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1. BBEAEHVE

HepnasHo rpynna Teneckona FopusoHTa CoObITWiA
(TrC) onybnukosasna rnepsble U306paXKeHNSA CBepXMac-
CVBHBIX YepHbIX [bIP B LEHTPax [BYX rasakTukax: B
ANNMNTUYECKOW ranakTuke M87 [1] v B Halueit ranak-
Tke MneyHbiid MyTe, Sgr A [2]. HabnwogeHnsa nposo-
Annncb B MUIIMMETPOBOM Auanas3oHe Ha vactoTe 230
Tu. Ha nony4YeHHbIX 306paXkeHNsIX 0THETIMBO BUAHO
aCUMMETPUYHOE HEOAHOPOLHOE APKOe KOJIbLLO, B LIeHTPe
KOTOPOro pacrosioXKeHo TeMHOe MATHO. JaHHoe 13006-
padkeHVe MHTEPMNPETUPYeTCA Kak 0bpa3 CBepXMaccuBs-
HOW yepHOl Apbipbl [1,2]. AvameTp KonbLa cocTaBnseT
42 MukpocekyHabl (MKC) ayrn ansa M87 [1] n 51.8 MKc
ayrn ona Sgr A [2] cooTBeTcTBeHHO. OfHaKo M3-3a
Hef0CTaTOYHOr 0 YI/10BOro pa3spelleHus (nopsgka 25
MKC LyTn) U HW3KOI0 KayecTBa WM300parkeHus rpyrne
TIC He yaanocb OUEHUTb TOMLWMHY Y NPOBECTU AeTaslb-
HbI aHaIM3 CTPYKTYPb! KOMbLA.

O6Lwan Teopuss OTHOCUTENIbHOCTU MNPeACcKasblBaeT,
YTO YepHble AblPbl MOTYT MPOSABNATL Ce0SA B BUE TEHMU,
OKPY>XEHHON 6EeCKOHEYHbIM YMC/IOM BJIOXKEHHBIX ¢)0-
TOHHBIX Kosey, [3]. Kaxkaomy (hOTOHHOMY KOJibLy CO-
OTBETCTBYET ONpefesieHHOe KOIMYeCcTBO NoslyopouT, Ko-
TOpble POTOH NPOXOAUT, NPEXIE YeM AOCTUYb Hab/Io-
fatens. POTOHHOE KOJbLO MPOSBSETCHA KaK ApKas u
YyeTKasd 0CO6EHHOCTb Ha U306PaKeHWN YepHOW AObIpbl.
CuunTaeTcs, 4To B Hab/tofaeMbIx 0bpasax YepHbIX AbIp,
noslyyeHHbIX rpynnoii TIC, spKoe KobLO AOMKHO CO-
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Jep>kaTb 6eCKOHeYHOe UMCno POTOHHBIX Kosel,. Camoe
APKOe 1 LUIMPOKoe (hOTOHHOE KOJIbLLO AB/ISETCA NEPBbIM,
M npegnonaraeTcs, YTo MOTOK W LUMPWMHA NOCeayto-
LLMX KOMeL, yMeHbLUaeTes B e~ ™ pas [4,5]. I3mepeHue un
aHann3 popMbl POTOHHOIO KOJIbLia NO3BOSIUT OLEHUTH
CMWH YePHOW AbIpbl.

Ha cerogHsIlLIHUIA AeHb paccMaTprBatOTCSA KOHLEeN-
LM KOCMUYECKMX PafMOTEeNeCcKOMNoB, KOTOpble Cnocob-
Hbl HabnoAaTb NepBoe (POTOHHOE KosbLo [6,7]. B pa-
60Te [6] 06CY>KAAKOTCA KOCMUYECKUE paaMoTes1ecKo-
Mbl, PacnofioXKeHHbIe HA KPYroBbIX PEry/sipHbIX U pe-
TporpagHbixX opbuTax. dTa KOHUEeNuuUs Mno3BonsieT no-
Ny4aTb BbICOKOKAYECTBEHHbIE N3006PaXKeHNS CBEpPXMaC-
CMBHbIX YEPHbIX AbIp C OCTATOYHO 60/1bLUUM YT/I0BbIM
paspelueHvem BrioTe 40 1—2 mkc gyru. C nomoLLbio
[JaHHOW KOHLEeNUUM MOXKHO paspelunTb KosbLo, Nony-
yeHHoe rpynnoin TIC, n HabngaTb Nnepoe POTOHHOE
KOJTbLL0 CBEPXMACCUBHOM YepHOW Ablpbl. Kak n3BecTHo,
6eCKOHEYHO TOHKOe KO/bLo 6yAeT NposiBAATLEA Ha Oa-
3ax, NpeBbllalWMX AvameTp 3emu, B BUAE YHUBEp-
Ca/lbHbIX ObICTPO OCUMANMPYOWNX (DYHKUUM Ha rpa-
hmke hyHKUMM BUAHOCTY [5,8,9]. ToncToe KonbLo, Ha-
060poT, 6yAeT NPoSABNATLCA Ha 6a3ax, MeHbLUMX Aua-
meTpa 3emnn. MogennpoBaHmne YMCEHHbIX Habawae-
HWUIA 1 aHann3 (PYHKUMIA BMOHOCTW Ha 6asax, Mnpe.bl-
Larwmux guaMeTp 3eMau, NOMOXKET Jiyudlle MOHATb U
N3y4nTb NPUPOAY PU3NKN YEPHBIX AbIp.

B faHHOI paboTe paccmaTpuBaeTCs aHa/IMTHUYecKas
MoZieNlb TOICTOr0 aCMMMETPUYHOIO Ko/blia ¢ paguasb-
HbIM rayccoBblM MPOUIEM APKOCTU U BbIYUCNIAETCA
hbyHKUMSA BMAHOCTM ¢ 6a3amu BNIOTb [0 6 AvameTpa
3emnn Ha yvactoTe 690 'y,
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Puc. 1. PacnpefieneHne ApKOCTU B KOMbLE NS CNefyroLmx
napameTpoB: ro = 20 MKC Ayru, Ar = 5 MKC Ayru, @o = T
B = 11 n = 1. CymmapHbIil NOTOK B KOMbLe paBeH 1 AHCKui

2. AHATINMTNYHECKAA MOAEJ1Ib
PE3YJIbTATbI

OTKMKOM paguonHTepdepomeTpa Ha pacnpeaene-
HVe cUrHana Ha Hebe ABNSAETCA KOMMJIEKCHAA (DyHKLUMSA
BMAHOCTU. DTa (PYHKUMA CBA3aHa C pacnpefenieHvem
APKOCTM NCTOYHUKA Ha HebecHol cchepe I (r, @) Yepes
npeobpasoBaHue dypbe [10]. B nonspHbIX KoopAnHa-
Tax U, @y OYHKUMSA BULHOCTU OMpPefensieTcs crefyto-
lwmm obpasom [10]

ZZ7

Vo= (e 2 s @ergrdg,, (1)

roe u — 6e3pasmepHasi NpoeKUmst 6asbl MHTEP(EPOMET-
pa, BblpayKeHHas B eAMHULAX ASINH BOJH, & I, @y — Mo-
NSIPHbIE KOOPAVHATBLI B KAPTUHHOM MA0CKOCTU WUCTOY-
HUKa, BbIPaYKEHHbIE B paguaHax.

3peck Mbl 6yaem npeanonaratb, YTo yHKUMIO pac-
npefeneHns SPKOCTY UCTOYHMKA Ha He6e MOXKHO npes-
CTaBUTb B BUe MPOV3BELEHNS pagnasibHOl U asumy-
Ta/IbHO/ KOMMOHEHT:

1(r,or) = 1:(Nlp(@r). 2

PagunanbHyto 4acTb 6yeM ON1CbIBaTb rayCcCoBOM (PyHK-
Lvein pacnpegeneHns cnefyowmM obpasom:

_(r ro \2

Ir(r)=e V2 /), (©))
roe ro — paguyc U Ar — WwMpuHa Konbla B paaua-
Hax. A3UMyTa/IbHYl0 YacTb — acUMMETPUUHONA (hyHK-
Uuel pacnpeaeneHns 3afaHHoii B Bue

n
lp(9) = 1-B sin? #2%0 4)

roe B — napameTp acMMMeETpuUM, o — Hanpas/ieHue
Ha MaKCUMaJlbHYH APKOCTb B KOJIbLE, a N — CTEMNEHb

acuMmmeTpun. Ecnv napameTp acMMMETPUM pPaBeH Hy-
no B = 0, To Mbl NonyyaeM CUMMETPUYHYIO (PYHK-
LMo pacnpefeneHus. B aTom cnydae oyHKUMA BULHO-
CTW BblUMCASIETCA AoCTaTo4vHO npocTto (cM. [8]). Cne-
[yeT OTMeTUTb, YTO B 6O/Iee PeanIMCTUYHBIX CLeHapu-
AX napaMeTp acMMMeTpun B moxkeT 3aBuceTb OT Cnu-
Ha YepHOl Ablpbl U yrna Hak/IoHeHWsA. B paHHon pa-
60Te Mbl pacCMOTPVM C/ly4ai, Korga napameTp acum-
METPUM ABNSETCA NOCTOSAHHONM BE/IMYMHOW, He 3aBuUCH-
LLLei OT CNMHA U yria HakIoHeHNs. Kpome Toro, Mbl 6y-
[lem paccMaTpuBaTh Cry4aid, Korga cTeneHb acMMMET-
pvn paBHa eauHULE, N = 1.

Ha puc. 1 nokasaH npymep pacnpeieneHns apKocTu
B KO/bLe A8 paguyca ro = 20 MKC Ayrvi v LUMPUHBI
Konbua A = 5 MKC ayrn. Makcumym SipKOCTWU pacrio-
NIOXKEH NOf, YrI0M Qg = Tt. CyMMapHbIi NOTOK B KOJIbLE
paBeH 1 HAHcKkuil. Ecnv nogctaBuTh BblpadkeHve (4) B
ypaBHeHve (1), To uHTerpan no yray @y MoXkeT ObITb
B3AT SBHO. B pe3ynbraTe nosyyaem

Z
V(u,oy) =1

—iBJy(2mur) cos(oy — Qo)1 (r)rdr, 5)

[(2—B)Jo(2mtur) —

rge Jo 1 J1 — dyHKUMM Beccens nepsoro poga Hyne-
BOrO 1 NepBOro nopsiaka CoOTBETCTBEHHO. JJaHHOe Bbl-
paxkeHve (5) ABnseTcs 06WMM, U PYHKLUUSA BUAHOCTM
ABMAETCA KOMIMJIEKCHOM BENIMYMHON B CUTY acUMMET-
pvn PYHKLMKN pacnpegeneHns ApKoCcTu Ha Hebe. B crum-
METPUYHOM cfy4ae, Korga B = 0, hyHKUMA BUOHOCTU
CTaHOBUTCSA AeNCTBUTE/IbHOW BENMYMHON. Takoke CTOMT
3aMeTUTb, YTO PYHKLMSA BUAHOCTM 3aBUCUT OT Harnpas-
NeHvsA npoekuun 6a3bl MHTephepomeTpa, T.e. OT yria
©y. B pasHbIX HanpaeieHnsax aMnanTyga v asa yHk-
LM BUAHOCTM MOXKET MPUHUMATL Pa3Hble 3HAYeHUS.
WuTerpan (5) ¢ dpyHkumeli pacnpegeneHus (3) mo-
YKET ObITb BbIUYMC/IEH C XOPOLLEA TOYHOCTbIO NPUBIn-
YKEHHbIMM MeTodamu. Hac, B nepByto ouvepepb, OyayT
MHTEepecoBaTb A0CTATOYHO 60MbLUMe 6a3bl, NPEBbILIAtO-
Wwue grameTtp 3emaun. Ona Takux 6a3 qoyHKumMm Becce-
11 MOXKHO PasfnoXXunTb B psf, Mo 60/1bLIOMY apryMeHTy

(2mur 1, cm. [11))
Jo(x) = sin(xz +zn_)<z os(x), ©)
J1(x) = sin(x ;—:EOS(X)' )

CToUT 3amMeTWTb, YTO JAHHOE Pa3/iOdKeHWEe CrpaBef-
NMBO M Anst 6a3, MeHbLWMX AvameTpa 3emnau. Torga
(OYHKUMS BUAHOCTY MOXKET GbITh MepenvcaHa B BuUfe
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2B~ v
V(u,ou) = —\2% (sin(2mur) + cos(2mur)) - re~ &) dr—
u
0

Vi
[— \/_ r rg\2
_ip 90(@y — %) (sin(2rur) — cos(2mur)) re”Car ) dr. ®)
2u

0

OTOT MHTerpas (8) MOXKeT 6bITb BbIYMC/IEH aHAMTUYECKN TOYHO, UCMO/b3ys BbipadkeHue (3.953) u3 [12]. B pe-
3y/bTaTe Mbl NMosly4aeM OKOHYaTe/IbHOe BblpaXkeHue AN (DYHKUMN BUAHOCTU C aCUMMETPUYHBIM pacrnpeeneHviem
APKOCTU (4) 1 paguanbHbIM rayccosbiM npocuiem(3)

2-B_ 3 A2 r m2uAr?
V(u, = = - — ex S x
o =~=" 37 = P ToAr 2
: : Vo V= 1o . : v Vo1
x (L—i)exp(inurg) D_3/» —i 2MUAr — 2E + (L +i)exp(—inurg) D_3/» 1 2MUAr — ZE -
3/4
. cos(gE —@)_. 3 Ar? r T2uAr?
—iB — r = — e — x
! 8u 2 2 AT T 2

. . V- V_r, . . Vo V_r,
— (@ +i)exp(imurg) D_3/;, —i 2MUAr — ZE + (i—1)exp(—inurg) D_3/, i 2MUAr — 2— ,

©

roe D — doyHKumA Bebepa (hyHKLMA napaboimyeckoro UmunnHapa). ®yHKUms sugHocTu (9) ABNsAeTca KOMIIeKe-
HOW (pyHKUMel 1 3aBUCUT KaK OT paguyca, Tak 1 OT LUMPUHBI KOMblLa, a TakxKe 0T HanpasneHns 6asbl @y. Ans
yA06CTBa BbIYUCNEHUS (DYHKLUMW BUAHOCTU U BU3YyasiM3aLmm MOXKHO nepenncatb QyHKL M1 Bebepa Yepes nonHOMbI
OpmuTa. B pesynbTate nonyyaem

_ 2—-B 3 3/2 - r% . I'o . . I'o
V(u,@,) = —\%F 5 A " @-i exp(—m) x H_3/, —IMUAr— Ar +iH_3/, ITUAr — Ar

_ - 3 rg i
—|BC°5(EEE_ (Po)r 2 (Ar)3’2 @+ exp(— 9y x iH_g/ iMUAr— To _ H_3/2 —imuAr — o
8u 2 rz Ar Aar
(10)

roe H — nonvHomMel SpmuTa. HopMUpoBKa (DYHKLMM BUAHOCTY ONPeLeNsieTCsl BbIpadKeHNeM (DYHKLUN BUAHOCTY
npv MasbIx 6a3ax, KOTOPOe NPUHUMAET BUf,

r
(A exp(— 1 )H 2 Txe (11)

2—B+|B/cos;((pu (po)><r 3
2

CToUT 3aMeTUTb, YTO NPU MasblX MPOEKUMAX 6a3,  BMCMMOCTb MoKasaHa OT MpoeKLmn 6a3sbl, BbIpaXKeHHOM
Korga u — 0, npubnv>xeHve (7) nepectaeT BbINONHATb- B OJIMHaX BOJIH (HWXKHAA OCb) U B AvameTpax 3eM-
cA. OTO NPUBOAUT K HE3HAYMTENIbHOMY PacxXodKieHuto 1 (BEPXHAS 0Cb). 3eneHass U KpacHas KpuBble CO-
no aMnanTyfe, KOTopas /IErko KOMMEHCUPYETCA NOAT0-  OTBETCTBYIOT pe3y/nbTaTaM YMC/IEHHOr0 UHTErpupoBa-
HOUYHbIM MHOXKUTENEM. HUSA PyHKUMM BUAHoCTU (1) onsa uctouHuka (2). UH-
TerpupoBaHvie 6b110 BbIMOTHEHO C UCMO/b30BaHVEM Na-

Ha puc. 2 npeacTasneHa QyHKLMSA BUOHOCTU B ABYX X
P pea (yHKL A ol keTa finu t Bepcun 1.1.1 (cm. [13]). 3eneHasds Kpusas

neprneHANKYNAPHbIX HanpasneHuax: ¢, = 0,1/2. 3a-
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Puc. 2. ®yHKUMS BUAHOCTU B 3aBMCMMOCTM OT NpoeKLmn ba-
3bl U MpeAcTaBieHa Ha rpadmke, rae HMKHAS 0Cb 0Tobparka-
eT 3HaYeHns B eAUHULAX [/IMHbI BOSIHbI, @ BEPXHAS OCb — B
AvameTtpax 3emnn. 3efieHasd U KpacHas KpuvBble MoJyyeHbl €
MOMOLLbI0 YMCNEHHOTO MHTErpupoBaHns BbipakeHns (1). 3e-
JleHast KpuBasi COOTBETCTBYET Hanpas/ieHnto @y = 0, KpacHas
KpvBas — HanpasneHuto @, = T/2. YepHble KprBble — aHa-
NIMTUYECKNE KPVBbIE NOMyYeHHble no opmyne (10)

COOTBETCTBYET HanpasneHno @, = 0, a KpacHas Kpu-
Basg — @y = T/2. BaXKHO OTMETUTb, YTO Npu @ = T/2
(PyHKLMSA BUOHOCTU ABNSAETCA AelCTBUTENBHON, Torga
Kak npu @, = 0 OHa CTaHOBUTCS KOMMJIEKCHONW. 3TO
pasnnumne CBA3AHO C acvMMETPUE B pacnpenenieHnn
APKOCTW, YTO B/IMSAET Ha amMnauTyay v asy (yHK-
UMM BUAMMOCTU. YepHble KpvBble NPeACcTaBasloT Co-
60li aHaNMTUYeCKMe peLLeHNst, NoTyYeHHbIe Mo YopMy-
ne (10). B uenom, Kak sICHO 13 puc. 2, cornacue Mexxay
AHA/IMTUYECKMUN U YUCSIEHHBIMW KPWBLIMU [0BOJIbHO
XOpoLuee.

3. SAKJTIFOHEHNME

B paboTe Oblna MoCTpoeHa aHanUTU4YecKas Mo-
[enb TONCTOro acUMMETPUYHOIO Kosblia € pajuvaib-
HbIM rayccoBbIM MPOhWIeM pacnpeseneHns ApPKOCTK.
[na paHHoli mofenn 6bl1a aHanMTUYECKM BblUKC/e-
Ha (PYHKUMS BUAHOCTU. BbINo NnokasaHo, YTo (hyHKLUMSA
BUAHOCTY SABNSETCA KOMIMIEKCHOW (PYHKUMER 1 3aBu-
CWT Kak OT paguyca, Tak U OT LWMpUHbI Konbua. Kpo-
Me TOro, (OyHKUMS BMAHOCTM 3aBUCUT OT Harpas/e-
HUM 6asbl, T.e. yrna @y. TakXke 6bl/In BbIYUC/IEHbI aMm-
NANTYAbl PYHKUMN BUAHOCTU B ABYX NEPNEHANKYNSAP-
HbIX HanpaB/IEHWAX KaK YMCMEHHO, TaK WU aHannTuye-
ckn no dopmyne (10). Bblno nokasaHo, UTO aHau-
Tuyeckune chopmynbl (10) gocTaTOYHO XOpOLIO corna-

803

CYIOTCH C YUC/NEHHLIMU BbIYUC/IEHUAMU, YTO MOATBEP-
YKOaeT KOPPEKTHOCTb MPeAsIOKEHHOM MOAEIN U METO-
[0B aHanun3a. [JaHHas MOAeNlb MOXKeT HenocpeacTBeH-
HO MCMNO0/Ib30BaTbCA AN1A (UTUPOBaHUA HabnojaTesb-
HbIX [aHHbIX B pas3inyHbIX Muccuax [7]. Takum 06-
pa3oMm, NolyYeHHble pe3ysibTaTbl MOrYT 6bITb MO/IE3HbI
ONs fasibHEMWMX UccnefoBaHWin B 061acTh paguoniH-
TepthepomeTpum €O CBEPXAJ/IMHHBIMU 6a3amu, a Takke
[ON19 MPaKTUYECKOro NPUMeEHEHNss B HabMogeHnAX 06-
pa3oB CBEPXMACCUBHbIX YepPHbIX AbIp.
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