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[MpuBenen  kparkwit  0630p cocrosinust npobiembl  ¢usuku  Be-3Be3n.  CoBpemenHbie
naTepdepoMerprdeckue HAOIIOIEHUS TO3BOJSIOT U3MEPSTh Pa3Mephbl 3BE3IHBIX JUCKOB y B- m
Be-3Be3n n ux medopmaluio, BHI3BAHHYIO OBICTPBIM BpalmeHneM. KpaTKo pacCMOTPEHBI BOIPOCHI
cBsi3u OBICTPOrO BpaleHus u Be-denoMena. AHATIU3UDPYIOTCS TaK¥Ke JIOMOJHUTEIbHBIE (haKTOPHI,
CBsI3aHHBIE C AKTUBHOCTHIO Be-3Be3/1, a MMEHHO — HepaIuaJIbHbIe KOJIeDAHUS U MATHUTHBIE TOJIs.
Bosiee nerajbHO OMUCAHBI PA3JIUYHBIE TUMBI MACCHBHBIX IBOMHBIX CHUCTEM C Be-KOMIOHEHTOM,
TaKWe KaK KJACCHYECKUE AJIPOJHU, CEPIEHTHUIbI, CACTEMbI C PEHTPEHOBCKUMH ITyJbCAPDAMEH U
roryOeiMu cyOkapmkamu. PaccMorpen Bompoc 00 9BOIOIUOHHOM cTaryce Be-3Be3n.

BBEJEHUE

Be-3Be3/1b1 OTHOCATCH K HOPMAJIHHBIM KAaPJIMKAM WJIA THTAHTAM CIIEKTPAJIbHOrO Kiacca B, B criekTpax KOTOPBIX
HaOJTIOAETCST WU KOTIa-Iu00 HAOJII0IAIACh SMUCCHS B JIMHUAX 0AIbMEPOBCKOM CEPUHU BOJOPO/IA WU XOTs ObI
B OIHOI m3 Hux, oObraHo 310 juHus H,. WHorma, wamie y Be-3Be3s paHHMX CIEKTPAJIbHBIX THUIIOB, SMUCCHS
TakKe npucyrcreyer B uHuaX He I u nonusupoBanubx metasuios. Ilepsas Be-3Be3ga v Cas Obuta oOHADYKEHA
23 asrycra 1866 r. maape Auxeno Ceuun (Angelo Secchi), nupekropom Pumckoit Kosternu [45].

Crpyse [49] nmepBbiM cBsizasn dbopMupoBaHue SMUCCHE Yy Be-3Be37 ¢ mpoTsiKeHHON 060JI0UKOl, B KOTOPOi
ra3 MOHUBUPYETCs yIbTpaduoeToBbIM u3rydenneM 3Be3/bl. O0baHO 06071049Ka Be-3Be3nbl paccmarpuBaiach
B BHIE TOHKOIO 3KBaTopuajabHOro ancka. CoBpeMeHHbIe HHTepdepoMeTpuyueckne HabOIoneHs psaga Be-3se3
noarBepxkaaor sty runoredy [40, 52]. B nacrosiee Bpems Be-3Be3ibl peACTaBISIOTCH HOPMAJIbHBIMU
B-3Be3mamu ¢ BhIIe cpeHeil CKOPOCTHIO BPAIEHU S , KOTOPBIE, BCIEICTBUE TIOKA €IIe He /10 KOHIA SCHBIX TPUYHH,
WHKEKTUPYIOT BEIIeCTBO 3BE3/bl B TOHKHIl, OTHOCUTEJIbHO IJIOTHBIA W XOJIOAHBIA, C HU3KUMH CKOPOCTSIMU
PaIuabHBIX ABUKEHUH 9KBATOPUAJIBHBIN aucK. 3Iydenne o aucka HAOIIOMAAETCS HE TOJBKO B SMUCCHOHHBIX
JINHAUSX, HO U MPOSBJISIETCS B BHIE WH(PPAKPACHOTO M30BITKA U COOCTBEHHON TMHEHHON MOISIPU3AIIH 00HEKTOB.

Kpome oTHOCHTENIBHO XOJIODHOTO Ta30BOTO [MCKA, B MOJSAPHBIX obOsacTax Be-3Be3m mnpucyTcTByer
YCKOPSIeMBbIil H3JTy 9eHUEM, BBICOKOCKOPOCTHOMN 3BE3/HBIN BeTE€p HU3KOH MJIOTHOCTH U BBICOKOH Temieparypbl. OH
nposiBjsgercs B Buae mupokux npoduieit P Cyg yabrpadnoaeToBbix pe30HAHCHBIX JIMHUN 3JIEMEHTOB BBICOKO
crenenn nonusarun (I1I1-V).

BPAIIIEHUE Be-3BE3/]

HawuBaxkwueitmeii xapakrepuctuxoit Be-3Be311 siBjisgercss ux OBICTPOE BpPAIEHUE, HACTOIBKO 3HAYUTEIHHOE, KaK
HU y KAKOTO MHOI'O KJIACCA HEBBIPOXKIEHHBIX 3Be37. Kak TOJIbKO 3TO CTAJI0 NOHATHO, BO3HUKJIA TUIIOTE3d, UTO
X 9KBATOPHUAJIbHAS CKOPOCTh MOXKET OBITH JOCTATOYHO OJIM3KA K KPUTUYIECKOU CKOPOCTHU BPAIIEHWS, TAK UTO
dborocdepsr Be-3Be3n ucrekator B auck [49]. HeiicrBuresbHo, Be-3Be3ubl, B cpennem, Bpamaiorcs Obicrpee,
geMm B-3Be311br TOrO K€ CIeKTPabHOrO KJIAacCa, OJHAKO CUMTAETCS, 9TO CKOPOCTH WX BPAIIEHUs, TEM HE MEHee,
CYIIECTBEHHO HE JIOCTUTAIOT KpUTW4IecKoro 3uadenus. 1lo pasubim omenkam, onu cocrasssaior 0.70—-0.88 or
kpurndaeckoit [10, 19].

Ecnu Bparmenne meficTBUTEIbHO HIPAET KJIOYEBYIO POIb B (popMmupoBannn Be-dpeHomeHa, TO, BEPOSITHO,
OHO TPEXKJE BCEro yMeHbITaeT 3(MMEKTUBHYIO CHIy TSKECTH HA IKBATOPE, UTO W IMO3BOJISET aTMocdepe
3BE3/Ibl YACTUIHO YyXOAUTh B nuck. OQHAKO, /Ui TOrO, 9TOOBI MPOUCXOMIO UCTEYEHUE CO CKOPOCTSMU MEHbIIe
3BYKOBBIX, BPAIIEHUE JTOJI?KHO OBITH HAMHOTO OJIMKE K KPUTHIECKO BeJIMdnHe, & UMEeHHO, 0.95 OT KpUTHYIECKOro
3navenusd [37].

Bompoc o Benmuumue OaM30CTH CKOpPOCTeH BpaleHusi Be-3Be37 K KPUTHYECKON OCTAETCS OTKPBITHIM,
TaK KaK BCJIEJCTBUAE 3HAYNUTESHHOU jedopMaliuu 3Be3/bl BO3HHKAET TeMIIEPATYPHBIN IPaJMeHT, KOTOPBIH, C
OJIHOI CTOPOHBI, MACKUPYET peajbHOe MOJIOXKEeHne 3Be31bl HA Auarpamme [epmmmpyrra—Peccesna, a ¢ apyroii,
[IPUMEHsIEMbIN MeTO/[ OIpee/IeHrsi CKOPOCTH BPAIIEHUs 3BE3[ IO MOJIYIIMPUHAM CIEeKTPAJIbHBIX JIMHUA MAJIO
WJIM BOBCE He YyBCTBHUTEJIEH IIPU OIPEIEJIeHNH CKopocTeii Gosee 0.7 0T KpUTHYECKOro 3HadeHust [53].
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OrHOoCcuTEIbHAA YaCTOTa, BCTpedaeMOCcTH Be-3Be3nm B iockocTé [ajakTwkW, B 3aBUCUMOCTHA  OT
CIEKTPAJIBHOIO KJIACCA, MOCTEIIEHHO yBEIUYMBAETCA, HAYUHAS OT CHeKTpaibHbiXx kiaaccoB O8—09, mocruras
MaKCHMaJIbLHOTO 3HadeHus B 15% mms Bl, m 3aTeM TUIaBHO CIagaer, MPOCTHPAACH BILIOTH J0 CHEKTPAIbHBIX
kiacco B8 —B9 [57]. UcciienoBanue ckopocreii Bpaiuenus Be-3Be3.1 yKa3biBaer Ha TO, 4TO 3B€3/1bl DOJIEE MO3AHUX
CIEKTPAJIBHBIX KJIACCOB TOKA3BIBAIOT, B CPEIHEM, CKOPOCTH CYIIECTBEHHO Oojiee OM3Kne K KPUTHIECKUM,
gem paname B-3Be3npl. O6Ge 3TM 3aBUCHMOCTH, B PACIPEIEJEHHN 9YacTOThl BCTpedaeMocTd Be-3Be3n u
WX OTHOCUTEbHBIX CKOPOCTEH BpAIIEHWs, MOXKHO OObICHUTH MEXaHU3MOM YCKODEHHs 3BE3JHOIO BETPA
ynbTpadUOIETOBBIM HU3IydeHneM OT 3Be3Anl. JleiicTBurenbHO, BeTrep y 3Be3nm, Oomee paHHmx dYem Bl,
CYIIIECTBEHHO BBIIIE U JOCTATOYHO 3(DGHEKTUBHO PA3PYIIIaeT OTHOCUTEIBHO XOJIOIHBIN JUCK. B TO ke Bpemst, 11
3Be3, Obosee mo3auux dem Bl, pagmyc monm3amuu H I mocremenso cokparmaercs, u i HeOOXOIUMOM moTepu
MaCChI 3BE3/I0i OHA JOJIZKHA, BPAIIATHCS CO CKOPOCTHIO, Oosiee OM3KOM K KpUTrieckoii. Takux 00bEeKTOB MAJIO,
YTO U ONpeJieisieT OCTENeHHbIN CIIa| OTHOCUTENLHOro cojepxKanus Be-3ses [5].

3MepeHHBIE CKOPOCTH BpAIleHHst OTAENbHBIX Be-3Be3s mocturaior 3nadennit B 450 KM/c, 9TO MPUBOIUT
kK mepuogam ux sparienus or 0.6 mgusa. CoBpemennbie maTepdepomerpuydeckue nabionenus B- u Be-3Be3n
MO3BOJISIIOT ONPEETIATh HPOpMY 0ObEeKTOB, AeDOPMUPOBAHHBIX OBICTPHIM BpalieHneM. Tak B paforax [6, 14, 32]
[IOJIy Y€HbI (POPMBI JIMCKOB JIJIsi K3BECTHLIX ObICcTpoBpaliaomuxcs B- u Be-3se3n Anbraupa, o Epunana u Peryaa.

Takum 00pa30M, TOJBKO OBICTPOrO BPAIEHMS, CKOPEE BCEr0, HEIOCTATOYHO [JIsi ITOTEPU MACCHI 3BE3/IO0M.
Hy»#bl q0MOJHATENbHBIE MEXAHU3MbI, [IPUYEM 3TH MEXAHU3MBbI JIOJI2KHBI ObITh HEYCTOWYUBBIMU, T. €. IPUBO/IUTD
K OBICTpOMY, Ha BPEMEHHBIX MHTEpBaJax Juu —Mecsanbl (nepexon u3 B- B Be-dasy), cOpocy masoit gacru
BHEIITHUX CJIOEB 3Be31bl ¥ (DPOPMUPOBATH JUCK BOKPYr 3Be3jbl. OOBIYHO PACCMATPUBACTCS JBA TAKUX
JOTIOJTHATEILHBIX (aKTOpa: HepaanaabHble Kojebamus ¢orocdep B-3Be3m M MarHWUTHBIE TOJA, TIODAILHBIE
U/Wd JIOKAJIbHbIE.

MOJAEJIb JINCKA Be-3BE3/1bl

B wacrositiiee Bpems, OOIIENpU3HAHHON MOEIbI0 (DOPMUDOBAHUS [IHWCKA BOKPYr Be-3Be3npr sBisiercs
mozenb Boeprkmana—Kaccunemu [7]. B mannoil monesu orBercrBeHHbIM 33 (DOPMUPOBAHME JUCKA SABJISETCS
BPAIAIOMINICS 3BE3/THBIMN BeTep OT 3Be3/bl. Tak Kak B ciaydae Be-3Be3s, ycKopeHme BeTpa HAPYXKY MAJO TO
CPAaBHEHWIO C BPAIIEHHEM, BeTep C ODOWMX IOJymapuil 3Be3bl ABUKeTCH K 3kBaropy. llocie mpoxoxkieHus
1/4 opOuTHI 3TH JIBE COCTABIAIONINE BETPA CTAJKUBAIOTCS Ha 9KBAaTOpe. B pe3ysbrare CTOJIKHOBEHNS BO3HUKAET
napa yaapHbix (ponros (Has ¥ 110J SKBATOPOM), U BCJIEJICTBHE IPOLECCOB PAAMATUBHOIO OXJIAXKJICHUS,
dopmupyercss TIOTHBINA, OTHOCHTEIBHO XOJOAHBINA THUCK C TJIOTHOCTHIO peq/ Ppole ~ 100. Takmm obpazom, B
JAHHOM MOjesu (DOPMUPOBAHUE JIUCKA IIPOUCXOIUT HE B PE3YyJIbTaTe UCTEYEHUS BEIECTBA C IKBATOPA 3BE3/Ibl,
a BCJIEJICTBHE TIepepaclipejiejieHue BeTpa IO JOJIT0Te TaK, YTO TJIOTHOCTH BeTpa Ha TMOJIIOce TOHWXKAeTCd U,
HA00OPOT, yBEJIMYNBAETCS HA IKBATOPE.

Pe3ynbraTbl mONISIpUMETPUYECKUX U HHTEP(MEPOMETPUUIECKUX HAOJIIOIEHUN B BUAMMON O00JACTH CIIEKTPA,
YKa3bIBAIOT HA TO, YTO ABHMKeHMsd ra3a B aucke Be-3sespl 6iu3ko K kemseposckomy [40]. Bosee roro, aucku
MIPEICTABJISIOT COOONW He HEKWU BBITAHYTHINA IJIIUIC, KAaK MPEII0JIarajoch paHee, a TOHKHH JIUCK C yTJIOM
pacrBopa Bcero 3°, 94To HAXOAUTCS B XOPOIIIEM COTJIACHU CO IIKAJION BBICOT KEILJIEPOBCKOrO JucKa. CleKTpaibHbe
HaOJTIOIEHNS BHICOKOTO PA3PEIIeHNsi, BBIOJHEHHBIE B pse paboT majis ontudecku Toukux junuii Fe 11, takxe
YKa3bIBAIOT Ha OJIM3KKME K KellJIEPOBCKUM JABHMXKeHMs ra3a B aucke [21, 22].

HEPAJMNAJIBHBIE KOJIEBAHUSA ®OTOCPEP Be-3BE3/]

[Tepemennocts npoduiteit dborocdepubix gunauit 'y Be-3Be37 HAa BPEeMEHHBIX WHTEPBAJIAX B HECKOJBKO YACOB
XOpOLIO WM3BECTHA UM AaKTUBHO u3ydaercs, HaduHas ¢ ux obuapyxkenus [55]. Buaromaps uporpeccy B
TEOPETUYIECKHUX PACUETaX MyJIbCAIMOHHON HEYCTONYMBOCTH Y MaCCUBHBIX TOPSYNX 3Be31 [15], cTamo scHo, 94TO ¥
3Be3]1, MOMAJAIOIINX B TIOJI0CY HecTabuabHocTr 00beKkToB Tuna 3 Cep, HAGIIOAAIOTCA HEPAUATbHBIE TY/ThCAIIUH.
K 3T0it rpynme Tak:ke OTHOCATCS MEIJIEHHO TyJbcupylomue 3Be3abl Tuma 53 Per u Be-3Be3anl, 3anumMarorue
6ostee obmupHYy0 061acTh Ha nuarpamme Leprimmnpynra—Peccena. B ciiyuae Be-3Be3, HepauanbHbie KOTEOAHMST
WM WX HECTaOWJIHLHOCTH BO BPEMEHH MOXKeT ObITh CBsA3aHa C BO3HMKHOBeHumEM Be-denomena. Ha ocuose
pacyeToB I1yJbCAIMOHHON HeycToituuBocTu, B pabore [36] (coBpementnoe cocrosinue npobsemb [54]) mokasano,
9TO HEepa uaJIbHbIE KOJIeOAHNS 3B€3 MOTYT TIEPEHOCUTH YIJIOBOI MOMEHT W3 HEJp 3BE3bI HAPYKY, B OCHOBHOM
B 39KBATOPHAJbHBIE OOJACTH 3Be37bl. TakuM 00pa3oM, HepaguaJbHbIE KOJEe0AaHWS MOTYT CIOCOOCTBOBATH
dopmupoBannio quckoB y Be-3Be3mn.

CoBpeMmeHHbIE CIIEKTpaJbHbIE HADJIIOAEHUs] YKA3bIBAIOT HA TO, 9YTO DBe-3Be3/Ibl MMEOT TeHIEHIUO
MyJIbCUPOBATh HA HU3KUX MOmax ¢ [=m=2. Ilepuogbl Takux MyabCAIWil COCTABJISIOT HECKOJIHKO YACOB U
COMOCTABUMbBI KaK C TEPUOJOM BPAIIEHWsT 3BE3bl, TAaK U C JJIUHON 3€MHBIX CYTOK, YTO BHOCHT 3aMETHbIE
TPYAHOCTH B MPOIECC WX MACHTU(DUKAIMY U UCCIEI0BAHNE HECTAOMIHbHOCTH. UTOOBI 000UTH 9aCTh 3TUX MPODJIEM,
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Puc. 1. VYxnonenus unmusuayaibabix npoduieit muauu Hel A 6678 or cpemmero npoduns s Be-zsesant ¢ Oph B
TedeHre HEeCKOJIbKUX HOYell HernpepbBHBIX HabaomeHuit [29]. [IBuxkymuecst CTpYKTYPHBL 110 IPOMUIIIO IUHUN CBSI3aHbL C
HepaaIuaIbHBIMIA KOJIEOAHWSIMU 3BE3bI Ha, HECKOJIBKIX MOIAX

ObLII BBIIIOJIHEH PsiJi HELIPEPLIBHbIX (B TeueHue Hexesid u DoJiee) CleKTPaibHbIX HAOJIIOAeHN, B TOM YHUCIe U C
yuactuem corpyauukoB KpAO, mis psga Hanbojiee THIUIHBIX MO MYJILCAIIMOHHBIM CBOMCTBAM OOHEKTOB.

Ha puc. 1 npencrasiienbl pe3ysibTaTsl NATPYIbHBIX HADJIOAEHMI /1151 U3BECTHON Be-3Be3/1pI CrieKTpabHOTO
tuma 09.5 111 co 3HaYUTEILHBIMY TI0 AMILIUTY/IE HEPAAUAIbHBIME KoeOanusvu. CIeKTph MOy 9eHbl B 00/1aCTH
suanu HeI A 6678 [29]. Kak BuaHO U3 pucyHKa U aHa/u3a [EPEMEHHOCTU OTJEIbHbIX JeTaJieli npoduiis jJuHuu,
3Be37a HEPAIUATHLHO MYJIbCUPYET, KaK MUHUMYM, ¢ TpeMs nepuogamu 2.02, 3.34 u 2.43 gaca.

Jlpyroit 3Be3moii 3TOl Ke MporpaMMmbl wu3ydenumsa Komebanuit Be-3Be3n, Oburta n3bpaHa aKTUBHAA
Be-3Bezma EW Lac, nMerommas mpOTs>KeHHBIM W IJIOTHBIA mucK. [ljisa mgaHHoro oO0bekTa B TEYEHHE BOCHMHU
CYTOK HENPEPLIBHBIX HAOJIOAEHUI BbLISBJIEHbI HEPaAWajbHbIe Myjbcaiuu ¢ nepuogom 0.6 AHS U MOIOIA,
coorBercTByIOIIEel | = m= 2. Kpome TOT0, 3aperuCcTpupOBaHbI SITU30UYECKIE BEIOPOCHI BEITECTBa, u3 (hoTochepsb
3Be3/1bl, O0JIee TOro, AUCK BOKPYT 3BE3/bI OKA3AJICH B 3HAYUTEIHLHOM CTEIIeHN HEOMHOPOIHBIM, HA YTO YKA3bIBAET
DsiJl TPOXOZK IEHHI YIIJIOTHEHHH B O0OJIOUKE 10 TUCKY 3Be3.bl [18].

MATHUTHBIE ITIOJIA Be-3BE3/]

W3BectHO, 40 HEKOTOPBIE TUIIbI B-3BE311 UMEIOT yropsiioueHHble (AUN0IbHbIE WM KBAPYIIOJIbHBIE) MAIHUTHBIE
mosist. Bragaste mosis Op1n obHapykensb! y 38e310 He-weak u He-strong — 06beKTOB, 1eMOHCTPUPYIOIINX 3aMETHBIE
AHOMAJIMU XUMUYIECKOro cocraBa ux armocdep [8, 9]. OrcyrcrBue 3aMeTHbIX aHOMAJIUI XUMUIECKOIO COCTABA Y
oosbmmaCTBA B- 1 Be-3Be3a kak Oyaro ObI yKa3bIBAJIO HA TO, YTO 3HAYUTEIbHBIE MATHUTHBIE TOJIS y ITUX
3Be3z Habmiomatorcest Kpaitne peako. OgHako, obHApYKeHWe MArHUTHOrO mojs HanpsikenHoctbio 300 [c y
3 Cep [26], koropasi onHOBpeMeHHO siBiisiercst U Be-3Be3ioit, n y kiaccuueckoil Be-3se3npt w Ori, Tak ke Kak
u obHApyzKeHHe MarHUTHbIX nosieil y rpex u3 16 Be-3se3n B pabore [28] u y aByx B [47], yka3biBaoT Ha TO,
9TO MarHuTHBbIE 10 v B- m Be-3Be31 — mocrarodno pacmpocTpaHeHHOe siBjeHune. Bojiee TOro, OHU CIIOCOOHBI
AKTUBHO y9aCTBOBATH B (POPMHUPOBAHUU, HAPSIAY C OBICTPHIM BpalmeHuneMm, Be-dpeHoMena, Tak u (popMUpPOBATDH
CTPYKTYPY OKOJIO3BE3IHOTO JIMCKA.

Be-3BE3/Ibl B IBOMHBIX CUCTEMAX

AjbTepHaTHBHAS TUIOTE3d, OObLACHSIIONAS MTPOUCXOXKIeHUs Be-dpenomena, ObLna mpemjoxkena B 70-X romax
upouutoro Beka Kpxkuzxkem u Fapmanuem [30]. Corsacuo eif, Bce Be-3Be3/1pl siBJISIOTCs ABOMHBIMU CUCTEMAMHU,
a Hab/II0JaeMasi IMHUCCUS B CIHEKTPE BO3HUKAET B AKKPEIMOHHOM JIMCKE 3BE3JIBI, COCTOSIIEM W3 BEIIeCTBA,
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TOCTABJIAEMOrO 3Be3/0M-10HOpOM. JlaHHasd rumore3a OCHOBBIBAJACH HA TOM (hakTe, 9TO y OOJBITUHCTBA
MACCHBHBIX B3aUMOJEHCTBYIOIMINX [IBOHHBIX CHCTEM CBETHMOCTb 3BE€3IbI-J0HOPA 3HAYUTEIHHO YCTYIAeT
CBETUMOCTH MPWHUMAIOIIETO MacCy Be-KOMIMOHeHTa Tak, 9TO JaKe Ha CIEKTPAX BBICOKOTO PA3PEIeHWs ero
cenbl, 0cobeHHO Ha (hoHE HOBIIOr0 KOJMUIECTBA IMUCCHOHHBIX JTUHUM, CI0XKHO O0HAPYKUTh. VccienoBanus, B
OCHOBHOM YEeIICKHAX aCTPOHOMOB, BBITIOJTHEHHBIE /1T OOJIBIITOrO KOJUIECTBA, TMEKyIApHbIX Be-3Be311, mo3Bo/uin
BbISIBUTD JIECATKU JBONHBIX cucTeM ¢ Be-KoMnoHeHTOM, Haxoadmuxcs B (pa3e ak TMBHOIO obMeHa Maccoil [24].

N3BecTHO, 9TO OONBITHHCTBO KIACCHIECKUX B3AMMOIEHCTBYIONINX JBOWHBIX YMEPEHHBIX MACC UMEIOT B CBOEM
cocrase Be-3Be3y. Ilocsemyromias 3Bosonns TaKUX CHCTEM MeHEPUPYET HECKOJIBKO TUIIOB CUCTEM C IEPBUIHBIM
Be-kOMMOHEHTOM ¥ KOMIAKTHBIM, IPOIBOIIOIMOHAPOBABIINM KOMIAHHROHOM: MAJIOMACCUBHON YepHO# IBIPO,
HEATPOHHOM 3Be310i mau roayobiM cybkapaukom. IloaTomy, OUe€BHIHO, 9TO /i MOHUMAHHUS IOCJIEIYIOIIei
sBoTIONNN Be-3Be31 U ABOMHBIX CHCTEM B II€JIOM, HEOOXOIUMO 3HATH TETAJIM MEPBOrO OOMEHA MACCOA.

BenteicrBue meperoca Macchl U yrjioBOrO MOMEHTA, B MACCHBHOM IBOIHOI cucreme mosiisercs Be-3se3na,
KaK TOJbKO 00jiee MACCHBHBI KOMIIOHEHT Tapbl TMOKUIAET TJIABHYIO I[OCJIEI0BATEILHOCTh. BoO3HUKaeT
CYIIECTBEHHOE PA3JINYNE B IBOJIIONUOHHOM CTATyCe KOMIIOHEHTOB, /1aKe €CJIU UX MACCHI OCTAIOTCH AOCTATOYIHO
Om3kuMu. MeHnee MaCCUBHBIN KOMITOHEHT CTAHOBUTCS aKKperupyoieii Be-38e3/10i1, B TO BpeMsi Kak MEePBUYHBIN
KOMIIOHEHT CHCTEMbI YXOIUT B 00/IACTH XOJIOIHBIX UTAHTOB UM CBEPXIUI'AHTOB.

Ecsu mocMoTpers Ha BHIOOPKY MAaCCUBHBIX B3AMMOIEHCTBYIOMINX CUCTEM C Be-KOMIOHeHTaMu, B35SB 38 OCHOBY
BeJIMYMHY OPOUTAIHLHOTO [MEPUO/IA, TO MPOIIE BCErO PA3/EJUTh UX Ha JBe OoJbIiue rpymibl. B nepByio rpymmy
BXOJAT MHOTOYUCJ/IEHHBIE KOPOTKOIEpuoauyeckue (2—7 aus) “kiaaccuueckue aaroan”’. B crekrpax 60abImuHCTBa
U3 HUX OpeobIasaroT JuHuu Gojiee ApKOro no3jaHero B- winu paHHero A-KOMIIOHEHTOB, 9aCTO MMEIOT CJIeJIbl
BTOPUYHOIO KOMIIOHEHTA — FUTAHTA, MO3IHErO CIEKTPAJIHLHOTO KJIACCA U CJAA0OBBIPAYKEHHYI0 SMUCCHUIO B JIMHUU
H,. Bropas, cymecTBeHHO MeHee MHOTOYUCJIEHHAsl IPYIIa, COCTOAT U3 DOjiee MACCUBHBIX JIBOMHBIX CHCTEM
C IIUPOKUM [MAMA30HOM OPOMTAIBHBIX MTEPUOIOB OT 6—7 IaHEl 10 HECKOJBKUX COTEH mHel. B mx crmekrpax
MIPUCYTCTBYIOT SIPKHE BOJOPOTHBIE IMUCCUHU, IMUACCUOHHBIE U aDCOPOIMOHHDIE, HO 00pa3yIoIuecs B 000T0UKeE,
muann Hel u, gacro, Gorarsrii HAGOP 00OJIOYEUHBIX JIMHUI OIHAXKBI HOHU3UPOBAHHBIX MeTasioB [38]. Ecin
CHEKTPaJIbHAs [IEPEMEHHOCTh KJIACCHYECKUX AJIroJiell I0CTaTOYHO XOPOLio u3ydena (cM., nanpumep, [4, 43]), o
00JTee MaCCUBHBIE CUCTEMBI C AKTUBHBIM 00MeHOM Maccoit, [1aBern Ha3Bas ux mo umenu npororuna W Serpentis —
Cepuenrunamu [39], B cuiy pana OObEeKTUBHBIX IIPUYUH, BCE €LIE OCTAIOTCH JIOCTATOYHO CJab0 M3yd4eHHBIMU
0ObEeKTaAMU.

BosibmmacTBO cucTteM 3TOro THIA MMEIOT OJM3KHWE CBETHMOCTH JJis 3BE3bl, TEPSAIONMIel Maccy, 3BE3JbI,
OJIydJaloNieil ee, u 0DOJIOYKHU, OKPYXKAIOMIe# Kak OIHY W3 3Be3., TaK W BCIO cucremy B 1iejom. Curyarus
ycyrybiisiercs ere W TeM, YTO 9YacTO HEBO3MOXKHO HaWTH ciefbl (HOTOoChEpPHBIX JIMHUA HU OJHOIO U3
KOMIOHEHTOB. [1oaTOoMYy, maxke ompesenenre OCHOBHBIX MTAPAMETPOB OPOUTHI MOJOOHBIX CHCTEM YACTO SIBJISETCS
HenpocToi 3amadeii. Tak TOBKO, CPABHUTEIBHO HETABHO, ObLINA HalIeHbI (HoTOChEPHDbIE TUHIN KOMIIOHEHTOB Y
TAKMUX W3BECTHBIX MACCHBHBIX JBOHHBIX Kak (3 Lyr [2, 23] u KX And [3, 17].

Ha puc. 2 npeacrasiens: npodumm B obnacru smanit H, u HeI A 6678 y nanbosiee nsydenubix 3B€37 TUIA
W Ser. Kak BugHO U3 pucyHKa, SMUCCUOHHBIN KOHTYD JwHWN H, y JaHHOrO TWIa, 3BE31 UMEET 3HAUUTEIHHYIO
WHTEHCUBHOCTb U, KAK IIPABUJIO, JIBYXKOMIOHeHTHYI0 uiu ke crpykrypy P Cyg. ®@opma npodwuisi TecHO
CBSA3AHA, C YIJIOM HAKJIOHA CUCTEMBI K HADJIOMATENI0 TAaK, YTO CACTEMBI C JIBYXKOMIIOHEHTHBIM dMUCCUOHHBIM
upoduieMm 0ObIMHO BuJHbI ¢ pebpa u sBisitorcd 3armendbivu [51]. Wnrepdepomerpuyeckue HabirogeHus,
HEJIABHO BBIMOJIHEHHbIE IS OJHON W3 Hambosiee W3BECTHBIX 3Be3z dtoro tuma — ( Lyr [56], momnocThio
[IOITBEPKJAIOT IIOJIy9YeHHbIE paHee Pe3yiabTaTbl (HDOTOMETPUYECKUX, CIEKTPAJIbHBIX U IOJISPUMETPUIECKUX
nabmionennii. Kak Buano u3 puc. 3, nmpodunn guann Hel A 6678 dacTo MMEIOT 3HAYUTENIbHBIE OTIHYUS OT
svmuccun B juHun H,. Tak 9r0 mj1d HE3aTMEHHBIX 3BE3J ITOrO THUITA, OOBITHO HAOMIOMAETCs abCOPOIMOHHBII
npoduIIb, CIBMHYTHIN Ha 3HAUYNTEIbHYO (100-300 KM/ C) BEJIMIMHY B CHHIOIO 00JIACTH OT HOPMAJIBHOTO 3HAYEHNS,
9TO yKa3bIBaeT Ha ero obpa3oBaHume B 000J04YKEe cuUCTEeMbl. BO3MOXKHO, y TAKWX CHCTEM MbI BHIUM TOJIHKO
OIMH W3 KOMIIOHEHTOB I'OPSIY€ro BeTPa, MCTEKAIONIEro M3 IOIOCOB Be-KoMnoHeHTa, TOrJa KakK 3MHCCAOHHAS
cocrapasiomas npobuis P Cyg skpaHupyeTcs: IPOTSyKeHHBIM aKKPEIMOHHBIM TUCKOM [51].

Be-KOMIIOHEHTBI B COCTABE PEHTTEHOBCKUX JIBOMHBIX CUCTEM

PenrrenoBckue maBOiTHBIE CHCTEMBI ¢ Be-KOMIIOHEHTOM SIBJISIOTCS HAMOOJIBINUAM [0 YHCJIEHHOCTH ITOIKJIACCOM
MAaCCHBHBIX DEHTI€HOBCKHUX ABOWHBIX. B Hacrosmee Bpems: u3sectHo 6osiee 100 momoOHBIX CHUCTEM, B COCTAB
KOTOPBIX BXOIUT HEHTpOHHAs 3Be3ma. OTIuYuTeNbHOW YepTOil TAKWX IBOWHBIX SBJISIIOTCS OTHOCUTEIBHO
JIOJITONIEPUOIAIECKHE OPOUTHI C 3aMETHBIM, YACTO OOJIBINHNM, IKCIEHTPUCATETOM. BCHBIIIKKM PEHTTeHOBCKOrO
U3IydeHrss OOBIYHO CBS3aHBI C MPOXOXKIEHNEM HEATPOHHON 3BE3/bI CKBO3b MUCK Be-rkommonenta. Onrudeckue
KOMIIOHEHTHI TaKWX JIBOWHBIX WMMEIOT TUIWYHbIE /i B-3Be31 xapakTepucTuku, OOIaIai0T 3HAYUTETbHON
CKOPOCTBIO BpAIIEHUsT ¥, MO KpailHeil Mepe, y HEKOTOpbIe W3 HUX HADJIIOIAETCH HE3HAYUTEIbHBIN W30BITOK
resusi B armocdepax [31]. Be-koMIOHEHTBL B 9TUX CHCTEMAaX OTJIMYAIOTCH 3HAYUTE/ILHON aKTUBHOCTHIO KAK B
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JIMHUN MaCCHUBHBIX

MEPEMEHHOCTY WHTEHCHBHOCTU IMHUCCHOHHOTO CIIEKTPA M YacThiMU mepexomamu u3 B- B Be-dazy m maobopor,
TaK ¥ IEePEMEHHOCTHIO MPOQUIeii IMUCCUOHHBIX JTMHHIA.

B reuenune muorux Jjler B KpAO mpoBoamiICs CEKTPAJIbHBIA MOHUTOPUHT P MACCUBHBIX PEHTTEHOBCKUX
nmBoiHbIX ¢ Be-kommonenTamu, takux kak X Per [12], HDE 245770 (A0535+26) [11], LSI +61°235 [42] u psaga
apyrux. Ha puc. 4 u 5 mpencraBieH Takoil MOHUTOPWHT B sMmwuccuonnoil jmann H, nns X Per, cocrosimeit
n3 Be-3Be3zpr cnekrpasbHoro kiaacca BlIVe u meitrponnoit 3Be3mpl ¢ mepuoaoMm oceBoro Bparienus 835 c,
opbuTasIbHBIM TIeprogoM 250.3 qHs U 9KcreHTprcHTeToM opbuTsr 0.11 [13].

Hanabte puc. 4 uw 5 HAMISIHO [AEMOHCTPUPYIOT HECTabOWIBHOCTH [JUCKA, (DOPMUPYIOMIErOCS BOKPYT
Be-xkoMmonenTa, TaKyio Kak 9acTbie nepexoanl Tuna B —Be—B u cioxkHyI1o0, mepeMeHHyIo BO BpeMeHU CTPYKTYPY
SMUCCUOHHBIX POMUIIEil, BEPOATHO CBA3AHHYIO C BO3MYIIEHUSIMU, BI3BAHHBIMU J[BU2KEHUEM I10 SJLTUITUIECKON
opbuTe PEIATUBUCTCKOIO KOMITOHEHTA. Pe3ybTarhl TPEXMEPHOTO MOIEINPOBAHUS BI3KUX JIMCKOB BOKPYT
Be-3Be311, BO3MyIIIEHHBIX JBU2KEHUEM PEJISITUBUCTCKOIO KOMIIOHEHTA, HAXOAAIIEr0Cs Ha SJLINIITHIECKOH opouTe,
BO MHOTOM OOBSICHSIIOT CTOJIb CJIOXKHYIO EPEMEHHOCTh MPOdIIIeH SMUCCHOHHBIX JuHMUIT [35].

JBOVHBIE CUCTEMBI Be + 'OPIYNN CYBKAPJINIK

[Tocnenuss, HamMeHee W3y4deHHasl IPYIIA MACCHBHBIX JABONHBIX 3Be3[ ¢ Be-KOMIIOHEHTaAMM BKIIOYAET B Cebs
CHCTEMBI, Y KOTOPBIX BTOPHYHBIM KOMITOHEHTOM SIBJISIETCS MPO3BOIIONUOHUPOBIIAN roay0oil cyOKapauK WiIu,
BO3MOZKHO, Oesiblii kapmk. COBpEMEHHBIE PACYETHI IBOJIONMNA MACCUBHBIX JBONHBIX CHCTEM IIPEICKA3BIBAIOT
3HAYMTESFHOE WX KoamdecTBo [41]. B Hacrosinee BpeMsi M3BECTHO BCENO HECKOJIBKO TaKMX CHCTEM, HAIPHMEp
¢ Per [20], 59 Cyg [44, 50] u v Cas [25]. He ciyuaiino 91y 3B€3/bl SBJIMIOTCH APKUME, U3Y4AEMbIMU B TEUEHUE
nmecatunernii Be-3Be3gamu, y KOTOPBIX TOJIBKO CPABHATEIHHO HETABHO OOHADY KEHBI MAJOMACCHBHBIE BTOPUIHBIE
KOMIIOHEHTbI. JleficTBUTe/IbHO, Pa3HUIA MACC KOMIIOHEHTOB BechbMa 3Hauuresbua (10:1), a npodunu junuii y
Be-3Be37] Bcex 9THX CHCTEM DACIIUpEHB! BpalnerneM Ha BeandanHy 6osree 300 kM/c (59 Cyg, V sin(i) = 450 km/c)
M BCE OHM JEMOHCTPHPYIOT IIEPEMEHHOCTD TPOMHUIEH, CBA3AHHYO C HEPAIUATBHBIMY ILyIbCAIUAMA, U IACTUIHO
3a7uThl 3Muccreii. Tak 910 11a oOHapy?KeHUsT OPOUTAILHBIX IBUKEHUH C IEPUOSAME B JIECATKA U COTHU THEH
u nosuoit ammiuTynoi 10-20 kM /c HeobxoauMbl 60JIbIINE BDEMEHHbIE PsA/Ibl U MACTEPCTBO B AaHAJIM3E CLIEKTPOB.
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Puc. 5. Tonrospemennas mepemeHHOCTH G1ecka u mapaMeTpos ymann Hy y Be-3sesmsr X Per

BO3PACT Be-3BE3/]

OnuuM w3 Hambosiee OOCYXKIAEMBIM, 10 HACTOSAINEE BPEMsi, OCTAETCS BOMPOC 00 3SBOJIIOIMOHHOM CTATYCE
Be-3Be3n. Tak kak B mporeccax, IpUBOJSAIINX K 0OPA30BAHUIO TUCKOB, IOMUMO BPAINEHUs] IPUHUMAIOT YIaACTUHE
JIOTIOJTHUTE/IHHBIE MEXaQHU3MbI, TAKNE KaK MYIHLCAIUN UJIM MACHUTHBIE TOJIsA. FCTecTBEHHBIM 00pa30M BO3HUKAET
BOIIPOC O BpeMeHH BO3HUKHOBeHmsa Be-deHomena — mepexomar ju Be-3Be3mpr Xepbura ¢ aKKpPEIHOHHBIME
JIMCKAMHU B KJaccudeckue Be-3Be37bl TIIABHON MOCIEIOBATENILHOCTH € JEKPEIUOHHBIME JTUCKAMU, WA K
Be-denomen pa3BuBaercss B TEUEHHUH >KU3HU Ha TIJIABHOM TIOC/IEIO0BATEIHLHOCTH, BIUIOTH 0 YXOJa 3BE3.IbI
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Puc. 6. Tmarpavma et — 3Be3anas BesmamHa g ckorternuii h/x Per (¢) u NGC 7419 (6) ¢ Bospacrom 12 m 20 M ner
COOTBETCTBEHHO. Be-3Be3/1bI OTMEUEHBl OTKPBITHIMU KDY AKKAMHI

B 00JIAaCTH XOJIOIHBIX CBEPXTUTAHTOB. JlaHHBIE WMCCIEIOBAHUS JIYUIlle BCErO MPOBOJWTH, MU3ydas MOMYJISIIIO
Be-3Be311 B MOJIO/IBIX PACCEAHHBIX CKOILUIEHUSAX PA3IMIHOIO BO3PACTA.

[Tepsbie paboTHI O M3yueHU0 Be-3Be37 B CKOIUIEHUSX MOSABUINCH B 80-e roner [34, 46, 48]. CrnekrpasnbHas
kitaccudukaius Be-3Be37 B HECKOIbKMX MOJIOABIX 3BE3IHBIX CKOIUIEHHSAX [MOKA3aJd, 9TO OOJIBIIUHCTBO U3
HUX KOHIIEHTPUPYETCS BOJIM3YM TPAHUILI TJIABHON MOCIEI0BATEIHLHOCTH, JEMOHCTPUPYS OOjee 3HAUUTEIHHYIO
SMHUCCHUIO B BOJOPOJHBIX JIMHUSAX. 1€M He MeHee, siBHON 3aBHCHMOCTH OT BO3DACTa WJIU CIEKTPAJbHOrO THIIA
He ObuT0 BoIsBieHO [46, 48]. Mepmmiutnoz [34] ormerns, uTo Be-3Be3bl 3aHHMAIOT BCIO OOJIACTbH IVIABHOMN
[TOCJIeIOBATEIbHOCTH, HO MAKCHUMAJIbHAs 10Jisi Be-3Be3z HabJi0aeTcsi B CKOIJIEHHAX C TOYKOH IIOBOPOTA B
obsracTu cnekTpasbHbix THmOB B1-B2 u B7—-B8. Haiineno, 9To0 B HEKOTOPBHIX CKOILIEHWUSX, CPEIU 3BE3]T
crekTpaabHOro kaacca Bl, Be-3Be3apr moryr cocraBisaTh 34%, Torma Kak CpeHee 3HAYEHWE IOILYJISIAA BCEX
Be-3Be3n Tamaktuku okomno 17% [57]. Juist o4eHb MOJIOABIX CKOIUIEHWi, ¢ BO3pacToM MeHee 10 MJH Jer, B
pabore [16] kiaccuyeckux Be-3Be3n me obuapyzkeHo, HabJIONAMMCH TOIBKO 3Be3abl Be Xepbura — moiiombie
B-3Be31p!I 10 TIaBHOI TTOCTIEI0BATEIHHOCTH.

C yBenudenuem BO3pacra CKOIJIeHUi Haboaercs poct 1oy Be-3Be3/1, 1 1X MaKCUMAJIbHOE OTHOCUTEIHHOE
collepKaHue TOSBIISETCS B CKOIJIEHHUSIX ¢ Bo3pacToM 13-25 mutn sier. Takum o6pasom, B pabore [16] mokasaHo,
qro Be-deHoMmeH, cKopee Bcero, SIB/IAETCA TAIOM B BOIONNA HEKOTOPOI 9acTu OBICTPO BpaImaiomuxcs B-3se3
BTOPOIl TIOJIOBUHBI WX KW3HU HA TJIABHON MMOCJIEI0BATEHLHOCTH.

B pabore [33] upoussoauics nouck Be-38e3z B 48 ckomieHusx 102KHOrO noJiyinapus. 1erkoil 3aBUCUMOCTH OT
BO3pPACTa aBTOPAMHU He BBISBJIEHO, HO OTMEYEHO MOBBIIIEHHOE coseprKanne Be-3Be3/1 B CKOIIJIEHUSAX C BO3PACTOM
10 100 muH Jier, mpuYeM MAKCHMyM OTHOCHTEIHHOTO COMEPIKAHUS MTPUXOMUJICS HA, CKOILIEHHS C BO3PACTOM
25-100 mutH JteT.

B pabore [27] n3yugamnch ckopoctu Bpaiienus B- u Be-3Be3n B 19 CKOMIeHUAX ¢ BO3PACTOM 3—73 MJIH JIeT.
Haiineno, uro makcumasbHas CKOPOCTH BpalleHus HAOJIOJAETCs y 3Be€3J], B CKOILUIEHHSIX C BO3PACTOM
10—14 mua jger. Takum obpas3om, yBemuueHue moau Be-3Be31 B CKOIIEHHSIX € BO3pacToMm 13-25 MuH JeT
MOXKET OBbITh CBS3aHO C YBEJMYEHHEM WX CKOPOCTH BPAIIEHWS B TEYEHWE WX JIBUKEHWS K IDAHUIE TJIABHOI
TOCJIeJOBATEIHHOCTH.

fdcHo, aro Be-denomen Bo3nukaer y B-3Be3s B mmpoKoM uana3oHe CHeKTpasibHbX TunoB or 09 1o
B9 u co 3HAUYMTENHHO pA3HBIM MO MTPOJOKUTEILHOCTH AOCOJIOTHBIM BPEMEHEM WX XKW3HW HA, TJIABHOMN
[IOCJIeIOBATEIbHOCTH, ITIO9TOMY 2KEJIATeJIbHO MPU PACCMOTPEHHUH OTHOCUTEIBHOIO cojep:xkanus Be-3se3n
VUIUTBIBATh WX CIEKTPAJIbHBIA TWII, OTAE/NWB IS Hadaja 0oJsiee IOCTymHbIE panHue Be-3Be3abr oT Oosiee
cabbIX 3Be3J, MO3JHUX CHEeKTPaJbHbIX TunoB. OIHAKO, yBEpPEHHOE OIpejesieHre MOJIoXKeHus Be-3Be3apl Ha
JuarpaMme [BeT—CBETUMOCTh (KaK 9TO BUJIHO U3 PUC. 6) CBA3AHO CO 3HAYUTEIbHBIMU TPYJHOCTIMEI, TAKAMU KaK
HEOIIPEJICJIEHHOCTh B PACCTOSIHUM JI0 CKOILIeHHs (MOJIO/bIEe CKOLUIEHUsI IIPUHAJJIEXKAT IIOCKON COCTABJILAIOIIEH
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Puc. 7. Ilonynsiums Be-3Be3x B MOJIOABIX DACCESTHHBIX 3BE3JHBIX CKOIUIEHHSX B 3aBUCHMOCTH OT WX BO3DACTa.
ITo manmbiM [1]

TFajakTHKU UM UMEIOT 3HAYUTEJbHBIE HEOAHOPOIHOCTH MEXK3BE3JHOIO IOIVIOUIEHHUs HA Jiyde 3peHus), Tak U
BCJIEZICTBHE OBICTPOrO BPAIIEHUsT CAMUX O0bEKTOB, JOMOJHUTEILHOTO U3JTyYeHN OKOJIO3BE3IHOTO JUCKA, U YIJIa
HakJoHa o0bekTa K Habuogaresno. B pabore [1] caenana mnonbirka 0GOHTH 4acThb BO3HUKAIOWMX [PODJEM,
paccMoTpeB TOBKO monynsarnuio B- n Be-3Be3n cnexkTpanbabix TumoB BO—B3 B ckomienmax ¢ Bo3pacToM 10
30 muu jer. Ha puc. 6 mpuBemeH mojydeHHbIH uMu pe3yabrar. Kak BUIHO W3 PUCYHKA, MPUCYTCTBYET siBHAS
3aBUCUMOCTH OTHOCHUTEJIBHOIO cozep:kanus Be-3Be31 OoT BO3pacTa CKOIUIEHUWI. YBEJIUYEHHE UX CO/EepPKAHUS
BO BTOPOIi TOJIOBUHE WX YKU3HU HA, TJIABHOM IMOCJIEI0BATEIFHOCTH OJHO3HAYHO YKA3BIBAET HA IBOJIOIUOHHDIN
xapakrep Be-denomena, a ObICTpBIH crag comepkannsa Be-3Be3 B 607ee CTapbIX CKOIJIEHUSX JIETKO 00bsICHUM
YXOIOM 3Be37, B 00/IaCTh XOJIOJHBIX TUTAHTOB.

Taxum 06pa3oM, MOXKHO C YBEPEHHOCTHIO TOBOPHUTDH, 9TO Be-dpeHOMeH sIBIsIeTcs pe3yabTaToOM dBOIONNH, 110
KpaifHeil mepe, 9acTu OBICTPOBPAIIAIOIINXCA B-3Be3/1 B TeUeHWE WX YKU3HU HA [JIABHON MMOCJIEI0BATETHHOCTH.
Bomnpoc 06 oba3arenpbrom Hactymiennn Be-dasbl y Takmx OOBEKTOB OCTAETCS OTKPLITBIM, TAK K€ KaK U
MPUYUHDBI, TPUBOIAIINE K MOSBICHUI0 HECTAOWIBLHBIX BO BpEMEHHW IuUCKOB y Be-3Be31. 9TO MOXKeT ObITh,
HaIpUMeD, [MePePacIpe/IeieHue yIJI0BOr0 MOMEHTA BJIOJIb PAJINyca 3Be3/bl B KOHIE (a3bl ropeHus: BOIOPOIA
B siApe 3Be3xbl [16], monamaHue 3Be31bI B OOIACTH MMYJIbCAIMOHHON HEYCTONYMBOCTH, 3aHUMAEMYIO 3BE3AMU
runa (3 Cep, uim, B CIydae TECHOM ABOWHOI CHCTEMbI, OOMEH MACCONW M yTJIOBBIM MOMEHTOM.

3AKJIFOYEHNE

Obuapyzkenue neppoii Be-3e3pl coBniaio mo BpeMeHu ¢ ucciegoBanusMu Kupxroda, B KOTOPBIX OH yKa3aJl
Ha, BO3MOXKHOCTD OIPEEIeHN M0 XapPAKTEPUCTUKAM U3JIydeHusi (DUNIECKUX XAPAKTEPUCTUK M XUMUIECKOTO
cocraBa KocMu4deckux obbekToB. C Tex mop ycrnexu B MOHUMaHWK (DU3NYECKUX IMPOIECCOB, yUaCTBYIOIMIUX
B (dopmupoBanuu Be-dbenomena, Bcerma ObLIM TECHO CBA3aHBI C PA3BUTHEM METOJOB aHAJIN3A CBETA. ITO
KACaJioch KakK pa3paboOTKH METO/IOB OmpeneeHusi CKopocreit BpameHus B- u Be-3Be3n, tak u nmoHuManwust
MTPOIECCOB, MPHUBOAANINX K (DOPMUPOBAHUIO W CBedeHnio 000s04uek y Be-3se3n. B mocienuwe mecarumierus
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