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Boimonnen amnasin3 pacopenenenusi (BDUHAIBHBIX MACC YIVIEPOAHO-KUCIOPOIHBIX sIep 3Be3[
Bonbda-Paite (WR) B aBoiinbix cucremax. [Ipu 5T0M ydTeHa 0OTEpsS MACCHI B BUJE KJIOYKOBATOTO
3Be3auoro Berpa 3se3n WR. Pacnpenenenne dpunanpabix mace CO-sauep 38e3n WR, menpepbisro u
JIESKUT B MMpoKoM quanasone (1 —2) + (20 —44) M. DTor nuamna3oH OXBATHIBAET BO3MOYKHBIE MaC-
ChI HETPOHHBIX 3Be3/ 1 YepHBIX JbIp: 1+ 16Mg. Xors pacnpegenenue dpunaababix Mace CO-saep
3Be31, WR — npousBouTeseii pesiiTHBUCTCKIX O0BEKTOB — HENTPEPHIBHO, COOTBETCTBYIOIIEE PaCIpe-
JIeJIeHNe MACC PeISITHBUCTCKAX 0OBHEKTOB ODMMOIAIBHO: MACChl HEHTPOHHBIX 3BE3]] JIEJKAT B Y3KOM
unrepsasie 1+ 2M), Maccel YepHBIX AbIP Jiexkar B auanasone 4 + 16 M. B uarepsase 2 +4Mq B
JIBOMHBIX CHCTEMAaX He HAOJI0IAaeTcss HM HeHTPOHHDBIX 3BE3, HU YepHbIX JbIp. [lokazaHo, ¥To 3TOT
IPOBAJT MOXKET OBbITh BbI3BAH dpdpeKTaMu HADIIOTATETLHON CeTeKITNH.

WOLF-RAYET STARS, NEUTRON STARS, AND BLACK HOLES IN BINARY SYSTEMS, by
Cherepashchuk A. M. — Distribution of final masses of carbon—oxygen (CO) cores of WR-stars in
binary systems has been analysed. The mass loss via blobbed stellar wind from WR-stars was
taken into account. Final masses of CO-cores of WR-stars are continuously distributed. They
cover a wide range between (1 — 2) and (20 — 44) M. This range includes possible masses of
neutron stars (NS) and black holes (BH), which are equal 1 + 16M,. Although final masses of
CO-cores of WR-stars, which are the progenitors of relativistic objects are continuously distributed,
corresponding masses of relativistic objects are distributed in a bimodal way: masses of NS lie in
a narrow range 1+2M), those of BH lie in a range 4+161M,. There is a gap in the mass distribution
from 2 to 4Mg,. It implies that there are no binary systems containing either NS or BH with masses
from this interval. The gap is shown to be caused by the observational selection effects.

BBEJEHUE

Bgesapr Bonbda-Paiie (WR) 6bimn orkpeiter B 1867 romy dpanmysckumu yaensivu M. Boibdom u
k. Paite [1|. Xapakrepuast ocobenrocts 38e3q WR — Hajnmume B MX CIEKTPaxX CHUJIBHBIX W MIHPOKIX
JIMHWI W3/Iy9eHus aTOMOB Tejiusi, a30Ta, yIJIEpOHa W KUCIOPOJA B PA3HBIX CTAAUAX noHu3aruu. Mbr
paccMoTpuM Jinib MaccuBHble (m = 5 — 50Mg,, Mg — macca Comnma) 3se3a61 WR I tuna nacesenns
laakTuky, KOTOPBIE B CPEAHEM KOHIIEHTPUPYIOTCH K TaJIaKTUIeCKOi mrockocTu. [lomnoe qmcio 38e3
WR B lN'anakTuke oreHUBaeTCd B OJHY-IBe Thicsun. B mocnesHee BpeMsl BBISIBISETCS TeCHAsd CBA3b
mex 1y sposonueii 3se31, WR, Benbimkamn ceepxuosbix Tuna I b/c, obpasoBannem HefiTPOHHBIX 3BE31
(1.3.) u gepubIX AbIp (1.7.) [2-4], a TakKe remeparyeil KOCMIYIECKUX IaMMa-BCILTIECKOB |5, 6.

ITo coBpemernubiM TIpeacTaBiIeHusIM 3Be30b61 WR SBISIOTCST 00HAYKEHHBIMU TeINEBBIMA SIIPAME TTep-
BOHAYAJIBHO MaccuBHBIX (m > 30 — 40Mg ) 3Be311, NOTEPSABIINX OCHOBHYIO YACTh CBOMX BOJOPOTHBIX
obosiovek smbo B pesysbrare 0OMeHa BElIeCTBOM B TECHBIX JIBOMHBIX cucremax [7], subo Beiegcrsue
MHTEHCUBHOTO MCTEUEHUS OJMHOYHBIX HAKOOIee MACCUBHBIX 3BE3]] B BH/IE 3Be3HOr0 BeTpa (8, 9|. Mor-
HBII 9MUCCUOHHBIH JimHeigaThiil ciiekTp 38e37 WR dopMupyercs BOim3u 0CHOBaHUS 3BE3IHOIO BETPA,
HCTEKAIOIIEr0 CO CKOPOCTAMU B 1—3 ThICAYN KM/C, TO-BUJAUMOMY, TIOJ] J€iCTBHEM JaBJICHUS DAHAIINI
ropsaero “sapa’ ¢ Temmiom motepu maccehl ~ 1075 Mg /rox (cu., mampumep, [10]).

BBe3anl WR Kak MaccumBHBIE, ropsdne, HEBBIPOKIEHHBIE, B OCHOBHOM TI'€/INEBBbIE 3Be3/bl, HAXOId-
[IMecsi Ha [O3/HEeil CTaJuu SBOJIOLMH, JOJIZKHBI B3PbIBATHCS Kak CBepxHOBble Tuna I b/c u dopmu-
poBaTh B pesysbrare Kojutanca csoux CO-gaep pengaruBucrckue oO0bekThl: H.3. u 4. [11]. Kpowme
TOr'0, TIOCKOJIBKY 3Be31bl WR, JIUIIeHBI MOIITHBIX BOJZOPOJHBIX 00009€K, 9T0 obJsierdaer Tpancdopma-
[IMIO SHEPIUU KOJ/LJIAIICA B HADIIOZAEMOe TaMMa-U3/IyIeHne, UYTO [T03BOJIAET PacCMAaTpUBaTh 3Be316I WR
KaK BO3MOXKHBIE ITPDOU3BOAUTE/IN KOCMUYIECKUX T'aMMa-BCITJIECKOB [5, 6]

K wmacrogmemy Bpemenu mamepenbl macchl 23 3Be3n WR B gBoitabix WRA-O-cucremax u Macchbr
34 pensituBucTcKux 00beKTOB (19 H.3. m 15 4./1.) B PEHTTEHOBCKUX JIBOWHBIX CHCTEMAaX U JIBOWHBIX CH-
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creMax ¢ pajguomnyabcapamu (cM. 0630pst [3, 12-14] u cepiku B Hux). [Ipeacrasiger naTepec cpaBHeHUE
macc 38e31 WR u ux yrepogao-kuciopogueix syep (CO-sgmep) B KOHIE SBOMIOMUN C MACCAMU DPEJIsi-
TUBUCTCKUX O6'])€KTOB. HpOI/IBBOﬂI/ITQ.}IHMI/I PEIIATUBUCTCKUX O6'beKTOB MOTYyT 6bITb HE TOJIBKO 3B€3/1bl
WR, HO u Ipyruie MaccuBHbIe 3B3/IbI HOPMAJIHLHOTO TIOBEPXHOCTHOT'O XUMCOCTaBa, HAIIPUMED KPaCHbBIE U
I‘O.Hy6ble CBEPXTUTAHTHI. ()rJHaKO7 TTOCKOJ/IBKY MBI U3MeEpAeM MaCChl PEJIATUBUCTCKUX O6'])€KTOB 1 3BE3J]
WR uckaounTebHO B IBOMHBIX CHCTEMaX, CpaBHEHWE MacC H.3. U 4.JI. ¢ Maccamu 3Be371 WR aBiisgercs
KOPPEKTHBIM, IIOCKOJIBbKY B TE€CHONH NBOMHOI CcHCTeMe MaCCHUBHAdA 3Be3/1a MOJ, BIUAHUEM NPUTAKEHUSA
CITyTHUKA BCErja OBICTPO TepsieT BOJOPOAHY0 000/10uKy u npeBparmaercs B 3se3ay WR [7]. Habroma-
TeJIbHBbIE CBUJIETE/ILCTBA, 00OMEHA MaCcC B JBOMHBIX CHCTEMaX, CoaepKamux 38e31y WR 1 HOpMasbHYIO
ropsiayio 3Be3ny crekrpanabaoro Kiaacca O (WR+O-cucremax) momydensr Hegasao B [17]: Bemmuanna
MTEPEXOIHOTO OPOUTAIBHOTO MEPUOa Piy, COOTBETCTBYIOIIETO TIEPEXOLY OT KPYTOBBIX OPOUT K 3JITUITH-
qecknM, coctapigeT Py, = 14 cyt maa npoitasix WR+O-cucrem n Py, = 2-3 cyt gna OB+OB-cucrew,
COJIEP>KAIUX HETPOIBOIMIOIMOHUPOBABIIINE TOPSINe MAaCCUBHBIE 3BE3JIbI CIIEKTPaIbHBIX Kjacco O-B.
To, uro Benuunna Py, mig WR+O-cucrem B nars pas 6osbire, yem gasg OB+OB-cucrem, nemocpe/-
CTBEHHO yKazbiBaer Ha Hajsuuane y WR4O-cucrem Mexarmsma OKpyTJIeHUsT OPOUT, JTOTOJTHUTETBHOTO K
ToMmy, KOTOpbIii meiicteyer B OB-+OB-cucremax (quccunanus sHeprun OpOUTATHLHOTO TBUZKEHIS BCIEI-
CTBUE PAJUATUBHOIO IIO/IABJIEHUS JIMHAMUYECKUX [PUJIUBOB [18]). OTOT JONOJHUTEILHBIA MEXaHU3M
okpyryienus: opbut B WR+O-cucremax ecTeCTBEHHO CBA3aTh C IBOIOIUOHHBIM yYBEIUIEHUEM PAIUyCa
[IEPBOHAYAJIBHO DOJIee MACCUBHOW 3Be3]Ibl U MEPETEeKAHWeM BEIIeCTBa OT DOJiee MAaCCUBHOIO K MeHee
MAaCCUBHOMY KOMIIOHEHTY CHUCTeMbI. B BOJIBIINHCTBE SBOIOIMOHHBIX CIEHAPUEB [IJIsi TECHBIX ITBOMHBIX
CHCTEM, COJEPXKAIIUX MaCCUBHYIO 3BE3JLy, IMOCJE/IHsIsI B KOHIE KOHI[OB TEPsieT CBOIO BOIOPOIHYIO 000-
J0UKy U mopoxkgaer 38e3nxy WR, sapo koropoii, Kojrancupyst, obpasyer u.3. wia 4.1, |15, 16]. JIumsb
B CJIy4dae PaJuoIiryjibCapOB B ﬂBOﬁHbIX CuCTeMax C KDYroBbIMu Op6I/ITa.MI/I " CIIy THUKaMU — MaJIOMaCCUB-
HBIMU OETBIMYM Kap/JIUKaAMU PACCMATPUBAETCS BO3MOXKHOCTH O0Opa30BaHUS H.3. B Pe3yJbTaTe KOJLIAICA
6eJI0r0 Kap/mka, HAPACTHUBIIETO CBOIO MACCy /10 YaHIPACEKAPOBCKOI'O IIPEJeJia BCIEJACTBUE aKKPEIUN
BEIIECTBA CITYTHUKA — MAJIOMACCHBHO HEBBIPOXKIeHHOI 3Be3/bl [15]. Takum 06pa3oM, MOXKHO CUUTATH,
9TO BCE€ H.3. W Y.[I. B PEHTI€HOBCKUX ﬂBOﬁHbIX cucreMax m 60.}'[]3]]_[8.5{ 9aCTh H.3.-PaJUOITy/ILCapPpOB B
JIBOMHBIX cucTeMax obpasyiorcs B pe3ysbrare kojancos CO-anep 3se3n WR.

PACITPEAEJIEHUE MACC H.3. 1 9.1.

Kak 6b1710 ormedeno B [2, 19], nabiogaemoe pacupejeienne Mace PeasiTUBUCTCKUX 0ObeKTOB B JIBOIi-
HBIX CHCTeMaxX OMMOJAJIbHO: MACChl H.3. JIeXKAT B y3KOM mHTepBase my.3, = (1 — 2)Mg), Maccer «.1.
CKOHIIEHTPHPOBAHBI B Juana3one my j. = (4 — 6)My. B unrepsane macc (2 — 4) M ne mabmomaercs
HU H.3., HU 4.7]. HoBeiiine jaHHbIe IO MaccaM PeITUBUCTCKUX O0ObEKTOB IIPUBE/IEHBI B TAOJ/INIE U HA
puc. 1.

Bumno, uro He HAOIOMAETCS 3aBUCUMOCTH MACC PEJIATHBUCTCKUX O0BEKTOB OT MACC CIIYTHUKOB: U
H.3., 1 9.7. BCTPEYIAIOTCA B rJBOIt/'IHbIX CUCTEMaAX KaK C MaCCUBHBIMU, TaK U C MaJIOMAaCCUBHbIMU CITyT-
nukamu. Cutyarus B JaHHOM C/lydae MoJ00HAa TOi, KOTOpas MMeeT MeCTO B KJIACCHYECKUX TBOWHBIX
3BE3/HBIX CHUCTeMax, rje HabJogaorcs jobbe kombunanun kominorerTos [20]. [Toguepkuem, uro u3-
MepEeHHBIE MACChl PEHTTeHOBCKUX ¥ PaJMOIY/IhCapoB (H.3.) He MpeBbImaiorT 3Mg — TeOpermdecKoro
BEPXHEro mpejesa Mace H.3., npeiackassiBaemoro OTO Ditamrreiina. B To ke Bpemst v onue u3 15 mac-
CUBHBIX (Mg > 3Mg) KOMIAKTHBIX PEHTTEHOBCKUX MCTOYHUKOB B JIBOWHBIX CHCTeMaX (KAHIMIATOB B
LIﬂ) HE dBJIACTCA HU PEHTTE€HOBCKUM ITIYJIHCAPOM, HU PEHTTECHOBCKUM 6apCTep0M l-I‘O TUIIa, TaKZKe B
corytacuu ¢ npejackazanuem OTO.

Hosble garmbie TOATBEPKIAIOT BBIBOL O OMMOJAILHOM PACIPEIEIEHIN MacC PEISITUBUCTCKUX 00b-
ekToB [2, 19]. Maccer 19 H.3. 3ak/I0U€HBI B y3KOM mHTepBase myg.3. = (1 — 2) Mg, cpeanee 3nadenue
maccel 1.3, <my 3. >= (1.35 + 0.15) M. Cpeanss macca H.3.-PaJuOIyIbCAPOB B XOPOIIO W3Y4YEHHBIX
nBoiiHbIX cucTemax pasHa (1.35+0.04) M, [14]. B pa6ore [21] Ha ocHOBe HOBBIX CIIEKTPAJIBHBIX HAOJIIO-
JEeHUN TTOATBEP2KACHO CPABHUTEIHBHO BHICOKOE 3HAYEHNE MACChI H.3. B PEHTI€HOBCKOW ABOWHONI cucreme
Vela X-1: my.3, = (1.86£0.16) M, 9T0 nMeeT BaxKHOE 3HAYEHE JIJIs yTOTHEHUS YPABHEHUS COCTOSHUST
BermecTBa H.3. OgHAKO Hake 9T0, HamboIee BHICOKOE 3HAUEHUE My 3., HE BRIXOIUT 3a mpemenbl 2M .

Maccer 15 9.1, B IBOMHBIX CHCTeMax JleXKaT B MpeJenax me, y, = (4 — 16) Mg . Cpenmee 3naveHme
MACCHI 9.7 PaBHO < My . >= (8 — 10) My . B unrepsane macc my, = (2 —4) Mg B 1BOMHBIX cHCTEMAX
He HaOJTI0IAI0TCA HU H.3., HA 9.7, DTOT MIPOBAJ B PACIPEIETEHUN MACC 11, PEJATHBUCTCKUX O0OHEKTOB,
[O-BUIMMOMY, HE MOXKeT ObITh CBsi3aH ¢ adekramu HabaogaTe bHOl cenekuuu [4, 12, 19].

Paccvorpum Bo3mokHBIE 3DdEKThI HADTIOJATEIHBHON CEJIEKITNI, KOTOPbIe MOTYT MPUBOIUTH K BU-
IUMOMY OUMOAIBHOMY PACHpPEIeeHUI0O MACC PEISITUBUCTCKUX OOBEKTOB B JIBOWHBIX CHCTEMAX, XOTS
B JIEICTBUTEILHOCTH PACIpeieieHe MacC H.3. U 9./I. MOXKET ObITh HEelPEepPbIBHBIM.
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[TapameTpbl IBOMHBIX CUCTEM C YEPHBIMHU JIbIPAMU

Cucrema CrekTp Py, fuo(m)/Mg me /Mg my /Mg Vpec, TIpum.
onruy. 38. cyT KM/C

Cyg X-1 0 9.7 Iab 5.6 0.24 £0.01 16 £5 33+9 24+£1.2 cTat,.

V 1357 Cyg

LMC X-3 B3 Ve 1.7 23+£03 9+2 62 - cTat,.

LMC X-1 O (7-9) II 4.2 0.14 £ 0.05 T3 22+4 - CTall.

A0 620-00 K5V 0.3 2.91 £0.08 10+5 0.6 £0.1 —15%5 TpaH3.

(V616 Mon)

GS 2023+338 KO0 IV 6.5 6.08 = 0.06 12+ 2 0.7£0.1 8.5+£2.2 TpaH3.

(V404 Cyg)

GRS 1124-68 K2V 0.4 3.01 +£0.15 6 (+5, -2) 0.8£0.1 26 £5 TpaH3.

(GU Mus)

GS 2000425 K5V 0.3 4.97 £0.10 10+4 0.5£0.1 - TpaHs3.

(QZ Vul)

GRO J0422+32 M2V 0.2 1.13 £0.09 10+5 0.4+0.1 - TpaH3.

(V518 Per)

GRO J1655—40 F5 IV 2.6 2.73 £0.09 71 2.5£0.8 —114+19 Tpams.

(XN Sco 1994)

H 1705-250 K5V 0.5 4.86 £0.13 61 0.4+0.1 38 + 20 TpaH3.

(V2107 Oph)

4U 154347 A2V 1.1 0.22 £ 0.02 525 ~ 2.5 - TpaH3.

(HL Lup)

GRS 100945 (K6-M0)V 0.3 3.17+£0.12 3.6-4.7 0.5-0.7 - TpaH3.

(MM Vel)

SAX J1819.3-2525 B9 III 2.8 2.74 £0.12 9.61 6.53 - TpaH3.

(V4641 Sgr) (+2.08,-0.88)  (+1.6,-1.03)

XTE 1118+-480 (K7-M0)V  0.17 6.1£0.3 6.0-7.7 0.09-0.5 - TpaH3.

GRS 1915+105 (K-M)III 33.5 9.5£3.0 14+4 1.24+0.2 - TpaH3.

m? sin® i

IIpumeuanue. 3aech P,., — opburanbublii nepuon, f,(m) =

———— — bynKuua Macc onTuueckoi
(mg +my)

3BE3IBI, My, My — MACCH PEIATHBACTCKOTO OOBEKTa N ONTHIECKON 3BE3/bI COOTBETCTBEHHO, Vper — MEKy-
JdpHad JiydeBas CKOPOCTb IEHTPa MAacCC JBOMHON CUCTEMBI

. Pacman gBoiinoil cucrempl B Iuama3zoHe MacC PEISATUBUCTCKUX 00HEKTOB My, = (2 — 4) Mg, 0by-
CJIOBJIEHHBIIT cOpocOM GoJtee TIOJIOBIHHBI CyMMapHON MAaCChI BCJIEICTBHE B3PbIBa, CBEPXHOBOM |[4].
Takoit pacra Haubo/iee BEPOATEH JIIst JBOMHBIX CHCTEM, COIEPKAIINX HAUMEHee MACCUBHBIE pe-
JIATUBUCTCKNE OOBEKTHI, T.e. H.3., YTO HE COIJIACYEeTCA C HADIIOMEHUSIMN: NMEETCAd MHOIO MaJjIo-
MaCCHUBHBIX PEHTTEHOBCKHUX JIBOMHBIX CHCTEM C H.3., IPUYEM CPeI PEHTTEHOBCKUX HOBBIX JIOJIST
JIBOMHBIX cuCTeM ¢ H.3. cocrasiser okono 30 % [3].

. HarpeB u crabuamsanusi akKPeMOHHOI'O JIUCKA B JIBOMHOI CUCTEME DEHTI'€HOBCKHUM U3JIydeHHeM
[EHTPATIHLHOTO PEITHBUCTCKOTNO 0O0bekTa. [Ipeanonaraercs 13|, aro m3-3a sroro scddexra B 1ua-
[a30He MaCC PEJISITUBUCTCKUX 0OBEKTOB My = (2 — 4) Mg Bce PEHTTreHOBCKHE HOBble HAXOZSATCSI
[IOCTOAHHO B aKTUBHOM COCTOAHUU U UMEIOT APKHEe aKKPEeIMOHHbIE JUCKH, YTO He II03BOJIAeT YBU-
JleTh JIUHWUW B CIEKTPe CIIyTHUKA U U3MEPHUTH MAcCCy PeISTUBUCTCKOro o0bekTa. Ho ycroBus njis
IPOTpeBa aKKPENUOHHOI'O JUCKa Hambosee OJArompHATHEI B CIydae aKKpenupylomeit H.3. B To
JKe BpeMsl Cpejii PeHTIreHoBCKuX HOBbIX 30 % cucreM cojepzKar H.3.

. CuiibHas moTepss MacChbl B BUE 3BE3JHOIr0 Berpa 3Be3zaMu WR B ABOMHBIX cucremax, Ipejiie-
CTBEHHWKAX H.3. U 4.1, [22]. DT0 MOXKeT IpUBOAUTH K TOMY, UTO B JBONHBIX CHCTEMAaX 00pa3yITCs
TOJIBKO H.3., & 4.j1. He obpa3syiorcs. Kak ormevasiocs B paborax [2, 3], ¢ yuerom K/Ja04KOBaTOCTH
BeTpa 3Be37 WR MBI TOIKHBI YMEHBIIUTL TEMIT TOTepU Macchl 3Be3gamu WR B HeCKOTbKO pa3,
moaTomy dddexT paguasibHOil moTrepu macchl 3Be310it WR e momken cuiabHO Memrarh 006pa3o-
BaHUIO Y.7[. B JIBOWHBIX CHCTEMaX.

4. B mporecce akKKperuu BeIIeCTBa H.3. W 9.J. B JBOMHBIX CHCTEMAX HAPAIIUBAIOT MACCY, IIOITOMY
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Puc. 1. BaBucumocth Macc my, H.3. (KDY’KKH U KPECTHK) U 4.J. (TPEYrONbHUKYM W KBAJPATHKN) OT MAaCC CITyT-
HWUKOB M, B TecHbIX JBOiHbIX cucremax (TIC). TeMHBbIE KPYKKH COOTBETCTBYIOT DaJMOIYJILCAPAM, CBETJIbIE
KPY?KKH — DPEHTT€HOBCKHUM IIyJbCapaM, KPeCTuK — H.3. B penrrenoBckoit HoBoit XTE J2132-058. Temunte kBa-
JIPATHKA COOTBETCTBYIOT 4.J. B DEHTI€HOBCKUX HOBBIX, CBETJIbIE TPEYTrOIbHUKH — 9.[. B KBA3HCTAIMOHAPHBIX
PEHTTEHOBCKUX ABOHHBIX cucTeMax ¢ O-B KoMnonenTamu

MX MACChl MOI'yT CHCTEMATHYECKN OTJNYATHCS OT MacC OJMHOYHBLIX H.3. U 4.J. Kak nokazaHo B
pabore [3], aToT 3dpderT TakKe HECYIIECTBEHEH, B YACTHOCTH MOTOMY, 9TO GOIBIINHCTBO CITY THI-
KOB B JIBOMHBIX CUCTEMAX — PEHTI€HOBCKUX HOBBIX SABJAIOTCH MajiomaccuBHbiMu K-M-3Be31aMn
[JIABHO# MOCEI0BATEIbHOCTH, KOTOPhIE HE MOTYT 0DECIeYnuTh 3HAMUTE/NbHBI TPUPOCT MACCHI
AKKPEIUPYIONIUX PEIATUBUCTCKIX O0HEKTOB.

Taxum obpazom, TpyaHO TPUIyMaTh 3pdexT Hab/IogaTeIbHON CeMeKIIn, KOTOPBIH Obl TaK HEMO-
HOTOHHO 3aBUCE/I OT MACChI PEIITUBUCTCKOTO 00bEKTA 1 0becrednBa HabJII0IaeMblil ITPOBAJI B pacipe-
JleJIEHIU MacC PeJIITUBUCTCKUX 00beKTOB B nuanasone (2 — 4) M. Ecrb Bce ocHOBaHMsI cunuTarh 310T
MPOBAJI PeabHBIM: 110 KaKOH-TO T/IyDOKO#l MpuynHe B ABOMHBIX CUCTEMaxX HE POXKIAIOTCS MACCUBHBIE
3. (my.3. > 2Mg) n manomaccusubie 9.1, (My . < 4Mg). C y4eroM n3710KeHHOTO STOT Ke BBIBO/
MOKHO OTHECTU U K OJIUHOYHBIM PEJISATUBUCTCKUM O0bEKTAM.

PACITIPEAEJIEHUE MACC 3BE3/1 WR
n nXx YIVIEPOOJHO-KMNCJIOPOAHBIX AJEP B KOHIIE 9BOJIIOIINN

IIpu cpaBHeRMn Macce H.3. U 9.1 ¢ Maccamu 3Be371 WR HEOOX0IMMO yueCTh pauatbHy o ITOTEPI0 MaCChl

3TUMHU 3Be37aMU B BUJE 3BE3HOIO BeTpa C TEMIIOM M ~ 10~ ® M, /ron. Breppbie yueT moTepm Macchl
auist 38e311 WR B 3aBucnmoctu or macces! 38e3/1p1 My g Obl1 BbiOIHEH B pabore [23]:

m)Zﬁ . (1)

O]

Wcnonab3oBamne 3Toii pOpMYJIbI IPUBOIAUT K N3BECTHOMY 9P (DEKTy CXOMUMOCTH: MPAKTUIECKN He3a-
BUCUMO OT Ha4daIbHON Macchl 38e3/1bl WR u3-3a cuiabHOil norepu maccsl B Buje Berpa macca CO-siapa,

3Be376l WR B KOHITE 9BOJTIONUN MOYYaeTCAd BeChbMa, MaJIoii: M(’;O ~ (2 —4)M; . Ho Torga Kak MOHSTH
cyuiecrBoBanue 4./, ¢ maccamu (10 — 15) My, (cm. tabunuy u puc. 1)7
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[maBuplit mcrounnk wHMOpPMAIUA O TeMIax morepu Macchl 3Be3mamu WR My r — mabmogenns
ITOTOKOB pajuon3ydenus oT Hux. /o mociemuero spemenn Besmauabl My g ONPEeIsIUCE TI0 HADIIO-
JTaeMbIM PAJIMONOTOKAM B MOJIEIM HEIMPEPBIBHOTO 3BE3/IHOTO BETPA, UCTEKAIOIIEro Ha OOIBIINX PACCTO-
sSTHUSIX OT 3Be3706I WR ¢ MOCTOSTHHOM CKOPOCTHIO.

B paborax |24, 25| 6bL1a BBISIBIEHA KJIOYKOBATOCTDH 3Be3aH0r0 Berpa 38e31 WR. Ecth ocnoBanus
nosararh, 4ro 10 80 % semecrsa 3se3aHoro Berpa WR cocronr usz komnakrabix (1 < 0.1Rg) mioTHbIX

(CKaYOK MJIOTHOCTH épﬂ ~ 10 = 100) obsrakoB raza, ygacrByroumx B obmem asrxkennn serpa WR [26].

Kaxk ormeueHo B [26], HOCKOIbKY HHTEHCHBHOCTH TEIJIOBOrO pajauonsiydenus: Berpa WR kBaaparuano
3aBUCHUT OT IJIOTHOCTHU, UHTEPIIPETAIs PAIMOHA0I0/IeHnii KaoukoBaToro Berpa WR, B Mozenin wempe-
PBIBHOTO BeTpa MPUBOJUT K 3aBBIIEHUIO BeauduH My p B HECKOJIBKO pa3, Mo3TOMY BeauduHbl My p
[TOJ2KHBI OBITH MEPECMOTPEHBI B CTOPOHY 00jIee HU3KUX 3HAYCHUI.

B pabore [4] ¢ yuerom adpdexra kiaoukoBaroctu Berpa 38e31 WR, KOTOPbIil 103BO/ISET YMEHBIIUTH

Besinannbl My p TpuMepHO B 3 pasa, BeumcaeHb! (punagbubie Macchl 38e31 WR u ux CO-gznep. Ilpu
9TOM HCIIOJIH30BaIACh IMIIMPUYECKas 3aBUCUMOCTh

Myp=KM%p, (2)

MOJTyUeHHAsT U3 aHAIN3a HOJISIPU3AIMOHHBIX HAOJIIOJEHU OKOJIO JecaTKa JBoiHbIX cucrem WRAO
rpynnoii Moddara [27]. Coruacuo [27] B dopmyne (2) o = 1 + 2, npuuem o = 1 Gosiee npesio-
ururebHo. Permas nuddepenimanbioe ypaBHeHue 2 Ay ciydaeB & = 1 u a« = 2, ¢ yMEHbIIEHHBIM
BBuay ksioukoBaroctu Berpa WR kosdpdummentom K, mosydaem 3aBucuMocTh Macchl 38e3161 WR, or
BpEMEeHH:

My r(t) = Miygexp(=7-10"" - 1), a=1,

i
My gr(t) = WR =2
wr(t) T35 710500, ¢ a=2,

rie My, p — Hauanphas Macca 383161 WR (B M),
Hasee, ncmosb3ysi anmpoKCUMAIMOHHOe Bhipazkerue i Maccel CO-siapa 28]

M 1.2
~ 0.45 ( WR)

Mg Mg,

1 BbIpaXkKeHue il BpeMenu spostoiun 38e3161 WR [4]

1.74 - 106
T = ———— Jer,
Mwr
Mg

MOKHO C IIOMOIIBI0 UTEPAIMOHHOI [POIELyPbl BEIYUCIUTE (DUHAIBHBIE MACCHl HAO/IIOJAEMBIX 3BE3]L
WR u ux CO-si7ep B KOHIIe SBOJIIONUH, HEIOCPEJICTBEHHO [epe] KOIIANCoM U (hOPMUPOBAHUEM DeJs-
THBUCTCKOrO 0ObexTa [4].

Pesynbrarer pacderoB punanbubix macc CO-sgep M(’;O mg 23 38e3q WR ¢ n3BecTHRIME MaccaMu

(mst corydaeB o = 1w o = 2) |4] mpuBenens! Ha puc. 2. 371eCh JaHbI PACIpeIe/IeHUs Mace M(’;O 7 Mace
M, 34 peaaTUBUCTCKUX 0OHEKTOB.

Busno, aro B mHammewm ciygae me Habsogaerca 3 derTa cXoauMocTu: Beanannabl M, (J,:O pacrpeeeHbl
HEIIPEPBIBHO U B IIMPOKOM HHTEPBAJe M(J,:O = (1 —2)Mg + (20 — 44) M), oxBarbIBaOLIEM JIMANIA30H
Mace peasTUBUCTCKUX 00bekToB My = (1 — 16) My, Ilposasibl B pacupeeneHusix Méo JLIs OOJIBIINX

BHAYEHMIT Méo > 12M;, cBszanbl ¢ MajibiM 4uc/ioM HaOsogaembix 38e31 WR B nnrepnasie 6osbImx
MAacc.
Cpeausist Macca <M£‘0 >=T74Mg ng a =2 un < M(’;O >= 10.3Ms nna a = 1. Cpenusasa macca
CO-spa <M£‘0 >= (7.4 + 10.3) M, 6mmu3ka k cpegmeit Macce 4.7, < My >= (8 — 10) M.
CyMmMmupyeMm JaHHBIE 10 MaccaM pengaTuBucTckux 00bekToB u CO-saaep 38e31 WR B KoHIE 3BOJTIO-
UK.
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a+ o2 Mo

l l l 1 l l l l l 1 l 1 l l l l l
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 Mo

l l l 1 l l l l l 1 l 1 1 l l l l
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 Mo

2 + a=1 Mg,

l l l l 1 l l l l 1 - 1 l - l l l
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 Mo

Puc. 2. T'ucrorpamMmmbl pacrpenenennss KOHEIHBIX MACC yTIIEPOIHO-KACIOPOIHBIX AIEP M(,j:o nia 23 3se31 WR
C U3BeCTHbIMU Maccamu (HUKHUI rpaduK COOTBETCTBYeT Ciydalo o = 1 B ypaBHEHUHU 2, BEDXHUIl — CJLydalo
a = 2). B cepeaune nokazana rucrorpamma pacupejesnenus Mace M, nns 34 pensruucrckux obbexros B TIIC.
Boicokuii nuk B guanasone (1 —2)Mg coorsercrByer u.3. Pacupenenenus M, (J;O HETPEPBIBHBI, & PaCITpe/IeIeHne
M, 6uMozaIbHO ¢ MPOBAJIOM B 00JacTH 3HadeHuit macc M, = (2 — 4)Mg

e Macchl peaTUBUCTCKUX 00BEKTOB:
M, = (1-16)M; (34 obbekra).

Pacmpenenenne macc M, 6uMomaIbHO.
Maccer CO-sep 3e3n WR:

Ml,=(1—-2)My — (20 —44)My, (23 oGbexTa).

Pacmpenenenne macc M(fjo HENPEPHIBHO.

e Maccel H.3.:

My, = (1-2)M; (19 o6bekToB).
e Macchr ..

My . = (4-16)My (15 06beKTOB).
o Cpeausis macca H.3.:

<My, >= (1.35+0.15) Mg (19 o6bekTOoR).
o Cpemmss Macca 9...:

<My, . >= (8 —10) Mg (15 06bekToB).

e Cpenuss macca CO-auep 3se3n WR:
<M, >= (7.4 —10.3) M, (23 06bexTa).
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B wmmuTepBase Macc pensaTuBHCTCKHX 00beKTOB My = (2 — 4)Me B IBOMHBIX CHCTEMAaX HMeEeTCS
MpPOBAJI B pacipejesieHun Macc My, KOTODPBIi, MO-BUAUMOMY, HE MOXKET OBITh CBA3aH C dpderTamu
HaAOII0IaTeILHON CeTeKIINH.

Henasuo g1 18 XOpOIo m3y4ueHHBIX BCIBINIEK CBEPXHOBBIX Tumna I be, mo-BuauMoMy, CBSI3aHHBIX
¢ kosarcamu saep 3se3s WR, 3amo03peHo Bo3mokHOe OUMOAIbHOE PacIpejesieHne 10 CBETUMO-
cram B MakcumyMe [29]|. Cpennss abcomroTHasi 3Be3/HAsT BEJIMYUHA B TOJTYOBIX JIydaX B MaKCHMYyMe
6ecka cocrapnasier Mp = —17.61™ st HOpMaIbHBIX CBEPXHOBBIX THNa | be (mo 13 ¢BepxHOBBIM) U
Mp = —20.26™ 1 IpKUX CBEPXHOBBIX 3TOr0 THUMA (M0 5 ¢BepXHOBBIM). TakmM 06pa3oM, CBETUMOCTH
B MaKCUMyMe JIjisi HOPMaJIbHBIX U APKUX CBepxHOBBIX Tuiia | bc — pesynbraros kosiarncos CO-simep
3Be3 WR, paziuuarorcg Ha TOpSI0K BeJuduHbl. KCaum 3TOT pe3y/brar MOATBEpAUTCS Ha OOJbIIeM
HabJII0IATEIbHOM MaTepuaJie, MOXKHO OyZeT yTBEPXKIAThb, YTO HE TOJHKO KOHEYHBIE MPOMYKTHI KOJI-
nmarca CO-saaep 3se3n WR umeror 6umonaibHOe pacipe/esenne, HO Tak:Ke DUMO/IAIbHA U SHEPIETUKA,
COIMYTCTBYIOIIUX UM BCIBIIIEK CBEPXHOBDBIX.

SAKJIOYEHUE
Hab.roaemoe pacnpeenenne Mace PeIsaTUBUCTCKUX 00bekToB Oumomanbuo (My sz, = (1 — 2)Mg,
My.n, = (4 — 16)Mg), HECMOTpPsI Ha TO, YTO pacipejeneHne Macc ux npoussouresein — CO-amep

3Be37; WR B KOHIIE 9BOJIIOIAN HEIPEPHIBHO (Méo = (1 —2)Mg — (20 — 44)M,)). Pacupegenenue cae-
TUMOCTEIl B MaKCUMyMe Jjis CBEpXHOBBIX Tuma | be, cea3zanubix ¢ kosgamcom CO-amep 38e3n WR B
KOHIIE 9BOJIIOIMH, TAKXKe MOXKeT ObITh 3a10/03peHo kak oumomanbuoe (Mp = —17.61™ mua HopMasib-
HBIX CBepxHOBBIX Tuma [ bc 1 Mp = —20.26™ st IpKUX CBEPXHOBBIX 3TOTO Tuma). Takoe pasamdane
pacrpemgeeHnii MacCc W SHEPreTUKM BCIBIIIEK CBEPXHOBBIX THUIMA | bc gaeT OCHOBaHWMS MPEINOIararh,
YTO HE TOJHKO MAaCCa MPEJIIECTBEHHUKA OMPEIEIsIeT TPUPOAY C(HOPMUPOBABIIETOCS PEIITUBUCTCKOTO
obbekTa (HEHTPOHHAS 3BE3/1a, YepHAs [bIPA), HO U APYTUE MAPAMETPhI MPEIIECTBEHHUKA — MAIHUTHOE
oJie, BpaIlleHne, CTATUCTUIECKU UCXO, KOJIJIAICa, 00YCIOBIEHHbIN BAUSHUEM PAa3JIMIHBIX HEYCTOWYIU-
Bocreii u T.11. (cM., Hanpumep, [30]).

Db dexTr! Bparenus Ay HeKOTOpbIX 3Be31 WR ObLIn m3MepeHbl B MOC/TIEIHUE TOJIbI 110 IO/ PH-
3alUK U3JIy9eHUs] B SMUCCUOHHBIX JMHUAX (cM., Hanpumep, [31]). Josst GbICTPO Bpalarommxcst 38e3/1
WR cocrasnger 15-20 % [31].

JabHeiinme uceae0BaHus Pa3/Indust PACIpeIeeHnii MacC PEISITHBUCTCKUX 0OBEKTOB U UX MPO-
uzBoguteneit — CO-ganep 3Be31 WR B 1BOIHBIX crcTeMax MpeCTABIAIOTCA BECHMA MEPCIEKTUBHBIMMI.
Jltst sTOro TpedbyroTCd MHTEeHCUBHBIE HAOJIIOMEHNS KaK PEIsTHBACTCKUX 00beKTOB, Tak u 3Be31 WR B
IOBOMHBIX CHUCTEMAX.

B pabotre [32] caenan KadecTBEHHBIN BBIBOJI O TOM, UTO MPOBAJ B DACIPEIETEHUN MACC PeIATH-
BUCTCKUX 00beKkTOB B 0bstact My = (2 — 4) Mg Moxker ObITh 00'bsICHEH, €C/IN IPE/IIOIO0KNUTE MATKOe
yPaBHEHUE COCTOSIHWS BEIIECTBA H.3. (BEpXHHUIl Tpeses Macchl H.3. 0Kono 1.5Mg) u yuects neiicTBue
MarHUTOPOTALMOHHOIO MexaHn3Ma [33], KOTOpblil pu ONpe/eJIeHHbIX YCIOBUSIX MPeNsTCTByeT obpar-
HOMY TIQJIEHUIO YaCTU COPOIIIEHHOI 000/ I0UKY CBEPXHOBOM HA C(OOPMUPOBABIITYIOCS B MIPOIIECCE KOJIIAIl-
ca OBICTPO BPAIIAOILYOCS, CHUJILHO HaMarHMYeHHyIO H.3. B pabore [34] ormeueno, 4ro GumMopaibHOe
pacrpeiesieHie MAacC PEeIITUBUCTCKUX OOBLEKTOB MOYKET ObITh O00bsICHEHO, €C/U MPENOJIOKUTh CTY-
IeH49aTYyIO @yHKI_[I/IIO JJId 3aBUCUMOCTHU SHEPTUHN B3PbIBa CBerHOBOﬁ OT MaCChI HpeﬂCBerHOBOI‘/JI Mprog:
E =25-10" Ik anst Mp,og < 23Mg u E =0 1151 Mprog > 23Mo.

B pabore [6] obocHoBana rumoresa o ToM, 4rTo KosLIanchl sgaep 3se3q WR, smiieHHBIX BOZOPOJ-
HBIX 000JI0YEK, MOTYT ObITh UCTOYHUKAMU KOCMUYECKUX TaMMa-BCILJIECKOB, MMOCKOJIBKY CPEIHSS Macca
CO-gampa 3Be3ger WR B KoHIle 3BOTIONNH < Méo >= (7.4 + 10.3) My 6nu3ka K cpejHeii Macce 9.]I.
<My, 5. >= (8 —10) M), u c1e10BaTeNBHO, B CPEIHEM MaJjia Macca COPOIIEHHO 000JI0UKH CBEPXHOBOIL
tura [ be. D10 no3BOMISIET TAMMa-U3/IY 9eHUT0, POKIAIOMIEMYCS B PE3Y/IbTATE PA3IUIHBIX HEYCTOWINBO-
creit, Bozuukarommx npu kojance CO-ganpa uin mpu GOpMUPOBAHUN JPKeTa B JUCKe, Oojiee cBOOOIHO
MTOKUIATH 0DOIOUKY CBEPXHOBOM U OBITH HADJIIOZAEMBIM 0 CPABHEHUIO C OOBIYHBIMYI MAaCCUBHBIMY 3BE3-
JamMu, 06/1aTAI0NUMU MOIIHBIMUA BOJOPOIHBIMU 000 I0UKAMU.
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