IIncema B AMIATD, Tom 89, BhII. 5, c. 259 —263

© 2009r. 10 mapra

Henuneiinbie ClIinpalibHbie BOJ/IHbBI B rajlakTu4eCKoM OHCKe

II. C. AnerceeBV), A. A. lanuaenxo

Du3uKo-TexHH4YeCKHH HHCTHTYT uM. A.®D. Hopge PAH, 194021 Cankt-IlerepGypr, Poccua

Iloctynuna B pepakuuio 21 AauBapsa 2009 r.

Haﬁ;{el{o aHanuTU4YecKoe pelieHune ypaBHeHIIIﬂ HeTUHeWHON AUHAMUKU raiakTU4ecKoro ANCHKAa, ONMNChIBAIO-

Iee CIUpalbHbIil y30p cnupalbHbIX rarakTuk. O6bAcHAIOTCA morapudMuyeckada dbopma CIMpaIbHOro y30pa,

a TaKks<e OTHOCHTEJIbHO GOIbIIaAd BelWdnHa (I)JIyKTyaI.IPIPI INIOTHOCTHU II0 CPpaBHEHHUIO C (pﬂyKTyaI.II/IHMH mons
CKOpOCTeﬁ. le/l HEKOTOPOM KPHUTHUYECKOM 3HaYCHUU aMIIIUTYObI HaleHHOT0 pemeHuAa MMPpOUCXOOUT €ro OIpo-
KHUObIBAHUE. JTO MOMKeT CIy#HUTh OJHUM M3 MEXaHU3MOB BO3HUHKHOBEHUA ralaKTUYECKUX YOapHBIX BOJIH U

y3Kux obinacteii 3Be3goob6pa3oBaHUA.

PACS: 98.52.Nr, 98.56.Ne

1. Tunoresa BOJNH MIOTHOCTH AJA OObACHEHUA CIIU-
palbHOrO y30pa CNMpaibHBIX FalakTHUK TpeaoxeHa B
pabore [1]. B craThax [2] B nuHeliHOM mpuGInHie-
HUM ObUTM MOCTPOEHbI CNUPAibHbIE BOJHBI MIOTHOCTH
IJIA rajlakTHUYecKoro AUCKa, ONKMChIBAEMOro ypaBHEeHUA-
MU THUAPOJMHAMUKU WM GECCTONKHOBUTENbHBIM KHHE-
THYecKuM ypaBHenueM. Mogens [2], ocraBasck Ba-
HOI ¥ CerofjHsA, CONEpPHUT cepbe3Hble TPyAHOCTU. Bo-
nepBbIX, B paGoTe [3] GbINo MOKa3aHO, YTO pelueHus [2]
ABJIAIOTCA HEyCTOWYMBBIMU B LIMPOKOH oGnacTW mapa-
METpPOB, OMUCHIBAIONIMX MOJENU rajasTUK. Bo-BTOphIX,
B pealbHbIX TalaKTMKaXx OTKIOHEHUA IJIOTHOCTH Be-
mecTBa B pyKaBaX OT IUIOTHOCTM BHe PyKaBOB He AB-
AAIOTCA ManbIMu [4], KaKk mpeamonaraioch B JIMHEHHOM
Moznenu [2]. B-TpeTbux, HelaBHHe HaGMIONEHUA yKa3bl-
BalOT Ha TO, UTO BO MHOIMX FalaKTHKaxX CylleCcTByeT
rajo U3 TeMHO#l MaTepuM, Macca KOTOPOrO 4YacTo Mpe-
BOCXOAUT HaGmiofaeMylo Maccy 3Be3f W rasa [5]. Jtor
GharT ceiiuac Take HeOOXOAUMO YUMTHIBATb NMPH OMNU-
caHuM cnupaibHoro yszopa. Hakonen, oTMeTHM ciefyto-
mee 06CTOATENLCTBO. B cnMpanbHBIX ralakTUKaxX 3Be3-
Ibl Haubollee aKTUBHO 00pasyloTcA B 0OOIAacTAX IMOBbI-
LIEHHOM [NIOTHOCTH rasa B CIUpalbHbIX pyKasax [6]. Ox-
HaKo 3TU 06J1acTH aKTUBHOTO 3Be31000pa3oBaHuA JOCTa-
TOYHO y3KHe, 4TOObI X MOKHO GbLIO HENOCPeACTBEHHO
CBA3ATH CO CIMpanbHBEIMU BonHamu [2]. B aroii cBAsm B
pabore [7] obcyspanach BO3MOMHOCTL CyLIECTBOBAHUSA
CBA3AHHBIX CO CIMPalbHBIMHU BOJHAMU MJIOTHOCTH KPYTI-
HOMacIITabHLIX yAapHBIX BOJH U CBA3AHHBIX C HUMU y3-
Kux obnacTeil 3Be3000pa3oBaHuA.

C mpyroif CTOpOHBI, HYMHO OTMETUTb pabory [8]
KaK NepBYIO NMOMBITKY HeNMHEHHOro pacCMOTPEHUA ClH-
palibHOr0 y30pa B LielIAX NPE0JoIeHUA ONUCAHHbBIX BhIIIE
TPyAHOCTE} AuHeiHO# Teopun (cMm. Takske [4, 9]). Cnn-
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paibHbIe BOJHbBI INIOTHOCTU paccMaTpPUBAINUCh KaK COJIH-
TOHBI orubarolneit MenkoMaciTabubIx BoaMmyienuit. Ox-
HaKO CONUTOH [8] He GbLI NePUOUYECKMM 110 a3UMY Talb-
HOMY yTiy ¥ ObL1 JOKalIbHBIM MO paguycy.

B 3T0i1 cTaThe cTpPOUTCA aHAINTUYECKOE pelleHue
YypaBHeHUI TUAPOAUHAMUKU TrajlakTU4YeCcKoro AUCKa B
BH/Jle HEIMHENHBIX CIUPANbHBIX BOJIH B HEKOTOPOM KOJb-
e JUCKa, I'le U3MeHeHueM yCpPeIHEeHHO! N0 a3uMyTallb-
HOMY YTy YTJOBOIl CKOPOCTH BpallleHUf MOKHO Ipe-
He6peus. CumTaeTcd, YTO rpaBUTANNOHHAA CUlIa Hpe-
MMYIeCTBEHHO fABIAETCA aKCHalbHO CUMMETPUYHONH U
o0yciioBlleHa CUMMETPUYHO pacnpejeleHHbIMU TEeMHOH
MaTepueii u/uiu cBeTAleNcA MaTepyeil B IeHTpalbHO
yactu ranakTuku. IlonyueHHoe pelleHUe gaeT onucaHue
cnypanbHOrO y30pa Bo BCEM paccMaTpPUBaEMOM KoOJbIle,
a He B He0OJIBILIOM yyacTKe AUCKa, Kak B pabote [§].

2. Cnepysn [2, 6], aMHaMUKY rasoBoii cocTaBiAoOLEd
rajlakTUdecKoro aucka OyJeM omnuchIBaTh clenylomiei
CUCTeMOl ypaBHEeHUI ABYMEpHON r'uApoJAUHaAMUKU:

ov, ov, Vp % B v2 o0

=
a "V T dp 7 or’
Ov, Ov, v, Ov, vev, 109
ot +Urc')r r 8<p+ r rOp’

(1)

Lar 100 v 100
ot "o or r o O0p
10(rv,)  10v,
rar Trop

rae & — noTeHnuan rpaBUTaNMOHHOrO NOJA, 0 — JByMep-
Haf MIOTHOCTb rasa. B cucreme (1) Mbl npeHeGperaem
JaBleHHEM rasa, TO €CThb CUNTaeM CKOPOCTh 3ByKa Ma-
J0it N0 CPaBHEHHUIO C XapaKTePHBIMU CKOPOCTAMH VU, U
v,. Takoe omucaHue, BO-IEPBBIX, OTHOCHTCA K Hayallb-
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HOMY IEepPUOAY MKM3HM ralakTHK, KOT1a 3Be3J elle Majo,
a, BO-BTOPbIX, B pabore [10] Gbumo mokasaHo, 4TO 3TOT
MOJX0M MOAeT ObITh NPUMEHUM, Ja#e KOrjaa 3Be3fbl Co-
CTaBIAIOT 3HAYUTENbHYIO YacTh BEIECTBA ralakTUKH.
PaccMOTpUM KONBIO ralakTUYecKoro AucKa: 7y <
<r<ry 0< ¢ < 27, B KOTOPOM YCpPEJHEHHYIO MO
YIIy ¢ YTIOBYIO CKOpOCTb )¢ BpallleHHUAl rasa MOKHO
cuuTaTh noctoAHHoi. Takoe mpubiumenue, Mo Kpaii-
Heil Mepe, JJIA HEKOTOPLIX ralakTUK ABJIAETCA CIpaBel-
auBbIM (cM. puc.l u 0630p [4]). CTporas HE3aBUCHMOCTD

250F ] ,
@ $°A e
200F o /%, 2e0® eq00, o o20° &%

150
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Puc.1. (a) KpuBas Bpamenua raraktusu Mrk 1040. Pucy-
HOK B3AT U3 0630pa [4]. YeTko BUAHBI [BA y4acTKa OCTO-
AHHOI yTI0Boit cKopocTH. llpuBeneHa ycioBHaA “kpuBas
BpallleHN A CHHUPAIbHOrO y30pa” Uspiral = WT, NOCTPOEHHASA
Ha OCHOBE OLEHKM IOJOEHUA KOPOTaLMOHHOM OKpYHOC-
TH B [4], ¢ UenbIO MOKa3aTh COOTHOMEHKE BEIUYHMH w U (Y
(b) IamakTura M 74
U Hallo}4eHHble Ha ee pyKaBa JorapudMuUecKue CIUpaiu
r =179 em“’/q,ro e™ (#1t™)/a ¢ popxomAmum 06pa3oM BbI-
6panHbIMU mapamerpamu (m/q = 0.2)

BHe KOPOTAaIllIOHHOI OKPYKHOCTH.

YTIOBO# CKOPOCTH OT NMEPEMEHHBIX (Y U 7 MPUBOAMUIA ObI
K TOMY, YTO 'PaBUTALMOHHBIN MOTeHNMAN uMen ObI BUJ

Va=Q. (2)

B cBA3M ¢ 3TUM MOJIOKUM B OCHOBY Hallleil MOJENH npej-
MOJIO}#KEeHNe, UTO eCTh CUMMETPUYHBII I'paBUTAIMOHHBIN
norennuan (2), 1 GyfeM UCKATh aKCHAIbHO HECHMMET-

Vé=are,,

puuHoe pemeHue cucTeMsl (1), omuchbIBaiollee CIUpatb-
Hblil y30p. T'oBopA TO4Hee, OTKIOHEHWE I'DABUTALMOH-
HOro nmoTeHuuana oT GopMmyis (2) GyseT cYUTaThCA Ma-
JBIM HACTONBKO, YTO BBI3BIBAEMOE UM BIMAHUE Ha MOIA
CKOpPOCTeil 1 IIOTHOCTH MAlIO 110 CPaBHEHHUIO C XapaKTep-
HBIMM BeJIMYMHAMM NOJel B HAIleM peLIeHHH, I0CTPOeH-
HOM Ha OCHOBe CHMMeTPUYHOro0 IoTeHnuana. B yacTHoc-
TH, BIMAHNE aCHMMETPUM FPaBUTALMOHHOTO MOTEHIMa-
Ja Ha acMMMETpHIO NOJIA MIOTHOCTH MAalo [0 CpaBHe-
HUIO C aCMMMeTpHei [1011A INIOTHOCTH OCTPOEHHOrO pe-
menuA. HCTOYHMKOM CHMMETPUYHOTO NMOTEHNNANa BU-
Za (2) mMozkeT GbITH LIEHTpalbHaA 3Be3HO-ra3o0Bas 4acTh
rarasTUEM (3T0 aHanormyuo moaxony [10]) u/unu coe-
pUUecKoe rano TeMHON Mmatepud [5).

IIprMeHNMOCTb MOZENN ¢ peHeOpeKeHeM BINAHNA
caMorpaBUTalMM CBfi3aHa €O CIEAYIOL[MH OLEHKaMH.
YpaBuenue IlyaccoHa NPUBOAUT K CBA3U I'DaBUTAIUOH-
HOU CHUJIBI (V‘b)gas, BBI3BAaHHOW rasoM, U JBYMepHOH
ILIOTHOCTH T'a3a Ogas(T):

Gogas(r') 1,
(V)gos &) =1 | T 47
OTHomeHnue & HTOM CUIBI, HampuMep, K YIEHY

v,(0v,/0r) B ypaBHenun (1) oneHUM BenU4nHOM:
8 ~ G ogas [V2 k,

rie v, — XapakTepHad CKOPOCTh paJAMalbHOrO [BUMeE-
HuA, k — XapakTepHbIl BONHOBO BEKTOpP MOJNA CKO-
pocTé B mocTpoeHHOM coinuroHe. Ecnu, B orinmume ot
[2, 10], paccmMaTpuBaTh He MIOTHO HABUTbIE CIUpPAaNy
(cm. puc.l), worga y ysopa ecTb BCEro OOMH MM [Ba
o6opoTa, To k MOHO oleHUThb Kak 1/R, rae R — xapak-
TEpHBIM pagnyc paccMaTpUBaeMoii 061acT ralakTUKY.
B sTOM ciyuae, MCmONB3yA CBA3b CKOPOCTH BpalleHUA
¥, C TPEXMEpPHOi INIOTHOCTBIO Qdark TEMHOIH MaTepuu,
Gdark ~ QF ~ v3/R?, umeem:

UgaS/ R v<2p

Odark 'Uf

(SN

Taxkum oGpasoM, B ciiyyae Manoif JOIU Macchl rasa B
paccMaTpuBaeMOM KOJbIle [0 OTHOUIEHUIO K Macce TeM-
HOT'0 BellleCTBa, a TaKkH#e Npu GONbIINX — HENMHEHHBIX —
BO3MYILIEHUAX CKOPOCTH OTHOCUTENBLHO CKOPOCTH TBEP-
JOTEeJbHOr0 BpalleHus B ypaBHeHuM (1) aHM30TPONHBIM
BRJIAJIOM OT caMOT'paBUTAILUM r'a3a MOMHO NpeHeGpeys.
Bynem uckarn pemenue cucrems! (1) B Buge

Vr,p (7" ¥, t) = Urgp (7") ar,qp (’l,b),
o(r,¢,t) = oo(r) exp[bq ()],

roe ¥ = —wt+ my + @(r), 0; — Geapasamepusie 27-
nepuoauyeckue Qpyuruuu. Takoll aHsaln COOTBETCTBYET
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eJUHCTBEHHOMY NpPeANOoJIoMEeHUIO, UTO ¢opMa cnupalb-
HOI1 BOJIHBI 110 IePeMEeHHOIl ¢ He 3aBUCUT OT pajguyca 7.
3anuchk (3) aHanornyHa oGIUENPUHATON KOHUENIUU CIH-
panbHoro ysopa [2, 9, 10] 3a TeM UCKIIOUEHUEM, UTO MBI,
BooG1e roBops, He GyaeM cuutaTh GyHKUUU @; Tpuro-
HOMETPUYECKUMH.

Ecnu ¢yusuuu o;, o9 u ¢ TaxoBbl, uTo (3) mpex-
cTaBnfeT co6oii peuenne (1), To pasyMHO 0UAATh, YTO
npu KaaoM r Belpamenue (3) wak GyHKUUA OoT @ U t
ecTh NIpoCcTeRINi NepuoJuUecKkuii CONUTOH HelNHeHON
cuctemnl (1). JleficTBUTENLHO, B KIACCUYECKUX HEIN-
HeHWHbIX YPaBHEHUAX OJHOCOIUTOHHbIE PelleHUA UMEIOT
aBTOMOJENbHBIN BUJ] — C 3aBUCUMOCTbIO BOTHOBOI1 Belu-
YHHBI OT Y = x — vi. ITO yTBepMIeHNe, CKopee BCero,
cIpaBelJUBO U JJIfl IEPUOJMYECKUX CONUTOHOB, HalpU-
Mep, 3TO TaK AJf NepPUOJUUYEeCKUX COIUTOHOB ypaBHEHUA
KaB [11]. B paGoTe [8] connToHOM Ha3bIBAaeTCA TaKIKe
U OYHRUUA NEPEeMeHHBIX T, ¢ u ¢, ananoruusasa (3) u
npeacraBnfiomas coboit pelleHue ypaBHEHUN AUMHaAMU-
KU ra3oBOro AKMCKa B [UIMHAPUYECKUX KOOpJUHATaXx.

CambIM mpocThIM peuieHueM Buga (3) sABnsercH
TBepJoTelbHOe BpameHue: v, = Qor, v, = 0. Ansan
(3) BriiOuaeT B cebs TaKme M IMHENHBIN pemum. Jei-
cTBUTENLHO, moAcTaBasAa B (1) mone ckopocrteil B Buze

v, (r, 0, t) = Qo r + a(r) el ("W itme)
(1,55, = blr) i o tHm),
a(r),b(r) € Qo r,

nonyyaeM, uto ¢yHrnuu a(r) u b(r) yHAOBIETBOPAIOT
clenylomeii cucTeMe ypaBHeHuil (UJeHbI C TPOU3BOIHKI-
MU [0 7 CIIy4aiiHO BBINAIHM):

—2Qpa+i(—w+mQ)b=0, "
4
i(—w+mQ)a+2Qb=0.

VYpaBuenus (4) o3HavaioT, YyTO 3[eCh Malble BO3MYILe-
HUA He ABNAIOTCA MIOCKUMU BOITHAMM, a MOTY T 3aBUCETh
OT r NPOU3BONBHBIM 00pa3oM. IJTO yKasbIBaeT Ha ToO,
YTO B JMHEHHOM NpUGIMMKEHUU TaKyl0 MOJENb Iydlle
He MPUMEHATh, TaK KaKk Ha 3aBUCUMOCTb BO3MYIIEHUA
OT TepeMeHHOl 7 006A3aTelbHO OKaMeT BIMAHUE YUET
camorpaBuTanuu u guccunanuu. Onuako ypasHenus (4)
NPUBOJAT K COOTHOLIEHHUIO aMIIUTYA U (a3 pyHKuMit a
U b ¥ K INCIEepCUOHHOMY COOTHOLIEHUIO, ONPeeNAoNIe-
My 4YacTOTy w BpalleHus CIHpalbHOro y3opa2):

D=w/Q=m-—-2. (5)

2) OTmeTuM, UTO cymecTByeT Takze pemeHne @ = m-+2. Emy B
HeJIMHeHOM pacCMOTPeHHUH M. 3 cooTBeTCcTByeT yObiBaHUe QYyHK-
uun P(x), B wactHoctu P(27) = —2x. CBolicTBa mosyyaeMbIx
COJIUTOHOB JJIA W4 = M £ 2 COBEepIIEHHO aHaJOTHYHBI.
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3. TNoacrasaas (3) B (1), nonyuaem, uto opmyia
(3) aBuseTCA pelmieHneM TOrga M TONBLKO TOrAa, KOrga

@r,w(r) = QO T, ¢(T’) =4q In (T/TO) ) 0-0(7.) = /j"r’ya
(6)

rie q, ro, 4 1 7y — IPOU3BOJIbHBIE NapaMeTphl. Eciu BhlI-
nonHeHo ycinosue (6), To MbI ONyYaeM CUCTEMY U3 ABYX
06BLIKHOBEHHBIX AU((pepeHINalbHEIX ypaBHeHUH NepBo-
ro nopagka aaa gpyurnnit 0,(vy) u 6, (v):

do, 02 -62+1

dy  —o+q0,+mb,’

(7)
b, 26,6,

&  —o+4q0, +mb,

MepuognunocTs Gpyuruwmii 0;(1)) Bripamaerca npu NoMo-
my rpaunuHsix yeaosuit 0;(0) = ;(2x). Pemus cdop-
MyJIHpoBaHHyIO KpaeByio #iad 6,(¢) u 0,(¢), 0 < ¢ <
27, MBI T€M CaMbIM, OMUPAACh HA BhICKA3aHHbBIE B M. 2
apryMeHThI, IOCTPOUM MEPUOANYECKOE OJHOCOIUTOHHOE
pemenue cuctemsl (1) npu ¢urcupoannom 7. OTme-
THM, YTO CylecTBOBaHUe BonH Buja (3) ¢ ¢asoii u am-
NIUTYION# BUIA (6) CKOJIb yroaHo GoJbIION HeluHel-
HOCTHU AIBIfIETCA 3aMedaTelbHbIM (PAKTOM U CBA3AHO CO
CTPYKTYpO#l rugpoAuHamMudeckoro oneparopa (v - V) v.
Tpertba ¢opmyna us (1) ¢ yuerom (3) maer sBHOe
anre6panyeckoe BblpameHue A 6, yepes 6, u 6,. Tpe-
GoBanue, 4To6bl QyHKUUA 0, (1)) GbLIa NEpUOAUYECKOIL,
OPUBOAUT K ycioBuio Y = —2. B urore nonyuaem:

1
—@0+q0, () + mb,(¥)

expl0, ()] = (8)

Jlerko nonyuuTh mepBbIii MHTErpan cucteMsr (7):
62+ (0, C)?=0C%-1.

OTciona BUAHO, 4YTO (a30Bble TPAEKTOPUM CUCTEMBI
(7) — BnomeHHble OKpy#HOCTH (HO HE KOHIEHTpUYEC-
kue). OkpysHOCTH HyMepyioTca Koucrautoit C, |C| >
1, ux papuycel paBubl A = /C? — 1. 3uak kouctauter C
onpejenfeT o6Luil 3HaK V,, TO €CTh HalpaBlIeHUe Bpa-
menud. Touka (0,1) (C' = 1) Take ABIAETCA peLIEHU-
€M U COOTBETCTBYET TBepAOTelbHOMY BpameHnuio. He-
GoMbllINe OKPYHOCTH COOTBETCTBYIOT JNUHEHHOMY pe-
UMY HeGONbIIKMX BO3MYyIIEHUH cropocTu. Poct paapu-
yca COOTBETCTBYET POCTY HelWHeHHOCTH conuToHna. Ila-
paMeTpu3yeM OKPYHHOCTH C MOMOIIbIO MONAPHOro yria

X:

0, =Xcosy, 0,=+vA2+14+Asiny. 9)
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W3 nepsoro u3 ypaenenuii (7) Belpasum 1 uepes x:

00 —5 + ¢80, +mo
e :/ r ™% gp,. (10
(x) o) B-Ei1 (10)

Otciona, ucnonnsysa (9), HaiiieM fABHbIE HOPMYIbI AiA
¢yuruun 9(x). Cuwmras, uyro (0) = 0, nomyuum

Y(x) = ¢i(x) ana yrmoe 0 < x < 7w u P(x) =
=1(x) — @7 pnayraoB w < x < 27, rae

P1(x) = —@arctg [\/ A2 +1tg(x/2) + )\] —+
Asiny

I 1

I'panuunsie ycaosus 6,,,(0) = 6,,,(27) BoImonnsaoTeA,
ecan P(2m) = 2w. To TpeGoBaHUe ABIAETCA “HENMHEN-
HBIM [MCIIEPCHOHHBIM COOTHOLIEHHEM”, CBA3LIBAIOIINM
BElIMUYKMHY YacTOTHI @ C apaMeTpaMu ¢, g, M U HyMe-
pyIouM OKpyHocTH KoHcTanToit C. 3ameuaTelbHo,
4yTo M3 TpeGoBaHua Y(27) = 27 momydaercd, TEM He
MeHee, TO e JUCNEePCHOHHOe cooTHomeHue (5), UTo U B
JuHeRHOM ciydae (KoHcTaHTa C BbInajaeT U3 HelMHel-
HO0 JUCIEPCHOHHOrO COOTHOIEHNA). BenuuuHs ¢ u g
IIA KamJoro 3Ha4eHUA m TaKMe 0CTAlOTCA NPOM3BOIb-
HBIMHM. DTO 03HAa4yaeT, B Y4CTHOCTH, YTO B PasBUTOMH Te-
OpHUM He OTHAeTCA NMPEANOYTEHNA HU IUAUPYIOLINM, HU
OTCTAIOLUM CIMPATAM.

IIpu A — 0 dopmyaa (11) c yuetom (5) naet ¢(x) =
= X, YTO COOTBETCTBYeT iuHeiiHOMy pemumy. C Ha-
pacTaHueM aMIUIMTYZAbl CONUTOHA ero Npoduib CTaHO-
BUTCA CYLECTBEHHO aHrapMmoHudeckuMm. Ilpu ompene-
nenHoMm 3Havenun C = C,, 3aBucumoctb X(9)) B He-
KOTOpO#t TOYKE )., HAUNHAET CTAHOBUTHCA MHOTO3HaY-
HOl, @ 3HaYMT MHOTO3HaYHBIMU CTAHOBATCA U QyHKUUH
0;(¢). Takas cuTyauus, HasbIBaeMas B TUAPOAUHAMUKE
OTPOKUBIBAHNEM BONHBI, 03HAYaeT, YTO UCIONb3yeMan
Mojiellb y#ie HeNpHMMeHHMa, U HYKHO yUHTBIBAaTb J¥C-
cunaunuto. IIpu ydyere guccunanuy onpoKUHY THIH GPOHT
CriaKMBaeTCA U ONMKChIBaeT yaapHyto BoaHy. Yucna Cop
U Xer = X(W¥er; Cer) HAXOAATCA U3 CUCTEMBI yPaBHEHUIA:

+G)arctg()\)+gln[ +1] +%. (11)

Y'(x;C) =0,
P"(x;C) = 0.

Ha puc.2 noxasano, kak meuserca snadenune C,, C U3-
MeHenueM q u m. Ilagenune Bennuuusl C,, ¢ POCTOM ¢
NOCTATOYHO MOHATHO, TAKk Kak GGJbIINE ¢ COOTBETCTBY-
10T GoJlee MIOTHO HABUTLIM CHMPANAM.

Ha puc.3 mnpeacraBnensr ¢ynruun 6,(¢y) wu
exp[0,(¥)] amna pasueix 3HaveHuit napamerpa C.
Xopolio mpocie;kuBaeTCA Nepexo] COITMTOHA OT JMHeM-
HOro peKMa K cyry60 HelMHeliHOMY HpH HW3MeHeHUU

1.25
C

cr

1.20

1.15

1.00 ; '
0 5 10 15

q

Puc.2. 3aBucumocts Beanuuusl C., OT mapamerpa ¢ Alf
m = —2 (kpuBaa 1) u gua m = —3 (kpusad 2)

1.3
1.2
1.1
b
1.OF

0.9

0.8
3.0

2.5

2.0

1.5

exp(0,)

1.0

0.5

Puc.3. Hpoduan commronusix ¢yurumit 0,(¢) (a) u
exp[f-(v)] (b) ana mapamerpoB ¢ = 10, m = —2 u am-
IIUTYAbI CONUTOHA A, paBHO# (.2 (IITPUX-NYHKTUPHAA 1K~
Husa), 0.5 (mwrpuxopas), 0.8 (nyskrupras) u 1.0 (cnuom-
Hafg) 0T ee BO3MOHOIO MAKCHMAaIbHOIO 3HAUEHUA Acp =
= 4/C2. — 1. BepTukanbHad ITPUXOBasA IUHNUA NOKa3bIBa-
eT TONOMeHNe TOUKU Py

C ot 0 no C.,. Buano, uto npu C, 1ocTaTouHO GIU3KUX
K Ccr, 3aJaHHBIM OTHOCUTENbHBIM U3MeHeHUsAM 6, B
CONMTOHE COOTBETCTBYIOT ropasfo OOablIie OTHOCH-
TelbHbIe U3MEHEHUA MIOTHOCTU BelIeCTBA B CNUPANAX
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Henuunerinnie cnupaJjJbHbIe BOJHBI B ralakTHYeCKOM OHCHKe 263

U BHE UX. OJTOT (GaKT CIeAyeT TakMme U3 CIeAYIOUWHUX
cooGpaskennii. Eciu B comntone ¢puaykryauuu 0, nopag-
Ka camoii BeruunHsl O, To U Qaykryauun 0, (B cuiy
anreGpanyeckoit cBssu 6,, O, u 0.) GymyT nopagka
BeNu4uHbI f,. A M3-3a HATMYUA DKCIIOHEHTHI BO BTOPOW
cTpoke Gopmyus! (3) dayrTyanuu ¢ mpu 3ToMm GynyT
ropasfo Golbllle CpefiHero 3HaYeHus o. U3 puc.3 Tarme
BUAHO, uTO0 npu P, C' = (¢, C).r mOTHOCTH OGpamaerca
B GecsoHeyHocTh. C TOYKHM 3peHUA POpMyI 3TO clenyeT
u3 Boipasenuit (8), (10) u us Toro, uro mpu ¢'(x) =0
yucnutens B unterpaie (10) Tak:se paBeH HyIIO.

4. TlpoBenenHoe paccMOTpeHHe MOKa3bIBAeT, UTO
CIUpaNbHbIli y30p €CTh 0COObIH, MPUCYIIUHA TasoBOMY
IMCKY B CAMMETPHUYHOM BHelIHeM Moiie, BUJ HeJuHeii-
HBIX BOJIH. JTO ONpOBepraeT yCTOABLIEECH MHEHHE, YTO
IJIA TONJep#aHUA CIUPANIbHOr0 y30pa HYMEH MOCTO-
AIHHBIA reHepaToOp NMOHUMKEHHON cuMmmerpuu (Gap [12],
ranakTuka-cnyTHuk [13]). IIpexcrkaseiBaeTca norapud-
Muyeckad (popMma crnupalneii, 4To corjacyercd ¢ HabIo-
nenusamu ([13], puc.1). IonyueHa cBA3bL CKOPOCTU Bpa-
IEHUA CIMPalbHOr0 y30pa ¢ YACIOM PYKaBOB M yTJI0BON
CKOpOCThIO ABuieHudA rasa (popmyna (5)). Hampuwmep,
nna m = —2 noaydaeM |w| = 4, uTO Ha ¢oHe puc.l
BBIFJIAMUT JOCTATOUHO pa3yMHBIM. B CBA3M c 3TUM Ha-
CTOAIAA MOJIellb, BUAUMO, ABIAETCA HauGojee MOJXOMA-
meit anA obigacTell NMCKa ralakTMKM BHE KOPOTAIMOH-
HO¥ okpymHocTH. OGBACHAETCA yacTo HabmogaeMoe [4]
Haluyue B CIMPalbHOM Y30pe BEeIMYMHbI QIYKTyaluu
MIIOTHOCTH, 60bLIeH, 4eM QIyKTyalus NoiA CKOPOCTEM.
OGnacth, rie HaxoOAUTCA pe3kuil muk GyHrUUU 0, (1))
npu C — C.,, TOTUYHO CBA3ATh C y3KOH 06IaCTbIO aK-
THUBHOTO 3Be31000pa3oBaHuA B cnupaibHoM pyKase. Ilo-
CTPOEHHAasA MoJellb MPUBOAUT K BO3HMKHOBEHMIO OIpPO-
KM/JbIBaHMA 1A BOJH JOCTATOYHO GOJNbINOA aMIIUTY-
Ibl, YTO MOMET CIYKUTb OJHUM M3 MEXaHHU3MOB BO3-
HUKHOBEHUA TalakTUYeCKMX yAapHbIX BOAH. Buiaumo,
TOT ()aKT, YTO HalileHHOe pellleHNe ABIAETCA CONMTO-
HOM B CMbIcie paboTsI [8], IPUBOAUT K €ro ycToi4nBoc-
TH, OJHAKO MBI CYUTAEM, YTO HTO YTBepHAeHUe TpebyeT
neTalbHOI NpPOBepKHU.

Iucema B MATP® Tom 89 BEIM.5-6 2009

Mz&1 ray6oko 6rarogapHsI I.II. BapcyroBy,
I.A. Bapmanosuuy, A.Il. ImutpueBy, [.A.3io3uny,
A .B.Ueanuury, B.}0.HKauopoBcromy, C.T.Ilontopakry,
E.B.IllonAauenro, C.A.PomuonoBy, [M.C.CBUHKHHY,
A B.XonepcroBy, [I.I.fIkoBneBy, W.H.flccueBuu 3a
HoNe3Hble ¥ MHOTOUMCIEHHBIE OOCYKOEHUA, a TaKKe
A Il. AnerceeBoit, A.I0.3i03uny, A.A.IIporodreBy 3a
YTeHNe PYKOMUCH U COBETHI IO ee ynydieHuo. PaGota
BHINIONIHEHA TIpU Nojneps;#ke rpanta Poccuiickoro ¢on-
Ja ¢dyHmameHTanbHbIX wucciegoBaHuil # 08-02-00837,
rpaHTa NOAJEPKKU BeAYUIUX HAyudHBIX MEKon Poccuum
# HIIT-2600.2008.2 u rpanta ¢ouga “Iunactua”.

1. B. Lindblad and R.G. Langebartel, Stockholm Obs.
Ann. 17, 6 (1953).

2. C.C. Lin and F.H. Shu, Appl. J. 140, L646 (1964);
C.C. Lin, C. Yuan, and F.H. Shu, Astrophys. J. 155,
L721 (1969).

3. A. Toomre, Astrophys. J. 158, 899T (1969).

4. A.M. ®pugman, YOH 177, 121 (2007).

5. M. Kamionkowski, arXiv:astro-ph/0706.2986 v1 (20 Jun
2007); L. Bergstrom, Rep. Prog. Phys. 63, 793 (2000).

6. f1.B. 3eangoBuy, U. . HoBukoB, CTpoeHHe H 3BOIIOLHUA
Bcenennoii, M.: Hayra, 1975, c. 386-449.

7. W.W. Roberts, Astrophys. J. 158, 123 (1969).

8. A.B. MuxaiinoBckuii, B. 1. IlerBuamsunu, A. M. ®@pun-
MaH, IIucema B /RITD 26, 129 (1977).

9. B.JI. llonauenko, A. M. ®punman, PaBHOoBecue u ycToii-
YyuBOCTh rpaBurupyromux cucrem, M.:. Haywra, 1976,
c. 330-336, c. 365—410.

10. A.M. ®pupman, HAITO 98, 1121 (1990).

11. B.E. 3axapos, C. B. Manaxos, C. II. Houxos, JI. II. ITu-
TaeBckuil, TeopHAa cOMUTOHOB: MeTox 06paTHOI 3a1adH,
M.: Haywra, 1980, c. 112-186.

12. K. Wada and C.A. Norman, Astrophys. J. 547, 172
(2001); K. Wada, G. Meurer, and C.A. Norman,
Astrophys. J. 577, 197 (2002).

13. 10.H. Edpemos, Jerkuua “3Be3gHble KOMILIEKCHI H CITH-
paibHble pykaBa”, Illkona mMomoabix yudeHbIX “Du3HKa
Taraxtur”, CAO PAH, centabps 2007.



