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nocjie nepepaboTku 6 okTs6pst 2024 1.
IIpunrsara k nybauxkanun 7 okTsbps 2024 r.

WccnepyeTcst BO3MOXHOCTL AOKa3aTesbCTBa CylecTBoBaHMs KpoTosbix Hop (KH) meTogamun HabntogaTensHoi
aCTPOHOMUMN B XOLE COBPEMEHHbBIX U ByAYyLINX SKCMEPUMEHTOB NyTeM OBHapy>XeHUsI AOMONHNTENBHOMO BO3MY-
LLLAIOLLErO YCKOPEHUSI KOMMOHEHTA aCcTPON3NHECKON CUCTeMbl. [lnsi 3TOro npoTecTnpoBaHbl ABa TuMa TaKux
cuctem. lNepBbiii Tun cuctem: ceepxmaccueHble dephble abipsl (CMY/) B LeHTpax ranakTuk kak KaHAuAaTsl
B8 KH n psg 3Be3g, obpawatowuxcs no annuntudeckum opbutam sokpyr CMY/. B panHoii pabote paccmat-
pusaetcs CMY/[, B ueHTpe Haweit Manaktuku. BTopoii Tun cuctem: napsi, coctosiwyue u3 YepHoin abipbl (Y1),
KoTopasi BbinosHsieT ponb kaHanaata 8 KH, n 3sesgbl (gpyroii Y/, HelitporHoli 3Be3abl, 3Be3abl knacca O
wnn knacca B). B panHoii pabote nccnepytotes Habntogaemblie napsl u3 3sesgpl (knacca O u B) u YA, Tpak-
Tyemoli kak kaHangat B KH. Mogenupytotcs napbl us HelitporHoii 38e3abl 1 KH. Jns obonx Tunos cuctem
NoKa3aHo, YTO B NPOCTOW MoZenu npoxoaumMoii weapuwuibgosckoii KH soamywatowmnii obbekt (3Be3p,a), Ha-
XOASILUNIACS NO APYryto CTOPOHY oT ropsiosuHbl KH, cnocobeH Bbi3biBaTb 3HAa4YMMOE BO3MYLLAIOLLEE YCKOPEHME
obbekTa (3BE34bl) Ha CTOpoHe HabntogaTens. Takke MokasaHoO, YTO ANsi CUCTEM MEPBOro Tuna 3ToT 3hbekT
npeobiafaeT Haj OCHOBHLIMY KOHKYPUPYIOLWMMU SppeKTamMU: BO3MYLLEHUEM OT OKPY>KatoOLNX 3BE34 1 OT rajo
TemHoli MaTepun. BennynHa Bo3MyLLatOLLErO YCKOPEHNSI, OLEHEHHAs AJ1st PeasibHbIX OO bEKTOB, BapbUpyeTcsi OT
107" go 1072 cm/c?, 4To B Byayliem Npu yBEAUYEHMM TOYHOCTY HABIOAEHI NO3BONNT BLISBUTL NCKOMBbIT
appekT. Mo cocTosiHunto Ha 2024 . TOHHOCTbL ONpPEAENeHNst YCKOPEHUs 3BE3bl B NMEPULEHTPE OpbUTLI ABOIHON
cucTembl B acTpomeTpuyeckom npoekte Gaia, nepecumtaHHas Kak yHKUMsi ownbok HabtoaeHns napameTpos
L,BOMHOM cncTembl (Macc KaXk4oi KOMMOHEHTbI, SKCLEHTPUCUTETa OpBUTBI, MEPMOAaA), YXKe CONoCcTaBrMa C npea-
CKa3blBaeMOli MOAENbIO PACHETHON BENNYNHON UCKOMOro adbdpekTa. B cuHTeTnyeckmnx cncremax, CocTosmx n3
npoxoaumoli KH, Bo3myliatowero obbekta (38e34b1) No Ty cTOpoHy oT ropsiosuHbl KH 1 HeliTpoHHoIi 3Be34bI
Ha CTopoHe HabntogaTens, npu chneuuasbHOM nogbope Macc U napameTpos opbuT adcpekT BO3MYyLLAtOLLErO
YCKOPEHWs 4OCTUraeT BeNMynH nopsiaka 1.5 cm/c?, 4To aenaet ncciepyemblii 3pekT KpUTUHECKN 3HAYMMBIM
onst noncka KH B Haweli ManakTuke.
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1. BBEAEHUE

Kporosbie wnoper (KH) upencrasisiior  coboit
[IPOCTPAHCTBEHHO-BPEMEHHBIE  CTPYKTYPbI, 00s1ajia-
forue HeTpuBuasibHON Tomnosorueit. Tak, KH woryt
CBA3BIBATH TOYKHU IIPOCTPAHCTBA-BPEMEHH, 3HATUTEb-
HO YJAJIeHHBIE JPYr OT JIpyTa, a TaKkKe CJIyKUTh

«MOCTaMM» BCeJICHHbBIMU B

KOCMOJIOTUYECKOIT MOJIeJIM, OCHOBAHHOII Ha IIOHATUN

MeXK/1ly  pa3/IM9YHbIMU

MysbTUBCesieHHO. Kak u pemrenunss Twma «depHas

* E-mail: moiseev.ia20@physics.msu.ru
3k . .
E-mail: cosmologia@yandex.ru
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apipay (Y1), KH aBagiorcs perienuem ypaBHeHUit
obmeit reopun orHocuTeabHocTH (OTO), a TakxKe ecre-
CTBEHHO TIOSABJISIIOTCS B IMUPOKOM KJIACCE PA3JIUTHBIX
MOZeJIell pACIINPEHHON IpaBATAIIAN.

Buepsoie pemenne KH 6bw1o mpemoxkeno DifuH-
mreitHoM u PozeHom [1] KaK «MOCT JiiHmreitna— Po-
3€eHay; caM TEPMHUH OBbLI HpeJioykeH B pabore Mus-
Hepa u Yuiepa [2]. B macrosiuee Bpems cyiiecrByer
MHOT'O TEOPETUYEeCKNX MexXaHm3MoB obpazoBanus KH
B panHeil BcestleHHOI 1 mo/iepKaHus UX yCTONIMBO-
CTH, B TOM YHCJIE€ YCTONIUBOI MPOXOAUMON rOPJIOBUHBI
[3]. Mexanusmbl GOPMUPOBAHUSL U YCTORIUBOCTH Ta-
KX 00bEKTOB 3aBUCAT OT KOHKPETHON TEOPUU.
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B cuity moirBepaK IeHHOI'O KOCBEHHBIMU U IIPSIMBIMU
METOaMH CYIIEeCTBOBaHUA acTpodusmiaeckux /I mm-
POKOI'O CIIEKTPa MACC CTAHOBUTCSI aKTYaJIbHOU 3aja9a
norcka KH mHab/o1areibHBIMI MeTOIaMI acTPOhr3u-
Ku, a Takxke 3amada paziandenus 1/ n KH ¢ momo-
MIbI0 BBICOKOTOYHBIX ACTPOHOMUYECKUX HAOJIIOIEHUIA.
TocoenHsist 3aa4a COCTOUT U3 JABYX uacreii: 1) Teo-
permdeckoe obocHOBaHUE 3DHEKTOB, KOTOPHIE TOJIK-
Hbl ObITH passmdnbl npu zHabmogenuax I/ u KH, 2)
OIIEHKA TEKYIINX BO3MOXKHOCTEH HaOJII0/1aTe/IbHOI Oa-
3bl U UCCJIE/IOBAHUE OY/IyIIUX MEPCIEKTUB 110 YJIydIlle-
Huto TouHocTu HabsoaeHuil. K nanbosee ucciemyembim
B IIOCJIEJIHEE BpeMs TeopeTudeckuM 3ddexkTaM OTHO-
CSITCsI, TIPEXKJie BCEro, IPABUTAIIMOHHO-BOJIHOBOI KaHAa I
npospierus KH, B ToM 4mncje B Teopusix pacmmpeH-
HOI rpapurtanuu, ucciepopanus Tereit KH u Y1, uc-
cienoBanne akkperun Ha KH, B Tom 1ncie B cuity ot-
JINYUsi TPACKTOPHIl JBU2KEHUsI B PA3HBIX METPUIECKUX
npocrpancreax I/ u KH (cm. [4-8] u ccpuikn B 911X
CTAThSX) U T. L.

B nmannoit pabore paccMaTpuBaeTCs OJMH U3 BaK-
HEHINX TEOPETUIeCKNX 3P(DEKTOB, CBA3BAHHBIN C Tak
HasbiBaeMoii npoxogumoctrio KH (csoiterso, gomycru-
MOe B IIHPOKOM KJiacce Mojeneil 91ux obbektos). Ja-
Jtee 31oT 3P DEKT UCCIeTYeT sl Ha PEATBHBIX acTPOdu-
3UYECKUX JAHHBIX U B CHHTETHIECKUX ACTPOMU3MIE-
CKUX CHCTeMax C IMUPOKUM JTHAIA30HOM IIapaMeTPOB.

ITouck npoxoaumbix KH tipepcrasisier ocoOblit nH-
Tepec ¢ TOYKHU 3PEHUs [TOUCKA HAOJIOIATEHbHBIX PO~
sIBJIEHUIT 3TUX OOBEKTOB, IMOCKOJBKY B 9TOM CJIydae
TUIIOTETUYECKU MOXKeT HabJIIOJAThCsI P SJIEKTPOMAr-
HATHBIX 3DHEKTOB UM IPABUTAIMOHHBIE 3(DDEKTHI OT
00BEKTOB, HAXOIAIINXCS 110 JIPYTYI0 CTOPOHY TOPJIOBH-
ubel KH. Teopus npoxoanmbix KH 6b11a cdopmymupo-
Bana BponnukosbiM [9] U majiee AKTUBHO U3ydasach B
psizie pabor [8-14].

B cayuae npoxomumoit KH maccuBable 00BHEKTHI,
HAXOJISIIIAECS] TI0 TY CTOPOHY TOPJIOBHUHBI (371€Ch U JIa-
Jiee «CTOPOHA 2»), JOJZKHBI OKA3blBATH BJIMIHUE HA
00BEKTBI, HAXOJSAIIUECS 110 9TY CTOPOHY TOPJIOBUHBI
(3mech u nasee «cTopoHa 1» ), T.e. TJie PACIOJIOXKeH Ha-
6.TI01aTeIb. DTO IPOUCXOUT IO TOM MPUYNHE, UTO I
upoxonumoii KH uszinydenue (ckasspHoe, 3jieKTpoMar-
HUTHOE, TPABUTAIMOHHOE) ¢ HEOOXOINMOCTHIO JIOJIZKHO
paccMaTpUBaTbC B COBOKYITHOM CHCTEME, COCTOSIIEN
u3 aByx vacreil (croponbl 1 u 2), HO HE B KaxKI0il 4a-
cTH 110 oTAeabHOCTH [15].

B nannOil pabore pacCMOTPEHBI BO3MOXKHbBIE Ha-
6JII0TaeMble TTPOSBJIEHNsT TDABUTAIIMOHHBIX (P HEKTOB
B acTpOPU3UIECKNX CUCTeMax ¢ rumorermdeckoit KH.
Tak, npu HAJIMIUU HECTAIIMOHAPHOTO I'PABUTAIIIOHHOTO
UCTOYHMKA Ha CTOpOHE 2 (HampuMep, MACCUBHON 3Be3-
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Puc. 1. HarnapgHoe npefcrasnexnne uccnenyemoii koHdpurypa-
uun. lNMpoxognmasi KH coennHsieT aBe konmn NpoCTpaHCTBa
LLsapuwnnbga; B 4Byx obnactsix npoctpanctea 1 n 2 Ha op-
6ute Bokpyr KH obpawatorca 3Be3abl. [BuxeHue 3Be3gbl B
obnactu npocTpaHcTBa 1 Byger oTMyaTbCs OT LWBAapLLLNIIb-
[LOBCKOTO 13-332 BHOCMMOrO 3hpeKTa aHOMaJIbHOro YCKOpeH st

JIbI, BPAIAIONIEHCs ¢ HEKOTOPBIM SKCIIEHTPUCUTETOM 1
Ha HEKOTOpoM paccrogumu Bokpyr KH ma cropome 2,
cM. puc. 1) misg mabsrozaress Ha cTOpoHe 1 KapTHHA
IPaBUTAIMOHHBIX BO3MYIIEHUI HEe OYyJIeT CTaTHIECKO.
OrmeTnM 371€Ch, UTO, caenys pabore [15], Mbl mpej-
nosaraeM CcpepuIecKu-CUMMETPUIHBI (POH U YINTDHI-
BaeM TOT (pakKT, UTO BO3MYIICHUS, BO3HUKAIOIINE B
CIJIy SJUIMIITUIHOCTH OPOUTHI 0OObEKTa Ha CTOPOHE 2,
MTO3BOJIAIOT PACCMATPUBATH JOTOJHUTEILHBIE YCKOpe-
Hus jig obbekTa Ha cropone 1. (dpyrumu ciaoBamu,
CUMMeTPHsl HapyliaeTcs, TeopeMa bupkroda mepecra-
er ObIThb npuMeHnMoii.) Takum 06pasoMm, TpaeKTOpUM
MACCHUBHBIX O0HEKTOB Ha CTOPOHE 1 JTOKHBI MCIIBITDHI-
BATh BIUSHNE paclpelenenns Mace Ha cropone 2. ITo-
TeHIUAJIbHAsT BO3MOXKHOCTb acTPOMU3NIECKUX HAOJIFO-
JeHUIT TAKUX BO3MYIIIEHNI 3aBUCUT KaK OT KOH(PUTYPa-
U 00bEeKTOB Ha CTOPOHAX 1, 2 OTHOCUTEJIBHO T'OPJIO-
Buabl KH, Tak 1 oT UMERIUXCsS TOTHOCTEH OIIpe ieie-
HUS YCKOPEHWI COOTBETCTBYIOMNX MACCUBHBIX TEJT.

[Tockosmbky KH, xkaxk u Y/, accomumpyrorcs ¢ cu-
CcTeMaMU C 9KCTPEMaJIbHBIM COCTOSIHUEM BEIECTBA, TO
cJieJlyeT IPOBOJIUTH OIEHKU COOTBETCTBYOIINX BO3MY-
MAIOIMINX YCKOPEHWI I CHUCTEM, KOTODPBIE COTJIAC-
HO COBDEMEHHBIM HAOJIIOJICHUSM 3aBEIOMO COIEPIXKAT
Y. Jdpyrumu cjioBaMu, MOWCK BO3MYIIAIONIUX yCKO-
peHuit cjeayer MPOBOIUTD JIJIsi MACCHUBHBIX OOBEKTOB
(3Be31) BOJM3U U3BECTHBIX CBEPXMACCUBHBIX YEPHBIX
aeip (CMYI), a Takxke juist goiinbix I, nap us 1
u HefiTpoHHOM 3Be31bl, nap u3 IJI u 3Be3b1 Kitacca O
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MeTOp'bI N NEPCNEKTUBDI Ha6mop,aTeanoro NONCKa KpPOTOBbIX HOP. ..

i Kiaacca B (mmmpokue j1BOHHbBIE CHCTEMBI TIO3BOJISAOT
B IIPOCTON MOJIEJIM HE YIUTBIBATH akKperuio). [1ono6-
HBIE OIIEHKU MOT'YT IIPEJOCTaBUTh BECOMbIE aCTPOMU3U-
qecKkne apryMenTsl 1o pasimndennio KH u Y/1.

Ilomermast ma cropome 2 BO3MYMIAIONINANA OODHEKT
(3Be3/y), Bapbupys €ro MacCy U PaCCTOsSHUE JIO T'U-
norerndeckoit KH, MBI 1oJiyuaeM OLEHKU BeJIUIUHBI
uccaemayemoro ddekra. B mannoit padore 1id yka-
3aHHOIO AHAJIN3a OBLIM BBIOPAHBI CJIE/LYIONUE 3BE3/IbI
U CUCTEMBI:

e cucrema, cocrosmasg n3 CMYJL SgrA* B menrpe
Hareii [a/lak THKY KaK KaH[1aTa B IIPOXOIUMY O
KH u oxnoit 13 3Be3j; BOIU3U TaJaKTHIECKOTO

nentpa: 52, 521, S23, 54711, S4, S62;

mupokas JBoiiHad cucrema VEFTS-243) mpen-
cTaBJIsoNas coboit MaccuBHyIo 3Be3/y Kiacca O
¢ maccoit 25 M, KoTopas BpalaeTcs BOKPYT TeM-
Horo obbekra (runorerndeckoit KH) ¢ onenennoit
maccoit 9M e u opburanbubiM epuogom 10.4 cyT
[16];

mmpoKas Jsoitnas cucrema LB-1, npejcrasiisio-
mas coboit 3Be3/1y Kiaacca B, koropas Bparmaercs
BOKpPYI' TeMHOro obbekra (runorerundeckoin KH)
¢ oreHeHHOI Maccoit 68V 1 opburaIbHBIM IIe-
puogom 78.9 cyr [17] (3mech coemyer oTMeTHUTD,
4YTO, COIVIACHO JIaHHBIM paboTe [20], ecTb HAbIIO-
JIaTeIbHbIE YKA3aHUsA, YTO JIAHHAZA CUCTEMA MO-
JKET OKa3aThCsl TPONHOM, HO MBI TEM HE MEHEe
BKJIIOYAEM €€ B PACCMOTPEHHE, TIOCKOJIBKY BBIBOJI
0 HasIm4anu Tpex KoMmronent y LB-1 naxomurcs Ha
cTaauu 00CYKJICHAS U K HACTOAIIEMY BPEMEHHU He
SABJIAETCS OKOHYIATEJILHO HOJITBEPIKICHHDBIM ),

a TakyKe CHHTETUYECKHe CUCTEeMbI C Pa3/IMYHBbIM Ha-
6opoM IapamMeTpoB (TUIOBBIX U IKCTPEMAJILHBIX), CO-
crogmue u3z Y/ (runorernveckoit KH) u neiirponnoii
3Be3/Ibl.

CraTbs Oprann3oBaHa CJELyIONMM obpa3om. Pasz-
ges 1 comep:KuT BBeJeHHE B TPOOJIEMY M KPaTKOe
OIIMCAHUE IIPEJICTABJIEHHBIX B CTaTbe PEe3yJIbTaToOB B
KOHTEKCTe OOIIEMUPOBBIX Pe3yJibTaToB. B pas. 2 onu-
CaHbl M3BECTHBIE TI'DABUTAIIMOHHBIE BO3MYIIEHUS JIJIsS
mpocreiteit KH [Isaprimmib/ia, Ha OCHOBE KOTOPBIX
rpejicraBieHa (popMyJia JOMOJTHUTE/IbHOIO YCKOPEHUsI,
a TakKe IMOKA3aHO CXeMATHYeCKOe M300parkeHne KOH-
durypamun 06bekTOB 3amadn. B pasz. 3 mpuBeeHb
HabJIF0JIaTe/IbHBIE JAHHBIE UCCJIEyeMbIX aCTPOMU3IIe-
CKUX CHCTEM U BBIYUCJIECHBI COOTBETCTBYIOIINE BO3MY-
AoIe yCKOpeHus. Pe3yIbraTol peicTaBIeHbl B BU-
Jie CJIeJIYIONIUX 3aBUCUMOCTEl: «BO3MYIIAIOIIEe yCKO-
peHne — Macca BO3MYIIAIIETO O0beKTa, «BO3MYIIA-
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oliee  yCKOpeHne — OOJIbIas MOJIyOCh BO3MYIIAIOIIE-
ro obbekTay. Paznen 4 mocBsieHn aHaJmM3y MOCTPOEH-
HBIX aBTOPAMM CUHTETUYECKUX CHUCTEM, IIPEJICTaBJIAIO-
mux coboit mapel «KH — wneiitponnas 3Be3ma». Pe-
3yJIbTATHI IPEJ/ICTABJIEHBI B Buje rpaduros. B pasm. b
TIPUBOIATCST OOIINI BUI IIPOCTEHIIIEH OTEHKN TOTHOCTH
U3MEpEeHUsI YCKOPEHUsl 3Be3/bl B IEPUIEHTPE OPOUTHI
JABOMHON CUCTEMBI, KOTOpas NPUMEHACTCS JJId ITOJIyde-
HUsl KOHKPETHBIX 3HAaYeHmil g maHuHbix Gaia u gastee
CPaBHUBAETCsI C ITOJIyYE€HHOI BEJIMYNHON aHOMAaJIbHOIO
yckopenus. B paszm. 6 oO0CyKIAar0TCst METOIbI HAOJIIO-
JIEHUsI NCKOMOTO aHOMAJILHOI'O YCKOPEHUsI: IIPUBOJIAT-
Csl BEJIMYMHA YCKOPEHUsI B TEPMHUHAX YIJIOBOI'O CMeIlle-
HUsI, & TAKZKe IPUBOJUTCS pacdeT U3MeHeHus: OOJIBIION
[TOJIyOCH BO3MYIIEHHOTO O0BbEKTa M3-3a aHOMAJBHOIO
yCKOpeHust (B 0OIIEM BUJIE TIPUIOJHOM JJIsl HCIIOJIB30-
BaHUsl B JAJbHERINX paborax). B pas. 7 ucciemyercst
BOMIPOC 006 OCHOBHBIX KOHKYPHUPYIOMNX 3P deKTax: BO3-
MYIIAIOIIEe YCKOPEHUE OT OJHOPOJIHOTO U HEOIHOPOII-
HOT'O IIJIOCKOT'O 3BE3/IHOTO JHCKA, & TaKyKe 00CYKIaeT-
ca upenebpezkenne BiugnueM TeMuoit marepun (TM).
Pazmen 8 u Bakiodgenne mocBAmensbl 00CY K IEHIIO TT0-
JIYIEHHBIX B paboTe pe3ysibTaTOB U IEPCIIEKTUB Jajlb-
Heiirreir paboTHI.

2. TPABUTAIIMOHHBIE BOSMVYIIIEHUW A OJIS1
KH IHIBAPIITNINJIb A

Crnenyst paGore [15], BBemeM psii yIPONIAOIIUX
[IPEJIITIOJIOKEHNIT Jiyisi (DOPMYJIbl BApUAIUU YCKOPEHUSI
00BbeKTa Ha CTOPOHE 1, BRI3BAHHOTO OOHEKTOM Ha, CTO-
pose 2. (B panbHeiimem BCIOLy 1101 «00BEKTOM» Oyiem
[OHUMATDH 3BE3/1Y.)

Paccvorpum  mBa ILTIOCKHX
OPOCTPAHCTBA-BPEMEHHU, COCAUHEHHBIX IIPOCTEHIein
mpoxoaumoit KH IIsapiimmisga. Paccmorpum MoHO-
HOJIbHBIE BO3MYIIEHUs B Buje [21-23]

ACUMIITOTUYIECCKH

21 2u
hy = —H(r — Ry) + —H(Ry — 1); (1)
T R2
2ur
hpp = ——=H(r — Ra). 2
(= R )
3nech pu — 3ddexTuBHAsg Macca 3Be3Jbl HAa CTO-

poue 2; H(-) — dyukuua Xesucaiina; Re — paju-
yc opObuTBI 3Be31bI Ha CTOpoHe 2; hy u h.. — Bpe-
MEHHAasl M IIPOCTPAHCTBEHHAS KOMIIOHEHTHI METPUKH

COOTBETCTBEHHO.

Bynyan B pamkax wMomesn TOHKOH 000/109-
KM U JIOCTATOYHO KOPOTKOI'O TYHHEJSI  MEXK/Ly
cropoHaMu 1 M 2, MOXKHO UCIIOJIb30BATh  yCJIOBHE
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cimmeku KommonedT (1), (40) wa ropsiosune KH r» = R
careytonM  06pasoM. KOMIIOHEHTBI BO3MYIIECHHS HA
cTopoHe 1 1 2 paBHBI COOTBETCTBEHHO

2btt 2brrr1
1 _ A g _ 20T
htt(rl) - " ) rr(rl) (Tl o Tg)2’
2att 2arrr2
h,2 =h +—, h2 - hrr + )
1(r2) 1(r2) 7“2 r(7r2) (r2) (ro —1y)?

TJe 11, ro — pajuajabHble KOOPANHATHI Ha CTOpoHe 1 1 2
COOTBETCTBEHHO.
N3 ycnoBus crmuBku Ha ropsiosune KH

R

— by = —
MRQ’

by = —ay =
3necb R — pajuyc ropJosunbl KH.
Hamwmaume memymeBoro KommonenTa by TPUBOIAT K
CyIIECTBOBAHUIO JIOIOJIHUTEIBHOTO YCKOPEHUSI BO3MY-
aeMOi 3B€e3/1bl:

R 1 3)

a4~ —l——.

2

R2 L
Be3 orpamnndenns oOMIHOCTH MOYKHO CIUTATH, ITO
BO3MYIIAEMasl 3Be3/1a PACIIOJIOKEHA, JIOCTATOTHO JIAJIe-

Ko ot ropsosunbl KH.

DinnTraeckas opouTa 3Be3/bl HA CTOPOHE 2, 0Ue-
BUJHO, HE MOXKET OBITH IIPEJICTABJIEHA OJIHUM MOHOIIO-
JIeM, TI09TOMY Bapuallusi YyCKOpeHusi OyjieT uMeThb BUJI,

cM. Takxke dopmyry (13) B [28]:

(4)

3/1ech ), — paJIiyc NepUIEHTPa OPOUTHI BO3MY IIAOIIEH
3BE3/IbI HAa CTOPOHE 2, I’y — PAJINYC AIOIEHTPA OPOUTHI
BO3MYIIAOIIEN 3Be3/1bl HA CTOPOHE 2, '] — paJjuaJibHasi
Koop/inHaTa Ha cTopoHe 1, R — pauyc ropsosunbt KH.

CxemaTndaeckoe u300pakeHHe PaCCMATPUBAEMOIT
KOH(UTI'YpaIuu IIPeJICTaBJIeHO Ha puc. 1.

B mpenene KH IlIBaprmuibga, Korjaa pajanyc rop-
soBunbl KH crpemurces ¥ pajumycy ropusoHTa COOBITHIA,
addekT HANMMYINSA BO3MYIIAOIIET0 YCKOPEHUS COXPAHS-
ercs [15].

3. AHAJIN3 HABJIFOOJATEJIbBHBIX JAHHBIX

B kadecTBe HAGIIONATEBHBIX JIAHHBIX (B CHILYy Ha-
Jnaust GOJIBIIOTO YUCJIA TOITBEPKICHHBIX BBICOKOTOY-
HBIX HabOJrojieHnit) Obuta BHIOpaHa cucrema CMYJ]
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SgrA* B nenrpe lajakTuKy 1 10CTATOYHO XOPOIIO U3Y-
9eHHBbIE 3Be3/bl BOIM3M TaJaKTUIECKOTO IEeHTpa: S2,
S21, S23, S4711, S4, S62. CMY/I paccmaTpuBajiach
kak Kauaugar B KH. Onenennasi Macca meHTpaJibHON
CMY/I SgrA* M = (4.1+£0.2) - 105 M.

Takzke B KauecTBe HAOJIIOAATEILHBIX JAHHBIX OLLIN
BBIOpAHBI IIIUPOKUE JIBOIHbBIE cucTeMbl 3Be31 VETS-243
u LB-1. Cucrema VFTS-243 upencrasisier coboii mapy
73 MacCUBHOM 3Be37bI Knacca O ¢ maccoit 25M), KoTo-
past Bpallaercsi BOKPYI TEMHOTO OO'bEKTa C OIEHEeHHOM
maccoit 9Me u opburasbabiM nepuogom 10.4 cyT [16].
Cucrema LB-1 mpezcraBisier coboit mapy u3 3Be3IbI
KJiacca B, Koropasi Bpalaercsi BOKpyI' TEMHOTO 00'beK-
Ta C OIleHeHHO Maccoil 68 M u opbuTaJbHBIM IIEPHO-
zoMm 78.9 cyr [17]. (B cityuae yBepeHHOr0 HOATBEPIKIE-
HUSA TPOUCTBEHHOCTHU JAHHOU CUCTEMBI B JAJIbHEUIIeM
OyzeT HeOOXOIMMO BKJIFOUUTH B PACCMOTPEHHE BO3MY-
nlaoniee Bozzeiicrsue Tperbeil KomionenTol.) Kax yxe
OBLIIO0 OTMEYEHO, MMUPOKUE CUCTEMBI BEIOPAHBI C IEJIHIO
npenedbpedb 3PPeKTOM aKKPEIIH.

O6e cucrembr VFTS-243 u LB-1 obJagaior Majbi-
Mmu skcrenTpucureramu (e < 0.029 u e = 0.03 £ 0.01
COOTBETCTBEHHO ), CJIEJOBATEIBHO, OIEHKA CBEPXY IS
BO3MYIIAOIIEr0 YCKOPEHHUsI JJIsl STUX 3Be3/ (OCHOBAH-
HAs Ha MEPUIEHTPUIECKOM PACCTOSHUU 3BE3JbI HAa
cropore 1) He mpeBblaeT OUEHKY JJid S2, 0bJaiaio-
et GOJIBIIM SKCIIEHTPUCUTETOM, CM. puc. 2 (jeBas
[aHesb), TJe [0KA3aHa 3aBUCUMOCTD BO3MYINAIOIIErO
yckopenus (4) jus 3esy S2, LB-1, VFTS-243 (ua
cTopoHe 1) oT Macchl BO3MyINAoIeil 3Be31bl (Ha CTO-
pone 2). ITapamerpbl BO3MyIIAONIEH 3BE3/bl IPUBEJIE-
HBI B TaOJT. 1.

Kak BugHO u3 puc. 2 (jeBasi aHesb), YCKOPEHHe
pacTer ¢ yBeJIMYeHUeM MacChl BO3MYIIAIOIIEN 3BE3/IbI,
u qa SgrA* (S2) mocrmraer 3.032 - 1074 cem/c? mpn
Macce Bo3MyIaoneit 3se3161 H0M.

Eie 6oJibImii mHTEPEC ¢ TOYKU 3PEHUs] BO3MOXKHO-
¢t OOHAPYKUTH BO3MYIIAIONIEE YCKOPEHUE MPEeICTaB-
gster 3Be3ma S62. Tak, BBIYHCIEHHOE BO3MYIIAIOIIEE
yckopenue gocturaer 1.416-1072 cum / c? pu macce BO3-
mymatomnieit 3se3161 50 Mg, M. puc. 2 (IpaBast IaHeJb ),
9TO yKe COMOCTABUMO € TEKYIITUMHU TOYHOCTIIMHI aCTPO-
MeTpuueckoro npoekrta Gaia (cM. pasm. 5).

Opnaako 1o cocrosgnuio Ha 2024 r. TogHOCTH HAOJIIO-
JIeHUIT OPOUTABHBIX TAPAMETPOB 3Be3/bI 562, K coxKa-
JIEHUIO, HEJIOCTATOYHO [IJIsl HAJEXKHOTO OIIPEIC/ICHU €€
YCKOPEHUS C IEJIbI0 COIOCTABUTH €r0 C I0JIYYeHHBIMU
OTIEHKAMU JIJIT BO3MYIIIAIOIIETO YCKOPEHS.

AmnajiornaHasi 3aBUCUMOCTD TIPEJICTABJIEHA HA PUC. 3

(sieBasi mamesb) JUIst cpaBHeHUs! S2 co 3Bezgamu S21,

S23, 84711, S4.
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3e-04 1.4e-02
a)
2.5e-04 q 1.2e-024
2e-04 1e-027
3 15e04 § 8e:037
6e-03
1e-04 1
e-04 6)
4e-03 -
0.5e-04 4
w 2e-03 4
04
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u u

Puc. 2. 3aeucumocTu Bo3Mmywjatowero yckopenus Aa[em/c?] (4) ans ssesg S2(a), LB-1(6), VFTS-243(5) (cacsa) u S62
(cnpasa) oT maccel BosmyLatoweit 3se3abl 1 (B eantuuax Mg ). Bonblas nonyocs opbutsl Bosmyuatoweit 3se3gbl 1.5 a.e.,
sKcueHTpucuTeT opbutsl 0.7

3e-04 A a)
3.5e-04
a)
2.5e-04 3e-04 A
6
2e-04 4 2.5e-04 4
6)
2e-04 A
3§ 15e04 3
1.5e-04
1le-04 4
le-04 4
0.5e-04
B) 0.5e-04 | 8)
01 a) 01 4

1‘0 2‘0 3‘0 4‘0 5‘0 (I) é 21 é é 1'0
M Al
Puc. 3. Caesa: 3aBucumocTin Bosmyuiatolero yckopenus Aa [cm/c?] (4) ans sse3n S2 (a), S21(6), S23 (8), S4711(r), S4 (a) ot
Macchl Bo3myLuatoLeli 3se3abl 1 (B eguHnuax Mg). Bonblas nonyocs opbuTsl Bo3MyLatoweit 38346l 1.5 a.e., SKCLUEHTpUCHTET

opbuTbl 0.7. Cnpasa: 3aBucumocTu Bo3myLyatoLiero yckopenus Aa [CM/CQ] (4) pns 3Be3p S2(a), S21(6), S23(s), S4711(r),
S4 (4) oT BennumHbl Bonbluoi nonyocu Ap [a.e.] Bo3myLatoweli 38e34bl

Tabnuua 1. MakcumanbHoe Bo3MyLiaoliee yCKOPeHne Adimaz [cM/c?] (4) 1 napameTpsl ncciesyembix acTpodnanHecknx cu-
ctem. BBegenbl cregytome obosHaueHnst 415 napamMeTpoB OpbuUTbI: NEPULIEHTPUHECKOE paccTosiHme Ty [a.e.], sKcLeHTpucuTeT €,
Gonbwas nonyocs A [a.e.], yaanennocts D [knk]. 3HaueHNsi OKpPyr/eHbl; TOHHOCTb NapaMeTpos cm. B [16-19]

S2 S21 S23 S4711 S4 S62 VFTS-243 LB-1
Tp 121.3727 430.5277 927.2956 143.6561 1812.5372 17.7619 1.4705 0.2900
e 0.8839 0.764 0.56 0.768 0.3905 0.976 0.025 0.03
Admas | 3.702-107% | 2.943-107° | 6.343- 1076 | 2.643-10~* | 1.660-10=6 | 1.416-10~2 | 1.099 - 10~* | 3.324. 105
D 7.9 7.9 7.9 7.9 7.9 7.9 49.1 2.3
ITapamMeTpbl BO3BMYIIAIOMIETO OOBEKTa
A 1.5
e 0.7
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3aBUCHMOCTD BO3MYIIAIONIETO YyCKOPEHUS JJIsT 3BE3/1
S21, S23, S4711, S4 B cpaBHeHHH C S2 OT BEJIHIHHBI
GOJIBIIION TOJIyOCH BO3MYIIIAIOIIEH 3BE3bI IIPE/ICTABIIC-
HBI Ha puC. 3 (OpaBasi NaHesb), IJe HATJISIIHO JIEeMOH-
CTPHUPYETCs, YTO YeM MEHBINE BeJMINHA OOJIBIIOHN 10~
JIyOCH OpPOUTBI BO3MYIIAIONIEN 3BE3IbI, TeM OOJIbIlee
BJIMSIHUE OKa3bIBAET BO3MYIIAIOIIAs 3BE3/Ia, PACIIOJIO-
JKEHHAasl 110 Ty cTopoHy ropJoBuabl KH.

B Tabs. 1 cBemennl Bce mapaMeTpbl paccMaTpUBae-
MBIX aCTPO(PUINIECKUX CUCTEM.

4. CUHTETNYECKUNE CUCTEMbI

C nesibio HaiiTu HAOOP APAMETPOB OPOUT, IPHU KO-
TOPOM HMCKOMOE aHOMAaJIbHOE YCKOPEHHe HaOJII0aJI0Ch
OBbI HA TEKYIIEM yPOBHE TOYHOCTEMN, OBLI IOCTPOEH Pl
cuaTermdeckux cucreMm map «KH — mefirponnas 3Be3-
Jas. Jpyrumu cjaoBamu, mapamMeTpbl OPOUT IMOJAOUpPa-
JINCh TaKUM 00pa30M, 9TOOBI MCKOMBIN 3hdeKT ObLT
HanbOOJIBINM, CM. puc. 4.

Cunrernveckasi JBOIHAsI CUCTEMa CTPOUJIACH CJie-
gytoruM obpaszom. Ilepsas xkommonenta mapel — KH
maccoit 5M), BTOpas KOMIIOHEHTa Hapbl — HEWTPOH-
Has 3Be37a Maccoil 1.4Mq. [IBoiiHas cucrema mMeer
repuoyt obparienus: 1.5 4. [Tapamerpsl MOje/IbHO BO3-
MYIIAOMIEN 3BE3/IbI: KCIeHTprucuTeT opouTsl e = 0.4,
nepuos obparenus 1 cyT. [Ipn Taknx mapamerpax Be-
JINYMHA BO3MYIIAIOIIETO YCKOPEHMST MOYKET JIOCTUTATh
1.148 cm/c?.

Hasee, eciin 3aUKCUPOBATH MACCY BO3MYIIAIONIEN
3Be3nbl B H0M, TO IPU TOM K€ SKCIIETPUCHTETE €€
opbute! e = (0.4 BeJIMYIMHA BO3MYIIAIONIETO YCKOPEHUST
Mozker jocrurath 1.683 cm/c?.

[IpejcraBuM pes3yabTaThl MOJIEJIUPOBAHUS JIJIsI THU-
[IOBBIX ITAPAMETPOB, HO IMOMOOPAHHBIX I JTOCTHKE-
HUsT MakcuMajbHOTO 3ddekra. B Takoit momenn Tax-
JKe MMeeT MeCTO JIBOIHAasI CucTeMa: IepBasi KOMIIOHEHTa
mapel — KH wmaccoit 5M, BTOpast KOMIIOHEHTa — Heii-
TponHas 3Be31a Maccoit 1.4Mq. Ilycrs nBoitnas cucre-
Ma uMeet repuoj ooparenus 0.5 cyT. [Tapamerpsr mo-
JeJIbHOIT BO3MYIIAIONIEH 3BE3/Ibl: 9KCIEHTPUCUTET Op-
o6utsl e = 0.4, nepuog obpammenus 1.5 cyt. B atom ciry-
qae BeJIMYNHA BO3MYIIAIOIIET0 YCKOPEHUS MOYXKET I0-
cturathb 0.038 CM/C2. Ecan cuoBa 3acdukcupoBarsh Mac-
cy BO3MyIamoImero oobekTa renepb yxe SMq, To mpn
TOM K€ IKCIeHTpucuTere ero opoursl e = 0.4 Besuvn-
Ha BO3MYIIAIONIET0 YCKOPeHus MoxKeT jocturarsb 0.339
em/c?, eMm. pumc. 5.

Hakomerr, mocrponM anajorudHble MOJETbHBIE 3a-
BUCHMOCTH JIJIsI PA3JIMIHBIX [I€PUOJIOB JIBONHOI cucTe-
MBI, CM. puc. 6.
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Teneps 3adurcupyeM BO3MYIIAOIIEE YCKOPEHUE HA
HEKOTOPOM yPOBHE U BBIYUCINUM COOTBETCTBYIOIIUE 1A~
pameTpsbl cucrembl. [IpuBeiem mapamMeTpsl JIBOWHOI cu-
CTeMbI U BO3MYIIAOIIEH 3Be3/1bl, IIPU KOTOPBIX BEJINYNU-
Ha BO3MYTIeHHUs ycKoperns coctasut 1073 cm/c?; Tax-
K€ JJI TMPOCTOTHI OyIeM CInTaTh OPOUTY BO3MYyIIAe-
MOl 3Be3/Ibl KPyroBoil. [ljist ciiydasi, ecjii rUIOTeTH-
geckast KH peanusyercs smecro CMY/, nadop mapa-
MeTpoB ciemytommuit: Macca KH pasma 10°M, mepn-
[EHTPUIECKOE PACCTOsIHUE 3BE3/bl Ha CTOpOoHe 1 pas-
HO 10 a.e., Mmacca BO3MyIIAOIIEil 3B€3/1bI HA CTOPOHE 2
paBua 10M), sKCIeHTpUCATET OPOUTHI BO3MY IITAIOIIEH
3Be3/1bl paed e = (.5, GoJibllast MOJIyOCh OPOUTHI BO3-
MyTaomneit 38e3/161 paBua 32 a.e. s ciaydas rumnore-
tugeckoit KH 3Be3mnoit Macch HabOp mmapaMerpos ciie-
gytomuit: macca KH pasna 10M(), nepunenTpudeckoe
paccrosinue 3Be3/bl Ha cTopone 1 pasuo 0.1 a.e., mac-
ca BO3MYIIAIOINIEH 3Be3/1bl Ha cTOopoHe 2 paBHa 10M),
SKCIIEHTPUCUTET OPOUTHI BO3MYIIAIONIEN 3BE3/IbI PABEH
e 0.5, GosbImasi MOJIyOCh OPOUTHI BO3MYIIAIOIIECH

3Be3/bl paBHA 3.2 a.e.

5. OLIEHKA TOYHOCTU U3MEPEHUHA
YCKOPEHWUSI 3BE3/bI B IIEPULIEHTPE
OPBUTHI JIBOMHOM CUCTEMBI I10
JAHHBIM GAIA

Jsist TOro 9TOOBI COMMOCTABUTD BEJUYIUHY TEOPETH-
9eCKU PACIUTAHHOIO B 9TOH paboTe aHOMAJIBLHOTO YCKO-
PeHUsI C COBPEMEHHBIMYU MHCTPYMEHTAJIbHBIMEI BO3MOYK-
HOCTSIMU, TIOJIYYUM BbIPayKeHUe JIJIsl YCKOPEHUs 3Be3/Ibl
B MEPHUIEHTPE OPOUTHI B JABOMHOI crCTeMe W TIOTPEII-
HOCTBb €r0 OIpeJIeJIeHNs, UCXO/sl U3 COBPEMEHHO TOY-
HOCTU OIIpeJIeIeHNs] BXO/ISIIIUX B HETO IIapaMeETPOB.

B sTom pazmene Bce napamerpst oTHOocsaTCs K KH u
BO3MYIIAEMOI 3Be3/le Ha CTOpoHe 1.

VcKopeHne 3Be37bI B IEPUIIEHTPE PABHO

3zecy M — macca npegmonaraemoit KH, r, = A(1 —e)
— pajimyc nepurieHTpa, A — 6oJIbIas moJIyoch OPOUTHI
3BE3JIBI.

ITo Tperpemy 3akony Kerutepa

42 A3
G(M +m)’

P2

rie P — mepuoj obpaliieHust 3Be3/bl B JIBOIMHON cucTe-
Me, M — Macca 3Be3/Ibl.
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Puc. 4. Caesa: 3aBucumocTs BosMywatowero yckoperus Aafcm/c?] (4) ans MopensHoll 3sesfbl Ha cTopoHe 1 oT Maccel

BO3MyLLatoLeli 3Be34bl f1 Ha cTopoHe 2 (B eguHnuax Me) Anst skcTpemasbHoro Habopa napametpos (cm. pasa.4). Cnpasa:

3aBucuMocTb BO3MyLLatoLero yckoperus Aa [cm/c?] (4) ans MoaensHol 38e3ab1 Ha CTOpoHe 1 OT BennumMHbl Gonbwol nonyocu
Bo3myLatolelt 38e3abl A [a.e.] Ha cTopoHe 2 anst sSKCTpemanbHOro Habopa napameTpos

0.04 0.35
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Puc. 5. Caesa: 3aBucumocTb Bosmylatowiero yckopenus Aa [cm/c?] (4) ans mogensHoli 38e3abl Ha cTopoHe 1 OT Macchl BO3-

MyLlatowell 38e3apl i Ha cTtopoHe 2 (B eguHuuax Mg ) ans Tunosoro Habopa napametpos (cm. TekcT, pasgen 4). Cnpasa:

3aBucuMocTb BosMyLyatolero yckopenust Aa [cm/c?] (4) ans MopenbHoll 38e3abl Ha cTopoHe 1 OT BeANHUHbLI 60MbLWON Mony-
ocn A [a. e.] Bosmywatoweli 38e3ab1 Ha cTopoHe 2 As TMNOBOro Habopa napameTpos

Takum 06pa3oM, yCKOpEeHME 3Be3IbI MOXKHO IIPe]I-
1
CTABUTD B CJIEAYIOIIEM BHJIE: da 2w (167G)s M

Om  3(1-e)2P3(M +m)3

Y

GM (PQG(M + m))*%l

a= """ 2 _
(1-e) in da 43n(nG)s M
ITorpemuocTs KOCBEHHOTO U3MEPEHUST OICHUM CJie- apP 3(1—e)2(M + m)%p% ’
JIYIOTITIM 00pa30M:
[ Oa 2 s0a 2 7 0a 2 r0a \2 9a — QW(lfﬁG)E _.
7=\ (Garo») Hgmom) Hgpor) 57 de  (1—epP5(M +m)s

Benuuunset opr, 0, 0p, 0 OMPEIETSAIOTCS JIJIT KOH-

KPETHOTO 00bEKTa B X0J1e HAOJIIOICHMIA.
P 7(167G)3 ((]Vf +m)i — %) P .
a 3(M4m)3 Ilo mammbiM acTpoMmeTpudeckoro npoekra Gaia Ha-
oM (1-— e)QP% (M + m)% ’ ommonennit YJI ykarkeMm TEKYIIyIO TOYHOCTb B OIIpE/ie-
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Puc. 6. Caesa: 3aBucumoctn Bosmyuatowero yckopenns Aafcm/c?] (4), koTopoe cospaeT 38e3aa Ha CTOpoOHe 2, OT Macchl
sToli 3Be3abl i (B eguHuyax Mg). Macca KH 5M, macca HeiiTporHoli 3e3abl (3Be3gbl-komnanHsoHa KH) 1.4Ma . Mepuogb
cuctembr: 3 4 (a), 0.5 cyT (6), 3 cyT (8). MakcumanbHas BennuuHa Boamylaowero yckoperns Aa = 1.558 - 107" cm/c? ans
Macchbl Bo3Mylatowero obbekta 50Me. Cnpaca: 3aBucumoctn Bo3mywaiowero yckoperust Aa [cm/c?] (4), koTopoe cospaeT

3Be3ga maccoit 10My Ha cTopore 2, oT 6onabLioit nonyocu Aj [a.e.] sToli 3Be3abl. DKCLEHTPUCUTET OPOUTLI BO3MYLLAIOLETO
obbekta e = 0.4. Macca KH 5M¢), macca HeiiTpoHHoii 3Be3abl (3Be3abl-komnansoHa KH) 1.4M¢ . Mepuoabl cuctemsi: 3 4 (a),
0.5 cyt(6), 3 cyT(B)

JICHUU IIOTPENTHOCTH MCCJIEyeMOT0 YCKOPEHUA COrJIac-
HO TIOJIy9eHHBIM (POPMYJIAM.

O6bekr Gaia BH1 [24]. Ilapamerpsr cucre-
mbl: M 9.62 £ 0.18Mg, m = 0.93 £ 0.05M,
e =0.451+£0.005, P = 185.59 + 0.05 cyT.

Ksamapar
(B cm/c?):

(0a)? = (7.0-1072)2 4 (3.0- 1072)? + (3.4 107%)% +
+(1.7-100H2 =1.9-10"".

BCJIMYMHDBI IIOTPEITHOCTU  YCKOPEHUA

3nech ciemyer orMeruTb, 9To 00bekT Gaia BHI,
BO3MOXKHO, BJISIETCA MIUPOKON TPOiHON cucTemoii [25]
U, CJIeJIOBATEJIHLHO, HEOOXOMMbBI OT/IEJIbHBIE UCCIIEI0BA~
HUs JJIsl IPOBEPKU KOMIIAKTHOIO (TEMHOIO) OObeKTa
9TOit cucrembl HA npuHaIeKHOCTh K KH.

O6bekt Gaia BH2 [26]. Ilapamerpsr cucre-
Mmb: M = 894 + 0.34My, m = 1.07 £ 0.19Mq,
e =0.5176 +0.0009, P = 1276.7 + 0.6 cyT.

Ksaspar BeJMYMHBI HOTPEITHOCTH  YCKOPEHUS

(B em/c?):

(0a) = (1.4-1072)2 + (1.1- 10732 + (5.7- 1074 +
+(34-107%)2 =1.8-10"2

O6bekT Gaia BH3 [27]. Tlapamerpbl cucre-
Mbl: M 32.7 £ 0.82Mg, m = 0.76 £ 0.05Mg),
e =0.7291 + 0.0048, P = 4253.1 + 98.5 cyT.

KBagpaT BeJMYMHBI IIOTPENTHOCTH
(B cm/c?):

YCKODEHUS
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(0a)? = (8.3-107)2 + (9.5-107%)2 +(2.9-1072)? +
+(3.4-107%)% =4.5-10"2

OTmMeruM, 9TO MOTPENTHOCTD IS BCEX TPEX 00beK-
TOB BCE €IIIe TIPEBBIIIAET CPE/IHEE OYKUIACMOE JIJIs NCKO-
MOro 3ddeKTa, OHAKO 3HATUTETHHO JIy 9Ile MMEIOIINX-
¢ TOYHOCTEN 771t OOJIBIMUHCTBA OOBEKTOB B MAJIAKTH-
YECKOM IEHTPE, a TaKKe MO3BOJISET YBEPEHHO DPa3Jid-
9aTh UCKOMBINH 3 MEKT jIs paCCMOTPEHHBIX CUHTETHU-
YECKHUX CHUCTEM.

6. METOAbI HABJIFOJIEHU A
AHOMAJIBHOT'O YCKOPEHUA

6.1. BesnuynHa aHOMaJIBHOTO YCKODEHUS B
yTrJioBOii Mepe

s ynobcTBa aHa/M3a BEJIMYUHBI AHOMAJIBHOI'O
YCKOpeHHsI 3Be3/1 BOm3n 1eHTpa [asakThkn 3aMeTnm,
aro 1 mc/roa? = 0.1203 cm/c? (1t paccTosHUS OKOJIO
8 KIIK).

B Tab1. 2 ykazaHo 0:KHIaeMOe aHOMAJILHOE yCKOpe-
HFE B TEPMUHAX AHOMAJILHOTO YIJIOBOIO CMEIEHUS.

6.2. 9ddeKT nsmeHeHus O60JbINON TOJIyOCH

Cuentyst pabore [28], mig crpareruu IOUCKa BO3-
MYIICHHH yKasKeM MeTOJ, W3MEPEHUs H3MEHEeHUit
OpOUTAIBHOIO IIEpUOJa  3BE3/bl, HaO/IOJAeMOil Ha
cropone 1. Bemuunny opOHTaJIbHOTO HEpuoja MOXKHO
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Tabnuua 2. MakcnmansHoe Bo3myLuatollee yckopeine Admaz [MC/FOAQ] (4) B TepMUHaXxX aHOMaIbHOIO YrJI0BOrO CMELLEHNS ANS
3Be3s BOAM3N uenTpa Manaktuku. Beegenbl cregytowme obosHayeHnsi 4nsi napaMeTpoB opbuTbI: MEPULLEHTPUYECKOE PACCTOsI-
Huer, [a.e.], akcueHTpucnTeT €, yaanentocts D [knk]|. 3HaueHUsi oKpyrieHbl; TOHHOCTL NapameTpos cm. B [16-19]

S2 S21 S23 S4711 S4 S62
121.3727 430.5277 927.2956 143.6561 1812.5372 | 17.7619
0.8839 0.764 0.56 0.768 0.3905 0.976
Atmae | 0.308-1072 | 0.245-1072 | 0.527-10* | 0.22-1072 | 0.138-10"* | 0.118
D 7.9 7.9 7.9 7.9 7.9 7.9

CBA3aTh C BEJUYINHON OOJIBINONW IOJYyOCH OpPOUTHI
naburrofiaeMoit 38e3/1bl. JlaHHyio BesimanHy B OyIymnx
pacderax MOXKHO CUATATH [PUHIUAINAAIBLHO OIIPeJIeIsi-
MOl M3 HAOJIIO/EHNT YIJIOBOW BeJIMYMHON. BbInumiem
o011ee aHATUTUIECKOE BhIPAYKEHNE JJIs OTHOCUTEIHHO-
o M3MEHEeHWsI OOJIBINON ITOJIyOCH OPOWTHI 3BE3/IbI HA
cropose 1.
Bsenewm cremyrorue obo3nadeHust:

e P — opburasibHBIH 11epuo HAOJIIOIAeMOl crcTe-
MBI Ha CTOpOHE 1;

T — opOUTAJIBHBII TEPUOJT, BO3MYIIIAIONIETO 00b-
€KTa Ha CTOPOHE 2;

M — wmacca KH;
mj — Macca 3Be3/[bl Ha CTOpPOHE 2;

Aa — BHOCHMOE BO3MYIIAIOIIM OOBEKTOM &AHO-
MaJIbHOE yCKODEHUE;

e A — OoJsblliast TOJIYOCh OPOUTHI 3BE3JBI Ha
cropowne 1;

e Ay — Oosbmiasi MOJIyOCh OPOUTHI 3BE3JbI HA
CTOpOHE 2;

— BpeMd B TICTBUA BO3M T KO-
ty e 03]IeiC 03 AIOIIETr0 YCKO
peHus (BpeMH HaXOKJI€HUsI 3Be3/IbI Ha CTOpoHEe 1
BOJIN3U [IEPUIIEHTPA Op6I/ITbI>;

FE — opburajbHasl 3HEPrUsl 3Be3/Ibl Ha CTOPOHE 1;

Tp,Ta — PAJUYCHI HHIEPUIICHTPA U AIIOIIEHTPA 3BE3-
JIbl Ha CTOPOHE 2 COOTBETCTBEHHO.

Abcommoraoe 3HavYeHWE WU3MEHEHHUs OPOUTAIBLHOM
SHEPrUU 3Be3/IbI 33 eUHUIHOE BO3/EHCTBIE BO3MYIIA-
romero yckopenust Aa [27] pasuo

M
|6E|:zMu/9%—%.
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[Ipu srom wuzmenenme opOUTAILHON 3HEprun JF
MIPUBOJIUT K U3MEHEHUIO GOJIBINON MOIyoCH 3Be3/bl §A.
Jtst sneprun

__GM
24
ojryanM cBsisb 0F u §A B ciieyromieM Buje:
GM
0FE = —=0A
242777

OTKY/a, yIUTBIBAsI COIVIACHO 28]

t N(:—Z>2T,

Bripazum T gepes napaMeTpbl 331481 110 TPETHEMY

( )2
[ToyueHHOE NCKOMOE BBIPAYKEHHE JIJIsi U3MEHEHUS
60J1bI1I011 TToJTyoCcH d A XapakTepusyer BO3eiicTBIE e/11-

zakony Kemrepa:

A3
GM

87T2A1
G(M + ml)

Tp

0A =

Ta

HAYHOTO MMILYJIbCA BO3MYIIAOIIETO YCKOPEHS.

Eciin yaects MasiocTh GOJIBIINON TIOIyOCH BO3MYIIa-
fOIIEeil 3Be3/1bl IIPY JOCTATOYHOM BO3MYIIAIOIIEM BJIHSI-
HUAU, MOXKHO c9uTaTh P >> T OTKyJZa MOYXKHO 3aKJIIO-
9UTh, 9TO 3a BPEeMs OTHOrO 000POTa 3BE3/bl HA CTO-
pore 1 BKJIaJ| UMITYJIbCOB 0 A 1Ipu IpUOJINKEHNH K I1e-
PUIEHTPY ¥ IPU YIAJIEHAU OT HErO MOYTU ITOJTHOCTHIO
CKOMIIEHCUDYIOT JAPYT APYTa, U HCKOMBI 3 deKT n3me-
HeHUs OOJIBINON TOJIyocH Oy/IeT MPUOJIM3UTEIHHO PABEH
addeKTy 0IHOTO UMITYJIbCA TAKOIO M3MEHEeHUs. lorma
3a BpeMs Habsoernit AT cymmapusbiit ahdekT cocra-
BUT BEJIUIUHY

AT
AA =64

MoxKHO TaKzKe paccMaTpPUBATL €JIMHUYHOe OTHOCH-
TesibHOe m3MeHenne 0 A/ A:
2
( > ’

i _
A

87T2A1

A
GM

"
Ta
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KOTOPOE sIBJIsieTCsl Oe3pa3MepHOil BEJIUINHON U BBIYUC-
JITETCST COOOPA3HO BXOJAIINM B 9TO BLIPAYKEHHE 3a,1aH-
HBIM IIapaMeTpaM CUCTEMBI.

7. OOEHKA BEJIMYIMHDBI
BOBMVYIIAIOIIIETO YCKOPEHUIA CO
CTOPOHBI JOITOJIHUTEJIbBHBIX
NCTOYHUKOB

Pacevorpum Bazkueitmme KOHKy pupyrortue 3hdek-
ThI, TAKZKE BHOCSIINE BKJIAJ B BO3MYIIAIOIIEE yCKOPEe-
HU€ WCCJIEJlyeMbIX CHCTEM, U KOJUYECTBEHHO OIEHIM
BesmmunHy ux Biaugaug. K takum sddekram ciesyer,
[IPEKJI€ BCEr0, OTHECTU BJIMAHUE OKPYIKAIOIINX 3BE3,
a Taxkxke rajo TM.

OrnocurenbHo BTOpOro adderra cpasdy 3aMeTnM,
910 HamboJiee OOIIENPUHATHIE MOJEIN pacipeesie-
HUsl IJIOTHOCTU TEMHOTO TaJjio 3aJIal0TCsl XapaKTep-
HBIMM 3HaYeHUsIMA (Jiuisl Hamel [ajakTuKu) mopsiika
1072M ma nx®. PaccmarpuBaemas ¥Ke B JaHHOI pa-
6oTe 00/1aCTh HE TPEBBINMIAET B PAIUAJTHLHOM yJIAJCHUN
0.05 IK U COJIEPKUT JECATKU 3BE3]1 IIPEJIIOJIOKUTEIIb-
HO PAHHUX CIIEKTPAJbHBIX KJACCOB. Takmm 00pazoM,
BKJI&/T 3BE3IHOIO BEIIECTBA JOJIZKEH OBITH 3HATUTE]Ib-
HO 0OJIbIlle BKJIaJla TEMHOIO I'aJi0 B IJIaHE UX IDaBU-
TAIMOHHOI'O BJIMAHUSA, U TOITOMY BimgHUeM rajgo TM
MOKHO TTpeHeOpeTh.

Iljist yuera BO3ECTBUsI OKPYZKAIOIINX 3BE3]1 HEe00-
XOJUMO 3aJ1aThCsl IJIOTHOCTBIO WX PpacIpejesieHusl B
[IPOCTPAHCTBE, & 3aTeM IIPOMHTEIPUPOBATH YPABHEHUS
JIBUKEHUsSI ITPOOHON 3Be3Jibl B U3MEHUBIIEMCSI IOTEH-
[uaJie, IpeJICTAaBIIAIONEM CODOM KeIIEPOBCKYIO COCTaB-
JIAIONIYI0 W 9YacTb, CBI3aHHYIO C COOTBETCTBYIONIAM
BO3MYIIlEHHEM. 3aMeTHM, YTO TaKasl MOJE/b SIBJISIET-
Csl POCTEIiIeil, TOCKOJIbKY HE YUUTHIBAET CTATUCTUKY
TPABUTAIMOHHOTO TI0JIsI OT CJIYYAfHOrO PACIIPE/IEeIEHUS
3Be3 [29].

CyMMupysi pe3ysibTaThl PA3JIMIHBIX HCCJIEI0BAHUIA
[30,31], samamumca caenyromeii Mogenbio. [lnorHoCTh
3BE3/IHOTO HACEJECHUS B S-CKOILUIEHUU COCTABJISAET MPU-
MEPHO 2.5 3Be3/ibl Ha OJIHY KBaJIpATHYIO YIVIOBYIO Ce-
KyHJy W 10 KpaiiHeil mMepe Jijisi 3Be3]] MO3HUX CIIEK-
TpPaAJIbHBIX KJIACCOB UMEET ILJIOCKOEe paciipeiesierue (T. e.
YUCJI0 3BE3/] HA €JIMHUILY HaOJII0IaeMO ILIOIAIN 110~
CTOSIHHO B TIpejiesiax ckoiuteHust) [32]. Dddexruprast
CPAHUIA [EHTPAIBHOTO CKOILIEHUS 10 PAa3HBIM OIEH-
KaM cocrasisier okoJo 0.03 nk [33]. st 3Be31 paHHuX
CIIEKTPAJIbHBIX KJIACCOB IIPU YBEJIUYEHUH PaCCTOSHUSI
OT TIEHTPA CKOILIEHUS ILUIOTHOCTb WX PACIIPE/IETCHUS
yMmenbiaercd. COOTBETCTBYIONMAS 3aBUCUMOCTD ILIOT-
HOCTHU OT PACCTOSHUS OT IEHTPA UMEET BUJI CTEIIeHHOM
dbynxnun ¢ orpuratebHbIM nokazarenem: R0-80 [31].
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ITocienoBaTeIbLHO PACCMOTPUM BKJI,T, OTHOPOIHOTO
IJIOCKOTO JIMCKA 3BE3[ MO3IHAX CIEKTPAJIbLHBIX KJIac-
COB, a 3aTeM BKJIaJ] HEOJTHOPOJIHOT'O JINCKA TAKUX 3BE3/1.

7.1. Bosmymiarorniee yCKOpeHHE OT OJHOPO/THOTO
IJIOCKOT'O 3BE€3JHOI'0 ANCKA

Bynem paccmarpuBaTh 3Besiy S2 MOMEIIEHHONH B
MEPUTIEHTD OPOUTHI BOKPYT SgrA* BHYTpH IIIOCKOTO 01
HOPOJIHOTO JIMCKA C INIOTHOCTBIO O, paBHOi 2.5 3Be3-
JIbl HA OJIHY KBRJPATHYIO YIVIOBYIO CceKyHiy (Ha 1.6
nk?) wm 5Mg Ha Takylo Iomajib (Macca Xapak-
TEPHOI 3B€37bI B PACCMaTpPUBAEMOl 00JIACTH HE IIpe-
BocxoguT 2Mg). Ilockombky Mg 1.9885 - 10%° kr,
G = 6.67 - 10~ H - m? /kr, 10Ty 9aeM MI0THOCTD

o 2.5-2.1.9885-103%°.6.67- 1011
o =
1.6 - (3.09)2 - 1032

M/c?

wim
Go =1.4-10" "%k /rox?.

IIpumem pajuyc JUCKa PABHBIM PACCTOAHUIO IO
3 dEeKTUBHON TPAHUIBI IIEHTPAJIBHOTO CKOILIeHNA, R.
JlJ1st 0JIHOPOIHOIO IIOCKOIO JUCKA TIOTEHIUAN ¢(1) Ipu
r < R BbIpaxkaercst 10 popMyJie

r

¢@):4GURE(R»
7/2

() fanf- G s

€CTb IOJIHBIN JUINITUYECKNN UHTEerPajl BTOPOTO POJa.

rje

[Tonb3yscs dopmystoil [1isi BEIpAXKEHUs TPOM3BO/I-
HOfl 3JUIMIITUIECKOro MHTerpasa Broporo poga E(k)
Jepe3 IOJIHbBIN JUITMITUYECKHIT UHTerpaj IepBOro

pona K (k)

dE(k)  E(k) — K(k)
dk k :
3alluIirnemM JaCTHYIO IIPOU3BOAHYIO IIOTEeHIIAJIa

0¢(r)/Ox cremyronmm obpaszoMm:

9¢(r)  0¢(r) O(r/R)
dr  O(r/R) Ox
xE(r/R) — K(r/R)

nonarag r = /x? + y2. YacTHas npoum3BOIHAS MOTEH-
muasia d¢/dy Gyumer BbIrsAeTh anajgorudno. Torua ¢
yaeroM (5) ypaBHEHUsl JBUKEHUsI 3BE3/(bI BHYTPH BO3-
MyIHAIOMIEro JUCKa IPUMYT BUJL
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0.002 -

0.001 A

N
=

0.000 -

—0.001 4

—0.002 4

—0.008

—0.006

—0.004 —0.002 0.000

nK

Puc. 7. Pe3yanaT HNCNEHHOINo0 MHTErpNpPoBaHNA CUCTEMDbI ypaBHeHI/Iﬁ ABUXXEHNA (6) C AOMONHUTENbHbIM BO3MYLUAOWNM MNOTEH-

unasom
C BO3MyLWAOWMUM ANCKOM .
00013354 + Kenneposckoe aBmxeHue .
0.001330 .
T -
le-11 - B
£ 0.001325 "
35
3.0
0.001320 - . g2 . .
L 2.0
< ) 15
0.001315 A .o 10
) 0.5
© -35 -3.0 -25 -2.0 -15
i nK le-11
—0.00833 —0.00832 —0.00831 —0.00830

nK

OTnudne pesynbTaToB YNCIEHHOrO UHTErPUPOBAHMS CUCTEMbI YpaBHeHWI ABuxeHUst (6) C AONOAHUTENBbHBIM BO3MYLLA-

WM NMOTEHUMNANIOM OT KEMNJNIEPOBCKOro ABUXEHUA 3a O4UNH 060pOT

Puc. 8.
2
e tale() A ()
2
ot = +10m (B () - K(3)).
riae M = (4.1+0.2)-10Mg (em. [34] u cebuiku B 3TOM
pabore).

Jlajiee npoBejieM YHCIEHHOE HHTEIPUPOBAHNE YPaB-
HeHuil jBukenust (6) ¢ nomompo Merosa Pyrre — Kyr-

5 2KITD, Bbi. 2
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Ta, 3aJaBIIACH HAYAJIbHBIM MOJOKEHUEM 3BE3JIbI B I1e-
putieHTpe opouThL. JlJIs OBBIIEHNsT CKOPOCTHU MAaIllUuH-
HOTO CYeTa MPOUHTETPUPYEM JIBUKEHHE 3BE3/bI S2 Ha
50 oboporax ¢ marom B 1/10000 o6opora.

PesyabTarT UMCIEHHOIO MHTErPUPOBAHUS ypaBHe-
uuii (6) upexacrasien ua puc. 7, 8. Paznocrs Ha 60Jib-
oM MacmrTabe BpeMeHH He 3aMeTHa, OJHAKO OHA, CTa-
HOBUTCSI OYEBUHON IPH 3HAYUTEILHOM YBEIUUCHHN
(cm. puce. 8).
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Yucnenno jBaxk bl JuddepeHIupyst 1m0y IeHHbIe
3HAYCHNA & W Y, TOJYyINM YCKODEHUSA Gy U ay. Ilom-
HOe yCKOpeHMe B TOUKe OPOUTHI ¢ KoopauHaTamu (,y)

oTIpeJIeNTM KaK a = 4 /a2 + a2. Brocmvyto 3a omun 06o-
POT MOTEHIUAIOM 3BE3/HOTO JUCKA BAPUALIUIO YCKOPE-
HUSI OIIpeJIe/IMM KaK Pa3HOCTh CPEJHUX 3HAYCHUI yCKO-

peHusi o OpouTe, OTHECEHHYIO K YUCILy 00OPOTOB M

po Mo — (@l
n

e a; — YCKOpeHHe IPH HEeBO3MYIIEeHHOM KellepOB-
CKOM JIBUZKeHNH, 0 — YCKOPEHHUe TIPH JIBUKEHIH C yHe-
TOM BJIUSHUSA OJTHOPOJIHOTO TLJIOCKOTO 3BE3/THOTO JIUCKA
C MOCTOSHHOM MJIOTHOCTBIO.

[lepeBo/ist HOTydeHHOE 3HAYeHHEe U3 IK/TOI> B
em/c?, mveem

Aa =4.8-10""em/c?,

9TO KaK MUHUMYM Ha J[Ba IOPsiJIKA MEHbIIE BeJIUYU-
HBl BHOCHMOI'O IIPH ONTHMAJbLHOM HabOpe mapamer-
poB 3ddeKTa aHOMATIBHOTO YCKOPEHUS U, CJIEI0BATE b=
HO, 'PABUTAIMOHHBIM BJIUSIHUEM IIJIOCKOI'O OJIHOPOIHO-
'O 3BE3/IHOTO JIFCKA MOYKHO ITpEeHeOpedb.

7.2. Bo3mymiaioriee yCKOpeHUE OT
HEO/IHOPOHOI'O IIJIOCKOT'0 3BE3HOI0 ANCKA

OrnurieM aHAJIOTUYHBIM 00pPA30M BO3MYIIEHUS OT
HEOJHOPOJIHOTO JINCKA 3BE€3J] PAHHUX CIIEKTPATIbHBIX
KJIACCOB. 3a/a/INMCsI TeIllepPb y2Ke IIePEMEHHOM IJI0THO-
CTBIO 3BE3]] TUCKA

o=o(r)=Cr "

3nech I' Mo pa3sHBIM OIEHKAM BApLUPYETCA B IIpeaeIax
or 0.8 10 0.9 [30-33,35], a r — paccrosiHue, MeHsIIOIIEe-
ecd 710 3 HEKTUBHON TPAHUIBI TIEHTPAIBLHOIO CKOILIE-
nnga R.

[Tocrostnras wHopMmupoBru C' [jisi COXpaHEHUA Pa3-
MEPHOCTHU OIPEJIEISAETC UCXO/sl U3 OLEHOK 3aKJIIOUCH-
HOI B paccMaTpuBaeMoil 00JIaCTH MACCHI:

R
M= /a(r)dS = 271'(:0nst/d7°r1_F =

0
2-T
T 10° M,

= 2mconst
2

OTKY/Ia
~ 10°M(2 - 1)

¢ 2nR2-T

IToTeHIman B TOUKe HEOJHOPOLHOIO JUCKA OIIpejie-
JISeTCst creayomumM obpasom [36]:

¢(r) = 4Grx
x</ko(k)K(k)dk+ / "J@K(f)df). 8)
0 r/R

Baecy K (k) — MOTHBIH SJIMITHYIECKUH HHTETPAJT [ep-
Boro poga, k =1r'/r, f =1/k =r/r', rne r’ — nepemen-
Has MHTErpupoBanud, 1 — To4uka or 0 10 R, B KOTOPOii
BBIUHCIISIETCS UIOTHOCTD O (7).

Beipasum mioTHOCTE 06beKTOB o(1) Yepes k u f:

_10°Mp(2-T), v ¢

o (k) 2w R2-T ’
10°M~(2 =T _
o(f)= #JEFT L,

U PACCMOTPHUM IO OTJEILHOCTH KazKJI0€ U3 CJIATAeMbIX,
BxoAAmUX B ¢(1) = ¢1(r) + ¢2(r) dopmyast (8):

¢1(r) = 4Gr | ko(k)K (k)dk =
/

1
= 4CGT1*F/k1*FK(k)dk, (9)
0

r

1
¢a(r) = 4Gr / Cr2rVK(f)df =
/R

r/R

— 106t T [ PR o)

1

rjae C' — nosydeHHas panee mocrosuuas (7).
Boraucium npoussogubie dyukuuii ¢1(r) u ¢a(r)

Boipazkenuii (9), (10), 11 gero orMeTuM, 9T0 HHTErPAJL

B BbIpazkeHuu JJist ¢1(r) B (9) 6e3pasMepHsbIii U MOITO-

My BbIHOCHUTCS KakK Kodddurment. nrerpas B BbIpa-

keruu i ¢o(r) B (10) upomuddepenuupyem 1o dop-

MyJle IPOM3BOIHON MHTErpaJa 1o BepXHeMYy IIpeeJIy.
Taxmm 06pa3oM, OKOHIATEIBHO IOy IaeM

01 (r) - d¢1(r) Or -
dr  Or Ox

1
— 4CG(1 - r)r*Ff/klfFK(k)dk, (11)
T
0
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Opa(r)  Opa(r)or
dr  Or Or

r/R
- 74CG(1—F)T’F/fF72K(f)df*

1

—4CGT1_F<%)F_2K<%)% L2

ITpouspoanasi noreHnuaa ¢(r) paBHa CyMMe IIPO-
u3BOMHBIX DYHKIWIA ¢1(7) u do(r):
9p(r) O (r) N da2(r)
or Oz oz~

C yY49eTOM IIOCJIETHETO COOTHOIIICHU A, a TaK2Ke I10JIY-

yenubix Boipaxkenuil (11), (12) ypaBHeHusi JBuzKeHust
NPUHUMAIOT BHUJL

Pr  GMzx
oz~ @
1
2G-10°Mp(2—-T) = T
r——((1-T K —
o Sla-o [rrRma
0
r/R

~a-n) [ rRea-(g) K(R)) )

1

62y_ GMy
EE
1
2G -10°Mp(2—-T) 1y T
=la-r K (k)dk—
e [ R TR w
0
r/R

~a-n) [ rRga-(g) K(R)) a0

Bnece M = (4.1 +£0.2) - 10°My (cm. [34] u ccpuikn B
910l pabore).

THCJIEHHO OIIpeIesidst BXOJANME B IIPABbIE YaCcTh
ypassenuii (13), (14) dyHKIMI OT JUIMIITHIECKUX MH-
TeTrpaJiOB, HHTETPUPYS] yPABHEHWsI TBUKEHUsI, TUCIIEH-
HO J1BaKIbl b depeHnnpys Moy YeHHbIE 3aBHCUMO-
cru 2(t) u y(t), onpenesuM, aHAJOTHIHO CIIyUA0 C O/l
HOPOJIHBIM TUCKOM, TIOJTHOE YCKODEeHWe. BBUiy MaJoit
MPOU3BOIUTENLHOCTA TTPOTPAMMBI (CBSI3AHHONW € TPO-
MOB/IKOCTBIO BO3MyIHaommx (yHKIuil B IpaBoil va-
CTW), TPOUHTETPUPOBATE IBIKEHNE GOJIBIINE TeM Ha OJT-
HOoM mepuoze T u ¢ marom meree 1037 3anmMaeT MHO-
IO BPEMEHH, [I0ITOMY OIIEHKA BHOCHMOM Pa3HOCTH YCKO-
peHuil ToJIyYeHa 3a OJIMH [ePUOJL IIPH MHTErPHPOBAHUH

¢ marom h = T'/1000:
Aa=1.3-10""cm/c?,

9TO Ha JIBa IOpsijiKa OOJIbIe BeJIUInHbI 3P deKTa OT
ILUIOCKOTO JIUCKA 3BE37], MO3HUX CIIEKTPAJbHBIX KJIAC-
COB. DTO BO3MYIIEHUE CPaBHUMO C BepXHeil OIleH-
KOl 3 deKTa aHOMAJBHOIO YCKOPEHUsI JIJIsi 3Be3/Ibl
S2 (Atmar ~ 4 - 107*cem/c?), ommaxo 3HAUMTEH-
HO MEHbIIIE AHAJOTUIHON BEPXHEH OIeHKN i S62
(Atmaz ~ 1072 cm/c?).

Takum 06pa3oM, BaXKHO OTMETUTH, ITO HU IPPEKT
BO3MYIIAIONIEro BimsAnus raso TM, au adbdexrr BO3-
MYIIAOIIErO BJIMSTHIS OKPY2KAIOIINX 3BE3]] He SBJISTFOT-
Csl IPUHIUIINAJIBHON IOMEXOM JIJIsi BBISBJIEHIS BO3MY-
IIATOIIEro JT0OABOYHOIO YCKOPEHUS OT 3BE3IbI, HAXO/I5-
melicss Ha CTOPOHE 2 OTHOCUTEILHO ropsioBuubl KH.

8. OBCY2KJIEHUVE PE3VYJIBTATOB

IIpennoxKenHbIl B paboTe MeTO 1 HAOJIIOIATEIBHOIO
moucka oriamauii Y/ or KH ¢ mosumuu amanuza teo-
PETUYECKUX MOCTPOEHUN MOXKET OBITH YJIyUIleH B TO-
CIeYIOMUX paboTax IyTeM PacCMOTpeHHs OoJiee TOH-
KUX JIOTIOJTHUTEIHHBIX BO3MYIIAONNX dPHEKTOB, Ha-
puMep, CTOXACTUIECKUX MPABUTAIIMOHHBIX [TOJIEH U aK-
KPEIMOHHBIX MOJIeJIel.

Ha Texymiem stare ucciaeoBaHuil mpe/I02KEHHBII
METOJI, COIJIACHO TPOBEJICHHBIM OIEHKaM, Tpebyer,
[IpeXKJie BCEro, COBEPIIEHCTBOBAHMS HAOJIIOIATELHOM
6a3bl. 3pesapl Bokpyr CMYJL nmameii lanaktuku
nabsogaiorcsa ¢ nomomipio SHARP/NTT (1996.50) u
NIRC/Keck (1995.53); oueBHHO, HAKOIUICHHE JIAH-
HBIX CO BPEMEHEeM MOXKeT IIPUBECTH K HEeOOXOIUMBIM
TOYHOCTSIM JIJIT BBISIBJICHUST BOZMOYKHBIX AHOMAJIBHBIX
YCKOPEHHUIA.

Uckomasi BesmvuuHA BO3MYIIAIONIETO YCKOPEHUSI,
OTICHEHHAS JIJIsI PEAJIbHBIX O0bEKTOB, BAPHUPYETCS OT
10~* 10 1072 cm/c?. BasKHO OTMETHTB, 9TO, COTTACHO
[TOCJIeIHUM OITyOJINKOBAHHBIM JIAHHBIM 110 aCTPOMETPH-
qeckoMy 1poekTy (Gaia, BO3MOYKHO MU3MEPEHUE YCKOpe-
HUI B JIBOWHBIX CHCTEMAX C MPEJITOJIOKUTETHLHBIM KOM-
moHerToM /I ¢ BBICOKUMU TOYHOCTSIME, HAIPUMED,
1.8 - 1072 em/c? (s oobekra BH2, [26]). Takas Be-
JIMIUHA, YCKOPEHUsI MOJIydeHa Kak (DYHKIUS OMUOOK
HaOJIIO/IEHNs TTAPAMETPOB JIAHHOW JIBOWHON CHCTEMBbI
(Mace KazkI10i KOMIOHEHTBI, SKCIEHTPUCHTETa OPOUTHI,
nepuoza). Jlannasi BeJIMIMHA Y2Ke COLOCTABUMA C BEJIU-
quHOi 3ddexTa, PACINTAHHOIO JJIsI PEabHBIX CHCTEM,
U Ha MOPSIJIOK IIPEBOCXOUT BeINIUHbI 3hdeKTa, moJry-
YEHHbIE B CUHTE3MPOBAHHBIX CHCTEMAX IIyTEM I10100pa
mapaMeTpoB OPOUT.

B nmammoit pabore nabdaiogaemMbie 00bEKTHI, AT KO-
TOPBIX OIEHUBAJOCH BO3MYIIAIONIEE YCKOPEHUE, BbI-
Obupajuch TakuMm obpazom, UTOObI (usmaeckum 060c-
HOBAHO MUHUMW3UPOBATH KOHKYPHUPYOIUe 3pdOEKTHI.
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Tax, OpealouTeHne MUPOKUM CUCTeMaM (BbIOpaHHBIE
VEFTS-243 u LB-1) caeayer ornasarh 10 TOM IpuvnHe,
9TO B TAKUX CUCTEMaX MOXKHO He YUUTBIBATH BJIUSIHUAE
rporecca akKKpeluu Ha [eHTpaJjbHoe Tej10. B najbHeii-
meM CJIeyeT POJOJIKATh WCCICIOBAHNS AHAJOTUY-
HBIX CHCTEM, KaK IEPCIEKTUBHBIX [JIs PACCMaTPUBa-
eMoii B paboTe MOJIE/IN.

Heobxomumo manbmeiinmee n3ydenne 3Be31 BOIU3U
neHTpa [ajJakTUKM, KOTOPBIH M3HAYAJIBHO MOT IIPE-
craByaTh coboit KH, meoTmymmyto 1mo cBouM CBOW-
crBam or CMYJI rexkymumu acTpodu3nIecKuMu Me-
Tomamu. Eciim mckoMoe aHOMAaJIbHOE YCKOpPEHHUe OyiIeT
00HAPYKEHO ¢ TOYHOCTBHIO, UMEIOIIEH TIOPSIIOK TIOPOro-
BOIl TOYHOCTHU HAOJIIOIEHMIA, TO, O€3YCIOBHO, [IJIsi aHA-
Jin3a 9TUX KOHKPETHBIX 00BEeKTOB OyIyT BOCTpebOBa-
HBI JIOIIOJTHUTEJIbHBIE METO/IbI JIPYT0ii IPUPO/IbI, HAIIPU-
Mep, COBPEMEHHbIE HAOJIO/IATeIbHBIE JIAHHBIE 110 3BE3/1-
Hoit auHamuke [37], mo momenuposannio VK-senbiex
[38], 0 aHAMM3Y OTParKEHHOI'O PEHTTEHOBCKOIO M3JIy-
YeHHs OT OJIM3JIEKANUX K MEeHTPY lajakTukm MoJie-
KyJagapHabix obstako Sgr B2 mo mannbim INTEGRAL u
RXTE [39-41] u up.

Bazkuoit 3a/1a1€il B IpoI0/KeHne JJAHHOTO UCCIIEI0-
BaHUs OYJIET SIBJISITHCS CUCTEMATHIECKUI TOUCK JIBOM-
HBIX CHCTEM 3BE3JHBIX MacC B Harreil [ajakTuke, co-
gepxkamux /1 3Be371HOI MaCChl, MOCKOJIBKY OTHOCH-
TesibHO Gm3Kue (npuHa prexanye [agakTuke) oobek-
ThI 00JIAIAIOT TPEUMYITECTBOM B JJOCTUYKEHUN HYKHBIX
TOYHOCTEH M3MEPEeHUs YCKOPEHUH, & TAKKe O3BOJISAIOT
y9eCTb KOHKypupytome 3hppeKTrl, B TOM YHCIe BO3-
MOKHYIO TPEXKOMIIOHEHTHOCTH CHCTEM, 3PMEKTHI aK-

Kperun u JIp.

Baxkuprle BOIPOCHI KacaTeJbHO BJIASIHAS BpAIIe-
HUsl JIMHAW alcui, OpOuThl 00bEKTa, BPAIIAOIIErOCs
BOKPYI' MACCHUBHOI'O IIEHTPAJIbHOIO TeJia, JIpyrue Ha-
OJIro/IaTe/IbHbIE IIPOSIBJIEHUs] I'PABUTAIIMOHHOTO BJIUSI-
HUsI KOMIIAKTHBIX UCTOYHUKOB, 8 TAKXKe CIIEKTPAJIbHbBIE
npusnaku Hagn4ansg KH, kraccudukanus KH ma cro-
KOWHBIE M AKTUBHBIE COCTOSIHUSI U JIDyI'He TOHKUE JU-
namudeckne 3O QEKTHI TOKa JIeXKAT 33 IIPE/IEIAME JaH-
HOIT PabOTHI, HO, 6E3YCIOBHO, AKTYAJIBHBI JIJId OYYIIIX
UCCJIeIOBaHUIA.

OrebHBI BaXKHEHIINHA BOIPOC — O TPOABJICHUN
orimunit KH n YJI B rpaBuTaninoOHHO-BOJTHOBOM KaHA-
Jie — CMOYKeT OTKPBITh HOBBIE IyTU HAOJIIOIATETHHO-
0 TECTUPOBAHUS TEOPUil MOAUMPHUINPOBAHHON T'DaBU-
TaIun, OJHAKO IOTPe0yeT TaAKKe CEPhE3HOI TeOpeTmIe-
CKOIT 6a3bl B IIOCTPOEHHUH corjlacoBaHHBIX Mojeseit KH
B MOJIU(DUITMPOBAHHBIX TECOPUIX.
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9. SAKJIFOUYEHUE

Ilouck KH u mx BO3MOXKHOE OTOXKJIECTBJIEHHE C
uekoropeiMu 1L u CMY/I (B ToM 4mciie B eHTPE Ha-
trefi TasakTukmn) sIBJIsSIETCs aKTyaabHON acTpodusnde-
CKOM 3a/1a4eil, HallpaBJ/JIeHHON Ha IIOUCKHN IK30TUIECKUX
00bEKTOB, KOTOPBIE MpeJcKa3biBaioTcst B pamkax OTO
napasue ¢ Y/1.

BBuy cpaBHUTE/IBHO BBICOKON TOYHOCTH HADJIOIA~
TEJILHOTO OIPEJIEICHIS YCKOPEHUS 3Be3/IbI 52, BpaIia-
romeiicsa okoto CMYJL SgrA* B nmenTpe mameit anak-
tukn, a ~ 1074 cm/c?, sra 3Be31a UMeeT HaMGOIBIITIE
HabJTI0IATeIbHBIE TIEPCIIEKTUBHEI I 00HAPYKeHust 3h-
dexTa aHOMAJIBHOTO IPABUTAIIMOHHOTO YCKOPEHMUS, acC-
coruupoBannoro ¢ KH, n morpebyer mupokuii crekTp
JIOIIOJIHUTEJIbHBIX UCCJIE0BAHUIA.

CorsiacHO TOJIyUY€HHBIM B JaHHOI paboTe OIeHKaM,
e MeHee 3(pDEKTUBHBIN U MHOTOOOEIIAIONIIIT TECT I
noucka runorerudeckunx KH B mameii Tanakruke (B Ha-
CTOSIIee BPEMs HEPASJININMBIX TI0 Py HADJIIOIATE b=
HbIX nposgsiennii or Y1) upeacraBisgior u psajl Apyrux
00BEKTOB KaK B IaJIAKTUIECKOM I[EHTPEe, TaK U B U3-
BECTHBIX IIIUPOKUX CUCTEMAX.

Baxno ormernTh, YTO BaKHBIE KOHKYPUDYIOIIHIE
rpaBuTaIoHHbIe 3(PPEKThI, CIIOCOOHBIE TATh BKJIAJl B
BO3MYIIAOIIEe YCKOPEeHNe HabIIoIaeMbIX 3Be3s (rajo
TM u oxpy:Karolue 3Be3/Ibl), OKA3BIBAIOTCI OTHOCH-
TEJIbHO MAJIBIMU U HE BJIMLAIOT HA BEJIMINHY BO3MYIIAIO-
IIIEr0 YCKOPEHUsI OT 3BE3JIbI 110 TY CTOPOHY I'OPJIOBUHBI
KH.

Ha ocmoBe pe3ysibTaToB MOIE/JINpPOBAHUS, ITPOBE-
JIEHHOT'O B JIaHHOI pabore, JaJibHElilee MOBBIIIEHNE
TOYHOCTHU HaDJIFOJIEHUN IIEHTPAJIbHBIX 00JIacTeil Haleil
lajakTuKy TO3BOIUT yCHEITHO TPUMEHSTH HaliIeH-
Hble 3HAYEHWS BO3MYIIAIONINX YCKOPEHUI [Jisi MOWC-
Ka u oroxjectsiaerus KH. Kpome Toro, mepcrexkTus-
HBI WMCCJIEIOBAHUSA MBOUHBIX cucTeM ¢ /I 3Be3THBIX
MacC B CHWJIy UX OTHOCHTEJHHOW OJIM30CTU W, CJIEIO-
BaTeJIbHO, OXKHUIAEMOIl BBICOKOW TOYHOCTH HaOJIIOJIE-
HOli, & TaKyKe HA OCHOBAHUU AHAJIN3a CXOXKUX CHHTE-
TUYECKUX CHUCTEM, B KOTOPBIX BEJUINHA HAOIIIOIAEMO-
0 aHOMAJIBHOI'O YCKOPEHUsI MOYKET Ha OPSIJOK [IPEBbI-
IATh TEKYILYI TOYHOCTh aCTPOMETPUIECKOIO ITPOEKTa
Gaia, cocTasmsonyo ey mopsaka 1072 cm/c?
(st TunmaHOrO paccrosaust 0T CONHEYHON cHCTeMbI
0k0J10 480 1K).
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