKJIaJ COBETCKHX

YYEHBIX, TOCTATOYHO CKa3aTh, YTO BCe paboOTHI, MOCBSIICH-
HBIE AKKPEIMPYIOUIMM HEWTPOHHBLIM 3Be3JaM [0 3amycka
«Yxypy», 6sun BeimosiHeHsl B CCCP.

«YXypy»

12 nexabps 1970 r. ¢ Teppuropun Kennm Obu1
3amyllleH IepBBIH CHEMAJIN3UPOBAHHBIH PEHTT€HOBCKHIA
CIYTHHK «YXypy». YXypy Ha sI3bIKE CyaxXWwIH O3HAYAET «CBO-
6oma». Ha 3ToM cnyTHHKe OBUIM YCTaHOBJIEHBI PEHTTEHOB-
CKHE€ CYETYHKH, KOTOpPbiE MOTJH 3a(pUKCHpOBaTh HCTOYHHK
B 10000 pa3 cimabee Ckopmuona X-1. MoxHo cka3aTh, 4TO
C 3amyCKOM 3TOro CHYTHHKA YeJIOBEYECTBO CTajO BHICThH
B PEHITEHOBCKOM [HMana3oHE.

3a HeckOJIBKO JIET HAaOIIONEHU# C HOMOIIBIO 3TOTO CIYT-
HHKA ObUT1O OTKPHITO 60itee 300 peHTTeHOBCKHX HCTOYHHMKOB.
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Oco6oe BHMMaHMe NMPUBJIEKIH K ceOe Haubonee sSpKHe peHT-
TeHOBCKHE MCTOYHUKH. HekoTopble U3 HHX, KaK H HpEACKa3bi-
BaJIM COBETCKME acTpodu3MKH, myabcupoBaiu. OaHuM us
IepBhIX ObLT OTKPHIT peHTreHoBCkuid mynbcap IlenraBp X-3.
Ero mepuon oka3aiics paBHbM 4,8 cexynnasl. KpuBas Ojiecka
PEHTTEHOBCKOr0o MyJibcapa (CM. pHC. 52) CHWIBHO OTJIHYAeTCH

’ |4z80

PexmaenolBorud
nomorx
1]

Bpems

Puc. 52. 3amuce pEHTTEHOBCKHMX MMIYJBCOB OT myJsiscapa LleHTaBp
X-3 (Monmynanusa o0yciIOBJIEHa BpalllCHHEM NPHEMHHKA)

OT KpuBO#f Oylecka pamuonyibcapa. Kpusbie Giecka paamo-
MyJbCapoB (HANOMHMHAIOIME CTAPYIO PAacuecKy) HMeIn OYeHb
TOHKHE WMMYJbChl. VIMIYJIBCHI pPEHTTEHOBCKOIO ITyJIbcapa
MeHee BbIpaXkeHbl, 1 UX KpuBas Ojecka, ckopee, IOXOXa Ha
Kpast MEXOB TapMOILIKA. DTO O3HAYAET, YTO JIy4Y «IPOXKEKTO-
pa» pPEHTITEHOBCKOTO TyJibcapa 3HAYUTEJbHO IIHpE, YeM
y pammomnyJibcapa.

Bckope 6pulo 3aMedeHO, YTO HMMOYJbCHI OT MyJibcapa
OpUXOIAT TO daile, To pexe. Kak Oyaro kro-to urpaer Ha
rapMollke, HEPHOAMYECKH CXHMas U packumas Mexa. IJta
«urpa» ¢ nepuoaoM 2,087 nus Owlia Jierko pasrajgana. Msiy-
YeHHE MyJbcapa — MPOLECC MEPUOTUYECKMM, M KaK BCAKHMA
NepHONYECKH Tpoliecc, oH moaBepxeH dddexty Horutepa.
Koraa nynscap npubnmkaercs K HaM, HEpHOJ ITyJIbCAI[Hid
yMeHblIaeTcs (rapMoIlKa C)KUMAaeTcs), 1 HaobopoT, mpu ya-
JIEHHH €r0 HMIYJIbChI IPHXOMIAT PEdXe.

Tak Obula noka3ana IBONHCTBEHHOCTh PEHTTEHOBCKOTO
nyjabcapa. BeIACHWIOCH Takke, YTO PEHITEHOBCKOE H3JIyue-
uHue kaxaeie 2,087 musa ucuezaeT. CpaBHEHHE PEHTTEHOBCKOM
KpUBO# Ojiecka W KPHBOH JIy4eBBIX CKOPOCTEil IyJibcapa He
OCTaBJISUIO COMHEHMH, YTO NyJbcap NEPHOAMYECKH 3aTMe-
BaeTcs BTOPOH, Ooibloii 3Be3moit (puc. 53).

PentrenoBckas annapaTtypa He IO3BOJISIET TOYHO OIIPeEJe-
JIATh KOODIMHATHI HCTOYHMKA, a4 JMIIL JaeT HEKOTOPYIO
obs1acTp (KBaapaT olHOOK), BHYTPH KOTOPOM 3TOT HCTOYHHK
JOJIKEH HaxoAuThcsa. Bckope BOIM3M KBagpaTa OLIKMOOK
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Puc. 53. KpuBbie Giecka M JIyueBBIX CKOPOCTEH ONTHYECKOH KOMIO-
HeHThl llenraBpa X-3

IlenTaBpa X-3 Obula HaiimeHa 3Be3na, KOTopas MeHsUIa
cBoii Oyieck ¢ mepuomoM 2,096 nus. Hebonbloe pacxoxie-
HHE MOXHO ObLIO OOBSCHUTH HETOYHOCTSMH B OMPEIC/ICHHH
onTtuyeckoif kpuBoil Oiecka. Takoe oOBbscHeHHe u OBLIO

l:

«B3aumoomHowenus» mexncoy paduo- u peHmzeHO8CKUMU NYAbCapamu
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npHHATO noHayaly. OHAKO MO Mepe HaKoILIeHus HabJrrona-
TEJIbHBIX JIAHHBIX Pa3sHUIA B PEHTTEHOBCKOM H ONTHYECKOM
nmepuomax He yMeHbIajiack. TeopeTHkaM NpHIILIOCH Obl
MHOTO IONOTETh Haj 3TOH HpoOJIeMOMH, eciil OBl HE IOJb-
ckuit actporoM Boiinex Kiemunckuit. B 1974 r. noogais ot
KBajapaTa olnboK, JaBaeMoro «Yxypy», 6buia HaiifieHa 3Be3-
J1a, KOTOpast MEHsUIa CBOIl OJIeCK B TOYHOCTH C TEM Xe Iic-
PHOJIOM, YTO U PEHTTEHOBCKHIi mynbcap. CoceqoM mysibcapa
OKasaJicsa roiy0oii cBepXrUraHT ¢ Maccoii nmpuMepro 20M .
IIpexpacnoe noarBepxaeHue BCeil TEOPHH: MAacCHBHAs OBOH-
Has, TOJOyOOil CBEpXTMTaHT C HMHTEHCHBHBIM 3BE3[HBIM Be-
TPOM H HEHTPOHHAas 3Be3ja — myabcap. K Hacrosiemy
BpeMeHH (1984 r.) OTKPBITO 0K010 20 PEHTI€HOBCKHUX I1yJILCA-
poB, 06OJbILIAs YaCTh KOTOPHIX BXOJHUT B COCTAaB MAaCCHBHBIX
JBOMHBIX CHCTEM (CM. TaOi. 2).

Korna GbUTH OTKPBITH NEPBbIE PEHTTEHOBCKHE IMYJILCAPEI,
caMH OTKpBIBATEJIH €llle COMHEBAJIUCh B BHIOOpE NpPUHIMIIA

Ta6bnuma 2
PeHTreHOBCKHE MyJbCaphl
Iepuon |OPSHTAME popyo | Xapagrep-| oo
Haspanne ny:llasm- HBIH Te- |, g li:omm— Hogx oper:m MOCTB,

ouil, ¢ p;_lof’ HeHTa m{x; r%jm LiLg
A 0538—-66 0,069 16,66 Be 200 000
SMC X-1 0,71 3,892 BO 1 1400 150 000
Her X-1 1,24 1,7 HZ Her | 340000 2500
H 0850—42 1,8
4U 0115 + 63 3,61 24,31 B 30000 2500
V 0332 + 53 4.4 34 Be 200
Cen X-3 4,84 2,087 |O6 II-III{ 3400 12000
IE 2259 + 59 6,98 0,03 2000
4U 1627—-67 7,68 0,0288 KZ Tra 5000 2000
2S 1553—54 9,26 30,07 (?)
LMC X4 13,5 1,408 >1000 | 88000
28 1417—62 17,6 >15 5 10000
OAO 1653—-40 38,2 200 2100
A 0535426 104 111 (?) | 09,7 1Ie 1000 5000
GX 1+4 122 >15 M6 Ille 47 10000
4U 1230-—61 191
GX 304-—-1 272 135(?) | BO - BS5 500
Vela X-1 283 8,965 O-B 3000 350
4U 1145-61 292 187 (D) > 1000 75
1E 1145,1—614 297 >12 |HE N 715/ > 300 750
A 1118—61 405 Mupuna 1200
4U 1907 + 09 438 8,4 O-B
4U 1538—-52 529 3,73 BOI 2 500 1200
GX 301-2 696 41 A 977 = 100 2500
X Per 835 580 (7) 09 1400 2,5
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ux pgefictBus. MHOrHe HaXOHWINCh TOJ BIIEYATJIEHHEM pa-
nuomysiscapoB. Ho Bckope comMHeHus pa3Besutuch. Ilepuomasl
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Bpems Hadnrodenus, 2006/
Puc. 54. U3Menenne nepuona peHTreHoBckoro myiabcapa LlentaBp X-3

PEHTTCHOBCKHX IYJILCAPOB HE YBEJIIMYMBAJIUCH, KaK y paauo-
myJabcapoB, a yMeHbauch (cM. puc. 54). EnuHCTBEeHHBIM
MEXaHH3MOM, CIIOCOOHBIM OOBSICHUTH CBEYEHHE PEHTICHOB-
CKHX IIyJIbCApOB, OKa3ajlach aKKpeuus.

B 3Be3nHoM Berpe

Ornruveckas kpuBas Oyiecka 3Be3npl KieMun-
ckoro (puc. 53) mpencrasiser coboil TBOIHYIO BOJHY C aM-
wiutyaoit ~ 0™, 1. D10 — 3ddeKT IINICOUTATBHOCTH TIITIOC
cnaboe 3aTtMenne. Ho Manenbkas HEHTpOHHAs 3Be3/1a HE MO-
JKET 3aTMEBaTh CBEPXIMTaHT. A Tak
KaK camMa HEHTpOHHas 3Be3la MIpak-
THYECKH HE M3JIyYaeT B ONTHYECKOM
JMana3oHe, TO Takas CHCTeEMa He
MOXET OBbITb 3aTMEHHOH B BHIH-
MoM cBere. Omnako ciaboe 3at-
MeHHE HabJromaercs: BTOPHYHBIH
MHHUMYM IJ1y6xe nepBuynoro. Hop-
MaJibHas 3Be3/1a, Mo-BUAUMOMY, 3aT-
MEBAeTCs IMOJIYIPO3Pa4yHbIM aKKpe-
IIHOHHBIM MOTOKOM BOKPYT HEHTPOH-
HOil 3Be3npl. Mcnonb3ys BUAMMYIO
U PEHTTEHOBCKYIO KpuBrle OJlecka, a
TakXXe KpPUBBbIE JIYYEBBIX CKOPOCTEH,
HallieHHbIe 110 CHEKTPAIBHBIM JIH- b0 55 Jinoiinas cHcTeMa
HHSIM ONTHYECKOH 3BE€3[bl U 1O M3-  penTreHOBCKOTO NyJbCAPA
MEHEHHUIO TIepHOIa PEHTTEHOBCKOIO Llentasp X-3
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myJibcapa, yJajloCh IOBOJIBHO TOYHO OMNpPENEIUTb MHOIHE
napaMerpsl aBoiHOK. CxemMa ee mokasaHa Ha pHC. 55.
OmnrTuueckasl 38e37a oyeHb OJim3ka x noJsiocth Pomna, HO
He 3anoiHseT ee. Taxoe sBJieHHe HaOJIOmaeTcs e€lle y He-
CKOJILKMX PEHTTE€HOBCKUX myiabcapos. Kasasioce, 3TO mpsMo
CBHJETEJLCTBYET O TOM, 4TO 3Ji€Ch NMPOHUCXOIUT NEpETEKaHHE
BEIIECTBA 4yepe3 BHYTPeHHIOK Touky Jlarpawxa («rpaBuTa-
UUOHHEBIA BeTep»). Ilo-BUIMMOMY, 3TO HE Tak.
BrocieacrBuyn ObUTH OTKPBITHI JBONHBIE CUCTEMBI C PKH-
MH PEHTT€HOBCKMMH IMyJIbCapaMH, B KOTODHIX ONTHYECKHE
3Be3abl JAJIEKO HE 3anojHsaioT mnojoctu Poira. BeposrtHo,

B 3eesdHom eempe

IJIABHYIO POJIb BO BCEX 3THX CHCTEMax MrpaeT 3Be3JHbIN Be-
Tep. Helitponnass 3Be3ga 3axBaThIBa€T CBOMM [paBHUTa-
IUOHHLIM TIOJIEM 4YacCTh BeIlleCTBA M3 3BE3JHOrO BeTpa (cM.
puc. 55). Mbl yxe ybemwinch B TOM, 4YTO UIs oOecreyeHHs
HabJroJaeMoif CBETUMOCTH IMYJIHCAPOB — HECKOJIBKO ThHICAY
ceeruMocreit  CoJiHIIA — OCTATOYHO, 4YTOOBI HEHTpOHHAs
3B€3/ia 3aXBaThiBajla BCErO JIMIIb THICAYHYIO WIH JECATHTHI-
CAYHYIO JOJIFO HCTEKAIOLIEro OT HOPMAJILHOM 3Be3/Ibl Bellle-
crBa. Bo3MOXHO, B HEKOTOPBIX CIy4asx K 3BE3JHOMY BETPY
mobaBigerca c1aOblil «TPaBUTALMOHHBINA CKBO3HIYOKY.

YTo NpoMCXOOUT AajblI€é C 3aXBAYEHHBIM BEIIECTBOM?
BoopyXUBIINCHL BOOOPaXKaeMbIM BCEBOJIHOBBIM TEJIECKOIIOM,
6yneM paccMaTpuBaTh TaKylO0 OBOHHYIO MO BCE OOJBILIHM
# OOJIbIINM yBesnYeHHeM. Pa3mep ABOMHOM CHCTEMBI, T. €.
pa3Mep opOUTHI HEHTPOHHOM 3BE3ILI B TAKOW CHCTEME — IO-
psanka 10 MWITHOHOB KWIOMETpoB. Toro xe mopsaaka H
pa3Mep HopMaibHOI 3Be3apl. PasMmep «mapyca», KOTOpbM
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HEATPOHHAS 3B€3/1a 3aXBATHIBAET 3BE3IHBIN BETEP, IPUMEPHO
B 100 pa3 MeHblile, HO BCE € JOCTHUIaeT HECKOJIBKHX COTEH
ThicsY KHJIoMeTpoB. C MOABETPEHHOH CTOPOHBI HEHTPOHHOIM
3Be3bl oOpa3yeTcss KoHycooOpa3Has yJapHas  BOJIHA.
VioapHble BOJHBI BO3HUKAIOT IPH CIJIBHBIX BO3MYIICHHAX
KunKkocTH wiM raza. IlpencraBuM cebe Teo, ABHXKYIIECECH
B rase. Ha rpaHune tena ras cjerka ymloTHeH. DTO YIUIOT-
HEHHE HAYUHAET PacIpOCTPAaHIATHCA IO ra3dy CO CKOPOCTbIO
3Byka. Ecnu Tesno nBUXeTcs co CBEPX3BYKOBOH CKOPOCTHIO,
TO OHO OyAeT OOroHATH «BO3MYLIECHHUN», KOTOPHIE COCPeno-
TOYEHBI BIOJIb KOHYCa C BEpPILIMHOH BOJIM3HM IOBEPXHOCTH Te-
Ja. BHe xoHyca ra3 mokouwTCs — BEIb OH €IIE€ HUYETO «HE
3HaeT» 0 TeJsie. BHyTpH KoHyca ra3 ypiyeyeH tesioM. Crienosa-
TeJIbHO, HA CTEHKaX KOHYyca IHPOMUCXOAMT PE3KHil CKayOK CKO-
pocTH, a 3HaYUT, ¥ IUVIOTHOCTHU ra3a. [Ipoxons cTeHKy KoOHy-
ca, ra3 kak Obl HCHOBITBIBAeT yaap. Tak Kak HeHTpOHHas
3Be3Ja elle€ U caMa JBWXXETCH, KHJIbBATEPHBIH ciiell MoBOpa-
YuBaeTCs BHOJIb BEKTOpA Pa3HOCTH CKOpoCTed HEHTPOHHOH
3BE3/IbI U 3BE3JHOro BeTpa. 3axBaueHHOE HEHTPOHHOH 3BE3-
JION BelecTBO ycrpemiisercs K Hed. OmHaKo NPSMO OHO HE
nanaet. EMy Melaer BpamaTesJbHbIH MOMEHT, BLI3BAHHBIH
opOuTaJIbHBIM OBIKeHHEM. B HEKOTOpBIX Ciyyasx Bpamia-
TEJILHBIM MOMEHT OKa3bIBA€TCA CTOJIL BEJIUK, YTO BOKPYI HEM-
TPOHHOH 3Be3abl obGpa3yeTcs akKpeuMOHHbIH muck. B apy-
rdx e CcJiy4asix TpaeKTOpHA AaKKpelHMpyeMOro BellecTBa
JIMILb CJIETKa MOAKPYYHUBAETCH.

Kax paGoTaer peHTreHOBCKHil MyJbcap

AKKpenupyeMoe BEIIECTBO IpPEACTaBISIET CO-
6oif XOpOILIO IPOBOAAIIYIO 3JICKTPUYECKHH TOK IIIa3My.
W neanbHbl NpOBOJHUK 06JafaeT CBOHCTBOM HE NPOITYyCKATh
B ce0s BHELIHUE MAarHATHBIE 110JI1 — 3TO CBOMCTBO Ha3bIBAET-
¢ nuamarHetusMom. JluamarHeTH3M IUIa3Mbl MOXHO IIO-

Puc. 56. /lnaMarHeTH3M ILIA3MBI
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HATH CleayomwuM obpazomM. JlonmycTuM, BHELIHEE MarHUTHOE
[mojie MPOHHUKJIO BHYTPh IUIasMbel (cM. puc. 56). B miasme
MHOro cBobOomHsIx 3ekTpoHOB. [Tonx nefictBueMm cuisl Jlo-
peHIla OHM HAYMHAIOT BPAIATbCS B MArHUTHOM IIOje, NpH-
4YeM BCe B OMHOM HampaBiieHud. Kaxawlif Tako# 3J1eKTpOH
co3qaeT MaJleHbKHil KoibHeBoi TOk. CKiIaAbIBasch C COCEn-
HUM, OH B3aMMHO KOMIleHCHpyeTCs. HeckoMmeHCHpOBaHHBIM
ocTaeTcss TOJIbKO INOBEPXHOCTHBIA TOK. DTOT TOK BHYTPH
IJIa3Mbl CO3/1aeT MAarHUTHOE IOJie, PaBHOE IO 3HAYEHUIO
H IPOTUBOIOJIOKHOE 110 HANPAaBJICHUIO K BHEIIHEMY IIOJIIO.
CyMmmMapHoe nojie BHYTpH oOpaiaercs B Hyib. ITomyvaercs,
Kak Oyaro miasmMa BBITOJIKHYJNA H3 cebsl CHIIOBBIE JIMHUH
MarHuTHOIO IOJIS.

g akxkpeuupyemoii Ijia3mMbl «BHEIIHHM» OKa3bIBaeTCs
MarHMTHOE NoJIe HEHTPOHHOM! 3Be31pbl, HO MPH 3TOM OHO Ha-
xomutcsa BHyTpu! IIna3sma, magas Ha HEHTPOHHYIO 3BE3NY,
CKHMaeT ee MarHutHoe noie (cM. puc. 57). Ho none compo-
TUBJIgeTCA cxaTuio. CoOCTBEeHHOE NaBjieHHE MarHUTHOTO IO-
Jis OueHb OLICTPO HapacTaeT NpU NPHOIIKEHHH K HEATPOH-
HOit 3Be3me. Ha paccrosHmHsIX
HOpANKA HECKOJNbKUX ThICAY
KuJIoMeTpoB CWia jJaBiieHHs
MAarHuTHOT O MOJIs CPaBHUBAET-
cs C CUJION rpaBUTanuu HeH-
TpoHHOU 3Be3asl. 3xech ¢op-
MHupyeTcs Maraurocdepa Heii-
TPOHHOI1 3BE3IBbl.

Ho kak xe BelliecTBO mpo-
HUKaeT HAa IMOBEPXHOCTb HEM-
TpouHo# 3Be3apl? IIpomcxo-
IUT 3T0 Oiaromaps pasiuy-

. HbIM THAPOMAarHUTHBIM HeEyc-

P 57, Marurosbepa 1eiTBO%  ojimmoctam. [laawa e Mo-
aKKpewun XKET MPOWTH uepe3 CUIOBbIE

JINHUH, HO OHAa MOXET UX pa3-

IBUHYTh. Ecnu axkpenuoHuslil AUCK He 00pa3oBaJIcs, mia3Ma
CKaIUIMBaeTcs Ha MarHurocdepe HedTpoHHOU 3Be3apl. Mar-
HHUTHOE IOJIe BO MHOTOM HallOMHUHAET YIPYTYIO KHAKOCTHY,
Ha KOTOPOH B IOJIE TSKECTH HEUTPOHHOW 3BE3MbI WIEKHUT»
Apyras <«OKHIKOCTb» — miaasma. OcTeiBas, miasMa yILUIOT-
HAETCA M CTAaHOBUTCH «TsKenoi». TyT cpabareiBaeT Ta Xe
HEYCTOMYHMBOCTB, YTO M B YaiiHWKe, U B KOHBEKTHUBHOM 000-
JIouKe 3Be3asl — HeycToiuuBocTh Penes — Teitmopa. Tsxe-
Jlasg XKHMIOKOCTh (IJa3Ma) CTPEeMHUTCS IMOMEHATHCA MeCTaMH
C MarHuTHeIM mnoJjieM. [lna3ma B BuAe T'MTaHTCKHUX Kalelb
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(pa3Mep HMX JOCTUraeT COTEH KHUJIOMETPOB), pa3iBUras CH-
JIOBbIE JIMHUH, NPOCAYMBACTCS BHYTPb MarHutochepbl Heid-
TpOHHOM 3Be3npl. Janblle Kamim ApodsTcs Ha OoJiee Mel-
kue. PacnbuieHre NPUBOAMT K TOMY, YTO 3JIEKTPOHBI U MOHBI
HaYMHAIOT YyBCTBOBaTh MaruutHoe nouie. ITonepek noss onu
aBUraThcs He MoryT. UM ocrtaercs TOJBKO OIHO — CKAaThl-
BaTbCS MO CHUJIOBBIM JIMHUSM Ha MarHUTHBIE TOJIIOCA HEM-
TpOHHOH 3Be3apl. TaM, ymapsisick O TBEpIAy:O INOBEPXHOCTb
HEHTPOHHOM 3Be3/b! co ckopocTbio 100000 xM/c, mia3ma Ha-
rpeBaeTcsl 4O TMTaHTCKOH TeMIepaTypbl B MUJUIMAPALI Ipa-
nycos. (Bor BaMm u Mecto «moropsuee»!) Ha manenbkom ns-
TauYKe pa3sMEPOM MEHEe OJHOro KBaApPATHOTO KHMJIOMETpPa
BBLICIIACTCS BCS 3HEPTUsl PEHTTEHOBCKOIO IyJbcapa (TOYHEE,
ee NOJIOBUHA, BEIb IOJIIOCOB [BAa) — THICSYH CBETHMOCTEH
Counna.

Ecmu BOKpYr HeHTpOHHO# 3Be3nnl oGpa3yeTcs OHCK, He-
ycroiiunBocTh Peness — Teitmopa He «paboraet». BemecTso,
Bpalarouieecs BOKpYr 3Be3n, nudero He Becut! Ho Bo3HE-
KaeT Jpyras, MarHUTOrMAPOAMHAMHYECKas HEYCTOHMYMBOCTE.
TOHKMI AKKPELMOHHBIM AUCK «IEPeKMMAeT» MAarHHUTHOE IO-
Jie, KaK Mmoka3aHo Ha puc. 58. OcoOeHHO CHIBHO BO3pacTaeT

Puc. 58. CTpykTypa MarsMTHOTO IOJIA B CJyyae AMCKOBON aKKpELHH

HANpPSDKEHHOCTh MAarHUTHOTO MOJI Yy BHYTPEHHErO Kpas Iu-
cka. CHIOBBIE JIMHHM CTPEMATCS PacIpsMHTbCA. DTO BO3-
MOXHO TOJBKO B TOM CJIydae, €cjid IUlasMa M IOJIE IOMe-
HAIOTCA MeCTaMM. BcJenCTBHE Takoil IepecTaHOBOYHOM
HEyCTOMYMBOCTH IJIa3Ma HEOOJIBIIMMHU CIYCTKAMM IOCTYIAeT
B MarauTochepy HEHTpOHHOH 3Be3nbl, JPOOHMTCS U «BMOpa-
XKHMBAETCS» B CHJIOBbIE JIMHHM MaruutHoro nois. Kak mo
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peiibcaM, Ila3Ma CKaThIBA€TCS HA MAarHUTHBIE IOJIFOCA HEM-
TPOHHOM 3BE3[bl.

IToBepxHOCTH AUCKa MOKpBITa BoJHaMu. VX mpoucxoxae-
HHE CBA3aHO C TaK Ha3bpiBaeMoil HeycToiumBocTbio Kenb-
BuHa — FenpMmrosnbpua. C 3To#t HEyCTORYHBOCTBIO MBI CTAJIKH-
BaeMcs KaxIblii AeHb. biaromaps el BO3HHMKAalOT BOJIHBI Ha
BOJie, pa3BeBaroTCs napyca, ¢Jard M 3aHaBeCKM Ha OKHax.
Bo3HHKHOBEHHE HEYCTOHYMBOCTH JIETKO HOHATh. IlycThb
HMEIOTCS [BE XUAKOCTH — OIHA HENMOABWXKHA, a Jpyras Te-
YeT HapasUIeIbHO HX IUIOCKOH rpanHuile (TsokecTu Het). I'pa-
HHIIAa HENOIBHXHA — BCE CHJIBI ypaBHOBelleHbl. HM3oraem
cnerka rpaHuny. JlaBienue B mokosiedcs KHAKOCTH HE U3-
MEHHTCS, CJIEAOBaTeIbHO, HE U3MEHHUTCS U CHJIa, JEHCTBYIO-
1asi CO CTOPOHBI HEMOJBMXHOW KUAKOCTH HA TPAHHUIYY DPa3-
Jesa. A BOT cujia AAaBJICHHS CO CTOPOHBI TEKYINEH XHAKOCTHU
yMeHbiuTc. Ha o6Tekaronyro BHICTYHI XHUAKOCTh HAYHHAET
neiicTBOBaTh NEHTpOOeXkHas cwia. BRICTYD YBelIMYHBaeT-
cq — 3HayuT, rpanuna HeycroiuuBa. Ha pexe ponap texyuiei
xKuakocTd urpaer Berep. IToBepXHOCTHL pekH HOKpBLIBAaETCS
psabbro. BricoTa BOJIH OrpaHuHueHa CHJIONH TKECTH.

Ha mnoBepxHOCTH aKKpEHMOHHOTO IUCKa pOJIb «BETPA»
BHINOJIHAET OBICTPO Bpallarolieecs MarHUTHOE IOJie Heii-
TPOHHOM 3Be3abl. «BOJIHBIY MOAHUMAIOTCS HA BBICOTY B J€-
CATKM KHJIOMETPOB. BphI3ru mijaa3mMbl CMEIIMBAIOTCS C Mar-
HATHBIM 1HoJieM. B oO0mieM, BO3HHKAacT KapTHHA B [JyXe
A#Ba30BCKOrO (CM. HETBEPTYIO NOJIOCY OOJIOXKKH).

OcHoBHas A0JIS SHEPTHH IIyJibCapa BBIAEJSAETCS Ha Mar-
HUTHBIX IIOJIFOCaX HEHTPOHHOH 3B€3[bI B CUJILHOM MAarHHUT-
HOM mojie mopanka 102 — 10'3 I'c. HanoMHauM, 4TO Hanps-
XEHHOCTh MarHutHoro mnojis y 3emumu npumeprHo 1 Ic.
Manyyenue B cToJIb CHJIBHOM moJie aHu3orponHo. HeitTpon-
Has 3B€3]1a IByMS PEHTTeHOBCKHMH JIyYaMH, TOJ00HO TMTaHT-
CKOMY BpallfarolieMycsi MpoXeKTopy, ocBeiaeT Bcenennyro.
ITepuonuiecku jyd momagaeT Ha 3e€MJIIO, M TOrAa Mbl BH-
OUM IIyJIbCap.

Iloyemy HeliTpoHHBIE 3Be3.bI?

BoNbIIMHCTBO  PEHTTEHOBCKHX  IYJILCApPOB
uMeroT nepuoanl 6onee 100 cexynn. ITouemy Mbl yBepeH®I,
4TO 3TO He#iTponusle 3Be3abl? KoHneyHo, HuKakas HOpMaJb-
Has 3Be3Ja He MOXeT CToJb OBICTpo Bpamathes. IIpu Takom
OBICTPOM BpallleHHH LEHTPOOEXKHbIE CHIIBI IONPOCTY pa3op-
BYyT orpomMHyr 3Be3gy. Ho cymectByroT Oenble KapiMKH,
pa3Mepbl KOTOPHIX (BCErO HECKOJIBKO ThICSY KHJIOMETPOB)
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NO3BOJISIOT MM BPAINAThCH C MEPUOAOM BILIOTH [0 HECKOJIb-
KHX CEKYHI.

IlepBoe BpeMs HaMBHO mpenmoJiaraji, YTO PEHTTEHOB-
CKOE€ M3JIydeHHE XapaKTepHO JIMIIb [JIf YEPHLIX ObIp H Hei-
TpoHHBIX 3Be3d. Ho B cepenune 70-x rogoB ObLJIO OTKPBITO
HYJIbCHPYIOIeE U3JIydcHHe OT OeJbIX KapjMKOB B CHCTEMaXx
tuna AM I'epkyiieca — nonsgpax (0 HUX Mbl OyneM roOBOPHUTH
B cienyrowel riase). CienoBaTelbHO, HE CKOPOCTb Bpalile-
HUS, HH HaJW4YMe PEHTTeHOBCKOTO M3JIyYeHHs €IIe He
SBJISIFOTCS CBUAETEJIBCTBOM TOI'O, YTO MBI HMEEM JEJIO C Hel-
TPOHHOH 3Be3J0i.

W Bce ke HalexHBIH KPUTEpHH CyIIECTBYeT.

Ha nmomMoips 3mech IPUXOOUT TO OOCTOATENBCTBO, UTO
nyabcapbl yckopsirorcs. IMeHHO 3TO cBOMCTBO «yrpobuion
paavonyiabCcapHylo MOIedb H3BJICYEHHS SHEprHd. Mbl yxe
HEOJHOKPAaTHO FOBOPUIIH, YTO BEIIECTBO, 3aXBa4€HHOE aKKpe-
nupyoleil 3Be3noi B IBOHHOM cucTeMe, 00JialaeT OTHOCH-
TEJIbHO Hee BpamatesbHBIM MOMeEHTOM. Ilamas Ha 3Besny,
BEILIECTBO YCKOPSeT ee BpalleHne. IMEHHO NO3TOMY IIyJjib-
capbl U yckopsroTcs. TouyHoe 3HaYeHHE YCKOPSIOUIErO Mo-
MEHTa CHJI 3aBHCHT OT MHOIHX 3apaHee HEHM3BECTHBIX Iapa-
MeTpoB. Hanpumep, OT MAarHMTHOrO mnojsA HeHTPOHHOM
3Be3nbl. Ho cymiecTByeT orpaHmyeHHe Ha ycKopsiolee Aeii-
CTBHE MaJalOLIero BellecTBa, HE 3aBHCAINEE HH OT KaKuX
MpeanoIOXKeHUH O AeTalsaX IPOLECCOB, a 3aBHUCAIIEE TOJIHKO
OT Ileproja BpallleHHs 3Be3Obl M Temma akkpermu. Kave-
cTBeHHO 3710 noHATHO. Eciin 6bI BewecTBo 06;1amano Heorpa-
HUYEHHO OOJIbIINM BpainatelbHbIM MOMEHTOM, OHO HE ma-
najno Obl Ha IOBEPXHOCTH HEW-
TPOHHOH 3Be31bI U HE OTHABAJIO
O6b1 eif cBoii MomenT. Ilepuon
myJibcapa HM3BECTEH, a TEMI akK-
Kpeluuy MOXXHO HalTH [1O €ro CBe-
THMOCTH, MCHOJB3YyA GopMyITy
(14). Ho ueM MeHbllle pa3mep
3Be3/bI, TEM OBICTPEE OHA YCKO-
ps€TCs IPH TAHHOM YCKOPSIOILIEM
MoMeHnTe. HeltTpoHHble 3B€3/1bI B
COTHH pa3 MeHbIe OeNbIX Kapin-
KOB. 3HAuMT, I HEHTPOHHBIX ””‘7”’05”‘;%’5%5””9”’”0’
3Be3] NpeneJbHOE YCKOPEHHE Ha-

MHOTO BBIIlle, YeM I Oenpix Puc. 59. 3HaueHwe ycxopeHus

BpallleHHs PEHTTeHOBCKHX
KapﬂHKOB. nyJbCapoB OOKAa3bIBACT, 4YTO
B kauecTBe MEpBI YCKOPCHHS ony spifioTcs HEHTPOHHBIMH

BpallleHHs 1yJIbcapa OOBIYHO ITPH- 3BesaMu

Yoxoperue

119



HUMAIOT BEJIMYHHY, OKA3bIBAIOLIYI0, HACKOJBKO MEHSETCS
ero nmepuon 3a rox. Korma cpaBEuaM HabGmomaemoe y
MyJILCAPOB YCKOPEHHE C MAaKCHMAJIbHBIM NPEeIOM IS Hew-
TPOHHBIX 3Be31 M O€JIbIX KapJHMKOB, OTBET OKa3ajiCsi OIHO-
3HAYHBIM (IJI T€X MYyJLCAPOB, Y KOTOPHIX U3MEPEHO YCKOpe-
HHE) — BCE OHH YCKOPSAIOTCSA ObICTpee, YeM MOJIOXEHO OestbIM
kapyikaMm (puc. 59). To He OCTaBJiIeT COMHEHHH B TOM, 4TO
3eCb Mbl MMEEM AeJI0 MMEHHO C HEWTPOHHBIMH 3BE3NaMH.

«JAuckonorusm

OnuuM U3 BaxKHEHIINX CleACTBUIl oOmel Teo-
PHH OTHOCHMTEILHOCTH JDHHIITEiHA ABIAETCS BO3MOXHOCTH
CYILECTBOBAHMS YEPHBIX AbIP. JJO HCKYCCTBEHHOTO MOJIyYeHHS
YepHBIX IbIP B JIAOOPATOPHHM €IIE JaJIeKO, IO3TOMY Y4YEHbIE
HIIYT €CTeCTBeHHbIe YepHble NbIpbl. Ho xak ux uckath? Ilo
kakoMy npusHaky? ITonoxum, OTIIMYUTHL YEpPHYIO IObIPY OT
HOpPMaJIbHOM 3Be3Zpl HETpynHO (M To He Bcerma! Cm.
ria. VIL). A BOT kak ee OTJIMYHTH OT OeIoro xapJjiMka Wi OoT
Heitrponnoit 3Be3nnt? Ilociennsst OCOOEHHO «HENPUSTHAN»
B 3TOM cMbIciie. Pa3Mephl HEHTPOHHBIX 3BE€3] COCTABISIOT
Bcero Jmiib 2—3 rpaButanmuoHHbIX pamuycd. Ha stmx pac-
CTOSTHHMSIX I'PaBUTALIMOHHOE IOJIe HEHTPOHHOM 3BE31bI HUYEM
HE OTJIMYaeTcs OT HOJIA 4YepHOH AbIphl. MoxHO ObBUTO ObI
CKa3aTh, YTO BOT, MOJI, Y YEPHOIl ABIPHL €CTh T'OPU3OHT COOBI-
THH, 3a KOTOpbIii Bce Oe3Bo3BpaTHO mnposaimuBaercia. Ho
BCIIOMHHM, YTO IUIS Hac (ymaJIeHHBIX HaOJromaTeeif) KoJi-
JIaTICUpYIOIasi 3B€3Ja HUKOIOa HE YXOAMT 3a TOPU3OHT!
HeiicTByeT 3aMe[jleHHe BPEMEHH B TPaBUTANMOHHOM IIOJIE.

ITo xakoMy ke mpu3HaKy HCKaThb 4epHyro Abipy? Enun-
CTBEHHBIM HAJEXHBIM OTJIMYHEM YEPHOU AbIPHI SBIIAETCH ee
Macca. MbI 3HaeM, 4TO Macca HeHTPOHHOH 3Be3dbl HE MOXET
6uiTh GoJibie nmpenena OmnmnenreiimMepa — BoskoBa. A Mmacca
YepHO#t AbIPHI MOXeT ObITh JiroOoi. CHuTyauus omMpadaercs
TEM, YTO IO CHX IIOp HEU3BECTHO TOYHOE 3HAYEHME Ipenesa
OmnnenreiiMepa — BonkoBa. «AIBOKAaThI IbSABOJIA» HOBOISAT
ero 1o 8My. Ho, no-sunuMoMy, Haubosiee BEpOSITHOE €ro
3Ha4yeHHe JIGKHT B mpexpenax ot 1,5 mo 3M .

Eme B cepeamne 60-x romoB coBeTCKME acTpohU3MKH
MPEIOKUIM UCKATh YEPHBbIE OBIPHI N0 IPHU3HAKY HX MACCHL
3Be3bl MOXHO «B3BELIHBATLY» TOJBLKO B JBOWHBIX CHCTEMAX.
Ecmu Bbl HalifeTe TeMHbIH (HE U3JIydaromuil) CHYTHHK
¢ 6osbiIoit Maccolf, 3T0 MoxeT ObITh YepHas AbIpa. Takoii
MeToJ IoCJIeNoBaTeIbHOro nepebopa Tpebyer GonbmmMx 3a-
Tpat. Ocran Bengep u ero npy3bs Mckajdu GPHWLIHAHTEI, HO-
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CedOBaTEJIbHO Ilepebupasi Bce CTYJbs, HO CTYJLEB OBLIO
Bcero 12 u BeposATHOCTD OT cTyJja k cryay pocna! (ITo xpaii-
Heit Mepe, Bennep B 3T0 Bepmi)

ScHo, YTO HCKaTh Y€pHBIE ABIPBI HYXKHO OBLIO IO KakoMy-
To sipkoMy mpu3Haky. B 1972 r. Buimia pabora H. U. Mla-
Kypel, B KOTODOH OH MOKa3aj, 4TO aKKPELWOHHBIH IHCK
BOKPYI' Y€pHOM IBIPBI TOJDKEH GBITh HCTOUHHMKOM PEHTTEHOB-
CKOTO M3JIyYeHHUS. B mucke umes O CTOJIKHOBEHWH BEIECTBa
caMoro ¢ coboit peanusyercs ciexyomuMm obpaszomM. Berue-
CTBO OHWCKa y4acTByeT B Tpex nABwkeHusx. IlepBoe — 3to
MeJIKOE XaOTHYeCKOE 3allyTaHHOE [BIKEHHE, Ha3bIBaEMOE
TypOyJsieHTHOCTbIO. TypOyJIeHTHOCTh BO3HHKaeT HpH Obl-
CTPBIX NEpPEMEIIECHHIX XUAKOCTH ¥ ra3a. XopoIluo HM3BECTEH
npuMep — TYpPOYJIEHTHBIH KUJIBBATEPHBIA CJiel 3a KAaTEpOM
Ha peke. Ho B mucke 3TH OBMXKEHHS ycpeaHsioTcs. BeluectBo
Kak ILeJIoe BPAILAETCs] BOKPYI TATOTEIOILEro Teja IO Kelie-
POBCKHM 3aKoHaM, T. €. nuddepeHnuanbHo. ITO BTOPOE ABH-
XKeHde. OTH nABa [BHXKeHHS poxnamoT Tperbe. Cocennue
KOJIbLIa BpAaIIaloTCs C pa3HoOi yrioBoil ckopocThio. TypOy-
JICHTHBIE BUXPH COCEIHHUX KOJIEL CTAJIKMBAIOTCS OPYT C ApY-
roM, oOMEHHBAsCh UMIYJIbCOM. JIpyrUMH cJIOBaMH, TpyTCA
Ipyr o npyra. BHyTpeHHHE KoJibIla OTHAIOT BpaIlaTeNIbHBIiA
MOMEHT BHEIIHHM. [[JIs 4acTHIl BHYTPEHHETO KoJibIla Hapy-
maeTtcs BTopoii 3akoH Keruiepa U oHM NOTHXOHBbKY NpUOIIH-
xaroTcsa K HeHTpy aucka. Ho «menp Kaccunu» ne obpasyer-
cf, HA MECTO «CBhEXaBLIEro» K IEHTPY BEIECTBA MOAXOIUT
HOBOE, OTJIaBasi CBOH BpalaTEJIbHbIHE MOMEHT elne Oojee ma-
JiekoMy OT ueHTpa Kousbny. ITosiBisercs obuiee pamgmaibHOE
IBIDKEHHE BEILIECTBA K LEHTPY, CONMPOBOXIAOIIEECS HepeHO-
COM BpaIlIaTeJIbHOIO MOMEHTa HApYXYy.

Taxue TypOyJIeHTHbIE JUCKH BIIEPBBIE pACCMOTPEN HEMeIl-
kuii pusuk Kapn Beiinzexep eme B 1944 1. B cBs3U ¢ mpob.ie-
Moii obpasoBanus CosHeuHol cuctembl. B 1964 r. coBeTckmii
actpopusux B. I'. TIopbauxmii uccienosan TypOyJeHTHbIE
nuckoobpa3Hbie 060109KH B JBOHHBIX CHCTEMax ¢ 0OMEHOM
Maccel. Anrimiickuii actpodusuk onansn Jlunpen-Besn
BIIEPBBIC PACCMOTPEN AUCKOBYIO AKKPEIUIO HA HEPHYIO IBIPY
TUTaHTCKOH Macchl — nopsiaka 10°M,.

Tak 3aponmiace HOBas Hayka — Hayka o6 aKKpEIMOHHBIX
nuckax. Ee (mokxa B 1miyTKy) Ha3eiBaroT auckojorueil. {osiroe
BpeMs KaMHeM NPETKHOBEHHS [JIs BCEH MUCKOJIOTHH ObLI BO-
mpoc TypOYJIEHTHOCTH, O €€ BEJIMYUHE U XapakKTepe, OT KOTo-
pOro 3aBHCHUT OYE€Hb MHOIo€ X O KOTOPOM HHYETO HeJb3s
6ruto cka3zath. Boobmie mpobiema TypOyJIEeHTHOCTH — 3TO
ONMH M3 TPYIHEHIHX BONPOCOB ¢u3uku. DPUMKH OTKPHLIH
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OOIIYI0 TEOPHIO OTHOCUTENBHOCTH, PEJISTUBUCTCKYIO KBaHTO-
BYIO TEOpHIO, U300DETAIOT TEOPHIO «BEJIUKOTO OOBequHe-
HUsS» BceX (GU3MYECKHX IOJied. A OTBETHTh Ha BOIPOC, Kak
NP HEKOTOPO#H CKOPOCTH IBMXXEHHS BO3HHKAET TypOYJIeHT-
HOCTh B XXHUAKOCTH W rase, 70 KOHIIa HE MOTYT.

ITnoxoe 3HaHMe TypOYJIEHTHOCTM OYEHb MEILIAJIO Da3BH-
THIO OUCKOJOrMH. Bo3MoXxHO, oHa OBl Tak M OCTaBaJIach
B 3auaTo4YHOM cocTosiHuH, eci 661 H. U. Ilakypa B 1972 r.
He ofollesl 3Ty TPYAHOCTb, BKJIIOYHMB BCE Hallle HEe3HAHHE
TypOyJIEHTHOCTH B OAWH HEHU3BECTHBIH MapaMeTp — HEKOTO-
poe 6e3pasmepHoe uucio o. (IlosroMy Mozaens AUCKOBOW ak-
KpelliH WHOrIa Ha3bIBaloT a-Monensbio.) B 1973 r. H. U. Ila-
Kypa u P. A. CroHseB, HCNO/Ib3Yysl 3TO YIPOIIEHHUE, PEIIMIA
ypaBHEHHS IHCKOBOH aKKpELUUH, IOCJE Y€ro B JHUCKOJOTHM
HavaJics HacTosmuii 6yM. C 3TOro BpeMeHH KaXXIblil rOX BhI-
XOIAT COTHH paboT, B KOTOPBIX TaK WM MHa4Ye 0OCykaaroT-
cs akkpennoHHble aucku. Ceiyac maxe eCTh HONBITKA OOBsC-
HUTb o6pa3oBanue CoOJTHEYHO! CHCTEMBI B paMKaX CTaHOApT-
HOM TeOpHUH IOHCKOBOW aKKpElHH.

Kak BBITJIAAMT aKKPEHMOHHBIM OUCK BOKPYI YEPHOM IBI-
pei? BemiecTBO Mo CHJIBHO 3aKpy4YeHHOM CIHpaIH Npul.IH-
xaeTcst K ero ueHTpy. ITo Mepe npubnuxeHus K YepHON IbI-
pe HapacTaeT He TOJIbKO YacTOTa BpaIlleHHs (KCTaTH, CTPOro
no TpeTbeMy 3axkoHy Kemiepa), HO u pa3iuune B CKOPOCTH
BpAIICHUA COCEAHHMX Kojen Oucka. TpeHuwe Hapacraer, a OT

TPEHHs BeIecTBO rpeerca. Ha
? % § oRy ? ? g PacCTOSHHMH HECKOJIBKHX JIECATKOB
TPaBUTALIMOHHBIX PAagUYCOB TEM-
M nepaTypa NOAHMMAeTcs A0 CTa
% é é 3 3 § MHJLUTHOHOB TpajnycoB (cM. ¢op-
Myay (12)). B atoit 30He ¥ BhIne-

Puc. 60. AkkpellMOHHBIH NOHCK

JISETCH MOYTH BCS SHEPTHUS aKKpe-
BOKDYT HepHOH IBIpHI uMoHHoro mucka. Korma Mer no-
THPAEM DPYKH, BBIOENAETCH MBI-
LIeYHAas JHEPTUs. A B aKKPEIIMOHHOM JIMCKe paboTy coBepiiaeT
CHJla TpaBUTalliK YepHOM IbIpbl. BHYTpeHHAS rpaHuma aucka
pacroyio’keHa Ha pacCTOSHHM TpeX (a He OJHOro) rpaBHTa-
IMOHHBIX pPaauycoB. B ciyuae HEHTPOHHOMN 3BE31bI MHUCK pa3-
pyLIaeTCs MarHHTHBIM IIOJIEM, a 4TO pa3pyllaeT THCK BO-
KpYr YepHOM IBIPHI, Ja €llle Tak JaJIeKo OT caMO# uepHOM
OBIpBI?

Crporo rosops, Ha pacctosiuuu 3R, IuCk He paspyliaer-
cs. ITpocro BemecTBo, HaunuHasA C 10rO paccrosiHus, cBobox-
HO (T. €. 6€3 TpeHHA) NafaeT B UepHYyIo Oslpy. OkasniBaercs,
YTO YCTOMYUBBLIX KPYTOBBIX OpPOMT He CyIIECTBYeT HAa pac-
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CTOsiHMAX OJIMXKe Tpex I'paBUTAIMOHHBIX panauycoB. Ha Gims-
KMX DAaCCTOSHMSAX CHJIa NPHUTSDKEHHUS HYEPHOH IbIPbl pacTeT
ropasuo GnicTpee, 4eM 1o 3akoHy 1/R?, U neHTpoOexHas CH-
Jla HE B COCTOSIHMH MPOTHBOCTOATH eif. [ToaTtoMy, mocturas
pacCTOsTHUSA TpEX I'PaBUTALIMOHHBIX PaaUyCOB, BEIIECTBO Oe3
TPEHHUsI OTPLIBAETCA OT JMCKA H, yXKE He HarpeBasich M HE yc-
nepas HUYETO H3JIYYHTh, IAfAaeT B YEPHYIO IBIPY.
BuyTpennye yacTH aucka oyeHb HeycToduuBbl J{uck pas-
OGuBaeTcs Ha OTHEJbHBIE ropsude 0OJacTH — msaTHA. IlaTHa
C TUTAaHTCKOM CKOPOCThIO BPALAIOTCH BOKPYT YEPHOHM IBIPHI.
XapakTepHoe BpeMs of0pauteHus — 1 MUUIHCEKYHAA. ITH
[STHA, MOSABJIAACh W HMCYe3as, IJIs HAOIIOHaTeNs JOJDKHBI
CO3aBaTh KapTHUHY OecHOpsOOYHON XaOTHYECKOH mMepeMeH-
HOCTH PEHTI€HOBCKOTro u3iydyeHus. VIMEHHO Takoe sBJeHuHE
6bI710 OTKPBITO Y pEHTreHOBCKOro Hcrounuka JleGemp X-1.

Jlebenp X-1 m npyrme uepHbie IbIphbl

Ucroynuk Jle6enp X-1, xak U peHTTeHOBCKHE
IyJIbCAphl, SABJIAETCA ONHMM M3 Haubosiee SAPKUX PEHTTEHOB-
CKHMX MCTOYHMKOB B "aymakTuke. Ho B oT/Inume OT peHTI€HOB-
CKHX mynbcapoB u3nyueHue JleOems X-1 He myJbcHpyeT,
a XaOTHYECKH MEHSETCH HAa OYeHb KOPOTKHMX BpEMEHax
(~ 1073 ¢). OTa mepeMeHHOCTh HaGJIOATACh AMEPHKAHCKH-
MH actpodu3nkamMu B Hauane 70-x romgos (cM. puc. 61). Scuo
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Puc. 61. 3anuce peHTreHOBCKOro mnotoka ot ucrouyHumka Jlebemp X-1

6bLI0, YTO CTOJIb MOUIHBIA PEHTT€HOBCKHN MCTOYHHUK MOXKET
OBLITh TOJILKO B ABOHHO# cucrteme. Ho ycTaHoBHTH ABOIA-
CTBEHHOCTb MO PpEHTI€HOBCKOMY H3JIyYeHUIO He y/JIaBa-
JIOCh — B CHCTeMe He OBbLIO pEeHTIeHOBCKHX 3aTMenuil. Ham
HE MOBE3JIO: MO-BUAMMOMY, YIOJl HAaKJIOHA i CHCTEMbI CJIHIII-
KOM MaJjl. ACTpOHOMBI Hayajld HUCKaThb B KBaJpaTe ommubox
KaKyl0-HHOY/Ib NOAXOJSAIIYI0 ONTHYECKYIO 3B€3y — BTOPYIO
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KOMITOHEHTY ABOWHOM cucTrembl. VX BHMMaHHMe NpHBJIEKJIA
nepeMeHHas 3Be3[a, cBepxruraHt kiacca BO — V 1357 JleGe-
Is. AMepHKaHCKHe aCTPOHOMBI HAILIH, YTO 3MHCCHOHHEIE

HAeolinaa ¢ 4epHoli Obipoll

JIAHHH B CIIEKTpPE 3TOM 3Be3[bl «XOIAT» C MEPHOAOM 5,6 OHSL.
Bckope coBetckuit actpoHoM B. M. JIroThlfi ycTaHOBHII, YTO
V 1357 JleGenst MeHseT CBO#l GjieCk C TeM XXe MEPHOIAOM.
KpuBas OGyecka 3TOH mepeMeHHOH mOka3aHa Ha puc. 62

H IpencTaBifeT CcoOoif

a"02 ° ° «aBoiiHylo BosHy». OHa
o HAIIOMHMHAET KpHBYIO P
5 0 J'Ilripm, HO C TOH pa3HH-
] o o ueit, ytoy V 1357 o6a Mu-
+0,02 HUMYMa OJJUHAKOBBL. ITO
PR R W TN N T N SEAN N BN T SN quc’l‘blﬁ 3(b(l)eKT SJUJIAII-
g sl 10 COMJAJIbH I1

o yit octu. Ilpuas x
TakOMy BBIBOAY, COBeT-

Puc. 62. Onruyeckas xpuBas OJecka
smeam V1357 Tlebens CKHe aCTPOQHU3HKH IIO-

CUHTAJIH, YTO IS 00BsC-
HeHHs HaOJromaeMoil BBITSHYTOCTH HYXXHO, 4YTOOBI Macca
BTOpOH 3Be3npl Obula He MeHblle SM,. HamomuuMm, 4ro
3¢dexT NIUNCOUTATLHOCTH NO3BOJISET OLEHHTH OTHOIIE-
mue Macc. OgHaxo Macca cBepxruranta (~20 M) Obuia
HalificHa 1O CHEKTpY.
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Bckope yaasioch YTOYHHTh KPHBYIO JIy4€BBIX CKOPOCTEH.
Oka3sanoch, 4TO (YHKIHS MacCc B 3TOW CHCTEME paBHA

M3sin®i

—F——=02M.
(M, + M)

IMoacrasnss croga Maccy cBepxruranta M, =20M, Haii-
JeM, 4YTO MHHUMaJIbHas Macca (mpu yrijie HakjioHa i= 90°)
HEBUINMOTO CIyTHHKAa paBHa 5M ;*). Ho yron 3aBemomo
MEHBIIIE, BEb PEHTTeHOBCKUX 3aTMEHHiT HeT. C yueToM 3TO-
ro Macca pEeHTTEHOBCKON 3Be3[bl OKa3bIBA€TCd PaBHOI
~(12—-15M .

BCIIOMHHB HMCTOpHMIO C IIOMCKaMH ONTHYECKOH KOMIIO-
HEHTBl PeHTreHoBckoro nyJjbcapa llentaBp X-3, MoXxHO 10O-
HATb, IIOYEMY aCTPOHOMOB HHOI/IA TEP3al0T COMHEHHS:
a BAPYT 3TOT rojy0oil CBEpXIMraHT CIy4ailHO NpPOEKTHPYET-
cs Ha peHTreHoBckuil uctoyHuk Jlebemp X-1? D10 ycyry-
6iseTca TeM, uTo nojiroe Bpems Jle6enp X-1 OblT enMH-
CTBEHHBIM HANEXHBIM KaHIUAATOM B YepHBIE IbIpbL. Bpems
OT BPEMEHHU MOSBJJIACH IPYrHe KaHAUAATHI, HO JU6O BAPYT
y HUX OOHApPYXHBAJOCh CTPOrO IYJILCHPYIOLIEE PEHTIEHOB-
CKO€ H3JIyueHHe, JIU00 OKa3blBAJIOCh HEMPABUILHBIM ONTHYE-
CKO€ OTOXXIECTBJICHHE.

B 1983 r. mosBWICS BTOpPOH HAJAeKHBIA KaHAMOAT
B uepHble abipsl — LMC X-3. OH 6bul Hai/IeH B CIIyTHHKE
pameit Ianaktukd — Bosnbimom MaresutanoBom  ObGiiake
(Large Magellanic Cloud — LMC (anrn.). Cam peHTTeHOB-
CKMHi HCTOYHHK OBUI 3aperucTpUpOBaH elle CIyTHUKOM
«Yxypy». Uctounuk LMC X-3 oueHb HecTaOWJIbLHBIN; OH TO
«BKJIIOYAETCS», TO «BBIKIIOYAETCS». PEHTIEHOBCKHE 3aTMe-
Hus, kak u y Jlebens X-1, He o6HapyxeHnbl. B 1983 r. amepu-
KaHCKHME aCTPOHOMBI 3aMETIJIH KojieOaHUs JIy4eBOH CKOpPO-
CTH Yy BEpOSTHOM ONTHYECKOW KOMIIOHEHTHI, 3B€3/1bl THIA B3,
¢ mepuonoM 1,7 mus. IMonyammmuTyna xoJiebaHuil J1yueBO#i
CKOpPOCTH COCTaBJISET OKOJIO 235 KM/C, YTO COOTBETCTBYET
¢yukimu Mace 2,3M . Eciu ydyecTsh, YTO Macca ONTHYECKOH
3Be3qbl He MeHee 3M, TO Macca HEBUIAMMOM KOMITOHEHTBI

*) TpyaHo peIIMTb TaKoe TpaHCUEHAeHTHOe ypasHenue. Ho 3aech mo-
MoraeT MeTox HbroToHa (METOX MOC/eROBaTeNbHbIX npubmmxenui). Ipe-
obpasyiite gopmyny k Buxy M, =[0,2(M, + M,)*]'. lanee moxmcrasbTe
B mpaBylo yacTb M, =0, HaliauTe C NOMOLIBIO MHKPOKANbKyJsTOpa M,
U HalileHHOE 3HAYeHHE ONAThb NMOJACTaBbTEe B NpaBylo 4acTb. [ToBTOpHB 3TO
HECKOJILKO pa3, Bbl [OJIyYHTE OTBET C TOYHOCTBIO IO MOCIEAHEro pas3psiaa
BalIEro KaJbKyJsTopa.
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IoJpkHA ObITh He MeHblle (3—4)M, uTO yxXe npeBblLIAcT
BeposATHHINA npenen Omnnenredimepa — Boskosa.

OcraroTcs, npaBa, COMHEHUSI B IPaBHWJIBHOCTH ONTHYE-
CKoro oToxpaecTBiieHus. Xots u3 10 3Be3n, momagarolnux
B KBaJgpaT OLIMOOK PEHTIE€HOBCKOTO HCTOYHHKA, JIMIIbL 3BE3-
na B3 mnpunagnexur Boabmiomy Maremnanoy O6Gnaxy
(BMO), HHoTKyna He CIEIyeT, YTO CaM PEHTICHOBCKHil HC-
ToyHHK npuHamnexut BMO. UccnenoBanus mpomonkaroTcs.

Bepuemcs k cuenapuio

Eme B Hayanme 70-x roqoB coBeTCkHe acTpodu-
3ukd A. B. Tyrykos u JI. P. OHrenbcon u He3aBUCHMO TOJI-
manackuii acrpodusuk Dasun Ban gen X€ses cBs3aiu Mac-
CHBHBIC PEHTTE€HOBCKHE NBOHHbIE ¢ 0coboli cramumeit 3Boo-
LUK TeCHOM ABoitHON cucteMbl. Cpa3y mociie oOpasoBaHus
pPENIATUBUCTCKON 3Be3dbl B JBOHHOHN cucTeMe HOpMaJjibHas
3Be3/a €Ille HaXOOUTCS Ha IJaB-
HOH TmOCIenoBaTEIbHOCTH (CM.
puc. 63, a). 3Be31ubIi BeTep Takoi
3Be3pI elle caad, mo3ToMy ciab
TEMI aKKpeIud HA PEeNSATHBUCT-
CKYIO 3BE3/1y M HEBEJIUKO €€ PEHT-
FE€HOBCKOE wm3Jyydyenue. Jlmmp ¢
yXOIOM 3Be3dbl C IJIaBHOM mMO-
CIIEIOBATEILHOCTH K TOJIyObIM
CBEpXTHTAaHTaM pe3KO BO3pa-
CTaeT MOIIHOCTh 3BE3JHOTO BETpa
(mo 3Hauenmit ~10% M /ron). B
3TOT MOMEHT H BCIBIXHBAET Sp-
4 KHif pEHTT€HOBCKHH MCTOYHHK CO

CBETUMOCTBIO, PAaBHOM  TBICH-
qyaM cBetuMocteir Connna (cM.

pHc. 63, 6).
Puc. 63. Tpu craguu sBoJio-
LHA ABOHHON CHCTEMBI MOCIe Takas xapTuHa HEIUIOXO CO-
IIEPBOTO B3pHIBA riacyercs ¢ HaOJIoIeHMAMH

PEHTTEeHOBCKUX chUcTeM. Mmuorue
KOMIIOHEHTbl PEHTTEHOBCKUX HCTOYHHKOB — 3Be3[Ibl, COLIE-
IIMe ¢ IJIaBHOW IOCIeN0BaTEIbHOCTH.

Ho ectp MaccuBHble NBOMHBIE, TIle HOpMAaJibHas 3BE3-
Jla — He CBEPXTUTaHT, 1 TEM HE MEHEe PEHTTeHOBCKHI HCTOY-
HHK OYeHb SAPKUH. DTO CUCTEMBI TUMA myjbcapa A 0535 + 26
(B Ha3BaHMM NEpBON CTOUT OykBa «A», MOTOMY YTO HCTOY-
HHK Habmromajncs C  eBpONEHCKOro CIYTHHKA «ApHIJIBY,
a Jajiplie CICAyIOT KOOPOWHATHI HUCTOYHHKA Ha HebGecHoM
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chepe: o =05"35", §= +26°). Ho onTHueckHe 3Be3mb
B 3THX CHCTEMaXx BCe XK€ HeoObrMHbI. Bce OHH IpHHAIIEXAT
K Kiaccy 6nicTpo Bpamarommuxcs Be-3se3n*). Hcreuenme
3THX 3B€3J PEe3KO HECTALIMOHAPHO M aHM3OTPONHO. BelectBo
HEOJHOPOIHBEIMH CTYCTKaMH CPBIBAa€TCS C 3KBAaTOpa OLICTPO
BpalllalolIEHCs 3BE3Abl M 3aXBaThIBAETCA TPABUTAIMOHHLIM
NOJIEM PENIATHBHCTCKOrO CIYTHHKA. OTH HCTOYHHKH pabo-
TalOT BpeMeHaMH. [103TOMy HX Ha3bIBAIOT «BPEMEHHBLIMHY,
a elle — Ha aHIJIMICKHI MaHep — TPAaH3HEHTHLIMH (OT aHrJL.
transient — MPUXOSIIMIL, BPEMEHHbIM, TPAH3UTHBII).

OxoHyaTeIbHOE MECTO B TEOPHH 3BOJIIOIHUM JIBOMHLIX 3TH
3Be3[bl ellle He 3aHsId. He wmcimoyeHo, 4ro OGwIicTpoe Bpa-
menne Be-3Be3pl mpuobpeTaroT npH nepBoM oOMeHe Macc.
Ilpn sTOoM nepBoM oOMeHe HOpPMajibHas 3Be3fa, HA KOTO-
pylo mepeTekaeT BEIIECTBO, YCKOPSAETCs MOI00HO pEHTrEHOB-
ckoMy nyabcapy. Ilocie xonnanca peasTHBHCTCKas 3Be3la
«3abupaeT» OOpaTHO CBOE BELIECTBO, KOIAa-TO «OIOJIKEH-
Hoe» cocenke. ITo-BHOUMOMY, 3TO MOXET NPOUCXOIUTHL B
BHJE 3B€3HOTO BeTpa M B BHUJE HCTEKAIOUIEr0 C SKBATOpa
MOTOKA.

Ho ectp eme onun nmyTs — BTOPOH OGMEH Maccoii uepe3
BHYTpeHHIOI0 Touky Jlarpawxa. PaHo mnm mosgHo BTopas
3BE3/1a TOXeE JOJDKHA 3alOHHTh nojocTh Pomia (puc. 63,6).
Ilpu 3ToM BelecTBO OymeT NepeTeKaTh B TEILUIOBOM IIKase
BPEMEHH (NepeTekaHne HAeT ¢ OoJblell 3Be3abl HA MEHb-
myio). TeMn akkpelld Ha pelTATHBHCTCKYIO 3Be3ny Oyner pa-
BeH (cM. popmyay (11))

. M \3
M= 3.10-8<M_> M/ron. 17
0]

Ilpu macce ontHueckoi 3Be3abl M =20M TeMn neperexa-
mus nocturuetr 10”4 M o /roa. Ecnu Bce 3TO BewecTso yna-
IeT HA PENATHUBUCTCKYIO 3Be31y, TO, corjiacHo ¢opmyie (16),
OHa CTaHET HCTOYHHKOM CO CBETHMOCTbIO B MMJLIHApH CBe-
tuMocTteil CosHua. 3apaHee CKaxeM, YTO 3TO COBEPIIECHHO
HEBO3MOXHO, HO 006 3TOoM mnoIpobGHee MBI paccKaxem
B ri. VIL

A ceituac obpaTMM BHHMaHHE Ha cienyromiee. B Hemac-
CHBHBIX JIBOMHBIX TEMII IIEPETEKAHHS HE CTONb BBICOK H CBe-
THMOCTH PEATHBHCTCKOH 3Be3nnl He npesbimaer 10000 cae-
tumoctedd CoinHna. 3HaYyuT, B MAaJOMACCHBHBLIX JBOMHBIX

*) Be — 0603HaYeHHe 3B3/(bI CNIEKTPAIBLHOIO Kjacca B ¢ 3MUCCHOHHBI-
MH JIMHAAMHM (OT aHIJI. emission — M3JIyueHHe, UCIYCKaHHE).
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cTagMs SIPKOrO PEHTTEHOBCKOrO HCTOYHHKA BO3HHUKAET
B TOT MOMEHT, KOrja HOpMaJibHas 3Be3/a 3aIllOJHHUT IIO-
jocTs Poila U HayHEeTCSt BTOpOoit 06MeH Maccoii. I[Toxoxe Ha
TO, YTO 3TO €AMHCTBEHHAasi BO3MOXHOCTH IJIsi MajIOMacCHB-
HOM CHCTEMBI CTaThb SIPKUM PEHTFEHOBCKHM HCTOYHHUKOM.
3Be3HBIN BeTep Y 3BE31 Majoil Macchl B ThICSAYM pa3 ciabee,
4YeM y CBEpPXTMraHTOB. JIHIIIbL TOJBKO B CHCTEMAX C KPAaCHBIM
THTaHTOM (TMFAHTOM ITO pa3MepaM) BO3MOXHA MOIIHAas akK-
Kpenuss W3 3Be3JHOrO0 BeTpa — HamogoOue TOH, KoTopas
HaOJIFoaeTCss Y MAcCCHBHBIX PEHTT€HOBCKHX CHCTEM.



T'JIABA VI

KAPJIMUKOBBIE JBOWUHBIE

HeliTpoHHbIe 3B€3AbI MIMEIOT MAaCCHBHBIX IIpe-

KOB. 3Be31bl ¢ Maccoit MeHee 10M , mpeBpamaoTcs B Gelibie
kapyuku. O6 3ToM Mel pacckassiBanu B ri. III. Eciu ¢ atum
COIJIACHTECS, TO MBI Cpa3y e NPUAEM K BHIBOIY, YTO B KOH-
CEpBATHBHOM CLEHAapuu (NepBblii OoOMeH uaeT 0e3 moTepd
Macchl JBOMHOH) B Ipoliecce 3BOJIIOIMH MaJIOMaCCHBHOM
IBOMHOM HEHTPOHHAA 3B€3Ja HE MOXET MOABUTHCI. OqHAKO
Takoro mpaBHjla B NpPHPOAE HET. B MaJloMacCHBHBIX
JBOMHBIX Hapsly C OEJbIMH KapJIMKaMH HOBOJIBHO 4acCTo
BCTPEYAIOTCS HEUTPOHHBIE 3BE3[IBL

BepueMcs MbICieHHO K KOoHIy 60-x rogoB. Y auBuTeIbHAs
KapTHHAa [apiia TOrJa B HAayKe O IEpEeMEHHbIX 3Be3Iax.
CraTby, KHHUIH, KaTaJIOTH KHILEJH YXXACAIOIIMM TEOPETHKA
MHOroo0Opa3neM THIIOB NEPEeMEHHBIX 3Be3d. 34ech ObLIH
HOBBIE 3BE3/bl, HOBOIIOAOOHBIE, IOBTOPHBIE HOBBIE U KapJIH-
KOBble HOBBIE, BCIBIXHBAIOIINE, KAaTaKJIM3MUYECKHE, 3PYI-
TUBHbIE B Op. HexoTophle M3 HHUX Ha3bIBAJHCH NIPOCTO He-
npaBWJIbHBIME (?!) mepeMeHHBIMH. 3a4acTyI0 OAMH H TOT Xe€
THN 3Be31 NPOXOIMJI IO pa3HbIMH Ha3BaHHAMH. Ka3zaiocs,
HET HUKAaKOW HaJeXIbl pa306paThCcs CO BCEM 3TUM «300Map-
KOM».,

Ceifuac MBI 3HaeM, YTO SBNIAETCS OCHOBHOHM NpHYMHON
CTOJIb CTPaHHOrO MoBeAeHus 3Be3d. KoHeuHo, He BceX 3Be3[.
3araJixu OCTarOTCS, HO MHOIOE yX€ INPOSICHHIIOCh.

Kuc-kne, I'epkysec X-1

OpuuM U3 HamboJiee MOJIHO M3YYEHHBIX PEHT-
FEHOBCKMX HCTOYHHKOB SBJSETCS PEHTICHOBCKHH myJbcap
I'epkysnec X-1. Oco6blif HHTEpEC BBI3BIBAET TO, YTO PEHTIE-
HOBCKO€ H3JIy4€HHE ITOro IyJibcapa NEPEMEHHO C TpeMs pas-
HeIMH nepuogaMu. 3a 3to cBoictBo I'epkynec X-1 mHorza
Ha3BIBAIOT yIUBHTEJILHBIMH YacaMH. Bo-mepBbIX, M3JIyucHHE
nyascupyet ¢ nepuoxoM 1,24 cexynapl. Kpusas peHTTEHOB-

5 B. M. Jlunyxos 129



ckoro 6Jecka, CBEpHyTas C 3TUM IepHOAOM, NOKa3aHa Ha
puc. 64. Bo-BTOpBIX, H3JIyYE€HHE MEHAETCS C NEPHONOM
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Puc. 64. Tpu nepHOAMYHOCTH PeHTTeHoBCKoro m3nyuenns Iepxyneca X-1

1,7 musa. Ota kpuBas OJiecka uMeeT oauH Il-o6pa3nblit
MHHHMYM.

®uU3NOJIOTH YTBEPKAAIOT, YTO KOTH cnaT 18 yacoB B CyT-
KH, T. €. 75%, Bceil cBOeit XMU3HU KOTHI IPOBOJAT BO cHe. I'ep-
kysec X-1 momoben koty. M3 kaxapix 35 mHeit Iepky-
Jiec «paboTaeT» Mk 11 qHeid, a ocTaIbHbIE 24 HS PEHTT €HOB-
CKOE U3JiydeHHe Ha 3eMIII0 He MOCTyNaeT. ITO M €CTh TPeThbd
nepuoauyeckas 3akoHoMepHoctb y Iepkyneca X-1.

Camslif kopoTkuii nepuol — 1,24 cekyHABI — 3TO NEPUOA
BpalllcHUS HEHTPOHHOM 3Be3/bl BOKpYr cBoedl ocH. MmMiyibc
nyJabcapa COCTOMT M3 ABYX MaKCHMYMOB.

Ilepuon 1,7 nusa, 6e3 coMHeHus, IpeacTaBiseT coboil op-
OuTaNbHbI nepuon ABOMHHONH. C 3THM XK€ IEpUOIOM H3Me-
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HAETCS KOpOTKui nepuoa 1,24 ¢ (addpext dorutepa). Usmene-
HHE PEHTreHOBCKOro 6iiecka ¢ MepHOAMYHOCTLIO 1,7 OHS —
3TO 3G (}EKT 3aTMEHHS PEHTTEHOBCKOrO MCTOYHHMKA HOPMAJTh-
Ho# 3Be3noi. O6paTuTe BHMMaHUe Ha GopMy 3aTMeHHS. 3a-
TMEHHME HA4YMHAETCS OYEHb pe3ko. BcmoMuuM, 9Yto uiH-
TEJILHOCTh CNIAAAIOLIEro y4YacTKa MPONOPLHOHAJIbHA pa3Me-
paM 3aTMeBaeMoOH 3Be3Abl (CM. puc. 21). 3HauuT, 3aT™MeBaeTcs
[IPAKTUYECKH TOYECYHBIH OOBEKT.

3Be3na, KoTOpas MEPUOOUYECKH 3aTMEBAET PEHTICHOB-
CKHil nynbcap, Obljla HaiiieHa COBETCKHM aCTPOHOMOM

o — 1972 e.
x — 1944—7950 za.

g Permaeroboras Koubas (cxemamuyHo)
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Puc. 65. MU3menenue Giecka 3Besnsl HZ I'epkyneca

H. E. KypoukuasmM. Cpenu 3Be31, TONAaBIINX B KBaJApaT OIIM-
GOK pEHTTEeHOBCKHX JIETEKTOPOB, ObL1a nepeMenHas 38e31a 12-it
BesmuuHbl HZ Tepkyneca. [lo oTkpbeiTus I'epkyneca X-1 oHa
KJaccHpHIUPOBAJIACH KaK HENpaBWIbHAs NepeMeHHas. JTo
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o3Hayayo, 4YTo Oyieck ee MeHseTcs XaoTudecku. Ilo-Bunumo-
MY, HUKTO CEpbE3HO HE MHTEPECOBAJICS NEPEMEHHOCTBIO 3TOM
3Be3abl. Kornma xe o6paboranu crapble GOTOMIACTHHKH, KO-
Topble XpaHATCad B I'0CylapCTBEHHOM acTPOHOMHYECKOM HH-
cruryre uMm I1. K. IltepuGepra, o6Hapyxuioch, 4To OJieck
3Be3gsl HZ T'epkyieca miaBHO MEHSETCS C PEHTTEHOBCKHM
nepuonoM 1,7 mua (cM. puc. 65). Ontuueckuii 61eck HZ I'ep-
KyJiecd MeHsicd B 13 pa3 ( ~ 2™, 8). IIpuueM B MOMEHT peHT-
T€HOBCKOTO 3aTMEHMs ONTHYECKUH OJIeCK CHCTEMBI Chaaas
o munuMyma. Kpusas Gyecka, kak u y B Jlupbl, He umena
MOCTOSIHHBIX y4acTKOB, HO B otymuue ot B Jlupsl mpencra-
BIIsU1a co0oif He NBOMHYIO, a «OOMHAPHYIO» BOJIHY C MaKCH-
MyMoM Ha ¢a3ze 0,5. BCHOMHHM, 4TO C TAKHUM SIBJICHHEM MBI
CTOJIKHYJIMCBh Yy pyroil Kiaccudeckoit 3Be3nnl — Auross. Io-
MHHATe cinaboe mnoswileHre 6iecka k ¢ase 0,5? He ocrama-
JIoch COMHEHHUH, 4To Bcs kpuBas Osecka HZ I'epkyseca —
3TO ciencrBue 3¢dexra oTpaxeHus.

Eme B 1967 r. . C. IIxyioBckuit moAYepKHUBaJ, 4TO
B IBOMHBIX DEHTI€HOBCKHX CHCTEMaX MOJIKEH HPOSBJIATHCH
oueHb CHIBHBIA 3¢ ekt oTpaxenus. CyTb 3TOTO SBJICHHSA Ta
Xe, 4TO M B CJIy4ae ABYX HOpPMaJIbHbIX 3Be3l. OT/IHYKE JIHIIbL
B TOM, YTO B PEHTIE€HOBCKOH ABOIHOMN cucTeM¢ 3Be3na NoIo-
IPEBAETCs 3a CYET IepexBaTa XKECTKOTO PEHTIEHOBCKOIO H3-
JlyyeHHs Iyabcapa (cM. puc. 66). PeHTreHOBCcKass CBETHMOCTD

Puc. 66. IlepepabGoTka PEHTIE€HOBCKOTO H3Jy4YEHHs HOPMaJbHOH 3Be310M

nyibcapa I'epkyiec X-1 npumepro B 100 pa3 Gosblite, yeM
nojiHasg ONTHYECKash CBETMMOCTb HOPMAaJIbHOH 3Be3nbl, HZ
I'epkxyneca. IlepexBaTbiBas maxe 4YacTb BCEro H3JIyveHHs,
cropona HZ I'epkyneca, obpaiieHHas K MmyJjbcapy, CTAHOBHT-
cs1 B 6 pa3 spye NMPOTHUBOMNOJIOXKHOH CTOPOHBIL
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310 BUIHO B crieKTpe 3Be3abl. B Munumyme HZ I'epkyiie-
ca — 3Be3Ja cnekrpajibHoro kjacca F, a B Makcumyme — AQ.
Ornenka Macchbl ONTHYECKOH 3B€3[bI IO COOTHOILIEHHIO «Mac-
ca — CBETUMOCTb» naeT 3HaueHue (2—2,5)M 4. Ilo nmurens-
HOCTH PEHTI'CHOBCKOTO 3aTMEHMS YIAeTCs ONPEIE/IMTh pa3-
Mmep HZ T'epkyneca — 3Be3ma oueHb Onm3ka K pa3MepaM
nosioctd Poma. Ilo-BumuMomy, B 3TOM CHCTEeME HACTymuia
craaus BTOporo obMeHa Maccoii: HOpMasibHas 3Be3la 3a-
MOJIHUJIA CBOIO NMOJIOCTh Pollla U B BHUIE «I'PaBUTALMOHHOIO
BETpa» MEPETEeKaeT 4Yepe3 OKPECTHOCTh BHYTPCHHEH TOYKHU
Jlarpamxa. Crtpys rasa obOpa3yeT BOKpPYr HEHTPOHHOI
3Be31bl akkpenuonHnblit quck. [1pencraBum cebe xapTuHy, KO-
Topyio ysuzaen Ol HaOJsromaTenb, HAXOIALIMICA BOIU3U ak-
KPEUMOHHOTO AMCKa (CM. 4eTBepTyIo mosiocy obioxxku). Ha
«TOpM30HTE» BHIHA ONTHYeCKass KOMIOHEHTa — 3Be3ga HZ
I'epkyneca u cTpys uctekarouero ¢ Hee rasa. [losepxnocTs
IICKAa MpH NPUOIKEHUH K HEHTPOHHOHR 3Be3ne mon Jei-
CTBHEM MArHUTHBIX CHJI HAYMHAET U3ruOaThCAd U MOKPBIBAET-
ca «OapamkamMmw» u3-3a HeycroiunBoctu KenpBuna — I'enbpm-
ronbua. Ha paccToSHHM B HECKONBKO TBICAY KHJIOMETPOB
JIACK pa3pyliaeTcss MarHUTHBIMHU cuiami. Bemectso «Bmo-
paxXuBaeTCs» B MAarHUTHOE IOJIe M CTEKaeT HA MAarHUTHBIE
HOJIFOCA HEATPOHHON 3Be3Abl, OTKyJa B BHIC [BYX JIyueH
«ObET» PEHTTEHOBCKOE H3JIyYEHHE.

I'naBuoit 3aragxoit I'epxyneca X-1 ocrtaeTrca ero «koiuia-
yuii Xxapaxkrtep». XOTS Ui HAcC, 3¢MJISH, M3JIyYCHME KaXKIIbie
35 nueit ucuesaeT Ha 24 OHSA, 3TO HE O3HAYAET, YTO IyJibCAp
BOOOIIE mepecTaeT «paboraTe». OnTuyeckas Kpupas Ojecka

lepxynec X-1
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[PAKTHUYECKU HE MEHSETCSI B MOMEHT «BBIKJIIOYECHHUS» ITyJIbCa-
pa — 3ddexT oTpaxkeHHs He Hcie3aeT. Taxoe BIeYaTJICHHE,
OGYyATO YTO-TO 3aKPHLIBAET OT HAC HEMTPOHHYIO 3BE3AY, HO 3TO
«ITO-TO» HE B COCTOSIHMH 3a3KpaHHPOBATh BCE DEHTIEHOB-
CKOe M3JIyueHHe, najaronee Ha cocefqHioro 3Be3ay HZ I'epky-
Jeca. DKpaHOM, HO-BUAUMOMY, SBJISIETCS aKKpPEIMOHHBIN
JUCK BOKPYI HEHTpOHHOI 3Be3nbl. Tak Kak JIy4 3peHus Jie-
XHT MPAKTHYECKU B IJIOCKOCTU IBOMHOH, TO, Cjlerka Kaiasich
OTHOCHTEJILHO 3TOH IUIOCKOCTH, IMCK Oyaer Ha BpeMs 3a-
KpBIBaTh OT HAac Iyabcap. TeHb OT aKKpEIMOHHOTO IMCKa,
nagaromas Ha COCeqHION0 3Be3ly, HEBEJIMKa U HE MeHseT 3¢-
(exta oTpaxeHus.

Cucrema HZ TI'epxymeca — I'epkynec X-1 — 3to Majo-
MaccuBHas [BoiiHas. Bo3HukaeT BoOmpoc, KakuM oOpa3oMm
B TaKyi0 MaJIOMAacCHBHYIO CHCTeMy IpoOpajiack HEHTpOHHas
3Be3[a, IPEeIOK KOTOpOH [OJDKeH HMMETh Maccy He MeHee
10M . Bo3MoxxHBIH BbIXOA U3 3TOM MpobieMsl 6bLI IpeIo-
xeH O. Ban nen XépesoMm B 1977 r. CyTh ero mpeayioxeHUs
COCTOHMT B OTKa3e OT YCJIOBHS KOHCEpBATUBHOCTU IPHU IHeEp-
BOM 0OOMeHe Maccou.
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Puc. 67. Cuenapuii 3BONIONMH IIepBOHAa4aJLHO MAacCHBHOH HBOMHOMH,
npusemmii x obpasoBanuio cucreM Tuna HZ Tepkyneca — Cepxynec X-1
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IIpuurHOR CHJILHOI NMOTEpPH MACCHl CHUCTEMOM SBJIACTCH
00JBIIIOE HAaYaJbHOE OTHOIICHHE MAacC KOMIIOHEHT. Bcmom-
HHM, YTO NepeTekaHue ¢ OOJbliei 3Be3Abl Ha MEHBIIYIO UAET
B TEIUIOBOM 1IKajie BpeMeHH 3Be3a. M3-3a OosybLioro pasiu-
4Hsi MacC TEIJIOBOE BPEMsi MEHbILIEH 3Be3/1bl B JECATKH U CO-
THHU pa3 OoJIbllle TEIIOBOIO BPEMEHH OoJjiee MacCHUBHOM. Ak-
KpEeLUpPYEMOE BEIIECTBO HE YCHEBAE€T NPHUATH B TEILIOBOE
PaBHOBECHE U «OCECTb» Ha 3Be3ny. [Ipenmnonioxum, 4To Takoe
OypHOe mepeTekaHne KoHYaeTcs oOpa3oBaHMeM oOIeit 060-
JIOYKH, MCTekarolied u3 ABoitHO# cucteMbl. B pesynbrarte
HPOMCXOIUT He OOMEH MAaCCOif, a IPAKTUYECKH IOTHAS HOTEPS
Maccel CUCTeMoil. MeHee MaccuBHAas 3Be3a TaK M OCTAeTCs
MaJIOMacCHBHOH, a 6oJiee MacCHBHas 3Be3[a MocJie KoJulanca
poxJaeT HeHTPOHHyI0 3Be3ny. OOmias Macca CHCTEMBI He
npessiaeT (3—4) M 5. B nponecce copoca o60i04k# ABOH-
Hasl TepSAET HE TOJIbKO BEIIECTBO, HO M BpPAlIATENbHBLIA MO-
MEHT — 3BE3Ibl «ChE3NKAIOTCA» APYr K APYrY.

Haxkonern, u3-3a sioepHOM 3BOJIONHYA MaJIOMAacCHBHAsS OII-
THYECKasi KOMIOHEHTa 3alOoJIHUT nojocTs Pomia u Hauner-
cs BTOPOH OOMEH, BO BpeMsl KOTOPOTO M BCHBIXHET SPKHil
PEHTTEeHOBCKHII myabcap. Tak, corijacio Barm nen Xésedy,
Moria obpa3oBathea cucremMa tuna HZ TI'epxyneca — I'ep-
kyjaec X-1.

Ceituac u3BeCTHO Heckoibko cucteM tuna HZ T'epkyieca.
Hx He Tak MHOTO. DTO CBI3aHO C TEM, YTO B ABOHHBIX CHUCTe-
Max Macchl 3Be3Jl B MOMeHT o0pa3oBaHHs, Kak I[PaBHIIO,
6iusku Apyr k apyry. O6pasoBanme OBOHHOH C 6OJBIIHM
OTHOIIIEHHEM MacC — COOBITHE oueHb penkoe. CueHapuii Ban
IeH XéBena MOKa3bIBa€T «KOHTpabaHAHBIA IyTb» MPOBO3a
HEATPOHHBIX 3B€3]] B MaJIOMACCHBHBIE JBOWHBIEC CHCTEMBIL. 3a-
KOHHBIMH € NOTOMKAaMH 3THX CHUCTEM SBJSIOTCA OeJibie
KapJIUKH.

HoBbie n MOBTOPHLIE HOBLIC 3BE3/bl

SBnenue HOBOHM 3Be3xbl He MeHee 3(deKTHO,
4yeM BCHBIIIIKA CBEPXHOBOM. 3a Heckoybko AHel Ha Hebe, rae
paHbLIE€ «HHYEro He ObLIO», BO3HHMKAET sApKas 3B€3/Ja, BUOAM-
Masi HeBOOPYX€EHHBIM IJ1a3oM. BoobOpaxenne yeiaoBexa, MpH-
BBIKIIIETO K HEM3MEHHOMY BHIy HebGecHo#l cdepsl, HM3penxa
NepecekaeMoil HCKYCCTBEHHBIMHM CIyTHUKaMH 3eMIIH, Ha-
YyUHAEeT OyJOPaXUThCA NPU TOSBJICHHU HOBOH 3BE3IBL ITO,
B 0OlIeM, HHTepecHOe (H3HYECKOe SBJICHHE INPHOOpETAET
€llle ¥ «MHOTO3HAYMTEIbHYIO» IICHXOJIOTMYECKYIO OKpPacky.
Hanpumep, nost Arape#i BozneceHckuii Tak OTKJIMKHYJICS Ha
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Benbiuky HoBoit 3Be3gsl 1975 roma B co3Be3gum JleGens:

«.. Tot HoBas Jle6enb, He ObITh TeGe cTapoii...
M3 xpyxxu noneiite Ha pyku Ilunaty.

Ipomait, Mos ¢aeiita!

INpowiaii, MOs JKMBas ciasa.
Tor MHe Hagoena. CTymaid K acmUpaHTy».

Ve mociie BCHBIIIKM HOBOM, mpocMaTpuBasi crtapele (oro-
ILTACTHHKY, aCTPOHOMBI 3aMETIJIH, YTO €IIle A0 BCHBIIIKH Ha
MECTE HOBOH Haxoauach 3Be3na Ha 10— 12 3Be3gHBIX BeJH-

Puc. 68. O6omnouxa, cOpoleHHas
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IIpH B3pHLIBE HOBO# 3Be31bl

gyl ciabee. [1o kakoit-To mpu-
YHHE CBETHUMOCTDH 3BE3/blI BHE-
3aIHO YBEJUYWIACh B AECATKH
ThicA4 pa3. HamoMHuM, 4TO
IPU B3PBLIBE CBEPXHOBOM CBe-
THMOCTb JOCTHI'a€T MOIHOCTH
MWUIMapaa 3Be3d. SIBieHue
HOBO# 3HAYUTEJILHO CKPOMHEe
o CBOMM MaciutabaM, a BhI-
TJS0UT OHO CTOJIb € SPKO H3-
3a TOro, YTO BCIBIIIIKA HPOHUC-
XOOUT ropa3ao OGJuxe K HaMm.

Bieck HOBO# 3Be3mpl moc-
Jle JOCTHXEHHS MaKCHMyMa
MEIJIEHHO, B TEYEHHE HECKOJIb-
KHMX MecsleB, magaeT Ao Ipe-
XHETo ypoBHs. Yepe3 HECKOJIb-
KO JIET Ha MeCTe BCHBILIKH II0-
ABJISIETCA TYMaHHOE IATHBILI-
KO. JTO IMOKa3bIBAET, YTO IIO-
SIBJICHHE HOBO# COIPOBOXX1a€T-
cs BBIOpOCOM BellecTBa (CM.
puc. 68).

ACTpOHOMBI [aBHO 3aMe-
TWIH, YTO HEKOTOPHIE 3BE3/IbI
BCIBIXUBAIOT IO HECKOJIBKO
pa3. IlpaBma, Takue BCHBIII-
KH mnocyiabee, yeM HOBEHIE. B
TabJ1. 3, B3STOIl HAMH M3 KHUTH
HU3BECTHOI'O COBETCKOT'O HCCJIE-
JIOBaTeNs TMEPEMEHHBIX 3Be3
B. II. IleceBuua, mpuBoaATCH
XapaKTEPUCTUKH BCIBILIEK HO-
BBIX 3Be3J. Bembliku moBTOp-
HBIX HOBBIX 3HAUUTEJILHO CJIa-



Tabnuma 3
Hosrie 3Be3an

r 3Be3aHas Op6urane- | CseTHMOCTH 10
Ha3sBanue OA BEJIMYMHA B |HbIH nepHoa,] U MOCJi€ BCIBILUKH,
OTKpHITHA MaKkCHMyMe AHH L/Lo

GK TIlepces 1901 02 0,685 1,2 251000
DN BiausHenos 1912 3,6 ? 3,3 100000
V 603 Opia 1918 -1,1 0,138 8,3 480000
V 476 Jlebens 1920 2,0 ? 1,6 690 000
RR Xusonucua 1925 1,2 0,145 1,3 91200
DQ Tepkyieca 1934 1,3 0,194 0,06 17 400
CP SAmepunst 1936 2,1 ? 2,8 525000
CP Kopmnl 1942 0,5 ? 0,06 440000
V 1500 JleGens 1975 1,8 0,14 250000

Gee BcobmIEeKk HOBHIX. IIPOMEXYTKH MeXIy BCIBILIKAMH
HCYMCIIIOTCS JECATKAMH JIET.

Onnoii u3 Hambojiee IIMPOKO HCCICAOBAHHBIX HOBBIX
asiserca 3Be3ga DQ I'epkyneca. HoBas I'epkyseca BCIBIX-
Hysa B 1934 r. B MakcuMyme Giiecka oHa ObLia OmHOH U3
HauboJlee APKHUX 3B€3] CEBEpHOM ya-
ctu Heba. Ha crapeix ¢oTormtacTus- i fiﬂ‘

Kax Ha MeCTe HOBOH Obuta obHapy- 3| 3%
*KeHa 3Be3fia 15-it BemmuunbL ITocne 5 %
MakCuMyMma OJieck ymaj, HO mo- ,
TOM HayaJl BHE3aIlHO PacTH B Te-

9

Lneck

yenne 100 mHell, a mocie 3TOro i
Me/UICHHO yMeHbIIWICS 1o 15-if Be- | v §
JHYMHBI (pUC. 69). e
B 1954 r. amepuxanckmit acr- “Sf YV
poHoM Mepnun Vokep (JIukckas 0 4w 120 200
obcepBaTopus) cHenall OTKPBITHE, bpems, Onu
KOTOpPOE MNpOJMIO CBET Ha mnpu- Puc 6?. H3menenne 6ecka
pony HOBBIX 3Be3d. TimatenpHo Hosoi DQ - Iepkyieca,
BCIBIXHYBLICH B ,uelcaﬁpe
Habmonas DQ Iepkynmeca, oH Ha- 1934 r.
mej, 4Yrto ee OJleck MeHsieTCS C
nepuogoM 4 vaca 39 mumyt (0,194 nus). Kpusas Oiecka
(cMm. puc. 70) moxasbBajia, yto DQ I'epkyireca — 3aTMeH-
HO-epeMeHHasi 3Be3fla. B cmekTpe 3Be3asl Habromaiuch
SpKue JIMHUM W3JIy4eHHs BOAOpOJa M Treusi. AHalIu3u-
pyst KpuBYIO GiieCKa M KPHBYIO JIy4eBBIX CKOPOCTEH, acTpo-
HOMBI YCTAaHOBHJIM, YTO ITOJIHAs Macca [JBOMHOI MeHbIle
Maccel CosHna! DTO MaJloMacCHUBHAsi CHCTEMa, COCTOSILAs
U3 XOJIONHOTO KpacHOro Kapjimka M KOMIIAKTHOH ropsuei
3Be3abl. JIMHUM M3JIy4eHUS «TYJISJIN» MO CIOEKTPY C OpOH-
TAJIBLHBIM MEPHOJOM, HO IO (pa3e He coBmagasii HU C ONHOH
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Prc. 70. Kpupasa Gmecka DQ I'epxyineca
H3 3BE3M. 3T0 AOKa3bIBAJIO, YTO B CUCTEME €CTh CHIBHBLIE
ra30BBI€ ITOTOKH.

B 1956 r. ToT %xe Voxep caenman eiie OJHO BaXHOE OT-
KpbiTHE. Bieck cuCTeMbl CTPOro NEpHOINYECKH «HOIparu-
BaJl» Ha HECKOJbKO mponeHToB (cM. puc. 71). Ilepuon

iy

[Tormox

Bpema

Puc. 71. Ilomparumsanme Onecka 3pesgsl DQ Iepkyneca ¢ mepuomoMm,
paBueM 71 ¢, otkpeitoe M. VokepoM eme B 1956 r. (mo oTkpeITHS
paaHonyjabLcapoB)

«aoaparusanuii» paseH 71 cexynue. Tak OBLT OTKPHIT HEPBBIH

nynecap. Ho mynbcap He Ha HeHTpOHHOM 3Be3ne, a Ha OejioM
KapJiake !
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Crosb GBICTPO MOXET BpaIaThCS TOJLKO OeJblit Kapiimk
WM HEHTpoHHas 3Be3fa. HelTpoHHas 3Be3na He HMPOXOIHUT
«I10 COBOKYIHOCTH». Macca mynbcapa B 3TOH CHCTEME MHOTO
MEHBIIIE YaHIpaceKapoBCKOTO Ipenesa. JTO AEJAeT THIIOTe-
3y HEHTPOHHOM 3Be3IBl MAJIOBEPOATHOW, HO HE HEBO3MOX-
Hoit. JI. 1. Jlannmay eme B 1937 r. nokasaji, 4T0O MHHHMAJIbHO
BO3MOXHAasi Macca HEUTPOHHON 3Be3dbl MHOTO MeEHbIlIe YaH-
IpacekapoBCKoro mpenena. {pyroe aesno, 4To nNpH MaJioil Mac-
ce 3Be3le dHepreTHiecku Oojiee BHITOOHO OBITH GenbIM Kap-
JIHKOM, a He HedTpoHHO# 3Be3foi. Takyro HeWTpoHHYIO
3Be3y HYXHO CHEHHAJIbHO <«IIPUTOTABJIMBATELY, CO3daBasd
ocoOble ycioBus. Becy xoMiuiekc HaOJIOOATEIbHBIX JAaHHBIX
CBUIIETEJILCTBYET B IOJIb3Y O€J0ro Kapiiuka.

I'a3oBBle NOTOKM B ABOMHON BO3HHKAIOT H3-3a 3aIOJIHE-
HUS KapJuUKOBOM KpacHOH 3Be3noil cBoeit mosoctu Pormra.
KapTuna 3meck OYEHb IIOXOXa Ha Ty, YTO MBI BHOETH
B cucreMe HZ I'epxyneca, ToJIbKO HEHTPOHHYIO 3BE31y HYX-
HO. 3aMEHHTh Ha OeJbIid KapJiuK.

Bensiit kapyauk nouru B 1000 pa3 Gosbmie HERTPOHHOMR
3Be3ABl. DTO JAejlaeT MexaHH3M akkpenud B 1000 pa3 meHee
a¢dexTuBHbIM. IlpHu akkpenun Ha OeNBIH KapJIUK BBIAEIISIETCS
He 109 maccel nokos, a Bcero 0,01 %, T. e. MeHbIIle, YeM IpH
TEpMOsIEpHBIX peakuusx. Ho B OeroM kapiuke HeT OPYIHX
UCTOYHUKOB SHEpPIHM, MO3TOMY aKKpEIlMs OKa3bIBaeTCs Bax-
Ho#i. Kcratu, 3T 1MpHI MOKa3hIBAIOT, YTO IPH OAWHAKOBOM
TeMIle aKKpelUH HeHTpOHHas 3Be3da HOJDKHAa ObIThH IpHUMep-
HO B 1000 pa3 spue Oenoro kapiuka. 10 U HabIrOJaeTCs:
ceeTuMOCTh cucteM Tuna DQ I'epkyneca paBHa mpuMepHO
HeckoJIbKUM cBetuMocTaM CosiHna, T. e. mpumepHo B 1000
pa3 Mmenbie ceeTuMocTy cucteM tHna HZ I'epkyneca — I'ep-
kynec X-1.

UeM xe OOBSACHAETCS BCIBIIIKA HOBOW WJIH IOBTOPHOU
HoBoi#i? BcrnoMmuuM, 4YTo Oesible KapJMKH OOpasyroTcs U3
3Be3 He OYeHb OoJypmmx Macc. Macca 3Be3nsl ompenesisieT
MaKCHUMAaJILHYI0 TeMneparypy B ee meHrpe. Hactymaer Mo-
MEHT, KOrJa B IIEHTpE BHITOPAlOT 3JIEMEHTEHI, CIOCOOHBIE
B IPHHLHUIIE TOPETh NIPH JaHHON TeMIEpaType H IUIOTHOCTH.
H3oTepMuieckoe Sapo cxXuMaeTcs A odpasyercs OeJiplil Kap-
JIUK, BHYTpDH KOTODOTO sAcpHble pPEAKIOHHM HEBO3MOXHBI.

XKu3zHp ogMHOYHOTO 6esoro KapiHka COCTOMT B MOHO-
TOHHOM OCTBIBaHMH O€3 BCSKMX KaTakiaum3moB. [JIpyroe ge-
0 — nBoiHas cucreMma. CocemHsd 3Be3la IIEpETEKaeT Ha
GeJrblit Kapiuk, oboramas €ro MOBEPXHOCTh CBEXHM, €IUE He
neperopeBminM TommBoM. C gpyroi CTOpOHBI, H3-3a yAapa
0 MOBEPXHOCTh OEJIOro KapJinka aKKpeLUPyeMOE BEILECTBO
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pasorpeBaercs. [{yis BO3HUKHOBEHHMS TEPMOSIEPHOro rope-
HUA HeoOGXoauMo, 4TOOBI IUIOTHOCTh M TeMIlepaTypa Belle-
CTBA IpEBHILIAIN OIpENeJICHHblE KPUTHYECKUE 3HAYEHHS.
TeMnepaTypa B HaTeKIIEM CJIO€ ONPEAENIAETCs INPUTOKOM
9HEPrud, KOTOPBIA B NepBOM NpHOIMKeHuH nocrosiHed. Ilo-
3TOMY MOCTOSIHHAZ M TeMIlepatypa. A BOT IUIOTHOCTb MeI-
JICHHO HapacTaeT — Bellb Macca CJIOS IIOCTOSHHO IOBBIILIAET-
csi. JJOCTHrHYB KpUTHYECKUX 3HAYCHUH, 3TOT CJIOH B3phIBaET-
csi. BeltectBo mpuobperaer 6onbliMe CKOPOCTH M HAYMHAET
pasyieTaThCsi BO Bce cTOpOHBL. C yBelMYeHHEM IUIOINAAM pe-
3KO BO3pacTaeT ONTHYecKas CBETUMOCTb. DTO Mbl UM BHUAMM
KaK BCIIBIIIKY HOBOM.

Pa3snuyue MexIy HOBBIMH M NOBTOPHBIMH HOBBIMH, IO-
BHIUMOMY, COCTOUT B TOM, YTO B IIEPBOM CJIy4ae B3phIBACT-
csl renuif, a BO-BTOPOM — Bojopon. [lyis 3aropaHusi rejus
geobxoquMa GONbLIAas IIOTHOCTb, MO3TOMY HYKHO OJIbLIE
/1aTh, IOKa OH B30pBeTCs. 3aTO U BCHbILIKA OyaeT ropasmao
MOIIIHEE, TaK KaK B3pbIBaeTcs OoJiblliee KOJMYECTBO BeIlle-
cTBa.

Wnes snepHOro ropeHus B TOHKOM cJjioe Ha OeioM Kap-
Juke obcyxnanace yueHbiMu emie B 40-¢ romgel. Ho cBsi3b
C aKKpelueil B TECHBIX IBOMHBIX CHCTEMAaX BbLISICHUJIACH JIMILb
B IocjenHee aecsiTuieTHe. MoxHO rpy6o MpPUKUHYTH, Kak
4acTO BCHBIXUBAIOT HOBBIE — OYEBHIHO, OHH TOXE OJDKHBI
OBITH «IIOBTOPHBIMI».

AHanu3 BCOBINIEK HOBBIX 3Be3l IOKA3bIBACT, 4TO IIPH
BCIBILIKE HOBOM Bbl6paceiBaeTcs M= 107> M. Ecmm
TEMIT aKKPEUHH NPUHATL PaBHBIM CTAHIAPTHOMY 3HAYCHUIO
M = 1071 M fron, To Macca, BrIGpOLLEHHAsE IPH BCIIBILI-
K€, BO3MECTUTCs yepe3 Bpems t ~ M/M = 10° net. C npyroit
CTOPOHBI, BOOOPOJ BCHIBIXMBAaeT IpU Oojiee MATKHX YCJIO-
BUSX, U 3HAYHUT, Yaile.

CrnenyeT BOCHPHHUMATh TakWe OLEHKM Kak NpuOJH-
KEHHBbIE — NeTajlbHas KapTHHA IokKa eule He sicHa. Hampu-
Mep, Oeble KapJIMKH 00JIaJalOT CUIBHBIMU MArHUTHBIMH TIO-
asmu. Benp DQ T'epkyneca — mynscap. HampsokeHHOCTB
MarHMTHOrO 1oJs y 3Toro kapsuka ( ~ 10°—10° I'c) mocra-
TOYHA [JI TOTO, YTOOBI 3aCTaBHTh BELIECTBO NaaaTh Ha IO-
moca. Ot 3HaueHMs MarHUTHOTO MOJIsE M TEMIIa aKKPEeLHH
3aBHCHT IUIOIIAb, HAa KOTOPYIO BBINAJAET BeIIECTBO,
a cieloBaTesNbHO, M Temmeparypa. KapruHa ocrmoxHsercs
€Ille TEM, YTO B Pa3HBbIX IBOMHBIX CHCTEMAaX HMCTEKAeT Belle-
CTBO C pa3jUYHbIM XHMHYECKUM COCTaBOM, K TOMY Xe
u Oenble Kapnuku pasHble. Takoe pa3HooOpasue yCIOBHii
U ompenenseT HabirogaeMoe MHOTOOGpasue XapakTEPHUCTHK
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HOBBIX U MOBTOPHBIX 3Be3x. IToBenenue e MEXIy BCHbILIKA-
MH TMOJIHOCTBIO ONpENENISETCS XapakKTepoM aKKpeLuu, KOTo-
pas TOXe NMPOTEKaeT O4YE€Hb Pa3HOOGpPa3Ho.

3Be3asl THHA U Bim3nenos

ITone3ysce BOEHHOW TEPMMHOJIOIMEH, MOXKHO
CKa3aThb, YTO HOBHIE U NOBTOPHBLIE HOBBIE — 3TO TSDKEJas ap-
TUJLIEpUs, a BOT Bembilku 3Be3n Tuna U bumsnenos mo-
IoOHBI myJieMeTHO# ovepeau. IIpoMexyTkn MeXAy BCHbIHI-
KaMH JUIATCS BCETO HECKOJIbKO Mecses. CTporoi nepuoany-
HOCTH HET, HO €CTh JOBOJIbLHO CTPOTO BBHIAEPKHBAIOLIMIAC
MK MoBTOpeHuid. B Tabn. 4 npuBeneHbl XapaKTEPHCTHKH
HekoTophix 3Be3n tuna U bausnenos. Ceituac u3BecTHo 00-
nee 300 Takux 3Be3..
TaGauua 4

3se3ant Tuna U Biausnenos

IIpononxuTenbHOCTh OpO6uTanbHbIH
3Be3na HMKJa, nepuof,
IHU IHU
U BaunsHenos 103 0,177
SS BosHuuero 57 0,180
EX Tuapsi 558 0,068
SS JleGens 50 0,276
RU Ileraca 68 0,371
Z XameneoHa 104 0,0745

IMonbckuit actponoM Boiinex KieMuHckuii (TOT caMbli,
KOTOPbIf NPaBUILHO OTOXIECTBUJI PEHITEHOBCKUIA ITyJIbCap
Lentasp X-3) paccuutan, yto 6ieck 3Be3asl U bausHenos
MeXNy BCHBIIIKAMH MEHSETCS ¢ nepuoaoM 4 gaca 14 MuHyT
(0,177 nus). Kpusas 6necka (puc. 72) HeycToHunBa M MEHSET
cBoro ¢opmy. Ho oT mukna K UKy OHa YaCTMYHO WJIH MO-
JIHOCTBIO BOCCTAHABJIMBAE€T CBOM XapaKTEpPHbIE M3THMOBI

C Takoii HeOoOLIYHOM KpuBOH 6Jiecka MBI €IIE HE CTaJIKH-
BaJiuch. «PacnyTaTe» ee NOMOXET KpuBas JYYEBLIX CKOPO-
creil. Ha ¢ase raaBHoro muHumyma (@ = 0,5) nyuesas cko-
pocTh obpaiiaercs B HyJdb. OTO 6€3yCIOBHO O3HAYa€T, YTO
JIMHMHA CBS3aHBI C 3aTMEHHEM ropsueil spkoi obnactu. Us-
MeHeHHs OJlecka CX€MaTHYHO IpPeACTaBiIeHbl Ha puc. 73.

HeobbuHass 0COGEHHOCTh KpUBOH 6j1eCKa COCTOMT B TOM,
yTo popMa MHMHHMyMa HEe CHMMETPHYHA. 3Be€37a BHauase
nocTeneHHo BXoauT B MuHuMmyM. Ha ompenenenHolt dase
MPOMCXOAMT M3JIOM, U BXOX B 3aTMEHHME CTaHOBHTCs Oosee
kpyTeiM. Co3fnaeTcsi BIe€YaTJICHHE, 4YTO spKylo o00JacTh
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BHAYaJie 3aTMEBAET OJHO TeJIo, a MOTOM Japyroe. MHTEepecHo
eie ¥ To, YTo (popMa HAYAILHOrO y4acTKa 3aTMEHHUS 3aBH-
CHT OT TOro, Ha KaKoO# [JIMHE BOJIHBI MbI HaGJronaeM. DTo
MOXHO OOBIACHUTH TOJBKO TE€M, YTO HAUYaJI0 MHHUMYMa (y4a-
CTOK 1 —2) COOTBETCTBYET 3aTMEHHIO MOJIYIPO3PAYHBIM Te-
JoM. A pansie (yuactku 2—3, 3 —4) HacTymaeT 3aTMEHHE
abCOJIFOTHO HENpO3pavHBIM TEJNOM (CM. pHC. 73).
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Puc. 72. U3smenenue Gnecka 3Be3arl U Bau3HENOB: a — NOJITOBPEMEHHOE,
6 — opbOurtajbHOE

OTH 0COOEHHOCTH O4YE€Hb HPOCTO OOBICHUTH CIEIYIOIIUM
o6pa3oM. [IpencrasbTe, YTO CHCTEMa COCTOMT U3 IBYX 3BE3[,
OIHAa U3 KOTOpbIX OKpyxXeHa nauckoM. Ilycte Ha nucke
AMeeTcs APKOe ropsdee MATHO, CJIErka CIBUHYTOE OTHOCH-
TEJLHO JIMHUH, COeTUHSIONIEH 3Be3bl. [I9THO HacTONBKO SIp-
KO€, YTO OHO NMOJHOCTBIO ompenenseT Oyeck cucremsl. Ecim
OBl OBLIO OJHO Takoe NMATHO M IUCK, TO KpuBas OJiecka Impen-
craBiisiyia Obl CO0O# «KOJIOKOJI», BEPIIMHA KOTOPOTO CIABHHY-
Ta oTHOocHTeNbHO ¢a3bl 0,5 BieBo. B MakcuMyMe Mbl BUIIETH
OBl mOJIHOCTBIO NATHO (aHdac). Ho mATHO HaxomuTcs 4YyTh
cOOKy OT JIMHHM, COENUHSIONIEH 3Be3dbl, ModTOMy U dasa
4yTh cOBUHyTa. Temeppb nmobaBuM cocenHioro 3Be3ny. Ilo-
ABUTCA 3aTMeHHE ctporo Ha ¢ase 0,5. Ocraycsa mocnennuit
mrpux. [Iycte oT TeMHO# 3Be3bI K JUCKY OBET CTPYA HOJY-
mpo3payHoro rasa. [TosBurcsa ussiom (ysacrok I —2). CHava-
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Jla MATHO 3aTMEBAETCS CTpyel, a moToM — 3se3noit. Iloaro-
My U MHHHMYM HE CHUMMETPHUYHBIH,

AHanu3 CHEeKTPOB NOKa3biBAaeT, YTO CHUCTEMHI THIA
U bnu3HenoB cocTosT uU3 KpacHOro Kapimka (Macca — He-
CKOJIBKO necaThiXx Macchl CosiHa) M Gesioro xapJuka, OKpy-
XKEHHOTO aKKpPEHHMOHHBIM AuckoM. Ho B oTimume oT cucrem
tina DQ I'epkyseca akKpelHOHHBIH AUCK U Oesbli Kapiuk

025
|
) /opsvee
Auck \ &f/ 7SVTHO
(asd
"\
00— -05 5
g
q
1 1 L A
aq75 g a5 10
@asa
1 1 1
g a5 10
7
4
| ] S 1
275 a7 a5 10

Puc. 73. Cunre3 xpusoit 6iecka 3se3nbl tuna U Bimsnenos. Ha Bepxnem
pHCYHKe NOKa3aHa kpuBas Gjecka ropsuero nsTHa Ha aucke. B Teuenne
nojiynepuona nATHo Buano Ha ¢asax 0,12-0,62, a wa gpyrux ¢a3sax
OHO 3aKPHITO AKKPEUMOHHBIM 1uckoM. Ha cpegneM pucynke moka-
3aHO, KaK M3MEHHTCA KpHBas Osiecka, €CIM YYHTHIBATH 3aTMEHHE COCCOHEH
3Be3[0if — moABJAeTCd MHHUMyM Ha ¢pase 0,5. M HakoHen, Ha HHXXHEM
PHCYHKe YUATHIBAETCA 3aTMEHHE NOJIYNPO3PaYHOH CTpyeil ra3a; ee BIMSHHE
NPHUBOAUT K NMOHMXeHHIOo Ojecka Ha ydacrke [ —2
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[OYTH HUYErO He u3iyyaroT. [IpuuuHbI 3TOrO MoKa eue ToY-
HO HE YCTaHOBJICHBL

BoJtee 1u MeHee MOHATHO 0Opa3oBaHHE roOps4Ero INATHA.
Crpysa rasa, KOTOpas T€4e€T OT KPAcHOIO KapJMKa, 3aIoJI-
HSAIOLIETO CBOIO moJiocTh Pollla, He IUIABHO «HAaBHBACTCH»
Ha IWCK, 2 «BPE3aeTCs» B HErO MOJ HEKOTOPBIM YIJIOM. YTOJI
aTak¥ MOXeT OBITh JOCTATOYHO BEJIHK, M B MECTE CTOJIKHO-
BEHHMA BO3HHMKAaeT yJapHas BOJIHA — y3Kas oOJacTh, BHYTpPH
KOTOPOif Pe3KO YMEHBIIAETCSE CKOPOCTh CTPYH H BO3pacTaeT
TeMnepatypa rasa. Kuneruueckas 3HEprus CTpyH NEPEXOIUT
B MOTEHIMAJILHYIO.

Jlerxo OLEHHTH CBETHMOCTH Takoro nsrHa. Ecim cko-
POCTE CTPYH MO OTHOWIEHHMIO K TUCKY PaBHA v, TO KMHETHUe-
CKas SHEprus eIMHHIBI MACCH ra3a B cTpye paBHa v2/2. Ipu
yoape MOYTH BCSA JHEPrus NEPEXOMHUT B TEILUIO U M3JIyYCHHE,
nosToMy . K@XIblii KHJIOTPaMM ra3a B ITHE H3JIy4aeT NpH-
MepHO v2/2 mxoynei. Tax kak KaXxIyio CeKyHOy B CTpye
MepeHoCHTCs M KIWIOrpaMMOB, TO NOJHast CBETHMOCTH IIAT-
Ha paBHa

. v?
Lnsn'Ha =M 7 (18)

CxopoCTb JBIKEHHS BELIECTBA B CTPYE B TAaKUX KapJIMKOBBIX
CHCTEMaX MOXET JOCTHIaTh HECKOJNBKHX COTEH KHJIOMETPOB
B CeKyHOy, a Temn neperekanus — 1077 —107% M ,/ron.
CBETHMOCTB NSATHA MOXET OBITH CpaBHHMa CO CBETUMOCTBHIO
Takoii 3Be3apl, kak CoJiHile. A Beab 3Be3IIbI B 3THX CHCTEMAax
CBETAT B NECATKU U COTHU pa3 ciabee. [ToaTtomy He ymuBu-
TEJIBbHO, YTO NATHO MOXET OBITH Sp4e 3BE3N.

VY nuButenabHo Apyroe. ITouemy Oesblil KapJiMK, KOTOPBIi
OKPYXEH aKKPEIUPYIOLUM IUCKOM, HUYErO HE U3JIy4aeT Me-
XK1y BemblkaMu? MoxeT ObITh, AKKPELMH MEXIY BCHBIIIKA-
mu HeT? MoxHO GbUTO OBl MPENNOJIOKUTH, YTO B JUCKaX Ta-
KHX CHCTEM HET TPEHHS, [O3TOMY OHH HE aKKpEeLUHUpYIoT,
MEJIJIEHHO yBeJIMYuBas CBOIo Maccy. Korma mioTHocTs B Ju-
CKe JOCTHTa€eT ONpPENeIEHHOr0 KPUTHYECKOI O 3HAUCHHUS, B €0
BEIIECTBE Pe3KO BO3pacTaeT TYpOYJEHTHOCTb M HAYHHAETCS
aKkpenus Ha OeJblif KapJIMK, YTO ¥ BOCHPHHHUMAETCS HaMHU
Kak Benblka. J{uMck «ctekaeT» Ha Oejblii Kapyiuk, B HEM
ONATHL HCYE3aeT TPEHUE M BCe MOBTOpseTcsa cHavaida. Ho mo
KakMM NpuYuHaM Tak mpoucxomut? Iloka HeusBecTHO.

Ho, BO3MOXHO, OTCYTCTBHE aKKPELMH MEXIY BCIbIIIKA-
MH 00BACHIETCA 3QdekToM «mpornesutepa». Eciu Gesblit kap-
JIMK Bpamiaercs ObICTpO, TO €ro MarHUTHOE MoJie OYyIeT Ipe-
HATCTBOBAaTh IAaJEHHIO BEHIECTBA Ha €ro IOBEPXHOCTb.

144



BeriectBo OyneT HakalIMBaThCs B JHMCKE, YTO IPUBEIET
K BO3pacTaHUIO B HEM JABJICHUS, U BHYTPEHHSs IPAHULIA M-
cka OyZeT NOTHXOHBKY NpPHUOJMXATHECS K OEIOMY KapJIHKy.
CKOpOCTh [BHXKEHHS CHJIOBBIX JIMHUH MACHUTHOTO MOJIS
yMEHbILIaeTCd 0 Mepe NMpHuOJIMKeHus K 6eJIoMy KapJsiuky (cu-
JIOBBIE JIMHUM BPALI2IOTCSA TBEPAOTEJILHO C OejIbIM KapJiu-
koM). B ompenenenHelii MOMEHT 3¢dekT mnpomesiepa ucye-
3a€T U BELIECTBO NajaeT Ha MOBEPXHOCTH 0eJIoro KapJiiuka.
ITpoucxonut Bemelmka. 3aTeM BCe IMOBTOPSAETC, Kak
U paHblile.

W3 pacueToB OEHCTBUTENILHO CIENYET, 4TO OeJible KapJiiu-
KA B 9TUX CHCTEMAax JOJDKHBI BpallaThCid OYeHb OBICTPO,
C NEepUONOM OT HECKOJIbKHUX CEKYHA A0 HECKOJIBKAX COTEH
CEeKYHII.

Boo6ie rosops, y cuctem tuna U Bbimsnenos Habutro-
JaeTcs ellle OAMH BHJA BCHBIIIEK, ropa3no 60Jiee MOIIHBIX
U pEe3KHX. DTO SBJIEHHE, IMO-BUIUMOMY, CBA3aHO C TEpPMOSs-
JIEPHBIM B3pBIBOM 0OraTOro BOJOPOIOM BEIIECTBA, HATEK-
IIETO HAa MOBEPXHOCTH GEJIOro KapJiuka.

Y onHo# u3 3Be3a 3TOro Tuia, 3se3abl SS JleGens, Obliia
3aperuCTpUpPOBaHA BCIBIIIKA PEHTIEHOBCKOTO H3JIyYCHHS,
OpUYeM PEHTICHOBCKOE H3JIyYeHHE MMYJIbCUPOBAJIO C IMEPHO-
oM okoso 8 cekyHa. VIMeHHO TakuM NEepUOIOM BpalllCHUS
1 JoJpkeH obsanath Oeliblii KapyiMK B MOMOOHO# cUCTeMe.

Ioaspst

B cepenune 70-x ronoB MOSBWICS e€llle OOUH
KJIacC KapJHKOBBIX JBOMHBIX CHCTeM — MOJSApeL Ponoxa-
yaJbHULEH HOBOrO KJjacca CHCTeM cTajla 3Be3gouka AM
Iepxyneca (310 yxe Tpetbs, Bciaen 3a HZ u DQ, 3ameua-
TeJbHas 3Be3fa U3 co3Be3nus I'epkyiieca).

OTta 3Be3Ja Hayuyuja acTPOHOMOB MHOIOMY, HO caMoe
[JIaBHOE, TOMY, YTO aKKpeunupyroiue Oesple KapJaHuKH MOTYT
OBbITh HCTOYHUKAMH JOBOJIBHO XECTKOI'0 PEHTI€HOBCKOIrO H3-
nyuenus. [Ipasna, eme B 1967 r. amepukaHckue acTpodu3uku
obpaiajiji BHUMaHHE HAa TO, YTO IpPH aKKpenuu Ha Oeble
KapJIMK{ OI[YTUMOE KOJHMYECTBO SHEPIUM MOXET H3JIy4aThCs
B PEeHTT€HOBCKOM auamna3oHe. Ho, kak roBopuiiock B Mpeabl-
Qylled ryiaBe, HOJroe BpeMs CYHTAJIOCh OOTMOM, 4To Oesbie
KapJIHKH He MOIYT OBITb MCTOYHMKAMH PEHTT€HOBCKOTO
m3nyuerus. OT 3TOH JOrMbI MIPHIIIIOCH OTKa3aThCH €IIe B
1976 r., korga Ha cniyTHuke SAS-3*) aMepHKaHCKHE Y4YCHbIE

*) SAS — cokpaiieHHo oT aHra. «Small Astronomical Satellite» —
MaJiblii aCTPOHOMUYECKUH CIIyTHHK.
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oOHapyXUU UBMEHEHHE PEHTITEHOBCKOTO IOTOKA C IEPHOAOM
0,129 nus (mpumepHo 3 yaca) ot AM I'epkyJieca. Touno ¢ Ta-
KHMM € MEepuoJIoM, B Ipenesiax oT 12-it 1o 13-ii BeIMyYMHBI,
MenseTca 6ieck 3e3nbl AM I'epkyrneca.

OMUCCUOHHBIE JIMHUM B CIEKTpe 3Be3Abl ITOKA3BIBAJIM
NPUCYTCTBHE CHJIBHBIX Ta30BbIX NOTOKOB. IlonyamiumaTtyna
JnyyeBoit ckopocTH paBHsiach 240 km/c. Cronb OGonbiuas
CKOpPOCTb [BHXXCHHS [JOCTUTAeTCs He 3a c4YeT OOJIbIIOi
Macchl 3B€3[, a 3a CYeT KOMIAKTHOCTU cucTtemsl. Ilepuon
Bcero 3 uyaca!

IlpuBenem crenyrouii npuMep, KOTOPHIA IO3BOJIMT
NPEACTaBUThL CUTYallUIO B 3TOM ABOMHOM cucteme. Eciu Obl
MbI 3alyCTHJIM UCKYCCTBEHHBIH cITyTHUK Bokpyr CousiHua Ha
Majoii BLICOTE HaJ €ro MOBEPXHOCTbIO, TO OOUH OOOpPOT OH
6b1 comepran 3a 2 u 40 mud. Macca 3Be3ng B cucteme AM
I'epkyneca menbnie Maccsl CosHna, M pasmep IBOHHOMN
oka3biBaeTcsl MeHblue paauyca CoJHpa.

Ho caMbiM HeOXHIaHHBIM ObLIO TO, YTO ONTHYECKHI
cBeT AM TI'epkyneca oka3ajics cuibsHO noJspusosad. Iosrto-
My 3Be3nbl Tuna AM Tepkyneca W Ha3pIBalOT MOJISIPAMHU.

HanomMHuM, 4TO BHOMMBIA CBET — 3TO Habop 3JieKTpo-
MarsHuTHbIX BoJyiH. Kaxnas BoyiHa npencrasiseT coboil koute-
6uromyecs: CKpelieHHbie MarHUTHOE U JJIEKTPHYECKOe MHOJIf
(cM. puc. 74). ¥V oTAenbHOH BOJIHBI IUIOCKOCTh KoJieDaHHMi

Puc. 74. B 3eXTpOMAarHATHOH BOJIHE 3JIEKTpHUYeCKHi Bextop E Ko-
nebyieTcs B MJIOCKOCTH, NEPIEHAMKYISPHOM IJIOCKOCTH KoJsieOaHuil BexTopa
MarHuTHOH MHAykuMu B

3JIEKTPHYECKOTO (MM MAarHuTHOrO0) BEKTOpa CTPOro (UKCHu-
posana. Ecin miuockocTu konebaHuil 3MEeKTPUYECKHX BEKTO-
pOB pa3HbLIX BOJIH HE COBIajalOT APYT C APYIOM, TO TaKoi
Habop BOJIH Ha3bIBAIOT HENOJAPU30BaHHLIM cBeToM. U Ha-
000pOT, €CJIN eCTh MPEUMYILECTBEHHAs TIOCKOCTD, BIOJIb KO-
TOpo# KojebsieTcs O60Jbias 4acTb BOJIH, TO CBET HAa3bIBAIOT
noJisipu3oBaHHBIM. B 0OBIMHEBIX BelllecTBax, HAPUMEpP B CTe-
KJIe, CBETOBBIE BOJIHBI PACIPOCTPAHAIOTCS OAMHAKOBO XOpO-
1O, HE3aBUCHMO OT NOJIOXKEHHS IUIOCKOCTH MOJISPU3AIMH.
Ho B npupone ectb BellecTBa (HOJAPOMIBI), KOTOPHIE MOTYT
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[OPOIYCKATh CBET TOJBKO B TOM CJIy4ae, eclid ILUIOCKOCTh €ro
NOJIApH3all¥M HANpaBJIeHA OINpelesIeHHBIM o0pa3oM. 3ITo
CBSI3aHO C TEM, YTO KPUCTAJUIbI, U3 KOTOPHIX COCTOSAT MOJIf-
pOUILI, MMEIOT BBIJIC/IEHHbIE HANpaBJICHUS (TpaHH).

Pa6ota nmosnsipouna u 3pdexT nojaspuzanud XOpouo Hi-
JIIOCTPUPYIOTCS NOPHUMEPOM M3 OKpYXarolied Hac OeHCTBH-
TeJbHOCTH. UTOOB! MPOUTH B METPO, HEOOXOAUMO cobJmrone-
HUEe JBYX YCJOBMH: HYXHO HMMETh MATA4OK H HYXHO
pacroNIOKUTh MATAYOK TaK, YTOOBI IJIOCKOCTH €ro COoBMaJia
C HampasJIeHHEM ILueM aBToMaTa. [loka MBI He 3allM B Me-
TpO, NATAYKN B HAIIMX KapMaHax
JiexaT KaK nonajuo (OHM He MoJis- 54| CHmaenoackae usiyvende
pU30BaHbI), a IPH BXOJE B METPO
BCE OHHU HOJIAPU3YIOTCA. ABTOMAT
BBINOJIHAET POJb MOJAPU3ATOPA.

OTOT MONYLIYTOYHbIN MPUMeEP
JaeT penenT onpeaeseHus, nos-
pU30BaH CBET 3Be3Ibl WIH HET.
B ¢oxyce Teneckoma craBsT mo-
asapoun. OH mponyckaeT TOJBKO
T€ BOJIHBI, IUIOCKOCTb KOTOPBIX
COBIIA/JIA€T C HAIIPABJICHUEM (lie-
nu». Bpamas «uens» BOKpyr ocu
TeJecKona, Mbl CJIeIUM 3a TeM, flyvesas ckopocme
kak Mensercs O.eck 3Be3anl. Ec-
JIA OH HE MEHseTCsl, 3HA4YUT, CBET
HE TnoOJIApU3OoBaH. Tak mOYTH
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109,. IlpuyeM BeJMuMHA TIOJIS-
pu3amMu MEHSEeTCd C TeM XKe
nepuogoM 3 dvaca (cM. puc. 75).
W3 ananu3a kpuBoil OJiecka li’l«xc. 75. W3MeHeHHe pa3iuy-
M CIEKTpa 3BE3[BI CIEIYET, 4TO 3;’;’; I’(‘?‘X‘;ﬁ#gg;ﬂg’yzﬂgg
rJaBHBIA BKJIad B CBETHMOCTH BMTATBHBIM TIEPHOLOM
CHUCTEMBI 1aeT OeJplii KapJIuK.
Btopas 3Be31a — KpacCHBIH Kap/IMK — NPaKTHIECKUd HE BHIHA.
ITouemy >xe cBeT, HM3Jy4aeMsblili OEJILIM KapJIMKOM, CTOJIb
cuwibHO nossipm3oBaH? Oka3asloch, YTO CBET 3TOH 3Be3IbI —
He OOBIYHOE M3JIyYeHHE IJIa3Mbl, 2 B OCHOBHOM H3JIyYCHHE
3JIEKTPOHOB, NBIXKYIIUXCS B CHJIbHOM MAarHuTHOM mose. Ta-
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KO€ M3JIy4eHHE HA3bIBAeTCS LMKJIOTPOHHBIM. OHO BO3HMKAET
y MOBEPXHOCTU OeJloro kapimka, o6Jafarolero aHoMajbHO
CHJIbHBIM MArHuTHBIM HoJsieM — nopsaaka 108 T'c (mpumepno
B 100 pa3 Gousblie, yeM y Gesioro kapiuka B cucteMe DQ
I'epxyneca). AxkpeuupyemMoe OeJIbIM KapJIHKOM BEILECTBO
pa3orpeBaeTcsi NpH yAape O ero HOBepXHOCTh. IIpu 3Tom
4aCTh 3HEPrHH M3JIyuaeTcs Kak OOBIYHO — IpPH MPOJIETE IJIEK-
TPOHOB MHMO HOHOB (CBOOOIHO-CBOGOIHOE H3JIyUeHHE),
B BHJIe PEHTI'€HOBCKOTO M3JIyYeHHUs. A OCTaJIbHAs YacCTh JHEP-
TMM U3JIy4aeTCs IPH BPAaIllEeHHH 3JIEKTPOHOB B MOIIHOM Mar-
HUTHOM HoJie 6enoro kapiuka. IIpu 3TOM LMKJIOTPOHHOE H3-
JiydeHue *) UMeeT ONTHYECKYIO IJIMHY BOJIHBI — T. €. SIBJISETCS
BHIUMBIM CBETOM.

OueHb HEOOBIYHO BBITJIIIUT HEpeTeKaHHe B TaKOM cucTe-
Me. Kak BrepBble OTMETHIM COBETCKHE acTPO(HU3MKH, €CiH
OeJiblil KapJIMK NEHCTBUTENIBHO 00JIalaeT CTOJb CHIBHBIM II0-
JieM, TO MarHUTHbIE CHJIbI HAYHHAIOT YIPABJSATH IBHKEHHEM
BEIIIECTBA €IIe B TOT MOMEHT, KOIla OHO TOJIBKO IOKHIAeT

Puc. 76. Ileperexanue BeuiectBa B ABOMHBIX THma AM Iepkyneca

KpacHblif Kapyuk., DakTH4eCKH KpacHbIH KapJIMK IOrpyXeH
BHYTpb Maruutocepnl Genoro kapiuka (puc. 76).

To, 4TO PEHTIE€HOBCKOE M ONTHYECKOE H3JIyYeHHs KoJie-
6motca ¢ opOMTaJbHBIM NEpUOAOM, O3HA4YaeT, YTO OeJIbIi
KapJIMK IOBEpPHYT BCerga OOHON M TOH e CTOPOHOM K Kpac-
HOMYy kapiukKy (kak JIyHa x 3emuie). OTO BIOJIHE IOHATHO.
Kaxk nokasasnu pacueTsl, MOILHbBIE MAaTHUTHBIE IHOJIA CO3JAKOT

*) 3T0 H3JIYyYCHHC HA3BIBAKOT LHUKJIOTPOHHBIM TOTOMY, YTO BICPBLIC
€ HAM CTOJIKHYJIHCh B LMKJIOTPOHAaX — YCKOPHUTCIAX 3apAXKCHHBLIX YaCTHIL
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CTOJIb JKECTKOE 3alEIUICHHE 3Be3l, YTO OHU OYEHb OBICTPO
CHHXPOHU3UPYIOT cBoe BpaineHue. Ceiyac U3BECTHO OKOJIO
JIECATH CHCTEM TaKOTO THIIA.

OCOGEHHOCTH 3THX CHUCTEM Jajiek0 HE MCYEPNBIBAIOTCS
BBICOKOM cTeneHbio nonspusanuy. OHU 06JadaloT OYEHDb Xa-
pakTEpHbIMH H3MEHEHUSAMH onTuieckoro Osecka. Kaxnasle
HECKOJILKO MECALIEB Takas CHCTEMa MEPEXOJUT U3 SIPKOro co-
CTOSIHUSL B O4YEHb caboe, koraa 6Jieck YMEHBIIAETCS B JECAT-
KH pas.

HckycHbiii HabmogaTens, u3Mepsis GJECK CUCTEMBI, MO-
KET CKa3aTh, SBJSETCS 3Ta CHCTeMa HOoJsApoM uiau Her. Tak,
Mosonou cosetckuii actpoHom C. O. lllyrapos Bckope mo-
cie coobmienus o6 otkpeiTun AM TDepkyineca mnpemiokui
ellle OJHOTO KaHauaaTa B nouisipsl — 3Be3ny AN Boubmoit
Mensenunel. Ilpu 3T0M OH pyKOBOACTBOBaJCS TOJIBKO Xa-
pakTepHbIMH H3MEHeHHsMU Osiecka 3Be3apl. He mnponuro
U HECKOJBKHMX MECSIEB, KaKk ObLIO OTKPHITO PEHTICHOBCKOE
U3JIy4YeHUue 3TOR 3Be3.Bl.

CBepxHoBbI€, NOXOXHE IPYr Ha Apyra

Bcnen 3a B. baage u ®. LIBukku MBI MOTJIH GBI
CBSI3aTh BCIBIIIKM BCEX CBEPXHOBBIX C OOpa3oBaHWEM Hel-
TPOHHBIX 3BE3[ (2 BO3BMOXHO, M YepHBIX ObIp). Teopus 3Be3n-
HOM 3BOJIIOLIMH TOBOPHT O

TOM, YTO MPEIKH HEUTPOHHBIX g™k I
3B€3]] — MACCHUBHbIE 3Be3IbI. S-17 |

AcTpoHOMBI naBHO O6paTu- ¥ _z5 |
J1 BHUMAaHHWE Ha Takoif mapa- §-,5 i
IOKCaIbHbIA (akT: cBepxHO- = -g |
BBI€ YaCTO BCIIBIXMBAIOT B Tak § -9 t g 200 400
HA3BIBAEMBIX OJUIMNTHYECKHX 3 L '4”[‘1 L
ralakTHKaX, [AE MAcCHBHBIX ] _ u| z
3Be3/| HET BooOwie. Paspemnte & _ ) [
3TO HPOTHBOPEYHE MOXHO, § -z5 |
JIMIIL  OPEANOJIOXKUB,  YTO § -3
B3PLIBAIOTCA HE OAMHOYHBIE, & ~# |
a nBoiiHble 3Be3mpl. CBepxHo- ~ 9 [
Bbl€, BCIILIXMBAIOLIKE B 3JLIHUI- -
TUYECKHUX T'aJlaKTHKaX, 00Jana- Puc. 77. XapaktepHble Kpu-
FOT HHTEPECHBIM CBOMCTBOM — 230 6H¢CKaI CBEPXHOBLIX In

OHM OYEHb IIOXOXH APYr Ha

Ipyra. 9To o0CTOATEIBCTBO Jaxe MMO3BOJIMIO BBIACIHTH HX
B OTIEJNbHBIA Kaacc — cBepxHOBble I Tuma. s Hmx xa-
pakTepHO OBICTpPOE cmajaHue OJsiecka IIOCIE MakcHMyMa.
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B TeueHue HecKOJBKMX HeAenab OJiecKk majgaeT HNpUMEPHO B
6-8 pas, mociie yero uuaeT OoJiee MeJieHHBIH, JIMHEHHBII
cnaa B TEYEHHE COTEH IHEH.

YacTto BuiaenstoT euie cBepxHoBbie II Tuna. Kpussie Oine-
CKa 3THUX BCHBIIEK IIOCIHE MAakCHMyMma BBHIXOIAT Ha IHO-
CTOSIHHBI{ YpOBEHb, KOTOPbI IJIUTCS HECKOJLKO MECSIIEB,
| JIUIIb NOTOM OJIECK HAYMHACT Pe3Ko yMeHbinaThes. CBepx-
HoBble 11 Tuna Gonee paznHooOpa3Hbl, HO OOBEOUHSECT UX TO,
YTO OHM BCHBIXHBAIOT TOJIbKO B CIHPAJIbHBIX TaJaKTHKaX.
IlpvuyeM, kak npaBWyiO, BHYTPU CHHPAJIBLHBIX pPYKaBOB, Ile
MHOIO0 MAacCCUBHBIX KOPOTKOXHBYHMX 3Be3l. CsepxHoBbie 11
THIIA — Pe3yJIbTaT KOoJUlalca MacCHBHBIX 3Be3.

Benpiikn cBepxHOBbIX 1 Thma Takxke ObIBaloT B CriM-
pajibHBIX rajakTHkax. Ho OHM He KOHIICHTPHUPYIOTCS K CIM-
pajibHBIM pykaBaM. B o6IeM, cTaTUCTHKAa IOKa3bIBae€T, YTO
I Tun xak-to CBA3aH CO 3Be3gaMM MaJbIX Macc.

B 1963 r. ¢pannysckuit actpodpusux DpsuH I[armman
obpaTun BHHMaHHE Ha TO, YTO B CHCTEMax MaJbIX Mace
6eJible KapJIMKH MOTYT KOJUIANICHPOBATH M3-32 aKKpEeIHWd Ha
HUX BELIECTBa, MCTEKAIOLIEr0 C coceqHed 3Be3nnl. benblit
KapJIiK, ¥Mes BHayajie MacCy CYLIECTBEHHO HIDKE YaHApace-
KapOBCKOTO IpeJiesia, MOXET YBEIIMYUTh €€ 10 3TOro mpeje-
Jia, MOC/Ie 4er0 OH TepAeT YCTOHYMBOCTH H HAYMHAET KOJI-
nancupoBath. Kakx mnpoxomur Takod koiuanc? Pacuetsl
MOKa3bIBAIOT, YTO NPH CXATHH GEJIoro KapJiiMka, COCTOSIIEro
U3 TeJus WIM yriepoia, B IIEHTPE €ro CHJIbHO NOBHIIIAETCH
teMriepatypa. IloBBILIAETCS HACTOJBKO, YTO IMPOUCXOIUT
SIEPHBIA B3pbIB, COMPOBOXIAIOIIMIACSA IOJHBIM Pa3jieTOM
6enoro kapiuka. CTaHOBHUTCS IMOHSATHO, MOYEMY BCHBIIIKH
cBepxHOBBIX | THIIAa Tak moxoxu Apyr Ha Apyra. Benp Bceraa
B3PHIBAIOTCS 3BE3Jbl ONWHAKOBOH MAacChl, @ HIMEHHO PaBHOM
YaHAPACEKaPOBCKOMY IpEHeIy.

OcTtpoyMHO B 3TO# cxeMe oOBsCHSETCS M KpHBas Ojiecka
ceepxHoBoii I Tuna. Ilpu snepHOoM ropernu 6eoro kapJiuka
06pasyloTcs B 6ONBIIOM KOJMYECTBE H3OTOMBI HUKENA ~°Ni.
DTOT U30TON PAAMOAKTHBEH — OH CAMONPOU3BOJBHO pacna-
pmaetcs u obpasyer m3oron kobanbra >°Co, KOTOpBIH,
B CBOIO Ouepenb, NMpEBpAIllaeTCss B Xkene3o ~°Fe:

56Nij — 36Co — 3®Fe.

Iepuon nosypacnana HUKeNs (Bpems, 3a KOTOPO€E YHCIIO pa-
AMOAKTHUBHLIX aTOMOB yMeHbILAeTCs BABOE) paBeH 6,1 nms,
a xobaynbTa — 77 qHeil. DHeprua pacmaja KobaabTa YHOCHT-
CA JJIEKTPOHAMM, KOTOpHIE 3aTEM H3JIYy4aloT €€, Co3aaBas
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CBEYEHHE Pa3JIeTAIOLIErocsi BO BCE CTOPOHBI OCTaTKa CBEpX-
HoBoii. Pacnan Hukens u xobajapbTa MPUBOAMT K HaGironae-
Mol kpuBOH Onecka.

B 10 xe BpeMs Oesibie KapJIUKH, COCTOSAIIHE U3 Gojiee Ts-
XEJBIX  3JIEMEHTOB  (YIJIEpOIHO-KHCIOPOJHO-MarHUEBLIE,
cM. puc. 39), He pa3yeTaloTCa MOJHOCTBIO, 3 POXAAIOT HEl-
TPOHHBIE 3BE3BL

Takum oOpazoMm, mexanuzM llanmaHa — 3TO eule oauH
«KOHTpabOaHAHbIH NyTh» OOpa3oBaHWs HEHTPOHHBIX 3Be3N
B cucteMax Mmajioii Maccel. Kak M HEeKOHCepBaTHBHBIH CliEHA-
Tpuit . BaH neH XéEBesa, OH MOXET MPHBECTH K BO3HHKHO-
BEHHUIO PEHTTEHOBCKHX CHCTEM MAJbIX Macc.

Bo3HukaeT BOMpOC, HE SABIAIOTCA JIH HOBBIC, HOBOIIO-
no6uele, cuctemsl Tina U Bin3HenoB u HoJispbl CHCTEMAaMH,
HAXOMSIIMMICS Ha NMyTH K B3phIBY CBepXxHOBOii? Benb nmen-
HO B 3THX CHCTEMax HIeT aKKpelus Ha Oeyibie kapjuku. By-
ayiee mokaxeT. OgHAKO MOXOXe, YTO TOJBKO 4acTh 3THX
CHCTEM [aeT CBEPXHOBBHIE.

Pentrenosckue Gapcrepbi

CoBepIIICHHO HOBBIR THI PEHTT€HOBCKHX WC-
TOYHMKOB OBLI OTKPBIT aMEPHKAHCKHM acTPOodU3HKOM
Hxopmxem I'punnneeMm u ero kxosseramu B 1975 r. Panee
HEU3BECTHbIH HMCTOYHHUK KaXAble HECKOJIBKO YacCOB IOCHUIAI
KOpOTKHe (HpOMOJDKUTENLHOCThIO 100 cexyHA) BCHBIIIKH
MSTKOTO PEHTTE€HOBCKOro Hu3ny4eHus (puc. 78). Bcmbimka —
no-aurymiicku «burst». OTcioga Ha3BaHHe — Oapcrep.

Permaerolorud
nomox

1 1 1 1 1 ] i1 A ' 1 1 L S

Yace/
Puc. 78. 3anmuCh pEeHTr€HOBCKOTo H3iydeHus Gapcrepa

Mexny BCObIIKaMU H3JIyYEHHE HE HCYE3aJI0 MOJIHOCTHIO,
HO MMeJio ropa3no Oonee xectkuil cnextp. Korma Havamm
UCKaTh ONTUYECKHH «IBOHHHK», 0Ka3aJloCh, YTO PEHTTEHOB-
CKHHi MCTOYHHUK PpAacHOJIOKEH B HANpaBJCHHM Ha IIapOBOE
CKOILJICHHE.

IMapoBoe ckoruieHHE — OCOOBIN BHI 3BE3THOrO Hacee-
HHMs TajaKTHKH, OTJIMYAIOIIHiCA OYEHb BHICOKOH IIIOT-
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HOCTBIO 3Be3]l. B cpennHeM IIapoOBOM CKOIUIEHHMH, HMEIOIIEM
pa3Mephl MOpsAKa OJHOIO CBETOBOIO IOJla, CONEPXKUTCH [0
MIJUTHOHA 3Be3ll. BHe mapoBbIx ckomieHmii B I'ajlakTuke Ha
00beMm, B 100 pa3 Gosbuinii, IPUXOAUTCS BCErO OJHA 3BE3MA.

Bcxope 6pL1M 0OHapYXEHBI OapcTephl €llle B HECKOJIBKUX
[IAPOBBLIX CKOIUIEHHsAX. VICNOJB30BaB paccTOSHHUS [0 wia-
POBBIX CKOIUIEHHMH, yAaJ0Ch OLEHUTh SHEPIeTHKY OapcTepoB.
Bo Bpems Bcnbimiek ux cBetumoctbh B 30000 pa3 Gouiblie
ceetuMmoctd CoiHua. Mexay BCIBIIIKAMH CBETUMOCTDH Ia-
IaeT 10 MOCTOSHHOTO YPOBHS B HECKOJIBKO THICSY CBETHMO-
creii ConHua. B Hacrosinee BpeMs u3BecTHO okoi0 20 Takux
HCTOYHHKOB, YacCThb M3 KOTOPBHIX HE CBSi3aHA C LIAPOBBIMH
CKOIIJICHUSIMHL.

IIpunnun «pabote» GapcTepoB pasrafiajlia UTAJIbSIHCKUN
acrpodpusux Jlaypa Mapacku. OHa oOpaTtiyia BHUMaHHE Ha
TO, YTO MOJIHAS DHEPTHS U3JIyYSHUS MEX]Y BCIBIIIKAMHU MpPH-
MmepHo B 100 pa3 GoJple 3HEpruM, u3JjydaemMoil BO Bpems
BCOBIINIEK. DTO MAarW4eckoe 4YHCJIO OBLIO XapaKTEepHO MUIs
MHorux 6apctepoB. OHO M NOCIYXHIO KJIFOYOM K pasrajke
TaWHBL

IlpencraBeTe cebe, 4TO BB MMEETE [IBE TEILUIOBBIC IJIEK-
TPOCTAHLUH C pa3HBIMH K. II. 4. [IpH CXHraHuu OAHOTO M TO-
ro Xe KOJIMYECTBA TOIUIMBA Ha OOEHX CTaHIMAX OTHOIIECHHE
JIaBaeMOH 3JIEKTPO3HEPTUU MONPOCTY PABHO OTHOLIEHHIO MX
k. . a. Yucno 100 npuMepHO paBHO OTHOLIEHHUIO 3(PdeKkTUB-
HOCTH aKKpelMH Ha HEHTpOHHYyI0 3Be3ny Kk 3ddexTuBHOCTH
TEPMOSIEPHBIX peaKuuil.

IIpunoun «paGoTel» OapcTepa TOT ke, YTO U y NOBTOp-
HBIX HOBBIX, TOJBKO Oe€JIblii KapJHMK HY)XHO 3aMEHHTb HEH-
TPOHHOM 3Be30il. Mexay BCHBILIKAMH HMJAET KBa3HCTaLMO-
HapHasi aKKpeuus Ha HeHUTpoHHyio 3Be3ny. CienctBuem ee
SABJISETCA XKECTKOE DEHTreHOBckoe usmyueHue — «pon». Ha
MOBEPXHOCTh HEWTPOHHOH 3Be3[bl MAJAIOT €ILl€ HE IEpero-
peBlIME BOAOPOI M Teimil ¢ cocemueit kommoneHTol. Korma
TeMIeparypa M IUIOTHOCTb B MOBEPXHOCTHOM CJIOE IOCTH-
raloT KPUTHYECKMX 3HAYEHMIi, HAYMHAIOTCH B3pLIBHBIE TeEp-
MOSIEpHBbIE PEaKI[MM U MOYTH BCE BBINABIIIEE MEXY BCIIBIII-
KaMH BEIIECTBO 3a COTHIO CEKyHHA Iieperopaer B OoJiee
TSDKEJIbIE 3JIEMEHTHL. B3phIB conmpoBoXxaaercss BO3pacTaHHEM
MOTOKAa PEHTI€HOBCKOTO M3JIyYeHHUs. I 'opeHue et y ocHOBa-
HHS CJIOs, TaK 4TO BHIXOAMIIEE U3JIyYeHHE «TEPMOJIM3YeT-
csi», MpUoOOpeTas YEPHOTEILHBINA CIIEKTP C TEMIEepaTypoi, co-
oTBeTCTBYyIOIIEH Temnepatype ob6osnouku (menee 107 K).

Tax kak HNOBEPXHOCTb HEHTPOHHON 3Be3Ibl NPAMEPHO
B MIWJUIHOH pa3 MeHblIe, YeM 6e10ro kapjHka, To ILIOTHOCTb
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U TeMIepaTypa, HEOOXOIHMMBIE IJis B3PHIBA, JOCTHUrAIOTCA
ropasno ObvICTpee, ueM Ha Oenom kapiuke. Iloatomy «mo-
BTOpHBIE HOBBIE» Ha HEHTPOHHBIX 3Be3daX BCHBIXMBAIOT HE
pa3 B 100 seT, a pa3 B HECKOJILKO 4acoB.

Ho Bo3nukaet Heckonpko Bompocos. [Ipexe Bcero, nmoye-
My OapcTeppl He OBIBAlOT PEHTTEHOBCKMMHM IyJIbCapaMH
U No4eMy PeHTTEeHOBCKHE MyJibcaphl — He Oapcrepni? OTBeT
Ha 3TOT BONPOC KPOETCS B THIAHTCKUX pa3IM4MsiX Mar-
HUTHBIX IIOJIEH PEHTI€HOBCKHX ITyiascapoB U Gapcrepos. Ha
PEHTIEHOBCKHX MyNbLCapaX HANPSXEHHOCTH MATHUTHOTO MO-
ns nocturaer 10’2 —10'3 I'c. BcnencTBue 3TOro BEIIECTBO
BBINAJAaeT HE Ha BCIO IOBEPXHOCTh, a TONbKO Ha 1% ee
B6JIM3M MarHMTHBIX IIOJIFOCOB.

Ipu onMHAKOBBLIX TEMIIAX AaKKpeUuMH TeMIiepaTypa
U IJIOTHOCTH BEIIECTBA Y PEHTICHOBCKOTro MyJIbcapa 3HAvYH-
TEJIBHO BBILLE, 4€M y Oapcrepa, W, HO-BUAMMOMY, BBIILIE, YEM
KPUTHYECKHE 3HAYCHHUs, HEOOXOMUMBIE [JI1 3arOopaHus Tep-
MOSIEpHBIX peakuuii. B pe3ysnbraTe BeliecTBoO neperopaer 1o
XO/ly, HE B3pBIBasCh, a Tak Kak 3(h¢eKTUBHOCTh TepMosaep-
HpIx peakuui B 100 pa3 MeHbIIE «K. Il. 1.» aKKpeluH, TO Ha
(boHe akkpemyu CBETHUMOCTH TEPMOSACPHBIX peakiuii He3a-
METHa.

MarHuTHBIE N0 6apCTEPOB B JECATKH THICAY pa3 cClia-
6ee. Maruutochepa 6apcrepa npuxara K MOBEPXHOCTH HEM-
TPOHHOW 3Be3bl, U BEIIECTBO BhImagaer u3oTpomHo. Ilo-
aToMy bapctep — He myiscap. Ha camMoMm nene maxe CTolib
cnaboe MarHUTHOE MOJIE MOXET BIIUSATH Ha OAHOPOTHOCTH
U3JIyYeHus, 1 y O6apcTepoB HOJDKHO HaGmonaThbes ClaGeHb-
KO€ «IIOAparuBaHHE» PEHTICHOBCKOrO MOTOKA C MEPHOIOM,
PaBHBIM NEPUONY BpallleHUs HEUTPOHHOH 3Be3anl. Ilo-Buau-
MOMYy, Takoe siBJleHue Oyner obGHapykeHO B HeaajekoMm Oy-
nyweM. Teopus npenckasbIBaeT, 4To 6apcrepsl JOJDKHBI Bpa-
LIATHCS OYEHB OBICTPO, C MEPUOJAMH B HECKOJIBKO THICAYHBIX
WIN COTBHIX JOJIEH CEKyHIBL. DTO SICHO — aKKpeuupyeMoe Be-
LIECTBO yCKOpseT HEUTPOHHYIO 3Be3dy, a ciaboe MarHUTHOE
MoJie MpaKTHYEeCKH HE NPENSATCTBYET OLICTPOMY BpPAUICHHUIO.

Bropas 3aranka 6apcTepoB COCTOMT B TOM, YTO JIOJITO€
BpeMs HHKaK HE yJaBajoCh [0Ka3aTh UX [BOWCTBEHHOCTb.
Cpenu GapctepoB He HabGJronay 3aTMEHHBIX CHCTEM. ODTOT
CTATUCTUYECKMH MapajgoKC IMOJYYUJ CIeIylollee eCTEeCTBEH-
Hoe oOBwscHeHue. I[IpencraBeTe cebe, uTo OGapcrep — 3TO
JIBOIiHasi CHCTEMA, I/ie B NMape C HEMTpPOHHOH 3BE30OM Haxo-
IUTCS OYeHb JieTkas, B IeCATKH pa3 MEHbINas 10 Macce Hop-
MalibHas 3Be3na. Jlaxke 3amojiHsas CBOIO moJsiocTh Poimna, oHa
N0 pa3MepaM 3HAYUTEJHHO MEHbIIE Pa3MepoB ABOHHOMH (CM.
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puc. 79). AcHo, 4TO BEpOSATHOCTH 3aTMEHMIl PEHTIEHOBCKOIO
HCTOYHHKA MaJleHbKOH 3Be3[l0if HeBenuka. B cpennem omna
3aTMEHHAs CHCTeMa JOJDKHA NPUXONUTHCS Ha [eCiATh He3aT-
MenHbIX. B 1982 . onna Takas cucrema 6bina HaiineHa. [epuon
3ToH cucTeMbl Bcero 50 MHHYT — YyTh NPOOOJIKHTEJIbHEE
LIKOJILHOTO Yypoka!

Kax ynanoce gokasarb, 4To Oapcrep — 3TO HEWTpPOHHAS
3Be3na? MbI yxe oTMeyasd, 4TO BO BpeMs BCIBILIEK CIEKTP

Hedmpowras
308300

Puc. 79. Ileperexanune B IBOHHOH CHCTEMe pPEHTIEHOBCKOro Oapcrepa

PEHTTEHOBCKOTO U3JIy4eHHs OJIM30K K CIIEKTPY YepHOro Teja,
T. €. OH moauuHsercs 3akoHy Credana — Bosbrmana. Ompe-
JEJIUB TEMINepaTypy U CBETUMOCTb, MOXKHO HAWTH ILIOLIAIb,
a cienoBaTeIbHO, U pafguyc H3idydaromieid 3Be3anl. OH oxa-
3ajics paBeH mpuMepHO 10 KM, 4TO U NpencKa3bIBaeT TEOPHS
HEHTPOHHBIX 3BE31.

Kak obpa3syrorcs taxue cmcrembl? Ecte nBa myTH: Jm6o
HeKOHCepBaTHBHbIN cueHapuii Ban nen Xésema, mibo mexa-
um3M Illarmmana. Kakoit mexanusm BeiOpath? [lansuele Ha-
OmoneHuil IpenbsSBIAIOT O4YeHb crenudpuyeckue TpeGOBaHUA.
Heo6xonuMO OTMETHUTh CJECOYIOIIHN YIOMBHTEIBHBIN (axT
(3TO yXe TpeTbs 0cOOEHHOCTh GapcTepoB): MPUMEPHO MOJIO-
BHHA PEHTTEHOBCKHX OapCTepoB COCpeAOTOYEHAa B HIAPOBBIX
CKOIUIEHHSX, Tae Haxomutcs Bcero 1/1000 wacts 3Be3n Beeid
I'amaxktuxu. [loyeMy miapoBble CKOIUIEHMS M BCS OCTajibHAs
lanakTHka Tak HECHpPABEMJIHBO pa3leIMIN MeXOy coboit
Gapcrepsr?

O06a U3BECTHBIX CLICHApHUS MOSIBJIEHHS HEHTPOHHBIX 3BE3J
B KapJIMKOBBIX CHCTEMaX, KaXeTcs, He NAIOT TaKoH AHUCHpO-
mopumu. IlosToMy ObLT IpemyioXkeH TpPeTHH IMyTh — CIIy-
qaiiHbIi 3aXBaT KPaCHOTO KapJIMKa HEHTpoHHOI 3Be3moil. Be-
POSTHOCTb 3axBaTa MPONOPLHUOHAJIbHA KBaApPATy IUIOTHOCTH
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3Be3[. B 1IapOBBIX CKOIJICHUAX IUIOTHOCTh B COTHH MMJLIMO-
HOB pa3 BHILLE, TOITOMY 6apcTephl TOJBKO TaM U 00pa3yloT-
csa. A G6apcTepbl BHE IIAPOBBIX CKOIUIEHHH MOTJH OBITH BbI-
6poiueHsl u3 HUX. He uckiroueHo, yTo yacTes 6apcTepoB BHE
HIApOBBIX CKOMJIECHUH oOpa3oBajiack moj NeicTBHEM Mexa-
HusMa Illanmana wim no coeHaputo Ban gen Xésena.

Ecsm Obl He oOmas
TeOpHS OTHOCHTEJIHLHOCTH

Bce cucrembl, 0 KOTOpPBIX MBI pPacCKa3bIBaJHA
B O3TOIl IJjlaBe,— 3TO [BOiHBIE CHCTEMBI, Ile pean-
3yercs BTOpoii oOMeH Maccoi, CBSA3aHHBIA C 3aMOJHEHUEM
nosioctu Poma HopmanbHO# 3Be3noil. 3a4acTyro BEIIECTBO
TeYeT C MEHbIei 3Be3anl Ha Gosbinyito. Hanpumep, B peHT-
TeHOBCKHX Oapcrepax, B cucremax tuna U Bauszenos, B mo-
Japax 4 1. 1. B rn. IV, mocBsmeHHo# nepBoMy OOMEHY, MBI
BBHISICHWIM, 4YTO TP NEpEeTeKaHMH C MeEHbIIEeH 3Be3gpl Ha
GONBIIYIO CHCTEMA «pa3be3xkaercs». [leperekaHume uaeT co
CKOPOCTBIO, C KOTOPOil paclIupsercs 3Be3/1a, JOTOHss yBEIIH-
YMBAIOWIYIOCA MOJIOCTh Pomna. DTo — snepHas IKajda Bpe-
menu. Ho y paccMOTpeHHBIX B HAcTosIleil IJjlaBe CHUCTEM
Macchl HOPMajbHBIX 3BE€3] COCTaBJISAIOT [ECAThIE JOJHU
Maccel CoJsHIIa, Ui HUX sIEpHOE BpeMs MpeBhHIIIacT BO3-
pact Bcenennoit. Habmionenns xe TeMma nepeTeKaHus
TOBOPAT, 4YTO XapaKTepHOe BpeMs W3MEHEHHA MacChl
B Takux cucremax — 108 —10° ner, T.e. B coTHH pa3
Menblle!

Heyxemu wMbl rae-to owubmauck? Bosce Her. Ilpocro
HYXHO YY€CThb 3aKOHBl OOINEeHl TEOpHMH OTHOCHTEJILHOCTH.
Kax Bmepsrle 3amMeTuin noibsckuii acrpodusux bormau Ila-
YUHCKH, B CBEPXTECHBIX CHCTEMax C NepuoJoM MeHsblie 10
4acoB BaXXHyIO0 pOJIb HAYMHAET MIpaTh M3JIyYe€HHE IpaBHUTa-
OUOHHBIX BOJIH TE€CHOH IBoiiHO# cuctemoii. [Tono6Ho TOMY,
KaK YCKOPEHHO ABIDKYIIHECS 3apsabl POXIAIOT 3JIeKTpoMar-
HUTHBIE BOJIHBI, YCKOPEHHO MOBIDKYIIAsCs Macca poXIaeT
TPaBUTALMOHHBIE BOJHBL. [ paBUTALMOHHBIE BOJIHBI YHOCST
3HEpPrHio CHCTEMBI, U OHa Cxumaercs. VIMEHHO 3To CkaTue
W KOMIICHCHPYET pacXOxXJeHue (pacHoJi3aHue) NBOHHOW CH-
CTEMBI, CBS3aHHOE C NepeHocoM Maccel. IleperekaHue uaeT
B IIKaJie M3JyYCHUS JHEPTrUU TI'PaBUTALMOHHBIMH BOJIHAMH.
Pacuetsl, caenanapie no ¢opmyiie i U3JyueHHs IpaBHTa-
LIUOHHBIX BOJIH JBOHWHO# cucTemoil (BbiBemeHa A. DUHIITEH-
HOM), HaXOAATC B OTJINYHOM COTJIACHH C HaGJII0JaeMBbIM Xa-
PaKkTepHBIM TEMIIOM [IEpeHOCa MacChl. YUYe€HBIE CTPOST
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IOPOTrOCTOSIIINE NeTEKTOPH I'DAaBUTALMOHHBIX BOJH. M ecThb
HaJeX/Ja, 4TO TpPaBUTALUMOHHbIE BOJHBI CKOPO OTKpOIOT.

OpnHako COMHEBAaTbhCI B MX MPUHIMIUAIBLHOM CYIIECTBO-
BaHUM HE NPUXOIUTCS, KAk MbI HE COMHEBAaEeMCsl B CYILIECTBO-
BaHHU COTEH THICSY NBOWHBIX 3Be31 B I aakTHKe, KOTOPHIX
He ObUTO OBl 6€3 rpaBUTAIMOHHBIX BOJIH.

Bropoii 06MeH Maccoii B MaJJOMacCHBHBIX JBOMHBIX HpPH-
BOIUT K 0Opa30BaHHIO MOIIHBIX PEHTTEHOBCKHX MCTOYHHKOB,
A xak MPOHUCXOIUT BTOPOil OOMEH y MacCCHBHBIX CHCTEM, IJie
MMOTOKU BEIIECTBA HAa DEJIATUBUCTCKHE 3BE3Ibl B MIWLIHOHBI
pa3 moinee? O6 3ToM — ciemyroiias rjasa.



I'TABA VII

KOCMHMNYECKOE «HY10»

IMapanokc AJrosns M CHEKTpaIbHBIE CBOMCTBA
B JIupnl yOexaaloT B peaJIbHOCTH IEpBOro oOMeHa Maccoi,
NpUBOJAILIETO K IlepemMeHe poJied. bnaromaps eit Mac-
CHBHBIE CHCTEMBI HE paclaJaloTcs IIOciie IEepBOro B3pHIBa,
a BCTYNmaloT B HOBYIO CTaJMIO 3BOJIOIMH. JTO MOATBEp-
KIAETCS CYLIECTBOBAHHEM MACCHBHBIX PEHTTEHOBCKHX CH-
creM tuna IlenTaspa X-3 u Jlebens X-1. Onruueckue 3Be3 bl
B 3THX CHCTEMax — roJjiyOble CBEPXI'MI'aHTHI Maccoil Gouee
(15—20) M , — HHTEHCHBHO TEPSIOT BEILIECTBO B BUIE 3BE3-
Horo BeTpa. IlepexBaThiBasi Jaxke MaJIyl0 4acTh HCTEKarollle-
O OT 3Be3[bl BeTpa, PEJISTHBHCTCKHE 3BE3Ibl BCIILIXHMBAIOT
«siapue Thicaud Cosamy. IIpu 3ToM TeMn aKKpeLuH Ha peits-
THBHCTCKYIO 3Be3fy cocrasiuseT 107° —1071% M , /ron. Cse-
THMOCTh aKKPEIUPYIOLIe 3Be31bl NPSAMO MPONOPUHOHAILHA
Temiy akkpenuu (cM. ¢dopmysy (15)). Ceepxruradr B pe3ysib-
TaTe SAEPHOM 3BOJIONLHNH AOJIXEH 3alOJIHUTE MOJIOCTHL Pora,
W HayHETCS BTOpO# 0OMeH; BellecTBO noTeveT ¢ 6osee Mac-
CHBHO# 3Be3[IbI HA MeHee MacCCHBHYIO0. MBI BUAEIH, YTO NpH
TakoOM II€pETEKaHHH 3Be3Ibl COJIMKAIOTCA, H 3TO HE IIO3BO-
JiseT 3Be3Je yiTH nox nonocrb Pomia. B pesynbTate 3Be3na
HAYAHAET TEPATh MAacCy B TEIUIOBOM IIKajle BPEMEHH, KOTO-
past Ui MAaCCHBHBIX 3Be3J COCTABJISIET NECATKH THICSY JIeT.
Ecitn O8I Bce 3TO BeIIECTBO MAaajlo HAa NMOBEPXHOCTh PEATH-
BHCTCKO# 3Be3/Ibl, TO TeMIl akkperu 6su1 661 1074 M o /rog,
T. €. B MIWIJIHOHBI pa3 OoJibllle, YeM B PDEeHTTEHOBCKHX CHCTe-
max. Ho HauBHO OBUIO OBI IyMaTh, YTO B 3THX YCIOBHAX
CBETHMOCTD PEJISTUBHCTCKOM 3Be3bI BO3PACTET B MUIJLIHOHEI
pa3. IIpu oveHs GONBIIMX CBETHMOCTSX NMPEOIIOIOXKEHHS, KO-
TOpBIE MBI JeJTAJIM IPH BBHIBOJIE CBETUMOCTH aKKpEIUPYIOLIeit
3Be3/1bl, OKAa3bIBAIOTCS HEBEPHBHIMH. [IpH yBelMYeHHWH TeMIa
aKKpenuh M CBETHMOCTH BO3DACTaeT [aBJICHWE W3JIydeHus,
BO3HHKAIOILIETO B pe3ysbTaTe akkpenud. Eciu 6wl cwia pa-
BJICHHS W3JIy4eHHs CTana OoJbllle CHWILI I'paBUTAlMH, Naje-
HHE BellleCTBa crajio OBl HeBO3MOXHBIM. OTCloga fACHO, 4TO
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CBETHMOCTDb aKKpEUHpPYIOLIeli 3Be3IbI HE MOXET OLITh CKOJIb
yroaso 6osnbinoi. Taxoi e mpenesi CBETUIMOCTH CyILECTBYET
H JJ15 OOBIYHBIX 3B€3J. DTOT Hpenes OTKPhUI c3p ApTyp Da-
JUHITOH, KOTrJa HCCIIeNOBaJl PaBHOBECHE 3Be3n OOJIBIIOH
CBETUMOCTH.

Cuia gaBjieHHs CBETa, JCHCTBYIOLIAsA HA TOPSAYYIO IUIa3My,
IPONOPIMOHATbHA MOTOKY CBETA, MAJAIOIIEMy Ha €IHHHUIY
IWIOIIA/H, WIA OCBEIEHHOCTH. A OCBEILIEHHOCTb ODOpaTHO
NPONOPLHOHAIbLHA KBAAPATy PACCTOSHMS IO 3Be3/Ibl. SHAUHT,
CHJa [aBJICHHS CBETAa YMEHBIIAETCS C PACCTOSHHEM TOYHO
TaK Xe, Kak W cwia NpuTsDkeHHs. EciiM Ha KakoM-To pac-
CTOSIHMH CHJIa JaBJICHHS CBeTa OOJIbllle CHWILI TPaBUTAIMH, TO
oHa Gojplle H Ha JI0OOM ApyroM paccrosiHud. IloaTomy
KpUTHYECKasi CBETUMOCTh (3JOMHTTOHOBCKHI mpenet) He 3a-
BHCHT OT pAacCTOSIHHS, a OIpenejiseTcs TOJIBLKO Maccou

3BE€3 bl M
Ly~ 33°0°Lo< o) (19)

3Be3na ¢ Maccoit CosHua He MOXeT ObITh gpue CostHna 60IIb-
me, yeM B 33000 pa3. Muavye cuiIbl naBiieHHs M3JIy4EHHS
pa3opByT ee.

Axkpenmpyroiias 3Be3a TOXE HE MOXET MMETh CBETH-
MOCTb CYLIECTBEHHO Oouibliie (HampumMep, B 100 pa3) spaunr-
TOHOBCKOH CBETHMOCTH. A Tak KaK CBETHMOCTH 3BE3.bI IPO-
NOPHHOHAJIbHA TEMNY AaKKpeIMH, TO, OYEBHAHO, IOTOK
BEII[ECTBA HE MOXET OBITh OOJbllle TEMIA AKKpEluH, CO-
OTBETCTBYIOILLIETO 3IOUHITOHOBCKOMY mpeneiy. [is pensaru-
BHCTCKHX 3B€3] 3BE3JHOM MAacChbl MakCUMaJIbHBIH TEeMI akx-
Kpemuu okasbiBaeTcs mopsaka 1078 M /ron. C mpyroii
CTOPOHBI, ONTHYECKas 3Be3Ja-CBEpPXTMI'aHT, 3alOJHHB IIO-
Jocth Porra, HuYero «He XenaeT 3HATBY O mpeaesie DIUIMHT-
TOHA I coceaku U nocrasiiger eif B 10000 pa3 Gouibliie Be-
IECTBA, 9€M Ta MOXET MPHUHSATH!

TouyHast TEOpHS TAKOrO CBEPXKPHTHYECKOTO pEXHMa ak-
KpelMH ellle He co3gana. Bo3MoxHO, 31ech MOMOryT HabJIro-
nenus. Benp mokHBI ke ObITh B I'anakTHke TakMe CHCTEMBI
ceiivac! ITpogo/IXKUTEIBHOCTh BTOPOro OOMeHa mopsnka Te-
IUIOBOTO BPEMEHHM CBEpXTHTaHTa, T.e€. okoiao 10000 ier.
BCIIOMHHM, KaKk CYMTAIOT 3Be3Jbl. Bcero MacCHBHEIX
nBoitHbIX npuMepHo 1000000, a xuByT omn 10® siet, 3HaYMT,
B 'astaktuke mpumeprno 100 3Be31, HAXOAAUIUXCA B MpPOLIECCe
BTOporo ooMmena. Eciu gaxe craaus BToporo obmMena B Mac-
CHBHBIX IBOMHBIX B JIECATKH pa3 KOPOYe TEIUIOBOTO BPEMEHH,
JOJIXHA e OBITh XOTh OJHA Takas cucreMa B [ amaktuke?!
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Ha Bce uetnipe cTopoHbI

CaMBIM HHTEPECHBIM OTKPBITHEM B acTpodu-
3uke B KOHIE 70-Xx roloB OBUIO OTKPHITHE YIAWBHUTEJIbHBIX
cBoiictB ucrounnka SS 433. Ero cmekTpaibHble CBOICTBa
OKa3aJINCh COBEPLIEHHO HEOXHIAHHBIMH Haxke [UIS Jironeit
¢ camoii HeoOy3nanHoO#l danTtasmeir. Ho He s Bcex.

Kak wu3BectHo, Bcenenmas pacumpsiercs. OT1oT  dak,
nmpecKa3aHHblif coBeTCKUM ¢m3ukoM A. A. @puaMaHoM (Me-
TEOpPOJIOTOM I0 mpodeccun *)), 6bUT OTKPHIT aMEPHKAHCKHM
actrpoHoMoM DaBuHOM Xab66s0M B 1929 r. OH 3aMeTw, 4TO
JajleKue TAJAKTHKH YOAISIOTCS OT HAac, MPHYEM CKOPOCTh
yZAajieHusi TeM OoJjiblile, YeM Hajibllle OHM OT HaC HaxXOIiTCA.
OTta yerkas 3aKOHOMEPHOCTb, Ha3bIBaeMas ceiyac 3aKOHOM
Xab6a, MO3BOJISET ONpENesaTh PACCTOSHUS 10 NAJIeKuX ra-
JIAKTHK, U3MEpPSs CKOPOCTH HX yOaJICHHUS.

B 1963 r. amepukanckuii acrpouoM Maprun HIMmuar pac-
mudpoBaJl CHEKTPhl kBa3apoB. CneKTpayibHbIe JTHHUM KBa3a-
POB COBHHYTHI B KPacHYIO CTOPOHY Ha JECATKHA HAHOMETDOB,
4TO, coriacHo 3¢dexty Jlomaepa, COOTBETCTBYET Y/JaJICHHIO
KBa3apoOB OT HAC CO CKOPOCTBIO B JAECATKH TBHICSY KIIOMET-
POB B cekyHAy. A mo 3akoHy Xab6ia BHIXOOWIO, YTO KBa-
3apel — caMble JajleKHe OT Hac M caMble SpKHE OOBEKTHI
Bcenennoii. B mocnenyromue 15 jger ObulA OTKPBITHI U HC-
ClleTOBaHbl COTHH KBa3apoB, H BCE OHM IOKa3hIBAIOT TOJBKO
KpacHbIE CMEHICHHS.

Benukue 3aK0oHBI YaCTO POXIAIOT AOrMbl. JJorMoit craino
ollee MOJTYAIMBOE MHEHHE, YTO BO BcesieHHON He MoOxer
OBITh CHIBLHBIX (Ha HECATKH THICAY KWIOMETPOB B CEKYHIY)
cMelieHuit B GuosneToByro cropoHy crnekrpa. Wimrocrparmmeit
3TOr0 MOXET CIYXHUTh CleAylolas HCTOPHSL.

Ha omHoM M3 3acemaHuii 0OOIIEMOCKOBCKOIO CEMMHAapa,
HOCBSIIIEHHOTO NMOWCKY M CBS3SIM C BHE3€MHBIMH LIMBWIM3A-
USAMH, 00CYXIaJIcs BOIPOC 0 KOCMHYECKOM «uyne». B name
BpEMsl, NO-BUIUMOMY, CaMbIM SPKHM CBHIETEIbCTBOM OT-
CyTCcTBUs OpaTheB 1o pa3ymy Bo BceneHHOH sBaseTcs OTCYyT-
CTBHE «KOCMHYECKHX 4yaec» (peub MIET, KOHEYHO, O IMBHIH-
3a[HAX, C KOTOPHIMH «ECTh O Y€M IIOrOBOPHTHY). DTa HJed,
BoimBunyTas U. C. IIxioBckuM, kaxeTcs NOBOJIbHO yOenu-
TeNbHOU. JIeHCTBHTENILHO, CBEPXUMBIIM3AIMA TpeOyeT st

*) 310 HOKa3bIBaeT, YTO METEOPOJIOTH He Becernaa ommubarorcs. Ilpas-
na, mpeackasanne A. A. @puaMana GbUI0 He CTOJIb KOHKPETHBIM. OH ML
yTBepxkai, yTo BeeneHHas MoxeT GBITh HeCTAMOHAPHON — T. €. OHA J1H60
pacuumpsercs, 160 cxmmaercs.
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NOAIEPXKAHHS CBOErO CYLLIECTBOBAHUS «CBEPXYCHIIHI» U 00s-
3aTeJbHO OBl «Hacjemwia» rae-HUOyap Bo Bcenennoil. Bo
Bcestennoit noymkHbI ObUTM OBl HAOMIONATBCH OOBEKTHI WIH
ABJIcHHsl, HEOOBACHUMBIE B paMKax 3aKOHOB HEXHBOW IpH-
pomdbl — «kocMuyueckue uyneca». Ho ux met. IlpaBna, omru-
MHCTHI CCBUIAIOTCSA HA TO, YTO MBI TOJIKOM H HE 3HAaeM, 4TO
TaKoe HaCTosIllee «4yao». UTo 3TO — KBaJApaTHBIE FAIAKTHKH
WIN JIETAIOIUe TapeiKu?

KBanpaTHas, a TO4Hee NPSMOYTOJbHAsA, TYMaHHOCTb Ha-
6momaercs (auck ¢ pebpa). A BOT ¢ TapesikaMu Tsbkesiee, HO
3/1ech — JeduuuT npodeccuoHaNbHBIX HA0JIF0IeHU, WM, 1pY-
TMMH CJIOBaMH, JaHHBIX HaOJIIOJICHHIA HET.

B mpUTy moJIeMHKH KTO-TO NPHAYMal B KadyecTBE «4yIa
4yTHOTO» OOBEKT, B CHEKTPE KOTOPOrO OJHOBPEMEHHO Ha-
6Jro qaNTKCh ObI M KpacHble, H (PHOJIETOBBIE CMEIICHUS Ha Je-
CATKU THICAY KHIOMETPOB B cekyHOy. He MoxeT xe OBITE,
4TOOBI OOBEKT OJHOBPEMEHHO M yIAISUICA, W MpHOIMKaICs
K HaM, J1a elle ¢ Takod OrpoMHO¥M CKOPOCThIO! DTO «IOHH-
MaroT» M Hallli «OpaThs mo pasymy». VI MbI moHumaem, 4To
OHHM MOHHUMAIOT, YTO MBI IOHMMAEM... 3HAUUT, CHEJIAIOT OHM
3TO CHeUHaIbHO, YTOOBI maTh O cebe 3HaTh. HyxHO OBLIO
TOJBKO MOJOXJaThb, KOIJa acTPOHOMBI HalAyT Takoi
O0BEKT.

A X&IaTh OCTaBaJIOCh HEHOJIO.

He npouuio u noiroaa, kak Takoil o0sexkT oTkpbuin. Ka-
3aJI0Cb, OH OJHOBPEMEHHO M NPUONMXKAJICA, M yIAJISICH,
H CTOSAJ Ha MecTe. JIBHrajcs cpasy
BO BCE CTOPOHBI, KaK 3aKOJIJOBaH-
ublif U3 «Bonmebnoi Jamnel Anan-
JIAHAY.

*

OHH 0JIKHDI
BEPHYTbCH

B navame 70-x ropmos
aMEpUKaHCKHE aCTPOHOMBI Hayalli
MOMCK OOBEKTOB C SIPKUMH 3IMHC-
CHOHHBIMY JIMHUAMH. JIJIs 3TOro OHM
$ HCNONB30BaH crekTporpad ¢ oob-
&0 €KTHUBHOHN mpU3MOi. DTO OOBIYHBIH
Puc. 80. Crexrporpap ¢  TC/IECKOIL, mepen OOBEKTHBOM KOTO-

06bEeKTHBHON TPU3MON poro mocrasJieHa OoJiplllas IpH3Ma
(puc. 80). Ecnu Obl npu3Mel He OBI-

JIo, To Ha (OTOIUIACTHHKE, MOMEIEHHOH B (okyce oOBekTH-
Ba, mojyuywics Osl mpocTto y4yacTtok 3BesgHoro Heb6a. Ho
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npu3Ma pasiiaraer cBeT 3Be3x Ha usera. Ha ¢oromnacrunke
HOSIBUTCS MHOTO W300pa)c€HUil KaXX[oif 3Be3Jbl B DPa3HBIX
IBETax, T. €. CHEKTPBI 3Be3d. XOTs CHEKTP KaxIOi 3Be3[bl
HOJIyyaeTcsl HE O4YeHb BBICOKOI'O KauecTBa, 3aTO HMX MHOTIO.
CHekTp 3Be31bl — 3TO €€ «OTNEYaTKH HajbIEB», IO KOTOPhIM
onpenenstoT ee cBoiictBa. C moMolslo coekTporpaga c
00BbEKTUBHON MPHU3MON acTPOHOMBI NMPOBEPSIOT cpa3y OoJb-
IIO€ KOJIMYECTBO 3BE3[L.

MBI yxe 3HaeM, YTO HAJIMYUE SIPKUX JIMHHN M3JIydYeHHs
BCETZ]a CONPOBOXIAETCA HEOOBIYHBIMHU SBJCHHSMH. OTO
M TOCIYXHJIO MPHYMHOM COCTAaBJICHHSA KaTajora CTPaHHBLIX
3BE3 1.

Ilon HOMEpoM 433 B 3TOT KaTajlor BOLUIA IEpEMEHHAS
3Be3na V 1343 Opna. Vxe Ha doTomiacTuHke ObUIH BHIHBLI

] 1
500 600 700 800 HM

Puc. 81. Cnektp SS 433

B €€ CIEeKTpe SpKHe JIMHUM H3JIyYeHHS BOJOpPOIA M TIelus.
(Uepe3 HECKOJBKO JIET BBISCHWIOCH, YTO B HANPAaBJICHHM Ha
o6iacth Heba BOIM3M V 1343 Opna HaxonsATCS PEHTIEHOB-
CKMii HCTOYHHK M OCTATOK BCIBIIIKM CBEPXHOBOH — pajHoOTy-
maHHocTe W 50.) B 1978 r. uranesHCKHE aCTPOHOMBI HPOBE-
ad OGoJiee [eTajlbHbIE MCCJICNOBAHUSA CHEKTpa MCTOYHHKA
SS 433 (SS — nepBrie OykBHl (hamunit aBTOPOB KaTaJiora).
CrekTp 3Be3/1bl OKa3aJIcs OYeHb HEOOBIYHBIM, HAPSAY C SIPKH-
MH JIUHASAMH BOJOPOJA M I'eIUsl B CIEKTpe HaOJIro JaJIUCh JIH-
HHMH, KOTOPbIE HE MNOIJABAJINCh OTOXAECTBJIeHHIO. HTasn-
IHCKME AaCTPOHOMBI, Aa0bl IpHWBJIEYb BHMMAaHUE JIPYTHX
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HcclleqoBaTeNIeil K 3TOi 3Be3ae, onyOJIMKOBAIM MOJIyYEHHBIE
JAaHHBIE B CHEIHAJIBHOM LHPKYJIsApe MexayHapoaHoro
aCTPOHOMHYECKOTO COHO3a.

Ha 3T0 coo0lieHne OTKJIHKHYJIACH I'PYINa aMePHKaHCKUX
acTpoHOMOB o1 pykoBoacTBoM bproca Maprona. Ouu npo-
BeJIM TILATeNbHENIInE HAOIIOACHHS 3TOro 0OBbEKTA H IEPBHI-
MH paciudpoBaiu ero crekrp (cM. puc. 81). Okazaioch, 4To
HEOTOX/IECTBJICHHbIC JIMHHH — 3TO T€ X€ JIMHHH BOIOpOJa
H TeJHs, HO COBHHYTHIE B (PUOJIETOBYIO H KPACHYIO CTOPOHBI
Ha JecATKA HaHoMeTpoB. [lomyuanocs, 9TO  KaXablit
aTOMHBIH Tepexo] BoAopoaa Obll NpPEACTaBieH HE OAHOM,
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Puc. 82. KpuBbie nyYeBbIX CKOPOCTEH, IOCTPOEHHBIE IIO JOBYM CHCTeE-
maMm junmi SS 433

a TpeMs JIMHMAMH: OJHA, camas spkas JIMHHAS, HaXOIWIach
B «0OBIYHOM» MeCTe, a [BE OPYrHe, CMEIUEHHbIE [0 Pa3Hble
CTOPOHBI HA OTPOMHBIE «PACCTOSHHS», COOTBETCTBOBAJIH CKO-
POCTSM [IBHXEHHS B JECATKH THICSY KWIOMETPOB B CEKYHIY.
KaxoBo xe OblJ10 H3yMJIEHHE aCTPOHOMOB, KOTJJa OHH YBH/IE-
Jin Ha OoJiee MO3HUX CIIEKTpOrpaMMmax, Kak CMElICHHbIE JIU-
HAH «IIOIOJI3JIH» HAaBCTpedy ApYyr Apyry!

Ha nosBuBIIeecs coobleHHe O IBHXCHUAN CITyTHHKOB JIH-
HHA# 1O CrEKTPY OLICTPO OTpearupoBajl W3BECTHBIH CBOMMH
OPMT'MHAJIbHBIMH HIeAMH acTpopm3uk MuwisrpoM. OH npen-
HOJIOXKWI, YTO JIMHUHA JBUXYTCA NEPUOANYECKH H YEPE3 HEKO-
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TOpO€ BpeMsl JOJDKHBI BEPHYTbCS OOpaTHO Ha TO MECTO, Ile
HX BIIEPBbIE OOHAPYXHIIH.

Bckope aMepukaHCKHE acTPOHOMBI MOJIHOCTBIO MOITBEp-
[WIA THIIOTE3Y O MEPUOIMYECKOM «XOXKIECHMH» JIMHHHA IO
cuextpy. Ilepuon okasanca Onm3kuM k 164 nusam. Kpusnie
JIy4eBBIX  CKOpPOCTe#, NOCTpOoeHHble 10 (PHOIETOBBIM
M KpaCHbIM KOMIIOHEHTaM JIMHUM, 6JIM3KH K CHHYCOHMAaM, KO-
JiebarommMca B npotuBodase (cM. puc. 82).

CrnexTprl 6bUIH He NPOCTO CABHMHYTHI HAa MOJINEPUOJA IO
¢daze. Obpamaso Ha cebs1 BHUIMaHHE TO, YTO KPUBBIE MMEIH
onuHakoByto aMmutyny (~ 40000 xMm/c) u ObUM pa3aBu-
HYTHI 110 OCH OPJHMHAT, 00pa3ys Helb U3 YepeAyIOLINXCs He-
paBHBIX 3BeHbeB. COeJMHEHUS 3BEHbEB COOTBETCTBOBAIU pa-
BEHCTBY JIYYEBBIX CKOpPOCTEif 00eMX CMeNieHHBIX KOMIIOHEHT
(cM. puc. 82). Ho caMoe MHTEpecHOE, YTO CMeEIICHHbIC JTUHAA
BCTPEYaJIUCh HE BTPOEM, a BABOEM. DTO TOT CaMblif CIIyyai,
KOIrZJa IO KOJIMYECTBY BCTPEYAIOLINXCI MOXHO BBISCHUTH
NPUYKHY BCTPEYH.

Bce 3TH ynuBHUTEIbHBIE CBOMCTBA NMOMOIJIN pa3ragath 3a-
raakKy «XOXIEHHS» JIMHUA M OTBETHTb HA BOMNPOC, MOYEMY
BO3HHMKAIOT CMEIICHHbIE JIHHHM.

ITouemy BaBOEeM?

MN3-3a uyero B cnektpe SS 433 Bce JHHUH
yTpoennl? B ¢pu3uke u3BeCTHHI TPH MEXaHU3Ma, KOTOPBIE MO-
i OBl BBI3BATh paclIEIUIEHHE JIMHUM B acTpodH3MYECcKOi
CUTyalMH. OTO CMEIEHUE JIMHUH TPH OTHOCUTEIHLHOM [IBH-
KeHnu BcoilencrBue 3¢dexrta lorlepa, cMellleHHE JIMHHA
B IDaBUTAIMOHHOM IT0JIE ¥ TaK HAa3hIBAEMOE 3€eMaHOBCKOE
paclienieHde JIMHAA B MarHuTHOM IIOJIE.

3eeMaHOBCKOE pacllleIIeHHe BO3HUKAECT B BEIEeCTBE, IO-
MEIIEHHOM B MarsHuTHoe mojie. [laBaiiTe NMOMECTHM aToM
B MarHuTHoe mnoje. Torma anekrpoH Oylxer OBHUTAThbCA He
TOJIBKO MOA AEHUCTBUEM IIPUTSIKEHMS SApa, HO ellle U B3au-
MOJEHCTBYS C MarHUTHBIM MOJIEM. DHEPTreTUYECKUE YPOBHH
aToMa pacIUeIUIsioTCs, W BCJIed 3a 3THM pPacIleIUIsIoTCs
CTEKTpa/ibHbIE JINHUH, BO3HUKAIOUIKE NPDH NEpeXoie Ha 3TH
ypoBHH. IIpu pacinenyieHud B CWWIbHOM MarHuTHOM IIOJie OT-
HOCHTEJIbHBINA COBHF JIMHUHA AA/A 3aBHCHT OT [UIHHBI BOJIHBI
JuHUA (OT SHEprud ypoBHs). PasHble JIMHUM OTHHX M TeX XKe
aTOMOB JOJIKHBI KIMETh Pa3HbIe OTHOCHTEJIbHbIE CIBHTH. JTO
HOJTHOCTBLIO TIPOTHBOPEYHT HAOIIONEHMAM, U3 KOTODBIX Cle-
IyeT, YTO OTHOCHUTEJIbHbIE CIBUTH Y Pa3HbIX JIMHHH U B CH-
Heif, 1 B KpacHOW o06J1acTH CHEeKTpa OJMHAKOBEL
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TakuMm cBoiicTBOM o00amaeT TpaBUTAIMOHHOE KPAacHOE
cMetniende. ' paBUTaMOHHOE CMEIIIEHHE IUIMHBI BOJIHBI BO3-
HHKAEeT, Korga (OTOH H3JIYy4aeTcs aTOMOM, IOMEIIEHHBIM
B T'PaBUTANMOHHOE TOJIe. YJeTas OT INPUTSATHUBAIOIIErO Teja,
tdoton coBepiiaer paboTy MPOTHUB CHIBI TSDKECTH U JOJIKEH
TEPATh «KHHETHYECKYIO IHEPTHIO», OMpeAesieMyIo 1o ¢op-
myJiie Ilnanka. CxopocTh (OTOHA YMEHBIIMTBLCS HE MOXET,
MMO3TOMY MEHSIOTCS €ro YacToTa W JJIMHA BOJIHBL i OObI-
YHBIX 3BE3]] 3TOT CIOBHUT KpaifHe MaJl U HeHabJronaeM, HO JUIs
PEJISTUBUCTCKMX 3BE3J MOXET NOCTHYh HECATKOB HaHOMe-
TPOB.

Ho rpaBuTanvoOHHBI# COBUT I BHELIHErO HaOJomaTess
«paboTtaeT» Bceraa B OAHY CTOPOHY — B CTOPOHY YMEHbIIIE-
HHUS 3HEpruM (POTOHA, T. €. YBEJIUYEHUS IJIMHBI BOJHBHI (€TO
nokpacuenus). Kak e oOBACHUTH mosBiieHHE (DHOIETOBBIX
cMelneHnii B crekrpe SS 4337

Ocraercss eOMHCTBEHHBI  MEXaHU3M — JOILIEPOBCKOE
cMeiienue JuHUA, [IpUHSB Takylo TUIOTE3y, HPUXOIUTCA
NpHU3HATB, 4TO B 3Be3ae V 1343 Opiia uMeroTCca TPH OT/E)b-
HO u3ay4aromme obsactu. IlepBasi MpPakTHYECKH HETIOIBHK-
Ha. B Helt 00pa3yroTca HeCMeEIllEHHbIE JIMHUM u3JTydeHus. [IBe
apyrue obJyiacTu IBUXKYTCS C TMFAaHTCKUMH CKOPOCTSIMHU
B NPOTHBOIIOJIOKHBIE CTOPOHBI, MPUYEM JIyYEBBIE COCTABIJISIO-
IIe MX CKOPOCTEH HOJIXHBI OBITh pPaBHHI IO 3HAYEHHIO
U NPOTHUBONOJIOXKHBI IO HAIPAaBJICHUIO.

Msbl yxe oTMeualu UHTEPECHYI0O OCOOEHHOCTH KPUBBIX
JIyYeBBIX CKOPOCTEIi: B MOMEHT BCTpeuM «Oeraroliux» JIMHUH
OHH BCE PaBHO CMEILIEHBI OTHOCHTEJIBHO CTAIOHAPHON KOM-
MOHEHTH! (BcTpevaroTcs BaBoeM). Kazanock Obl, 3TO mpoTH-
BOPEYHT IOILUIEPOBCKOMY MeEXaHU3My cMeleHus JuHUA. Ec-
JIL JIyYeBble CKOPOCTM MEHSIOTCS B mpoTHBodase, TO
BCTPETUThCS OHH MOTYT TOJIBKO B MOMEHT, KOrja WX JIy-
YeBBIE CKOPOCTH ofparaiorcs B HylIb. [Ipu 3TOM ux mojo-
XKEHHE TOJDKHO COBMAMATh C MOJIOXEHHEM HECMEIEHHON JIK-
HAH, Y KOTOpO# JyyeBass CKOPOCTb Bcel'Ja paBHA HYJIO.
CMellleHHBIE XK€ JIMHUM B MOMEHT BCTPEYHM HMMEIOT T'MTaHT-
CKYIO TOJIOXKHTEJIBHYIO JIyUYEBYIO CKOPOCTH: ~ 20000 xm/c.
ITapanokc ucue3aer, €ciii yuecTh 3aKOHBI CIIENUATLHOH Teo-
PUH OTHOCHUTEJILHOCTH. A 3TO HeoOXoAuMoO cHelaTh, No-
CKOJIBKY HaOJiroaeMble CKOPOCTH HE MaJlbl IO CPABHEHHIO
CO CKOPOCTBIO CBETa.

CorylacHO crHenuajJlbHOM TEOpUH OTHOCHUTENIbHOCTH VIS
HEMOABIKHBIX Habmoparenedl (3emiin) BpeMs B IBHXKyLUe#cs

cucreMe oTcyeta 3amemiserca B 1/)/1—v?/c?> pa3, rae
v — TOMHAas cKOpocTh mBuxenus. CenoBarensHo, 6yner Me-
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HATBCS 4YaCTOTA KOJIeOAHUI 3JIEKTPOMArHUTHOM BOJIHBL, T. €.
ee [IMHA BOJIHBI (IPMYEM Bcerja B KPacHYIO CTOPOHY). D¢-
(dexT ocraercs, gaxe eciid JIyyeBas CKOPOCTh HEPEXOIHT ue-
pe3 HyJIb, T. €. HICTOYHHK W3JIyYE€HHs IBUXETCS MOMEpeK JIyya
3penus. ITo3TOMy ero Ha3bIBalOT mOMEPeYHbIM 3pdexToM
Homepa. ITpaBwisHas dopmyina sddekra omwiepa BbIIA-
AT TaK:

Amp 1+ v,/c

MBJI- V1 - (@v/cf )

B oaroii dopmyne v, — mo-IpexHEMy JiyyeBas CKOPOCTb,
a v — MOJIHasl CKOPOCTh M3JIydaTels.

B MOMEHT BcTpeud ABMXKYIIMXCS JIMHHHA JIydeBasi CKO-
pOCTh paBHa HYJIIO U IJIMHA BOJIHBI NPHUHMMAEMOro H3Jlyye-
HHUs ONpENeIseTcs MOJHOW CKOpPOCThIO IBHxeHus v. H3me-
pHB JUTMHY BOJIHBI JMHUU B MOMEHT BCTPEYH, MOXHO HAWTH
MOJIHYIO CKOPOCTh [BIDKEHHA wm3Jyyarouleir ob6iacru. (Ha
MPAaKTHKE HE HY)XXHO XIaTh MOMEHTa BCTpeud JiMHUK. J[ocTa-
TOYHO HAWTH cpeaHee apupMeTHYeCKOoe M3 JUIMH BOJIH ¢uo-
JIETOBOY! M KpacCHOW KOMHIOHEHT — 3TO U OyneT [UIMHA BOJIHBI
MeCTa BCTpPEYH.)

IMonuas ckopocTh oka3anach paBuoit 80000 kMm/c, T. e.
MOYTH TPETH CKOPOCTH CBeTa.

(19)

KunnemaTH4yeckas Moaejab

KpuBas j1y4yeBbBIX CKOPOCTE€H TOBOPUT O TOM,
YTO M3JIydarolmue 06,1acTH, B KOTOPBIX (GOPMHUPYIOTCS cMe-
LIEHHBIE CIIEKTPAIbHBIE JINHUH, ABUXYTCS CTPOrO B IMPOTHUBO-
MOJIOKHBIX HANpPaBJICHUSAX, HPUYEM CTPOTO IEPHOIUIECKH
MEHSAETCA M JIyueBas KOMIIOHEHTa CKOPOCTH.

MoxHo 6bUTO0 OBl MPEINOJIOKUTD, YTO SS 433 — TpoiiHas
3Be3HAfA CHUCTeMa, B KOTOPOW Macca OJHOM 3Be3Ibl MHOTO
O6onbmre mByx napyrux. Ilepmon obpainennss MeHee Mac-
CHBHBIX 3Be3q paBeH 164 musM (cM. puc. 83). CMeleHHbIE
KOMITOHEHTHI JINHUI 00pa3yroTcs Ha MEHEE€ MACCHBHBIX CIYT-
HHUKaX, KOTOpbie ABIXKYTCA MO OJHOM M TOif xe opbwure,
cTporo B nmpoTuBodase. A HecMellleHHbIe JIMHUH 00pasyroTcs
Ha ICHTPAJIbHON 3BE3e.

OpaHako Takash HCKYCCTBEHHAas MOJEJIb COBEPILIEHHO HE
BBIJIEPXKHBAET «KOJIMYECTBEHHO!» KPUTHKH. 3Has CKOPOCThb
opbutanbaoro msmxenus (80000 xM/c) m mepuona obpaiie-
HHSL, IO TpeThbeMy 3akoHy Kemepa (popmyina (2)) MoxHO Haii-
TH MacCy HeHTPaJbHOH 3Be3nbl. OHa oOKa3bIBaeTCs paBHOM
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10° M , 4TO BCEro HAa MOPSAOK MEHbLIE Macchl [ aJIakTHKH.
DTa ruraHTCcKasi BEJIMYHHA HUKOIO YCTPOHTH He MorJja. EcTs
U Opyroi apryMeHT IMPOTHB TakOH MOJENH.

IToncumTaeM, 3a CKOJIBKO BPEMEHH CBET NPOXOAMUT BCIO
opOuTy TpoOHHOI cucTeMbl 1o auamerpy. IlosHblil xpyr
3Be3 bl IpOXoAaT co ckopocthio 80000 kM/c 3a 164 nusa. Ho

% A
Cunns Henodbuxchan HApacraa
KOMIIOHEHMA NUHUA HOMITOHEHIMA

Puc. 83. Tpoiinas 3Be3gHas CHCTEMa — HENpaBUJIbHAsA KHHEMAaTH4YeCKas
mozensb SS 433

JAMaMETp MeHbllle JUIHHBI OKPYXXKHOCTH B T pa3. 3HAYMT, CBET
OpOXONMT [OMaMeTp CHCTeMHl 3a Bpemsa (164/3,14) x
x (80000/300000) = 14 nueii. OOpallleHHe B HYJIb JIy4eBO#
CKOPOCTH Yy OJHOH 3 3Be3n mpousoumuio Ol Ha 14 nuer
paHblile, 4€M Y OPYTOM, YTO MPOTUBOPEYHT HAOJIIOJCHHSAM.
OTa Mozelb He TOAUTCA M3 YHCTO KHHEMaTHYeCKHX coolpa-
JKEHMI.

OueBuIHO, YTOOBI YMEHBIINTh Maccy 00beKTa, HY>)KHO OT-
Ka3aTbCd OT mnaryOmout umew, 4ro 164 mHs — 310 OpOH-
TanbHbI nepuol. Uuave Mol Mensiie 1010 M o uis SS 433 ne
nosiyquM. 10 MOXHO ObUIO OB cenaTe cieayromuM obpa-
3oM. IlpencraBum cebe rasoBoe KoJIbLO (WIH OHCK), Bpa-
IIAIOIIEeCss BOKPYT HEKOEro Tesla HeoObIYHOH NPHPOIBI €O
cxopocteio 80000 kM/c (cM. puc. 84). 3 neHTpaJIbHOrO Teja
ObLIOT NBa ITy4Ka JXECTKOI O (BLICOKO3HEPIE€THYHOI'0) H3Jydve-
HHS M IIEpeceKaloT KOJIBIO B ABYX HeDosblHx obacTsax.
3nmeck BellecTBO pa3orpeBaercs H cBeTHT. SIcHO, 4ro oT
OIHOrO TaKOro NATHA JIMHMHM OyayT cMelleHBl B KPacHYIO
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CTOpPOHY, a OT Ipyroro — B ¢uoseroBywo. Tenepb mpeicra-

BUM ce0e, 4TO BCSI CHCTEMA XECTKO BPAILaeTCs BOKPYT HEKO-

TOpOH ocu ¢ nepuosoM 164 nHs.

Torna BO3HUKHET NEPUOIUYECKOE

XOXICHHE JIMHUH [0 CHEKTpY.
Ho u B 3t0if Momenu Macca

LEHTPAJBLHOT O TEJIa OKAa3bIBAETCs

HepealbHO Oouiblliof. CBeTH-

MOCTb B CMELLIEHHbIX JINHUSAX MIPH-

MmepHo B 100 pa3 OGosbliie cBe-

tuMoctu CosHua, a TeMrmepary- - 80000 xm/c

pa, cyns mo chekTpy, O6sm3ka K

10000 K, uto Bcero B moJitopa

pasa OoJbllie, yeM TeMIlepaTypa E:Lf{e::}) el' asongfoaonsgoi ?{:-

tdotoctheprt  Counnira. vPaaMepbl H“,,,_Henpa;‘gma,, Mo;i'enb

m3JIyyaroliux obnacreit e Mo- SS 433

TyT OBITH CYIIECTBEHHO MEHBIIIE,

yeM 10 pamuycoB Cosnma. Pa-

QUYC KOJibLAa JOJDKEH ObITh, MO KpaiiHeid Mepe, B 10 pa3

6ombile, T. €. paBen npumepHo 100 pamuycam Conrua. 310

6J1M3K0 K pa3Mepy 3eMHOI OpOHTHI. 3eMJIsi OBHXETCA BOKPYT

80000 kme

Puc. 85. BemecrBo BhiOpachiBaeTci B ABYX NPOTHBOMOJIOXKHBIX HAampaB-
JICHHSAX

Cosana co ckopoctisio 30 kM/c, a Ta3 B KOJIbIE TaKOTrO XK€
paauyca — co ckopoctbio 80000 kM/c. Macca neHTpanbHOro
Tena B Takoif Mognenum Ao/kHa Obite B (80000/30) =
= 7000000 pa3 Gosniie.

Yr1o6bl ellle YMEHBIIUTH MAacCy, HYXHO OTKa3aTbCsi OT
MbiciH, yTo 80000 KM/c — 3TO CKOPOCTh OpOHTAJILHOTO ABH-
xenud. Tak MBI IDpuXoguM K NpaBWiIbHONH Moznenu. Ilpen-

167



craBbTe cebe, YTO HEKOE TEJIO BHIOPACHIBAET B IBYX MPOTHBO-
HOJIOXKHBIX HANpaBJIEHHAX CTPYH rasa co ckopocTeio 80000
KM/c. Bouietas, ra3 paciiupsieTcs, oxJIaXxaaeTcs U pekoMOH-
HupyeT. IIpu 3TOM U BO3HHKAIOT CMEILLEHHbIE JTMHUM H3JTy4Ye-
g, Hampasiienue BeIOpoca CTpyil BpaliaeTcsi BOKPYT HEKO-
Topoit ocu (cM. puc. 85) ¢ nmepuonom 164 nug. U3-3a aroro
MEHSETCS JyyeBasih KOMIIOHEHTA CKOPOCTH [BUXXEHHS CTPYML
JIBuxeHue CTPYH JHOCTATOYHO MEMJIEHHOE, TaK YTO ras ycrme-
BAacT BHICBETHTH CBOIO JHEPIHIO MPEXIE, YeEM CTPyH Cylle-
CTBEHHO CIOBHHYTCS.

M3 MexaHMKH TBEpAOro Teja M3BECTHO SBJICHUE MpeEIec-
CHH, KOTOPO€ COCTOHT B TOM, YTO OCh Bpalllalollerocs Teja
MPH BO3JEHCTBUU BHELIHETO MOMEHTA CHWJI Ha4yHET IE€PHOIH-
YeCKM MEHATh CBOE€ HaIpaBJIeHHE, OIMKCHIBass KOHYC.
OTo — BBIHYXIeHHAas mpeneccusa. CyluecTByeT U cBoOonaHas
npeneccus. OHa BO3HHUKAET B TOM CJIyyae, KOTa och Bpallle-
HHS TeJla HE NMPOXOOUT Yepe3 ero LEHTP Macc.

- B HaureM cinyvae 164-mHeBHOE BpallleHHE JIMHUM BBIOpOCa
CTpy#d aBaHCOM Ha3BaIM mnpeneccuedi, a 164-nHeBHBIN Te-
pHOd — MpeNecCHOHHbIM nepuooM. Ceifyac HHKTO HE CO-
MHEBAETCs B 3TOi KMHEMAaTHYeCKOH MOJENH, a BOT O NPHUPO-
I€ BpallleHWs HAaNpaBJICHHBIX BBIOPOCOB ellle MAYT CHOPBL

Puc. 86. Cuamok SS 433 B pentrenoBckux jay4ax (c 6opra obGcepsarto-
puA «DUHINTEHHN)

ITouemy MbI yBepeHsl B ToM, 4TO SS 433 neilCTBUTESILHO
BBIOpachIBaeT [BE CTPYH rasa C CyOpeSTHBHCTCKMMH CKOPO-
cramu? IToroMy, yro 3TH cTpyH npocro BuaHel. IlpaBna, He
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B ONTHYECKOM, a B DAaJMO- U PEHTTEHOBCKOM [MaNa3OHaX
(cM. puc. 86). Msiyyenne B BHIMMOM CBeT€ POXAAETCS HA
CPaBHUTEIBLHO OJIM3KHX PACCTOSHHUSAX OT LEHTPAJILHOTO TeJa,
TaKk YTO pacCMOTPETh AaXX€ B CaMbIil JIyYIUMH TEJIECKOHm W
B CaMyIo JIyYIllylO NOroAy CTPYM rasa Helb3s. Pamuonsiyde-
HHE BO3HUKAET ropaso Aajblle, fa U BOSMOXHOCTH Paafo-
TejieckonoB Goraue. Ha paamousobpaskeHuM HNpOCTO BHIHO,
KaK M3 LEHTPAJIbHON 00JIaCTH BBLIETAIOT OT/E/IbHbIE CTYCTKH
BEILECTBA, a4 HANpPABJICHHE BBIOPOCOB MEHSETCA C NEPUOJIOM
164 mus. Tak kaK CKOPOCTB BbLIETA HAM M3BECTHA, 4 YTJIOBOE
nepeMeELLeHHE CTYCTKOB Mbl BHIUM, TO YOAJIOCh ONPEIACTHTH
paccrosaue 1o ucroynuka SS 433. Owo paBuo 10000 cse-
TOBBIX JIET, T. €. SS 433 npumamiexut mawed I amaxTuke.
(Pasmep T"amaktuxu — 100000 cBeroBrix Jer.) Taxoro ere
B Hamel I'amakTuke He BMIen HMKTO. UTOOBI MOHATH XOTH
OBl MPUMEPHO, YTO XK€ IMPOMCXOIUT B 3TOM 00beKTe, HyXHA
OblTa XOThb Kakas-HHUOYAb 3alenKa, XOTh 4YTO-TO OOBIYHOE
U 3HAKOMOE.

XOTh YTO-TO 3HAKOMOE

Her mioxux TejlecKOmoB, a €cTh IUIOXHE Ha-
6mopatenn. CHpaBeIHBOCTh 3TOrO IpaBUiIa ObLIa IIO-
TBEPX/EHA COBETCKMM acTpoduszukoM A. M. Uepenairykom,
KOTOPHIii C TOMOIIBIO MAJIEHLKOTO (10 COBPEMEHHBIM MaACIlI-
Tabam) Tejleckoma creslayl BaxHeHIlee OTKPLITHE, IIPOIHBILICE
CBET Ha mpupony ucrounuka SS 433.

Ve B mepBble MecsUpl «30JI0TOM JIUXOPAAKU», MOJHAB-
weiica BOKpYT SS 433, aMepukaHckue acCTpOHOMBI OOHAPYXKHIIH,
YTO LEHTPAIbLHLIE HECMEIICHHBIC JIMHUM CJlerka II0paru-
BalOT C mojlyaMIiuTynoit 70 xM/c u mepuoaoM oxosio 13
mueii. ITosxe mocrymmio cooOimenne o TOM, yTo 6Jieck
3Be3bpl TOXE MEHSAETCH C TakuM xe rnepuonoM. Ho 3tu
JaHHbIC OBLIM CIIMIIKOM HEHANEXKHbI M HUYCTO HE TMPOSCHS-
1. Hyxuel ObUtH uIMTeNbHBIE HAaGJTIOAEHUS.

Onn ObUIH NpOBEICHBI Ha HEOOJIBIIOM TENECKOIE, ¢ aua-
MeTrpoM 3epkasia 60 cMm. Ilo HersnacHoii kiaccupuxaimu co-
BpEMEHHBIIf OOJIBIION TEJIECKOI — 3TO TEJIECKOI C JuaMe-
TpoM Gosee 2 M. Tesneckon ¢ auamMerpoMm 3epkaia or 1 mo
2 M cumaraerca cpenauM. OcranbHble — MaJIeHbKHE.

Ho Manenbkue Teneckombl 00JIafalOT OJHHM BaXXHBIM
NPEeUMYIIECTBOM TI0 CPaBHEHHIO C OOJBUIMMHM — HX MHOTO
H OHM HE Tak 3arpyxeHel. UTOOBI HAaJEXHO YCTaHOBHUTD
13-nHeBHEIH TIEpHO IepeMeHHOCTH 6Jiecka, HeoOXOMUMO 3a-
TPaTHTb HECKOJIbKO MecsiieB. Heckobko MecsieB, a He 13 Heid!
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Ha crporo nepnoanyeckne u3mMeHeHus 6Jiecka 3Be3 bl Ha-
KJIaJpIBAlOTCA XaoTH4YeckHe. B 3TOM BUHOBHBI, BO-IIEPBBIX,
arMocdepHbie MepliaHus, a BO-BTOPbIX, BHYTPEHHS (ee elie
HA3bIBAIOT (PU3MYECKOMH) MEepeMEHHOCTh 3Be3abl. UToOBI yc-
peOHHTh clyyaliHylo BeJuyuHy, HeoOxomumo Bpems. Eciu
XaoTH4yeckHe KojiebaHHs MO aMIUINTYIe TakKue Xe, Kak Ie-
puoauueckue, TO KpuBasi OJiecka BBIPHCOBBIBAETCH JIHIUD
mocJjie TOro, kKak Bbl OTHabJlroaeTe MHOTO NEPUOIOB IEpe-
MEHHOCTH.

Ha6monmaa SS 433 B TeueHHE HECKOJIBLKHUX MECSALEB IOI-
paa, A. M. Uepenaiiyk nony4wl BO3MOXKHOCTbL IIOCTPOHUTH
HaJEXHYI0 KpuByIo Giecka. Ee BHI HamoMuHaJI KpUBYIO AJl-
roJisi ¥ HE OCTaBJIJl COMHEHHH B TOM, uTo SS 433 — 3710 3a-
TMeHHas OBOMHas cucreMa (cM. pHuc. 87).

Tak BmepBbie B 3TOM 3arafjoyHoM OOBEKTE HOSIBHIOCH
YTO-TO 3HAKOMOE U MoHATHOE. Jlayiblile BaXXHO ObUIO yCTaHO-
BUTB, 9TO K€ 3TO 3a IBOiiHas. JINHHHU NOIJIOIIEHNS B CHEKTPE

13751 . :
X ’ ’ s " .
S H '.i $g o
S oL “t 433803t 4}
S e P
74,5 *

1
10

490 g,
Oodumanewas pasza

Puc. 87. KpuBas Guecka SS 433, mosyuenHas A. M. Uepenaugyxom

SS 433 me Bumubl. Ilo kpaifHeilt Mepe, X HMKTO HE Hallel.
HenpepriBHBIH CHiekTp 3Be3Obl MMEJI MakKCUMyM B KpPacHOM
obJiacTy, YTO yKa3biBajlo Ha Majyro TemnepaTtypy. V3BecTHo,
YTO XOJIOJHBIE 3BE3IbI — 3TO, KaK NPAaBHJIO, MAJIOMaCCUBHBIE
3Be3gpl. IlosToMy mepBoe BpeMs MHOTHE IOJIaraji, 4ro
SS 433 — 310 MaJIoMacCHBHAA OBONHAsA CHCTEMA.

3a6yxneHue 6BICTPO paccesioch, KOr1a aCTPOHOMBI y4-
JIA TIOTJIOLLEHHE CBETA Mex3Be3qHoi nbuibio. Co3sezmue Op-
J1a 61M3K0 K IUIockocTH anaxTeku, rae MHOTO NbUTH. 3Has
paccrosuue 1o SS 433, ynajioch HaliTH, YTO NbUIb OC/IabJIseT
BHIMMBIN OJIECK MCTOYHHKAa NPHMEPHO HA 8§ BEIWYHH, T. €.
B 1500 pa3. Ho mpUTb HE OJMHAKOBO IMOIJIOIIAET KpPaCHBIE
M CHHHME JIy4yHd, a IMEHHO, KpacHbIe MOTJIomaroTcs ciabee, yeM
cunue. (Kcratu, mo 3Toit npuumbe 3axomsiee CosiHne
KpacHoe.)

Ecnu y4ecTs 3T0, TO OKa3bIBaeTcd, 4To 3Be3aa V 1343 Op-
Jla HE KpacHas M XOJIogHas, a royiybas um ropsyas. AHaJIu3
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KpuBBIX Oyecka mokasai, yro oba oOnexTa (OymeM moka Tak
Ha3bIBaTh KOMIIOHEHTH JBOMHOI) HMEIOT BBICOKYIO TeEMIIepa-
Typy (Bhime 20000 K) U nmpuMepHO OIMHAKOBYIO SIPKOCTb
B BHAMMOM cCBeTe (IJ1yOHHbI 3aTMEHMIA HE CWIBHO OTJIMYAIOT-
cs IPYr OT npyra).

Ecnu xors 6B omHa koMIIOHEHTa — OObIYHAs 3Be3/a, TO
3Ta 3Be3[la MaccuBHas. PazMep 3Be3Ibl CPaBHUM C pa3MepOM
ABOMHON cucTteMbl. Bo3HMKIO momo3peHHe: a He 3aIOJIHAET
JII HOpMaslbHasi 3Be3fa CBOIO mojiocTh Poma H, kxak u
B Jlupsl, ucrexaer Ha cocenky?

Ho 3710, xa3ajioch, MIPOTHBOPEYWIO HAOJI0OgaeMBIM OCO-
6ennoctTsM crnekTtpa. HecMmelleHHble KOMIOHEHTHI JIMHUH
HMEIOT UTUPUHY B HECKOJIBKO THICHY KWJIOMETPOB B CEKYHIY.
CriegoBaTeIbHO, OHH O0Opa3ylOTCs B ONTHYECKH TOHKOM Be-
ILIECTBE, MCTEKAOIIEeM M3 HBOHHON CHCTEMBL. DTO OYeHb HO-
X0Xe Ha 3BE3[IHBII BeTep OT rojyObix cBepxruranroB. [Toxo-
ke, HO He coBceM. TeMm HcTeueHus BelllectBa B SS 433
B COTHH pa3 BbIllle, YeM y OOBIYHBIX cBepxruranros. OH us-
MepsieTcs BelMuMHOM mopsiaka 10* M g /ron. MMenso Ta-
KO IOTOK MAacChl JOJIXKEH, COTJIACHO TEOPMH, NEpeTeKkaTh
C MAaCCHBHOM 3Be3/Ibl, 3alIOJIHHUBIIEH MmojocTh Porna, Ha Me-
Hee MACCHBHYIO KOMIIOHEHTY.

Tak 4TO e mpOHCXOAUT B cucTeMe 3Be3nbl V 1343 Op-
Jla — nepeTeKkaHne Win ucredeHue?

CBepXKpHTHIECKAs aKKpeiHs

Ilepen TeM, kKak BCTymaTh B 00JlacTh THIIOTES,
HYXHO 4YeTKO OT[AEJIHTh HabJyirogaeMoe OT BooOpaxkaemoro.
aJIeXHO YCTaHOBJIEHO, 4TO SS 433, ona xe V 1343 Opua,—
JBOMHAA CHCTEMa, NepHojJ oOpallleHnss KOTOpOil paBeH IpH-
Mepuo 13 muam. Ilepmon mouTu Tako# e, Kak y CHCTEMBbI
B Jlupel. VI3 cucTeMbl HCTEKaeT BEILIECTBO CO CKOPOCTBIO
B HECKOJIBKO ThICSY KIWIOMETPOB B cekyHIy. CkopocTh HCTe-
YyeHHsl BIOJHE HOpMajibHas, oObiunHas mis ropsuux O — B
3Be3J, a BOT TEMIl HCTeYeHHS aHOMaibHO Beauk. Camo mo
cebe 3To ele He NMOBOA yis OecrokoiictBa. Eciiu 651 Ha 3TOM
CIIACOK XapaxkTepHBIX CBOMCTB SS 433 3akoHumicd, TO 3Ty
3BE3y MOXHO ObUIO GBI, XOTS M C TPYIOM, BIIUCATH B PaMKH
OOLIYHBIX ABOMHBIX 3BE3[.

Ho, KpoMe Bcero mpovero, ABOHHas CHCTEMa 110 HETIOHAT-
HOM mpHuyMHE BHIOpAcHIBA€T OBE CTPYM ra3a C TMTaHTCKOM
ckopoctbio: 80000 kM/c. Hanpasiienne BriGpoca CTpy# «npe-
Heccupyer™» ¢ nepuonoM 164 musa. Crpyn Habmoparotcs
B paMO- M PEHTTEHOBCKOM JIMana3’oHax. J[BoiHas OKpyxxeHa
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TYMaHHOCTBIO, HATIOMHHAIOIIEH OCTaTOK BCIBILKU CBEPXHO-
poii. K aToMy cTouT noGaBUTh, YTO caMa 3BE€3]la OYEHb CJa-
60 u3JIyyaeT B PEHTTeHOBCKOM auamna3one. Ha atoMm Hazmex-
gas HHboOpManus KOHYaeTCs.

BecbMa BEpPOSITHO, YTO ONHOW M3 KOMIIOHEHT JBOMHOM
CHCTeMBl SBJIS€TCS rojybasi 3Be3a CIEKTPAJIBHOTO Kiacca
B ¢ maccoii 6onbiie uiau nopsiaka 10 M 5. O npupojne BTO-
poii 3Be3aBl MOKa M3BECTHO OYeHb Majlo. Beposituee Bcero,
3TO peATHBUCTCKas 3Be3la — HEHTPOHHAs 3Be€3/la WIH vep-
Hasl bIpa — Ha YTO yKa3bIBaroT GoJbilas CKOPOCTh BhIOpoca
CTPY# M OCTAaTOK BCIBIIIKH CBEPXHOBOM.

Ho nouemy pessiTHBHCTCKasi 3Be3/ia BeleT cebs CTosb
cTpaHHBIM 00pa3zoM? B MaccHBHBIX JIBOMHBIX CHUCTEMax pe-
JISTUBUCTCKHE 3B€3IbI CTAHOBATCS IPKUMH UCTOYHHKAMU PCHT-
reHOBCcKoro m3iyuenus. B cucreme SS 433 coBepiieHHO HE
T0. ITo cBOMM HalJIrOJATENBHBIM CBOMCTBAM BTOpasi KOMIIO-
HEeHTa [BOIHOU OoJsibllle HAOMMHAET OOBIYHYIO TOPSYYIO
3Be3ay. U eciu ObI HE PENISITUBUCTCKUE CTPYH, €€ BIIOJIHE
MOXHO ObUIO OBl OTHECTHM K Da3psiIy HOPMAaJIbHBIX 3BE3[.

B3risinute Ha TabI1. 2, B KOTOPOIi MpUBENEHbI (PU3HYECKUE
XapakTEepUCTHKH PEHTTEHOBCKUX ITyJibcapoB. Her HHM onmHOro
MyJbcapa, CBETHMOCTh KOTOPOTrO 3HAYMTEIbHO NpEBbOIIAIA
OBl 30AMHI TOHOBCKMil mpenent (19) *). 1o we ciayuaitHo. Bee
PEHTTCHOBCKHE ITyJIbCaph! «paboTaroT» B peXUME JTOKPHTHYE-
CcKoif akkpenuy. Vi He CHIIbHO IpeBbIas 3IUHT TOHOBCKHIA
npenen. COBEpLIEHHO IO-APYrOMY BBITJISSAMT pEJISTUBHUCT-
CKasl 3B€3/1a, Ha KOTOPYIO HIET CBEPXKPUTHYECKAs aKKpeIMs.

CBepXKpUTHYECKAasT aKKpemus o0s3aTebHO JOJDKHA BO3-
HUKHYTb B TECHOW [BOWHOM cHUCTeMe NPH BTOPOM oOMeHe
Maccoil yepe3 BHyTpenHIoro Touky Jlarpanxka. Temn nepere-
KaHMs IPH 3TOM B JECATKH THICSY pa3 NpPeEBBIIAECT KPUTHYC-
CKO€ 3HAYCHHE, COOTBETCTBYIOIIEE 3TUHI TOHOBCKOMY Npene-
ay. Eciu Obl Bce BeIIECTBO YHajgo Ha pPeJISTUBHUCTCKYIO
3Be€31y, TO CWIa JaBJICHUS] M3JIyYEHUS BO CTOJBKO XK€ pa3s
npespinana Obl cwiy rpaBuTanuy. BelBox TakoB: Bce Bellle-
CTBO HE MOXET YIacTh Ha 3BE3.y.

Ho xak ’xe BelecTBO MOXET OTHOBPEMEHHO M ManaTh,
U He majaarb? OKa3bIBaeTcs, MOXeET. JTO JIETKO YCTPOUTH
B ciyyae muckoBoit akkpeimu. H. WU. lMlakypa u P. A. Cio-
HieB B 1973 r. KaueCTBEHHO ONMCATN BO3HMKAIOILYIO IIPU
aTOM KapTHHY. KOHKpETHO OHH PacCMOTpDENIM CBEPXKPHTHYE-

*) Macchl peHTTEHOBCKEX MYJIbCapoB NOPs/AKa HECKOJbKUX Macc ComH-
Ia, MO3TOMY 3IJMHITOHOBCKMH mpenen and Hux paseH 50—100 Twic. Ly
(Lo — cBetuMocts ConHna).
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CKYIO aKKpPEeLHIO Ha Y€pHYIO0 JIbIpy. Baajiu oT uepHO# ABIpHI
CTPYKTYpa aKKpPEIMOHHOI'O JucKa c1abo oTiinyaercss OT OObI-
YHOro HOKPHUTHYECKOro amcka. Ha 3Tux paccrosuusx sHep-
T'Hsl, BBIOCIAIOIASACA B JUCKE, MHOTO MEHBIIE 3IIHHT TOHOB-
CKOro mnpejea U CWjia AaBJieHHs cBeTa HeBeauka. Ho BOT Ha
HEKOTOPOM PACCTOSHMH [aBJICHUE H3JIyYEHHS CTaHOBHTCH
CPaBHUMBIM WIH Aaxke OoJiblile CWIBI IpaBuTanmuu. YacTs Be-
LIeCTBA MOJ ACHCTBHEM H3JIyUYeHHs «BBLIIYBAETCS» U3 OUCKA.
OcranpHas 4YacTb BeLIECTBA NPOJOJIXKAET MPOJBHTATHCA
K yepHO# 1pIpe. UToOH akkpenus ObLIa CTaMOHAPHOM, T. €.
He 3aBHCALIEH OT BPEMEHH, HA YEPHYIO ABIPY HOJIXKHO HaaaTh
BEILECTBA POBHO CTOJILKO, YTOOBI IOJIHAS CBETUMOCThL B [U-
CKe HE CWIbHO MpeBBIIIaja 3WHITOHOBCKHN mpenei. -
JUHITOHOBCKMH Ipeniesl BBIYMCISETCA Ui CIyyas cTaTHde-
CKOH (HemOABMXKHOM) 3Be3[bl, M3JIyyarolled OJMHAKOBO IIO
BCEM HanpabJIcHUsM. B micke, KOHEYHO, HET HU CTATHYHOCTH,
HM OIUHAKOBOCTH. I1o3TOMy HEOOJBIIIOE NPEBBLILICHHE HAJ
SJMHI TOHOBCKMM IPENEJIOM HE pa3pyllaeT HCK.

B pexuMe Takoil «OJyaKKpelMu» YEPHOM IBIPHI JOCTHT-
HET TOJBKO MaJiasi [IoJis IIEpPBOHAYAJILHO 3aXBaYEHHOI'O Be-
mecTBa. IloyTH LeIMKOM BELIECTBO «BBIAYBAETCH» B BUJE

Puc. 88. Cepxkpuruueckas AHCKOBas aKKpeulus

KBa3uchepHIecKoro moTokKa, HAIIOMHUHAIOIIErO 3BE3IHbIN Be-
Tep. BelllecTBa Tak MHOro, YTO XECTKO€ PEHTTEHOBCKOE H3-
JIyueHHe, BOSHUKalollee BOJIU3M YepHOU [IBIPHI, PAKTHYECKH
MOJHOCTBIO Torjiomaercis uM. Ilo3TOMy pensTHBHCTCKas
3B€3/1a B CBEPXKPHTHMYECKOM DEXHME HE MOXET OBITH SIPKHM
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UCTOYHHKOM J>KECTKOTO PEHTTE€HOBCKOTO M3Jy4yeHus. Bremi-
Huii HabaloJaTelb BHOMT TOJILKO «IyOy», KoTopas IO
BHEIIIHAM CBOMCTBAM HAIIOMHHAET OOBIYHYIO 3BE3MY.

AKKpEIMOHHBIH OUCK 00J1afaeT BBIACICHHBHIM Hampasiie-
HHEM — OCbl0. Bo/ib 3TOH OCH MOTryT BBIPHIBATBHCS CTPYH
rasza, oTTEKalolde C PEJIATHBHUCTCKOH CKOPOCTHIO OT CaMBIX
HEHTpaJbHBIX 00JlacTell akkpeuHoHHoro amcka. Takas xap-
THHa OBUIa omucaHa 3a 6 JIET OO OTKPBITHS YHHMKaJIbHBIX
cBoiicTB ucTtoynuka SS 433. Ona Mmorjia 661 paccMaTpUBaThLCH
KaK Ipelacka3aHue, ecyd Obl aCTPOHOMBI 3aJ0/ro 10 3TOro
He OOHApYXWIM PEIATHBHCTCKHE CTPYH B MHpE TaJlaKTHK
U KBa3apos.

KlaccuyeckMM MPUMEPOM BHIOPOCOB BEILIECTBA (MX HA3bl-
BAIOT JKETaMH) U3 Aep TaJIakTHUK SBJIseTCH BHIOpOC, HabJmo-
nmaeMblif B ranaktuke JleBa A (cM. puc. 89), H3BECTHBIA elue

Puc. 89. Buibpoc u3 saapa ranaktuku Jlera A

¢ «apeBHHX» BpeMeH. Ceiyac W3BECTHBI NECATKH NPHUMEPOB
Takoro pona. IlpaBna, cTpyu B siipax rajJJakTHK JABHXYTCS HE
¢ CyOpeIATHBUCTCKHAMH, a C YJIBTPApeISTHBECTCKHMH CKOpO-
cTAMH. OTO He OOBIYHOE BELLECTBO, a CTYCTKH PEJISTHBHCT-
CKHMX YaCTHIl, «3amyTaBIIUXCA» B MarHUTHBIX MOJAX, BHIOpO-
HICHHBIX BMECTE C HUMH H3 pa TajlaKTHKH.

HMenno ais oO6bsicHEHUs 3TUX BLIOpOCOB ObLIa mpeasio-
XeHa MoJelb CTPYii, BHIPBIBAIOIIMUXCA BAOJL OCH CBEPXKDH-
THYECKOTO [IHCKa.

Ecnmu Ha MecTO 4epHOi IbIPHI B LEHTPE CBEPXKPUTHYE-
CKOTO [HCKa IOMECTUTh HEWTPOHHYIO 3BE3dy, TO MHOTIOE
ocranercs 6e3 usMenenuit. ITo-npexxHEMY Bce BHYTPEHHOCTH
ObUTH GBI CKPBITHI OT BHEIIHETO HaOJIIOAaTeNs HENMPO3payHOi
«uy6oit». Mbl 6b1 Buzenu oObluHYIO 3Be3dy. MolnHOoe Mar-
HATHOE IIOJIE HEWTPOHHBIX 3BE3] Pa3pylllacT CBEPXKpUTHYE-
CKHii THCK Ha PacCTOSIHHAX B HECKOJBKO NECATKOB U COTECH
pamaycoB HEHTpOHHO# 3Be3mbl. Bee BelliecTBO, JOCTHraroliee
MarHuToChEephl, «CBATUBAETCS» HA MOBEPXHOCTh HEHTPOHHOM
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3Be3/bl. IIpH 3TOM BBIAEJISAETCHA DHEPTHs, B NECATKH U COTHHU
pa3 mpeBOCXoaflas 3IAHHTTOHOBCKHMII mpenen. Yacts Belie-
CTBa NOJ JEHCTBUEM CIJI JABJICHMS H3JIyYEHHS MOXET OBbITh
BBIOpOIIIEHA BAOJb MarHUTHON OCH HEHTPOHHOM 3BE3[bl CO
CKOPOCTBIO MOpsAAKAa BTOPON KOCMMYECKOH ISt HEUTPOHHOM
3Be€31pl, T. €. CO CKOopocThio ~ 100000 xM/c. Eciin ock Bpa-
IIEeHUs HEHTPOHHOW 3Be3Abl COBMAJAeT C €€ MarHUTHOH
OCbIO, TO BHeUIHMI HaOJNromaTeNhb YBUIUT, KakK M3-MOJX
«auyOp» B ABYX HPOTHBOINOJIOXHBIX HANPABJICHUSX BbIPbI-
BAaIOTCA CTPYHM BEIIECTBA, IBUXKYILIUECS C PEJIATUBUCTCKOH
CKOPOCTBIO,

Bo3moxno, SS 433 — 310 ABoiiHas cucTeMa, B KOTOPOi
ceifyac MPOUCXOIUT BTOpOHl OOMEH MAaccoi, COmpOBOXIAr0-
muiics oOpa3oBaHHEM CBEPXKPHUTHYECKOTO AWMCKA BOKPYT pe-
JIATUBUCTCKOM 3Be3apl. IIpm 3TOM paspelaerca HabJro-
JAeMBbIii mapagoKC: C OJHON CTOPOHBI, HECMEIIEHHbIE JTHHHUU
[MOKa3bIBAIOT CYIIECTBOBAHME 3BE3IHOrO BETpa, a BEJIHYHHA
MOTOKAa MAacchl CKOpee rOBOPUT O MepeTekaHuH. Tak U JoJI-
KHO MPOHCXOAMTH NPH CBEPXKPHUTHYECKOH akkpeuuu. Berie-
CTBO B BHJE «TPAaBHTAIIOHHOIO BETpa» MepeTekaeT OT HOp-
MaJIbHON 3Be3bl HA pENATUBUCTCKYIO 3Be3dy, a 3aTeM
MPAKTHYECKH MOJHOCThIO MCTEKAaeT B BHIE 3BE3THOrO BeTpa
OT PEJIATHBUCTCKOT'O CIIyTHHKA.

Kak nmonro moxer mmmrhbea- Takoil mponecc? Touno ato
MoKa He M3BECTHO. BO3MOXHO, JECATKH THICSY JIET, & MOXET
ObITh, M Thicsiyn. Eciam yuecTb, 4To cBeT oT SS 433 wmmer
Kk HaM npuMepHo 10000 set, To BmoJiHE BEPOSATHO, 4YTO Ceii-
4ac B cucteMe SS 433 o6MeH Macchl yxe KOHUMmICH. MBI xe
BUAMM To, 4To mpoucxomwio 10000 ser Hasan.

Cefiuac HET NOJIHONW YBEPEHHOCTH B TOM, YTO HMEHHO
IIPOUCXOIUT HJIM NPOUCXOOIIO B cucTteMe 3Be3abl V 1343 Op-
Jia. /o cux nop HeMOHATHA NPUYUHA, U3-32 KOTOPO# Hampas-
JICHHE CTpYH «Xxomum™» ¢ nepuogoM 164 nus. CyiuecrByer
MHOTO THIIOTE3 Ha 3TOT c4yeT. Bo3aMoXxHO, 3TO fABJIEHUE CPOI-
HHA 35-nHeBHOMY nuKiy I'epkyiieca X-1. Ecam ochk BpaieHus
HOPMAaJIbHOM 3B€3/Ibl HE COBMANAET C OChIO BpallleHHs IBOM-
HOH, HOpMaJIbHas 3B€3/1a HAYHET MMPOLIECCHPOBATh U3-3a MHPHU-
JIMBHOM CWIBI CO CTOPOHBI DEIATUBUCTCKON 3Be3abl. Bmecte
co 3Be3nod OyaeT MmoKayMBaTLCA M HAIpPaBJICHHUE HMCTEUYEHHS
CTpYH BelllecTBa, U IUIOCKOCTh aKKPEHHOHHOI'O IHCKA.

Taxoit «cnensmnit» muck B I'epkyiiece X-1 nepuoanuecku
3aTMeBaeT OT HaC PEHTreHOBCKHH mysbcap, a B SS 433 me-
HseT HampaBJIeHHE BhIOpoOca CTpyit. 3Ta OuYeHb INpHUBJEKa-
TeJlbHas THNOTe3a ceifyac LIMpoko pacnpocrpaHeHa. Ho ab-
TOPy KaXeTcsd, YTO y Hee eCTb OOJIbIIHE HETOCTATKH M,
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BO3MOXHO, 3[E€Ch MBI CTAJIKUBAaEMCs COBEPILIEHHO C HHBIM
SIBJICHUEM.

Bcee atu mpobiieMBI ocTaroTcs noka HepelieHHbIMU. V1 Bce
XK€ C KaxApIM TOJOM pacreT YBEPEHHOCTb B TOM, 4YTO
SS 433 — nepBas MaccuBHas CHUCTeEMa, B KOTOPOH Mbl BCTpe-
TWINCh CO BTOPBIM OOMEHOM MAacCCOi, COINPOBOXXIAIOLIUMCS
obpazoBaHUEM CBEPXKPUTHYECKOrO Oucka. UTo mpoucxoqut
C NBOWHOU cUcTeMOW pasbiie?

«Yxacbl» BTOpOro ooMeHa

Bropoit o6MeH B MacCHUBHOI IBOIHON 00s3a-
TEJIbHO CONPOBOXJAETCA NOTeped Macchl. PenaruBucTCKas
3Be3/1a NpocTO (GU3MYECKH HE MOXKET MPHHSATH BCE BELIECTBO,
nepeTekaroiiee oT HopMajbHOH 3Be3apl. Ilon meilicTBueM na-
BJICHUS U3JIYUYEHUs] OHO YHOCUTCS U3 cucTeMbl. IIpu atoM cu-
cTeMa TepsieT He TOJIBKO MacCy, HO UM BpallaTelbHbIH MoO-
MeHT. U3-3a 3TOro KOMIIOHEHTHI JBOHHOW CHCTE€MBI HAYHYT
OBICTPO «CBE3XAaTbCA» OPYr K ApPYry. OTO MPUBOIUT
K YMEHBUICHHUIO MojiocTH Polila, HopMayibHas 3Be3a HE YC-
meBaeT OTPeardpoBaTh HAa 3TO YMEHbBLIECHHE M TEpseT ellle
6oJIblile MacChI, YTO ellle 6oJblire cOmxkaeT 3Be3abl. ITporecc
CaMOYCKODSIETCSl, U PpEISATUBUCTCKAs 3Be3Ja OKa3bIBAeTCA
BHYTPHU CBepXruranta. CBepXTUTaHT «3arjiaTbIBaeT» KpOILIEY-
HYIO HEHTPOHHYIO 3Be3]y.

Jler 20— 30 Ha3ajg Takoro pojaa HeH IOKa3aJuch OBI 1O
MeHblieil Mepe dpanTacTudeckumu. Tenepp 3To 6yaHu acTpo-
¢u3uxu. He oqHa COTHS 4acOB MAIIIMHHOIO BPEMeEHU OblLia
IoTpaveHa Ha TO, YTOOBI IIOHATH, YTO MPOUCXOUT C PEIATH-
BUCTCKO# 3Be3[0MH, «IIpOrjIouYeHHOMW» cBepxrurantoM. Kasa-
Jioce Obl, 3amady pemnTs npocto. CTpoeHHe HOPMaJIbHOM
3Be3/1bI U3BECTHO. 3HAYUT, H3BECTHO M pacupelesicHue IIoT-
HOCTH BelllecTBa B Heil. [IBM)KEHHE PEJIATHBHCTCKON 3Be3/Ibl
BHYTPH Hee MOAOOHO IBUXEHHMIO CIYTHHUKA, BOLIEIIEro B aT-
Moctepy 3emutn. CoyTHUK TOPMO3HUTCS CONPOTHBJIEHUEM BO3-
ayxa ¥ npuOJmkaeTcs k 3emile IO CHIBLHO 3aKpy4YeH-
Holl cnupaiu. Kcratu, mpu 3TOM CKOPOCTH €ro HE YMEHb-
maercs, a yBenuuuBaercd. I[IpuyMHAa 3TOrO ABJICHHA Ta
Ke, YTO U y OTPHULATEILHOIN TEIUIOEMKOCTH 3BE3[I.

KuneTuyeckas 3Heprus COyTHAKA PacTeT 3a cYeT paboTel
cuin rpasuranud. Ho [OBMXKeHHE PpeISTUBUCTCKOHM 3BeE3Obl
HMeeT OJHO BAaXXKHOE OTJIUYHE, KOTOPOE HEU3IMEPUMO YCIOX-
user pewtenne 3amaun. CIyTHUK, OBHKYLIHicS B aTMochepe
3emutu, He MeHseT ee (PU3MYECKON CTPYKTYpHL DHEprus, BbHI-
JIENIAOIIASCS MPU CTOPAHNM CIYTHHKA, HUYTOXHA IO CpaBHE-
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HUIO C dHeprueil cBs3u atMocdepsl u 3emin. [Ipyroe aeino —
3Be31bl. PejiaTMBUCTCKas 3Be3Ja BHYTPH OOBIYHOM 3Be€3[bl
CTAHOBHUTCS U1 Hee IKOJIOTMYECKH OMACHOW. DHeprusi, Bhlae-
JIATOLIAsACS MPH TOPMOXEHUU KOMIIAKTHOW 3Be3[bl, CTOJIb Be-
JIMKa, YTO HOpMajibHas 3B€3/la HAYHET TepsATb CBOE Bellle-
crBo. Ilpu 3TOM MeHsieTcs CTpyKTypa 3Be3fbl M cHJla
TopMoxeHus. TouHbI pacyeT Takoil AWHAMHUYECKOHN 3ala4u
TpeOyeT BBLIMMCIMTENBHBIX MalluH ¢ ObICTpozeiicTBuEM
B COTHM MWUIMOHOB M MIUIMAPAOB ONepanuil B CEKyHIY.
Taxue Mauiuubl nmoka Oosiblliass peAKOCThb. Te pacueThl, KO-
TOpbIE NMPOBOIATCA Ceifyac, Moka ele rpydobl W NPHpPaBHU-
BaIOTCS K KaYeCTBEHHBIM MCC/IEIOBaHUAM.

PesnisTuBucICckass 3Be3a yBJIeKaeT CBOMM I'paBUTa-
HUOHHBIM II0JIEM BelllecTBO cBepxruranta. Clod 3a ciioeM
OHO pa3rOHSETCS M HaBcerma yjeraer co 3Be3abl. Kak
OCTPBIif HOX Cpe3aeT KOXYpPY JIIMOHA, TaK KOMIIAKTHas 3BE3-
J1a cpe3aeT BEpXHHE CJIOM CBepXTMraHTa. Tak «mporjioves-
Has» 3Be3Ja JOXOJUT IO CaMo# CepIleBUHBIL

BcnoMHMM, YTO KO BpeMEHM BTOPOro OOMeHa B IIEHTpe
MAaCCHBHO#M 3Be€3/ibl BhI3pEBaeT reiineBoe saapo. Bems obmen
HaYMHAETCS MMOCJIE TOr0, Kak 3B€3Ja paclIupmwiach 10 pa3Me-
poB nosioctu Polnia, 1. €. colna ¢ IJIaBHOM NMOC/IEIOBaTeNb-
HOCTH. A YTO MPOU3OMAET, KOT1a PEJIATUBHCTCKAs 3BE€311a JO-
crurHer sapa?

31ecs BO3MOXHA clieayromas ajibTepHaruBa. JIubo obpa-
3yeTcsl IBOWHAS CUCTEMA, COCTOSAILAs U3 TeJIUEBON M PEJIATH-
BHCTCKO#1 3Be3[, IUOO pEeSIATUBUCTCKAS 3BE3/]a OKOHYATENLHO
«3ariaThIBAETCA» TEJIMEBHIM SIPOM M «OCENaeT» B LEHTPE
CBEpXTHT'aHTa.

HMuTepecHoe cleacTBue «KaHHMOAnIM3Ma» 3Be3l ObLIO
paccMoTpeHo amepukaHckuM actpopmukom Kun Topuom
u ero corpyaunkamMu. OHH paccudTaiu CTPYKTYPY CBEpXIH-
rafTa, «IporJoTHBLIEro» HEWTpoHHYIo 3Be3ny. Mcrounukom
SHEPrUM TAaKOrO0 «KaHHMOAJa» B OCHOBHOM SBJISIETC aKKpe-
1M BellleCTBAa Ha HEHTpOHHY!o 3Be3ay. Kcratu, uaes o ToMm,
YTO aKKpelus HEHTPOHHOM 3BE€3I0, CO3PEBIIEH BHYTPH OOBI-
YHOM 3B€3/Ibl, MOXET OBITh IMPUYMHON CBEYESHHS BCEil 3BE3bI,
6nsuta BnepBele Boickaszana JI. JI. Jlanmay B 1937 r.

Bo3nukaer Bonmpoc 06 yCTOWYHBOCTHM Takoil 3Be3Abl, T. €.
BONPOC O TOM, KaK JOJITO MOTYT XHTb «KaHHHOALD). UTOOHI
TaKue «BBLIPDOIKM» XXWIM [HOJITO, aKKpelMs [OJDKHA ObITh
MenJieHHOW. BelllecTBO HOJIXKHO NOANEPXHBaTh U3JIy4YEeHHE
HEHUTPOHHOI 3Be3[bl, MEJICHHO OCelas Ha €€ MOBEPXHOCTb.

Ho npeanonoxuM, 4To kaHHUOAIU3M — 3TO HE IPABHIO,
a ucnoueHue. [{BoitHas cucrema ocraercs aBoiHoi. Hacrty-
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IaeT HOBas CTAagus I9BOJIFOIMM TECHOH MBOMHOM — cTamus,
KOTJa PANIOM C PEISATHBUCTCKOHN 3Be3J0H BpalllaeTcs reliue-
Bas 3Be3ja. Ha BO3MOXHOCTH CYIIECTBOBAaHUS TaKHX
JIBOMHBIX 3B€3[ yKa3asu coBeTckue acrpodusuku A. B. Tyty-
koB u JI. P. YOurenscon. I'enneBrbie 3Be3abl — 3Be34bl BoJib-
¢a — Paite — UHTEHCHBHO TEpSIOT BEIIECTBO B BHMIE 3BE3[-
Horo Berpa. Kazasoce Obl, pensTUBHCTCKas 3Be3da IOCIE
BBIXO/a U3 BTOpPOro oOMEHa Maccoil BHOBB JOJDKHA CTaTh
SIPKMM PEHTI €HOBCKMM HCTOYHUKOM. TeM He MeHee, 10 CHX IIop
(mero 1984 r) Hu ot omwoif 3Be3asl Bousba — Paite ne
0OHapYKEHO KECTKOTO PEHTT€HOBCKOro m3iyuenus. Tak 4to
k€, BBIXOQHUT, CTPACTU C «CaMOEICTBOM» 3Be3[1 — He ¢aHTa-
3Us, a 3aKOH NMPUPOIBI?



T'JIABA VIII

CTPAHHHUKN

Llermoyka 3BOJIFOLIMOHHBIX COCTOSHUH IBOMHOM
CHCTEMBI, IPOTAHYBILUAsACA OT cucTeM Tuna f Jlupbl win An-
rojs 4yepe3 peHIreHoBckue mBoitnbie llenTaBp X-3 u Jlebenp
X-1, mOOX0MT K CBOEMY CaMOMY TOHKOMY MECTYy — BTOpO-
My oOMeHy Maccoii. B xu3Hu mBOMHOI 3TO OnuH U3 Haubo-
Jlee KDUTHYECKUX IJIs €€ CyllecTBOBaHUs MOMeHTOB. C HUM
MOXET CPaBHHUTHLCHA JIMIIb B3pBIB OOHOH U3 3Be3a. Bropoii
oOMEH COTMpOBOXIAETCA CBEPXKPUTUYECKOH akkpenueil Ha
PEJIATUBUCTCKYIO 3BE€3Oy M, MO-BUAUMOMY, HOCIETYHOLIMM
«3arjaThIBAaHUEM» PEJIATHBUCTCKOW 3Be3Ibl HOPMAJIbHOM
3BE3/I0i — CBEPXTUTaHTOM.

BreoxuBaeT M aBoitHas mocie 3toro? OTBET HAa 3TOT BO-
Mpoc MOTYT AaTh TOJIbKO Habmonenus. B ciyyae BbIkuBa-
HUA oOpasyercs IBOIHasA CHUCTEMa U3 Te/IMEBOH M peJIATH-
BuCTCKOH 3Be3mbl. HyxHO mpocro mouckaTh HX Ha Hebe.
IenueBble 3Be3BI, MO-BUOUMOMY,— 3TO 3Be3abl Bosbda —
Paiie. Ho ux MHoro. Bot eciu 6B y Takux cHCTeM ObLIH Ka-
KHe-HUOy1b 0coOble MPU3HAKY, OTJIMYAOIIME HX OT OOBLIYHBIX
mBoiHbIX. K c4yacTblo, OTJIMYMTEIbHBIE NMPU3HAKA Y CHCTEM
C PEJIATUBMCTCKMMM 3BE€3aMHU €CThb. DTO MUX «POIAUMEIE MAT-
Ha», npuobpereHHbie Ha Oosiee paHHHUX STamax 3BOJIIOLHUM
mBoiiHo#i. K xoHmy 70-x rooB acTpOHOMEBI, BOCIOJIB30BaB-
IINCh 3THM, OTPAaHMYWIN KpYr NOHUCKOB. B pesynbraTe —
OILIEIOMJIAIONIUN ycHeX.

Beraeupt

Msb1 xuBeM B cnupalibHOM ranaktuke. Ilonas-
JIgrolllee YHUCJIO €€ 3Be3x OOpa3syloT IUIOCKyIo (QUrypy, BHI
¢ pebpa xoTopoii mokazaH Ha puc. 91. TL1ockuii guck OKpy-
’KeH MeHee MaccuBHO# cepuueckoit moacucremoi I'anaxTu-
ki — rano. ITocienHue MWwuIHApABL JIET 3BE3/bI POXKIAIOTCH
ToJNBKO B aucke Nanaxruku. [TonHas TonmmMua qucka mopsm-
Ka TpeX ThICAY CBETOBBIX JIET, 4 €ro JUaMeTpP — CTO ThICAY
CBETOBBIX JIET.
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Jns onucaHMs pa3jMYHBIX BHYTPHUIAIAKTHYECKUX sBITe-
HUH OOBIYHO HCHOJIB3YOT CHCTEMY KOOpOUHAT, OCh Z B KO-
TOpO#l HampaBjieHa IO OCH [aucka. Torga TOBOpSAT, 4TO
TOJIIIMHA 3BE3IHOTO QHCKA [0 Z-KOOpAUHATE paBHA TPEM ThI-
csyaM CBeTOBBIX JieT. Ho HOBbIe 3Be3abl 00Opa3yroTcsi B ro-
pa3no OoJiee TOHKOM cjioe ¢ TojuHOi B 5— 10 pa3 MeHb-

/f ano
3beadueri . :
Guck ~_ -

600 cb, sem

+

- fazoleid
. auck

|

Puc. 91. Crpoenue I'amakTuxu

e, T. €. paBHOH HECKOJILKHM COTHSIM CBETOBBIX JIET. DTO
OOBSICHAETCS TeM, YTO ras, U3 KoToporo odpasyrorcs 3Be3pl,
COCpPEeOTOYEH B TOHKOM [IHMCKe TOJIIIMHON B HECKOJBKO CO-
TEH CBETOBBIX JIET.

Huck Bpairaercsa. ITO 3HAYMT, YTO Kaxdas 3Be3a Bpa-
HiaeTcs B MOJIE TSXKECTH, CO3JAHHOM OCTAJILHBIMU 3BE€3IaMHU
lanaxtuku. Hapsamy ¢ obuuM BpallleHHeM 3Bé3[bl 00Jia-
aI0T HeOONBUIMMU CIy4YafHBIMH (XaOTHYECKMMH) CKOPOCTS-
mu. Ecitu 6b1 ux He ObUTO, TO 3Be3[HBINM IMCK ObUT ObI Gecko-
HeyHo TOHKkMM. CUIyyaifHble IBHXEHHMS 3Be3[l pPa3MBIBAIOT
IUCK a0 HaOmromaemoii BenmyuHbl. CiyyaiiHble CKOPOCTH
y Mosoabix 3Be31 B 10 pa3 MeHbllle CKOPOCTH BpallleHHs, KO-
Topass mouTu Bo Bceil 'anakruke Omuska x 200 xM/c. Uem
Gouibllie CIy4aifHast CKOPOCTb 3BE3[Ibl, TEM BBILIIE OHA MOXET
HNOJHATLCA IO Z-KOOPIUHATE.

CpenHsAs XxaoTHYeCKas CKOPOCTh MaccHUBHbIX 3Be3n B la-
nakTuke He mpeBblmiaer 5—10 xM/c. C Takoil CKOPOCTBIO
3Be3/[a HE MOXET MOJHATHLCA Ha BHICOTY OoJbllie HECKOJBKUX
COTEH CBeTOBBIX JeT. [eiicTBUTENbHO, OOJIBLIMHCTBO Mac-
CHBHBIX 3B€3]] COCPEIOTO4YEHO BOMU3H IWIO0CKOCTH [ astakTHKH.
OpgHako HaOJMIOMAFOTCA MCKIIOYEHHS M3 3TOr0 MpaBWiIa.

B T'anakTtnke ecTb 3Be3Ibl, IBMXXYLUMECS B JECATKH pa3
onicTpee. Mx wHa3Baimm «yOeraromumm». Bemp ¢ Takoit cko-
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POCTBIO OHH MOJHUMAIOTCS Hal IWIocKocThio I'ajlakTuku Ha
BLICOTY THICAYH CBETOBBIX JieT. KOHEYHO, OHH HE MOKHAAIOT
I"alaKTHKY, HO CTPAHCTBYIOT IO HEH, HE NOJYHHAACH BCEOO-
LIEMY «CTaJHOMY» 4YYBCTBY.

Ionybuie yOeraroliiue 3Be3Jbl CHEKTPAJIbHBIX KJIACCOB
O u B B 50-¢ roapl moapobHO HccaenoBal IoOJIJIaHICKHH
actporoM biaay. Kak 06BACHHTL NPOHCXOXICHHE TaAKHX
3Be31? XOTa MX U HEMHOI'O, BCE K€ OHH COCTaBJISIIOT (1O KO-
JINYECTBY) HECKOJBLKO HPOIEHTOB OT HOPMAJbHBIX 3BE3] Ta-
KOT'0 € CIEKTPAJIbHOI'O KJjacca.

MoxHo 6pUTO OB MPEANONIOKUTH, YTO BUHOH 3TOMY BCe
TOT Xe€ KyMylsaTuBHbIA 3pdext u3 omnbita Ilokposcxoro,
onarogaps KOTOPOMY BBUIETAIOT HAa INOJ IATA4KH B MET-
PO M KOTODbIl JelaeT KpaTHble CHCTEMBI JBOMHBIMU
(rn. I).

He Moxer aum u B lanakTuke NpoHCXOAMTH 4YTO-IHGO
nonobnoe? Vmnynbsc kaxnoi 3se3apl Masi. Ho crajikusasch
IpYyT ¢ OpyroM, a TOYHee, IpoJieTas APYr OKoJIO ApYra, He-
CKOJILKO 3B€3J] MOT'YT IEepeaaTh OJHOW 3Be3/1e OOJNbLION UM-
MyJbC, U OHA, IMPUOOPETS CKOPOCTb B COTHH KUIOMETPOB
B CeKyHOy, Oyner BhmiOpolena u3 IwiockocTH [anakTukm.

Croib npocroe o6bsiCHEHHE CYILIECTBOBaHHUS yOerarolux
3B€3]l HE TMPOXOAUT KOJIUYeCTBEHHO. CTOJKHOBEHHs 3BE3[
TaK PEIKH, YTO COBEPLUEHHO HEBO3MOXHO OOBICHUTL Ha-
OiromaeMoe 4Hciio yOeraromux 3Be3l. OTO IOHHMAa
u bBnaay, koTopbiii OOBSCHWI BO3HHKHOBEHHE yOerarommux
3B€3/] COBCEM H3 APYIUX COOOpaXeHWUil.

OH npeanoyIoXWwi, YTO KOraa-to yberaromnue 3Be3apl Obl-
JIM KOMIIOHEHTAMH TECHBIX ABOWHBIX CHUCTeM. B Te romml unes
nepeMeHbl posiei, oOBICHUBILAS TApanOKC ANTrods, elle He
3aBoeBaJla MpaBa Ha Xu3Hb. [TosTomy Biaay paccyxnain cie-
nyromuM obpasom. Bosee MaccuBHasi KOMIIOHEHTa JBOWHOM
spooionupyer Onicrpee. Ilycrb obMena macc wer. Toraa
mepBoii B3peIBaeTcd 0ojiee MaccuBHas 3Be3na. COpaceiBaeTcs
6OJpIlIas 4acTb MAacchl [BOMHONM, M CHCTEMAa pacmazaercs
(eM. . 1V, «IIpomonxkenne cnexyer»). Hute, cBa3biBaromas
KOMITOHEHTHI BOWHOU — IpaBUTAIIMOHHOE MIPUTSDKE-
HHe — OOphIBaeTCs (CWwia NPUTSDKEHUST PE3KO YMEHBIIAeTcs,
TakK KaKk Macca OJHOW U3 3B€3]] YMEHBIIAETCs B JACCATKHA pas).
3Be3ibl, a TOYHEe, HOpMaJlbHAasl 3Be3Ja M CKOJUIAICUPOBAaB-
LIMH OCTaTOK pa3JIeTaloTCs MOJA00HO KaMHIO, BBIMYIIEHHOMY
u3 npaiy. CKopocTh Kax 10 38e3/1bI 01u3Ka K ee opOuTaib-
HOM CKOPOCTH, JOCTHrarollleil B TECHbIX JBOMHBIX CHCTEMax
COTeH KWIOMETPOB B CeKyHAy. Bor BaM u yOeraroliue
3Be3/Ibl, yTBepxkaai biaay.

182



Ho MbI-TO Temepb 3HaeM, YTO €CTh MapagokCc AJrods,
nepeMeHa poJiei, ¥ YTO NEPBBIA B3PHIB B NBOHEON HE MPUBO-
IUT K pacmnany. BeixonuT, mepeMena poJieit ecTb, a MEXaHU3-
ma Biaay »er. Her m yGerarouimx 3Be3.

Ha, neiictButensHo, Mexauu3M biiaay B uucToM BuzE, Mo-
BUIUMOMY, He paboTaeT, HO IIOXOXeE, YTO H/CI0 IEePEMEHBI
poJieii MOXHO HCIOJB30BaTh Ui OOBACHEHUs YOerarolnx

Puc. 92. 3ddext «oTmauu» mpu
cOpoce BelecTBa C OJHOH H3 3Be3d.
Jo B3pbiBa BeLIECTBO O0OJIOYKH IBH-
rajoch BMeCTe Co 3Be31o# no opOute
H, cliefloBaTesbHO, obsajnajio ormpe-
JeJieHHpIM uMnyiiscoM. Ecim c6poc
IPOMCXOAUT O4eHb OLICTPO, TO 000-
JIOYKa YHOCHT 3ITOT HUMHYJBEC, a
ocTaBuIasCi [ABOMHas CHCTeEMa IO
3aKOHY COXpaHEHHs HauyHHAET IBH-
raThCs B MPOTHBOIOJIOXHOM Hampas-
JeHnd. B pesyiabTaTe LEHTp Macc
«oboJjiouka + ABOiHas cHCTeMa» ocC-
TaeTcs HemoABMXHBIM. IlomuepkHeM,
470 000JI04Ka COpachIBaeTCs CHM-
METPUYHO OTHOCHTENBHO B30pBaB-
Leics 3Be3abl

N V3

o T
w’

3Be3a. COpocuB Maccy, [IBOWHas CHCTeMa IMojy4aeT AOMOJ-
HUTEJBHBIH HMITYJIC, HO HE pacrnajnaercd. BaxHO ToOJIbKO,
4yrobBI cOpoc Maccel mpousomnies OnicTpo. Benp cOpornennoe
BEILECTBO YHOCHT OpOUTaNIbHBIN uMmyJibe. [1o 3akoHy coxpa-
HEHHUs UMITYJIbCA ABOMHAS MOJIXKHA MOJYYHUTH UMIIYJILC OTIa-
4d B OOpaTHOM HampaBjeHUH. B 3ToM ciyyae nBoiiHas Mo-
XET MPHUOOPECTH TONOJIHHATEIBHYIO CKOPOCTh 10 HECKOJBKHX
COTEH KHJIOMETPOB B cekyHay. JBoiiHbIe 3Be3BI C PEIATH-
BHCTCKMMH KOMIIOHEHTAMH JIOJIXHBI B CDEIHEM HMeEThb 060JIb-
IIHe CKOPOCTH M OOJIBIINE Z-KOOPIMHATHL.

«Onunounnbie» 3Be3abl Boabnga — Paiie

Teneps CTAaHOBUTCA SCHBIM, CPEIH KaKHX 3BE3[

HY>XHO VICKaTh ABOWHbBIE CHCTEMBI C PEISTUBHCTCKMMHU H Te-

nueBpiMH® 3Be3namu. Heobxomumo «mepebpaTe»  3Be3bl

Bosisha — Paiie ¢ GOJBIIMMH CKOPOCTSAMH WIH ¢ 601bIIHMHI
Z-KOOpAUHATaMH.

Ho 5To He eqMHCTBeHHBIE «poauMbIe maTHa». IIpu BTO-

poM obmMene Maccoit aBoitHas cOpaceiBaeT OOJBIIOE KOJIHYE-
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CTBO BellleCTBa B OKpY’Xalolllee MPOCTPAaHCTBO. DTO Bellle-
CTBO JOJDKHO HabJIOAaTLCs B TEYEHHE XOTs OBl HempoaoJ-
JKUTEJBHOTO IO ACTPOHOMHYECKMM MacIiTabaM BpEMEHH.
HexoTopble «CTpaHHMKH» HOJDKHBI OBITH OKPYXKCHbI BeLle-
CTBOM, KOTOPO€ MBI MOIJIM OBl HaOJIONaTh B BHAE TYMaHHO-
cTei.

OTtuM TpeOOBaHHUAM YIOBJIETBOPSIOT TaKk Ha3bIBaeMbIE
«OIUHOYHBIE» 3Be3bl Boiwnda — Paile. OouHOYHBIMH OHH
HA3BIBAIOTCS MOTOMY, 4YTO B HUX CHEKTpax BHIHBI JIMHUH
TOJIBKO OAHOI 3Be3kl. JInbo 3Be3na neficTBUTEIBHO OJHHOY-
Hasi, JIMOO BTOpas KOMIIOHEHTA HACTOJBKO cjaba, YTo ee JIM-
HMH HE BUOHBI Ha (DOHE SPKUX JIMHHWIA W3JIy4yeHHs 3Be3Ibl Bo-
nbda — Paite. Jlonroe BpeMsi 3THU 3Be3dbl AEHCTBHTEIBLHO
CYMTAIM OJHMHOYHBIMH, IIOCKOJIbKY HH CJIENOB 3aTMEHUH, HU

Puc. 93. ®ororpadus xonbueBoii TymaHnoctH NGC 6888 Bokpyr «oam-
HOYHOI» 3Be3abl Bosbgpa — Paite HD 192163 (mokasana crpenkoit). ®oto-
rpa¢us nonysena T. A. Jlosunckoit (KpeiMckas cranuus TAUII)

HM3MEHEHUH JIy4eBOil CKOPOCTH Y HHUX 3aperMCTPHPOBAHO He
65U10. B 1978 1. acTpOHOMBI MPEANPHHSIIN TINATEIbHBIN MO-
HCK IBOWHBIX CpPENH «OOMHOYHBIX» 3Be3n Bonnda — Paite.
YacTh «OJHHOYHBIX» 3Be3]] OKPYXEHAa TYMAHHOCTAMH KOJIb-
neobpasHoii popMel (cM. puc. 93). Bo3M0oXHO, 3TO H €CTh TO
camMoe BelIeCTBO, KOTOpOE ABOiHAs cOpocuia NMpH BTOPOM
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obMeHe Maccoil. IMeHHO 3TH 3Be3/Ibl B NepBYyIO ouYepenb Obl-
I BpiOpaHbl [yl NPOBEPKM HA ABONCTBEHHOCTD.

Venex mpuiien cpady xe. 3Be3a, 3aperucTpupoBaHHas
B kartasore HD (xatasior I'enpu [penmnepa) mox HOMepoM
50896, oxpyxeHHas IUlaHeTapHOW TymaHHOCThIO RCW11,
MEHSAJIAa CBOM OJIECK M JIYYEBYIO CKOPOCTH C OIUHAKOBBIM Ile-
puonom 3,8 aus (puc. 94). Ilpu B3rjsne Ha KPUBYIO JIyYEBBIX
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Puc. 94. Kpusble 6necka M JIy4eBBIX CKOPOCTEH «OOMHOYHOH» 3BE3MBI
Bounbda — Paite HD 50896

CKOPOCTEil CTaHOBHUTCH ACHBIM, CKOJIb TsXeJIo 6bUI0 0OHapy-
JKUTh OBOMCTBEHHOCTb Yy 3TO# «OJMHOYHOI» 3Be3mml. Benn
UIMPHAHBI JIMHUA B €€ CHEKTPE NOCTHUTalOT THICAYM KHJIOMET-
POB B CEKyHIY, a MOJyaMILIATYNa KoJIeOaHHi JIy4eBOM CKO-
poctu — Bcero 35 xM/c. Hyxno 6osblioe uckyccrBo Habuiro-
JaTens ¥ 60IbII0H ONTUMU3M, YTOOB! 3aMETHTh U IIOBEPUTH
B MOJAparuBaHUE JIMHAM BCErO B HECKOJBLKO MHPOIEHTOB €€
UIMPHHBL. DTO NPHUMEPHO TO XE€ CaMOE€, YTO MbITAThCS M3Me-
pUTH TOJIIUHY JIe3BUsSI OPUTBBI OOBIYHOM JIMHEHKOM.

3aMeTbTe, YTO Ha KpuBOH Oiecka (puc. 94) MOMEHT BTO-
pHYHOIO MHUHMMYMa COBIIAJaeT C MEPEXOJ0M 4epe3 ramMma-
CKOpPOCTb KPHMBOH JIy4eBBIX CKOPOCTEil. TO OTJIMYHEIN apry-
MEHT B IIOb3y 3aTMEHHOH MNPHUPOIBl MUHMMYMa. AcCTpo-
HOMBI Pa3HBIX CTPaH OTKpBUIHU ceitvac (1984 r.) okono mecaru
TaKHX «OOMHOYHBIX» 3Be3l Bosbpa — Paite, y xoTopsix s1y-
4YeBble CKOPOCTH H OJieCK NEpPHOOMYECKH MEHAIOTCA (CM.
Tab6m. 5).

Camoe mnopasuTebHOE — 3TO 3Ha4YeHHe (QYHKIMHM Macc,
NOJIy4eHHOE IO HM3MEPEHMSM JIy4eBOH CKOpOCTH. Y Bcex
3Be3[ (YHKIHS MAacC OYEHb Majla — MHOTO MEHBIIIE MAacChl
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Tabnnuma 5

«OnuHouHbie» 3Be3nbl Bosndpa—Paite, y KoTopelx mnpeanonaraercs
HaJIHYMe PEJIATUBHCTCKOTO CIyTHHKA

Biuit- | . Amnautyna xonebanuii | z-koop- | Dyuk- | Ecrs nm
Ha3ssanue Mas AuHaTta, | UHA | KoJblIEBas

3Be3/1bl 3B. Be- p::f[l’ 6”:;“’ CKOpocCTH, cB. Mmacc, | TymaH-

THYHHG BeJIINHA Km/c rooet | Mo | Hocts?
HD 50896 6,9 3,8 0,08 35 —900 | 10™2 na
HD 192163 1,7 4,5 0,03 20 200 | 1072 na
HD 191765 8,3 7.4 0,04 30 100 {7-10~3 na
HD 197406 10,5 4.3 0,06 90 3300 0,3 HET
HD 96548 7,8 4,8 0,04 10 1000 3-10~4 na
HD 164270 9,0 1,8 0,05 20 700 | 103 HeT

CoJtrnia, 4TO CBUIETENBECTBYET O MajlOl Macce BTOPOH KOM-
HNOHEHTHI.

JleicTBUTENbHO, AaBaiiTe cAeilacM HeOONBIIYIO MPHUKHI-
Ky. B TecHoO# nBOiIfHOMH, cocTosIeii U3 MAacCHUBHOH 3Be€3Ibl
U HEMTPOHHOH 3Be3/bl, OpOUTANIbHASL CKOPOCTb PEISATHBUCT-
cxoii 3Be3 el gocruraeT 300 xM/c. Tak kax opOUTaNIbHBIE M-
ny echl 3B€3] JBOMHON paBHBL, TO OpOMTaNbHAs CKOPOCTH
HOPMAaJILHOM 3Be3 b, Macca KOTOPOil B JECATKH pa3 Ooublue,
JOJXHA OBITH B Te XK€ ACCATKH pa3 MeHbille. 3JHAYUT, OXH-
JaemMas aMIUTHTyJa JIy4YeBOH CKOpPOCTH MACCHBHOH 3BE3[pbl
JIOJXXKHA HCYUCIATBCH JIECATKAMH KUJIOMETPOB B CEKYHIY.
HNmendo 3ro u Habmromaercs (cM. Tabm. 5).

Ecti Mbl OEHCTBHUTENBHO 3[E€Ch UMEEM [EJI0 C PEATH-
BHCTCKMMH 3B€3/1aMH, TO [IOYEMY X€ HHM OJHA M3 HHX HE U3-
Jiy4yaeT B peHTreHoBckoM muana3zoHe? 3Be3mel Bosbda —
Paite — npekpacHblc MOCTAaBUIMKHU BELIECTBA Uil COCCAHEH
PEeNATHBUCTCKOM 3Be3bl. VX 3Be3IHbIA BeTep B JIECATKH pas
molunee, yeM y O — B cBepXruranros, psSiaoM C KOTOPBIMH
HAOJII0/TAI0TCS SIPKHE PEHTTEHOBCKME HMCTOYHMKH.

Takxoe HECOOTBETCTBHE CTAaBUT IOJ COMHEHHE BO3MOX-
HOCTb CYIIECTBOB2ZHUS PEJISTUBUCTCKMX KOMIIOHEHT Y 3Be3]
Bosbpa — Paite. Moxer ObITh, 31€Ch aCTPOHOMBI H HAIUIH
YTO-TO, HO COBCeM He To, uro uckayiu? Tax ObiBaeT cruioiib
u psagoM. JlocraTouHO BCHOMHHUTBL HCTOPHIO OTKpPBITHSA pa-
anonyiibcapoB. Mckainu MeprHanus, a HaIId HEWTPOHHBIC
3BE3IbI.

W Bce Xe CIMIIIKOM MHOI'O «COBNAJICHHI» MEXIy Teo-
pueit 1 HabnrogeHUAMH. A MOXET OBITh, PEHTTEHOBCKOT'O H3-
JIyYeHHs] B He JOJIKHO ObITb? ACTPOHOMBI pacCyXIalH Tak.
Xopoino, 3Be3aHbIiH BeTep OT 3Be3apl Bosbda — Paiie ouenn
HHTCHCHBHBIA M IWIOTHBIH. Ho, MoXer OBbITh, OH CIHIIKOM
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ninotHeiii? Torna oH, nono6bHO aT™Mochepe 3eminu, He Gyner
MPONYyCKaTh PEHTT€HOBCKOE HM3JIYYEHHE, U HHKAKOIO PEHTTe-
HOBCKOT'O HMCTOYHHKA W OBITH-TO HE HOJIKHO. DTO ODBsCHEe-
HHME CTaJIO OYEHb MOMYJsPHBIM. Bce CTaHOBUTCA HA CBOM Me-
cta. PenatuBucrckas 3Be3a, 3aXBaThiBas BELIECTBO 3BE3/HO-
ro BeTpa, M3JYyYaeT B PEHTICHOBCKOM [HMANAa3OHE CO
CBETUMOCTBIO, B COTHH pa3 Oouibieit cBetumoctd CojHIA.
Ho Bce peHTreHOBCKOE H3JIyHYEHHE IOIJIOLIAETCA 3BE3IHBIM
BETPOM M NEPEU3JIyyaeTcs, HanpuMep, B ONTHYECKOM HAala-
30He. 3aTMeHHE PENSTHBUCTCKOU 3BE3AbI U MPUBOIMT K IMaje-
HHIO OJlecKa CHCTEeMBbI B BUIMOM CBETE HAa HECKOJBKO IMpPO-
HEHTOB. DTO COOTBETCTBYET HECKOJBLKHAM COTHIM 3BE3IHOM
BennynHbl. IMeHHO Takue xosebanus Oyiecka u HabIIOA210T-
cs y «omuHOuHBIX» 3Be3a Boiabda — Paite.

Ho xax pa3 mnocne OTKPHITUS OBOMCTBEHHOCTH «OJIH-
HOYHBIX» 3B€3/ THNOTE3a CAMOIIOTJIOLIEHHS PEHTT€HOBCKOTO
U3IyYeHUs CcTajla [aBaTh TpelluHbl. VI3 HabnroneHuil Mbl
3Ha€M MEPUOO U CKOPOCTh IBHXEHUS KOMIOHEHT, 3HAYHT,
MOXEM OIICHHTb paccTosiHue Mexnay 3Be3gamu. OHO oka3bl-
BaeTcss B 10— 15 pa3 Oonbuie pamumyca CojiHia, a pasMep
3Be3n Bonnda — Paiie, cornacHo Tteopun,— 2—3 paamyca
Counna. ITonyuaercs, 4To peISTUBHCTCKAas 3B€3/la HE TaK yX
CHJIbHO NOTPYXeHa B 00O0JIOYKY, MCTEKAIOIIyI0 OT IeJHEeBOM
3Be3/Ipl. 3BE3HBII BETep HA 3TOM DACCTOSHHUHM YXe Npo3pa-
yeH I KECTKOTO DEHTITEHOBCKOI'O M3JIYyY€HUs U PessiTH-
BHCTCKasi 3Be3[a [OOJDKHA OBbITh BHAHA B 3TOM [AMAana3oHe
3JIEKTPOMArHUTHBIX BOJIH.

Bo3MOXHBIA BBIXOO M3 CO3JaBILIErocs NOJIOXEHHS 3a-
Ope3xw B ApyroM Hanpasyenun. [IpeacraBuM, 4To Bce OT-
KPbITHIE J[IBOMHBIC «OJWUHOYHBIE» COIEpPXKAT HEHTPOHHbIE
3Be3/1bl. MBI yxe BuAeau, uTo [JIsl HaJeHUs BellecTBa Ha Io-
BEPXHOCTb HEHTPOHHOM 3Be31bl HEOOXOAMMO BBHINIOJIHEHHE, IO
KpaifHeil Mepe, IBYX YCIOBHH: HEOGXOAMMO CaMO BEIIECTBO,
U HYXHO, YTOOBI HEHTpOHHAs 3B€3Ja He Bpalliajlach CJIHII-
KOM OBICTPO, HHAYe MAarHUTHOE I0JI€ IPOCTO Pa3bpocaeT 3To
BELIECTBO B pa3Hble cTOpoHHI (3¢dexT mpomneniepa). [TepBoe
yCJIOBHE B CHCTeMax co 3Be3gaMu Bonbda — Paite Boinomne-
HO. A BOT BTOpoOe€, moXxaiyi, HeT. BcmoMHHM, 49TO IpH BTO-
poM oOMeHe Maccoi, T. €. Ha CTaguM, HENOCPEICTBEHHO
IpeIIIecTByoleld 00pa3oBaHuio JBONHHOM, coCTOsAIIEH U3 re-
JINEBOM " M PENIATHBUCTCKOM 3BE3Bl, PpEAIM3YeTCs pPEeXUM
CBEpXKpUTHYECKOH muckoBoi akkperuu. [Ipu 3ToM HEHTpOH-
Has 3B€3[a MOJIyYaeT He TOJbKO MaccCy, HO M BpalllaTeabHbIH
MmoMmeHT. B pesynbrate U3 BTOpOoro oOMmeHa HEHTpOHHas
3B€3/1a BHLIXOOHUT C OYEHb OBICTPBHIM OCEBLIM BpAILIEHHEM.
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CpabaTteiBaeT 3¢¢exT nponesuiepa, MPensSTCTBYIOLHNA BO3-
HHUKHOBEHHUIO SIPKOT'O PEHTI€HOBCKOIO MCTOYHHUKA. [lonyuaer-
csl, YTO caMa 3BOJIIOLHS ABOHHO#N «ycTpoeHa» Takum oOpa-
30M, 4YTO MOCJIEe BTOpPOro oOMeHa SPKMil DPEHTIeHOBCKUit
HCTOYHHMK YyXe€ He BCObIXMBaeT. MM BCHIBIXUBAaeT, HO JIHIIb
B PEIKHX CIyyasx.

Uccnenosanus onuHouHBIX 3Be3n Bosbda — Paite npo-
JIOJDKAIOTCS, U peajibHasi KapTHHA MOXET MPOSICHUTBCH YxKe
B OJiikaillive roipl.

Bropoii B3pbIB

DBoJIIONHUs TeIHeBOU 3Be3dbpl HEMHHYEMO MPH-
BOJIUT K MCYEPHAHMIO €€ sIePHOM 3HEeprMM U koJuiamcy. Bee
MPOUCXONUT TaK XK€, Kak W HpU nepBoM kosuiamce. Llen-
TpaJIbHOE JXEJIe3HOe SOPO MpeBpalllaeTcsi B HEUTPOHHYIO
3Be3ny, a 909 BelectBa cOpachIBaeTcsi B OKpYyJKarolllee Ipo-
crparctBo. Ho Temepnr yxe B3pbIBaeTcsi 0ojlee MaccHBHas
KOMITOHEHTa JBOHHOI cucTeMbl. CyMMapHasi HEPTHs OCTaB-
IIMXCS 3Be3] CTAHOBHUTCS MOJIOKUTEJIBbHOM, YTO INPHBOIUT
K pa3Bajly ABOiHOI cucTeMbl. BHOBL oOpa3oBaBliasics Heii-
TPOHHAasl 3Be3Jla CTAHOBUTCS MOJIOIBIM PaIUOIyJIbCaAPOM.
B TeuyeHne HeCKOIBKMX MIWJUTHOHOB JIET OHA OyIeT mochUIaTh
HMIyIbChl paauomnsnyuenus. Ho 3To eme He Bce.

Camoe mopa3suTelIbHOE TO, YTO IOCIE BTOPOTO B3phIBA
MOXET MOSBUTHLCS HE OJUH, a ABAa paauolyjscapa. To ecTe-
CTBEHHOE CJIENCTBHE 3BOJIOLMH BOHHOI BrepBble OBUIO OT-
MeueHo B 1974 r. coBerckumu actpodusukamu I'. C. BuchHo-
paTeiM-KoranoM u b. B. KoMbGeprom, xoropbie OCHOBBIBA-
JIMCh HA 4HCTO HaOIromaTeldbHBIX coobOpaxenusx. Hexo-
TOpble PEHTT€HOBCKHE IyJbcapbl B JBOWHBIX CHCTeMax
HMEIOT MepUoabl MeHbllle 4 CEKyHI M IPUTOM YCKOPSIOTCS.
C npyroit cTopoHbI, pauonyJibcapbl TOXe UMEIOT HEPHOIbI
Menblle 4 cekyHA. 3HAYMT, eClId «yOpaTb» W3 HNBOIHO#N cH-
CTeMBl C PEeHTTeHOBCKMM IyJibcapoM Tuma I'epkyineca X-1
ONTHYECKYI0O KOMIIOHEHTY, TO HEHTPOHHasi 3Be3/la MOXeET
CTaTh paauoONyJbCaApOM ,

M5! BUAMM, YTO MPUPOJA JeaeT 3TO BIIOJIHE €CTECTBEH-
HO. Onruyeckass KOMIOHEHTa «CaMOMCKOPEHSETCA» IOcCIIe
BTOpPOT'O B3pbIBA.

Hrak, MaccuBHbIe MABOWHBIE CHCTEMBI OKa3aIMCh OT-
JMYHBIMH TIOCTABIMKAMHU DajoinyibcapoB. IlpuueM addex-
THBHOCTh MX NpOM3BojcTBa mpesbiuaer 1009;.

Kpaiine coOJla3HUTENIbHO CHelaTh elle oauH 06obuiaro-
it mar. IlpennosioxuM, 4to Bee (WIM MPaKTHYECKH BCE)
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paauonyibcapsl — BHIXOAIBI M3 IBOWHBIX cucTeM. Kakx Hu
CTPaHHO, TAKOE MPE/INOJ0XKEHNUE HE BCTPETHT CEPbE3HBIX BO3-
paxenuii. OHO BBIIEPKUBAET CTATHUCTHYECKYIO IPOBEPKY.

Ecinm xaxngas mMaccuBHast [BOWHAas POXIAe€T OJUH WIH
[IBa paauomnyJibcapa, TO CKOPOCTh POXAEHHS MyJIbCapOB J10JI-
KHA PUMEPHO PAaBHATBCS CKOPOCTH POXKJIEHHS ABOMHBIX CH-
creM. Kak cocuuTaTh CKOPOCTH pOXIeHHs myjibcapoB? s
3TOro BCIIOMHMM, KaK CYHTAIOT 3Be3[bl, IEPEBEPHYB 3azadvy.
HyxHO NpHKMHYTH 4YMCIO paiuomyibcapoB B ["amaxTuxe
M pa3fefuTh Ha CPEIHIOI0 NPOJOKUTEIBHOECTh MX KHU3HH.
K coxanenwmio, cmenats 3TO He Tak MpocTo. TpynHee BCEro
YCTaHOBHTH IOJHOE YMCIO MyJibcapoB B ['ajakTHke, Tak Kax
MBI BUJIUM TOJIBKO OJIMdKaiiliie U3 HHX, 1a ¥ TO He Bce. U3-
JIyueHHE MyIbCapOB y3KOHAmNpaBjeHHO. BonbIIMHCTBO naxe
OIM3KMX MyJIbCAPOB MBI HE BHJIUM NOTOMY, YTO HX H3JIyue-
HHUE «IPOMaxuBaeTcs» U He momnajaaeT Ha 3emutro. Ux MoxHO
y4YecTb, OHpenesiuB BepoATHOCTh nomananua. Ho nenaercsa
3TO HETOYHO, IOTOMY YTO HEAOCTaTOYHO TOYHO H3BECTHA
tdopma nyua mynbcapa.

OTH OTArYaroline MNoAcYeT OOCTOATE/JbCTBA NMPHU3BIBAIOT
OCTOPOXKHO OTHOCHUTBHCS KO BCAKOT'O pOJa OIEHKAM CKOPOCTH
poxnaenus mnyjibcapoB. 1 Bce xe OOJBIIMHCTBO CHEHATH-
CTOB CXOAATCSA Ha TOM, 4TO B ['ajakTuke HOBBIN myJbcap
obpa3yercsa pa3 B 15—20 jieT, YTO ¢ «BBICOKOIH TOYHOCTBIO»
PaBHO CKOPOCTH DPOXIEHHA MAaCCHBHBIX IBOWHBIX, OMHpe.e-
Jgennoit no ¢yuknuu Conmurepa (popmyna (14)). @yHkuusa
Connutepa naeTr CIeAyIOUIyI0 4acTOTY POXIECHHSA ABOMHEIX
cucreM c Maccod ©Oonee 10M : omHa cucTeMa — pa3
B 30—40 net. KOoHeYHO, OTHOCHTBCH K 3THM OIIEHKaM HYXXHO
OCTOPOXHO.

Boob1ie, B acTpOHOMHM Takue COBHAJECHUS MPOHMCXOIAT
MOBOJILHO 4acTo. M3BecTHBIf coBeTckmit  acTtpodusuk
3. A. Iubaii myTwi, 4To mEpPEeMHOXHMB [Ba JIFOOBIX, Hayraj
B3ATHIX YHCIA C COOJIIOIEHMEM Pa3MEPHOCTH, Bbl Bcerna mo-
JIyunTe TpEThIO, HaOJIIOJaeMyi0 acTPOHOMAaMH, BEIHYHHY.
B 3T0i HIyTKE €CTh H0JIs1 TOPBKOI MCTHHBI, H TPYIHO IEpe-
CUMTaTh BCE MHIEHM, IOrOpPEBIIME HA TAKHX COBIAICHHUAX.
A OOBACHAETCA 3ITOT «3aKOH OOJBIIMX YHCET» IOOBOJIBHO
IpocTo. MHOTMe BeJIMYMHBI B aCTPOHOMHH H3BECTHBI TOJBKO
C TOYHOCTBIO 10 MOpPSAAKa W NPU 3TOM OHHM OYEHb BEJIMKH.
Kto ckaxer, yro 10*'%! He paBHo 1020+17!

H BCe xe, eclii MBI IPU3HAEM, YTO HPEIKH PaJUOINYyJILCa-
pPOB — MacCHUBHBIE CHCTEMBI, MHOTO€ BCTaHET Ha CBOM MecCTa.
Hanpumep, u3BecTeH cieayromuii HaOMromaTeabHBId (akT:
MHOTHE PpaguonyJibcapsl (Y KOTOPBIX YIAJIOCh U3BMEPHTH CO0-
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CTBEHHYIO CKOPOCTH) JBHXKYTCSl CO CKOPOCTSMH B HECKOJIBKO
COTEH KWJIOMETPOB B cekyHAay. Ilosyuaercs, 4To paauomyib-
capbl — ToXe «bernenp». Ho MbI-TO 3HaeM, oTKyZa OHM

6epyrcs. Pagnonynscap umeer Bo3-

#Wxmfe  MOXKHOCTD HOJYYHTH GOJIBIIYIO CKO-
pOCTb IBaXXIbl — IIPHU MEPBOM (BMec-

T€ ¢ IBOIHOI) U IIPH BTOPOM B3pHhI-

Mepbsrii b3perf Be (mpu pacmape) (puc. 95). Ilpm

yIAYHOM CTE€YEHHH OOCTOSTENbCTB

MOXHO «3apaborars» mo 500 xmj/c.
o Taxue ckopoct u HabironaKTCA y
700 kM6 caMbIX OBICTPBIX MYJIBCAPOB.
JIBoiinkie
Bmapod Gapsrb paasoImyJbLCaApbl
f . 500 Kl Cpemn pamuomnyJibca-

pOB, OOHAPYXEHHBIX B IEPBBIEC MATH
JIET TOCJIe WX OTKPBITHSA, HE OBUIO
HA OJIHOIO, BXOIMIIEr0 B COCTaB
IBoiiHOM cucTeMsbl. BenencrBue xa-
Puc. 95. B pesyabrate KOrO-TO HEYMOJHMOI'O 3aKOHa pa-
IBYX B3PHIBOB CKOPOCTE  nyomysibcapbl H30ETrasTu ABOMHBIX CH-
paanolyjJbcapa MOXeET no- CTEM.
CTHYb HECKOJIBKHX COTCEH
KHJIOMETPOB B CEKYHAY OTa HENOHATHAsE 3aKOHOMEp-
HOCTb ObDIa paspyllleHa B MIOJIie
1974 r., xorna aMepukaHCKHe paauoacTpoHoMel P. Xaic u
Jx. Teitnop otrkpsumn myascap PSR 1913 + 16*). Ilepuon
MyJIbCAUMil €ro B cpeaHeM okasajcs paBHbIM 0,059 cexyHmL
MrHoBeHHOE 3HaYeHHE IEpHoIa K0I1eDaIOCh, B CBOKO OYEPED,
¢ nepuonoM 7,75 waca.

B 1974 r. sToT 3ddexT yx)e He mpencraBisil coboit oco-
601 3araaxy. OnbIT H3Y4YeHHS PEHTTEHOBCKUX MYJIbCAPOB IO-
Kasaj, 4yTo 3tH kosiebanus — ciencreue 3¢pdexra omaepa
M BbI3BAaHBl OHH [BHXCHHEM Iyjibcapa mo opbure. Ha
puc. 96 noka3aHa KpuBas JYueBBIX CKOpOCTeH, IOJIyYeHHas
cpa3y mociie OTKpbITHA myJbcapa. OHa oT/IMYaeTcs OT CHHY-
COMJIBI, ¥ 3TO O3HAYAET, YTO OpbOUTa mynbcapa CHJIBHO JJILJIHI-
tryHas. OyHkums Macc cucteMel pasHa 0,13 M. Cpasy nocie
OTKPBITHSL JBOWCTBEHHOCTH OBLI NPEINPHHAT TILATEIbHBIHA
MOMCK CIYTHHKA myibcapa. Ho HE B OOHOM M3 IMama3oHOB
9JIEKTPOMArHUTHBIX BOJIH HHYETO HE yIAJoCh HAWTH.

*) Tpu OykBBH — COKpAllCHHE OT aHTJIHHCKOro ciosa pulsar, mubpsi
O3HAYaIOT NpsAMOE BOCXOXAEHHE o = 19"3™ u cknonenme &= +16°.
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W3 riaBbl, MOCBAIUIEHHOW Mapajokcy AJroiisi, Mbl 3HaeM,
4TO YIS MOJIYYEHHUs MOJIHOW MHpOpMAIMK O [BOHHON CHCTe-
Me M ee 3Be3Jax HeoOxomuMo HabIrogaTh 00€ KOMIIOHEHTHI.
Oyukuus Macc, ompeneiseMas MO HaOIIOJEHUSM JIy4eBOM
CKOPOCTH OJHOM U3 3Be3[, ecTh (YHKIHMS TPeX HEM3BECTHBIX:
Macc KOMIIOHEHT M; u M, u yrjla HakilOHa CHCTEMBI i.
OnpenenuTh ke Maccy KaxJ0# u3 3Be3[ IO KPUBOM JIy4eBBIX

Yob s s
S

S § § ~ S
¥

Ayvebas cropocms, kM /C

L
85 %0
OpbumaneHas pa3a

Puc. 96. KpuBas nyueBnix ckopocteii paauonynbcapa PSR 1913 + 16

CKOPOCTEl HEBO3MOXHO. A Bedb 3Ta KpUBas — €IUHCTBEH-
HOE, YTO MBI HMeeM U1 ITyJIbCapa C HEBUAUMBIM CITy THUKOM.
M Bce xe Maccy myabcapa ynajloch W3MepuTbh. Y JAJOCh
TakXe H3IMEPUTh Maccy HEBHIMMOIo cuyTHuka. Bosee Toro,
TOYHOCTh H3MEDEHHH okKa3ajach pEKOpAHOH. IDTO eauH-
CTBEHHBIE 3Be3Ibl BO Bceil BcenenHoif, IIss KOTOPBIX MbI
3HaEM MacChl C TOYHOCTBIO OO HECKOJBKHX HPONEHTOB!
Bce nmeno B upe3BbIYAHO BBICOKOM CTaOWIBHOCTH COO-
CTBEHHOI0 W3JIyueHus mynbcapa. Eciiu roBoputh He 0 nepwuo-
Iie, @ 0 4acToTe, TO MOXHO CKa3aTbh, YTO MyJibcap MomobeH
3Be3fie, Jarolueil abCcoNIOTHO TOHKHE CHEKTpAIbHbIE JIHHUM.
IMupuHa cnexTpajbHBIX JIHHUIA 3Be3]] ONpPeaesIIeTCs B OCHOB-
HOM TEIUIOBBIMH [BHXEHHSMH aTOMOB B WX aTMocgepax.
CKOpOCTb TEIUIOBOTO OBHXKEHUS OOBIYHO paBHA HECKOJIBLKHM
KWIOMETPaM B ceKyHny. JIMHHSA «pa3sMBIBAE€TCS» OTHOCHUTEIb-
HO LEHTPAJIbHOM MIUHBI BOJIHBI HA BeJHUMHY AAA =v./c =
= 1/1000. «Pa3mbIBaHue» nepuoaa BpallleHHs Myjibcapa, CBsi-
3aHHOE C 3aMeJUIEHHEeM €ro BpAllleHUs, IMPOMCXOIUT B Teue-
Hue 200" MwuinonoB JieT. lllupuHa «CHEKTpaIbHOM JTHHAK
myJbcapa €cTh BeJMYHHA, OOpaTHas BPEMEHH pa3MbIBaAHUS,
TaK 4YTO OTHOCHTENbHAs LUMPHMHA cocTaBiseT ~ 107171
Habmomas Takyro CBEpXTOHKYIO JIHHHMIO, MOXHO H3Me-
NUTH JIYYEBYIO CKOPOCTh IyJbhcapa cO CKOJb YrogHo Ooib-
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LIOif TOYHOCTBIO. Bee 3aBUCUT OT BpeMeHM HaGJIrOIeHMS, T. €.
OT MOJIHOTO 4YMCJ1a OPHHATBIX UMITYJIbCOB. TOYHOCTh, JOCTHUT-
HyTas yXe B IepBbli roa HabJIroNeHUI, TO3BOJIIIIA U3MEPSTD
3 dexTrI, 00yCIOBJICHHbIE CIENUAIbHOM M OOlUEl Teopueit
OTHOCUTEIBLHOCTH. M3Mepenue HOBBIX 3(peKTOB m0Og00HO
J00aBJICHUIO HOBBIX, HEJOCTAIOLIMX YPaBHEHMI MJIs OIpee-
JieHus HeusBecTHBIX. DyHKIUA Macc, onpeae/eHHas o Kjiac-
cuyeckoMy 3¢dexty Jomiepa, naet cBsa3b Tpex BeauumH. He-
o0XoaMMBI elle JBa YpaBHEHHS.

31ech Ha MOMOIIb HPUXOIUT ToNepedHblit ekt [o-
mwiepa. Benp HaGuromaemslii nepuoj myjibcapa 3aBUCHT He
TOJIBKO OT JIy4eBOH CKOPOCTH, HO M OT IIOJHOH CKOPOCTH
nyJjbcapa. Eciau 6bl myJsibcap ABUTajics MO OKPYXHOCTH U €ro
[I0JIHAsl CKOPOCTb OCTaBajlach HMOCTOSIHHOM, TO MPOKY OT IIO-
nepeyHoro 3¢dexra Jomwiepa He Obu10 Ob1. MBI Xe He 3HaeM
«MCTHHHOro» mepuona mnyibcapa! Ho opbura nynbcapa
CWIBHO 3KCIEHTPUYHA. 3HAYUT, MEHSAETCA IOJHAS OpOHTalIb-
Has ckopocTb. U, cilenoBaTesbHO, TOJKHO HAOJIIOqaThCS Iie-
puoOHyYECKOe H3MEHEHHMe Iepuoaa myJibcapa — B IepHacTpe
(8 MoMeHT HauboJIblIero cOJTMXXEHHs 3Be3[) HMEPHOM IyJibca-
pa yWIMHAeTCS CUJIbHEe, YeM B amoacrpe.

Tak e AeiicTByeT M APYroil pesSTUBUCTCKUN IPdexT —
3aMeJJIeHHe BPEMEHH B MOJie TArOTeHHs. MEI yXe CTaJIKuBa-
JIACb C HUM, paccka3biBas O I'PaBUTAMOHHOM KPACHOM CMe-
miesny. Torna Mbl OOBSCHWIM €0 C YHCTO IHEPTETHYECKUX
coobpaxkeHuii (KBaHT KpacHeeT, coBeplias paGOTy NpPOTHB
cw1 rpaButanuu). Ha s3bike 001IEd TEOpMH OTHOCHUTEJILHO-
CTH NOKPAcHEHME KBAaHTa CBA3aHO C TEM, 4TO IJIs yAAJIEHHO-
ro Habirozatens BpeMs BOJIM3M TSTOTEIOLNErO Tejla TedeT
MeJICHHEE.

Htax, umsMmepenue peasTuBUCTckoro sddekra Homiepa
A TPaBUTAIMOHHOTO KPAacCHOTO CMEIEHUsS HaeT elle OJHO
ypaBHeHue. OIHAKO «peaIN3M IEHCTBUTEIbHOM XU3HH» CO-
CTOUT B TOM, 4TO Kilaccuieckuit a¢dext Jorwiepa u3MeHsAET
HaOJIFoqaeMblil IEpHOA MyJIbcapa C TeM Xe IEepPHoIoM (me-
pHOOM [ABOMHOM), YTO U peSSTUBUCTCKUE 3¢dext. VX He-
BO3MOXHO pa3leyuTh. BoT eciiu 661 MBI CMOTJIM IOCMOTPETH
Ha aBoitHyro «cOoky»! Torma xnaccuyeckuii addext Horwie-
pa U3MEHHUTCS, a PEJATUBUCTCKUE 3D(DEKTHI OCTAHYTCA Mpex
HUMH. ITH 3G GeKTH yaaaocs Obl pa3feuTh U MOJIYYUTh [10-
HOJIHUTEJIBHOE YpaBHEHHUE.

Kaxk nu crpanHo, 310 Bo3MoxHO. ECTh elle oauH BIOJIHE
HabJII0JaeMblil peIATUBUCTCKUIM 3(dexT, KOTOphIH 3aMeHHT
HaM «KOCMU4ECKoe myTelrecrBue». CorjacHo oOiueii Teopuu
OTHOCUTEIBLHOCTH 3aKOH BCEMHpHOro TsroTenus HbloToHa
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B CWIBHBIX NOJISIX IPOCTO HENPUMEHHUM, a B CJ1aObIX HETOYEH.
I'paBUTanIMOHHOE MOJIe CHCTEMbl OBOWMHON 3Be3anl HA pac-
CTOsIHUH OOJIBIION HOJIyOCH HEBEJIMKO — Beah OpOHTAJIbHAS
CKOpPOCTb B THICAYY pa3 MeHbIIIE CKOPOCTH CBETA.

B neiicTBUTEIBHOCTH CWIA MPHUTSDKEHHSI OKA3LIBAETCS HE
CTpOro o6paTHO MPONOPLHOHAILHON KBaApaTy PacCTOSHHSL
Opb6ura NBOHHOIM 3Be3bl B TAKHX YCIOBHAX HE MOXET OBLIThH
3aMKHYTO#M (cM. puc. 97). DTO BBITJISAUT TakuM 0Opa3oM,

Puc. 97. DpdexThl obiieit Teopuu

OTHOCHTEJILHOCTH NPHBOAAT K TOMY,

4TO opOuTa 3BE3[bI OKA3bIBAETCA HE-
3aMKHYTOM

OyATO LIUIC OPOUTHI MEUICHHO MOBOPAYMBAETCS B ILIOCKO-
ctu nBoitHOH cucreMsl. Ilony4aercs Tak, kak ecid Obl Mbl
obseranu nBOHHYyI0, Habyronas € ¢ pa3sHbIX CTOPOH.

OTO yIMBUTEIBHO KPAacHBOE OOCTOSTENILCTBO HE TOJIBKO
HNO3BOJISET Pa3JesIUuTh KJIACCUYECKHH M PEeJIATHBHCTCKHM 3¢)-
texTsr Jlotuiepa, HO ¥ 1a€T TPEThe HEMOCTAIOIIEE YPAaBHEHHUE,
HeoOXomuMoe Ui onpeideieHHs Tpex MmapaMeTpoB: Mace
U yrja HakJIOHa.

ITonupln 06OpOT 3yIMNTHYECKass opOUTAa MyJibcapa
copepmiaeT 3a 86 yer. KoHeuHo, 3TO He o03HA4YaeT, 4YTO
HYXHO X/1aTb 86 Jer. To4HOCTh H3MepeHuil TakoBa, YTO
YK€ 4epe3 HECKOJIbKO JIET IOocie Hauada HaOJsironenwii ynaa-
JIOCh U3MEPHTH Macchl KOMIIOHEHT JBOiHON. OHM OKa3auch
Gsu3ku apyr k apyry u passbl (1,42 +0,10) M . ITosnyuen-
HO€ 3HAYCHHUE MAcCChl HAXOOUTCS B BEJIMKOJIEIHOM COTJIACHH
C TEOpHEH 3BOJIIONHH M BHYTPEHHETO CTPOCHHUS 3BE3I.

B mocyiennue ronwl yoajoch OTKPBHITH €LIe JBa pajuo-
myJibcapa, BXOIMIMX B COCTaB [BOMHBIX CHCTEM (CM.
TabJ. 6). XapakTepHO, YTO M y 3THX 3Be3]] COYTHHUKH HHKAK
cebd HE MPOSBJISAIOT.

JIBoiiHas 3Be3a M3Jy4yaeT I'PaBUTALMOHHbIE BOJIHBLL OO6-
asi TEOpHs OTHOCUTEJILHOCTH IPEACKa3bIBACT ONpeaesicH-
HYIO HHTCHCHBHOCTb 3TOrO H3JIyueHus. [[BoiiHasi TepseT He
TOJIbKO JHEPIHIO, HO M BpAUIATEJILHBIA MOMEHT. 3Be3 bl
«ChE3Xar0TCA» HABCTpedy Apyr Apyry. Ilpu 3ToM mepuos cu-
CTEMBI YMEHBILIAETCH.
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Tabauna 6
JBoiiHble paguonyibCapbl

Opb6uranp-{ IMepuon Dynkuus Macca

Hassanie | o ne- | mymucapa, | J50HesT- Ai;%c, sropoi

PHOA, IHH c 5

© M/Mg

PSR 1913 + 16| 0,32 0,059 0,617 0,1322 1.4

PSR 0655 + 64| 1,03 0,196 0,000 0,0712 1+ 0,03
PSR 0820 + 02| 1,232 0,865 0,012 0,0030 0,2-0,4
PSR 1953 + 29| ~120 0,006 <0,05 0,0027 0,2 -0,4

biaronaps BeICOKOH CTaGWIBHOCTH paauomysibcapa yaa-
JIOCh TOYHO H3MEDPHUTL NEPHOJ OBOWHOW H €r0 H3MEHCHHE.
Ilepron NBOWHON NEWCTBUTEIBLHO YMEHBIIAETCS, IPUYEM, KaK
3TO M CJIE€J0BAJIO OXUJIaThb, B COOTBETCTBHH C TEOpHCii
DUHIITEHHA.

IIpoonema BbIGOpa

W3 mouru 400 pamuomynbcapoB BCEro JHIilb
HECKOJIbKO BXOIAT B COCTaB TECHBIX [BOWHBIX CHCTEM.
V Bcex IBOWHBIX PaJHONYJIbLCAPOB BTOPBIE KOMIIOHEHTHI HE
BuaHbL. CKOpee BCEro, HEBUIUMBIE KOMIIOHEHTHI B JTHX CH-
cTeMax — 3Be3/ibl, KOTOPble TaKXe OKOHYWIH CBOIO 3BOJIIO-
o — Genblit kKapyIuK, HEHTpOHHAs 3Be3[a WIM YepHas Ipl-
pa. CienoBaTelpbHO, HHOINA ABOHHBIC CHCTEMBI HE pacra-
JIAI0TCA MOCJIE BTOPOrO B3pHIBA.

BcioMHHM, 4TO cHCTEMa pacnajmaercs B TOM Clyyae, €c-
JIM B3PBIB HPOUCXOIUT OBICTPO U €C/IH CHCTEMA IPH B3PHIBE
TepsieT 6osiee nonoBUHBI cBOeif Maccel. Bropoe yciosue 6y-
JeT BBITIOJIHEHO, €C/IM MEPEN BTOPHIM B3PBIBOM HOpPMAJILHAs
3B€3Ja NMOoTepsla 3HAYUTENbHYIO 4acThb CBOE# Macchl B IpoO-
necce ssomonuu. ITo-BuIuUMOMY, 3TO HPOUCXOIUT IPU BTO-
poM obMeHe Maccoii.

Mgl BuJ€ENH, YTO BTOPOM 0OMeH Maccoif OObIYHO 3akaH-
4yHBaeTCcAd OOpa3OBaHUEM [BOMHOM, COCTOSIEH U3 TeJIMeBOM
W HEUTpOHHOM 3Be3Ipl. Macca reiueBoii 3Be3bl HE MEHbBIIE
(8—10) M ;. ScHo, yTo npH B3pLIBE TaKo# 3BE3ABI CHCTEMA
obs3aTenbHO pasBaiuTca. Ho eciiu Macca npeacBepxHOBOM
6ynmeT moMeHsille, HanpuMep (2—3) M ,, cucrema He pacra-
JeTCA.

ITomuuTe crenapwii, npemioxeHHbld . Ban men Xée-
JoM i cucteMbl myibcapa I'epkyinec X-1? Ecnu Ha-
YaJIbHbIE MacChl 3B€3[ CHJIbHO OTJHYaJIHCh, TO CHCTEMa HH-
TEHCHBHO Tepsla BEIIECTBO yXKe NPH MepBoM oOMeHe Maccoi
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(cM. puc. 67). MaccuBHas JBoiiHas mepenuia B paspsan
CpeIHEMAaCCHBHBIX.

IIpencraBbTe cebe MpicaeHHO B3peIB B cucteme HZ I'epky-
seca — I'epkynec X-1. O6mas Macca cucremsl (3,5—4) M.
W3 BHuX Ha HeHTpoHHyI0 3Be3dy npuxoautcs 1,5 M.
Ecnu u3 BTOpO#t 3Be3bI B pe3ysibTaTe Kojllanca obpasyerca
HEeWTpOHHas 3Be3na ¢ Maccod 1,5 M o, 3HaUuT, cucTreMa npu
B3peiBe notepsieT (0,5—1) M, T. €. MeEHblIE NOJOBHHBI
Maccel JBONHOH. [lBoitHas He pacnajaeTcs.

VY 3Toro creHapusi e€cTb OJHO XapaKTEPHOE CBOICTBO.
OO0pa3oBaBlIascs CHUCTEMa M3 [BYX BBIPOXICHHBIX 3Be3[
BCerga MMeeT JKCICHTpU4YHylo opouTy. OpOura CTaHOBHTCH
JUIMNTHYECKOH npu ObicTpoM cOpoce Macchl. [leicTBUTENb-
HO, eciu Obl cucTeMa HoTepsUla MOJOBHHY MAacchl, TO e Io-
JIHAs YHEPTHUs cTajla ObI paBHOM HYJIO, & IKCHEHTPUCHTET Op-
6utsl (popmasbHbIi) paBeH equnuie. IIpu nmorepe MeHbIIEro
KOJIMYeCTBAa Macchl OpOMTa MpeBpaillaeTcs M3 KPYroBoit
B JJUIMINTHYESCKYIO.

CucreMa 3amOMMH2€T 3TOT 3KCHCHTPHUCHTET. Y myJibca-
poB PSR 1913 + 16 u PSR 0820 + 02 opOuTHI 1eHCTBUTEIHHO
yMnTAYeCKHe (cM. Tabu. 6), a BOT opOuTa paauomyJibcapa
PSR 0655 + 64 cosepiuenno kpyrosas. JIuGo nBoiimas mnpu
BTOPOM KOJUIamce He Tepsla Maccy BooOiue, ubo ona teps-
Jla ee OYeHb MeJIEHHO, JHO0 KoJuiarica BooOlie He ObLIO.
IlepBas Bo3MoxHOCTh, Ha3BaHHas U. C. llIxwioBckuM «Tuxum
KOJIJIATICOM», OJDKHA NPUBOIUTH K OOpa3OBAHHIO YEPHOM
Ieippl. BTopas BO3MOXHOCTb, CTOPOHHHKOM  KOTOpOIf
SIBJISIET CSl UTAIbAHCKH# acTpodmsuk ®panxo IMauunn, Moxer
peaIM30BaThCA B TOM CJIyvyae, eclii KOJUTAIICHPYIoLIas 3Be31a
obysiagaer ouYeHb OBbICTpbIM BpanieHneM. lLleHTpoGexHbIe
CIWJIbl OCTaHaBJIMBAaIOT KOJUIANC, W 3Be3[a MPOIOJIXKAET Mel-
JIEHHO CXHMMAaThCs JIMIIb MO Mepe HOTEPH CBOEro Bpalila-
TeJlbHOTO MoMeHTa. Uto 3Hauutr MemieHHo? JlocraTodHo
MeJIEHHO, 4TOOBI KOJUIANC M CBS3aHHas C HHUM IOTeps
Macchl MPOJOJIKAIKNCH TOJIbIIE, YeM OIUH O0OPOT CHCTEMBL
Torma BimsHMEe cGpoca Maccel yCpenHseTcs H opburta
OCTaeTcs KPYroBOM.

Haxkonen, Bo3aMoxeH U TpeTuit Bapuant. Ecin Macca HOp-
MaJIbHOM 3Be3[bl MePel TeM, KaK y Hee HCUePNAINCh HCTOY-
HUKH SIePHOU 3Hepruu, ObUIa MeEHbIIe YaHIPaCEKaPOBCKOr'O
mpenesia, TO KOJUIANC He HACTYNaeT. 3Be3da MEIJIEHHO CXKH-
Maercs, mpeBpamasch B Oesiblii KapJiuk.

Kax BumiM, BeIOOp Beuk. YeM Oosee mo3guuii aTam 3Bo-
JIIOIMM ABOMHOM MBI aHAJIM3UPYEM, TEM TPyIHEE MOHATH, KaK
OBOMHAA TMpHILJIa K HEMY.
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Bo BcsaxoM cilyyae, HE YAMBHUTENBHO, MOYEMY TaK MaJlo
IBOWHBbIX, COCTOSILIUX M3 paavomyjbcapa M KOMIAKTHOM
3Be3bl. B mepByro ouepenn 3TO CBA3aHO C TEM, YTO B HPHUPO-
Jie 04eHb PEelKO OOpa3yroTCs IBOMHBIEC, COCTOSIINE U3 3BE3.
COBEPILIEHHO pa3HOi Macchl. Bo-BTOpbIX, HA JUIMHHOM TEPHH-
CTOM HYTH 3BE3JHON 3BOJIIOLMU Y TAKOH [OBOMHOII MHOIO
[IAHCOB MOTHOHYTH €llle NMPH NEPBOM OOMEHE MAaCCOM.

Boob1nie, mo3anue 3Tambl 3BOJTIONMH JBOWHON OKYTaHBI
MoKa IUIOTHBIM TyMaHoM. Mpneit MHOro — MaJlo pacyeTosB.
YeM xe BCe 3TO MOXET 3aKOHYHThCS?

BuyTpennss (saepHas) 3BOJIONMS KOMIIOHEHT [IBOWHOM
3akoHuynsIach. IMeHHO Tax MBI AOJIXHBI AYMAaTh C TOYKH 3pe-
HUs acTpoHoMa XX Beka, TaKk KaK [OJ BHYTPEHHEH 3BOJIFO-
[UeH MPUHATO MOHUMATh MEIJIEHHOE BB OpaHHE TEPMOSIEP-
HOTO TOPIOYEro B HEOPaX 3Be3[A. DBOJIOIMS TENEPb MOXET
HIOTH TOJBKO 3a CYET MEIJIEHHOTO COJIMXKEHHS 3BE3[ M3-3a
H3JIYYECHHUS TPABUTAIMOHHBIX BOJIH. B onpenaeneHHbIii MOMEHT
3Be3bl cTajkuBaroTcsi. ClIUmaHue NMPOUCXOAUT HOYTH MTHO-
BEHHO, 32 THAPOJAMHAMHYECKUHA MPOMEXYTOK BPEMEHH BLIPO-
XICHHOM 3Be31bl. JI1si HEUTPOHHON 3BE3bl M YEPHOU ABIPHI
oHO npuMepHO paBHO 1074 — 107 % ¢. [Ipu MX cIMmaHMU BO3-
HUKAeT MOLIHbII UMIYJIbC TPABUTAIMOHHOIO U3JIYYCHHS, KO-
TOPbIi YHOCHT IOYTH BCIO 3HEPTHIO ABOWHOW CHCTEMBI.
OG6pa3oBaBIIMIICI OCTATOK — CKOPEE BCEro, uepHas AbIpa —
MoJOOHO paauomyJibcapy HpPEBpAaIlaeTcs B CTPAHHHKA.

Bonee pa3sHoOOpa3sHO MoOXeT MNpPOTEKaTh CIHIAHUE
JBOMHBIX, COCTOSIIUX U3 OeNbIX KapaukoB. X BeIECTBO elle
HE IOTEPSUIO CBOEH SIACPHOH CTPYKTYPBHI U CIIUNAHUE MOXKET
CONPOBOXAATLCA H3JIyYCHHEM HEUTPHHO H COPOCOM Bellle-
cTBa. B npunnune Takoe siBJieHHE MOXHO HA3BaTh BCIIBILIKOM
CBEPXHOBOIA.



CUAIOIIME BEPIIHNHbBI

Hamn paccka3 mojoiien K koHuy. Mbl IIPOLUIH
OT CaMBbIX IIEPBBIX 3TANOB 3BOJIIOLHNH JBOHHBIX, KOTOPBIE OHH
MPOXXUBAIOT» MOOJUHOYKE, JO CaMbIX (PMHATBHBIX CTaaMi,
KOrja 3Be3bl yXe IMPOCTO He MOryT «oboiTuch» apyr Oe3
Ipyra. :

JIBoiicTBeHHOCTh oboraiaer. DTo Bce Oouibilie U OoJibliie
YyBCTBYeTCS Ha mocjeqHux dTanax. IlyTu sBosronuu pasBeT-
BJIAIOTCSA, TAK YTO CIEHApHil HAIIOMHHAET AEPEBO C MBIIIHON
KpOHOiL. MHOTHe OTBEeTBJIEHHs NOKa U3y4eHbl mioxo. Heko-
TOpBIE M3 HUX BOOOIIEe MOryT B OymylieM «OTCOXHyTb». ITo-
3TOMY, paccka3biBas 00 9BOJIFOIMH, Mbl JI€PKAIUCh OCHOBHO-
ro (MarucTpajibHOro) ee nmyTu. JlaBaiite Tenepb OCTaHOBHMCS
d [OAyMaeM, 4YTO Xe y Hac monyuwiock. UTo pacTer Ha
sToM gepeBe? W He mporisaesd ¥ Mbl 4ero-HHUOynn?

Hrorn

DBoJironUsA JBOMHOM HamoOMUHAaeT QUIBM, KO-
TOPBIH NPOKPYYHMBAIOT CO BCE BO3PACTAIOLICH CKOPOCTHIO.
IlepBbie 3Tanbl CBOEH 3BOJIIOLMH 3BE3IBI NPOXOIAT B silep-
HOM mmiKkaJjie BpeMeHHd. [[JI1 MacCHBHBIX 3B€3[ — 9TO JECATKH
U COTHH MWLIHOHOB JeT. JJis 3Be3]] ¢ MeHblIel Maccoi —
MwuIHapasl JieT. bosnee MaccuBHas 3Be3da INEPBOi 3amosi-
HSEeT CBOIO MOJIOCTh Pollia ¥ HauMHaeTcs nepBblii oOMeH Be-
mecrtsoM. C 3THM sBJIEeHHEM MBI CTOJIKHYJIMCh B CHCTEME

3Be3anl [ JIupel
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ITepBoiit 0OMEH MOXET 3aKOHYUTHCS MO-Pa3sHOMY. Y cH-
cTeM ¢ OOJIBIIMM OTHOIIIEHHEM MAacC KOMIOHEHT IPOUCXO-
AT CWIbHAs NMOTEPS BeElleCTBa U3 JIBOHHOM (CLEHApH, Bey-
wuit k cucreMaM tuna I'epkynec X-1). Ho, kax mpasuio,
obijas Macca CHCTEMBI yMeHbIaeTcss He HamHoro. OOMmen
3aKaHYMBAETCS O0pPa3OBAaHUEM CHCTEM C SIPKO BBIPaXECHHBIM
mapagokcoM AJITOJIsi: MEHee MacCHBHAsi 3Be3Ja BBITJISIUT
OoJiee crapoil. DBoJIONHUS €€ 3alllyla CTOJIb JaJIeKO, 4TO CO-
ceIKa, Jake yBEJIMYUB CBOIO MAcCCy, YK€ He B COCTOSHUM ee
norHaTh. B 3aBUCHMMOCTH OT Macchl ABOWHOM 3BOJIIOLMS IiEp-
BOHAYaJILHO GoJiee MacCHBHOM 3Be3/bl 3aKaHuMBaeTCs obOpa-
30BaHHEM O€JIOr0 KapJiMKa, HEHTPOHHOH 3B€3Ibl WIM YEPHOMH
meipel. IIpenxu OesbIX KapJIMKOB HMMEIOT MAacChl MEHBbIIE
10 M.

O6pazoBaHue NEPBOIi PEJISTUBUCTCKOMN 3BE3BI XOTH M CO-
HOPOBOXAAETCS B3PHIBOM M cOPOCOM BEIIECTBA, HO BCE XKE HE
OPUBOMMT K pacnajJy HBOMHONM: B3pLIBaeTcs MeHee MacCUB-
Has 3Be3Ja. OTO CYACTJIHMBOE OOCTOSTEILCTBO, CBSI3AHHOE
C MEpPEeMEHOU poJicil, NPUBOIUT K KaU€CTBEHHO HOBBLIM SIBJIE-
HHSIM B JBOWHBIX CHCTEMAX. '

IMpononxenue cienyer. Hactymaer peHTI€HOBCkas cTa-
mus noiubix Tuna llentaBp X-3 u Jlebenp X-1. Mortiubie
HUCTOYHUKHU CBETAT «sipye Thicsiud CONHI, NepexBaThiBas Ma-
JYIO [OJII0 3BE3JNHOTO BETPA, MCTEKAIOUIErO C COCEqHEH
3Be3bl. Ho mepBblii B3PBIB OCTaBUT «POJUMBIE MHSATHAY» —
JBOMHAsI NPUOOPETET MOMOJIHUTEILHYIO CKOPOCTh M HAYHET
cTpaHcTBOBaThH nMo [ayakruxke.

W3-3a sinepHOi 3BOTIONNH HOPMAJIbHAasi KOMIIOHEHTA CXO-
IUT C TJIaBHOHW IOC/IENOBATENbHOCTH M HEU30EXHO 3amoJi-
HAeT cBoro nosiocts Poma. Haunnaercs BTopoit oOMen Mac-
coit. HopmansHas 3Be34a oTAaeT 0OpaTHO BELIECTBO, B3STOE
y COCEIKH.

B MajioMacCCHMBHBIX JBOMHBIX C HEHTPOHHBIMH 3B€3JaMHU
BTOpOiIi OOMEH NPHBOIUT K BO3HMKHOBEHHIO SIPKOTO DEHT-
TEHOBCKOTO HCTOYHMKA (DEHTTEHOBCKOH CHCTEMBI THIIA
Iepkysiec X-1 umu peHTreHoBcKoro Gapcrepa). B cucremax
¢ OeJIbIMM KapJIUKaMu BTOPO# 0OMeH MPHBOIUT K 0Opa3oBa-
HUIO KATaKJIM3MHUYECKHMX IEPEMEHHBIX, IOBTOPHBIX HOBBIX,
HOBBIX 3Be€31 M IIp. B KapJMKOBBIX JBOMHBIX BTOPHUYHOE 3a-
moJiHeHue mnoJioctd Pollla, kak mpaBWIoO, IPOUCXOJUT HE H3-
3a SIEpHOM 3BOJIIOLUM (OHA OKa3bIBAETCSH CIHIIKOM MeEICH-
HOM), a u3-3a COJIMKEHHs 3Be€3l, CBSI3AHHOTO C IOTepeit
BpalllaTeJILHOTO MOMEHTAa ABOHHON cucreMou. IIpuuuna 3To-
ro — rpaBUTAlMOHHLIE BOJIHLEI H CBOeOOpa3HbIii a¢pexr mar-
HUTHOTO Mporneiepa.
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B MaccHMBHBIX [BOMHBIX BTOPOHl OOMEH HPOTEKaeT CTOJb
OBICTPO, YTO BO3HHKAET CBEPXKPHTHUYECKAash aKKpeLHs Ha pe-
JNATHBUCTCKYIO 3Be3ay. PensTuBHCTCKas 3Be3na, OKyTaHHAs
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Puc. 98. Cxema 3BOJIOLMHM TECHBIX [BOHHBIX 3Be3i. CmnpaBa mpuBe-
JIeHbl HEKOTOpble HabJrofaeMbie NaHHbIE

IUIOTHOM «I1y0O0#» HCTEKarollero BellecTBA, HE BHOHA IS
BHelHero Habmonarens. C BuIy oHa HAIIOMHHAET OOBIYHYIO
3Be3aqy. B TO ke BpeMsl CBepXKpUTHYECKAsl aKKpeLHs, IO-BU-
IUMOMY, MPUBOIUT K OOPA30BaHHIO PENATUBHCTCKHX CTPYH.
B03MOXHO, UMEHHO C 3THM SBJIEHMEM MbI CTOJIKHYJIHCh
B cucteMme SS 433.
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Bropoit oOMeH NPUBOAMT K 3arjiaThbIBAaHHIO PEJISTHBUCT-
CKOIi 3Be3/bl ee cocenkoi. 3mech — ouepeHOEe OTBETBJIEHHE.
PenstuBuCTCKas 3Be3qa MOXET ObITh MOJIHOCTBIO NPOTJIOYe-
Ha, U [ABOHHAs CHCTeMa CTAHOBHUTCS OIMHOYHOM 3Be3J0H.
Wnu, cOpocuB 4acTh Macchl, JBOIHasi MOJET NPeBPaTHUThCS
B CHCTEMY, COCTOSIIYIO M3 TeJHeBOro siApa M pPeJIsSTHBHUCT-
ckoit 3Be3mpl. «OmuHOYHBIE» 3Be3apl Bousbda — Paite —
Hambojlee pealbHble KaHIUAAThl B TakWe [IBOHHBIE CH-
CTEMBL

Yepe3 HECKOJBKO COTEH TBHICAY JIET KOHYAETCs sIEpHOE
TOIUIMBO B reJIMEBOM 3Be3fe M OHa B3pbiBaeTcsa. Cucrema,
KaK NMpaBWIO, pacmajgaeTcss Ha [iBe PENISTHBUCTCKUE 3Be3Ibl.
Ilpu 3toM B cpeaneM obOpa3yercs OoJibllie OHHOIO paguo-
nyibcapa. Ilpn pacnane OBOHHON HEHTpoOHHas 3Be3na IpH-
oOpetaeT elle pa3 OONOJTHHUTENBHYIO CKOPOCTb. IlepBblif
MWUIHOH JIET CTPaHHMKM IOCBUIAIOT B OKpYXalolllee Mpo-
CTPaHCTBO paauvocurHajbl. HakxoHen, 3aTyxaloT HaBcerja.

B penxux ciay4asx 3BOJIIOUMS OBOMHOM 3akaHuyMBaeTCs
o6pa3oBaHHMEM CHCTEMBI, COCTOSIIENH U3 JBYX BBIPOXIEHHBIX
3Be3n. Ilpupona 3xecy ocyliecTBUIa CTEPUWIBHO YMCTHIH JKC-
NEPUMEHT II0 NpoBepke oOLlei#l TEOpHUH OTHOCHTENBLHOCTH.
Bnaronmapst TakuM cucTeMaM YOajloch He TOJNBLKO C PEKOpPJi-
HOH TOYHOCTBIO «B3BECHTb» HEHTPOHHYIO 3Be€31y, HO H JIOKa-
3aTh, YTO TIpaBUTAllMOHHbIE BOJHBI [EHCTBHUTENBHO CYIlle-
CTBYIOT B NIPHpOJE.

MHoroe, 0 yeM paccka3bIBajlOCh B KHUI'€, OTKPHITO M HC-
cienoBaHo B mociaenuue 10—15 ner. KavecTtBeHHO HOBBIE
M COBEpLUEHHO HEOXHIAHHBbIE SBJICHHS, C KOTOPHIMH CTOJIK-
HYJIUCh aCTPOHOMBI, NMPOTEKAIOT B CHUCTEMAX C PEISTHBHUCT-
ckumu 3Be3naMu. OTKpBITHS, ClIEJIaHHble B 3TOH obJiacTw,
CTaJI 4aCThbIO TOrO, YTO HA3BIBAETCs «PEBOJIIOLIMEH B acTpo-
HoMum». I Bce e 3TO TOJABKO mHepBble IIaru. Yxe ceifuac
MBI 3HaeM IOCTAaTOYHO, YTOOBI cKa3aTh, YTO MHOIO€ B MHpE
JBOMHBIX 3B€3[ €llle He OTKPHITO.

JBomonus B KBajpare

Ilepen TeM Kak paccka3aTb O PEJISATHBUCTCKHX
CTagusX OBOJIIOIMHM JIBOMHBIX 3Be3J], Mbl IMPOU3BEIH He-
CJIOXKHBII MOJCYET MpeamosiaraeMoro ux umcia. Paccyxne-
HHUs1 OBbUIH KpaifHe mpOCTH B MOTOMY HanexHsel. [Ipomonxku-
TEeJIbHOCTh XXHM3HH [BOMHOHW mocie o0pa3oBaHHs B HeEW
PeNSATUBUCTCKOM 3Be3apl OJIM3Ka K SAEPHOMY BPEMEHH HOp-
MaJIbHO# 3Be3[bl, Ha KOTOpYIO mnepeTekio Bemecrso. Ho
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sepHOe BpeMsi HOPMAaJIbHO# 3Be34bl HE CHJILHO OTJIMYAeTCH
OT $IEPHOTO BPEMEHU NEepBOHAvYaIbHO Oo0Jiee MacCHBHOM
3Be3bl. 3HAYUT, NBOWHBIX C PEHTICHOBCKMMH 3Be3JaMH B
lanakTuke #OMKXHO OBITH 1O NOPAAKY BEJWYHHBI IIPH-
MEPHO CTOJIbKO €, CKOJIbKO OOBIYHBIX [ABONHBIX CHUCTEM
Oonplioii Maccel. A ux B [ajakTvke — [eCATKM U COTHH
TBICAY.

ITo cpaBHEHHIO C 3TUM «yOOHHBIM» YHCIOM CMEXOTBOPHO
MaJIeHbKUM BBITVISOUT YHCIO OTKPBITHIX HAMH DPEHTI€HOB-
CKHX ABOHHBIX — HECKOJIBKO COTEH WJIM ThICA4. Benp pentre-
HOBCKO€ M3JIy4eHHE — NPHU3HAK NMPUCYTCTBUS PEIATUBUCTCKOM
3B€3 1Bl

I'nybokas npomnacth, pa3pensifoniasi OXHIAEMOE M Ha-
6onaemMoe, He HCYE3HET IPH IOBBILIEHHH YyBCTBHUTEILHO-
CTH PEHTTE€HOBCKHX TEJIECKOMOB. YXe ceiiuac MbI BHIMM BCE

rajJakTHYECKHEe UCTOYHUKM JKECTKOTO PEHTT€HOBCKOTO H3JIy-
YeHUsI CO CBETHMOCTBIO B HECKOJIBKO COTeH H OoJsiee cBeTH-
mocreit CosHna.

Uto-To BaxkHOoe ymylleHo Hamu. HauBHbBIH momxon k pe-
JISTUBUCTCKMM CTagusM [BOWHBIX He cpabartpiBaer. Cyiue-
CTBYIOT KaKHe-TO BHYTDEHHHE NPHUYHHBI, I0 KOTOPBIM DpeJis-
THBUCTCKasi 3Be3a B [BOIHON cucTeMe BoBce He oOs3aHa
OBITHL HCTOYHHKOM DPEHTTEeHOBCKOro m3iyuenus. IlosBienue
PEHTTEeHOBCKOTr' 0 M3JIyYEeHHS] — CKOpee HCKJIIOYEeHHE, YeM Mpa-
Bwio. [IpuueM neno TyT He B OOBIYHOM 3Be3ne. YV Bcex 3Be3n
€CTb BETepP M Bce 3Be3IbI MOTYT OBITh MOCTABIIIMKAMH TOILTH-
Ba Ul aKKpPeUMpPYIOMIeH pPeJISITHBHCTCKON 3Be3[bl. 3HAYUT,
pelATHBHCTCKas 3Be3na He Tak mpocTa. Heobxomumo BbI-
HOJIHEHHE €l KaKoro-TO YCJIOBHS, a MOXET OBITh, H Iie-
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JIOTO psija YCJOBMii, 4TOOBI akKKpEIMOHHAs MallldHA 3apa-
OoTtaia.

HccnenoBanus, mpoBeIE€HHbIE B CaMble IMOCIEIHUE TOMbI,
PHBEH K OCO3HAHHIO TOro (akTa, YTO KOMIIAKTHBIE 3BE€3/IbI
TOX€E 3BOJIIOIMOHUPYIOT. DTO CaMbIM DeIIHTENbHBIM 00pa-
30M BIHsAE€T Ha HabrogaemMble cBoWcTBa aBOMHBIX. [lo-
JaBjsiolee OOJBIIMHCTBO DPEJISTUBUCTCKMX 3B€3Jl B Mac-
CHBHBIX JBOHHBIX — HEMTPOHHBIE 3Be3Ibl. A OIHA M Ta Xe
HEHTPOHHAs 3BE3/la MOXET MPOSBIIATL ceOs COBEPLIEHHO He-
noxoxuM obpaszoM. Eiie 10 OTKPLITHS PEHTTEHOBCKHX ITyJIb-
capos B. ®. lIBapmMaH moka3aj, YTo HEHTPOHHas 3Be3[a
B JBOMHOM CHCTEMe NMPOXOIMT, IO KpaiiHEed Mepe, TPH CTa-
muu. Baavane ona ObICTPO BpalllaeTcs — U3JjiyyaeT (IKEKTH-
pyeT) B OKpYXXaroillee IPOCTPAHCTBO 3JIEKTPOMAarHUTHBIE BO-
JIHBI ¥ PEJISTUBHUCTCKHE 4YacTHUIBI NOJ00HO paauomybcapy.
IIpaBga, caMo paaMOU3JIyYEHHE MOTJIOIIAeTCd B 3BE3JHOM
BETpE, UCTEKAIOIIEM OT HOPMAJILHOrO CNYTHHKA. JTO OJHA
U3 TJIaBHBIX PUYMH, 10 KOTOPbIM Mbl HE BUAUM JIO CHX IIOD
HH OJIHOTO paauomyjibcapa B ABOIHONH CHCTEME C HOPMaJlb-
HOH 3BE€3/0M.

Ha cragum 3xexnuum HEHTPOHHAs 3Be3/a TepseT CBOIO
BpalllaTeJIbHYIO 3HEPrUi0 M TOPMO3MTCA. B HEkoToOpblil Mo-
MEHT KeKIMs mpexpairaercs. BeiiectBo, TeM He MeHee, He
MOXET ellle yNacTb Ha MOBEPXHOCTb HEUTPOHHOMH 3BE3 b, KO-
TOpas, NoAOOHO THTaHTCKOMY Mpomeiepy, pa3bpachiBaeT
MAarHuTHBIM [0JIEM MaJAIOIIYIo IU1a3My. 3Be3/1a IMpooiKaeT
3aMeJIAThCs, M HAKOHEI[ CWia TpaBUTANMU MoOexmaer.
Tosibko Tenmepb HAYMHAETCS AKKPELMS U BCIBIXUBAET SPKUA
HMCTOYHHK PEHTTEHOBCKOTO H3JIyUEHH.

Kaxnas U3 3THX CTaJul JUIUTCSA AECATKH U COTHHM THICSY
JieT. DTo — HacTrosuas 3Bosonus. JJo0aBuM elile 3BOJTFOIHIO
HOPMaJIbHOM KOMIOHEHTHI. JKU3Hb ABOHHOI CHCTEMBI C HEi-
TPOHHOM 3Be3J0M MpEACTaHET Telnepb COBEPILLUEHHO B HOBOM
cBeTe. DTO HE MPOCTO OJIHA DBOJIIOIMSA, U JaXe HE JBE, a CKO-
pee, SBOJIIOIMS «B KBaapaTe». Bemb coCTOsHUSA HOPMAaJIbHOM
3B€3Ibl M HEUTPOHHON 3Be3Abl NPSMO HE CBA3aHbI OPYT
¢ npyrom. Yerblpe craguy 3BOJIIONMHM JBOWHOW C PEJISTH-
BHCTCKO} KOMITOHEHTO# (3B€3/1a Ha IJIaBHOM MOCIEqOBaTENb-
HOCTH, CBEpXI'MTaHT, 3Be3/la Ha CTagud OOMEHa, reiueBas
3B€3/1a) MBI JOJKHBI YMHOXMWTb Ha YHCIO COCTOSIHH#M Heii-
TpoHHOM 3Be3apl. [IpaBma, COCTOsSIHUE HEHTPOHHO#N 3BE3bI
BCE-TaKM CBA3aHO (XOTH M HE JXXECTKO) C COCTOSIHUEM HOD-
MaJIbHOH KOMIOHEHTHL. Il03TOMy 4YMCIO BO3MOXHBIX CO-
CTOSIHHH NBOMHOIN pa3a B aBa MeHsile. Ho 3To He MeHseT
CYTH.
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Ha camom nesie HeHTpoHHAs 3Be3a ObIBaeT He B Tpex, a,
[0 KpaiHeil Mepe, B BOCbMH COCTOsIHUAX. [IpH 3TOM TOJIBKO
OIHO COCTOSIHHE — aKKpEIHI — CONPOBOXIACTCI BO3HHUKHO-
BEHHEM MOILHOTO TEILUIOBOIO PEHTTEHOBCKOIO W3JIYYECHHUS.
B ocranbHbIX cl1y4yasx, KOTOpbIE, IpaBa, UCCIEJOBAHBI TOKA
MeHee MOoApoOHO, HEHTpPOHHAas 3Be3Ja HE MpOABIAET ceds
croiib sApko. IMEHHO H03TOMY MBI B [IEPBYIO O4epeib CTOJIK-
Hynuch B I'anakTmke ¢ peHTreHoBCkMMH cramusMu. OHu
mpocto OpocaroTcs B ryiaza. DTo — CHsOIIAs BepLIUHA, HO
BepllyHa aiicOepra.

Ilonck HEPEHTTeHOBCKUX PENISTUBUCTCKAX HBOWHBIX CH-
cTeM ToJpko Havalca. M 3hech yxke ecTh mepBble YCIEXH.

= Z Vs
2%
2 i ///////

«Hepenmaeroeckue cmaduu 3eonoyuu deoliHoli»

Pacuer uncia peSTUBUCTCKHX CHCTEM, MPOBE/ICHHBIM BbI-
11Ie, TOKa3bIBAET, YTO UX He HAMHOI'O MEHbIIE, YeM OOBIYHBIX
cucteM. Kaxnmas BTopas Wi TpeThs MaccHUBHas 3Be3[a,
C BHIY KaXyILascd OJMHOYHOM, HA caMOM [ejie IMeeT pelsi-
TuBucTckuid cnmyTHuk. C Havana 80-X rogoB acTpOHOMBI Ha-
YaJId MMOUCK TakuX OBOMHBIX, KOTOPHIA Cpa3y e yBeHYaJIcs
ycnexoM. Pabora 3ta oveHp TOHKasgs W TpeOyeT MHOTrO
BpeMeHH. B nepByro ouepenp peliniaM NpoBepuTh YyOera-
romue O — B 3Be3nbl, KOTOpble Bcerga CYHTAINCh OJIH-
HOYHBIMH.
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Bonpme ckopoctu 3TH 3Be31bl HpUOOpPETAIOT HpU HEp-
BOM B3pbIBE B JBOHHOI cucreMe. A pa3 Obl1 KOJUIANC, 3Ha-
YUT, OCTajJach HeWTpoHHas 3Be3da. Ilon neiicTBueM CHIIBI
IPHUTSDKEHUS] HEHTPOHHOI 3Be3 bl MacCHBHas 3B€34a JOJKHA
BUTaTbCA NO OpOMTE CO CKOPOCTBIO B HECKOJILKO OECAT-
KOB KHJIOMETpOB B cekynay. Cienpl TakuxX OBMXEHMH [el-
CTBUTEJIbHO ObLIM OOHapyxeHsl HenaBHo y psga O — B
3Be€3 .

Ho 3710 — coBceM npyras HUCTOpHS.
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