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ACTPOHOMH'IECKHH lKYPHAJI. 1995, moM 72, M 4, c. 437 - 446 

YJlK 524.7-77 

OIITH'IECKDE OTOlKnECTBJIEHIDI nonBLl60PKH 
PA)OIOHCTO'IHHKOB RC-KATAJIOfA C KPYTLIMH CDEKTPAMH 

C DOMOIQl,IO 6-METPOBOfO TEJIECKODA CAO PAH. TPE1i0BAHIDI 
K KQOP~HAfflOH.TO'IHOCfD H fJIYliHHE H301iPAlKEHIDI, 

HAliJIIOnEHIDI HA VLA H CUOCOliLI onEHKD 
cJ)OTOMETPll'IECKOfO KPACHOfO CMEio;EHIDI 

@ 1995 r. A.H. KoOWJ1on, B. M. rocc, IO. H. DapaiiCKHii, H. C. Co6oneBa, O. n. )Keneex:oBa, 
A. B. TeMBpoaa, BBJJ. B. BHTKOBCKHii, M. H. Hayrom,BaJI, 0. B. BepxoAaBOB 

Cne1,4ua.nbHaR acmpo<J,wu'U!cKO.R o6cep6amopwi, H. ApXbl3, Poccwi 
IlocrynHJta B pe,ttaKQHIO 17.0S.94 r. 

O~aIOTCJI TpC00BaHID1 K TO"IHOCTH onpeACBeHIDI KOOPAHHaT B ODTH'leCKOM H paAHOAHana3oHax np~ 
OTO:>K,qecreneHHH cna6btX PaAHOHCTO'IHHKOB THTia FR.II c AaBCKHMH mralITCKHMH 3JIBHnTH'leCKHMH 
raJJaKTHKaMH H nyrH Ol\eHKH KpaCHblX CMe~eHHH AO HHX C HCD0Jlb30BaHHeM BCCX A3HHblX, H3KODBCHHblX 
no AaneKHM 06'bCKTilM 3TOI'O KJiacca. IloKa3aHo, 'ITO AJUI BblOOJIHeHIUI nporpaMMLI DOHCKa ranaxTHK nep­
BOI'O noiconeBHJI no Ha"laTOH B CAO PAH nporpaMMe PATAH-600-VLA-BTA AOcraTO'IHa TO'IHOCTb 
OKOBO 1 N, a rny6HHa OOTHl{CCKH.X H306pa)KeHHH - HC (5onee 26m. OnHcaHa npocru MeTOAH)Ca peaJJH33-
~H 3THX -rpe6oeaHHii. YTO'IHeaa AHarpaMMa Xa66na AJDI o6oeKTOB THna SS-FRII-RG. IlpHBCACHbI 
VLA-p3AHOH306paJKCHIUI OO'bCKTOB 00,l(BblOOpKH HCTO'fHHKOB RC-KaTanora C Kpyn,IMH cneKTpaMH B no­

JIO)l(CHBJI l{CBTpOB TJOKCCTH 3THX H306paJKCHHii. 

1. BBE)lEHHE 

. 011TH'leCKoe OTO~eC'l'BJleHRe paJ(lIOBCTOtnm­
EOB HeoC5xoJtHMO AJUI DOHHMaHWI BX npupo,1u,1. IloKa 

. TOJDdCO OIITll'lecKBB Affaila30H ;a;aeT AOCTOBCpffYIO 
m4><>PMa~ro. 0 KpaCHOM CMe~eHBB H 06 06'1,eKTe, 
OTBeTCTBCHHOM 3a PaABOB3JI}''leHBe. 

B HameM cnyqae MbI BIITepecyeMCH npo6neMoii 
aro~ecnmellllSI npe;a;eJILHO ;a;aneKHX pa~oranaK­
Tlllt onpe;a;eneHHOI'O THDa: ;a;soHHLIX pa;a;uoranaKTDK 
C O'ICBI, Kp}'Tl>IMH cnerrpaMB BC ygpqeHHeM K Kpruw 
1t~oHeHT (SS-FR.11-RG). Kax H3BecTHO, sTOT no;a;­
xo;a; JIBJUICTal OAHHM B3 caMblX 3<):)(j>eKTHBHhlX [ 1 ]. 
]];8JlJdleAmee pa3BHTHe ero OnBcaHO B [2]. H1DKe MLI 
DOUJICeM, KaK BCllOJIL30BaTb BCIO HaKOilJICHH}'IO K 

B8CTO~eM}' BpeMeHB HH<j>opMaWflO 06 o6'LCKTax 
STOro ICJtacxa AJIJI [(enei RX OnTB'leCKOI'O OTO~eCI'B­
JleBIISI. Ocoooe sHHMaBBe 6y;a;eT y;a;eneeo TeXHHKe 
onepaTHBHOl'O OIITll'lecKOI'O OTOQeCTBJiellllSI TaICBX 
paABOBCTO'IHBKOB H MeTO;a;aM OQCHD paccroJIHBSt AO 

BBX C5e3 1Ip.51MLIX B3MepeHRB Kp3CH0I'O CMe~eBIDt. 

2. TPE:SOBAHIDI K KOOPJJ;HHATHOH 
TO'tfHOcm H rnYBHHE OilTil'llECIGIX 

HA:SilI0.IJ;EHH0 

By;a;eM C'IJITI!Tb, "ITO KaK H WJSI BCeX BHCI'aJiaJCTB­
'Cleciaa PBABOHCTOq]IBKOB, paJ(lIOCBCTHMOCTL pac­

. CM'a'l'p~aeMblX HaMB OO"LeKTOB He npeBOCXOJUIT on­
. fflecxylO CBeTHMOCTL poJ:tBTeJILCKBX I'3J13KTHK, ,!la­

ze TOJll>KO 3TO OI'paH~eHBe y}l{e Il03BOJUieT 

o~eHHTL 1'pe6oeaHIDI K To11eocm onpe;a;eneBIDt no-
. JIO)KCHHJI PaAROBCTO'lHB.KOB 3a;a;a1D10ii DJIOTBOCTH 

DOTOKa B Tpe6oeallllSI K TO'IHOCTH onpe;a;enemm KO­
op;a;BHaT KaH1(BJ(aT0B Ha OIITB'ICCKoe OTOQCCTBJie­

HBe. J:(eiiCTBDTCJil>HO, eCJIH Lrw;1 ~ Lopt, TO AJUI mo6oi 
. reoMeTpBB Bceneeeoii HMeeM ycnoBRe m < m1im(S). 

J:(nsi onpeAeJieHJISI mlim BLJ'qBCJISleTCJI UJIOTBOCTb DO­
TOKa pa1{HOH3JJ)"ICHIDI, npomrrerpBpOBaHHM no. 
sceM qaCTOTaM OT V = 100 IT~ AO V = 100 Mr~, H 3a­
TeM oHa npHpaBHHBaeTCSI (33 HCHMCHHeM DOJIHOH 
HH<j>opMa[(llB 06 OllTH'leCKOM cneKTpC) opomBene­
HHIO cneX'I'paJILHOH DJIOTHOCTII OJITB"ICCKOC'O D3ny­
t!CHIDI Ha qaCTOT)' 

Sv vop1 • 
OJH 

,Ilru1 Hamero q>BJIL'IJ)a R (6500 A BJIH v = 0.46 x 

X 1015 fq) HaxO}lHM 3Ha1:1eaue Sv , COOTBeTCTByi<>-
opl 

m:ee YCJIOBB10 paBeHCTBa CBeTHMOCTeii B paJ(lIO- H 
OnTB'ICCKOM,AHana30Hax. J:(anee, B3 COOTHOmeHIDI 

S ~ 10a-0.4m (1) 
VOl'I 

(CM. , HanpBMep, [31) OnpeACJIHM BCKOM}'fO 3Be3AHYJO 
BenH'Uley m = mUm, npu Koropoi Lrw1 = Lopt. Koa­
CTaHTa a laBBCHT OT 3q>q>eKTBBBOi qaCTOTld BC­

D0JJL3YCMOro q>Bnb'I'pa. MLI· npmmMaeM Arul Hee 
CJie;a;yrom;Re 3ila'leBWI: a= 3.258, 3.621, 3.584, 3.510, 
3.407, 3.172, 2.808 AnSI q>HJIL'l'pOB U, 8, V, R, 1, J, K 
COOTBCTCTBCHHO . 

HcnonLlYSI npRBenemn,1e BLIIDe coomomemu:, 
no11)"1HM Ta6n. 1, cesr3L1earonzyro cneICTpam,eylO 
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438 KOIIblJIOB e AP, 

Ta~ 1. Cwm. Me~y npe,1ten1>HOH 3Be3AHOii BeJJH'llH­

HOH "'R H S3_9 ~ 

mR S3_9 ITu • 5.IH 

19 9.6 
20 3.8 
21 1.5 
22 0.6 
23 0.24 
24 0.10 
25 0.04 
26 0.015 
27 0.006 

28 0.002 
f9 0.001 

Ta6.n~a 2. KoppeKIOUI A(z) K xpKOCTH o6'heKTa AM pa3-
JJH'IHLJX KpaCHblX CMeI.UeHRH z 

z A(z) 

0 0 
1 . 0.92 

2 1.0 

3 0 
4 .:..0.1 

Ta6mr .. a 3. fny6HHa OTO)IQ{eCTeneHIDI H Tpe6oBaHIDI K 
norpemHOC'MIM 

m,irn d 
'"11111 

r 

18 300" 60'; 

19 140 28 
20 80 16 
21 60 12 
22 35 7 

23 . 20 4 

24 13 2.6 
25 10 2 

26 6 1.2 

IIJIOTHOCTL noTOKa Ha eameii qacroTe, S3.9 m .. , (B .Hu) 
C B~HMOi 3Be3AHOA BeJIB'fflHOA mR B q>BJib'I'pe R. 

Bb1'1BCJICHBJI npoBO)l;BJIBCL AIDI cnerrpa.n1,eoro 
~eKca a= l (S = v--o:). )lIDi 1J:pyrax 3HaqeB.Hi a CJie­
AYeT BHeCTH eeoom,myro KOppe~. 3Ta Ta6n~a 
He }"DITbieaeT pa3nH'IWI B K-nonpaBKax B o1J'111'1ec­
KoM B B PMBO;D;B8tta30Hax. Mbl BOCROJll,30BaJ1BCI, 

· Aa.HHhIMB CnBHpMa [4] B Homa H Ilerepcoua [5] o 
. pacnpeµ;e.neHHB 3Hepnm B cneicrpe raraHTCKBX 3n­
JIHIITHqecKBX raJiaKTHK AIDI o~eHICB pa3Jlll1DHI B 

K-nonpaBKax Me)f(J:{y · gE-ranaKTBK8MB · a ~ora:'. · 
JiaKTeKaMB co cneicrpanLHblM BHACKCOM a = 1. Te­
nepL yCJioeue LR < Lopi nepexoABT B yCJioBue 

LR < Lopt + 6.(z). (2) 

3Ha'leHIDI .6.(z) DpBBe):l:eHI,J e Ta6n. 2. BLI'IBCJJe.· · .. 
HIDI npHBeAeHbl ;D;1IJI R-q>HJib'I'p8. KaK B~HO H3 Ta6-
JIH~bl, 0Il'J'H11CCKHB o6'LeKT MOXCeT Ob)TL HCCKOJibltO 
CJia6ee, tieM npeJ(CKa3b1BaeT Ta6~a m(S) e OOJiac­
TH Kp3CHLIX CMell\eHln'i O < z < 3, HO sq>tie npH z > 3. 
3To D03Bonst:eT opraHB30BaTb nporpa.MMb1 
OIITB'leCKO['O OTOX(,Il;eCTBJieHIDI co 100%-eoA 34>- . 
q>eKTHBHOC'l'bl0

1. IlOIIl>ITXa OTOX(,Il;ecTBJieHWI CJIBIU­
KOM CJia61,1x pa~OHC'l'OtIHDKOB THila FRII (H TeM 
6onee RX cneK'I])OCKOilBH) MO}KeT OK833TbCSI 6e3yc­
nenmoii (CM., eanpHMep, [6]). 

Burno, 'ITO AJist: 3MaHHoro Sv OIITB'lecmii o61,­
eKT He MOXCeT 6bITb CJia6ee HeKOTOpoii npeAeJlbHOi -
BeJUl'IIIHl,I. ECJIH ODTDtlecKBii OO'beKT MHOrO sq>qe, 
tJeM m,irn' TO Mbl OWBOnBC.L B KJiaCCHq>HK~ 061,­
eKTa KaK pa,-uoranaKTHICB mna SS-FRll: oe - JIB6o 
XBa3ap (AJISI KOTOpLIX m - m1irn = -5 [3], JIBOO-CJia6u 
p~H~raJiaICTBKa TBDa Sy, FRI a T.n .. H3 3KcnepBMeH-: 
TaJILHI,IX A3HHLIX cneJ(yeT, trro £00 = 4,,,t AJijf 6onL­
IDBHC'l'Ba 06'beKTOB Hamei BbioopKB (m - "'i.irn < l m; 
W1J1 6onee CJia6oii s1,16opKB 6.m COCTaBJUleT -1.5 ± 0.8 
no 21 o&LeKTaM THna RG-SS-FRII c S-9 wlu c Ma­
noii AHcnepcaeA. 

HaKoae:a;, OTMeTBM, qTo 6b1crpoe npoµ;Buxce­
HHe no rny6uee OnTH'lecKRX o63opos c nosepxeo­
C'l'HOH DJIOTBOC'l'blO o6oeKT0B, npB6JIW1Ca10~eiCS1 
K l 09 OO'beirr Jcp [7], npu KOTOpC>H paCCTOJDDle MC}l('Jzy . 
001,eKTaMH cpaBHBMO C pa3MepoM PSABOBC'l'OlfflB­
KOB, npe,llC'l'aBIDleT 3a'I'pyµ;eeHHe B OTO)l{ACC'l'B1IeHBB 
TOJI.bKO AJUI nonyrum;e:a 001,CKTOB C WIOTHOCTJIMH no­
TOKOB IIO~Ka HeCKOJILKBX MS!a (CM. Ta611. 1). 

Ilo ,D;8HH.LIM npe)l;eJILHO rny6oKHX OIITH11eCKHX 
o630poB [8] 11erKo HaHTR cpe,D;Hee paccromme Ar 

11111
• 

Mexqzy ODTll'ICCKHMB 061,eKTaMB co 3Be3J,;B0A aeJJll-
11BHO.B mlirn' a, CJie,llOBaTeJibHO, B ,pe60BaHIISI K cyM­
MapHoii norpeWHOCTH PMHO- B OilTHtteCKHX KOOp-

AHH3T 061,exroe: r = J ( ,;.d + r!P1) , me 
2 2 2 2 2 ~2 3 . 

7rad = 6.arad + AOrad' Topi = 6.aopl + du opt' p;ecL 
A<Xra.:t, 6.600 , A<Xopi, AOopi - norp~muoCTH e onpeAeJie­
HHB npSIMLIX BOCXOX(Jl;emni B CKJIOHC.HBB B OllTHllec­
KOM DB PSABOABana30Hax COOTBeTCTBeHHO. Cqirru, 
'ITO B pap;uyce 5r AOJUICHO 61,1n. ee 6onee o,qeoro 
KaH,QB,t(aTa Ha ODTHtJeCKOe. OTOX<AeCTBJieHHe, COCTa­
BBM T80JI. 3. 

Kax: CJie,zyeT B3 Ta6n. 3, crauµ;af)THoA TO'IHOCTH 
onpeAe.iieHBJI KOOPAHHaT Ha VLA AIDI x:0Mna1C111¥X 

1 
Y<1wn.1&aJ1, 'ITO CBCTHMOCTL s nHHHH La nrram'CICJfX :)JUJHJlTll­
'leclClfX ranaICTHIC, CBJl33HBWX C p~HOraJlaJCTHJCaMH THDa FR.ll, 
3H&'IHTCJILRO npe80CXOAHT CBCTHMOCTI» B P8.AHOAH8D1130HC (18), 
MO)l(ffO nocrpoHTb nporpaMwy cneKTp<>CKODHH :noro IUlacca 
o61.e1tT0B co 100%-uoA rapaHTHeA o6uapy,teeHa,r La (HJIH 
JU06LIX AP}'l'HX JIHHHA), HCDO?IL3YJI co6paHHYIO B (18] HH4>clp­
M8l.\lf}O. 

ACI'POHOMWIECKlf8 .>KYPHAH TOM 72 M 4 1995 
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-0.3H ,J>aABORCTO'IHHKOB AaJKe B pe:llCR.Me MaJIJ,JX 3KC-
.. D03JD.'(Jlll ("sriap shot") BDOJIBe 1{0CT3TO'IHO Ami yse­

peHHoro OTOQeCTBJICHIDI ecex KOMllaKTBbIX 06"&­
erroB uamero RC-oTaJiora c S > 10 M.Slu . .I(ru1 npo-
'nJJKCBllbIX §3ABOllCTO'lllHX:OB Mbl DpmmMaCM 
o6D(enpmvrr 3MIIBpH11eCKOe DpaBIIJJO: OIITB'leC-
Kd o6ueKT JI FRil-o6ueICT0B) AOiI)KCB JIC)K3Tb 
e,qoJn, oonbmo OCH e npe,tenax 20% LAS (Largest 
Angular Size) OT "~eH'l'pa TSDKecru" PcWIOB3J1}'11emm 
B .OTJCJIOWl'TbC$1 OT OCH; COCAHIDIIO~eii KOMIJOHClfl'bl 

se oonee, 11eM Ha 10% LAS (CM., aanpBMep, [9]). Ilp11-­
cpe~M pa3MCpe OO"&CKTOB uameA: Bb16opm (-10") 
B OOJl8CTII DOJIJI OIIIBOOK AOJI}KHO 6b1Tb He 6onee OA­
uoro 001,CKTa 25m. 

IlpBBeACHHblC OJ.lCHICH BMCIOT CT8TBCTH'ICCXBB 
xaparrep; Moryr BCTpCTll'I'l,OI 6onee CJIO::ICHhle CB­

TY~ - e TaKHX CJIY'IWIX Mbl 6yAeM Aa:ean nepe-
11eBb s::a~aroe e poABTeJibCKBe ranamKB. 

. IlpB BblCOKOM K8'1CCl'BC B306putemni MO)KHO B 
npee,,eoe "pa3pjij{R'l'b" OIITB'ICCKHC D01UI C }"ICTOM 
T()ro, lffO Mhl ~eM mraHTCKBe 3JIJIBI1TH'ICCKRC 
ranarrmca, ICOTOpLie OTBCTCTBCHHbl 33 B03HBICB0Be­
RBC FRil-o6oeKTOB. ,Iµg ecex CT~apTHbIX pe1UITB-

8BCTCKRX KOCMOJIOnNeCKHX MOACJieA pa3MCpLI BX 
BC MOryT 6LITb MCHCC 3". 

· Ilo AaHHblM [5) Mbl noJiy1lllJI:e pacnpe,teneHHe on­
'l'lrleaaa OO"&CKTOB AO 27m llO yrJIOBl,lM pa3MCpaM B 

DOJie-t:1 X 1:1 [10], npHBCACHHOC B Ta6n. 4. lb He­

ro CDC,:o'CT, 'ITO TOJil>KO 1/3 (BJIB McBee) OO"&CKTOB 
MOZCT OblTb IUiaCCB<t,H~oeaea KaK gE; OC'l'aJib­

Bble - oonee KOMU8K'I'HblC ['aJlaxTBICB WIH 3Be3):\bl 
noru1. H3 OCTOpo)KHOCTH MbI uoKa ocraBruieM 3TOT 
KpB'l'Cpmi ea 6yµ;ymee, Koma nooJITCSI 6onee TID;a­
TCJlLBble wop<t,ononNecICHe BCCJieAOBaHHJI KaenB-

. AaTOB Ha OIITll'ICCKRC OTO~eCTBJICBU. 

H3JIOXCCHHblC coo6puteHWI npBBOAJIT Bae K CJie­
JO')ODJ;CMf BblBO,:o'. 

... .... 

N 

20 

10 
,. 

.... . 
I 

1 

(a) 
N 

(6) 
10 

. .. . 
• . 

2" 1 

Ta~ 4. Pacnpe~eneHRe no yrJIOBbJM pa3MepaM cnaoblX 
o61.eKToB IlOJUI 

Pa3Mep ,'fJ;OJJJI 06'LeKTOB OT qHCJlO 

OO'LCKTOB o6~ero 11Bcna, % o(S-beKTOB 

<1~2 26 34 
<1.8 38 50 
<2.4 50 6S 
<3 70 70 
<3.6 80 10S 

1. fny6HHa OllTB'ICCKBX a306paxcemd\: o6nacreA 
ue6a soq,yr om,ex.ros RC-KaTaJiora AOmKHa 6b1Tb 
ue xyxce 25"'. 

2. KoopAHHamu TO'IHOC'l'b noxyqeHHbIX Ha VLA 
"snap shot" -a306paxeed uamax P8AHOBCTO'IBBICQB 

BUOJIHC AOCT8TO"llla AJIJ1 D03HQHOHBOl'O OTO~CCTB­
JICHIUI OO"&CKTOB. 

3. T011HOCTb onpCAC~CHIDI ICOOpAHHaT OIITll'ICC­
KHX o6"&CIC'l'0B Ha Il3C-Ma'I'p~ax. OOJIY'ICHBLIX Ha 
6-M TCJICCKOOe, AOJDKHa 6b1Tb 6JIB3Ka K 1 H. 

fny6HHa ll3C-Ma'I'pe:Q Aute nepeoro noKoJie­
HHJI, ycraHOBJICHHhlX B qx>1cyce 6-M TCJieCICOUa, otea-
3aJI8Cb AOCT8TO'IHOH Ami o6ueKTOB 25"' npH }'MCpeH­
HbIX (30 MHB) 3KCll03~ B cpeAHCM KalJeCTBC IDOO­
paxceHBA -r. CJieAYJ()m;ee DOKOJICHIIC Il3C-M31'pBJ.l 

. DpB TeX xce 3XCD03JmUX Il0380ruICT ~Am AO 26 • 27m 
e R-q>HJib-rpe. 

MaCUITa6 POSS ( OTDe'ClaTKB IlaJioMapc.Koro aT­
naca ue6a) 67" e 1 MM ue no3BOruieT npocrldMB cno­
co6aMH peanu3oean, 1'pe6yeM}'IO T011HOCTb onpeAe­
JieHHJI x:oop1tHBaT npeACJibHO CJIS6LIX OO"&CKTOB 
IlaJIOM3pcKOI'0 aTJiaca, HeOOXO~MLIX B K3'1eCTBe 
BT0pBTU1b1X CT3H,Q3J>T0B AJUl 8CIJ>OMeTplACCICOA npB-
1Ul3KB Il3C-Ma1'pmi HanoMBHM, -crro npo611eMa ero­
pUtlllldX C'l'affA8J)T0B oco6o OCTpO croHT A1UI Kpymn,IX 

N 

10 
(B) 

. .. , 
• • . 

:••-"' . • .., ! ••• 

2" -2 -1 1 2" 

PIie. 1. Pacnpe.11;encHHC .norpewaocreA ICOOpAHHaT, nonyqeHRLIX no yeenH'ICHHWM a -10 pa3 <pororpa<pH~ POSS, JtJl.11 BTO• 
paqm,Jx CTall,ltapTOB (a) H pacnpe.11;eJJCHHC MOAyn,1 pa3HOCTH KOopJ:lHRftT (6) H pa3HOCrH JCOOPAHHaT (e). nony11cH111,JX no ABYM 
nonollteHHJIM yeenuqeeeoA e -10 pal <pororpa<pHM POSS: npllMOMY a nepcaepeyroM)' na 1800. CnnowH1,Je nHHHH - DpR.Moe 

. BOCXOQCHHC, IDTpHXOBble - CJCJIOHeHHe. 

AcrPOHOMH~CKH8 )KYpHAJI TOM 72 Ht 4 1995-
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n I n m 1"' 

"~ Cl 0 5" 

s·eP 0444 + 0501 0457 +0452 0552 +0451 

III 1" n 

19 • 
0406 +0453 

0506 +0508 0837 +0446 

II €P II 

5H 0 15" '-------' 

0459 + 0456 0743 +0455 

III 

0845 + 0444 0934 +0505 1031 + 0443 

Pac. 2. Pap,HOH30tPoTb1 C MaKCHMaJU,HblM pa3~WeHReM OO'hCKTOB RC-KaTaJiora. B JTCBOM BepxeeM yrny pHMCKHMH QHct,pa­

MH DOMC'ICHO pa3pe1UeHKC, c KOTOpbIM nonY'{eHa A8HHaJI pap,HoKapTa: .. 4-:rs x 4-:'5 (I). -1 ':'5 x 1 ~5 (ll), -0':'4 x 0~4 (III) . 

BHCTpyMeHTOB, TaK KaK pa3Mep 6e3a6epp~OHHO­
ro DOM o6paTHo nponop~ouaneH KBaApa-ry ABa­
MeTpa JepKana H cocraam1eT ecero HecKOJJbKO 
yr11oe1,1x MHHyT AM 5-M JepKana IIa110MapcKoro Te­
JiecKona B 6-M 3epxa11a Br A, qi,o MHoro MeHbme, 
11eM CpeAHCe paCCTo,nme Me.>.K,Jzy KaTaJlo:>KHbIMB . 
3Be3AaMB. IloKa aa 6-M TeJleCKODe MbI BMCCM MaT­
pu~y Meeee 1000 X 1000 3JieMCHT0B, qTo AOllOJJHH­
TCJlbHO }'MeH1>maeT none 3peHIDI ..u;o l.' B J'.(a}Ke 
3Be3A GSC-KaTanora (KaTanor coAep}KHT npHMep­
ao 18.8 X 106 3Be3J'.() HCAOCf3TO"IHO AM CTallAAJ)THOH 
npHBS13KB II3C-MaTp~I. 

.[J;M q>OpMHpOBaHIDI BTOpH'IHbIX CTaHA3pT0B AM 
ecex no11eA eotcpyr paAJIOHCTO'IHBKOB Hamei 
BbIOOpKH IlpBIDJIOCb B3MepBTb DOJlO)KeHIDl npaKTB­
qecm ecex BUAHMLIX Ha POSS o61>eKTOB oniocu­
TeJibHO onopBblX KaTaJIO)KHLIX 3Be3A. PacnpeAeJI,e­
BBe owu6oK B KOOpAUHaTax BTOpH'IHblX CTaR.Q3pTOB 
npBBeJ'.(eHo aa pee. la. MeABaHHoe 3Ha'leHBe no­
rpewuocrei (no 37 nno~a,qKaM eoKpyr pa,qaouc­
TO'lHBXOB) cocraem1eT O '.'48 no npxMOMY eocxo~e­
HHIO u O ~'40 no CKJIOHCHBIO. 0A.HaKO, KpOMe CJIY'laA­
HOH norpenmocm, BIIOf'Aa .npncyrcrayeT 6JIH3KWI K 
3TOMY 3Haqemiio C.HCl'eMaTU'leCKrut OIDHOKa, KOTOpaR 

ACTPOHOMH'IBCKHJ?l )l(YPHAJI TOM 72 M 4 1995 



OITTH'IECKHE OTO)l(~CTBJIEHH.H no,IJ;BhI60PKH PAllHOHCTO'IHHKOB 

I 

~ 
I I I 

15N 

~9 
' 

HY' 
30N ~ 

~ 
1043 +0443 1113 +0436 · 1152 + 0449 1155 +0444 

I I I 

15" 1322 +0449 

III 

1219 + 0446 1235 + 0435 1333 + 0452 

I II II @ I 

5" 

1339 + 0455 1347 + 0441 1429 + 0501 1436 + 0501 

P11c. 2. IlpoAomKenne. 

ne ycrpaHRCTCH MCTOAOM Tepnepa [11), u npHpOAY 
KoropoA ne YA3JIOCb ycTaHOBHTb. Po111> napa1maKca 
npB pa6oTe C ABrBT3H3CpOM (norpemHOCTb -0'.'5) 
OQeHHBaJJaCb Il0BT0pH1,IM H3Mepe~HeM C IlOBOpOTOM 
yBenuqeHHoro B 10 pa3 orne'laTKa POSS ea 180° 
(puc. 16, lB). 

TamM o6p330M, npBMeHeHBC CTaHµ;apnlOA opr­
TeXBHKB K yseJI.H'ICHHl>IM e 10 pa3 orne'laTKaM Ila­
JIOMapcKoro aTnaca no3BOJUleT peanH30BaTb TO'I­
Hocrb oupeµ;eneHIDI KOOPAHHaT BT0pB'1Hb1X craanap-

3. YTOqHEHHE KOOP.l(HHA T 
RC-PA,IJ;HOHCTQqHHKOB 

C IlOMOW:bIO VLA 

441 

. TOB, 6JIB3K}'IO K Tpe6yeMoi AJUI OTO~CCTBJICHIDI 
Hamel nony.n~ paWtoo61>eKTOB. 

PSABomo6paJKeHWI o6'beKTOB nameA: Bb16opm 
61>1JIB noJI}"lellb1 c noMomi,10 VLA ea 'laCTOTe 1.4 ITq 
(c pa3pemeHBeM- l '.'5 AO 4'.'5) [12 - 14]. tlaCT1, nep33-
pemeeHbIX 061,eKTOB Ha6JIIOAaJ13Cb IIOBTOpHO Ha 
qacrore 4.8 IT~ c pa3pemeHBeM AO -0'.~. Ha puc. 2 
MbJ npeseJIB paWfOKapTbi- nJUI :scex o6'heKTOB 
Bhl60pKH C MaKCHMaJJbHblM pa3pemeHBeM. B Ta6JI. 5 
µ;aHbI KOOpnunaTbl l{CHT{)OB TSOKCCTH, a TaIQICe KO­
OpAJIH3TLI cepeµ;BH PanBOB306paxceHBA:, cneK'I'paJJb-

, · . 
. • 
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no II 

5" 

1439+0455' 1510 +0438 

III 

1626+0448 

I 
5" 

'-----' 

1740 + 0502 

Hble ~eKCbl, pa3Mepbl pa.QH006'beKTOB B npeAeJib­
Hbie 3Be3,ttHbie BeJIB1.JBHbl onTHqecKHX raJiaKTBK, OT­

BCTCTBeHHblX 3a pa.QB0H3JiyqeHBe 3THX HCT01.JHHK0B. 

4. O[(EHKA <l>OTOMETPH1IECKHX 
KPACHbIX CMEillEHHH 

B cepeADHe 80-x roAOB B031JBKJJO y6eX(AeHBe, 
1.JTO ruraHTCKHe 3JIJ1BIITB'{CCKBe ranaKTBKH, OTBeT­

CTBeHHbie 3a o6'beKTbl TJUia FRII. HMeJOT B[1J10Tb AO 

Z = 1 - 2 OAHHaKOBYJO CBeTHMOCTb, no Kpaiieee Mepe 
B KpaCBOM QBeTe (R H KpacHee ), B DOSIBHJIHCb J>eKO-

II II 

~ 2" 
L..-.J 

(@> 
1609+0456 1646 +0501 

III I 

1" 

0 1735 +0454 

• 
I 

I, 
1703 + 0502 2013 + 0508 

2036 + 0451 

MeffA~BB no onpeAeJieHHJO q>OTOMeTPB'lecKHX 

KpaCHbIX CMe~emm J(IDI 3Toro KJiacca PaABOBCTOll­

HBKOB (CM., eanpuMep, (15]). no Mepe H3KO[IJleHRJt 

A3HHbIX CT3JIO SICHO, 'ITO nono:»ceHBe Meuee.oqeBHA­

HO AJIJI eau6onee .ttaJieKBX o6"&eKToB (z > 1 - 2). 3ro 
CBJ13aHO, 00-BBJ(RMOMY, He TOJibKO C TPYAHOCTJIMB 

q>oTOMeTPHH cna6bIX o6'beKTOB, HO u c yeenuqeHB­

eM pa3HOo6pa3HSI ODT111.JeCKHX CBOACTB powrrenb­

CKHX ranaKTBK npB npB6JlIDKeHHB nocneAHBX K MO­

MCH'l'}' 3KTBBHOro 3Be3J(006pa30BaHIISI [l, 16). MbI 

DODblTaJIBCb BCIIOJib30B3Tb. BCJO AOCI'YIIH)'IO HaM BH­

<popMa~ AIDI nocrpoeHRJt J(HarpaMM1>1 Xa66na 

ACI'POHOMHtJECKHH )l(YPHAJI TOM 72 Hi 4 1995 
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N1 . 
IlpHMe-

n/n RC-HCTO\JHHK R. A. (1950) Dec. (1950) (X LAS m 1im 'laHWI* 

1. 0406+0453 . 
04/r 03m 48:t22 . .11.n:po 4° 39' 49~7 1.02 21~8 22'."25 

2. 0444+0501 

uen-rp T.11.)KeCTH 04 41 38.68 
I 

4 55 55.79 1.08 10.8 22.?.5 

cepeAHHa 38.75 54.75 

3. 0457+0452 70% 

ueHTP T.ll.)l{eCTu 04 55 15.09 4 49 13.77 1.18 34 22.5 

cepe,n:HHa 14.68 25.40 

4. 0459+0456 40% 

ueHTP TIDKeCTe 04 56 25.51 4 51 30.45 1.0 63.8 22 

cepe,n:HHa 24.76 20.85 

5. 0506+0558 05 03 45.56 5 04 21.1 .88 .8 22.1 

6. 0552+045 1 05 50 16.92 4 46 49.9 1.23 1.6 22.1 

1. 0743+0455 

ueUTp TJDKeCTH 07 40 36.54 5 03 02.88 1.07 20.5 22.85 

cepewrna 36.81 00.75 

8. 0756+0450 07 53 31.2 4 47 17.l 1.16 < l 23.85 

9. 0837+0446 

ueH-rp T.ll}KeCTH 08 34 51.28 4 54 51.82 1.0 3.9 22.5 

cepeAeHa 51.31 53.10 

10. 0845+0444 08 42 53.28 4 53 52.9 1.15 4.6 21 

ll. 0909+0445 .09 07 13.51 4 56 37.0 1.0 1 22.35 

12. 0934+0505 

LteHTJ> nDKeCTH 09 31 48.21 5 17 10.76 .97 .5 22.05 

cepe,n:HHa 48.22 10.7 

13. 1031+0443 

L\eHTP TJD1CeCTH 10 28 43.01 4 58 33.53 .. 1.27 33 21.05 

cepe~a 42.79 30.6 

14. 1043+0443 

l(eUTp T.K)l(eCTH 10 41 10.27 4 56 12.62 1.12 48 22.9 

cepeAHHa 9.99 7.10 

15. 1113+0436 . 
ueUTp T.K)KeCTH 11 11 24.05 4 54 20.12 .98 29 22.55 

. ( .. cepe.qeaa 23.74 19.83 

16. 1152+0449 
, 

ueUTp Tj{)l{eC'rff 11 49 49.71 5 04 56.75 1.1 7 23.05 

cepeAHHa 49.78 57 

17. 1155+0444 

·., '~ · 
QeUTp TJDKeCTH . 11 52 45.43 5 00 13.86 1.0 13 22.45 

cepeneHa 45.42 12.25 .. 
18. 1219+0446 

ueHTJ> TjQKeCTH 12 17 06.94 5 04 02.84 1.23 118 23.35 

cepe,n:BHa 08.64 03 40.8 . ' 

A.CTPOHOMHlJECKMH )l(YPHAJJ TOM 72 M 4 1995 
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TaG.mlQa 5. Oxowuume 

Ni RC-HCJ'O'IJIBI( RA. (1950) Dec. (1950) 
n/n 

ex LAS m1l.m 
fipHMe-
'18JIIIJI. 

19. 1235+0435 •• 
l(eB'l'P TOCecTII 12 33 16.52 4 49 26.7 .93 7 22.6 

cepeJU[Ha 16.58 49 27.4 

20. 1322+0449 
l(eHTp nr:xcecra 13 19 31.84 5 04 28.13 .98 7 22.65 

cepewma 31.85 27.95 

21. 1333+0451 13 30 32.35 5 07 08.5 1.3 1 24.l 
22. 1333+0452 

~eirrp TH»CeCTB 13 30 54.66 5 07 21.17 1.45 54 23.3 

cepeJUll{a 55.17 16.5 ' 

23. 1339-t-0445 
l(eBTp TJCKeCTB 13 37 06.5 5 10 15.85 1.07 34 22.8 

cepe~HHa 6.35 18.75 

24. 1347+0441 40% 

llCHTp TH»CeCTH 13 44 37.58 4 57 16.48 .98 1.4 23.2 

cepeAHJ{a 37.58 16.45 

25. 1429+0501 90% 

l(ellTp TEKCCTB 14 26 45.73 5 14 43.41 .92 11.1 22.1 

cepeAJIH3 45.51 . 46.8 

26. 1436+0501 14 34 04.66 5 15 10.8 1.25 15 22.5 

27. 1439+0455 30% 

l(eHTp TdCecTH 14 37 15.64 5 08 38.68 1.15 17.9 22.8 

cepeABRa 15.77 38.4 

28. 1510+0438 55% 

qelfl'J) TJCKeCTB 15 07 43.00 4 50 51.72 .9 3.4 22.25 

cepeAHJ{a 43.27 52.05 

29. 1609+0456 70% 

llCHTP TJDKCCTB 16 06 54.69 5 07 50.48 1.15 6.3 24.45 

cepeAHJ{a 54.78 49.15 

30. 1626+0448 

~ 16 24 21.72 4 55 33.4 1.26 2.4 22.5 

31. 1646+0501 
l(CH'l'J) noKeCTB 16 44 24.94 5 06 28.92 .92 . 15.7 22.5 

cepe,1t11Ha 24.98 28.95 

32. 1658-+-0454 . 16 55 43.34 4 58 04.9 1.25 <.3 22.95 

33. 1703-+-0502 17 01 01.3 5 06 20.0 1.18 1.8 21.15 

34. 1720+0455 17 17 36.0 4 56 48.0 1.22 < .5 23.6 

35. 1725+0457 17 23 04.58 5 00 05.0 1.26 1 23.1 

36. 1735-+-0454 
1.teHTp T.OCecTII 17 33 13.52 4 57 07.37 1.0 4 23.1 

cepeAHJ{a 13.52 6.75 

37. 1740+-0502 17 38 06'.03 5 04 11.1 1.2 4 22.95 

38. 201}+-0508 40% 

x.,eHTp nacecre 20 10 54.69 5 01 24.78 .96 10 22.6 

cepe):(HHa 54.72 25.49 ' 

39. 2036+-0451 

JIAPO 20 34 27.46 4 39 22.7 1.0 56 22.15 

40. 2144+0513 21 41 56.65 4 57 26.1 1.06 <5.5 22.25 

• B IJOCJlCAHcA x.onORJCC )'ll~BO, llKU 'f&CTI> DOTOJC.a (B opoqeHTU) yrcp,ma Ka VLA-itapTC. CnCAyeT HMCTb 8 BHAY, 'fTO 8 3THX 
C11)"18Jllt l.(CR'l'p T,l)l(CC'l'H K cepcAHHa MOryT 6L1Tb eceepHblVH. 

•• H.ioKHHA 1townoneeT Ha pac. 2 olC83Ma HC3&8HCHMWM pa,itHoom.eKTOM. 

.. 
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. AJ.1J1 q>BJibTpa R. ]:lJJJ1 3Toro no AaHH.hIM s q>BJibTpe K 
(2.2 MXM) WU! 120 p~Rora.n:arnn, (CM. [I] e CCblJIICB 
TaM) MhI cua11a.n:a nocrpoWIH ocpeAaee:uy10 no 6ox­
caM B tm nuarpaMM}' Xa6f?na AM q>HnbTpa Ru yq.IIB 
( ocpe~emu,1e no TCM: xce OOKcaM) DOKa38TeJIB ~­

Ta no BCeM o6"beKTaM 3CR- e MRC-xaTa.n:oros. 
Pe3yJILTaTbI npBBe1(CBbl a Ta6JI. 6 H 7. B Ta6JI. 6 
mi - 3Be3J'(B8JI senR'IIIHa B q:>BJILTpe K, z - cpeneee 

xpaceoe CMe~eBBe B BHTepBaJie ±0~5 no CBOJ(Ke [1], 
At.- cpeABelCBclJlP3Tlfqll8JI oIIIH6Ka cpeAHero 3eaqe­
BJIJI xpacuoro .cMe~eHJIJI B AaHHOM RHrepBaJie 3Be-
3JO(b1X BeJllf11BH, R-K - cpenHBe noKa3aTeJIH ~eTa B 

3TIIX mrrepsanax. 

Ha OCHOBe 3THX J(aHHhIX Mbl COCI'aBHJIH Ta611Dlzy 
3Hallemm q>oTOMCTJ)JlqCCKBX Kp3CHblX CMe~eed Z 
AJljl pa3lllPIHblX B~HMblX 3BC31(HblX BeJIJlqHH mR 
a q>WihTJ)e R (T.e. nearpaMMy Xa66na J(JISI mR). 
B Ta6JI. 7 DpHBe1(eHbl z TOJibKO AJISI o6-berroB CJia­
(See 20"'. 3Ta Ta6~a DHJlaCb OCHOBOB Ami onpe].le­
JICHBJI q><>TOMeTpaqecKBX Kp8C8.hIX CMe~emm BCeX 
o6'he1:roe eameA Bb16opm. Y'CJBTb1BaJ1 pocr eeonpe­
neJielUIOCI'H B ou;emcax z npe z > 1 - 2, Mbl non1>1Ta­
.11BC1> acnoJlh30aaTb R npyme ae3aeaCHMb1e non­
xo~: nuarpaMM}' Xa66na AJJJI p~uonuana30aa u 33-
BBCBMOCTb ''yrJIOBOA pa3Mep-xpaceoe CMC~eBBe". 

H3BeCTHO, 11TO B o6JiaCI'H CHJlbHOro OTIQIOHCHIDI 
q>R.BOB "qeCJIO HCT01IBBKOB-IlJIOTHOCI'b IIOTOKa" 

. ·ar CT8TB11eCKOA 3BKJIB,QOBOA M01(e11B 6onee cna-
6ble panuoucroqHBKB D1lSIIOTCSI e 6onee AaJICKBMH 
(310 npaBRJIO aapymaeTCSI AJISI HCTO'IHBKOB c DJIOT­
.HOCTJIMII DOTOKOB < 1 Mj{ff): Ilom,ITKa DOC'I'pOBTb 
SICBBBaJieHT AHarpaMM.bl Xa66Jia Ami paJ(HOraJiaK­
TBK .Ramero KJJacca ae e1,1rJI~HT sneqaTrutIO~eA, 
OA&8XO, KaK cnenyeT H3 Ta6JI. 8, MO}ICJIO OXCRA8Tb, 
·11T() 3B3tU1TeJibHaSI 'laCTb 06'1,eKTOB HameA BbI6op­
DI (c DOTOKaMH 10 - 300 Mj{H) HMeeT Kpacuoe CMe­
~eHHe Z > 2. nallllble DOCTJ)OCHbl DO llOJIHOB CBO,o;Ke 
37 o6-berroe TBIIa SS-FRII-RG c z > 1 ea eaqaJio 

· · 1994 r. CaM q,arr ~eCTBOsaHWI 1J:BarpaMMbl Xa6-
6Jla AJISI OO'l>eKTOB uamero KJiacca roeopHT o Manoi 
AJICDCpCIDI BX a6coJIIOTHOft .paJ(HOCBCTHMOCTH. )'.laH­

. .BJ.le [ 17] IlOJ(TBep>JC}];a.lOT 3TO - Bee 17 06'1,CICTOB . 
/ TBna SS-FR.11-RG H3 BX CIIHCKa HMeIOT OARHaKOBYJO 
·, · CBCTBMOCI'b L, = 45.61 ± 0.35 e BHTepBaJie xpaCHblX · 

· CMe~eeBii l< z < 3.8. 
Hu:oae~. MO}ICJIO }"lll'l'bIBaTb q>eHOMCHOJIOl'B'lCC­

.Iyl<> 33BBCBMOCI'b pa3Mepoe ABOHHbIX p~oram1ICTHK 
or 1tpaa1oro CMe~eHWI. Ilo ,o;aHH1:,IM [ 17] COCTaBHM 

TaWI. 9 AJIS1 nOAJJhlOOJ)KD 001,eKTOB nma SS-FRII-RG. 
MeABaHllbii yrnoeoi pa3Mep Hame:ii e1,16opICB oICa-

. • 38JICSI OKOJIO 11 ", qro COOTBeTCTByeT MCJ(HaHHOM}' 
· · ltp8CIIOMY CMe~eHHIO OICOJIO 2. 
,., AHanB3 TpCX KOCBCHH1,IX MCTO.U:0B o~eHKH Kpac­
., · soro CMe~eHWI o6-i.etcTOB eamero KJiacca (zp,., Z,p1t, 

O(z)), npHBOAHT Hae IC BblBOAY O HenpoTHBOpe'IHBOC­
:/ . fll HX, OJJ;HaKO OCHOBHbIM Ml,I no Ka. C'IHT3CM nepBb[H 
( .aapeaHT, npoKane6poBamtbIB no eceM HMCIO~CSI 
:/i· ~IM. . 
,/! ." 

t}/·' . 
tff. ·. :ACTPOHOMH'IECKH~ )f(YpHAJI TOM 72 .N! 4 

1~,: .. 

Ta~ 6. CpeAHHC KpaCHbie CMCll.lCHIUI PaJ.U10rM3ICTHK 
p33Jill'IHOii JIJ)KOCTH B 4>1VI1»Tpe K (120 o6'bCKT0S.) 

ml z & R-K 

13.5 0.17 0.04 3.35 

14.5 0.25 0.04 4.3 

15.5 0.60 0.04 4.6 
16.5 0.82 0.04 4.9 
17.5 1.38 0.04 5.0 

18.5 2.01 0.04 4.8 

Ta~a 7. CpeAHHe KpaCHI,JC CMe~eHWI ranaKTHK pa3-
1IH'IHOH KPKOCl'H B <l>HJibTpC R 

mR · z 

21 0.75 

22 1.2 

23 1.9 

24 2.5 

25 3.4 

Ta6~ 8. ,IlaarpaMMa Xa66na e PaAHOAHana3oue wu1 
o6'beKTOBTHnaSS-FRil-RG 

Kpacaoe CMe~eHae, z 

J - 2.0 
2.0- 2.5 

2.5-3.8 

CpeAIDUI DJlOTHOCTb DOTOKa 
Ha 3.95 rnt. MHH 

440±60 

102±9 
72±30 

Ta6JJB~a 9. CB.S13b KpaCHOI'O CMCJ.lleHHJI C yrnOBblM pa3Me­
pOM AJlJI o6'beKTOB THna SS-FRII-RG 

KpaCHOe CMe~eHHC, z 

1 - 1.5 
1.5 - 2.0 

2-3.8 

CpeAHHH yrnoaoA pa3Mep 

26~5 ± IO" 

16.5 ± 5 
9.7±4 

5. 3AKJIIOqEmIB 

Hcnom,3yg orpaHH'leBWI Ha gpKOCI'b poAHTCJib­
CKoi: ra.n:aKTHKB, MO>JCHO cq,opMHpOBaTb peaJIBCI'H­
qecKyIO nporpaMMf IlOHCKa AaJieKRX ra.n:aKTHK no RX 

p~B0CB0BCTB3M, . 

Ha.MB p83pa60'raaa npocraSI MeTOAHXa KOOpAU­
HaTHoA DpHBH3KH rny6oKHX B306pa>JCemm, DOJiyqae­
M.hIX c noMo~IO II3C-Ma'I'p~ c MaJI&IM noneM lpe­
HHSI c TO'IHOCTbIO He xyxce 1" H AaHbl peKOMe~aium 
no o~eHKe q:>OTOMe'I'pH'leCKHX Kp3CHbIX CMe~emm 
Ami p3AHOranaKTHK mna FR.II C KpyTbIMH cneK'I'paMR 

1995 
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C HCII01lh30BaHBeM eceii HMelO~eAcsr HHq>OpMa~ 
no ;AaJieial:M o6'i.exTaM 3TOro KJiacca [1 , 2, 18]. 

. Ilony'leHHbie ua VLA paAHOH3o6pIDICeHIDt o6'l,­
eKTOB ·e peJKBMe "snap shot" AaJIH CBeAeHIDJ o npeA­
nonaraeMOM no11o>KeHBH OOTH'lecKHX 06'bCKT0B, 
OTBeTCTBeHHblX 33 paA]IOll3JIY'ICHHC, a TalOKC Il03BO­
nBJIB OU:CHBTb HX o~aeMble 3Be3AHblC Be11Ht{HHbl. 
Pe3yJILTI1Tbl OilTH'leCKBX OTO~eC'I'BJieHHii BceX 
OO"belCTOB BbJ6opKR, noJiy'leHHhlC c DOMO~blO 6-M 
TeJiecx:ona CAO PAH 6yw rrpueeACHLI eo eropoA: 

. ·_ 11a~ pa6oTb1. 
Pa6oTa sbmonueua npu '13CTH'IHOB <f>BHaRcoeoii 

IlOMCP>KKC P<I><I>H (KOAbl npoeKTOB 93-02-3111, 
93-02-17238) u rHTil " ACTJ>OHOMIDI" (npoeKT 
"PaABOKOCMonoru" u 2-296), a TaK>Ke Me:>I(Ayea­
poABoro uay'IHoro q><>HAa (rpaHT .M R96000). 
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Optical Identification of Steep Spectrum Radio Sources in the RC Catalog 
Using the SAO 6-m Telescope 

A. I. Kopylov, V. M. Goss, Y. N. Pariiskii, N. S. Soboleva, 0. P. Zhelen~ova, A. V. Temirova, 
V. V. Vitkovskii, M. N. Naugol'naya, and 0. V. Verkhodanov . 

Requirements for accuracy of optical and radio coordinate detennination for identification of weak FRII radio 
sources with distant giant elliptical galaxies are discussed; as well as means of estimation of their redshifts 
using all accumulated data on distant objects of this class. It is shown that for fulfillment of a first-generati()I\ 
galactic search program begun by the Special Astrophysical Observatory using RAT AN 600, the VLA, and the 
BTA, sufficient accuracy is approximately 1" and sufficient depth of optical image is 26m. A simple method 
for realization of these requirements is described. The Hubble diagram for Steep Spectrum FRII Radio Galaxies 
is refined. VLA radio images of a sub-sample of steep spectrum sources from the RC catalog and positions for 
the centers of gravity of these images arc presented. 
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Oilffl'IECKHH MOHHTOPHHr 
CBEPXCBETOBOrO KBA3APA JC 345 8 1984 - 1991 rr. 

© 1995 r. M. K. lia6aAlQ~, E.T. :6en0Koe1,,, H. r. faMM 

AcmpoHOMU'4ecKuu uHCmumym CaHKm-llemep6yp2c1Co2~ yHuBepcumema, CaHKm-llemep6yp2, Poccwi 

TiocrynHna B PCA3KIUIIO 13.07.94 r. 

flpOAOJl>KettHe cepHH ny6J1HKal.\HH, COAep)K3ll(HX pe3yJlbTaTbl nporpaMMbl OilTli'leCKOro MOHHTOpHnra 
OVV-KBa3apoB, 6na3apoB H CXOAHbIX c HHMH o6'beKTOB (Petersburg Quasar Monitoring Program), KOTOpaR 
ocy~eC'I'BrulJlaCb Ha EtopaKaHCKOH CTa~H AcrpoeOMH'leCKoro HHCTHTyTa Camc-r-Ilerep6ypl'CKOro yHH-

. sepcHTeTa c 1968 r . IlpHBOAJl'l'QI pe3yJibTaTLI AaJlbHeHIUero MOHHTOpHHra KBa3apa 3C 345 s 1984- 1991 rr. 
fta6J110AeHID1 npOBOAffJIHCL B nonoce B H npe,qCTaBJUIIO'f co6oA 365 01.{eHOK 6JieCKa, noJiy\JeHHblX B Te\Je­
HHe 219 HO'leH. OOC)'>K)laeTOI xapaKTep OJlTH"'ICCKOH nepeMeHHOCTH 3C 345 ua epeMeHHblX mKanax OT AC­
CJITKOB JieT AO ACOITKOB MHH)'T. B 1991 r . OTMC'leHO B03HHKHOBeeee HOBOii s(slow)-BCOLIWKH 60J1blll0'1 
aMDJIHTYALI (xapaKrepnoe spewr H3MeHeHHJI 6neCKa nOpJIAKa OAHOro roAa). 3Ta BCilhlWKa CXOAH3 co 
BCilbIWKaMH 1967 - 1968, 1970- 1972, 1976 - 1977 H 1982- 1983 IT., KOTOpLie acco~OB8JJ.HCb c o6pa-
30BaHHeM ceepxceeTOBblX KOMDOHCHT B MHJIJJHceK~HOM paAffOA)KeTe 3C 345. Bcm,JWKa 1991 r . ope,t\­
nonaraeT OT,l:(eJleHHe OT JIAl)a HOBOH CBepXCBeTOBOH KOMnOHCHT'bl. AHMH3 BCCH R3BCCTHOH · OilTH'ICCKOH 
KpHBOH 6ne<:Ka 3C 345 (1965 - 1993 IT.) 00Ka3b1BaeT B03MO>ICHOCTb.cy~ecrBO&aHIUI (KBa3H)nepHO,l{a 700 cyr, 
'ITO npe,qnonaraeT nOHBJICHHe B Ha6JU0.1{3TeJlbHOM CC30He 1994 r . HOBOro MaKCHMyMa 6neCKa. 

1. BBE,1lEHHE 

. Bna3ap1,1 u OVV (onnNecKB CHJibHO nepeMeH­
·111,1e) - KBa3apbl [l] - ]];Be rpynm,1 BHeranaKTB'Jec-

.. ltllX 061,eKTO&, KOTOpbie Bblµ;emnOTCSI H3 KJJacca 
Qa3apos 3KcrpeMaJibHLIMH IlpOj(BJieHIDIMB 3KTHB­
HOCTB. Onpeµ;eJU110~HM CBOHCTBOM 3TBX 061,eKTOB 
JIBJIJICTCj[ Bb[COKaJI creneHb nepeMeHHOCTH B3Jiyqe­
B11J1 BO ecex µ;ocrymn,1x Ha6mo}l;eHHSIM cneKTJ)aJlb­

. RLIX ]l;D3Il330Hax. <l>yHAaMeHTaJILHblli xapaKTep 3TO-
ro cj>eeoMeea BbI3BaJI BHTepec K ero H3yqeumo H, 

.. COOTBeTC'I'BeHeo, noj(B1IeHee B p~e o6cepeaTopim 
. ' MHOroJieTIIHX Ha6JIIO]l;3TeJILHbIX nporpaMM no MO­
. BBTOpBury (HenpepblBHOM)' CJie}KeHlUO) nepeMeH­

.. HOCTH 3TDX o6ieKT0B B OCHOBHOM B onnNeCKOM µ;u­
anagoHe (1 - 6). 0]l;HOU H3 ~eneii T3KHX nporpaMM 

.DJu1eTCJ1 D0Apo6eoe HJy'leHHe xapaKTepa H3MeHe­
HBii 6necKa y OTAe11bHblX 061,eKTOB: BbISIBJieBBe 
~YKTYJ>bl ·KpHBOH 6necKa, C0Il0CT3B1leHHe nepe­
MCHHOCTB HJnytieHWI B pa3JIH'IHblX ]l;H3D330Hax, a 

· T8KXCe Bb[SIBJieHee ee B33HMOCBj(3CH C APyrHMB npo­
JIBJleHUMH 3KTHBHOCTH. 

B 70-x roAax c pa3BHTDeM TeXHHKH VLBl-ua6Jiw­
. · µ;emdi Amt pHAa eaeranaKTH'leCICHX paJ:(Houcro~um­
: . KOD 6blJlB o6HapyxceHbl BHAHMbie csepXCBeTOBb[e 
C· WllEKCHHSI KOMnaKTHblX KOMDOHeHT B HX MB11JIHce­
~. ~HhlX pa]];HO]l;X<CTax. B 80-x ro]l;ax ,C yaeJIH'leHH­
: . CM "IBCJia H3BeC'l'HbJX ceepxcBeTOBLIX pa]];HOHCTO'I­
; ' IIBKOB [7] BbUIBH11aCb TeCH3SI B33BMOCBj(3I, Me~y 

;:. OllTH'lecKHM sm11euueM 6na3apoe H OVV ~KBa3apos e 
t 4i>eBOMCHOM BH]l;HMLIX csepxcseTOBblX ABIDKeHBu B 
? . MBJIJIBceK}'H]\HLIX ]PKeTax CBH3aHHbIX C HHMH paAHO-
,.,, · 
~-··· 

ucro'DIHKOB [8. 9]. CucreMaTH'lecme VLBI-Ha6nw­
AeHIDI pSJAa csepxCBeTOBLIX HC'rO'IHHKOB B 70 - 80-x 
fOA3X noKaJaJIH DOCJICAOB3TeJJbHOe o6pa30BaHBe H 
]l;BIDKeHBe B}:(OJlb BX A>KeTOB HeCKOJibKHX csepxcee­
TOBblX KOMllOHCHT. 

K HaC'fOjJ~eMY epeMeHH AJDI HeKOTOpbIX CBepx­
CBeTOBblX HC'rO'IHHKOB crano B03MOX<HLIM, o61,eAH­
Wlj( AaHHbJe ~enoro p~a MHOfOJICTHHX nporpaMM 
OIITH'leCKOfOMOHBTOpBHra, llOJIY'CllITbAOCT3TO'IHO 
Il0Ap06Hble CBO]l;Hbte KpHBbie 6necKa B OJITH11ecKOM 
]l;Hall830He npOAOJixarrenI,HOCTblO 6onee 20 JieT. 
B pe3yJI&TaTe aHaJIH3a 3THX KpHBblX 6JiecKa B BX co­
nocraBJieHIDI CO crpyKTYJ)HbIMB H3MeHemmMB, Ha-

6JI10A3BWBMHCH B MHJIJIHCCK}'HAHblX Wf(eTax, Ang 'le­
Tblpex csepxcseros1,1X BCTO'IHHKOB 3C 345, 3C 120, 
3C 273 B OJ 287 o6uapyJKBJiac& CBJ13L MeQy 06pa-
3osaeueM CBepxcseTOBbIX KOMDOHeHT ]l;>KCTa H OA­
HOJl B3 cocrasruuo~ nepeMeHHOCTH - "MeAJICHHbl­

MH" (apoA9JIXCHTeJibHOCTblO B HeCKOJibKO COTCH 

AHei) OnTB'leCKHMH BCilhlllIK3MB [8, 10 - 17]~ 

0rMe'leHH3SI B33BMOCBSl3b, a Ta.IOKe H3HAeHHbIC 
AIDI KBa3apa 3C 273 CBHAeTeJJbCTBa xoppen~ 
Me>KJcy CKOpoCTblO ceepxceeTOBblX KOMDOHeHT H 
OnTH'lfecxoii ceeTBMOCTblO 061,exTa B 3noxy ux o6-
pa3oeaHIDI (14] ACJI3IOT 6onee o60CHOB3HHbIM 
npeAJIOJIOX<CHHe O ~H~BXC$1 KOMDOHCHT3X AX<:C­
Ta ICaK RCTO'IHBKe nepeMeHHoro ODTll'ICCKOro KOH­
THHY)'M3 (enu no xpaimee: Mepe onpe]];eJieHHoro 
BBA3 BCilbtmex:), 'ITO A3CT HOBbIC B03MOX<HOCTH W1J1 
HHTepnpeTa~. 
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B HacroR~eH craTbe npHB0ARTC$I pe3yJILT31'bI 

MOHHTOpHHra OlfI'Hl-leCKOB nepeMeHHOCTH ceepxcse­
TOBOro KB33apa )C 345 (z = 0.595). Bnepe1,1e nepe­
MeHHocn. 3TOro o6oeKTa 61,ma o6Hap)')Kena B 1965 r. 
fOJI.QCMBTOM H KIIHMaHOM [18]. IlpocneX<:eHHM c 
3TOro BpeMeHB OOTH'leCKa.Jl KpHBaR 6JiecKa 3Toro 
BC'r01lllBXa RBJUleTCj( B Hacro~ee BpeMR OAHOA H3 
CaMbJX DpOAOJIX(HTeJibHblX H IlOAp06HbIX AJISI 06'LeK­
TOB TaKoro poAa, 3C 345 npDH3AJie)KHT K rpynne 
OVV-ic:sa3apos - B nonoce B aMmurryAa ero nepe­
MeHHOCTB COCT3BJISICT 4 ~0. BbICOKa.Jl (AO 36% [ 191) B 
CBJibHo nepeMeHHaR nom1pu3a~ ero ODTBqecKoro 
KOHTHHYYMa, a TaIOKe WIOCKBi: pa)'.(HocneKTJ> ua caH­
TBMeTJ)OBLIX BOJIHax Il03BOJISIIOT OTHeCTB ero TaKX<:e 
K rpynne 6Jia3apoe [20] . . 

3C 345 j(BJISJeTCSI OJVIOBpeMeHHO OAHHM B3 H3B-
6onee B3}"-ICHHblX csepXCBCTOBLIX HCTOtfilHKOB -

VLBI-ua6mo.QeBID1 AIDI 3TOro oo'LeKTa CBCTeMam­
-qecKB BeA)'TCR y:xce 6onee W3a.QQam neT, s Te'leHHe 
KOTOpblX Ha6JIIO,J:1aJJOCb ABB}KCHBe ceMU csepxcse­
TOB&IX KOMilOHCHT BAOJib ero MH!IJIHceKYHAHOro 
P3ABOA)KeTa [21]. HMeHHo AIDI 3C 345 enepeble 
6bIJIB o6Hapy.>KeH1>I CBHAeTeJibCTBa CBj(31f Mexqzy B03-
HHKHQBCHHeM B OII'I'IACCKOM AHana30He "MeAJICH­
HbIX" s(slow)-BCI11,1WCK ,l1.1lll'reJlbHOCTblO OKOJIO .QByx 
JICT ( COC'raBIDIIO~a.Jl Il B OOTH'leCKOH nepeMeHHOCTH 

3C 345 [10]) H o6pa30Ba.HBCM ceepxceeTOBLIX KOMilO· 
HCHT B MBJIJIHCCK:ytmHOM p3AHO,oKCTe [10, 11, 16, 17]. 

2. HABJII0,11,EHH.sI 

B AcrpoHOMH'ICCKOM HHCTB'lj'Te CaHKT• Ilerep-
6yprcKoro YffHBepcHTeTa <t>OTorpaq>B\JecKHe Ha-
6mo11eHWI OIJ'I'BllCCKOH nepeMeHHOCTH 3C 345 aaqa­
JIHCI, C 1968 r. Ka.K '13C11, nporpaMMbI OJITHtlecKoro 
MOHBT<>pHHra 6na3apoa, OVV-KBa3apoe H CXO,l1HbIX c 
HHMU o6'LCKTOB PQMP (Petersburg Quasar .Monitoring 
Program). Pe3yni.TaT1>1 Ha6mo.Qemm 3C 345 no 3TOA 
nporpaMMe 3a 1968 - 1983 rr. H BX ~eHBe 61,mu 
ony6JIHK0Bam.1 paaee e cepHB crare:A [3, 22 - 25]. 

Hacro~aR paooTa · npoA'oJI:xcae-r 3TY cepu10 u 
npeACT3B.1IRCT pe3yJibT8TbI AaJibHCIDIIHX HaOJIIOA'C­
Hmt 1984 - 1991 rr. <l>ororpaq,uqecme Ha6JIJOAellHj[ 
OIITB'leCKOA nepeMeHHOCTB 3C 345 e paMKax Hameu 
nporpaMMLI IlpaKTB'ICCKH IlOJIHOCTLIO DOJIY'ICHbl Ha 
O,l1BOM TeJiecKone - B Dpj[MOM <PoKYce 45-cM (F/4.5) 
pecpneKTopa B10paKaucicoii crau~ ACTJ>OHOMB'!e­
CKoro WICTHTyTa CaHKT-IleTep6yprcKoro yHBBep­
CBTeTa. JlBWb Ha uaqaJJLHOM 3Tane ~o 1973 r.) HC­
DOJib30BaJial TaIOKe B 20-cM MeHBCKOBLIB TeJieCKon 
(F n). B Te'<leHHe Bcero epeMeHH npBMeHJIJiaCL CAH­
BU MCTOAHKa H OAJ{a B Ta .>Ke noCJieAOBaTeJibHOC'rb 
3Be3.q cpasueamt. TaxBM o6paloM, PQMP-Ha6JIJOAe­
HIDJ 3C 345 npe,l1CT8BIDIIOT co6oii CABHbW' 24-neTJIIIH 
OAffOpoAHLIB p.R,D;, KOTOpbIH DJUleTCil C3MbIM ,[{1IH· 
TeJibHLIM H Il0,J:1p06HbIM H3 ecex PRAOB, IlOJI}"-ICHHLIX 
B pe3yJILTaTe peaJIH3~ 16 ].\OJiroBpeMeHHblX Ha-
6ruo11areJibHbIX nporpaMM no OllTl{t{CCKOMy MOHD'· 

TOpmrry 3C 345, ocy~eCTBJIJIBIIIHXOI Ha pa3HblX 06-
cepeaTopwvc, Haquarur c 1965 r. 

IlO,J:1p06Ho MeTO].\BKa HaOJIJOACHJm H HX pe,izyK­
QHSI OllHCbIBaJiac1, B npeJ:(1,~~ CTaTLSIX. J];IDI B0C­

Dp0H3BeA'eHIDI CTaH,t{apTHLIX DOJIOC UBV.HCDOJib30-
eanacb CHCTCMa cp1mLTJ)OB [22, 23 J e CO'ICTaHBH c 
IlJJ3CTIIHK3MH Kodak 103a0 H 103aD ( COOTBeTCTBeH­
HO Ami IlOJJOC B, u H V). IlnaCTBHKB 61,mu H3MepeHLI 
Ha MBKpOACHCHTOMeTJ)e M<l>-2. fp3AYHPOB0'1HblC 
KpBB1>1e crpoe11uc1, no 3BC3.QaM, cporoaneICTpH11ec­
KHe B B V BeJIB'IHHLI KOTOpbIX nonyqeHLI ycpeABC· 
HHeM A3HH1>IX, ony6JIHKOBaHHbIX KmlMaHOM HAP· [2] 
H 3mKHOHOM [26], a cpOT03JJeKTpH'ICCKHe BeJIH'IH­
HbJ u B3XTLI H3 [26]. Cpe.QHeKBaA'p3TH'leCK3.Jl onm6-
Ka ODpeAeJieHIDI 6necKa DO OAHOMy CHBMKy COCTaB­
Jij(eT 0~10 [22]. 

CeSl3b Me~y CT8Jm8PTJIO:ti H HHCTp}'MeHTanbHOB 
UBV-cucreMaMH onpe.Qemmac1, AJUI K~oi uoeoii 
napTim q>OTOMaTepuanoe no Ha6JII0]leHW1M CKODJie- . 
mm NGC 7686 u NGC 1778. B cpeAHeM no eceM Ha-
6J1JOAaTenbHbIM CC30HaM KOppeK~ K craimapmoe 
cucreMe 11nR 3C 345 cocrasngna 0':'03(B), 0':'03(\/) u · 
0~08(U). 

3. PE3YJibTAThI 

B Ta6mu.-e I1peACT3BJieHbl pe3yJll,T3Tbl Ha6JIJO]le­
HHii 3C 345 B nonoce Be 1984 • 1991 rr. 3TOT 8-11CT­
HBB p~ Ha6J110.QeHHii COCTOBT B3 365 e].\HHH\JHblX 
o.qeHOK 6necKa, Bb1DOJIHCHHLIX B Te'leHHe 219 HO­
qee, Koropi.1e oonee HJIH Meaee pasHoMepHo pac­
npeAenea1,1 B Te'leHHe BOCLMB Ha6n10~aTeJibHbIX ce-
30HOB. 

Ha pac. 1 npueel:(eHa KpBBaR 6necKa KBa3apa 
3C 345 (1968 - 1991 rr.) c HcnoJib30BaHHeM mnm, 
PQMP-.Qamu.ix (eABHB'IHLie 01~eHKH 6nec1rn, nony­
'ICHH1>1e 3a uoq1,, ycpeAffj(JIBCb). Ha 3TOH KpBBOH 

6necKa, npe,qcraeneHHoA OAHOPOAHblM pRAOM Ha-
611101'.{emm MO)KeT 6bITb C ysepeHHOCTLIO BhUIBJieHa 
HB3K01l8CTOTH3.Jl COCTaBJJJIIO~U nepeMeHBOCTD C 
speMeHH6u WKaJioA-10- 15 JieT. 

Pauee Mbl yxa31,ma11u ua ~ecreoBaHHe 3TOii 
COCTaBJISIJO~eH nepeMeHBOCTD (KOMilOHeHTa I [101), 
HMeH B B~y CHCTeM8Tl{t{CCKOe YBeJIIAeHHe 6necKa 
co CKOpoC'rblO -0':'05/roA e TC'leHHe 70-x ro].\OB, 
KOTOpoe .slCHO npO.RBJIHJIOCb e PQMP-AaHHbIX. Be66 
H AP, [27], OAHaKo, OTMeJianH, qro AJig ax pBAa ua-
6JJJOAeHBii 3C 345 (MOHHTOpHHrOBbie <pOTOrpacpu­
qecme Ha6n10,qeHW1 s nonoce B o6cepeaToprm 
"Po3Mape Ximn" <l>nopHACKoro yHHBepCHTeTa -
RH0-1,laHHl,Ie) CHCTeMaTHqecKoe yeeJIH'ICHHe cpe.[l­
Hero 6nec1ea BMeeT "a 10 pa3 MeHLmyIO BeJIH'DlH}'", 

TaKoe IIpOTHBOpe'IHe Bbl3B3HO MCHbmeii npop;oJI­
XCHTeJlbHOCTb10 pJIJ];a RHO-AaHHhIX e. a 'lacrHoCTB, 
TeM, 'l'rO ero H811aJJO npHXOAHTCSI Ha KOHe~ ua6JIJOA3-
TeJibHOro CC30B8 1970 r., KOr,qa B H3'1aJihB0B CT~BB 
S-BCDbIWKB 1970 • 1972 IT. (KOMDOHeHTa II [10)) y:xce 
npou3omno eo3paCTaime 6necKa oonee, qeM Ha 0':'5 

AcrPOHOMHtJECKHH )l(YPHAJI TOM 72 Ht 4 1995 



OIITH'IECKHH MOHHTOPHHr CBEPXCBETOBoro KBA3APA 3C 345 

Cl>ororpa<l>H'leCKU q>OTOMCTJ)HJI KB83apa 3C 345 (PQMP-,qaHHbIC) 

: 

. 
;, 

' 

' 

. t 

. 
' 

;, ' 

.. 

-

UT 

'2/25/84 
2(1.6/84 
'2/26/84 
3/28/84 
3/28/84 
3/29/84 
3/29/84 
3/29/84 
3/30/84 
3/30/84 
3/30/84 
3/31/84 
3/31/84 
3/31/84 
6/22/84 
6/22/84 
6!23/84 
6/23/84 
6/23/84 
6/28/84 
8/03/84 
8/03/84 
8/03/84 
8/04/84 
8/24/84 
8/24/84 
8/24/84 ' 

9/2'2/84 
9/22/84 
9122/84 

10/2'2/84 
10/23/84 
10/23/84 
10/24/84 

· 10/25/84 
4/17/85 
4/17/85 
4/18/85 
4/18/85 
4/18/85 
4/18/85 
6/16/85 
6/19/85 
6/19/85 
6/20/85 
6/20/85 

. 6/21/85 
: 6/211'85 

6/22/85 
·. 6/22/85 

6/23/85 
6/1.3/85 
6/25/85 
6/27/85 
7/05/85 
7/08/85 

JD B UT JD 
2440000+ 2440000+ 

5756.495 16~32 7/13/85 6260.302 
5756.511 16.16 7/1'3/85 6260.336 
5756.526 16.18 7/17/85 6264.326 
5788.454 16.31 7/17/85 6264.359 
5788.470 16.28 , 7/20/85 6267.368 
5789.434 16.46 8/10/85 6288.291 
5789.458 16.32 8/10/85 6288.322 
5789.474 16.28 8/12/85 6290.294 
5790.407 16.26 8/12/85 6290.326 
5790.422 16.36 8/ 16/85 6294.318 
5790.437 16.51 8/18/85 6296.289 
5791.422 16.36 8/18/85 6296.320 
5791;438 16.27 8/21/85 6299.293 
5791.454 16.17 8/21/85 6299.323 
5874.272 16.13 11/ 13/85 6383.158 
5874.293 16.19 2/09/86 6470.568 
5875.266 15.95 2/09/86 6470.584 
5875.282 15.88 2/19/86 6480.571 
5875.299 15.90 3/13/86 6503.455 
5880.358 16.00: 3/13/86 6503.468 
5916.342 16.07 3/14/86 6504.445 
5916.357 15.94 3/14/86 6504.458 
5916.373 16.18 3/17/86 6507.436 
5917.364 16.00: 3/17/86 6507.450 
5937.232 16.00 3/18/86 6508.487 
5937.248 15.98 3/18/86 6508.501 
5937.264 15.89 4/12/86 6533.404 
5966.226 16.26 5/01/86 6552.401 
5966.242 16.09 6/02/86 6584.354 
5966.257 16.01 6/02/86 6584.369 
5996.186 15.97 6/03/86 6585.402 
5997.166 15.95 6/27/86 6609.288 
5997.190 15.79 6/27/86 6609.305 
5998.200 15.91 6/29/86 6611.374 
5999.165 15.90 6/30/86 6612.304 
6172.502 16.57 7/01/86 6613.295 
6172.528 16.66 7/02/86 6614.282 
6173.511 16.41 7/02/86 6614.296 
6173.534 16.55 7/03/86 6615.432 
6174.435 16.70 7/04/86 6616.274 
6174.459 17.11 7/04/86 6616.305 
6233.482 16.72 7/05/86 6617.287 
6236.270 16.61 7/05/86 6617.310 
6236.442 16.55 7/06/86 6618.418 
6237.396 16.77 7/06/86 6618.440 
6237.430 16.88 7/07/86 ' 6619.282 
6238.425 16.53 7/07/86 6619.303 
6238.472 16.42 7/09/86 6621.331 
6239.364 16.65 7/09/86 6621.352 
6239.410 16.72 7/28/86 6640.271 
6240.347 16.51 7/28/86 6640.320 
6240.462 16.61 8/01/86 6644.306 
6242.451 16.81 8/01/86 6644.330 
6244.449 16.70 8/05/86 6648.336 
6252.264 16.70 8/05/86 6648.360 
6255.362 16.81 9/23/86 6697.220 

449 

B 

16.62 
16.67 
16.76 
16.76 
16.73 
16.74 
16.71 
16.61 
16.89 
16.49 
16.71 
16.76 
16.81 
16.79 
16.88 
16.54 
16.50 
16.50 
16.73 
16.43 
16.68 
16.48 
16.51 
16.50 
16.67 
16.74: 
16.50 
16.23 
16.62 
16.50 
16.74 
16.97 
16.98 
16.63 
16.78 
17.00 
16.60 
16.75 
16.59 
16.77 
16.79 
16.83 
16.86 
16.78 
16.57 
16.80 
16.92 
16.76 
16.78 
16.44 
16.48 
16.65 
16.60 
17.01 
16.93 
16.60 



450 

lIT 
JD B UT JD B 2440000+ 2440000+ 

10/07/86 6711.194 16.52 7/03/87 6980.397 17.40 
10/07/86 6711.212 16.48 7/15/87 6992.306 17.04 
10/24/86 6728.182 16.57 7/20/87 6997.281 17.17 
10/25/86 6729.168 16.71 7/ll/87 6998.278 17.11 
10/26/86 6730.168 16.28 7/21/87 6998.302 16.96 
10/27/86 6731.169 16.51 7/26/87 7003.273 17.72: 
10/27/86 6731.187 16.52 7/26/87 7003.300 17.42: 
10/28/86 6732.164 16.50 7/27/87 7004.285 17.58: 
10/28/86 6732.182 16.51 7/27/87 7004.314 16.94: 
3/01/87 6855.519 16.68 7/28/87 7005.282 17.25 
3/01/87 6855.538 16.93 7().8/87 7005.314 16.99 
3/08/87 6862.526 16.86 8/03/87 7011.352. 17.14 
3/08/87 6862.546 16.78 8/03/87 7011.'382 17.08 
3/22/87 6877.458 17.03 8/19/87 7027.245 17.24 
3().9/87 6883.528 17.10 8/19/87 7027.275 17.24 
3/29/87 6883.549 16.84 8/20/87 7028.242 16.92 
3/1.9/87 6884.435 16.82 8().0/87 7028.272 17.16 
3/1.9/87 6884.457 16.89 8/1.1/87 7029.250 17.27 
4/20/87 6906.371 16.96 8/21/87 7029.283 17.15 
4().1/87 6907.368 16.97 8/22/87 7030.251 17.18 
4/21/87 6907.390 16.91 8/1.2/87 7030.280 16.86 
4/22/87 6908.376 17.29: 8/23/87 7031.243 17.31 
4/22/87 6908.400 16.78: 8/23/87 7031.274 17.39 
4/1.6/87 6912.403 17.04 8/24/87 7032.245 17.QS 
4/26/87 6912.427 17.00 8flA/81 7032.275 17.04 
4/27/87 6913.376 16.84 9/15/87 7054.227 16.90 
4/1.7/87 6913.400 16.94 9/15/87 7054.246 17.43 
5/fYl./87 6918.372 17.19 9/23/87 7062.210 16.82 
5/00./87 6918.397 17.06 9/23/87 7062.229 16.98 
5/04/87 6920.432 16.93 9/25/87 7064.200 17.13 
5/04/87 6920.455 16.86 9/25/87 7064.224 17.00 
5/1.3/87 6939.345 17.21 9/28/87 7067.237 17.41 
5/23/87 6939.372 17.17 10/11/87 7080. 196 17.06: 
5/1.5/81 6941.318 16.66 10/12/87 7081.175 ' 17.66: 
5/25/87 6941.345 16.92 10/12/87 7081. 194 17.71 : 
5/26/87 6942.379 16.94 10/14/87 7083.174 17.67 
5/26/87 6942.406 17.29 10/14/87 7083. 192 17.43 
5/30/87 6946.398 17.21 10/22/87 7091.182 17.66 : 
5/30/87 6946.424 17.43 10/22/87 7091.200 17.61: 
6/03/87 6950.405 16.99 2/26/88 7217.533 17.31 
6/03/87 6950.431 16.96 2/1.6/88 7217.558 17.17 
6(11/87 6968.360 17.07 4/07/88 7259.364 16.99 
6/21/87 6968.386 17.16 4/07/88 7259.387 17.07 
6/22/87 6969.256 17.11 4/08/88 7260.367 17.27 
6/22/87 6969.313 17.33 4/08/88 7260.400 17.09 
6/23/87 6970.380 17.55 4/17/88 7269.428 17.01 
6/24/87 6971.318 17.20 4/21/88 7273.460 17.01 
6/24/87 6971.340 17.20 4/21/88 7273.486 16.95 
6126/87 6973.366 17.17 5/05/88 7287.304 17.Q2 
6/26/87 6973.389 17.21 5/05/88 7287.326 16.99 
6/29/87 6976.304 17.59 5/ 10/88 7292.310 16.98 · 
6/29/87 · 6976.326 17.34 5/10/88 7292.337 17.06 
6/30/87 6977.319 17.23 5/12/88 7294.345 17.16 
6/30/87 6977.346 17.09 5/12/88 7294.372 17.42 
7/01/87 6978.342 17.16 5/ 13/88 7295.312 17.18 
7/01/87 6978.368 17.39 5/13/88 7295.342 17.29 
7/03/87 6980.372 17.12 5/14/88 7296.389 17.52 
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OnTl.flffiCKMH MOHHTOPH.Hr CBEPXCBETOBoro KBA3APA 3C 345 451 

fipo~omKeHee 

UT JD B UT 
JD B 2440000+ 2440000+ 

5/14/88 72%.418 17.29 5ll.5/89 7672.310 17.56 
5/16/88 7298.354 17.33 5ll.7/89 7674.351 17.47 
5/16/88 7298.383 17.30 5ll.7/89 7674.381 17.69 
5/17/88 7299.336 17.11 5/30/89 7677.358 17.60 
5/17/88 7299.367 16.95 • 6/01/89 7679.374 17.52 
5ll.5/88 7307.458 17.22 6/01/89 7679.407 17.44 
5ll.5/88 7307.488 17.15 6/03/89 7681.344 17.68 
6/03/88 7316.269 17.37: 6/03/89 7681.376 17.69 
6/03/88 7316.306 17.22 6/05/89 7683.396 17.56 
6/06/88 7319.312 17.22 6/05/89 7683.430 17.70 
6/06/88 7319.342 17.12 6/12/89 7690.431 17.68 
6/12/88 7325.317 17.14 6/12/89 7690.464 17.71 
6/12/88 7325.349 17.13 6ll.6/89 7704.293 17.57 
6/13/88 7326.339 17.23: 6ll.6/89 7704.325 17.47 
7/11/88 7354.283 17.07 6ll.8/89 7706.298 17.52 
7/11/88 7354.312 17.13 6ll.8/89 7706.332 17.85 
7/13/88 7356.291 17.15 6/30/89 7708.287 17.70 
7/13/88 7356.321 17.23 6/30/89 7708.319 17.54: 
7/14/88 7357.288 17.32 7/02/89 7710.411 17.34 
7/14/88 7357.314 17.38 7/07/89 7715.359 17.48 
7/15/88 7358.324 17.3~ 7/10/89 7718.376 17.44 

: 
7/15/88 7358.357 17.30 7/10/89 7718.413 17.48 

. 
7/16/88 7359.287 17.54 8/02/89 7741.378 17.44 . 
7/16/88 7359.314 17.31: 8/02/89 7741.408 17.47 
7/17/88 7360.278 16.91 8/04/89 7743.300 17.82 
7/17/88 7360.306 17.22: 8/04/89 7743.336 17.44 
7/18/88 7361.296 17.52 8/08/89 7747.364 17.81 
7/18/88 7361.322 17.32 8/08/89 7747.404 17.77 
8/07/88 7381.277 · 17.50 8/10/89 7749.350 17.74 
8/07/88 7381.307 17.09: 8/10/89 7749.389 17.67 
8/08/88 7382.264 17.31 8ll.5/89 7764.335 17.38 
8/08/88 7382.294 17.21 8ll.7/89 7766.307 17.58 
8/1 )/88 7385.268 17.68 9/01/89 7771.289 17.59 
8/16/88 7390.312 17.24 9/01/89 7771.335 17.56 
8/16/88 7390.342 17.16 9ll.5/89 7795.194 17.50 

"8/19/88 7393.292 17.1 J 9ll.5/89 7795.222 17.42 
8/19/88 7393.321 17.23 . lll.5/90 7916.599 17.33 
8ll.l/88 7395.336 17.09 1/30/90 7921.578 17.72: 
8ll.1/88 7395.366 16.96 2ll.5/90 7947.509 17.31 

10/12/88 7447.189 17.07 2ll.7/90 7949.530 17.34 
3/02/89 7588.466 17.45 3/18/90 7969.416 17.38 
3/05/89 7590.521 17.51 3ll.1/90 7972.478 17.36 
3/05/89 7590.548 17.67 3ll.5/90 7976.460 17.17 
3/07/89 7592.516 17.64 5/02/90 8014.472 17.55 
3/07/89 7592.546 17.66 5/16/90 8028.314 17.31 
4~/89 7620.514 17.58 Sll.6/90 8038.334 17.28 
4/04/89 7621.458 17.63 5ll.7/90 8039.430 17.19 
4/04/89. 7621.485 17.47 6/19/90 8062.427 17.51 
4/05/89 7622.440 17.66 6ll.2/90 8065.314 17.08 
4ll.9/89 7646.421 17.64 6ll.3/90 8066.300 17.25 

~· , . 4ll.9/89 7646.450 17.59 6ll.3/90 8066.353 16.99 
~. 5/01/89 7648.378 17.49 6ll.9/90 8072.400 17.30 

5/01 /89 7648.408 17.54 7/15/90 8088.289 17.36 
.. 5/05/89 7652.426 17.52 7ll.2/90 8095.356 17.42 .... . 
}~;! 5/09/89 7656.380 17.88 7ll.5/90 8098.376 17.48 

~~: . 
5/09/89 7656.415 17.73 7ll.7/90 8100.358 17.40 

. ,.,. } 5/12/89 7659.464 17.64 8/16/90 8120.343 17.77: 
' · ·1 •, 

f· . ,.. .. · 

l
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452 

0KOH'laHHe 

UT 
JD B UT JD B 2440000+ 2440000+ 

8/18/90 8122.301 16.80: 7/13/91 8451.396 16.74 
8/21/90 8125.278 17.55 7/14/91 8452.356 16.71 
4/07/91 8354.415 16.48 7/14/91 8452.392 16.69 
4/18/91 8365.398 16.37 7/15/91 8453.311 16.59 

· 4/19/91 8366.408 16.60 7/15/91 8453.391 16.77 
5/11/91 8388.403 16.70 7/16/91 8454.374 16.71 
5/18/91 8395.437 16.75 7/16/91 8454.411 16.74 
6/03/91 8411.331 16.92 7/20/91 8458.395 16.58 
6/09/91 8417.332 16.76 8/07/91 8476.302 16.22 
7/06/91 8444.354 16.74 8/13.91 8482.298 16.09 
7/12/91 8450.292 16.74 9/01/91 8501.227 16.06 
7/12/91 8450.372 16.71 9/02/91 8502.229 16.19 
7/13/91 8451.361 16.79 

IlpHMC•UUIHC. CpeAHCKB&ApaTH'IHH OWH6Ka C,tlHHH'IHOH OQCHICH 6nccn COCTaBmlCT <f': 10 [22). 

OT MHHHMaJibHOro ypoBWI KOMilOHeHTbl I, Ha6mo­
,:taemeroes1 B 1968 - 1969 rr. (pHc. l). Ha6JDO;Qemm 
80-x I'OJ:tOB, HeCOMHCHHO, IlOA'J'Bep~aJOT npHcyTCT­
BHC B ODTH'ICCKOB nepeMCHHOCTH 3C 345 H3MCHCHHH 

6necica c xapaKTepuwM epeMeHeM -10 - 15 neT. 

.O:m1 6onee nonHoro npeJ:tCTaBJieHIDt o xapaKTepe 
OIITll'ICCKOH nepeMCHHOCTH 3C 345 Mbl npBBOJ:tHM ea 
puc. 2 CBOJ:tlf}'IO KpHBYIO 611ecKa 3C 345, CO;Qepxca­
LizylO, KpoMe PQMP-,:taHHbIX, see ony6nuxoeaHHbie 
K 1994 r . Ha6JIJOJ:{CHIUI 3TOro o6oCICTa B nonoce B. 
CcbIJIICB Ha HCDOJib3083BHbIC npu 3TOM J:t3HHblC H CO­

DOCTaBJICHBC pa31111'DU,IX pjij];OB ua6JIJOJ:{CHHH npHBe-

B 1970 1975 
r I 

... . ,. 
15'."5 · 1 

J:tCHLI . B pa6ore 6a63AXCaHJ1~a B 6eJIOK0Bb [ 17). 
_Oco6eBHO OTMCTHM DOAJ)06Bbril pJi;q ua6JIJOJ:{CIDIH 
KmlMaHa u AP· [2] 1965 - 1967 rr ., e J:tCTaJIU: B0C0p0-
H3BOWl~BB MO~HylO s-ecm,1mx.y. 

PQMP-J:taHH&Ie 1984 - 1991 rr., npBBe,:teHBble B 
Ta6JIHr(C, npocJICXCRBaJOT CBCTCMaTH'lecxoe yMeHb-

meHHe 611ecn 3C 345 co CKOJ>OCTblO -0~22/roA oo­
cne MaXCHM)'Ma aKTHBHOCTH o6oeKTa, KOTOp&dt OT­
Me'laJICJI B Haqane 80-x ro,:toe. Ha6nio,:teHBJ1 3C 345, 
noJI}"lemn.1e nocne 1983 r. Ha AP}THX o6cepsaro­
pID1X, 6bIJIH HeAOCTaTO'IBO n0Apo6m,1MB B 8 OCHOB­

HOM BbIJIBJUIIOT mmn, 3TOT AO.JII'OBpeMeHBblR TJ>C~· 

1980 1985 1990· 
I I r 

' A. 
" !\ • J ~ • 

i =.J .Ii:: ,;SJ.:~ •• :.. } .t \. ? 
6 . . 

• • ~ I ... • • -. 

" -- .r- . . ' • 1'. • • • 
;. ~ . 

16'."5 

... 

17~5 ... •. 
... 

... ,,,.t.. .. . . t .. . . . . ~. . .-. ,.. . • ·f .: •• • .a,; ;.: • -~ :J. ' .... .. . 

. .. 
:a 

18~5 l-_ __ ...1.1 ___ ...__. __ ..1.•- - · ___ . ..__ __ -1-,• ----1---..L--'-- ..J.'- - - '--'--...1.---' 

39000 41000 43000 45000 · 47000 49000 
JD2400000+ 

PHC. 1. 011TH<1ec1tafl KpHBasl 6nccKa (nonoca B) KB838pa 3C 345, npeACTaaneHHaJI OAHOPOAHbIM p,r,t10M (PQMP-~aHHl>IC). Ha-
6n10ACB1U1 npoBOAKJlHCb B re•1eHHC 626 HO'ICA, B KaQYIO R3 KOTOPl,JX 6blnH oony'ICHbl B cpe,tlHCM 2. 3 C.tl)IHH'IIUJC Ol(CHICH 6JIC· 

CKa. Ha rpa4>HKC npHBC,llCHbl ycpe,t1HC8HblC 38 HO'lb 3Ha'ICHHll 6necu; HX THUH'I.Hafl cpe.AHCKBa,t1paTH'lHU OWH6Ka (J = 0'!'07. 
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OIITH"IECKHH MOHIITOPHHr CBEPXCBETOBOro KBA3APA 3C 345 

B. 

14'."o ,....__l"T~6_5 ____ I_,~,....70 _____ 1~~7-5 ____ I9 ... 
1

8_0 ____ 19 .... ~-5----t ..... ~90-----l-~.....,95 

15'."o .. 

16'."o -

11'."o ... 

18~0 .. 

. 19:"o L-------''-------1.-----...J'L-------..L-----.....L.-----.....I 
38000 40000 42000 44000 46000 48000 50000 

JD2400000+ 

. PIK. 2. CBo.QllU orrnrrectcasa kpHBaJI 6necKa (noJtoca B) KBa:Japa 3C 345, co11ep.)l(all\8S1 PQMP-11aeeLie H Bee ony6nnJC0BaHHL1e 
IC 1994 r. eaC5JJJOJ.teHHSI npyrHX asropoe (27 HCTO'lHHKOB); 001.QCC KOJlH'ICCI'BO TO'ICK N = 1634. Ycpe.QHCHHe o~eHOK (inecKa, 

j . : DOJl)"ICHHbIX B Te'ICHHe HO'IH, npoH380.QHJl0Ch )l;JJSI K3.)l(.QOro 0.11:HOpO.QHOro psi:,ta OT.QeJtl,HO. CnHCOK ecnOJJl,3()BaHHWX CCl,lJJOK 
llpHBCJ{CH B [17]. 

453 

/ Kpowe 3'1'000 -rpe~a. npH Jl:eTaJll,HbIX Ha6J110AeHID1X 6JIIOJl:eHWIM 80-x rOAOB, e~e H no q>a3e. KpoMe 3TO-
B8 BeOOJILIIDIXDpOMe:xcyTKax BpeM~HB (OKOJIO 2- 3 He- ro, BMeeTCjf e~e p~ YJCa3aHHii Ha TO, 'ITO 700-WieB-

. AC,DL) (28), o6aapyxamanacb KO;Jie6aHW1 6necKa c spe- Hbni nepBOJl:, seposrmo, coxpaID1eTCjl Ha sceM 
lieellJl6. mxanoA no~Ka cyTOK (KOMIIOHeHTa ill [ 10]). npOMC)IC}'TKe B30JIIOACHml 3C 345 s ~eJIOM, XOTSI 
Taa:oA xaparrep uepeMeHHOCTH 3C 345 B 80-x roAax Mexqzy ~eJILHbIMH cerMeHTaMH nepuo,q1ReCKoi 
·BWJIBIDleTCI Ha CBOAHLIX KpHBbIX 6neCKa 3C 345 B KpBBOii, Bepo.RTHo, BMeeTCst HCOOJibWOii CJl:BHr q>a3J.J 

· llOJJoce B, DpBBeACHHLIX KHWICepoM [29] H KHA)l(e- nepBOAa 

· .. pju B ,:te ,[(aero (28). AHaJIB3 scee: cBOAHOH KpBBoii 6necKa 3C 345 
- : . ·Hanm 3Ha'llllTCJIJ,HO 6onee no;Apo6m..te ua6JIJOAe- (1965 - 1993 IT'.) yxa3bIBaeT Ha B03MO>KHOCTb cy~e-
·:·m ·80-x l'OAOB (pBC. 1) .51CHO IlOK83blBalOT, 'ITO, Kpo- CTBOBaRWI T8IOKe H·BTOporo nepHOAa: P

2 
= 4.9 ro,:(a 

~ MC nepeMeHIIOC'l'B Ha YJC83aHHbIX Bh1Ille BpeMeHHhIX [ 16. 17]. C TaKHM nepHOAOM B03HHK8l0T npBMepHO 
. DK8Jlax, npBcyrCTB}'lOT B 3H8'fflTeJibHbie no aMIIJJH- 2 - 3-JieTHHe HHTCpBaJib[ nos1,1meHHOH aKTHBHOCTD 
· . ~ JC.OJJe6a.mm 611ecn c xaparrepHbIMH epeMeHaMH o61.eKTa, T.e. 4.9-Jiennm nepuo,- npoJ1BID1eTCS1 KaK MO--
. IDMCBeBIDI B COTHB H Ae(;j{TJCH ,:(He:A. Ilpose;l'.{eHBJ,IB JO'~~[ (KBa3H)nepB0]l;IReCKBX S-BCIIJ,l-
;' BUOi 4)ypLe-aJiaJIH3 Ha6JIJO;AeHd 1978 - 1990 rr meK. BMelO~ 700-p;HeBHbIH nepBOA, Bo3MO}l(IIOCTh 
--(16, 17]. noKa3an B03MO)Kffocr1, · ~eC'rBoBaJIIDJ B ~eCTBOBaHBSI e oilTll'lecxoA nepeMemmcm 3C 345 
/ ~M IIpOMC}K}"fKe nepuo;qa P 1 = 700 ,:(Heit CpCJ!:WUI nepuo,-a npo;AOJDICBTCJihHOCTblO -4 - 5 JieT HeOAHO-
~. ·Jl)BB8JI 6JICCKa, IlOJI}"leHHaJt DpB DOMO~B q>a30B0ii KpaTHO OO~aJiaCb B paaee (27, 29' - 31]. IIOCJie]l;-
+ ~ ]l;JIJI 700-AHCBHOro ne'pHOJl:8, C BCil0Jlh30- WUI S-BCOLIIilKa 6on1,moii aMnJilfTYAbI, ea6JIIOAaB-
·. 98BlleM TOJILICO Ha6J1I0AeH1D1 1978 - 1990 IT., BMeeT WWIC.51 B 1991 - 1992 IT., yeeJIH'IBB8eT sepOWfHOCTh 
i: ('.DO(eTpll'IBWH Jl:ByxBCpIIIBHHJ,Iii rJiaBHhM MaKCH- cy~eCTBOB8HBSI 4.9-JieTuei:-o nepBO,:(a ]l;JISI scero 
.... M)'J1 B DOCJICA}'IO~ BTOplAHLii MaKCHM}'M, BCJIB- 30-JieTHeoo npoMe~Ka Ha6J110,:(emm: see rum, 3ape-
.(~ JCOTOpOro MOJK.CT cy~eC'rBeHHo MCHSITLC.51 OT mcrpHpOBaHHbIX B reqeJIHe 31'000 BpeMeHB S-BCIIbI-
~~ JC ItBJCJIY. meK 6on1,moi aMIIJIBTYJJ:hI xopomo cornac~TC.R 
~l{. rn~m.rl MSKCBMfM KpHBOA 6neCKa Jl:JIJI nepuo- c npeAnoJiaraeMLIM 4.9-neTHBM nepHOAOM. B TOM 
i:aiACCKO. ICOMIIOHCHTbl no npoµ;oJIXOITeJibHOCTB u cnyqae, eCJIH 4.9-JieTHml nepHOA peaJICH, J(Omtcee 
tfoi>Me npal(TIAeCKB TO'IIIO coen~aeT c DO.QP06HO cy~eCTBOBaTb e~e OAHH HHTepsan IlOBbJWeHHOH 
i!.~C)l[CBHOi KmlMaHOM H Jq>. [2] S·BCilbllIIKOH aKTIJBHOCTD OO'hCKTa, cepe~HHa KOTOporo DpBXO-
~.f'-966 - 1967 rr. (puc. 2), KOTopu cornacyeTaI c ne- AffTCjl Ha 1987 r . Bo3MO)l(HO, 6om.mu aMnnH'I'}'Aa 
~'tecxoit COCTaBJI.RIO~eii, BblSIBJieHHOH no Ha- CBCTeMaTIAecKoro n~eHWI 6necKa (KOMilOHeHTI,I I) 

~ /·ACTPOHOMH'IBCKH8 )l{YPHAJI TOM 72 Mi 4 1995 ~:;{;~~, . 
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B 80-x rop;ax 3a'I'pyAHBJia Bbl.HBJICHHe 3TOI'0 HHTepBa­
JJa. B xpaTKOM s~e pe3yJJLT3Thl Hamero aHaJIJ!3a 
oIJTJAecx:oA nepeMeHHocm 3C 345 B3JIO)KCHhl B (16]. 
Ilo,qpo6Hb1A 8RaJJB3 6yAeT ony6JJHK0BaH OT}'.leJib­
HO [17J. 

B 1990 r. q>oTOMe'I'pll'ICCKHe Ha6mop;eHBJI c 
Il3C-Ma-rp~ee, BbIDOJIHCHID>Ie ~epoM H AC Jlu­
ero (28] s TelleHBe OW{OA BO~ (JD 2447632). 
BblRBHJIH nepeMeHHOCfb B HCCKOJlbKO ACc,n'blX BCJIB­
'IIIHLI (B) ua DIKaJJax 10 MHH - 1 11. 3ro nepeoe ]:lO­
crosepaoe o6uap~cHBe 01JTH11ecxoit nepeMcHHoc­
TB 3C 345 Ha TaKBX BpeMCHID>IX UIKaJJax. Bb1crptul 
nepeMeHHOCTb 6bIJJ3 Rai1{eua npa O'ICHL HH3KOM 
ypoeHc 6necKa: B = 17':'70. 

Bi.1crpu nepeMeRHOCTb (0':'48 3a 30 MBB) npe 
BblCOKOM ypoBHe 6JiecKa e 1982 I'., KOTOpu 6bma 
OTMelleHa ~xccpoM [29] e Ham:BX co6cTBeHBbIX 
AaHHblX [25]. KaK OAHO H3 HaROOJJee 6blCTpbIX B3Me­
eeBBii DJIOTHOCTB noron. aa6mop;aeIIIHXCSI B oa-
3apax. Ha caMoM p;ene OTC}'TcrBOBaJJa. 17 ce1m16pS1 
1982 r. HaMB 61,IJIH noJiy11eJD>1 WJC O'leHb 6nB3lCBe no 
BCJ1B11BHe oqeBXH 6necica B nonoce B, 33<1>:ex:capoBaB­
ume a6coJll()'I1l!d)l MaKCHMyM 6necu 33 BCJO ucropmo 
Ha6JJIOACIIBA 3C 345: B = 14':'70 (JD 2445230.212) H 
B = 14 ~72 (JD 2445230.234) npe cpAffCKBaAJ)a'l'll'le­
c1toA omH6xe KUQtoro oupeAeJICHBJI B O':' 10. :ux u 
6bIJIO ony6mncoBaBO [25, T36JI. l]. Ilo-BH.qBMOM}', 
OIIIB6ica BxpaJJaCh B Ta6mnzy, npHBeACmfYIO e aHr­
JJOCKOM sapBaHTe aamel'i crane [32]. 

BbIBOA o6 OTC}'TCfBBH CBCTeMaTll'leCICoi: nepe­
MCHHOCTH Ha IIIKaJJC nopawca HeCKOJlbltBX 'l8C0B 
61,m CACJiaH HaMH pauee [25] npu cpaeaeHBB uamero 
~a ua6JIJOAellBB (PQMP-AaHHblC) c ea6JI10Ae1'BJI­
MH Ha o6cepeaTOpHB "P03MapB XB.nn .. BO 4'nop~c 
(RHO-p;aeHb1e) [33]. CucrcMaTll'lecx:u pa3HHQa 
MeJKJzy 3TBMR PS1AaMB He npeebllllaeT 0 ':'03. ,UIDI 72 
PQMP-A811Bb1X 3C 345 (nonoca B), nonyqeHB1>1x e 
1970 - 1978 rr., A8Tbl aHaJJOI11'1HbIX RHO-ea6moAe­
mm OTJlll'lan&ci. ae oonee 11eM ea 0.8 CYT u pa3]:leJJSl­
nuc& Ha ABe pasHl:de rpynnb1 c pa3~eA eo BpeMeHB 
aa6mop;eHBJ1 5 - 10 q a 14 - 18 'I. PacnpeAeneHBe AB 
(pa3JI'JlqBj Mexqzy 3ea11e111U1MB 6necxa AJJSI ecex nap 
aa6n10AeBl1JA, nonyqeHHbIX c Taxoii pa3~eit so 
epeMeHB) COOTBeTcrsyeT pacnpep;eJICHHIO, KOTOpoe 
MO)ICHO O>KBAaTL, BCXOAJI JlllIIll, H3 YKa33HHbIX aBTO· 
paMB CJI}"lamu,ix oom6ox ua6JIJOAeHBA. Taxml° 
o6pa30M, .craTHCfBllCCKOC cpaBHeHBe H36JIJOJ(e­
mm. Bb1IlOJJHeHHbIX C pa3HB~eit BO BpeMeHH nopS1A­
x:a 8 - 16 'I, noKa3aJIO, 'ITO nepeMeBHOCTI, C aMIIJIB­
T}'AOA 6onee 0':'3 (B) Ha 3TOll epeMeHa6ii mx.ane 
KaK cucreMaTB'lCCKOe JIBJleHBe He 81,UIBJJSleTCR. 
B03MO.xcHO, 6LICTJ>WI nepeMeHHOCTb OJIJICTCR AO­
craTOqJIO peAKBM co61>ITHeM, npoecxoAJ(~. ea­
npBMep, JIBillb Ha onpeAeJieHHJJX <t,a3ax xpHBoA: 
6JICCKa. . 

K ce3oll}' 1990 r. HCTOqJIHK 3C 345 AOCTHr MBHB­
MMLHoro 38 see 29 JJCT Ha6JIIOAeHHii ypoBRSl 6JieCICa 

B = 11 '."80 (pac. 1 ). a no A8.HHLIM KuAxcepa B AC J:l 
ero (28) B I(JwKepa H Taxano [34] B 1989 u 1990 I 
npB 6i.1crpi.1x KOJie6aimu 6JiecKa (B "aHTBBCIIblll 
xax .. ) <5i.m 3acl>HKCBpOBaH 6nec1e B = 18'."~ 
(JD 2447662.727) u B = 18'."66 (JD 2448034) (puc. 2 
TaKHM o6pa30M, 3apemcrpupoBa1D1u OOIJlaJI aMJ 

~a nepeMeHHOCTB 6necxa 3C 345 e nonoce B ~ 
craBJIRCT Tenep1, 4'."0. 

,UaJibHeium:A 6Mcrpi.m noA'J,CM 6neCICa 3a epeM 
OKOJIO 200 ~eii Ba OOJiee 'ICM 1 mu coxpaeeHBe 3TOI 

ypoBBR e TC'ICHHe 1991 u 1992 rr. [35] BldJIBJUIJOT H< 

BYJO s-BCIIblnncy 6onhmo:A aMIJJIHTyA&I, aaanol'B'IH}'l 
S-BCllbimKaM 1967 - 1968, 1970 - 1972. 1976 - 197 
u 1982- 1983 rr., KOTOpLie acco~OBaJIBCb c 01 

ACJICHHCM OT srnpa ceepxceeTOBblX KOMIIOHCH 
MBJIJIHCCK}'HAHOro pa,ttHOA)KeTa Cl', C2 (8. 11] : 
C5 [16, 17). COOTBeTCTBeHBO. CneAYCT omman, IIC 

JIBJieHBe e PBABOA}l(ere 3C 345 uoeoA: csepxceeroeo: 
KOMIIOHCB11d, CBJ13aHH0B C llOCJieAffeA S-BCllbtmKOJ 
1991 - 1992 rr. · 

IlapaMCTJ>bl MBJIJIBceK}'lmBOro · J:PKeTa 3C 345 1 

. ua61I10J(eHHJ1 cro DOCJJeAHeA ODTH'ICCKOH S-BCllbDD 
KB 1991 - 1992 rr. 6blJIH BCllOJil,30BaHbl B 1Ca11eCTB1 
DpHMepa AJIJI npHMeHeHIDI MOACJIB "MUx:a", DpCAJIO 
IeHHOA KaMeH3HHAOM e KpoKeB6eprepoM [36] 
3Ta MOAeJII, SIBJUICTCR MOAH<l>Hn~eii OCHOBHO:A MO 
ACJIH uanpaBJiemmro DOA HCOOJiblllllM yrJIOM K ~ 
3peHID1 peIDITIIBBCfCKoro JPl{eTa [37], B paMKax KO 
ropo:A OO'bSICHJIIOTCSI Kax ceoiiCTBa csepxCBeTOBhD 
PBAHOHCTO'IHHXOB, Ta.K H IlCJiblA PSIA Ha6JIJOJ(aeMJ,D 
ceoACTB 6na3apos e OVV-KBa3apoe [9]. 011T1Aec· 
Koe B3ny'leHBe B MOACJIB "MUKa" B03HBK3CT B KOM· 

naxmoA KOMDOHeHTe perurmBBCTCKOro WKCTa WJB· 
~eACSI OT S1Apa no cnupan1,eoe 1J>aeKTOpBB, 
paJ:tBYC KOTOpo:A yeeJIB~BaeTCSI. H3-33 Bp31Jl8TeJlb· 
eoro WtIDKeHBJI KOMilOHCHThl soiq,yr OCH WtCeTa, 
H3MeWICTa yron MeJKAy HanpasneHHeM ee cx:opo­
cru B Jlf'IOM 3peHW1, 'ITO npBBO)VIT K ItBa3BilCpHO· 
,:(B11eCKOM}' H3MCHCHBIO AOnnep-q,aKTOpa ABWKY· 
~eiCSI KOMIIOHCBTbI, a CJIC~OBaTCJlbHO, H noroxa O'I 

Hee, ycuneHHoro BCJie~crsue peJJS1TBBBCTCiroro 
ABH)KeHHJI. TaKBM o6pa30M, B03HHXHOBCHHe KaJK­
~OH cecpxcseTOBOA KOMROHCHThl B p8Alf0A)KCTe 
AOJI)KHO COnpoBOJl(A8TbCJI cepueA nepBOAB'leCKBX 
IIMD}'nbCOB, npHllCM BCJIB'IHBa nepBOAa e npoAon­
JKBTeJJbHOCTL HMIJ}'JILCa AOJJ)KHl,1 B03Pacran co 
epeMeHeM. 

B paMKaX 3TOe MOAeJIB 61,ma non.yqeea reopeTH­
'lecKu Oll'l'B'ICCXU KpBBU 6JiecKa 3C 345 (35], xo­
ropu noxa3ana xopomee COOTBeTCTBBe co crpyicry­
poii ero noCJicW{eii' s-BCDblllIKH 1991 - 1992 IT., no­
AJ>OOHO npocne:lKeHBoii e ua6JIIOACHIDIX (nonoca R) 
illpaMMa B ,qp. [35]. PaccroSIHHJI Mexc.t1}' ee TJ)CMJI Y3-
KHMB M3KCBM}'MaMB paBHbl 200 AHSIM. TeopeTll'leC­
KaJI KpRBU DpeACKa3b1B3CT H0Bbffl M8XCBM}'M B mo­
Jie · 1994 r., o~eax:o oe AOJI)KeH 61,111, 3Ha'IJ!TenLHO 

ACfPOHOMH'IBCK.Hfl )KYpffAJI TOM 72 Mr 4 1995 
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6oJiee DIHpOKBM, 'IeM npeAhI~~e - DpOAOJI)l(B­
TeJU,BOC'TblO - 500 AJ{efl:. 

B cooio oqepeAJ> ·cpeAHU KpBBU onecxa AJUI 
BJdJIBJieHHoro 700-AHeBHoro nepuo)'.(a TaIOKe xopomo 
COOTBeTCTBYeT llOCJie.J:{Heii S-BCIIblWKe 1991 - 1992 rr. 
(16, 17). IlpeAIIonaraeMhIA HaMB 700-AJ{eeu1,1it ne­
pBOA npeACKa3b1BaeT B03BBICH0BeHHe HOBOro M8K­
CBM)'M8 B anpene - a»rycre (H3·3a HeOnpeAeJielDloc­
TB B q>a3~) 1994 r. 0AH8KO B OTJIB"me OT 
npeJJ:CK83aHBOI'O B MOAeJie "MrulKa" OH AOJI:XCeH 
6h1Tb Y3KHM, C IIp01{0JIJKBTeJibHOCTblO q>a3bl MaKCH-

. yYMa (AB > 0~5) Bcero oKono 10 .t{HeA e, IIO-BBAB­
.uowy. CXOAHhlM C MaKCHMyMaMB, HaOJIIOAaBIIIHMHC$1 
'a 1969 B 1979 IT. 

KpoMe roro, mane3 eceit KpHBoii 6necKa 3C 345 
(1965 - 1993 rr.) u ee OTAeJI1>H1,1x cerMeHToB noxa-
38JI, 'ITO, HeCMOTJ)SJ Ha HeKOTOpoe "llJiaBa.HHe" q>a3LI 
M8XCBM}'M8 OKOJIO cpe1{Hero 3HaqeHWI, nepBOA, B 
cpe~eM, coxpaIDieTC.R AJI.R acero npoMexcyTKa aa-
6moA~HHii e ~enoM. B TO :xce epeMSI, c Haqana 70-x 

. l'OJIOB B MBJIJIBceKYffAHOM paAHOA:xcere 3C 345 ea-
6~ocL o6pa30B8Hlle ceMB CBepXCBCTOBblX KOM­
JJOBeBT. B 3TOA CIIT}'a:qua MOAen1, "MuKa" Be 
o6'wrCBJ1eT cyll\eCTBOllaHWI e1{BHOro nepuo1{a e 

. OIJ'l1AecKBX B3MeHCHH11X·OJiecxa. 

. . n,tJI npoBepKil C1{eJiaHHblX DpeADOJIO:lKCHHA 0 

· ~pe OIITB'IeCKOii nepeMeHHOCTH 3C 345 AaJib­
ee.lmim MOHBTOpBHI' 3TOI"O Q6'l>eKTa HCOOXOAHMO 

llp:>BOintn, C AOCTaTO'IHO BbJCOKO:A 113CTOTOH Ha­
GJu<>JJ:eBRB AJIB BhlJIBJICHJfjf B~MeHeHHA 6necKa Ha 

_ IDl:aJle nop.RJ(Ka HeCKOJibKHX C}'TOK. 

. : - ~aHHU pa~a 61,ma qaCTINHo BLinOJIHeHa npB 
· . 4>RR8.HCOB0A noMep:lKKe PoccuAcKoro q>OHAa <J>ye­
. . A8MCBTaJibHblX HCCJICAOBaHBB (K0,1:t npoena 93-02-
·, 17237). 
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Optical Monitoring of the Superluminal Quasar 3C 345 from 1984 - 1991 
M. K. Babadzhanyants, E.T. Belokon', and N. G. Gamm 

This article continues a series of publications containing results of a program of optical monitoring of OVV 
quasars, blazars, and similar objects (the Petersburg Quasar Monitoring Program), which has been conducted 
on the Byurak:anskii station of the St. Petersburg Astronomical Institute since 1968. Results of long-term mon­
itoring of the quasar 3C 345 from 1984 - 1991 are presented. The observations were conducted in the B band, 
and consist of 365 brightness estimates obtained over the course of 219 nights. The character of the optical vari­
ability of 3C 345 on time scales from lO's of years to lO's of minutes is discussed.'In 1991, the appearance of 
a new large amplitude s(slow)-outburst is noted (the characteristic time for brightness variation is of order a 
year). This outburst is similar. to outbursts in 1967 - 1968, 1970 • 1972, 1976 - 1977, and 1982 - 1983, which 
were associated with the emergence of superluminal components in the milliarcsecond radio jet of 3C 345. The 
1991 outburst suggests the emergence from the core of a new superluminal component. Analysis of the full 
known optical brightness curve for 3C 345 (1965 • 1993) shows the possible existence of a (quasi-)period of 
700 days, which implies the appearance of a new brightness maximum in the 1994 observing season. 
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KPACHJ,IE KAPJIIIKH B KOPOHAX CAJIAKTHK 
B POJIH MACH0-06nEKT0B 

• © 1995 r. 6. B. KoM6epr, Ji A. KoMDaaee._, B. H. JlyKam 

Acmpo,roc.wuorecKuu qenmp 'IJHAH, MocK6a, PoccUR 

nocrynHna a pe.QaX~HJO 01.08.94 r . 

noKa3aHO, 'ITO 06Hapy)f(eHHbJe TPH cnyqax MHKp011HH3HpoBaHID1 3Be3A B 6MO MOl)'T 6bITb cornacoBaHLI 

C MOAeJiblO KOpOHbJ Haweii ranaKTHKH, COCTOJIU(CA H3 3Be3A C MaccoA 60JibWC MHHHM81lbHOro npeACJJa 

AJIJl KpaCHbIX KapJIHKOB (M > 0.08M0 ). TaKoii BblBOA o npHpOAC MACHO-o61>eKTOB (massive compact halo 
objects) CAe118H Ha OCHOBaHHH KaK 01.{CHKH OllTHt{C.CKOH T011UU{ no HHM B npeADOJIO)KeffHH H30TepMH'leC­

KOro pacnpenenCHHJI HX DJIOTHOCTH 8 KOpoHe faJiaKTHKH, TaK H no orpaHH'leHHJIM Ha RpKOCTb B <l>HJibTf)C 

K KOpOH ffCKOTOpblX 6JIH3KHX K HaM ranaKTHK THna "edge on". BblCK83aHHOC npennoJJO:lKeHHe He npoTH· 

BOpe'IKT H AaHHblM O BCJIH'IHHe <t>oHa Ha 2.2 MJCM B HanpaeneHKH, n epnCH,llHKym1pHOM K nJIOCKOCTH ra­

Jl8KTHKH. 

1. BBE,D;EHHE 

Ilocne o6Hapy.>KeHIDI B 1979 r. nepsoro cpe~u 
: ... KBa3apoB KaHAHJJ;aTa B "MaKpOJJHH3bl" -pe'Ib HJJ;CT 0 
· noimoM KBa3ape Q0956 + 561A, B (1] - HHTepec K 
;- :· 3T9A: ~o6neMe He ocna6eBaeT. K HaCToSllqeM}' ape­
/ ·:, MCHB B3BeCTB0 y.>Ke OOJlbWC ABYX ]\eCJITKOB K.Ba3a­
~ \·.-post DOKa3b1Bal01l\HX B onTH'leCKOM AHanaJOHe He• 
· :, cs:om,x:o H3o6pa.>KeHHA, pa3HeceeHbIX e npep;enax 

;~- .1*. - 10" H HMCIOllJ,BX 6mt3KHe 3HaqeHIDI KpaCHl,IX 
L ~·: .~ell(eHHii KOMDOHeHT [2). 06aapyxeHbl 5 KaH,ttH,tta­
t?'-' :roa B MaKpOJIHH3bl H B pa.ttHO,l\Hana30He - KOJib~a 
f.-;. 3AewreAHa. Oco6o CJiep;yeT oTMeTHTb 3q>q>eKTbl 
~ M8KpoJIEH3HpoB8HIUI Ha MaCCHBHbIX l\CHTpaJJbHblX 
~;: . F,aJl8ICTHKax 6oraTblX CKOnJieHHH, npHBOAJID(HX K 
:t>DOJIBJICHHIO IIpOTSDKeHHLIX CBCT~lll,HXCR p;yr (3 , 4). 
!-'f ··!- HeKOTOpblX CJJY'lrulX M8KpoJIHH30Bble 3Q)g>eKTbl 
~:..: rieoryr conpoB0~8TbCJI H MHKp<>JJHH3Hp0BaHBeM Ha 
~ : :srmeJil,BhIX 3BC3JJ;aX [5). B J1BTepa1j'pe AOBOJibHO DO· 
~ ::; ;°J(p96uo npoamum3aposaHbt KaK Teopemqec1<.ue, tr~ B Ha6ruo.ttaTeJJbHbte acneKTbl ,ttaHBOA npo6JieMbI 
~-.,.{6 ·. 10], BKJllO'lrul u BODpOCbl, KOTOpbte, TaK HJIR 
l l :ima11e CBSl38Hbl C npo6JieMoii CKpblTOH MaCCbI B KO­i;::poHax ranaKTHK H(HJIH) B CKOilJICHHSIX ranaKTHK. 

~ i· · · B 1986 r. IlatJHHCKHH [ 11] npeAJimK1U1 Ha6JI10Aa­
i,t .. TeJJ.bH}'JO nporpaMMY, pacc11BTaHH}'10 Ha o6aap}')Ke-
t ~ itae B oIITBqecKoM p;eana3oee MACHO-o6"beKTOB 
~·:·{lnassive compact halo objects), KOTOpb1e MornH 6b1 
'-·.q6ecne'IHTb KaK CKpbIT}1IO Macey, Heo6XOAHMYJO AJJSI 
{ ~CHCHIISI sa6JJIO,t{8CMOH KpHBOB epam.eHIISI fanaK­
~~ICB,.TaK H MHKpo11HH3Hp0BaHHe ~aneKHX 3BC3A, npu­
t ., JICJIC3~ HJIH ~eHTJ)aJJbHoii o6nacm 6MO (6), 
• .. 6an,ttxcy eameii .>Ke f anaKTHKH [12]. TaK KaK no 
.: .: ~eHH:bIM o~eHKaM IlaqBHbCKOrO OnTH"ICCKasl 
}J'Om:qa no MACHO-o6"beKTaM MO.>KeT AOCTHraTh He-
.: ... · .. 
·.~ 

CKOJlbKBX e,n;HHH~ Ha 10-1, TO )J;JIR o6Hapy.>KeHIDI 3Q>­
<peXTa MHKpOJJHH3HpOBa.HIDI IlpeAJlaraJJOCb Ha6JIIO· 
p;aTb 33 nepeMeHBOCTLIO HCCKOJlbKJilX MBnJIHOHOB 
3BC3.ll; B Te'leHBe HCCKOJlblC.HX JICT. ' 

Ha6n10AeBID1 no nporpaMMe Ila'IHHcKoro, up<r 
BO.ll;HMblC .ll;B}'MR He3aBHC8MbIMB rpynnaMB [13, 14], 
6necr~e DOATBepJJ;BJIR TeopeTB'lCCKHe npeACKa3a· 
HWI. IlpHMepHO 33 ro.tt HenpepbIBBblX ea6JIIO~eHHA 
-2x l063BC3AB EMO e [13] 6bmao6uapy)KeHaO,ttHa 
CHMMC1'pBqHa.sz IIO BpeMeHB BCnl,IIlIJCa y 3BC3.ll;bl C 
mv = 19 .6 IlpO,t{OJl)KHTCJlbBOCTblO .._ 34d C OJJ;HHaKOBOH 

B q>un&-rpax B HR aMnnHTy.ttoii .... t: l. B pa6oTe [ 14 J 
6&me 06Bapy:ac:ea&1 6onee cna6b1e (- l 111) BCDbIIIlKB 

npo,n;omKBTCJlbBOCTblO -27 • 30d y ABYX 3BC3A C 
mv :s; 22 - 20. AsropbI pa6oT nonara.JOT npocrpaecr­
seaey10 nnOTHOCTb MACHO-o6"beKTOB BJJ;OJJb 
pap;eyca KOpOHbl f anaKTHKH llOCTO.SIBHOi, a M ruo ~ 
~ 3M A)ICJCa. Ilpu 3TOM B llpHJIO.>KCHHH K KOCMOJIOrHB 
[ 15) nonyqaeTc.SI nMACHO = 0.017 h-1, 1lT<> npHMepeo B 
5 - 6 pa3 eb1me, qeM il,ae,11 , H Hennoxo coana,t{aeT c 
orpaHB'ICJiHCM Ha 6apHOHH}'IO IlJIOTBOCTb (Qb = 
= 0.015h-1), nonyqeHH)'IO H3 ,n;aHHbIX no nepBB'IBOMy 
H}'KJICOCBHTe3y. 

ABTOpbI pa6oT [13, 14] Ha OCHOBaHBH npo~omKB• 
TeJlbHOCTH BCilbtmeK MBKpOJIHH3BpoBaHIDl ,B B npe,A­
IIOJIO}KCHHR cpep;Hei cKopocm MACHO-o6'beKTOB 
B xopoue -250 K.M/c OQCHHBalOT Macey 3TBX 06"beK­
TOB B npenenax 0.03 - 0.5M0 (cpe,ttlWI Macca mA "" 
= 0.12M0) H BHAllM}'IO eeJIH'IBH)' mv =- 24. Ilo BX 
MHeHBJO ea ponb MACH0-o6'beK.TOB rowrrcR KO· 
pH'llieBble Kap.1111KH {bd), T.e. o6'heJCThl C MaccaMB 
HID.Ke npe,n;ena 3aropamm eo,n;opo,tta (MaCCHBHbie 
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"ronuTepbI", KOTOpble 3aHHMaJOT AHaila30B Mace OT 
3 x 10-2 AO 10-7M0 ) . B 3TOM CJiyqae [13] npocrpa11cr­
eeHHrui IlJIOTHOCTb bd a KOpoue MO)KeT 6bITb JierKO 
o~eHeea: 

M';f0 = 3 M~cw. , 

_ M~ano 3 X I0-4M0 
nbd =< -4- ---:::, --m-. i-D -

R3 . min mbd 3 7t raJIO mbd 

- 3 
nc . 

IlpmmMaJI m:~n z 3 X Hr2M0, IlOJI}"J3CM A.JUI rano 

ranaKTBKH iibd =- 10-2 nc-3• 00bJqffl,JC )KC MaJIOMaC­

CHBHLie 3Be3W,I - KpaCHb1e KapnHKH cm~ 0.1M0 -

OTBepraJOTCSI B [13) Ha TOM OCHOB3HIIB, '-IT() IIpH Kpy­
TOA q>~ Mace ,QJUI 3Be3A nepeoro ROKOJJCHWI 
(dN/dm oc: m-4 [16]) AOml Kp3CHLIX KapJJHKOB B B3BC­
craoii B3 ua6nroAeHRi JIOKaJibHOii nJIOTHOCTH Po 6y-

J
m dn 

ACT Mana, TaK KaK BHTerpan Po= ,,. .... -d mdm HaOH-
ai. m 

paeTcs npu m = "'-min. Cne.izyeT OTMeTBTh, q'J'O s npu­
BeAeHHbtX ~blWC o~eHKax npe,QilOJiaraeTCSI, 'ITO 
q>~ Mace 3BC3,Q C TeM xe HaJCnOHOM DpOAOJDKa­
e'l'C.SI B OOJI3CTb MaJIOM3CCBB.HbIX rBDOTCTH'ICCKBX 
o6'beKTOB. B CM3H c 3THM npa l71"fflin = 10-5M0 ODTB­
qecJCrul TOJI~a no Kpacei,1M upnuxaM (m - 0.1M0 ) 

6yAeT scero 5 x 10-9, T.e. e 100 pa3 Mem,me, 'leM 
,QalOT Ha6JIIDACHIDI (13]. HanOMHBM, 'ITO npocrpaH­
CTeeHHOe pacnpe,QeneHHe MACHO-OO"beKToB npeA­
.nonaraeTCJI B [ 13] O,QHOpoAHJ,IM B M3CWT86e paCCTo­
SIHIDI OT uaweit fanaKTHKB AO 6MO. 

B HaCTOJIII~eA pa6oTe Ml,I DOK33LJB8eM, qro A.JUI 
061>J1CHeHBSI ea6nro,QaeMbJX AaHHLIX no MBKpOJIHH-
3HpoBaBHJO 3Be3p; s 6MO mnOTeJa o npecyrcTBHB e 
KOpoBe Hamel f anaK.'fBKH KOpll'IHeBblX x:apJIBJCOB 
ne 00$133TeJI&Ba. MoJkHo o6oiiTBCL MaJIOMaCCBBHLI­
MH 3Be3,Q3MH THUa x:pacm,IX KapJIJIKOB. J];eACTBH­

TeJibHO, eCJia lnmin = 0.08M 0 [ 17], TO BKJISA s Po Kpac­
HbJX KapnBKOB 6yAeT onpep;emno~. B 3TOM CJiy­
qae Macca s Kopoee ranaxTIIJCll ua6upaeTa1, e 
ocHOBHOM, 3a cqeT 3Be3A cm~ 8 x 10-2M0 , T = 2300 K 
u MaKCHMYMOM H3JIY'ICHWI e cpum.-rpe K (2.2 MKM) 
[18, 19]. . 

.U,U. B.blJICHCHHSI BODpoca O D03M0)KH0CTB BCilOJib• 
30B3HIDI xpaCHbIX KapJJBKOB e Ka11ecrse MACHO­
o6'beKToe H3AO B peanBCTil'ICCKOA MO,QeJJB BX pac­
DpeACJJCHU no x:opoue fanaKTHm o~eHBTb no HBM 
OIITB'ICCKYIO TOJIIIey ('t) H nposepHTb BCJIIARH}' 
npeAnonaraeMoro cpoua B <f>mILTJ>C K e uanpasne­
HBB, nepne~JIJlpHOM K fiJIOCKOCTH ranaKTBKB. 

2. OI.lEHKA OITTH1.JECKOH TOJIIl(H 

CornaCHO [16, 18], AIDI OO"bJICHCHWI Ha6JJt01(ae­
MblX x:pBBOA Bp~eHU f aJiaKTBKH B JIOK8JlbBOi 
DJJ<Yl'HOCTH s6nu3B Co~a {p0 = 8 x 10-3M 0 /nc3) 

pacnpeACJieBHe DJIOTHOCTB 00'1,CJCTOB BAOJib pa.quy­
ca R KOpoHbI MO)KCT ObITb 33IlBCaHO B " H30TepMBqe­
CKOM" BB1(e: 

2 2 a +r0 n(R) = n0 2 2 
, ( 1) 

a + r0 + K-2Rr0 cosex 

rp;e no= p0 /m,.., r0 = 8.5 me, a= paAJIYC "JIJWa" Kopo­
Hbl), ex - yron MC)IQzy HanpasneHIDIMH Ha o6naCT1> ua-
6JII01(eHHJ1 H ~emp fanaKTBKH (Uf). 3eaqeuae ee­
JIB'DD[l,J a AOBOJibHO ueonpe.QeneHHoe (a - 2 - 8 me), 
op;Haxo npu Ha6nro1(eHHH e eanpasneHBH 6MO, na­
xo~eroCJI D01( yrnoM ex = 82° K ~ewrpy f anaX:TB• 
KB, HCODpe,QCJICHHOCTb BCJIH'IHHbl a M3JIO~CCT­
BeHHa. 

Orrmqecxu ro~a no MHKponHH3BpOBaHBJO 't 
onpe,QeJIJleTCSI BHTerpanoM 

R<J 

't = J n(R)1tR:dR, (2) 

0 

me R0 = 55 me - paCCTOsnme AO EMO, R; = 
R(R0 -R) 

= 2r8 R - pa.Qayc 3HHnrreha, r1 = 2GmA I c2, 
0 

mA - Macca o61>eJCTOs, CJJ}')Ka~ rpaeHT2,~0HHbIMB 
JIHH3aMH. II01(CTaBJUljl BL1pax:e1me (1) B (2), HMCCM: 

. R 

_ 21tr1n0 2 2 Jo R (R0 - R) 
't - R ( a + r o) If 2 2 dR . 

o 
O 

+a +r0 

IlpH a= 2 KDC OOJI}"l8eM 't = 8.25 X 108 no(nc-3)r, (nc) 
u npu no - 0.1 nc- 3, mA - 0.1M0 AJJJI yCHJJeHWI .RJ>KOC­
m B ~ 1.34 pa3a, COOTBeTCTBYJOillero np~en&BOMY 
paCCTOJIRB10 ~t DOJI}"laeM: 't = 6.6 X 10-1• 

Cne.izyeT 38MCTJITl,, 'ITO B 33BBCBMOCTB OT OpHeH­
~ Ha ae6ecuoi C<t>epe o6naCTH ua6nro.QeHu no 
OTHOWCHBJO JC HanpasneBBIO Ha I.lf (T.e. B 38BBCB­
MOCTH OT ex) 3Ba'leHBe 't MOXeT H3Mewrn,ai 6onee, 
qeM B 5 pa3 [7]. A npa ua6n10p;emmx B Hanpaene­
HIDIX, 6JJB3IOIX K ABCKY ranaKTBKB, BJJWIHJIC 3BC3A 
A,BCKa B MHkpOJIHH3HpOBaHHB MO)f(CT 6b1Tb 66m,­
WBM, 'ICM BJIUHHe 3Be3A rano [20]. 

Ilpu HamHX npeAROJJO)KCHWIX Macca KOpoBbl 
BffYTPB C<t>ep1,1 c pa,QaycoM R0 COCTaBJijleT 

M 2 2 11 
cop "'" Po (a + r0) 41tR0 =- 4 x 10 M0 . 

0AJlaKO, ea caMOM ACJie, KOpoHa MO»cCT 6bI'f1, ro­
pa3AO Dp<YnOICCHHee H Macca M xop oc Ro MOXC:eT 6b1Tb 
ropa3AO 6oJJbwe. HanpBMep, ecnu HCXOAHTb B3 o~e­
eoK pa3Mepoe Kopoa ranaKTBX: no ua6nroA~CMQJl 
sepo.srmocm noJIBJieHWI e cne1crpax AaJiemx KBa3a­
poB ceCTeM JIHHBi nornolllCHIDI Me-rannoe, TO R0 =-
= 150 JCIIC B M~:~ = I012M0 • IlpH TaKBX MaCCDBHhlX 

3Be3,QHbIX (HJIH. B 6onee OOII.\CM BHAe, 6apBOHHbIX) 

ACfPOHOMWIECKH:A ~HAJI TOM 72 Ht 4 1995 
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KOpoaax y HOpMaJJbHLIX ranaKTBIC npocrpauCTBeHHaJI 

BX MOTHOCTb He MO:)KeT npeBbllll3Tb -10-2 Mnc-3, 
irro6b1 He npomaope'IBTb 3aaqeHH10 Ob - O.OlSh-1• 

3. OrPAHHqEJilUI no HABJIIO,[(EHH.SlM 
KOPOH B s-r AJIAKTHKAX, IlOBEPHYTbIX 

KHAMPEBPOM 

BbIJIO 6bI aeci:.Ma aKTyaJU,HblM BOnpoc O DpBpOAe 
MaCCBBHbIX KOpoH B S-ranaKTHICax pa3pelIIHTb He Te­
opemqecKBM, a Ha6moAaTeJibHbIM nyreM, HanpeMep, 
Ba6JIIOAU B q>Wll>'Ipe K 6JIB3KHe ranaKTHKB, n0Bep­
ayn,1e K HaM pe6poM (edge-on). B paoore [21) TaKBe 
Ba6JIIO]leHIDI 6binR npoBeAeHbJ WUl Sb-ranaxmKH a 
aconneHBE _,[(eea NGC 4565. Aarop1,1 npoaene q>o­
TOMCTPBIO s ¢enbTPe Kc A&aq>parMou -1' RecKoJIL­
DX o6naCTeii a:m IIJJOCKOCTblO arofl ranaKTHKH m­
·ua -"edge-on". OHH npHIDJIH K BbIBOA}', 11TO -rpe6ye­
M}'IO . B3 A8HHhIX no KpBBOB apaw;eHIDI 3TOH 

.· -1'8118KTDKB eeJIB'UIB}' (M/L)K;;:: 38 He yAaeTCR o6'1>HC­
mt,n> 3a CtlCT KOpoHbI, cocro~eii B3 KpaCHbIX KapJIB­

. ~~~ (~ = 0.085 M0 , MK= 9.9) c (M /L)K = 34. Ilpaa]la, 
.BDI 3TOT BbIBOA K3:)KCTCJI Be Bil(?JIHe y6eAHTeJibHblM. 

. B pa60Te [22] Ha OCHOBaHHH auanol'B'Illl>IX AaH-

llhlX 113 [ - 25] no M * LK = . ·. . 23 / {> 100 WD1 M87, 

~-; . > 64 W!JI NGC 5907 
: · - . J(eJJaeTCJI BblBOA O HeB03M0}KH0CTB OO'l>JICHeHBJI 

i-am eennttBH c ri0Mo~1,10 Kopoe, coCTo~x B3 
:_ . q,~c111>1x KapneKoB, eMe10~ MILK < 60. 3TOT 
:a_ :·: 8YBOA TaIOKe He CJIBWKOM e:me)ICeH, TaK Ka.K CJI}'\la:A 
,: . ·gE-ranaKTBKB B CKODJICHHB ,[(eaa .CJieA}'eT pa30-
/, . ·: ~81"1, oco6o. 3TO CBJ13aHO C TeM, 'ITO CKphITU Macca 
;;\ :c:zoDJieHHJI MO:>KeT BMeTb npHpoA}', OTneqayro OT 

i1 .. c;q,wroi: MaCCbl ranaKTBK, B 3TO DpBBOAHT K. TOMY, 
';. ,: .q,ro s pe3ynLTaTe aKKpe~ u;eaTPam,au ranaKTB· 
~::: Jta CJCODJJeHIDI MO:)KeT HMeTb 3H3tJ.BTCJibHO 66n1,my10 
1> .. CICphn')'IO Macey, qeM o6bl'IHU raJiaKTHKa. . 

(·· · : CornaCHo ea6n10AeHW1M (26], ceeTHMOCTb Kpac­
}::·:. &IX KapJIBKOB B K·Wtana30He 3Haqifrem.Ho MeIDteT­
i~. :· dl>"B 33BBCHMOCTB OT BCJIHttBHbI M - Mc, rAe Mc -
[;:;, .uacca, COOTBeTCTBYIOII\aR 3aropaHmo BOAOpoAa B 
tl:.f~e. ,[(m1 3BC3A c Maccofl M = 0.08M0 aemmma 
t}/::'{MIL)K- 100. TamM o6pa30M, pe3yn1,TaTb1 aa6n10-
~f-:~~ Il03B0.1Ull0T JlBDJb BCK.JllO'lllTb cy~eCTBOBa­
r~:;. :itae OOJlbWOI'O KOJIH'leCTBa OTHOCHTeJibHO MaCCHB­rrr JpdX·Jq>aCHhJX K.3p11BK0B B KOpoHax I'aJI3IC.THlC. 

~:/''_·· 
~~L,-~ ·orPAHHqEHIDI no 4>0HY HA 2.2 MKM 

f:t~· ·. no aameM}' MHeHHIO, cK.opee ecero, orpaHHtteHBe 
. ·J.ia.D1IOTBOCTb KpaCHhIX K3p.1IRK0B B K.Opc>He ranaKTH-

-~ MOJDK> IlOJI}"IBTb no AaHHblM O ¢oae Ha 2.2 MKM B 
<_· eHHe, nepne~mcymqJeoM IIJIOCKOCTD fa-
.·. . • . IlyCTb KopoHa ranaKTHKB COCTOHT B3 

, . . .. . x.apmncos cneKTPaJILHl,IX mnos MS - M8 
'°, ... A - 0.1 M0, T = 2300 K, Amax= 0.508/T = 2.2 MKM, 
:!~< . ·. 
~ '; ACI'POHOMH'IECKH8 :>KYPHAn TQM 72 Ml 4 
;);.,:, . 
-.~.,·" :' 

MK- 8 - 10 (19. 211). Toma c paCCTOsmmt R0 /2 TaKot 
Kap.DBK 6yAeT BMeTb 3Be3WfYIO senll'IBHY s <l>WIL'Ipe K 
He MCHee 25111

• TaK KaK mK = 0 COOTBeTCTByeT llOTO­
KY .... 4 X 10-14 BT/(cM2 MKM), TO mK = 25, 6yAeT COOT­
BeTCTBOB3Tb B lOIO pa3 MeHl,IDCMY DOTOKY, T.e. -4 X 

X 10-24 BT/(cM2 MKM). Ilpe 3TOM CBeTHMOCTb TaK.oro 
tcpaceoro KapnuKa B <pHJJLTPe K coCTaBHT L,,," = 25 = 
= 3.25 x 1023 BT/MKM*. A CBeTHMOCTh a K seen KOJXr 

HbI 6)7AeT paaaa L;j' MQt = 1.3 x 1 ()36 BT/MKM. ,[(JIJI 
ra.naJITBXH AH}q)oMe,qbI, K npHMepy, norun,m IlOTOK OT 

TaKOfl KopoHbl ITOJJY'l3eTCSl-2.4 X 1Q-14 BT/(CM2 MKM), 

T.e. OHa AOJl)KH3 BblrJISIJ{eTh npeMepHO KaK 

T}'MaHHOCTL Cm;'= 0 (6e3 yqeTa H3JiyqeHHJI B 3TOM 
AHaJ!a30He OT ABCKa M3 l ). 

. 0W{3KO, 'tffOOLI OI(eHHTb q>OHOBOe H3Jiy'IeHHe OT 
Kp3CH1,IX x.apnHXOB KOpOHbl Hameu ranaJCTD.KB 
e6JIB3B Cone~a. HaM u:mo 33J(aTh BeIIBquuy L,,. OT 

K 

OAHOI'O Kpacuoro KapJJHKa H 33.KOH pacnpe]leJJeHIDI 
RX no KOpoHe; TOr~a MO>KHO 38IlHCaTL: 

BT 
<ll ( )= 

2.5 MIDI 2 
CM MKM cp 

2 2 
a +r0 

2 2 2dR = 
a +r0 +k 

R ~ 
= Ln0Ja

2 + r~arct&-=== 
JR~ - r~ 0 

HJJU npH no= 0.1 nc-3 Ha= 2 x 103 nc; r0 = 8.5 x 103 11c 

3 J 2 2 L,,,x= zslO n0 a + r0 
<ll - -

2.S 111CM - 16 (3 X 1018) 2 -

= 1.75 X 10-•2 BT/ (CM
2 MKM cp). 

Ilonyt1eHHhIB q><>H OK333JICJI B -10 pa.3Jfl0Ke, 'ICM 
Ha6JIIOJ(3eMblH q><>H OT 30J(BaK3JlbB0['0 CBC'ICHHJI H B 

· -20 pa3 HH:)Ke APyrRX HCTO'IHBKOB, npupoAa KO· 
TOpblX ae COBceM ffCHa (CM., uanpHMep, [27)). 

TaKHM o6pa30M, BBJ!;HO, ttTO xpaCHhle KapJIB.KB 
THnOB M5 - M8 s OTHomeHBB <poaa B nonoce K ue 
llpoTDBOpe~aT Hamewy _npeµ;noJIO)ICeHBIO 06 RX CBJl-
3H c MACH0-o6'1>eKTaMB. IlpuqeM 3]lecb He noMO· 
:)KeT yseJIH'leHHe pa3MepoB KOpOHbl 33 R > Ro, TilK 

KaK HHTerpan B ¢oue aa6apaeTCJI Ha aeyTPemmx 
OOJJaCTIIX ICOpOHbl, a He Ha BHCWHBX. Ilpe n c,: const, 
Ka.K 3TO npeAIIOJiaranOCh B [13], J(JUI KOpOHl,I . C 
Rhalo =- 10R0 = 550 me O:)KBJ(aeMLrA q><>H OT KpaCHLIX 

*B pa60'l'C (26] DpHBOJ{HTOI 3a&HCHMOCTL lg(_L/4/r-lgTe .Qnsl 
KapnHKoB pa3HoA MacCbl OT 0.2M0 AO <0.09M0. H3 3TOA 3a&H­
CHMOCl'H cnenyeT, 'lTO npe m ... 0. lM0 KpaCHbl~pneKH Moryr 
HMeTI. Te= 3 X HP K H l/4) = 10-3 HJJH l ... 10 BT/MKM. 
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· .. 08 cz, = nLw.CH0/4trR2 J: 4xKdR_ = "ltLw.a«lt 6JIB3mx S-ranaKTBJC TBna "edge-on .. , Tax a AaHBh 
o BeJIBIIJIHe <t,oua na 2.2 MXM B aanpasneHBB, ne 

cpaBBBBACTal c sa6nI0~aeMh1M. DC~JUIPBOM x: DJIOCXOCTH ranarrmca. 
. . H~ ~. "l'l'Omt6moAaeMblAmt 2.2MDt 

8 nepneBJ.tlDC}'mipuoM ic nnocKOCTB ranaICTBJCB 88• Aaimu paoora ai,,monueHa npu q>BHaHcoB< 
npasneHBB <l>ou (-3 x 10-11 BT (CM2 MXM cp)) He Mo- noJU(ep:mce PoccaiicKoro <f>oHAa cj>~aMeBTan. 
xceT 61>ITb 06°bJICHCH B cyMMOA DOTOKOB B 3TOM AB8· HLlX BCCJICAOBaHllll (Koµ; npoeKTa 93-02-2929) B, 11a 

TB'IHO, Me:>KAYHapoµ;aoro Hayirnoro cj>oima (rpa1 na3oue bT Kopou m,ymx ranax:THIC ua paccromim, Hi MEZ OOO) 
. CC>OTBeTCTBYJO~CM Z °' 1. netC'I'BB'rCJILHO, TaK K8.IC . 

fl)= _!_flt L lt"2R2dR, ro AJU1 061,acaeBJm aa-
4x 1Mnc 1Mnc CilliCOK JIHTEPATYPbl 

6monaeMoro "'oua fl) H8AO BMen, rvuuapni,di no- 1 W. lshD C IIR F W RJ /.''Natu 1971 ,... 't' -J··-·· . a ., arswe .. , eymann . , re. . 
rox: OT ra.naKTHK c paccromw1 RMnc* ~ <b4nl L ,. 

IMnc 

flOAC"l'3.BIDUI fl)= 3 X 10-11 BT/(CM2 MXM cp) R L 3 = 
. IMnc 

= (10-2/1Mnx3)1.3 x 1036 BT/MJCM, no,ry'laeM 

2 

Jt ~ 3 X 10-
11 

X 10 {3 X 1C>2
4

) = 
1036 X 10-2 

- 10 49 
"" 3 X 10 X 10 = J X lOS Mnc 

1034 

TaIC Kax TaKoe R* 6onLme pa3Mepos BceneeuoA Ha 
cerOAHSI, TO Ha6nJOA8CMhffl Ra 2.2 MDI <l><>H, DO-BB­
JUIMOM)', ooycnoBJieH 6onee ,q>KHMB B 3TOM ABana-

30He 3BC3AaMR AJICICa ranaICTHKB. 

OAUaKO B AaHHOM sonpoce DOKa .RCBOCTB HeT. Bo­
nee roro, nboHJIBCb sce-T81Cll mrrepecm,1e apryyeu­
Thl B IlOJib3}' B03M0)f(H0j KOCMOJIOrB'ICCICOB npa­
poAhl 3TOI'O <t,oHa. ,neno B TOM, 'ITO B paC50Te [28) 
AeJiaeTQI O'lCHb BaJKHhffl, XOTH B cyry6o DpeABapB­
TCJILBl,m BhJB9A O B03M0)KJ1h1X 3q>cj>eKTax MBKpO­
JIBH3BpOBaHWI Ha Me)U'anaxTIAecKBX MACHO­
oC51»eKTax ( cM. TaI01Ce [251). BBHJzy oco6oA saxceoc­
TB 3TOA npo6neMLI K Hei HMCCT CMLICJI BepH)"rLal 
noc.ne T~areJihHOi nepeuposepu Ha6moAarem,­
m,ix AaHHLIX O AOJII'OBpeMCBHOB n epeMCHHOCTB 
AaJICXBX KBa33poB KaK B OIJTB'ICCICOM, TaX H B 

P8ABOAJ180330H8X. 
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Red Dwarves in the · Coronae of Galaxies as MACH Os 
B. V. Kornberg, D. A; Kompaneets, and V. I. Lukash 

It is shown that three detected cases of microlensing of stars in the LMC may be in agreement with a model 
in which the corona of our Galaxy consists of stars with mass greater than the minimal limit for red dwarves 
(M > 0.08M0 ). Such an inference about the nature of MACHOs (MAssive Compact Halo Objects) was made 
on the basis of estimates of the optical depth of these objects under the assumption of an isothennic distribution 
of their density in the corona of the Galaxy, and limits for the brightness in the K filter for the coronae of several 
nearby "edge-on" galaxies. This suggestion is consistent with data on the magnitude of the background at 
2.2 µmin the direction perpendicular to the plane of the Galaxy. 
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KOPPE~IDI MEJKJ(Y IlAPAMETPAMH PACCEJIIIIDI D3JIY'IEHIDI 
IIYJILCAPOB H MEPOH 3MHCCHH rAJIAKTH11ECKOro cJ)OHA 

© 1995 r. A. B. Ilt.m3apb 
4>wu'leCKUU uxcmumym UM. ll.H. Jle6eiJeea, MocKea, Poccwi 

IlOCTfnllJla a peAaKL\lUO 28.06.94 r . 

floJJy'leHa 3MrutpH'feCKcUI 33.BHCHMOCTb eenH'IHHbl ynmpeRIDI mmym.ooe nym,capoe BCJJeACTBHe Me)f(38C-

3AHOro pacce.RHH.R ('t) OT Mep1,1 3MHCCHH ranaKTH'ICCKOro <l>oHa (EM) . .[vt.R AH<l><l>Y3HOI'O ra3a BHe PYKa.BOB 

ranaKTHKH He cropoHe OT 30H ffll 't oc EM2, a .Qnx ra3a e pyxaeax H o6nacntX HII 't oc: EM3. IlpeAnonara­
eTcx, 'ITO napaMCTpbl T}'P6yneHTHOCTH pa3pe)l(eHHOro ra3a BHC cnupanbHbJX pyKaBOB H BHC 30H Hil MaJIO 

MCIUUOTCSI C Hanpasn eHHCM H pacCTOflHHCM B ranaKTHKe H n03TOMY 33BHCHMOCTb 't oc: EM2 CBOAJ(TC.R K 33-

BHCHMOCTH t oc: z2, r.Qe z- nponnKCHHOCTb cpe.Qbl OT Ha6JJJOAaTeJJ.R AO nym,capa. )ln.R BOHH30B3HH0ro ra3a 
pyKaBOB H 30H Hil napaMCTpbl T}'P6yneHTHOCTH CHJibHO 338HCJIT OT 3JICKTpOHHOH KOHl{CHTpal{HH ra3a H 
M3JIO 33BHC.RT OT paCCTO.RHH.R. 3aBHCHMOCTI, 't(EM) MO}l(CT BCTI0Jlb30B3TbCSI AJI.R nOHCKOB MCX3HB3M0B re­

Hepaurut T}'P6yneHTHOCTH HOHH30B3HH0f'O f333, HCCJIC~B3HIUI ero napaMeTpOB H pacnpeACJJCHIDI B ra­
JJ3KTHKC, a T3K)l(C .QJI)I 01.(CHOK paCCTO.RHHH AO nyru.capoe. 

1-faeecrno, q,ro HOHB30BaHHb1H ra3 B MeXC3BC3A­
HOH cpe~e (M3C) cKOR~eHTJ)HpoBaa e 0611aKa, pa3-
Mepb1 B 3JieKTJ)OHHylO KOHI~eHTpaI.\HIO KOTOpblX on­
peAeJUIIOT, BCilOJJb3YJI COBMCCTHbie AaHH&Ie O Mepe 
AHCnepCHH nyJibcapoB (DM) B Mepe 3MBCCBH ranax­
Tlf'ICCKOI'O <i,oHa (EM) [l , 2]. OcHOBHoe TJ)eOOBa­
HBe, KOTOpoe npe: 3TOM AOJIXCHO co6JI10AaTbCS1·- 31'0 
'Cfl'06bI OCHOBHOH BKJI~ B EM H DM C03AUaJICSI OA­
HHMH n TeMH xce 06nacr11MH BOHH30BaHHoro ra3a. 

TiocKOJibKY EM = J: N;dt, a DM = f: Nedi, rne 

Ne - 3JieK'I'pOHHrul KOH~eHTpao;IDI, a LB R - COOTBeT­
CTBeHHo paCCTO.HHWI AO nyJibc.apa B ~o Kp311 ra11ax­
TBXB e HarrpaBJieHHB Ha nynbCap, TO AJIJI onpe.Qene­
HWI napaMeTJ)OB 0611axoB HOHB30BaHHOro ra3a BC­
noJih3Y10Tc11 caMbie AaJieKHe nynbCapbl. 

0AHaKO, AaJieKHX nynbcapoe He TaK }')I( MHoro. 
KpoMe Toro, no AaneKHM nyn&capaM rrony'Ia10Tc11 
CJIHWKOM ycpeAUeHHble A3HHbJe (no OOJibWOMy pac­
CTO}llfHJO) o napaMeTJ)ax ra3a. Ami 6onee AeTaJI&HO­
ro HCCJieAOB3HWI M3C B AaHBOM HanpaBJieHBH xce­
JiaTCJibHO HCilOJib30BaTb, KpoMe AaJICJCHX nyJibCa­
poB, Bee nynbcapbl, KOTOpbie pacnOJIO)KeHLI B6JIH3B 
3TOI"0 HanpasJieHffll, HO Ha pa3JIBqJ1b1X paCCTOSIHIDIX 

OT Ha6JIIOAaTeJUI. 
0AHaKo, Mbl He 3HaeM 3Ha'leHHH Mepbl 3MBCCHH 

HOHH30B3HHOro ra3a, pacrronoxceaHoro Me)IQ{y na-
6JIJOAaTeJieM u nynbCapoM, nocKoJJLJCY onpeAemte­
Mrul B3 Ha6JIJOAeHHB reIDioBoro H3JIY'ICHWI <Poaa 
ranaKTIIKH Mepa 3MHCCHH o6ycnoBJieHa BKJiaAOM 
scero cron6a . 3JieKTpoHOB, npoCTBpaJO~eroca OT 
Ha6JIIOAaTem, AO Kprul ranaKTHKB. . 

B aaCTo~ee. paoore pa3pa6aTbIBaeTcx MeTOAH­
Ka onpeAeJieHWI Mepbl 3MBCCBH HOHB30BaHHOro 
ra3a, pacnonoxceHHoro Me~y Ha6n10AaTeneM u 

DyJILcapoM, T.e. roro .xce CaMOI"O ra3a, KOTOpblH on­
pe.QeruleT H Mepy A&cnepCBH nym,capa. 

HAeSI MeTOAa 3aKJIIO'laeTCSI B CJieAyJO~eM. H3Be­
CTHO, 'Cfl'O MeXC3Be3AHOC paccesmue npBBOAllT K }'Be­
JIH'leHBIO BBAIIMblX yrJJOBbIX pa3MepoB KOMU3KT­
HbIX P3ABOHCTO'IHHKOB, Mep~aHWIM B ymapeHWIM 
nMnyJibCOB rrym,capoa. 1-faeeCTBo TaJOICe, q,ro yron 
MeXC3Be3AHOro pacceSIHWI (Op) KOppeiiapyeT C Mepou 

3MHCCHB raJiaKTHtJeCKOl'O <l>oHa (3]. IlocKOJlbKY 
napaMe':"pbI pacceJ1HID1 e3ny11eHID1 nynbcapoe -
ymepeHHe HMIIyJibCOB ('t) B paAUyc 'laCTOTHOH KOp-

pemn~BH ifv) - CBJ133HbI c yrnoM paccesnmg ('t oc a;, 
2 Iv oc l/0P), TO MOXCHO o~aTb, 'ITO cy~eCTByeT 

Koppen~ 't H Iv c Mepoii 3MHCCHH <t><>Ha AJIR TeX 

nym,capoa, e HanpaBJieHHJDC KOTOpbIX sKJiaA e EM, 
t n Iv A3IOT OJJ;HH H Te xce 3neKTJ)OHbI. 3To AOmKHO 
Ha6JIIO.Q3T1,CSI AIDI Tex ITyJibCapoB, KOTOpbie JIROO 
pacnonoxceHLI na nepeq>epue f anaKTBKB, nu6o, 
ecnu .e norp)')l(eHbI e Mexc3ee3JJ;lfYIO cpe,-y, TO wu1 
HBX OCHOBHOit BKJ13A B Mepy 3MBCCBH cpona A8IOT Te 

xce C3Mbie 3JieKTPOHbI, q'fQ H B Mepy ABcnepcHH 
nynbCapa (eanpBMep, eCJIB Ha nyqe 3peHID1 K nynb­
capy pacnonoxcena 3oea HIT, onpeAem110~u oceoe­
uoA BKJI~ e EM H 't e AaHBoM aanpaeneHHB). 

Hcnonb3ya 3UBCBMOCTh 't(EM) AIDI .QaJieKHX 
nym,capoB MOXCHO onpeAeJISITb 3Ha't!CHIDI EM AJIR 
nym,capoa, pacnono.zeHHLrx aa n1061,ix paCCTOK­
HWIX OT Ha6monaTerur, ecnu AJUI HHX B3MepeHbI 3Ha­
tieHIDI 't. 

.Um• rrocrpoeHIDt 3aBBCBMOCTH napaMeTJ>OB .pacce­
SIHWI B3JIY'leHIDI nyJibCapos OT Mepbl 3MHC.CBB ranaK­
mqecKoro <t>oua ucnoJib30BaHbl H3MepeBBJ1 't Hlv pa3-
HhIX aBTOpOB Ha pa31IH'IHhIX qaCTOTax, npe:eeAeHHbIC 
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B [4- 7) H ~THpyeMOH B 3THX pa60Tax JIHTepaT)'pe. 
}];aHHbie O 't H/v npBBe}\eHbl, KaK 3TO CACJiaHO B [4], 
JC 't3(X) = 't (v = 300 Mn.~). RC001Ib3Y.SI COOTHOWeHHC 

. 21r/,/t = 1.5 (6] H t oc: v-4.4 [5]. qaCTOTa 300 Mfu 
B1>16paua no TOH npuqmie, 'ITO OOJibI.DHHCT'BO B3Mepe­

. tml./v B t ~eJiaHo Ha qacrorax 160, 320 e 408 Mfu [4], 
. KpOMC B:3Mepemm napaMCTJX)B pacceSIHIDI HecKOJib­

XIIX J{earrKOB rrynbcapoB C OOJlbIIIBMH MepaMH ~cnep­
. am, xorop&1e q~emun.1 ua qacroTax ~600 MI'Ll [8]. 

3Ha'leHIDI MepLI 3MHCCBH raJiaKTB'tleCKOro <f>oHa 
B HanpaBJICHIDIX nym.capoB B3.RTbl H3 (1, 9) HJIH no­
ny'ieHbI no AaHHbIM H3MepeHBH TCDJIOBoro B3Jiyqe. 
HIIJI <f>oHa ranaKTHKB B paAROKOHTHHHyMe Ha -qac­
TOTax 2.7, 5 H 10 ff~ [10 - 18], B OllTB'ICCKOM (B JID­

·HBB HJ (19] R HH<f>paKpaCHOM (20 - 21] AHaRa30Hax 
BCi)JIH. MeTOAHKa onpeAeJieHIDI Mepbl 3MRCCHH no 
sTHM AaHHblM H3JIO}KeHa B [3] H ~yeMoii B aroii 
pa6o,-e mrrepa'I'}'pe. 

B1>1]:(eneHHe TellJIOBOit cocrasmno~eii .SipKocr­
. HOA: TeMileparypbI q>OHa ( T'/1) B p~BOKOHTHHuyMe Ha 
. 11acroTax 2.7, 5 H 10 ffu npOBOAHJIOCb IlYTCM BLI'ffl­

T8BHSI 8.3 Ha6moAaCMOro 3Ha'ICHWI T'/1 HeTeilJIOBOB 
~aB11.ffIOID;eii:, KOTOpa.a ORpeACIDIJl8CL no cneKTJ)Y 
llCTCllJIOBOro 03JIY'ICHWI 8 A8HHOM HanpaBneHHH Ha 
nynbcap. Cne1CTpaJibHblH HHACKC (13) HCTeilJIOBOro 
CIICK.Tpa onpeAemlJIC.SI Ha TOH )KC AOJirore, 'ITO H 

nynbcap, HO ea 6onee BLICOKoii: mHpOTe (uanpHMep, 
ecne nmpoTa nym,capa lbl = 0° - 1°, TO IUB()OTa, rAe 

·: ODpCAemlJIOCb 3HaqeHHe l3 paBIDIJiaCb 1.5° - 2°). 3Ha­
. 'ICBBe J3 B 3aBBCHMOC'fB OT n;onrOTLI H3MCIDUIOCL B 

. upen;enax 2.9 - 3.1 (T. ex v-13 ) .. 

, : . . lliupoTa, Ha KOTopoi onpeAemmocL 3Hat1eeue ~ 
,. .· ODpCJ{emmacb no OTCyrCTBHIO TCllJIOBoro B3JIY'IC­

.••. <:mm B BH<f>paxpaCHOM ADa1Ia30He (20, 21) B11D no 
:-:: : •. OOJlbWOM}' 3Ha'leHBIO p, paBHOM}' 2.9 - 3.1. 

·:.~ . 
. ·<' . 06~ CDCK1p <f>oua (HeTellJIOBOH UJIIOC TellJIO­
;\.: ~A) crpoWIC.SI no n;aHHbIM Ha 'laCTOTax 408 Mr~ [22], 
:.:,J ·:-i..;1 rr~ c12, 15 - 1s1. s rr~ uo. 13, 141 u 10 ITq u 11. 
(:':: ff.eTeDJIOBOH cneK-rp CTpOUJIC.SI DO 1(aHHblM Ha qac­
~i~:.>rore 408 Mr~ [22] u cneKTJ)aJibHOMY u~eKcy P. D3-
f:-.:7j~peuuoMY Ha 6onee BLICOKOB, 'leM nyJibcap Wllpo­
'.~;:··~ •. Ilpe 3TOM npeAIIOJiaraJIOCL, 'ITO cneK-rpaJibHblH 
~\f~eKC fl OAHHaKOB Ha AaHHOi AOJil'OTe Ha Bcex DJH­

~f:':~\ ponlX OT 0° AO lbl = 1.5° - 3°. IlpaBBJILHOC'fb TaKOH 
. '. ~KB onpep;eneHWI TCil110BOH COC'faBJI.SIIOI.qei 

"~}l>oHa npoBepSUiaCL no 1(aHHLIM B BJl(ppaxpaCHOM AH­
~·~· '8.U83oBe [20, 21] u AaHHblM B3MepeHHA RHTCHCRBHO­
~'fCTB <f>oua s peKOM6BH~OHHOH JIHHHB eon;opon;a 
(iW H166a (23, 24]. i t.;, IlOJI}"ICHHa.SI 38BBCHMOC'fb BCJIH'IBHbl ymupeHWI 
.,., ~t BMII}'JlbCOB rrynbcapoe Ha '18C'fOTe 300 M~ OT MepbI 

.;~:3MBCCBB <f>oHa npHBen;eaa aa pBcyHKe. 

~l: Ku: BIQHO H3 pRcyHKa, 01(HOMY H TOMY }KC 3Ha'le­
Mepb1 3MBCCHB COOTBeTCTByeT HCCK011bKO 3Ha-

'• ·. mm 't300, npHH~Jie}Kam;ux nynLcapaM, pacnono­
. :CBHbIM Ha pa3JIH'1Bb1X paCCTO.SIHWIX OT Ha6JIIOA3-
j''J'eml. Hau60111,wue BHTepec n;ng AaHHoro 3Ha'leHWI 

"1 ..... ') 

EM npeAcraBJIJfeT MaKCUMaJibHoe 3Hat1eH!'e 't3(X),max. 
Ilpen;nonaraeTC$1, 'ITO BKJian; a uero A8IOT Te )Ke ca~ 
MLie o6JJaCTH HOHH30B3HHOro ra3a, 'ITO B B EM 
AIDI n;aHHoro aanpaeneHH.SI. BepXHJ1S1 oru6aroi.qa.S1 
TO'leK aa pucyeKe npoeeJ{eHa RMCHHO no 3H3'1CHB­

JIM 't300, max Ami COOTBeTcrByIO~HX 3Ha'leHHB EM B 
A8HHOM HanpaaneHHH. 

.IJ:m1 npocrOTLI 3aDHCH B ;4aJILHeimeM BMeCTO 

't300,max 6yn;eM yno-rpe6n.SITL o603Ha'leHRe 'tm. 

lb pHcyHKa BHAJIO, 'iTO npH 3HatJeRWIX 't,,. > 104 MC 
HEM> 1000 nc/cM6 3aBHCHMOC'fb 't,,.(EM) 3aMeTHO 
ynnoiuaeTCSI. Bnonue eepo.SITHo, 'ITO 3TO "uac1,1m;e­
HDe" npOHCXOABT B3-33 3cpcpeKTa ceJieKqHB, CBJ13aH­
HOro C TeM, 'ITO MLI He BHAHM nyJibcapLI C 60111,UIBMH 
3Ha'leHWIMu 't B3-3a 'Ipe3Mepuoro ymupeHIDI HM­
aynLCOB 6naro,ttap.SI Me}K3BC3AHOM}' paccesrHDIO [26). 
Te mecri. nyn1,cap0B co 3Ha'leHHSMB 't "" 104 

- 6 x 
X 104 MC B Mepoi 3MBCCHB <f>oea EM > 1000 nc/cM-6 B 

't, MC 

ws 

to' 

10-t 

10-2 

10-3 

to-4 

• :x. I . 
r 

• 

•• •• • \. 

• 

•' ,, .. , 
, ... 
• .... - .. , ••• • • • • •• . . "' • • 

-:!! •• • 

t:. 
• •• 
• • 

• 

• 

•• 

J()-S1........~----'-~~..L...~.......Ji....,__~--'-~~...1.-:~ 
10-1 1 <>° 101 102 103 10'4 

EM, nc/cM6 

3aBHCHMOCTI. BeJIH'IHHl,J yuntpeHH!l HMII)'JlLCOB nym,capoe 
Ha 'laCTOTC 300 ~ (t) OT Mep1,r 3MHCCHH ranafCTH'feCKO­
ro q>oHa e HanpaeneHH!llt ea nyn1,cap1,1 (EM). B Hanpaane­
HHJJX HeJCoTOpbIX nym.capoe npHBeAeHhI ow116KH EM. 
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464 ID,lli3APh 

rumpasneHWIX ua BBX, no-BHAHMOMY, pacno11oxce111,1 
I'AC-TO nocpeµ:BBe MC>IQzy ea6JIJO,:t3TeJieM H KpaeM 
faJiaKTBICH (33 KpaA faJiaKTBKB 6epeTCS1 ca.Mbnl 
µ:aJielCBA cnupaJILHblA: pyKaB e aanpasneHBB ea 
nynbcap). CorJiaeHo [6J IDITb B3 meCTH nynbcapoe 
pacnonoxee1,1 aa paCCTOSIBIDIX CYr 6.3 AO 9.7 me. a 
paCCTomee AO caMoro suemHero pyKaBa B eanpae­
neHID1X Ha HHX p 2 - 3 pa3a 6onbme [25]. IlepexoA aa 
6onee BLICOKHC qacroTbJ Bp~ JIB noMOJKeT o6Hapy­
::llCBTb MHOro nynbcapoB C OOJlblllHMB 3Ha'leHWIMH 
ymupemm HMIIYJibCOB B Mep ABCnepcBB. 3TO CBJ138-
HO C TCM, 'ITC> TaICBe nym,capbl pacnOJIO::llCCHbl BOJIB-
3B DJIOCKOCTH f aJiarmm, me AOJISI Tennosoro cpoaa 
3B3'l8TeJlbHa H D03TOMY cneK11> ramlK1'1111CCKOro B3-
nyqeellJI qam;e ooJio}Ke, 'leM cnex:-rp oym,capa, 
oco6eHHO eCJIH yqecrb, 'ITO y 3B3'1HTCJibHOro 'IBC­
na nym,capoB eCTb B3JIOM CDCKTJ)a Ha BblCOJOIX 
'13CTOTax (29]. Ynno~eHBe 3aBBCHMOCTH tm(EM) 
AJIJI EM > 1000 oc/cM" Mom10 o6oSICHHTL TaIOKe 
TeM, q-ro 3TB nynbcapbI HaXOASl'J'CSI B HII-o6naCTIIX 
RnB HenocpeJtCTBeHHO 38 HBMII. B 3TOM cnyqae AJJjl 
ODBcaHllJI 3<1><1>eKTa pacceSIBIUI nyn1,capa HCDOJib3y­
eTCJI MOAeJib TOHKOro 3KpaHa (27). 

(L-r)r82 
't ""' 2cL P' 

(1 ) 

l'AC L a r - paccroJIHBSI OT nynbCapa AO ea6n10µ:aTeID1 
B 3Kp3.Ha, COOTBCTCTBCHHO, a C - cxopOCTb CBeTa. 
IlocICOJibfCY nyH1,cap B3XOABTCSI B6JIB3H 3KpaH3, TO 
r <C LB IlOOTOMY 

r 2 
t= - 8. 2c P 

(2) 

TaIC KaJC r Ha 1 - 2 nopsiµ;Ka MeH&we L, TO 3Ha11eHW1 t 
HaMROro MCHblllC, 'leM CCJIB 61,1 3 Kp3H OblJJ Ha DOJIO­
BBHe nym MC::llCJO' nynbeapoM H ea6JI10AaTeJieM, 
KOrAa r == L/2, a 

B eep:meii nesoii 11aCTI1 pacyaKa oop~JOT Ha 
CCOJI BHHMaHHe AaHHbie AJIJI IlJITH ny111,capoe C 60111,­
llIBMB 3Ha'leHWIMB t npu M3JlbIX EM. PacqeTb1 no­
Ka3ana, q,ro ue Moryr 6bITb Tame 60111,wue 3Ba'le­
HIDI 't npu TaKHX MaJibIX 3Ba11eaBJ1X EM. IlocKOJibJCY 
3TB nyn&cap1,1 pacno110::llCeH1,1 aa IDBpoTax 1 ?6 - 3~5, 
TO HHTeHCHBROCTb cpoaa B 3THX aanpasnemmx ACB­

CTBBTeJILHO Mana (EM = 100 - 200 nc/cM6) [20). 
Mo:lKllo npeAnonaraT&, qro 6onbmue 3Ha'leHIDI 't -
°' 400 - 3500 MC o6ycJIOBJieHbl TCM, 'ITC> JIHOO 3TH 
nym,cap1,1 pacnoJIO)l{CHJ,I B KOMDaXTHblX HI.l-o6Jiac­
TSIX, ;moo ea nyqe 3peHWI K nynbcapaM pacnonoxceHbl 
30llbt HIT, TeM 6onee, 1fr<> nynbcap 1630-44 ua6n10Aa­
eTa1 CK.B03b Joey CrpeMrpCHa 3BC3JtbI µNor, a B Ha­
npaenelll!JIX nyJ1bcapoB 1817- 18, 1323-58, 1303-66 
pacnonoxcem,1 OB-accoqeaIUIB Ser OB 1 B Cen OB 1. 

Ilocx:oJibKy 3Ha'leHID1-EM B HanpaeneHBJIX 3TIIX 
nynbcapoe nonyqeH&I B3 JtaHH1,IX, crJI3}KeHHbIX ABa­
rpaMMofl uanpaeneHHocm Cf.8 [20], TO eaJIH'Ule 
XOMilaICTHblX (pa3MepOM B HCCKOJlbKO yrJIOBblX MB­
H}'T 30H Hil Ba JI}"IC 3peHW1 K nynbcapaM (HJIB paato­
JIO::llCCHBe nynbcapoB BflY'l'PH T3KHX 30H HII) npBBeACT 
x: ecqeJHOBeHHJO Koppe~ MC>IQO' 't,,. B EM. 

KaK BH.QBO B3 pucymca. sepxlOOI om6B10masr TO­
'leK 38BHCBMOCTH 3H811CHJIB ymupeHIDI BMnyJlbCOB 
nyJibcapoB OT Mepbl 3MBCCIIH q>oea 'tm(EM) MOJKeT 
61,1Tb annpoKCBMHpOBaHa CJICAYJOID;CA KyCO'IRo-CTe­
neauoit q>yHKL'(Bee: 

EM 2 
· 

t
111 

oc 10-2 
( 

2
_
8 

) Mc AJISI EMS 50 nc/CM6 (5) 

B 

J EM 
3 

'tm oc 10 ( 
300

) MC AM EM > 100 nc/cM". (6) 

IlocKom,Ky ynmpeHl!e HMIJYJILCOB nyJibcapos 
TeCHO CBJ13aHO C yrJIOM pacceeIDl H re0Me11>Heii 

L 2 
't = -8 . Be P 

(3) cpeµ:b1 (nponDICeBHast cpeµ:a Me}l{Jzy Ha6moµ:aTeJieM 
H nym,capoM, CJIOB KOHC'IHOH TOJl~I RnH TOHKBA 
(p330B&di 3KpaH Ba npoH3BOJibHOM paCC'fO}UIHB 
Mexqzy Ha6JJJOA3TeJICM B nynbCapoM), TO 8H3JIB3 33-

nacn. Hil B3X0AftTOI B6JIBJH Ha6JIJOAaTe.IDI, a nym,cap BHCBMOCTH 't (EM) npOBeAeH COBMCCTHO C 3BaJIB30M 
pac1JOJio~eH Ha oqem, :i:{aJieKOM paccroJUm:B OT Hee, 38BHCBMocr: yr11a pacceJIHIDI OT Mep&I 3MBCCHB 
T.e. L-r ~ L. ff3 mecm nynbcapoB, ucnom,3osamn,rx Sp((EM)ll2). IloCJieA,WUI 3aBHCHMOCTh nonytteaa 
WIR nocrpoeHBJI 3aBB~ 't,,.(EM), K .TPC~= ._ aBTOpoM B paoore [3]. IlOCJie ony6JIHKOBaHBJI 3TOA: 
3J)CHIDI npoxo~ 11epe3 OB acco1'J~. ny P pa6oTbr noS1BBJIBCb eosi.1e H3Mepemm yrnos pacce­
PSR 1758--23 (L- 13.6 me [6] suµ;eu ~& Sgr0Bl SIHID1 [28], no3TOMY 33BHCHMOCTh 8p((EM)112) nocne 
(d = 1.6 me), _?YJibC3pbl 1815-14 (L - 8·14 me [6D ue6onbWOii KoppeKJ.U!B MO}KeT 6bITb 3.H3JIHTJACCKH 
u 1817- 13 (L - 9.1 KIIC [6]) BHAHbI eKB03L Ser OBI npeACTasneaa AIDI qaCTOTbI 100 Mfl'( B BBJ:{e 
(d = 2.2 me). He HCKJIJOlleHO, q-ro nyq 3peHWI Ha 
nynbcap nepeceueT 30HY CrpeMrpeHa Kaxoii-HI!- (EM) 1/2 

6yAL OB-3se3w,1 µ:aaHoii OB-accoIUI~. a no- 8p(v = 1~ Mf~) = 0.1 
4 

yrn. ceK 
CKOJiblC}' fiYJlbC3pbl pacnOJIO::llCCHbl MHOrO AaJibme. 
"ICM 3TB OB-accoQB~. TO cornacuo q>opM}'ne (1) µ:m1 3Ha'leHIDl EMS 50 nc/cM6 u 

y TaKBX nynbcapoB 3aHIDKCHbl 3Ha'leHID1 't B3-3a TO­

ro, q-ro npu L - r ~ L H3 (1) HMeeM 

't = (L- r) 82. 
2c P 

(4) 

3 
(EM) ta 

. ep(v = 100 Mriu = 1 ( 
16 

) yrJI. cex 
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AuaJIB3 noKa3an, 'lTO 3Ha'1eKWI Es SO nc/cM6 OT­
~ K oonaCTSIM HOHH30Ba.HHoro ra:Ja BHe pyicasoB 
faJI8X'J'BKB (Mexqzy pyxaBaMH H Ha BbICOKHX ranaxm­
'C(CCKBX IlIBpOTa.X), a 3Haqemm EM > 100 nc/CM6, -
K pytc~aM R 30HaM Hil [2]. 

n,t,r 3ua-qemdi EM ~ 50 nc/cM6 noaeAeHite 3aBB­
. CRMOCTB 'tm(EM) oc EM2 xopomo cornacyercg c reo­

pa-et. ,D;eiC'l'BHTeJibHO, MeXC3Be3J:(Hyl0 cpeAy sue .PY­
·mot 8 cropoHe OT 30H Hll MO:>KHo C'tfBTaTb cramc-

· 'I\AeCim OAHopOAHOA. B 3TOM CJJyqae t oc z82 [27], 
p . 

'Ije Z - TOJI~a CJI011 HOHB30BaHHOro ra3a B Ha-
npaarremm lia nyJI&cap, a 8P - yroJJ pacceSIHIDI, o6yc-
J1()9JICBHl>IA 3THM ra30M. . 

. , . CyiQecraoBaHHe KOppemt~ Me~y 'tm e EM, a 
. · ·~eMe~y 0P u EM [3] ceuAerenLC'l'ByeT o CB$13B 

. ~ xapaKrepBCTBK BoHH30BaHHoro r33a M3C 
'. ~-uapaMe'I'paMH HCOAHOpoAHOC'rCH, OTBCTCTBCHHbIX 

~paccesume, T.e. (~N;) = A(N;) (A~ 1), l'AC (N;) B 

· (AN;) - COOTBeTCTBeHHo cpeAHBH KBa,qpaT 3JieK­

~B XoH.QeHTpa~u H cpeAUHH KBaApaT q>JiyK­
:. fy8$dt SJieK1pOBHOA KO~CHTpaqHH. IloCKOJILKY 

··.- ; · (AN;)z · 
.. :. ~; ~ · a · [27], rAe a - xapaKTepHblii p33Mep 

.. ~TY~mi 3JICKTJ>OHHo.A Ko~eHTpa~. TO 

1 / · .. 02 ex I\ (N;)z = ~ EM, 
.... ,,.,. P a a 

. ' ' 

,) :•BM= {N;)z - Mepa 3MHCCHB roro· )l{.e caMoro 
. C .-.:.ma, .. K'.OTOpLlit .RB.IDICTC11 OTBCTCTBCHHblM 3a paccea­
: 'f.}:i.ile (8,) ll ylilBpeHUe BMDyJibCOB nyJILCapoe ('t). 
-::)~~OMl'IHO AJI.R t KMeeM 

1t(\_·· . m 
2 

A 
.:':.::; .. :~>.~ 't oc z0 oc z-EM. 
~ :~~·?· .·:~ ,,, P a . 

/ f}#,~on1;ky .QIDI 3Ha'leHaA EM S 50 nc/cM6 ua6moAe· 

s;~ ·"'l<)'J' 9~ ex EM (CM. (7) H (31), a 'tm oc EM2 (pucy­

;~~)~ TO lt3 3THX ~BYX 3aBHCHMOCTe'8 BhITCKaeT. 'ITO 

~ ·. ::·:,, .· .. .. eHBe A (N;) Mano MeW1eTCS1 B 33BHCHMOCTH .. a 
': : DpaBJleHIDt B f anaKTAKe u paccro.surnsi OT Ha-
'. '.A&Teful. no3TOM.}' . Ha6Jik>~aeMbJe 33BHCHMOCTH 

2 a p ex constz, 

'tm ex constz2• 

' "-··JlCTBB't'eJibHOCTH, cyA11 no pa36pocy A3HHbIX Ha 
···: .. ,_ (5) H (7) (CM. [3] e pHcyHoK), Benmm-

. ;:A,' ' l . 

'
0;~_(N.) He emteTCSI JCOHCTaHTou, Ho ee B3MeHe- . 

;, ,. ·:~ ' 

-~~8Jtb.i H He HCK3XC3IOT 33BHCHMOCTH (5) H (7). 
··, 

HB8JI Kapnma ea6nIOA3CTCS1 AJISI ra3a pyKaBOB B 
30H-HII. B 3TOM CJiyqae cpe,zyHeJib31101BTaTb cram:.. 
cmqecKB OAHOPOAHOe:, nOCKOJibKY Me.xqzy aa6JI10Aa­
rerreM H onmrcaumBMB pyKaea.MH (KpoMe MeCTHoro 
pyxaBa), Me)l{.Ay Ha6JI10AaTeJieM H 30Ha.MB HII uaxo­
~01 ,t1;ucpcpy3m,1A 1'33, 0 KOTOpoM roeopWIOCb 
BLIIlle. IlapaMeTpbI 3TOro r33a OTJIH'laJOTOI OT napa­
MC'Ip<>B ra3a oonacre.A lill, pacnOJIO)KeHHLIX, B OCHOB­
HOM, B pyKasax. Ilo AaHHLIM aBTOpa BHe PYK3BOB 3Jie­

KTpOHH8JI KOHqeHTpa~ pasaa 0.05 - 0.3 c~3• p33-
Mep OOJiacreii, 3allHM3CMbIX 3TBM r330M, COCTaBJI1leT 

300- 600 nc, K034><l>B~eHT 33IlOJIHeHIDI 0.1 - 0.5 [2]. 
B TO )l{.e epeM.R ABcl><l>Y3Hbffl 1'33 CllllpaJibHblX pyKaBOB 
HMeeT 3JieKTpOHHYIO KOH~elfTl)aJ(UIO 0.5 - · 5 cM-3, 

o6nzy10 nponaceHHoCTb no nyqy JPCHIDI - 40 - 150 nc 
H q>aKTOp 33IlOJIHeHIDI .!).01 - 0.1 [2]. illKana Bb1COT 
r33a (he) e cnupan1>HbIX p}'KaBax, onpeAeJieHHaa 

aBTOpOM no IDHpOTHOB 33BUCBMOCTH yma pacceJI­
HIDJ, }1BeJUAHeaeTCJI C paCCTOS1HHeM (R) OT ~eH'I'pa 
fanaKTBKB. ,ll;n.S1 pyKaBa 111:HTa (R = 5 me) he= 80 nc, 
AJI11 pyxaaa Orpem,ua (R = 1 - 8 Knc) he= 150 nc, AIDI 
p}'KaBa Ilepcea (R = 10 Krrc) he= 250 nc. ,Il;IDI ra3a BHe 

pyxaeoe OQCHKB aBTOpa A3IOT he= 800 nc. KaK BH,QHO 
e3 3THX AaHHLJX, Ami ra3a BHe .PYKaBOB pa3Mep&1 o6-
nacreu, 33HBMaCMbte HOHH30BaHHb1M ra30M, KOTO­
pblH onpeA61lstCT Mepy AHCnepcHH OJIB3KDX nym,ca­
poB (OMS 30 nc/~M3) 11 Mepy 3MHCCHH EM< 50 nc/CM3, 

COH3MepHMbl C pacCT0.8HH.sIMH AO nynbcapoB. Il03TO­

MY AM 3TOI'O ra3a MOX<HO npHWITb MOACJib npoTst­
)1{.CHHOii CT3TBCTB11CCKH OAH<?POAHOH cpeAbl, ,QnJI KO-

T!'POH a; oc EM H 'tm ex EM2 oc z2• Ilo MHCHHIO aBT~pa 

AH<p<py3Haa cpe.Qa e cnepan_hHblX pyKaeax npeACTae- . 
JIJleT co6ou CJIHBIIIHCCJI CTapble 1Ipo3BOJllO~HOHHpO­
BaBWHe o6naCTH mI [2]. M XOTSI OHH o6pa3ylOT AHcj>­
<py3HblH cj>oH, B KOTOpblH norpy)J(effbl srpKHe, Ha­
OJIIOA3CMLie K~aa B OT]lem,HOM pyKaee, o6naCTH 
HII, 3TOT cj>oH pe3KO OTJIHqaeTCSI no CBOHM CBOHCT­
BaM OT AH<p<py3Horo ra3a BHe pyKaBOB, napaMCTpbl 
iwroporo 6LIJIH npHBe]leHbl BbIWe. KpoMe 3JJeK­
TpoHHOH KOHl..(C8Tp3l.\HH, cyMMapuoro pa3Mepa no 
nyity 3peHIDI, q,aicTopa 33llOJIHCHWI H WK3Jlhl Bbl COT, 
AHcl>cl>Y3HblH ra3 B pyKaeax pe3Ko· npoaenS1eT ce6S1 B 

3aBHCHMOCT11X 02 
oc EM3 H 'tm ex EM3 H 't oc DM4 (cM. p .. 

33BHCHMOCTL t(DM) B (4], H3 KOTOpOH Mbl onpeACJIH-
. . 4 

• . .3 OM . .. 
JIH AJI.sl DM > 50 nc/cM , t 300 = 0.316 ( 

100 
) Mc). 

IlOCKOJibKY o6Jt3CTH, 33HHM3CMhle no ny•1y 3pe­
HIDI 3THM ra30M, cpaBHHMbl C pa3Mepa~m 30H CTpeM­
rpeua AJI11 0B-3ee3A [2], T.e. nottTH Ha 1.5 - 2 nop1(A­
Ka MCHblllC pacCTOJIHHB AO nyJibcapoB, H3JJyqeeee 
KOTOpbIX IlpOXOAHT qepe3 3TOT ('33, TO AJI.sl OilHC3HWI 
3<pq>eKTOB pacce.slHHj{ B 3TOM ra3e MO)l{.HO ecnoJib30-
B3Tb MOAeJib TOHKOl'O <p330Boro 3KpaHa. B CBSl3H C 
3THM e <popMynax AJI11 yrna pacceS1HID1 (0p) H ymape­
HWI HMilYJibCOB flYJlbcapoB (t) BMeCTO TOJII.l.{HHbl 

.. ~~_:· .. OHOMHtJ.ECKHR: )l(YPHAJI ~--- • ' 
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CJIOJI z 6yACT (j>erypRpOBaT& · paccro.snme AO nynb­
capa (L) B TOJI~a 3KpaHa !J.L [27]: 

2 (Mv!)t,L A (N!)AL A 
6 oc = = .,... EM, (9) 

P a a a 

2 A 
t oc L8 = L-EM. 
"' P a 

(10) 

ff3 3THX <l>oPMYJI B~Ho, '1TO yron pacceJIHWI He 3a­
BHCBT OT paCCI'OJIHBJI BOOO~e. a 3Ba'leHBe yumpe­
HBJI RMDYJtLCa nponop~oea.111,Ho paccrommo. OA­
uaxo, aH8JIB3 paccroJIHBll no nynLCapoB [6] noIC83bI­
saeT, '1TO s TO speMJ1 KaK paccroJIHBJI no nym,capos 
B3Me1U110TCJ1 s 3 - 5 pa3, ymapeHBe mmy.111,cos B3Me­
WDOTCR Ha 6 DOpJIAKOB. TaKBM 00p830M, 38BBCBMO-

CTB 82 
oc EM3 u t,.. oc EM3 onpeneru110Ta1 He paccro-P . 

JIHBJIMB AO nyn&capoB, B He 3JICKTJ)OHHOA KO~eRT-
2 

pa~eA (oea BXOABT s BbipaxceHHe AJtR e,. t.. (9, 10) 

e EM s OABHaKoBOA creneHB ((N;)), a B3MeHeHBeM 

napaMCTJ>OB A a a. ~ecrsy10~u reopu paccesr­
HBJI noKa ee MOECT OO'bJICHBTb 3TB 38BHCHMOCTH 
((6) B (8)). IlocKOJibK)' C }'Be11B'ICHBCM MepbI 3MBC­

CBH OT 100 AO 4000 nc/CM' (pBcyHOK) paccroSIHBJl AO 

nyn&capoB B3MCBJIIOTCJI TOJll,KO B 3 - 5 p83, TO yee-

11B11CHBe EM 06ycnos11eeo }'BeJlH'leHBeM (N!). 3ro 
03H8'18CT nepeXOA JC OOJiee MOTHbIM 00118C'nlM BO­
BH30BaHHOro r83a, a 3H811HT B 6onee XOMn8KTHblM 
o6nacrflM, ecna 3TB o6naCTB - 30Hbl CrpeMtpeHa. 
Ilo3TOMY pe3Koe ysemNeHBe "tm c pocroM EM 03Ra­
qaeT, seposrrao, 38BHCBMOC'rb eeJIIAIUI A B a B <j>op-
M)'JI8X (9) B (10) OT KO~CH'I'p~ (A oc N! (k > I), 

a oc N;"' (m > 1)). 

TaKBM o6pa30M, aeaJIB3 38BBCHMocrei: "t(EM) H 
8p(EM112) MOryT npoJIHTb CBCT Ra npRpOAf MCX8HB3-
Ma o6pa30saHBJ1 Heoneoponeocrel MCXC3BC3AlfOA 
DJI83Mbl. KpoMe Toro, 3TB 38BBCHMOCTB HMeIOT B 
npalCTB'leCKoe 3H8'1fCHBC. fu MOXCHO HCUOJ1b30B8T1, 
AJIJI BCCJICAOBa.HIUI pacnpeACJICHBSI HOHB30BaHHOro 
ra3a B ranaKTBXe [2] B 01\CHOK paccroJllllrii AO nyJib~ 
capoe. 

IlOCJieAnee paCCMO'I'pHM llOApoOHCC • .n,m TeX ua­
npaBJieHHB B raJiaKTHKC, l'):(e HCT H86JIIOA8CMblX o6-
Jl8CTCB HII MOJKHo npeAOono:>ICHT&, 'ITO cpeµ;a OJUI· 
CTal craTHCTH'ICCICB OJJ;HOPoAHOii. B 3TOM CJI}"l8e C 
llOMO~IO 3aBHCHMOCTH 't(EM) no B3MCpeHHbIM 3Ha­
'ICHWIM 't ORpeACJIJICTCJI 3H~'lfCHBC MepbI 3MBCCHB . 
B0BH30B8HHOro ra3a, pacnoJIOJKCBHOro MCQ}' H8-
6JIIOA8TeJICM B nyn&capoM (EMPSR). 3HaJI 3H8'1CBBe 
Mep1,1 3MBCCBB (j>oHa B Hanpa.BJICBRR Ha nynLCap 
(EM), ODpeAC~JleMoe BCCM CTQJ160M r83a OT Ha6mo­
A8TeJIJI AO KpaJI raJiaKTRKB, B pa3Mep f aJI8ICTIIKII B 
A8HROM HanpaBJieHBU (R) H npennonaru, 'ITO C'I'8TR­
C'rH'ICCKHC csoACTBa cpeµ;bl OABH8K0Bbl ea BceM 
IIpOTEKCHBB OT ea6JIIO,t8TeJISI AO KpaJI f aJiaJCTBKB, 
MOXCHO onpeAeJIHTb paccromme AO nym,capa (L) B3 

EM 
OTHomeHBS1 EM = R/L. HcnonhlyJt A8RHldC o L, 

PSR . 
E,sR H Mepe ABcnepcen nym,capa (DM), MOXCRO on­
peµ;eJIBTb 3JICKTJ)OHH)'IO KOHQCH'I'p8~ (N.), opo-, 
nDKeHHOC'rh o6JiaCTB (le) e aanpasJieHBB Ba nyJILCap 

C A8HH0B 3JICKTpOHHOA KOH~CHTp~eA B (j>aICTop 
3anOJIHCHWI (fe) AIDI 3J1CKTp0H0B C KO~eu,:p~el 
N, [1, 2): 

~e (N.) = DM/L. 

N, = EM,sR/DM. 

II!= DM2/EMPSR• 
le= (N.)IN. , 

B TOM cnyqae, KOf'Aa cpena. He JIBJIJICTal Cl'8TBC­
TH'ICCKB oµ;uopoAHOA, 3aµ;a11a onpeneneemr ewme­
YK83aHHbIX AaHHhlX napaMeTpoB ra3a ycnolEIIJleTal. 
HanpBMep, ec.qa nyJibcap HaXOAB'I'CH BblCOICO Ba,Q 
MOCKOC'rblO fanarr&KH, lfYJKHO 3~8Tb 3aJCOH B3MC­
aemm ICOH~CH'I'p~H C paccro.snmeM OT OJIOCICOCTB. 

ECJIB nyq 3pee:u nepeceKaeT pyKaBa, ro cnenye-r 
3HaT& mxaJI&1 BhICOT ra3a e pyxasax B eae pyKaBOB B 
38KOH H3MCHCHBJI 3JICKTJ)0BHOI KOH~CIITpaJUIII C 
paccrommeM OT MOCKOCTII HOT ~eR'I'pa raJiaKTBJCB. 
Ilo~o6eee 3TB oonpoc1.,1 6y,zyT paCCM0Tpe111,1 e OT­
ACJI1>Hoii ·pa6oTe. 

Asrop e1,1paEaeT 6naroµ;apeocrb B.H. illBmosy 
38 BBBM8HHC JC paoore B UOJIC3Hhle 38MC~tµIBJI. Pa­
OOTa Bbin0J1HCH8 npB q>HHaHCOBOA no,mepxace Poc­
ClriiCICOro <j>ouµ;a <f>YffAaMeHTaJibHbIX BCCJJeAOBamd: 
(KOA DpOeKTa 93-02-2976). 
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Correlation Between the Scatte~g Parameters for Pulsars 
and the Emission Measure of the Galactic Background 

A. V. Pynzar' 

· · . . An empirical dependence of the broadening of pulsar pulses due to interstellar scattering ('t) on the emission 
... -:.:_ : , measure of the galactic background (EM) is obtained. For diffuse gas. outside the arms of the Galaxy and 

._..,_,t · ... of HII regions; 't oc EM2; while for gas in the anns and in HD regions, 't oc EM3• We suggest that the turbulence 
· .··-.·:,;,, . ~eters in the rarified gas outside the spiral.arms and HII regions change little with direction and distance 
· .:. ?-::. - ·.'· m the Galaxy; therefore the dependence 't oc EM2 leads to the dependence 't oc z2, where z is the extent of 

. · the medium from the observer to the pulsar. For the ionized gas in the anns and HII regions, the turbulence 
_ •;.;,:-,.', parameters depend strongly on the electron density in the gas and little on distance. The relationship t(EM) 

,: ·:t~--~, .. may be used to search for mechanisms for the generation of turbulency in the ionized gas, to study its parame-
. :, .1,:::, . ters and distribution in the Galaxy, and also to estimate the distances to pulsars. · 

-:~...;.' ... :."",,:·~ . · .. . 
.... ~i:;;: .... . :· 

~~~t;}(.:·. 
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0 DEPEMEHHOCTH H3JIY'IEHIDI BOJUIHOrO MA3EPA B Sl28 
© 1995 r. H. H. 6epyJIHc*, E. E. JlexT••, 3. Mea~oca-Toppec••• 

* tl>U3u'(ec1<uu uHCmumym UM. ll.H. Jle6eoe84, Moc1<80, Poccwi 
Tex1to11ozu'lecKUu yuueepcumem, KayHac, Jlum81J 

** A cmpoHOMU'(ec1<uu uxcmumym UM. ll.K. DlmepH6epza, Moe1ctJa, Poccwi 
*** HHcmumym acmpo<j)wu1<u, onmu,c.u u s.11e1emp0Hu1eu, ToHaHm3UHm.!1a, Me1'Cu1ea 

. Ilocryntura 8 PCA8DUUO 29.07.94 r. 

IlpeACT8BJleH KaTanor coeKTJ)OB Ma3epHOro B3JIY'leHIUI H20·HCT011HHICa S128, DOJIY'fCHHblX B nepHOA 
1981 - 1994 IT, Ha6JJIOACHHJI BblnOnHCHbl Ha paAHO'I'eJlCCKOne PT-22 PaA}IOaC"JpOHOMH'lecKOA CT~ 
<l>H3H'ICCKOrO HHCTH"J)'Ta HM. rr.H. Jle6CACB3 B fly.IJ.tHHO. HaiiACHbJ ABa KOMJ10HeHTa nepeMCHBOCTII non­
HOro OOTOKa: P,OJlronepaoAJ{'iCCICHA H BCJU.lll1e'lH.br8. 06Hap)')ICCHa aHTllKOppe~ DOJIHbIX UOTOX:OB 

MC)l(Jzy ABYMJI qaCTJIMH cnCKTpa, pa3ACJICHHblX CKOJ)OCTblO - 73 KM/C. CKopoCTH 3THX y'laCTKOB CDCltTJ)8 
COOTBCTCTBYIOT CKOP<>Cnf!d AByx, 00-BH,l{HMOMY, CTaJIKHBaJOllUIXCI o6naKOB. 06~al0Ta 803M0:)Kl(blC 
npH'IHHbl suomo~KH nOJIHOro DOTOKa, cpeAHe83BCWCHHOH ny'leBOK CKOpOCl'H B OCHOBHbIX napaweTpOB 
OTACJlbHblX 3MHCCHOHH~IX DBKOB. 

1. BBE)lEHHE 

HMeio~eal B HaCTOSllJ.\CC BpeMSI pe3yJI1>TaTbI 
MHoronenmx perym1pH1>IX ua6moAeHBA Ma3epH1>IX 
HCTO\IHHKOB B JJBHHB 1.35 CM, CBJl38HHblX C o6JI8C'r.R­
MH 8KTHBHOI'O 3Be3Aoo6pa30Ba.HIDI, II03BOJI.RIOT ne­
pekm Ha Ka'leC'I'BeHHO BH)'IO CT)'DCHb BCCJICAOBa.HIDI 
npou.eccos, npoecxo~ Ha paHHee: C'lclAHB 3Be3- . 
Aoo6pa30B8HIDI, )lml Pj{A3 Ma3CpHblX BCTOqmfJCOB 
HcWAeH ll,BKJIB"ICCKIUi xapaKTep nepeMeHHOCTH B3-
JI}"ICBID1 H20 [ 1 ]. XapaKTepH1,1e speMeea noBTOp$1e­
MOCTH aKTHBHblX q>a3 COCTaBJUIIOT 4 .- 10 JICT [2, 3], 
'!TO xopomo comacyeTcR c reopemqecKUMH DCCJie­
AOBaHIDIMD HopKe e Kpiorem1 [4] H fapJIHKa [5]. 

CorJiaCHO COBpeMeHHblM DpeACTaBJJeHIDIM, npe­
qm.{0A: nepeMeBHOCTH Ma3epeoro B3n:y'ICHIDI MOl'}'T 
61,rr1, H3MCHeHWI CB~THMOCTH ~eHTpaJibHOA 3BC3Abl 
BC1ICACTBUe HCCTall,HOHapROH axKpe~ BelI(eCTBa 
Ha Hee. Ilpe HHTepnpeT~HB pe3yn1>TaTOB aa6JJJOAe­
Hd TaJOKe Ba.)IO{O 3HaTb, M~)KeT JIH caMa a.Kxpe~ 
KaK-TO BJIWITI, Ha Ma3epHbJe KOl{AeHca~. H3MeIDJjl 
e HHX yC1I0BW1 AIDI HaKa'IKB Ma3epa H20 ene KaKBe­
m6o q>B31ACCKHC napa.MCTJ)bl caMOH cpeAbl B KOH­
ACHCa~? 3TH npo6JICMbl paCCMOTpeHbl, Banpe­
Mep. e pa6oTe JiexTa [6]. 

Ma3epaoe B3Jlyqeaee H20 s uanpaimeHBB Sl28 
CBJl33HO CO CJIO)KHOH o6JiaCTblO, rAe BACT npo~ecc 
3BC3A006pa30BaHIDl, B Sl28 o6aapyxceeo ABa 6JIB3-
KHX Ma3epHbIX DCTO'IHHKa (7. 8). PacnonoxceHbl OHB 
cesepaee 011eu1, KOMnaKTeoi (-3'') o6naCTH HII 
(Sl28N) Ha-12". K iory ua 60" OT S128N HaXOABTCJI 
6onee npoTSDKeHHcUI HI1-o6naCTb Sl28. 06e o6nac­
TH Hil B Ma3epb1 H20 pacnOJIO:lKCHl>I MC}IQzy AB}'WI o6-
JiaKaMH co c JWICBblMH CKopocrm.m - 74 u - 72.8 KM/c 
BAOJib rpa~1,1 HX pa3Aena. KpoMe roro, Ma3ep­
Hb1e ucroqumce, no eceA eepowruocre, pacnonara-

. IOTCJI A3JICX:O OT HOHB33q&OHHOI'O q>poliTa. 06na­
KO - 74 XM/c BMeeT 6om,moi ·rp~eHT nyqeaoi 
CKOJ>OCTB. ~eHb C1I0:3CH3Jl JCapnm.a pacnpeACJJCRU 
CO B 3TOA o6naCTB 3Be3Aoo6pa3oeamm .QonycataeT 
Apyroe npeanonoxeHHe: B03M0}KH0, BMCCT MCCTO 
npnme CTOJIKHOBeHBe AByx OOJlaJCOB, BMCIO~ rr.y­
'ieBble CICOJ>OCTB - 74 e - 71.5 KM/C [8]. 3TO B38Bl40· 
ACACTBae o6naxoe Morno nono-xcBTb uaqa.no npo­
~eccy 3BC3AOo6pa30BaHW1 B S128. 

B HaCT~eu paoore Mbl B3}"taJlB 3BOJIJOQHIO Ma-
3epHoro B3Jl}"lelll!.R H20 Ha tIJXYl"CKeHBB AJIBTCJihB<r 
ro BpeMeHR H IlOIJbITaJIBCb C8'133Tb ee C npo~eccoM 
3BC3AOo6pa3o9aBID1 a .CJioxcHoA o6nacm S 128. Ha-
6nioAeHW1 npoBOAHJIBCI, B eanpaeJieHBB U1950 = 
= 21 h3om37s B 6,950 = 55°40'36"', T.e., cornacao Xa­
nmxy n Xoy [8], npBHHMaeMoe HaMJI B3Jl)"ICBBC 
61,mo cynepno3~eit o6oex Ma3epRLIX eCTOqJUUCOB 

· H20 , Haxo~a s6JIB3B ~oMJiaKTHoA o6m:tCTB Hil. 

2. HA6JII0,[J;EHHjJ 

Ha6JIIOACHIDI Ha BOJIHe 1.35 CM 61,um BbmOJIHe­
Hbl Ha 22-M pa,tt110TCJiecKone Pa,tt11oacrpoBOMBl!CC­
KOH craa~e cl>u3eqeCJCoro BHCTHTYTa BM. Il.H. Jle-
6eAeea B Ilyw,e:ao (POCCJIJI) s nepaoA 1981- 1994 rr. 
HcnoJib30BaJIC.R Ma3epllbII ycamrrem, 6erymei 
BOJIJlbI. illyYOBM TeMDepaTYJ)a CBCTCIO,I (>wna OltO· 
no 200 K. IllBpHlla ABarpa.MM1>1 uanpas11eJD1ocre 
22-M aHTCHHbI Ha 22 ~ COCTaBJIJleT 2.6'. Ha6JI10AC­
BID1 IIpOBOAJIJIBCL MCTOAOM ''HaseAeHDe-HaBeACRBe" 
C HCllOJlb3QBaHDCM CBMMCTJ)B'mOB ~arpaMMBOi 
MOA}'JISI~, npe 3TOM aHTCHHa HaBOABJ18Cb ea BC­
Toquex CH3'1.aJI8 OAHRM pynopoM, a 38.TCM AJ>yr&M. 
B nepBOB CT~ Ha6nlOACmd BK'.JII01WIOI 1W1B6po­
B011H1,Jj CHnWI OT myMOBOl'O reseparopa. B U'CICCT· 

ue nepsoro rerepoAJIHa ucnoJib30BaJICR ICJ1.Bc.rpoHBJ,Il1 
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. ' niaepaTOp. cra6Bn.mupoBa.HHhli CBCTeMOA: 4'a30B0it 
.. ··aarrou~crpoihc:11 tfaCTOTbI. IlepBlfllHLIM ~ap­
.... TVM "laCl'OThl e11y}l(HJJ JCBap~eBLIB CHHTe3aTop qac­
· _TOTW, 

As8J1113 CHI'Hana ocy~ecrBJl)IJICJI C IlOMO~JO 
:96-usam.Horo aHaJIH3aTOpa cne1C1pa 4'B.1ILT})0BOro 
. ..,.ua co cnerrpaJI&H&IM pa3pemeHBeM 7 .5 ~, BJIB 
•U01 Df/C DO nyqesoA CKOpOcrB. }locraTO'lllcUI no-
:;IOC& aBaJIB3a (oKono 20 KM/c) o6ecneqoanac& B .ItBa 
~ oyreM nepecrpoAICD nepsoro reTepoABHa. 

. ·Bpem 38IIBCB JCaX<AOA cneK"l'pOrpa.M.Ml,J cocraBrumo 
.. f:5 !" 20 MBB. CpeAJll[A BHTepBan Mexqcy AB}'MSI nocne­
. -~LIU»IMB ceaHca.MB Ha6JIJO,llellHA ObIJI OKOJIO 
-).5 11ec. ~a6moJ{emui" BCTO"IHBKa S128 npOBOAH-

. :~ Ra AOCTaTO'DIO 6nH3ICBX D03~0HHLIX yrJJax~ 
:. -'flO~mBOJIIIJIO 1136e.lfCaTL 3aMeTH.bIX B3MeHeHBii yr­.·· ·-,e~ IIJIOCKOCTSIMB D011.RJ>H3~ OOJl}"laTeJI.R 
. ·. _._.rellBW B B3Jl}"leHIDI HCT01DIHKa (B cnyqae JIBHe:ii­
: :-.·DOmlpB30BaHHOI'O B3JJyqCHID1). 

·-, '. .. AlrrelDWI TeMnepaTypa B 1 K AJUI TO'le'IHOro BC­
:-~ C BCDOJ1HpB30BaHH&IM H3JIY"ICHBCM COOT­
·. ,iial(,~yer DJIOTHOCTB DOTOKa 25 ..sru. 

.: : f . OfpaOOTU Ha6moAeHBA B&monueHa B H~o­
:.~ 1IUUIOM RBCTIIT)'TC acrpocj>H3BKB. OnTRICD B 3JieK­
.f .. 1fitOMAC8 (fOHaB.Tl\HHTJla, MeXCHKa). 

.. ·- :· . . 

·., , . 

<\\.:. · 3. PE3YJihTATh1 
. <(3:~ :~,.. . . 
.·!:~::::::Oserrpy Ma3epuoro.e3JI}"ICHWI H20 BCTO'UIBKa 

.... ::i;lf~~craBJieH&I Ha p.ec. la - le). Ilo 4'opMe cne­
·::~~~ Sl28 uauoMHHaeT HCTO'IHHK ONl. Ero cneKTp 
··?~-.,arrepy.H3JI}"ICHIDI, xax a B cnyqae ONl, Mo:xc­
·.} ~ Ba ABe qacru: Vtsa < -73 KM/c B Vtsa > 
: *"'7.J; XK/c. IlyqeBU CKopocn. OKOJIO - 73 KM/c OT-
: .. ·, -n.epeMeHHYJO -.iacn. cneKTpa OT TI,OCTaTOlJBO 

·,- oA 'laCTB a COBU8AaeT c rpa~eii pa3TI,ena 
--~-,·.:·~HOB CO [8]. C m,yroii CTopom.,, COrJJaCHO 

. · BceX CllCKTJ>OB (p.ec. 2) u cpe,llHCMY 
.. (pac. 3), BMeeTCSI AJ)yrcUI B03M0lKH0CTh. 
MOZRO pa3AenHTb, eanpBMep, ua TPB 1.facru: 

S.S, -15.5 - 73 e-73 - 69 KM/c. KpoMe roro, 
.PAW a:rerrpe BMeeTCSI TaJOKe 3MHCCBOHHcUI TI,e· 
:~: ·•J!Y11Ceo:ii cxopocm-67 .8 KM/cc llOTOKOM 5 ..sIH. 
.. :~,,m Ha JJ:CTaJII, He B1fAH3 Ha OTTI,CJibH&IX cne.K-
~ ·::·':D<»IBJleBBe ee Ha cpe,JJReM cneKTpe rroKa3h1Ba­
."\"'nv·. ~ecrBYCT CTa6um,Hoe, HO AOCT3TO'IHO 
·;.,, ·: --ll3Jl}"lelille Ha JI}"tfeBOii CKOpOCTB -67 .8 KM/c. 

. ··- , A8JlbBeAniBA 3.HaJIB3 pe3yJI&TaTOB Ha6mo-
. •.. . CT. DpOBCJJ:eH AJIJI OTACJihHLIX 'JaCTe~ cneK-
... ; '.JtJDI ~ro cnerrpa B QCJIOM. 
~ J .. 

. J(o.11zonepUOOU'U!CKUU. KOMnOHeHln 

, .,:;. :pac. 4 RaaeceHbl xpBB1.1e nepeMeHHOCTB non­
) JIO'l'.OKa. IlepeMeHHocn. Bcero cnerrpa H20 
., .-:Si) MOlKHO upeTI,CTaBBTh B BBTI,e cynepno3B­

.. Jfl'JX: l[()MIJOHelfl'OB: AOJJronepB0AlfllCCK0['0 CO 

CJIO}l(BLIM xapaKTepoM nepeMeHHOCTB H BCIThllile'I­
HOro . 

,JlonronepuoTI,B'tfecJCrui coCTasJI.RJO~cUI .eMeeT nsa 
MHHIJMyMa c BHTepBaJJOM MC.lfCAY HBMH -7 JICT u 
OJ{HH TI,OCTaTO'IHO 'leTICO Bblpa.lfCCHHhlA MaKCBM}'M 
(1986 f.). OrnomeHBe IlOTOKa B M3KCBM}'Me K DOTO­

KY B MHHBMYMC COCTaBJUleT Bcero mun& 2.1, q-ro 
COJIIDKaCT ero C HCKOTOpblMH 6onee MeHee CTa6DJI&­
H&IMB (no BCJI&rmHe IlOJIHOro DOTOKa) BCTO'DIHXa­
MH, HanpHMep ONl e 043.8-0.1 (2, 6). IlpHUHMcUI BO 
sHDMaH.He cpe,mmi cneKTp, KpBB)'IO H3MeHemm non­
Horo nOTO:aca Mo.lfCHo TalOKe npeTI,CTaBBTh cynepno3.e­
I\Heii DOJIH.bIX IlOTOKOB -rpex 'tfaCTeH cneKTpa (pac. 4) . 

}lm1 nepBOU: rpynIIbl 3MHCCBOHH.blX ACTaJte:A: 
(VLSR < -75.5 -Y.M/c) c 1981 AO cepeAHHbI 1988 r. Ha-
6J110Aa.Jmc1> noqm cuayco~aJILtmro BHAa sap.ea~u 
nonuoro noToxa OTIIOCJilTCJILHO ypoBID1 200 .HH KM/c . 
B TI,anbHeitweM 3Ba1JeHBe nonHoro DOTOKa MCAJieH­
HO pocno c -20 AO 130 .HH KM/c. Bo BTopoe: rpynrre 
(-75.5 < VLSR <-73 KM/c) .H3MeHeHIDfIIOJIHOro DOTO­
xa npoBCXOAHJIB µ;ocraTOqJ{O DJiaBHO C xapaKTep­
HhlM speMeHH.bIM BHTepBaJIOM Me~y M3KCHM}7Ma­
MH B MHHBM}'MaMB 5 - 6 JieT. ,JlJI.R 'I'pCTI.eR rpynn.1>1 
(VLSR > -73 KM/C) KOJie6amm DOJIHOro DOTOKa npo­
BCXOAlfJJB C OOJiee OblCTpblM qepeAOBaHBeM MaKCH­
MYMOB ~ MBHBM}'MOB. Oraomeaue aMDJIHT}'TI,&I B 
MaKCHMYMe K MHHHMYMY cocraBJI.RJIO oT µ;syx AO 
'I'pCX pa3 (puc. 4) . 

Bcnbtwe"Hbtii KOMnoHeHm 

BCIIblIDICH B S128 BMCJIH O'leHL Hepery1I.RpHbIH 
xapaxTep. Cepu B3 TpeX BCllblWCK npoBCXOAHJI3 B 
1985 • 1987 rr. c ~p~aJIOM Me)K'.Jzy scm.nmcaMB 
OKOJIO I'OA3, AMnJIB'I)'Aa KIDJCAOH iIOCJieA}'JOmeA 
BCll&IIDICH y.Mem.maJJaci,. CaMcUI CHJlhHU H3 HUX, H B0-
o6~e caMcUI CBJihHcUI 3a see epeWI c 1981 no 1994 r., 
61,ma e OXT.S16pe 1985 r. Ha V LSR = - 77 .3 KM/c c DOTO­
XOM 1730 HH. ,Ilse BCD.blWICH no~~ npOH30IIJml B 
nepeo,q c Ko~a 1992 r. no uaqano 1993 r. B µ;pyroll 
'laCTH cneKTpa, npu"'IeM aMDJIBT}'1{a oropoe:, uaooo­
poT, 6&ma 6on1,me. He HCICJIIO'leHo, -qro BMena Mee­
TO H 'I'peTMI BCilblIDKa ( OCHOBaHBCM MO.lKeT C11Y:>KBT.b 
TI,OCTaTO"IHO OO~blllOe 3Ha'leHHe DOTOKa B MapTe 
1994 r.). 0AHaKo BBBAY OTcyTCTBIISI 'Ha61110µ;emni B 
mrrepeaJie Mat 1993 - q,eepaJIL 1994 r. Mo.>KHo CAe­
JiaTb TOJI&KO npeAUOJIOXCCHBe 06 3TOM, XOTSI aHcUIO­
rl!.R B03MO.l1Clfcl, C TOA JIHWI> pa3HHI(eii, "ITO aMDJIB­
TYAa 'I'pCTLeH BCD.biniKB B 3TOH cepHH AOJJ>Iaia OblT& 

HaH6on1>meii. 

CpeiJHe636eUleHHaR JZ.ytteeaR cKopocm& 

AM DCCJieAOBaHIDI AOJironepuoµ;uqecKHx npo­
. -~eccoe, npOHCXOA.SlmBX B HCTOtIHIIJCe, YAOOHO BBeCTB 
cpeAJ{eB3eemellll)'IO nytteeyro cKopocri., onpe)J;em1e­
MYJO Bbipa:xceHHeM 

~ i . 

r ·· . .- HOMWIECK.Hi-\: )l(YJ>HAJI TOM 72 .Nl 4 · 1995 
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28.10.1981 

,22.12.1981 

04.02.1982 

28.03.1982 

08.05.1982 

16.06.1982 

11.01.1983 

06.10.1983 

21.12.1983 

-85 -80 

BEPYJIHC a m,. 

(a) 

-70 -65 

Pac.1. Crtcnphl MalCpHOl"O H3JIY'ICHKtl H20 HCTO'IHHKa Sl28. 0AHO ,QCJICHHC no OCH op~HaT Ha BCCX rpa!pHKaX COOTBCTCT­

ayeT 300 .sin. 
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-85 

0 IlEPEMEHHOCflf H3JIYtJEHIDI BOWIHOro MA3EPA B S128 

(6) 

06.04.1984 

14.06.1984 

20.12.1984 

04.02.1985 

17.04.1985 

05.10.1985 

-80 -70 

he. 1. IlpOAOn~eHHe. 

· HOMHtJECKHH )l(YPHAn row 12 .Ni 4 t 99S 
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--65 
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472 

11.12.1985 

04.01.1986 

05.06.1986 

09.I0.1986 

- 85 -80 

BEPYilHC H J.Q>. 

(B) 

-75 
V~R• K.M/C 

Pac. 1. npoAOJDICCHHe. 

- 70 -65 
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•. 
\ . 

-85 

0 IlEPEMEHHOCTM H3JIY'IEHIUI BO,USIHOfQ MA3EPA B S128 

(r) 

26.12.1986 

24.07.1987 

27.05.1987 

04.11.1987 

03.12.1987 

11.01.1988 -

30.03.1988 

-80 -75 -70 

Vi . ..SR• KM/c 

473 

-65 



474 BEPYJIHC a AP· 

05.05.1988 

02.07.1988 

21.09.1988 

11.11.1988 

20.12.1988 

17.01.1989 

24.02.1989 

31.03.1989 

11.04.1989 

--85 --80 -70 -65 

ACTPOHOMH'lECKlffl JCYPHAJI TOM 72 Ni 4 1995 
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-85 

0 OEPEMEHHOCTH H3JIYqEHIDl BOASJHOro MA3EPA B S128 

(e) 

25.04.1989 

11.05.1989 

30.05.1989 

21.09.1989 

24.10.1989 

29.11.1989 

25.12.1989 

01.03.1990' 

27.03.1990 

-80 -75 
VI.SR• KM/C 

-70 

. .J:I'POHOMHtJECKM8 )KYPHAJI TOM 72 JI& 4 · 199S 
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476 

25.04.1990 

30.05.1990 

04.07.1990 

12.11.1990 

29.11.1990 

' 

11.05.1991 

30.05.1991 

-85 -80 

SEPYJIHC•J¥>. 

(:lie) 

-75 
VLSR• KM/C 

-70 -65 
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0 UEPEMEiilIOCTH H3JIY'IEHH.sl BO,IVIHOro MA3EPA B Sl28 

(3) 

27.06.1991 

()C).10.1991 

27.11.1991 

17.01.1992 

05.02.1992 

12.03.1992 

15.04.1992 

29.05.1992 

08.07.1992 

-85 -75 
VLSR• KM/C 

-70 

;/ ·: . . 
. ~-}~J'POHOMH"IECKHA )l(YPHAJI TOM 72 Ni 4 J 995 

477· 

-6S 



,, 'J '.·' ,,,.•;, . ' · ..•. \··· ,,,~ ., .• ,, : ., ·.' ~ -'P'"!i:"" ';.',?"''·· ~'.'f"" ' ''''~ ""~-- ... ~ .. ... . ,. 

478 6EPYilHC H Jq>. 

(H) 

07.10.1992 

16.12.1992 

20.01.1993 

02.03.1993 

22.04.1993 

28.03.1994 

-85 -80 -70 -65 

PIie. l. 01tOH'laHHC. 

AcrPOHOMHtJECKHR JKYPHA.11 TOM 72 Ni 4 1995 
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-15 
VI.SR, KM/c 

-70 

Pac. 2. Cynepn03HQHJI BCCX CDCKTpOB H20.3a nepHOA 1981 - 1994 rr. 
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, .·f - 3B811eHBe IlOTOKa Ha nyqesoii CKOp<>CTB Vi, Ha V2 ynMa c-73.6 ,qo - 74.6 KM/c, a 3areM npoacxo­
~B ue6on1,nme ee 1tone6a.HB.S1 e npeAenax 0.7 KM/c 
·Ha q>e~M ypoaue - 74.5 KM/c. B 'Ipe'I'heB rpynne 
DpoBCXOABJIII IlOtfl'II amyco~aJILHOro xaparrepa B3-

· 88BHC no cneKTpy npoeo~oci. c maroM 
101-Dl/c. 

cpeAHe&leemeBHoA nyqeao:A: cKopo-
5) C:Swne nonyqeu1,1 ~ ecex TpeX BLI.Qe-

' IWm rpynn ~eTMeii (Vi, \\ u V 3 ), AJUI sce­
...,1'1'\!1 H20 ( Vo) B ~ ues:oropoll KOM6BH~ 

.• . · rpynn (¥1.2), ,IJ;mr nepeo:A: rpymw aa-

··::;. -~ cilom1wit xapaK'l'Cp B3MeHeHBii V1 c ~o-
, ._· oom.moi aMDJJ~oi. Hau6o111,ma,r eem1-
,. . . ~ana 2.3 KM/c npH IIIBpBHC STOA 

rrpa 5 XM/c. Bo BTOpoA rpynne (~CHTpa.111,­
CIICK'l'pa) B Te'ICBBe OAHOro l'OAa BeJlll'III-

MCHCHIISI V 3 c MaKCBMaJJJdll,IM pa3MaXOM OKOJIO 1 KM/c. 
Ha'IIIIWI ccepe~11991 r. ee 3HatJeHIUI 61,IJIB 6o.nee 
BJIII Meeee nOCI'OSIHHldMB Ha ypoeHe - 71.3 KM/c. 

H3MCHCHffll cpe.QBCB3BCWCHHOi nyqeeoi CKOpo­

CTB ecero cner.rpa BMCIOT ,QOBOJll,HO CJIOXCHl>IB B~. 

B CBB3B c STHM paCCMo-rpeHBe eapear(IDi V1 • V 2 a V3 

H&M Kax<:eTC11 BDOJJRe CCTeC'l'BCIUIOA: npo~eAYpQA. 
TaIC KaK V2 = fz(t) e V3 = fit) BMCIOT .QOCTaTO'IHO 

npocroAe~. . 

HOMH'IECKH8 :>KYPHAJI TON 72 Jlfl 4 1995 



SBPYJDIC .. 'JQ>. 

150 

too 

0 

-85 -80 -75 -70 

Pac. 3. Q,e;Aed cueKTP sa nep11011 1981 - 1994 rr. 

OmOeAbH&U! sMUCCUOHHbte nu,cu 

AmuIB3 cnerrpos, nonyqeHHbIX 33 1lJ'IHTCJILKbm 
imrepBaJI BpeMeHB, D0JC33a.JJ ·oTcyTCTBRe AOCl'aT01'f­

RO JDOJIBpOBaJIHbZX 3MBCCIIOHHLIX UHKOB 8 S 128. 
3To ue U03BOnBJIO npocn:e,QBTL C 1(0C'raTO'IH0B T01i­
HOC'Tbl0 33. 113MCHCmHIMB nmpmn,1 JUIHBB QTAem,­
BWX IIHl:OB, 'ITO -61,mo 601 O'leffb B8JICHO 3HaTL A.nJI 

oupe~eneHIDI pe:llllMa paoon.1 M33epa (ua~eR­
m,m BJIB ueaaai~eBBbIA). Pa3AeneRBe Ba QTAem,­
HhlC 1IIUCII (rAe 31'0 Ol,IJIO ·B03MO~O) npc>B01(BJIOC'b 
nyreM BUBCb1BaRBJI rayccoBblX JIPO(t>B.nei. 

KaK: OTMe<1aJioc1, B&1me, Ma:repaoe H3JIYl1eBBe 
H2Q, ua6moAaeMoe uum Ba nponace1U111 6oJ1ee 
10 .11eT, 6hlno cocpe,-OT()qCHO e Tpex yqacTKax -cneK­
,pa, np1AeM OCHOBHoe B'.JJJ)"!CHBC ua6ntoAaJIOCb B 
HBTepsa.na.x -80 - n, - 1S.5 • 73.5 B - 72.5 - 70 KM/c 
(pac. 2). B nepBOM BBTepsa.Jie cne1c.'rpa BpeMeHaMJII 
Hactm'I'bIBaJIOCI, OT OW{Oro ~o qen,1pex 3MRCCHOH· 

Hl,IX IIIIK:OB; e qeBTpa.JibHOM mITepsane, .KOrAa 6bIJIO 
H3JI}"ICHBC, IlO"t!TB BCCJ'Aa ua6moAaJ1BCb 1'pB 3MBCCR­
OHHLIX DBKa aa enomre OnpeACJICHHblX Jl}"ICBbtX 

acopocrgx (-74.9, - 74.2 a - 73.5 KM/c). HuorAa 3ACCb 

DpORCX01tBJIB HCOOJlbDIBC BCDbllllKB Ma3CpHoro B3-
nyqemm. TpemA: mrrepBaJI cne1crpa 61,m ·C3.MbIM 
cra&mLBLIM, HO B HCKOTOpblC nepBO.[tLI BpeMeHH 
ero crpyrrypa 61,rna AOBORbHO CJIOllCHOB (pBC. 6). 

Bee 3TO 1,{0CT3TO'IHO 'leTKO npocne::lKHBaeTQI Ha 
cpeAJleM cnerrpe. IlOJl}"ICHHOM 33 nepBOA 1981 -
1994 rr . . (pBC. 3). HeCMOTp'1 Ha O'ICH.b cenbH}'IO 
Ami S 128 BCDhlmKy B KOH~e 1985 r. Ha CKOpoCTB -
77 .3 KM/c, uas6on1>mas1 aMJUIBTYAa B cpeAHCM cneK .. 

1'pC npBXOAB'fCJI ua Apyry10 1:faCTb cneK-rpa - caMyJO 
cra6um,uy10. Ilo <f,opMe 3Ta qaCTb cneKTpa HanoMB­
HaeT OJ(BIIOlfRYJO, HO AOCI'aTOtfHO mup01cy10 3MBCCH­

OffHYJO ACTaJlb (1.4 KM/c Ha ypoBHe 0.5). BpeMeBaMB 
3]:lec& peanLHO 61,mo OT J:{Byx AO qen.1pex DBKOB B3· 
JJY1iCHIDI (pBC. 6). IlpHHHMWI BO BHHMaHee nonyt1eH-

ffY10 4><>pwy cpe~ero arerq,a, MOllCHO npemio1m­
J1CBTL, '1TO HX 'R3Jl)"ICBBe DIIXOB JIBJIJICTQI B38:BM03a­
'B11CilMJ,IM. 

4. OBCYX{,[{EHHE PE3YJibTATOB 
HABJIIO)lEHlffl 

Bonee 'ICM 10-neTHBe Ha6n10,-eHBJ1 Ma3epHoro 
113nyqeau H20 HCT01iHBKa S128 DOK3.3aJJ:B YABBB· 
TeJlbHOC CBOilCTBO 3MHCCROH'HhlX ~eTaJiet cocpe,qo­
'ra'UIBaTbCX 8 cneKTpe B TpeX AOCT8TO'IHO 6JIB3KBX, 
HO B30.11BpOBamn.IJC rpynnax (pee. 2 B 3). Jlf'ICBl>Ie 
CKOpocrH AB)'X rpyrm TO"CJHO coena,ttaJOT co CKopo­
CT'1MB, B~HMO. cranKHBaJO~ca 0611aKOB. B c.ny-
11ae, CCJIB 3TB rpynnbl npHHa,ttne>KaT pa3HbtM Ma3ep­

Hh1M HC'rO"IHHKaM H:i0, TO MOXGIO IIJ>eADOJIOD'l'b, 
Yn> Ma3epm,1e BCTO'CfHBKB reeeT1AecJCB C8$l3a8bI c 
pa3Bb1MB o6JiaKaMH. Hae6onee cra6HJihHU rpynna 
KoppenepyeT no CKOpocTB c o6mlKOM - 71.5 XM/c, He 
RMew~eM 6om,moro rpa,qeeBTa cK~. Hao6o­
poT, AOC'raTO'lfHO nepeMeHHOe B3JJy'lleHHe ~CHT­
pa.1IbHOii rpynDL1 x:oppenapyeT (UO CKOpoCTR) c 06-
Jl8KOM - 74 KM/c, B .KOTOpoM HMeeTaI OOJibWOH 
rpa.t(BeHT CKOpoCTH. 

Hsax KaJ)THRa Ha6n10i:.aeTC$1 npe AeJICHBB cneK­
Tpa TOJiblCO Ra ABC -qacru OTHOCBTMbHO JI}"ICBOB 
CKOpocm OICOJIO - 73 XM./C. B 3TOM CJl)"lae R3Me­
Remm cpeAHCB3DemeHHoA .nyqenoA CKOpocTH KaJK-

AOl'O }"lacn:a cneKTpa ( i\ 2 H \~\) BMelOT AOCTaTO'l­
ilo perym1pHL1A xapaKTep '(pHC. 5). Ao ce:peAHHbI 
1991 r. o6e KpBBble 6LmB 61183KB k CBH}'CO~aM C 

O~BllaKOBhlMH nepBOAaMH H <l>a33MH, HO C pa3.nB1i· 

HhIMB 3MilJIBTj'AaMB. B Aa.JibHeumeM i\ OC'raBaJJacb 

ROCTOJUUIOB, a \\ 2 npoAOJUKaJJa naAaTb. 

TaKoe AeJJeHBe CUCK1'p3 YA06Ho AJUI 3H3J1B3a H3-
Jl}"ICHBJ1 C pa3Hb1M xapaKTepOM nepeMeHHOC'rH. 
BBeAeM napaMeTP, COOTBeTCTBYJOll\HR pa3HOCTB 
norun.tx IlOTOKOB paCCM3Tl)HB8CMhJX qacreA cneK­
-rpa (KpHB3Jl S2 Ha pHC. 4). ,I:(ocraTO'«iHO "ICTKO BIIII· 

CbJBaeTCJI HaKJIOHHU IlpRMaJI (Ha pHC. 4 noKa3aH3 
urrpaxoeoll nmmeit), ua Koropy10 HaKJI~bJBa10TCJ1 
TJ)H aHoMaJIHH, coen~aJOll\He no epeMeHH c nepao­
AaMH aKTIIBHOCTB scero M33epa S128. B 1981 - 1982 
H 1985 - 1986 rr. HaH6onee HHTeHCBBHOH 61,ma 
neea,i qacrb cneK1pa, a c 1989 r. -npaBU. TaKHM o6-
pa30M, Ha6mOA3eTCJI IlJI38Rh1B nepeXOA alCTHBHOCTII 
Ma3epa B3 JICBOH qacm COCK1'p3 (V LSR < - 73 KM/c) B . 

npasy10 (V LSR > - 73 KM/c). 3-ro IlOKa3bJl3aeT, 'ITO ua-

6JJJOA3CTCJI 8HTHKoppe1IS1U;IUI noJIHblX DOTOkOB ABYX 
y'laCTKOB CDCKTpa, KOTopu MO:>KeT 6bITh. cnenCTBH­
eM npocrpaHC'rBeHHoro pa3ACJteHHSI 3MHCCHOHHblX 
Ae1aneA npH CJ:(ilHOM QeH-rpe aKTHBHOCTII, npeiitp 
Ha 0.6 - 0. 7 KM/c (V LSR = ... 72 e - 71.4 KM./C) B nepROJ:( 
1984· 1985 IT. HH3 0.5 KM/c(VLSR =-71.4u-70.8 .KM/c) 
B nepHOJ:( 1990 r . 6b1JI Bbl3BaH B3MeHeHHeM cooTHome­
HHJI IlOTO.KOB 3'mX cneKTp3JlbHO 61IH3KHX KOMnOHCH­
TOB. CrteAoBaTein.HO, peanbHOro AJ>CA<l>a OAHHO'tlHblX 

ACTPOHOMHttECKltR )l(YPHAJt TOM 72 Ht 4 t 995 
' 

j 



0 rJEPEMEHHOCTH H3nYlIEHIDI BO,WIHOro MA3EPA B S128 481 

800 V>-73 KM/C 

·., 

-75 < V <-73 KM.le 

, · 
, . 

.... 

. ~·.:· 

V <-15 KM.le 
;:· .. ·. 

;:.~· ... 
/°/- . 
·1·, 

1600 

800 

0 

M .___ ....... _...,__...1-_-.1.._-..1._.......1._---1_-...1L..--.1..---L---..L--_._ _ _._ _ _ 

1982 1984 1986 1988 1990 1992 

f;. PHC. 4. IlepeMCHHOC'fb OOJJHoro llOTOKa (npoHHTerpapoea.HHoro no CKopocrH C waroM 0.101 KM/c) 8 pa3JJH'fHbJX y'laCTKaX 
,: cneKTpa: a - Vt.SR> -73.5, 6- -75 <Vt.SR< -73.5, 8 - Vt.SR< - 75 KM/C, c-,l(m1Bcero COCK'l'pa (KpHBaSl S1) H AJIH pa3HHU,bl f OOJJHbIX OOTOKOB MC:lKAY ABYMR y'laCTKaMH COCK'I'pa C rpaHHL{eA pa31{CJJa - 73.5 KM/C (KpHBaSl S2)- lllTpHxoea.11 JJHHHll, BnHcaH-
r:· HaR B KpHBy.tO S2, DOK83L1BaeT cynteCTBOB8HHe nnaBHOro XapaKrepa H3MCHCHHJl COOTHOWCHHSI nonHLIX OOTOKOB MClKAY :.tTH­

MH ABYMSl y•1aCTKaMH cneKTpa. 
, .. 
' v 
}•eTaJieH no nyqeBOB CKOp<>CTII B yKa3aHHOM yqacrKe 
~cneKTpa Ha.MR ae o6HapyxceHo. BHiutMhm Jq>eiiq> MaK­

!CHMYMa U3JIY'leHII.Sl IlO'ITH C0Bll8A8eT C KpHBoii H3Me-

~HeHHH cpeAHes3sememmii nyqeooii CKopocm i\ . 
~MoxcHO npeADOJIO)KHTb, 'iTO Ma3epHbie KOH](eHca­

['UIIH, H3JIY'leHHe KOTOpbIX q>OpMHpyeT A8HHblH yqac-

a'OK cneK-rpa, o6pa3}'IOT HCKOTOPYIO ynopjfA0'1eH­

HYIO CTJlYKTYPY, BOJOy)K,IJ;aeMy10 eAHHbIM ~eHTpOM. 

IlpHttHHOH B036y>KAeHHjf CKOpee Bcero jf8JlllCTCSI 

YAapHaSI BOJIHa, pacnpocrpaHSIJOIIJ;aSICJI OT 3BC3Abl. 

CorJiaCBO [9], CKOpOCTb YA8pHOH BOJIHbl He AOJIXC­

Ha npeBbI1ll3Tb 15 KM/C. IlpH DOCJICAOBaTeJlbHOM 
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VLSR• KM/C 

-72 

-74 

-76 

-78 

1982 1990 1992 ,UaTa 

he. S. OepeMcHHOCTb cpeAHC83BCWeHuoR nyqeeoA c1:opocnt Ami palnH'IH1>1x yqacrKoB cneKTpa: v1 .!{ml Vi.sR <-75 KM/c, 

v2 wu1 - 75 < Vi.sR < -73.5, i\ Ami VLSR > -73.5, V1,2 anA VI.SR <-73.5 H V0 arui: acero cncKTpa. 

B036y~eHHH M33CpHblX KO~eH~A (&-2 r) pa3-
HH~a MC)ICA}' MBHBMaJtbHl,IM B MaICCBMaJlbHbIM pac­
CTO.RHIDIMH OT 3Be3Abl AO . 3THX KOBAeHcaQHA cocra­

BHT -2 X 1014 CM. 3TO 3Ba'leHBe .ABJUleTC.A BilOJJHe 
npueMneMblM ,Qn.A MOACJIH, KOr,:ta M83CpHbie KOlfACH­
cau.HH ,:tanaoro yqacrKa cneICTpa o6pa3y10T «ppar­
MeHT o6oJ1oqm B HCTO'IHBKe S128 H20 . _ 

B APYrHX qaCTSIX CDeK'I'pa (OT-80 AO-76 H OT-76 
AO - 73 KM/c) HaMH TaJOKe 6binH BbJ,QeJieHJ,J AOCT3TOlf­
HO mrreHCBBHbie u cra6um,m.1e no Jiy"leBOA cx:opo­
CTH AeTaJIH. OHB HMelO'I' CHJibH&Ie eapu~ DOTOK.a. 

TaKHM o6pa30M, e OTJlH'llle OT pR.Qa AP)'l'BX HCTO'I­
HBXOB, B s 128 83MB He HaimeH HB OABH 3MHCCHOHHblB 

IIHK, HMCIO~ CIC0nL-HB6y,Qb cy~eCTBeHH.brii ,:tpe:A<t> 
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0 n EPEMEHHOCTH H3JJY-lq EHH,H BOASJHOf O MA3EPA B S128 

(a) 

::c 150 ~ 
~ 
~ 
g 
0 
t:: 

t 
0 
::c 
f-, 
0 
t:; 50 t:: 

Ot--_ ....._ _ _._ _ __._ _ __.._ _ _.__...,__ _ __._ _ __,_ _ __..__~-_.__--

~ - 74.6 
~ 
~ - 74.8 

.} - 75.0 
• '. --... . ... .. , . ... .. . .. . .... .. .. . .... ,,. ,. .. . .. ,.. .. -:, .. 

1982 1984 1986 1988 1990 1992 )J.aTa 

1500 (6) 

Ot-----'-----'----'-- ....... - -L.. _ __._..:..._.__ _ _.__ _ _.___..___._____, _ _.._~ 

- 70.8 

~ - 71.2 
:.! 

ii: 
.} -71.6 

- 72.0 

1982 1984 1986 

-••:.0-A , ... 
•• 
• 

1988 1990 

• 

1992 )J.aTa 

Pee. 6. 3soJIJOI.tHJI HeKoTopwx napaMeTpoB ,tsyx 3MHCCHOHH1>IX nHKOB Ma3epuoro n 3nyqeHHJ1 H20 HCTOqHHKa S128. 
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484 BEPYJIHC HAP· 

no nyqeeoA cKop<>CTH, He ucKJiioqeHO, 1ITO 3TO 
DruleTC.R CJie;D;CTBBeM 3q>q>eKTa npoeICqHB p;nSI MOAe­

. JIB, K0I"A3 M83epHbJe KOHAeH~ pacnonaraIOTCSI 
BJ10J1b rp~I pa3µ;ena AByx o6naKOB. 

IlpB'IBHoi Ha6nio,u;aeMoro xapaKTepa nepeMeH­
HOCTH MOryr 6b1Th y,u;apm.1e BOJJHbl, B03HBK310~e 
B,IJ;OJJb 4>poeTa pa3p;ena' ABYX o6JI3K0B. B 3TOM CJ1y-
11ae 3TB BOJIHl,I 6y;o;yT Ta.IOICe llOCJieAOBaTeJibHO npo­
XO;D;BTb qepe3 M33epm.1e KOHAeec~. C03AaB3.R B 
HBX 6naronpIDITHbie YCJIOBWI AJISI Ma3epeoro B3JI}'­
'leHW1 H20, 

5. 3AKJII0'tJEHHE 

011eH1> CJIO}K}[a.R c1'pyicrypa o6naC'l'H S128, [J:te 
KOMIIaKTHa.R oonacn. lflI B Ma3epm.u't HCTO'tfflBK 
H20 pacnonoxceHLI BAOJI.b rpa~i.1 pa3µ;ena AOyx 
(BB,IJ;BMO, cranKHBalO~CSI o6JiaKOB) u cy~eC'I'BeH­
HO pa3JIH'lllblii xapaKTep nepeMeHHOCTB Ma3epuoro 
B3JiyqeHIDt pa3m,zx qacreii cneK1'pa ( c rpa~eA pa3-
,u;ena no CKOpocnl - 73 KM/c) no3BOID1l0T c;o;enaT& 
CJie,QyIO~ee npeAIJOJIOXCeHBe. Ma3epH&Ie KOlfAeeca­
~. q>opMBpyio~e .secb cneKTP H20 e S128, cKo­
pee ecero He o6pa3YJOT 06i.1qayio o6onoqe11ey10 
CtpYKTYPY, ceoaCTBeHH}'JO 6oJlbDJBHC'fBY Ma3epoe, 
C8'13aHH&JX c 06naCTJ1MH 3ee3µ;006pa3oeaHBS1. BHJ{H­
MO, CHJibHoe BJIWIHBe ea pacnonoxceHee Ma3epBLIX 
KOHAeHca~ OKa3.blB3CT q>axTop B3aBMO,D;eHCTBWI 
o6naKOB, B pe3yJibTaTe qero B03MOXCHO CHnbHoe OT­
KJIOHeHBe OT OOOJIOtle'IHOH crpyKT}'pbI. 0TCyTC'f8Be 
ceep;eHBA o aa6mo,u;eHUX S128 ea VLA e VLBI ee 
ll03BOIDICT ou;eHBTb pa3Mepbl T3lCOH B03M0X010it 
CI'pyK'l'}'pbI, 

B npHHu;ene, Ma3epHhle KOH,IJ;CH~ B S128 MO­
ryT pacnonaraTbCJI e ,u;eyx 6JIB3KHX rue3µ;ax c e~uoi 
B036~alO~eH 3BC3AOH. Kaxc,u;oe rue3;D;O MOJKCT 
6bITb cea3aao e 6on1>me:a CTeneHB c o;o;HBM H3 o6na­
KOB e a Mem.meli creneHB c .QI>yraM, Ha6JDO,u;aeMaR 
HaMH aHTHKoppe.1U[D;BJ1 noTOKOB ~Byx qacreii cneK­
'Ip3, KOTOpbie Mhl OTO~eCTBJIJleM C 3THMD rae3~aMB, 
CKOpee ecero llOATBCp}KJ:(aeT Hamy MOAeJih. 

Aeropbl Bhlp3XC310T 6Jiaroµ;apHOCTb COTpy;D;HB­
KaM Pa;o;uoacrpoHOMB'ICCKOii C'faHD;HII «l>H311'1ecxoro 
BHCTHTyTa HM. II.H. Jie6eµ;eea e Ily~ao 3a 6om:,­
myro llOMO~.b B npoeeAeHHH H80JIIOAeHim, a E. Jierr 
H 3. Me~oca-Toppec 6JiaroAapsrr TaIOICe CONACYT 
(MeKcBKa) 3a q>HHaHcoeyio no,mepxacy. 

CI1HCOK IlHTEPATYPhl 
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Variability in the Emission of the Water Maser S128 
I. I. Berulis, E. E. Lecht, and E. Mendosa-Torres 

A catalog of spectra of maser emission from the H20 source Sl28 obtained in the period 1981 - 1994 is pre­
sented. The observations were carried out on the RT-22 radio telescope of the Pushchino Radio Astronomy Sta­
tion of the Lebedev Institute of Physics. Two variability components to the total flux were found: long-periodic 
and bursting. An anticorrelation between the total fluxes of two portions of the spectrum separated by velocity 
- 73 km/s was discovered. The velocities of these portions of the spectrum may correspond to the velocities of 
two apparently colliding clouds. Possible origins for the evolution of total flux, the mean weighted radial ve­
locitr, and the fundamental parameters of individual emission peaks are discussed. 
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I! 
PaccMOTJ)CHO BJJHffHHe paccemnm p~B0H3JJY'ICHIDI Ha HCOAHOPOAHOCTU MC)K3Be3AHOH m1a3Mbl, a TaIOKe 
~c:ppa~OHHblX H pe<IJpaK.l.U!OHHblX Me)l(3BC3AffblX Mep[(aHHB p~HOH3JJY'leHIDI ea cpe.l(nee 3Ha"leHHe H 
cpCAHHH KBa,!Q)aT aMnJtHTYAbl OTKJtHKa paAHOHHTepc:pepoMe-rpa. no11y11eHbl BLlpIDICeHWI AJUI cpe.l(Hero 
KBa..i:tpaTa aMOJIHTYAbl OTKJIHKa HHTep<pepoMeTpa B pe:>KHMe CJta6hIX H CHJlbHblX Mepu,aHHH. IloKa3ano, 
'ITO B pe)l(HMe cna6LIX Mep~Hmi He3aBHCHMO OT pa3Mepa HCTO'IHHKa, a B pe)IQ{Me CHJlbHblX Mepu.anHA AJlff 

RCTO'IIHHKOB AOCTaTO'IHO MaJJblX pa3Mepos cpeAHHH KB3ApaT aMnJJHTYAbl OTKJlHKa HHTepc:pepoMeTpa 
paBeH KJ)a,!Q)aTY aMD)IffTY.JU>J HCXOAHOfl <1Jy111a~H BHAHOCTH. IlpHBe.l(eHbl HaOJJJOAaTe1IbHbie AaHHble no na­
paMCTf)aM pacce,rHHH H MCPl.\8HHH H3Jty'leHWI, BJIHJIJOll(He Ha OTKJIHK HHTepq>epOMe-rpa. 

l. BBEAEHI1E 

hl'IHO npuH.Wro cquTaTh, 'ITO paccemme Ha He­
, AHOCTSIX Me}K3Be3AHOH cpeAhl npOCTO npHBO­
" It }'BC11H"leHHIO yrJJOBblX pa3MepoB HCTO"IHHKOB 

\;_~ pe 1rn<J>opMaqHB ·o co6CTeeum.IX yrnoBbIX 
· · 

1
: epax BCTO'IHBKOB·. O;a:HaKo, B p.SIAe CJiyqaee pac-. 
. oe B3JI)"IeHHe coxpaw1eT \faCffl'IHO KorepeHT-

;t;;~. If 

. CBOBCTBa, CB.SI~aHHbJe c MOJQ'JI~Heii TYP6y-
. . oi cpe;a:ol'i, H Mhl HMeeM B03MOJKHOCTb pa3Ae­
.. . co6CTBeHHbie yrJIOBbie pa3Mepb1 H A06aBK}', 
· .. : osneHHYJO cpe;a:oH [1, 2]:HmKe 6onee noApo6-
:,~aIOTCSJ q>rryK1)'~0HH1>Ie CBOHCTBa OT­
., · BHTep4>epoMeTpa Ha H3.nyqeime, npome;a:mee 

· 1)'P6yneHTH}'IO Me::>K3Be3AHYIO nna3M}'. 
, ; .~OJU,K}' B AaJibHeiiweM He06XOAHMO pa3JIH'iaTb 
···· 1,1 ycpe;a:eeBID1, CIDl3aHHhie co craracriucaMH 
,, . oro H3JI}"ICHIDI H 1YP6y11eBTH0H cpe;a:bI, TO 6y­
m&HLI 6o11ee TO'lllfl,Ie onpeAeJieHIDI OTKJIBKa HH­

MeTpa H ero pa3JI1NH1,IX MOMeH'I'OB. 
_PB OTcyTCTBBH 'cyp6yneHTHoii MO;a:ynupy10~eH 
' . I OTICJIBK BHTep<pepoMeTpa B MOMCHT epeMe-

. . j onpep;em1eTc.SI CJieJzyIOIJUIM o6pa3oM: 
,...,~·: l+'t . 

~. I 
·f;; P1, p,f, t) = ~ f dtE(P1, t)E' (p1 + p, t1), (1) 

~,_ - 6a3a HHTep<J>epoMeTpa, p1 - Koopp;unan Te­
.: na, £ - HanpSDKeHHOCTb noruI 31IeKTpOManmT­
}1011Hbl B HeKOTOpoi nonoce qaCTOT OT/ p;o f + /:if, 
. . CTOSIHHa.SJ speMeHB. IlpH 

'ti!!/ }> 1 (2) 

a l(P1 ' p, /, t) 6JIH3Ka K TeopeTHqecKOM}' 
' BHIO <l>YH~BH KorepeHTHOCTH ( .f..yHKll;BH BHA-
., ) 't' 

~e qePTa ceepxy 03HaqaeT ycpe;a:HeHue no CTaTBcru:­
Ke HCTO'IHH.Ka, BHAeKC ''O" 03H3"1aeT, "ITO <I>~ 
KorepeHTHOCTH onpe;a:eIDICTC.8 TOJlbKO .HCTO'IHBKOM. 

IlpH HaJIH'IHH 'cyp6yneHTHOH cpep;bl eemAHHa / 
6y;a:eT <J>nyK'cyHpOBaTb C xapaxTepHLIMB epeMeHaMB 
tAHIP H tpecj,. BpeM.8 tAH<I> COOTBCTCTByeT xapaKTepHOMy 
BpeMeHH AH<l>pa~OHHbIX Mepn;aHHA, BpeM.R tpecl> -
xapaKTepHOM}' BpeMeHH pe<J>paKqHOHHbIX Mepn;a­
HBH [3, 4]. EcJIB IlOCT0.8HHa.SJ BpeMeHH 't MCHbme co­
OTBeTCTBYIO~IIX xapaKTepHhlX BeJIHqmf, onpe;a:eIDI­
eMblX Mo;a;yngqnu e:3nyqeHID1 Typ6yneHTHoii cpenoii, 
To eeJIHlIHHa /(p, t, /) 6yneT <J>nyK-ryupy10~ee eerre:­
quHoe:. Mbl 6yAeM ee Ha3b,IB3Tb KB33HMI'HOBCHHhlM 
3Ha'leHHeM OTKJIBKa HHTep<f>epoMeTJ)a. Co0TBeTCT­
sy10nzyI0 npo~e,zypy ycpe;a:HeHIDI (1) MbI 6yµ;eM Ha-
3hiean, ycpeAHeHBeM C KOpoTKOH 3KCD03HIJ,HeH. 

B3}KHCBIIIHMB CTaTHCTHqecKHMH xapaKTepHCTH­
KaMH / SIBJl.8IOTCSI cpeµ;Hee 3HaqeHHe 

(/(p, t,f)) (4) 

H BTOpoH MOMCHT 

(l/(p, t,j) 12) . (5) 

3µ;ecb yrJIOBblMH CK06KaMH 0003Ha'leHO 'ycpeAHC­
HHe no CTaTHCTHKe cpeAbI (no aHcaM6JIIO 'cyp6y­
JieHTHhlX cpeA). 

Ilpoqeµ;ypa ycpeAHCHIDI no CT3THCTHKC cpeµ;LI 
COOTBCTCTByeT npon;e;a:ype ycpeµ;HeHWI no BpeMeHH 
BHAa (1) B TOM CJiyqae, ecJIB BpeM.R ycpeAHeHIDI MHO­
ro 6on1>me xapaKTepHoro speMeHH pe<ppaKI{HOH­
HhIX Mep~aHHH fpeit,. O;a:HaKO 3TO BpeM.8 AOCTaTO'IHO 
eenDKO (AHH H MeCSJn;I,1) B peaJibHOe BpeM.8 ycpeAHe­
HIDI o6bI1.ffi0 MHOI'O MeHbWe tpecj,. MbI HCCJie;a:yeM 
<l>JIYKTYa~HOHHhie CBOHCTBa eemPIHHbl . 

t+T 

- 1 J I(p, t,f) = 7 I(p, t,f>dt (6) 
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AJISI cny,:1cw, KOrAa 

t AHcl> ~ T < tpecf>. (7) 

Y cpeAHeHHe CO epeMeBeM 3KCil03~ T, YAOBJle­
TBOp,nolr(ee HepaeeHCTBY (7), Mbl 6yAeM Ha3b1BaTb 
ycpeAHeHDeM co cpeAHeii 3KCil03H~eH, a BeJIHqHHY 
I - qaCTHlJHO ycpeAHeHHbIM OTKJlHKOM HH~·ep<J>epo­
Me'I'pa. 

2. <l>H3HqECKHE XAPAKTEPHCTHKH 
ME)K3BE3)]:HOl1 TYPBYJIEHiHOH 

TIJIA3Mhl 

J,faeeCTHO, 'ITO Me>K3Be3AHru1 cpeAa COCTOHT H3 

-rpex OCHOBHbIX KOMIIOHeHT [5]: a) 06JI3K0B XOJIOJ(­
HOI'O Heii-rpaJibHOl"O ra3a C TeMneparypoii T ""' (100-
300) K a Ko~ea'I'pa~eu qacr~ N = 10 c~3• 6) 06-
naKOB ropS('lero ra3a c 3JieK-rpOHHOR TeMIIepaTYJ)OH 
~ = 104 K H Ko~e1ITpa1.U1eH 3JieKTJ)OHOB Ne == (0.03 -
0.3) Qr3 (3TB o6JiaKa 33BHMalOT OKOJIO 10% 061,eMa 
Me>K3Be3J(HOI'O npocrpaHCTBa), B) AD<1><l>Y3HOI'0 ra3a 
c TeMnepa'Ij'poii T = 106 K e KOHQeHTP~ea 3JieK­
'fPOHoe Ne = I 0-3 c~3• 

HeowtopoWfoC'I'H 3JieKTpOHHOii KOHQemp~. KO­

rop1,1e O'I'BeTCl'BeHHbl 3a MOJO'IDlr(B]O pa,:{BOBOJlll, ClUl-
33HbI c 00JlaK3.MH ropsrtero I'ala - KOMilOHelITOB ( 6). 

HeonaopOAHOCTD xapaKTep113y10TCSI KBa;QpaTH'I­
HbIM npocrpa11creem1b1M <l>ypbe-cneKTJ)OM q>JIYKTY­
a~ei 3JieK'I'pOHHOH KO~e8Tpaa;DH: 

ct>N,(q) = (IJ d'rexp [-i(qr)] Ne(r)j2). (8) 

I'Ae q - npocrpaHCTBCHHrul ':13CTOTa. 

BH)]; cneicrpa <I> N ( q) RBmleTCS( ADCKYCCHOHHLIM. B 
t 

nwrepaT}'Pe ':13CTO DCil0Jlb3YCTCS( npocreAlllrul MO­
;QeJib qucro creneHHoro cneicrpa [6, 7]: 

(9) 

OWiaKO, KOMJIJieKCHLIH aHaJIB3 aa6mOA3TeJibHbJX 
A3HHbIX no Me)l(.3BC3AHb1M Mepl.\aHWIM nyn1,capoe 
yKa3bJBaeT Ha TO, qTo cnetcrp HMeeT 6onee CJIO>K­
HblH BHA, a nyqmee cor11acue Teopm,: H aa6rrroAeHHH 
nonyqaeTCSI AJISI MOAem1 K}'CO'IHO-CTeneHHOl"O cneK­

-rpa 1j'p6y11eHTHOCTH (4, 8]: 

<l>N = 
t 

q<l l _l 

q > 1/ l (10) 

r Ae C - napaMe'I'p, xapaKrepu3y10~ ypoeeub TYP-
6yJJeHTHOCTH, 

n1 ""' 3.5, 

n2 = 4.5, 

l =- (3 - 7) X 10 11 CM. 

(11) 

Cite)lyeT OAH3KO OTMeTRTb, t{T(), XOTH KaqeCTBeHHO 

cneK-rp cl> N, ( q) B H3CTOSI~ee BpeWI onpen;eneH AO-

CT3TOlIHO HaAe>KHo, BeJIH':IHHbI n 1, n2 H / ~alOTCJI 

B AOllOJIHBTeJibHOM }'TO'lHeHHH. 

3. P ACCEHHHE P A)]:HOBOilH 

CpedHuu om,uiwc UHmepqiepo.Mempa 

CpeWfee 3Ha'!euue OTKJIHKa uHrepq,epoMe'I'pa B 
CJJyqae YAaJteHHOro pa;QHOHCTO'IHJIKa MO)l(.HO npeA­
CTaBHTh e BHAe [9]: 

(/(p)} = Bo(P)BJp), (12) 

rn:e Bo(P) - q>yHK~ 1mrepeHTHOCTH noJIS(, onpen;e­
JISieMrui BCXO)l;HblM pacnpeAeJieHBeM SipKOCTH no BC­
TO'IHBKy, BE - q>aKTop, onpenem1eMb1ii: paccemmeM 
s 1j'p6yneHTHOB cpeAe u COOTBeTCTBytolr(Hii myuK-

,1~~ 
~B KOrepeHTHOCTB TO'le':IHOrO HCTO'IHBJCa c..; .:.,....,?-
HH'IHbIM IlOTOKOM rrocne pacceSIHBSI H3JIY'leHIDI B 
T}'P6yneHTHou cpe]:le. <I>yu~WI BE MO)l(.f'T 61,JTL 
npeACTaBJieHa s BiJAe [9] 

~13) 

rAe D s - crpyK'Ij'pHrui <l>YH~WI <J)nyxryal'.(IIA <J)a3hl, 
Bbl'tlHCJieHHrul B JIDHeiiHOM reoMe1'pOODTB'leCKOM 
npe6nIDKeHBH. Ilpe: p < I (Han oMHHM, 'ITO I=- (3 - 7) x 
X 1011 cM""3) Ds<p) Ilpe;QCTaBHMO B BHJ(e 

. I 2 
DsCp) = 2 (kp80) , (14) 

rAe 80 - cpen;HeKBaApaTH'IHblH yro11 paccesmusi, a 
k = 21t{J.. - BOJIHOBOe 'IllCJIO. · 

Yron 80 CBS(33H C napaMe'I'pOM T)'p6yneHTHOH 
IlJla3Mbl COOTHOWeHBeM [ 4] . 

(15) 

rn:e A - J{JIBHa pa,:,;HOBOJIHbl, R - TOJI~HHa pacceama-
10:w;ero CJJOSI cpen:1>1, 

A = 3.5 X 10- 19 
CM 6, 

A.0 = 30 CM, 
(16) 

B - 'IllCJieHHLIH Kosq,q,~eHT. B cny11ae c<J)epu'lec­
Koii BOJIHbl H CTaTHCTHqecKB OAHOPOAHOH cpen;bl 

1 1 
Bal> =·41t(--+--}. (17) 

4-.n1 n2 -4 

B cnyqae IIJIOCKOH BOJIHbl H CTaTBCTH'leCKB on:eo­
poAHOH cpew,1 

Bnn = 3Bai, . (18) 

Be11uqlffla 80 RBJIReTCjl q>yHKqueii AJIHHbl BOJIHbt B 
ranaKTH'lecxmc Koopn;HHaT u 3aBHCHT OT pacnpen:e­
nearu1 cpe~bl Me)K,tcy Ha6mo~are11eM u HCTO\IHHKOM. 
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· EcnB BHABMblB yrnoso:a pa3Mep HCTO'IHBKa q,112 
(no uonoammoA BHTeHCBBHOCTB) noJIHOCTblO o6yc­
noueu MeX<3Be3J(HbIM paccesmueM, TO q,112 = 8112 = 
:s 1.6780• M 1>1 npoaHanB3HpOBanB ,qamn.1e no yrnaM 
paccesouur B B T86JI~e npHBOJ(BM CUBCOIC B3 8 BC• 
TO-.u111K0 B, AIDI KOTOpbIX BM~IOTC.R H3MepeHIDI BHJ(H­
~ yrnoa1,1x pa3Mepoa (yrnos paccesmmI) 6onee 
1teM sa AByx 'laCTOTax. B cron6u;ax Ta6rr~1 npoe-
1'=iiw: 1-H83BaHHe BCTO'IHHKa, 2 - <1>112 = 8112 Ba 'lac­
~ 1 ITI(; 3 - 3Ha'leHHe noKa3arem1 CTeneHH ex 3a­
B8"8MOCl'R <l>112(V) oc v--a, 4 - CCbIJIICH Ha pa60T.bl, OT­
~ 83ffld A8BHbie. 

:;.~. _q,c~ee 3Ha'leHBe noKa3aTem1 CTeneHH ex no 
BCeM 3TBM RCTO~HK8M paBHO 

ex= 2.00 ± 0.06, (19) 

· 1'J'O COOTBeTCTsyeT cneicrpy BHAa ( 10) HeOAHOPOA­
BOCTCA M3II. 
'.,.' BeJm:q:esa yrna pacceaHwr B 6oJibmoi CTeneHH 

. ....-,rr OT ranaxTH'leCKBX KOOPABHaT, 'ITO yKa3bl­
. *'1'·:ua CBJlbffYIO 3aBHCHMOCTL 3JleKTJ)OHHOH KOH­

. ..,,,~ H, B03MO:xcHO, napaMeTJ)OB HeOAHOpoA­
\ liqc'reA: OT aanpaeneHIDt s ranaKTHice. YrJJ.bJ pacceg­
.. .• nro6oM HanpaBJJeHRH B ranaKTHKe MOX(}IO 
o_i.,&B"l'i>, IlOnl,3YSICh 38BHCHMOCTIIMH yrna pacceSIHIDI 

Hcro'IHHK e112cv = 1 rr~>. a CcbIJIU 
MCCK AyrH 

1 2 3 4 

2005 +403 79.5 ± 10.4 1.94 + 0.15 10 

2013 + 370 46.4±9.6 2.00±0.2 10 

2021 + 317 25.7 ±2.6 2.08 ±0.13 10 

2023 + 336 67.6± 14.3 1.97±0.29 10 
2048 + 313 64.7± 11.0 2.19 ± 0.18 10 

2050+ 364 9.3 ±2.5 1.8±0.2 10 

PSR053 1 +21 1 2.05±0.25 11 
SgrA 1500 2.00 ± 0.10 12 

OT HCKOTOpbl.X xopowo R3BeCTHl,IX napaMCTJ)OB 
MC:iC3Be3AHOA: cpeAbI, HanpHMep, ·Mepbl 3MBCCHB 
(ME), MepbI ABCnepcau (DM) H .RpKocreoA reMIIe­
paTypbl (T J 4><>Ha r anaKTBKH. AuaJIB3 3THX 3aBHCH­
MOCTeA upoBeACB e pa60Tax [13 - 15]. Ha puc. la 
npHBeAeHa 38BBCHMOCTL yrna p accemIDI ranaxTIAe­
cKBX RCToqeHKOB (nym.capoB) OT Mep1,1 AHCDCpcBB 
ranaKmqecKoro <J>oua (0112,r(DM)). ,lJ;aHH1,1e o 9112,r 

81n.r<v = I rru.), MceK .r.yrn 8112 (V = 1 f f q), MCCK .JO'rK 
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• • • o 

10 - : r: 
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• ,o 
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1 ' 
~,& •• I ~·· 1 ' ... JR 

o,' • • , 
• , ... , 

a.' 
I 0 , 

, 0 , 
0.) 

10 100 1000 10 30 100 300 
DM, nc/cM3 T,,(v = 408 Mn.), K 

.. . l; 38BHCKMOCTb yrnoe pacceJIHHJI ranarmtteCICHX KCTO'IHHKOB Ka '13CTOTC I ITQ OT wept.I ltHCOCpcHH (a) H 3aBHCHMocri, 
' . .JIOB paccellHHII BHeranaKTK'ICCKKX HCTO'-IHHKOB Ha 'faCTOTe l ITQ OT ,rpicocn10A TCMDCpaT)'J)bl cf>oHa Ha 'f3CTOTC 408 Ml'Q (6). 
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B3S1Tb1 B3 H3Mepewdi yrJIOBbJX pa3MepoB nynLcapoe 
[ 11, 16 - 17] H BLittRCJiem.1 no B3MepeHW1M ymupe­
HBii HMnyJibCOB H pa)Uf}'COB '13CTOTHOH KOppen.R:qHB 
nynLcapoe [18 - 20). KaK Bll)lHO H3 pnc. la, 3aBBCH­
MOCTb cTaHOBHTC.SI 6onee KpyToii npH 6oJILmHx DM 
(> 100). 0Ha ,:toCTaToqHo xopomo MOX<eT 6bJTL an­
npOKCHMHpoeaHa KYCO'IHO-CTeneHHOH <pym,n;ueii: 
8112,r 3aBHCHT OT Mepbl AHCnepCHH H 'laCTOTbl KaK 

DM o.s 0112, r = 0.24( 3 ) X 
30 ( nc/cM ) 

2 

AJI.SI DM = 20- 100 nc/cM
3

, 

DM 3.s 

8112,r = 10(300( nc/cM3)) x 

(20) 

2 

Eonee Kpyroii Bll)l 33BBCHMOCTH a,,i(DM) npe 
DM > 100 nc/cM3 03Ha'laeT, 1lTO AJUI Hanpa.BJiemul B 
f anaKTHxe c 6onLmHMH 3Ba'leHWIMB DM cpeAa He 
JIBJI.ReTOt cramCTH'lecm OAHOPOAHOB. Bonpoc o 
TOM, K8K0Bbl CBOHCTBa 3TOH cpeAbI, .SIBJI.ReTOt B Ha­
CTO.Slw;ee epeM.SI ABCKYCCBOHHbIM. 

,IJ;m1 o~eHoK yrnoe pacce.RHIDI e CJiy'lae eueranax­
TH'leCKHX HCTO"IHHKOB MO)KHO HCil0J1b30BaTb AaH­
Hble O Mepe 3MHCCBB H .SlpKOCTHOit TeMilepa'l'}1)C 
ranaKTu11ecxoro cj:>oHa. 

3aeHCBMOCTH yrna pacce.RHJ!jl eueranaxTHqec­
KHX HCTOl{HHKOB OT TeMnepa117p&1 q>OHa Ha 'laCTOTe 
408 MI'~ (pHC. 16) H Mepi.1 3MJiICCBB (14, 15] MO)KHO 

annpoKCHMHpOB3Tb CJieJzylO~ BbipaX<eHIDIMB: 

T 0.8 V 2 

8 - } ( .11 ·) ( ) MCeK )zyrH 112 
- 40 (K) I ( ffi.\) 

AJI.SI T
11 

= 10 - 40 K , 

T 2.3 V 2 

0 =85( " ) ( ) 112 . 100 ( K) l ( ~) 

8 = 0 8 ( (ME) 112 ~8 ( v )2 
112 

· 3 ) 1 < rr~) 
6 

WI.SI ME = l - 40 nc/ CM , 

(21) 

MceK A)'I'H 

(22) 

1/2 3 l 

o,n = 70 ( (M;; )( I ( ~) ) MCCIC)IYMI 

WJSI ME> 150 nc/cM~ (ME e nc/CM6 )'. 

4. <l>JIYKTY AI..U1H KBA3HMrHOBEHHOfO 
. OTKJU1KA HHTEP<I>EPOMETPA 

<I>nyKTYan;HD /(p) MLI t5yAeM xaparrepB30Bafl> 
BTOpbIM MOMeHTOM (5). IIyCTb Jo(8)- HCXOJ:P{oe pac~: 
npeAeneHHe HpKOCTB no DCTO'lllllxy, me 8-.JrJIOBU 
KoopAHffaTa. M1a.1 MoX<eM npeACTaBBTL (l/(p)F) a ~e 

(II(p, p,)12
) = Jcie1tf&Jo(81)Jo(81 +8) X . 

X ( G(p 1, 81)G' (p 1 + p, 0
1
) X . (23) 

X G'(p 1, 01 + 8)G(P1 + p, 9
1 
+ 9)), 

rAe G(p, 8) - none cq>epu11ecKo:e: BOJIHbl OT TOllO'DIO­
ro BCTO'IHHKa, pacnOJIOX<eHHOro e Hanpa.BJie~ 8. 
{{eTBepTbIH MOMeHT noneii 11eT1Jpex cq>epnecx:ax 
BOJIH C pa3HeCeHHLIMB · ~eHTpaMH HCCJie;qoeana .8 · 

pa6oTe [21]. CJieAySI 3Toii pa6ore, npeACI'aBIDI · 
G(p, 8) a sane · ·. 

G(p, 8) = E~ (p, 8)G0(p, 8), (24) 

rne G0 - none e<J>epuqecxoe: BOJIHIJ B OTcyi:CTBBC 
CJiy1:1amro-HeonH0pona0Il cpeAl,1. B napa6(?JIFiec­
KoM npH6JIIDKeHHH HMeeM 

' (25) 

rne R - pacCTOSIHBe OT HCTO'IHHKa AO Ha6JIIO;qaTerur, 
E~ - KOMIIJieKCHaSI 8MilJIHTYA8 DOJIR, o6yCJI0BJ1eH­
HaSI -ryp6yneHTHoll cpe}:{oA. MoMeHT, (l/(p) 12) MOXCeT 
OhITb BLlpaX<eH qepe3 'ICTBePTblH MOMeHT KOM­
nneKCHOB aMIJJJBTYAbI noIDl E~; 

(II(p}i2) = Jcf8J1(8)exp [-ikp8] M.Jp, 8), (26) 

r.J(e 

MJp, P1, 8) = (E(p I, 8i).E* (p I+ P, 01) X 

xF(p1, 01 +8)E(p 1 + p, 8
1 
+8)), 

11(8) = Jci0i1o<e1)lo(8,+8). 

(27) 

(28) 

HcCJJe,xoeaime pememni ypasaeHIDI AJUI ME 6Lmo 
npHBeneuo B [21], npHMeHHTeJibHO IC 3a,tta'le BL11JBC­
JieHIDI xaparrepHCTHK <f>iIYKTY~ HHTeHCBBHOCTR. 
Mht MOX<eM B.Cil0Jlb30BaTb pe3yJILT3Tbl 3TOH paoo­
Tbl C HeKOTOpoii MOAD<pBKa~eit, CBSl3aHHOi C TeM, 
'ITO s [21] BCCJieJ{OBaJIOCb noseneHHe ME npHMeHB­
TeJll>HO K cpeAe co cneKTpoM KOJJMOl'Opc>BCKOro TH­
na (9) npa n < 4. B HameM CJI}"lae cneKTP om1eTCJ1 
6onee KpY'fMM, noseneHBe 11eTBepToro ~ MOMeHTa 
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3TOI'O TBDa npHMemrre.HbHO K KorepeHTHOMY B3JIY­
\leHBIO BCCJ1eAOB3JIOC1, e pa6oTax [22 -24]. 

B 3aBBCBMOCI'H OT COOTHOWeHIDI napa.Me'I'pOB A, 
C N , R MLI MO)l(eM HMeTb 'I'pH pexmMa MOAYIDlqH.B 

• 
paJ:(BOBOllH: pe>KHM CJJaOblX Mep~aHHe: H peX<HM 
CRJlbHblX Mep~aimii, KOTOpbIH µ:eJIHTCSI Ha peX<BM 
<j>oKyCHpOBKB B3JIYllCHWI (pe)l(BM KB33DHaCblIQe­
Hm1) u pe)l(HM eaCLIIQeHIUl Mep~amm [4]. Mbl DOCJJe­
AOB3TeJibHO paCCMO'I'pBM CBOBCTBa BCJIB'Il1Hbl 

(J/(p) 12} Ami 3TBX pe>KHMOB Mep~amdi. 

PeJICUM CAa6&ix Mepl4flHUU 

,Il;IDI cnerrpa s~a (10) npu R < k/2 B pe)l(HMe 
CJia6bIX Mep~auuA: aMDJIJIT}'A3 BOJIHbl npoMOA)'JIB­
poBaHa CJia6o u MbI BMeeM e uyneuoM rrpu611ID1CeHHH 

Mi-(p, 9) = 1. (29) 

CoOTBCTCTBCHHO HMeeM 

(30) 

CJteAYeT OTMCTRTb, 'ITO B CJJyqae KB3Jq>3TH'IHOro 
e~a <l>YHJCIOIB Ds(p) <l>a30B3$I Moµ:yn~ ee npoo­
ruleTCJI B (l/(p)j2} B B HeB OTcyTCTByeT MHO)l(ll'l'CJlb 

exp[-D,rCp)], KOTOpLm npBcyrCTByeT B (I(p)}2. 

Y CJIOBBCM npHMCHBMOCI'H BbipruKCHIUI (29) CJIY­
xarr MaJIOCTL BBAeKca Mep~a.HHH 

2 < [/(p = 0)- (/(p = 0))1
2
) 

m = ~ 1. (31) 
(/(p = 0))2 

Ilpu R < 1,P HH):leKc Mep~aHBil orrpeµ:em1eTcJ1 COOT­

uoweHHeM [4}: 

2 2 
m = m0 = 

YCJiosue 

11-z "1 ... 2 
R'z A.-2-

(-) (- ) 
Rs.p Aq, 

. 2 1 mo= 

(32) 

(33) 

onpeAeJISieT nepexoµ: pe>KHMa Mep~aHBu OT cna61,1x 
K CBJibHbIM. 3TO yCJIOBHC CB5l3b1BaeT eeJIB'IHHbl Rr.p 

H Axp· 
3KcnepHMCHT3JlbHO pe>KHM CJJa6bIX Mep~aHBil 

BCCJICAOB8H Heµ:OCTaTO~O. Ou peaJIB3YeTCSI, B oc­
HOBHOM, B caRTHMC'I'pOBOM µ:uana30Be BOJIH. 

Pe31CUM. <jJoKycupoe,cu 

IIpH yeeJie'leHBH R HJIH A pe)l(BM CJ1a61,ix Mepqa­
HBB nepeXOABT B pe:3CHM <l><>KYCBpoBKB B3Jl}"ICHml. 
B 3TOM pe)l(HMe Mbl HMCCM ABC KOMilOHeHTbI Mep~-

HRH: AU(j>p~mmyto H pecj>p~OHH}'IO C xapaK­
Tepm,IMH Mac1DTa6aMB [ 4 J 

4 3 

A 6 - 111 R 6-1t2 

b pe4) = b KP ( r-) ( Jf) ' 
"P 0 

(34) 

bKP = JRx.p').,q, / 21t, 

me Axp e RKp onpeAeJIJIIOTCSI COOTHOWeHBeM (33). 

B CJ1y1.Jae, eCJIB yr11oeoii pa3Mep HCTOqJ{IQC.a 

bAB4> 
tn <-­To- R , 

u pa3Mep 6a31,1 HHTeP<l>epoMe'I'pa 

p ~ bpeq,• 

(35) 

(36) 

BCJIH'IDlll,I ME u (l/(p) 12> onpeACJISIIOTCSI COOTHOWe­
HIDIMH (29) H (30). TaKBM ·o6pa30M AJISI BCTO'IHHKOB 
µ:ocraTO'lHO MaJlblX yrJ10BbIX pa3MepoB coxpaJUieTCSI 

B03MO>KHOCTb B3MCpRTb aMilJIHTYAY cj>yH~ B~H­
MOCTH. 3Ta B03M0)KH0CTL peaJIB3yeTCSI B TOM CJiy­
'lae, Korµ:a epeMH 3KCnoo~HB t u nonoca qaCTOT /l/ 
perHC'I'p~H YAOBJ1eTB0pJ110T HepaBeHCTBa.M [4]: 

b/1,H(p 

't < tllH<J) ""' -V-' 

Af Afo . kb AH<JI 

f <f "" R8
0

' 

(37) 

rAe V - CKOJ>OCTb ABIDKeHIDI AH<l>P~HOHHOH KapTH­
Hbl OTHOCHTe'1bHO nyqa 3peHHJI, Alo- llOJIOca ;QeKop­
penSll\HB H3JIY'ICHBJI, ,D;IDI BCTO'IHHKOB C pa3MepaMH 

b)lll<p 
80> <Po> T (38) 

/(p) JIBJIJICTCSI MaJIOH BeJIH'IHHOH H Mbl TepSleM B03-
M0)l(H0CTh BOCCTaHaBJIBB3Tb pacnpeAeJieHl:le SlpKOC­
TH no HCTO'ilfHKY. 

faeJKUM Hac&tU4i!HHblX MepijaHuil 

Pe:>KBM Hac1,1w;eHHhIX Mep~aHHi peam13yeTCS1 
npe BblDOJIHCHHH HepaueHCTBa 

R80 > I. (39) 

Hcnon1,3yg pe3yJibTaTbI pa60T1>1 [21] MLI nonyttaeM 
B HyJieBOM npH6JIWKCHHll ' 

M .(p, 8) ~ exp [-D ,(p )I + exp [-J dR' ~(8R')} 40) 
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Pac. 3. 3a8HCHMOCTb nonOCbl .11eKoppen.11W1H !lfo OT 

Mepbl .QHCnepcHH B norapucpMK'ICCKOM M3CWTa6e ,IIJl.11 
,11syx e1,16paHHbIX ~,acroT: IOOO Mf11, (sBepxy) H 327 Mf1.r 
(BHH3y). npHBC,IICHa npSIM3SI, COOTBCTCTBYf011{3SI 33BKCH-

MOCTH llfo "" DM-3·5. 

r_Ae D(p) - rpa~HeHT crpyKTYPHOii <l>YHKI.UUl 4>a3bI: 

D(p) = :RD .. (P ). (41) 

IIocne no~CTaHOBKH ( 40) B (26), nonyqaeM 

(II(p)i2) = (II(p)I/ + 

+ J,ie exp ( ikp 8; li(0) exp[-! dR' D(0(R - R')) J42
) 

CoOTHOllleHHe (42) 6blJIO nony'leHO TaIOKe a [21. 
B cnyqae HCToqHH.Ka MaJlblX yr JIOBbIX pa3MepoB, 

ynoeneTeopJ1IO~ero uepaeeHCTBY 

l 
<l'o < kR0 

0 

(43) 

npH p >Po= l/k00 eeJIHtJHHa (l/(p)l2) onpeAeru1eTcH 
COOTHOllleHueM (30) H Mbl MO)KeM BOCCTaHOBHTb 

4>yHK~HIO BB~HOCTH HCTO'IHHKa. 

.[(ru1 HCTO'IHHKOB rrpoMe)K}1TOqH&IX pa3MepoB 

(44) 

(l/(p) 12) S1Bm1eTCSI Ma.non: BeJIJNHHOB H Mbl ee HMeeM 
803MO)KHOCTH BOCCTaHaBJIHBaTb pacnpeAeJieHHe 
HpKOCTH. 

l}.JISI H3MepeHHSI <l>YHK[(HH BHAHOCTH HCTO'IHHKa 

Heo6XOAHMO BblllOJIHeHHe ycnoemi MaJIOCTH upeMe­

HH 3KCll03H~H 't H IlOJIOCbl 'laCTOT npReMHBX.a 

1 
't < ! AK(p ""' k0 V' 

0 

!J,.f . ll.fo C 
-<-=--
! f JRa~ · 

(45) 

H a6A1ooame1tbHbte OaHHbte 

.[(aHHbie IIO xapaKTepHCTHKaM AH<l>paK~OHHblX 
Mepu:aHHH noJiytteHbl TOJibKO IIO ua6JIIOJ];eHIDIM 

nynbcapoe.1'fa OOJibillOI'O KOJIH'lleCTBa A3BHblX (OKO­
JIO 50 CTaTeH) Mbl OT06paJIH TOJibKO Te, KOTOpbie 

MO)l(HO 6brno ceeCTH eoen11Ho no yau4>e~poaaeH0B 

MeTOAHKe. IIonoca AeKoppenH[(HH ll.fo onpeAemmac& 

KaK Il0JI0BHH3 llllfpHHbl qaCTOTHOH aBTOKoppe.JISl[(H­

OHHOH cpyHK[(HU Ha ypoBHe 1/2 OT MaKCHM)'Ma . .[(m1 
3aBHCHMOCTU 4/o OT ttaCTOTbl 6brnH BbI6paHbl llYJib-

capbI c DM =-- 30 (HHTepean DM OT 27 AO 40 nc/cM3
), 

AJISI KOTOpbIX eCTb H3MepeHH.sl Ha Tpex H 6onee qac­
TOTax (pnc. 2) (7, 25 - 29]. BrrHCblBaHBe npSIMOH no 

MeTOAY HaHMeHbillHX KBaAp8T0B B 3KcnepuMeHT3Jlb­

Hbie ToqKH B JiorapHcpMH1ieCKOM M3CWTa6e naeT no­
Ka3aTeJib CTeneHH a 1 = 3.7 ± 0.6, qTo ny'lme corna­

cyeTcH C rayccOBCKHM cneKTpOM HeOJ);HOPOAHOCTeH, 

JJ:]ISI KOToporo a, = 4. Ha pHc. 2 npoee11:eua 3aBHCH­

MOCTb C <X1 = 4. 

Ha pnc. :5 AJISI ABYX BbI6paHHblX qaCTOT ( 1000 Mn.\ 
H 327 Mfu:) npHBeJ:{eHbl 3HatteHHSI lifo B 3aBHCHMOCTH 

OT DM B norapH<l>MH'leCKOM MaCWTa6e. BHAHO, 'iTO 

3TH AaHHhie He]Ib3SI OilHC8Tb eAHlll>IM 33KOHOM ll/o oc 

cc DM-ll' . .[(nH nynbcapos c DM ~ 20 nc/cM3 Ha6mo­

naeTcH 6onee CJia6aSI 33BHCHMOCTb ll/o(DM)-1.45, B TO 

BpeMJI KaK :n;m1 nynbcapoe c DM > 20 - 6onee cBJib­

HaSI, 'leM npeAilOJiaraIOT MOJ];eJIH: ~[ = 3.5 ± 0.2. IIo­

Ka3aTeJib CTeneHH jl nony'leH nyTeM BilHCblBaHIDI 

creneHHOH 3aBHCHMOCTH B 3KcnepHMeHT3JlbHbie TO'I­

KH no MeTOAY H3HMeHblllHX KBanpaTOB. Ha pHC. 3 
npoBeAeHa rrpsiMaSI C ~I= 3.5 AJISI .1(3HHblX Ha qaCTOTC 
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1000 Mfu. Beg COBOKYnHOCTb Aamu.rx MO)KeT 6bITb 

onDcaua 3MmqmqecKo:u cf>oPMYJIOii: 

. f 4 DM -1.45 

8/= 8.8 (,) <oM) Mrn, 
JO O 

. 3 

DM::; 20 nc/cM , 

/ 4 DM - 3.s 

8/ = 3.8 (,) ( DM ) Mrn , 
JO 0 

3 
DM > 20 nc/cM , 

r.u.efo = I rru. DMo = 30 nc/cM3• 

(46) 

PaAeyc epeMeHHOH Koppemui;HH tAH«I> onpeµ;em1eT­
c.s1 KaK IlOJIOBHHa wepHHbl BpeMeHHOH aBTOKoppe­
JISIUHOHHOH cpyHKQHH no ypOBHIO 1/2 OT M8KCHMYMa. 
,Urul nocrpoeHHSI 3aBHCHMOCTH T.Q(f) 6blJIU BbI6paHbl . 

ceMb CHJibHbIX nyJibCapoB C 6JIH3KBMH MepaMH AHC­
nepcBH a .I{Hana3011e 23 - 40 nc/cM3 (a cpe.I{HeM =30) 
H C H3MepeHIDIMH 'to ua HeCKOJibKHX qacTOTax npuee­

)J,eHHbI~. B OCHOBHOM, a pa6oTax [7, 26, 29, 30]. He­
CMOTJ)SI Ha µ;ocraT01.{H0 OOJibWOH pa36poc 3Ha'lemn1 
cpeµ;HHe BCJIHl-llfflhl 'to ( OHH· 0603HalfeHbI KpecTHKOM C 

oUie6KoH, paaaou a) xopoUIO KOppe1IHpywT c qacro­
rou H cpopMaJibHO BilHCaHHaSI creneHHaSI 3aBHCHMOCTb 

no MeTO.t(Y HaHMeHbWHX KBap;paTOB B Aff3Ila30He qac­
TOT 0.32 - 2.7 rn.u~aeT HaKJioH 1.1 ± 0.15 (puc. 4a). 

Ha pHC. 46 npene.I{eHa 3aBUCHMOCTb 'to OT MepbI 

.I{Hcnepcun AJISI 71 R)'Jibcapa. 3TH 3Haqeu~ 'to nony­
qeHhI no e)J,HHOH MeTO.I{HKe Ha .U.BYX pa.n;uoTeJieCKO­
nax Ha HeCKOJibKHX qaCTOTax, 6JIH3KHX K qacroTe 
1000 Mfn [7]. B OTJIH'IHe oi pHc. 4a, J)J.ec1> ace 3Ha­

qemm npeeeµ;eHhl no ypoBHIO 1/e aeToKoppemn:~­
OHHOH cpyHKQHH. OmlTb Ha6mo.I{aeTC.sl CHJibHbIH pa3-

6poc BeJIH'l.{HHbl 'to npH O)J,HOH H TOH )Ke Mepe ,D;Hcnep­
CHH, Il03TOMY )'.{JISI BbUIBJieHH.sl 38BHCHMOCTB 'to(DM) 
MbI npoeen11 ycpeAHeHHe no ceMH HHTepBanaM Mep 
AHCnepc1m C )'.{JIHTeJibHOCTblO HHTepBaJia (tiDM) Ta­
KHM, qTo lg WM = 0.25. Ha puc. 46 cpeAHHe eenu­

'iHHbl 'to )'.{JISI Ka~oro HHTepeaJia c OUIH6KOH cpe]];­
Hero 0003Ha1JeHbl KpeCTHKOM. ,l].m1 BDBCblB3HIDI 

cpopMaJibHOH 33BHCHMOCTH Mbl HCXO)'.{HJIH 113 1'pe6o­
BaHH.sl, 'iT06bI OHa He BblXO)'.{HJia 3a npe)'.{eJibI OllIH-
6oK. B 3TOM cnyqae Heo6XO)];HMO BilHC3Tb no Kpaff­

Heii Mepe )];Be CTeneHHbIX 33BHCHMOCTH co CJie;t{ylO­

ll(HMH noKa3aTenS1Me: -0.4 ± _0.2 nn.s1 DM ::; 30 H 

-1.6 ± 0.5 JJ;JISI DM > 30. 3MnHpH'IeCK)'IO 33BHCH­
MOCTb pa,-0yca BpeMeHHOH KOppeJJ.SJI.\HH OT qaCTOTbl 

U Mepbl AHCnepCHH MO)KHO 3anDC3Th B BH,D;e 

f 1.1 . DM - -0.4 

t AMtp [ MHH ] = to ( # ) ( D M ) ' 
JO 0 

3 
DM < 30 nc/cM , · 

f u OM -1.6 

[ MHH] = 10 ( 7) ( D M ) • 
JO 0 

3 
OM~ 30 nc/cM . 

(47) 

lg'fo, MHH 

• 

1 

0 

• 

-1 
2.0 2.2 2.4 2.6 2.8 3.0 3.2 lgf, Mr~ 

lg'tQ, MHH 
(6) 

• 
1 

. ' . • • , .. 
• • • # • 

0 
• 

- 1 • 
0.5 l.O 1.5 lgDM, nc/CM3 

Pac. 4. a - JaBHCHMOCTh pa,nHyca epeMeHHOA KOppem1-

QHH 'to OT lfaCTOThl 8 norapK<pMHlfeCKOM M3ClllTa6e ,Qml 

ceMH nym,capoa c OM = 30 nc/cM3• KpeCTHKaMH 0603ua­
"leH1:J cpe.nmte eenH'IHHhI ua o.nnoA qacroTe c ornH6Koit, 

paBHoA CJ. OpstMast COO'l'BeTCTeyeT JaBHCHMOCTH 'to ex J' · 1: 
6 - JaBHCHMOCTb 'to OT Mepbl ,QHCDepcHH JVUI 71 nynbcapa 

B norapHcpMH'ICCKOM MaCtuTa6e. KpeCTHKaMH 060::JHa­
"ICHbJ cpe,llHHe BCJIH'tHRbl 'to AJISI ceMH HHTCpBaJIOB OM 
(aDM = 0.25) c OWH6KOH cpe,llHero. TipllMH COOTBCTCT~ 

aye-r JaBHCHMOCTH 'to"" OM--0.4 no OM"' 30H -r oc OMi.6 

nm1 6onee ,QaJJeKHx nym,capoa. 

· CoOTHOllICHH.sl (46) H (47) OilHChIBalOT·, B OCHOB­

HOM, )'.{aHHhie, nonyqeHHbie 8 )'.{e~HMeTJ)OBOM H MeT­

pOBOM AH3Il330Hax BORH H OTHOCSITCSI K pexafMy q>o­
K}'CHpOBKB B pe)KHMY H3CbIW,eHWI Mep~aHHA. 

5. '<l>JIYKTY AUHH qACTiflIHO 
YCPE,D;HEHHOfO OTKJIHKA 

HHTEP<l>EPOMETPA 

ECJID speWI ycpe):(HeHIDI 't YAOBJieTB0pS1eT Hepa­
BCHCTBY (7), TO AHq>pa.Kl(HOHHaSI KOMilOHeHTa <pJiyK­
T)'a~HH OTKJIHKa HHrepcpepoMe1'pa 6yJ:(eT 110J:(aB11e­

Ha. 0)'.l;HaKO B 3TOM CJiyqae OCT310TC.sl cpJIYKTYawIH, 

o6yCJIOBJ1eHHble pecppaKUHOHHblMB MepnaHIUIMH. 
3TB cpnyKrya~HH 6YAYT Hau6onee .s1pKO Bbtp3)KeHbI 

8 pe,K.HMe HaCbIW,eHIDI Mep~amm:, B KOTOpOM xapax.­

TepHoe epeM.sl pecppaK~OHHblX Mep~amrli tpccl> Ha 
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lg'tpe4,, cyr 
• 

4 • 

3 

2 

I 

0 

1 2 lg DM, nc/CM 3 

Pac. s. 3aBKCHMOCTb paAHyca BpCMeHHOA aeTOKOppeJTSl­

QKOHHOA <t>YHKQKK 'tpect, OT Mepbt AKCnepcHH no HJMepe­
HHllM ll}'m,capoB. Kp)')t(KaMH 0003H3'1CHbl ,QaJll{blC, 113-
MepeHHbte Ha '18t..'TOTe 156 MrQ. TO•tKaMH - npHee,qeH-. '\2 

·nhle K 3TOH 'laCTOTe cornacH03aKOHY"' no M3MCpeHHRM 
11a ,qpyrHx <1aCTOTaX. OpHMaR COOTBCT\;'J'BYeT JaKoHy 

'tpe4i oc DM 15
. 

HCCKOJibKO nop.SIAKOB npeBOCXOAIJT BpeM.SI .itmppaK-
1.\HOHHhIX Mepl\aHHH tJlNct,· HH)Ke Mbl paCCMOT}JHM 

Bb1paxeaae nn.S1 (I l 12) B pe:)l(HMe Hacb1II(eHID1 MepIUl­
HHH. 

l1cnoJib3Y.SI pSIA Teopuu B03MYru;elilfli WJjl ME, no­
nytJeHHbIH s [21] AJISI OflBCaJIHSI KpynHOMaCllJT86Hl,IX 
peq>paK~HOHHblX Mep~aHHH, H coxpawut B 3TOM 
p~e ffYJICBOH H nepBbtit qneH 3TOro PSIAa Mbl MO}KCM 

nonytlHTb CJieAyt0ru;ee Bblpa)KeHHe: 

(1 1cp)l2) = (l l(p)I/ +m,.peq> (/(0)/K(p), 

K(p) = K 1(p )/ K 1(p = 0), 

R R R J 2 
K,(p) = f dR'Jiq (q [ p - qI ( R' - 1) ) <l>N, X 

. 0 ~~ 
R' 

R" R" R ] 
x exp { - J dR" D [ R p - qT ( R' - l) -

0 

R' 

R R 
X J I ( q I ( R' - l ) ) • 

rAe m ~- JlC4> - HHAeKC peq>paK~OHHblX Mep~aHHB. 

3Ta eeJIH'IHHa AOCTaTO'lJHO nonpo6HO H3y'f.feHa B 
paoorax (4, 31]. <l>yHK~ K(p) HMeeT xapaxrepRhIA 
MaCUITa6 nopHAKa l /k0o, OAH3KO npH p > l/k0o AO-

CTaTOlfflO CJia6o y6bIBaeT c pocTOM p. Tax B CJiyqae 
<pa3oeoro 3KpaHa · 

(49) 

TaKRM o6pa30M qacnrqHo ycpeAHeHHl>m OTICJIHK HH­
Tep<pepoMerpa l(p) JIBJUleTCSI q>nytcryBpyio~eA BeJIR­

'IHHOH H npH p > 1 / keo OH CHJibHO OTJIHlJaeTCI or (/(p) ). 
PeXCHM 'IaC11RHoro ycpeAHeHHSI peaJJB3YeTOI e e CJIY~ 
qae, KOf'Aa yrJIOBOH pa3Mep HCTO'lfflHKa (l)o ~ l/k0oR. 

<l>JiyK'rya~OHHbIH xapaKTep l(p) Il03DOJISleT pa3-
AeJIBTb yrJIOBOH pa3Mep HCJ'OqRHKa <?o B yron pacceSI­
HID[ 00 B cnyqae, Koma 3TH eenHquin,1 COB3MepHMbI. 

Ha6Jit0AaTeJILHLie A3HHLie no H3MepeHWl\.f pe­
q>paJCqBOHHbIX Mepu;amdi nynbCapoe [32, 33] MO}l{f[O 
annpoKCHMHpoB3Tb 3MDRpH'leCKBMB <t>opMYJiaMH 

f 112 DM -113 

m 1, pe4> - 0.6(.fo) (DMo) ' 

f -2 DM i.s 
tpect, 00 40 (Jo) ( DMo) CYT, 

(50) 

rAe fo = 1 ffq, DMo = 30 nc/cM3• 

0 peq>pa~OHHblX cpnyK1)'31.µDIX HHTeHCHBHOC-
. TH uaqana cepbe3Ho roeopHTb nOCJie paoorb1 3u-
6epa [32), B KOTOpOH OH o6Hapy.xran 33BBCHMOCTL 
Me~y AOJiroBpeMeHHblMH sapua~MH BHTeHCHB­
HOCTH nynbcapoe H Mepoi AHCnepceH. IlocKoJU,K}' 

. BblBOAbI TaKOl'O POAa T}Je6y10T O'leHb AJIBTeJibHhIX 
Ha6JIJOAeHHB, ro xpoMe TeX pa6oT, 'ITO ynOM.SIHYTbI 
B (321, llOSIBHJJaCb pa6oTa [33], r):(e B3Mepe11bI P3AB­
ycbl BpeMeHHOH KoppeJISlf(HB AJISI 10 nyru,capoe Ha 
tJaCTOTe 610 M~. Mb1 o61>eAUHHJIH 3TH AaHH1>1e, 
npeABaPHTe1lhHO npBBeASI ece H3MepeBID1 K OABOMY 
onpeAenemno, a HMeHHO, 11cnonb30Bae eeJIH'IHHY 'tpect,• 
KOTOpasr B3MeH.SIJiacb KaK 1/2 WHpHlll>I aBTOKOppeID1-
~0HHOH q>yHJa~im epeMeHHbIX eapuar.um no ypoemo 
1/2 R npueeA.ff see ):(aHHLie K qacrore 156 Mr~ no Te­
opemttecxoii 3aBHCBMOCTH 'tpect, oc A.2(50). Ha puc. 5 
npBBeAeHa 3aeecBM0CT1> )IC:~ OT OM. B A8.HHbie, no­
ny'leHHLie Ha lJ3CTOTe 15<:> MI'n (Kpy)KKB), BnHcaHa 
reoperaqecxasr 3aBHCBMOCTb 't~ oc DM1.s. CTOHT 
3aMeTHTb, 'ITO OllSITb KaK H AJISI ABq>paKl.lHOHIU,JX 
q>nyK'rya~ii. Ha<mHaSI C MD "" 30, 33BHCHMOCTb CTa­
HOBRTOI 6onee CHJlbHOit 3ToT q>aKT Tpe6yeT Teope­
TH'lecxoro 06'hsicHeuru1. 

6. OBCY)KAEHHE PE3YllbTAT0B 

lfrax, npR BblllOJIHCHHH HeKOTOpbIX )(CJl0Blffl OT­
KJIHK HHTepq>epoMeTJ)a 6yAeT ¢nyxryepyro~eii ee­
JIR'IHHOH H coxpaHSleTCSI B03MO}KH0CTb BOCCTaHO­
BHTb HCXOAHOO pacnpeAeJieJWe SlpKOCTH, B0:3MY­
II(eHHOO 'ryp6yJieHTHOH CpeAoit B pe)KHMe CJia6btX 
Mep~aHuA aMnJIHTYAa OTKJIBKa HHTep<pepoMeTRa 
CJia6o B0'.3MYII(eHa 1)'p6ynenTHOH cpenoA R COOT­
BeTCTBeHHo paBHa aMIIJIHTy~e q>yB~BH BJIAHOCTB 
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HCXOAHOro H3n.y'tleHIDI. Pe)IQIM cna6hIX Mep~aHBH 
peaJIH3yeTCSI, B OCHOBHOM, B caHTHMeTJ)OBOM AUana-
30He BOJIH. 

B pe.)IQ{Me CHJibHbIX Mep~amm (pexatMe (pOKycu­
poBKH H pe)IQIMe BaChI~eHIDI) CHJlbBble qmyKT}'a­
I.µIH KBa3HMrHOBeHH0£'0 OTKJIBKa HHTep<J?epoMe,pa 
Moryr ea6moAaTbC11 TOJlbKO AJI11 HCTO'IHHKOB oqeHb 
MaJILIX yrJIOBblX pa3MepoB cp < bfl,H(f,/R. ,D;m13TBJ ec­
TO'IHHKOB . coxpam1eTCSI B03MO)IQ{0CTb B3MepeHWI 
q>y~ BHAHOCTH BCXO,:J;HOI'O H3Jl}"leHIDI. 

PaccMOTpHM, npu Kamx napaMe'I'pax ua6J1t0Ae­
HHH sTo MO}KHO peanu3osaT&. HcnoJIL3Y11 3MnBpJNe­
cKHe coOTHomeHIDI, nonyqeHH&Ie BLime µ;IDI 11onoc&1 
J.{eKoppe~ 4/o B xapaKTepHoro speMeHB AUq>paK­
~OHHhIX Mep~aHHii t1'RIJ, u HepaBeHCTBa (35 - 37), on­
peAeJIHM nonocy npueMHHKa 41, speM11 3KCR03~ 't 
u aeo6xoµ;B.MYl0 6a3y HHTepq>epoMe'I'pa µ;JUI B3Mepe­
HIDI q>yH~H BH,[{HOCTH HCXO,:J;HOro B3JiytieHIDI. ,D;n11 
onpeµ;eJieHHOCTH pacCMO'IpHM nynLcap1,1. Hx yrno­
BOH pa3Mep 'PPsR = RdR = cPi/21fR"" 1.6 x 10-12 p~. 
rµ;e Ri - pa;o;ayc cBeTosoro ~JIBH,r(pa, P1 - nepuoµ; 
nyn1,capa. ,Il;ID.I o~eHKB Mbl B3JIJIH P 1 = 1 C, R = 1 .KflC. 
PexraM CIIJlhHblX Mep~aHmi peaJIB3yeTC11 B MeTJ)O­
BOM H µ;eQHMC'I'pOBOM µ;uana30Hax BOJIH. I1ycr1, qac­

TOTa ua6moµ;emrii f = 300 MfQ u Mepa µ;ucnepcBB 
OM= 30. Torµ;a 4f = 30 x~ B tAH4' = 2.7 MHH. Cne,:i;o­
sareJILHO HeOOXOABMO, tfrOOhl BhffiOJIIDIJlHCb ycno­
BIDI 4f < 30 ~ e ~ < 2.7 ·MBH. TaKa.si Y3KWI nonoca 
npueMHHKa CBJibHO CRIDKaeT ero 'JYBCTBHTeJILHOCTh 
u µ;nsi pacnmpemm ee Heo6,co]:{HMO ua6nt0µ;aTL ca­
Mble 6JIB3KDe nym,cap1,1 (CM. (46)). KpoMe roro, yr­
nosoli pa3Mep BCTO'IHHKa AOJl)KCH OhITb (J)o S b,,11~/R. 
Eepsi CKOpOCTb µ;eIDKeHWI AHq>pa~HOHHOH KapnI­
Hbl V - Vpsa = (30 - 300) KM/c, RMeeM b cl>= (0.5 ~ 5) x 
x 109 cM. Y uac non:xrno 6hITb Ri = cP.i2n ~ blOlcl>• T.e. 
P, < (0.1 - 1) c. Pa3Mep 6a3bl HHTepq>epoMe-rpa J:(OJI­
}KCH OblTb p ~ bpect, = tpcc11 V = (3 - 30) X 107 KM. 

HTaK, MOXCHO nonr.fHTb BHq>opMau;ino O q:,ymc­
~B BB.µ;HOCTH ucroqHHKa, OAH8KO, 31'0 Tpe6yeT 
OOJlblDHX BpeMeR uaKOIIJICHIDI H O'ICHb OOJibllIHX 683 

mrrepq>epoMe'Ipa. B HaCTOS11Qee BpeM11 Tamx B03-
MOXCHocreii aeT. · 

,D;m1 BCTO'IHHKOB C Cf) ~ blllcl>/ R peam13yeTCSI pe­
}KHM qaCTll'Uloro ycpeµ;HeHIDI OTKJIHKa BHTepq>epo-

Me,pa. BenlNHHa i noµ;eep}KeHa peq>paxQJmHHblM 
Mep~aHIISIM, KOTOp1>1e MOA}'JIBPYIOT IIOTOK B pacnpe­
neneHHe apKoCTB npeHHMaeMoro B3JiyqeHWJ. 4>nYK-
TY~HH / MO}KHO BCfi0Jlb"30BaTb AJI11 pa3µ;eJieHBSl yr­
nosoro pa3Mepa BCTO'IHHKa <Po B yrna pacceJIHBSI 80 
B cnyqae, xorna 'Po B 80 6JIB3KH. CneA}'eT noµ;11epK­
H}'Tb, 1.JTO B pe}KB.Me 'laCTB'IHOI'O ycpeµ;aeHH.SI 3Hatm-

' Masi BHq>OpMaJVU( o6 BCTO'IHHKC MO}KCT 6b1Tb nony­
'ICHa npu H3MepeHHB Ba HHTepq>epOMC'I'pax C 6.a3a­
MB p 3H8'IBTCJlbHO npeBbl1Il8IO~BMB MaCmTa6 
xorepeHTHOCTB 11om1 Po = l / k00 • 

Pa6oTa BbITIOJIHeHa npu q>BHaHCOBOii IlOAACp>KKe 
PoccuiiCKoro q,oima <l>YHAaMeBTaJihHbIX BCCJIC~OBa­
HBit (KOA npoeKTa 93-02-2976). 
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Effect of Turbulent Interstellar Plasma on the Response 
of a Radio Interferometer 

V. I. Shishov, V. M. Malofeev, A. V. Pynzar', and T. V. Smirnova 

We consider the effect of radio emission scattering on interstellar plasma inhomogeneities, as well as that of 
diffraction and refraction interstellar scintillations, on the mean and squared amplitude of the interferometer 
response. 1be squared amplitude of the interferometer response in the cases of weak and strong scintillations 
is derived. It is shown to be equal to the squared amplitude of the initial visibility function. For weak scintilla­
tions, this result is not affected by the source size; for strong scintillations, this holds for sufficiently compact 
sources. We present observational data on the scattering and scintillation parameters that affect the interferom­
eter response. 

AcrPOHOMWIECKHA )l(YPHAJI TOM 72 Mi 4 · 1995 

http://www.tcpdf.org


ACTPOHOMH'IECKHH )J(YPHAJI, 1995, moM 72, M 4, c. 495 • 507 

YP.K 524.4 

neIDKYIQHECB CKOUJIEHIDI 3BE3n B OKPECTHOCTH COJIHUA 
© 1995 r. B. B. OpJioa•, H. E. Da1111eexo**, A. C. PacTopryes•••, A. B . .B~eaa11• 

*YHU6epcumem, CaH1<m-llemep6yp2, Poccua 
**YHu6epcumem wt. M.B.·JIO.MOHocooo, MocKBa, Poccwi 

***AcmpoHOMll'lec1euu imcmumym UM. n.K. lllmepH6epza. Moc1<00, Poccua 
IlocrynHna B pe~aKUHIO 20.06.94 r. 

K Bbt6opKe, COCTO.IIl.l.\eH H3 1947 OAHHO'tfHblX H KpaTHbIX 3Be3A 6nH)KaHweii OKpeCTHOCTH Conuna C H3Be­
CTffbIMH npocrpaHCTBeHHblMH CKOpoCTKMH H3 KaTaJJora fJJH3e H .Slpaucca, npHMeHeHbJ ABa anropHTMa no­

HCKa ABH>KYtnHXC}l CKOJTIJeHHH: MeTOA rJUlBHhlX 3Be3A B rrpocrpaHCTBe CKOpocreii H M~TOA Hepapxe'le~KO­
ro CKYqHBaurur. HaAC>KHO BLumneHo IDITb 6oran.1x ABH>KYtnHXCK CKonneuun c pa3HOCThIO cKopocrea ue 

6onee 6 KM/COT neHTpaJtbHOro 3Ha'leHIUI H 'IH~OM 'lJieHOB nOpS!AK3 35 - 40. Meuee yBepeHHO BblJ:{em1eTCSI 
Cl.l.\e CCMb 6eAHblX CKODJieHHH. 6oraTble ABH>K)'J1'Hec,i CKOilJieHWI BKJJIO'faIOT OKOJIO t 0% scex 3BC3A C H3-
BCCTHblMH npOCTpaHCTBeHHblMH CKOpOCTjlMH. 

1. BBE,I:(EHHE 

B pa6oTe AreI01Ha R Ben03epoB0ii [ 1 J noKa3auo, 
no no Mepe WfCCHna~e pacce.ffHHLIX cKonnemm 
Bee 6onbmee "'1.HCJIO 3.Be3A nepeXOAHT B KOpoHbI. Ko­
poBbl pacceJIHHLIX CKOilJiemm: 61,mn o6Hapy}l(eHbI H 
HCCJieAOBaHbI XononOBbIM H ApTJOXHHOB (CM., Ha­

npHMep, [2, 3]). IlpocrpaHCTBeHH1,1e cKopocm 3Be3A 
KOpOHLI HMelOT 6~B3KBe 3HaqeHHSI. B CH1IY 3Toro 
OHD o6pa3yJOT B npocrpaHCTBe CKOpoCTeH nnOTHoe 
o6pa3oBaHBe (uacrep ), xoropoe pa3Mb1BaeTCH up­
peryJI'1PHhIMB D DpHJIHBHblMH CD1IaMD nom1 faJiaJC­

THKH 3Ha'CJHTeJibHO MeJ:vteHHee, qeM apoHCXOAJIT 

AffCCHna~ H3 a,wa pacceSIHHOrO CKODJieHHSI [ 1 ]. 
Ilocne pa3pymeHID1 ~pa pacceeHoe CKonneHBe 
y.>Ke ee Ha6n10,u;aeTC$1, O,t:(HaKo B npocrpaHC'I'Be CKO­
pocreH KJiacrep ~eCTByeT 3H3'CJHTe11bHOe BpeMJI B 
o6pa3yeT·AB~~eecS1 CKODJieHue. Tax KaK 3Be3Abl 
,tJ;RCKa f aJiaKTHKH <l>opMHp0BaJIHCb B paccemHbIX 
CKODJleHIDIX, ,t:(HCK B 3Hat:JBTem,HOH C'I'eneHH AOJI}l(eH 
COCTOJITb B3 B3aHM0Dp0HDK3IO~ ,t:(BH~HXCJI 
cxonneHHii. HeKOTOpbte AB~~ecJt CKOilJieHIDl 
H3Beql1ll,I AaBHO (HanpHMep, CKODJleHHe BOJibWOH 
MeABeABD;bI R noTOK TeJibD;a [21). 

,I:(ml H3AC}l(HOro BblllBJieHIDI ABH~CJI CKOil­
JieHHH 6bIJIH HCil01lb30BaHbl ABa pa3JIH'IHJ:,JX anro­
pBTMa. 

IlepBblH H3 HHX 6bm npe,u;JIO)KeH AreK.ffHOM H 
OpnoBhIM [ 4]. Ero cyTb 3aKJI10tfaeTCH e cne1cy10ll(eM. 
,I:(JISI 3Be3A B3 oxpeCTHOCTH CoJIHI:~a C H3BeCTHbIMH U, 
V, W-cxopocr'1MH H3 "KaTanora 6mnKHX 3Be3A" 
fJIH3e [5] (N = 1132) BbJ6BpaJIOCb HeKOTOpoe KpHTH­
qecxoe paccroSIHee c e npocrpaHCTBe cKopocreH. 
CocraBJIJtlOII(He CKOpocree: 3Be3A U, V, W HMelOT 
cJieJzyJOmHe opueHTa~u: · U - x n;empy f anaKmKH; 
V - B HanpaimeHHH I'aJiaKTH'leCIWro Bpatn;eHIDI; w -
K ceeepHOMY nomocy f anaKTIIKH. ECJIH paCCTOSIHHe 
OT 3Be3.QLI i ,u;o 3Be3AbI j, o6o3Ha"taeMoe ~ii• 6&mo 

MeHbWe c, TO j-SI 3Be3Aa Ct:JH.TaJI3Cb cnyrHHKOM i-u 
('r/i, j = l(l)N). ,I:(m1 K3}1('.AOH 3Be3A.b1 onpeAeJI'1JIHCb 
cnynuura H HX KOJIHt:JeCTBO k;. nanee ,t:(IDI K3~0B 
in-H 3Be3):(l,I onpe.t:(eJijJJIC.ff CJIYTHDK - i,, + .-$[ 3De3Aa C 
MaKCHMaJibHbIM qe:CJIOM CilyTHHKOB. Ilpo~ecc npo­
AOJI}l(aJICSI ,u;o rex nop, noxa in+ 1 = in. Ilocne,qHIDI 
3Be3Aa ct:JHTaJiacb n;empoM runoTeTBqecxoro ,u;ee­
~meroc.SI cKonneHHSI, a ee cnyTHHKU - 1UieHaMH 
CKOIDieHHSI. B [4] 6bJJIO BbI,:(eneao 9 AB~mBXC.ff 
CKOIDieHBH c 'CJHCJIOM 1UieHOB ~6 npB q>HKCHpOBaH­
HOM C = 6 XM/c. 

B OCHOBe eroporo anropHTMa Jie}l(HT H3DeCTHbIH 

MeTOA KJiacrepHoro aHaJIH3a - MeTOA nepapxuqec­
xoro CKYt:JRBaHIDI B QeH1pOHAHOB MOAH<l>HKal\lfH [ 6]. 
Ha nepeoM ware pa6on,1 anropHTMa Bbit:JHCJIJleTCJt 
MHO)KeCTBO B3aHMHblX paCCTOJIHHH ~ij OTAeJibHbIX 
3De3A B npocrpaHCTBe CKOpoCTeH (Vi, j = l(l)N). 
3ee3AbI c paCCTO.ffHIDIMH, He npeBblWalOmeMH HeKO­
TOpoe BbI6paHHoe KpHTHqecKoe 3Ha'CJeB.He (c), o6'b­
eAHH'1JIHCb a xnaC'I'epbl. Ha nocneAy10mmc 3Tanax 
3TH KJiaC'I'epbI BbtcrynaJIH KaK D~HBHJ(YaJll,Hbie 

TOqKH (QeHT})OHAbI) C npocrpaHC'I'BeHHbIMH CKOpo­
C'I''1MH, paBHhIMB cpeJ:{HHM CKOp<>CT.SIM 3Be3A, HaCeJI'1-

10mBX 3TH KJiaC'I'epi.1. IlpoQecc 06'1.eAHHeHIDI cKon­
neHHH npoucxo,t:(HJI n}'TeM nocneµ:osaTen&Horo npH­
coe;i:{HHeHIDI K y>Ke BbIAeJieHHblM KJiaCTepaM 
H~HBBJWa11bHblX 3Be3,t:( HJIH Apyrnx KJiacrepoB, Ha­

XOA~XCSI Ha Me}l(qeHTp<>HWfblX pacCTOmnl.SIX HB­
)Ke KpHTH'leCKOI'O, B nop'1AKe B03paCTaBID1 3THX 

paccrosrHHH. KpHTINecKoe paCCTOSIHHe TaIOKe 6blJIO 
B3SITO paBHbIM 6 KM/C. 

BbJAeJieHHbie 3TBMH MeTOAaMB KJiaC'I'epbl, 8006-

me I'OBOpJt, AOJI}l(Hbl HeCKOJlbKO pa3JIHt:JaTbCJI no 

3Be3AHOMY cocraey, no CBJ13aHO C pa3JIH'1'BeM IlOH.ff­
THSI paCCTO.ffHHSI Me.>Kgy KJiaCTepOM H OTAeJibHOH 
3Be3AOH B paMKax ABYX HCilOJib30BaHHblX anropHT­

MOB. TeM He MeHee 6oraTbie CKOIDieHIDl (c quCJIOM 
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qneeos nop.srnxa 30) oKa3aJIBCb 011eHb 6JlB3JCBMB no 
'lBCJieHHOCTH B COC'faBy. 'ITO AODOJlHBTenbHO CB&Ae­

. TeJlbCTBYeT O B3Ae}ICHOCTH BbJAeneBWI ooraTLix ABH­

XC)'~Cjl CKOmtemm. 

AKT}'a.JlbHOCTb Hacro~ell pa6on.1 onpe.QeJIB­
nach nosmneHHCM Ha na3epHbIX Oirl'B'ICCXHX ABCKax 
.paclllDpeBHOB npe,QBapBTCJlbBOD BCpCHH "TpeTLCro 
KaTanora 6muttdumx 3Be3A" rnB3e u .slpaicca [7], 
BCJieAC'fBBC 11ero C'f3JIO B03MO)l(Hb1M yrottHHTb no­
JJY'ICHHblC B paoore [4] pe3yni.TaT&I ea oonee oora­
TOII BbI60pKe 3Be3,Q C B3BCCTHblMB npocrpaHC'l'BeH­
HblMB CKOpOC'r'1MB, 06-i.eM BbIOOpKH B03poc C 1132 
AO 1947 3Be3A, 

2. IlPE,D;BAPMTEJibHhIE 3AME1IAHH.sl 

Bbl'IHCJICHBC paCC'I'OjJJl)ffl B npocrpaacree CKOpo­

C'fCH llp0B3BO,QHJ10Ch no c-raimaJ)THOB <f>opM}'ne 

2 2 2 1/2 
li;

1 
= ( (U,- U1) + (V;- V1) 7 (W;- W1) ) . (I) 

Hcnonb30B3JIBCL cpe.QHBe H .QBcnepcHH V, V, W­
KOMDOHeHT, nony1.feBHblC DO HOBOM)' "KaTa.nory 
6JJH3KBX 3BC3Jf' [7]: 

N 

at = N ~ 1 L ( V, - (V)) 2 (2) 
i= I 

H T . .Q. 0HH HMelOT CJIC.QYIO~He 3Ba'ICHWI (B KM/c) ,QJUI 

ROJIHOH Bh16opKB 3Be3,Q (N = 1947): 

(a) 

0 5 10 15 20 25 k 

(8) 

0 5 IO 15 20 25 k 

{ 
(V) = =11.2, 

au - 43.5, 
(V) = - 23.4, 

av = 33.6, 

{W) ~ -8.l, 
(3) 

aw= 26.0. 

'lfT06h1 BbJACJIHTb sepo,rmoe aacene~e 1,tHcKa, 
MLI OI'paHH'lllJIH MO.QyJlb npoC'l'paBCTBeBHOI cxopo­
CTH 3H3'1CHBeM 70 KM/c. no BLI6opxe N = 1522 3Be3,Q 
C MO,QyIIeM renHo~eHTpR'ICCKOA npocrpaBCTBeHHOI 
cxopocm Meuee 70 KM/c no11y11a10TC1 CJICJO'IO~e 
3Ha'leHIDI cpe.QHHX H C'faHA3pTOB (2): 

{

(U)=-6.9, (V)=-15.1, (W)=-7.1, (
4

) 
au = 26.8, av=17.4, aw=l5.7. 

Bb16opKa 1627 3BC3,Q C MO,QyJieM npocrpaHCTBCH-
HOA CKOJ)OCTH OTHOCBTCnbHO Qe11TpO&Aa MeHee 
70 KM/c AaeT TaKHe napaMCTJ)bl: 

{ 

(U) = -10.5, (V) = -18.2, (W) = -7.7, 
(5) 

au= 27.9, av= 20.0, aw= 16.2. 

3. BbI60P 3HA 1.JEHIUI c 
A]ljl BhIOopa ICpuraqecKoro 3HaqeHBJI c ucrronh-

30BaJiacL cnemr10~u npo~e,zypa. ,D;m1 l5 npo6RLIX 
3Ha'lemm C = 2, 3, ... , 16 KM/c (B paOOTe [4] IlpBBCACllbl 
TpH npo611bJe 3H3'1eHWI C = 4, 6, 8 KM/c) 6hl.nO OnpeAe­
JICHO qJICJIO cnyntHKOB k; B npocrpaacree cxopocreA 
(U, V, W) AJISI K~oi'f 3BC3.QhI i. Ha 3BM 6Lma CMO):(e­

nupoBaHa BbIOOpKa N = 1947 o6'beKTOe, paCIIpeACJie­
HBe CKOpocreu KOTOpbIX .RB.ruleTCSI cynepn03BIUICII 

(6) 

0 s IO 15 20 25 k 

(r) 

0 5 10 15 20 25 k 

Pac. 1. fHCTOrpaMMbl pacnpeAeneHHA 3BC3A no 'IHCJIY cn)"l'HHXOB: 6e3 WTJ)HXOBKH - Ami Ha6nlOAaCMOA BbI6opKH, co WTJ)R­
XOBKOA - AJJII MOACJJH. rKcrorpaMMl>I npeACT3BJJCHbl AJJll 3H3'fCKHA C = 2 (a), 4 ((5), 6 (B), 8 (r) KM/c. 
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. 

'I'pCX HC3aBHCBMblX HOpMaJibHLIX pacnpeneneBHii C 

M81l?MaTH\Je~KHMB O.>KBAaHWIMB B CTaffAaJYI'aMH (3). 
Ilo o6eBM BLIOOpKaM C'I'pOIIJJBCb rucrorpaMMLI pac­
npeJJ;eJie:HBSI no l(BCJIY cnyrmucos · k. CoBMem;eaH1>1e 
rucrorpaMMbl npBBeJJ;em,1 Ha pac. 1 ).'(JI.SI c e [2, 8] KM/c 
C maroM 2 KM/c. Ilo ropB30HT8J1bHOH OCH OTnmKeHo 
'IHCJIO CnyrHHKOB k, no BepTBKan.bHOH-HOpMBpOBae­
HOe K o6m;eM}' '1HCJIY 3Be3J1: N = 1947 '1Hcno 3Be3A n, 
BMe10~ k cnyraaKoe. MoJJ;enupoBaHHe cnyqaieoA 
BLI6opm ofu:.eKTOB DpOBOAJIJIOCl, 'I'pIDK,Qbl npH pa:3-
JIIAHLIX nocnenosarenLHOCT.SIX ncesnocnyqamn.rx 
lfflceJI. 3ro no3eonBJ10 or(emrn, norpellIHOCTH n, 
06ycnosneaa1>1e Ha'laJILHl>IMB ycnoBIDIMH nn.sr reae-

. paropa ncesnocnyqamn.1x queen. IlorpeweoCTu 
OK~aJIHCb M3Jlbl no cpaseeHBIO C pa3JIIJCIIDIMII MeX<:­

. J1:Y Ha6JIIO),'(aeMblM a MOJJ:CJibHLIMH pacnpeneneHB.SI­
MB • .o;n.sr IlOJIHOTLI K8J)TIIHbl CTJlOBJ13Cb mrrerpanb­

Ha.SI xapaxrepucmxa pacnpeAeJieHHH I(c): 

M 

:E(c) = L ~n,/N, (6) 
k = O 

(7) 

r O ' k 
3necb nk H n,: - 'IHCJIO 3Be3,n:, HMelO~WC Cil}'THHKOB 
AIDI AaHHOI'O C COOTBeTCTBCJqlO AJI.SI MOAeJiupyeMOH 
H HCXOAHOB BbI6opoK. CyMMHpOB3HHe npoHCXOAHT 
AO MaKCBMaJILHOI'O 1u1cna Cll}'THHKOB M npB ),'(aHHOM 

. c. 3aBHCHMOCTI, I(c) np11Be),'(eHa Ha pHC. 2. 

Ha puc. 1 B~Ho .RBHoe npeo6na,n:aeue 'IHCJia 
cnyTHHKOB BblCOKOH Kp3THOCTH y 3Be3),'( B OKpecTHO· 
CT.SIX Coneu;a, 'ITO corrracyeTC.SI C A3HHbIMH, IlOJJy'leH­
HblMH 8 [4], H YK33b1BaeT Ha cym;eCTBOBaHHe ABWKy­

m;HXC.SI CKOilJieHHB e OKpeCTHOCTH ConHu;a. 0).'(HaKo 
BbIAeJieHHOCTb c = 6 KM/c, OTMe'leHHrul e [4], OTC}'T­
CTByeT. TaKHM o6pa30M, npe,nJIO}KCHHLI~ B [4] cno­
co6 ou;eHKH c He }l;aJI )KenaeMoro pe3yn1:,TaTa. Ha 
pee. 2 B~Ha " crynem,Ka" B OKpeCTHOCTH c = 2- 3 KM/c, 
HO IlOCKOJibKY npH c = 0 BeJIH'IHHa :E o6parqaeTCSI B 0, 
TO Ha Y'l3CTKe O - 5 KM/c AOJI>KeH npOHCX01(HTb pe3-
KBH poCT :E. Ilo3TOM)' Mhl He MO)KeM }'TBepQaTb no­
CTaTOtJHO }'BepeHHO, 'ITO c ; 3 KM/c COOTBeTCTByeT 
HYX<:HOM}' HaM KpHTH'lecKOM}' 3Ha'ieHHIO. TaKHM o6-
pa30M, no 33BHCHMOCTH :E(c) He y}l;aeTC.SI OQCHHTI, KpH­
m11ecxoe 3Haqeene c, COOTBeTCTBy10~ee pa3Mepy 
,n:se~eroC.R CKOilJieHH.SI 8 llpOCTpaHCTBe CKOpocreit 

IlonbITaeMC.R CAeJiaTb 3TO, HCXO,O:.SI B3 ,n:pyrnx co­
o~pcl)KeHHH. C OAHOij cropoHbl, BeJIB1jHHa C }l;OJI,)KHa 
onpenen51Ti. H3Mepsi:eMLie pa3MepbI }l;BIDKy~eroc.sr 
CKOnJieHHSI B npOCTpaHCTBe 'cKopoCTeH. C Apyroii 
CTOpOHhl, peam.Hb1e p33Mepb1 CKOilJICHIDI onpene-

u u 2 
JISIIOTC.SI }l;HCnepcHeH CKOpoCTeH 3Be3A cr c , BXOA,SIID;HX 

l: 

0.5 

0 

... 

- -
-

.... .... .... -

I 

5 

-
,.... ,.... - -,.... ,.... ... 

I I 

JO 15 C 

he. 2. liHTerpanbHaSI xapaKTepHCTHKa l:(c) . 

B 3TO CKOnJieHHe. Tor]l;a C MO}KJIO Hakm H3 CJie]zylO· 
~eii 33BHCHMOCTH: 

(8) 

rAe O'v - cpeA~ omu6Ka onpeAeJieHH.SI eeJIIAHHbJ 
npoCTpaHCTBeHHOH CKOpOCTH. 

IlpeeuMa.sr runore3y Areuna e Ee1103eposoi [ 1] 
0 CBJ13B ABDX<:YmHXC.SI CKOIDieHmi H KOpoH pacceHH­
HblX CKOilJieHuA H Y'IHThIB<U1, tfrO B npocrpaHCTBe· 
CKOpoCTeii palpymeaue ABIDKY~erocSI cKonneHIDI 
B}l;eT 3Haqu,reJlbHO Me]l;JieHHee, qeM B npocrpaHCTBe 

KOOpAHHaT [ 1 ], nony'IlfM o:u;eexy nucnepcOB cxopo-

CTeu o; e KopoHe pacce.S1HHoro cxonneHID1. Ilpe]l;no­
no)KHM, 'ITO 3BC3),'(bl KOpOHbl BMeJOT OTHOCHTeJib­
HblC CKOpoCTH 

(9) 
rne Vo - KpHTB'lecKa.R CKOpOCTh 3BC31(bl B CKonneHHH 

(eCJIB V > Vo, TO 3Be3,t(a noKHHeT CKOIJJieHUe, eCJIB 
MeHbWe - He BLIH):(eT R3 Hero). 3ua11eHUe Vo MO.>KHO 

Bblpa3HTb qepe3 cpeAHeKBa,npaTINecxyio CKOpOCTb V 
3Be3ALI e cxonneHBH [8]: 

(10) 

Bocnonb30BaBIImCb ou;eHKoH V JVU1 paccemmoro CKorr-

11eHBS1 V = 0.5 KM/c [8], nonytmM o~emcy V0 = ·1 KM/c. 
nocKOJlbKY 

(11) 

me AV- MOA}'Jib pa3HOCTH cKopocrei 3Be3A s xopo­
ee, a 

max(i\ V) = 21 Vo I 
(AJI.st 3Be3A, BLIJieTaJO~HX H3 CKOilJieHH.SI B npoTHBO· 
IlOJIO)KHblX HanpaBJieHH.SIX), ro O'c = 1 KM/C. 

Ou;eHKa om.u6KH onpe,-eneHH.SI npoCTpaHCTBeH­
HblX cxopocreii 3Be3~ O'v 61,ma npoBeAeHa cne,.yio­
~M o6pa30M. Ilo q>OpM}'Jie nepeHoca OWHOOK (13) 
AJI.SI K~OH 3Be3AJ,1 61,~rra nony11eHa cpe,n:H.SI.SI OWH6Ka 
01IpeAeJieHHSI MOA}'JUI CKOp<>CTH, MOA}'Jlb CKOpocrH 

s ACTPOHOMW.JECKW:n )KYPHAn TOM 12 HJ 4 1995 . 
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3Be3AJ,I V = V(Vr, µ, 7t) DpeACT8BJlJleT coooi «i>YHK­
~IO TpCX nepeMeHH&IX: JI)"ICBOA CKOpoCTB Vr , co6-
CTBeRIIOI'O ABWltCHJUI µ H napaJIJJaKca 7t. Cl>OpM}'Jia 
nepeeoca oWBOOK no3:eorureT otieHBTb KBaru,aT 
cpeAHeA ODJB6ICB Oy cneJtYIO~M o6pa30M (9]: 

a!= ( ;:, )
2 

a!,+ ( ~ )
2

a~ + ( ~ )
2

0!. (13) 

Ilocxom,Ky 

2 

V = ~+ ( ~µ) • (14) 

f'AC Macnrra6e&1A K03<1>4>Bl{HeHT k = 4.738, TO (13) 
3KBBB8JICHTHO 

2 • .2 2 2 2 2 2 
Oy = ( V rOv, + (k µ/1t ) Oil+ 

+ (k2µ2 /1t3) z a!) v-2. 

(15) 

TaJCBM o6p830M, AJIJI K3XCAOA: 3BC3Ab1 JCaTaJIOra 

Mbl MOXCCM OQCHBTI, cpeAJIIOIO omB(5xy MO,o'JUI npo­
crpaBCTBCHHOA CKOpocTII 

Oy = g,_ (16) 

DO'fJ.CTaBJIJIJI ICaTaJIOXCIUdC 3Ha'leHIUI Vr, µ, 7t B 

BLAIICJIJUI MO,o'Jlb CK:Opoc'I'B V 3BC3AhI DO <l><>PMY~C 

V= Jcr+~+W- (17) 

RJIH DO <l><>PMYJIC {14). 0'fJ.H8KO 3TO B03MOXCIIO JIBlllb 

npB YCJIOBBB, 1ITO B3BCCTHbl oIJIB6o <1v,• Oµ, (Jlt AJIJI 
~oA 3BC~l. K COXWICBBIO, B (7] llpBBCACHbl 
T011LKO OIDB6KB napaJIJia.Kca (Jlt. IloaroyY MLI eapLB-

poBaJIB 3Ha'ICHl!JI (JJI. B Ov, CJICAYfO~ 00pa30M: 

{
a"= 0.002, 0.005, 0.01 , 0.02 "lroA; 

(18) 
Oy = 1, 3, 5, 10 KM/c. , 

Ans IWK,ttoA napw :maqeHJd (18) no <l>oPMYJiaM (15) -
(17) o~eBBBaJiacL· IIJWIBaro'aJILB8JI omB6U MO,o'JlJI 

Cltop<>CTII av 'fJ.JUI ~oi 3Be3'/J.l:d. YcpeJ.tBU Ov no 
BceM paCCMOTpCRllhlM 3BC3'fJ.aM, MLI DOJI}"UIJIB cpeA-

BIOIO OmB6Ky av MOl{yJIJt CKOp<>CTII B KaTaJiore [7] 
AJIJI DJl!Qtol napw 3ea'leBJ!t Oµ B av,. 0u38Jloc1>, 

"l'l'O CJ V CJI800 38BBCIIT OT 0µ B MCJVICHHO pacreT C poc­
TOM Ov • BblJI O~CHCH OTHOCB'l'eJibHhlA B1CJJ8'fJ. UQO­

ro cnaraeMOro B <l>oPMYJJC ( 15). Hairoom»µmi BKJ18A B 

av BHOCBT qJJCR, crJ138H8bm c oum6x.oA naprnaxca. 

XaparrepHhlC 388'1CIIIIJI (JV C0CTaBIDD0T 5 - 6 KM/C. 

BOCDOJIJ,30B8BIIIBCL n<>nyqeBBOA OQCRJCOA <Jc B 38-

MCWIJI oom61C}' <Jy Ha 3H8'1CHRC cpewret ODIIIDICB u-

TaJiora av, DOJJY'IHM o~emcy 3Ha'llemul c cornaa10 (8). 
XapaKTepuoe 3Ha'leHBe c coCT8BJlJleT 6 KM/c. Bwoop 
C onpeACJIJICTCj( l'JlaBBblM o6p830M OIIIB6Kum Ha-
6JIIOA3TeJibHblX AaHHbIX, a He peanLBWM p836pocoM 
OTHOCBTeJILHblX CICOp<>CTei 3BC3'fJ. B ~~CMal 
CKOU11eBBB. OrMeTBM, O'/J.B8ICO, q-ro CO BpCMCReM 
ABCDepcm: CKOpocreii s AB~CMal CKOUJICHBil 6y­
ACT B03pacraTb R3-3a DpBJIBBHOI'O B03ACA:C'I'BIUI 
eeenmero nom1 fanaKTBm. Pe3KOA rpa~1:,1 Mexc­

AY AB~al CKOUJICHBCM H $OHOM B npocrpaH­
CTBe cxopocreA MOXCeT a He 6bITb. 

C 1q>yroA CTOpom.1, K e.eo6xO'fJ.HMOCTB yeeJill'le­
emt npBHBMaCMOI'O 3Ha'leHWI Iq)BTIACCICOA acopo­
CTB npBBOAJIT DpC'/J.llOJIOXCCHBC O TOM, 'ITO .QBaxcy­
IIOICal cKOWICIIBJI JIBJIJIIOTCj{ OCTaTKaMB rpasBT~­

ORHO HCCBJ13aHHblX CBCTeM, .HanpHMep 3Be3Al(bIX 
acco~a~ - tJJICHOB MeCTHoro 3Be3AftOI'O ·KOM­
nneKca.. IlepBOHa'laJILHaJI AlfCDCpcIDI ~Kopocret BX 

tJJieHOB MO:ZCT AOCTBraTL 3 - 5 KM/c [10]. 3TO e~e Ha 
2 - 3 KM/c yeenB'IIBT 3Ha'leBBe KpDTB11CCICOA CKOpo­
CTH, BC00J1b3YCMOA AJ1J1 BhI'fJ.eJICIIBJI .QB~al 
cxonneBHil. IlpHBCAe11111,rii ae8JIB3 nolC83bmaeT, 'ITO 
ei»16op pa3Mepos (yposeeA eepapXH11ecxoro cqnnma­
BBJ1) 'fJ.BIDK)'lI(BXal CJCOMCHlffl Be SIBJIJleTQI AO xoima 
001,CrmBHl>IM, XOTJI BblOOp c = 6 D4./c e c = 8 Df/c a 
He 11HllleH q>H3D"ICCKOro CMLICJia. 

BropLIM cym;eCTBCHHl>IM napaMCTJ)OM, ORpC'IJ.C­

runo~ Bl:dACJieBBe ABH~c,f CICOMCRIIB, 

SIBJIJICTal MBHHMaJlbHOC 'IHCJIO BX "IJICHOB ko, Qqe­
Bll)'.(80, 'ITO HCKOTOpU 'laCTb .QB.axcyDUIXal cxonne­
mm C M8JIOA HaceneHHOCT&IO MO:BCCT 6bITb CBJl38H8 

co cny-qaABL1M CIC}"UIBaeueM 3Be3'/J. s npocrpasCTBe 
cxopocreA. 

Ilpe ucnoJIL30Bamm anropHTMa ArelOIHa-Op­
nosa nocne e&1oopa c 38'/J.aBaJIOCb 3Ba'leHBe /co. Ono 
ODpCACJIJIJIOCb KaJC TO"l~a nepeXOA8 (nepeCC'ICHBJI 

racrorpaMM a.a pee. 1), xorAa n~ CTaHOBBJIOCL OOJIL­

me n; . aHaJl0111'1BO TOMY, XaK STO 61:,JJio' c,qenaHO B 

paoore [4). 

B&16op 3H811CIIBJI /co BO BTOpoM aJII'OpBTMe upoao­
AHJIOI MCTOAOM llRCJICHBOI'O MOACJill}X>BaHRJI Bb100-

poK H DOCJIC'fJ.YIO~ero npBMeeemm K MOACJibHl>IM 
BbIOOp.KaM MeTO'fJ.3 oepapXB'leCICOro CxyqBB8BIIJI. 
BbIJI CMOACJIBJX>B&H PSl'fJ. BLI6opoIC 001,CMOM 1627 
3Be3A co cpe,qemm B 'fJ.BCDCpaDIMB CICopocrei (5). 
MeroAOM aepapm-qecxoro CJCY1IBBaHIDI 6bIJIO BbDIBJle­
HO KOJIB'lecrBO uacrepoB B MOAeJihBLIX BbIOOpxax. 
Cpa.BHeHHe eaceJICHBOCTH MOAeJll,HblX KJ18Cl'epoB B 

CKOUJieed, H.CBHhIX 3TBM xce MeTOAOM no peanb­
HOA BbloopKe, D0.Ka38JIO, 'ITO rpa.HBQa MCXQO' B03MOXC· 

HbuOI a aepo,mn.IMB XJiacrepaMB wui c = 6 'KM/c npo­
XOABT IIpB ko = 16 - 18, a AJIJI ypOBIIJI c = 8 XM/c IIpB 
ko = 23 - 25. B IC8"1eCTBe KpBTB'leCKBX 3HalleHBA 

6&IJIB B3JITLI ko = 18 H 25. 
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• ABH)l(Yll(HECSI CKOIDIEHIDI 3BE3J); B OKPECTHOCTH COJIHUA 499 

4. PE3YilhTATbl 

OIIRpUCL Ha BLI6paeH1>1e 3Ba"leHWI c. Ml,I MO­
:xc:eM . H~eJICHO BLmeJIHTL 5 6oraT1>1x J{.8Bxcyn(HXOI 
CKonnemm B oKpeCTHOCTH Comu~a. Ell\e ceML 6onee 
tieABblX CKOnnemm BbIACIDUOTOI C MeHLmeA CTene­

HLIO AOcrosepHOCTH. l.{aCTL 3THX CKonnee:ml: MO:XC:eT 

6&1Tb CBJl3aHa co CJiy'iamn.IM CKY'lllBaHHeM 3BC31{. 

B Ta6JI. 1 IIpBBCACHLI CBO)J;HLie p;aHHLie O 12 J{BB)IC}'­
~CJI CKOOJieHHJIX, BLIACJICHHblX c c = 6 KM/c c no­
MO~IO onucaeeoro BLlWe anropHTMa rnaee1>IX 
3Be3A, TOf'Aa KaK B Ta6n. 2 COACPJICHTOI CIIHCOK CKOD• 
JICHJm:, o6uapy:xc:eBHbIX MCTOAOM eepapX1111eCKoro 
C.K}"DIBa!DISI (nepBLie 8 CKOnJiead BLI}:{eJieHLI npH 
c = 6 KM/c, ABa IlOCJICAHIIX - npu c = 8 KM/c). YCJJOBHM­
QI 0003Ha'laTh CKOllJieHBJI HOMepoM C YKa3aHHeM B 

cxo6x:ax HOMepa Ta6JI~I (HanpHMep, 3 (2) - CKODne­
BBe DOA HOMepoM 3 U3 Ta6JI. 2, T.e. BLIACJICHHOe 
MCTOAOM uepapX1111ecx:oro cxy'lllBamm; 5 ( 1 )- CKon­

neHHe DOA HOMepoM 5 H3 Ta6JI. 1, T.e. BLIAeJieHHoe 
MCTOJ{OM rJiaBHOH 3BC3;Qb1). 

Ilpu yseJIB'ICHBB c AO 8 KM/c ece CKOIDieHHJI nep­
BOA qacra Ta6JI. 2 DpoAOJDKalOT B0CnpoB3BO.QHTL01 
c OOJibmee HaceneHHOCTLIO, a CICODJieHBJI 6 u 7 CJlH­

BalOTCSI Ha 3TOM yposue uepap:ma B eµ;ueoe cxonne­
HBe. CiconneHBJI 1 - 5 ( 1) xopomo IIpOCJie}IOIBalOTCa 
npH JIIOOOM c e [3, lOJ KM/c, 'ITO Tax:xc:e MOX<:CT CBB­
ACTeJILCTB0B8Tb B DOJIL3Y HX peanLHOCTH. 

CpaeHeHee Ta6n. L e 2 no3BOJIJICT cµ;enaTL 
BWBOA O coenaµ;eHBB cneµ;y~~HX ABHJICY~XCJI 
CKODJICHHH, BLI.QeJieHHLIX ABYMJI pa3HLIMB MCTOAa­
MB: 4 (1) D 6, 7 (2); 1 (1) H 2 .(2); 2 (1) H 3, 8 (2); 3 (1) 
B 4, 5 (2); 5 (1) D 10 (2). Cnep;yeT OTMCTBTL, l.lTO 

CKODneHWI 3 u 8 (2) paCIIOJIO}l(eHLI B6JIB3B ~eHTpo­
~a 6JIWKaJIIllHX 3Be3.Q. BLICOKU 4>a30BU DnOT­
ROCTL B OOJiaCTH ~empoll):(a, D0-88,QBMOMy • npBBeJia 
K aexoropoMy 3aBLDileHHJO 'IHCJ13 "IJleHOB 3TOU 

napLIAB~C.RCKODJieHBii. 

Ta6~a 1. Csonxa naHHblX o ABIDK}'~.HXc,r cKonneHffllX, 
Bb(AeJieHHblX MCTOAOM rnaBHblX 3Be3,A 

Hln/n (V), KM/C (V), KM/C (W), KM/C K 

1 +13.5 +2.8 -8.5 35 
2 -14.2 -21.7 - 10.2 35 
3 -18.3 -9.0 -2.7 33 
4 -31.0 - 12.1 -11.5 32 
5 -30.1 -11.5 +1.4 28 
6 +14.8 - 14.1 -15.4 16 

7 -36.4 -27.5 -9.8 14 
8 +17.6 -30.9 -0.3 10 

9 - 8.2 -33.4 -0.5 9 
10 -38.1 - 18.9 +7.5 9 
11 + 11.5 -21.9 -22.3 8 
12 -1.9 . -30.3 -6.5 8 

Ta~ 2. CnHCOK 6oraTbIX ne~cjf CKonneuen, 
BbI,qenemn,1x MeTOAOM eepapXH\JeCKOro CK}"llt88HHJI 

Hln/n (V), KM/C (V), KM/c (W), KM/C K c, KM/c 

1 -40.5 -17.5 -3.4 31 6 
2 +13.5 +3.4 - 7.4 29 6 
3 -12.5 - 19.0 -9.0 25 6 
4 -21.5 -9.3 -4.2 21 6 
5 -14.7 -8.6 -0.1 20 6 
6 - 34.7 -15.7 -10.3 18 6 
7 -28.7 -13.1 -8.1 18 6 

8 -16.7 -23.7 - 10.7 18 6 

9 +6.2 -2.3 0.0 34 8 
10 -29.9 -11.8 +2.1 31 8 

CKODJieHHe 10 (2). BLIJ{CJIJIIO~eec.R Ha ypoeHe c = 
= 8 KM/c, npe,u;cTaBJijJCT co6oi pe3yJILTaT CJIHSIHIDI Ta6Ji~ 3. AaHHbie O 6JIH3KKX pacce)IHHblX CKonneHHJlX 
Tpex 6onee 6e,u;HLIX CKonnemdi, BLIACJISleMLIX Me­
TOJ{OM eepapxuqecKoro cKyqusaHJIJI Ha ypoBHe c = 
= 6 KM/c. KpoMe roro, cxonneHBe 1 (2) npaxmqec­
u cosn~aeT no cxopocm c 6JIB3KHM paccemB1>IM · 
CXODJiel{BeM re~bl (Ta6n. 3). K 24 3Be3~aM C B3BC­
CTm.IMB _npocrpaHCTBCHHLIMH CKOpOCDIMB, BL1,u;e­
ne1D1hIMB MeTo,u;oM uepapXH11ecxoro CK}"IBBaHJUI, 

(b:dJIB ,lJ;003BJICHbl ell\e 7 3Be3Jt - BTOpll'IHbIX KOMIIO­
BeHTOB TCCHLIX nap. KOTOpLie, sepowmo, JlBJljlJOTCSI 
'IJICH8MB 3TOI'O ,u;e~eroor CKODJICHWI B He BMCIOT 

B3MepeHUD HH;QBBH,IzyaJU,HLIX CKopocrea (Ta6JI. 4). 
MeTOA rnaBHLIX 3BC3A He BLI.RBJllleT ,u;e~eroc.s 
cxonneHW1, coenana10~ero c ru~aMB, XOT>I cxon­
neHBe 7 (1) DMCCT 6JIB3KBe 3Ha'ICHBSI CICOpoCTeii. 

Cx:oIDieHBe 1 ( 1) cOOTBeTCTByeT xopomo H3BeCTHO­
MY ABIOK}'Il\CM}'C.SI cKonJieHH10 Eon&moli Me,u;Be­

~1>1, 'ITO cornacyeTOI C pe3yJILT3TaMB pa60TLI [4]. 

~ 
4,) 

Ni 
2 u, V, W, R, Bo3pacr, Ha3eaeee 0 

n/n = KM/C KM/C KM/c nc 107 JJeT ' d 
0 

1 Pleiades 421 -6.2 - 23.7 -13.4 125 5 
2 Hyades 456 -43.1 -17.2 -4.2 43 80 
3 Praesepe 501 -37.8 -21.0 -7.6 160 70 
4 IC 2391 767 -18.1 -13.4 - 6.1 150 3 
5 IC2602 838 -1.8 -26.4 -0.1 150 1 
6 Coma 558 -1.6 -7.4 -0.8 80 40 
7 a Per 392 -12.6 -22.0 -2.4 180 4 
8 UMa 252 +14.2 -0.4 -11.8 20 50 
9 Cr399 113 -9.9 -30.7 -3.0 120 30 
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500 OPJIOB H ro,. 

T~ 4. CnHCOK 3BC3A ABIOfC}'II{Cr<>CJI CKODJICHHJI fHa,Abl, BbJAenCHHLlX MCTOAOM HepapXH'ICCKOl'O·Clt)"DIUHHJI 

N.! n/n Ha:JaaHICe no (l 6 1t, 0':'0001 ax, 0':'0001 u. KM/c V, Kll/c W,KM/C 
Kannory [7) · 

1 Gl 36 00~ 46m 571 -23° 2~2 625 90 -38 -14 -5 
2 Gl 106 02 40 30 +19 

3 GI 130.lA 03 12 17 +57 

4 01 130.lB 03 12 17 +57 

5 01 143.2A 03 28 30 -63 

6 Gt 143.2B 03 28 30 -63 

7 Gt 154 03 43 18 +26 

8 Wo 9135 03 48 04 +23 

9 BD+16°593 04 22 08 +16 

10 01 171 .2A 04 33 42 +27 

11 Gl 171.2B 04 33 42 +27 

12 Gl 268 07 06 39 +38 

13 GI 332A 08 57 24 +41 

14 01 332B 08 57 24 +41 

15 GI 398 10 33 28 +05 

16 BD+00°3076 13 32 iO -00 

17 GI 582.lA 15 19 '()8 -47 

18 GI 582.IB 15 19 08 -47 

19 GI 669A 17 17 54 +26 

20 GI 669B 17 17 54 +26 

21 01 713.l 18 24 53 -25 

22 Wo 9639 18 56 55 +30 

23 Gl 750A 19 13 03 - 45 

24 GI 750B 19 13 03 -45 

25 01 819A 21 04 24 -14 

26 01 819B 21 04 24 -14 

27 01 829 21 27 12 +17 

28 BD-17°6340 21 37 19 -16 

29 Gl 838.5 21 50 34 -13 

30 Wo 9782A 22 24 05 +04 

31 Wo 9782B 22 24 05 +04 

IIJrrb cpa.BHHTeJibHO 6oraTblX ABB>K}'UUDCCJI CKOn­
JieHBB Bbl.Aem110TCSI HaB6onee Ha,qeXCHo. JJ;onomm­

TeJibm,rM CBBACTeJibCTBOM B IlOJib3Y HX pe31IbHOCTH 
MOXCeT CJly»cBTb 60JiblUOA KOHTpacr IlJIOTHOCTH B 
npOCTp8HCTBe CKopocreii ( u, V, W) B o6JiaCTH CKOn­

JICHBB no cpaeBeHBIO CO 3Be3AJ{bIM noneM, KOTOpoe 
0IIBCbIBaeTC8 M8KpOCKODH'IeCICBMD 3HaqeHWIMH 
cpeAHBX H ABcnepam, OTH~CJI K 81,IOOpKe 
6iIBJtraiiWHX 3Be3A • .I(rul rurm 6oraTbIX CKOIIJICHHH 

KOHTpaCT rutOTHOCTH B npoCTpaHcrse CKOpocreA co­

CTaBIDICT 10 - 50. 

ClmcKB 3BC3A - 'lJieHOB IDl'I'H 6oraTblX CKOnJie­
HBi, BbIACJieHHbIX MCTO],lOM AreUHa-Opnosa, npH­

BeACHbl e Ta6JI. 5 - 9. B COHCKax npHBOW(TCR: nopRA-

13.1 540 80 -45 -16 -2 
59.3 706 39 -42 -17 - 4 

59.3 706 39 -42 -17 -4 

06.8 569 70 -42 -20 -3 

06.8 569 70 
03.8 689 46 - 42 -17 -8 

45.2 270 30 -45 -17 -3 

52.3 190 20 - 46 -21 -3 

02.0 611 30 -38 - 17 -2 

02.0 611 30 
37.5 1646 31 -44 -20 -8 

58.9 663 61 -42 -17 -6 

58.9 663 61 
22.7 730 43 - 44 -17 - 2 

20.4 369 58 -36 -16 -4 

44.4 561 156 -39 -21 -4 

44.4 561 156 
32.8 933 19 -36 -19 -4 
32.8 933 19 -36 -18 -3 
27.1 597 97 -41 -20 1 
06.5 350 40 - 43 -22 -4 

58.4 •726 81 -44 -16 -3 

58.4 726 . 81 
07.4 681 112 -40 -17 -1 

07.4 681 112 
25.1 1478 26 -38 -17 -5 
53.4 282 74 - 40 -19 0 

47.3 457 102 -37 - 12 -4 

08.3 411 76 - 37 -15 -3 

08.3 411 76 

KOBbl.H HOMep 3Be3Abl B CKODJICHBB, HOMep no KaT 

nory fJIH'.3e e Rpee:cca [7], npnme socxo,tq:teH1 

3Be3AbI ex u cKJioHeHHe 6, pe3yJibTHpy10muA·napa 

JiaKC 7t, ero OWH6Ka Ox, KOMIIOHCHTLI npocrpaac 
ueHHoii CKOpoCTH U, V, W H 3HatieHBJJ k; AJU1 Ka)KA• 

3Be3Abl. B Haqane Ta6JIRQ IIpHBeACRbi rJiaBHI 

3Be3AhI, AaJiee - Apyrae qnem,1 cKonnemm e nops 
Ke B03paCTaHWI ex. B cocras K~Oro CKOIIJICH 

TaDKe OblJIH A06a.BJICHbl BTOpH'Illl,JC (HJIH rna.BHb 

KOMDOHeHTLI ABOHHbIX HJIH Kp8THbIX CRCTeM H3 J 

Tanora [7]. B HeCKOJibKBX CJl}'lJUX 3TB KOMDOHCH' 

q>OpMaJibHO ue nonanu B COCTa.B BbIACJICHHLIX CK( 

JieHHB no TOH npH'IBHe, 'ITO BX npocrpaHCTBCHH 

CKopocm OTJIH'f.aJIHCJ, OT CKOpOCTH rJia.BHOH 3BC3 
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~BIDKY~HEC$1 CKOIInEHH$1 3BE3~ B OKPECTHOCTH conHUA 501 

N! Ha3B8HHe DO ex 6 1t, 0~0001 O'n, 0~0001 U, KM/C V, KM/C W, KM/C k; n/n KaTaJlOry [7] 

1 Wo 9343 10"46m 57' +56° 39~1 463 118 +13 +2 -8 34 
2 BD-10°525 02 37 46 -09 40.0 45 6 +16 +4 -5 23 

3 GI 173 04 35 21 -11 08.1 940 85 +15 +2 -9 31 
4 GI 174.lA 04'38 57 -41 YT.5 448 233 +11 +6 -12 14 
5 GI 174.lB 04 38 57 -41 57.5 448 233 
6 Wo 9175 05 05 23 -OS 09.0 497 56 +13 +4 -7 32 
7 GI 216B 05 42 21 -22 26.2 1249 69 +16 +5 -11 20 
8 Gl .216A 05 42 23 -22 27.8 1249 69 +17 +5 -10 22 
9 Gl 222AB 05 51 25 +20 16.1 1031 28 +14 +3 -9 32 

10 BD+44°1328 05 55 52 +44 56.7 443 55 +18 -1 -9 18 
11 GI 227 06 03 49 +15 33.0 653 102 +12 +O -11 20 

12 GI 244A 06 42 57 -16 38.8 3804 29 +15 +1 -11 26 
13 Gl 244B 06 42 57 -16 38.8 3804 29 
14 GI 252 06 52 14 +25 26.4 59 8 +13 +6 -5 23 
15 Wo 9231A 01 is 13 + 16 37.9 460 64 +8 +1 -8 21 
)6 Wo 9231B 07 15 13 +16 37.9 460 64 
17 Gt 271A 07 17 08 +22 04.6 624 57 +14 +4 -6 29 
18 GI 271B 07 17 08 +22 04.6 624 57 - 3 -1 -1 
19 Gt 311 08 34 47 +65 11.7 722 82 +10 +O -10 21 
20 B0+54°1285 09 12 36 +54 13.8 407 119 +18 +3 -10 25 
21 GI 378.3 10 04 29 +35 29.4 478 119 +14 +2 -11 28 

22 Gl 410 10 59 57 +22 14.2 909 63 +12 +3 -10 31 
23 Gt 457 12 09 36 +59 12.3 447 60 +14. -1 -11 21 
24 Gl 459 12 12 58 +57 18.6 565 80 +12 . -1 -11 21 
25 GJ 1160 12 28 57 . +55 23.7 44 7 +12 +4 -3 19 
26 BD+56°1618 12 39 27 +55 59.9 44 ·7 +13 +4 -5 23 
27 Wo 9417 12 46 29 +60 35.5 36 4 +16 +1 -9 30 
2a 01 503.2 13 11 34 +56 58.4 36 6 +15 +3 -8 33 
29 01 509.1 13 21 26 +58 10.0 49 8 +12 +2 -6 32 
30 ADS 8891 13 21 55 +55 11.2 414 61 +13 +4 -5 23 
31 BS 5055 13 21 ~6. +55 10.9 414 61 +14 +1 -8 30 
32 BD+55°1603 13 23 14 +55 14.9 410 75 +13 +3 -9 33 
33 BD+13°2782 14 16 51 +13 14.0 404 103 +10 +5 -8 24 

' 34 Gl 624 16 23 04 -69 58.5 . 924 102 +12 +4 -6 28 
35 01 659A 17 09 . 08 +54 33.4 495 64 12 6 · -3 
36 01 659B 17 09 10 +54 33.1 495 64 +12 +6 -5 21 

37 OJ 702.1 18 03 01 -36 01.5 577 68 +13 +5 -9 28 
'38 B0+50 2815 19 33 02 +51 fJ7.7 41 5 +18 +1 -11 20 
39 G1 791.lA 20 26 01 -17 58.8 521 79 +16 . +5 -8 29 
40 Gt 791.IB 20 26 OJ -17 58.8 521 . 79 
41 Wo 9800A 22 49 45 -33 08.5 424 170 +10 +1 -13 19 
42 Wo 9800B 22 49 45 -33 08.5 424 170 11· 1 -14 
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502 OPJIOB HAP, 

Ta6mll{a 6. CnHCOK 3Be3A ABIDKy~erocsi CKonneHBJ1 2 

Hi Ha3sattae no ex 5 
n/n KaTanory [7] 

1 Wo 9367 llh 31m 481 +03° 20~3 

2 Gl 5 00 04 01 +28 44.7 

3 eo-10°240 ··01 06 04 -10 26.8 

4 GI 56.4 01 16 43 +79 53.5 

5 Gl 112.1 02 43 34 +11 34.1 

6 GI 117 02 50 07 -12 58.3 

7 Gl 211 05 37 17 +53 27.8 

8 Gl 212 05 37 27 +53 28.3 
' 9 GI 336.2A 09 09 03 -45 06.2 

10 GI 336.2B 09 09 03 -45 06.2 

11 GI 388.1 IO 17 OJ + 19 43.5 

12 Gt 417 11 09 49 +36 05.3 

13 Gl 486.1 12 46 21 +25 06.8 
14 Gl 490B 12 55 18 +35 29.6 

15 GI 490A 12 55 19 +35 29.8 

16 GI 507.1 13 17 22 +33 36.6 

17 Gt 560A 14 38 26 -64 45.5 

18 GI 560B 14 38 26 -64 45.5 

19 Gl 571 14 56 14 - 43 53.5 

20 Gl 594 15 37 45 -44 29.8 

21 GI 601A 15 50 43 -63 16.7 

22 GI 654.2 17 04 00 + 15 17.8 

23 GI 696 17 47 53 -06 02.1 
·24 Gt 698 17 53 34 + 18 30.4 

25 GI 714 18 25 51 -58 18. l 

26 Gl 773.4 19 57 07 -33 50.3 

27 GI 781.3 20 07 21 -21 55.4 
28 GI 791.3 20 29 33 +33 36.3 

29 GI ·824 . 21 14 05 +09 11.1 

30 Gl 836.7 21 42 07 + 14 32.6 

31 GI 837 21 44 17 -16 21.3 

32 GI 862.1 22 28 41 - 06 48.6 

33 GI 863.2 22 31 58 -20 57.9 

34 GI 876 22 50 35 -14 31.2 

35 GI 897A 23 30 09 -17 01.5 

36 GI 897B 23 30 09 -17 01.5 

37 Gl 898 23 30 12 -17 07.1 

CKOnneHIDI ea BCJIH'lllHY, npeBblW3lOIIzylO npHIDIToe 
3HaqeHHe C. TeM He MeHee Mbl C'lllTaeM RX TalOKe 
1.meeaMH COOTBeTcrBylOrqH.X CKonneHHH H npHBO~HM 

B Ta6JI. 5 - 9. 
06~ee "IHCJIO JBe3A B HaH60JJee 6oraTblX 5 ABH­

)l{)'li{HXCR CKOnneHIDIX, BbIAeneHHblX MeTOAOM Are­
Jc,1Ha-0pnoua, cocrasm1er 194, Torna KaK 6 Ha.Boo-

1t, 0';0001 Ox, O-;()()()J U, KM/C V, KM/C W, KM/C k; 

38 5 -14 -21 -10 34 
702 90 -17 -21 -11 30 
406 89 -15 -24 -15 21 

56 7 -16 -25 - 10 20 
73 9 -14 -18 -8 24 

1204 88 -14 -18 -11 23 
827 25 -14 -22 -13 32 
861 46 -13 -21 -12 30 
452· 102 -15 -18 -11 21 
452 102 -16 - 26 -lJ 22 
509 153 -14 -26 -11 24 

44 7 -17 - 26 - 11 23 
60 9 - 18 -22 -9 24 

474 . 41 -13 -23 - 1 
474 4) -13 - 23 -5 15 
506 109 -10 -23 -8 18 
542 90 . -12 -21 -13 25 . 
542 90 -12 -21 -13 25 
564 119 -17 -24 -10 24 

583 72 -15 -19 -10 25 
821 119 -15 -17 -11 21 
69 11 -18 -23 -13 20 

56 11 -19 - 20 -9 21 

47 6 -16 - 24 -7 19 
692 119 -17 -24 -6 17 
516 72 -13 -24 -13 27 

59 16 -9 -23 -11 21 

39 5 -18 -24 -13 20 

61 7 -11 -20 -5 18 
661 102 -13 -20 -8 30 
681 160 -10 -23 -13 20 

45 8 -13 -18 -6 18 
44 6 -16 - 21 -11 30 

2113 48 -13 -19 -12 26 
775 90 -11 -21 -7 20 
775 90 
775 90 -10 - 20 -9 25 

nee 6oraTblX CKOilJieHHii, BbJAeJJeHHblX MeTOAO 
uepapxH'llec1mro cK}"DIBaHIDI, COAep,teaT 211 'IJI, 
HOB. 3TO cocraB.IUleT npuMepHO 10% BbI60pKD 3Be; 

C D3BeCTHblMH npocrpaHCTBCHHblMB CKOp<>cTIIMB J 

KaTanora fne3e u Hpefi:cca [7]. 
CBOAHble A3HHbie O Bb!jlJ5JJeHHblX CKOIDieHB! 

npueeACHbl B Ta6n. I H 2. }laHHble O 9 CKOUJICHIDI 
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JJ;BH)l(YJUHEC51 CKOilJIEHHR 3BE3)]; B OKPECTHOCTH COJIHUA 

Ta~ 7. CnHCOK 3Be3A ABH>K~erocx CKOnneHIUI 3 

503 

M HaJBaHae no a b n/n KaTanory [7] 

1 GI 867A 22h 36m OP -20° 52~8 
2 GI 867B 22 36 01 -20 52.8 
3 GI 907.lAB 23 45 50 -13 15.9 .. 
4 GJ 1043 02 10 00 +20 58.6 
5 Hy 207 03 27 37 +19 55.7 
6 GI 175A 04 39 29 -59 02.5 
7 Gt 175B 04 39 29 -59 02.5 
8 Gl 177 . 04 45 21 --17 01.5 

· 9 01 208 05 33 44 +11 J7.9 
10 co23°3s11 06 11 41 -23 50.9 
11 Gl 339AB 09 12 17 +04 39.0 
12 Gl 351A 09 28 44 -40 14.8 
13 01 351B 09 28 44 -40 14.8 
14 Gl 388 10 16 54 +20 07.3 
15 GI 464.l 12 22 01 +31 33.4 
16 ·01 534.2 13 54 01 +79 05.7 
17 01 550.2A 14 25 37 -02 00.3 
18 GI. 550.2B . 14 ·25 37 -02 00.3 
19 Wo 9512B 15 08 33 -51 55.1 
20 Wo 9512A · 15 08 41 -51 54.6 
21 ADS9626 15 22 36 +37 33.1 
22 BD+37°2637 15 i2 36 +37 33.4 
23 Wo 9599 17 39 45 +65 01.5 
24 CD-45°12402 18 16 29 -45 56.5 
25 Gl 758 19 21 41 +33 07.3 
26 GI 808.1 20 45 06 -44 10.3 
27 GI 811 20 53 49 -26 29.3 
28 Wo 9733B 21 16 18 -53 39.6 
29 Wo 9733A 21 16 19 -53 39.6 

-30 Gt 828.4 21 25 45 +10 23.5 
31 Gt 848 22 04 41 +25 06.0 

. 32 ADS 15797 22 14 ._01 +54 25.3 
33 GJ 1282 23 13 58 -62 16.4 
34 Gl 895.3 23 26 49 -47 18.6 
35 GI 896A 23 29 20 +19 39.7 
36 01 896B 23 29 20 +19 39.7 
37 Gl - 908.1 23 47 55 +30 04.5 
38 Gl 909A 23 .49 57 +75 15.9 
39 Gl 909B 23 49 57 +75 15.9 

B~eRHl,[X B [4], npe~CTaBJJ:eHl,J B TaOJI. io. Thrrb 
RaBOOJiee ooraT&IX cxonneHlli nerxo OTO~eCTBIDI­
IOTal co CKOnJieBWIMH, BblJIBJieHHbIMH B (4): CKOnJie­

HRJI 1 - 5 B3 Ta6n. 1 COOTBeTCTByIOT CKOnneHIIJIM 7, 
3, 8, 6, 4 B3 Ta611. 10. 

1t,O~l alt, 0~0001 U,KM/C V, KM/C W, KM/C k; 

1154 40 -18 -9 -2 32 
1154 40 

44 8 -18 -9 -2 32 
43 5 -17 -9 +2 16 

624 103 -22 -6 -5 18 
39 7 -20 -7 -7 24 
39 7 

789 92 -23 -9 -3 21 
861 56 -19 -7 -6 24 

61 8 -21 -10 -7 27 
489 53 -17 -8 +2 19 
642 51 -14 -9 -5 28 
642 51 

2039 28 -15 -8 +3 23 
532 205 -16 -7 -6 25 
49 10 -22 -11 -2 25 

446 88 -16 -9 -3 28 
446 88 -14 -9 -1 27 

26 3 -21 -12 -4 30 

26 3 -22 -14 -2 
42 . 7 -19 -10 +2 13 

42 7 -18 - .10 +2 13 
40 5 -13 -10 -2 26 

43 6 -22. -10 -4 26 
567 51 -23 -12 -2 21 
494 85 -23 -8 -5 20 
45 . 5 -18 -10 +l 18 

419 119 -14 -7 -2 30 
419 119 -19 -4 +3 

30 5 -21 -10 -4 28 
799 60 -16 -7 . -7 23 
47 7 -20 -11 -4 31 
46 6 -17 -8 -4 28 

486 102 -17 -12 -1 26 
1519 , 37 -15 -6 -6 26 
1519 37 -15 -8 -5 29 

48 6 -22 -13 -3 25 

965 29 ~14 . -6 +O 26 

965 29 

~enaeM CJ1eJzyIOJIU1e ABa 3aMe11aHWI o6m;ero 
xapaxrepa. Bo-nepB&IX, ~aBaJI ct,axTH11eCKB p~H­
yc CKODJiemm C, MLI HeJIBHO nonaraeM, 1ITO ABHJIC}'­
~ecg CKonneHIDI 8 npocrpaHCTBe CKOpocreA BMe­
JOT <j>opM)' mapa. Taxoe npe,1tno11oxceHHe .smJJJ1eTC11 
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504 9PJl0B HAP· 

Ta~a 8. CnRCOK 3BC3A AB10Ky1.qeroat CKOilnCKIUI 4 

Hl Ha3BaHHe no ex ~ 1t, 0'.'0001 (J,t, 0'.'0001 U, KM/C V, KM/C W, KM/c k1 n/n KaTaJIOry [7] 

I Gl 3318 08h 55m 481 +48° 14~4 713 82 -32 -12 -12 31 

2 GI 331C 08 55 48 +48 14.4 713 . 82 

3 01 23A 00 32 40 -03 52.1 614 38 -28 - 13 -13 25 

4 Gl 23B 00 32 40 - 03 52.l 614 38 -28 -14 -11 28 

s GI 34A 00 46 03 +57 33.1 1684 31 -30 - 11 -15 23 

6 Gl 34B 00 46 03 +57 33.J 1684 3'1 -31 -9 -16 21 

7 Wo 9099 02 42 14 +09 54.3 483 137 . - 37 - 14 -11 20 

8 Gl 118.2C 02 52 38 +26 40.3 396 65 

9 Gl 118.2A 02 52 41 +26 40.4 396 65 -37 -14 -17 

IO GI 118.2B 02 52 41 +26 40.4 396 65 -33 17 -14 

11 NN 03 27 37 +19 56.0 452 77 -30 -10 -7 20 

12 AC+82°779 04 03 26 +82 47.4 42 7 -29 -9 - 9 21 

13 BD+75°166 04 08 37 +76 09.9 36 5 - 30 -8 -12 19 

14 GI 194A 05 12 59 +45 57.0 790 42 -29 -16 -9 28 

15 ·01 I94B 05 12 59 +45 57.0 790 \2 -40 -12 · -8 

16 01 195A 05 13 42 +45 47.5 763 28 -37 -13 -9 17 

17 Gl 195B 05 13 42 +45 47.5 763 28 

18 Wo 9200 06 03 02 -45 02.1 402 103 -35 -11 - 15 14 

19 GI 331A 08 55 48 +48 14.4 713 82 - 28 -13 -16 17 

20 Gt 362 09 38 39 +70 16.3 900 109 -34 - 13 - 13 21 

21 Gl 454.2A 11 59 13 -34 22.3 27 5 -31 -11 -7 21 

22 Gl 454.2B 11 59 13 -34 22.3 27 5 

23 GI ·4s6.lA 12 07 20 - 45 55.7 52 7 -29 -14 -15 24 

24 Gl 456.IB 12 07 23 -45 54.8 52 7 

25 GI 510 13 23 04 -28 06.8 71 17 -30 -13 -9 25 .. 
26 Gl 561.lA 14 43 06 -25 13.9 31 4 -26 - 18 - 13 

27 Gl 561.lB 14 43 07 - 25 14.0 31 4 -27 -14 - 11 24 

28 GI 567 14 51 07 +19 21.2 869 41 -36 -14 -14 19 

29 Wo 9540A 16 01 37 -11 14.2 411 42 -30 -8 -13 17 

30 Wo 9540B 16 01 37 -11 14.2 411 42 

31 Wo 9540C 16 01 37 -11 14.1 411 42 -29 -7 - 11 15 

32 Wo 9541A 16 01 41 -11 18.8 430 45 -29 -7 -12 16 

33 Wo 9541B 16 01 41 -11 18.8 430 45 -26 - 7 - 11 

34 B0+76°596 16 18 56 +75 52.3 407 75 -27 · -14 - 10 23 

35 01 638 16 43 15 +33 35.7 1032 30 -29 - 12 - 16 19 

36 01 657 17 08 34 -43 10.5 575 85 -31 -10 -14 20 

37 01 673.1 17 23 19 -24 07.9 442 82 -36 -12 -11 15 

38 B0+68°949 17 37 14 +68 46.9 51 5 -28 - 15 - 10 24 

39 Gl 700.JA 18 00 21 -08 10.9 583 91 -35 - 15 -8 27 

40 GI 700.lB 18 00 21 -08 10.9 583 91 -32 -13 - 7 26 

41 01 700.lC 18 00 27 -08 11.9 583 91 -12 -6 -5 
42 Gl 760 19 22 59 +03 00.8 725 56 -32 -10 -9 20 

43 BD+45°4288 23 35 30 +45 55.4 48 6 -29 -14 -10 21 
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,llBIUKYIUHEC.ff CKOilJIEHH.ff 3BE3n B OKPECTHOCTH COJIHUA · 505 

Ta6JIRQ8 9. CneCOK 3Be3A ABJDKY~el'OOI CKOnJieHIDI 5 

Ni Ha3saHHe no (X 6 
n/n KaTaJIOry [7] 

1 Gl 320 08h4P' 268 -38° 42~4 

2 co-11°1092 21 49 35 - 77 34.3 

3 NN (B) 21 49 35 -77 34.3 

4 Gl 577 15 04 57 +64 ,14.2 

5 Wo 9657B 19 26 47 - 27 05.4 

6 BD-06°15 00 08 31 -06 03.7 

7 Gl 14 00 14 26 +40 40.2 

8 Gl 17.3 ·oo 20 18 - 12 29.2 

9 Gl 81.2 01 54 52 - 60 28.4 

11 Gl 165.1 04 11 20 +58 24.0 

12 Gt 178 04 47 07 +06 52.5 

13 GI 333.l 08 58 11 . -58 53.5 

14 GI 334.2 09 05 47 +34 05.2 

15 GI 349 09 27 19 +05 52.4 

16 01 368.lA 09 47 02 - 52 23.l 

17 0 1 367.IB 09 47 02 -52 23.1 

18 BD+03°2466 11 07 07 +02 43.6 

19 BD+I0°2347 11 "49 48 + 10 13.5 

20 01 506.2 13 16 45 +85 00.9 

21 Gl 604.1 15 56 52 -45 18.6 

22 Gl 649.IC 16 56 19 +47 26.0 

23 Gl 649.lA 16 56 30 +47 26.3 

24 Gl 649.lB 16 56 30 +47 26.3 

25 Gl 690A 17 39 18 +71 21.2 

26 Wo 9615A 18 04 59 -+09 33.3 

27 Wo 9615B 18 04 59 +09 33.3 

28 . CD-42°13922 19 05 18 --42 30.4 

29 Wo 9657A 19 26 47 - 27 05.4 

30 GI 768 19 48 21 +08 44.1 

31 GI 844 21 59 24 + 16 13.4 

32 GI 894.1 23 15 56 +46 00.8 

33 01 900 23 32 26 +01 19.7 

3BpDCTINCCKHM, Bo-BTOpbIX, npu paCCMOT})CHBB 
3Be3A OKpeCTHOCTH CoJIH~a B eawy BbI6opKy nona­
A8IOT JIHWb 3Be3]:\bl C 1t ~ 0~'04, Il03TOMY MHOrBe 

3Be3Ab1, npHH~J1C)K8IIUle W3IDKy1I(BMCSI CKOilJICHIDIM 
B nonaA3IOII(Be B wap pa}:\uyca C, MOrJIH He BOBTII B 

BbIOOpK)'. B '18CTHOCTH, B03M0)l(ff0, HMeHHO 3TUM 
om,sicHSJeTC.sl coxpaHCHHe AOJIH 3Be3)::\, BXOASI~ B 
BbUIBJieHHbie noToKH: 3H3tnrreJibHOro pacwHpeHIDI 
KaTanora [5} no 66JibWBX paccrmtauu: q,axmtiecKB 
He npOR30WJIO (B [7) BOinnB B OCHOBHOM 3Be3Ab1 C 

1t ~ 07045). 
3aMeTUM, 1-ITO CKOilJieHIDI e npocrpaHCTBe CKOpo­

creA 06pa3y10T T})H BblTSIH}'TI>Ie "BOJIOKHHCTLie" 

1t, 0~0001 (J1t, 0,:)001 U, KM/C V, KM/C W,KM/c k1 

959 82 - 25 - 10 -1 20 

49 8 -28 -10 +2 20 

49 8 

22 4 - 33 - 15 - 1 20 

21 5 - 32 -12 + l 20 

43 7 -24 -14 + 1 14 

710 46 -35 -13 +O 19 

53 8 -33 -13 +O 1,9 

57 9 - 37 -14 + I 16 

509 85 
... 

- 33 - 10 - 1 18 

1331 74 -26 -14 +3 17 

530 72 - 27 - 15 +2 16 

S2 8 - 30 - 14 +4 15 

886 131 -37 -13 +l 15 

45 8 - 37 -9 +2 11 

45 8 

40 5 -32 - 12 -5 19 

63 11 - 27 -9 +6 8 

19 3 - 33 -11 +3 14 

442 153 -31 - 9 - 3 14 

570 44 -25 - 6 +5 6 

570 44 -26 -6 +6 6 

570 44 

537 73 -28 - 10 +5 14 

486 75 -23 -12 +3 18 

486 75 
43 7 -33 -9 +4 11 

21 5 -31 - 12 +1 18 

2010 38 - 29 -10 - 2 14 

709 102 -30 -11 -3 )6 

47 9 -31 -15 + 1 15 

584 108 - 27 - 14 +3 17 

crpyKT)'PbI (puc. 3), KOTOp bie no n ono>KeHBIO B npo-: 
CTpaHCTBe,CKOpocTeH yCJIOBHO MO>KHO OTHecTH K 

rpynne rean, rpynne Ilne.sm H rpynne Cupeyca (cM. 
Ta6n. 3, rne npHBeneei.1 AaHHb1e o 6JIH3KHX paccesm­
HbIX CKOILTieHIDIX). Hanll'!Be BOJIOKHHCTbIX CTpYKTYP 

B npOCTpaHCTBC CKopocreii CBHJ];eTeJibCTByeT O mu­
p OKOM cneKTpe H3'1aJibHblX cKopocrelk CKOllJieHlm B 

OTAeJibHblX 3Be3A B o6JiaCTSIX 3Be3noo6pa30BaHIDI. 

Ilo-BHAHMOMY' KOMruieKCbl JJ:BHXC)'II(HXCSI CKOILTieH.HH 

po>KAaJOTcJJ a csepxaccou;Ha~HSIX, TOrAa KaK oTnenL­
Hble CKOMCHIDI MOryT 6LITb KOpoHaMH pacceSIHHl,IX 

CKODJieHHH. 06a o6cyxq:i;aeMhIX Me.xaHB3Ma o6pa30B3-

HIDI ABIDK}'II(HXCSI CKOIIJleHHH (pacn~ rpaBBT~OHHO 
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Jij3H)KYDUfECj{ CKODJIEHIDI 3BE3n B OKPECTHOq,-1 COJIH~ 507 

Ta6Jla..-10, naHHbJe O CKOIUleHIIJIX, Ha~eHHbIX B [4] 

M n/n (U}, KM/c (V), KM/c (W), KM/C K 

1 -1.8 +0.7 -0.9 16 

2 -36.6 -15.6 -8.0 16 

3 -~5.0 -19.2 -9.7 24 

4 -37.7 -13.5 -1.6 15 

5 -14.1 -10.7 -8;9 ·19 
6 -28.0 -13.1 -12.9 14 

7 +14.2 +2.8 -9.2 23 
. 8 -18.6 -11.1 -3.3 20 

9 -13.2 -24.9 +4.2 12 

CBJl3aHHblX CDCTeM H pa3pymeHBe aCCOilHal(IIB), se­
poJITHO, MOryT AeHCTBOBan. OAHOBpeMeHHO. 

Moxceo npeAJIOXCBTL CJieAyIOII(HH npHMepu1,1i 
Cl\eHapHH, B KOTOpOM ecn, MeC'l'O -J~BIDK}1~CJI 

CK01JJ1eHID1M H KBHeMaTD'lecICBM rpymta.M: 3Be3AO­

o6pa30BaHBe npoucx9AUT B csepxaccoQBal(WIX p83-
MepaMH 100 - 300 nc; pacce.HHHbie CKOnJieHIISI q><>p­
MHpyIOTa B· Hae:6onee nnoTHbIX sinpax csepxacco~­
~e. IlpocrpaHCTBeHHble CKOpoC'l'B 3THX 3Be3A 
6JIH31CB. B npo~ecce AHH3MB'leCKOA 3BOJIIO~ (Ha­
'laJibHOrO c::iteaTBSI e o6oco6neeiisl rpasBT~OHHO 
CB.R38HHOH DOACHCTeMbI) CKOilJieHB.R HeB3oe::iKHO Te­
p.RIOT 33MeTH}'IO tlon10 CBOBX 'lJieHOB. 'tlacn, 3Be3A 
nepeXOABT B KOJX>HY B03HHKWero c1conneHB.R, a 
'laCT& - B o6~ee none acco~au;ee. 3&e3J:\l>I xopoH 
pacce$1HHbIX CKOnJieHHA (B TOM 'IHCJie H pa3pymHB-

nIBXa) o6p83ylOT ABWK}'m;ReCSI rpynm,1, "eKpan­
JieHH&Ie" s csepxacco~~. Hx ea'laJibHaJI AHC­
nepcB.R cKopocreA cpasmrren1,uo HeBeJJBKa (nop.RA­
Ka 1 KM/c). Tame nBDCYm;ReCJI rpylIIIhl Moryr 6wTL 
Bb~enee1>1 npu c = 6 KM/c. 3se3~bI o61I(ero nom1 ac­
COQBa~ .t{OJDICHLI HMeTL H3'13Jlbll}'IO J(BCUepcHIO 
CKopocreii no~u 3 - 5 KM/c B BX MOJKHO si,memtT.b 
ea ypoaHe c = 8 KM/c, c Y'feTOM cpe.t{eei onm6XB on­
peAeJieBBJI cKopocreA =6 KM/c (CM. (8)). 
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Moving Star Clusters in the Solar Neighborhood 
V. V. Orlov, I. E. Panchenko, A. S. Rastorguev, and A. V. Yatsevich 

Two cluster analysis algorithms -- the principal stars method and hierarchical clustering -- are used to identify 
moving star clusters in the velocity space in a sample of 1947 single and multiple stars in the close solar neigh­
borhood with space velocities taken from the Gliese and Jahrciss catalog. Five rich moving clusters have been 
identified at high confidence level. These clusters contain from 30 to 40 stars whose velocities do not differ by 
more than 6 km s·1 from the~entroid velocity. Rich moving clusters include about 10% of all stars with known 
space velocities. 
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Yl(K 52438-17 

PACtfET DOJllITPOilHLIX D BLIPOlK,ll;EHHLIX PABHOBECHLIX 
KOHcJtHrYPAU1ffl 3DE3)l B )lBOifHLIX CHCTEMAX 

© 1995 r. 0. A. KY3Re~0B 
HHcmumym npuK.11aOHOu MameMamuKu UM. M.B. KMObtUUJ, MocKBa, Poccua 

Ilocrymma B pe,ttKQHIO 16.07.94 r. 

OpHBeAeHbl pe3yJ11oTaT1>I pac11eTOB paBHOBCCHJ,IX nomrrpollllhIX H BhipO~eHHbIX KOH<t,e:ryp~ 3Be3A B 
J:(BOiiHblX cHcreMaX AJUI cnyqaJI, KOrAa OAHa H3 KOMfiOHCHT 3anonHJ1eT CEOIO DOJIOCTL Poma. A,lJI cnyqaJI . . 

nonHTpoDHoro ypaeaeHWI cocroJIRWI paccqwraua 3&BHCHMOCTb, CBH3bl&aio~u cneA)'IOmae napaMeTp1tI 
CHCTeMbl: Macey nepBH'IHOll KOMDOHeH'l'l>I (3aDOJIIUIIOmei CBOIO DOJIOCTL Poma). Macey BTOpH'IHOA KOM:.. 

noHeHTLI,.PaCCTOJIHBC Me~ ~eHTpBMH KOMIIOHCHT H 3HTp<>rreiHylo KOHcrairry K W1J1 nepBH'IHOA XOM• 

noHeHTl>J, Il0Ka38BO, qro B cn~ae DOJUl'l'POilHOro ypaeHeHHJI COCTOJIHBJI, ecJJH B npo~ecce o6MeHa Mac­
OOH coxpaHJIJOTCH cneA}'JOIJOIC TpH BeJIJl'IHHbl: DOJIHU Macca ~CTeMLI, DOJIHbli yrnoBOA: MOMCHT CHCTeMlol 
H 3HTpOmdteu KOHcrairra K, TO ~ecTBY~ TOJILKO OAK& paBHOBeCHaJI KOH<l>Hrypal(HJI nepBH'UIOA KOM· 

nOHCHThl, 38DOJIJU1l0meit CBOIO DOJIOCTb ~oma, - H8'U\JlbH8Jl KOH<l>HrYJ>~ • .lq>yreMB cnoBaMll, B cnriae 
coxpaHeHHJI TpCX YKa38HHJ,JX Bblllle BCJIH'IRH o6MeH M&CC.Oii HCJlb3JI npe)];craBHTh K8K nocneAOBaTeJlb­
HOCTb p8.BH0BCCHJ,IX KOH4>Hrypa~ nepBHlfHOii KOMDOHCHTLI, Bee BpeMJI 38DOJIHJIIOmeA CBOIO IlOJIOCTb 
Poma. AJI,r CJI)"IBJI ypaBHCHBJI COCl'OJIIIBJI XOJIOAHOl'O BbipO~eHHOl'O 3JieK'1'pOHHOro ra3a paCC'IHT8B8 3a­

BHCHMOCfb, CBJl3b1B810maJI cneAYIOmite napaMCTpbl CHCTCMJ,J: Macey uepBH'IHO~ ICOMDOHCHThl (3anonHJ1-
10me:A CBOIO DOJIOCTI, Poma), Macey BT0pll'IHOA KOMIIOHCHTLI H paccromme Me~ l(eHTp8MB KOMROHCHT. 
IlOKa38HO, 'lTO B cny11ae yp8BBCHRJI COCTOSIHHJI XOJIOl,lHOl'O Bblp0.3CACHHOro 3JICrrp<>HHOro rasa, ecne B 

npo~ecce oOMeHa M8CCOH coxpaHJJIOTCSI cneA)'IOm&C ABC BeJ1H1IRHbl: DOJIHaJI Macca CHCTCMLI H D0Jlllb1B yr­
JIOBOH MOMCHT CHCTeMbl, TO TaJOKC ~ecrsye-r TOJlbKO OAJ{8 paBHOBeCHU KOH<J,arypal(HJI nepBH'IHOi 

KOMDOHCHTLI, 38DOJIHJIIO)ACi CBOIO DOJIOCTb Poma, - H8'18Jll,HaJI KOH4>Hryp~. 

1. BBEnEHHE BB'IHU KOMIIOHCBTa 3aDOJIWICT CBOIO DOJIOCTL 

nna TeOpBH ~BOJIIO~ TeCHJ,IX ABOitmdx CBCTeM 
oqem, Ba}l(HblM sonpoCOM ,mrui:eTCR 33.BBCBMOCTb 
creneHB 33IlOJIHCHBJI KOMDOHeHI'aMB IlOJIOCl'H Poma 
OT napaMeTJ)OB ~ofmoi cucreMbI, a TalOICe 3a.BBCB­
MOCTb OT 3TBX napaMe-rpoB M8CC1,I KOMIIOHeBT1>1, 38· 

nonmuomei csoJO nonocrL Poma. BaxcHOCTL 3TOro 

Bonpoca CBR.33118 C TeM, 'ITO B npo~ecce 3BOJIIO~ . 
TecBOi ABOHHOA CBC'reMbl o6MeB Macco'A Ha"IBJlaeT­

ar DOCJie 3anoneeHID1 OABOi B3 ltOMilOHCHI' CBOeA 

nonoCTB Poma. B AaHHOA pa6oTe .npeAcraBJieHbI 
pac'lCTLI paBBOBCCHblX nomrrpODHblX B BbipO~~B­
HblX KOHcpurypa~ AIDI cnyqu, K.Of'Aa oµ;aa KOMIIO­

HeBTa (B ;JJ;aJibHeAmeM BMeuyeMaJI nepBIAHOA) 33· 
nommeT CBOIO noJIOCTh Poma, a APYf8JI (BTOplAHaJt) 
paccMa1'pHBaCTCJI K8K TO'le'IH8JI Macca. 

no pe3ynLTaTaM pacqeros crpoB'I'Cjl 3asucu­

MOCTb MaCCl,I nepB1AHOB KOMDOBeHTbl. 33IIOJIHJIIO· 
~eA CBOIO noJIOCTh Poma, OT OCTaJILBJ.IX napaweT­
poB wsoARoit cucreMM B ·oT 3H3'1CHIDI 3HTJ>OIIB:AHOA 

. KOHcraHTbI KAID! CJI}"laJI nomnpomn,I.X ICOHq>HI')'­

p~. 3areM 3Ta 3aBBCBMOCTh DpBMCWleTCR AJI.51 
aH8JIB3a 3BOJIIO~ ~boil cucreMbI B npeµ;nono­
xceHBR, 'ITO nepBB'IHU KOMIIORCHTa 33nOJIWICT 
CBOIO UOJIOCTJ, Poma, o6MeH Maccoi ~eT '1Cpe3 BHy­
,:peHHIOIO TO'ltcy IlarpaJDKa L1 • B npB 3TOM COxpaM­
eTCR uoJJHaJt Macca cacreMhl B nonH&1A yrnosoA Mo­
MeBT. Be3p;e e AaHHOi craTLC C'DITaeTCSI, 'ITO uep~ 

I 
Poma, 'ITO DO;JJ;"lepKBBaeTCJI BH1(CXCOM "/" (ID'l1), B. 

Ha060p<>T, BTOpB'IHU KOMDOHeBTa paccMaT})HB8CT­
ar Kax TO'le'IHu Macca IDi:i ; JIHIIIh e n. 7 <>6cyXCAaeT­
ar BODpoc O creneHB 38DOJIHCHIDI nOJIOCTR Poma 
BT0p1AH0i KOMDOHeHTOH - B 3TOM CJI}"l8C AJIR BTO­
pFmOi KOMIIOHCBTl,I, 3anonm11omei CBOIO D0110CTL 

Poma, ucnoJih3YeTCJI o6o3Ha'leHBe ID?{. 

2. MA TEMA raqECKAfl MO,ll;EJlb 
PABHOBECIDI nonHTPOilHO:A 

KOHcl>HrYP AUHH 

PaCCMOTJ>BM paseosecue. llOJIHTJ)ODHOit 3BC3Ab1 B 

WJODOH CBCTeMe C MaccaMB KOMDOHCHT ID'l; B IDli 
o6~eit MaccoA IDl = ID?; +~BC paCCTOJIHBCM MCXC· 
'fl.Y ~CHTJ)a.MII KOMJIOHeBT A. B CRCTeMe xoopp;BBaT, 

BpaJ:QalOmeiiar C yrJIOBOA CICOpocThlO {l = J GID°lA-3 

BOK.pyr ~eirrpa Mace CUCTeMLI, ycnoBBSI paBHOBCCWl 

3anumyrar cneny10~ o6pa30M~ 

1 . 
-gradP+ grade!>= 0, p . (1) 
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·l'):le fl>1 - rpaBHT~OHHLii DOTCIII.\Ban nepBH'IBOii 

1CoMJJoaeHT&1, 4>2 = GID'li((x - A2) + y2 + z2t 112 -
·rpasHT8I{HOHHl,IB DOTe~Ban . BT0pH11HOi KOMDO-

HCBThl, cf> c = 102( (X - AID'lz /W/,)2 + y2) ...:. IlOTCIII.\BaJI 

~eirrpo6e)Kffoii CWl&I. Ha11aJ10 KOOpAUHaT pacnono­
Eeuo B ~empe neps~oi KOMJJOHeHT&1, OCb x aa:­
DpaBJieHa OT ~eHTpa nepBHIIHOi KOMUOHeHT&J K 
~eHTpy BTOpB'IHOA, oc1, z aanpaBJieaa nepneHJJ;mcy­
mrpuo MOCKOCTH Bp~eHJUI CHCTeMhl, OCI, y AODOJI­
HJICT 'I'pOibcy oceA AO npasoa. IlOTelll\BaJI fl>1 -yAOB­

JICTBOpReT ypaseeHHIO Ilyaccoea divgrad<l>1 = 41tGp 
80 BCCM_ IIpOC'l'paBCTBC C rpaBH'IHhlMB YCJIOBIDIMII 
4>1 = 0 npa r = oo. Ha np~nnce 3TO ypaBHeHBe pe­
manoc& B HCKOTOpoB OOJiaC'l'H @ C rpaJ1BqBbJMB yc-

JIOBIDIMB <1>1 = d, l , l'):le cf> 1 - rpaBHT&I{HOBHbIB DOTCH• 
V JI, V emf 

~. C03AaB3CMb1B TOl!e'IHOn M3CC0B '""'-1 : 

- I 2 2 2 - t / 2 
'1> 1 = GID'l1 (x +y + z ) . 

ByAeM npeADOJiaraTb~ 'ITO 1"33 JIBJIJICTCJI DOJIH­
. TpOIIIILIM C HH,t{CKCOM nomnpo111,1 n, T.e. p: Kp1 +.1/11

• 

TorAa yCJIOBBe puuoseCHJI (1) 3ailllIIleTaI e BRAe 

'1> 1 + 4>2 + <l>c + H = B = const, 

H ~ (n+ l)Kp1
/ n · (2) 

- 3BT3Jlbl1BJI ra3a. IlyCTL n..epBB'1HaJI KOMIJOHelITa 
38IIOJIHJICT CBOIO IlOJIOCTh Poma, T.e. ee rp~ COB· 
u~aCT C SKBBIIOTe~an1,10 fl>= <l>(L1), me L1 - BB}'T­

peHBSUI TO'OOl JlarpalDICa, Tax 'ITO grad<l>(L1) = 0. 

. To~a J J J p dV = IDlf (mrrerpaJI 6epeTQI no nonoc-

m Pomaj~ 
Uen& Hanrax pac'leTOB - nOCTpOHT& 33JIHCH-

. I 
MOCTb, CBJl3b1Ba10nzy10 ID'l1, ID'lz, AH K. 3~a'I}' YAOO· 
nee peman. B 6e3pa3MCpHOM BBAC. IlpBBCACHBe K 
6e3pa3MepeoMf BRAY npoB3BOJ(BTaI CJICAYIO~ 

o6pa3oM: ACJIBM Macey ua IDlz,, paCCTO~e - aa A, 
DJIOTHOCTb - Ha ~-3, speMJ1 - aa (GIDl.iA-3t 1f2, 

n-1 3-n 

Jc:.OBCTaHTY 3B'I'pOIIHB K - Ha GID'l2 n A 11 
, nOTe~­

aJI - Ha a~-1• IlpH 3TOM 6e3pa3MepHaJI yrnoBU 

cxopoCTL 6yAeT n = J1 + q, rAe q = ID'l; IID'lz. TorAa 
33Aa11a CBeACTCR K cne~ll{eA CBCTeMe ypaBHeHd: 

<1>1 + 4>2 + <l>c + (n + 1) Kpl/n = B = const, 

2 2 2 -l/2 
4>2 = ((x- 1) + y + z ) , , (3) 

1 1 2 
2 

ti> = -2 (1 +q) ((x--1 -.) +y ), 
C +q 

divgrad4>1 = 41tp B oonaCTH @ H 4>1 = 4)1 

Ha rp~e o6naC'l'H @, 

- 2 2 2 - 112 
<1>1 =q(x+y+ z ) , 

JJJpdV= q. 
RL 

KoHCTaHTa B onpeAeJIJ1eTCS1 no 3Ha'leHHIO nore~a­
na Ha rp~e nonocm Poma, rAe p = 0. IlocKOJibKY 
3Ha'leHHe nore~ana Ha rp~e noJIOCTB Poma 
paBBo 3Ha11eemo so eeyrpeHHeii TO'IICe Jlarpam1Ca. TO 

B = 4>1(L1) + fl>2(L1) + 4>c(L1). 

IlonoxceHHe BByrpeHHeii TO'IJCB Jlarpam1:a onpeAe­
·JIJICTQI B3 YCJIOBD 

d d/<1>1(x, 0, 0) + <l>z(x, 0, 0) + <l>c(x, 0)) = 0 

O<x<l. 

. By,teM C1DIT3TI,, t{T() B CHCTCMC (3) n B q 3AAaBO, a 
K no~ne)KBT onpeAeJieHB10. Pemu CHCTeMY (3) AJIJI 
pa3JIH'1HhIX q, nonyqaeM q>yHKIUDO K e 6e3pa3Mep­
HOM BUAe K = l;,.(q) HJIH B pa3MepHOM BHAC 

3. BbJqHCJUITEJibHASI CXEMA 
.ZUHI qOJIHTPOTIHbIX KOHtl>HrYPAUHH 

H TECTOBbIE PACqETbl 
He11BHeiHaJ1 CHCTeMa _ypaBHemm (3) pemanaci. 

MCTOJ:(OM npoCTl,IX BTep~. CxeMa HTep~OHHOro 
npo~ecca 6panaci, CJieAYJO~eii (s - HOMep BTep~): 

(Ha'laJIO S-TOA BTep~H) 

1) divgrad;cl>
1

1 = 41tp, 

· sll sll 
2) onpe~eJieHBe I H <I>( 1), 

4) q = If JpdV, 
@ 

s + 1 s _ 1/n 
5) K = K ( q I q) , 

s+ I - -
6) p = p (q/ q) ' 

s +I s 
7) B&IXOA B3 ~a. eCJIB I K - Kl < £ 

(KOHC~ S-TOA BTepa~). 

(5) 

YpasaeHBe Il yaccoHa pemanocL MeTO:QOM pa3~e­
JieHID1 nepeMCHHblX C BCilOJII,30BaHBeM 61,1c-rporo 
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Ta6mlqa 1 

CeTKa 
20·x tox 10 

40x20x20 
80x40x40 

120x60x60 
160x80 x 80 
200 X 100 X J()() 

K 

0.21477 
0.21265 
0.21222 
0.21215 
0.21212 
0.21210 

TO'IHOCFL, % 

1.31 

0.30 

0.10 
0.07 

0.05 
0.04 

cf>yp1,e-npeo6pa3osaeua ea ceTKe NX x NY x NZ. 
B CHJJ.Y CBMMCT'pHH 3Ma"IB OTBOCBTCJU,HO IlJIOCKO­
C'J'el\ y = 0 B z = 0 paC'leTbl npoBOAHnBCb TOJibKO B 
qeTBepTB opocrpaHCTBa y > o. z > 0. 06JiaC'l1, @ 
6pan:ac1, a Bll,tle [-1 ... 1] x [0 ... l] x [O ... l]. 

IlporpaMMa TeC'1'Hp0BaJI3Cb ea JM3'1e paBHOBe­

cu OABHO'IHOB noJIBTJ)OnHOA 3Be3Ahl. PemeHHe s 
3TOM cnyqae xopomo H3BCC'rHO [l], a 38BBCBMOCTb 

Pac.I. 6e3Pa:n.tepHaJ1 KOHCI'8H'!'a 3HTpODHH /;312 UK q>yaK­

~ OTHOWCHHR M~ q (KBa,qpamKH). OtnowH~ JIJUOOl -

annpoKCHM8J,tJUI 3aBRCMMOCTH /;312 (q) = 0.145/· . 

d 
N3n 

0.42 

0.41 

0.40 

0.39 

0.38 

----------·----

0.37 L.llJWJ.L.--L.J-UWW~-L.lo..1...LWIL..:-,__._u..uJw.

1
__._......._.. ........ 

10~ q 

he. 2. 3q>q>eKTHBHLIA Koo«l>q>eitHeHT N352 B cpopM)'ne (6) 
AJJR ABOUJ,)X CHCl'eM IGlK cpya~ OTHOweHHR Mace q 
(CMOWHall 11BHHJI), lliTpHXOB8R JIHHIUI - 3Ha'leHHC .3TOl'O 

K03q>q>BI01Clml AJJSI OAHHO'IHOII nomrrponnoA 3Be3A1>1, 

KOHCTalrrbl 3HT'pOIIBB OT napaMCT'pOB 3BC3Ab1 HMeeT 

npocryro q>opMY: 

11 - l 3-n 

K = N,.G(~)-" R-;;-, (6) .. 

me R 1 - PMBYC ccj:,epeqecKoii nepsB'IHoA KoMDo­
HeHTi.1, N,. - 'IBCJICIIllblU K03<P<l>HlllleHT, B '13CTBocrB 

N312 = 0.424. PacqeTbI nposo~JIBCb Amin= 3 /2. ECJIB 
B3J1Tb 6e3pa3Mepeble 3Ba'leHU q = l , R1 = 0.5, TO 

6e3pa3Mepeoe 3Ha'leHee K 3anumeTCS1 B Bll,tle K = 
= N3n.R,1 = 0.212. 3To >Ke 3eaqeHHe 6i.mo pacc'IHTaHo 
ea noCJieAOBaTCJibHOCTH Cryll.\alO~CSI ceTOK. Pe-
3YJILTilTbl paC'leTOB npeACTaBJieHbl B Ta6n. 1. B~HO, 
'ITO AM ccj:>epuctecKoro CJiy11aJ1 J(a:xce pacqeTbI Ha 
rpy61:,1x ceTKax AaJOT npBeMJieMYIO T01:[HOCTblO. 
Bee pac11eTbl J(Jljf J(BOBHbIX CBCTCM npoBOAHJIBCb Ha 
M3KCHManLHO B03MO:XCHOA ceTKC, KOTOpM noMe­
II.\3CTCSI B onepaTRBeyIO naWITb eawero KOMlll,IO• 

Tepa - 200 x 100 x 100. 

4. PE3YilhTATbIPAC~ETOB 
,WI.SI nOJIIITPOIIHbIX KOHct>MrYPAUHH 

DblJla npoBCACHa cepHSI pacqeTOB paBHOBeCHOA 
KOH<t,erypaqau nepBB'IHOB KOMDOHeHTbI Ami IlOJIB­
T'pODHOro ypaseeeu COCTOmw.I C HH,l:{eKCOM DOJ1B­
'Ip01JI,l n = 3/2. Pe3yJI1»TaTb1 pacqeros npeACTaBJie­
e1:,1 Ha puc. 1 ,. 6. Ha puc. 1 npuee,-eH rpa<l>eK 3aeu­
CHMOCTH ~3,i(q). C J(OCTaTOIIHOH creneHblO TO'IHOCTB 

( OIIIH6Ka < 10%) 3Ta 3aBBCBMOCTL annpoKCBMBpyeT­
CSI <l>opMYJIOA 

~3,i(q) = 0.145ef'·62
• (7) 

Ha pee. . 2 npBBeAeH rpaq>HK 3aBBCHMOCTB 

t'3~z(q) , IlOKa3blB3IOII.\HH BeJIH'IBey K03<l><l>m.-HeHTa 

B ( 6) AIDI A130BHblX CBC'l'eM. 3ToT K03cp<l>~eHT onpe­
J(eJJJICTCSI B3 ypaBHCHWI 

~312(q) = tv;~z(q)R;riq113' 

rAe 6e3pa3MepHLIB 3cp<l>eKTHBHb1B pawryc IlOJIOCTB 
Poma eaxoJ(BTCSI no <l>OPMYJie [2] 

R~tL = 0.49q213 I (0.6q213 + ln(l + q113
)) . 

Ha pee. 2 npeaeJ(eHo TaJOKe 3Ha'leHHe N312 AJIJI OAR· 
HOIIHOH 3Be3Ab1 (lllTJ>BXOBM JIBHID1). 

Ha pHC. 3 IlpBBCACH rpaq>HK. 3aBHCBMOCTH ~qv(q)­
parocyca nomnponuoro mapa 6e3pa3Mepeoa Mace&1 q, 
H3XO):VIIIl.erocSI B p8BH0BCCHB npu TOH :xce 3aTJ)0IlB11-
H0H KOHCTaHTe K, 'ITO H nepBB~IHaJI KOMilOHeHTa. 
BeJiil'tfBHa Reqv onpeJ(eJI.HeTCSI H3 <l>oPMYJibI 

~312(q) = NmJ?.eqv(q)q1!3. 

Ha puc. 3 TaK>Ke npHBeJ(eHbl 33BHCRMOCTH R~~(q) H 
L1(q), me L, - 6e3p33MepHoe paCCTOSIHBe OT ~eHT'pa 
nepBB'IHOH KOMnoeeHTbl AO TO'IKB IlarpaIDKa L, . 

Ha puc. 4 npHBeJ(eH rpa<l>HK 6e3pa3MCpH0B ~eHT­
panLHOH IlJIOTHOCTH Pc= p312(q). C 6on1,mou creneui.10 
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TOtJHOCTH (owH6Ka <5%) 3Ta 3aBBCHMOCTb annpoK­

CBMBpyeTCB cf><>PMYJIOD 

p312(q) = I5.44Q°·62 + 14.24. (8) 

,Umr nepeXOAa K pa3Mepaoii MOTHOCTH HY}l(HO YM­

HOXOITb Pc Ha ID44-3
• 

Ha puc. 5 npu:eeAeH rpaq>HK oTHomeHHB ~eHT­
pan&Hoii IlJIOTHOCTH nepe.HtJHOii KOMilOHeHTM Pr K 

cpeJ:{eeA DJIOTHOCTB p' onpeAeJIBeMOD KaIC p = 
4 ·ef 3 

= q/ <-flt (RRL) ) . lli1'pBXOBruJ JIHHHSI - 3Ha'leHHC 

3TOro OTHOWCHWI AJIH OAHHO'IHOH IlOJIHTpOllHOH 

3Be3Ah1 cornacHo [3] (Pc.Ip = 5.99). 

lfa pac11eTOB onpeAemmcg TaK}l(C MOMeHT BHep­
. IlJIH nepBH1IHOB KOMilOHeHTbl OTHOCHTeJibHO QeUTpa 
.,.ace CHCTCMbl. 6e3pa3Mepm.rA MOMCHT HHep~H 

Bbl'IBCJISIJICB no cpopMyJie 

1 2 

11 = JJJ P ((x- 1 +q) +/)dV. 
RL 

Ecne C1IHTaTb nepBH'lHYJO KOMilOHeirry TO'lC1IHOB 
. MBCCOD, TO ee 6e3pa3MepHblD MOMCHT HHep~H OT­

HOCBTCJibHO ~CH1'pa Mace CHCTeMbl 33A8CTCSI <popMy-

JIOi t: = q( 1 + q t 2
• Ha puc. 6 npHBCACH rpaq>BK 3a­

BRCHMOCTH l 312(q), onpeJ:{CJIHCMOH Bb1p3}1(CHBCM · 

(9) 

C AOCT8T01IHOH CTCllCHblO TOYHOCTH (omu6Ka <2%) 
3Ta 33BBCHMOCTb annpoKCHMBpyeTCSI cf><>PM)'JJOi 

l312(q) = 0.075q2 + 0.03q + 1.0. (10) 

,Um1 nepeXOAa K fa3MepHblM eemAHHaM ffY)ICJIO YMHO­
llC:B'Tb f I Ha IDliA . 

5. IlPHMEHEHHE PAClJETOB 
. nonHTPOilHhIX KOH<l>MITPAU..MH 

K 3AM qE 06MEHA MACCOM 
B ]lBOHHhIX CHCTEMAX 

PaCCMOTJ)HM Tenepb, KaK qpGHCXOAHT OOMCH 
MaccoA B ABOHHOD CHCTeMe nocne TOf'O, KaK nepsuq­

HaSI KOMfiOHeHTa 3ailOJIHHT CBOIO DOJIOCTb Poma. 

Ilo-npe)[(HCMy 6yAeM cqHT3Tb, 'ITO Bell\CCTBO B nep­
BB1IROA KOMilOHeHTe IlOAqJfHJleTCSI IlOHHTpOilHOMy 

ypaeHeHRIO COCTOjlHJISI c BHAeKCOM DOJIBTJ)Oilbl 3 /2, 
T.e. P = Kp5f3. ByAeM cquTaTh, 1ITO nonuu Macca cu-

CTCMbI coxpam1eTCH: IDl = IDl{ + IDi:i. 6yAeM T3JOKe 

C'IBTaTb, ttTO coxpaHHeTCH IlOJIHbJH yrnoBOH MOMCHT 
CRCTeMbJ. OH CKJiaAbIBaeTCH H3 yrnoeoro MOMeHTa 
nepBH'DIOH ICOMilOHeHTbJ 

JI = 0/1 = nIDl2A2
l312 <IDl{!IDl2) IDl{IDl2IDr

2 
= 

,-;::;-; -3/2 / \ f 2 
= ..Jvl\IDl t 312 (IDl,IIDc2) ID'l1ID'l2 

0.6 

0.4 

0.2 

---

----R~ 
R

ef 
---- Rl 

-- ..,... 
/ 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ ' 

0 L.L.I..LLI.JLI..-....L... ........ .LLl.l"-L---'---'--'..a..u.u.i.-__._-L... ................... __..__._ ....... ,.._ 
10-3 10-2 10- 1 1 

Pac. 3. 6e3pa3MepnbtH 3KBHaaneHTHL1'l PAAHyc, T.e. 
PAANYC nomrrponnoro wapa, HMetoutero TY lKe Macey, 
'ITO ff nepBH'IHaJI KOMOOHCHTa, H Haxowruterocg B paano­
BCCKH DpH TOA )l(C 3RTpOOHAHoA KOHCTaHTe (cnnowea,r 
naue,r CO 3Be3A0'00lMH), 6e3p83MCpHIJH 3$q>eKTHBHIJA 

P&AHYC nonOCTH Powa (cn11owna11 nHnH,r) H 6e3pa3Mep­
noe paccro11n11e OT l(CHTpa nepBH'lHOA KOMROHCHTl,I AO 
BHYTJ)CHHcA TO'IKH JlarpaHlKa L1 (W,PHXOBaJI JIHHHll) 
KaK q>yH~HH OTHOWCHHII Mace q . 

50 

40 

30 

20 

Pac. 4. oe3p83MCpHIUI QCHTJ)anLHalt nnOTHOCTL nep­
Bff'IBOA KOMDOHCHTW AJIII HHAeKca fiOJIBTpoDl,J n = 3/2 
KaK q>yRKl(Hll OTHOWCHHfl Mace q (3BC3)10'1KH). Cnnom­
HaJI KPHBaR . - annpoKCHMal(HII q,opMynoA p312(q) = 
= 15.44q0·62 + 14.24. 

q 

H yrJIOBOJ'O MOMCHTa BTOpB1IHOH KOMDOHCHTbI, KO­
Topu C'IHT3eTCB TOtte'IHOH Maccoii 

2 

12 = /GAIDf
312 

<IDl;) IDl2 • 

KpoMe Toro, e3·n. 4 MbI HMeeM q>OpM}'Jiy 

I 113 
K == ~312 (ID'l1 IID'l2) GID'l2 A. 
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7.0 

6.5 

i~O -------------

Pac. 5. OraoweHHe tteHTpam,HoA MOTHOCTH nepBH'f­
HoA KOMDOHCHTLI K cpcAHCA MOTHOCTH KaK <PYHKQHJI 
OTROWCHHJI Mace KOMDOHCRT CHCTCMLJ. llITpHXOBa.JI nH­
HIUI - 3H8'1eHHe 3TOrO OTHOlllCHHil 11m1 O,IIHHO'IHOA no­
mnponuoil 3BC3/lLI comacHo [3): (Pel P = 5.99). 

Pac. 6. ci,yuxwu1 l3(l(q), noKa3blB8IOil.{8)1, BO CKOJJLKO pal 
MOMCHT 1mepQHH nepBH\JHOil KOMDOHCHTbl O'n{OCHTCJlbHO 
uewrpa Mace CHCTeMbl 6om,we MOMCHTa HHCpQHH TO'IC'I­
HOH M8CCLI (KBa,npaTHKH). CnnoWH8Jl KpKBall - annpoK­
CHM8QHR q,opMynoA l3n,(q) = 0.075/ + 0.03q + 1.0. 

B pe3YJibTilTe nonyqaeM cucreMy H3 TJ)eX ypaBHeHHe: 

I IDl == .ffn I + IDi2, 

1 = JGAIDf
312

wi{IDi2 x 
I I ' 

X (ID'l2t312 (ID'l,IID'l2) + ID'l1), 
(11) 

f 1/3 
K = , 312 (ID'l1/ID'l2) GIDl2 A, 

CBSDbtBaiouzyio mecr1, BeJmqHH: IDi{, 9Jii, A H IDl, J, K . 
.AHanm cHcreM&I (11) noKa3LIBaeT, 'ITO no 3~aH-

HbIM IDi. J, K OAHOOHaqHo onpeAemnoTCSI IDl;, ID?.i, A. 

PaCCMOTpHM renepb CJieicyioueyro CBT}'aQBIO. 
f 

Ilycr1, B cacreMe c napaMeTJ)aMB IDl1, ID'lz, A nep-

BIPIHcUI KOMDOHeHTa 3anOJIHSieT CBOIO nonoCTh 

Powa B H3XOABTCjl B paBHOBeCHH. no fl!t{, Wli, A 
MOXCHO onpeAeJIRTb IDl, J, K. B&1BeAeM CBCTeMy B3 
COCTOJIHIDI paBHOBecIDI (Hanp11Mep, }'MeW,WllM Mac-

ey ID'l; H Ha CTOJILKO xce y'BeJIBqJIM Macey ID°lz) H no­

CMOT()BM, 'ITO CTaHeT C CBCTeMoii npu YCJIOBHH, 'ITO 

fl!t, J, K OCTalOTC.SI DOCTOSIHHLJMH. To o6CTO.SITeJILCT­
B0, 'ITO B3 CHC'reMbI ypaeHeHHB (11) 110 3~aHHblM 

fl!t, J, K OAH03Ha'!Ho onpeAeJI.SIIOTC.SI IDl{, ID'l:z, A, no3-

eoIDieT CAeJiaTL CJieAylO~HH BbIBOA: Jl:a.HHcUI ABOHHa.SI 
CHCTeMa HBKon.a ue nepeiAeT B HOBOe COCTOJIHHe 
paBHOBecu, IIpH KOTOpoM nepBBlfflcUI KOMDOHeHTa 
33llOJIH.SleT CBOIO DOJIOCTb Poma, TilK KaK pememm, 
OTJIB'1HbIX OT uaqaJILHOI'O, CBCTeMa (11) ee HMeeT. 

O~eHHM, K3K 6yAeT MCIDITbCSI creneHb 3anonHe­
HB.SI IlOIIOCTH . Poma nepBlfCIHO:A KOMilOHCHTOB. 

IlyCTL TeMn norepe MaCCbl nepBll'IHOH KOMDOHeHTOH 

paeee llJ'l (Macca nepBH'IHOB KOMllOHCHTbl flR1 ITH• 

WeTCSI 6e3 BlfAeKca /, TaK KaK creneaL 3aIIOJIHCHIDI 
IlOJIOC'rH Poma nepBDllllOA KOMilOHeHTOB MeWieTC.SI), 

TOrAa 

IDi1 = flR{o - W'lt = flR{o - of!R, 
IDii = ID?20 + oIDl. 

06o3H8'IHM H3'1aJILHOe paccro.smHe Mexc,ny KOMnO­
HeHTaMH 11epe3 Aot 113 2-ro ypaBHCHIDI (11) MOXCHO 

llOJIY'IHTb <pyHKIJ,HIO A(OllJ'l), a 113 3-rO - <pyuKIJ,HIO 
I . 

fill1 (Oftn), T.e. Macey, KOTOpyio Jl:OJIXCHa HMeTb nep-
BH'!HaSI KOMllOHeHTa, 38Il0]1WIIO~a.SI CBOIO noJIOCTb 
Poma npu AaHHoM A: · 

/ l/3 
~3/2 (ID'l1ol.9Jiio) Glln;o Ao = 

/ 1/3 
= ~3i2 (ID'l1IID'l2) GID'l2 A. 

BseAeM <pYffKqBIO 11i(6ID'l) = wi{ (oIDi)/IDl1(&!n), 
xapaKTepB3YIOIIzylO creneHL 3anOJIHCHH.SI OOJIOCTB 

Poma nepBH'IHOB KOMIIOHeHTOii. TaK KaK npu no­
CTOIIHHOH 3HTpOIDIIIHOH KOHC'l'aHTe 3Be3}:\8 C ysenH­
qeHDeM MaCCbl craHOBHTCSI 6onee KOMnaKTHOB, TO 

npH T\ 1 < I (ID'l1 > ID?;) nonocr& Poma 3anoJIHeua He 

llOJIHOCTblO, a npu T\1 > 1 (IDlt < ID'l;) HMCeT Mecl'O ne­
peno11HeHBe nonOCTB Poma. B ea'-laJibHbIH MoMeHT 
IlOJIOCTL Poma 33IlOJIHeHa IlOJIHOCI'LIO: 111(0) = 1 .. 
IlpH 6IDl 4; ID'l1 , ID4 MO)KJ{O BOCDOJib30BaTI,Cg pa3-

JIOXCeHBeM e P"A TeAJiopa: 

ACTPOHOMHtfECKHH )l(YPHAJI TOM 72 Nl 4 . 1995 
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, i'Ae q = ID'l10 !ID'lw. :(,fa CHCTeMbJ ( 11), HCilOJlb3YR 3a­
. BHCHMOCTH (7) H (10), nonyqaeM 

dl)I 
m> (0) = q3 + 90q2 + 37q- 63. (12) 

d(0..1,11,) 

Aiia'JIH3 3TOro BLipa>KeHH.SI JIOKa3bIBaeT, 'l{TO 1111303-
}:)aC'I'aeT npn q > 0.535 H y6LiaaeT npa q < 0.535. 

Pa1yMeeTCjf, C <pB3H'l{eCKOii TO'IK.H 3peHIDt TpeDO­
tiaime noc:romcma 3HTJX)lllfHHOH KOHCTaHTLI K e 
ttponecce 06MeHa M3CCOH KIDKeTCSJ HCK}'CCTBeHHbIM, 

twt: KaK npo"QeCCbl BHyTpH 3Be3Abl Moryr ysenH<mTi, K 
( o~aKo npennonaraeTCH, tJTO ypaimeime COCTOSIHWI 
ooaeTCSI IlOJIHT(X)IlHblM). PaCCMOTpHM CJieJzyiOllzyJO 
33Aaqy: KaK AOIDKHa MeIDITbc.sI 3HTpOIJHHHaR KOH­
CTaHTil K a npou;ecce o6MeHa Maccou npH yCJioBHH, 
lfi'o IiOJIHaR Macca e: IIOlIHblA yrnoBOH MOMeHT CRCTe,­
Mbl OCT3IOTC.SI HeH3MeHHbIMH, a nepBHqHa.si KOMilO­
aeH'ta ecerAa 3anonru1eT ceoro nonocrb Poma. Ilycri, 

CHOBa IDli = ffnio - oftll; IDli = Wlio + 6.ID'l. OrrpeAe­

ililM A(oID'l) = A(ID'l{o - 6.IDc, ~o + 6.IDl) U3 BToporo 

ypaaHeHIDI CHCTeMbl (11) H K(oID'l) = K(.IDl;o T o.ID'l, 
~ + oIDi, A(oIDc))- H3 TpeTbero. CHoea paccMOT-

. pHM cnyqai{ MaJibIX 6.ID'l. Tor~a 

dA · 
A(8'lln) = A0 + ID'l (O)oID'l,. 

d(o ) 

dK 
K(6ID'l) = K0 + wi· (0)6.IDc. 

d(o > 
ff3 CHCTCMbl (11), HCIIOJlb3Y$13a.BBCHMOCTH (7) H (10), 
noiiyqaeM: 

dA 
d(oID'l) co) = - (16tq2

- 12q- 200). (13) 

AHanorntJHO nony'laeM 

dK .(0) = - (/ - 1.5/ -
d(6ID'l) 

2 
- 2.36q - o.49q + 0.91) . 

(14) 

AllaJm3 aTiix Bhipa)KeHirii noKa3bIBaeT, qTo A Bo3pa­
craet npu q < 1.15 :e y6LrnaeT npe q > 1.15, a K so3-
pac-rae-r npu 0.3 < q < 2.4 H y6.i.IBaeT npH q < 0.3 n 
trpnq> 2.4. 

6. MATEMA TfPlECKA.Sl MOJJ;EJih 
PABHOBECMH BhIPO)K,D;EHHOH 

KOH <I> HfYP AI.U-IH 

l'accMOTpHM Tenepb nBOHHbIC CHCTeMbI, B KO· 
.. ropi,1x nepBH'l{HaR KOMilOHeHTa - 6eJiblH KapJJHK. 

ffgeecruo [1, 3], qTo -B 3TOM cny'lae' eew;eCTBo 
3Be3,tLI IlOAtIHIDICTCSI ypaBHeHHJO COCTO}JHIDI xono,-­
Horo B&IpO)KAeHHoro 3JieKTpOHHoro ra3a. IlnoT-

HOCTb B 3TOM cnyqae onpeACJJjJeTC.sI HOl:3MH, a 
A3BJieHHe - Bbipo~eHHblMB 3JleKTpOHaMH: 

3 
P = Pox t 

P = P O ( x ( 2i - 3) J x2 + I + 3 ln (x + J x2 + l)) , 

rne x-6e3pa3M:epHLIH HMnym.c <l>epMB, Po= µpzu/3').}, 
PO = mec2 /24').. 3, A = hf mec2, µe - qJICJJO 3JieKTpOHOB Ha 
o):(IUi HYKJIOH, mu - e.I(HHH.qa aTOMRoro Beca, me -
Macca 3JICK'.IJ)OHa, h - IlOCTOjllflfa.sJ IlnaHKa, C - CKO­

poCTb ceeTa. Ilpu µe = 2 (CJiyqau reJIBeBhIX H yrne­
pown,1x KapJJBKOB) HMeeM Po= 1.9477 X 106 r/cM3, 
P0 = 0.06 x 1024 r/(M c2). 

Ilo-npexcHeM}'' UCJib HawHX paC'ICTOB - IlOCTpO­
HTb AJI.sI 3Toro CJIY'lasl 3aBHCBMOCT.b, CBS13bIBa10w;y10 

f . 

IDi,, ~ H A. B OTJIHque OT nonmponHoro ypaeee­
HIDI COCTOJIHIDI 3Ta 38BDCHMOCTb He 6yp;eT onpe,-e-

/ 
JISITbCjJ TOJibKO OTHomeHHCM We, /~' TaK KaK ABC 
HOBbie KOHC'r8HTbl Po B po AaJOT CBOIO lllKaJIY MaCCbl 

(P0 /G)312p~2 
u paccro.SIHWI (P0 /G)112p~1

• ApyruM.H 
CJIOB3Mll, 33)J;atfa pacqeTa paBHOBCCIDI JVIjJ BblpOX<:­

ACHHOro ypaeaeH.IDI COCTO$IHID1 He AOrrycKaeT Mac-

WTa6upoBaHIDI no We{, Wli e A. q TO )l(e ICacaeTCSI µfl, 
TO M8CmTa6Hp0BaHHe B03M0)KHO: a HMeHH<:>, eCJIR 
3HaqeHHe µe = 2 3aMeIDieTC8" na µfl = µ 1 , TO see aenu­
tJHHhl, nonyqaeM1>1e fl pactJeTax, ffYX<:Ho H3MeHHTb 

CJICAYIOIIUIM o6pa30M: p' = p(µ, /2); Po = Po(µ, /2); 

P'0 =P0 ; ID'l~. 2 =IDl,,i(µ1 /2)-2
; A' ~A(µ, /2t1

• Hcxowi 

H3 cKa3aHHoro scer,:s:a 6panoc1, µe = 2 B 6hIJIO npoee-

AeHO 4 cepHH pacqeTOB <p~ll wi{ = ~(~, A) AJJ.sI 

CJie)J;yrow;ux 3Ha'leHBU Wli = 1.5, 1, 0.5, 0.25ID'lo. . 

3aAaqa pacqeTa paBHOBeCIDI BbipOX(AeHHOH rrep­
BHqHQH KOMilOReHTbl, 3anonwnOII\eii CBOJO JIOJIOCTh 
Poma, 3allHIIIetc.si TaK: 

<I>1 + <l>2 + <I>c + H = <l>(L1) = const, 

J 213 H= 8P0 /p0( I+ (p/p0 ) -1), 

<1>2 = G~((x - A)2 + y2 + z2)-112, (15) 

~c; 1 GIDlA-3((x - AID'lz /ID'l)2 +· Y2), 

-
divgrad<l>1 = 41tGp ·e o6nacre @ H <l>1 = <ll1 Ha 

rpaHu~e o6naCTH@, 

- I 2 2 2 - t /2 
<1> 1 = GID'l1 (x +y +z) , 

J f J pdV = Wl{. 
RL 
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, · Rn,, Rn0 

1 ---~,. 
·1 

t \ ... 
* IDl2 = l.SID'l0 \ • :,: 

10- 1 • ID'l2 = l Rn0 • 

• Rn2 = 0.5ID'l0 \ • • 
Rn .. , 

4 Rn2 = 0.25 0 \ • 

IDlbiRn0 ~ 
. \ ·~· 10-2 

I • • • 
I .... 

• 
.I 

. , 
10-3 I "'l* 

• 
10s 109 1010 1011 A 

Pac. 7. <l>ynu;u Rn{ = ~<ID'li. A) ;{JtJl p a3JTH'IRbIX 3Ha'le­

HHA RJlz B 38BHCHMOCTH OT paccroJIHHJI Me)l(,IO' JCOMD0-

1 
HCHTaMlf, lliTpKXOllaJI nHIOOI- <l>YHICD;J(JI IDl (A). 3 eaqKH 
yaena'leHHoro pa3Mepa coOTBeTCTBYIOT cnyqaio uepemr­
THBHCTCKoro :melC'l'pOHHOro ra38, KOrAa pac'leT Dp0H3-
B0AMC31 cornacuo (17). To'lo, ne:>KaO.tHe IIB)Ke WTpBXO­
eoA JTHHHH, COOTBeTCTB}'IOT CHCTCMaM, B KOTOpblX B1'0-
pH'IHIUI JCOMDOHCHTa nepeDOJTHJleT CBOIO DOJIOCTb Poma. 

pcfp 

50 

·40 

30 

20 

10 

0 
to8 

IDl2 = 1.5Rn0 
Rn2 = lID'l0 
Rn2 = O.SID'l0 
ID'l2 = 0.25IDl0 

1010 10 11 A 

he. s: OreoweHHC ~CIITp8Jll,HOA MOTHOCl'H oepBB'fflOA 

ICOMDOHCHTbl K cpeA9eA DJJOTHOCTH K8K «l>fHXltlUI pac­
CTOIOUUI ·Me)KJO' 1COMD0HCHT8MB A ,vtJl p 83JJH'IHbIX 3Ha'le­

HHA M8CCLI BTOpH~OA ICOMIIOHCHTbl. 

):(mt pememnl 3TOH HenHBCAHOB CHCTeMbl HCDOJib-

30Ba.JICJI RTepalVfOHHbli npouecc. aH&nOrHtfHbIA (5), 
C TeM OTJIR'IHeM, 'ITO B KatfeCTBe 3BTJ)ODBiiBOB 

KOHCTaHTbl K 31:{CCb 6panacb BeJIBtfBHa Po ' KOTOpM 

C'lll'raJiaCb HCB3BCCTHOil. B pe3yJ11>TaTC 6bIJJa no-

ny'leHa 3aBBCRMOCTb Po(ID'l{, ID'lz. A), a 3aTeM AJijl 

KaQoA napbI 3HaqeHHH (ID'l2 , A) pemaJIOCb (MCTO­

AOM AeneHH,[ OTpe3Ka nononaM) ypaBHeHBe 

PoC~In{) = 1.9477 x 106• 

3aAaqa . CBJihHO ynpo~aeTCJI BCJICACTBHe roro, 
tfTO rrpH 6om,nmxA ~eH'rpaJibHaJI nnomocr1, p, nep­

BH'llloii KOMIIOHelITbI CTaBOBHTCj( MBOro MeBbme Po 
H, CJieAOBaTeJibHO, ee~eCTBO IlOA'I.HWleTCJI ypaBHe­
HBIO COCTOJIHIDI Bblpo~emmro HepeJUITBBBCTCKOl'O 

3JieKTJ)OIUIOl'O ra3a p = KrJ>5/3 (KOTopoe .RBJUICTOI 

Il0.1111TpOIJHblM C ~eKCOM nomrrpom,1 3/2 BC HeKOTO­
poll KOBCTaHTOit ~. 3aBB~eH OTP o H po). Pa.3JlarM 
ypa.&ueHBe AIDI 3HTaJibIIBH H (2--e ypa.&HeHHe (15)) e 
p~ Tebopa no p/p0 H cpaBHBBaJI c COOTBeTCTByio­

~M ypaimeHBeM AM cnyqM nonHTJ)OI1HOl'O ypaB-:­
HeHBJI COCTOJIHIDI (2), IlOJIY-1IaeM: 

8PoP~s13p213 = (n + 1) Kp213 3 
n = 2· (16) 

KoHCTairry K Mo:xrno 83SITb B3 pacqeTOB II. 3: K = 
(ml /3 / 

= G;JJ(,2 A~312(lln1 /ID'lz). B pe3yn1>Tare nonyqaeM 

BCKOM}'IO 3aBBCBMOCTb Me~ llJl{, ID'lz , A B BHAe 

- 5/3 (ml/3 (ml m> 
3.2P0p0 = G;JJ"z A~312 (,..r(,, / .,.,"2), 

KOTOpM sepHa, eCJIB 

P, = P312(ID'li /ID'lz)ID'l:iA-3 ~ Po· 

Y~bIBM (7), 3aBHCUMOCTb Me}l{Jzy ID'l{, ID'lz, A 
MO}ICHO 3ailllta,Th B JIBHOM BBAe : 

(17) 

Pe3yn1>TaTb1 pac'leron npeACTaB.1IeHb1 aa pee. 7, 8, 9. 
I 

Ha pHC. 7 H306pa)l(eH rpaq>RK q>yBK~ IDi1 = 
= l;(ID'li , A) rrpu pa3JIB'1Bb1X 3Ha'leHWIX ID'lz. Bonee 

KPYilBbie 3Ha1JKB COOTBCTCTBYJOT CJI}"l3IO MaJJblX 
~eHTpaJlbBbIX DJIOTHOCTeH, KOl'Aa pac'leT npOH3BO­

ABJial no <popM}'ne (17). Ha pac. 8 npeACTaBJieHO OT­
uomeHBe qeHTpaJibHOH IlJIOTHOCTH nepe1PD10ii KOM­

IlOHeHTb[ K ee cpeAffeA DJIOTHOCTII p, /p, I'Ae j5 = 
(ID/ 4 cf 3 

= ..,", / ( 31t (RRL) ) . Ha puc. 9 npeACTaBJJeH rpacpBK 

3aBHCBMOCTB qeHTpaJlbHOB IlJIOTHOCTH Pc OT paccro­

.RHWI Me~y KOMilOHeHTaMB A IIpH pa3JIH'IHblX 3Ha­

'leHIDIX ID'lz , C AOCTilTOtfBOH T01JBOCTblO 3Ta 3a.8BCH­

MOCTb amipOKCHMHpyeTCSI <popM}'JIOH 

P, = 10
6 

( 114ID'l2/lln0 + 24.6) -x 

ID'4 
0.09 - -3.58 

X (A X 10-9) IDio 

(18) 

ACTPOHOMH'IECKH°A )I(YPHAn TOM 72 Hr 4 1995 
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IDl2 = 1.5IDl0 

IDl-2 = IIDl0 

IDl2 = 0.5IDl0 

ID'l2 = 0.25IDl0 

1010 10 11 A 

· ·Pac. 9. I.J;eK1'pMbHM nnoTHOCTL nepsHtJBOR KoMnoHeHThl Pc KaK 'PYHKJ.lHll paccrollHHll Me)l(Ay KOMnoHeHTaMH A J{Jlll p3.3JIH'IHLIX 
3HatfeHHA MaCCbl BTOpH'IHOA KOMIIOHeHTbl. 

7. IlPHMEHEHHE PACl.JETOB 
BbIPO)K,nEHHbIX KOHcf>HrYP AqHif 

K 3AM l.JE 0.6MEHA MACCOI1 
B ,nBOHHbIX CHCfEMAX 

6yµ;eM C'IHT3Tb, "ITO nepBH'IHa.sI KOM:nOHCHTa Ja­
IlOJIIDleT CBOIO IlOJIOCTb Poma, a BeIQeCTBo 8 nepBH'I­

HOii KOMilOHCHTe IlO,"q'IBHJICTC.8 ypaBHeHBIO COCTOSI­
BIUI XOJIOl);HOro Bblpo~emmro 3JICICTpOHHOro raJa. 

·:s)'AeM C1UITaTb, 'ITO COxpaHJleTQI IlOJIHa.sI Macca CHC-

TeMbl IDl = Wl{ + IDlz H DOJIHbIH yrnoBOH MOMeFrr CHC­

TeMbl (<f>yHK~.sr t(ID'l{, ID?.i, A) ecn. OT1:1ome1me MO­

MeHTa Bllepqe:B nepBIMHOH KOMIIOHCHTbl, Janonwno­
~eii CBOIO IlOJIOCTb Poma, OTHOCHTeJibHO ~eHTpa Mace 

CBCI'eMhI K MOMCH'I)' HHep~ roqelJHOH MaCC&I IDl{ ): 

KpoMe Toro, HJ n. 6 Mb! HMeeM q>OpMyny 
. . 

I 
IDl1 = ~(filc2 , A). 

B·peJyJIE>TaTe nonyqaeM CHCTeMf H3 TpCX ypaBHeHHH 

I 
,IDl = ID'l1 + ID'l2, 

. r;:;-; - 3/2 / / f 9 
l= .;GAIDl IDl1IDl2(ID'l2t(IDl1,IDl2,A)+IDl1),(l ) 

I IDl1 = ~(ftR2,A), 

CB.8J&1ea10IQY10 5 serrR'fflH: IDl{, ~, A H We, J. AHa­

JIBJ CBCTeMLI (19) DOK33hJBaeT, 'ITO DO 3aµ;aHHblM We 
HJ Ol);H03Ha'IHO onpeµ;eJISIIOTCSI IDl{. IDli HA. 

PaccMOT()RM Tenep1, CJieAy10uzy10 cHTya~HIO. 

IlyCT& B CHCTeMe C napaMeTpaMH Wl:z, A H We{ == 
= l;(~' A) nepBH\{Ha.sl KOMilOHCHTa JanOJJIDleT CBOIO 

. ~f 
DOJJOCTh Poma H HaXO.D;HTCSI B paBHOBeCHB. Ilo ../J\.y • 

~BA MOXCHO onpe.n;eJIHTb IDl BJ. B&rne.n;eM CHCTe­

MY H3 COCTOSIHIDI paBHOBCCH.8 (HanpHMep, yMeHbmHM 
I . 

Macey ID"c1 H Ha CTOJibKO >Ke ·yBeJJH'IHM Macey ID'li) H 

llOCMOTpHM, '1!0 CTaHeT C CHCTeMOH npu ycnOBHB, 

qTo IDl HJ OCT3IOTCSI IlOCTOSIHHLIMH. To 06CTOS1Ten1,­

CTB.O, 'ITO 83 CHCTeMbl ( 19) no 3aµ;aHHblM IDc H J o.n;-

HO~HaqHo onpe.n;eJISIIOTC.8 IDl{, ID'lz H A, D03BOJI.8eT 

c.n;eJJaTb cne.n;y10~ BbIBOµ;: .n;aHHa.sI .t{BOHH3JI CHCTe­
Ma HHKOrµ;a He OKa>KeTcs.r B COCTOXHBH, KOrAa nep­
BH'IHas.r KOMIIOHCHTa 3aIIOJIHSleT CBOIO IlOJIOCTE, 

Powa B HaXO.D;HTC.8 B paBHOBeCHH, T3K KaK peweHHH, 
OTJrffqHbIX (1f H3'18JlbllblX, CHCTeMa ( 19) He HMeeT. 

,npyrHM B3>KHblM cneµ;CTBHeM npHBe.n;eHHblX pac­
tteTOB }IBJJHCTCH 803M0}KHOCTb HCCJfe.D;OBaHIDI CTene­
HH 38IlOJIHCHWI BCTeKalO~eH KOMDOHeHTOR CBOCH 
IlOJIOCTH Poma. Tax, HanpHMep, ABOB.Ha.sl CBCTeMa 

U Gem,"cornacHo Ha6mo~eHHSIM [4], HMeeT cne.n;y-

101:Que napaMeTpL1: IDl1 = 0.53IDl0 , IDiz = l.12IDl0 , 

A = 1011 CM. HcnoJ11>Jys.r nonytteHHYIO l3BHCHMOCTL 

IDl{ = ~(IDl2, A) (pHc,. 7),' H3XOAHM IDl{ = 0.003.ID'lo, 

T.e. 111 = IDl{ /ftR1 < 1. Cnep;OB3TeJJbHO, eCJIH Be~eCTBO 
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oepBB"IHOA KOMDOHeHTl,I DOA'IBHJICTQI ypasaeHBJO 
oocroJIHIISI XOJI0Aff0['0 BblpO~eHHoro 3JJCKTpOBHO­
ro ra3a, TO npH AaBHbIX napaMe'Ipax CHCTeMLI nep­
BB'IRaR KOMllOHeHTa oqeeb )'.{aJieKa OT 3aIIOJIHCBIIJI. 
TaK KaK npH TaKoit creneHB 33DOJIHCHWI paBHOBe­
CBe B OCHOBHOM OnpeACJUleTQI cq>epU'ICCKBM r-paeB­
T3QBOHHblM IIOJJeM nepBH'lHOH KOMilOBelIThI, MO)l{­
HO C'IBTaTb, qT() nepB1RH3Jl KOMDOHeHTa CHCTeMb[ 
C<f>epHqJ{a, a npeAD0JI3r3Jl, "qTO Bbipo~eHHbIH ['a3 
BCIOAY JIBJUICTC,I HepemlTBBHCTCKBM, BC'IpYJ.UIO no­
JI)'11BTb C DOMO~blO q>opM}'JU,l 

RI = 1. 77 X 109(.IDii/~) 113, 

csalbJBaJO~eA Macey H p~uyc cq>epuqec1mii paseo­
eecaoii 3Be3Abl, COCTOjl~CH H'.3 XOJIOAffOl"O Bbipoxc­

ACBBOro 3JICK'IpOHHOro ra3a (CM. (6) H (16)), paAuyC 
nepBH'IHOH KOMfiOHCHTbl R' = 2.2 X 109 CM. ,r(Jijl npo­
Bepm npe.t{llOJIOXCeHWI O TOM, qro ee~ecreo D0Aqif­
IDICTCJI ypaeHeHmo COCTO.KHIDI HepeIDITUBHCTCKOro 
BbipO)K.t{CHHOro :meKTJ)OHHOro ra3a, Bbl'IBCJIJICM 

cpewnoJO IIJIOTHOCTb 3BC3.t{bl p = 0.24 x 10s r/cM3, a 

3aTeM H3 OTHOweHIDI Pc Ip = 5.99 AM cnyq3Jl nonHT­
pon1,1 C RHACKCOM 3/2 [3] nonyqaeM ~CllTpaJibHYJO 
IIJIOTHOCTb Pc = 0.14 x 106 ~ p0 • T3KHM o6pa3oM, 
npeADOJIOXCCHHe O TOM, 'ITO BblpO)K.t{CHHbrB ra'.3 
UJISICTC.K Hepem1TBBBCTCKHM, onpae.t{aHO. 

8. 0 CTEilEHH 3AilOJIHEIDUI CBOEH 
IlOJIOCTH POUIA BTOPlftlHOH 
KOMilOHEHTOH ,r(JlSI CJIYlJMI 

BhIPO)K,UEHHblX KOH<l>HrYPAIUfH 
ByAeM ~11T3Tb BTOpH'!HYlO KOMDOHewry 6eJiblM 

KapJIRKOM, ee~eCTBO KOTOporo IlO,Q'UUUteTCJI ypaB­
HeHBIO COCTO.KHIDI xonO.QHOro BblpoQeHHoro 3JieK­
TJ>OHHOrO ra3a C TCM )KC 3Ha'leHHeM µ~, 'ITO H B nep­
BIPDIOB KOMilOHeHTe, H paCCMOTpHM eonpoc O CTe­
neHH JanoJIHeHHa csoei nonocre Poma eropB'IHoii 
KOMDOHeHToii C ~eJiblO HCKJJIO'IHTb B3 r-paqnma Ha 
pBC. 7 CHCTCMhl, B KOTOpblX BTOpH'IHaJI KOMJIOHellTa 
nepenonWleT CBOJO nOJIOCTb Poma. Ilo-rrpeXCHewy 
C'IHT3CM, 'iTO nepBWIHaR KOMIIOHeHTa llOJIHOCTblO 3a­

IlOJIIDleT CBOIO DOJIOCTh Poma. BBeACM <t>~ Tlz, 
xapaKrepe3yJO~IO creneHb 3anonHeHW1 noJIOCTB 

Poma BTOpH'lHOH KOMllOHeHTOB: Th = IDl; !IDl.i_. r,Qe 

IDl; - Macca, KOTOpyro .QOJI>K.Ha BMeTh BTOPBlffiaJI 
KOMilOHCHTa, "IT06bl 3ailOJIHHTb CBOIO llOJIOCTb 

. I 
Poma. Amr cecreMhI c Macca.MH KOMnoHeHT IDi1 u 

IDl~ ( CJiy."aH KOr,t{a o6e KOMDOHCHTbI 3anoJIID1IOT 
CBOB DOJlOCTB Poma) e cuny CHMMeTprul Heo6xO.t{H-

/ I I · 
MO mi, = IDi2 = IDl . 3To CJie,iyeT 83 Toro, 'ITO npH 

3~3HHOM A CHCTeMa H3 .n:eyx ypaBHCHBH 

Wl{ = ~(Wl;, A), 

IDli = ~(IDl{, A) 

emf I 
BMeeT eABJ1cree1moe pemeHHe, np1r<1eM """• = IDl2• 

m)r · . r 
Bena'I.HHa W'- HaxOABTC.K B3 ypaBHeHWI IDi (A) = 

= l;(IDt(A), A). rpa<t>HX <l>Y~ IDt(A) npe.Qcrae­
neH Ha pee. 7 nrrpexoaoii mnmeii. TaK JCatC 3BC3Aa c 
yeeJIB'leHBeM MaCCbJ craHOBJITCjl 6oJiee KOMD3JCT-

H0B, TO npB IDl.i_ < IDc'(Th > l) HMeeT MCCTO oepenon­
HCHBe 110110CTB Poma BTOpH'IHoA KoMnoileHToii, a 

. r 
IlpB ID'l:z > ifl (Th< l) BT0pH'1Hru1 JCOMUOHCHTil 3a-

D0JIID1eT caoJO noJIOCTb Poma He noJIBOCTbJO. B CBJIY 
MOHOTOHHOro B03paCTaHIDt <t>Y~ l;(IDl.,., A) C yee­
JIH'ICHHCM IDl.,_ Ha puc. 7 TO'IKB, COOTBeTCTBYJO~e 
cnyqaJO nepenoJIHeHIDI DOJJOCTB Poma BTOpB1UIOH 
KOMilOHeHTOii H8XOW{TCSI HIDKe nrrpmmeoll JIBHHB.. 

9. 0 CTEilEHH IlPHMEHHMOCTH 
noJiyqEHHhIX PE3YJib TATOB 

nrr.sr BbIPO)K,r(EHHbIX KOH<l>HrYPAUHH 

,1(m1 nonytfeHHblX pe3yJihT3TOB, IlO-BHJ'.tllMOM)', 
KpHTBtfCCKHM MOMCHTOM SIBJIJICTCSI npenuonoxceaue 

0 TOM, tJTO BLipoXQJ;eHHblH ra3 SIBmleTQI XOJIOAHLIM, 
T.e. HeyqeT TeMIIepaTYPHbIX noupaBOK B ypaBHCHBB 
COCTO.SIHWI BblJ>OQCHHOro 3JieK'I'pOHHOro ra3a. 
O~eHBM MaKCBMaJibHoe B3MeHeHBe 3HTaJibDBB no 
cpaBHeamo co cnyqaeM XOJIOAHOro ra3a AJUI Pa3JIIA• 

HbIX l{eHTpaJibHLIX reMnepaTYP, Bee AaJibHeAmue 
<t>opwym;1 B3l1Tbl il3 [5] B Be3)'.\e )'11BTbIBaCTC$1 TOJibKO 
nepe1,1i tJJieH oonpaeKB no TeMnepa'l'}'Pe. BMeCTO 
TeMDeparyphI T YAOOHO BCDOJib30BaTb 6eJpa3Mep­
HLIB napaMe'Ip a. = (mec2)/(kn, rAe k - IlOCTOJIBHaJI 
BonhqMaua. Tio-npe)Kffewy C'IHTaeM, llTO 3B'IpOilllSI 

B 3Be3AC IlOCTOJIHHa, ror,Qa 3aBHCBMOCTh AaBJICHBJI p 
OT IlJIOTHOCTH p HCSIBHO BbipucaeTCJI 11epe3 TeMDe­
pa-rypy T. ByAeM 6paTb 3HatieHHe 6e3pa3Mep&oro 
HMDYJibCa <l>epMH X B3 pacqeTOB AIDI cny11ru1 XOJIOA­

Horo BbIPO:x<ACHHOro ra3a. 3aAaAHM 'QeHTpaJib&ylO 
TeMnepa,ypy Tc. Ilo q>opM}'Jie .t{JUI IJJIOTHOCTB (5, 
<l>oPMYJia (3.15)] 

P = Po [ho(x) + C2a.-
2
h2(x)) 

onpeACJJHM l{CHTpaJibH}'IO IIJIOTHOCTb Pc, a no <t>op­
M}'ne AJiSI 3HTJ>OIIHH (5, <l>opMyna (3.17)1 

S = ~ [ C:Ji(x) + 2C4a.-
2/ix)] 

121. pa 

onpe.QeJJHM ~eHTpaJihHyK> 3BTpOilBIO Sc. OnpeAeJie­
HHe <pyHXl{mi h,{x), /;(x), g;(x) H KOBCTaHT c, CM. 8 
pa6oTe [5]. Pem3Jl AJISI HJBeCTHoro pacnpeAeJieHWI 
x(r) ypaeHeHBe S(a., x) = Sc, onpeAeJIDM pacnpeAeJie­
HHe a.(r), a 3aTeM HaiiAeM pacnpeAeJieHBe 3HTaJibnHB 
H nnJI cnyqaJ1 xonOAHoro ee~ecTBa (coen~aeT co 
BTOpblM ypaBHeHBeM CHCTeMbl (15)): 

!fool = Po ifo(x) + 3go(x)) 
p0h0(x) 

ACfPOHOMHlffiCKHJI )KYPHAJI TOM 72 M 4 1995 
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'JR.itmo A Tc v,%' A Tc v,% 

5 X 108 0.77 101 0.27 
I09 109 3.11 7x 109 3 X 107 2.41 

1.5 X 109 7.12 5 X 107 6.67 I 
10S 0.98 5 X 106 0.60 

3 X 109 2x 108 • 3.94 12 X 109 101 2.40 
3 X 108 8.93 2x 107 9.48 

5x 107 0.46 101 0.61 
0.5 3x 109 to& 1.86 7 X 109 2X 107 2.42 

2 X lo& 7.47 3 X 107 5.42 

H AM CJJ)"tasl yqeTa rrepoou norrpasKH no TeMnepa­

~ 
KOMilOHeHTbI, BCe BpeM.8 3allOJIW1IOI.QeH CBOIO IIO­
JIOCTh Poma. CTeneHb 3anmmeHID1 nonocm Poma 

nepBB'-IHOR KOMIIOHeHTOH B 3TOM cnyqae 6YAeT Me­

H.RTbCH, IIpH'leM B03MOXHO KaK YMCHbmeHHe 3aIIOJI­
HeHWI, TaK H rreperronHeHue B 3aBBCBMOCTH OT OTHO­

meHWI Mace KOMilOHeHT CHCTeMbl (CM. (12)). 

H = {P0 (fo(x) + C2a-2fix) + 3g0(x) + 

+ 3C2 tl-
2g2(x)) } / {p0 (h0(x) + C2a-2hi(x))}. 

B Ta6;11. 2 npHBeAeHO MaKCHManbHOe 3UaqeHHe OT­
HOWeHIDl v = IH - Hc'"'1I/Hc0 01 AJU1 pa3.1IH'IHbIX ~eHT­

paJILHLIX TeMneparyp Tc u pa3JIH't!HbIX napaMe'I'pOB 
JlBOBHhrx CHCTeM. BH):{llo, ttTo .cvuc CHCTeM c A = 3 x 

. X 109 CM TeMnepaTYJ)m.re nonpaBKB HY)KHO r1HTbl­

BaTJ, npB T<. > 108 K, a, Han.pHMep, wm CHCTeM c A = 
=- 12 X 109 CM - npH T, > 10 K. . 

10. BbIBO_nhr 

B AaHHOH pa6oTe npuBeAeHbI pe3yJibTaTbI pacqe-
. TOB paBHOBeCHblX IlOJIHTPOilHLIX H BbipoXCAeHHbIX 

JroH~lfi'YPa~ 3Be3A B ABOHHblX CHCTeMax AJIJI 

CJlfTlaJI, KOFAa OAH8 H3 KOMllOHeHT 38IlOJJH.ReT CBOJO 
DOJIOCTh Poma. 

}ilm1 cny11aa nomrrponHoro ypaBHeHIDJ COCT0.8-

Hml C HHAeKCOM ll0JIB1'p0Ilbl 3/2 paccqwraaa 38BHCH-

MOCTb, CB.83b1Bal0~a.8 napaMe'I'pbl C.HCTeMbl an{, 
~' A H 3H'I'p0IlBHH}'10 KOHCTalffY K (CM. (4), (7) B 

pac. 1). TaJOKe llOJiy"tfeHbl 33BHCBMOCTH ~eHTpaJib-
. BOii llJlOTHOCTH nepBH'1HOH KOMilOHeHTbl (CM. (8) n 

pac: 4) H MOMeHTa HHep~ nepBWIHOH KOMIIOHeH­
-·- TM (CM. (9), (10) H puc. 6) OT napaMeTJ)OB CHCTeMhl. 

A,IJl c11yqru1 IIOJIH'I'pODHOro ypaBHeHIDI COCT0$1-

. _Him noKa3aHo, 'ITO ecnu B npo~ecce o6MeHa Maccoii 
_coxpaHm<)TCSI CJie~y10m;ue T})H eeJIH'IHHhl: IlOJIBa11 
·NaCCa CHCTeMbl, IlOJIHblH yrJIOBOH MOMeHT CHCTeMbI 

B.3HTJ)OmmHa.R KOHCTaHTa K, TO cym;eCTeyeTTOJlbKO 

~ - p3.BH0BeCHa11 KOHq>urypan;IDI nepBuqHoH KOM­
DOHeHTbl, 3aJJOJIID110m;eii caoro noJIOCTh-Poma, - aa-

, 'IUl,HaR KOHq>Hrypa~. _npymMH CJIOBaMB, B CJiyqae 

. COxpaHeHllSI 'I'peX YK833HHbIX Bhime BeJlll'tfflH o6MeH 

''. Maccoii· HeJJ:o3SI npeACTaBHTb KaK n0CJieA0BaTen1>­

:·., :. BOCTb. paBHOBecHbJX KOH<f>Hrypa~HH nepBlfllHOH 

ACI'POHOMlfqECKHH )KYPHAJI TOM 72 M4 

EcJIH CHSITI, ~60BaHHe llOCTO.RHCTBa 3H1'pOilBH-· 

HOH KOHCT8HThl K, TO 06MeH Maccoi MO>KeT npoec­

XOAHTb TaK, q'I'()6bI nepBH'Illrul KOMilOHeHTa BCCl'Aa 
3aIIOJlIDIJia CBOIO IlOJIOCTL Poma, nplReM 3HTpOilHH­

H3R KOHCTaHTa H paccro.HHHe Me>K,Izy KOMllOHeHT3MH 

MOryT K3K 803pacTaTh, TaK H yMeHbW3TbC.8 B 3aBH­

CHMOCTH OT OTHOWCHIDI Mace KOMilOHeHT CHCTeM.bI 
(CM. (13), (14)). 

~JIS( cJ1yqru1 ypaeHeHBJI COCTO.ffHllS( XOJIOAHOl'O 

Bbipo~eHHoro aJieKTPOJIHoro raJa paccqeTaHa Ja­

BHCHMOCTb, CB.83h1B3IO~a11 napaMe'I'pbl CBCTCMbl 

an{, W'l:z. A (puc. 7). TaIOKe noJiyqeHbl 3a.BHCHMOCTH 

I.\eB'I'paJILHOH. [lJIOTHOCTB nepBH'IllOH KOMDOHeHTbl 

(CM. (18) ·8 puc. 8) OT napaMeTpOB CHCTCMbl. MHTe­
peCHO OTMeTIITb, qyo AJUI ' CHCTeM C paCCTOj(HlfeM 

Me)KAY KOMilOHeHT3Mll 2 - 3Ro , xapaKTepHblM AJI.sl 

KaTaKJIB3MH'lecKBx nepeMeHHbIX, pac'leT1,1 noKa3bI­

BaIOT, lfi'O nepBH'IllM KOMllOHCHTa, 3ailOJIHSIIO~IDI 

CBOIO IlOJIOCTb Poma, AOJI>K.Ha RMeTI, oqeHb MaJieHb­

KYIO Macey - - 3 x 10-3 ID'l0 . 

. ]lJIR CJI~l{ID{ ypaeHeHIDJ COCT051BHJI XOJIO,l{HOro 

BbipO>KACHHOI'O 3JICK1'pOHHOl'O ra3a DOKa3aHO, qTo 
· ecnu B npou;ecce o6MeHa Maccoi coxpaID110TC5I CJie­

AYIO~ae ,!{Be BeJlHtQJHhI: llOJlHa.8 Macca CIICTCMbl H 

IlOJIHblH yrJIOBOH MOMeHT CHCTeMbl, TO cy~ecreyeT 

TOJlbKO o~a paBHOBeCHaR KOHq>HrypaqIDJ nepBIA­
HOH KOMilOHeHT&I, JanOJIIDIIO~e:e: CBOIO IlOJIOCTb 

Poma, - Ha'laJibHM KOHq>Hrypau;IDI. ~pyrnMH CJIOBa­

MH, e cnyqae coxpa11e1£ID1 ~Byx YKa3aHHbIX e1>1me ee­
JIBqim OOMCH M3CCOH HeJib351 npeACT3BBTb KaK no­

CJICAOBaTeJILHOCTb paBHOBeCHbIX KOHq>Hryp~m'i 
nepaeqaoo: KOMn(>HCHTbI, Bee BpeM.8 3anonwnom:ee: 

CBOIO IlOJIOCTb Poma. 
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CIIHCOK nHTEPATYPhl Bee pe3y JtbTaTbr, no11yqe mn,1e AIDI Bb1po~emn,1X 
KOHQ>HrypaI.QIH, BepHbl TOJJbKO AJUI cnyqru1 XOJJOAHO- ·-
ro 3JieK'J'POHHOI'0 ra3a. O~eHKH Il0K83brB8IOT, 'ITO ]. 'l/axopaceKap C. BBeAeHHe B y"leuue O. CTpOeHHH 
TeMDepaTYPHLie nonpaBKH B ypasHeRBH COCTOaHWI lBe3A, M.: H3A.-BO HHOC'I'p. mrr., 1950. C. 410. 

Ha'fflltalOT HrpaTb ponL AJUI CHCTeM c A= 3 X 109 CM 2. Eggleton P.P. II Astrophys. J . 1983. V. 268. P. 368. 
npe Tc> 108 K, WIJ1 CHCTeM c A= 12 x 109 CM - ope 
Tc> 107 K D, COOTBeTCTBeHHO, AJUI CHCTeM C 6om,WB- 3· Jlaxoay JI.I(., Jluqnauu, E.M. CraTHCTH'iecKaJI <j>H3H-

A T Ka. M:: HayKa, 1964. C. 396. 
MB - npu e~e MeHbWHX C' 

AeTop BLipa)KaeT 6naroAapHOCTb AMepmcaH- 4. Er-Ho Zhang. Ph.D. Thesis, Austin, Univ. of Texas, 1986. 
CKOM}' acrpoHoMHqecKOM}' o6~ecrsy 3a q>HHaHco- 5. Hai>exuH l(.K. II · Ha}"IHbJe HH<j>opMaI.iHH ACTpoH. 
BYIO noMep>KKy. coeeT AH CCCP. 1974. T. 32. C. 3. 

The Calculation of Equilibrium Polytropic 
and Degenerate Stellar Configurations in Binary Systems 

0. A. Kuznetsov 

Equilibrium polytropic and degenerate configurations of stars in binary· systems are calculated for the case 
when one of the components fills its Roche lobe. For the case of the polytropic equation of state, the relationship 
is obtained between the mass of the primary component (filling its Roche lobe), the mass of the secondary com­
ponent, the distance between the component centers, and the entropy constant K of the primary component. If in 
this case the three quantities are conserved in the mass exchange process - the total mass of the system, the total 
angular momentum, and the entropy constant K, then only one equilibrium configuration of the primary com­
ponent, namely, the initial configuration, is shown to exist. In other words, if these three quantities are con­
served, mass exchange cannot be thought as the sequence of equilibrium configurations of the primary compo­
nent constantly filling its Roche lobe. In the case of the equation of state of a cool degenerate electron gas, the 
relation between the mass of the primary component (filling its Roche lobe), the mass of the secondary com­
ponent, and the distance between the components centers is calculated. Only one equilibrium configuration of 
the primary component, the initial configuration, is proved to exist in the case when the foJlowing two quanti­
ties are conserved in the mass exchange process: the total mass and the total angular momentum of the system. 
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© 1995 r. B. r. KapeTBBKOB,' E. B. Mee'leBKOBB, B. B. Ha38peaxo 
. AcmpoHOMU'lecKOS o6cep8Qmopua, Ooecca, Y,cpauHa 

. , 
IlocrynHJJa B pe.11alCilH10 04.08.93 r . 

PeweHHeM ypaBHeHHA HCCTa.L{HOHapHOH I'HAPO,qHHaMHKH c llpHMCHCHBCM nonyqeHHblX llpH Ha611JO}{CHJHIX 
pa3Hb(X aBTOpOB }{aHHblX Bbl'UICJICHbl <l>H3H'ICCKHe yc110BW1 B IlOTOKe BCIQeCTBa B 0611aCTH L1 y TpCX B3a­
HM0ACHCTBYJOI1.tHX ABOH.HblX THna w 3MeH-~ JIRpbl, V367 Jle6eAJ( H RY Il.lHTa. IloKa3aHO, 'ITO npH 3a­
Il01lHCHllH HCTeKaJOil{CH 3BC3}{0H CBOei OOJIOCTH Poma 803HHKaCT IlOTOK Be~eCTBa C OCCBOH CHMMCTpH­
eii H ·pa3MepaMH, cpaBH-HMbIMB C pa3MepaMH HCTeKaJO~eA 3BC3}{b1. TeMn nepeaoca Be~eCTBa J(OCT~raeT 
10-5 M 0/I'O"fl.. CBOHCTBa 3TOI'O IlOTOKa o(h,JICHJIIOT MHOilfC Ha6JtIO}{aCMbJC 3q><j>eKTbJ y H3yi.18CMblX 3Be3A 
mna W3Mea. 

1. 3aTMeH1l1,Ie ABOUHLJe 3Be3Ab1 THna w ~MeH, Ha­
swsaeMhle cepne~aMB, OTHOCSITCSI JC JCOHTaKTHbIM 
CBCl'CMaM pammx cneKTJ)aJibHbIX KJiaCCOB [ l, 2] u Ha­

:-xo~ Ha CTaAHB 3BOJilO~B. xapaKTepB3yeMoi 00-
MeBOM se~eCTBOM co CKOpoCTblO 10-6 - 10-4 M0/rw, .. 
IloWITB.e "cepneHTBAbI" npe):{JIOXCCHO IlJiaBe~OM B 

paoore [3] HK HHM OTHeceuo 6- 12 TeCHbIX ABOBHbIX 
. . 3Be3A [4, 5], HMeIO~ noxoXCHe Ha6JII0AaeML1e 
. ·DpUTepBCTBKB. flepeHOC Be~eCTBa HAeT '1epe3 
.OOJiaCTb nepBO~ TO'IKH JlarpalOKa L1' C o6pa30BaHe:-

. eM pa3BBTbIX oKoJI03Be3AffbIX ra3oBblX CTJ)YKTYP 
. . (OfC) B BlfAe IlOTOKa, ODTil'leCKB "TOJICToro" AJICKa, 

;.Oxono3Be3AH.bIX o6ono'leK H T}'MaHHocreu, B3Jiyqa­
.:,, IOIIU(X B IIlHpOKOM BHTepsane 'laCTOT OT peHTl'eHOB­
. ·CKJIX AO paAHOABana3oaa. 

B cepne~ax 6onee j{J)KOB gBJU1:eTCS1 Meuee 
· MaCCBBHaJI 3BC3Aa nap.bl, a e o6J.I,leM 6JiecKe 3Ba'111Te­
nes BKJlaA B3JIY'lemm OKOJI03Be3AH0ro ra3a. IloCJie]-l­

:~· ... ~ <paKTOp npBBOABT K 3aMeTHoii aCBMMeTJ)HB 
?·:KpBB&IX 6necKa, BMelO~HX BOA' mna ~ Ilephl, u 
-~ lrW31,1BaeT OOJibWBe TPYAHOCTB B onpeJ:{eneHee sJie­
.·. )i18BT0B op6HT. ·cneICTpaJibHbIC OC06eHHOCTB Ta­
.:. ··:1;0Bhl, 'ITO JIBHBH OOJiee MaCCBBXOB 3Be3J:{bl napbl , 
: ; OC5W'Ulo ueaa6JII0J:{aeMb1. HaorJ:{a He BIJAHbI u JIBHHB 

':_6oJtee gpxoii 3Be3AbI, HO xopowo aa6J1I0AaeMb1 MHO­
, 1"'911BCJ1eHHbJe JIHHBH norno~eHWI H B3JIY'leHIDI OKO­
. Jl03Be3Aff0I'O rasa. CneKTJ)aJibHLie JIHHBH CDJibHO 

·: i~~BABPOBaHbI a nocrpoeuue no HHM yeepeHHLIX 
;·f ~t.tx JIY'leBbIX cKopocree R onpeAeJJeHHe cneKT-

:;;;pam»m,ix 3JieMeHTOB op6HT B a6COJJI0THLIX xapaKTe­
.::;;pilCTIIIC 3Be3A 3aTPYAHBTeJJbHO. 

TaKHM o6pa30M, MOXCHO KOHCTaTBpoBaTL, 'ITO 
" 9CJl0BROB oco6eHHOCTblO H xaparrepHOH qeproii 

.. <cepnelfTHA mmgeTCSI Ha.JIB'lHe Mo~. pa3uoo6pa3-
.. ..:liwx QfC B CHJlbHOI"O nepeHoca Be~eCTBa. 0CH0B­
··: .*>.A nepeuoc, KaK CJieµ;ye-r B3 ua6J110Aemui, npoucxo­
;;.Jtti'r .. 'lepe3 o6JiaCTb BHyrpeHHeH TOllKH IlarpaIDICa. 
~ SIBHO HCKOHcepBaTHBHbIH H KOJIH'ICCTBeHlll,Je .. , .. 

pacqeTbl B MOAeJIBpOBaHBe 06pa3yeM.bIX BM OfC 
llpeACTaBJUIIOT co6oii CJIOXCHemnyJO I'HAJ)OABJlaMB­
'ICCJCYIO 33J:l3'1}'. Ha11ano pememm sroii 38Aa11B ne­
XCHT B OnpeAeJieBHH YCJIOBBit B03HBKH0BeHIDI nepe­
HOca Be~ecrsa ra30BbIM llOTOKO.td H BX CB.513H CO 
CBOHCTBa.MH 3aTMeHHbIX ABOHHbIX 3Be3A. 1-by'leHBe 
3Toro sonpoca B nocrpoeHBe MO.ti;eJIB ra30eoro no­
TOKa B o6JiaCTB L1 - QCJII, HaCTO~ero HCCJie.ti;OB3.HWI • 

2. ,[(JUI B3yqemm ABHaMBK.H B03HHKHOBeHIDI B 
pa3BDTIDI ra30B0r0 IlOTOKa B TCCHOH JJ:BOHHOH cucre­
Me HaMB npHMeHeHa MCTOABKa pac'JeTOB, IIpC]-lJIO­
xceHHaJI e [6]. Bee OCHose JieJKBT npeAnoJioJKeaue, 
-crro npe 3anonaeHBH crnuoi·B3 3Be3A ceoee noJIOCTH 
Poma ee aTMoe<pepa B K3ICOH-TO Ha'IJa.JibHl>ID' MO­
MeHT MO)KeT 6bIT.b OIIHcaHa MOJJ:CJI.SIMB KypyQa (7). 
IlpH 3TOM AJISI ~xpaHemm 6apoTJ)0DHOCTB Ha1f:aJib­
HOH MOAC1IB IlOJiaraeTCSI, 'ITO JIHHBH paBHOI'O noreu­
~ana B noJIOCTB Poma 3.Be3JJ;bI, repsnow;ei eem;eCT-

. BO, COBllaAaIOT C . JIBHIDIMB paBHOB DJIOTHOCTB B 
paBHoi TeMDepaTYpbI, a BHe noJioCTB Poma - napan­
JieJibHbI KpllTU1leCKOII llOBepXHOCTB. PacqeTbl llOA­
TBep~alOT 6ap<>TpODH0CTb MQJ:{eJIH, TaK ICax H3Me­
Hemm CTJ)}'KTYPbl 3Be3J];LI He Ha6JUOAaeTCSI. 

MeTOAHKa [6] TJ)e6yeT, 'IT06bI B Ha'Jane BCCJICAO­
B3HDJI 6bI1IO npOBeAeHo corJiaCOBaHUe Ha6JIIOAae­
MOi norepn se~eCTBa c norepeii ee~ecrea, BbI'I.Bc­
neaHoii. no MOAeJIB IlOTOKa. CornaCOBaHHe BblDOJI­
HeHo BapLBp0BaHHeM llOJIOXCeHIDI B TOtJKe L1 Toro 
BJlll BHOI'O CJiog aTMoe<f>epbI 3Be3,[l;bl, TepSIIO~eH Be­
J.I,leCTBo, 1f:TO paBHOQeHHO Ma.JIOM)' eapbBpOBaHBIO 
pa3MepaMH 3Be3AbI. IlpH 3TOM BIDKHbIM j[8JigeTCSI 
noJiy11eHHe. cm-ya~u. Koma Aan1,aemnee YBeJ1B11:e­
~e pa3MepoB 3Be3.ti;bl He npHBOABT K 3aMeTHOMY 
pocry xou~eHT})a~ sell,lecrea B s~A o6JJaCTB . 
OnpeJJ;eJIHB CBTy~ B o6JiaCTB KaK s<p<j>eKT "HaCbI­
m:eHBe", Mbl DOJl}"laeM xaparrepBCTBKy, OIIHCbIBaIO­
uzylO creneHb 3anoJIHemm 3Be3AOH ceoen noJIOCTB 
Poma u 3Bonro~onHoe cocrosnme ABOhoe: 3se3m,1 . 
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Ta6~a 1. OcHOBHbJe xaparrepucruKH u3yqeHH1,IX rec­
HbJX JtBOHHhlX 3-SelA 

06-J.eKT M 1,Mo M2,Mo T1, K A,R0 Po 
CcbUI-

Ka 

PLyr 3.8 14.6 12000 61.0 12'!914 [10] 

pLyr 2.0 11.7 11000 55.0 12.914 (11) 

V367 Cyg 2.3 3.6 12000 53.0 18.598 (12) 

V367 Cyg 2.5 4.4 8000 56.7 18.598 [13) 

V3'67 Cyg 19 . 12 11600 93.0 18.598 [14] 

RY Set 10 33 28000 75.0 11.125 [15] 

Bbl'IHCJieHHe CBOBCTB nOTOKa BbinOJIHeHO peme­
HHeM ypasHeHHH necra-quoeapHoH renponeHaMHm · 
3iinepa MeTO)l.OM.."KpynHLIX qacru~" [8] no nOJt}"le­
HH~ craromnapHOH curyau,ue. Bbt'IHCJteHIDI npoee­
AeHLI B neKapTOBOA CHCTeMe KOOp)l_BHaT, noMe~eH­
HOR e ~eHTp 3w1onwno~ee csow nonocrL Poma 
3Be3]:{bl. Och a6CJ:tBCC pacnOJIO)KeHa BAOm, JIHHHH 
u.eUTpOB 3Be3A, a OCb op)l_HH3T Jle::KHT B IlJIOCKOCTB 

op6HTLI e eanpaenemm ABB>Kemm 3Be3)l.LI. Bee pa3-
Mepbt )l_aHbI B e)l_HHH~ax pacCTmIHHR A Me)K,)l_y 3Be3-

AaMH ABOHHOH CBCTeMbl. Kax noKa3ano B [6], 803-
HHKHOBeKHe H ABH>KeBHe DOTOKa ra3a B o6naCTH L,, 
o6yCJioeneeuoe 3anoneeHHeM 3ee3nou, TepJ110~eii 
ee~ecreo, ceoeu noJIOCTH Poma BLI1JHCJtS1eTCS1, ec­
xonsr TOJibKO H3 napaMeTPQB 3Be3A napLI. 

3. B HaCTOSIIJ.~efl pa6oTe paCCMOTpeHo cf>opMBpo­
eaHHe ra3oeoro IlOTOKa B o6JiaCTH BHyTpeHHeR T01J-· 
m narpaIDKa y -rpex "K.JiacceqecKBX" cepneH~: 
~ IT11pb1, V 367 ITe6ewi u Ry mwra . .UnSI ecex CHCTeM 

15.00 

14.50 

14.00 

13.50 

13.00 
6 

12.50 1.....--.L-..-..__ _ _.__ ________ _ 

0.25 0.30 0.35 0.40 0.45 · 0.50 0.55 Xo 

PHC. I. 3.aBHCHMOCTI> KOHl.{eHTpal{KH BCll.leC'I'Ba B TO'IKe l1 
OT napaMeTpa Xo nm• cHCTeM: a - ~ JIHphl, n o AaHHblM [ 11 ]; 
6 - V367 Jle6ensi, no ,aaHHl>IM ( 12}; a - RY lll,HTil, no naH­
HblM [15J. 

pac'feTbl BCJIBCb AJISI HeCKOJlbKBX BapHaHTOB napa­
MeTPQB ra30B0ro IlOTOKa, OCHOBaHHblX Ha pa3HbIX 
Ha6opax a6comOTHbJX 3JieMeHT0B, IlOJI}"leHHbIX 
pa3HLIMB aeTopaMH. JJ;n.R RY IIJ)rra, H3-3a Manoro 
OTJIHt{}U[ HaHAeHHbJX He,u;aBHO 3JieMeHTOB op6HT [9) 
OT npBIDITblX paHee Bbl cmCJteHIDI BeJIUCb ua OCHOBe 
xapaKTepeCTHK CHCTeMhI, anpo6epoeaHHbIX paHee. 
0CH0BHLie napaMeTpbl e3yqaeMl>IX CHCTeM co6paHbl 
B Ta6n. 1, r,l).e M I H T 1 - Macca H reMnepa-rypa 3BC3ALI, 
rep.RIO~eii eew.ecreo, M2 - Macca 3Be3ALl, ax.Kpe1'B­
pyio~eii eeIQecreo, P0 - op6HTaJ1LHbIA nepuo,u;. 

13 Jlup1,1 - na1t6onee e3y-..eHHM 3Be3Aa mna W 
3MeH, A.II.SI KOTOpoH nocrpoeHO MHO>KeCTBO MO,ll.eJieB 
ra30Bb1X AHCKOB B o6onoqeK, B TOM \fflCJte H C yqe­
TOM MarHRTHOro IlOJI.R [4J. f3 JlHphl oxpy>Keea npOTSl­
>KeHHOH ra3oeou 06ono1.11<0A, cocro~e·ii H3 "xpo­
Moapep1,1" c 3JleKTpOHHhIMH TeMIIeparypoA Te, 
paBHOH 104, H. KOHI~e~an.Heu N,, = 1012 H "xopOHbI" 
c Te= 105 K H Ne = 101 .cM- 3. TeMn nepeHoca MaCCLl 
B CHCTeMe 01'el{HB3eTCff B 4.2 X 10-s M<jro]J., a Macca 
OKOJI03Be3AHOH OOOJIO'IKH - 1.2 X IO- M0 [16, 17]. 
BpeMR 06Hoeneum1 eew.ecrea o6ono~nw, cornacao 
[18], cocraeJI.sieT e>Kono 14.8 cyT. Ha6n10AaeMoe e 
CHCTCMe ocna6neHHe 6necKa Ha 0.1 m 33 50 neT yKa-
3bmaeT Ha cna,tl 3KTHBHOCTH ~ ITHpbI. 

V367 ITe6eAS1 CJIO)l(Hee ~ ITep1,1 H y Hee He BH,ll.HO 
He TOJibKO cneKTpa cna6o8 H M3CCHBH08 3Be3,ll.hl, HO 
ruIOXO Ha6JIIOA3eTC.R H cneKTp .RpKoro KOMilQHeHTa. 
KpoMe JIBHHB MgIIA.4481 R CaID..3934 a xpbmLeB 
so,u;opo,u;Hb1x mrnaA, ece MHoroqucJieHHbie cneKT­
pMbHLte muum 3TOH 3Be3)].bJ cpopMHpylOTCSI B OKO­
JI03Be3AHbIX ra30Bb1X crpyKT)'pax H ,ll.alOT nyqeeylO 
CKOpoCTb OKOJIO 4 KM/c [19]. V367 ITe6ensr MeHee MaC­
CHBHa, qeM ~ Jh1pb1 Hee 06ono1.1Ka HMeeT T11 = 104K e 
Ne= 2.3 X 101° CM- 3• TeMn noTepe Be~eC'l'Ba COCTaB­
JI.ReT Amt sipKoH 3Be3)].bI 7 x 10-6 M0 /ro)].. Macca 
o6onoqKB COCTaBJISleT 3 x 10-s M0 [20] . .slpKU 
3Be3na CHCTeMb1 V367 ITe6ew:r nepenoJIID1eT ceow no­
JIOCTh Poma H nepenonHeHBe yeeJIH"IHJIOCb 3a 18 neT 
Ha 9 % [14]. 

RY Il(eTa - Ha.B6onee cno.>KHru1 TeCHrul nsoHHru1 
3Be3na H3 HCCJle)].yeMbIX B naHHOH pa60Te. 0Ha .RBJUl­
eTCSI onTB\leCKHM, peHTreHOBCKHM, YJibTpacl>HOJie­
TOBblM, HHcppaKpaCHbIM H pa,nHOHCTO~HHKOM D.3JIY­

\feHIDI. Y Hee o6Hapy)KeHLJ TaIOKe cemrKaTHM H He-· 
6yJ1J1pHaR o6onoqKH. B cHcreMe RY Il(eTa 
Ha6mo,u;alOTC.R ra308b1B IlOTOK, OilTH\feCKH TOJIC'fbIH 
AHCK H 06w,ru1 o6onot.JKa, epamawmuecsr a pacmH­
p.siIOUU1ec.R c pa3HblMH CKOpOCTSIMH [15, 21, 22] . .Rp­
KMI 3Be3Aa CHCTeMbI 33TIOJIH.ReT IlOJIOCTb Poma H Te­

pSleT ee~eCTBO C TeMnOM 2.8 X 10-7 M0lrPA· Macca 
ra3oeoe o6onoqKH o~eaena e 3 x 1 o-8 M0 [ 17]. Ilo­
Tep51 eemecrea CBCTeMOH OQCFUIBaeTC.R B 4 X l 0-5 -

10-4 M0 /ro)].. BHAHMO, cpeAH 3aTMeHHhIX ABOHHLIX 
3BC3,ll. 3Ta CHCTeMa Hau6onee aKTHBHa. 

4. 8bJ1lHCJteHIDI no MeTO)l_HKe [6} IlOKa3aJIH, qro 
o6JiaCTh "nac1,1ll.\el:IID1" xopowo cpBKCHpyeTc51 B ee 
IlOJIO)KeHHe Ha OCH a6c~HCC onpe~em1eTC5l K3K Xo, 
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J];ocTmKeBBe COCTQjlHIDI "11acb111.(eHW1" l;lJlnlOC'rpH­

pyeTCSI pHC. 1, a CBQHCTBa eemecTBa B o6naCTH L1 

AaHhI B Ta6n. 2. Q603uaqeKW1 B Ta6mu~e TaKOBbi: 
X1 - vono)Ke1u1e Ha ocu a6cn;ucc L1 B ]];OJI.RX A, N1 -

KOHD;eHTJ)8D;IDI (cM-3), T1- TeMnepaT}'Pa (K), V1 H Vi 
B KM/C X-KOMilOHeHTbJ CKOp<>CTH eeu:i;ecTBa H. 3ByKa B 
o6nacm L1• AnaJIH3 Ta6JIHt{HbIX .r.aHHhIX rroKa3hIBa­

eT, qTO B L1 pa(;nonara10TCS1 c;aMbie rny6ome cnou aT­
Moe<j)ep. 0HH ):(BIDK)'TCSI co CKOp<>CTSJMH 20 - 30 KM/c, 
tJTO cpaBHHMO co CKOpOCThlO 3ByKa B HCCJieJ;weMOH 

cpe]];e. 

llsyMepHOCTb pacqeToe no3eomma onpe,qenHTb 
H3MCHeHHe KOHD;eHTpaqm1 eeu:i;eCTBa B IIOTOKe B 

p~HaJJbHOM Hanpaene.aHB (BJ];OJlb y-KOOPAlfH8TbI). 
lfa puc. 2 - 4 .QH.t(HO, qTo KOHD;eHTpau;~ eell(eCTea B 
fiOTOKe na]l;aeT C paCCTO}IHHeM OT, OCH fiOTOKa. IlpH 
3TOM Ha6JIIOJ];aeTC}I CTporrui x-oceeasr CHMMeTpHSI, 
pPeAnonara1011.(ru1 11airntme eemeCTBa u Ha]]; op6u­
TanbHoii IlJIOCKOCTblO. 0-IHTrul KpaeM IlOTOK.a o6-

·Jl3CTb na,:t,eHIDI Koan;eaTJ)an;HH eeu:i;ecTBa no y-Koop­
AIIHaTe Ha TJ)H nopSl]];Ka OTHOCHTeJibHO OCH IlOTOKa, 
MLI onpe]];emrnH Rs - pa]];Hyc noToKa e e]l;uHuu;ax pac­
CTOmBSI Me)KJ];y 3Be3J];aMH CHCTeM. Haff]l;eHHbie BeJIH-: 
'IBHhl npHBe}l;eHbl e Ta6n. 3 e cpaBHCHbl c Bbl'IllCJieH­
HblMH no cpopMyne, npe]];JIO)KeHHOH e [23]: 

R.~ = Vj P 0/21tA. 

B Ta6nm~e npHBeJJ;eH TaK)Ke RR - pa]];Hyc nonoCTH 
Poma (e AOJiruc A) 3Be3J];bl, 3anoJIID110I.UeR 3TY no­
JIOCTL H Tepmoll\eH Bell(eCTBO, BbJt-:IHCJieHHblH no 
q,opMyJie, npeAJIOXeHHOH a [24]: 

RR= 0.52A(Mi/(M, + M2))°'44
• 

Cpae»eHHe aenHt:JHH Rs, R: H RR n03BOJISJeT CAeJiaTb 
. BblBOA, 1.JTO BbPIHCJieHHble H3 pa3HbIX COOOpa)KeHHH 
pa,t:{H)'Cbl IlOTOKOB npaKTB'IeCKH OAHHaKOBbie B npe~ 
\l,ieptto B ]];Ba pa3a MeHbme pa3Mepoe 3BeJA, rep.Rro-
1.l{HX eeu:i;eCTBO. 3TH Aa.HHbie Il03BOJIS1l0T T8K)Ke on-

• l-

. ~.\_\.'.. pe,nemrrh Te Mn nepeHoca eell(ecrea 1.1epe3 nepsyro 
. TOqKy JlarpaH)Ka. PeJyJibTaTbl Bbl1.JHCJieHHH TeMIIa 

· ,. · nepeHoca TaIOKe AaHbI B Ta6n. 3. 
,lJ;JISI OU,eHKH BJIHSIHHSI IlQJISI rpaBHTawru H ra30BO­

ro J];8BJJeHHSI B o6JiaCTH L, Ha q>opMHpOBaHHe Fa30-
B0f0 nOTOKa Bbl'IHCJieHO COOTHOWeHHe:. 

F= '1.>tfU, 

c'.~ r,:{e 4>, - cyMMapHblH rpaBHTaD;HOHHblH IlOTeHU,HaJI B 
'\., · T01.JKe L, , a U - y):{eJJbHa.SI BHyTpeHfUUI 3HeprH.R H~e-
{ ;; am,Horo ra3a 3TOB o6JJaCTH,· 3uaqeuWI F AaHJ:.1 . s 
\ i Ta6JI. 3. Mx cpaaHeHHe yKa3bIBaeT ua 3aMencoe pa3-
,,.·, JIHttHe xapaKTepBCTHK V367 Jle6eASI, nonr1eHH.blX B 

1t:,.: pa6oTax [12 - 14]. qTO KacaeTCSI y-CKOpocTH ABH)Ke-
,~- HHSI BeI.UeCTBa B IlOTOKe, TO OHa AJISI acex pemeHHH ff· He npeBbIC.0.Jla J];eCSITbJX J];OJieH. KM/C. 3'fo CBHJ];e·reJib­
t'> ;· CTBO roro, 't{TO IlOTOK ra3a BAOJib OCH Y HaXO.l{BTCSI B 
.i~.· . .. rHJ];pocranrtiecKOM pasaoeecm1. i;.. 5. 06cy)KAeHHe nonyqeHHbIX pe3yn1.TaT0B noJ-
-~.. .. BOAAeT ccpopMynuposaTb CJie]l;yIOI.UHe BblBOAhl. 

I ACTPOHOMMqECKHJ71 )l(YPHAJI TOM 72 N! 4 

Ta6~ i. IlapaMe-rpLI nOTOKa ra3a B TO'IKe L, A,JDI peme­
HHH, COOTBeTCTBYJO~ "aaChJIUeHmO" ra30BQro OOTOICa 

~:.i:x I X0 I x, I N1 ,qo"J T1 I v, I v; 
. ~Lyr 

(10] 0.37 0.37 3 
(11] 0.32 0.32 3 
(11] 0.38 0.32 6 

[12] 
[12] 
[12] 

[13} 
· [14] 

[15] 

[15] 

V367Cyg 

0.54 0.45 5 
0.45 0.45 
0.39 0.45 
0.44 0.44 
0.54 0.55 

3 

0.8 
4 

3 

RY Set 
0.40 0.39 1.4 
0.33 0.39 0.2 

32200 23.7 21.9 
32100 23.2 21.5 . 

46000 29.5 27.2 

51780 28.5 26.7 
37.000 25.0 23.5 
23200 19.7 18.5 

23043 19.3 17.9 
· 36300 25.0 23.5 

69100 32.3 30.8 
19344 19.l 16.3 

Cornacue Ha6JJ10AeHHbIX H Bbr<IHCJieHHI,rx Benu­
qHH nepeHOCHMOrO qepe3 L, IlOTOKOB Be~ecrsa y 
3Be3A THna W 3MeH nonyqaeTCjf npu 3ano11HeHHH 
3Be3J];OH napbl, Tepsnomeii Bell(eCTBO, CBoeH IlOJIOCTll 
Poma TaKHM o6pa30M, qJ'O BHe 3,TOB IlOJIOCTH oxa-
3bJBaeTC)I aTMOCcpepa 3TOH 3Be3A},I J:(O OllTH'IeCK.HX 
rny6HH lg't = 1.7. 

Pa3JIH't{Hble BapHaHTbI pe.me.HHH npHBOWfl' K BbIBO­
AY, tJTO y 3Be3A '{Hna W 3MeH B o6naCTH nepsoif TOqJ{lf 
JiarpaH)Ka Ha6JIIOJ:(aeTCSI M3KCHMaJibHhlH nepeHOC 

14.00 

13.00 

12.00 2 

1995 

3 

0.02 0.04 0.06 0.08 0.10 0.12 Y 

PHc. 2. PacnpeneneHHe x:ouueHTpal\KH ijel.l\~C.Tsa 
BAOnb. ocH Y e n-0T0Ke n ~ JIHp1,1. KpHeb1e J (X0 = 0.38) 
H 2 (Xo = Q.32) CO.OTBOTCT&YIOT pa6oTe f 11 J. Kptmru13 -
pa6oTe [10). 
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15.00 

15.00 

14.00 

13.00 
13.00 1 

J 12.00 

,12.00 

l l.00 L---......L.-----'---- - ............ ___ _,___ 

. 0 0.05 0.10 0.15 0.20 Y 

PHc. 3. PacnpeJJ.eneH1te KoHuewrpat{HH oe~ecrua B.!IOJIL 
OClt Y a noTOKe s V367 Jie6eJJ.l1. Kp1t8bte / (Xo = 0.54), 
2 (Xo = 0.45) u 3 (Xo = 0.39) COOTBeTCTBYIO'l' napaMeTPaM 
3Be3A pa6oTht ( I 21, Kp1teb1e 4 H 5 - napaMaTPaM pa5oT 
[ 13. I 4) COOTBeTcreeHHO. 

eern;ecraa, AOCTHralOJ.IJ;HH . 10-5 M0 /ro'JJ., a pa3Mep 
oceCHMMeTJ)HqHoro ra30Boro IlOTOKa COCTaBmieT 
0.14 - 0.20 A H scero BABOe MeHbllle pa3Mep0B IlOJIO­
CTH Powa 3Be3Abl, Tepg10rn;eu sern;eCTBO. 

CKopOCTb ABH)KeHIUI Bell.\eCTBa B IlOTOKe e o6na­
CTH L, B,L\OJlb JIHHHH X 6JIH3Ka K CKOpOCTH 3ByKa H co­
CTaBmleT 20 - 30 KM/C. B paAHaJibHOM HanpaeneHHH 
CKOpOCTH MaJibl lt He npeBbIWalOT COTeH M/C H 
BblilOJIHSleTCH ycnoeHe rHAPOCTaT:uqecKoro paBHO­
eeCHSI, 'ITO cornacyeTCH C paHHHMH npe'JJ.IlOJl~)KeHIUI­

MH pa6oTb1 [25]. 

Ta6JJ~ 3. Pa3Mepbl ra30BOro IlOTOKa H TeMTI nOTepH 

aeLQecrsa 11epe3 o6JiaCTh TO'fKH L1 

~ 
tSl 
::i:: >< M X 10-6, F :r - N1 X 1014 Rl. R.~ RR 0 .,Q M0 / ro"f].. t ~ 
S! ~ 

~Lyr 

[10] I 2.9 I 0.10 I 0.10 0.25 1 1.3 1217.3 

(Jl ] 6.4 0.15 0.12 0.22 6.4 120.6 

V367 Cyg 

[12] 5.2 0.19 0.19 0.34 18 55.2 

[13] 3.8 0.14 0.12 0.33 4.0 136.7 

[14] 2.7 0.10 0.09 0.42 1.0 321.6 

RY Set 

(15] 1 · 14 I 0.1s I 0.091 0.21 I 10 158.8 

11.00 

2 
10.00 ,..._ __ __._ ___ ......_ ___ ...._ __ ........... _ 

0 0.04 0.08 0.12 0.16 Y 

Puc. 4. PacnpeAeJJeHHe KOHLteHTpal{ltlt eew,ecrea e.nom, 
oc1t Y a noToKe y RY ll(wra. Kpnsb1e I (X0 = 0.40) H 
2 (X0 = 0.33) pacc'llt'raHbl no (15). 

CpaBHCHHe BbfqHCJICHHbIX xapaKTepHCTHK IlOTO­
Ka Ami ~ JlHpbl noKa3bIBaeT, 'ITO M3KCHMaJihHbie 

pa3MepbI noroKa ra3a, crroco6Horo AaTh Ha6moAae­
MbIH TCMil nepeHoca Bell.\eCTBa, nonyqalOTCSI AJUI Ha-
6opa 3JieMeHTOB 3Be3Abl, ony6nHK0BaHHb1X B pa6o­
Te (11]: M1 = 2.0 M0 , M2 = 11.7 M0 , A= 55 R0 , T1 = 
= 11000 K. 

\ 
,llJI51 V367 Jle6eA$1 pa3Mepb1 IlOTOKa ra3a, Bbl11HC-

JieHHh1e no AamtbIM p33HbIX aBTOpoB, 3aMCTHO pa3-
JIH"IHbl. HaH11yqllIHM o6pa30M cornacyroTCH C Ha-
6JIIOAeHIDIMH napaMeTJ)bl CHCTeMbl, ony6JUIKOBaH­
Hble B pa6oTe [12], no KOTOpbIM pa3Mepbl llOTOKa 
MaKCHMaJlbHbI H o6ecnetIHBalOT Ha6J110AaeMbJe 
ceoiicrBa 3TOH TecHoe: ABOHHOH 3Be3A1>I. 

B 3aKJIIO'leHHe aBTOpbI BbipaxaJOT 6naroAap­
HOCTb .AMepmrnHCKOMY acrpoHOMH'leCKOMY o6~eCT­
BY (ASS) 3a cf>HHaHCOBYIO ITOMep)KK}' 3TOH pa60T1,1. 

1. 

2. 

3. 

4. 

5. 
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The Formation of Flows of Material in W Draconis Binary Stars 
V. G. Karetnikov, E. V. Menchenkova, and V. V. Nazarenko 

The physical conditions in the flow of material in the region of L1 for the three interacting W Draconis binary 
stars J3 Lyrae, V367 Cygnus, and RY Scuti are calculated using solutions of non-stationary hydrodynamical 
equations applied to observational data obtained by various authors. It is shown that when the star losing mass 
fills its Roche lpbe, an axi-symmetric flow of material with dimensions comparable to those of the star arises. 
The rate of mass transfer reaches 10-s Mofyear. The properties of this flow can explain many observational 

· · effects of W Draconis stars that have been studied . 
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A.CTPOHOMH'C/ECKHH JKYPHAJI, 1995, mo.M 72, M 4, c. 524 - 531 

YJiK 524.5-4 

CTPOEHHE PA,rnl0HCT01111HK0B METAHOJIA B 06JIACTIIX 
3BE3,n006PA30BARIDI no MHJll,IM HA6JIIOJJ:EHHil HA 44 Ii 95 rr~ 

© 1995 r. C. B. Kueecui 
AcmpoKOCMu11ec1'uu ~p ct>HAH, MocK6a,. Poccwi 

IlocrynHJ1a B peAa~ 08.08.94 r . 

Pa3pa6oTaaa npocru aHaJJHTH'ICCK8Jl MOACJU. B03«5~eHHJI MeTaHOJla. I1oKa3aHO, "lTO MCTSHonLHblC 
M33epb1 I KJ13Cca M-0:r.yT B00HHK3Tl, B6JIH3H rp~ nJIOTHhlX ra30-DbIJICBb1X o6mucos. Ma3epb1 Ha nepe­
XO,tte 8o-71A+. cpaBBBMbie no HHTeHCHBHOCTH C M33epnm aa nepeXOAC 7o-f,,A+ BOOMO)K){J,J npH KHHeTH­
'1¢CIC.OH reMnepwrype He MeHee 30 K. IloJIOCTH, o6p.a3YeML1e BblCOKOCKOpoCTHbJMH nOTOKaMll, cnoco6cr­
BYI0T B.03.Hl{KHOBCHHIO Ma3epos; B03M0:)IC;Jl0, 3'.l'() OAffa H3 npH'IHH CIUl3H MeTaHOJILHl,JX M33epoB C BblCOKO­
CIC.OpoCTlll,IM BCTe'ICHHCM Bell{eCfBa, IlOJie H3Jl)"leHJUI B(iJJH3H MOJIOAI,JX 3Be3A, B03M0:)IC;HO, "OTOABHr aeT" 

M83Cph1 l KJiacal Ha HeKOTOpoe paccro.111me OT 3Be3A. 

1. BBEAEHHE 

KaK 61:d:Jio no1ta3aHO B p~e pa6oT ( CM. o(bop 
MelfI'eHa [1]), MeTaHOJibHLie Ma3epbl 803HHKa!OT B 
oonacna o6pa30B3HIDI MaCCHBHl>IX 3BC3A, Cor.JiaCHO 
KJ1acceq>HK~. npeA}io:>KeHHOi 6a1'pna H AP· [2} u 
MeB.TeHOM [11, MeTaHO.JlbHbIC Ma3ep1>1 pa3ACJielU,l 
ua J{Ba KJiacca: I H II. Ma3ep1>1 I KJiacca, B3Jlyqa10~e 
B JIB1IIDIX 7 0-61 A+, 4_i-3oE H HeKOTOpbIX ~pyrmc, Xcmt 
H Ha6JUOA3JOTCJI B OOJiaC'l'.U. 3BC3J:(006pa30BaHWI, 
npocrpauCTBeHHO Be COBil~aIOT C ym,1'pHOMil3KT­
llbIMH Hil-30HaMB, HK-HCTO't1HHK3:MB, OH- B H20-
Ma3epa.MB. Ma.3epb1 fl KJJacca, B3Jl}"J3IO~e B JIH­
BIIJIX 51-6oA +, Z,-3-i.E' H HCK0T0p1>IX ,tq>yrax, uaooo­
poT, Ha6JII0Aat0Tal Ha q>OHe Y11b1'paKOMil3K'rH:l,IX 

Hll-30H. Haa6onee pacnpocrpaeemn,JMB Ma3epaMB 
I uacca JIBJIBIOTCB Ma3Cpbl Ha nepexoAe 70-6-iA+ ea 
qacrore 44 ~ (3, 4]. He]{aBHO 6btnH nposeACHbl 
06:iop1t1 e m1111111 80-71A + Ha 95 IT~ [5 - 7},. TaJOICe OT­

H~eicg K J KJiaccy, KOTOpble DOK33aJIB, 'ITO HC­
T()qemcJJ B 3TOA JlllBBH T8lC xce lllHpOKO pacnpocrpa­
HeHbJ, xax B Ma3epbl B JIIUIBB 70-61A+. ~aKO cpop­
MLI CBerrpOB Ba 44 H 95 ff~ CIIJibHO OTJIB'l3IOTc,(. 

JJ;oBOJlbBO qacro B HanpaBJieHBB ~ . a Tex xce 
om,eJCTOB ira 44 rr~ aaOJIIOAaIOTQI O].Ul3 IIJIH He­

CKOJlbKO Y3KBX ( < 1 KM/c), ueooMBeBH.o, M33Cplll,IX 

KOMIIOHelfI', a Ha 95 ff~.-nmpome ( ~1.5-2 KM/c). 
JIBBJUI, xapa1crepHb1e AIDI nponaceHHbIX o6nacrei. 

MHorae Ma3epHbJe· HCTO~KH I KJiacca H3ll},.1a­

lOO' Taace B JlHllBH 4_.-3oE Ha 36 IT~ H B JIHHIDIX 
J2-J1E Ha qaCTOTe 25 ffl\ .. Cnucox Ma3epHblX JIBBHA 
l II II KJiaccos npHBeACH e pa6oTe Co6oneea [8]'. 

CpaBueHBe pe3yrr1>TaTOB aa6moAeBBB: Wl pa.3-· 
Jll!'U{blX qacro:rax.n03ll0UCT ACJlaTh BbIBOAbl O npu­
p<>Ae IJCT().qffBXOB. B AaHHOi' pa6.off npeAJJ()JKeHa 
MOAeJD>. M33Cpuoro BCT01llll!Ka ua oesoeamm cpa.e.­
aeHWl cneK-rpoB. lfa 44 a 95 FI'~ :a e paMKax 3TOH 

MOAeJIB ~eJiaHbl o~emce TeMUepaTYJ)&I ra3a B p,me 

M3.3epoe. 
ABTop · orpa.J1F111Jial cpaimeHBeM 'AaBHbIX Ha-

6mo)'.(eHHii Ha 44 B 95 IT~ IlOTOM}'. "ITO BCD0Jlb30-
BaemrurcSI aH3:JlBTI111eCK3.Jl MOACJib B036y.>K,t\eHwr Me­
TaHOJia ( CM. IlpWIOJKeHHe) WIOXO OIIBCblBaeT n e pe­

XO)'.( 4_.-3oE, a MeXaHH3M H3K3tJIClfMa3epos Ha 25 rr:q 
O'ICHI, nnoxo B3BeCTeH. IIpeAIJOJIOxceBBe O TOM, "ITO 
CTOJIXHOBBTeJll,Hbie KOHC'l'aHTbl nepexOAOB C B3Me­
HeHHeM KBaBTOBOro 11:HCJia K Ha 3 RMelOT BeJIB'IBB}', 

npHMepao paBH}'IO OJ1:BOH ,:i;eCSITOA OT BeJIH11HHbI 
CTOmtBOBHTeJibHblX KOHC'l'aHT nepexo~oB 6e3 
B3MeHCHWI KBaHTOBOro "IJICJia K, KOTOpoe CJ);eJlaHO B 

pa6ore Jl;>KOHCTOHa e AP· [9] AJISI' o&bSICHeHJDI HaKalf:­
KH 3TBX Ma3epoe, B HaCT~ee BpeWI 3XCDepHMeH­
TaJibHO He noATBep)KJ:(eao. 

2. MO,IJ;EJIHPOBAHHE HCTO'IHHKOB 
METAHOJIA 

0oHOpOOHOeo6.tiaKO 
PacCMqrpHM, KaKoBO 6y'AeT Ha6mo1{aeMoe pac­

npe,:i;e.nemre .slpKOCTROH TeMDepATYJ)bl B K3JCOH-1IBOO 
Ma3ep&oA JllDIBB 10-(J-1 )1A +, OTHocsnqeiia1 K I KJiac· 
cy I. OT H30AHp0B8.HH0FO o6n:axa C O)'.(BH3IC0Bb1MH 

3H3\ICHJISIMH TCMIIepa-ryp1,1 B IIJIOTHOCTH no BceM}' 
OObCM}.'. EC11B OOJiaKO JtBIDleTCJI onTB'leCKB TOHICBM 

B nB:HIDIX (J-l)1-(J-2)oA+ H He no~sep~HO ,:{eiC'l'­

BHIO Kaxoro-JIB6o H3JIY'{CHIDI, KpoMe peJtBICTOBOro, 
TO npH _nJIOTHOCTB MCHee 107 CM-a TeMHepaTYJ)a B03-

6~eHWI STHX mnmi 6mt3Ka K reMIIepa-cype penmc­
rosoro ¢.<>Ba no BCeMY 00'1,eM}' oonaxa e ya3epm,1e 
uepexoA1,1 I KJiacca MeTaHOJia-A oyAYT BRBepTIIpOBa-:­
H-hl no BceMY OO'beMY o6naica (CM. IlpaJio:xceH:ee). 

l Bee 0003Ha'ICHJUI:. nep.noAOB; 'lacTOT, TCMnepaTy:p B030Y*,lte'­
H1Ul H T.1\·, Te. xce, 'ITO- a B UpHJIOX<-CHHH. 
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f 0p;HaKO DpH MaJIOH ODTH"leCKOii TOn~e B JIHHHll 
f . (J-1)1-{J-2)oA+ oIITBqecKrur rom.~a Ma3epHblx nu­~·r HBB TaKxce Ma.Jia H 3aMeTHoro Ma3epaoro yCBJieHIDJ 
:-r~ ee IIpOHCXOAJIT. B HanpatJneHBB IlO):{OOHbIX OO'bCK­
::: '.-ros AOJDKHhl Ha6nJOA8TbCS IIIBpOKHe KB33BTeilJIO­
·. :/:e1,1e· neHHH . 
. ·~' . 

:; ECJIB OIITIAeCK.UTOm.~a B JIBHBII (J-l)1-{l-2)oA+ 

' :·· 1tenmca, To s rny6uae 061,eKTa 3a C'ICT 3aIIBpauu 
• '. < cj>oroHOB r;~ B03pacraeT C pocTOM OIITB'leCKOil TOJI-

... DOI, crpeMRcb K T-«-NH (CM., uanpBMep, [10)) npe OT-
.. cyTCTBBH rpaµ;HeHTa CKOpOCTH HJiH KaKOI'0-JIH6o 

· .. ~ .BHOI'O MCxaHH3Ma, 06ecneqBBa10~ero BbIXOA «pOTO­
. : . . ·BOB B3 cpe.Qbl. IlpoHCXOAHT "3anupaHHe" CTOKa . 
. ;CreneHJ. HHBepcBH Ma3epm.IX nepeXOAOB DpH 3TOM 

/. yMeBbW3CTCj[. Ilpu OIJTHt{CCKOR rny61me 6om,weii, 
· ' 11eM wnma TepMa.JIH3~, o6pa3yeTCj[ repMaJIB3o­

BaHHoe ~po. TaKOH HCI'O'IHBK B306pruKeH Ha pHC. la • 
. Cu.m,uoe Ma3epeoe B3JIY'leHBe e HanpaBJieHHB Ha-
· 6JUoµ;areJIJ1 B03HBK3~ BAOJib nyrell, 0003Ha'leHHbIX 
. nrrpBXOBOH JIHHBeii. BCJiep;CTBHe HCO]{HOpoAHOCTeii 

.'· BNCCTO K0Jlb~eo6pa3HOI'0 o61>eKTa Ha6JIIOA8TeJib 
: ' .. AOJDKeH BHACTb OTµ;em.Hble Ma3epHb[e BCTO'lHHKH, 

, .· pacnono)KeBH1>1e Ha rpa~e o6naKa. 

Co6onee H CTpeJJbHHI(KHB [ 11] nony'IHJIH noµ;o6-
. · · Hoe pacnpeµ;eneHBe TeMnepaTYpbI eo36~eHW1 e 
. · MCTaHOJlbHbIX Ma3epHblX HCTO'lHHICax npH MOACJIH­
: poBaHHB Ma3epoe 12-J,E MeTOAOM MoHTe-Kapno. 

Mooe.llupoaanue OOH.Op()OH.btx o6.!UlK06 

,, . CpaBHeHHe cneKTPOB HCT0t{HHK0B B JIHHHSX 
,:··' So-7,A+ B 70-61A+ noKa3b1BaeT, 1ITO e cneKT()ax ae­

. . · · EOTOpLIX 061,eKTOB (NGC 2264, OMC2, DR2 l-OH, 
: •,, DR21-West) Ha 95 H Ha44 rrq Ha O}];HHX a Tex xce Jiy­
·,/ :,esbIX CKOpOC'l'.SIX npHcyTCTBYIOT Y3KHe Ma3epHblC 
\ jteTaJIH. 0AHaKO ropa3AO qa~e JIHHBH Ha 95 ff~ WH­
-~)~, t:feM Ha 44 rrq. CneKTJ)bl HCTOt:fHHKOB S231, 
,;;;:~255, W75-North H P.SIAa APYI'HX Ha 44.rrq COCTO.SIT 
a~;;- 113 Y3KHX (AV~ 0.5 K.M/.c) JIBHBH, a Ha 95 rr~ - H3 60-
',)ji~ nmpoKHX (AV~ 2 KM/c) KOMROHeHT, xapaKTep-: 
:'. liwx WJ.SI DpOTIDKCHHbIX BCTO~OB. IJpOTJDKCH-

/ · :JIOCTb o6micre:e:, H3Jlf'l3IOI.QHX Ha~5 IT~ B IC 1396N, 
·:t ~OC 7538 H HCKOTOpbIX ):{pyrnx· HCTO'IHHKax, ycra­
··, :aOBJieHa c IlOMO~blO KapTorpa«pHpoBaHIDI [6]. 

.,..: · .. ;.<: '.I]pu BHTepq>epOMCTl)Ht:feCKBX Ha6JIIO;QCHWIX Me­
::: .fl:Hom,ei.IX Ma3epos W33-Main [12), DR21-0H H 

·.,,J)R21-West [13) o6uap~eeo, ttTO MeTaHOJlbHLie Ma­
._.f;,~J)LI conyrcrsyioT IIpOT.Sl)KeHHblM DJIOTHblM o6nac-
J ',.., B3JIYt:f3IO~ B JIHHWIX CS· H Apymx MOJieKyn. 

· ·-·::.'~JlbTaTLI Ha6J110ACHHH KaneacKoro H ,tq>. [14] Ha 
:\(~ rru; TaK}Ke npeµ;nonaralOT cs.s131, MeTaHOJILH.bIX 
.j;:,_W83ep0B C IlJIOTHbIM ra30M BOKpyr MOJIO)l;blX 3Be3µ;. 

v::~poM· 6bIJia npeADpBIDITa IlOilbITKa IlOIDITb, 
: :;;:M.()XCHO JIB 060.SICHBTb A3HHbie Ha6JIIO;i:teHmi MeTaHO­
:Ld--.a Ha 44 B 95 rfu; H3JiyqeHBeM IlO,ll06HbIX npOTSl­
f;i~UHbIX IlJIOTHblX ra30-DbIJieBbIX 061,eKTOB. 
:,:~:\\··· 
·~:01~ : ACTPOHOMH'l!ECKHH :>KYPHAJI TOM 72 .N'2 4 

CIIJibHU 
HHBCpcrul 

Cna6a.J1 
HHBCpCHJI 

(a) 

(6) 

IlOBbIWeHHOe COAep)KaHHe 
MeTaHoJJa 

fpaHH~a o6naKa 

Pac:. 1. MOACnH Ma3CpHbIX HCTO'IHHKOB: a - OAHOpo;AHOC 
o6naKO, 6 - OOJlaKO, e ee6om,woA <1aCTH KOTOporo fiOBhl-

WCHO conep)ICaHHC MCTaHona • 

,U.m1 3TOro 61,ma paCC'IHTaHa ceTKa MOAeJieii OAHO­
po]{Horo o6naKa 1(HaMeTJ)OM 1018 cM. IlpHMepuo Ta­
KHe pa3MCpbl DMCJOT IIJIOTHble o6nacru B W33-Main 
H 0R2 l , C KOTOpblMH CB.S133Hbl Ma3epb1 Ha 95 frq. 
TeMnepaTypa HC'l'Ot{HHKOB MCHSIJiaCb B npe1(eJiax 
20 - 100 K, IlJIOTHOCTb- B mttepBane 106- 3 X 106 o.r-3 

H OTHOCHTeJJbHOe .COACP)KaHHC MeTaHOJia - B npeµ;e­
nax 10-10 - 10-1. Ilpa pac'leTax yqHTLIBaJIHCb ypoeHH 
c J ~ 15 1:1 K ~ 2. CKopocTL cronKHOBBTeJibHOH AeaK­
THBa~HH paCC"IBTbJBaJiaCb H3 COOTHOWeHWI 

C1K = <JonHia(M)b(M()JT KHH' (1) 

rµ;e o0 = 0.2 x 10- 10 cM3/K-112 c, a(M) = 1/IAfl npe 
IAfl ~ 8 HO npH !Ml> 8, b(M() = lnpa M = 0, 0 .25 
npe IMI = 1 HO npH IMI > 1. CToJIKHOBHTeJI&Hbie 
KOHCTaHTb1 nepeXOAOB Af = 0, IMI = 1 npHHHMaJIHCb 
paBHbIMH CTOJIKHOBHTCJibHhlM KOHCT3HTaM nepexo­

,1(08 I Ml = l, I Ml = 1. TaKee CTOJIKHOBHTeJibHbie 
KOHCTaJITb[ YAOBJICTB0p.S110T 3KCnepHMeHT3JibHblM 

AaHHblM nuca u XaKa [15]. 

Pac'leTbI npoBOAHJIHCb ,llJI.SI JIHHHH 80-71 A+ H 

7 o-6 ,A+ pa3ACJibHO. I1CTO'IHHKH pa36HBa.JIHCb Ha 
PSIA IlOCJICJ:(OBaTeJlbHblX KOH~CHTpH'leCKHX c«f>ep C 

onm,ecKOH rny6HHOH MC)KJzy t H t + 0 .2 B JIHHHH 
(J-l)1-{l-2)oA,·. C IlOMOI.QLIO aHaJIUTH'tleCKHX 
e1,1pa)KeHBH (23a, b, c) H3 pa6oTLI IlenJIHHI' H Tep-: 
Xaapa [ 10] onpe;ne.mmaCb «pyHK~ BCTOt{HBKOB e 
TeMDepaTYpa B036~eHIDI JIHHHH (J-1)1-(/-2)oA· 
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TlfP"' K TlfJI"' K 
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(a) (6) 
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' \ 
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0.01 0.1 0.01 0.1 1 . R, 1017 CM 

PNC. 2. Pe3ym,T3Tbl MOAe.RHpOaaHKK OAHOpoAJILIX OOJl8KOB: a-n = trlCM-3, T XJOI =30K, X c H OH =2 X tcr9; 6-n =3 X trla.c3, 
3 

T = 20 K, X oH OH = 10- 1; e-n= 3 X 106 
CM-

3, T = 30 K. XcH OH= 10- 1; r-n = 3 X 106 CM- 3, T= 100 K, X c H OH= 10- 1• no 
3 ) ) 

OCH X OTnO~CHO paccrollHKC AO KpaJI o6naKa, no OCH y - llpKocmaJt TeMncpaTypa B LtCHTpe IIKHHH, p aCC\fHTaHHIUI no cpopwyne 
P3ne11-~Heca. 

TaKoro CJIOSI. 3aTeM ,:(mt 1,'(aHHOro CJIOSI c IlOMO~blO 
Tex )Ke q>opM}'JI BbNBCJl~JIBCb <p~BB HCTOqHHKOB 

H reMnepaT}'pa B036y)l(AeHmt JIHHlffl Jj -(J'-1 )oA +, 

JIHHH~ 1"-i -(J'-1 ) 1A+, onpeACIDIIO~ BpeMeHa )KB3-
+ ' 

HH ypoeueu A2 , a TaIOKe JIHHHH; pacnOJIO)KCHHhIX Ha 
OCBOBHOA neceHKe. OnTH'iCCXasl rny6BHa. Ka:,tq\o:A B3 
HBX npHHHM3JJaCb paBHOH oOTHqeCKOR I'JIYOHHe Ha 
enyrpeHHeii rpaauqe Bb1wepacnonmKeHHoro CJIO.fl. 

HaceneHHOCTb ypoeeen A; H A~(K = I, 2) cqHTa­

nac& OAHHaKoeou. PacqeTb1 CTaTHCTHqecxoro pa.eeo­
BCCWI noKa3blBaJOT' qTo 3TO MO)KCT 6LITb He TaK 
(BanpHMep, e (16) noKa3aHo~ 'ITO JIHHIDI I 1A--t 1A+ 

HHBepTllpOBaHa B 111HpoKOM 1,'(Hana30He IlJIOTHOCTH), 
OAHaJCO 3aMeTHLie pa3Jluqu B HaceJteHHC>cnlX 3THX 
ypoeHei B03M0:l1CHbl TOJlbKO B TOM CJlyq:ae, Kor,-a ca­

MB 3TH HaceneHHOCTH MaJibI. IlooTOMY CAeJtaHHoe 
npeAfiOJIO)KeHHe He noBJIHS1eT 3aMeTHo Ha o~eHKB 
HaceneHHocm CHrHaJibHbIX yposaeA. . 

3a-reM paCC'IUT&raanac1a TeMnepaT}'Pa B036~e­
Hrul Ma3epHoro nepe~oAa no q>opM}'Jie (Il7) H OTHO­
CHTeJILHbie uaceneHHOCTH ecex ypoBHeff c K ~ 2. Cne­
AYJO~MB waraMH 6bIJIB: onpe,-eneHBe uaceneu­
HOCTee: scex yposHei c K ~ 2, onpeAeneHBe 
reoMe,pll'iecKoii TOJI~I CJIOJI, onpeAeneHHe npu­
pa~eHIDI Ot:JTHtiecJCoi ronIQB u 3Ha11eHHA omH11ec­
KOB TO~ Ha BByTpeHHee rp'a~e CJIOSI AM ecex 

ACTPOHOMHtJECKHH )l(YPHA.JI TOM 72 .N!! 4 1995 
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BbIDienepettHCJieum.rx mnmii. 3aTeM BCSI npo~em,,a 
noeTopsmacL Ami cJie~io~ero CJIOSI. I:1cnonL3YSI pac­

/ .' npeJ.{eJieHHe HaceneHHOCTeii CHI'HaJILHLlX ypOBHeH no 
~ ... :;; . 

HCTO'IHHK)', pacettHTbIBanOCb pacnpe)l.eJieHHe RpKOCT-
HOH TeMnepaT)'P&I no pa)l.uycy Ha6nJOJ(aeMoro J(HCKa. 

Pe3yJI&TaTbI paC'ICTOB BbI00poq}{0 npe)l.CTaene-
. HJ,) Ha puc. 2. Cne;,zyeT OTMCTHTb, O)l.HaKo, 'ITO npo­

seJ.{eHHoe MOJ(CJIHpOBafiue OCHOBaHO Ha p~e ynpo­
-~emm B Il03BOJI.SICT JIHIIIb BbISIBHTL OCHOBHblC 
qepTbl B pacnpe)l.eneHHH SlpKOCTH Ma3epHLIX JIBHBii, 
KOTOpble OilBCaHLI HIDKe. Pacnpe)l.eJieHBe S1pKOCTB B 
peanbHblX HCTOqJJHKax MO)KCT 0-tICHb CHJibHO OTJIH-

. -·· 11aTLc.si: OT npHBeAeHHoro ua puc. 2. 

IlpH OOHJIHB MCT3HOJia 10-10 - 3 X 10-9 OnTH"tlecKrul 
. . ,TOJII.I~a B JIHHIUIX 61-5oA + H 71-fJoA + MCHbWe HJIB no­

. · -•· ~Ka e~1. HpKOCTHM reMUepaTYPa e Ma3epHbIX 
·' JIHHIISIX npH 3TOM MewreTCSI B npe)l.enax OT )l.OJieH K )l.O 

HecKOJU,KHX )l.eC.si:TKOB K. 0Ha OCT3eTCSI npaKTH'leCXH 

UOCTOSIHHOH no HCTOqHBKY HJIB CJierKa B03pacraeT K 
~CHTPY· Cyll\eCTBeHHbIM pe3yJibTaTOM SIBIDleTCSI TO, 
q'f() npu nonyt:teHHhIX COOTHOWCHIDIX SlpKOCTHblX 
reMnepa,yp BBTeHCHBHOCTb B numm 80 - 7, A+ B He­
CKOJU,KO pa3 npee1,1waeT HHTeHCHBHOCTb B JIHHHD 
10-6,A+. l:13JiytteHHeM Il0)l.06HLIX o6oeKT0B MO)KHO 
o&bSICHHTb HamlttHe WHpOKBX KBa3HTeilJl0Bb1X KOM­
DOHCHT Ha 95 rr~ H HX OTHOCHTeJlbHYJO cna6oCTb Ha 
44 ITq, HO HCJ1b3SI o6oSICHBTb npucyTCTBHe HHTeH­
CBBHblX Ma3CpHblX KOMTIOHCHT. 

IlpH IlOBbIWCHHD o6DJimI MeTaHOJla ,n:o eeJIINH­
. Bbl nopsi,n:Ka HeCKOJibKHX e)l.HH~ X 10-8 - 10-7 onm-

11CCKaSI TOJI~a B JIDHWIX 6,-:5oA+ H 71-6oA+ CTaHO­
. · BBTCSI 3Ha11HTem,Ho oom,we e,n:.HHHQ1,1. CTpoeHHe 
-> ,BCT011BBKOB CTaHOBHTCSI TaKHM, KaK Ha puc. 1 a. no 

;: KprulM o6naKa B03HHKalOT stpKHe Ma3epb1, a OT BH}'­
--~HHHX qacreli npuxo,n:HT 6onee cna6oe 03nytte­
. HBe: 06naCT& CDJILHoro M33epHoro HJJiy-qeHIDJ or­

-. ~paHH11eHa TOHKBM CJIOM rny6J{HOH nopH,n:Ka OT He-
. :· · CJ50JibKBX e,n:DHHU: Ha 1015 CM AO HeCKOJibKHX CAHHBU: 

•. -~- 118 1016 CM, B 3aBHCHMOCTH OT napaMCTpOB HCTO'IHH­
.. > .· Ea. Bo BffYTpeHHHX 1l3CTS1X SipKOCTHaSI TeMrrepa-rypa 
· . : .. B3nyqeHIDI cna]l;aeT no Hanpaenemno K u:eH'I'py, oc-
,·• t' TaBastcb, O,n:HaKO, BblWe KHHeTHtICCKOH TeMnepa­
'._,· -- TYPbI. 3To 060SICHSICTCSI TeM, 'ITO B3JIY'ICHHe Tep­
.· -: ~aJIH30BaHHoro HJIH Il011TH '·TepMaJ1B30B3HHOI'O 

:_ ,...pa ycHJIHBaeTCSI HHBepmpOB3HHbIM CJioeM B6ne-
. ~ii DOBepXHOCTH. MlrreHCHBHOCTI, Ha 95 rru: BO BayT­
. ~tn!HX 'laCTSIX HCTO"tlHBKa Ha 95 rru: BbIWe, "tleM Ha 

. . . · .. 44· ITn. I:1HTeHCHBHOCTh Ma3epHoro H3Jiy'leHID1 BO 

-.. BHeWBmC "tl3CTSIX Ha 95 fru: CTaHOBHTCSI cp3BHHMOH C 
BHTCHCHBHOCThlO Ha 44 rfu: TOJlbKO DpH KBHCTD'leC­

~- .,xoA TeMneparype 30 HJIH 6onee K, B 33BHCHMOCTH OT 
. . JlPyrHX napaMCTJ)OB MO,n:enH. 

·: . J . TaKast K3pTHH3, KOTOpyio B ,n:an&HeiimeM 6~eM 
· .. B~b1B3Tb MO,n:eJibiO I, D03BOJISieT Kat1ecreeHHO 060-
;":JICHBTb pe3yJILTaTbl Ha6JIID,n:eHHH C OAHHO'lHblMD au­

,~- :reauaMH (5 - 7] Ha 95 ITu:: B HCTO'IHHKax, KOTop1,1e, 
~ _-.BepoSITHo, SIBJISIIOTCSI 6onee ropH"CJBMD (DR21-West, 
·: ·\ NGC 2264, OMC2, NGC 7538) Ha 95 rrl\, KaK u Ha 
.:;;.. . . 
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44 ffU:, Ha6JIJOAaJOTCSI "cmWKH" OT KOMilaKTHblX 

o6nacreu. B Apymx, eepowmo, 6onee xono,n:HhIX uc­
T011HHKax (W75N, S231, S255) Ha 95 rru: npeo6na­
,n:aeT HMy"CJeHRe npoTSDKeHHOB KOMilOHeHTbl. TaKOH 
BbIBOA cornacyeTCSI C ,n:aHHbIMH, IlOJIYqCHHbIMH H3 

Ha6JIIDJ1:emli\ ,n:pyrHX MOJieKyn. CorJiaCHO 3BaHcy 
u ,:i:p. [17] u Xo u ,n:p. [18], KDHeTHt.JCCKaSI TeMnepa­
-rypa ra3a e W75N H S255 nopsi)l.Ka 30 K. Ma3epHhiii 
·HCTO'IHHK e DR21-0H aaxo]l;HTCSI Ha nepucpepHB ro­
pH'lero o6oeKTa (TxMn > 100 K), aa6n10,qaemerocSI B 
JIHHHSIX aMMHaKa MauryMoM u AP· [19]. 

,Il;aHHble HHTepcpepOMCTpH"tleCKBX Ha6JIID,n:eami 
Ha 95 rrq, O)l.HaKO, He yKJJ3,n:bIBaJOTCSI B TaKylO npo­
CT)'IO Kapnmy. IlJIOTHaSI 06nacr1, B PR21-West, a 
TaIOKe 6oJILWast -qacr1, UJIOTHOH o6JiaCTB B DR21-0H 
He Il0K33b1BaJOT H3JiytieHIDI Ha 95 ffL\ [13], B TO 

speMJI KaK MO)l.CJib I npeACKa3h1BaeT SipKOCTHYJO 
TeMUeparypy rrpoTSl)KCHHOH KOMilOHeHTbl nop~Ka 
,n:ecstTKOB rpa,n:ycoe Kem,BHHa. Cor11acHo xapTaM, 
npHBe)l.eHHbIM e (20], OOJibWruI "tlaCTb MCTaHOJlbHOro 
OOJiaKa B HanpaeJieHHB Ori-KL Ha 95 rr~ HMeeT 

srpKOCTHYJO TeMneparypy :S24 K, _ 'ITO 3Ha'llrreJibHO 
ycrynaeT . KHHCTDt.JCCKOH TeMnepa-rype AaHHoro 
o6'beKTa. Pacxo~eHHe AaHHbIX HHTepcpepoMeTPB­
ttecKHX Ha6JIJO,({eHBH c pe3yJibTaTaMH MOACJIBpOBa­
HIDI MO)KHO o6'bSICHBTb cne,n:yJOIWfMB cnoco6aMH. 

1. (Mo,:i:enh II). MmKHO npe)l.nono)KBTI,, 'ITO B Ka­
xou-nu6o He6on&mOH qaCTB Il1IOTHOI'O OKOJI03BC3)l.- . 
Horo )l.HCKa, TaKoii, t.JTO JIH60 OHa H3XO)l.lITCSI Ha 
rpa~e Jl.HCKa, nu6o OT rpaHH~bI ee OT,n:em1eT cnou 
ra3a, onmqecKH TOHXHH B JIHHIDIX (J-l)1-(J-2)oA+, 
B03HHKaeT o6JJaCTL C IlOBblWCHHbIM CO,:tep)KaHHCM 
MeTilHOJia (puc. 16). TaKoe MO)KeT npoH30BTD, Ha­
npHMep, IlO)l. B03Jl:CHCTBHeM BbICOKOCKOpoCTHOro no­
TOKa. B nosepXHOCTHblX CJJOSIX ,::(aHHOH OOJiaCTH, 06-
pa~eHHblX B cropoay IlOJIOCTif, B03HHKaeT CHJlbHOe 

Ma3epaoe H3Jiy"tleHHe Ha 44 rr~. a rrpH TeMneparype 
~30 K-n Ha 95 rru:. 06unHe MeTaaona e Apyrax qac­
nrx OK0Jl03Be3)l.HOro AHCKa nop5(J(Ka 10-9 - 10-10

• OHH 
cna6o e3nyttaJOT Ha 95 rri~ H eiqe cna6ee.aa 44 ITq . 

Cne)l.}'CT OTMeTBTL, 'ITO B M(?)l.CJIH II pa3Mep&I 06-
nacm C DOBLimeBHI,IM co,n:ep)KaHBeM MeTaHOJia MOcyT 
laMeTHO IlpeBbIIDaTb pa3Mepbl SlpKHX Ma3epm.1x HC­

TO'IHBKOB. Ma3epaM ,n:omKHbl COnyfCTBOBaTL HeOOJib­
WHe o6naCTH c RpKOCTHoe TeMnepa-rypou, cnenca 
npeBLIWaio~eii KBHem1.Jecxy10 TeMDeparypy raJa, 
KOTOpbie, J}03MO}Kff0, Ha6JIIO.l{anHCb Ha 95 ITn [13] . 
EcnH o6naCfb C IlOBbllllCHHblM co,n:ep)KaHHeM MeTa­
HOJia 3aHHMaeT ~eCTBeHHYIO qaCTL OKOJI03Be3,q­
HOro o6JTaKa, TO napaMeTJ)bl Malepos AOIDKH:&I 6bITh 
6JIB3KH K IlOJIY'lCHHblM B MO,({eJIB I apH T3KHX )Ke 
3Hat.JeHIDIX TeMneparypbl, IlJIOTHOCTB H o6HJIIDI Me­
TaHOJia, 'ITO us ,n:aHHOH o6nacTH. 

2. (M0Aen1, III). He BhI3&IBaeT coMHeBIDI, 'ITO Me­
TaHon1,m,1e Ma3epb1 B03HDK3IOT B OKpeCTHOCTll 
o6oeKTOB, OOJI3AaJ0~ 3aMeTHbIM noneM HlJiyqe­
HIDI. 3To B3nyqeHHe ocna6m1eT HJIH no,n:aensieT D3JIY­
-qeaHe B Ma3epHbIX JIHHWIX, OTHOC~CSI K I KJJaccy 

1995 



528 l<AnEHCKIU1 

+ MeTaHOJibRble Maaepb1 

• . QeH'rpaJibHblH HCTO'-IHHK -- B1>1C0k0CKOJ)OCTHOH hOTOK 

rpaHHl(a nJJOTHOH o6nac'i'H 

, , , 06naCTb c nOBbiilleHHblM 
06HJIHeM Mei'aHOJia 

/ / / 06naCT&, rAe Ma3epb1 I KJJiicca 
noAaBJieHbJ noneM H3JJyqeJiM 

Pac. 3. MoAent, HCTO'-IHHKa c BbiCOKOCKOpoCTHblM Hcre­
'feRJteM ee~ecrsa, B ,coropoM Ma3ep1>1 I KJ1acca e!SnHJH 
MOnOJ{OH 3DC3,l{I,I no]laBJJCJll,J fiOJlCM HlJIY'ICHHR. 

(CM, flpHJIO}KCRHe). I103T0My MOXCHO DpeACTaBBTL 

ce6e CJieAyIOnzylO KapTHHy B03HHKHOBeHID1 Ma3epos 
I KJiacca. 

MoJIOAaJI 3Be3Aa oKpY)l(eHa ruo-m,meBLIM ooJia­
KOM C BLICOKBM co,tep}l(aH.BeM MeTaHOJia (KOTOpl>IH 

o6p&30BBJ1CJ.I, B03MO}KllO, 3a C'let HCnapeHIDI MaHTHii 
OLUIHHOK). B6J1b3H rp~ oonaKa B03HHK8,0T Ma-
3epbl Ha 44 rr~. a npH TeMUepa;ype ra3a D0pHAKB 
30 K BJIH BblIIIe .... H Ha 95 ITq. lfanyqeuHe npoTR­
}l(CHHOH KOMIIOHCHT.bl B Ma3epHbtx JIB.HIDlX I KJJacca 
B6JIB3e. l:(e~aJibHOro HCTotn1uKa noAasneHo noneM 
B3JIY,:ICHIDI H HMeeT 3aMeTH)'IO RpKOCTHYJO TeMnepa­
TYPY TOJibKO Ha nepecpepllH o6muca, TaM }l(e, rAe 
B03HUKBIOT Ma3epLI I KJiacca. B ~eHTpaJrbHbIX o6Jia­
CTIIX 803MO}l(H0 B03HBKH0BeHHe M33epos II KJiacca. 

CxeMaTIJ'leCKH T3KOH HC'I'QqHHK H306paxceH Ha 
puc. 3. CneAyeT OTMCTBTb, 'ITO Ha 3TOM pBcyitKe ·Ma-
3epb1 pacnonolKea1,1 ua rp~ no.JIOCTH, o6pa3o­
eaueoii BbICOKOClCOpOCTHLIM IlOTOKOM. 3Ta IlOJIOCTb 
Il03Bom1eT o~eC'l'WUITb BblXOA qlOTOHOB H3 CpeAbl 
H TeM C3MblM cnoco6creyeT B03HBKHOBeHRIO Ma3ep­
Horo B3nyqeliWI. B03MO)K}{O, .HMeHllO 3TBM Bbl3B3Ha 
CJUDL MC)IQ:zy BLICOKOCKOp<>C'I'Hb[MII IlOTOKaMB B Me­
TaHOJrbHLIMH Ma3epaMB, KOTopax o6cy}l(,QaJI8Cb B 
pJl)le pa6oT [13, 14]. 

TaICax MOAe'1L, B03MO.>KHO, Il03BOJlRT Q{n,JICHBTL 

pe3yJibT8T CJILIWB B np. [41, KOTOl)ble DOK333JlH, 'ITO 
B cpeAHCM 1.1eM 8p'le M83epbl I KJiacca, TCM CJia6ee 
Ma3epb1 IJ KJiacca B TeX }l(C BCTO"IHHK8X B eao6opoT. 
IlpH CBJibHOM none B3JlyqeHWJ M33Cpb1 I JCJiacca MO-

ryT B03itRK8Tb TOJlbKO AOCT8TOtIHO ABJICKO OT QCHT­
panbHOH 3BC3Ab1 H, eCJIH COACp)KBHl:le MeTiiHO.Jia n3Aa­
tT C p<>CTOM paCCro.RHIDI OT 3Be3Ab1, OHH 6y,zyT CJia6&J­
Mll. MaJepb1 II KJtacca rroA B03AeilCTBHeM CHJI&Horo 
DOJUI H3JlyqeHIDI, Hao6opoT, 6y,IzyT CHJibHLIMB. Ilpu 
CJiaooM none u3nyqeHID1 Ma3epb1 II KJiacca 6y,IzyT CJia-
6b1MH, a Ma3epbl I KJiacca MOI'}'T B03HHKaTb AOCT8TO'I­
HO 6JJH3KO K ~CHTpaJJbHOH 3Be3AC B 6ora'i'blX MeTaHo­
JIOM 00JI8CTIIX B. 6&1Tb AOCT8T0q}f0 CHJlbHbIMH. 

. IlpoueAeHnoe MOAenapoealtae ocuosaHO Ha PRAe 
ynpo~eHBH, Ba)KHeAwHM B3 KOTOj>hlX JtBJIJleTc,J HC­
D0Jlb30BaHBe pe3yJibT8TOB, IlOJJ)hieBRi,tx AnJJ ~syx­
ypou·u~eoit CHCTCM.bl K3K npH p,a3pa60TKe aHaJIHTH­
'iecKoe MOACJIH B036~CHIDI (CM. IlpHJIO}KeHHe), 

TaK e ttpli OIIHcaBBblX BblWC pacqeTax (<f>opMy!JLI, 
e3wr1,1e B3 pa6oTbI IlenJIHHr u Tep-Xaapa [101 .QJI$1 

ODpeAeJieHIDI cpymc~eii BCT01.fHHK0B, TaKJKe nonyqe­
HbI Ami .tlByxypoBHCBOH CHCTCMbl). Ilo3TOM}' Kpaitue 
)KeiJaTCJlbHO npoeeCTH MOACJ1HpOB8H1!e C }"ICTOM 
MHoroyposHeBOCTH CHCTCMbl, uanpHMep, MeTO,QOM 
Mmrre-Kapno. IlposepeTL, peane3yeTcS1 JJH B ,Qe:e:­
CTBBTeJibHOCTe K8KIDI-JIB6o lf3 npe,QJIOlKCHHbIX MO­
~eneii~ MOJKHO C IlOMO~IO KapTorpacl>BpoBaHIDI HC­

TO':IHBKOB B Te0JI0Bb1X H Ma3epHbIX JIHHIDIX MeTBHO­

Jia C BblCOKHM npocrpaHCTBeHHblM pa3pemeHBeM. 
,UJIJI 3 TOB qeJIB y,a;o6Hee Bcero 6 bJJJO 6bt npOBOAJITb 
Ha6JIIO,ti;CHIDI Ha 95 ff:Q H e cepe-H 6JIH3KO pacnc>JIO­
)KCHHblX no 1.f8CTOTe TenJIOBblX JIBHBH 2,r lK OKOJIO 
96 rri~. Ecmt peanB3YeTCSI MO,ti;eJib I. ro Ha 95 u 96 ITQ 
Ma3epaM ,a;OJI}l(HbI conyrcreosaTL nponoKeHHbte 06-
JiaCTB c J1PKOCTHOH TeMDeparypoe: Bb1me (Ha 95 ffaj 
HJI:H nopR.QKa (ua 96 rriu K.HHem'lecKoii TeMnepa­
TYPbI HCTO"IHBKa. B CJIY'{ae Mo,a;ena II Ma3epaM ua 
95 ffQ AOJl}l(HbJ COOTBeTCTBOB3Tb OOJiaCTB UOBbI­
WCHHOB RpKOCTB KaK Ha 95, TaK e Ha 96 ffQ. EcnH 
peaJIB3YCTCSI MOACJib ffi, TO H3HOOJILW8Jl JIJ)KOCTb Ha 
96 rr:Q ):\OJDKHa Ha6nJO,ti;8TbCSI OT DpHJieraio$X K 
l.\CHTpBJlbHOMY BCT01.fHHKY o6nacren:, KOTOpbie Ha 95 
fl'q, H8060poT, AOJDKHbl 6bITb nOJJ;aBJieHbJ. 

CneAyeT OTMCTHTb, qTQ B mo6oe B3 YJC33aHH.blX 
MO,a;eneu B3-3a B03M0)KHb1X IlOJIOCTCH Beyrp.0 IlJIOT­
HOro o6naKa Ma3epbl He o6R38TCJlbHO ,t{OJl)Kffbl Ha-
6mo,a;aTbCR Ha Kparo o6naCTu. 

AeTop Bbipa}l(aeT 6naro,a;apHoCTb B.H. Cn&rmy, 
H.E. BanbTq H A.,U. ,U3rope 3a none.JHLie AlfCK}'CCHH, 

a TaJOKe T. llilJJhecTpeM (T. Liljestrom) Ja npe,a;o­
CTasneHBe CBeJteali.A O pe3yJihTBT3X ea6JIIOAeHHR AO 
ny6JIBKal.\HB. Paoota 61,ma s&moniteiia npa 1-iaCTB1.f­
HoA q>HHa.Hcoeoe: noro{ep}l(Ke EeponeiicKoA JO}l(HOB 
o6cepeaTopun. 

IlPIDIO)KEHHE 
AHAJIHTHtJECKMi MOAEJih 
B03BY)KAEHH.sI METAHOJIA 

Mo,a;eJJb eo36y.>KAeHW1 MeTaHona, pa3pa60TaH­
Hu AJIJI HHTepnpeTa~ A3HHbIX H86JIJO,i:(eHBH, oc­
HOBaHa ea pe3)'JlbTaTax a.HaJJB3a ,a;syxyposlieBOH CH­
CTeMbl. IlpHMCHHMOCTb noAo6Horo nowco,a;a s CJiyqae 
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\ :i '.w:eTaaona 06cy~aJ1ac1, B pa6oTe IleJJmmr [21). 
J f ··MoAeHL 06'b$1CW1eT OCHOBHLie cBoiicma Ma3epoB I u 
;J"~. Il KJiaCCOB. · ~\·, ·. 
1·\. , B AaHHoH MOAeJIH ne y11BTbIBa10TCsi nepeXOAbI. ., . 
\:.:: Me~ nepeJIOMHblMB ypoBIDtMB, KOTOpLte TaIOKe 

·. ;; . 'iroryr DpHBeCTH K B03HHKHOBCHHIO Ma3epoB II KJJac-
··:r··ca (22]. . 
.:~[ .. : . Ha pBC. 4 H306paxcena CXeMa ypOBHei MeTaHO­
\ : :. 4a-A. OrpenKaMB AJUI K~oro ypoBWI 0003Ha'IeHLI 
-~!.,: QepeXOAbI BHH3 C MaKCHMaJlbHLIM 3Ha'leHBeM K03q>­
~.;f ·.cf>BqHeHTa 3BHIIlTeHHa CilOHT3HHOB 3MHCCHB A. Pu-
:. ·· ,eyBOK Il0Ka3b1BaeT, 11TO B036~eHHaJI MpJieKyna B · ~<· o:rcrrcm11e nong B3Jl}"leHIDI nocne OAHoro HJIH He­
:) dCOJiblCBX paAH8TBBHblX nepexo;qoB OKa3bmaeTC$1 Ha 
?:/ JPOBBe c KBaHTOBb(M 'UICJIOM K, paBHbIM 0. Ilocne­
.:~:· ~aarem,HOCTb ypoBHeH lo MeTaHOJia-A 6yAeM Ha-
.... ,... ... " " 
. ·:; sWBaTb B A8JibHeHmeM OCHOBHOH neceHKOH, nOCJie-
. paTeJILHOCTD ypOBHeH J K C K ':I; 0 - 60KOBbIMH Jie­
·:, ~BUMB. HaR60J1ee CBJibHbie Ma3epbl KaK I, TaK H 
.. · ,.ll uaccos Ha6JIJOA3JOTc,J Ha Tex nepexo;qax, rAe Ka­
.. .'~~J\-JIHOO D3 CHI'Ham,BbIX ypoBHeR pacnOJIO}KeH Ha 
: , :QCBOBBOl:1 JleceHKe. B AaJibHeihneM 6y)zyT paccMaT­
. .pllB8TLc,J TOJibKO TaKHe nepexo;q1,1. 

. , .~. · BpeMeHa )Kll3HH OTHOCHTeJibHO CilOHTaHHOro B3-
. .. a)"ICHWI ypOBHee: Ha OCHOBHOii JieceHKe npHMepHO 

' • DOPSAOK BLlllle, 'leM Ha 60K0Bh1X neceHKax. no­
.. ,. "$TOM}' B HeKOTOpOM HHTepsaJie IlJIOTHOCTH ypoBHU 
. 'f Ba OCHOBHOH neceHKe 6yAYT TepMaJIH30BaHLI CTOJIK­
. . :;BOBeHWlMD, a ypoBHH Ha 60K0Bh1X neceHKax HeAO-

: :dceJICHbl BCJieACTBHe paAHaTUBHOH AeaKTBBa!(HH. 
"f~, · ·, PaccMoTpBM Tpu ypoBHSI. - J0A +, (J-1)1A + e 
·. :)<l-2)oA + -TaKBe, 11TO ypOBHDJ oA.. + H (J-1 )1 A+ SIBJIJIIOT­

. ~;\.- cernam,HLIMH ypoBIDIMH KaKoro-nu6o Ma3epHoro · 
'.'<apexoAa I wm II KJiacca. TiepexoA (J-l)i--{J-2)oA.. + on­

. '.,<'~AeruleT B OCHOBHOM BpeMR )KB3HD ypoBHSI (J-1)1A + 

.. :> dnlocir:re:n1,ao cnoHTaHHoro B3JI~eHIDI. Ecnu ypos-
'.:~;9 , Ha OCHOBHOH neceHKe BilJIOTb AO ypOBWI , oA + 

· :,•·'TepM8JIH30B3Hbl CTOJIKHOBeHIDJMB, TO' HaCeJleH­

·. '1:~ n1 ypoBW1 JoA+ MO}KHO Bb1p33HTh qepe3 Hace­
. :. ·~,•ij(bfmOCTb n3 ypoBWI (J-2)oA + B COOTBeTCTBBH C q>Op­
·" { Mf.JIO:A BOJihl~MaHa: 

. . t 
', • • 

:1. t · ntfg1 = n3/g3exp{-AE/kTKltH), (Ill) 

:: .. Jf.\~ M-pa3uocr1:, 3Hepruu yposHeii J0A + H (J-2)oA.. +, 

, ?:ft ~ g3 - CTaTHCTH'ieCK.He eeca 3THX ypOBHee:, T KJIR -

. : ... ~eTll'leCKrut TeMnepa-rypa. HaceneHHOCTb n2 
. / }':p<>BIUI {J-l)1A+ TaIOKe MO>KHO Bb1pa3DTb qepe3 n3: 

. . .. , :' . . ,, 

. ,; : ... ~· 
, .. :.,...,_~."' . 

(TI2) 

:~::• V
11 

- '18CTOTa nepexo,a;a (J-l)1-(J-2)oA+, 'f';x -
) ~epawa B036y:>KAeHIDI 3TOro nepexo,a;a. C no­
::,~io q>OpM}'JI (Ill)~ (TI2) MO}KHO Bbipa3HTh Hace­

'.~OCTb K~oro B3 CHrHaJlhHblX ypoBHeH Ma3ep­

~':l&Orti nepexo;n:a iiepe3 nacenem10cr1, ypoBID1 (J-2)oA+. 

· i1.~·-B T;x, a 3aTeM HaHTH OTHOWeHHe HaceJJCHHOC­
} ,r.t .B TeMIIepaTYPY eo36y}tC,::(eHID1 Ma3epaoro nepe-

·~}~ .. ;,1: , 
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Pac. 4. CxeMa yposueA MeTaHoJJa-A. Cn11001Hb1e c-rpen· 
fCH - 03BeCTHblC Ma3epHbie nepeXOAbI, urrpHXOBble - ncpe­
XOAbl C MaKCHMaJlbHblM AJlll' ,QaHHOro ypoellll 3Ha'leHHCM 
K03q>cl>HQHeIITa 3AmmeRHa CBOOOAHOro H3JJY'fCHHll' A. 

xo,na. ECJJH yposem, JoA + pacnono~eH Bb1me ypoBWI 
(J-1)1A+, KaK e CJiyqae nepexo,a;a 70-61A+ 0 m,yrux. 
OTHOCSl~HXCSI KI KJiaccy, TeMnepaTYPa B036~CHHSI 
Ma3epHoro nepexoAa Tex onpe;n:emreTCS BbtpIDKeHHeM 

r,a;e v - tJaCToTa Ma3epaoro nepexo,a;a. TaK KaK 
06hI'1HO V ~ v", q>OPMYJIY (I13) MO)Kl{O 33MeHHTb Ha 
npH6J1IDKeHH}'IO: 

<I>opM}'Jia (TI4) IlOK33b[BaeT, qTo npe TKKJf > r:x 
Ma3epHbIH ItepeXOA HHBepTHpOB8H, npH1IeM a6co­
moTHaJI BeJIB11HHa TeMnepa-ryp1,1 eo36y:>KAeHID1 na-

;n:aeT c yMeHbWeHHeM r:x· EcJIH TKltff < r:x, Ma3ep­
HbIB nepeXOA, Hao6opoT, aHOM3JlbHO OXJia}K,qCH. 

Cne;n:yeT OTMeTHTh, l.f.TO B npe,a;JJO)KeHHOH Mo;n:e­
JIB so36y~eHID1 nepexo)l (J-1)1-(J-2)oA+ 06ecne-
1IDBaeT CTOK 3Hepreu. 

ECJiu, KaK B CJl}"lae nepexop;a 51-6oA+ a ,npyrnx, 
OTHOCHII.(IIXCSI KO II KJJaccy, yposeHb (J-l)1A+ pacno­
JIO}KCH Bbime ypoeWIJoA+, TO H3 q>OPMYJI (Ill) H (02) 
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530 KAJIEHCKHH 

MOXCHO UOJJ}"IBTb CJJero'}O~ee Bblp3)KeHBe JµIR TeM­
nepaT}'Phl so3(5y~eHIDI Ma3epeoro nepexoAa: 

Tex = v(v" I r:x - v" IT DIii + V ITKKR>-I. (lli) 

IlpH V ~ v" ero MOXCHO 33J,femrn, Ha npHOJIIDKeH­
Hoe: 

IlpH TKKK < r:x nepeXOA H11BepmpoeaH, a npB Tl(KH > 

> r;x aHOMaJILHO oxn~ea. 

Hae<Sonee cy~eCTBeHHblM ynpo~eHHeM IlpeAJIO­
xceHHOA MOAeJIB DJIJleTCJI TO, 'ITO ROBeAeHHe nepe­
XOAa (J-1)1-(1-2)oA + paccMa1'pBBaeTCJI B AByxypoe­
HeBOM npe6ma,emm. Ilpu 3TOM TeMnepaTY])a B03-

6~eHIDI r::x JaKJIIO'leHa B HHTepeane Mexqzy T ... H H 

TR - pa~aTBBHOA TeMnepaT}'POH Ha 'laCTOTe nepe­

xoAa (J-l)1-(1-2)oA + - H MOXCCT 6LITb pacc1IBTaHa, 
HanpBMep. no cpopM}'naM (23a. b, c) R3 pa6on,1 Ilen­
mmr e Tep-Xaapa [10]. C nOMO~IO cpopM}'11 (Il4) R 
(Il6) HeCJJO>KHO noKa38TL, 'ITO eCJJB V ~ v"' Ma3epLI 

I KJiacca eo3HBKalOT npe T KWB > Tit , npat1eM creneHl> 

mmepcuu yMeH&waeTCJ1 c pocroM TR • a Ma3epL1 

II JCJiacca...:. npe Tr.u < TR • nputJeM creneHL aHeepcue 

paCTeT C yuenBtJeHBeM rR . 
. PaCCMOTpBM renepb cnyqai, KOr,Qa IlJIOTHOCTb 

He;QOCT8TO'IHa AJUI roro, 1ITOOLI repManB30D3TL ne­
peXOA JoA+-(J- l)oA+. C nOMO~IO paccy~emm, 
aaanOrB'IHbIX TeM, lCOTOpLie npHMeHJIJJBCL npH 
BLmo;qe <l>opM}'JI (Il3) a (Il5). MOXCHO noKa3aTb, 'ITO 
TeMnepaTypa B036~eHBJI Ma3epuoro nepexoAa I 
KJiacca onpe;qem1eTCJ1 cpopM)'noA 

Tex= vl(v•1r::x + v'/T' -v"Jr:x>• (Il7) 

a reMnepaT}'Pa eo3(S~eH11J1 Ma3epaoro nepexoAa 
II JCJiacca - cpopM}'JIOii 

Tex= v l(v" I r::x - v• I r:x - v' IT'), (Il8) 

rAe v* a r::x - 'laCTOTa H TeMnepa'I)'Pa eo36y~e­
HBJ1 oepexo;qa (J-1)0-(J-2)oA+. 3:iumrre:AHoecKHe 
K~<l>cp~eHT&I CIIOHTilBHoro H3ny'leHIIJI nepexop;oe 
lo-(1- l)oA+ H (J-l)o-(1-2)oA+ 3Ha'IHTeJILHO MeHLme, 
'leM 31BnrreitHOBCICBe KOacpcp~eHTbI CilOHTaHHOl'O 

B3Jl)'tleHBJI nepeXOA8 (J- l),-(J-2)oA+. Il03TOM}' npH 
YCJIOBRB, 'ITO p3AB8TBBB8JI TeMneparypa Ha q3C'I'OT3X 
ecex TpeX mnmA O;QBHaKOBa, TeMnepaTYpa B036}')K­
p;eHIIJI nepeXOAOB lo-(J-l)oA+ · a (J-l)o-(J-2)oA+ 
AOJDKHa 6b1Tb ropa3AO 6nmKe K KHHeTH'leCKOH, 'leM 
TeMnepaT}'Pa eo36)')1(AeHIDI (J-1)1-(J-2)oA+. Y1IB­
TbJB3SI TaK.XCe, 'Cfl'O v* + v' = v". B3 (Il7) e (Il8) He­
cno~o noJCa3aTh, 'TI'O TaK )Ke, _KaK H B TOM CJl}"lae. 

Koma ypc>BHH Ha OCHOBHOH necemce TepMMB30BaHLJ 
B V ~ v". HHBepcHJI Ma3epH1,IX nepeXOAOB I KJiacca 

TJ)e6yeT yCJJoeu Txwe > T'it , a HHeepcmr Ma3epHblx 

nepexoAoe Il KJiacca - T XHH < Tit . 
BLIBOA O TOM, 'ITO Ma3epb1 J JCJiacca B03HH.KaIOT 

npH T UJt > r; , a M33epb1 JI KJJacca - npe T not < TR , 
cornacyeTCJ1 c pe3yJILTaTaMB pac'leTOB CTaTBCTB'IC­
cKoro paeHosecwt Kp3rr HAP· [22). 

IlepeXOALI (J-1),-(J-2)oA+ npH ue6on&mBX 3Ha­
'ICHHJIX J TepMaJIB3YIOTCSI CTOJIKHOBeHBJIMII npB 
MOTBOCTB nopJ1;QKa necxom.KBX e;qmmI.t Ha 107 or-3• 
Cornacuo cpopM}'naM (Il3) u (Il5). Ma3epH&1e nepe­
XOAIJI npB 3TOM TilJOKe TepMaJJH3}'JOTCJI. 

B cnyqae MeTaHona-E cirrya~HJI aHanora'IHa, 3a 
BCICJIIO"'leHBeM roro, 'ITO OCHOBHOi JieceHKoi JIBJUl­

eTCSI nocneAoeaTeJILHOCTL ypoeHeH c K = -1 . KpoMe 
roro. AIDI TepM8nB33~B MeTaHoJia-E 33 C'leT CTOJIK­
Hoeemm 1'pe6yeTCs nnoTHOCTb, npeMepHo ua nopH­
AOK MeHbWaJI, 'JeM AIDI TepManB3a~B MeTaHOJla-A. 

Ilpe;QJIO)ICeBH8JI MO~eJib He r.O;QHTCJI AIDI orreca­
HIDI mupoKo pacnpocrpaHeHHl,IX Ma3epoe ua nepe­
XOAax 4_1-3oE (1 KJiacc) H 2o-3_1E (II JCJiacc). TaK ox 
BB AIDI OAHOro H3 HHX ee cy~eCTeyeT nepeXOAa, aaa­
JIOl'B'IHOro (J- l)1-(1-2)oA +, KOTO!'Lffl OABB (?npeAe­
IDleT B OCHOBHOM BpeMSI XCH3HH OTHOCHTeJILHO cnoH­
TaHHOro H:JJiyqeHIIJI cHrna.11&uoro ypoBHJI, pacnono­
xceHHoro Ha OOKOBOH neceHKe. 
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The Structure of Methanol Radio Sources in Star-Forming Regions 
from Observations at 44 and 95 GHz 

S. V. Kalenskii 

A simple analytical model for excitation of methanol is developed. It is shown that Class I methanol sources 
may occur near the boundaries of dense gas-dust clouds. Mases at the transition 80-71A + of comparable inten­
sity with masers at the trap.sition 70-61A+ are possible only when the kinetic temperature is no less than 30 K. 
Cavities fonned by high-velocity streams facillitate the occurrence of masers; it is possible that this is one of 
the reasons for the link between methanol masers and high-velocity flows of material. It is possible that the 
radiation field close to young stars "moves aside" Class I masers to some distance from the stars. 
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HCTO'IHHKA G43.8-0.1 B DEPHO,U 1981 - 1994 rr. 

© 1995 r. E. E. Jlen 
AcmpoHoMu"ecKuu UHcmumym UM. ll.K. lllmepH6epia, MocK6a, Poccwi 

HHcmumym acmpocj,wu1<u, onmuKu u 3AeKmpoHu,cu, ToHaHm3UHm.lUI, MeKcuKa 
n ocrynHna s penatel\HJO 27.05.94 r. 

flpeACTaIUieHJ>J pe3yJihTan.1 HCCJieAOBaKIUI nepeMCHHOCTH nonHoro IlOTOKa M33epnoro B3JJ)"ICHJIJI HzO 
HCTO"IHHKa G43.8--0.1, CB83aHHOI'O C 06nacn.10 3Be3A006pa30BaHW1. Ha6JJJOACHWI BhlUOJJHCHbI B JJHHBH 
1.35 CM a nepHO,!{ 1981 - 1994 rr. Ha paAHOTenecKone PT-22 PaAl{OaC'l'pOHOMH'leCKOH CTaHUHH ~H3H"qec­
KOI'O HHCTHTyra HM 11.H. Ile6eACBa P AH B Ily~o. Hd:AeHbl BCilbimequag e AOJironepHOAU'ICCK3JI ne­
peMeHHOC'l'b Ma3epHoro H3JIY'{eHIUI. BbIJ:{eJICHO meCTb CTaAJ{i 3BOmo~ Ma3epa, CU3aHHoro C KO~eH­
caLU1eH na nytJ:eBOH CKOpOCTH 42.2 KM/c. O~aeTOI B03M0)KH3JI npupoAa ua6moJ{aCMhlX 8BJJCHim. 

1. BBE.nEHHE 

HcTO'IHHK MalepHoro H3JIYtJeHIDI H20 G43.8-0.l 
(a.1950 = 19"9m31.2\ 6,950 = 9°30'$1'') pacnonoxceu B 
o6naCTH 3Be3g006pa30B3HWI. OH 6bJJI OTKpblT reH-
3eJIOM H ,UayHCOM B 1976 r. (1). Hcro'!HHK aCCOI.\HH­
pyeTCSI TaJOKe c KoMnaKTHOH o611acn10 HD H c Ma:3e­
poM OH 1665 Mru e npeAeJiax ± 10" [2]. VLB1-Ha6mo­
neHWI IlOK83aJIH, q'f0 B G43.8-0.1 Ma:3epHble 
KOHAeHca~HH H20 o6pa3yJOT o6onoqe'{H)'l0 CTpyK­
TYPY paAHycoM -0.2" [3]. Ilpu paccTOIDUIH AO ucro11-
HHXa, pasHOM 3 KUC, 3TO cooTBeTcreyeT paAaycy c;>6o­
JIO'IKH -1016 CM. Dpo4>HJib JIHHHB H20 scerAa HMeeT 
nocraTO'IHO CJIO)KHblB BHA H COCTOHT H3 OOJibIIIOro 
'lfHCJla 3MHCCHOHHblX IlRKOB; epeMeHaMH ero MOX<HO 
6bIJ10 A0CT3TO'IHO H3Ae)KHO npeACTaBHTb B BHAe cy­
nepn03HUHH 8 - 9 OTAeJJbHbIX rayccuaH. Kax H B OOJib­
UJHHcroe M33epoe, CBH3aHHblX C o6JiaCTSIMH 3Be3AO­
o6pa30BaHH.SI, B G43.~. l Ha6JJlOA3eTOI CHJlbHaJI ne­
peMeHHOCfb scero cneKTJ)a, Ja HCKJIJOt.teHBeM OAHOro 
3MHCCHOHHoro neKa Ha nyqeeoe: cKopocm 42.2 KM/c. 
J13nyqeHHe Ha 3TOH cKopocrH aa6mogaeTC$1 nocro­
SIHHO C MOMeHTa OTKpblTHSI Ma3epa G43.8-0. l . B 
cpeAHeM O,ntH pal B TpH roAa npoHCXOAffJIB pa:3.1IlA­
HOH JVIHTeJlbHOCTH CHJibHbte BCfiblllIKH H3JJyqeHJUI OT­
AeJibHblX KOMilOHeHTOB cneicrpa. HccneAOBaHHe Ta­
KIDC JIHKOB u3rryqeHID1 6b1JIO BbJTIOJIReHO B [ 4 ]. 

B HaCTOJl~eit pa6oTe, B OCHOBHOM, npHBeAeHbl 
pe3yJJbT3Tbl HCCJieAOB8HWI nepeMeHHOCTH IlOJIHOro 
TIOTOKa (npOH1ITerpHpOB3HHOro no CKOpoCTH) B Te­
~1eHHe AJIHTeJihHOro BpeMeHH, 'ITO npeAcraem1eT HR­

Tepee AJIJI H3y'leHH.SI neCTal.\HOHapHoro npoqecca 
q>OpMHpoBaBIDI 3Be3A Ha paHHeM 3Tane RX 3B0J1l0-
UHH. B 3TOT nepHO)]; aKKpCURSI Bell\eCTBa Ha 3De3.a;y 
Hecra6HJibHa u MO)KeT OCUHJIJIHpOBaTb c nepHO)];OM e 
HeCKOJibKO neT [5. 6]. HH.D;HK3TOpoM T3KOro npouec­
ca MO)KeT 6b1Tb H8JIH'IHC nonronepH6AR'IeCKOro 
KOMilOHeHTa nepeMeHHOCTH Ma3epHoro U3ny11eHID1 

H20. nm1 HeKOTOpblX HCTO'IHHKOB 6bl1I OOHapY)KeH 

qHKJIB'leCKHH xapaxrep Ma3epHOH 3KTHBB0CTH C ne­
pHOAOM nopJl.t{xa 4 - 10 JleT (8, 9). 

2. HAEJIIO,nEIDUI 

Ha6JIJOAeHIDI s JIBHHH 1.35 CM 6bIJJH BbJilOJIHeHbl 
33 nepHOA OKOJJO 13 neT (c OKTI16pjl 1981 no M3J)T 
1994 r.) Ha pa,ntoTeJiecKone PT~22 e Ilyll{HHO (Pa­
AHOaCTpOHOMB11ecKa.S1 CTaHI.\WI cf>H3~ecKoro HH­
CTHryTa HM. II.H. Jie6eAeea, P AH). Hcnonb30Ban­
cH Ma3epHbIH ycHJtHTeJlb 6erymee BOJIHbI AHana30-
Ha 1.35 CM. C ceim16pH 1993 r. npHMeWICTOI 

OXJia)K,qaeMbIH AO TeMnepa1)7pbl ~KOl'O 1"CJIWI 
lpaH3HCI'OpHbIH ycHJIHTeJib, 'ITO Il03BOJIBJIO fiOBbl­
CHTb qyliCTBBTeJlbHOCTb CHCTeMbI H Y11}"Wll1Tb ee CTa­

OHJibHOCTb. IllyMOB3.SI TeMDepaTYJ>a CHCTeMbI COCTaB­
JISIJJa 200 - 250 K, a c ceHTI16pS1 1993 r. - 160 - 180 K. 

3alIHCb cneKTpOB npOB0AHJI3Cb MeTOAOM "uase­
AeHee-HaseAeHHe". HaKonneHue c11rmuta ocyll\e­
CTBJISIJJOCb cHaqana ~epe3 neebIH o6ny~aTeJJL aH­

TeHHbI, a 3areM qepe3 npaobJH. B nepsyio CT~HlO 
BKJUoqancSI KaJIH6poD0'1Hb1H CHI'HaJI OT wyMOBOro 
reHepaTopa. Bo opewt: ecn1,1wex MaJepaoro B3J1Y­
'leHID1 rrpHMeWIJICSI MeTOA "mtBeACHHe-<>TBCJ:{eHBe" 
c Ha6JIJOACHReM e nepBOH craAHH nnomaAKH cpaeae­
HIDI c OTBeAeHHeM TenecKona OT HCToqHUKa Ha 30' 
no yrny Mecra. B 3TOH )Ke CTa~ BKJIIO'laJICSI KaJIH-
6pOB0'1Hb1H CHrHaJJ. · 

AHaJJH3 CHrnana ocy~eC'I'BJUIJICSI C IlOMOIIO,IO g6. 
KaHaJJbHoro aHaJJH3aTopa cneK.Tpa 4>HJ1bTp0B0ro TB­
na co cneKTpaJibHbIM p33peweHHeM 7 .5 KI'~. C 1990 r. 
auaJJH3 OTAeJibHbJX 3MHCCHOHHbIX IlBKOB npoBOAlUI· 
CSI TatoKe C nOMOII{blO 4>HJJbTJ)OBOro aHa.riH33TOpa C 

pa3pemeHHeM 2.5 Krn. no nyqeeofl cxopoCTR pa3-
peweHHe cocraBHJJO 101 e 34 M/c COOTBeTCTBCHHO. 

Ha pee. 1 uJo6pa)KeHbI npo4>H11H H20-HCTO'IHB~ 
Ka 043.8-0.1, nony11eHHbie c Ha11ana 1993 r. H3-
6paHHbie npo4>1mH AO 1993 r ., OTPa)Ka10UU1e HaHOO­
nee xapaKTepHbie nepuOAbI e 3DOJJJO~BH Ma3epa 
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},:~.043.8-0.l, ony6JIHKOB3Hbl B [4]. Ha pHc. 2a noKaJa­

·\\ liW speMeHH&te sapua~u no11Horo noroxa B Te'le­

~:f;:)me 1981 - 1994 rr. CTJ)eJIKaMB noKa3aHbI MOMeHTM --· . '.'.· ':IM8J{CH.M)'MOB BCllhimeK OTJ{em,HLIX 3MHCCHOIUlblX 
,;::nJIKOB, a qJicnaMH o6o31ia'lJeH&I ux 11yqea1,1e cKopo­
)\~'a KM/c. OcHOBH&Ie napaMeTJ)bI eaa6onee cun&­
··~.:.a BCfi.blmeK npHBeACHbl B Taomn~e. Ilpu HaJIH'IHH 

·:}:Al)CAq>a ~eTanH no nyqeaoi cxopocm, a TaJOKe s 
::~ae B3MeHeHIDI IIIHpHHbl 1IHHHH YK333Hbl MBHH­

./ ,;,7M8Jll,BLIC H .M3KCHM3JlbHbie 3H3'1eHIDI 3THX napaMe­
\ TJ>OB, CBeTBMOCTL DOJJY'leHa nyreM HBTerpHpOBa­.. . ' m no cneicrpy a npeAeJiax OAHoro nmca H3JiyqeHIDI, 
.·.~ .uCSo no Bee.MY cneKTPY, B npe.J:{IlOJIO)KeHHB, 'C.JTO B3-
· ·yJi,rleBBe B3C>Tponao H paccrmrnue AO BCTO'IHHKa 
: j,aiiao 3 me. . 

· B nepHOA 1987 - 1989 rr. ua6mo,-anCJI pe3K.Hit cKa­
. _ .,It, DOJIHOI'O noTOKa BBepx, a 3aTeM Bllll3. Ecnu B 

, .ppeAenax 3TOro npoMexcyrxa apeMeHH HCKJIIOqu'fb 

sa(SJIJOAaeMLIH CKa'IOK, T.e. B3 IIOJIHOro noroxa 
- ·.Jiwcrecn, BeJilflnlHY CI<attKa 2500 .SIH KM/c, TO IlOJIHbIH 

DOTOIC 6yAeT MeWITbOI AOCTBTO'IHO nnasHo, HO no 
·~ <;JIOXCHOH TJ)aeKTOpUH (KpBBrul A Ha puc. 2a). 
· B 3TOM cnyqae xpueyio sapu~ no.nHoro noToxa 
. wono DpeACTaBHTb B BHAe cynepno3BqHB no Kpaii­
. )lei MCpe T,UJyx KOMllOHeHTOB . 

. ~·~- B iq,yme nepHOALI M.LI He H30JIJOA3JIB 60nhWHX 

.. 1'Cllldmerc nonHoro IlOTOKa, XOT11 BCilLIWKB OT­
. _ A<Ul&HYX AeTaneii cueKTPa 61,me 3Ha'IHTen1,ui.1Mu. 

CaeTBMOCTb TaKoii BCilblWKH BHOrAa npeBLimana 
_,3· x 1()30 3pr/c u cocrasmma 0.4-0.6 OT noJIHOH cee-

~-.:·~ ecero Ma3epa. · 
. .:r·~.:.. •• 

'. .. ·._·.· CJCa-qox IIOJIHOI'O IlOTOKa BBepx OblJI Bbl3BaH ce­
·.:~~ nocneAOBaTeJll,RblX CHJibHLIX BCilbillleK He­

;;·~mx ACTaJieA (B KOHD;e 1986 I'. Ha 40.4 KM/c, s 
· ,.~e 1987 u 1988 rr. Ha 37.7 KM/c) u HCOOJiblllBM 
. ~eHBeM HHTeHCHBHOCTH OCTaJibHLIX. Cxa'lOK 
. ·~ c ,c:o~a 1989 r. npoB3omen B nepayio 011epe,q1, 
· .. · m-sa 6wcrporo yMeHLmeHIDI IIOTOKa caMoii HHTeH· 

:.:~I Bro BpeM$1 AeTaJIH Ha CKOpoCTH 37.7 KM/c • 
. :· ;~ qepBOA 1987 - 1989 IT. B 3BOJIJOqHH Ma3epa 
· -.~~l;J..(). l. paCCMaTJ)BBaTb KaIC cynep1103~10 no­
, ·~oBaTeJILHblX BCIIl,JWeK OTAC.11,bHblX ,:{eTaneu, T.e. 

. · -.)IC.'IIWD;Ie'qff}'JO aKTHBHOCTb M33epa s ~eJIOM a Te- · 

~~ -rpex JICT, TO MCAJieHHOMelUIIO~HACSI KOMITO-
. ..,.. nepeMeHHOCTH IlOJIHOl'O IlOTOKa MO)KHO npeA­

·.-. -~ ICpBBOA B (pBC. 2a). 3Ta Kp0Brul BMCCT 60-
. · ~ i,npoct'OA BB.I{ B, Ha uam B31'JISfA, ny11muM 

.. ~ OTpUCaeT 1tonronepHoAJAecuA xapaxTep 
· ~MCBBOCTH B3Jiy'leHIDI JICTO'lllHKa 043.8-0.1. Ha 
·-~· BMCIOTCSI ,:{Ba MHHBMyMa C IDITCpBaJIOM 
. ~ IIBMll 8 - 9 JieT u OABH MaKCBMyM. Omome-
' ... ~CBMaJILHOI'O IlOTOKa K MHHHMaJibHOM}' CO­
. ~ 3TO:A KpBBOH COCTaBJUleT -2. Ilpu yqeTe 

· : ;~C'IBOI'O KOMIIOHeHTa 3TO OTHome1me paBHO 
:·~M. 'C.JTO ~eCTBeHHo MeHbme. \feM AIDI pBAa :ld.Ynix Ma3epHLIX BCTOqHHKOB, HanpBMep, A.ll.R 

lflJA B W75S (9), W75N [10] HAP· 
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PHc. 1. Ilpocf>HJUI nHHHH HzO HCTO'fHHKa 043.8~.l. 

3. HHTEPilPETAUH.SI PE3YJibTAT0B 
HABJIIO,llEHHH 

BcnbtUle'I.HtlJl aKmueH.ocmb MQ3epa 

46 

Ha OCHOBaJfBB xapaKTepa BapHaUHB IlOJIHOl'O 
llOTOKa Beeb nepHOA Hamux H36JIJO.X.eHBH HCTOqJ{H­
Ka 043.8-0.1 MO)KHO pa3;qeJIHTb Ha ,:{Ba ... nepe:o~ 

·,t{t-': . 
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IloJIHLIH nOTOK, ~H 
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he. 2. nepeMeHHOCTb nonuoro noroKa Ma3epuoro H3J1yi:ieH1lll H20 HCTO'lHHKa 043.8--0.1: a - wa.11 ecero cneKTpa; 6 - AJJ.11 
KOHACHC81'HH Ha JJy<leBoA CKOpOCI'H 42.2 KM/C. CrpenKaMH DOKa:JaHbl DOJJO)l(CHHII MaJCCHMYMOB OCHOBHblX BCDblWCK, a 'IHCJl8 

o6o3lla'IIUOT JIX JJY'ICBLIC CKOpoC'l'JI, 

"uopMan&Hoii" J:tIDI G43.8-0. l a.KTHBHOCTII Ma3epa e 
oepBOJ:t "6om.moA" aICTHBHOCTB, ,:tJIHBIIIHAal 'I'pB 
ro,:ta (1987 - 1989 IT.). B oepBOA "6oJibWO:A:" axTHB­
HOCTB M83epa Ha6.1110J(anac1, cepu CHJlhHbIX BCObl­

meK MalepHoro B3JiyqeBBJI. MolKHO npe,:tUOJIO}KBTI,, 

11TO upu'IllBoii BCObIWeK OJijleTC5J YA3pRu BOJIHa, 

Ta~l 

n)"leBaJI Ilpo,AOmKH-
CKOp<>CTb .D.aTa M3KCRM}'Ma TeJlbHOCTb 

3MBCCBOHHOA: H31IY'1CHID1 BCIIbIWKH (no 

pacnpocrparu110~ucg OT 3Be3Abt H noCJie,:toeaTeJJL­

ao B036~aio~u M33epHbIC KOHJ(CHca~. BpeWI 
HapaCTa.HHJI DOTOK3 BO BCDLIWKe OnpeJ:tCIDIC'I'CSI epe­
MCBCM DpOXO:>I<ACBBJI YA3PHOH BOJIHbl '1epe3 Ma3ep­

ayio KO~eH~IO. llro61,1 He DpOBCXOJ:tDJIO J(BCCO­

:QB~ MOJieicyn e cpeAe, cxopocn. YJ:tapaoA BOJIHbl 

flnOTHOCTb IllepHH3 CBeTHMOCTb IloJIHaJI ceem-nOTOKa B JIHHHH ACTaJll{ B 
MOCTb Ma3epa, 

MaKCRMYMC (no ypoeHIO MaKCHMywe, 
ACTanH, KM/C ypOBHlO 0.5), MCC. H3ny'ICHIUI, ~R 0.5), KM/C 1<>30 3pr/c l<P° 3pr/c 

38.8 8HBapL 1982 r. 4 3450 0.36-0.48 1.3 2.6 

40.4 cl>eepanb 1987 r. 2.3 4500 0.83 - 0.96 3.2 7.1 

37.7 Hox6pi. 1987 r. 6 2500 0.8 2.1 5.4 

Beeb 1989 r . 18 - 4600 0.7 3.4 5.9 
38.1 - 38.8 .D.eKa6pi. 1989 r. -4 2500 - 0.65 1.7 6.8 

39.6 cl>eepanb 1994 r. . >4 1040 0.7 0.76 2.2 

ACI'POHOMHlffiCKHH )l(YPHAn roM 12 N! 4 1995 
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it BC AOIDKHa npeBbIWaTb 15 KM/c (11]. ,IJ;m1 nepBOH 
•),~.: IICIIbimKB Ha CKOpocm 40.4 KM/C (H31laJIO 1987 r.), 
;l\epeMJI HapaCTaHWI noTOKa p;o MaKCHMaJlbHOrO 3Ha­
,;-~ tleBIDI 4500 .s!H OOCTaBBJIO 4 Mef. (B TeKCTe CTaTbB [4] 
··),ODIR6o1lHO yKa3aHO 1500 .s!H). B 3TOM CJ1y1:1ae npo­
~{ :ffZCHHOCTb Ma3epKOH KOHACHCa~H 6yAeT OKono 
;;_·-.:):;6 X 1013 CM, 'ITO SIBJISICTCSI TBilH"IHbIM p;m1 Ma3epoe 
::~ $T()ro KJiacca. BpeMSI cnap;a H3JIY1:1CHWI COCTaBBnO 
'~· I • 
.' _ ~ro nRWb ,pe Mecxu;a H, CKopee ecero, onpep;e-
, -~ Jlj(JIOCb BpeMeBeM AHCCHnau;HH 3HeprBB yp;apeoA 

. '\ ~JIBl>I (12). 

·: Bropu BCllbIWKa B 3TOH cepHH npoH30mna ua 
·-' : ll)"leBOA CKOpOCTB 37.7 K.M/c C 3ap;ep}KK0:A OTHOCB­

·~ 11,DLRo nepBoii Ha 6 Mee. B CJ1yt1ae cq>epir1ecKo:A 
J )'Aapuo:A sonHL1, pacnpocrpawuorqeiksr OT 3Be3p;1,1 c 

'OPll8IC0BOA CKOpoCTbJO B pa3nlRHblX uanprume­
llDX~ 33Aep)IQ(e 6 Mee. 6YAeT COOTBeTCTBOB3TI, pa3-
BIIQ3 B paCCTOS'HBB -2.4 X 1013 CM. Ilo OTHOWeHBJO K 
pawrycy 06011011KB (cornacHO [3], R = 1016 CM) 3TO 
.a,craBJUleT scero m1w1> OKono 1/40, T.e. o6onoqxa 

· ~a 6b1Th AOCT3TO'IHO TOHKOH. 

B DpBH~ne, cyrqecreyeT p;pyrasr B03M0:)f{HOCTb. 
·. CornaCHO Pyp;~OMY [ 12], 33]1;ep)f(Ka MO:)f{CT HMeTI, ·:wecoo B3-3a pa3HB~I BO BpeMeHH llpoXO~efilljf CBI'­
. 88J'la OT Ma3epHblX KOHp;eHca~u. pacnoJIO:)KeHHbIX B 
, ~IX 'l&CTIIX ropo~a, p;o ea6n10p;arenS1. Op;-

_., &aKO, T8Krul B03MO}KHOCTb AIDI HHTepnpeTa~ 
. ~1'. npHMeHBM~ JIHWh npH MaJiblX BpeMeHBbIX 
~. COCTaBJISIJOll(HX ecero nHmb HeCKOJJbKO 

•·.·~(I:. CneAOBaTeJibHO, e aameM cnyqae Hae6onee 
'· ~oA: DpB'IBHOi C)];BHI'a Me~y MaKCBMYMaMH 
··11/f1YX UOCJJCAOBaTeJibBl>IX BCilhIWCK HBJIJleTCJI, BB~­
.~~ -pa31111Qa BO BpeMeHH pacnpocrpaHeHWI yAapuoe 
~ OT 3BC3)J;bl p;o Ma3epHblX KOH)];eHca~. 

,.!"''( • 

:·· ;t-,.;;So.DbDJyJO npOAOJI:)KHTeJibHOCTb )KH3HB KOH.I{CH-
:~ ua CKOpocTH 37.7 KM/c e aKTHBHOii q>a3e He­
~mm o6'LSICHHTb TOJibKO MaJIOH CKOpoCTbJO 

· ~au~a 3Heprun YAapuoA BOJIHbI. CKopee sce­
·ri?;;,.:tipoecxo,t(HJia nocromHu "noJ{nHTKa" cpep;bt 

-:~rBei 3a cqeT 6onee BnB MeHee cra6BJI1>Horo 
. *..:JA.Roro ee,pa. 3-fo C03A3BaJIO 6naronpIDITHbie . ,.-9..- AJISI HaKa'<IKH Ma3epa H20. IlOATBep)l(AeHH-. e .'Oro 61,ma BTOpaJI BCilblllIKa' B KO~eHca~HH B 
; ,., .. __ · 1989 r., H3JIY1leHHe KOTOpoe: OCT8BaJIOCb 11oq­
:1'(·~1M Ha ypoeHe OKOJIO 4500 .s!H B Teqe­

--~ -~ro 1989 r. 3aTeM, BHAHMO, llOCJle npeKparqe­
:. ~ ')lo~" npOH30WJJO yMeHbllICHHC IIOTOKa B 

~e llO'ITII '<leTblpeX Mec.suiee, T.e. HMCJI MCCTO 
~ ~ccena~ 3BeprHH . 

. ·:.\ ''. .. 
' . °",::;l_ ·:···::· , 

3BOAIOJ4Ull Ml13epa, C6Jl3QH.H.OZO 

c KOH.OeHCa14u.eu 42 .2 K.M/c 

· '..;~ B-pnncax paccMOTpeHBoe Moµ;enu MO:)f{HO ].:lOCTa­
;~ xopomo o6'hS'CHHTb HCKOTOpbie H3 OCHOBHblX 
.~pi8llfe1[1)0B )];OJJro}IClffly~ero B aKTBBHOB q>a3e 

OHHOl'O IIHJCa Ha nyqeeoit CKOpOCTH 42.2 KM/c. 
AaeTCR xopowasr KoppemrnM xapaKTepa B3-

MCHeHBB DOTOKa B mupmu,1 JIBHHH 3TOI'0 IlB1'.8 C 
npo~eccaMB, KOTOpblC IJPOHCXO,t(HJIH BO BpeMJI ce­
pae BCilbJWCK. C MOMCHTa CKa'<IJC006pa3HOro Il0Bbl• 
llICHWI IlOJIHOro IlOTOKa OOJIBBJIC.fl BTOpoi yqaCTOK 
pocra noJIHoro noroxa µ;eTaJIB 42.2 KM/c (pee. 26). 
0p;HOBpeMeHHO llpoBCXOJ{BJIO ymupeHHe JIHHBB no 
33KOH}', 6ne3KOMY JC 3KCilOHeH~MhHOM}' B CHCTeMe 
KOOPABHaT x = t Hy= AV-2

, rµ;e t - BpeM.sl, .AV - wu­
peea JIHHBH no ypoemo 0.5. 3To OTJIB11aeT BTOpoA 
Y'IaCTOK OT nepeoro ( 1981 - 1984 rr. ), rp;e, Hao6opOT, 
c poCTOM llOTOKa IDHpBHa nBHBH yMeHbWanaCb [4). 
KpoMe TOf'O, Ha nepBOM y11aCTKe TeMil pocra O(?JIHO­
ro IlOTOKa 61,in HHXCC e COCTaBBn 120 .sIH (KM/c)/roA, 
a Ha BTOpoM - 500 .slH (XM/c)/roTJ,. 

Ha puc. 3a H306pa:)f{~Ha nnaeHu K.peeaJI nepe­
MeHHOCTH IlOJIBOrO llOTOKa 3MHCCHOHBOro UH.Ka Ha 
JIY'IeBoe CKOpOCTB 42.2 KM/C, BilBcaHHaSI s pacnpe)'.le­
JieHHe pee. 26. Ha pee. 36 - 3r nOKa38Hbl nnasH&Ie 
KpHBble H3MeHeHHii COOTBCTCTBeHHO WHpHHbl nuxa, 
ero q>opMhI, BblpaJKeHHOH OTHOWCHBCM WBpRHbl Ha 
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PHC. 3. 3sonlOQHJI OCHOBHblX napaMCTJ)OB Ma3epHoro H3- . 
n}"leHHll H20- IWHACHcaQKH ua VLSR = 42.2 KM/c. BnH­
caHHbre s 3KcnepHMeHT3JlbHble pacnpe,tteneHB• rna,ttKHe 
KpHBblc crrpaltcalOT nepeMCHHocrb: a - nonuoro nOTOKa; 
6 - lllHpHHbl JIHHHH (no ypoBHIO 0.5); B - q,opMbl nHHHK 
(OTIIOllJCHHC nOTOKa ua ypoBHC 0.7S K OOTOKY Ha ypoBHC 
0.2S) H r - nr1eaoa cKopocrH. Ha pHc: 6 &eJ)TIIKaJlbHLd\ 
0Tpe30K B 6<J ff0"83b1BaeT BCJIH'fHHY pa36poca TO'ICK BO 

BCCM BpeMeHHOM HHTCpBaJIC, KJ)OMC 1991 - 1992 rr., B TC­
'ICHHC KOToporo Ha6nJO,ttanHCL KOJJC6aHKII WllpHHLJ JJH­
HKK B 6oni.weM KHTepea.nc (U1TJ)HX0Ba$I JJHHKII). 
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ypoeHe 0.75 K mepHHe Ha ypouHe 0.25, u cxopocra 
(rpa<t>eKB Bape~BB av-2, AH V B3S1Tbl B3 [41). 1-leT­
KO npocnexrnBaeTCJI KoppenSIIUUI nepeMeHHOCTB 
IlOJIHOro noTOK8 H WHpBHbl JIBHHB. B ,a;pyrux HCTOq­
BBKax 80 epeWI BCm.1meK A1UI 0~ KOJmeHca~im 
Ha6JIJOJV1JJOCb cyxceHHe JIHHHH, a J];JISI ,a;pyre.x, Hao6o­
poT, ym.epeHBe [13 - 16]. ,IJ,11J1 M33epHOii KOflAeHca­
l.UIH 42.2 KM/c, He HMeJOU(e:A 6bICTpblX B3MeHeBHii 
xapaKTepHCTHK B3nyqeHIUi, Mbl Ha6JIJOAaJIH C3Mble 
pa3H006p83Hble CTaAHB ee ,a;oCTaTOqHO AJIRTeJibHO­
ro 3BOJIIO~OHHOI'O nyru. MO)KHO Bbl]\CJIBTb lllCCTb 

pa3JlRqffbIX CTa,a;eA, KOTOpbte xapaKTepH3YIOT Ma3ep 
KaK <l>inH'leCKHH o6'beKT. HexoTopL1e R3 HBX 61,mu 
orrecam,1 B [4). B H8CTOSIU(eii pa6ore Mbl ,a;aeM HCKO­
ropy10 BHTepnpeTa~HIO ecex CTa,a;KH 3DOJIIO~H 

3TOA: Malepeoe: xoimeHca~HH. 

1. 1981 · 1984 rr. Ilpm1cxo,a;une poCT nOToKa ~ 
cy)Keime JIHHHH. B 3TOH CTa,a;BB M33ep Momto cqe­
TaTb HeHaCbJU(eHHblM HJIH qaCTe:ql{O H3CbIU(eHHbJM. 

B MOA~H HeHaCbIII~CHHOI'O Ma:repa eepowrHOCTb HH­
A~Hp0B3HHb1X nepexo,a;oe 6y,a;eT Mana no cpaeHe­
BHJO C eeposrrHOCTblO CTOJIKHOBCHHB HJIB HaKa'lJKB. 
HHTCHCHBHOCTb JIBHHH 6y,a;eT 3aBHCCTb OT ODTH'lec­
KOH TOJlU(HBbI 't. BapBa!OIU IlOTOKa MOryT 6.bITb 
o6ycnoBJieHbl B3MCHeBHeM AJIBHbl II)'TB, TYP6yneHT­
HblM .l{BIDKeHHeM ra3a, T .e. H3MeHeHWIMH reoMe'IpHH 

Ma:repa. B cnyqae qacm1UI0 uacLIU(eHHoro M33epa 
803MO)K}IO TaIOKe BJIWIHBe CKOpOCTH HaKa'llKB. Ilo-
3TOM}', npu 3KcnoHe~anLHOM xapaxrepe ycune­
HIDI BO eceu JIHHBH, pocr IlOTOK3 6y,a;eT conpOBO)K­
,a;aTbCSI cy)KeHHeM JIHHHH, 'lJTO n Ha6mo,a;anocb. 

KpoMe 3TOI'0, npoecxo,a;eno yeen~eHue OTHO­
meH.WI mepum,1 JIBHBH Ha ypoeee 0.75 K wepBHe ua 
ypOBHe 0.25, T.e. Mewmacb <l>opMa JIHHHH. CorJiaCHO 
Crpe.JILHHIQ{OM)' [17), HMeHHO no <t>opMe JIHHBB (no 
ee Kp&IJlbJIM) Jl)'qme scero onpe;a;enSITb coCTomHe 
HaCb~eHWI Ma3epa. IlpH ;a;OCTaroqHoM 3H3'llemm 

K03<t><l>H~BeHTa yceneHIDI ('t = 35 B ~eHTpe JIHHHB) 
OTJIH'IHe npoq>HIDI OT rayCCHaHbl Ha paCCTOSIHHB 
JtBYX UOJl)'IIIHpHB OT ~eHTpa cocraBJISieT 8%, T.e. 
·npo<l>HJIL B 3TOB ll8CTH HMeeT 6onee BhlCOXHe 3H8'lle­
HBJI. TaK KaK Ha ypoBHe 0.75 np3KTHqecKH HeT OTJIH­

qJUl OT r3yccnaHbl, nepeMeHHOCTb B3MepeHHOH HaMB 

eeJIB':µIHLI ~ = aV0.75/~V0_25 MO:»{eT xapaKTepH3o­
eaTb CTenem, H3CbIII.\eHIDI M33epa. CornaCHo pee. 3s, 
H3MeHeHee napaMeTpa a 33 TJ)H ro;a;a, Koma Ma3ep 
CT3.JI HaCblll\eHHbIM, COCT8BHJIO OKOJIO 10%. Yqn­
Tb1B3SI, llTO Hawe H3MepeHBS1 BblnOJIHeHbl Ha ypoB­
He 6JIH:3{e K ~eHTJ>Y JIHHHH, qeM B pacqeTax CTpeJJL­
HB~Koro [ 17], MO)KHO ;a;a)Ke HeCKOJibKO ocn36HTb 
-q>e6oBaHBj( Ha 't, qTo6bI OTJIHqBTb HeHaCbIU(eH­
HLiii Ma3ep OT H3ChIU(eHHOI'O. Cne;a;oeaTeJibHO, 
MO~HO C'IBT8Tb, qTo B 1981 r . M33ep 6LJJI HeHaCbl­
ll\eHHbIM u 3a ·rpu roAa OH nocTeneHHO nepemen B 

COCTO.slHHe BaChlll,leHIDI. 

2. 1984 - 11a .. uo 1987 rr. HaqaJioM 3TOB CT~BH 
MO)IC}IO Cq}IT3Tb npeKpau."'eHHe pocra IlOTOKa H cy­
)KeHWI JIHHHH, Ma3ep H3XO,a;HTC.Sl 8 pe>KHMe HaCbIU(e-

HBJ1 no HaJCa'lJKe. t{ucno B~YQBpoBamn.IX nepexo­
;a;os C Ma3epHbIM B3nyqeHHeM CTaJIO 6onee CYII.\CCT­
BeHHbIM, 'ITO npHBeJIO K npoceeTneHBIO cpe,a;bI, T.e. 
K yMem.meHHIO K03(p1pB[UfeHTa ycWieHWI, oco6eH­
HO, B qe11Tpe JIHHBB. HHTeHCHBHOCTb B31IyqCHIDI Ta­

KOro M33epa onpe,a;eru1eTCg 'IBCJIOM aKTOB H3Ka'llXH 
Ha nyqe 3peHIDI. B cnyqae HeB3MCHHOi reoMe'IpBB 
Ma3epa, ero u3ny11eHue B 3TOT nepuo;a; 6y;a;eT ,a;ocra­
Toquo CTa6HJibHbIM no aMilJIHTy;a;e u IIIHpBHe JIBHHB. 

3. Ha'laJIO 1987 · KOBe .. 1988 rr. 3Ta CTa;a.WI CB$1-
38Ha C npoxo~eHHeM YAapHOB BOJIHbl BO speMSI 
BCilblWKB B nepeo,a; "60111,mou" aKTHBHOCFB Bcero 

Ma3epa G43.8--0.1. Bcne,a;CTBue 3TOro a cpe;a;e B03-
HBKJIH 6onee 6rraronpID1TH&1e ycnosIDI ;a;m1 HaKa'IKB 
Ma3epa H20. IlocKOJILIC)' JIBHIDI p3cumpJ1JiaCL, Ma3ep 
61,m B3CL~eHHLIM. BH,a;BMO, e 3TOT nepuo;a; 6onee 
WIH MeHee mmeuuo npoHcxo,a;Hn poCT quCJia aKTOB 

HaKa'OC.H. Ilpu 3TOM IC KprulM JIHHBB crenem, HaCbl­

ll\CHWI Ma:repa Morna }'Mee1,waTbCSI ~o TaKoA senu­
tJHHbI, 'JTO ~ HBTeHCHBHOCTH B Kphl.11LS1X JIBIIBB 
CTarr npeo6nap;a10~ u BLI3&1ean ymupeHBe JIBBBB. 

4. KoaeQ 1988 - cepep;11aa 1991 rr. POCT aMDJie­
TYAbI H ywepeHUe mtHUB npexpaTBJIHCb. M33ep 
npoµ;o.JOKan 6LJTb H3CblU(eHHbIM no HaKa"'IKe. B 
3TOM COCTOXHHH, KOq~a nOTOK H mupBHa JIBHHH Me­
WIJIHCb oqeHb cna6o, M33Cp eaxO):\UJICJI OKOJIO TpeX 

neT. TaKOH pe)l(IIM noA,a;ep>KHBaJICSI, BH,a;HMO, 33 C'leT 
6onee HnH MeHee cra~uoHapuoro 3ee3p;Horo ee,pa 
OT QeHTpanLuoii 3De3.QLI B nepuo;a; "6onLmoA:" aK­

THBHOCTH ecero Ma3epa G43.8--0. l. B3.)lalo oTMe­
THTL, 'ITO 80 BpeM,1 BTOpoH MOII.\HOii BCUbl.llJXH B 
043.8-0.1 HHKaKBX B3MeHeHBB B xapaKTepe Ma3ep­
H0I'O Blrry'lleHWI Koimea~ 42.2 KM/C He npoe30-
WJIO. 

S. Cepep;11ea 1991- Koae .. 1992 rr. Ha6J110p;anoc1, 
AOCT3Toquo ObICTpOe yMeHl,WeHHe IlOTOKa npa He­
KOTOpbIX KOJie6aHIDIX WHpHHbl JIBHBB OTHOCBTeJIL­
HO 3Ha'leHIDI 0.65 KM/C. B KOH~e 1992 r. DpOB30WJ10 
cy)KeHBe JIHHHB AO 0.55 KM/c. Ha6JIJ0):\8eMhJe B 3TOT 
nepeoµ; .RB}ICHWI, BBAHMO, CDJ13aHbl C yMeHbrueHBeM 
3KTHBHOCTH ecero M33epa 043.8-0.1. Ilo3TOM}' yc­
JIOBIDI A,JIJI HaKaqKH H20 B KO~eBca~ 42.2 KM./c 
BHOBb CTaJIH MeHee 6naronpWITHbIMH. OWfaJCO, He 
HCKJIIO'llCHO, 'ITO OTHOCBTeJibHO OOJibIDHC JCone6a­
HIDI mHpHHbl JIBHHH B yeeJIH'leHBe Ha HCKOTOpblH. 
nepuo;a; IlOTOKa B3JI}"leHIDI B tq)bIJil:JlX }'X83LIBaJOT 
Ha nepexo,a; Ma3epa ua 3TO epeMSI e aeuacL11I(eHHLm 
pe)KHM. 

6. KoaeQ 1992 - B&'laJIO 1994 rr. B 3TOT nepuo,n, 
KOTOpblH e~e. BHWfMO, npoµ;omKaeroi, M33ep BHOBb 
MO:lKeT H3XOAHTLCSI B COCTOSIHHH HaCbl~eHIDI no Ha­

Ka'lJKe. OH BMeeT IlO"lfl'II TOT ~e yposeHb B3JJ)'1:JCHIDI 
B wepmzy JIHHHII, qTo HBO BTopoii CT~HH. P83.1IB'1Be 
COCTOHT B TOM, 'lTO B 3TOH CT~ HeCJCOJlhltO MeHb­
we BeJIH'IHHa a. TaKrul CBT)'3~ MO::lKeT 803HB.K.­
HyTb B cnyqae, KOr,a;a B M33epHOH KOH,.eH~ npo­
H30IlmB (HJIH npoHCXOABJIH HenpepbIBHO B Te11eHHe 

ACfPOHOMHtJECKHH )l(YPHAJI TOM 72 .M 4 1995 
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.. · / ,Jt8HHOro nepHo~a) B3MeHeHWI KaKHX-JIH6o q>H3H'IC-

l
t CXBX napaMCTJ)OB cpe~1, uanpHMep, TeMnepaTyp&J. 

. ~- Bo3MOJICHbte MeXaHU3Mbt nepe.MeHHocmu AY'le· 
\ ~ou cKopocmu 1'0HOeHca1.4uu 42.2 K.M/c. 

~:{ :'. . · BJ1AHM1>IC H3MCHCHIDI JI}"ICBOH CKOpocTH KOH,JJ;CH­.i~ .. ~ Ha 42.2 KM/C 6blJIH HaCTOJibKO MaJlblMH, 'ITO 
·:,~. JDllllb peryID1pHble MHOl'OJieTHHe H30JIIOACHWI Il03-
t1'' BOJJHJJH ycraHOBHTb ~CC'l'BOBaHBe O'ICHb He3Ha1111-
;.;_:; TCJlbHblX, . HO AO~aTO'IHO pery.11Sip~blX B3Mea'emrii 
·.:;:; · ampocm. IlepBblH }"I8CTOK KpBBOH, rAe CKOp<>CTb 

':';; ·-yueH&manaCb c 42.28 AO 42.15 KM/c, C0BD3AaJI c nepH-
,'.:,~~OAOM nepexoAa Ma3epa H3 HeHaCLIII(eHHoro peXCHMa e 
.'\./ nacbIII(eHHl>lH. EcJm socnonb3oeaTl>OI Kaproe pac­
. t~ iipeAeJJeHIDI Ma3epm,rx KOHAeHcaI(Bii B 043.8--0.1, DO­

:i:-":"~ ,Jl}"ICHHblX c DOMO~blO PCJJ;.6 [3], TO Ha6JJIOAaeMO­.. x. M}''3BatJeHBIO aV = 0.13 KM/c AOJDKHO COOTBCTCTBO· 
, -~ BaTb peaJibHoe B3MeHeHHe CKOpocTH B paAH3JlbHOM 
·<. O'l'Jl<)ClfreJibHO 3DC3Abl HanpaeneHHH -0.3 KM/c. Ilo­

·. ··CXOJILK}' 061I(as1 aKTHBHOCTb Ma3epa 043.8--0. 1 s 
· . . ·:·. 3'.l'()1' nepBOA D3AaJI3, peryIDlpHbIB pocr DOTOKa npH 
,~:;'. ·..,weHeHBH cKopOCTD ObIJJ cs113aH He c t(eHTPaJihHOH 

.· ·3BC3A0B, a C B03ACHCTBHCM iia KOH,QeB~HIO Apyro­
. . · . t'O <l>3KTOpa. H~npBMep, aKKpe~IDI BelI(CCTBa Ha 
. •: . 3BC3AY Morna KaKBM-TO o6pa30M BJIH11Tb Ha KOtmeH­
~. HJMCHIDI ee CKOpOCTb B Apyrne napaMeTPbl. 

. . ·. : •:-· E~e MeHee 3H3 'IHTCJibHbJe H3MeHeHWI CKOpOC'I'H, 
i .. ¥ero JIBWb 0.07 KM/c (c42.15 AO 42.22 KM/C), Koppe­

'. ·mq,yJOT c nepBOH ~CllblWKOH B HaqaJie 1987 r. Ilpo-
. , ':XA'I aaaJIOrHtIHYIO KOppeKUBIO 3a 3q>q>eKT npoeK­

:, . ·~. AJij{ pa,quaJJbHOro HJMeHCHIDI CKOpoCTH no.ny­
. ~. i_ '. ··eN 3Ha'ICHBe 0.16 KM/c. 3To B3MCHCHHe CKOpocm 
';:_i, ~ :K611AeHC3.1UiB npOH30WJIO B Te'tleHHe - 4 - 5 Mee. npH 

.. · :.: :-QJ)OX03(ACHHH '1epe'3 Hee y~apHOH BOJIHbl. B .I(ailb­
-~; .~AmeM, cKopocr1> ocrasanac& nocromuou, T.e. 
:· ._i._:~JIACHC~ HBK3KOf0 TOpMO>KeHIUl B CpeAe He HC­

• . D.WThlBaJl8. 
. ~· .. ·~-

·- · . · :.. C1ta:JaHB0e Bb1we .I(aeT ocH0BaHH11 npe.I(nono­
... )KJITL, 'ITO s nepeOA 1984 - 1986 rr., MOrJJO npouc­
. . : x.o~ B33HMOACHCTBHe Ma3epHOH KOHAeHca~e 
. . ,·. "42.2 KM/CC aKKpe~HPYIOJ.IOIM Ha ~eHTp-3JlbffYIO 3Be3-

:· ,s.y_ -BC~CCTBOM. 

;, . .,.. ·, . . 
4. 3AKJUQqEHHE 

: . · :·· . . 043.8-0.1 DRJICSI }'HHKaJihHbIM HCTOtffiHKOM A]lSI 

:· ,li.3y-teBBJI KOCMB'leCKOfO Ma3epa KaK q>H3H"-leCKOI'O 
. -~rra. BnepBbie, H30JIIOJ:{a51 OAJIY Ma3epHYJO KOH-

·,, . . ~~ (11r1eBas1 CKOpocrb 42.2 KM/c) B TC'-leHHe 
· . · ~Horo BpeMeHB, y~anoc& npoCJieABTb 3a ca­

. . ..... pa3HhIMB COCTO~ Ma3epa H, BHAHMO, C 
. :~·. ~)Ju,mo:A CTCDCHblO AOCTOBepHOCTH ycraHOBHTb 

. -; ·:·~-{~ ~BeHHIO cp<>pMbl JIHHHH B KpblJlb.slX), 'ITO B He­
. . : ,· .~we :oepRO,t(bl CBOeH 3BOJIIOUHH Ma3ep ObI.n He­

.... :~HHLIM. Ilpol{eCC nepeXOA3 H3 HeHaChIII(eHHO-

... ) i~ _QOCTOJIHWI B Hac1:>~eHHoe conposo~anc11 HJMe­
·.: , ·.JllellBeM_ecex napaMeTpOs Ma3epuoro u:myqeHIDI Ha 
.. · ~:~~,p:;i. Y.M/c (ROTOK, nrieBasl CKOp<>CTb, WHpBHa H q>op­
~ . .:.;::.:, .• JIBBIIB). IlepeMCHHOCTb 3THX napaMe-rpos KOp-

~~~··.-;, . 

':•' ACl'POHOMH\JECKHH )KYPHAJI TOM 72 ,N'g 4 

pe.nuposana C DOJlHLIM IlOTOICOM Bcero Ma:repa 
G43.8--0. l. 

KaK H AruI iq>yrux Ma3epHLIX BCTO'IHBXOB H20 , 
HaMH noJiy'leHO, 'ITO KpHBa51 nepeMCBHOCTB llOJIHO­
ro DOTOK.a COCTOHT H3 ABYX KOMilOHeBTOB, KOTOphle 
<YrpUC:alOT BCnLimeqBbJH H AOJJrIIepBO,QH'lecaii 

xapaKrep Hecra~oHapHoro npo~ecca q,opMHpoea­
HIDI ~CIITpaJil,HOit 3BC3~I. BpeMeHH6B mrrepean 8 
13 JleT OK33aJJCSI HCAQCTaTOtJHblM Ami BbUIBJJeHWI 
nepBOAB'UfOCTH (eCJJH OHa, KOHCt{HO, cylI(ecreyeT) 
3TBX npo~eccos, XOTII, COl'JI3CHO [5, 6] nepHOABq­
HOCTb e xapaKTepe aKKpel.(BB seI.QeCTBa ua 1'CBT­

panbHyJO 3BC3A}' AOJl>KHa HMCTh MecTO • 

Ilopa>KaeT BblCOKasl cra6HnbHOCTb Jiy'leBOi CKO­
pOCTH (s npeAenax 0.15 KM/c) Ma3epHoA: KOH.I(eHca­
QBB Ha 42.2 KM/c B caM <j>arcr ee cy~eCTBOBaHWI s 
3JCTHBB0H q>a3e HenpepbIBHO Ha DpOTIOICCHBH 18 JICT 
(c MOMCHTa OTKpbITIDI BCTO'IHHKa B 1976 r.), 'ITO 
OtICHb HCOObftIHO AJJR M33epos, CB1133HHblX C o6nac­
TIIMB 3Be3,Q006pa30B3HID1. HwrepeCHO 6&IJIO 61,1 

npocneneT1, 3a npocrpaHCTBCHHblM nepeMe~eHHeM 
TaKHX cra6HJI.bHblX o6pa30BaH1IB • 

Asrop e1,1pa>KaeT 6Jiaro.I(apHocr& COTPYAHHKaM 
PaAH08C'I'pOHOMH'leCKOA CTaHqHH <l>BJH'ICCKOrO 
HHCTHT}'Ta HM. Il.H. Jieoe,QeBa B IlylI(HHO (POCCIDI) 
3a 6011Lmy10 noMOII(b e npoBe.QeHHH Ha6JI10AeHBH H 

CONACYT (MeKCDKa) 33 q>ueaHcosyio no,mep)KKy. 
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Variation in the H20 Maser Emission of the Source G43.8-0.l 
from 1981 .. 1994 

E. E. Lekht 

Results of studies of the total flux variability of the H20 maser source G43.8---0. l, which is associated with a 
star-fonning region, are presented. The observations were made at the 1.35cm line during 1981 - 1994 on the 
RT-22 radio telescope of the Radio Astronomy Station of the Lebedev Institute of Physics in Pushchino. Out­
burst and long-periodic variability of the maser emission was detected. Six stages of evolution of the maser as·­
sociated with condensation at radial velocity 42.2. km/s are distinguished. One possible origin for the observed 
phenomena is discussed. 
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.t;-~·.. H3MEHEHHE IlP04>HIDI 3MHCCHO~HOH JIHHIIH Hu 
t~:-;. MOJIOJJ;OH 3BE3JU,I VY Mon 
.. , 
. , 

@ 1995 f. JI. A. Il8BJl0B8 

Acmpo<J,uau14,ec,cuu wu:mumym UM. <l>eceHK08'l, AAMa-Ama, Ka3llXcmau 
nocryflHJJa e peAaK~HIO 01.04.93 r. - .~ • . . ':- . 

IlpeAcras11eHhl cne1CTpaJ11,Hb1e ua6rrI0AeHm1 M0110AOH 3Be3Abl VY Mon e o6naCTH Ha. B nepHOA 1986 -
1992 IT. 8 cneKTpe VY Mon Ha61110):(aJIKCh TJ)H BHAa npO<j>HrulvHa: npoq>~JIL C KOJ)OTKOBOJIHOBOH. a6cop6-
Wteii mna p Cyg <Vr =- -200 ... -300 KM/c), npoq>HJib c rony6oH 3MHCCHee (V, = -230 ... - 300 KM/c) H npo­
<j>HJIL C e):(HHH'fflOH 3MHCCHCH ( V, ... + 140 KM/c). CMeua Tena npoq>HJI.11, TIO-BHAHMOM)'' npOBCXOAHT 33 epeMH 
nop~Ka OAHOro MeCJrita, AJ1HTe1ILHOC'I'b coxpaueHIDI mna - ue Meeee qen1pex Mec,n,teB. Bee TJ)H THna npo­
q>Rm1 MOryT 6bITL 06'b.llCHeKbl B paMKax orpa.HB'leHHbIX MOAenee 3Hll30TJ)ODHOro 38e3AHOro BeTpa. 

1. BBE,D;EHHE 

.'. O~ua B3 caMLIX MOJIO,.LIX MaCCHBHLIX 3Be3~ 
VY Mon pacnoJio>KeHa B ·TeMHoA mo6yne aa 10re 

:· ~ucarem,uoA TYMaHHOCTH I~ 446. Eoill>UIHe BH-
3YaJ11>BLdt e HH<j>paKpacm»m H36LITK.0 I.UJeTa, 

. OOJILWU •BeJIB'IHHa IlOJIS1pH3~ (-10% ), Henpa­
BIIJ'lbBJ.de H3MeHeHWI 6necKa, AOCTHraio~e &n- 3"', 
B cuelt'l'paJihHU nepeMeHHOCTb npo<j>HJI'1 3MHCCHOH­
~ JUIBBB Ha CBff'AeTem.creyioT O HaJIB11HB OKOJIO 

. -~ npoTDCeHHoii o60JIO'IKH B O npoTeKamm 
~ouapHbIX npoQeCCOB. Hccne)l;OBaHWI TaKBX 
oCneJtTOB B3}1{Hbl AnSI IlOHBMaHWI RpOQCCCOB, npo­

.. : . RCXO~ Ha paBHBX 3Tanax 3B0Jll0~HH 3Be3A. Ha­

. · .. . (Smo~ellllJI nepeMeHHOCTH npo<j>HJieH 3MBCCHOHHblX 
·. ·.,.nut AalOT HH<j>opMaqHJO O CfPYKTYPC H KBHeMa-

' ·::''l'IIKe OX:OJI03Be3AHbIX o6ono11eK. 

. . . . t.~ . CpeAS o61>e1CT0B C 60Jll»WHMH HH<ppaKpaCHhlMB 
·,··ti,6wn:aMH H3JIY'leHIDI K03H H IlIBapQ [1] BhlAeJIB­
·~ JI.B.. llCTldpe caMblX MOJIOAhIX: VY Mon, R Mon, 

. " ' .. ~ ' 198, }il, Tau. 0KOJI03De3AHL1e o60JIO'IKH BX . 
BleroJlhKO IIJlOTH&Ie, 'ITO IIOJIHOCTLIO norno~aIOT 

... 'cJ,<m>at>epHLIB cneKTJ) QeHTJ)aJILHoro HCTO'IHBKa, 
· . ~ aaTJ)yAIDieT ex cnetcrpaJILH}'lO KJiaCCH<j>HXa~HJO. 

... . ., Bo.pacnpeµ;eJieHBIO 3HeprHB B ~K-AHail830He 6LIJIO 
. .'Qe)Juo llpeADOJIOXCeHBe O HaJIIRHB y 3THX 061>eK­

. -:-ff9, &Eipe~OHHblX AffCKOB, 'ITO B03MO)KHO JIBWL Ha 
: CIJMWX p8BBHX CTa,u;ma. q:,op~poBaHIDI 3BC3A. 

... _ , ,,. 'Oco6oe BHBMaime, npoJ1BID1eM0e K VY Mon CB'1-

. .. 38JlO C TeM, 'ITO, eCJIH 3TO 3BC3A8 KJiacca 09e, K3K 
·· . ~KOSH H KIOB [2], TO BCKOpe MLI 6yAeM CBH­

. . .~OTelDDCII o6p830BaHIDI 30HLI Hll. Heµ;aBHHe pa,u;uo­
. . ~ACBIDI T)'Ma.HBOCTH IC 446 [3] A810T DOA· 

::. ~QCRBe B DOJIL3Y paHHero CilCKTJ)aJILHOro mna 
'-1i/Y Mon: 09-B3. HcnoJIL30BaHHbie aBTopaMe: MOAe­
< D .DWJleBoi 3MBCCBH AJU1 aKTHBHOro B naCCHBHOro 
. aape~OBHLIX ARCKOB AaJIB o~eHKY CKOp<>CTII ax:­

: .. ;; ... -(0.6- 3.5) X to-5MdroA. 
_\\:: 1BJ986 r . MLI o6aap}')KBJIB y VY Mon npHMb1e 

·.:/\~ ucre11euu Be~eCTBa no ua6moAeHIDIM 

KOpoTKOBOJIHOBOA a6cop6QBB THOa p Cyg 3M11CCB0B­
HOH JIBHBB Ha [4]. Hanm OQeHKB nOTepB MaCCLI co­
craBHJIH -2 x 10-6MdroA, 06Lt'IllO Haqano ucreqe­
HIDI cqJIT3IOT KO~OM aKKpea;HH. B CJiyqae VY Mon 
Mhl ua6JIIOA3CM, 00-BU,tµ!MOM}'' YJfHKaJILHLIH CJiyttaii 
<j>83bl 3BOJII01\HH, KOrAa }')Ke H3'1aJIC'1 npon;ecc HCTe­
'ICHWI B DpOAOJI>KaeTCB npon;ecc axx:pea;HH AHano­
nNHasl CHTYa.qml MOXCeT ua6nIOAaTbCB e BCTOqJIJIKax 
MOJICicy.ll.SlpHOro B3JJY'leHIDI [5), AID1 KOTOpbIX oqe­
BlfAHO BJIHSllille ranalCTlflleCKOro BJIB JIOKaJil>HOro 
ManmTHoro DOIDI Ha <j>opMBpoB3HBe BX crp.yicrypLI. 

Ecnu <j>opMBposaHHe oKOJI03Be3AHhIX CfPYKTYP 
e IC 446 xoHTp<>nepyeTCg MarHHTHhIM noneM, npe­
HMY~eCTBeHHoe HanpasneHBe KOJIJianca AOn>KHO 
ff'ATH BAOJIL nmum noru1 • . 3-ro AOJl>KHO npHBeCTH K 
o6pa3oBaHBl0 6011ee nnoTHoe: o6naCTH e nepneuµ;H­
KYJISJPHOM eanpaBJieHBB, KOTOpoe 803MO>KHO, SIBJlSl­
eTCSI DJIOCKOCTLIO ax:KpeQHOHHOro ABCKa. B llOJIBp­
HLIX o6naCTn xonnanc 11:onX<eH KOH'IHTLCB 61,1cr­
pee, R HMeHHO B 3THX o6nacr.KX MO>KHO OXCH,.aTb 
DOBBJieHHe npB3HaKOB HCTC'leHIDJ. 

~eCTBOB3HBe OAHOBpeMeHHO HCTe'leHWI B aK­

Kpel\HH MO>KeT npBBeCTH K APaM8TH'leCKBM CBTYa­
~ u ycno>KHeHHJO HHTepnpeTaqHB Ha6JIJOACHD . 

2. HAEJIIO)];EHH.SI 

06nacr1, oKono 3Be3ALI VY Mon ua6J1I0Aanac& B 
oceHHe-3mhmii nepeoµ; B Te'leHBe 1986 - 1992 rr. ua 
70-cM TeJiecKone A3T-8, ocuam:eHHoM AH<j>pa~­
OHHhIM cneKTJ)Orpa<j>oM c 30IloM (ua6JIJOAaTeJIL -
JI.H. Kou~aT:E»eBa). IlonyqeHLI 23 cneKTp<>rpaMMbI 
VY Mon c AHC11epcID1MB 24, 40 B 60 A/MM. 

3. PE3YJlhTAThl HABJIIO,nEHHH 

C 1986 no 1992 r. y VY Mon OT'leTJIHBO ua6JIIO­
AaJIBCL TPB B~a 3MBCCHOHHOro npoqnmg JIHHIIH Ha: 
npOQ>IUlb C KOpOTKOBOnHOBOH'. a6cop6D;HCH umna p 
Cyg, npo<j>BnL C KOpoTKOBOJIHOBOH 3MBCCBeB nocne 

. (;}{;:: ·.:: . 
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a6cop6~oHHoro npoeana, CMew;euuoro B CBHIOIO 
o6JiaCTI,, B OAHHO-q}lblj 3MBCCHOHBl,IA DJ>O<l>um,, 
CMew;eHHbffl B Kp8CH}'IO o6Jiacri.. y nepBblX AByx BH­
AOB npoq>WieA rnaBH&Ii 3MBCCDOHHbm npo4>BJIL 
cMew;eu e Kpacuyio o6Jiacn.. HcCJieA}'eMu 3Be3A8 
fiOJta3bIBaeT ua6op TIU]]lqHbIX 3MDCCHOHHblX upo­
q>BJie:A, HaOJIIO;QaeMbIX y ~OJIOAblX 3Be3µ;, Haxowr­
lD,JIXal Ha ·er~ AO rJiaBHOB noCJieJ);OB8TeJibHOCTR -
3Be3A nmoe T (Tau u mna Ae/Be Xepoara). 

Ha pecyl:IKe upuee1:1:eHbl KOHTYPLI 3MHCCHOIDIOB 
JIBHBB Ha B ee noCJieµ;oeaTenbHOM B3MeHeHHH no 
AaHH&IM ua6nio1,1;emm. fu-3a AJJCKpeTHOCTH ea6nio­
AeRHii TPYAHO cyAHTh O nepBOAB11HOCTH B3MeHeHWI 
upo<}>ruu1 e o peaJibHOA noCJ1eµ;oeare111,uocm cMem.I 
ICOHTypOB. Ilo aa6moµ;eHWIM B HOB:6pe 1991 - mmape 
1992 r. nepeXOA OT rony6oii K OABHOtUIOA 3MBCCHB, 
npoB30WeJJ 33 epeMJI s 1 Me~a. }];11HTCJlbHOCT1, co­
xpaueHIDI BBAa npocpBJIB:, no-B~BMOM}', ue MeHee 
4 Mec~eB (no ea6JUOACHWIM c OKTB:6p.st 1992 no 
.meapb 1993 r. coxpafUIJlar mn P Cyg). JµJI onpeAe­
JteHBB: µ;mrreJU,BOCTH ~oA ~ H DOCJICAOBa­
Te11bHOCI'D RX CMeH&I aeo6xoAJfMhl p;am,eeAmee ua-
6moAeHBB:. HaOJIIO,teumr c 1986 r. AaIOT OCHOB8HB.e 
npeW]OJIO}KH'l'b, 'rI'O CMeHa B1fA3 upoq>BJUI BAeT OT 
npo<l>BJIJt C KOpoTKOBOJIHOBOB a6cop6~eA mna p Cyg 
K npo<l>BJIIO C rony6oii 3MBCCHeH, KOTOpbdl CMeHB:eT­
Ql OJtBHO'UIOH 3MHCCHeit 

B cneKTpax 3Be3A m11a Ae/Be Xep6ura y mmeu 
Ha c oco6eHHOcrblO THDa P Cyg cBHu:A Kpaii JIBHBB 
HMeeT HeOOJibWOC }'BCJIH"IeHHe HlfTCHCBBHOCTB OT­
HOCHTeJibHO HenpepLIBHOro cne1CTpa (6). Y VY Mon 
RMeeTCjl a11anorB'1Hoe yeene11eHee HHTeHCHBHOCTH, 
AJIBHa BOJIHbI ICOTOporo COBD8A8eT C ua6JIIOJ:(aeMhIM 
MaKCBMfMOM ro11y60A 3MBCCBB. Ilo-BHJ:tHMOMY, 
RpOBCXOAJJT nocreneHHOe yeeJIH(leHee mrreHCHBBO­
CTB B6JIB3B 3TOB ,QJIBHbl BOJIHl,J J:(O BDJ:(a npocpWI.sl C 

roJiy6oii 3MBCc11e1't 
B 33BBCDMOcrB OT BBJ:(a npocpBJI.sl Ha6JIIOJ:(aCTC.sl 

cecreMamqecKoe cMew;euae J:(JIBHhl BOJIHLJ u:eH­
Tpa rJiaBHOi 3MBCCHB Ha. IlpH Ha6JIIOJ:(eHBB JIB­
RHB c npocpaneM P Cyg Vr - 10 KM/C, c rony6oii 
3MBCCBeil - Vr - + 120 KM/C, AJIB: OJ:(BHO\IHOB 3MHC­
CBB Vr - + 140 ICM/c. TaKoe CMe~e&Be M0:3CeT 6btTb 
CBj[33BO C pa3HOH creneH&IO J:(enpeCCHB CHHero Xpbl­
Jia JIIDUIB H3•3a HCTe'ICHWI B CBB1,l;CTeJil,CTBOB8Tb 0 

nepeMeHHO:A MO~HOCTH 3Be3J:(HOro Be-rpa. 

B pa6ore [ 1 J OTMe11anac& nepeMeHHOCTl, nOToica 
B JIHHBB Ha C xapaKTepm,tM BpeMeHeM ..:..24 11. HauIH 
HaOJIIOJ:(CHIDI 5, 8. 10, 12 H086pg 1991 r. ROK33blBa­
lOT ae6om,mBe H3MeHeHWI J:teTanei npH coxpaHe­
HBB o6w;ero e~a npo4>ung, 

YpoBCHI, 3MBCCBB OTHOCBTeJll,HO Henpepb1BHOro 
cneK'l'J)a MCHJICTCSI MaJIO, XO'nl B3MeHeHWI 6necxa 
3BC3J:(bl COCTaBJISIIOT-2m. B pa6oTe [1] OTMe'laJIOCb, 
1ITO nepeMeHHOCTI, B Ha He CBJ13aHa' C nepeMeBHOC­
TblO HCnpepblBBOI'O cnerrpa B Oin'B'ICCKOM H RHcppa­
KpacHOM ~ana30Hax (upB HaJlHIIHB ICoppe~ MCXC.­
AY mMeHeHIDIMII nOTOKa e 3T.BX·WJYX ~amuouax. Or.; 
MeTBM, q-ro corJiaCHo HanIHM aa6nioAeBHJtM 3Be3J:(a 

Bbll'~ j[J>KOA: B MOMCHT D<»IBJICHWI KOpoTKOBOJJ~ 
HOBOA a6cop('b~ mna p Cyg H 6o11ee CJia6o:A B MO­
MeHT ll<»IBJICHml rony6oii 3MHCCBll. KpHBaJI 6necu, 
npe::se;qelDWI B paoore [7], yx:a3&1eaeT aa eenpasHJii.­
m,n'i xaparrep H3MeHeHIUI 6necKa (B03MO:llCHO 3ppyn­
TBBm.dt) c nepHOAOM 1100 - 1200 AHeA MeQy ABYMJI 
HaHOOJlbWHMB IlOBLIWeHWIMH SlplCOCTB. Ml,1 ua6mo­
J:(8JIB 3MBCCHIO Ha C oco6eHHOcrblO Tena p Cyg B m­
eape 1986 r. e B o~.sr6pe 1992 r., 11TO coena1,1;aeT c 
rrpeJ:(CKa3aHHblM nepBOJ:(OM - 3 l'OJ:(a B MOMeHTOM Ha­
HOOJILmen HpKOCTB. 

4. MEXAHH3M IlEPEMEHHOCill 
IlPO(f>HilR Ha · 

. Ilm1sneuae KOpoTKOB011Hosoii a6cop6~ THIIa 
p Cyg B 3MBCCHOHHOB JIBBBB Ha, ~eBTp KOTOpoii 
CMew;eB B Kp8CH}'IO OOJl8CT1,, 06bl'IHO mrrepnpeTH­
pyeTar B paMICax MOAeJIB pa1,1;BaJibBO pacmBpSIIO­
~eiiCSI o60JI011ICB BOKpyr 3Se3Wf0l'O .smpa. A6cop6-
~ B03HBKaeT B sew;ecree o6ono'IKB, ~B>KYID;eMar 
Ha Ha6JIIOAaTeJIB: BA0.111, nyqa 3peHID1 H BHARMOM B 
npoe~H Ha spKJd ABCK. HanB'U:le oco6eHHOCTH 
nma p Cyg - npnlOe CBHACTeJILCTBO CBJibHOi nore­
pB MaCCbl 3Be3p;oii, T.e • . cyll(eCTBOBaHIDI CHJlbBOro 
3Be3AHOrO BC1'pa. ' 

IlpocpHJib C xopoTKOBOJIHOBOi 3MBCCBeit, Ha-· 
6JIIOA3CMblA B p.sme MOJIOµ;LIX 06'1>eKTOB, Moµ;enBpO­
BaJICSI B pa6oTe (8), rAe 6blJIO noKa3aHO, t{T() T8IC3R 
3MBCCIDI MO:XCeT B03HBKeyTb B 3Be3µ;e, y KOTOpoi 
B11}'1'pCH~ qacrL pacWDp810ID;CBal OOOJIO'IICH 
(3BC3AHOI'O Be1'pa) HMCeT BblH}'~CHHYJO xopoTa­
lOflO CO 3BC3AOA Ha HCCKOJibKBX 3Be3J:(HbIX paJ:(ll}'C3X 
np11 HanBtn1B cna6oro rno6an1,aoro MaruBTHoro 
non.st. B [8] npHBeµ;ea1,1 pac11eTb1 AJISI ~ Pup (04ef) e 
npeJ:(DOJI0:3CeHBH, 'ITO aJibq>eHOBCKBB paµ;H}'C (npe­
AeJI KOpoTau;im) -2.1 R* u eeJIH'IHHa MarHBTHoro 
DOJIJI - 70 re. Ilpo6JieMa DOJIBJICHWI rony6ofi: 3MBC­
CBH COCTOBT B TOM, 'ITO, eCJIH KrufCAaJI TQ'qK8 npo­
q>BJIJI OTHOCHTal K onpeµ;eneHHoii 30Be OOOJIO'IICB, 
TO 1'pe6yeTCS1 yeene11eHHe reMnepaT}'PLI H nnoTHoc­
TH Hapyxcy AJI8 C03A8HIDI 3TOH 3MHCCBH. 

B pa6ore KBaua u Kioe [9] npoq>BJ1b c rony6oii 
3MBCCBei nonyqeu B MO}:'(CJIB C HCJCYCCTBeHHO 3ICC-
1'pCMMbHO paCWHp810~eiiar aTMoc4>epoit HcnOJib-
30BaH 38KOH CKOpOCTB V = vJ..R/r) B B3J1Tbl CJieAyIO­
ll(IIC napaMCTpbI T * = 30000 K, T06on = 50000 K, upo­
TSDKeHHOCl'L OOOJIO'IKH OT 3BC31:'(bl HJIB 6e3 01 l.2, 
1.5 u 1.7 R*. . 

Ilocneµ;HHe pa6oT1,1 no u3yqeHH10 euµ;a npoq>u­
neA: 3MBCCB0BHLJX JIBHBA B MOJIOJ:l'bJX 3Be3A3X THDa 
T Tau II nma Ae/Be Xep6ara (10, 11] noKa3anH, 1ITO 
RMeeTal Ha6op THIIIJtllll,[X apoq>BJiei 3MHCCB0HHb1X 
JlllHlm B OTp;eJibHbie MOMCHTbl, HeCM01'pB: Ha TO, t{T() 

~eBTpaJibHble HCTO'IHBICH o6Jia)laIOT pa3Bl,IMH MaC­
caMH. Ilo-B~BMOMY, RMeeTc11 06w;1di ea6op Mexa­
HB3MOB, OTBeTCTBeHHbIX 33 Ha6JIIO;l:l8CMoe npo.s1BJ1e­
HBe B~OB 3MBCCHOHHblX JIRHHB. Pa3JIH'IIDI B ycno­
BIIJIX OICOJIO 3Be3J:( COCT0$1'.f B TOM, 'ITO y 6onee 
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CCHBHLIX 3Be3A AOn>JQtbl Ha6nJOA3TbCSI 6oJiee 

• o~m,1e o6ono'IKB. KpoMe roro, pa3Hbie 30HbI e 
.: ~01l03BC3AHb1X 0001lO'IX3X MOryT 6b1Tb OTBeTCT­

:.~~HHbl 3a cpopMHpoeauue pa3HbIX nuw,:t. IlpeAno-

11araeTCJI, 'ITO 33 <p<>pMBpOBaHDe mupoKHX 3MIICCH­
OHHbIX JlHHBB MOryT OTBC'l3Tb DJIOTHhIC ryp6yneeT­
Hbie paii:OHbl npHrpa.HWIHOro CJIOJl D1l0CKOCTB 
AllCKa. 06IIJ,HM CBOiiCTBOM o60JIO'ICK MOnOAblX 

··: 
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3Be3A C"'111TaeTCj( ysenll'IeHHe CKopoCTH H YMCHbme­
HBe <I>~ HCTO'IHBXa Hapy:,gy. 

CpeW{ OO'beKTOB, IIpHBCACHHbIX B paoorax [10, 11], 
aHaJIOra'lllLdi npoq>HJib c rony6oii aMHccueA Ha-
6JI10AaC'J'CjJ y TilKHX OO'beJCTOB, KaK YY Ori, S Cra, 
· AS 205, R Mon, 1Il.. Tau. BeJIB'DIHa cMe~eHWI a6cop6-
~oHHoro npoBa.Jia AOCTHraeT --200 KM/c y YY Ori, a 
B OCT3JlbHbIX o6'beKTaX oaa x:011e6neTCS1 B He6oJibnmx 
npeAeJiax oKono --100 K.M/c, KaK B y VY Mon. 

J1w6oii H3 -rpex BBAOB aa61110AaeML1x y VY Mon 
3MDCCHOHHbIX npoq>BJieii MO)KHO mrrepnpempo­
BaTb B paMKax orpaHH'tJCHHbIX MOACJieA 3BC3AHOl'O 
BeTpa. IlepHOAINIIOCTb B CMeHe BB)WB npo<t>am1 MO­
)KCT 6bITb CBH33Ha C spa~eHBeM HCOAHOpoAHOA 
060JIO't11Gf, Be~eC'l'BO KOTOpOB C03AaeT pa3Hble yc-
110BID1 AJISI npojffiJieHHJI 3Be3AHoro seTpa. AHB3o-rpo­
mm OOOJIO'lKH (Ha.JIB'lHe IlJlOTHOro AHCKa) Bbl3blBa­

eT aHH301'p0IlB10 Te"ICHHJI 3BC3AHOro Be'I'pa - MOAe­
JIB TaKoro BeTJ)a 113CTH'tJHO MOl"}'T OO'bJICHllTb 
Ha6JIIOA3eMbIC npoq>BJIH '[12]. 

CneKTpaJibHa,r B q>OTOMCTpR'lCCKa,r nepeMeH­
HOCTI, MOJIOAbIX 3Be3A MO)KeT 6b1Tb OO'bSICHCHa B 

paMKax xpoMocq>epHOH HJIB q>OTocq>epHOii 3KTHB­
HOCTH H MCX3HH3MOM nepeMeHHOH OK0Jl03Be3Aff0H 
3KCTUHK~HB [13]. <l>OTOMCTJ)H'lCCKaH nepeMCHHOCTb 
VY Mon HMeeT aenpaBHJibHbiii xapaKTep Ha pa3HblX 
yposIDJX 611ecKa. Cywr no KpHBOB 6necKa [7], Ha 

ypoBHe mv - 13 '." 5 - 14 '." 5 aM11JJBTYAa H3MeHeHIDI co­

CTaBJIReT -0'."l - 0'."5. B 3TOT MOMCHT B 3Be3AC ua-
6JIIOA3CTCSI npoq>HJib Ha C OABHO'tJHOH 3MDCCHeH BJIB 

c rony6oH 3MHCceeii. Ilocreneauoe yeenll'!eHue 

6necKa AO -12'."5 npoHCXOABT s TC'leHee HeCKOJib­
KHX Mec~eB, B 3TOT nepHOA B nmum Ha ua6monaeT­
CSI npoq>HJib THUa p Cyg, C nocreneHHO yaeJIH'tJHBaJO­
~HMCSI CMe~eimeM M3KCY.M)'Ma a6cop6qHOHHOro 
nposana (B jlffB3pe 1986 r . v- -300 KM/c, B OKTSI6pe 
1992 r . v - -200 KM/c). IlepHOAlf'IHOCTL np01~ecca 
MO)KCT 6b1Tb CBS13aHa C apa~eHHeM OOOJIO'IKB. OnHa­
KO He COBreM RCBO, 'tJTO npoacxo~ C Bp~eHHCM, 
KOrAa Ha6JIIOAaeTC$1 KJiaCCII'IeCKlrli IIpOq>HJib P Cyg, 
CB~eTeJibCTBYJO~ TOJibKO O paCI.IIBpCHHH. Ilo-BB­
AHMOMy, HaJIH'iHeM q>0TOcq>epHOH aKTHBHOCTB B CO'le­
TaHBH C 3MHCCBeii, o6yCJIOBJICHHOH 3Be3AJ{b1M BCTpOM, 

H BJIIDIHHCM ee Ha HeOAHOpoAffYIO OOOJIO'IK}' MO}l(HO 
OO'bSICHBTb ea6JI10AaeMy10 nepeMeHHOCTb VY Mon. 

5. 3AKJIIOtJEHHE 

B pe3yJibT3Te CDeK'l'paJil,HbJX aa6JIIOJ:{eHBB MOJIO­
no:A 3BC3Abl VY Mon o6uapy:aceao yHHKaJibHoe B3-
MeHeHee BHAa npoq>HJijl 3MBCCHOHHO:A JIHBBB Ifa. 
~11\ B3 THnOB npo<l>am1 RB.JIS1eTCJ1 xapaxrepHbIM 
AJIR Bcero KJiacca MOJIOAblX 3BC3A THna T Tau B THIIa 
Ae/Be Xep6111'3. Tax:oe pa3Roo6pa3Be s opo<l>wulX 
JIHHHD Ha CBR3aHO C O'IJCHb paHHe:A CT3AHei 3BOJIIO­
~~H. qro IlOATBep:i1C;QaeTCR HaJIH11HCM 8IOCpeqHOHIIO­
ro AHCKa (no HK-AaHHbJM). IlpHcyTCTBBe aKKpe~ 
H BCTC'IJCHBe MOryT npRBeCTH K APaMaTB'ICCKHM CH­
T}'~M KaK B caMOH 3Be3Ae, Tax B B ee OICpeCTHOC­
TB. naJlbHeimJBe H30JIJOAeHIDI He06XOAHMbl AJIJI OD­
peAeJieHBSI BpeMeHH cy~eC'l'BOBaHIDI OTAeJibHOro 
BHAa npoq>BM B IlOCJICAOBaTCJibHOCTB BX CMeHhI AM 
nocrpoeHIDI Moµ;enH o6neKTa. 

Aarop s1,1paxcaeT 611aronapeOCTL AMepHKaHCKo­
MY acrpoHOMII'ICCKOM}' o6~eC'l'By, rrpenocraBBBWeMy 
" MaJILIA rpam" µ;n11 e1,mo11HeHID1 AaHHOA pa6oTb1. 
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Changes in the Ha Emission Line Profile of the Young Star VY Mon 
L. A. Pavlova 

Ha spectroscopy of the young star VY Mon is presented. Over the 1986 - 1992 period, VY Mon exhibited three types 
of Ho. profile in its spectrum: a profile with short- wavelength P Cygni absorption <Yr= -200 ... -300 Ion s-1 

), a~­
file with blue emission <Vr .., -230 ... -300 Ion s-1), and a profile with a single emission feature (V, = + 140 km s-1) . 

The change of profile type appears to occur on a time scale of the order of one month, and a particular type 
persists no fewer than four months. All three profile types can be explained in tenns of constrained models of 
anisotropic stellar wind. 
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BJIIDIIIHE HEilP03PA'IHOCfH HA IlAPAMETPLI 
KOHBEKTHBHOB 060JIO'IKH B COJillEqm,JX MO,IJ;EJIJIX 

© 199S r. B. A, li&TJPBR, C. B. Aloaoa 
AcmpoHoMU'leCKUU UHCmumym UM. ll.K. IllmepH6ep2a, Moc,cBa, Poccwi 

IlocrynHJia B pe.nax~JUO 23.06.94 r. 

Ilpe}.'(CTaBJICHbl pe3ym.TaTbl BhICOKOTO'lHbIX paC'leTOB cepHH CTaHAapTHJ,IX MOAeJICH BHYTJ)CHHero crpo­
ellBJI Consu;a c pll3JllfCIHbIMH Tatin~aMH Henpo3pa11Hocm. CpaeHHTeJrhffhlii auana3 MOAeJJeA npoBOAffTCR 
C RCil0Bb30B8HHCM .t{Byx ICJllO'ICBbIX napaMCTp<>B - co.i.epxcaHHJI reno R YACBbHOA 3HTJX)DHH B KOHBeKTHB­
HOi 30HC. l1bY'f8eTCX ponb senpo3pa'IHOCTH B Jl}"IBCTbIX HCJ:tP8X Co11Hu;a C TO'IKB 3peau BJIWIIUUI Ha 3TH 
~ napaMeTpa. CpaBHetme cra~apTHblX MOACJieii, paCC'IHTaHHbIX C pll3HbIMH T86JJHL1;8MH Henpo3p811HO­
CTB, D0Ka3b1BaeT, 'ITO YAeJibHU 3HTpOIIIUI B o6oJIO'IKe yweHbmaeTCX C poCTOM Henpo3p811HOCTH B JIY'fH­
CTOB 30HC, TOr}.'(a K3K COJ.'(epxcaHHe TCJIIDI pacreT C yeenH'ICHHCM Henpo3pa'IHOCTH B ~pe. Hccne.t{OBaHHC 

Cl'aTH'ICCKHX He3B_011JO~OHHbIX MOACJiei C MOAH<l>R~OB8HHbJMH Henp03P8'1HOcnlMH YK83bIB3CT B8 cy­
JUCCTBOBaHHe o6~eA C1"13B Me>JCAY YAeJlbHOi 3:wrponeeA o60JIO'IKH H Henpo3pa'IHOCTbJO B Jl)"IBCTOH 30HC 
BHC o6naCTB 3HCpl'0Bbl}.'(CJICHIDI. 

1. BBE~HHE 

. 'KmlcaACCKrul 3~a'la O MOAeJIHJ)OB3.HHB BHyrpeH­
sero crpoeHWI Co~a ue norep.sma aKT}'aJibHOCTH B 
BaCTOJD!lee BpeMJI B CBSl3B c, o~oii cropom,1, aenpe­
pWBBblM yro'IHeBBeM reopenNecICBX npeAC'raBJIC­

Bid O cl>B3mce BhlCOXOTeMIIepa'Ij'pHOB IlJI83Mhl, B, C 

JQ>YI'OI, 6JtaroAaps 6ypHOMY p83BHTB10 reJIHoceiic­
MOJioI'BII, KOTOpaR Tpe6yeT BL(OOKOI'01181,[X paC'leTOB 

paaipeAeJiemd q>H3B'lecICBX BeJIB'IBH BHYTpB M0)1e­
JDL B 90-x ro;11ax DpOBCXO~ nepeXOA K HOBOMY no-

.. JroJJCHBJO MOAeJieA ConHI(a, OTJIB'l8IOIIQIXCSI npe~e 

acero BldCOKOi BHY'I'PCHHeA MaTeMaTB"lecKOH corna­
COB8RIIOCTI,IO, 'CffO Il03BOJUleT He TOJibKO Bb~CIDITI, B 
ll3)"l8TI, Bea.Ma MMLle 3<l>q>eICTb1 B.IUISJHIDI pa3JIB'I­

BldX (j>B3B'lecICBX npeAJIOJIOXCCBlm, HO B aHa.Jlll3Bp0-
JSan. BBYTJ>eHBBe CBSl3B Mexqzy napaMe-rpaMB B 3~a­
qe O MOAeJIBPOBaHHII crpoemm Co~a. 

HC'IHOA KOHI(Clrlp~ He paCCMa'Jl)RBaJOTCSI. lJne­
Hbl, COOTBeTCI'B)'IOlllBe s&meJieHBJO 3uepnm B 
KB83HC'r8TB"ICCKBX B3MCHCIIIISIX, BKJIIO'ICHhl B ypas­
HCHRC AJUI CBeTIIMOCTH (T.e. B 33.KOH coxpaaeHIIJI 

3Hepnm), HO IIOMIIMO 3TOro HHKaJCBe ~aMH'lecKBC 

3q>q>eKTbl ae }"IHTl>IBalOTCSI B ypaBHCHWIX crpoemm 
OTAeJII,HbIX MOACJICB (T.e . B.T'HOpBpylOTOI AHHaMH'lec­
KHe 3<l>q>eKTbI KOHBe~, a TaJOKe BJIWIHIIC Bp~e­

HWI). K~asr MOAeJII, npe;o;nonaraeTCSI cq>epB'lecKB­
CBMMe'I'pB'IHoii e: uaxo~eicst B ~pocraTH'lecKOM 

paBHOBecml DOA J'(CHCTBHeM CBJI caMOI]>aBBT~ H 

CH1I A8.BJJCHWI se~eCTBa B B3Jly11eHIDI. 

Ilpa CACJlaH.H.LIX npeAllOJIO:>KCHIDIX o6 3BOJIIO~ 

AJUI MOACJIH COBpeMemmro Conun;a He06XOAJ!M 
TOJl.bICO IIpO<pBJTh xmm11ecKoro cocrasa X, KOTOpbIB 

JIBJUleTCJI eAHHCTBeHHldM 3BOJIIO~OHHl,IM napaMeT­
poM 3~a1111. 3;o;ec1:, B ;o;anee DOA ''xBMH'lecK.HM COCTa­

BOM'' 6yJ'(eM noHBMan COJ:{epxcaHUe BOAOpoAa X 
(HJIH reJIIDI Y), Tax KaIC ]l;OJIR TIDICCJILIX 3JieMeBTOB Z 
B Hanmx pac'1eTax 61,ma cj>eKcupoeaaa (0.02). Ilo­
CTpoeHHYIO DpH OIIHcaHBl,IX BbJme npeAIIOJIOie-. 

HW1X MOJ'(em, Mbl 6yJ:{eM Ha3b1B3T1, ~8P'f'HOA BJIB 
3B0Jll0~0HHOA. 0;D;HaKO C }"leTOM B03MO:>K111:,IX Om.B­
OOK B npe;o;cr,aeneHWIX 00 3BOJIIO~ BilOJIHe AOnyc­

THMO paCCMaTpHBaTI, M0)1eJ1B C He3B0JIIO~OHHb1MH 
IIpoq>IIIDIMII XHMB'1CCIC0ro OOC'l'aBa, Tpe6ySI npu 3TOM, 
1:fl'OObl TaKBe MOAeJIB HMeJIH COJIHC'IHble 3Ha'1eHIDI 

PAAUYca, ceeTHMoCTH a MaCCI:,1. TaKoro poAa MoAenu 
MOXCHO H33B8TI> HeC'I'fillA3pTHblMH BJIB cram'lecKH­

MH. HCCJie]l;OBa.HIDO HCC'raJ1A3pTH1:,IX COJIHe'IHblX M0-
1,'(eJieii C BapB~ aenpo3pa'IHOCTH H XBMB'lecKO­
ro cocrasa n~eua sroprur '18CTb crana. 

B JJ;ammA pa6ore MJ,J paCCMOTpHM eua11aJie "crau­
,_.apTHble" 3BOJIIO~OHH1,IC M01(eJIB Com~a B ocra-

. ir~Mal B paMKaX uacCB11eCKBX upe1(cra:eneed o6 
3BOJII01'Uf. 3TO 03B8113eT, 'ITO B OCHOBe paC11eTa Jie­
-mrr DpCJJ;C'raBJteHHe O paBHOBeCHbIX (TepMOABHa.MB­
t{ecJalX) 3BOJIIO~OHHl,IX B3MeHeHWIX OT uaqan1,uoro 

O~OpoJ:tHoro COCTOJIHWI AO MO.J:(eJIB C COBpeMCHHbIMB 
3aa'leHBSMB paAB}'ca B CBeTHMOCTH DpB 3~aHHOM 
B03pacre. Ilpu 3TOM Mhl npeAnonaraeM coxpaHeHHe 
MaCCW B Dpol(ecce 3BOJIIO~ ( OTcyrcTBHC aKKpel(llH 
B ~PB Be~eCTBa) B OTCyTCTBHe Kaxoro-nu6o ne­
peMelIIIIBaHIUI ~4>4>y3uoBHoro BJJ11 APyroro mna) 
38. DpCJJ;CJlaMB KOHBCKTBBHOB 30111:,1. IlpeBp~eHHe 

BOAOpoAa B remm B npoI(ecce ssomo~ npe)Ulona­
raeTal B paMKaX -rpex (p-p)-:-1:(COO'leK B CNO-~a, 
DpB11eM BCC DpOMCxcyTO'IHLJe KOMilOHCHTbl 3THX npe­
BpaIQeem\ DpeAJJOJiaralO'l'CH H3XOAAlI(HMBCSI B mue­
_TIACCICOM paBHOBeCBH H B0Dp0C1,I H8'18JlbHOii H KO-

IlpH 38A3HHOM DpO<pHJie XBMH'leCKoro cocrasa 
(He3aBHCHMO OT Toro, 3BOJIIO~OHHhIB OH HJrH HCT) 
B Macce BffYTPeHHee crpoemte 3BC31,'(bl llOJIHOC'rLIO 
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QDpeAeJieHo, KaK yica31,1aaeT reopeMa ct>oITa-Pec­
cena (l]. 3'ro 3H81DIT, 'ITO MOJ(CJII, 6yAeT BMCTL oupe­
neneHHhJe p~c a cseTBMocrb, u 'IT06&1 ORB DMe­
Jlll COJIHe'DJl,le 3H8'1CBBJI, ueo6XOA]IMO BMeTh DO 
1ep:;lbei'I Mepe ABB CB060AHhlX napaMC'I'p~ IlpH no­
crpoeHBB Cf8HA8pTH0B · MOJ(CJIB B Ka'lecree Ta.lCHX 
napaMeTJX>B Bb16BpaIOT HB'laJlbHOO COJ(ep::ac:aRBe BO­
nopona (coanana10~ee c co,qep)l{3JllleM sonopona s 
OOOJIO'J.Ke MOACJIB npu CJ(CJlaHHblX npeAIIOJIO}l(e­
HUX o6 3BOJl10~) 8 eeKOTOpbIB oapaMe1'p TeOpRH 
KOHBe~, Il03BOIDIIO~ ynpaBIDITb BeJIH'IBHOii 
rp~eHTa TeMIIepaTYPbl B CBMblX BHCIDHBX cno.s:x 
KOHBeKTBBHOii 30Hbl. Bb16op 3THX uapaMe'I'pOB 
JIBJUIC'J'Cjl B 3H31DITCJlbHOi Mepe ecropH'lectaiM B 
06ycnoBJ1CH OTcyTCTBBeM He38BBCBMbIX B3AC:)ICJJblX 
oqeBOK J:tIDI 3TBX Be.7Ill'IBH. ,D;pyl'IIMH CJIOB8MH, B3 

npoB3BOJU,HO uo,i:6apaeMhJX Be.7IH'IBB 33A81DI 3TH 

napaMeTpbl npeep~810TOI B KOHe'illbli pe3yJibTaT 
38AB'lB. Tax:, COAep::ac:aHHe remm s craHABp'I'HOB Mo­
Aene JIBJIJleTa 6830BOii (u caMoii TOqJfoA) oqeHKoi 
CO,ttep:acaHIDI C'eJIHJI 8 COJIHe'IHOB cacreMe, npBMeWl­
eMoit B acrp<>q)B3BKC (2]. B o6~eM cnyqae pe3y.111,­
T8T8MB 38A8'1B cnenyeT C'IBT8Tb TalOICe TaICBe se.110- . 
qmfLJ, KBK IIOTOK uekrpBBO, rny6BHy KORselcrllBROB 
30HLI B xapaKTepHCTHKB cnercrpa KOJ1e6aimi. 0J(B8KO 
BUOIO BMeTL B BBJO', 'ITO tq>OMe npo<f>HJUI conep:za­
mm so,qopona npu nocrpoemm MOAenB ecnonb3}'JOT­
cr no ICpai'IHe:e Mepe 11eTL.rpe anpuopHLie ct>~ 
OIIHPLIBaIO~e aueproe1,1neneHBe, Heopo3pa'IHOCTb, 
XOBBeK'rllBW,ri rpa,ttBeHT H ypaeseHBe COCTOJIIIIUI D 

B3BeCTHl,Ie C HCKoTOpoi, qacro He CJIBlllKOM xopo­
meA TO"!Bocr&to. Il03TOMY aKTyaJT&Boll opooneMoe: 
33A8'1B O BayrpeHHeM crpoeHHII CoJIBl.\8 nm1eTCJ1 
onpene11eHBe oUIB6oK pe3yn1,mpy10~ napaMeT­
poe B 388HCHMOCTH OT B8pH81.\HH anpaopHblX ct>e3B­
'ICCKBX <l>YffKI,\lri\. 

B AaHBoii pa6ore MW paccMOTPHM ueKorop1,1e 
acnex:n,1 TBKOA 38J:t8'1B, Bo-oepBbIX, nom.ITaeMCJI 
IIpeOAOnen, HCAOCf3TICII BC110Jlb30B3HHJI oapaMe'I'pa 
XOHBe~ x:aIC oapaMeTpa MOAeJIB, BBOWI BMecro 
aroro BeJ1B'1Bl1Y y;Q;eJ11>Hoii 3HTPODBB s-anua6am'le­
cKoe 'laCTH XORBeKTHBHOii 30Hbl. Bo-BT0pb1X, pac­
CM01'pBM BJI.WIHBe B3MCHCHIDI HCilOJlb3YCMblX Ta6-
Jllll.\ Henpo3paquOCTH Ha napaMe1'pbI craRAap'I'HOH 
conue'IHoii MOAene (CCM). B-TpeTbBX, paccMOTpBM 
coomomeHBJI MellQO' uapaMC'I'paMB coJIHe'IHbIX MO­
;Q;eJJeA: ( COAep:xcaHBeM renu, airrponaei a rny6moii 
KOBBCKTHBHOH 30Hbl) B 38BHCHMOCTH OT eapa~ 
Henpo3p3'1HOCTH H XHMH'ICCKOro COCTBBB B He3BO­
JI10~0HHb1X COJIHCqJll,JX MO.ttemrx. 

2. CTAH,D;AYfHbIE MO,llEilH COJIHUA 

06~Be <l>H3H'leCKHe npeADOJIOXCeHIDI, acnom,-
3yeMb1e npe pac'leTe CTBHABPTHbIX MOACJleA:, 6b1J1B 
ODHcaHbl BO BeeJ(eHHII. 3ACCb Ml,J nepe'IBCJIHM oc­
HOBHble napaMeTpbl, HCDOJll,30B8HH&Ie npH pac'le­
Tax. Macca Conel,\a M0 = 1.989 x 1033 r , ceeTH­
Mocr1,4> = 3.846 x 1033 apr/c [3] , BBJ:{HMLIA panuyc 

R 0 = 6.9599 X 101° CM (4]. B MOACJIB BHJ:tBMbii pa,qa­
yc COOTBCTCTBYeT ypoemo OIITB'ICCKOB rny6RBbl 
't = 0.01. Ilpumrroe 3Ha'leeae so3pacra Con~a 
(t0 = 4.75 MJIPA· neT) 6a.3apyeTOI ea B03pacre aau6o­
nee crap1,ix MeTeOpHTOs (x()Tjl nocne~e 1J:aHHble 
AaJOT HecJCOJJbJCO MeBhlJiee 3HB'leHBe -4.55 MJipJ(. JieT 

(5, 6], MhI acno.111,3oeaJJe 6o11ee o6U(enpmurroe 3Ba­
qeRBe IIpB MOAemq>OBaHBH BRyrpeBBero crp<>eHBJI). 
Pac'leT K~OB MOJ(CJIB 3BOJI101l;BOHBOA DOCJICJ(OBa­

TeJILBOCTB COCI'OBT B pemeHBB Kpaeeoi ~a"UI AJIJ1 
CHCfCMbl HCJIBHCmtbIX AHq><j>epe~aJJhHl,IX ypaeHe­
HIIB 'leTBe()TOro oop~n. ODBChIBalO~ nw,ocra­
TH1J.ec1me paimoeecae, coxpaaeRBe auepnm a npo­
n;eccbI TellJIODepeeoca (CM., HaopBMep, [1]). Beyr­
peR11Be rp8HH'Dlbte ycnOBWI COOTBeTCTBYIOT 
Bhl6opy pemeBBJl, perym1pm,rx B n;eBTpe. BueIDHBe 
rpaBB'IHLie ycnOBWI no cyin;eCTBy CB01.\ffCjf IC caMO­

CI'O.RTeJihHOii 3a.tta'le paC11eTa aTMoccj>ephl a eHem­
HHX KOHBeKTBBHblX cnoeB, DOCK011bJCY C T0111CB 3pe­
HHJI MOAenHpOB3BBJI BHyrpeHHero crpoeHU AOCfB· 
TO'IRO Il01'pe6oean. CTpCMJieHBJI IC H)'nJO 
TeMnepaTyphl H DJIOTHOCTH H OupeACJIBTb 3HTJ)O­
DBIO KOHBCKTIIBHOii 30Hbl. ,llru1 paC11eTa crpoeHllSI 
aTMoc4>ep1,1 HCU0Jlb30B3HO aHBJIBTH'lecx:oe npa611B­
xceHBe 38BBCHMOCTH TeMnepaTYPhI OT onTJAecx:oA 
rny6BH1,I B3 pa60T1,1 [7], napaMeTpH30BaHHoe AJIJ1 
pa3H&IX cseTHMocreA:. HHrerpeposaHBe pememdi e 
<j>c>Tocq,epe HB'IBHaJIOCb OT TO'IKB ('t = 10-4, p = _10-9} 
C IlOA6opoM een~I BlfABMOrO p~uyca Ba ypo­
sem, 't = 0.01 H Bb11IOJIIDIJI0Cb C BCilOJlb30BBHReM 
T('t)•38BBCHMOCI'B BMOTb J(O HB'laJia KORselCIUIB, on­
pene.JUleMOB no KpBTepB10 lleap~bJ.\a (J1orap114>­
MB'lecKBA rpaAHCHT TeMnepaTypb1 V = din TI dlnP 
6on1,me a,ttBa6aTH'lecKoro ). Henpo3pa'lllocr& e aT­
Mocq>epe, HCilOJlb3YCMaJI Ami CBji3B Mexqzy WIOTRO• 
CTblO a ODTB'leCKOA rny6uuoii, cyin;eCTBeHHa .QIDI 

onpeAeneHID1 p&Auyca MOJ(eJIB. 
Ilepeaoc 3HeprHH B KOHBCKTBBHOB 30He pacc'IB­

TbIBaJICSI C HCil0Jlb30B8HHeM TeOpHB AJIBHl>I nym ue­
peMeWHBaHWI [1]. Bee Heo6XOAIIMble TepMOAHHa­
MB'leclClle BeJID.'IHHbl SIBJISIIOTC.R pe3yJibT3TOM RH­

repDOJI.Sln;HB Ta61llll.\, paccqBTaHBhlX s paMKBX 
TepM01.\HHaMH'ICCKOA M01(CJ1B ypaBHCHIDI COCl'OJUDlSI 
MHD [8 - 10]. CKopocm repMo~epH&IX pea~ 
Bbl'IBCJ1em.1 C HCil0Jlb30DaHHeM CC'leHIIA, DpBBCAeH­
HblX B pa60Te (11]. 

Oco6oe BHHMBHBe 6blJIO yJ(eJieHO 'IBCJICHHOA 
TO'DIOCTH BblIJOJIWleM&JX pac'J.eTOB. 061l.\BM KpRTe­
pBeM TO'IHOCfH pC3YJlbTaTa MOXCBO C'IBTaTh T011· 
HOCTb ct>yHKI{HA OCHOBHLIX nepeMeHHblX (TeM11epa­
ryp1,1 T, p3Auyca T, IlJIOTHOCTH p, 1(0J1B MaCCbl M,, AO­
JIB ceeTHMoCTH L,). Hanm nporpaMMbI rapa.ampyIOT 
OTHOCHTenbH)'IO T0'1'.HOC'l'b He xy)((e 10-s. OcHOBHble 
MBTeMaTHqeCJClle xapaKTepBCTHIQI BCil~Jlb30BaHHO­
ro MCTOAa pac11eTa cneA}'toll.\He. Ilpu pemeHBB Kpa­
eeoA 33ABqJ1 crpoeHHJI QTACJil,HOA: MOAeJIB rrpBMe­
BeH MeTOA npHcrpeJIICB. HarerpepoeaHHe pemeHBii 
npoB3B01.\BTCSI MeT01.\0M Pyure-KyrrhI 4-ro nopJIA)Ca 
c oepeMeHHbIM maroM, t.tecno maros - oKono 1700. 
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HcnOJI&30BaHBe B Ka'leC'l'Be ee3aBHCHMoii nepeMee­
uot µ. !I! (M/ M0)213 no3BOJD1eT B36ezan npo6JieM 
p83JIOXCCBB.A'. B ~eBTpe (B B03HBKHOBeHBJI 6eCK0BC'I­
IIWX npoB3BOAHWX; pa3Mep pa3JJOjl(eHl!JI COCfaBIDleT 

, J.1o = 10-5 - 10-6). 0CHOBH0ii HC'roqemc OIDBOOK, Ha­

K8DJl]IBaeMblX B npo~ecce mrrerpupoBa11JD1 pememm 
MeTOJ;l;OM BbICOKOro nopsmKa K roqg,e CIIIBBKB, - He­

rn~ mrrepno~~HHbIX 3eaqemm senpo31)3'1-
. HOCTB. ,1l1m y-MeHhlliemm ux BJJBJ1HW1 ecnom,30saaa 
amalH-mrrepno~ Ta6JIJfCU11>IX 3Ha11eeBit eenpo-
3P8'1BOCTB B ypueemm COCl'O.SIHBJI. TO'IHOCTh CUIBB­

KB pememu\ no OCHOBHl,IM nepeMeHHblM- 10-6. To'I­
Jta CDIBBPI Bb16paHa Ha ypoBHe µ = 0.81 (r/ R0 - 0.35) 
BO BCCX MOAeJlilX, AnJI npe]:lCTaBJJCHIIJI npo<l>Hml CO­

ACPllCaRBJI BOAOpos:ta X(µ) ucnoJIL3yeTc.JI ecnoMOra-
.. TeJIWl&SI ceTKa B3 500 TO'leK, paBHOMepeo pacnpeAe­

JJCHBldX no µ. 3TO o6ecne'IHBaeT AOCTaTO'IH)'JO roq­

ROCl'h mrrepnoJIBpOBaHH&IX 3Ba'leHBe: X(µ) AIDI 
CJICAYJ<)UlCA MOACJIB, PacqeT 3BOJIIO~ npoB3BO­
AJ1J1al .JIBllblM MCTOJ{OM BTOporo nopSIAKa, C BCDOJIL­
:'JOB8BBCM 80 paBHbIX maroB DO BpeMeHB. IloArOHICa 
3BaqeHJd paJ{B}'ca B CBCTBMOCTB MOAeJIB K napaMe­
Tp8.M coBpeMeeuoro CoJie~a s1,1noneeea c To1111oc­
TWO 3 X 10-6• 

HcnOJil>30Ba.HBe MeTOAOB HllTerpupoBaHIDI BLICO­
ltOl'O DOPSfAIC3 B MaJIWX maroB He rapaBTBpyJOT OT­
cyTCTBBC ODIBOOK B nporpaMMe, BKJIIO'laJO~eii B 
ce&I no 300 mno6airr TeKCTa. ,IJ;m1 yse.mrqeBIIJI ea-

- A9CBOCTB BCD0Jlb3YeMOl'O nporpaMMeoro ICOAa (ea-
. 388BBOro MUSEC) 61,mo nposes:teeo TeCTBpOBaHBe 
~ BCIIOJIL30BaHBeM aH8JIBTB11e~KBX <PY~ AJDI ee­
npo3Pa11HOCTB, 3HeproBb(ACJICffHjl B yp8BHCHII.JI CO­

C'l'OmDUI B cpueeeue pe3yJ11>TaT0B HC3aBBCBMLIX 
paC'leTOB BCCKOJibKBX rpynn B paMKax MeZJO'BapoA­
ROB nporpaMMbI GONG Model Team. CpueeHBe no 
OCHOBBblM nepeMeHIU,IM IlOl(TBep.)K'.AaeT TO'IHOCTI, 
nonyqaeMbIX pemeHBA: Ha ypoBHe I0-5 [12). 

_ IlpB paCCMOTpeHBB C'ra~3prHLIX COJIHe'lllbIX 
MO~eneA oco6oe BHBMaJIBe 6yAeT cocpe,QOTO'ICHO Ha 
BJ1JD1HBH aenpolpa'IHOCTB ea pe3yn&mpy10UlBe na­
paMe'Ip&I 3a1(a'IB. BbIJIB BCDOJJl>30Ba.H'bl TJ)H BH,qa 
Ta6.nBQ Henpo3pa'IBOCTB, pacctIHTaHHblX ea npoD­
xceHBB nocneAHHX 20 neT. Bo-nep~n,rx. 3TO n611~1 
Bl paOOTLI [ 13] (AaJiee o6o3Ba'lieMb1e KaK CS70). 
3'ro AOCTaroqeo CTap1,1e pac11en1, HCOAffOKpamo 
HCIIOJII>30BaBWBCC.JI B p33HbIX paoorax R yrotimm­
JDBeC.JI BDOCJICl(CTBBB, Bo-BTOpblX, 6b1J1B RC00Jlb30-
B8Jl&I Ta6nm..u,1, ony6J1HX0BaeH1>1e B (14) (Iloc-Ana-

. MOCCKU 6u611uoreKa uenpo:ipaqeocreA LAOL) AM 
nonyrutpHOH B 70-e l'OJlbl CMCCB TJDKCJiblX 3JICMeH­
T0B Pocca u AnJiepa [ 15). lknonb30BaH11b1e HaMH 
Ta6J111Q1>I WKM2 a WKMlO B o603uaqeHID1X [14]. 
OnceT&M, tfI'O OHH paCC'IBTaBbI C HOBOi sepcaeA: 
. nporpaMM Jloc-AnaMOCCKOI'O npoeKTa B HCCKOJlbKO 

OTJIBtlaJOTal OT 'laCTO ucnonb30BaBIIIHXQI LAOL-ee­
upo3pauoCTeA, ~pyeMbIX co CCJ,IJIKOI ua [16). 
B-'IpCTbBX, HCII0Jlb30B3Hbl B0Bble eenpo3p8'1HOCTB, 
paCCllBTaRH&te e paMKax npoeKTa OP AL a ony6nu­
KOBaHHJ:Je B [17]. 3TH Ta6mlI~J,I AOUOJIHCHbl AaHHbl-

lg(K/Ko) 

-0.2 ,___.....__.L-----L--.L------L-..L-.....J.-...1.---L-...L 

6.2 6.4 6.6 6.8 7.0 lgT· 

he. 1. Cpa&RCHBC P83JIRQLJX Ta(mRJl Renpoopa'IBOC'l'R 
B ycn0BBJ1X, xapaKTepRWX WI•. JJY'IHCTOro Qpa CCM. 
P83Hocr& J1orapa4>w0B scnpo3Pa'lllocrel a npocroro 
8H8JUITH'ICCXOro 3ll0H8 "<I H3 (21) OTJIOJICCHa DIC cl>YJR­
~ J1orapacpwa Tewocpwryp&1. To"IKH (1', p, X); AJIJI pac­
'ICTa HCnpo3Pa'1BOCTH B3JITW H3 JIJ)Oct,HM N01'enB, pao­
C'IRTalUIOA C RCl1p03J>8'1BOCffNH OPAL. Tan Ta6Jnm ec­
npo3p811HOCl'II )'IC838H 803JIC UQOI xpHBOA. 

MB B3 [18] BO m(5e)DHBC 3X:CTpan~ BCJ1B1DDI 
upB OTBOCBTeJlbBO BB3IOIX TeMDep8TfP8X OKOJIO OC­
HOB8HHJI K.OHBCK.TBBBOA 30Bld. Ta6JIBQbl paccqa'('J,1-
BaJIBCb AIDI CMCCB TEIICCJlblX 3JleMCRT0B no fpeBeOCB 
[19]. 0AH31CO B AaHHOA pa6ore MJd ee aH8JIB3BpyeM 
BJIB.JIHBC B3MCHeHBJI COACPXCaHBJI TEIICCJIWX 3JICMeH­

T0B, UOCKOJILIC)' 3TO JIBJUICTCSI BHyrpeBBBM napaMeT­
poM Ta~ T8lCICC DIC B ,an:ropBTM paCCleTa, a BC­
D0.m,3fCM pe3YJJJ,TBpYJ011lBC 3Ha'ICBU ony6JmKOBaH­
HbJX Ta6~ Ami ACMOHCTp8QBII B3MCIICBU 
MOAeJJbHblX napaMerpoB. Iloacon1,IC)' ni6.Jlllqbl LAOL 
HOP AL orpamp1eHbl co C'l'OpoHld RB3JCBX TCMDepa­
TYP, ORB ,QODOJIIISIJIHCb Ta6nBQ8MB Cli6 [20] C 
rn~xoA: CDIBBtcoA: Ta6n~ B o6naCTR TeMDepaTyp 
0.8 - 1.0 MJIH K B KORBCK.TBBBoA 3oue, f'Ae p<>JJL He­
npo3pa11110CTB BC3H811BTCJlhH8, 

Ha pac. 1 cpaBBBBaJOTCSI Henpo3pa'IBOCTR AIDI 
YCJIOBmi, xaparrepHbIX AJDI nycmcrol :'JOHbl DOA 
KOHBCKTBBHOA 30BOA B CTaunapmoA COJIHeqeoA: MO­
AeJJH. BHAHO, 'ITO ~1,1e HOBble n16J1BJU,1 OObl'IHO 
AaBaJIB 3Ha11eHBJ1 1C 6on&me, 11eM npeA~e. Or­
MCTHM, 'ITO n:epexoA OT CS70 IC LAOL COOTBCTCTBO­
Ban pocry Henpo3p811HOCTB npu BCCX TeMDepaTypax, 
BKJIIO'laJI B $1Apo. IlepexoA OT LAOL IC OPAL B oc­
HOBHOM R3MCHBJI aenpo3pa11HOCTB BBC 3Heproasme­
JDIJO~ero smpa. 

3. 3HTPOIDHI KAK IlAPAMETP 
COilHElIHOH MO,IJ;EJIH 

KaK y>Ke ynoMBHaJIOCL so B&eACHRH, CT~aPT­
eu COJIHC'IB8SI MOAeJib xapHTepB3YCTCSI AB)'MSI na­
paMC'IpaMB KaJIB6poBICB - H8'laJll,RblM XHMll'lecltllM 
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COCTaBOM H napaMeTpOM KOHBCKI.\HB, ynpaBJISIIO~ 
BCJIH'IBHOB rpa~eHTa TeMnepaTypbl BO BHCIDHHX 

KOHBeKTHBHbIX CJIO.sIX. 8bI00p BMCHHO 3THX BeJIH­
'IBH o6yCJI0B1IeH B 3Ha'tlHTe11bHOii Mepe BCTOp1Rec­

KHMB H TeXHB'ICCKHMB DpBtJHHaMH, DOCKOJlb.K}' DO­
CJie BX 33,'qaHIDI 3BOJ1I01(BOHHbffl TPCK MOXCeT 6bITb 

IlOCJICAOBaTeJibHO paccqJ!TaH. C>AHaKO, CCJIR oupe­

ACJICHHe COAepxcaHHSI reJIWI npeACTa.BJIJleT C3MOCTO­
W'l'eJILHLiii CMbICJI H BHTepec, TO BHq>OpMal(BSI, co­

Aep}J{3Il\3SIC11 so BTopoM napaMeTJ)e, no cy~eCTBy He 
BCD011L3YeTQI. MeXCAy TeM, AJUI cneIUf<pHICal(BB MO­

.QeJIB HCOOXOABMbl o6a napaMCTJ)a, DpH'ICM BTOpoii 

BMeeT AIDKC 0011bmee 3Ha'leHHe. IlpB HaJIB'IBH npo­
TIDKCHBOH KOHBeKTHBHOH OOOJIO'IKB (KaK y 

CoJIH~a), me .Bell\CCTBO CTpaTH<pHl.{HpOBaHO a;qaa­
OaTB'leCICB, Tpe60BaHHe H)'JieBLIX BHeWHHX rpaimq­

HbIX ycnoeuii (T - 0, p - 0) HeAoCTaTo'IHo, no­
CKOJib.K}' OHO BbinOJUUICTC.R Ha JIIOOOH 3AHa6are. Ilo-

3TOMy B MOAeJIH AOJI}f{fta 6bITb cne~<J>uqaposaHa 
3HTp<>IlIDI KOHBCKTHBHOH aAHa6aTbl, KaK eCTeCTBeH­

Bbm <l>H3B'leCKHH napaMeTp ~HID[ (B paHHHX 
pa6oTax no MOACJIBpoBaHBlO CoJIH~a BMCCTO 3HTpO­

mm HCil0Jlb30Ban.HCb APyrHe seJIB'IHHbl, TaKHe KaK 
KOHCTawra nOJIH'fJ)OfiHOro 33KOHa, 01:(HaKO j(CHO, 'ITO 
nio6asr eemrnma, coxparuno~agcg ea aAHa6aTe, 
CCTb <p}'HKqrol 3HTp<>mm). IIapaMeTJ) KOHBCKQHB, 
onpeAeJISIIOil\HH rpaAHCHT TCMnepaTYPbI e o6JiaCTH 
CBepxa;qHa6aTH'leCKOH KOHBe~HH H, TCM caMblM, 

BLI6op COOTBCTCTBYIOil\eH aAHa6aT1>1, MO}J{CT pac­
CM3TpHB3TbCSI JIHUib K3K TexH1RecKJU1 napaMe,p, 

llOCKOJILK}' ero BCmNBHa 3aBBCHT He TOJlbKO OT npH­

HSITOA AJIR pac'ICTOB Teopuu KOHBeKQHH H ee BH)'T­
peHHHX napaMeTpOB, HO B OT CTJ)OeHWI aTMoe<pepbI, 

B tJ3CTHOCTH, BCil0Jlb3YeMOH B Rei Henpo3p3'1HOC'l'H, 
B 33BHCHMOCTU OT KOTOpOB B3MCIDleTQI IlJIOTHOCTb 
Ha sepmeii rpaHB~e KOHBeKTHBHOH 30Hbl. 

B }:{eHCTBBTeJibHocrH HcnoJib30B3HBe napaMe-rpa 

KOHBeKI.UfB KaK pelyJibTHpYIOil\ero napaMeTJ)a MO­
,qeJIH He TOJlbKO AenaeT HeB03MO)KHbIM cpaeueHee 
CT3HA8PTHbIX COJIHe'IHblX MOAeJieA, HO H SIBJljleTCjl 
q>HlH"tJecKH se3AeKBaTHblM e 33Aa'le o CCM. Kax 
ll0):lpo6Ho o6cy)IC,QaJIOCb B (22], A.IDI DOCTJ)OCHIDI. COJI­
HetJHOH MO,[leJIH Heo6XOJ:{HMO coxpaHeHBe HMeHHO 

3HTpOmm conue'tJHoH o6oJIOtJKH, ror.u:a KaK CTJ>YK­
Typa C3MbIX BHelllllHX CJIOeB MO}KeT 6bITb coeep­
meHHO pa3JIH'IHOH. ,3TO 03Ha'laeT, 'ITO CTpOCHBe 
BHeWHHX KOHBeKTHBHblX cnoee He MOXCeT 6bITb 

onpe.l:(eneuo B paMKax 33A8"1B o CCM, nocxOJibK)' s 
Hee onpe;Qem1eTes1 JIHWh ron~a 0611acm csepxaAH­
a6aTHtJecKoA KOHBe~ H, C OtJeHh OOJibWOA OTHO­

CHTeJibHOH HeonpeneneHHOCTblO, Macca 3TBX CJioeB. 

. B OOJlbWBHCTBe pa6oT no MO;QeJIBpoBaHBIO 

CoJIH~a 3HTpOllWI B KOHBCKTHBHOA 30HC He npHBO­

ABTCH, Tax xce xaJC H ,tlOCT3TO'IHble ):lJIJI ee BLI11HCJIC­
HHJI ]laHHble. Me~y TeM, ee Bbl'IHCJICHHe HeHaMHO­

ro CJIO)l(Hee, 'leM BbitJHCJieaue n1061>1X µpyrux rep­
MO~HaMB'lecKHX BeJIHt{HH. Pa3HOCTb 3HTp0DBH 
MeXCAY µ:eyMSI TO'IK3MH (T, p, X) MO)KeT 6b1Tb nerxo 

Bbl'IBCJieHa He338BCBMO OT nyru HHTerpHpOBaHBJI 
K8K HHTerpan 

(T, p) • 

s = So(X) + J }[( !~ ) -~Jdp + Cvj.T (1) 
(Ta, Po) T p 

(U - BHyrpemul.Sl 3HeprW1, Cv - YAeJibHasI TennoeM­

KOCTb npB IlOCTOmHOM 06'beMe ). EABBCTBeHH)'IO 
CJIOXCHOCTb Dpe,tlCT3BJ1jll0T H3'13110 OTCtJeTa B 3aBH­
CHMOCTb OT XHMB'lecxoro COCTaBa. B Hamux paC11eTax 
MLI BCD0Jib30BaJIB .D:ODOJIHBTeJibHble Aa.HHJ,Ie AM 3H­
TpoITHB e q>BKCHpoBaHHOH Toqxe (To = 15 MJIH K, 
Po= 150 r/cM3

) AJUI pa3HblX XHMH'lecxax COCT8BOB, 
JII06e3HO npe.D:OCT3BJieBHbIC H3M B. .l{3DUCHOM 
(W. Dappen). IlpoCTasr aHanHm'lecxasr annpoKCHMa­

~ 3THX Jl3HHblX (B BbllilenpHBeAeHHOB TO'IXe) BMe­
eT BH,q 

S0/ R
8 

= - 3.426523X2 + 

+ l2.36082X + 6.739551 MOJIW( 
(2) 

H HMeeT TOq}{OCTJ, -10-3 AJISI XE [0.30 - 0.75] (3Ha­
'ICHWI a6COJIIOTHOA y,qeJibHOA 3HTpollI1H COOTBeTCT­

BYIOT BbltJBCJieHIDIM B paMKax ypaBHCHIDI COCTOJIHHJI 

MHD H no,tte11eu.&1 Ha yHBBepcan1,ay10 raJOBYIO no­
CTOmayio R1). IlpH BLI'IBCJieHHB 3HTpOIDIB C HC­

Il0Jlb30B8HHeM CTaTHCTH'leCKBx pacnpeAeJiemm s ee 
onpe,tteJieHBH OTCyrCTByeT Ilp0H3B0JlbH3SI IlOCTOSIR­
HcUI. EAHHCTBCHHaSI npo611eMa CBS13aHa co cpaBHCHB­

eM 3HTpOmm B MOAeJISIX, paCC'IBTa.HHbIX C pa3Hh1MB 
ypaBHCHIDIMH COCTOmJWI. 01:(HaKo noee,qeHBe ropH­
qeit COJIHetJHoii nJI33Mb[ AOCTaTO'lJHO 6JIB3KO K ypae­

HCHHIO HACaJlbHOI'O ra3a, Il03TOMY 'IHCJICHHbie OTJIB­

'IHSI B 3Ba'leHIDIX 3HTpOIUUI B npaMeHeHBH K COJIHe'I­
HblM MOACJISIM 6YAYT eesenam - Toro :ace nopj[AKa, 

K3K H OTJI1AIDI B A3BJieHHH, BHYTpeHH.eH 3HeprHB 
H np. ( OKOJIO 0.1 % ). TaKBM o6pa30M, Mbl 6yAeM BC­
Il0Jlb30B8Tb H aHaJIB3HpOBaTh CTpOCHHe MOACJIB C 
TOtJKII 3pel,IWI COJlepxcaHIDt reJIBSI H y.l:(CJihHOB 3BT­
pomm KOHBeKTBBHOA 30Hbl. 

4. BJUUIHHE HEilPC>3PA tJH()CfH 
HA ITAPAMETPbI CCM 

C>cHOBHbJe napaMCTJ)bl pacctJHTaHHl>IX HaMH 
CT~apTHblX conHe'IHblX MO,tte11eii AJISI pa3JIH'IHblX 
Henpo3p3'1HOCTeB IIpHBC.l:(eHbJ B T30Jl. 1. PaCCMOT­
pHM BJIHJIHBe Henpolpa'IHOCTH Ha napaMeT()hI CCM 
BH8'1ane C TO'iKB 3peHWI co.u:ep)KaHIDt reJIWI D rny-
6BHbl KOHBeKTBBHO'A: 30Hbl h, IlOCKOJihKY 3TO Il03BO­
JIBT npHBJie'lb AM a.HaJIH3a AaHHble OOJlbWOI'O 'IBC­
na MO.l:(eJieB, pacc'IBTaHHbIX B DOCJieAHHe I'OAbl. Kpo· 
Me roro, r11y6BHa KOHBCKTHBHOA 30Hbl JIOI'R'ICCKH 

CBSl3aHa C 3HTJ)OimeA KOHBeKTHBHOii 30Hhl npH 33-
A3HHblX Henpo3p8'UIOCTIIX. ·3Ta BCJJH11HHa npe.u:crae­
JIJICT TaKXCe C3MOCTOWI'CJlbHhIH mrrepec B CBJl3D C 

TCM, tJTO H3BCCTHa OQeHKa h B3 ua6JIIOA8eMbIX "laC­
TOT WlTHMHHyrBbIX KOJie6amm (0.287 ± 0.003 B [23} 
H cornacy10~asre11 oqenKa e [24 ]). 3ro o3Ha11aeT, 
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Ta6JJIIJla 1. CraHp;apTHble MO~eJIH ConHl\a 

l.J,eHTPanhHhle KoeBeK-
.. 

IlOTOKH 
0603Ha- Ta6nn~1 napaMeTJ)hl HC.HTpHHO, SNU 

HenpoJ- BeJIH"IHHbJ THBHaJI JOHa Pb 'ICHHe 
MOAeJIH pa'iHOCTH Yo S!Rg Tel106 Pc Xe Ii r,,1106 31c1 71Ga ltSJn 

M~S70 CS70 0.2320 21.72 15.0549 149.413 0.3862 0.2698 1.9984 0.1432 4.005 106.6 577.7 

'M-LAOL LAOL 0.2803 21.05 15.6234 149.642 0.3379 0.2631 2.0025 0.1385 7.978 125.4 615.1 

·M-OPAL OPAL 0.2803 20.87 15.7172 150.843 0.3322 0.2810 2.1907 0.1772 8.508 127.4 618.6 

Ha6mo.f(eHH.11 0.2502 21.03 

±0.004 ±0.08 

l 

JJTO ](JUI corJiaCOBaHIDl TaKHX qaCTOT C MOAeJibHbIMII 
- ueo6XOAHMO, l.fl'06I,J MO]:leJib RMeJia yKa3aHH)'I0 rny­

. 6imy KOHBeKTHBHOH 30Hhl. 

IlOJIO)l(:eHee nocrpoeHHblX HaMH MOAeJieH Ha 
nJIOCKOCTH "Y - h" n~Ka3aHO Ha pHc. 2. Ha 3TOM pu­

cymce npe1(CTaBJieHbl HeKOTOpbie H3 MOAeJieH, ony6-
JIHKOBaHHble 8 pa6oTaX AeB.SIHOCTbIX rOAOB (AaHHbie 
B CCbIJIKH O HHX AaHbI B Ta6JI. 2), paCC':l.HTaHHble C Te-

.. MB xce (WIH OJIH3KllMII) nerrpo3paqHQCTSIMB H ypae­
HeHHeM COCTO.SIHIDI. 

QqeefmHa rpynnHpOBKa MOAeJJeii B COOTBeTCTBHB 

C HCOOJIL3yeM1>IMB Henpo3pa'1Hocnt.MH. Ilpe nepexo­
Ae OT aerrpo3pal{HOCTeH CS70 K LAOL co~ep)l{aime 
remm 3Ha'IHTeJibHO yBeJIBqJIJIOCL (no'ITH Ha 5% ), 
'ITO CB.S133HO C yseJJ11'1eHHeM Henpo3pa'-1HOCTH KaK B 
.RJq>e, TaK H B ny'lfflcrofi 30He. Ilepexo,- OT LAOL K 

OPAL CJia6o cKa3aJICSI Ha 3Ha'leHDD Y, rrocKOJILK)' 
.pa3JIJNee Henpo3pattHOCTeH MaJIO B QeH-rpaJibHbIX 
ttaC'l'SlX 3Be3p;bI. · 

C JqJyro:e: cropoHbI, nepexoA OT CS70 K LAOL 
npBBeJl K yMeHbWeHHIO rny6HHbl KOHBeKTHBHOH 30-

•·· m,1, npu11eM u.3-3a ysene:qeuH.R COAep)l{aHH.R reJIM B 
o6oJI0'1Ke MOAem1. 3cf><t>eKT yaenH1:1eBID1 cop;ep)l(:a­
HWI renm1 npeB3omen KaK 3q>cpeKT yeemI'leHIDI He­
rrpo3pa'1BOCTH, TaK H 3q>q>eKT na,-eHIDI 38Tp0DHH 
(ooa noCJieAJ{mc 3cpcpeKTa serorr K yeene'leHBIO rny· 
6BHbl KOHBeKTDBHOH 30Hbl, pHc. 3). HaKOHe~. HC­
DOJIL30BaHBe OP AL BMeCTo LAOL rrpHBeno K pocry 
rny6HHbl KOHBeKTBBHOH 30Hbl (npuoJIIDKruICb K re­
JJBOceHCMBtteCKOM)' onpeAeJie'HIIIO), rrpHtteM 3TOT 

. pOCT npoB30WeJJ KaK 33 C'leT pocra Henpo3p3'1HOC­
TB, TaK H 33 ctteT yMeHLilleHB.SI 3HT{)Oll1IH (puc. 3). 

· 0QeHK.U HewrpDHHbIX IIOTOKOB (Ta6JI. 1) (ceqe­
HIDI Il0rJIOll\eHH.SI HewrpHHO 6LIJUI B3$1TLJ H3 (35]) B 

CTaJIAap'I'HbIX MOAeJI.SIX He cop;ep)l(:3T Heo~aHHOC­
Tei. MaJ11,1e noToKH y MOAeJIB M-CS70 o6yCJioene­
KbI 6onee HH3KBMB TeMpepaT}'paMB B Qempe, 'ITO 
SIBJUleTC.SI CJieACTBHeM MeHbllllUC Henpo3p3'1HOCTeB B 

QempaJibHhIX o6nacr.RX. 

06m;uir BbIBO'A MO:acHO C<j>opM)'JJBpOB3Tb CJieAy­
lO~M o6pa30M - paccquTaHHast npu ucnoJib30Ba­
HHB cospeMeHHLIX npep;crasneHHB. o Henpo3pattHO­
CTH B smpe (T.e. 6JIH3KBX K LAOL unu OPAL) Mo~ 
,-en& oo./l:JICHa BMeT.h ua11an1,uoe COAep:xcattue reJIH.R 

0.287 2.33 83 

±0.003 ±19 

Y = 0.21 - 0.28. Bo3MO)KJ{ble H3MeHeHIDt Henpo3patt­
HOCTH (HanpDMep, B CTOpouy yMeHLilleHIDI) B3-33 AO­
IlOJIHBTeJILHblX MeXaHH3MOB Tem10np0BOAff0CTil, 
TaKHX KaK WIMP ( CM. O,D;HR H3 nocJieAHRX o6:30pOB 
no 3TOH npo6JieMe B (36]), HJIH KOJIJieICTHBHbie .SIBJie­
HIDI (37] ,IJ;OJIXCHbl seem K yMeHbmeHBIO Y.Ha 1 % rrpH 
yMeHbWeHHH K Ha -5%. A.HaJIOrH"IHO noHHXCeHBe 
Herrpo3p311HOCTH BeACT K cHJDKeHBIO IlOTOKa Hempu­
HO, O,D;HaKO IlOTOK xnopHblX Hee:-rpHHO BeCLMa qyBCT­

BHTeJieH K TeMnepaT}'pe H aenpo3pa11eocm B n;ewrpe 
MO,D;eJJH, TOrAa KaK f 33BHCBT OT Herrpo3pa'1H0CTeB B 
6oJiee mHpoKOH o6JiaCTH ny1J.Hcroro .R]q)a. TaKBM 
o6pa30M, XOTSI 0611\asl KOppeIDI~ Me)KJO' UOTOKOM 
HeirrpHHO H HaqaJil,HbIM cop;epxcaHHeM reJIWI H cy­
~eCTByeT ( ttTo OTMe'laJIOCb Ha rrpDMepax cra~apr· 
HLIX H HeCT3HA3tyI'HhlX MO,D;eJieH B [38] H [39]), CBS13b 
Mexqzy HHMH He .SIBIDieTCSI OAH03H3'1HOB. 

HaJIHtJHe a nHTepaT}'pe 6on1,woro 'lH'?Jia MOAeJieii 
fl03BOIDieT on;eHHTb BJIIDIHHe ypasHemm COCTOSIHIDI 

h 

0.28 

0.27 

0.26 

0Ha6n. 

€ox, Tabor [20] 

¢ JCD92(a)l5 

a M-CS70 

Cox, Stewart [13] 

DPS92 
OPAL * * DGPS9

4 
R CL93(J) * M-OPAL * GPB93 

-k G94 

,tr C'L93(2) 

..n JCD')2(d)16 
v- GDK.P92 
o KD091 

O M-LAOL 
LAOL oSBF90 

O SBK93 

0.25 L..-___.IL--__..L----L--..1----'----'--__._ __ 

0.22 0.24 0.26 0.28 Y 

Pac. 2. IlapaMeTpbl CCM B 3aBHCHMOCfH OT HCOOJlbJye­
MOi\ Henpo3pa'IHOCTH. Ilo OC.IIM OTJIO)KCJOd rny6KHa 
KOHBCKTMBHOH 30Hbl h K COACp)l(aHHC reJIUII B o6onoqxe 
Y. Mo,nenH .nn11 Ka)}(Aoro H3 'leTblpex THflOB Ta6JJH~ ua­
ueceubI CBOHM CKMBOJIOM H conpoBO)l(A&IOTCX 0003H3'1C· 
HHCM B COOTBCTCTBKH C Ta<5n. 2. MoAC1JM, 0003Ua'ICHHLIC 

6yooA M, uepe'IHcnem.J B n6JJ. l . 
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T~ 2. HeKOTOpbte conae'IHbie MOAeJIH nocnewnoc JieT 

06o3Ha'leHHe CcblJIK8 
YpasHeHHe Ta6mu.\bt 
COCTOJlHH.11 HCnp03pa'IHOCTH 

y h SIR1 IlpHMe'l:aHWI 

15 [25] MHD CT76 0.2393 0.2794 

14 (25] CEFF CT76 0.2404 0.2784 21.547 * 
4 [25} EFF CT76 0.2496 0.2769 21.443 

16 [25) MHD LAOL 0.2750 0.2666 

13 [25] EFF LAOL 0.2849 0.2637 

22 (25) EFF LAOL 0.2747 0.2729 21.007 10 = 4.5 X 109 JICT 

6 (25) EFF LAOL 0.2776 0.2696 21.009 t0 = 4.75 X 1()9 JieT 

21 (25] EFF LAOL 0.2800 0.2667 21.012 to = 5.05 X 109 JteT 

7 [25] EFF LAOL 0.2806 0.2712 20.952 

27 [25) EFF LAOL 0.2720 0.2790 20.982 ** 
28 (25] EFF LAOL 0.2650 0.2857 21.001 ••• 
DPS92 (26] MHD OPAL 0.2799 0.2841 

DGPS94 (27] MHD OPAL 0.2827 0.2844 

KDG91 [28] MHD LAOL 0.2736 0.2645 

SBF90 [29] LAOL 0.278 0.260 

CL93 (1) [30) MHD OPAL 0.2779 0.282 

CL93 (2) [30] MHD LAOL 0.2783 0.274 

GPB93 [31) OPAL 0.271 0.2791 

094 (32] OPAL 0.2799 0.276 

GDKP92 [33] MHD LAOL 0.2736 0.266 

SBK93 [34) LAOL 0.2740 0.259 

• CEFF - ypaeeeaue cocro11eH11 EFF [ 41) c eaeieeHLIMH nonpaBUMH la icynoeoscJCoe B31l11MOAeAcrBHe aTOMOB. 

•• YMeHbmeueu eenpo,pneocn. B IIAPC; K03Q><l>HitBeHT 0.2. 
••• YMeH.Lweeeu eenpolpaqeocri. B IIAPC; 1eo3<l><l>HI\HCHT 0.4. 

ua CCM. B eaCTO~ee speMJ1 Haa6onee nonllhlM B 
AeTaJILBl,IM JIBrulCTQI ypasBeHBe COCTODWI MHD. 
Hauoonee cy~eCTBeHHl>IM ·ct>H3B1ICCIOIM 3q>q>eKTOM 
ypaBHeHBSI COCTOmHJI SIBJISICTal B38HMOACHCTBBe 
3ap,ogeam.tx 11a~ nna3Mbl, se~ee K OTKJIOHe­
HHJO OT 3aKoeos ~eam,eoro ra3a. Ilp<>CTL1e o~eHKH 
nonlhlBalOT, 'ITO yqeT sJ1eKTpOCTa1T1ecKHX no­
npasox noHIDKaeT AaBJieHBe B ~eirrpam,m.tx o6nac­
ntx CoJIBQa Ha 1 - 2%, 'ITO AOJDKHO CK83b1B8Tl,CSI Ha 
napaMeTJ)ax CCM. Hauoonee npocro acM>eKT ypas­
HeHBSI COCTOJIHBSI MOJKHO DpOCJICAHTI> ea npHMepe 
MOAeJleA:, paCC'UITaHHbIX C IlOIIpaBKaMII H 6e3 IIHX. 
Tame MOAeJIB oIJBcaHbI B [25, 30, 33}. H3MeHemm 
COAep}KaHWI reno B rnyOBBbI KOHBCKTHBHOB 30Hbl 

npBMepeo OAHHaKOBbl BO scex nepe11BCJICHHLIX 
pa6oTax. Ilo3TOMY wm BCCJJCAOBaHID1 D3MeueHBA 
3H'I'pOIDDI B MOACJISIX Mbl BCil0Jib30BaJJB AaHHldC 0 

MOAeJUIX [25l(MOACJ1B 4 u 14 ea pHc. 4 ). Pe3yJibTaT ­
yqeT 3JleK'I'pOCT8TIRecKOI'O B3aBMOAeiCTBIDI BeAeT K 

· noemrceHBIO COJ{ep:llCaHWI reJODI ea 1 % H pocry ampo­
IIBB, C HCKOTOpbIM poCTOM rny6um.t KOHBeKTBBHOi 
30Bl,l (Ha 0.25% ). KpoMe TOI'O, cpasHeHBe MOACJiei, 
paCC'IIIT3HHhlX c ypaseeHBeM cocro,umg BAeaJibHOro 
ra3a runoc nonpasKB 3a aJieKTpoCTaTH'lecK}'IO x:op-. 

peKJ.UUO (MOACJJb 14), u MOAeJIB c MHD (MOAeJlb 15) 
noKa3bJeaeT, 'ITO BBeAeBBe nonpasoK npaJCTB11ecKB 
ucqepllldBaeT acpq>eKT 6onee CJIOXCHoro ypaseeHWI 
COCTOSIBBSI MffD C TO'IKB 3peHWI BJIBDBSI Ha oapa­
MCTJ)bl CCM. 

5. CTAmqECKHE (HECTAH]lAPTHbIE) 
MO.[(EJIH COJIHUA 

.[(aJiee paCCMOTJ)HM KJiacc eecr~apTllbtx con­
ne"IHLIX MOAeJieii, OT KOTOpbIX TJ)e6yeTCI TOJI.hKO 
TO, 11TOOhl OHB HMeJIB conee'IHbie 3H8'1CB11S1 p3ABY­
ca, CBeTHMOCTB B MaCCLI. BMeCTO pacq e-ra 3BOJIIO­
~ A.JUI nonyqeHWI npoq>HJISI XBMH'ICCKoro COCTaBa 
s MOACJIH COBpeMeHHoro CoJIBQa 6yACM HCilOJll.lo­
BaTL Dp0H3BOJILBl,1C Ilpoq>BJIII X(µ), nonyqaeMble Bl 
npoq>HIDI CTaBA3pTHOii 3BOJIIOl(IIOJUIOA MOAeJIB ny­
TeM MOAH<pHKaI(RB AByx BBAOB. Buaqane AOnycoeM 
MOABq>HKatum, JIOJCaJIB30BaeHhle B 3HepI'OBbJAeJISI­
IO~eM ~pe, onpeAeJiu eosLIA XHMB11ecXBB cocras 
11epe3 npo<l>HJIL ~(j.L) CTau,qapmoA MOACJIB C no-
MO~IO BblpaJKeHBSI . 

X(µ) = Xo(µ) + OX(Xsurf - X0(JL)), (3) 

ACTPOHOMHqECKHH )l(YPHAJI TOM 72 >A 4 1995 
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. ~e 6X JIBmlCTCSI oapaMe'I'pOM MOAB<j>RJCaQBB, a 
X-, - COAepJKaRBeM BOAOpoAa B o6ono11Ke MOAeJJB. 
~eBIIJtHO, ~ HOBbIA npo<j>enb 6yAeT OTnB'laTbCJI 
OT CTSJIA3pt'BOI'O TOJibKO B o6nacm, rAe np<>BCXOAH­
JI0.3aMCTHoe Bbtropa.HBe BOAOpoAa, T.e. opB TeMIIe­
paTYPax eblIJJe 10 MnH K. Taxoro pona sapa~ s 
BCKOTOpoA creneHB MOI'}'T BMBTBpoBaTb pa3Jluq­
ilWC cno.xau,1e a<j><j>eK.TLI B npo~ecce COJIHC'IHOii 
3BOJDO~. HanpBMep, cna6oe HJJB OOJIHoe oepeMe­
DJBBaRHe, AB<l>cl>Y3BJO, rpaB~OHHoe ~eHBe 
reJJBJI B op. 0AH3KO Mbl ue yroqw[eM, KaICHM HMeR­
BO s<j>(j>eKTaM STO MO>ICCT COOTBCTCTBOB3Tb ( ecne 

I B006~e TaXBe 3<j>(j>eKTbl ~CCTBYJOT), paCCMaT­
p.llB8JI opo4>:em, XBMH'leCKoro cocrasa s ,mpe JCaK 

JJCB3BCCTJIYIO napaMeTpB3yeM)'JO <j>yHK~JO. 

HecoMHeHHO, 1lTO B03MO>ICHO 3H3'Il1TC.nl,B0 oonee 
CJIOJICRoe UOBCAeHBe npo<j>Bml B ,mpe, 'leM TO, KOTO­

.poe MO}KCT 6&1Tb ~IIHC8HO BblpUCeHBeM (3). 0.QHaICO 
cpasHeHBe C HeKOTOpbIMH 'IBCJICHHbIMH 3KCUepa­
MeBTaMH Ha 3Ty TeM)' [40] Il0K33b1BaeT, 'ITO OCHOB­
m,re :JalCOHOMepuocre R COOTHOWel:IBJI Dpo)IB.J'UIJ()'I'C 

AU(e ope TaJCBX npc>CTbIX sape~ opo<pB.rul XBMH-

11ecKoro COCTaBa. Il03TOM)' B AMbHeimleM AJIJ1 npo­
CTOTbl 6y.QeM DOHHMaTb DOA Bapa~ X(µ) s ,mpe 
BapB~ npo<j>e:rur, OIIBCbIBaeMbJe BblpUCeHBeM (3). 

KpoMe Toro, paccMOTpBM oonee r1106anbn1e 
BapBaJ.{BB opo<j>Bml XHMB'leCKOro COCTaBa, a BMeH­
BO, nonaru 

X(µ) = X0(µ) + M. (4) 

B STOM cnyqae B Ka'leCTBe napaMeTpa ceMeACTBa 
npo<l>eneii 6yAeM ncnonb30BaTL COACP}IGIHBe reJIBSI 
B o6oJJO'IKe Y. BropoA KJiacc sapu~ 6JIB30K K H3-

MCBellIDIM npo<f>HIDI Xll.MH'ICCKOro cocrasa MC>IC.Izy 
~8p'I'HbIMB MOACIDIMB, paCC'I.RTaHHblMH C pa3-
BWMB Henpo3pa'1HocnIMH. 

.Ivuz opBBCACHU MOAeJIB K COJIHC'fflblM 3Ha'leHB­
JIM p~ca B CBCTHMOCTH HC06XOABM e~e OABH oa­
paMeTJ), B ICa'ICCTBe ICOTOporo 6yAeM BCD0J1b30BaTL 
'3BTpODBJO ICOHBeKTHBHOH 30Hbl. B TaXOB IlOCTaHOB-

1te CBOOOAH&IX napaMeTpos AOCTaTO'IHO Ami no11y11e­
BBJ1 CABHCTBeHHoit MOACJIB, ecnu OCTMbH&Ie <j>B3B­
qecme <j>yHIC~e (uenpo3pa'IHOCTb, ypasHeHHe co­
CTOmBJI n 3eeproBbIAeneuee) OnpeAeneHbI. Hamei 
~eJJbJO JIBJUICTCI Dy'leHHe DMeueumi yAeJILHoii 38-
'I'pOIUIB H COACp:>KaHWI I'CJIHJI npe Bapea~ Heopo-
3J)3'1HOCTB B TeX HJIB HHblX 'laCTSIX ny'IHCTOH 30Hbl 
Q)JI~a. BKJIJO'lasl ,mpo (T.e. TaM, r,Qe 3B3'leHWI He­
opoopa'IIIOC'ra OnpeAeIDIJOT B 3Ha"IDTCJibHOB Mepe no­
BeAe.HBe MOACJlbHLIX pememd, a me uenpo3PatJHOCTb 
RBJDICTCR op;noA D3 HaBMeHee ysepeHHO H3BeCTHblX 
BCJIB'IHH). 

H3MCHCBID1 Henpoopa'IHocm B MOAeJJB npeA­
CTaBJUUIBCb <j>Yff~WIMB, HMCJO~HMH M3KCBM)'M B 
JIM)e. COOCTBCHHO JJY'<IBCTOfl 30He HJIH OKOJIO OCHO­
B8BBJI ICOHBeKTHBHOB 30H.bl. Bene'IBHa MOAH<j>HqB­
posaeuo:A Henpo3pa'1Hocre BMeeT B~ 

1C = Ko[l+ aexp(-(lgT- lgT0)2/D)],· (5) 

h 

0.30 

0.25 

21 

•· · • • • • CS70 Y = 0.232 
- - CS70 Y = 0.2803 
-OPALY=0.2803 · 
-- -- LAOL f =0.2803 

" " ', M.CS70 

' ' ' ' ' ' ' ' ' ' 

22 

' ' ' ' ' ' ' \ 
' ' ' ' ' 

SIR, 

he. 3. 3aBHCHMOC1'L rny6HHLI KOH8CK'1'HBH0A 30Hbl h OT 

YJleJJl>ROA SH'I'J)OnHH ,qm, TJ)CX THOOB eenpo3patt80CJ'K K 
COJlCPJUKHil renaa a pacc'IHTaHHJ.IX CCM. IlepexoJl OT 
TO'IKH M-CS70 K TO'IKc A HnmocrpapyCT H3MeHeHKe h 
38 C'ICT yeenH'ICHHll. COACP)l(8ffHll rcnHll npH cpa.KCHpo· 
BaHHl>IX 3HTpoOHH H Ta6nHQax uenpo3pa'IHOC'J'K, OT A K 
B - H3MCHCHH.e h 38 C'ICT K3MCHCHHll 3H'TpOOHH, OT B K 
M-LAOL - 38 C'ICT co6craeuno yaenK'ICHHll ueopo3Pa'I· 
HOCTH Me)l(Jly Ta6neixaMH CS70 H LAOL. Auanol"lr'IHO, 
nepexoi:t err M-LAOL K C cooTBeTcreye-r H3MeHeRM.IO 

co6crBCHHO HCDpo3pa'UIOCTH Mc~y Ta6nHl(aMH, a 01' C 
ICM-OPAL- )'BCJIH'ICHRlO 3HTJ)OOHH. 

rAe 'Ko - HCXOAHOC 3Ha'1eH1Ie Henpo3pa'IHOCTB, COOT­

BeTCTBYJO~ee Ta6nB~aM OP AL, a - aMIIJIB'I')'Aa Mo­
AB<j>BXaqHJI, lgT0 - nono~eHBe MaxCHMyMa KoppeK­
QHB, D - creneHb orpaHH'ICIDIOCTB MOAH<j>BICaQHR 
(D = 0.0 l BO scex CJJyqasIX). Amt MOAR<j>ex~ s 
JI.Qpe lgTo = 7.2, B JJY'IBCTO:A 30HC lgTo = 6.6, OKOJJO 
OCHOBaHllJI MOHBCICTBBHOB 30111>1 lgTo = 6.3. Ilpe 
3TOM WBpBHa OOJ18CTH B3MCHeHBB B J1,Qpe COOTBeT­
CTByeT HHTepBany OT 7.0 AO 7.3 no lgT, RJIH OT QCH­
Tpa MO,qene AO 0.18 [IO pa~ycy; s OOOJIO'llCe - 6.4 < 
< lgT < 6.8 (0.32 - 0.67 paABYca). 

Ilpa BCDOJ1b30BaHBB MOAH<j>HK~ XBMH'leCKO­

ro COCTaBa e RJl;pe a COOTBCTCTBHH c BblpUCeHBeM (3) 
nonyqeHLI CJieAYJO~e pe3ynLTant: sapa~ ee­
npo3pa'IHOCTH B SJApe He BeA}"f K B3MeHeHHJO 38Tp0-
DHH B o60JIO'IKe, eapH~ >ICC Henpoopa'IHOCTB B ny­
'IHCTOA 30lte cymecreeHHO BJIWUOT Ha 3JITPODHIO MO­
AeJJH (npa a = 0.5 B3MeueHHe ampomm AS = -0.33), 
npe eapea~ Heapolpa'IBOcm y OCHOB3HIDI KOB­
BeKTHBHOA 30111>1 H3MeHeHHJI 3HTJ)POHH HC3H8'1H­

TC1lbH.bl. 

3TH pe3ynbTaTbl MOryT 6b1Tb HHTepilpen!poB8-
Hbl e ApyroM s~e. B0-nepe1,1x, eape~ Henpo-
3pa'IHOCTH H npo<j>Bml X B "APC BMeJOT CXOAHOC BJIH­
jlffRe Ha pemeHWI B "APC H KOMneucepyIOT Apyr 
AJ)yra. nocKon1,xy napaMelpLI o6ono'IKH (Se Y) ue Me­

WUOTal. 3'ro 03Ha'l3eT 803MO}Kl{OCTb C}'mecTBOBaHWI 
ceMeHCTBa MOAeJieB C O~H8KOBblMH o60JIO'IK8MB, 
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Pac. 4. YAeJU,HaSI 3HTJ)ODHSI l{OHBeK111BHOA OOOJIO'IIUI 

S/R
8 

H co,Rep:iKaeHe remu1 Y e conHe'IHhtX MOJlenu. 
KpyxcicH cooTBCTCTBYK>T MonemlM, pacc'IHTaHHLlM e 
JlaHHOA paoore (Ta6JI. 1), lq)CCl'HKH - MOJtCJISIM H3 (25] 
(iryMepaltfUI B COOTBCTCTBHH c Ta6n. 2). JIHHHH, coe,tHHSI­
IOIUJ{e nanpaTbl H Tpeyron1>HMKH, COOTBeTCTBYJOT S(Y) 
3aBHCHMOCTIIM Jl11Sl aapHal{Hi eenpo3paqeOCTH (3H8K SK) 
H XHMH'fecxoro oocraaa (3HaK 6X) B .11npe MOJlCJJK. Ilepe­
XOA OT M-OPAL KM-OPAL' COOTBCTCTBYCT H3MCHCHHJO 
Henpo3pa'IHOCTH e ny'IHCTOA 30He. CHMBOJJOM Coneua 
o6o3Ha'leHo reJJaoceAcMH'ICCKoe onpeneneRHe reno H 
3HTpOOHH B OOOJJO'IICC Conena. 

HO pa3HbIMH ~paMB 3a cqeT BapH~A X H 1C. OAHa­
xo B TO:lKe BpeWI 3TO cooTBeTCTByeT HCB03MOXOIOC­
TH DOCTpORTb MOAem, ~rul DpOH3BOnbHO 33AaHHblX 
napaMeTpOB OOOJIO'IKB 33 cqeT TOJibKO BapHaitBH 
Henpoopa'IHoCTH u npo<j>um1 XHMH11ecxoro cocrasa 
B gApe (CM. TillOKe [40]). Bo-BTOpbIX, eapB~ He­
Dp03pa'IHOCTH OICOJIO OCHOBaHIDI .KOHBeKTHBBOB 
30Hbl, KOTOpLie BeJzyT K 3Ha'IBTeJU,HOMY B3MeHe­
HHIO rny6BHbl .KOHBeKTHBHOi 30Hbl, CJiaOO CKa3L1Ba· 
JOTal ea napaMeTpax M01t;enu. 3TO 03Ba'laer, 'ITO eCJIB 

B03M0:XCH3SI OUJBOKa HCDOJib3yeMblX uenpo3pa11HOC­
Teu OKOJIO 20%, TO rny6HHa KOHBeKTHBHOH 30Hbl B 
CTaHAaJ)THOii COJIHe1UIOB MOAeJIH onpeAeJieea C TO'I­
HOCTblO JIHillb AO 1 %. 

Bo BTOpOM cnyqae (H3MeHeHHe npo<f>HJUI B COOT­
BeTCTBHB C BbipIDKeHBeM (4)) pe3yJILT8Tbl B 3B81IB­
TeJU;80H creneHH D.IDUOTCJl·CJieACTBHeM npeAI,~. 
EcreCTseHHO, B 3TOM CJI}"IBe Mbl AOJD1QD,I paCCMa:rpu­
BaT.b 33BHCBMOCTH B II.JIOCK.OCI'B (Saw• Y), T.e. CJie~, 
IC8K nepeMe~aeTCSI MOAeJib B 3TOA: II.JIOCKOCTH DpH Ha­

JIO:XCeHBH rex mm BHbIX eoo~emm. Pe3YJibTaTLI 
npeµ;CTasneHbI Ha pac. 4 aa npaMepe Moµ;eneii, o6o-
3Ha'leHHbIX KpeCTBKaMB B Kp'Y}KK3MB (BCXOAHOA 
MOAem.10 nJIJ1eTcS1 CTaH1];aJ)TB3JI OPAL-Moµ;enb). 
Ha 3TOM pucymce 3aBHCHMOCTb S(Y)IC (3aBHCBMOCTb 
AJIJI MOAHq>B.Ka~ aenpo3pa'IHoCTeii B ~ noMe­
qeua 61C) OKa.31,IBaeTOI IlO'ffll napaJJJieJibBOB OCH 
a~c.c. T.e.- tUJCJieBHoe 3Ha'leBBe 3HTJX>IIHH s o6o­
JI011.Ke MeHSieTa Mano. 3To - e 3H8c:m.TeJibHOA CTene­
HB cny11aAH1,dt q>aKT, CBR3aHHblH C .KOMneHcaqeeii 

H3MeHeHBA 38'IpOD.IIB C MOJieK}'ruipRblM BeCOM B 
D3MeBeHBeM nepen3Aa 3HTpODBB 8 caMOI KO~K­
THBHOii o.6ono1:1x:e. 0AHaKO 6onee Baxc:HO TO, 'ITO 38-
BHCHMOCTL S(Y)x AJISI MOABq>HKa~ DJXXl>BIDI XHMB­
qecKoro coCTasa B ~pe ( 38BHCRMOCTL AJ1'l nocrom­
HblX eenpo3pa'IHOCTe:A noMe'Iena 6X) 6JIB3Ka K 

3aBHCBMOCTH S(Y)". 3To COOTBeTCTBYeT npeµ;WJzy­
~eMY ymepQeHHIO o cxoµ;CTBe BJIWIBBjl sapn~ 
eenpo3p311HOCTH H np<><l>BJISI XHMINeCKOro COCTasa 
B ~pe. IiOCKOJibKy 03HaqaeT, 'ITO 311TpOIDm coxpa- . 
HSieTCJI npR H3MCHCHBJIX Henpo3p8'IBOCTH B S,tq>e AJVI 
11:pymx BCXO]l;HblX DpOq>HJieii C pa3HbiMB Y. 

C Apyroi CTOpoHbl, B3MeHeHBe Henpo3pa'IBOCTH 
B Jl}"IBCTO:A 30He (a= 0.5 B BbipIDKeRBR (4)) seµ;eT K 
B3MeHeHHJO KaK 3H'I'pOIIBH, Ta.K R COAep.xcamm reJI.BSI 
B o6ono11Ke. Moµ;enb aa WJOCKocm (Sm.;, Y) nepeMe­
~aeTCJI OT TO'IKH M-OPAL x M-OPAL', s npoacxo- · 
JJ;HT napaJJJieJJbHbn\ nepeeoc COOTBeTCTBYJOID;BX 3a­
BBCHMOCTe:A S(Y) (mmBB, npoxo~e '1epe3 ro-cucy· 
M-OP AL'). KoJ11AeCTBeHHo B3MeHeHIDI 3B'l'pODHH B 

3TOM CJiyqae COOTBeTCTBYIOT npeAb~ o~eHKaM 
npu eapuaiumx XHMB'ICC.KOro COCTaBa B S,tq>e, To'I­
HblB eeicrop nepeMe~eHu a D1IOCKOCTB (Scnv• Y) 38-
BBCBT OT IlOJIO:XCeHIIJI MBKCBM}'Ma <l>Y~ B03MY­
~eHBSJ Henpo3p3'IHOCTH, npu6JIIDKUCb IC aepTHICaJIB 
B }'MCHbWUCl, DO BeJIB'IBHe npu }'MeBLmeHBB lgTo B 
BblpIDKeHBB (5). 

Ha puc. 4 Ta.IOKe Ba.HeceHbt MOJJ;eJIH H3 pa6oTLI [25] 
(BX xapa.KTepBCTBKH npeACTaBJieHbl B Ta6JI. 2). 9BT­
po1D1S1 KOHBeICTBBHOil 30Hbl 61,ma OQeHeHa BaMB DO 
AaHHl>IM, nI06e3HO npep;oCTasneHHblM H. KpscreH­
ceuoM-.Uucraapp;oM (J. Christensen-Dalsgaard) (OT­
Me'l1f.M, o~aICO, 'ITO 3HTpOIDISI '1ml 3TBX MOJ);eJiei 
o~eHBBaJlaCb HaMB B paMKax ypaimeHWI COCTOJIH.BSI 
MHD, Torµ;a xaK Mop;eJIH paccqu,ram,1 c ypasaeHBeM 
cocroJIHBSI EFF (41]). Pacnono:xceHBe Mop;e11ei nop;­
mepqae-r xapaKTep onHcaHHbIX B3MeHemm: Mop;e­
JJH 6, 21, 22 HMCIOT pa3Hb1B B03pacr B, cneµ;OB8TeJlb­
HO, pa3Bl>Iii np<><t>anb X - oHB pacnono:xceHbI napu­
nen1>eo 3aBHCBMOCTH 6X. CBTy~ c MOAeJ'lJIMH 7 ,: 
27, 28, BMeJO~ pa3Hbie eenpo3pa'lHOC'J'B B .RJ:tpe 
H napuneJibHbIMH 61C-338BCHMOCTH, aHaJIOI'IAH3, 

BmmHBe sapea~ Henpo3Pa'1Hocrei, noKaJIB30-
Bamu.lX OKOJIO OCHOBaHWI KOHBCKTBBHOB 30Hbl, He-
3RaqureJILHO - B3MeHCHWI ~y = 0.0003, 6S = -0.03, 
6h/R0 = 0.012 npB aMOJIBTy]l;e BapH~ HCnpo3paq­
HOCTB a" = 0.3. 

IlpoeeneHHoe paCCMOTJ>CHBC p;aeT B03MOXOIOCTh 
C<J>OPMYJDtPOBaTh CJiep;yro~ee yrBep:xcµ;eHBe. CoJI­
HC'IHbie Moµ;eJIB C 33A8HH()B aenpo3pa1DIOCTl,IO B 
JIY'IHCTOii 30He (a TalQKe ypaseeHBeM COCTOJIHBJI B 
CKOpOCTHMH peax$11), HC3aBBCUMO OT JIJX>4)BID1 XH­
MB'leCICOrO cocrasa (T.e. CT8HA8J)THbie 3BOJIIOQROH­
HbJe npo<l>BJIB BJIB HCT) B Henpo3p3'1BOC'J'B B JIAl)C, 
. 6YJzyT BMeTb op;ey B Ty :xce 3HTpOmDO AID1 33AaHHO­
ro cop;ep:xcaHBJI reJJWJ, T.e. npHH3AJ1e:xcaTL OAHOi 38-
BRCHMOCTB S(Y). ECJtu orpaHB'IBTLCSI cpaeaeuaeM 
3HTpOilHH SI R1 Mop;eneii c TO'CIHOCTbJO AO 0.1 Mon.1:,/r 
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.-· · · ·· ~ mrrepsaJioM Ye [0.23 - 0.28], ro e&1meyKa3aHHoe 
. yrsepZJ{eHHe 03Ha'laeT, qro ece MOAeJIB c 3a,qauuoii 
. ffenp03pa'IHOCTblO e nyqucroe: 3oue BMeJOT OAJIY B 

. - . · .. ' T'J xce aH'J'POllHIO B KOHBeKTBBHOB o6onO'IKe. 

~-

Hcnom,3oeauHe yAen&uoii airrpoDBB coJJHe'IHOii 
OOOJIO'IKB KaK napaMe,pa MOAeJIB Il03BOJU1eT1 no­
CJICAOBarem,Ho npocne,t(BTL BJIBJtHBe HJMeHeHmi B 

. ct,B311'1CCKIIX npe)l;CTaBJieHIDIX Ha C1'pOCHBe MO)l;eJIH. 
· · B aacro~ee epeMH cy~eCTBylOT Ol.leHKB napaMeT­
t pos crpoeum1 o6nacre BTOpoii BOHB3al.lBR re.lIHSI B 
1t6BBeKTHBHOB. 30He no AaHHLIM O KOJie6amutx [42], 

. · CM. TalOICe ( 43]. TaICBe ou;eHKH ll03BOJU1IOT DOJiy-qBTL 
COACp>KaHHe reJIID1 H airrponHIO KoueeKTHBHOH o6o­
Jio'IKB He3a8BCHMO OT npeADOnoxeHHH O crpoeHBH 
Qpa . Coimu;a. J:(ng cornacosalUUI TeopeTll'lecKoro 
cneicrpa xone6auui cra~apmoi MOJ:(eJIH c ua6mo­
AaeM1>1MH -qacroTaMB · ueot5xo)l;HMO cornacoeaHe:e 
sTRX napaMe'rpOB MO)l;eJIB. Ha puc. 4 npeACTaeneaa 
TO'IK8, COOTBCTCTBYIO~ruI reneoceiiCMHtl:eCKBM 
o~eHKaM, IlOJI}"IeHHruI npH OI~eHKe 3HTpODBB )];JUI 

oliTBM&nbHOH MO)l;eJIH H3 (42]. BHJl:HO, q,ro see pac­
CMOTpeHHLie CTaBJl:8pTHbie MOAeJIB AOCTaTO'IHO 
)l;aJieKB OT reJiuoceecMHt1:ecxo:e ou;eem. C no­
MO~IO pHc. 4 MO)KHO 01.leHBTb D03M0}KH0CTL corna­
COB8Tb oapaMe'rpbl COJIHe .. IHOH MO)l;eJIH. 3TO MO)KHO 
61,JJIO 6LI CAeJlaTh JJ,H6o nyTeM BeChMa 3H8'1BTenbHO- . 

' ro y-MeHhIDCHWI Henpo3pa'IHOCTeli B R.t(pe, H8'1HHruI 
OT OP AL-MOJl:eJia, nu6o Ja c1.1eT eecbMa JHa'IBTeJJh­
eoro yMeHbmeHIDI cop;epxaHWI eop;opop;a e ~pe 
(6onee 'leM Ha 20%) npH O)l;HOBpeMeHHOM }'MeHLme­

. RHB Henpo3pa'limcrei, Ha'IBHrut c LAOL-MoAeJIB 

. (CM, TaIOKe MOp;eJIH C yMeHbmeHHhIMB Henpo3pa'IHO­
CTDIB B JJApe B3 (44]). IlpH 3TOM TaKHe MOp;eJIH 6y­
AYT BMeTb HB3KBH IlOTOK XJIOpHl,IX Heii'rpHHO. 0J:(H3-
KO DOAOOHbie cyx)l;eHIDI O ueo6XOJ1:BMOCTB MCIDITb 
lienpo3pa'IHOCTD BMelOT CMbICJI JIHWb Ha paccMaT­
pe:eaeMOM MBO)KCCTBe MOp;eneH C 3BOJIIOI.\HOHHbIMH 

BJIB 6nH3KBMH K HHM npoqum.RMB XHMH1'.leCKOro co­
. CTasa. B TO)Ke epeM.H C TOtl'.KH 3peHW1 cornaCOBaHIDI 
napaMe1'pOB MOryT OKa38TbCR BeCbMa nepcneKTHB­
BbIMB MOAenu C p;eq>q>y3HOHHbIN OCa)KJ\eHBeM I'CJIIDI 
B3 KOHBCKTHBHOH 30Hbl (CM. [45, 46] H CCbI.nKB B 
HBX). B 3TIIX Mop;en.RX AOCTHraeTCSI AOCT3TOqHO xo­
pomee cornacosaHHe COAep>KaHIDI renWI u rny6BH&I 
KOHBCKTHBHOH 30Hbl C rennoceikMH'ICCKBMB onpe­
AeJJCHWIMH 3THX eenu~IHH npu HCilOJib30BaHHH He­

npospa'IHOCTCH OPAL [45]. Bonpoc o cornacoeaHBB 
3H'rpOilHH ocraeTCjf OTKpbITLIM, H B03M0)KH0, 'ITO ee 
BemNHHa B Mop;eJiri H8XOAHTCj1 B npeAeJiax omu6oK 
renaoceHCMH'ICCKOB K8JIH6p0BKB, 

KpoMe roro, HCKOTopoe BJIIDIHBe Ha paCCMOT­
peHHbie 33BHCHMOCTB AOJDKHhl OK83blBaTb npHHH­
MaCMbie eenu'IHHbI ce'leHHii J1p;epe1,1x peaKl.lHii H 

·. . , . · ypaeueHHe COCTO.RHWI, XOTjl Bp~ JIB Q)H3H~CCKH AO­
~-"'· nyCTHMbIMH SIBJIJIIOTCSI CKOJibKO-HH6yAL 3H81'.1BTCrrb-

: :( Bb1e eapua1urn 3THX senB'IHH. B mo6oM CJiy'lae npu 

aaanu3e nonyqaeMbIX Mop;eneii Conu~a Reo6xonu­
Mo 'BCDOJih30BaTh o6a napaMe'rpa - 3H1'p01IBIO H co­
)l;ep)l(aHBe rene:H • 

ABropbI 611arop;ap.S1T B . .[(anneHa (W. Dappen) Ja 

Heo6xo~1e AOilOJJHBTeJJbHblC pacqeTbI 3HTpODBB 

B paMKax ypaeHeHWI COC'I'O~HWI MHD. Aeropbl TaK­
xe secLMa npB3HaTenbHLI H. KpucreHceH}'-.D;ancra­
apAy (J. Christensen-Dalsgaard) 3a .QononHBTeJlhH&Ie 
AaHHbie O MOAeJISIX H.3 pa60Tbl [25]. 
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Effect of Opacity on the Convective-Envelope Parameters in Solar Models 
V. A. Baturin and S. V. Ayukov 

High-precision calculations of a set of standard models of the Sun internal structure, using different opacity ta­
bles, are presented. Models are compared on the basis of two clue parameters - helium abundance and specific · 
entropy in the convective zone. Effect of opacity on these two parameters in the radiative interiors is studied. 
Comparison of standard models, based on different opacity tables, shows that' specific entropy in the envelope 
diminishes with growing opacity in the radiative zone, whereas helium abundance grows with opacity growing 
in the core. Investigation of static nonevolving models with modified opacities indic.ates to a general correlation 
between the envelope specific entropy and opacity in the radiative zone, ootside the energy release region. 
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06PA30BAHBE PA)UIOAKTHBHLIX Jl));EP H D03MOlKHOCffl 
HA6JDO.Z.EHIDI rAMMA-JIHHUil DPH BCDLIIDKAX HOBLIX 

© 1995 r. A. ,Z:l. Ky,1qu1moa, A. B. Tyryicoa 
BHHHTH, Moc,cea, Poccwi 

HHcmumym acmpoHOMUU, Moc1'61J, Poccwi 
IlocrynBJJa B pe1,tUQB10 13.09.94 r . 

DpeACTaBJICHLI pe3ym.TaTld ICBHCTll'ICCKBX paC'leTOB TepMO,r,ttepHOI'O ropeHRJI B 6oraTOM BOAOpoAHOM 

BCll(eCTBe npH ycnoBU:X xapaKTCpllhlX AJ1J1 o60JIOtfeK HOBblX, B KOTOpbIX BCilbimKH npoHCXO)VIT Ha 
CO-npmncax. 00Ka3aHo, lrJ'O H8JIH'IBe B CO-,r,ttpax 3H3'18TeJihHblX COAep}l(aHHii 22Ne H 25Mg npBBOAHT K 

BOOJICHBIO B Bb16paCbJBaCMOM BCll(CCfBe p;onoJIHHTCJILHOl'O KOJIHtfeCTBa paAH03XTHBHOI'O 22Na H Cyll(e­

cr&eHHO yneJIH1111BaCT KOHIJ.eH'l'J)a.UBJO B HeM 26AJ, . Dpep;JIO}l(CH npocroii " rpa<f>H'tJCCKHH" cnoco6 onpe­
ACJICHWI B03MO}l(HOC'l'H peI"IICTpattHH IlOTOKa B 1'8.MM3-JIHHHJIX P8AH08KTHBHhIX ,r,t{ep, o6pa3yIO~al B 
3H8'IJITenl,HLlX KOJIH'Jecreax ope BCDbJlllJCax HOBLIX. ,ll;rut 6JIH3KHX HOBblX C p;ocraTOttHO OOJibWKM C0ACP­

}1(8HHeM CN0-3JleMCHT0B B o60JIO'tf1Ce nepep; BCilLlllllCOA npop;eMOHCTpHp0BaH8 B03M0}l(H0CTL Ha6n10p;e­

BJUI raMM8 -H3JIY'ICHIDI B 8HHHI"HJUlttBOHBOit JIHHBH. 

l. BBE,nEHHE 

Oncpi,rme ranaJCTll'qec1mii raMMa-JIBHBII p~Bo-· 
axTBBHOI"O B30TOlla 26Al C DOMO~IO ffEAQ-3 [1, 2) 
· a n~e)zyl<>~ee DOATBepQeHBe 3TOro Ha SMM [3] 
BC TOJILICO UOC'l'aBBJIO Bonpoc O IlPBJ)OAe OCHOBHOI"O 
BCTOqa&Ka AaHHOro H30TOna, HOH, npHBJieDJI BCe-

00~ BHTepec K o6aapyxteHBJO raMMa-nmmA: APY· 
rex ~ep, yxpemmo AaBHBe.[4] a~e~1 ac:rpO<j>u-
3BKOB Ba B03MO)KHOCTB raMMa-AUamOCI'HKB H}'XJle­
OCBB.Te3a B paJJIIAHhIX 061,eKTax. 

CocmieTCTByto~ee Ha6JIIOAaeMOM}' llOTOJCY ( 4 x 
X 10-4 ac2 c-1) x:011:aqeC'l'Bp 26 Al 8 MeXC3Be3AUOB cpe­
Ae o~eHIIBaeTCJI 8 3M0 [2] B .smrureTca H8CTOJihICO 
3Ha'IBTCJihlU,IM, 'lTO ero TPYAHO o6"bJlcHB"l'b npaxm-
11eCKB BCCMB npeAJiaraBIDBMBca BCfO"IHIIKaMB ero 
o6paJOB8BWI. He aHaJIB3BpYA' JAeci, BX eepo.smu,1A 
OTBOCBTeJibHblB BKJI~ (CM. [5, 6) u npBBCAeBliLie 
TaM CChlJIKH), npocro nepe'IBCJJHM am B03Moxau,1e 
acro-cnm:KB: 3ee3n1,1 aCBMIITO'l'IAectcoi BeTBu rurau­
TQB, 3Be3~1 Bom,<f>a-PaAe, HOBlde B ceepXHOBLte 
IlTBna. 

HAeA' 0 TOM, 'ITO BLICOKOTeMnepaTfPHoe rope­
BBe BOAOpo,xa B HOBhIX MOXC:eT Aan. 3H8'IBTCJILB0e 
KOJIB'ICCTBO 26Al, BblCK83aHa e~e B paoore [4]; JID­
Tepa-rypa, no~eHHu pacqeTBM H}'XJleocmrreJa B 
BOBhIX yxte AOBOJlhHO 061IIBpHa [7]. 0rMeTHM, 1l1'0 B 
AByx aau6onee DOAJ)06Bh1X pa6oTax [8, 9], OCHOBaH-

· IIJdX Ha npeAJIOJIOXC:eHBB, 1fI'O COC'raB OOOJIOqJQf JIB-
6o 6JIB30K K COJIHe'IHOM}', JIHOO o6or~eH yrnepo­
AOM H KBCJIOpoAOM, UO,AMemaHJILIMB B npol(ecce ax­
q>eitBB B3 HIDKene~ CJioee C0-.9M>a, 
DOJl}"ieHbJ AOBOJihBO HB3KBe 3Ha11e1111Sl KO~e11Tpa­
.J:tBB 26 Al. Ha oceoeamm 3TBX pacqeroe e oo3ope [ IO] 
CAeJiau BLIBOA, 'lTO HOBhie Moryr A8Th 1'pe6yeMoe 

x:on:aqeC'l'BO 26 Al TOJI&KO B CJiy11ae, eCJIB Ami ecex ae­
onpeAeJieHHl,IX BeJIB11HH B3ffl, BX uaaoonee oDTH­

MBCrB'llfble npeACJlbl. 
0AH&Ko ranoreJa o TOM, 'ITO aa6moJ:{aeMhle y 

eexOTOpLIX HOBl,IX 3H8'DITeJll>lll»IC COAepxcaHIISI ICHC­
JIOPOA&, aeoea u MarHIDI 03ua11a10T, 1l1'0 BCllbtmJCB 
npoBCXOAJIT ea ONeMg-x:apnutcax [11, 12], a TatOlte 
m~emca AOCI'aTO'IBO OOJihmOB J:(OJIB TilKBX co6&1THB 
e pa6ore (13], T.e. Bh~eJieHHe oco6oro uacca 
HOBbIX 3BC3A, He~KOJibKO H3MefflleT arry~. ,Ileii­
CTBBTeJU,HO, nepBhle pac'leT&I H}'KJieoCHHTe3a B 
npo~ecce BCIIhDUKB HOBOH C }'11eTOM OOOI"~CHWI 
06ono1UCB 20Ne u 24Mg (14, 15] AaJIB yae;mqeHBe co­
Aep:xca.mu 26 AJ B HeA oonee 'ICM Ha nop~OK, IlpH 
3TOM }'MCHbineHBe npHMB3meJl1,HO Ha D~OK 
uparrepHoA MaCChl e&16pomeBB0A o6ono1UCB Ami 
OOJiee MaCCBBHhIX ONeMg-KapJIBKOB u )"leTroro. 'rI'9 
'lacroTa T81CHX ROBhIX COCTaBJUleT -1/4 OT 060:(ei 'laC­
TOThl HOBhlX [13], DpBBO~ K BeJill'UIHe 0.3 - 0,8M0 
Ami Bh16pach1BaeMoro HMB 3a epeWI XCB3HH B Me:x<:-
3Be3~ cpeJO' 26AJ. 

B pa60Te [15] Ami o6oJio'IKH ONeMg-KapJIH1Ca 
ROJI}"leHO TalOICe :JHa'IHTeJibHO }'BeJI~eHHoe COAep­
:>KaHBe 22N, (=- 10-5 no Macce), a WIJ1 CO-x:aWi!exoe 
OTMe11euo, ·"ITO noJIY'{aro~ea COJXepxcaHIDI 3N, 140 
B 150 eacronhKO BCJIHKH, q,ro RpeACTaBIDIIOT HHTe­
pec Ami raMMa-Ha6JIIOAeHBB e a.RHHI'BJI~OHHOA 
JIHHBH Ba cr3J:tBB Henpo3paqeoi OOOJIOqJQI B coor­
BeTCTBHB C imeeii B oqeBIC8MB pa6oT1,1 [ 4]. 

B pa6ore [16] HCCJieAOBaH npo~ecc 06pa3oeauu 
. 26 Al B 22Na B OOOJIO'IJta.X HOBblX KaK COJlHe'IHOC'O co­
craea, TaJC e o6or~eBH1>tx ee~ecTBOM CO- u · 
ONeMg-KapJtBICoe Ami pa3JIBqJ{1,JX 3Ha'lemlA: MaKCB­
Man&HOR reMnepaTYPhl e 30He ropeHIDI u epeMeHH 
OXJI~emm. BhIBOA OTBOCBTeJihHO 26 AJ 8HaJIOI'B'leH 
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DpBBCAeHHoMy e1,nne: AIDI HOBhlX ea CO-~pax 1toH­
u;eRTp~ a e&.16pac1,maeMaJ1 Macca 26 Al ueeen.HKB, 
s ooono111Cax anpe~pyioll.(HX ONeMg-xapnnos 
COAepxc.am1e p~OaxTHBHOro amOMBHBJl BO BpeMJI 
ecm,uintn 3H3':IBTeJlbHO Bblme, HO ero XOJIH'leCTBO B 
M6lK3Be3,nHOi cpeAe, KOTOpoe B cpeABCM MO[j'T 
o6ecue1tBTL TaKBe BOBble, paBHO 0.4 - lM0 . CoAep­
~BBe ,ice 22Na B HOBLIX ea ONeMg-xapnuxax AOCTa­
rotmo senBKO AIDI roro, qro61,1 ua6ruoAaTb raMMa­
JIBHBIO 1.275 M3B Ami 6nmKBX (~ 1 me) co61,nml:, 
HO cosepmeHHO BCKJUO'laeT B03MOJICHOCTb roro, 'ITO 
3H31IJl'TeJIJ,BaJ1 '13CTb faJiaK'l'TICCKOro 22Ne o6pa30-

Ba113CL 3TIIM nyTCM. 

B paoore [7] CBCTeM3'I'B'ICCKH H3YqeH BbIXOA 26 Al 
B 3aBBCBMOCTH OT MaKCHMaJibHOi TeMilepaTYPbl B 

BpeMeHB BbIC0KOTeMnCp3TYJ)HOA <J>a3bl, a T3IOICC 
B3pbHp0BaJI0Cb COAepxcaHBe TSDKCJlblX a.neMeBTOB Z 
( OT C AO Mg c coxpaHeHHeM co11Be'IHLIX omome­
mm) OT 2 AO 30%. ABTOpbI no11y'IHJIB, 'ITO 26 AJ o6-
pa3yeTC8. s npeAeJiax onpeneneHHoA nonoc1,1 ea mm­
CKOCTH napawe-rpos T mu. -'!_q• me 'te.r - speMR uapa­
CTaBJUI reMn~aTYP&I OT l U° K AO T max. KoHe'IHoe 
COAepxaHBe Al O~a3aJIOC1, nponopQBOHaJibHblM Z, 
a nposeneHHblC aBTOpaMB ea OCHOBe CBOIIX pe3yJib­
T3TOB ou;euICB noica3aJIB, qro ONeMg-eoBbie MO[)'T, 

TaJOICC B OIITHMHCTll1ICCIC0M IlpeACJie, o6ecne'IBTb AO 
5M0 

26Al B Me)K3Be3AJ{oi cpeAe. 

Bo BCeX yrioMJDl}'TblX pa6oTax npH DOB1>1meHHblX 

COAepxcaH.IISIX B 000110'UCe yr11epoAa B KBCJIOpoAa 

BCil0Jlb30BaJIBCb TOJlbKO B30TORbI 12C H 
160 , 3 J{Jlil 

ONeMg-upJIBKOB - rom,xo 160, ~e a 24Mg. Mexc­
AY TCM, CO-.fl]ij)3 sosce He COCTOSIT TOJI&Ko H3 AByx 
B30T0Il0B, a COACpJKaT B APYrHC DpoAYKTbI reJIHCBO­
ro ropemm, cpe~ K<>rop1,ix, HanpeMep, 22Ne B 25Mg. 
Hx KOH.QeRTpaqu ( = 1 % no Macce) u pacnpeAeJieHBe 
a CO-.SlApe (17, 18], a TaJOKe npBHaAJiemIOCTb COOT­

BeTCTBeBHO K NeMg- e MgAl-~JCJiaM yKa3LIBalOT 
Ha Heo6xo~ocn, BICJIIO'ieHBSI 3THX U30T0DOB B pac­

qen,1 HYKJICOCHHTe3a. AHanOf'H'IHO AIDI o6o11011eK CO 
3Ha'l:IBTCJlbRLIM o6or~eHBeM HCOHOM B MarHHeM He­

o6xo~o ycmn,ma'I'b H30TODHoe pacnpeAeJieHBe 
npo~TOB yrnepoAHOI'O ropeHBSI B ONeMg-SIJ:q>ax, 
KOTOpoe MOXCeT CKa33TbCSI Ha COAepxcaHIDIX PaAHO­

aKTHBRLIX H30TOilOB. 

Ha6ruoAeHBSI ra.MMa-JlllHHl1 paAHOaKTHBHhlx stAep, 
B '13CI'HOCTB AIDI HOBblX, IIpCAOCT8BIDIIOT }'HHKaJib­
eyIO B03MO)ICHOC'I'b Dp.RMoro onpeAeJieHBSI yCJioBBH B 
30Be ropemm B xapaicrepHCTHJC AUH8MB'ICCKHX npo­
~eCCOB, BbI3BaHHbIX repMosmepuoii BCilbIWKOlt no 
COOTBOWCHBIO BpeMeH :lKH3HU 3TBX Sl]\ep H xapax­
repHbIX BpeMCH AIDI HOBbIX OHB MOryT OLITI, pa3AC­
JICB1,J Ha HCCKOJlbKO rpynn. QqeaL o6HJihHbIC B 30Be 
ropeHIDI HCCTaOHJibH.bIC B30T0llbl C BpC.!-fCHaMH :lKH3-

HH 6on1,me speMeHB KOHBCKTHBHoro nepeMemHBa­
HBSI 0001IO'IJCB MO[j'T nO.RBBTl,Cjl ua noeepXHOCTH Ha 

pammx 3Tanax BCDbllllKB B A8Tb AOCT8TO'IHblC AJlSI 
aa6JIIOACHRSI, XOT.Sl u KpaTKOBpeMeHHbie, BCilbIWK.H 

B raMMa•JIBHJISIX pacn3Aa HJIH B aHHBrBJIJiu;HOHHOH 

JIHBHH. HecraOBJil,Hble Jl)q)8 C BpeMeHa.MB )ICl13HH, 
llpeBblDI3IO~BMH BpCMll npocserneHIDI OOOJI011KJI B 

raMM3-AlJana30HC (HCCKOJibKO AHeA). MOryT A8Tb AO­
CT3TO'IH1,Iii AIDI H86J110AeBH11 norox AaX<C npH cpaB­
HHTCJlbHO HH3KBX KOH~CHTp~mtX. Ha1mHeu;, Te 
jf,Qpa, KOTop1,1e :liCHBYT MHOro OOJlbWe epeMeHH MCXC­
AY BC1Ib1WK3MB HOBbIX, MOryT HaxanJIJIB3TbCJI B 

MCXC3BC3AHOH cpeAe B A8B3Tb npH6JIB3BTCJILHO no­
CTOmDlblA: raMMa-noroK. 

B COOTBCTCTBHB CO CK83aHHbIM H8CTOJll~0JI pa6o­
Ta BMCJia CJICAYIO~e (.\CJIH: npOBeACBBe pac11eTOB 

KHBeTHKH ~epuoro ropeHIDI B 6oraTOM BOAOpoAOM 
se~eCTBe AIDl OnpeAeJieHHSI COAepxcaHe::A paAHOa.K­
TRBHbIX B30TODOB npH YCJIOBW1X, xaparrepm,IX AJISI 
HOBblX, D C ytieTOM AOCTaTO~HO 60.JiblllBX KOHqCBT­
p~ 22Ne H 25Mg, non3Aa10~ e OOOJIO'IIC)' eMec­
Te c ee~CCTBOM CO-~pa (pa3Aen 2; coOTBeTCTByio­
~ee u3yqeuue ONeMg-~ep u onpeAeneHHe BX 

BKJJaAa B raJiaKTll'Iecram CHHTe3 26 Al npeAnoJJaraeT­
CSI nposeCTB e CJICAYIO~eu pa6ore), npeACTaBneHBe 
npocroro B YJlOOHOro rpa<f>H'leCKOro MeTOAa onpeAe­
neHIDt B03M0}KH0CTH Ha6JIIOACHIDI BCJlbIIlICK HOBl,IX B 
raMMa-JIHHIDIX (pa3AeJI 3), o~eHKa BJIIDIHBjl 6onee 
TO'IHOro y-qeTa B30TOnuoro cocraea CO-~ep ea B03-
MO}l(}IOCTH npoB3BOJ:(CTBa HOBbIMB 26Al (pa3ACJJ 4). 

2. METO,U H PE3YilhTATbl 
tUICJIEHHbIX PACqETOB 

Ilpu pactte-rax .RAepuoro ropeHmt s HOBLIX MbI HC· 
no111,3yeM OAB030HBoe npB6JIIDICCHBe, KOrJ:(a BCSI 
06011oqx:a HMeeT TeMnepa'Ij'py H MOTHOC'Tb, COOT­
BCTCTBYIO~He npu6JIB3DTC1ILHO TeMDepaType H 
MOTHOCTH Ha AHC peaJU,BOA 30HbI ropeHlDI, a TaJOKe 
OAHOpoAHLIA XBMH'iecKHii cocrae. KoueqHo, TaKoe 

npH61IIDKeHHe, AaBaJI B03MOXCHOC'I'b oposecm .K.BHe­
TH'leCKHe pactteT1>1 AJI.R ~enoro Ha6opa napaMe'IpOB 
B BblSIBHTb B03HRK8IOUU1e npu 3TOM 33BHCHMOCTB, 

ee Y'!HTbIBaeT MHOI'H.X npo~eccoe, npHcyTCTBYIOII(HX 
npR MHOr030HHOM l'HAPOJJ:BHaMH'leCKOM MOACJIHpO· 
samm BCDblWCK H, llpe:>KAC Bcero, nepeMCIDHBaHID1 

Me~y 30HOR ropeHIDI H OCTaJibHOH o60JIO'IKOA. 
Bnpo'leM, ueonpeneneHHoCTH KOHC'IHhIX COAepxca­
mrit 31ICMCHT0B, CBJ133HHbie C 3TBM a<t><l>eKTOM, He 
BblXOWfT 33 npeACJibI HeonpeJ:(CJICHHOCTeA. CB.Sl3aH­
HbIX, HanpHMep, C KOJIB'ICCTBOM (H COCTaBOM!) ee­
meCTea, noAMenmeaeMoro B npo~ecce aKKpe~ H3 
,RApa [8], HJIB c HCil0Jlb30B3HBCM pa3JIBl1Hb1X TeMDC· 
paTYPHbJX npo<l>BJiee:. 

TeMIJepaTYPa H IlJIOTHOCTh npH OAH030HJ1bIX pac­
'ICTax H}1KJICOCHHTC38 33A3IOTCSI JIHOO B COOTBCTCT­
BHH C X3KHMH-JIB6o rHAPO~HaMHttCCICBMB pac11eTa­
MB BCilbllIICK HOBhlX, ~AeJiaHHbIX c orpanH'leHHoii 
KBHCTH'ICCKOH CXCMOH, 1IHOO aHaJIHTB'ICCKH. 06bl'I­
HO C'IHTaCTCJI, lITO 33BHCBMOCTI, TeMnepaTYPbl OT 
BpeMCHH onpeJ:(CJISICTOI, B OCHOBHOM, ABYMll napaMe-
1J)3MH - MaKCHMaJibHOA TeMnepa'Ij'pOH H speMeHeM 
OXJia:>KAeHHSI, OAH3KO no 3TOMy eonpocy HMeCTC.Sl H 
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JXl)yroe MHeHBe [7]; npoq>BnL }Ke UJIOTHOCTB He oxa-
31dB8CT ~eCTBeHHOI'O BJIIDIHWI ea HylCJieOCBHTe3. 

. B Hao/O~ei pa6oTC TeMnepa'rypa u nJIOT~ocn. 
cqJl'f8JJHCb noCTORHHbIMff B XOAC ropeHIDI. Taxoe 
113()TepMHT.JCCKOe npH6JlB}KCHBe, B36aBJIJUI OT Heo6-
XO~OCTB Bb16opa K8KOH-JIB00 q>OpMbl BpeMCHHO• 
ro npoq>Hml TeMOepa'rypbl, OKalhIBaeTCJI BilOJIHC 
~ocraTO'IHbIM AIDI BLUICHCHWI XOA3 3B01IIO~ ~ep­
uoro COCTaBa H KOHeqHbIX C0ACP}K38HB H30TOD0B 
npB xapaKTepHbJX AJIR HOBL.tX TeMnepa1j'pax B IlJIOT­
ROCTJIX, 

. Haqan1,u1,1ii COCTaB senxecrBa 6panCR nuoo COJJ· 
I RC~M (cocraB I), JUf60 C Y13enB'IC1{HbJMH AO 25% 

DO wacee COACp}KaHHSIMH 12C B 160 (c COOTBOTCTBeH­
BO YMCHbWCHHbIMB COAepgaHWIMB BOAOPOAa B re­
JIRII) (COCTaB II), JIH6o, KpoMe Toro, c yse11B'l:CHHbl­

MB Ha 0.005 no Macce COACp}KaHWIMH. 22Ne u 25Mg 
(cocras III). IlOCJICAHBC AB3 CJIY'{aR IlOApa3yMeBa­
lOT npB6JIB3HTeJibHO paBHLie AOJIH B o6oJioqKe ax­
gpe~poBaHHoro eenxecTBa conHequoro cocTasa u 
semecrua sµ:pa, cocrosrnxero Bl yrJiepoAa B KBCJio­
poAa, a TaJOKe, B noCJieµ:aeM cnyqae, coµ:ep}Ka~ero 
no 1 % 22Ne H 25Mg [ 17]. Hcnon1,3yeMa,i HaMH KHHe­
"l'HlleCKU cxeMa co,nep:xaIT .smpa 3JieMeHTOB OT yrne­
po~a 'AO KMb~ R JIB.TUlCTCJI o6HOBJ1eHHOH eepcueu 
cxeMbI, onucaHHoll B pa6oTe (6). 

Pe3yJibTaTbl 'IHCJieHHbJX paC'ICTOB AJlR HCKO­
TOpbIX pa,nDOaJ(.TB.BHbIX g,nep npe,ncraBJJeHbl B Ta6-
~e. Bo BT0pol1 KOJIOHKe µ:aHLI AeotTB'IHblC nora­
pe:<l>MY epeMeHB }KB3HB, B 'I'peTbCH - OCHOBHOH TBD 
pacnap;a, B t:feTBepTOH - 3Hepreu OCHOBHLIX raMMa­
JIJIHlm. ,Ilanee, J.{JISI TJ)CX YKalaHHLIX BbIIIJe eaqan1,­
HblX COCTaBOB npHBeµ:eHbJ BCCOBLie co.nep}KaHBSI .smep 
x npH 11en.1pex 3Ha'lemmx TeMnepaT)'P&I T8 = Tl 108 K 
H O)lHH8K0BOJ1 AJISI Beex eapB3HTOB IlJIOTHOCTD p = 
= 104 r/cM3• BepXHee qucno COOTBCTCTByeT BblrO­
paHHIO 1 % ao,nopoµ:a no Macce (6X = 0.01), a HH­
>lQlee - 10%. nerxo 3aMeTHT&, 'ITO ece HCilblTL1sa10-
mue no3HlJ>OHHLIH pacnap; n .na10nxue raMMa-JIHHHH. 
.R1{pa, upe:ae.neHHLie B Ta6nu~e, pa36HB310T01 no 
epeMeHaM )KJl3HH ua TpB YK.aJaHHL1e paHee rpynn1,1 
CJICJcylOUXHM o6pa30M: K nepeoe rpynne OTHOCJITCSI 
Bee KO~OTKO)KBBYI.I.XBC Sl):{pa, KO BTOpoH - 22Na, K TJ)C­
neA: - 26 Al. PaCCMOTJ)HM oco6ehHOCTH o6pa30B3HID1 
sneMeHTOB xa~oii rpynn&1 e npo~ecce ropeHW1. 

,Um1 COJIHC"tHoro XHMa'lecKoro cocraea COAepxca­
HHe 13N 3Ha~nneJibHO TOJlbKO npu HH3KHX TeMnepa­
TYJ)ax B 61,1crpo na,naeT c poCToM TeMnepa1j'pbI ro­
peHWI, KOr.r(a 3TOT B30T0Il nepexo,nHT B H30T0Dbl 
KBCJiopo.na 140 H 150. IloCJieABDe, HanpoTHB, 33 HC­
KJllO'ICHHCM Hau6onee HH3X0TCMnepa1j'pHOI'0 
CJl}"Ia.H, BMCIOT npaKmqecKH OAHH8K0Bble COAep}Ka­
llWI npu pa3HhIX TeMnepa1j'pax H coµ:ep}KaT B cyMMe 
DOlfl'H eecb na11an1,a1,1e: CNO-cocrae, t:fTO gs11S1eTCjf 
,capaKTepHLIM npH3HaKOM roJ)Slqero CNO-~KJia. 
:030TOilbI t7p H 18F, TaK }Ke KaK 1~N. HMCIOT !3aMCTHLIC 
coµ:ep}KaHIDI npu HH3KHX TeMnepaTYPax, a, KpOMe 
roro. nHWh B Haqane BOAOPOAHOro ropeHIDI. 

MaKCBMaJILHble KO~CH'I'p~ 30p AOCTB.r8IOTCSI npe 
cpeAHBX TCMDepaTYJ'&X (AIDI B1>16pa.HHblX HBMB xapaK­
Tepm,IX eeJlll'UIH creneHB BhlrOpaHWI BOAOpoAa), a 
AJij( OCTaJibHhIX 3J1CMCHT0B T$1XCeJiee aJIIOMHBWI -
npu BblCOKHX TeMnepa1j'pax B ea11ane BOAOPO.QHOro 
ropeHWl, T.e. DpB ax"" 0.01. 

CneAyeT OTMCTHTL, lJTO, DOCKOJILKy Bee paccMaT­
pueaeMble ~pa HCCT86BJU,Hbl H BX Ha11aJibHbie co­
ACp}KaHWI paBHbl eymo, a KOHC'lHbie TaIOKe pauo 
BJIB D03AHO OKucyTCJI OJIB3KHMH K HyJJIO, TO q>opMa 
KpBBOH HX coµ:ep}K8HBR no BpCMCHB eeerAa HMeeT 
rop6oo0pa3Bbli B~. OObl'IHO C OWJBM M3KCHMY­
MOM. 0µ:HaKO 3TOT MaKCBMYM He eeerµ:a mUO,AHTCJI 
eeyrpu paccMaTJ)HBaeMoro HHTepsana OT &a'lana 
ropeHWI HAO B&lropaHWI 12 - 15% BOJJ;Opo,xa. Tor.Qa 
coµ:ep}KaHHe Taxoro B3orona RBm1eTC.S1 nu6o npu­
MepHo DOCTOSIHHOB, .IIH6o HapaCTalO~eA co speMe­
HCM BCJIB1JHHOH. 

HMeHHO TBK.Oe noee,AeHBe ACMOHcrpepylOT KOH­
~eHTpaQBH 140, 150 D, aanpHMep. 37 Ar a 38K DpB HH3-
KHX TeMnepaT}'pax, Koe~eirrpaium noCJICAHllX ABYX 
B30T0Il0B npu BbICOKBX TCMnepa1j'pax BMCIOT MBX­
CHM}'M BHyrpH paCCM8TJ)BB8CMOro HHTepBana (T.e. 
.no yMeH&meHWI COACP}K3HWI BOAOPOAa Ha HCCKOJIL­
KO npo~eHTOB), a 33TeM 3H3'!B'l'eJibHO na,QalOT. IIono­
}KCHHe u eenuqgaa 3Toro MaKCBM}'Ma onpe.QeJIRIOT· 
OJ COOTHOWCHBCM CKOpOCTeii o6pa30BaHBJI B pa3py­
meHWI gp;ep AaHHoro mna, 'lacro MaKCHM)'M 
KOH~eirrpa~e 6hICTp0 CMenxaeTC.SI X H3'laJIY BOAO­
pOJ.tHOro ropeHWI npu yeenuqeHBH reMDepaTYPLJ, 

CoAep}KaHHe 22Na npu ropeeBH uemeCTBa con­
He'IHoro cocrasa sesenuKo u pacreT e uaqane 
ropeHWI npu yqeTe COACP.>KaHWI KOpOTKOXCBBymero 
22Mg C poCTOM TeMnepai'ypbl, 26 Af HMCCT aecoayio 
AOJUO nopstAKa 10-5 npH HH3KBX TeMnepaT}'pax, ,Ilmi 
OOOHX 3THX H30TOllOB cnpaBeAJIBBO nocne,neee 33-
MeqaHue O CMe~eHRH MaKCBMYMa KOB~eHTp~HH: 
BX M3KCBMaJibHLie COJ(ep}KaHWI npH BbICOKBX TeM­
nepa-rypax cpa»HBMJ,I C BeJ1B'IHH8MH, yica3aHHhlMB B 
Taon~e AJISI 6011ee HH3KHX TeMnepaTYJ), H~ AOCTB­
ralOTCJI OHH B caMOM Haqane ropeHWI H, COOTBCTCI'­
BellHO, M3JlblX Bbiropauwnc BOAOpoAa, TaK 'lTO He 
npe,I:(CT3BJUIIOT HHTepeca npH . yqere xapaKTepHLIX 
BpeMeH .QJIR H0Bb1X. 

,Il;x.s1 ee~ecrea, o6orall'(eBHoro TOJILKO H30Tona­
MH 12e H 160 (coCTaB n B Ta6mme), TaK 'ITO BX cyM­
MapHaR eeCOBcUI AOIDl paBHa 0.5, co,xep}KaHWI paAHO­
aKTHBHl,IX H30T0ll0B N. 0, F. KOHe'IHO, BeCbMa 3Ha­
t:fB.TeJlbHbl, nocKOJILK}', K8K }')Ke OTMC'laJIOCb, BX 

cyMMapaoe KOJIH'ICCTBO e npo~ecce ropeHIDI . npax­
TH'leCKll paBHO Hat:faJibHOM}' coµ:ep}K3HBIO CN0-3Jie­
M8HT0B. Ilpu 31'.0M .smpa 13N, o6pa3y10~eCJ1 B3 ea­
qan1,eoro yrnepoAa, eau6onee o6BJILHLI e uaqane 
ropeHWI, a 33TCM OHH nepeXOJVIT B 140 H 150; H30TO­
Ilbl }Ke q>TOpa, o6pa3y10~CCS1 B3 Meµ:neaHee cropalO­
mero H3'18JILHOro KHCJIOPOA3, HMCIOT 60JibWBC KOH- , 

~eHTJ)aQBB e KOH~e paccMaTpBBaeMoA HaMH q>a3LI 
ropeHIDI • 
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l1horon 

11N 

14<) 

1s0 

17p 

18p 

22Na 

26Al g 

30p 

34Cl 
m 

37Ar 

38K 

~ 
c::{ 
<IS 
C: 

lg't u 
~ 
c.. 
§ 
~ 

2.94 13+ 

2.01 13+ 

2.25 j3+ 

1.99 p+ 

3.98 j3+ 

8.07 13+ 

13.5 p+ 

2.34 jl+ 

3.44 p; 

6.64 EC 

2.82 . p+ 

CocraB I 

Ey, M3B 
1.0 1.5 2.0 2.5 

0.511 1.8 - 3 8.3 - 5 6.6-6 1.0-6 
2.4-3 9.4 - 5 7.3-6 1.1 - 6 

0.511, 2.31 1.8 - 3 4.4- 3 4.6-3 4.6 - 3 
2.2 -3 4.7-3 4.7 - 3 4.7 -3 

0.51 l 3.9-3 8.8- 3 9.0-3 8.9 - 3 
4.8-3 8.8-3 8.9-3 8.9-3 

0.511 1.2- 4 3.3-4 2.4-5 2.2-7 
2.1-6 3.1 - 6 9.0-7 1.2- 7 

\ 

0.511 1.6- 3 1.4- 5 1.7 - 6 2.0-7 
2.3 -5 1.4- 7 5.7-8 6.0-8 

0:511, 1.275 7.8-7 1.4- S 3.1 - 5 8.0-5 
8.3 - 7 1.9-6 8.0- 12 I.7 -9 

0.511, 1.12, 4.3-6 3.7 - 5 3.9 - 6 3.7-7 
1.81 7.5-6 2.7-6 5.3 - 13 8.0- 12 

0.511 , 2.23 7.6- 10 9.5-6 2.2-5 1.2- 6 
6.6- 10 1.2- 5 4.0- 10 3.0- 11 

0.51 l, 0.145, 1.0 - 11 2.8- 7 1.9- 5 1.8 - 5 
212 1.9 - 11 1.4-7 1.3-9 3.6- 10 

- 3.9-9 1.2- 6 7.7- 4 1.0-4 
2.6- 8 5.2-5 3.2-7 1.7 - 9 

0.511, 2.17 1.0- 16 7.1 -11 4.8-6 1.4-5 
5.7 -16 2.4- 9 1.8 - 9 2.3-10 

CoCTaB II CoC'J'as m 

G Ts ;... 
i:t 

~ 1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5 
0 
I,( 

X 

1.4- 1 1.2 - 1 1.2 - 1 1.1 - 1 1.4- 1 1.2- 1 1.2- 1 1.1 - 1 4.6-5 
7.1 - 2 6.5 - 3 5.5-4 8.1 - 5 7.1-2 6.5-3 4.5 - 4 8.2-5 

4.2-3 4.9-3 6.2- 3 7.0- 3 4.1- 3 4.7-3 7.0- 3 6.5 - 3 9.4-4 
2.9-2 1.6- 1 2.1 - 1 2.5-1 2.8-2 1.6 - 1 2.2-1 2.5- 1 

5.3 -5 1.1 -4 5.1 - 4 8.3-4 5.2-5 1.1-4 5.3-4 8.2-4 3.7-6 
7.5-2 2.6-1 2.7 - 1 2.6-1 7.3-2 2.5 - l 2.2-1 2.5 -1 

1.3:. 3 2.0- 3 2.9- 3 3.3-3 1.3 - 3 2.0-3 3.0- 3 3.2- 3 3.4-6 
7.8 - 3 1.1 - 1 7.4- 2 2.2-2 7.7-3 1.1 - l 1.1 - 1 3.4-2 

3.9-7 3.5-7 8.4-7 1.0-6 3.9-7 5.0- 7 9.1 - 7 8.0-7 1.9- 5 
1.2-2 1.1 - 2 2.9- 3 6.4-3 1.2 -2 1.2- 2 3.0-3 8.5 - 3 

4.0 - 6 1.1 - 7 2.8 -7 7.0-7 4.0-6 1.4-7 3.0-7 6.5- 7 1.8.: 4 
7.7 - 7 5.8 - 6 8.5-5 4.9-4 7.8- 7 1.3 - 5 2.8-4 7.9-4 

1.9- 9 2.5- 7 4.7-6 1.8 - 5 1.2- 7 1.5-5 3.2-4 1.1 - 3 8.9-5 
5.0-7 7.8- 5 1.5 - 5 1.8-6 6.6-6 5.9-4 1.1 - 4 1.2- 5 

1.8 - 11 4.5 -8 1.4- 6 7.3- 6 4.3 - 12 4.4- 8 1.5 - 6 7.1- 6 2.7-5 
2.9 - 10 9.8- 6 6.1 - 5 8.2-6 7.0- 11 9.5-6 1.8 - 4 4.2- 5 

3.8- 12 4.1 - 10 3.7-9 1.4 - 8 3.7 - 12 4.1 - 10 3.8-9 1.4- 8 2.1-5 
3.1 - 12 2.1 - 8 1.5 - 5 8.2- 5 3.0- 12 1.9- 8 1.6 - 5 2.0-4 

7.3 - 12 2.9-11 3.5 -11 3.0- 11 7.1- 12 2.8 - 11 3.9- 11 3.0- 11 1.2-6 
5.1- 10 1.6 - 7 9.3-6 2.5-4 4.9-10 1.5-7 6.2-6 2.2-4 

7.6-20 5.2 . :17 8.0- 16 3.6-15 7.2-20 5.0- 17 9.0 -16· 3.4- 15 1.1 - 7 
4.8- 18 3.0 - 12 2.0-8 1.4- 5 4.5 - 18 2.7 - 12 1.4 -8 1.2- 5 

~ npeMe'laHHe. 1. 3aUHCI> a - b 03Ha'laCT a X 10-b. 2 . .[(.nll IC.UCJ{Oro H30TOna 8 acpxHet CTJ)O'llC.C npKBCACHO X npH BLlropaHHH 1 % B0,1t0poAa, B lllOIWeA - 10%. ITpHBCACHHOC 

co,1tcp:iir.aBBe ,1tm1 18F e 22Na BJCJUO'laeT B cct511COAcpxaHHJ11topono•e~x 18Ne H 22Mg COOTBeTCTBcHRo. 
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. .. 
OBPA30BAHHE PA,D;lfOAKTHBHbIX ~L(EP 563 

-:.:-: ' )lJISI OTHOCHTeJibHO TSl)KeJiblX S1Aep. uaq1rnaS1 C 30P, 
'.'., ' . )'BCJIH~JeHJffl KOHIJ,eHTpa.u;HH no cpaBHeHHIO C rope­

imeM sem.ecTaa com1eqHoro cocraBa 3a.MeTHbI TOJlb- . 
... JCO npH BLJCOKHX TeMneparypax B caMOM KOH.U:e pac-

CM3TpneaeMOH cpa3bl ropenm1, qTo CBS133HO C HX 

'06p8.30BaHHeM H3 HattaJibHbIX yr11epOAa H KHCJIO­
.. ·poAa Ja c'LfeT pa3pyweHHSI CNO-.U:HKJia H noCJJeAyro­

. . mero rp-npo.u;ecca. IlpH 3TOM HX COACP)K8HHSI B Ha­
· . . . qane ropemn1 (npu OX= 0.01) 06b1qHo 3Ha'IHTeJI~Ho 

MCHbWe, 'ICM B cnyqae COCT3Ba npH Tex )KC TeMnepa-
typax, nocKOJILKy BpeMeHa ropeHHSI, ODpeAeJI~eMble 

··· - ropst'IHM CNO-.u;111G10M, 3Aecb JHa'luTeJibHO xopoqe 
r COOTBeTCTBYIOIIJ.He peaKJ_\HH Ha H3H3'l:la.JlbHO cyII(e­
crByJOD.(HX e 3TOM HHTepeane Mace srApax, a TaIOKe 

., / pe~HH rp-npo.u;ecca npocro He ycneeaJOT npon:m. 
.. Co,-ep)KaHHe 22Na. B paCCM3TPHB3eMOM CJJyqae 

3Ha'IBTCJlbHO B03pacraeT npH BblCOKHX TeMnepa­
-rypax npH ox = 0.1. CoAep)KaHne 26 Ali, KpoMe 
cnyqas uaH6onee HHJKOTeMnepaT}'pHoro ropeHWI, 

· . ntlOJ(e B03paC'raeT, oco6eHHO npu cpeAHHX JHa"<Ie­
,HIDIX TeMnepaT}'pb1 H 6X = 0.1. 

,lJ;o6aeneHHe o HaqaJibH)'JO cMecb no 0.5% Macco­
aoii AOJIH 22N e H 

25Mg ( COCTaB m B Ta6JIH.U:e) npaKTH­
~ec.KH He H3MCHHeT xapaKTepHCTHK BOAOPOAHOro 
ropeHIDI a ropsi'l:leM CNO-.u:mrne e, B qacrHoCTB, co­
·AepxaHHH BCCX JieI'KHX pa,tlH03KTBBHhIX H30T0Il0B. 
J:(1u1 gAep 3a amoMHHHeM co,u;ep.>KaHIDJ TaIOKe rrpaK­
~ecKH He MeIDllOTC.Sl, 3a HCKJIJO'l:leHHeM C3MbIX Jier­
KHX H3 HBX - 3oP H 34Clm DpH M3KCHMaJibHOH TeMne-

: paT}'pe B KOH.U:e paCCMaTJ)HBaeMOH cpa3bl ropeHIDI, 
'ITO CBJ13aHO C ysenHt.teHHeM IlOTOKa 3a npe.i:.en1,1 

, MgAl-.u:uKna. Co;l:lep.>KaHHe !2Na yeeim<msaeTcsr, 
TaK, tJTO 3Ha1.JHTeJibHoe yseJIH'1eHBe Ha'laJibHOfO KO­
JIHtJeCTBa eew;eCTBa B NeNa-n:BKJie 3aMeTHO TOJlbKO 

npu BhICOKHX TeMneparypax n ox= 0.1. KoH.u:eHTPa­
'qJDI 26 AIK' TO.>Ke YBCJIH'lHBaeTCSI ):(OBOJibHO 3H3'tffi-
TeJibHO. KpOMe Toro, 3):(CCh AOCTaTO''IHO xopowo 

· BB,ti;HO CMew;eHBe M3KCHM}'M3 KOHU:eHTP3U:HH K Ha'l:la-
11y ropeHm1 npH yeenHqeaHH TeMI1epaT}'pb1. 

,·,.~· 

3. 0 B03M0)l(H0CT5IX HABJIIO,Il,EHMH 
r AMMA-JIMHMH OT HOBhIX 3BE3)l 

O.u;eHHM IlOTOKH B raMMa-munulX pa,ti;H03KTHB­

HblX H30T0ll0B, o6pa3yJOID;HXCSI rtpH BblCOK0TeMile­
p31j'pHOM BO):(OpO,ti;HOM 1 opemm npH BCilblWKax 
HOBblX B paMKax O,tlH030HHOI'O npn6moKeHHSI, T.e. 
paCCMaTPHBrul BCJO 060J101JKY KaK O):{Hopo,ti;HbIH u 
XHMH'1CCKH 0,IJ;HOpO.QHbIH wapoeoil CJJOH, paCWHpSI­
IOw;HHC.Sl C fiOCTOj{HffOH CKOpOCTbJO V. 06o3Ha'!HM 
Macey o60JIO'l{KH M, co,u;ep)K3HHe P3AH03KTHBHOI'O 
H30Tona C aTOMHOH Maccoii A H BpeMeHeM )KH3HB 't 
p3BHO x. Ilpe,u;nonarasr 06oi10qx:y y)Ke onTH'1eCKH 
TOHKOH .[lJISI raMMa-H3JJY'leHIDJ, HMeeM TOr,Qa ,ti;JISI yc-

~JJOBIDI perucrpan:Im JIOTOKa B JIHHHH qepe3 BpeMSI t 
. OT Ha'!aJia BCITbIWKB.: 

.. 
.. , ..... 
.,... :. : .. 
' . 

-tit 
gMxe >F. 

2 - rrun, 
Amp t41tr 

(1) 

-I 

-3 

-5 

2 4 6 8 lg 't, C 

PHc.1. YcJIOBHR BHJtHMOCTH raMMa•JlHHHJf Ha TIJIOCKOCTH 
"lgx-lg't". To'lKaMH 060:JHa\feHbl MaKCHMaJlLHbie nony­

'{eHHble COJ(ep)KaHHSI H30TOn0B npH yKa3aHHbIX 8 TeKCTe 

3Ha\fCHHRX ox. L\H<J>pbl "I" H "3" 03Ha'laIOT CKOpOCTH 
pacmHpeHHSI OOOJlO'l{IO{ Ha Henpo3p3'1HOK craitHH B CJ(H­

HHl.(aX lo& cM/c; l.(H<J,pbl "-5" H "-6'' yKa3bl83IOT Ha MaCCbl 
npo3pa'{HblX OOOJIO'JeK 10-5 H 10-6M0 COOTBCTCTBeHHO. 

rJ~e g - KOJIHqeCTBO raMMa-KBaHTOB Ha OAHH pacnap;, 
mp - aTOMHrul e,QHHH~a MaCChl, r- paCCTOSIHHe p;o HO­
BOH, F min - MHHHMaJibHblH pemcrpupyeMblH UOTOK. 

MmmMan&HhIH noToK .QJIH npHeMHHKa OSSE Ha 
cnyrHHKe GRO npB epeMeHB Ha6n10,ti;eHHS1 106 c H 

3Hepl'IDIX £1 = 0.5 - 2 M3B paseu np116JIH3BTeJILHO 
2 X 10-5 q>OT./CM2 C [19). IlpB 3TOM npep;eJJ 1fYBCTBH­
TeJibHOCTH p;eTeKTOpoB 33BHCHT OT epeMeHH HaKon­
JJeHIDI CHrHaJia Ot KaK or112. IlOOTOM}' Ami MHHHMaJib­

HOfO noroxa BMeeM F min(Ot) = F rrun(106 c)(106/0t)112, 
qro npu o6bitJHblX epeMeHax Ha6Jtro.I(eHHSI "" I 05 c 
.I(aeT F min = 6.3 X 10-5 q>OT./CM2 C. 

Ami oneHKH xapaKrepRL1x paccrosnnm 6}'AeM HC­
non&3oBaTb na:paMCTPLI 6JJH)K3HWeii HOBOH, BCIIhlX­
H}'BWeH a TeqeHHe fOAa e ranaKTH.Ke. CornaCHO (20], 
JIOKaJILHrul 'laCTOTa HOBblX B raJiaKTH'leCKOM AHCKe 
paeaa f = 10-7 rrc-2 roA- 1• 0Tcro.I(a sepoSITHoe pac­
CTOJIHBe AO 6JIH:ac:aiiwee: a AaHHOM ro,u;y HOBOH r = 
= (1tfr 112 """ 1.8 xnc. TorAa, nonarrur g = 1, cpep;uee 
JHa'leHHe aTOMHOH MaCCbl A= 25, epeM.Sl npoceerne­
HIDI 000.JIO'IKB B raMMa-AHanaJoHe H, COOTBeTCTBeH­
no. apeMSI Ha611J0AeBID1 OT eaqaJia BCilbIWKH MeHb­
me epeMeHH .)KH3HH .Slp;pa t, HMeeM: 

' -16 
~ > 5.1 X 10 . 
't - M , (2) 

rp;e Macca 060JIO'IKH Bbip3)KeHa e Maccax Comm;a. 
JIHHIIH, OTBe'laJOII(He ycJIOBHJO paeeHCTBa e (2) ,[{JUI 

ABYX 3Hattemm Macchi o6o.rro'IKH 10-5 H 10-6M0 , u30-
6p8)KeHb1 Ha pucymce Ha IlJlOCKOCTH "lgx-lgt" . 

IlpH t > 1 rop; =-3 x 107 c yCJJOBJile (2) pa3yMHO Ja­
MeHBTh Ha ycnosue BH,Q.HMOCTH 6.JIIDKaBWeH HOBOH, 
BCilhlXH.BaJOl.l.\eR 3a BpeMSI .>KH3HB AaHHoro THIIa smep, 
T.e. Ha xapaKTepHOM paCCTOSIHHH r = (rrfc*t 111., rp;e 

ACfPOHOMW-IECKHH )l(YPHAJl TOM 72 M4 1995 9* 



564 KY,nP.ffillOB, TYfYKOB 

't* - epeMJI )l(H.3HB B l'OAax. Tor,Qa yCJIOBBe (2) npH­

HBMaeT B~ 

x~ 1.61 x 10-8/M. (3) 

CooTBeTCTBYIO~Be AByM yKa3aHHhIM M8CC3.M 
OOOJIO'IKB ropB30HT3JlbHbie JIHIUDI, OTBe'ISIO~e 

paBeHCTBY B (3), orpaHH'IBBalOT Ha pacyHKe JIHHBB, 
OTBeqaio~e paBeHCTBY e (2), cnpaBa. CJieea xce, 
T.e. npe KOpoTKBX epeMeHax ~3BB ~ep B, COOT­
BeTCTBeHHO, npB KOpoTKHX BpeMeHax ua6JIIOAeHwt 
OT H31laJ18 BCllbIWKB, OOOJIO'llCH HOBblX $1.BJUIIOTC$1 
ODTB'lecJOI TOJICTblMB AM ra.MMa-KBaHTOB. IlOTOK B 
nmnm ror11:a onpeAemteTCR BHemHHMB 'laCTIIMB 
OOOJIO'IKB, T.e. mapoBbIM CJIOOM C OnTH'leCKOB TOJI­
~ei MCHbWe C)'l;HHB~bl. IIpe11:noJiarrul, 'ITO 3TOT 

mapoeoA CJIOB reoMeTpB11ecKB TOHKHB, BMeeM AM 
ero MaCC&I M = 41tR26Rp, rAe R - pa.QH)'C o6oJio'IKH, 
SR -TO~a CJIOjf (oR/R ~ 1), p - nJIOTHOCTb. 

· Ilpo6er cpoTOHOB c 3BeprueA .oKOJIO 1 M3B co­
craBIDieT poll= 1/K = 10 r/cM2 [4], r)'.(e K- aenpo3paq­
HOCTb ee~eCTBa, npB 3TOM JIHWb OKOJIO 'ICTBepm 
f'aMMa-JCeaHTOB, po~aJOI:qBXCSI B 3TOM. wapoBOM 

CJioe, BbIXOWl'f B3 Hero 6e3 pacceHHBJI. ,Ivu1 pa11:H)'ca 
OOOJIOqJOI, paCIDBp$1JO~eiia AOCTaTO'IHO 6blcrpo, 
TaK 'ITO npB ecex paccMa,peeaeMhIX epeMeuax .xcH3-
HB j()'l;ep R ~ R0, r.Qe R0 - paJ:(uyc KapneKa AO ecnblm­
KB, MOXCHO nonoXCHTb R = vt. Toma yCJioeee pemc­
,p~ raMMa-.rrmnm npHHBMaeT e~ 

2 2 - t/T. 
· !Ogxv t e > F . 

2 - rt1111 · 
4AmPtr 

(4) 

BpeMB aaKonJJeHBJI cerHana Tene~b npBHBMaeM 
paBHbIM 't, no3TOMY F min = 2 x 10-2t- n. Hcnonb3ysi 
M8KCHMaJ1bB0e 3Ha11eHBe JICBOB 'laCTH ( 4) npe t = 2't 
H IlOACTaBJI-'UI paHee npHWITble 3H8'1eHIDI, llOJIY'fHM 

n 312 ~ 1.9 X 103 / ~, (5) 

r,Qe Vg= v/108 cM/c. Ilmum, OTBC'l810ll(Be paBeHCTBY 
B (5), ,I(JISI A:9yx 3Ha'leHIUi Vs = 1 H Vg = 3 llpeACTaBJie­
Hbl Ha pBCyHKe. 3ACCb yMeCTHO OTMeTHTb, 'ITO YCJIO­
BBC BHAHMOCTH raMMa-JIUHBH J:(M OJITB'!eCKB TOJI­
croi OOOJIO'IK.H He 38.BHCHT OT ee MaCChl, a TOJILKO OT 
CKOpOCTB pacIDHpeHIDI. 

KoHe'IHo, Me)l(Ay ,n:eywi KpaiiHBMH cny'laSIMB, co­
OTBeTCTByio~ paeeHCTBaM B (2) H ( 4) H OnpeAe­
JlSIIO~ Ha pucyHic.e .n:se CBCTeMhI npSIMbIX JIHHBH, 
HaxOA}ITCJI nepexOABrul o6JiaCTb, ycnoaue pemc,pa­
~ IlOTOKa B raMMa-JIBHHB B KOTOpoH 3a8BCBT OT 
coOTHomeHHSI Mexc,tzy epeMeHeM npoc»eTJieHIDI o6o­
JIO'IKB u epeMeaeM HaKonneHB.R curnana. BpeMB 
pp<>eBeTJieHIDI 06ono11JOI, e c.so10 oqepeAb, onpeAe­
JI.S1eTes1 ee Maccou H cxopocr1,10 pacm:upeHHSI. Ilpo­
cn1e oqemrn, OJ:(Haxo, noKaJbIBaJOT, 'ITO 3T3. 06-
JiaCTb AOBOm,Ho y3Krul no t e oKpeCTHOCTH 1 OS c, B 
KOTOpoii HeT paABOaKTHBHblX .51,ll;Cp, cy~eCTBeHHblX 
AM 80):(0po,n:Horo ropeHIDI. Ilo3TOM}' AJnl Kati:eCT­
BCHHOro 8B3J1H3a BHAHMOCTH raMMa-JIHHHii AOCTa­
TO'lHO AByx paCCMOTpeHHbIX cnyqaee. 

KaK BB;QHO H3 pucyHKa B Ta6JI~I, B cny'lae ee­
~eCTBa COJIHC'IHOro COCTaea ( COCT8B I) JIHWJ, aHHH­
rH~OHHrul JIB.HIDI OT Il03BTp<>HHOro pacn~a 18F 
MOXCCT 6b1Tb 3aperHc,papoeaua Ha paHHeA CT~HB 
BCID,IWK.H 6JI1D1c.afunee HOBOH C AOCTaTO'IHO OOJib­

WOii CKOp<>CTblO pacm:upeHBSI OOOJIO'l'.ICB. 0Al{aKO 
AM COCTaBa II, COOTBeTCTByio~ero qaCTO ea6JIJOAa­
eMOMY B Bb16pocax HOBblX 0081,IWCHHOM}' COAepxca­
HBJO CN0·3JICMCHTOB (CM. Ta6mnzy B [21]), KpoMe 

y»epeHHO Ha6n10,n:aeMLIX aHHHrWUD~OHHblX JIBBHi 
OT pacn~OB 18P H 13N, MOryT, npB 6naronpIDITHhIX 
yCJioeux (AocraTO'IHble KoHu;eHTP~ CN0-3Jie­
MeHTOe B OOOJIO'IXe H CKOpoCTb ee pacmBpCmm), 
ObITb BHAHbI 8HHBI11JISll{BOHHbIC miHBH OT pacn~OB 
140 H 150 B )'l;aJKe 17F (CM. Ta6mnzy). ~a f4() AaJOT, 

KpoMe roro, JIHHHJO 2.31 M3B cpaeHBMoA c aHHW'B­
M~OHHOii JlllHBCH HBTCHCHBHOCTB. MaKCHMaJlb­
HLIC COAepxcauBj( Hecra6BJibHbIX NOF-BJOTonoe AJISI 
3TOro COCTaea B3o6prutceHb1 TOqJCa.MB Ha pBcyHKC. 

~JISI COCTaBa ffi, K8K )')Ke OTMe'laJIOCb, COJ:(ep:z:a• 
RB.JI paJ:(BoaKTHBHblX NOF-B30TODOB npaKTINecKll 
coen3Aa10T c ax co,n:ep:z:aHIDIMB AM cocraea II. Co­
AepxcaHIDI OCTaJibHbIX HeCTa6BJ1bHb1X KOpoTKO:>KH· 
B~ U30T0ll0B (33 HCKJIIOqeHBeM 34CI,,,, HaxO~· 

~ef'OC$1 AJIJI COCTaBa ill (CM. pHcyHOX) B6JIB3I: 
"rpamI~ B~OCTB''), HeCMOTpJI Ha J:(OBOJlbHO 3Ha• 
'IBTCJlbHO UOBLIWCHHble B HeKOTOpblX CJlf'laJIX 3H8· 
'leHHSI, OCTaJOTCR AM ecex HatianbBblX COCTaBOB Bee· 
TaK.H HCAOCTaTO'IHbIMB AM Ha6JIIOJJ;eHIDI COOTBCTC'I' 
BYIO~ JIHHHB. 

IlonyqeHHbie Ha.MB KO~eHTpa~ 22Na AOCTa 
TO"IHO BeJIBKB, 'IT06bI llpeAflOJiaraTb .B03MO}f(l:IOCI'J 
ua6JI10,n:eHWI ra.MMa-JIBHHB 1.275 M3B OT 6JIIDKai 
umx HOBbIX Ha CO-Kapmmax. 

H3oron 26 Al8 craHoBHTCJI AM cocraea III Ha 

CTOJlbKO o6BJibHbIM, 'ITO, XOTSI Ha6nJOAeHHe B Cf'I 

raMMa-JIHHHH BCID,IWXB 6JIIDKaiimeii HOBOA 38 BpeM 
}KH3HB 3Toro HJOTOna = 106 JieT npeACTaBJISieTC 
B03MOX<Hb1M, XOTSI H MaJIOBepoSITRbIM ( CM. pncyHoK: 
TaKHe COAepxcaHWI yxce cpaBHHMbI c npeACK83bIBae 
MhIMH AJIR ONeMg-K.apnmc.os (16] H MO'fl'I H3MeHBT 
OTHOCB.Tem,uy10 pom. HOBblX B cmrre3C Al& B f ana1 
THKC. 51:CHO, 'ITO 3TO YBeJIH'leHHe COAepxcaHIDt u, A 
CBSl38HO C yse.JTH'leHBeM H8'IaJlbHOl"O coµ;ep)Ka.Hll 
25Mg, Henocpe)'.(CTBeHHO npeAWeCTBYJO~ero 26 Af 
MgAl-~UKJJe. 

4. 06CY)l{,UEHHE PE3YJibTATOB 

,Il;eTaJlbHOe cpaBHeHHe nonyti:eHHblX HaMH AJ 
pa3HhlX Ra'IaJibHblX COCTaBOB COAepxcaBHi HeCT. 
6HJibHblX NOF-u3oTOnos, CHHTe3apyeMbIX so epe~ 
BCDblillKH, C pa6oTaMH ,:wyrHX 3BT0p0B 3a1'pyAHCI 
no ABYM npHtra.HaM: so-nepebIX, eo ecex ynowt.H 
TbIX pac'IeTax HyKJieocHHTe3a B HOBblX npHBOASl'I' 
COAepxca.HIDI e xom~e npou:ecca ropeuwt HJIH µ;axce 
BbI6pomeHHOM Be~eCTBe, Bo-BTOpblX, H8'IaJibHI: 
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\i?i' :eocrasLI ee~ecrea o6oJIO'ilCII AJIJJ CO-KapJIHKOB, e:c­
. ;}.;;:r ~0JI1,3yeML1e e pa3m,rx pa60Tax, eecbMa pa3JIBqH1>1. 

::~':} : .·· 01(HaKO H B HaJJJBX .pac'leTax H 8 6oJibWHHCTBe 
_,>·:·. -~yeMbIX pa6oT OTMe'llaeTCSI, ttTO xapaKTepBblM 

~IQHaKOM rop.si'lero CN0-qHKJia .S1B.rraeTCJ1 nepexoA 
. uparm'llecKH acex cra61UI1>H1>1x R.l(ep B AHana30He 

~-.;- . wacc, COOTBeTCTBYIO~eM CNO-aneMeHTaM, B pawio­
.\ arnmHL1e NOF-B30TOnh1. IlpH 3TOM ax OTHoce­
·-G:;.. TeJILHLie KOH~eHT})~HH onpeAeJUIIOTC$1 CKOpOCT.SI­
':\'~· MB ~epHLIX peaK.qmi CNO-QHKJia H, e 'laCTHoCTB, 
,), ·,speMeHaMH )KH3BB NOF-~ep. TaKBM o6pa3oM, co­

.. f; . AepxcaRIDI 3TBX ~ep MO}KJIO C'lHTaTL, npa npoqffx 
.. -?: ()~aKOBbIX YCJJOBIDIX, rrponopqHOHaJibHblMH Ha-
\ ~·) , ~8JILHOMY o6ora~eHBl0 o6ono'1KH CNO-aneMeHTa­
·.::) :: ' MH B no.rryqeHHbie HaMB 3Ha1.JeHW1 .SIBJISIIOTCSI B 3TOM 

.} ;.: · CMbJCJie anonHe xaparrepHbIMH. 
,.ff~ ... • 

.-;(/ IlpHBeAeHHble B Ta6JIH~e 3Ha1.feHIDI C01(ep}l{aHIDJ 
~:·: '• 22Na ~M HaqaJU,HblX COCTaBOB I H II conocraBHMbl C 

DOJl}"JCHHbIMH B pa6oTax [7, 15, 16] npH COJIHe"lfHOM 
-~ o6ora~eHHOM yrnep01(0M H KBCJIOp01(0M HattaJib­
RhlX cocrasax o6onotfKll, yqeT 3Ha1.fHTeJibHoro Ha­
Jill'lll.SI 22Ne B CO-RApax npHBOAHT K yeenH'JeHHro co­
AepxcaHBJI paAUoaKTHBHoro 22Na B o6oJio'1Ke. 

· Y11eT HanlNWt B CO-~pax 25Mg npHBOABT K 3Ha­
'IBTeJILHOMy }'BCJIH'leHHIO C9ACp}l{a.HIDI 26 Alg. ,lJ;eHCT­
BBTeJibHO, C01(ep}KaHHe 26 Al, 1(JUI COCTaBOB J H II 
(CM. Ta6nHizy) COOTBCTCTBYCT pe3yJibT3T3M pa6oT 
[7, 15, 16) ));JI.SI aHanorH'IHblX HallaJibHbIX COCTaBOB, a 
NIJ1 cocrasa IU - HaxOABTldl Me}l{1(y 3Ha'<!eHHSIMH co­
~ep}l{aHmi 26Alg, llOJIY1.feHHblMH B pa6oTax [15, 16] 

<: ~ml ONeMg-Kapnmcoa. . 

OqeHHM BKJJ3A HOBblX, B KOTOpblX BCilblillKB 
. · npoucxo1(SIT Ha CO-KapneKax, B ranaKmqecKHB 

CBHTe3 26 Alg Ha OCHOBe noJiy'leHHOro HaMH CO,l'(ep­
.z.aHWI 3Toro B30Tona. IlpHMeM ero xapaKTepHoe 
3Ha'leHHe pasm.IM 10-3 no Macce, '18CTOTY HOBbIX B 
ranaKTHKe paBHOH 40 I'OA- 1, cpeAHIOIO Macey 
BLI6pacLJBaeMoii o6ono'IKH 10-5M0 • TorAa 3a epeMsr 

· . . XCD3HD 26Alg (1.04 X 106 neT) B MC}l{3Be3AHY10 cpeAy 
• · aw6pac1,maeTCS1 0.4M 0 3Toro H30Tona, 'ITO c yt1eToM 
. aeonpeACJieHHOCTeii, OC06eHHO 3Ha'IHTeJil)HbIX npn 

o~eHKe xapaKTepHl>IX 3H3'1CHHH KOHqeHTJ)aqHH H 

MaCCLJ BbI6paCbJBaeMOH OOOJlO~, coen~aeT c 
pauee npHBeACHHbIMH oqeHKa.MH AM ONeMg-KapnH­
KOB. 3TOT pe3yJibTaT npeACTaBJllleTldl HHTepeCHbIM 
UOTOM}', 'ITO coxpaHSieT B03M0}l{H0C'fb 3Ha'IlITeJibHO-

. ro o6pa30B8HIDI 26 Alg B HOBbIX ));3)Ke npu IlOHIDKe­
·... BBB OTHOCBTeJibHOii AOJIH HOBblX Ha ONeMg-x:apJIH­

Kax, }'Ka3aHHe Ha KOTOpoe nOj(BBJIOCb B DOCJJe,:t:Hee 
BpeMSI [21]. 

OrMeTHM, 'ITO npeAJIO}l{CHHbIA B HaCTo~eH 
pa60Te "rpa<l>B'ICCKBH" MeTOA onpep;eJieHIDI B03-

~. . MOXCHOCTII Ha6n10p;eHID1 6JIH}KaHmmc HOBblX B raM­
··\t. Ma•JIHHIDIX ,:(OCT3TO"lfHO npoCT e yp;o6eH ,:(Jl$1 1(Harao­
tt: . CTHKH. C pa3yMRoii TO'IHOCTblO Hcnon1,3yeM1>Ie B 
J'l.I:_ · HC.M " rpaHH~hl BIJAHMOCTH" 3aBHOIT JIHIIlb OT AByx 

pe3yJibT3Tbl IlOJIHOCTblO COO'fBeTCTBYIOT BblBO,l'(aM 
pa60Tb1 [ 19], onuparo~HMC$1 Ha cnen;11anbHo pa3pa-
6oTaHHYIO MOAeJib aHHBrHJISIIU{OHHOro raMM3-U3JIY­
'lleHIDI Ha CT3AHB Herrpo3pa'!HOH o60JI01.fKH npH 

BCilbmacax HOBb)X. KoHetIHO, 3TH pe:1ynLTaTbl, OCHO­
BaHHbie Ha OAH030HHOM np116moKeHHH, Hy~alOTCSI 
B npoeepKe H yrottHemm. ,IJ;eTaJibHble rn:ApoAHHaMH­
'leCKHe pac11en1 c ytJeTOM HYKJieocHwre3a e NeNa- H 

MgAl-QHKJiax, KOTOp1,1e Be1(}7TC.SI ceH'!aC HeCKOJibKB­

MH rpynnaMB (CM., HanpRMep, [22]), AOJI}l{ffbl, KpoMe 
scero npo'tero, p;aTb oTBeT Ha eonpoc: nonaAaIOT JIB 
npo.n;yKn1 TepMosmepaoro ropemm co Afla 06ono11-
KB Ha ypoeeHb OilTH'leCKOH npo3pa'IHOCTH B raMMa­
.n;uana30He H H3CKOJlbKO 6bICTJ)O 3TO npoHCXOAHT. 

HTaK, npH BCilbIWKax HOBbIX, co.n:ep}l{3Ill;HX 
C0-1capJIBKB, HaHOOJiee BCJX>.SITHbIM 11BMeTC.S1 Ha6JIIO­
,n;eHBe aHH.HntJJSl[(HOHHOH JIHHHH OT Il03BTJ)OHHbIX 
pacnaAOB 18F, 13N, 150, 140 n 17F Ha paHHeii CTa;D;HH 
OJITH1.feCKH TOJICTOH B raMMa-.n;e:ana30He o60JIOt.JKH. 
Ilpu 3TOM AJijl 18F H 13N 3anac no IlOTOKY ,ll;OCTaTO"<IHO 
BCJIBK, 1.fT06hI MO}l{HO 6bJJIO paCC'IBTbIB3Tb Ha6JJIO­
~aTb HOBbie co 3H31.fHTCJibHblM H31.faJlbHbIM o6ora­
w;eHlteM o6onoqK.H CN0-3neMeHTaMH c pacCTOSIHHSI 
B HeCKOJibKO KIDionapceK BJIH HeCKOJibKO pal B ro.n;. 
Ilpop;omKHTeJibHOCTh raM\.1a-Bcnb111IeK TaKoro pop;a 
B CJI}''lae 13N MO}l{CT 6bITI, OKOJlo 30 MIIB, a B CJJyqae 
18F - HCCKOJlbKO qacoe. KpoMe aHHHr.lmJlllHOHHOH 
JIHHHB, AOCT3TO'IHO BHTepecHblMB npH 6naronpwrr­
HbIX ycJIOBHSIX B11H 1(Jl$1 6JIH3KHX HOBblX npep;CTaBJISI­

IOTC.sI JIHHIDI 2.31 MaB KHC.rropo1(a 140 H ABC JIHHHB 

MeTaCTa6wn,Horo COCTOSIHIDI Sl,ll;pa XJIOpa 34Clm. Ha-
6JII01(CHHe )Ke xOT,i 6bt OAHOH HOBOH Ha CO-KapnnKe 
B JIKHHH 26AI, H B JIHHHH 22Na rrpep;CTaBJISleTCjl B03-
M0}l{H.b1M, XOTSI H npu cy~eCTByrow;e:x RHCTpyMeH­
Tax MaJIOBepOSI'fHblM . 

Ilo KpaflHeH Mepe, HOB1>1e ocTalOTCjl nepcneK­
THBHhlMH HCT91.fHHKaMH 26Alg B fanaKTHKe, npH­
tteM y'leT Ha.neqHsi e CO-».n;pax 25Mg npeso1(HT K 

TOMY' '"ITO OTilal(aeT Heo6xO):(HMOCTb CBSl3b1B3Tb 
c.mrre3 26 Alg e OCHOBHOM co BCilhimKaMH Ha ONeMg­
KapneKax. 

B1>1pa}l{aeM 6naro.n;apHOCTh H .H. l.Jyraro 3a no­
Jie3Hbie o6c~1teHBS1. A.B. TyryKOB 6narop;apHT 
Me)KAynapOAHhtii nayqHhIR cpoHp; 3a rpaHT MPTOOO. 
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Production of Radioactive Nuclei and Detectability of y-Ray Lines 
from Nova Outbursts 

A. D. K~dryashov and A. V. Tutukov 

We report the results of nucleosynthesis calculations of thermonuclear burning in hydrogen-rich matter under 
conditions ~pical of the envelopes of novae occurring on CO white dwarfs. It is shown that substantial abun­
cbrn.:es of Ne and 25Mg in CO cores do not lead to the production of an appreciable amount of radioactive 
22Na in the ejected material, but they result in a significant increase in 26AI

8 
concentration. A simple, "graphi­

cal" rriethod for assessing the detectability of y-ray line fluxes from radioactive nuclei formed in large quantities 
during nova outbursts is proposed. For nearby novae with fairly high CNO abundances in their envelopes 
before an outburst, y-.ray radiation in the annihilation line is shown to be observable. 
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3HEPrEm1IECKHE XAPAKTEPHCmKH ,l(OJirODEPHO,l(IJIIECKHX 
H KOPOTKODEPHOJUIIJECKHX DYJILCAPOB 

© 1995 r. H.' «It. Muoa, 0. H. MaJioB 
c;t,U3uttecKUu uHcmumym UM. ll.H. Jle6eoe,sa, MocKea, Poccua 

flocrynHna B pe,naK~HJO 11 :04.94 r. 

' ~,i~:. ' 
i~i- •, npoBeAeH aHam13 3aBHCHMOCTH cseTHMOCTH H ,qpyrnx 3HepreTH\JeCKHX xapaKTepHCTHK OT napaMeTpOB 

nyJJbcapoa AJI.S~ o(heKTOB C nepHOAaMH p ~ I C H C p < 0.1 c. IloKa3aHO, 'ITO nym,capbl nepBOH rpynru.1 
HMeJOT, B cpeAHeM, Mem,myio CBeTHMOCTb, HO BbIWe K03<pq>HUHCHT TpaHccpOpMa:QHB 3Hepnm spameHIDI 
B pa,!1.HOH3JJY'leHHe. B KOpOTKonepeo~qecKHX nyJJbCapax H36JJIOAaeTCJI BbJCOKrul creoem, KOppemn~HH 
Me)KAY cseTHMOCTblO H BeJJH'!HHOH M3rHHTHOfO JlOJUI. s6nH3H cserosoro ~HJJHH,tq>a, a TaJOKe Mexc,ny CBe­

THMOCfblO H yrnoM H3KJJOHa MarHHTHOH OCH K OCH spameHHJI. 3TB KOppemtUHH cornacyJOTOI C npe,!1.CKa-
33HIDIMD MO,!J.eJIH reHepai.{HH H3JJy'leIUtJ1 y nym,capos C KOpoTKHMII nepHO,!J.3MH B OKpCCTHOCTH cseroooro 
UHJIHH.Qpa. 
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l. BBE.l],EHHE 

B pa6oTax [ l - 3] C006ll\aeTC.sl O CT3THCTWieCKHX 
OTJHl'IH.slX e Ha6JUOAaeMbIX napaMeTpaX y nyJibCapoB 

C NJHHHbIMH H C KOpOTKHMH nepHOAaMH. B qacruoc­

TH, no-pa3HOMY y 3THX ABYX rpyrm BeAyT ce6.sr 3aBH-

CHMOCTH WHpHHbl HMny.nbCa OT nepl:IOAa nyJibCapa, 
IlOJIHOe H3MeHeHHe no3HQHOHHoro yrna JlHHeRHOH 

IlO.'IS1pH33~HH B cpeAHeM HMny JlbCe, OCTaTOqHbie YK­
JIOHeHHSI epeMeH npHXOAa HMilYJJbCa, pa3JIH'l3I0TCSI 

TaK>r<e HX cneKTpbl. B 3THX )Ke pa6oTax 6bIJJO IlOKa-
3aHO, 'lTO ua6moAaeMble OTJIH'iHH MOryT 6bITb OO'b­

.slCHeHbl B npeAnO.nO)KeHHH O <f>opMHpOBaHHH H3ny­
"IeHH.sl Ha yMepeHHblX paCCTOSIHIDIX OT noeepXHOCTH 

u u ( ,A cP) 
HeHTpOHHOH 3Be3.[(bl r ~ rlc = -2 y ;r(OJJronepHO-

. 1t 

AH"leCKHX 06'beKT0B H e6mf3H ceeToeoro ~HJIHH;rtpa 

(r- rlc) y nyJibcapoe C KOpOTKHMH nep.HOAaMH. B Ha­

CTO.SUI~ee epeM.51 nony'leHhI TO'!Hbie 3Ha'leHIDI HHTer­
paJibHOH paAHOCBeTHMOCTH ;r(JISI 232 nynbcapoe [4] . 
H0Bble AaHHbie J:(alOT B03MO)l(HOC!b npoeepHTb rH-
noTe3y O pa3JIH'IHH nyJibCapoe C OHJibHO OTmPialO~­

·MHC.SI nepHOAaMH Ha OCHOBe cpaeHeHIDI 3Heprernqec­

KHX xapaKTepHCTHK y 3THX ABYX rpynn o6'beKTOB. Ta­
KOMy cpaBHCHHIO H IlOCBSlll\CHa H3CTO.SII.Qru[ pa6oTa. 

B [ 4] 61,rn npoee.[(eH nepBHqHbIH craTncrnqecKHH 

aHaJIH3 noJiy'leHHhlX 3Ha'leHHH CBeTHMOCTeH JVI.SI 
eceli Bh16opKH 6e3 pa3AeneHIDI ny.nbcapoe no eenH'lH­

He nepHOAa. 3AeCh Mhl 6yAeM npoBOAHTb BhllfHCJie­
HHSI OTJ:(eJibHO Jl.JlSI nyJJbCapoe c P > l c n c P < 0.1 C, 

KOTOpblC, no HaWeMy MHCHHIO, HaH6onee SlpKO O'rpa­
)1(3lOT CBOHCTBa Ka)K;r(OH HJ yKa3aHHblX BhIIIJe rpynn. 

,'.Yi . npH P > I c paAHYC ceeToeoro ~HJJHHApa rLc > 5 x 

··fJf :HlHO (re~, l~!~ ~~~::t1
::~0~~;%e ;~~J:;;;~:~ 

Jii~.· Ha6J110AaeMoe pa.QHOH3JJyt.remte (5 - 6]. Y nyJibca-

poe· C p < 0.1 C ru < 108 CM, H H3Jiy'leHHe reHepHpy­

eTC.sl B6ml3H CBeToeoro l.lHJIBHAPa. 

2. P ACIIPEJ],EJIEHHE no CBETMMOCDIM 

B pa6oTe [ 4] 6bIJIO nonyqeHo pacnpe;o;eJieaue 
nyJILCapoe no CBeTHMOCTjlM N(lgL), KOTopoe OKa3a­

JIOCh AOCTaToqHo Y3KHM (cBeTHMOCTb 88% 061>eK­

TOB JaKJIIO'leHa B npeAeJJax OT 1027 AO 1()30 spr/c npH 
lg L = 28.4 H apu CpeAHeKBaApaTH'lHOM OTKJIOHeHHH 

S18i = 1.0). HawH BhJlfHCJieHIDI AJIH AByx rpynn nynh­

capoe noKa3aJIH (puc. 1), tiTO Taxoe pacnpe;o;eneHHe 
o6ycnoeneHo AOJironepHOAHlfeCKHMH o6'beKTaMH 

(P ~ 1 c): lgL = 28.0, S18i = 0.8 y 90% ofu.eKTos c 
27 < lgL < 30. "lJTo KacaeTc.st ny11hcapoa c P < 0.1 c, 
TO ](JI.st HHX pacnpeJ{eJieHHe no CBCTHMOCTSIM noqTH 

paBHOMepHoe B ;r(Hana30He OT 1027 AO 1032 3pr/c npH 
3HaquTeJibHO 60JibWBX cpeAHHX 3H3lfeHIDIX CBeTH-

MOCTH lg l = 29.8 u cpeAHeKB~aTHlJUOro OTKJIOHe-
' HIDI SlgL = l.4. CJie].lyeT, O.IJ;H3KO, IlOA"lepKHyTL, 1.JTO 

MaJIOe 'lHCJIO KOpOTKOnepHOJ{HlJeCKHX OO'bCKTOB 

(n = 8) ,qenaeT HX CTaTHCTBKY O'leHb 6e;o;HOH, B 3TO 

H}')KHO HMeTb B BHJ:{y npH aHaJJHJe Bcex nonyqeffHblX 
B ;o;aHHOH P:J60Te BbIBO;D;OB. 

3. 3ABHCHMOCTb 3HEPrETliP-IECKHX 
IlAPAMETPOB OT IlEPHOJ],A 

B pa60Te [ 4 J AJJ.st eceli eb16opKH nonr1ea BhIBo;o; 
0 JaBHCHMOCTB HHTerpaJibHOH MOll.\HOCTH HJJiyqe-

HIDI B HMnynbce ~ = J Evdv OT nepHOAa ~ oc: Ji, 
(B npeAilOJIO)KeHHH, '1TO w oc: /P). Ilpe,qCTaB1.UleT BH­

~pec npoaHaJIH3HpoBaTb, KaK 3aBHCHT ~ OT p ,QJISI 

paccMaTpB&aeMbIX rpynn nynbcapoe. C 3TOH ~em,10 
npe)l(Ae ecero 6h1JIH BbI'lHCJICHbl 3aBHCHMOCTH W(P) 

567 
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N 

30 

20 

10 

2 

1 

(a) 
n = 70 

{6) n;;:: 8 

26 27 28 29 30 31 lgl 

PNC. 1. IkC'l'OrpaMMa pacnpeJ(eneinu1 norapJuf>MOB CBeTK­

MOCTH )VIR nynbcapoecP ;;? I c(a) H nym,caposcP<O.l c(6). 

Amt Ka)KAOH rpyrrnbt. 0Ka3anocb, qTo y rrynbcapoe c 
p ~ 1 Cw oc p0.93:t 0.26• a npH p < 0.1 Cw oc p0.SH0.14, 
T.e. C TO':IHOCTblO .no OWHOOK HaKnOHLI npRMbIX 

lg W(lgP) y ABYX rpyrrn cosn~aIOT. O~HaKo y KOpoT­
KonepHOAHqecKHx nynbCapoe 3aaecHMOCTb oonee 

1gW, MC 

2 

1 

0 

3Ha'U1Ma (Ko3cf>cf>u~HeHT KOppensn:_\HH J{JUI HHX k = 
= 0.93 ± 0.15, a ro epeMX KaK AJUI nym,capoB c wumm,I­
MH nepHOAa.MH k = 0.39 ± 0.11 ). HirrepeCHO OTMCTHTb, 
qro npH npoMe)KyroqHbtX n epnoAax (0.1 < P < 1 c) 
(n = 154) <l>OpMaJtbHO nponeneHHrul np$1MaJI oKa3bI­

aaeTC$1 6onee nonoroe (W oc p0.43 ±o.io) (puc. 2) a co­
rnacyeTC.s1 C o6bNHO npHHHMaeMOH 3aBRCHMOCTblO 

W oc JP. CneAyeT OTMCTHTb, 'ITO B M3CCBB TO'ICK C 

p > 0.1 C MO)KHO BfiHC8Tb OAHY IIpSIMylO C H3KJIOHOM, 

6JIH3KHM K 0.5. 

B KopoTKonepHOAHqecKHX nynbcapax o>KUAaeT­

csr 33BHCHMOCTb W oc P [7J. Bo3MO}l(l{O, 'ITO y nynh­
capoe c caMbIMH .I(JIBHHbIMH nepnonaMH H3ny'leHHe 

reHepupyeTcR e o6naCTI1x, rne CTpyKrypa MarHBTHO­

ro nonSI TaKosa, 'ITO yrnoeoii pa3Mep OKHa R3JI}"le­
HIDI He 33BRCHT OT nepHOAa. 8 3TOM CJiyqae ero epe­
MeHHOH MacmTa6 6yneT aponop~ltOHa.JieH nepuo,izy. 

06Hapy)KeHHbJA H8MH 3cf>q>eKT Tpe6yeT ,[(0IlOJIHH­
Te1IbH0£'0 HCCJieAOBaHWI. 

HaMB 6bmH norryt1eH1,I cne,1w10mue cooTHome­
HRSI MC:teAy CBeTHMOCTbtO ff nepHOAOM: 

lg L = (- 1.06 ± 0.85) lg P + ( 27 .91 ± l.63) 

(k=-0.45±0.36) !'<0.lc (n = 8). 

lgL= (-0.28±0.78)1gP+ (28.06±0.17) 

(k = -0.05 ±0.12) P ~ l C (n = 70). 

(1) 

TaKBM o6pa30M, y KOp<)TKOnepHOAR11eCKHX nynbca­
poB HaMe'\Jaercst o6paTHo nponop~OHMLRWI 38BBCH­
MOCTb CBeTHMOCTH OT nepHOAa, y nynbcapoe C AJllD{­

HblMH nepHO.r(3MH 38.BHCHMOCTb L<_P), ITO-BlfABMOM)', 

• 
• 

• 

0 

• 

l 
lgP, C 

PNC. 2. 3 aBHCMMOCTl, 3KBHsanetttllOH wHpHHbl HMnyn bca OT nepMOna .Qm t 232 nynbcapoR. 

ACfPOHOMHtJECKHH )l<)'PHAJI TOM 72 Ni 4 1995 
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':.. OTcyTCTByeT. IlpHHHMcUI DpBMmKCHHO AJI8 o6eHX 
-~. rpynn Woe P, B3 q><>pM}'m,I CBCTBMOCTH 

L = 1t3J ~ 
p2 

(2) 

,~ .. Y .. nony11BM, 11To B o6oeKTax c P ~ 1 c ~ oc P, a npu 
~ t" p < 0.1 C BeJUl'IBHa i '·oT p He 3aBDCBT. 

~f -: PaCCMO'I'pHM renepb 3aBBCHMOCTb OT nepHOAa 
~;": . KOS«t>q>B~CIITa 'I'paHC<l><>pMa~ 3Hepnm Bpa~e­t~k HIIJI, TepJICMOA npB TOpMO)KCH8B HCm'p<>HHOB f f. 3Be3Abl, B p~BOHlJiy~eHue 

~ 3 

I Ilpe*Ae ~~ !:~. 0:KB a pa6ore (:'. 
- ~ y uym,capoB C p < 0.1 C HamB 3H31ICHBJI Tl, B cpeAHCM 
;~<:;i. ~ecrnemto JDDKe, 11CM y AOJironepBOAB'ICCKHX 
· ··., · o&l.eJCTOB (p11c. 3): 
·-. 
i::,-. lg Tl = -5 . 8 5 p < 0.1 C, 't, lgij = -3.45 P;, i c. 

·,;:i- .. 

:: ,. ..... 

... 
·~ .. 

B [8] no AaHHl>IM AJIJI 40 nyni,capoe HaMe11anoc1, OT­
nll'Dle 3aBBCHMOCTH Tl(P) B nyJibcapax C pa3HLIMH 
nepBOAa.MH. Ilo HOBbIM AaHHblM Mbl IlOJI}"fflJUI: 

·Ign = (- 1.40 ± 0.67) lgP- (8.40 ± 1.28) 

(k=-0.65±0.31) P<O.lc (n=8). 

lgTl = (l.80±0.23)lgP- (3.8±0.1) 

(k = 0.47 ± 0.06) p ~ 0.1 C (n = 217). 

(4) 

TaltHM o6pa30M, K03<t>4>HIU1CHT Tp8HCq>0pMa~ y 
OCHOBHOA M8CCbl nyn1,capon paCTCT C nepBOAOM, y 
KOp<>TXonepeo,tOAecmx nym.capoe - uao6opoT, 
yweRLmaeT01 (pee. 4). 06cy>IQ1:eHHe B03MOmlhIX 
np11111IH 3TOro s$q>eKTa Mbl npoBeACM HJDKe. 

4. 3BOJIIOQHSI 3HEPfETifllECKHX 
XAPAKTEPHCTRK 

06paTBMCR K amUIB3Y 3aBBC11MOCTB CBeTDMOCTH 
a .QJ)yrax 3Bepremqecmx napaMe1J)OD OT B03pacra 
nyni,capa. XaparrepBCTBXOi B03paC'ra MOJKeT 6bITb 
OAH8 B3 TJ)CX.BCJIINHH: 1) xap~KTepecruqecmt B03-

pacr't =E:12P. 2) 1CHHeMaT1NeCKBBB03pacr tK= lzl/V 
(me lzl - paccromme nym.capa OT nnocKOCTH fanax.­
TBJCB. V - KOMIIOHCHTa ero CICOpoCTB, nepneimmcyn.ap-

HU 3TOA fiJIOCKOCTH) D 3) napaMeTp Q = 2Pl.l P-:fs4 [9}. 
Bw'lllcnellllR D0Ka3aJIB, 1JTO 3aBBCRMOCTb CBCTBMO­
CTB OT KHBCM3TINCCKOro B03paCTa OTcyTCTBYCT KaJC 
AJljl ecei BblOOpKB [4]. T8K D A11Jl AByx paCCMaTpBBa­
eMblX rpynn. HaMe'l:aeTQI cna6u 33BBCHMOCTb L('t) 

. AM scex nyJti,capoB: 

JgL = ( -0.30 ± 0.07)lg't + (30.41 ± 0 .46 )(n = 225), (5) 

ACl'POHOMH'-IECKM ::lKYPHAJl TOM 72 }<I 4 

N 

70 

60 

50 

40 

30 

20 

10 

0 2 3 4 5 6 7 -lg,i 

Pac. 3. I'HcrorpaMMa pacupenencHHll norapH<pMOB Ko­
scp4,HI(HeHTa TJ)8HccpopMal(HH Jtnll nym,capoB c P < 0.1 c 
(WTpHX088Jl nHBlUI), P ~ 1 C (XHpHU JIHHJUI) N AJlJI BCCH 

BLIOOpKR (TOHJC:lUI nHHKJI). 

lgll 

-2 

• -4 • 

-6 • 
• 

• 
-8 

• 
-2 

• 

• • .,.< • .. . ., .. :, .. ~ ·'·r.··. . ,-.~,. ... , .. 
• •• ··~· . • . ···~ .. • • • • • ·-!·,.· 

• 
• 

-1 

. .. : .· . 
• • 

• 

• • 

0 1 lgP 

he. 4. ,mtarpaMMa "lg11-lgP". )KepHI.IMH TO'IUMH OT­
MC'ICBl,,I nyna,cap1,1 C p < 0.1 C. 

HO OTCyTCT»yeT aHaJIOrB'IHrul 33BBCBMOCTb y nyJib­

capoB c P < 0.1 c H c P ~ I c. OTMeTBM, 'ITO xapaKTC­
pBCTB'IeCKBII B03paCT Bbl'IHCJUICTC$1 B npeADOJlO)l(C­

HBB o6 o6pa30B3HBH BCCX rrym,capos C OCICRL KopoT­
KIIMB nepHOAaMH- 0AH8KO, KaK noKa3b1BaeT aHaJIH3 
Ha6nlOA8TeJlbHbIX AaHHbIX ( C.M.. HanpBMep, [ 10]), 
rrym.capbl MOryT o6p830Db1B3TLCSI C nepBOAaMB, 
6JIIJ3KHMB K COBpeMeBBLIM, B 3TOM CJiyqae, 't MmlCCT 
OTJIB1JaTbCSI OT HCTBBHOI'O B03pacra Ha HCCKOJlblCO 

nopSAKOB. liro ucaeTal napaMe-rpa Q, TalDKe xapaK­
repmyio~ero eoopacr rrym.capa. ro ero eeJ1B11BBa 
Aouwa 6wrL upa6JDD~ npoUopl.\llORaJILHOR 't. 
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)J.eHCTBBTeJibHO, y 3TRX napaMeTJ)OB OTn~que B 

CTeneHB P paBHO TOJibKO 0.1, a e c-reneau P - 0.6. 
IlocKOJibK)' ( KaIC D0K33b1B3IOT H3IDB BbJqecneHIDI) L 
OT j, He 33BBCHT AJISI o6eex rpynn H AJUI eceu BbIOOp­

KB, 338BCBMOCTH L('t) H L(Q) AOJI:lKHbl 6bITb 6JIH3KB· 

MB. Ilo HamBM A3HHbIM: 

lgl = (- 0.89 ± 0.12) lg Q + ( 14.92 ± 1.77) 

( k = - 0.46 ± 0.06) Ang seen: Bb16opKH ( n = 225) , 

lgl= (-l.27±0.63)lgQ + (9.39 ± 10.23) (6) 

(k = - 0.63 ± 0.32) p < 0.1 C, 

lgl = (0.39 ± 0.39) lg Q + (33.75 ± 5.75) 

(k=0.12±0.12) P~lc. 

3AeCb T3K >Ke, K.3K H B CJiyqae L('t), mweqaeTCSI 33-

BHCHMOCTb L(Q) AJUI eceH BblOOp.KH (H, 803MOXCHO, 

Ami nyn1,capoB C p < O. lc), HO HeT 3aBHCIIMOCTH J{JISI 

nyn&capoB c P :2: 1 c. 3aMeTHM, qTO napaMeTJ) Q MO­

)ICCT TaIOKe He OTJ)3)1{3Tb peam,HbIB B03paCT IIYJib­

capa, B, CJICAOB3TeJI1,HO, 10-rpex BCJIH'lllH ('t, 'Qffl HQ) 

1IHWb 33BHCHMOCTb L(tKHH), DO-BHAHMOMY, ODBCbIB3· 
CT 3BOJIIOQJ1l0 CBeTHMOCTH co epeMeHeM. 0Ha fiOKa-

3bIB3e'r, 'ITO y o6emc rpynn CBeTHMOCTb He B3MeWI­

eTC$I B TeqeHBe HCCKOJILKBX MHJIJIHOHOB JieT. 

BbI'IHCJieHIDI D0JC.333JIB, 'ITO ea6JIIOA3JOTCSI no­

JIO:llCHTeJibHbie KOppemlQBH T)('t) H 11(Q) K3K AJISI scea 

BbI6opKB, T3K H AnSI OTAeJILHJ,IX rpynn. 0AH3XO 3TB 

KOppe.rum,HB TJ)BBB3JlbHbI H CBSl33Hbl C ffaJiffqBeM B 

<t>OPMYJIC (3) MHO)l(HTeJUI PIP B RBHOM BOAC. IlOOTO­

MY C TOqJ(H 3peHIDI 3BOJIIO~ 3H3qffTCJlbHO mrre­

pecaee CBSl3b MC)ICAY Tl H KBHeMaTH'leCKHM B03pac­

TOM 'I(· 0K333JIOCL, t{TO y nyn&capoB C p ~ 1 C 33BH­

CHMOCTb T)(tK) OTCyTCTBYCT, a y nyn1,capoe c P. < 0.1 c 

HaMeqaeTCSI poCT Tl C B03paCToM: 

lg11 = (0.32±0.25)lgt ... 6- (6.51 ±0.69) 

( k = 0.47 ± 0.36) . 
(7) 

3ToT poCT npOSIBJISleTCSI H 8 33BHCHMOCTH AJUI BCCH 

s1,16opKH (n = 225): 

lg11 = (0.07±0.02)lgtlC6 - (4.46±0.11) 

(k = 0.29 ± 0.06) . 

B (7) B (8) t :;:; t" / 106 neT. 
K h 

(8) 

C T0t{KH 3peHIDI 3BOJIIO~H BHTepeCHbl T3K)l{e 33BH­

CBMOCTB L(P, P) u L(E). Ilo.Jl}"lemn.1e a paoore [4] 

COOTHOWeHIDI L = 102sp-1.13 P0·24 H L oc E'·35·, KaK no­

K33aJI BLJilOJIHCHHbIH HaMB JJ;eTaJibHbIH 3H3JIH3, 

o6ycnoBJicHbI KopoTKonepuo,quqecKHMB nyn&capa­

MR (P < 0.1 C), ,JJ;JJSI KOTOpbIX 

lgL = (25.06 ± 1.32) - (3.07 ±0.80) lgP+ 

+ (0.60 ± 0.18) lg .P, 
lgL = (0.55 ± 0.24) lg£+ ( 10.l ± 8.7) 

(k = 0.68 ± 0.30) . 

3Te COOTHOllleHWI ll0Ka3b1Bal0T, qTo B A3HHC 

rpynne L oc E", r,-e 0.3 <a< 1. 
)J.m1 nyn1,capos c P ~ 1 c 

lgL= (28.08±0.17) + (l.16±0.82)lgP-

- (0.18 ± 0.16) lgJ>, 
(H 

lgL= (- 0.15 ± 0.15)Jg£+ (32.8±4.9) 

(k = - 0.12 ± 'o.12). 

T.e. nonyqeHHhle q>opMaJibHO K03<pq>R~HeHTbl np 

lgP, lg P u Jg E HMelOT np<>THBonono}IOILJe 3HaXH n 
cpaBHeHmo CO 3H3K3MH K03<t><l>HI(ReHTOB AJUI nym: 

capos c P < 0.1 c, XOTSI Koppen.s1~u Me~y L H E 01 
cyrCTeyeT. 

5. 3ABl1CMMOCTh CBETiiMOCTM 
OT MAfHHTHoro IlOJISI 

Hau6onee KpuTuqecK.BM TCCTOM JJ;JIJI nposepKJ 
rBilOTC3bI O AByx pa3JIHt{HblX THnax nyn&capoe MOXC 

HO CllHTaTb HaJIH'IRe BJIH OTC}'TCTBHe 33BBCHMOCTI 

CBCTHMOCTH OT MaI'HHTHoro DOJISI B o6naCTB q>opMB 

poeaHID1 Ha6JI10AaeMoro paWtOHJnyqeHIDI [ 11] 
,IJ,eiiCTBBTeJibHO, xax npel(nonaraeTCjf e ua:a6onet 

pacnpocrpaHeHHbIX MOJJ:eJISIX nynLCapOB, H36JIIOA3-
eMbie oco6enHocrn npo<t,uneii u cneKTJ)OB <t,opMH· 
PYIOTCJI 33 cqeT MeXaHB3Ma UJJiyqell}UI KpHBH3Hb 

Ha paCCTOSIHWIX OT noaepXHOCTH ueirrpoHHOi 

3BC3,JJ;bl r ~ 'Le · Mbl Ct{HTaeM, qTo T3KOH MOJJ;eJibK 
0DBCb1B3IOTCSI nyn1,capbl C AJIHHHblMH nepB0A3MH 

8 3TOM cnyqae IlOJIHaJl MOII.\HOCTb, B3JIY'f3eMaJl C1(B· 

HH'lffblM3JICKTJ)OHOM,paBH3 

2e2cy4 

qcr = 3p2 • (11; 

r,n;e y = E/mc2 - Jio peH~-<l>ax Top u3JlyqaJO~ero 

3apRAa, p - paAuyc KpHBH3HbI ManmTHOH CHJIOBOH 
JIHHBB. lfa 3Toro Bblp3)1CeHHSI CJieAyeT, t{TO qcr He 33-
BHCHT OT BeJIH'IHHbl M3rHHTHOro DOJISI H onpe JJ;eJISl­
eTCjf TOJibKO ero CTpYKTYPOH. 

TaKHM o6pa30M, y nyn1,capoe C p ~ 1 C He JJ;OJI)KHO 

6b1Tb 33BHCBMOCTH CBCTBMOCTB OT MarHHTHOro no­

JISI Ha noeepXHOCTB (B npeJJ;OOJIO>KeHHB, 'ITO r ,JJ;JISI 
ecex nyn1,capoe 3TOH rpyDIIbl O,JJ;HHaKOBO ) . Bbl'IHC­
JieHIDI ACHCTBHTeJibHO DOK33b1Bal0T, t{TO AJISI 68 AOJI­

ronepHOAHt{CCKHX o6oeKTOB KoppeJISl"QWI Me)l{Ay L R 
B s OTCyTCTeyeT. 

lJro KacaeTCjf nyJihCapoe C p < 0.1 C, TO y HHX H3-
nyqeHHe AOJI.>KHO <popMHpoB3TbCjl B6JIH3H ceeroeoro 

ACTPOHOMH'iECKHH )KYPHAJI TOM 72 M 4 1995 
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J..U111B~pa. 3AeCb y H311yqa10iqHX 1.Jacnn_\ MoryT no­
m3mtTbCH 3aMeTHble IlHTq-yrJibl [ 12]. B 3TOM CJiy­

qae 6onee CYIJ..\eCTBeHHbIM CTaHOBHTCSI CJUIXpOTJ)OH­
HOe H3Jty'tJeHHe, MO~HOCTb KOTOporo npH Tex }KC 
IlqpeHu,-<J>aKTOpax 3Ha'IHTCJlbHO BblWC, qeM y H3.Jl}'­
qeffID1 KpKBH3Hbl [13]. IlOJIHaSI MOI.J.UIOCTb, HcnycKa­

eMajf qacTH~e:A B B~e CHHXpOTJ)OHHOrO H3Jiy'leH1UI, 
paeHa (14) 

2 48 2 . 2.a 
_ e sm u _), 

q. - 3 2 3 y • 
m e 

(12) 

rAe 0 - DHT"l-yron 03nyqa10~ero 3ap~a. I13 3TOH 

q>OPMYJibl BHJJ.HO, 'ITO AJISI KOp<>TKOnepHOJlHqecKHX 
nynbcapon CBCTHMOCTh JJ,OmKHa 38BHCeTh OT Mar­

HHTHOro noml 8 u.: e6ml3H ceeTOBOl'O U,HJIHHJJ.P8. 

IlonyqeHHbJe HaMH naHHble JJ,e:ACTBBTeJlbHO CBB­

JJ.CTeJibCTBYIOT O H8JIH'IBH DOJIO.>I<IITeJlbHOH KOppenH­

QHH MC)K)zy L II B lc a ITyJlbCapax c P < 0.1 c (pHC. 5a) 
(npH ou,eHKe B Lc C\IHT3JIOCb, 'ITO MarHHTHOe none 
OCTaeTCH AHDOJlbHhIM BilJIOTb AO CBeTOBOI'O U,H­

JIHHJJ,pa): 

lgL= (t.22±0.29) 1gBic + (14.99±3.5 1) 
(13) 

(k = 0.87 ± 0.20) . 

3To Bbipa}KCHHe cornacyeTCSI C npe;a;noJIO)KeHBCM 

KaK O MOH03HepreTH'tJeCKOM pacnpeJJ,eJleHHH H311Y­
'tJ8IOU.\HX 3JieKTpOHOB N(E) = NoO(E- €o), TaK HO CTe­
neHHOM pacnpeJJ,eJieHlfH N(£) = N0E-o.. B nepooM CJiy­

tiae K03cp4>Hl{HeHT JlOJIHOfO H3JIY'ICHIDI paeeH [ 14] 

J3 J ·v -
Ev = -

4 
~ B sin0N0 - JK51iz)dz , (14) 

7t me Vo 
V 

BO BTOpOM -

tt+I I-a 

Ev = A(a)N
0 

(B sin 0) _2_ v_2_ , (15) 

r.l{e A(a) - H3BeCTHrul cpy HKll,IDI OT (l [14]: 

J3e3 3a- I 3a +7 
A(a) = 2r( 12 ):f( 12 ) x 

l 61tm c 
I - a 

a + 7 /3 21tm3 c5 
- 2-

x ( a+ I ) ( 3e ) 

(16) 

EcJIH CHHXpOTpOHHOe caMonorJIOll.\CHHe OTCYTCTBY­
eT , MO)KHO Ct.JHTaTb, \JTO Lv oc Ev , H JVISI MOH03Hepre­
THt.JCCKOro pacnpe.l{eneHIDI L oc B , a ,nm1 creneHHoro 
(npH Noc e- 2) L oc B 15• Cne,rzyeT OTMeTHTb, lfTO Ami 

nynhcapos C p ~ 1 C HeT HHK8KOH Koppenjff.\HB Me)K­
AY L H BLc , T.e. a 3THX nynbcapax· np0Qeccb1 s6nH3H 

ceeTOBOl'O QHJIHH.Apa He HrpalOT RenocpeACTBeHHOH 
ponu B cpopMHpoBaHDH H3JJy'ieHffjf ( OHH MOryT nHWb 

BJIIUITb Ha CTpyKTYPY MaI'HHTOCq>epbl B qeJJOM li 

lgL, 3pr/c 

32 

30 

28 

lgL, 3pr/c 

32 

30 

28 

0 

3 

2 

(a) 

• 

4 5 lgBLC, re 
(6) 

• 

3 4 lgBicsin3J3, fc 

PHc. S. 3aBHCKMOCTH "lglrlgBic" (a) H "lgL-Bicsin3~" (6). 

o nocpe.IJ.OBaHHO cKaJhmaT1:,cS1 Ha xapaKTepe H3nyqe­

HHSI). 0 1u-1aKO ,II.JIJI BCCH BbI6opKB (n = 225) Koppem1-
l\IDI OCTaeTCSI 38MeTHOH: 

lgL = (0.46±0.06) 1g Bi:c+ (24.32±0.51) 

(k = 0.47 ± 0.06). 
(17) 

Otta, eo-nepehIX, o npeJJ,eJ1S1eT01 KOpoTKonepuoJJ,H­
qecxou qacr1:,10 .IJ.HarpaMMbI " lgL-lgBic" , a, oo­

BTopbIX, CBH3aHa C HeKOTOpoH poJiblO npOI.\eCCOB 
e611u3u caeToeoro U,HJJH.HApa s nynhcapax c npoMe­
)K}'TO'IHhlMH nepHOAaMH (0.1 < P < 1 c). 

IlO.J('IepKHeM, 'tJTO 3,IJ,eCb p aCCM3'J'PHBaJIHCb cpop­
MY Jlbl J).JISI HeKorepeHTHOI'O H3JJY'ICHHH. 0,II.HaKO, ec­
JIH '1HCJIO HJJJyqaK>lll,HX t.JaCTH[.\ He 3aBHCHT OT BCJIB­

tfBHbl MareHTHoro non.st Ha cseTOBOM qnn~e, ece 
nonyqeHHbie BbIBO,J(bl OCTalOTCSI cnpaee,II.JlHBblMH H 

,II.JISI KOrepeHTHOl'O CJIY'IaSI. 

BepHCMC.SI Tenepb K aHaJJH3Y 3aBHCHMOCTH rt(P). 
BenutfHHa ManmTHOl'O IlOJISI Ha CBCTOBOM qDJI~pe 

81t3R3 B ' R 3 * ., 
Bic = B (i) = c3p3 

s r LC 
(18) 

6bICTpO YMCHbWaeTC.SI c pOCTOM nepHOAa. ECJIH 

npHH.SITb AJISI nym)capoB C KOpOTKHMH nepHOAaMB 

L oc B~-~. TO HJ q>opMyn1:,1 (3) CJieAyeT Tl oc p - t.s, "ITO 

HaXOJJ.HTCSI B COO'fBCTCTBHH C nepBblM HJ COOTHOWe­

HHH (4). OpH L oc "Bic 3aBHCHMOCTb Tl OTP ucqe3aeT. 

3To IlpOTHBOpe"IliT yKa33HHOMY COOTHomeHHIO. 

OooTOMY CJie,rzyeT npHHHTh, 'tJTO H3 ABYX pacnpene­
neHHH 3JieKTJ)OHOB eceMy KOMJUICKCY Ha61110AeHBH 
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IgL, 3pr/c 
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Pac. 6. 3aBKCKMOCTh lgl OT ~. 
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a (a) 

~ 
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Pee. 7. Cl'pyKT)'pa ManutTOCtt>cphl nyni.capa c 13:::: 90° (a) 
H C l3 = 30° (6). 

YAOBJICTBOpj(eT creneHHoe pacnpeAeJieHHe c a = 2. 
,UJij( fi}'JlbcapoB C p ~ l C HeT 3aBBCHMOCTeH, aHaJIO· 

rll'IHbIX 3a.BRCBMOCTU ( 13), H AJlJ( HBX B COOTBeTCT­

BHH c cpopM)'JIOH (3) Ha6monaeTCS1 y»e~eHHe T\ c 
pocroM nepHona (cM. (4)). 

IlOCKOJlbKY B BblpIDKeHue AJISI T\ BXOAHT p. np 
Onpe1,lenemm <l>YHl{l{RH T\(P) Heo6XOAHMO 3RaTb, Ka 

3aBHCBT P OT nepuona. ,t(m1 Haweii Bb16opKB, COCT< 
~ee H3 68 nynbcapoe c P ~ l c. 

p oc pt.63±0.59. 

TaKrul 38BHCBMOCTb cornacyeTCJI CO BT0pb1M B 

COOTHomeHHH (4). CeJ13L Me~y P HP, OnBCbtBae 

Mrul ypaBHeHHeM (19), e npenenax omB60K c~sna,(2 
eT c npencxa3aHHjlMH MOAeJiu_XyaHra e AP· [15], xc 
TOprul OCHOB8Ha Ha pacCMOTpeHHH rrpou:eccoB 3JieI< 
TpOCJJa6oro 838HMOAeHCTBHJ1 BHyrpB HCHTPQHHOI 

3Be3Abt u naeT P oc P2 • 

6. 3ABHCHMOCTh CBETHMOCTH 
OT YrilA ME)KJlY MArHIITHbIM IlOilEM 

H OChIO BPAmEHH.sI 

HcnOJib3YSI 3Ha'leHBS1 yrna ~ MeX<:Ay eeKTopm. 
M81'HBTHOl'O MOMe HTa H OCbJO epa~eHHJI B3 pa6o· 
Tbl [16], Mbl npoaH8JIH3HpoBaJl1f CB$13L MCXCAY 3Tm. 
yrnoM H CBeTHMOCTbJO. 0K83aJIOCb, qi,o B ,t(OJll'One• 

pHO,t(HtJeCKBX nynLcapax 38BHCHMOCTb L(~) OTCyl'C'I'· 
ByeT. 3roro H CJieAOB8JIO O)KHJ~aTb, IlOCKOJibK)' npo 
~eCCLI B MarHBToe<pepe 06bI'IHLIX nyJILcapoe 

npHBOAHJI(Ue K pa,qHOB3nyqeamo, BO ecex MOAeJISD 
npB yMepeHHl,IX 3Ha'leHBS1X ~ (He 6JIH3KHX K H}'JIK 
BJIH K 90°) He 3aBHCHT OT !3. 

lfro KacaeTCSI nynbcapoB c P < 0.1 C, ro TOJlbKC 

Ami 4 83 HHX B3BeCTHLI BCJIHqmfbl I}. B 3THX nynb· 

capax (pHc. 6) 

lgL = (0.049 ± 0.003) J3 + (27.488 ± 0.188) 
(20) 

(k = 0.996 + 0.004). 

TaKyJO 3aeucHMOCTL 1'aK)l(e MO)l(HO ObIJIO O}KBAaTb . 

.[(eiCTBBTeJibHO, KaK 6bl110 IlOK83aHO BbIWC, CBeTH­

MOCTb · KOpoTxonepHOmr'{eCK.HX nyJibcapoe 3aBHCRT 
OT MarHHTHOl'O nonH.B 06JiaCTB r eHepa~H H311yqe. 
HIDI. Ilpe ~ = 90° (pee. 7a) 11aCTHU1>J, e1,16pomeHHL1e 
H3 nomoca, npoXOAHT pacCTOSIHHC r LC H nona,:taJOT B 
o6JiaCTL, l'Ae Or - c. IlpH 13 = 30° (pHC. 76) BM Heo6-
XO.AHMO YAaJJHTLOI Ha paCCTomtfe r - 2r LC, q"JOOhl 
AOCTH'lb o6naCTB penHTBBHCTCKOro Bpaw;eHIDI. Ilo• 
CKOJJLKY B oc r· 3, TO so BTOpoM cny11ae ManmTHoe no. 

JIC IlO'ITH Ha IlOJ"IAOK MCHbWe, 11eM AJ11113 = 90°. EcJm 
C J)OCTOM B £BeTHMOCTb yeeJIBt:JBBaeTCSl KaK B1•5, TO 

pa311H"IBe B L AIDI nym,capoe C 13 = 7° H C 13 = 85° npe­
BblW3eT 4 nop~Ka B COOTBeTCTBHH C nonytieHHblMH 
HaMH pe3ynbTaTaMH (puc. 56). 

7. 3AKilI01.JEHHE 

B paoore npoeeAeH nOHCK H 3H31IH3 pa311H11BB B 
CBCTHMOCTXX H APYrBX, CBSl3&HBblX C HHMB, 3Hepre· 
TH'ICCKRX BeJIH'IHHax, ~ng nym,capoe C KOpOTKBMB H 
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3HEPfETHtJECKHE XAP A.KTEPHCTHKH IIYJibCAPOB 573 

C AJlHHHblMH nepHOAaMH. B pe3yJibTaTe 3Toro aHa­

JIH38 MO)KHO CAeJJaTb CJJeAyiow.ue BbJBOAbI: 

l. CseTHMOCTb y nynbcapoB c nepHOAaMH P < 0.1 c 

(lg l = 29.8) 3Ha~mTeJibHO Bblllle, "ICM y nyn&capoB C 

AJIHHHblMH nepHOA8MH (P ~ 1 c) (lg L = 28.0), a pac­
npeAeJieHHe no ceeTHMOCTSIM - wupe ( COOTBeTCTBYIO­
IlJ,He cpeAHeKBa;:qJ8THllHbie OTKJlOHeHWI SlgL paBHbl 

1.4 H 0.8). • 
2. Y nyJI&capoB c KOpOTKHMH nepHOAaMH ceeTH-

MOCTb nponop~HOHaJibHa nepHOAY' a IlOJIHasI MOlI(­
HOCTb ~. H3JJyqaeMrul B HMilYJibce, OT nepHOAa He 3a­
BHCHT. B AOJlronepHOAH'leCKHX nyn&capax 38BBCH­
MOCTb L(P) oTcyTcreyeT, a~ oc: P. 

3. Ko3cl><t>H~eHT TPaHcq>opMa~HH Tl noreph 
3Hepnm apalI(eHIUI B paAHOH3JiyqeHHe y OCHOBHOB 
MaCCbl llYJILCapoe pacTeT C nepHOAOM, y nynbcapoe C 

P < 0.1 c - yMeHbllJaeTCSI. 

4. Cpeii;Hee 3Ha'leHHe Tl B nyn&capax c P ~ I c 
(lgT1 = -3.45) 3Ha'IHTeJibHO BbIWe, "leM B nynLcapax 

cP < 0.1 c (lgTl = -5.85). 
5. Y o6eHX rpynn nyn&capoB CBeTHMOCTb He H3-

MeWieTCjf C B03paCTOM B Te"!eHHe HeCKOJibKHX MHJI­

JUIOHOB JieT. 

6. ~ nym,capoe c KOp<)TKHMH neplIOAa.MH o6Ha­
py)KeHa BbICOKrul creneHb KOppemo::um (k = 0.87 ± 0.20) 
Me)KAY CBeTHMOCTblO H MarHHTHbIM noJieM B6JIH3II 

CBeTOBOro ~umrnApa. 
7. J],.JJSI 4 nynbCapoe C p < 0.1 CH C J{3BeCTHl>IMH 

3Ha~eHHSIMH yrna {3 Me>K,IJ;y ~arHHTHblM MOMelITOM H 
OCblO epaw,eHWI TOt{KH Ha AHarpaMMe "lgL-J3" JIO­

)KaTC.H noqTH TO'IHO Ha IIPSIMYIO JIHHHIO lgL = 0.0513 + 
+ 27.49 (k = 1.0). 

8. Bee nonyqeHHbie HaMH pe3yn&TaT&I noA­
Teep)J(AalOT KOH~err~BIO o cf>opMHpoeamm H:3JIY'le­
HID1 B nyJibCapax C caMbIMH KOp<>TKHMB nepBO]:{aMB 
B6JIH3H ceeTOBOro :QHJlH~pa. IlpH 3TOM OCHOBHblM 

MeXaHH3MOM reHepa~H SIBm1eTCS1 CBHXpOTpOHH.bIH 

MexaHH3M, H cornacue c Ha6JIJOAaeMhIMH oco6eHH.o­
CTSIMH B3JIY"ICHHSI ii;ocrnraeTCSI npH creneHHOM pac­
npeAeJieHHH pemrmeucrcKHX qa~ no 3HeprID1M 
N=N#,-2• • 

Pa6oTa BbIDOJIHeHa npH cpuuaHCOBOH rro~ep)KKe 
rHTil "AcrpoHOMIDI" (npoeKT N2 3-177), a TaJOKe EB­
poneiicKOH IO)K}fOH o6cepearopP-1! (rpa.HT A-04-063). 
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Energy Properties of Long- and Short-Period Pulsars 
I. F. Malov and 0. I. Malov 

The dependence of luminosity and other energy characteristics on pulsar parameters for objects with periods 
P ~ l s and P < O. l s is analyzed. Pulsars of the first group are shown to have, on the average, lower luminosities 
but larger coefficients of conversion of rotational energy into radio emission. Short-period pulsars exhibit a 
high correlation between luminosity and magnetic-field strength near the light cylinder, as well as between lu­
minosity and inclination of the magnetic axis to the rotation axis. These conelations are consistent with predic­
tions of the model of emission generation in pulsars with short periods in the vicinity of the light cylinder. 
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0 HEKOTOPLIX OC06EHHOCTHX B PACilPE,nEJIEHIDIX 
IlAPAMETPOB IlYJILCAPOB 

© 1995 r. H. 4>. M&J1oa, 0 . H. MaJioB 

4>u3u'tec,cuu uHcmumym UM. II.H. Jle6eoeoo, MoctcBa, Poccua. 

Ilocrymrna e pe,QaKU.HJO 19.08.94 r. 

B pa6ore ucCJieJJYIOTa pacnpeAeJieHHJI p~a napaMe'IJ>OB B3BecrHbIX 558 nym,capoB. PacnpeAeJieHBe ne­
pHOAOB BhlJIBIDleT HaJIK'DIC ABYX rpynn nym.capoe (c nepHO,QaMH P ~ 0.1 c HP< 0.1 c), OTJIH'<l3IOII(HXQI 
CBOeli 3B0JII01U1eH. CpeAH nynbcapoB C p < 0.1 C, He BXOAJ[I.UBX B mapoBbie CKOJIJieHIUI, HeT o6oeKTOB, YA3-
JieH.HblX OT nJIOCKOCTB fanaKTHKB (Sonee, 'leM Ba,z = 700 nc. Bro :»ee BpeMJl HeCKOJibKO ,QeQITJCOB AOJiro­
nepHOAJl'ICCKBX nyJibcapoe BMCIOT z = 1 - 2 KllC, 'ITC> COOTBeTCI'ByeT KBHeMaTll'leCKBM D03pacraM 6onee 
10 MJIH JieT. Ha6JIIOA3CTQI BblCOKWI KOppeJlJIIOUI CBCTHMOC'l'H C MOII.UIOCTLIO MarHHTO~OJll,HbJX norepb 

(L oc Vwmd>· IlocrpoeHHaJI <l>Y~jJ CBeTHMOCTB D0K33bID8eT, 'ITC> B ranaKTHKe, 00-BffAHMOMY, HCT 

nym,capoe cl< 1()26 3pr/c. 06ll{ee tt11cno aKTHBHLIX ranaxm'leCKHX nyn1,cap0B noCTHraeT 2.4 x 1()5, 'ITO 
COOTBeTCTBYeT CKOpocrH pO:»CACHWI nym,capoe nop~Ka 0AH0I'O o6'beKTa B 40 JICT. 

1. BBE,[(EHHE 

B KaTanore [1] npHBe].leHbI 3H8t{CHIDI pa3.JIBqHJ,IX 
napa.Me-rpoe AJUI 558 nyn&capoe, 'tJTO ,ttaeT B03MO.>K­
HOCTb npoa.HaJIH3BpoBaTL pacnpeAeJJCHIDI 3THX aa­
paMe-rpoe H RaJJll'D:le CBH3eii MeXJzy HHMB. KpoMe 
roro nocrpoeune cpeAHBX cneKT(>OB AJUI 6oJJ&moro 
KOmNeCTBa nym,capoe (CM., HanpeMep, [2]) no3BO­
JJHJJO Bbl'IHCJIBTb Haa6onee TOqffhJC K HaCTOSII)leMY 
speMeHB 3H8'tJ8HIDI mrrerpan:bHblX paAHOCBeTHMOC­
Tei 232 o6'beKT0B [3], npoBeCTH RX CT8THCTIA8CKBB 
aHaJIB3 u o6uapyxarr& PR.tt OTJJB'IBH e noeeAeHHH 
~uepremqecKHX xaparrepBCTHK e nynhcapax c Ko­
poTJCBMII (P < 0.1 c) H c ,D;JIHHHbIMH (P ~ l c) nepuo­
AaMB [4]. M&1 aHaJJB3upyeM 3,o;ecL AaHHbie pa6oT [1] 
u [3J c ~eJlblO BbIS1BneHW1 ,D;OUOJJHHTeJlbHblX OTJIB­
'IHH s pacnpe,o;eneHIDIX napa.MeTJ>OB ,o;ng 3TBX ,o;eyx 
rpynn BCTO'IHBKOB. 

2. PACIIPE,[(EilEHHE IIYilbCAPOB 
TIO IIEPHO,[(AM 

Ha pee. 1 npe,o;CTaeneua rncrorpaMMa pacnpeAe-
11eHW1 nepHO,D;OB 558 nyJibcapoe. KaK B~HO B3 pe­
cy1uca, onucaTh see pacnpe,o;eneHHe o,o;uoi rayccua­
Hoi He IipeACTaBJUleTCJI 803MO.>KHbIM. CoaoKyn­
HOCTb AaHHblX MOX<eT 6.bITb npe,o;CTasJieBa ABYMSI 
pacnpe,o;eneHWIMH, 6JJB3KBMH K HOpMMbHblM: O,D;HO 
,D;JISI ny JibcapoB c P < 0.1 c, ,o;pyroe - P ~ 0.1 c. TaKHe 
,o;ea KJJacca MO.>KHO CBSl3aTb C eaJIB1:fBeM HJJH OTcyrCT­
BHeM e6JJB3H CBCTOBOI'O ~~pa BHemHei 30HLI. 
ycKOpellWI -qa~. ,o;aJO~ 3aTeM Ha6JII0A3CMOe 
H3Jl}''tfeHHe [5]. rpaHB'IHI>IH nepuo,o;, pa3,o;e11HIO~ 
3TH KJl3CCLI, paeeH 0.13 C. Bo3MOXOIO, 'ITO ICOpoTKO­
nepHOAll'!eCKBe nynbcapLI no,o;pa3,o;eJJHJOTCSI e~e ua 
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ABa no,o;KJJacca (B JICBOB qacni rHCTOip3MMLI Ha.M 
qaeTCSI ,o;ea MaKCHMyMa). O,D;H3KO 6e,o;HOCTb CTaTB 
TBKH (Bcero 44 nynLCap~ C p < 0.1 c) He fi03BOJISI( 
C,D;CJl3TI:, 3Ba1.JBMbie Bb180,D;bl B 3TOM HanpaeneHHB. 

qTO Kacaercg rrynLcapoB c P ~ 0.1 c, TO ex pa 
npe,o;eJJeHHe ,D;OJJX<HO 6b1Tb CKoppeKTHpoBaHO. K, 
Il0K333HO B pa6ore [6], qyBCTBBTeJibHOCTL o630J 
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Pac. 1. reCTorpaMMa pacnpeJteJieHH" nym,.capos no se­
nH'IHHaM lgP. 
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, .... 
~- . 
,; (H 'lBCJIO 06aapyxeHH1,IX nyJJbcapoB) BCJieACTBBe 
/ KOHe"IHoro epeMeBH HHTerp11p0BaHWI 't }'Mem.maeT­

,;. al Ha MHO:>KHTCJib 
·t. . 

2 1/ 4 

f = (1 + ~) , 
''£'. . ·• . 

(1) 

>~.· r,ne w - co6crseHHrul WHpHHa HMnym,ca. IlpHHHMrul 
: ~'. 't = 0.02 CH 38BHCHMOCTb W(P) B BHAe [4] ••• • . i,~·~: . { 2.14 X J0-2P0

·
43 0.J < p < 1 C 

· ., ·. W(P) :::: " o 93 · i.: 2.24 X 10- .. p . P~ 1 C, 

(2) 

J nonyqaeM Bblpa:>KeHHe AJISI KoppeKTHPYIO~ero MBO­

' If!. ,mrrem1 

i f = { (l(~:::::.i~'t/·~:~:'. C 
(3) 

. . ~: 

·1 : : 
. ... r 

i:~-· 
1 · .. · . 

1:. 
1. 

HcnpaBJieHHbie -q11cna nynhcapoe noxa33111,1 ea puc. 1 
cnJIOWHOA: nmmeA:, BCXO)Ulble - llITpDXOBOit Xapax­
Tep pacnpeAeJieHHSI N(lgP) ooaaqaeT, 'ITO IlO-BB}];H­
MOMY 3BOJIIO~IDI nyn1,capoe C p < 0.1 C npoHCXOAHT 
CBOHM rryTeM, H HeT nepexo,na nyJILCapoe B 06JiaCTb 
c P > 0.1 c. B IIpOTHBHOM cnyqae ua6JUO}];a.JIOCb 6bI 
3allOJIHeHBe MHHHM}'Ma e pauoue P - 0.1 C. 

:;,. 3. z-PACIIPE.IJ;EilEIIBE IIYJihCAPOB 

Bo3MO:>KHoe pa3J1Bque B npoHCXO:>KAeHBH B 380-

JIIOQHH KOpoTKonepHO}];H'leCKHX H AOJI['Onepuo,nuqe­
<. CKIIX DyJibcapoe AOJDKHO npo.RBHTLC.SI H B DX npOCT­
f paeCTBeHHOM pacnpe,neneeeu. Ha puc. 2 npe,ncrae­

JieHLI rucrorpaMMbl Z-KOOpAUHaT AJIH ABYX rpynn A,i .. 

nyJILCapos. 03 paCCMOTJ)eHIDI BCKJIIO'leHLI nynh-
... capbl B MareJIJiaHOBblX 06JiaKax, He CBH3aHHble CBO-

BM DpOHCXO:>KAeHHeM C Hamen fanaKTHKOB. Ilynb­
t cap1,1 c P < 0.1 c Aemrrcg Ha ~Be rpynnb1: o6"beKTbI B 

1 
'.. mapOBblX cxonneHWVC, npHHa}];JiexcaIIOIX K cq>epH'le­

CICoe: COCTaBruno~ee: famucrmra B BMelO~ e1,1co­
:J KBe z-KOOPAHHaTbt, no-BH.AHMOMY OTJUiqaJOTai no 

CBOOMY npoBCXO::JKAeHHIO H 3BOJIIO~ OT COCTaBJU[IO­
~ BTOPYIO rpynny OAHHO'IHblX bo"heKTOB. CtJHTaH, 

-~ 'IT<> z-pacnpeJ(enem1e nynbcapoe npeACTaBJUieTCSI 
~-- 3KCilOHe~aJibHbIM 33KOHOM, IlOJl}"l3CM }];JISI nym,ca­
~;:. poa, He BXO~ a mapoBbte CKOITJieBID1 (pHC. 2): 
1

~~ • 5 .25exp(-lzl/0.42 Knc) P < 0.1 c 
:- ~:. (4) 
- , 158.50exp(-lzl/0 .32 me) P ~ 0.1 c . 

I, 1~; ff3 3THX coOTaoweHHH cneAyeT, 'llTO ny.J1Lcap1,1 c 
: ~-P ~ 0.1 c HeCKOm,Ko cun1>Hee KO~CHTJ>HPYIOTCSI K 
: '\ AUcxy. 0AHaKO Ba)KHO IlO}];'lepKHYTb, 'ITO Bee nyJJb­

. ·: : .capbl C p < 0.1 C (3a BCKJIIO'ICHBCM 061,eKTOB, BXOASI­
. \-~X B mapoBble CKOnJieHIDI) HaXO}];.RTC.R OT DJIOCKO­

LCTH fanaKTHKH He Aanee 700 nc (y nonoBHHbI ucroq­
;:;micoe lzl < 200 nc). Ecnu y-qecrb, 'ITO z-paccroguue 

!. 
~·} 

N 

. 8 

6 

4 

2 

0 

N 

80 

60 

40 

20 

0 

\ 

\ 
. ~ 

(a) 

(6) 

4 5 lzl, Knc 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 lzl, KOC 

Pwc. 2. PacnpeACJICHIHl nynLcapoB no Z- KOOPAHHaTa M: 
a - I'< 0.1 c, 6 - I' ~ 0. 1 c. nyHKTHpOM noKaJaHbl 3aBH• 
CHMOCTH, onHCMBaeMLJe COOTHOWCHH.IIMH (4). 

CJI}')KBT MepHJIOM B03pacra nyn1,capa, TO 3TOT q>aKT 
03HaqaeT OTHOCHTCJibH}'IO MOJIOAOCTb nynbCapoe C 
KOpoTKBMH rrepHOJ:{aMH !KHH = lz l/v :s 7 MJIH. JJCT (npu 
v= 100 KM}c). B TaKOM cseTe 6on1,mue xapaKTepuc­
TH'tlec1CBe B0lp3CTbl OAHHO'tJHbIX MHJIJIHCeKyH)WblX 
nyn1,cap0B j(BJISU()TC,1 CJICJ:{CTBHeM HX MaJJblX p H, 
TaIOKe KaK H MaJibie MarHHTHble nom1, OTpa:>KaIOT DX 
}];OJiroe npe6bIBaHHe H oco6y10 3BOJIIOIJ,HIO B ABOB­
HLIX CDCTeMaX B npe,D;eJiaX r anaKTH'ICCKOro AIICKa. 
0}];HaKO K3K PaAHOrryn1,capbl 3TH o6'beKTbl o6pa30-
Ba.JIHCb HeAaBHO H IlOCJie pacn3Aa ):(BOBi:1011 CBCTeMbI 
He ycnenu ,D;a.JieK.o yitTH OT IlJJOCKOCTH f anaKTHKH. 
HanH'IHe lzl > l Knc y nyn hcapoe c P ;;;:: 0.1 c 03Ha11a­
eT, 'ITO y 3THX OO"beKTOB MO)KeT 6bITb peanbHLIA 
B03paCT, npeebimalO~HH 10 MJJB. neT. 

4. PACilPE.[(EJIEHHE IIYJihCAPOB 
no PACCT051HH.8M OT QEHTPA 

fAJIAKTIIKH 

Ha pee. 3 noKa3aHhI rHCTorpaMMhJ pacnpeAene­
Hmr aynbcapoB 110 ra.JiaKTOQCHTpH'leCKHM paCCT0,1-

HIDIM, KOTOpb1e onpe,D;emmucb no Q>OPMYJie 

R2 = tf cos 2b + d~ - 2dd0 cosbcosl, (5) · 
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Pac. 3. Pacnpe1teneHHC nyn1,capoB no paccroRHHllM OT 
l{ett-rpa faJJaJ('l'HKH (nyHKTHP 11m1 o6"bCKT0B C p < 0.1 c. 

cnnoWHaJI KpHBaR - P ~ 0.1 c). 

lgL, apr/c 

31 (a) 

30 

29 
28 

27 
26 

lgL, w!H KIIC2 

4 

3 

2 

1 

12 13 14 15 lgBIP2 

Pac. 4. 3aBHCHMOCTI, CBenfMOCTH OT BenH'IHHbl B/P2
. 

a - HaWH J(aHHble nn11 222 nyn1,cap0B, (S - pHCYHOK 1 H3 
[7] C 8DHC8HH0A B aero OpRMOA (6rroA >KC paOOTbl. 

r,-e d - paCCTOSIHHe nynLcapa OT Comma. d0 - pac­
CTOHHHe ConHu;a OT U.eH1pa ranaKTHKH (npH 
eL111ucneHID1X nonaranoc& d0 = 10 Knc), b H l - ranaK­
mqecKBe mupoTa e AOm'OTa nyn&capa. PacnpeJ:(eJie­
HIDI N(R) AJiji P ~ 0.1 c H P < 0.1 C OK338JJHCb llOA06-
HblMH H He BbUIBHJIH pa3JIH'IHH B 3TDX ABYX rpynnax 
rrynLcapoe - OHH DO-BHAHMOM)' HMelOT OAHflaKOBYIO 
no.Kanu3au;mo e npeAenax ranaKT1111ecKoro ADCKa. 

06paTHMcsi renep& K pacnpeJ{eJJeHWtM H 3aaHCH­
MOCTjiM, CIDl3a.HHblM co CBCTBMOCTSIMB nym,capoe. 

5. 3ABHCHMOCTb CBETHMOCTH 
OT BEJUflJHHbI B/P2 

CroJIJIM3B [7] o6aapyX<HJI pa3JJlf'Dle B 38BBCBM0-
CTB UBI P2) AJJjl MOJJOAblX B crap&rx nym,capoe. Be-
nlf'IHHa BI P2 nponop~oHa.JibHa pa3HOCTB nOTCHI\B-

anoB B 3a3ope B6JJB3H noeepXHOCTB HeirrpoHHOH 
3Be3A&I [8]. "Monon&1e" u "crap&1e" ny.1n.cap1,1 on-
pene1umuc1, no napaMeTpy [9] 

Q = 2p1.1 jro.•. (6) 

MLI DOCTpOHJIH auanom'IH}'lO 3aBBCBMOCTb 

B lgL(lg p2 ), llOK83aJIHYIO Ha puc. 4a. IlpB 3TOM 6LIJID 

HCU0Jlb30BaHbl CBCTBMOCTH H3 JCaTanora [31 nmi 225 
nynLCapoB C B3BeCTHLIMB p. KaK BHAHO H3 pncyBKa, 
see 7 TO'leK xopomo 11ox<aTCS1 ua npJIMYIO 

B lgL = (0.64 ± 0.05) lg p2 + (20.54 ± 0.68) (7) 

npH KOO<l>4>~eHTe KoppeJUl~HH K = 0.98 ± 0.08. 
CroJIJJM3H cnenan e1,1eoJJ; o TOM, 11To AJUI 3ua11emm 

B . 
lg p2 > 13, L nepecraeT 3aeuceTL OT B/P2 (B:&lXOABT 

Ha xoHcrairry). B HameM cJiy'llae AJUI B/P2 < 13 (oel 
J:(Byx npaBLIX TO'ICK) Mbl nony,nmH: 

lgL = (0.62 ± 0.11) lg Bl p2 + (20.77 ± 1.35), (S) 

K = 0.96±0.17. 

TaKHM o6pa30M, 3aBHCHMOCTH (7) H (8) cosn~a­
lOT, T.e. BblXOAa Ha KOHCTaH-ry He aa6JilOA8eTCSl B CO• 
OTHomeuue L(B I P2) OAHHaKoeo AJUI ecex 3Haqeud 
B/P2• KaK cne,nyeT R3 puc. 46, e T0'1KH, nony'leHHLie 
CTOJJJJM3HOM, MO}KH() AOCTaTOqf{O xopomo B1IHC8Th 
OAH}' npj!M}'JO [7): 

lgL = (- 5.69 ± 1.31) + (0.62 ± 0.21) lgB/P. (9) 

KaK yx<e OTMe'laJJOCL, CromIM3B CBDb(BaJJ ee­
JIH'UlHY BI P2 c pa3HOCTLIO noTeH~anoe eo eayr­
peaueu 30HC ycKopeHWI. 01(HaKO 3T8 BCJIWIBHa 
HMeeT H Apyroii q>H3H'ICCKBil CM&Jcn. JJ;eilCTBHTCJJb· 
HO, MO~HOCTb MarHBTOAJIDOJlbHOI'O H3JI}"ICHWI HeA­
TJ)OHHOA 3Be3)J;b( B eaxyyMe Ha 'l8CT0Te ee Bpam;eHWI 

paeHa [10] 

2 4 
2m.lO 

w'"" = ---, 3 c3 
(10) 

r~e m.1 = BR3cos'{}- seJIB'l.BHa oproroHaJibHOH K ocu 
Bpa~eHWI COCTaBJISIIO~CH MRI'HH11{0('0 MOMCHTa. 

ACI'POHOMHlffiCK.H8 )KYPHAJI TOM 72 JI& 4 1995 
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•· HeTPYAHP BHAeTh, 'l!To W md oc B2 I P4, u, CJieAOBaTenL- N 
H0,3aBHCRMOCTb(7)o3Ha'l!aeT,qTo 70 

Loe vw::;. (11) 

· B p.a6oTe [3] 6bmo noKa3aHo, tJTO L oc ViEf. H,· no­

: cKOJILKY o6bitJHO npHHHMaeTCSI W md = I El, TO 3TH ABe 

. ·3aBHCHMOCTH CJiel{ylOT OJ];Ha H3 Jq>yrOH, T.e. H3JlftJa­
. eMM CBeTHMOCTb yaenHtJHBaeTCSI C poCTOM Tep}le-
_MOD 3Be3AOH aHepnrn. 

6. <t>YHKUHJI CBETHMOCTH IIYilbCAPOB 

. Ilpe)l(:Ae acero OTMeTHM, '-ITO rncrorpaMMa pac­
: npeAe11emm ceeTHMOCTeH 232 rrynLcapoe [3] HMeeT 
· .. OAHH M8KCHM}'M, H, KaK IlOKa3anH AOilOJJHHTem,Hbie 
nocrpoeHHSI, 3TOT BbIBOA He 3aBHCHT OT HHTepeana 

' pa36HeHIDI. CneAOBaTeJibHO, YTBep.>IG{eHit:e O HaJIH-
'-IHB ABYX rpynn nyJibCapOB, pa3JIHtJalOl.l.\HXCSI no pac­

. npeAeJieHmo CBCTHMOCTeH [ 11 ], He IlOATBep~aeT­
' .08. MbI T8K)l(:e rrocrpomm mcrorpaMM}' N(lgL) AJISI 
. S44 nynbCapoB (pHc. 5), ocy~eCTBHB nepectJeT L a 
. o6oeKTax, He BOllleAWHX B BbI60pKy H3 232 HCTOtJ­
. HHKOB, no 4>opM}'Jie [3]: 

lgL = 0.91 lgLTML + 26.36, (12) 

-rAe lrML = S400 (M.slH) cJ.2 (Knc) - 01..\eHKa cseTHMOCTH 
B3 KaTanora [l]. Me aTOM cnyttae B pacnpeAeneHHH 

;-,Her MHHHM}'MOB. 

,[(JUI BbltJHCJieHHH <pyHKI..\HH CBeTHMOCTH BOCilOJib-
3yeMCSI cxeMOM, npeAJJO)l(:eHHOH B pa6ore [12]. 'Iuc­
JIO nynLcapoe, Ha6n10J];aeMLIX B HHTepsanax nepuo­

. AOB dP; CBCTHMOCTeH dL H pacCTOSIHHH OT AHCKa fa­

. naKTHKH dz paBHO 

· N(P, L , z)dPdLdz = V(P, L, z)p(P, L, z)dPdLdz.(13) 

. rne V(P, L, z) - o6"beM npocTpaacrsa, a<pcpeKTHBHO 
Hccn·eAOBaHHblH AJISI nynLcapoe c nepHOJJ;OM P, cee­
-T~MOCTblO L H paCCTOSIHHeM OT TIJJOCKOCTH z. 06bI'1-

:: Ho npeAnonaraeTCSI, qTo cpymcµIDI pacnpeAeneHBH 
. p(P, l, z) MO)KeT 6bITb npeACTaBJieHa npOH3BeAeHH­
:' eM He3aBHCHMblX <pyHKqHH: 

p(P, L, z) = p 1(P)p2(z)<f>(L). (14) 

T~KaH 3anucb KoppeKTHa, ecJIH nepeMeHHbie P, z H L 
l{C38BHCHMbl. KaK ITOKa3aHO B pa6oTax [3, 41, CBeTU­

; MOCTL L OT z He 3aBUCUT. a Me)KAY L H p Ha6J110AaeT­
: .~JI CJia6aH KoppeJUlqHSl. l.JTo KacaeTCSI CBH3H Me)K)zy z 
.: HP, TO Otta o6cy)KAaJiaCL B pa3AeJie 3. KaK CJieAyeT 
:' HJ COOTHOWeHHSI ( 4 ), xapaKTepHble ~acWTa6bI AJISI 
~ nym,capoB c P :2:'. 0.1 c HP< 0.1 c 6JIH3Klf A('yr K npy-
r ry, XOTSI npH lzl > l KTIC aa6Jil0Aal0TCS1 OJ];HHO"llHhle 
I. nynbcapbl TOJILKO c P > 0.1 C. HH)l(:e Mbl 6yneM CtfB­
i-TaTb, l-fTO COOTHOllleHHe ( 14) cnpaBeAJJHBO. B 3TOM 

r: 

60 

50 

40 

30 

20 

26 27 28 29 30 31 32 lgL, 3pr/c 

Pee. S. fHcrorpaMMa pacnpe.Qe11eHHS1 cBeTUMocTeH S44 
nym,capoa. 

cnyqae HHTepecy10w;ru1 aac <pyHKqH.SI CBeTHMOCTU 
MO)l(:eT 6b1Tb nonyqeHa H3 BhlpruKeHIUI 

<l>(lgL) = N(lgl) . (15) 
. J J V(P, L, z)p1(P)pi(z)dPdz 

HcnonLJy.S1 HopMHpOBKH 

H 

f pi(z)dz = 

f p1(P)dP = l, 
0 

npHBOJ];HM (15) K OKOHtJaTeJibHOMY BHJ];y: 

N(lgL) 
<l>(lg L) = V(l) . 

(16) 

(17) 

'IT06b1 Ol.\eHHTL o6"heM · V(L), eocnonLJyeMCSI 
Bblpa)l(:eHHeM AJISI BbltJUCJieHIDI CBeTHMOCTH 

(18) 

Ilpu 3a):(aHHOH 'l!YBCTBHTeJibHOCTM Smin nynbcapbl co 
CBeTUMOCTblO L 6yJWT o6Hapy)l(:eHLI Ha MaKCHMaJJh­
HOM pacCTOHHHH 

(19) 
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Pac. 6. <l>yHK~JUI ceemMOCTH nynbcapoa. 
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Pac. 7. R11Terpam,Hoe 'IHCJJO nym,capoe co ceeTHM<><>­
TJ.IO 60111,we naHRoA: a - ,qn11 232 nym,capos H3 [3]; 6 -
.Qn11 544 nynbcapoe H3 { l] c nepeC'ICTOM cBeTHMocreA no 
q>0pMyne (12). 

'ITO COOTBeTCTeyeT o6'beM}' 

4 3 4 p 
V(L) = 37tdmax = 31t7/2 ( Sm10 WAV) 

3/2 
L312. (20) 

,[(m1 onpeµ;eneHu ysepeHHoii BeJill'IHHbI MHO}KJITe­
JUI p /WAV AJUI pa3JIINH.blX HHTepeaJIOB CBCTBMOCTH 
KOJIH'leC'l'Bo nynbCapoB e 3TBX uerepsanax Heµ;ocra-

/ TO'IHO. Ilo3TOM}' Mbl BOCilOJiblYCMCSI .I(IDI .o~eHOK co­
OTHomeeueM [ 13] 

lg W = (0.54 ± 0.05) lgP + ( 1.50 ± 0.02) 

HJIB (21) 

W (c) = 0.032Jj, 

u npuMeM WISJ ecex nynbCapos AV = 1 ITq. Cpe.QHee 
wa'leHue nepeo,Qa µ;11.H 558 o6'beKTOB KaTanora [l] 

· P = 0.14 c . .6y,QeM C'IHTaTb TaJOKe, trro KaTanor 

.HBJUleTCSI IlOJIHl,IM AO Smin = 5 Mh. B pe3yJibT8Te UO­
JIY11BM 

3/2 3 
V(L) = 0.33L26 KDC • (22) 

McnOJJb3Y'1 3TO Bbipa>KCHHe, npHXO)'.{HM K q>yHK• 

IUIH CBCTHMOCTH, npHee,QeHHOA ea pee. 6. JblHemlaH 
ttaCT& MO>KeT 6bITb npep;craBneua e BUAe: 

lgel»(lgL) = (- L95 ± 0.07)lgL + (54.40 ± 2.13). (23) 

Ilpu ceeTHMoCTIIX L < 1026·25 apr/c Ha6mop;aeTa1 ecero 
OAHlf nym,cap, T.e. ay111,capoe co CBeTHMOCI'SIMB Mem,­
me 1026 apr/c e fanaKTHKe, no-BBAHMOMY, HeT. LT:eicr­
BHTeJibBO, KaK CJIC,QyeTH'.3 (19), ny111,capbt cLu, = 1 MO­
ryT Ha6mOA8TLCSJ Ha paCCTOj[l{IDJX AO <.lrr,ax = 0.43 KDC. 
B 3TOM o6oeMe B3BeCTHo 8 nynbcapoB. CpeAB. HUX 
MO>KHO 61,mo O>KBAaTb H8J1HttID1 HCTO'IHBKOB H co 
3HalJ:BTeJibHO MeHbWBMH CBeTUMOCT.HMH. 'B psrne 00· 
30pOB Ha6JIJOAaJIHCb nym)capbl C Smin :S 1 M5IH H 

AmKe npu Ta1wa rny6HHe o63opa nynLcapoe c MeHb­
WBMB CBeTBMOCUIMB He ObIJIO o6Hapy>KeHO. 0Tcyr­
C'l'BHe DX 38CT8BJIJICT CAeJiaTb BbIBOA, IJ:TO TaKIIX 

nyn1,capoB B ranaKTBKe rrpoCTO HeT. 3TOT :xce ·pe-
3YJibTaT MO:>KeT 6bITb IlOJl)"leH H Bl 38BDCHMOCTD 
lgn(lgL) (pHC. 7), OIIBCblBaJO~ei mrrerpanbHOe ttHC­
JIO nynLcapoB co ceeTHMOCT'1MH OOJlbWe 38,QaHHOB. 
BRA 3TOii: 3aBBCHMOCTB K311CCTBCHHO COOTBeTCTByeT 
xoAy \CPBBbIX, nonytteHHbIX B Apyrnx paoOTax ( CM., 
HanpHMep, [14)). Cne,QyeT OAH3KO OTMeTHTb,''ITO Ha 
Hallleii KpBBOB Henh3'1 yeepeHHO BbIµ;eJIHTb JIJJHeii­
HblB Y'l3CTOK, B OHa IDl8BHO nepeXOABT OT H8IOIOH0B C 
TaHreHCOM > 1 K yqaCTKaM c IlOtfl"H ayneBblM HaDO­
HOM. Ha Hamea 3aBHCHMOCTH SIBHO BUAeH BblXOA Ha 

nnaro, T.e. lfBCJIO aynbCapoB npH L < 1026·5 3pr/c nepe­
craeT yeeJUP1HBaTLCH. KpoMe OTcyTCTBHSI nym,capoB c 
Manoi CBeTHMOCTblO 38CJIY)KBB8eT BHHM8Hl1S1 H c:prucr 
o6pblea q>yiuc.qim CBeTBMOCTH npH L > l 032 3pr/c, 'ITO 

AIDI P- 1 C BCJIH'IHH p - 10- 15 HI = ·2 X 1045 r CM2 co­
OTeeTC'l'ByeT e1,1ceetJBBaeuro sceii norepu 3aepnm 

ep~e.HIDI (E ·= 41t2IP /P3). 

McnoJib3YJI 33BHCHMOCTb, npeACT3BJieHJl}'IO Ha 
pHC. 6, MO>KHO Bbl'IHCJIBTb IIOJIHOe T.IHCJIO nym,capoB 
e ranaKTBKe: 

m VranJ 
~1. = T <l>(lgL)dlgL. (24) 

3aaqeaue BHTerpana B (24) OJIH3KO K 6.3, a OO'bCM 

faJiaKTBKH Vran = 41tR~h npu Rr = 15 KDC H h- 1 Knc 
paeeH 2800 mc3• ,[(omt aa6nroAaeMbIX nynbcapoB ~ 
OnpeAeJISJeTCSI paCKpblBOM Koayca H3Jl}"ICHIDI H B co­

OTBCTCTBBH c COOTHomeuHeM (21) MO:>KeT 6bITb npB-: 
IDITa paeHoii 0.074. B pelyJI&TaTe nonyqaeM, 'ITO 

'IHCJIO aKTBBHblX nynbCapoB B ranaKTBKe B HaCTOSl-

11\ee BpeM.H COCTaBJUleT 2.4 X 105• IlpH BpeMeHH X<B3-
HH nopSIAJCa 107 JleT 3TO q]ICJIO MO>KeT ObITb o6ecne­
tieHO CKOpOCTblO po~eHIUI nyn1,capoe Il0psr.AK8 OA­
HOl'O 06'beKTa s 40 neT. 

ACTPOHOMRtJECKHH )l(YPHAJI TOM 72 .M 4 1995 
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7. 3AKJil()qEHHE t r, 
f · IlpoBe,IteHHbm: B paoore auaJIHl Il03BOJISleT q~e-
1... 

}, naTL cne,qy10~ue BblBOAbI. 

f: 1. Pacnpe.QeJieHHe nepuo,qoe nym,capoe ue Mo­
t, :llCeT 6b1Th npeAcraeneHo OABOB rayccHaaoii H npeA­f uonaraeT Ha.JIHque, no rcpauaeii Mepe, e~~ OAHOA 
~-pcoooe rpynnbI 061>eKTOB C nepHO,,QaMB p < 0.1 c . 

t·- 2. Cpege OAlfHOqRbJX nynbcapoe c KOJ>OT&HMH 
f. nepRO,,QaMH HeT o6'LeKTOB, YAaJieHHLIX OT IlJIOCKO­
r cm ranaKTHKH 6o11ee, "leM ua 700 nc. B TO }Ke epewi: 
t 

;{.' eecK01lbKO p;eC.RTKOB AOJironepROAH'ieCKBX nym.ca-
f poB BMeIOT lzl > 1 xnc; 3TO 03113'-laeT, q'fQ T01lbKO B 
~. 3TOH' rpynne ua61IIOA8IOTOI crapL1e o6'beKTLI C B03-
? paCTOM 6onee 107 neT. 
: · 3. Pacnpe,,QeJieHIDI nynLcapoe c P < 0.1 c HP> 0.1 c 
t DO paCCTOJIHIDIM OT I(eH'I'pa ranaKTHKB 6JJB3KB Apyr 
; K ,,Qpyry, T .e. Il01IO}KeHHe 3THX o61>eKTOB B AHCKe 

;:.o~aKOB~. 
~ 4. Ha6JJI0AaeTCJ1 BbIC0Ka1I Koppe~IDI CBeTHMO­

:· CTCH nynhcapoe c eenH"'IBHOH BslP2. nponoplOfo-
1 BaJILHOB palHOCTB noTe~HaJIOB B 30He ycxopeHIDI 
~ B6Jlll3B noBepXHOCTH HCHTJ)OHHOH 3Be3A1,I H MO~O­

~-CI'H MarHRTOABIIOJJbHbIX norepb w md· 0Ka3aJIOCb, 

:~Loe V Wmd· 
~:· 5. 3aBHCHMOCTb lgn(lgL) Il0K33LIBaeT BblXOA Ha 
~DJl3TO npH CBeTBMOCTKX L < 10265 3pr/c, T.e. nynbca­
'poe C MeHblilHMH CBCTHMOCTSIMB B r amUC.TIIKe He cy-
~IQCCTBYCT. . 

6. O~emca nonuoro \fHCJia nym,capoe e ranaxm­
Jte no nocrpoeBHOH B pa6ore ·<t>yHKI(BH CBeTHMOCTH 

.COCT8BJISleT 2.4 X 105, q'fQ COOTBeTCTByeT '13CTOTe 
~~eHIDI nynLcapoe 0.024 nyn&eapa B rop;. 

Pa6oTa BbffiOJIHeHa npu <pBHaHCOBOH IIOMep)KJ(e 
rHTI1 " Ac:rpoHOMIDI" (rrpoeKT M 3-177) H rpaHTa 
EeponeifcKoii JO)KHOH o6cepearopHH (ESQ) A-04-063. 
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Some Features in the Distributions of Pulsar Parameters 
I. F. MaJov and 0. I. Malov 
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The distributions of a number of parameters of 558 known pulsars are analyzed. The periQd distribution reveals 
the presence of two pulsar groups (with periods P :2: 0.1 sand P < 0. 1 s) differing in evolution. There are no 
objects at distances larger than z = 700 pc from the Galactic plane among the pulsars with P < 0. l s that are not 
members of globular clusters. N the same time, a few dozen long-period pulsars have z = 1 - 2 kpc, correspond­
ing to kinematic ages more than 10 Myr. A high correlation between luminosity and power of losses due to 

magnetic-dipole radiation (L oc Vw:::i) is observed. The constructed luminosity function shows that no pulsars 

with L < 1026 erg s-1 appear to be present in the Galaxy. The total number of active Galactic pulsars reaches 
2.4 x HP, corresponding to a pulsar birthrate of order one object every 40 yr. 
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3APEmCTPHP0BAHHMI CIIYTIIHKOM EUVE HA 3BE3,nE AU Mic 
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IlocrynHna B pe~aKQKIO 25.07.94 r. 

06cy}KJlalOTQI AaHHbte O ,ltJIHTenbHOM CBe'leHHH B EUV-AHana30He, 3aperHCTpHpoBaHHOM Ha cnynunce 
.. Extreme Ultraviolet Explorer" nocne HMnyJlbCHbtX eo3paCTaHHH RpKoCTH 3Be3,ttb1 AU Mic. HHTeHCHBHoe 

CBC'leHHe Ha6mo,ttaJIOCl, OKOJIO nonycyroK nOCJie KUCAOT'O B3 AByx HMnynbCOB, 'ITO e ACCJITXH pal npeBW­
waeT epeMJI paAH31\HOHHOrO oxna)ICAeHJUI KOponanbHLJX nCTenb C THDH'IHWMll AnR ecnbJWC'IHOA DJla3N&1 
3H3'1CHBJIMH nJIOTHOCTH. YKa33H1'I TPYAHOCTH npe,tt1l0)1CCHHl>lX paHee AByx o61JICHCHHi 3TOI'0 JIBJICJUUI: 
CBe'leHHe nnOTBhlX neTenb B rnaBHOH q,a3e BCnbllllKH H H3JlyqeKH·e pa3pe)KCHHOH mJa3Mbl KOP.<>HaJll,HO-
ro TpaH3HCHTa. H3 coeMeCTHOro aHaJIH3a Ha6JilOACHHii e nonoce 65 - 190 A H e JIHHHH 93.9 A FcXVIIl 
HaQ,l{eH BpeMCHHOH XOA MCpbI 3MlfCCHH HCTO'IHRKa. 06ll.lU 3Hepmx, H31lY'l3CM3" npHMepHO 3a 12 'I, cocraa­
rutCT 3 X 1<>35 3pr • .[ln,r 061.JlcHCKHJI MO~oro AJIHTeJlbROT'O CBC'ICHHJI B EUV-,ttHana30HC acnom.3}'10TC& 

DpCACTaBnCHIDI O nOCT-3pynTHBHOM 3HeproBbl,ltCnCHHH. HCTO'IHHKOM CBC'ICHIDI JIBJJJICTCJI CHCTCM8 Bh)CO­
KHX KOpoHMbHblX nerenb C pa3MCpoM, npe8bJW810ll(HM P~HYC 3BC3,ltbl; TaKBe CHCTeMbl neTeJJb y>KC OCTb)B­
rueA nJUl3Mbl Ha6nJOA8JIBCb Ha Con~e e JIHHHB Hae XO,tte MOIL\HblX BCilblWCK (HanpHMep, 15 HIOHJI 1991 r.) 
nocne yxoAa TJ)aH3HCHTa. HeKOTOpoe ,ltODOJIHJITeJll,HOC nocrynnCHHC 3Hepran B 3TY CHCTeM)' fiC'l'eJJI, B03• 
MO)l(HO H3 eepTHK8JI&HOro TOKOBOro CJIOJI, 'ITO npOAJleBaeT CBC'ICHHC. Ope,ttnaraeMoe JIBJJCHHC MO>KHO 

OTHeC'J'H K eoeoMi THDY noeepxHOCTBOH aKTHBHOCTH na no3J{HJ{X 3BC3Aax, KOTOpLrii xeruteTCJI npowellC}'- .. 
TO'IHblM MC.)l(Jzy· HMl1Y71hCH1:,IMH BCitblWKaMH. Ha Kp8CHblX Kapmocax H AmrrenbHblMH H MO~IMH COOld'l1UIMB 
Ha cy6ruraHT8X·KOMD0HCHT8X ,ltBOHHLIX CHCTeM THna RS CVn.-

1. BBE;l:\EHHE. 

PemTeHOBCKBe Ha6moAeHIDI ecm,rmeK Ha CoJIH­

Qe H KpaCHblX KapnDKOBblX 3Be3,n;ax Il03B0n1!JID CO­

CTaBHTh onpeAeneBHoe ape,n;crasneHBe o pa3BHTHH 

BCID,IIDXH, ee npB6JIH3BTeJlbHOM ~eHapHB. Co6cr­

BeHHO BCilbIWKa npeACTaBJJ.SleT co6oii BHC33IlHOe 

01,~eneHBe 3Hepnm B eepxseA xpoMoe<pepe HJIB HH­

:3Q1e:A: Kopoue e nocneicyio~ee pa3BHTHe nponecca s 
CHCTeMe KOpoHaJibHblX neTCJib. Muome BC~IWKH 

MO:,JQIO pa3AeJIIITb Ba 1:{ee 4>331,1: DMII}'JibCHylO .(HJIH 
}KCCTK}'IO) B IlJlaBuyIO (enu rJiaBHYIO ). 0CH0BHb1M 

q>B3HifecJCBM npoQeCCOM HMII)'JJ.bCHOA q>33bl .stBJI.ReT­

cg yc1mpemre -qaCTIIQ, BX AB<l><PY3IDI B O,ll;BOH. HJIH He­
CKOJlbICBX ManmTHblX TPY6Kax. Boo,n;eAcrsue nOTO­
KOB renna D "13CTH[\ Ha HIDICeJie)l{8~e CJIOH aTMO­

c4>ep1,1 onpe,n;erurer 6om,IDBHCTBO ua6n10,n;aeMhIX 
3q>q>eKTOB. K onucaHHIO CQCHapIDI m.myJlbCHblX 3Be-
3AH.bIX acm,1mex, ,ll;aHHOM)' Ha.MB B 1992 r . [l], CJie,:cy­

e-r cehac ,tt06aBHTh TOJibKO, 'fr() ycJIOBHO OKOINa.HB­
eM BMIIynbCHOA 4>a3bl MO)l(J{O C'IIITaTb MOMCHT, 

Koma Te1IJI0B~ sonHa, pacn:pocrpawno~asrcg OT 06-
naCTH nepBH'moro 3HeproBbl,ltenefflUI, AOCI'HI'ae-r 
eroporo KOHi.la BbICOKOi apKB H UOTOKH MSII'KBX yc­
KOpeHlll>IX qaCTllq BMeCTe C IlOTOJCaMB TeUJia BTOpra-

JOTO! TaM B HIDKHBe CJIOD aTMocq>epbl, cl>opMRpyR 
CII.\C owm BCilLime"IHbiii oqar, Kax DpaBHJIO, A1IB· 

TCJILROCTb HMnyJibCHOA 4>a31,1 ee npesbllllaCT 100 c. 

f op.R'lasr nna3Ma ucnap.ReTCSI eeepx, 33.IIOJIHJIJI cs­
CTeMY KOpoHaJibHblX neTeJib. 0CHOBB3.SI 3HepI'BJI 

pacxo~yeTc.R B rJiaBHOii q>a3e Ha e1>ICBe11DBaHBe 

nJia3MbJ H, 'laCTINHO, Ha yxo,n; 3BepmH BBB3 BCJICA­
crsae rennonpOBOAJIOCTH. BbJCBe"IHBaBBe IIJla3MLI . 

npOHCXOAHT C xapaKTepHbIM BpeMeHeM 

t,ad = 3kT I nL(n, (1) 

rAe n - UJIOTHOCTb B KOpoHe, T - KOpoHaJIJ,B3.SI TeMne­

paTYPa, k - nocromuasr OOJll>[\MaBa, n2u.n - p3AHa­
~OHBble norepu B CM3• BL1paxceHBe (1) axTBBHO HC­
UOJ1b30BaJl0Cb IlaJiaBB'ilmD ( CM., HanpBMep, [21), ICO­
TOpbIH IlOKa3aJI, 'fI'O Clla):\ BHTeHCHBBOCTB MJII'KOI'O 

peHTreHOBCKOro H3JI}"leHID1 3Be3AffblX BCIIbIWCK ACA­
CTBHTeJil,HO CB.R3aH C. BblCBe"lmlaHBCM UJI33Mbl 80 
scm,1me'IHLIX neTIDIX. 06~asr AJIDTeJibHOCT'h ecm,rw­

KH B MSII'KOM peHTreHOBCKOM ,ll;HaDa30He OT Ra'lana AO 
}'MeHbWCHH.R MaKCHMaJibHOA HHTeHCHBHOCTB Ha no­

PJ'IAOK BeJIHtfBHbl COCTaBruleT t = 2.31,oct H He npeBbl• 
waeT 1 'I Ra KpaCHbIX xapnaKax [2J. 
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.. I10CJIEBCI1bIDIEqHMJ KOPOHAJlhHAA AKTHBHOCTh 581 

B 0KTI16pe 1993 r. ea KOH<IJepeHIJ;HB 8-e KaM6-
PBJCICCICOA pa5oqee rpynnbI no xon.o,~HbIM 3Be3AaM, 
3Be3AHl>IM CHCTeMaM H CoJIHI.zy (A<f>BHbl, ,IJ,:acop,Q-
3Cml, CWA) 6blJIB AOJio:aceHbl nepBbie pe3ym,Tan,1, 
nOJ1}"leBH1»1e aa CnyTHBKe EUVE .QJISI aKTBBHoro 
q>aCHoro KapnHKa AU Mic. AnnapaTYJ)a cn}'THmca 
D03BOruma O,QHOBpCMCHHO npoBO,QHTb <IJOTOMC'I'pHIO 
a o6naCTH 65 - 190 A u nony'laTb cneK'I'pbl B ~x 
J:lllana3oHax 70- 190 A, 140- 380 Au 280 - 760 A.•[3]. 
B STOA o6nacm CO.Qep.>KHTCjf KaK oceoeeoe B3Jiyqe­
RBC CIIOK.oiim,IX KOpoH C TeMIIepaTYJ)OH M33Mbl B He­
~OJll,KO MBJIJJBOHOB I'pM)'COB (KOpoHaJILHblB MaKCH­

M)'M COOTBeTCTByeT 100 - 300 A), TaK II eecxon&KO 
nuHBll:, . 113JIY11aeMhlx 6onee ropR'iee: BC11b1we11Hoe: 
'una3MOA. Il03TOMY .QaHHbie cnynmKa EUVE npeA-
craBJUIIOT }'HJIKaJiblfYIO B03M0)KHOCTb B3f'ICHIDI KO­

p<>BaJIJ,HOA a.KTBBHOCTH Ha OJIIDKcuill.lBX 3Be3.Qax. Ilo 
cpaBHeHHIO c .QaHHbIMH oocepeaTopHH EINSTEIN H 

7 

6 

5 

4 

3 

(a) • 

• 
• 

\ . 
• •Jl., . 

2 . • •• "'· . • 't/a •• \ 

cnyrmnca ROSAT ea EUVE pemcrpupy10TC$1 KaK oo­
~ee H3JI}"ICHHe B II.IBpOKOB nonoce AJIBH BOJIH, TaK B 
cneK'I'pLI C ,QOCTaTOllHO BbICOKBM pa3pelIIeHBeM. 3'ro 
Il03BOJ1j1eT npoBOJ:(HTb OOJICC DOJIHJ,ffl auamo npo­
u;ecca, oco6elilfo ecJIB ero ,:v1BTeJibHOCTb npeBLWiaeT 
epeMelilf6e pa3pemeWie annapaTYJ)bI. 

15 - 17 BIO]Ijl 1992 r . Ha CnyTHBKe EUVE Obma 3a­
perecrpupoeaHa BcnbIWKa Ha 3Be3Ae AU Mic, co­
CTO~cUI H3 .QByx HMII}'JibCOB, oTCTo~ A'PYr OT 
Apyra rrpuMepHo Ha 0.5 cyr. Eonee MO~HLIH nepe1,1i 
HMDYnbc B A'Hana:JoHe 65 - 190 A conpoBOXQ\aJICJI 
OblC'l'pblM B03paC'I'a.HBeM fiOTOKa H3JiyqeHWI B JIH­
HIDIX 192 A FeXXIV u 304 A Hell. Heo61,1'1Hb1M es­
JIOCb TO, 'ITO pemcrpepyeMoe q><>TOMeTpOM B3Jlyqe­
HBe nocne mmynbCa ~e YMeHbmHJIOCb ,.-o ypoeIDl <Po­
Ha, a IlpoA'OJI:acano peracrp11poeaTbCSI e~e e Te'leHHe 
cyroK. TaKoe eneHHe C JVIHTCJibHblM CBe'leHBeM, 
npeeblillalO~ epeMJ1 ( 1) Ha aop,RJ:\OK aemNBHbI, 

1 • ..~ 
-t,. .... .,.."-"'' ~~,.., 0 ....__ ___ _._ _ ___ ...._ ___ _._ ___ _ 

196 197 198 199 UT, cyT .. 

/ , 10-12 3pr/(cM2 c) 

1.0 

0.5 

0 

196.5 197.0 197.5 198.0 198.5 199.0 UT,cyr 

Pac.1. 8pe.MenHoihoAH3n)"leR1u13Be3AbI AUMic 14 - 17 atom11992r.: a- BAHana30ue6S-190A (4, 5], 6-BnBHHH FeXVlll [3]. 
no OCH a6cuffcc OTJIO)KCHO BpeMSI UT B cyr OT Ha'lana roJ(a (1992) . 
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Bneps1,1e Ha6mo.u;anocL B MSlrKOM peHTreHOBCKOM 
H3nyqemm KpacHblX KapnDKOB. B nepBOH HHTep­
npeT~ IlOJIBJJeHee WllffeJlbHOI'O cseqeHJlll CBJ13bl­
BaeTCSI c npoxo)KJ:{eHBeM -rpau3eeHTa, yxo~ero ea 
60JibmHe pacC'I'OSIHIDI OT 3Be3):lbl [ 4]. Hmlce Kp3TKO 
o6~alOTC.SI TPYAHOCTH TaKOI'O IlO)l;XO)l;a, AaeTCSI 
H0BbIJ1:, COBM.eCTHbrii aHaJIH3 <l><>TOMe-rpuqecKHX Jif 
cneK'I'paJILHblX )l;aHHblX D npeJ:(JiaraeTC.SI q>B3eqecKruI 

MOJ:(eJIL JIBJJeHIDI. 

2. HCXOJ].HbIE J].AHHbIE 

B pa6oTe ucnoJib30BaHl>I .u;amu,1e rny6oKoro o6-
30pa s .u;uana3oHe 65 - 190 A (Deep Survey Detector) 
c q>HJib'I'pOM Lexan/B [5]. BcnLJWKa 15 HI01UI 1992 r. 
ua AU Mic c MaKCDM}'MOM B 16:00 UT npuse)l;eHa Ha 
pee. 1 a. IlepeoHaqanbHLIB aHaJJJif3 <l><>TOMe'I'p1Rec· 
KHX ,u;aHHblX 6bm npose)l;eH s (3, 4]; <PYHK~ OTKJJH· 
Ka DS-,u;eTeKTOpa 'Vos, OCHOB8HHrul Ha TeopeTH'leC­
KOM cneK~ H3Jiy1:J'.eHDJI onTeqecKB TOHKOH ropg­
qeil nna3MLI [6] e npne,u;eHHcUI e [5], 6~eT · 
ncnoJIL30BaHa HaMH .u;anee. Bo epeMSl cneK'I'paJJb­
HblX aa6JI10,1J;eHBH, KOTOpLie conpOBOX<,D;aJID q>OTO­
Me'I'pU:qecKUe Ha6JI10,u;eHDJ1, 61,rna 3aperHCTpHpoea­
Ha JIHHWI oKOJIO 94 A FeXVID [3]. li3Meuem1e noro­
Ka B 3TOH JIHBHH npRBe,u;eHo Ha pee. 16. 

3se3)];a AU Mic (dM2e) uaxo]l;DTCSI Ha pacCTOJIHHH 
9.35 nc H SIBJUleTCJI O)l;HOB 113 Hau6oJiee HpKBX cpe}Of 
aKTHBHb]X KpaCBLIX K3p!IHK0Bb1X 3Be3)];, Ha6JIIO]l;8B­
WHXCH B MHI'KOM peHTreHOBCKOM .u;uana3oee: BeJIH­
f.{HHa lg(Lx/L001) paeHa -2.72 no ,u;aHHbIM 06cepsa­
rop1m EINSTEIN H -3.05 no A3HHbIM CnyTHHKa 
EXOSAT [2]. ct>oroMe'I'pRqecKHH nepeop; AU Mic B 
orrmqecKOM ,IJ;HaII830He, o6yCJIOBJieHHbIB npBcyrCTBH­
eM ruqeu Ha.ee nosepXHoCTH, COCTaB1U1eT 4.85 AWi [7]. 
Cornacuo [8], AU Mic MO)KHO cqaTaTL op;uHO'IIIOH 
3ee3,-oii, cKOJ)OCTb ee oceeoro epa~eHHJI COCTaBm1-
eT 6 - 8 KM/c. IIocneAHBe B3MepeHHJI M3I'HBTHOro 
llOTOKa ]J;aJOT OAHY H3 MaKCHMaJibHblX uenHquH cpe­
AH aKTHBHbJX KpaCHLIX KapJJHKOB:jB = 2310 re, ({TO 
BHTepnpeTUpyeTCSI KaK TO, qTO MamBTHOe none Ha­
np.SDICeHHOCTblO 4200 re 3aH11MaeT 55% nosepxuoc­
TH 3TOH 3Be3Abl [9]. 

3. AHATIH3 .D;AHHblX J].JIB:TEJibHOrO 
IIPOQECCA 

l13MeHeHHe CKOpOCTB cq~Ta MO}KHO YCJIOBHO pa3-
AeJIHTb Ha HMnynbcHoe co6blme u q>a3y cnaAa, Am1B­
my10CH 6onee cyTOK. Ha q>a3e cnaAa npou3omen 
ecnnecK, H83bIB8eMbIB AaJiee BT0pbIM HMJI)'JILCOM. 

Bpe.M.eHil aamyxaHUR 8CnbtUle'tHOlO U3AytteHUR 

li3MeHeHBSI noTOKOB B o6naCTB 65 - 190 A Ha 
EUVE so epeMJ1 ecn1,1mKB xapaKTepB3Y10TCS1 nep­
BhIM MOII(HbIM BMnyJILCOM H noCJie)l;ylO~HM 6onee 
A1lDTeJlbHbIM 3aryxaHHeM H3nyqeHHJI. 0CJia6neHBe 
noToKa Be pa3 B ·nepBOM HMnyJibce npOHCXOAHT 3a 

epeMJ1 7 .3 x 103 c u ua cpa3e cnana - :ia 4.5 x 104 c. 
J],JISI BTOporo HMil}'JILca COOTBeTC'rBYIO~e 3Ha'.le­
HWI paBHbI 7.8 X 103 D 6.9 X 104 C. 0cHOBBOe BHBM3- . 
HUe s DOCJie)l;yJO~eM aBaJIB3e 6yAeT YAeJieHO CilaJO' 
HHTeHCDBHOCTH DOCJie nepeoro MOl10l0I'0 BMnyJibCS, 
YMeHbIDeHHe s e pa3 noToxa B JIHHHH FeXVID 
xapaKTepu3yeTc.S1 epeMeHeM cnaAa 2.6 x 104 c. Ha.MB 
61.rno onpeAeJieHo TaIOKe · epeMSI 3a-ry.xaeHJ1 e3Jlyqe­
HWI B ,,;uanaJoHe 65 - 190 A AIDI ecnLimKH ua 3Be3Ae 
AT Mic no AaHHLIM [10]. OHO OKa3aJIOCL paBHLIM 
2.1 X 103 C. 

HaMeHeHUe Mepbt 3MUCCUU 80 8pe.Ml!HU 

PaccMO'I'pBM MO)teJib B30TepM11'1eCKOI'0 B KruK­
ALUI )l;aHHbIH MOMeHT BpeMeHH HCTOtJBBKa B3JI)"le­
HWI. OJ1T1NeCKaJ1 TOJl~Ha 3TOH o6naCTB B xopoee 
eo ecex "tJaCToTax eenpepLIBHoro cneK-rpa O\JeHb Ma­
na. B ~ell'I'pax pe30H8HCHbIX JIHHHII OJl'l'IJqeCKU TOJI­
~Ha Toro )Ke BCTOqHHKa MO)KeT 6bITL 3H3'D!Te111,­
HOH. IlocKOJibKY 3q>q>eKTBBHOCTb ~apoB BToporo 
poAa npH KOpoHaJJbHbIX IlJIOTHOCTSIX HD3Ka, q>OTOHbl 
BbIXO)l;JIT H3 cpe)];bI CBOOOJ:{HO. OIITH1:1ecKHe TOJlmHHbl 
B cy6op;:i:HHaTHblX JJHHH.SIX 3Ha'IDTeJibHO uexce, 'leM B 
pe30HaHCHbIX, n03TOMY AIDI onecaHHSI pa,u;HaJUIOH­
HblX nOTepb TaKoro HCTO'IHUKa MO)KHO HCilOJib30-
BaTb paC'leTLI ]l;1UI OIITB1:J'.eCigi TOHKOH IlJI83MLI. 

IlpoBeAeM COBMeCTBblH aHaJJH3 A3BHblX q>OTOMe­
'I'pHB u noroKoB B nHHHH FeXVIlI. IlocKOJILKY AaH­
HLIH HOH cy~eCTeyeT B orpaHuqeHHOii o6nacru TeM­
neparyp, npe)l;DOJIO:>KHM, 11To TeMnepa'cypa MeA'1ee­
HO YMeHLinaeTCJI CO BpeMeHeM B KOpoH3JILHOM 
HCTOf.{HHKe IlOCJie HMnyJibCHOH q>83bl, npoxowi 3a 
epeMJI perHCTp~ JIHHe~aToro acnJiecKa 3Haqe­
HHJI OT 107 AO 3 x 106 K Ami FeXVID. B1,16paHHbm 
XOA TeMaeparypbt npBBeAeH HIDKe B Ta6mu~e. Ilo­
A06HL1ii XO)]; TeMneparyp&l HaOJJIO)l;aeTCSI B BCTOf.{HU­
Kax C8MblX )l;JIHTeJibHb~ peHTI'eHOBCKHX COJIHef.{HLJX 

BCllbJWeK BHe HMnynbca [11]. 

0QeHHM npeJKAe acero Mepy 3MHCCHB no AaBHbIM 
umpoKononocHoro DS-q>oToMe'I'pa, ucnonb3yJ1 
cpyHKil)IIO OTKJIHKa npu.6opa 'l'osO), npHBeAeHHyio 
ea puc. 3 e pa6oTe Kannu u AP· [ 4 ]. 113 cooTHomeHWI · 
41C.<PN = EM'fos(n. r.u;e N - CICOpOCTb cqeTa DS-µ;e­
TeKTopa B c- l, d - pacCTOJIHHe )l;O 3Be3ALI, a 'fos(n 
UMeeT pa3MepHOCTb·C-1 cM5, onpe.u;en.s1eM 3HaqeHHe 
Mepb1 3MDCCDH a cM"3 s TeqeHHe nepeoro HMfiYJJbca 
H noCJieAy10~ero. cn~a. IlonyqeHHbte TaKBM o6pa-
30M semt'IBHbl He 6onee, qeM B 2 pa3a npesLlWa.lOT 
3HaqeHIDI M~pbl 3MHCCHH, J{aHHLie B [4]. BeJIHCIHHl,J 
EM, uaii)l;eHHbie no AaHHbIM DS-cporoMe'I'pa, ocra.IOT­
CSI A0CT8TO'IHO BblCOKHMH B reqeHHe npBMepHO nony­
cyTOK noCJie nepaoro BMnyJibca (cM'. puc. 2 u 3). 

CneK-rpaJJbHJ,Je A3HHbie T3K}Ke ll03B0J1SIIOT Hae­
TH Mepy 3MHCCHH DCT01iHBKa KOpoHaJJLHOI'O caeqe­
HIDI, AIDl~eroCSI JIB1Ilb HeHaMHOl'O MeHbme, qeM H3-
Jlf':Ieime s noJioce 65 - l90 A. PacCMOTJ>BM AaHHbte o 
mnnm FeXVIll 93. 9 A 2s22ps 2P 312 - 2s2p6 2S112 • .D;ru1 
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· ep~~.cyr lgT(K) N,c-1 EMos, 
JQ53 CM- 3 

/(FeXVIII), n(FeXVIII) (va>i2, EM(FeXVIIl), 
10-12 apr/cM2c n(Fe) 10-11CM3/c 10S2 CM-3 

t 

197.7 

197.8 

197.9 

198.0 

198.1 

198.2 
198.3 

198.4 

197.7 

197.8 
197.9 

2 

6.9 
6.8 

6.7 

6.6 

6.5 

6.4 
6.3 

6.2 

6.90 
6.85 

6.80 

3 4 

7.20 0.846 
2.60 1.06 
2.55 1.40 

2.25 2.36 

1.80 2.92 
1.55 1.66 
1.35 0.447 
1.20 0.148 

2.38 

0.955 

1.05 
j:·: 198.0 6.75 1.07 

I( ~:::~ ::;~ ~:~ 
, ~ 198.3 6.60 1.41 

5 6 

Mos.em.I 

1.1 0.093 
0.78 0.269 

. 0.55 0.389 

0.40 0.302 
0.20 0.132 

0.00 0.033 

7 

9.49 

9.10 
8.59 
7.82 

7.41 

6.92 

8 

1.67 
4.31 

2.20 
2.27 

2.74 

0 

16.6 

7.59 
3.01 

1.78 
0.802 

t \ 198.4 6.55 1.51 

i ''IlpaMeqaHHe. 1 - epeMll, 2 - norapHcpM TeMnepaTyphl, 3 - CKOpOC'I'I, C'ICTa a ,11eana3oue 65 - 190 A. 4 - Mepa 3MHCCHH HCTO'IHHKa 
~ NJHTe111>Horo Kopoea.nbHOro H3JlytJeHHll B TOM )Ke AHaDa30He, S - nOToKH a nHHHR 93.9 A Fe:XVIIl 01:0110 3eMJJH, 6- QTHOCHTeJJbHoe 
f ·'. o6HnHe HOHa Fe:XVIll, 7 - CKOpOC'l'I, _Bo36f)KACHHJI 3JJCKTJX)HHl,JM ynapoM, 8 - Mepa 3MHCCHH HC'l'O'IHHKa HlJIY'fCHHll 8 .n.HHHH Fe:XVIIl. ,. 
~.- . 

ft~TOro pa3pemeeeoro pe30Ha11ceoro nepexoAa Me:xc-
ff 'fJ.Y 6ne:3KBMB ypOBIUIMB. MO:>KHO HCilOJih30B3Th CJie­
~t J{yl(>~ee Bblpa:xceHBe ,!\ml ~CJia nepeXOAOB B JJHHIIB 
... ~. 

r·· A211lz = 0.734n;t1(va)12. · 

t( 3ACCh n,, nz - HaceJieHHOCTL HH)Kffero ( OCHOBHOrO) H , 

f/aepmero YJ)OBHCH, ne - aJieKTJ)OHHcUI IlJIOTHOCTh, 

~-{ A21 -K03cp<l>H~eHT CilOHT3HHOI'O nepeXOA3, ( va),·2 -
tf CKOpoCTI, B036y)KJ\e8IDI 3JICKTJ)OHHhlM YA3poM, 
~t.:c&o3Cf><pu~eHT 0.734-<l>aKTOp BeTBJICHIDI, COOTBeT­
i :myio~Hii. oTHoCBTeJ11>Hoii AO.Jfe nepexoi.a e pac­
~ .'.CMaTJ>BBaeMou JIHHBB (no OTHomeHHJO K o6oHM ne­
f : .. :J)e.XOAaM C Bepmero ypoBHSI BHH3 ). 

I .. > HHTeHCHBHOCTh JIHHBH OKOJIO 3eMJJH BhlpaxcaeT-
·CR B e1me . 

-.~ · hv I I= --JA21 n2dV = 

I.. 4J \ w 
: , -ss n (Fe XVIII) 2 I= 7.47 x 10 n(Fe) (va)12 EM apr/cM c. 

~: 3Aea. n(FeXVIII)/ n(Fe) - OTHOCB.TeJ11>Boe o6anue 
\ aoua. B3JITOC no (12], K09cpcl>~eHT B1CJIIO'l8CT B 
/ ce6J1 eenequuy o6HJJWI Fe B Kopoae 5 x 1 o-s. C1co-

pocn, B036~eHIDI 3JICKTJ)OHHbJM YA3()0M ( w),2 AJDJ 
paCCMaTpBBaeMoro pa3pemeHHoro nepexoAa MeJICAY 
6JIB31CBMB ypoBHSIMH MOXCHO o~emrn,, BCDOJ1b3YJI ce­
'leHHe BO:ro~eHIDI Ball PereMop-repa (13). Arni CKO­

poCTH B036y~e1UUI BMeeM [ 14 J 

(va)12 = 32 x 10-~y/hv)312f3112exp(-~)p{f3) cM3/c, 

I'Ae ~ = hv I kT,f- CBJia o~pa AJDJ nepexoAa c 
HmKHero ypoBHS1 Ha eepxmm, p(l3) AJDl BOHOB .smrul­
e'I'QI CJ1a6o B3Memno~eAcg <l>YHKq&ei [14]. 3ua11e­

HID1 Mepbl 3MHCCHB DpHBeACHbl Ha pee. 2 H ·3 B B Ta6-
mm:e WIJI AByx MOAeJJeii" 3aBBCBMOCTH TeMDepa-ryphI 

. OT epeMeBB. Ilpuwrro, 1fl'O B H3'1aJJhHhIA MOMCHT, co­
OTBeTCI'Byicmum 197.7 cyr, BeJIB'UIHalgTpasaa 6.9, a 
AaJJee 3a 0.1 cyr oua yMeH1,maeTCJ1 ea 0.1 a 0.05 B 
nepBOA B BTOpoA MOACID1X COOTBCTCTBeHHO. Cpaa­
HeHHe paCC'IHTalUD,IX 3Ha'leHHB Mep 3MBCCD AJJJI 
nmum FeXVIII c nonyqeHHhIMB no AaHHLIM ump<>Ko­
noJioceoro· AtrreKropa, npBBeJJ;eRHoe ea pac. 2 a 3, 
Il0K33bIB8eT, 'lTO 3TB BeJIB'lBHbJ 6ml3ICH B Ha'lane 

AJJHTCJlhHOro npo~ecca, a 33TeM P33JIB'IBC AOXO~ 
AO DOpslJUQl BeJIB'IBHl>I. J.ibnyqe.HBe B JIIDUDI 3aK8H'IB­
Ba.eTCR aecICOJihKO p8111>me, 1.1eM e o6JiaCTB 65 - 190 A, 
oco6eHHO BO BTopoi MOACJIB C MCAJICHHbIM }'MCHL­
meHHeM TeMUeparypbl. 0 TOtUIOCTB OilpeACJICHIDI 
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. 584 KAUOBA HAP· 

lgEM, CM- 3 

Pac. 2. H3MCHeHHe co speMeHeM Mep1>1 3MHCCHH EM Hc­

TO'flfHKa ~m1TenLttoro H3ny'ieBKII B WHpoxoA nonoce 
65 - 190 A (ro'fKH) ff B n HHHH FeXVIIl (Kpecnn:a). Ocb 
a6Cl.U{CC - K3K Ha pHc. I . Pac'feT npOBCACH Anll MOAenH J 
C 6bJCTpblM H3MCJICHHCM TCMnepaT)'PbJ BO BpCMCIIH (CM. 
Ta6nKI..\Y). B na'faJlbHMA MOMeHT 33MCTCH nexOTOp1,1A 

BKJ1a,Q KMnynbCHOro co6LI1'1UI. 

lgEM, CM- 3 

53 
"' 

52 

........ 

' ' 
"' . ' 3 ·" ' . '-:: ' ........ ..._~ 

' 2 ~-' ' '\ . 

'\ 

' 1 '\ 

' . ' . . . . . 

. . . . . . . . 

51L...-..~~~~~--L~~~~ ~~ 
197.5 198.0 UT,cyr 

Pac. 3. To )KC, '{TO Ha pHC. 2 AnSI MO,llCnH II c MCAnCHHl>JM 

H3MCHCHKCM TCMnepaTYpbl 80 speMeHH (CM. Ta6nHl..\y). 
IIITpHXOBblMH n HHHSIMH 110Ka3aHbl pe3ym,TaTLI pac\fe­
TOB EM no (7) c to= I. 7 x l oJ c ( KpHBlUI /), 11 K30TepMH­

'leCJCOM C1l}"t3C n o (6) C TeM .)l(C JHatfeHHCM to ( KpHB311 2) 
H no (7) c to = 5.1 x l<P c (KpHBaSI J). 

Mep 3MHCCBB no OOOHM p~aM A3HHblX MOXCHO cy­
AHTb H3 cpaBHeHIDI pHC. 2 H 3 AJUI ~yx MOACJJCH. 

06cyAHM AB3 cneACTBWI 3TOI'0 BbIBOAa, KacalO­
~eecg 3HepreTHKH HBJieHWI H aeo6XOAHMOCTH AO­
nomnrrenbHOro uarpesa nna3MbI e eCTO'IHHKe. 

Bo-nepBbIX, nonarur 3ueprW1 AJIHTenMmro co6b1-
TID1 MO)KeT 6h1Tb o~eHeHa CJJCAYIO~UM o6pa30M: -' · 

W = Jn2
L(1)dtdV = JEM05L(1)dt. 

3To AaeT W = 2.9 x 1035 3pr 3a 0.5 cyr AJlH nepsoA 
MOAenu, tfTO 3H3'lHTem,Ho npeBblmaeT TBDH'lHbie 
3HeprHH BCilbimeK Ha KpaCHblX KapJJHKax. EcJIH TaK 

)KC OQeHHTb 3Hepnno BMJIYnbCHOI'O co6bITBJ1, TO 
COOTBeTCTBYIO~rul BeJIH'lHHa OK33bIBaeTCSI no Kpai­
HeA Mepe B 6 pal MCHbWe. 0AH3KO OTCyrCTBee Ae- . 

TaJibHOI'O epeMeHH6ro XOA3 CKopocrea C'lleTa DS-Ae­
TeKTOpa Re no3BOJJHeT c AOCT3TO'lfHOl1 T01UIOCTblO 

oqeHHTb 3TO palJJH'IUe. TeM He Meeee o6aapf)KeH­
HOe lACCb coomomeHHe Me)l(Ay 3Hepl'IUIMH, B3JIY­
'1eHHb1MB B Ha'laJie Bern.Imm, BKJil()t{3jl BMnyJlbC, BB 

6onee Il03AHHC MOMCHTbI BpeMeHH, jlBJ'UleTOI Heo-

6bJ'IHblM AnH KpaCHblX KapJIHKOB. 

Bo-BTOpbl.X, a6comOTHble 3Ha"leHIDI Mepbl 3MBC­
CHH TJ)COYIOT AJISI ceoero 001,HCHCHWI KOpoHaJibHbtii 
HCT01UIHK C He06bI'lHbIMH <j>B3H'leCKHMH xapaKTe­
pHCTHKaM.B. Aee:CTBHTenbHO, npeAnOJIO}KJIM, 'ITO 
MaKCBMaJibHbIH pa3Mep JJCTO'IHHK3 KOpOTKOBOJIHO­
eoro H3Jl}"ICHIDI 0.5R0 (3TO 3HatfeHHe 6JIR3.KO K MaK­
CHMaJibHOH OQeHKe pa,l'.l;ayca 3Be3Ab1). Mepa 3MHCCHH 
1053 CM- 3 COOTBeTCTBreT IIJJOTHOCTH K0p0B3Jlb)IOA · 
nna3Mhl 4.8 X 1010 c~ ' THIIH'IHOA. AJ'Ul BCfibIIDC'IHbIX 
neTeJib. IlpB 3TOA fiJIOTHOCTH H 3Ha'lemm TeMDepa­
TYPbl JgT = 6.9 cpaly nocne HMnym,ca u c )"leTOM 
P3AB~OHHbl.X IlOTepb 3AeCb B AaJJee, no [1~]. 
Bbipa>KeHHe ( 1) AaeT xapaKTepaoe speMSI a1,1ceetfH­
BaHID1 to = 1. 7 X 103 c. IlocKom,JCY HCTO'IHIJK Ha6JIIO­

A3eTCH B TetfCHBe no KpaimeA Mepe 20to, HCOOXOAHM 
AOllOJJHHTem,HLJH Harpee nna3Mbl B 3TOM HCTO'IHH­

Ke • .IJ;pyruM cnoco6oM cornacosaHHSI t,ad u peanbHO­
ro BpeMeHH KOp<>TKOBOJIHOBOI'O CBe"leHWI JIBJUleTC11 
3BalllITeJibHOe yMeHbweHHe IlJIOTHOCTII B HCl'O'IHH­
Ke, T.e. npe <l)HKCHpOBaHHOH Mepe 3MHCCBB yeenn- . 
'lfeHHe ero pa3Mepa. 0AHH H3 eapaaHTOB T3KOA ml­
repnpeTa~ COACP)l{lfJ'OI e (4], r,.e e Ka'leCTBe HC­
TO'IHBKa H3Jt}"leHIDI a ,l'.l;Hana30He 65 - 190 A 
npeAJIO)KeH KOpOHaJibHblH TPaH3HCHT (coronal mass 
ejection, CME). 

4. B03MO)l(HhIE <I>H3WIECKME 
IlPOIJ;ECChl, IlPHBOJJ)IJ.nHE 

K ,WIHTEJihHOMY KOPOTKOBOJIHOBOMY 
H3JIY~HHI0 

Cy~ecreyeT HeCKOnbKO B03MO:lKHOCTCH AnH 061,­
SICHeHffjl o6cy)l()'.(aeMblX 3ACCb Ha6mOACHHB AnBTeJib­
HOI'O C06blTIUI. IlpeAbI,ey~ OllbIT Ha6JIIOACHRA H 
TeopemqecKoro B3Y'tCffffjl COJIBC'{]{l,IX H 3Be3AHblX 
BClll,lIIJeK Il03BOJJHeT OCTaHOBHTbCH 3AeCb Ha ·-rpex 

ACTPOHOMWIECKHA )l(YPHAIT TOM 72 M 4 199j 



"' IIOCJIEBCIIbIIIIElJHA~ KOPOHAJibHMI AKTHBHOCTb 585 

·' 

cneJcylQD.UIX B03M0)KHOCTSIX: a) BblCBe'IIIBaHBe B paM:­

Kax MOAeJIH rnaBHOB q:>a3bl BCfiLimKB [3]; 6) 'IpaH3B­
eHT KaK HCTO'IHBK AJIJITeJibHOrO CBe'leHIDI H B) DOC'f-

3PYUTBBHOe ~HeproBbIAeJieHHe, reopIDI KOTOporo 

npep;JioxceHa MapTeHCOM [ 16]. 06cy~ KaxcAYJO H3 

3THX B03MOXCHOCTeB. 
,:~ 
,. 1. KaK H3BeCTBO, noCJie HMnyJibca cncreMa Kopo-
h. HaJlbHbIX neTeJih 3aDOJIIDleTCSI ropsi11e:u nna3MOH. 

OXJI~eHBe Bell\eCTBa B 3TOM HCTO'IHBKe H bnpe­

~ ACIDleT CKOpoCTb 3aryxaHID1 peHTreHOBCKOl'O H3JIY· 
f:. qeJIIDI. Bb1paxceBHe (1) c AOCTaTO'IHOH creneHLIO 
t · TOqJIOCTH OIIHCbIBaeT O'leBb 6oJibWOe 'IHCJIO co6bI­
~t THH KaK Ha COJIHn;e, TaK H Ha 3Be3Aax [2]. 3TO npo­

t CJIC}IOIBaeTCSI H Ha BCilbIWKaX, 3aperHCTpHpOBRHHblX 
i·· ea cnyTHnKe EUVE. TaK, AIDI Amrren&Hoii q>a3&I 

t~ cnap;a BCilbJWe'lHOro H3JIY'leBID1, 3aperHCTpHp0B3H­
k· HOA Ha 3Be3p;e AT Mic ( 10], cKopOCTL cqe-ra e A.Hana­

~~. 3oae 65 - 190 A H3MelUleTCsi nponop~uoHaJI&Ho 
r· exp(-t/'t) C 't = 2.1 X 103 c. ,Unsi co6LiTWI Ha AT Mic 
t·. HMeJOTCSI, onHaKO, ace OCHOBaHIDI nonaraTb,. 'ITO B 
r. p;aHHOM cnyqae 't = trad· HHa'le roeop.si, BhICBe'IBBa-

i HHe, npOCTO yMem.wa10~ee 3anaceHH}'I0 rennoey10 t. 3Heprmo BCilbIJJJC'IHl,lX KOpoHaJibHbJX nerem., .SIBJISl­!i~ CTCSI THil.HqJibIM AJISI rnaBHOH <pa3bl MBOrHX .sIBJICHHB 
~ Ha Co11Hn;e If 8KTBBHblX Kp8CHblX xapJIHKax. 

l'I} .HCHO, 'ITO AJI.sl TOro, 'lT06bI AJIHTeJibHOCTb peHTre­

:. HOBCKOro CBetJeHIDI COOTBeTCTBOBaJia XOT.sl 6bI He­

. CKOnhKHM BenHtmHaM trad, Heo6xoJJ;HM i.ononHHTenL­
tf:' Hbti HarpeB scm,1me~rnoii CHCTeMLI neTeJib. B npHH­

f( ~e. 31'0 MO)KeT IIpOHCXO;intTJ,, KOrAa B pe3yJU,TaTe 
~, BMI1YJI1.CHoro npo~ecca napymaeTcsr ycroi'ftmBoCTL 
( ; tpyimLI nsrreH H(HJIB) Ha'IHHaeTCSI BCnJibITHe HOBOro 

l ManmTBoro nOTOKa. Ilpoa;ecc Jl;JIHTeJJbHoro nepecoe­t nmteHIDI cyll\eCTBOBaBIIlllX pauee BblCOKHX (AO 30 Thi­
~-- aA KM) MarHBTHbIX noneii aKTHBHOH o6naCTH (HJIH 
~ 

~;: q>oHa) u BHOBb BCrutbJBaIOm;BX Tpy6oK MOXCeT o6ec-
r ne"IHTb µ;ono1IHB.Te.1ILB0e noCT}'nJieHBe 3Hepree. 
~ . . PactteT DOA06Horo npoQecca 61,m npoµ;eMoncrpupo­t BaH e pa6ore [17] e BDOCJieµ;CTBHe HCCJieµ;OBaJICSI 

pSI;I\OM aBTOpOB. ECJIH BCm.1meqHoe H3Jiy'leHee B 06-r t cy>Kl(ae!10: 3KC~epHMeHTe reHepH~yeTCSI BO BpeMSI 
rn . rJiaBH0.11 't'a3bI, TO pa3Mep HCTOttHHKa, onpeµ;eJISle­
~; Mbllf MaCIIITaOOM JIOKaJihHbIX noJJeH, He MOXCeT 6&ITL 
I~: o'leBb OOJihmHM (HanpHMep, ·~eCTBeHHO npeebI· 

f~. ~ ·maTL O.lR*). B TilKOM- cny'lae Ha6n10µ;aeMa.S1 Mepa 
~- 3MHCCBB ( 1053 CM3) ~OTBeTCTByeT nJIOTHOCTH nna3-

" Mbl BO BCfibIWet.tHblX neTIDIX 2.5 X 1012 c~3. 
~'.~ B HaCTOSI~ MOMeHT 3TO 3Ha"leHBe MOXCeT 6bITb i , npoeepeHo. Ilo_ µ;aHHLIM cn:yrmucoe JUE, EXOSAT, 
~-. · EINSTEIN, HeT SIBH&IX Ha6n10µ;aTeJILHhIX ceuµ;e­
t. TeJibC'fB B fi0Jlb3Y CTOJib 60JiblllBX 3H8'1eHBii 3JieK-
~:. 'rinOHHLIX ruIOTHOCTeA BO BCIIbIWetJH.blX KOpOH8Jll,-
~,... .. t' 
f HblX neTmIX Ha COJIH~e H KpaCHblX KapJIBKax, npe-r . BblW310~ 1012 c~3, Oco6eHHO BHC HMnyJILCOB (18]. 
r 
t'.:lr-

t 
f:' 
i;;t:. 

I 
2. PaccMOTpHM A311ee Tp3B3HeHT KaK HCT01DUIK 

AJIBTeJibHOrO KOpOTKOBOJIHOBOro H3JJyqeHIDJ. 
0611\aSI np;eSI, BbICKa3aHHIDI B [4], npeµ;CTaBJISleTC.sl 

-qpe3BbitJaHHO npHBJieKaTeJibHOB. J],eHCTBBTeJILHO, 

ACTPOHOMHlfECKH:A )KYpHAn TOM 72 

B&16pomeHHoe B3 3Be3J.(HOH KOpoHbl o6JiaKO ropSNeA 
IIJJ83Mbl MOXCeT SIBIDITbCSI HCTO'IHHKOM AJIHTeJibHOro 

xopoTKOBOJIHOBOI'O H3JIY'le.HIDI: eenB'IHHa MepbI 
3MBCCHH onpep;eJISICTCSI, rnaeHblM o6pa30M, 6om.­

nm.M MacII1Ta60M SlBJieHIDI npu COOTBeTCTBYlOm;HX 
HH3KBX nJIOTHOCTSIX nna3Mbl. 3AeCb UMeeTCSI aHaJIO­

rHSI C pa3BHBaBmeHCSI OKOJIO 30 JieT H33!1A He6y1U1p­
HOH MOJ];eJiblO 3Be31];HL1X BCDblWeK H Mbl MOXCeM 
JIBWb noBTOpHTb OCHOBHblC o6~e KpHTINecme 33-

Me'laHIDI, BbICKa3aHHbte TOI'Aa npH ee o6~eHBB. 

Ilpu eb16poce o6naxa nna3MLI OT rroBepxuocm 

3Be3AbI npoucxoJJ;HT ero pacmupeHHe a oXJI~e­
HHe. CneKTp H3Jiy'leHIDI COOTBeTCTByrom;ero HCTO'I· 
HHKa AOJIXCeH OTpcUIC3Tb TOT q>aKT, tJTO TCMUepaTYPa 
H, oco6eHHO, WIOTHOCTb 33MeTHO yMeH&WalOTCSI npH 

y,ttaJieBHH OT 3Be3Ab1. 3TOT 3ct>q>eKT npOJIBJJSieTCSI B 
CJiyttae COJJHetJHbIX TpaH3HCHT0B H BO MHOfOM onpe­

AeJISleT HH3KBH ypoBeHb HX M.SlfKOro peHTreHoacKoro 
HlJly'leHIUl, . a TaJOKe TO, tJTO AJIHTeJibHOCTb 3TOro 

H3ytteHHJI He paeea D01IHOA AJIHTeJibHOCTH ,!:{BHXCeHIDI 
Be~ecrea p;o paccrogHHB CBbIUie 10R0 , a coOTBeTCT­

ByeT nepeMell\eHHIO nepeAHero q>poHTa 'IpaH1BeHTa 
AO renuo~elITpHttecmx paccro.snnm 2 - 3R0 (19]. 
KpoMe TOI'O, npH_ MaJibIX I1JIOTHOCTSIX BH;I\ cne1CTpa 
TpaH3HeHTHoro .stBJieHHSI AOJIXCeH OTJIHtJaTbCJI OT 
OOb{qJ{Oro cneK'Ipa BCilLIWKH: fiOHBJieHHe 3anpew;eH­

HblX numm, H3MeHeHue coOTHowemm nHHeirtJaToro 
u nenpepbIBHOro cee'leHHil B o6naCTH 100- 300 A, oµ;­
Haxo ka'leCTBeHHLIX H3MeHeHHH xapaKTepa cneK'Ipa 
npH nepeXOAe OT BMfiYJlbCHOB K AJIHTeJibHOH q,a3e 

Ha ony6JIHKOB8HHbIX B [3, 4] cneKTpOrpaMMax He 
BHAHO. B A8BHOM cnyqae MOlll;HOCTb H3JJY'CJCHIDI BO 

epeMeHH A11BTeJILHOl'O co6&JTIDI 6blna cpaBHHMa C 
COOTBeTCTBYIOlll;HM 3H8tteeueM JJ;JUI BMnyJILCa 3TOB 
BCilbIWKB H 60JibllIHX 3Be3l];Hb1X BCilbIWeK aoo6w;e. 
TaKoe COOTHOWeHHe coeepweHHO HCTHIIH'IHO AJUI 

MSlrKoro peHTreHOBCKoro CB.etteHIUI. COJIHe'IHbIX 
BCilblillCK. Heo6XOAHMO npoeeCTH cpaBHeHHe Ha-

61110AaeMoro H reopeTH'lecKoro cnetcrpa onTH'leCKH 
TOHKOH nna3Mbl C ~eJiblO onpel];eJieHIDI 3JieKTJ)OH­

Bb1X IlJIOTHOCTeH B HCTO'iHHKe. Anpuop.e MaJIOBepo­
JITeH BbJBOA 06 3JieKTpO}(.HbIX IlJIOTHOCTjfX, cyll\eCT­
eeHHO MeHbWHX 109 CM-3• 3aMeTHM, "<ITO ce:e:11ac yxce 
cym;eCTByIOT nyTB ea6JJI0AaTeJ1bHOH npoeepK.H 

BbICKa3aHHOH B [ 4] I'Hil0Te3bl. 3MHCCHOHHbie JIHHHH 

. ABIDK}'m;eHCSI DJ1a3Mbl AJISI BCDLIWKH Ha JIHM6e AOJl)K­

Hbl 6&1Tb CABHffYTbl B CHHIOIO cropOHY' npHtJeM CKO-
. pOCTH OT ,COTeH -,:~o TbICSl'IH KM/c AOJIXCHbl 3aBeAOMO 

pemC'IJ)HpOBaT&cSI, HanpuMep, roA.ttapoecKBM cneK· 
-rporpaq>OM KocMHtJecxoro TenecKona Xa66na. 
3Be3Aa AU Mice cna6aS1 BCilbIUIKa Ha aeii yxce 3ape­
rBC1J)HpoeanHCL aToii annapaTYPOH [20]. B 3TOM 
3KcnepHMeHTe, TaK )Ke KaK H B npe].(LIJJ:YII\HX C MeHb­
WBM cneK'Ip3JlbHblM pa3peWeHHeM, TaKHX 3H3tJH­

TeJihHblX c1mpocren noKa He o6HapyxceHo. 

l-iTaK, Bb16pomeHHOe C 60.JibWOH CKOpoCTblO 06-.. 

JiaKO IlJl33Mbl 6bICTp0 CT~HOBHTCSI pa3pexceHHblM, 
TeMnepaTYpa B HeM n~aeT, H peHTreHOBCKOe 'H3JJY­
'leHHe He MO)KCT AJIBTbCSI MHoree '13Cbl. KpoMe Toro, 
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UOKa He ~ecmyeT YKa:JaBBR Ha 60JibllIHe CKOpo­
Cl'II ABB>KelllUI nml3Mbl OT noeepXHOCTH 3De3Af,I BO 
BpeMJI Amrren&HhIX BCII.blllleK Ha aK'l'HBHbtx no3J];HHX 
3De3J:{3X. Il03TOMY, HeCMO'I'pjl ua npBBJieKaTCJibHOCTb 
00'1,SICHemDI wnnem>HOro cseqemm e EUV-~ana3o­
ee ,:PaH3HeHTHblM SIBJieBBeM, OHO opeAC'raBJJ.SleTCI 
HaM e uacro~ee epeWI uenpueMJieMbIM. 

3. IlpeAnaraeMbIB uaMB MexaHB3M nerqe 6yAeT 
IlOWITh B paMKax npeAC'raBJieHml, KOTOpbie Ha'llflla-
101' HCIIOJlb30BaTh B nOCJieJ{Hee BpeMJI npH mrrep­
npeTa~H nommeHWI AJIHTeJibHbIX BCilbllllellHO-nO­
A06HblX co6&1TB:A Ha CoJI.HQe. XoTSI Ha116onee OT• 
qeTJIBBO 3TH SIBJieHIDl Ha6JIIOJ:{3JIBCb B cepeu 
BCilbIJlleK HIOWI 1990 r., OHH TaJOKe DpOHCXOAHJIB BO 
epeMJI HeCK011bKBX APYrBX ecn&1weK XXII ~a 

. COJIHeqHOB aKTUBHOCTB u HeCKOJibKBX 6onee paHHHX 

C06bITHB. 

B conHeqHbIX BCilbIUJKaX o6bltJHO DpBIDITO BbIAC­
JISITh HMnyJibCffYIO (He 6oJiee eecKOJibKRX MHffYT) H 
IUiaBHylO (rJiaBHylO) ( OT HeCKOJlbKBX MHHyT Jl;O ttaca) 
(p33bl. ,IJ;m1 mfIIYJILCHOH q>a3bl xapaKTCpHO IlOSIBJie­
HBe KpaTKoepeMeHHoro ecnJiecKa xcecrKoro peHT­
reHOBCKoro e BHorna JIHHeBllaToro e HenpepLIBHoro 
y-u3ny11euei:. rnaBHaSI <p33a - 3TO epeMJI cse'lemDI 

he. 4. CxeMa BCfiblWKH c nocrapynTHBHblM BLIACJICKH­
CM aHepnm: 1 - Bb16paCbJBaeMoe o6JiaKO DJ183Mbl, 2 -
BCpTHKaJibHbIA TOKOBWA CJJOA, 3 - KopouanLHhJC DCTJJH, 
ua6JIIOA8CMblC B MllrKOM peHTi'eHOBCKOM AH30830RC Ha 
331CJUO'fHTCJILHOil CT8)lHH BCDhIWICH. 

BCilbIWe'IHbIX oerenb B MJirKOM peHTreHOBCKOM JJ;D­
an330He. B MQMeHT, 6ne3Klli K Ha'lany BCIILimKB, 
no-B~HMOMY. Ha'UIHaeTCSI BLI6poc 'I'paH3BeHTa. 

3AeCb MLI npeAnonaraeM o6cyJJ;BTL ,mnemm, aa­
'IHHato~ec.sr e KOHI(e rnasaoa <pa3LJ BJIB nOCJie 
Hee. Hauoonee OT\leTJIBBbIM na6JIIO,QaTeJI'bHl,IM 
(B JIBHBH Ha) RpOSIBJICHHeM IlpOI(ecca, KOTOphm MbI 
6y.QeM H33b1BaTb q>a30ii IlOCT-3pynTBBHOI'0 3Bepro-· 
Bbl,QeJICHWI, j(BJISlercg Bb16poc OOJlbWOA CBCl'eMhI lleT­
Jieo6pa3HblX npooy6epaHQeB (CM., eanpHMep, [21]). 

. HeCKO.nhKO BbIWe XOJIOAlfbIX Ha-neTeJib pacnonara-
lOTCSI rop.sl'llle DCTJIB, CBeTJIII(BeCI B MJll'.ICOM peHTre- . 
HOBCKOM AJl3Il330He. EC'l'b CBBJJ;eTeJibCTBa B llOJib3Y 
TeCHOB CBSl3B 3TBX ropSJllHX D XOJIOJJ;HhIX IleTeJlb H 
B03MOXCHoro npoBCXOQeHJISI XOJIO,QHOro ra3a . npe 
"cxnon&1eaHBH" ropj{qex nere11& eCJie.QCTBBe renno­
Boii Heycroi'UIBOCTH. 3aMeTDM, '!TO AnJI COJIHC1DlbIX 
ecn&1WeK pa3MepbI TaKBX neTeJib J:{OXOJtRT .QO 0.5R0 • 

'!TO 3Ha'IHTeJibHO npeBLIWaeT pa3Mepb1 IleTeJlb B 

rJiaBHOii <pa3e BCilbIIDeK. 

BpeMJI PaAB~OHHoro oxn~emm l1Jla3Mbl B 
3TBX rop.R111IX neTJUIX Man6 no cpaseeHBIO co speMe· 
HCM cyJ:QeCTBOBaHBJI cecreMhI ropJlllBX nerenL. Ilo-
3TOMY ,QJISI IlOMepxcaBBJI 3TOro npoQecca Tpe6yeTCH 
HeKOTOpasl AOUOJIHHTeJibBaSI 3Hepru. 0.QBH B3. B03· 
MO>KHI,IX eapHaHTOB nocr-3pynTBBHOI'O. 3Heproe1,1-
,QeJieHJ1S1 npeAJIO>KCH MapreHCOM [16]: npu BbI6poce 
TJ)3B3HeHTa npoHCXOAHT BCKaxceBDe MarHBTHoro 
IlOJISI Ha 60JJbWBX BbICOTax. H Te~eHQWI K soccra­
HOBJieHBio nepB0H3113JlbHOA KOHq>HrYPal(BD nong 
npHBO.QHT K q>OpMBpOBaHBIO eepTHKaJILHOI'O TOKO­
soro CJIOSI. Ilpol(ecc nepecoe.QBHeHJlSI s He~ o6ecne­
'D!eaeT ,QJIHTCJlbHoe AODOJIHHTeJILHoe BbI,QeJieBBe 
3Hepr:ee •. 

3m npencraBJieHWI o nocr-apynTBBHbIX npol(ec­
cax ea Comm;e no3BOJISIIOT J);aTh ecrecmeBHoe OO'l,­
sicueBBe 06cyqasmBMCJ1 sL1me ua6nioµ;eHHSIM .QJIB­
TeJILHoro KOJ)OTKOBOJIHOBOro B3JJ)"leHBSI ea 3Be3,Qe 
AU Mic. ,D;euC"rB~JibHO, yeenB'leHBe Macmra6a cB­
CTeMbI neTeJIL no cpaBHeHBIO C DeTJIJIMB rJiaBHOA 
clJa3bI BCilbIWeK 06ecne1:1HeaeT JJ;ocraroqayio HBTee­
ceeeOCTb B3JJ}"leHIDI (roqeee Mepy 3MBCCBB) npu 
MeHbWBX llJIOTHOC'rSIX, 11CM B neTJISIX rJiaBHOA q>a3b1. 
C ,tq>yroii cropOHbl 3TH DJIOTHOC'rH Bblme, 'leM B 
-rpaH3BeHTe, H coxpaWIIOTCJI ,QOJibme. ,[\mrreJib· 
HOCTb 3TOro npol(ecca onpe.QemteTCJI speMeHeM 
Bbl6poca CBCTeMhl IleTCJlb D, B03MOXCJIO, BpeMeHeM 
cy~eCTBOBaHJlSI eepmKaJILHOro TOKO!IOI'O ~ CJIOSI. 
CneK-rp TaKoro ncro11BBKa, cxeMaTIReCKu D3o6p~­
xeeHoro Ha pBC. 4, 6JIB30K K KOpOHaJibHOMY BCIIbl­
we'IHOMY CIIeICTpy, HO MOXCeT ua6JIJOA8Th0l AOC'I'a­
TO'IHO AOJirO (Ha CoJJHI(C BBOr,::{a TaXBe o6p330Ba­
HWI - oco6bIH THO KOpOHaJibBbIX KOHAeBcatniA IIJIB 
O'ICHb AJIHTeJibHblC peHTreHOBCKDe co6'bITBJI ( CM. , 

HanpHMep, [11]) - MOryT H36JIIO,QaTbCSI 0.5 - 1 cyr). 
Pa3YMeeTCSI, TaKaJI CBCTeMa MO:XC.eT cyJ:QeCTBoBaTh. 
eCJiu e Hee nocrynaeT 3Heprmt (2 - 10) x 1030 3pr/c, 
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llTO ea OABB BJIB HeCKOJibKO nop~KOB npeBbnnae-r 
conue'llloe3eaqeHBe. · 

. PaABa~OHHbie nOTepB AOmKHbl llpBBOJ{BTb K 
6bICTp0My OXJl~CHBIO DJ1a3MLI BO BCilbime11HblX 
neTrua. }Icao, qro eCJIB noJIHOCTbIO cKoM11eecupo­
BaTb 3TH IlOTepJ!:, TO KBa3BpaBHOBeCHoe COCTOBHHe 
MOXC:eT cyxneCTBOBaTb B Te'leHee BpeMeHB, ~ecr-

{ eeHHO npeBb1ma10xnero lrad· C Apyroii CTopom,1, ec­
_;: · JIB AOilOJIHHTeJibHbIH HarpeB npeae6pe}IOJMO M'aJI no 
.( :cpaBHeHUIO C paA~BOHHblMB norepnm, TO OH 
~ npaKTBtfeCKB He B3MeHHT AJIHTeJibHOCTH npo~ecca. 

Xapa1crep B3MeHeHWI Mepbl 3MBCCBB BCT011HBKa BO 

. epeMeeu, a TaJOKe o6xnu AmrreJibHOCTb paccMa'I'pB­
eaeM1,1x npo:qeccoe COAepXHT onpe,qeJieHH}'IO RH­

<l>opMa~10 0 <l>H3HKe SIBJieHWJ. Mbl IlOlil>ITaJIBCb 
BblJICHHTb ee ea oceoee . npoCTOro paccMo-rpeHIDI 
6aJiaeca 3Heprnu e HCToqHBKe ceeqeHIDI. 

OTBJieKMCb OT KOHKpembIX MarHHTOrHffl>C)AH­
HaMBqecKHX npo~eccoe. paccMOTPBM aaeprem11ec­
Kltii 6a.JiaHC B BCTOqHHKe KOpOTKOBOJIHOBOro H3JIY­
qeHWJ. Ecne u3nyqeHHe e o6nacm 1 - 2000 A, ox­
mblcAaIO~ee nna3My. CBOOOAHO BbIXOJ{HT H3 o6'beMa, 
ro TeDJIOBa.SJ 3eeprW1 pacxonyeTCSI aa H3nyqeHBe B 
nonoJIHSleTCH 33 C'leT AOilOJIHHTeJibHOro Harpeea. 

CR.eTM ,qng onpeneneeeocm aarpee nponop~o­
BaJibHbIM A8BJieHBIO, MO>KHO 3aDBC8Tb J{JISI 1 CM3 · 

(li11u nna: ecero o6"beMa, ecne oe ocraeTCSI npBMepao 
nocro.sum.LIM B xone npou;ecca): 

dE A. p 2 - = ..,- -n L(1) , 
di Po . 

(3) f r .. ,: · · me E = 3nkT - BH)'TpeHJl.sljf aeeprWI, ~ (apr/cM3c) -
f 
~; HeB3MeHHa.SJ BO BpeMeHH BCJIB'DIHa Harpeea B Hat{aJie 
•:• ~: npo:qecca, Po - eaqaJILHoe AaBJieHBe, n - nnOTHOCTb 
~::.:. IIJla3MhI, L(D - <l>Yff~WI paAHaTHBHoro oxnruKAe­f~i HWI. IlpH p = 2nkT HMeeM 
t .. . 

i~· dz/ dt+ az = p0L(1)/6k
2T', (4) 

t .. 
•.·. 
) 2 p 
:t .. r](ez =p0 /p, a= 3- . 

i
i(. PeweH.He 3Toro :;aBHeHIDI EepHy.11nu npH z(O) = 1 

.~ CCTL 
, ' 

\ . . , 
!:" '~ = exp (-at) ( l + Ip 0L(1)/ 6k 'T exp ( at' )dt'} ( 5) 

. IloHCHHM npe}K](e ecero CMLicn 01,rpaxceHWJ (5) WUI 
B30TepMHtJecKoro HCTO'IH&Ka. CBOOOAHLIA qneH 

ypaBHeHIDI ( 4) w = PoL<.nl6k2P = 1/ lo, rne to - BBe­
,qeHHM paHee eenuquua (I) AJIH ycnoeei: B Haqa.Jie 
npoQecca. EcJie eaeCTH eenuquHY u KaK omomeeue 

":. . Harpeea K noTep.srM Ha H3JiyqeHBe B Ha"'!aJibHbIA MO­

~ MeBT BpeMCHH, TO nerxo DOJiyqBTb 

w/a= 1/u. 

TorAa pemeHBe (5) B B30TepMBqecKoM cnyqae 6yAeT 
BMC'I'LBHA: 

nofn = 1/u + exp(-ut/10)(1- 1/u), (6) 

rAe "o - MOTHOCTb B eaqaJie npo~ecca. BBAHO, 'ITO 
npu I ~ 10 ecmH1111Ha 11o / n = u. IloTPe6yeM, llT061,1 qe­
pe3 KaKoe-ro speMSI nOCJie eaqana npoQecca Mepa 
3MBCCBH YMeHbll.lBJl8Cb Ha nop~OK, T.e. nnomOCTh 

YMeBLmBJiaCb npBMepeo B 3 pa3a npu IlOCT<»IHllOM 
o6'heMe. 3To B03MO)KJ{0 B B30TepMB'leCICBX npol.\eC­

cax C OOJibWOH no cpasHeHBIO C lo JJ;JIBTCJlbHOCTblO 
npH AODOJIHHTCJibHOM Harpeee, KOMIICHCBpYIO~eM 
30% pa,qua~OHHblX DOTepL. I-fa BbipruKeHWJ (6) 
BHAHO, llTO npe yMeHblllCHHH OTHOCHTeJibHOro Ha­
rpeBa (MaJibie u) ueJIB'tfflffa nofn""' 3 AOCTHI'aeTcg 3a 

· speMSI, He CHJILHO OTJ1Btta10~eeca: OT lo. 
C HCDOJIL30BaHHeM BBeµ;eHRhlX A]ljl B30TCpMB'le­

CKoro npor~ecca llOCTOHHHbIX u B lo BMeeM 

noTo 
nT = exp(-ut/t0) + 

, 2 (7) 

+ :Os:::) (~)exp(~) (t' -t)dt'. 
0 

0rcIOJ{a BHAHO, qTQ pe3yJILTaT HHTerpHpOBaHWJ 
BbipaxceHWI (7) CBJlbHO 3aBBCHT OT noee,qeHU 

q>yH~ L(n/P BO BpeMeHH. 3Ha'leHWI (n/nof, 
BbI1lHCJJeHHLie no (7), npBBOJJ;HTCg Ha pee. 3 .[(IDJ MO­
p;ene c 6onee Mep;JieHHhIM naneHBeM TeMIIepaT}'PLI 
AJig ~yx 3Ha'leHBii napaMeT{)OB B (7): t0 = 1. 7 x 104 e 
5.1 x 104 c (s 10 H 30 pa3 00111,me see11:eBH0ro paeee 
3H3'1CHID1), tfTO COOTBeTCTBYCT IlJIOTHOCTSIM 4.8 X 1Q9 

H 1.6 X 109 CM-3• ,[(JIH cpaBHCHWI Ha TOM >Ke pecyHKe 
}laH OABB eapHaHT B30TepM1ACCKOro pemeHWJ (6) 
1vn110 = 1.7 ?< 104 c. B npuBOABMhlX 3ACCb pemeHmIX 
eenB'IDHa u = 1/3. 

CpasHeHBe eeJIU'IDH EM. BbIBO)l;HMhIX B3 aa6JI10-
AeHml, C e1,1qucneHBLIMB noxa3h1BaeT, l{TQ YAaeTCJI 
onucaTL coxpaHeHee 60JILWBX 3HaqeHBi EM B Te'le­
HHe eecKOJlblCllX )l;eCSITblX cyroK. B paMKaX BCDOJIL-
3yeMoii OAHOpoAHOi MO)l;CJIH HaOJIIO,JJ;eHWJ B JIHHHH 
FeXVIII OnBCbIBaIOTCH nyqme, qeM B wupoKoi no­
Jioce DS-<l>oTOMe-rpa. IlJIOTHOCTH B HCTO'IHHKe 
OK838JIBCh BeCLMa HH3KBMH, He npeBbIWaIO~HMB 
5 X 109 CM- 3. 3Ta BeJIH'IHHa 33BHCBT OT npnwrroro 
33KOHa H3MeHeHWI HarpeBa. HanoMHHM, llTO npe 
IIOJIHOH KOMIIeHca~HB pa,qB~HOHHLIX nOTepb llJIOT­
HOCTH ,n:oJI>KHbl ,n:ocmraTb 5 x 1010 c~3 npe pa3Mepe 
BCTO'IHIIKa nop~Ka pa,qnyca 3BC'3,JJ;LI. 

5. 3AKJII0q£HJiE 

Ha cnynmKe EUVE 6hlJia 3apemcrpBp0BaHa 
scm,nnKa aa 3Be3Ae AU Mic B JIHHHSIX FeXXIV 192 A, 
FeXVill 93.9 AH Hell 304 A, a TaJOKe e o6nacTB 
65 - 190 A. KpoMe uMnyJILcBoii <l>a3LI o6HapyxceHo 
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AJJBTem.aoe cse'leBBe. cyII(eC'l'Byiomee nOCJie K3'1C­
AOI'0 HM1IYJ1Lca a mupoKoii cneKTpaJU,Hoit o6nacm 
OXOJJO DOJJYCYTOK B HeCICOJlbKO MeHLme B JJBBBH 
FeXVID. MLI noATSep.'llQ:taeM BLIBOA [4) o HB3tcoA 
nJIQTHOCTB H coOTBeTCTBeHHo ·6oJILWOM o6oeMe 
BCToqHBxa CBC'lCHBJI. 06II(ee 3HeprOBLJAeJieHHe B 

XOAC npo~ecca AOC'I'BraCT 3 x 103s spr c TeMDOM no­
crynneHIDI seepnm B cnoA (2 - l 0) x 1030 spr/c. 

Pa3yMeeTCR. pacCMOTpeHBe 6anauca 3Hepnm He 
MOXCeT DOJIBOCTJ,IO '38MCHBTb nocrpoelD!e DOJIBOA 
<l>B3B'lCCKOA K3pTIIHbl BeCbMa cnomtoro MarHBTO­

MmPOAHHaMH'ICCICOro npo~ecca. BL16Qp KOHKpCT­
uoA (j>yHKqBB. ODBCLmaiomeA AODOJJIIHTeJil>RLIA ua­
rpea. He JIBIDICTCSI DpBHI.\BIIHaJJbBbJM. ~y­
iomee HecKOJlbKO OOJJee CJJO)l(HOC paCCMOTpCBBe 
YJ:laCTCR npoeecm Kate~ oocroSIHHoro uarpeea, T&K 
B AJISI earpeea, nponop~OH3JlbHOI'0 p2, HO STO npax­
TIAeCICB He MemlCT . OX:OHIJ3TeJibH0I'O pe3yJJLT3Ta. 

IIpoeeAeHHoe paCCMOTpeBHe 6anauca 3eepnm no­
X83LIBaeT, 'ITO DOTepu· ea B3JiyqeHHe DmDOTCSI 
~C3BLI'laiHo 3<l>q>eKTHBB.btMH; OHH ACAcnurreJJbHO 
onpeACMIIOT DOBCACHHe DOTOKOB MJll'KOl'O peHTre­
HOBCICOI'O B3JJ}"ICHIDI . BO BpeMeHB AMI 3BC3AJ11,IX 

BCIIblIDeK [2] a npRBOAJIT x KaTacrp<>q>B'leCKOM}' ox­
JIIDfCACHBIO DJJ83Mhl BO BCllbIWC'lRLIX DCTJUIX (22). 
IlosTOM}' yeeJIB'leHHe AJIHTeJILHocm ecero npo~ec­
ca DO cpaBHCHHIO C trr,d MOXCeT DpOBCXOAHTL TOJJbKO 
npu peana3a~a sec1,Ma cne~(j>uqecxm MamHTo­
r~poAHHaMB'lecKBX npo~eccoe. Heo6xOAIIMLIM 
-rpe6oB8HBeM DIDICTal o6ecneqeHBe earpeea, cpas­
HBMoro no BCJIJABHC C p~~Olllll,JMB DOTepJIMII 
scero sec1>Ma 6on1,moro o6oeMa nJia3MLI. 

IIposeAemn.IA 3ACCL ae8Jlll3 noICa3blBaCT. 11TO, 
sepOJITHO, MJd Bcrpe'ClaCMCSI 3Aecb C HOB.bIM TBDOM 

noBepmOCTHo:A axTHBHOCTR, KOTOp1>1A MOXCCT pa3-
BBBaTJ,CSJ aa aICTHBHLIX no3)'.tllBX K- B p8BB11X M-tc:ap­
JJBxax. 3'ro DpoDMCTal B <j>opMBp<>BaHBll CBCTCM 
neTCJI1>, 3anOJmeBHLrx ropgqeA. DJta3Moi; BX pa3Mep 
MOXCCT AOC'l'BraTL o~oro HJlll HCCK:OJlblCBX P8AJ1Y00B 
3Be3ALI, B reMUepa-rypa DJta3Mbl, AOXO,q,III(aSI '/1..0 107 K, 
MOXCeT UOA.QCp)ICRB3T!,Cjf AOCTaT01UIO AOJII'O 3a C'leT 
AOnonmrren1:.uoro nocrynneHBSI 3HeprBB. 3uepre­
TIIJCa, AJJBTeJJI,HOCT&, Macmra61,1 3TOro npo~ecca 
ll03BOJIJIIOT, 00-BH.l{HMOMY, yrBepQan. 1ITO 3TOT 

TBII 31CTHBBOCTB JIBJISICTal DpoMCXCYTO'IHblM MCQY 
MO~HhlMB BCDbim1'8MB Ha ICpacHl,IX KapllllOBLIX 

3BC3Aax B 6onee AJIBTeJILHl,IMB B MO~IMB co6bl­
TmlMB Ha 3lle3'/1..ax Tmia RS CVn. <l>usll'leCICB 3TO MO­
xceT 6bIT.b o6ycnosneHo CHJJhB.bIMB Mal'HB'l'llblMB no­
JIJIMII aa nosepmOC'l'B AU Mic B DOAOOB.blX ci a1e­
TBBBbIX 3BC3A, BX Bb1HOCOM Ra OOJibDIRC paccroJIHIIJI 
OT 3Be3A1J, B B03M0XCHb1M cj>opMHpoBaHIICM BCpTH­
KaJJLH.blX TOKOBJ,IX CJIOCB, 

BLI'/1..CMICMaSI 3'/1..CCL nocr-apytrnmHaJI <l>33a MO­
xceT . DpOJIBJlffLCSI TatcXCC B AJ>yrBX CDeK'I'p8JJ1,R.blX 
naan330Bax. BeeoMa sepoffllo noRBJieBHe 113Jiyqe­
H11J1 B 6am,MepoBCKBX JJBBBJIX B CJiaOOit Benpep1,m­
HOA 3MBCCRB. IlpeACTaBJ.UleT TIUOICC mrrepec npoBe-

'/1..CHBe JJ;CTa.JJl,HOro aeanu3a EUV-cnelCTpoB 3TBX co-
61,rnd c ~eJiblO ODpe'fJ..CJieHIDI nacM>epe~aJJbHOI 
Mepbl 3MBCCBB B C DOCJJCJzylO~BM nocrpoeHBeM <l>B-
3JPICCK0B MO'fJ..CJIH ucroqmnca, 

3a.MeTBM, ~ DJIOTHOC'I'H B ~JILCKblX B03p8C1'a­
HIUIX JIJ>KOCTB npB6Juolauorei K 10 3 CM""3 • .n,m BTOpo­
ro B3 paa:Ma'IJ)BBaCMbIX ~r.i.oos TaICOA BbIBOA no 
omomeHHIO JIHHlli 114.4 A FeXXD/142.2 A FeXXI 
C'fJ..CJI3H B (23). Ilocne IIMIIYJlbCOB TeMDepa-rypa BBC­

TOiumJCe YMCRLIDaCTCJI, DJIOTBOCTB n~aJOT, BO ee 
AO Taxoi CTeneHB, xax s CJiyc1ae 1topoe8.Jlblloro 
1'paH3BeHTa. AJI.R yeepeHuoro onpe}:teJieHIDI DJIOTHO­
CTH B BCT011HBKC AJJBTeJlbHOI'O CBC'ICBBJI 'fJ..8HHblX 
OIC83b183eTCJI HC'fJ..OCTaTO'IHO. 

ABrop1,1 6naroAapJ1T DJX><I>. C. 6oiepa (S. Bow­
yer) Bero ICOJIJJer 3a OOJJ;eiCTBBe B BblDOJIHeBBH AaH­
HOB paoon,1. 

Pa(SoTa BLinoneeea s paMxax fHTII "Acrpoao­
MIDI" (npoelCT Joi 4-129). 
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Post-Flare Coronal Actiyity .or the Star AU Mic Recorded 
by the EUVE Satellite 

M. M. Katsova, G. Drake, and M. A. Livshits 

Data on an prolonged period of EUV emission after a sudden rise in brightness recorded by the Extreme Ultra­
violet Explorer (EUVE) for the star AU Mic are discussed. Intense emission was observed for roughly 12 hours 
after each of two impulses, which exceeds by 10 times the radiation c~ling time of coronal loops with typical 
flare plasma densities. Difficulties are pointed out for two explanations for this phenomena suggested earlier: 
emission by dense loops in the main phase of the flare, and emission of rarified plasma in coronal transients. 
Joint analysis of observations of the 65 - 190 A band and the 93.9 A FeXVIIl line showed a temporary change 
in the emission measure of the source. The total energy emitted during approximately 12 hours was 3 x t<P' erg. 
The concept of post-eruptive energy release is used to explain the prolonged emission in the EUV. The source 
of the emission is a system of high coronal loops with size exceeding the radius of the star. Such loop systems 
of already-cooled plasma have been observed on the Sun in Ha during powerful flares (for example, June 15, 
1991) after the transient has gone. Some additional energy input into the loop system from vertical current lay­
ers is possible, which prolongs the emission. The proposed phenomenon is a new type of surface activity on 
late stars, which is intermediate between impulsive flares on red dwarves and prolonged and powerful events 
on the subgiant components of RS CVn double systems . 
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HOBOE OilPE,D;EJIEHHE CO,D;EP:iKAHHit: 3JIEMEHT0B 
B ATMOC(J)EPE Am-3BE3,D;LI 15 Vol 

. © 1995 r. H. C. CaBaHOB 

KpbtMCKasi acmpo<pU3U'U!CKIUl o6cepeamopua, Hay'lH.blU KpblM 
nocrynHJta B pe,1taK1.ouo 01 .04.94 r. 

Ha ocHoBe HOBhIX aaomo,Aemm c II3C-KaMepoi onpe.neneab1 CO,AepX<aHIDI nencex 3JieMeHroe e aTMo­

C<J>epe "}'MepeHHoi" Am-3Be3Abl 15 Vul, AJUt AByx 3JICMCHT0B - 830Ta H cepbl; ,AaHHbie onpe,qeJICHIDI 
eLmonHeHbI enepe1,1e. Y craHOBJICHO, 'ITO e aTMocq>epe 3TOH ")'MepeHHou" MeTaJIJJH'leCKoii 3BC3ALI, 

xapaKTepH3yeMoii OJIH3KHMH K COJIHC'd:HbIM COACp}KaHHJIMH KaJil,ltBJI H CKaHAHJI, CO,Aep}KaHWI P1(A3 nenrnx 
3JICMCHT0B (KpeMHHit H Manm:ii) IlOHIDKCHbl no OTHOmeHmO K COJIHC'IHblM, ,i:q>yme (H81'pHH H cepa) HMe­
lOT H36bITOK. BeJIH'IHHhl lge(Fe), onpeAeJJeHHb1e no JIHHIDIM Pel H Fell xopomo cornacyroTCJI'. MC)IC,t(y co-
6oi H yxa3bl83IOT Ha OJlH3KOe K COJIHC'IHOMY 00,ACp)KaHBe }KCJieJa.YTO'lfHCHbl CO,ACp)ICaHWI HTI'J)IDI H 

oapu. CpaeHeHHe C pe3yJibT3T3MH HOBblX 3B01110UHOHH1,JX paC'ICTOB ue npHBCJIO X JaMeTHblM HJMeHeHH­
JIM 3BOJIJOIUIOHHbIX napaMCTpoB 15 Vul. 0W{aKo 803MO)KH0 H3MeHeHHe 3B0JUOJ..tHOHH0f'O CTaTYca 3TOH 
3BC3ALI - CKopee ecero oaa e~e Jaeepmaer 3BOJIIOUHJO Ha CTa,ttHH rnaeHoii noCJie,qoeareJJbHOCTH. 

B HaCTosn~ee epeM.S1 MJ,J C'l'a.JIH pacnoJiaraTL AO­
CTaTO'IHO 60JibWOll HHq>OpMaqBeH O COAep)KaHJ:UIX 
JierKHX 3JieMeHT0B (B TOM 'illCJie C, N B 0) B 8TMO­
ccpepax XHMHl.leCKH neKyJISipHbIX 3Be3A [l, 2]. K co­
)K8JieHHIO, Hau6onee o6WHpHOC Ha CCI'OAHSIWHlffl 
AeHb HCCJieAOBa.HHe [2] He BKJIIOl.laeT H3BeC'I'HYIO 
KJiaCCHlleCtcylO Am-3Be3AY 15 Vul. 3Ty 3BC3)zy npBHSI­
TO OTHOCHTL K " YMepeHHbIM' ' (mild) MeTaJIJIH'CJeCKBM 
3Be3):{aM, aHOMaJIHH KOTOpblX HOCSIT yMepeHlibIB 

xapaicTep (HanpuMep, JJHHIDI K Calle cneKTpe 15 Vul 
He C'l'OJih CJia6a, .KaK y Apyrux Am-3BC3A [3 J). 3ee3Aa 
15 Vul H3}"13JI3CL HaMH paHee [4] MeTO,t(OM MOAeJieH 
aTMocq>ep iia ocHoae· TJ)eX JIBTeparypHbIX HCTOtJHH­
KOB, B KOTOpLIX npHBO,t(ffCSI )];8HHbie 06 3KBDBaJieHT­
HblX m:epHHax JJHHBH e ee cneKTPe [5 -.7). Ilo3]l;Hee, B 
XO,t(e nepBblX B KpbIMCKOii acrpoq>D3Dl.{eCKOR 06-
cepBaTOpHH Ha6nioAeHHH c II3C-KaMepou [8}, 
61,urn rronyqeebI cneKTporpaMMhI, ~eHTpHpoean­
m.1e aa yqaCTKH c AJIHHaMH eonH AA 5010, 6160 B 
8686 ( COOTBeTC'l'BeHHO ,t(JIR onpe,t(eJieHIDI CO,t(ep}Ka­
HBH C, 0 u N) [I, 9]. 

HaCT051ll\ee HCCJICAOBaHHe CT8BHJIO nepe,l( co6oii 
cneA}'IOiqHe 3~allB. KaK OTMetJan:ocb paeee B [7], 
ony6JIHKOBaHHbie B JIHTeparype H3Mepemu1 3KBHBa­
JieHTHblX WHpHH JIHHHH AJISI 15 Vul corJJacyJOTCSI 
Me)K,Izy co6oii e cuHeii o6nacm cneKTPa, Ho pa3JIBcia­
JOTcg B )KeJIT0-3eJieHOB H KpaCHOH o6naC'l'.KX. Ilp:equ­
ea TaKHX pacxo:>K,QeHHH OCT3JI3Cb HCBblSICHeHHOH [7]. 

Kaic H3BeCTHo, O,t(HHM H3 npH3H8KOB, COI'Jl8CHO 
KOTOPOMY TY HJJB HH}'IO 3Be3AY O'fHOC$1T K KJJaccy 
Am-3Be3)];, OJI.ReTC.R OCJia6neHue JIBHHB K Call B 
cneKTPC, a T3K)Ke yCTaH8BJIHBaeML1e y:ace H3 aHan:H-
38 BblCOKOAHCnepcHOHHblX cneKTI)OB IlOHH)KeHHOe 
CO,t(ep:acaHHe Ca H(HJIB) Sc H H36hIT0K noKeJiblX 3Jie­
MeHTOB, pacry~ B cpeJJ;HeM C yseJIHtJeHUeM aTOM­
HOI'O HOMepa 3JieMeHT8. B CB.R3B C 3THM JII060IILITHO 

OTMeTHTb, 'ITO cornacHO HCCJie,t(OBa.HWIM [ 4, 7] 15 Vul 
xapaKTepB3yeTCSI HOpMan:bHblMH COAep:acaHWIMH Ca 
H Sc. 3TOT cpaKT Mbl C'IlIT8JIH ~eJiecoo6pa3HblM npo­
uepHTL ea ocHoBe eosoro ua6moAaTeJJLHoro MaTe­
pe:an:a. HaMH [ 4] He 6b1JIH o6Hapy)KeHbl aHOMaJIBH 
APYrHX JierKBx 3neMeHTOB - ece 3JieMeHTbI OT C AO 
Sc HMeJIH cop;epxaHWI lgE(El) 6nu:nrae K coJIHe'IllblM 
3HaTfeHIDIM HJIH 'lJ.}'Tb BLlme BX. npeJ:(C'l'aBJI$leTCH NH­
TepeCHbIM BbUICHeHBe eonpoca. ace JIH Jienrne 3Jie­
MeHTbI y AaHHOH "yMepeHHoi" Am-3Be3JJ;b[ He HMelOT 
aHOMaJIRH COAep:>KaHHH no OTHOIIIeHUIO K CoJIHizy. 

B 1992 r. uaMH 61,iJIH nonyqeHbJ Il3C-cneK-rpo­
rpaMMhI C OTHOWeHHeM CHrHana K WYMY nop.RJJ;Ka 
100 ):{JUI KpacHOH o6nacTH crreKTpa u OT 40 AO 60 
JJ;JIH 11K-o6naC'l'H. 0,t(HOBpeMeHHO perac-rpHpoBaJICSI 
cnetcrpanbHhlH Wtana3oH JJ;JIHHOH oKono 30 A. CneKT­
pan:LHoe pa3pemeHHe coCTaBnHno 0.18 A. 06~ue 
ceep;eHH.R o Ha6JI10JJ;eHID1X npep;CTaBJieHhI e Ta6n_. 1. 

Ta6JIH .. 8 1. 0CH0BHbJe CBe]lCHHJI O Ha6J110AeHHJIX 15 Vul 

.UaTa 
AJIHHa eonHhI qeHTJ)a cnei::T- JCII03H~, 

pan&eoro AHanaJoHa ).., A MHH 

06.08.1992 5520 10 
06.08.1992 5591 10 
06.08.1992 5675 IO 
06.08.1992 5710 10 
06.07.1992 6150 · 7 
06.08.1992 6360 14 
06.08.1992 6450 10 
06.08.1992 6495 lO 
06.08.1992 7 110 30 
02.12.1992 8686 45 
02.12.1992 8686 50 
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Ta~ 2. CJIHcoK Kccnes.osaHHi.1x JJHHHH 
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,. 3neMeHT A,A E1 lggf wk lg£ 3JieMeHT 'J..,A E, lggf wk lg£ 
. 

Cl 5602.85 2.52 -0.60 0.085 6.96 

7111.50 8.64 -1.21 0.054 8.52 6161.30 2.52 - 1.27 0.013 6.62 
:r 

7113.20 6.05 .( 8.65 -0.82 0.070 8.92 6162.17 1.90 0.09 0.112 
~'. 

7115.20 8.64 -0.79 0.078 8.34 6166.44 2.52 -1.14 0.017 6.62 5 

~ 7117.00 8.65 -0.97 0.073 , '8.48 6439.08 2.53 0.39 0.107 6.15 
':' ... ' 

7119.70 8.64 -1.20 0.058 8.56 6449.81 ~.52 -.50 0.042 6.42 
'!:. NI 6462.57 2.52 0.26 0.112 6.33 
.. 8683.38 10.29 -0.05 0.085 7.81 6493.78 2.52 -0.11 0.088 6.50 

~ 
8686.13 10.28 -0.45 0.060 7.98 Sell 

!, 8703.24 10.28 - 0.41 0.058 7.91 5526.80 1.77 0.12 0.064 2.64 

•:. 8711.69 10.29 -0.34 0.049 7.76 5667.16 1.50 -1.24 0.020 3.23 

!( 8718.82 10.29 - 0.43 0.110 8.39 5669.03 1.50 -1.12 0.047 3.50 

~- 01 5684.19 1.51 -1.05 0 .. 026 3.17 
~-f 6155.99 10.69 -0.70 0.032 8.69 Crll 
' 
( 6156.78 10.74 - 0.44 0.046 8.65 5508.61 4.15 -2.20 0.026 5.76 

6158.19 10.74 -0.29 0.052 8.58 · 5510.71 3.83 -2.48 0.027 5.83 
.... Nal Fel 
~ . 
•' 5682.63 2.09 -0.67 0.045 6.51 5506.78 .99 -2.85 0.050 7.79 t.1 
~- 5688.21 2.10 -0.40 o.on 6.55 5586.76 3.37 -0.12 0.114 7.30 t .. 

6160.75 2.10 -1.35 0.022 6.81 5686.53 4.55 -0.67 0.025 7.78 r. 
fr Mgl 5709.38 3.37 -0.98 0.053 7.61 •: 

,,; 
5528.41 4.33 -0.48 0.116 7.06 6494.99 2.40 -1 .24 0.082 7.44 ~ 

"' 
~- 5711.09 4.34 -1.75 0.023 7.39 8688.63 2.17 -1.21 0.151 7.50 
~· Sil Fell ·•. 
~ 5684.52 4.93 . -1.47 0.016 7.45 5525.14 3.27 -3.95 0.021 7.48 
~ 6155.22 5.62 -0.84 0.023 7.43 ~147.74 3.89 -2.65 0.097 7.45 ,:-
1:: .. Sill 6149.24 3.89 -2.70 0.077 7.34 

' 6371.35 8.09 -0.05 0.143 7.20 6369.45 2.89 -4.21 0.034 7.68 

I 
. 

SI 6446.43 6.22 -1.98 0.018 7.45 
. 8693.98 7.84 -0.52 0.060 7.44 6456.38 3.90 -2.17 0.191 7.74 :t.: ,-
,.. 8694.70 7.84 0.05 0.151 · 7.56 6482.21 6.22 -1.89 0.035 7.70 
. 
: Cal YD 
~ 
t · 5512.97 2.93 -0.45 0.023 6.41 5509.91 0.99 -1.24 0.051 3.24 

}':.' r, 5588.75 2.51 0.36 0.095 6.08 5521.54 1.76 -1.34 0.019 3.37 .... ~ ,:. 5590.12 2.52 -f).57 0.036 6.46 Ball ~·: 

,.·S; 5594.47 2.52 0.10 0.091 6.32 6141.72 0.80 0.12 0.208 2.64 
~@· l . 5598.49 6496.90 -0.07 0.196 2.78 ?. 2.52 -0.35 0.091 6.76 0.60 

I 1£· 5601.29 2.53 -0.69 0.040 6.62 ( 

~ -
oxono 7110 A ( o6ocuoeaHBe BLI6opa aTBX mnm:A ~:06pa6oTica cneKTJ)OrpaMM BKJIJO'lana craUAapTHbie 

~\onepan;eu: Bbl'IBTaHHe TeMHoeoro ToKa, cf>oHa He6a, CM. e [2, 1 OJ). Pe3yJILTaTLI onpeAeJieHIDI COAepxc:a-
t eopMlq)OBKY K KOHTHH}'}'M}' B npBB.R3KY K WKaJie ' HBit Jienrax 3JieMeHTOB 6LmH AOilOJIBeHbI AaHBl,IMB 
,f ~BOJCH. An.R Na. Ma B MCHee B3}"1eHIIOI'O 3JieMeBTa s. JIBHBB 
.;., 

Koroporo 8693 11 8694 A nonana10T e AHaDa30H, uc-.~". qacrh cneICTpam,HhIX AHana3oHoe BLI6epanech 
~ TaKBM o6pa3oM, 1.JT06L1 o6ecnetJHTL onpeAeneHHe nonL3yeM1>1it ~n.R B3MepeHBJ1 nBHBA N. J,b TJOKenLIX 

~ OOAepxc:aHmi Jienrnx aneMeHTOe - C, N, 0, Ca u Sc. 3JieMeHTOB B 3HMB3 6binB BKJllOqeabI ABe nHBBB y 
t B eacro,un;eM ecCJieAOBamte COAep)KaHBe C 6&1.no H ABe JIBHBB Ba. Ta6n~a 2 COAep}KHT OCHOBRl,IC 
: Haimeeo ~o 5 JIBHIDIM .HK-Aeana3oHa c n;eUTpOM A8HHble O pe3yJibTaTax B3MepeHHH B Bbl'DICJICHHit 
~ · .,. 
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Wf71,mA wfsl, mA 
300 (a) 400 

• 
300 
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200 
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100 

0 100 200 300 . 0 100 200 300 400 
WKpAO mA • WKpA0 ,mA 

Pac.1. CpaBHeHHe 31C.BHBaJICJffltL(X WHpHH nHHHA a cneicrpe 15 Yul no Ha6JUOACHUM c Il3C-KaMepoA c AaHJU,IMH (71 (a) K [5} (6). 

(CM. HmKe). I13MepeHHbie-HaMB 3KBHB8JleHTIU,Ie WH­

pmu,1 WA no~a 60 nmmA 6&1JIB conocraBJJellb1 c pe-
3}'JibTaTaMH, ony6nmc.osamn,1MH a nB'repa'l)'pe; ua­
noMHBM, qro Aamtbie [6] He nepeiq,&malOTCSI c pel}'m.­
TaTaMB HaIDBX B3Mepemm. I13 puc. la, 16 CJie~eT, qro 

pe3ym.TaTbl [7], (xpoMe TpeX JlllllBB C W1 > 200 mA) 
CHcreMaTH'ICCKB HJDKe H3WHX, a pe3yn&T3Tbl B3Mepe­

HHH, ony6JIHKOBa8Hble B [5] - Bblllie, npH'leM B 3TOM 

Ta6.Jnma 3. C.oAep)K3RHJI 3JJeMeHTOB B aTMOc:q>epax 15 Vu) 
H C.omnta no pe3YJlbTaTilM Ha.uDPC OnpeAeJJemm H AaHHbIM 
ID mrrepaTYPbt 

3JJeMeHT 
lge. lg~ 

KpAO (4) [4] (15) 

CI 8.56 8.78 8.70 8.60 

NI 7.97 8.00 

01 8.64 8.93 

Nal 6.62 6.75 6.28 6.33 

Mgl 7.23 7.66 7.60 7.58 

Sil 7.44 7.82 7.65 7.55 

Sill 7.20 7.37 7.55 

SI 7.50 7.21 · 

Cal 6.45 6.49 6.36 6.36 

Sell 3.14 3.08 3.05 3.10 

Crll 5.80 5.82 5.50 S.61 

Pel 7.57 7.70 7.55 7.67 

Fell 7.55 7.67 7.56 7.4g•> 

YU 3.19 2.84 2.24 2.24 

Ball 2.7.1 3.11 2.40 2.n•> 

•> IlpHBCJlCHIJ co.nep»caHKll cornacuo [ 16) (Fe) H [ 17] (Ba). 

CJiyqae pacxo}K,l{eHHe }'BCJID11HB3CTCR C p<>CTOM WA. 
YKa33HHble pacxo~eJDIJI B mMepeHIDIX 3KBHBa­
JJeHTIU,IX WHpHH ~ecr.eeHHO upeBbUDaJOT TO'I­

HOCTL Hanmx HOBblX H3MepeHBii, KOTOpax COCTilBJUICT 
no Ham:HM o~eHK3M ee 6onee 5 - 6 niA AIDI CJia6&IX 
nHHH"A: c W},. Meaee HJlll nop,mKa 80 mA e 10 - 15 mA 
AJJ11 CBJU.HbIX JIB.mm CW). OKOJIO 200 mA. 

,r(m1 conoCTaBBMOCTB pe3yJI&Ta.TOB oopeAenem 
COAep:>Kamm lgt(El) (KaK o6bl'IHO, COAep)IC311HS1 
;D;3Hbl B mxane lge(H) = 12.0) Ha.MB 6LIJIH BCD0Jlb30-

B3Hbl AMC, N, 0 re )Ke 3uaqeHID1 cun oc~JirulTOpoB, 

'IT<> a B [2], AJUI S-Te ~e. 'lTO He [Ille cornacao [4] 
61,mu H3$1TbI CBnLI oc~eJIJI11Topoe AJIR APYrBX 3Jie­
MCHTOB. Ilo cpaBHCHH10 C [4] H3MeHeHIUI gf-eeJIIAHH 

6LIJJH rrpOH3BCACHbI A11R nmmi Fell H Ball B CB113B C 
yro'IHeHHeM a6comoTH0B WJCaJlbl CHCTeM CHJI oc­
~JIJUITOpoB JIHmd: 3TBX 3JICMeBT0B, ,r(m1 AByx . 
CJI-36bIX .1llDllm Crll c BbICOKHMB llOTe~anaMB 

B036y}K,l{eHWJ, paHee He ecnom,syeMbIX B aHanB3e, 
gf-BCJIHlfflBbl 6bIJ1H B351Tbl B3 [12]. ,r(aHBL1e O KOH­
CTaHTax 33T}'X3HIDI 6bIJIH 83'1Tbl HaMH B3 [13, 14]. 

CoAep>K8HWI :ecex SJleMeHTOB 6LIJIH onpe,QeJICHbl 
rrpu CJieAyio~ napaMeTpax aTMocq,ep&I 15 Vul: 
Tef= 8100 K, lgg = 3.5, ;, = 4.8 KM/c '1qx>~e107Pa 
BbIOOpa MOACJIB 3TMOcq>epb1 H MeTOAUKa Bb111HCJ1e­
. mm OIIHC3H3 B (4]). B Ta6n. 3 DpeACTaBJiellld AaBHhle 
0 xm,mqecKOM COCTaBe aTMoaf>epbl 3TO~ Am-3Be3Abl, 

00.JIY'iCHHble no HamHM HOBblM H3MepeHWIM B cornac­
HO pe3yJibT3T3M (4). B IIOCJJeAHHX AByx CTOJI6~ax 

3TOH Ta6nH~bl npHBeACHbl pe3yJibT3Tbl onpeAeJie­
HIIH COACp>Kawm 3JieMeBT0B B aTMocxpepe Comma B 
CHCTeMe HCil0Jll>3yeMbIX H3MH CHJI oc~nrurropoB [4] 
H cornacao KOMDBIDI~ [15). ,r(aHH&Ie (4, 15] ;a;OC'l'a­
TO'!HO xopomo cornac}'IOTC$l Me)(Qzy coooA, aau-

6on&mHe H3MeHeH.WI B COJIHe'IHbIX co;a;epJ1CaHJUX 
cpeAB H3yq8eMbIX H3MB 3JieMeHTOB (AJUi C-0. l O dex, 

ACfPOHOMJflJECKHA )l(YpHAfl TOM 72 Hi 4 1995 
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· AJUt Fe - 0.12 dex R AJISI Ball - 0.37 dex) cs.513am,1 c 
; yroqJ{eHHeM BeJIH'IHH gf. K CO)({aJICHHlO, B [15) rrpB­
r BOW{TCjl cpeAHHe A.JUI ABYX CTa,D;ml DOHB3a1Uffl senu­
; 'IHHbl lge(El), XOTSI B npH~DIJe OHR MOryT pa3JIH-

' i 'laTbC$1 (MO:>KHO }'K333Tb Ha cy~ecrayio~e B Telle­
:· HBe · ,n;JIBTeJibHOro nepuo11a pa3nH11aio~ecsi 
: pe3yJibTaTLI onpeAeJieHHA COAep}Ka.HIDI :xcene3a B aT­
~ MOcq>epe COJIH~a B 33BBCHMOcm OT roro, B3XOAB-
. JIHCL OHB no JIHHIDIM Fel HJIH Fell). B HTore s Ta(jn. 3 
,. AJIJI Fell H ~all COACP}KaHBSI 3TBX 3JieMeSToe rrpBBo­
·. AJITCJI corJiaCHO CT3TbSIM (16, 17] COOTBeTCTBeJUlo. 

i' . CpasneHHe XHM1111ecKoro COCTasa aTM<>cxl>ep 15 Vul 
• ii Co~a apeAcraBJieao Ha puc. 2. 3ToT pucyuoK no­
\ crpoeH Ha OCHoee Aa.tm:Oro HCCJie.QoBaHWI u pe3ynLTa­
~- TOB [4], a TaIOKe AOilOJIHeH pe3yJILT3TaMH OnpeAeJie­
.: iDlii co11epxcamm ceepXTJDKenoro aneMetrra Th [18]. 
-~~ T8.KBM o6pa30M, K Hacro~eMY BpeMeHB HaMH 
( BblDOJIHeHO OrrpeAeJieHBe COACP>KaHHB 29 3JieMeHTOB 
:: B aTMocxj>epe Aa.tm:OH Am-3Be31.(bl, npH11eM COAep>Ka­
·.· mm nenmx 3JieMeHTOB N H S pa.Hee ue onpe1.(emt11BcL. 
} . Co11ep>IGU1He CB aTMoc4>epe 15 Yul HMeeT 3aaqe-
-:;11Be, 6nB3Koe K COJIHeqJ{OMY HJIH cnerKa IlOHIOKeHHoe; 
;:fionee onpeJ];enemm MoXCHo ~enan, BLIBOA o n01m-
,;_ _. IDIOM co,n;ep.xcamm O · e ee aTMocq>epe. Comacso 
-: · 8HHblM [2] C noKa31>IBaeT 6onbwoii ~ana30H H3Me­
t· . mm B aTMocxJ>epax HeMa.nnrntbIX XHMINeCKB neKY­
. -.~HLIX 3Be3A, a cpe,n;eee 3ea11eHBe J];e<p~a cocras­
:~CT 0.6 dex. TaKHM o6pa30M, no omomeHBIO K m,y­
t 3Be3AaM 3TOJ:'Q mna 15 Yul HMeeT BeJIFIBH}' 
' £(C) Ha 0.5 dex BLtme cpe~Hero 3HatteHIDI. 

CoAep}KaHue N TaJOKe nos1,1weHO Ha 0.3 dex no 
:~.()TliomeHHJO K cpeJ];HeMY 3Ha'IeHHIO AJUI HeMarHHT­
. ~:llldX neKyJI.sq>HblX 3Be3j{. B caoeM HCCJieAOBamm: 
} DTOpLI [2] , aHaJIB3apyg pelyJILTaTbl npeAbIA~BX 
YOttpeAeJieBBl'i ~011;epX{aHHH C, N H O B aTMocq>epax 

--~eCKD neKyJI.sq>HLIX 3Be3A, OTMe'tlaJIH, lfl'O no 
~ , 3BBeBBJO C HaIIIHM a.HaJIH30M (I] H3BOOJibll1Be pac­
\l\:xoqeHIDt ~ peJYJibTaTL! BMeJOT B.MeHHo e cnyqae 
; npeAeJieHBH COAep)Kclmm N (0.3 - 0.5 dex). J:(.ru1 roro, 
:~bl y6eAB'l'bOI B TO'IHOCTH HaWB.X H3Mepemm, Ml,I 
. BeJIH AOilOJIHBTeJibHLie Ha6JIJOAeHBJI Capuyca 
-~i,.,.a) B Wf8Il830Be AJIHH BOJIH 8680 - 8694 Au cono-
itt,wuia H3Mepemn.re HaMH BeJIHllBHbI WA. c ony6mnm­

IMB B (2, 11] (Ta611. 4). Ilp11BeAemn,1e B Ta6n. 4 
1e csim:erenbCTByJOT o xopoweM cornacHH B3-

peHHLIX 3KBHBaJielITHblX WBpHH mnm:e. 
· CoAep:>KaHBe Mg no ABYM }'MepeHHo cHJI&HbIM 

~DIJIM Mg! OK333.Jl0Cb DOHBXCeHHblM no OTHOWe­
K conHe'tlHOMY 3Ha'1eHHJO. TaJOKe noHH:>KeHHL1-

0Ka3aJIHCb BeJIH11HHbI lgE(Si), HaimeHHbie no JIH­
aeirrpaJibHOro H HOHB30B3HHOro Si, npaqeM 

o cpasHeHBJO c [4] HMeeTCSI nyqwee cornacHe Me:>K­
COAepxcaHIDlMB, onpeAeJieHHLIMH no JIHHWIM HeA-
8Jl.bHoro H HOHB30BallHOro Si. 

; . B rrpOTHBOIIOJIOXCHOCTb nepe'<IHCJieHHJ,JM 3Jie­

HTaM B p~y oo: C AO Sc, HMeJO~M ,n;e<pu~ co­
. ~p:xaumit s aTMoc<pepax Am-3Be3A no OTHomeHmO 
_ Conmzy, HeKO'rOpbie JierKHe 3JieMeBTLI HMCIOT no-

~lgE 
2.0 

1.5 

1.0 

0.5 go 
{ 

I O O 0 

0 

00 
0 
0 

0 

0 

• o!. ·:-rt-·\.!·· .................................... . 0.0 

-0.5 '----.l-..--..L.---..J.._---'-----' 
80 100 0 20 40 60 

z 

Pile. 2. CpaeHeHHC conep}l(aRHH 3JtCMCHTOB B aTMocq>e­
pe Am-3De3)J.L1 15 Vul C HX COAep:iKaHHllMH Ha CoJtHQe. 
TeMRblC Kp)')KKH COOTBCTCTBYIOT pe3ynbTaTaM, nony­
'teHRhlM no naomo_AeHtUIM c IT3C.1eaMepoA, cseTnble -
pc3yJlbTaTaM [4, 18]. · 

B1>1meHHoe coAep:>KaHHe. K ox '<IHCJIY rrpeQe :ecero 
cne,QyeT o-reecm Na, a.HOMamm KOToporo 6b1JIB oT­
Me'leHbl HaMH pauee B [4]. Kax noKa3aJIB eamu pac­
qeTbl, aHaJIOrD'IR)'IO aHOMaJIHIO e:MeeT s. Hau6onee 
o6mupeoe onpe)'.(eneuue COJ:{ep:>KaHWI aroro 311e­
MeHTa B aTMoc<pepax XHMHqecm neKynsipe1,1x 3Be3,Q 
6bIJIO BhIIIOJIHeHO pauee B [11 ]. Cor11aCHO 3TOM}' u.c­
CJieAOBaHBIO CO,QepxcaHHe s COBIIa,naeT HJIH uecKOJlb­
KO rrpesLimaeT coJJHe'IHyIO semrmR)' (puc. 3 ). Hc­
K.JIJOqeuue coCTasnsieT Arn-3ee3Aa 68 Tau H MarHHT­
H8JI 3Be3,Qa 73 Dra, AJISI . KOTOpbIX COAep}KaHBe s 
nos1,1meHO na +0.46 dex H noHIDKeHo ea< -0.94 dex 
COOTBeTCTBeHHO. B03MO}KHO. HeKOTOpbIH ,Qe<pe:~ 
S ~eCTByeT y 2 Lyn u E UMa. °lJaC1FD10 yxa3aH­
m.te aHOMaJIBB MOryr 6LITh CBB33Hbl co 3Ha'leHBSIMB 
BbI6paHH&(X napaMeTpOB aTMoc<pep B3y'leHHblX 8 (111 
3Be3A, TaK, HanpBMep. Ami 73 Ora 8 [ 11] 61,ma HC­
Il0Jlb30BaHa MOAeJIL c T f = 8800 K, ttro ea 500 K npe­
BLiwae-r 3Ha'1eHHe 3q><peKTHBHOH TeMIIepaTfPbl, 
H3BAeHHOR, eanpHMep, B [19]. OaeaKO B ~eJIOM, 3TO 

Ta6.n~• 4. CpaeHeHHe 3KBHBaJieHTHbJX WHpHH JlHHHA'. NI 
B cneKTpe aCMa no HawKM H3MepeHHj{M H A8HKl>IM e3 

nHTepaTYJ)bI 

'A. A 
W;.,mA 

KpAO [2] [11] 

8683.4 82 76 69 

8686.2 48 46 47 

8703.3 42 53 46 

8711.7 56 56 53 

8718.8 45 46 42 

', 1 A~OHOMlf1IECKHH )l(YPHAJI TOM 72 Nl 4 1995 
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Pac. 3. Co,neplKaHHC cepbl a aTM<>aJ>epax XHMB'ICCJtH ne­
K)'JlllpHLIX A-3BC3A B 38BHCHMOC'l'H OT sq>$eJCTHBHOA 
TeMOCJ>8'I'YPLI ( CBeTJIWe ,c:p~KH- no J:taHHIJM [ 11 ]. TeM· 

HWA ICJ))'ll(OK- 15 Vul). 

He H3MewtCT oomee 38.ICJllO'leBlle O UOBLIWeHIIOM CO­

ACp}K8HBB S AJIJI 6oJihllIRHCTBa neJCYmq>HLIX 3BC3~. 

Kax: OTMetianocL e1,1me, aa OCHOBaHBH pe3yn1,Ta­

T0B onpeAeJieHBA COAep}KclllHA Ca e Sc s aTMoat,epe 
15 Yul 3T8 MeTa.JIJIB'ICCKaJI 3BC3A8 61,ma OTHeceua K 
"YMepemn,IM" (mild) Am-3BC3AaM, Hame eoBOe uc­
CJieAOeaHHe noJIHocrLIO llOATBCpQ8CT BhIB0AhI 0 

lgg (a) 

3,1 

3.3 

3.5 

3.7 

3.9 

4.1 

4.3 

4.5 
4.3 4.2 4.1 4.0 3.9 3.8 3.7 

lgTef 

t'S11B31CBX K COJJHe'<UlblM BeJI.H'UDlaM lgE(Ca) B lgE(Sc) . 
B aTM<>al>epe 15 Vul. · 

3JJeMeHTbl rpynru.1 JKeJie3a rrpe]lcr8BJJeRLI B HS- . 
cro~eM HCCJieAOB8RBB JIHWh ABYMSI aJJeMewra.MB: 
Cr B Fe. Hait,QeBHoe HaMH COAep~HBe Cr yn3LIB8-

eT Ha ero HecoMHeHRblH H36bITOK IC aTMoal>epe 
15 Vul B Haxo~ B IlOJIHOM cornacBB C pe3yJibTil­

TOM Ramero npeAbIJU'~ero BCCJieAoBailml [4]. Co­
Aep:>KaHBe :>Kene3a onpeAeIDIJIOCb xax no naHBSiM 
Fel, TilK u no JIHHHJIM Fell. Pa3JIB'llle :ee.Jlll'IBH 
lgE(Fe), O'ffleceem,rx K eenu'IHHaM COOTBeTCTBYJ0-
1.QBX COAep:>KaRBA e aTMOcq>epe Con~a. He npeeoc­
XOABT 0.1 dex. Y1'.IBTLIB8JI TO o6croJITCJILCTBO, q'J'() 

BJIHJIHBIO B03MOJICHLIX 3<1><i>eKTOB OTKJIOHeHBA OT 

JITP HaBMeHee IlOABCp.:>KeHbl pe3yJILT8Tbl orrpeAe-
nemm COAepxcaHIHI xcene3a no JIHHWIM Fell, a TI1JC1Ce 
TO, 'ITO AJUI nuHBA Fell 6b1J1a npHMeHeHa HOB8JI mxa­
na CHJI oc~mrropos, Mbl C'IBTaeM AOCTST01'.{JIO ua­
AC)K)lbJM ycraHOBJICHHLni paHee e (4] <I>~ 6JIB3ICO­
ro K COJIHelllHOM}' COAep:>KaHWI :>KeJie3a B aTMocq>epe 
15 Vul, B TO epeMSI KaK ,tq>yree 3JieMCHTbl (Hanpa­
Mep, Cr corJiaCHo A3HHOM}' HCCJJCAOBaHHIO) BMelOT 
3aMCTHbffl B36LITOK. 

CoAep.>KaHWI Y a Ba onpeAeJIJUJHCL ecero no ABYM 
JIHHHJIM, pa3JIB'IHJI C [ 4] cocraBJUIJOT BCJJlfllHB1,I no­
~IC.a 0.3 - 0.4 dex e e cnyqae Ba 'ISCTIRHO CBJ13allhl 
C RpBMeHeHBeM H0Bb1X gf-BeJIB1'.IHH B COOTBeTCTBYJO­
~ero COJIHC\JHOro C0ACPXC8HIDI 3TOro 3JieMeHTa. 

lgg (6) .. 

3.1 

3.3 

3.5 

3.7 

3.9 

4.1 

4.3 

4.5 
4.3 4,2 4.1 4.0 3.9 3.8 3.7 

lgT ef 

PIie. "· 3BOJU01(M0HKb1CTpeKH A1UI 3Be3A c waccaMM OT 1.5 AO 4M0 no AaHBblM (21 ] (a) M OT 1.5 AO 3.16 M0 no AaHHblM (22) (6) . 
. YK.a3aHO OOJ10l1Cemte Am-3BC3A1J 15 Vul BMeCTe C eeonpe,nencHHOCTIIMH ee D8J)al(eTp0B T ef" lgg.npH TpeKaX yK83alfl>I MaccLI. 
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Ta~• 5. Ouenxe aeonIOUKOHHhIX napaMe'l'pOB 15 Vul 
:. cornacno 9BOJII01Uf0HHbIM Bbl'IHcneHMM 

IlapaMeTP 

lg(LILo ) 

lg(RIR0) 
. lgt 

OueHKa 

2.6±0.6 

2.5 ±0.4 

2.4±0.4 
1.94±0.34 

0.68 ±0.15 
8.59±0.27 

8.61 ±0.25 

8.81 ±0.28 

CcbmKa 

[4, 20) 

(21] 

[22) 

[4, 20] ' 
(4, 20) 
(4, 20} 

(21] 

[22J 

B [4] H3 conocraBJieRIDI 3Ba'leHBii T ef e lgg c pe­
:,ym.TaTaMH 3BOJIIO~HOHHLIX pac'leTOB [20) 6bl1IH 

(>npe,qeJieHLI Macca, P~HYC, CBCTBMOCTb H B03pacr 
JS Vul. Hcrron1,3ysr pe3yn1,TaTb1 pac'leToB, ony6nH­
s0BaHH1,1x e nOCJie,qHBe roALI B r'HThIBaIO~HX one­
··· e DpOHBKalO~eA: KOHBe~ (21, 22}, Mb[ BHOBb 

. . . 6paTHJJBCb K onpeAeJieHHIO 3BOJIIO~OHHblX napa­
• 'I'pOB 3TOii Am-3BC3ALI. 3somo~OHHJ,Je TpeKB 

MOJ:{eneA H3 ceTKB [16] 6b1JIB npeACTaBJieBbI Ha­

B [4, pac. 6], a AJISI MOJ:{eJieH [21, 22] OHR npeA­
neHLI 3J:{CCb na pBC. 4. Ha pHC. 4 TaJOKe yica3aHO 

. pnoxeime 15 Vul aa nnocKOCTB lgT rlgg BMecre c 
, mu6KaMH onpeAeJieHWI amx napaMeTJ)OB. 

. KaK OKa3aJIOCb, MaCCbl, HaimeHHbie no TpeM yKa­
IM CRCTeMaM TpeKOB, A~8TO'IHO xopowo co­

nacyioTCJI Me.ll{Ay COOOH (Ta6JI. 5). IlpH 3TOM CAe­
) um1,1e B [4] o~eHKB paAJIYca B CBCTHMOCTH 15 Vul 
. 8.IOTCJI npaKTH'leCKB HeB3MeHHLIMH B npBBOASIT­
•. HaMB B Ta6n. 5 6e3 H3MeHCHHH. 0rJIH'IHTeJILHOH 
. 6eHHOCTblO MOACJieH C npoHHKalO~ee: KOHBeK­

ei en11eTQI 6onee IIp<YI"OKeHHaSI CTaWbl rnasHOH 
... e1J;0BaTeJ1bHOCTB B, CCJIH cornacHo 380JIIOqHOH-
. · M paC'leTaM [20, 22] 15 Vul y)Ke npowna CTaAHIO 

peHWI B0AOPOA3 B SfApe B 3BOJIIOl.\HOHHpyeT B 06-
, aCTb KpaCHLIX reraHTOB, TO cornacHO MOAeJUIM [21] 
~ a 3Be3A3 B03M0)({HO JlBWb 33BepwaeT cpa3y rope-

801):0poAa e .RApe. B HH>KHe:e: 1IaCTH Ta6n. 5 npeA­
-...~.11 nem,1 o~eeKB eo3paCTa 15 Vul. HecMOTJ).R ua 

· 3MO)({HLie ueonpeAeJieH.riOCTH nonyqeHHbIX 3Ha-
~· . + • • 

'Iemm B03pacra I MO.XCUO 33IOIIO'll!Tb, 'ITO B03paCT 
3Be3J:{bl COCTaBJIJleT 400 - 650 MJIH. JICT. 
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i\New Abundance Determinations for the Atmosphere of the Am Star 15 Vul 

,. 
I. S. Savanov 

The abundances of light elements in the atmosphere of the mild Am star 15 Vul have been derived from new 
CCD observations; for nitrogen and sulfur, these detenninations were carried out for the first time. It was es­
tablished that some light elemerus (silicon and magnesium) in the atmosphere of this mild metallic-line star, 
which is characterized by nearly solar abundances of calcium and scandium, are deficient relative to the Sun, 
whereas others (sodium and sulfur) show an enhancement. The logc(Fe) values ded.uced from Fel and Fell lines 
are in good agreement, suggesting a nearly solar iron abundance. The abundances of yttrium and barium were 
refined. A comparison with the results of new evolutionary calculations produced no appreciable changes in 
the evolutionary parameters of 15 Vul. However, this comparison may alter the evolutionary status of this star: 
in all probability, 15 Vul has not yet completed its evolution on the main sequence. 
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IlPHMEHEHHE METO~A HEilPHBO~MLIX TEH30P0B 
B 3~ "'IAX HEliECHOH MEXAIIIIKH 

© 1995 r. IO. M. YpMae 
HW1Cezopoi>c,cuu neoawzu-rec,cuu yHueepcumem, H. Hoewpoo, Poccua 

IlOC'l'}'OHna a peAaitllBlO 25.04.94 r. 

IloKa3aHa 3q>q>CKTHBHOCTb npHMeHeIDUI MaTCMaTH'leCKoro annapaTa HenpHBOAHMbIX TCH30poB 8 
33Aaqax He6eCHOil MexaHHKH. MeTOA npOIIJIJIIOCTpHpOBaH Ha npHMepax npeo6pa30B8HID1 CHJIOBOA ¢,yux­
LtHH K OCK)'JUIJ)YlOU(HM nepeMeHHMM H nony11eHHH ocpeAHeHHblX ypaeHeHHB B 3a~a11ax ABIOICCHBJI cnynm­
K8 B rpaBHT8.lUIOHHOM none HeccpepH'IHOH nnaHCTbl, 3~aqe TJ)eX TeJI, a TIUOJCe B 3aAaqax AJllOICCHU cnyr­
HHK8 OTHOCHTeJlbHO [(eHTpa Mace B rpaBHTal{IIOHHOM H MarHHTHOM DOJUIX 3eMJIH. 

0CHOBH&Ie TPYAHOCTB, B03HBK3IO~e npu nOCT­
poeHDH ypaBBeHBH B03M)'lD;eHHbIX ABlDICeHim, CWl3a­

Hbl C rpoM03AKOCTblO si.rpaxc.eHIUI B0!3M}'ll\3l0IqHX 
MOMCHTOB B CHJI, JIHOO CWIOBblX <pYff~ qepe3 OC­
lcyJIBpylOm;Be nepeMeHHbie, a TaIOKe B AMbHCBIIICM 
ocpeneeHRB ux no MHo:xc:ecrBy nopoQaIO~ pe­
meBBB HCB03yYm;eneou 33,qa'tlu. IlosTOM)' Aa>KC Ha 
~ nocrpoeHB.Sl ocpeAHCHHbIX ypaBHCHIIB nena­
lOTOI B03MO:xc:HbIC ynpom;aIOm;ue npe)'.{IIOJIO:>KCHB.Sl. 

B pa6oTe [ l 1 C HCIIOJib30BaHBCM MaTeM3TH11CCKO­
ro annapaTa HCIIpHBOAJIMhIX TeH30poB JJ;aHO onaca­
HBe B38BMOJJ;CHCTBWI TBepµ;oro TeJia C CHJIOBblM no­
JieM. KoMnaKTHaJI <j>opMa 38IIHCB B3aBM01(CiCTBBH 
TeJia C CBJIOBbIM IIOJICM C IIOMom&IO HeIIpHBOJ:(HMblX 
TeH30poB ll03BOJIJICT, BO-nepBblX, HC381\HCBMO 
BbIJJ;eJJJITb pa3JI1r1Hble cpaxropbI, BJIB.SllOlD;HC Ba B3a­
BMO.QCHCTBHC, H, 80-BTOpbIX, npoBOWITb npou.eµ;ypy 
ocpe1(HeB11.S1 He IlOKOMIIOHeHTHO, a .QJI.SI Bcero 061,eK­
Ta cpa3y. Bee 3TO BMecTe 83.sITOe II03BOJUleT 3<J><l>ex­
THBB0 crpoRTb ocpeneeHH&Ie ypaseeHWI B nocra­
TO'IHO oo~ei nocra11oeKe 3aµ;aqa. 

3aµ;aqa, paccMo-rpeilHbie e 3TOH craTbe, no ceoei 
llOCTaHOBKe B3BCC1'Hbl (2, 3]. Hama U.CJib - ~OKa-
38Th, 1ITO IIpHMCHCHHe annapaTa HCIIpBBOAB.MLIX 
TeH30poB no3BOJI.Sle1' cnenaTb pgµ; cymeCTBeHH&Ix 
o6o6m;eHBH, a TaJOKe Ha B3BCCTHblX npHMepax npo­
HJIJIIOCTpHpoBaTb 3€pq>eKTBBHOCTb B H3~CCTBO 
3TOro MaTeMamqecKoro annapaTa no cpasueHHIO c 
TP~~oHHo npHMewreMbIM. 3ro cµ;enaao ua npu­
Mepe npeo6pa30B3HWI CBJIOBOH <j>yHKU.DH K OCKYJIB­
PYIO~ nepeMeHHblM B 3aµ;aqax WJIDKCHWI cnynm­
Ka B rpaeBTa~OHHOM none eec<j>epa,iHoA nnaHeT&I, 
Ha npBMepe orpanneHHOH 33Aaqa TJ)CX TeJI, 3 TaK­
:xc:e B 33Aaqax 1(BH)f{eHH.SI CII)'THHK3 OTHOCBTeJlbHO 
u.eHTpa Mace 8 rpaBBT3~0HHOM H MarHBTHOM IIOJISIX 
3eMJm. IlpBMeHeHHe HCI1pHBOA1:1MblX TeB30poB e 
3TIIX 331{3'18X ll03BOJ1HJIO B µ;OBOJlbHO o6m;e:A nocra­
HOBKe 3<p<pCKTBBHO npoeeCTH ocpeµ;HeHHe H nony­

'IHTb ypaBReHB.St OcpeJUICHHbIX 1(BIDKCIDIB, KOTOpbie B 
HeKOTOpblX CJl}"la.SIX HBTCrpupyKYJ'Cjf B ~pa'f}'Pax. 

1. ,[(B1DKEHH5I CTIYfHHKA 
B rPABHTAllHOHHOM nonE 

HECtllEPHqJIOH IlJIAHETbl 

rpasHTa~oHHblA nore~an ueat,epBtU10A nna­
HeTbI, e1,1pa>K:emn.Ii qepe3 cKaruq>Hlde npoB3Beµ;e­
HIDI HCIIpHBOJ:(HMblX TeH30poB, no.nyqeH B paoo:re [1]. 
0HHMeeTB~ . 

V = /ML (/1 • fllf.R.)) = /ML v 1• (1.1) 
1=0 l • O 

3necb M - Mac.ca cnynmx.a, / - rpu~omwt no­
cro,um:u, I,-eenpHBO.ttRMblit TeH30p MOMCBTOB BHCp-

~H Hec4>epH'IHOit IDiaHeTbl, ffli(R) = R_-<1 + oy ,n<i). 
R - p3ABYC•BCKTOp, nposeneHllldi . OT ~eH'rpa HC­

e<peplABoi mumeTbl no CIJ}'THBKa, Y"' - c4>epneo­

Kasr <PYHKIUISI· 
.Ilm1 onBcaHH.SI ABEKCBIUI cnynmxa BBCJJ;eM cne• 

µ;y10~e cecreMbI Koopµ;HHaT: CXYZ - HBep~am.­
Hasr CBCTeMa C H8'13JIOM B ~CH'I'pC DJlaHCTbl C·(OCb Z 
HanpaBJICHa no OCH Bp~eHIISI IDiaHCThl, X By Raxo­
W(TCSI B 3lCBaTOpHaJibHOA IDIOCICOCTB, OCI> X HanpaB­
JICHa e TO'IXH eeceHHero paBsoneHCTBRJ1); Cga~ -
cucreMa 1mop){HHaT, CBR38HHU c IDiaueroA B yqacr­
ey10m;u BMecre c Heit BO Bp&.meHBB BOICpyr OCH Z CO 

CKOpoCTblO o>o (A - rpBHBB'tlecx.oe 3Be3Affoe BpeMJ1); 
OX1X,J{3 - "nepureiiHu" cucreMa Koopµ;maT (oc&X3 
HanpaBJieaa napanJieJI&Ho HOpNa.nB K nnOCK~ 
op6BTbJ, OCb X1 - napaJIJJCJlbHO paJ:tBYcy-BeKTOpy • 
nepHreR op6BTbI, a oc& X2 - napa.nnenLHO xacaren:&­
eou B nepuree op6BTb1 e cropoH}' ABIDKCBBJI u.eBTpa 
Mace O CII)'THBKa). . 

Ilono:xc:e&ee cecreMw xoopAHHaT OX1XJ(3 OTHO­
arren1,ao CXl'Z onpeµ;eIDJeTCJl cne10110~ yrnaMH 
il - AOJirOTa BOCXOWlm;ero yrJJa op6B.Tbl OT TO'IICB 
BCCHbl, / - HaKJIOH op6HTbl K·3uaropy, 00, - apry­

MCHT nepure,1. IloJIO)ICeHBe paµ;ayca·BeKTOpa cnyr­
mnca e nepureiiuoii cucreMe tcoopJJ;BH8T onpeJJ;eIDI­
eTCSI c<j>epeq:ecK.HMB yrJiaMB " = 'lf,/2 B V - BCTBHHU 
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i 
:: aHOMaJIIDI, a B CBCTeMe KOOpABHaT, CBj133HHOB C nna­
.' BeTOi, cq,ep1111ecICHMH yrnaMH 1), cp. 
': Ta.JCBM o6pa30M, nonoxceHBe op6HThI cnynmxa B 
• DpOC'l'paHCTBe OnpeAeJJJleTQI T()CWI HC3aBHC11MLIMB 
:. yrna.MB: n. cop,]. KpoMe 3THX nepeMeHJlhIX BBOWIT­
.. ar e~e A&a napaMeTpa, onpe}:{emno~ux pa3Mepb1 e 

cpopM)' op6BTbl, no xoropoe: ABBXCeTCH CnyTHHIC: 
. a - 6onbmu noJiyOCb 3Jimmca, 3 - 3KcqeHTpeCH1'eT . 
. Haxoueq, nonoxceHBe CIIyTHBKa Ha op6HTe B MOMeHT 
,· BpeMCHB onpeACIDlCTQI napaMCT])OM to, HTaK;BMeeM 
mecn, HC3aBHCBMJ,IX napaMCT])OB, DOJIHOC'l1>IO onpe­

: AeJUIIOIQHX ABIDKCHBe cnymmca B IIpOCTpaHCTBe. 

,D;e<j>q>epeHI\HaJibHLie ypaBHCHWI, OilHCLma10~e 
: B3MCHeHBe 3TBX napaMCTJ)OB BO epeMeHH, HMelOT 

\•Rn (4) 

d3 
dt 

= 

da 2 av 
dt = na d't; 

2 2 In 
1 - 3 av o - 3 ) av 
na23 ch - na2"' aco ' 

~ p 

dcop cos/ av --=- -+ dt 2 2 )fl . di 
· na ( I - 3 ) sm/ 

2 112 

(1-3) av 
+ 2 :i.,. ; 

na 3 o-, 

di cos/ av 
dt - 2 2 l /2 aco -

na ( 1 - 3 ) sin/ P 

d.Q 

dt 

1 av 
2 2 ,n a.a' 

na (1 - 3 ) sin/ 

I av 
= --------,--

2 • 2 )fl I di> 
na (1 - 3 ) sin/ 

2 
d1: < 1 - 3 > av 2 av 
dt == n - na23 ch - na da . 

(1.2) 

~ /µ 
3ACCb 't = n(t - to), n = ~~ = {;; - cpeAHee 

./.ABIUICeBHe. CeJIOBU q>yuKqIDI e ypaBHCHIDIX (1.2) 
. ;. JlOIDICHa 6b1Tb Bblpcl}KeHa '1Cpe3 napaMCTJ)bl Ken­
\: nepa. Taxoe npeo6pa3oBaHBe B npHliqlllle ocy~ecr­
i: BIIMO aenocpeACTBeHHO 3aMCHQH nepeMeHBblX C HC­
\ DOJlb30BaHBCM H3BeCTHhIX cocmmmemm cq>epettec­
s mi TpBI'OHOMeTpHH. B npocn,1x 38Aalfax OOAOOHU 
. . :JaMeJta - Aeno BeTpYAHoe. D o6ll(eM xce cnyqae oaa 

,::· npeepall(aeTCSI B BeCbMa I'pOM03,[(KBe BbllfHCJICHWI [5]. 
':. lloCJICAHBe 3H3'1HTCJibHO ynpoll(3IOTCSI, eCJIH HC­

'. ll0J1b30B3Tb MaTeMaTINeCKHH annapaT aenpHBO,[(H­
·: MldX TeH30poB. 

Tax KaK ccpepe11ecKW1 <py1ua.~BS1 - HenpBBo~­
MbIA TeH,30p, TO npeo6pa3y.s1 ee B3 nepBI'eBHoi CBC­

Te~bl KOOpAHHaT K CBCTeMe, CBS138HHOB C nnaHeTOi, 
6yAeMHMeTb 

Y,,,,(~;cp) = 

~ '* 1t 1t 7t (1.3) 
= "-"Dmm' (0-11.- 2, I , COP+ 2) Y,m· (2, V) . 

m' 

Ilo.l(CTaB.1UDI 3TO BbipaxceHHe B <l><>PMYJIY (1.1) H ytJH­
TblBU ypaBHCHHe HeB03M}'IqeHBOH op6BTbI R = 

2 

= a ( 1 
-

3 
) = p (P - q>OK3JlLHhlit napa-

1 +3COSV 1 +3COSV 

Me1p ) , IlOJIY'l8CM JlBHOe BbipaxceHHe CHJIOBOii <I>~ 
neapepH'IHOH DJiaHeTbI qepe3 napaMe,p KeDJiepa: 

JAf. l+l 
v1 == p'+ 1 ( 1 + 3 cosv) x 

(1.4) 
~ '* 7t 7t 1t X "-"/1mDmm' (Q- A, - 2, /,COP+ 2) Yim' ( 2, V) · 
mm' 

,1ln.s1 oceCHMMCTPB'iHOH DJI3HeTLI CHJIOBaJI q>YHKJ.U!JI 
nonyt1aeTcS1 npe m = 0: 

j}J l+ I 
v1 = ::i-11 ( l + 3 cosv) P1 (cos,), r + I o 

cos$= sin/ sin (cop+ v). 

(1.5) 

TaKHM o6pa30M, MLI e1,1pa3HJIH cHnoey10 <pyHKqHIO 
qepe3 xennepoe1,1 31leMeHTbI. 

B HCB03M}'~eHHOM ABH::,CeHBH 3JieMeHTbl a, 3, (Op , 

Q, I IlOCTOSIHHbl. IlpR H8.11lNBH MaJlhIX B03~eHHH 
3TH 3JieMeHTbI Me,[(JICHHO 3BOJIIOqHOHHpYIOT. 
"lTo6ht nonyqHTL AOJironepHoAaqecme tJJieHbI, 
H}'XCHO ocpeAffllTb V no 't, TaK KaK 3JICMeHT 't B He­
B03MYII(eHHOM ABBXCeHBB He IlOCTO.slHCH, a MCIUleTCSI 

JIBHCHHO co BpeMeHeM. 

0,[(HaKO CBJIOBU q>yuKqIDI (1.4) 33BHCHT OT 't He­

OHO qepe3 HCTHHH)'IO aHOMaJIHIO V. Ilo3TOMY MOXC­
HO npoeeCTH ocpeAHeHee no nepHOAY o6p~eHIDI 
cnyrnmca CJieAYIOII(HM o6pa3oM: 

21t 21t d 

(V) = 2
1
7t J V(v)d't = 2

1
7t J V(v) d: dv = 

0 0 
21t 2x 

I J d't dt 1 J dt 
= 27t V(v) dt dv dv = 27t V(v)n dv dv = 

0 0 
2Jt 

n 1 J 2 = -- V(v)r dv = 
Jw,21t O . 

3fl 21t 

= np _l JV(v)(l +3COSV)-
2
dV. 

µ)fl 21t 0 

(1.6) 
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Ilpn Bbl'IBCJieHHH (1.6) Y'fflTbIBaeTCSI HHTerpan IIJIO­

. dv c: 
~~eii r dt = ,-Jµp B ypaBHe.HHe ·HeB03M}'ll\eHHOU 

op6BTb,1, 

BBeAeM B paccMO'IpCHHe <pyHK~IO 3KCL\CHYpHCH­
TeTa (Il. 2) 

21t 

1 J I imv d S,m(3) = 
2

7t ( 1 + .3 COSV) e V = 
0 (1.7) 

l! 1ml lml -/JmlPtx) 2 -l/2 
= 3 X 'x={l - 3) . 

( L + I ml) ! dxl ml ' 

OcpeAJDUI cBJioey10 <p~ (1.4) no <popM}'Jie (1.6), 
no.nrm-M 

./µ,n I 1t 7t 
(V,) = p1- 112 "f/imDmm' (.Q- A. - 2' I, rop + 2) X 

mm' (1.8) 
7t 

x Y1,,., ( 2, 0) S1_ 1,,..,(a) . 

IloACTaBJOOI (1.8) e cecreM}' ypaeHemm (1.2), DBW™, 
'ITO OOJibWasl IIOJIYOCb op6BTbl He 3BOJIIO~OHDpyeT. 

. EcJIH rpaBHT~OHH&IH IlOTeHQHaJI IUia.HeTl»I oceCBM­

MeYpuqeH, TO <popM}'na (1.8) npuo6peTaeT BUA 

/µn . * 7t 
(V1) = p1- 112 ~l20Y,_,,.. (/, roP + 2) X 

(1.9) 
7t 

X Yim' (2,0}S,- l,m'(3). 

B 3TOM CJiy'Iae ypaeHeHWI (1.2) BMelOT BHTerpaJibl 

a = const, Ji -3 
2 
cos/ = const, 

H AJISI aeKOTOpbIX 3Ha'leHBH HHACKca l CHJIOBOH 

q>yHKD;DB MOryT 6&ITb npoHJITerpupouam.1 [ 4 J. 

2. OCPE,UHEHHblE YP ABHEHH~ 
OfPAHHqEHHOH 3A)lA q:0 TPEX TEJI 

B npo6neMe Ypex ren petJL ~eT o6 H3yqeHHH 
ABIDKeHWI K~oro H3 'IpeX Ten T0 , T1, T2 c npoB3-
BOJI:bHbIMH MaccaMH M0 , M 1, M2 , B3aBMHO npBTSirB­
ea10~ APYI' APYI'a u COOTBeTCTBHD c HLIOTOHOB­
CKBM 33KOHOM BCeMHpHOI'O TSII'OTeHWI. ECJIH }Ke OA­
Ha D3 Mace, uaopHMep, M0 liaMHoro 6om,me AP}THX 
(Mo ':?.M1, Mo ~Mv, TO TOI'A3 roeopwr, qyo Mbl HMeeM 
AByxnnaHeTH}'IO 3~aqy UJIH IUiaHeTHblll eapHaHT 33-
A31DI 'IpCX TeJI. 

IlyCTb OXY2 - npj{MOyroJILHWI reOMeYpH'leCKWI 
CBCTeMa K00p;i:(DH3T C Ha1laJIOM B ~eHYpe rena To, 
MOCKOC'l'b XY KOTOpoi COBDaAaeT C IlJIOCKOCThIO 
3KBaropa, oc& OZ eanpaBJieea Ha CeBepH&n\ non10c, 
a oc& OX - B roqKY eeceHBero paimoµ;eHCTBHSI. 06o-
3Ha'lJHM qepe3 r 1 p~eyc-BeKTop Tena T1, a 11epe3 r2 -

p~c-BeKTOp T2. ]:(u<p<pepeHI.1,HaJlbHbIC ypaBHeHHSI 
ABIDKeHBSI TeJI BMeIOT BHA [6] 

Ilop.Rµ;oK cecreMbI (2.1) paBeH 12 u ee 01rrerpu- , 
poeaeue B KBaAPaTax ee npeµ;craBJISI:eTCSI B03MO}K­
HbIM. ECJIH Tenep1, nono~Tb Macey M 1 paseoe uy­
JIIO, a p~uyc-eeKTOp 3T0B IJJiaHCTbl 0003H3'1B'l'b 'tle­
pe3 r, TO Toma JJ:Hq>q>epe~aJILHbie ypasHeHHSI (2.1) 
IlpHHHM3IOT BD):l: 

· (2.2) 

CucreMa (2.2) SIBJIJleTCSI IlOJIYpac~enneHHOH, T3K 
KaK eropoe ypaeeeHHe ue coµ;ep:x<BT r. 3To ypasee­
HHe ODBC&IBaeT ABIDKeHHe B 3aµ;a11e ABYX Ten .H nerKO 
HHTetpBpyeTCSI B KOHC'IHOB q>opMe. l1HblMB C110Ba­
MH, MO}KHO Cl1BT3Tb, 'lTO B nepBOM ypasHeHBH (2.2) 
T2 - B3BCCTHasl <pyHK~ BpeMCHH. 

TaKOB BapHaHT 3~31.IH 1'peX TeJI, B KOTOpoii BMe­
CTQI oµ;ea OOJibWasl Macca B OAH3 uyneBWI Macca, Ha-
3b1BaeTCR orpaHll'leHHoii 3aµ;aqei 'tpex ren. 0Ba 
CJl}')KHT BeCbMa 00):\XO~ei! MOACJiblO A,!UI ODBCa-. 
HHSI ABB:)KeHHSJ B 3~aqax " 3eMJUI-CnyrHHK-IlyHa", 
" Comn~e-K>nure~acrepo~" u T.µ;. · 

XoTII AH<p<f>epe~am.Hble ypaBHCHWI (2.2) HMe­
lOT BeCbMa KOMIIaxTIILffl BHJ(, TeM He MeHee mm o6na­
AaIOT cy~eC'l'BeBHl:,IM eeµ;ocraTKOM. B 3THX ypaBHe­
HRSIX OCBOBHbie qacroTbl 3aµ;a1IB Henocpeµ;CTBeHHO 
He ycMaYpHBalOTCSI, D03TOM}' K HBM HenpHMeHHMa 
3CIIMl1TOTIAeCKasr TeOpHSI HenBHeAHblX KOJie6aumi. 
Il03TOM}' BMeCTO ypaeeemm (2.2) H}')KHO BCDOJib30-
BaTb ypaBHeHHe ( 1.2) µ;ml KennepoB&IX 3JleMeHTOB C 
CBJIOBOH q>yHKqBeH. 

qTOObI CBC'l'eMa .(1.2) B.MeJia Blm MHOroqacroT­
HOA: CHCTeMbl, eeo6xo.QHMO CH3'1aJia Bb1p33HTb cuno­
BYIO <pyHicI.1,HJO (2.3) qepe3 3neMeHTb1 KeIJJiepa. Ilo-· 
Jl}"ICHBe 3TOI"O Bb1p8.}1Ce1UUI .RBJISieTQI OAHOB B3 Hall-
6onee TPYAOeMICHX 3aµ;aq 1eanHTH'leCKOB ue6eceo:A 
MeXaHBKH. HcnOJib30B3HR ~ annapaTa .BenpHBOAH­
MJ,JX TeH30poB 3H3'1BTeJibHl 06ner11aeT 31')' 3aµ;aqy. 
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0oo3H8'1HM .:iepe3 9 yron MCllCJO' Parol}'C8MB-BCK­
.; ropaMB cnyrHBu e B03My~aJO~ero TeJia. To~a 
: paJJiaru VB PJIA no CTeUCffll:M OTHomeRIIJI r/r2 H 

· OT6paCLIB3'1 npa STOM 'IJiee. He 38BBCJIJI(HA OT Koop­
> ABBaT cnymmca, Mid nonyqBM npu r < r2 

t Hcno.111,3ya npeo6pa3oaaeue (1.3) AJIJI cnynnnca T 
'!.a B03~aJOil\ero Tena T2 H y.:iaTLIBaa, "ITO Bee­
;:B03My~eeeoM ABH.XCCHBH r = P/1 + 3C0SV, r2 = 
~ = p ,/1 + 3zC0SVz, DOJIY':IHM OKOH"l8TeJlbROe Bblpuce­

:BBC 'CBJIOBOA <l>YH~ 11epe3 KemrepOBLI 3JleMeH­
·''.Tld Ten Te T2: 

V=fM2 L, 
I= 2.1/, S,S' (2.4) 

_, yj l+l 
x (1 +a cosv) (r IP2 ) x 

1 1 1t 1t '* 1t 1t .. xvq., (0- 2, I, roP + 2) Dq.,· (02 - 2, lz, ro
2 
+ 2) x 

: . 
7t 7t 

X Yi,(2, V) ~. (2, V2). 

IlOACTaBJIJIJI (2.4) B npasyio 'laCTb ypaseeem\ (1.2) 
. eCTO (j>yu~ V, MLI BJWIM, "ITO CBCTCMa (1.2) 

CTCJI A8}'X"l3CTOTH0D. OcpeARHM CHJIOBYJO 
ifflv1~11rusn (2.4) no cpeAHHM noJiroraM: 

2,c2,c 

(V) = ~ J J Vd-i;d,:2 • 

41t O 0 

(2.5~ 

: aDJ1 npo~eJO'l)a ocpeAHCRIIJI 61,ma eneps1,1e npeA­
. e:>xceea rayccoM, nosroMy B JIBTepa-rype oea 11acro 

·.' ldBaCTCJI CXCMOA ocpCJl;HCHU raycca. 

i OcpeijlWI (2.4) no cxeMe (2.5) nonyqBM 

B tj>opwyne (2.6) DpllHJITO BO BHBM8BHC, 11TO 
{CM. {Il. 3)) 

21l } J -(1+1) ilftV 
T1,,. = 21t (1 +scosv) . e dv = 

0 

_ (I+ m) ! ('I - m) ! 21 + 1 S ( ) . 
- II X 1,,.x • . 

2 - 1/l 
x=(l-s) . 

(2.7) 

'llopMyna (2.6) IIpeACT8BJIJICT cooot ocpeAHCHHYJO 
CIIJJOBylO (j}YBJCI.llllO B OO~eM C11}"13C OI'paHR"ICHHOi 
38.Q8"'111 'IJ>CX TeJI. tJaCl'Hhle CJl}":laH 3TOA ~a• npe­
BOAff X ee ynpo~eHHIO. Ta14 CCJIH B03~JO~ee Te­

JIO ABIDICCTCJI B nJIOCKOCTH soaropa /2 = 0, TO 

21-1 I+ J 1t \ 
F,'I = (X2 I a'l ) Y,q ( 2' 0) s,-1.t<Xv, (2.8) 

Ee.rm IC TOMY xce 1P8CKTOpHJI B03~al0ll\Cro TeJia 
Kpyrosaa (orpaHJllleBHu KpyroB8JI 33Aa11a 'IJ>CX 
Ten); TO X2 = l, S,- 1.q{X = 1) = l>q0 H ocpeAHCHIWl CB­
HOB8JI tp~ 6yACT HMCTb B~ 

(V) = 'M ~ (-l)' (21-1) !! ( 211 21+1) x 
,, 2 k (21) !! a az 

,., 2, s 

1t 7t - (41+3) x Y212sU, ro, + 2) Y2125 (
2

, 0) T21 _ 1, 2s(x)x . 

YpaBHCHBJI ocpe)'{ReBHbJX ABIDICe.eBA: DOJI}"laJOT­
CJI DOACTa.HOBKOB CHJIOBOi tp~ B CBCTeMY (1.2). 
Mo.xcHo noKa3aTL [6], 11TO B cnyqae orpaHJllleHHoA 
icpyroaoi 381{8'111 CBCTeMa ypaBHCBJm (1.2) HHTerpH­
pyeMa B XB3AJ)81'yp8X. 

3. J:{BIDKEHHE CilYTHHKA 
OTHOCHTEJII,HO QEHTPA MACC 

B rPABHTA:QHOHHOM H M.ArHHTHOM 
non.six 3EMJIH 

ECJIB. yqBTl,JB8Tb TOJILICO DOTCJUU18JILBL1C CO­

CTaeJIJIJO~C MOMeBTa BHeJDHBX CDJI, ACiC'I'BYJOIJUIX 
Ha cnynuuc B rpaeHT~OBHOM B MarmrrBOM 001U.IX 
3eMJIB, TO CDJIOB3'1 tp)'JIICQIDI. nopoxc,naIO~aJI 3TB 
MOMCBTbl, MO.XCeT 6bJTL IlpeACTaBJICHa e B~e 

1

V=JM ~ (12 • Y/R)) + 
(3.1) 

+ (ID'l1 · H1) + A (.82 · {H1@ Hi} 2>. 

B (3.1) nepBbui 'IJICH OIIHC!d88CT CIIJ10BYJO (j>yu~JO 
MOMCHTOB rpaBBT~OIIHb.lX CIIJJ, eropoft - MOMCH­
TOB MarHHTHLIX CIIJJ, Bb1388HBbJX MarHBTHldM DOJICM 

3eMJIB B IlOCl'OJDIIIOB HaM81'BH11CBHOCTblO IDi1 cnyr­
RIIICa, B, }18KOBe~. TPCTHB 'IJICH OIIBCLIB8CT CHJIOBYJO 
(j>~JO ManurrHWX MOMCHTOB, OOYCJIOBJICBBbJX 
HaMarHB"IBBaHBCM OOOnO'DCB cnyrD1C3 M8I'HllTHLIM 
noneM 3eMnu. 

ACTPOHOMHlffiCK.HH )KYI>HAJI TOM 72 1i 4 1995 



600 YPMAH 

I1pe~onaraera1, qro Matmrr:Hoe none 3eMJIH H 
C03A8eTC$1 ManmTRl,IM AfflJOJieM. llOJIO>Kemre KOTOpo­
ro B o6~eM cnrI3e He COB~aeT C HaIIpaBJieHBeM OCH 
Bp~emm nnauen,1. Ero aH3.1JHTH'lecx:oe BLipIDKeHBe 
l.lepe3 aenpHBO.I{BMl,IB TeH3op BLip~e'rol q>opM)'noe: 

(3.2) 

r)1e m1 - e,QHHH'IHl,IH BCKTOp HanpaBJieHIDJ OCH Mar­

HHTHOro ~OJ'IJI 3eMJIB, ~ - e,QHHB11Hhdi BeKTOp no 
HaJipaBJieHmO paAHYC-BeKTOpa R op6BT1>1, µE - BeJIH­
'IHHa Manurmoro MOMeHTa 3eMHOI'0 AmIOIDI (µE -
~ 8 X 1025 3 CM3). I1oJIO>KeHHe ,QHilOIDI onpe,QeJISleTC.SI 

2 

KOOpAHHaTaMH <Po= 11.7°, Ao= -69.6°, H0 = :E ""' 
3 

= 30824-y(ly= 10-5 3), R3 -p,muyc 3eMJIB. 

HcnoJib3Y.SI q>OPMYJILI cxeMLI CB.Sl3B Henpe:so11e­
MLIX TCB30poB [71, npeµ;ciaBBM TeH30p {H1 $ H1 h B 
CJieµ;y10~eM sime: 

{2µi[ " 1 · 
{H1 EBH1} 2 = ~36 Yz(R)+ 5Yz(m)+ 

R (3.3) 

+ fl { Yz(m) $ Yi{ft.)} 2 + 554 ft { Yz(Dl) $ Yift.)} 2]. 
I1oµ;CTaBJISUI (3.2) 11 (3.3) s BbipIDKeHHe (3.1 ), HaH­

,QeM HHBapBaHTHYIO q>OpM)' CHJIOBOA <l>YHK~B, B KO­
TOpoH TeH30pbI /2, an, ' 22 xapaKTepH3YI0T CBOHCTBa 

rena CnyTHBKa, TeH3op1,1 Y /..R)- rroJio>KeHHe ~eHTpa 

Mace CnyTHHKa, TeH30pbI Y /.. m) - DOJIO>KeHBe Mar­
HHTHoro )J;HDOJI.SI 3eMJie. KaK 6yµ;eT BJmHO B ,I{aJll,­

HeiimeM, TaKoe npe)1CT3BJieHHe CHJIOBOB q>yHK~HB 
3BatJBTeJibHO ooneMaeT onepa~IO ocpeµ;HeHIDI'. npH 
nony'leHBH ocpe,QHeHHbIX ypaBHeHHH. 

3aµ;aqa O B03~eHHbIX ABB)KeHIDIX Ctl)'THHKa 
OTHOCBTeJibHO ~eH1'p3 Mace B rp3BBT~OHHOM B 
MarHHTHOM nom1x 3eMJIB paCCM3TJ)BBaJI3Cb B paoo­
Tax [3, 8) ·npe cneµ;y10~ npe.Qnono>KeHID1x: cnyr­
HHK ~aMHtleCKH CRMMeTJ)H'leH, HaMarHH'leHHOCTb 
HanpaBJieHa no OCH AHHaMH'leCKOH CHMMCTJ)BH Cil}'T­
HHKa, 0601IO'IKa CnyTHUKa HaMarHH'tfflBaeTC.SI BAOJib 
CBOeH OCH CBMMeTJ)BH. B HaweM AaJibHeiiweM pac­
CMOTJ)emm Mbl He 6yAeM npHHHMaTb BbmOJIHeHHbI­
MH see 3TH ycnosIDI. 

Bbip33HM CHJIOBYJO q>~ qepe3 q>330Bble ne­
peMeHHhie po-ra.qeoHHoro Bp~eHIDI cnynmKa s nepa­
reboA CHcreMe KOOPABH3T, 33 KOTOp1>1e npBMeM [3] 
MOAYJib BeKTopa KBHeTH'leCKOro MOMeHTil K H yt'Jibl 

p H (1, xapaKTepB3YJOIIJ;J)e IlOJIO~eHBe BeKTOpa KH­
HeTB1teCKOro MOMeHTa OTHOCBTe1IbHO nepHreHHOH 
CBCTeMbl KOOpAHHaT. I1oJJO}l(eHHe Tena OTHOCB­
TeJibHO CIICTeMbl KOOpAHHaT, CBS133HHOA C BeKTOpOM 
KBHeTH'lecKoro MOMeHTa, 6y.QeM onpeACJJffb yrJia­
MH 3iblep.a a, J3, y. 

TaK KaK TeH30pLI /2' wi.' 22 CB113aHbl C TeJIOM 
cnyrHBKa, To, npeo6pa3ysr ux s nepHreihry10 cacre­
MY KoopAHBaT, nonyqaeM 

V = JMR-
3
IIr,,Y2m(R)D!q(o, p, O)D!n<a, 13, y) + 
11mq 

(3.4) 
11mq 

+ MI.8211 {H1 $ H1} 2mD!q(cr, p, O)D;q(a, ~. y). 
nmq 

B nan&HeAweM 6yn~M cl.lBTaTb, qro pe3oauc­
HL1e COOTHOUieHWI MeQy "13CTOT8MH 33}.'(a11H OTC}'T­

CTByIOT. Torµ;a CHJIOBYIO cpyH~HIO MO)KJIO He3aBH­
CHMO ocpe.I{WITb no CBOOOAHOMY ABWKeHHIO 3i­
nepa-I1yaaco, no ABIDKeHHIO u;eHTpa Mace CII}'THBKa 
e no Bpa~aTeJihHOM}' ABR)KeHHIO 3eMJIB. 

I1poBOµ;.SI nepBOe ocpe,QHeHHe, KaK llOK338HO B 
[9, 10) cuat1ana no a, a nOTOM no 3aMKH}'TblM -rpaeK­
TOPIDIM BeKTOpa KHHeTB\feCKOI"O MOMeHTa B TeJie­
IlOJIO_AWIX, DOJiy11aeM 

(V) = : 3Nr (Yi(k) · Yi{.R)) + Nan(Y1(k) · H
1

) + 
(3.5) 

~ 

n.e k - enHHH'lHl,IH BeKTOp KHHeTB1teCKOI"0 MOMeH-
Ta. 

II 

NIDi = IIDi7,,.v!11· C01) (r, -n<l3, y)); (3.6) 
nn' 

BenH'lBHb1 (Y,nCf3, y)) e1,111ucneHLI s [10]; 0 1 u ~ on­
peneJ'IJIIOT COBOKymtOCT& yrnos, xapaKrepe3yto~ 
IlOJIO}l(eHHe HaMarBl{t{eHHOCTH H TeH30pa IlOIDlpH33-
IJ;HH OTHOCHTeJibHO CHCTeMhl KOOPABHaT, CB113aHHOH 
C rJiaBHblMH MOMewraMH HHepQHH cnyramca. EcJIH 
/1 =/2 = /3, TO 

Nr = (/1 - / 3) Picosf3) ; 

Nan= cosf30LID'l~11• r, _,,.(!l); 
11' 

(3.7) 

N £ = Pi{cos~0) I,E;n. Y2 _,,.(02), 

n' 

r.i:.e 130 - Ha1taJihHhIH yron uyTa~. 
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IlpoeeAeM Tenepb ocpeAHeaue no neu'.)((eemo 
qeH'I'pa Mace cnynmxa B, KpoMe roro, ocpe.QHBM 
e~e MarffBTHYIO 3Hepnno no Bp~eHBIO 3eMJJH. 
Ilpu ocpeAHeHHB no ABWKeumo QeHTpa Mace uc­
nonLlyeM q>opM}'ny 

2 3'2 

(R-1Y1,,. ( ;. v)) = ( l -
3 

1
) S1-2mY1m ( ;. 0). (3.8) 

. np , 

AJISI ocpenueBIDI cliJIOBOH <l>YHK~B no ep~em110 
3eMnH npeo6pa3yeN Teu3op1,1 Yi( m) (l = 1, 2) B nepu­
reu1:1y10 CHCTCM}' KOOPAHH8T. IloCJie npeo6pa30Ba­
HWI nonyqaeM 

,,.. (3.9) 
l 1t 1t 

X D,,,. m (Q - 1.' /, CJ.lp + 1.), 

r,:(e t}-o, ~ - c<f>epB'ICCKBe yr111,1 DOJIO'.)((CHWI MarHHT­
HOI'O AHilOIDI B CHCTeMe KOOp;r(HHaT, CDS13aHHOH C 
3eMnei; ). = O>Jt. 
OcpeAWUI Bb1p8'.)((eHHe (3.9) no A, 6)'AeM HMeT1, 

A 7t 
(Y,m(m)} = P,(cost}-0)Y1,,.(/,roP+ 2) . (3.10) 

· 06~ee e1,1p8'.)((eHHe ocpeA}leBHoA q>yHKQBB HMeeT 
B~ 

(V) = l/2(k, Ak) + (Ak), (3.11) 

· · r]:{e A - CHMMe'I'pH'IHaSI Ma'I'pBQa aiJ u A(a1, a2 , a3) -
ocpeW{eHHblH BCKTOp MaI'HBTHOro IlOJISI 3eMnH: 

2 312 

(l -3 ) 
a,1 = -a22 = 3NE n X 

x H~[ S4z(l - P2(cos~0)Plcosl))­

-1Pz<cos~0)sin2/ cos2ro,(2S40 +9S44) J. 
'·3n 

2 
3 (1 - 3 ) 

033 = ----X 
n 

x [NE H~ { S 40(3 Pi( cos t}-o) ( P z( cos/) - 1) ) + 

+ 4 S42Pz(cost}-0)sin
2

/ cos2ro,,} -Nr J. (3.12) 

2 312 
3 (1- 3 ) 

a12 = 4 n X 
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2 312 
3(1-3) 

a13 = 2 n x 

x H~N E sin/ cos/Pz(cost}-o)sinroP (S40 + 3S42), 

2 3'2 
3 (1-3 ) 

a23 = 2 n x 

x H~N E Pi( cos t}-o) sin / cos I cos ro P ( S 40 + 3S 42)"; 

2 3'2 
1(1-3) · .. _ 

a1 = 2 n H0N f/Jl cos~0 sm/ smro,, 

2 3f2 
1(1-3) . 

a2 = 2 n He/VJ.IR. cost}-0 sm/ cosroP, (3.13) 

3 2 1 2 
S42 = 23 + 43 ' 

1 4 

S44 = 163 

OcpeAHeHHaSI CBJIOBaSI q>yHKL\IDI (V) npeACTaBJIJl­
eT co6ofl Cy.MM}' ;r(Byx OAHOpoAHbIX MHOI'O'I.JleROB 
nepBOH B BTopoi CTeneHH, 3aBHC.R~ OT npoe~ . 
CAHHB'IHOfO BCKTopa KHHeT.H'teCKOI'O MOMeHTa k Ra 
ocu nepu:reiiHOCTB cucreM1>I KoOpAHHaT. Kosq>q>B­
~eHTbI 3TBX MHOI'O'lJieHOB 38BHC.Sl'r OT 3JICMCBT0B 
op6HThI /, O>p, 3, yrna t}-0 , onpeAeJISIIO~ero nono.z:e­
HHe Manmmoro ,-HDOJI.SI OTHOCBTeJibHO OCH Bp~e­
HIDI 3eMJIB., napaMe-rpos, xapaKrepB3yIO~ BHep­
~OHHble u· MarHB.TBble xapaKTepHCTBKB TCJ1a, a 
TaK.>Ke ea'lanbHbJX yCJioBmi. 

POTal(BOHBoe spall\CHBC cnymmca B nepBOM 
np116JIIDKCHBB 6yAeT ODHCbIBaTl>CJI ypaBReRBeM 

K0k' = [k, :k (V)] = [k, A] + [k, Ak]. (3.14) 

3AeCb "IIITPHX" 03Ha'laeT wi<t><f>epee~oBaHHe no 
HCTHHHOi aHOManHB. He BbI3bIBaeT TPYAa }"lecTl:t B 
ypaeeeHBJ.1 (3.14) BJiwume 3BOnlOL\BB op6BTbt. Bse­
AeM seKTOp B a6comoTHoH yrnoeoi cKopocm op6B­
Tbl cnynm:Ka, TOrAa BJIIDIHBe 3BOJIIOL\BB op6BT1d 
CK.8'.)((eTCSI Ha A06aBJieHHJI K CHJIOBOi <f>ye11,ee (3.11) 
qneea (kB) HJIB K npasoit tJaCTB (3.14) 'IJiesa [k, BJ. 

YpaeHeHHe (3.14) BMeeT mrrerpaJlbl 

ki + k~ + ki = 1; (V) + (kB) = V0 , (3.15) 

onpeAeJI.SllO~e nepeMell\eHHe seKTopa KBHeTIPlec­
Koro MOMeHTa CnyrHHKa no cq>epe K = Ko, B MO:Z:C1' 
6bITb CBeAeHO K KB~parypaM aHaJIOMAHO pa6oTe 
B. BoJibTeppa [11). 
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PaCCMO'I'pBM Bp~eHBe SD8TOpHaJII..HOro cnyr­
HHJCa (/ = 0). Ilonaru: B q>opwynax (3.12) yron Ha­
uoaa / = 0, DOJJyqHM 

( 1 2 2 2 -
V) = 2 [au (k1 -k2) +a33k3] +a3k3 .. 

2 3/2 
9 (1 - 3 ) 2 • 

au = 2.NE n Hosm~oS•2• 

2 3'2 
3 (1-3 ) 

a33 = 2 n x 

2 2 x £N2 S40B 0 (9cos ~
0
-5) -2Nr], (3.16) 

2 3n 
_ (1 - 3 ) 
a3 = -NYJ!l n H0cos~ + b3• 

ECJIB CtUITSTI.., qro 3KC~eH'I'pHCBTeT op6BTbI Man, H 

npeae6peq1, llJteHaMH, COACP~ MHOXCHTeJIH 3 2 

u 3 4 (S42 = 0, S40 = 1), TO Ml.I npHXOABM K TaKOM}' pe-
3YJILTaTY [8]: BeKTOp KBHeTB'tCCKOro MOMeHTa 3K­
BaTopB8JJI..HOro cnynmxa DOA AeAC'I'BBeM COCTaBJIJI­
IO~ rpas~oHHoro H MaI'HBTHOro MOMeHTOB, 
OCT8JUUICL DOCTO.sJBHl:,IM no BCJJH'IBJle, pasHOMepRo 
(110 BCTHBHOit aHOMaJIBB) Bp~aeTCJI BOKpyr uopMa­
JIH K DJJOCKOCTH CBoei op6BT1,I ea DOCTOJIHHOM yrno­
BOM paCCTOj[HBB OT 3TOA OJIOCICOCTH C yrnoBOA CKO-

poCTI..IO CT= Ko'<a33k3 + a3). Tuoi .xc:e pelyJILT3T 

nonyqaeTCSI npu ~ = 0. Ecnu X<:e MaJJOCTJ..JO 3xc~eHT­
pacBTeTa op6HT1..1 npeue6peq1, HeJIL3SI, To 'I'p3eKTO­
pBB ASK.>K:emm BeKTOpa KHHeTll'lecKoro MOMeHTa yc­
JIO)ICWl)()TCSI. BeKTOp KBHeTIAecKOro MOMeHTa ASH­

.XC:CTQI BAOJII> JJHHBB nepece11emm nosepxaocm (3.16) 
H cq>ep&I CAHHH'IHOro paAuyca. . 

B OOIQeM cnyqae / = 0 1'p3eKTOpHB KOHI~a BeK­
ropa K MO)ICBO CTpoHTJ.., BCDOJU,3yg HHTerpaJI (3.11). 

MLI IIOJl}'qeJIH 3BOJIIO~OHHLie ypasHeHWI B cny­
qae, Ko~a MOMeHTJ:,t B11ep~_cnyr11111,a / 1 * /2 * /3. He 
B&I3MBaeT TPYA8 UOJl}'llB'l'L 3BOJIIO~OHBLie ypasHe­
HHSI AJlJI CJIY'IU:, KO~a MOMCHTJ,J HHep~ cnynmKa 
fAOBJieTBOpmoT YCJIOBIDIM I, = 12 = /3. ):.{ml 31'()1"() lfaAO 
B q>opMyne (3.4) npo:eeCTB ocpeAHeHBe ronLKO no a. 
OcpeAHCHBe .xc:e no ABIDKCHHJO ~empa Mace cnynmn 
D BpauteHHJO 3eMJIB ocraeTa 6e3 B3Meaemm. 

Pa6oTa BLIDOJJBeHa npB q>HH8.HC0BOH IlOAAep.>K:Ke 
Poccmicxoro <l><>H.Qa q>yimaMeHTaJJ&HblX :e:CCJieAoBa­
HBA (KOA npoexTa 94-01-00918-a). 

IlPHJIO)KEHHE 
OnpeAeneHHe cpy~ ax~eH'I'puc:e:1era Stnt u T Int· 

PaCCMO'I'pHM BHTerpaJILHOe npeACT3BJJCHBe cq>e­
. puqecxou cpyax~ [7] 

.ni 

Y1111 = 2~l!J(l+m)!(l-m)!X 

2,r 

x f [ cos9 + isin8 cos'lf] '/111
• d'lf = 

0 

t" 
= Z1tlf J (l + m) I (l-m) ! cosLex (Il.l) 

2it 

X J [1 +itg8COS'1fl 1
/"'

111d'lf. 
0 

CAenaeM B BIITerpaJie cne~IOll(yIO 3aMeuy 

2 -1/2 
itg8 =a, cos8 = x = (1- 3 ) ; 

\!l=V, 

TO~a (Il. 1) 6yAeT 

"" 

. 8 1 
Sl0 = -;3X, 

l 

Y,111(x, 0) = 
2

~l! J (l + m) ! (l-m) !x1 X · 

21t 

I I imv x (1 +acosv) e dv, 
0 

2Jt 

S 1 J l imv ,,,, = 27t (1 +scosv) e dv = 
0 

' ,, 
= . f'"x-1Y

1111
(x, 0) = 

./(l+m)!(l-m)! · · 

l! 1ml 1ml _,Jml P,(x) 
= 3 X 

(l + 1ml) ! dxlml 

(Il.2)" 

AHanomqao, :e:cnon1,3yg Apyroe npe1lCTasJieHBe 
ccpepB'lecxoii <PYHKI.lBB [7] 

Y 
(-i)"' [! 

I=-- X 
. ,. 21t JU+m)! (l-m)! 

21t 

X J [cos8+isin8cos'lf]-Cl+l)e'111•d'1', 
0 

6fAeMBMCTL 

21t 

T 1 J -(l+I) imv 
1,,, = 21t (1 + 3 cosv) e dv = 

0 

. .11111 
(l- lml) ! 1ml t+ 1 + 11111 a P1 (x) 

= [I 3 X 1ml 
· dx 

CpasHHBU (ll. 2) D (Il. 3) BRAHM, 'ITC> 

(Il.3) 

( l + m) ! (/ - m) ! 2 -Cl+ •m 
T,,ix) = 2 ( 1 - s ) S1,,,(x). 

(/!) 
Ilpa m = 0 HMeeM 

S 
_, 

10 = x P!.x); T l+I ) 
10 = x P/.x. 
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The Application of the Method of Irreducible Tensors 
to Celestial Mechanics Problems 

Yu. M. Urman 

The efficiency of using the mathematical fonnalism of irreducible temors in celestial mechanics problems wu 
shown. The method is exemplified by the transformation of the force function to osculating variables and by 
the derivation of the averaged equations in the problems of the satellite's motion in the gravitational field of a 
spherical planet, in.the three-body problem, and in the problems of the satellite's motion relative to the center 
of mus in the Earth's gravitational and magnetic fields. 
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IlocryJil!1la B peJtUllRJO 21 .11.94 r. 

PaCCM8TpBB8.IOTCX BOnpoCbl BLl'DICJleHHB 3cpeMepB,1VD,lX AaHHbDC ,t\JIJI IlpOBeACHIDI <l><>roMC'fPH'ICCKIIX Ha-
6JIIOACHHI B3aJIMHl>IX noxpi.rrd B 3anteHJD\ B CBCTeMe cnynnucoe CaTYJ)Ha B 1995 - 1996 rr. 3cpeMCpll,tU>l 
JIBJICHBit, ony6JUIKOBaHHLJe paaee. OIC83WB81<1l'C1 HCAOCf8TO'UD,1MB ,IVIJI DJ1aHHp08aHHJl Ha6nio~ud. 
IlpHBO~CSI npocn.1e <J,opMyJIJ,f ,!VI.It ODpCACJICHIDI ~a cyMMapHOA CBeTHMOCTH napi.1 cnynuucoB BO 
epeMJJ noq,i.1nu HJIB 3aTMeHHH no ony6.1111JtOB8J1HhlM pauee sct,eMep~HblM A8.HHJ,JM. I1olC33aHO, 11TO OT­
Aeru.m.1e npeACKa38HHJ,JC B33HMHl,IC JIBJICHBJI B CHCl'eMC CJIYTHl[KOB CaTypHa o6JI~8.IOT oco6eHHOC'NIMH, 
BL13b1B8~ HenpHMCHJOIOCTlt 061,J'{Hl,IX MeTOA()B acrpoMeTplACCICOH HHrepnpenu.um <l><>roMC'fPH­
'ICCKHX AaHJlhIX.. 

K~b1e 14 JieT sacrynaeT nepeo;o:, xo~a ~CKB 
rJiaBHldX CIJYl'HBKOB CaTYPBa npu uaomo;o:elDIJIX c 
3eMJIB MOryT HaJiara11>91 AJ)yr Ha AJ)yra BJIB 0~ 
cnynmx. Moxc:eT uou~aTh e TeHb AJ)yroro. CeMi. 
CII}'TBIIXOB C03A8IOT OKOJIO TPCXCO'r T3JCJIX JIBJICHd 
B Te11CHBe 11 Meatr(CB. Ha6mo;o:eHIDI 3TBX pe;o:KBX 
COOLl'I'BB ymot8.Jlldfbl no TO'IHOCTB B BB<l>OpMaTBB­
HOCTB. 3<l>eMep~b1 B38BMllblX DOKpbl'.l'B:i H 38TMe­
Bd AJIJI 011epe~oil: 3DOXB JIBJICHJm B 1995 - 1996 rr. 
Bb11111CJICHhl B A&yx HaY'181>IX ~CB'IJ>8X Ha OCHOBe p83-
J1B11H.bJX reopd u ony611BK0B8Bbl AJIJI BCIJOJD.,3()Ba­
mm Ha o6cepsaropnx [1 , 2]. B cwry orp&HB11eHBOCTB 
o6aeMa craret HCKOTOp&IC p;amllde, HCOOXOAJD(ble 

AJ1J1 nposeiteHBJ1 ua6mo,:teed, 6&1JIB o~em,1. P~ 
BUCBblX ceoiiCTB ,m.nemm, cne~<j>B:qecmx AJIJI cnyr­

_ RBXOB CaTYPHa, He 61,m OIIBcaH B yDOMR:RY'"»IX paoo-
TaX. Qem,io aa~e:A: craThll DJIJieTCH aocnoJJBe­
HHe 3TOI'O 11ep;ocram B ouy6moc0Bamu,IX ;D;aHH&IX. 

,n.n. DOAOO'f()BKB 1t <j>oTOMeTpB:qecKHM Ha6mo1(e­
HBJIM B33BMHbIX DOKpMTBi B 33TMCHd CIJYTBBKOB 
oiiem, saxcHo 3apauee 3Han. MaJCCHMaJll,HhlH npeA­
CKa3aHHblii en~ o6~eA CBCTBMOCTB 1(Byx cuyTRB­
ICOB, yq:aCTByio~ B JIBJICBBB, Bldp8}Ite8BbIA B 3Be-
3;o:Hb1X BCJIH1111B8X. 0rMe'l810T IlOJI.HhlC noKpldT'Wl, 

KOQa B~ii C 3eMJJB AJICK OAJIOro CII}'THIIX8 
DOJIBOCThlO oop;epllCBTCSI B A)ICKC AJ)yroro, He3aBHCB­
MO OT roro, me pacnoJioxc:eH MenomA no pa3wepy 
cnyrmuc - cne~ BJJB C3~H OOJiblllero. Ilpu uc­
TH11HbIX DOKphlTmlX B~le A)ICICB Cll}'THJIKOB 
Jimm. 'laCTINHO nepeq>blBalOTCSI. AHan:onrmo p83-

~a.JOT nonm.re 33TMCHB.S[, xo~a o~ cnyt."BI« 
DOJIHOC'l'hlO COAepXCBTC11 B TCHH Apyroro, B 'l8CTIA­

HblC - B cnyqao: qacnrmoro norpyxc:emm CIJ}'TBB1'8 
a Tetlh. tf T06w noAJ)OCSuee OllllcaTh 3TB CJIY11aB, o6o-
3Ha11BM -.:repel r 1 p~ UTBBHoro cuyrmuta (no-

xp1,1saio~ero HJlll 3aTMeBa10~ero ), a 11epe3 r2 -

P3AlfYC naCCHBuoro (D0Kpb1B8CMOro HJIH 38TMCBae­
MOl'O) cnynmxa. B upo~ecce COJIBXCCHBSI B~ C 
3eMJIJI ~CICOB CJIYTHIIXOB ex ~CH'l'pbl pacno.11ara10T­
CJI Ha BCICOTOpoM yrJIOBOM paccro.flHIDI AJ)yr OT 
p;pyra, KOTOpoe 0003H811BM 11epe3 d. A.HanOITIHO 
qepe3 d MOllCIIO 0003H8'1H'rb yrJIOBOC paccroJIHBe OT 
~CHTJ)8 38TMCB3CMOl'O cnymHD J:tO OCH TCHB 3aTMC-~ 
BaJO~ero Cil)'TBBKa B npep;noJiozeHBB, 11TO ro-qica 
aa6JIJOACHBJI OOBll~aeT c CoJI~M. 

BBe1(CM HCKOTOpwe ynpo~eHBSI B MOl(CJib JIBJie­
mdt, HC~eC'fBeHHhie DpB 81:,('qJICJICHBB 3<f>eMep~. 
npe1{11a3H3'1CHHldX AIDI DpOBCACHIDI aa6n10p;eBIIA. 
B~eM DOJiaran., 'ITO DOJIYreHb OT aJYTHBX8 OTCfl'• 
CTBYCT, a TCBh BMeeT ~eaty10 <j>opM)'. Ilpe­
He6peJKeM a<l>q>exroM <j>a:3bI, TO ecTh ywem,meHHCM 
ICOJIB1lecrBa CBCT3 OT cnyramca, npRXo~ero Ha · 
3eMJIJO, 3a C11eT roro, 'iTO ~ ocse~eH Co.ne:­
~M BCMBOl'O c6otey B Mhl B~ 11aCThHeocseIQeBHO­
ro ~CKa cnyramca. ,llonycTBM T3.ICICe, 1ITO BO BpeMJI 

38TMCHBSI OAJIOl'O cnymmca Jq)yrBM BX ~cm. BHAB­
M&Ie c 3eMJiu, He nepeq>MBaK>TC,1. Ilpep;nonoXCRM, 
'iTO cnynmm mapoo6p33HW, a BX CBeTOOiputa­
TemtB1>1e CBOBCTBa p8BBOMCpHLI 110 IIOBepXHOCTH. 
IlpeueopexceM nuace aq,<l>eKTOM ~<l>paianm cse-ra. 

PaCCMaTpBBaeMhle 3Aec& BBAJIMJ>le yrJioB&Ie pac. 
Cl'OJIHWI B yrJIOBbIC pa3Mepbl arynmKOB OI'BOarTCSI IC 

pa3JDl'IHWM TO'I.KaM 3J>CBlm. B cnyqux B3aBMBblX no­
xpldTllii: Ha6nJOAareJii. pacuo.noxceH Ha 3eMJie (B reo­
~mpe ), a a CJIY11UX B33BMHblX 3aTMeHBii eepmHBa 
B3MepSlCMhIX yr110B JIC>DIT B ~CR'I'pC Co~ 

IloacOJILicy B paCCMa'J'PHBaeMIJX mace <l><>PMYn~ 
pa;o:HyCbl aJ}'THllltOB H paccroJIHU MC.QY BX ~em-pa­
MR . q>:arypBpyJOT B BJ!AC OTHOIDCBD, TO M0}.1[11() 
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OCOBEHHOCTH B3AHMHb1X IlOKPbITHH 11 3A TMEHHH 60S 

6paTb ux yr11osble BUAHM&Ie P&AH}'CbI H paccrog­
HIDI, Tait B JIBHeBHble HX B3MCpe1DU1. 

y CJIOBU UOJIHOro B 'laCTB'IBoro onemm ODBCbl­

BaJOTal cne~IO~ uepaaeaCTBaMH: 

d ~ Ir, - r21- noJ1Hoe mmeBBe, 

Ir 1 - r 21 < d < r 1 + r 2 - 'IaCTB'lHoe JIBJieHHe. 

B crane [l] AM Kuc,noro npensb1qacneHRoro one­
HHJI npBBOJU!TC.R BCJIB'IHHa F - Tax Ha3blBaCMU rny-
6ma co6&11"U, onpeAeMeMU no <j>opMyne 

d 
F=l---. 

r1 +r2 

y CJIOBBC DOnHOro JIBJICHWI AJI.R 3anam1oi rny6a­
Hbl co6bl'I"mt F e1,1paxcaeTCJ1 CJICAYJOUUIM o6p830M: 

F'?:.F1, (1) 

r 1 + r 2 - Ir 1 - r 21 
F, = -----­

r1 +rz 

B cnyqae '18CTB'IHOro eJieHHJI 

r1 + r2 -- lr1 - 721 O<F< . 
r1 + 72 

(2) 

EcnB laAaua sen.B'IBHa F, TO yrnosoe paccromme 
Mexc,zy ~eHTpaMH CnyrHBKOB d MOJKHO HakrB B3 co­
OTHOWCHJDI 

d = (r1 + r 2)(1 - F). (3) 

IlpB B3811MHblX 38TMCHBJIX R DOKpbITWIX cnynm­
~OB 'lacTl> ,J:{BCJCa naCCBBHOl'O CII}'THHXa He B3Jly'laeT 
CBeT Ha 3eMJIIO, nonlO KOJIH'ICCTBa CBCTa, DpBXOAJI· 
~ero OT naccmmoro cnymexa so Bpewt enemm, no 
OTHOWCHBIO K KOJlll'leCTBY CBCTa OT 3TOro cnynmxa 
&He .uneHHJI 06ooHa1111M '1epe3 k2• B CJI}"lae 11acmq­

uoro JIBJICHWI ti MOXCHO Bbl'IHCJIBTb no <j>opyYne 

[ 
2 J 1 r 1 hd 

k2=l-- -m+,n--
7t 2 "t" I ;""2 2 ' 

r2 r2 

h = 2
1
dJ2crcr! + r~ -d' - (r~ - r~) 

2
, 

a yrnw cpl , q)z onpeACIDIJOTCjl B3 COOTHOWeHBA 

B KOTOpbIX 

h h 
tgcp, = -, tgcp2 = -, 

a1 4 2 

d 
2 , 2 

72- r1 - -2 2d' 

(4) 

B cnyqae no,moro DJICHHJI k2 3aBRCHT OT OTRO­

meHHJI P3AByCOB cnynmxos: · 

(5) 

(6) 

,lµJI nposeAemm sa6JIIOACHBB HeOOXOAHMO 3apa­
Hee 388Tb CJI&A o6meA CBCTHMOCTB AByx CnyrBBKOB 

BO BpeMSI .RBJieHWI, Bblp8)1(CHH&IA B 3Be3ABb1X BeJIB­
cmuax. 3ToT cna,q CWl3aH c pa~caMB cnynmxoB B 
aJIL6eAO HX noBCpxaocreA. IlOCKOJibicy TpB BCJIH'IH­

Hb[ - paABYC, aJib6eAO B 3Be3AH3$I BCJIB'IBBa - CBJlla­
Hl,I MeQy co6oi. J(JUI BLI'IBCJieHmi AOcraTO'IBO 

B3J1Tb TOJlbKO ABC B3 BHX. HenocpeACTBCHHO H3 ea-
6JJIOAemrii noJl}"lalOTCSI 3BC3Affa.R senu'IHBa a P3AB-
yc cnynuuc.a. Il03TOM}' Mbl B03bMCM HMCBHO 3TB ae­
JlH'IHHl,I, KaK BCXOAHbie. 0603Ha'IRM '1Cpe3 m1 H "'2 
3BC3)\Hble BeJIB11BHLI aKTBBHoro H naCCBBHOro cnyr­
HHICOB COOTBCTCTBCHHO. CnaA o6meu CBeTBMOCTII 
~yx coyrHHICOB BO BpeM.R .RBJieHIDI /lm, Bblpazea­
HLIA B 3BC3AHb1X BCJill'IBHax. MO:lKHO H3ATB no CJieA)'­
lO~eii q><>pMyne: 

l +kl0 
Am= - 2.5lg 1 +G , (7) ,." 

PacqeT BCJIH'IRHbl k2 33BHCHT OT THDa .RBJieHIUI: B 
cnyqae qaCTH~moro .RBJieHIDI k2 e1,1quCJI.RCTCS1 DO · 
<j>opMyne (4), B cnyqae nonuoro JIBneuu ti= 0 npa ... 
r2 S 7 1 HJJH Bbl'IHCJIJICTC.11 no <t,opyYne (6) npa r2 > r 1 • . 

HTaK, 'IT06&1 uaeTH MaKCHMaJibHbIA cnaA CBeTB­
MOCTB II3pb1 cnyTHHKOB BO epewt B3aHMHoro 38-

TMemm HJIB notcpbITWI, ffY}KHO IlOCT)'DBTb CJie~- . 
mJIM o6pa30M. B3.11Tb B3 Ta6JIH~I B npanoxceHBB X · . 

Ta~ l. HeKOTOpb1e BHAHMble napaMeTJ)bl cnyrRHKOB . ' 
Ha 14.09.1995 r. · 

3Be3AH3J1 PaAHYC, 
BKWIM.&IA 

CnyrHHK A11b6eAO pa,tteyc, 
BeJIH'JHHa KM yrn. ceJC 

l 

MHM8C 12.89 196 0.54 (0.5) .0.031 

3H1'eJla,tt 11.69 250 1.00 (1.0) 0.040 

Te<l>H.11 10.19 530 0.89 (0.9) ·o.oss 
}J.HOHa 10.39 560 0.66 (0.7) O.O'JO 

Pe.11 9.69 765 0.67 (0.7) 0.123 

THTaH 8.3 1 2575 0.21 (0.2) 0.413 

I)mepHOH 14.22 148 0.28 (0.3) 0.024 

ACTPOHOMHtffiCKH~ )KYPHAJI TOM 72 .N! 4 199S 
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T ..... 2. CuaA o6meA CBCTRMOCI'H naphl CoyrHBlCOB 

DpR DOnHbIX JIBJICHHJIX 

THn Cu8A, THn CnaA, 
m'f. F1 

C061>1TIDI 3B. sen. C06blTHJI 3B. een. 

1&2 0.672 2&1 0.311 11.379 0.8789 

1&3 0.146 3&1 0.087 10.103 0.5399 

1&4 0.128 4&1 0.103 10.286 0.5185 

1&5 0.070 5&1 0.055 9.634 0.4079 

1&6 0.006 6&1 0.016 8.294 0.1415 

1&7 0.280 7&1 0.631 12.610 0.8605 

2&3 0.213 3&2 0.243 9.947 0.6410 

2&4 0.180 4&2 0.286 10.103 0.6173 

2&5 0.105 5&2 0.160 9.530 0.4926 

2&6 0.010 6&2 0.047 8.263 0.1770 

2&7 0.101 7&2 0.418 11.589 0.7437 

3&4 0.561 4&3 0.857 9.533 0.9725 

3&5 0.378 5&3 0.531 9.159 0.8185 

3&6 0.040 6&3 0.177 8.133 0.3414 

3&7 0.026 7&3 0.086 10.164 0.4366 

4&5 0.470 5&4 0.458 9.232 0.8453 

4&6 0.046 6&4 0.149 8.161 0.3573 

4&7 0.031 7&4 0.076 10.359 0.4181 

5&6 0.077 6&5 0.268 8.041 0.4581 

5&7 0.017 7&5 0.041 9.673 0.3242 

6&7 0.005 7&6 0.004 8.305 0.1087 

CTaTLe [l] BenH'IHH}' F µ;m1 BbI6paHHOI'O uneHWI, 
3BTeM paµ;uycLI CllyrHBKOB r, B r2 B3 3TOA: -xce CTaTbB 

(BJIB H3 Ta6JI. 1 H3CTOJl~CH pa6on1), BLiqJfCJIHTb Fi 
no cpopMyne (2) u npoBepHTL ycnosee (1). Ecna 
JIBJJeHHe IlOJIHOO, TO B3J1Tb 3Ha"leHHe "2, cornaCHO (5) 

he. 1, IlolCpLITHC ,AHOHbl 3H~eJJaAOM. ,AaTa - 21 Ma,r 
1995 r. MOMCHT H8'1M8 - 19h17m335(TDT). IlpO.!tOJD1CPI­

TCnLHOCTb - 1.36m. 

HJIB (6), BHa'Cle BhABCJIBTb d no q>opMyJie (3), a 33-
TeM "2 no cpopMyJJe (4). 0KOH"l8TeJibHO Cila,t{ CBeTIIMO­

cru, BblpaJKCHHLffl B 3Be3AJ1b1X BeJURBII~ H~eTCSI 
. Bl COOTHomeHIUI (7). IlpR 3TOM noope6}'IOTCSI 3Be3A­
Hhle BCJIB'IBHhl cnyrHBKOB. Hx MOJKHO B3JITb B3 
paoorbl (1] BJIB B3 Ta6JJ. 1 H8CTOJIII(e:A pa60TLI. 

C 1'CJILIO ycKopHTL npaKTH"lecKoe pemeHBe yx:a-
38HHOH npo611eML1 e Ka"leCTBe µ;ononeeinlJI K µ;aa­
HhlM, ony6JJRKO.BaHHLIM B pa60're [ 1 ], npa:eeµ;eM 
311:CCb 3B8'1CHWI FLAIDI KaQOi napbI rJiaBHbIX cuyr­
HBJCOB CaTYJ)Ha. :3TB 3Ha'ICHIDI CBCACHLI B Ta6JI. 2. 
IlpB 3TOM 3Ha'leHBJI PaJtBYCOB cnynmxos B3S1Tbl Ta­
KHMB .xce, KaK u B CTaTLe [1], u npuseµ;eHbl s TB6n. 1. 

3aMeTBM, 'ITO I'anepBOH npeµ;~CT COOOi 
BLrnmyroe Teno, pa3MepLI KOTOporo no -rpeM nep­
neJWJKYJIJll)BldM OCRM pasHhl 205, 130, 110 KM COOT­
BeTCTBeHHO. B paMKax npuwrroA 31-{eCh M01(eJJB eJie­
mm DpB Bbl'IBCJICHIDIX Mbl B3JIJIB Pc!AHYC .I'JmepHOBa 
paBHbIM 148 ICM. Taxoe µ;o~eHBe HC~eCTBeHIIO 
npu BLI'IBCJieHBB acpeMepaµ; B3aHMHhIX .ABJieHBA:. 

Ilpe 38TMCHBB BJIB IlOKphlTBB Cil3Abl o6~ei cee­
TBMOCTB AByx Cll}'THBKOB pa3JIB'IH1,l B cnyqau, 
Korµ;a naccHBBLIA cnymmc BMeeT MeHLmd P3ABYC 
B KOrAa p~c naccuaoro cnyrmuca 6onLme, 'ICM 

paµ;uyc arrBBuoro. 3'ro pa3JIH11Be o6ycnoBJJeHo TeM, 
'ITO OOBepXHOCTB Cll)'THBKOB BMCIOT pa3JIB1Ull,le OT­
paxc.a10~e csoACTBa. 

,I:(nB ecex noJIRhlX co6LITBii CD3A o6~et CBCTBMO­

CTB MOJKHO BLI'IBtnBTb cpa3y. TUiie AaHHbIC upBBC­
ACHbl e pa6ore [1 ]. Oµ;Haxo s 3TOii paoore ae }"IB.­
TLIBaJIBCb p83JJB'1HJ1 B anL6eµ;o µ;syx cnynmxos, 
)"laCTBy10~ B JIBJICHBB. HoBLie, yro'IHeHHhle pe­
·3YJILTaTLI, DOJI}"leHHbIC ea OCHOBC npRBeACHIIMX 
BL1me COOTHomeemi, upHBOASITcg B Ta6n. 2. 3uaqe­
HWl cn3Aa o6~eA CBCTBMOCTH 3aBBC.SFr He TOJibKO OT 
Toro, KaKBe cnyrmncu }"laCTBYJOT B SIBJICHBB, H TBK­

>Ke OT roro; KaKoA B3 HBX naccHBHLI:A. B Ta6n. 2 TBn 
COOLITBJI ~3B8'ICH TaK .xce, KaK BB pa6ore [l], .B 
eaµ;e ; & j, rAe i - HoMep aKTHBHoro cnynmxa, j - ao­
Mep naCCBBHoro cnynuuca, cornacuo H}'Mep~ Bl 
Ta6n. l. IlocKOnl,K)' Bbl'IBCJISICMLte 31-{CCb BCJIJARRhl 
OWDfaKOBbl AJIJI 38TMCHHJI B nox:pbITBSI, BMeCTO 
6yxBbl O HJIB EB 0003H8'1CHHH nma co6hlTIIJI CTOHT 
3HaK &. 'lepe3 m'f. B Ta6n. 2 0003Ha'leHa 3BC3AHaJI 
BCJIB'IBHa cyMM8pHoro 6necKa AByx CII}'THBKOB BBC 
co6LJTBJI. 

3HaJI 3Be3µ;Hb1C BeJUABBbI µ;syx cnynuncoB B BX 

p3ABYCbl, MOXCHO nerxo OllpeACJJBTb OTIIOWCBHe reo­
MeTpB'ICCJCJIX aJib6eAO BX noeepmocreA. IlyCTL a, B 
02 - reOMCTpll'ICCICHC aJIL6eAO nepsoro B BTOporo 
cnynmx.a COOTBCTCTBeHHO. C AOCTaTO'IHO Bl>ICOXOA 
TQqJfQCTblO BblDOJIHJICTCH COOTHOmeHBe 

2 ~-m, 
a1 = r2 l0 --i:s. (8) 
D2 2 r1 

3HatfeHHJI am,6eAO, BLI"IHcneHHLie Bl COOTHome­
HWI (8), npRBOASITCSI B Ta611. 1. Ilpu Bbl1mcneHIDIX 
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MHMac 

· THTaH 

1" 

he. 2. IloKpbl'llle THTaHa MHMaCOM. UaTa - 14 aerycra 
1995 r. MoMeHT Ha'lana - 5h46m2<f(TDT). IlpoAon)KH­
TeJibHocn. - 1h32m, 

THTaH 

1" 

Pac. 3. IloKpblT8'1 THTaHa UHOHOA. naTa - 15 aerycra 
1995 r. MoMeHT Ha'tana nepsoro noKpbITHst -
3h04m3gs(TDT). MoMeHT KOHL\a nepaoro noKpbrTHH -
4h01 m26'(TDT). MoMeHT ua'taJra BToporo noKpLJTHll -
7h4gm5g5(TDT). MoMeHT kOHQa sroporo noKpbITHll -
gh27m31 s(TDT). 

.[(aoHa 
(TeHb) 

I" 

Pac. 4. 3aTMCHHe PeH ,ijHOHOM. naTa - 21 HOH6p11 1995 r. 
MoMeHT Ha'lana - 01101ml68(TDT). flpoAomtcwren1,­
uocrL - 1 h3()'11. 

IlOJiaraJIOCb, 1ffl> aJlhOCJJ;O 3~eJI3J:la paBHO 1.0. B CK.00· 
JCaX•B 3TO:A: Ta6mu~e Aa.Hbl 3Ha'IeHWI reOMCTPll'lecKo­
ro aJI1,6eµ;o cnyrmncos B3 [3]. 

PaccMOTPHM renep1, HeK0Top1,1e oco6eHHocm 
npo~ecca o6pa6oTKB pe3yJILT3T0B (j>OTOMeTPJAec­
KBX ua6moµ;eHmt B33BMBblX DJiemm B CBCTeMe 
CnyraHKOB Ca-rypua. Ha'IanbHble 3Tanbl o6pa60TICII 
COCT08T B ocpeµ;HeHHH AaHHblX B 8CTpOMeTJ)IAeCKOB 
HHTepnpeT~H pe3yJI&TaTOB. Iloµ;asm1io~ee 60Jib­
mHHCTBo B3aHMHLJX IlOICpbITBH H 3a.TMemm cnynm­
KOB CaTYpHa DpOBCXOAJIT npB paBHOMepHOM BBAH­
MOM ABIDK:eHHH oµ;eoro cnyTHHKa OTHOCBTeJibHO 
µ;pyroro no npntoA BJmHMOii TPaeKTOpBB. IlpHMep 

· TaKoro nJieHIDI noKa3aH Ha pee. 1. B TaKBX CJiy'lrur:x 
KpHBcljl cyMMapHoro 6JiecKa cnyTHHKOB CHMMeTJ)B'I­
Ha OTHOCHTe1IbHO MOMeHTa BBABMOro c6JIIDKeHH.SI 
CnyraHKOB (npB noKpbITIIU) HJIH CnyTHHKa B TeHH 
(npu 3aTMeHW.IX). AIDI Qnpeµ;eJieHWI pa3HOCTB KOOp­
AHHaT cnyTHHKOB ( cnyrneKa H TeHB) B MOMeHT COJIB­
)KeHWI B caMoro 3TOro MOMCHTa HeT HeOOXOJ{HMOC­
TB s npBMeHeHHB TeopBB op6BTanbHOro A9B)KeHID1 . 
caynmxoe. Oµ;HaKO ~e npeµ;CKa3aHO HeCXOJlbKO 
B33HMHblX JIBJieHe::A. B KOTOpbIX B3aHMHbie TPaeKTO­
pBH CnyrHBKOB B Te'leHHe UOKpblTIDI HJIH 3aTMeHWI 
DO'lTII napaJIJICJJhHbl, a CKOpoC'l'B BX BHABMOro ;D;BB­
)KeHWI no'ITB coenaJ{alOT. Ilpoµ;oJDKHTeJJbHOCTL Ta­
KBX co6brrmi cpaBHHTe1IbHO OOJibWcUI, a B33BMHOe 
BHAHMOe ,IJ;BB)KeHHe CnyrHHKOB npoBCXOABT Hepae­
HOMepHO no CJIO)KHOH TJ)8eKTOpHH. Op11Mep1,1 TaKHX 
Heo61,111u1,ix nneHHH noxa3a.HLI aa pee. 2 - 4. M1>1 
YCJJOBHO l:l33h1B3eM Tame HBJJCHIDI CJIO)KHblMB. 
Ilpo~ecc <pOTOMeTJ)ll'leCKHX HaOJIIOJJ;CHHH CJlO)l(HhJX 
co6LITD TaIOKe Heo61,111eH. 

B CJiyqae CJIO)KHOro aBJieHWI MOMeHT COJIB)KeHWI 
CnyTHHKOB ( CnyTHUKa H TeHH) HeB03MO)KH0 onpe,te­
JIIITb HenocpeACTBeHHO no KpHeou cyMMapaoro 6Jie­
cKa. Ilpu ucnom,3oeaHHH pe3yJ11»TaT0B q>oToMeTJ)H­
'IeCKBX Ha6n101teHHH CJIO)KHl,IX nneHHH B npo~ecce 
yro11HeHW1 TeopuH J);BB)KCHIDI cnyTHHKOB B Ka'leCTBe 
B3MepJ1eM0B eenHlfflHbI cne,tyeT 6paTh He~ocpeµ;cr­
eeauo cnaµ; cyMMapHoro 6necKa B MOMeHTLI B3Mepe­
mm. Ocpe,-HeHBe cny'lamn,1x onm6oK B3MepeHHA 
("myMa") e 3TBX CJiyqcljlX 3aTpyAHeHo. Heo6xo,tBMbI 
cne~aJibH&Ie Meroµ;&1 o6pa6oTKB (j>oToMeTJ)Hqec­
KRX A8HHbIX, 

0TMdmM, -.:rro npB npaKTB'leCKOM BCil0Ilh30Ba­
HBH <poTOMeTpH'leCKHX HaOJIJO,temm B33HMHblX 
JIBJieHmi B CHCTeMe rnaBHblX CnyTHBXOB CaTYPHa 
Heo6xoµ;uMO YlfflTblB3Tb paµ; cyll(eCTBeHHLIX <paKTO­
poB, COnyTCTBYIO~BX ea6J110,QeHW1M JIBJieHBH. 3TH 
<l>aKTOpbl (j>axTJAeCKB y}l{e nepe"IIBCJICHbl BblllIC B 
OilHcaHBH TeX ,QO~eHBii, KOTOphie 6bIJIB C,Qe1IaHbl 
npu . e1,1eo,te <l>OPMYJI. Teopu aCTpOMeTpll'leCKOH 
HJQ'epnpeTa~ <pOTOMeTJ)HqecKBX Ha6JIIO,QeHBH 
B3al1MHb1X JIBJieHHii B CHCTeMax CnyrHBKOB II.llaHeT 
oIIHcaHa e pa6ore [4] e npuMeHemm K rammeeeLIM 
CllyTHBKaM IOmITepa. 
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Peculiarities of Mutual Occultations and Eclipses 
in the System of Saturn's Satellites 

N. V. Emel'yanov 

1lie problems of calculating ephemerides data for photometric observations of the 1995 - 1996 mutual occulta­
tions and eclipses in the system of Saturn's satellites are considered. Previously published ephemerides 
of these events prove to be insufficient for planning observations. Simple fonnulas are given to determine 
the decline in the total lwninosity of the pair of satellites during occultation or eclipse from the ephemerides 
data published hitherto. It is shown that some of the predicted mutual events in the Saturn's satellite system exhibit 
peculiarities that make the ordinal)' methods of astrometrical intetpretation of photometric data inapplicable. 
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