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YJiK 524.6 

CTArncrnqECKUit: KPUTEPHH Il0.TIBPH3A~HH, BLI,r:(EJI.SIIOuntH 
CTPYKTYPHOCTH DOJlll rAJIAKTHKII H METArAJIAKTHKH 

© 1995 ~. A. A. 81,10ra 
Toe. YH.Ueepcumem, CaHKm-llemep6ypz, PoccUR 

IlocrynHJia B peAaKI.UUO 22.11 .94 r. 

,Um1 HCcne.a;oBaHJUI CTpYJCTYPHOCTH nom1 ra11aKTHKH H MeTaranaKTHKH acpcpeKTHBHO HCil0Jlb30BaHa CTa
THCTH'-leCKaSI BeJJH'-IHHa 

s2k = J ( 3 )-1 L cosu<Pij/' 
N I S. i<lS.N 

r.a;e N - '-IHCJIO o6'beKTOB B Kpyroeoi% nnow;a.a;Ke Ha He6ecHoe ccpepe (N ~ 3), <l'ijl - yrnbr Me)l(AY Hanpaene
HHSIMH H3 06'beKTa Ha ,QBa .a;pyrHX 06'bCKTa. rro KaTanory 3i6enna HCCJIC,QOBaHa OKpeCTHOCTb cesepHOI'O 
nomoca f anaKTHKH (b ~ 80°). Hafl.a;eHo, 'ITO CKonneHWI ranaKTHK KJiacca D = 5 He 06pa3y10T 3HaqHMOH 
crpyKTYJ)HOCTH, a CKOilJICHH'I KJiacca D = 6 cpopMHJJYIOT Bblpa>KCHHblH " stratus" (BblTSIHyTOe o6JJaKO). Pe
aJihHOCTb " crpaTYca" nO,QTBCp)K,QeHa APYI11M MCTOAOM: npocrpaHCTBCHHlUI IlJIOTHOCTb l.leHTpOB CKOOJIC
HHH B03pacrae-r c paccrosrnHeM B o6nacrH b ~ 80°, a HMeHHO v 6 : v 5 = 1.59, B TO BpeM>t KaK B cpeA}leM no 

eceMy KaTanory 306em1a v 6 : v 5 ""' 1.01. 

CramCTH1.1eCKHH Kpwrepmi KOH;U;eHca~ [ 1] aq>
<peKTHBeH npB H3yqemm raJiaKTH'lJeCKHX H MeTara
Jia.KTD"ICCKBX crpyKTYJ)HOCTeH THna "~eHHe-pa3-
pe)Ke1me" . IlOKaJKeM, 1.JTO nm, uccJJen;oeamm non.si
pH3aqe:oHHMx CTJ)YKTYPHOCTeH (KOJib~a, BOJIOKHa, 
BepeHH~bl , CHMMCTpHlJHOCTH, cnupaJIH, ... ) 3<p<peK

THBHO HCOOJib30B3HHe CTaTHCTH'1eCKOII BeJIIPIBHLI 

n;pyra. Torn;a a Kpyroeoif nJiow;a.n;Ke Ha noeepmocm 
c<j)epbl COBMeCTHoe pacnpeJJ:eJieHHe KOOpJJ;HHaT N 
06-beKTOB 

npen;CTaBJtsnow;eu co6oii KpHTepuii nom1pa3acum 
(cpen;Hee 3HaqeHHe 2k-H CTeneHH KOCHffYCOB yrJIOB 
Me)Kn;y HarrpaBJieHH.SlMH H3 o6oeKTa Ha JJ.Ba n;pyrHX 
OO'LCKTa B paCCM3TJ)RB3eM0B o6JiaCTH npoCT
paHCTBa). 

06JiaCTb npocTpaHCTBa MO)KCT 6bJTb Kpyrosou 
nnow;a,nKOH Ha IlJIOCKOCTH [2] , KpyrOBOH nnow;a.n:
KOH Ha He6eCHOH ccpepe, BHy-rpeHueif 'tf3CTbIO·mapa, 
o6JJaCThlO B <p330BOM npoc-rpaHCTBe HJIH npocrpaH
C'l'Be napaMeTJ)OB. Mbl paCCMOTpHM 3JJ.eCL KpyroeyIO 
nnow;an;Ky Ha c<pepe. BapHaHT KpHTepm1 B KpyrOBOH 
OJIOlll;aJJ,Ke Ha IlJJOCKOCTH npH 3TOM nonyqaeTC.SI B pe-
3YJILTaTe npen;enLHoro nepexona, Korn;a yrnoeon 
pan;Hyc (J) nnow;a.n;KH Ha c<j)epe CTJ)CMHTCR K H)'JJIO. 
IlapaMeTp "k" e (1) nrpaeT ponL perymITopa qyecr
BHTeJILHOCTH Kp1nepIDI K T01.{HOCTH H3MepeHIDI KO
op,qHH8T. OrpaHHT.JHMC.sl 3JJ,eCb CJiyqaeM k = 1. 

Ilpen;nOJIO)KHM, 1.JTO o6oeKTLI pacnpen;eneHI,1 
paBHOMepHO H 0Affll3KOBO H HC33BHCHMbl n;pyr OT 

F(d01' d<p., ... , d0N' d<pN) == 

l N 

== rrsin 0 .d0.d<p . (2) N N I I I 

(47t) (1-cosco) i = I 

(058; 5CO, 05(9; 521t, N";?:.3) , 

co - yrnoeoe pan;H}'C nnow;an;KH. 

Hcnon1,3yeM n;m1 npocTOTbI npoe~mo Ha ceicy
w;yw IlJIOCKOCTb. 3To KpyroB3.Sl illlOlll;a)l;Ka pa}:tuyca 
sin co B pacnpe,:i;eneHHe o6'beKTOB e Heii 

F(dr1, dq,1' ... , drN, d<pN) = 

= 1 I1 r;dr;d<P; , (3) 

(21t)N (1-cosco)N ; = 1 J1 - r7 
05~:;; 21t, 05r;5sinco, N?:.3. 

Pacnpe,:i;eJieHHe (3) y)Ke He 51BJI51eTC.sJ paBHOMepHbIM 
(ynJIOTHeHHe K KpaIO). 3anHWeM (3) e APYrHX nepe
MeHHbIX: 

N 

F(dx1, d<pl' ... , dxN, d<pN) = l N n dx;d<f)i ' 
(21tU) ; = 1 

2 
0 5 <pi S 21t, r; = 4x;(l - X;) , 

(4) 

U = 0.5(1 - cos co) . 
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790 BhKlfA 

QqeBHAHO, 'ITO O s; U s; 0.5. Ee.nu ri e (0, rj), ro x, e 
e (0, x). liMeeM COOTHOmeHHe 

X 

f 2nd 4n ,: · 
r X = X (5) 

0 

licnoJib3Y.ff (4), (5), HaXO].(HM MaTeMaTH'leCKoe O)IOI
.D,aHHe CJ1yqauu&1e: sem1-qmn,1 S2 : 

(6) 

Ecne paAUyc nno~<mKH Ha cq>epe co - 0, TO 
M(S2) - 13/24, qTo COOTBeTCTByeT IlJIOCKOA xpy
roBOH IlJIO.ll.\lij:lKe [2]. 

3aMeTHM, 'ITO H3HOOJlbmero 3Ha'leHWI CJI}"laABaJI 
BenaqHHa S2,: .u.ocruraeT, ecnu see OO"beKT&I oKa3&I
BalOTCSI Ha OAHOI JIHHBH. HaBMCHbmee 3Ha'leHHe 

6yµ.eT AOCTBrHYTO, eCJIH o6"beKThl Cq>OpMHpylOT 
npaeHJibHhIH N-yron&HHK. Jlerxo BBAeTh, 'ITO 

2 I (N-1)/2] 2k ( i1t ) 
min S2k = N _ 

1 
L cos - , 
i= I N 

(7) 

OTKyJJ;a [3, n. 1.351.2] AHana30H B03MO)IO{b1X 3Ha'le
HHH S2 cnyqafmoA BeJIH'IHHbI cocrasm1eT 

N-2 
2(N - 1) s; S2 s; J. (8) 

Tiycrb Tenepb no ua6JIIOJ);3CMbIM ].(aHHbIM H3HAeHa 
een.wnrna 

11* = (9) 

ECJIH OKa3blB3CTC.ff, "'ITO OHa BblXOJ);HT 3a npeJJ;CJibl 
.u.0BepeTen1>Horo HHTepeana, T.e. P(n s; 11*) ~ ex 
HJIH P(11 ~ 11 *) s; ex, r.u.e ex - npHWITblit. ypoBeHb, 3Ha
'IHT, o6aapy)KeHa Hecny'laHHa.ff CT?YKTYPHOCTb, e 
rHilOTC3Y O paBHOMCpHOCTH pacnpe].(eJieHIDI 061,ex
TOB, HX OJ:{HH3KOBOpacnpe.u.eJieHHOCTH B HC33BBCH
MOCTB CJie].(yeT oTBeprffYTb. Ecnu Tl* OK33blB3CTCSI B 

paMKaX .IJ.OBepHTem,Horo HHTepsana, TO O HaJIB'IBB 
HJIH OTCYTCTBHH CTJ'YKTYPHOCTH HH'ICl'O cKa3aTh 
aenh3.ff. Tipe 3TOM 11* < 0 03HatiaeT npeoonaJJ;aHue 
CHMMeT{)H'IHOCTeH, HanpHMep KOJihl~CBhIX crpyK
TYP, criupanee:, a 11* > 0 o3·HaqaeT npeoonaµ.aHue 
BblT.slHYTOCTH (QenotIKH, B0JIOKH3, ... ). 

KpHTepHH nom1pH3al.\HH ( 1) T3K )Ke, K3K B KpHTe
pHH KOH]:\eHcaI.UtH [1, 4), HHBapHaHTCH K CABHry, no
BOpOTY H H3MeHeHHIO M3CWTa6a KOOp.IJ.BHaT, no-

'-
CKOJibK)' npu 3TOM yrm,I coxpaHSIIOTC$1. 

CornaCHo [2] 3anumeM BhipruKeHBe JIJIJI CTa~ap
Ta cnyqaAHoA seJIH"DIHbl ( 1) 

0'2 = M(S )2 _ (M(S )) 2 = C, + C2N + C3# 
N 2 2 N(N- l)(N-2) . (lO} 

3necb 

C1 = 2M~1 + 4M~2 - 6M~3 - 12Ml;4 - 24Ml;5 -

- 12M~ + 12Ml;7 + 48M~8 + 48Ml;9 - 60Ml;w 

(11) 

C2 = 2Ml;3 + 4Ml;4 + 8Ml;5 + 4Ml;6 - 7 Ml;7 -
(12) 

- ·28Ml;8 - 28Ml;9 + 45Ml;w 

C3 = Ml;,+ 4Ml;8 + 4Ml;9 - 9Ml;w (13) 

TipuN-oo 

2 C3 
(JN- N. (14) 

CJir1aAHLie eeJIB'IHHbI l;; npe,qCTaBJUIIOT COOOH DO

MpH3~0HHblC KOHq>Bryp~ (IlOJIHblC 3-MYJibTH
rpaq>bI) [2, puc. 3]. 

)lml BbABCJieHB.SI M3TeM3TlftlecKHX OXCH]:(3Hlm KOH

q>erypa~ n0Ha,:i:06SITCS1 cneµ.y10~e BbipWKemm: 

cos 
2

k<piil = ~(l + cos 2~iicos 2~u + sin 21}iisin 213u), 

2 2 · 2,.. 
- 'ism ~ii 

cos 213 ij - 1 - /.. ' 
I} 

2rir1-sin ~-- - r1~sin 2~ .. 
sin 2r.t .. = '' '' .... , / .. ' 

IJ 

(15) 

2 2 
l;; = ri + r; - 2r;r;cos ~ii' ~;; = <p1 - <9;, 

rµ.e (r,, q>,) - KOOPAHH3Tbl o6"beKT3 (i) B ceKy~eit 
DJJOCKOCTB, ~ij - yron Me:>K,l:ty OTJ'C3K8MH ri HI;;. liMe
eM TaKX<e [3, nn. 3.616.5, 3.613.5] 

(16) 
2it • • m 

1 J smmexsm ex a11 - dex=-
21t / . .(ex) 2""2' 

0 ,, 'lij 

2K • 2m + I 
l J sin ex 

21t o (I/ex))" dex = 
lit . 2m + I 

= _I J sm excosex dex = O, 
21t O (lij( ex)) n 

(17) 

21t • 4 
1 J sm ex 3 

21t f(ex) dex = 8T1 ~-' 
0 1) I} 

(18) 

3necb 11J = max(r;, r1), aiJ = r ir1/fl~. 

ACI'POHOMH'-IECKHH )l(YPHAn TOM 72 .Nt 6 1995 · 



CT A TWCTl-fllECKHH KPHTEPHH rron~Plf3AUWH 79 1 

QqeBu,n;Ho, BcerAa aij ~ l . 
HallAeM, HanpHMep, MaTeMamqecKoe OXCB]:taHHe 

M~. CoeMecruoe pacnpe~eJieHee q>opMHpyio~ux 

ee nepeMeHHhIX [2, pnc. 3] 

dq,,dq,2dq,3 
P6 = dx1dx2dx3dx4 J.,4 

81t u 
(19) 

H t;13 = t;31 = (f)1, t;,2 = (f)2, t;34 = <p3. 
HHTerpnpySJ no <p1 , <p2 , q,3 , x2 , x4 , nonyqaeM 

J: 2 2 1 M..,6 = M(cos q,123 cos q,314) = M(Sz) - 4 + 

(20) 

.. 2 
J: 19 1 ~ c/ + I 2k - 3k - 64 

M..,6 = 64 + 16 x 9 "'-, (k + 4)(k + 5)' 
k=O 

(21) 

IlpB (t) - 0 3TO COOTBeTCTByeT nnOCKOB KpyroBOii 
nno~a.i:.Ke [2]. 

CnoxcHee Ha.HTH MaTeMaTBqecKHe O)KDA8HIDI. 

KOHq>Hryp~j ~2• ~3• ~5 [2, pee. 3]. TpyAHOCTb co
CTOHT B HHTerpupoeaHHH no yrJIOBblM nepeMCHHblM. 
0]:tH3KO, ~CilOJlb3YSI pa3JIOX<:CHHSI TIOAbIHTerpaJib
HblX Bb1pa>KeHHH s pS1AhI <l>ypbe no ~Ji, 3TY TJ>YA
HOCTb nerKO MO>KHO OOOHTH. IloHa}:tOOSITCSI pa3JIO
)KCHIDI <l>ypbe 

· 2r [ sm ':i;J _ 1 1 1 
-,-.. - - 2 2 + 4a;f0S(j+ 

IJ Tl;j 
(22) 

(23) 
00 

1 1 ] m - 1 m m- 2 • + ~ (r .a.. - - r.a .. - -r.a .. )smmr .. 
""' I IJ 

2 
/ I/ 

2 
/ I/ ',IJ t 

m=2 

a TaIOKe pa3JlO>KeHIDI AJISI 

. 2t; sm .. 
IJ • 2A - 1- sm 1-'r .. J 

I) 

(24) 

(OHH BbITeKalOT H3 (16) - (18)). 

PaccMOTpHM, BanpnMep, cny'-lamtyIO BeJJHtnmy l;3 
[2, pee. 3]. HMeeM 

t;,2=(f)1, t;13=<pz, ~2=(f)J, ~3=<p3+q>z-<p, 

H COBMCCTHOC pacnpe]:teneue:e KOOPAlfH3T o6neKTOB 

(25) 

(26) 

rAe 

Hi= 

J
r~r;sin 2<p 1 sin

2q>2 sin 2
q>3 sin\q,1 + q>3 -q,2) (27) 

= 4 P3, 
l,2l13l4zl43 

2 2 . 2 , 2 

J
r2r1 sm q> 1sm q>2 . . 

H2 = 2 
1 1 

sm2f342 sm2j343P3 , (28) 
12 13 

H3 = lf sin2J312 sin2j3 13 sin2j342 sin2~43 P2 • (29) 

IIHrerpupyeM, Hcnom,3y.s1 pg~bI <l>ypbe (22), (23), ~a
TeM cyMMHpyeM, Y'-IHTblBasl, '!TO <:Xij $ 1. Ilonr1eH
HblC Bbipa)KeHIDI H,. H2, H3 MO)l{HO o6ne;n:HHHTb: 

4 4 
1 J r2r3 

H, +H2+H3 = if 2 2 2 2 x 
64 1112Tl131142 T\43 

x [16 +a 12a 13a42a 4il + M12M13)(1 + M42M43) + 
(30) 

+ ( l + N12N13)(l + N42N43) x 

(l-a12)(1-a13)(1-a42)(1-a43)Jd d d d 
X x 1 x2 X3 X4, 

1 - a 12a 13a42a43 

3~ecb BBCAeHbl o603H8'ICHllSI 

(31) 

tITOObI Bbl'IHCJIHTb (30), HY>KHO o6JiaCTb HHTer
pHpOB3HHSI pa36HTb Ha 4! 'llaCTeH, nepeo603HaqHTb 

ACTPOHOMHtfECKMH )f(YPHAJI TOM 72 Ni 6 1995 
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rrepeMeHHbie H OCYbeWfHHTb Bblpa)KeHWI. liHTerpH
PYSI IlOCJie 3TOrO (30) H (26) no (5), HaXOAHM 

Mf, = 4861 + 1 X 
3 128 X 27 X 5 256 X 27 X 125 X 7 

Xi rf + 

1 

[ 630Jk2 
+} l3863k-143158 + · 

k= 0 k + 5 (32) 
145320 733800 233520 17760 + - + - + 
k+3 k+4 k+5 . k+6 

840 2 J + k+? + (420k - 23940k+69720)Z.t+2 +H0 , 

I r 1 r2 r~ 

H0 = 1f P(dr1) J P(dr2) f P(dr3) f P(dr4) x 
0 0 0 0 

(33) 

B (33) pa311araeM JIOAhIHTerpam,Hoe Bbipa)Kemie 
B reoMe11JHt.fecKyio nporpeccmo H nocne HHTerpu
poeaHHSI no (3) cyMMHpyeM. HaXOAHM 

( 
51t

2 
89 ) 4 

H0 = - ( 1 - U) + 
\ )6 X 9 32 X 9 

( 
51t

2 
44549 ) 

+ U(l - U/ + 
16x9 - l28x·9x25x7 

(34) 

( 
171t

2 
17952317 ) 2 6 

+ - U(l-U) + ... 
2 X 9 X 5 512 X 27 X 125 X 7 

TaKHM )Ke o6pa30M, Ho c HCilOJib30BaHHeM APY
r Hx pa3JIO)KeHHH H3 Ha6opa (22) - (24), Bb[t.{HCJISIIOT
CSI Mf,2 H Mf,5• TioACTaBJIHH B (11) - (13) HailAeHHbie 
MaTeMaTHtJeCKHe 0)KHA3HIDI Mf,; (i = 1 - 10), noJiy'la
eM e1,1pa)KeHHS1 AJIH Ci, C2, C3 B BHAe pBAOB no 
cTeneHSIM U = 0.5(1 - cosro) $ 0.5. Ko3cJ>cpHt.\HeHTbl 
IIpH Uk 3THX pSl}WB C pocTOM k MeHSIJOTCSI BOJIH006-
pa3HO, TO yee11u~1H83j1Cb no MOAYJIIO, TO y6bIBM, H 
MeH.snoT JHaK. 3To 06ecne1IBsaeT xopowyio cxo}l;B
MOCTb. 3AeCb 3Tif Bblpa)KeHWI He npHBOJVITOI BBlmY 
HX rpoM03AKOCTH. Eonee JI0Ap06Hble BbIKJia}l;KH 

MO)KHO H3HTH B [5] . 
Ec1rn rrno~aJJ,Ka Ha He6ecHoii ccpepe HMeeT yrno

eoe paneyc (l) s; 25°. TO C AOCTaTOtJHOH AJI.SI npHJIO)Ke-

HHH TO'IHOCTblO MO)KHO orpaHH'IHTbCS qeTblpbMJI 
rrepBblMH tJJieHaMH p~oe .n:m1 C1 , C2 , C3 : 

( 
57t

2 
67 ) 

c , = --+2+ - - + 
24 432 

(
57t

2 
14605729 ) 

+ - -6- U+ 
8 45360000 

( 
l6I 1t

2 
6533 ) 2 

+ - - -+13+ U + 
120 48000 

(35) 

(
37rr.

2 
62308501 ) 3 + -- - 30 - U + ,, . , 

12 148176000 

C
2 

= (- 51t
2 

_ 5579 ) + 
72 8640 

( 
51t

2 
2137721 ) 

+ - -+2+ U+ 
24 34020000 

( 
I6l7t

2 
89109 ) 2 + - - - - 4- U + 

120 241920 

(36) 

( 
371t

2 
53283121 ) 3 + --- +10+ U + ... , 

36 444528000 

1 763 
C3 = 480 + 77760 U + 

4469 2 1 1 

+ 725760 u + 31su + ··· 

(37) 

PaccMOTPHM Tenepb Kpyrosyio 0611aCTb paAuyca 
ro = 10° BOKpyr cenepHoro ranaKTHtJecKoro llOJIJOca. 
TIOJib3YSICb KaTaJioroM [6], BbI6epeM ace CKormeHWI 
ranaKTHK c mu.eKCOM paCCTOSIHHSI D = 5 H D = 6, 
YAOBJ1eTB0psr10rn;He ycnoBHIO b ~ 80°. Bb16paHHb1e 
CKOilJieHHSI pacnono:>KHM B nop.Sl,n:Ke y6bIB8HWI 
ranaKTHt.JeCKOH mHpOTbl BX u;eH1-p0B 

90° ~ b3 "2:, b4 ~ bs ?:. .. . ~ 80°' (38) 

rAe bN - WHpOTa N-ro CKOnneHHSI, H IIOCTpOHM CHC
TeMy KOHQeH1-pH1.JeCKHX IIJ101I1;a,rJ,0K pa,D;nyca (l)N = 
= 90° - 0.5(bN + bN+ 1). TaKHM o6pa30M, B IlJIOlil,a,!{Ke 
pa,r:\eyca ~ HMeeM TPH CKOIIJJeHHSI ranaKTHK, B rlJIO
lil,3,D;Ke paAeyca W4 - 'lleTb1pe cKorrneHWI H T.Jl;. Bcero, 
COrJI8CHO [6], CKOilJieHlffl .KJJacca D = 5 Cb s; 80° - 23, 
a cKomremdi Knacca D = 6, b ~ 80° - 48. 

Am• KIDKJJ,oro cKonneHHH Bhlt.tHCJIHeM Koop,D;1rna-: 
Thi npoeKu;HH u;eHTPa Ha ceKym,yio IlJIOCKOCTb 

X; = cos b;cos l;, Y; = cos b1sinl;. (39) 
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CTATl1CTl1t.JECKHH KPHTEPIH1 IlOJlSIPH3A~HH 

S2 - fil'l (S2) 
Ta6JJHl(a 1. BemJtnrna llN;; AJUI CKonneHHH ranaKTHK KJiacca D;; 5, b ~ 80° 

793 

(JN 

N bN (J)N llN 

3 87?4 2<:75 -1.01 

4 87.1 3.0 0.160 
5 86.9 3.45 -0.764 

' 6 86.2 4.15 -0.519 
7 85.5 5.15 0.807 
8 84.2 5.9 -0.103 
9 84.0 6.25 1.71 

10 83.5 6.95 0.549 
11 83.5 6.95 -0.286 
12 82.6 7.75 -0.549 
13 81.9 8.25 -0.211 

3aTeM ,IlJI.SI Ka~OH IlJIOUJ,8AKH pa,-Hyca (J)N HaXOAHM 
Bee rronapHl>Ie pacc-ro.s:rHWI Me)KAY QeHTpaMH nonae
mmc B Hee cKom1emm 

If Bee KBaApaTbl KOCHHYCOB yrJIOB B m1om,aµ;Ke roN: 

2 
2 (lij + l,1c - L,k) 

cos q>ijt = 41 .. L 
I} '" 

(41) 

HaKoHe~, no.rryqaeM Ha6moµ;aeMoe 3HatJeHHe KpH
Tepm1 nomrp113a1.um 

-I 

S2 = i ( ! ) L, cos
2

q>,jk' (42) 
(i.j. k) 

T enepb }];JI.SI K3>K}l;OH HJ KOHQeHTpH'ieCKHX TIJIOUJ,3-
AOK HaXOAHM BeJIHqHHY UN = 0.5(1 - cosroN) H 

M(S2(UN)), a,.,(_UN). 1-fraK, KIDK.I(OH KOHQeHTpH'ieCKOH 
rrnou~ap;Ke pa,tuiyca roN eoKpyr ceeepHoro ranaKm
'-1ecKoro rromoca corrocTaen.Sierca aenuqaHa 

S2 - M(Si(UN)) 
llN = a iUN) (43) 

B Ta6JI. 1 H 2 npHBeµ;eHbl bN, (J)N, 11N AJISI CKOIIJie
HHH KJiacca D = 5 H D = 6. Pacnpeµ;eneHHe cKom1e
HHA KJiacca D = 5 He npoTHBope~rnT rrpeµ;nono>Ke
uero O paBHOMepHOCTH H He33BHCHMOCTH: qucJJOBbie 
JHatJeHH.SI llN, 3 SN$ 23, OTKJIOH.SIIOTC.SI OT H)'JISI TO B 

OAHY' TO B :a;pyryIO CTOpOHY' CaMO OTKJIOHeHDe HeBe
JIHKO H C pOCTOM N yMeHhWaCTCSI. ,[lpyrrui KapTHHa 
aa6J1I0Aaei-c.s:r AJJ.SI cKorrneHHH Knacca D = 6 (Ta6JI. 2): 
3Ha'ieHHSI 11N :a;a)Ke ,((JISI He60JJbWHX IlJIOI.U.a:a;oK .n;aIOT 
33MeTHblH BbI6poc, o6Hapy)KHBaS1 ycTQH'llHBOe rrpe-

N bN (J)N TIN 

14 81?9 8?25 0.137 

15 81.6 8.45 0.0342 

16 81.6 8.45 0.293 

17 81.5 8.55 0.180 

18 81.4 8.75 0.392 

19 81.1 9.0 0.807 

20 81.1 9.0 0.717 

21 80.9 9.15 0.397 

22 80.8 9.6 0.537 

23 80.0 10.1 0.783 

o6na:a;aHHe BblTSIHyTOCTH. nocne (J)N = 8 ~ 5 OTMetJa
eTC.SI nocTeneHHoe OCJia6JieHHe nom1pH3a~H B pac
noJio)KeHHH CKOilJieHHB (BilJIOTb AO (J)N = 9~8). 

TaKHM o6pa30M, CKOilJieHIDI raJiaKTHK KJiacca 
D = 5 xaoTuqHo pa36pocaHbt no ue6y e o6naCTH ce
sepaoro nomoca f anaKTHKH, e To epeM$1 KaK 6onee 
:a;aJieKHe CKOilJlCHIDI KJiacca D = 6 o6pa3yIOT 
Bbipa)KeHHhIH "stratus" (eb1TS1HYTQe o6naKo). 

3aMe'I'HM, 'ITO K KpaIO IlJIODl.~KH yee1IH'llHBaeTCSI 
HCKa>KeHHe KOH<ilurypa~BH 06-LeKTOB, Bbl3BaHHOe 

rrpoe~HeH Ha ceKyUJ,yIO [lJJOCKOCTb, HO 3TO HCKa>Ke

HHe KOMneHcupyeTCSI B1>1pa)f(eHID1MH ,((JUI M(S2) H (JN · 

PeaJibHOCTb Bbl.SIBJieHHOro o6naKa CKOJIJieHHH 

raJiaKTBK 00,((TBep~aeTCSI H µ;pyrnM o6CToaTeJibCT
B0M (He CBSl33HHbIM C HcnoJibJOBam1eM KpHTepIDI 

IlOJJ.SlpH3a~H). 

HMeeM no eceMY KaTanory 30:6en11a [61: 

D z = AA/A N 
4 0.09 66 
5 0.14 657 

(44) 

6 0.18 921 

3,u:ecb D- Knacc pacCT05IHIDI, z - KpacHoe cMeUJ,eHHe, 
N - 061.U.ee tJHCJIO CKOnJie1urn raJiaKTBK }];3HHOI'0 
KJiacca. IlpmmMru1 H = 75 KM/(c Mnc), nonyqaeM cpeµ;
Hee paCCTosnme AO CKOJIJiemrii KJiaCCOB D = 5, D = 6: 

d5 = 521.1 Mnc, d6 = 656.1 Mnc. (45) 

CooTeeTCTBeHHO C'tfHTaeM, '-ITO KJ1acch1 D = 5, D = 6 
OTHeceHbI K CJIOSIM TO eC'rb 

433.7 $ d5 $ 589.4 Mnc, 

589.4 $ d6 $ 721.3 Mnc . 
(46) 
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794 BbIOfA 

N bN (J)N 11N 

3 88?4 1?65 - 0.865 

4 88.3 1.75 0.605 

5 88.2 1.95 1.51 

6 87.9 2.35 2.89 

7 87.4 2.9 4.80 

8 87.4 2.9 2.83 

9 86.8 3.35 3.15 

10 86.5 3.95 4.08 

11 85.6 4.6 2.69 

12 85.2 5.1 3.16 

13 84.6 5.8 3.48 

14 83.8 6.4 3.81 

15 83.4 6 .7 5.33 

16 83.2 6.95 6.05 

17 82.9 7.15 4.79 

18 82.9 7.15 4.06 

19 82.8 7.3 4.92 

20 82.6 7.45 3.69 

21 82.5 7.6 4.40 

22 82.5 7.6 3.45 

23 82.3 7.75 2.44 

24 82.2 7.9 1.79 

25 82.2 7.9 2.21 

IlyCTb s - 06w.ru1 llJIOW,a)J.b He6ecHOH cq>epbl, OXBa
qeHHrui: KaTaJioroM (6], H V5, v6 - cpeAHHe IlJIOTHOC

TH I(eHTJ)OB cKonneHBH a cnoJ1x (46), a N5 u N6 - 06-
w,ee qeCJio cKom1euuA Aa.HHoro KJiacca no KaTanory. 
Ton~a 

N bN (J)N 11N 

26 82?0 8?05 1.35 

27 81.9 8.2 2.08 

28 81.7 8.45 1.39 

29 81.4 8.65 1.15 

30 81.4 8.65 1.09 

31 81.4 8.65 0.931 

32 81.4 8.65 0.782 

33 81.4 8.65 0.977 

34 81.3 8.75 0.870 

35 81.3 8.75 0.939 

36 81.2 8.85 0.465 

37 81.1 9.1 0.422 

38 80.7 9.35 0.636 

39 80.6 9.45 0 .831 

40 80.5 9.55 0.568 

41 80.5 9.55 0.571 

42 80.4 9 .65 0.547 

43 80.3 9.75 0.767 

44 80.3 9.75 1.01 

45 80.2 9.9 1.26 

46 80.2 9.9 1.34 

47 80.2 9.9 1.45 

48 80.0 10.1 1.58 

Ke (06 BBAHO N6 = Ns CKOnJJeHHH, TO AOJI)KHO 6bJTb 
(06 S (1)5, TO"tfBee, 

N5 = 2rcd5 <rs -d1°)(1 -cosro5(N5))v5 , 

N6 = 2rtdddr;4x - d~n) (1 - cosroiN6))v6 • 

(49) 

1 max 3 min 3 -N 6 = 
3 

[ ( d6 ) - ( d6 ) ] Sv 6 . 

Ilo Ta611. l, 2 6epeM paBHbie 3HaqeHIDI N5 H N6 u oT
(47) aeqaro~e HM CO;. TaK KaK Mbl rrpeAllOJIO>KBJIH, ~o 

v5 = v6, TO, pa3Aem1e e (49) OAffO Bbipaxceuue Ha 

APYroe,nonyqaeM 

3 _,max dmin D · AeCb a; , i - rpaHH~bI CJtoes KJiacca = 1. 

IlO)J.CT3BJIHH A3HHbie H3 (44), H3XO)J.HM 

(48) 

TO eCTb 3H3'-IHMOro H3MeHeHWI cpeµ,HeH llJIOTHocrH C 

pacCTOSIHHeM He OTMeqaeTCjl [6]. 

PaCCMO,PHM Tenepb o6JiaCTb b ~ 80° K3TaJIOra [6}. 
HcxO)J.SI H3 (54). npeµ,nOJIO)KHM, qTo CKOilJieHWI B 
npocrpaHCTBe pacnpeµ,eJieHbl paBHOMepHO, TO eCTh 
v 6 = vs. Torna BHYTJ>H OAHOro H Toro )Ke TenecHoro 

yrna BHAHO 60JibWee quCJIO 6onee µ,aneKHX CKOD
JleHHH. l1 Hao6opoT, eCJIH B llJIOW.3AKe paAHyca C05 

Ha6JIIOA8eTC.H Ns CKOilJieHHH ranaKTHK, a B DJIO~aA-

112 
- - [ 1 - cos C05(N)J 
d6 : ds = 0.93 1 (N) 

- COSC06 

(50) 

B Ta6JI. 3 npHBC,ACHbl pa;t\H)'Chl llJIOII.\3AOK C05, 0)6, 

OTseqaro~ue qecny cKonneHHH N = 3, 4, ... , 23 no 
KaTaJiory [6], b ~ 80° . .0:JIH K8)K,AOro N BbitIHCJUleM 

d6 : ds no cpopMYne (50). Y cpeAfWI no sceii Ta611u

u;e, nonyqaeM 

d6 : ds = 1.588. 

0AH8KO H3 ( 45) HMeeM 

d6 : d5 = 1.259 

(5 1) 

(51') 
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CT ATHCTHl.J:ECKHH KPHTEPHH IlOJUIPH3AUHH 795 

Tao.ilHUa 3. PacC'J'OSIHHe AO cKonneHHH ranaKTHK KnaccoB D = 5, D = 6 H nepena):( npocrpaHCTBeHHOH nnOTHOCTH 
( OKpecrHOCTb ceBepnoro ranaKTH'iecKoro nomoca, b ~ 80°) 

N 0>5 0)6 d6 : d5 V6: V5 

3 2':75 1?65 l.55 2.06 
4 3.0 1.75 1.59 2.17 
5 3.45 1.95 1.65 2.32 
6 4. 15 2.35 1.64 2.31 
7 5.15 2.9 1.65 

. 
2.33 

8 5.9 2.9 1.89 3.06 
9 6.25 3.35 1.73 2.57 

10 6.95 3.95 1.64 2.29 
11 6.95 4.6 1.40 1.69 
12 7.75 5.1 1.41 1.71 
13 8.25 5.8 1.32 1.50 

- paCCTOfflHSI AO 6onee AaJieKBX CKOilJieHHII ranax
THK B 06JiaCTH b ~ 80° Ka:xcyl'C$1 apeyseJIH'leHHbIMB. 

3Ha11HT, HenpaBHJibHO npeAJ]oJJoX<eHHe v 6 = v 
5 

H 

IlJIOTHOC'fb ~eHTJ)OB CKOilJieHBi yaeJIHtIHB3eTCSI C 
paCCTOfflHeM. 

E~e pa3 33IIBWeM (47), HO He AJISI ucero KaTa
JIOra [6], a AJI.SI TeJieCHblX yrnoB (06 H C05 B Ta6JJ. 3: 

27t _.max 3 min 3 -
N5 :::: 3 [ (a5 ) - (45 ) ](l -cosco5)v5, 

(52) 

OreTaeM N5 = N6 H cooTBeTCTBYIO~He CO; 6epeM B3 
Ta6JI. 3. IlOACTaBJUUI B (52) 3HatteHIDI B3 (46), H3XOAHM 

_ _ I - cos co5(N) 
V6 : V5= 0.74 l (N). (53) 

- COSC06 

3aMeTHM, tITO (53) nony'leHo B npeAilOJIOX<eHHH, 
'ITO RpHIDITOe B KaTanore [6] COOTHOWeHHe Me)K,lzy 
paCCTOSIHHSIMB AO CKOilJieHHA D = 5 H D = 6 Bepuo 
T3K)Ke H B oxpeCTHOCTH TO'IKH b = 90°. y cpeAIDISI no 

N O>s 0)6 d6: ds V6: V5 

14 8?25 6?4 1.20 1.23 
15 8.45 6.7 1.17 1.18 
16 8.45 6.95 1.13 1.09 
17 8.55 7.15 1.11 1.06 
18 8.75 7.15 1.14 1.11 
19 9.0 7.3 1.15 1.12 
20 9.0 7.45 1.12 1.08 
21 9.15 7.6 1.12 1.07 
22 9.6 7.6 1.17 1.18 
23 10.1 7.75 1.21 1.26 

Ta6n. 3, norrr1aeM 

v6 : v5 = 1.63. (54) 

1-frax, B pa:Aoae "CTJ)3T}'Ca" (b ~ 80°, D = 6 [6]) HMe
eM 3Ha'IIITeJibHbIB nepenaA IDIOTHOCTH se~eCTBa. 
TaKBM o6pa30M, " CTJ)aT}'c" y ceaepHoro ra.naKTH'le
cxoro non10Ca - ,-eikTBHTeJibHO peaJ1bHoe o6pa3o
uauue, a He IIJ)OCTO omH'!ecKmi q>eaoMeH: 3.l(ecb 
o6"beKTLI pacnOJIO)l(eHbI ry~e, tfeM e oKpy)l(aJO~eM 
npocrpaHCTBe. 
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Statistical Polarization Criterion Distinguishing Structures 
of the Field of the Galaxy and Metagalaxy 

© 1995 r. A. A. V'yuga 

'!'o study the field structure of the Galaxy and Metagalaxy, it is efficient to use statistical quantity 

s2k = ~ ( 3 )_, I, cos u,,j,· 
N I Si<ISN 

where N is number of objects in a circular area on the celestial sphere (N ~ 3), 'Pijl are angles between directions 
from an object to the other two objects. Basing on Abell's catalog, the vicinity of the Northern Galactic Pole 
(b ~ 80°) was studied. It was found that clusters of galaxies of class D = 5 do not form any significant structures, 
while clusters of class D = 6 form a pronounced "stratus" (elongated cloud). Reality of the "stratus" was con
firmed by another method: in the region b ~ 80°, spatial density of cluster centers increases with distance, name
ly, v 6 : v 5 = 1.59, whereas the average over the whole Abell 's catalog is v 6 : v 5 = 1.01. 
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UCCJIEi:.OBAHHE ME)K3BE3)];H0f0 HOHU3HP0BAHH0f0 fA3A 
fAJIAKTUKH no HAJiJIIOJJ:EHIDIM DOfJIOmEHIDI H3JIY'IEHWI 

OCTATKOB CBEPXHOBLIX 
© 1995 r. A. B. KoB8Jlen.o, A. B. Ilw1138pt., B. A. YA&JJt.~oa 

PaouoacmpoHOMU"ec1<aa cmaHu,UR <l>HAH, llyr.u,uHo, Poccwi 
Acmpo1<0CMu"ecKuu u,e1tmp <l>HAH, Moc,cea, Poccwi 

nocrynHna e penatc~KlO 28.11 .94 r. 

Hosb1e HH3KoqaCTOTHhle Ha6moAeHIUI ranaKTeqecKHX OCTaTKOB ceepxHOB&1x (OCH) B IlyJ.IO{He Ha qac
TOTax 111 , I 02 " 83 Mru HcnonhJoeaHbr .wut YTOqHeHID1 HH3KO'laCTOTHbLX cneKTpos 6011ee coTHH OCH. 
Y 42 H3 HHX tta61110,!{aJIHCb " 3aBaJlb1" cneKTpOB Ha HH3JCJlX ttacro-rax, 06ycnoBJiemn.1e nornoiuetmeM H3J1Y'1e
HW1 OCH HOHH30BaHHblM ra30M Me:lK3Be3AHOA cpeAbl no JIY'l'f lpetoul. 3TH na6JllOAeHWI B KOM6HHaURH C ,:q>y
mMH HH3KoqaCTOTHbIMH ABHHblMlf no3sonenH onpeAemrl'l, orrreqecxy1<> TOJUIO' e nanpaeneHHH 42 OCH, 
o6ycnoeneHnyJO <pH3H'leCKHMH CBOHCTBaMH rala. OTBCTCTBeKHOro 3a nornoiueHHe. 3HalleHMe ,rpKOCrHbIX 
reMnepaT)'J> qx>Ha H a Hamn IlOrJIOll.\eHIDI B HanpaBJieHHH 3THX OCH Il0380JIHJIH ycraHOBHTh 3aBHCHMOCTb on
TH'leCKOH TOJill\lfHhl OT j[J)KOcrnoA TeMneparypb1 cpona. Hl 3THX 42 OCH H 560 nym,capos BhIAenem.1 6 nap 
"OCH- rrym.cap". OcHOBHOH KpHTepHH oT6opa nap - 611H3KHe Koop,nMHaTh1 H paccro"Hmr. CoBMeCTHbIH 
3H811H3 cpeAbl B HarrpasJJeHHH 3THX nap D03BOJIBJ1 nOCTpOHTb 3aBHCHMOCTb onTHqecKOH TOJIIIOIHbl B Ha
npaBJICHHH Ha OCH OT Mepbl AHCnepCHH nym,capoe. a TaKJKe o~eHBTb <pB3H'leCKHe napaMeTPbl HOHH30-
83HH0f0 r33a, OTBCTCTBeHHOro 33 Ha6mo.naeMoe nornow;eHHe P3AHOH3JJy'leHIDI. TaKMM o6pa30M 6bIJ10 
ycTaHOBJleHO, \JTQ: 1) O,l(Ha H Ta )Ke KOMilOHeHTa HOHH30BaHHoro ra3a Me)IC3Be3.QHOH cpe,tlbl (Hll-o6naCTH) 
OTBeTCTBeHHa 33 Tennosoe Hlny'leHHe <poHa f anaKTHKH, Ja Terrnosoe HH3KO'laCTOTHOe nornouteHHe 
p8.l{HOM3JIY'ICHHj( OCH H 33 Mepy ,tlHCnepCHH nyn1,cap0B; 2) pacnpe.l{eneHHe 3TOro H0HH30D3HH0ro ra3a 
KMeeT o6nattHYIO CTPYKTYPY C BbJCOKOH CKBa>KHOCTblO (06JiaKa 33HHM8JOT 1 - 3% 06t>CMa ranaKTHKH); 
3) napaMeTPbI 3THX o6naKOB CJICAYIOllUfe: 3JleKTPOHHaSI reMnepaT)'pa 2600 - 8800 K, 3JleKTPOHH3JI JCOH

tteHTPaQHJI 1.6 - 8.3 CM- 3, cyMM3pHblH pa3Mep o6naCTCH HI1 no JIY'l'f 3peHWI - OT 28 ,tlO 330 nc, pa3Mep 
OT,tleJibHblX o6JiaCTeH - 10 - 100 nc. TaKHe )ICC napaMeTPbl HMeKYI' HII-0611aCTH, Ha6J1JO,tl3BWHeC$1 B OnTH
\feCKOM .n.uana30He B OKpeCTHOCTSIX ConRl.\3 ff B paJJ;HOAffaila30He BO BHCWHeH ttaCTH ranaKTHl<H. 

I. BBE.JJ:EHI1E 

Pa.i.HocneKTpbl pS1Aa ranaKTB'Je.cKBX ocraTKOB 
ceepXHOBbIX (OCH) "3aeaJIHBa10TCS1" B o6naC'I'H qac
TOT HR)l(e 300 Mrr~. Bnepeb1e Taxyro oco6eHHOCTb 
cneK-rpa OCH G0.0+0.0 (SgrA East) Ha6JIJOAaJI ,IJ.ai1K 
B 1970 r. [l] Ha 1.faCTOTe 80 Mf~, a B 1971 r. 6pe3ry
H0B HAP· [2] ua6JIIOA3JIR 3aBaJI cneK-rpa 3TOro HC
TO'lHHKa yxce ua qacToTe 120 Mr~. B 1971 r . Kac
aenn H AP- [3] Ha6mOAaJIH 3TOT 3$$eKT y BTOporo 
OCH - G31.9+0.0 (3C391). Ha6JI10AaeMoe XonAe
HOM H Kacsem10M [4] yKJioHeHBe cneKTpa OCH 
G43.3-0.2 Ha HM3JCHX qacrOTax oT creneHHOro o6y
CJIOBJJeeaeTcS1 B3JlOMOM cneKT(>3, a He JaBaJIOM [5]. 

B i972 r . .JJ:anK u Cirn [6] Ha paAHOTenecKone B 
Kynrype Ha6moJ{anH Ha qacrore 80 Mru JaBaJibl 
cneKTpoB y 12 OCH, a e 1989 r. KaccHM B K.napK
Jiee:Ke Ha6JJ10AaJ1 3asanb1 cneK-rpoe Ha qacroTax 
30.9 H 57.5 Mru y 21 OCH [7] . 

IlpH1.fHHbJ HB3KO'laCTOTHbIX 3aBaJI0B cneKTpa y 
pSQ(a OCH 06cy)ICJ{aJ1HCb B pa6oTax fHH36ypra H 
Cb1poaaTCKoro [8], Kem1epMaHa H 11.p. [9], .U:anKa [l], 
Kaceen.11_a H AP· [3], BpH,:v1a H KecreseHa [10], <l>BH
neSI 0 ,IJ.)KoHca (11], 'tJaflcoHa [12]. IloHHMaHHJO npu-

tfIDI 1mJKO'laC'I'OTHbIX 3aBaJIOB cneKTJ)a OCH cnoco6-
creoB3.Jm reopeTB'leCKBe H 3KCnepBMeHTa.JlbHbte HC
CJie,AOBaHIDI Me)K3Be31J.HOA cpell.bl TaKHX aBTOpoB, KaK 
MaK-Kpee: [13}, QecapcKH A- H Qecapcm C. [14), 
fOp1J.OH (15], fepon u AP, [16] , PeHHOJibAC [17 - 19], 
MaTHc [20] , KynKapHB B XeiiJ1ec [21] , 8HJICOH (22], 
foTieCMaH [23) , ,lJ.)l(aKCOH [24], JIOKM3H [25], XapT H 
IleAJJap [26], AHaHTapaMaIDI [27 - 29]. 

,lJ.anK H Om e pa6oTe [6), onupaJ1Cb Ha nepequc
neHHbte BbIWe pa60Tbl H pe3yJihTaTbl CBOHX Ha6JIIO
AeHHH, npHWJIH K BbIBOAY, "lJTO HH3KO'laC'FOTHble 3a
BaJlbl cneKT(>OB OCH o6ycnoaneHbI norno~eHHeM 
e3ny'leHID1 OCH e HII-o6nacrsx c pa3MepaMB 6onb
me 20 nc H 3JICKTJ)OHHOJi KOHUCHTJ)aueeH = 10 CM- 3 

npu 3JieK'I'pOHHOH TeMneparype 104 K. Mepa 3MBC
CHH Taxoro ra3a EM ""' 1000 - 9000 ~ nc. KaccHM 
{7), Ha6mo11.aemmt HH3KoqacTOTHbie 3aBanbI cneKT
poa y 21 OCH, nonaraeT, 'ITO Ha6n10.QaeMoe HH3Koqa
CI'OTHoe norno~eHHe MO)l(}fO o61,srcHHTb rip<>TIDKeH
HhIMH Hil-o6ono'lKaMH (EHE), paccMOTJ)eHHbIMH 
AHaHTapaMaHSl [29] H 06'bHCHSIIO~HMJ1 pe3yJibTa
Tbl ero HCCJieAOBaHHH peKOM6HH3qBOHKbIX JlHHHH 
Ha qaCToTe 325 Mfl\. AeaHTapaMah H KaccHM npH
HHMalOT CJieAyID~He napaMe-rpbt 3THX o6nacreli:. 
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11CCJJE,[(0BAHME ME)l(3BE3.D;H0f0 110HM3MP0BAHH0f0 fA3A fAJJAKTMKH 797 

3JieKTJ)OHHrul TeMnepa-rypa ~ ""' 3000 - 8000 K, ane
KTJ)OHHaSI KO~eHTJ)a~ml nt = 0.5 - IO CM-3' pa3Mep 
50 - 200 nc H q:>aKTOp 3anOJIHeHIDI q < I%. 

KoHel.fHble BbIBOA.bI no OQeHKe napaM~TJ>OB Me)K-

3Be3W{0H cpeAbl, OTBeTCTBeHHOB 3a HH3K01.faCTOT
HOe nornol.I(eHne paWJOH3JiyqeHm1 OT OCH, nony-
1.feHHLie B pa6oTax ,L(aJIK H CJIH [6] H KaCCHMa [7], e 
QeJIOM 6JJH3KH. TeM He MeHee IIOJJHOH yeepeHHOCTH 
B HX AOCToeepHoCTH el.I(e HeT. B CIDl3H c 3THM aBTOpbl 
H3CTO~e.0 ·pa6oTJ:.1 np0BeJIH aHaJIOIWIHbie HCCJieAO
BaHIDI Ha Gase 6on1,mero KOJIHlieCTBa aa6moJ:{aeMb1x B 
nomol.I(eHim Ha HH3KHX 'lfaCTOTax OCH. 

HccJieAOBaHHSJ 6blJIB rrpoBeACHbl Ha OCHOBe H3-
MepeHHH nnoTHOCTei rroTOKOB 102 OCH B ceBepHOH 
rronycq:>epe Ha qacroTax 83, 102 H 111 Mr~. BhIJIOJI
HeHHhIX B Ilyl.I(HHe Ha pap;HoTenecKonax <I>HAH 
L(KP-1000 H BCA. Ha ocHoee aHaJIH3a KOMIIHIDI.I(H
OHHbIX crreKTJ)OB 3THX OCH y 42 H3 Hux o6Hapy)Ke
HbI HH3KO'CJ:3CTOTHbie 3aBaJibl [5, 30]. 

2. PE3YJih TA Thi HABJIIOL(EHHH 

H3MepeHH.SI norJIO.I.I(eRIDI pa.unon3nyT.J:eHID1 OCH 
npoBCACHbl Ha OCHOBe Ha6JIIOAeHHH 3383JIOB HX crre
KTpOB B MeTpoBOM AHana30He BOJIH. B 061.I(eM cny
qae 3H3llCHHSI Ha6JIJOAaeMbIX (S") H HCTHHHbIX (S,J 
IIJIOTHOCTeti IlOTOKOB OCH Ha tJaCTOTe V CBS133Hbl 
COOTHOllieHHeM 

(1) 

r.ue 3Ha't{eHHe OilTHtJeCKOii TOJII.I(HHbl Ha l:laCTOTe V 

cornaCHO [31 J paBHO 

'tv·= 8.235 X 

x 10-21:1.Js (K) v-2·1 (ffQ) EM (nc cM-6), (2) 

a Mepa 3MHCCHH 

EM = f N;dt (3) 

(~ - 3JieKTJ)OHHrul TeMnepaTYpa ra3a). 3HaT.J:eHHe S" 
orrpeAen~eTcSI 3KCTpanonSI~HeH CTeneHHoro Bbico
KoqacTOTHoro cneKTpa B cropoay HH3KHX 't{aC'J'OT. 
Ha 11aCTOT8X BbIWe 4875 Mfl.\ AH<P<PY31U,IH HOHH30-
B3HHh1H ra3 RBJISleTCSI OilTJ.l'{eCKH TOHKHM, Il03TOMY 
cnpaBe_AJIBBO COOTHomeHHe 

(4) 

r):(e Tfl. - SlpKOCTHrui TeMnepaTYpa TCilJIOBOro H3Jiyqe
HHSI q:>OHa. 

KaK OTMet.JanOCb BO BBe.n;eHuu, y 42 OCH Ha6mo
AaJOTCSI 3aBam,I cneKTpOB B MeTpOBOM )Ufana30He 
BOJIH. 3Ha'leHIDI onrnqecKOH TOJII.I(HHbl Ha qacroTe 
100 Mr~. H3MepeHHbie B pa6oTe [5] B HanpaBJieHHH 
3THX OCH, npHee.n;eHhI B KOJIOHKe 3 Ta6n. 1. B Ta6-
mru,e np1rne,:i;eHhI H Apynrn AaHHbie, Heo6XOAHMhie 
AJISI llOCJICAYJOI.I(ero aHaJIB3a pe3yJibT3T0B. 

B KOJIOHKe 4 npHBeAeHbI JHa'tleHIISI 't ( 4875 Mfr(), 
nepeC'mTamD,Ie B COOTBeTCTBllll c COOTHOllieHHeM (2) 
B3 3HalleHHH 't (100 Mf~). B KOJIOHKe 5 noMeIQeHbI 
JHaqeHUSI SlpKOCTHOH TeMnepaTYpbI TenJIOBOI'O 
p~HOH3JiyqeHIDI <f>oHa f aJiaKTHK:a Ha qaCTOTaX 

4875 Mfl.\. 
B1,16op qacTOT.bI 4875 MfQ .n;;u1 onpe.n;eJJeHRR T11. 

o6ycnoanen TeM, 'lTO Ha 3TOH 11aCTOTe BKJia.n; He
TenJJOBoro HJnyqeHIDI Man no cpaseeHHJO c 6onee 
HH3KHMR 'laCTOTaMU H, C Apyrou CTOpoHbl, Ha 3TOH 
'18CT0Te HMeeTCSI o63op raJiaKTH't{eCKOH IlJIOCKO
cm, nony"leHHhIH Ha 100-M paABOTeJieCKOIIe a 
3qxpenbc6epre. 3Ha"leHIDI TA (4875 Mfio nonyqeHbI 
no _A8HH.blM H3MepeHHi'i BHTeHCHBHOCTH q,oaa ra.naK
THKH [32 - 36] C KOppeKI.\HeH 33 BKJl8'A HeTenJIOBOro 
H3JiyqeHHSI (CM. IlpHJIO)KCHHe), a TaK)Ke C HCilOJib-
30BaHBeM H3MepeHHA TeITJIOBOro H3JIY'ICHHSI q:>oHa 
B HHq:>paKpacHOM nuana30He [35]. 0WR6KH npHBe
.n;eHHblX e Ta6JI. 1 3Ha'tJeHHH T. (4875 Mr~) He rrpe
BhJWaJOT 30%. 

B KonoHKax 6 a 8 npuBeJJ:eHbI H3MepeHHLie (d143 .... ) H 

pac'leTHbie ('1.,ac-t) 3HaqeHIDI paCCTomme AO OCH, 3a
HMCTBOBaHHhie H3 yKa3aHHblX B KOJIOHKax 7 H 9 pa6oT. 

Ha pee. 1 rrpeee.ueao pacrrpe,neneHHe 3Ha'tJeHmi 
Ha6JIJO,UaeMOH OilTHlleCKOH TOJII.I(HHbl HOHH30BaHHO
ro ra3a Ha qaCTOTe 100 MfQ OT ranaKTB'lleCKOB ,UOJI

ron,1. 3To pacnpe,neneHHe nonyqeao .um1 OCH c 3a
BanaMH cneKTJ)a, KOTOpbie pacrro11o)KeH1>1 e o6nacrH 
ranaKTH'leCKHX WHpoT lbl < 0.6°. J,fa npHBe,u;eHHblX 
A3HHbIX BHAHO, 'ITO OKOJIO 80% OCH, HMCJOI.I(HX rro
rJIOI.I(eHHe, pacnoJJO)KeHbl Ha AOJirOTax MCHbWe 50°. 

He BbI3bIBaeT coMHeHHSI, 'ITO y acex OCH s 
OOJl3CTH HH3KHX qacTOT cneKTpbl CTeneHHble, a 
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PHc. 1. PacnpeAeneHffe JHa'leHHH Ha6JuOAaeMoA omwtec
KOtt TOJl~HHhl HOHH30B3HHOro ra3a Ha 'l3CTOTe 100 Mr~ 
OT ranaKTif'lecKoA .nonroTbl, nonr1enttoe no Ha6mo.ne
HH1!M OCH c 3asanaMH cneKTpa, KOTOpb1e pacnono)Ke
Hbl B o6JJaCTif ranaK11f'IeCKHX WHpOT lbl < 0.6°. 

ACTPOHOMJ1'-IECKJ1H )l(YPHAJT TOM 72 M 6 1995 
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Ta6mn~a 1. OnTHl.fecKa,i TOJlll,lHHa H napaMeTJ)bI Me}IC3Be3AHOA cpeAbI B HanpasJJeHHH 44 OCH 

ranaKTH'leCKHe OnTH'lecKaB TO~HHa dB3M' 
Mn/n KOOpAHHaThl T,,..K Cci.m- "i,IIC'I ' CcbJJI- Te,K 

EM, 
1mc Ka KOC Ka nc CM-6 

l I b 't (100 Mf~) 't (4875 Mf~ X ta6 

1 2 3 4 5 6 7 8 9 10 11 

1+ 0?0 +0'?0 6.14 ±2.65* 1752±756 4 10 [37] 

2 0.9 + 0.1 0.83±0.14* 234± 40 1.5 10.5 [38] 6410 10903 

3 1.1 - 0. l 2.0±0.3* 571 ± 114 1.5 10 [39] 2627 7980 

4+ 6.4 -0. l 0.08 ± 0.025* 22.8 ±7.1 0. 17 4 [40] 2.4 [41) , 7456 1303 

5 7.7 - 3.4 0.14 ± 0.14 40 ±40 - 4.5 [42] 3.2 [41] 

6+ 8.7 -0.1 0. 15 ± 0.012* 42.8± 3.4 0.27 6±1 2.7 6310 1952 

7+ 9.8 +0.6 0.67±0.13* 191 ± 37 0.4 12.3 [43] 

8+ 10.0 -0.3 0.49 ±0.14* 140±40 0.6 17.2 [41] 4292 3790 

9+ 11.2 - 0.3 0.24±0.06* 68.5 ± 17.1 0.3 7 ± 3 [44) 11.9 [41) 4382 1908 

10+ I 1.4 -0.1 0.43 ± 0.016* 122.7±45.6 0.55 15.2 (41] 4484 3528 

11+ 15.9 + 0.2 0.16±0.02* 45.6±5.7 0.27 16.5 (41] 5915 1908 . 

12 16.7 + 0.1 0.53 ± 0.18* 451.2 ± 51.3 0.6 24 3968 3687 

13+ 18.8 + 0.3 0.03 ± 0.018* 8.6± 5.5 0.15 14±5 [45) 6.6 [41) 

14 20.0 - 0.2 0.05 ±0.05 14.3 ± 14.3 0.4 

15+ 21 .8 -0.6 0.057 ± 0.02* 17.l ± 5.7 0.14 6.3 [46) 4.2 (41] 8180 1108 

16+ 22.7 - 0.2 0.56 ± 0.02* 159.8 ± 5.7 0.8 5.5 [41] 5008 5334 

17+ 23.3 - 0.3 0.55 ± 0.056* 156 ± 16 0.8 5 [41) 5099 5368 

1s+ 23.6 +0.6 0.80 ±0.19* 228 ±54 0.83 11.9 (41] 3637 4948 

19+ 24.7 - 0.6 0.76 ± 0.14* 217 ± 40 0.7 7.6 [41] 3229 4003 

20• 24.7 +0.6 0.22 ± 0.11 * 62.8 ± 31.4 0.4 6.8 [41] 6374 2902 

21+ 27.4 + 0.0 0.38 ± 0.17* 108.4 ±48.5 0.5 25.7 [41) 4612 3239 

22+ 29.7 -0.3 0.06±0.02* 17.2 ± 5.7 0.36 21 [47] 18.9 [41 1 

23+ 31.9 + 0.0 0.52±0.07* 148 ±20 0.64 11 ± 2 (48] 16.0 [41] 43 14 · 4050 

24 32.0 - 4.9 0.03 ± 0.027 8.6±7.7 - 2.5 [41] 

25+ 33.6 + 0.1 0.04 ±0.02 11.4 ± 5.7 0.4 8.5 (49) 10.8 [41 ) 

26+ 39.2 -0.3 0.065 ± 0."019* 18.5 ± 5.7 0.12 >1 (50) 10.2 [41 ) 6772 875 

27 39.7 -2.0 0.055 ± 0.02* 15.7 ± 5.7 - 6 [51) 2.2 [41) 

28+ 40.5 -0.5 0.22 ± 0.022* 62.8 ±6.3 0.2 0.8 

29+ 41. 1 - 0.3 0.07 ±0.003 20±0.8 0.15 10.9 [49) 12.8 (41] 3505 412 

30+ 49.2 -0.7 0.20 ± 0.15 57.1 ±4.3 0.2 4.1 (52] 3.4 [41) 

31 54.4 -0.3 0.04 ± 0.019* 11.4 ± 5.4 0.1 3.4 4.3 (41] 8764 811 

32 78.2 + 2.1 0.28 ±0.28 79.9±79.9 2 [53] 1.6 [41] 

33 82.2 + 5.3 0.27 ±0.14 77 ± 39 1.3 [41] 

34 89.0 +4.7 0.012 ±0.01 3.4±2.8 0.8 [54] 1.1 (41] 

35 93.7 -0.2 0.1 ± 0.1 28;5 ±28.5 3.4 [41) 

36 111.7 -2.1 0.0096 ± .0003 2.7 ± 0.086 2.8 [41] 

37 120.1 + 1.4 0.01 ± 0.003* 2.86±8.6 2.3 [55] 5.0 (41 J 
38 160.9 + 2.6 0.0028 ± .0017 0.8 ±0.48 2 1..3 (41] 

39 189.l + 3.0 0.01 ± 0.002* 2.86±0.57 1.9 (41 ) 

40 192.8 - 1.1 0.016 ± 0.008 4.56±2.28 2.5 [41] 

41 205.5 +0.5 0.08 ± 0.01* 22.9 ±2.9 0.8 [56] 1.3 (41] 

42 206.9 + 2.3 0.06 ± 0.008* 17.1 ±2.3 3.0 (41) 

43+ 348.5 + 0.1 0.38 ±0.11 108 ± 31.4 8.0 [41] 

44+ 349.7 +0.2 0.36 ± 0.17 102±48 18.7 (41] 

IlpnMet.JaHHe K Ta6nHue l. KpeCTHKOM (+) e KOJIOHKe 1 oTMe'leHhJ OCH, 3aBaJthl cneKTJ)OB KOTOpblX Ha HH3I<HX tJaCTOTax HaOmo
.nanHcb TalOKe B pa6oTaX (6. 7}. 3Be3AO'IKO~ (*) B KOJIOHKe 3 OTMC'ICRbl 3HatJeHHll ODTH'ICCKOH TOJill\HHbl, H3MepeHHble C omn6KoA 
Mem,we 50%. OCTaTKH ceepXHOBhlX M 43 H 44 8BTOpaMH HaCTOllll\eA pa6oTbl He Ha6JIIOA3JUfCh. 3TH HCTO'IHHKH HSXO.QllTCll sse 

npenenoa BKAHMOCTH paAHO'l'CJlCCKODOB B Ilyll\HHC. 

ACTPOHOMVlt:{ECKMH )l(YPHAJI TOM 72 .N'e 6 1995 
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PRC. 2. 3aeHCHMOCTb onTH' leCKOA TOJII.J.{HHbl AJUI 23 OCH OT IIJ)KOCTHOi\ TeMneparypbl Tennoeoro paAHOl13ny<ICHH11 q>OHa ra
n aKTHKH Ha •iacrore 4875 Mfl.{. 

Ha6mo.naeMbie y 44 OCH HH3KoqaC'roTHbie 3aBaJJbI 

o6yCJIOBJJeHbl TenJJOBbJM norno~eHHCM H0HH30B3H
Hb1M ra30M no Il}'TH K aa6mo.naTemo. B HaCTOSI~eii 

pa6oTe aBTOpbl npe.nnpHHBMalOT nonbITKY OU,eHHTb 
nap aMeTPbl 3TOro ra3a c noMo~blO attaJJB3a H3Me
peHHhIX 3HaqeHHH OilTDqecKOH TOJl~ UHbl. 

,[(ml 3TOH ou,eHKH 6bIJJH HCilOJJb30BaHbl Te 3Haqe
HHSI 't (100 Mfu,), y KOTOpblX OWH6KH H3MepeHHS1 He 

npeBbIIIIaIOT 50% . .nm1 onpe.neneHHff 3JJe.KTPOHHOH 
TeMneparypbI H Mepbl 3MHCCHU ra3a, OTBeTCTBeffi{OI'() 

3a rennoeoe nornoiu,eHHe pa.nHOH3JJY'leHHSI OCH, 
6bIJHI HCil0Jib30B3HbI COBMCCTHO C 't (100 Mfaj .naH
Hbie O TenJIOBOM H3JIY"tteHHH q>oHa faJJaKTHKH B KOH
THHyyMe [32 - 36] H COOTHOWCHHSI (2)- (4). Ilp u 3TOM 

yqHTbIBaJIOCb, qro SlpKOCTHaSI TeMnepaTYJ)a q>OHa 

o6yCJJOBJJHBaeTCSI H3JiyqeHHeM Bcero CTOJJ6a ra3a OT 

Ha6JIIOAaTemr.no Kpax ranaKTHKH e J:(aHHOM HanpaB

JieHHH, a 3HaqeHHe 't (100 Mfu,), H3MepseMoe n o n o

moiu,eHHIO paAHOH3Jiy'leHHSI OCH, o n peJ1:eJI.s1eTcS1 

TOJibKO ra30M, pacnoJIO)KeHHbIM Me~y Ha6moJ];aTe

JieM H OCH. B cs.s13e c 3THM .nn.s1 onp e.neJ1eau.s1 ~ H 

EM 6bmH s1,16paHbI Te OCH, B Hanp asnemm Ko

TOpbrx OCHOBHOH BKJJaA B Tennoeoe p3,nHOD3Jiyqe

HHe q>oHa Jl:3IOT Te )Ke CJJOH HOHH30BaHHOro ra3a, 

KOTOpbie B OCHOBHOM OTBCTCTBeHHbl 3a norno~e

HHe H3JiyqeHB.sl OT OCH. ,[(m1 3TOro aHaJIB3Hpoea

JJHCb KapTLI pacnpeAeJieHHSI o6nacTeu HII B nnoc
KOCTH faJiaKTHKH, n pOBOAHJIOCb COilOCTaBJieHHe 

ACTPOHOMJ11..JECKJ1H )l(YPHAJI TOM 72 Ht 6 1995 
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Ta6Jt&l(a 2. napaMeTJ)hI Me)l(3Se3AHOH cpeAJ,1 s uanpasneHHH Ha napbl OCH-nynbcap 

x~ HaJsaune KoopAHH8TbJ OCH Ha3BaHee 
OCH (G) 

CX1950 01950 
nym,capa (PSR) 

1 2 3 4 5 

4 6.4--0. 1 17h 5-,m 30' -23°25' 1757-23 

6 8.7~.1 18 02 35 -21 25 1800-21 

8 10.0--032 18 05 40 -20 26 1805-20 

15 21.8--0.6 18 30 00 -IO 10 1829-10 

20 24.7+0.6 18 31 30 -07 07 1832--06 

26 39.2~.3 19 01 40 05 23 1900+06 

pacCTOHHRH AO OCH [57, 58] H AO ocHOBHblX cn11-
paJ1bHbJX pyKaBOB, pacnono>KeHHe KOTOpblX ycra
HOBJleHO no IlOJIO)KeHIUO HIT o6nacreii [59, 60], no
CKOJlbKY HaAe.>KHO cy~ecrsyeT KOppemI~WI Me~y 
pacnoJJo>KemteM B npocrpaHCTBe HII-o6nacreil H 
BOHH30BaHH0I'O ra3a q>oHa [25, 49, 61, 62}. 

0.r{HaKO ~o HeKOTOpbIX H3 npHBeACHHbIX B Ta6JI. 1 
OCH paCCTOSIHIDI He H3MepeHbI, no3TOMY, tJT06b1 
BbI6paTb H3 HHX re, B HanpaBJieHHH KOTOpbIX OCHOB

HOH BKJ13A B r. (4875 Mr~) AaeT TOT >Ke ra3, 'ITO 
e e 't (100 MI'I.O, 6Lma nocrpoeHa 3aBDCBMOCTb 
't (100 Min.) KaK <p)'HKUIDI r. (4875 Mf~) (pee. 2). Ha 
3TOM pHcyHKe npaBeAeHbl 3HaqeHIDI 't (100 Mf~) AJISI 
23 OCH, y KOTop1,1x oWH6Ka H3MepellHSI 't (100 MI'aj 
MeHbWe 50% H B HanpaBJiemm KOTOpbIX H3MepeHa 

stpKOCTffiUI TeMnepa'fYpa TeilJIOBOro q>OHOBOI'O PaAHO
H3JiytteHIDI ranaKTHKB Ha '\JaCTOTe 4875 MfQ. 3aeHCH
MOCTb Ha pHC. 2 Il0Ka3bIB8eT, t.fI'O 3HatteHIDI nor.rro~e
HIDI H H3Jiy'ieHIDI IJO nyqy 3pellHSI rrponopIJ,HOHaJlbH.bl 
Me>Key co6o:u. IlocKO.Jll,KY Il(?I'JIO~eHHe H H3JiyqeHHe 
o6yCJIOBJ1l!BaIOTCSI Me.>K3Be3AHblM ra30M, eCTb OCHOBa
HHSI nonaraTb, qTo Ha6monaeM}'IO nponopl.(HOHaJib
HOCTb Me>Kny t ooo MfQ) u r. (4875 Mr~) Mo>KHo 
o6'bHCHl1Tb ra30M, OTBeTCTBeHHbJM OW{OBpeMeHHO 
3a norno~eHHe H H3JiyqeHHe. Il03TOMY MO.>KHO HC

Il0Jlb30BaTb COBMeCTHLie naHHbie O 't (100 MfQ) B 
rll (4875 Mr~) Ami OI(eHOK Te H EM. 3Ha1.JeHHSI 4 n 
EM rronyqea1,1 c ucnonb30BaHHeM COOTHomemm ( 4) H 
(2) H rrpHseneHbl e Ta6JJ. 1 (KOJIOHKBlO H 11). xh npH
eeneHHOH Ha pHC. 2 38BUCHMOCTH BbIIl3A8IOT TO'tlKH AJUI 
OCH N2 7, 22 H 28 (HoMepa coOTBeTCTBYlOT KOJIOHKe 1 
Ta6n. 1). Te HEM B HarrpaBJJeHHB 3THX 06'beKTOB He 
paCC'lHTblBaJJHCb. lfa T86JI. 1 BHAHO, 'ITO 3H8'1eHIDI Tt 
3aKJIIOtteHbI e npenenax 2627 - 8764 K co cpeAHHM 
JHa'leHHeM 5267 ± 1120 K, a 3HaqeHIDJ. EM - B rrpe
nenax 412 - 10 903 nc c0 co cpenHHM 3Ha'leHHeM 
3500 ± 1810 nc cM-6. 

,[(ml' OQeHKH 3JieKTpOHHOH KOHQeHTpaQUB H He
OAHOpOJ:l:HOH c-rpyKT)'pbl HOHH30B8HHOro ra3a Me>K-
3Be3AHOH cpenhl, onpeAensi:ro~ero Tennoaoe p;mHo
H3JI)"leHHe cpoHa ranaKTHKH, MO.>KHO COBMecrHO HC
Il0Jlb30BaTb Mepy nHcnepcHH nynbcapa (DM) H Mepy 
3MHCCRH (EM) a HanpaBJieHHH OCH (eCJIH nynbcap 

EM, dsNR• DM, LPSR• (NJ1 nt, le, q,% 
nc™-6 KilC nc CM-3 KfiC CM CM-3 nc 

6 7 8 9 IO 11 12 13 

1546 4 280 4.4 0.063 5.5 51 1.2 

1952 6 234 4.0 0.058 8.3 28 0.7 

3790 - 609 7.4 0.082 6.2 98 1.3 

1108 6.3 475 6.4 0.074 2.3 203 3.2 

2902 - 463 6.3 0.054 6.3 74 1.2 

875 11.3 530 10.1 0.053 1.6 330 3.3 

H OCH 6JJH3KO pacnono>KeHbt). Mepa AHcnepcHH 
nynbcapoe onpenensi:eTcsi: KaK 

L 

DM = JNedl, (5) 

0 

rAe L- paccrosnme .n;o nyn1,capa, a Ne - JHaqeHHe 3Jie
KTJX)HHoii KOHQeH'I'paQHH cpe,o;bI B HanpaaJieHHH Ha 
AaHHbIH nyn1,cap. B 3TOM cnyqae H3MepeHIDI DM n 
EM OTHOCSITCSI K OAHHM H TeM .>Ke CJIOSIM ra3a. I-fa 560 
Ha6J110AaeMhIX ceroAH.A ny111,capoB H 44 OCH H3 
Ta6n. 1 YAaJJOCb HaHTD TOJJbKO 6 nap "OCH-nynb
cap", YAOBJieTBOpSIIOII(RX YK83aHHblM BbIWe Tpe60-
B8HIDIM. 3TH napbl H CBSl3aHHble C HHMH napaMe
TJ)bI npHBeAeHbl a Ta6n. 2. B KOJIOHKe 1 npuBeAeH .. 
nop~KOBbIH HOMep OCH, COOTBeTcray10~ Taon. 1, 
B xonoHKe 6 - Mepa 3MHCCHH a HanpasneHHH OCH, 
onpeAem1eMIDI no norno~eHHJO paAHOH3nyt1eHHSI, B 

KOJIOHKe 7 - H3MepeHHOe paccroSIHHe J:(O OCH 
(CCbIJJKB CM. B KOJIOHKe 6 Ta6JI. 1), s KOJJOHKe 8 - Mepa 
JJ:BCnepCHH nynbcapa, a KOJIOHKe 9 - paCCTOSIHBe AO 
nynbcapa [63], B KOJIOHKe 10 - cpe~Hee 3Ha'lJeHue 
3neKTJ)OHHOH KOm:~euTPa:UHH Me)l(3Be3AHOB cpeAbI 
Ha nyqe 3pemt.st, B KOJIOHKe 11 - JlOKaJibHOe (cpeA
Hee B o6JiaKax) 3HaqeHHe 3JICK1l)OHHOH KOHUCHT
_panHH, e KOJIOHKe 12 - cyMMapHblH IlYTh B o6naxax 
HOHH30BaHHOro ra3a B1(0Jlb nyqa 3peHHSI Ha napy 
"OCH-nynLcap", B KOJJOHKe 13 - cpaKTOp 3anonHe
HIDI, onpeAeJisi:ro~eii, KaK)'JO nonro o6'beMa ranaK
THKH B AaHHOM HanpaeJJeHHH 33HHMalOT o6JiaKa HO

HH30B8HH0I'O ra3a. 

Cy~eCTBOBaHHe Koppemn~m Mc)KJzy 3Ha'IeHWIMll 
OllTH'leCKOH TOJI~I 't (100 Mraj u Tfl (4875 Mfaj 
(pHc. 2) e pacCTOSIHWI AO OCH (Ta6n. 1) CBlfAeTenh
CTBYIOT O TOM, '-ITO OCH C HH3KO'-laCTOTHbIMH 3aBa
JiaMH cnercrpoB - AaJieKHC 06'beKTbI. Ilo3TOMY ff 

nyn1,capbl B Ha._Jip8BJICHIDIX, 6JIR3KHX K HanpaeneHH
SIM Ha 3TH OCH, Bb16npanecb c 6oJibillBMH 3Ha'lJeHH
SIMH Mepbl AHCnepCBH. B CBH3H C 3THM J);OJl>KHa HMeTb 
MeCTo KOppeJISIUIDI Me~y 't ( 100 Mrl.\) B uarrpasne
HHH nap "OCH-nynbCap" H Mepoe: AHcnepcm1 3THX 
nyn1,capos. Ha pee. 3 npeBeAeHa TaKaSI 3aBHCH
MOCTb. HoMepa TO'IeK Ha rpaq>HKe, npe~CTaBJJeHHOM 
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Ha pee. 3, COOTBeTCTBylOT HOMepaM naps Ta61I. 2 (KO
JIOHO 1). lh npHBC~eHHoro rpaq>HJCa BlfAHO, 'IT0 33-
BBCHMOCTb Me:aqzy 't ( 100 Mr~) u DM AeikTBBTeJJb

HO HMeeT MeCTO. 

CoeMecnn,1e ~aam1e o t H EM BOHB30:eaHBoro 
ra3a e HanpasneHHHX OCH H 3Haqe.H1UI DM :noro 

ra38, B3MepeHHb1e no nyJn,capaM, Ha6moAaeMhlM e Ha
npaBJieHIDIX, 6JIB3KBX IC Hanpa.BJieBIDIM Ha STH OCH, 
Il03B01U1IOT onpeAeJIHTb: 1) cyMMapHblH nyn. le B o6-
JI81C8X HOHH30Ba1D10r0 ra3a B,:tOJlb JIY'lla 3peHIUI Ha 
napy "OCH-nym,cap"; 2) cpeJ{Hee 3Ha'leHBe 3JieK-

1]X>HHOH KO~eH1paQRH B o6JiaKax ne; 3) .K03q>q>B

~eHT 33UOJIHeHIDI q. DOK33blBalOIIµIB, K3K}'IO AOJIJO 

061:,eMa f aJiax.mm B AaHHOM HanpaeJiemm 3aHHMa
.lOT 311f 0611axa; 4) cpeAHee no nyqy 3peHWI 3Ha'le
HBe 3JieK1J)OHHOH JCO~eHTpa~ B Hanpae11eHBB Ha 
napy "OCH-ny.rrbCap". 

,U.nJ1 Bb11l8CJieHID1 3TBX napaMeTJ)OB HCllOJJb30Ba
JI3Cb MeTOJ{HXa H COOTHOmemm, npBBeneHHt.Ie B 
pa6orax PeBHOJibAca [61] u Il1>1Hlap.S1 [64}: 

le= DM2JEM, (6) 

ne=EM/DM, 

q = (ne)fne, 

(7) 

(8) 

rAe (ne) = DM/ L- cpeAHee no nyqy 3peHIIJI 3Ba'leBBe 
3JICKTpOHHOH KO~eHTpaIUIH B HanpaeJieHHH Ha na
py "OCH-nym,cap". B1,1"tJHc.11eHHL1e 3Ha'leBlIH y1ea-
33HHblX napaMeTpOB DpBBe,Qem.l B KOJIOHJC:ax 10 - 13 
Ta6n. 2. ff3 Ta6n. 2 BlijlHO, 'ITO I, 11e)KHT e npeneJiax 
28 - 330 nc, a ne - 1.6 - 8.3 CM-3. 

H3BeCTHO, qTo cpe.nuee JHatteHBe aneICTpOHHOH 
KOHI.\eHTpaQHH, onpe,QeJIJleMoe no Mepe AHcnepcHH 
nym,capoB c H3BeCTHblMH paCCTOSIHIDIMB, [631 c TOllHO
CTblO AO K03<p<p~eHTa 2, pa.BHO 0.03 o.3. IlOJIY'leH
m.1e e HaCI'()jfil{eB paoore 3Ha'leHIUI n, = 1.6 - 8.3 CM"""3 
OK33bl83!0TCSI Ha 2 nopffAKa Bblllie. Tame 00.rJbIDHe 
3H8C£eHIDI ne Jil MaJlble paCCTOJIHIDI le = 30 - 330 DC, 3a
BHMaeM.ble 3THM ra30M, yx:aJLlBaIOT ua TO, 1l'l'O pac
npe~eneHHe ROHB30BaHHoro ra3a B ra11a:Kmxe SIBJ1J1-

eTCS1 o6bl'IHblM, npH'leM o6.naKa 33RHM3!0T 0.7 - 3% 
ofri.eMa ranaKTHKB. 

CBH,QeTeJI.bCTBOM HeOJ:{HOpo.lUIOH CTpYJCTYPl,I 
Me)K3Be3,IUIOro lilOHB30BaHHOro ra3a SIBJUleTOI pa3-
JIB'IHe OIJTHqeCKOH TOJI~HHbI B HanpaeneHHH OCH, 
6nn3KHX no KOOpABHaTaM H paCCTOSIHHIO. B Ta6JI. 3 
npHBeACHbI 5 nap OCH, 6JIH3KHX no Koop~11HaTaM B 
pa~JIHHIO ( c roqHOCTblO no 1 ° H 30% COOTBeTCT

eeHHo), HOC 33MeTHO pa3Hb1MH 3Ha'JemtSIMU OllTB'le
CKOli: TOJl~bl B HanpaBJieHBH Ha HHX. 

3. OBCY)l(,[(EHHE PE3YJlhTATOB 

PaJMep1,1 o6na'IHOH crpyKTypbJ Me::,nee3~ao11 
cpeAJ,1 B 3JieicrpOIIllcUI ICOH~eHTJ)3lUIH o6naKOB, no
JIY':ICHHl>Ie aBTopaMB a npime~eHJH,Ie s Ta6JJ. 2, co

OTBeTCTBylOT napaMe'rpaM HII-o6naCTeii, Ha6mo~a
eMhIX B OllTHqecKOM ,[(H8Ila30He B OKpeC'l110CTSIX 

't(100 Mr!\) 
0.7 
0.6 
0.5 
0.4 

0.3 

0.2 
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0.02 
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0 

2Cb 
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Pac:. 3. 3arutCHMOCTI:, Orrl'H'!eCKOH TOnUU{Hbl 't ( I 00 Mraj 
B HaupaBJieRHH nap "OCH-nym,cap" O'f Mep1,1 .QKcnepcHH 

DM nym,capos, sxowam»x s 3TH napi.1. 

CoJIUWl (B nBHHH Ha> [65] H B pa,:tHOAOana30He (B JIH

HHB Hl66J BO BRenmei 'laCTII ra.naKTBKH [66]. Ilo
Jl)''ICHHble B HaCTO)'[ll\eH pa6oTe 3HatfeHIDI 3JieK
TJ)OHHOA TeMnepa-rypLI TaJOKe MaJIO OTJIH~aJOTCJI OT 

auanoI'B'IHbJX oqeeoK ~ nn,1 o6nacreii HII, paCCMaT
pH.BaeMbJX B paoo:rax (49, 62], B xopomo cornacylOTCSI 
c Te.MUepa-rypoii HII-o6nacreii HH3KOB IlJIOTIIOCTH, Ha-
6mo,-aeMbJX BO BHenmeH qacm fanaKTHKH [66, 67J. 
H3 aroro COOTBeTCTBHSI CJieA)'eT BblBOJl, 'ITO o611aKa 
HOHB30B3HHOI"0 ra:Ja c)><>Ha ranaKTHKR- 3'1'0 TaKHe )Ke 

Ta~ 3. Pa3JJK<IHble 3aaqeffHjl onTH'leCKOH TOJ111U1Hb1 
y 6JJH3KHX no HanpaBJJeHHJO H paCCTOj{J{HjfM OCH 

rana~ecrcwe Koop-
0nTH'leCKaj( TOJI- Paccro11HKe AKHaTbJ nap OCH 
~Ha 't (lOOMr.Q) AOOCH,1mc 

I r b 

11?4 -0?1 0.43 + 0.16 15.2 

12.0 -0.1 <0.017 19.l 
21.8 -0.6 0.057 + 0.02 12 
21.5 - 0.9 <0.002 15 
31.9 +0.0 0.52+ 0.07 11 
32.8 -0.1 <0.018 11.3 
33.6 +0.1 0.04+0.02 8.5 
33.2 -0.6 <0.0016 10.8 
54.4 -0.3 0.47 + 0.15 3.4 
54.1 +0.3 0 4.3 
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Ta6n~a 4. napaMeTJ)hI o6Jiacree HU, OTBeTCTBeHHbIX 3a HH3KO'laCTOTHoe norno.1.I{eHHe paAHOH3Jiyqeun11 OCH 

CcbmKa /e , llC 
-3 ne,CM 

[6] >20 10 

[7] 50-200 0.5-10 

HaCT0.1111\M pa60Ta 28 - 200 1.6 - 8.3 

HII-o6JiaCTH HH3KO:A IlJIOTHOCTH, KOTOpbie Ha6moJ:(a
lOTCH 8 OIITINeCKOM W:'faDa3oHe (B mnmH HJ B OKpe
CTHOCTSIX CoJIH~a H B paJ:t:HO~ana30He (B munm 
H166a) eo BHewee11 qaC'I'H fanaKTHKH, rAe 3TH 06-
JiaCTH HII Ha6JIIOAalOTCSI a OTAeJibHOCTH. 

Ha OCHOBaHHH COIIOCTaBJieHHSI TeopeTBtteCK08 
33BHCHMOCTH 3JieKTpOHHOH KOHO:eHTJ)a~ nt OT 
pa3MepoB 30H OrpeMrpeua Lt ,::pu1 HOHH3YIOI.QHX 
3De3A pa3Horo cneKTpaJibHoro KJiacca [ 64] c aHaJio
rH"IHLIMH 33BHCHMOCTSIMH ,t{JISI HOHll30BaHHblX o6na
K0B q>oHa B ttanpaenemm OCH, AJISI o6JiaCTeA HII, 
J:t:JISI o611aK0B, HaOJJIOJ:t:aeMblX e JIBHIDIX H109a [49], 
H166a [66] H Ha [65, 67], aBTOpbl rronararoT, qro o6-
JiaKa, oTeeTCTBeHHbie 3a Ha6n10J:(aeMoe nornoI.Qe
HHe paAHOH3nyqeHHSI OCH, HOHH3YIOTCSI 3Be3AaMH 
cneKTpanLHoro Knacca 06 - 09. 

B 33KJIIO'leHHe npHBeAeM Ta6n. 4 OCHOBHbIX na
paMeTpOB 06na1IHOH CTJ)YKTYPLI Me)l(3Be3AHOH 
cpeAbl, OTBeTCTBeHHOH 33 HB3KOttaCTOTHOe norno
I.QeHHe paAHOH3JIY""!eHlUI OCH. B 3Toii Ta6mn~e npu
BO)lSITCSI pe3yJILT3Tbl Tpex pa6oT - [6, 7] H H3CTOSI· 
I.QeA pa60Tb1, - nocesm~eHHbIX aH3JIH3Y Me)K3De3AffOH 
cpeAbI no Ha6JIIOAaeMOMY HH3KOtJacrOTHOM}' norno
m:eHBIO pa,:utOH3JiytteHHSI OCH. B pa6oTe [6] napaMe
Tpbl nomom:arom:eA cpeAbI noAo6paHbI TaK, 'IT06LI 
6bIJIO COOTBeTCTBUe Ha6mo,qaeMOMY Ha 80 M~ no
rnoI.QeHHIO, KOTOpoe cornacyeTCSI C pa3JIB1.JHblMH 
µ;pyrHMH H_3MepeHWIMH H TeopeTH""!eCKHMH npeµ;no

CbIJIKaMB. B pa6oTe [7] npHHSITbl napaMeTpbl cpeAbI, 
OCHOBaHHbie Ha H3MepeHHSIX AHaHTapaMaHSI [27) 
peKOM6HH8~0HHbIX JIHHHH Ha qacTOTe 325 M.I'Q H 
cornacyrom:eecSI c Ha6moµ;aeMblM nornom;eIDieM 
paµ;uoHJny"leHHSI OCH aa 30.9 H 57 .5 Mr~. B Hacro
SII.Qeu pa6oTe napaMeTpb1 Me)K3Be3AHOH cpeAhI pac
c11HTbIBa10TcS1 Ha OCHOBe COBOKYilHblX B3MepeHHH 
MepbI J:(HCnepCHH rrym,capoe H MepbI 3MBCCHH ranax
'IlNeCKoro q>mra e HanpaBJiemm rex OCH, e KOTOpbIX 
Ha6JIIOJ:(aeTCSI HH3KO'laCTOTHbIH 3aean cneKTpa. 

lfa npuee,qeHJIOH Ta6JIBQb( BHJ{HO, "ITO, HeCMOTJ)H 
Ha pa3.JIH1IHbIH no,qxo;ri; 8 pa6oTaX [6, 7] H B HaCTOSl
m:eiI pa6oTe K o~eHKe napaMeTpoB nornoI.Qarom:eu: 
cpeAbI, HX pe3yJJhT8TbI 6JIH3KH, H B CB.S13H C 3THM ecTb 
OCHOB~HSI nonaraTb, ttTO J:1:0CTO.BepHOCTL pe3ym,Ta

TOB BbICOK8. 

OcHOBHLie BblBOJ);bI HaCT0S1m:eu pa60Tbl: 

1. 0,t\H3 B Ta )Ke KOMilOHeHTa HOHH30BaHHOH Me)K-

3Be3AHOH cpeAbl OTBeTCTBeHHa 38: a) rennoeoe H3JIY· 
qeHHe <poHa f aJJaKTHKH; 6) TeIDIOBOe BH3K0t{8CT0T• 

Te,K EM, ncCM-6 q,% 

ta4 (1 -9) X 1()3 -
(3 - 8) X 103 - <I 

(2.6 ~ 9) X 103 (0.4 - JO) X 103 0.7-3 

Hoe nomoI.QeHHe p~OH31IY'leHID1 OCH; e) Mepy µ;uc
nepcHB nyJlbCapoe. 

2. Pacnpeµ;eneHue BOHHJOBaHHoro ra3a HMeeT 
o6naqll}'JO CTJ)YKTYPY c e&tcoKoA cKBa:>KHOCTblO: 06-
naKa 3aHHM8IOT 1 - 3% 061>eMa fMaKTBKR. 

3. TiapaMe,phl o611aKoB CJieeyro~e: a) 3JieK'IpOB· 
Hasl TeMIIepaTypa 2600 - 8800 K; 6) 3JieKTJ)OHHasl KOH
QeH'I'p~ 1.6 - 8.3 CM"'3; B) cyMMapHbIH pa.3Mep nor110-
1.Qa10m;mc ot5nacree: no nyqy 3peHHSI 30 - 330 nc; r) pa.3-
Mep OTJ:(eJil,HhIX o6nacreii MOXCeT 6bITb e 2 - 3 pa.3a 
MeHbWe, T.e. 10- 100 nc. TaKHM o6pa3oM, nornoI.Qe
HHe paµ;uou311yqemm OCH Ha HH3KHX qaCTOTax 
npoHCXOJ:(HT B npOTSl)l(eHHbIX HII-o6naCT.SIX M3JIOH 
IlJIOTHOCTH. 

HaCTOSII..Qrul pa6oTa BblilOJIHeHa npB qaCTHtJHOH 
q>BHaHCOBOH IlOMep)KKe rHTTI "ACTpOHOMWI" 
(npoeKT M 3-179 1993 r.) H PoccuacKoro q>oHAa 
<pyHµ;aMeHTaJibHblX HCCJieµ;oBaHHH (KOJ:{ npoeKT8 
94-02-06490-a). 

TIPHJIO)KEHHE 

KoppeKQH$1 T._ 3a sxnaµ; HeTennosoro u3ny11e
HHS1 <pOHa npOB0J:(HJl8Cb CJieAylOI.QHM o6pa3_<>!«. Ha 
µ;onroTe, rAe pacnoJIO)l(eH ,i;aHHbIH OCH, e1,16upa
nacb TaKrut WBpoTa, rne TeDJIOBOe B3JiyqeHHe B HH
<f>paKpaCHOM µ;uana30He npeHe6pe)KHMO Mano [35]. 
B 3TOM MeCTe onpeµ;em1Jic.s1 cneKTp8JibHbIH HHAeKc 
HeTennoeoro B3JiytieHHSI <f>oHa C HCil0Jlb30B8HHCM 
KapTLI TR q:>oHa Ha "tJaCToTax 408, 1400, 2700, 5000 H 
10000 Mf~ [32 - 36]. 06bI"IHO J:{JISI BHyTJ)eHHCH qac
TH raJJaKTHKH Ha ,IJ.OJII'OTax l < 50° H Ha umpoT3X b > 2° 
HHTeHCHBHOCTblO TeilJIOBOro H3JJ}"leHHSI MO:>KHO 
npeHe6peqb no cpaeHeHHJO c HeTennoebIM [35). Cn:e
KTJ)aJJbHbIH HH,ll;eKc noCJieAHero Ha IIIHPOTaX 1 ° - 3° 
paBeH 13 = 2. 7 - 3.1, "131..Qe 13 = 2.9 (T._ oc v-if). TipeAnona
ranoch, 'ITO TaKOH cneKlp3JlbHblH HffAeKC HeTenJIOBO
ro H3JIY"ICHWI Ha ,IJ.aHHOH ,IJ.OJiroTe coxpaHSleTCSI H Ha 
wupc>Tax <I O

• JJ:JIS1 wepoTbI, rµ;e pacnoJIO)l(eHbI OCH, 
Mbl CTpOIDIH Ha6J110,1J.aeMb1H (TenJJOBOH IlJIIOC Heren
JJOBOH) cneKTp <po Ha B AHanaJoHe 408 - 10000 MT~ 
H, HCilOJlb3Y.sl 3Ha'leHBe ~ , nony11eBHOe Ha nmpoTax 

l~I = 1° - 3° µ;1151 uerennoooii cocrasm1101..Qeii <f>oua, H, 
npewio11arru1, 'ITO Ha 'laCToTe 408 MrQ ece u3Jly'ie
HHe npaKmttecKH HeTennoeoe (-c TO"IHOCTblO 3 - 10% ), 
MbI crpomm pac1IeTHbIH cneKTJ) HeTennosoro H3-
nytteHHSI C 3THM 3H8"1eHHeM 13 H nepBOH TO'IKOH Ha 
"1.aCTOTe 408 Mr~ (T,. (408 Mr~)). 3aTeM H3 o6w;ero 
cne1CTpa, µ;aHHbie AJISE KOTOporo CH.slTLI C KapT Ha 
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408 - 10000 Mr~. si.rqHTaJic.SI pacti:em1:,dt HeTenno
soA cneKTP H B pe3ynhTaTe nonyqanCj( TennoBOA 
cneK1'p. EcnH ero cneK1'paJibH1>1e: BHAeKc 61:,m 6ne-
30K K f3 = 2.1, a ,[(aHHbie no TeilJ10BOM}' B3JIYtJCHBIO 

xopomo cornacos1:,1sanuc1> c ):(aHHLIMH, no11y'leHHL1-
MH JKC1'panom11~11eA c HHq>paKpacaoro A11ana3oea; 
TO C'IHT3JI0Cb, ~o 33Aa'Ia BblilOJIHeHa, T.e. TenJIOBS.SI 
ti:aCTb T. OTAeJieHa eepHO. Ilpu 3TOM o6naCTL KaPT 
OKOJIO OCH T~aTeJibHO HCCJie):(osanacL, tfT06b1 He 
61>mo BKJia):(a B q>oH HII-o6naCTei H caMoro OCH. 
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Investigation of the Interstellar Ionized Gas in the Galaxy 
from Observations of Absorption of Supernova Remnants' Emission 

© 1995 r. A. V. Kovalenko, A. V. Pynzar', and V. A. Udal'tsov 

Recent Pushchino low-frequency observations of galactic supernova remnants (SNRs) at 111, 102, and 83 MHz 
were used to revise low-frequency spectra of more than 100 SNRs. Forty-two of them showed low-frequency 
cutoffs of the spectra, due to absorption of SNR emission by line-of-sight interstellar ionized gas. Combined 
with other low-frequency data, these observations pennitted us to find optical depths toward 42 SNRs. Optical 
depths found are due to physical properties of the gas responsible for the absorption. Background brightness 
temperatures and absorption toward these SNRs allowed us to establish the dependence of the optical depth on 
the background brightness temperature. From these 42 SNRs and 560 pulsars, we selected six SNR-pulsar 
pairs. The main criterion for pair selection was proximity in positions and distances. A combined analysis of 
the medium toward the pairs enabled us to construct the dependence of the optical depth toward SNRs on the 
pulsar dispersion measures and to estimate physical parameters of ionized gas responsible for the absorption 
observed. Thus, it was found that (1) the same component of the interstellar ionized gas (Hll regions) is re
sponsible for thermal galactic background, thermal low-frequency absorption of SNR radio emission, and for 
pulsar dispersion measure; (2) distribution of this ionized gas has cloudy structure with a low filling factor 
(cloudc; occupy I - 3% of the Galaxy volume); (3) parameters of the clouds are: electron temperature 2600 -
8800 K, electron density 1.6- 8.3 cm-3, total line-of-sight extension of the HU regions from 28 to 200 pc, sizes 
of individual regions - between 10 and l 00 pc. The HII regions, observed at optical wavelengths in the solar 
neighborhood and at microwaves in the outer part of the Galaxy, have similar parameters. 
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CTATHCTH'IECKUH KPHTEPHH KOH,IJ;EHCA:QUU 
© 1995 r. A. A. B1,rora 

I'oc. YHuaepcumem, CaHKm-llemep6ypz, Poccwi 
IlocrynHna B pe,naKL(HJO 22.11 .94 r. 

Jlm1 HCCJleAOBaHJUI C'TpYK'fYPHOCTH non.sr f aJiaKTHKH H MeTaranaKTHKH npe.nnaraeTCSI HCfiOJ1b30BaTb CTa
THCTH'leCKYIO BeJIHllHHy 

- 1 

Vl.k = ( 2 ) L (lx; - x) + IY;-Yjl)" (N~2) , 
N I Si SjSN 

npeACTaBmltoJ.Qyto 00600 cpe,nHee 3Ha\JeHHe BCeX nonapHblX paCCTOHHHH Me~y N 06-beKTaMH B tta6JIIO

AaeMOH nnocKOH KBaApaTHOH nJiow;a,nKe a x a. B npe.nnoJIO)((eHHB, 'ITO o6'beKThl B nnoma.i:tKe HeJaBHCH
MhI Me>KAY co60H, pacnpe,neJICHbl paeHOMepHO H 0AHHaKOB0, nony'leHbl xapaKTepHCTH'JeCKHe cpyHKIJ;HH H 

<PYHKL\HH pacnpe.neJieHM CJlY'faHHOH BeJJH'IHHhl T\ = (Vl. - M'/1.)/<JN u COCTaBJJeHa Ta6JIH1.\a TOlfHhlX KpHTH· 

lleCKHX 3HatieHHH A.JUI N ~ 22. BeJIH'IHHa V1. 'lYBCTBHTCJlbHa K CTPYKTYPHOCTHM THIIa "cryJ.QeHee-pa3pe)Ke

HHe" H HHBapHaHTa K C)\BHry, noeopory H H3MCHCHHEO MacwTa6a (TaK 'lTO KOHTYP nnow;a,[{KH no OTHOllle 
HHIO K uccne,nyeMOH COBOKYilHOCTH 06'beKTOB MO>KHO pacrronaraTb np0H3B0JlbHb1M o6pa30M). 

Ha6mo].'.(aeMoe none f aJJaKTHKH H MeTaran:aKTHKH 
S1BIDieTCS1 neo,o;1mpo~HbIM H o6Hapy>KHoaeT pa3Hoo6-

pa3Hbie qepTbl crpyJCTYPHOCTH. B owmx CJl)"lastx 3TO 
pe3yJibTaT cnytJailHOH QJJIIOKTya!UIB mm OIITINeCKOI'O 
ttaJio)KeHIDI, a n_pymx - peanbHoe 06pa3oaa1me. ,IJ,m1 

BbJJ).eJieHIDI peaJJbHblX CTpYKTYJ)HOCTeH R noCJieJcyIO
Il\eI'O HX HCCJieJ).OBaHIDI 3q><peKTHBHO HCil0Jlb30BaHBe 
craTHCTH'IeCKOH BeJIINHHb[ (1 -4] 

,Uanee orpaHH't{BMC.st cnr1aeM k = 1, cnyqallHyIO 
aeJIH'llHR)' (1) o6o3Hat.JHM npocro m:. BhltfiICJISieM 

-I 

m:k = ( 2 1 I zt, 
N ) I SiS j SN (1) 

lij = Ix; - xjl + IY;-Y) (N ~ 2), 

npeJJ.CTaBmlIOil\eit: co6oH cpeJJ.Hee 3HaqeHHe acex no

napHbIX paCCTOSIHHH Me)KJJ.Y N o6neKTaMH B Ha6JIIO
.J).aeMOH KBa].'.(paTHOH IlJIOil\an.Ke a X a; napaMeTp k Hr
paeT pom, perym1Topa 'tfYBCTBHTeJlbHOCTII KpBTepBS1 
K TO'IHOCTH H3MepeHW1 KOOpJJ.HHaT. 

Ilpe].'.(IlOJIO}KHM, 'ITO 06'beKTbl B nnom;aAKe He3a
BHCHMbl Me)KJJ.Y COOOH, pacnpe].'.(eJieHb[ paBHOMepHO 

H OAHH8K0BO, T.e. COBMeCTHOe pacnpeJ).eJleHHe HX 
K<><>pAHHaT ecTb 

F(dx1, dy 1, ••• , dxN, dyN) = dx 1dy 1 •• • dx~yN, 

0 ~ X;, Y; Sa, N ~ 2. 
(2) 

BeJIH\JHHa ( 1) 'JYBCTBHTeJibHa K CTJ)YKTypHOCTSIM 

THna " cryn.-eHHe-pa3pe>KeHBe" H HHBapH8HTHa K 

CJJ.BHrY' Il0B0p0'1j' H H3MeHeHHIO MaCWTa6a, ll03TOMY 
6e3 yMaJieHRSl o6mttOCTH MO>KHO CtmTaTb, tJTO napa

MeTp a paaeH 1 (pa3Mepbl IDIOI1\8JJ.KH) H MO>KHO KOHT)'P 
nJIOil\8JJ.KB no OTHOWeHHIO K HCCJieA}'eMOH COBOK)'IIHO
cm o6neKTOB pacnonaraTh npoH3BOJihHhIM o6pa30M. 

cpeJ).Hee H CT8HJJ.8PT [4]: 

2 
M(m) = 3, 2 2N+6 

<JN = 45N(N- l). 
(3) 

HmKe 6yJ).eT II0K338HO, qTQ o6JJaCTb B03M0)[{HblX 

3Haqemm 2lk rrpH k = 1 

0 ~ 2{ S N ~ l , N = 2n, 

0 < 01 <N+1 
_u_ N ' N = 2n + 1. 

BaeneM Tenepb o603Ha"tJ:em1e 

(4) 

X = L lx;- x), Y = L IY; - Yf (5) 
I Si S j <!. N I Si'5)SN 

QqeBHJJ.HO, \ITO CJiy"'IaliHbie aemPUiHbl X HY He3a

BHCHMbl B OJJ.HH8KOB0 pacnpe,qeneHbl H 

- I 

m: = ( ~ ) (X + Y) . (6) 

ECJIH quCJio o6neKTOB a nnow;aJJ.Ke seJJHKO (N - 00 ), 

TO B CHJIY u;elITpaJlbHOH rrpeJJ.eJibHOH TeopeMbl AJISI 

3aBHCHMbIX cnaraeMhIX [5] 

P ( 11 = IIJt -:(IJt)I ,; lzl ) - I - <l>(l zl ). (7) 

ECJIH N MaJio H TQqHOCTH (7) He,l(OCT3TO'CJHO, TO 3TO 

BblpruKeHUe MO)KHO aceMTITOTH\JeCKH YTO'lHHTh C 

IlOMOI.QblO ceMHHHBapHaHTOB [4, 6]. 
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Jhi,i N = 2, 3, ... Hae:.u;eM TOTJHbie q>~ pac
npeAeJieHIDI CJiyqalbfoA aeJI~HHhl Tl, a no HHM H ,a;o
aepHTeJibHbIB mrrepBan. TaKHM o6pa30M, BMecTO (7) 
6y.u;eT npe,D;JJO)l(eHa Ta6JIB~a TO'IHblX KpBnNCCKHX 
3HatieHHH Tl .u;m1 ecex N. 

BbI1IHCJIBM xapaKTepHCTH'ICCKYIO q>yHKI(BIO CJIY
tiaHHOH eeJIH"tJHHbI X. QqeeH,l(Ho, 

3,a;ecb u a AaJibHeAweM p = t H. nm, pa3JJJNHoro 
tJBCJia 061,eKTOB B DJIO~a.u;Ke xapaxrepHCTB'ICCKBe 

q:>yHKQHB pa3JIH'IHbl. 

IJOHSITHO, "tJTO OC3 yMaJICHH.SI OO~HOCTB MO)l(HO 
C'lHTaTb ' 

IlyCTb N = 2. BbltJBCJISICM 

OTK}'A3 

2 4 8 4 ( g- 8 ) 4 2p 
( <J>2(p)) = - + - + - + - - - - e" + -e 2 3 4 3 4 4. 
. p p p p p p (15) 

IlyCTb N = 3. Toma 
p X X 

(p) 3 ! J 2xd Jd J -2x q)3 = 3 e x x e dx = 
p O O 0 (16) 

3 2p 
= - /1 +p+ (-1 +p)e ), 

2p 

(9) T.e. 

TaK KaK 3TO CBH33HO TOJibKO C nepeo603H3'1CHHCM 
nepeMCHHbIX HHTerpHpoBaHIDI e (8); nO,D;bIHTerpam,
HOe Bbipax<eHBC npH 3TOM OCTaeTCH HeH3MeHHblM. 

TaKBM o6pa30M, 

I x, x!f -1 

q>N(p) = N! f dxi J d~2 ... J dxN X 

0 0 0 (10) 

x exp (p L (x;-x) )· 
1 SiSjSN 

3To MO::lKHO nepenucaTb e BH,a;e 

p x, xlf - 1 

q>,.,,(p) = N~f dx1Jdx2 ••. f dxNx 
p O O 0 (11) 

N 

x exp(~ (N + I -2j)x;) (N<! 2). 

Ilpe,D;IlOJIO)l(HM, qTo xapaKTepHC'TlNCCKaJI q>yH~ 
<ph) BbI~CJieHa. Ton~a xapaicrepuCT1NecJW1 q>ymc-

qIDI CJiyqaeHOH BCJilf'lBHbl X + y = ( ! ) 21 6y.u;eT 

(12) 

·IJoK333TeJIH 3KCfiOHCHTbl B Bblp8)1(CHHH (11) BMelOT 

BUA: 

N = 2 X1 -X2 

N= 3 2x1 - 2x3 

N = 4 3x 1 + x2 - x3 - 3x4 

N= 5 4x1 +2x2 -2x4 -4x5 • 

(13) 

p X X X 

(p) 4 ! J 3xd J xd J -xd J -3x <p 4 = 4 e x e x e x e dx = 
p O O O O (18) 

= ~ [ (-~ - !_ p) + (-~ _ ~ p)iP + ~ /P]. 
p4 18 3 9 3 2 

06~H~ BBA xapaKTepHCTB'ICCKOA q>yHKUBJI cny
qaimoii BCJIB'IHHbl X npeACTaBJISICT co6oe 

[N/2] 

<p,.,,(p) = p-N L (bv +avp) /<N-v). (19) 
v=O 

Ilpocne)l(HBasr npo~ecc BHTerpeposaHHH Bbipax<e-
mm (11) .D;JISI p33JIH11HblX N, HaXOAHM . 

2 

a,= (-l)N- • (:) (N-2v) 2 

O~v:$;[N/2]. 

B '13CTHOCTH, 

( )
N-1 N 

-l (N-1)!' 

2 
( -1) N- , N(N - 2) 

(N - 1) ! . 

(20) 

(21) 

(22) 
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H T,A, KpoMe roro, HMeeM o6ll:(ee BbrpruKemie Ailll bn: 

b = II 

(2n)! 
--

4
, N= 2n , 

(n!) 

2(2n + l)! 
- l' N = 2n + 1. 

(n-1) !((n+ 1) !)' 

(23) 

' 
Ko34><l>HQlleHTbI hv, 0 $ V ~ n - 1, MO::lKHO nony-

tjHTb H3 CHCTeMbl ypaeHemu'i 
11- I 

L by [v{N-v)]
5 = - bn [n(N-n)]s -

v=O 
n 

-s I,av [v(N - v)] s-•, 
v = O 

0Ss$n- l, 

KOTOpru! CJteAyeT H3 (19) npH p - 0. 
HaxoAHM 

<p (p) = p - - -p + -6[( 137 1 ) 
6 

3600 20 

+ (-~-~p)e5P+ 
75 5 

-7[( 48 7 ) 
<p7(p) = p 7200 + 730 p + 

( 
35 35 ) 6 + --+-- p eP+ 
288 144 

(24) 

(25) 

(26) 

( 
189 63 ) !Op ( 35 35 ) l2p] + -- + -p e + - - + --p e , 
800 80 96 144 

-8 [ ( 121 l ) <i>s(p) = p - - --p + 
117600 630 

+ (- ~=o - 3: P }'' + (- 4:o -:: P }"' + 

( 
7 14 ) ISp 35 16p ] + ----p e +--e . 

450 15 288 
(27) 

BHelllHHH DH,!). xapaKTepuCTHqecKOH <pyHKQHH no

CTeneHHO YCJIO::lKH.SleTC.SI no Mepe Toro, KaK yeenH~IH
eaeTC.SI 'lJHCJIO OfrbeKTOB B Ha6JUOAaeMoA IlJIOII:(anKe. 

,[(m1 BOCCT3H0BJieHH.SI q:>}'HKI.Qm pacnpeAeJieHIDI 
no K03cpcpH~HeHTaM xapaKTepHCTH'tleCKOil cpyHK~H 
3aMeTHM, 'ITO 

(28) 

(k) 
3.r(eCb P mCx) - rrOJIHHOM CTeneHH m, Pm (x) - ero 

npoB3BOAHbie. 

IlycTI, N = 2. Toma H3 (15) u (28) BHAHO, qro mIOT

HOCTb pacnpeAeJieHIDI CJiyqaiiaoii BeJIH'DIHbJ X + Y 
npeACT3BJ1SleT co6o:n " CKJieHKy'' ABYX IlOJIHHOMOB: 

b 2 C 3 
ax+ 

2
, x + 

3 
! x, x e [0, I], 

d 3 

3
! (2-x), XE (1,2]. 

(29) 

me a, b, C, d- HeonpeAeJieHHbJe IlOCTO.SIHHbJe, KOTO
pble H3XO,!UfM H3 ycJIOBIDl, t{TQ 

I 2 

( <p2(p)) 2 = JJiCx)d'x dx + JJi(x)d'x dx . 
0 

Bcnonb3YSI (28), (15), nonyqaeM 

fix)= 

2 2 3 
4x-4x + 3x, xE [O, l] , 

~(2-x)
3

, XE [J,2]. 

(30) 

(31) 

0TCIOA3 cpyHKll;IDI pacnpeAeJieHHSI cnyqaHHOH eeJIH

t{HHbl X + Y = ( ! ) ~ npH N = 2 ecTb 

2 4 3 I 4 
2x - 3x + 6x , xE [0, l], 

1 4 
1- 6 (2-x) , XE [1,2] . 

(32) 

3To rna,I(KaSI cpyHKu;wl'. nuwb e TO'tfKe x = 1 HMeeTCSI 

CKaqoK B TJ)eTbHX H 1.JCTBepTblX npOH3B0}lHb1X: 

Ft>O-) = Ft\J+), k = 0, l , 2, 

F~' (1 ~) - F~' ( 1 +) = -8, 

-Ft)(l-)+~(l+) = -8. 

(33) 

3To BR,I(HO no q>parMeH'I)' xapaKTepHCTB'tlCCKOH 

cpyHKQHH (15): 

... + (- :, - ;. ).r + . (15') 
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tJepe,ttOBaHHe 3HaKOB B (33) CBRJaHO C MHO.)KffTeJieM 
(- l)k e (28). lh (17) H (28) CJie]J;yeT, q-ro <PYHK
D;HSI pacnpe,neneHHSI cnyttatiHou eeJIHt.JHHbI X + Y e 

CJiyqae Tpex o(h,eKTOB B nJIOI.Q~Ke TaKJKe COCTOHT 

H3 ,q-ayx <fJparMeHTOB - OHH npe)l;CTaBJUIIOT co6on: DO
JIHHOMbl Ha 0Tpe3K3X [O, 2] I{ [2, 4] COOTBeTCTBeHHO. 

Ilo <t>parMeH-ry xapaKTepHcmttec1mu: <PYHK-
1:(HH (17) 

2 ( 9 9 9 ) (q>/p)) = -4 + -5 +-6 + ... 
4p 2p 4p 

nOWITHO, ttTO Ha OTJ)e3Ke (0, 2] <PYHKQIUI pacnpe]le
JieHIUI cnyqalittoii eeJIH'fHHbI X + Y ecrb 

9 4 9 5 9 6 
FJ,(x) = 4x4!x -2x5!x + 4x6!x' (34) 

x e ro. 21, 

a no <fJparMeHTY (17) 

+ ( ~ - ~ + ~)/P (17") . . . 4 5 6 
4p 2p 4p 

C llOMOI.QhlO (28) 33KJIJO'laeM, l:{TO 

9 4 
F:,(x) = 1- 4 x 4 ! (4-x) + 

9 5 9 6 +--(4-x) -
4 6

, (4-x), 
2x 5! X . 

(35) 

XE [2, 4]. 

flycT.b N = 4. Tor,r~a 

2 ( 4 22 121 ) 
(q>ip)) = 9p6 + 27/ + 324/ + 

+ ( 32
6 

+ 40
7 

+ 88 S )e3P + (-~ _ ~ )e 4p + 
9p 9p 61p p 6p (36) 

+ -+--+-- eP+ (
61 128 64)6 
9p6 27 p7 81 p8 

+ (- _!_ _ ~)e1p + ..!!_e8p. 
7 3 8 4 8 p p p 

AttanorHttHo npe,n1,1nyrn.eMy, eeHnY (28), 3TOH 
xapaKTepHCTifqecKOH cpyHKqHH OTeeqaeT pa36He

HHe o6nacnt: orrpeneneHID1 q>yHK~HH pacnpenenemu1 
Ha 0Tpe3KH: 

[O, 3) u [3, 4] u [4, 6] u [6, 7] u [7, 8] (37) 

(CM. nocJie]loBaTeJibHOCTb noKa3aTeneH 3KCUOHCH
Thl B (36)). 

qT06hI He 3anHCblB3Tb cpyHK~mo pacnpeAeJieHIUl 
B BMJ{e rpOM03AKOH "cKJieHK0" cpparMeHTOB, BOC-

IlOJlb3yeMC51 TaJC.HM 0003ffaqeHHeM: 

LaJ = { a, a~ 0, 
0, a::; 0. 

(38) 

BLtpaxeHwt (36) H (28) AaJOT cnem110~ee npeACTaB
JieHHe q>yHK~ pacnpe)l;eJieHIDt, eCJIH soccraeaBJIH
BaTh ee, Ha'IHHruI c KpaiiHero neBoro cpparMeHTa (36): 

( ( 
2 )°' < ) _ 4 6 22 1 

p N u - x - 9 x 6 ! x - 21 x 7 ! x + 

121 8 32 6 40 7 + 
+324x8!x +9x6!Lx- 3J -9x7! Lx- 3J 

88 8 2 7 
+ 81 x 8,Lx-3J + 7!Lx-4J + 

11 8 64 6 
+ 6x8! Lx-4J + 9x6! Lx-6J -

(39) 

128 7 64 8 

27x7!Lx- 6J +8lx8!Lx- 6J + 

8 7 8 8 
+ 71 Lx-7J +

3
x

81
Lx-7J (=Fix)), 

0 :s; XS 8. 

T O'tJHO TaK }Ke <py-HK~ pacnpeAeJielllUI MOX(HO 6&IJI0 

6bl BOCCTaHaBJIHBaTb DO xapatcrepHCTHl:{eCKOH <f>YHK
ll,HH (36), Ha1.JHHruI He c x = 0, a c x == 8. IlonyqaeM 

p(( 2 )~~x) = -
9

- L8-xJ8-~L7-xJ7-
N 4x8! 7! 

8 8 64 6 
- 3 x 8 ! L 7 - xJ + 9 x 6 ! L 6-xJ + 

128 7 64 8 
+ 27 x7! L6-xJ + 81 x 8! L6-xJ - (40) 

2 7 11 8 32 6 
- 7 ,L4-xj - 6 x

8
,L4-xj +

9
x

6
,L3-:-xJ + 

40 7 88 8 
+ 9 x?! L3-xj + 81 xS! L3-xJ (= 1-Fix)). 

o::;x:s;s. 

Bb1pa)KeHH51 (39) H ( 40) cosepmeHHo 3KBHBaJieHT

Hbl, B qeM MO)KHO y6e}lHTbCH HenocpeACTBeHHO. 
HTaK, o6~ee npaBHJIO BOCCTaHOBJJeHHH q>yHKU;HH 

pacnpe)l;eJleHH$1 rro xapaKTepHCTH'leCKOH <f>YHKI(HH 

a X + Y 3aK11ioqaeTc.s1 B CJie)l;yJOI.QeM: 3JieMeH-ry -; e"'P 
p 

xapaKTepHCTHlleCKOH q>yHKI(HH OTBeqaeT 3JieMeHT 

a k 
k! Lm -xj ¢YHKQHH pacnpe)J.eJieHHH. 

C yBeJIHl!eHHeM qncna o6oeKT0B ¢YHKI(HH pac
npe)J.eJieHIDI CTaHOB51TCSI Bee 6onee Heo6o3pBM.LIMH, 

O,nHaKo, l-lT06bl norry'IHTh KpRTIPieCKHe 3Ha"tfeHHSI 
(rpaHHU,bl .l{OBepH'reJibHOI'O HHTepsana), HeT Heo6-
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CT ATHCHftlECKHJ"i KPIITEPHfi KOH.[{EHCAQlfH 809 

XOAHMOCTH BblllHCbIBaTL cl>YH~HH pacnpe.n;eJieHWI 
IlOJIHOCTLIO. J:(oCTaTO'IHO B3S1Tb npaaoe H Jieaoe 
KpLmo. TaK, .D;ID[ N = 5 HMeeM 

p ( ( ! )21 ~ X) = 57:: 8 ! x8 -

125 9 625 10 

1728 X 9! X + 20736 X JO! X 

(0SxS4), 

P ( ( ! ) fil ~ x) = 36 
2
: 8 ! L 12 - x J 

8 
-

50 9 100 10 
27x9!L12-xj +81x10!Ll2-xJ + 

25 8 125 9 
+ 8 x 8 ! L 10 - x J + 48 x 9 ! L IO - x J -

25 10 
t2x 10! LIO-xJ 

(12~x~8), 
H 3Toro BilOJIHe XBaTaeT, TaK KaK 

P ( ( ! ) 21 ~ 4) = 3 X 10-2
, 

p ( ( ! )fil ~ 8) = 2 X 10-I, 

t{TO npeBOCXO.D;HT ypoBeHb 3HaqHMQCTH 0.02. 

(41) 

(42) 

(43) 

Ilpnee.n;eM e[l\e BepmlTHOCTH 60JlblllHX YKJIOHe
llHH .D;JUI wecTH 06'beKT0B B IlJIO~a.n;Ke: 

p( ( ! )fil !S;x) = 400 ! IO! XIO - 36~3: 11 ! xii+ 

18769 12 2 10 

+ 12960xl2!x +25xlO!Lx- 5J - (44) 

23 11 4247 12 

225x1I!Lx- 5J +135000x12!Lx- 5J 
(0SxS8), 

p ( ( ! ) ~ ~ X) = 65 !5] 2 ! L18 - X j 12 -

25 II 25 12 

-l8xJl!Lt7 -xJ -216x121 Ll?-xJ + 

25 10 25 11 
+l6x10!L16-xJ +96xtl!L 16-xJ + (45) 

25 12 8 11 
+ 2304 x 12 ! L 16 - x J - 9 x 11 ! L14 - x J -

62 12 

135 x 12! L l4 -xJ 
(18~x~l3). 

AHano~JM o6pa3oM MO)l(J{O JanucaTL BLipcl)Ke

HIDI .D;ID[ N = 1, 8 H T • .n;. 

Ifa (13) HJIH H3 (19) cpa3y B~HO, 'ITO MaKCHMaJib
Hoe B03MO:lK.HOe 3Ha1.leHBe cny'laHHOH BeJIINHHbJ npH 

N = 2n pasuo n2, a npe N = 2n + 1 OHO pasuo (n + l)n, 
TaK 'ITO 

0 ~ X + Y ~ 2n2, N = 2n, (46) 

0 ~ X + Y::; 2(n + 1 )n, N = 2n + l. 
06JiaCTb B03M0)KHb1X 3Haqemui cnyqaiiHOH BeJIHtIH

Hbl X + f COCTOHT H3 MHO)KeCTBa DO.AbIHTepBaJIOB, Ha 

Ka~OM HJ KOTOpLIX cl>YHKu;HSI pacnpe.t(eJTeHIDI HMe
eT CBOH BHA. lJucno Il0.0:bIHTepBaJJOB ysenuquaaeTCH 
C poCTOM N. B6JIH3H X = 0 IlO.I(bIHTepBaJlbl npOT.R

>KeHHble, J];JIHHa H3H60JILmero paBHa N - 1. B6JTH3B 

X = max OHH JIH60 e_.n;HHH1.lHOH A'JIHHbl (N = 2n + 1 ), 
ne6o AJTBHbI 2 (eCJIB N = 2n). 3To CBS13aHo c <popMo:e 

nno~~KH, TaK KaK cnyttaiiuasi semNuHa X + Y = max, 
Koma 06'1>eKTLI rpynnHpyioTc.R no ee yrnaM, 1.ITO Ha
noMHHaeT HHTepq>epeHu;HIO. Ilpu nepexop;e OT o..n:

Horo DOAbIHTepaaJJa K cne.n;yio~eMY cpyHic~ pac
npe.n;eneHIDI MeH.ReTCH rnaAKO, HO HMeeT MeCTO CKa

tJOK B npoH3BO.O:HhIX nop.R.D;Ka 2N - 2, 2N - 1, 2N. 
IlpH X - 0 HMeeM F ,l..x) - x2<N- I). 06'bHCfUleTCX 

3TO TeM, 1.ITO ( i ) 21 - 0 Tor.n;a, Kor.n;a o6'beKTbl 

rpynnapyIOTCSI IlOtJTH B OJ];HOH TO'IKe. BepOSITHOCTb 

3TOfO BBHAY (2) HMeeT nopH.D;OK (dxdy~. a TaK KaK 

TO'IK3 npOH3BOJ1bHa B KBa..n:paTe 1 X 1, TO H nonyqaeM 

(dxdyt- 1• 

OtJeBHAHO, tJTO o6JiaCTb B03M0X<Hb1X 3HatJeHHA 
cnyqaUHOH seJJH'iHHhI 

eCTb (CM. (46)) 

2 W--
3 

-~ < n < N + 2 N = 2n, 
3oN - ., - 3(N- l)o/ 

_ _I_< < N + 3 N = 2n + 1, 
3 - 11 - 3N ' ON ON 

(47) 

H ee KpHTHtJeCKHe 3Ha'leHHSI CB513aHbl C KpHTHt.JeCKB-

MH 3HaqeHIDIMH cJiytJaHHOU BeJIHtJHHbl ( ! ) W co-

OTHOllieHHeM 

11 KP : 0 ~I ( ( ! )xKP - i} ( 48) 

B Ta6nuu;e npuae.n;eHbl MHHHMyM H M3KCHMYM 
cnyqae:HOH Bemf'IHHbl T) Hee KpHTHtJeCKHe 3HatJeHWI 
.t(JUI ypoaHeH 3Ha'tlHMOCTB a.= 0.01, 0.001 H 0.0001 H 
NS22(Tl <0o3HatJaeTcry~eHBe, T)>0-pa3pe)KeHHe). 
Ta6nena AOJIX<Ha 6LITh npo.n:OJJ)Keffa BilJJOTb A'O Ta-
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810 BhIOrA 
A-MA 

KpHTHl.fecKHe 3Hat1eHm1 CJJyqallHOH ee11HtJHHb1 TIN= -
a N 

KHX N, KOrAa OTJIHqHe OT rayccOBCKHX KpHTB'lecKHX 
3H3'1CHHH CTaHOBHTCSI Hecy~eCTBeHHbIM. 

N 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

00 

mm 
max 

ex= 0.02 ex= 0.01 

-2.000 -1.689 -1.783 
4.000 2.234 2.515 

-3.162 -1.997 -2.197 
3.162 1.997 2.197 

-4.140 -2.0)3 -2.343 
4.140 1.931 2.136 

-5.000 -2.130 -2.404 
4.000 1.918 2.127 

-5.774 -2.147 -2.434 
4.619 2.915 2.125 

-6.481 -2.156 -2.449 
4.629 1.915 2.127 

-7.136 -2.159 -2.457 
5.096 1.917 2.132 

-7.746 -2.161 -2.461 
5.163 1.920 2.137 

-8.321 -2.160 -2.463 
5.547 1.923 2.142 

-8.864 -2.160 -2.463 
5.641 1.926 2.147 

-9.381 -2.158 -2.462 
5.970 1.830 2.152 

-9.874 -2.157 -2.461 
6.078 1.933 2.157 

-10.347 -2.155 -2.459 
6.367 1.936 2.16) 

-10.801 -2.153 -2.458 
6.481 1.939 2.165 

-11.239 -2.152 -2.456 
6.743 1.941 2.169 

-11.662 -2.150 -2.454 
6.860 1.944 2.173 

-12.071 -2.148 -2.452 
7.101 1.946 2.176 

-12.468 -2.147 -2.450 
7.218 1.949 2.180 

-12.854 -2.145 -2.448 
7.442 1.951 2.183 

-13.229 -2.144 -2.446 
7.559 1.953 2.186 

-13.594 -2.143 -2.445 
7.768 1.955 2.189 

- oo -2.054 -2.326 
+oo 2.054 2.326 

ex= 0.001 a=0.0001 

-1.932 -l.979 
3.165 3.530 

-2.636 -2.871 
2.636 2.871 

-2.955 -3.349 
2.655 3.027 

-3.115 -3.614 
2.651 3.013 

-3.201 -3.770 
2.658 3.037 

-3.250 -3.865 
2.671 3.063 

-3.279 -3.924 
2.685 3.088 

-3.297 -3.963 
2.699 3.112 

- 3.308 -3.988 
2.712 3.134 

-3.314 -4.005 
2.724 3.154 

-3.317 -4.016 
2.736 3.173 

-3.319 -4.023 
2.746 3.190 

-3.319 -4.027 
2.756 3.205 

-3.318 - 4.029 
2.766 3.220 

-3.317 -4.030 
2.774 3.234 

-3.315 -4.030 
2.782 3.246 

-3.313 -4.029 
2.789 3.258 

-3.311 -4.027 
2.796 3.269 

-3.309 -4.025 
2.803 3.279 

-3.306 -4.023 
2.809 3.289 

-3.304 -4.021 
2.815 3.298 

- 3.090 -3.719 
3.090 3.719 

C Apyroe: CTOpoHbI, B o6nacm 6onhlllBX NAM 
Bbl'IllCJieHIUI KpB'l1fqeCKBX 3Ha'lemm MO)l(HO HCilOJlb-
30BaTb ceMRHHBapHaHTbl. 06rqm1 BHA ceMHHHBapu
aHTa, KaK e B (4), eCTb 

N n-1 Nn-2 
(II) a1 +a2 +·:·+a,. 

X (11N) = (N + 3t/2 (N2-Nt/2-I . 
(49) 

'IHCJIOBbie K03q>q>BIU1e1ITbJ HaXOAHM, Bbl'IHCJIHB MO
MeHTbl CJiyqae:Hoi seJIH'IHHbI X no ee xapaKTepuc
TH'leCKHM q>yHK~M. Tax, norryqaeM 

<J> 2/w N
2
+2N-15 X (11 ) = -- . (50) 

N 1 (N+3) 312 (N2 -N) 1n 

<•>( ) 3N
3
-7N

2
-165N+315 

X ,,N = 7 (N+ 3)2cN2-N) • 
(51) 

X (S) (11N) = 

6,/w N4 + 8N3 + 126N2 
- 732N + 945 (52) 

- ~ (N+ 3)sn (N2-N)312 
' .... 

Ilocrpoeeue <PYHKJ.UIH pacnpeAeJJeHIDI Kpwrepm1 
KOHAeHcaJ.UIH AJJ.sl M3Jlb]X NH annpoKCHMaJ.Uljl <PYHX
IJ;BB pacnpeAeJleHIDI C IlOMO~blO ceMHHHBapHaHTOB 
AJijl 60JibWHX N AaeT IlOJIHOe peweHHe 33A3'1H O KpH

TepHH KOHAeHcaIVIU B nnocKOH KBaApaTHoA nno
~aAKe C paBHOMepHblM anpHopHbIM pacnpeAeJieHH
eM He3aBHCHMblX H OAHH3K0Bb1X o6oeKT0B B Heii. , 
IloCJie Toro, KaK 6yAeT COCT3BJieHa Ta6JIHn;a KpHTH

'leCKHX 3Ha'lemm: J'.(Jljl ecex N, OCTaeTCjl HCilOJib30-

BaTb KpHTepuA AJijl HCCJieAOB8HIDI CTpYKTYPHOCTeH 
no Ha6JIJOAaeMOMY MaTepuany. 
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Statistical Condensation Criterion 
© 1995 r. A. A. V'yuga 

To study the structure of the field of the Galaxy, it is suggested to use statistical quantity 
-I 

~k =: ( 
2 ) I, (Jx;-xil +IY;-y)/ (N'22), 
N I S.iS.jSN 

which is the mean of all mutual distances between N objects in an observed plane square area ax a. Under the 
assumption that objects in this area are independent of each other, are unifonnly and identically distributed, 
characteristic function and distribution functions arc derived for the quantity 11 = (~ - MW.)/aN and a table of 
exact critical values for N ~ 22 is compiled. Quantity ~ is sensitive to structure of the condensation-rarefaction 
type and is invariant with respect to translation, rotation, and scale change (therefore, the area boundary can be 
located arbitrarily with respect to the sample of objects studied). 
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YIIK 524.7 

CTATHCTH'IECKHE KOPPE.JIJIIJ;HH ME}K,l{Y OCHOBHLIMH 
IlAPAMETPAMH .L(HCKOBLIX fA.JIAKTHK 

© 199S r ., 8. B. KOCTIORHR 

HHcmumym acmpoHoMuu, MocK8a, Poccua 
IlocrynHna B peAaK~HJO 15.06.94 r . 

IlpoaH3JIH3HposaHbl craTHCTHtteCKHe CBSl3H Me.>KJzy OCHOBHblMH napaMeTpaMH AHCKOBblX ranaKTHK -
P3AHYCOM, M3CCOH H BceH ranaKTHKH H ee pa3JIH'lHblX KOMDOHeHT (MOJICKynJ1puoro H aTOMapHOI'O BOJ];O
poAa, ecero ra3a, Ilb1<JH), CBCTHMOCTIIMH 8 rony6oM H ,ll8JICKOM HH<ppaKp8CHOM ,llHana30H8X H nosepXHO
CTHblMH RJIOTHOCTIIMH 3THX BeJIH'lHH. B Ka'leCTee M8TepHaJJa AJUI 8H8JIH38 B3XTbl A8HHb)e no 63 JXHCKOBblM 
ranaKTHK8M. 113 ecex B03MO)KlfblX .u;eyx- H TpCXMCpHblX JIBHeitHblX COOTHOWCHHM MC>KAY norapHq>M8MH 
3THX BCJIH'IHH Bb!6paHbl 38BHCHMOCTH C BblCOKHM K03q>q>HU,HeHTOM KOppemn~HH. onpe.u;eneHbI HX napa
MCTJ)bl. HeKOTOpbie H3 .KOppeJUll,lHH cpaBHHBaJIHCb C COOTBCTCTBYJOIIOIMH npe,o;CK833HIDIMH 0Aff030HHOR 
MOACJIH 3BOJIIOIU1Il AHCKOBOA raJiaKTHKH. ,llpyrae B3aHM0CH3H paccM8TpHBaJIHCb C TO'IKH 3peHIDI CBOHCTB 
MC}f(38e3JXHOii cpe,o;bl ranaKTHKH. 06napY')KCHO YAOBJieTBOpHTeJibHOe COOTBCTCTBHe MC)l(Jzy Teopueii H H8-
6nIOAeHHJIMH, npeAJIO)KCHbl llYTH YJIY'IWCHIDI 3BOJIIO~OHHLIX MOJ];CJICH. ,llano onecanae HCROJIL30BaHHO

ro AJI.11 craTHCTH'ICCKoro aH8JIH3a MCTOJXa JIHHCHHOH oproroeaJILHOH perpeccee. 

BBEAEirnE 

Ha cero~WJWHHH ~eH.b H3y'leHO HeCKOJlbKO ,Tbl
c,rq raJiaKTHK. Y MHOI'DX B3 HHX pa3JIH'IHMbI OTAeJib
Hble AeTaJIH, OAHaKO AJI.R 6om,11JHHCTB8 H3 HHX onpe

AeJieHbl TOJlb.KO OCHOBHLie napaMeTJ)bI, TaKBe Kax 
Macca, pa,-e:yc, CBeTHMOCTb B pa3JlH'IHbIX AHana30-
Hax, COACP:lKaHHe COCTaBmtIO~BX (IlLUIH, ra3a H 

3Be3A) H AP· Y CTaHOBJieHHIO CBSl3B Me>tqzy 3THMH ae
Jllf'IHHaMH MemaeT OTCyrCTBHe e.r(HHOA o6~enpH3-
H8BHOH TeopHB o6pa30B8HH}l B 3BOJIIOQBH raJiaK
TBK. Ilo3TOM}' aHaJIH3 Ha6n10.r<eemi rno6aJibHblX 

xapaKTepHCTHK CBO.r(BJICSI B OCHOBHOM .K OTbICKaHBIO 
CT8TUCTBqecKBX 3aKOHOMepHOCTeA Me>K,Qy HBMB. 

B KaqeCTBe npHMepa MO:lKHO npuseCTH CT3T&IO [I]. 
B 3TOH pa60Te aerop Ha ocHoae Kpocc-Koppemm;u
oHHoro 3HaJIH38 .r(8HHbIX no CIIHp3JibHblM ranaKTD

K8M npe,-naraeT pa3JIB'IHbie sapuaHTbI o6'1>eKTHe
HLIX KJiaccRq>mca~HOHHLIX CHCTeM H KpHTepRH 

o~eHKB HX 3q>q>eKTBBHOCTH. . 
HaCTOSIII(a.R CT8TbSI He npere~yeT Ha IlOJIHOT)' 

ucnon1,3yeMoro MaTepuana H ero aHaJJH3a. TeM ue 

MeHee, npHMeHSleMa.R 3~ecb MCTOAUKa CT8THCTH1Iec
KOH o6pa6oTKB AaHHbIX OTJIHtJaeTCJI OT o6~enpBHS1-

TOA. KaK HaM npe,u;cras.ru1eTCB, coo6pa:lKeHIDI, o6yc
JIOBHB~e ee BbIOOp, SIBIDIIOTC.R npB~3JILH1,IMH, 

H MOryT 6bITb DpHHSITbl BO BHBM8HHe B aHa.JIOrRtJHblX 
cnytJa.RX CTaTDCTHtJecKoro aHa.JIB3a. Mb1 paCCMaTJ)H
eaeM 3Aec1, see B03MOX01b1e cnyqae napH&IX, a TI!K.)Ke 

OOblt.{}10 peAKO H3}"JaeMLIX TJ)OHHblX CBH3ee:. 

HeKOTOpbie KOppeJISl~HH, nony"ieHHbie npH o6-
pa60TKe · Marepua.Jia, Mbl cpaBHHBaeM c npe,-cKa3a
liIDIMH AOBOJlbHO npocroe O.r(B030HHOH MO.r(CJIB 3BO
JIIO~HH ABCKOBOH ['aJJaKTHKH. 0Ha 6&ma npe,-noxce
Ha B pa6oTax <l>HpMaHH H TyryKoea (2, 3]. K 

CO:lKaJieHHJO, ee ynpo~eHHOCTb He Il03BOJIHJia HaM 
,D;OOHTbCJI ,D;OCT3TO'IHO xopomero C0Bn3AeHID1 3MIIH
pH'leCKHX B TeopemqecKHX pe3yJlbT3TOB. TI03TOM}' 

nOCJie o63opa B03MOX011>1x npH'IHH pacxo).K,t{eHmi 
MLI npe~naraeM nyTH ycoeepmeuCTBoeaHmr Mo,u;enu. 

Pa3.rten 1 co,u;ep:lKHT onecaane HCTOtJHHKa ea6n10-
):lareJI&HbIX ):\aHHhIX. B pa3Aene 2 H3naraIOTCSl OCHOB

Hble npBHqBUhl HCilOJih3yeMOH eaMH CTaTHCTHtJ:ec
.KOA MeTO,t{BKB. B pa3AeJiax 3 H 4 npHBOW(TC)t Me
TOAbI, no KOTOpLlM OTOHpa.JIHCb ~ml u3yqeHID( 

napm.xe H TJ)OHHble Koppen~. COOTBeTCTBeHHO. 
B pa3,D;eJie 5 KpaTKO OilHCbI88JOTCH OCHOBHb[e IlOJIO

}KeHHSI 3BOJIIOqHOHHOH MO~eJIH AUCKOBOH ranaKTD
KH H ,D;3IOTCH ee Teopem-qecKHe CJieACTBIDl, KOTOpbie 

B pa3AeJie 6 cpaBHBB8IOTC$l C aeanorH"'lHblMH 38.KO
HOMepHOCT.RMH, noJiyqeHHblMH CTilTHCTH'leCKH. 11 
HaKOHeq, p83AeJI 7 Il0CB$l~eH pacCMOTpeHBIO OCTa.B
WHXC.sl 3aBHCHMOCTeH. 8 IlpHJJO:lKeHHH npHBOASITCSI 

T86JIBqbI Ha6JII01];aTCJlbHLIX AaHHbIX, K03q>q>BQHeH
TbI H HX norpemHOCTH ABYX- H -rpexpa3MepHbIX B38-
HMOCBS13eB, a TaK:lKe nop;po6HO paccKa3b1BaeTCH 06 

BCilOJ1b3yeMOM MeTO.r(e CT3TDCTH'tlecxoA o6pa6oTKH 

AaHHbIX. 

811 

I. HABJIIO,UATEJibHblE MHHbIE 

B Hamme Bbl"iHCJieHIDIX HCil0J1b30B3JlHCb rno-
6aJll,Hbte xapaKTepHCTHKH 63-x .r(BCKOBbIX raJiaKTHK. 

Bee OHH B3SlTbI H3 pa60Tbl Care [4]. 3ToT HCTO'IHHK 
61,m eL16pau HaMH no ABYM npHqffffaM. Bo-neps1,1x, 

aBTOp ~aTeJJLHO OT06paJI BeCb CBOH MaTepean H3 
HeCKOJlbKHX K8TaJJOroB B DO)lBepr ero 60JibWOH 
KpBTHqecxoa: o6pa6oTKe. Bo-BTOpbIX, HM 61,ma on

peAeneHa no co6CTBeHHLIM Ha61110)leHID1M JIHHHH 



812 KOCTIOHMH 

CO Macca Monexym1pHoro Bo.n:opo.n:a H2 - Ba.x<Hl>Ii 

J:VISI Hamefl pa6oTbI napaMeTP ranaKTHKB. 

B cBoee: pa60Te Care npHBOWfT CJie,:zyJO~He 
xapaKTepHCTHKH ranaxTHK: KaTaJIOr H HOMep raJiaK
THKB B HeM, ee yrnoBOB JJ;HaMeTJ), IlJIOTHOCTb IlOTOKa 
HJJiy'leHHSI ua BOJIHe 100 MKM, TeMneparypy xono.n:
HOH KOMilOHeHTbl DblJIH, ceeTHMOCTL B .n:aneKOM HH

<ppaKpaCHOM ,n:HanaJoHe (oT42.5 .n:o 122.5 MKM), cse
THMOCTb B rony6oM CBeTe, Macey HCHTpaJlbHOro 80-
.n:opo.n:a HI, AHHaMHqecKyJO Macey ranaKTHKH, Macey 
MOJieKynsrpHoro eo.n:opo.n:a H2• 

IlOJib3YJICb 3THMH ,n:aHHbIMH, Mbl paCCtfHTaJIH He

o6xo,n:HMble .n:m1 Ramero aHaJIH3a napaMeTJ)bI. OHB 
npHBe,n:eHbl s Ta6JI. 1. TiepBbIB CTOJI6e~ Ta6JIH~bl co
.n:ep)l{HT nop~K0Bblit HOMep ranaKTHKH no K3TaJIO

ry, a 3aTeM BAYT norapu<pMbI CJie,n:yJO~RX eeJill'IHH: 
(2)- paCCTOSIHHSI .n:o ranaKTBKH Re Mnc H OTHOme
HHSI ceeTHMOCTeii B .n:aneKOM HH<ppaKpacHOM .n:uana-
30He u e rony6oM ceere LARI Ls; (3) - ,n:HHaMHliecKoA 
MaCCbl ranaKTBKH MB M0 H IlOJlHOA noeepXHOCTHOA 

nnoTHOCTH l:, a M 0 /nc2; (4) - Macc&1 HeHTPaJibHoro 
BO.U:OpO)l;a MHJ B Mo Hero nosepXHOCTHOA: IlJIOTHOC

TH LHI, B M 0 /nc2; (5) - MaCCbl MOJieKyJijlJ)HOro so.n:o

poAa M Hi B M0 H ero nosepXHOCTHOH nnoTHOCTH 

~l• B M 0/nc2; (5) - MaCCbl MOJieKyJISlpHoro BOAO

po.n:a M H B MO H ero noeepxttocTHOH nnoTHOCTH 
l 

l:H , e M0 /nc2; (6) - Macc1,1 ra3a e ranaKTHKe Mg e 
l ~ X. 

Mo H COOTBeTCTBYIO~eH nosepXHOCTH0.11 IlJIOTHOCTH 

Lg, e M 0 /nc2; (7) - Macc1>1 nbIJIH Md, e M0 Hee no

eepxHoCTHOH IlJlOTHOCTH LJ, B Mo/nc2 (8)-CBCTHMO
CTH e rony6oM ceeTe Ls B L0 ; H cooTeeTCTBYJO~ee: 

noeepXHOCTHOH IlJIOTHOCTII Ls' B Lo/nc2; (9)- ceem
MOCTH B ,QaJieKOM HH<ppaKpacHOM AHana30He 4-iR, B 

L0 Hee noeepxHOCTHOH nnOTHOCTH LFJR, e Lo/nc2
• 

TipH nonytieHHH yKa3aHHblX napaMeTJ)OB H3 Ta6-
J1Hl\ Care HCilOJib3oeaHbI cnep;y10mne cooTHomeamr: 

7t 

R = rD 5400' 

rp;e r - paCCTOSIHHe AO ranaKTHKH B Mnc, D - yrno
BOH AHaMeTp B yrn. MHH; 

Mg = MHI + MH2• 

M MHI MHl 

i: = s· i:HI = s· LH2 = s· 
Mg MB MFIR 

Lg = S ' LB= S' LFIR = s ' 
rAe S = 1tR2 - mIO~<l,qb ranaKTll'-IeCKOro )l;HCKa; 

Md = 5R2S100 [exp(J44/Td)- l], 

r.n:e S100 - nJJOTHOCTb IlOTOKa H3JIY"leHHSI Ha 100 MKM, 
rd - TeMnepaTYPa XOJIO,l{HOH KOMilOHeHTbl DblJlH B 
J{HCKC. 

2. METOA.HKA CTATHcrnl.JECKoro 
AHAJIH3A MATEPHAJIA 

.HTaK, Mbl HMeeM pst,n;bl Ha6J110J{eH1m HCKOTOpbIX 
<pH31ACCKHX xapaKTepHCTHK raJiaKTHK. 3aKOHbl, 

CB.Sl3bIB3IOI.qUe HX, 3apa11ee He H3BeCTHbl. TI03TOM}', 
KaK 3TO qacro .n:enaeTC.SI B 8CTJ)O<pH3HKe, Mbl 6y,ueM 
HCK3Tb JIHHeHHhie 33BHCHMOCTH Me)l{.n:y HX norapu<p
M3MH. 

l.{ame ecero .n:nH 3Toro pemaeTCSI 3a,o;aqa npocroii 
JIHHeHHOH perpeCCHH. B1,16HpaeTCSI HCCKOnbKO na
paMeTJ)OB, O.U:HH B3 KOTOpbIX CT3BHTC.SI B Ka'!eCTee 
3aeucHMoro OT .n;pymx, Tor.n:a KaK noCJie,n;HHe nona
raJOTC.SI HC33BHCHMLIMH. 3aTeM Haxo,n:HTCSI JIHHCHHrul 
q>yHK~IDI HC33BBCHMblX BenuqHH, H8HJiytimHM o6pa• 
30M npu6macaioi.qru1 3aBHCHMbIB . . KpHTepneM 3,n:ecb 
6epeTCH 06pamem1e B MHHHM}'M CYMMbl KBa.n:paTOB 
pa3HOCTeH Me)l{p;y 3Ha'!eHHSIMH 3TOH <pyHKIJ;HH B TO'I
K3X H3MepeHUH H 3Ha'!eHHSIMH npH6JIIDKaeMoro na
paMeTPa, 3TO xopowo H3BeCTHblH MeTOA HaHMeHb
lIIHX KBa)l;paroe (MHK). MeTOA H33b1Ba10T TaIOKe 
no 'IHCJIY He33BHCHMblX napaMeTJ)OB OAHO-, )l;Byrra
paMeTJ)H'ICCKHM, H T.,n. 

Op;HaKO npH CTPQl'OM o60CHOB3HHH MeTo,o;a npo
CTOA JIHHeHHOii perpeCCHH B TeopHU MaTeMaTHtfeC
KOH craTHCTHKH .n:eJiaeTCH pHA npe,nnono)KeHHH. B 
qaCTHOCTH, BeJIH'IHHOH, onpep;ensreMOH co cnyqau
HbIMH OWH6KaMH, SIBJI.SICTCSI TOJibKO 33BHCHMrul ne
peMeHHaSI, OCTaJibHbie )KC C'tJBTalOTCH H3BCCTHbIMH 
TO'IHO. Ilo3TOMY 3TOT cnoco6 KoppeKTHO npHMe
H.SITb TOJlbKO e ,a:eyx CJiyttaSIX. IlepBblH - npH o6pa- , 
OOTKe pe1yJ1bTaTOB 3KcnepuMeHTa, B KOTOpOM eCTb 
TOtfHO 33A3BaeMble BHa'!aJie 3Ha'I~HHSI H H3Meps:te
Mrul Ha BblXO,ne BeJIHtfHHa. BTopoii - npH o6pa6oTKe 
pe3yJILT3T0B Ha6JIIO)l;CHHH, Kor,na OWH6KH H3Mepe
HIDI O.U:HOH xapaKTepHCTHKH 3H3'1HTCJlbHO rrpeBbl
waJOT norpewHOCTb onpep;eJieHHSI ,a:pyrux. 

B aCTpoHOMH'ICCKHX KaTanorax TO'IHOCTb BCJIH-
1:J.HH YK33bIB8eTC.SI BCCbMa pep;KO, Il03TOM}' ):\JUI ee no
HCKa npHXO.U:HTCSI o6pa~aTbCSI K cne~H8JibHOH JIHTe
paType. B nameM >Ke CJIY'f3C A3HHble co6paHbI B3 
p33HhIX xaTanoroe H, cne.n:oeaTeJibHO, onpe,n:e.JUI
JIHCb C pa3HOA TO'iHOCTblO. C6op H y'1eT ecex oum
OOK H3MepeHHH noTPe6oean 6h1 3Ha'IHTeJibHoro 
TJ)y.n;a. Pa3JIH'IHC B norpeWHOCTH p;aHHbIX MO)l{HO 
yqecrb nyTeM BBe,n:eHWI BeCOBbIX K03<p<pKQHeHTOB, 
HO 3TO T3K)l{e BCCbMa CIDlbHO ycJIO)l{HHJIO 6bl 3ap;a
"Y· Il03TOM}' AJISI rrpocTOTbl 3HaJIH3a B Hameu pa6o
Te Mbl npHHSIJIH, 'ITO Bee BP.JilftiHHbI onpe,neneHbl C 
OAHHaKOBOH creneHblO TO'IHOCTH. 

O.n;ttaKo e 3TOM cnytiae ,n:Jis:t nocrpoettmr nHHeft
Hoil <pyHKll;HH, HaHnr1wHM o6pa30M OIIHCbJBalOI.qeH 
CBS13h Me~y napaMe-rpaMH, Heo6xo,quMo npHMe
HSITb MeTO,ll; He npOCTOH, a opToroHaJibHOH JIHHCHHOH 
perpeCCHH. Ero OTJIHtme COCTOHT B TOM, qro MHHH

MH3HpyeTC.SI cyMMa KBa,a:paTOB OTKJIOHCHHH no nep
neHAHKYJJHPY, onyw,eHHOMY H3 H3MepeHHOH TO'IKH 
Ha npstM}'IO (T.e. reOMCTpH'leCK.HX paCCTOSIHHH Me)K
,a:y TOtfKaMH H IlpHMOH). Ilo.r(p06Hee O H3X0)1{,l{eHHH 
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CTATl1CT11t.JECKHE KOPPEJISIUHH ME~Y OCHOBHbIMH IlAPAMETPAMH 813 

Ta6neua 1. napaMeTJ)bI ranaKTHK 

lgR** 
lgM lgMm lgMH lgM8 lgMd lgLB lgLFJR 

ranaKTHKa* LFIR 2 

lg- lg:E lg:tHI lg~ lgl:g lg:td lgl:9 lgLfIR 
Ls 2 

N628 4.013 11.041 9.978 9.279 10.057 6.563 10.301 9.623 
-0.678 2.519 l.455 0.756 1.534 -1.959 1.778 1.101 

N672 3.786 10.415 9.322 ' 7.322 9.327 5.253 9.623 8.544 
- 1.079 2.346 l .253 -0.747 1.258 -2.8 16 1.554 0.475 

N891 4.123 l 1.279 9.968 9.699 10.155 7.072 10.146 10.079 
-0.067 2.536 1.226 0.956 l.413 -1.671 1.404 1.337 

N925 4.169 10.820 9.820 8.771 9.857 6.240 10.041 9.176 

-0.865 14.984 0.984 -0.065 1.021 -2.595 1.206 0.340 

Maff2 3.296 10.301 8.949 8.204 9.021 6.009 0.()0()*** 9.301 

0.000 3.211 1.860 1.115 1.932 -1.080 0.000 2.211 

N1058 3.690 9.820 9.176 8.146 9.215 5.727 9.301 8.681 
-0.620 1.943 1.299 0.269 1.338 -2.150 1.424 0.804 

IC342 4.199 11.30 l 10.041 9.732 10.215 6.645 I0.785 9.881 
-0.905 2.405 1.146 0.837 1.319 -2.251 1.889 0.985 

Nl560 3.491 9.623 8.716 6.602 8.719 4.255 8.724 7.568 

-1.156 2.144 1.237 -0.877 1.240 -3.224 1.245 0.089 

N2403 4.116 10.806 9.792 8.041 9.800 6.135 10.041 9.279 

-0.763 2.076 1.063 -0.688 1.070 -2.594 1.312 0.549 

N2683 3.770 10.845 8.792 8.362 8.929 6.022 9.748 8.833 

-0.916 2.808 0.756 0.325 0.893 -2.014 1.711 0.796 

N2903 3.962 10.996 9.255 9.114 9.491 6.465 10.114 9.623 

-0.491 2.574 0.834 0.693 l.070 -1.956 1.693 1.202 

N2976 3.148 9.322 7.740 7.146 7.839 4.811 8.613 7.959 

-0.654 2.530 0.948 0.354 l.046 -1.982 1.820 1.167 

N3031 3.982 11. l 76 9.398 8.146 9.422 6.219 10.230 9.322 

-0.908 2.715 0.937 -0.3 15 0.960 -2.243 1.769 0.861 

N3184 3.971 10.156 9.362 9.079 9.544 6.164 9.898 9.146 

-0.751 2.316 0.922 0.639 1.104 -2.276 l.458 0.706 

N3274 3.212 9.602 8.672 · 6.833 8.678 4.206 8.556 7.748 

-0.808 2.680 1.750 -0.089 1.757 -2.716 1.635 0.826 

N3344 3.768 10.826 9.255 8.465 9.321 5.411 9.556 8.785 

-0.771 2.794 1.223 0.433 1.288 -2.621 1.524 0.753 

N3351 3.910 10.756 8.919 8.806 9.167 5.823 9.869 9.279 

-0.590 2.439 0.602 0.489 0.850 -2.494 1.552 0.962 

N3368 3.864 10.987 9.204 8.903 9.380 5.976 10.000 9.079 

- 0.921 2.762 0.980 0.679 1.156 -2.249 1.776 0.855 

N3486 3.810 10.623 9.279 8.230 9.316 5.608 9.602 8.716 

- 0.886 2.506 1.161 0.113 1.199 -2.510 1.485 0.599 

N3521 4.04) I 1.255 9.531 9.477 9.806 6.504 10.114 9.663 
-0.451 2.676 0.952 0.898 1.227 -2.075 1.534 1.083 

N3593 3.505 10. 146 8.000 8.342 8.505 5.433 8.964 8.982 

0.018 2.639 0.493 0.835 0.998 -2.074 1.456 1.475 

/\CTPOHOMJ1Y:ECKIH1 )KYPHAJJ TOM 72 M 6 1995 
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T a6J1B~a 1. flpOAOmKeHHe 

lgR** 
. lgM lgMHl lgMH lgMg lgMd JgLs lgLflR 

f aJiaKTHKa* LFtR l 

lg- lg!: lg!:m lg!H lg!:g lg!:d lg!s lg!.m 
Ls l 

N3623 3.825 10.996 8.519 8.342 8.740 6.081 10.079 8.663 

-1.416 2.848 0.371 0.195 0.592 -2.067 1.931 0.5 15 

N3627 3.821 10.826 8.813 9.279 9.407 6.431 10.041 9.681 

- 0.360 2.687 0.674 1.139 1.267 -1.709 1.902 1.542 

N3628 4.074 11.204 9.580 9.342 9.778 6.465 10.146 9.740 

-0.406 2.558 0.934 0.696 1.132 - 2.181 1.500 1.094 

N4020 3.321 9.681 8.301 7.322 8.344 4.793 8.851 8.079 

-0.772 2.542 1.162 0.183 1.205 -2.347 1.712 0.940 

N4062 3.729 10.53 ) 8.716 8.362 8.875 5.970 9.477 8.785 

-0.692 2.576 0.760 0.406 0.919 - 1.986 1.521 0.830 

N4096 3.797 10.623 9.114 8.477 9.204 6.249 9.919 8.944 

- 0.975 2.53] 1.022 0.385 1.112 - 1.842 1.827 0.853 

N4136 3.752 10.748 9.041 7.230 9.048 5.455 9.462 8.431 

-1.03 1 2.748 l.041 -0.770 1.048 -2.546 1.462 0.431 

N4144 3.457 9.740 8.342 7.041 8.364 4.430 8.908 7.672 

- 1.236 2.330 0.932 -0.369 0.953 -2.981 1.498 0.262 

N4173 3.668 9.908 8.968 7.362 8.979 5.917 9.176 8.940 

- 0.237 2.075 1.135 - 0.471 1.146 -1.916 1.343 1.106 

U7271 3.317 9.279 7.991 7.041 8.037 0.000 8.362 0.000 

0.000 2.149 0.861 -0.089 0.907 0.000 1.232 0.000 ~ 

N4244 3.699 10.146 8.968 7.342 8.979 5. 111 9.204 7.987 

- 1.217 2.250 1.073 -0.553 1.083 - 2.784 1.308 0.091 

U732 1 3.299 9.799 8.176 6.556 8. 186 3.780 8.079 7. 114 

-0.965 2.705 1.081 - 0.538 1.092 - 3.315 0.984 0.019 

N4245 3.668 10.380 6.863 8.114 8.138 5.047 9.255 8.176 

-t .079 2.547 -0.970 0.281 0.305 -2.786 1.422 0.343 

N4258 4.147 11.255 9.748 9.230 9.863 6.458 10.398 9.362 

-1.036 2.463 0.956 0.438 1.071 -2.335 1.606 0.570 

N4274 3.890 11 .000 9.000 9.000 9.301 5.943 9.851 8.940 

- 0.912 2.723 0.723 0.723 1.024 -2.334 1.574 0.663 

N4288 3.481 10.114 8.771 7.398 8.789 0.000 8.732 0.000 

0.000 2.655 1.312 -0.061 1.330 0.000 1.274 0.000 

N4314 3.783 10.903 6.681 8.415 8.423 5.290 9.623 8.778 

-0.845 2.840 - 1.382 0.352 0.360 -2.773 1.560 0.715 

N4359 3.58) 10.041 8.690 7.279 8.707 4.902 9.146 8.000 

-1.146 2.383 1.031 - 0.380 1.048 -2.757 1.487 0.341 

N4393 3.668 10.230 8.908 7.230 8.918 5.205 9.176 8.146 

- 1.030 2.397 1.075 -0.603 J.084 -2.629 1.343 0.3 13 

N4414 3.762 11 .000 9.146 9.204 9.477 6.443 9.813 9.672 

-0.141 2.978 1.124 1.182 1.455 -1.578 1.791 1.650 

N4448 3.655 10.681 7.633 8.114 8.238 5.394 9.531 8.643 

-0.888 2.875 -0.173 0.308 0.432 -2.413 1.725 0.837 
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CTATHCTHlJECKHE KOPPEJUll.UfH ME)l():(Y OCHOBHblMH IlAPAMETPAMH 815 

Ta6.rmo:a 1. OK0H•rnm1e 

lgR** 
lgM JgMHI lgMH lgM8 fanaKTHKa* LFIR 2 

lg- lgI lgIHI lgl:H lgl.:g LB 2 

N4455 3.298 9.863 8.477 7.079 8.494 
- l.157 2.771 1.385 -0.013 1.402 

N4490 3.736 10.362 9.792 
' 8.176 9.80? 

-0.369 2.393 1.823 0.207 1.834 
N4517 3.980 10.748 9.477 8.869 9.573 

- 0.850 2.291 1.020 0.412 1.116 
U7699 3.417 9.839 8.398 7.114 8.420 

-1.236 2.507 1.066 -0.218 1.088 
N4525 3.564 9.898 8.114 7.301 8.176 

-1.176 2.272 0.488 -0.325 0.550 
N4562 3.450 9.580 8.079 7.204 8.134 

-1.165 2.182 0.681 -0.194 0.735 
N4559 4.132 10.756 9.820 8.982 9.879 

- 0.358 l.995 1.059 0.222 1.118 
N4565 4.210 11.415 9.732 9.342 9.881 

-0.886 2.497 0.815 0.425 0.963 
U7774 3.393 9.771 8.447 6.982 8.462 

-1.058 2.487 l.164 -0.301 1.178 
N4605 3.446 9.869 8.301 7.544 8.371 

-0.546 2.480 0.912 0.155 0.982 
N463 1 4.035 10.813 9.833 8.756 9.867 

-0.323 2.246 l.265 0.189 1.300 
N4736 3.868 10.924 8.477 8.591 8.839 

-0.586 2.691 0.244 0.358 0.606 
N4826 3.621 10.447 8.322 8.519 8.732 

-0.826 2.709 0.584 0.780 0.994 
N5023 3.613 9.949 8.716 7.623 8.750 

- l.477 2.226 0.993 -0.100 1.027 
U8313 3.303 8.929 8.041 7.362 8.124 

-1.000 1.827 0.939 0.259 1.022 
N5055 4.088 11.230 9.653 9.531 9.898 

- 0.523 2.557 0.980 0.858 1.224 
· N5194 4.121 11.398 9.462 10.017 10.124 

-0.348 2.659 0.723 1.278 1.385 
N5229 3.367 9.415 8.415 6.944 8.429 

- 1.377 2.184 1.184 -0.286 1.199 
N5457 4.272 11.544 10.041 9.230 10.104 

-0.618 2.504 1.001 0.190 1.063 
N5474 3.689 9.398 9.000 7.724 9.022 

-1.204 1.523 t.125 -0.151 1.147 
N5585 3.715 10.114 9.146 7.531 9.157 

-1.301 2.186 1.218 - 0.396 1.229 
N6503 3.638 9.914 9.114 8.079 9.152 

-0.731 2.140 1.340 0.306 1.379 
N6946 4.076 10.954 9.799 9.462 9.964 

-0.579 2.305 1.150 0.813 1.314 
N7640 3.989 10.591 9.869 7.653 9.872 

-1.179 2.115 1.394 -0.823 1.396 
* 'lucna cooTeeT<."Tey101• HOMepy B KaTa.nore ~GC (Nearby Galaxy Catalog). 

** E]{HHIU.U,J H3MCpeHHil BCJIH''IHH ):(alibi B TCKCTC. 
"'** Hynu 03Ha'!aJOT OTC)'TCTBHe ]{3HHblX no napaMe-rpy aToA raJiaKTHKH. 
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lgMd lgLB lgLFIR 

lgl:d Jgl:,B Jg~R 

4.664 8.748 7.591 
- 2.428 1.656 0.499 

6.112 9.982 9.613 
-1.857 2.013 J.644 

6.000 9.996 9.146 
- 2.457 l.538 0.689 

4.587 8.869 7.633 
- 2.745 1.537 0.301 

5.643 9.176 8.000 
-1.983 1.550 0.374 

4.581 8.778 7.613 
-2.818 1.380 0.215 

6.086 9.613 9.255 
- 2.674 0.852 0.495 

6.788 10.301 9.415 
- 2.130 1.384 0.497 

4.223 8.380 7.322 
-3.060 1.097 0 .039 

5.289 9.114 8.568 
-2.100 1.725 1.179 

6.604 10.204 9.881 
-1.963 1.637 1.314 

5.886 9.908 9.322 
-2.347 1.675 1.089 

5.635 9.826 9.000 
-2.103 2.088 1.262 

4.369 9.079 7.602 
-3.354 1.356 -0.121 

3.339 8.49] 7.491 
-3.764 1.389 0.389 

6.884 10.230 9.708 
-1.789 1.557 1.034 

6.804 10.462 10.114 
-1.935 1.723 1.375 

3.431 8.491 7.114 
-3.800 1.261 -0.117 

6.587 10.342 9.724 
-2.454 l.302 0.684 

5.165 9.204 8.000 
-2.710 1.329 0.125 

5.209 9.342 8.041 
-2.719 1.415 0.114 

5.447 9.623 8.892 
-2.326 1.850 1.119 

6.635 10.477 9.898 
-2.014 1.827 1.248 

5.682 9.949 8.771 
-2.794 J.474 0.295 
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Ta6nKQa 2. Koppemn.(HOHHaH Ma'I'p~a 

lgR lgM lgl: lgMHr 

lgR 1.00 0.88 - 0.05 0.73 

lgM 0.88 1.00 0.42 0.57 

lg:E -0.05 0.42 1.00 - 0.18 

lgMHI 0.73 0.57 -0.18 1.00 

lgLffI -0.08 -0.17 - 0.21 0.62 

lgMH 
2 

0.83 0.86 0.23 0.56 

Jgl:H 
2 

0.33 0.51 0.44 0.16 

lgMg 0.89 0.78 -0.05 0.92 

lg.tg -0.01 - 0.02 0.02 0.59 

lgMd 0.84 0.87 0.22 0.65 

lg:Ed 0.33 0.51 0.45 0 .3 1 

lgL8 0.93 0.9 1 0.19 0.67 

lg:E.8 0.09 0.28 0.46 0.03 

lglFIR 0.81 0.85 0.23 0.63 

lgl:i:IR 0. 18 0.39 0.47 0.21 

LAR 
0.40 0.20 0.30 lg- 0.34 

Ls 

Jgl:HI lgMH 
2 

lg.EH 
. 2 

- 0.08 0.83 0.33 

- 0.17 0.86 0.51 

-0.21 0.23 0.44 

0.62 0.56 0.16 

1.00 -0.14 -0.14 

-0.14 1.00 0.80 

- 0.14 0.80 1.00 

0.33 0.78 0.37 

0.87 0.09 0.16 

0.65 0.88 0.58 

0.09 0.59 0.64 

-0.06 0.88 0.53 

- 0.06 0 .35 0.50 

0.63 0.91 0.61 

0.10 0.56 0.74 

0.05 0.58 0.62 

lgMg lg:Eg lgMd lgI:d lgLB 

0.89 -0.01 0.84 0.33 0.93 

0.78 -0.02 0.87 0.5 1 0.91 

-o:os 0.40 0.22 0.45 0.19 

0.92 0.59 0.65 0.3 1 0.67 

0.33 0.87 0.87 0.09 - 0.06 

0.78 0.09 0.88 0.59 0.88 

0.37 0.16 0.58 0.64 0.53 

1.00 0.45 0.81 0.4 1 0.85 

0.45 LOO 0. 13 0.25 0.09 

0.81 0.13 1.00 0.79 0.93 

0.41 0.25 0.79 1.00 0.62 

0.85 0.09 0.93 0.62 1.00 

0.13 0.1 1 0.35 0.60 0.46 

0.82 0.21 0.95 0.73 0.92 

0.34 0.38 0.60 0.84 0.51 

0.43 0.29 0.58 0.66 0.38 

. 

lg:E.e lglFIR 

0.09 0.81 

0.28 0.85 

0.46 0.23 

0.03 0.63 

-0.06 0.06 

0.35 0.91 

0.50 0.67 

0.13 0.82 

0. 11 0.21 

0.35 0.95 

0.60 0.73 

0.46 0.92 

1.00 0.40 

0.40 1.00 

0.66 0.72 

0.18 0.71 

lgii:ut 

0. 18 

0.39 

0.47 

0.21 

0.10 

0.56 

0.74 

0.34 

0.38 

0.60 

0.84 

0.51 

0.66 

0.72 

1.00 

0.85 

LFIR 
lg-

LB 

0.34 

0.40 

o.zo 

0.30 

0.05 

0.58 

0.62 

0.43 

0.29 

0.58 

0.66 

0.38 

0.18 

0.71 

0.85 

1.00 

00 -"' 

:ii:: 
0 

i 
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Ta6JJana 3. BeJIH'iHHbl .QJUI OAHOnapaMe1'pHlfeCKOH perpeCCHH 

X y a (JQ b (Jb rxy 

lgMd lgLFIR 0.92 0.04 3.57 0.10 0.95 
lgR lgL8 2.36 0.11 0.69 0.22 0.93 
lgL8 lgMd 1.46 0.07 -8.35 0.22 0.93 
lgMg lgMHl 1.15 0.06 -1.56 0.18 0.92 
lgLB lglFIR 1.34 0.07 -4.12 0.21 0.92 
lgM lgL8 1.00 . 0.05 -0.87 0.18 0.91 
lgR lgMg 2.43 0.)4 -0.0l 0.28 0.89 
lgM lgMd 1.47 0.09 -9.76 0.31 0.87 
lgR lgM 2.40 0.14 1.46 0.28 0.88 
lgl8 lgMH 1.51 0.09 -6.20 0.28 0.88 

2 

lgMd lgMH 1.04 0.07 2.35 0.17 0.88 
2 

lgM lgMH 1.52 
2 

0.10 - 7.67 0.32 0.86 

lgMc lgL8 0.98 0.07 0.64 0.21 0.85 
lgM lgLFIR 1.36 0.09 -5.45 0.31 0.85 
lgR lgMd 3.55 0.25 - 7.73 0.48 0.84 
lgR lgMH 3.71 

2 
0.26 - 5.72 0.51 0.83 

lgMg lgMd 1.47 0.11 -7.79 0.34 0.81 
lgR lgLRR 3.38 0.25 -3.95 0.50 0.81 
lgM lgMg 1.02 0.08 -1.55 0.28 0.78 
lgMg lgMH 1.55 0.12 - 5.93 0.38 0.78 

2 

lg.I:d JglFIR 1.89 0.17 13.27 0.27 0.73 
lgR JgMHI 3.28 0.28 -3.35 0.55 0.73 
lg.I:d lgLFIR/Ls 0.61 0.07 0.65 0.12 0.66 
lgMHI lgMH l.46 0.16 - 4.90 0.50 0.56 

z 

lg.I: lgM8 /M -l.62 0.15 2.65 0.23 -0.71 
lg.I: lgL8 /M -0.95 0.10 1.42 0.16 - 0.63 

o~eHOK KOO<pq>H.QHeHTOB H HX norpewHOCTeii i.njl 

OAHO- H ABynapaMeTJ)HtteCKOH opTOroHanbHOH per
peccHH paccKaJaHO B IlpHJJO)KeHHH. 

IlpoAeMOHcrpHpyeM OTJIH~e opToroHanhHOH 
perpeccHH OT npoCToii s owionapaMeT{)H"'lecKoM 
cnrrne, T.e. AJIH onpeAeJieHIDI CB513H Me~y ABYMH 
BeJIH'IIIHaMH. TiyCTb 3a,LlaHo MHO>KeCTBO ToqeK Ha 

IlJIOCKOCTH c KOOpAHHaTaMH (x;, Y;}; i = 1, 2, ... , n. 
Tpe6yeTCSI nposeCTH qepe3 3TH TOqKB npjlM)'IO, HaH

nrrmHM o6pa30M npH6m1>Ka1<>uzy1<> Ha6mo.[{aTeJJh

HLle uaHHbie. Ecnu no norpewHoCTB H3MepeHID1 na
paMeTpbl paBHOnpaBHbl, TO HCHO, ttTO np.SIMaH AOJI}K

Ha 6bJTb OAHOH H TOH >Ke, BHe 33BHCHMOCTH OT Toro, 
KaKOH <pyaKLUieB ee OilHCblBaTb - y = .f(x) HJlB X = g(y). 
0J{H3KO 3TO cnpaBe.[{JIHBO TOJJbKO .[{JISI npSlMOH JIH

HeHHOH opToroHaJibHOH perpecceu. B :noM cnyqae 
MHHHMB3HpyeMaH cyMMa KBaApaTOB HaXOJ{HTC}I reo
MeTpHlleCKHM nyTeM H fi03TOM)' He 3aBHCHT OT 
Bb16opa KOOpAHHaTHbIX oceii. B cnyqae }Ke npoCTOH 
nuHeHHOH perpeccHH nonr1a1<>TCS1 ABe npSlMbie AJISJ 

ABYX pa3HbIX pa3.t{eJieHHH Ha 3a8BCHMblH H He3aBBCB
Mblll napaMeTpbl, O.[{Ha H3 KOTOpbIX OilHCbIBaeT per
peccmo y Ha x, a ApyraH - x Hay. KaK noKa3aHo a Te
opllH MaTeMaTH1.JeCKOH CTaTHCTBKH, yroJI Me>K;izy HB-

MH onpe;neJIHeTCR K03<p<pHI.OfeHTOM KOppeml~HH r xv 

3TBX J:lBYX eenwmH. EcJIH Ir xv I= 1, TO np.SIMbie coena:.. 
AalOT. Ecnu Ir xy I < 1, TO OHH pacxowiTc}I, npu11eM 
npu Ir xy I = 0 yron Me)KJ:ty HHMH paeeH 90°. 

Kax BHAHO H3 BL1weuJJIO)KeHHoro, Bh16op MeTO

JlHKH OK33b1BaeT OOJlhWoe BJIIDIHHe Ha pe3YJlbTaTbl , 
noJIY'I3eML1e npe o6pa60TKe Ha6mo.t{emm. Il03TOMy 
ycnoBIDI HX npHMeHHMOCTH, IlOJJ.06Hhie TeM, KOTOpble 

Y'fflTbl BanHCb B Haweii pa6oTe, .t{OJDKHbl npeHHMaTb
C.SI BO BHHMaHne B OOJibWHHCTBe aHanorHlJHbIX CTaTH
CTH'IeCKHX HCCJIC.t{OBaHHU, rue HCilOJib3yeTOI MCTOJJ. 

HaHMeHbWHX KBa,upaTOB. IlpB 3TOM MO)KeT OKa3aTh

Cjl IlOJie3HOH>pa3pa60TaHHaH HaMB MeTOJ{HKa onpeAe

JieHIDI napaMeTpOB nHHeHHOH OpTOroHanbHOH per

peCCHB B O,IUIO- It ABynapaMeTJ)HqeCKOM cny11ru1x. 

3. O,UHOilAPAMETPM.tJECKl1E 
KOPPEJUIUJU1 

KaK y)Ke 6bin0 CK833HO BbIIIle, Mbl HCKaJIH JIH
HeHHble CBj13H Me~y BCeB03M0}((ffb1MH napa.MH, o6-
pa30BaHHb1MH H3 norapnq>MOB 16 BeJIH'IHH, npHBe

~eHHhlX e Ta6n. l. B Kat.JeCTBe KpHrepHH OT6opa 
napbl HCil0Jlb30BaJICjf MOAYJib KOO<pq>H~HeHTa KOp-

3 ACTPOHOMl1lJECKI1l1 )KYPHAn TOM 72 .N! 6 1995 
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pemunm Me)K.u:y pH,u:aMH Ha6mo,ll;aeMbIX 3Ha"ieHHH 
:3THX eeJIHl{HH. Ma-rpm~a KOppeJI~HOHHbIX K03cp
cpuqueHT0B ,u:aHa B Ta6JI. 2. IIapa e1,16upanac1, .U:JIH 

.Jl:aJI.hHeiimero aHaJIH3a, ecJIH MO.U:YJib ee K03<pcpHI.J;H
eHTa KoppeJIHU.HH 61,m 6om,me 0.5. IlpH 3TOM, ecTe
CTBeHHO, OT6pacbJBaJIHCb TpHBHaJihHl,JC sapHaHThl, 

HanpHMep, KoppeJIHI..J;HH Me)l{Ay M H :E = MIS. 3aTeM 
no onHcaHHOH B IlpHJIO)KeffHH MeTO,ll;HKe HaxO,U:HJIHCb 
OQeHKH H pa36poc K03<p<pHQHeHT0B npRMhIX JIHHeii
HOH oproroHaJibHOB perpeccHH. AnR Bcex oTo6paH
HblX nap OHH npHee.u;eHbI s Ta6JI. 3 e nOp.Sl,t\Ke yMeHb

meHIDI KOppe.rnUJ,HOHHblX K03q)<pHl.~HeHTOB. 3,ll;eCb 
Mbl npHBO,IUIM .HX B HeCKOJlbKO .u:pyroM rrop.sr.u;xe, KO
TOpbIH Ka)KeTCSI HaM 6onee y.u;o6HhlM ,U:JISI aHaJIH3a: 

lg LB= 1.00lgM - 0.87, lgMg = 1.02lgM - 1.55, 
lgLFrR = l.36lgM - 5.45, lgMd = 1.47 lgM - 9.76, 

lg MH2 = l.521gM - 7.67, lgLB = 0.98lgMg + 0.64, 

lgM = 2.40lgR + 1.46, lgLB = 2 .36lgR + 0.69, 

lgM8 = 2.43lgR - 0.01, lgMH
2 
= 3.7IlgR - 5.72, 

lgMd = 3.55lgR - 7.73, lgLFrR = 3.38lgR- 3.95, 

lgMxf M = - l.621g:E + 2.65, lgL8 / M = 
= -0.951g:E + 1.42, 

lgLFIR = l.341gl8 -4.12, lgLFIR = 0.92lgMd + 3.57, 

lgLFIR = l.89lg:Ed + 13.27, lgLFJRJL8 = 
= 0.61 lg.I:d + 0.65, 

lgM,1 = l.46lgL8 - 8.35, lgMd = l.47lgMg - 7 .79, 

lgMH
2 

= l.51lgL8 - 6.20, lg MH
2 
= l.04lgMd + 2.35, 

lg MH2 = l.551gM/( - 5.93, JgMH, = 1.461g MH2 - 4.90. 

HaH6onee HHTepecHbJe KOPl)l· ""11 111 npe,u:cTaB

JieHbl Ha pHC. 1 - 11. 

4. JJ;BYilAPAMETPHl{ECKH.E KOPPEJHIUHM 

Mb1 nepe6HpaJIH TaK)Ke H ece B03MO)l(Hble TJ)OHKH 

napaMeTpOB. 0AHH H3 HHX ycJIOBHO npHHHMaJICSI 

q:>yHKIJ,Hell Apy rnx. AHaJIOrH'lfHO cpa3y oT6pac1,ma
JIHCb TJ)HBHaJibHbie rpynn1,1 Tuna M, Ru :E = M /(nR2). 
KpoMe Toro, MbI He paccMaTJ)HBa1rn MaJIOHHTepec
Hbie C q)H3H'leCKOH TO'lKH 3peHHSl CB.st3H, HanpHMep 

MH, , :EHi H LB· Ho KaK OQeHHBaTb B33HMOCBH3aH
HOCTb Tpex nepeMeHHblX Me)K.ll:y co6oH C TO'IK.H 3pe

HHSI opToroHaJibHOH perpeccim? B TeopHH MaTeMa
TH"leCKOH CTaTHCTHKH cy~ecrnyeT HeCKOJibKO BHAOB 

COOTBeTCTBYIOl.ll,HX Koppemll.J;HOHHhlX K03<pq)Hll,HeH
TOB, HO see OHR OTHOCSITCSI K rrpOCTOH perpeCCHH. 
0.u,HaKO TaM )Ke J:(OKa3bIBaeTCSl, l{TO K03q)q)Hll,HeHTbl 

KOppemlU.HH ABYX eeJIH"IBH Me)K.r.y co6ou: H 0.0,HOH HJ 
HHX co 3Ha'leHJUIMH cpyHKll,HH JIHHeHHOH perpeCCHH, 

B3SITOH OT BTOpOH, coena,u:aJOT. B TJ)CXMepHOM cny
qae Mbl peWHJUI IlOCT}'IlHTb aHaJIOrH'-IHO. 

CttatJaJJa HaXO.U,HJIHCb rrapaMeTJ)bI IlJJOCKOCT0 JIH
Heirnoii opToroHaJibHOH perpeCCHH. 3aTeM Bbl'IHC

JISJJICSI K03<pq>Bll,HeHT KoppeJJ~HB Me)KAY 33BHCH
MOH eemPUIHO:U U 3HatJeHHj{MH cpymru;HH ABYX APY-

rux eeJIHl{HH. KpHTepueM OT6opa TaJOKe SlBJUIJIOCb 

npeB&ImeHHe nopora 0.5 Mo,u:yneM K03<pqJHI.\HeHTa 
Koppemn.J;HH. 3Ta TJ)OHKa 6paJiaCb ,U:JISI AaJJbHeiime

ro aHaJJHJa, ecnH Mo,u:ynh o6~ero KoppeJI.Slll,HOHHoro 
K03cpq:>HI.(HeHTa 6bJJI 60JibIIIe MO.Jl:YJieii K03<p<pHIJ,H
eHT0B, paCC'lHTaHHbIX ;r::tJISI Ka)K,l:(OH 113 -rpex B03M0)K

Hb1X nap B o •r,qen1,uocrH. TaKHM o6pa30M rapaHTH
poeaJIOCb, "ITO .u;o6aeneHHe ,U:OIIOJIHHTeJibHOH BeJIH
'lHHbl K nape BeJill'JHH ynyttmaeT B3aHMOCBSl3b. 

KpoMe TOro, BeCbMa CJIO)KHO CTaTHCTift{eCKH pac
CMaTJ)HBaTb 3aBHCHMOCTb OAHOH eeJIH'-IHHbl OT ABYX 
.u:pyrux, TeCHO CBSl3aHHhIX BeJIHl.fHH. Ilo3TOM)' Mbl 

OT6paCbI8aJ1H CJiy'laH, Kor,qa MO.U:YJib K03q>q:>HqHeH
Ta KoppenSl~HH BeJIH'<JHH, npnHHMaeMbIX 3a He3aBH
CHMLJe, 61,m 6oJibrue 0.5. 

OcTaelllilecsr rpynn1,1 Ha6JIJO):(aeMbIX napaMe-rpoe 
raJJaKTHK, pacnOJJO)KeHHhie e IIOpSI.U,Ke y61>1BaHHSI 

K03q:>q:>HQHeHTOB KoppemI~HH, caMH K03<p<pHU.HeH
Tbl .u:m1 ece~ TpOHKH 1:1 Tpex nap, a TaJOKe xapaKre

pHCTBKH IlJIOCKOCTe:A' JJHHeHHOH OpToroHaJibHOH pe
rpeCCHH H HX OWH6KH npHBeAeHbl e Ta6JI . 4. Kax 

B~HO, HeCMOTpSl Ha crporoCTb OT6opa, OCTaeTCSI 
BilOJIHe AOCTaTO'IHO rpyrrn ,ll;JISl aHaJIH3a. 3TH )Ke 

KoppeJIHU.HH, Ho y)Ke pacnpeAeJieHHhie e 6orree 
y~o6HOM ,U:JISI paccMo-rpeHHSl nopg.u;Ke, Bbll"JUl)'.(SlT 
CJieJzyJOII.J;HM o6pa3oM: 

lgL8 = 2.291gR + 0.421g.I: - 0.08, 

lgLB = 0.991gM + 0.391g:Eg - 1.21, 
lgL8 = 0.94lgMg + l.OOlg.I:- 1.49, 

lg4JR = 1.321gL9 + 0.2llg:E- 4.42, , 

LFIR 
lgL = l.34lgMd -3.9lgR+6.41, 

8 

lgM8 = 2.43lgR + 0 .02lg.I: - 0.06, 

lg M H = l .49lgL8 - 0.20.I:Hr - 5.82, 
l 

lg:EH = 0.661g L8 - 0.391gl:81 - 5.79, 
2 

lg MH = l.03IgMd- 0.351g.I:HI + 2.78, 
2 

lg :EH = 0.461gMd- 0.371gl:Hl - 2.01, 
2 

lgMH = -0.88lgl:HI + 2.361gl:d + 14.69, 
2 

lg :EH = 0.85lgMd- 0.67IgMH, + 1.47, 
2 

lg .I:H = l.85lgR + 2.07lg.I: - 11.82, 
2 

lg :r.H = 2.I8lgMd- 6.47lgR + 12.27, 
2 

lgMd = l.44lgLB + O. l 7lg:E - 8.60, 
lg:Ed = 0.38IgLB + l.90lgl: - 10.70, 

lgMd = 3.301gR + l.03lg.I: - 9.34, 
lgI:d = l.70lgR + l.87Ig:E- 13.38, 
lgMd = 3.461gR + 0.59lg:Eg - 8.05, 

lgMd == 1.34lgM8 + l.92lg.I: - 11.32, 

lgI:d = 0.45lgMR + 2.08lg:E - 11.61, 
lg:Ed = l.28lgig + 2.18lg.I:-9.18, 

lg:Ed= -l.73IgM
8 

+ 2.28lgL8 - 8.44. 

AcrPOHOMH'-IECKHH )l(YPHAJl TOM 72 Nil 6 1995 
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lgM 
12.0 

11.0 

10.0 

lgM8 

10.0 

9.0 

8.0 

lgLB 
11.0 

10.0 

9.0 

PHc. 1. 3aBHCHMOCTh MaCCbl ranaKTHKH OT ee paAeyca 
lgM = 2.401gR + 1.46. 

9.0 10.0 
lgM 

PHc. 3. 3a8HCHMOCTb MaCCbl ra3a OT nOJIHOH MaCCbl 
ranaKTHKH lgMg = I .02lgM - J .55. 

8,0.__.....__._ ......... __..~----------~~~----~....._~~~ 
9.0 10.0 I M 11.0 12.0 g 

Pee. 5. 3aeHCHMOCTb ro11y60H cneTHMOCTH OT MaCCbt 
r anaKTHKH lgL8 = I.OOlgM - 0.87. 

lgMg 

10.0 

9.0 

8.0 

7.01--.,__-L-_...__.___..___..~ ......... ......_...__...,....,,..__.____.____.~...___. 
3.0 3.5 I R 4.0 4.5 g 

PNC. 2. 3aBHCHMOCTb MaCCbl raJa OT pa,1v1yca ranaKTHKH 

lgMg = 2.43lgR-0.01 . 

lgl9 
11.0 

Pac. 4. 3aBHCHMOCTb rony6oH CBCTHMOCTH OT pa}:IHyca 
ranaKTHKH lgLB;; 2.36 lgR + 0.69. 

lgL8 

11.0 

8 .0L---...J..._........J..~ "---__._____,_~..___.__~~..___-:'-___.~~ 

8.0 9.0 lgM
8 

10.0 

PHc. 6. 3aBHCHMOCTb r ony6oH ceeTHMOCTif OT Macchi 

r a3a lgL8 = 0.98lgMg + 0.64. 
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-0.0 

- t.0 

- 2.0l-........L._l..__...J___i._.....____.__...__--'--__._..L---1.-_.__ 
-4.0 -2.0 

Pee. 7. 3aBHCHMOC'l'b OTHOWeHHll ceeTHMOC'l'eA B A811e-
1(0M HH<ppaKpaCHOM ff ro11y60M AH3Ila.30Hax OT noeepx
HOCTHOA nnoTHOCTH nb1nK lgLFIR/ L8 = 0.61 lgl:d + 0.65. 

lgMH2 

10.0 

9.0 

8.0 

7.0 

6.0 
3.0 4.0 5.0 

lgMd 
6.0 7.0 

Pac. 9. 3aBHCHMOCTb MaCCbI MoneKyn11pHoro BOAOPOAa 

OT M3CCbl IlbtnH lgMH = l .04lgMd + 2.35. 
2 

,[(Be HaH6onee UHTepeCHb1e Koppem1~HH npeACTaB

JieHbI Ha puc. 12 u 13. 

5. MO.UEJib 3BOJII0UHH n11cKOBOH 
rAJIAKTHKH 

MbI npuMeHHJIH 3AeCb MSI cpaBHeHIDI tfa6mop;e
HHH H TeopHH MO}:{eJlb, paccMaT{>HBaIOmyio 3BOJIIO

UHIO AHCKOBOH raJiaKTHKH, KOTOpcUI ObIJia npeAJIO
)I(eHa T}'TyKOBblM u <l>HpMaHH [2]. Hae OHa npBBJieK
na CBOeH OTHOCHTeJibHOH npOCTOTOH B H0BH3HOH 

HCXOJl;HbIX npHH~HilOB. PaJyMeeTCSl, MO)I(HO ObIJIO 
HCil0Jlb30B3Tb H JII06yro p;pyry10 MOAem,, KOTOpcUI 
AaBana Obi B Ka'leCTBe pe3yJibTaTa Bee HJIH HCKOTO

pbie H3 BeJIH'IHH, npaueAeHHbIX B Ta6n. 1. 

10.0 

9.0 

8.0 

7.0 • . 

Pac. 8. 3aBHCHMOCTb M8CCbf MOJJCK}'JlllpHoro B0AOPOA3 

OT nonuoA Maccb1 ranaKTHKH lg MH = l.52lgM - 7.67. 
2 

10.0 

9.0 

8.0 

7.0 •• 

Pac. 10. 3aBHCHMOCTb MaCCbl MOJle Kym1pHoro B0AOPOA3 

OT rony6oA CBCTHMOCTH lgMH = 1.5 llgLg - 6.20. 
2 

CyTb 3TOD MOJ:i;eJIH COCTOHT B CJieAy10meM. Bcsi 
raJJaKTHKa npeAnonaraeTCSI COCTOJlmeii H3 ABYX AHC

KOB - raJOBoro H 3Be3AHOro, npH'leM 3TH KOMilOHeH

Tbl C'IHTaIOTCSI paBHOMepuo pacnpeAeJieHHbIMH no 

3aHHMaeMOM}' HM 06'beM}', PaAffYCbl AHCKOB OAHHa

KOBbl, a Tonm11ua pa3HcUI. ra3 paccMaT{>HBaeTcH pac

ceSIHHblM B BHAe o6naKOB OAHf{aKOBOro pa3Mepa H 

MaCCbl. 3Be3Ab1 CttHTaIOTCSI Heno,t(BH}K}IO 3aKpenJJeH

HbIMH Ha CBOHX MeCTax. ra30Bble OOJiaKa B3XOAHTCSI 

B IlOCTOSIHHOM xaoTHqecKOM ABH>KeBHH (no1106HO 

MOJieKynaM HAeaJibHOro ra3a). Hx cpeAIDIS1 ryp6y

JICHTHcUI CKOpoCTh J{JISI K~oro MOMeHTa Bbl'IHCJISl

eTCSI Ha OCHOBaHHH TeopeMbI BHpuaJia. IlapaMeTpa

MB 3TOH MOAeJIH SIBJISIIOTCSI paAffYC raJiaKTHKH, ee 

Macca (OCHOBffYIO AOJIIO KOTOpoii COCTaBJJSIIOT 

ACTPOHOMHqECKHfl X<YPHAn TOM 72 M 6 J 995 
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3Be3,l(LI) H TOJim HHa 3BC3AHOro ABCKa. Macca ra3a B 
TOJim:HHa r a30B0r0 AHCKa H3MCHSIIOTCSI B XOAe 3BO
JUOWJH ra.JiaKTBKH. ,ll;JISI MOMeHTa BpeMeHB t = 0 HM 

3aAaIOTCSI HeKOTOpbre Ha'la.JibHLie 3BatieHHSI. 

f a30Bb1H AHCK no]tBepraeTCSI, C OAHOH CTOpoHLJ , 
.I{eHCTBHIO C>KHMaIO~ BX CHJI rpaBHT3~H CO CTOpOHhl 
nceii MaCCbl ra.JiaKTHKH. C ApyroH CTOpom,1, ero 
crpeMHTCSI pacnmpun CWia TYPPYJieHTHoro AaBne
HIDI ABHraIO~Cjl r a30Bh1X o6naKOB. CKOpocTb H3-
MelleHID1 ronmuu1,1 ra3osoro AHCKa 3aBDCHT OT co
OTHOmeHHSI 3THX CHJI. 

06maSI Macca ra3a MO)KeT H3MeHRTbcSI H3 cneµ;y-
10m ux C000p3:)f(eHHB. C 01,'(HO!i CTOpOHl,I, npH npe
Bbl lIICHHH cpeAHeH IlJIOTHOCTH 1'33a B o6naKax HeKo
TOp oro n p e).'{ena B Me)K3Be3,qHoii cpene Ha'tlBHaeT
ca 3Be3A006pa3oBauue, Bo BpeMSI KOTop oro ra3 
npeepamaeTCSI B 3BC3Ab1. KaK IlOKa33HO T yryKOBbI M 
H cl>upMaHH [3], KpHTHtiecxyIO IlJIOTHOCTL r33a MO)K
HO o npeAeJIHTb H3 cpaBHeHIDI npHJIRBHLIX CWI H CHJJ 
rpaBHTaQHH, Aee:CTBy10mmc a o611ax e. CxopoCTL 
3Be3A006pa30B3HHSI C'IHTaeTCSI nponopa;eoHaJU,HOA 
KB3AP3TY IlJIOTHOCTH ra3a (3aKOH lliMH.I{Ta). IlpHTOK 
)Ke ra3a HAeT, eo-nepBLIX, H3 Me>Kranaxm"tJecxoro 
npoCTpaHCTBa, qepe3 KOTopoe ABH)KeTc.R ranaxmxa; 

lgMd 

7.0 

6.0 

5.0 

4.0 

3.0 
8.0 9.0 10.0 

lgM 

• •• 

11.0 

.. 

12.0 

h e. u. 3aB1{CHMOCTJ. MaCCJ,,I nbinlf OT IlOJIHOA MaCCbl 

ranaKTHJCH lgMd = 1.47lgM - 9.76. 

BO-BTOpbIX, 33 C'leT n orepe: ero crapbIMB 3Be3JJ;3MH. 
B AaHHOH MO.I{eJIH CKOpOCTb npHTOKa ra30B0H MaCChl 
6ep eTCS1 IlOCTOSIHHOH H n pon opl.(HOHaJibHOII IlOJIHOti 

Macce ranaKTHKB. 

Ta6JIH._8 4. Ko3q><j)Hl{HeHTbl , HX OllIHOKH H noKaJaTeJlb KOppeJJJl~H AJUI J(BynapaMeTPHqeCKOH perpecCHH 

X y z a Oa b C'Jb C <Jc rxyz 

lgR lg.t lgLB 2.29 0.08 0.42 0.09 -0.08 0.35 0.94 
lgLB JgI: lgMd 1.44 0.06 0.17 0.14 -8.60 0.60 0.93 
lgl~ lg I: lgLF1R 1.32 0.06 0.21 0.13 - 4.42 0.57 0.92 
1gLB lgI: lgLFIR 1.32 0.06 0.21 0.13 - 4.42 0.57 0.92 
lgM lgI:g lgL8 0.99 0.04 0.39 0.10 - l.21 0.47 0.91 
lgR lgI: lgM

8 2.43 0.09 0.02 0.10 -0.06 0.43 0.89 
lg I HI lgL8 lgMH - 0.20 0.09 1.49 0.06 -5.82 0.63 0.89 

2 

lgR lgl: lgMd 3.30 0.12 1.03 0.14 -9.34 0.55 0.88 
lgMd lgI:1u lgMH 1.03 0.05 -0.35 0.09 2.78 0.32 0.88 

2 

lgMg lg.t lgL8 0.94 0.04 1.00 0.09 -1.49 0.44 0.87 
lgR lg.tg lgMd 3.46 0.12 0.59 0.15 -8.05 0.48 0.85 
lgMR lgI: lgMd 1.34 0.06 1.92 0.10 - 11.32 0.56 0.82 
lgMd lgMHI lg 2,;H 0.85 0.05 - 0.67 0.06 1.47 0.47 0.63 

2 

lgl:Ht lgI:d lgMH - 0.88 0.11 
2 

2.36 0.08 14.69 0.21 0.62 

lgM8 lgI lgI:d 0.45 0.05 2.08 0.07 -1 1.61 0.48 0.60 
lgMd lgl:m lgIH 0.46 0.05 

2 
-0.37 0:09 -2.01 0.33 0.58 

lgk lgI lgl:d 1.70 0.10 1.87 0.09 -13.38 0.35 0.57 
lgR lgl: lgIH 

2 
1.85 0. 10 2.07 0.09 -11.82 0.35 0.56 

lgL8 lgl: lgid 0.38 0.05 1.90 0.06 -10.70 0.43 0.56 
lglg lgI:m lg I H 0.66 0.07 - 0.39 0.09 - 5.79 0.66 0.56 

2 

lgMd lgR lgLFIR/L8 1.34 0.03 -3.91 0.07 6.41 0.21 0.52 
lgig lgI: lgI:d 1.28 0.10 2.18 0.08 -9.18 0.19 0.52 
lgMg lgLB lgid - 1.73 0.05 2.28 0.05 -8.44 0.42 0.50 
lgMd lgR lgIH 

2 
2. 18 0.04 -6.47 0.10 12.27 0.30 0.48 
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lgM
8 

9.5 

8.5 

1.53.1 

Pac. 12. 3aBHCHMOCTb MaCCbJ ra3a OT paAHyca H no11KoA 
noaepXHOCTHOA nnoTROCTH ranaKTHKH lg Mg= 2.43lgR + 
+ 0.02lgl: - 0.06. 

K1rneTINeCKcUI 3HeprIDI TYP6y11eHTHoro ABH:XC.e
HHSI ra30BbIX o6JJaK0B T3K)Ke H3MeID1eTC1I. l.Jepe3 He
KOTOpoe Bpewr nocne pO)KAeHHSI M3CCHBHLie 3Be3J.'(bl 

B3pb1B3IOTCSI KaK CBepXHOBble. 3a cqeT pacnmpeHWI 
HX o6orroqeK rrpoHCXOAHT nOAilHTKa KHHCTH"leCKOH 

3Hepnrn o6naKOB. HanpoTHB, npu B33HMO;D;eHCTBHH 

ra30BbIX o6naKoB Me~y co6ou: H c oKpy)KalO~ 
3Be3J.'(aMH HJ.'(eT HX TOpMO)KeHHe H, 3Ha't!HT, :n;eccHDa-
1:(HSI 3Hepnm ABH)KeHHSI. XapaKTepHoe BpeMSI J:{HCCH

n~H noKa Tpy:n;HO OQeHHTb AOCTaTO\JHO TO'lHO. 
ABTOpbI CTaTbH npe;a;11mKBJIH :n;Be rHIIOTe3bl AJISI ero 

BbltIHCJieHHSI. CorJiaCHO nepBOH, OHO paBHO BpeMeHH 
CB060:n;Horo npo6era OAHOI'O o6naKa, KOTOpoe, B 
CBOIO 01.1epe:n;h, Ol.\eHHBaeTCSI H3 KHHeTH'fCCKOH Teo

pHH. CornacHO BTOpoH, 3TO eCTb Bpewi npeo:n;oJie
HHSI o6naKOM co cpe,t\HeH ryp6yneHTHOli CKOpOCTblO 

nyTH, paBHOro TOJI~HHe ra30B0I'O J.'(HCKa. 

.[(JISI 6onee npoCTOH H rpy6ou aHaJIHTH'ICCKOH 

OUCHKH CBS13H Me)KJ.'(Y OCHOBHbIMH napaMeTpaMH 
ranaKTRKa rrpe:n;nonaraeTCSI HaXOASl~CHCR B CTaqHO

HapHOH cpa3e 3BOJIIOUl::IH. IlpH 3TOM Bee rrpOTHBOilO
JIO>KHble npou;eccbI B3IDIMHO ypaBHOBeWDBalOTCSI, H 
TOJ111\BH3 AHCKa, K3K H Macca ra3a, OCTalOTCSI IlOCTO

SIHHbIMH. Ha OCHOB3HBH npuaeneHHhIX BbIWe npHH-
1.lHilOB aBTOpaMH 6bJJI nony1.1eH PSIJJ: aHaJIHTH'leCKHX 
COOTHOI.IIeHHA Me~y neKOTOpbIMH rno6aJibHblMH 
xapaKTepHCTHKaMH ranaKTBKH. 0HH HeCKOJibKO 

pa3JIH1.J8IOTCH B 38BHCBMOCTH OT Bb1pa)KeHH51 JVISI 
xapaKTepHoro speMeHH AHCCHTiaqHB KHHeTH'tleCKOB 
3HeprnH o6naKoB. B nepeoM cnyqae AJISI Macchi ra3a 

nonrmeTCSI Bbtpa}l(eHHe Mg oc R2'!}15
, H BO BTOpOM -

M11 oc R2r,11J. 

OrMeTHM, qTo AJISI o6eHx nmoTe3 ra3osa11 Macca 

nponop:wtoHaJibHa nnoll.\anu AHCKa, T.e. noaepXHOCT
HaSI IlJIOTHOCTb ra3a 38BHCHT, npuqeM B He6oJibWOH 
CTeneHH, TOJibKO OT IlOJIHOH noBepXHOCTHOH IlJIOTHO-

lgLB 
10.4 

9.4 

8.4 

PHc. 13. 3aBHCHMOCTb rony6oA CBCTHMOCTH OT MaCCbl 
ra3a H nonHoA noeepXHOCTHOA nnoTHOCTH ranaKTHKH 
1gL8 = 0.941gMg + 1.00 lg:r- 1.49. 

CTH ramucnnrn. KaK MO)KHO BHAeTb H3 Ta6n. l, no
CJieAffSIR MeH51eTCSI OT raJiaKTHKH K raJiaKTBKC AO

BOJibHO cna6o. 

IlpeAilOJIO)KHB, t{TO IlOJIHaSI 6onoMeTJ)HqecKa51 

CBeTHMOCTb nponopu;HOH3JlbHa npupocry 3Be3AH0H 
MaCCbl ranaKTHKH, KOTOpaSI, B CBOIO o-qepeAh J.'(JISI 
CT3U:HOHapuoro cnyqaSI paBHa npHTOK)' ra30B0H M8C

Cbl , aBTOpbl pa60Tbl no11y1JHJIH BblpIDKeHHe AJISI CB~
TBMOCTH. .[(JISI nepeoro npeAilOJIO)KeHHSI OTHOCH

TeJibHO speMeHH AHCCHil3QHH Le oc Mg"I,315 , J{JISI BTOpO
ro L8 oc M

8
ru3. AHanorHqHo npeAhI.):(}'meMY MO)KHO 

33MeTHTb, qTo CBeTHMOCTb 38BHCHT B OCHOBHOM OT 

ra30BOH MaCCbI, H B M3JIOH CTeneHH OT noBepXHOCT

HOH IlJIOTHOCTH. 

IloKa3aTeJIH CTeneHH, C KOTOpbIMH L BXOAHT B 

o6a Bbipa}l(eHHSI, H3MeHSIIOTCSI B 33BHCHMOCTH OT 

a1,16opa Bb1pa)KeHW1 AJJ51 xapaKTepHoro epeMeHH 
AHCCHnau;HH KHHeTH'leCKOH 3HeprHH. Ilo3TOMY ero 
MO)l(HO 6bIJIO 6bI ycTaHOBHTb He33BHCHMblM nyTeM 

npH AOCTaToqHo xopoumx pe3yJJbTaTax perpecceoH

HOH o6pa6oTKH Ha6JIIOA8TeJibHblX A3HHbIX. 

6. CP ABHEHHE PE3YJib TA TOB AHAJ1l13A 
HA6JII0.[(EHH0 11 IIPE,UCKA3AHl10 

MOAEJIH 

Pe3yJibT3Tbl CTaTUCTH'ICCKoro aH3JIH3a J{aJIB cne

JJ:YIO~He 38BHCH.MOCTH )];JIS[ np1rneneHHblX BbIWe na

paMe'I'pOB: 

Mg oc R2.Ho.1r,o.o ±0.1, 

Ls oc M~.9s ±o.osr,1.0 ±0.1 

KaK MO)KHO BH,QeTb, pacXO)K)];CHHe Me)KAY Mone· 
JiblO H Ha6J110AeHHSIMH ,:lOBOnl,HO 3Ha-.:mTeJJbHOe. 

ACTPOHOMJ,fYECKHH )l(YPHAJl TOM 12 x~ 6 1<1 01 , 
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Pe3YJlbT3Tbl Teop1rn H CTaTltCTHKH, Ka3aJIOCb Obi, 
xoporuo CXO,Q}lTC.11 npH omtCaHHH CBSI3H nap BCJIH'iHH 

Mg HR HJnt Ls HM . 0AHaKo 3Tlt )Ke 3aBHCHMOCTH 
MO.>KHO 6bJJIO Obi oef1:>SJCHHTb H npOCTblMH 3cpcpeKTa
MH MaCU1Ta6a. 

HecoMHeHHa Heo6XOAHMOCTb y'tleTa H TpeTbero 
napaMe-rpa. Ho jlBJISJeTCSI JIH 3TO:U eenH't!HHOB I., a 
TeM 6onee noKa3aTCJib, C KOTOpbIM OHa AOJDKHa exo
AHTb, onpe,UeJIHTb H3 cpaBHCHIDJ TeopeTH'tJCCKHX H 
npaKTBqecKHX pe3yJibTaTOB Mbl noKa TaK.>Ke He MO
.>KeM. 

Pacxo.>K;ri:eHWI TeopHH B Ha6mOAefilrn MO)KHO 
6bJJIO 6bl o6'bS1CHHTb HeCKOJibKHMH llpHt.JHHaMH. 

IlepeaSI COCTOHT B TOM, 'ITO npe,UJIO.>KeHH3$1 npoCT3$1 
MO,UeJJb paccMaTpHBaeT TOJlbKO CTaU,HOHapnoe co

CTOSJHHe ranaKTltKH, npH KOTOpOM rtpOTHBOilOJIO.>K
Hbie npou,eccb1 B3aHMHO ypaeHoeewHBa10Tcsr. B n;eH
CTBHTeJJbHocrn .>Ke B ranaKTHKe MOryT rrpoHCXOAHTb 
pa3JilfllHbie HeCTaU,HOHapHbie rrpou,ecc1,1, npHBO]lS1-

tu;He K H3MeHeHHIO ceenlMOCTH, pa3Mepa H ;ii:pyrHX 

napaMeTpOB. Y'ieT 3THX cpaKTopoe 3H3'-IHTCJlbHO oc
JIO.>KHHJJ 6bJ MOAeJib. HeKOTOpbie H3 HHX ObIJIH pac

CMOTpeHbl B cne,ny101:QeH CTaTbe TyryKoea H <l>upMa
HH [3]. KpoMe Toro, AJISI cpaBHeHWI TaKHX Mo,neneii 

c Ha6n10,neHID1MH Tpe6yIOTCSI 6oJiee IlOJIHble ,naHHbie 
no Ka.>K,nOH ranaKTHKe, KOTOpbie .nanH 6bI HHq:>OpMa

u,mo O npoTeKalOll{HX B HeH HeCTaU,HOHapHbIX npo
Qeccax. 

BTopaSI rrpH1nrna 3aKJI}OqaeTCS1 B TOM, 1.ITO Mhl 

npHMeHSieM npocTyJO OAH030HHYIO MO,D.eJib, T.e. BCSI 
raJiaKTBKa paccMaTpHBaeTCSI ·KaK IlJIOCKHH O,qHOpoA

HbIH JJ.HCK, 6e3 KaKHX-m160 .o.eneHHH. 0.o.HaKO, KaK 
noKa3aJIH aBTOpbl CTaTbH [2], TaKaH TeopHsr BilOJIHe 
IlO.QXOJJ.HT H AJISI OIIHCaHHSI 3BOJHOQJUf OT,D.eJihHOH AO

CTaTO"IHO MaJIOH Sll.{eHKH JJ.HCKa ranaKTHKH, KOTO
PYIO MO.>KHO Cl.{HTaTh OAHOpOAHOH. A H3 no.o.o6HblX 
qacTeH y)Ke MO)KHO COCTaBHTh H eecb raJiaKTH1-1ec

KHH AHCK. ,[(nsi: :.noro Ha)J.O TOJibKO yqeCTb JJ.BH.>KeHHe 
3JleMeHT0B Apyr OTHOCHTCJlbHO .o.pyra H o6MeH 

ra30M Me.>KAY coce,t:tHHMH 3Jie MeHTaMH ):(HCKa. IloCT
poeHHe no.o.o6HOH MOJJ.eJIH H nony1.1eHHe c ee no
MOtu;hlO TeopeTHl.{eCKHX npe,UCKa3aHHH SJBJISleTCSI 

y.>Ke CJieAylOll{HM waroM 8 TeOpHH. 

HaKoHeQ, TpeTbSI, If eecbMa cepbeJHaSI npu1.11rna -
3TO rrpHHU,HITHaJibHOe pacxo.>K,neHHe Me.>K,ny OCHOB

HhlMH q:>U.3H"leCKHMH AOnymeHIDIMH, npBIDITbIMH B 
MO)'.{em1, H 06-1,eKTHBHblMH 3aKOHaMB, HrpalOtu;HMH 

rnasHyJO pOJib B xo.o.e ranaKTHl.{eCKOH 3BOJIIOU,HH. 

3n;ecb B03MO.>K.Hb[ J]:Ba CJIY'-1,UI: m160 KaKHe-TO H3 

npHHQHilOB, Jie.>Kamue B OCHOBe M~AeJIH HeeepHbl, 
JIH6o OHH HMeIOT BTOpoCTeneHHOe 3Ha1.leHHe, a 6o
Jiee Ba:>KHbl MH SlBJI.SllOTCSI ;upyrHe q:>H3H'leCK.He npo

U,eCCbI. 0 .IUIII \ I H3 nocnenHHX MO.>KeT 6bJTh, HanpH
Mep, noTe p51 KHHeTH'tleCKOH 3HeprHH spaI:QeHHSJ 
ranaKTHKH BCJie]J,CTBHe BS13KOro TpeHHSI. Pe3yJibTa

TOM 6bIJ10 61,1 C)l(aTHe JJJfCKa no pa.o.Hycy' pa3orpeB 
ra3a H yeeJIH'leHHe TOJIW:HHbl AHCKa. TaK>Ke BepOSIT-

Ha e CHJibHM aKKpeqIDJ semeCTsa e:3 nepe:cpepmilib1x 
o6JiaCTeH Ha QeHTp, KOTOPM npaee.o.eT K BCilbllllK3M 

3se3.o.006pa3osaHID1 s ranaKmqecKoM .11,npe. 

7. AHAJU13 OCTABI1Il1XCSI KOPPEil51QHH 

B 33KJIIO'leH»e Mbl pacCMOTpHM HeCKOJibKO COOT

HOIIICHHH B3 Ta6n. 2, KOTOpbie TpYAHO BbIBeCTH lf3 
TeopeTH'ICCKHX coo6paxeHEnl. 

TionHaSI Macca ranaKTHKH M, Macca ra3a M
8 

u 6o

noMeTJ)B'lecK3$1 CBeTIIMOCTb Ls nponopQHOHaJibHbl 

paAHYCY B CTeneHB, 6JIH3KOH K 2 (a TO'tJHee, K 2.4). 
3TO rOBOpHT O TOM, 'ITO IlOJIHrul noeepXHOCTHa.SI 

IlJlOTHOCTb :r,, nosepxHOCTHaSI ITJlOTHOCTb ra3a :r,g H 
6oJIOMeTJ)H'I.CCK3S1 CBeTHMOCTb C CJJ:BHHUbl nnoma.o;H 
I.B MeHSIIOTCSI He3Ha'IHTeJibHO OT OAHOH raJiaKTIIKB K 
µ;pyrou (3TO .>Ke MO.>KHO 33MeTHTb H H3 Ta6JI. 1). ToT 
cpaKT, qTO IlOKa3aTeJlb CTeneHH npH R Bblme 2, yKa-

3b1BaeT, CKOpee Bcero, Ha B03paCTaHHe KOH~eHTpa

quu semecTea H H3JiytieHHSI K IJ,CHTJ)Y C pOCTOM pa3-
Mepoe ranaKTHKH • .Upynre napaMeTJ)bI, TaKHe KaK 
Md, nponopU,HOHaJibHbl pa,neycy e CTeneHH BbIIIIe 3, 
'tJTO 061:>SICHHMO, B03MO)KH0, 6onee CHJibHbIMH KOJie-
6aHIUIMH noBepXHOCTHhlX IlJIOTHOCTeH u HepaeHO

MepHblM pacnpeAeJieHHeM no JJ.HCKY raJiaKTHKH. O,n
HaKO Heo6XOAHM yqeT u ApyrHX cpaKTopoa. 0TMe
TIIM, l.{TO npaKTH'l.eCKH BCe rJIOOa.TlbHble eenH1.IHHbI 

nponopQHoHaJibHhI Macce ranaKTHKH e creneHH, 

6JJH3KOH K e,1u1HHIJ,e. 

3AKJIIO"'C!EHHE 

KoHe'IHO, KpOCC-KoppeJISIQHSI pa3JIH'I.HbIX napa

MeTpOB raJiaKTHK npoeonHnacb paHee II ApyrHMH 
aeTopaMH. I1o3TOMJ MHotue D3 COOTHOIIICHHH, no
nyqeHHbIX B peJynbTaTe HaIIIero perpeccHOHHoro 

aHaJIH3a, y)[(e xopoIIIO H3BeCTHbl. 0AHaKO HaMH 
6blJlH nonyqeHb( H HeCKOJlbKO HOBbIX KOppeJISJll,HH. 

KpoMe Toro, "IHCJIO cpaBHHeaeMblX napaMCTpOB B 
HaIIIeH pa6oTe 3Ha'IHTeJibHO BbIIIIe, t{TO µ;enaeT pe-

3YJlbT3Tbl ]l;OCTaTO'IHO HHTepeCHblMH. 

I1pHHIJ,HilH3,JlhHOe )Ke 3Ha1.leHHe µ;aHHOH pa60Tbl, 
KaK Mb[ C'tlHTaeM, COCTOHT B rrpHMeHeHHH operH
HaJibHOtt MeTOJ:U{KH o6pa60TKH ,naHHbIX, a TaIOKe B 

o6ocHOBaHHH ee He06XOAHMOCTH AJI.SI µ;aHHoro 
CJiyqasr, CaM CTaTltCTRl.{eCKHH MCTOA, 'laCTH'flHO µ;opa-
60TaHHblH HaMH, onHcaH a IlpHJIO.>KeHHH. OH MO)KCT 

HCilOJib30BaThCSI AJISI IlO,((o6Horo po.na 3HaJJH3a JII06o
ro Ha6JIIOAaTeJibHOro MaTepHana, e KOTOpOM cpaBHH
eaeMble napaMCTpbl HMCIOT OAHH3K0BbJH MacmTa6. 

KpoMe Toro, HMeeT Ba)KHOCTb y.>Ke caMa IlOilbIT

Ka o6'bS1CHHTh HeKOTOpbie KOppeJISIQHH Ha OCHOBe 
IlpoCTOH MO]l;eJIH raJiaKTH'leCKOH 3BOJIJOIJ,HH. K co

.>KaJJeHBlO, HMeHHO npOCTOTa npHMeHeHHOH MO,JJ.eJIU 

He Il03BOJIHJia npHHTH K YAOBJieTBOpHTeJibHOMJ co
rJiaCHIO Me.>K.Ay Teopueit H Ha6n10µ;eHIDJMH. 3,n:ecb 
eme npeACTOHT OOJlblllaSI pa6oTa HaA .!(a.TlbHeHIIIHM 
pa3BHTHeM MO,D.eJIH H ynyqIIIeHHeM KOJIH"leCTBa H Ka

qecTBa Ha6JIIOJ];8TeJll,HbIX ,naHHblX. 

\ (TP0 11() \1J,llff('KJ1M )l(YPHA.Tl '!'OM 72 .N'~ 6 1995 



824 KOCTIOHHH 

nPHJIO)KEHHE 

3,a;ecb MLI ,a;aeM oIIHcaHHe MeTo,a;a nHHeiHou op
rorottanhHOH perpeccHH. H3JIO)KeH1te ero A]t.SI OAHO
napaMe'I'pH'tJecKoro CJiyT.1ru1 MO>KHO HaHTH B [5J. M1,1 

pacmHpHJIH 3TOT MeTo,a; ,a;IDJ ,llBynapaMCTJ)B'leCKOI'O 
cnyqru1 H Ham.JUI OWH6KH napa.MeTJ)OB, BOCil0JIL30-
B3BllIHCb ,a;Jtsl 3TOro CJIOCOOOM, 3H3JIOrH'IHbIM MeTO
AY HaHMeHbWHX KBa,a;paTOB, KOTOpbtH npHMCH.SleTcg 
,a;IDI npocroii perpeccHH. 0 HeM ,a;ocrarotrao no,a;po6-
HO paccKa3aHO B [5]. 

A. O,UHOIJAPAMETPHtIECKHH CJIYllAH 

OpopMyJiupyeM DOCT3H0BJCY 3a,a;aT.1H. HMeeTCR 
HCKOTopoe KOJllf'ICCTBO ua6JIIO,llCHBH ,a;Byx BemI'IIIH 

{ x;, Y;}, ; = 1, N co cny'laBHbIMH owu6KaMB, npu11eM 

cpe,a;HeKBa,a;pamqHru1 norpewHOCTb onpe,ll;eJieHH.H 
o6eBx BeJIH'tJHH O,ll;HH3KOB3. Tpe6yeTC.SI HaJITD JIH
HeenylO cl>YHKWIIO OJ:(HO:A H3 HHX (cKa)KeM, x), KO

TOprul C H3HOOJibWeH eepoJITHOCTblO OIIHCblBaJJa 6hl 

BT0py10. T.e. cpyHKl.l;HIO e~a y =ax+ b. KaK IIOK333-
HO B [5], H3 npuMeHeHIDI MeTo,a;a M3KCHMaJibHOro 
npae,a;onon.06uJ1 cneJ:zyeT, 'ITO ,a;m1 sToro H}'>KHO 
BbIIlOJIHHTb ycJIOBHe 

N h 2 

S(a,h) = L (y'~ ) - min, (1) 
i:= I a +} 

T.e. K03q>cpHu;HeHTbl JIHHeHHOH q,yHK~HD a H b Ha,a;o 
onpe,a;enHTL TaK, qro6&1 cyMMa reoMeTJ)B'lecKHX 
paCCTOSIHHH OT yoqeK (X; ,Y; } ,a;o npJIMOH y =ax+ h Ha 
nnocKOCTH OXY 6Lma HaHMeHLIDeii. 3~aqa ceo,a;HT
CSI K MHHHMH331.l;HH cpyHKu;HH S(a, b). Heo6XO,t{BMoe 
ycnoeue MHHBMyMa 

as 
da 

as 
= ob = o, 

2a' 
- - 2 = 
1-a 

N 

2L (x;-x)(y; -.Y) 
i = I 

N N 

I (x; - x) 2 - I, (yi - ji) 2 

i = I i = I 

PemeHHe ero AaeT ABa 3HatJeHIUI a', KOTOpbie COOT
BeTCTByJOT M3KCBM3JibHOM)' H MHHHM3JlbHOM)' MO

MeHT3M DHep~Hll; BbI6op H3 HUX IIpOB3BO,a;HTCB npo
CTOH DOACT3HOBKOfi: a' B BLipa>KeHBe (1). 

.nru1 onpe,a;eneHlUI ourn6oK e oQeHKax napaMeT
poe Ga D (Jb Mbl cuaqana JIHHeapH30B3JID OTHOCH

TCJibHO HX MaJl.blX npHpa~eHBH cpy~ paCCTOSI
HHSI OT TO'IKB AO npRMOH perpecc1rn: 

y --ax--h 
lli(a,b): I ~ • 

,Ja2 + 1 

EcnH a = a0 + u H h = h0 + v , r,t{e a0 H h0 C'IHTalOTCJI 
Il0CI'OHHH1>IMB, a UH v- npepa~elDUIMH, MaJlbJMII OT
HOCHTCJibHO 3Ha'leHHH ao H ho , TO MO>KHO 33IIHC3Tb 

(all.) (all.) 
ll;(a, b) = ll;(ao, ho)+ aa' t + ob, 0 V, 

l",ll;e 3HaK lo 03HaqaeT, 'ITO q>yHKl.l;IDI 6epeTCSI B TOlJKe 
(ao, h0). TaKBM o6pa3oM, 3a,-aqa 06 onpeAeJieHHB, 
OWHOOK CBO)l.HTCSI K Haxo~eHHIO cpep;eeKBa]J.pa
TH\(l{OH OlllH6KH napaMeTJ)OB u e v npH MHHHM}'Me 
S(a, b ), npHl!eM CTOSl~aJI IIO.t{ 3HaKOM KB3,ll;paTa B ( 1) 
q>YffKu;HSI JIBHeHHa OTHOCHTeJibHO HHX. 3TOT MeTO}J. 
no,a;po6Ho onucaH B [5]. Ilo OKOHt:JaHHB BbI1.JHCJieHHH 
H3XO)l.HM 

a= a' ±cra. 

'ITO BeAeT K CHCTeMe ABYX ypaeHeHmi OTHOCHTeJibHO r)];e 
aHb. 

B [6] npe;i:viaraeTCJI operHHaJILHbIH Mexamrqec
KHH cnoco6 peweHIDl 3TOH 3a.t{a'IU: npRMrul perpec
ceg ew;eTCJI KaK OCb epaw;eHIDI, )l.310llJ;rul ,a;JISI CHCTe

MbI M3TepH3JibHbIX ToqeK C KOOp.t{KHaTaMH { X;, Y;} H 
e,a;HHHl!HblMH M3CC3MH H3HMCHbWHH MOMeHT HHep
U,HH. I-fa Kypca MexaHHKH H3BeCTHO, ':ITO TaKrul OCb 
npoxo,a;HT qepe3 u;eHTp TJl)KeCTH CHCTCMbl, 'lTO CBS1-

3blB3eT HCKOMbie 3Ha'leHH}I K03qJq>Hl.(HeHT0B a' B b' 
CJJe.t{ylOw;HM COOTHOllleHHeM: 

y -ax- b = 0, 

r,a;e X B y - cpe)l.HHe 3Ha'leIU1S1 BeJJH':IBH X Hy, T.e. 

-x= 
- } N 

y = NL, Y; · 
i = I 

IlocrauoeKa 33.t{atJH H ee pewem:1e notITH aHano
rH'tJHbI npe,a;&IJ:zyw;eMY nyHKTY. MMeeM N Ha6nt0.n;e
mre: 3-x BeJJH'IHH {x;, Y; , Z; } c o,a;uHaKOBblMH cpe.n;He
KBa,a;paTHllHbIMB OWH6KaMH. Tpe6yeTCSI IIOCTpOHTb 
mme»HYIO cpyHK~HIO .n:ey x nepBblX z = ax + by + C' C 
MaKCHMa.JlbHOH eepOSITHOCTbJO 0IlHCb1B310IJzyl0 no

Be)l.eHHe TJ)eTbeft. ,Umr 3Toro HYXHO y.n;oeJieTBOpun, 

cne,a;y10meMY yCJioeulO: 

N (z. -ax. - by. - c )
2 

S(a, b, c) = L ' 
2

' 
2 

' - min. (2) 
i= I J a+b+] 

T.e. MltHHMB3HpOBaTb CYMMY KBa,a;paTOB paCCTOJIHHH 

OT TO~leK {x;, Y;, z;) ,a;o ITJIOCKOCTH z = ax+ by+ CB 
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npocTpa.Hcrse OXYZ. Heo6xoAHMoe yc..'IOBHe MBHH
MyMa 

as 
cJa 

as 
ab 

as 
ac = o. 

,IJ,nSJ peweHIDI 3TOH 3aJJ;aqu MbI onSJTh socnom,3oBa

JIHCb aHaJiorHeH C MexaHBKOH. I1CKOMcUI IlJJOCKOCTb 
HaXO.Il,HJiaCb KaK npOXO,IVII.Qrul qepe3 .n.ae H3 TJ)eX 
rJiaBHbIX oceH HHepl\HH TeJJa, o6pa30B8HH0rQ TQqJCa

MH C e,IJ,HHB-qffOH M8CCOM II KOOp.Il,HHaTaMB { X;, Y;, Z;} . 
113 Kypca MexaHHKH H3BeCTHO, 'lTO 3TH OCH npoxo
,IJ,SJT 'Iepe3 ~eH-rp Mace CHCTeMbl, T.e. 3HaqeHHSJ K03q>

cpm~HeHT0B CB.Sl3aHbl CJie.n.yJOI.QIIM o6pa30M: 

z - ax- by- C = 0, 

rJJ;e X, y, Z - cpe.D.HHe 3HaqeHIDI 3a.Il,aHHbIX Be1IH'-IHH. 
KpoMe Toro, rJiaBHbie OCH HHep~BH COBllaAafOT·c Ha
npaBJJCHHSJMH co6cTBeHHblX BeKTOpOB MaTJ)~bl 
TeH30pa 

lxJx/xz 

/ = I Yi.v/.vz ' 
fziz/u 

"'N 2 2 "'N .r.n.e lxx = ,l,,.,,ii = I (Y; + Z;) 'IX),= lyx = - ,l,,.,,ii= I X;Y; H T.,IJ,. 

BL16op H3 -rpex B03M0)Kffb1X IlJIOCKOCTeH ,IJ,CJiaJICSI 
D0,IJ,CT8H0BK0H COOTBCTCTBYJOI.QHX 3HaqeHHH a, b H C 

B (2). Ow»6KH napaMe-rpoB Oa, ob u Oc H8XO.Il,HJ1BCb 
noJIHOCTbJO aHaJiornqHo npe.D.hl.D.YI.QeMY cnyqaJO. 

IlpHHHMaJIOCb, qTo a = ao + u H .b = ho + v, C = Co+ w' 
r.n.e ao, ho H Co C'illT8JIHCb.DOCTO.SIHHblMH, au, VB w
npapaI.QeHH.SIMH, MaJiblMH OTHOCHTeJibHO 3Ha'tJ:eHHH 

ao, bo e Co. 3aTeM cpyH~.SI pacCTOSJHB.SI, KOTOpcUI 
OllHCbIBaeTCSI q,opM}'JIOH 

z. - ax. - by. - c 
A ( b ) I I I 
u; a, , c = J , 

a
2 + b2 + l 

JJHHeapB3088Jl8Cb OTHOCHTCJlbHO M8JlbIX npapaI.Qe

mdi U, VH w: 

(aA.) (aA.) 
+ ob

1 

v+ OC
1 

w. 
0 0 

Cpe.n;HeKBa,1J,paTHqHLie OWB6KH Ou, Ov H Ow (KOTO
pbie paBHbl, COOTBeTCTBeHHO, OWH6KaM 0 0 , Ob HO,) 
H8XOAHJlHCb cornacHO CTaH~apTHOH Teopm1 npoCTOH 
JIHHCHHOH perpeCCHH, OllHC3HHOH B [5]. 
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Statistical Correlations between Basic Parameters of Disk Galaxies 
© 1995 r. V. V. Kostynin 

Statistical relationships between principal galaxy parameters and surface densities of these parameters are an
alyzed for a sample of 63 disk galaxies. These parameters include the radius, the mass of the entire galaxy and 
its various components (H2, HI, total gas, dust, etc.), blue and FIR luminosity. Of all possible two- and three
parameter linear relations between the galaxy parameter logarithms we choose those that have high correlation 
coefficients and derive their coefficients. Some of these relations are compared with the corresponding predic
tions of the single-zone model of the disk galaxy evolution. Other relations are considered from the viewpoint 
of interstellar medium properties in galaxies. We find the theory to agree satisfactorily with observations and 
suggest the ways of improving evo1utionary models. The method of linear orthogonal regression used in statis
tical analysis is described. 
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MOJ];EJIL IlPOHCXO}KJ];EHIDI r AMMA-BCUJIECKOB 
" B MArHHTOCCl)EPE CTAPLIX HEHTPOHHLIX 3BE3Jl 

© 1995 r • .H. H. HttoMHH, Jl. B. MocJtrHB 

ct>zl3U'leCKUU UHcmumym UM. n .H. Jle6eoeaa, Moc,cea, Poccua 

IlocrynHna B pe,naK~HIO 30.09.94 r. 

V V J'. V (P B'/2 ECJIH nepHOA Bpall(eHWI RaMarHH'leKHOH HeHTJX)HHOn 3Be3A},I rrpea1,1waeT HeKOTOpblH npeAeJI > 12 C, 

B12 = Bl 1012 re), TO OHa He MO)l(eT Ob!Tb nynLcapoM. IlpH 3TOM 3.1ICKTJ)OHHO- n03HTpOHHaj( nnaJMa He 06-

pa3yeTCj( B nomtpHOH o6naCTH MarHHTOCQ>epbl Ha pa30MKH)'Tb1X CHJIOBblX JIHHHJIX, r,!le ee IlOTOK reHepH

pyeT Ha6mo,a:aeMoe paAJ{OH3Jiyt.JeHHe. 0AHaKo 3TO He OJHat.JaeT, 'ITO e+e- -napbl He 06paJyt0T01 B JaM
KHyTOit o6JiaCTH MarHHTOcq>epbl 6onee MeJvreHHO epa~al0ll(HXC11 HeHTpOHHbIX 3BC3J{. PaJHOCTb nOTeHUH

aJJOB Me)l(AY 3KearopoM H nomocoM cocran,ieT 1017P-1B12 B. 3Toro AOCTaTO'IHO ,a:mt Toro, 11ro61,1 

OblCTpbie qaCTKLU>l p0)KA8JIH 8 CHJJbHOM MarHHTHOM none 3JJeKTpOHHO-n03HTpOHHhle napbl npH y cJIOBHH 

He CJIHWKOM MC,!lJICHHOro epall(eJIHj( 3Be3Abl (P < 1(>5 B~ c) . TaKHM o6pa30M, 3JieKTp0Hhl H Il03HTp0Hbl 

noCT011HHO reHepHpYJOTCR B JaMKHyTOH 06.11aCTH MarHHTOcq>epbl H HaKanJIHBaJOTC.11 TaM, eCJIH OHH 38XBa
TbJBaJOTc,f B 3JieKTJ)OCTaTH\fecKHe JIOBYWKH, pacnoJIO)l(eHHbie Ha KOH«ax MarHHTHhlX Cftn0Bb1X JIHHHH. 
3neKTpH'leCKOO none JIOBYlllKH HMeeT OCl.(HJJHPYIOlllHH BHA, OT Hero OTpa)KaJOTCR. KaK 3JieKTpOHbJ, TaK H 
TI03HTpOHbl. KpoMe Toro, tJaCTHQbl , OTpa)KaJICb OT JIOBymeK, HJJiyttaIOT 'Y-KBaHTbl, po~afO~e B CBOIO 

ottepem, e•e- -napbI. HaKonneHue penirTHBHCTCKoii nnaJMbI HOCHT B3pbIBHOn xapaKTep: Noc (t .. - tt2, r,Qe 

'te = l 00 - 2000 neT - xapax-repttoe epeMR. HaKonneHIDI. 3HeprnR Ha co3,naHHe m1aJMbI B JaMKHyToii Mar

HHTOcq>epe qepnaeTCR. H3 3HeprnH Bpall(eHH.11 3Be3.[{bl. IlpH 3TOM npOHCXOAHT ee TOpMO)KeHHe 3a C'ICT TO

KOB, TeKyll(HX 8 MafHHTOCq>epe BAOJlb CHJIOBhlX JIHHHH MarHHTHoro non,:i H CTeKaIOll.(HX Ha noeepxHOCTb. 
noeywKa pa3pywaeTc11, Korna aHeprn,:i nnaJMI,I cpaBHHBaeTCj( c 3Heprneii MarHHTHOro nonir. Ilocne 3TOro 
'-laCTHQhJ BbICbmaIOTCJI Ha noaepXHOCTb 3Be3JU>I - 3TO H eCTb y-ecnnecK. IloJ!HaSI 3Heprm1 BCilbllllKH paBHa 

3HeprHH MarHHTHOro nOJij( B MarHHTOCQ)epe J B2 /81tdV = 1041 B~2 3pr . .U.1:u1 HaOJIIO.[{aeMOro nOTOKa )'-H3Jiy

'leHH.II 10-s 3pr/(c cM2) 3TO AaeT xapaKTepHoe paCCTO.IIHHe AO HCT0t{J{HK0B y-ecnnecKOB nopSIAKa 200B12 KOC, 

'iTO COOTBeTCTByeT npOTJt:>KeHHOMy raJIO BOKpyr Haweii ranaKTHKH. 

L BBE.[{EHHE 

C MOMeHT a OTKpbITHH y-ecnJieCKOB B 1973 r . [l] 
npHpOAa 3TOl"O SIBJieHHH AO CHX nop OCTaeTCSI HeSIC

HOH. TeM He MeHee HaH6oJiee BepowrHhIMH K3HAH

A3T3MH SIBJJSIIOTC.Sl HeiiTpOHHbie 3Be3}:{bI. B Il0Jlb3Y 

HeDTJ)OHHblX 3Be3A roBOpSIT CJie)];ylO~He cpaKTbl : 
Ha6JilOAaeMasI KB83HilepHOAHqHOCTh HHTeHCHBHOC

TH y-H3Jiyt:1eHW1 (TaK, BO BCDbllllKe 5 MapTa 1979 r. 
Ha6JilOAaJIOCb 22 ~HKJia KOJie6aHBH co cpell;HHM ne

pBO)];OM 8 c [2]); CllJlbHaH nepeMeHHOCTb HHTeHCHB

HOCTH,. oco6eHHO Ha cppoHTe BCIDJecKa ('t < 0.2 MC); 

AeTaJIH B 3HepreTH'lieCKOM cneK-rpe, KOTOpbie MOryT 

6b1Tb HHTepnpeTHpOBaHbI K3K JIHHHH norno~eHIDI 

Ha [lHKJIOTJ)OHHO:U qacroTe H ee rapMOHBKax [3]; 
HaJIHqJ,le 3JieKTpOHHO-II03HTJ)OHHOH aHHHrHJI.Sl[lH

OHHOH JUIHHH, CABIIH)'TOH a KpacHylO CTOpOHy [4] . 
CJieAyeT, OAHaKO, OTMeTHTb, qTo ua6JIIO,l:(eHWI Ha 

cnyrHHKe CGRO ne o6ttapy)KHJIH HH UHKJIOTpOHHbIX 

JIHHlrn, 'qTQ MO)KeT 6h1Tb CBS133HO C 6oJiee BhlCOKHM 

noporoM np.ueMmtKa BATSE no cpaBHeHHlO c 3Kcne

pHMeHTOM Gi~ga (20 H 1.5 K3B COOTBeTCTBeHHO), 

HH aHH0THJUl[lHOHHOH JIHHHH. Ha TO, 'liTO HCTQqHH

KOM y-BCllJieCKOB JJBJI.sllOTC.sl HeH-rpOHHbie 3Be3,[(bl, 

yKa3b1BaeT TaKXCe TO o6CTOJJTeJibCTB0, 'ITO AO CHX 

nop He YAaJIOCb HAeHTH(pHUHpOBaTb y-acnnecKH HH C 

O,l:(HHM BHAHMhIM 06'beKTOM BO BceneHHOH. 

PacnpeAeJieHue y-acnnecKOB Ha tte6e S1BJU1eTc.s1 

Hau6onee HemKHAaHHbIM pe3yJibTaTOM. OHO Ha

CTOJibKO OAHOPOAHO [5] , 'ITO HJIH y-acnnecKB Haxo

AWfCSI Ha KOCMOJIOrHlJ:eCKOM paCCTO.slHHH [6, 7], HJIH 

npOH3BO.QHTCR 60JiblllHM raJ10 OKpy)KalO~HX uarny 

fanaKTBKY HCTOlJHHKOB C pa.QH)'COM R > 100 KilC [8] , 
HJIH npoBCXOWfT B HenocpeACTBeHHOH 6JIH30CTH OT 

Hameu ConHetJHOH ce:~eMbI. .sicHo TOJibKO, 'liTO pac
npep;eneHBe y -acnnecKOB He OTpa)({aeT pacnpeJ:(ene

HHe BHAHMoro ae~ecTBa Hameu ranaKTHKH, 'liTO 
CHJlhHO OTJieqaeT HX OT nyJihcapoB, HCTO'IBHKaMH 

KOTOpbIX $1BJIJJIOTCS1 HeflTpOHHbie 3Be3]lbl. IlyJih

capbI o6pa3ylOT TOHKHij AUCK, HO OHB S1BJ1$1IOTCS1 MO

JIO.QbIMH 06'beKT3MH co cpell;HHM B03paCTOM nop.stJJ:

Ka 106 - 107 JleT. He HCKJIIOqeHo, 'ITO CTapbie Heft

'I'pOHHble 3Be3AbI (> 107 neT) 06pa3y10T o6urnpuoe 
ccpep:e1.1ecKH-CHMMeTJ)H'!HOe raJIO [9]. 
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flcToqHHKaMH y-BCIIJieCKOB MOf}'T OblTb CJieJ:{ylO
mue npou.eccb1: 

a) CJIIDIHHe HCH'IpOHHblX 3Be3JJ; HJIH IIaJ];eHIIe HeH

T})OHHOH 3Be3Ah1 Ha qepffYIO JJ;blpy, a TalOKe TIIXHR 
Konnarrc 6enoro Kapnmca (KOCMOJJOrwieCKrul MOJJ;eJib), 

6) Slp;epHaSI BCilhIWKa Ha nosepXHOCTH He.UTJ)OH
HOH 3Be3]:lbl [10, 11] BJIH IlOTepsr ycTOHqJIBOCTH IIO

sepXHOCTHOro CJIOSI 38 Cl{eT IlHKHOSIAepHbIX peaK
llHH [12], Kor.na Ha 3Be3.QY imeT aKKpeum1 ae~eorBa. 
K 3THM MO]:leJJSIM MO)l(eT 6hITb T8K)l(e OTHeceHO B03-
M0)l(H0e 3BC3J:t0TpHceHHe [ 13, 14]. 

B) OJIH3KHH OT HeHTpOHHOH 3Be3Jl.bl nponeT KO

MeTbl B B.bl3B8HHOe HM B03My~eHHe ee MarHBTO

ccpepbl [15J. 

B nepso11 MOJJ;enu 06pa3yeTcH TaK Ha3b1BaeMb1ii 
orHeHHblH wap, B KOTOpOM H8CTOJibKO BCJIHKa IIJIOT
HOCTb q:>OTOHOB, 'ITO OHH p0)1(J);810T TaK)l(e peJIHTH

BHCTCKHe 3JieK,p<>Hbl H II03Hlp0Hbl [16]. Bo BTOpOH 
II TJ)eTbeH MOJJ;e.JlSIX B03HHK810~Be CHJlbHble KOJie6a

HIDI MarHHTHOro IIOJljl npHBO.t(SIT K pO)l(.t(CHHIO B Mar
HHTOC<pepe Y-KBaHTOB .0 e+e--nap (17 - 19]. 

B 3TOH pa6oTe Mhl ClJHTaeM, qro panuonynbcapbI u 
y--BCilbIWKlf eCTb SIBJieHIDI OJJ;HOH H TOH )l(e IIpHpOJl.bl -
HX HCTOtIHHKaMH SIBJISIIOTCSI OOhllJHble H30JIHpOB8H

Hbie Bpaw;aIOl.l\HeCSI HaMarHHqeHHble HeliTpOHHbie 
3Be3JJ;bt. M1,1 He npennonaraeM, qTo HeHTJ)OHHbie 
3Be31{bl HMeIOT KaKHe-TO ceepxnapaMeTpbI, KaK 3TO 
cquTaeT YcoB [20]. 3neKT})OHHO-II03HTJ)OHHrul 

JIJI83Ma pO)l(,JJ;aeTCSI B Marmrroccpepe HeH,p<>HHOH 

3BC3J);bl B pe3yJJbTaTe ee BpameHHSI. 0.QHaKO AJISI 
rrynbcapoB 3TO pO)l(AeHHe HM~eT MeCTO B pa30MKHY
TOH o6JJaCTH MarHHTOCtj)epbl H peJISITHBHCTCKHe qac

TDIJ,.bl IIOCTOSIHHO HH)l(eKTHPYIOTCSI B OKpy)l(aIOmee 
npocTpaHCTBO. ,II;m1 y-BCilbJWeK TaKaSI reHepaU,JUI 
HMeeT MeCTO B 3aMKHYTOH MarHHToccpepe, H qac
THUbl, 3axeaqeHHbie MarHHTHhIM JIOJieM 3Be3Abl, rro

CTOSIHHO HaKallJI0B8IOTCSl B MarHHToccpepe. PoCT 

JIJIOTHOCTH rrJia3Mbl HOCHT B3pb1BHOH xapaKTep. 
Korn:a 3Hepra.sr nna3MhI cpaBHHTc.sr c 3 Heprnell Mar
HHTHoro norut, TOrAa none nepecraeT y.Qep)l(HBaTb 
qacTHIJ,b[ H OHH Bb1Cb1Il8IOTCSI Ha noeepxHOCTb - TaK 

06pa3yeTC.Sl y-BCilbIWKa. 

HaKODJICHHe pemITHBHCTCKOH nJia3Mbl HeB03-

M0)KH0 a MarHuroccpepe 61,rcrpo epa~a10meiicS1 
HeihpOHHOH 3Be3Jl.bl (Pc, :s; 10 c) H3-3a KOHBeKTHBHO
ro nepeHoca. BoT no'leMy MhI He Ha6moAaeM scnhr

weqHbIX $1BJieHHH y nynhcapoa. 3HaqeHue nepHo,na 
p "" Per OT,O:e1IS1eT HeHTpoHHble 3Be3Jl.bl, KOTOpble 
SIBJISIIOTCSI nym.capaMH, OT Tex, KOTOpbre .SIBJISIIOTCSI 

HCTO'iHHKaMH Y-BCJIJieCKOB. TiepeceqeaHeM 3THX 

n:oyx KJiaCCOB HeHTpOHHbJX 3BC3A C nepHOAOM p = Pen 
IIO-BHAHMOMy, .SIBJI.SIIOTC.Sl TaK Ha3bJBaeMble MS1nrne 

noaTopsnow,Hecsi y-ecnnecKH (SGR). HeJJ.aBHSISI Hn;eH
TH<pHKaQHSI OAHOrO H3 HHX- SGR 1806-20 c pemre
HOBCKHM HCTO'-IHBKOM AX 1805.7-2025 [21, 22], pacno
JIO)l(eHHblM B pa}:{HOT}'MaHHOCTH 010.0-0.3, YK83b1BaeT 

Ha TO, 'ITO OH SIBJISieTCSl O)Uf0BpeMeHHO nyJihcapoM. 
G 10.0-0.3 .SIBJISleTCSI OCTaTKOM CBepXHOBOH JIJiepHOH-

HOro rnna [23] .El, non;o6HO Kpa60BIIAHOH TyMaHHOC

TH, IIHTaeTCSI ueHTJ)aJibHbIM o6neKTOM. 06Hapy)l(eH
Hrul paHee CB.S13h .upyroro n0BT0psnow,eroc.S1 HCTO'Ilrn
Ka SGR0526-66 c ocTaTKOM ceepxHoeou SNR N49 
(Eonhwoe Marem1aHosoe o6naKo) c 6om,moA oepo

fiHOCTblO yKa3b1BaeT Ha TO, 'iTO HCTO'UiHKH y-BCIIJiec
KOB KJiacca SGR SIBJ1S110TCS1 TaK)l(e H rryn1,capaMH. 
XapaKTepHblM SIBJISieTCH TaK)l(e TO, 'ITO BCJIJieCK 

5 MapTa 1979 r., IlOK83aBlllHH nepHOA P = 8 C, 6blJI OT 
SFR 0526-66. 

B nepBOH '-18CTH CTaTbH Mbl OilHWeM, KaK ycrpo

eHa JJOBYWKa AJIH 3JlCKTpOHOB H II03BTp0H0B B 3aMK
HyTOH MarHHToccpepe. Bo BTOpoH qacTH MbI HaiiAeM 
cneKTPaJibHOe pacnpe,n;eJieHHe BHTeHCHBHOCTH D3-

11yqeHHS1 'laCTH~. ABH)l(Y~HXCSI B 3JleKTJ)OCTaTH'leC
KOH npo6Ke. PacnpOCT})aHeHmo 3JleKTpOMarHBT110-

ro H3JiyqeffHSI B MarHHTOC<pepe HeHTpOHHOH 3Be3Ab1 
C o6pa30BaHHCM e+ e--nap nOCBIDl(eH -rpeTHH pa3AeJI 

craTbH. B qeTBepTOH qacrn Mbl OCTaHOBHMCH Ha TO
Kax, TeKyIUHX a MarHHTocq>epe 3Be3AhI H n o ee no

aepXHOCTH, H CB.Sl3aHHOM C HHMll TOpMO)KeHHeM 
epaw,eHHSI 3BC3,[{bl. B JlSlTOM pa3n;ene Mb) paCCMOTJ)HM 

MexaHH3M nepe,n;a'lll KHHCTil":leCKOH 3HeprnH Bparu,e
HHSI 3Be3JJ;bI qacrn.QaM nna3Mbl. CToqeMY y-scnJiecKH He 
Ha6JI10A8IOTC.SI Ha rryJJhCapax? 3TOT acneKT Mbl o6cy
,!{HM B 3aKJIIO'IHTeJibHOH qaCTH CTaTbH. 

2. 3flEKTPOCTATHqECK0E TIPOBKH 

Tipo,n;oJibHoe 3JJeKTpHqecKoe none a MarHHTO

ccpepe Bpaw,aromeHCSI HeHTpOHHOH 3Be3,Qbl cpopMH
pyeTCSI qaCTHIJ,aMH Il1183Mbl H OilHChIBaeTCSI ypaBHe
HHeM n yacCOHa 

- 41te2 [ .,.J ydy ] 
~\jl = - - 2 2i (F;, - F;,) #-J - n0 , (2.1) 

me G=±l 1 /- J 

rAe \jl = eq,/mc2 - 6e3paJMepH1>I.H nOTeHqHan aneKTJ)H

qecKoro JIOJJ.SI 80 apama10~eHCH C ymoBOH CKOpoCThlO 
.Q CHCTeMe Koop,n;HHaT, nG = -(BS1)/2ttce - IIJIOTHOCTb 

3apS1,n;a KopoTaIJ,HH ron,n;palixa- J])KYJIHaHa, f'! (y, r) -
q>yHK.QHH pacnpe,tteJieHIDI 3JieKTpoHOB H Il03HTpOHOB 
no OTHOWeHHIO K HX npo,n;OJJbHblM 3Hepnu:1M 'Y = 

= [1 + p~ /m2c2J112. Y1.JTeHo, '-ITO pa36poc no nonepeq

HhlM HMnyJ11>caM p .l HecymecreeH, TaK KaK B CHJibHOM 

MarHHTHOM none Bee qaCTHQhl HaxOJJ;fiCSI Ha HyJieBOM 

ypoeHe flaHn;ay; mm;eKc cr = sign(p11B) = ± I xapaKTe

pe3yeT HanpaeneHue npo,n;oJibHoro HMJJY11hca qac

THQ no OTHOllleHHIO K MarHHTHOM)' IlOJIIO. 

PeweHHe ypaBHeHIDI (2.1) 6yp;eM HCKaTb n BH):{e 
3JieKT})OCTaTH'leCKO.H BOJIHhI , Torn:a 3JieKTpHqec

KOe none 6y,n;eT noTeHQHaJJhHhIM 6ap1,epoM AJJ.Sl 

3JleKTPOHOB H ll03HTp0H0B, .!(BH)l(ymuxcsr K noeepx
HOCTH 3Be3,I(bl. XapaKTepHbIH pa3Mep o6JJaCTH, ~ 
KOTOpOH eCTb TaKOe IIOJie E, 6y,n;eM n onaraTI, Ma
Jlh]M no cpaBHeHHIO KaK C pa.!(uycoM KpHBH3Hbl CH

JTOBb[X JIHHHH MarHHTHOro llOJI.Sl p - 107 CM, TaK tt C 

ACTPOHOMMl.lECKl1l1 )KYPHAJI TOM 72 N2 6 199~ 



828 HCTOMHH, MOCSlTMH 

1 -y; 
'llo 

Pee. 1. 3neKTPH'leCKJd\ noi-eH.1.vrnn 3neKTpocTanP1ecKoA npo6KH. Oc1:, x HanpasneHa BAonb cunosoA JIHHHH; Koopi:tHHaTe 

X:;:: 0 COOTBCTCTByeT noeepXHOCTb 3BC3Abl, noTcHO.HaJJ KOTOpoA paseH q>~. 

Rs - I06 CM -xapaKTepHbIM pacCTOffHHeM, Ha KOTO

poM MeH51eTC51 aenB'-IIIHa MarHBTHOl'O nom1. TorAa 
,JJ.mI BbI6paHHOH CHJIOBOH JlHHHH MO)KHO C'lHTa'l'b Be

JIH'IHHY nG noCTOffHHOit 

B CTaQHOHapHOM cnyqae q>yHKUHH pacnpe.u.ene

HHff F! (y, r) B 3JieKTpH"'teCKOM none eCTb <PY~HH 

OT IlOJIHbIX 3HeprHH qaCTHQ E± = "( ± \jl H onpe.u.em1-

IOTC51 CBOHM BH]J;OM Ha 6ecKoHet{}fOCTH (B OTC)'TCTBHe 
IlOJiff). KaK 6y,neT BHAHO H3 ,JJ.aJlbHeiimero, B MarBH

TOCq>epe HeHTpOHHOR 3ee3,JJ.bl po~aJOTCR 3JieK
rpoH-Il03HTpOHHble napbl C KHHeTH'leCK.JilMH 3Hepre:

SIMH 60JibWe onpe.u.eneHHOH BeJIHl.fHHbI 'Ymin - 4pf Rs, 
a cneKTP 'lac~ e:MeeT CTeneHHYJO 3aBHCHMOCTh OT 

3HeprHii qaCTH~, Il03TOMY B Kaqecree F:(y) MLI 

Bbl6epeM CTeneHHYJO q>)'HK~HJO y-P c p > 0 e: o6pe3aH-

u ± T ttyIO CHH3Y AO 3Hepnm 'Ym, or.t(a qaCTHUbI, .JJ.BH>K}'IUH-

ec.st K noeepXHOCTH 3Be3.JJ.bl ( O' = -1 ), 6y)zy'f OmfCLIBaTb

CSI cne,JJ.yJOJUHMH q>yHKUIDIMH pacnpeneneHHSI: 

r.u.e napaMeTp n± cooTBeTCTByeT ayneeoM)' nopSI.JJ.KY 
pa3JIO)l(eHHSI IlJIOTHOCTH qaCTHIJ. B qrcyTCTBHe 3JJeK
TpHqecKoro IlOJIH (Ha sepwuHe CHJIOBOii JIHHHB) 

± ± ~ + 
no ManoMy napaMeTpy (ym/(1 ± 'l'o)) ~ l, 'l'o - MaK-

ce:MaJibHOe, a 'V~ - MHHHMaJibHoe 3HaqeHHe IlOTeH

llliana 'lf(r) Ha CHJIOBOH JIHHHH. 

Ilpe)KJ].e qeM BHTerpupoaaTb Bbipa}KeHHe (2.1), 
HCCJienyeM ero AJI.R noTeHI.\Hana \jl(x), noKa3aHHoro 
Ha pHC. 1. IlnOTHOCTb Il03HTPOHOB Ha O'I'pe3Ke [xio, ..til 
CJie11,y10ll.J,a.R (KOOp11,HHaTa X2 COOTBeTCTByeT JIOKaJIL-

HOMY MaKCBM)'M)' IlOTeHlJ,HaJia 'If 7, B CJieJzylOll.J,eM 

KOJie6aHHH TaKoe >Ke 3Ha"'leHHe llOTeH}\HaJI npBHH

MaeT B TOl.fKe X10): , 

I + 11'~ - 'II + I!, 

J ( ~ - 1 ) yn + ( 'Y,,. ) d 

+IH/(X2)--.21:J1-1 "(+'If "(. 

IlepBb[H 't{JleH COOTBeTCTByeT naAaIOll.J,eM)' DOTOKY 
qaCTHI.\ ( O' = -1 ), BTOpoH - OTpa}KeHHOM)' ( o = + 1 ). 
HH}KHBH npeAeJI HHTerp0p0BaHID1 onpeAeJI51eTCjl 
MHHHMaJlbHOH flOJIHOH 3Hepmee: Il03HTJ)OH0B, rrpe-

011,0JieBmBX noTe~aJibHbIH 6ap1:,ep B TOttKe Xi. 
AHaJIOl'Hl.lHOe Bbipa}KeHHe MO}KHO 3aUDcaTb 11,Jlff 

3JieKrp<>HOB Ha 0Tpe3Ke [x10, Xg] (B TO'IKe Xg noTeH-

QHaJI 11,ocre:raeT cuoero JIOKaJI.bHoro MHHHM)'Ma 'If~): 

~ j3 

n-(\jl) = J (~_- I) yn- ( Y: ) dy+ 

I -i,(x
8
)+11f 2ymJy- 1 y- 'If 

1-i,0 +v 13 

J (~-l)yn-( Y~ )d 
+ J- \jl(Xg)+\jl2y~Ji- t y-\jl y, 

Ha 0Tpe3Ke [xg, X2] IlJI<YI'HOCTb 3JieK1poB0B paBHa cyM
Me n-('I') + N-('lf), I'Ae N-(\jl) - IlJIOTHOCTb 3JieKTp0H0B, 
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' 

HHTepaaJI 3Heprn:u KOTOpbIX MeIDleTCSI B npeAeJiax 

OT 1:1 AO 1 - 'lf(Xs), npH'leM 

I - ljf{xa) + 'II _ _ I} 

J ( f3 - 1 ) 1n ( 1 m ·) dy, 
1:Ji-1 y- 'I' 

BeJIH'IHHa '1'(X7) COOTBeTcTByeT MUHHMaJibHOH 
IlOJIHOH ~HeprHH :meKTJ)OHOB. C y'leTOM npHBeJ:(eH

HblX o6o3HatteHHH 3anHmeM ypaaHeHue (2.1) cne1w -
10muM o6pa3oM: 

2 
41te + 

'I'" =--2 [n ('11)-n- (w)-!v('lf)-nc], 
me 

(2.2) 
2 

41te + _ 
'If" = ---2 [n ('If) - n ('I') - nG], x 10< x < x8. 

me 
11HTerpupy)t 3TH ypaBHeHIDI H Bblq}{Trul npyr H3 
,a:pyra, nonrmM 

2 iv<x2> 
, 2 81te J 'If (x10) = --2 lv('V)d'lf, 

me 
ll/{X3) 

(2.3) 

a TaK KaK N-(w) ~ 0, TO '1''2(X10) < 0. CnenosaTeJibHO, 

H3-3a Toro, 'ITO qaCTb 3J1eKTJ)OH0B 0Tpa3HJiaCb OT 

3JJeK1'pOCTaTINeCKOH npo6KH Ha yttaCTKe [xs. X7], 

3H3'leHHe CJJeizyt0mero JJOK3JJbHOI'O MaKCHM)'M3 IlO-

TeHueaJia w; = w(x11 ) He MO)KeT 6bITb 6om,me w(x2). 

AHanorH'IHblH BblBOA CJieAyeT H J:(JIJI 3Ha'lleHBii AByx 

.·· COCeJ:(HHX JIOKaJibHblX MHHHMYMOB IlOTeHUHaJia 'I'; = 
= 'lf(X12) H 'V(Xg): 'V(X12) > 'V(Xg). Ilo3TOM)', paccMaT

pHBasl CTaUHOHapHblH CJiytJaH ABH>KCHHSI 'IaCTHIJ; B 
;. 3JieKTpOCTaTHtJCCKOH npo6Ke, nOJJY,.lltM orpaH.H'le-
{ HHSI Ha <j:>yHKUHIO \V(X) 
'\,. 

I - 'I/- < ' 11(x) ~ v+ - 1 In, - 'Y Im , 
t.'!~ . (2.4) il~~ 
f T.e. 3JieKTJ)OCT3THtJCCKa.sl B0JIH3 ,O:OJI>KHa 6LITb CTpO-

f ro nepHOAH'iCCKOH H He OTJ)a>KaTb 'l3CTHI.J;bl IlJl33MbJ. 
.,. 0.t(HaKO TaKyJO 3JieKTJ)OCTaTHtJeCKYIO BOJIH}' HeJib3SI ft CqJIT3Th CTJ)Oro CTa~HOHapHOH. 3apSl)KeHHble qac-

.THUbI, .t(BlffaSICb B 3JieKTJ)H"lleCKOM none, 6y.t(yT Te
~i; 
I . PJITb CBOIO 3HeprHJO Ha H3Jiy\:ie HHe u qaCTb HX 6y1(eT 
f:\ 33XBaTb188TbC.SI B noTeHIJ;HaJibHble SIMbl 3JleK1'pOCTa

f TH'ieCKOi1 BOJIHbl, B pe3yJibTaTe qero nepBOHa'IaJib
tY HbJH noTeHIJ;Han 6 yAeT CJia6o H3MeID1T1>c.s1. 

~it ACTPOHOMW-IECK.1111 )l(YPHAn TOM 72 M6 

:·~ . . , 

ct>yHKIJ;HJO pacnpe1te11eHH.S1 F,(E) 3axeaqeHHbIX 

3JieKTJ)OHOB AJIJI llOJIHOH 3HeprDH '13CTHIJ; E - 1: 
MO>KHO C'-lBTaTb CTall;HOHapHOH H YAOBJleTB0p.S110-

~eH KUHeTHtJeCKOM)' ypaBHeHHIO, ycpe1(HeHHOM)' no 
nepHOJzy ABIDKeHIDI llaCTBIJ;: S = 0, r1(e S - CpeAHHH 
onepaTop pacce.S1HHS1 3JieKTJ)OHOB npu BJJiyqeuuu 

HMH q>OTOHOB. B 01(HOMepHOM CJJyqae 

S = J { F,(E)P(E, k) - F,(E + k)P(£ + k, k)} dk. (2.5) 
0 

3.J{eCb k - 6e3pa3MepHoe no OTHomeHHJO K KOMllTO-

HOBCKOH AJIHHe BOJIHbl f = fi/mc BOJIHOBOe qJICJIO 

<j:>oTOHa; P(E, k)- BepORTHOCTb H3JJy"lfeHHSI <j:>oTOHa C 
HMIIYJJbCOM k 3JieKTJ)OHOM C 3HepmeH E B e1(HHHIJ;y 

BpeMeHH. Bbipa>KeHHe AJJSI P(£, k) 6y1(eT H3H1(eHO HH
>Ke, 3AeCb MbI B0Cil0Jib3yeMCSI pe3yJibTaTOM BbI~rnc 
JleHHH (3.13) H, CtfHTaSI, 'ITO 3HeprHSI H3Jiy'leHHblX 

<j:>oTOHOB Mana no cpaBHeHHJO c 3Heprueii: qacTHIJ; 
k <{ £, npOBO.t(HM e (2.5) pa3JIO)KeHHe no creneH.SIM k: 

i1(F,f) a2(F ,D) 
S=--- ----at dE2 ' 

rp:e 

00 6 2- 2 
2 1te A.Es 

/{,£) = J kP(£, k)dk = 3 2 , 

0 3med'(e)ln 1Es-E1 

00 k2 3113 41t413 e2e!"3f 2 
D(E) = f 2 P(e, k)dk"" J' 2 . 

0 me (Es)In If\ - El 
HeTJ)YAHO Tenep1> HaHTH <j:>yHKUHJO pacnpeAene

HH)t J{ml 33XBa'1eHHb1X 3JieKTp0H0B 

In 21 Es - El 
F,(£, E,} ::: F(f) 

2 
X 

1n [.1£(€) ] 

{ 

z!O/(E;/377t) l/3 } 
X 1+ _ {1-exp[(Es-E)// D)} 

lm/ln [AE(E)] 

(onpeAeJieHHe .1E(Es) - corJiacHo (2.11)). Bem1qeHe 

3Heprnu Es COOTBeTCTByeT cenapaTpHca, OT,O:e
JJSIIOincUI OCHOBHOH IlOTOK qacrim OT 3axaaqeHHbIX. 

C ytleTOM 33XBa'IeHHbIX tJaCTBIJ; Bbipa>KeHIDI (2.2) 3a

nHWYTC.SI CJICAYIO~M o6pa30 M: 

2 
41te + - ,.r 

'V" : - -
2 

[n ('tf) - n. ('If) - /V ('If) -
me 

- nG + n; ('V) - n~ ('I') ] , 

2 
41te + _ +( ) _( )] 'V" = ---

2 
[n ('tf)- n ('V)- nc + n, 'V - n2 'V , 

me 

X1o<X<Xs, 

1995 
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r~e n; (\jl) - OJIOTHOCTb II03HTpOHOB, 33XBa\JeHHbIX 

B IlOTeH~Ifa.nbHYlO SIMY Ha 0Tpe3Ke [x10, X2]; n~ (\jl), 

n; (\jl) - IIJIOTHOCTH :meKTpOHOB B IIOTeHI~H3.nbHbIX 

SIMaX, pacnOJIO)f(eHHbIX B HHTepBaJiax X7 < X < Xo H 

X12 < X < X11 COOTBeTCTBeHHO. }fa 3THX ypaBHeHHH Ha

XO)'."(HM amUIOr Bbipa)f(eHHSI (2.3 ): 

(2.6) 

TiepenemeM nOAbIHTerpanhHOe Bbipa)KeHHe, 3aMe

HHB IlJIOTHOCTH qaCTHI.\ HHTerpa.naMH OT COOTBeTCT

BYJO~HX cpyHKQHH pacnpeAeJteHn.0: 

IV ('I') + n~ ('I') - n; (\jl) = 
t 

,ti . yd£ 
= J [F1(£, £s1) - F,(E, Es2)] H-t + 

£., I- I (2.7) 

t ,. .. yd£ 
+ J [F(e) - F,(£, e_,2)J H-t' 

E /- J 
SL 

Esr = 't'(Xo), Es2 = \jl(Xg), Ed - MHHHM3JlbHrul IlOJJHaSI 

3HeprHS1 3axeaqeHffblX 3JleKTpOHOB. CpaBHHB3SI 

cJ>yHKQHH F-'(£) H F,(£, Es2) r(JISI 3HCprHH E = Es2 - OE 
n pu OE ~ £"2 , HailAeM, 'lJTO 

r (E) - F ,(E, E.Y2)"" 

(0£) 2F(Es2)m2c
4 29/£413 (2.8) 

=- {l + s } 

4e.!
2
LiE21n[l/LieJ 3713

1t
113~mc2 · 

CneAOBaTeJibHO, BTOpo:e: HHTerpaJI a BbipIDKeHHH (2.6) 
MeHbllle aym1. CpaBHHM Tenepb cpyttK~HH Fi(e, Es1) H 
F,(£, Es2) AJISI 3HeprHH B6JIH3H seJIH'IHHbl E.,I npH yc
JIOBHH, t{TO Es2 - Es1 ~ Es2 : 

F,(£, E.r1) - F,(e, Es2) z 

= -(2Es2 - E.d - E) F(es,)Ples, < 0. 

TaKHM o6pa30M, see BblpaxeHHe (2.7) Mem,me H)'IDI, 

a, 3HaquT, HHTerpan B (2.6) TO)l(C OTpH~aTeJieH. 

B pe3yJibTaTe BeJIH~HHa 'lf'2Cx,o) > 0 H CHHMaeTCSI or
paHI-1\JCHHe (2.4) aa 3Ha'leHIDI noTeHQHana \jl(x). 

B pe3yJJbT3Te yqeTa cnaooit: HeC'fa~HOHapHOCTH 
noTeHI.J;Hana Mbl BHJ].HM, \J.TO HapymaeTCSI CTporasi 

nepHOJ].H\J.HOCTb 3JJeK.TpOCT3THqecKOH BOJIHbI - ee 

aMnnwryAa Kone6amm noCTeneHHO HapaCTaeT a Ha

npaBJieHHH K nosepxaoCTu 3Be3~bI, a oHa caMa npe

apa~aeTCSI B 3JieKlpOCTaTU'leCKYIO npo6icy' KO

TOprut o-rpaxaeT qaCTH~bI o6oex 3HaKoB. 

OCTaHOBHMCSI renepb no,::,;po6Hee Ha CTpyKrype 

3JieKTpH\J.eCKoro IlOJISI TaKOH npo6KR. ,[(JISI 3Toro 

npoHHTerpHpyeM Bb1pa)KeHHe (2.1) ,::,;nsi pa311H'lHl>IX 

HHTepsaJIOB 3HeprHH tJaCTHI.\ IlJl33Mbl, cpopMBpy10-

~HX norre. CooTBeTCTBYto~He o6JJaCTH BJ].OJlb CHJIO

BOH JlHHHH MarHHTHOro nom:1 yKa3aHbl Ha pnc. 1. 

l) X2 < X < X1, Y:, - 1 < \jl(X) < \jl 7, \jl 7 - JlOK3JlbHblH 

MaKCHM}'M IlOTeHQUaJJa Ha 3TOM y'laCTKe. 3TOT HH

TepeaJJ xapaKTepn3yeTCSI Ha.nH'IlfeM IlOKOSIIQHXCSI 

Il03wrp0H0B (y = 1), 3a C\J.eT 3Toro IIJIOTHOCTb Il03H

Tp0H0B HeCKOJlbKO 60Jibllle caoero 3Ha'ieHIDI BOT

cyTCTBHe IlOJUI: 

.. + + \3 

n \o/) = J ( P - 1) yn ( Ym ) dy + 
I 21:)1- 1 y+ \fl 

I + ljl~ - ~ . + + j3 

J 
( f3 - 1 ) yn ( Y m ) + dy-

1 2y;)/ -1 y+ 'II -

r.ne b=\jl+l-'V+ ~ y+, Li(y+)~l+468A/y+ -
Im m m · P n1 

- 2.86(~ + 1 )~/y:2 
(npH Bbl'IlfCJJeHHH HHTerpaJIOB Mbl 

pa30HB3.nH HHTepBa.nbI HHTerpHpOBa.HIDI na Jl.B3 yqa

CTKa: a) 1 < y< 2- 3}].eCh y ~ '\jl(x); b) y> 2- Ha 3TOM 

HHTepaane MbI nonaraJIH y ~ 1). 3neKTpOHhl )Ke Ha 

3TOM yqacTKe see peJISITHBHCTCKBe, C nopeH~-cpaK

TOpOM y ~ 1, HX IlJIOTHOCTb Il03 TOM}' npaKTH':leCKH 

COBilaJ].aeT co CBOeH BeJIH\JHHOH B OTCYTCTBHe IlOJISI:~ 

n-(\jl) = n:, + o(l/8y~). yqHTbIBaSI, 'ITO IlJIOTHOCTb 

ron~ailxa- ,l].)KyneaHa nc = n: - n:,, MhI nepermweM 

ypaBHeHHe (2.1) a CJie)].yIO~eM BH}l.e: 6" = (6- Li)/ d!, 
d+ = Jmc2y:121tn + e2([3 - 1) - HepemrTHBHCTCKa.SI J].e-

6aeecKasr AJUIHa Il03HlpOHOB. IlpoHHTerpnpoBaB 

3TO ypaBHeHHe, nonyqHM 

Orcto}l.a BHAHO orpaHH\JeHHe Ha BeJIH'lHHY napaMe

Tpa 6o = 6<x2): 60 5 Li. 3TO CBSI3aHo C TeM, 'ITO B TO\J.Ke 

MaKCHMyMa \jl(X2) = '1'7 r(OJl)KHO BbIIIOJIHSITbCSI Hepa

BeHCTBO '\j/11 < 0, HO H3-3a OTpa)KeHIDI Il03HTp0H0B OT 

rJOTeJmHan:a HX. IlJIOTHOCTb yMeL~waeTC51, ysenH

\JHBaSI 3Ha'leHHe "'"· 3Ha'IeHH10 60 = Li (npH 3TOM 
\jl11(Xz) = 0) COOTBeTCTByeT MaKCHMaJlbHO B03M0)KH0e 

KOJIH'leCTBO o-rpaxeHHblX qacTHLJ,. 

IlpomrrerpupoBaa BbipaxeHHe (2.9) eme pal, 

nonytfHM 

(2.10) 
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MOUEilh I1POHCXO)KnEHI1~ r AMMA-BCCTJlECKOB 

2) X3 < X < Xi. Ha 3TOM y'laCTKe Ha~o Y'lfHTbIB3Tb 
B ypaBHeHRH (2.1) BK.JI3A II03H1J>OHOB, 3axsaqeHHbIX 

B IIOTeHJ.J;Ham,HyIO BMY Ha 0Tpe3Ke [x10, X2]. 0AH3KO, 
KaK Mbl BHACJIH BbIIlle (BbipaxeHHe (2.8)), nJIOT

HOCTb 3aXBaqeHHhlX qacnn~ JIHWh BO BTOpOM nopgg
Ke MaJIOH BeJIH'IHHbl OE/Es OTJIHqaeTCB OT IlJIOTHOCTH 
o,paxeHHblX qaCTRI.\ rrpH TaKOM )Ke 3Ha"leHHH 3Hep

run E, Il03TOMY 3AeCb Mbl 6yAeM C'lHT3Tb, 'l!TO 3axea
'1eHHbie 'IaCTH~bl TOqHo KOMileHCBpyIOT OTp3)KeH
HbJe, a B AaHHOM cny••Iae - yqaCTOK IlOTCHJ.J;Hana npH 

X3 < X < X2 3KBHBaJleHTeH HHTepaany X2 < X < Xi • 

3) X4 < X < X3 - 3TO npoMe)l(}'TOqHblH y'lfaCTOK rro
TeH~Hana. 3AeCb y)Ke HeT IIOKO~HXCR JI03HTpOHOB, 

HO HX CKOpOCTH e~e HeAOCT3TO'iHO BeJIHKH: y - 1. 
3a,rnaqeHHhie Il03H'Ip0Hl,I MbI 3Aeci. He y'IHThmaeM, 

Il03TOMY IlJIOTHOCTb II03H'Ip0H0B BhipruKaeM TOJibKO 
qepe3 qac:nru;bI naA310ll.\ero H 0Tp3)KCHHOro IIOTOKOB: 

00 + + ll . 

n\'V) = J (~-l)yn ( Ym ) dy+ 
• 2y+ Ji - 1 y+ 'V 'Y,.-v m 

I +ljl; - ljf + + I\ 

+ J (~- l)yn ( Ym ) dy. 
• 2y+ Ji- 1 y+\jl 

'Ym -'I' m 

IlJJOTH09'b :meKTpOHOB rro-rrpe)KHeMy C'IHTaeM no

CT0$1HHOR: n-('V) = n:.. YpaBHCHHe (2. l) MO)KHO rrpB-

6JIB)KeHHO 3aJIHC3Tb AJI.Sl ABYX cnrrneB 3HatiemiH Be

JIB'IHHbl O = )'+ - } - lll: Ill .,.. 

a) ~ .. ::::: ~ - J26 + 
u --2-· 0<0<01, 

d. 

A 1 A +2 A + ~ 
b)o" ::::: _ -_ +_..,_a_ - _JJa_v ~;+ 0 + 

i 2 + cf y· d2 ' I < < a ' 
'Ym m + 

+ ... 1/2 
a"" (4.15-2.86(~+ 1)/ym) . 

IlpmmTerpHpOBaB 3TH ypaBHemm., llOJIY'-IHM CJICAY
JOmee Bb1paX<eHHe: 

+ x3 - x [ (x - x3) A ~] 
'Y,,, - 1 + - d- 2d - "'2 ' 

+ + 

I 

x3 <x<X3, 

... ... 8 
y -1-a + + 

m a-+ ~(P + 2) 

+ 2 /
2;:sin (x-x' r! ), X4 <X< X~, 

~ a ~ d. Ym 

ACTPOHOMl111ECKM11 )KYPHAJI TOM 72 M 6 

X arcsinJa•
3p/8y:, X4 = x' - d+J"f:/ a•~ X 

x arcsin(4/(~ + 2) J2a+ Pr:). 
4) X5 < X < X4. Ha 3TOM yqaCTKe see '13CTH~hl -

YJibTpapeJIRTHBBCTCKHe H nJIOTHOCTH qacTH~ 

CJieAyIOiqHM o6pa30M 33BHCJIT OT BeJIH'IHHbl 3JieicrpH-

qecKoro noTeH~HaJia 'Jf: n±('V} = n:, ± 'Jfn±(y!t3 x 
X (fl - 1)/(~ + 2). YpaBHCHHe IlyaccoHa TOrAa 3anH-

weTCR Tat<': \jl
11 = -\jl/ d~. Ero pellleHHe- 'J'(X) ""-y: X 

x (cos(x - x4)/d + Jp + 2 sin(x - x4)/d), napaMeTp 

do = di r!, )312 - Ae6aeBCKrul AJIHlfa pemITHBHCTCKOH 

J 2 + 2 
rrrra3MhI, d1r. = (~ + 2) me /8(Jl - 1 )1tn-e , x5 z 

= x4 - d0arcsin( 1/ J~ + 3 ). 

IloBeAeHHe noTeH~ana 'Jf(x) Ha yqaCTKe .xg < x < x5 
rrerKO IIOJIY'IlITb H3 "n03BYpOHHOH" ('V > 0) '-13CTB 

noTeH~Hana, npOH3Be)J.R JaMeHy 'V Ha-'lf, d+ Had_, n• 
+ -

Ha n- H y 
III 

Ha y m. 

CneAyIO~ee KOJie6aHHe IIOTeH~Hana aHaJIOl'WI

HO noBeAeHHIO 'lf(x) AJIH XE [xto, xiJ. He60JibllJOe OT

JIHtJHe COCTOHT B TOM, 'ITO, KaK yX<e OTMeqanocb, 

\jl12(x10) > 0, cne.o;oaaTeJihHO, \jl(x10) > \jl(x2), rrpuqeM 

AOJDKHO BhJilOJIIDITbCR HepaBeHCTBO 'V(X11) - 'l/(X2) < Ll. 
AHaJIOfH'iHble HepaBeHCTBa MO)KHO 33IJHC3Tb )].JIB 

"3JieK,pOHHOH" (\jl < 0) qaCTH IlOTe~Hana: 'V(Xd < 
< \jl(X!l) H 'l'(Xs) -- 'VCx12) < ~. Il03TOMY B A3JII,HeiiweM 

Mbl 6y)l;eM paccMaTpHB3Tb . 3JieKTpOCT3THqecxy10 
npo6Ky Kax KBaJBTiepHO,tJ;H'-leCKHH JIOTeH~Ha.71 c 

npocTpaHCTBeHHl,lM nepHO,IJ;OM d(\jl,u) = dkJ'V~+lly~ - ll, 

'Vm - aMnJJHyYAa m-ro KOJie6aHIDI H ee H3MeHeHHe 3a 

OAHH nepuo,q cne,qyIOU\ee: 'Vm. 1 - 'Vm - A"" 1 (pHc. 1). 
,IJ:JIHHa Bce.n rrp·o6KH Tor,qa orrpe,a;eJiseTC51 3Ha'-leHH

eM IIOTeHI.(HaJia nosepXHOCTH 3Be3,D;bl 'Vo: Li "" 
= 2wot1<wo)/(4 + B). · 

C,a;enaeM T3K)Ke HeKOTOpbie OQeHKH ,D;JI.sl epeMe
HH 33IIOJIHeHHSI IIOTeHQHaJibHOH .slMbl Il03HTpOHaMH 

(3JieK,pOHaMB}, HCIIOJib3YR HaHJJ;eHHhie BblWe 
BbipaxeHIDI ,[l.µB IIOTeHQHaJia 'Jl(X). B IIOTeH~HaJib

HYIO RMY 3aXBaTb1B3IOTCR 'iaCTHU,bl, 3HeprRH KO
TOpbIX nona,a;aIOT B HHTepBaJI OT 'Vm ,(\0 'Vm + 2&('J'm), 
I'}l;e AE('l'm) - 3HeprHR, TepReMaH JI03HTpOHOM Ha R3-
Jiy'-leHHe 3a upeWI o,a;Horo nponeTa Ha.a; 51MOH. Ihue
CTHO, 'fro CKOpocTb IlOTepb 3HeprHH Ha H3JIY,-Iemie 
3apH)KeHHOH qaCTHU,bl, ABHX<ymeucs B 3JJeKYpH'-lec
KOM none E, paeHa d£/ dt = 2e4W /3m3c5, -ror,a;a 

(2.11) 
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832 11CTOMMH, MOC~fHH 

Bo BpeMSi npoJieTa Il03HTpOHa HaJ{ .SIMOH OCHOBHOH 

BKJiaA naeT HepeJISITHBHCTCKOe ,ItBIUKeHHe qac
THQbl B6JIH3H KpaSI SIMbl HJIH TO'lKH OTpa)KeHHSI OT 

noTeHQHana: 

(2.12) 

6bICTpee ecero 3axBaTb1Ba10TCS1 no3HTPOHbl c 3Hep

rHeH E ='I'm + Ae, TaK KaK speMSi 3axeaTa T,(e, 'I'~= 
= T(e, 'I'm)+ T(e-2£\£, 'I'm), Il03TOMY CKOpOCI'b H3Me
HeHHSI IlJIOTHOCTH 3ax_uaqeHHbIX 'lJaCTHQ CJie):zylOJ.l(aSI: 

. _j3-I ·-~ AE('l'm)c 
n,-nym 'I'm d('Vm))n [1/AE('l'm)] 

TIOJJ:CT8BJISISI ciona BbipaX<eHHe (5.5), H3HJ);eM, 'lTO 

n,(t) =6x10-3(~)("'m)J.74('Y m )2.74 ~ 1 
n(t) 10'4 104 10 

3. CIIEKTP I13JIYqEHHSI 

3apS1X<eHHh1e qaCTHQhI, ABHI'aSICh B aneK:ipuqec

KOM none 3JieK'IpOCT3TH'leCKOU npo6KH, B3JIY'{aJOT Ha 
2 

'lJ3CTOTax (l) $ O)o(fo; 'I'm)= 47teEof d('l/m), fo - 3Hepnm 

'lJaCTHQ B OTC)'TCTBHe IlOJISI (B CHCTeMe KOOPABH3T, ABH
X<Yll.\eHCSI CO cpenHeii CKOpOCThlO 'lJ3CTHQbl Vo- C, AJIH

Ha KBa3HnepHO)lH'IHOCTH non.SI d' = dly R H3nr1e

HHe npoBCXOAHT Ha qacTOTe ro' = 41r.cyl d, B na6opa
TOpHOH )Ke CHCTeMe KOOp.ItHHaT, H3-3a 3<p<peKTa 

J].onnepa, H3JIY'lCHHe y:>Ke HMeeT lJ8CTOTbl ro(0) = 
= ro'c J l - v 2 / c

2 
/(c - vcos8)). CrrenoeaTenbHO, HaH-

6onee 3HeprHllHble <poTOHbl pOX<A310TC.SI HaH60Jiee 

6bJCTPhIMH 'lJ3CTHI~aMH: fo - 'l'o. J].mI Bbl'lHCJieHHSI 

K0p0TKOBOJ1HOB0H qaCTB cneKTpa H3JIY'lCHBJI (l) - ffio 
6y;i:teM ClJHTaTb, 'ITO ABH)KeHHe TaKHX qacTHI.{ npo
HCXOAHT B nepHO}lH'-leCKOM 3JieKTpHqeCKOM none C 

IlOTeHl.(HaJIOM 

'l'(x) = '1'msin(21tx/ d('l'm)) (3.1) 

J:VUl 'I'm~ fo. 
J].JIH BbJqucJieHIUI cneKTP8JibHOH BHTCHCHBHOCTH 

6yAeM HCXOAUTb H3 BbipaX<eHHSI ,!J;JUI TIOJISI B BOJIHOBOH 

30He H3Jiyt1eHHJ1 B q,opMe JI0eHapa-B11xeJ)Ta [24]: 

e n(vn-v) 
Ee = -2- 3' 

c R (1-vn/c)' 
(3.2) 

r;i:te R - pacCTOHHHe OT TOt{KH HaXo}l(,l:(eHHSI 3apSl]:(a ,o;o 
TO'lJKH l·Ia6J110}].eHHS1, n - enH.lflf'IHblH BeKTOp B,QOJlb 

HanpaeJieHHSI Ha6JIIO,!J;eHIDI H Bee eeJIHt.IHHbl B npaBOH 
cropoHe 6epyrcH e 3ana3Abiea10m.u11 MOMeHT epeMe-

HH t' = t - R/c. Ha 6oJibIUHX pacCTOHHIUIX R ~ r OT 

'l3CTHI.{bl, ABH>K)'II(eHCSI C IlO'lTH IlOCTOHHHOH CKO
poCTblO BO BHewHeM nepHOAHqecKOM none (2.1), 
3JieKTpHt.IeCKOe none BOJIHbl (3.2) MO)KeT 6bITb 

pa3JIO)l(eHo B PSIA <l>ypbe: Ee= r=: 0 En exp(-in(Jlo!), 

E11 = 11rJ:;~
2 

Ee<t) exp(inro0t)dt, T== [1 - (nv)/cJd0 /v, 
COo = 21t/T. HeTPYWIO eu,o;eTb, tfrO ece H3Jiy'leHHe 

npOHCXOABT Ha qacTOTe ffio, H cneKTP3JibHOe pacnpe

}].eJJeHHe MO)KHO 3anucaTh B BH,o;e 

d/(k) = 
1r.e2 c'l'!sin 286(k - ro0/ c) 
---------dodk. 

2t~,f. ( I - >OS 8 )' 

(3.3) 

OcHOBHoe HJrryqeHee HanpaeneHo enepeA no 

ABHX<eHHIO qacTH:Qbl H cocpe}].OTO"leHO B KOHyce C YT
JlOM pacreopa A0 - l/fo. IlpeHe6peraJ1 3THM pa3-
6pocoM B Hanpaenemm k u Ct.IHTaSI, trro 3HeprH'tfflbie 
<poTOHbl JieTSIT B,ll;OJlb V, CKOpOCTb HX po)K,D.eHHSI 

BblpaX<aeM t1epe3 (3.3): 

f 
d/(k) e2w!,d~k2 6( (00/ C - k) 

Qph (k, Eo) = = . 
" mc

2
kdk i5·,t3~5 

e8mc 
0 (3.4) 

B paccMaTPHBaeMbJX ycnoBHSIX, Kor,o;a (r)/A ~ 1 (A
- 7t~ IYrn ~ 10-12 - nmma BOJIHbl H3Jiy"tJ:eHHSI, Heo6xo

AHMOro ,lJ;JISI pOX<AeHHSI 3JieKTpOH-Il03HTpOHHblX nap 

C MHHHM3JlbHbIMH 3HeprHHMH Ym; (r)- n-l/3 -cpe,o;Hee 

pacCTOSIHHe Me)KJJ:y qacTH:QaMH nJia3MbI; TaK KaK 
nJIOTHOCTb 3HeprHH nJia3Mhl ,o;omKH3 6LJTb MeHbme 
IlJIOTHOCTH 3Heprnu MarHHTHOro IlOJISI HeHTpOHHOH 

3BC3Abl (nmc'Zym ~ B2/8rc). TO (r) ~ 10- 1° CM), ~aCTH~bl 

nJJa3Mbl HJJ1yt1a10T HeKorepeHTHO, Il03TOMY KOJIH
qecTBO q><)TOHOB, pO)l{AalO~HXCJI B e}lHHHI.()' BpeMe
HH B K3)KAOH TO"llKe 3JieKYpOCTaTnqecKOH npo6KH, 
MO)KeT 6bITb noJiyt.IeHO H3 Bbipa)KeHHSI. (3.4), npoHH
TerpupoBaHHOro no BCeM H3JiyqaIO~HM qaCTHU,aM, 

Haxo~Slll.\HMC)l B A3HHOH TO'-IKe: 

II'! 
Q:h(k, 'V m) = J QPhp (k, £0)F (e0)de0 • (3.5) 

BBH,o;y TOro, t{TO BbipaX<eHHjl (3.4) u (3.5) cyTh cpeJJ.
HHe no J:(JIIIHe noTeHU.H3JlbHOH SIMbl CKOpOCTH poX<
J:(eHHSI <pOTOHOB, TOt.IKY poX<,o;eHHSI nocne,nHHX 6yAeM 

xapaKTepH30BaTb BeJJHt{HHOH 'I'm· 0TMeTHM, t.JTO 

BbtpaX<eHHe (3.4) ObIJIO nony"tJ:eHo ;i:tJI.SI 3HeprHH qac

THU. E ~ "'m' OJ:(HaKO, HHTepecysicb TOJJbKO KOpOTKO

BOJIHOBOH 'IaCTblO cneKTpa H3Jiy"tJ:eHHSI ecex \JaCTHU 

nJia3Mbl (l) - (l)014x('l'm) = 41te'1'~/d('l/m), Mbl MO:>KeM 

npHMeH.SITb (3.4) H ):(.'ISi t.JaCTDU. C 3HeprH)IMH fo - 'I'm , 
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KOTOpble .t(aJOT BKJia.t( B CYMMapHblH cneKTp Jlllllib Ha 
2 

qacTOT3X 0) $; 41tC\Jf ,,Jd('l'm) ~ O)max(\Jlm)· Ilp0cyMMH-

p0B3B Bblpa>KeHHe (3.5) no BCeM noTeHQH8JlbHblM 
HMaM npo6KH ( OTJIHqHe KBa3HnepHO.t(HqecKoro no
TeHQHana 3JieKTpocraTHtJeCKOH npo6KH OT IlOTe~
aJia (3 .1) npMBeneT K nonpaoKe B cneKTpe qJOTOHOB 

Ha qaCTOTax 0) ~ '1'2C/ Li ~ O)maii<'Ym), He BJIHSUI Ha KO

pOTKOBOJIHOBYJO o6JiaCTb), IlOJIY'iHM q>yHKQHJO pac
npe.t(enemrn q>OTOHOB Ha rpaHHQe :rneKTpoCTaTnqe
CKOH npo6KH e OTCYTCTBHe HX norno~eHHSI: 

«l>o 

No(k) = { f Qph(k, \jf m)d('1'
11
)d'Vm::::: 

Y,. 

6 

"" 81t(P - l )(19f3 + 65)e2n'l+ 
2 

_ (41t~<p0 )
2 +P x 

3(f3 + 5)(P + 7)(13P + 44)mc
2A d 0 

p+s 

k-P+2, 0<f3<3.3, 
X I +p 

- k 2 
' f3 > 3.3 . ' 

(3.6) 

Tenepb BbJq11cJIHM cneKTP H3JiyqeHwr t.JaCTIIIJ;, Ha
XOAH~HXCSI B noTeHI.-Ui3JlbHhlX j{Max 3JieKTpOCTaTHt.Je
CK.HX npo6oK. PacCMOTpHM Il03HTpOH (3JieICTpoH) C 
3HeprHeH £=\Jim - K, K ~ 1. Ero ABH>KeHne nepHOJ:lH'i
HO co BpeMeHeM T = -2d('Vm))ri('K)/c (CM. (2.12)) H HH
TeHCHBHOCTb H3Jiy'leHIDI Ha qaCTOTe 0) = roon = 2rtn/T 
MO>KeT 6blTb 33IlHC8H8 CJienyJOJ..qHM o6pa30M: 

2 - 2 -
e A 2 21tnA 

din= 21tc l [kl] J do, k = --y;;-• (3.7) 

T/2 

l = ~ J v(t)exp(irot - ikr(t))dt. (3.8) 
- T/2 

IloMeCTHM CHCTeMY KOOPAHHaT B l(eHTp IlOTeHQH
aJlbHOH HMhl, IlOCJieAHIOJO c~aeM CHMMeTpHl.lHOH: 
'lf(x) = 'lf(-x). BpeMSI 6y.t(eM OTC'IHTblBaTb OT MOMeH
Ta, KOr,[(a 'l.JaCTHQa H8XO,!:\HTCSJ B TO'lJKe X = O; TOrJJ;a, 
Yt.JRTblBaSI CHMMeTpHIO B ,[(BH>Kemm Il03HTpOHa, KO
TopaH Bb1pa)l(aeTcSJ s BH,qe v(t) = v(-t), r(t) = -r(-t), 
v(±T/4 + t) = -v(±T/4 - t), r(±T/4 + t) = r(±T/4- t), 
MLI MO)l(eM neperrncaTb eb1pa>1<eHHe (3.8) TaK: 

T/4 

. 4 J I= T v(t)sin [nro0(-T/4 + r(t)cos8/c)] x 

0 
(3.9) 

x sin [nro0(T/4- t)] dt. 

KoJ"Aa qacTm~a ABIDKeTCSI Aa.JTeKO OT CTeHKH UOTeH
o;HaJlbHOH SIMbl (y ~ 1 ). ee CKOpOCTb MO)l(HO C'C.IHTaTb 
IlOCTOSIHHOH Vo, a BKJTa~ B HHTerp8JI (3.9) OT TaKOI'O 

yqacrKa nyrnno3wrpoHa(0< t< T1, T, =d/2v0 ~ T/4) 
AJUI MaJibIX n ~ TIT, cneAYJO~HH: 

Ti 2 
4 f . 2 2dsin (1tn/2)v0 11 = T v(t)sm (nw0T I 4)dt z Tvo · 

0 
(3.10) 

3a apeMSI OT T1 AO TI 4 cKopocTb qacTHI.{hI 

MeHSleTC.sl OT Vo AO 0. Ee ,[(BH)l(eHHe npOHCXOAHT 

B noTeHI.{Hane 'l'(X) "" 'I'm + l - ch (x - d) Id+ ( CM. 
(2.10)), CKOpOCTb 3aBHCHT OT speMeHH KaK v(t) z 

= c J [exp(-2ct/ d) - K] /2, a KOOpAHHaTa x(t) OCTa

eTCH npaKTif<JeCKH IlOCTOHHHOH: x(t) = d + o(d+ld). 
BKJia,[( OT 3TOro yqaCTKa B HHTerpan (3.9) na ManblX 
qacrorax ro ~ oo0T/T1 JaneweM TaK: 

i/2 Vo J;:.. 
12 ;;:;:: T sin(ron/2) x 

T/4-T1 

x f sin(ro-r)Jexp(2c't/d)-ld't, 't=T/4-t. 
0 

IlpOH3BOAHM 3)'.(CCb HHTerpHpOBaHHe AIDI ABYX HHTep
BaJIOB 3Ha'lJeHHii 't: a) 0 < 't < T, H b) T, < 't < T/4 - r,. 
0-mTaSI B rrepBOM CJiyqae 't ~ T,. a BO BTOpoM - 't ~ T1' 
Mhl nony•u1M 12 = 2712dv0sin2{1tn/2)/ Tv0 . C r1eTOM 
(3.10) 3amnueM HHTerpan (2.9) s mn,· 

13.3dsin 2(7tn/2)v0 
l =-------

Tvo 
(3.11) 

IlOACTaBJHISI (3.11) B (3.7) H HHTerpepysi IIO BceM Ha
npaBJieHH.sJM H3JiyqeHHSI, H8U:,[(eM HHTeHCHBHOCTb H3-
nyqeHHSI Il03HTpOHa 

(3.12) 

3KCTp3IlOJIHpYH Bbipa)l(eHlfe (3.12) e KOpOTKOBOJJ
HOBYJO 'laCTb cneKTpa, onpenenHM MaKcHMaJILH}'JO 
qaCTOTY H3JIY'feHIDI U:3 Tpe60BaHIDI paBeHCTBa cyM
MapHOH 3Hepruu H3}lyqeHID1 33 HHTepsa.rr opeMeHH T 
YABQeHHhIM noTepHM (2.11): We= c(31C'lf~) 113/2d('l'm). 

BepOHTHOCTI, >Ke po~eHJUI Il03HTpOHOM C 3Hepn1eH 
E <pOTOHa C HMnynhCOM k nony'C.IHM H3 (3.12) 

P( k) = Ii£) "" 2
7 
/k 

E, 2 -2 2 ' 
me k 3mcA. In ('I'm - £) (3.13) 

4. PA3MHO)l(EHHE IlJIA3Mhl 

IlpH pacnpocrpaHeHHH 3JieKTPOM3I'HlITHOro H3-
nyqeHHSJ B KpHBOJIHHemmM M8I'HHTHOM IIOJie 3Be3.t(bl, 
Kor,a:a q>OTOHbl nepeceKaJOT MarHHTHhie CHJIOBbie 
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834 HCTOMHH, MOCSlfHH 

PHc. 2. PO>J<)le1rne e+e--nap B JaMKHyro(f Mar HHTOcq>epe He(f-rpoHHOA 3Be3.D.bl. <!>OTOH H3nr1aeTCII y n osepXHOCTH 3BC3/:U,I B 

TO'tKe c Koop.nirnaTOK 0' u .D.BH>J<eTCSI no.a. yrnoM a. K MarHHTHOK OCH µ. IlpoA.a.si paCCTOSIHHe S, cpoTOH pO)f()\aeT e+e--napy e 

TO'IKC C KOOp.QlrnaTaMH ,, 0 Ha Cl1n0B01i nltHHH, KOH~bl KOTOpOH Ha nooepXHOCTH 3Be3AM HMelOT KOOP.D.HHaTl,I 81 " 1t - a, . 
Pm1<):leH1te nap npoHCXO)lHT B 06J1aCTH. orpaHH•leHHOK noeepXHOCTblO sh (CM. cpopMyny (4.7)) H CHJ10B0M JIHHHCK, paJ,QeJJlll-0-

ll.\CH o6na<."1'H JaMKHYTOH H pa30MKHYTOfl MarHHTOcq>epLI. 

JIHHHH, 6y,D,eT npOHCXO,D,HTh po)l(AeHHe :meKTPOHHO

n03HTpOHHhIX nap. BepO.SITHOCTh TaKoro rrpoitecca B 
He Ot.IeHb CHJibHOM Mal'HHTHOM norre (B ~ O. lBC) e e,D,H

HIUJ.Y apeMeHH ,D,JISI cpoTOHOB C BMrryJibCOM k ,D,aeTCSI 

CJie,D,ylOU\HM Bblpa)KeHBeM [25]: 

3312<icBI sinril 
W(k) = 912- X 

2 ABC (4.1) 
8B . 

x exp { 3kB1 sin11I } 0 [kl sin1)1 - 2], 

r.a;e Tl -yron Me)l(Jl.y BeKTopaMH k H B, a. - JIOCTOSIHHaSI 

TOHKOH CipYKTYPbI , B,: = m2c1/efi."" 4.4 X 1013 re. <t>op

MyJia ( 4.1) cnpaee.a;mrna npH kBI sin1) If Be~ 1, Kor~a ee

poSITHOCTh po)K]leHIDI 3KCJIOHeH~a.TlbHO Ma.Tia. 

lJHCJIO pO)l<):~aeMblX 3JieKTpOHHO-n03BTJ)OHHblX 

nap C n oJIHbIMH 3HeprIDIMH qaCTHU, £ B e,D,HHHU.Y Bpe
MeHli CB.sl38HO C cpyHKU,HeH pacnpe,r.(eJieHIDl <pOTOHOB 

B MarHHTOCcpepe ttefnpOHHOH 3Be3~b[ N(k, r): 

QN = f W(k)N(k)6(y- 1 /I sinril)dk. (4.2) 

ApryMeHT 6-cpyHKI.J)m ,D,OJI:.iKeH 6hITb JaJIHCaH B BH,[(e 

y- 1 / I sinT) I = E - \j/1(8) - l / I sin Tl I, r1:te \jli{O) - noTeH
u,HaJI npOAOJibHOfO 3JieKTpHt.IeCKoro non.st: B TOt.IKe 
CHJIOBOH munrn, B KOTOpOH npOB30WJIO pmK,n:eHHe 

n apbI, OAHaKo, rrpe,D,JIOJlaraH '1'1 ~ €, B HyneBOM I1pH-

6mDKemrn JIOJIY,.IHM Bbipa:.iKeHHe (4.2). 

<l>yHKI..{IUl N(k) onpenerrHeTCSI No(k)-CBOHM 3Hat.Ie

HHeM B TO'-IKe HCilYCKa.HIDi q)OTOHOB Ha noBepXHOCTH 
3Be3,[(bl (Mhl npeHe6peraeM AJIHHOH 3JieKTJ)OCTaTHt.Ie
CKOH npo6 KH L, ~ p H. C'-IMTaeM, '-ITO see H3JiyqeHHe 

H,D,eT C noeepXHOCTH 3Be3,D,bl H3 ToqKu C Koop,n:1rna
TOH 0' (pac. 2): 

N(k, r) = N(r, 0, <p; k) = 

= No(0', <p ; k)/(s)O(n - k l k), 
(4.3)1 

s - ,!l;JIHHa TIYTH, npoiii:teHHOrO q>OTOHaMH OT TOttKH 

pO)K,D,eHHSI ,o;o TOtJKH Ha6moAeHHSI, KOTOpaH CB.s13aHa 
c KOopnirnaTaMH ,, 0, 0' COOTHOUieHHSIMB 

sin(0- 0') sin(a - 0') sin(a - 0) 

s r Rs 

3sin0'cos0' 
sina= ----;:;==== 

J3cos
28' + 1 

Ka)KJ:{asr TOt.IKa noeepxHOCTH 3Be3}:(bI xapaKTepH-

3yeTCS1 CBOHM HanpaeneHHeM n = sign(Bsr)B.J B.P B 

KOTOpOM H3Jiyt.IalOTC.st cpOTOHbI, B_. - none Ha noeepx
HOCTH 3Be3,!l;bI; a - yroJI Me)K]ly DHµ. B cpopM}'Jie (4.3) 
3TO mpa:.lKeHO H8JJHqHeM 6-cpyHKD;HH. MHO)KIITeJJb 

/(s) OilHCbIBaeT norno~eHue cp<)TOHOB C po)l(AeHHeM 

3JleKTPQHHO-Il03HTJ)OHHOH napbI H MO:.lKeT 6bITb on
pene11eH HJ ypaeHeHIDI caI(s)/as = -W(k)l(s). Pewe
HHe 3Toro ypaeHeHHSI - /(s) = exp{-w(s)}, r.n:e w(s) -
TOJIIU,a OAHO<:pOTOHHoro pO)lq~eHHSI e+e--napbI 

_ s·' 3
312

a.Bsinll w(s) -
912

_ x 
0 2 ABC 

8Bc } 0 [ksin11 - 2] ds . 
3kBsinri 

(4.4) 
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MO,QEJlb ITP011CXO)l(JJ.EHM51 r AMMA-BCITJIECKOB 835 

0CH0BHOR BKJia;n B A.3HHhlii HHTerpaJI AaeT oepx
HliH npeAeJI HHTerpnpoBaHHSI 

3S/l.kia 
w(s) "" 1512 _ exp {-8/3ky} ::::: 

2 · t..dyl os (4.5) 

""exp {A- 8/3ky}, 

A = ln[3512<iky3/21512i y:], y = BsinT)/Bc (yron Tl npo
CTbIM o6pa30M Bblpa)KaeTOJ qepe3 KOOPAHH3Thl roq
KH ua6moAeHHSI: sinll = [sin(20- a)+ cos0sin(0- a)] x 
X [3cos20 + l]-l/2). 3TO npB6JIH)l(eHHe aepHO, eCJJH 
s < So (0o), rJ];e 0o OllpeAeIDieTC51 H3 ycJIOBIDI 
dy(0o)lds = 0. EcJIH s > So, TO OCHOBHOH BKJJaJJ; B BH
Terpan ( 4.4) )l;aeT OKpeCTHOCTb TQql(H So: 

w(s) == wmaxCk)::,: 

J"'ay' J-J11k (4.6l 
::::: 912 - --exp[-8/ 3ky] ls- . 

2 A " - so 
4Yss 

B 3TOM cnyqae BepOSITHOCTb He 3aBHCHT OT S H q:>op
MyJia ( 4.6) onpeJJ;eJISieT MaKCBMaJibHYIO eep051THOCTb 
Toro, t{TO q:>OTOH C HMnyJibCOM k npH CBOeM JJ:BH)l(e
HHH B MarHHTOCq:>epe pO,IViT e+e--napy. 

EcnH Wmax ~ 1, TO <poTOH nomow:aeTOJ c po:>K.Qe
HHeM e+e--napbl, eCJIH )Ke w max < 1, TO q>OTOH IlOKH-

. ,QaeT MarmnoccJ>epy. IlpHpaamm Bbipa)l(eHHe (4.6) 
e.i:~mun~e H IlpOH3BeJJ:SI He06XOAIIMble Bbl'IHCJieHHH, 
Haif.qeM noporouoe 3Haqeuue k(a.), ;a;nSI KOToporo 
em:e B03MO)KHO pO)l(.QeHne e+e-~rrap: 

8sin
2
0' 

kmi/a) == 3/2 X 

3B0 (3cos 2a' + 1) sin6a/3 

-I [ 3,J1tiRsB;
12

] x In 4 r;- . 
2 ._,5,., 

nornom:eHHe cf>OTOHOB C TaKHM HMnyJILCOM npOHC
XOJJ:HT B TOqKe C KOOPAHHaTaMH 

{ 

ab "" 2t + l~sin 4t, (4.7) 

r = Rssin(<J.- a'(a.)) / sin(a.- 0b). 

.- 3Ta CHCTeMa ypaBHeHHH OilHCblBaeT noeepXHOCTb 
: · Sb, 11306pa)l(eHH)'IO Ha pHc. 2. 0Ha orprum'iHBaeT 
~i o6nacn. BOKpyr 3Be3,ll;bl B KOTOpOH npoHCXOAHT 
;: . pO)KAeHHe e+e--nap. XapaKTepHrut TO.JIID:HHa 3TOii 
::. o6JiaCTH Lb - 0.2Rs . B ToqKe nepeceqemu1 CHJIOBOH 
t JIBHHH MarHlITHOro IIOJJ.SI c noeepXHOCTI,IO Sb 6yAeT 
~.:. npoecXOAHTb pO)K,ll;eHHe qaCTHI.( C MHHHMaJibHbIMH 
. . 3HeprH51Mlf AJI.R paccMaTpHBaeMOH CHJIOBOH JIIIHHB: 

,., 'Ym ""' 5 J Roi R .• ' Ro - M3KCHM3JlbHrul BbICOTa CHJIOBOH 
;i mnnm. IlornoUJ.eHHe <f:>oroHos c HMnym.caMH k > ~ " 
t; npoHCXOAHT B ToqKe ab, KOr,Qa BblilOJIH.ffeTC.ff ycno
;... 

BHe 8/3ky(ab) = A, a BX <PYHK.l.\HIO pacrrpe,11;eneHH.R c 
xopoweti TOtfllOCTblO MO)l(HO annpOKCHMHpOB3Tb 

cryneHqaToii cf>YHK~HeH 

N(k) == N00 [A- 1 
- 3kyl 4 J 6(n - k/ k). (4.8) 

3a BpeWI dt B e;nmnru,e o61>eMa MarHHroccf>epbl Hdi
'I'pOHHOH 3Be3W,1 dldS 6yAeT po~aTbC.ff dn = Q,lltdldS 
qacTHU (di - 3JieMeHT ,ll;JIHHbI CHJIOBOH TPY6Ke, dS -
ee nno~a~b: BdS = B;J.Ss), so eceii )Ke cunoeon 

-rpy6Ke 33 BpeMH dt 'IHCJIO e+e- -nap yeeJIHqeTCSI Ha 

dN = dt J d /dSsQNB s / B, 

C<reTrut DpOIJ,eCC pocTa IIJIOTHOCTH IIJ133Mbl B A3H
HOH CHJIOBOH -rpy6Ke KBa3HCTaUHOHapHbIM (epeMSI 
nponeTa peJISITHBHCTCKHMH i:iaCTHUaMH IlJl33MbJ 
Been: J:VIHHbl CHJIOBOR Tpy6KH MaJI6 no cpaBHeHHIO c 
xapaKTepHbIM epeMeHeM H3MeHeHID1 IlJIOTHOCTH 

nna3Mhl), MbI MO)l(eM onpeJ:(eJIHTb cneK-rp po~a10-
~nxcS1 qaCTH~. a T3K)Ke CKOpOCTb H3MeHeHWI IlJIOT

HOCTH ITJJa3Mbl y noeepXHOCTH 3Be3,Qbl: 

l 
~-l_p - 1 - l}ans 11 BS 
-2-'Ym Y Tt = L Qi[) B(l) di. 

0 

IlOJJ:CT3BJUISI CIOJJ:3 (4.2), (4.8) H rrpOH3BOJ:(H HHTerpH
pOBaHHe, DOJIY"CJHM 

- fldn I6cBcN0(k = 8yB/3ABs) 

'Y dt = 3(P - l)LABP 
(4.9) 

r;a;e BP - BeJrnlJHHa MarHHTHOro ITO.JUI Ha IlOJIIOCe Hen:
TJ)OHHOji 3Be3,QbJ. 

TaKHM o6pa30M, cneKTP po)K,[(alO~HxcH qacrm:i: 
no.Qo6eH crreKTPY q>OTOHOB u AJI51 cpyHK~HH pacnpe
.QeJieHIDI nOCJieJ:(HHX B BHJJ;e (3.6) HaU.QeM Il0Ka3aTeJib 

cnex-rpa po:>K.Qa10~cst qacrm:i:: P = ( .fii - 1 )/2"" 2.4. 
YpaBHeHHe (4.9) C yqeTOM (3 .6) 3arruweTCSI TaK: 

2 _,3 I}- I - p 
,i ::,: 3ne Bc~:y \j/0 (AABs) . (4.lO) 

Lmc1 ABP doBc 

lfro61,1 npoHHTerpHpOBaTb 3TO ypaeHeHHe, HaM Heo6-
XO,[(HMO 3H3Th ,QHHaMmcy H3MeHemm IlOTeHIO{aJia \j/o 
(BeJIHqHHa \j/o ecrb palHOCTb noTeHIJ,HaJIOB Me)l(,tty eep
umHoe CHJIOBOH JIHHHB If O)l;HHM B3 ee KO~OB Ha no

BepXHOCTH 3Be3,Qbl). Ee Mbl CMO)l(eM onpe,11;eJIHTb, pac
CM01'peB TOKH, Te~e B Mannr:rocq:>epe 3Be3,Qbl. 

5. TOKH l1 TOPM0)I(EHI1E 3BE3,[(hl 

IlpH TBep;n:OTeJibHOM epam:eHHH IIJia3Mbl M arHH
Toccpepbl HeHTJ)OHHOH 3Be3.Qbl IlJIOTHOCTh 3JJeKTpH
qecKoro 3ap51Aa B Ka}K.QOH ee TO'IKe, 3a HCKJ110qeHH
eM o6nacTeft: 3JieKTpocraTnqec1rnx rrpo6oK, AOJDKHa 
coena;n:aTb C IlJIOTHOCThJO KOpOT~HH ronApaexa
,0:}KyJIHaHa Pc= -(Bll)/21tc . .O:m1 BblllOJIHeHH51 3Toro 
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'II(/) 

'l'o ' 
\ 
I 
I 
I 

I 
I 
I 
I 
I -r;. - l -,,- ---------+ 

1 I I 
I I I 

I\ I 
J I I 

0 \ : I£. (l/2)L 
I I I 

L-L·t I I L 

1-y; 

_I I 
I r-
\ J 
\ I 

___,_ - -

I I 
I I 
I I 
~ 

l 
-'l's+ 'l'as 

io j{l) j,2 - -
PHC. 3. PacnpeneneHHC flOTCHQHaJJa nponom,Boro 3nCKTJ)H'lCCKOro flOJUI Ha CHJJOBOH JIHHHH. KoopAHHaTa l OTC'lHTbtBaeTCll 
OT KOHita CJrnOBOH nHHHH, 3aKaB'lKBalOt.ijCAC8 Ha nosepXHOCTH 3Be3.llbl B cesepHOM nonywapHH npH yrne e:::; 81 < x/2. Ha aep

WHHe CIUJOBOH JJHHHK B TOlfKe l::, l/2 eenHlfHHa OOTCH[lHaJla paBRa HYJIIO. Ha BHyrpeHHHX rpaHHl.{aX 3JICKTpOCT3THlfCCKHX 

npo6oK noTeHUHaJl npHHHM3CT 3Ha'ICH1Ul 'Vf..l) = -'l'o- '1'1 H 'VI.L- Li)= -'l'o + '1'1 • B,tOJlb CHJIOBOA Tpy6KH TC'leT 3JICKTJ)H

qecKHH TOK j(/). ero BCJIH'IHHa Ha BHYTpeHHHX rpaHHitax npoooK pasua Jo, Ha noeepXHOCTb 38C3}lbJ CTCKatoT TOKH J1 H j, . 
. I 2 

Tpe6osaHIDI Heo6xoAHMo uanHque cna6oro npo

AOnbHoro 3JieKTpHqecKoro DO.JUI C noTeH~aJIOM 
'lfl/) ~ Ym, rAe /- KOOpAHHaTa B)'.lOJib CWIOBOB JIBHBH, 

IlOJIHaJI ee AJIHHa paBHa L. IloTeH~aJI Bep.mmn,1 CH

JIOBOH nHHHB npHMeM paBHLIM H}'JIIO, TOrAa B 'Jfi(l) 

MO}((}{O BbJAeJIHTb CHMMeTpH'IH}'IO w: ([) = w: (L - /) H 

aHTHCUMMeTpH'Df)'IO 'V~s ([) = -'V; (L - l) ttacm, KOTO

pble ,UJUI MaJILIX yrJIOB X ~ 1 $1BJl.sllOTCR. COOTBeTCTBeH

HO HyJieBhlM H nepBbIM ~meHa.MH pa.3JIO)KeHHSI no x: 
'If,(/) = ¥i (/) + w;s ([). 

KaK y}Ke OTMe'!aJIOCh BbIWe, qaC'I'HI(l,I OOOHX 3H3-
KOB pmK,nalOTC)l C 0,IlHHaKOBb[MH MHHHMaJibHbIMH KH

HeTWteCKJIMB 3HeprID1MH 'Ym, MHHHM3nhHbIC )Ke non-
± 

HblC 3HeprnH 6y.nyT pa.3JUJqaTbcg: emin = Ym :J: 'Vs - "'as' 

r]:le 'Vs= -'(i(O) = -¥t(L), 'Vas= -'V;\o) = ~ s(L). 
8 CBS13H C 3TBM IlJIOTHOCTb 3ap.SI,na Ha CHJIOBOH JIHHBH 

COCT3BJI.SleT 

(~ - l) B(L/2) 
p(l) = 2B x 

s 

J 
± " (I) tm io + lj/1 

B(l) [ BS 'Vi(/)] 
::: e Bs n0(L/2) B(L/2) + n(~ - 1) 

2
Ym . 

0TCIOAa HaXOJJ;HM, 'ITO noTeHD:HaJI 'JI,{/) J{OJI)KCH 
J 

y,noBJieTBOp.SITb paseHCTBY 'Jfi(/) = 2ymBs[no(/)/B(l) -
- no(.L/2)/B(L/2)]/(~ - l)n, a seJIH'IHHbl 'Vs H 'Vas on-

pe.neJI)IIOTC.SI CJIC.IlYIOW:HM o6pa30M: 

• µOr, cosx 2 J 2 
'V . :::: m 

3 
[3cos 8 - 1 +3cos 8

5 
+ I], 

·• (~ - 1) 1tcenRs .t 

3µnl . . 28 . 
'Vas= - 3 smxsm ssmcp, 

2(~ - 1)1tcenRs 

8s - KOOp,IlHHaTa KOH~a CHJIOBOH JIHHHH JIHHHH Ha 
nosepxHOCTH 3Be3,nbJ. Ba.n noTeHquana \j/1(1) .r(aH 

Ha pHC. 3. 
lh-3a 33XBaTa 3apSl>KCHHbIX qaCTHI.\ B nOTeHQH

aJlhHLie SIMbI 3JICKTpOCTaTU"lleCKHX npo6oK npoHC

XOAHT H3MeHeHHe 3apsr.na IlOCJie,nm,x: 

IlpH BblqHCJieHHH 3TOro Bbipa>KCHWI Mbl nocrynHJIH 

TaK >Ke, KaK H npu BblqHCJieHHH CKOpOCTH J.t3MeHe

HWI llJIOTHOCT:e 33XBa'1eHHh1X qacm~. yqT.ff Hanuque 

npo,nOJibHOro 3JICKTpHqecKOro IlOJISl. 

3apstn CHJIOBbIX JIHHHH MefUICTC.SI ew;e H H3-3a TO

ro, qTo 3JieKTpOHHO-Il03HTpOHHbie napbl p0:>KA310T

cg B 3JICKTpWleCKOM none. CKopoCTb H3MCHCHIDI 

33pSIAa Ha O,UHOM H3 KOH~OB CHJIOBOB JIHHHH, CB)l3aH

Ha.sl C 3THM npo~eccoM, paBHa 

p:(l = O; L) = (5.2) 

= ±- 1 =F {~ - 1) + , en± [ '1'1Cl = 0; L) ~ - 1 J 
2 Ym 2(~ + l)"fn, 
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MOJJ.EJih nPOHCXO)l()J;EHH.sl rAMMA·BCnJIECKOB 837 

a 3ap.sm eceu canosoif munm MeID1eTCjJ cne,tzy10mirn 

o6pa3oM: J phdl = 2'Vi~ - l)enLIYm· Ilcrrpe6yeM no

CTOSJHCTBa 3ap_sma 3Be3Abl, TOrAa AOJDKeH OCTaBaTbCSI 
HeH3MeHHblM IlOJIHbIH 3apS1A MamHTOe<pepbl. a CJie
AOBaTeJibHO, Heo6XOAHMO BblDOJIHeHHe paeeHCTBa 

rp;e mITerpHpOeaime BeAeTOI no eceii nosepXHOCTB 
3Be3Ahl, HCKJUO\JaJI o6JiaC'I'H nomtpm,ix wanoK, 
rpaHHll.bl KOTOpblXHMetoTKOOPAHHaTb19c= (RP,/c)112• 

B Ka'!eCTee MOAeJibHO~ 3aAaqu paCCMOTJ)HM cny
"laU, KorJJ;a ,i H n nponopQHOHaJibHLI sin29s. ,I:(m13TO

ro noTeHQHaJI <j>o AOJI)KeH 6bITb CJieAYIO~HM o6pa-

30M pacnpeAeJieH no noeepxHOCTH 3Be3Ab1: 'Vo = 

= 13.9(LBp/R/Jc)0·
73(dkJ:X.)0·

27(BsfBc)1·13/Asin2·179, a H3 

ycJIOBHH (5.3) c yqeTOM Bblpa)KeHIDI (4.10) H3HAeM, 
'ITO IlJIOTHOCTb IlJla3Mbl B MarHHToccpepe 3Be3AbI 6y
AeT paCTH CO speMeHeM D3pb1BHbIM o6pa30M: 

C xapaKTepHbIM epeMeHeM HaKOilJICHHSI mia3MbI 

m312 c2 R ( ·c )514 
't = 6.5x10-3 ~ -- ~ 

e 3 112 ilR e no s 

-1/2 

"""6.6x101
0 C (2) Q-

514 
i:: 2000 JieT, 

10'4 

(5.5) 

rAe n0 - Ha'IaJ1bHaS1 nJIOTHOCTb nna3MbI Ha 3KeaTope 
3Be3Abl. BAOJib CHJIOBblX JIHHHH Te"leT TOKj(/), KOTO
pblH CBS13aH co CBOeH BeJIHqHHOH y rpaHHQ 3JieK-rpo
CTaTH'le'cKHX rrpo6oK: 

(5.6) 

CornaCHO ypaBHeHHIO HenpepbIBHOCTH, eeJIH"lfH
Hajo MO)KeT 6hITb onpeneneaa TaKHM o6pa3oM: 

Jo= j,
1 
+ f (p,, + P,) dl = - j 12 - J (pb + p,) di= 

I 2 (5.7) 

. = ~ U,, -j,,I +Hf ((>h+(>,)dl-[ (P,+P,)dll 

. iJ , j, - 3JieKTp1.P·JeCKHe TOKH, CTeKatoi:qHe C co-
·t 7' I 1 

~; OTBeTCTBYIOI.QHX KOHD,OB MarHHTHOH Tpy6KH Ha 
,. 
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noBepXHOCTb 3Be3,n:bI, J p I dl, J f>2dl CKOpoCTH 

H3MeHeHID1 :meKTJ)Ht.feCKOrO 3ap.S1Aa Ha KOHQax CH
JIOBOH JIHHHH. Bbipa)l(eHHe BO BTOpblX CK06Kax Mbl 
MO)KeM onpe.n:enHTh H3 (5.1) H (5.2): 

i [ J 
1 

(Pb+ P,) dl - L (Pb+ P,) d[J =eli'flal ~ - l)LJym. 

BimHo, 'ITO OHO nponopD,HOHaJibHO BeJIHtJHHe aHTH
CHMMeTJ)H"IHOH KOMilOHeHThl 'Vas IlOTeHnHaJJa 'V1(l). 
3TOT pe3yJibTaT Haxo,n:HTCH B COOTBeTCTBHH C TeM, 
qro Haneqee TOKOB B M3rHHTOccpepe H KOMilOHeHTbl 
'Vas .smmJeTCSJ pe3yJibTaTOM HaKJIOHa OCH J.I. K 0 . IlpH 

COOCHOM pacnoJIO)KeHHH µ. H n TOK B MarHHTOccpepe 
He MO>KeT Te'Ib H3 coo6pa)KeHIIH CHMMe-rpHH. Ilo-
3TOMY eCTeCTBeHHO npe.n:noJIO)KHTb, tJTO H Bbipa)Ke
HHe B nepBblX CK06xax B (5.8) TaK)Ke nponopQHO

HaJibHO BeJIWUIHe 'flas• 

BBOA$1 napaMe-rp v - 1, nepemuneM (5.7): 

(5.8) 

BenH'IBHa jo onpe):\em1eT T3K)Ke H aHTRCHMMeT
puqHyIO KOMilOHCHTY CTeKaIOI.Qero TOKaj1:j1 = f + jo, 
/(/ = 0) = f(l = L),jo(l = 0) = -jo(/ = l); CHMMeTpHtJ.H8jJ 
)Ke qaCTb f onpe,n:eJISleTCSI COOTBeTCTBYIOI.Qefl KOM
noHeHTOH nO,n:bIHTerpaJibHOro Bbipa)KeHWI (5.3): 

TopMo>KeHHe 3Be3,n:bI o6yCJIOBJ1eHO TOK3MH In 
TeKyl.QHMH no ee noaepXHOCTH. CBjJ3aHHblH C HHMH 

MOMCHT CHJI, .n:eeCTBYIOI.QHH Ha 3Be3AY, paeeH 

r.n:e Bs - MarnHTHoe none Ha noeepxHOCTH 3Be3,n:br. 
IlpoeKl.'(HSl aeKTopa K Ha ocb spameHIDI n onpeAe
m1eT noTepH KHHemqecKOH 3HeprHH 3Be3Abl 

dEkin · 1 J - = (KO) = Inn = - (ill )(rB )ds. dt r C s s 

Ami HaxoQeHm1 noeepxHOCTHoro TOKa y,n:o6Ho 
BbIAeJIHTb ero noTeHD,HaJibHYIO H BHXpeeyIO qaCTH: 

ls= ·~ + 1;. B TOpMO)KeHHe 3Be3Ab1 OCHOBHOH BKJiaA 

.n:aeT noTeffl\Jf3JibHbIH TOK I~ = V~, rp;e ~ - noTe~u

an noeepXHOCTHOro TOKa, KOTOpbIH onpe,n:eJISJeTCSI 
CTeKaIO~MH ~a noeepxHOCTb 3BC3Abl TOKaMH: L\~ = 

= -2us<e.n 'V) + j0(01S' wrncose.t I/ )3cos 
2es + 1, es -

KOOpJ(EIHaTa KOHD,a CHJIOBOH JIHH0H Ha noBepXHOCTH 
3Be3}J;bl. 8eKTOp K Jie>KHT B IIJIOCKOCTH BeKTOpOB fi 
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H µ, ero npoeKQIDI ua MarHHTHylO oc1, onpeJ:'(em1eTCS1 

CHMMeTpHqHOH KOMllOHeHTOH CTeKa10mero TOKa f: 

Ilpoe~HSI MOMeHTa CHJI Ha op-rorOHaJJhHOe MarHBT

HOH OCH HanpaBJieHHe CB$138Ha C aHTHCHMMCTJ)H'tjffQH 
COCT3DJISll0meii creKa10mero TOKa io, HO, BBDJ:'l:Y Ma

JIOCTII OTHOWeHHSl.jo/f ~ 1, ee BJIHSIHHe Ha )lHHaMH
Ky BpameHHSI 3Be3)'.(bl cymecrBeHHO JIHlllb 1PIS1 yrnoB 
X - rt/2. l.JacTOTa epameHWI 3Be3)'.(bI TOr)'.(a cne)ly10-

muM o6pa30M 38BHCHT OT BpeMeHB: 

O(t)=00 [1 + ::ln(l-t/1:e)J 

'tr= IA! Kµl,=o = 4.5 X 1016 c(n0 /l014t 112(B/1012t 2
-

xapaKTepHoe epeWI TOpMO)KeHIDI 3Be3)lbI; Ir -
- 1045 r CM2 - MOMeHT 1rnepn;BH 3Be3):J;bl. 

IloMBMO ropMO:>KeHHSI npoHCXOAUT H yeeJJHqeime 

yrna HaKJIOHa oc.eH x(t) = Xo!lo/O(t), no H Xo - Haqan1,

Hble JHaqeffHSI qaCTOTLI apau.(eHHSI nu yrna x. 3a epe

MSI O)lHOro l\HKJla HaKOilJICHIDI IlJI83Mhl B MarHHTO
ccpepe 3Be3J:'(bl ee qacroTa epameHIDI HJMeHHTC.R na 

BeJIHqHHY ~n = ilo'teln[(Bp)Z/251tmc2.ymno]/2'tr, CJie):J;O

BaTeJibHO, AO nOJIHOH OCTaHOBKH epameHIDI 3BC3J:'(bl 

Ha Hee rrpOH30H)leT N - Q / ~n ;_ (B~ ,)2 R~ /26ru ,.Q2 
-

- 5 x 104 y-BCIIJieCKOB, qTo HaXO)'.(HTCR a COOTBeTCT
BHH C TeM, 'tjTO KOJIHqecrBO BCilJieCKOB onpe)leJI.ReT
C$1 OTHOllJC}IHeM 3Heprnu OJ:'(HOro BCnJieCKa (MaKCH

M3JlbH3SI 3HeprHSI, KOTopaSI MO:>KeT BbI)leJIHTbCSI B 

y-BCilJICCKe, paeHa 3HeprBH MarHHTHoro IIOJIR B 3K
eaTopHaJihHOH o6JI3CTH Marm1Toccpepb1) K KHHeTH

'-leCKOH 3HeprnH srameHIDI 3Be3)'.(hI. 

6. HATPEB IlJIA3Mbl TOPMO)KEHHEM 
BPAl.[(EHHSI 

l.JaCTil[(bl, po)K)'.(a10mue 3JieKTJ)OHHO-Il03HTJ)OH
HYIO IlJia3MY, Ha6Bp310T 3Heprul0 38 CtJeT ](peiicpo• 

eoro ABH.:>KeIDIR BAOJIL 3JieKTpuqecKoro 11om1 Kopo
Tal.Vfil E.1 = [B(ril]]/c. OcHOBHOR BKJI3A B TaKoe: 

ApeHQ)OBLIH TOK BHOCHT ,i:peAcp qacnu:i B M3rliD.THOM 
none 8 = B0 + Beu (B0 - AHfiOJibHOe MarHHTHOe noJie, 

Beu - MarHHTHoe IlOJie TOKOB, TeKy~x B MarHHTO

ccpepe '.3Be3Abl) IlOA B03}J;eHCTBHeM neHTJ)06e)KHOH 
CR JI hi, CBS133HHOH C KpHBOJIHHeHHblM )];BH)KeHHeM 
~iacTH~ B):J:OJlb CHJIOBhIX JIHHHH )'.(RllOJibHOro MarHHT-

HOro IlOJISI: F, = m')'[(l)[pm]], O> = [vv]/v2- MI'H0BeH

H3Sl l\HKJUftJeCK3SI qacroTa ABH.:>KeHHH qacrH~. p = 
= [v(l)J/ro2 (BeKTOp p HanpaBJieH npoTDB HOpMaJIH K 

CHJIOBOH JIHHHH H paaeH no eeJIB'qHHe paAHYCY KpH-

BH3Hhl). Ba:>KHO, qTQ CKOpOCTb ,:tpeiicpa v! (y) = 
= ±c[F,B]/e82 He JaBHCHT OT HanpaBneHHSI OCHOBHO-

ro ](BIDKeHHSI 'l3CTHI(, a 33BHCHMOCTL OT COPT3 qacTHQ 
(3H3Ka 3apsrµ;a q) T3KaJI, "<ITO 8 IlOJIHOe Bbipa}l(eHHe 

,QmI µ;pdhposoro 3JICKTPHqecKoro TOKa BKJ13)];bI OT 
3JJeK1'p0H0B H 003DTp0H0B BXOA$1T C O)];HH3KOBblMH 
3H3K3MH: 

I.. .. 
jd = 2, aq J F(y)v!(y)dy = 

o = ±I .J. ·r,.1n 

4mcny 
= 

2 
"'(ro2 [pB] - (mp) [(l)B]). 

B 

JJ:pefup "<13CTH[( noµ; B03_AeHCTBHeM µ;pyrex CHJI 
(KOpHOJIHCOBOH, rpaBHT3D;B0HHOi) He 06JI3AaeT 

yKa3aHHOH oco6eHHOCTblO, BCJie)];CTBHe qero CBR33H
HblH C HHM :meKTJ)BqecKHH TOK 8 ('V/y,,,)2 pa3 MeHb
me TOKa l(eHTJ)06e)KHoro µ;peiicpa. Pa6oTa, npoB3-

BOARMasl 3JieKTJ)H'1CCKHM noJieM E .1 Ha,i; lJ3CTHl\3MH 
IlJl33Mbl B e)'.(H~e 06"beMa 33 1 C, TOI')'.(3 33IJBCbIBa

eTCR CJieAYIOmHM o6pa30M: 

w = (jE) = (jdE.1) = 

= 4mnyn
1
ro2 [pB] { il(Br) - r(Bil)} / 82 ~ 

HyJieeoe: 'UleH pa3JIO)KeHWI w0 no ManOMY napa.Me'Ipy 

Bcu!B ~ I xapaKTepHJyeT TOJibKO nepeHoc aHepre:B 

3JieICTpOMa:nmTIIOrO DOJISI H3 O)'.(HHX o6nacrefl ManDI

Toccpepbl B ,:i;pyme, noJIHrut: )Ke aueprm1 BceA MarHHTO-

ccpepi.1 ocraeTCSI HeHJMeHHOH: W0 = f w0dV = 0. CHCTe

MaTHtieCKOMY Ha6opy 3Hepnrn qaCTHD;aMH nJia3MbI 

cooTBeTCTByeT JIHHeHHbIH no napaMCTJ>Y Be11 !B 'UleH 

pa3JIO:>KCHIUI 

2 
4mc Y,,,n 

W1 = 2 2 { [pBeu1 (il(rB0)- r(ilBo)) + 
B0p (6.1) 

+ n [PBol ( (rBCU) -2(B0Bc11)(rB0)/B~)}. 

MarHHTHOe none Beu onpe~eJI.SICTCj[ ypaBHCHHSI
MII MaKceenna 

4rt 
[VB, 11 ] = -j. 

C 

IIepenilcaB HX B ccpepff'qCCKHX KOOpAHH3T3X, pa3)'.(C

JIHB nepeMeHHbie B,11 r, 8 , IP = bR,, 8, .-p(r)E>,, 8, .-p(9)~,. 0, q,( cp) 
H IIO)'.(CT3BHB BhlpaJKeHHSI (5.6) H (5.8), noJiy'IHM CJie

AYIOmue COOTHOWCHHSI: 

b 
_ 

8 3 2 µvQ,iR~sinX -sn 
- . xlO 2 Rr, a, .-p(r) = r , 

nc 

~r.a(cp) = -cosq>, iS.-p(q>) = sinq>, 
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e 2 ' 
- 8 = --0 3 r' 

a" . 20 e' 9 . 0 u sm + - cos sm + r r 

+ 8, (: sin28 - I)= -sin 38. 

(6.2) 

(6.3) 

I 

IlOJ:(CTaBmUI (6.2) a (6.1) H HHTerpHpysi no o6'beM)' 
3ano1rneHHOH rrna3MOH MarHHTOC<pepbr, HauneM 

nonHy10 3HeprHfO, nor.nomaeM)'JO qacr0u;aMH nna3-
MhI 33 1 c: 

2 7/2 Jt/2 J 2 
601tmc nQR. sinx f b3cos 0. + 1 = ., " d0 X 

µ sin 90 ·' 
e,. s ( 6.4) 

,r - e, 10 2 

f sin 0(1 + cos 0) [ . 4 , J 
X 

2 3 0,sm0 + 30,cos0 d0. 
8, (3cos e + 1) 

BHAHO, qTo Ami KOHe"t{HbIX Bennt.nrn E>,, E>~ oc-

. HOBHOH BKJiaA BO BTOpOM HHTerpane naeT OKpeCT
HOCTb TO'fKH 0 = Tr,/2 C IIlHpHHOH .:i0 - 1t/20, B KOTO-

poH, corJiaCHO (6.3), er:::::: -0.5, e~ :::::: -0.9. npoH3-

BOJl:SI HHTerpBpoBaHlte a (6.4), nonrmM 

Ka;>KAasi: t.tacrnu:a nna3MbI c 3Heprnel1 E rrpu rrpo.ne

re qepe3 3neK'IpOCTaTH'lecKy10 npo6Ky repsieT 3Hep-

m10 .:iE/E) = f~., .:iE('lfm)mc2d'lfm = 40e2e.0·
81 lmc2d0 , 

TOrAa MOII.\HOCTb 3JieKTpOMarHHTHblX IIOTepb scex 

11acTHU: nna3MbI paeHa 

n/2 'Vo 

f 2 . f 6t)E)c 
We111 ::::::l61t L(0 1)R.tsm0 1d6 1 L F(e)de:::::: 

8,. Y,. 

e2ncR2 

::::: 1.8 X 104 
s 

dk 

\> CpasHHM 3TO Bbrpa)KeHHe c (6.5): 
. ~ 

': .. ( 

C )1/4 
~ = 57.3vsin\ --
W.,m QR 

s · , 

:h_. TaKHM o6pa30M, npH BbIIlOJIHeHHB paseHCTBa vsin2x""' 
= 1. 7 x 10-2 ac.s:r repS1eMaS1 Ha 113.nyl'..leHBe 3HeprBS1 qac-

~( THU: BOCilOJIHSleTCSI KHHCTH'-leCKOH 3HeprHeH apame

mm 3Be3Abr rrocpeACTBOM u,eHTpo6e)lrnoro µ;peH<pa 

11acruu; BAOJJb 3JleK-rpB-cieCKOro IlOJISI KopoTaU:HH. 
. ··~:~.-. 

7. KOHBEKTliBHhIE TIOTEPli t.IACTHU 

113-33 Toro, t.JTO CTOJIKHOBeHIDI MeQy peJI.sJTH
BHCTCKHMH qa~aMB npoHCXOAHT peµ;Ko, KJiaCCH'le

CKOe speMSI AH<p<py3HH 'i8CTHIJ;, 3anepTbIX na CH
Jl0Bb1X JIHHIDIX B MarHHTOCq>epe 3Be3AbI, µ;oCTaTO"tJHO 

BeJIHKO. ,UeUCTBHTeJibHO, xapaKTepHoe BpeMSI CTOJIK

HOBeHIDI qacruu: 'tc::: 3 X l017y2n-1 c H AJISI y-z Ymin ""' 10 
OHO nop.stµ;Ka 3 X 1019n-1 C. Ko3<p<pm:~HeHT J:(Bq>cpy3BH 

2 D = ref'tc B CHJibHOM MarHHTHOM none (ffis'tc ~ 1) 
Man, TaK 'ITO epeMSI cyrn;eCTBOBaHIUI MarHHTHbIX JIO
eymeK MHoro 6onhme epeMeHH HaKonneH11sr rmaJ

MbI B MarHHToccpepe te: t 0 = R2/D = l043B12n-1s ;;::: 
2: 1019s ~ "Ce . KpoMe AH<p<py31u1, e MarHHTOC<pepe 

npoHCXO]:VIT T3K)Ke KOHBeKTHBHble ABH)KeHIHl qac
THQ. 113-Ja u;eHTpo6e)KHOrO Apei%<pa t.J3CTHQ B KpH

BOJIHHeHHOM MarHHTHOM none HapymaeTCSI TBep

AOTeJibHOe BpameHHe MarHHTOC<pepbl H rma3Ma 

µ;BH)KeTC.SI C yrJIOBOH CKOpOCTblO Qd = yc2lprro8 OT

HOCBTeJibHO MarHHTHOro DOJI}l. B pe3yJibTaTe B crry
qae X *' 0 nOSIBJI}leTCSI TOpOHAaJlbHOe 3JieKTpnqec
KOe none, B KOTOpOM 1.{3CTJmb) nna3Mbl Haq1rna10T 

ABHraTbCSI B paµ;HaJILHOM Hanpaanemrn (aHanor111-1-

HbIH TOpOH}).aJJbHblB ApeHcp npOHCXOAHT B TepMO
Sl:,L(epHbIX peaKTOpax). OrnpOCTb TaKoro KOHBeKTHB
Horo }).BH)KeHHSI qacruu: VJ. MO)KHO ou;eHHTb CJie.I(yJO-

J.UHM o6pa3oM: VJ. = nGyc2lpro8n. Tor,I(a H3MeHea:ne 

nJIOTHOCTH IlJI33Mb[ npH TaKOM BbI)lyBaHHH qaCTHQ 

H3 MarHBTOC<pepbl Mbl MO)KeM 3anHCaTb TaK: dn/dt::: 
= -no'1f:'J.2/ro9. CpaBHHBaSI 3TY CKOpOCTb noTepb co 

CKOpoCTb}O HaKOnJieHHSI IlJJa3Mb( (5.5) H (5.6), Mbl 

Ha:n}l;eM, l!TO noTepH MaJibI }).JISI Me;nneHHO 

BpamaJOU\HXCSI HeHTl)OHHblX 3Be3,[(, yrnOBbJe CKOpo
CTH KOTOpblX Q < Q cr ""' 1 . JTO ycnoeHe OT}).em1eT 

HeHTl)OHHbie 3Be3}).bl, KOTOpble MOrYT 6bITb HCTOq

HHKaMB y-ecnnecKoB, OT pa~nonyJibcapoa. 
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A Model for the Origin of Gamma Bursts in the Magnetospheres 
of Old Neutron Stars 

© 1995 r. Ya. N. Istomin and D. V. Mosyagin 

If the rotational period for a magnetized neutron star exceeds a certain limit (P > B:1 s, B12 = B/1012 G), it 
cannot be a pulsar. In this case, electron-positron plasma does not form in the polar regions of the magneto
sphere on open field lines, where its flow generates the observed radio emission. This does not mean, however, 

that e+e- pairs do not form in closed regions of the magnetosphere in more slowly rotating neutron stars. 
The potential difference between the equator and the poles is 1017 P-1B12 V. This is sufficient for rapid particles 
to give rise to electron-positron pairs in the strong magnetic field, under the condition that the rotation of the 

star is not too s low (P < 105 B~ s). In this way, electrons and positrons are constantly generated in closed re
gions of the magnetosphere and accumulate there, if they are caught in electrostatic traps located at the ends of 
magnetic force lines. The electric fields of the traps oscillate, and can give rise to both electrons and positrons. 
In addition, particles reflected from the traps emit "(-quanta, which in tum give rise to e+e- pairs. The accumu
lation of relativistic plasma has a flare character: Noc ('t~ - tt2

, where 'te = 100 - 2000 years is the characteristic 
accumulation time. The energy for creation of the plasma in the closed magnetosphere is drawn from the rota
tional energy of the star. In the process, the star is braked due to currents flowing in the magnetosphere, along 
magnetic field force lines, and down onto the surface. A trap is disrupted when the energy of the plasma is com
parable to the energy of the magnetic field. After this, the particles are poured down onto the stellar surface, 
causing a y burst. The total energy of the burst is equal to the magnetic field energy in the magnetosphere 

f B2 /81UIV = 1(f1 Bf 2 erg. For the observed y flux 10-5 erg/sec cm 2, this renders a characteristic distance to the 

source of the y bursts of order 200812 kpc, which corresponds to an extended halo around our Galaxy. 
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YJiK 514.318.7 

YfJIEPOJJ;HLIE 3BE3JJ;LI BLICOKOH CBETHMOCTD HA PAHHEH 
CTA.r(HH ACHMilTOTHqECKOH BETBH fHfAHTOB 

© 1995 r. IO. JI. Cl>palll(M&H, H. A. DL1J1eaa 
' Paouoacmpo<jJU3u'lecKQR o6cepeamopwi, Puza, JlamBu11 

AcmpoHOMU'lec,ca11 o6cepBamopwiJiameuuc,cow yH.Uaepcumema, Puza. JlameUJI 
nocrymma B pe,naKUHIO 15.12.94 r. 

B EOJibWOM MarennaHOBOM 06JiaKe (6MO) HMe.fOTc,{ yrnepo~ble 3Be3,D.bJ BblCOKOH CBeTHMOCTH, a<t>cpex
THBHaSI TeMnepaT}'pa KOTOpbIX 3HattHTeJibHO npeeL1111aeT Taxoey10 y 06bJtlHb1x 3se3.Q Knacca N. C 1.teJ1h10 
ebutcHeHHSI 3BOJIIOI.\HOHHOH CTilAHA 3THx 3Be3A npoee.u.eHo reopeTH'lecxoe MOAenepoBattee ttacenemtH yrne
po,nHhtx 3Be3A (MeTO,q "CHHTeTH'leCKOH 38011101.{HH"), o6pa30DaBWHXC8 KaK B pe3yJlbTaTe 3BOJUO~H OAH
HO'IHblX 3Be3A, TaK H B pe3yJibTaTe nepeHoca MaCCbJ B TeCHbJX ABOHHblX CHCTeMax. IloKa3aHO, ttTO yr:1('• 
pO.((Hbie 3Be3J.U,l 8 6MO BblCOKOH ceeTHMOCTH H C 6onee BblCOKOH, ~ceM y 60JibUIHHCTBa, 3<l>cpeKTH8HOH 
TCMneparypoA HaxoJVITCSI Ha paHHeH CTa.QHH acHMmOTHtteCKOH eeTBH rnraHTOB (ABf), a 66m,llIM 'laCTb 
yrnepO.O.HbJX 3Be3.t( co 3HattHTeJlbHO 6onee HH3KOH 3cpq>eKTHBHOH TeMnepaT}'pOH - Ha CT8,[(HH TenJJOBbIX 
BCnbIUieK B reneeBOM CJIOCBOM HCTO'IHHKe. 3To RO,D.TBep>K,D.aeTCSI Ha6JIIO,((eHHeM yrnepO,!lHbJX H S-3Be3,[( 

EMO B CKOnJJeHIDIX, r,((e 3TH 3Be3)lb( 'leTKO pa3AeJJSIJOTCSI Ha J{Be rpynrrbl no 3cpcpeKTHBHOH TeMnepaType. 
B [aJiaKTHKe, 00-BH,ilHMOM)', TilKHX '.3Be3A He AOJI>KHO 6b1Tb, TilK KaK rrpH 60JJblllibc 3Ha'leHH.RX co.qep>KaHHJI TSl
)t(eJJblX 3JieMeHTOB 3Be3Abl cpeAHen Maccb1 Ha pauHeii CTastHH ABr He AOCTuraKYI' BhtCOKHX cBeTHMOCTeH. 

Yrnepo.n;Hbie 3Be3.D:bl, HaXO~BeCH Ha CTa,U:HH ABf, Kor.n:a B reJJHeBOM CJIOe ·npoHCXOWITTeruIOBble 
3BOJJJOU:HH aCHMilTOTH't.feCKOH eeTBB rHra.HTOB BCilblWKH, snepe1,1e OTKpbITble npH 'IHCJieHHbIX pac-

(ABr), H3-38 oco6eHHOCTeit HX cneKT{)OB H3BeC'rHbl tfeTax 3BOJIJO~ 3Be3.n;bI l M0 illeapu;WHJJb.Jl:OM H 
c KOHU:a XIX B. 0)].HaKo .u:a)Ke e o63ope 1973 r. [l], X3pMOM B 1965 r. [8]. Ilpo~ecc nonepeMeHHoro Mep
r.n:e no.n:po6HO OilHCaHbl cneKT{)hl 3TB.X 3Be3.n;, yr- HOro ropeHIDI B remieBOM H eo.n:opo)].HOM CJioeBblX HC-

Bep)K)].aJIOCb, 'ITO HX CTci'AH.R 3BQJIJOU:HB HeH3BeCTHa. T0'1HHICax, OKp}')KaJOID;HX Bbipo:>K'AeHHoe yrnepo.n:Ho-
Ha'IaJIOM COBpeMeHHoA: Teopmi 3BOJJJOu;HH 3Be3)]. ABf KBCJIOpoA}loe SI,U;po B 3Be3.n;ax MaJJl,IX H cpe.n:HHX Mace, 
cne,izyeT C'IHTaTb pa6oThI H6eHa (2 - 7]. CornaCHO BnepBbie 6h1Jl paCCMOTpeH s pa6oTax [9, 10] . .sI.n:ep-

coepeMeHHbIM rrpe.n:cTaBJieHIDJM, Ha C'rcl'AHH ABf Hble peaKu;ee ropeHIDJ reJIHSI B CJJOeBOM HCTOtffiHKe 

3Be3.n;a COCTOHT H3 BblpO:>K'AeHHoro yrnepo.n:Ho-KHCJIO- npHso.n:srT K 06pa3oeaHHJO yrnepo.n:a, a TaK)Ke, npe:: 
poA}loro Mpa, OKpy}KeHHOro .D:B)'MSI CJIO.slMH, B KO- peaK~X 3aXBaTa Hei'rrpOHOB npH s-npou;ecce, H K 
TOpbIX HAYT H.n;epHble pea~ (eo.n:opo.n;HblH H renue- o6pa30B3HHIO TH}KCJiblX 3JieMeHT0B. Henocpe.n:cr-
BhIH CJIOH), H 6oraroe: eo.n:opo.n;oM OOOJIO'-IICH. B CBOJO BeHHO IIOCJie BCIIbJWKH KOHBeKTHBHa.R o6oJJOtJKa 

. oqepeAh, :na CTa,qruI pa3p;eJIS1eTCSI Ha ABe. Ha pairneii 3Be3.Jl:bl AOCTeraeT CJIOSI C H3MeHHBWHMCH BO apeM.sl 

. CT3.D:HH ABr BOAOpoAHbfU: CJIOH npaKTH'ieCKH HeaK- BCilblWKH XHMBtJCCKHM COCTaBOM D. BbIHOCHT 3TO Be-
THBCH, 661Ibllia.R qaCTb 3Heprm1 BbI1);CJJ.SleTCH B rene- ~eCTBO Ha rroeepxHOCTh. 3TO H eCTb TaK Ha3bIBae-

/ eeoM CJIOe, KOTOpbIH H3XO.Jl:HTCj[ uenocpeACTBCHHO MbIH III npo~ecc BbI'Iepnb1BaHHj[ (Ill dredge-up). 
;;:, ua.n: yrnepOAHO-KHCJIOpO;IUibIM MPOM. H3-3a MaJioro IlepBble ;a;ea npo~ecca BbJ1·1ep1Ib1BaHWI CBSl3a.HLI C 

'-=. BbIAeJteHIUI 3HeprHH B BOAOPOAHOM cnoeBOM HCTOtf- npOHBKHOBeHHeM KOHBeKTHBHOH o60JIO'IKII B ue;a;pa 
/ RBKe Macca 6e3eo,:i;opoW{oro .sIApa OCTaeTCSI npaKTH- npH 3BOJ1JO~H 3Be3.D:bl B.Jl:OJlb BeTBU KpaCHblX rnraH-
. 'ICCKH IlOCTOSIHHOli, a reJIHeBblH BCTOt{HHK .D:BH)KCTC.sl TOB, B pe3yJ11>TaTe qero Ha nosepxHOCTB He3H3'1H-

•. Hapy.>K:y. Ha 3TOH CTa.rtHH BbIHOC nop;sepnnerocH TeJJbHO H3Me{IHeTC.R OTHOCHTeJibHOe KOJIH'leCTBO 

:; JrAepHbIM peaKD;WIM ee~eCTBa uapy>K)' ue npoe:cxo- 3neMeHT0B CNO H HX H30Tonoa. IloApo6Ho 3TH cra-
\. ~BT, XHMHtfeCKHH COCT3B aTMOCq>epbl OCTaeTCH no- AHH 3BOJIJO~HH OIIHCaHbI B o63opax [11 - 15]. 
· . . Cl'OSIHHblM, O.Jl:H3KO HeCKOJJbKO H3MeHHBWHMCSl B pe-
\. lYJJbTaTe npeAbI.D:Y~HX CTa;a;u:A 3BOJIJOUHH, Kor;a;a H3-3a HCKJIJO'IHTeJibHOro 3Hat.IeHIDI MOJieKyJibl 
~~. KOHBeKTHBHasJ o60JIOtJKa npoHHKaJJa 8 Te CJJOH, r;a;e co B cneK'Ipax 3Be3)]; Il031);HHX cneKTf)aJlbHbIX KJiac-

5: pauee wne: Sip;epHbie peaKIJ,HH ropeHH.sI eo;a;opo.n;a. COB yrnepo.n;ubte 3Be3)J;bI, OTHomeHHe KOJrn'leCTea 
~,. . aTOMOB yrnepo.n:a K KOJIHtJeCTBY aTOMOB KHCJJOpOAa 
~.~· Kor)J;a o6a cnoeBblX HCTOt{HHKa (nono.>K:eH11e B KOTOpblX 60JibWe e;a;HH~I (C/0 > 1), BhI)J;emIIOTCSI k' MaKCHMam,Horo BbIJ:{eJieHHSI 3Heprnu) pa3.n;emieT cpeAB KHCJIOpOW{blX 3Be3;a; (C/0 < 1) Aa)Ke C no~ 
;t; . TOm,Ko OKOJIO 0.05 M0 , ~epHbte peaK.IUffl. B eo,1wpo.n:- MO~hJO cneKT{)OB MaJioro pa3pemeHH.R. 3ro .n:aeT 
f: HOM CJIOe aKTHBH3HPYJOTC$1, a renHeBbIH Ha'IHHaeT oc- B03MO)KHQCTb KJiaCCHq>H~HpOBaTb Aa)Ke 3Be3Abl I.: IIRJtnHpoBaTL. 3ro npHBO~RT K aaqany TOH cr.mae 841 cpaBHIITeHLHO HB3KOli CBeTIIMOCTH, B TOM qucne o e 



842 tl>PAH~AH, IlbIJlEBA 

6JtmKaliWHX raJJaKTHKaX. CornaCHO COBpeMeHHOH 
TeopeH 3Bomot(IIH, yrnepoµ:H1,1e 3BC3AJ>I o6pa3y10T
c.s1 Ha CT8AHH TenJIOBbIX BCilbJWeK, Kori.a npOHCXO

.AHT IlOBTOp.sIIO~HC.sl BbIHOC yrJJepo.n:a H3 He]q) 3Be3,Abl 

B o6oJIOqKY· J])I.sI TOl'O, 'tJ'I'06bl OTHOWeime C/0 CTano 
60Jibllle e.t(HHHqbl, 0,1:lHOH ecm,1mKH B reneeBOM CJIO
eBOM HCTO'lHHKe He,AOCTaTO'IHO. BeJJB'lUHa C/0 pac
TeT noCTeneHHO, C H3MeHeHHeM cneKTJ)aJtbHOro 

THila 3Be3,Abl (B 3aBHCHMOCTH OT 3Ha'leHH.sI C/0) B no
CJie,AOBaTeJibHOCTH M - MS-S-SC-N [ 16]. TaKru1 
cxeMa 3BOJIIOD;HH no):{TBep~aeTc.R Ha6mo,n:eHIDJMH, 
HanpHMep, 3Be3A cKom1eHH.sI NGC 1783 B :SonbWOM 
Marem1aH0B0M 06nax:e (6MO) [17]. B 3TOM cKon
JJeHHH ecrb MHoro 3Be3A ABf, pacnpe.n:eneHue cneK
TJ)3JibHbIX KJl8CC0B KOTOpbIX no ceeTitMOCTH xopo
wo no.n:Teep)l(.n:aeT nocreneHHblB nepexo.n: OT 3Be3A 
Knacca M K yrnepo.n:m.1M e npo~ecce 3BOJIIOD;HH c 
yeeneqeHHeM ceeTHMOCTH BAOJib ABr. 

O;o,HaKO HMeeTCK HeCKOJibKO THDOB 3Be3;o,, IlOKa-

3bIBaIO~HX yeenuqeHHoe co.n:ep)l(aHue yrJiepo.n:a, HO 
KOTOpbie, corJiaCHO 3Ha qeHH.SIM RX CBeTHMOCTH H 

3cpcpeKTHBHOH TeMnepaT}'pbI, He HaXO,A.sITC.sI Ha era

.AHif TenJIOBblX BCIIbJWeK B reJIHeBOM CJIOe Ha ABr. 
K T3KHM 3Be3)J.aM OTHQCj{TCSI 6apHeBbie 3Be3,Abl, 

3Be3.t(bI Knacca S 6e3 TexHeu;m1 (3TO 3JJeMeHT c 
KOpOTKHM nepHO,AOM nonypacna;o,a), CH-3Be3;D,bl, 

CH-cy6ruraHThI, yrnepOAHbie KapnHKH. Ilpupo;o,a 
3THX 3Be3A ceiiqac HHTepnpeTupyeTC.sI B paMKaX cu;e
HapH.sI 3BOJIIOD;HH TeCHblX ABOHHbIX CHCTeM. Ilpe.o;no

JiaraeTCJI, qTo AO CTa,AHH o6Mena MaCCOH e .ABOHHOH 
CHCTeMe nepBB'lHcUI (6o.11ee MaCCHBHaJI) KOMIIOHeHTa 
npo3BOJIIOD;H01U1poBaJJa AO CTaJJ;HH ABf, KOrJJ;a 
o6onoqKa o6oraTenacL yrnepo,n:oM H :meMeHTaMH 
s-npouecca. Ilo JJ;OCTB)l(eHHH 3TOii 3Be3JJ;Oil noeepx
HOCTH Powa (HJIH B pe3yJlbTaTe HHTeHCHBHOro 3Be-

3AHOro eeTpa) qacrb ee~eCTaa nona.n:aeT Ha MeHee 
M3CCHBHYIO KOMilOHeHT}', KOTOpaJI B H3CTOJIW.ee epe

M.SI R Ha6nio.o;aeTCSI KaK 3Be3JJ;a C HCKOTOpblMH oco-
6eHHOCT.SIMH XHMH'lCCKoro COCTaBa, xapaKTepHbIMH 
.t(JISI 3BC3A ABf, XOTj{ caMa AO 3TOH CTa,QHH e~e He 

np03BOJII0UHOHHpoBana. Ilop;po6Hee 3BOJIIOUHOH

HblH cueHapuH, npUBOA.SIW.HB K o6pa30B8HHIO 3Be3J{ C 

H36LITKOM yrnepoAa H 3JieMeHTOB s-npon:ecca, onu
caH e pa6oTe [ 18]. HacToJ1mru1 pa6oTa noce~eHa 
pe3yJibT3TaM HCCJieJJ;OB8HHJI 3BOJIIOl.l;ROHHOH CT8,AHH 

yrnepop;HblX 3Be3,A Bb1COKOH CBeTHMOCTH, 3q>q>eK

THBHcUI TeMnepaT}'pa KOTOpbIX 3Ha'IHTeJILHO BbIWe, 

1:leM y 3Be31];, H3XO)J.Sl~HXC.sI Ha CTa1];HH BCilbIIlleK B re

JIHeBOM cnoeBOM HCTO'IHHKe. TaKue 3Be3.J:tbl H30JIIO
A8IOTCJ1 B MareJIJI3H0BblX 06naKaX, CBeTHMOCTb HX 
BblCOKasI (HROI1(a )'.J,a)l(e BbJWe, 'leM y o6bt'IHbIX yrne
POAHblX 3Be3JJ;), a 34>cpeKTHBHcUI TeMnepaT}'pa 3Ha

qwreJILHO npeBbllllaeT TaKOBYIO J{JISI 3Be3A, naxoµ:.s1-

~HXCSI Ha CT8,AHH TeilJIOBbJX BCilbIWeK B reJIHeBOM 
CJJOeBOM HCTO'-IHHKe. 3BOJIIOI(IIOHHasI CTa)J;H,SI 3THX 
39e3p; HCCJJe,AoBaHa C npHBJJel.feHHeM cqeHapIDI 3BO
JIIOUHH TeCHblX ABOHHblX CHCTeM. 

YrJIEPO,UHbIE 3BE3,Uhl BbICOKOJ.f 
CBETIIMOCTH B MAfEJ1J1AH0BhlX 

06JIAKAX 

B pa6oTe [19] npHBeJJ;eHbl pe3yJibT8Tb( q>OTOMeT
pHH yrnepoJJ;HbIX 3Be3JJ; IlOJlSI B 6MO, KOTOpbie paHee 
6bIJIH OTKpblTbl KaK CH-3Be3)J;hl [20, 21]. 6bJJIO noKa-
33HO, 'ITO CBeTRMOCTb 3THX yrnepOJ:tHblX 3BC3A He 
TOJlbKO npeBbIWaeT CBeTHMOCTb 3Be3A BeTBH Kpac-. 
HbIX fBra.HTOB ran:aKTH'leCKOrO HaceJieHIDI II ntna H 

CH-3Be3A, HO uuor.o;a npee1,1maeT J:(a)l(e M1,o1:: -5~5. 

a ,QJI.SI 3Be3,A HaH60JiblllCH CBeTHMOCTH Mbol -6".'0. 
Ho \JTO caMoe YAHBHTeJII:,HOe - y 3TBX 3Be3A 3q>
q>eKTHBHcUI TeMnepaT}'pa 3HaqHTeJibHO Bbillle no 
cpaBHeHlno C o6bl'rnbIMH yrnepOAHbIMH 3Be3.rtaMH 
KJiacca NB 6MO (cM., HanpuMep, [221). C11paBe.nnu
BOCTH pane cneµyeT cKa3aTb, 't!TO enepe&1e cyw,ecT
eoeaHHe yrnepo,UHblX 3Be3A BbICOKOH CBeTHMOCTH B 
cpaBHHTeJibHO BLICOKOH 3q>cpeKTHBHOH TeMnepaT}'

poe: 6bIJJO OTMe'leHO e pa6oTe [23]. 
B y)l(e ynoMSIHyTou: pa6oTe [19] unepBLJe c.o;ena

ua IlOilbITKa o6'bSICHHTb HaJIH't!He yrnepoAHblX 3Be3.o; 
BbICOKOH CBeTHMOCTH H 3<pcpeKTHBHOH TeMilepa

TYPbl JIHWb HX MOJIOAblM B03paCTOM. Hanuque .i:tBYX 

\feTKO pa3,neJISIIO~HXC.SI rpynn yr11epO,!UlblX 3Be3,Q 
B1>1coKoii ceeTHMOCTH s EMO (I - c THIIlf'lllOH AJIJI 
6oJJblllHHCTBa 3Be3Jl: KJiacca N 3q>q>eKTHBHOH reMnepa
TYJ)OH, II - co JHa'lH'reJJbHO 6onbmeii 3<pcpeKTHBHOH 
TeMnepaTYJ)OH) o6'bHCH.SleTC.sI ABYMSI 3fl0Xa.MH aKTHB

HOI'O 3BeJA006pa30B8HIDI B 3TOH raJiaKmKe - He
CKOJibKO MHJIJIHap.o;oB JieT Ha33A B OKOJIO 108 JieT Ha-

33,Q, npHtteM IlOCJleJ:(mm nepHOA 3Be3.t(006pa30BaHWI, . 
B03M0)l(HO, ew,e npo.nomKaeTCSI H B HaCTO~ee epeMSI.· 

HaH6onee cepLeJHbIM apryMeHTOM a noJib3Y 3roro Ja
KJIIOtJeHH.sI J1BJ1,S1eT01 BBA ,nHarpaMMbI "QBeT-cuem
MOCTb" AJI.SI M-ruraHTOB Il03l{HHX cneKTJ)anbHbIX KJiac

COB BblCOKOii CBeTHMOCTH B 6MO [24, 25]. 6&IJIH qeT
KO BbI1];eJJeHbl nee ABr )];JI.SI 3THX 3Be3)];, H aBTOpbI 

npHWJIH K 38KJIIOqeHHIO, 'ITO 3TH .n:ee BeTBH CB.S133Hbl 

c ;o,ayM.R anoxaMH 3Be3.n:oo6pa3oeauH.S1. TaKoro )Ke, 
no HaWeMY MHeHHIO, OWHOO'lHOro BbIBOJ:J;a rrpH,D.ep
)l(l{BalOTCH e aBTOpbl He,naBHHX pa6oT [26 - 28]. B Ha:
weu pa6oTe [29] y.nanocb · 06'bS1CHHTb J:{Be o6nacrH 
KOHQeHTJ)a~ 3THX 3Be3,n Ha ,AHarpaMMe "QBeT-CBe

THMOCTb". npe,nnonaraSI IlOCTOSIHBYIO CKOpOCTb 
3Be3,n:oo6pa30BaHH.sI, HO npHHHM8SI BO BHHM3HHe J{Be 

cpa3bl ABr (paHH.sul CTa)];HSI ABr H CTa,AH.sI BCilbimeK 

B reJIHeBOM CJIOeBOM HCTOt.JHHKe) . .Uanee Mbl noKa
)KeM, 'tJ'I'O pa3J];eJieHHe yrnepo,AHblX 3Be3,A BblCOKOH 

ceeTHMOCTH Ha 3Be3,Ubl C HH3KOH H 6onee BblCOKOH 

acpcpeKTHBHOH TeMnepaTypou: TaK)Ke CB.sI3aHo c yno
MSIH)'TbIMH ABYMSI cpa3aMU ABr. 

MO,UEJ111POBAHI1:E HACEJ1EHI1M 
YrJIEPO.UHblX 3BE3.U 

BbP!HCJieHHe Mo,nene11 3Be3,n Ha CTa.AHH ABr smn.R
eTCSI HCKJIIO'llfreJibHO CJIO)l(RbIM H TPYAoeMKHM npo
I.\ecCOM. I1o3TOMY AJl,SI BbJqH_CJieHml 3B0Jll0u;HOHHb1X 

ACTPOHOMHlfECKl111 )l(YPHAn TOM 72 M 6 1995 



YfJIEPOJ:(HhIE 3BE3)lbl BbICOKOH CBETMMOCTII 843 

nocnenoaaTem,HocTeH Ha Bceii ABr 06b1qHo npe

MeHsnoT TaK Ha3b1BaeMb1H MeTO,!J. "CHHTeTlf'lieCKOH 

3BOJUO[\HH", KOI'Aa HCilOJib3YeTCH cpaBHHTeJibHO 

npoCTOH anropHTM, OCHOB3HH.b1H Ha aHaJIHTuqecKHX 

Bbipa>KeHIDIX, nonyqeHH.bIX npH ToqHblX Bbrqucne

HIDIX OTAeJI.bHblX MOneneii. BnepBbie T3Krul MeTOAH
Ka ucnonbJOBanacb B pa6crrax [30, 31 ]. QenblO Ha

cro.s1~eii pa60TbI 6bmo nocTpoeHue reopernqecKHX 

pacnpeneneHUH CBeTHMOCTeH yrnepOAHbIX 3Be3µ. Ha 

AB[, o6pa3ylO~HXCSI KaK B pe3yJibTaTe 3BOJIIOQHH 

on1rnoqHbIX 3Be3,q, TaK H B pe3yJihTaTe nepeHoca 
M3CCbl B ABO:UHOH CHCTeMe C 6onee MaCCHBHOH (nep
BH'IHOH) KOMilOHeHTbl, KOTOprut ycnena CT3Tb yrne

POAHO:U 3Be3A0B, Ha MeHee M3CCHBHYIO (BTOpHqHylO). 

B era The ( 18] noJJ:po6Ho orrucaHa MeronHxa u anro

pHTM Mone1IHpo.saHIDI pacnpeneneami 6apHeBLIX 
3BeJn no caen1MOCTH (npeJJ:nonarWI, ~o 3BeJJJ:bI Ha

XOJJ:SITc.sr Ha BeTBH KpaCHblX mraHTOB). B HaCTO~eu 

pa6oTe HCilOJibJOBanacb Ta :>Ke nporpaMMa Bblquc

neHHB C A06aBJieHHeM paHHeH CT3Jl:HH ABr .IVISI BTO- · 

puqHoii KOMilOHeHTbl. IlapaMeTJ)bJ 3Be3n Ha 3TOH 
CTa,!J.HH ( CBeTHMOCT.b, 3q>cpeKTHBHrul TeMnepaTYpa, 

apeMH 3BOJIIOIJ,HH) Bb1qecmmHcb cornacHo pa6oTaM 
M:6eHa H PeHQHHH (11, 32] ,!J.IDI Ha'iaJibHoro XHMHqe

CKOro cocraaa Z = 0.001, Y = 0.25 (oTHOCHTem,Hoe 

conepJKaHue no Macce T.sr:>KeJibIX aneMeHTOB H re

mra). HeAaBHO ony6JIHK0BaHa pa6oTa [33] , e KOTO

poH npHBe.I(eH.bI IlOJ:(p06Hbie T36JIIIl.\bI napaMeTPOB 

3BOJIIOll,HOHHbIX MO.I(eJieH 3Be3n Ha paHHee: cranHH 
ABr, O.I(HaKO, K CO}KaJieHHIO, .I(JUI Bbt6paHHoro H3MH 

XHMHtieCKOro COCTaBa JIHWb .I(O M3CCbI M = 3 M0 . 
TI03TOMY B Hameu nporpaMMe npHWJIOCb HCilOJib30-
BaTb 3HaJIHTH'leCKHe Bblpa:>KeHIDI, npHBe.I(eHHbie B 

pa6oTaX [ 11, 32]. Ha pHC. 1 npHBe.I(eHa JaBHCHMOCTb 

MaKCHMaJibHOH CBeTHMOCTH (6oJIOMeTJ)HtJeCKrul ee

JJHqHHa) 3Be3A Ha paHHeH CTaJJ:HH ABr, Bbll{HCJieH
H3Sl no <l>opMyJie H3 pa6oTbl [32] (KpHBrul 3) H H3 

Ta6JIHJ:~ [33] (KpHBaSI l - MaKCHM3JlbHaSl CBeTHMOCTb, 

. KpHBM 2 - caemMOCTb 3Be3]{, npOBe.I(WHX Ha paHHeH 

CTaJ:(HH 90% BpeMeHH). no KpaHHeH Mepe no M = 3 Mo 
RcnOJih3oaaHHbie aaaJJHTHtJecme Bbipa>KeHHSI xopo-

• WO cornacylOTCSI C Il0.I(p06HbIMB Bbl"IHcneHIDIMH MO

}. neneii 3Be3A, npoae.I(lllHx Ha 3TOH crawm 90% speMe

:,\ HH. B .I(eHCTBHTeJibHOCTH MOryT BCTpe'iaTbC.SI 3Be3.I(bl 
... eme 60JibllleH CBeTHMOCTH (npHMepHO Ha 1 m), HO f TaKHX 3Be3µ: .I(OmKHO OblTb MaJIO H3-3a ycKopeHH$1 

;.\'. pocTa cneTHMOCTH B KOHll,e paHHeH CT3.I(HB ABr. 
°;i; Ha pHC. 2 IlOK333HO, KaK H3MeHSleTCSI CBeTHMOCTb 
} 3Be3.I( M = 3 MO Ha paHHeH CTa.I(HH 3BOJIIOll,HH co ape

if MeHeM .I(JCSI BbICOKoro H HH3KOro conep:a<aHIDI TSlJKef JlblX 3JieMeHT0B. AHaJIHTH'ieCKHe Bblpa>KeHJUI, n pH

?;.: Be)J.eHHb(e B pa6oTax [11, 32] H HCil0JJ.b30B3HHbie B 

i,,. H3WHX Bbl'iHCJieHH.sJX, xopowo cornacylOTCSI C .I(aH

l.':' HblMH, npHBeJ]:eHHbIMH B [33] .I(JISI RH3Koro COACp}l(a
":. HIDI TSl:>KeJiblX 3JieMeHTOB. 
• . ! 

~i.;, 
t#: Bbl'IllCJieHHe 3BOJIIOIUm O.I(IIHO'iHbIX 3Be3.I( H nep-
~:;/. BH'iHbfX KOMDOHeHT ,!J.BOHHbl X CHCTCM Ha CTa/:(HH 
~~ BCilbIIIIeK B CJIOeBOM reJIHeBOM HCTO'iHHKe Ha ABI' 
'f ' 
t~i 

M1,o1 

-7 

-6 

·-5 

-4 

-3 

2 4 8 
M!Mo 

PHc. 1. 3aBHCHMOCTb ceeTHMOCTH 3Be3}l Ha paHHeA cra

AJUf 3BOJUOUHH ABf OT MaCCbT: / - MaKCHMaJlbHlUJ CBeTB· 

MOCTb corJtaCHO Ta6J1HU3M, npHBe]leRHblM B pa6oTe [33) 
AJUI Ha•,aJJbHOro XHMH'ICCKOro cocraea Z = 0.00), Y:: 0.2; 
2 - ceeTHMOCTb JBCJA cornaCHO TeM )KC Ta6JtHI.{aM, HO 

npoee}lWHX Ha 3TOff CTaAHH 90% epeMCHH; 3 - MaJCCH
MaJlbHaSI CBeTHMOCTb cornacHO aHaJJHTHqe<:XHM 

Bblpa)l(CHKSIM H3 pa60Tbl [32]. 

M1w1 

-5 

-4 

0 2 10 

PHc. 2. 3aeHCHMOCTb CBeTHMOCTH 3BC3A OT speMCHff 

a eon10t..1HH Ha paHHCH CTa)'.{HH ABf. / - cornacHo AaH-

HblM HJ Ta6nHI.{, npHBCJlCHHblX e paooTC (33] wi.11 M = 3 M0 • 
Z = 0.02, Y = 0.2; 2 - TO )l(C AJJH Z = 0.00); 3 - corJJaCHO 

aHaJUfTH'ICCKHM Bblpa)KCHH.SIM HJ (32). 

npoBOJJ:HJIOCb no aHaJIBTB'tleCKBM q>OpM)'JJaM, nony
'ieHHbIM Ha OCHOB3HRH TO'iHblX Bbl'iHCJieHHH MO.I(e

Jie~ 3Be3;D; [7, 31]. ,[(m1 Oll,eHKH HHTeHCHBHOCTB nore

pH MaCCbI HcnoJib30Banac1, q>opM)'na PeHMepca [34] 

M = -4 x 10-13a.LR/M (M0 /roµ,), r.I(e L, R, M - coe

THMOCTb, PaJJ:HYC H Macca 3Be3,!J.bl B COJIHe'iHblX eAH

HHUax. Ko3q>cpHI~HeHT CX npHHHMaJICjl paBHbIM en:n
HHQe, OJJ:HaKO "caepxBeTep" (35] Y'tlHTblB3JIC$I nyTeM 
yoeJIHqeffIDI o 10 pa3 ( a = 10) HHTeHCBBHOCTH IlOTe

pH MaCCbl npH AOCTIDKeHHH 3Be3.I(OH CBeTHMOCTH 

M1x,1= -5".'5. 110Ap06HO MeTO,!J.HKa BbI'fflcnelDISI pac

npe.I(eJieHHH O.I(HHO'tlHh1x 3Be3]{ ABr no caeTHMOCTJIM 

ormcaaa B pa6ore [36], TaM )Ke npHoeneHbI apryMeHTL1 

,, , ACTPOHOMHt.IECKHff )l(YPHAn TOM 72 M 6 1995 
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844 <l>PAH~MAH, IlbinEBA 

B nom.3y npeADOJIQjf(CfiWI O 3Ha'IHTeJibHOM yseJIH
'ieRBlt HHTeHCHBHOCTH nOTepH MaCCbl 3Be3Aa.MB ABr 
no AOCTH}KeHHB onpeAeJieHHOH cseTHMOCTH. 

PE3YTihTATblPACqETOB 
Pe3yJibT3Tbl BbPIHCJtemm cpyHK~HH CBeTHMOCTH 

yrnepoAHhIX 3Be3A aa ABf noKa3aHbI Ha pHc. 3 H 4 
AJUI ABYX pa3HblX COAepjf(aimit nl}KCJlbIX 3JICMeHTOB 

n/N,% 

18 

14 

10 

6 

2 

r· .... 
I 
I 
I ... 

\ • • 1 • 
I. •• 

- 2 

... .... -, .. 
-4 
M bot 

-6 

he. 3. Bbl'tHCJleHHoe pacnpeAeneHHe yrnepoAHbIX 3BC3A 
no CBeTIIMOC'l'H AJUI OTHOCHTenbHOI'O COACp)l(aHHR 'Nl>Ke
n blX aneMeHTOB no Macce Z = 0.002. Koa<p$HURCHT a B 
<popMyne Pd!Mepca AJUI HHTCHCHBHOCTH noTCpH M3CCl,I CO-

CTaBJlRCT a= I AJJR M1,o1>-5".' 5 Hex= 10 AnR Mbo1<-S".' 5. 
COJIOWHa.11 nHHHR - yrnepOAHbJe 3BC3Abl Ha CTaAHH Ten
Jl0 Bb1X BCObIWCK Ha ABf. llJTpHXOB3R JIKHHR - 3Be3,nbl 
Ha p aHHeA CTaAHH ABf (3TO TC yrnepo,QHble 3BC3Abl, KO
ropble CTanH TaKOBblMH B pc3yJ!bTilTe 3BOJJIOl.lHH TeC· 
HblX ABOAHblX CHCTeM). N- oOu~ee KOJIH'tCCTBO 3BC3A, n
KOJ1H'ICCTB0 3Be3A B HHTepeane 3Ha'leHHA Mbol· 

n/N, % 

26 

22 

18 

14 

10 

6 

2 

. . . . . 

- 2 

·--.. 
-- , .. -.. . . -. ' 
-4 
M 1,o1 

-6 

PHC. 4. To )l(C, 'ITO Ha pHc. 3, HO ,11,Jlll Z = 0.005. 

(OT~aJO~CR e 2.5 pa3a). 5:lcuo, 'ITO o6pa3oBaHe.e 

yrnep<>AH1,IX 3Be3A DpOHCXOAJIT 6bICTpee B 3Be3A3X C 

HB3KHM COAep>KaHBeM nl}KCJJblX 3JieMeHTOB, TaK KaK 
B 3TOM CJiy'lae HH3KOe COAep>KaHBe KHCJiopo;a;a Tpe-

6yer MeHbme yrnepo;a;a, seeceHHoro s aTMocq>epy, wu1 
TOI'O 'ITOObl KOJUNecreo aTOMOB yrnepo;a;a npeBbICH

JIO KOJIH'leCTBo aTOMOB KHCJIOPOAa (C/0 > 1). 3'ro xce 
HMeeT MeCTO H npe o6pa30BaHHH yrnepOAHblX 
3Be3Jl B pe3yJILTaTe nepeHoca ae~eCTBa OT nepeeq

um1 3BC3.JlbI (yrneponeoA) Ha BTOPHtfHYIO, MeHee 
M3CCHBHYIO, 1.ITO conpoBO:>l(,QaeTCR nepeMeWHBaHH

eM 3TOI"0 ee~eCTBa C OOOJJ011KOH BTOpH'IHOA KOMilO

HeHTbl ( HJIH nepeMeIIJHB3HHCM eceA 3Be3Abl, ecJJH 

nepeHOC MaCCbl IIpOHCXOAHT, Korna BTOpH'IHcUI KOM
IlOHeHTa H3XOAHTCR e~e Ha rnaBHOA noCJie;a;oea

TeJJbHOCTH). CWIOWHOA JJHHHeii Ha pHcyHKax noKa-

38HO pacnpe;a;eJJeHHe yr nepoAHbIX 3Be3;a; Ha CT~HH 
TeilJIOBblX BCnbIWCK B renHeBOM CJioeBOM HCTO'IHH

JCe, a WTpHxoeoA BL1neneHL1 Te yr11eponuL1e 3De3ALI, 

K0Topb1e uaxoA.srrcR ea paHHeA CTa;a;eH ABr (nepe

HOC MaCCbl npOH30WeJI Ha npe;a;bl]l~BX CTaABRX, 
KOrAa BT0pH'1Hrul KOMnOHeHTa Obina Ra rJiaBHOH n o 

cnenoeaTeJJbHOCTH, B CTaAHB cy6rnraHTa, rnraHTa 
HJIH na>Ke y>I<e Ha paHHe'A CTaAHR ABf). XoTSI H e Ma

JIOM KOJIH'ICCTBe, HO yr11epoAHbie 3De3Abl BbICOKOH 

CBeTHMOCTH Ha paHHeA CTcl,l(HH ABr AOJI>I<Hbl 6bJTb, 

;D;OCTHI'rul 60JIOMeTpH'leCKOii BCJIH'qHHbl M bot = - 5 ".' 5 

~JIR Z = 0.005) H Mbol = -6".'5 (;a;m1 Z = 0.002). Kone

'leCTBeHHO cpaBHHTb nony'leHHbie TeOpeTH'leCKHe 

pe3yJJbT8Tbl C Ha61110;a;eBID1MH noKa HeJJb3JI H3-3a 0 '1-

CyTCTBHSI ;a;oCTaTO'IBOI"O Ha6monareJJbHOro M3Tepe

ana. MO}KHO JIHWb OTMeTHTb Ka'leCTBCHHOe corna

CHe C AaHHblMH, 0 KOTOpbIX roaopHTCR B pa6oTe [ 19]: 
Ha 11000 06bI'1HbIX yrnepOAHLIX 3Be3A B BMO HMe

eTCst OKOJIO 100 yrnepOAHblX 39e3.q C BbICOKOii acp-

cpeKTHBHOH TeMneparypoii e M bol < -4'?6, XOTSI eCTb 

KOCBCHHble CBBAeTeJibCTBa Toro, 'ITO B HeKOTOpbIX 

o6nacrsrx EMO 3TB 3Be3AbI MoryT sc-rpetJaTLCR 3Ha

'fflTeJJhHO 'iaI.Qe. Ilocne,Wtee ;a;omKHO 6bITb CBSl3aHO 

C 33BHCHMOCTblO o6pa30BaHID1 yr11epo;a;HbIX 3Be3A OT 
Ha'laJibHoro xHMJNecKoro coCTasa • .r(eACTBHTeJibHO, 

HMeJOTCJI MHOrOtJHCJteHHble CBHAeTeJibCTBa Toro, 

'ITO cpeAH cpaeHHTeJibHO Mono;a;oro 3Be3;a;Horo uace
neum1 BMO HMeeTCR 6orrLmou pa36poc Ha'lan&Ho

ro XBMH'leCKOro COCTaBa, AOCTHraJO~ no'ITH no
pSl;a;Ka BeJIHqJ{Hbl [29, 37 - 40], Ha o6JiaCTBX c HH3KHM 

conepjf(3HReM Tjljf(eJiblX 3JieMeHTOB o6pa30D3HHe 

yr11eponHbIX 3Be3,IJ; 3HaqwreJibHO 0611e1"'IeHO. 

TaK.HM o6pa30M, MO:>KHO yYBep>K,tl;aTb, 'ITO Hace
JJeHBe yrnepo;a;HblX 3Be3)]; 60JJbWOB ceeTHMOCTH He 

OAHOp<>AHO, a COCTORT H3 OO"beKTOB, uaxo~mcc.R 

Ha ABYX pa3HblX CT~~HSIX 3BOJIIO~. PaccMOTpHM Te
nepb Ha ;a;uarpaMM~ f ep~wnpYJlra-Peccena o6naCTH, 
33HHMaeMbte 3THMH rpyrmaMH 3Be3,IJ;. Ha pHC. 5 fiOKa-
33HO pacnono)KeHHe 3THX o6nacreu cornacHo HauJHM 
Bbl"lHCJieHHSIM AJijf HH3KOro H BblCOKOro CO,t1;epjf(3HID{ 

TJl}KeJiblX 3JieMeHTOB. MaKCHM3JlbHasl ceeTHMOCTb, 

ACT'POHOMH\JECKHft )l(YPHAn TOM 72 M 6 l 995 



Yf flEPOAHbIE 3BE3JJ,bl BhICOKOH CBETl1MOCTl1 845 

AOCTHraeMaSI 3Be3]:(aMH Ha o6eux CTa]:(H.8X 3BOJUO

l\HH, cpaBHHMa, HO 3HattHTenbHO OTJIHtt3eTC$1 acp

q>eKTHBffajl TeMneparypa - 6onee Bb1coxasr xapax

TepHa All$! 3Be3):{ Ha paHHeii CT3AHH ABr. TaKHM o6-

pa3oM, eCTb OCHOB3HIDI CB.833Tb yrnepOAHbie 3Be3Abl 
BhlCOKOH. CBeTHMOCTH H 60JibWeR, tleM y OOJibWBH

CTBa N-3Be3A, 3q>q>eKTHBHOH TeMneparypbI C 3TOA 
CT3AHCH 3BOJUO.qHH. 

YKa3aHHOe OTJiuqee 3q>q>eKTHBHblX TeMnepa'ryp 

jl8]JjleTC.8 TeM Ha6mo1(aTeJibHbIM napaMeTpOM, KO

TOpbIH no3BOJ1$leT pa3JUl'ntTL 3Be3AbI ABr, e TOM 

t.fHCJie yrnepOAHbJe, OTHOCR~ec.R K ABYM rpynnaM, 

COOTBeTCTBYJOI.qHM J:(BYM CT3AH.RM 3BOJIJO.qHH - paH

HHii CT3].l;HH ABr H CT3JJ:HH TeilJIOBbIX BCilLIWeK B re

.JJHeBOM CJIOeBOM HCTOllHHKe. Oco6eHHO 3TOT acp

cpeKT AOJDKeH 6bITb JaMeTeH B CKOWJeHH.RX, T3K KaK 

B 3TOM CJiyqae MO)KHO npeAROJIO:>KHTb O].l;HHaKOBbiii 

XHMH"<IeCKHH COCT8B ecex BXO]l.RI.qHX B Hero t.fJleHOB. 

Ilpe)KJ:(e qeM npoeepHTb, IlOATBep}l(,QaeTCSI JIH 3TO 

Ha6JIJOAeHIDIMH, paccMOTpHM, AJI.R KaKHX CKOnJieHHii 

3Be3Ab1 Ha paHHeH CTaAHH ABr AOCTHraJOT BblCOKHX 
CBeTHMOCTeH. Ha pHc. 6 IlOK333Ha 3aBHCHMOCTb cee

THMOCTH 3Be3A ABr Ha paHHBX CT3AH.RX 3BOJIJOI\BH 

OT Ha'tfaJibHOR M8CCbJ. 3Be3,:l;bl Ha paHHeii cranuu 

3BOJIJO~ JJ:OCTHraJOT BbICOKOH CBeTHMOCTH JIHWb B 

CJiyqae 60JibWOH M3CCbJ, "ITO COOTBeTCTeyeT MOJIO

JJ:bIM CKOOJieHIDIM. ,I:(m1 M > 5 M 0 CBeTBMOCTb 3Be3A 

B KOHIJ;e paHHCH CTa]:(HH 3BOJIJO~HH AOCTHraeT CBeTB

MOCTH 3Be3µ:, B KOTOPLIX npoHCXOJl:.8T TenJIOBble 

BCilbllliKH B renueBOM CJioeBOM HCTO'UlHKe, TaK 'lTO 

no CBeTHMOCTH 3TH 3Be3Abl OTJIH"IBTb HeJib3SI. 

0AHaKo, KaK 6bino cKa3aHO BbIWe, 3Be3JJ;LI 3Haqn

TeJJLHO OTJJH'l8JOTC.8 no 3q>q>eKTIIBHOH TeMnepaTYpe 
(pHC. 5), oco6eHHO 3TO Jl:OJI)KHO 6b1Tb BbipIDKeHO B 

CKOilJieHH.RX - TaM OTCyrCTByeT 3cpq>eKT CMellleHIDI 

nono)KeHIDl 3Be3J:t Ha AHarpaMMe rep~wnpyHra--Pec

cena no 3cpq>eKTHBHOH TeMneparype H3-3a pa3JlH

ttim H3"<13JlbHOro XHMHqecKoro COCTaBa. ,I:(aHHble HH

q>paKpacHOH Q>OTOMeTpBB 3Be3A Il03AHHX cneKT
paJibHblX KJl3CC0B B CKOilJleHIDIX B Mare1I1IaH0Bb1X 

,. 06JiaKax, Ha OCHOB3HHH KOTOpbIX onpeAe1IeHLI 6o
JIOMeTpHl{CCKHe eenuqHHbI H 3cpcpeKTHBHbie TeMne

\ : paTYpbI, npaeeJJ:eHbI B pa6oTe [41]. K coxaJieHBJO, 

:i. H3-3a OTHOCHTeJlbHOH MaJIO'IHCJICHHOCTH yrnepOA
.. '/ HblX 3BC3A BLICOKOH CBCTHMOCTH Ha paHHeii cra):(HH 

,. ,. ABr (pHC. 3, 4) Bepo.RTHOCTb HaJIBtJIDI T3KIIX 3Be3A B 
;'.j: CKOilJieHHH Mana. O.x.HaKO AJl.8 npoeepKH npewiono

. ~\' >KeHIDI O HaJIH'IHH 3Be3A BbICOKOH CBeTHMOCTB Ha paH
./ Heu CTa,QHH ABr MO)Kl{O HCil0.1ll,30BaTL 3Be3J:tbl KJJ3C(r. C3 S. fioCJieJ(Hee BpeM.R 3BOJIJO[(IDI cneKTpaJibHOrO 

rf · THlla 3Be3A B nocne):(OBaTeJibHOCTH M-MS-S-SC-N t:.: IlOJJ;BepraeTC.R COMHeHHJO B CBR3H C OTKpbITHeM 

]~t:\ 3Be3Jl: KJiacca S B ra~aKTBKe, B KOTOpbIX He HaOJIJO

ir AaeTCjl 06pa3yJOUJ;HHCSI npH BCilbJWKaX B reJIHeBOM 

~ft( ~OeBOM HCTOl{HHKe TexHe~HU - 3JieMeHT, He HMeJO-
i.;.tr..···.. W V ;;J;: IIUIH ycTOH'iHBbIX H30T0Il0D. JTO roeopHT O TOM, 

1f. 'ITO ttaCTb S-3Be3A He H3XOAHTCSI Ha 3TOA CT31(HH, 

IA.npu'leM, rro-BHAHMOM)', HMeHHO 3TH 3Be3.Ubl SIBJISIJOT

~ \CSl ABOHHbIMH. IloJ:(poOHOMy o6cy}l(,QeHHJO eonpoca 0 

/i :~ 
ACTP0HOMI1qECKl1fl )KYPHAn TOM 72 M 6 
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3.4 

PHc. S. TeopeTH<JeCKH Bb1•mcneHHL1e rpaHHUbl o6nac
TCA, JaHHMaeMLIX 3Be3AaMH Ha paHneA CTaAHH ABf (I) H 

CT8AHH TCMOBblX BCilblWCK B renHCBOM CJlOCBOM HCTO<f
HHKe (IJ). CnnoWHLJe nHHHH - RH3KOe Hatfam,Hoe COAep

)K8HHC Tj()l(CJILIX :meMCHTOB (Z = 0.002), IDTpHXOBblC -

6JIH3KOC K COJIHC\!HOMY (Z = 0.016). 

2 4 6 8 
M/M0 

Pac. 6. 3aBHCKMOCTb CBCTHMOCTK MOAeneA 3BC3A C KH3-
KKM COACp)l(aHHeM TH.)J{CJlblX 3JICMCHTOB (Z = 0.002) Ra 

pa3HblX C'l'a,IIHSIX 3BOnJOQHH OT Maccbl: J - naqano 
paHHeA craAHH ABf, 2 - KOHCQ Ha•tanbHoA CTllJtHK ABf, 
3 - Ha<fanO TennoBblX BCOl,JWCK 8 renHCBOM CJlOCBOM HC

TO<fHKKe, 4 - KOHeu CTa,nHH ABf. 

npoHCXO>JCAeHBB 3Be3A KJiacca S oe3 TeXHeLUUI no

CBSl~eHo MHOro pa6oT, cpeAH noCJiel{HHX MO)KHO 

ynoWIHYTh [42 - 45]. ECTb ece OCHOB8HIDI Cl{HTaTb, 

"ITO npoRcxo~eHHe S-3Be3A BbICOKOH CBeTHMOCTH, 

B KOTOpbIX He Ha6JIJOAaeTC.8 TeXHe~Hii. CBSI38HO C 

3BOJIIOIJ,BeH ABOAHbIX 3Be3A, H B HaCTO.R.m;ee epeMJI 

OHH H3XOJl:.8TC.8 Ha paHHeii CT3AHR ABr. T.e. B 3TOM 

CMbICJie .8BJI.8JOTC.R aHaJioraMH yrnepOAHbIX 3Be3A 

BbICOKOA CBeTHMOCTH C IlOBbJmeHHOH 3cpcpeKTHBHOH 

TeMnepaT}'poii:. B Ta6nH~e npusel{eHLI A3HHbre AJISI 

1995 



846 cl> P AHI.(MAH, IlblJIEBA 

YrnepO'AHhl e H S-3Be3Abl BbJCOKoii cseTHMOCTH (Mbot < 
< - 4~5) s EMO 

Q) ~ 
I 

~ 8 Cra-
CKOD- t ,...., :r "' c,:s c,:s 

c,:s t c,:s Cl) r~ Mbct lgTe AHSI == JieHne Sh,, i:: M t"'l ABr 0 Cl) Cl> >:S: t")o 
IO 1:1: C: -o_ u~ i:c - 0 :c 

NGC 1987 0.44 LES C -5'.'128 3.422 II 
LE3 C -4.98 3.408 II 
LE1+2 s -5.59 3.557 l 

LE4 s -4.82 3.533 I 
NGC 1783 0.44 FMBI7 C -5.49 3.467 II 

LE3 C -5.15 3.443 II 
LE4 s - 4.61 3.445 II 
LE2 s -4.53 3.456 II 
LE9 s - 4.80 3.541 I 
LE5 s - 4.55 3.544 I 
LEIO C - 4.56 3.548 I 

NGC 1846 0.64 LE5 C -5. 14 3.418 II 

LE3 C - 5.10 3.422 II 
LE6 C -5.08 3.430 ll 
LE4 C - 5.1 3 3.428 II 
LE2 C -4.94 3.413 II 
LEI C -4.90 3.417 II 
LEJ3 s -4.67 3.541 I 
LES s -4.47 3.542 I 

NGC 2213 0.38 11 C - 5.30 3.441 II 
LEI C - 4.68 3.401 II 
LE3 s - 4.55 3.540 I 

NGC 1978 0.26 LE3 C -5.55 3.407 n 
LEI C - 4.96 3.420 JI 

LE6 C - 4.83 3.487 I 
NGC 1718 0.38 l C - 5.41 3.377 II 

3 s -4.56 3.499 I 
2 s -4.50 3.511 I 

yrJiepoµ;HbIX H S - 3Be3µ; BbICOKOii CBeTBMOCTB B CKOn

neHWIX a EMO. B nepsoM cronor(e npaBeAeH HOMep 
CKOWieHWI, J].anee - B03pacT, onpeJ].eJieHHbIB no cse
THMOCTH 3Be3J]. Ha ABr [46], 0003HalfeHHe 3Be3J].bl, 
crreK-rpanhHhIH KJiacc, 6onoMe'I'pH'lecKrur: eeirn11uua, 
3q>q>eKTHBHast TeMneparypa cornacHo pa6ore [41] , 
CT8,ll;IDI ABr, OnpeJ].eJieHHrul Ha OCHOBa.HHH 3q>cpeK
THBHOH TeMneparyphl (I - paHHS1S1 cTaJl.WI ABr, II -
CTaJ].IDI BCilbIUleK B rem1eeoM CJIOeBOM HCTO"tfHBKe). 

Bo ecex npoae)l.eHHbIX B Ta6nfil\e cxom1eHID1X Moxc
HO 'leTKO pa3J].eJIHTb 3Be3J].bl C 6onee HH3KOH H oonee 
BblCOKOH 3q>q>eKTHBHblMH TeMneparypaMH. 

BhIBO,lJ;hl 

l. YrnepOJJ.Hbie 3Be3,D;bl C BblCOKOH CBeTHMOCTblO 
H c 6onee BblCOKOH, 'leM y 60JlbUlHHCTBa yrnepoAHbIX 
3Be3)'.(, 3q><peKTIIBHOH TeMnepaT}'POH, H8XOWITCSI 

Ha paHHell CT~HH A Br. Oco6eHHOCTB HX XHMHqec
Koro cocraea (C/0 > 1) B03HHKJIH e pe3yJibTaTe rre
peHoca MaCCbJ 8 TecHOii ABORHOH CHCTeMe, KOrJ].a B 
MOMeHT 3aITOJIHeHIDI o6naC'rH Poma nepBH'llHrul KOM
noHeHTa 6&ma yrnepoAHOit 3Be3JJ.Oli Ha cra,n:HH Ten
JlOBLix BCilbIUleK B renHeeoM CJIOeBOM HCT011HHKe. 

2. B ranaKTHKe TaKue 3ee3)'.(bI He MoryT o6pa3o
BbIBaTbCSI, TaK KaK npH 6om,1IJHX 3Ha'1eHHSIX co.n:ep- . 
X<aHIDI TSDKeJibIX 3JieMeHT0B 3Be3J].bl cpe,IUleB M3CCbl 
(M = 4 - 8 M0 ) Ha paHHeH CTaJJ.HH ABr ne JJ.OCTeraroT 
BblCOKHX CBeTBMOCTeii. 

3. YKa3aHHbIH e pa6oTe [19] q>aKT, 'ITO B BMO 
yrnepOJJ;Hbie 3Be3.t{hl C 60JibWeH 3cf>cpeKTHBHOH TeM
nepa-rypoii MOryT ,t:(OC'rHraTb CBeTHMOCTH Mbol = - 7m, 
a 061,1qm,1e yrnepOJJ.Hbie 3Be3,n:hl - JIHWb Mbot = - 6m, 
MOXCHO o6'MICHHTh aq>cpeKTOM BbiropaHIDl yrnepo)'.(a 
Ha )'.(He KOHBeKTHBHOH o6onoqKe 3Be3)'.( B KO~e 3B0-
Jil0l\HH na ABf (eo3MOXCHO npeepall.leHHe yrnepo.n;
HOH 3Be3JJ.hI cuosa B 3Be3Jl.Y KJiacca M) [31]. 

4. Bo MHornx MOJJOJJ.bIX cKonneHDSIX e EMO 
3Be3p;bl Il03)'.(HHX cneKTpaJibHblX KJI8CC0B (N- R 
S-3Be3.n;bl) BbICOKOU CBeTHMOCTB p a3)'.(eJI.SUOTCSI Ha 

J].Be rpynm,1 - C 6onee HB3K0B 3cf>cf>eKTHBHOH TeMne
parypoH ( CT3,t:(WI BCil.l,lllJeK B renHeBOM cnoeBOM HC
TO'IHHKe) a 6onee BbICOKOH (paHWISI CTap;esr ABr). 
B ManoM MarennaHOBOM 06naKe 3TOT acf>q>eKT He 
CTOJib BbipaxceH, T3K KaK TaM MeHbme MOJIO,t:(blX 
CKOWieHlm, B KOTOpbIX 3Be3,t:(bl Ha paHHeB CTaJ].HH 
ABr MOryT AOCTHraTb BblCOKHX CBeTHMOCTeH. 
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High-Luminosity Carbon Stars in the Early Asymptotic Giant Branch Phase 
© 1995 r. Yu. L. Frantsman and N. A. Pyleva 

There are high-luminosity carbon stars in the Large Magellanic Cloud (LMC) whose effective temperatures are 
well above those of ordinary N -type stars. To elucidate the evolutionary stage of these stars, the populations of 
carbon stars formed as a result of both single-star evolution and mass transfer in close binary systems have been 
theoretically modeled by the method of synthetic evolution. It is shown that high-luminosity carbon stars in the 
LMC with effective temperatures greater than those of most of the LMC stars are in the early asymptotic giant 
branch (AGB) phase, while most of the carbon stars with significantly lower effective temperatures are in the 
phase of helium-shell flashes . This conclusion is confinned by the observation of carbon and S-type LMC stars 
in clusters where these stars are clearly separated into two groups according to their effective temperature. 
It appears that such stars cannot be present in the Galaxy because for large heavy-element abundances, inter
mediate-mass stars in the early AGB phase do not reach high luminosities. 
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MULTIPROFILE- IlAKET DPOfPAMM ADDPOKCHMAIUIH JIHHHH 
B 3BE3JJ;HLIX CDEKTP AX 

© 199S r. 0. M. CMepuoa, T. A. PJ1011HKoea 
HHcmumym acmpoHoMuu, Moc,caa , PoccUR 

nocrymma s pe,qaK~1uo 18.07.94 r . 

npe,1v1o>KeH MeTOA 6bICTpoH annpOKCHMaUHH 3Be3AHOro cneKTpa cyMMOH OTAeJibHb(X cneKTpaJibHbIX JIH
HHH. CooTBeTCTBYJOLUHH naKeT nporpaMM MP peanu3oBaH AJIJl nepcoHaJihHbtx KOMnhrorepoe e no3BOIDl
eT DOJIY'UfTh AJIHHbl BOJJH, 3KBHBaJJeHTHble WHpHHb(, rny6HHhl H nonywHpHHbl OTAeJU,Hb(X JIHH}[J{, COCTaB
JUIJOUU'.IX cneKTp 3Be3,l(bl. KpaTKO o6cy>K.QaJOTCj( pa3JJH1.!HhJe aCTp0cf>H3H'feCKHe npHMeHCHffj(. B Ka'leCTee 
npHMepa pa60Tbl MP npeµ;craeneHb( pe3yJibTaTbl H3MepeHHJl nyqeebIX CKOpoCTeH B cneKTpe AB0HHOH 
3BC3Ahl Tuna RS CVn I; And. 3TH HJMepeHHJI HcnoJ1bJoeaHb1 AJIJt yro'-IHCHHJI 3JJeMeHroe op6HTbI. 

1. BBE.t(EHHE 

B HaCTosn:~eH CTaT&e npHBeAeHo oIIHcaHHe npo
rpaMMbl HHTepaKTHBHoro npu6JIIDKeliIDI npoqmneit 
cneKTpaJJ&HhIX JJHHHH MultiProfile (MP), HeK0Top1>1x 
ee npHMeHeHJfH B 3Be3,i:tHOii cneKTpOCKOilHH, a TaKxe 
cpaBHeHHe TO'IHOCTH annpOKCHMal\HH, nonyqeHHOH 
C IlOMOll..\bJO MP, C pe3yJJbTaTaMH DOA06HbIX naKe
TOB nporpaMM. 

t.1To )Ke co6oii npeuCTasm1eT MP? 3To - HHTepaK
THBHasI nporpaMMa AJUI npe6JJH)KCHIDI yqaCTKa cneK
TPa cyMMOH npoqmneu OTAeJibHhrx cneKTPaJibHhIX 
JJHHHH. MP smn.sreTC$1 qaCT&JO naKeTa npeKJiaT-(HblX 
nporpaMM AJUI o6pa60TKH Il3C- H peTHKOHHbJX 
3WeJJbHbIX cneKYpOB, KOTOpbIH, B CBOJO oqepe,nb, BXO
JJ;HT B CHCTCMY o6pa6oTKH H306pruKeHHii pc-lPS [1], 
peaJJH30BaHHOH Ha nepcoHaJibHblX KOMilbJOTepax. 
IlocKoJibKY pc-IPS HMeeT MHO)KeCTBo rpacpeqecKmc 
B03MO)KHOCTeH, TO nporpa.MMbI, noJJ;o6Hb1e MPH pe
walOll..\He peanbHbie HayqHJ,1e Ja,na"IH, Moryr uc
nonL30BaTb 3cpq>eKTHBHbIA, CHa6)KeHHbIH pa3BeTB
JJCHHb(M MeHJO Il0Jlb30BaTeJlbCKHH HHTepcpeik. 

MP pa6oTaeT c npe:ee,neHHbIMH K ypoBHJO KOHTH
HyyMa 3Be3JJ;HblMH cneKTpaMH B KOOpl:\HHaTax "JVIH
Ha BOJIHbl-OCTaTO'IHaH HHTeHCHBHOCTb", T.e. pa6o
Ta MP Hat.lHHaeTCSI noCJie OKOH"tlaHIDJ CT3HJJ;apTHoro 

npol\ecca o6pa6oTKH cneKTPQB, MHoxecTBO eepcun: 
KOToporo peaJIH30BaHbI s pa3JIH\JHbIX o6cepsaTo
pHKX H acTpOHOMHqecKHX yqpe)K}:\CHHSIX MHpa. B Ha
CTOSU.I.(HH MOMeHT pa6oTa MP orpaHWie.Ha cneKTpa
MH norno~eam1. 3TH cneKTphT MoryT 6L1Tb norryqe
HbI KaK B peJyJJbTaTe o6pa60TKH Ha6JIIOJJ;eHHH 
BHYTPH pc-IPS, TaK H MoryT 6bITb eeeueHbI H3BHe. 

2. IlPOI'PAMMA MULTIPROFILE 

THmf"rna.si pa6oTa MP Ha1u1HaeTcS1 c onpeuene
HHSI ypoBWI wyMoB HCCJie;ttyeMoro cneKTpa, ;ttanee 
o6o3Ha'I.JaeMoro KaK a . YpoBeH& wyMa o~eHHBaeTcSI 
KaK cpe;ttHeKB~paTH'IHOe OTKJIOHCHHe OT IlOJIHBO-
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MUaJI&Horo npH6JIHXeH.WI Ha yKa3aHHOM D0Jlb30Ba
Te.JieM Y'IaCTKe HJIH r1aCTKax cneKTpa. OnpeueJieH
HbIH TaKHM o6pa30M ypoBeHb wyMa 3anBCbIBaeTCSI B 
6a3y µ;aHHbIX pc-lPS BMeCTe co cneICTpOM, fl03TOMY 
JIJOOb1e noCJieAyro~e o6paw;eHIDI K MP MOfYT npo
nycTHTb 3TOT war µ;JUI µ;aaHoro cneKTpa. Cneµ;yeT 
OTMeTHTb, 'ITO eCJIH ypoBeHb wyMa 3apaHee HJBec

TeH H3 Apyrux HCTO'IHHKOB, TO IlOJib30BaTeJlb MOXCT 
cpa3y yKa3aTb ero JaaqeHHe. 

,[J;aJibHeHWaH pa6oTa c MP BKJIJOqaeT .t(Ba OCHOB
HbIX Moµ;yn.sr: IlOHCK cneKTpaJILHbIX JIHHHH H np~
u:eAypa npH6JIHXCBW1. 

2.1. Mooy.nb nouc,ca cneKmpaAbHbtX AUHUU 

Ilto6oH anropHTM annpoKCHMall;HH TPe6yeT OT 
noJib30BaTem1 3aµ;aHm1 Ha'laJibHbIX 3Ha'tleHH11 napa
MeTPOB. B CJJyqae 6oraTbIX JlHHIDIMH cneKTpOB 3TO 

MO)KCT oKa3aTbcsr µ;oaon&Ho TPYAoeMK.HM npot~ec
coM. ,Unst 06nertieHID1 3aAa'lJH, MP BKJIJOtiaeT B ce6sr 
MOJzyJib aBTOMaTH'ICCKoro IlOHCKa cneKTP3JibHLIX 

JIHHHH. OT noJib30BaTem1 Ype6yeTCjl JIBWh ou:eHHTb 
(AOCTaTO'lJHO CACJiaTb 3TO BeCbMa rpy6o) npH6JJH3H
TeJibHO nonywupuuy (FWHM) JIBHHH, H YK33aTb ee 
nporpaMMe. 

Ou;eHKa wyMa o6ecne'IltBaeT nonyqeHHe ABYX 
BIDKHbIX xapaKTepHCTHK MP-anropHTMa: KpHTepIDI 
aBTOilOHCKa H sepxHHH npeAeJI µ;aHHbIX. (high good da
tum, HGD). HGD o6blttHO ncnoJib3YeTCSI .t(JJjl y6upa
HIDI KOCMffqecKHX 'tlaCTHu;. Bee 3Ha"tleHIDI OCTaTO'IHOH 
HHTCHCHBHOCTH Bblllle HGD RrHopupylOTCSI B npou;e
Jzype np1t6JIH.}l{eHW1. Ilo yMonqaau10 HGD = 1 + 4cr. 
KpHTepHH aBTOilOHCKa (no YMOJltJaHIUO OH paBeH 
1 - 4a) ucnonb3yeTcH B anropHTMe noucKa nmmii, 
Bee 3HaqeHID( MeHbWe 3Toro KpHTCpIDI paccMaTPH
B8IOTCSl KaK JJOTCHU:HaJibHbie KaHAHAaTbl ,i:tJISI u;eHT
poB JIHHHH. 

Moµ;yJib IlOHCKa JIHHHH OT06pa)KaeT HaH)J;eHHbie 
u:eHTp&I Ha 3Kpane noeepx caMoro cneKTPa, nocne 
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-qero Il0Jlh30BaTeJib MO.>KeT yKa3aTh AOilOJIHHTeJib
Hbie JUIHJUI HJIH y6paTh JIHWHHe. ECJIH MOAYJib IlOHC
Ka JIHHHH BbI3bIBaeTC.sl nocne 3aBepmeHHSI npH6JIH
)KeHHSI r1aCTKa cneKTpa, TO 0To6pa)Ka10Tcst pacc'l.fH
TaHHh1e IlOJIO)KeHWI JIHHHH. 3TO Il03BOJUieT 
npoBOAHTb TaK Ha3bIBaeMoe "HttrepaKTHBHOe pa3-
)].eJJeHH.e 6JieHA" - aBTOMaTHqecKHH IlOHCK mfHHH, 

a1mpOKCHMa~ID1, npOCMOTp pe3yJibTaTa Ha npeAMeT 
rrpony~eHHblX JIHHHH, OTMeTKa npony~eHHhlX fiH

HHH B MO)'.(yne IlOHCKa, IlOBTOpHasr annpOKCHMa~B.SI, H 
T.A. IlOJib30BaTeJih MO)KeT TaJOKe npo'llITaTb AaH
Hhie H3 eaemaero BbIXOAHoro <pauna MP, coxpamrn 
T3KHM o6pa30M pe3yJU,T3TbI pa6oT Ha mo6oM 3Ta
ne, qTo6bI 3aTeM npOAOJDKHTb pa6oTy C Toro )Ke Me
CTa Ha cneKTpe. 

2 .2. M ooy.llb npu6.1ZuJ1Ce1-tW(, 

MoAynh npH6JIH)KeHIDI MP annpoKCHMHpyeT 
Ka)K.ny10 cneKTpaJibHYJO JIHHHJO rayccnaHOH, xapaK
TepH3YJO~ei'kH TpeM.SI napaMeTpaMH: ~eH'rp, BbICOTa 

H nonyrnnp1rna. JlHHHH, pacnoJio)KeHHbie J.lOCTaTO'I
Ho 6JIH3KO Apyr OT Apyra (3 aeJIH'IHHbI FWHM no 
YMOJPiaHHlO, HO 3TO MO)KeT OblTh H3MeHeHO qepe3 

O,!lHO H3 Memo), paccMaTpHBaJOTCSI KaK npHH8,!lJie

)1{81.I(He K OAHOJi rpynne H npu6JUf)KaJOTCj{ O)'.(H0Bpe

MeHHO. IloCKOJihKY MbI HCCJienyeM cneKTpbI, npHBe
)].eHHbie K ypoBHIO KOHTHHyyMa (mrn nceB)].OKOHTH
HyyMa B cny--rne Kpb!JJheB B0A0POAHb1X JIHHHH) , TO 
MP acer,[{a Hcno11b3yeT 6a3oay10 JUIHHIO c 3KBnea
JieHTHOH WHpHHOH, paBHOH 1.0. 3To He .stBJJSleTCH 
npemITCTBlfeM, nOCKOJlbKY mo6bie cneKTpbI MOryT 
6hITb HOpMaJIH30BaHb[ C IlOMQmbJO nporpaMMbl 
Continuum Fitting H3 naKeTa cneKTJ)3JibHOro aHaJIH-
3a pc-IPS. 

2 .2 .J. A.llzopum.M. npu6J1Lace11.UR 

MP peamnyeT MOAMcfmu,HpoeaHHblH anropHTM 
X2-MHHHMH3aU,HH MeTO.QOM TieseH6epra-MapKaHAa, 

co.a;ep)Ka~HHC.sJ a (2). CyTb anropHTMa CBO)].HTCS[ K 
CJieAyJO~eM)'. ilycTb Mb[ Ha6JIJO)'.(aeM HerrpepbIBHYIO 
<J>ym<U,HJO ( cneKTP) y(x) B TO'!Kax x 1 , ••• , xn . Ha6n10-
]].aeMbre 3Haqemu1 .Y; = y(x;) + CJ;, r,IJ,e cr; ecTb myM a 
TOl.[Ke X;, a HMeHHO, HeKOTOpasr cny"laHHa.st BeJIHtJH
Ha, npo KOTopy10 Mhl npep;nonaraeM JIHWb, tfTO ee 
pacnpe,IJ,errem,e sepO.SITHOCTR 6JIH3KO K HOpMaJihHO
MY c napaMeTpaMH (0, CJ). CneKTp Mo.nem1pyeTc51 
aHaJJHTHl.feCKOll <pyHK~eH/(x; p), 38BHCSl~en: OT Ha-

6opa napaMeTpoe p = (p1, ... , Pm). 3a.ua'la 3aKn10qa
eTcH TOM, 'IT06bl HaHTH TaKOH BeKTOp napaMeTpOB 
p<0

\ 'ITO <PYHKU,IH1/(x; p<0>) B TO'!Kax X1, .. • , Xn Hamryq
WHM o6pa30M npH6JJH)KaJia 6b1 Ha6JIJO]J.aeMb1e ,naH
Hhie Yi , ... , y,,. JJ:n.s1 on:eHKH Ka"lfeCTBa rrpH6JJH)KeHHS[ 
B0)].HTC51 <:pyHKU,mI 

II 

2 I" 2 X = 0 ~ (f(x;;p)-y) 
i = I 
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H 3a,IJ,aqa np06m1)KeHIUI CBOJJ.HTCH K MHHHM:UJal(HH 

X2(p) no p. 
OOJlbllJHHCTBO MeTOAOB MHHHMli38l{HH 3aKJIJO'ia

lOTCSI B 3a,AaHIIH Ha'l:IaJihHbIX 3H8'JeHHH napaMeTpOB H 
noCJie.ny10w;ero HTepaTHBHoro HX ynyqrneHnsr. I1Mesr 
Ha Ka:>K]J.OM mare 3Ha'leHt-Ie p, Mbl HUJ;eM TaKoe Op, 
'JT06bf x2(p + op) ObIJIO MeHbllJe X2(p), nocne qero 
nepeXOAHM B TOt.JKY p + Sp H IlOBTOpsreM npoue.nypy. 
Pa3Hb[e MeTOAhl MllHHMA38l{lUI npe):IJiaraJOT pa3Hble 
CITOCOObl HaXO)K]J.eHH.s1 rrorrpaBKH Op. Pa3JIO:>KHM. 

x2(p + op) B P"A Teirnopa 

2 2 1 ~ 2 X (p + op) = X (p) +lop+ 2opHop + o(l<>PI ), 

r)].e / = (ox2Jap;) - BeKTOp nepBblX npOH3BOW{hIX 
(SIK06HaH), a H = (cJ2X2 (dp,dp) - MaTJ)HU.a BTOpbIX 
npoH3BOAHhIX (recc0aa). Ha0:6onee pacrrpocrpaHeH
HbIH (B c1rny CBOeH OTHOCHTeJibHOH npoCTOTbI) Me

TOA rpanHeHTHoro cnycKa npeP,naraeT npeHe6pe'Ib 
'iJieHOM CO BTOpOH np0H3BOJJ.HOH, H HCil0Jlb30B3Tb 
Op(I) = -')._- I/ (T.e. )'.(BHI'8TbCSI B HanpaBJieHHH, o6paT
HOM rpa]J.HeHry); npn 3TOM rrapaMeTp A., o6paTHO 
nponopu.:noHaJibHblH wary, MO)l(JIO yaeJIH'IHBaTb 
HJJH yMeHblll3Tb WJHaM0qecKH. C Apyroii CTOpOHb[, 

MO)((ffO y-':leCTb qJieH CO BTOpOH npoH3BO):{HOH, H 
Torna "onTHM3JlbHbIM" Bp 6y,IJ,eT, KaK HeTpyAHO no~ 
Ka3aTb, op<2) = -H-1 /. 3TOT I10AXOA, oqeBR)J,HO, II03-

BOJUleT nyqwe yranaTh nonpaBKY s c11y1:1ae, Kor;qa 
napaMeTpH'ieCKaSl nosepXHOCTb B OKpeCTHOCTH p 
)].OCTaTO'JHO npoCTa (T.e. npH MaJIOCTH npOH3BOAHbIX 
BbIClllero nopSJ,AKa), HO He Il03BOJISleT yMeHbIIIaTI, 

mar nmr npoxo)K}lem1S[ CJIO)KHbIX noeepxHOCTeH, KaK 
3TO B03M0)KH0 npH rpa)].HeHTHOM cnycKe. 

OcHOBHaH HP,esr MeToAa TieeeH6epra-:MapKaHAa 
(JIM) 3aKJI10qaeTc51 B KOMOHHHpoaamrn. ABYX nonxo
.I\OB, a HMeHHO: 

op= -(H + '"A.)-1
/. 

IlpH A - oo, MeTOA CTpeMHTCH K rpa)].HeHTHOMY 
cnycKy c MaJlbIM waroM, rrpH A. - 0 MeTo,a: c-rpe
MHTCSJ K op<2). Co6CTBeHHO anrop.HTM TIM 3aKJJJOqa
eTC.SI B AHHaMHqecKOM ynpasneHHH A.: 

1. IlyCTh Ha ,a:aHHOM mare HMeeTCSJ 3Hat.JeHHe na
paMeTJ)OB pH A.. BbPUICJIHM bp H cpaBHHM HOBOe 3Ha

qeHHe X2 CO CTapbIM. 

2. E cJIH X2(p +Op)< X2(p), TO nepeXO,QHM B HOBYJO 
TO'IKY, H yMeHbWaeM A. Ha IlOpSI.QOK: p - p + Op, 
11. - A/ 10. IloBTOpHeM npo~eJWPY. 

3. EcJIH X2(p + bp) > X2(p), TO OCTaeMC.SI B )laHHOH 
TOt.JKe H yaem1q«eaeM A. Ha nopsi.noK: A - l O'J.... 

TaKUM o6pa30M, Ha " npocn,rx" yqacTKax anro
pHTM pa3f'OHSieTCSl H )'.(eJiaeT Bee 60JiblllHe m an,, HC-

6 " ,, Il0Jlb3Y.sl H HKO HaH, M reccHaH; Ha CJIQ)KHbIX y1.:1.a-
CTKaX OH nepexO)lHT Ha rpa)llleHTHbltt crrycK C MaJibl
MB maraMH. B cnyqae npH61nr}KeH0.S1 cneK1'p0B, 
TaKOH anropMTM .[(aeT 3Ha'IHTeJlbHO Jly<IWHe peJyJib
TaTbl, 'JeM 06b['iHblH rpa.[(HeHTHbIH crrycK. J:(pyrHM 
npeHMY~ecTBoM anropaTMa TIM SIBJISieTCSI ero cno-
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co6HOCTb nerKO 00):{BepraTbCSI pa3JlHqJ{bJM MOAH<:PB
KaQ{-ISIM, coxpaH}Ul npH 3TOM YCTOH'iHBOCTb ( CM. CJJe

AYIO~KH pa3.z.en). 

Bee rrapaMCTJ)hI npoqecca JIM, TaKHe KaK }'BenH
qeHue/yMeHhWeHHe pa3Mepa mara (A) H T.):~ .• a TaK
)l(e KpHTepm'.i OCTaHOBa (Hecy~eCTBCHHoe ynyqme
HHe HJIH OTCYTCTBBe TaKoBoro Ha HeCKOJlbKBX no
cne.a;HHX BTepa~HSIX, Bb[XOA 3a npe.a;eJlbI 3aAaHHOro 
KOJIH'IeCTBa Hrepau,He) MOryT 6bITb BBeAeHbl 1IOJib-
30BaTeJleM, XOTSI 06b1qHo BilOJIHe AOCTaTO"IHO 3Ha
Y.eHHH rrapaMCTJ)OB, npHFUITbJX no yMOJttfaHHIO. 

ilocne 3aeepweHW1 npoQeAyphI MP OTo6pcl)KaeT 
npD6JIH:lKeHHe Ha op1treHaJibHOM cneKTpe, pucyeT 
cneKTp OTKJIOHCHKH H BblBOABT Ha 3KpaH Ha6op na

paMeTpOB Ham1yqwero npu6nm1rnHHR BMecre c 
OlIIH6KaMH, a TaK:lKe 3Ha"leHHe 3KBHBaJieHTHOH WH
pHHbI .a;m1 Ka)KAOH cneKTpaJibHOi't JIHHHH. Ilpe.a;ycMo

'rpeHa 3ailHCb napaMeTpOB npH6JIIDKCHWI BO BHem
HHH ASCIT-q>aHJI, a TaK)Ke 003.QaHBe cneKTpa npu-
6ne:lKeHIHI BbJCOKOro palpemeHHR (T.e. TO )KC caMoe 
npe6mt)l(eaee, HO pacc~uITaaHoe Ha 6onee MCJIKOH 
ceTKe no AJIHHaM BOJIH, tteM HCCJJe.a;yeMbIA cneKTJ) 
3Be3J:(b1). 

2.2.2. Pll3oe.neHue 6AeHo u oco6ote peJKUMot 
npu6maceHUR. 

MP HMeeT cne.u;uanhHhJH ")KeCTKHii" pe)KHM 
pa6o.Tbl , npH KOTOpoM npeAfiOJiaraeTCB, qTo Bee 
npH6JIH)KaeMble mlHHH HMCIOT e,a;HHYJO no11ymupe
HY EWHM. ECJIB cneICTp S1BJisteTCS1 cneKTpOM o.a:u
HO'IHOH 3BC3Ahl, TO TaKoe npeAfiOJIO)l(CHHe pa3YMHO. 
B 3TOM pe)l(HMe MoryT 6bITb pa3peweHbl .r.a)l(e 
O\ICHb TCCHble 6ne~bl, COCTOKll.Ule H3 3 - 4 OT)l;eJib· 
HblX JIHHHH COH3MepHMOA HHTeHCBBHOCTH, KOTOpbie 
o6bitfHo He pa3pemBMbI )l;a:lKe BH3yaJihHO (npe ycno
BHH, 'iTO cneKTpaJihHOe pa3pemeHHe AOCTaTOqHo 
xopowee, T.e. HMeeTCjf Heo6XOAHMOe 'iHCJIO TO~eK 
Ha 6JteH.a;y )];ml onpeJ:{eJieHWI napaMeTJ)OB 6e3 nepe
HanmKeHIDI). Ecmt 6nen.a;a nOJIHOCThJO npe.a;craane
Ha cyMMOH OTACJlbHblX JIHHim, a Ha ApyroM yqaCTKe 
cneK-rpa )l;OCTaToqHo O)l;HHoqHblX JIHHUH, TO B npo
u.ecce npH6JJH)KeHWI O)l;HHO'lHbte JIHHHH "yAep)KHBa
fOT" FWHM, B6JIH3H peaJibHOro 3Ha"leHIDt, KOTOpoe 
MeHhWe FWHM 6neHAbl . He3anontteHne 6neHAbI 
nerKO yea)l;eTb BH3YaJILHO, no3TOMY nOJJb3oeaTeJib 
MO)KCT .a;o6aBJISITb 8 Hee JIHHHH AO Tex nop, IlOKa 
6neH)l;a He 6yAeT IlOJIHOCTblO npe)l;CT8BJieHa (H )l;aCT 
HaH6onee aepmITHoe X2, Koropoe e MP HOpM8.11H30-
eaHo K 1.0). 

"mmpa</J" Ha napa.M.empbt 

3ToT pe)l(HM pa60Tb1 TaK)Ke eecbMa noneJeH e 
npou.ecce pa3.a;eneHHS1 6neH)l;. B o6w;eM eH]\e OH .no3-
eonBeT CACJlaTb H3MeHeHUe OAHHX napaMeTJ)OB B 

npou.ecce npH6JIH)KCHH'I MeHee npeAnO'ITHTeJib
HhlM, "ICM H3MeHeHJie APYrHX, T.e. HaJIO)KHTb 
" mTpacp" Ha H3MeHeHBe HCKOTOpbIX napaMCTpOB. 

3ro fi03BOJISieT H36e)KaTb npHcyw;eii 60J1bWBHCTBY 
a11ropHTM0B MHHHMH3au,.eH npo6neMbl JIOKa.JlbHblX 
MHHHMyMOB, KOTOpa51 Bbipa)l(aCTCSI B TOM, ~ITO anro
PHTM OCTaHaBJIHBaeTCSI e 6JIH)KaAweM "Herny6o
KOM" MHHHMyMe, He AOXOASI AO 6onee rny6oKHX. 

Pe)l(HM peanH30BaH nyreM HeKOTopoA MOAHq>H
Ka~H aBTOpaMB MeTO)l;a JIM. lllTpaq> Bbipcl)KaeTCSI B 
He$1BHOM )l;06aeneHHH "cpyHKU.HH nenaJJhTH" K x2 B 
MOMCHT IlO)l;CCJeTa SIK06BaHa H reCCHaHa, KOTOpasl 

TCM 6onhme, 'lCM 60JibWe H3MeHeHHe UITpaq>yeMO
ro aapaMeTpa JIHHHH. Cne.a;oeaTeJibHO. napaMeTp 
6y.a;eT H3MCWITbC)1 TOJlbKO TOrAa, KOr)l;a "IHCToe 3Ha
'lCHHe 'X,2 yMeHbWaeTCSI HaCTOJibKO, tfTO KOMllCHCH
pyeT Ao6aaneHne nrrpaq>a; MaJieHbKHe noKanbHbie 
MHHHM)'Mbl, He )l;alO~e AOCTaTO'iHOro yMeHbme
HID!, TaKHM o6pa30M o6xoA.SITC51. B npou.ecce pa3)l;e
JieHrui: 6nem. CHaqana npH6JIH)l(alOT 6JieHAY OAHOH 
HJIH ABYMSI JIHHIDIMH, 3aTeM AaJOT WTJ)aq> ex u.eHT
paM C TeM, 'ITo6bI 3aq>HKCHp0BaTb RX llOJIO)l(CHHe, a 
3aTeM A06aerunoT H}')KHOe KOJIHqeCTBO JIHHHH AJIH 
nonHon annpoKCHMaQHH 6neH.l{.bI. Ee3 wTpa<j>a nep
s0Haqan1,Hasi napa JIHHBH MO)l(CT CMeCTHTbC$1, AO
CTHI'asl JlOKaJibHOro MHHHM)'Ma X.2, H OKOHqaTCJibHasl 

annpoKCHMa~ B HTOre MO)l(CT OKa3aTbCSI xy)Ke. 
B MP WTJ)acp .a;nsr napaMeTpa P; onpe.a;enS1eTCS1 

KBaApanI'IHOH q>}'HKU.Be:A s;(6p;) = c,<>p:_ CAo6aene

HHeM lllTpacpa MHHHMH3HpyeMasr q>yHK~HSI npeA
CTaBJieHa K8K 

x;<P+6p) = x2(p+6p)+ I,ms;(6p;). 
i = I 

IlpOH3BOAHbie ax! tap; H i:Px; /dp,cpj nerKO MOryr 

6bITb Bbl'lHCJJeHbl ( q>aKTBqec.KH WTpacp peanH3yeT
CH nyTeM ,[{06aBJieH.IDI npOH3BOAHhJX S; K nepeoua
':18JlbHOM)' SIK06HaH)' H recce.atty); npH Ka~OH HTe
parura MOAHq>~poeaHHble MaTpH~bl BbIHy}l(,QalOT 
napa.MeTp P; H3MCIDITbCSI B MeHbmeit creneHH (HJIH 

eoo6~e He H3MCWITbCSI), qeM npu OTCYTCTBHH WTJ)a
q>a. Tionh30eareJib orrpeAeJIS1eT c;, 3a.a;asa.sr .a;aa JHa
qeaHR: 6p H s1(5p) (3TO 6onee pa3YMHO, ':leM 3aAaBaTh 
Henocpe.a;CTBCHHO C;, llOCKOJlbKY n03BOJIS1eT nyqwe 

IlO'f)'BCTBOBaTb peaJibHblH MaCI1ITa6 q>yHK~HH). 
IIITpacp MO>KHO HaKJI8AhI8aTb KaK Ha OT,[{CJlbHbie na
paMeTJ)bl OTACJibHbIX JIHHHH, TaK H Ba rpynny napa
MeTJ)OB (HanpHMep, nonywnpm1y FWHM BCCX JIH
HHA) OAHOBpeMeHHO. 

OzpaHu't.eHHOe npu6Aw1ceHue 

no yKa3aHBI0 nOJib30BaTeJlH, MP TaK)l(e MO>KCT 
npoH3B0AHTb npu6nIDKeHHe Ha orpaHH'fCHHOM r1a
CTKe cneK-rpa. 3Ta B03MO:lKHOCTh TaK>Ke 61,1eaeT no
Jie3Ha )l;Jijl pa3.r(eneHID1 6neH.r(. HanpHMep, MO)l(HO 
npH6JIH3BTb OAHO KpbIJIO 6neHAbl OAHOB JlHHHCH (B 
KpbIJie BJIHSIHHe 11:pyrux JIHHHH MHHHM8JibHO ), 38TCM 
eepHyTbCSI 8 MO.QYJib IlOHCKa H )'.l06aBHTb JIHHHH, a 3a-
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Ta6J1B .. a 1. J];JJJfHbl BOJIH, 3KBHB8JJeHTHble WHpHHbl H noJiymHp HHbl cneKTpaJJl,Hbl X JJ HHJIH B cneK-rpe 3Be3,Qbl 112 Her 

lfaMepeHHS C MP H3MepeHK51 c "REDUCE" 

'A.c, A 0wH6Ka w,..,mA fJiy6eHa Onrn6Ka FWHM Owe6Ka '>..c,A O we6Ka w,..,mA fny6HH3 FWHM 

4518.512 0.005 8.6 0.052 0.003 0.157 0.0 11 4518.512 0.006 7.9 0.050 0.150 

4519.777 0.001 53.7 0.334 0.003 0.151 0.002 4519.777 0.001 53.0 0.333 0.150 

4520.165 0.006 10.6 0.045 0.003 0.221 0.014 4520.164 0.008 9.4 0.043 0.200 
4522.186 0.001 67.1 0.399 0.003 0.158 0.002 4522.186 0.001 66.7 0.398 0.160 
4522.557 0.016 15.6 0.055 0.005 0.266 0.021 4522.558 0.008 14.6 0.054 0.250 

4524.590 0.011 5.3 0.027 0.003 0.182 0.027 4524.591 0.013 4. I 0.025 0.160 

4524.882 0.010 8.5 0.045 0.003 0.177 0.025 4524.884 0.012 8.0 0.043 0.180 

4525.107 0.015 5.9 0.031 0.003 0.179 0.032 4525.106 0.018 5.0 0.029 0.160 

4525.968 0.011 6.8 0.033 0.003 0.190 0.029 4525.968 0.014 6.0 0.032 0.180 

4526.148 0.008 3.2 0.031 0.005 0.096 0.019 4526.146 0.011 3.2 0.031 0.100 

4526.384 0.013 4.3 0.022 0.003 0.186 0.032 4526.387 0.016 3.8 0.021 0.170 

4527.294 0.011 2.2 0.019 0.004 0. 106 0.029 4527.294 0.017 2.9 0.021 0. 130 

4528.169 0.010 2.4 0.020 0.004 0. 110 0.023 4528.168 0.016 2.7 0.021 0.120 

4528.437 0.006 3.6 0.035 0.004 0.096 0.015 4528.436 0.009 3.8 0.036 0.100 

4528.674 0.009 3.4 0.024 0.003 0.133 0.022 4528.678 0.015 3.6 0.024 0.140 

4529.095 0.007 7.1 0.038 0.003 0.174 0.016 4529.095 0.011 7.3 0.039 0.180 

4529.455 0.007 9.4 0.041 0.003 · 0.216 0.017 4529.455 0.011 9.5 0.041 0.220 

· 4530.374 0.002 14.6 0.096 0.003 0.142 0.006 4530.373 0.003 13.6 0.095 0.140 

453l.104 0.007 3.9 0.029 0.003 0.127 0.017 4531.105 0.008 3.2 0.028 0.110 

4532.926 0.012 4.0 0.021 0.003 0. 177 0.031 4532.928 0.018 3.3 0.019 0.160 

4533.234 0.008 6.2 0.034 0.003 0.174 0.021 4533.234 0.011 5.7 0.032 0.170 

4533.507 0.002 29.0 0.191 0.004 0.143 0.005 4533.506 0.003 28.2 0.189 0.140 

4S33.703 0.005 31.0 0.}98 0.042 0.147 0.014 4533.705 0.007 33.0 0.203 0.150 

4533.885 0.033 20.8 0.072 0.004 0.270 0.179 4533.898 0.030 18.6 0.069 0.250 

4534.108 0.032 5.5 0.032 0.023 0.158 0.052 4534.106 0.032 4.8 0.032 0. 140 
.. , 4538.405 0.010 4.2 0.024 0.003 0.164 0.024 4538.405 0.018 4.1 0.024 0.160 
,i 
;:,: 4539.549 0.015 5.7 0.020 0.002 0.263 0.037 4539.560 0.029 6.7 0.020 0.310 

{ 4540.611 0.004 7.4 
.•',)( 

0.051 0.003 0.135 0.010 4540.614 0.008 7.1 0.054 0.120 

~i -4S41.064 0.001 44. 1 0.269 0.003 0.154 0.002 4541.064 0.002 44.4 0.270 0.150 
',f:· 

0.006 8.3 0.042 0.003 0.187 0.015 4541.455 0.011 · 8.8 0.042 0.200 },f .. 4541.456 
)>• 

fl'. 4544.602 0.015 2.6 0.0 19 0.004 0.129 0.039 4544.576 0.059 2.1 0.017 0.110 
:ff 4545.089 0.012 2.9 0.019 0.003 0.142 0.028 4545.089 0.042 3.2 0.023 0.130 
:: ,{_ 4546.852 0.007 7.5 0.037 0.003 0. 191 0.017 4546.853 0.032 7.8 0.038 0.190 

.. / 4547.797 0.012 5.5 0.024 0.003 0.215 0.027 4547.796 0.052 5.6 0.025 0.220 
l .. 

' } 4548.767 0.001 44.8 0.280 0.004 0.150 0.003 4548.766 0.002 44.9 0.278 0. 150 
i '14549.028 0.003 67.0 0.414 0.012 0. 152 0.005 4549.028 0.006 65.5 0.410 0.150 

\4549.184 0.005 51.6 0.287 0.023 0.169 0.013 4549.183 0.009 53.3 0.292 0.170 
t4549.432 0.011 7.9 0.044 0.043 0.169 0.071 4549.433 0.023 10.6 0.054 0.180 

0.012 2.8 0.027 0.013 0.097 0.034 4549.594 0.025 2.7 0.028 0.090 

0.163 24.9 0.048 0.019 0.485 0.174 4549.639 0.255 17.9 0.043 0.390 

0.007 3.8 0.029 0.004 0.123 0.018 4550.221 0.013 2.9 0.026 0. 100 

0.008 3.7 0.027 0.003 0.130 0.019 4550.767 0.015 2.5 . 0.023 0.100 

0.0 17 5.3 0.022 0.003 0.230 0.043 4552.210 0.018 3.8 0.019 0.190 

0.018 2.6 0.016 0.003 0.153 0.043 4552.462 0.018 2.1 0.016 0.120 

0.013 2.1 0.016 0.004 0.119 0.030 4552.821 0.016 1.7 0.015 0.100 
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rk 

1.05 

1.00 

0.95 

0.90 

0.85 

0.80 

ri 

1.02 

+ 0.94 ..__.__.__._......._ ......... __._....._......._ ......... __._....._....__ ......... __.__._ ........... 
4518.0 4518.2 4518.4 4518.6 4518.8 4519.0 

,._ 

PHc. 1. CpaeHeHHe Ha6JJ10AaeMoro H annpoKCHMHPYJOll(ero cneKi-poe 3BeJAhl 112 Her. Cm10wtta11 JJHHHll - pac'feT c no
MOll(blO MP, nyHKTHpHaff - pac,1eT c noMOll(hlO "REDUCE", KpeCTHKH - Ha6n10nem1si. 

TeM, ll0CT8BHB illTpa<P Ha qeHTp nepBOH JIHHHH ( C 
TeM, ':IT06b1 OH He cMemancsr B npou,ecce rrpH6muKe
HHSI 6ne.H):\bl), H OCTaBHB CB060~IMH aMilJIH:TYAY H 

rronyrrmp1rny, IlOCTpOHTb HOBOe npH6JIH)KeHHe. 3Ty 

npo~eAYPY MO)KHO IIOBTOpSITh AO IlOJIHOro pa3pewe
HH.Si 6neHAbI. TaKaSI MeTOAHKa oco6eHHO 3<f>cpeKTHB
Ha B CJiyttae 6JieHA, o6pa30B8HHhIX JJ;BYMjl HJIB 6oJiee 

JIHHHSIMH CO CXOJJ;HbIMH 8MilJIHT}'A8MH. 

B JaKnJ01.Jem1e MO)KHO cKa3aTh, t.JTo MP npe,-o

crnBm1eT o6mHpHblH Ha6op B03M0)KH0CTeH, KOTO

pble npH TBOp'-IeCKOM IlO]:J;XOAe IT03BOJUtJOT IIOJib30-
BaTemo npaBHJihHO rrpH6JIH)K8Tb JJ;a)Ke caMbJe CJIO)K
Hbie cneKTpbl. ,IJ.py)Kecrsemn,10 rpacpH,1eCKHH 

HHTepcpeii:c TaK)Ke BO MHOfOM crroco6cTByeT 3q><peK

THBHOCTH naKeTa. 

3. ACTP04>H3I1qECKI1E IlPHJIO)KEHH.sI 
TIPOI1' AMMbI MP 

BbIXOJJ;HOH cpanJI MP JJ;IDI K8)KJJ;OH cneKTpaJibHOH 

JUiHHH KaK OTJJ;eJibHOH, TaK H BhI]:J;eJieHHOH H3 

6JieHAbl, co,uep)KHT cne):{ylOI.UYJO HHq>OpMau;eJO: 

AJIHHa BOJIHhI u.eH1pa JIHHHH H ourn6Ka ee onpe,ll,ene

HIDI, 3KBHBaJieHTHaSI umpHHa, rny60Ha u.eB'I'J)a JIHHHH 
c omu6Koii, nonywupHHa (nonHrui mup11Ha Ha nono
BHHe HHTeHCHBHOCTH) C onrn6KOH. Ha6op 3THX ,n:aH

HblX H onpeAemreT acrpo<j>H3H'ieCKHe npHJIO}KeHHSI 

pe3yn1,TaTOB pa6oTbI rrporpaMMbI MP: 

1) OTO)K.Jl:eCTBJieHue JIHHBH B cneKTpaX 3Be3)];; 

2) onpeAenem1e cKopocrei:i apameHHSI qepe3 cpe,::,;
Hee 3Ha'leHHe FWHM; 3) onpeAeneane paAHaJibHhIX 

CKOpoCTeH O,r(HHO'iHhIX H JJ;BOHHblX 3Be3)];; 4) 8HaJIB3 

XHMHttecKoro COCTaBa 3Be3,r(HbIX aTMOCq>ep (ttepe3 
3KBHBaJieHTHbie me:pBHbl cneKTpaJibHblX JIHHHH). 

IlporpaMMa MP II03BOJISleT AOCTaTOttHO 6b1crpo 
IlOJIY'-IHTb ece Heo6xo,n:HMble napaMeTpbl AIDI IlOJIHO

ro cneKTpaJibHOl'O aHaJIH3a KOHKpeTHOii 3Be3}:lbl. B 
Ka'ieCTBe peaJibHOrO rrpHMepa AJISI ,n:eMOHCTp~ 
TO'lHOCTH npH6JIH)KCHH$1 3Be3,n:HhIX cneKTpOB C no
MO~IO MP Mbl npHBOAHM aHaJIH3 o.n:aoro H3 yqacT
KOB cneKTpa ABOHHOH HgMn-Jse3Abl 112 Her= HD 
174933. PeTHKOHHhIH cneK-rp 3TOH 3Be3,ll,hI B o6nac

TH 4487 - 4554 A 6bm JJJ06e3HO rrpe.n:ocraBJieH B Ha
we pacnopSI}KCHHe JJ;- poM A,:i:enbMaHOM (S. Adelman) 

ACTPOHOMlil-IECKJ.111 )l(YPHAJI TOM 72 M 6 199.'i 



MULTIPROFILE - ITAKET IlPOfPAMM AililPOKCHMAUHH 853 

H3 CIIIA. OH TaIOlCe npoee11 nOA06HbIH aHaJIH3 cne
KTpa 112 Her c nOMOIULJO naKeTa nporpaMM 
REDUCE [3], KOTOpbm wepoKo ucnonLJyeTCR B 
CIIIA Ami o6pa6oTKH 3BC3AHb1X cneKTpOB BLICOKoro 
pa3peweHHSI. B OAHOH H3 nporpaMM 3Toro naKeTa 

peanH3oeaH anropHTM, nOA06Hbm MP. 3-ro - CABH
CTBCHHblii, H3BCCTHLIH aBTOpaM ony6JIHKOB3HHb1H 
aHanor H3JIO>KeHH01' BLIWe npo~e1t;ypLI B3MepeHHSI 

napaMCTpOB cneKTp3JlbHblX JIHHBR, Il03TOMY HMCH

HO ero MLI H36panu AJISI cpaeHeHIDt pe3yJibTaTOB. B 
Ta6JI. 1 npe,t(CTaBJICHa t.taCTb pe3yJJLT3T0B o6pa6oT
KH yt.taCTKa CilCKTpa 3BC3,t(bl 112 Her, nonyt.tCHHblX C 
noMO~bJO MP H REDUCE. I13Mepemu1 3KBHBaneHT
HbIX mHpHH cornacyJOTCSI c TOlfflOCTblO nytJIIIe 1.0%. 
06e nporpaMMbI 06ecne1.JHBaJOT npaKTHt.tCCKH OAB
H3K0BYJO TOtJHOCTb H3MepeHHSI ,t(JIBH BOJIH U.CHTpOB 

JIHHHH, KOTOpa.SI COCTaBJJSICT ±0.003 A AJUI He6neH
AHpoeaHHbtX JIHHHH. 3-ro 03HaqaeT, \ITO nporpaMMa 

MP Il03BOJISICT peanH30BaTb TO'IHOCTL onpeACJICHWI 
nr1eBblX CKOpOCTCH ±200 M/C. 

Ha pHC. 1 IlOK333HO cpaBHCHHe OTACJlbHblX Ha-
6JIJO}.l3CMblX yqaCTKOB CIICKTpa 3BC3Abl 112 Her C ero 
annpoKCHMaq:AeH no o6eHM nporpaMMaM. IlporpaM
Ma MP Il03BOJISICT Bbl,t(CJJHTb OTACJlbHbJC JIHHHH 

Aa)I(e e AOCTaTQqffO CJlO>KHblX 6neH,t(aX, qTo BHAHO 
Ha BTOpoM u TpCTbCM cpparMeHTax pee. 1. 

B Kaqecree unmoCTpa1~1m pa6oTbl MP MLI npHBO
AHM pe3yJibTaTbl H3MepeHIDt nyqeebIX CKOpOCTCH H 
KOppeKU,HR 3JJCMCHT0B op6HTbl ABOHHOH aKTHBHOH 

3Be3AbI THITa RS CVn t; And (HD 4502). IlpeAbIAYUJ,He 
H3MepeHIDI nyqeebIX cKopocreu H onpeAeJieHHe op-
6HThI 6LJJIH npOBCACHbl fpaTTOHOM e 1950 r . [4] . 
3BC3Aa And SIBJISICTCSI cneKTpaJlbHO-ABOHHOH C O,t(B
HO'fllhlMH JIHHHHMH. AKTHBHOCTb 3BC3A THna RS 
CVn CBH3bIBaeTCSI C HaJJHt.tHCM XOJIOAHbJX MarHRT

HblX IlSITCH Ha HX noeepXHOCTII. 1!T06bI npoeeCTH 
KaJ>TepoeaHHe pacnpeneneHHSI TeMneparypi.1 no no
eepxuocm 3THX 3BC3A, HY)l(HbI cneKTp3JlbHbIC ea-

6JIJOAeHHSI c OTHOWCHHeM Cl.frHaJia K myMy He MCHb
we 100 - 200, npuae,tleHHbIC K HCnpaBJICHHOH Ja op-
6HT3JlbHOC ABH>KeHBe CHCTeMe AJIHH BOJIH. ,[(IDI 
3TOrO He06XOAHMO IlOCT0$1HHO yTO'IHRTb 3JJeMeHTbI 
op6HTbI. HamH HJMepeHHSJ nyqeebIX cx:opocreii 
6bIJIH npoeeAeHbI no cneKTpaM t; And, nonyt.teHHbJM c 
noMOIULJO Il3C-MaTpH~I e <l><>Kyce KYA3 2-M rene
cKona o6cepaaTopHH "Po)I(eH" (Bonrapmr) e 1993 r. 
CneKTpanhHoe pa3pellleHHe cocTaemmo 0.15 A. B 
Ta6Jt. 2 npHBCACHbl JOmrnHCKHe AaTbl Ha6n10neHHH, 
OTHomeHHe SIN H peJynLTaTbI H3MepeHB11 ny
qeeL1x CKopocreA C OlllH6KaMH. iloCKOJibKY cneK
TpbI 6bIJJH nonyqeHLI B Y3KOM CilCKTpanbHOM AHa
na30He 6416 - 6474 A, KOTOpbIH coAep>KHT nmmR, 
06hlt.tHO HCD0Jlb3YCMbie AJISI AOilnnepOBCKoro Kapnl
poeaHIDI pacnpe,tleneHRSI TeMnepaTyphI no noeepXHo
CTH aKTHBHbIX 3BC3A COJlHC'lHOro Tmta, TO nr1eBbie 

CKOpOCTH H3Mep.SIJIHCb TOJibKO no 4 JlHHIDIM. <l>op
MaJtbHO OWH6Ka OAHOrO H3Mepemrn B Ta6n. 2 HaMHO
ro npeeoCXOAHT 01,\eHKY TO'IHOCTH ±0.2 KM/c, KOTO
pyio MO>KeT o6ecne"lfHTb MCTOAHKa H3MepeHHH, .D;ea 

V,.. KM/C 

10 

0 

-10 

- 20 

- 30 

-40 

- 50 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
q, 

Pac. 2. Op6KTaJU,Hax KpHeasi ny,.1eBbtX CKopocreA ~ And. 
Kp)')KKH - H3MepeHHSI CneHcep Jl)Koy11ca [5 J 11 rpaTTona 
(4), 3Be3AO'IKH - H3MepeHHSI C nOMOlUbW MP. 

AOilOJtH.BTenbHblX <f>aKTOpa BJIH.SIIOT Ha peaJJbffYIO 

roqHOCTb H3MepeHID1 JIYtJCBblX CKOpoCTett Bo
nepBbIX, 3TO - norpeWHOCTb onpe):(eJieHIDI .I{Bcnep
cuoHHOH KpHBOB, a 80-BTOpbIX, - aCBMMeTPIDI cneK
Tp3JlbHbIX JIBHHH, Bbl3B3HHcUI H3Jlll'IHCM XOJlOJ(Hb(X 

IDITeH Ha noeepXHOCTH 3Be3AhI. KpoMe Toro n cneK
Tpe 3Be3,t\bl, HMeJO~eH CKOpOCTb epam,eHIDI OKOJIO 

40 KM/C, TJ>YAHO Hai1TH a6COJIIOTHO He6neHAUpO
BaRHbie JIBHHH, H na)l(e He60JiblllOH BKJ13A .npyroH 
JIHHHH cpa3y yxy):(maeT TQqHOCTb H3MepeHH.H. B Ha
meM cnyt.tae ome6Ka onpe):(eJieHHSI nucnepcHOHHOi 
KpHBOH COCTaBIDleT ±0.3 - 0. 7 KM/C, 'iTO B CYMMC C 
OWH6KOH MCTOJ:(a npHBOART K ±0.5 - 0.9 KM/c. KaK 
BHAHO H3 Ta6Jt. 2, TaKWJ TO'{ffOCTb peaJIH30BaHa npH
MepHO ):(JISI llOJIOBHHbl cneKTPOB. lfaMepeHHSJ no 
ABYM CilCKTpaM, noJty'llCHBblM nOCJie):(OBaTeJibHO 
OAHH 33 ApyrHM B Te'ICHHe 0):(HOB HO'IH Ha6mo):(emru, 
OTJIH\{3JOTCR MeHbme, qeM Ha 0.1 KM/C, TOr):(a KaK pa3-
JIH't1He nyqeBhlX CKOpocTei'i, H3MepeHHLIX f paTTOHOM 
no cpoTorpacp1ReCKHM cneKTpaM, IIOJiytICHHbIM B Te
qeHHe 0,l{HOH HO'lJ.B, cocraBllileT 3 - 6 KM/C (4). 

I13MepeHIDI nyqeBblX CKOpOCTCH B CilCKTPe S And 
6bIJJH HCil0Jib30B8Hb1 AIDI YTO'IHCHIDI aneMCHTOB op-

6HTbl. Mbl co6paJrn ,tlaHHLie CneHcep ~)KOYJlca [5] c 
1913 no 1922 rr. (33 H3MepeHIUI), .J:l3HHbIC fpaTTOHa 
[4] 1948 r. (10 H3Mepemdi no JJHHIDIM nornom,emur, 
ycpe):(HCHHblC ,t(JISI O):(HOH H TOH )Ke IOJIHaHCKOH AaTbI) 

H Haum 12 HJMepeHHH 1993 r . C noMo~JO nporpaM
MbI, JIJ06e3HO npenoCTaBJJeHHOH A. ToKOBHHHHblM 
(f AHIII), 6LIJIH pacc•urTaHLI HOBbie 3JieMeHTbI op-
6HTbI 3BC3):(bl t; And, KOTOpbIC npHeeneHbl B Ta6JI. 3 . 
B 3TOH )KC Ta6mn\e ):(Jl.sl cpaBHCHIDI npHBC,tleHbI 3Jle
Met1Tbl op6BTbl, paCC'lHT8HHOH fpaTI'OHOM B 1950 r. 
HawH B3MepeHH.SI Il03BOJJBJI.0 cyIIJ,eCTBCHHO yTO'll
HHTb op6HTanbHbIH nepHOA ~ And, a TaIOKe 6onee 
yeepeHHO nonr1BTb OTJilI'IHOC OT ffYJISI 3HaqeHlie 3KC
~eH'fJ)HCHTeTa. I11rrepecHO OTMeTHTb, 't{TO e = 0.022 
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854 CMHPHOB, P5l6qHK0BA 

Ta6J1e._a 2. H3MepeHHj( ny,-iesbIX CKopocreii e cneKTJ)e 
~And 

JD 2400000+ SIN V,, KM/C dV,, KM/c 

49197.587 385 -23.66 1.58 

49198.562 114 -32.75 l.54 

49199.568 335 -40.48 0.77 

49199.588 335 -40.57 0.80 

49200.589 325 -45.42 1.15 

49201.549 295 -47.92 1.08 

49203.557 335 -43.65 0.98 

49204.547 295 -40.43 1.49 

49205.547 325 -32.84 0.68 

49206.547 335 -23.66 0.51 

49207.592 630 -14.63 0.93 

49208.592 400 -7.08 1.14 

Ta6JJH._a 3. 3neMeHTbl op6HTLI ~ And 

3neMeHTbl .U.aHHiui: pa6oTa fpaTTOH [ 4] 
op6wrhr 

p 17.76960 ± 0.00004 17.7692±0.0002 

To 2449197 .322 2432476.128 

y, KM/C -:23.53 ± 0.25 -23.79 ±0.61 

K, KMIC 25.58 ±0.37 25.97 ±0.38 

e 0.025 ± 0.014 0.013 ±0.068 

(1) 83.57 ±0.89 80.98 ±0.64 

61,mo nonyqeHo Cneacep .[(:>KoyHcoM e~e B 1928 r ., 
a 3aTeM 6bIJJO noJIO>KeHO paBHbIM HYJIIO rpaTTOHOM 
H3-3a OOJibWOH owu6KH B onpeACJICHHH SKC~CHTJ)H
CHTeTa. Op6HTaJibHrul KpHBrul JiyqeBhIX CKopocreit 

~ And np1rneueHa Ha pHC. 2, Ha KOTOpOM H3WH H3Me-

peHIDI OTMeqeHbl 3Be3A0'1K3MH. B pa6oTax [41 H [5] 
He AaHbl OWH6KH OAHOrO H3MepeHID1, Il03TOMY AJUI 
cpaBHeHIUI TOqHQCTH H3MepeHIIA nyqeBblX CKOpo
creA Mbl HCil0Jlb30BaJIB cpeAHCKBaAp&TB'IHOe OT· 
KJIOHeHHe OT TCOpeTB'ICCKOH KpHBOH. OHO COCTaB

JUICT ± 1.56 KM/C AJISI B3MepeHBH Cnescep ,I:(>Koyuca. 
±2.40 KM/C AJUI H3MepeHBA rparroaa, H ±0.54 KM/c 
AIDI B3MepeHHA Jiy'leBb[X cxopocrei, npoBeAeHHbIX C 

n0Mow;&10 nporpaMMht MP. 

4. 3AKJIIOqEHHE 

IlporpaMMH&1A naKeT MultiProfile, peaJIB30BaH
HhIH Ha 6a3e nepcoHanLHJ,IX KOMIIblOTepoB AJISI aHa
JIH3a 3Be3AHblX cneKTpOB, Il03BOJUleT cy~eCTBeHHO 
yc1c.opBTh npo~e~ypy H3MepeHID1 napaMe1'pOB cnex
'I'panbHbIX JIHHHH, He06XOAHMbIX npB pemeHDH MHO· 
mx acrpoq>H3H'lecKe:x 33Jl3'1, 06ecne11usu npe 
3TOM BbICOK:YlO TOt{HOCTb H3MepeH1dt 

ABTop&1 6naroAapwr A. ToKOBHHHHa, npenocra
BHBwero csoio nporpaMMY pac'leTa sneMeHTOB op-
6BTbI. Pa6oTa 6bma BbinOJIHeHa npH <l>HH3HCOBOA 
nonAep>KKe cpoHna EsponeHCKOD IO:xmoA o6cepsa
Topue: (rpaHT .N'2 A-01-098). 
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MultiProfile: a Software Package for Approximation 
of Line Profiles in Stellar Spectra 

© 1995 r. 0. M. Smirnov and T. A. Ryabchikova 

A method for fast approximation of a stellar spectrum by a sum of single spectral lines is proposed. The corre
sponding software package MP is realized for personal computers and yields wavelengths, equivalent widths, 
depths, and half widths of individual lines that constitute the stellar spectrum. Various astrophysical applica
tions are briefly discussed. As an example of MP operation, results on measurements of radial velocities in the 
spectrum of the RS CVn-type binary star~ And are presented. These measurements are used to improve the 
orbit elements. 
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0 XHMH'IECKOM COCTABE 11 PLili - KPACHOfO fHfAHTA 
CDEKTPAJILHOfO KJIACCA G711Ia 

© 1995 r. JI. H. AHTHnoea*, C. B. GepAl()rHHa**, H. C. Caeauoe** 
' * l111cmumym acmpoHo.Muu, Moc,coo, Poccwi 

** Acmpoc/JU3U'iec1uui o6cep6amopwi, Hay'l,Hbtu, Kpbl.M 
ITocrymma B pe,11,aKUHIO 16.01.95 r. 

Ha OCHOBe Ha6JUOAeHHH c n3C-KaMepoit MeTOAOM MOAeneK aTMOcq>ep npoeeAeHO HCCJieAOBaHue aTMO
ccpepbl rnraHTa l1 Psc cneKTPaJihHOro KJiacca G7fila. YCTaHoaneHbl napaMeTPhl aTMOccpep1,1 (T * = 4930 K, 
lgg = 2.1) u MHKporyp6yneHTHa}J CKOpOCTb ( v, = l.7 KM/C). Onpe,l\eneHhJ COAep)KaffHjl 21 3JleMeHTa e aT

MOCq>epe fl Psc. I10ATBep)l(.!J.eH Bb1B0A O BhJCOKOM COAep)KaHHH Li H BblCOKOM OTHOllleHHH H30T0Il0B 
12C/13C. OrMet.teH He6onblIIOH H36bJTOK Na. 06cy.)l(AaeTC.R npeAnOJJO.)l(eHue O B03M0)KH0H npHHaAJle)KHO
CTH Tl Psc K no.D.rpynne cna6o-6apueeb1x 3Be3.!J.. Ha ocHoeaHHH auaJIHJa nony'leHHhIX CO.!J.ep:>KaHHH CAeJiaH 
Bbl BOA, 'iTO Tl Psc JIBmreTCjf " HOpMaJibHbIM" KpaCHl>IM reraHTOM. 

I. BBE,Il;EHl1.E 

KaK H3BeCTHO, ruraHTbl no3,-HH.X cneICTpaJibHbIX 
Knaccoe npeAcraBHjlJO'r co6ou eecLMa HeOAHopon
HYJO no cneKTJ)a.JlbHbIM xapaKTepHCTHKaM H XHMB".Je
CKOM)' cocraay rpynny 3Be3A. Cpe~ HHX BbIAeJISDOT 
p~ rro,nrpynn 3Be3n;, 06nan;a10~ 061.QHMH npH3Ha
KaMH. 0AHOB H3 H3H60Jiee BHTepeCHhIX H 3KTHBHO 
1nr1aeMb1x nJIHeTCH non;rpynna 6apaes1:,rx 3Be3A. 
3Be3Ab1 3TOH non:rpyrrm,1 xapaKTepH3YIOTCSI ycHJieH
HbIMH numu1MH Ball, Srll, CH, C2 , CN. 11:ccne,-ona
HHe XHMH".JeCKOro COCTaBa 3TB.X 3Be3n; CBH]J;eTeJlbC'r
ByeT o6 yBeJI.R'leHHblX con:ep)KaHIDIX Ba H n;pymx 
3JieMeHTOB s-npou;ecca R yeeJIH".JeHHOM OTHOmeHHH 
COJ:(ep>KaHHB 3JleMeHTOB C/0. Ha6n10n;aeMbie cneK
TJ)3JibHbie oco6eHHOC'rH H aHOMaJIUH con;epxcaHHH 
XHMH'leCKHX 3JieMeHT0B B aTMoccpepax 6apueBbIX 
3Be3J:( npHHJITO CBB3bIBaTb C BX ,-BOHCTBeHHOC'rbIO H 

npo~eccaMH nepeHoca sern;ecrea 6onee npo3eon10-
u;eoH11poeaeweii KOMilOHeHThI, o6orarn;euaoro npo
AYKTaMH Sl,-epHoro CHHTe3a. EapueBbie 3BC3Ab1 He
MHOfO'lHCHeHHbl H COCTaBJIBIOT ecero 1 % OT 061.Qero 
qucna KpaCHbIX rHraHTOB. KpoMe "KJiaccut.JeCKHX" 

6apueBblX 3Be3A H3BecTHO TaK>Ke HeKOTopoe KOJIH
qecreo 3Be'.3A, y KOTOpbIX npH3H3KH 6apHeBbIX 3Be3A 
Bbipa)KeHbI MeHee OT'leTJIHBO (TaK H33bIB3eMble 

yMepeHHo-6apueeL1e 3ee3p;1:,1). IloucK HOBbIX 6apu
ee1:,1x 3Be3A ocyrn;eCTBJIBeTCff Ha OCHOBaHHH HH3KO
n;ucnepCHblX cneKTPOrpaMM, a TaIOKe MeTO,l:{3MH y3-
KOilOJIOCHOH cpoTOMeTPRH. Xopomo H3BeCTHa cepIDI 
pa60T BHJibHMCa [1 - 4], KOTOpbIH. Ha OCHOBaHHH Y3-
KOilOJIOCHblX cpoTOMeTPH'leCKHX Ha6n10n:eHirii ny
TeM conocraBJieHIDI cneKTPOQ>OTOMe'IpH'l;{eCKH.X HH
n:eKCOB e CHHTeTH'leCKHX cneKT{)OB, paCC'lHTaHHblX C 
noMOID;hJO Mon;eneu aTMocq>ep, ou;eHHJI con:epX<aaee 
Ba B aTMOCcpepax OKOJIO 200 3Be3A II03;IJ;HHX cneKT
paJibHbIX KJiaCCOB. IlOBbIWeHHOe con;ep:iKaHHe 
6apID1 (Ba/H] = 0.44, B 'l3CTHOCTU, 61:,mo o6Hapy>Ke-

HO ]);JI.SI Tl Psc - KpacHoro reraHTa crreKTPaJihHOro 
KJiacca G711Ia [4], 1.1ro npe,-nonaraeT B03MO.>KHYJO 
npHH3AJie)KH0C'rb 3TOH 3Be3Abl K rpynne 6apeeBblX 
HJIH yMepeHH0-6apHCBbl.X 3Be3.r.. OKOHt.JaTeJibHOe 
pewettHe 3TOro eonpoca MO)KeT n:aTb cneICTpOCKO
rruqecKHH aHaJIH3. 

U:enbIO H3C'f0}111\eH pa60Tbl }JBJI.SleTCSI cneKTJ)O
CKOillflleCKHA 3Ha.JIH3 COAep>KaHIIH XHMWieCKHX 3Jie
MeHT0B B 3TMoccpepe 11 Psc, B 'l3CTHOCTH, nenrnx 
3neMeHTOB C, N a O H 3JieMeHTOB s-npo~ecca. 

2. HAEJIIO,llA TEJih.HhUI MATEPHAJI 

Ha6n10n;aTenLHLm MaTepuan AHSI Tl Psc 6Lm no
ny11eH e 1991- 1993 rr. c IlOMOII\blO 2.6-M TeJieCKOna 
Kp1:,1McKoii aCTJ)OqJH3H'leCKOH o6cepaaTopaH. B Ka
qecree npueMHHKa H3Jiy<JeHHSI HCil0Jib30BaJ13Cb 

TI3C-KaMepa, ycTaHoaneHHasl B KYA3-cneKTJ)Orpa
q>e. Ha6JIIOAeHIDI npoB0ITTfJ1Ji1Cb B p$1Ae crreKTJ)aJlb
HblX nonoc wnp1rnon: 30 A. OcHOBHbie ceep;eHIDI o 
Ha6n10n;eHHSIX rrpHBeAeHbl B Ta6JI. 1. CneKTJ)3JlbHoe 
pa3peweHJ!e onpeAeJISIJIOCb WHpHHOH BXOAHOH 

Ta~ 1. CneKTJ)aJibHbJe AHanaJOHbI Ha6monemm fl Psc 
(B aHrC"rpeMaX) 

5119 - 5147 6123 - 6154 

5287 - 5318 6143- 6174 

5314 - 5345 6290 - 6320 

5340- 5368 6474- 6505 

5627 - 5657 6627 - 6654 

5758 - 5789 6689 - 6717 

5840 - 5867 6726-6757 

6000 - 6032 6769-6800 

6026- 6054 7987 - 8017 

855 



856 AHfMIIOBA H AP· 

rn.e;rn cneKTporpacpa 11 cocnemmo 0.18 A. 0THome
HHe CHrHana K IDYM)' - He MeHee 100. 06pa60TKa Ha-
6mo;a;aTeJ1 bHOfO MaTepearra COCTOHJla H3 CTaH;a;apT
HbJX AJJH o6pa6oTKB I13C-Ha6mo;a;eHue: rrp01~eAYP H 
npoBOAHJiacb c noMODJ.blO naKeTa nporpaMM SPE, 

Ta6JIH1'a 2. CoJ{ep)KaHWH 3JieMeHTOB B aTMOCq:>epe fl Psc 

3neMeHT A E.P. 

l 2 3 

Lil 
6707.00 0.00 

Nal 
6154.22 2.10 

Sil 
6155.22 5.59 
6145.08 5.59 
6142.53 5.59 
6131.86 5.59 
6125.03 5.59 
6123.45 5.62 
5772.25 5.06 

Cal 
6166.44 2.51 
6156.10 2.51 
6122.21 1.88 
5867.57 2.92 

Sell 
5334.22 1.49 
53 18.34 1.35 

Til 
6743.12 0.90 
6126.22 1.06 
6031.68 0.05 
5766.33 3.28 
5366.65 0.81 
5351.07 2.77 
5295.78 1.06 

VI 
6150.13 0.30 
6135.36 1.05 
6119.50 1.06 
6039.69 1.06 
5776.67 1.08 

VII 
6028.28 2.55 
6031.07 2.51 

CrT 
6630.02 1.03 
5783.1 1 3.31 
5348.32 1.00 
5344.76 3.43 

5329.12 2.90 
53 18.78 3.43 
5312.88 3.43 
5304.21 3.45 
5296.69 0.98 

pa3pa6oTaHHoro e KpAO c.r. Cepr eeBbIM. 0T6op 
cneKTJ)aJibHbIX JIHHHH AJIH AaJibHeHmHX HCCJieAOBa

HHii R H3MepeHHe HX 3KBHBaJieHTHbIX mHpHH npoBO

ARJIHCb no MeTOAHKe, OIIHCaHHOH B [5]. Pe3yJibT8Tbl 
H3MepeHHB npeACTaBJieH.bl B Ta6JI. 2. 

lggf W:i. lge 

4 5 6 

0. 17 0.029 1.18 

-1.60 0.083 6.57 

- 0.89 0.100 7.74 
- 1.50 0.060 7.69 
-1.58 0.055 7.69 
-1.77 0.047 7.74 
-1.66 0.057 7.81 
-2.39 0.016 7.71 
- 1.79 0.083 7.79 

- 1.22 0. 107 6.40 
-2.56 0.028 6.37 
-0.18 0.227 6.35 
- 1.72 0.046 6.33 

-2.20 0.027 3.11 
-1.89 0.046 3.02 .. 

-1.76 0.079 5.03 
- 1.48 0.085 5.09 
- 3.89 0.017 5.)3 

0.22 0.028 5.07 
-2.68 0.025 5.07 
- 0.21 0.029 4.96 
-1.79 0.054 5.00 

-l.68 0.066 4.05 
-0.91 0.055 4.03 
-0.56 ·0.081 4.10 
- 0.74 0.056 3.90 
-1.58 0.015 3.96 

-1.93 0.015 3.91 
-1.73 0.024 3.97 

-3.59 0.042 5.65 
-0.49 0.070 5.75 
-1.37 0.165 5.99 
-1.13 0.020 5.58 

- 0.14 0.1 11 5.80 
-0.80 0.035 5.60 
-0.69 0.046 5.70 
-0.77 0.036 5.61 
-1.51 0.160 6.08 
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0 XHMH"lJECKOM COCTABE Tl PhIB- KPACHOro rHrAHTA 

TaoJIH .. a 2. flpo,qomKeHHe 

3JieMeHT A. E. P. lggf Wi. 
1 2 3 4 5 

Fel 6783.27 2.55 -4.66 0.019 
6750.15 2.41 -2.55 0.141 
6746.96 2.60 -4.36 0.023 
6745.96 4.06 - 2.74 0.025 
6745.11 4.56 ' -2.17 0.026 
6732.06 4.56 - 2.18 0.020 
6726.67 4.59 -1.10 0.083 
6713.76 4.77 -1.5 1 0.043 
6710.31 1.48 -4.89 0.070 
6704.48 4.20 -2.67 0.017 
6703.57 2.75 -3.07 0.088 
6498.95 0.95 -4.67 0.)24 
6496.46 4.77 -0.62 0.096 
6173.34 2.21 -2.88 0.145 
6165.37 4.12 -1.49 0.081 
615 1.62 2.17 -3.30 0.107 
6120.25 0.91 -5.93 0.044 
6027.06 4.07 -1.15 0.110 
6024.07 4.53 0.00 0. 138 
6019.36 3.56 -3.32 0.026 
6015.25 2.21 - 4.68 0.034 
6008.58 3.87 - 0.96 0. 128 
6007.96 4.63 -0.74 0.095 
6003.03 3.86 - 1.24 0.117 
5862.36 4.53 -0.48 0.122 
5859.61 4.53 - 0.61 0.102 
5856.08 4.28 -l.63 0.063 
5855.13 · 4.59 -1.66 0.041 
5853.18 1.48 -5.15 0.049 
5849.70 3.68 -2.94 0.027 
5838.42 3.93 - 2.33 0.050 
5760.35 3.63 - 2.44 0.060 
5369.97 4.35 0.36 0.1 62 
5367.47 4.40 0.30 0.151 
5339.94 3.25 -0.73 0.161 
5326.79 4.40 -2.09 0.034 
5321. l1 4.42 - 1.36 0.072 
5315.07 4.35 -1.56 0.068 
5294.55 3.62 -2.76 0.042 
5293.97 4.12 -1.84 0.064 
5141.75 2.41 -2.09 0.129 
5133.69 4.16 0.20 0.174 

Fell 
6149.24 3.87 -2.88 0.069 
5325.56 3.21 -3.37 0.077 

Col 
6117.00 1.78 -2.52 0.036 
6000.67 3.61 -0.86 0.020 
5369.59 l.73 -1.44 0. )07 
5359.20 4.13 0.01 0.024 
5352.05 3.56 -0.06 0.054 
5342.70 4.00 0.56 0.061 

Nil 
6772.36 3.64 -1.01 0.093 
6767.78 1.82 -t.97 0.166 
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lge 

6 

7.60 
7.59 
7.45 
7.58 
7.61 
7.45 
7.61 
7.52 
7.45 
7.46 
7.48 
7.60 
7.60 
7.72 
7.46 
7.42 
7.45 
7.62 
7.62 
7.65 
7.59 
7.56 
7.58 
7.61 
7.73 
7.47 
7.46 
7.45 
7.45 
7.43 
7.53 
7.48 
7.43 
7.41 
7.41 
7.57 
7.56 
7.61 
7.50 
7.54 
7.21 
7.55 

7.66 
7.58 

4.8) 
4.96 
5.27 
4.91 
4.69 
4.90 

6.33 
6.69 
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Ta6J1B,..a 2. 0KOHlf3HHe 

3JleMCHT 
,., E.P. 

1 2 3 

6643.64 1.67 
6635.)5 4.40 
6130.17 4.25 
6128.99 1.67 
6111.06 4.07 
6007.31 1.67 
5847.01 1.67 
5760.85 4.09 
5347.71 3.78 

YI 
6793.71 0.07 
6023.41 0.00 

YII 
6795.41 1.72 
5320.78 1.08 
5289.82 1.03 
5119.12 0.99 

Zrl 
6143.18 0.07 
6134.58 0.00 
6127.49 0.15 

Ball 
5853.68 0.60 

Cell 
6043.39 1.21 
5330.58 0.87 

Prll 
6165.90 0.92 
5322.78 0.48 

Ndll 
6740.11 0.06 
5356.99 1.26 
5130.60 1.30 

Eull 
6645.11 1.37 

3. CHJihIOCUHilil~TOPOB 

Hcrot.JHHKH 3H3'IeHHH CHJI OCI(H.llmITOpOB, KOTO

pbre 6hIJIH Rcnom,3oeaHLI B Hacro~eii pa6oTe, 
npHee,i:eHbI e Ta6JI. 3. KaK CJieAyeT H3 pa60TL1 [1], 
npeee,i:eHHOH B npHMe'IaHIDIX K Ta6JI. 3, 3Hat.JeHHSI 
co,i:ep}l{aHHii XHMH'tJeCKHX 3JieMeHTOB B aTMOCq>epe 
Conaqa npH OAHHX H TeX )Ke HCXOAHbIX 3Ha'IeHHSIX 

CHJI OCI.\HJIJISITOpOB B 3KBHB8JieHTHb1X WHpHH JIH
HHH 33BHCSIT, XOTSI H He CHJibHO, OT BbI6opa MO,i:e
JleH aTMocq>ep: pacqeTbI co,i:ep}l{aHmi, BbIIlOJJHeH
Hbie c noMombJO Mop;enH Conaqa Xonserepa
MJOJinepa H COOTBeTCTByJOmeit MOAeJIH H3 ceTKH 

MO.neneii [ 6] , noKa3LIBaJOT He6onLmHe (nop.Rp;Ka 
0.1 dex), HO CHCTeMaTH'leCKHe pa3JIHt.JIDI. 3TO 06cro
S1TeJibCTBO ObIJIO Y'·ITeHO npH aHaJIH3e 3Hat.JeHHH CHJI 

0Cl.\HJIJijfT0p0B. IlOCKOJlbKY B ,naHHOH pa6ore, a T3K
)Ke B HaIIIHX ,taJibHCHWHX HCCJieAOBaHIISIX KpaCHbIX 
rnraHTOB, aHaJIH3 co,Aep}l{aHHH XHMB'IeCKHX 3JieMeH-

lggf Wx )gE 

4 5 6 

- 1.98 0.171 6.54 
- 0.83 0.050 6.29 
-1.03 0.047 6.27 
-3.40 0.083 6.23 
- 0.90 0.065 6.28 
-3.40 0.079 6.20 
-3.48 0.074 6.18 
- 0.85 0.069 6.34 
- 2.09 0.017 6.17 

- 0.30 0.040 1.97 
-1.00 0.016 2.10 

- 1.19 0.037 2.27 
-1.98 0.018 2.25 
-1.90 0.032 2.20 
-1.42 0.048 2.01 

-1.14 0.029 2.53 
-1.32 0.023 2.50 
-1.16 0.024 2.55 

-0.90 0.147 2.55 

-0.34 0.020 1.82 
- 0.28 0.034 1.72 

~ 

-0.33 0.016 0.84 
-0.42 0.027 0.75 

-1.66 0.028 1.55 
-0.23 0.024 1.48 

0.36 0.053 1.55 

0.17 0.035 0.61 

TOB B RX aTMOcq>epax npe,nnonaraeTCSI npoBOAHTb B 
paMKax ceTKH Mo,i:eneu [6], no ]).aHHbIM Ta6n. 3 6&ma 
COCTaBJieHa TaKajf KOMilUIISll.\IDI 3HaqeHHB CHJI oc
~JISITOpOB, t.JT06bI craHA3pYHble ("COJIHe'IHbJe") 
cop;ep}l{3HWI npH 8HaJIH3e B paMKaX 3TOH ceTKB COB

IlaA3J1B 6bI C A8HHblMH, npHBep;eHHblMD B pa6oTe [7] . 

4. IIAPAMETPbl MO,IJ.ETI:0 ATMOOt>EPbl 

3qx:l:>eKTHBHa.R TeMrrepa-rypa onpe,nengnacb no 
IlOK333TCJljfM ~BeTa, nonyqeHHblM H3 MHOrO~BeT
HbIX q>OTOMeTPHt.JeCKHX Ha6nJO,neHHH [8] (KaTanor 
Ueirrpa acrpoHoM1P1ecK11X ]J.aHHbIX B Crpac6ypre ), H 

COOTBeTcrByJOmHM Ka.nu6poeKaM "sq>q>eKTHBHaSI 
TeMnepaT}'Pa- fiOKa33TeJib ~Ta", ony6J1HKOBaHHbIM 
B crane MaKBHJIL.RMa [9]. IIocKOJibKY eeJIH'IHHbI U, 
B, Vu R MOJYI' 6b1Tb HCKIDKCHbI BCJie,nCTBue Me}l{3De3A
Horo noKpacHeHIDI, reMnepaT}'Pa onpe]J.en.RJiacb 
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' 0 XHMH'lECKOM COCTABE Tl PbI6- KPACHOf O n1rAHTA 
/ 

Ta6Jl~ a 3. 11CTO'IHHKH 3Ha'lemdt BeJIH'IHH gf 

3neMeHT JfCTO-'IHHKH gf 3neMeHT H CTO'IHHKH g/ 

Lil 4 Col 1, 2, 11, 23 

Nal 1, 2, 5 Nil 1, 2, 25 

All 1, 2, 5 Cul l, 2, 3, 6 

Sil 1, 2, 3, 5 YI 1, 2, 30, 31 

Cal 1, 2, 6 
. 

YII 1,2,30,31 

Sci 1, 2, 7 Zrl 1, 2, 34 

Sell 1, 2, 7 Zrll 1, 2 

Til 1, 2, 8 Bal 1,28 

Till 1, 2, 9, 10 Ball 28,29 

VI l , 2, 11, 12 Lall 1, 2, 3, 32 

VII l, 2, Cell 1,2,3,32 

Crl 1, 2, 11 Prll 1,2,3,32 

Crll 1, 2 Ndll 1,2, 26,27 

Mnl l, 2, 14 Eull ], 2, 33 

Fel 1, 2, 15, 16, 17, 18, 19 

Fell 1, 2, 20, 21, 22 
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860 AHTHn OBA H .I(p. 

TOJibKO no TeM noKa3aTeJUIM I..\BeTa, rAC He 6bIJIH HC
nOJJb3083Hbl 3TH BeJIB'!HHbl. TaKHM o6pa30M, no no
K333TeJI.IIM u:eeTa R-K e 1-K 6btJIH Ha~eHbI 3Ha'Ie

HB.II TeMneparypbl COOTBeTCTBCHHO 4923 H 4963 K; 

OKOH'tlaTCJibHO IIpHHSITO 3Ha'!eHHe 3cp<f>eKTHBHOH 

TeMneparypbI T,q, == 4930 K. 

Y CKOpeHHe CHJibl TSDKCCTH MO}KCT 6bJTb OnpeAe

JICHO HeCKOJibKHMH cnoco6aMH. Bo-nepBbIX, no 
<f>opM}'JIC 

lg(g* I g0 ) = lg(m* / m0 ) - lg(l* I l 0 ) + 
(1) 

J],JISI 3TOro Ha,I(O 3H3Tb CBeTHMOCTb L* H Macey m* 
3Be3JJ;hI (TeMnepaTypa 6bma ou;eHeHa Bhlme). CeeTH
MOCTh MO}KeT 6bITb BbIBeneHa, HanpRMep, H3 napan
JiaKca 3Be3,Qbl, a TaK}KC Ha OCHOB3HHH 3cpq>eKTa BHn
COHa-Banny [10). B nepsoM cnyqae, cornacHo (11] , na

pamraKc 11 Psc paaeH 0.015", a 3Be3AHa.sI BeJUNHHa 
3.62m; OTCIOAa, no H3BeCTHhJM COOTHomeHIDIM 3H3'le
HHe a6COJIIOTHO.H 3Be3W{OH BCJUlt.JHHbl Mv = -0.50"', 
ttTo c 6onoMeTpH1Iecxoii nonpaexoii BC= -0.37 (12) 
naeT 3Ha'!CHIDI 60JIOMeTpH'ICCKOH 3BC3,QHOH BeJIH'IR

HbI M bo[ = - 0.87m H CBeTHMOCTH lg(l* I Lo) = 2.20. 
Bo BTOpOM cny-qae 8 (10] a6COJIIOTHble 3BC3.t(HLie Be

JIWUIHbJ JJ;JISI MHOrHX 3Be3p; 6blJIH onpep;eJICHbl no 
mupuHaM (W0) 3MHCCHOHHOH JIHHHB KCall B cnex
TJ)3X 3THX 3BC3JJ;. IlpH 3TOM K3JIU6p0BKa JIDHCHHOB 

JaeucHMOCTH, cBS13bIBa10~eii M v H lg W0 ( 3<f>cpeKT 
BHJICOHa- Banny), 6bIJia BbIIl0J1HeHa Ha OCHOB3HBH 
npHHSITOrO 3H3'!CffHj{ MOA}'IlSI paCCTOSIHIDI J];O CKOil
JieHIDI ruap;bl m - M::: 3.03m. B TOii }KC pa6oTe npe,u.
JIO)KeHa npol.\enypa xoppeKIJ,HH npeeeAeHHbIX Ta6-
JIH'IHbIX 3Ba'leHeii M v a cJiyqae ,u.onylI(eHIDI Apyroro 
3H3'ICHHS1 MOAYM pacCTOSIHJUI AO fHa,u.. B HaCTOSI
II(ee BpeM}l, BepOSITHO, 6onee npBeMJICMbIM CJICAYCT 
C't1IfT3Tb 3HaqeH:e:e m - M = 3.20m, IlOJiyt:IaIOII(eecsi: H3 

H3MepeHHH napannaKCOB 3BC3A CKOilJICHlUI fHa,U.bl 
(cM., HanpeMep, [13, 14). ,Il)Jjf Tl Psc JHa'!eHHe Mv, 
onpe,u.eneHHoe Ha OCHOB3Hml 3<f><f>eKTa BHJICOHa

Banny H HCnpaeneHHoe 33 HOBOe 3H3'<1CHHe Mo,u.ym1 

h 
2 

1.5 2.0 V , KM/C 

Pac. I. OnpeAeneune MHKJ)O'Ij'p6yneHTHOH cKopoCTH 

(CM. TC Y.C'f') . 

paCCTOjiHWI AO I'aa,q (10], COCTaBJJ.HeT Mv = -0.5tm, 
OTKy}la cnep;yeT, 'ITO M001 = -0.88m H lg(L* / 1<>) = 2.25. 
Cpe)'l;Hee H3 p;eyx o~eHOK CBeTHMOCTH CCTb 

lg(l* I lo) = 2.22 ± 0.03. Macey 3Be3Abl Moxrno OI.(e
HHTb no ee fiOJIO)KCHHIO Ha ABarpaMMC repl.\
mnpyHra-Peccena C 3BOJllOI.\HOHHbIMH TpeKaMH, 3H3SI 

ee TeMnepa'J'YPY e CBeTHMOCTb (CM., HanpBMep, [15]). 
,[(.ml 11 Psc m* = 3.5mo. C HaH,D;eHHbIMH 3HaqeHWIMD 
CBeTBMOCTH H MaCCbl q><>pM)'Jia ( l) p;aeT 3Ha qeHHe yc

KOpeHIDI CHJlbl TSUKCCTH lg g * = 2.49. 
Bo-BTOpblX, yc1mpeHHe CRJibl TSDKCC'I'H MO}KHO o~e

HRTb no JIHHIDIM PaAHKa.na MgH. 3TOT MeTOA, OCHO
BaHHblH Ha conoC'raimemm reopeTH'1ecKBX B Ha6mo
,u.aeMb1x npo<f>IDie:u mnnm MgH, ormcaH Bera.The (16], 
a a CTaTLe [ 17] npHBOJJ;HTC.R: HaHJ];CHHOe TaKBM o6pa-

30M AJijl 11 Psc 3HaqeHHe lgg* = 2.00. 
11, HaKOHCII,, OII,eHKY lgg MO}KHO nony'IBTb Ha oc

HOBe ypaeReHRSI HOHH3aUHH, HaXO,U.51 T3KOC 3H3'le

HHe lgg, npH KOTOpOM co,u.ep}K3HHSI nauuoro 3JJe
MeHTa, onpeAeJieHHbie no JIHHIDIM HeHTp3JlbHblX 
aTOMOB H HOHOB, COBilaAaIOT. B ,u.aHHOH pa6oTe Ta

KHe ou;eHKB y;n:aJIOCb BblilOJIHHTb AJISI 3Jie MeHT0B Fe, 
V H Y, npep;CTaBJieHHbIX B Ha6JIIOAaeMbl X J.{Hail330-

Hax cneKTJ)a 11 Psc 'IHCTblMH JIHHHSIMB ABYX CTaAHH 
HOHH38U:HB. K CO)KaJieHHIO, B cneKTpax n03AHHX 
3Be3;n: 'IDCTblX mumii HOHOB oqeHb Ma.JIO, 'ITO, oqe
BHAffO, YMCHbmaeT TO-qHOCTb TaKBX OII,CHOK; TeM He 

MeHee, H3HJ~CHHbie TaKHM o6pa30M ou;eRKH lgg ne
)K8T B ;n:u:ana30He OT 2.00 AO 2.20. 

IloCKOJILKY µ:ea fiOCJICJ];HHX MCTO):(a onpeJJ;eJieHH~ 

lgg SIBJISIIOTCSI cneKTpOCKOIIH'!eCKHMH H K TOMY )Ke 
,U.alOT 6m13KHe pe3yJibT3Tbl, HMeHHO HM 6bIJIO OTµ:a
HO npennoqTeHHe npu H3XO}KACHHH cpewiero H3 

HMCIO~HXCR 3Ha'IeHHH Ami ]l;3JlbHCHillero aHaJIH3 3 
cneKTJ)3JlbHbIX JIHHHH; OKOH'I3TeJlbHO npHHSITO 3Ha

'ICHHe lgg* = 2.1. 
Mo;n:enL aTMoc<f>epbI 61,111a nony'leHa H3 ceTKH 

MOJJ;eneA [6] nyreM DHTepnomu:(mt ;n:m1 Hae:;n:eHHLIX 

napaMCTJX>B T 3q, = 4930 K H lgg * = 2.1 . 
MHKporyp6yneHTHa.sI CKOpOCTb v , s aTMoccpepe 

11 P sc onpe;n:emmacb H3 aHa.JIHJa co;n:ep)Kamm )f(eJie
Ja, Haiiµ:eHHbIX no JIHHHSIM Fel. OTcyTCTBHe 3aBHCH

MOCTH eeJIH'JBH lgE(Fe) OT 3KBRBaJieHTHbIX nmpHH 

WA CJIY)KHJIO KpHTepueM Bb16opa v,. CHa'laJia 6bJJIH 
paCC"llHT3Hbl co;n:ep}K3BHSI Fe Jl:JISI K3}KJ];0B JIHHHH npe 
Ha.BACHllbrx BbIUie napaMe-rpax aTMocxpepbl e pa3nuq

HbIX 3HaqeHIDIX MHKpOTYJ)6ynefITHOH CKOp<>CTH Vi • 
3aTeM AJIS1 Ka)l(Aoro 3HaqeffHj{ v, CTpOHJICSl rpacpHK 
33BHCHMOCTH co;n:ep)K3BHH OT 3KBHBaJieHTHblX UJH
pmt JIHHHH. C'IBTaSI 3TY 3aBHCRMOCTb mrneirnou: 
(lg£= a+ bv,), MeTOAOM HaHMCHbllIHX .K.BaApaTOB on
pep;eJISlJIOCb 3Ha'!eHHe napaMeTJ)a b (TaHreHc yrna 
H3KJIOHa rpa<f>uKa paccMaTpBeaeMOR 33BHCHMOCTH 
K OCH v,) B , AaJiee, CTpOHJICSI rpacpHK 33BHCHMOCTH 
b = fl. v,) (pHc. 1 ). I-fa rpacpmca BH]l;HO, 'l{TO npu v, = 
= 1.7 KM/C HMeeM b = 0, 'ITO H 03HaqaeT OTCYTCTBHe 
3aBDCHMOCTH co;n:epxaHHH F e OT 3KBHBaJieHTHbIX 
mHpHH mnnm:. 3TO 3Ha"lleHBe H 6bIJIO npHHSITO 3a 
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0 XMMW:IECKOM COCTABE Tl PbI6 - KPACHOro nffAHTA 

lg£(Fe) 
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Pac. 2. 3aeHCHMOCTb COAep)l(aHKA lKene3a lge(Fe) OT 3KBHBaneHTJU,IX WHPHH HH~BHAYMbHblX nHHHH npH 3Ha'leHHH MHKpo
ryp6yneHTHOH CKOpOCTH v, = 1.1 KM/C. 
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PHc. 3. OTHOCHTe.111,Hble (no OTHOWCHHIO K ConHI~y) COAep*aHHll XHMHttecKHX aneMeHTOB e aTMoc<f>epe 11 Psc. 

f: ;; OKOH''laTeJibHOe. Ha pe:c. 2 IlOKa3a.Ha 3aBHCHMOCTb 
; co;o;ep:acaHHB )KeJie3a ;o;m1 ncCJJe.i.yeMb1x neuee: Fel 
i, npH BbI6paHHhIX napaMe1'pax T 3<I> = 4930 K, lgg * = 
;: = 2.1 H V 1 = 1.7 KM/C. 
t 
l 5. OTIPETTEJIEHME CO" EP)KAHMM 

I. Kax 06•rqHo,.,An~~::::r~!rurroe [ 18], AnR on-
, pe):(eneHIDI co;o;ep:acamm 3JieMeHTOB CNO-rpynn1,1 . 

HCil0Jlb30BaJIHCb 3arrpem;eHHM J1HIIHS1 KHCJiopo;o;a 

. [0 1] 6300.31 A, 6nea;o;L1 spaw:aTenbHbIX JIHHHB no
,:- JIOC CHCTeMbl CeaHa C2 C 3cpcpeKTHBHblMH J:(JIHHaMH 
J_ BOJIH 5135 H 5633 A H epaw:aTeJibHbie JIHHHB Kpac
i- HOH cucreMLI CN e o6nacTe: 8000 A. 
! 

Ha aHaJIHJHpyeMLIX cneKTporpaMMax JIHHIDI [01] 
' 6300.31 A xopomo OT;D;eJ.U1eTc.s1 OT JJBHHH Sci 

6300.69 A, e ee 3KBeeaneHTHM mupuHa MO)KeT 
6LITb H3Mepeua AOCTaToqHo yeepeHHo. BKJia.t(OM JIB

! mm Nil 6300.336 A e 3KBHBaJ1eH'raYJO lIIHpHHY WA. nu
; HHH KHCJiopo.na, KaK OTMet.JaJIOCI, e [18], AJJ.51 K-reraH
;. TOB MO)KHO npette6pe"lb. 0)l;H3KO CJJe,eyeT )"-1HTbIB3Tb 
; CJia6yio epam;aTeJibffYJO neHmo 12CN 6300.265 A no
\. nocbI R1 (14) (10.5) H3 KpacHoii CHCTeMhJ CN, 3KBHBa
': JieHTHM IlIHpHHa KOTOpOH cocraeJ.UleT nop.51;o;Ka 10% 
·. OT norrHou 3KBHBaJieHTHOH mupHHhl JIHHHH [OIJ. Be
; JIH~a lggf.n:m1 JIHHHH [01] B3.51Ta cornacHo [18]. 

Co;o;ep)KaHBe aJoTa onpe,nemmocL no JIHHIDIM 
· •.. CN-nonocbl (2,0) B cneKTPaJibHOM JJ:BanaJoHe 
' 

7990 - 8015 A. BenuquHa H30TOnHoro oTHomeHIDI 
12C/13C ,-m1 11 Psc 61,ma nonyqeaa H3 cpaeaeHBSI aa-
6nio;o;aeMblX H CHHTeTHtfeCKHX npoqnmee: JIHHHA 
l3CN C 3 q>q>eKTHBHblMH AJIHHaMH BOJJH 8004.7 B 

8010.5 A. Ilepea.s1 H3 3THX JIBHmi, KaK npaeeno, 
6JJeH;D;upyeTCSI JIBHIDIMH aTMOcq>epHbIX BOA,SIHblX na
poe, BTOPM - Haxo;o;HTCSI B KpLme JIHHHH 12CN. 06a 
3Ha'tfeHIDI 12C/13C, nonyqeHHhie no 3THM JIHHIDIM, co
rnacy10Tc.s1 MeQy co6o:e: u .r:taioT cpe.QHJOJO o~eHKY 
3Toro OTHOWeHHSI -32. B craTLe [19] )l;JISI ,, Psc npH
BO)l;HTCSI npaKTH"leCKH e.n:eHTHtJHOe 3HaqeHHe 
12C/13C = 30. Bee .t(aHHbie ;D;JISI JJHHHH CN-nonOCLI 
(2,0) IlOJ:(pOOHO onecaHbl e CTaTLe [20]. 

TeopeTWieCKUe 3KBHBaJieHTHble mupHHbI AJJSI 
Tpex JHatJeHUH co.i.ep)KaHIDI yrnepo):(a (8.0, 8.4, 8.8) u 
1'peX 3HaqeHBH CO.r:tep)KaHH.51 KHCJIOpo.r:ta (8.4, 8.8, 9.2) 
paccqeThIBanHCL c yqeToM ecex nepequCJJeHHbIX 
Bhlme JJHHHH npu nepeonatJaJILHOM co.r:tep)Kamrn 
aJoTa 8.25. Ha nnocKocre (lgE(C), lgE(O)) TO't!Ka ne
peceqeHIDI JIHHHH paBHblX 3KBHBaJieHTHblX lllHpHH 
):(JI.SI Ha6JIIOAaeMbIX WA.[01] H WA.[C2] COOTBeTCTByeT 
nepBOMY npH6J1H)KeHBJ0 conep}l{aHHH C H O .r:tmr 
npmurToro co;o;ep:)lrnHHSI N. C 3TRMB 3Ha'tleHID1MH 
co):(ep)l(aHHH C u O no JIHHH.slM CN 61,rno HaimeHo 
3HaqeHHe COAep)KaHHSI N H 3aTeM CHOBa C H 0, no
CKOJibK}' JIHHHH [01] H C2 6JJeH_AHpyJOTCSI JJHHIDIMH 
CN. Ta1rne HTepal.(BH C Bbl'm cneHHeM TepMOXHMH
qecKoro paBHOBeCIDI IlOBTOP~JIHCb AO B3aUMHOrO 
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Ta6nJll(a 4. COAep)l(aHHJI XHMH'leCKHX 3JleMeHTOB B 8TMOcq>epe 11 Psc 

[E] 

3neMeHT 
Conne1.rnoe \Jecno neHHA T31:= 4930 K T'f: = 4930 K T~=4930K 
COACp)l(aHHe gg = 2.1 gg = 2.1 lgg = 2.49 

V 1 = 1.7 KM/C V 1= 2.0 KM/C v, = 1.7 KM/C 

1 2 3 4 5 6 

CJ 8.67 2 -0.58 
NI 7.99 5 +0.16 
01 8.92 I -0.47 
Lil 0.97 I +0.21 +0.21 +0.20 
Nal 6.33 I +0.24 +0.18 +0.23 
Sil 7.55 7 +0.19 ± 0.04 +0.14 +0.26 
Cal 6.36 5 +0.00±0.03 -0.05 -0.IO 
Sell 3.10 2 -0.04±0.04 -0.07 +0.17 
Til 5.02 8 +0.02 ±0.05 -0.03 -0.01 
VI 4.00 5 +0.01 ±0.07 -0.04 0.00 
Vil 4.00 2 -0.06±0.03 -0.08 +0.16 
Crl 5.67 10 +0.08 ± 0.17 -0.06 +0.07 
Fel 7.50 42 +0.03 ±0.08 - 0.07 +0.05 
Fell 7.50 2 +0.12 ±0.04 +0.00 +0.35 
Col 4.92 6 +0.00±0.18 -0.10 +0.02 
Nil 6.25 11 +0.05 ± 0.15 -0.06 +0.)3 
YI 2.24 2 -0.20±0.06 -0.22 +0.18 
YU 2.24 4 -0.10±0.10 -0.15 +0.13 
Zrl 2.56 3 -0.03±0.02 -0.05 -0.04 
Ball 2.13 I +0.43 +0.15 +0.62 
Cell 1.55 1 +0.17: +0.14 +0.46 
Prll 0.71 2 +0.08±0.05 +0.07 +0.28 
Ndll 1.50 I +0.03 ±0.03 +0.00 +0.23 
Eull 0.51 I +0.10 

cornacosamm COAep)l(aHlffl scex 'I'pex 3neMeHTOB C, N 
e 0. Ilony'leHHL1e pe3yJILTaTb1 npHBeAeH&I B Ta6JI. 4. 

B Ta6n. 2 npimeAeH crmcoK JJHHHH pa3JIH1IHbIX 3Jie

MeHTOB, HCUOJib30BaHHbIX AJUI ou:eHKH COACP)l{3Hlffl 
XHMH'lleCKHX 3JieMeHTOB B aTMocq>epe 11 Psc. B nepBOM 
C'J'OJI6u;e µ,aHbl AJIBBbl BOJIH, so BTOpoM - IlOTeHU:UaJJbl 

B036~eHIIJI HIDKH.BX ypoBHei, B 'I'pCTbeM - npHIUI
TLJe 3Ha'leHIDI CHJI OC~JISITOpoB, B 'IeTBepTOM- 3K
BHBaJieHTHble nmpum.1, B IDITOM - COAep)l(aHIDI npH 
Ha~eHHblX napaMe'I'paX 3TMOccpepbI. 

0KOH'tJaTCJlbHbie pe3yJJbT3Tbl - coµ,epxcaHIDI 

Ka~oro B3 Ha6mo.l{aCMblX 3JieMeHTOB OTHOCBTeJlb

HO COJIHI.\3 [E] = lgE* - lgfG - npe:seAeHbI B Ta6JI. 4 
H Ha puc. 3. IlpH 3TOM A3HHbie O COJJHe'IJHOM XBMH'Ie
CKOM COCTaee B3j1Tbl B3 [7] . 

6. 06CY)KAEHHE PE3YJib TATOB 
H3 Ta6JJ. 4 H puc. 3 BH.QHO, qTo COAepxcaHIDI 60JJb

WHHCTBa 3JJeMeHTOB CODOCTaBHMbl C COOTBCTCTBYJO
II\HMH BeJIH'IHH3MH AJUI aTMOCcpepbI ConHu:a. )].o

BOJJbHO 60JJbW3jl 3KBHBaJJeHTHWI mHpHHa JJHHHH Lil 
6707 A (30 mA; Ta6n. 2) H cooTBeTCTsy101.Qrur ei Be
JJHllBHa COAepX<3HIDI 00.QTBep)l(J.laroT pe3yJibTaT [ 19) 
0 BblCOKOM CO.l{ep)KaHHB Li B aTMoccpepe 11 Psc. 06-

paJ..QaeT Ha ce6.S1 BHHMaHHe xopomo H3BeCTHrur aHo
Ma JIIDI COAep)KaHIDI Na [21]. IloBbIWeHo TalOI<e co-

+0.06 +0.30 

Aep)KaHee Si. CoAep)l(aHIDI aneMeHTOB rpynnLI )l(e-
11e3a npaJCTHqecKH co11Heqm,1e. 

HaHOOJiblllHD H36blTOK COAep)l(3HHSI OTHOCH

TeJibHO ConHu:a ua6nJOAaeTcsr y Ball. 0,qHaKo ua.l{o 

HMCTb B BRAY, 'ITO 3TO COACP)K3HHe onpeAeJJMOCb 
no O.QHOH JIHHHB, KOT0p3jl SIBJI.SleTOI caMOH CHJibHOA 

a cneKTpe, a noTOMy Tpe6yeT xopowero 3H3HIDI no

CTO.RHHbIX 33'J'YX3HIDI. KpoMe Toro, Tame CHnbHble 
JJHHHH O'ICHb qyBCTBBTeJibHbl K MHKp<>Typ6yneHTHOH 

cKopocTH: AJISl npHMepa e cron6~e 5 Ta6n. 4 npHBe.l{e

HbI Bbl'IHCJICHHbie COAep)K3HWl Amt v, = 2.0 K.M/c, H3 

KOTOpblX BHAHO, 'ITO B3MCHCHHe COAep)KaHIDI Ball 
npa H3MCHCHBH MHKp<>'cyp6yneHTHoA CKOpOCTB cy
J..QeCTBeHHo llpeBOCXOAHT B3MCHCHHe CO.l{ep)KaJUlli 

OCTaJJbHbIX 3JleMeHTOB. KpoMe Toro, JIHHIDI, no 

KOTOpoA onpeAemrnocb coAepxcaHBe Ball, npuHaA
ne)l(HT MyJibTHnJieyY HOMep 2 c MeTacra6HJJbHblM 

yposHeM. ComacHO (22], HCCJJeAOBaHHe JJHHBH 3TO

ro MYJibTHDJleTa Ha CoJIHI.\C CBHACTeJibCTByeT O TOM, 
1JTO ycJIOBIDI B o6JiaCTSIX BX o6pa30B3HIDI OTJIHll3IOT

C$1 OT ycnOBHH JJOKaJJbHOrO TepMOAHH3MH'ICCKOro 
paBHOBCCJUI. YqeT 3TOrO o6cro.srreJibCTBa AaeT 60-

nee HH3KOe 3Ha'leHue COAep)KaHIDI Ba 3aMeTHM, 

'{TO K TOM)' }l(e 3Ta JJHHIDI 6JieHAHpoBaHa JJHHHeH Fel. 

Bo3MOX<HO, 'IJTO IlOJlf'JeHHbIH H36bITOK COAep)KaHHSI 

Ba OT'<faCTB 06.S13aH H 3TOMy o6CTOsrTeJJhCTBY. 
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0 XHMHlfECKOM COCTABE Tl Pbl6 - KPACHOfO rHrAHTA 863 

3aMeTHbIX aHoMaJJHH .npyrux 3JieMeHTOB s-npo

~ecca H pe.nxo3eMeJJLHblX 3JJeMeHTOB He BLIDJJeHo. 

KaK H3B8CTHO (CM., HanpHMep, [131), KJJaccHqec

KHe 6apueBble 3Be3,D.bl no OTHOWCHWO K "HOpMaJib

HbIM" rHraHTaM xapaKTepH3YIOTCSI, KpOMe yaeJJH'le

HOI"O co.nep)f{aff.IDI Ba, yMepeHHblM H36bITKOM yme

poAa ([C/HJ > 0) H SlpKO BbipaX<eHHbIM H36blTKOM 

S-3JICMCHT0B, a e,D.HHCTBeHHbIM OTJIH't{HTeJibHblM 

npH3HaKOM cna6o-6apHeBblX 3Be3,D. SIBJI.SleTOI He
OOJlbWOH, HO BnonHe peanbHLIH H36bJTOK 3JJeMeH

TOB s-npou;ecca ([s/FeJ = +0.2 dex). B aacrosnueM uc

cne;r(oBaHHH ,, Psc He Hait;r(eHO aHOMaJJHH B co.nep)l{a

HIDIX XHMHqecKHX 3JieMeHT0B, xapaKTepHblX ):(JUI 

6apHeBbIX HJIH yMepeHH0-6apHeBLIX 3BC3,D.. 

· .[(ml cpaBHeHIDI 6LIJIH TaKX<e Bblt{BCJICHbl CO,D.ep>Ka

HIDI XHMHqecKHX 3JieMeHTOB B aTMocq>epe Tl Psc C µ;py

ntM 3HaqeHHeM napaMeTJ)a aTMoc4>ep1,1 lgg = 2.49 npH 
Tex X<e 3HaqeHHSIX T 3¢1 H v, (CM. CTOJI6eU 6 Ta6JI. 4). 
lh cpaeHeHHSI CTOJI6u;oe 4 u 6 BHAHO, 'ITO HeiiTpan1:,

Hble aTOMbl npaKTH't{eCKH He pearHpylOT Ha H3MeHe

HHe lgg, O,D.HaKO CO;r(ep)l{aHH.SI HOHOB H3MeHSIIOTCSI 3a

MeTHO. TiocKOJibKY 3JieMeHTbI s-npou;ecca B ,lJ.3HHOM 

HCCJie,D.oBaHHH npe,D.CT3BJICHbl rnaBHbJM o6pa30M JIH

HHSIMH UOHOB, TO yaeJIHtteHHe uapaMeTpa lgg npuee

JIO K yeeJIHtJeHHIO co.nepX<aHHB 3JieMeHT0B 3TOH 

rpynn1>1 a cpe,D.HeM Ha 0.2 dex, 'ITO, cornacHo [13), 
SIBJJSleTCSI OCHOBaHHeM AJISl OTHeCeHHJI 11 Psc K rpynne 

yMepeHH0-6apHeBbIX 3Be3,n;. 

TaKHM o6pa30M, sonpoc O npHHa)];JICX<HOCTH (HJIH 

HeT) 11 P sc K rpynne yMepeHHo-6apueBLlX 3Be3A 

SIBJISleTCSI 'IHCTO MeTo,n;uqecKHM eonpocoM: ero pe-
.. 3ynbT3T 3aBHCHT OT Toro, KaKOM}' H3 3Ha'lemm lgg, 

HaH,n;eHHblX BbIWe pa3JIHqffblMH cnoco6aMH, 6y,D.eT 

oT.n;aao npe,n;no'ITeHue - 2.49, nonyqeHHOMY H3 Ol\e

HOK CBeTHMOCTH, HJIH 2.10, orrpe,n;eJieHHOM}' MeTo,n;a-

' MH cneKTpOCKOilHH. 
;:-

. no HameMy MHeHHIO, noCJie,n;Hee 3HaqeHHe .RBJIR-
i · eTCSI 6onee rrpe,n;nO'ITHTeJJLHbIM HMeHHO IlOTOM}', 
~ ,. 'ITO OHO BbIBe,D.eHO Ha OCHOBaHHH Ha6JIIO,n;aeMOl"O 
~ 
~ cneKTpa u ,n;OJI)KHO nyqme onHCbIBaTb ero oco6eH-

i HOCTH. ,UeikTBHTeJibHO, H3 Ta6JI. 3 BH,ll;HO, \JTO npu 

I,· lgg = 2.1 pacxo~eHHH Me~y co,n;epX<aHH.SIMH, 

' BbJl-lHCJieHHblMH no JIHHHjfM HeHTp3JibHblX aTOMOB H 

'. HOHOB o,n;Horo 3JieMeHTa, HeOOJihlIIHe, HOC yeenuqeHH

' . ~M lg g OHH yaeJJH'IHBaJOTCSI. ECJIH 3HaqeHHe lgg = 2.1 
l:. eepHO, TO Ha OCHOB3HHH H3JIOX<eHHOrO BhIWe cne.ny-

eT, 'ITO 3Be3):(a 11 Psc SIBJIReTCSI "HopManbHbIM" Kpac

HblM rHraHTOM. 

Hacro.su~ee uccne,n;osaHue B1>monaeHo qacru11Ho 

npu no,n;.n;epX<Ke Poccml:cKoro cpoH;r(a q>yH;r(aMeH

TaJibHLIX HCCJie,D.OBaHHB (KOA rrpoeKTa 93-02-02894). 
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On the Chemical Composition of the G7 Illa Red Giant Tl Piscium 
© 1995 r. L. I. Antipova, S. V. Berdyugina, and I. S. Savanov 

CCD observations are used to analyze the atmosphere of the 07 Illa giant Tl Psc by the method of model atmo
spheres. The following atmospheric parameters were obtained: Tett = 4930 K, logg = 2.1, and microturbulence 
v, = 1. 7 km s-1• The abundances of 21 elements in the atmosphere of ri Psc were determined. The conclusion 

about a high Li abundance and high isotopic ratio 12Cl13C is substantiated. A slight excess of Na is reported. 
The assumption that Tl Psc may belong to a subgroup of mild barium stars is discussed. It is inferred from an 
analysis of the derived abundances that Tl Psc is a normal red giant. 
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C01'EP:>KAHHE XHMH'IECKIIX 3JIEMEHT0B 
B ATMOC4>EPE KPACHOfO fHf AHTA y CTPEJILI 

A. A. lio.t1p11yi<*, JI. H. AuTHnoaa*, M. E. lio,rp11yic*, H. C. Caaauos** 
* lfHcmumym acmpoHoM.uu, Moc,cea, PoccUR 

** AcmpotjJwu"ecKaR o6cepBamopUR, Hay'iHbtu, Kp&LM. 
Tiocryn:Hna B peAaJCllHIO 16.01.95 r . 

Ha OCHOBaHHH cneKTJX)B, rmny'feHHbJX c n 3C-KaMepo~. MeTO,l:tOM MO,Qeneli aTMocq,ep BbmonHeH aHanHJ co
nep)l(aHHH XHMH'leCKHX 3neMeHTOB B aTMocq,epe 'Y Sge - Kpacuoro rnraHn cneKTpaJibHOro Knacca MOIIl. 
OnpesteneHbI napaMeTphI aTM<>cq>epb1: Tact> = 3970 K, lgg = 1.3, v, = 1.65 KM/c. HaiineHo. 'ITO B ~enoM 

XHMJPleCKHH COCTaB aTMOCcpepbl y Sge OJ1H30K K COJIHC'IHOM}'. 06Hap~eH HCOOJlbllIOH H30bIT0K Na. 
CpaeHem,e XHMH'leCKHX COCT3BOB aTMOcq>epbl Y Sge - 'IJlCHa ABH:>Kyll{eHCJI rpynnbl fnan - Jf rHraHTOB 
CKOnneHHJI fHal(bl nOKaJaJIO HX HJlCHTH'IHOCTb, 'iTO yKaJbIBaeT Ha o6mee HX npOHCXO)l(,Q;eHHe. 

Cor nacHO TeopHH 3Be3.l{HOH 3eomo~H, y 3Be3A, 
HaxO]J;SlllJ,HXCSI Ha CT3ARH KpaCHblX ruraHTOB, pa3BHBa

eTCSI KOHBeKTUBHcUI OOOJIOttKa, KOTOpcUI, nocreneHHO 
yrny6JISISICb, 3ax.BaTbIBaeT H BbIHOCHT Ha noeepXHOCTL 
JBeJAbI eeruecreo, 06orame11Hoe npoAyKTaMH Mep
HI.IX peaKUHH, KOTOpbie npoTeJCaJIH B ee HeApax Ha 

cTaJlHH rnaeHol1 nocne]J;oeaTeJibHOCTH. IlpHHJ1TO 
CtfHT3Tb, \JTO TaKoe KOHBeKTHBHOe n epeMeWHBaHHe 

srnm1eTCSI OCHOBHblM npoueccoM, OTBeTCTBeHHbIM 3a 
HJMeHeHee noeepXHOCTHblX COAep)KaHHii XHMH'IeC
KHX 3JieMeHT0B y HOpMaJibHblX KpaCHblX nrraHTOB. 
Ilo3TOMY HCCJie]lOBaHHe XHMH'IeCKoro COCTaBa 
Kp3CHblX rHraHTOB npe]lCT3BJISleT HHTepec AIDI H3Y
tJeHHH XHMHtJeCKOA 3BOmOJ..(BH f anaKTHK.H. 8 Hawy 
nporpaMM)' H3y'IeHHSI KpacHblX mraHTOB BKJIIO'leHbl 
KaK 3Be3]J;bl IlOJISI, TaK R 'lJieHLI HeKOTOpbIX 3Be3AHb1X 
rpynn C neJiblO cpaBHeHHSI B }lanbHe1lweM XHMH'leCKO

ro cocraea o6'beKT0B pa3Horo eo3pacra. 

H aCTOSIIUrul pa6oTa TIOCBSllll.etta p eJyJlbTaTaM HC
CJIC]lOBaHIDl KpacHoro ruraHTa y Sge cneK1"pan1>Horo 
Knacca MOIIl u rrp1rn~ne)Kall.(ero JlBH)Kymee:cH 
rpynne ruax. [l ]. 

Hccne.n;oeaHHe BblilOJIHeHO Ha OCHOBaHHH cneKT

paJihHOro MaTepuana, nonyqeHHoro Ha KpbIMCKOH 
acrpoq:>H3H'tfeCKOH o6cepeaTopue C nOMO~blO 2.6-M 
TenecKona; n Ka'tleCTBe npueMJnura H3JJ)"leHHSI uc
non1,3onanac1, CT3C-KaMepa, ycraHoe11eHHaS1 e KYA3-
cneKTJ)Orpacpe. Ha6JIJO]J;etIIDI npOBOJllUIHCb e nepHOJl 
1991 - 1994 rr. CneKTP, perucrpupoeancH e 14 nono
cax urnpHHoH no -30 A. Cee]leHHSI o Ha61110]);aeM1>1x 
cneKTpanhHbIX AHanaJoHax Jl3HbI B Ta6n. 1. CneKT
paJibHoe pa3peWeH}te, onpe]J;eJISieMOe BXOJlHOH i.qe

JlblO cneICTporpacpa, COCTaBJUIJIO 0.18 A, epeMSI 3Kc
no3HI.\HH Bbt6upaJJOCb TaKHM, ttT06bI o6ecnettHTb ee
JIHqHHY OTHOWeHIDI cm-Hana K WYM)' He MCHee 100. 
06pa60T.Ka nonyqeHHOfO CilCKT()anhHOro MaTepHa
mt rrpoee]leHa c nOMOW.bJO naKeTa nporpaMM SPE, 
pa3pa6oTaHHoro e KpAO C. r . CepreeebJM. 

CneKTJ) 3Be3]lbl KJiacca M COCTORT H3 6oJILJDOro 
lJHCJia nepeHanara10w.HXc.R nmmii aTOMOB H Mone
KYJI, Il03TOMY AJUI HCCJie}lOBaHWI 6bIJIH BbJ6paHbl 
cneKTJ)aJihHbie HHTepeanbI e J:{Hana3oHe 1 > 5000 A. 
Ho Aa.>Ke H Ami 3Toro AHana3oHa npoBeAeHHe Henpe
p1>1eaoro cneKTJ)a a rpa~ax pxoro c11eK1'paJI1>Ho
ro HHTepeana, KOTOphlH OAHOepeMeHHO p erucrpH
pyeTCSI II3C -KaMepoii (scero 30 A), npeAcraam1eT 
o npe1teneHHb1e TPYAHOCTH. CTo3TOMY npu npoeeAe
HHH HenpepbIBHOrO cne1crpa npaHHMaJIOCb .BO BHH
MaHBe ero nono:lKeHHe Ha perHcTJ)orpaMMax cneK'
TJ)a y Sge, nonyqeaHoro Ha cpoTonnaCTHHKax {2J, 
KOTOpb1e OXBaTblBaJIH 3HatJHTeJibHO 60Jib1lJBH cneK
T{)aJlbHblH AHanaJOH (5000 - 7000 A), TaK qTo npoee
.n;eHHe HerrpepbIBHoro cne1crpa JJleCb 0KaJ1,1BaeTC51 
6onee yeepeHHbIM. Ilono)KeHHe HenpepbIBHoro cne
KTJ>a c perucrporpaMM cpoTorpacpe'iecKoro cneICTpa 
6bmo nepeHeceHo Ha perucrporpaMMhI y'laCTKOB, 
nonytJeHHblX npu Ha6JIIO]J;CHH.RX c Il3C-KaMepoH. 

0To)l(]J;ecrenem1e u oT6op " ttHCThIX" namm AJIH 
AaJibHel'imero HCCJie]lOB3HIDI npoBOAHJIHCh C HCil011b-
30BaHHeM BeHCKOH 6a3bl AaHHblX 06 aTOMHblX cneK
T{)aX V ALD [3]. 3Ta 6a3a BKJIJOttaeT A3HHbJe o6 aroM
HhIX JIHHIDIX, Heo6XOAffMbIX ]J;JISI pacqeTOB cmrreTH"le
CKHX cneKTJX)B (Amm BOJIH, COOTBeTCTBYIOI.qlfX CHJI 

Ta6JIHU8 1. CneKTpanbHb1e AHanaJoHbJ ua6moAeKHH y Sge 
(a aurcrpeMax) 

5123 - 5148 6030 - 6055 

5287 - 5319 6108 - 6139 

5314 - 5346 6143 - 6175 

5342 - 5373 6474- 6505 

5758 - 5789 6630- 6655 
5842 - 5868 6694 - 6720 

6000 - 6032 6769 - 6800 
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OCUHJIJJSITOpOB, noTeHuHaJIOB B036y)K)l;emm HH)Klle

ro ypoBHSJ, TIOCTOSJHHbJX 3aTyxaHHSI). C TIOMOtu;bfO 
o6cny:>KHBafOtu;HX nporpaMM AJUI acex JIHHHH 3TOH 

6a3bl A3HHbIX? Jie)Katu;DX B cneKTJ)3JILHOM AHanaJOHe 
5000 - 7000 A, Ha OCHOB3HHB MeTOAa MOAeJieH aT

Moccpep (1vrn napaMeTpOB aTMOCcpepbI T = 4000 K, 
lgg = 1.5 H v, = 2 KM/C, 6JJH3KHX K napaMe'I'paM ySge) 
61:,111 BblDOJIHeH pac\leT l..\eHTpaJibHbIX rny6HH. 3To 

AaJIO B03M0)KH0CTb HaM BhI6paTb 6onee )'Bepef{HO. 
mumu AJISI AaJibHeiimHx pacqeroa. "qHCTOH" MLI 
c~urranH JIHHHJO, ecm:r ueHTpaJILHbte rny6mn,1 6neH

AHp)'IOw;mc KOMfiOHeHTOB He npeBblWaJIH 10% ee 

u;eHTpaJihHoll rny6HHb1. rny6HHhI caMbIX cna61:,1x 
JIHHHH, 3KBHBaJieHTHYfO wttpHHY KOTOpbIX Mbl MO
)KeM yaepeHHO H3MepHTb, COCT3BJIS1f0T IIpUMepHo 

· 10% OT HenpepblBHOl'O cneicrpa. no 3TOH IlpH'IHHe H3 
cIIHcKa JIHHHH 6a31:,1 V ALD 61:,mR 0To6paa1:,1 TOJibKO 

Te, rny6HHbI KOTOpblX 6bIJUI 6onee I% OT rny6HHbl 

HenpepbIBHOrO cneKTJ)a. HonytJeHHbIH CIUiCOK JIHHJIH 
HCfi0Jib30BaJICSI npn OT6ope " "{.JHCTbIX" JJHHHH H3 l!HC

Jia Ha6JIIOAaeMblX. Jifa 3THX " 'lHCTbIX" JIHHHH B AaJib
HeifweM HCil0Jlb30BaJIRCb JIRmb Te, ,:(JUI KOTOpbIX YAa
JIOCb HaiiTH HaAe)KHbie CHJibl OCUHJIJISITOpoB. 

,[J;m1 oT06paHHL1x nmum 61,rnu onpeAeJieHLI 3K
BHBaneHTHhie I11HpHHbl W >.. . CHat1aJia H3MepSirrBCL 

3KBHBaJieHTHbie WHpHHbl JIHHHH, y KOTOpbIX HH n;eH
TpaJibHble o6naCTH, HH KpbIJIMI He HCKaJKeHbl 6JieH
AHpoBaHHeM 3aMeTHblM o6pa30M, T.e. tte6JieffAHpO
BaHHble JIHHHH, KpbIJIMI KOTOpbIX npoCTilpalOTCSI 
npaKTH\JeCKH AO HenpepblBHOfO cneKTpa. no 3TIIM 

JJHHIDIM c-rpounacb 3aBHCHMOCTb BeJIH'IUHbl 
lg{W1 /A) + 6 OT rny6HHbI l --Re {pee. 1) H 3aTeM no 
3TOH 33.BHCHMOCTH Ha OCHOBaHBlf n;eHTpaJJbHOH oc
TaTOt{HOH HHTeHCHBHOCTH Re on;eHHBaJiHCb 3K.BBBa

neHTifbie IIIHp0.Hbl ecex OCTaJibHblX JJHHHH. 

Onpep;eneHHSJ cop;ep)KaHHH XB'.MH 1·IeCKHX 3JieMeH
T0B B aTMOCcpepax KpaCHbIX rnraHTOB HaH6onee 
qacTo BbITIOJIHHIOTCH B paMKax ceTOK MO,:(eJieH aTMO

ccpep [4] HJIH [5]. ITepaaSJ pacc'IHTaua AJISI nuana3oHa 
TeMnepaTyp 3750 < T set> < 6000 K II AHana3oHa ycKo
peHnii CHJlb) T}I)KeCTII 0.75 < lgg < 3.0, BTOpaSi -1VISI 
3000 < T3q, < 4000 K n 0.0 < lgg < 2.0. KaK 6yneT 
IlOKa3aHO HH>Ke, Haftp;eHHbJe AJIH 'Y Sge napaMe'I'pbl 
aTMoccpep1:,1 nona,na10T B p;uanaJOHhI HX H3MeHeHHH 
H B [4]. H B [5], 1.{TO fi03BOIDleT HCil0Jlb30BaTb KaJC Ty, 
KaK H p;pyry10 ceTKB MOJJ;eJieH. Mbl pewwIH OCTaHO
BHThCSI Ha ceTKe MOJJ;eJieH [4], HMeSI e ee,:zy cpaBHeHHe 
B j:(aJibHeiimeM Ha~eHHbIX cop;ep}KaHB.H 3JICMCHT0B B 
aTMocq>epe y S ge c conep.>KaHIDIMH 3JieMeHToB e aTMo
cq>epax ~yrax mraHTOB rpynllbI rmlAbl, aHaJIH3 KO
TOpbIX 61:,m npoeep;eH c npHMeHeHHeM Mop;eneu [4]. 

3cpcpeKTHBHa}I TeMnepaTypa 61,1na orrpeAeneHa 
Ha OCHOBaHHH MHOrOn;BeTHblX q>OTOMeTpuqecKHX 
Ha6mop;eHuu. l1cno111>3y5r naHHLie KaTanora [7] H Ka
JJH6poeKy IlOKa3aTeJJeH J.\BeTOB MaKBrrnMIMa [8], 
ObmH rroJiyqeHbJ. 3Ha'leHHjf T 341 . C'leT.m, -crro aeJI.H
"IHHbI u. B. V HR MOryT 6bITb HCKIDKeHI:,I Me)K3Be3,:(

HblM nornomeHHeM, cpeAHee 3Haqemre T3¢i onpeAe-

6 ACfPOHOMl1l.JECKI1H )KYPHAn TOM 72 JIil! 6 

P11~. 1. 3aBKCHMOCT1, 3 JCBHBaJieHTHLIX UIHpHH cneKT· 
pan:bHblX nHHHit (BeJIH'IHHbl lg(Wi/A,) + 6) OT HX rny-
6HHbl I - Re. 

JlffJIOCb TOJibKO Ha OCHOBaHHH noKa3aTeJieH u;eeTa, 

BbPIHCJieHHblX no Ha6JIIOACHIDJM a IlOJIOCax /, J H K 
(Ta6JI. 2). OHO COCTaBJISleT T 3Q> = 3960 K. 

,UJJjf onpeAeJieBHSJ ycKopeHII.SI CHJibI TIJ)KeCTH lgg * 
HCIIOJib30BaJiaCb q>OpM)' Jia 

lg(g* / g0 ) = lg (m* /m0 ) - lg(L* I L0 ) + 

+ 4lg(T:/:r:>¢i) . 
(1) 

IlpH 3TOM 6h!JIO npHHffTO 3HaqeHHe MaCCbl y Sge 

m* = l.6m0 [2] H TeMIIepaTypa T* = 3960 K. 
Oo;eHKH CBeTHMOCTH 3Be3,:(b) L* 6bIJIH BbIIlOJIHe

Hbl ABYWI cnoco6aMu: 

a) CeeTHMOCTb onpe,:\eJJHJiaCb no TpHl'OHOMe'I'pH
qeCKOM}' napannaxcy. CornacHo [1], napa.nnaKc y Sge 
paeee 7t == +0.013" uee B~KMrut BeJIH'l.HHamv= 3.47m, 
"ITO naeT 3HaqeHBe a6COJIIOTHOH 3Be3,[\HOH BemltJH
Hbl Mv = -0.96m. Pa3JIHtJHLie HCTO'IHHKH npHBOASIT 
HeCKOJJbKO pa3JIH1.{Hble 3HatleHWI 60JIOMeTplfl:ICCKOH 
norrpaBKH: BC= - 1.25 [9] HBC= -1.14 [10]. Tor,:(a 
60JIOMeTpHtJeCKaJI 3Be3,[\HaJI BeJU:l'lHHa y Sge paBHa 

Ta6JDl1'3 2. Onpe,lleneHHe T 341 ,f(JUI 'Y Sge no HK-HHAeKcaM 

J-K 
1-K 

3na'leHHe noKa3aTem1 
~BeTa }.{JUI"'( Sge 

+0.95 
+ t.51 

3945 
3967 

ITpHMe'laHHe. fipHHRTOe 3Ra'leHHe TeMneparyp1,1: Ta<I> 
= 3960 ± 10 K. 

1995 
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PHC. 2. 3aBHCHMOCTb COAep:lKamtA 3JleMCHT0B rpynm,, )Ke
Jle3a B aTMocq>epe '( Sge 01110CHTenl,HO conHelfHhlX COAep
>KaHHA OT 34><Pe1CTHBHOA TeMneparypb1 11m1 lgg = 1.3. 
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Pac. 3. AJ{arpaMMa T s4i-lgg AJUI o npe.QCJICHHSI OCHOBHLIX 

napaMeTpoB aTMocq>ep1,1 "( Sgc. UHIJ>paMH oxono xpec
THKOB yxaJaHbl OTHOCHTeJILHbl e co,11ep>KaHHll )l(eJIC3a B 

aTMocq>epe 3BC3.Qb1. 

M1x,1 = -2.21m H - 2.IQm COOTBeTCTBeHHO. C y'leTOM 

cpe,qnero H3 3TH.X 3HatJeHHH ou:eaxa cBeTHMOCTB co
CTaBmteT lg(L* /L0) = 2.74 ± 0.04. 

6) CeeTHMOCTh onpeAemmach c 0cno.11h30BaHBeM 
ou;eHKH MvB [11] Ha OCHOBaHHB 3q><peKTa Bencoua
Eanny. TipHBeAeHHbie B aToA paooTe 3Ha'leHIDl Mv 
OblJIB no.11r1eHbl H8 OCHOB8HBB KaJIHOpoBKB, OCHO
B3HHOH Ha IIpBIDITOM, HO He O'leHb yeepeHHOM 3Ba
'leHBH MOAYIDI paCCTOHHHSI AO fHa,q m - M = 3.08m; 
TaM )Ke npeAJIO>KeH MeTOA KOppeKU.HH npeeeAeH
HbIX T86JIH'tffibIX 3H8'1emm M v A.11$1 pa3.11H'l:HbIX 3Be3A 
s cnriae npHWITWI Apyroro 3Ha'leHIDI MOA}'JUI pac
CT0$1HIDI AO fna,q. TipmmMrul OOJJee COBpeMeHHoe 
3Ha'leHHe MOAYJUJ paCCTOSIHHSI AO fua,q m -M = 3.20'", 
nOCJJe COOTeeTCTBYIO~eii KOppeKIOJB nonytmM a6co
JIJOTHylO 3Be3AH)'IO BeJIH'IBH}' 'Y Sge M V = -0.82m, 'ITO 

ape ynOWIHYTblX Bhlllle 3Ha'lemmx 60JIOMe1'p}f'l-leC
KOH nonpaBKB ,qaeT 6onoMeTJ)H'lecKy10 3ee3,quy10 
BeJJH'IHHY M 1x,1 = - 2.01m H -1.96111 COOTBeTCTBeHHO, a 
cpe,qHee 3Ha '!eHHe BbIBeAeHHblX npB 3TOM CBeTBMO

CTeH paBHO lg(L*/L0) = 2.70 ±0.05 . 

~asr B3 nony-t1eHHhrx o~eHoK CBeTBMOCTB Obma 
ecnoJib30BaHa AM Haxo~eHIDI no <popMYJie (1) eene
'IHHbI lgg,.. e 6hIJJH IlOJI)"leHbl 3Ha'tfeHIDI COOTBeTCT
BeHHO 1.25 (a) H 1.29 (6) npH BbI6paHHOit BbIWe 3<p
<peKTHBHO:A TeMDepaT)'pe T ~ = 3960 K. 

,Umr KOHTJ)OJUI H yTOl.ffieHHg HabeHHblX BhlWe 
3Ha'lemm napaMeTJ)OB aTMoc4>epb1 y Sge 6hmo 
BbinOJIHCHO CJie,qy101II.ee. JJ:Jijl pjfJ:(a KOM6BHa~ 
3Haqemm T ""P. e lgg, C HCil0J1h30BaHHeM MOAeJie aT: 
Moc<pep [ 4], 6bIJIB npoee,qeHbl pac'leTbI COAep>Kamrli 
aneMeHTOB rpynnbI >Kene3a a aTMoc4>epe y Sge H 
CJiei.ytolll.HM o6pa30M npoaHaJIH3Bp0BaHL1 pe3ynb
TaTbI. JJ:nsr Ka.}JQl;Oro H3 HCil0Jlb30B3HHb1X 3Ha'leHHH 

lgg 61,me nocrpoeHhI rpaq,mrn nony'IeHHbIX coAep
)KaHBH 3JleMeHT0B >KeJie3HOrO nuKa no OTHOWCHHIO 
K HX COJIHe'IHblM COAep)K8HIDIM Ami TeMnepaT)'P, 
6nH3KHX K 3Ha'leHHIO TeMneparyp1,1, HaAAeHHOMY no 
11K-HHAeKCaM 3Be3,qbl. B Ka'tfeCTBe npeMepa O,D;BH H3 
TaKHX rpaq>HKOB (AJijl lgg = 1.3) noKa3aH Ha puc. 2. 
MMeSI B BHAY, 'ITO cornacHo TeopHH 3Be3AHOH seo
JJIOI4BB OTHOCHTeJlbHbie co.u;ep)KaHWI 3JieMeHTOB 

3TOH rpynnb1 He AOJDKHbI 61,1Tb ecKa>KeHbI 300.1110-
11.BOHHbIMH npo~eccaMH BO speMeHH XCH3HH 3Be3Abl 
u a rnaBHOH noCJieAOBaTeJibHOCTH II CTaABH Kpacno
ro reraHTa, OIITHMaJibHhIM 3Ha'leHHeM reMnepa
'fYPbI, O"leBB,D;HO, MO>KHO C'iUTaTb TO 3Ha'leHHe, npe 
KOTOpOM pa36poc OTHOCHTeJibHbIX co.u;ep)(GlHHH 
3THX 3JieMeHT0B JIBJijleTCSI MHHHMaJlbHblM. Ha pBc. 2 . 
3TO ycnoeue s1,monHS1eTCS1 npu T 941 = 3960 K. AHano
rH'IHbie rpa<pHKH 6b1J1B IlOCTpOeHbl B .u;m1 .u;pymx 
3Ha'leHHH lgg H AJIJI KIDK,Qoro A3 HlfX 61,mo Haimeuo ~ 
COOTBeTCTey101II.ee 3Ha 11eHee T 3q1 . Ha ,quarpaMMe 
"T ~ - lgg", KOTOpasr 06bl'lHO HCilOJJb3yeTCSI AJIJI 
BbIOOpa OCHOBHbIX napaMeTpoB aTMOC<pepbI 3Be3Ab1 
(pee. 3), xpeCTHKaMB (JIHHBJI J) OTMe'tfeHbl CO'ieTa
HHJI 3Ha'leHri T 3q) H lgg, npe KOTOpbIX pa36poc co
.u;ep)KaJUm aneMeHTOB rpyrrilb1 >Kene3a e aTMoccpepe 
y Sge no OTHOmeHBIO K co.o:ep)KaHllto B COJIHC1.IHOH 
aTMocq>epe MHHHMaJleH. Ha 3TOH .AUarpaMMe JIBHWI 2 
COOTBeTCTeyeT TeMnepaT)'Pe, onpeAeJJeHHOH BbIWe 
no MK-BRAeKcaM, JIHHIDI 3 -ycKopemno cun1,1 TSDKe
CTH, onpeAeJieHHOM)' no napaJIJiaKcy, a JIHHWI 4 -yc
KOpeHeto CHJlbl TSDKeCTH, onpe,qeneHHOMY Ha OCHOBa
HBH a<p<peKTa BBJICOHa-Eanny. Ha ocuoeaHBH aHa
JIH3a ,qBarpaMMbl "T 3Cp- lgg" OKOH'laTeJibHO 6blJIR 
npHIDITbI cneAyto~e 3Haqemu1 napaMeTJ)OB aTMO
cq>epbI y Sge: T 3CI> = 3960 K, lgg = 1.3. Tipu 3TOM oT
KJIOHeHHe COAep>KaHIDI )KeJie3a OT co1rnequoro co
CTaBIDleT -0.03. 

Mo,qeJJb aTMOC<pepbl Ami A3JlbHeHmHX BhPIHCJie

HHH co.u:ep>KaHHH XHMH'leCKHX 3JJeMeHT0B B aTMO
ccpepe y Sge 61,ma nony'leHa H3 ceTKH Mo,qeneif [ 4] 
nyreM HHTepnOIDII.\HH AJISI H3RAeHHblX napaMeTJ)OB 
aTMoccpepbt. 

~HKpOTyp6yneHTHaH CKOpOCTb v, onpe,qengJicb 
no JIIIHIDIM Fe! CJieAylO~HM o6pa3oM: npn npaeHJJb
HO BbI6paHHOM 3HaqeHHB v , co,qepxaHHJI >KeJle3a 
lgE(Fe), nonyqeHHble no cna6bIM a CHJlbHblM JJHHH-

AcrPOHOMJ1tiECKl1vl )l(YPHAJI TOM 72 M 6 I 995 
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SIM, ,ll.OJl>KHbl 6bITb O,ll.HH3K0Bbl. )J.JISI 3TOro 6bIJIH 
~poeeAeHhI pacqeTbI COAep>KaHHB Pel ,ll.JISJ HecKOnb
KHX 3Ha'leHHH MHKPOTYP6yneuraoil CKopoCTB v, . 
3aTeM, C'iHTasI, 'ITO lgE H W1,. CBSI3aHbl JIHHeA:eoi 3a
BHCHMOCTblO lgE = a + bW),,, M8TO,ll.OM HaHM8HbWHX 
KBaApaTOB onpe,ll.eJISUICSI TaHreHC yrna HaKJIOHa b 
AJUI Ka>K,ll.Oro 3Ha'leHHSI MHKporyp6yneHTHOii CKO

pocTH H crpoHJICSI rpaq>HK 33BHCHMOCTH BeJIH'IBHbl 
b OT v,. lb rpaq>mca o npeAeJUIJIOCb TO 3Ha'leHHe V,, 
npH KOTOpOM TaHreHC yrna HaKJIOHa b = 0, 'ITO 03Ha
qaeT He3aBHCHMOCTb co;qep>KaHHA )KeJie3a OT BeJIH

':IHH 3KBUBaJleHTHblX WHpHH. HaAAeHHOe TaKHM o6-
pa30M 3Ha'leHHe MHKPOTYp6yneHTHOH CKOpocrH co
CTaBJISleT v, = 1.65 KM/C. rpaq>HK 3aBRCHMOCTH 

COAep)K3HHjf Fel OT eeJIB'IBHbl 3KBBBaJieHTHOH WH
pHHbl ,ll.ml 3TOro 3HaT.feHHR MHKporyp6yneHTHOH 
cKop<>CTH npe.qcTaeneH Ha puc. 4. 

Pe3yJihTaTb1 Bbl tJ.HCJieHHH co;qep>KaHHH XHMH'lec
KID{ 3JieMeHTOB B aTMocq>epe y Sge ,ll.JUI Ka>K,AOH JUIHHB 

npe,ll.CTaBJieHb I B Ta6JI. 3. 3AeCb BO BTOpoM CTOJI6~e 

lge 
8.0 

. ~ • • • 
7.5 . ,.. • •••• • • • ... • • • • • • • 

7.0 
50 100 150 

WA,mA 

Pac. 4. 3aeHCMMOCTb CO~Cp)l(8HHA Fe 8 aTMocq>epe r Sge 
OT 3KBH8anCHTHOA WHpHHbI nHHHR FeI }{ml v, = 1.65 KM/C. 

AaHbl ,ll.JIHHLI BOJIH HCCJI8,ll.0BaHHblX cneKTpaJibHblX JlH

mm, e TpeTbCM - noreu~am,1 eo36y)K,ll.eHID1 HIDKHero 
ypoBHH, e \JeTBepTOM - CHJibI OCI.\HJIJISITOpOB [12], e 
WITOM - 3KBHBaJleHTHbi e IIIHpHHbl, B meCTOM -

Bbl'IHCJieHHbie CO,ll.ep >KaHHSI 3JieMeHT0B. B ceAhMOM 

; Ta6JIHQ8 3. Onpe,qeJieHHe COAep)KaHHH 3JJeMeHTOB B aTMoe<f>epe "( Sge 

3neMeHT A E. P. lggf W),,, mA lgE Cpe1:tHee lgE lg~ 

I 2 3 4 5 6 7 8 

Nal 6.49 6.33 
6154.22 2. 10 -1.60 0.138 6.49 

All 6.51 6.47 
6698.63 3.13 - 1.64 0. 111 6.51 

Sil 7.62 7.55 
6155.22 -S.59 - 0.89 0.059 7.61 
6142.53 5.59 -1.58 0.031 7.64 

Cal 6.41 6.36 
6798.51 2.70 - 2.68 0.073 6.45 
6499.49 2.51 - 0.97 0.192 6.43 
6166.44 2.51 -1.27 0.166 6.25 
6162.17 l.89 - 0.1 1 0.562 6.45 
6161.29 2.51 - 1.37 0.170 6.46 
6156.10 2.51 - 2.58 0.093 6.41 

Sci 2.97 3.10 
6026.17 2.11 - 0.60 0.021 3.07 
5356.10 1.86 0.04 0.061 2.80 
5355.75 1.95 - 0.29 0.045 3.02 

Til 5.02 5.02 
6149.74 2.15 -1.40 0.089 5.03 
6031.68 0.05 -4.06 0.126 4.98 
6018.62 1.05 -2.90 0.100 5.00 
5766.33 3.28 0.22 0.085 5.11 
5366.65 0.81 -2.68 0.123 ~.99 
5313.24 1.07 -2.25 0.122 4.96 
5295.78 1.06 - 1.79 0.149 5.07 

VI 4.00 4.00 
6017.90 1.19 -2.30 0.050 3.97 
6002.60 1.05 -1.72 0.081 4.01 
5846.31 3.12 0.70 0.031 4.02 
5783.51 2.71 - 0.42 0.032 4.09 
5782.60 1.08 -1.76 0.092 3.89 
5772.40 1.93 -0.46 0.100 4.05 
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868 BO.SIPlJYK HAP· 

Ta6JJa._.a 3. npoAomKeHHe 

3JteMeHT A, E.P. lg gf WA,, mA lg e CpeAHee lg E lg f-0 

1 2 3 4 5 6 7 8 

VII 4.08 4.00 
6031.07 2.51 -1.73 0.022 4.08 

Crl 5.64 5.67 

6501.21 0.98 -3.66 0.142 5.60 
6047.66 3.85 -1.32 0.021 5.59 
5844.61 3.00 - 1.82 0.056 5.55 
5783.11 3.31 -0.56 0.115 5.78 
5772.68 3.56 - 1.58 0.032 5.70 
5368.55 3.83 -0.90 0.040 5.57 
5312.88 3.43 -0.69 0.094 5.78 
5137.94 3.42 -1.40 0.041 5.52 

Pel 7.47 7.50 

6786.88 4.17 -l.99 0.063 7.41 
6653.88 4.14 - 2.54 0.044 7.57 
6648.08 1.01 - 5.88 0.118 7.53 
6646.98 2.60 -3.98 0.078 7.40 
6483.94 1.48 - 5.37 0.098 7.45 
6475.63 2.55 - 2.88 0.145 7.40 
6 165.37 4.12 - 1.49 0.085 7.27 
6151.62 2.17 -3.30 0.162 7.63 
6145.42 3.35 -3.72 0.034 7.45 

6035.34 4.28 -2.55 0.030 7.47 
6034.04 4.29 -2.40 0.035 7.45 
6019.36 3.56 - 3.32 0.045 7.56 

6008.58 3.87 -1.19 0.123 7.29 ~ 

5858.77 4.20 -2.25 0.051 7.50 
5856.08 4.28 -1.63 0.074 7.42 
5849.67 3.68 -2.94 0.049 7.43 
5778.47 2.58 -3.54 0.1 10 7.60 
5775.09 4.20 -1.22 0.105 7.51 
5760.35 3.63 - 2.44 0.078 7.40 
5577.03 5.03 - 1.53 0.036 7.62 
5568.81 3.63 -2.91 0.061 7.57 
5315.78 3.62 -3.25 0.038 7.46 
5315.07 4.35 -1.56 0.065 7.30 
5294.55 3.62 - 2.76 0.065 7.49 
5293.97 4.12 - 1.84 0.077 7.50 

Col 4.87 4.92 

6477.86 3.76 - 0.80 0.025 4.93 
5359.20 4.13 0.01 0.035 4.86 
5352.05 3.56 -0.13 0.063 4.77 
5347.51 4. 15 -0.41 0.018 4.87 
5310.24 4.21 - 0.42 0.017 4.92 

Nil 6.24 6.25 
6130.17 4.25 - 1.00 0.049 6.27 

6111.06 4.07 -0.94 0.064 6.26 
5847.01 1.67 -3.32 0.114 6.10 
5593.74 3.90 -0.93 0.079 6.32 

Srl 2.97 2.90 

6791.05 1.76 - 0.72 0.025 2.97 

YI 2.19 2.24 

6793. l l 0.07 - 1.75 0.108 2. 19 
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CO.[(EP)l(AHHE XHMHlffiCKHX 3REMEHTOB 869 

Ta6JIH .. 8 3. 0KOH'laHHe 

3JJeMeHT "- E.P. lg gf 

l 2 3 4 

Zrl 
6709.61 0.51 -2.18 
6143.18 0.07 -1.14 
6134.58 0.00 -1.32 
6127.49 0.15 -1.16 

I 

Zrll 
6114.78 1.66 -1.68 

Bal 
6693.84 1.19 -0.02 
6110.78 1.18 0.44 

BaII 
6496.89 0.60 -0.38 
6141.72 0.70 0.22 

Lall 
6774.28 0.13 -1.75 
5863.72 0.93 -0.99 

Cell 
6043.39 1.21 -0.28 

Ndll 
6031.30 1.28 -0.84 

Eull 
6645. I I 1.37 0.17 

CTOJI6u:e npuse.a;eHbl cpe.IJ.HHe no BCeM JIHHHSIM co
,nep)KaHJUl 3JieMeHTOB, a B BOCbMOM cron6qe - co

.a;ep)KaHHJI .a;aHHbIX 3JieMeHTOB .Ha CoJIRI.~e [13]. 

B cron6u.e 3 Ta6JI. 4 H Ha puc. 5 np1rne.a;enh1 oT
KJIOHeHHSI [X]:::: lge- lgEG co;a:ep)KaHHR XHMHqecKHX 

3JICMeHT0B B aTMOccpepe "( Sge OT COOTBeTcrByIOII(HX 
COJIHC"IHbIX co.o.ep)KaHHH [13]. 

AHaJIH3 Ta6JI. 4 CBlmCTCJibCTByeT O TOM, t.fTO COAep
)KaHIDI XHMH'ICCKHX 3JICMCHT0B B aTMOcq>epe "( Sge B 

npe.a;enax OWHOOK Ha6mo.a;eHHH B o6m;eM 6JIH3KH K 
co.a;epx<:aHHSIM B aTMoe<f>epe Conuu:a. Ha6mo.a;ae
MhIH He60JibWOH H36hITOK Na MO)KeT 6b1Tb peaJib
HbIM. ilOBbIIIIeHHbie co;a:ep)KaHH.sI ero Hait.a;eHbI, Ha

npHMep, e K-ruraHTax nonS1 (14], s K-rHraHTax 

rpyrrnhI fHaA [15] H B F-caepxnrraHTax [16 - 18]. 

[X] 
0.3 

0.2 • 

W1,mA lg£ Cpe.QHee lg e lg Eo 
5 6 7 8 

2.41 2.56 
0.041 2.43 
0.144 2.46 
0.134 2.32 
0.134 2.41 

2.70 2.56 
0.016 2.70 

2.11 2.13 
0.024 2.32 
0.026 1.90 

2.36 2.13 
0.231 2.45 
0.274 2.26 

1.29 1.22 
0.074 1.36 
0.035 1.22 

1.76 1.55 
0.036 1.76 

1.69 1.50 
0.021 1.69 

0.55 0.51 
0.043 0.55 

BepOBTHO, B36bITOK Na, KaK u aHOMaJIHH co.a;epxrn

HHH C H N, S1BrrseTcsr o6m;eu xapaKTepHcrHKol1 

3Be3;a:, npo3BOJIIOQHOHHpOBaBWHX OT rnaBHOH no

cne,n;oBaTeJihHOCfH, XOT.sl He60JibllIOi1. H36bITOK Na 

MO)KCT TaK>Ke B03HHKffYTb H3-33 Hey-qeTa OTKJIOHe

HHH OT JITP [ 19]. CoAep>KaHue Ba, onpe.n;eneuHoe no 

JIHHIDIM Ball, npenCTaBJISleTCB He 01.JeHb Ha,n;e)KHbIM, 

nOCKOJibKY o6e JIHHHH 6neHAHpYIOTC.sI JIHHHSIMH )Ke

Jie3a. BepmlTHO, JJHHHH Bal nrnne oTpa)KaIOT uc

TBHHoe co.n;ep)KaHHe Ba. HecKOJibKO IlOHIDKeHHoe 

co.a;ep)KaHHe Sc CCTb, aep051THO, CJie.D;CTBHe He Qt,iCHb 

Ha,l{e)KHblX CHJI OC~HJIJI.slTOpOB )'.(JISI HCCJieAyeMbIX 

JIHHHH. K CO)KaJieHHIO, .n;pyrux t,fHCTblX JIHHHH B HC

cne.n;yeMblX cneKTPaJibHbIX HHTepsanax HeT. Co

,nep)KamtS1 pe.QK03eMeJibHblX 3JieMeHT0B Tpe6yIOT 

X X X 

0.} • X 

0 t----·---·- --------,,---·-------...:..:..x 
X 

X 

• • • • 
-0.l • • 
-0.2 

Na Al Si Ca Sc Ti V Cr Fe Co Ni Sr Y Zr Ba La Ce Nd Eu 

Puc. 5. Co.ueplt<aHJHI Xl1MH•leCKl1X :meMeHTOB B aTMoccpepe y Sge OTHOCHTeJJbHO Conuua, onpe.ueneHHble C OOMOutblO MO,Uem1 
aTMoccpephl lf3 [ 4) c napaMeTpaMH T~cp = 3960 K, lgg = l .3 u v, = l .65 KM/C. To•IKH - onpe.uen eHHSI n o m!HHSIM Heii:rpanbHblX 
aTOMOB, KpeCTlfKH - 110 JJHHH!IM HOHOB. 
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870 BOHP'IYK H AP· 

Ta6JIH._a 4. CoAep)l{aHHe XHMH"leCKHX aneMCHTOB 8 3TMocq>epe 'Y Sge 

CneKTpaJibHbIH KJtacc MOIII 
IlapaMCTpbI aTMoccpepbI 

T~=3960K T~=4000K T~=3950K 

lgg = 1.3 lgg = 1.5 
3neMCHT l.JHCJJO JIHHHH v, == 1.65 KM/c V 1 = 1.9 KM/C V 1 = 2.0KM/C 

MoAem, aTMOC<j>epbl 

(4) (5) [4] [5] [5] 

[X] 

Hacrmnua" pa60Ta [6) [2] 

I 2 3 4 5 6 7 

Nal 1 +0.16 +0.44 +0.04 

All 1 +0.04 +0.24 +0.20 

Sil 2 +0.07±0.02 +0.36 +0.16 

Cal 6 +0.05±0.09 +0.15 -0.21 

Sci 3 -0.13 ± 0.11 -0.07 - 0.14 -0.05 -0.28 

Til 7 0.00±0.05 +0.15 -0.04 +0.05 +0.03 

VI 6 0.00±0.06 +0.12 - 0.08 +0.02 +0.36 

VII 1 +0.08 +0.27 
Crl 8 -0.03 ±0.10 +0.05 -0.10 -0.06 - 0.06 

Crll 1 +0.15 +0.48 

Fel 25 -0.03 ±0.09 +0.14 -0.14 -0.08 0.00 

Col 5 -0.05±0.06 +0.12 +0.05 +0.07 -0.16 

Nil 4 -0.01 ±0.08 +0.18 -0.03 +0.01 +0.05 

Sri 1 +0.07 +0.14 
YI I -0.05 +0.22 
Zrl 4 -0.21 ±0.05 0.00 +0.03 

Zrll l -0.01 +0.29 +0.48 , 

Bal 2 -0.02±0.21 
Ball 2 +0.23±0.12 +0.37 -0.24 

Lall 2 +0.07 ±0.08 +0.20 

Cell 1 . +0.21 +0.31 +0.05 

Ndll 1 +0.19 +0.31 +0.46 

Eull 1 +0.04 +O.Zl 

):\OilOJIHHTCJibHOrO HCCJIC):\OBaHID1. Bcneµ;CTBBe CHJib

HOro 6neH~Hp0BaH1U1 B Ha6moµ;aeMLIX µ;Hana3oHax 
"( Sge He OKa3aJIOCb J);OCTaTO'IHOrO KOJIR'leCTBa 'IHC

TbIX JIHHHH JVU[ )'BepeHHOrO onpeµ;eneHIDI coµ;ep}l(a

HHii 3THX 3JieMeHT0B. 

,U:JI.8 cpaBHCHHJI 6b1J1B BbIIlOJIHeHbl TaIOKe pac'le

Tbl coµ;ep)KaHUA XHMH'leCKHX 3JleMeHT0B B aTMOe<f>e

pe y Sge B paMKax ceTKU Mo.i.enei [5] (cron6e~ 4 
T36JI. 4; pHC. 6) AJI.8 mliµ;eHHblX BbIIIIe napaMeT()OB 
aTMoc4>epb1. MHTepecHO OTMCTHTb, •ITO B 3TOM 

[X] 

• 
0.4 • 
0.3 X 

• 
X X 

X X 

• 0.2 • • 
0.1 • 

• 
• • • • 

X X 

0 
• --0.1 

--0.2 

Na Al Si Ca Sc Ti V Cr Fe Co Ni Sr Y Zr Ba La Ce Nd Eu 

PHC. 6. Conep>KaHHII XHMH'ICCKHX ~neMCHTOB s aTMocq>epe ySge OTHOCHTCnI,HO ConHlla, onpeneneHHLTe c IlOMOl..l\blO MO.Qenu 
aTMoe<pepbl HJ [5] c napaMe-rpaMH T 3<I> = 3960 K, lgg = 1.3, v1 = 1.9 KM/c. 
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COJJ;EP)l(AHME XHM111-IECKMX 3JIEMEHT0B 871 

Ta6JIH~a s. CpaBHeHHe COAep)l(aHJm XHMff'-leCKHX 3neMeHTOB B aTMOC<pepax KpaCRbIX rHraHTOB CKOmieHIDl feaAbl 

3neMeHT ySge yTau oTau £Tau ~Tau 
MOIII KOIIIabCN KOIII G9.5UI KOIII 

napaMeTJ'bl aTMoccpep1,1: T 31f>• K H lgg 
3960 4990 5000 4930 4940 4820 4960 

1.3 2.1 3.00 2.90 2.85 2.77 3.17 

' 
MOAeJIL aTMOC<pep1,1 

[4] [4] 

1.65 1.7 1.8 

Hac-r. pa6oTa [20] [21] 

I 2 3 4 

Nal +0.16 +0.27: 
All +0.04 -0.03: 

Sil +0.07 +0.17 +0.29 
Cal +0.05 -0.09 +0.12 

Sci -0. 13 -0.13 - 0.38 

Til 0.00 +0.04 +0.20 
VI 0.00 +0.04 +0.18 . 
VII +0.08 

Crl -0.03 0.00 +0.20 
Crll +0.15 

Fel - 0.03 - 0.06 +0.11 

Col - 0.05 -0.16 +0.06 
Nil -0.01 -0.06 +0.18 

Sri +0.07 

YI -0.05 +0.29 
Zrl -0.21 +0.03 
Zdl -0.01 

Bal -0.02 

Ball +0.23 -0.07: 0.00 

Lall +0.07 -0. 17: +0.38 
Cell +0.21 -0.21: 

Ndll +0.19 - 0.12: +0.30 
Eull +0.04 +0.20 

cnyqae MHKpo1j'p6yneHTHaJI cKopocrh, onpe,n:eneH
HaJI TeM )Ke cnoco6oM, OKa3aJiaCb HHOH: v, = 1.9 KM./C. 
3TO HBJIHeTCH, oqeBHJl}IO, CJie,n:CTBHeM pa3JIHqHoro 
crpoeHHS aTMoccf>ep B o6oux cny11aHx, xoTopoe npu
BOAHT K pa3JIBqHOM)' BJIH.HHHIO Ha o6pa30BaHHe 
CHJibHblX a CJia6blX JIHHHH. K aHanOrHqHOM)' BhIBO.O:Y 
npmnnH aBTOpbI pa6oTbI [ 6]. Cpasaemre ,n:aHHblX 
C'rOJIO~OB 3 H 4 Ta6JI. 4 noKa3hIBaeT, t.JTO MO,n:eJJH [5], 
KpOMe 6onee BbICOKOH 1j'p6yneHTHOH CKopocrn, 
.n:a10T H CHC'reMaTH'1eCKH 6onee BbICOKHe co.n:ep)l(a
HIDI XHMH'leCKBX 3JieMeHTOB. Ilpa 3TOM pa3~a co

)];ep)KaHHii pa3JIHt.JHa .O:JIH pa3JIH'IHblX 3JieMeHTOB. 

[4J [4] [4] [4] 

v1, KM/C 

2.1 2.2 2.3 2.0 

[X] 

(8) [8] [8] [8] 

5 6 7 8 

+0.20 +0.19 +0.21 +0.23 

-0.03 +0.03 -0.26 - 0.22 

-0.14 -0.06 -0.20 -0.08 

-0.26 -0.08 -0.36 -0.24 

-0.02 0.00 +0.04 +0.04 

0.00 +0.12 +0.08 +0.11 

-0.26 - 0.25 -0.20 -0.08 

-0.01 +0.04 

-0.13 - 0.06 

+0.14 

HaB60JiblllBX 3HatJeHHH OHa J:(OCTBraeT )l;JIH Nal H 
Sil. "ITO, BepOSITHO, .SIBJIHeTC.SI CJie]:\CTBHeM HaHOOJlb
lllero pacxm1<,1J,eHID1 MOJ:(eneii aa rny6HHax o6pa3o
sauus HCCJieJ:(yeMblX JIHHHH 3THX 3JieMeHT0B. 

B C'rOJI6~ax 5, 6 H 7 Ta6n. 4 npHBe)l;eHbl CO)l;ep)l(a
HRSI HeKOTOpbIX 3JieMeHTOB B aTMoccpepe "( Sge, on
peJJ;eJieHHbie ApyrHMH aBTOpaMH (6, 2]. Co}:lep)KaHIDI 
3JieMeHTOB, nonyqeHH1>1e B HaCTOSl~eii pa6oTe, npH
MepHo Ha 0.1 dex e1,1me, ·qeM B pa6CYrax (2, 6], qTo, 
BepO.SITHO, Bbl3B8HO pa3JIH'·nteM B npHHHTbIX 3H3'1e

HHSIX ycKopeHIDI CHJihl TSl)KeC'rH. 

ACTPOHOMW-IECKHH )KYPHAJI TOM 72 M 6 1995 



872 60S1Pt.JYK H ~p. 

B Ta6Jl. 5 COACp)l(aHWI XHMU'leCKHX 3J1CMCHTOB B 

aTMoccpepe y Sge cpaeneealOTC.R c COAep)l(aaH.RMH 
xeMHqecKBX 3J1eMCHT0B B aTMoccj>epax HeCKOJlbKHX 
KpaCHbJX rnraHTOB CXOilJICHIDI reaJ).bl, OnpeAeJieH

HbIMB pa3HblMH aBTOpaMH C HCllOJlb30BaHHeM MOAe
neu [4]. AHaJJH3 Ta6JIHl.\bl CBtmeTeJJbCTByeT O TOM, 
\fl'O KpacHbIH rnraHT y Sge, npHHaAJ1e)l(a~, co
rnacHo [lJ, K JJ.BJOKYll(e:ecsi rpynne fu~. BMeeT c 
KpaCHbIMH raraHTaMH ruaA He TOJlbKO o6w:ee ABH

)l(eHHe, HO H HAe~blH XHMH'ICCKHH cocrae. 3ToT 
cpaKT MO)l(HO paccMaTpHBaTb KaK ce~eTCJibCTBO B 
nOJJb3Y o6w:ero o6pa3onaHID1 3BC3A pacceBHHoro 
CKOilJICHIDI f HaAbl B ABH)({}'W:efi:cji rpynnhI fHaA B 

npol.\ecce 3ee3noo6pa3oea11eg e ranaKTBKe. 

AeTop1,1 Bb1paxca10T 6JJaro,-apHOCTb T.A. Psi611H
KOBOH 3a nOMOW:b B pacqeTax Ha OCHOBaHHB BeH
CKOH 6a3bl J).aHHblX. 

HacTO.RW:a.SI pa6oTa BblllOJJHCHa qaCTH'IHO npe 
no,rmep)l(Ke PocceifCKOl'O <l><>HJJ.a 4>YHAaMeHTaJibKblX 
HCCJICAOBaHHH (KOA npoeKTa 93-02-02894). 
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Elemental Abundances in the Atmosphere of the Red Giant 'Y Sagittae 
© 1995 r. A. A. Boyarchuk, L. I. Antipova, M. E. Boyarchuk, and I. S. Savanov 

CCD spectra are used to analyze the abundances of chemical elements in the atmosphere of the MO Ill red giant 
y Sge by the method of model atmospheres. Its atmospheric parameters were determined: Teff = 3970 K, 
logg = 1.3, and v 1 = l .65 km s-1

• The atmospheric chemical composition of y Sge was found to be generally 
close to solar. A slight Na deficiency was detected. A comparison of the atmospheric chemical compositions 
of y Sge, a member of the moving Hyades group, and Hyades cluster giants showed them to be identical, sug
gesting their common origin. 
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rPABHTA .. HOHHOE MHKP0JIHH3HP0BAHHE 3BE3Jl HEHYJIEBLIX 
YrJIOBLIX PA3MEP0B 

© 1995 r. M. E. 6orAaaoe*, A. M. 11epen&DQ'K** 
* Y,meepcumem UM. H.I'. C/epH&tiueecKozo, Capamoe, PoccUR, 

** AcmpoHo~uctecKuu uHcmumym u..w. ll.K. JJJmepH6epza, Moc,cea, Poccwt 

nocrynHJia e peAaK.._HJO I 3.03.95 r. 

PacCMOTJ)eHa B03M0)KH0CTb HCil0Jlb30BaHHS! na6JIJOAeHHH rpaBHTa~HOHHOrO MHKp0JIHH3Hp0BaHWI AJISI 
HCCJie)\OBaHJUl 3Be3A C BbICOKHM npocrpaHCTBeHHbJM pa3peweHHeM. YMeHl,WeHHe K03cpcpHl\HeHTa ycHJie

HIDI rpaBHTaU.HOHHOH JIHH3b] C poCTOM yrnoeoro paCCTOKHHSI. OT ee OITTHtteCKOH OCH H KOHe'fHb[e yrJJOBbJe 
pa3Mepb1 AHCKa 3Be3)\bl npHBO]VIT K OTJlH'IIUIM KpHBOH HJMeHeHHS! noTOKa rrpH JlHH3HpOBaHHH OT KPHBOH, 
COOTBeTCTBYJO~eii TO'le'IHOMy HCTOttHHKy.11cCJleAOBaHo BJ1H.IIHHe yrJIOBblX pa3Mepos 3Be3ro,I H noTeMHe
HH$! ee AHCKa K Kpa10 Ha H86JII0AaeMy10 KpHBYIO JIHH3Hp0B8HB.s1, iloKa3aHO, 'ITO yrnoeou: p~Hyc 3Be3A},I, 

H3MepeHHblH B AOJIS!X paAHyca KOHyca 3BHWTeiiHa, MO)KeT 6b1Tb onpeAeJieH C npHMeHeHHeM nenHHemfOH 
npoueAypbl MeTO,ua H8HMeHhWHX KB8,[{p8T0B, H 06cy)l(Aa10TCSI coepeMeHHble cnoco6bI pemeHlUI 3TOH 38· 
,[{atrn, 003BOJI.sllOI.qHe H8HTH TOttHble O(.\eHKH H A0BepeTeJibHJ,Je HHTepBaJlbl napaMeTJ)OB. 3aBHCHMOCTb no
TeMHeHHS! K KpaJO AHCKa 3Be3Abl OT AJIHHbl B0J1Hbl npHBO,[lHT K xpoMaTH'leCKOMY 3cpcpeKT)' npH H86JIJOJJ.e
HHS!X JUIH3Hp0BaHJUI 3Be3JJ., KaK npaBHJJO, Bblpa)l(eHHOMy B nOKpacHeHHH RX CBeTa. nonrteHbl oqeHKH 
eeJIH'IHH H3MeHeHHJI noKa3aTeneii l{BeTa CTan,!lapTHOR mHpOKorronocuoii CHCTeMbl UBV .1v1.sr pa3J1H'IHb1x 
YCJJOBHH MHKpOJIHH3HpoBaHH.sl. 3cpcpeKT S!BJISleTCX AOCTaTOl.fHO MaJll,IM H H3MeHeHHe nOK838Tenen l(BeTa 

peaJJbHO Ke npeBbllUaeT cf 015. 0AH8KO ero BJJHJIHHe MO)l(CT 6b!Tb yeeJlH'leHO cne(.\HaJJbHblM Bbl60p0M 

c neKTpaJibHbIX OOJIOC nponycKaHHJI npHeMHHKOB, o6ecnelfHBatOI.QHX MaKCHM8JlbHOe pa3JIK'IHe noTeMHe-
11 IIH K Kpa10. Ba)KHOH oco6eHHOCTblO 3cpq>eKTa JIBJISJeTCI ero 38BHCHMOCTb TOJlbKO OT OTHOWeHH$1 BeJlH

'IHHbf yr.Ila Me)K,[{y JIHH30H H HCTHHHblM HanpaBJieHHeM Ha 3Be3.D.Y K BeJlH'IHHe yrJJoeoro pa,((Hyca 3Be3,((bl. 
CpaBHeHHe na6JII0]:18eMbIX noKaJaTeJJeH l{BeTa H K03<pq>Hll1{eHT0B ycuJieHJUI nOTOKa C pac'leTHbIMH H 3Ha
HHe YrJJOBblX pa3Mepos 3BC3,!lbf n0380JIJleT OUCHHTb yrnOBOH pa,qeyc KOHyca 3HHJllTe(rna rpaBHT81\HOH
HOH JIHH3bI. 

1. BBE.I(EHHE 

it: IlosreneHI1e nepBbIX C006ll\eHHl'i 06 OTKpbITHH 
{ 3cpcpeKTa rpaBHTaqHOHHOrO MHKp0JIHH3HpoBaHID1 
I 3Be3A 6on1:,woro Marenaaoea o6naxa [1, 2] npH

,t BJieKJlO 60J1blllOe BHHMaHHe KaK CBH;a:eTeJILCTBO cy-
1, ll\eCTBOBaHHSI MaJIOM3CCHBHblX TCMHbIX 06'beKTOB 

~ Hamett f anaKTHKH, B03MO>KHO onpe;a:emnOll\lfX ee 

t£ CKpbITYfO Macey, H KaK HOBOe cpeACTBO HCCJie;a:oea
:r: Hffj{ 3Be3;a: c BLJCOKHM yrnoBhIM pa3peIIIeHHeM. CpeA
t HHH pa3Mep KOH)'Ca 3HHlllTCHHa AJIJI 3THX 06'beKT0B, 

if xapa1crepH3Y10lJ.\ero B03MO)KHOCTH ycm1eHID1 H3Jiy

t 'leHHSl rpaBHTau;HOHHOH JIHH30H, o~eHJIBaeTCSI BCJJH-

ft. 'IHHOH O ~' 001, t{TQ CTaBHT Ha6mo;nemm 3cpcpeKTa 

J .MBKpOJIHH3HpoeaHml B OAHH PSIA C HaH60Jiee MOW:
i:::HbIMH cymeCTBYIOlllHMH MeTo,qaMH IIOBbIIIICHIDI yrI nosoro pa3pememrn B onrnqecKoM AHana3oHe [3 J. 

OT o6w;ero 'IHCJla 3Be3A, o6a 3TH YCJIOBWI MOryT He 

BblIIOJIHJITbCJI. J];BH)KeHHe KOMilOHeHTOB BOKpyr 06-

w;ero ~eHTPa Mace cnoco6Ho BLI3BaTL aCHMMeTpmo 

KpHBOH 6necKa, a pa3JIH'IHe HX cneKTpaJILHbIX KJiac

COB - H3MeHHTb u;eeTOBLie xapaKTepHCTHKB cyMMap

HOro noToKa H3JiytteHIDI. UeJiblO HaCTOSlll\eH pa6o

TbI SlBJJJleTCSl H3ytJeHHe BJIHSlHIUI Ha KPHBYIO JIHH3H

poeaHIUI KOHe'DlblX yrJIOBblX pa3MepoB 3Be3}:(LI H 

o~eHKa 6onee TOHKoro xpoMaTHtJecxoro 3cpcpeKTa 

rpaBHT8ll;ROHHOH nHH3bl, KOTOpblH MO)KeT Ha6n10-

AaTbCH y OAHHO'IHhlX 3Be3;a: H CBJ13aH C 3aBHCHMOCTL10 

nOTeMHeHHSI K Kpa10 AHCKa 3Be3,qbl OT AJJKHbl BOJIHbl. 

C yeennqeHHeM yrnoeoro paccTOHHIDI OT H~npaBJ1e

HIDI Ha rpaBHT3qHOHH}'10 JIHH3Y IIpOHCXOAHT HeJIH

HeHHOe yMeHbIIIeHHe ee K03q:>cpHu;ueHTa ycHJieHIUI. 

Il03TOM}' B cyMMapHOM IlOTOKe 6y,qeT npeBblllieHa 

):(OJISl CBeTa OT 6JIH)Kaiimero K JJBH3e KpcUI BUAHMOro 

:n;n:cKa 3Be3;a:hI. PacqeTbI MOAeJJeH q:>oToc<f>ep c ytte

TOM 38BHCHMOCTH K03q:>q:>HI~HeHTa norJio~eHIDI OT 

'laCTOTbl [5] noKa3bIB810T, 'ITO noTeMHeHHe K Kpa10 

AHCKa 3BC3Abl AJISI BHAHMoro u 6mu1rnero HK-,wana-

30HOB cneKTpa B cpe:n;HeM YMCHbWaeTC.sl C pOCTOM 

AJIHHbl BOJJHbl. TaKHM o6pa30M, xpoMaTH'IeCKHff 

3cpq:>eKT rpaeHTa~OHHOH JJHH3hl AOJI:>KeH npo.st:s
JISITL ce6H KaK noKpacHeHHe CBeTa 3Be3ALI. 

t YcnoBH)IMH BbIAeJieHIDI C06hITHH, CBSI38HHbIX C 
i i.MHKpOnHH3HpOB8HHeM 3Be3A, B rrepBbIX pa6oTax no i~HX 06Hapy)KeHH10 6bmH CHMMeTPH'UIOCTb cpopMbl 
:JlCpHBOH H3MeHeHWI 6JieCKa H oi.1maKOBLIH K03<pcpHU;H
c~ elIT yc1rneHW1 IIOTOK8 B pa3JIHtIHbIX ytiaC'l'J(ax CileK
}:Tpa. KaK 61:,mo rroKa3aHo Ca)l(HHbIM H l.Jepenamy

l "OM [4], e cnyqae TeCHbIX ABOHHbIX H KpaTHblX CHC
~ ll'CM, KOJUl<JeCTBO KOTOphIX COCT8BJISleT OKOJIO 50% 
$'. 
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2. OCHOBHbIE YPABHEHIDI 
IlpeAilOJIO>KHM, "CITO pacnpeAeJieHHe SlpKOCTB no 

,IJ,HCJCY 3Be3Ab1 ODHCbJBaeTCjl H3BCCTHbIM mmemn,IM 
33KOHOM 

0 
b>..(0) = b>..(1 - u>.. + u>..cos0), (1) 

r,lle 0-yron Me)l(Ay JIY'IOM 3peHID1 H HOpMaJiblO K no-
0 

eepxHOCTH 3BC3JJ.bl, b'). - SlpKOCTb B l\CHTJ)C AHCKa 

3Be3,IJ,bl, a U).. - K03q>q>Hu;HeHT noTeMHeHHSI K Kp alO 

(0 s U).. s 1). B ,tJ,aJibHCBWeM pacnpeACJICHHe srpKOCTH 
YA06HO paccMaT})HB3Tb KaK cpyHKII;HIO npuu;eJibHOrO 
napaMeT})a r - yrnoeoro pacCTOS1HW1 OT ~ewrpa 
3BC3,IJ,bl. T or,tJ,a Bblp3)KCHHe ( 1) npHMeT BBA 

b)..(r) = b~(l - u>.. + u'J..J R
2 

- r2 I R), (2) 

r)le R - yrnoeoii paAHyc 3eeJ,1J,&1. Ecnu qepeJ k(A) 
o603H3'tfflTb KpHBYIO pe~Hlf q>OTOMCTpHtlCCKOH 

CHCTCMbl , TO Ha6nw.n;aeMbIH IlOTOK H° OT 3BC3,Qbl IlO

nyt.1aeTC.sl YMHO)KCHHCM pacnpe,1J,enemu1 .RpKOCTH (2) 
Ha k(A) c nocne,tJ,JJOI.I.U™ HHTerpupoeaHHeM no ,ll.Hcxy 
3BC3,IJ,bl H AJIHHaM BOJIH. B qaCTHOCTH, A.JUI DOTOKa 

0 Hu B nonoce U CT3HA3PTHOR UIHpOKOilOJIOCHOH CHC-

TeMbl UBVHMeeM 
OQ 21t R 

Jfu = f ku('A.)d'A. f dq> f b1(r)rdr, (3) 
0 0 0 

r,tJ,e (f) - n03Rll,HOHHhlH yron, OTC'UITbJBaeMbIH B 

xapTHHHOH IlJIOCKOCTH. 

C u;enbJO ynpomeHIDI Bblp3)1(CHIDI (3) MO)KHO BBe-
0 

CTH CpeJlHHe 3Hal.feHIDI srpKOCTB bu Jt K03<p(pHlU{CH-

Ta Uu AJISI IlOJIOCbl u. TaKHC cpeJJ.HHe 3Ha"tfeHWI KO

acpcpeu;eeHTOB noTeMHeHIDI K Kpaio nmr nonoc q>oro~ 
MCTplNCCKOH CHCTCMbl ,[()KOHCOHa, HaHJlY'flllHM 

o6pa3oM an npoKCHMHpy10mue pacnpe,tJ,eneHIDI sq>KO

CTH AIDI MO,tJ,eneii q><>TOCQ)ep 3BC3A pa3JIH'IHhIX cneKT
paJibHbIX K.JiaCCOB, paCC'tlHTaHbl Py6ameBCICHM [6]. 
Tor.na H3 ypaBHeHIDI (3) MO)KHO nony'IHTb: 

0 2 0 Hu = 1tR bu(l - uu/ 3) . (4) 

AHanorH"IHble BbipaJKeHIDI MO)KHO 3anHCaTb B Ami 

noToKoe H~ H lfv a nonocax B H V. 

Y rnoeoit pa,ll.Hyc xoeyca 3HHUITeHHa p0 .nm1 
rpaBHTa[.\HOHHOH JIHH3bl onpeAeJijleTCSI K3K 

2 _ 4GM DsL (S) 
Po - --C (DsL +DoL)DoL' 

rne G - nocT0S1HHaS1 TSlrOTeHWI, M - Macca JIHH3bJ, 

C - CKOpOCTb CBeTa, DsL - paCCTO.slHHe OT 3Be3,tJ,bl JlO 

JIHH3hl, a DoL - pacCTOSIHHe OT JIHH3bl AO ua6J110,1J,a

TCJIJI. 06o3Ha1.1HM qepe3 p yron Me)KAY HanpaeneHH

eM Ha rpaBHTal\ffOHH)'JO JIHH3Y H HCTHHHblM IlOJIO)Ke
HHeM u,eHYpa nanexoil JIHH3Hpye~mA 3Be3Ab1, a l.fe
pe3 p _1• - aaa11oruq11bm yron ,ll.JISI u,eHTpa 6ecKOHel.fHo 

M3JIOH Kpyrnoii IlJIOID;a,tJ,KH ds Ha ABCKe 3BC3Abl, no

TOK OT KOTopou e nonoce U paseH dH~. B cnyqae 

ccpepHlleCK.H-CHMMeTpH'IHOI'O rpaeHTa~HOHHOro no
JUI JIHH3bl H3o6pa)KCHHe 3TOH nnom;aAKB n p HMeT 

BJm ABYX "nyHHbIX cepnos", 3epKaJibHO OTpa)KeHBl>IX 
,ll.pyr OTHOCHTeJibHO JJ;pyra B pacnOJIO)KeHHblX no 
pa3Hble CTOpoHbl OT JIHH3bl. CyMMapHbIH IlOTOK OT 

aroro ABOfmoro B3o6pa)l(emra dH u = A (p s)d fl'u, npe

Bbl lllaeT IlOTOK OT BCXOJlHOH 3JleMeHTapHOH IlJIO- · 

ID;a,tJ,KH, npHlleM K03q>q>Hu;HeHT ycuneHIDI A(ps) onpe

neJijieTCjl BblpIDKeHHeM 

A(ps) = ( J t + 4p;,p~
2 + 1/ J1 + 4p;,p~2

) / 2, (6) 

KOTOpoe Jl]l.SI 60JJbllIHX 3HaqeHHH K03q>q>HII;HeHTa 

MO)KHO annpOKCHMHpoBaTb K3K A(ps) = PolPs [4]. 
PeJy1IbTHpy10m;ee H306p3)Kemt:e JIHH3HpyeMOH 3Be3-

Abl, COCT3BJieHHOe H3 OTAeIILHbIX H306pa}KeHJdt 
T3KHX 3JieMeHTapHbIX IlJIOID;3JJ;OK, 6y,tJ,eT HMeTb .n;o
CT3T0'1BO CJIO)l(Hoe pacnpeJJ;eJieHHe .sipKOCTH. Ho B 

CB1IY HexorepeHTHOCTH HJJIYl.fCHHSI, Ha6monaeMblH 

IlOTOK Hu 6yneT npocro CKJ13,IJ,bI83TbCjl H3 nOTOKOB 
OT OT)l;eJibHblX nnom;a}l.OK H MbJ MO)KCM H3HTH ero, 

npoHHTerpHpOeae dH u no AHCKY 3Be3JJ;bI . Tax Kax 

HCXOAHoe pacnpeAeneuee $1pKocrH, onpenensreMoe 
Bblp3)KeHWIMH (1) une (2), o6naAaeT xpyroeoit CHM

MeYpHeii, TO ua6JIJO,tJ,3eMbIH TIOTOK Hu 6y]l.eT 33BH
cen TOJibKO OT yrna p: 

2n R 

H u(p)= J dq>J A(J/ + r2- 2prcos q>) x 
0 0 

, 

(7) 

0 J 2 2 x bu(1 - u0 + U u R - r I R)rdr. 

AHanorB'IHble Bblp3)KeHWI MO)KHO 33IlHCaTb A1ISI no

TOKOB H8 H Hv, Ha6JIJO~aeMbIX a nonocax B H V, H 
Ham noKaJaTeJIH qseTa: 

U-B = 2.5lg(H8 !Hu) + Cu-s, 

B - V = 2.5lg(Hv/Ho) + Cs-v· 

IlOCTOSIHHbie Cu-s H C8 _ vonpe~emnoT H)'JI&-nyHKTLI 
noKaJareneii qeeTa, npmmMaeMhrx paeHLIMH H)'JIIO 

JJ;Jlji 3BC3A cneKTpaJII,HOro KJJacca AO; H COrJI3CHO 
CTpaID1CBcy [71 pasHbJ COOTBeTCTBeHHo C0 _ 8 = - 1.33, 
c;s -V = 0. 71. BbJqHCJieHHbie 3Ha'ICHIDI MO)KHO cpae

HHTb C DOK333TeJISIMH QBeTa ( U - B)o H (B - V)o, co
OTBCTCTBYJOII.\HMH IlOTOKaM ( 4) OT 3Be3~bl B OTCyrCT
BIDI JIHH3bl. 

3. BnIUIHME YrnOBhIX P A3MEP0B 
3BE3,[(bl l1 IIOTEMHEHH.sI ,[(HCKA K KP AIO 

Ilpe.~e ecero TipeJJ.CTaBJJ$leT mITepec Hccne.o;o
BaTb BJ1IDIHHe Ha KpHByIO 11HH3Hp083HIDI KOHe'lJHbIX 
yrJIOBb[X pa3Mep0B 3Be3,IJ,bl H OQeHBTb, HaCKOJILKO OT
JIB'l3CTCSI 3Ta KpHBaSI <Yr CJJ}"IaJI JJIIH3Hp0Ba.HHSI TO

qeqHOI'O HCTOlffiHK3. KaJ( BHAHO H3 Bbip3)KeHWI (6), 
K03Q>Q>Hl.\HCHT ycuneHHSI JIHH3bl onpeAeJijleTCst 

ACfPOHOMHtIECKJil'H >KYPHAJI TOM 72 ,N'g 6 1995 
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OTHOWeHHeM Pof Ps· Tio3TOM}' B .n:am,HeiimeM Mbl 6y
AeM H3MepS1Tb Bee yrJIOBble BeJJHtru:Hbl B e.n:eHHQax 

paAHyca KoHyca 3mnIITeHHa p0 • AnS1 oQeHKH 3cp
cpeKTa KOHe'IHblX YrJIOBbIX pa3Mepoa BbltJHCJIRJIHCb 

KpHBbie H3MeHeHHSI llOTOKa npH JIHH3HpoeaHHH 
3De3.n: C AHCKOM pa3JIH'1HblX yrJIOBhIX paAHYCOB H 
pa3HbIMH K03q>q>HQHeHTaMH IlOTeMHeHHSI K KpalO. 
Bcne,n:CTBHe KpyroBOH CHMMe'I'pHH pacnpe)'.(eJieHHSI 

sipKOCTH npH 3aAaHHOM pa,neyce R llOTOK 3aBHCHT 
TOJlbKO OT paCCTOm!HSI p. PacqeT BeJIH'1HH IlOTOKOB 
npOBO,[(HJICSI B COOTBeTCTBHH c Bbipa>KeHHeM (7) npH 

Pm= 0.02, 0.1 , 0.5. ,[(nsi Ka)KJ:(oro 3HatteHHSI p 6panocb 
TpH BeJIH'1HHbl yr11osoro pa.a;uyca 3Be3Ah1 R T8KHX, 

'ITO OTHOllleHHSJ d = PnJR paBIDIJIHCh 1.01, 1.10 H 
. 1.25. TipH d = 1.01 BbPUICJI.SIJIHCh TaIOKe KpHBble JIHH-

3Hp0BaHHSI .a;nSJ u = 0, 0.5 H 1.0. HHTerpan (7) o~eae

saJic.SI '1HCJJeHHO, C OTHOCBTeJibHOfl rrorpeWHOCThlO 
0.0001 npH HCil0J1b30Ba.HHH T0'1HOH cpopM}'JibJ (6) 
.t(JISI K03q>q>H~HeHTa ycuneHHSI. C QeJiblO yc'I'paHeHHSI 
BJIIDIHH.JI pa3JIB'1HH a6COJIIOTHhIX 3Ha'leHHH IlOTOKOB 

6bIJIH paCCMOTJ)eHbl HOpMHpOBa.HHble KpHBbie JIHH-
3Hp0BaHHSJ, nonr1eHHl>Ie .n:eneHHeM Ha 3Ha'IeHue no
TOKa OT 3Be3.t(bl B OTC}'TCTBHH JIHH3bl. 

Ha pHC. 1 - 6 rrpeee.a;eHbI HOpMHpOBaHHbie KpH
Bbie JIHH3HpoBaHBSI AJISI 3Be3,n: C KOHe"lJ:HblMH yrJIOBbI

MH pa3MepaMH, a TaK>K.e KpHBble JIHH3BpoBaHHSI TO
qe,rnoro HCTO'-IHHKa, pacnpe.n:eneHHe SipKoCTH no 

AHCKY KOToporo MO)KHO npe.n:CTaBHTb o BH,JJ,e o -
cpyHKD;HH A11paKa. ff3 ypasHeHIDI (7) CJJeAyeT, 'ITO 
noTOK OT roqe'IHOro HCTO'IHHKa 6yAeT npoCTo npo
nopn;HoHaJieH K03<t><f:>Hn;HeHry yceneHIDJ 1IBH3bl. 

KaK BHAHO H3 pHCYHKOB, cpopMa KpHBbIX H3MeHeHH.JI 
IlOTOKa pa3JIH"lJ:aeTC$1 H, XOT.JI BeJIHttHHa 3THX pa311H
'1HH HeBeJIHKa, 3cpcpeKT JIHH3HpoeaHH.JI MOX{HO HC
IlOJib30BaTb )'.(JI.SI on;eHKH yrnoBbIX pa3Mepoe 3ee3,-. 

IlpH Ha6JIIOJ{eHWIX ~HKpoJIHH3Hp0BaHID1 peraCT
pnpyeTC.SI KpHBa.JI H3MeHeHHSJ IIOTOKa B 3aBHCHMOCTH 
OT epeMeHH t. QqeBHAHO, 'ITO AJISI 3Be3.n: C KOHeqHbl
MH yrnOBblMH pa3MepaMH, pacnpe,I:{eJieHHe .JIPKOCTH 
no AHCKY KOTOp1;,1x OnHCbIBaeTCSI JIHHeHHblM 33KO

HOM (1), KpHBbie JIHH3Hp0BaHWI nomKHbl 6bITb CHM
MeTpH"llHbI OTHOCHTeJibHO MOMeHTa Ma.KCHM}'Ma 6ne
CKa to , Yron p npH 3TOM 3aBHCHT OT epeMeHH KaK 

p(t) =JP~,+ V"(t- t0{ 

r}:(e V - yrnoeag CKOpOCTb OTHOCHTem,uoro ABH>Ke
HHSJ 3De3,nbI H JIHH3bl, H3Mep.sreMaH B pa.I{:H)'Cax KOH-y

ca 3liHIIITeHHa e e}:(HHHtzy epeMeHH. B o6w;eM CJJY
'-lae, HOpMHpoBaHHrul KpHBcUI JIHH3HpoeaHIDI H(t) = 
= H(t, t0 , Pm, V, R, u) 3aBHCHT OT rnITH napaMeTpoe: 
to, Pm, V, RH u, 3Ha'-leHIDI KOTOpLIX AOJIX{fll,I 6bITb 
onpe}:(e.JieHbl H3 ycJIOBHSI HaHJIY'Illlero COOTBeTCTBIDI 
C Ha6mo.a;aTeJibHblMH }:(aHHbIMH. 06bl'IHO 3TO yCJJo

BHe q>OpM}'JIHpyeTCSI B CMbICJie HaHMeHLlIIHX KBa,n:pa
TOB H 38,I:{a'la OKa3bIBaeTCS aHaJIOrH'1HOH 3a.n:aqe 
aH3JIH3a Ha6JIIO.I{eHHH noKpbITHB 3Be3.[t llyHOH MeTO
AOM non6opa Mo.n:eneu [8]. C11eeyeT oTMeTBTL, qyo 
IlO'l'OK OT JIHH3HpyeMOH 3Be3J:{bl HeJIHHeitHO 38BBCBT 

ACTPOHOMHqECKHI1 )l(YPHAJI TOM 72 M 6 

OT Ka)KAOl'O H3 3TJIX rurrn rrapaMeTpoB. ,llaHHOe 06-

CTOSITeJihCTBO Bhl3bJBaeT onpeneJieHHbie TPYAHOCTH 
peweHHSI COOTBeTCTBYIOlll;eB HeJIHHeHHOii: 33Aa"llH 
MeTO,D;a HaHMeHblIIHX KBanpaTOB, CB.s13aHHbie C 803-

MO>K.HLJM Hamtt1HeM JIOKaJlbHbIX MHHHM}'MOB H npo-
6~eMoii o~eHKH norpemHocre:u 3Ha'leHHif napaMeT

poe. MaTeMaTH"lleCKH CTporag npouenypa ou;eHKB 
pa3Mepoa noaepHTeJibHOH o6JiaCTH H3MeHeHIDI na
paMeTpoB HeJIHHeHHOH MOJ{eJIH, B KOTOpou OllTH
MaJibHOe peIIIeHHe 3aµ;aqe H3XOABTCjl C 38AaHHOH Be
pOSITHOCTblO, pacCMOTpeHa o MOHorpaq>Im [8]. 3Ta 

npo1~e.n:ypa npe;l:lnonaraeT ttaJIH"lJ:He CTaTHCTil'lecKo.e 
MO.D:eJIH norpemHOCTH OTc'tteTOB Ha6n10naeMOH KpH
BOH 1IHH3Hp0B3HIDI H npoBeAeHHe IlOJIHOro nepe-

6opa no Hen11neiiHbIM napaMeTpaM Mo.a;em1 so aceii 
~OJiyCTUMOH 0611aCTH HX H3MeHeHHSI. TaKOH DOAXO.D: 
Il03B0JijleT CWITb npo6JieM}' JIOKaJibHbIX MHHHMYMOB 

u npu He60JibIIIOM 'IHCJJe napaMe'I'pOB He TJ)e6yeT 
3H3'1BTe11bHblX 3a-rpaT BpeMeHH Ha BbltJHCJJeHIDJ. 
Cnep;yeT OTMeTHTh, 11TO MOMeHT MaKCHM}'Ma 6necKa 

to MO)KeT 6bITb onpe.n:eneH no KpHBOH JIHH3HpOB3HHSI 
He3aBHCHMO OT :i:tpyrHX napaMeTpOB C AOCTaTO'IHOH 
TOtJHOCTblO. TaKHM o6pa30M, "lfHCJIO HemIHeHHblX 
rrapaMe-rpos yMeHb11IaeTc.J1 µ;o 'leTbipex H npoee}:(e

HHe IIOJIHOro nepe6opa He AOJI>KHO Bbl3hl83Tb :JHa

ttHTeJibHblX TPYAHOCTeii. 

Ilpoee.a;eHHhIH non6op HemIHeHHo.e MOJJ.enu JIHH-

3epooaHB.J1 no3aonS1eT onpe:i:teJlllTb yrnoeou panuyc 
3Be3ALI R B nongx paneyca KoHyca 3iiHlIITeiHa. C 
.a;pyroe: CTOpOHbl, R MOX{HO JJ.OCTaTO'IHO TO'-IHO ou;e
HHTb B3 Ha6JI10AeHeii 611aronap.J1 HaJIH"llHIO xopomo 
npoKa.11u6poeaHHoro cooTHoIIIeHIDI Me:>K,Jzy noeepx

HOCTHOH .SipKOCTblO cporoccpepbl 3Be3J).bl H lIIHpOKO

nonocHblMH noKa3aTeJI.SIMl:f useTa [ 10, 11 ]. 3To naeT 
D03M0X{H0CTb OQeHHBaTL yrnOBbie pa3Mepb1 xoayca 
3iiHWTeHHa AM rpaBHTau;e:oHHOH 11HH3bl. 

4. OUEHKA BEJUfqlfHhl 
XPOMAT.H1IECKOro 3<1><1>EKTA 

th CTaTHCTHtJeCKHX coo6pa>KeHHH MOX{HO npen
IIOJIO>K.HTb, 'ITO JIHH3HpyeMa.SI 3Be3.a;a cxopee ocero 
6y}l;eT KapJIHKOM Il03]:lHHX cneK-rpaJJbHblX KJiaCCOB. 

Ilo3TOM}' ]l;JISI OQeHKB BeJIB'1HHbl xpoMaTHttecxoro 
3cpcpeKTa MbI BbI6pane 3ee3.izy KOV. CornacHo An
neey [9], OHa eMeeT 3q>q>eKTHBHYIO TeMJiepaT}'Py 

T, = 4900 K H noKa3aTeJJH naeTa (U - B)0 = 0.470 e: 
(B - V)0 = 0.,890. Ilo JJ.aHHhIM Py6a11Ie ecKoro [6], Ko-

3q>q>HQHeHTbI IlOTeMHeHH.JI K KpalO B CHCTeMe UBV 
p;n.sr 3Be3Ah1 c Te= 5000 K, onpe}:{eJieHHbie B3 YCJJOBH.H 
coxpaHCHIDI llOTOKa B3JiytJeHWI, paBHbI COOTBeTCT

BeHHO Uu = 0.976, Us= 0.859" Uv = 0.702. 3HatJeHHSI 
stpKOCTH e ~eHTJ)e AHCKa AJI.SI CHCTeMbI UBV 6bIJIH 
BbI6paHbl TaK, t{TOOl,J IlOTOKH H3Jiy'leHHSI, paccqBTaH

HI:,Ie e COOTBeTCTBHU c Bbipa>KeHHeM (4), ,[(aBaJIH HeHC
Ka>KeHHbie noxa3aTeJIB ~eTa ( U - B)0 e (B - V)0 • 

Ha6mo]:{aeMble IlOTOKH H3JIY'1eHIDI JIHH3HpyeMOH 
3De3Abl paccqHTblB3JIHCb ,l{JISI pa3JIB'1Bb1X 3Ha'leHHH 
ee yrnosoro pa,n:uyca R H yrnoBoro paccro.SIHH.SI oT 
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H(p) 
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PNC. 1. HopMHpOBaHHble Iq)HBble H3MeHeHHSI noTOKa 

npH JIHH3HposaHHll 3BC3.tl C paBHOMepHO SlpKHM .tlHCKOM 
pa3JIH'IHblX yrnoBblX pa3MepoB .ttml MHHHManbHOro 3H8• 
'leHHM npHl\CnbHOro napaMeTp3 Pm a: 0.50 OT yrnOBOro 
paA1tyca Koayca 3ihmITeAHa. KpKBble cHHlY eeepx coOT· 

BeTCTBYIOT TO'IC'lHOMY HCTO'IHHKY H 3Be3.[13M C OTHOWe
HHeM Pm IC. y r noBOMY panHycy 38C3Ahl, paBHblM d = 1.25, 
I.JOH 1.01. 

H(p) 

12 

8 

4 

0 0.1 0.2 0.3 

PHc. 3. T o ::.Ke, 'ITO Ha pHc. 1, HO AJIM Pm= 0.10. 

p 

p 

JIHH3bl p, TaK~e H3Meps.ceMblX B CAHH~ax pa,qH)'Ca 

KOHyca 3iiHWTeiiHa Po B3 Bblpa~eHBJI (5). liHTerpan 

(7) , KaK u paHee, o~eH'HBaJICSI 'iHCJieHHO, c OTHOCH

TeJibHOB norpeWHOCTblO 0.0001 u HCil0Jlb30BaHBeM 

TOqHOH cpopMYJibl (6) AJISI A(ps). YcmtHTeJlbHbJe 

H(p) 

2 

1 

0 0.5 1.0 1.5 

Pac. 2. HopMHpoB8HHblC KpHBblC lf3MeHeHHll noToKa 
npH SIHH3HpoeaHl1ll 3BC3.tl O.[IHH8K0Bb1X yrJIOBblX pa3Me
poa C pa3JIH\fffblM pacnpe.tteJieHHeM SlpKOCTII no JUICKY 
11m1 MHHHMMbHoro :3Ha'ICHHSI rrpHQCJlbHOro napaMeTpa 
Pm= 0.50 OT y rnoeoro pai;t11yca KOHyca 3AHWTCi!Ha H rrpH 
OTHOWCHHH Pm K yrJIOBOMY pa.ttnycy 3BC3Abl d = 1.01. 
KpHBble CHH3Y BBepx COOTBCTCTByJOT .K03Cpq>HUHCH'T}' 
OOTCMHCHHII K KpalO U = 1.0, 0 .5 H 0. 

H(p) 

12 

8 

4 

0 0.1 0.2 0.3 

Pee. 4. To )KC, 'ITO Ha pile. 2, HO 11m1 Pm= 0.10. 

p 

p 

CBOHCTBa JIHH3bl MOXHO oxapaKTepH30BaTb K03<p

<pH~HeHTOM ycuneHIDI llOTOKa Ku= Huf Ifu. 3uaqe

HIDI 3Toro napaMeTpa, npuBe):(eHHb1e B Ta6JI. 1 
AJIJI TpeX paCCMOTpeHHbJX BCJIH'1HH RH IlSITH 3Ha'ie

HHB OTHOWeHIDI d = p / R, MeIDnOTCSI B AOCTaTO'IHO 

ACTPOHOMH\JECKHH )KYPHAJI TOM 72 .M1 6 1995 
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PHc. 5. To :>Ke, 'lTO Ha pHc. 1, HO nm1 Pm= 0.02. 

WHpOKOM HHTepsa.ne. O;n;HaKO B npe;n;enax TOt.fHOCTH 
HaWHX BbI'mCJiemm oQeHeHHbie noKa3aTenH QBeTa He 
3aBHOIT OT a6oomOTHblX 3Ha'ieHHH R HJIH Ku, a onpe

)];CJISIIOTC$1 TOJlbKO BeJIH'iBHOH OTHOUieHIDI d. PaCC'IH-
TaHHble noKa3aTeJIH QBeTa U - B H B - V npuee;n;eHbf 
B Ta6JI. 2. AHa.JIH3 3TOH Ta6JIJU.(bl nOK33bIBaeT, 'iTO 
O>ICH;n;aeMbIH xpoMaTH'lecl'CHA 3<t>cpeKT OK33blBaeTC51 
;n;ocraTO'IHO CJia6blM - H3MeHeHHe IlOK333TeJleH QBe-

i· 
f 

1'3 He npeBbilllaeT O '."015. Cne;n;yeT O)];H3KO OTMe- . 
TBTb, 'ITO npH Q)OTOMeTPB'ieCKHX Ha6mo;n;eHHll no
K33aTeJJH QBeTa onpe;n;e11$1IOTCSI C 33MeTHO 60JibUieR 

' 

TO'lHOCTblO, 'ieM IlOTOKB. 11 eCJIB BeJIH'lBHY 0'."01 
MO:>KHO paccMaTpHB3Tb KaK 6JIH3KYIO K npe.neny 
TO'lHOCTH 06L1qHOH naTPYJJbHOA cpoToMeTPHH, To 
DOAo6Hoe >1<e B3MeHeHHe noKa3aTeneA QBeTa anon-
He no;n;.naeTc.st: perncrpaQHH. KpoMe roro, Hawe OQeH-

, KH BblflOJIHeHbl )];Jljl CTaH;n;apTHOii,UIHpOKOilOJIOCHOH 
cuCTeMbl UBV, a ucnonb3Y.st: cne1J,HaJ1bHO no;n;o6paH
Hb1e UBeTOBbie HH;n;eKCbI c 60JibWBM pa3JIB'meM K0-

3Q)<pHQHeHTOB noTeMHeHHSI K Kpa10 BJIWIHHe 3Q)
cpeKTa MO>l<HO 33MeTHO yBeJIHqHTb. 

Ha6n10.neHue no;n;o6uoro xpoMaTB'lecxoro 3Q)
cpeKTa npB rpaBHTa~HOHHOM MHKpoJ1HH3Bp0B3HHH 
3ee3n npe;n;cTasn.s1eT 6onLwou RHTepec. CoepeMeH
HOe COCTO.st:HHe TeopBH 3Be3)1;Hb1X cpoToccpep D0380-

., JlSleT npaKTlttieCKH TO'IHO paCC'IHT3Tb ero eenequHy 
;n;nsr a6con10THoro 6onblilllHCTBa 3Be3;n;. 06Hapy>1<e
HHe H3MeHeHHSI IlOKa3aTeneH l.(BeTa ;n;aeT B03M0)K
HOCTb OQeHKH OTHOllleHHSI d = pf R. B CBOIO otiepe;n;h, 
KaK y>1<e rOBOpHJIOCb BbIWe, yrnosou paAHYC JIBHJH
pyeMOH 3Be3Ab1 R MO)KHO AOCTaTO'lHO T0ql{0 onpe-r, 
AeJIHTb HJ Ha6JtIOJ:(eHHH no A3HHbIM O ee WHpoKono-

H(p) 

60 

40 

20 

0 0.02 0.04 0.06 p 

PHc. 6. To )KC, 'lTO Ha pHc. 2, HO 11m1 Pm= 0.02. 

nocHhIX noKaJaTemtx I.(BeTa [10, 11). B 3TOM CJI)'qae, 

3H3HHe K03cp<pH1J,HeHTa ycunerm.st: IlOTOKa H HCll0Jlb-

30B3HHe Ta6n~ ero pacqeTffhrx 3Ha'teHHH, aHa.JIOrH'I

HbIX Ta6Jl. 1, T3K)KC o6ecne'tJHBaeT IlOJI}"leHHe 01.\eH

KH yrnosoro paAuyca xoHyca 3ihrurreitHa, xapaKTe

pn3y10m;ero napaMeTPbl rpaBHT31.{HOHHOH JIHH3bl. 

IlonqepKHeM, 'iTO B3MeHeHHe noxaJareneA nseTa 
npOHCXOABT He BCJie)];CTBHe xpoMam3M3 rpaeHTal.\H

OHHOH JIHH3bl, a B03HHKaeT H3-3a pa3JIH'IHH QBeTa 

Ta6JJH~ 1. 3Ha'feHHJI K03q>q>Hl{HCHTa yc1rneHHSI IlOTOKcl 
s nonoce U 3Be3Abl cneKTpa1tbHoro KJtacca KOY ,nnH pa:3-
HbtX napaMCTJ)OB MHKp011HH3HpoeaHHK 

d 1.01 1.05 1.10 2.00 5.00 

R Ku 

0.001 1160 1090 I020 514 201 

0.010 116 109 102 51.4 20.l 

0.100 11.6 l l.O 10.3 5.22 2.19 

Ta6mn~a 2. Ha6mo,tlaeM&1e noKa3aTeJm l.{BCTa 3Be3AbI 

d U-8 B-V 

1.01 0.4821 0.9041 

1.05 0.4790 0.9006 

1.10 0.4771 0.8983 

2.00 0.4711 0.8915 

5.00 0.4700 0.8902 

ACTPOHOMH4ECKJ1ff )KYPHAfl '!'OM 72 Ni 6 1995 
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~eH'l'paJibHbIX paROHOB H Kpax )'.{HCKa 3Be3)'.{bl, H3JIY
'ieHHe KOTOpbIX no pa3HOMY ycunBBaeTCff npB MHK

pOJIHH3HpoBaHHH. 

5. 3AKJUO'l{EH0E 

IlpoBe)'.{eHHhlH aHaJIH3 Il0K83b1BaeT, 'ITO HOpMB

poeaHHcUI KpHBrul JIHH3Hp0B8HHSI 3Be3)'.{bl C KOHeqHbl
MB yrJIOBhlMH pa3MepaMH OTJIHqaeTCSI OT aHanoruq
HOH KpHBOH )'.{Jiff Toqequoro HCTO'iHHKa. 3To Il03BO

IDleT o~eHHBaTb yrnOBbie p33Mepbl 3Be3)'.{ B )'.{OJISIX 

pa)'.{eyca Kmryca 3e:Hwreima nyreM pemeHM HeJIH
HenHoii 33]:{3'iH MeTOAa H8HMeHLWHX KBaitpaTOB. Cy-
11.(eCTBylO~e MeTOAbl peweHIDI 3TOH 3a_qa<1H A3IOT 
B03M0)KH0CTb H8XO)'.{HTb KaK TOl.Je'IHbIC o~eHKH na

paMeTpOB MO)'.{eJIH, TaK H pa3Mepb1 1(0BepHTeJibHOii 

o6naCTH H3MeHeHHSI napaMeTJ)OB, C 33)'.{8HHOH sepo
SITHOCTblO HaKpbI8810ll.(CH TO'iHOe pemeHHe. 3HaHHe 
YrJIOBbJX pa3Mepoe 3Be3)'.{bl B CBOIO oqepe)'.{b Il03BO

JI.steT nony'IHTb o~eHKY paAuyca KoHyca 3AHIIITeHHa 
AJUI rpaBHTa~OHHOH JIHH3bl. 

YMeH1,weHHe K03CpqJH~BeHTa ycHJieHIDI JIHH3bl C 
pOCTOM y rnoBoro paCCTOSIHHSI OT ee OilTH'leCKOH OCH 

H 3aBHCHMOCTb OT )'.{.iIHHbl BOJIHbl IlOTeMHeHIDI K 
KpalO AHCKa 3Be3)'.{bl )'.{OJl)KHbl npHBO)'.{HTb K xpoMaTH

\fecKOMY 3q><pe:KT)' npH MHKpoJIHH3HpoBaHHH 3Be3)'.{. 
Ilpe 3TOM KpRBrul H3MeHeHWI 6JJeCKa ocraeTCJI CHM
Me'I'plf'IHOH, HO Ko3cpcpHqHeHT yc1meHW1 IlOTOKa CTa

HOBHTCJI pa3JI8'IHbIM AJlff p33Hb1X yqaCTKOB cneKTpa. 

XpoMaTH'leCKHH 3<1><t>eKT npmlBJISleT ce6sr K3K no
KpacHeHHe CBCTa 3Be31(bl , KOTOpoe, KaK npasuo, 
M3KCHM8JlbHO npH ee M8KCHM8JibHOM 6necKe. P ac

C'IHTaHHble H3MeHeHHSI noKa3aTeneii qeeTa craH
A8PTffOH WHpOKOilOJIOCHOH <pOTOMC'l'pH'ICCKOii CHC
TeMbl UBV Amt pa3JIH11HbIX ycnOBHB MD.KpOJIHH3epo

eaHIDI 3BC3AbI cne1crpan1,Horo KJiacca KOV HeeeJIBKB 

H peaJibHO He npeBblW8IOT 0'."015. TeM He MeHee, 

3<1>¢eKT Ha6n10,-aeM H ero BJIIDIHHe MO)l(CT 6h1Tb 
yeeJtB'iCHO CTICl.(HaJibBbIM Bbl60poM IlOJIOC nponyc

KaHIDI q>OTOMC'l'pH'leCKOfl CHCTeM.bt, o6ecueqima10-
11(BM MaKCBMaJibHoe p33JIH'iBe creneHH DOTCMHCHIDI 

K KpalO. YeeJIH'ieHHe IlOKa3aTenei ~eTa 38BHCRT 
TOilbKO OT OTHOWCHIDI BCJIH~HHbl yrna Me::>K,I\y Ha

npasnem1eM Ha rpaaRTaIJ,HOHHYIO JIHH3Y H HCTHH
HblM HanpaeneHHCM Ha l.\eH'I'p 3BC3Abl K eeJIHqmfC ee 
ymoeoro paAnyca. CpaeHeHHe Ha61110)'.{aeMblX H3Me

HCHHH noKa3areneli u.eeTa H K03cpcpu~ e1IT0B yce
neHmt nOTOKa C pacqeTHblMH 3H3'ICHID1MH T3K)l(C 

no3BOIDleT nonyqeT& o~engy yrnoaoro pa.Jtayca KO
ttyca 3imwTe~Ha AJISI rpaeHTaIJ,HOHHOi JJBH3bl. 

ABTop1,1 6naronapuL1 M.B. CIDKHHY 3a o6cy}l{Ae
HHe pe3yJibTaTOB pa6oTbl. 
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Gravitational Microlensing of Stars of Nonzero Angular Size 
© 1995 r. M. B. Bogdanov and A. M. Cherepashchuk 

The possibility of employing gravitational-microlensing observations for high angular resolution studies of 
stars is explored. The decrease in the amplification factor of a gravitational lens with increasing angular dis
tance from its optical axis and the finite angular diameter of a stelJar disk result in a divergence of the micro
lensing light curve from the curve corresponding to a point source. The effects of finite stel1ar angular sizes and 
limb darkening on the observed microlensing curve are treated. It is shown that the angular radius of a star, mea
sured in fractions of the Einstein-cone radius, can be detennined using a nonlinear least-squares fitting proce
dure. The currently available methods of solving this problem, which allow point estimates and confidence in
tervals to be obtained for the parameters, arc discussed. The wavelength dependence of limb darkening results 
in a chromatic effect during microlensing observations of stars, generally manifested itself as reddening. Color 
variations in the standard broad-band UBV system arc estimated for various microlensing conditions. The effect 
is rather small, with color variations being no larger than 0~ 015. However, it can be enhanced by a special choice 
of the detector passbands that ensure a maximum limb-darkening difference. An important feature of the effect is 
its dependence only on the ratio of the angle between the lens and the true direction toward the star to the stellar 
angular radius. Given the angular diameter of the star, the angular radius of the Einstein cone of a gravitational 
lens can be estimated by comparing the obscived and calculated color indices and flux amplification factors. 

llpuMe'tOHUe npu KOppeKmype. IlpH ~eHTPaJibHOM HJIH OO'ITH ~CIITp8JlbB0M npoxo)K.AeHHB 3BC3~bl H 
rpaBHTal.\HOHHOH JJHH3bI (d = 0) noKpacHeHHe I.\BeTa Ha KpHBOii JIHH3HpOBaHmt 6y~eT Ha6JilOAaTbCH He B 
M8KCHMYMC 6necKa. 3TOT CJiy11ae:, O~HaKO, oqem, MaJIOBepoJ1TeH. 
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IlOHCK 3BE3,I( C CHJILHLIMH MArHHTHLIMH IlOJHIMH CPE;nl 
3BE3,I( rOPH30HTAJILHOII BETBH H rOPJllDIX CY6KAPJIIIK0B 

© 1995 r .. B. r. EJILKHH 

Cnel{UMbHaR acmpo<pU3u~ecKQ.R, o6cepeamopUR., H. ApXbta, Poccwi 
Ilocrymma B pe.l(aKQHIO 03. l 0.94 r. 

OpeACTaBJieHbl pe3yJibTaTbl H3MepeHHH 3(pq>eKTHBHbIX MarHHTHblX noneif no Ha6JIIOAeHJUIM, rrony\feH
HblM Ha 6-M TenecKone BT A Ami: A, B -3Be3A ropH30HTaJibHOH eeTBH H AJUI ropSt'lfHX cy6KapnHKOB. MarHHT
Horo IIOJJSI, aHanorH'IHOrO M8I'HHTHOMy nomo Ap, Bp-3Be3,tt rnaBHOH rrocne,ttOBaTeJU,HOCTH, He HaH~eHO. 

1. BBE.[J.EHHE 

3Be3,IJ.bl ropH30HTaJibHOH BeTBH cneKTpaJibHblX 
KnaccoB A H B (,qanee 3I'B) 6brnH Bhl]l;eJieHhl e 
ranaKTH"ieCKOM IlOJie no KHHeMaTH'leCKHM, npoCT
paHCTBeHHbIM, cpOTOMeTpH1ieCKHM H cneKTpaJibHblM 

i 
~. xapaKTepHCTHKaM. 0HH Haxo,u..srrcSI BbICOKO Ha,IJ. 

ranaKTif\{eCKOH IlJIOCKOCTb.fO, HMeroT 60JibWHe npo
C'rpaHCTBeHHble CKOpoCTH H MeAJieHHO Bpa~alOTCj{. 
KaK npaBHJIO y 3THX 3Be3,IJ. IlOHH)KeHHOe COAep)Ka-

' HHe MeTaJIJIOB H YJibTJ)acpHOJieTOBble H36bJTKH. 0HH 
f I. no caoHM napaMeTpaM aHaJiorH'tlHbl 3Be3,IJ.aM ropu-
( 30HTaJibHOH BeTBH, .npHH3AJie)Ka~HM ~apOBbIM 

CKOnJieHIDIM. BpeMH )Kif3HH 3Be3,IJ.bl Ha ropH30H-
i 8 
;· TaJihHOH BeTBH AOCTHraeT 10 JieT cornacHO Caeu-
1, rapry n rpoccy [ 1 J H, KaK npeAnonaralOT Memo H 
'.: AP· [2], AOCTaToqHo ,u.m1 o6pa30B-3HID1 XHMnqecKHX 
6 aHOMaJIHH Ha noaepxHOCTH 3Be3Abl. 

i HMeeTCSI PSIA Ha6mop;aTeJJbffbIX A3HHbIX, KOTO
~ pbie yKa3hJBalOT Ha XHMHqecKHe aHoMaJIUH y 3Be3A, 
K:· HaXOAIDT(HXCSI Ha 3TOH CTa,l{HH 3BOJIIO~HU. TaK, Hanput Mep, Cap)KeffT H CHpJI [3} o6aapy)KHJIH, q'f0 3Be3J:(a 
"' ropH30HTaJibHOH BeTBH Feige 86 oqeHb 6JIH3Ka no XH
~ MRqecKOMY COCTaBy K neKymlpHOH 3Be3]l;e rJiaBHOH 

, noCJie,noBaTenhHOCTH 3 CenA. f ony6aSI 3Be3,na ropH
. 30HTaJJbHOH BeTBH HD 97859 IIOXO)K3 Ha KpeMHHe
: Bble Bp-3Be3Ab1 [4], a 3ee3,u.a 38 Ora noJ(o6ua neKy
;,'mipHbIM J)TYTHO- MapraHqeBblM 3Be3,qaM rJiaBHOH 

nocJie,IJ.OBaTeJibHOCTH [S, 6). KJI01iK0Ba u IlaHqyK [7] 
. ' 06Hapy)KHJIH, 1.iTO 3Be3Aa HD 161817 HMeeT aHO
·. MaJibHOe co:qep)KaHHe xpoMa H C'rpOHQIDl OTHOCH
:; TeJlbHO )KeJie3a IIO cpaBHeHHIO C APYI'BMH R3 HCCJie

'.'. :r(OBaBIJJHXCSI HMH 3Be3,IJ.aMH ropH30HTaJibHOH BeTBH. 

' f op.sttJHe cy6KapmIKH cneKTpaJibHhIX KJiaccoe O u 
~-B (AaJiee fCK) si:ensi:roTCSI rrpoAOJI)KeHHeM 3fB B CTO

.i poHy 6onee BbICOKHX TeMneparyp [8]. OHH HaXOASIT
• CSI HeCKOJibKO HH)Ke H neaee rnaBHOH nocneAOBa
: TeJlbHOCTH. OcMep H TieTepCOH [9] OTMeTHJIH, qTo 
! sdO- H He-rich-3Be3AbI rnaBHOH nocneAoBaTeJibHOc
i TH Ot.JeHb IlOXO)KH :qpyr Ha :qpyra IIO HeKOTOpbIM napa
:. MeTJ)aM. EonhWHHCTBO 3fB H sdB-3Be3:q HMelOT He,u.o
; C'raTOK renIDI, a y sd0-3Be3A cop;ep)KaHne reJIIDI Hop
~Ma.."JbHOe HJTH )Ke IlOBhlmeHHoe. 

KaK H3BeCTHO, MarHBTH.bie IlOIDI rreKyIDlpHblX Ap, 
Bp-3Be3A Moryr mpaTb eroKHyro ponb npu 06pa3oaa
HHH XHMHt.JeCKHX aHOMaJIHH Ha HX 110BepXHOCTH [ 10]. 
C ,u.pyroe: CTOpOHbl, neKyJIHpHOCTH B co,u.ep)KaHHJI 
3JieMeHTOB y 3I'B MOrJIU 6bl CBR,IJ.eTeJibCTBOB8Tb 0 
B03MO:>KHOM MarHBTHOM none. 

Eoppa B AP· [ 11] no npe,u.Jio)KeHHIO EameKa npo
eeJiu H3MepeHID1 MarHHTHOro IlOJIJI y 3Be3,IJ.bl ropH-
30HT3JlbHOH BeTBH Feige 86 u HaH60Jiee SlpKoro cy6-
Kapm1Ka HD 149382. 0HH He o6Hapy:>KHJIH nom1 B 
npe,u.eJiax T01iHOCTH Ha6JIIO,IJ.eHHB. 

B 3TOH CTaTbe npe,u.CTaeneHbI pe3yJihT3Tbi B3Me
peHHH MarHHTHOro IlOIDI H nyqeBbIX CKOpoCTeii y He
CKOJJLKHX 3Be3.r( ropH30HTaJibHOH BeTBH H ropjfqHX 
cy6KapJIHKOB. 

2. HAEJIIO,IJ;EHIHI H OEPAEOTKA 

Ha6J110J(eHID1 B OCHOBHOM 6b1JIH BbmOJIHeHbl Ha 
2-u: KaMepe OcHoBHoro 3Be3AHOro crreKTporpacpa 
6-M TenecKona Cneu;uaJihHOH acTpo<fnnuqecKOH 06-
cepearopmt P AH a :qHanaJoHe ~mm BOJIH OT 3800 ~o 
4900 A c o6paTHoii ,u.ucnepcueu 9.1 A/MM. CneKTJ) 
3Be3Abl HD 4539 ObIJI non}"JeH c wicnepCHeiif 28 A/MM, 
a 3Be3Aa HD 97859 Ha6JIIO,IWJiacb c ucnoJib30BaHHeM 
fI3C-MaTpH~bl a KpaCHOH o6JiaCTH cneKTpa c ,!J.HC
nepcueit 14 A/MM. flepe,u. ~eJILIO cneKTJ)Orpacpa yc
TaHaBJIHBaJICSI aHaJIH3aTop Kpyroaou IlOJIRpH3a~HB . 

Ha6n10,u.eHHsi: 3Be3,U.bI Feige 87 BbmOJIHMHCh Ha 
cpoT03JJeKTpHlfeCKOM BO,U.OpO]];HOM M3I'.HHTOMe1'pe B 

KpblJibSIX JIHHHH H13 H liy 0,IJ.HOBpeMeHHO. 

.AHaJIH3 KpyroBOH nOJijll)H33QHH Il03BOJISleT H3-
MepHTb cpeAHJOIO no noeepxHoCTH 3Be3,U.hl npoeK
QHIO BeKTopa MarHHTHOro llOJISI Ha JI}"l 3peHID1 - TaK 

Ha3b1BaeMoe 3cpcpeKTHBHoe MarHHTHoe none Be . 
lfaMepeHIDI cpoTOTIJiaCTHHOK rrpOBOAHJIHCb Ha ac

TpOCIIH,r(OMeTpe KOHCTpyKQHH AHTponoea [12) . .[I.mi 
Ka~OH 3Be3.r(bl ropH30HT3JlbHOH BeTBH H3Mep.siJIOCb 

3eeMaHOBCKOe CMe~eHHe npHMepHO OT 15 AO 35 JJH
HHH H HeCKOJlbKO MeHbWero qJICJia JIHHHH ]l;JISI ropsi:-
1.iHX cy6KapJIHK0B. <l>aKTOpbl JlaH,u.e 6bJnH B3S1Tbl H3 
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pa6oTbl PoMaHJOKa [ 13), a T3K}l{e H3 Ta6nRI.l 6eKep
ca [14]. JJ:n.sr onpeAeJJemt.sr nr1eeh1x cKopOCTen: ec
nom,3osanecb, KaK npas1mo, Te }l{e nmum, 'tfro H A.JUI 
MarHHTHblX H3MepeHBii. Bee nyqeBble CKOpOCTH npe

BeAeHbl B renno~eH,PH'-leCKYlO CHCTCMy K00pAHH3T. 

3. OECY)l(.[J;EHHE PE3YllbTATOB 

3ee30bt zopU3oH.maAbHOU eemeu 

q_HCJIO li3BeCTHblX A -3Be3A ropH30HTaJlbHOH BeT
BH, o6HapY)KeHHbIX e ranaKTHtJeCKOM none COCTaB
m1eT HeCKOJlbKO ]l;eCSITKOB, npe~reM OOJibWHHCTBO H3 
HHX cna6ee 9m. Hae6onee noJIHblH CilHCOK 3rB co
Aep)KHTCSI s KaTanore 4>1rnenna [ 15). 3Haqwren&Hoe 
KOJIH'{eCTBO 3THX 3Be3A OblJIO BbI:z(eJJeHO B qeTblpex

~eTHOH <pOTOMeTplNCCKOH CHCTeMe. 

Mbr nonrnurn 3eeMaHOBCKHe cneK,porpaMMhI 
AM 9 3rB H AJJJI 8 e.3 HHX 6btnH onpeneneHbI npeAe
JibI MarHBTHOro non.sr. Pe3yJJbT3Tbl B3MepeHHii Mar
HHTHblX noneii H n~eBbIX CKOpOCTeH 38C3A npo
rpaMMbl npe}l;CT3BJJeHl>J B Ta6n. 1. 

3Be3Aa HD 60778 6bma BKJJJO'feHa PoMaH [16] e 
CilHCOK 3Be3A C BblCOKKMB CKOpOCTSIMH. ComacHo 
JJ:aH<pOp,qy e ne [, 7] y Hee OTHOWeHDe [Fe/H] = -0.5. 
3Be3Aa MeAJieHHO spa~aeTCSI H HMeeT AOCT3TO'lJHO 
yJKHe e pe3KHC ;1 HHHH. IIonyqeHHa.sr nyqeea.sr cxo-
poCTb 6onee '-JeM Ha 30 KM/C OTJIH1{3eTC.sI OT pe3yJJb
TaTa POMaH [ 18] ( + 39.4 KM/C) H OTA8HHblX fpBHCTeii
Ha H Cap)l{eHT [8] ( +43 KM/C). 

Y 3BC3Abl HD 64488 A,qenbMaH u Xunn (19] on
peAeJJHnH CKOpOCTb epa~eHH.sl 147 KM/C. Ouu Ha
WJJli, 1.J:TO XOT.sI MHOrHe XHM..Bl{eCKHe 3JieMeHTbl y HD 
64488 a ,a;ecpH~Te, co,a;ep)K:aHHe Si, Ca e Ti nopMaJI&
Hoe. KJJ01.1Koea H IlaH'-IYK [20) H3yqaJIH XHMH'ICCKBH 
COCTaB H OTHeCJIB 3TY 3BC3AY K HOpMaJJbHblM A-3Be:3-
A3M rnaauoii noCJte}l;oaaTeJI&HOcnt. numm e cneKT
pe CJIHWKOM WHpOKBe H no HUM He y,a;aJJOCb H3Me
pRTb Hll MarHHTHbe none, HH ny':leBylO CKOp<>CTb. 

3Be3,:ta HD 74721 TaK)l{e ttaxo,a;HTCH e CIJHCKe Po
MaB (16) H HMeeT MeTaJIJIH'-IHOCTb [Fe/HJ = -1.11 
(.AaH<l>op,:t (21]). llyqeeaS1 cKopoCT& no cneK,py, no
nyqeunoMy Ha ET A, cpaeHHMa c aeJJHqJIHOH, noiry
t.teHHOH rpHHCTeAHOM e Cap)l{eHT [8] (+36 KM/c), HO 
OTJIHl.faeTCSI OT pe3yJibT3Ta PoMaH [ 18] ( +9 KM/C). 

3ee3,a;a HD 86986 - OJ:{Ha H3 1.feTbipex npoTOTR
noe 3rB (22]. 0Ha HMeeT XHMH'{eCKHH COCT8B H cpe-
3H'leCKHe napaMe,PbI, 6mI3KHe K ApyrHM 3fB. 
3ee3,a;a HMeeT CJta6bJe JJHHHH, Il03TOMy ToqHOCTh 
onpe,qeJieHIDI noM HeBbICOKaSI. Jlyqeaa.sr CKOpoCTb 
nonrmnacb HeMHoro MeH1:we, 1.feM y m,yrux aBTO
poe. HanpHMep y A,a;enbMana H <l>Hmmna [23] oHa 
COCTaBJIHeT +8 ± 2 KM/C, y PoMaH [18]-+5.7, e KaTa
nore A6Ta H EHrrca (24) eCTb TatOKe ccbmKa Ha 3Ha
qeHHe + 12.6 KM/c. IIo JIHHHH K Call MbI noiry1.J:Hnu 
nyqeeyw CKOpOCTb + 8. 7 KM/C, TO eCTb 6onee 6JIH3-
KY10 K pe3yJihTaTaM npep;1:,1,a;yrqHx HcCJte,a;oeamdi. 

3ee3,a;a HD 97859 cornacRo CTaJ1Ho [4] HBm1eTC$1 
nexynS1pHOH 3Be3AOH Ha BbICOKOH ranaKTH'leCKOH 
IDHpOTe, HMeeT CHJlbHbie JJHHBH Sill, Mgll H CJ1a6b1e 
JIHHHB Hele COOTBeTCTBeHHO Terr= 15300 u lg g = 4.0. 
Bee JIHHHB pa3Aem1IOTC.sI Ha HeCKOJibKO KOMDOHeH

TOB. Hawu Ha6JI10}l;eHID1 3Be3,a;bI HD 97859 IIpOBOAH
JJHCh c II3C-Ma,p~e0:, yCTaHoBJieHHO~ Ha 2-oH Ka
Mepe 03Cil. 3TO - nepBble H86JIJOACHIDI B eapHaH
Te "03CTI + TI3C + aHanHJaTop". Ilpu :3TOM 
Ha6JIIO,a;eHH.sI CTa~ap-rHblX MarHBTHbIX 3Be3A noKa-
3hIB3IOT xopowee comacee c KpHBbIMH H3MeaenHii 
MarHHTHbIX noneii, nonyqeHHbIX pattee. Eom,ma.sr ee
JIB'IHHa cpe,a;HeXBa,a;paTH'IHOH onm6KH AJUI HD 97859 
o6yCJtOBJ1eHa npe)((J):e ecero BbICOKOA CKOpOCTblO 
Bp~eHIDI (vsini = 105 KM/c) H CJtO)KHOH c,pyKTypoH 
JIHHRH. KpoMe Toro, U3MepeHID1 IIp0BOAHJJ.0Cb JlHUib 
no ABYM Hae6onee CBJihHbJM B 3TOM yqaCTKe cneK
Tpa JIHHIDIM AY6JieTa KpeMHIDI (A6341 A, 11.637 1 A). 
CTam10 [4] nonyqun no 6aJihMepoecK.HM JIHHIDIM ee
JIH'IBH)' JJY'leBOH CKOpOCTH + 73.7 KM/C. Ham.e H3Me-

TaoJJH~a 1. Pe3ynhTaTbt H3MepeHHH MarHHTHbJX noneii H ny,.1eeb1x CKopoc-reA A-3Be3A roptt30HTanhHOH BeTeH 

3ee3sxa (HD) JD (2 440 000+) Be,fc cr(Be), fc Bela RV, KM/C o (RV), KM/c 

60778 8701.224 +150 115 1.3 +74.2 0 .6 

74721 8585.528 +240 150 1.6 +39.9 I. I 
86986 8992.527 - 430 580 - 0.7 +2.6 0.8 

97859 9412.407 -400 4420 - 0.I +66.5 9.1 

109995 8052.358 -820 470 -1.7 

8992.607 +700 520 1.3 -139.2 1.3 

117880 8994.598 + 141.9 

161817 8344.522 +30 110 0.3 

8382.402 - 550 145 -3.8 -367.7 0.6 

8423.355 - 90 80 - 1.1 
' 
~ 8700.516 +100 160 0.6 -366.3 0.7 

169027 ' 9349.187 - 325 820 -0.4 -26.4 2.7 

ACTPOHOMWIECKJ117i )l(YPHAJI T OM 72 Hi 6 1995 



r. 
r 

/. 

' ! 
I.· 
~· 

r 
f 
~ 
f 

TIOI1CK 3BE3~ C CIUihHhIMH MAfHHTHbIMH IIOJis:JMH 881 

peHWI Jiyqeeoe: CKOpocm no JIBHIDIM KpeMHWI He
MHOl'O OTJIHqaJOTcs. XOTSI a B npenenax ome6oK. 

3Be3Aa HD 109995, KOTopag srensreTcsr e~e OA
HHM 113 np<>TOTHllOB 3rB, .I(OCT3T0qff0 MHOl'O B no
Jlp06HO u3yqanacL pa3HbIMH aCCJie]loBaTeJisrMB. Ee 
MeTaJIJIHtJHOCTh y pa3HblX aBTOpoB CRJlbHO eapbltpy
eTCSI OT [Fe/HJ = -1.9 y KoAaitpbI [25] ;r(O [Fe.HJ = -0.5 
y ,QaHcp<>pAa H Jiu [ 17). Ha BT A 6Lmo noJJy-qeHo ABa 
cneKTpa HD 109995. 3Ta 3Be3.Qa HMeeT mepoKHe na
HHB B cneKTpe, no3TOMy onm6Ka npe H3MepeHBH no
JISI nnsr Hee oKa3aJiacb 6om>we o6bitJHoe:. 3HatJeHIDl 
M3I'HHTH0ro IlOJISI no ABYM cneKTp3M HeMHoro npe
BbTWaJOT OWB6KB H3Mepemm. 0.QH3KO 3TH pe3yJibT3· 
Tbl HeJib3R C'lJ.HT3Tb JlOCTaTOtJHbIMB CBHAeTem,CTBaMB 

. HaJIHt{IDI Mal'HHTHOro IlOIDI. Cpe,QHee no ABYM cneKT
paM IIOJie COCTaBJISleT Be= -60 ±495 fc. Jiy-qeBaSI CKO-

poCTb B cpeAHeM Ha 7 KM/c OTJIH'laeTCg OT noJiy-qeH
HOB A.AeJibMaHOM H XHJIJIOM [19] (-131.4 KM./c) u OT 
B3MepeHHOH Kona:upo.e: 11 AP· [26] (- 132 K.M/c). 

3ee3]la HD 117880 61,ma exmoqeaa PoMaH [16) B 

CllHCOK 3Be3.I( C BbICOKHMH npocrpaHCTBeHHblMH CKO

pOCTSIMH. 3Be3na CJia63SI H HMeeT CKJIOHeHHe -18°' 
D03T0My He YAallOCb llOJIY'iHTb cneKTp BbICOKOro 
Ka'leCTBa. H3MepHTb none no HeMy oKa3anoc1, Heeo3-
MO)Kl{O. KpoMe Toro, MeTaJineqHOCTb y HD 117880 -
O]lHa H3 HaHMeHbWHX cpenu 3Be3,Q JIOJUI ropH30H
TaJH,HOH eeTBH. CornacHO ;IJ;aHcpopny [21) OBa HMe
eT [Fe/HJ = -1.73. O~eHKa nyqesoH cKopoCTB no 
JIBHHH Mgll A-4481 O.lJeHb CHJihHO OTJIH'laeTCSI OT Be
JIH'IHHbl, nonyqeHHoA PoMaH (18] (-44.6 KM/c). 

3Be3):(a HD 161817 SIBmieT~ ew;e 0.I(HHM B3 npo
TOTHilOB 3rB. CpeAH 3fB ee ecCJieAosane 11aw;e 
scero. HanpHMep, <I>ummn [15] ):(aeT ooceMb CCbIJJOK 
Ha pa6oTbl, B KOTOpbIX onpe,QeJISIJIH MeTaJIJIHqffQCTb 
HD 161817. Ew;e Cnene6aK [27) OTMemn Heo61,1q. 
HOCTh ee cneicrpa H cnenan BbIBOA, 'ITO HD 167817 
H3X0):(HTCSI Me)KAY rJI3BHOH JIOCJ1e.I(0BaTeJ1bHOCTbl0 H 
cy6KapJJBKaMH. He.QaBHO Kno11Koaa H IlaHqyK [7] 
BbI,QeJIHJIB ee KaK B03MO)Kff01'0 npe.n;CTaBHTeJISI XB
MHqecKH neKyJijlpHblX 3Be3Jl Ha ropH30HTaJibHOB 
BeTBH. 0ARH H3 cneKTpOB 3TOR 3Be3.I(bl IlOKa3aJI Mar
HHTHoe none OTpHI~aTeJII,HOH rromtpHOCTH, B TJ)H 
pa3a rrpeBbilllatow;ee BeJIHtJHHY OWB6KH H3MepeHIDI. 
Ilo ApyrHM TpeM cneKTpaM 3T01l 3Be3AbI none He 06-
Hap}')KeHo. CpeAHSISI no \JeTbipeM cneKTp8M BeJIHt{H
Ha MarHHTHoro nom1 paBHa Be= -127 ± 124 re. JJ:nsr 

aHaJIH33 6bIJI Bbl'IHCJieH X2-KpHTepue·no H3BeCTIIOH 
cpopMyne 

2 2 2 
XN - I = :E( (B;-B) la;), 

r'Ae B - cpe):{HeB3BemeHHOe no 'leTbipeM H3MepeBB· 
JIM MarHBTHoe none: 

B = :E(B/cr:)/:E(l/cr\ 

BeJIH~IHHa X2 ::: ] 2.6 ):(OCTaTOtJHO OOJlbillaSI H MO)KeT 

CBlfAeTeJibCTBOB3Tb O B03MO>KHOM ManmTHOM none. 

TaIGfM o6pa3oM, AJISI IID 161817 CRTy~ HeCKoJibKo 
HeonpeneneHHaSI e Tpe6yeT nononmrreJJhHblX Haomo
AeHHH. l13MepeHH3ji .rrrieeasr CKOpocrb Ha 4 - 5 K.M/c 
OTJIHtJaeTCSI OT pe3yJILTaTa Ko.I(ailpbl B .I(p. (1969) 
(-362.8 KM/c) a Ha 2 - 3 KM/C - OT BeJJeqeHbl, nony
tJeHHOH A.AenbMaHOM e XHJIJIOM [19] (-364.5 KM/c). 

3ee3.Qa HD 169027 (38 Ora) 61>ma OTMe'leHa 3rre
HOM [5) K3K 3IB, T3K K8K OHa HMeeT npocrpaHCTBeH
Hoe ABIDKeHHe, xapaKTepHoe wia 3Be3A craporo uace
JieHIDI ~cxa faJiaKTHKB. A.Aem>MaH H Cap)KeHT [6] 
HCCJieAOB8JIH XHMH'leCKHH COCT8B H nonyqen:e, 'lTO 
3Ta 3Be3.n;a HaH6oJiee 6JIH3Ka rro CBOHM OCOOOHHOC
TSIM K HgMn-3Be3A8M HaceJieHBSI l. 3Be3A8 HMeeT 
wepoxue H CJia6b1e nHHHH. MarHHTHoe none OLIJIO 
H3Mepeno TOJlbKO no BOCLMH JIHHIDIM MeTaJIJIOB H 

Il03TOMY TOtJHOCTb pe3yJILTaTa HB3K3g. none He 06-
Hapy)KeHO, HO KaK H3BCCTHO p1j'THO-MapraH~eBble 
3Be3.I(bl Ha rnaBHOH IlOCJie]lOBaTenbHOCTH TaK:>Ke He 

HMelOT MarHHTHblX noJiee:. M.3MepeHH3ji ny11eBaJ1 

CKOp<>CTb cornacyeTCS C pe3yJibT8TaMH npe.r(bl.r(~HX 
RCCJIC.r(OBaHHH 3TO:H 3Be3.r(bl. 

I'opa~uecyOKapftUKU 

KaTanor KHnKeHHH H AP· [28] conep}l(BT 1225 
rcK. 3m 3Be3.r(bl HMelOT fetr > 20000 K H lgg = 5, no-
3TOMy B cneKTpax B OCHOBHOM Ha6JIIOA310TCSI JIHHHB 
Bo,qopo,qa B renWl B He60JibWoe KOJIH'ieCTBO JIHHRH 

Apyrnx 3JieMeHT0B. JlHHHH B cneKTJ)8X OT.r(eJibHblX 

3Be3A AOCTaTOtJHO pe3KBe H Y3K.He. 

Eoppa HAP· (11) OTMeTBJIH, qTo MO)KHO O>KH,QaTb 
JlJISI Mal'HHTHblX cy6KapmtK0B, -ecnu TaKHe cy~eCT
BYIOT, MarHBTHoe noJie no KpaiiHe:n. Mepe Ha nopg
AOK BblWe, qeM y Mal'HBTHbIX Ap, Bp-3Be3,Q ['JiaBHOA 
IlOCJICJlOBaTeJlbHOCTB. Pe3yJibT8Tbl Hamm H3Mepe-

Ta011.Hl(a 2. H3MepeHWI MarHHTHoro nom1 e Jiy,:1eeb1x cKopocreA y ropsr~mx cy6KapJIHKOB 

3se3Aa CneKTp Be,rc cr (Be), fc Bela RV, KM/C O' (RV), KM/c Tlp0Me1.1anKe 

HD 4539 sdB -1290 2120 -0.6 +3.3 3.7 He-poor 
BD+75.325 sdO +1260 870 1.4 -52.2 1.6 He-rich 
HD 76431 sdB -50 130 -0.4 +44.5 1.1 He-poor 
Feige 87 sdB -1790 3495 - 0.5 He-poor 
HD 128220 sdO+G -520 950 -0.5 + 13.4 2.7 He-rich 
HD 149382 sdOB -10 890 -0.01 +23.2 2.0 He-poor 
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882 EJlhKMH 

HHH 3q>cpeKT0BHOro MarHHTHOrO nomr B 11yqeBbIX 
CKOpocre:e:, npBBe):leHHblX B reJIHOt(eHTJ)HtJeCKYlO 
CHC'reMY KOOpAHH3T, .o;aHhI B Ta6JI. 2. 

3Be3n;a HD 4539 6Lma KJiaccmpnr~epoeaHa Kne
MOJia [29) KaK Bp-3ee3.o;a. Cap)KeHT H CHpn [3] no 
JIHHH$1M eon:opo.o;a onpe;n:emmH ee KaK sdB-3Be3;n:a. 
BaweK H .o;p. [30) Hamnu AIDI nee Teff = 25000 K H 
lgg = 5.4. 3ee3.o;a HMeeT .o;eq>H~B.T reJIHR H KHCJIO
po.o;a, H36bITOK a30Ta B HOpMaJJbHOC co.o;ep)KaHue C, 
Mg, Al, Si, S [30]. MarHHTHOe none H3MepMocb no 
.o;eB.SITH JHIHH.SIM eo.o;opo.o;a H reJIRSI. IJOJISI He o6Hapy
)l(eHO, HO TO'IHOC'rb HeBbICOKaH - H3-33 HH3KOB AHC
nepCBH oHa yxy.o;w1macb no KpaHHen: Mepe B TJ)H 
pa3a. Jly,:1eaaR cKopocrb TaIOKe onpe.o;eneaa c 6onb
moii oum6KOH H OTJIH'laeTCSI OT pe3yJibTaTa BameKa 
H n;p. [30] (-8 KM./C). 

3ee3n;a BO+ 75.325 OTHOCHTCSI K (He-rich)-cy6-
KapnnKaM, eMeeT Teff = 50000 Ke lgg = 5.3. Comae
HO KyApH~KOMY [31] OHa, KpOMe Aeq>HI.\HT3 eo.o;o
po.o;a, HMeeT .o;ecp1n.(HT c. H36bIT0K N H 6JIH3Koe K 
HOpMaJibHOM)' con;ep)KaHHe Si. MarHHTHOe none on
pe]lemmocb no 13 JIHHHHM Hel, Nill H OIi. IIony'leH
Hoe 3HatJeHHe HeMHoro npeeb1waeT eemr•m11y cpen:
HeKBan;paTH"<IHOH oWB6KH H3MepeHHS1, HO nOJijl 
6onhme HeCKOJibKHX KHJioraycc, eepoSITHee ecero, y 
BD+75.325 HCT. Jly-r-1eBaR CKOpOC'rb OKa3a.JI3Cb He
MHOro 6onbme no a6comoTHOH eeJIH'IHHe, tJeM y 
fpHHCTeiiHa H Cap)KeHT [8] (-44 KM/C). 

3ee3n;a HD 76431 no eon;opon;HLIM H reneeBLIM 
JJHHHjlM noxo)Ka Ha HopMaJibHYIO · 3Be3AY BO, HO 
HMeeT ynbTPa¢eoneTOBbIH H36bITOK H Jie)KHT 
CJIHWKOM n:aneKO OT ranaKTH'leCKOH n.JIOCKOCTH Ha 
paCC'r0$1HHH nop)l,:J;Ka 2 KilC, 'ITO µ;oBOJibHO He06bitJ
HO µ;Jijl 3Be3AbI Knacca BO, npuHa,nJie)l(a[QeH rnaBHOH 
noCJieµ;oeaTeJibHOC'rH. B CB513H C 3THM Beprep H 
<l>puraar (32] npen:rroJIO)KHJIH, 'ITO HD 76431 S1BJ1.S1-
eTCS1 3Be3p;oii HH3KOH cBeTHMocru c Mv ~ 0. Toq
HOC'rb H3MepeHHSI MarHHTHOrO nOJISI ,I(JISl HD 76431 
OKaJanacb HaHnyqwen cpeAB ocTaJihHhlX ropHq.ex 
cy6KapJIHKOB. · 

3Be:.i.o;a Feige 87 HMeeT cornacHo fpe:Hcreu:tty H 
Cap)KeHT [8) Teff;:: 28000 K H lgg ;:: 5.6. MbI ua6mo
µ;anH ee Ha eoµ;opOAHOM MarHHTOMeTJ)e. TaK KaK 
3Be3,I(3 ,I(OBOJibHO cna6a}l, a CK3HHp0B3HHe npoqmnee: 
JIHHHH HI} H liy noKa3aJIO, ttTO nyttme Bcero AJIH 3TOH 
3Be3JJ;bI noµ;xo}J;HT MacKa c wupHHoi'i ~eneii 5 A, TO H 

TO'IHOC'rb H3MepeHH)l MarHHTHOro nOJljl OKa3anach 

HeBblCOKa. 

3ee3Aa HD 128220 - cneKTJ)anhHO-ABOHHaSI. 
IlepBH'IHbIH KOMilOHCHT HBJISleTCH rHraHTOM cneKT

pam,Horo KJiacca Me)Kµ;y F4IV H G5Ill cornacHo Ba
Jiepcreihiy n ,np. [33). foBap.n n He6ep [34] onpe;o:e
JIHJIH AJIH cy6KapJJHKa Teff = 42500 K H lgg = 4.5. 0HH 
Hamnu TaIOKe tJTO Macca m(sd) = 0.55 M0 , a n;m1 ra
raHTa m(G) = 1.9 ± 0.55 M0 . Ky)l.pHI.\KHH [31} Hamen, 
'-ITO cy6KapJIHK HMeeT H36bITOK He B N. BoJibWHHC'r-
80 JIHHHH B cneK-rpe npHHa]J;Jie)KaT rJffaHry, HO eCTb 
HeCKOJibKO JIBHHH, npHHa,I(JIC)K3[QHX cy6Kapm1Ky. 

3To JIHHHB Nill, Hel, Hell, CIII, no KOTOphIM H npo
BO)l.HJIOCb H3MepeHHe MarHHTHOro IlOJI.sl. HauIH pe-
3Y Jl bTaTbl noKa3bIBaJOT, 'ITO y 3TOH 3Be3)].hI TaK )Ke 
ueT )l.HTIOJlbHOro rJio6anbHOfO MarHHTHOfO IlOJI.SI, 
npeBbIWalOtqero cpeµ;HeKBa;o;paTH'IHYlO OWH6Ky H3-
MepeHHS1. JlyqeeaR cKopocrb cy6KapnHKa cornacy
eTc.si C H3MepeHIDJMH foBap,n;a H He6epa [34]. 

3Be3n;a HD 149382 - HaH60Jiee sipKHH OB-cy6-
KapnHK c Teff = 35000 K H lgg = 5.5. 0Ha HMeeT p;eq>B-
1..\HT He, C, Si, Fe, H36LITOK Ca, Ti, Cr, Mn [35]. Mar
HHTHOe none H3MCpSIJIOCb no JIHHHHM Hel, Hell, NII, 
SIii. JlyqeaaR CKOpOCTb nonyqe:nacb HeCKOJibKO 
MeHLme, tteM y BameKa H Hoppuca [35) (+28 KM/c). 

,I(nS1 ABYX 3Be3A BD+25.2534 u HD 133001 oKa3a
nocb HeB03M0)KH0 CAeJiaTb ,n;a)l(e npH6JIH3HTeJibHYlO 
OI.\eHKY eeJIHtJHHbl MarHHTHOro IlOJI.sl H3-3a 60JibIIl0H 
IIIHpHHbl cneKTpaJibHbIX mmltii. 

TaKHM o6pa30M HH y O,IJ;HOrO H3 aa6JIJOA3BWHXCSI 
rCK Mbl He H3WJJH MarHHTHOI'O IIOJIH, cy~ecrBeHHO 
npeBLIWaJO~ero cpeAHeKB3ApaTH"tfHYlO OWH6Ky H3-
MepeHIDI HH)l;HBHAyaJihHYIO AJISI K3)1()];0H 3Be3)]:bl. Qp;
HaKO, eCJIH npep;noJIO)KHTh, "<ITO MOryT cy~ecrBO
aaTb MarHHTHbie cy6KapJIHKH, KOTOpble RBJISllOTC51 
3BOJIIO~HOHHLIM npen:wecreeHHHKaMR MarHH11iblX 
6eJiblX KapJJHKOB, TO HX '-IHCJIO AOJI)KHO 6bITb npH
MepHO O)l;HHaKOBbIM. B 3TOM cnyqae MO)KHO 0.)l(lf
p;aTb He 6onee 2% MarHHTHblX cy6KapJIUK0B, TO ecrb 
Hama BhI6opKa He_AOC'r3TO'IHa. Heo6xoµ;HMbl KpHTe
pHH, no KOTOpLIM MO)l(HO 6bIJIO 6b) BblACJI.SITh HaH- .. 
6onee BepOSITHblX K3H)l;H,IJ;aTOB B MarHHTHble cy6-
KapnHKB. XHMWieCKHe aHOMa.JIHH 3):(CCb B03M0)KH0 

He urpalOT TOH pone npH BblSIBJieHHH MarHHTHblX 
3Be3J:{, KaKylO OHH HrpalOT B 3Be3,nax rnaBHOH nocne
,IJ;OBaTeJibHOCTH. Cpep;H weCTH HCCJie,noeaHHbIX cy6-
KapJIHK0B, ecrb H He-rich H He-poor, HO HH y TeX, HH 

y J:tpyrux, rrom1 He Haun;eHo. 

4. BbIBO,UhI 

B pe3yJibTaTe 3eeMaHOBCKHX Ha6n10p;emm A-3Be3)]; 
ropH30HTaJJbHOB neTBH H ropSll.lHX cy6KapJIHK0B 
MO)KHO cp;enaTb cnep;yJOI.l\He BblBO)l;bI. 

Hu O)l;Ha H3 HCCJIC)l;OB3BWHXCSI 3Be3µ; He IlOK33a.Jia 
AOCT3TO'IHO y6en;11TeJibHOfO CBHp;eTeJibCTBa npncyT
CTBH.sl MarHHTHOro nOJISI. 

Cpen:aee 3Ha'!eHue e:3MepeHHoro nong )lJISI 3fB, 
3a HCKJJIO'-leHHeM HD 97859, paBHO Be= -92 ± 380 re. 
TaKHM o6pa30M, 3Be3Abl ropH30HTaJibHOH BeTBH, Be
po.s11110, He HMelOT rno6aJJbHbIX MarHHTHhlX noneii, 
aHa.JIOI'H'IHbIX neKynSipHbIM MarHHTHb[M 3e"e3p;aM 
rJI3BHOH noCJien;oeaTeJibHOC'rH. OnHaKO, OHH MOryT 

HMeTb 6onee cna6ble IlOJISI, HH)Ke TO"lfHOCTH H3Mepe
HBH, HJIH )Ke nonsr 6onee CJIO)KHOH crpyKTYPhI, aHa
norlf"CIHbie Hen;aaHo o6Hapy)KeHHbIM y Am-3ee3,n 
(JlaHI.~ H MaTAC [36]) 0 HCKOTOpblX HOpMaJlbHbIX 
A-3BC3A rnaeHOH nocnep;oeareJibHocrn (TaKap;a-Xu
naH H ,[(~raKy [37]). 
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noHCK 3BE3.U C CHJibHbIMH MArHITTHblMH IlOJUIMH 883 

CpenHee MarHDTHoe none AJISI IDITH rcK, AJISI KO
TOpbIX 6b1Jla AOCTHrH)'Ta 6onee BblCOKrul TO~OCTb 
H3MepeHHH, paBHO Be = -120 ± 990 re. TaKHM o6pa-
30M CpeAH meCTH HaH6onee SlpKHX rCK He OKa3aJIOCb 
HH OAHOro MarHHTHOro fCK H, aepoSITIIO, CHJibHOO 
MarHHTHoe none cpeAH 3Toro KJiacca 3Be3A - AOCTa
TO'iHO penKoe s1BneHee, aHanornqHo 6enb1M Kapnu
KaM. Op;HaKO AIDI HccnenosaBmuxcsi fCK TaJOKe oc
TaeTCSI B03M0}KH0CTb cyu:i;eCTBOB3HHSI 6onee CJ130btX 

MarHHTHbIX nonee: HJIH noneii CJIO}KHOH C'I'pyKTypbl. 

8 33KJIJOt.JeHHe xoqy Bbipa3HTb CBOIO npH3Ha
TeJibHOCTb B.E. IlaHqYKY 3a npeAOCTaBneHBe B03-
MO}KHOCTH Ha6moJ];eHIDI e HCWTaTHOM BapuaHTe Ha 
03CTI c Il3C-Ma-rpm~eu, B. Bnac10Ky 3a npeno
CTaBJJeHue nporpaMM o6pa6oTKH TI3C-cneKTJ)OB u 
B.f. IllTOJIIO 33 IlOMOID;b DpH HaOJIIO]:\eHBSIX Ha BOJ];O
pOAHOM MarHHTOMe'I'pe. 
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A Search for Stars with Strong Magnetic Fields 
among Horizontal-Branch Stars and Hot Subdwarfs 

© 1995 r. V. G. El'kin 

Observations obtained with the 6-m BT A telescope for a few A, B horizontal-branch stars and hot subdwarfs 
have been used to measure their effective magnetic fields . No magnetic field similar to that of Ap, Bp main
sequence stars was found. 
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OCTATOqHOE MArmtmOE IlOJIE 3BE3,IJ; THDA T TEJibU:A 
© 1995 r. A. E. nyAopoa 

YHu6epcumem, t/e.M16UH.cK, PoccUR 
nocrynHJJa e peAaK.l{HIO 23.01.95 r. 

Ha OCHOBaHHH anamf3a Ha6JUOJi:3TeJU:,HblX naHHLIX yCTaHOBJieHO, 'ITO 3Be3Jlbl THna T TeJILUa H Ae/Be-

3Be3.Qbl Xep6Hra o6pa3yKn'C.sl 8 JaMarHH'leHHblX raJO-fiblJICBblX o6JiaKax. IlpHBO.tVITCJI apryMCHThl B 
nom:,3y Toro, lfTO MarHHTHOe none 3BC3A THna T TeJibUa JIBJUleTCJI OCTaTO'IHblM MaTHHTHblM noneM. Jlby
qaeTc,& 380JIIOUHH MarHHTHOfO OOTOKa B npouecce o6pa30BaHHJl 3Be3Jl H nOK33b1BaeTCH, tfTO 3BC3W,I Tuna 
T TeJibUa AO pa3BHTHJI KOHBCKTHBHOH neyCToA'IHBOCTH nomKHbl HMeTb B aTMOC<pepe perym1pnoe oCTa
TO\IHOe MarHHTHoe none nopH.QKa 1 Kf c. Y'feT MarHHTHOro 3aMCAJieHIDI aKKpel.UUI n03B0J1HeT CIUlTb npoTH

eopeque MC)l(Jzy BCJJH'IHHOH TeMna aK.KpeJ.tHH H Ha6J110JJ;aCMblMH CBeTHMOCTIIMH H TCMnepa1)'paMH 3BC3A THila 
TTenbua. <l>opM)'JJHpyeTC11 "KOHBCKTHBHaJI TeopeMa", cornacno KOTOpOH KOHBeKTHBHU HeyCTOH'IHBOCTb B 

XOJIO.l:{HblX 3BC3.l:{aX Ha CTaAHH nepBH'IHOH HOBH38JJ,HH BOAOpoAa H re.llIDI. pa3BHBaeTCH HC38BHCHMO 01' HHTeH
CHBHOCTH OCTaTO'lHOro MarHHTHOrO nOJlJI. KoHBeKTHBHaJI TYJ)OYJIH3lUUUI OCTaTO'IHOro Mal'HHTHOro OOJJJI 
npHBOJlHT K ero OCJia6JICHH.IO AO ypoeWI HCJJHHCHHOH CTa6HJIHJal.UfH A,HHaMO. Macnrra6HbJC OUCHKH AJIH3-
MO· fiOJIH noKa3b1Bal0T, 'ITO pa3HHUa 3HeprHH OCTaTO'IHOJ"O H AHHaMo-nOJUl .l{OJJ.>KHa ocso6o~aTbOI 8 XOAe 

3 BOJUOUHH 38C3,A Tuna TTeJib~a AO rnaBHOii IlOCJICAOBaTCJJbHOCTH B cpopMe 3Be3Ji:HOH aKTHBHOCTH, 

1. BBE,[lEHHE 

Ilpo.SIBJieHHe MarHeTH3Ma B TaKKX MOJIOAblX 

3Be3Aax, KaK 3Be3AbI Tuna T TenLQa, a TauKe 
Ae/Be-3se3,n1,1 Xep6era (TIS H HAEBES), si:sm1eTCS1 

Hau6onee y6eAHTeJihHbIM AOKa3aTeJibCTBOM ero oc
TaTO'IHOH npHpOAbl. K MOJIOAbIM 3Be3A3M CJieAyeT 
OTHeC'f0 0- H B-3Be3JJ;bl, l{8CTb HJ KOTOpblX SIBJISIIOT
CB MarHHTHbIMH. 3BOmOU.HOHHO MOJIOJlblMH RBIDI

IOTCB BCnbIXHBaJOmue dMe-JBeJAbl. 

3eeJAbI nma T Ten1,u;a, Kax H ,npyrne MOJIOAbie 

3BC3Jlllble 06'beKTbl, Ha6J1IOJX8IOTCSI B Me}l{JBe3AHhIX 

raJO-nbJJieBblX o6naKax. 0 MOJIOAOCTH JBe3A mna 
T Ten1,u.a H Ae/Be-JBeJA Xep6ura rosop.srr TaDKe ua-

6moneHIDI ):\HCKOB, BblCOKOCKOpoCTHblX crpyit, 06"b
eKT0B Xep6ura-Apo H HHTeHCHBHOro 3Be3AHOro 

BeTpa. Ko;mqecrBeHHO B03pacr MOJIOAbIX 3Be3A 
<tev = 105 - 107 neT) onpe,neIDJeTCSI no npo,nomnr:reJih
HOCTH 3Be3,noo6pa30B3HHSI H TeopeTH'leCKHM 3BO

JIIOU:BOHHbIM TJ)eKaM. K.nacc11qecKHe JBe3AbI mna 

T Ten1,u.a H Ae/Be-Jse3AbI Xep6ura HaxowrrcS1 Ha AH
arpaMMe fepu.mnpyHra-Peccena (fP) s6JIHJH numm 

po~eHlUI JeeJA [I - 3]. 3se3AbI mna T Ten1,u.a co 
CJia6oH aKTHBHOCTbJO 3BOJIJOIJ.HOHHpyIOT OT JIHHHH 

po)K)J.eHIDI K rnasHo:a noCJie,nosaTeJibHOCTH. 

KaK Il0K83bIB8eT o6cy~eHHe Ha6JIJOA8TeJibHbIX 

A8HHbIX (CM. paJ,neJI 2). 3Be3Ab1 THOa T TeJibl.\8 H 
Ae/Be-3BeJ,nbI Xep6ura HMelOT HHTeHCHBHoe Mannrr
noe none, o6yc.noBJIHBaJOmee J:(HHaMHKY BCDbIWe"I

HhIX, aKKpeUHOHHblX H CTpymfbIX .SIBJieHBH. IlpH 3TOM 
Aa}l(e B 00.JlbilleH CTeneHH 3TO xapaKTepHO AJlSI npe
,1:(eJibHO MO.JlOAblX 3Be3A, ceeTHMOCTb KOTOpbIX SIBJISl
eTCSI npaKTH't!eCKH qHCTO aKKpeI.UfOHHOH. B 3Be3A3X, 
HaXOA.Slll.J,HXCSl Ha AHarpaMMe rP B6J1H3H JlHHHH po)K
.neHH.SI 3Be3A, M0}1{8T coxpaH.srrbC.R OCT8TOqHblH DO-

TOK M3fHHTHOro IlOJI.sl npoT03Be3AffblX o6naKOB, HJ 

KOTOpbIX OHH 06pa30B3JIHCb. B 3THX 3Be3):{3X OTCyT
CTB)'IOT o6nacTH pa3BHTOH -rypoyneHTHOCTH. Heo6-

XOAHMOH AJUI AHHaMo-reHepa~HH MarHBTHOro DOIDI. 
C ,tqJyrou c-ropoHhI, COBpeMeHHble H36JIJO,neHIDI nOKa-
31,maJOT. qro 3B83ALI mna T TeJILu;a H Ae/Be-3Be3A1.I 

Xep6ura o6pa3yJOTcSI e cym:ecTBeHHo 3aMarHutieH
Hoif cpeAe. Il03TOM)' B H3CTOSimeu CT3TLe paccMaT

pHB3JOTCSI npo6neMbI, CBS13aHBLie C OCTaTOllHOH 

npupoAOH MarHHTHOro noml MOJIOAbIX 3Be3A. 

B CJie~JOmeM pa3,nene 06cy)K)J.aIOT01 aa6mo,tla
TeJibHL1e Aamn.te O MannITHOM none npe,QeJibHO MO

JIO,QblX 3Be3A H 3Be3,QHbIX OO"bCKTOB. B TpeTI>eM pa.3-
)};ene 06ocHOBb1BaeTCS1 nmOTeJa o6 ocraTO"IHOB npH

poAe MarHHTHOro IlOIDI MOJIO,QLIX 3Be3Jl. B qeTBepTOM 
pa3Aene 0Jnara10TC)J HeKorop1,1e 3aMetfaHRH oTHO

cureJI&HO npOHCXO)K,IJ.eHIDI 3883A THna T Tenb~a B 
33MarHHqeHHblX npoT03Be3AHbIX o6JiaKax. Il.srr1,1A 

p33AeJl IlOCB~eH npo6neMe B3aHMOAeHCTBIDI OCTa
TO't!HOro MarHHTHOro IlOJISI c KOHBeKueeA e o6oJJOtf

K3X MOJIO):\blX XOJIOAHblX 3BeJA. B weCTOM pa3,QeJI8 

HCCJie,nyeTCSI npo611eMa AHHaMo-reHepa~HH MarHHT
HOro IlOJlSI B KOHBeKTHBHblX 06ono~11rnx 3Be3A B npH

CyTCTBHH OCTaTO"IHOro IlOJISI. B 3aKJIIO'leHHH 06-
cy~alOTCSI OCHOBHble peJyJibT3Tbl pa60Tbl H nep

cneKTBBLI ,Q3JlbHeAmHX HCCJie,QOB3HHH. 

2. HA6IlI0,[lA TEJihHbIE ,[lAHHhIE 
0 MAfHHTHOM IIOJIE MOJIO,O:bIX 3BE3.[( 

Ilom,rrm npS1Moro H3MepeHIDI MarHHTHoro noJU1 

3Be3A Tena T TeJibUa npewipHHHMaJIHCb HeCKOJibKHMH 
BCCJieA0B3TeJU1MH •. MeTOAOM 8HaJIB33 cpe,QHeCTamc
THlleCICOro CMeIIJ,eHIDI nomrpH30BaHHhIX cneKTJ)OB, 
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pa3BHTb1M B [5], .[{x(OHCTOH H IleHCTOH [6] ycraHOBH
nH Ha ypoeHe 20'8 eepxmm npeAeJI perymrpuoro nomr 
npnBe = (-548 ±242) re B 3Be3Ae RU Lup. ,[(}KOHCTOH 
[7] IlOHH3HJ1 3TOT rrpeAeJI AO 3HatfeHIDI Be = -494 fe. 

3eeMaHoeeKoe pae~enneHHe JIHHHfi: B eneKTpax 
MOJIOJJ;blX 3Be3A TpYAHO HeCJieAOBaTb scneACTBHe 
cna60CTH, 60JibWOrO YIDHpearur spa~eHHeM, a TaK
}Ke eyanepoBaHrur 3THX JIBHHH. ,[(onOJIHBTeJibHLie 
enmKHOCTH eB.s13aHbl e DJIOXHM 3HaHHeM crpoeHWI 

aTMoc<t,ep H BKJiap;a 3Be3AHb1X o6onotfeK. Mewae-r 
lf3MepeHHSIM B03MO}Klia.sl MeJIKOM8CIDTa6HOCTb Mar
HHTHOro nomr. 

HaJIH'IHe xaoTWJCCKOro IlQJijf y MOJIOAbIX 3Be3A 

npeAilOJlaraeT HX HpKO Bbipa>KeHHa$1 BCilbIIDetfHa.sl H 
IlSITH006pa30BaTeJ1bHa.sl p;eSITeJibHOCTb. Henocpep;
eTBeHHbre H3MepeHID1 HHTeHCHBHOCTH MeJIKOMac

IDTa6Horo IlOJIH c IlOMO~blO TCXHHKH Po6HHCOHa 
TaJOKe IlOKa He AOCTHrJIH BbICOKOii CTeneHB AOCTO
BepHOCTH KaK H3-3a Hep;OCTaTO'IHO BhICOKOro OTHO

weHHJI eurHana K 1.lIYMY' TaK H BCJieACTBHe OTcyTCT
BIDI pa3pa6oTaHHOH MeTOAHKH nocrpoemm MOACJieA 
aTMoe<t,ep C AHHaMHqecK.HMB OOOJIO'lKaMH. TeM He 
MeHee JlHHeKH u Caap [8] yreep~aJOT, lfl'O cornaCHO 

l H3MepeHffjj'.M MamHTHOii HHTeHCH<t,HKaIUIH JlHHlm Ha 
noeepXHOCTH 3Be3A THna T Te.JILn;a MOryT npBcyTCT
BOBaTb MarHHTHLie o6nacrn c noneM B "" 1 - 2 Kf c, 3a
HHMaJO~He OKOJIO l 0% noeepXHOCTH. B Kaqecree 
npep;eapuTeJI&Horo peJyn&TaTa :Sacpu H Mapcu [9] 
eoo6~alOT 06 o6Hapy)KeHBB xaoTH11eeKoro noJIR 
B = 2000 ± 500 re a caMoe: 3Be3Ae T Tenhl.(a. EacpH 
u AP· [10] HCcneAOB3.JlB MarffB'.l'HYIO BHTeHCH<t,HKa
:QHIO JIHHHH e cnetcrpax cJia61,ix JBe3A THDa T TeJibl(a. 
0HH npHIDJIH K 3aKJ110'iem110, 'tfTO wu1 3Be3AJ>I TAP 35 
Bf< 1500 re, rAe f- <t,aKTOp DOKpbITIDI noBepXHOCTB 
3Be3Ahl MarHHTHbIMB o6JiaCTjiMH. ,[(mr 3Be3J:t;bl 

TAP 10 eepxHRH npeAeJI eocrasm1eT Bf< 100 re. 

t 06wHpHaSI HH4>0pMa~ 0 MarHeTH3Me MOJIOAblX 

I
'·.·, 3Be3A nonyqaeTCSI B3 aHaJIB3a HH,I\eKCOB 3Be3AHOii aK

THBHOCTB H ee attanorHH e COJIHe'iHOA aKTHBHOCTblO, 
MarHHTHaSI rrpBpoAa Koropon C'lHTaeTCSI AOKaJaHHoe 
[ 11]. MHTepnpeTa1.(IDI peH'rreHOBCKHX BCUbIIDeK c 

r· MO~HOCTblO nop_smKa } 031 - } 032 3pr/e B paMKax Mar-
• HHTOTOpMOOHOro MexaHB3Ma Tpe6yeT HaJlH'IIDI Mar

HHTHblX apoK BbICOTOH Hx""' (2 - 3)R* c HHTeHCHBHOC- . 
TblO OOJJSI e HeCKOJibKO COTeH raycc [12]. HeKOTOpbie 
MOJlOAble 3Be3J:t;Hb1C 06"bCKTbl SIBJIHIOTCSI HCTQqHHKa-

( MH HeTel1Jl0Bb1X paAHOBCilJieeKOB [13, 14], npouexo
AH~HX B MarHHTHOM none C HHTeHCHBHOCTblO B He

CKOJibKO raycc. B pSIJ:{e enyqaee BCTO'lJHHKaMB 
paJ:t;HOH3nytieHID1 SIBJlSIIOTeH npOT03Be3Ab1, B KO
TOpblX OTCYTeTBYIO.T KOHBeKTHBHbie 30~bJ. Ilo3TOM}' 

( npHBJieKaTb AJISI o6"bSeHeHHJI npouexo~eHIDI BX 
MarHHTHOro IlOJISI ABHaMO-MexaHB3MJ,,I npaKTB'leeKH 
HeB03M0)KH0. 

TaM}'pa u: CaTO [15} Ha OCHOBe Hccne,AOBaHIUI no
m1pH3a~HH HH<t,paKpaettoro H3Jiy<IeHIDt IlpBIIIJIB K 
3aKJIIO'iCHHIO, lfTO 3Be3Abl THna T TeJibl(a H OKpy)Ka
lO~He HX J(HCKB HMelOT MarHHTHOe none. 

Y6eAHTeJibHbIMl1 KOCBeHHbIMH AOKa3aTenbCTBaMH 
Toro, 'ITO eee MOJIO,ll.hie 3Be3ALI HMeJOT MarHJITHoe 
none, smnSIJOTeSI np.AMble Ha6n10J:t;eHID1 MarHHTHOro 
nomr B o6JiaCTSIX 3Be3AOo6pa3oBaHHSI C IlOMOmhJO 
H3MepeHHSI 3eeMaH0BCKOrO pae~enJieHIDt JIHHHH If 

OOJIS1pH3al(HOHHOro KapTHpOBaHWI (16]. AHaJIH3 
3THX Ha6J110J:t;aTeJI.bHblX AaHHblX noKa3b1BaeT, "t{TO 
ey~ecrsyeT KoppeJI~Hff Me)l(Ay BHTCHCHBHOCTblO 
MarHHTHOro nomr e IlJIOTHOCTblO: 

(1) 

IlapaMCT{)bl Bo H no CBH3aHbl e yeJIOBWIMH o6pa30Ba
HBSI o6JI8K0B [ 17]. :SOJlbIDa.sl qaCTh Ha6JIIOA8TeJlbHb1X 
A8RHLIX AJI.51 o6nacreif e IlJIOTHOCTblO n = 1 - 1010 eM""3 

OilBCbIBaeTCSI COOTHOIDeHHeM ( 1) e napa.MeTpaMH: 

(Bo, no, ks)= 
= (5 MKfC, 50 - 200 CM-3, 1/2 ~ ks ~ 2/3). (2) 

CooTHOIDeHIDI (1), (2) noKa3b1Ba10T, 'ITO COBpeMeH
HOe 3Be3J:t;006pa30BaHHe npoHCXO]:UIT B MarHHTHblX 
o6JiaKaX, qaCTb MarHHTHOrO IlOTOKa KOTOpbIX MO
)KCT coxpaWITbCSI B MOJIOAhlX 3Be3AaX. 

3. OCT ATQqHA.H IlPMPO,[(A MAfHHTHoro 
ilOJI.H MOJIO,IJ;hIX 3BE3,[( 

OcHOBHblM MexaHH3MOM, o60S1eH.s1IO~HM npOHC
XO:>rmeHBe MarHHTHOro IlOJISI 3Be3A, equTaeTe.A Mexa

HH3M ABH8MO-reHepa~1m, pa60TaI0m;Hii B 06nacr.s1x 
C rHpoT{)OilHOH TypoyneHTHOCTblO. Me)K3Be3AHaSI 
-ryp6yneHTHOCTb 3aryxaeT e nporo3Be3,i:tHbIX o6naxax 
B npoT03Be3Aax Ha 3.JlbBeHOBCKOH IIlKaJle BpeMeHH. 

:SaTapemn,1e MeXaHB3Mbl He 3q:><peKTBBHLI B MO
JIOAblX 3Be3J:t;ax BCJICACTBHe Toro, 'ITO eKOpoCTb 380-
JIIOl.(HH 3THX 3Be3J:t; cy~eCTBCHHO npeBblIDaeT CKO

poCTb pa3BHTIDI 6aTapee:Horo npou:ecca. 

B nocneAHee ,i:tec51THJICTHe B CBH3H e nporpeecoM 
B Ha6JIIO,i:teHIDIX Me)K3Be3AHhIX OOJJaKOB 803pOCJIO 
eHHMaHee K rnnore3e pe11HKT0Boro MarHUTHoro no
mi [18, 19], B KOTOpOH 3BC3AHOe none paCCM3TJ)HB8-
eTC$1 KaK OCTaTOK (penBKT) MarHHTHOro TIOJISI ra
JJaKTBKB, IlepBOH npe,i:tfiOCbIJIKOB TeOpHB OCTaTO'l
Horo MarnemJMa .s1eHJiacb pa6oTa KayJIHHra (18], 
KOTOpbIH noKa3aJI, 'ITO epeMSI OMB'leexoro JaTYXa
HIDI JJ.HilOJibllOH MOAbI MarHBTHoro IlOJISI B 3Be3A3X C 
Maccoii M ?!. 1.5 - 2 M0 npeeocxop;BT xapaKTepnoe Bpe
MSI me ~epHoi 3BOJIJOU:HH. lh 3Toro <t,axTa KaynnHr 
eJ).eJian BblBOA, 'iTO MarHHTHOe none B 3Be3J:t;ax MO)KeT 
6b1Tb OCTaTKOM OT 3IlOXH 3Be3A006pa30BaHWI. 

~ep [20) u Mecren [19] c<popM}'mq>OBaJIH oc
HOBHbJe nonmKeHBSI nmOTe3bI ocraroquoro (fossil) 
Manmnmro noJIH. McxoASI B3 roro, 'ITO 3BC3JJ.a B03HH
xaeT B cpe,i:te c WIOTHOCTb10 Po ""' 10-23 

- 10-22 r/CM3 
H 

MarHHTHbIM noneM B0 ""'2 MKfe, u npeJJ.nonara.s1 co
xpaaeHHe ManmTHOro llOTOKa, Mecren DOJIY<fllll J).JISI 
3Be3ALI c Maccoii M "'" 2 M 0 cpeJ:t;Hee none B = I 09 re, 
npeBOCXOASl~ee BHpHaJibHOe. Ha 3TOT <t,aKT qaCTO 
CCbJJ18IOTCSI, KaK Ha npo6JieM}' MarHHTHOro IlOTOKa, 
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KOTOpbiii B 3TOM CJJyqae B 103 - 104 npeBbIWaeT Ha-
6JJIOA3eMble JRaqeHH.$1 )'.{JUI XHMH'leCKH neKyngp

HbIX 3Be3A (21]. 
C ApyroA CTOpOHbl, noCJJe nepBbIX ou:eHOK 3JICK

Tp<>npOBOW{OCTH B 3<p<peKTHBHOCTH OMB'ICCKOH 
AHCClmau:HH B B30TCpMU'lecKHX MCXC3BC3AHblX o6Jia
Kax r22, 23] B03HHKJIO y6e)l(J:(CHBC B TOM, 'ITO B npo
u:ecce 3Be3A006pa30B3HIDI cy~eCTByIOT CTanHH, Ha 
,KOTOpblX OCTaTOtJHbrit MarHBTHbni IlOTOK MOXCCT 

ABCCHilHpoBaTb npaKTINeCKH ROJIHOCTblO. Ilo 3THM 
npH'IHH3M AO CHX nop CO CTOpoHbl MHOrHX BCC11CAO
BaTeJieH K nmoreJe ocraroquoro ManmTHoro nona 
coxpaID1eTcR npeABJSIToe aeramsuoe oraoweaee. 
BKJ11011eHHe s paCCMOTpCHBe npou:eccos ecnapeHIDI 
npH aAUa6aTHt1eCKOM C}K3THH ripoT03Be3,l{HbIX o6na

KOB R TenJIOBOA HOHH3aU:BH AOHOpHbIX 3JICMCHT0B 
[23] noJsonuno o6oem o6e 3TH TPYAHOCTB e noCJJy
xcnno OCHOBHOA npe,u;nOCblJIKOH pa3pa6oTJCH TeOpBH 
OCTaTO'lHOro MarHBTHOro nou. 

0CH0Bbl TeopBH OCTaTOtJ.Horo MarHHTHOI'O IlOJIJI 
H3JIOXCCHbI B pa6oTax [16, 24]. 3Ta Teopu OCHOB3Ha 

Ha 'IBCJJCHHbIX HCCJJCAOBaHWIX npou:ecca 3BC3,U:oo6-
pa30BaHID1 B npoT03BC3AHb1X MarHHTHblX o6JiaKax. 
f naBHoA u:en&IO reopee em1eTCS1 HJyqeaue aeon10-

qHH MarHHTHOI'O IlOTOKa B npou:ecce ero lllijcy'KWfOH

HOI'O ycHJieHIDI npH C)K3TBB H ,U:BCCBfi~ 6naro,l{apsr 
aMOHIIOJI.sq>HOit H OMH'lecx:ou .u;ucf>cf>yJHH. HccneAy
IOTOl TaJOKe MfJ:(-HeyCTOH'IBBOCTB, KOTop1,1e Moryr 
pa3BHB3TbC.51 Ha Pa3JIR'IHhlX CTa)VISIX KOJJJianca npo
T03Be3,U:Hb1X o6naKOB, o6pa30BaHWI D 3DOJIIOU:BB 

3BC3,I{. Jlm1 3TOA u:enH B 'IHCJJCHHblX paC1leTax Hap~ 
C 00bl1IHhlMH ypaBHCHIDIMB rpaBBT3U:BOHHoro KOJJ

Jianca MOAenupyeTC.SI pemeHHe ceCTeMhI MfJ:(-ypae

HCHHH AB~KOCTHoro npH6JIH)KCHH.SI e " 1tB<l><l>Y-
3HOHHblX nepeMCHJll,IX" [16]: 

iJx SP V(xpv m) a, + (v · V) x = p - p , (3) 

2Vx 
a C5~ F 

Vm X em - + ( v · V) v = - -- + - - Tl . pv iJt m P; xp '" m• 
(4) 

au 
ai = rot [ (v + vm) X B] - V X (v m V X B), 

(5) 

divB = 0, 
rAe X ""' Pp /(pp+ Pn) - CTeneHb HOHH331.J,BH, Pp R Pn -
IlJIOTHOCTB H0BH30BaHHOB D HCHTPaJibHOi KOMDO

HeHT. V m = V - V p - CKOpOCTh aM6Hnom1pHOB AHcf>· 

<pY3BH, VP - CKOpoCTb HOHH30BaHHOH KOMilOHeHTbl, 

S - 4>yHK~ HCTO'IHHKa AJIJI HOHOB H 3JIC1C'I'p0H0B. 

0CT3JihHbIC BCJlH'IHHbl HCllOJlb3YIOTC.R B 06hl'1HOM 
<pB3B'leCKOM CMblCJJe. 

YpaBHCHIDI (3) - (5) D03B0mll0T HCCJJC1];0BaTb HC

CTai.iHOHapuy10 H HepaBHOBeCHYIO HOHH331\BIO, a 
Taxxce MarHBTH)'10 aM6 HDOID1pffYIO ,i;ecf><l>y3Hl0. ]lJJ.R 
qHCJJCHHoro peweHIDI IlOJlHOA CHCTCMhl ypaBHeHHA 
AYAOpoBhIM H Ca30H0Bb1M [25, 26] 61,mo pa3BBTO 

norryropaMepHoe npB6JIIDKCHHC B MOAH<pHK31\BB 
CXCMhl JlaKca- BeHAPO<l>cpa, KOTOpoe fi03BOJ1SICT 
B3}"1aTb B3MeHeHHe HHTCHCHBHOCTH H reoMeTPHH 

MarHHTHOl'O DOJl.$1 B npo~ecce 3BC31];006pa30BaHH.SI B 
CJJaOOM3nmTHOM npe6JIH}KCHBH. B pacqeTax J:'(CTaJih
HO H3Y1J3CTCSI ROHB3~0HH3.$1 H TenJIOBa.51 3BOJIIOJ..Uijl 
00JI3K0B, Yqun.JBalOTCSI B0HB3aq8JI KOCMH'ICCKHMH 

J'l)'ll3MB, peH'ITeHOBCKHMH JI}"l3MH D p3.AJ103KTHBHhl
MB 3JICMCHTaMB, a TaKXCe JIY'fHCThle peKoM6HHa~ 
H peKOM6BH3l\BH Ha rpaHynax. PaccMaTPHB3CTCff 
TellJIOBaJI HOHH33[(IDI J:'(OHOpHbJX 3JieMCHT0B C HB3-

ICBM DOTe~aJIOM B0HH3a!\HH, a TaJOKe BOHD33QIDI 
BOAOPOAa H remDI C y'leTOM HcnapeHIDI rpauyn. 

OrMe11eHHblC oco6eHBOCTH pac 'ICTOB D03B0lll0T 

KoppeKTHO CJJCABTb 33 pa3BHTBCM aM6BUOJIRpROH H 

OMH'ICCKOii ,i;ucf>cf>YJBH. Ha CT3J:'(HH B30TepMHtJecxo
ro KOJIJianca MarHBTHoe non e BMopoxceeo B raJ u 
npuo6peTaeT co speMeHeM KBa3upa,tUlanbH)'lO reo

MCTPBIO. C Ha11ana 4>opMHpOBaHID1 Renpo3p3'1HOro 
S11];pa H3'1BH3l0T pa3BHB3TbCJI aM6HDOJl.$1pH3.$1 H OMH

'ICCKa.51 AB<1>cf>Y3IDI. TenJIOBblC npoQeCCbl npBBOAJIT K 
yCTaHOBJICHBIO ~OCT3T01IHO Y3XOl'O HHTepsana 

IlJIOTHOCTeB nc E [I05no, 109no] (rne nc - u:eHrpaJib
HaR, a no - H3'13JlbHa.sl fiJlOTHOCTH), B npe1];eJiax KOTO

poro B03M0)KH3 3cf><l>eKTBBH3SI AHCCHna[(IDI MarHBT
Horo DOJIR. AAHa6aTINeCKlm: HarpeB .$1,llpa npHBO)'.{HT 
K BOCCT3H0BJieHHJO BMOpO)KCHHOCTB MarHHTHOro 

nou nOCJie Toro, xaK TeMnepaTYPa npeBLICHT JHa
lleHHe Tc "" 4000 - 5000 K. B npo:Qecce AaJJbHemneu 
3BOJII01UfB np0T03BC3J:'(bl H 3DC31];HOro ~pa o6JI3CTb 

3<pct,eKTHBHOH 1];B<pq>y3HB Manmmoro DOJIJI nepe
Me~aeTCSI K nosepxHOCTH, C0Bna,i;a.s1 C 30HOit Mmm
MaJILHOH CTeneHH HOHB33QBB. Ifa HHTCHCBBHOCTb 

BHyTpCHRero MarHBTHoro DOU MOJIOAblX 3DC31]; BJIH
HIOT TaKJKe <pOpMHpoBaHHe MarHHToccf>ep, B3aHMO

AeACTBHe C spa~eHHeM H AHcf><l>Y3BOHHa.51 HaKa'IKa 
nosepXHOCTHOro DOIDI [26J. 

qHCJJCHHble HCC11CAOB3HIDI IIpOBCACHhI )'.{JI.JI o6ump

HOJ\ Bbl6opKH napaMCTpoB, onpeAenRJOI.QHX YCJJOBIDI 
3Be3A000p330BaHIDI. AH3JIH3 pHc. 5 H3 pa6oTI,1 [26] 
D0380mleT HaHTH CJieAy 10uzyio annpoKCHMa.J..\HOHH)'IO 

cf>oPMYJJY .QJl.51 cf>aKTopa " ,i;esMopo)KeHHOCTH" : · 

~1 caB/ B1 ~ 10-'{: r·•·'. (6) 

0.1M0 5" M~75M0 . 

3ACCb B1- BMOpoxeHHoe, a B - paC'ICTHoe MarHBT
HOe noJie. 

IlosepXHOCTHOe MarHHTHOe none (AO D3aBMO
ACiCTBHSI C KOHBeKU:UeA) 33BHCRT OT " onmqecKoH" 

rny6HHhI KOCMHqecK.Hx nyqeii ( 'tcR), co,i;ep)K3HHSI 

pa)'.{B03KTBBRhlX 3neMCHT0B (ZRE), COAepEaHHJI (q). 
pa3Mepoe (a) u XHMB11ecKoro cocrasa n1,m11: 
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)];ml napaMeTpOB, xapaKTepH3y10m:nx YCJJOBIDI 
3Be3A006pa3oaaHID1 B ra30-llbIJieBbJX KOMnJieKcax, 
B50 = 1 - 100 re B cnyqae uopMaJJbHhlX H B50 ~ 2000-
3000 re B cnr1ae MarHHTHb[X 3Be3,n, o6pa3ylO~HXCJI 
B cy~eCTBeHHO 3aMarHHqeHHbIX o6naKax o6JJH3H 
HCTOqHHKOB IlOBbIWeHHOro nOTOKa HOHH3Hpyaom:e
ro HJJiyqeHHSI (cBepXHOBbl X, 0- H B-3Be3A [271). Hn
TeHCHBHOCTb MarHHTHOro IlQJlj{ B u;eHTP8JibHbIX 06-
JJaCTJIX 3Be3,U 3aBHCHT OT MaCCbl H He npeBb1maeT 
= (1 - 10) Mrc. CooTBeTCTByiom:ee OTHOllleHHe Mar
HHTHO~ 3Hepnrn OCTaToqHoro llOJJSJ MOJIOJ\blX 3Be3A 
K rpaBHTal(HOHHOH COCT38JIJleT Em :x 10- t. liHTeHCHB
HOCTb OCTaT0'1HOro nOJJSJ MaKCHMam,Ha y 3Be3,U C 

MaccoH M = 2 - 5 M0 . B o6ono'1Kax 6onee Maccus
HbIX 3DeJ,n none B5 ocna6neuo ocneACTBHe 6onee 
HHJKHX IlJIOTHOCTei1. B MaJIOMaCCHBHblX 3Be3,nax BH

TeHCHBHOCTb nosepXHOCTHoro ITOJIJI yMeHbwaeTCSI 

6naro,nap$1 3<f><f>eKTBBHOR mtcl><t>YJHH. XapaKTepeoe 
pacnpeneneHHe HHTeHCHBHocm ocraro"IUoro Marmrr
uoro nom:1, nonyqeeuoe nyreM 'lHCJieauoro pac1.1eTa 
3BOJIJOIOUf npoT03Be3JJ;bI B 3se3ey rnna T Tenbl.~a c 
Maccoll M = 1 M0 [25, 26], noKaJaHo ea puc. 1. 3Aec1, 
}KC j\Jljl cpaBHeHHSJ npHBCAeHbl pacnpe.ueneHIDI HH
TCHCHBHOCTeu KOMilOHeHT ,UHHaMo-nom1, nony'leH
Hbie c IlOMOm:hJO MacmTa6HbIX ou;eHOK B paJAeJie 6. 

4. 0 IlPOMCXO)K.l];EHHM 3BE3L( 
. TMilA T TEJlbUA 

Ha OCHOBe a.H3JIH3a ua6mo,:taTeJibKblX ,naHRbIX, 
npoee.ueuuoro BO BTOpOM pa3j\CJie, MO>KHO Ct{HT3Tb, 
\fTO 3Be3,[lbl T Ten1,u;a o6pa3ylOTCSI B cym;ecTBCHHO 
JaMarHJNeHHoH cpe.ue. B 3TOM cnriae MarHHTuoe 
none MO)l(eT ynpaBJJSJTb npoQeccaMB ¢opMHpooa
HHJI KaK caMOH 3BC3,ll,bJ, TaK H OKOJJOJBeJAHOro ABC

Ka, a TalOKe CTPYHHblX TC\J.CHBH H 3BC3AHOro BCTPa. 
B paMKax 3Toro no.a.xo.ua MO>KHO Cffj{Tb npoTHBope
qee Me>K.ny ua6n10.a.aeMbIMH H npe,ncKa3bJBaeMbIMH 
xapaKTepHCTHKaMH 3Be3A THila T Tenbna B 06'bSlC
HHTh pa11Hee npoceeTJJCHBC HX OOOJI01.JeK. 

3BC3,[lbl nma T Tenbu.a CTaTHCTH4CCK0 HMeIOT 
cym:eCTBeHHo 66Jlbllllle CBeTHMOCTH, qeM 3TO cne.a.y
eT 03 qucJieHHbIX pac1.JeTOB [28] B paMKax IlOA,XO,ll,3 
Jlapco~a. Ha6n10.a.aTeJ1bHb1e ,naHHbie [29] yKa3bIBalOT 
Ha pauuee npeKpameHHe aKKpe~nH, 'ITO TaJOKe TPYJJ:
HO 06'b$1CHHTb npe HHJKOH CBeTKMOCTH. Ilo 3THM 
npH'iHHaM 'laCTO rrpHHHMaeTCSI, 'ITO MOJJOl{bIC MaJJO
M3CCHBHbie 3Be3,[lbl "po}l(AalOTCSI" Ha 'I'peKe Xasi:WB, 
.6YJJ:yqH IlOJIHOCTblO KOHBeKTHBHbIMH. IlOSIBJICHHC 
3Be3Abl Ha TpeKe Xa.SIIIIH COOTBeTCTBYeT Cl{eHapHIO 
o6pa30BaHIDI JBe3A, npe.a..no)l(eHHOMY XrunnH H HaKa
uo [30], XaTTopH H AP· [31]. BpeMSI )Klf3HH 3BeJA ua 
CT3AHH aKKpenHH o6oJI0'1KH, He npeBblll3IO~ee 
cornaCHO pacqeTaM [30, 31 J ""' 10 neT, e BbICOKHe 
CBCTHMOCTH L ~ 103 lo npaKTH'leCKJI HCB03M0)l(ff0 
cornacoeaTb c Ha6JJ10JJ;eHID1MH. 

OcHOBHOe pa3JJHtIHe B no,nxonax K JBeJ.a.006pa30-
BaHB10 JiapcoHa [32) H MHOro'lflfCJieHHbIX ero nocne
.a.oeaTeneii, C OAROH CTOpOHbI, H SIJIOHCKOH rpynm,1 -

lgB 

8 

4 

2 

0 0.2 0.4 0.6 0.8 
lg(r!Rx.) 

Pac. 1. Pacnpe.1teneHHC IIHTeHCHBHOCTelt OCTaTOqRoro 

(81) H ,llHllaMO (B~ , BP) MantHTHOr o nom1 B 3BC3,llC THria 

TTenbl,la. 

c .a.pyroii, o6ycn0BJIHBaeTC$I J3AaH11eM pa3JIB~oii ua
tiaJJbHOH CTeneHB rpaBHT3I.(HOHHOH HepaBHOBeCHOCTH 
npOT03Be3j\HbIX o6naKOB. Xarropu H .up. [311 B Ka'-H~
CTBe Ha'1aJJbHOrO COCTOSIHIUI HCITOJ1b30Ba.JIH 3Kcrpe
MaJJbHO HepaBHoeecuy-.o npoT03Be3ey CO cpeAHeH 

nnoTHocrblO p = 10-11 r/cM3. Cna6o Heo,nHopo.uuoe 

C)l(aTHe H CKOpoCTb aKKpel.\HH M = 10-1 M0 /roJJ; npH
BOASIT K nOSIBJieHHIO 3Be3,[lbI C Maccoii M = 1 Mo Ha 
]lHarpaMMe y eepWHHbI 'I'pCK3 Xasi:nm co CBeTHMOC

TblO L = 104 L0 e pa,nHyCOM R "'" (50 - 100) R0 . 

Hau6onee nocne.uosareJibHLie pac\JeTb1 e paMKax 
no)l.xo,:ta JlapcoHa nposeJJD BHHKJiep H HblOMa.H [28], 
uccne.a.osaswee C)KaTHe o6naKa conHeqaoA MaCCbJ 
HJ 33,UaHHoro 06'beMa ra3a C H3'laJlbHOH nJIOTHOCTblO 
p0 = 1.4 x 10-19 r/cM3• Cna6ru:i HepasuoeecuoCTb ua
t{aJJbHOro COCT0$1HH$1 ODpeACJijleT HeBblCOKHB TeMn 

aKKpe~BH MS 10-6 M0 /ro.u H HH3KHe 3Ha'ieHIDI cse
THMOCTH H pa.a.uyca (L = 1 L0 , R = 2 R0 ) e MOMeHT 
DOSIBJieHHSJ 3Be3Abl Ha .u0arpaMMe f P. 

L(m1 cornacoeaHIDI TeopemqecKHx pacqeTOB c 
Ha6n10,neHRS1MB CTanep H .up. [33], CTanep [1] n Ty
TyKOB [2] anpe:opao yeeneq.HJIH cKopoCTb aKKpenuu 

.no 3Ha'1eHeA M = 2 x 10-5 M0 /ro'JJ,. TeopHSI 3BOJI10-
1\HH MarHHTHblX o6JI3K0B Il03BOmleT CBR33Tb C 3THM 
TeMDOM aKKpe~HH llJIOTHOCTb o6pa30B3ffHj{ rrpoT03-
BC3'JJ. KaK rpaBHT81\HOHHO C8$13aHHbIX o6oeKT0B 6na
ro,napsi: pa3BHTHIO aM6HilOJlS1pHOH AHq>q>yJHH [34]. 
ManmTHaSI aM6i1DOJI$1pH8SI nmt><l>Y3IDI pa3BBBaeTCSI 
C AHHaMHt{eCKHMH CKOpOCTJIMH rrpH IlJlOTHOCTSIX 
108 CM'""J s n ~ 1012 CM-3 [26]. rpaHH~bl 3TOrO HHTep
Ba.113 onpeACJlj{IOTCJI CBOHCTBaMH HOHH3YIO~ero HJJIY
't{CHIDI, napaMe'I'paMH nb1.rm H conep)KaHHeM UDKen1,ix 
3JJeMeHTOB. 8 yCJIOBWIX, xapaKrepHbIX ,[lJijl raJO-IlbI
JJCBblX o6naKOB, B KOTOpbIX Ha6JJIOJ:{3IOTOI 3Be3,:tbl TH
na T TeJibl,\a, MarmITHb1H DOTOK MO)KeT YMeH1,maTbCS1 
npe6JIH3HTeJJbHO ua nopsmoK. Bcne.a.CTBHe nponopIJ,H-
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OHaJlbHOro yMeHbWeHIDI Kp11TuqecKOH MaCCbI ~ 
o611aKa MO)KeT <pparMeHTUpOBaTb Ha MarmITHbie npo
T03Be3Abl B AHJ{a.MWICCKOH WKane epeMeHH [35). 

B COOTBeTCTBHH c tJHCJieHHbIMH pacqeTaMH o6pa-
30B3HHe 3Be3AbI rnna T TenbQa B Me>K3Be3,n:HLIX Mar
HHTHLIX o6iiaKax MO)KeT npOHCXOAIITb CJie.n;yJOII(HM 

o6pa30M. B MOJieK)'JI~HblX ra30-llbIJieBblX KOMIIJieK
cax npH IlJIOTHOCTIIX 10 - 103 CM-3 HatJHHalOT C}f{HMaTb

Cjf cpparMeHTLI c Maccoe: M = 103 M 0 . B pe3yJJLTaTe yn
JJo~eHIDI H aM6nnomrpHOH AH<p<py3HH B MarHHTHblX 
<pparMeHTax Bb1JJ:em110Tcs nporo3ee3JJ:Hbie o6naKa c 

MaccaMH M = l O - 300 M 0 . BCJieACTBHe CHJihHOH 
rpaBHT3QHOHHOH HepaeHOBeCHOCTH C)KaTHe npOT03-

Be3AHblX 06JiaKOB c<pepuqeCKH CHMMeTl)HqHo H npo

HCXOAHT C coxpaHeHHeM MarHHTHOro IlOTOKa BDJIOTh 
.n:o <popMupoeaaus Henpo3pa~rnoro JIApa. 

<I>parMeHTa~ Henpo3pa tJHb1x sr):lep Ha CTaAHH 

3<pq>eKTHBHOH AH<t><l>Y3HH MarHHTHoro IlOJIR npHBO
.D:HT K o6pa30B3HHIO MantHTHbIX npOT03Be3.n; C Macca

MH M ""' 0. l - 5 M0 . B npoQecce 3BOJIIO~ IlJ>OT03Be3):( 
npoHCXOAHT AH<p<py3HOHHcUI nepeKa'!Ka MarHRTHOI'O 
DOTOKa H3 I..(eHTpaJibHhlX o6naCTeii Ha nepect,epHIO H 

ero oceo6o~eHe:e. Bo3HH.Ka10mue TaKHM o6pa3oM 
3Be3Abl JJ:0.JI)KHbI HMeTb OCTaTOl!HOe MarHHTHOe no

ne C OTHOllleHHeM MarHHTHOH 3Hepruu K rpaBHT31.\H

OHHOH £ni = 0.1 - 0.3. 
Ope.n:nono)Kenae 06 06pa3oea111rn MarHHTHhIX 

npOT03Be3A npu IlJlOTHOCTSIX n""' 108 - 1012 CM-3 MO)K
HO cornacoeaTb C B03paCTOM H IlOJIO)KeHBeM 3Be3A 

Tuna T TeJILQa ua .n:earpaMMe f P. Mecro nosaneHIDI 
3Be3.n: Ha AHarpaMMe rP 38BHCHT OT TeMna aKKpe:qHB 
[l, 2]. KaK OTMeqeHo Bbtme, HaH6onee no,-xowna;eu 

TeMn aKKpeQHH M = (1 - 2) x 10-5 M0 /ro,- na CTa,n:eH 

poCTa 3Be3,ll:HOI'O .R.n;pa He corJiacyeTC.R C 'IHCJieHHbl
MH pacqeTaMH C)K8TIDI np<>T03Be3.n: B caMOCOI'J13CO

BaHHOH llOCTaHOBKe Ja,t{aqu. 3TO npoTHBope'IBe 

CHUMaeTOI IlOBhIWeHHeM IlJIOTHOCTif <pOpMHpOBa.HIDI 
Dp0T03De3A H MarHHTHblM 3aMe,t{JieHHeM 3KKpe.QHH. 

J],n.R 01.\eHKH CKOpOCTH CTa:qHOHapHOH axKpeqUH 
3aMarHHqeHHoro ra3a Ha 3De3,n:Hoe .R.n:po ypaeHeHHe 
ABB)KeHHJI MO)KHO 33IDJC3Th B CJie,n:yron~eM 6e3pa3-

MepHOM eime: 

dv 1 r 2 2 
- = ----a Vp-a rotbxb, (8) 
dt 2 r ·• m r 

r,n:e CX_, = c_Jvo, <Xm = VA/Vo - OTHOWeHIDt CKOpOCTH 

3ByKa Cs H a.'lhBeHOBCKOH CKOpOCTU VA K xapaKTepHOH 

cxopoCTU v 0 = J GM I R0 , M -Macca, R0 - uatianbHbIH 

pa,n:Hyc nporo3Be31(hl. Pa3MepHbIMH napaMe1'paMH 
6e3pa3MepHblX pa.n:uyca r, IIJIOTHOCTH p H MarHHTHOI'O 
nom1 b B (8) RBJIRIOTC.R HatJaJihHble 3Hal!eHIDt 3THX 

BeJIH'IHH, napaMeTPOM CKOpocrn V - Vo . Ilpeue-

6perag H3T.sDKeHHeM MarHHTHhIX JIHHHH R C'llITaR aK

KpelJ,HJO H30TepMUtieCKOH, H3 (8) IIOJIY'IUM ypaeHeHHe 

dv = _ ..!._ _ a2dP _ a2 db
2 

12_ (S') 
dt r2 · s dr ni dr 

Hcnom.Jy.R napaMe1'pH'IeCK}'IO 3aBBCBMOCTh AJUI 
IlJIOTHOCTB H HHTeHCHBHOCTH MarHBTHOro fiOJI.R, 

KOTOpas B 6e~pa3MepHbJX nepeMeHHblX HMeeT BBA 
k - q 

b = p B' p = r p' MO)K}{O IlOKa3aTh, 'ITO npe kB = 1/2 
H qp = 1 (8') 3KBBBaJteHTHO ypaBHeHHIO 

dv 1 2 2 
- = --(1 - a - a ) (8") dt 2 s m ' r 

HMelO~eMy nepBblH HHTerpa.n ,t{JI.R pa3MepH0B CKO
poCTH 

V = VaccJl - a~ - a!, vacc = J2GM/r, (9) 

r.n:e va,c = 2 vvs - cKopocTb cso6o.n;Hoit axxpe:qua, 
M, - Macca 3Be3,t{Horo J{Apa, Vvs - BHpHaJibHaR CKO-
pOCTb 3ByKa [33, 36]. ' · 

IlJIOTHOCTb, COOTBeTCTBYJOI.l(cUI AHHaMH'!eCKOl:l 
<pparMeHTa:qJrn npOT03Be3AHbIX ~6JlaK0B Ha nporo3-
Be3,[l:bl 6narOA3PJI aM6HDOJI.srpHOH AH<pcpy3HH, onpe

Aem1eT BbICOKHe 3Ha11eHM TeMna cso6o,n:Hoii aKxpe-

ium: M = 41tpr2vacc = (10-4 - I0:-3) M0 /ro~. lh (9) cne

.n:yeT, tfTO pean1>Ha.R aKXpe~WI ue .s1snseTC8 
CBOOO]VIOH. Ee CKOpOCTb onpeAeJISleTCR CTeneHblO 
aaqanbHOR rpaBHTalJ,HOHHOH HepaBHOBeCHOCTB. 

CTeneHH HepaBHOBeCHOCTH aKKpeqHpyJO~HX 060-

JIO'IeK a
2 + a 2 = 0.9 - 0.99 AOCTaTO'IHbl Ang nony-s m 

'IeHH.R )KenaeMbIX 3Ha'lleHHii TeMna aKKpequu M = 
""'(lQ-5 

- 10-6) M 0 /I'Oll,. 3THM CKOpOCTRM &KKpeqDH 

COOTBeTCTBYIOT MHHHMa.JibHbie B03paCTbl Il0.SIBJI5IIO- ., 

m;mcca Ha AHarpaMMe rp 3ee3.n: nopjij!;Ka 105 - 106 neT. 
3a 3TO speMR OCT3TQqHoe MarHHTHoe none B COCTO

JIHHH YMCHbWHTb yrJIOBble CKOpOCTH MOJIOll,blX 3Be3A 
AO Ha6moAaCMblX 3Ha'1emm. 

5. KOHBEKTHBHA.51 TYPBYJIH3AI.I,H.H 
OCTATOtJHOro MATHHTHoro TIOJUI 

3eeJAbI Tena T TeJJb.Qa, o6pa3y10~uec.S1 e pe-
3YJibTaTe cpparMeHTaD,HH MarHHTHblX o6naKOB Ha 

CT3AHH 3cpcpeKTHBHOH aM6HnomtpHOH AH<p<py3HH, 
AOJDKHbI HMeTb OCTaTO'IHoe MarHIITHOe none C 3Hep
rHeH Em= (0.1 - 0.3)Eg, r):(e Eg - a6coJIIOTHU: BeJIBtJB

Ha rpaBHTa~HOHHOH 3HeprHH. C ,-pyroit CTOpOHbl, 
MaJIOMaCCDBHhle 3Be3):(bl rJiaBHOH DOCJiell,OBaTeJib

HOCTH MOryT HMeTh BHy1'peHHee M3rHIITHOe none, 
ll,JIJI KOToporo £m "" 10-3 - 10--4 [37]. Ilo3TOMY MO>KHO 

DpeAfiOJJO)l{JITL, 'ITO OCHOBHcUI '13CTb 3HeprBB ocra
TO'IHOI'O MarHHTHoro IlOIDI 3Be3Ab1 nma T TeJib~a oc

eo6o~aeTCSI B <pOpMe 3BC3JJ;HOH aKTHBHOCTB B npo
~ecce ee 3BOJIIO~ AO rJiaBHOH nocne.n:osaTeJibHOCTH. 

Heo6xoAHMbie .n:m1 nepenoca 3a,n:aHHoro noToKa 

H3JiytJeHIDI ryp6y.JieHTHbie KOHBeKTHBHbie ABIDKe
HH.R a 3Be3Aax THna T TenhQa s6JIH3B TJ)eKa XIDIIIIH 

MOryT 06JI3AaTb 3HeprHeii, cpaBHHMOii C TeilJIOBOH 
3Hepraeii H Il03TOMy npeBbllliaJO~CH 3BeprHIO OCTa
TOtfHOro MarHHTHoro OOJIJf. TaKaR KOHBeKI.\IDI MO)KeT 
B3Me88Tb HHTeHCHBHOCTI:, H crpyKTypy OCTaTO'IHOI'O 
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:~, 
... 

MaI'HHTHOro nomr. C Apyroe CTOpOHLI, MarHHTHOe 
none MO)l(eT IlO.QaBJUITb KOHBeKTHBHylO eeycToii

qJJBQCTb. Y CJIOBIDI Hacrym1eHID1 KOHBC~H H ee 

acpcpeKTHBHOCTb OIIpeAeIDilOTCSI COOTHOWeHHeM 

TeMnepaTypHbIX rpaAHCHTOB, BCJIH'IHHbl KOTOpblX 
; 
/. 33BHCm' OT 3BOJ1l01J;HOHHOI'0 CTaTyca 3BC3.Qbl, CKOpo-

~. CTH Bbl,QeJTeHHSI 3HeprHH H aenp03pa 'IHOCTH r~3a. ,. 
;; 3aBHCHMOCTb TeMileparypHbIX rpa):{ReH'I'Oe OT Mar-
i HHTHoro nomt HCCJIC,ItOBaJiaCb 8 PHAC pa6oT [38, 39]. 
; B pa6oTe aeTopa [39] MCTOAOM MaJiblX B03M}'Ir(eHHH f fiOJiyt-ICHbl KpHTepHH KOHBCKTBBHOH HeyCTOHqJ{B()C-
~ TH ,llJISI 803M)'Ir(CHHH pa3JIH'IHOH cpopMLI C ytteTOM 

E npOH3BOJ1bHOI'O HanpaBJICHIDI MarHHTHOI'O IlOIDI, XB-

1
, MHt{CCKOH HCOAHOPOAHOCTH cpe,Itbl, TennonpOBO,ll
·'. HOCTH, KHHeMaTHl.JCCKOH H Mal"HHTHO~ BS13KOCTeit 

: 3a,l{aqa paCCMOTl)CHa B npu6mf)l(CHHH ByCCHHCCKa 

.i AJISI TOHKOro fiJIOCKOI"O ropH30HTaJU,HOI'0 CJJOSI • .l(IDI 
HOpMaJibHLIX B03M)'Ir(CHHH BH,lla 

f'(x, y, z, t) == / 0exp [nt + i(k;cX + k~.y + kzz)J, (10) 

r.rte n - HHKpeMeHT, k = {kx, kl" kz} - BOJIHOBOH BCK
TOp B03M~CHHH, ]{HCnepcHOHHOe COOTHOWCHHe nu
HeapH30BaHHOH CHCTCMbl ypaBHCHHH KOHBCKTHBHOH 

HeyCTOHlilIBOCTH BbII'JISl,llHT CJICAYIOI.QHM o6pa30M: 

2 
2 2 2 k1 2 

n(n + vk )(n + Xk )(n + V mk) + g 2 (n + V mk) X 

k (11) 

[
4 - 3J3 J3, • 2 13µ] 2 2 2 

X J3 Tn-(n+xk)µ +n(n+xk)kHvA=O. 

, B ( 11) 1tcnom,3oeaHb1 CJie.lJ.YlOI.qHe o6o3HalieHIDI: 

kH = kySin 0 + k
4
COS9, 

dT 
A.:::::: - == (V -V}TIH 
Pr dz " P' 

dµ µ 
J3µ = dz = -Vµ Hp' 

V = dlnT 
dlnP' ( 

din T) 
V = 

" dlnP a' 

(11 ') 
dlnµ 

Vµ=dlnP' 

~ - ,r(OJUI ra30Boro .1J.aBJICHH.SI B CMecu C H3JiyqeHHeM, 
µ - MOJieKyIDipHbIH Bee, X = X, - TeMnepaTyponpo
BO.IJ.HOCTb. 

J1.3 ( 11) cnemreT·, t{TO eCJIH B03Myll(eHue pacnpo

cTpaHSieTc.sr a.u.ua6aTH'lleCKH (X = 0) u v = v m = 0, HH
~peMeHT KOHBCKTHBHOH HCYCTOHliHBOCTH onpe,QeIDl
eTCSl COOTHOWeHHeM 

· (13a) 

MarHDTHaSI .u.o6aBKa V m K a.u.ea6aTBt.JeCKOM)' 
rpa.u.eeff'I'}' ucqe3aeT e CJiyqae BblTSlffYTLIX B.IJ.Onb no
JISI B03MyI.QeHHe. AHanorJAaylO .u.o6aeicy 3Heprem
qecmM MCTO.IJ.OM no.11yimnu Mocc H TeAnep [38]: 

B2 v~ = _2 __ z __ • 

Bl+ 81tyP 
(136) 

C JIOMO~lO npaeHna 3HaKOB .l(eKapTa H KpHTe
pIDI Payca-fypBHQa nenco uaHTH yCJioBH.S1 cylr(eCTBo
Ba.HIDI KOpHeii .IJ.HCnepCHOHHoro COOTHomeHIDI (11 ), 
SIBJIJIIOI.QB'XCH IlOJlO}KHTCJibHblMH HJIB HMelO~ no

JIO)KHTCJILHYlO ,lleHCTBHTeJibHYIO ':laCTb: 

V>V,+ 4!3~[v:x v.+ 

6 (14a) 
V +v H k ] 

+ mv +_!_2(vx+v x+v v+v2
) , 

V +X m g k m m m 
I 

(146) 

IlpH OTHOCHTeJibHOH M3JIOCTH BeJIH'IHH V, V m B X 
(146) CBO.IJ.HTCSI K (13a), a (14a) - K KpHTepHIO 

IIIeap~HJib,lla. Ilpu HCCJJC.1J.OB3HHH KOHBeKTBBHOH 

yCTOHtIHBOCTH Typ6yneHTHoiJ cpe.Qbl, a T3K)l(e npu 
Bblt{HCJICHHH pa3HOCTH rpa.1J.HeHTOB B Teope1Wiec

KHX pac'leTax KOHBCKTBBHbIX 30H Heo6XO,QHMO 
Il0Jlb30BaTLC.R KpHTepIDIMH, ( 14 ). 

B CJJyqae, Kor.u.a BbllJOJIWICTCSl ycJTOBHC (14a), HO 

He BbIIlOJIHSleTC.51 ( 146), MO)l(eT pa3BHBaTbCSI KOJie6a

TeJILHaSI KOHBCKQIDI . .l(m1 Toro "-IT06bI 3TO npOH30W
JlO, HCOOXO.IJ.HMO BbIIlOJIHCHBe HepaeeHCTBa 

k
2 Jx-v. V:A>-k V . 
B m X+V 

(15) 

3TOT KpHTepHH HapywaeTC.R B 30Hax Henonaoii B0-

HH3aQHH BOAOpo.u.a H renHSI, I'AC V m > X· 3To 3aKJIIO..: 
liCHHe DOATBep)l(AaeT puc. 2, Ha KOTOpOM npHBe,lle

HLI 33BHCHMOCTH V m H X OT rny6HHl,l 8 KOHBCKTBBHO.H 
o6onotJKe 3Be3ALI THna T TenLu;a, uaxo~eucS1 ua 

JIJ1HJ1H po~eRIDI 3Be3.1J. H HMeiolr(eH Macey M = I M0 , 
acpq>eKTHBHYIO TeMneparypy T = 4600 K, ceem
MOCTh L = 2.5 L0 H pa.u.:uyc R = 2 R0 • Puc. 2 noKa3hl
saeT, 'ITO KOJie6aTeJILHaJI KOHBe~IDI B03MO)KHa 
JIHIDb B q>oToccpepe H y AHa KOHBeKTHBHOH 30Hbl. 

PemeHHe KOHBeKTHBHO-MarHHTHOH .IJ.HJieMMbl 3a
BHCHT OT BCJill'IHH rpaAJi1eHT0B, BXOAKI.qHX B q>OpMy
Jlbl (13), (14). ,l(m1 ou;eHKH 3Ha"!eHHH nyqeCToro u 

3AHa6aTH~ecKoro rpa,llHCHTOB MOX<HO B0Cil0Jib30-
BaTbC.H nporpaMMOH B . I1all.HHCKoro (B. Paczynski). 

Ka'ICCTBeHHblC ou;emc.H He 33BHC.SIT OT MOACJICH. 
TaK, B 30He HenoJIHOH HOHH331.{HH B0A0pO,lla y 
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he. 2. 3aBHCHMOCTH TeMnepa,yponpoao,nHOCI'H (X,.) H 
MarHHTHOA Bi13KOCTH (v,,,) OT rny6HHbJ 8 KOHBCKTHBHOA 

JOHe JBC3.ltbl THna T Tenb~a. 

11 

MOJIOAblX XOJIOAHblX 3BC3A BCJIBqHHa V r nopJmKa ee

CKOJlbKHX TblCSlq B CHJIY BbICOKOR Henpo3pa'IHOCTH 

aemeCTaa, Va = 0.2 - 0.3. B 3TOB o6naCTH snnoTb AO 

3ffaqeHHH B = 10s re vn, =- v~::; v(l ~ v,. 
B 30H3X HeOOJIHOH HOHH38UHH reJIWI B XOJIO)lHblX 

(H BOAOPOAa e ropsi1.JHX) 3Be3)lax ny'!HCTbIH rpaAUeHT 

V, = l , V" ee H3MeHHeTcg, .Unsi nonee: MarRBTHbIX 

3Be3A V m MO)l(eT 6b1Tb cpaBHBMbIM c V ,. 
B 3Be3AH0M nSITHe Ha ypoaee 't =- 2/3 .RMeeM B "" 

"" I03fc, V, =0.39, V0 = .0.340, V,,, = 0.145, V~ - 0.137. 

Ha rpamu~e KOHBeKTHBHoro 11)lpa OWfOpo)lHOH 

MO)lCJIH 3BC3Ab1 c M = 2 M0 HMeeM V, ... Va = 0.4. ]:(n11 

OCTaTO'IHOrO IlOJISI 8 = 3 X 106 - 5.5 X 107 re MarHHT-

Hble A06aBKH V,,, = 0.045 - 0.15, v~ = 0.03 - 0.1. 

01.(eHKH noKa3bIB8IOT, 'ITO OCTaroqHoe M8rHBT

HOe none MO)l(eT rro;r:taBJISITb pa3BHTHe KOHBeKTHB
HOH HeycroiAHBOCTH B 30Hax HeilOJIHOB UOHB3al(HB 

y 3BC3A c MaccaMB M ~ 1.5 M 0 . IlnoTHOCTb 3Hepnm 
. DOJISI D o6oJIO'IK3X MarHHTHblX 3Be3A cpaBHHMa C 

IlJIOTUOCTblO TeilJIOBOH 3Hepnm H 3H3'1BTeJibHO npe

BOCXOAHT IlJIOTHOCTb 3Hepnra B03M0)fCHbIX 1)'p6y

JieHTHblX ABH)KeHHH [39]. 
BJIH,JHHe M3fHHTHOro nmrn Ha KOHBCKI(HIO Hecy

mecrseHHO B 30HaX HeilOJIHOH HOHH33UBB BOAOpo)la 

H reJIH.SI y 3Be3;r:t MaJlbIX Mace. BCJie,QCTBBe BbICOKOi'i 

eenpo3patJHOCTH eemeCTBa H OOJibIDHX 3H3'1eHB.H 
Jlf'IHCTOI'O rpaAHeHTa KOHBeKUWI a o6oJIO'IKax xo
JIOAHbIX 3Be3A MO)KeT pa3BHB3TbCSI B npH 3Ha'leHHSIX 
napaMe-rpa ~ . cymecraeHBO MeHbUJBX e,nmnn.tbI. Jio

KaJibHO npH6JIB)1(eHBe CHJibHOrO IlOJISI ~aJIB3yeTC.SI 

8 3Be3;r{HblX AATHax H Apyrax MarHHTHblX 3JleMeHTax 

3BC3AHbIX 3TMoc¢ep. 

IloAo6H311 cu-rya~ peanHJyeTCH npH p33BHTim 

KOHBCKTHBHOB HeyCTOH'IBBOCTH B MOJIOAbIX 3Be3AaX 

Ha CT3AHH nepeeqHoii HOHB.331,tIDI BOAOpo;r:ta H rem-tH. 

B cWJy BblCOKOH Henpo3pa'IHOCTH ee~eCTBa TeM

nepa-ryponpoBOAHOCTb B MaJioMaCCHBHbIX 3Be3,nax 
HH3Ka. "ATOMHbiii" MeXaHH3M nepeHoca H3Jiy'leHB.8 

ocna6neH. MarHHTHOe orpaeeqe&e:e KOHBeK~ 

yMeHbmaeT Aanee 3<p<peKTIIBBOCTb nepeaoca H3JIY

'leHID1. 3To npHBOAHT K 803pacraHHIO J1yq11croro 

rpaAHeHTa reMnepaTYPbI, npHBOASimero K Hapywe
HBIO MexaHH'lecKoro p3BHOBeCHSI. Il03TOM}1 KOHBeK

QIDI 8 MOJIO)lbIX XOJIOAHbIX 3Be3,nax uacrynaeT npaKTB
qecm AJISI 11106oro OTHOIDeHH.SI MarHHTHOH 3HeprBH K 

rpaBHT3QHOHHOH e,,,, COBMeC'fHMoro C TeopeMOit BB

pe:aJia. B pa3BHBaeMOH TeopHH OCTaTO'IHOro Mar

HHTHOI'O nom1 npeAeJlbHble 3Ha'IeHIDI £111 ~ 0.2 - 0.3, B 

TO BpeM.SI K3K TellJIOB311 3HeprHSI ccpepH'ICCKBX 3Be3A 
cpaBHHMa C rpaBIITaQHOHHOH. 

Ilpu M3KCHM3JlbHOlt 3<pcpeKTHBHOCTH KOHBeK

i.um. onpe,nerunoll.(eHC.SI tteo6xo,nBMOCThlO nepeeoca 

33A3HHOrO IlOTOKa 3HeprHH, 8 3Be3AaX BOJIH3H JIHHHB 

po)l(,QeHIDI KOHBeKTBBH3.SI CKOpOCTb MO)KeT 6LITb 

cpaBHHMa CO 3BYKOBOH CKOpOCTblO. AnbBeH0BCK31I 

CKOpOCTb AJUI OCT3TQqJ{Qf'O DOJISI 33BeAOMO ffH)Ke 

3BYKOBOH. Ilo3TOM}1 KHHeTH'ICCK311 3Hepnra KOH

BeKTBBHbIX ABH)KeHBH npeBbIWaeT 3HeprHIO Mar

HHTHOro DOAA. ,UnSI xapaKTepHblX M3CWTa6oB KOH

BeKTHBHbIX euxpeii l =- 0.1 - 2.0H P 'IHCJIO Peiie011bAC3 

3Ha"1BTeJ1bH0 60JibWe KpHTH'IeCKOro. TI03TOM}1 

KOHBeKTHBHble ABH)KCHIDI B 3THX 3Be3AaX HeH36e)l(

HO npHo6peTalOT -ryp6yneHTHblH xapaKTep. 

Bee BbI11IeCK33aHHOe Il03BOJISleT c¢opM)'1IHpo-

BaTb "KOHBeKTIIBH)'IO TeopeMy''. ~ 

BetieocmBue 6bteOKou Henpo3pattHocmu ttac
muttHO UOHU306QHHblX 6000p000 U UAUR U Heozpa
HU'leHHOU MO~Hocmu ipaeuma1.4UOHHOW 3HepW-
8blOeAeHUR e MOAOObLX 3ee3oax c Maccou M::; 1.5 M 0 
Ha cmaouu zpaeuma,,.uouHozo cJ1CamUR " z11a6HOU 
noc11eooeame.AbHOcmu ouHJ1MuttecKaR myp6ylleHm
HaR KOH8e1'L4UR MOJICem pa36U60mbCll 6He 306UCUMO
cmu om uHmeHCueHocmu ocmamottHozo MaZHUm
HOZo nOAJl. 

B 3aBHCHMOCTR OT OTHOIIIeHIDI -ryp6yneHTHOro 

AaBJieHIDI P, K MarHBTHOM)' pm 8 pe3ynbTaTe B03,QeH

CTBHSI -ryp6yneHTHbIX KOHBeKTifBHbIX )'.'(BH)l(eHHH Ha 

MarHHTHOe none OHO MO)l(CT KOH~eHTpHpOBaTbCSI 

11H6o B OTAeJJbHbie CJIOH, JIHOO B >KI)'Tbl HJIH B MannIT

HLIC srJemCB (40). IlpeAIIOJiarag, 'ITO Ha cnmim 380-

JIIOqmt, Korna KOHBC~ OXBaTblBaeT AO 80% MaCChI, 

P, > p"'' MO)KHO cquTaTb, qTQ Bnocne~CTBHH MarHBT

HOe none 3Be3Abl THna T TeJibQa rrpe)'.'(CTaBHMO B BB

)'.'(e cynepno3~H cna6oro KpynH0Mac1DTa6Horo H 

CBJibHOro MeJIKOMaCWTa6HOl'O noJieii. 

YMeHhIII811 xapaKTepHblH M8CWTa6 MarHHTHOro 

nom1, KOHBeKnHH yc11mmaeT e ro oMH'IeCK)'IO AifCCIDia

~10 H " BKJIIO'laeT" MeXaHH3M nJiaByqeCTII, BCJieACT· 

BHe qero OT,QeJILHble M3rHHTHble TPY6KH IlOAHJIMalOT

CSI K nosepXHOCTB e aHaJiomtJHo npo~eccaM ea ConH-

1..\e 06yCJioBJIBBa.10T aKTHBHOCTb 3Be3A TIUia T Tenbl.\a. 

Bcne,nCTBHe TOrO q'fQ Ha 3TH' npo~eCCbl lpaTHTC.SI 

ACTPOHOMJftIECK.11.H )l(YPHAJl TOM 72 M 6 ! (J<l ' 
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OCTATOl.lHOE MArHHTHOE IIOJIE 3BE3,[( THilA T TEJihl.J,A 891 

3HepnU1 OCT3TO'IH0f'O M3f'HHTH0['0 Il0JI.513Be3;llb1, aK
THBHOCTb nomKHa 33TYXaTb co speMeHeM. Ha 3aTY
xaHHe B BbIHOC MarHHTHOro IlOJlSI H3KJI3Ab183IOT 
npou,eCCbl ero IlO;llAep)l(3HIDI K3K B pe3yJibTilTe C)l(3-

TIDI 3Be3,Ilbl, T3K H C IIOMO~blO ,IlHHaMO-MexaHH3MOB. 
Ilo3TOMy Ha CT3AHH 3Be3Abl Tona T TeJJblJ,3 OCB0-

00)1(,IlaeTCH H36bITOK 3Hepnm OCTaTO'lHOro MarHHT· 
HOf'O IlOJl.sl no OTHOlileHHIO K nomo, reuepepyeMOMY 
):\HH8MO-MexaHB3M3MB (pHC. 1). 

6. nHHAMO H OCTA TOt.JHOE 
MArHl1THOE IlOJIE 

:03yqem1e 3BOJIIOlJ,HH OCT3TOtUioro MarHHTHOro 

non.si B npoqecce 3BeJnoo6pa3oBaHIDI noKa3bIBaeT, 
qTo aKTHBHOCTb XOJIO,IUlbIX 3Be3,n, nocrnrnmx ['JI3B

HOH nOCJie,noaaTem,Hocre, no.JDKHa nonnepxe:saTbCH 
ABHaMO-MCXaHH3M8MH. TO"IHOe BpeM8 nepe101101:Je

HIDI aKTHBHOCTH OCT3TO':IH0f'O MarHBTHoro IlOJISI Ha 

aKTHBHOCTb AHHaMo-reHepall,HH t = 0.3tKH onpenem1-
eTCH M3CCOH 3Be3A H YCJIOBWIMH 3Be3,noo6pa30Ba
HIDI. B6JIH3H MOMeHTa nepeKJI10qeHID1 OCT3TO'!Hoe 

MarHBTHoe none HMeeT 3Heprn10 Em = 0.3E,11ro, KO
Toprur 6JIH3Ka K ypoBHlO Hemrnei'moe: cra6WJH33lJ,HB 

AUHaMO [41]. 

:HcCJJe,nosaHBe 3BOJIIO~ MarHHTHOro IlOJISl B M0-

110,nblX 3Be3A3X Be;lleT K HOBOH npo6JJeMe: K3K MO)KeT 
H3'IHH3TbCSI pa6oTa ,IlHHaMO-MexaHH3M0B B YCJIOBIDIX, 
Korna HHTeHCltBHOCTb H3'13JlbHOro 33TJ'3BO'lHOro 

OCTaTOtfHOfO MarHHTHOfO IlOJISI 6JIH3Ka K ypoBHIO 
HemrneHHOH CTa6HJIH33lJ,HH HJIH npeBOCXOAHT ero? 
HHTYHTHBHO MO)l(ffO 0)KHA3Tb, 'ITO ;tlHH3MO 6yneT 

IlOMep}KHBaTb HHTeHCHBHOCTb OCTaTO'IHOf'O flOJlSI Ha 
ypoBHe HeJIHHeHHOH cra6WJH33lJ,lfH. 3To 3aKJIIOtfe

HHe IlO;llTBep)K;llaeTCSI HIDKeCJie;:\ylO~MB ou,eHK3MB. 

HHTeHCHBHOCTb MarHHTHOfO nomt B6JIH3H ypoa

HH HeJIHHeIDIOH CTa6UJIB3al.\HH AHH3MO MO)l(HO ou.e
HHTb, HCXOWI H3 paBeHCTBa KOpHOJIHCOBOH H 3JieKT· 
poMarHBTHOH CHJI [42]: 

(16) 

rAe ffi - yrnoBcUI cKopoCTb, Ls - xapaKTepHrur mKaJia 
ueoneopoJ:(HOCTH Mannrrnoro nom1, v, - yYp6yneH'r

HruI CKOpOCTb. TopOHAaJibHcUI H IlOJIOimaJ11>HaH KOM· 
noHeHTbl M3f'HHTHOrO IlOllil CBH3am,1 COOTHomeHHeM 

1/2 3 B19 :D BP, D:aGLR!v,. (17) 

fpanueHT yrnosoA cKopoCTB G = r'iJffi/'iJr oqeHH
saeTCH C IlOMom1,10 'IHCJieHHblX pac'tJeTOB o6pa30Ba
HHH Bpa~alO~eHCH 3Be3Ab1 C y':leTOM MarHBTHOro 

TOpMO)KeHIDI H aM6.e:nOJIHpHOH J:\H<P<PY3HH [26). Pac
-qeTI,I noKa3b1BaJOT, .qro 3Be3Aa THna T TeJih~a con
He'iHOH MaCCbl MO)KeT HMeTb CJICAYJO~YIO 3aBHCH
MOCTb ymOBOH CKOpoCTH OT paneyca: 

-5 - 1 
O)O :: 1.44 X 10 C • (18) 

IlOK838TeJib CTeneHH B ( 18) 33BHCHT OT 06CTO.sl
TeJibCTB MannITHOf'O TOpMO)KeHHH Bpa~eHHSI. nng 
COBpeMeHHblX ycnOBUH 3Be3A006pa30B3HWI, B COOT
BeTCTBHH C cpopMyJI8MH (6), (7), k "" 0.8 - 1.2. 

Yl.fBTbIBruI, 'ITO BeJIHtfHHa aJibq>3-3cpq>eKTil 0. = v,, 
T)'p6y11e1ITHrur BH3KOCTb v; = v,}lp/3, a xapaKTepHaH 

IIIKaJia HeOW{OpD;llHOCTH MarHUTHoro IlOJISI Ls = ~,II p' 

H3 (17) 11erKO IlOJIY'lHTb CJieAyJOmyJO oqeHKY ABHa

MO·'IHCJia: 

D = 9k4ffi~iHpv~
1

• (19) 

C IlOMOI.QblO ¢opMyJI (16) - (19) HaxOARM CJieJzyIO
mee COOTHOmeHIDJ AJISI KOMIIOHeHT MarHBTHoro no.JlSI: 

- 112 in 2 -1 3 1/4 
BP= (81t(9k) ) (p O)~s Hp v,) , (20) 

1/2 112 2 3 5 3 114 
B19 = (81t(9k) ) {p ffi ~sHPv,) . (21) 

O~eHKH HHTeHCHBHOCTH reHepHpoBaHHOro Mexa
HH3MOM ClCl)-AHHaMO ManmTHOfO DOJISI npoBeAeHbl AJIH 
MOJ:-(eJIH KOHBeKTHBHOH OOOJIO'IKH 3Be3Abl COJIHeqffOH 

MaCCb[, pacnoJJO)KeHHOH Ha JIHHHR pO)KAeHHSI 3Be3A, 
B OTJUAHe OT npymx nono6HblX oqeHOK )"IHTblBaeTC.sl 
3aBHCHMOCTb OCHOBHblX napaMeTpOB OT PSJ:\HaJibHOH 
KOOpJ:(HHaTbI. KaK IlOK33bIBaeT pHC. 1, pacrrpeAeJieHHe 
MarHUTHOI'O IlOml BffYTPH 3Be3Ab1 HMeeT creneHHOH 

xapaKrep c noKa3aTeJieM creneHH = 1. 7. 11BTeHcHB
HOCTb IlOJJOH~aJib~Oro DOJIH B6JTB3H a;eH'rp3 3Be3Abl 
Bp = 2 X 104 G, a BHTeHCBBHOCTb TOpOH;llaJibHOro no

JIH npHMepHO B 7 pa3 OOJibIIIe. 

7. 3AKJIIOqEffifE 

06cyAIIM Kp3TKO OCHOBHbie pe3yJibTaTbJ pa60Tbl. 

KaK CJie,JzyeT H3 06cy)l(,IleHIDI Ha6JIIOAaTeJibHblX 

AaHH.bIX, 3Be3AbI Tuna T Tenbu,a 06pa3y10TCS1 u 3aMar
HB':leHHbIX ra30-nLmeBbIX o6naKax. MarHUTHoe none 

onpeAensreT ABHaMBKY aKKpeQHOHHblX B CTpyimbIX 
Teqemdi, 3BC3;llH0rD Be'rpa, 3Be3AHOH H OKOJI03Be3A

HOH aKTHBHOCTH, conpooo~alO~HX o6pa30B3HHe H 
3BOJIIOI.\HIO 3Be3A AO l'Jl3BHOH noCJieA0B3TeJ1bHOCTH. 
I103TOMy Bonpoc o npoHCXO)l(.IleHBB MarmITHoro no

JIH MOJIOAbIX 3Be3A DIDleTCSI He TOJlbKO 3JCTYaJJbHblM, 
HOH HMeeT npB~aJlbHbJH xapaKTep. 

Bo MHOl'HX pa6oTax aHaJIH3 aKTHBHbIX npoqeccoB 
OCHOBbJBaeTC.sl Ha TeopHH ;llHH3MO-MeXaHH3Ma reHepa-

1.\HH MarHHTHOro IlO.JlSI B KOHBeKTBBHblX OOOJIO'IKax 
3Be3A [ 11, 13 J. 0;1lH3KO KOHBeKTHBHbie 30Hbl 3aBeAOMO 
OTCYTCTBYIOT B Ae/Be-3Be3Aax Xep6era. C npyroii 

CTOpOHbl, 3JieK'I'pOM3l'HBTHbie npo1(eCCbl HaqHHalOT 
npOSIBJISITbCSI Ha CTOJJb paHHBX CTa)(HHX o6pa30BaHIDI 

3Be3A THna T TenLu,a, Korna B 3Be3)(ax OTC}'TCTBYJOT 
30Hbl C pa3BHTOH ryp6yneHTHOCTblO, a CJieAOBaTeJib
HO, OTC}'TCTBYIOT yCJIOBBH AJISI pa60Tbl AJ1H8MO-Me

X3HD3M0B. 

B A3HHOH CT3Tbe 3JieKTpOMarHHTHbie .smJieHHH, 

conp0Bo~a101.QHe o6pa30BaHHe B 3BOJIJOI.\H10 3Be3A 
nma T TeJibl\a, ca.s13L1Ba10TCS1 c ocraTO'IHOB npHpOAOH 

I 
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MarHHTHoro nom1. B KatJeCTBe OCHOBHblX npeAnOCbl
JIOK IlpHJlO)KCHIDI TeopHH OCTaTO'fflOro MarHHTHoro 

IlOJUI paccMaT})HBaJOTC}'f Ha6JIIOACHHSI MarHHTHoro 
IlOJISI B o6JiaCTSIX 3BC3A006pa30BaHIDI H B aTMO

c<J>epax H OKpeCTHOCT}'fX MOJJOALIX 3Be3A, . 

3eeMaHOBCKHe H IlOJISlpH3a~OHHblC Ha6JIJOACHIDI 
M8nmTHOro fiOJ(SI B MC.>K3Be3AHOii cpe]le fiOK33bI8a

lOT, tJTO COBpeMCHHOC 3Be3Aoo6pa3083HBe rrpoHCXO

ABT B 3aMarHH'ICHHbIX ra30-IlblJICBbIX o6naxax, K KO

TOpblM cne.izyeT OTHeCTH KOMIIJieKCbl, COAep.>K~e 
3Be3Jlbl TUrra T Tenbu;a. BJIWIHHe MarHHTIIOro nom1 
npocne.>KHeaeTcJI .no nnOTHocreii n = 1010 cY-3. 3ee

MaHoecK.He H llOJJJ1pH3a~OHHblC Ha6J110ACHIDI 3BC3A 

THna T TeJibU:a, Ha6JIJOACHWI e peHTreHOBCKOM H 
paAHOAHana30HaX CBB.ACTCJibCTBYIOT, 'ITO 3BC3Abl 

Tena T Ten1>u:a H npeAeJILHO MOJIOJlLie 3BC3A006pa3-
Hbie 06"bCKTbl HMCJOT MarHBTHOe none, onpe,neJI}'flO

II.(ee JlHHaMHtcy RX aKTBBHblX J1BJICHHit. B CTaTl,e AO

K83bIBaeTCSI, tJTO CAHHCTBCHHOH B03MO~OCTblO 

CBSl3H 3THX HaOJIJOAaTeJJbHbl~ cJ>aKTOB SIBMCTCSI oc
TaTO'IBOe MarHHTHoe none. 

TeopHSI OCTaTO'IHOro MarHHTHoro IlOJl)I npe.ncKa-
3blBaeT, ,.ITO Bee MOJIOAbie 3BC3Abl ;t{O pa3BHTHSI B HHX 
KOHBCKTHBHOH HeyCTOH'IHBOCTH JlOJI.>KHbl BMCTb OC

TaTOtJHOe MarHHTHOC none. HHTCHCHBHOCTb ocra
TO'IHOI'O MarHHTHoro IlOM )IBJIJICTCSI cna6oA 803pa

CTaro~eH cf>YHKU:RCH Macc1>1. Cornacao pac'leTaM 
noeepXHOCTH8JI HHTCHCHBHOCTb OCT8TO'IH0I'O pery

MpHoro MarHBTHOro IlOJijf ee npeBOCXOABT He

CKOJibKO COTCH raycc B cnyqae HOpMaJJbHblX 3BC3A H 

MO:lKCT 803paCTaTb .no HCCKOJJbK.HX KHJioraycc B cny

qae 3BC3A, o6pa3ylOLqHXC$1 B6JIH3B HCTOtJHHKOB no

BblWCHHOfO IlOTOKa HOHH3YJOII.(ero B3JIY'lCHIDI HJIB 

M8JIOH KOHU:CHTJ>8ll;HH IlblJIB. 

Tipe.nrroJIO)KCHHe 06 o6pa30B3HWI 3BC3A THna 
T Ten1,u;a e cyll(ecTBeHHO 38MarHJNeHHoA cpe.ne n03-

BOIDieT CIDITb npoTRBOpe'IBe Me}f(Jzy paHHBM ex noe
JJeHHeM H HeOOXOmJ.MblM TeMIJOM axKpeIJ;HH. B RJIOH
CKOH cxeMe 3BC3"{J,006pa3oBaHIDI, eeCLMa npBBJieKa

TeJibHOti AM aCTp<>q>H3HK0B, O'ICHb BblCOKH-1! • ~Mn 

aKKpeu;HH M = 10-1 M0 /rop, J1em1eTCJ1 rnaeHoii npH

'IHHOH npe.nem,HO KOpoTKOfO epeMeHH 3BC3Jl006pa-

30BaIIM t = 10 JieT B npeAeJibHO BbICOKHX CBCTIIMO

CTCH L = 104 Lo. B no,qxo.ne JiapcoHa BHOBL o6pa3y-

1otu;Becsr 3Be3Abl BMeJOT ceeTHMOCTH cyll(eC'I'BeHHO 

HH.>KC Ha6JJJ0,[{8CMblX. nn.SI 0(>1,.SICHCHH.SI Ha6JJJO,Qae

MOrO IlOJIO.>KCHB.SI 3BC3A mna T TeJibQ3 Ha ,QBarpaM

Me rP TeMil axKpeQHB anpuopHO IlOBbIWaeTCJI AO 

3HatfeHml M =10-4 M0 / roTJ. [l, 2]. IlpeTJ.nonoxceHHe 

0 3Be3,q006pa30B3HHH B 38M3I'HH'leHHblX o6naKax 
AaeT o6ocHoeaime 3Toro noeb1rueHH)I 6naro,qapH 

o6pa3oeaHHJO 3ee3A mna T TenLna ecnep,CTBBe pa3-
BHTIDI aM6HnOJIS1pHOH ABcf>cpy3BB npe IDIOTHOCTSIX 

n = 1012 CM- 3 H MarHHTHOH JlHJJIO({HH aKKpeu:eB. 

Cy,q1,6a OCTaToqHoro MarnHTHoro DOM 3aBHCHT 

OT 3cf>cf>eKTHBHOCTH KOHBe~ Ha CTaAHH nepBB'{HOH 
HOHB38IJ;HH aop,opona H reJJIDI. 8 CT8Tbe OOOCHOBLJBa-

CTCJI "KOHBeKTHBHcUI TeOpeMa", cornaCHO KOTOpoA B 

3Be3Aax THita T TeJib({a OCTaTOtfHoe MarHHTHoe none 
AOJI~O 1j'p6yJJB30BaTbC.SI, I-fa6bITOK OCTaTOtJHoro 
M3rHBTHOI'O UOTOKa JlOJl.>KCH OCB06o>K,ll;aTbCJI 6JJa• 

rop,ap.R OMH'ICCKOA AHCCHIIa~ H UJiaBy'leC'l'R. Co
xpaIDIIOII.(CCCSI nocne 3TOI'O npoQecca OCTaTO'ffioe 
MarHBTHOe none MO)KCT BbIC'l)'naTb B Ka'leCTBe Ja

-rpaBO'IHOro IlOJISI p,m1 pa60Tbl TJ.HH8MO-MCXaHH3-

MOB. 8 CTaTbe 06ocHOBbIB8CTC.SI 33XJIJO'leHHe qro 
. ' 

HHTeHCHBHOCTb 3aTJ)aBO'IBoro DOM 6JJB3K3 K ypoe-
HIO HCJIHHCiiHOH cra6HJIH3au;HH AHH8MO. B o6II.(eii 

IlOCTaHOBKe eonpoc O pa3BBTHH JlHHaMo-3<l>cJ>eKT0B 
e pe.>KHMe HeJIHHCIDIOii CTa6HJIR~ OCTaeTC$1 OT

KpLITLIM. B CTaTLe BblCKa3b1BaCTCJ1 npe.nnono.>KeHBe, 

tfTO B 3TOM cnyqae AHH8MO-MCX8HH3Mbl AOJI.>KHbl no.n
,qepxamaTb RHTeHCHBHOCTb OCTaTOtJHOro Ma.I1UITHOro 
noM Ha ypoeae aeJIHeeAHou cra6en~. 

~ OnpeAeJieHIDI ypOBIDI HCJIBHCHHOA CTa6HJIH-
3aQHH JlHH3MO npoBO,[VITCJI O({CHKH HHTeHCHBHOCTH 

AHHaMo-nom1, ecxo.n.sr H3 rrop,aeneHIDI cx-3cpcf>exTa 
MarHHTHbIM noneM. IlonyqeHHblC 3BatfCHIDI BHT"H
CHBHOCTB HCJIBHeAHoro AJD{aMO-nOIDI OK33bIB3l0TC.SI 

cy~eCTBeHHO HH.>Ke HHTeHCHBHOCTH nepeoHa'laJihHOI'O 
OCTaTOt{HOro MarHHTHoro IlOIDI. Pa3~a MarHlITHl,IX 

IIOTOKOB AOJI.>KHa OCB000~8TbOI B IIpo({ecce ManiHT

uoA aKTBBHOCTB 3Be3A THIIa T Tenb~a 3ToA npo6ne
Me noceS1~eHa CTaTb.sl AYAoposa e rop6eHKO (42]. 

Paoora BbIDQJJHeHa npH noMep)K)(e MaJJOro 
rpaH'I'a cf>o~a Copoca H rpairra nporpa.MMLI "Acrpo
HOMBJI". 
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Fossil Magnetic Field of T Tauri-Type Stars 
© 1995 r. A. E. Dudorov 

Basing on an analysis of the observational data, it is established that T Tauri-type stars and Herbig Ae/Be stars 
form in magnetized gas-dust clouds. Evidence is presented that the magnetic field of T Tauri-type stars is a fos
sil one. Evolution of the magnetic flux in course of star formation is studied, and it is shown that T Tauri-type 
stars must have in their atmospheres a regular fossil magnetic field of the order of 1 kG prior to the development 
of convective instability. TaJcing into account magnetic braking of accretion permits us to remove the contra
diction between the accretion rate and the observed luminosities and temperatures of T Tauri-type stars. 
The "Convection Theorem" is formulated, which says that in cool stars at the stage of primary ionization of 
hydrogen and helium, convective instability develops independently of the fossil-magnetic-field intensity. Con
vective turbulization of the fossil magnetic field leads to field weaJcening to the level of dynamo nonlinear stabi
lization. Scale estimates of the dynamo field show that the difference of energies of the fossil and dynamo fields 
must be released in the form of stellar act.ivity during the pre-main-sequence evolution of T Tauri-type stars. 
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cI>OTOMETPHqECKOE IICCJIE]];OBAHHE CBOHCTB 
UHTEHHOH BPAID;ATEJILHOH MO,rJ;YIDID:HH 

.r.IDI CJIA60-3MHCCHOHHJ,IX 3BE3]]; THUA T TEJibUA 
B TEMHLIX 06JIAKAX TEJ11,UA-B03HHlfEro 
© 1995 r. K. H. rpaHKBH, M. A. H6parBM0B, B. 6. KOBAPBTLeB, 

C.I0.1"eJILHHKOB,B.C.IIleaqeaKo 
Acmp0Ho.Mu'tec1euu uHcmumym, Taiu,cenm, YJ6e1eucmaH 

nocrymma e pe)laKI.\MlO 05.12. 94 r . 

ITpeJI.CT8BJ1eHb1 pe3yn1>TaTb1 noHCKa nepeo)l.H'lecKHx JIBJieHHit B KpHBblX 6necxa 3Be3JI. THTia T Ten1>ua co cna-
6bIMH 3MHCCHOHHhlMH JIHHHj!MH (WITS) B TeMHbIX o6naKax Teni.u;a-Bo3HH'lero Ha ocHoee Ha6J1I0Aemm, 
KOTOpble Bb!IlO](HeHbl Ha r. Man)l.aHaK c 1990 no 1993 r. 06Hap}')KCHhl nepHOJl.bl epaw;eHKJI 12 WITS H 
YTO'!HeHbl nepHOJI;bl epaw;eHHSI 9 WITS. nepHOAH'leCKHe H3MeHeHWI HHTepnpeTHpyIOTCJI K8K pe3yJibTaT 
epaw.aTe.'lhHOH MOAYJUIUHH 3anS1THeHHblX <i)OTOC(pep. CBOHCTBa WITeH 6om,mHHCTBa WITS CXO.>KH co 
csoflcrsaMH nJtTeH y 3Be3A Tena RS CVn. Heo)l(~aHHbIM pe3yJ11>TaTOM aHaJIHJa spaw;aTeJ11>HOH MOJI.YJIJl-
1.\HH SIBJJJleTCj( CTa6HJJbHOCTb H8t.f8JlbHblX 3JTOX H nepHOAOB spaw;eHH.sI WITS Ha HHTepsaJie OT 2 ,[{O 12 neT. 
KpoMe Toro, HMeeT MeCTO BbICOK8JI 3<i)<i)eKTHBHOCTb 06Hapy)l(CHWI nepHOJl.OB epaw;eKIUI cpe)l.H WTTS H3 
paccMaTpHeaeMou sb16opKH. CTa6nn&HOCTb HatJaJibKhIX anox n nepHOJI.OB epaw;eHHSI B Tec.reHHe uecKOJJh
KHX JieT 03Ha\faeT, 'ITO aKTHBH8SI o6JJaCTb K8)1(A0H WITS OCTaeTCSI ece 3TO BpeMSI Ha onpeAeneHHOM Me
PHAHaHe. H3MeHCHIDI MaKCHMaJibHOro ypOBffll 6necKa, aMnJJH'fYAbl H cpopMbl csepHyrOH KpHBOH 6necKa 
AJJK HeKoTOpb1x WITS CBffAeTeni.CTBYIOT o Mlfrpal{HH nJ1TeH e npenenax aKTHBHoA 30HhI H 06 H3MeHeHHH 
HX OJIOU.\aAH. OOATBep)l{J\eHa o6paTHaSI KOppeJJ.sil\IDI Me)l(AY nepHOAOM Bpaw;eHIDI H peHTreHOBCKHM IlOTO
KOM W1TS. 06Hapy)KeHa CXOJI.H3ff 3aBHCHMOCTb nOTOKOB B JJHHH'IX Ha H K Call OT nepHOA8 epameHIDI KaK 
AJJK WITS, TaK H AJJSI KapmtKOB n03AHHX cneKTpam,HhlX Tnnoa. TaKHM o6pa3oM, MexaHH3M aKTHBHOCTH 
COJlHe'IHOrO THna He npOTHBOpetIHT Ha6monaren&HblM xapaKTepHCTHKaM 3THX aKTHBHblX 3Be3A, 

1. BBE,il;EHl1E 

PeHTreHOBCKHe Ha6mOAeHHSI o6nacTeH aKTRBHO

ro 3Be3J{oo6pa3oeamu1 BhISIBHJJH OOJibWYIO nonym1-
~HIO MOJIOAhIX, MaJIOMaCCHBHbIX 3Be3A Ha CTa.IlJIH J{O 

rnaBHOH rrocne.n;oeaTeJibHOCTH [ 1 - 7). B OTJIHlJHe OT 
"K.llaccuqecKHX" 3Be3A Tuna T Tenhli;a (CTTS), 3TH 

3Be3AhI xapaKTepH3YIOTCSI cna6on H YJKOH 3MHCCH

OHHOH JIHHHeR Ha (W(HJ < 10 A) H He3Ha'-IHTeJihHLI

MH H36bITK8MH B WHpoKOM J{D.ana3oHe J{JIIIH BOJIH. 

HecMOTp.si aa .n;aHHbie OTJIHqHJI OT CTTS, 3Be3.n;b1 
3TOH nonyJISlll;HH 1arneMaTHtJeCKH CBS138Hbl C o6JJaCTSI

MH 3Be3J{006pa30BaHIDI, HMelOT CHJlbH}'IO a6cop611;H

OHHYJO JIHHD.10 Lil (6707 A) c W(Lil) > 100 mA H 

noKa3bIBaIOT 3MHCCHJO e JIHHH.SIX H H K Call. ,llrrS1 
o6o3HaqeHHSI 3THX 3ee3,q Xep6nr e: Benn (8] npeAJIO

)l(HJIH TepMHH "cna60-3MHCCHOHHbie" 3Be3.IJ;bl THna 
T TeJ11>~a (WITS). K nonymn.1,HH WITS 6hIJIH OTHe

ceHbI TaK)Ke HeKOTOpb1e 3Be3.IJ;bl H3 o63opa co6CT
BeHHhlX ABIUKeHBH [9] H o63opa 3Be3µ; C 3MHCCHeii B 

JlHHHSIX H" K Call [10]. 
B pe3ynhTare nepebIX nporpaMM HCCJiep;oeaHHSJ 

<t,oToMeTpH'JeCKOH nepeMeHHOCTH WTTS ObIJIH 06aa
py)l(eHb1 nepHo.n;H-..iec1rne H3Mettemm 6necKa y 15 3Be3A 

[11 - 16]. 3Ha'!eHHSI <t>oTOMeTpH'IeCKHX nepHOAOB 
(OT 2 AO 8 AHe.H) cpaBHHMbl c nepHO,ll;aMH, OOHapy-

)KeHHbIMH y CITS. IlocKOJibKY apeMeHHaH WKaJia 

oceBoro apaui:eHIDI WTTS, o[.\eHeHHa51 H3 V sin i H 

3Be3.IJ;HbJX paAH)'COB, xopowo corJtacyeTC51 co 3Hal.Je
HID1MH HaH,IJ;eHHbJX <pOTOMeTpHqecKRX nepHOAOB, 

nepHOAH'!eCKHe H3MeHeHHSI 6JiecKa 6bIJIH HHTeprrpe

THpoeaHbl Bpaw;aTeJibHOH MOAYJIH~Hen: 3Be3.n;Horo 

HJJiytJeHHSI XOJIO.IJ;HblMH IDITH8MH, pacnoJIO}l(eHHbIMB 
Ha noaepxHOCTSIX 3THX 3Be31]'.. 

,Il.eTaJihHhIH altaJIH3 q>OTOMe-rpwiecKOH nepeMeH
HOCTH OT}:(eJibHLIX WTIS IIOKa3aJI, 'ITO 3arurrHeHHbJe 

o6nacm, OTBeTCTBeHHbie Ja apaw;arem,ey10 MOAY.JIS1-
I..(H10, Il0Kpb1Bal0T OT 10 AO 20% 3Be3J{H0H noeepXHOC

TH u XOJIO.IJ;Hee <t><>Tocq>epbl Ha 700 - 1400 K [17]. 
Cpe.n;HHe caoucraa IDITeH aa WTTS xopowo corna

cyJOTCSI C npep;nonaraeMbIMH MarHHTHbIM.0 IlOJUIMH B 
1300 fc [18] H Ma.JIO OTJIH'IalOTCSI OT CBO.HCTB IDITeH Ha 

µ;pyre:x aKTHBHhIX 3BeJµ;ax nma RS CVn II BY Dra. 

HaH6onee HeOObI'IHble ceoiicrea 3aIUITHeHHhlX 
o6nacTee Ha WTTS 6hIJJH nonyqeHbI B pelyJJhTaTe 

MHOroneniero <t,oTOMeTpH'·leCKOro MOHHTOpHHra 
V410 Tau (19 - 21]. B qacTHOCTH, 6bmo ycra11oene

HO, ttTO 33IDITHeHHbie o6JiaCTH Moryr cyui:ecrBOBaTb 

Ha rroeepXHOCTH 3Be3.IJ;hl AO 10 neT. IlpH 3TOM OHH 
coxpaIDIIOT AOBOJlbHO ycTOH'!HBOe IlOJIO)l(eHHe OTHO
CHTeJibHO onpeµ;eJieHHOI'O MepBAHaHa, Bbip8)1(a101.1.J;ee-
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Cji B HeHJMeHHOCTH Ha'laJibHOH 31IOXH Ha IIpOTIDKemm 

rnecr0 H 6onee JieT. Ilp0 3TOM nno~aAb JamITHeHHOH 
30Hhl MO}l<eT 6bICTpO MeHRTbCB Ja Bpewr OT l AO 
2 MeC~eB, t{TO np051BJUieTC»: B CKa't{KOo6pa3HOM H3-
MeHeHHH cpopMbl H aMilJIHTYAbl <f,a30BOH KpHBOH 6ne
CKa. AHaJIHJ HJMeHeHWI npocpHIDI JIHHHH Ha H nOTo
KOB H3JIY'-JeHIDI B JIHHIDIX Ha H K Call y V 410 Tau [211 
np,rnen aBTOpOB HaCTOSl~eH pa60Tbl K MblCJIH, '-ITO 
06JiaCTH C xpoMocct,epHOH 3MHCCHee: aHaJIOrH'IHbl 
q)JIOKKYJihHbIM IlOJUIM Ha Cona~e. Il03AHee cra-
6HJihHOCTb <f,OTOMeTpHqecKHX nepHOAOB Ha HHTep
sane OT 2 AO 4 ner 61,rna o6HapyxeHa ell.\e .n;n»: TJ)eX 
WTTS (SR9, DI Tau u LkCa7) [22, 23]. 

. TaKHM o6pa30M, aHaJIB3 MHOrOJieTHHX Ha6mo.n;e
HHH IB6paHHhlX WITS Il03BOJUIJ1 o6paTHTb BHHMatme 
Ha pa3JIHtrue B CBOHCTBax nepHOJ:(Ht{eCKOH COCTaBmno
Il.\eH y WTTS H CTTS. TaK, eCJiu AJI.SI nepuoJ:(uqecKon 
nepeMeHHOCTH CTTS xapaKTeptthI HeonpeJ:(eneH
HOCTh Ha'iaJibHblX 3IlOX, OTcyTCTBBe CTaOHJil,HOCTH 

(nepHOA coxpamieTCB Ha HHTepBaJie OT 2 He.t(eJib AO 
, HeCKOJibKHX Mec.sru,eB H MelUleTC.SI OT ce30Ha K ce30-
~ HY) H HeCOOTBeTCTBHe ct>a30Bh1X KpHBblX 6necKa H 

l- [(BeTa MOJ:(eJI.SIM C XOJIO.t(HbIMH mrrHaMH, TO .t(JIB 
[ WTTS neno o6cTOHT 11tta1Ie. KaK npaBHJio, nepHOAH
l. qecKaSI COCT3BJISUOil.\aB B H3MeHeHHHX 6JiecKa WITS 
f ycrou\'..1HBa Ha HHTepsaJie OT 2 MeCSIQeB AO HeCKOJib-
) KHX JieT, nerKO BbIAeJISJeTCH qucneHHhIMB MeTo,n;a-
i MH, tta6mo,tlaeTcSI y 6on1,wuttcrsa WTTS H HaHnyq
? 
~ IIIHM o6pa30M COOTBeTCTByeT MO,t{eJUIM 3Be3A C XO-
! , JIO,t{HhlMH Il.S1TH8MH. 

t Ilepe'IHCJleHHbie BhIWe oco6eHHOCTif mITeHHbIX 
t 30H H aKTHBHhIX o6nacre:e WTTS 3acrasJij{IOT npeA
i IlOJIO}l<HTb, 'ITO B cnyqae WITS Mbl CTaJIKHBaeMCSI C 
t 8KT.HBHOCTblO, KOTOpaSI oqeHb IlOXO)Ka Ha aKTHB-
1 HOCTb COJIHe'IHOro Tuna._ B CBSl3H C 3THM H3yqem1e 
f. CBOHCTB spa11.1;aTeJibHOH MO)zyJUIQBH y CTaTBCTH'leC
r KH 3H81.J0MOH UO,tlrpyrrnhI WTTS Ha BpeMeHHOM HH-

1
; TepBaJTe B HeCKOJibKO JieT npeACT8BJISleT oco6bJH HH

Tepec. CpaBHHB3.SI caoucTea WTTS co csoiicrsaMH 
r ,npynrx aKTHBHbIX 3Be3,t{ Il03,t{HHX CileKYpaJibHbIX TH· 

I:' 
.

. ,::·, nos (TaKHX, KaK CTTS, 3Be3Ahl THna RS CVn, BY Dra 
: H (dKe--dMe)-KapJIHKH Il0J1SI H MOJIOAbIX CKOnne

HHH), Mbl CMO)KeM OTBeTHTh Ha HeKOTOp1>1e Bonpo
Cbl, CB.S13aHHbJe C a.KTHBHOCTblO COJIHe't{HOI'O TBna, H 

~ npO,tlB11HYTbC8 B IlOHHMaHHH 3BOJIIOl.tHH MOJIO,t{.bIX 
f. M8JIOM8CCHBHhlX 3Be3;J.. 

r B 3TOH CT8Tbe Mbl npe,t{CTaBmteM pe3yJibTaTbl 
~ AOJiroepeMeHHOH q>OTOMeTpWieCKOH nporpaMMbI 

I Ha6moAeHHH 31 WITS B o6naCTII 3Be3Aoo6pa30B3HH.SI 
'. TeneQ-B03HH'IHH, BblIIOJIHeHHOH Mexqcy ceHT.S16peM 

1990 r . H ,i:eKa6peM 1993 r. [(eJJH 3TOH cl>OToMeTp.ff\'..le
t CKOH nporpaMMbl - o6Hapy}l<eHHe Bpa~aTeJibHOH 
t MO).'(YJI~ y WITS, uccne.n;osaHHe CBOHCTB 3alUIT
l: HeHHbIX o6nacreit: (HX pa3Mep1,1, TeMnepa1)'pa., speMSI 
I )K.H3HH u T.n.) e noHCK B03MO}l<HhIX KoppenB~HOHHhIX 

3aB.RCHMOCTet:i Me:>K,Izy Bpau::i:eHHeM H 8KTBBHOCTb10 

WITS H Apyrnx aKTHBHblX KapJIHKOB Il03AHHX cneK-
TJ)8JlbHblX TRilOB. 

2. HAEJIIO.I:i:EHH5I 

Mbl BKJIIOlUIJIH B rrporpaMMY Ha6JIIO,t{eHHH 25 
WITS, noKaJIH30BaHHhIX B TeMHOM o6naKe Tene~
B03HH't{HH. B uawy BbI6opKy eownn see 3Be3AbI H3 
CilHCKa y OJITepa HAP· [7] »pqe 14m H 4 3Be3Ahl H3 o6-
30pa Xep6Hra H ,i:p. [10] (Ta6JI. l}. MoHHTopuHr 
3THX 3Be3A 6bIJJ npoBeAeH B ceHT.sr6pe - ,t{eKa6pe 
1992 r. u ceHTB6pe- H0}16pe 1993 r. KpoMe Toro, ,n;Be 
3BeJAbJ HJ 3Toro cnucKa (TAP 29 HT AP 56) Ha61110-
AaJIHCh TaJOKe B 1990 H 1991 rr. IlOMHMO 3THX 3Be3A 
B rrporpaMMY Ha6JI10AeHHH sxo,n;»:T 6 WTTS c xopowo 
H3BeCTHbIMH ct,oTOMeTJ)H'ieCKHMH nepHOAaMH. )lee 
H3 HHX (V4IO Tau, DI Tau) tta6JI10.t(a10Tcs c 1986 r. u 
qeTbipe (V819 Tau, V827 Tau, V830 Tau H V836 Tau) 

c 1990 r. KpHBbie 6necKa )'.{JI.sf 3Be3A j{pqe 13 ".'2 nony
qeHM Ha 48-CM pecl>JieKTOpe, AJ151 6oJiee CJia6bIX - Ha 
60-cM pecl>neKTope. 06a TenecKona ocHa~eHhJ 
~eHTH'-1HbIMB UBVR-q>OTOMeTpaMH Ha cqeTe HM

ny111,cos. ,[(eTaJibHoe onucaHHe annaparyphI, MeTO
AHKH Ha6JIIOAeHHH H o6pa6oTKH )'.{aHo B pa6oTe IDee
qeHKO [24]. 06hfqHoe epeM}] HaKOilJieHIDI e Ka}l<AOM 
q>HJI.bTJ)e (B, V HR) cocTaBJI.Hno 60 c. 3Be3)'.{bl CJia6ee 
12111 rrpH JI yHe H3MepSIJIHCb TOJibKO B <f,HJibTpax B H V. 
Oum6KU Ha6mo)'.{eHHH Ha 48-CM TeJieCKone e q>HJih-

TJ)ax B, Vu R AJ151 3Be3J:(bI 12~5 cocrasmrn 0~104, 

0".'03, 0"."02 COOTBeTCTBeHHO. 0CH0BHble xapaKTepH
CTHKH q>OTOMeTJ)HqecKHX PHAOB Ha6n10,n;eHHH 
(anoxa, qHCJIO Ha6JIIOAeHHB, Vmax• Vmin• (V), (B-V) H 

(V - R)) npHBeAeHLI e Ta6n. 1. 

3. IlOHCK IlEPHO.I:i:OB 

IlOHCK nepHOAD'leCKOH COCT8BJl.s1IOIIJ;eii B H3Me
HeHIDIX 6necKa WITS ocy~eCTBn.srncs MeTo)'.{aMu 
"aaT}IHyToii crpyHbl" [25] H "uano}l<eHHB anox" [26). 
3HaqeHUR npo6HbIX nepHOAOB BapbHpOBaJIHCb Ha 
HHTepsane OT 1.5 AO 30 cyT. 3HaqeHHe MHHHM3Jll,HO
ro npo6HOI'O nepHOAa orpaHH'leHo CKBIDKHOCTbIO Ha
lliHX Ha6JIIO)'.{eHHJ1i (OAHO H3MepeHHe B HQqb), 3Ha'le
HHe M3KCHM3Jll,HOro COCTaBJI.SICT OKOJIO DOJIOBHHbl 
HHTepB3.]13 OJ:(Horo ce30Ha H36JIIO,qeHHH. KpHTepuii 

"HaTseyTa»: crpyna" onpe,n;eJ151ncj{ KaK cyMMa pac
cTo.snum Me}l<.n;y coceAHHMH ToqKaMH Ha ct>aJoaoil 
KpBBOH 6necKa, nocrpoeHHOH AJ151 Ka~oro npo6Ho
ro nepHOAa. Bo BTOpOM MeTOAe KpHTepHH xapaKTe
pH3yeT Mepy pacceHBaHIDI ToqeK OTHOCUTeJibHO 
cpeAHeii cl>a30B0H KpHBOH. 3HaqeHID1 KpHTepHeB 
TeM MeHbllie, qeM MeHbrne AHCIIepclUI TO'ieK Ha cl>a30-
B0H KpHBOH. 06a an:ropHTMa SIBJI.SIIOTCSI pa3JIH'll1.bIMH 
MOAffq>HK3W{SIMB MeTO,t{a "MHHHMaJlbHOH ,nucnepcmr", 
KOTOpblH IlO;l.p06HO OIIBcaH B KHHre Mapnna [27]. 

AHaJJH3 KpHBblX 6JieCKa Il0K333JI, 'ITO 21 H3 31 
3Be3A Harnee: BbI60pKH )'.{CMOHCTpHPYIOT nepHO.QH'Ie
CKDe H3MeHeHIDI 6necKa Ha nceM HHTepeane Hawmc 
tta61110)'.{eHHH. IIIes"tJeHKO n AP·· (22] H rpaHKBH [23, 
28, 29) IlOATBepAHJIH H yToqHHJIH H3BeCTHble paaee 
nepHOAbI AJIB 9 3Be3A (V8 l 9 Tau, V827 Tau, V830 Tau, 
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Ta6J1R~a 1. XapaKTepHCTHKH Ha6mo,llaTenLHLIX pJl.llOB WTIS 

3se3,lla 
JD 2440000+ n vmax 1Dmin - JDmax 

DITau 7009-9275 350 12.73 

V410Tau 6660-9275 520 10.00 

V819Tau 8126- 9277 163 13.02 

V827 Tau 8136- 9277 85 12.24 

V830Tau 8127 - 9275 181 12.03 

V836Tau 8143 - 9275 80 13.00 

SA0764ll A 8854 - 9248 64 8.83 

SA0764ll B 8854 - 9248 60 10.37 

TAP4 8853 -9208 33 12.06 

TAP9 8858 - 9287 60 12.12 

TAP 10 (A+ B) 8953 - 9287 43 11.31 

TAP 11 (A +B) 8853 -9118 32 12.31 

TAP14NE 8853 - 9215 25 12.86 

TAP17 8854- 9248 62 9.43 

TAP26 8858 - 9287 60 12.16 

TAP29 8182 - 9287 139 12.16 

TAP31 8854-9287 103 8.91 

TAP35 8860 - 9286 78 10.24 

TAP 39 8863 -9243 49 10.28 

TAP40 8860- 9275 62 12.52 

TAP41 8860-9277 62 12.00 

TAP45 8860- 9277 53 13.14 

TAP49 8860-9277 48 12.68 

TAP50 9199 - 9248 40 10.06 

TAP SIS 8860-9277 73 10.92 

TAP56 8182 - 9286 126 10.76 

TAP57 8857 -9286 71 11.47 

LkCa3 8858 - 9251 56 11 .98 

LkCa4 8858 - 9284 63 12.31 

LkCa15 8859 - 9251 48 11.86 

UCa 16 8859 - 9251 41 12.49 

V836 Tau, TAP 14, TAP 31. LkCa16. V410,Tau H DI Tau) 
B snepBbie OOHapy}KBJIH nepD0AU'1eCKBeH3MeHeHIDI 
AJUI 12 WTTS. Bo3MO)KJIO, "<ITO npH ApyroM pe)KBMe 
Ha6n10,-emm, Hanp:eMep, HeCKOJibKO oneHoK 6necKa 
B HOllb, OCTaJibHb[e 3Be3Abl H3 Hameit BbIOOpKB MO

ryr noKa3aTb nepHoµ;u'lecKHe H3MeHeHID1 6necKa Ha 
BHTepBaJie OT HeCKOJlbKBX qacoB AO 1.5 cyTOK. Xa
paKTepHblM npHMepOM snmsteTCSI TAP 14, AJUI KOTO
poft: paHee Mbl ue HamnH 3Ha'IBMOro nepHOAa Ha BH
TepBane OT 2 AO 30 cyT. I1poccep u AP· [30], HCilOJib• 
3YH Apyrou pe}KBM Ha6n10AeHmi, Hamnu nepHOA B 
11.19 'll , KOTOpbIH Mbl IlOATBepAHJIH BCJieA 33 HHMII. 

vmin (V) (B-V) (V-R) 

12.97 12.85 1.59 1.50 

11.97 10.90 1.16 1.04 

13.30 13.17 1.53 1.48 

12.69 12.45 1.40 1.35 

12.34 12.19 1.35 1.25 

13.63 13.26 1.53 1.40 

8.94 8.88 0.58 0.50 

10.45 10.41 0.88 0.73 

12.22 12.15 0.87 0.82 

12.23 12.15 1.06 1.01 

11.40 11.35 0.85 0.81 

12.43 12.39 0.92 0.86 

12.98 12.91 1.00 0.93 

9.53 9.48 0.53 0.47 

12.36 12.27 1.12 0.98 

12.81 12.44 1.36 1.34 

9.05 8.98 0.76 0.71 

10.37 10.30 0.78 0.66 

10.37 10.32 0.78 0.70 

12.67 12.59 1.16 1.04 

12.41 12.19 1.23 1.10 ~ 

13.36 13.22 1.45 1.31 

12.82 12.75 1.05 0.92 

10.20 10.13 0.86 0.78 

11.02 10.96 0.83 0.73 

10.98 10.86 1.02 0.88 

11.73 11.60 1.29 1.13 

12.16 12.03 1.50 1.53 

12.74 12.55 1.42 1.35 

12.61 12.13 1.26 1.13 

12.71 12.60 1.52 1.40 

4. MO,[(Eilli IlSITEH 

,[(JISI o~eHKH napaMeTpOB XOJIOAHblX ru1TeH Mbl 
BCil0Jlb30BaJIH TOT <paKT, qTo aMOJIBT}':,:{8 nepHOAH
qecKOH COCTaBJISIIOU{eH KaK q>yHKnHSI AJIIIHbl BOJIHbl 
COAepxarr BHq>OpMa~ 0 pa3Mepe B TeMnepaType 
38IDITHeHHLIX o6nacTeA [31). BLI'tfflCJieHee 3TIIX na
paMeTpOB npOBOAJIJIOCb npu IlOMOU{H nporpaMMbl, 
Mo;nenHpy10meii q>OPMY q>aJoeou KpHBOH 6necKa. 
3Ta nporpaMMa D03BOJISieT pemaTb q>a30Bble KpH
BLie 6necKa B npe,xnOJIO)KeHHH, 'ITO Ha nosepXHOCTH 
3Be3,Xbl HMeeTCSI rpynna TCMHbIX IDITeH C TeMDepa
TYJ>OH Ha 500 - 1500 K HIDKe 0Kpy)Ka10meu q>oTo-. 
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<l>OTOMETPHllECKOE HCCJIE,[(OBAHHE 

Ta6JJ~ 2. HeKOTOp&1e napaMeTp&I WITS c HJBeCTHblMH nepHo,J:taMH BpameHHSI 

897 

3seJl:(a Sp V sini, 
Av R!R0 L!L0 

VUB' f,% Ha11anbttasi 3noxa CTepHO,l(, 
KM/C KM/C JD 2440000+ cyT 

DI Tau MO 11 [38] 0.9 2.1 0.8 13.9 1.7 7002.9 ±0.1 7.64 
V410Tau K5 71 [38) 0.0 2.6 1.58 70.3 > I 1.0 6659.44 ± 0.01 1.872095 
V819 Tau K7 < 15 [39) J.2 1.9 0.65 17.2 4.6 5197.35 ± 0.05 5.5354 
V827Tau K7 23 [39] 0.6 2.1 ' 0.78 27.7 6.7 4896.0 ± 0.05 3.75886 
V830Tau K7 28 [39) 0.3 2.0 0.71 36.4 4.7 5252.57 ± 0.05 2.74079 
V836Tau K7 <15 [39] 0.7 1.6 0.44 11.6 11.8 5252.3 ± 0.05 6.755 
TAP 14NE K2 >75 (7) 0.6 0.7 0.26 76.0 3.2 0.46625 
TAP26 K7 68 (7) . 0.0 1.1 0.49 22.4 4.5 8798.86 ± 0.1 2.50836 

·TAP29 K7 <11 [40] 0.5 2.1 0.98 18.7 12.0 5998. 7 ± 0.05 5.6638 
TAP31 G6 >75 (7] 0.3 2.9 6.31 96.0 3.0 8850.32 ± 0. 1 1.529 
TAP35 Kl 16 [7] 0.0 1.5 2.88 27.4 2.9 8858.5 ±0.1 2.73 
TAP39 G8 - 0.4 1.6 2. 14 21.6 1.6 8862.04 ± 0.1 3.654 
TAP40 K5 17 [7} 0.1 1.l 0.30 34.5 1.8 8859.8±0.1 1.555 
TAP41. K7 27 (7) 0.0 1.6 0.58 32.8 6.2 8857.8 ± 0.1 2.426 
TAP45 K7 <10 (71 0.6 1.4 0.33 7.1 5.9 8859.8 ±0.] 9.91 
TAP49 G8 <10 [7] 1.2 0.7 0.46 11.0 1.7 8857.2 ±0.1 3.32 
TAP50 KOIV - 0.2 2.0 2.19 32.6 2.9 9198.16±0.l 3.06 
TAP56 KO 20 [7] 0.7 1.6 1.86 36.2 4.2 8179.8 ± 0.1 2.236 
TAP57NW K7 < iO (7) 0.0 2.0 0.89 10.9 3.0 8848.7±0.1 9.345 
LkCa4 K7 26 [40] 0.7 1.8 0.61 27.5 - 6299.6 ± 0.05 3.3745 
LkCa16 K7 <11 [40] 0.9 2.2 0.83 19.4 1.9 8857.6±0.1 5.6 

c<1>epb1. OcHOBHaH HAesr anropwrMa nporpaMMbI 3a
KmoqaeTcsi: B TOM, 'tlTO noeepxHOCTb 3De3Abt pa36H
eaeTC$1 paBHOMepHOH CCTKOH no yrJiaM Tl R <p ttepe3 
5° H <t>aKTHllCCKH 3aMeID1eTCJ1 MHOrorpaH.HHKOM C 

2592 rpaIDIMH. 11HTeHCHBHOCTb, H3Jiy-qaeMaSI 3JleMeH
TapHOH II1IOI.QaAKOit dS TaKoro MHOrorpaHHDKa C KO-

. OpAHHaTaMH Tl Ii q> Ha A3HHOH AJIHHe BOJIHLI A no.u, yr
JIOM y K HOpMaJIH, BbJt.[ffCJI.sfeTCSI no cpopM}'Jie 

di =· BJ,.(T) [ 1 - m(A)( l - cosy)] cosydS, (1) 

r,.~e B-)..(1) - <l>YHK~IDI IlnaHKa, T - TeMneparypa 3Jie

MeHTapaoii nnoma.u;KH, m(A.) - K03q><fmu:ueHT no
TeMHeHIDI K KpalO. 

IlonHoe Ha6n10.u,aeMoe H3JirieHHe 3Be3.u;hl nony
tiaeTCSI cyMMHpOB3HHeM IIOTOKOB B HanpaDJ1eHHB Ha-
6JJ10r(aTeJ1SI OT ~cex 88]:(HMbIX 3JieMeHTapHblX IIJIO

maAOK. Ilpn 3TOM npoeep$1eTc.s1 ycnoeue nonaAaHIDI 
3JleMeHTapHOI1 mromaAKH B 30HY rurma, B 3TOM cny
'lae BbJ'llHCJijleTCH <l>YHKU:WI IlJiaHKa .D,Jljl TeMnepa
TYPbI nsi:THa. IlporpaMMa II03BOJI$leT 3a.u,aaaT1> mo-
6oe KpynHoMacnrrat5Hoe pacnpe.u;eneuee MeJlKHx 
TCMHblX JUITeH, paBHbIX no pa3MepaM H TeMneparyp
HOMy KOHTpacTy C cpoToccpepoii:. 

lJTo6bJ ou:eHHT.b s nepBOM npH6JlH)l(eHHH 
IlJIOI.qaJJ.b 3an.srraeHHOH noeepXHOCTU, Mbl ynpocTH-

JIH BbltIHCJlHTCJlbHbie npou:eAypbl, npeADOJIO)KHB, 
tITO Ha noeepxHOC'TH 3DC3Ab1 pacnono.>KeHO 0,1:(HO 
KpyrJioe IDITHO Ha nmpOTe -30°. Bxo.u.Ht,IMH napa
MeTJ)aMH 3TOH nporpaMMl,l ffBJUilOTC.sl: TeMnepaTYJ)a 
q>OTocq>epbl 3BC3Abl T 4', MOHOXpoMaTHtfeCKaH AJIHHa 

BOJIHbl A; K03cpcpu~eHT noTeMHeHHSI K KpaK> m(A.), 
yron HaKJJoHa ocu spa~eHH$1' 3Be3n1>1 i, TeMnepaTypa 
IDJTHa T0 H yr JIOBOH' panuyc mlTHa R0 • 

3q,cpeKTHBHrui TeMnepaTYJ)a <t>0Toccpepb1 onpe
Aemmacb C HCfl01Ib30B8HHeM WK3Jlbl Sp - T3<f, (32J. 
Ko3$<l>H~eHTbl llOTCMHCHIDI K Kpa10 AJJff COOTBeT

CTBYIOmHX r *1> 6&1JIH HHTepnonupoBaHbl H3 Ta611Ba; 
Py6aweecKoro [33). YroJI HaKnOHa OCH spa~emm 
o~eHHBaJJCSJ · H3 V sin i H 3KBaTopHanbHOH CKopocm 

epa~eHHJI (V.11;•) (Ta6n. 2). TaKHM o6pa3oM', · ocraeT
csr ABa cB060AHhIX napaMeTpa - TeMnepaT}'Pa H yr
JJOBOH paAHYC JUJTHa. 

Ansr Ka~oii 3DC3AbI BbttJHCJISIJJHCb 3ae:ucHMocru 
aMnJJBTYA ~V H ~(V - R) oT pa3HOCTH Me.>K,qy TeMne
paTYPOH cporocq:>epbI H WITHa (T<r,-Tn) HOT yrnoeoro 
pcWfyca rurma {R0 ). IlapaMeTJ) Tip-Tn eapbHpOBaJIC.SI 
Ha HHTepeaJie OT 400 AO 1400 Kc waroM 200 K, a na
paMeTp Rn - Ha HHTepaane OT 10° AO 50° c maroM 5°. 
fiOJIO)l(eHHe Ha TaKOH JJ;HarpaMMe peaJJbHbIX 3Haqe-
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Pee. 1. <l>a3osa,r KpHea11 6necKa Ami LkCa 4 no 3neMeH
TaM H3 Ta6n. 2. Ha6moneHHH l 985/86 rr. B3HTl,l H3 

pa6oTbl Bp61,1 HAP· [34]. 

HHR 8.VH L\(V- R) no3aom1eT ou;eHHTh TeMnepa-rypy 

H yrnoBOH pa.J'.(uyC IlSITHa [21]. 

KaK noKa3aJIH IleTpOB H ]J,p. [21], HCnonb30BaHHe 

<PYHKU:HH IlJiaHKa npH MO]J,eJIHposaHHH }J,HarpaMMbl 
"L\ V - L\( V - R)" npHBO.J'.(lIT K CHCTeManrqecK.BM OlllB6-

KaM B onpe.J'.(enemrn TeMnepaT)'pbI H yrnosoro PAAH

yca IlHTHa. Oi.HaKO 3TH onrn6KH Hecy~eCTBeHHbI 
n p H CTaTHCTH"tJ:eCKOM cpaBHeHHH 3HatJeHHB napaMe
TJ)OB 3Be3JJ,HhIX IU1TeH BHYTPH BbI6opKB WTIS. 60-
nee CTpOrHH ITO]J,XO]J, He06XOJJ,HM n pH MO]J,emtposa

HHH KpHBblX 6necKa u u s eTa KOHKpeTHOH IDITHHCTOit 
3Be3.J'.(bl. KoppeKTHble 3HaqeHIDI napaMeTpOB 3Be 3A
Hb1X mlTeH MO)KHO nonyquTb, HCilOJlb3YH 3MUHp11qe

CKYIO Kam16p0BKY' OCHOBaHHYIO Ha· H3MepeHIDIX 3Be-
3J{Hh1X pa.o;u:ycoe [21]. TaKOH nOAXOJJ. no3BOJISleT He 

TOJlbKO YT01iHHTb MO]J,eJih HCCJie~eMOH 3Be3JJ,bl, HOH 
J:(aeT B03M0)KH0CTh n poCJie]J,HTb 3a ce30HHhIMH H3Me

HeHIDIMH napaMeTpOB IlSITeH, KaK 3TO 6hin0 B cnyqae 

c V410 Tau. 

CJJeJ:(yeT 3aMeTBTb, "tJ:TO ]J,JISI 60JibillHHCTBa 3Be3JJ, 

Ha6monaeTCSI H3MeHeHHe aMilJIHT)'Abl L\( V - R) OT 
ce30Ha K ce3oey. B CBOIO oqepeAh, 3TO npHBOAHT K 

60JJh llnfM pa3JIH"tJ:H.SIM B ou.eHKe 3cpcpeKTHBHOH TeM
nepaTypbl IlSITHa B paMKax OAHOflSITeHHOH MO}J,eJIH. 

TaK, H3Meuemi e aMTIJIHT)'AhI L\(V - R) Ha 0".'03 MO

)KeT H3MeHHTh OJ..\eHKY T" Ha 500 K. BMeCTe c TeM 

pa3JIWUie 3Ha 'leHHll L\( V - R) MO)KeT 6b1Tb o6yCJIOBJie

HO He TOJibKO OUIH6KaMH cpoTOMeTpHH, HO H H3Me

HeHHeM cyMMapHOH IlJIOl.ll;a,llH flSITeH B npe;a;enax 
aKTHBHOB 30Hbl. B CBS13H C 3THM Mbl npHBOAHM B 
Ta6n. 2 TOJlbKO npol.\eHTHOe OTllOIDerute 3ailSITHeH
HOH noeepxHOCTH K noJIHOH noeepXHOCTH 3Be3Ab1 

(J = ((1 - cosRn)/2) x 100%, r]J,e R n- yrnoBOH pa)];uyc 

IDITHa) H He ;a;aeM ou;eaKy ;a;m1 T" . K aK 6y;a;eT noKa3&

HO HH)Ke, n apaMe-rp f SIBJIHeTCSI HIDKHeH OI(eHKOH 
CTen eHH 3an S1THeHHOCTH H Ha CaMOM ;a;ene xapaKTe

pH3yeT HCOAHOpOAffOCTb pacnpeneneHllil IUITeH n o 

n oeep XHOCTH 3Be3,llbl • 

<l>oTOMCTpH':ICCK.Be KpHBble 6neclea AJJH ecex 
3Be3A xopowo 06-MICH.SIIOTCH B paMKax Haweii MOJ:(e
JUI C XOJIOAHhlM IDITHOM. McKJIJOqeHRe cocraBJISICT 

LkCa4, cpa3oea.s1 KpHBa.st 6necKa KOTopoii np1rne;a;etta 

Ha pHC. 1. B BepxneH qacre: pHcyHKa llOK33aHa <t>a-
30Ba.sl KpHBa51 n o AaHHblM Bp6bI H .o;p . [34]. <l>opMy 

cpa30B0H KpHBOH n o Ha6JIIO):teHHSIM 1992 - 1993 rr • 
HeB03M0)KH0 ormcaTb B paMKax MO,lleJIH C OAHHM xo
JIO,llHblM IDITHOM. Bonee IlOAp06Hoe ~eHHe MO
JJ,eJieH q>a30Bb1X KpBBbIX 6necKa AJISI HCCJie)];OB3HHbIX 

3Be3A MbI npennon araeM o n y6nHK0BaTb D03]J,Hee. 

5. HEKOTOPbIE CBOMCTBA WITS 
H HX IUITEHHblX 30H 

5.1. IlapaMeTp1,1 WTTS. BocnoJib30BaBWHCb 
Haii;a;eHHb[MH 3Ha"tJ:eHIDIMH nepHOAOB, e enH"tJHH H 

J..\BeTOB (V, B - V, V - R), MbI ouenunu n oJIHoe norno

m ette e , paAHYCbI u ceeTHMOCTH WTTS, a TaJOKe 3K
BaTope aJibHbie cKopoCTH npall.\eHIDI (Ta6n. 2). A n SI 
y-qeTa Me)K3Be3;a;Horo noKpacueHIDI MLI ucno nh3oea

JIH IlOKa3aTeJJb UBeTa V - R, TaK KaK OH MeHbWC ecero 
HCKa)l(eH cneK-rpanbHbIM eyan:HposauueM. 1'fa6bITOK 

u;BeTa Ev- R noJiy'leH cpaBHCHHeM COOTBCTCTBylOme
ro noKa3aTens I(BeTa WTTS c n oKa3aTeJieM ~eTa 
CTaH;a;ap-rHOH 3Be3µ;bI-KapJIHKa· TOl'O )Ke caMor o cne
KTp3JibHOro THna [35]. K aK 6yAeT n oKa3aHO HIDKe, 
HaHAeHHbte H3 Ha6JIJOAeHaH cneKTpaJibHbie KJiaCCbI 
WTIS, B03MO}KHO, HCKa)l(eHbI HaJIH'IHeM 6oJibIIIBX 

XOJIOAHbIX rutreH H cpoToccpepHbie cn eKTJ)hJ MOryr 

oKa3aTbCH 6onee paHHHMH. IloJIHOe n orno~eHue Av 
BbI "tJ:HCJISIJIOCb H3 OOOTHOm eHHSI Ev- Rf Av= 0.27 [36]. 
KoppeK_u;H.SI 3a noKpacHeHHe BblilOJIHeHa J:(JISI CT3H

A3PTHOro 3aKOHa Me)l(3Be3AHOU 3KCTHHKI\IUI. CneAy
eT 33MeTHTb, 'ITO n pHCyrcTBHe Ha noeepXHOC'I'B 
WTTS 60JibillHX 3ailHTHeHHblX o6JiaCTeii MO)KeT He 
TOJihKO 33BH3BTb MaKCHMaJihHbni 6necK, HOH UCKa-

3HTb I(BeTa B -. V H V - R. ,IlJI51 yMeHbm eHIDI 3Toro 3q>

cpeKTa Mbl HCil0JJb30B3JIH MaKCHMaJibHbie BeJIJllfH.Hhl 
V max H COOTBeTCTBYIO~He HM l.lBeTa, TaK KaK B MaK
CHM)'MC 6necxa nno~a]:(h IUITeH Ha BHAHMOB noJiy

ccpepe MHHKMaJlbHa. 

Hcxo,llH H3 npeAllOJIO)KeHIDI, "tJTO HaJ'iµ;eHHbie cpo
TOMeTpHtJeCKHe n epHO,llbl SIBJISIIOTCSI pe3yJibTaTOM 

ep~aTenbHOH MOAYJI.SIU:HH H OTp8)KalOT n epHO]J,hI 

epa~eHB51 3Be3µ;, Mbl 01.\eHHJIB COOTBeTCTBYJO~He 
3TBM nepBOAaM 3KBaTopeanhHbte CKOpoCTB ep a~e

HIDI. 3ee3AHbie paAHYCbl 6hlJ1H o npeJJ,eJJeHbl H3 COOT
HOm eHHSI EapHeca-3Bauca [37], KOTOpoe CB5l3b1B3-

eT yrJIOBOH AHaMe-rp 3Be3Abl C ee aeJIH'mHOH Vo H 
u:s eToM V - R. IlpH 3TOM n p e;a;nonaran:ocL, "tJTO cpen
Hee paCCTOHHHe AO o6nacrH 3Be3µ;006pa30BaHIDI Te-

nen;-Bo3HH'IBH cocraenS1eT 140 nc. · 
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Puc. 2. <l>aJOBbJe KpHBble 6necKa Ami 11 WITS. Csernb1e Kpy)((Kff - Ha6mo,AeHHH 1992 r., To•nrn - 1993 r. 

B KOJIOHKax 6 u 7 Ta6JI. 2 npuBeAeHl,J PMB}'Cbl u 
ceeTHMOCTH WTTS OTHOCHTeJILHO paAHyca H CBCTH
MOCTH CoJIHQa. 113 Ta6Jl. 2 BBAHO, 'ITO 3Ha'IeHRR 
paAHycoe Haxo,zviTC.51 B npeAeJiax OT 0.7 (TAP 14 u 
TAP 49) AO 3 .9R0 (TAP 31 ). Cpe,!l.Hee 3Ha'IeHHe no eceu 
e1,16opKe WTTS cocraBID1eT 1.8 - 2.0R0 . Bom,WHHcr
eo CITS HMeIOT TaKHe )Ke pa.n;HyCLI B CBCTHMOCTH. 

IlpaKTH"leCKH ece 3Be3ALI H3 Hawee: BLI60pKH 
HMelOT Vsini [7, 38 - 40] MCHbWe, qeM v~ICIJ (Ta6JJ. 2), 
ttTO DOATBep)KA3eT npaBHJILHOCTb Hawero npe,a;no
JIO)KeHIUI OTHOCHTeJibHO CB.513B cpoTOMCTJ)H"ICCKBX 
nepHOAOB c apaw;eHHeM WITS. Jluwb o,a;aa 3Be3Aa 
(TAP 26) HMeeT V sin i 6onLwe, tteM V3 " 8 • M1,1 noJJara
eM, qTo 3TO CBSI33HO C OUIH6KOH B B3MepeHHH Vsini. 

5.2. CTaTHCTHKa nepao,a;oe epa~eHBJI. Cpe,a;HHH 
nepHOA epaw;elillSI p;m1 21 WITS cocTaenseT 4.1 ± 
± 0.8 cyT, e TO epewt KaK ,a;nSI CITS, no A3HHbIM Bo
yeLe [41], OH paeeH 7.6 cyT. CneAoBaTeJibHO, WTTS 
epaw;a10TcS1 B cpeAHeM 6b1crpee, 'IeM CTTS. Hnre-

' peCHO OTMeTHTh, 'ITO cpeAH WTIS HeT HH 0,D;HOH 
3Be3,D;bl C nepHOAOM epaw;eHHSI B }J;Hana30He OT 4 
AO 5 AHeH. AHaJIOrH'lllLIH pe3yJihTaT nonyttHJlH 
ATTpH,a;)K H Xep6CT [42] AJISI 6onee IlOJIHOH BbI6op
KH CITS H WTTS (TIS). OHH 3aMeTHJIH, 'ITO TOJihKO 
o,a;Ha H3 68 TIS HMeeT nepHOA Bpaw;eHHSI B HHTepea-

ne OT 4 ,a;o 5 AUeit 06'1>.SICWUI 3TOT q>aKT acpq>eKTaMH 
cene~HD, OHH npeAilOJIO)KBJIH, qT() C yeeJIH"leHHeM 
BbI6opKB ,a;eq>B~T 3BC3A C 3THMH nepe:o,a;aMH 
Bp~eHRSI YMCHbWHTCSI. 0AH8KO HallIB AaHHLie 0 
ep~eHHH WITS nOATBep,a;u1rn ,a;ecpHI.(HT 3Be3,a; c ne
·pHo,a;aMu OT 4 ,a;o 5 µ;Heit 

5.3. CraoHJILBOCTh 4>oroMeTpH'lecKJIX nepRO,D;OB. 
,IJ;o He,a;aBHero epeMeHH caMOH HCCJlC,D;OBaHHOH cpe,a;H 
WTI'S 6Lma V 410 Tau. MHoroneTHHH MOHUTOpHHr 
3TOH 3Be3ALI noKa3aJI, 'llTO Ha ee noaepxHOCTH 6onee 
10 neT cyw;ecreye-r no KpaiiHeu Mepe ,a;ee 3aIDITHeH
Hble o6naCTH, KOTOpLie MeAJieHHO MeHSIIOT CBOH 
pa3Mep H MHrpnpylOT no ,a;onroTe [19, 20]. <l>OTOMe
TJ)H'IeCKHe Ii cneK-rpaJILHbie Ha6JIIO,D;ClillSI IlOJIOCbl 
OKCUAa THTaHa 3TOA 3Be3,a;bl IlOATBep,D;BJIB rnnoTe3y 

XOJIOAffl,IX IlSITeH [21 , 43]. HaH6onee He06bl"IHbIM e 
noee,a;eHHH ru1TeH Ha V410 Tau mw1eTCS1 HX ycro'R"IB
eoe nono:aceHHe OTHOCH'reJILHO onpeAeJieHHoro MepH
AHaHa, npo.51BJ1jflOI.qeeCSI B HeH3MeHHOCTH Hatta.JibHOH 

3IlOXH cpoTOMe'IpR'leCKOA KpHBOH 6JieCICa Ha mrrepea
Jie tta6J110.l:(emm 1986 - 1992 rr. (21]. IIpu 3TOM mmr,a;a 
npoHcxowrr 61,1crpb1e H3MeHeHIDI <l><>pMbt H aMnJIH
ry,a;LI cpa30B0H KpHBOH 6necKa B TetteHHe 1 - 3 Me~
f(eB, KaK, HanpHMep, B 1990 r . II03AHee rpaHKHH [23] 
e llieB'leHKO e AP· [22] o6Hapy)KHJIH cra6HJILHOCTb 
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PHc. 3. <l>aJOBb1e KpHBbie 6necKa 11m1 V 827 Tau (a), V830 Tau (<5), TAP 56 (B) H V819 Tau (r). <l>a3oeb1e KpHBbJe, cooTBeTCTBY· 
10U01e aa6monen1u1M 1981 - 1986 rr., nocrpoeHbl no ,naHHhlM 1f3 pa6oT [1 1 - 13). 

Ha°tla.JlbHblX 3 llOX H q>OTOMeTpH'iCCKHX n epeo,i;oB Ha 

HHTepsane 1990 - 1991 rr. ,i;m1 TAP 29 e ua HHTepsa
ne 1986 - 1990 rr. )'.(JUI SR9. 

,I:(JISI HCCJIC1,l;OB3HIDI B03MO)KHQB CTa6WibHOCTH Ha

'la.JlbHblX 3Il0X H nepH01);0B B KpHBbIX 6necKa 20 WITS 
fpaHKHH [29] no,Aeepr nepuo,i;orpaMMHOMY aHaJJU3y 

BCe AOCTyIIHbie <pOT03JICKTpHqecKBe Ha6mo,i;eHIDI 
3THX 3Be3A. ~ 6om,IDBHCTBa WITS aarop ue Hawen 
KaKHX- JIH6o 3a.MCTHblX H3MCHCHHH B cpa3e H qaCTOTe 

BX nepeo~ecKHX npol..\CCCOB Ha HHTepeane Ha6mo
ACHHH c 1992 no 1993 r. (pHc. 2a a 26). Eonee Toro, 
ABe 3Be3AbI (LkCa4, TAP 29) coxp aw110T ceoH nepH-
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ct>OTOMETPWIECKOE HCcnEJ],OBAHliiE 901 

01:\bl Ha HHTepBane 1985 - 1993 rr. H \JeTblpe 3Be3AbI 
(V819 Tau, V827 Tau, V830 Tau H V836 Tau)- Ha BH
TepBaJie 1982- 1993 rr. Ha pee. 3a, 36, 3r npimeAeHLI 
cpa:10BLie KpHBLie 6neeKa AJlSI V827 Tau, V830 Tau u 
V819 Tau COOTBeTCTBeHHo. IlpH yroq:HeHBH nepuo
AOB .i.m1 3THX 3Be3A ObIJIB npnBJJeqeHLI UBVR-Ha-
6moAeHIDI Apyrax aBTOpOB. I-fa puc. 2 u 3 BHARO, "ITO 
IIOJIO}KeHHe MaKeHM}'MOB H MHHBM}'MOB Ha cpa30BbIX 

KpHBbIX 6necKa no.Qaemnomero qnCJia WITS 
npaKTH'lleeKH He MelUleTeSI Ha npOTSl}KeHHH 2 - 8 JieT. 
ECJIH, KaK u B cnyqae e V4IO Tau, cpoTOMeTpH'iecKHe 
nepHO]:\bl o6yc110BJ1eHbI npacyrCTBHeM XOJIOAHLIX 
IlSITeH, TO ueo6XO.Q'HMO npH3HaTb, qTo HX IlOJIO:lKe
HHe Ha 3Be3AH01l noeepXHOCTH H pa3Mepbl npaKTH
qecKH He MelUIJIHeb B Te'tfeHHe HeCKOJibKBX JieT. 

5.4. K sonpocy 06 ycroii11aeocrH 3am1TueeBwx 
o6nacreii. Y CTojp.rueoeTL nepuo.i.a epam;aTeJibHOii 
MOAYJISl~H H ero cpa3bl µ;mt 60JiblIIHHCTBa WTfS 
SIBillleTCJI H3H6onee YAHBHTCJlbHblM eBOHCTBOM, B O'T
JIH'IHe or epam;areJibHoii MOAY.run.um CITS, r.Q'e He cy
m;eCTByeT YCTOH'\JHBOro nepHO}:la (3a HCKJIIOqeHHeM 
oqeHL He6onLmoii BL16opm CITS c Manon aMDJIIIT)'
AOH nepeMeHHocm). B 3TOM OTHOWeHHH W1TS CXOA
Hbl co 3Be3A3MH THIIa RS CVn, KOTOpLie, KaK H3BeCT
HO, $IBJI.SII0TC$I TecHbIMH ABOHHLIMH CHCTeMaMH. 

,Il;n.SI 3ee3µ; nma RS CVn xapaKTepeH MeAJieHHLIH 
µ;pee:cp cpa3 MHHHM}'Ma H MaKCBMyMa <p<>TOMeTpB'ie
CKOH BOJIHbl, ooycnoBJieHHOH TeMHbJMH IISITHaMH, 
OTHOCBTCJibHO op6HT3JlbHOro nepHOAa, 'tl:TO CBS13aHO 

C ue6oJ1blIIHMH pa3JIHqIDIMH Me)KJJ.Y op6HTaJibHblM 
nepBO.ll.OM H nepHOAOM epa~eHIDI 3ailSITHeHHOro 
KOMIIOHeHTa [44]. B CJiyqae, KOl'):{a yron HaKJIOHa 
nnocKOCTH op6HTbI RS CVn euCTeMbI Mane: 3aTMe
HHH HeT, cpoTOMeTpH'IeCKHe KpHBbie 6necKa 3Be3J). 
3Toro mna (UX Ari, V7 l 1 Tau H S CrB) noxo:lKH ua 
TaKOBLie AJI.SI WTIS. 

Ha cero~lllliHH AeHL e:3eecrno uecKOJlbKO WITS 
(Ophl, Rox 43 H TAP 57), KOTOpbre n0Ka:1L1Ba10T 
Bpam;aTeJlbH}'IO MOAY~ (3.81, 3.2 H 9.32 cyr. COO'T
BeTCTBeHIIO) H H3BeCTHbl KaK cneKTpaJlbHO-ABOBHble 

CHCTeMbl c op6HTaJJbHblMH nepHOJl:8MH 144.7, 89.1 u 
>1000 cyr. COOTBeTCTBCHHO [45]. B OTJil:f<I.He OT 
3Be3JJ. THna RS CVn, AJlSI HHX xapaKTepHo TO, 'ITO 
op6HTaJlbffbie nepHO,ll.bl He CHHXpOHB3HpoeaHbl C 
nepHOAaMD oeeBoro Bpa~eHBSI 38IDITHeHHbIX KOM-

,. IlOHeHTOB. Ilpe: 3TOM aHaJJH3 Hamux PSIJJ.OB Ha6JIIO
ACHHH noKa3bIBaeT BblCOKYIO CTa6HJibHOCTb cpoTo
MCTPH'tlCCKHX nepHOJJ.OB 3TIDC 3Be3JJ. Ha HHTepsane O'T 
2 JJ.O 4 neT. IloHCK ABOHCTBeHHOCTH y V4IO Tau He 
J).aJI IIOJIOJKHTCJibHOI'O pe3yJILTaTa [21). 3TB <paKTbl 
CBHJ).eTeJibCTBYIOT O TOM, qyo ycTOH1JHB0CTh Haqanb
HOH 31IOXH He CB.s13aHa C ABOHCTBeHHOCTblO. 

KaK H3BeCTHO H3 q>R:3HKH CoJIH~a, I..\CHTpbI aK
THBHOCTH HMeIOT TeHJ).eH~BIO o6oeAHIDITb'CSI e KOM
nJieKCbI Ha H36paHHbIX "aKTDBHblX" renHOJ..\eHTJ)H
'ieCKHX AOJir'OTax. B 3THX µ:onrOTHblX BHTepeanax 
COJIHeqffru( aKTHBHOCTb npOffl3JI.SleTCSI ey~ecTBeHHO 
eDJILHee,, 'leM Ha OCTaJibHOH IlOBepXHOCTH CoJIHJ..\a. 

IlpH 3TOM aKTHBHble AOJII'OTbl He MeIDIIOT ceoero 
IIOJIO)KeHWI e TC"leHHe HeeKOJibKllX 11-JieTHBX ~K
JIOB. BnoJIHe B03MO:lKHO, 'ITO CT36BJlbHOCTb cpOTo
MeTJ)H'tfeCKHX nepHOJJ.08 WTTS o6ycnoBJJeHa yCTOH
qeBOCTbIO "aKTHBHbIX'' AOJil'OT, Ha KOTOpbIX pacno
JIO)KeHbI npOTSDKeHHbie 3aIUITHeHHLie o6naCTH. 

S.S. 3eoJIJO~JI «j>opMM a &MDJIHTYALI 4>a3oe1,o: 
KpBBblX 6JJecKa. CTa6HJibHoe IIOJIO)KeHHe 60JiblIIHX 
3allSITHeHHbIX o6JiaCTeH Ha onpeAeJieHHblX "a.KTHB

HLIX" AOJiroTaX B TeqeHHe MHOrHX JleT He HCKJIIO"laeT 
IlO.SIBJieHID1 HnB HC'le3H0BeHIDI OTAeJibHbIX rurreH H HX 
rpynn Ha 6onee KOp<>TKHX mrrepeanax epeMeHH. Ilpu 
3TOM B03MO:lKHO nepeMe~eHHe IISITeH HJIH BX rpynn 
BHyrpH 3TBX o6JiaCTeii. 06 3TOM ceimeTeJILCTByeT 3a
MeTHoe D3MeHeHHe OT ce30Ha K ce30H)' cpopMbl H aMII
JllITYAbI q>a:30BblX KpHBbIX 611ecKa y HeKOTOpbIX WTfS 
(pee. 3). TaK, OAHa B3 3Be3JJ. (TAP 56) noKa3ana no'lTII 
UOJIHoe HCtte3H0BeHDe aMIIJIHTYJJ.bl nepuo,I{H'leCKOro 

npol.\ecca or 0".'12VJJ.O 0".'025V (pHC. 3e). 

Hae6onblIIHH HHTepec npeACT8BJ1S1eT TO o6crosr
TeJILCTBO, 'tlTO OT I'OAa K I'OAY MO)KeT MeH.SITbCSI He 
TOJibKO cpeAHHH ypOBeHb 6JJecKa, HO H 3Be3J];Hrul Be
JlH'IHHa B MaKCHM}'Me 6necKa, oco6eHHO 3TO xapaK
Tepao AJISI V827 Tau. Bepo.SITHO, H3MeHeHWI MaKCH
MaJibHOro 6necKa Bbl3BaHbI HJMeHeHHeM cyMMapHOH 
nnom;aJ).H IlSITeH Ha BH)];HMOB nonyccpepe. B JII060M 
cnr1ae uame npeJ].UOJIO)KeHHe O TOM, qTO BHAHMrul B 
MaKCHM)'Me 6neeKa nonycq>epa 3BC3Abl CBOOO]:\Ha OT 
IDITeH, Bbl3b1BaeT COMHeHWI. B CBSl3H C 3THM MeHHeT
CSI <pH3HtJeCKHii eMbICJI napaMeTpa J. npHBe]:\eHHoro 
HaMJJ B Ta6Jl. 2. EcnH B M8KCHMyMe 6necKa BH)];HMrul 
nonyccpepa IlOKpbITa IUITHaMH H HX nnomaAL MeWl

eTCSI OT roAa K ro11;y, TO napaMeTp f xapaKTep.03yeT 
He o6~yio nJiomaAL 3aIDITHeHHbIX o6naeTeu (Ha ca
MOM AeJie OHa MO)KeT 6bITb 3Ha'IRTeJlbHO OOJlbWe, 
qeMj), a CTeneHb HeO)'.(HOpO,tHOCTH B pacnpeAeJJeHHH 
IDITeH no AOJiroTe. ,IJ,pyrHMH CJIOB8MH, napaMeTJ) f 
SIBJigeTC}I Mepoe "A'licpcpepeH~HaJlbHOH 38IDITHeHHO
CTH" H noKa3b1BaeT, BO CKOJlbKO pa3 3aIDITHeHHOCTb 
OAHOH nonyecpephl 3Be3Ahl 60JiblIIe 38IDITHeHHOCTH 
Apyroi nonyccpepLI. 

5.6. AKTHBBOCTI, COJJHe'IHOrO THna a epa~eHHe 
W'ITS. CneKTpLI WTIS noKa3bIB3IOT cxOACTBO co 
cneKTpaMH n03AHHX Kapnm<oe cneKTpanbHLIX Knac
coe dKe u dMe. Y 6oJJbWDHCTBa WTTS HeT 6onLWHX 
6JIB3KBX BHcppaKpaCHbIX H36bITK0B Ha 2.2 MKM [46], 
xapaKTepHbii JJ.JI.SI CITS H, H8AO 11:YMaTh, OTCYTCTBY
IOT HJJH BeCLMa CJI80bl o60JI011KH H AffCKH. ,Il;eHCTBH
TeJibHO, no aa6J110AeHW1M 16 WITS B AHana3oHe OT 
450 .t(O 1100 MKM ae HaHJ).eHO DpH31-IaKOB cym;eCTBO
BaHIDI XOJIOAHOH IlhinH (47). HeKJIIOtJeHBe eoCTaBJJ.S:
eT V836 Tau. PacnpeAe.neHBe 3Hepnm B ee cneKTpe 
(OT 10 MKM AO llOO MKM) corJJacyeTes: c HaJIH'tfHeM 
AHCKa c Maccoii 0.04 M0 . KpoMe Toro, HCCJieAOBaHIDI 
H36paHHbIX WITS noKa3aJID B03M0}KHDe HaJIHlffle 
MarHHTHbIX norre:e: (1500 fc AJ1S1 TAP 35) (48], Kpyro
eyio ll0JIS1pH3a~I0 (2 - 4% Ha 5 ffl.\) H paAHOBCilbllII
KH (49]. Bee 3TO Il03BOJISJeT npeAITOJIO)K}ffb, 'ITO B 
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Pee. 4. 3aBHCHMOCTL peHTf'CHOBCKOro OOTOKa (a), DOTO
Ka B nHHHH Ha (6) H B nHHHH K Call (B) OT nepHOAa 

Bpall..{CHH)l ,Qnll aKTHBHLIX 3BC3J( 003,QHHX cneKTpam,HLIX 
KJJaCCOB. To'iKH - WITS, CBCTJlbJe xp)')KKH - errs, 
KpeCTHKH - 3Be3.Qbl THna RS CVn, xoci.,e KpeCTHKH -
(dKe - dMe)-KapJJHKH rnaBHOA nocnCJ(OBaTCJlbHOCTH. 

CJir.1ae WTIS Mbl CTaJIKHsaeMCJI C 3KTHBHOCTblO, 

cpaBHHMOB C aK.TBBHOCTblO COJIHC'lHOro Tlllla. Ta
KHM o6pa30M, WTIS OJISIIOTCJI C3MblMH yno6HbIMH 
06-beKTaMe: cpeAH MOJIOAbIX 3Be3A AJISI HCCJieAOBa

HIDI B03MO)KHOA CB.R3H aKTHBHOCTH COJIHe'IHOro TH

na c spa~eHHeM. 

6oys&e [50] nonblTaJICSI HCCJieAOB3Tb B03M0)K

HYIO CBJ13b aKTHBHOCTH WTTS H CTIS c ex epa~e

uueM. OH o6Hapyxam KoppeJIJII(HIO Me)KAY peH1Te
HOBCKHM IlOTOKOM u CKOpOCTblO oceeoro Bp~eHIDJ 

3THX 3Be3A H aamen, 'ITO oua xopomo cornacyeTca c 
3HaJIOrB"1Hb1M COOTHOWCHHeM AJIJI KapJIHKOB rnas

HOA nocJie;[\osaTeJibHOCTH, 3Be3A mna BY Ora a RS 
CVn. Il03AHee Mbl DOATBepAHIIH cy~ecrBOBaHHe 

3ToA KoppeJIJIUHH AM a&16opKH 3Be3A TBna T Tau H3 
pa6oT&I [50] u )];JI.fl WTIS Hl Hamei s&16opKH (28]. 
8 TO )Ke speM.R TaKHe IlOK333TeJIH aICTBBHOCTB, K3K 

aMHccm1 a nHHIDJX Ha, Hu K Call, h u k Mgll, ue Kop

penupywr c oces&IM epameHHeM y nonrpytlIIh1 errs. 
BbICOKHe ypOBHH IlOTOKOB B 3THX JIRHIDIX y CITS 
CBH,D;eTeJibCTB}'IOT B nonb3y .nonOJIHHTeJibHblX BCT01-I

HHKOB 3MHCCHH, KOTOpbie SIBJISltOTCSI OTBeTCTBeHHblMH 

3a HarpeB Tex CJIOeB, me 3TH JJHHHH q>OpMRpyi<>TCSI. 
Boyai.e [50] 3aMeTBJI, 'ITO B OTJIH'IUe OT CTrS llOA-

rpynna WITS co CJia6&IMH 3MHCCHOHH&IMB JIHHIDIMH 
MO)KeT noKa3aTb Koppemru,HIO Me:>KAy Bpam,eHBeM H 

IlOTOK3MH B ynOMJIH}'ThIX Bbime JlHHHSIX • 

Mbl HalIIJIB KOppeJI~HIO Me)K)zy oceBblM spam,e
HHeM H Il0TOK3MH B peHTreHOBCKOM J:{HaDa30He B B 

JIUHHSIX Ha u K Call AJISI eameii BbI6opKB WTIS H 

AJISI p;pyrmc KJl3CCOB Il03WfHX CilCKT{>aJlbHbIX TRDOB, 
KOTOpbie DOK33b1B3IOT aKTHBHOCTb COJIHC\IHOrO TH

na. BMeCTe C TeM CJieAyeT 3aMeTHTb, '-ITO BHyrpH 
K3)1()'.J;OH IlOArpynnhl 3THX 3BC3A TaKaJI K.OppeJJSl~OH
BaJI laBBCBMOCTb Bb1p3)KeHa oqeHb CJia6o BJIB OT

cyrCTByeT COBceM . 

J(JJSI cpaeHeHIDI aKTBBHOCTH WTIS C 3KTHBHOC
Tbt0 XOJIOAHblX KapJJHKOB r n aBHOH noCJienoBaTeJib

HOCTH Mbl IlOCTpOHJIB DOTOKH HlJIY'leHIDI B peH1Te
HOBCKOM Aff30330He (Fx) RB JIBHIDIX Ha HK Call B 
38.BHCBMOCTB OT ux nepHOAOB Bp~eHIDI (puc. ·4a, 46, 

4s coOTBeTCTBeHHo ) . KpoMe 3TOro, Ha puc. 4a npuse

ACHbl peHTreHoBcKue noroKH AJIJI CTIS u 3Be3A TB
na RS CVn. IloTOKH B3JiyqeHIDI s peHTreHOBCKOM 

nuana3oue u e JIBHHJIX Ha u K Call nm1 WTIS B3SITbI 
B3 pa60TbI [7], AJISI Il03)UDIX KapJIHKOB B 3BC3A THil3 

RS CVn - B3 pa6oTbI (50]. 

,[lnJI acex 3Be3A Ha pac. 4a Ha6n10naeTCR o6~3JI 

33BBCBMOCTb Fx OT P rot. JlHHeHHblH perpeccHOHHblH 
aHaJIH3 naeT CJICAYIOIIzylO 33BBCBMOCTb Me)l(Ay F.r H 
epaI1J,eHHeM: lg(Fx) = 7 .83 - 1.10 · lg(P ro,). Tipu 3TOM 

K03q>q>~eHT KoppeJISl~BH OTHOCBTeJlbHO 3TOH 33-

BHCHMOCTB k = 0.6. 

Ha puc. 46 noeepXHOCTHbie DOTOKB a JJHHUB Ha 
IlOK333Hbl B 33BHCBMOCTB OT p rot J:{JISI WTfS H XOJIOA· 

HblX KapJIBKOB rnaBHOB noCJieAOBaTeJibHOCTH. Ha 

3TOM pecymce Mhl He npBBOJ:{BM IlOTOKH AJISI CTfS, 
T .K. 3MHCCIDI B Hay 3TBX 3BC3A B03HBKaeT B 06011011-

Ke HJIH AHCKe, B TO epeMSI KaK y WITS B XOJIOJlHblX 
KapJIHKOB rJiaBHOH noCJieAOB3TeJlbHOCTB OHa, no

B~BMOMy, q>OpMHpyeTCJI B xpoMOC<pepe COJIHC'1HO
ro THna. PerpeCCHOHHbIH 3H3JIB3 AaeT ypaBHCHHe 

lg(FH) = 6.91 - 0.95 · lg(Pro,) H KoacJ>cl>n~eHT xop-
(l 

peMI.\HH k = 0. 71. 

AHaJIOrH'IHaH 33BHCBMOCTb lg(FKcan) = 6.38 -
-0.66 · lg(P ro,) C K03cpq>HqHeHTOM KOpperumHB k = 0.53 
Ha6JIIOA3eTCJI Me~y IlOTOKOM B JIHHHH K Call H p rot 

AJIJI WTIS n xonop;HbIX xapJIHKOB rJiaBHOH noCJie~o
BaTeJI&HOCTH (pee. 4s). WTIS Ha noCJieAHeM pucyH
Ke DOK33bIBalOT rop33A0 OOJibWHH pa36poc no cpae
HeHHIO C XOJIO)J;HblMH KapJIBKaMH I'Jl3BHOH nocJieAO

BaTeJibHOCTB. . 

TeM He MeHee H3J1Hque 33BHCHMOCTB Ha ecex 
TPex rpaq>HKax pee. 4 AaeT ocuosaHHe npep;nono

)KHTb, 'ITO spa~eHae WTIS S1BJ1J1eTcH OAHBM H3 
cl>aKTOpOB, BJIIDJIOmHX Ha peHTreHOBCKYIO CBeTH
MOCTb 3TBX 3BC3A H nOTOKH B JIHHIDIX Ha H K Call. 
06~HOCTb KoppeJISII(HOHHblX 3aBHCHMOCTeA MC>KAY 
napaMe1"paMH aKTBBHOCTH B Bp~eHHeM K3K AJISI 
WITS, TaK u AJISI Apyrux 3Be3p; no3AHHX cneK'TpaJib-
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HhlX THilOB rosopHT B Il0Jlb3Y enHHOB npHpOJJ:bl 3TOB 
aKTHBHOCTH. 

0t.feHh ea)KHO npocne,tlHTb HaiineHHylO Koppe.1U1-
U.H10 Ha 6onee nmpoKOM HHTepeane nepHOJJ:OB 
epameHKSI. B CB$13H C 3THM OC06bIH HHrepec npen
CTaBmIIOT 6b1crpoepama10muecsi KapJIHKH c nepuo
naMH MeHee HeCKOJlbKHX C}'TOK, KOTOpbie He}:l;aBHO 
o6Hapy)KeHbI e CKOnJJeHIDIX ex Tiepcejl H IlJiejlJJ:aX 
(cM., HanpuMep, [51)). 

B 3aKJIJOqeHHe a0Top1,1 BblpruKaIOT 6naronap
HOCTb AMepm<:aHCKOMY acrpoHOMH'l£eCKOMY o6mecr
BY H Me}l(AyHapo,n;HOMY HaylJ:HOMY <pOHAY 3a <pHHaH
coeyJO no,::i;,::i;ep>KK)' 3TOB pa60TL1, a TaIOKe ncKpeuHe 
rrpH3HaTeJJhHhI P.E. fepw6epry, E.A. KoJIOTIDIOBY H 
IT.TI. IleTJ)OBy 33 AHCKYCCHJO H U.eHHLie 3aMeqaHHSI. 

CTIHCOK TII1TEPATYPbI 

1. Feigelson E.D .. DeCampli W.M. II Astrophys. J. (Lett.). 
1981. V. 243. P. L89. 

2. Walter F.M., Kuhi l. // Astrophys. J. 1981. V. 250. P. 254. 

3. Feigelson E.D .. Kriss G.A. II Astrophys. J. (Lett.). 1981. 
V. 248. P. L35. 

4. Montmerle T., ·Ko;:h-Miramond L., Falgarone E. et al. II 
Astrophys. J. 1983. V. 269. V. 269. P. 182. 

5. Walter F.M. // Astrophys. J. 1986. V. 306. P. 573. 

6. Feigelson E.D., Jackson J.M., Mathieu R.D. et al. II As
tron. J. 1987. V. 94. P. 1251. 

7. Walter F.M. , Brown A., Mathieu R.D. et al. II Astron. J. 
1988. V. 96. P. 297. 

8. Herbig G.H., Bell K.R. II Lick. Obs. Bull. 1988 . .Nl! 1111. 

9. Jones B.F. , Herbig G.H. II Astron. J. 1979. V. 84. P .. 1872. 

10. Herbig G.H .. Vrba F.J., Rydgren A.E. II Astron. J. 1986. 
V. 91. P. 575. 

11. Rydgren A.E., Vrba F.J. II Astrophys. J. 1983. V. 267. 
P. 191. 

12. Rydgren A.E., Z,ak D.S., Vrba F.J. et al. II Astron. J. 
1984. V. 89. P. 1015. 

13. Bouvier J., Bertout C., Benz W. et al. II Astron. and As
trophys. 1986. V.165. P.110. 

14. Feigelson E.D., Jackson J.M. , Mathieu R.D. et al. II As
tron. J. 1987. V. 94. P. 1251. 

15. Walter F.M. , Brown A., Lins/...y J.L. et al. II Astrophys. J. 
1987. V. 314. P. 297. 

16. Vrba F.J., RydgrenA.E., Chugainov P.F. et al. II Astron. J. 
1989. V. 97. P. 483. 

17. Bouvier J .. Bertout C. II Astron. and Astrophys. 1989. 
V. 211. P. 99. 

18. Appenzeller I., Dearborn D.S.R. II Astrophys. J. 1984. 
V. 278. P. 689. 

19. Vrba F.J., Herbst W., Booth J.F. // Astron. J. 1988. V. 96. 
P. 1032. 

20. Herbst W. II Astron. J. 1989. V. 98. P. 2268. 

21. Petrov P.P., Shcherbakov V.A., Berdyugina S. V. et al. II 
Astron. and Astrophys. Suppl. Ser. 1994. V. 107. P. 9. 

22. Shevchenko V.S., Grankin K.N. , /bragimov M.A. et al. /I 
Inform. Bull. Var. Stars Com. 27 IAU. 1991. M 3652. 

23. Grankin K.N. II Inform. Bull. Var. Stars Com. 27142 IAU. 
1991. M 3720. 

24. lllee'leHKo B.C. Ac/Be 3Be3AbI Xepoera. Ta1I1KeHT: 
cJ>aH, 1989. 264 C. 

25. Dworetsky M.M. /I Monthly Notices Roy. Astron. Soc. 
1983. V. 203. P. 917. 

26. lle11&m H. lfacroTH&rH aHaJIH3 acrpOHOMH'leCKHX spe
MeHHhIX pSIAOB. TamrnH: Banryc, 1980. 134 c. 

27. Mapn11 CJ!. IJ;mppoBOA cneKTpaJibHhIH a.HaJIH3 H ero 
npH.TIO)KCHHSl. M.: MHp, 1990. 584 c. 

28. Grankin K.N. II Inform. Bull. Var. Stars Com. 27 /42 IAU. 
1993 . .Nl! 3823. 

29. Grankin K.N. II Inform. Bull. Var. Stars Com. 27/42 IAU. 
-1994. M 4042. 

30. Prosser C.F., Schild R.E., Stauffer J.R. et al. II Publ. As
tron. Soc. Pacif. 1993. V. 105. P. 269. 

31. Torres C.A.0., Mello S. II Astron. and Astrophys. 1973. 
V. 27. P. 231. 

32. Cohen M., Kuhi L. V. II Astrophys. J. Suppl. 1979. V. 41. 
P. 743. 

33. Py6aiueec,cuu A.A. II foon . A6ac-ryM. acrpoq>HJ. 06-
cepe. 1985. M 58. C. 389. 

34. Vrba F.J., Chugainov P.F. , Weaver Wm.B. et al. II As
tron. J. 1993. V. 106. P. 1608. 

35. Johnson H.L. II Ann. Rev. Astron. and Astrophys. 1964. 
V. 4. P. 193. 

36. Johnosn H.L. Stars and Stellar Systems: The Interstellar 
Medium./ Eds. Middlehurst et al. Chicago: University of 
Chicago, 1964. 

37. Barnes T.G., Evans D.S. //Monthly Notices Roy. Astron. 
Soc. 1976. V. 174. P. 489. 

38. Hartmann L. W., Hewett R., Stahler S. et al. /I Astrophys. J. 
1986. V. 309. P. 275. 

39. Mundt R., Walter F.M. , Feigelson E.D. et al. II Astro
phys. J. 1983. V. 269. P. 229. 

40. Hartmann L. W., Soderblom D.R., Stauffer J.R. /1 Astron. J. 
1987. V. 93. P. 907. 

41. Bouvier J. , Cabrit S., Fernandez M. et al. /I Astron. and 
Astrophys. 1993. V. 272. P. 176. 

42. Attridge J.M .. Herbst W. II Astrophys. J. (Lett.). 1992. 
V. 398. P. L617 

43. Herbst W., Levreault R.M. II Astron. J. 1990. V. 100. 
.p, 1951. 

44. Catalano S. Activity in Red-Dwarf Stars. IAU Coll. 
M 71 / Eds Byrne P.B. et al. Dordrecht: Reidel Publ. 
Comp., 1983. P. 343. 

45. Z,akirov M.M., Azinwv A.A., Grankin K.N. II lnfonn. 
Bull. Var. Stars Com. 27/42 IAU. 1993. N2 3898. 

/\CTPOHOMW:CECKHH )KYPHAJI TOM 72 N~ 6 1995 



904 rP AHK11H H AP· 

46. Strom K.M., Strom S.E., Edwards S. et al. II Astron. J. 
1989. V. 97. P. 1451. 

49. White S.M., Pallavicini R. , Kundu M.R. II Astron. and 
Astrophys. 1992. V. 259. P. 149. 

47. Skinner S.L. , Brawn A ., Walter F.W. II Astron. J. 1991. 50. Bouvier J. II Astron. J. 1990. V. 99. P. 946. 
V. 103. P. 1742. 

48. Basri G., Marcy G. W., Valent J.A. II Astrophys. J. 1992. 51. Stauffer J.R., Hartmann L. W., Jones B.F. II Astrophys. J. 
1989. V. 346. P. 160. V. 390. P. 622. 

Photometric Study of the Properties of Spot Rotational Modulation 
in Weak Line T Tauri Stars 

© 1995 r. K. N. Grankin, M.A. lbragimov, V. B. Kondrat'ev, 
S. Yu. Mel'nikov, and V. S. Shevchenko 

Results are presented of a search for periodicities in the light curves of T Tauri stars with weak emission lines 
(WITS) in dark clouds in Taurus-Auriga using data obtained in Maidanak in 1990-1993. Rotational periods 
were discovered for 12 WTIS and refined for another 9 WITS. The periodic variations are interpreted as the 
result of rotational modulation of a spotted photosphere. Properties of the spots for the majority of WTrS are 
similar with those of RS CVn stars. A fundamental result of the analysis of rotational modulation is the stability 
of the zero epochs and rotational periods of WTTS in intervals from 2 to 12 years. In addition, there is a high 
detection rate of rotational periods amongst WTIS in the sample considered. The stability of the zero epochs 
and rotational periods over several years indicates that the active region in each WITS remains on a definite 
meridian over this time scale. Variations in the maximum brightness level, the amplitude and the shape of the 
light curve decline for several WTIS is evidence for migration of spots in the limits of an active zone and for 
variations in their area. The inverse correlation between the rotational period and X-ray flux of WITS is con
firmed. Similar dependences of the H0 and Call K line fluxes on rotational period were discovered for WTrS 
and for late-spectral-type dwarfs. Thus, a Solar activity mechanism does not contradict the observational char
acteristics of these active stars. 
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OC06EHHOCTH PACilPEJJ;EJIEHIDI 3BE3,l1; OKPECTHOCTEH COJIHi_.A 
no CilEKTP AJibHLIM KJIACCAM 

© 1995 r. C. B. )lepe~antu, H.B. 11yoeea 
lfHcmumym acmpoHOMuu, MocKaa, Poccua 

Ilocrynuna B peAaKU,HIO 30.09.94 r. 

06cy)l(JJ,at0TCJ1 nocrpoeHHbte no KaTanoraM pacnpeAeJJeHm1 3ae3A rro MK-cneKTpaM n noKa3aTeJIJ1M 
u,seTa B-V. CToKa3aHo, qTo HeMOHOTOHHOCTb pacnpeu.enettH}I B-3ae3JJ. noJijl BOJHHKaeT H3·3a npHMecH 
3Be3,q OB-accol.{Hal.\HH H nojlca rynh]J.a. Cyll\ecraoaaHue ,n;eq>HLJ,HTa 3Be3,q - KapnHKOB cneKT))aJlhHbIX 
KJiaCCOB A5-F5 IlOJJ.TBep)l(]J,aeTCff CTaTHCTHKOJ{ 3Be3,n; H3 q>OTOMeTpH'ICCKHX KaTaJioroe. 

I. BBE.D:EHHE 

Bonpoc O HeMOHOTOHHOCTH CIICKTpa Mace (CM) 
3Be3.r( OKOJIOCOJIHe'lllblX OKpeCTHOCTeH He HOB. Ha 
npoTSDKeHlm HCCKOJibKBX .r(eCWTKOB JieT OH npHBne
KaeT BHHMaHHe HCCJie,t:(OBaTeJieH (1 - 6]. Y CTaHOBJie

HO, 'ITO Ha6JUO,QaeMbIH CM He S1BJU1eTC5I rJia,t:(KBM: 
OKOJIO 3Ha'!CHHSI 4 Mo H Ha HHTepaane 1.5 - 2.5 Mo 
3aMe'IeHbJ MHHHMyMbl. .D:ns.r BX o6"bSICHeHHSI 6hIJ1H 

npeAJIO)t(CHbI rmIOTe3hl O pa3J1HtIID1X 3Be3.I(006pa3o
B3HIDI BHYTpH crmpaJibHhlX pyxaBOB H B Me)KJ)yKaB
HOM npocrpaHCTBe [4], O BCilblWKax 3BC3.r(006pa3o
B3HH5I B ranaKTH<teCKOM .l{HCKe [5], 06 oco6eHHOCTIIX 

' rpaBHTal(HOHHOH cpparMeHTa~HH BHYTpH ra30B0-
MOJJeKyJI.sipHb1X o6JI3K0B [6] H .r(pyrue: 

B ,qaHHOB pa6oTe MbI paccMOTpenu <paKTopbI, 
npHBOASllll.He K OTKJIOHeHIDIM CM OT MOHOTOHHOCTH. 
K HHM OTHOCSITCJI npocrpaHCTBeHHO-KHHeMaTB'leC

Ka.sI HCO.QHOpO.r(HOCTb 3Be3,QHOI'0 HaCeJieHIDI ra.naK
TH'IeCKoro AHCKa H oco6eHHOCTH cneK'IpaJlhHbIX Ka
TaJIOrOB. HcnoJib30BaHbI pacnpe.r(eJteHIDI 3Be3.r( no 
cneK-rpaJibHblM KJiaCcaM, npaKTHtICCKH 3KBBB3JleHT

Hbie CM, TaK KaK Macca OAH03Ha'lllo CBSI3aHa co cneK
Tpa.nbHbIM KJiaCCOM. CTaTHCTHKa npoBeAeHa no Ka
TanoraM H3 q>OH,Qa IJ;eHTpa aCTpOHOMHqecKHX AaH

HhlX HHCTHTyTa acrpoHOMHH P AH, co.Qep)K3W:BM 
MK-cneKTpbI, IlOJIO>KeHIDI, co6CTBeHHhJe ABIDKeHHSI 

H nyqeBbie CKOpOCTH 3Be3,q IIOJISI, pacce.SIHHbIX 3Be3,q
Hh1X CKOilJlCHHH H acco~HaQHH. 

2. PACCE.sIHHhIE 3BE3.D:HbIE CKOITJIEHH.sI 

lf3 KaTanora CSI c ,qonoJIHHTeJibHhIMH ,qaHHbIMH 

[7] Mbl BbI6paJIH 3Be3,qbl V KJiacca CBeTHMOCTH C 
UBV-<poT0MeTpue11, cneKTpaJihHOH MK-KJiaccuq>H

. KaqHeH, co6CTBCHHblMH .QBB)KeHIDIMH H JiytteBhIMH 

•. CKOpOCTIIMH. B HaweM pacnop.sI>Kemm oKa3anacb 
. 4371 3Be3,a.a , ,UJJ,SI Ka)KJJ;OH H3 KOTOpbIX Mbl BLltIHCJIH
. JIB (pOTOMeTpHlJeCKoe paCCTOSIHHe H KOMnOHeHTbl 

BeKTopa neKyn,:ipaoii cKopocru. Ilornow:eaue cneTa 
Me)t(3Be3,UHOH cpe,D;OH Y"IHTbIBaJIOCb C IlOMOW:blO .03-
6b1TK0B ~BeTa, KOTOpbie T3K)t(e 6panHCb H3 [7]. 
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Ha puc. 1 noKa3aHo pacnpe.QeJteHHe 3Be3p; nony
qeHHOH Bbl60pK11 no cneKTp3JlbHbIM KJiaCCaM. KaK H 

O>KHAaJIOCh, OHO SIBHO HeMOHOTOHHO: KpOMe Hepery
JISlpHoit HeMOHOTOHHOCTH, CBS13aHHOit co CJiyqaH.HhI
MH KOJie6aHH.sIMH 'IHCJieHHOCTeH 3Be3A B coce,qHHX 
cneK-rpanhHhIX IIOAKJiaccax, 3aMeTHbI rny6oKue 

npoBaJibl Ha HHTepBaTJax cneKTpOB B7 - B8 e A5 - F5, 
npoHCXO)t(.r(CHHe KOTOpbIX HBHO HeCJiy'HWHO. IloCJie 
nepeBOAa B WKaJIY Mace C IlOMO~blO Ka;n16poBKH 
" cneKTp-Macca" H3 [8] OKa3b1B3eTCsr, 'ITO BX DOJJO
}KeHIDI coenaµ:aIOT C ynoM.sIHyTbIMH BO BBeµ:eHHH MH

HHMyMaMH CM. 

.D:n.S1 Toro trro61,1 H36e)K:aTb B03MO)({Horo BJIIDIHIDI 
cy6-1>eKTHBHblX <j>aKTOpOB, CBH33HHblX C KOMIIHIDITHB

HblM xapaKTepoM KaTanora [7], MhI cpaBHHJIH no OT
JJ;eJibHOCTH pacnpeJJ;eneHIDI no cneKTJ)aM ~JISI 3Be3A, 

BXO.r(SII.QHX B pa3J1Hl{Hble KaTanorH, IlOCJiy)KHBWHe HC
TO'IHHKaMH µ:aHHblX AJISI [7]. 0Ka3aJIOCb, 'ITO Ha HHX 

JaMeTHbl TaKHe )Ke MHHHMJMbI, KaK H Ha puc. l. EbinH 
paCCMOTpCHbl 3BC3,t:(bl, HMelOU\IIC TOJlbKO UBV-<poTO
MeTpHIO, MK-cneicrp1,1, nyqea1,1e cKopoCTH. 

fl 

200 

100 

0 0 B A F 

Pac. 1. PacnpeJI.eneHHe rro cneKTJ)aJibHhlM KJJaccaM 
8b!6opKH 3BC3A V KJtacca ceeTHMOCTH H3 a::a1-anora [7] C 
D3BeCTRblMH MK-cneKTpaMH, UBV-q>oToMeTpHeA n npo
crpaHcrseHHhJMH cKopoCTIIMH. Ami 3Be3,n, BXOJl.Sl~Hx e 
cocrae cKonneuHR, acco~Ha~Hlt H noS1c rynb)ta, rHCTO· 
rpaMMa JatcpaweHa. 
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Pe3ym.TaTht OTO)K.QCCTBJ1eH1u1 3Be3,q Haweii BbtOOplOI c 
0B-acCOQH31.\H.IIMH H MOJIO.QbJMH paCCC.IIHRblMH CKORJIC-

H~MM 

HoMep Ha3BaHHe accol(ua- t.IHCJIO 3Be3A B npe.Qe-
no [14] UHH emf CKOIDICHHSI nax 100 nc OT l(CH'I'pa 

I Coll 359 20 
4 Cyg0B7 2 

6 Lac OBI 1 

11 PerOB3 47 

12 PerOB2 2 

13 Mon OBI 2 

14 Ori 081 21 

16 Coll 121 2 

17 Coll 140 20 

18 VelaOB2 7 

19 Seo OB2 39 

20 M6 6 

03BeCTHO, tfrO B 6Jlll)({aH.IllHX OKpeCTHOCTIIX 
CoJIHJ..\a pacnono:>ICeHbI aecKOJihKO pacce.RHHbIX 3Be-
3AHbIX CKOilJiemm B acCOJ:\Ha~eu. CaMbie 6JIB3KHe 83 
pacceJIHHbIX CKOilJieHHH - 3TO BoJIOCbl BepoHHICB, 
rea.QbI II BonbmaR MeWJe~a (eHYTPH Koroporo 
HaxOAOTCSI CoJIHC'IHaR CHCTeMa). Ilepet.JBCJteHHbie 
CKOnJJeHHR HBJIJIIOTCSI ABH:>IC}'Il.\llMHCH, Il03TOMY AJUI 
oT6opa 38C3A - qneHOB 3THX CKOilJleHHB, KpOMe 
o61>1'1Ho ucnon1,3yeMbJX KOOPAlfHaT e cKopocreu, cy-
1.1.\CCTByeT AOilOJIHBTeJibHblA KpHTepeu [9]. OH Il03-
B0JIJ1CT BbUIBHTb 3Be3Abl, J(BIDK}'~HeCJI B npocrpaH
CTBe B TOM :>ICe HanpasneHHB, t{T() H CKOilJICHHC B l\C
JIOM. 0cnonb3Y" 3TY MCTOAHKY, a TaJOKe cpaBHHB 
npmtoyroJibHbie KOOp)'.lHHaTbl H KOMilOHCHTbl BCK
TOpoe neKy11srpm.1x CKOpOCTeB, Mbl 06Happot1Ill, 
'ITO 112 38C3A BXOWIT B COCT8B nepet.JBCJICHHbIX 

Z, nc 

400 

200 

0 

- 200 

. . 
-400 

-500 0 500 
X, nc 

PNC. 2. PacnpeACJlCHHe B OJlOCKOCTK 7.X 38C3A cneKT
panbHl,J,C KJtaCCOB O - B3. lliTJ)KXOBI.IMH JlHHHllMK BbJAC· 

neH no11c Iy111,Aa, oxpy)l(HOC'NIMH - 6nK)KaitWHe OB-ac
coQHal.{HH. 

CKOITJICHHH HJIH CBJ13aHbI C HHMH o6mHM J{BH:>ICeHBeM 
B llpOC1'paHCTee. 3TH 3BC3JtbI ynoBJICTB0pS110T YCJIO
BWIM nm1 rpynnoeoro J{BIDKeHIDI [9]: AV, s 5 KM/CH 
AE> ~ 10°. CooTBCTCTBeHHO o603BaqeHbl pa3HOCTB 
JIY'ICBbIX CKOpOCTeH B Il03BQHOHHhIX yrnoe co6CT
BeHHoro ABJPKCHIDI CKOWICHWI B l\eJIOM H np0BepJ1e
MOA 3Be3AbI. Pa.t{HaHTbl cKonneHHH 6paJIBCb H3 [8]. 

.r(JISI OTOJKJ{eCTBJICHIDI CO 3BC3J{aMB, BXOAHUUfMH B 
cocrae 3THX CKOrIJieHHH, Mbl HCilOJib30BaJIH KaTaJIO
m 3BC3A - 'IJICHOB cKonnemm Coma, UMa H Hyades 
(10 - 12). J,fa-3a MaJIOH t.JBCJICHHOCTH 3BC3A CKOITJIC
md't B Hamee. BbI60pKe, OHR He IlOBJIIDUlB Ha BHA pac
npeneneHWI Ha puc. 1. 

IlpHMCpHO TO }KC, llTO H O CKOilJICRIDIX, MO)K}IO 

CKa3aTb II O T - aCCOI\1181.\IDIX. PaccMa'I'pHBaJIHCb acco
l.\H31\HH Tau Tl, Tau T2, Seo Tl e Del Tl, 6JIH}Kaewasr 
H3 KOTOpblX HaXOAlfTCj[ Ha paCCTOSIHml 170 nc OT 
Connu;a. 3BC3A CIICK'I'paJibHOrO KJiacca F, 8 OCHOB
HOM HaCCJIHIOllUIX 3TH accou;eal.\HH, Ha TaKBX paCCN
OHIDIX B uamee Bbl OOpKe apaKTH'ICCKH HeT. IlpucyT
CTByeT He3H3'1BTCJibHOe qecno A-3Be3n, pacnono
:>ICeHHbIX B HanpaBJieHHH rpynnbI accoqeal(HH 
B0Jaeqero-Ten1,u;a. 

3. B-3BE3,IJ,bl: BJUUIHHE OB-ACCOU0AUI111 

3Be3W,I CilCK1'paJlbHblX KJI8CC0B B 1 - 83, o6pa3y
lOUUfe MaKCHM}'M Ha pee. 1, npencrasJIHJOT rpynny, B 

3H8\ffl.TeJibHoA creneHD HeonHoponH}'JO no ceoeMy 
COCTaey. "t!acrb B3 HIDC npHHa.Qne.xarr nomo, a npyraR, 
6om,maR 'laCTb, OB-acco~~ e no,rcy rym,na. , 

06~ee KOJIIACCTBO 3BC3A Bl - 83 B HameH 
Bbl60pKe 686. Mbl DCKJIJOlJHJIH 106 H3 HUX C neKy
mlpHl>IMH CKOpoCTJIMH, npeBbIWalOI.I.\HMH 60 KM/c, 
npepona KOTOpblX no CHX nop He BbISICHCHa [13] . .lla
Jlee, MbI npoeene oTo)K)leCTBneHee c " KaTanoroM 
3BC3.A, BXOASfll.\HX e COCTaB OB-accoQH~R u Mo
non1,1x cKonnemm" [14}. CpaeuueaJI11cb 3KBaropu
aJibHbie KOOP.AHHaTbI B 3Be3AHb1C BeJIU(UIHbl B q>DJJb
TPC V. 0Ka3aJIOCb, 'ITO 42 3BC3,AbI Hawe:e Bh16op1m 
BXOAS1T e COCTaB OB-accol.\Hal.\HH. KpoMe Toro, KaK 
noKa3an aHaJIB3, ell.\e 152 3Be3AhI, no seen: eepowr
HOCTH, paHee BXOAHJIB 8 RX COCTaa: OHR pacnOJIO:lKe
Hbl Ha paCCTOHHIDIX, He npeeb1ma10~ 100 nc OT re
OMCTJ)H'ICCKHX l.\eB1'pOB accou:eauu:u (Ta6JIBI\a). 

KaK BHAHO H3 puc. 2, 3Ha'tUITeJibHaH 'laCTb 3BC3A 
(285) pacnono:>ICeHa B IlpoCTpaHCTBe, 3aHHM8CMOM 
IlOSICOM ryJibAa, KyAa Ta.lOKe nona,QalOT H HeK0Top1,1e 
1!3 paCCM81'pHBaCMblX accoqHauri. TaKHM o6pa30M, B 
o6nacm MaKceM}'Ma Ha HHTepeane cneKTJ)aJibHbIX 
KJiaccoe B 1 - B3 AOJISI 3Be3A, He npHHaAne:>IC~ n~ 
mo, COCTaBmieT 6onee 70% OT 061.1.\ero me 'tlHCJia. 

0TaK, CCJIH rosopHTb O B-3BC3AaX nonsr, TO IlOCJie 
y'leTa 3Be3A, BXOASIIIU1X B COCTaB aCCOI\Hal.\BB, Il0S1Ca 
fyJibAa, H "6blCTponeTSII.I.\HX" 3Be3A, MaKCBMYM Ha 
HHTepeane B 1 - B3 npaKTH'leCK.H noJJHOCTblO ucqe3a
eT B pacnpeAeJieHee no cneKrpaM npHo6pereT rn_aA
KHH BHJ:t. TaKHM o6pa30M, " nposan" Ha HHTepsa.ne . 

ACTPOHOMWIECKI-IH )l(YPHAn TOM 72 M 6 1995 
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B7 - B8, o6Hapy)KeHHbIH B pa60Tax (2, 3] n He nony
'iHBlllHH .no CHX nop Ha_ne)K}IOro 06'bS1CHeHID1, CBS13aH 
C npHMeCblO 3Be3A, He npHH~Jie}[(a~HX IlOJIIO. 

OrMeTHM, 'iTO puc. 2 Il03BOJISieT c.nenaTb o~eHKY 
pa3Mepos nosrca fyn1,.na: rro Z-KoopromaTe OH npo
CrBpaeT(;j{ OT - 200 .no 100 nc, a no paCCTOSIHBIO OT 
Coirnua - .no 400 nc. 

4. A,F-3BE3JJ;bl 

Ha puc. 3 noKa3aHbI pacnpe.ne11eHID1 3Be3A no 
cneK'rpaJibHbIM KJiaccaM H3 KaTanora 3ee3,nm,1x 
HAeHTH(pHK~H [7) H KaTanora HD [15). 3Be3AbI 
pa3JIH'IHbIX KJiaCCOB CBeTHMOCTeH BbIAeJieHbl B OT
.nenbHbie rpyIIIlbI. KaK B~HO H3 puc. 3a, OCHOBffYIO 
Macey 3BC3A COCTaBJISIIOT KapJIHKB H raraHTbI, KOTO
pbte pacnpe,neneHbI HepaBHOMepao: KapnHKH KOH
qeHTPHPYIDTcsr oKono cneKTPaJibHbIX KJiaccoe AO H 
F7, a reraHTbI - oKoJJo KO. CeepxruraHTbI MaJJO'fflc
neHHbI H Ha q>opMy f'HCTOrpaMMbl He BJIHSIIOT. 

TaKHM o6pa30M, A3HHbie H30JIIOACHHH CBH,ne
TCJibCTBYIOT O TOM, 'l{TO pacnpe.neneHHJI 3Be3A no 
cneKTPaJJbHblM KJl3CC3M SIBHO HeMOHOTOHHbl B Ka}K

AbIH H3 M3KCHMyMOB CBS133H CO 3Be3AaMH onpeAe
JieHHoro KJiacca CBeTBMOCTH. JJ;eq>HUHT K3pJIHK0B co 
cneKTPaMH A5 - F5, xopowo 3aMeTHbIH Ha pHc. 3, co
OTBeTCTByeT HHTepeany Mace 1.5 - 2.5 Mo a .naBHO 
o6cy:>K,QaeTCS1 B JIHTeparype (CM. BBe.neHBe). Mbl xo
TDM o6paTHTb BHHM3HHe JIHWb Ha TO, 'ITO yKa3aH
HLIH Aeq>HUHT xopomo 3aMeTeH Ha pacnpe.neneHHH 
3Be3A ecex KJl3CC0B CBeTHMOCTeH, XOTSI OH o6yCJIOB-
JieH TOJlbKO KapJIHXaMH. . 

Hcxo,i:vr B3 CK333HHOro SICHO, 'ITO, Bo-nepBblX, 06-
cy)K.naeMble B A3HHOH pa6oTe oco6eHHOCTH cneKT
pam,HblX pacnpe.neneHHH xapaKTepHbI H Ami cneK
TPa Mace H, BO-BTOpblX, AJISI HCCJieAOBaHHSI cneKTPa 
Mace MO)KHO HCnOJib30DaTh He TOJlbKO cnerrpaJib
Hble KaTaJIOI'H, Il03BOJUll0mHe JierKO BbmeJISITh Kap
JIHKH, HO H (pOTOMeTJ)H~IeCKHe KaTaJJOrH, B KOTOpblX 
Pa3AeJieHHe 3De3A no KJlaCcaM CBeTHMOCTeii 3a'rpy](
HHTeJlbHO. 3To BIDKHO no TOH npH11HHe, 'ITO B HaCTO
srmee BpeMSI (pOTOMeTPuqecKHe J{3HHhle 3H311HTeJib
HO npeBOCXOASIT no 'IHCJieHHOCTU cneKTJ)aJJbHbie: 
TaK, B [ 16] OKOJIO TJ)eX MDJIJIBOHOB 3Be3A HMelOT 3Be-
3AHble BeJIHqBHbI, npH6JIH3HTeJibHO COOTBeTCTBYIO
~Be l(BeTaM B H V cuCTeMbl UBV, TOrAa KaK 3DC3A c 
MK-cneK"rpaMD HaC'UITLIBaeTCSI OKOJlO CTa TblCSl'I [7]. 

Bo3HHKaeT eonpoc, He CBS13aHa JIH HeMOHOTOH
HOCTb pacnpe](eJieHHSI 3Be3A no cneKTpaM C KaKH
MH-JIH60 oco6eHHOCTSIMB C3MOI'0 CTaporo cneKT
paJibHOrO KaTanora HD (15], cTaemero 6a30BbIM 
AJI.SI 60JibillHHCTBa COBpeMeHHblX cneKTPaJibHblX 
KaTaJIOf'OB. HanpHMep, B [ 17]-0KOJIO 40% 3Be3A HD, 
e (18] - 80%. Kax BHAHO H3 pHc. 36, s HD .s1uao Ja
MeTeH o6cy~aeMbIH Aeq>:murr 3Be3A Ha HHTepsane 
cneKTpaJibHhIX Knaccop A5 - F5. 

OCTaeT(;j{ He cosceM SICHOii npH'l{l{Ha pacxo)l(,llemur 
rnCTOrpaMM Ha pee. 3a H 36. Ha nepsoA (CSI) MbI BB-
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Pee. 3. PacnpeAeneuHe no MK,cneKTJ)&M 3Be3A KaTil
nora [7] (a) H KaTanora HD [15) (6). HenpepbIBHaR JJH· 
HHS! - KapJIHKH. UJTPHXOB~UI - rHraHTbl, 38Kpaweua fHC
TorpaMMa Ami csepxruraHTOB. 

ABM TPH MaKCHMYMa, a Ha eropo11 (HD) - TOJibKo ABa. 
BnoJIHe BepO.SITHO, 'ITO 3TO OTJIHtJHe CBS13aHO C He
TOtJHOCTJIMH cneKTP3JibHOH KJJaccm:pmca~BU B KaTa
JIOre HD. TaK, cornacHo oQeHKaM omu6oK cneKT
. paJibHOH KJiaccBq>HKa[\HB KaTanora HD, c.nenaHHbIM 
B (19] II)'TeM cpaeHeHIDI ,-aHHhIX H3 'rpCX He3aBHCH
MbIX KaTanoroa, Ha cneKTPaJibHOM mrrepeane F5 - G5 
onm6Ka COCTaBnBeT 3.7 cneKTPaJibHbIX noAKJiacca, 
TOI'Aa KaK Ha COCeAHHX HHTepBaJiax OHa He npeBb[
waeT 1.8. TaKHM o6pa30M, HeMOHOTOHHOCTb Ha HH: 
TepeaJie F5 - G5 Morna oKa3aTbC51 "3aMbIToii" H3-3a 
OWH60K B cneKTPaJibHOH KJlaCCH(pHKaU:BH. 

CTaTHCTHKa, DpOBOAHMaSI no 3Be3AaM KaTaJiora 
HD, MQ)KeT OKa3aTbCSI HCKa)l(eHHOH cy6oeKTHBHhlM 
oT6opoM 3Be3A, a TaK:>Ke orpaHH'leHHOH 'IY9CTBH
TeJibHOCTblO q>OTOMaTepHaJIOB Toro BpeMeHH K "3e
JieHblM" Jiy'iaM. KaK B3DCCTHO, pa6oTa no C03A3HHIO 
KaTanora HD Haqanach a KOHUe npownoro BeKa 
npaKTWieCKH OJlHOBpeMeHHO C IlOSIBJieHHeM aCTpo<f,O
rorpa¢1m. IlpH 3TOM noJJHoTa KaTanora o6ecne,mea
nac1, AO npeAeJibHOH 3Be3AHOH BeJIH'tfflHbl mv = 8.25m. 
KaK B3BeCTHo [20], cneKTPaJJbHaSI tJYBCTBHTeJibHOCTh 
(pOT03MyJibCHH s').. Ha HHTepsane ,t{JIUH BOJIH OT 
4000 AO 5000 A, Ha KOTopoM o6bitJHO npoH3DOAHTCB 
cneKTPaJIE,HaSI KJiaCCH(pHKaUIDI, YMeHbWaeTCSI Ha Be
JIH~HY lg(S4ftX>/S5f1X)) = 0 .5 . B 3Be3AHhIX sennqHHax 

3TO COCTaBHT &11 = 2.5Ig(S4ftX>/S5000) = l.25m. licxoASI 
H3 3TOH ou:emrn, MO)KHO 61,mo 6bI 0)KHA3Tb IlOHIDKe
HIDI mv Ha BeJIHtJHHY &11 H naAeHHJI 'IHCJieHHOCTH 

3Be3A, MaKCHMYM H3Jiy'leHIDI KOTOpbIX npuxo;a:HTCSI 
Ha HHTepean t;.'A. ::.. 4500 - 5000 A (" 3e~ett1,1x" 3ee3.n). 
BeCbM3 KCT3TH, 3TO OKa3b1B3IOTCJ1 3Be3JJ:bl cneICTpaJib
HblX KJJaccos A5 - F5. O;a:ilaKo TaKoro He npoucxo;a:BT 
no cne.nyio~ npH'IHHaM. Bo-nepBblX, cneKTPaJib~ 
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PIie. 4. Pacnpe.neneHHe no MK-cneK-rpaM 3BC3A V Knacca 
CBCTHMOCTH H3 KaTanoroB [17) (a), f)8) (6) H (21 ). 
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Pac. 5. Pacnpe.neneHH!I no 8- V 3Be3.l{ KaTanora TIC [ 16]: 
I - see JBCJJU,1 c HJsectHbIMH B H V (354 754 JBeJ,n), 2 -
3BC3Abl Rp•1e gm (26282 38C3Ab1). fna,nKaA KpHBall - TCO· 

peTl.f'ICCKOC pacnpe.neneHHe (CM. TCKCT). 

HaJI uaccu<t>HK~ Ilp0H3BOAHT01 no HJITeHCBBHOC
TIIM cneK1'Pam,HhIX nHHHB, pac~OJJO}KeHHhIX Ha BCeM 

HHTepsane OT He ;n:o Hy, a He no TOM}' y'laCTKY cneK
TJ)a, r;n:e HaXO;D;HTCJI M8KCHM}'M H3ny'leHIUI. Bo
BTOpbIX, npero;n:HOCTb cneKTp<>rpaMM Ha <pOTOnnac
THHK.e JJ;JISI xnaccB<t>uxa~e onpe11:eID1eTcS1 B nepay10 
O'lepe;n:b SlpKOCTblO 3BC3Jl;bl, a He ee IJ,BeTOM. 

BJIHSIHHe cy6'beKTHBHOCTH npOSIBJI.ReTCSI ope co
CTaBJieHHH nporpaMMbl Ha6n10;n:emm, B 'laCTHOCTB 
npe no;n:6ope 3KCil03~ AJUI HCCJie;n:yeMOH 3Be3,nhI 
H 3BC3Ab1-CT8HJJ;apTa, pacnoJIO}KCHHblX B OJJ;HOA H 

TOH }Ke o6nacm ae6a. no seen aepoSITHOCTH, 3To 
y;n:ae'l'Cjl c;n:enaTb He ;n:mt ecex 3Be3;n:. Tax:, paccMaT
peBaJI 3BC3;D;Hb1C K3pThl K KaTanory [21] , Mbl o6Hapy
)l(HM, 'ITO ;n:aJieKo He Bee ;D;OCT8TO'IHO JIPKHe 3BC3;D;bl 
nonanu B K8TaJIOr. 06paTHBWHCb K pee. 4, Mbl BH
AHM, 'lTO pacnpe;n:eneHIDI no cneK,-paM, nOC'l'poeH
Hbie AJUI coepeMeHHbIX KaTaJioroB, B TOM '!Bene B 
Ami [21], HMCIOT CXOAHblH BHA, BepHyBIUHCb K puc. 3, 
MO}KHO y6eAHTbC.R, 'lTO aaanorH'IHblH BB1!: HMCIOT H 
pacrrpeAeneHID1, nocrpoeHHbie no KaTanoraM CSI H 
caMOMY crapoM}' B3 cneKTJ)anbHbIX KaTanoroa- HD. 
0 pa3JIHqHu B 'lHCJie MaKCHM}'MOB roeopRnOCb 
BbIWe. Hy}Kffo A063BHTb JlHWb, 'lTO pacnpeAeJieHWJ 
Ha pHC. 4 nocrpoeHbl AJISI K3pJIHK0B U no 3TOH npH
"tlBHe B HHX M3JIO K-3BC3;D;. CneAOBaTeJibHO, ecne K3-
KaJI-JJH6o cy6'beKTBBHOCTb npH OT6ope 3Be3A AJISI 
cneKTJ)aJlbHOH KJiaccu<t>RKal.(HH cy~eCTayeT, TO OHa, 
CKopee scero, OAHHaKOBa ;D;JISI acex cneKTJ)aJlbHhIX 
KaTaJJOroe. 06~eA qeproe 3THX KaTaJIOrOB SIBJISleT
CSI HeMOHOTOHHOCTb cneKTJ)8.nbHblX pacnpeAeJieHd. 

3a;n:a;n:HMCj( BOnpoCOM O TOM, He SIBIDICTCSI 11H yno
MSIHyfaJI BbIWe 38KOHOMepHOCTb ceoACTBOM TOJibKO 

cneKTJ)aJlbHblX KaTaJJoroe. Ha puc. 5 npe;n:CTaBneHbI 
pacnpeAeJieHHSI no noKa3aren10 qaeTa B-V, nony'leH
Hbie no cf>oToMeTJ)ll'IecKoMY KaTanory [16] (TIC). 
Ilocne):\HUH SIBJUleTQI HaB6onee IlOJIHblM <t>oroMeT
pH'!eCKHM KaTaJIOrOM npu6JIH3HTCJlbHO AO B = 12.8m. 
IloKaJaTeJih ~eTa B-V AJISI Hamux I.(eneii aHanoru
qeH cneKTPY, IlOCKOJibK}' o6a SIBJI.SUOTCSI TeMnepa
TYPHblMH xapaKTepBCTHKaMH 3BC3AHb1X aTMOC<pep B 
HMCIOT OAH03H8t.lffYIO B3aHMOCBSl3b [8]. 3aBHCH
MOCTb Me)K,lzy HBMH HeJIHHeHHa, HO OH3 He npHBOAHT 
K AOilOJIHHTCJlhHOff HeMOHOTOHHOCTH cneKT
paJibHbIX pacnpeAeJieHJIH [22]. B OTJill'IHe oT cneKT
poe, IlOKa3aTeJIH I.(BCTa IIOABCp}KeHbt BJUUIHHIO no
rno~eHIDI ceeTa Me:lKJBe3,l'.(HOH cpeAo~. TaK, eene:
'lHHa noKpacHeHHSI B cpeAHeM COCT3BJI.SICT 0.6m /Knc 
Ami 3BC3A paHHHx cneKTJ)aJJhHhIX KJiaccoe. 3a c'leT 
IlOKpacHeHIDt B-3Be3Abl Ha rHCTOI'paMMe J Ha pee. 5 
CABHralOTCSl enpaeo, npHBOASl K HCK3}KeHHIO HCTHH
HOro pacnpe;n:eneHIDI. TaKHM o6pa30M, 3Ta rHCTO
rpaMMa BCK8}KCHa BJIIDIHHeM norJIOII\CHWJ ceeTa 
MC}KJBeJ;n:Holl cpe;n:oit H AaeT nelllb caMoe o6~ee 
rrpeACTaeneHee o 3Be3AffOM coCTaee TIC. Ilpu nepe
xo;n:e K npe;n:eJihHOH 3BC3,l'.(Hoii eenwnme B0 = gm BJIIDl
aue noKpaCHeHIDI npaKTUqeCKH HC'le3aCT, nOCKOJlbKY 
OCTalOTCR TOJibKO 6JIH3KHC 3Be3,l'.(bl: rRCTOrpaMMa 2 
Ha puc. 5. ITo BRAY OHa OK83b1BaeTCSI noxoX<eH Harn-
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crorpaMMbI .nm1 cneKTpaJibHbIX KaTanoros, npese
AeHHbte Ha pee. 3: IlO.smIDIIOTCSI T()H 6onee BJID Me Hee 
Bblpa)l(eHHbIX MaKCHMyMa npH B- V = 0.3 u 1.0. 
IlocneAHHH o6ycJIOBJieH rHraHTaMH. Ha HHTepua
ne B-V = 0.1 - 0.3, cooTBeTCTBy10~eM o6cy~aeMo
MY cneK-rpanbHOMY HHTepeany A5 - F5, 3aMeTeH Ae
<l>HJ.:(IIT 3Be3A. 

.IJ:onomurrenbHoe noATI)ep)l(AeHHe cy~ecreoeaHID1 
3TOro .ne<l>m.\Wra ,naeT cpaeueHHe mcrorpaMMb1 2 c re
opeTe'leCKRM pacnpe.neneHHeM, TaK)l(e npuse,nee
HbIM Ha puc. 5. 0Ho rronyqeao B paMKax MOAeJJH 
3Be3,qoo6pa30BaHWI B OKOJIOCOJIHe\JHbIX OKpeCTHOC
T.SOC C DOCTOSIHHblM TeMilOM 3Be3,noo6pa30B3HWI H 

connHTepoBCKOH Ha'tlaJibHOH <l>YHKI.\HeH Mace [23) H 
npe,ncrasm1eTcsi cpopMynoa 

n = kM" 135
'tv0dlgMl 2P, (1) 

r,ne n - 'IHCJIO 3Be3,q Ha HHTepBaJie Mace OT lgM AO 
lgM + dlgM, 't - BpeWI )KHJHH 3Be3Abl, P- paCCT0$1HHe 
OT raJiaKTH':lecKOH IlJJOCKOCTH, Ha KOTOpoM 3Be3AHas1 

n.rroTHOCTb y6bIBaeT B e pa3, v0 - o6oeM cq>ep&1 non-
o.2cs -M >+ 1 

HOH HCt.1epnaHHOCTH C paAHYCOM ro = 10 ° B H 

k - K03<l>q:>HL(HeHT HOpMHpoBKB. 3Ha'leHHe npe,neJJb
HOH 3Be3AHOH BeJIH':IHHbl BbI60pKH Bo = gm TO )Ke, 
qTo U AJI.SI BbI6opKH, HCil0Jlb30BaHHOH nm1 nocrpoe
HIUI rucro rpaMMbl 2. <l>opMY na ( 1) nony'leHa nyreM 
nepexo.na OT 3Be3,I{HOH nnoTHOCTH p ::: ktM-1.3S, 
BblpIDKeHHOK qepe3 <PYHKQHIO 3Be3noo6pa3oBaHIDI, 
K qucny '.3Be3,n. CT pH 3TOM HCilOJib30BaHa CB83b l11IOTHO
CTH CO 3Be3AHOH ':IHCJieHHOCTblO H napWiaJibHblM o6o
eMOM, 3aHHMaeMbtM 3Be3AaMH }'Ka3aHHOro BbIWe HH

TepBaJia Mace p = 2f3n/ vcfllgM. Ilony':leHHasr KpHBM 
nepeeeAeHa H3 wKaJlbI Mace K cneKTpanbHOH mKane 
C nOMOll.\blO KaJIH6pOBKH " cneKYp-Macca" H3 (8). 
Pe3Koe pacxo~eHHe AaHHOH KpHBOl't c Ha6JI10AaeMoii 
(mcrorpaMMa 2) J:(Jljl 3Ha'IeHHH 8-V > 0.5 Bbl3BaHO 
npHCyTCTBHeM rHraHTOB (TeopeTHqecKaSI KpHBaSI 

Y'HITblBaeT TOJlbKO KapJJHIGI [23]). 

BepHeMC8 K " nposany" Ha HHTepBaJie A5 - F5. 
CTpH cpaBHeHHB fHCTOrpaMMbI 2 Ha pHC. 5 c Teope
TJl'IeCKOH KpHBOH OH QTqeTJIHBO 3aMeTeH, 'IeM KOC

BeHHO nOATBep)l(.naeTCSI ero 3HaqHMOCTb. npoeeCTII 
KaKyJO-JIH60 AOilOJIHHTeJlbH)'IO npoeepKy 3aTpyAHH
TeJtbHO, nOCKOJlbKY, Bo-nepBblX, TO-....HOCTb npHBeAe
HHblX s TIC 3Ha'leHmi B-V, paBHaSI 0.1 , He noJBOJJSI
eT yMeHbWHTh war recrorpaMMbl 2 H, 80-BTOpblX, 
H3-3a 3cpcpeKTa Ha6JIJOJ:(aTeJJLHOH ceJJeKI,\HH TPYAHO 
HCnOJJh30BaTb Ka KHe-JJH60 ,npyme cpoTOMe-rpHqec
Kne KaTaJJOrH. TaK, 8 [24] noKa3aHO, ':ITO B OCHOB
HbIX KaTanorax UBV-cporoMeTpHH CJia6b1e 3Be3AbI 
pacnono>KeHbI B6JIH3H pacce.s:rHHbJX CKOnJJeHHH, ac
COU,H3[.\HH 0 H36paHHhIX o6naCTeH He6a, B KOTOpbIX 
pacnOJIO)f(eHbl q>oTOMeTpH':leCKRe CTaH,napTbl. no 
3TOM npH'IHHe peJyJlbTaTbl CTaTHCTHKH 6y:rzyT HCKa
>KeHbl Il0BbIUieHHOH AOJieH 3Be3A - qJieHOB CKOnJJe
HHH H accou.0au.eA. TaKBM o6pa30M, CJiei:i;yeT npH-

3H3Tb, 'lTO B TIC, Tax )Ke KaK H B cneKTpaJibHbIX Ka
Tanorax, cyll\ecrsyeT )le4>~HT 3Be3A cneKTpaJibHbIX 
Knaccoe A5 - F5. 

5. BblBO.IJ:bl 

H TaK, Mbl 110K333JJH, 'ITO B BbJ6opKe 3Be3):l IlOJljl 

npHMecb 3Be3A B3 OB-acCOI.\HaqHe H no.Rea fyJILAa 
npHBOABT K HCMOHOTOHHOCTII cneICTpa Mace Ha BH

Tepsa11e cneKT()aJibHbIX Knaccoe B7 - B8. TOT cpaKT, 
lJTO IIOCJie HX yqeTa HeKOTOpbIH B36bJTOK paHHHX 
B-3Be3A IIOJISI ocraeTCSI, CBHAeTeJibC'rBYeT O TOM, ':ITO 

qaCTb HJ OCTaBilIHXC.R 3Be3A TaIOKe BXOAJIT B COCTaB 
no.Sica Iynb,na u OB-acco~uau.uu. 

necpUI.\HT 3Be3A Ha HHTepsa11e CilCKTpaJibHbIX 
KJJaccos A5 - F5 ocraeTcSI Oll.\YTHMbIM no AaHHbIM 
Hau6onee nonHoro B HaCTo~ee epeWI cp<>ToMe-rpu
qecKoro xaTanora TIC. T aKHM o6pa3oM, 3Ta oco-
6eHHocr& cneKT()a Mace He CBS13aHa c TeM, KaKoro 
THna KaTanor HCilOJJbJyeTC.SI: CDCKTpaJlbHbIB. HJIH 

q>oroMe-rpeqecKHii. 

AeropbI 6naro)lap.SIT PoccHHCKHH <l>OHA q:>yHAa
MeHTaJibHbIX HCCJieJ(OBamm: 33 4>HH3HC0BYl0 no.n
Aep)KKY (KOA npoeKTa 95-02-04260). 
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CBEPXTOHKA.JI BPEMEHHAJI CTPYKTYPA BCilLimEqnoro 
PA,Llll0113JIY'IEHIDI COJIHUA KAK OTPAJKEHHE 

fHPOCHHXPOTPOHHOH HEYCTOIIIJIIBOCTH 3JIEKTPOHHLIX 
fiyqJ{OB 

© 1995 r. A. ff. Mocyeoa, IO. E. "'lapHKOB 

4'u3UK()-mexHu'leCKUU uxcmumym UM. A.<t>. Ho<j)(j,e, CaHKm-llemep6ypz, PoccUR 

Ilocrymrna e peAaKl.{RIO 04.10.93 r. 

CTpeAJIO>KeHa RRrepnpeTal..{HII BCnbJWe'IHOl'O MHKpoBOJIHOBOl'O paABOH3JIY'leHIDI CoJIHJ.~a C TOHKOH epe

MeHH6H CTJ>YKTypOH mpOCHHXpoTJ)OHHblM M33epHblM MCXaHHJMOM. IlonrreHbl 3Ha'fCHID1 AJJII KOact>ct>H

QHeHTa DOrJIOII.(CHHJI ~j H HJJly'laTCm,HOH cnoco6HOCTH a«Jj 06blKHOBCHHOA H ueo6b1KH0BCHH0H BOJIH B 

XOJIOAHOH MarmrroaKTBBHOH IlJI33Me C rayCCOBCKHM ny'IKOM 3JICK1'p0H0B yMepeHHO pe1UITBBHCTCKHX 

3HCprHH. IloKa3aHO, 'JTO B AHCKpeTHblX }'3K0DOJIOCHb1X o6naCT.RX '13CTOT BOJJOTb AO CC,AbMOK rapMOHRKH 

rHpolfaCTOTbI A1UI yrnoB Ha6JIIOACHIUI (X > 70° KOScJ>q>HJ..{RCHT µ <Dj OTpHQaTenCH, T.e. B03HHK3CT rHpoCHHX

poTJ)OHH311 ueyCTOH'lHBOCTb, npHBOWlll(a.R K Ma3CpHOM}' MexaHH3My reuepal.(HH H3JIY'ICHIDI He06blKHO

BeHH.bJX BOJIH B nJI3.3Me. Jln,r 06bIKHOBeHHbJX BOJIH A,HaTI330H 'I3CTOT )')KC - OH orpaHB'1HB3eTCJI nepBblMlf 

TJ)CM.R rapMOHHK3MH. Koag>q>HUHCHT YCHJICHH.R H3JIY'ICHIDI COCTaBJI.RCT 1 ()3 ff 6onee, "ITO n 03BOJIJICT 06'h
.SICHHTb SlpKOCTHYJO TCMnepaTypy OTAeJibHblX cnaHKOB (1013 Ke BbIWe). HenHHCHHa.R penaKCal..\HJI nyqKa 

6blCTpbIX 3JieKTJ)OHOB orrpe~CJilleT H3Cblll(CHHC rBJ)OCHHXpO'I'pOHHOJ'O Ma3epa H, TCM caMblM, AJIHTenb 

HOCTb OTACJibHOro cnanKa. 

1. BBE_AEHHE 

B noCJieAHHe AeC51THJJeTIDI. nonyqeHbI Haomo,na
TeJibHbie pe3yJILTaTbI, CB~eTeJJbCTBytOW:He O HaJIH
'IHH TOHKOH BpeMeHH6H CTp}'K1)'pbI MHKpoBOJl
HOBbIX BCilJJCCKOB ( cnaiKOB) C xapaKTepHblM BpeMe
HCM IlOPjlAKa HCCKOJib.KHX MHJIJIHceKyHA BO speMH 
B3pbIBHblX npo~eccoB Ha Conm:(e H 3BC3J:(aX ( CM. Ha
npRMep, o63op [ 1 J. a TaJOKe [2 - 6]). Cnaiim - 3TO 

' KpaTKOBpeMeHHbie (AnHTeJJbHOCTb MeHee COTOR ce
K}'HAbl), y3KononocH1>1e (nonoca OT 2 ,qo 15 Mraj, 
omenbHbJe BCilJJCCKH, o6oeAHRCHHbie B rpynnbI B 
KOJieqeCTBe OT eJJ;~ AO TblCH'I B qaCTOTHOH IlOJIO
ce CBbIWe 100 Mn:i;. CneAyeT OTMeTHTb, 'ITO IlOAOO
HruI CTJ>YKT)'pa ua6JIJOAaeTC51 Ha qacroTax OT COTeH 

, MI'u; AO J:(CCHTKOB rr.q [7]. HaHOOJiee xapaKTepHblH 
npD3HaK cnaifKOB - ax HeperymtpHoe pacnpe.nene
uue Ha AHarpaMMe "-qaCTOTa-epeMH", noKaJbIBaJO
w:ee OTC)'TCTBHe BpeMCHHblX RJIH qaCTOTHblX KOppe
mn:i;HA Me)K,zy pa31rnqHbIMB cnamcaMH. B CTpyxrype 
OTAeJI~HblX cnaHKOB OTMeqaeTC.R AOBOJibHO Kpyroe 
HapaCTaHHe, KOpOTKruI cpa3a H3Cbll~CHIDI H 3KCilO
HeHI~HaJibHblH cna,q [8]. l13MepeHB51 Ha q>HKCHpoBaH
HOH qacTOTe He o6Hapy>KHBalOT KOppem1~10 Me)K
AY Il0CT08HHOH cna,qa R o6w:ee AJIHTCJlbHOCTblO 
crraiiKa, 'ITO npeAIIOJJaraeT HC38DHCRMOCTb q>B3H1Ie
CKHX npou;eccoe Ha 3THX CT3AH51X. TalOKe cne.nyeT 
OTMeTBTb p a3JIB'1He epeMeH CilaAa cnaihcoe H H3Jly
qeHWI III Tuna. 

CneAy.R [9]. npHBe,neM OCHOBHble pe3yJibT3Tbl no 
nom1pu3a~HH cnae:Koeoro u3nyqeHID1. AHa1103 

911 

scnnecKoB AaeT pacnpeAeneHne no creneHH Kpyro
soit Il0JI.S1pH3ci_qHH, 6JIH3KOe K paBHOMepHOMY: OT 
-95% (RCP - npaerui xpyroea" nomq,e3aqm1) AO 
+ 75% (LCP - neeaJI xpyroeaJ1 nonsq>H3al.{WI). B Hc
TO'IHHKe KapTBHa MO}KeT 6bITb HHOH, ecJIB yqeCTb, 
qro npn pacnpocrpa.HeHHH u3ny11eHm1 ero creneHh 
norui:pu3al.(H.B B3MeWleTCH, T.K. npoXOAUMruI BOJIHa

MH TOJIII:(a 3aBHCBT OT JIOKaJIH3a~HH HCTOtJHBKa Ra 

p;ecKe ConHq a. Ilo,J:to6Hb1H npoi:i;ecc MO}KeT yMeHb
WBT'b creneHL non"pe3aI:i;HH cnaAKoe, reHepepye
MbIX Ha JlBM6e CoJIH~a no cpaeHeHHIO C u;eH'fPaJlb
HbIMB co6bITIDIMH. B caMOM )'.(ene, BblCOKruI creneHb 
nomipB331:i;HB (>60%) OTMeqaeTCSI AJJB MaJiblX re
JlHO~eH'fPIPieCKHX yr JI OB <I> < 20°' a HB3KcUI - AJUI yr
JIOB <I>> 40°. PaCCMOTpRM HHcp<>pMax:i;mo O xapaxTepe 
I10JI.RpH381J;HH H MOAax BOH. ABTOpbl [9], aHaJIH3upy.sr 
ecnnecKu B nepeoA c 24 .neKa6p$1 1977 r . no 26 ceH
n16p.R 1989 r .. o6Hapy)l(HJIH 8 19 CJiy'lrutX B3 32 
(68%) npucyrCTBee X-MOAbI, a 9 CJiyqruix - 0-MOAbI, 
a e 4 CJiyqrua THil BOJIHbl He 6bm orrpe.neneH. ECJIB 
H.3 3TOI'0 \fHCJia OCTaBHTb TOJU,KO BCUJJCCKH, corrpo
BO}l(AaeMble u3nyqeHHeM ill nma, To e 13 cnyqasrx pe
recrpHpoeanocb B3nyqeHBe X -MOAbI, B 7 CJIY'lruIX -
0-MOAbJ. CpaeHeHHe c conyTCTBYJOI.I.U™B ecnnecKa
MB ffi THna $1Bm1eTC.R B03MO)KHblM TeCTOM onpeAe

neHIDI MOAbl BOJIHbl B cnairKOBOM H3JiytJeHHH, eCJIH 
npH 3TOM npeAD0JJ0)KHTb rrpOCTpaHCTBeHH)'JO CB.R3b 

o6oux BBAOB 3MHCCHH H y'leCTb, 1ITO 06bIKH0BeHHruI 
BOJIHa OTBe"laeT 3a m THII, 0Ka3a]IOCb, qTo B cnaH
KOBOM H3nytJeHBB B OCHOBHOM pereCTpepyeTCji He-
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o6hIKHOBeHHrut Mo.n:a - e 68% cnyqaee npu npouc

xo~eHHH BCITbllllKH Ha)); nHAHPYIO[ql{M m1THOM aI{

THBHoa: o6nacTH u B 79% cnr1aeB npu npoHcxo~e
HHH BCilbIWKH Ha)); IDITHOM, 6JIH}KaHUIHM K ~eHTpy 

H3nytteHH$1 H0 • 

He MeHee Ba)KHb[M .SIBJUICTC$1 sonpoc O BpeMeH

HOH KOppeml~HH crraBKOBOro H )KeCTKoro peHTre
HOBCKoro H3JiyqeHHH, IlOCKOJlbKY OHH CKopee ecero 
onpeAemnoTCjl OJ:(HDM H TCM )KC areHTOM - Ha,D;Ten-

110BbIMH 3JICKTpOHaMH. CosMeCTHbIB aHaJIH3 .n:aH
HblX paAHO- H peHTfCHOBCKoro H3JIY'leHIDI [10) noKa-

3aJI BbICOKYIO KoppenHpOBaHHOCTb cmmKOB H mmym .. -
COB AAA MHOrHX BCIIbIWCK. Oco6o OTMeqaeTCSI <j>aKT 

HaJIHqJI.ff epeMeHIU.IX 3a,D;Cp)KeK - cnaHKH paAHOH3-
nyqeHWI 3a):{ep}K3Hbl Ha HCCKOJlbKO ceKyHA no OTHO

weHHIO K HMilYJibcaM peH1TeHOBCKoro wrryqeHBH C 
3Hepn1eil 6onee I 00 K3B. 3To epeM.sl aa nop_smoK oT

JIH'-laeTcH OT epeMeHH <j>opMHpoBaHIDI pacnpe.n:ene
HIDI 6blCTpb1X 3JICKTp0H0B mna KOH}'ca noTepb (,D;JISI 

Ma3epHoro 03ny11eHW1), ecnu npHH$1Tb re:noTe3Y o 
e,D;HHOM areHTe H3JIY'ICHIDI, H CBHAeTeJibCTByeT O CB.ff-

3H cnaHKOB C BbICOK03HeprK'!HblMH 3JICKTpOHaMH. 

CucTeMaTH3HpyeM BbIBO)l;bl, cne.n:yJOm;He H3 aHa

nH3a Ha6JIIO,ll;aTeJibHblX ,:taHBbIX: 

1. MunnuceKyHAHble BCilJICCKH MHKpoBonHOBoro 
H3JiyqeHIDI Ha6n10.n:a10TC.R TOJlbKO BO BpeMH BCilbl

lllCt{HbIX co6h(THH. 

2. CmrnKH perHCTpHpYIOTCH npHMepHO e 30% 
COJIHC'1HhlX BCilbIWCK. 

3. BenuqeHa pa,D;HOilOTOKa B MaKCHMyMe qpe3Bbl

qafmo BblCOKa, JlJISI p~a cnaHKOB OHa MO)KCT AOCTH
raTb 3Ha'1emtii 1()4 - 105 c.e.n. HanoMHHM, '1TO s con
He qH&1x BCilbIWKaX BeJIHqHHa IlOTOKa He B cnaH

KOBbIX c-rpyKrypax o6bl'-IHO KOJJe6neTCSI OT CJ:i:H~ 
AO COTeH c.e.n., a <j>OHOBOC H3Jiyqeaue o6bI'1HO Me

Hee l c.e.n. 

4. tJacroTHaSI nonoca H3Jiy1IeHID1 cnaHKOB nopstA

Ka HeCKOJJbKHX COTeH Mf~. 
5. Ha6n10,IJ.anHcb cnrrnn nonHoii, qaCTH'-IHOH u 

HyJieBOH KpyroBOH non.s1pu3a~HH 6e3 BH}:i:HMOU 3ase:

CHMOCTH OT lllHp<IThl. 

6. B MopcponorHH TOHKOH CTP)'KTYPhI qam;e ece
ro perHCTpHpyeTCSI OJ:i:HHO'IHblH cnai'tK; TaK)Ke Ha-

6JIIOJ];aIOTCSI KOpOTKHe H pe3KO orpaHH'IeHHbie ne

pHOAhl 3aMHpaHIDI U QCJihle KJiaCTepbt cnaBKOB. 
llHoq(a OTMe'IaIOTCSI oco6eHHOCTH B BH,IJ.e CTpYKTYP 
nma BKJIJOT.J.effHjl H BhtKn10qeHH.s1 (switch-on H 

switch-off). 

7. BpeMeHHOH npo<j>IDlh o,n1rnoqHoro cnafiKa 

xapaKTepH3YCTCSI KpyTbIM poCTOM, Me.n:neHHblM Ha

Cbllll;CHReM H 3KCilOHCHl~HaJihHbIM cna,D;OM. 

8. HHorna B cnai'IKoeoi't crpyKrype ecnnecKa Ha-

6n10}:i:a10Tc.s1 HMnyJibCbI "norno~eam1" [11]. 
9. PacnpocTpaHeHHOCTb cnaHKOB a co6bITI1H MO

}KeT pe3KO H3MeHSITbCH: B HeKOTOpbIX CJIY'la$1X ua-
6JIIOAaIOTC8 COTHB cnaHKOB, B Apyrnx - e]:i:H~bl, B 
TeqeHHe O.AHOfO C06bITHSI HeKOTOphIC <j>a3bl KJiac-

Tepa Moryr 6bITb nmneHbI crraHKOB, ,ApyrHe rrepe

nonHeHbI HMH. 

10. tJa~e ecero TOHKa.ff epeMeHHa.ff crpyKrypa 
npOSIBJIHeT~.ff B RMilYJJbCHblX BCllbllllKax. 0,D;H3KO 
HHOr)];a cnaiiKH H3KJia,D;blB3IOTC)I Ha npO.QOJI)KHTeJib

Hblii BCilJICCK. 

11. Y)KeCT'1CHHe peHTI'eHOBCKOro cneKTp8 B MO

MeHT 3MHCCBH pa.n:aocnaHKOB CBUJ];eTenbCTByeT 0 

npoQecce ycKopeHIDt 'laCTHQ B 3TOT MOMeHT. 

12. KoppeJIH:qIDI 'laCTOTbl B03HHKHOBCHIDI cnaH
KOB C BCm1ecKaMH peHTreHOBCKOI'O H3JiyqeHIDI Il03-

BOmieT C'IHT3Tb, 'ITO OKOJJO 100 3JleKTpOHHblX nyq
KOB e ceKyHAY nona.n:a10T e o6naCTh reHepa1.µ1u; 

CBepXTOHKa.ff BpeMCHHrul CTpyKTypa peHTreHOBCKBX 
XBaHTOB He perUCTpHpyeTCH H3-3a pa3MbITH.sl nyq
KOB npn HX pacnpoCTpauemm B KOpoHe, KOHC'tfHOCTH 
epeMeHH aHepronOTepb, a TaK)Ke ne]:i:oCTaToqHoH 

qysCTBHTCJibHOCTH peruCTpupy10~e11 annapaT}'phI. 

13. 06blt{H0 ITBK cnauKOBOl'O H3ny'IeHIDI 3a,D;ep
)K3H Ha 2 - 5 C no cpaBHCHHIO C MaKCHMYMOM )KCCT

KOro peHTreHOBCKoro H3J1ytICHBS1. 

Hecra~HOHapHOCTh, Y3KOilOJIOCHOCTb, qpe3Bhl
'laHHO BhICOKHe 3HalfeHIDI pa,ll.HOilOTOKa B HMilYJJhCe 

(.stpKOCTHaH TeMneparypa no OQeHKaM ,ll.OCTeraeT 

1015 .. K ~ BbIWe), BbICOKrul CTeneHb nom1pu3a~Im. no 
KpaHHCH Mepe B p.Sl,D;e co6bITHH, yKa3hlBalOT CKOpee 

ecero Ha Ma3epHbIH MexaHH3M H3JIY1:feHWI B HCTOt{

HHKe. 

2. MO,UEJihHhlE IlPE,UCTABJIEHHR 
HCTOtJHHKA H MEXAHM3MA 

MHKPOBOJIHOB0f0 H3JlYqEHHS1 
CO CBEPXTOHKOH BPEMEHHOH 

CTPYKTYPOH 
TeopWI MHJIJIBCeKyH,D;llOfO cnaHKOBOro :u3.,1y1:1e

HH.sl 6a3upyeTC.sl Ha 3H3HHH <l>YHKQHH pacnpeµ:eJieHIDI 
H3JiyT.J.aIOI:qHX ttaCTHQ H MCXaHH3Ma B3JiyqeHIDt. B Ha

CTO.slm;ee epeMH HeT HHK3KHX OCHOBaHHH ~JI.51 e)l;HH

CTBCHHOro Bbl6opa <j>yHKl.\HH pacnpeµ:eJieHM - Me

XaHH3M ycKOpeHIDI 1.J3CTHQ He onpeAeJieH, K TOMY }Ke 
ue HCKJllO"lleHO H3MeHeHHe cneKTpa qaCTB~ npH me 
pacnpoc-rpaHemm OT MeCTa ycKopeHIDI AO HCTO'IHH

Ka H31IY'ICHH.SI. IloaToMy CJieµ:yeT p accMaTPHBaTh co
soKynHOCTb <j>yHKl.\HH pacnpe.n:eneHHH, KOTOpbie MO
ryT 6L1Tb pean03osaHbI npu onpe.n:eneHHbIX ycno

BIDIX BO BCilbIWe'IHbIX o6JJaCTSIX. Pewrur 3aTeM 

3aAaqy MO,IJ.eJIHpOBaHIDI npoQeCCOB B HCTO'!HHKe H 
o6"bSICHAA OCHOBHbie Ha6n10µ:aTeJibHbIC AaHHbie, 

MO)KHO IlOAOHTH' K eonpocy 06 y c KopeHHH. 

B HaCTO.st~ee BpeM51 aKTHBHO o6c~aIOTC.SI µ:Ba 
MexaHH3Ma reHepaiµm BCilJICCKOB co ceepXTOHKOH 

CTpYKTYpoH: MarHHToTopM03HOH H nJia3MCHHbtH. 

BnepBLie IIJ133MeHHblH Me XaHH3M )l;Jljl o6"hSICHeHIDI 
MHJIJJBceKyH)l;HblX cnaHKOB Ql,IJl npe.D:JIO)KeH u [12]. 
BoJJHbl Ha rapMOHHKax JlCHfM10p0BCK0H qaCTOTbl 

nopo)KJ(aJIHCb HeyCTOHttHBblM 3JICK,POHHblM rryq
KOM. OcHOBHbie TpYAHOCTH µ:aHHOH MO)l;CJIH CB.sl33Hbl 

ACTP0H0Ml1%CKI1M )KYPHAJI TOM 72 N~ 6 1995 
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C Hey.t{OBJieTBOpHTeJibHblM o6'MICHeHHeM pa3JIU'<IHH 
Me)K.t{y BCJIJJeCKaMH ill nma H MHJIJIHCeKyH.t{HbIMH 
cnaii:KaMH. 

A.JibTepHaTHBHa.SI Han6onee IlOJIHO HCCJie.t{OBaH

Hasl MOAeJib reHepaQHH cnaAKOBOrO H3JIY"'-!eHIDI oc
HOBbIBaeTCSI Ha pa3BHTHH ~HKJIOTpOHHOH HeyCTOH-
1.IRBOCTH B nna3Me npH npOXO)K.t{eHHH qepe3 Hee nr1-

Ka qaCTHI~ HepeJJ.SITHBHCTCKHX 3Heprue (13 - 15 ]. 
0AHaKO CJie.t{yeT o6paTHTb BHHMaHHe Ha CJie~yl0-

1.I(He .t{Ba Ba)KHbIX cpaKTa. Bo-nepBblX, ycKopeHHe 
3JieKTp0H0B BO BpeW1 BCilblllieK B IIJI33Me aTMoccpep 

3Be3.t{ rrpOHCXO.t{HT 06bJt{HO .t{O 3Heprm'% ~ 100 K3B lJ 

6onee. Ha CoJIHQe 3JieKTpOHhI, npoTOHbI u 6onee 
TSl}KeJlbie $1.t{pa ycKOp$110TCSI OT TenJIOBbIX CKopoCTeH 
AO 3HaqeHHH 3HeprHH, 6JIH3KHX K YJihTpapeJJ.SITH
BHCTCKHM. 06 3TOM CB~eTeJll>CTBYIOT Henocpe.t{CT
BeHHbte H3MepeHHSI Ha op6HTe 3eMJI0 IIOTOKOB qac

~ H BTOpH1.1HbJX H3Jiyqemm: [16, 17], oco6eHHO B 
peHTreHOBCKOM H y-irnanaJoHax. B HaH6onee MOLn

HbIX BCIIbIWKax 3HepreTH\leCKHH cneKTp npO.t{OJDKa
eTCSI H B o6naCTb 3HeprHH AO HeCKOJibKHX .t{eC.SITKOB 

MaB [17]. Hau6onee rronHa.SI RHcpopMa~IDI Haxorr
neHa 06 3HepreTuqecKOH 3aBHCRMOCTH cneKTpOB 
tJaCTHQ H H3Jiy'ieHHii, He)KeJIH 06 HX yrJIOBOH 3aBHCH

MOCTH, 0 KOTOpOR cy,i:vrr no e.t{RHIPIH.bIM R3MepeHll

SIM CTeneHH IIOJISlpH3a~Hll H HanpaerreHHOCTH 03JJY
tJeHIDI. Bo-BTOphIX, H3MepeHH}I IlOKa3btBaJOT [2], 
tJTO MIIKpOBOJIHOBOe H3Jiy\leHHe C TOHKOH epeMeH

HOH CTJ)YKTypOH pemCTpHpOBaJJOCb B umpoKOM AH
ana30He "<JaCTOT, BilJIOTb AO ce,[(bMOH rapMOHHKH rH
poqacTOTbl. UHKnOTpoHHoe uJnyqeHee, KaK H3BeCT

HO, 6.bICTpO cna]laeT c HOMepoM rapMOHRKH [ 18] u 

IlOTOMY BCTpeqaJOTCSI aenpeOAOJI0Mb(e TJ)YAHOCTH 
npH o6nSICHeHHH HaJJH\IH}I BbICOKHX rapMOHHK B cne

KTpe l.l;HKJJOTpOHHblM Mexamt3MOM. Il03TOM}' HMeeT 

CMbICJJ paCCMOTpeTb rnpocHHXpOTf)OHHblH Ma3ep
HbJR MexaHH3M KaK 6onee sepo.SITHbIH npou:ecc cpop

MHpoeaHH.SI BMilYJibCOB, no KpaiIHeH Mepe B BblCOKO
:meprHqJ{bJX co6bITHSIX. Ha 3TY B03MO)KHOCTb yKa-

3bisaeT H npucyTCTBHe yMepeHHO peJISITHBHCTCKHX 
:rneKTpoliOB B crreKTpax BCilbillie"<IHOrO B3JJyqeHHSI, 

KOppenHpylOI.I(HX C MHKpOBOJIHOBblMH ecnnecKaMH. 

Mb1 6yAeM paccMaTpHBaTb .t{Ba Knacca Heycroii
qHBblX pacnpe]leJieHHH ycKopeHHblX 3JieK1'p0H0B: 
H30TJ)OIIHoe rayccoecKoe pacnpeAeJieHHe 'IaCTBI~ no 
nopeHu;-cpaKTOpaM H aHH30TpOmtoe THIIa hollow
beam. TaKOB IlOAXOA SlBJI.sleTCSI MOAeJJbHblM, HO He
orrpe)l;eJieHHOCTb peaJibHbJX cneKTpOB BCnbillieqJ{bJX 
3JteKTp0H0B, oco6eHHO HX yrnoeoii JaBHCHMOCTH, 

snonHe onpaBAbIBaeT ero npHMeHHMOCTb. Ilpe)K.t{e 

qeM npHcrynHTb K IlOCTaH0!3Ke 3aAaqJ{ 06 YCTOH"<JH
BOCTH nyqKa 3JleKTp0H0B C H30TpOIIHbIM rayccos

CKHM pacnpeAeJJeHHeM B MarmnoaKTHBHOH nJJa3Me 
npHBeAeM HeKOTOpbte apryMeHTbl, CBH.t{eT~JlbCTBy

lOI.I(He B nOJib3Y T3UIX q>yHK~H pacnpeAeJieHHSI, no 
Kpau:HeH Mepe, B p.Sl.t{e BCilblWeK. 

KaK noKa3aHO B [19, 20], HaJIH'l.He HOHH0-3By

K0Bb1X cppoHTOB B sepxHeH qaCTH neTJIH MarHHTHOro 

noJISI BO epeM.SI COJIHetJHbIX BCilbIWeK rrpRBO)l;HT K 

3cp<peKTHBHOMY pacce.SIHRIO 3JJeKTpoH0B co CKOpo

CT$1MH, MeHbWHMH HeKOTOporo V * H, KaK cne)l;CTBHe 

3TOro, K " y6eraHHIO' ' 6oJiee BbIC0K03Heprlf"<lH.bIX 

3JieKTpOHOB K IIOAHO)KID{M B o6JiaCTH 6onee CHJibHO

ro Mannm10ro nonS1. IlocKOJihKY <j)yHKrt;IDI pacrrpeAe

n eHID1 qacTlff( a HCTO'llfllKe smnS1eTC$1 s;nana10m;eii no 

CKOpOCTSIM, a CTeneHb nponycKaHIDI qepe3 ryp6y

JJeHTHblH CJIOH B03pacTaeT C pOCTOM CKOpoCTH qac

THL\, TO CJJe.t{yeT O)KH.t{aTb Ha BbIXO.Ae H3 TaKoro 1-yp-

6yneHTHOrO cno.si pacrrpe.AeJieHHe THTia rayccoecKoro. 

EcreCTBeHHO, "<ITO OOJlHaSI CHMMeTpHSI pacnpenene

HIDI OTHOCHTeJJbHO HeKOTOporo 3HaqeHIDI CKOpOCTH 

Vo He 6y.t{eT BbIIlOJIIDITbC$1, T.K. cnana10n~asi BhICOK0-

3HepreTHqHaSI "<IaCTb 6y.t{eT 8 OCHOBHOM onpe.t{emrrb

CSI HCXOAffblM pacrrpe)".\eJieHHeM, a B03paCTalOID;aSI -

KaK HCXO,[(HbIM pacnpe)l;eJJeHHeM, TaK u q>YH.KI.\HeH 

nponycKaHHSI. Iloporoaoe 3Haqettne cKopoCTH V* 
3aBHCHT OT p.stna napaMeTpOB, OCHOBHbIMH H3 KO

TOpbIX SlBJJSllOTC.SI nJJOTHOCTb 3HeprHH HOHH0-3BY

K08b1X BOJIH W; - s H TOJlll(HHa Typ6yJieHTHoro CJIOSI. 
0TCYTCTBHe yrnoeoA HanpaaneHHOCTH B 3TOM cn y 

qae 06"b.SICH.Sle TCS( H30TpOilHblM xapaKTe pOM HOHH0-

3BYKOBOA MO.t{bl KOJJe6aHHH. J].pymM B03M0)KHbIM 

cpaKTOpOM, IIpHBO.t{Hll(HM K 6hICTf)OH H30TpOIIH3a

~H HCXO.t{HbIX cpyHKQHH pacnpe_AeJieHIISl, MO)KeT 

SIBBTbC.sl pacceSIHHe 3JieKTp0H0B Ha BHCTJJepax. 

CneAyeT 3aMeTHTb, tJTO .AJISI n106oro pacrrpe.t{ene

HllSI qacrH~ s HCTO'IHHKe H3Jiy"<IeHRSI eonpoc o ero 

MaTeMaTHtJeCKOM BH)l;e 3aBHCHT He TOJibKO OT HCXO.A

Horo pacrrpe.AeJieHH.sl, HO H onpenenS110m;en ponu 

KOHKypeHTHblX npo~eCCOB, TaKax KaK pacce.SIHRe Ha 

BOJJHax pa3HbIX THilOB H Ha ttaCT~ax. HanpHMep, 

AB<pcpy3H.SI B KOffYC noTepb 33BHCHT OT ypoBID1 TYP-
6yneHTHOCTH nJia3MeHHbJX BOJIH (paccMaTp11BaeTCSl 

cnyttau "cna6oii" u "cunhHOH" .AHq>cpy3HH). K TOMY 

)Ke CJJeAyeT rmTblBaTb B03M0)KH0e B03_AeHCTBHe ca

Moro H3JiyqeHHSI Ha H311yqaJOI.I(He tfaCTHrt;bl, npHBO· 

nsim;ee TaIOKe K B3MeHeHHSIM cneKTpOB 'lf3CTH[(. Ta

KHM o6pa30M, 1.1aCTo ucnonb3yeMoe pacnpeneneaae 

qacruu; T.ena KOttyca IIOTepb H3 o6JJaCTH MarHHTHbJX 

3epKaJI BCilbIWe\lHblX apoK, XOTSl H KaxeTCSI BeCbMa 

eCTeCTBeHHbIM, HO Ha Ham B3fJ1$l.A He SlBJISICTCSI He

ocrropHMbIM. 

3. CIIEKTPA.JibHASI MO}UHOCTb 
MA.fHIITOTOPM03HOf0 M3JIY1IEHI15I 

YMEPEHHO-PEJI51TMBMCTCKOro 
3JIEKTPOHA 

CneK1'paJibHaSI MOill;lfOCTb H3JiyqeHHSI O.t{HOH ~rnc

TH~b[ jl8JJ$leTCSI OCHOBHOH xapaKTepHCTHKOH JIJ06oro 

H3Jiy'lfeHHH, T.K. OHa BO MHOroM onpeµ;eJISleT ero HH

TerpaJibHble xapaKTepHCTHKH, TaKHe KaK HHTeHCHB

HOCTb, fiOTOK, nomrp11331..lID1 H .AP, 06r..a;ee Bbipa)Ke

HHe .AJtSI cneKTpaJibHOH MOt.a;HOCTH MarHHTOTOpM03-

9 ACTPOHOMM'-IECKMH )l(YPHAJI TOM 72 N2 6 1995 



914 MOCYHOB, lJAP~KOB 

HOro H3JlyqeHJUI 3JleKTpoHa B XOJIOAHOH IlJl83Me 

nonr1eHo e T21]: 

= 

p (J)j = 
2 

niicirJ { P .J :(sx) + [gi ~ 1.£
1 
+ hi ~II ] J,r(sx)} 

21tcl I - ~11 cos a. (ni +rod~ n} I 
d 

(1) 

rne ni u dro ni - n o Ka3aTeJib npeJIOMJJeHH51 HOpMaJib-

HbIX BOJIH j-OH MOAbI II ero npOH3BOAHaSI no tiaCToTe, 
['j , gj H hj- nom1pH3aI.\HOHHbie K03<lJQnll.'(HeHTbl [ 18], 
JaBHCSIIl\He OT qaCTOTbI 3JieKTpOMarHHTHbIX BOJIH CJ), 

3JieKTpOHHOH nJiaJMeHHOH '-JaCTOTbl rop .. H rHpo'lac

TOTbl w8e, a TaIOKe yrna pacnpocrpaHeHWI a, ~.l.ll = 
= V .L,11/c - nonepe~rnaSI H npOAOJibHast COCT3BJISU01l\He 

CKOpoCTH 3JieKTpOHa n o OTHOWeHIUO K M3fHHTHOMY 

nomo B, Js(sx), J_: (sx) - q>yttKI.'(IDI 6eccem1 HOMepa s 

H ee npOH3BOAHast IIO apryMeHTY X = nj~1.sina/(l -
- ni ~11 coscx.) . 

CneAyeT JaMeTBTb, qTQ nm1 3JieKTpOHOB YMepeH
HO-p emlT.0.BHCTCKHX 3HepruA BblpruKem1e ( 1) He YA3-
eTCSI ynpoCTHTb KaK 8 QHKJIOTpoHHOM H CHHXpo

TP()HHOM npeAeJiaX. Tio3TOMY npH no;yy'Ie HHB HHTe

rpanbHbIX xapaKTepttCTHK HJJiy"-JeHHSI HCCJieAyeM B 
n epsy10 oqepeAh cn e K-rpanbHhie H yrnos1,1e xapaxTe
pHCTHKH rHpOCHHXpOTpOHHOro HJnyqeHHSI OTAeJib

HOro 3 JJeKTJ)OH3, nopeHQ-q>aKTOp KOTOporo 60Jibllle 
1.2 (3HepntS1 E > 100 K3B) H He npe e1,1waeT 2, TaK 

K3K TPYAHO 0)KHA3Tb Ha 60JibWHX 3HeprHSIX B03HHK
HOBeHWI H36bITK3 3JieKTpOHOB B AOCTaTO'IHOM KO

mi'-leCTne. l..{aCToTa HJn r,reHIDI w onpe.o;en51eTcSI 

cooTHowem-1eM Aonnepa: 

ro = y( l -ni ~ll cosa) ' 
(2) 

J1.3 3Toro Bbrpa)KeHWI cne.uyeT, tJTO crreK-rp H3nyqe

HHH MO)KeT COCTOSITb RJ AHCKpeTHhlX rapMOHHK HO
Mepa S, CMell.'(eHHblX OT l.'(HKJ101'pOHHblX qaCTOT npH

MepHO B y pa3, H, KpoMe Toro, BKJian B H3nytieHHe Ha 
AaHHOH qaCTOTe BHOCSIT 3JleK1'pOHbl pa3JIH'lfHblX 

3Heprn1L Tio Ka3aTeJib npeJIOMJieHHSI HOpMaJibHbJX 
BOJIH B XOJJOAHOH MarHHTOaKTHBHOH nna3Me rrpese

AeH B [22]. IlpH6J1H.)Kem1e XOJIOAHOH nna3Mbl cneAy
eT C'iHT8Tb BIIOJIHe onpasp;aHHbIM, HMeSI B BBJJ.Y 
p;anbHem1m e acrpocpe30qecK11e npuno)KeH.IDI no;yy

"lleHHbtx p e3yJJbT8T0B. YqTeM ycJIOBHe (2) BBeAeHH

eM 6-<pyHK~HH S(ro- sro8,Jy- roni p cos~coscx.). 

,I(JJSI rnpo CHHXpOTpOHHOro HJJiy'tfeHH51 HOMep 

rapMOHBKH S npeHBMaeT pa3JIH'-IHbie 3HatJe H0SI 

BilJIOTb AO 50, a Ka K H3BeCTHO, <lJyHK~H E eccem1 Ta
KHX n OpSIAKOB flBJI.SIIOTCSI CHJlbHO OCI.'(HJIJ1Hpy10ll.'(HMB. 
Ilo aTon np0qHHe B03HHKaJOT onpenerreHHb1e TJ>YA

HOCTH npH Bbl'lfHCJleJIHH 3HatJeHIDI <lJYHKI.'(HH Eeccens:i 
0 ee rrpoe3BOWJOH, o co6ettHO e cnyqae 3H31:JHTenb-

HOro pa3JlH'lfWI HOMepa nopSl,D;Ka H 3Ha'leHWI apry

MeHTa. Cno)l(ffOCTH TaKoro POAa ecrpe'-1310TCSI, K3K 

npaaeno, npu BCil0Jlb30BaHHB CT3H,I\apTHb1X BbNHC
JIHTeJibHblX npol.'(ep;yp. K CO)KaJieHHJO, e npep;bJAY

~ee: pa6oTe [23] He 61,mo y.[(eJieHo 3TOMY aonpocy 
)J;OCTaTO'IHOro BHHMaHIDI, '-ITO nOBJieKJIO 33 co6oti He

KOTOpyro HeTO'IHOCTb nony-qeHHbIX pe3yJibT8T0B. 8 
qaCTHOCTH, HeKoppeKTHoe cyMMBpOBaHHe npHBeJJO K 

llOSIBJleHHIO IlOCTOmHOH COCTaBMIOil\eH B cneK-rpe 

H3JIYlfeHHSI 3JieKlp0H0B HH3KH.X 3Hepnm (Yo = 1.2). 
y CTpaHBB yKaJaHHbie nenocTaTKH, Mbl B p;aHHOH 

pa6oTe npHBOAHM 6onee TO'tfHble p e3yJJbT8Tbl 1:JBC
neHHOro cqeTa C HX neTa.Tll>HbIM o6cy)K}J.eHHeM. flpB 

3TOM oco6oe BHHMaHHe MbI yAem1eM inyqeHHJO Ma
JepHoro ycnneHIDI o6bIKHOBeHHOH BOJIHbI, HMeSI s 

eu.o;y paJJIH'lHe n pacrrpocrpaueauu 3THX eonH qepeJ 

nnaJM)' BHewHHX cnoee 3Be3,D;bI. flonytJe HHhie pe-

3ym,TaTbI HCil0Jlb3YlOTCSI B AaJibHeemeM npH HHTep

npeTal.'(HH CBepxTOHKOH BpeMeHHOH CTJ)YKT}'Pbl 
BCITbillle'lRblX pa.D;HOBCilJieCKOB. 

· Ilepeil:.o;eM K o6cy)K,D;eHHIO peJyJibTaTOB pacqe

TOB. Ha pnc. 1 npeACT3BJieHbl 3aBHCHMOCTR HOpMB

poeaHHoti cneKTpaJibHOU: MOil\HOCTH H3JiyqeHHSI 

p:j (P (J)j = P:1e2roael21tc) OT 6e3pa3MepHOH. q:aCTOTbI 

ro. = ro / rost ,QM Heo6bJKH0BeHHOi1 H 06b1KH0BeHHOH 

BOJIH. 

KaK H DpeAllOJiaraJIOCb, H3JIY'ieHHe HMeeT AHC

KpeTHblH xapaKTep- rapMOHHKH CMell\eHbl npH6JIH

JHTeJibHO 8 Yo pa3 OT HOMepa S H OTCTOSIT Apyr 't>T 
-1 

APYra npaKTH'-leCKH 3 KBBAHCTaHTHO Ha 6ro,.. "" Yo . 
IlpH 3TOM AJJSI yrnoB (X. H t}, 6JIH3KHX K 0, Tt/4 H Tt/ 2, 
cneKTp HJJiyqeHHH aHaJIOfH'IeH QHKJIOTpOHHOMY' 
T.e. M3KCHMYM H3Jiy'IeHIDI npHXOAHTCH Ha nepsylO 
rapMoemcy mpoqaCTOTbI. OnHaKo AJIH yrnoe, ne)Ka

~ux Me~y 3THMH 3Ha "leHHSIMH, MaKCHM-yM B cneKT

pe CMe ll\aeTCH e o6naCTb 6onee BblCOKHX rapMOHHK. 

TaKaSI JaBBCHMOCTb COOTBeTCTByeT TOMY, '{TO MO~-

HOCTb lifJJiy\JeHHSI y6bIBaeT C pOCTOM s K3K ~~$ (18]. 
flono6Hoe OTMeqaeTCSI H B CHHXpOTpOHHOM npeAeJie, 

AJIH KOToporo HOMep Smax ""'y3 [ 18] onpeAeJISleTCSI AJIH

TeJibHOCTblO omenbHoro HMIJYnbca. Ha 6onee BbICO-

KHX r apMOHHKax aenHtmHa P:i yMeHbwaeTC.sl cHa'Ia

na HeJHatmTenbHO, a JareM crpeM1ITc.S1 K H)'JIJO. 

AJISI o6bIKHOBeHHOii BOJIHbI qaCTomast JaBHCH

MOCTb P!i' paccqeTaHHasi npu Tex )Ke napaMeTpax, 

HMeeT aHanOrHqHl,IH BH}\. 3a HCKJIIO'ieHHeM cnyqa

es, KOrAa R a, u ~ Jie)KaT s npoMe)K)"!Kax Me)K.o;y 0, 
7t/4 H Tt/4, rt/Z. KaK BHAHO H3 puc. be, lH 8 cn eKTpe 

H3Jiy'leHH51 npHCyTCTBylOT p;Ba M8KCHM-yMa: Ha CMe
rqeHHOH n epBOH rapMOHHKe H Ha BOCbMOH (B CJiyqae 
a= 70°, ~ = 70°). BeJJHtJBHhl cneKTpaJibHOB MOil\ffO

CTH R3JiyqeHHSI B 06bIKHOBeHHYIO H He06bIKH0BeH

HYIO BOJIHbl BMelOT OAHH3K0Bb1H nopSIAOK. 

ACTPOHOMW-IECKHA )KYPHAn TOM 72 .N'2 6 1995 
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4. I13Jl~ATEJibHAfl CIIOCOBHOCTb 
11 K03<1><1>I1QMEHT IIOrJIOII{EHHH 

rHPOCHHXPOTPOHHOro I13JIY1IEH1151 

J13yqHM YCJIOBIUI B03HHKHOBeHIDI rHpOCHHXpo
TpOHHOii HeycTOH'IHBOCTH CHCTeMbl .. nJJa3Ma-ny

'IOK" B XOJIO,I(HOA IlJI33Me aTMoe<f>ep 3Be3,ll; (TOt!Hee 

HX aKTHBHblX o6JiaCTeii), T.e. IlOJly-'-IHM cpyHK~O
HaJILHble 3aBHCHMOCTH H3Jiy'laTeJ1l,H0B cnoco6HOC
TH mra3MbI a001 H K03q>q>Hl{HeHTa pea6cop6l.\llB ,i.Cl)j OT 

napaMeTpoB nytJKa, nna3MbI H yrna pacnpocrpaHe
HHSI H3nyqeHID1 ex. An.s1 paccMaTpHBaeMbIX KHHeTH
qecKHX HeyCTOHttHBOCTeH <t>a30BaSI CKOpOCTb BOJIH 
V 4> MHOro 60J11>me TellJIOBOH CKOpOCTH qacmu; nna3-

Mbl V Tc H IlOTOM)' npH6JIH)KeHHe XOJIO.ll;HOH DJI33Mbl 
3aBe,ll;OMO BbinOJJIDleTCSI. Kax CJie.ll;yeT H3 MHOf'O'mC
JieHHblX Ha6mo~eHHH H pa3JIH'lHblX ou;eHOK [I , 16] 
KOHD;eHTpau;e.s1 3JieKTpOH0B B nyttKe BO BpeMSI COJI
Het{HblX (3Be3,ll;HLIX) BCilLJmeK MHOI'O MeHLme KOH

QeHTpa~H aTMOc<l>epHOH IlJl33Mbl H IlOTOMy 6y.ll;eM 
npeHe6peraTb BKJl3.ll;OM HaJrrenJIOBbIX '13CTHL{ B .ll;HC
nepcHOHHOe ypaeHeHDe. 0CH0BHb1MH napaMe'I'paMH, 

p• . 1016 

tt= 10 
8= 10 

O
il· 

• ••••••••• 0 1.7 3.4 

p*. 1014 
(l)J' 

• • CX:30 
8=30 

• 

5.1 
ro. 

••• 0 '---...----C...>L.1 ... ,__ _ _, 

0 3.4 6.8 10.2 

p;j, 1013 ro. 

(a) 

(6) 

l . e-~ (aj i. CL=50 I 
0 ..... , ••••• 

0 3.4 6.8 10.2 13.6 

P~, 1012 
ro. 

•• CL-70 

1- e• ••• 0:10 (r) • • 
0 • 

0 

p•. 1014 
(l)J' 

3.4 10.2 

~ CL=~ 1 5 • 8=85 (ll) 

0 ••••••••• 
0 1.7 3.4 5.1 6.8 

xapaKTepH3YIO~ BJlffj[HHe IlJia3M.bl Ha YCTOiNH

BOCTh nyqKa, SIBJUIIOTCSI KOHI~eHTpau;IDI IlJia3Mbl H 
MarHHTHoe none, T.e. nnaJMeHHaSI :meKTpoHHaSI qac

TOTa rope H mpoqacroTa O>se· Jl,nH oTBeTa Ha eonpoc o 

B03M0}l(H0CTH 803HHKHOBeHWI HeyCTOH'IHBOC'I'H H ee 

3BOJIIO~ Ha MaJJbIX speMeHax AOCTaTO'tHO paCCMOT

peTI, npo6neM}' mpocHHXpOTpOHHOH HeyCTOA'IHBOC
TH CHCTeMLI "IlJla3Ma-nyqoK" e JUJHeBHOM npH6JIH

)l(:eHHH. Ha 3TOM nyTH, HCXO,WI H3 AHCnepcHOHHOro 
ypaeHeHWI AJISI pa3JID'IHblX MO.II: 3JieKTpOMarHHTifhlX 

KOJie6aHHB B XOJIOAHOH MarHHTOaKTHBHOR TIJJa3Me, 

CJieAyeT IlOJIY'fflTb Bblpa)KeHWI AJISI peaJILHOit t{3CTH 

qaCTOTbl H BHKpeMeHTa B 3aBHCBM0CTH OT napaMeT

poe rope, ro8t H yrna ex. Y1.1HTbIBa.s1 acrpO<j>H3H'lecKoe 
npHJIO)KeHHe pe3yJJhTaTOB, BMeCTO qaCTOThl H HH

KpeMeHTa ,I:{JUI BOJIH j-ro THTia 6yAeM paCC'IHThIBaTb 

K03<l>q>H~eHT nornom;eHHSI µ(J)j H H3JIYll3TeJibHYIO 
cnoco6HOCTb cpeAbI aroj, qTo Il03BOJISl8T npOH3BO

.ll;DTh OI(eHKH napaMeTpoB reHepupyeMoro mpocBH

xpoTpOHHoro H3Jiy'leHIDI H cpaBH1IB3Tb HX c Ha6JIIO

AaeMbIMD 3Ha'leHIDIMH. 

i a =IO 
5 • 8= 10 

0 ••••••••• 
0 1.7 3.4 

(e) 

5.1 

P~, 1014 
ro. 

«=30 
5- •• 8=30 

····-0 L--~.~!8.1,la.-_J 

()f() 

0 3.4 6.8 10.2 

P~. 1013 
ro. 

S 8-50 (3) i • a~SO I 
0: ·~········ 0 3.4 6.8 10.2 13.6 

ro,. 
p;j, 1013 

•• • 
I • Cl= 70 (H) 

• • 8=70 
0 

0 3.4 6.8 10.2 

Piwj,~014 et= 851 
S 8 = 85 (K) 

0 ···~····· 0 1.7 3.4 5.1 6.8 
ro. 

Pac. I. 3aBHCHMOCTb cneKTJ)aJlbHOA MOW,HOCTH MarmrroropM03BOro H3JJylJCB1UJ yMepeuHo-peJUITHBHCTCKOro 3nCKTJ)OHa OT 
lJaCTOTbl ro. npH napaMe-rpax nJJa3Mbl q = 10-3 ff Y= 1.5 ){JIii HC0.6b1KH0BeHHOA (a) H o6b1KHOBCHHOH (6) BOJJHbl. 
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PaccMO,PBM H30TpODHoe pacnpe,:{eneaae qac
TH~, OllHCbIBaeMoe rayccoeCKHM 3aKOHOM, B B Kaqe

CTBe apryMeHTa HCllOJib3YCM nopeHL\-cpaxrop y. 

[ 
"(, - I J-1 

F(y) = 21t312
er { I + erf ( 7) } X 

(3) 

ni ~ sin l\sin Cl . 
X = ---=---=-- -

. t 1 - n
1
~cos l\cos ex' 

3 2 2 
A= (21t) 1cos" ) Nbl m,0>n1 . 

I1pe.a.e11b1 H'.::MCHCHIDI HOMepa rapMOHHKH s (23) co

CT3BJ1Sl}OT 

s1, 2 = ooy(l :::i=n1~cosa)l oo8,. (5) 

Bbipa}KCHWI (4) A310T B03MOXHOCTb IlOJJyqHTb KO

acpcf>~eHTbl awj H µ(j)j B JJIOOOM AHaDa30HC 'l3CTOT ff 
,IJ.Jl.sl J1106bIX 3gaqemui 3Hepnrn 3JJCKTp0H0B. B 3TOM 
CMblCJlC OHR BBJ1SIIOTC.sl ,IJ.OBOJibHO o6rqHMH. I1pu 
3TOM, K3K y:lKe roeopRJJOCb BbIIIle, CJJCAYCT o6pa

THTb oco6oe BHHMaHHe aa npou:e,izypy lfflCJleHHoro 

cyMMH])OB3HHSI no HOMepy S. 

Ilpe)l(,IJ.e 'iCM npecryIIHTb K 'fflCJJCHHblM paC'ICTaM, 

o6~HM B03M0)KJ1ble oco6eHHOCTH xapanepHCTHK 
rnpOCHHXpO,POHHOro H3J1yqeHID1. IlOCKOJlbK)' 3Ha11e
HID[ JIOpeHQ-<paKTopa J:(JISI )'MCpeHHO-peJISITIIBHCTCKBX 

BCilblWCq}tblX 3JICK'I'p0H0B 6JIR3KB K e~e. TO CJJe
JzyCT O)KH,IJ.3Tb, 'ITO cneK,p mpoCHHXp01pOHHOro H3-

ny'leHIDl J:(OJl)l(CH COCTOSITb H3 ua6opa AlfCKpeTHbIX JJH
HBH, CMerqemn,rx H YlIIHpeHJil,IX H3-3a AOIIIlJiepoBCKO

ro acpcf>eKTa. f Hpocmrxp01POHHOe H3Jl)"leHHe ae 
SIB.JISleTCSI 'IBCTO AHilOJlbHbIM H ero yrnoeag J(HarpaM
Ma HanpaeneHHOCTH OTJJlfllaeTCSJ OT ,ll.HarpaMMbl 

UHKJIOTpOHHOf'O H3JIYl.lCHIDI ( OHO pacnpocrp3.ID1eT(:jl 

r,:{e erf(x) = ~J; e-1 dt - cpyax~IDI onm6oK, 'Yo -

3HaqeHHe nopeau:-cpaxropa, oTBeqa10~ee MaKcH

MYMY cf>YHKII.HB pacnpeAeJieHIDI, er - AlfCIIepcIDJ 

cpyHKl{HH pacnpe,:{eJieHIDI. BapbHpyg er R 'Yo, MO}KHO 

3~aBaTb pa3Jiff"qffbie pacnpeAeJ1eHID1 nytUCoooro 

TBIIa. 

Bb1pa}l(CHWI AJISI a(J)j 0 µ(l)j nonyqeHbl B [23] H BMe

lOT B~: 

(4) 

npaKTH'ICCKH nepneHAHKYJIS[J)HO K HanpaBJiemno CKO
poCTH qacTIU:.\bl) H CBHXpO'I'pOHHOro B3JI)":leHWI (Ha
npaeneHO npax'I'H'ieCKH B,IJ;OJlb CKOp<>CTH 3JJeKTpOH~). 

Mbl pacCMOTpHM B036Y)KACHHC o6eHX MOA KOJJe-
03HHH, COOTBCTCTBYIOrqHX o6bIKH0BeHHoit H He

o6blKHOBCHHOH BOJJHaM (j = l, j = 2), XOTII CJie.a.yeT 
0)1Qf,IJ;3Tb, 'ITO B WHpOKOM ,-.uana30He H3MCHCHHB 

qaCTOT 3JJCKTpOHHblC ny11Ke npeBM}'~CCTBCHHO H3-
ny11a10T He06bIKH0BeHHbre BOJIHbl. O.a.uaxo ycJIOBIDI 
pacnpocrpaueHIDt qepe3 KopoHy CoJilll{a '!aero 

6h1ea10T 6onee 6naronpIDITHbIMB AJJ.st o6b1KH0BeH
Hb1x BOJIH (18, 24]. Hae6onee HHrepecHblMH ,IJ.Jl.sl 
aCTpOq)H31(t{CCKHX npHJIOX(CHJIB SIBJUII01'CSI 3aBHCHMO

CTH H3JI)7'i3TCJlbHOH cnoco6HOCTH H K03cp<peQHeHTa 

pea6cop6~H OT AHCnepCHH rryqKa er, ~eHTpa.TlbHOro 
3Ha11eHW1 nopeHI~-cpaxropa y0, yrna Ha6n10.a.eum1 ex 
e nna3MeH11oro napaMeTpa q. Hae oco6eHHO 6y.o;eT 

HHTepeCOB3Tb CJ1y11au OTPHl\3TeJihHbIX 3Ha~1eHHH 
~ j t T.K. TOJlhKO OHH onpe.u;eJISIIOT HeyCTOR'{HBOCTb 

nyqxa aneKT{)OHOB H reHepa~10 KorepeHTHoro H3-
ny"leHIDI (3cf>cpeKT OTpHQaTeJibHOB pea6cop6QHH). 
IlpHHHM3jl BO BHHMaHHe cf>yHKIµIOHaJibHYlO 3aBHC0-

MOCTb p «J:lj OT nopeHl\-q>aKTOpa y, CJJep;yeT o~aTb, 
'ITO Ha~yTCB TaKHe napaMeTpbl nna3Mbl H nytiKa, 

npH KOTOpbIX norno~eaee CTaHeT OTpHQaTeJibHbIM. 
0~1eBHAHO, 'lTO 3Ha'llllTeJ1bHYIO pOJib 6y.t(eT HI'p3Tb 
npH 3TOM BeJI1NHH3 ,IJ.RCnepcmI er B rayccoBCKOM 
pacnpeAeJICHHH, KOTopa.Sl BO MHOf'OM onpeµ.em1eT 
HHBepcay10 3aceJieHHOCTb 3JICKTJ)OHOB B HMfiYJlbC

HOM npoc,paHCTBe. C yMeHblllCHHCM er CJJe.a.yeT 

ACfPOHOMHliECKJ1R )l(YPHAJl TOM 72 M 6 I 995 
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O)l(H,a;aTb UO.slBJieHHe HOBhlX o6JJaCTeR OTpHl(aTeJJb
HhIX K03cpqmLJ,HeHT0B norno~eHIDI µroj• C pocTOM HX 
aMnJJHTYJJ;HOfO 3Ha'-lemm, H Hao6opoT, HX HC'le3HO

BeHHe c poCTOM cr. Cy.n:.s1 no .n:HarpaMMe HanpaBneH
HOCTH H3JIY'-leHH.sI 0,IJ;HOro 3JieKTJ)OHa CJJe.n:yeT O)KH

.n:aTb 6orree cy~eCTBeHHYIO yrnoeyio 3aBHCHMOCTb 
H3Jiy"'laTeJihHO:n cnoco6HocTH awJ, oco6eHHo .n:11.S1 

06bIKH0BeHHOH BOJIHbl, qeM K03cp<tml(HeHTa IlOfJJO

~eHHSI µ wj · BJIIDIHHe nJia3MbI AOJl)KHO OTpa>KaT,bC.sl B 
YMeHbWeHHH MO~HOCTH H3JiyqeHID1 H npHBOWITb K 
}:{enpeccmr rapMOHHK rHpoc1rnxpoTJ)OHHoro H3JJyqe
HHSI no aHaJIOrHH C }:{enpeccueH nepBOH rapMOHUKH 
U:HKJIOTpOHHOro li.3Jiyqem1.s1. 

5. PE3YJibTATbl BhlqHCJIEHHH 

B 'tJHCJleHHOM C\JeTe 6y.n:eM 3a;a;aaaTh napaMeTphI 
nyqKa H IlJia3Mbl, B cpe.n:HeM xapaKTepH3YIO~He 
ecnhlllle'-IHbJe o6JiaCTH Ha CoJrnu:e: rnpoqacroTa 
3JieKTpOHa O>se onpe]:lem1eTCS1 BeJIH"IHHOH MarHUTHO
ro IIOJJ.sl B, KOTOpoe B o6JiaCTH reHepat\HH MHKpo

BOJIHOBblX BCIIbIWetJHbIX cnae:KOB TO'!HO HeH3BeCT
HO - OHO MO)l(eT 6bITb nop.sll,\Ka 10 - 100 re n ero Be
Jllfl.fifHa KaK pa3 H MO>KeT 6bITb KOHKpeTH3HpoBaHa 
H3 Ha6JIJOAeHHH B npe;a;nOJIO>KeHHH O MeXaHH3Me H3-

nyqeHH.sl. Hcxo.n:.s1 H3 3THX coo6pa:>KeHnii Mbl 3a,n:aaa-
1rn Woe= 1.76 X 109 fl( (8 = 100 fc), tJaCTOTa 3JieKT
pOM3rHHTHbIX BOJIH BapLRpOBaJiaCb B HHTepeane OT 

·' 0.5ro8e .n:o 10ro8e , tiTO no3BOJI.SIJio rrpocJieAHTb cneKTp 
H3Jly'lieHHSI BilJIOTb AO 11:ec.slTOH rapMOHHKH fHpO"laC
TOThl. I1na3MeHHa.sJ qacToTa onpe.n:ensrnac1, qepe3 
napaMeTP q rrpH H3BeCTHOR qacroTe Wee: rope = qro8e. 

HH:>KHSISI rpaHHI.\a napaMeTpa q onpeAen.s1nac1, H3 

ycnOBH.sl HH3KOH KOHa;eHTpa~HH IlY'tJKOB HaATen
JIOBbIX 3JieK'rp0H0B B 3Be3AHb1X BCilblWKax. JJ:m1 

Nb= 106 cM-:i H N1,/Nb== 100 3HatJeHHe 3TOH rpaHHII;hI 
COOTBeTCTBOBaJIO 0.2 AJJSJ panee Ja,IJ;aHHOH rnpo'laC

' TOTbI (J.)Bc · 

YroJI Ha6JJJO,IJ;eHIUI a eapbHpOBaJICSI OTO AO tt/2, 
IlOCKOJihKY HanpaBJieHHe MarHUTHOro IIOJISI B HCTOtJ
HHKe TO'lHO HeH3BeCTHO. 3Ha'leHIDI a;eHTpaJlbHoro 
nopeH~-cpaKTopa onpe.n:em1nnc1> 3HeprHeii H3nyqa
lO~ero YMepeHHO peJISITHBHCTCKOro 3JleKTJ)OHa 

(100 K3B, 250 K3B ll 6onee), T.e. Yo= l.2 H 1.5 COOT
BeTCTeeirno. 

, J13 ( 4) cneAyeT MHoronapaMeTpuqecKasr JaBHCH-
1- MOCTb K03cpq>HI.\HettTOB a00; H µw; · Bo ecex eapHaHTax 
.. pacqeTOB nocromrnon ociaeann:cb TOJJbKO rupoqac-

TOTa :rneKTJ)OHa (l)Be = 1.76 ffa;, COOTBeTCTBYIOil\a.sl 
C3HTHMeTp0BOMY AHana3otty AJIHH BOJIH, H KOHQeHT
pa~HSI 3JleKTp0H0B B nyqKe N,, = 106 CM-3 [16, 17], xo
TSI nocne.n:H.sISI eem1quHa BXOAHT B (4) IIOCTOJIHHblM 
MHO)KHTeneM H nonyqeHH_b1e pe3yJibTaTb1 0606Il\a-
10TCS1 AJISI Jll06bIX 3Ha"'leHHH Nb npOCTbIM ,IlOMHO:>Ke
HHeM. Ilepe:u,qeM K 06cy)l(.n:eH010 nonyqeHHbIX pe-
3YJibTaTOB. 

6. H3JIYqEHl1E 
HEOBhlKHOBEHHbIX BOJIH 

Ilo.n:06Ha.s1. 3a,qaqa paccMaTJ)HBanacb HaMH paHee 
(23). Oµ;HaKO upu µ;aJILHeHllleM 'IBCJieHHOM C'leTe 
npoa;egypa cyMMHpOB3HIDI rapMOHHK 61.ma YTO'lHe
Ha, qTo npe:eeJio K nepecMoTpy nonyqeHHbIX paHee 
pe3yJibTaTOB, XOTSI nop.s1,qoK nenHqHH awj H µ (J)j oc
TaJIC.SI npe)K}{HM. I103TOMY B .n:aHHOH pa6oTe Mbl 
cHa'laJia npuBeJI.eM pe3yJILTaThl 6onee TOqHbIX pac
"leToB H yit:eJIHM 60JibWee BHHM3H0e pacKa'-IKe 
o6bIKH0BeHHh1X BOJIH H acTpocpH3HtfeCKOH HHTep
npeTal.\HH rHpOCHHXpOTJ)OHHOH HeycTOH'fRBOCTH 
AJISI 061>S1CHeHW1 CBepXTOHKOH CTpyKTypbl BCilbl
wetrnoro pa.n:HOH3J1Y'-leHID1. 

Ilpe)l{Ae scero paCCMOTJ)HM 3aBHCHMOCTH K03cp
q>HI.\HeHT0B aroj H µ(l)j OT '13CTOTh[ reHepupyeMhIX 
BOJIH ro AJISI pa3JIB({HbIX 3Ha'leHHH Yo HO'. onpeJI.eJI.s1-
10II{HX cpopMY rayccoscKoro pacnpe,Aenemu1 3JleK
TJ)OHOB. 0CTaJihHbie napaMeTpbl yKa3aHbI B IIO)UIH
C51X IlOA pecyHK3MH. Ha puc. 2a npHBeAeHbl 3aBHCH· 
MOCTH K03cpcp~HeHTa IIOfJIOil\eHIDI µ(J)j OT qacTOTbl 
co,.. ,qnsr ,qayx cnyqaee cpyHKQHH pacnpeJI.eJieHIDI c no
CTOSIHHou: AHCnepcueii cr = 0 .03. CneKTJ) K03q>q>H1.(B
eHTa rrorJioI:QeHIDI µw/roJ B o6oHx cnyqaHx rrpe,q
crasmteTc.s1 a BHAe .n:HcKpeTHoro Ha6opa npaKTnqe
CKB 3KBH,IlHCTaHTHblX IlOJIOC qaCTOT (HX 9 Jl.JISI 
pacnpe,qeJ1eHHS1 c Yo= 1.5 H 5 AJISI Yo = 1.2) BCTHHHoro 
IIOfJIOI:QeHIUI 0 OTPHU:aTem,HOH pea6cop61.\HH, CMe
~eHHblX t.{YTb 6onee, tteM B Yo pa3 OT HOMepa s 
(CM. (2)) u YMeHbWaJO~HXCSI no aMnJIHTYAe c poc
TOM w . . IlpH 3TOM IlHKH HCTHHHOro norno~e HHSI 
60JibWe B 1.5 - 2 pa3a IlHKOB OTPHU:aTeJlbHOH pea6-
cop61.\HH AJISI 3JleKTJ)OH0B C 3HeprHeH 250 K3B H 60-
nee 'ieM B 10 pa3 AJISI 100 K3B. C yMeHbWeHHeM 
xapaKTepHOH 3Heprirn 3JieKTJ)OH0B OTJ)Hl.\aTeJJbHa.sl 
pea6cop6~n.s1 3Ha"IHTeJihHO yMem,waeTC.H - AJIS1 pac
npe;a;eneHHH c Yo = 1.2 Man1,1e OTJ)HQaTeJILHbie 3Ha"le
HIDI ~j npncyTCTBYJOT B6JIH3H TJ)eX Y3KHX IlOJIOC qac
TOT OKOJIO w. = 2, 3 H 4, y6bJBa.SI no BeJUl'iHHe AO HYJISI 
,IlJIJI 60JibWHX tJaCTOT. 0TC)'TCTBHe OTJ)H~aTeJibHOH 
pea6cop6a;HH Ha cpyHJI.aMeHTaJibHOH. rapMOHHKe .n:m1 
Yo = 1.2 o61>J1cH.S1eTcS1 ,qenpeccuee: MarffilTOTOpM03HO
ro H3JiyqeHH.SI B IlJIOTHOU: DJia3Me [18]. C IlOBbIWeHH
eM Yo JI.O 1.5 (£,u!H = 250 KaB) "IHCJIO qaCTOTflbIX o6na
CTeH, B KOTOpbIX µ (J)j < 0, B03paCTaeT H AOCmraeT 7. 
3TH qaCTOTbI JIOKaJIH30B3Hbl B6JIH3H w. = 0 .75, 1.5, 
2.25 " T . .n:. MaKCHMaJlbHble 3Ha\JeHID1 µ~ Ha ,qaHHblX 
qaCTOTax yMeHbWaIOTCSI no MO.J:lY.1IIO OT 2.5 x to-4 CM- I 
,o;o 0.1 x 10--4 CM- I . I1onywnpHHa IlHKOB norno~eH'RSI 
.n:oeonbHO Mana, cpeJI.Hee 3Ha'-l:eHHe 6.w/ro = 0 .05 H 
IlOTOMY ycJIOBIDI B03ltHKHOBeHIDI OTJ)HQaTeJibHOH 
pea6cop6u;en HOCSIT npaKTHtJeCKH pe30H3HCHbl0 
xapaKTep. 3TOT BhIBOA HMeeT 60JibWOe 3Ha'leHRe 
npH HHTepnpeTaUHH reHepaUHH cnaHKOB pa,ll;HOH3· 
nytJeHHSl BO acn1>1wetJHbtx npm~eccax B aTMoccpepax 
3Be3,t{. 

Ilepeu)leM K paCCMOTJ)eHBJO H3JIY"'laTeJibHOH cno
C06HOCT0 nna3MhI. Ifa pnc. 26 CJJe,qyeT, tJTO H3rryqa-
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P11c. 2. MarHHTOTOpMOJHOC HJJIY"ICHMe A11ll HC06blKH0BCHHOA BOJJHbl ~{w • • 'Yo, a, q). aO)}ro. ' 'Yo, a , q). 

renbHrut cnoco6HOCTb nnaJMhI a o>i npeACTaBIUleT co-
6oii Ha6op AHCKpeTHbIX JUIHHH c qaCTOTaMB ro npH

MepHO paBHbIMH 0.8ro., 1.6ro., 2.4co. H T .n. (Yo = 1.2) 
B nonywHpHHaMH ~ro. pacrymHMH C 'latToToA (HO

MepoM rapMOHHKH), HO Bee e~e MeHbnIHMB 0.8ro •. 
fny9uHa M0Aym1~eu no3TOJAY Ha scex rapMoHHKax 
AOCTHraeT npaKTH'leCKH 100% lVIS1 Yo = 1.2 H He
CKOJlbKO yMCHbWaeTC51 Ha BblCOKHX rap~oHmcax Ami 

Yo= 1.5. B CJiyqae 'Yo= 1.5 e H3Jiy'leBBH ua 'laCTOTaJ 
60JibWHX 4COse B03HHKaeT "DOA}IO)Kl{a", KOTOpcUI ro 
BOpHT O BKJiaJ:{e B cne1CTp H3JIY'ICHIDI aJieKTpOHOB 1 

auepraJIMH, COOTBeTCTBYIO~H CHHxpOTpOHHOM; 

npeAeJiy MarHHTOTOpM03HOro H31IY'leHIDI. 

IlpoaHaJJB3HpyeM Tll1Thl MOA B03HHKa10UUfX KO 
ne6aHUH B 3aBBCHMOCTB OT 'laCTOTbI ro •. ,I:lJJfl 3Ha'le 

HUH co •• OOJibIDHX 1, H rope ~ COse B036y)l(AaeTC.Sl 6b(C 
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Tpa.SI Heo6i:,IKHOBeHHa.SI BOJIHa (X-Moµ;a), KOTOpaH 

rrepeXOAHT B Me,U:JieHHYIO He06bIKH0BeHHYIO BOJIHY 
(Z-MOAa) npH w,. $; l. Ha tfaCTOTax, MHOro MeHbllIHX 

Wee H w. coscx., Z-MOJJ;a nepexo,U:HT B 6bICTpbie MarHH
T03BYK0BbJe BOJIHbl, KOTOpbie He B036y)K.ll:al0TCSI 
npH .u;aHHhJX napaMe,pax. 

C yeeJIHl.fCHHeM ,l(HCnepcHH raycCOBCKOro pac

npe.u:eJieHHSI CJ nemPnma oTpHQaTeJibHOB pea6cop6-
QHH yMeHbIIIaeTC.SI H COKpau~aeTC.SI qHCJIO qac'l'OTHbIX 

o6nacTeii, B KOTOpbIX µroj < 0 (23]. TaKHM o6pa30M, 
6oJiee pa3MbITbie nyqKH qaCTIU.:(, ecJIH H CIIOco6Hbl 

reHepHpOBaTb KorepeHTHOe H3JiytJeHHe, TO TOJibKO B 

YJKOH 0611acTH qacroT (oKoJio s =l/y0) c u.eH,panb

HhIM 3Ha'tleHHeM nope~-cpaKTOpa, CMe~eHHOro B 
o6JiaCTb 60JiblliHX 3Ha1.feHHH. 3TO H Hey.u;HBHTeJibHO, 
TaK KaK {,'TeneHb HHBepCHOH 3aCeJieHHOCTH (BeJIH'tfll
Ha IIOJIO)KHTeJibHOH rrpOH3BO,D.HOH <pyttKIJ.HH pacnpe
J:{eJieHH.SI 3JleKTp0H0B no CKOpOCTIIM) na.u;aeT C poc
TOM J:{HCIIepCHH. 

PaccMOlpHM Tenepb yrnoey10 33BRCHMOCTb awj H 
µwj· 113 CHMMeTpHH paccMaTpHBaeMOB 3aµ;aqH cne.u:y
eT, qTO AOCTaTOtJHO paCCMOlpeTb 0611aCTb H3MeHeHID1 
(l OT O AO 7t/2. Ko3cp<pH[(HeHT nomo~eHIDI He06bIK

HOBeHHOH BOJIHbl µco/ • rrpeµ;cTaBJieHHblH Ha pHC. 2B, 
paCC"t.JHTaH J),JJ.Sl 3HaqeHHH rrapaMeTJ)OB q = 0.2, 

'Yo= 1.5, a = 0.03 H ,U:JISI 'laCTOT w. = 0.75, m. = 1.44, 
w. = 2.13, COOTBeTCTBYIO~HX TpeM nepBhlM OTpH
QaTeJihHblM rapMOHHKaM. KaK CJie}l:yeT H3 3Toro 
pHCYHKa, AJI51 yrJIOB tta6n10}]:eHHH 72° < a < 88° Ha 

3THX qacTOTax OTMeqaeTC.sI OTpHu;aTeJihHaSI pea6-
cop6Ql1S1 C MaKCHMaJibHbIM no MOJJ:YJIJO 3Ha'teHHeM 
µ(J)j = 4 X 10-4 CM- I (µ;1rn w ... = 0. 75) AJISI yrnoB pacrrpo

CTJ)aHeHIDI, 6m13KHx K 80°. IloA06Hoe rroBeµ;eaue Ko

acp<pHQHeHTa µro; o6'hstCIDJeTCH yrnoeou: µ;uarpaMMOH 
HanpaBJJeHHOCTH rHpOCHHXpOTJJOHHOro H3nyqemlSI 
OAHoro aneKTpoua. Ilpoee.r(eHHhie pacqeThI .r(JISI qac

TOT w. , COOTBeTCTBYIO~X 6onee BblCOKHM rapMO
HHKaM, IlOKa3bJBalOT, tJTO yrJIOBa.sl 3aBHCHMOCTb KO

acpcj:mu;HeHTOB acoj H µWj HeCKOJlhKO MeH.SleTC.sl: 06-
JiaCTb .r(HnOJibHOro H3JJy'leHIDI cy)KaeTC.SI K rt/2. 
0.r(HaKO OCHOBHO.H o6naCTblO yrnoB, B KOTOpou: npo

HCXO.r(HT H3JiylleHJie H rrorno~emie (B TOM 'tfllCJie H 
OlpHQaTeJihHoe), OCTaeTC.sI rro-npe)KHeMY o6JiaCTh 

yrnoa, 60JibIIIHX 72° H 6JIH3KBX K 90°. TaKHM o6pa-
30M, ,U:JUI 3a.r(aHHhIX rrapaMe TpOB nna3Mbl H nyqKa ru

pocHHxpoTpOHHOe Ma3epttoe H3Jiy'teHHe HMeeT ,qo
BOJihHO Y3KYIO ,U:HarpaMMy HanpaeJieHHOCTH - 15°. 

Ilo BCeH BH.r(HMOCTH, 3Ta oco6eHHOCTb MOX<.eT 06'1>
SICHHTb TOT ¢aKT, 'ITO TOJlbKO rrpH6mt3HTeJibHO B 

30% crryqaes perncrpHpyeTc.SI MHJIJIHCeKyH)J;IlaSI ape

MeHHaH crpyKTypa 8 MHKpOBOJIHOBb(X BCIIJieCKax 
COJIHe'lHblX BCII.bIIIIeK [1 ]. 

3aeHCHMOCTb a(l)j OT yrna (pHC. 2r) .r(Jl.sl rrepeoii OT

pIU~aTeJibHOH rapMOHHKH npe.r(CTasm1eT co6oii MO
HOTOHHO pac,yll.'(ylO cpyHKI.J,IUO AO yrnoe (l = 70°, a 

3aTeM yMeH1,Wa10~YIOCS1 AO HYJISI AJISI a = 80° . .[J;m1 
qacTOT m. = 1.44, 2.13 xapaKTep KpHBOH HeCKOJibKO 
MeH.SleTCSI , JIOSIBJl.sllOTC.sl AOilOJIHHTeJibHble MaKCHM)'-

M.bJ Ha MeHbIIIHX yrnax, a TaK>Ke yeeJIH'lllBaeTCSI Be
JIHqHHa HJJJy~aTeJibHOH cnoco6HOCTH rma3MbI. 

PacCMOlpHM BJimlHe:e nna3Mbl Ha H3JIY'IeHe:e H 
norno~eHHe BOJIH. Ha pHc. 2.o;, 2e rrpe,qcraBnem,1 no

nyqeHm,re 3aBHCHMOCTH µcoJ H a001 OT napaMeTpa q Ami 

3Ha'leHHH w. = 0.75, w. = 1.44 H w. :;:; 2.13. XoA 

KpHBbIX 06'b.SICID1eTC.SI 3aBHCHMOCThlO rroKa3aTeJI.SI 

npeJIOMJieHH.SI HOpMaJU,HblX BOJIH B XOJIOAHOH Mar
HHTOaKTHBHOH IIJia3Me OT nna3MeHHOH qaCTOThl. 

Bo3MOX<HhI ABa CJiy'1aSI: w!Jw2 > I H m!Jco2 < l. B 

nepBoM cnyqae µ;nSI m. = 0.75 noKa3aTeJIL npeJIOMJie

HHSI MOHOTOHHO y6bIBaeT AJISI JII06bIX 3Ha'leHHH Wpe, 

o6pa~aSICh B HYJib npH W~ e = 1 + Wee fW2 (3TO COOT

BeTcTByeT q = 0.8). Bo BTopoM cnrrne (ro. = 1.44, 

2.13) nJ o6para;aeTCSI B 6ecKOHe'lHOCTb Ha nepBOH 

rn6pHAHOH 'laCTOTe [22]. 113 pHC. 2A CJieµ;yeT, tJTO 

a6COJIIOTHblH MaKCHMYM OTpHI~aTeJihHO:U pea6cop6-

U:Hlf HMeeT MeCTo B 6onee pa3pe)KeHHOH rrna3Me Ha 
BTOpOH rapMOHHKe np.0 0.2 < q < 0.8. C ysem1qeHHeM 
nnOTHOCTH rrna3Mbl (napaMeTpa q) Ha6n10µ;aeTC.S1 

AenpeCCHSI BTOpOH rapMOHRKH H MaKCHMaJJbHOe ycu
JieHHe H3JIY'leHID1 HMeeT MeCTO Ha TJ)eTbeH rapMO

HHKe rnpo'-IaCTOTbJ. KaK BHAHO H3 pucyHKa, 3TO ycH
JieHHe npoHCXOAHT BIIJIOTb ,QO 3Ha'leHHH q > 0.8. IlpH 
.QaJibHeHIIIeM B03pacTaHHlf q HacT)'naeT .r(enpeccH.SJ 

,peTbeH rapMOHHKH H H3JiyqeHHe ycHJIHBaeTCSI Ha 

qeTBe))TOB. 0TMeTHM, 'ITO c pocTOM HOMepa rapMO
HHKH K03<p<pHUHeHT yCHJieHH.SI na.o;aeT no MOAYJIJO. 
Co6CTBeHHOe MarHHTOTOpM03HOe H3Jiy'1eHHe nna3-

Mbl B yKa3aHHblX 0611aCTSIX qacTOT xapaKTepH3yeTCSI 
H3Jlyl.JaTeJibHOH cnoco6HOCThlO nJia3Mhl, .r(OCTifralO

~eH BemNHHbl IIOPSIAK'a 10-•5 apr/cM3 (pHC. 2e). 

7. I13JIY"l!EHl1E OBbIKHOBEHHblX BOJIH 

Pact.JeT BemttrnH a(J)j H µwj }];JI.SI 06bIKH0BeHHOH 
BOJIHbI rrpH napaMeTpax nyqKa II nna3Mbl, OAHHa
KOBblX co cnyqaeM He06bIKH0BeHHbIX BOJIH, IIOKa3aJI 
yMeHbIIIeHHe HX 3Ha'-leHHH (puc. 3a , 36). ToJibKO aMn

JI.HT)',Qa nepBbIX IlOJIO}l(}fTeJihHOH H OTPHUaTeJihHOH 

rapMOHHK cpaBHHMa no BeJIH'llHHe C X-MOAOH. JJ;m1 

rrocne.Qyiom;ux rapMOHHK µ<Qi 6b1crpo yMeHbIIIaeTCj{, 
H AIDI pacnpe.r(eJieHHH C 'Yo = 1.2 CTaHOBHTC.sI HC'le3a
lO~e MaJIOH y)Ke ,QJI.SI BTOpOH rapMOHHKH, Il0.r(06Hoe 

MO)I(HO CKa3aTh H JJ.JISI pacnpeAeJieHHB c Yo= 1.5, HO 
HatJHHa.sl C 3 - 4 rapMOHHKH. TaKHM o6pa30M, pa3BH
THe HeycTOH'{HBOCTH AJUI 0-MOJJ;bl rrpH 3aJJ,aHHOM Ha-

6ope napaMeTpOB 6yµ;eT npOHCXOAH.Th JIHIIIh Ha qac

TOTax, He CHJlbHO OTJIH'lalOm;HXCSI OT 0) = WselYo• 113-
nyqaTeJibHaH cnoco6HOCTb e cnyttae o6bIKHOBeHHbIX 

BOJIH HMeeT xapaKTepHylO oco6eHHOCTb - Jf3Jiyqe
HHe Ha rrepBOH rapMOHHKe He IlO.r(aBJieHO, KaK B 
cnyqae He06bJKH0BeHHbIX BOJIH H rrpeBbIUJaeT aMn

JIHTYAY BTopoH rapMoHHKH a 2 pa3a AJISI Yo = 1.5 H 
B 5 - 6 pa3 e cnyqae pacnpe~eneHHH c 'Yo = 1.2. CrreKT
paJibHble H3MeHeHID1 acoj Ha BTOJ)OH H noCJieAYIO~HX 

/\CTPOH0Ml1'-IECKl111 )l(YPHAD TOM 72 .N9 6 1995 
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Puc. 3. MarHHTOTOpM03HOe HJnyqeHHe J:IJISI 06bIKHOBeHHOR oonm,I µc,.>/0)·· 'Yo, Cl, q), a(j/ro., 'Yo, a, q). 

rapMOHRKaX IlOA06HhI A1ISI o6oHX THilOB BOJIH, XOTSI 

3MITJIHTYJJ;Hhle 3Ha'-leHWI pa3mrqaIOTCSI B 2 - 4 pa3a. 

Pa3JIH'l1He B cneKTJ)8JlbHOM noBeAeHHH MO)KeT CJIY
)KHTb KpiiTepHeM OTJJ.ffqwf THna BOJIH, HO npH ycno

BHH, 'ITO n HCTO'llHRKe reaepepyeTCSI co6cTBeHHOe 

H3ny-qem1e, cneKTp KOToporo He npeTepneBaeT H3-

MeHeHKH npH pacnpocT})aHeHHH JW Ha6moi,;aTeJU1. B 
cny'!ae KorepeHTHoro MeXaHH3Ma cneKTP H3nyqe

HWI onpeAemreTC.sl JaBHCHMOCThlO K03cl,q>HQHeHT8 

norJIOJ.l\eHWI OT qaCTOTbl, KOTOpruI noµ;o6Ha AJISI 

o6oHX THilOB BOJJH. 

YrJIOBrul 38BHCHMOCTb a(J)j R µ(J) . AJIH o6b1KH0BeH

HOH BOJIHbI npeACT8BJieHa Ha pHc. 1e, 2r. B~HO, 'ITO 

Ma3epHblH MexaHU3M reHepau,HH II3JIY'leHWI B03HB

KaeT apH TeX )Ke yrnax, 'ITO H ;IJ;JISI X-MOAbl. 3TO ro

BOpHT O TOM, 'ITO B BCTO'l{HHKe ;IJ;OJI)KHbl reHepupo

B3TbC,SJ o6e MOAbI OAH0BpeMeHHO. 0TJUI'IID1 OTMeqa

lOTCSI TOJJhKO ;IJ;JJ.sI a<oj e o6JJaCTH MaJihIX yrJIOB 

ACfPOHOMH.lJECKl1Jit )l(YPHAJl TOM 72 .N'2 6 1995 
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Ha6nJOJ{eHH.Sl, Ha KOTOpbIX OTcyrcreyeT Ma3epHoe 
ycHJreu.oe HJJJy"leHIDI. 

Ha puc. 3A, 3e noKa3aHa 3aBHCBMOCTb Koa<l><l>B
qeeHTa nornoI.QeHIDI H B3ny'laTeJibHOH cnoco6uoCTH 
nna3MbI OT nna3MCHHoro napaMeTJ)a q. 11oKa3aTeJJb 
npenOMJICHJUI MOHOTOHHO y6LIBaeT AJI.Sl JJJ06blX 3Ha
qemm: q, OTCJOAa CJJeAyCT nony'leHHa.H JaBHCHMOCTb 
µ<Oj H a°'!i ' Ilna3Ma, B KOTopoii 6yAeT npOHCXOAHTb 
Ma3epHoe ycHJteHUe rupocHmCp0T_Po1IH0ro e3nyqe
HIDI, .SlBJUICTC.Sl AOBOJibHO pa3p.Sl)KCHHOH (q < 0.6 AJJ.Sl 
c:o. = 0.75), B OTJUttme OT cnyqaSI He06bIKHOBCHHblX 
BOJIH. 1-·farryqeuee BO eceM AHarraJOHe q reuepepyeT
C.H npeHMyI.QeC'rBeHHO Ha nepeoit rapMOHHKe, BCJJH
'IBHbI µ COJ AIDI w. = l.5, 2.0 (COOTBeTCTBYJO~Be BTO

pOM}' H TpeTbCMY MaKCHMYMJ B IlOrJIOI.QCHHH) XOT.Sl H 
' OTJIHqffb) OT HYJISI, HO MCHbWe B ACC.SlTKH pa3. 

8. l1HTEPTIPET A.QH.sI HAEJIIO,UA TEJihHhIX 
)lAHHhIX 

.D:n.H O~CHKH .SlpKOC'I'HOH TeMnepaT)'pbl HCTO'!HH
Ka H3JJy'leHHSI paCCMOTJ)HM ycBJICHBe C06CTBCHHoro 
HJJJyt.Jemm 3a Cl.JCT BHAY~HpOBaHHOro Ma3epHoro H3-
JJy<IeHH.Sl. lh p emeHBJI ypaBHCHIDI nepeuoca AIDI BB
TCHCHBHOCTH H3nyqemJS[ OJ{HOpOAHOrO CJI051 T{)JI~H
HOH L cneJ{yeT 

a roj 
/ 0) = jµwA ( l -exp(-µrojL)) + /(00exp(-µw1L), (6) 

rJ{e / o1J - HRTCHCHBHOCTb paenoeecnoro H3JIY"ICHIDI. 
CeCTeMa " mtaJMa-nyqoK" HBJISICTC.Sl HepaBHOBeCHOH 

H, KaK Mbl IlOKa3am,, HMeJOT MCCTO o6naCTB "laCTOT, 
j e KOTOpblX µ wj < 0, T.e. 1nnyqeHHe, npoxowm~ee 'le

pe3 CJIOH a e yCTOH'iHBOH una3Mbl, ycHJIBBaCTC.ff. 
11peArronara51, "ffO yc1rneaue I µw)L ~ 1, 3anullleM 
(6) B BHAC 

1 
fw = a00jl-l ·I L expqµw1~L) . 

µ (l)J 

01.\CHHM K03cp<l>~HeHT YCHJICHIDI HJnyqeHH.Sl 

1 
k = lµ wjll exp qµ rojl L), 

(7) 

(8) 

· ecnonhJY.Sl rronyqeHHb1e 3Hal.feHIDI Koa<1><1>nnueHTa 
· OTJ)HqaTenbHOH pea6cop6~H µ<Oj == 10-4 - 10-5 CM- I 
: (pHC. 2, 3) AJUI 3aAaHHblX rrapaMeTpOB JIJia3Mbl. BOT-

HOlllC_HHH TOJI~RHbl H3Jiy"lalOI.QCI'O CJIO.ff CTpOI'O on
. peAeJJeHHO CKa3aTb HWJero Henb3.Sl. B03M0)KH00 MaK

CBManbHblH oneHKOH .smmlCTC.Sl Macnrra6 L = c61, ~e 
& - AnHTeJibHOCTh perHCTpHpyeMoro crraiKa. IloA

, CTaBJI.ff.SI 3Hat.JeHHC Af :::: lMC, nony"IHM Lm"" 100 KM. 

Mo)KHO nonytmTh 01.(eHKY 3TOB aenJNHHbI HHbIM 

o6pa3o M [1]. Ilpe,qnono:>KHM, tfTO qacroTa HJny"le
. HHH 3aBHCHT OT HeKOH xapaxTepiloH 'laCTOTbl (Ha
npHMep, l(HKJIOTpoHHOH). B 3TOM cnyt:fae pa3Mep HC

TO'I.HHKa onpeJ{eJI.HeTC51 AJIBHOH BOnHbl A. C xapaK
TepHOH qacTOTOH Wsc H qacTOTHOH lIOJIOCOJI d(.t) 

cnaiiKa: L = '}...(L\w/ro). IloAcrasmur aenH"ll!HbI AJI.H 
caHTHMCT_POBOI'O B3JIY'tfeHIDI, nonrlBM pa3Mep HC
TO'lllHKa nop.RJ{Ka 200 KM, coenaJ{aJO,I.Qeii C 01.(CHKOH 
no CKOpocTII ceeTa. CKopee ecero 3Ta eemNBHa 
MCHbWe H noTOMY rrpHMeM L = O. lLm, TeM caMbIM 3a
HlUKa.H K03<l>THI.(HeHT yc»neHIDI, AJUI KOTOporo no
nru™ k > 10. 

nocne aroro Mo:iKHo oneHHTb .HpKOCTHYJO TeMne
paT)'py HCTO"IHBKa H3nyt.teHH8 T hr. I-fa onpeAeJJeHIDI 

T br cneAyeT: 

2 ik T 
n j c:o 6 "' 

3 2 ' 
(27t) c jcos ~) 

Mcnonb3Y.ff (7, 9), nony'<IHM 

(9) 

_ expqµco_A L) ( 27t)
3c2! cos~A 

ksT,,, - aw.;L I IL 2 2 . (10) 
µwJ nj c:o 

IlOACTilBHM a (10) eenmlHHbJ, IlOJJ}"ICHHbie e tmCJJeH
HOM Ct.J.eTe H eocnonb3YCMC51 Ol(eHKOH Koa<1><1>m~eHTa 
ycIDieHIDl k. B peJyJibTaTe nony"IHM Tb, > 2 x 1013 K. 
TaKHM o6pa3oM, J{a)Ke ,qm1 MHHHMaJibHoro ycHJieHIDl 
H3JJY'ICHIDI B cnoe nna3Mhl YAaeTC.Sl norrr,rHTb Bb(CO

KYJO HpKOCTHYJO TeMnepaTypy. ,UJJ.Sl o6'bHCHCHIDI 
MaKCHManbHblX .SlpKOCTHhIX TeMnepaT}'p 1015 K, T_Pe-
6yeTC.H ne6o }'BCJIH'ICHHC TOn~bl CJIQj[ L, nu6o 
Ko3<l>q>H1'HeHTa µroi a IDITb pa3, qTo enonHe peanbHO 
B J{aHHoA MOACJIH. 

06cyABM B03M0)Kffblll BKn~ HepeJISITHBHCTCKHX 
311CKTPOHOB B paccMaT_PHBaeMOe H3JiyqeHHe. Ilo
CKOnbKY HHTeHCHBHOCTb (nOTOK) H3JiyqeHWI npo
nopUHOHaJibHa KOHil;CHTJHlll;HH H3JiyciaJOII.\HX qac
TH'U, TO yeenHtieHDe IlOCJJCAHe:A: MO}KeT CKOMneHCH

poBaTb ycHJJeHHC 3a C'leT KorepeHTHoro MeXaHH3Ma. 
HanpHMef, AJI.Sl OO'b.SlCHCHIDl IIOTOKOB 100 c.e.n. 
(T,,, = 101 K) AOCTaTotJHO Ma3epHoe ycHJieHHe a 103 

pa3. EcJIH npeAilOJIO)KHTb, "ITO B TaKoe )Ke 'IHCJIO pa3 
HepeAATHBUCTCKHX 3JICKTJ)OH0B OOJibllle, 'ICM 3JICK
TJ)OHOB yMepeHHO pem[TRBHCTCKHX (T.e. B HameM 

cnyttae 3TO 109 CM- 3), TO RX BKnaAbl B IlOTOK MarHH
TOTOpM03HOro H3JJY':ICHWI Moryr 6h1Tb cpaBHHMbl. 
An.ff cnaAKOB c 6onbWBMB nOToKaMB 104-5 c .e.n. KOH
neHT_Pal(IDI HepeJI.SlTHBHCTCKHX 3JICKTJ)OH0B AOIDKHa 
6bITb Hepa3yMHO BbICOKOH, tJT06bI 06ecrre'IHTI, 3TOT 
IlOTOK. CKopee ecero TCIIJIOBoe MarHHTOTOpMOJHoe 
H3JJyqeHee HeperulTHBHCTCKHX 3 JieK1'pOHOB B HaJileH 
MOAeJIH MO)KeT C03A8BaTb 6onee HenpepbIBHOe (BO 
epeMeHH) H3JIY'ICHHe MCHhlliCH UHTeHCHBHOCTH - TH

na "no,qJlO)KKH", Ha <l>oHe KOTOpOH OTt.JeTJIHBO npo
CMaTJ)HB3IOTC$l cnaHKH. 

HecMOTJ).Sl Ha TO, qTo HaMH paccMaTpHBaJI3Cb 

cr~oHaptta51 3aAa'la, o6cmeM sorrpoc <l>opMHpo
eaHIDI BpeMeHHOH CTJ)YKTYPbl OTAeJihHOro cnauKa . 
3BOJIJOil;HIO cnaHKOBoro H3rryqeHID1 Mbl MO)KCM Ka
'tfeCTBeHHO CMOACJJHpOB8Tb nocpeACTBOM JaAaHIDl 

pa3nH'IHbIX <l>YHKI.(HB pacnpeAeneHIDI 3JieKTPOHOB, 
B3MeWUI AHCnepcHJO B rayccOBCKOM 3aKOHe. KaK 
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H3Becra:o, npou;ecc peJiaKCaIUIH <PoPMaJJbHO CBSl3aH C 
o6pa30eaHBeM nnaT006pa3HOH cpy~ pacnpe,ne
JieHWI, T.e. yeem1'-leHHeM AHcnepc1m, a cpaKTuqecKB 
onpen;enSJeTCSI npo~eccaMB B3aHMOAeHCTBIDI 3JieK
TJ)OHOB nyqKa c BOJIHaMH B TYP6yJieHTH0B mta3Me. 
PaccMaTpHBa.SI npou;ecc penaKcaa;uu nyqKa, MbI q>aK
THqecKH onpeAemJeM B K~blH MOMCHT "MrnoeeH
Hoe" 3HaqeHue AHCnepc1m <l>YHK[(HH pacnpeAeJie
HHSI. TalGIM o6pa30M, MO)f{l{O CBS13aTJ:, H3MeHeHBe 
JJ;HCnepcHH C HeJIHHeHHO~ 3BOJUOqHeH nyqKa BCilbI
I.IJe~IHbIX 3JJeKTp0H0B. IlpHMeM 3a xapaKTepHOe 3Ha
qeHHe AJIHTeJibHOCTH UMilYJibCa t = 10 MC. BpeMeH
HaSJ crpyx-rypa HMilYJibCa H3Jiy'leHHSI MO}KeT onpen;e
mlTbCSI JJ;JIHTeJibHOCTblO HIDKeK.l.\HB ycKopeHHblX 
3JieKTpOHOB H(HJIH) npoqeccaMH Hac1,1u.i;earut Ma3ep
Horo H3JiyqeHJUI. I1ocKOJlbKY peHTreHOBCKHe BCilbl

meqffbie BCilJJeCKH He noKa3blBalOT ceepXTOHKOH 

epeMeHHon: CTPYKTYPhI (ux JJ;JIBTeJILHOCTb lOMc 
(25]), TO cpeAmISI AJIHTCJlbHOCTb MHKpOBOJIHOBOro 
cnamca cKopee ecero MO)KHO o6'bSJCHBTb Hach1m;eim
eM Ma3epHoro MexaHB3Ma, a He npo[(eCCOM Hff}KeK
J..J;HH 6bICTpbIX qacr~. 

Bpewr Hac1,1m;eHID1 Ma3epHoro H3Jiy'lleHWI onpe
,nenS1eTCS1 epeMeHaMH penaKcau;eu ny"lKoB ycKopeH
HhIX 'I8CTH[(. KaK noKa3aHo B [25), eCJieACTBHe MeHb
lllHX q>a30BblX CKopocreit JieHrM10p0BCKHe BOJIHbl 

3q>cpeKTHBHee B3aHMOJ:(CHCTBYIOT C qaCTH:qaMH nyqKa 

paCCM3TpHBaeMblX 3HeprHH, ~1eM 3JieKTpOMarHHT

Hble. I1o3TOMY npou;ecc penaKcaQHH qacnru; orrpen;e
n.s1eTc.s1 B33HMOJJ;eHCTBHeM C JieBrM10p0BCKHMB B0JI

H3MH, a reHepau;usi pa,o:110HJJiyqeHHS1 npoucxo,o:BT e 
pe3yJibTaTe MarHHTOTOpM03Horo Korepewrnoro Me
xaHH3Ma. B 3TOM H COCTOIIT OTJIHque Hamero IlOA
XOAa OT TJ)3,0:Hu;HOHHOrO, CB.s133HHOro C H3JiyqeHJ.teM 

3JieKTpOMaI"HHTHhlX BOJIH H Tp3HCq>OpMau;ueff q>yHlC-

1.l;HH pacnpeAeJieHHSI qacmu; Ha HHX }Ke (CM. HanpH

Mep, [25]). B KBa3HJJHHeHHOM npB6JIIOKCHHH BpeWI pe
JiaKcal(HH .11erKO oQeHHTb [25, 27J: 'tKB: ANof(N~rofe), 
r.o:e No- KOHu;e1ITpal(ID1 <PoHOBOH nJia3Mbl, a KOOcpqm
u;ueHT A onpe.r(em1eTCS1 eu,qoM cpyHK.l.\HH pacnpenene
HIDI. Ilonara_j{ N0/Nb """ 104, l.fTO He npomeopetJHT Ha-
6.1110,neHHSJM, a nJia3MeHHYJO qaCTOTY 3aJ);aBM paBHOH 

2.5 X 109 c- 1 (3TO COOTBeTCTByeT No= 2.5 X 109 CM-3), 
nony'tlHM tn = 4 - 40MKC [26]. 0J:{HaKO yqeT HCJIHHeH
HblX npol\eCCOB yeeJIHtjHBaeT 3TO epeWI BCJie,O:CTBHe 

OTKatJKH JieHrMIOpoBCKHX IlJI83M0H0B H3 o6JiaCTH 

pe30HaHca C 3JICKTJ)OH3MH. AHaJIUTHttecKHe Ol.~eHKH 

,o:aJOT eeJIH'lHffY epeMeHH HeJJHHeHHOH peJJaKCau;HH 
t = 4Mc [28). l.JHCJieHHoe pemeHHe HeJIHHeHHOH 3~a
't{H penaKca~u nyqKa B nna3Me C JieHrMIOpOBCKHMH 
B0JIH8MH, npoae,nemtoe HaMH [19), YTO'l{HSICT 3TH 
oueHKH: nnaToo6pa3Hhie q>yJIKu;HH pacnpe]];eJieHrut 
ycTaHaimaaanuch 33 apeMeHa ( 100 - 200)t0 e 3aeucu
MOCTH OT JIJ]OTHOCTH 3HeprIDI JieHrM10p0BCKHX 

IlJI33MOH0B. TaKHM o6pa30M, BpeMeHHbie npoq>HJIH 

cnauKOB paAHOB3JiyqeHlfSI cKopee ecero onpe,o:eJIS1-
10TCS1 epeMeHaMH HeJIHHeHHOH penaKcau;uH ycKO

peHHblX qacnu~. 

9. BhIBO;r::(hl 

a) I1pe,o:no}KeBa K011u;enu;IDI n1poc1mxpo-rpoHHO
ro Ma3epuoro H3J1ytJeHID1 .O:JIH HHTepnpeTau;nu 
xapaKTepHCTHK MHJimiceKyB~IX BCllbIWC'IHblX 

cnauKOB B MHKpoBOJIHOBOM ,llHana30He. 

6) 1.JRCJieHHO B3ytJeHa rupocHHXpOTpOHHrul Heyc
TOH"tfHBOCTb B IlJl33Me C H30TpOilHbIM rayccoBCKHM 

ny'IKOM yMepeHHo peJUITIJBHCTCKHX 3JieKTp0H0B, 
IlOJiy'leHbl 3aBRCHMOCTH K03(pcpHUHeHTa nornow.e
HIDI H H3JiyqaTeJibHOH cnoco6HOCTH OT t.JaCTOTbl BOJI
Hbl U napaMeTpOB nytJKa D llJ133Mhl. 

B) I1oKa3aHO H8JIH'l!He o6JJaCTeH qaCTOT, AJI.SI KO
TOpLIX K03cpcpm~HeHT pea6cop6ium µ(J)j OTpHqaTe
JieH, H3y'IeHa napaMeTpeqecKrut 3aeucHMOCTb o6na
creu HeycTOH'tJ:HBOCTH, oco6o OTMe'tJeH <t>aKT 803-
HHKHOBeHHSI HeycroifqHBOCTH Ha rHpoqacroTaX 
BllJIOTb .o:o meCToii rapMOHHKH. 

r) Ha ocHoee nony'leHHbIX JHa"leHHH a(J)1 H ~J 
npoH3BeAeHbI Ol(CHKH K03cpq>HqHeHTa ycHJieHIDI 
co6creeHHOI'0 H3JiyqeHHSI H noKa38HO, 'ITO npH TOJI
I.14HHe OAHOPOAHOro H3JIY'Ial0w;ero CJIOSI L = 106 CM 
srpKOCTHhle TeMnepaTYpbI AOCTHl"3JOT eeJIH"IHH 

1013 K H BbJWe B cornac1rn C Ha6mo,qeHIDIMH. 

A) IloKa3aHO, qTo HeJIHHeHHa.sl penaKC~ nyqKa 
6blCTPblX 3JieKTp0BOB BO BCilhll.IJCt{HOH nJia3Me C 

rreHrM.topoBcKoe TYP6yneHTHOCThlO onpeAeJISleT Ha
Cbim;eHHe rHpOCBHXpO'I'pOHHOI'O Ma3epa H, TeM ca
MblM, )'.lJIHTeJibHOCTb OTAeJibHOro cnaHKa. 
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Superfine Time Structure in Solar Radio Flares 
as a Reflection of Electron Beam Gyrosynchrotron Instability 

© 1995 r. A. N. Mosunov and Yu. E. Charikov 

An interpretation of the fine time structure flare microwave radio emission of the Sun using a gyrosynchrotron 
maser mechanism is presented. Values arc obtained for the absorption and emission coefficients µO>j and aO>.i of 
ordinary and extraordinary waves in cold magnetoactive plasma with Gaussian electron beams of moderate rel
ativistic energy. It is shown that at discrete narrow-band frequencies, the coefficient µO>.i is negative right up to 
the seventh gyrofrequency harmonic for observing angles a > 70°; i.e., gyrosynchrotron instability arises, lead
ing to a maser mechanism and the generation of emission from extraordinary waves in the plasma. The frequen
cy range for ordinary waves is narrower - it is limited to the first three harmonics. The amplification coeffi
cients of the radiation are 103 and higher, which can explain the brightness temperatures in individual spikes 
( I on K and higher). Non-linear relaxation of the beam of fast electrons detennines the saturation of the gy
rosynchrotron maser and, consequently, the duration of an individual spike. 
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IlOCTOJIHHl,IE AnCHnAJibHOro nBHJKEHIDI 
H PACqETLI 3BE3nHOH 3BOJIIOUHH 

© 1995 r. A. B. IleTpoea 
Toe. YHuaepcumem, CaH1cm-llemep6yp2, PoccUR 

IloC'J'ynHJia B peAaKI.uuo 30.09.94 r. 

CKOpoCTb ,llBIDKeHHSI nepeacrpa, Bbl3BaHHOl'O B3aHMHbIM npeJDfBHbJM HCKa)KeHHeM KOMnOHeHT TeCHOH ABOH
HOH CHCTeMbl, 3aBHCHT OT nOCTO.SIHHblX anCff'AaJlbHOro ABIDKeHHSI "2, xapaKTepH3ylOIUHX pacnpeAeJieHHe nnoT-

HOCTH B Ka)l(i{OH H3 KOMilOHeHT. IlpHBOl(.IITC.11 pe3yJJbTaTbl pacqeTOB 3BOJl10U)IOHHb1X H3MeHeHHH k2 H kiR5 

(rAe R - paAHYC 3Be3Ab1) AO CTaAHH KpaCHblX rnraHTOB. TloJiy"l:eHbl 3aBHCKMOCTH 3THX senH"l:HH OT MaCCbl H 
B03pacra 3Be3Abl. Y CJIOBHe, onpeAeJISHOlllee OOJIO)Ketme nosepxHOCTH 3BC3,llbl, cymecrseHHO CKl\'3LIBaeTC.II 

Ha 3HatJeHHH k2 H He:3Ha'IHTeJibHO - Ha npOJt3BeAeHHH k2R5. 3Ha'leHne k2 'IYBCTBHTeJibHO K crpoemno 060-

JIO'IKH. OcHOBHOH BK1laA B sene'IHHY "2R5 AaIOT cnoe c Maccoson KOOPAHHarou oKono 0.9 MaCCbI 3Be3AhI. 

1. BBE,UEHHE 

B TeCHbIX ABOHHhlX CHCTeMaX KOMllOHeHTbI He 

MoryT paccMa1'pRBaTLCSI KaK MaTepuaJJbHhle TO"<IKH 

H3-3a B3aHMHOH npHJJBBHOli AecpopMa~JlH. Il03TOM)' 

3JJeMeHTbl op6RTLI ABOHHOH CHCTeMhI 6YAYT Me

HSIThCSl co epeMeHeM. B TOM l.U{CJJe 6yAeT MeIDIThCSl 
nOJIO)KeHHe nep~eH1'pa. 3ro H3MeHeHHe Ha6moJ],a

eTCSI y MHOrHX 3aTMeHHblX H cneKTpaJII>HblX ABOH

HblX. IlpHJJHBHaSI Ae<f>opMa~IDI H, CJleAOBaTeJibHO, 

CKOpOCTb ancH,!\3JibHOrO ,l\BH)KeHWI 3aBHCSIT OT pac

npe}].eJieHH51 IlJIOTHOCTH B o6eHX KOMilOHeHTax H 

xapaKTepH3YIOTCSI IlOCTOSIHHOH anCHJ],aJJbHOfO ABH
)KeHIDI k2 , KOTOpasI cooTBeTCTnyeT BTOpoH rapMOHH

Ke B3aHMHOrO npHJUIBHOro HCKa)KeHHSI. Be11H'IHHbl 
k2 MOryr 6bITb pacctJHT3Hbl no TeopeTH'lleCKHM 

3Be3,IJ;Hb1M MOAeJISIM; HX cpaBHeHHe C Ha6JI10,IJ;aeM1>1-
MH anCHA3JlbHblMH ):tBH)KeHWIMH o6ecnetIHBaeT TeCT 

,IJ;JJSI MOAeJieH 3Be3,IJ;HOro C1'pOeHWI H 3BOJIIO~. 

B pa6oTe [ 1] nOK333HO, 'ITO B nosepXHOCTHblX 

CJIOSIX 3Be3J],b1. r}],e IlJIOTHOCTb Mana, llOCTOSIHHasI an

CHA3JibHOrO JJ.BH)KeHHSI "2 o6paTHO nponop~oHaJib
Ha m:ITOH c-reneuH paAH3JlbHOro paccTOSIHIDI r. Ilo-

3TOMY 3HatJeHl:ISl k2, nonyqaeMhle H3 TeopeTHtJeCKHX 

MOAeJieH, MOryT COJJ.ep)K3Tb owB6KH, CBSl3aHHbie C 
TeM, H3 KaKHX ycJIOBHH onperi;emteTCSI IIOJlO)KeHHe 

noeepxHOCTH 3Be3,!\bl, H co crpoeHHeM caMbIX Ha

py)KHbIX cnoeB 3Be3,!\bl. IloCKOJibKY eeJIH"IBHa "2r5 
npH6JIH)KeHHO IIOCTOSIHHa e nosepXHOCTHblX CJJOSIX, 
3THX OWH60K MO)KHO H36e)KaTb, eCJJH BMeCTO "2 HC

nOJib30BaTb npoH3BeAeHHe kiR5
, rAe R - pa.u;uyc 

3BeJJJ.bl. MMeHHo 3TOT napaMeTp, a ue k2 , onpeJJ.eJI51-
eT CKOpOCTb anCHJ],aJibHOrO ABH)KeHHSI. ,Il,JISI seJIH'fflH 

k
2
R5 cornacHe pacqeToe pa3HblX aeTopoe ropa3JJ.O 

nr1we, qeM AJUI caMHx k2. B [1] no AaHHbIM pacqe

TOB, HMelOUJ.HMCSI B mITepaT)'pe, 6h1Jl3 nony"leHa 3a

BHCHMOCTb k2R5 OT MaCCbI H B03paCTa 3Be3,!\bl. 

Hacro~asi pa6oTa npo.n;om1rneT [ 1] c ucnoJib30-
aaHHeM opurHH3JlbHblX pacl.JeTOB 3Be3JJ;tfb1X MOAe

JieH. B pa6oTe o6cy)l(AaK>TcSI cneey10~ue sonpocb1: 
.a.e<f>opMaUHSI KaKHX CJIOeB 3Be3,ll;bl .a.aeT OCHOBHOH 

BKJiaA B .II.BH)KeHHe JIHHHH ancu.a.; B KaKHX CJIOSIX Bep
HO npH6JimKeHHe O OOCTOSIHCTBe k2r5; K3K 33BHCSIT 

BeJIHl.fHHbl k2 OT C1'pOeHRSI o6oJIOtJKH 39e3w,1; Kairne 
OUIH6KH BHOCSITCjl e IlOCTO.stHHble anCH,!I,3..'lbHOrO JJ.BH
)KeHIDI 3a Cl.feT pa3JIH~HH B onpe]:{eJieHBH IlOJIO>Ke

HWI noeepxHOCTB 3Be3.II.bl. PaCCMOTpeHbl TaK)Ke 3BO
JIIOqHOHHble H3MeHeHIDI IlOCTOHHHblX ancu,n;aJibHOro 

JJ.BH)KeHHSI .a.o era.a.HR KpaCHbIX rHr3HT0B. 

2. OCHOBHhIE <l>OPMYJihl 

CKopOCTb Bpam.eHIDI JIHHHH anCHJJ. 33BHCHT OT no
CTOSIHHblX anCH,ll;aJJbHOro ABIDKeHIDI k2; KOMilOHeHT 

CJie~IOUl;HM o6pa30M: 

~ro s s s 
2

1t = (c21k21R1+C22k22R2)/a, (1) 

r.u;e a - 6oJibIIIasI nonyoch cucTeMbl, R; - paAH)'CbI 

3Be3,IJ;, C2i - H3BeCTHble <f>yHKUHH OTHOIIIeHIDl Mace, 
3KCUCJ1TpHCHTeTa H OTHOIIIeHIDI yrn.OBOH CKOpOCTB 
epan(eHWI 3Be'.3.II.bl K cpe.a.He:U yrJIOBOH CKOpoCTH ABH

)KeHIDI 3Be3]:{bI no op6HTe [2]. 

Bee,n;eM cpyHK~IO 

3 - ri i(r) 
ki(r} = 2[2+T12(r)] 

(2) 

<l>yHKUH51 lh(r) Y.I\OBJleTBOpSl.eT C..'leµy10m;eMy AH<f>

<f>epe~HaJibHOMY ypaBHeHHIO: 

dT1 2 p(r) 
r dr + 6 p(r) (T\2 + 1) + rti(th - 1) = 6 (3) 

924 
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C Ha'laJibHblM ycJIOBUeM lh(O) = 0. 3;o;ech p(r) - nnoT

HOCTb Ha paccTOjJHUH r OT u;eHTJ)a B HeB03M)'ll{eHHOH 

3Be3Ae, p(r)- cpeAHSIH nJIOTHOCTb B mape paAeyca r. 
IloCTOHHHruJ anCUA3JlbHOro ABIDKeHUSI k2, BXO)'.(Slll{aSI 

B (1), paeHa 3Haqeuuio <PYHKu;un ki(R) [2]. BenH'm

Ha k2 SIBJJSleTCSI MepoH KOHAeHcan;HH Bell{eCTBa K u;eH

TPY H IlOKa3bIBaeT, KaK 3Be3;o;a C ;o;aHHblM CTpOeHHeM 
pearnpyeT Ha B03Myl.Il;al01..Il;He IIOTeHn;HaJibl. 

ECJIH B ypaBHem1e (3) noµ;cTaBHTb Bblpa)KeHHe 

(2) , TO IlOJIY,:IHM CJie)'.(yJOll{ee ;o;:ecpcpepeHn;HaJibHoe 
ypaBHeHHe : 

5 

5d(k2r) , - 4 + 3 ~(r) (4k2 - 6k -4) = 0. 
dr p(r) 2 2 (4) 

p(r) 
EcJIH p(r) ~ 1, TO k2 <,i; 1. Ilo3TOM)' B KpyrJJOU: 

2 
CK06Ke BO BTOpOM 'IJieue eeJIH't:fHHaMH nopsi;o;xa k2 H 

k2 MO)KHO npeHe6pe'-Ib, TaK KaK CTOSIIl.(HH nepe;o; 

" p(r) 
CK06KOH MHO)KIITeJib p(r) y)Ke MaJI. 11HTerpupyR 

·nony,:i:aromeecSI ypaeHeHue, ttaxoAJtM CJie;o;yiomee 

npH6JJH)Kem-1e AJUI np0H3Be;o;eHH.SI k2r5: 

(5) 

3TO npH6JJIDKeHHe 6bIJIO IlOJiytieHO KonaJIOM [3]. 
IloCTOSIHJ:lbie anc~run,uoro .t(BH)KeHIDI, nonyqae
Mbie no 3TOM)' npH6JJIDKeHmo, cuCTeMarnqecK.H 
6onbme TO't(HbIX 3Ha't:feHHH. Pa3JIBqID1 e lg"2 MOryT 
AOCTHraTb 0.12 [4]. 

B IIOBepXHOCTHblX CJIOSIX 3Be3}lbl, r.n:e IlJIOTHOCTh 
CTpeMHTCSI K HYJIIO H BTOpbIM CJiaraeMblM B ypaeue
HHH ( 4) MO)KHO npeiie6pe%. eeJIH'iHHa "2 33BBCHT OT 
pa;o;HaJibHOrO paCCTOSIHIDI KaK 

k 
_ const 

2 - - -s- · 
r 

(6) 

,IJ;m1 nonyqeHIDI TeopeT11qecKHX 3Ha'leHHli IIOCTO
SIHHblX ancH;o;aJibHOro JJ;BB)KeHWI ypaeHeHHe (3) BH

TerpHpyeTCSI OT ~eH'I'pa 3Be3JJ;bl K IlOBepXHOCTB. 
CneAOBaTeJibHO, eeJIH'tfHHa kz 33BHCHT OT TOI'O, KaK 
orrpeAenseTcSI noBepxHOCTb 3Be3~I (rAe 3aKaHqeea
eTCSI HHTerpDpOB3HHe), HOT crpoeHHSI ca.MblX HapY)l<
HbIX CJlOeB 3Be3,[{bl, B KOTOpblX npoxo,qSIT noCJ1eAHHe 
rnam HHTerpHpOBaHWI. IlocKOJILKy rrpOB3Be,[{eHHe 
k2r5 B noeepxHQCTHbIX CJIOSIX npu6muKeHHO llOCTO
SIHHO, OHO npaKTINeCKH He 3aBHCBT OT CTJ)OeHWI ca

MhlX HapyXHblX CJIOeB 3Be3Abl. TaK KaK B Bbipaxe
HHe ( 1) BXO)l;HT KOM6HHal(IDI k2r5' rrooepXHOCTHbie 
CJIOH MaJIOH MaCCbl He BJIHSIIOT Ha CKOpOCTI, Bpa~e
HWI JIHHHH ancffA. 

3. BKJIA,IJ; PA3JUfllHhIX CJIOEB 3BE3,IJ;hl 
B IIOCTO.sIHHhIE ATICl1,IJ;AJihHOfO 

LUUUKEH11.sI 

.0:JISI pacqeroe MOAeJieH 3Be3.t( H HX 3BOJI101UIH npH

MeHSIJlaCb nporpaMMa Ila'lffll{CKoro [5], MO.t{Hq>H~po
BaHHM ,IJ;e1mceHKOBbIM [6]. B Hen HCITOJlb3YIOTCSI Ta6-
mn.~1 Henpo3paqnocreff Koxca H CrioapTa [7J. CKo

pocm _srnepHbIX pea~ BbI'lHCJISIK>Tc.s( no [8, 9]. 
fpaHBU:bl KOHBeKTHBHhlX o6nacrei pacC'lHTbIBa

JIHCb no KpHTepHIO Illeapu;wHJih;o;a. Bee pacl.leTbI 
np0H3B0ABJIHCL AJISI 3Be3A C HaqaJibHLIM COAep)KaHB
eM BOAOpo;na X = 0.7 H co.n:ep)KaHHeM T.Sl)KeJiblX 3Jle

MeHT0B Z = 0.02. 

Ha pHC. 1 IIOKa3aHO, KaK H3MeIDIIQTCSI rrpu HHTer
pHpoBaHHH OT u;eHTJ)3 K noaepxHOCTB BeJIH'1HHbJ k2 H 

k2r5 .t(JUI XHMBqecKH O,[{HOpo;o;HblX 3Be3;o; Hat.faJibHOH 

maBHOH noCJie,[{OBaTeJibHOCTD C MaccaMB 5 Mo (a) B 

0.5 Mo (6). Pa.n:n:aJibHOe paccTOSIHHe r Bblpa)KeHO B 

e.t(HHHU:3X paAHyca 3BC3JJ;bl, a k2r5 - 8 enHHHU:aX 3TOH 

BeJIH'IHHbl Ha noeepXHOCTH. KpoMe r B;QOJib OCH 

a6cu:ucc OTJioxceua Maccoeru1 Koop,:urnaTa Mr B e,[{H

HHU:ax MaCCbI 3Be3,[{bl M *. IloCTOmtHbie ancH,[{aJibHO-

ro ,[{BlUKeHIDI 3aBHCSIT OT pacrrpe,[{eJieHIDI IIJIOTHOCTH 

no paAuycy, II03TOMY Ha pHc. l HaHeceHbI OTHOille

HHe pf p' BXOA.Slll.lee B ypaeHeHHe (3), H npOH3Be]le-

HBe ~ ,A, OTpa)KaJOll{ee BKJiaA CJIOeB B k2R5 (5). 
p 

113 pHC. I BHAHO, \fTO npB npu6JIH>Kemm K no
eepXHOCTH, Kor.n;a IlJIOTHOCTb 6JIH3Ka K HYJIIO, npo

H3BeAeHHe k2r5 }leHCTBHTeJibHO CTa.HOBHTCSI IlOCTOSIH

HbIM, a k2 y61,1eaeT no creneHHOMY 3aKoHy (6). ,lJ;nH 
3BC3.t(bl C MaCCOH 5 Mo C pocTOM r OTHOUieHHe p/ p 
y6hrnaeT ropa3AO 6hlcrpee H 30Ha c k2r5 = const 3Ha

lJIITeJibHO 6onhrne, t.feM µ;ns 3Be3,nht c Maccoe 0.5 M0 . 

BeJIBttHHY "2r5 MO)KHO CtJHTaTb fiOCTO.srHHOH, H3'Ill

HaH C M3CC0BOH KOOPAHHaTbl npKMepHO 0.999 M*. 

.n;e<t,opMau;IDJ BbillleJle)Ka~HX CJIOeB C MaCCOH OKOJIO 
0.001 M * He BJJIDleT Ha ,[{HH3MHK)' ABOBHOH CHCTeMbI. 

ECJIH OCTaHOBBTh mrrerpHpOBaHHe rrpH Mr= 0.999 M *, 

TO 3Hat.feHWI k2r5 6yJzyT OTJIH't(3TbCH OT rrooepXHOCT

HblX MeHee 11eM Ha 1 %, a JHa"tJeHIDI "2 - 6onee qeM a 

,nea pa3a ijJUI 3ee3,nb1 c Maccoir 5 MO H e 1.25 pa3a -

,QJISI 3Be3,[{bl C MaCCOH 0.5 Mo. 

Bonpoc O TOM, B K3KHX CJIOSIX rrpeKpa~aTb HHTe
rpupoaam,e, Mo>KeT 6bITb nocraroqno cymeCTBeH
HhIM. HanpHMep, rrpH nepexone OT pacqeTos c OAJt
HapHoir TO'JHOCTblO K BbI't(HCJieHIDIM C ;o;BOHHOH TOt{

HOCTblO ea Sl3bIKe <l>opTJ)aH 3Ha'ieHHe k2 MO>KeT 

yMeHblIIHTbCSI Ha 15%, H eeJIH'IHHa 3TOH OllJH6KH 6y
AeT TeM OOJlbille, qeM 6bICTJ)ee y6h1BaeT IlJIOTHOCTb 
a 3ee3,ne. 3Ha'JeHIDI "2R5 npu nepexo.n;e OT o.n;11ttap
HOH TO'IHOCTH K JJ;BOWiOft: 3aMeTHO He H3MeHHI0TCS1 

( OTHOCHTe.JibHOe H3MeHeHHe He npeBhilIIaeT O. l % ). 

ACTPOHOMH'iECKHH )l(YPHAJI TOM 72 M 6 1995 
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Pac. 1. 3aBHc.HMOCTH k2 (]), "2,s (2), p/ p (3) K ; r
4 (4) OT paAHMbHOfO paccrollHHll r H M3CCOB0A KOOp~HaTb[ Mr JJ.JJSI 3BC3A 

Hatfan&uoA rnasuoA aocneAOBaren&HOCTH c MaccaMH 5 M0 (a) H 0.5 M0 (6). Panuan&uoe paccro11HHe H Maccosa.11 KOOPAHHaTa 

. ~ p 4 
BhlpWKCHb[ 8 CAHHHn:ax paAH)'ca H Macchi 3Be3.l{b[, k,_r H -;r - B C.l{HHHllaX HX MaKCHMMbHblX 3H8'1CHHA. 

p 

3aMeTBM, 'ITO qeM 61,1crpee y61,maeT OTHOIDCHBe 
p / p, TeM 61,1crpee y61,rnaeT 'lei. IlosepxHOCTHbie 
3Ha'ICHID1 IlOCTOSIHHbIX ancHAanbHOl"O ABHX{eHIDI AJUI 
3BC3A maBHOA IlOCJJCAOBaTenbHOCTB oy,-yr TCM 
MeHbme, qeM BbIWe KOHt(eHTJ)a~ K a;eirrpy. 

IloCKOnbKY npH6JJHX(eHHe (5) npeACTaBIDieT k2,.S 
B BHAe HHTCrpana, TO Mbl MO}KCM oa;eHHTb BKJiaA 
pa3HbIX CJioee 3Be3AhI B eenB11HHY '/ciR5

• Ha puc. 1 
npeBeAeHbI rpacpH.K.H IIOAbIHTerpanbHOH <p)'HKt(HH B 
e~ax ee MaKCHManbHOrO 3HaqeffID1. BHAHO, 'tlTO 
BKJiaA a;eH1panbHbIX o6nacreA u IlOBCpXHOCTHblX 
cnoee MaJJ. UeH1pam,H&Ie o6JiaCTH cna6o AecpopMH
PYIOTCH, a Macca noeepxHOCTHbIX CJioee Mana u no-
3TOMY HX AecpopMa~ He µ:aeT cyll(eCTBeHHOl"O 
BKJiaµ:a B pa3HOCTb Me>K,ll;y noTeH~aJJaMH µ:ecpopMH
poBaHHOH H HeB03M}'~CHHOB 3Be3)l;bl. nnH 3Be3µ: 

eepxHeA 'laCTB rJiaeHo:e nocJJeµ:osaTeJibHOCTH Max
cHManbHhIH BXJ18A B B03M}'I:QeHHe noTe~aJia AalOT 
CJIOH, Jie)l{a~e npe:MepHO Ha IlOJIOBHHe PaJUIYCa. 
IlpB pa3BHTHB y 3Be3JJ;bl KOHBeKTBBHOB OOOJIO'IKH, 
KOTOpasI CWlbHO µ:ecpopMBpyeTC.51 H HMeeT 6onee 
Me;n;neeaoe na]:teHHe IlJIOTHOCTH, 3TOT MaKCHMJM 
CMe~aeTCSI e 6onee BHeWHHC CJIOH. Maccoeasi KOOp
ABHaTa MaKCHMYMa AJI.51 BceX 3BC3A npHMepHO O)l;Ha B 
Ta )l{e H cocraBJI.lleT OKOJIO 0.9 M* . 

Ha pHC. 2 npHBeµ;eHbI re )l{e rpacpHKH, 'ITO H Ha 
pHC. 1, .D;JISI 3Be3JJ;LI C MaCCOH 5 M0 Ha CTaABB o6pa30-
BaHWI CJIOeBOro HCTO'IHHKa ropeem1 eo.a;opo;n;a (a) H 
ea CTa.J.\HH Kpaceoro ruraHTa (6). Iloeep;eHHe k2,.S oc-

TaCTCSI KalleCTBeHHO TaKHM )l{e, KaK H Ha rnaBHOH 
rrOCJie;n;oeaTeJibHOCTB. 3oHa, r.a;e k2r5 = const, yMeH.t
maeTc.11. 3TO CBS13aHO C TeM, 'ITO Be3;n;e pa3BBBaeTCH 
KOHBeXTHBHa.51 OOOJJOl!Ka. CKopOCTb IIa.J,\eHIDI IlJIOT
HOCTB B KOHBCKTHBHOA o6JiaCTH Mem.me, 'ICM B ny
'C.{BCTOH. Maccoeasi KOOPABHaTa, eatJHHasI c xoTopoA 
IIpOH3BeACHBe kir5 MO)l{HO C'IHTaTb IIOCT0$1HHblM, oc

TaeTCSI paseoii 0.999 M *. Ha cra;n;HB cnoeaoro ec
TO'IHBKa, KaK H Ha rJiaBHOH IIOCJie;n;osareJU,HOCTH, 

MaKCBManbHblH BKJla.J,\ B B03MYID;eHHe IlOTeH.u;Hana 
3se3~1 ;n;a10T CJIOH, eaxoµ;sm{BeCSI npuMepHo Ha no
JIOBHHe Pa.J.\Hyca 3BC3J);bl. IlpH pa3BBTHB y 3Be3Ab1 
KOHBCKTBBHOA o60JIO"IXB 3TOT MaKCHMYM cMern;aeT
C.51 BO BHCIDHHe CJIOH, Kax H AJI.SI ManOMaCCHBHbIX 
3Be3A I'JlaBHOH IlOCJiep;osaTeJibHOCTH. Maccoerui KO

opp;HHaTa MaKCHM}'Ma ecer.a;a 01IH3Ka K 0.9 M *. 
Bo BHeWHHX CJIOSIX 3BC3Ab1 ti y61,1eaeT no creneH

HOMY 3aKoay ( 6), o,a;HaKO BO BayTpeHIIHX CJIO.llX nose
.a;eHBe '/ci H OTHOWCHIDI p / p B xo;n;e 3BOJIIO~ 3Be3JJ;bl 
3aMCTHO MeHSleTCSI. Ha CTaAHH CJIOCBOI'O HCTO'IHHKa 

B6JIH3H .u;eHTJ)a 3Be3Ab1 'lei H p/ p 6bICTJ)O y61,1ea10T, 

3aTeM ki_ CTaHOBBTCH IlO'fl'H IlOCTOSIHHOH, a p/ p ee
CKOJibKO B03pacraeT, µ:anee o6e eeJIH'IHHbI y61,1sa10T. 

Ha cra;n;HH KpacHoro ruraHTa am eeJIH'IHHbI e 
smpe 6bICTpo y6bIBaJOT, 3aTeM Ha'IHHSIOT Me;n;JieHHO 
so3pacraTL, AOCTHralOT MaKCHMYMa H nocne qero 
TaJOKe MC,ll;JJeHHO y6L1Ba10T. (Pa3YMCeTCSI, B03paCTa
RHSI IlJIOTHOCTH eapy}KJ HeT, B03pacraeT TOJibKO 

ACI'POHOMMqECKMfi )l<YPHAfl TOM 72 .N'~ 6 1995 
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1.2 

(a) (6) 
2 

Pee. 2. To )l(e, '!'TOH Ha pHC. l , }.t.nSI 3BC3,Qhl C MaccoJt 5 M0 Ha craJ{HSIX o6pa30B3HHR CJtoeBoro HCTO'IHHKa ropeHHSI BO/.tOpo.na (a) 
If KpacHoro ruraHTa (6). 

OTHOUieHHe p/ j5 .) 0IIHcaHHoe BbIWe IlOBe.t(CHHe OO'b
.sICHSleTCSI 6bIC'IpbIM HJMeHeHHeM IlJIOTHOCTH a CJIOe

BOM HCTOI.JHBKe ropeHWI BO.t(Opo.t(a. HeMOHOTOHHOCTb 

33BHCDMOCTH "1.(r) 6hIJia TaJOKe OTMe'leHa B [10). me 

CAeJiaH BhIBO.t(, 'ITO 3TO .SIBJl.sle'l'Cji IlpH'IHHOH otteHb Ma

JlblX 3Ha'lemm "1. y 3BeJA, Il0Tep.S113WHX OOOJIOtJKy npH 

o6MeHe aemeCTBOM Me)KJzy KOMilOHeHTaMH CBCTeMbl. 

CpaBHeHHe pHC. 16 H 26 IlOK33bJBaeT' 'ITO, HeCMO

TJ).sI Ha coeepweHHO pa3Hoe crpoeHHe BffYTJ)eHHHX 

o6nacTei'.i KpacHblX mraHTOB H KpaCHbIX KapJIHKOB, 

Me.t(JJeHHoe na)l.e1me nJJOTHOCTB B npOTjDKeHHOH 

KOHBeKTBBHOH o60JIO"tJKe IlpHBO.t(HT K TOM}', qTo no

Be)l.eHHe p/ p H, CJie.t(OBaTeJll,HO, XO)); "2 y HHX CXOJ{Hbl, 

'ITO npHBOJJ.HT K 6JIH3KHM B Jl.OCTaTO'IHO 6oJiblllHM 

3Ha'leHIDIM IlOCTOSIHHbIX anClij:(aJJbHOro .t(BH)l(effll.sI 

AJJSI 3THX 3Be3A rrpH CHJJbHO pa3JIH'laJO~XCji k2R5• 

4. 3ABMC0MOCTh IIOCTO.sIHHhIX 
AIICl1;r:(AJihHOfO ,IJ,Bl1)KEHl1.SI OT MACChI 

H B03PACT A 3BE3;r:(bl 

PacqeTbl IIOCTOSIHHbIX anCHJl.3JlbHOrO ,D;BH)l(eHIDI 

Jl.JI.SI 3BeJ.n; rrtaBHOH nocJieJ].OBaTeJILHOCTH npoBOJl.H

JIBCb MHOrHMH aBTopaMH. AHaJIH3 pe3yJibTaTOB 

ony6JIHK0BaHHb1X pacqeTOB BbIIl011HeH B [ 1 ]. TaM )Ke 

HCCJJeAOBaHbl 3aBHCUMOCTH k2 OT MaCCbI, XHMBtJeCKO

ro COCTaea H B03pacTa npH 3BOJIIOIJ;HH 3Be3,n:bI Ha 

rnaBHOH IlOCJie,n:oeaTeJlbHOCTH. B HaCTOSlf.Ueil pa6oTe 

rrp1rne,n:eM 33BHCHMOCTII k2 H ki.R5 OT MaCCbl ,I(JISI XHMH-

tieCKH OAHOpOAHbIX 3De3,I( H8'1aJJbHOH maBHOH noCJie

. AOBaTeJibHOCTH, noJiyqeHHbie H3 HaWHX pacqeroa C 

XHMBqecKHM COCTaBOM X::: 0.7. Z = 0.02 (pHC. 3). )J;m1 

cpaaHeHIDI npe));CTaeneHbI pe3yJILTaTbI [4], nony

tieHHbie AJIH Toro )Ke XHMUtJeCKOI'O COCTaBa. 

IloCTO.SIHHbie anelij:(aJJbHOro ABIDKeHIDI MBHHMaJJb

Hhl AIDI 3Be3,I( C MaccaMH OKOJIO 1.5 M0. Bo3paCTaHHe "1. 
C p<>CTOM MaCCbl AIDI MaCCHBHbIX 3Be3.n: CDS133.HO C yee
JIB"lJeHHeM KOHBeKTHBHOro SIApa. IIocKOJlbK)' B KOH

BeKTHBHbIX 06JI3CTSIX CKOpOCTb naJJ.eHrut IlJIOTHOCTH 

Hapy)I()' MeHbWe, 'leM s o6JiaCTSIX ny'IHCTOl'O nepe

HOCa, B 3Be3,n:ax 60JibfilUX Mace KOHIJ;eHTJ)a~ ee~e

CTBa K u;eHTPY y6h1BaeT c pocTOM MaCCbl. Y BeJIH'ie

HHe k2 C MaCCOH Me,n;JieHHOe, TaK K3K IlOCTO.sIHHbie 
anCHJ].aJJbHOro ABIDKeHIDI B 60JibWeA CTeneHH onpe

.n:eJISIIOTC.sI CTPOeHHeM 060JIO'IKH, 'tleM BHYTPCHHHX 

cnoes. B&ICTPLIH pocT k2· c yMeHLWeHHeM Macchi .n:nsr 

MaJIOMaCCHBHbIX 3Be3,n: 06'bSICH.SleTC.sI yseJIHtteHHeM 

KOHBeKTBBHOH o6onoqKH u Me,n:neHHbIM na)l.eHHeM 

IlJIOTHOCTH B Heii. TaK KaK IIOCTOSIHHbie anCJmaJibHO

ro ABIDKeHH.SI tryBCTBHTeJibHbI K CTpoeHmo o6onoq

KH, TO HX BemNHHbl B03paCTalOT otteHb 6b1CTJ)O. 

3aBHCHMOCTb Ig(ki.R5) OT norapmpMa MaCCbI JIHHeH

Ha, C HeOOJibl.IIHMH.OTKJIOHeHIDIMB OT JIHHeHHOCTH ,WUI 

3Be3A C Macco.H MeHbWe 1.5 M0. MeTOAOM Hae:MeHb

nmx KBa.t(paTOB ,D;JI.sI 3Be3A CM*> 1.5 Mo nonyqaeM 

lg(k2R5) = (3.343 ± 0.020)lgM* -(2.274 ± 0.017), (7) 

rAe Macchi H pa,n:uyc1,1 Bbipa)l(eHbI e Maccax u PaJJ:HY
cax CoJIHu;a. 3aeHCHMOCTb (7) cornacyeTCSI c pe3ynb

TaTOM, noJiyqeHHhIM a 11 ]: 
lg(ki.R5) = (3.203 ± 0.013)lgM * - (2.225 ± 0.013). (8) 
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Pac. 3. 3aBHCHMOCTH Jgkz (a) H lg(k2R5) OT norapH<pMa M3CCbl Ami 3Be3A ff3'{3nt,HOH rJiaBHOft TIOCJ1e.l{OBaTenbHOC1'H C XHMHtte

Cl(lfM COCTaBOM X = 0.7' z = 0.02. Maccbr H pa.D.HYCb l - 13 conHe'IHbIX e,!U1HHl.l3X. Pe3ynLT3TLI H3WHX pactJeTOB npHse:n.eHLI 
cnnowHoit nHHHCH, pe3yJibT3Thl [41- WT])HXOB01' JIHHHCH. 

B (1) no CBOAKe AaHHhlX pacqeTOB ~a3HblX aBTO
poe 6hma IlOJiy-tleHa 3aBHCHMOCTh k2R OT MaCCbl H 

B03paCTa AIDI 3Be3A, 3BOJIIO~HOHHpytOl.qHX B npeJ:(e
nax rnaBHOH noCJie}lOBaTeJll,HOCTH: 

lg(k2R5
):::: (3.222 ± 0.018) lgM* + 

(9) 
+ ( 1.200 ± 0.021) t - (2.377 ± 0.020), 

rAe B03pacT 3Be3Ahl t Bbipa)l(:eH B eAHHHQaX epeMeHH 
)l(:H3HH 3Be3)J;bl ;tlaHHOH M3CCbl Ha rnaBHOH IlOCJieAO

BaTeJihHOCTH. Haum pacqeThl )];3IOT cneAylO~YIO 3a

BHCHMOCTb p;m1 3Be3A c M * > 1.5 Mo: 

lg (k2K) = ( 3.422 ± 0.032) lg M * + 
(10) 

+ ( 1.096 ± 0.040) t - (2.574 ± 0.037) . 

PaCCMOTpHM pacqeTbl IlOCTOSIHHblX ancup;aJlbHO

ro ABB)l(:eHBH AJUI 3Be3p;, np03BOJIIOQHOHHpoeaawex 
3a rnantty10 nocnep;oeaTem,Hocrh no CTaAHH Kpac

HbJX rnraHTOB. TaKHe 3BOJJIOQHOHHbJe R3MeHeHIDI 
IlOAp06HO npoCJie)l(:eHbl TOJihKO B [4]. Pe3yJlhT3Tbl 

HaUIHX pac'lleTOB H3MeHCHHH lg/c.i H lg(k2R5
) B XOAe 

3BOJIIOLJ;HH 3Be3A C MaccaMH 1.58 H 5 MO npencrasne

Hhl Ha pHC. 4 H 5. Ha pHc. 4 noKa3aHbl 3aBHCHMOCTH 

3THX eenH~IHH OT B03pacTa 3Be3,I{bl. ,IlJISI yno6CTBa 

cpaBHeHHSI B03paCT 3Be3,D;bl Bbtpa)KeH B e,o;HHHQax 
BpeMeHH XGl3HH 3Be3].\bl p;aHHOH MaCChl Ha rnaBHOH 

nocnep;oBaTeJU,HOCTH, 3 k2R5 - B e,QBHHQax 3Ha"leHIDI 

3Toro n apaMe,pa ,nm1 X0'MHtieCKH OAHOPOAHOA 
3Be3,I{bl HaqaJibHOH rJI3BHOH nocne,noeaTeJihHOCTH. 

Ha pHC. 5 noKa33Hbl 3aBHCBMOCTH lgk2 H lg(k2R5) OT 

norapHg>Ma ycKopeHHR CB060AHOl'O na)::(eHIDl g Ha 

nosepXHOCTB 3Be3,I{bJ. IloMHMO 3BOJIIO~BOHHOrO 113-
MeHeHrut HaHeceHbl IlOJIO)KeHIDI 3BC3,D, pa3HhlX Mace 

HaqaJibHOH l'JlaBHOH nocne,noBaTeJibHOCTB. I.J;uq>pa

MH Ha pHC. 4 H 5 0003HatieHbl cneAYIO~He CTaJ:(HH 
3BOJIIOqmt: I - 2 - ropeHHe BOAOpo,na B Sl)J;pe (rnaB
HaH IlOCJIC,IJ,OBaTem,HOCTh); 2 - 3 - rpaBHTa~OHHOe 
C)l(:aTHe 3BC3W,J; 3 - 4 - ropeHHe BOAOPOAa B CJioeBOM 
ucroqHHxe; 4 - 5 - pacnpocrpatteuue KOHBeKr(DH 

BHYTPh 3Be3,nb1; 5 - 6 - CT3AWI Kpacuoro ruraHTa. 

,Ilm1 cpasHeHHSI Ha puc. 5 wTpuxaMH HaHecem,1 
aHanorH'llHble 3aBHCHMOCTH H3 [ 4] AJISI 3BC3)]; Tex )KC 
Mace C TeM )l(:e XHMBqecKHM COCT3BOM. 

Ha cra,D,BH rnaBHOH noCJieAOBaTeJibHOCTH ki, Me,n

neHHO y6hleaeT C B03paCTOM, IlOCKOJlbK)' npH rope
HUH eo,nopo,na e S1,o;pe yaenuquaaeycg KOH~eHTpa~m1 

BeI.QeCTB3 K ~eHTPY· 60J1ee 6hICTpoe yMeHbWeHHe k2 
AJISI 3Be3,I{bl C MaCCOH 5 MO CBS13aHO C yMeHbWeHHeM 

KOHBCKTRBHOl'O SI,IJ,pa. tJTO ycHJIHBaeT KOHD;eHTpa
QHIO ee~eCTBa K ~eHTpy. 3aBHCHMOCTb lgki, OT lgg 
npu 3BOJIIOLUIH 3BC3,I{l,I Ha l'JlaBHOH nocneµ,oeaTeJJh
HOCTH neuenHa, KaK noKaJaHO e [ 11]. BenWimra k2R5 

npH 3BOJIIOQHB Ha rnaBHOH nocne,noBaTCJlbHOCTH 
B03paCTaeT npuMepHO B 10 pa3, IlOCKOJlbKy C yaeJm

'leHHeM KOHD;eHTJ)awm K ~empy P3AHYC 3Be3,IJ;bl yne
JIHtIH.BaeTOl, a pa,D,HyC BXOAHT B WITOH creneHH H ero 
poCT CKa3b1BaeTCH CHJibHee, 'lleM y6b1BaHHe k2. To, 

qro npH 3BOJIIOI\HB 3Be3Ab1 H3MeHeHHe ki,R5 B OCHOB

HOM onpeAem1eTcst H3MeHeHHeM paAuyca 3Be3~hI, Ae
MOHcrpupyeT 33BHCHMOCTb lg(/c.iR5) OT )gg (pHC. 56): 
AIDI BCex 3TanoB 3BOJIIO~. KpOMe CTa)::(JIB pacwHpe
HIDI KOHBeKTHBHOH o60Jl0qJ{ff (4- 5), 3Ta 33BIICHMOCTb 

JIHHeAHa c TaHreHCOM yrna HaKJIOHa OKOJIO -2.5. 
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PHc. 4. 3aBHCHMOCTH lgk2 (a) H lg(~R5
) (6) OT BOJpacra t )lml 3Be3n C MaccaMlt 5 H 1.58 Mo, Bo3pacr Bblpa)KeH B C}lHHHUaX 

epeMeHH )l(JtlHH 3Be3Jlhl Jl3HHOll M8CCbl Ha rJtaBHOi:i nocJ1e,noeaTeJU,HOCTH, k2R5 - B enHHHUax 3H3tfCHHSI 3TOR aenH'IHHhl )lJlSI 

3BC3Jlbl H3lf3JlbHOi't rnaBHOK OOCJICJlOBaTeJlbHOCTH. 
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PHc. 5. 3aBHCHMOCTH lgk2 (a) H lg(kzR5) (6) OT JlorapH<pMa ycKopeHHSI cao6onHoro na,nemu1 g Ha nosepXHOCTH .lVISI 3Be3)l Ha

'13JlbHOH rnaBHOH noc11e1:1oeaTeJibHOCTH.()l(HpHaS1 mtHHll) H 3BOJIIOUHOHHPYIOU(HX 3BC3Jl C MaccaMlf 5 H 1.58 Mo. Pe3yJlbT3Tbl 

Haurnx paC'TCTOB npueeneHbl COJIOWHOK JlHHHeH, peJyJibTaTbl [4] - WTJ)HXOBOH mrnueA. 
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PHc. 6. 3 aBHCMMOCTH lgk2 OT lgTrffAn11 3BC3.0. Ha'lanl, HOl4 

rnaBHOH n o cneJJ,OBaTenbHOCTH ()l(HpHaR mrnm,) H 3BO

n10 l.(HOHHpy10111Hx 3Be3A C MaccaMH 5 H 1.58 Mo , 

B npoHJBe}:{eHHe k2R5 pa,o;uyc BXOAHT B rnrroe: creneHH, 
a B ycKopeHHe ceo6o,o;aoro na,o;eHIDI Ha nosepmocm s 
creneHH -2, q'f() AaeT TaHreHC yrna HaKJIOHa -2.5 s JIO

rapHq>MH"l{e CKHX OC.sJX. 

lhMeHeHHe k2R5 B XOJ];e 3BOJIIOIJ,HH 3Be3JJ;bl C Mac

COH 1.58 Mo B npeAeJJax rnaBHOH nocne,qosaTeJibHO

CTR HeCKOJibKO OTJlH'tfaeTCSl OT COOTBeTCTBYJOI.Qero 
B3MeHeHIDI ,o;m1 3Be3p;b1 c Maccml 5 M0 . Ho AJISl 3Be3p; 

c MaccaMH 6onhllle 2 M0 noee,o;enue k2R5 aa rnasaoe 

nocneAOBaTenbHOCTH Hepa3nHqHMo B MacmTa6e 
pHC. 46. ECJIH 3TO B3MeHeHHe annpOKCHMHpoBaTb 
mmeflHOH 3aBHCHMOCThlO, TO yro.n HaKJIOHa y Hee 

6}'AeT OAHHaKOBbIM AIDI 3Be3A pa3HbIX Mace, "l{TQ 
no,o;TBep)l(,o;aeT JaBHCHMOCTb (10). 0,o;Haxo, icaK 
MO)l(HO BH}:{eTb B3 pHCYHKa, JIHHCU.HaJI . <l>YHKI~IDI 

.s1Bm1eTc.S1 He otieHL xopoweii annpoKcHMatieeii. 

rpaawraueomme OKaTHe 3Be3.I{.bI (C'J"aAWl 2- 3) npu
BOAHT K yMeHbllleHHIO pa,o;uyca 3Be3AbI H yeeJIH'leHHIO 

KO~eHTpa~ BeI.Qecrea K IJ,CHTPY· Ilo3TOM)' B "'2, H 
k2R5 Ha noA cra,o;HH 3BOJIIOWffl 61,1crpo y61,rna10T. 

IlpH ropemm eo,o;opo,qa B cnoeeoM BCT0\fHH1Ce 

(CTaAIDI 3 - 4) g,o;po 3Be3p;b1 npo,o;on)l(aeT C)l(RMaTbCSl, 
a o6onoqxa pacuurpsi:eTC}I. 3TO npHBOABT K }'BeJIH'le

HHIO KO~CHTJ)awm e e~ecrea K [\CHTJ)Y u K yaeJIH"Je

HHIO kzR5. Ansi: 3Be3AbI c MaccoH 1.58 M0 cr~ru1 3 - 4 
npo,o;on>KaeTC.SI ,qo.nbwe, a pap,uyc Ja 3TO BpeMSI H3-
MeHSieTCSI MeHbllle, qeM AJJjJ 3BC3Ahl C MaCCOH 5 Mo . 
Il03TOM)' CKOpOCTH H3MCHCHIDI BCJI.HlfflH /vi H "7_R5 C 

B03paCTOM AJISI 3BC3Ab1 C 60JibllleH MaCCOH ropa3AO 

BbIWe. Beml'IHHbl kzR5 H g Hau6onee cyCQeCTBCRHO 

MCIDIIOTCSI HMCHHO Ha 3TOH C'faAHH 3BOJIIO:QHH. 

BbtCTpoe paCillHpeHee KOIIBCKTHBHOH 06onoq1rn 
(CTaAIDI 4 - 5) npHBOAffT, KaK y)Ke roeopHJIOCb BbJWe, 
K yMeHLWCHHJO CKOpOCTH naµ;eHH}I llJIOTHOCTH B no
BepXHOCTHLIX CJJ0$1X, qTo BbI3bIBaeT 6bICTp<>e H 3Ha
qJITCJlbHOe yeeJIH'ICHHe noCTOSIHHhIX anCHAMbHOrO 
ABH)l(eBIDI. Pa,quyc 3Be3,qLI Ha 3TOH cra,qBB 3BOJIIO

QHH MeHSleTCSl CJia6o H Il03TOMY OCHOBHOR BKnap, B 

H3MeHeHee /viR5 B ,o;aHHOM CJiyqae ,qaeT k2, 'ITO xopo
wo BHJ{HO Ha pRc. 56. 

Ilpo:Qecc pacnpocrpaHeHH.Sl KOHeeK:QHR e 6onee 
rny601rne CJIOH 3Be3p;b[ npo.n;omKaeTCSl Ha CT3AHH 

KpacHoro rHraHTa, 'ITO Ta.K)l(e eeAeT K Y13emReHRIO 

k2' XOT.Sl H He CTOJlb 6bICTpoMy. TaKaSI npOT.Sl)KeHHa.SI 
KOHBCKTHBHaJI 060.;JO'iKa npHBO,AHT K 3Ha'leHR.SlM k2' 
6JIH3KHM K 3Ha'-IeHHSIM k2 AJISI KpaCHblX K3pJIH1C0B, 

HMeJOIIUlX npOT}I>KCHttylO KOHBeKTHBHYIO OOOJIOtIKY' 
0 'ICM y)Ke rosopHJIOCb BbIWe. Ha 3T0ll CTa}.{HU 3BO

JIIOQHH paAHyc 3BC3,Abl ripOAOJI>KaeT B03pacraTb H 

ero H3MCHCHHSl CHOBa Ha"l{HH3I:OT µ;aeaTb OCHOBHOH 
BKJiaA B R3MeHeHHe "7_R5• 

BbIWC f0B0pH110Ch, 'ITO 3Ha'leHWl k2 AOIDKHbl 

CHJibHO 3aBHCCTh OT crpoeHHR C3MLIX Hap}'.)KHblX 

CJIOOB 3Be3,ll;bl. CTpoeHHe caMLIX BHCDlHHX CJIOCB 3a

BHCHT OT 3cf>q>eKTBBHOH TeMneparypbI 'Fe.ff 3BC3Abl. 

Ha puc. 6 npueep,eHbl JaBHCHMOCTH lg "2 OT lg T rff J:J;JISJ 

3BC3A Ha'laJILHOH rnaBHOH IlOCJJCJ:{OBaTeJibHOCTH H 

3BC3.IJ., 3BOJIIOI\BOHHPYIOI.QHX µ;o CTaJ:{llll Kpacnoro rn:
raHTa, ,nnst µ;eyx 3Ha'leHJIU Mace: 1.58 e 5 M0 . 06~ 

xapaKTep npHBep;eHHLIX JaBHCHMOCTeii cxop;eH KaK 

AJISl 3Be3A HaqaJlLHOH rJJaBHOH nocne,AoBaTCJlhHOC

TH, TaK B AJUI 3BOJil:O:QHOHHpy10I.QHX 3Be3A, TaKHM 
o6pa30M, .l),JIH 3Be3,t\ C ITOXO)KHM crpoeHHeM BHeWHHX 

CJIOeB 3Ha\fCHHSl IlOCTOHHHbJX ancn.,o;a.nbHOro )J;BH)l(e
HIDI AOJl)KHbl OLITb 6JIH3KH. 

5. 3AKJII01.JEHHE 

B HaCTOSII.QeH pa6oTe Ha OCHOBe opanrnam,HbIX 
pacqeTOB 3Be3,o;HLIX MOJ:{eJieH IlO,ll;TBep)l():.(eHbl pe-
3YJibTaTbJ, nony11eHHb1e B [ I]: 

1) B noaepXHOCTHbIX CJIOH'X 3Be3.I\hl IlOCTO}IHHaJI 

ancnp;anbHoro A9R)l(eHID1 k2 y6h1BaeT o6paTHO npo
nopl(HoHaJILHO pa):.(BcL1.hHOM)' pacCTOSIHHIO r B Il}ITOB 
CTeneHn; npoH3BeAeHue k2r5 == const, Ha'IHHasi: c Mac
coaoit KOOp}lHHaTbI 0.999 MaCCbl 3Be3,t\bI; 

2) Ha 3Haqeaue k2 cyl.QeCTBCHHO CKa3bIBaeTC.Sl, Ka
KHM o6pa30M BbI6epaeTC.SI nosepXHOCTb 3BC3,(J;Lt; 

3) 3HaqeHID1 k2 CHJJbHO 3aBHC8T OT crpoeHH}I 060-
JIO'IKH 3Be3):.(hl . 

OcHoBHOH BK.na,q e aen011eay k2R5, nie R - pa,o;uyc 
3Be3,(l;bl, AaJOT CJIOH C Maccoaoi{ KOOp,t\BHaTOB OKOJlO 
0.9 MaCCbl 3Be3):.(bl. CooTBCTCTBy'fo~ee pap;HaJlbHOe 
paCCTOSIHHe cocrae.nsi:eT OKOJlO 0.5R AJlSI 3Be3A sepx
HeH 'IaCTH rnaeuot% IlOCJie]\OB3TCJibHOCTH H CMell\a
CTCSI B 6onee Hapy>KHLie CJIOH npn pa3BHTHH y 
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3Be3,IJ;bl KOHBeKTUBHOH o60JIO'IKH. ,I(IDI nonyqeHIDI 

Ha,ne)KHblX 3Ba'leHUH kzR5 TO'IHO paCC'IHThJBaTb .a;o
CTaTO'IHO TOJibKO CJIOB B6JIH3H 3TOro MaKCHM)'Ma. 
OrpoeHHe sr.a;pa 3Be3,IJ;bl H caMbIX BHCIUHHX CJIOeB He 
CHJll,HO CK33h1BaeTCSI Ha 3Ha'leHHH kzR5. 

Tio pe3ynbTaTaM uaIUux pac,1eToB nony'leHbl Ja
BHCHMOCTH lg(k2R5) OT M3CCbl ,Il;JISI XHMffqeCKB OAffO

pOJJ;HblX 3Be3;a: H3"'1aribHOH rJiaBHOH nocne.a;oBaTeJib
HOCTH 8 OT MaCCbl H B03pacra ;a:m1 3Be3J];, 3BOJIIOI.{H0-

HHPYIO~ BflYTPH rJiaBHOH nocne;a:oBaTeJibHOCTB. 
IIocrpoeHHble annpOKCHM~HH cornacylOTCH C 33BH
CHMOCTHMH H3 (1), nony'leHHbIMH no pelyJibTaTaM 
pac'leTOB pa3HbIX aBTOpoB. IloKaJaHa B03M0)Kff0CTb 

JIHHeHHOH anrrpoKCHM3I.J,HH 33BHCHMOCTB lg(k2R5) OT 

eoJpacra. 

IlpocJie)KeHbl 3BOJIIOUHOHHb[e HJMeHeHIDI IlOCTO

SIHHbIX anc~aribHOl'O ;a:BB)KeHIDI ;a:o CTa;a:oB KpacHbIX 
rHraHTOB. HawH 3BOJIIOI.J,HOHHhie 3aBHCHMOCTH B I.J,e
JIOM cornacylOTCB C pe3yn1.TaTaMU [4]. 

AnCH,IJ;aJibHOe ,Il;BIDKeHHe Ha6mo.a;aeTOl, KaK npaBH
JIO, B CHCTeMax, co;a:ep)Kan:.µuc 3Be3,IJ;bl rJiaBHOH nOCJie
JJ;OBaTeJihHOCTH HJUI cy6rnraHTbl. 3TO 061>BCHSleTCSI 

TeM, 'ITO ;a:M pemcrpaizym CMew,eHIDI nepHI.J,eH1pa 
H}')KHO npoeowrrb Ha6n10.a;eHID1 e reqeHHe ;a:ocraroq
Ho 6on1,moro qgcna nepuo.a;ou; WUI Kpacm.ix rnraH

TOB, HMe10~ 6oJ11>WHe pa,naycb1, op6mam,m.1e ne
puo.a;1,1 ;a:OJI)Kffbl 6bITb ,Il;OCT3TO'IHO BeJIHKH. (B IIpOTHB

HOM CJiyqae 6y,D;eT npoHCXO,Il;WI'b o6MeH MaCCOR Me>K;a:Y 
KOMnoHeHTaMH ABOBHOH CHCTeMbI.) Ilo3TOMY B03-
MO)KHOCTb Ha6JIIO,IJ;aTeJibHOH npoeepKB pe3yJibTaTOB 
pac'leTOB aIICHAaJibHOro ,!lBIDKeHIDI ,!lID1 KpaCHbIX m

raHTOB rrpe,!lCTaBID1eTCB ~MHHTenbHOii. 

IloCTOSIHHbie anCH,IJ;aJibHOro ,!lBmKeHIDI noKa3bl

B3l0T, KaK 1Be3,!la C ,Il;aHHbIM crpoeHHeM pearupyeT 

Ha B03MYW,al0lll,He IlOTeHQHaribl, Il03TOMY, IlOMHMO 
3a,IJ;a'IH 06 anCH,!laJibHOM ,!lBH)KeHHH, eenuqHHbl kz BC

Il0Jlb3YIOTCSI rrpu pemeauu ,!lpyrux 3a,!la'I, me pac
cMaTpHBaeTCSI p;eq>0pMa.QHH 3Be3,!lbl. TaKHe 3a_naqu 

B03HHKalOT, HanpuMep, npu HJyqemm .a;e<j>opMa~HH 
Ja C'leT Bpaw,eHBjl HJIB BJIWIHHSI npHJIHBOB Ha I.1,HpKY
JIBpH3~Bl0 op6HTbl ,!lBOBHOH CHCTeMbl H CHHXpOHH-
3aI(HIO ocesoro epa~eHM KOMilOHCHT C op6HTaJib
HblM J);BH)KeHOeM . .[(ml pemeHWI 3THX Ja.a;aq pacqeTbI 

IlOCTOBHHbIX ancu;a:anbHOro ,I{BIDKeHIDI KpaCHblX re
raHTOB MOI)'T OKa3aTbC.sl IlOJie3HblMH. 

Aerop 6narop;apuT B.B. Opnosa H B.B. HeaHoea 

3a none3Hoe 06cy~em1e, a T3K)Ke A.B. IIIHensaiica 
3a IlOMOlll,b B pa6ore C nporpaMMOH. 
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Constants of Apsidal Motion and Calculations of Stellar Evolution 
© 1995 r. A. V. Petrova 

The velocity of the periastron' s motion caused by the mutual tidal distortion of the components of a close binary 
system depends on the constants "'2 of the apsidaJ motion which characterize the density distribution in each of 
the components. The results are presented of the caJculation of the evolutionary changes of k2 and k2R5 (where 
R 1s the star's radius) up to the red-giant stage. The dependences of these parameters on the mass and the age 
of a star are obtained. The condition defining the position of the star surface strongly affects the k2 value and 
insignificantly - the product k2R

5. The parameter "'2 is sensitive to the structure of the star's shell. The main 
contribution to k2R

5 is provided by the layers with the mass coordinate about 0.9 the star's mass. 
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CTPYKTYPA DOJDI CKOPOCTEH B COJIHE'lfHOH (l)QTOCcJ>EPE 
BliJIH3H Ha·BOJIOKOH 

© 1995 r. 6. A. Homna*, E. X. KyJIHKOBa** 
* l1Hcmumym 3eMH020 Maznemu3Ma, uo Hoc<j,epbt u pacnpocmpaHeHUR paouoeo.nH, TpoUL4K, Poccw,. 

** Paouo(j,U3U'teCKUU UkCmumym, H. Hoezopoo, PoccUJl 
Ilocrymura B pe.naxl(HJO 30.09.94 r . 

AHam13Hpy10Tc,r peJyJibTaTbt HJMepeHHR non,r cpoTocq>epHbtX cKopocreA noA ABYMR eonoKHaMH aKTHB
H&tx o6nacTeH Ha ConHJ.te, Ha6mOA8BWHMHc,r a 1991 R 1992 rr. Ha conHettHOM 6aweHHOM TenecKone 
l13MHPAH npe nOMOlUM MarHHTOrpaq,a H HHTerpam,HO-HHTepq>epeffl.{HOHHOrO cneKTporpa<f>a. CToKa-
3aHo, 'ITO YCTOHtJHBbie Y'<8CTKH BOJIOKOH pacnonaralOTCR Ha rpaHH~e Me)l(Jzy o6nacnIMH noi1oeMa H ony
CKaHHSl Q)OTOc<f>epHoro semecrsa. PaccM8TJ>HBaeT01 CH3b CTJ>YKT)'pbl nom, q>OTOCQ>CpHblX CKOpoCTeH C 
THTIOM BOJIOKHa H xapaKTepOM ero YCTOHttHBOCTH. 

I . BBE,[(EHHE 

AHanH3 pacnpe,ll;eJieHHJI cKopoc-ree e6JIH3B con
He\ffl&1x BOJIOKOH, BHJ{HMbIX B JIHHHB Ha, MO}KeT npo

.SICHHTb P'IA npo6JleM, CB.S138HHblX C HX o6pa30Ba.HH
eM, ycTOH'IHBOC'rblO, MCX8HH3MOM HaKonneH1Ul 
3HeprHH. Ilo3TOM)' HCCJIC,t\OBaHHIO CTpYKT}'pbl cx:o
pOCTeH 8 o6naCTH pacno1IO}KeH1U1 BOJIOKOH llOCBSl-
1.QCHO a noCJieAHee epeMR MHOl'O pa6oT ( CM. o63op 
IIIMHAep [11). 0,ll;HaKO a OCHOBHOM HCCJieAOBaJJaCb 
c-rpyKrypa no.JUI CKOpOCTeH B xpoMocc:pepe flOA BO
JIOKHOM (B JIHHHH HJ H .B nepeXOAHOH o6nacrn Me)K
AY KopoHoH H npo-ry6epaHUeM (a JIHHID1.x CIV). lfay
qeHHIO IlOJlJI CKOpOCTeH B q>OTOC<pepe nocs~eHbI 
nHIIlb pa6oTbI Map,pec HAP· [2, 3] H pa6oTbI rpyn
IlbI H3Ml1P AH [ 4 - 8). 

Me)KAY TeM ecrh ace ocuoeaHHjf nonaraTb, <ITO 
AOJI}l{Ha cyI.QCC'rBOBaTb onpeneneHHaJI CBSl3b Me,tqzy 
xapaKTepoM CKOpOC'rH B cpoToccpepe H fiOJlO)KeHHCM 
BOJlOKHa. Bo-nepBblX, HJBeC'fHO, \ITO BOJIOKHa ne
)l(aT npeHM)'LQeC'rBeHHO BAOJib JUfHHH PaJACJia no
JISlpHOCTeH cpoTOCCJ>epeoro MarHHTHOro noJljl, HaJ.l H}'
neeoii JIHHHeH npOAOJlbHOrO IlOJijf, BO-BTOpbIX, BO
JIOKHa coe):{HHeHhI C <pOToc<pep<>H npH IlOMOUUf TaK 
H83b1BaeMblX " eor", B KOTOphIX, cornaCHO HCKOTOpbIM 
Ha6n10,qeHID1M, e xpoMoe<pepe Ha6n10AaeTCJ1 onycKa
HHe HnH 00):\oeM BCLQec-rea (CM. HanpHMep, [91). B 'I'pC
TbHX, KOCBCHHO Ha HaJUl'lHe CBS13H yKa3bIBaeT TO, 'iTO 
5-MHH cporoccpepH&1e KOJie6auru1 a o6nac-rH pacaono
}KCHIDI BOJIOKHa cyI.QecreeHHO OCJia6JieHbl [2]. 

AHaJIH3 xpoMoe<pepHbIX CKOpOCTeH pa3JIB'lJHhIMH 
aeTopaMH p;an B OCHOBHOM 6JJH3KHe pe3ym,TaTbI; co
rnacHo BM, BOJIOKHO Jle)KI{T 6JIH3KO K JJHHHH pa3nena 
o6nacTeH nOA1>eMa H onycKaHHsr, npeHM)'w;ecreeuuo 
B o6nac-rH n oA1>eMa eew;ecraa. Pe3yJibT8Tbl 113yqe
HHJ1 cpoTocq.>epHoro IlOJI.sl CKopocreii npoTHBOpe
lfHBbl H Tpe6y10T AMbHemuero aHanH3a. TaK, B 
pa6oTe 11ownbr HAP· [3], noce~CHHOH H3ytfeHBl0 

Q)OTOC<pepHbJX CKOpOCTeH B OKpCC'I'HOC'rJIX CilOKOli
HOI'O BOJIOKHa, 6bin0 ll0Ka38HO, 1.JTO xapaKTep npocr
paHCTBeHHOro pacnpenerreHIDI yqacrKoe noA1>eMa n 
onyCKaHIDI eew;ec-rea BeCbMa HeO,l{HOpoAeH, B OTnH
lJBe OT xpoMoccpepaoro pacnpeAeneHID1 cKOp<>CTH, 
npoee)l;eHHoro AJijf TOro )KC BOJIOKfill B pa60TC [10]. 
06JiaCTH IlOA'bCMa H onycKaHIDI BeI.Qecraa s <pOTO
cc:pepe pacceKaJIH BOJIOKHO TaKHM o6pa30M, 'ITO JIH
HH.SI HY neeoA 11y11esoe: cKopoCTH V0 eecKOJibKO pa.3 
nepeceKana eonoKHo notJTH nepneH.IJ.HKym1puo ~ero 
OCH, TOrAa KaK B XpoMoccpepe JIHHHSI Vo 6bIJia notne: 
napanJieJibHa OCH BOJIOKHa. B q>OTOC<pepe seLQeCTBO 
6bIJIO HanpaaneHO npeH~CCTBeHHO BHH3, a B xpo
MOCq>epe eeepx. 3TH pe3yJJbTaTbI xopowo cor11aco
BaJJHCb C A3HHbIMH pa60Tbl [3]. 

0AH8KO nocnenyrow;He Ha6n10.11.eHHSI ITOK838JJH, 
'iTO TaKaJI CTpyKTypa CKopocre:e: B cf>oToe<pepe llOA 
BOJIOKHaMH npucyrqa He BCCM, a, no-BHAHMOM)'' 
JlRWb TeM CilOKORHbIM B0JIOKH3M, KOTOpble JIC)K8T B 

CTapbIX q>JIOKKYJibHblX 06nacTI1X c He60JibWHM (He 
npeBbIWalOw;HM necSITKOB raycc) MarHHTHbJM no
JICM. DbJJIO o6nap}')KeHo, tfTO e CilOKOHHblX BOJIOK
Hax 3KTHBHblX o6rracTe.H CTpyKTypa pacnpeACJICHHH 
CKOpocree: HOCHT .11.pyroii, 6 onee ynop8AO'lfeHHblH 
xapaKTep, TCCHee CBSl33Ha C IlOJJO}KeHHeM BOJIOKHa H 
IlOJIO}KCHHeM HyJJeeoA JIHHHCH npo,ll;OJibHOI'O Mar
HHTHoro non.SI (7. 8]. B ,IJ,aHHOH pa6oTe Mbl aHaJJB3H
pyeM pe3yJibT8Tbl Ha6JJIO,IJ,eHHH AByx BOJIOKOH 3KTHB
HblX o6nac-reif, Ha6JIIO,t\aBWHXCH a 1991 e 1992 rr. 

2. HHCTPYMEHThl 

0AHOBpeMeHHble Ha6JIIO,IJ,eHH$1 cp<>ToccpepHbIX 
nyqesbrx cKopocreu H MarmtTHhIX noneH e o6nac-rH 
COJIHe\lHblX BOJIOKOH ,npOBO.IJ.HJIHCb Ha 6aweHHOM 
COJIHetfHOM Tenecxone (BCT) lf3MI1P AH. Ilpoc-r
paHCTBeHHoe pa3pemeHHe COC'r8BJI.SIJIO 4". ,llJISI npe.11.-
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BapHTem,Hoit q>BJibTpaIJ;HH cneKTpaJibHbIX JIHHHH 
HCil0Jib30BaJICSI A.Hq:>paKI.J.HOHHblH cneKTpOrpacp Te
JieCKona, pa60T8IO~HH BO BTOpOM nopff)'.{Ke npu JIH
HeHHOH AHCnepcae 0.9 NMM. 

Ami H3Mepe.HID1 nyqeebIX cKopocrei c HJOM 1991 r. 
HCil0Jlb30BaJICj1 HHTerpaJibHO-HHTepcpepeHl.J,HOHHbtii 
cneKTpOMeTp (1111:C) [11]. CneK'IpOMeTp BbIIIOJIHeH 

Ha ocHoee HHTepcpepoMeTpa <l>a6pe-Ilepo, CTa6u
JIH3HpOB8HHoro KBaHTOBblM 3T3JIOHOM qaCTOTbI. 

3TO Il03BOJIHJIO ynyqmHTb CTa6HJlbHOCTb H 'l}'BCTBB

TeJibHOCTb HOBoro eapHaHTa 1111C no cpaBHeHHIO c 

TaXOMeTpOM Ha OCHOBe HHTepcpepoMeTpa MaHKeJib
COHa, HCITOJih30B8B11IHMCjl paHee: Ha6JIIOAeffHjl Be

JlHCh e HeMaraHTOaKTHBHOH JlHHHH Fel A.5576 (<paK

TOp JlaHAe g = 0). tJyBCTBHTeJJbHOCTb cneKTpOMeTPa 
cocraemma LO M/c. 

Jl:Jijl H3MepeHHB MarHHTHOro IlQJljl HCil0Jlb30BaJICSI 
Mannrrorpacp rrpOAOJibHoro rroM H3MM:PAH [12). 
Ha6JI10AeHID1 IIpOBOAHJIHCb B MarHHTO'l}'BCTBHTeJib
HOH JIHHHH Fel A.5253 ( cpaKTop JlaHAe g = 1.25). Kax 
noxa3am1 pactJeTbI, BbICOThI cpopMHpoeaHIDI 

Bbl6paHHblX cneKTpaJibHblX mmuii 6JIH3KH. tJyeCT

BHTeJibHOCTb onpeAeJieHIDI MarHHTHOrO IlOJIH co
CTaBJijlJia OKOJIO 5 - IO re. 

l1:3eecmo, •no B carttan nyqeeoH cKopoCTH, H3Me

paeMon M8I'HHTOrpacpoM, BXOWJT CHrHaJlbl OT JIO)K

HbIX AOilJiepoBCKHX CMem;eHHH cneKTpaJibHblX JlHHHH, 

BbI3bJBaeMbIX ,n:po)KaHBeM cneKTpa B cneKrporpacpe. 
)J,JIH cnexrporpacpa BCT M:3M.0PAH Bemrnnn.1 

JIO)K.HbJX CMem;eHHH COCTaJ3JljlJOT - 100 M/C. IlOCKOJib
KY 3Hat.IeffHjl nr1eBbIX CKOpQCTeH B6JIH3H BOJIOKOH Ha 

ypoeHe cp0Toccpep1:,1 He BeJIHKH (-200 - 300 M/c) [2], 
TO npH aHaJU{3e 6bIJIH HCil0Jlb30B8Hbl KapTbt ny
'1eBblX cKopocre~. nonytieHHbie no AaHHbIM l1.0C. 

0AH0BpeMeHHO C 3ailHCblO nyqeBbIX CKOpoCTeft: H 

MarHHTHbIX nonee fiOJly-'laJIHCb H(l-q:>HJibTporpaMMbl 

yqacrxa HccneAyeMoH o6naCTH. <1>1rnbTporpaMMhI B 
CBeTe, OTpa)f(eHHOM OT 3epK8JlbHOH IIOBepXHOCTH 

BXOAHOH menu cneKTporpacpa H npoxoA~eM ttepe3 
H(l-<pHJibTp Tima Xanne, pemcTpHpoeaJIHCb npH no

MOLUH KHHOKaMepbl Ka)K,Il;bJe 10 C, t.ITO COOTBeTCTBO
BaJIO (npH CKOpOCTH CK8HllpoBaHIDI 2"/c) 2011

-HHTep
aany conHe'lrnoH nouepXHOCTH. Ilo 3THM cpum,rpo

rpaMMaM onpep;emlJIOCb OTHOCIITeJibHOe TIOJIO)((eHJ.Ie 

BXOAHOH menu H HCCJie):{yeMbIX p;eTarcef:r COJIHet1HOH 
noeepXHOCTH (BOJlOKHa, IDITHa) C ToqHOCTbfO, onpe

p:em1eMOR npocrpaHCTBeHHbIM pa3pemeHHeM. 

3 . METOJJ:M:KA HABJII0.[(EHI1H 

PacnpeAeJieHIDI MarHHTHblX nonefl: H nyqeebIX 

CKOpOCTeH B6JIH3H BOJIOKOH perHCTpHpOBaJIHCb ny

TeM nocneAOBaTeJibHOro CKaHHpOB8HIDI HCCJieAye
MOU 06nacn1. Tioirnoe epeM}I nonr1emu1 OAHOH Kap
ThI COCTaBJISJJJO 25 - 30 MHH. )I.JIS1 yMeHl,meHIDI BJIHSI

HHSI 3cpcpeKT8 IDITHMHHYTHbIX KOJie6amdi CKOpOCTb 

CK8H.Hp0B8HHSI H ,n:mlHa CK8HOB BbI6HpaJIHCb T8KHM 

( o6pa3oM, •no6b1 epeMeHHOH CABHr Me)KAY pa3pe3a-

MH COCT8BJIHJI -150 c. KapTbl CTpOHJIHCb nocne 
CKOJib3SILUero ycpeAHeHHH coce]niHX pa3pe30B. K BO

npocy O BJIBS1HHH IDITHMHH)'THbIX KOJie6aHHD CKOpo
CTH u o6naCTH BOJIOKOH Mbl BepHeMCSI HIDKe. 

)I.JISI yqeTa TpCHAa Jiy'leBOH CKOpOCTH, CBSl3aHHO-
. ro c nepeMew;ettneM H306paxeH.w1 Conm~a npH cxa

HHpoeaHHB, a TaK)((e B03MO)KHoro anrrapaTypHoro 
rpeima 61:,ma npoee):{eHa HH3KoqaCTOTHa$1 <pIDibTpa

:qIDI 3anuceA nyreM BbltIHTaHM D0CTOS1HHOH H JIH

HellllOH coCTaBJ1$110W:IDC. 3a Hyneaoe JHaqeHHe ny11e
aoii CKOpOCTH npHHHMaJIOCb :3HaqeHHe, ycpe}l.HeHHoe 

no pa3pe3aM, pacnono)KeHHbIM BAaJieKe OT aonoK.Ha 

H npoxO,I\SIW:BM qepe3 y11aCTKH CilOKOHHOI'O Con~a. 
ToqHOCTb onpeAeJieHIDI cpeAHero 3HaqeHID1 COCTaB

JISIJia 20 - 40 M/C. AHaJIH3 noKa3aJI, 11TO H3MeHeHHe 
HYJih-nyHKTa CKOpocTH Ha T8KYIO BeJIH"tfHHY He Me

HSleT cym:ecTBeHHO HH CTPYKTYPY pacnpeAeneHIDI 
CKOpOCTH, HB IlOJlO)KeHee (c TOt{HOCTbfO AO npocr

paHCTBeHHOro pa3pemeHID1) HyneBOH JIHHHH CKOpo

CTH OTHOCHTeJibHO IlOJIO)KeHHSI BOJJOKHa. 

4. HAEJII0AEH05I 11 AH AJH13 JJ,AHHbIX 

JJ:ng aHclJIBJa <pOToccpepHoro IIOJISI CKOpocTeH H 
MarHHTHblX IlOJieH 6LIJIH BbI6paHbl ABa BOJIOKHa, 
6JIH3KHX no CBOHM Mopcpo~orHtJeCKHM A3HHbIM. 06a 
BOJIOKHa pacnonaraJIHCb B6JIH3H aKTHBHblX o6nac

TeH, xapaKTepH3YIOW:HXCX B caoeu IOacHOH qacTH aK

THBHOH mrreHHOH }l,eHTeJibHOCTbfO. 

B0.11.01eHo s a1emusHoit ipynne 6703 SGD 

Ilepeoe H3 paccMaTpHBaeMbIX B 3TOH pa6oTe BO

JIOKOH 6bIJIO pacnOJIO)KeHO a aKTHBHOH rpynne 6703 
no BoynAepy H nepeceKano l\eHTpaJibHhIH MepHABaH 
6- 7 HIOJIH 1991 r. <l>opMa BOJIOKHa (pHC. la) HanoMH

Ha.na AYf'Y, MopcponoruttecK.H CBX3aHHyfO C IlHTHOM, 
pacnOJIO)KeHHbIM B 3ana}l.HOH qacrH o6JiaCTH. Ha 

pHC. 2 npHBeAeHbl KapTbl MarHHTHOro ITOJijl H nyqe
BOH CKOpOCTH AJISI 6 HIOJIX 1991 r. 

lJT061,16onee uarnstAHO npeACTaBHTb nonyt.1eHHbte 
pe3yJibT8Tbl, Ha pHC. 3a, 36 IIpHBe}l,eHbl ynpo~eH
Hbie KapTbI 3a ABa nocJ1e}l,OB8TeJ1bHbIX ,n:HSI: 5 H 6 HIO

JIH 1991 r. Ha KapTax IlOK838HbI JIHlllb IlOJIO)KeHHH 
Hyneeoff JIHHHH nyqesoH CKOpOCTH Vo B JllIBBH 
Pel A.5567, HyneBOH JIHHHH npo}l.OJibHOro MarHHTHO

ro IlOJIH H BOJIOKHa no <pOTOrpacpHHM B JIHHHH Ha· 

KpynHOM8ClllTa6Hast KOHq:>HrypaIJ.IDI KaK MarHHTHO
ro IlOJI.H, TaK H IlOJijl CKOpocreu B OCHOBHOM coxpa

HSIJI8Cb B Te'ieHHe HeCKOJihKHX AHeH. CeeepHaH 
'lJaCTb aonoKHa cocTOSIJia, no-BHAHMOMY, H3 W3YX 
apoK. 3Ta HaH60Jiee YCTOHt.IHBaSI t.JaCTb Jie)KaJia, KaK 

BH]niO H3 pHCYHKa, B}l,OJib JIHHHH ttyneeoro MarHHT
Horo IlOJIH u Ha;a; rpamm:eft Me)KAY o6JiaCTXMH IIO}l,"b

eMa H onycxaHWI cpoToccpepHoro eew:ecTea, KaK 61:,1 
0KailMmu1 06nmpHy10 06nacT1> DOA"heMa, pacnono

)KeHHYIO K IOf'Y OT BOJIOKHa. B MeCTe HCKpHBJJeHH.SI 
HeHTPaJJbHOH JIHHHH MarHHTHOrO ITOJISI (B TO'IKe A , 

AC1POHOMl1l.JECKl1H )l(YPHAJI TOM 72 M 6 1995 
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PHC. 1. <l>OTorpacpHH aJG.THBHOA o6naCTH B Hex c BOJJOKHOM, 
nonyi,1eHH1>re 6 mom1 1991 r. (a) H 8 aBryCTa 1992 r . (6) ua 
T aUIKeHTCKOA aC'rpO<pH3H'ICCKOA 06cepuarop1m. Ilyl:'inH
KYIOTC51 c mo6e:moro pa3pewcHHR 3.6. Kopo6oaoA. 

B6JJH3H "Hon1") Ha6mO]:\aJIHCb HCKpHBJlCHHe H 

pa3pbIB HyJieBOH JIHHHH nom1 CKopocreii. Ha BOCTO

Ke ceBepHajl '!aCTb BOJlOKHa OKaHllHBaJiaCb 8 0611ac

TH nOA'beMa, Ha 3an~e - B o6JiaCTH onycKaHIDI; CKO

poCTb Bemecrea y KOHL\OB BOJIOKHa COCTaemma He

CKOJlbKO COTeH KM/C. Beel.Ma HeyCTOHtJHBM IO)((HM 

qaCTb BOJIOKHa Ha npOT$1)((CHHH Bcero upeMCHH Ha-

6JIIO)lCHIDl 6hlJia pacnOJIO)((eHa BAaJJH OT HCHTJ)aJlb

HOH JIHHIDI MarHHTHOrO IlQJljl B o6naCTH onycKaHffjl 

semeCTBa. 3Ta. qaCTb BOJIOKHa Me:wrna CBOH pa3Mepb1 

11 .npo6HJiaCb Ha OT)lCJlbHbie cpparMeHTbl. Ilo)l BOJIOK

HOM B 3TOH qaCTH aKTHBHOH o6naCTH npoHCXO~H 

U3MeHeHIDI, CBSl3aHHhie C IDITCHHOH aKTUBHOCTblO, 8 

qaCTHOCTH, IIOSIB.IDIJIHCb H0Bble IDtTHa. B noCJie]:\ylO

ru;He )J)Ill TaM lfMeJIH Mecro COJJHC'tfHbie BCilblWKH, KO

TOpbIM COnyTCTBOBaJIH AecpopMa~ KaK caMoro BO

JIOKHa, TaK H CTpYKTYPhI no.IDI cKopocreii. 
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BoAOKHO e a,cmuewu o6Aacmu 7248 SGD 

BTopoe BOJIOKHO pacnonaraJJOCb B 3KTHBHOH 06-
JiaCTH 7248 no Eoyn.nepy H nepec~Kano ~eH1'paJib

HbIH COJ1HeqH1,Iii MepH,L\BaH 7 - 8 aBrycra 1992 r. Mbl 

Ha6JI10AaJIH ero e nepaoA 4 - 8 aerycTa. Ilo ceoeH 
cpopMe H xapaKTepy (puc. 16) OHO HanoMHHaJIO HC
CJieAOBaHHOe paHee BOJIOKHO s aKTHBHOH o6JiaCTH 

6703 SGD. 
Cesepo-BOCTOqB3jl qaCTb BOJIOKHa, COCTO.sl~M 

HJ HeCKOJlbKHX apoK, 6bIJia OTHOCHTeJlbHO cra6HJib
HOD. H3 puc. 3B, r BHAHO, qTo KaK IIOJIO:>KeHHC Hyne

BOH JIHHIDI nyqeeo:e CKOpOCTH Yo ' TaK H IlOJIO>KeHHe 
HyJieBOH JIHHHB MarHHTHOrO npOAOJlbHOrO IIQJijl 
IlOt{TH coenaAaJIH C IIOJIO)l(eHHeM 3TOli' qaCTH BOJIOK

Ha, KOTopoe oKailMmmo c cesepa-eocToKa o6wup

HJIO 06nacr1, IIOA'beMa ae~ecTBa. MarHHTHoe none 
H none CKopocTe:e: IIOA 3THM yqaCTKOM BOJIOKHa co

xpawmu TaKoH xe xapaKTep ceoee KpynHoMac

wTa6Hoe: crpyKTYJ)hl H B nocne~yio~e AHH na6JIIO
AeHHH. TaM xce, r)'.(e BOJlOKHO pa3pb1BaJIOCh (no-BH

AHMOMY, y KOHna apKH B6m13H "aorH" - TO'fKa A), 
HCKpHBJUmacb eyneBruI JIHHIUI MarHHTHOrO noml B 

pa3pb1B3JlaCb HyJieBM JIHHHSI CKOpOCTH. BOCTOlfHblH 
KOHeq BOJIOKHa HaXOAHJICSI B 0611aCTH DOA'beMa, r.ne 

CKOpOCTb 61,ma 6JIH3Ka K 400 M/c. 

l.Jpe3e1,1qauao HeycTOH\lHBruI 10ro-3anaAHruI 

eeTBb BOJIOKHa ne)((aJia B 06nacn1 orrycKaHHSI aeru;e

CTea. Hy11eBru1 JIHHHSI MarHHTHOro IlOJISI 6 aerycra 

IlOA 3TOH 'tJ3CTblO BOJIOKHa pacnonaranacb Ha J?3C
CTOSIHHH - 20 - 30" OT OCH BOJIOICH3. Cum,aoe HC

KpUBJieHRe HyJieBOH JIHHHH MarHHTHOrO IlOJlSI, CBS1-

33HHOe, nO-Blf]:\HMOMJ, C WITeHHOA aKTBBHOCTblO, 
npHBeJIO 8 aerycra K HClle3HOBeHBIO 3TOH eeTBH. 0]:(
HaKO, qepe3 HeCKOJibKO qacoe OHa BOCCT3H0BHJ13Cb, 

E 

(6) 

N 

s 

w 

PHC. 2. KapThl npoAOJlhHOro MarHHTHOro noJHI (a) H nyi1eBOH CKOpOCTH (6), nony\{eHHhie 6 ffl()JlSI 1991 r . Ha MarHHTOrpa<J>e 
H TaxoMeTpe J13MJ1PAH. cooTBeTCTBeHHO B JlRHHH Fel A.5576. Ha pncynKe a Toncrasr cnnowHa>l JJHHHR - HyneuaR JJHHHR 
npo no n hHOro MarHHTHOro IlOJlSI, TOHXlfe CflJlOUIHble JlHHHH - HJorayccbl llOJlO)KHTeJll,HOH IlOJUlpHOCTH, ll}'HKTHp-HJorayccbl 

OTpH~aTCJlhHOH nom1pHOCTH (war COCT8BJ1S1eT I 00 fc). IlOJlO)Ke HHe oono KHa 3aUITpHXOBaHo. Ha pHcy HKe 6 TOJlC'raSJ CllJ10lll· 
Ha S1 JlHHIHI - JlHHHSJ Hyneeou ny ... esoR CKOpoCTH, TOHKHC CMOWHble H nyHKTHpHhle JlHHHH - HJOnHHHH HanpaeneHHOH COOT· 

eeTCTBeHHO anepx H BHH3 CKOpOCTH (war cocraBJJSICT 100 M/ c). 

ACTPOHOMH'-IECKMH )l(YPHAJI TOM 72 .N'~ 6 1995 



CTPYKTYPA non5I CKOPOCTEH B COJIHEqHOH «l>OTOC<l>EPE 935 

(B) 

(a) N 

E 

E w 

(r) 
(6) N 

E ·tn{·. W 

il!lllllllllll~~lrr1 

s 

N 

s 
N 

w 

_J!r) I ,----l:,', v ... .., , w 
I " I I 

,-" /' ft / , ___ ... ~ -__ e 
---~ 20" :;tr '--' .... 

s 

Pac. 3. 0rROCHTem,Hoe nono)KeHHe !IHHHH uyneBOH CKOpOCTH s cneKTJ)aJlhHOti nHHHH Fel A.5567 (cnJTOWHbte KpHBbIC), Hyne
eoA m!HHH npoi.on1>1toro Mal'HHTHOro nom, B cneKTpaJlbHOA JIHHHH Pel A.5253 (WTp"HXOBble mfHHH) H BOJlOKHa (33WTp"HXOBaHo) 
3a 5 (a) H 6 (6) HJOJlst 1991 r . H 6 (o) H 8 (r) aeryCTa 1992 r . 06naCTH, ri:te ,11BH)Ke1me eemeCTsa uanpaBJieuo BHH3, OTMe'leHhl 
TOlfKaMH. 

CMeCTHBfilHCb K 3anaAy D pacnOJIO)KI{BIIIHCb BJ);OJII, 
HeD'rpaJibHOH JIHHHB MarHHTHOro IlOJljJ (Ha puc. 26 

3Ta qacTb BOJIOKHa HaHeceHa nyHKTHpoM). 

5. O[(EHKA Bill'.UIHHSI Il.SITIIMHHYTHhIX 
KOilEEAHHH· 

AHaJIH3 q:>oTocq,epHbIX JJ;onneporpaMM, npose
.z.eHHblH MapTpec H AP· [2], noKa3aJI, qTo aMnJJH

TYAhl IlOJJjJ CKOpOCTeH IlOA BOJIOKHOM yMeHbmaIOTCSI 
no cpaBHeHHIO C aMilJIHTYJ);aMH nom1 CKOpOCTeH BHe 
BOJIOKHa. 3To IlOATBep)l(,r(aeTCSI II HamBMH pa6oTa
MH [S, 6). illMBAep B CBoeM 063ope [1] CBS13bIBaeT 
3TOT pe3yJihT8T C ocna6JICHHeM KOJie6aHHH IlOA BO
JIOKHOM. 

;I:(JISI Toro, 'IT06bI BbljJCffHTb BJIHHHBe IlSITHMHH}'T

HblX Kone6aHHH Ha C'l'pYKTYPY nonH CKopoCTe:e: aK
THBHOH o6JiaCTH, Mbl cne~HaJibHO npOBeJIH CKaHHpo
BaHHe o6naCTH H3J}; ycTOH'IIIBOH qaCThlO BOJIOKHa 
5 HlOJijJ 1991 r. TaK, 'tl'T06bI Ka.>K]l;bIH pa3pe3 Il0BTO

pS1JICSI ,Z{Ba:>K,qbl c epeMeHHbIM HHTepBaJJOM 150 C. 
KapThl JlY'leBbIX CKOpoCTeH aKTHBHOH o6naCTH 
6bJJJH IlOCTpoem,1 OTAeJibHO no qeTHblM H HetfeTHbIM 

pa3pe3aM. CTpyKTypa IlOJUI CKOpOCTeH npH nepexo
Ae OT OAHOH. KapTbl K ,npyroa OCTaBaJiaCb auaJiorH'-1-
HOH: BOJIOKHO Ha Ka>K,QOH 03 HHX Jie)KHT 6JIH3KO K 

JIHHHH pa3;n;ena o6nacTen nOA"beMa II onycKaHHSI se-
1.I(ecTBa. TaKHM o6pa30M, MO)KHO CllHTaTh, qTO IDI

THMBHYTHl>Ie KOJie6aHIISI, oco6eHHO, eCJIH OHH cy
~eCTBeHHO ocna6JieHbl TPH MeTO,Z{HKOH Ha6JIIOAe
HIDl, KOTopy10 Mbl onucaJIH Bblme, He AOJI)K.Hbl 

BJIBSITb Ha xapaKTep Ha6JIIOAaeMOH HaMH CTpyK

TYPbl nonsi cKopocTei. 

6. 3AKJII0'lEHHE 

AHaJJH3 Ha6JIIOAeHHH, paccMOTPeHHblX Bblllle, 
TaIOKe KaK u Tex, qTo onucaHbI HaMH paHee [4 - 8], 
no3BOJISieT cp;enaTh HeK0Top1,1e npe,nsap1ITeJ1bHbie 

BblBO,Z{bl O xapaKTepe CBS13H Me)KJ:(y THilOM BOJlOKHa 
H ero ycToifqH.BOCTbIO H CTpYKTYPOH nom1 ctx>To
c¢ep111,1x cKopocren. M1,1 Bb['AeJIHM npe 3TOM TPB 

CJlyt!aSl. 

1. BoJIOKHO e cnoKoiinou o6nacTH (QRF no 

KJiaCCHQ)HKa~HH, npHBe;n;eHHOH e MOHOrpaq>HH 3B
p0Ha [13]) . C'rpyKTypa IlOJJSl q:>oToccpepHb(X CKOpo-

ACTPOHOMHl.JECKH11 )KYPHAJI TOM 72 N2 6 1995 



936 HOWilA, KYJUfKOBA 

cree: noA TaKHM sonoKHOM 'lpe3ebrqaiiuo Hepery
mq>Ha; BOJIOKBO MHOrOKpaTHO MO:lKeT nepeceKaTl,CjI 
yqaCTKaMH, B KOTOpbIX semeC'I'BO nonepeMeHHo 
onycKaeTCSI UJTB no.t{HHMaeTCSI, npH 3TOM JfHHIDI H}'
JieBOH CKOpOCTH Vo MO)KeT COCT38JUITL C HanpaBJie
HBCM OCB BOJIOKHa yron, 6JIH3KBH K IlpJlMOM}'. B TO 

)Ke BpeMR B xpoMoc<j>epe CTJ>YKT)'pa IlOJISI CKOpOCTeB 
HOCB'f 6onee perynSipHLiit xapaKTep, a nono>KeHHe 
ffYJieBOH nBHHH CKOpOCTH npaKTB'leCKH COBna,-aeT C 
IlOJIO>KeHBeM BOJIOKHa. TaKHM o6pa30M, B OKpeCT
HOCTB TaKoro BonoKHa CB,13b Me>IQJ,y CTJ>YKT)'P3MH 
<l>oToc<j>epHblX H xpoMoccpepHbIX CKopocreit BeCLMa 
cna6a. 

2. CnoKomtoe BOJIOKHO e aKTBBHOB o6JiaCTB BJJB 
B6JJH3B 3KTHBHOH o6JtaCTH '(ARF). TaKoe BOJIOKHO, 
pacnOJIO)KeHHOe 8 o6naCTH OTHOCHTeJILHOI'O OOJTh
moro (AO HeCKOJtbKBX COTeH raycc) MarHHTHoro no
m1, xapaxTepe3yeTC$1, nO-BHAUMOMY, perynstpHoA H 
ycroitqueou eo epeMeHH crpyrrypoe <1>0Toc4>epublx 
CKOpOCTeff: BOJIOKHO JIC)KUT Ha.t( JIHHHeH, pa3Aemno
~ee: BLITSIHYTbie 8.QOJtb ero OCB o6naCTH IlOA'l,eMa H 
onycKaHIDI aemecrsa, T.e. nono:lKeHHe JIBHHH H)'Jie
eoii q>oTocq>epHOH CKOpOCTH Vo H IlOJIO)KeHHe BO

JJOKHa npaKTH'leCKH C0Bil3A3f0T. 11.CKJIIOlfeHJ\e CO

CT3BMIOT JIBWb yqaCTKH pa3pblBa BOJIOKHa B6JIH3B 
ero onycKaIO~BXCJI "Hor". Ilo-BB;qBMOM}', e oKpecr
HOCTXx T3KOI'O BOJIOKHa CTJ>YKT)'pbl cporoccpepHblX 
H xpoMoccpepHbIX CKOpocrei\i ~JIB3KH. 

3. AKTHBHOC, 6bICTpO MeIDIIO~eecSI BOJIOKHO. Ta
Koe BOJtOKHO, no HaDIHM npe,QCTaBJieHIDIM, OCHOBaH

HbIM Ha aHaJJHJe Ha6mo.t(eHHii, pacnono>KeHo B.Qana 
KaK OT HeHTpaJibHOH JIHHHB MarHHTHOrO nomI, TaK H 

OT JIHHBH H}'JJeBOH CKOpoCTH, B o60HX paCCMOYpeH
HbIX HaMB B&nne c.rryqru1x OHO pacnonaranocb e 06-

naCTH onycKaHH$1 Bem;ecrea. 

Pa3yMeeTC8, TaKoe ACJieHHe BOJIOKOH SIBJI8eTCjl 

;QO HeKOTOpOH creneHH YCJIOBHbIM. Tax, ooa BOJJOK

Ha, KOTOpLie Mbl paccMaYpBBaJIB HIDKe, o6na,QaJIH 
KaK CT30HJJbHbIMH, TaK H 6&ICTpO A3MeID1IOII(HMHC8 

yqacrKaMH. CTa6HJibHOMY yqacrKy cOOTseTCTBoea-
110 pacnpeAeJieHHe CKopocreii, Koropoe MbI npimBca
JIB BOJJOKHaM BTOpoii rpynnbl, ueyCTOH'mBOM}' - TO, 
Kaxoe, no HameM)' MHeHHIO, xapaKTepHo A]ljl sono
~oH 'IpeTLeH rpynnbt. JJ:m1 Toro, "lfl'OObI npocneARTI>, 
KaK MeffjleTCjf BpeMeHHfui crpyxrypa CKOpocreii npH 

BJMeHeHHH xapaKrepa BOJIOKHa, 1J>e6y10TCS1 ua6n10-
AeHID1 C OOJlblllllM BpeMeHHblM pa3peWeHHeM. Ilo
ny'leHHe 6bICTp0A DOCJieAoBaTeJibHOCTH KapY e Te 
HHTepBaJibl epeMeHB, KOr,Qa npoHCXOA$1T npocrpaH
CTBCHHbie H3MeHeHIDI B BOJIOKBe, D03BOJIHJIB 61,1 

BbI$1CHBTb 6onee HaAe)KHO CBS13b CTJ>YKTYPbI cKopo
creu CO CTpyKT)'pOA BOJIOKHa H npH'llHHH)'IO 33BBCH
MOCTL OAHOH crpyKTypbl OT ApyroA. )KeJiaTeJibHO 
TaIOKe BMeTb JJ)"Illlee npocrpaHcTeeHHoe pa3pewe
HBe, AOCTaTO'IHoe .t(M BLUIBJICHHSI TOHKOA crpyK
TYPbl BOJIOKHa. 
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Structure of the Velocity Field in the Solar Photosphere 
near Ha Filaments 

© 1995 r. B. A. Iosbpa and E. Kh. Kulikova 

Results are presented of measurements of the photospheric velocity field under two Solar active region fila
ments observed in 1991 and 1992 on the IZMIRAN solar tower telescope using a magnetograph and an inte
grated interference spectrograph. It is shown that the stable parts of the filaments are located on the boundary 
between regions of rising and sinking photospheric material. The relationship between the structure of the 
photospheric velocity field and the type of filament and its characteristic stability is considered. 
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KPlfTHqEcKlffl AHAJIH3 PAcqETOB IlOCTOJIHHLIX 
AilCH~AJILHOfO~BIDKEIIHJI 

© 1995 r. A. B. DeTpoaa 
roe. YHueepcumem, Cam,m-llemep6ypz, PoccWl 

flOC'l')'nHna B peAaKLtltlO 27.04. 94 r . 

CKopoCTb ABH)l(eHHll nepHacrpa, BbJ3BaHHoro BJaHMHblM DpHJIHBHblM HCKa)KeHHeM KOMnOHeHT TeCHOK 

ABOHHOK CHCTCMbl, 3aBHCHT OT lTOCTOJIHHblX anCHAaitbHOro ABIDKeHHJI "2, xapaKTepH3YfOll.(HX pacnpeAene 

m1e nnOTHOCTH 8 Ka~oil HJ KOMfiOHeHT. B noeepXHOCTHLIX CJIOJIX 3Be3Abl, rAe nnoTHOCTb Mana, eemt'IH
Hbl "2 o6paTHO nponoplUfOHanbHbl paAHaJlbHOMY paCCTOJIHHJO re nJITOK CTeneHH. Cne.a:oeaTenbHO, eenn-

lfHHa k2r5 B noeepxHOCTHblX cnOSIX npHt5JUf)KCHHO noCTO.H"HHa K He 3aBHCHT OT CTpOCHHSI Hapy)l(HbJX cnoee 

3Be3Abl H OT KpHTepHee, no KOTOpblM Bbl6KpaeTCR noJIO)KeRHe noeepXHOC'l'H 3BC3Abl. TaK KaK B Bblpa)l(e

Hl1e AJIJI CKOpOC'fH anCHAanbHOro ABH)KCHIDI BXOAHT npoH3BeAeHBe k2R5 (R - pa.QHYC 3Be3Ab1), TO UMeeTCR 

B03MO)l(H0CTb H36aBHTbCSI OT OWHOOK, BROCHMblX pac'leTaMH noeepxHOCTHbJX cno ee 3Be3Abl B TeopeTJflICC
KHe 3Ha'leHH.!1 CKOpOCTH ,a:BH)l(CHHII JlHHHH ancim. ,U;u1 lTOro cne.a:yeT HCnOJJb30BaTb TeopeTH'fCCKHe 3Ha\Je

HHSI pa.a:uycoe H3 TeX )l(e paclfeTOB, 'ITO H AJUI D0CT0XHHb1X anCHAaJlbHOf'O ABH)KeHHli . BenH'IHHbl k2R5
, 

Bbl'ntcneHlfbte pa3HbIMH asropaMH, cornacyIOTCR ,qpyr c ,qpyroM ny'lwe, 'leM caMH nOCTOSIHHbJe k2 . )],m, 

3Be3.Q Ha'laJibHOH rnaBHOH fiOCJICAOBaTeJibHOCTH JaBHCHMOCTb lg(k2R5) OT norapHq>Ma MaCCbl 3BC3A:bl JIU

HeRHa, cna6o JaBHCHT OT HCn-OJibJyeMbIX Henpo3pa'IHOCTeH H COJ:tep)l(aHru1 sonopo,JJ,a. Ansr Jee3A c Macco:A 
MeHbWe l.5 Mo HMCCTOI HeOOJJbWOe OTKJIOHeHHC OT mrneHHOH JaBHCHMOCTH. no naHHblM pac4eTOB 3BO

JU011,HOHHb(X H3MeHeHHB nOCTOJIHHblX ancHnam,Horo ABH)l(CHJUI MCTO.JJ.OM HaHMeHbUJHX KBaJ:tpaTOB nony

\feHa annpOKCHMal.J){SI k2R5 KaK Q>YHK~HJI MaCCbl H B03paCTa 3Be3,llbl. 

1. BBE,[(EHHE 

B TeCHblX ;D;BOHHblX CHCTeMax KOMnoHeHTbl He 

Moryr paCCM81'pHB8TbCSJ KaK MaTepuaJibHble TO'IKH 

H3-3a 838HMHOH npHJJHBHOH ;a;ecpopMa~. Il03TOM)' 

3JieMeHTbl opt51'ThJ ABOHHOH CHCTCMhl 6y,zyT Me

IDITbC5? co epeMeHeM. B TOM "IHCJie 6yAeT Mewrn.cSI 

nono>1<eHHe nepm~eH1'pa. 3ro H3MeHeH.He na6mo;a;a

eTC51 y MHOrHX 3aTMeHHblX H CDCK1'p8JlbHbIX ABOH

Hb)X. CKopOCTb ABJUKCHJUI nepuacrpa, Bbl3B8HHOrO 

B38HMHblM rrpHJIHBH.blM HCK8}1(eHHeM KOMilOHeHT 

· ABOIDiOH CHCTeMbl, 3aBHCHT OT pacnpeAeJJeHIDI I1JIOT
HOCTH B o6eux KOMilOHeHTax. ECJIH npRJIHBHbIC B03-

M)'~eHHSI He OtfeHL BCJIHKH, TO BJIIDIHHe pacnpe;a;e

JleHWI IlJIOTHOCTH B 3Be3;a;ax MO}KHO Bblp33HTb '1epe3 

6e3pa3MepHble IIOCTO}IHHbie 3IlCHA3JibHOro ABIDKC· 

. HIUI, KOTOpbIC BbltfHCJISIIOTC.SJ no HeB03~CHHblM 

· Mo;a;em1M 3Be 3;a;. 

B JlHTeparype HMCeTCSl OOJlbWoe 'IIICJIO pactteTOB 

IIOCTOSJHHblX 3IlCHA3JibHOl'O ABH>I<CHHSI [1 - 11]. 
IlpencraeJU1e T HHTepec cpaBHHTh HX Me)IG(y co6ou e 

BbISICHHTh, HaCKOJlbKO cy~eCTBCHHO pa3JIH'IHC Me>I<

AY pa3HblMH MOACJUIMH. Mbl He npeTen;a;yeM Ha IlOJI

RblH o63op pactreTOB IIOCTO}IHHblX anCHA3J1LHOI'0 

. ;D;BH>I<eHHSI H 6y):{eM paCCM31'pHBaTb TOJibKO HaH6o

JJee qacro U.HTHpye Mbre H nocneAHHe pa6oTbI. 

KpoMe roro, KaK 6LJJJO 3aMe'leHo e pa6oTe [11] , 
· 3HatreHHSI nOCTOHHHbIX ancHµ;aJibHOro ABH>I<eHHSl 

3aBBCSIT OT Toro, KaK onpeµ;em1eTCSI IlOIDITHe " no

eepXHOCTh 3BC3AbI". 3TOT Bonpoc TaK)Ke 6yµ;eT Ha

M.H paCCMOTpeH. 

B nepBOH qaCTH HCCJieµ;yeTC$1 3aBHCHMOCTb no

CTOSIHHbIX anCHA3.nbHOfO ,llBU)KeHHSI OT Toro. KaK on

peµ;em1eTCS1 nosepXHOCTb 3Be3Abl, HOT crpoeHHH Ha

PY)KffblX cnoes. Bo BTOpoH qaCTH aHaJIB3Hpy10TcS1 

pacqeTbl pa3HblX aBTOpOB AJISI XHMHqecKB OAHOpoµ;

HblX 3Be3A HaqaJibHOH rnaBHOH nOCJieµ;oeaTeJibHOCTH 

H no pe3yJibTaTaM 3THX pactteTOB IlOJIY'{CHbl 3MilBpH

qecKHe 33BHCHMOCTH IlOCTO.slHHblX ancff,[(am,Horo 

ABH)KCHIDI OT MaCCbl 3BC3Abl AJISJ pa3HOro CO,llCp)l(a

HIDl T.sl:>KeJiblX 3JieMeHT0B. B TpeTheH 'laCTH aHaJIH-

3Hpyi<>TC.sl pa3JIHqHbie paC"ICTbl 3BOJIIOl.tHOHHbIX B 3-

MCHCHHH IlOCTOSIHHbIX anCHJl:aribHOro ABIDKCHH.sl H 

nony'leHa IlJJ9CTaSI annpOKCHMa~SI RX 3aBHCHMOCTR 

OT MaCCbl 3Be3Abl H ee 803pacTa. 

2. 3ABHCHMOCTh IlOCTO.sIHHhIX 
AilCl1J(AJibHOro JJ.Bl1)KEHH5I 

OT CTPYKTYPbl IlOBEPXHOCTHbIX 
CJIOEB 3BE3~bl 

TeopHSI anCH,l.{3JlbHOro ABmKeHIDI 6hIJia pa3pa6o

TaHa CTepHOM [12] H Kona.noM [13]. 0Ha KpaTKO H3-

JlO>KeHa B KHHre Illeap~umJib,lla [14]. 
0THOIIICHHC op6HT8JihHOro nepBo;a;a p K ance

,1.{aJihHOM)' U 33BHCHT OT IlOCTOSIHHblX anCHAaJThHOro 
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p 

u 
(1) 

rne nua cnaraeMblX COOTBeTCTBYIOT neyM KOMITOHeH

TaM, r; - HX paAHYCbr e en1rnm:~ax 6oJibWOH nonyocu 
CHCTeMbJ, Ci} - H3BeCTHble <l>YHKIUIH OTHOWCHIDI 
Mace, 3KCUCH'rpHCBTeTa H OTHomeHWI yrnoBOH CKO

pOCTH epa~eHHH 3Be3Ab1 K cpenHeH yrJIOBOH CKOpo
CTR ,!lBH>KeHIDI 3Be3Ab1110 op6HTe [12]. 

IloCTOSIHHble anCHAaJibHO['O ABH>KeHIDI A3IDTC)I 

Bblpa)KeHHSIMB e~a 

j + 1 -T1 .(R) 

ki = 2 I/ +T1iR)] ' 
(2) 

rne R - panHyc 3ee3AhI, a Tl, ynoeJieTBOp)IJOT AHcl><l>e

peHI.~HaJihHOMY ypaBHeHHIO 

rne p(r) - IlJIOTHOCTb Ha pacCTO)IHHH r OT ueB1pa B 

HeB03M)'~eHHOH 3Be3ne. p(r) - cpe,l.\H)ljl IlJIOTHOCTb B 

mape pa..i:.11yca r. B ~eH'I'pe JeeJAhI T'li = j- 2. 
BeJIHqHHbI kj j(BJI)IIOTC.SI Mepo:u KOH].\eHcauae Be

~eCTBa K ueHTpy H IIOKa3bJB3IOT, KaK 3Be3].\a C AaJI
HblM CTJX)eHHeM pearHpyeT Ha B03M)'Iq3l0IqHe no-

TeHUllaJibl. )J.m1 OAHOPOAHOii 3Be3.D;hI k1 = 4(j ~ 1) , 

}:(JUI MaTepltaJibHOB TOl.{KH kj = 0. 
,IJ;m1 nonr1eHID1 IlOCTO.slHHblX anCHAaJibBOl'O ABH

>KeHH$1 ypaBHeHBe (3) HHTerpnpyeTCSI OT ueHTJ)a AO 
noeepXHOCTH co 3HaqeHHSIMH IIJIOTHOCTH, nony'1eH

HblMH H3 pacqeTOB HeB03M)'IqeHHOH MO}.\eJIB 3Be3JU,I. 

3HaqeHIDI <l>YHKUHH Tlj Ha noeepxHOCTU DOJ:(CT3B
JISIIOTCSI B Bbipa)KeHue (2). 0AH3KO caMO DOHSITHe 
0 noeepxHoCTb" 3Be3J.lhI HeCKOJibKO HeonpeneneHHo. 
IleTTH [ 11] 3aMeTHJI, 'ITO 3Ha~1eHID1 IIOCTOSIHHbIX an
CHA3JibHOro J.lBH>KeHHSI 33BHCSIT OT Toro, KaK 

BbI6paHa noeepxHOCTb 3Be3Abl. 

B noeepxHOCTHblX CJIQj{X 3Be3].\bl IlJIOTHOCTb Ha
CTOJlbKO MaJia, qTo ee MO>KHO C'lfl:IT3Tb paBHOR HYJIIO. 

TorAa p;m1 3THX CJIOeB ypaBHCHHe (3) npHHHMaeT BJil,l.\ 

dT1 ' 
rd:+ Tlillj - 1) = j(j + 1) . (4) 

Pe meHHeM 3Toro ypaeueHwr S1BJIS1eTcsr <l>YHKUWI 

l. I ) 1 + C ,2i + t 1 
11 .(r) = - ) + - 2· I + -2, 

1 2 1 - c, 1 + 

(5) 

me C - OOCTQj{HffaSI mrrerpHpOeaHIDI. Ilop;craBJISISI (5) 
B Bblpa)KeHue (2), IlOJiyqHM, qT() 3Ha'lJeHHSI BeJIHtJHH kj 

6y;rzyT 33BBceTb OT paCCTOSIHHSI p;o u;eKrpa 3Be3Abl KaK 

1 (6) k). = 2Cr2j+ I. 

Y cnoeue, onpep;em110~ee e&16op noeepXHoCTH 
3Be3p;b1, BJIIDieT ua pap;uyc 3se3p;1,1 H , cne):{osaTem.

uo, Ha DOC'l'OSIHHbie anc~a.JibHOro ABH>KeHH)I. 

Ilpu RCDOnl,30BaHBH B KaqeCTBe He3aBHCHMOB ne

peMeHHoi:t MaCCOBOH KOOpll;HHaTbl m (a He p3_ABaJibHO
ro paccroj{Hllj{ r) ypaeHeHHe (3) npHHHMaeT BB)( 

dT1j JU+ 1) -11/nj - I) 2 - = - -(Tl .+ 1). 
dm 47tp(m)r3(m) m J 

(7) 

3nec& nosepxHOCTL 3Be3AbI onpep;e m1eTcsr op;Ho-
3Ha'1Ho, Korp;a MaCCOB3)1 KOOpAHHaTa craHeT. paBHOH 
Macce 3Be3JJ;bl. Op;HaKO B ypaBHeHHH (7) IlJIOTHOCTb 

CTOHT B 3HaMeHaTeJie H npu npB6JIB>KeHHH K rroeepx
HOCTH 3Be3}.\bl, Korna p CTpeMHTCSI K HYJIIO, np0B3-

d11. 
BO}.\HaSI d,:,, CTpeMRTCSI K 6eCKOHe'IHOCTH. B pe3y111,-

TaTe TOqHQCTb qHCJieHHOI'O pemeHIDI Taxoro ypaB

HCHIDI 6yJJ;eT HH3KOH. 

B Bblpa>KeHHe (1) )J;JISI CKOpOCTB ancep;aJibHOrO 
.D;BH>KeHIDI BXOASIT npOH3Be}.\eHIDI k/2i + 1, KOTOpbie, 

KaK CJleAyeT H3 Bblpa>KeHIDI (6) , He 3aBHCSIT OT Toro, 
l')l;e 38KaHq}ffl3eTCSI HHTerpupoBaHBe ypaimeHIDI (3). 
TaXBM o6pa30M, CKOpOCTb Bpall.\eHIDI JIHHBH anc~. 
KaK H CJieAOBaJIO O>KHAaTb, He 33BHCHT OT Toro, KaK 
onpep;ensreTcSI nosepxHOCTb 3ae3p;1,1. ~ 

Ha 3Ha':leHWI DOCTOSIHHbIX anCBA3JlbHOro ABWKe

HIDl JJ;OJOKHO CHJlbHO BJIIUITL CTpOeHHe HapyXOlbIX 
cnoeB 3Be3AbI, TaK KaK HX '.3Ha'1eHIDI onpep;eJI.SIIOTCSI 

pemeHHeM ypaBHeHIDI (3) HMCHHO B nouepXHOCTHblX 
CJIO)IX. MO}KCT CJIO>KHTbCSI Bne'1aTJieHHe, 'ITO oqeHb 

He3Ha':IHTeJI&HaSI no Macce uapy)KH3)1 qacT& Jee3AbI 

onpep;enSieT AHHaMHKY ABOHHOH cuCTeMbI. Ha caMOM 
p;ene, T3K KaK DJIOTHOCTb B Hapy)l(HblX CJIO)IX HeBe
JIHKa, TO H3MeHeHIDl eeJIUllBH kj B 3THX CJIOSIX 6yµ;yT 
npH6JIIDKeHHO nponopu;HOH3JlbHhl ' .,,-{2/ + o, T.e . 

BeJIH'IHHa k/2i + 1 6yµ;eT npH6JIIDKCHHO IlOCTOSIHHOH H 
He CHJibHO 338HCR~eii OT crpoeHIDI Hapy)l{HbIX CJIO

eB. Cnep;OBaTeJibHO, CKOpOCTb ancimanbHOI'O ABB

>KCHIUI He JJ;OJDICHa CHJlbHO 33BHCeTb OT CTPOeHHSI 
o6onoqKH 3Be3AbI. TaK KaK npu pacqeTe o6onoqeK 

3Be3A HMeeTCSI MHOro HeorrpeAeJieHHOCTeH, Hanp:e

Mep, napaMeTP AJIHHbl nyTH nepeMemHB3HIDI, H 
CHJibHaH 33BHCHMOCTb OT BbI6paHHbIX Henpo3paqHo

CTeA, Mbl MO>KeM TeCTUpoBaTb C IlOMO~blO ancH
A3JibHOro ABH>KeHHSI BMeHHO pac'1eTbl 3Be3,WiblX 

Henp. IlpH 3TOM He COBceM TO'IHblC pactJeTbl CTpOe
HIDI o60JI0'1XB 3Be3}J;bl He p;omKHbl JaMeTHO BJIIDITb 

Ha pe3yJibTaT. 

KaK npaBHJIO, p;m1 HaXO)Kp;eHWI TeopeTHl!eCKHX 

3HaqeHHH CKOpoCTH anCHAaJibHOI'O W3IDKeHID1 B 
Bbipa>KeHHe (1) DOACTaJJJI.SIIOT Ha6JIJOAaeMb1e 3Ha'le

HIDI pa..u;HyCOB 3Be3A H HCilOJib3YIOT IlOCTOSIHHbie ancH
AaJibHOro ,IJ;BH)KeHIDI, rroJiyqeHHble H3 TeopeTiflleCKHX 

ACfPOHOMH'1ECKHl1 )l(YPHAJI T OM 72 .N!! 6 1995 
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Pac. l. 3aBHCUMOCTH lgk2 OT lgM AnSI JBeJ,q !fal!anbHOA fJicUIHOA nocnenosaTeJn,HOCTH no pactJeTaM paJHblX aoropoo. Cnnow
Hl,Ie JIHHHH COOTBCTCTByKYr pacl!eTaM f6] co cne11yI014HMH XHMH'ICCKHMU cocraoaMH: (/) X = 0.7, Z = 0.04; (2) X = 0.7, Z = 0.004. 
JlHHHH HJ J{JTHHHbJX lllTpHXOB - pactJCTbl C Henp03pa•rnocnrMR KapcoHa J{n!I CJJCAYIOll.{HX XHMH'leCKHX cocraooo: (1) X = 0.7, 
Z = 0.02 [5]; (2) X=0.7, Z=0.01 [5]; (J)X= 0.71, Z= 0.04 [4]; (4) X=0.73,Z=0.02 (4). JlHHHSI UJ KOpoTKHX lllTpHXOB-pacqeTbl C 

XHMH'ICCKJIM COCTaBOM X = 0.7, Z = 0.02: (}) (8, 9), {2) f 10); I.UTpHXnyHXTUp- paC'iCTbl [3]. Maccbr ,qaHbI o Maccax Conm~a. 

pac11eTOB. 0AH8KO, KaK o6cy)l():{aJJOCh Bhlme, IlOCTO

HHHbie kz Moryr CO,I:\ep)l(3TL omH6KH, CBH3aHHbie c 
pac11eTaMH nosepXHOCTHhIX CJJOeB 3BC3AbI. 'ITo6bI 
H36aBHTbCj{ OT 3THX OWH60K, CJieAyeT HCil0}1b30-

BaTb TeopenttieCKHe 3HaqeffID1 pa.n;11y00B 3Be3):\ H3 
TeX )Ke pac11eTOB, 'ITO H J{}lj[ IlOCTOHHHbIX anCH,!l3Jlb
HOro ,D;BH)KeHBSI. 

3. AilCH,O:AJihHbIE KOHCTAHThI 
.unsr 3BE3.IJ: HA 1-IAJihHOH rJIABHOH 

IlOCITE.IJ:OBATEJihHOCTH 

AHaJIH3HpyH pe3yJibT3Tbl pact.JeTOB pa3HblX 

aBTOpOB, Mbl 6yAeM paCCM3TPHB3Tb TOJibKO IlOCTO
smm,1e k2, IlOCKOJibKY npH BbJqHcJieHHU CKOpOCTH an
CU,QaJibHOro ABH)KeHBSI rapMOHHK3MH Bblille BTOpoH 

MO)KHO npeHe6peqb, IlepBOHaq.a}lbHO IlOCTOKHHble 
ancu,qaJibHOro ABH)KeHH$1 BbI'lfHCJUIJIHCb nm1 XHMllt.Je

CKH O].lHOpOAHblX 3Be3,Q HaqaJibHOH rJiaBHOH DOCJie

AOBaTeJibHOCTD (He Cl{HTaH, KOHe'lfHO, IlOJIBTPOilHbIX 
MOAeJieH). TaKHX pacqeTOB 3HaqIITe}lbHO 60JibWe, 
qeM pact.JeTOB IlOCT0$1HHblX ancn;naJihHOro ABH)l(e

HH,t ,I:\JIH 3BOJll0QHOHHpy10ll\HX 3BC3,Q. 

PaccMOTpBM pacqeTLI, rrpone,qeHHLJe c 1967 r. no 
HaCTO.sJU.{ee BpeMj[ [1 - 10]. Ha pHC. 1 npBBe,QeHbl 3a
BHCHMOCTH BeJIH'l(HHbl k2 OT MaCCbl 3Be3,QLI }'.(JUI 3Be3)'.l 

Ha'laJibHOH rJI3BHOH noCJie,QOBaTeJibHOCTH no pe
JYJILTaTaM pacqeTOB HeCKOJlbKHX aBTOpOB. PeJyJib
TaTbl pa3HblX aBTOpOB He otieHb CHJlbHO 0TJIHl{3IOT

Cji .n;pyr OT npyra. 0AH3KO MO,QeJIH [4, 5], B KOTOpblX 
0cnonLJoeanuc1, nerrpo3patIHOCT0 Kapcoaa (15], no

BOJibHO CHJibHO OTJIH'I.J:310TCSI OT JlPYrHX Mo;neneii, B 
KOTOpblx HCil0Jlb30BaJIHCh HCnpo3p3'IHOCTH KoKca 
H CTIOapTa [16, 17], JIOC-aJiaMOCCKHe Herrpo3p3'1HO
CTH (18] HJIH Henpo3paqHOCTH Po,Q)Kepca H Hrnecu-

aca [ 19], BbltJHCJJeHBbie C HCil0Jlb30B3HHeM rrporpaM
MLI OPAL. 3ro paJnuqHe oco6eHHo BeJIHKO AJij[ 

3Be3A 6onLmHx Mace. KoppeKTHOCTb Henpo3paqao
CTeA KapcoHa 06cy)K,QaeTCS1 B [20, 21]. MoneJIH c He

npo3pa"IHOCTHMH (16, 17] H MO,QeJIH C Henpo3pa'lfllo

CT$1MH [ 18], paCCl.fHTaHHbie AIDI OAHOro u Toro >Ke XH
MD'ICCKOrO COCT3B3, He pa3JmtJ3IOTCji B MaCWTa6e 
pucyHKa. IloMHMO 33BHCHMOCTH OT npHHSITOH MO,Qe

JJH HMeeTC.SI TaK)KC 33MeTH3j[ H CJl0)KB3j[ 38BHCH

MOCTh OT XHMHtieCKoro COCTaBa. 06"bSICHeHee BH,Qa 
38BHCHMOCTH lgki-lgM MO}KHO H3HTR B [6]. 

IlpH nepeXOAe OT 6e3p33MepHOH BeJIH'1HHbl k2 K 
pa3MCpHOH, HO CJia6o 33BHCSIII~eii OT crpoeHIDI ca
MbIX BHeUIHHx CJioeB 3De3,Qbl Be}IH'lfHHe kiR5 KapTHHa 

3aMeTHO MeHHeTCR. Pe3yJibT3Tbl npe,I:\CTaBJieHhI Ha 
pHC. 2. HaHeceHbl 3aBHCHMOCTH AIDI Mo.n;eneu C co

.n;epxaHHeM TH)KeJJbIX 3JieMeHTOB Z = 0.02 u Z = 0.04 
[4, 6] H .n;mr cpaBHeHH.SI C z = 0.004 [6]. Pe3yJJbT3Tbl 

,qpyrux pac11eT0B AJIH Z = 0.02 u Z = 0.04 npaKTRttec
KH He OTJJHqaJOTCR OT npHBe,qeHHl>IX Ha pHCYHKe. 

IlpH OAffHaKOBOM COAep)KaHHH Tj{)KeJiblX 3JJeMeHTOB 
CO,I:\ep)KaHHe BO,D;Opo.n;a He BJ1ID1eT Ha BH.n; 33BUCHMO

CTH "2R5 OT M3CChl. )lm1 Tex pa6oT, B KOTOpbIX He 
6LIJIH npHBe,qeHbl paJlHYCbl 3Be3,q, HO 5bIJIH npHBe.n;e

Hbl ycKopemu1 cno6o.n;Horo na,qeHIDI Ha nosepXHOCTH 
HnH CBeTHMOCTH H 3<l>cpeKTHBH.ble TeMrrepaTypbl, 

p~HYCbl 3BC3ll ObIJIH noJiylfeHbl H3 3THX BCJIBttHH. 
3J{eCb H B ;naJibHen:meM paAHYChl 3Be3A H3MepJIIOTCH 
B paJlHycax CoJJHQa. 

PeJyJILTaTLI pa3HblX anropoB xopowo cornacyioT
CH Me)l(J:(}' co6oli, ropaJ;no nyttwe, qeM WI.SI BeJIH"IHH "2. 
3aBHCBMOCTH )];JJH Z = 0.02 u Z = 0.04 MaJIO OTJIH'laJOT

CSI. KpHBaSI AIDI 3De3;n C IIOHIDKeHHblM co.n;ep)KaHHeM 
Tjf)KeJlbIX 3JieMeHTOB Jie:>KJIT HeCKOJibKO HIDKe. 

ACTPOHOMJfllECK11fl )KYPHAJI TOM 72 .M! 6 1995 
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Puc. 2. 3aBHCHMOCTH lg(~R5) OT lgM ,QnSI 38C3/{ Ha'laJibHOA rnaBHOA nocne/{OBaTCJILHOCTH no pac'leTaM pa3HblX aBTOpoB [4, 6]. 
Cnnounthle nHHHH COOTBCTCTBYIOT co.Qep>KaHHIO TR.>KCJlblX 3JteMCHT0B z::;; 0.02. JIHHHH H3 KOpOTKHX WTpHXOB - z = 0.04, JlH

HHSI HJ .QJIHHHblX WTPHXOB - Z = 0.004. MacCLI H paAHYCLI - e conHe'lHLIX C.QHHHQaX. 

lfa puc. 2 B~HO, 'ITO 3aBBCHMOCTb lg(ki.R5)-lgM 
npB6JI1I3HTeJlbH0 JIHHeHHa. HMelOTCSI HeKOTOpbie CYI'

KJIOHemm OT mrneBHOCTH y 3Be3A M3JlblX Mace. 31)' 3a

BMCHMOCTb MO)l(HO annpoKCHMHpOB8Th cpopM}'JJOH 

lg(/ciR5). = a lgM + c. (8) 

MeTO.r(OM HaHMeHbWHX KBaApaTOB IlOJIY'iHM, 'iTO 

,:(JISI Z= 0.02 

Jg(k2R5) = (3.049 ±0.017)lgM-(2.054 ± 0.016) (9) 

HJIH, HCKJUO'IHB 3Be3Abl C MaCCOH MeHbWe 1.5 Mo, 

1g(k2R5) = (3.203 ± 0.013)1gM - (2.225 ± 0.013). (10) 

no BCeM HMe IOLQHMCSI pacqeTaMAIDI 3Be3A cM> 1.5 Mo 
C npyni~t COAep}KaHMeM 'Nl>KeJiblX 3JieMeHTOB DOJl)'

"lfeHhI cnenyio~e 3aBHCHMOCTH: 

lg(k2R5
) = (3.224 ± 0.023) lgM - (2.108 ± 0.023) 

.Qml Z = 0 .04, (11) 

lg(k2R
5
) = (3.261 ± 0.028) JgM - (2.388 ± 0.029) 

Ami Z = 0.01, (12) 

lg (k2R) = (3.348 ± 0.026) lg M - (2.599 ± 0.024) 

,QJISI Z = 0.004. (13) 

lb (10) - (13) BH.r(HO, 'ITO c yMeHhmeHBeM CO,Qep

}l(aHHSI TS{)KenhIX 3JleMeHT0B K03cl><pH~HeHT CB 3aBH-

~ 

CHMOCTH (8) yMeHbmaeTC}I. KOHKpeTHblA SHA 3aBH-
CHMOCTB C OT Z H3 HMeJOIIPfXC.sl AaHHbIX IlOJIY'IHTb 

TPYAHO. Ko3cpq>H~HeHT a OT XHM1tt1ecKoro coCTaBa 

3aBHCRT CJia6o, XOTSI, B03MO>KHO, HeCKOJibKO B03pac

TaeT C yMeHbWeHHeM z. 
lfa puc. 2 e 3aBHCHMOCTeH ( 10) H ( 11) MO}KHO C]~e

JiaTb BblBOA, 'ITO AJI.R 3Be3,J:( I Tuna HaceJieHIDI (0.02 < 
< Z < 0.04) K03cp<pHI.J,HeHTbl B (8) OT xHMHqec1wro 
cocraBa 3aeec.srr CJia6o. 

AnS1 :3Be3A MaJiblX Mace 3Ha'!eHIDI lg(k2R5), nony

qaeM&Ie H3 JIHHeHHOH 33BHCHMOCTB, HeCKOJlbKO 3a

HB)1(eHbl B HMB MO)KHO Il0Jlb30B3TbC}I TOJlbKO ,QJI.SI 

o~eHoK. Ami 3Be3A c MaccaMe 6on&we 1.5 MO 3Ta 3a

BHCHMOCTb Il03B0JIS1eT HaXOJ:(HTb 3Ha'tfeHH.sl /ciR5, He 

npOH3BOA.S1 pac'lJeTOB CTJ)OeHHSI 3Be3p;. 

4. 3BOJII0QHOHHb1E H3MEHEHH.Si 
IIOCT051HHhIX AilCl1)lAJihHOro 

ABH)KEH.0:51 

Am1 cpasHeHIDI H3MeHemni nocrosrHHbtx ancH
J:(aJibHoro ABH>Ke.HIDI npH 3BOJIJO~HH 3Be3p;bI ua mas

HOB noCJJe,n;osaTeJibHOCTH 6y,n;eM paccMaTJ)HB3Th 

cJieJJ;yio~ue pa60Tb1: ,[()Ke<p<pepu. [5] c Henpo3pa'tf

HOCTS1MH KapcoHa; XeiiJieceH [6] C Henpo3pat:fHOCTSI

MH KoKca H CTJOapTa; Knape H fHMeHe3 (7 - 9] C 
JIOC-aJiaMOCCKBMH Henpo3pa 'lJHOCTSIMD; Knape H 
fnMeHe3 [ 10] C Henp03paqHOCTSIM.H Po,Q>Kepca H 
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PHC. 3. 3aBHCMMOCTH lgk2 OT lgM nm, 3BC3.ll KOHC'IHoA rnasnoA ROCJlCJ{OBaTenbHOCTH C XHMH'ICCKHM COCTaBOM X = 0.7. z = 0.02 
no pe3ym.TaTaM pac"ICTOB pa3HblX aBTOpoB: CMOWHaJI nRHHJI COOTBeTcrByeT pa(x)TaM: (1) (8. 9), (2) [ 10); nHHH.11 H3 AnHHHblX 

WTpHXOB - [6); nHHlfll H3 KOpOTKHX lllTpHXOB - [7); urrpHXDYHKTHp - (5). 
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Pac. 4. 3aBHCHMOCTH lg(k2R5) OT lgM n n11 3Be3A KOHC\jHOA: rnae~oA nocnenosaTenbHOCTH C XHMH'ICCKHM COCT3BOM X = 0.7, 
z = 0.02 no pe3yJJbT3TaM pactieroe pa3HblX aeTOpoB: CIIJlOWHall JJHHKJI COOTBCTCTeyeT [8. 10), nKHHfl H3 JlJ)HHHl,IX WTJ)HX08- (6), 
nHHH.11 H3 KOpOTKHX UJTJ)HXOB - (7), urrpuxnyHKTHP - [5]. 

941 

Hrnece.aca. B pa60Tax [8 - 10] Y'DIThIBaIOTcjl npoHH

KaJO~aj[ KOHBeKU:HSI H noTep$1 MaCCI,I. PaCCMOTJ)HM 

3BOJIJOU:HOHHble H3MeHeHID1 3Be3A C XHMHtJeCKBM co

CT3BOM X = 0. 7, Z = 0.02, IlOCKOnl,Ky TOJibKO Ami AaH
HOro XHMUqecKoro cocraea BMelO'l'CSI pacqeThI y 
ecex aeTopoe. 

Ha puc. 3 H 4 Ami 3Be3A KOHetJHOH rnaBHOH no
CJieAOBaTeJIJ>HOCTH npHBeAeHbl 3aBHCHM OCTlf, aHa
JIOrHtJHble IlOK83aHHbIM Ha pnc. I B 2. ,IJ;m1 DOCTOSIH

HblX ki cornacee MeJKAy pacqeTaMH pa3HbIX aeTopos 

OTCYTCTBYeT, KpOMe pa3Be 'ITO o6mero BUA~ 
KpBBbIX. ,I];JIJI BeJIH'IHHbl k2R5 cornacue HMeeTCJI, 
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Pee. 5. 3aBHCHMOCTH lg(kz.R5) OT lgM Ami 3Be3A C B03paCTOM 0.4 epeMeHH )KH3HH Ha rnaBHOA nocne,110BaTeJil,HOCTH H XHMH· 

'ICCKHM COCTaBOM X = 0.7, z = 0.02 no pe3yn1,TaTaM pacqeTOB Pil3Hl,IX al3TopoB. 0603Ha'feHHJI Te )Ke, '{TO ff Ha puc. 4. 
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Puc. 6. 3aBHCHMOCTH lg(kzR5) OT )gM Ami 3BC3,ll C l303paCTOM 0.8 speMeHH )KH)HH Ha rnaBHOH nocne,QOBaTenbHOCTH H XHMH· 

tJeCKHM cocraeoM X = 0.7, Z = 0.02 no pe3ym,TaTaM pacqeTOB pa3HMX aeropoa. 06oJuaqeuusi Te >Ke, 'ITO H Ha pHc. 4. 
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XOT.R OHO H HeCKOJJbKO xy)Ke, ':leM .!{JUI uaqaJJbHOH 
rnaBHOH IIOCJieAOBaTeJibHOCTH. 3aBHCHMOCTH, rro
JiyqeHHbie no pe3yJILTaTaM [8, 9] C JIOC-aJiaMOCCKH

MH Henpo3paqHoCTSIMH H no pa6oTe [10] c aenpo-
3patrnocTSIMH Po.n)Kepca H .HrnecHaca, npaKTH':lecKH 

HepaJJIHl.J:HMbl a MaCruTa6e pHcyHKa. ,[(nsi KOHe'IHOH 
rJJaBHOH IIOCJie.QoBaTeJILHOCTH TaIOKe HMeeTCSI npu
MepHO JIHHefmaSI 33BBCHMOCTb Me~y lg(k2R5) H lgM: 

' 
lg("2R5) = (3.388 ± 0.086)1gM - (1.161 ± 0.077). (14) 

3Ta rrpHM3jl rrapannem,Ha H pacnoJIO)KeHa HeCKOJJb

KO BbIWe aHaJJorHtJHOH IIpHMOH .I{JIH 3Be3,tl Ha'lfaJJb
HOH rnaBHOH IlOC1Ie.I{OBaTeJibHOCTH, H TO'JHOCTb ann-

. pOKCHMaqHH HH)Ke. 

PaccMOTJ)HM, KaK cornacy10Tcsi MeX<.rzy co6ou 

3Haqemu1 k2R5 npH 3BOJIIO[(HH 3Be3Ab1 Ha rnaBHOH 

IIOCJTeAOBaTeJU,HOCTli. Ha pnc. 5 H 6 npHBeAeHbl 33-

BHCHMOCTH BeJJH'UfHbI lg("2R5) OT JiorapHCpMa MaCCbl 

.I{JTSI 3Be3,n C 803paCTaMH 0.4 H 0.8 epeMeHH )KHJHH Ha 

l'Jla.BHOH nocne;:i;oeaTeJibHOCTH COOTBeTCTBeHHO. 3a

BHCHMOCTH, nonr1eHHbie no pe3yJILT3T8M [8 - lOJ, 
Hepa3mPrnM.bI e MacWTa6e pacyHKa. ,[(m1 Ka~o:e: HJ 
3THX 33BHCHMOCTeH TaJOKe HMeeTCH cornacee pa3-

HbIX MOJ.{eJJeH H JIHHeHHaSI 33BHCHMOCTb lg(k2R5) OT 

norapmpMa M3CCbl, XOT.R yqeT npoHHKat0m;eu KOH

BeK[(HH [8 - 10] ,tlJI.Sl 3Be3.Q yMepeHHblX Mace, 3aKaHlffl
B310lll;HX CBOIO 3BOJIIO[(HIO Ha rJI3BHOH nocne.noea
TeJil,HOCTH, gaeT 3aMeTHbIH 3cpcf>eKT. 

IIon1>1TaeMCS1 HaHTH 3aBHCHMOCTb BeJJH1iHHhI "2R5 

OT MaCCb[ HOT 803paCTa. flpHMbJe Ha puc. 5 H 6 na
panneJibHhl .o;pyr .o;pyry H Ka~aSJ CJie.QyIOL[(aSI pacno
JIO)KeHa BLIUie npegb1.a;yl[(efi:. Ilo3TOM}' MO)KHO npu
HSITh CJieJ:(yt01Qy10 3aBHCHMOCTb: 

(15) 

r.ne Macca e1,1pa)KeHa B Maccax Con~a, a eo3paCT t -
B e.QHBHJ1ax epeMeHB X<H3HH 3Be3Ah1 Ha fJl3BHOB no
CJieJ:{OBaTeJJhHOCTH. fIOJib3Y.sICb MeTO,D;OM H3HMeHb

WHX KBaApaTOB, AJISI 3Be3,a; C Maccoii 60JibWe 1.5 M0 
noJiyqaeM 

lg(k2K) = (3.222±0.0IS)lgM+ 

+ ( 1.200 ± 0.02]) t- (2.377 ± 0.020). 
(16) 

llTaK, B npe.a;enax noJIOCbI rnaeuou nocne.a;oea
TeJILHOCTH lVI.sJ He oqeHb CBJibHO np03BOJIIO[(HOHH

posaawnx 3Be3J:( rrpu Haxo)K.I{eHHH TeopeTHt.JeCKHX 
3Hat£eHHH CKOpoCTeH anCHJ:(3JlbHOro J:(BH)KeHIDI MO)K

HO B0CilOJJh30BaTbC$I BbipaX<eHHeM ( 16). 

5. 06CY.)l(,0:EH.HE 

0CHOBHOH BbIBOA HaCTOSll[(elt pa60Tbl COCTOHT B 
TOM, qTo BMeCTo 6e3p83MepHOH IlOCTOHHHOH ancH

.I{aJibHOro W3H)KeHHSI k2 l..\eJiecoo6pa3HO ll0J1b30B8Tb
CH pa3MepHOH eeJIHqHHOH "2R5. 0Ha cna6o 38BHCHT 

OT crpoem1S1 BHelllHHX CJIOeB 3Be3J:(bl H He 3aBHCHT OT 
Taxoro "HecpH3H':lecKoro" ycnoerut, KaK onpe.Qene

HHe noeepXHOCTU ra3oeoro rena. 3Ha"tJeHrut eenwrn
HbI "2R5 no pact.JeTaM pa3HbIX aBTOpoB COrJiaCYIOTCH 
Me)K,tly co6oe ropa3,D;O JIY'fIIIe, ~1eM J:(JISI C3MHX IlOCTO

SIHHbIX "2. 0HH CJia6o 3aBHCHT OT HCil0Jlb3yeMbIX He
npo3pa~IHOCTeH H OT XHM.BqecKoro COCTaBa 3Be3J:(bl, 
no KpaHHeu Mepe AJJSI 3Be3.Q I THna HaceneHWI. flo-

3TOMY MO)KHO C'JHTaTb, 'JTO "2R5 eCTb <PYHKI.\HSI 
TOJibKO Macchi H B03paCTa 3Be3.QLI. Amr 3Be3.o; c Mac

COH OOJlbWe 1.5 M 0 :ny 3aBHCHMOCTb MOX<HO C BbICO
KOH TOqHOCTblO annpOKCHMHpoBaTb npOCTbIM 

BLipruKeHHeM (16). 3Ta cpopM}'na no3eoJJS1eT Haxo
AHTL HaJ:(e)KHbie OI.{CHKH k2R5, He IIpOH3BOW{ pacqe

TOB 3Be3J:(Hb1X MO.QeJielI HJIH HHTepnomII.\BlO Ta6JJH':I
HblX 3Ha':leHHH. 

Cne.a;yeT, enpotJeM, cnenaTb JaMetJaHHe oTHocu
TeJJLHO HCilOJib30BaHHSI BeJIJ:IT.JHHbI k,.R5 npH cpaBHe

HHH TeopHH C pe3yJILTaTaMH Ha6mo.a;emm. BeJIHtlH

Ha "2R5 CHJJbHO 33BHCHT OT MaCCbl 3Be3Abl, ropa3,o;o 
CHJlbHee, qeM caMa IlOCTO.SIHHaSI k2. TaK KaK MaCCLI 

3Be3,o; H3 Ha6JIIOJ:(eHHii onpeAeJI.SIIOTC.SI C HeBLICOKOH 

TO':IHOCTblO, TO MO)KeT OKaJaTLC.sl, 'ITO npu 6om,moe 
omH6Ke B Macce 3Be3J:(hl B TeopeTH'leCK)'IO CKOpOC"fb 
anCH,D;aJibHOro ABHa<:eHIDI MO)KHO BHeCTH OWH6Ky, 

AaX<e 60J1bl.II)'l0, 1.JeM ome6Ka orrpe.nenemm pa.neyca 
H3 Ha6JJIOAeHHii IlJllOC OillB6Ka B IlOCTOSIHHOH ancH
AaJibHOro ABHX<eHHSI, CB.R3aHHaSI C HeTO'lfHLIM 3Ha':le

HHeM M3CCbl 3Be3J:(bl H C Heonpe.r.eJJeHHOCTblO B pac
'JeTaX noeepxHOCTHbIX CJIOee 3Be3ALI. 

IIpOCTOTa 3aBHCUMOCTH k2Rs OT MaCCbl H B03pac
Ta, a TaIOKe CJiaoaH JaBHCHMOCTb OT XHMH'leCKoro 

COCTasa Il03BOJISIIOT o~eHHB3Tb B03paCTbl ABOIDfblX 

3Be3.I{ no Ha6JIJOAaeMOM}' epa~elfHIO JIHHHH anCHA. 
AnnpOKCHMa[(HSI ( 16) H ee CJia6aSI 3aBHCBMOCTb OT 

rrpHIDITOH MO,D;eJIH ynpoCTSIT HCI10Jlb30BaHHe IlOCTO~ 

SIHHLIX anc~aJILHoro ABH)KeHrut e Teope'fB:llec1rnx 

pacc~eHIDIX, HanpuMep npu BbI':IHCJieHHH epeMe
HH I.\HpKyn.sipH3a~i,:u op6HTbI ABOHHOH 3Be3ALI [22]. 

AeTop 6naroAapuT 8.B. Opnoea u B.B. .HeaHoea 
38 IlOJJe3Hoe o6cyX<AeHHe pe3yJibT3T0B. 
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Calculations of the Constants of Apsidal Motion: A Critical Consideration 
© 1995 r. A. V. Petrova 

The rate of the periastron' s motion caused by the mutual tidal distortion of the components of a binary system 
depends on the constants of apsidal motion k2 specifying the density distribution in each of the components. 
In the surface layers of the star, where the density is small, the parameters k2 are inversely proportional to the 

5th power of the radial distance r. Hence, the value of k2R5 in the surface layers is nearly constant and does not 
depend on the structure of the star's outer layers and on the way the position of the star's surface is chosen. Since 
the expression for the rate of apsidal motion contains the product k2R5 (R is the star's radius), there is a possi
bility to avoid errors introduced by the calculations of star's surface layers into the predicted rates of the motion 
of the lines of apsides. For this aim it is appropriate to use the theoretical radii from the same calculations as 
the constants of apsidal motion. The lvzR5 par.µneters calculated by various authors are consistent with each oth
er better than the constants k2. For the stars of the initial main sequence, the dependence of log(.kiR5) on the 
logarithm of the star's mass is linear and changes slightly with the opacities used and hydrogen content. For 
stars with mass lower than 1.5 Mo there is a small deviation from the linear dependence. Based on the calcula-
tions of evolutionary changes of the constants of apsidal motion, the least squares approximation of k2R5 as 
a function of the mass and the age of the star was obtained. 
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YJJ,K 521.937 

'IAHJJ;JIEPOBCKOE ,[(BHJKEHHE DOJIIOCA 3EMJIH 
B CHCTEME 3EMJDI-JIYHA 

© 1995 r. r. C. Kyp6acosa•, JI. B. P1>1XJ1oea** 
* A cmpo(j)u3u'ieCKa.R o6cepeamopua. Hay"IHbtu, KpbtM 

** l11tcmumym acmpo,w,wuu, Moc,cea, Pocciui 
nocrym1na B pe.naKQRIO 19.10.94 r . 

nony"leHHOe 8 pe3yJibTaTe \fHCJieHHblX 3KCnepHMeHTOB MaTeMaTH"lecxoe onHcaHHe <(aH.nnepOBCKOH co

c-raBJJSIIOII{eK 8 KOOpAHHaTaX nomoca 3eMJIH cpaBHHBaeTCSI C cyll{eCTBYIOII{HMH aHaJIHTH'leCKHMH pewe

HIDIMH. PaccMaTpHBaeTC$1 H,neaJIH3HpoeaHHaSI MO,tleJlb CB113aHHblX KOne6aHHH B CHCTeMe 3e~rnSl-flyHa. 

PeweHHe 3a,lla 'IH O co6crBeHHblX 'faCTOTax ClfCTeMbl 3eMJUI- JlyHa Hai.neHO B BH,tle qaCTHOrO pemeHRH 

ypasHe HHJi AJUI CB'13aHliblX OCI\HJiml'rOpOB. B KalleCTse co6CTBeHHbJX qaCTOT JTOH CHCTeMbl nonrreHbl .t19a 

H3BeCTHhlX nepHO,t1a: ApaKOHH'ieCKHH ro;:c (P, = 346.62 cy-r) H nepHOA, paBHhJH P2:::; 433.6 ± 5 cyT. npH 3TOM 

B Ka'-!ecree nepHo,qa co6creeHHblX KOne6auHii 3e~rnH npHIDITO 3Ha'ieHHe ceo6o.nHoro J:(BJnKe HHSI nomoca, 

no11ylfe ttHOe HaMH JKCnepHMeHTaJILHO H 6JJH3KOe K MOAeJIH Bapa (P = 403.4 ± 5 cyT). 

1. BBE,D.EHI1E 

B H3yt-1emm ABIDKeRWI IlOJUOCOB 3eMJJH 60Jib
lilYJO pOJib HrpaeT COBepweHCTBOBaHHe MaTeMaTH
qeCKHX H q>H3H'tleCKHX MOAeJieii TaKHM o6pa30M, 
'ITOObl yMeHblllHTb BX OTKJIOHeHWI OT Ha6moAeHmi. 
HanpHMep, MOJ:{en& a6COJIIOTHO TBepAOH 3eMJIR, 
YAOBJieTsopinem,HO OilHCblBalOIJ.t.cUI H3MeHeHBe no
JIO)KeHIDI OCH B npoCTpaHCTB.e (npel.\eCCIDI B HYTa
qm1), C llOBbJIIleHHeM TO"IHOCTH Ha6JIIOAeHHH 6hIJia 
3aMeHeHa MOAeJiblO 3eMJIH C )KH,qKHM .smpoM H ynpy
rou MaHTHeit. ~BJieHIDIM npel.\eCCmt H BbIHy}l(.QeHHOH 
H)'Tal.\RH B H3CTOSIIJ.t.ee BpeM.sI AaeTCSI y6eABTeJihHIDI 
MaTeMaTH'leCKaSI H q>H3H"leCKIDI HHTepnpeTa~SI [ 1 ], 
'lfero HeJlb3SI CKa3aTb O ABH)KeHBH MrHOBeHHOB OCH 
apam:eHHSI OTHOCHTeJibHO Tena 3eMJIFI. B 3TOM ABH
)KeHUB 06Hapyx<HBaeTCSI COCT8BJllll0Il.\IDI, aMilJIH

TyAa KOTOpoH AOC'teraeT0~2. a ee.rm"IHHa nepHOAa u 
pa6oTax pa3JIHt:JHblX HCCJJeAOBaTeJJeH KOJie6neTCR B 
npe)'.{enax 427 ± 14 CYT. C MOMeHTa OTKpbtTIDI l.laim
nepoM 3Toro KOJie6amu1 B 1892 r. OHO H33b1BaeTCH 
CB060AH0ii HyTaquen, HJIH tfaHnnepOBCKHM ABH)Ke
HHeM non10ca (l.{Jl;Il) 3eMJIH. 

B npeAnOJIO)Keffim, tfl'O nepeoA t.J,IUI .RBIDieTC.sI ne
pHOAOM CBOOO)'.{HOH H}'TaI.\HH, 6bIJIO IlOJI)"leHo 3Haqe
HHe AHHaMJPleCKOro C)KaTIDI 3eMJm H = 1/427, KOTO
poe OK33aJIOCh OTJIWfffbIM OT BeJIH'lHHbl H = 1/305.51, 

, onpeneneHHOH no Ha6n10AeHIDlM BbJHY)l('AeHHoit HY
Tal\HH 3eMJIH [2]. Arut 06'bS1cHeHHS1 TaKoro pa3JIHt:fWI 
lliJOKOM6 B TOM )KC 1892 r. npennoxam paCCM31'pH
BaTb nepHOA T = 305 cyr KaK nepnon CBOOOAHOit nyra
qHH a6COJIJOTHO TBepAOH 3eMJIR, a nepHOA T = 427 CYT 
KaK aepuon cao6oAHOH uyTaueu necpopMHpyeMoH 
3eMJJH. Pa3JIH"IUe Me)l(Jzy ABYMSI 3HalieHWIMll AHHa
MH'lfeCKOfO C)KaTWI AOJI)KHO 6blTb CBSl3aHO C npo~ec
COM U3MeHeHWI reocpH3H'leCKHX napaMeTPQB, 

xapaKTepH3YI0l[(HX yrrpyrOCTb 3eMJIH. B .r{eiicTBH
TeJibHOCTH TaKHe H3MeHeHHSI He Ha6JI10Aa10TCSI [3 ]. 

B H3CT0Sll[(ee BpeWI Bbl'IHCJieHbl 3HatJeHWI nepu
OAa CB000AH0ro ABHJKeHWI Ha ocaoee coepeMeHHblX 

MOAeJieH Ae<p<>pMHpyeMOH 3eMJIH. JTH 3Ha'ieHBJI 
AJUI pa3JIB1'1Hh1X MO.[leJleH OTJIH'1alOTCjf He3H3'1HTeJib
HO. Tax, AJIJI MOAeJlH MoJIOAeHCKOro BeJIH'1HH3 ne

puona CB000AH0f0 ABH)KeHIDI paBHa 400 cyr, a J:V).SI 
MOAenH Bapa - 403 cyT. B TO )Ke speM.sI yTO'IHeHHa.sI 
Ha OCHOBe COBpeMeHHbIX BbICOKOTO'IHl,IX Ha6J1I0Ae
H1Ul een}ftDJHa 'tl,D.Il paaua 434 ± 2 cyr. IlpHIDITo 
Ct:fHTaTb, liTO TBepAIDI 3eMJIJI AaeT BKJI3A 407 C)'T, a 
oKeaH - OCTaJibffYJO 'laCT1,. OnHaxo crpororo 06oc
HOBaHH.s1 npH'UIHbl YAJIHHeHIDI nepHOAa CBOOOAHOl'O 
KOJie6aHIDI 3eM11H He cyl[(eCTByeT. B noCJieAHee Bpe
WI IlOSIBHJlHCb paOOTbl, B KOTOpblX npeAIIOJiaraeTCSI 
Bbill)')K.Aemu,10 xapaKrep qa~nepoucKOH nepuo~
FIOCTH. TaK, s pa6oTe [3] npe):lnaraeTCSI paccMaTPB
B3Tb H3MeWieMOCTb IDHpoT He KaK nposmnemre CB0-
60,l{HOH HyTal.{HH, a KaK npot(ecc, o6ycnouneHH&IH 
ABIDKeHWIMU BHYTJ)eHHero Sl):tpa, npOHCXOA511J.t.HMH 
Ha <p<>He BbJKy~eHHOB HYTal.{IIH B CTJ>YKTYPHO-He
OAHOponHoii 3eMne. Ilo Ha6moneHHSlM Me)KAYHa
poAHOii cny~6bI WHp<>Tbl (MCIII), a c 1988 r. -
Me)KA)'HapOAHOH CJiyx<6hl Bpal[(eHIISI 3eMJJII 
(MCB3) 3a nocneAHHe 70 neT nonyqea1,1 Ol[(}'THMbie 
aapHa~u aMnJIHT}'AbI tI,D.Il [l]. 

Cym:eCTBYIOW:He aHaJJHTH'leCKl{e MOAem1 CB060A
uoro ABIDKeHIDI, y'lfHTbIBaIO~e ynpyroCTb 3eMJiu, 
He o6napy>KHB3IOT KaK <paKTOpoB, CTa6BJIH3HpYJO
m;HX npo~ecc H3MeHeHHSI 3Mil11HT}'Abl t.J.D;Il, T3K H 
q>aKTOpOB ABCCIIIl3THBHOro xapaKTepa. Ilo3TOM)' 
reopeTH'!eCKIDI MOACJib t.J,D.Il OTKJJOHSieTCSI OT pe
aJibHOro ABH)KeHHH H 'I'pe6yeT perym1pHOH I{0ppeK
THp0BKH no Ha6n10_neHW1M. 
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Tp~HOCT.SIMH B nonr1eHHH cornaCOB3HHOl"O C H8-

6JIIOAeHmrMH aHaJIHTH"CJ:eCKoro OITHCaIDUI ABIDKeHWI 
nomocoe 3eMJIB 06"b.HCIUleTC.SI IlOBbIWeHHLIB RHTe
pec K 'IHCJieHHb[M 3KCnepHMeHT8M. B H8CTOR~ee 

BpeMSI B pe3yJibT8Te pa3BHTWI 3KCIIepBMeHTaJibHOH 
683bl B pacrrop.H>Kemm HCCJie,ttoeaTenell DMeJOTc.R 

BHyrpeHHe cornaCOB8HHbie, npHBeAeHHbie K eAH
HOMY Haqany p8Abl KOOPAHH8T nomoca 3eMJIR C 
1962 r. no H3CTO.Sl~ee BpeMR, T.e. AJIHTeJU,HOCTblO 
6onee 30 JieT. ABTOpbl paHee HCil0Jlb30BaJIB 3TOT 
pSl.l( AJI.sl Bbl'IBCJICHWI napaMeTJ)OB 'IBCJICHHOH KB83H

IlOJIHHOMH8JlbHOii MOAeJJH [4]. 3TH 3KCnepHMeHTbl 
no3BOJIBJIH rronyqHTb 3Mnnpu~1ecKne q>OPMYJILI B3-
MeHeHH.SI aMIIJIHTYAhl H nepHOAa tJ,UII. IlpH 3TOM 

cpeAHee 3H8'1eHHe Bblt{HCJICHHOl"O nepuo,n;a paBHO 
435 cyT. AHaJIH3 3THX pe3YJibT8TOB ITOK838JI, 'ITO cy

~eCTBYeT CB.sl3b Me>KAY H3MeHeHH.SIMH aMDJiffTY,Il;bl B 
nepuoAa t.JJ];Il. 

3aAaqa TeopeTaqecxoil uarepnpeTai.um nony
qeHHbIX B qucneHHblX aiccnepDMeHTax pe3y111>T8TOB 

npHBeJia K Heo6xo,n;BMOCTB 3aMeHbl 'IHCJieHHOH MOAe
JIH. ,D;eTepMHHHp0B8H1Ia.sl 3KCITOHeHr(HaJibH8SI MO,Il;CJlb 
OKa3aJiacr, He TOJibKO C0Il0CT8BHMOA B MaTeMaTJAec

KOM onucaHHH C pemeHBeM ,n;ecpcpepe~aJJbHLIX 
ypaBHeHUH ABH>KCHWI IlOJIIOCa, HO e 6onee HHcpop
M8TBBHOH B H3Y'ICHl1H CTpyK'cypHoro cocraea ,n;aH

HbJX O KOOPAHH3T3X IlOJIIOCa 3eMJIH Ha HHTepeane 

30 JICT [4]. 
B H8CTO~e:u pa6oTe 00Cy)l{,ll;8IOTC.SI HeKOTOpbie 

pe3yJJbT8Tbl MO,I(CJ1Hp0B8HJI.SI q.u;rr, 3TH pe3yJILTa
ThI cpaemmaIOTC.SI C cy~eCTBYIOfi.\BMH aHaJIHTHqec

KHMH peweHIDIMH. 

2. CB0:60,0:HOE ,D;BH)KEHHE TIO[IIOCOB 
B PEIIIEHHH YPABHEHHH 

3I1JIEPA-JIHYBHJIJISI 

YpaBHeHH.SI 3iinepa-JlHyBWIJI.SI $1BJ15IIOTCSI o6o6-
~eHHeM ypaeHeHBH 3ftnepa Ha cnyqae: Ae¢,opMHpy
eMoro rena H nocne JIHHeapu3a~HH ,ttnSI 3eMJIH BMe

lOT BHA [2] 

dm 1 2 dc13 
AO.dt + (C-A)O. m1 +O.dt -

2 dh, 
-0. C23 + dt - O.h2 = L1, 

dm2 2 dc23 
AO.dt - (C-A)O. m1 +O.dt + (1) 

2 dh2 
+ 0. C13 + dt + O.h, = L2, 

dm3 dc33 dh3 
CO.dt +°'Tr+ dt = L3, 

rAe Q - IlOCTOHHHa.SI yrnOBa.SI CKOpOCTb Bpa~CHH.SI 
BOKpyr OCH z. A H C - rnaBHbie MOMeHTbl BHep~HB, 
cij (i = 1, 2, 3;j = 1, 2, 3)- 3JieMeHTbl TCH30pa kt KO-

TOpbie r1BTblB8IOT OTK1IOHeHH$1 MOAeJIB HeAeq>Op
MBpyeMOH 3eMJIH OT peaJibHOH, m,. mi - OTK110He

HIDI OT OCH Bpa~eHWI z. m3 - H3MeHeHHe CKOpoCTH 
epaw;eHIDI, h; (i = l, 2, 3)-3JICMCHTbl BeKTOpa CYraOCH

TenbHOI"O MOMeHTa BMIIyJibca h, L; (i = 1, 2, 3)- npoeK
IOIH MOMeHTa CHJI Ha KOop,n;BHaTHbie OCH. CHCTeMa 

OTC'leTa XY2 e 3TOM cnyqae coe,n;uHeHa c Ae¢,opMHpy
eMoA 3eMJieii ( OCb z - rnaBHBSI OCb TCH30pa HHep~H 

He,n;e¢,opMBpyeMOH 3eMJIH). 

Asa nepe1,1x ypaeHeHHSI CBCTeMbI ( 1) MoryT 
6bIT~ o6"he,ttBHCH.bl c IlOMO~blO KOMilJICKCH.bIX Be-
1IH'IBH BH,tta 

m = m1 +im2, 

C = C13 + ic23 , 

L = L1 + il2 , 

h = h1 + ih2, 

(2) 

r.n:e i2 = -1. B pe3yJibTaTe IlOACTaHOBKII (2) B ( 1) no
JiyqHM ypaimeHHe 

dm . 2 de 
AO.- -z(C -A)O. m+il- + 

dt dt 
(3) 

' A.2 dh 'Ah L + Zu C + -d + l:.1. = . 
t . 

Pewa.s 3TO ypaBHeHHe OTHOCHTe1IbHO m H BblllOJIH.SI.SI 

nepeXOA K m1 H m2, nony'IHM KOMDOHeHTbl ABIDKCHIDI 
DOJIIOCOB. TpeThe ypaBHCHHe B CBCTeMe (1) MO)KJIO 

pemBTb OTHOCBTeJlbHO m3, ~bl DOJiyqHTb H3MeHf
HBe CKOpOCTB epa~eHWI HJIH H3MeHeHHe AJIHTeJibHO
CTB cyrox. TaKHM o6p83oM, B JIHHeiHoM npe6nIDKe
HHB ,n;BIDKeHHe DOJIIOCOB H H3MeHeHHe ,ItJIHTeJibHOCTH 

C}'TOK pa3AeJI.SIIOTCSI. no3TOMY AJI.SI onpeAeJieHWI 
CB060AHOro ABIDKCKIDI AOCT3TO'IHO peWHTb OTHOCH
TeJibHO m ypaeaeHHe (3) npe L = 0. B pe3yJILTaTe ne

pexoAa K OCSIM THccepaHa HMeeM 

0. A+-(C-A) - -,O(C-A) 1-- m= [ 
k J dm . 2 · ( k ) 
~ ~ k 

s (4) 

, ( k (j + Q) iOl 
= z(C-A) 1-~fl Ke , 

r,n;e k - ynpyroe 'IHCJIO JI.Asa, ks - eeKosoe 'IBCJIO 
llir.sa, O' - qacroTa cocrasnHIOI.l\eii npunHBHoro no

TeHI~Hana, K = Bp.2, Bj - oe3pa3MepHbIH Ko3cpcpHQH
eHT, xapaKTepH3YIO~HD BKJJa,[{ '13CT0Tbl (j)j = -0' B 
MOMeHT CBJI L. 

B OTcyTCTBHe BBClliHHX CJilJI -.c = 0. Tor)l;a ypaeHe-
HBe ( 4) MO)((HO npe,n;CTaBBTb B BDAC 

dm . 
0 - -zo m = , dt C 

(5) 

(C-A) (1-klks) 
O'c = A+ (klk.)(C-A) Q. 

(6) 
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PeweHHeypaBHeHID1(4)HMCeTB~ ro ABIDKCHIDI. OmenbHO A.JUI DOCJICAOB3TeJibHOCTeH 
KOOpAUH3T {X} B { Y} B3 (12), yqHTblBaSI (8), IlOJI}"IHM 

ia I 
m = moe r ' (7) Xo(t) = Mexp(-D't)cos(27tVt- 0), (13) 

rAe Oc - 'laH.QJiepoBCKaJI 'laCTOTa, a m0 - KOMm1eKc
HaJ1 KOHCTaHT3 [2). 

3. 'tJHCJIEHHMI MO,nEJib CBOEO,IJ;HOro 
,IJ;BH)KEHH.SI TIOJIIOCOB 3EMJIH 

,[vrg npH6JIIDKeHIDI KOOpABHaT nonK>Ca 3eMJIH 3a 

nepHOA 1962 - 1991 rr. HCD0Jlb30B8JlaCb AeTepMBHHpO
BaHHaJI 3KCDOHCHQH8JlbH3SI MOACJib (MeTOJ( IlpoHB). 
Hcxo,qubie ABHHbte, nonyqeffHb1e CJI)')K6aMB Bill H 

IERS, IIpeABapBTeJibHO 6LmH npeo6pa30B3HbI e ABC
KpencylO C0BOK}'11HOCTL KOMRJieKCHbIX 'IHceJl B~a 

Zn= xn-iY," n = 1, ... ,N, (8) 

me Xn, Yn - KOOpWffiaTbI nomoca, N - KOJIH'ICCTBO 
OTC'qeTQB. 

B pa6ore [ 4] o6cy)l(AaeTcH J(eTepMBHHpoeaHHaJI 
3KCROHeHqH8JlbHasl MOJ(eJIL CB060AHOro KOJJe6aHHSI 
nomoca 3eMJIR, nOJIY'ICHHasI e pe3yJibTare 'IRcneH
Horo MOJ(enupoea.HWI. ,[(JISI onpe,:teJieHllJI sapua~uA 
nepHOJ(a H 3MllJ'IBTy)'.lbI 3TOro. KOJie6aHID1 6bl1IB 
Bbl\JRCJICHbI BpeMCRllbie nocne,:tOB3TCJibHOCTB napa
MC1'p0B t{RCJICHHLIX MOACJieA C HHTepB3JI3MB Me~y 
OTC'ICTaMH 5 CYT. Ilpu 3TOM OTACJILHble 3Baqeff1U1 
3MfiJIHTyJ(b( H nepuo)'.la Bbl'IHCJieHLI AJISI AaHHbIX Ha 
6-JICTHHX HHTepeanax. IlonyqeHHble T3KHM o6p330M 
nepHOJ(U"ICCKHC H3MCHCHIDI 3MnJIHTyAbl YKa3b1D3JOT 
Ha CJIO)l(HLIB npo~ecc MOAY~ ee Ha HHTepeane 
onpe)'.leJieHIDI AaHHhIX. Eonee o6~ xapaKTep ceo-
6oAHOro KOJIC03HIDI OnHCbl83eT CADHaJI Ha 30-JieT
HeM HHTepsane 3KCOOHC~8JlbH3JI MOACJib B B~e 

Z0 [n] = Mexp [-A(n - l)T] x 

x exp [i(21t/0(n - l)T- 8)], 
(9) 

rAe M = 0~'0624, 1/A = 22.1 roAa, 1//0 = 1.1175 roAa 
(408.2 cyr), 8 = 2.626 PBA, T= 0.0137 ro,-a (5 cyT). 

,ll.JISI AMLHeAmero auaJIH3a BMeeT CMbICJI nepeA
TH K 6e3pa3MepHbIM BCJIH'I.HHaM 

11. 21t/0 D = - H V = - -, 
COo coo 

(10) 

me COo - co6CTBCHHasl 'laCTOTa KOJie6aHHB. Bee)'.leM 
TaIOKe 6e3pa3Mepuoe co6cTeeHHoe epeWI 

t = COo(n - 1 )T. (11) 

TorAa BMecro (9) nony'IHM 

Z0(t) = Mexp(-Dt)exp[i(27tVt- 8)] . (12) 

3-ro Bb1p3}KCHHC OTJIHqaeTCSI OT peweHHSI (7) H3JIH
'IHCM 3KCnoHe~aJibHOro MHO)l(HTCJISI exp(- D't), 

'ITO xaparrepHO A.JUI CJIY'laSI 3a1)'X3IO~ero CBOOOAffO-

y0('t) = Mexp(-Dt)sin(21tVt - 8). (14) 

K~oe H3 3THX e1>1pruKeHBA .SIBJJSieTCSI pewemieM 
AH<l><t>epe~aJibHbIX ypaeHeHHA AJl51 JlHHemihIX 33-
-ryxaIO~ ~JIJISITopoe e cnyi:1ae D < 1 [5J. BeJIB
'IBHa 6e3p83MepHoro K03q>q>HqHCHT3 D = 0.050503 
npeACTaBJISICT co6oA OAHH B3 napaMC1'p0B, BLl"-IHC
JISICMLIX npH MO)J.CJJJlpoeaHHH }.l3HHblX O KOOp)J.HHa
Tax Il0J1IOC3. 

H3-33 HaJIH"IWI MHOxarreml e~ aMilJIHTy}.la KOJie-
03HH.H B (12 - 14) y6b1BaeT C TC'ICHHCM epeMeHH. 
YpaBHCHHSl orH68lO~ KpHBblX BMCIOT BRA 

Z = ±Me-Dt. ( 15) 

,[(JISI xapaKTCpHCTBICB 3TOro Kone6aTeJibHOro npo
necca cnyJKHT nocroRHHU eeJIH'IBHa tl, KOToprui: on
peAem1eT cna)J. orn6a10~ ( 15) co epeMeeeM 

'tz = 1/D (16) 

HJIH B M3CWTa6e ,:{CHCTBHTeJibHOro BpeMeHH 

T: = 'tzlCOo = 22.1 roAa (17) 

(nonyqeHo npe s1,1qecneeBH napaMe'I'poB 'l£BCJieH

HoA MOACJIH s pa6oTe (41). 
CornacHO (16) Bblpa:>KeHHC (15) MO)KHO JaUBcaTL 

eeime 
- t i t zh = ±Me ' . (18) 

3TO 3H3'1HT, qro 33 BpeMSI 't = 'tl 3KCilOHCHTa y6Lma-· 
eT Ha eeJIR'lHH}', pasHyIO 1/e = 0.368 rrepeouaqanL
Horo 3H8'1CHWI. Jl.pyrou: xapaKTepUCTHXOH 3Toro 
B&Aa KOJie6aimA CJIY:>KHT nepHOA - HHTCpBaJI BpeMe
HH MC>KAY ABYMSI IlOCJIC}.lOBaTeJILHblMH MOMeHTaMH 
KaCa.HWI KpeeoA nepeXOAHOro nponecca C O)J.HOH B3 
ornt5aIO~HX. 3TOT nepHOJ:t e MacwTa6e co6CTBCHHO
ro epeMeHu paeeH 

't = s 
27t 
V 

(19) 

u COOTBCTCTBCHHO e MaCWTa6e ACHCTBHTCJibHOrO 
BpeMeHH 

'ts 
Ts = - = 408.2 cyr 

coo 
(20) 

(nonyqeHo npH BLl'IHCJieHHH napaMe1'pOB qucneH
Hoi MOJ(CJJH e pa60Te [4]). 

O~eHHM cornacHO (10) qacrory He3a-ryxa10~ero 
KOJJe6aHBJI'. 

COo = /o/V = 0.8960 l.lHKJI/roA 

HJIB nepBOA To= 407.7 cyT, QqeBHAHO, B pe3yJibTaTe 
33TyX3HWI nepHOA co6cTBeHHblX KOJie6aHHli OKa3bl
eaeTCSI Ha 0.5 cyT 6onbwe, 'leM a CJiy-qae He3aTyxat0-
~ KOJie6amm. 
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3aMeTHM eme O.IJ.HY oco6eHHOCTh 3aryxa10mero 
KOJie6aHIDI - CMemeaue MaKCHM}'Ma KpHBOti Ha ee
JIH'llilfY IY. 3ro CMefi\eH:e:e He 3aBHCBT OT BeJIHlmHbI 
aMnnHry,-L1 H onpenen.ReTCSI no H)'JieBbIM 3Hal.feHlUIM 
COOTBeTCTBYlOil\HX (12) - (14) npoH3BO.IJ.HbIX. B peam,

HOM MaCWTa6e speMeHH BeJIH'tJU:Ha CMemeHIDI onpe

,ZJ.em1eTCSI no cpopMYJie 

D 
llt = -arctg Ts 

J1-D2 
(21) 

0 AJIH paccMa'I'pHBaeMoro KOJie6aHIDI paeHa -20.6 cyr. 
HeyqeT 3Toro .RBJieHIDI MO)KeT CJIY)IGITb npH'IHHOH 
HeeepHoro onpeneneHHSI nepHO.IJ.a ceo6onnoro KO
ne6aHHH 3eMJIH. KpoMe Toro, 3TO H8KJJa,ZJ.b1BaeT or

paHHl.feHIDI Ha ,QJIHTeJibHOCTb HHTepeaJIOB MeQy Ha-

61110,ZJ.eHH.RMH. 

4. CB.H3AHHhIE KOJIE6AHIUI CHCTEMhI 
3EMJI51-JIYHA-COJIHUE 

HecMOTp$1 Ha 6JJH30CTb JlyHhI H 3eMJIH, OOJlbIIIHe 

TPY.IJ.HOCTH B 060.slCHeHHH HX B3aHMOCB.R3B Bbl3b1Ba

eT TOT cpaKT' tfTO JI yHa B HaCTOHmee apeMH ,ZJ.BHXCeT
CSI He no TOH opoine, Ha KOTOpOH OHa o6pa30BaJiaCb, 
B CBS13H C 3THM B03HHKalOT TaKHe npo6JieMbl, KaK 
nonr1eaue ,ZJ.HHaMHl.fecKHX ypaeneHBe:, OIIHCb1Ba10-

mmc 3BOJIIO~HIO CHCTeMbl 3eMJ1S1-Jiyua, 001>.RCHeHHe 
npHp<>.IJ.bl ,ZJ.HceHn~H npIDIHBHOH 3HeprnH, onpe,ZJ.e
JieHl{e MrHoBeHHOI'O MOMeHTa CHJJ Me~ 3eMJieH e 
ITyHOH. nonOJIHHTeJlbHa.sl wmaMHl.feCKa.R Heonpe,ZJ.e
JieHHOCTb B03HHKaeT H3-3a rrpeHeOpe)KeffHjl CJIO)KHbl
MH rpaBHTaU.UOHHblMH 833.HMO,ZJ.eHCTBIDIMH MHOrH.X 
Ten. Knacc0qecKHH npHMep TaKoii curya~mt - eoJ
Mymeaaoe ABH)KeHHe JeMHOH OCH. 8 3TO ,ZJ.BH)KeHRe 
BHOCSIT cpasHHMbIH BKJJa,n ConH~e H ITyaa. 

803M)1meHHoe ,QBH)Kemte 3eMJIH - JIYHHO-COJIHe'l.f

HaSI npe~eCCIDI H Hyra~ - He SIBJISIIOTCSI pe30HaHC
HbIMH B TOM CMhICJle, B KaKOM pe30H3HCHbl .QBH)KeHIDI 
JlyHbl H MepK.YpIDI. H TeM He Mettee B ,!l.BH}Kemm 

3eMJJH eCTb TeH.IJ.eH~ K c1rnxpoHH3aQHH. B pa6oTe 
[6] yCTaHaBnHaaeTCSI cpyH,ZJ.aMeHTaJibHLIA cpaKT, He 
OTJ)a)KeHHblH B KJiaCCifClecKOB TeopHH nyHHO-COJI

HetIHOH npeu.ecc1rn:: ece B03MO)l<Hble TPaeKTOpHH 

eeKTOpa KHHeTH"leCKOro MOMeHTa 33MKHYTbI B CHC
TeMe KOOp,tlHHaT, epama10meik.S1 BMeCTe C IlJIOCKO

CTblO op6HTbl nyHbl. 3TOT cpaKT KaK pa3 OTpa)KaeT 

TeHp:eHQHIO K cirnxpOHH3a!UfH npe~eCCHH 3eMJIH H 
npeu.ecCHH op6BTbl JlyHbl. O'I'pa)KeHHeM TeH,ZJ.eHQHH 

K CHHXp0HB33UHH SIBJISleTCSI peaJJbHaSI HyTa~IDI JeM

HOH OCH c nepHO,!l.OM 18.6 ro,ZJ.a. 

MexaHH3M, 06ecIJel{HBa10mHH B3aHMOCB.Sl3b H 
CHHXpOHH3aQHIO ,!l.BH)l(eHH.R JlyHbl H 3eMJIH, OCHOBaH, 

no-aunHMOMY' Ha CJIO)KHb[X npHJIHBHblX SlBJieHIDIX, 
KOppeKTHPYIO~BX BJIIDIHHe Ha"tJaJibHbIX ycnoBHH Ha 
3BOJJ10II.Hl0 3TOH CHCTeMbl. IlpH 3TOM peanbHa.sl CHC
TeMa o6JJa,ZJ.aeT 6ecKOHel.fHblM 'tJHCJIOM CTeneHei\ 
CB06on&1. 06b1qHO orpaHifCIRB310TCSI HJy'leH.HeM 
rnaBHblX KOJte6aHHH H CBS13aHHbie KOJJe6aHH.R HCCJie-

J:lYIOTCSI nyreM JIHHeapB33QHH ypaBHeHHB ABIDKCHIDI. 
IlpH"CJeM MaTeMaTD'l.feCKOe onHcaH.He npBJIHBHOA CB

Jlbl, 1,J;eHCTBYlOfi\Ci\'i Ha 3eMJIIO, BbinOJIWICTCSI qepe3 
CYMM)' CHJI, Ka)K,ZJ.a.R H3 KOTOpbIX COOTBeTCTsyeT nap
HOM)' B3aBMO]:leHCTBHlO. 

B pa6oTe [7] noKaJaHo, 'ITO npH TaKOM IlO,ZJ.XO].J;e 
He Yl{HTblB310TCSI COCTaBJISIIOil\He 6onee CJIO)KHOro 

npHJIHBHOro B3aHMO.IJ.eHCTBHSI B CHCTeMe 3eMJI.SI
ITyaa-CoJIHQe, KOTOpb1e HMeIOT nopR.IJ.OK om x 4 x 
x 10-5 r cM/c2 ].J;JUI Macc1>1 6m aa 3eMne u eenB'lfHH)' 
6m x 3 x 10-3 r cM/c2 .IJ.JISI 6m Ha JlyHe. AHaJIHJ no

,tq>o6Hoe JanRCB KOMilOHeHT nonpaBKH rrpHnHBHOii 
CHJILI B ropH30HTaJibHOH CHCTeMe KOOp,!l.HH3T MeCTa 
naOJilO,ZJ.eHHH Il0K33b1BaeT, 'ITO apHJIHBH3'1 CHJia co
Aep:mu .IJ.OMHHHpyro~e ,ZJ.onronepHOAH'JeCKHe 
rapMOHHKH c nepHOAaMB 1, 1.2, 6 JieT. Kone6aH:IDI c 
nepuo,:i:aMH, paBHhIMH 1 H 1.2 rOA3, OTMe'l!alOTCH K3K 

OCHOBHbJe B KOOPAHHaTax IlOJIIOCa, nonyqeHHbIX H3 
Ha6JIIO,ZJ.emm. Bee 3TO HaBOAHT Ha MbJCJib, KOTopy10 
BblCK33bIBalOT OT]J.eJibHbie 3BTOpbl, 0 1.fHCTO BbIHY)K
}:\eHHOM xapaKTepe q,[(Il. 

IlpoBeAeHHbie HaMH 'IUCJieHHbie 3KCnepHMeHTbl 
no A3HHbIM O KOOpADHaTax IlOJIIOCa [ 4] npoTHBOpe
'laT BblBOAaM 06 HCKJIIO'IBTeJibHO BbJH)'}l{AeBHOM 
xapaKTepe '-1,[(II. B pe3yJILTaTe TecaoA 4>u3u11ecK0B 
CB.S13H 3eMJIH H JlyHbl KOJie6alll1.Sl ·B 3THX CHCTeMax 

BJIIDIIOT Apyr Ha .IJ.pyra, T.e • .slBJI.SllOTCH CBS13aHHbIMB. 
qeM CHJlbHee 3Ta CBH3b, TeM 3cpcpeKTHBHee B3aHM
HOe BJIIDIHHe. Il03TOM}' Ha6n10naeMb1e co6CTBeH-., 
Hble qacTOTbl B CHCTeMe 3eMJis-Ilyaa OTJIH'l.f3IOT
CSI OT co6CTBeHHblX qacTOT 3eMJIH H Jlym.1. Ilpucy

fi\He 3TOH CHCTeMe B3aBMOCB.sl3H MaTeMaTH'ICCKH 
Moryr 6bITL omt:caHbl ypasHeHIDIMH ,ZJ.BHXCeHIDI uenu

Heimoro OCLI.HJIIDIT()pa, no.I3.eepra10meroc.R eHeIIIHHM 

B03M}'Il\eHIDIM. IIpaKTH'leCKa.sl peaJIH3a~ TaKoro 
01mcaHID1 CJIO}l(Ha. Il03TOMY C IlOMOW:blO AOfiYCKae
MblX ynpomeHeA 6y1,1;eM HCKaTb pewem1e 38]:\a'ffl o 

co6CTBeHHblX qaCTOTax CHCTeM'.bl 3eMJijf-Jlyaa u 
e~e qaCTaoro pemeHIDI ypaeueuui% nm1 CB.S138HHbIX 

OCU,HJIJISITOpoB. 

lfaseCTHO, 'ITO ,ZJ.BIDKeHBe 3eMJIH u JlyHbl e He

epamaIOfi\eHCS CHCTeMe KOOp.IJ.HHaT C Ha'tJaJIOM B 
u.e1ITpe Mace CoJIHe'1H0B CHCTeMbl rrpBIDITO paccMa
TpHBaTb KaK cyMM)' ;r(BIDKeHIDI ~eHTJ)OB Mace 3TBX 
TeJI BOKpyr 6apHIJ;CHTpa (u,eHTpa Mace) CHCTeMLI 

3eMJISI-JlyHa H ABIDKCHH.R 6apuueHTPa OTHOCHTeJib
HO u,eHTJ)a COJIHetJHOH CHCTeMbl. 6yAeM C'IHT3Tb 

.IJ.BH)KeHue 6apu~eHTPa paBHOMepHbIM. EapuueHTP 
pacnOJIO)KeH Ha np.SIMOH JIHHHH, coe,:i:HH.RlOW:CH a;eH

TJ)bl Mace 3eMJIH H JlYffbI. 

B TeopHH paBHOBecaoi\:, T .e . HaXOAH:mellcg B rH

.IJ.POCTaTH'leCKOM'. paBHOBCCHH, cp:e:rypbl Ily1u.1 AO
nycKaeTCSI (H 3TO npHeMJieMoe OTCT)'IlJieHHe OT 

]J.eHCTBHTeJibHOCTH), 'tJTO yrJIOBbie CKOpOCTH n 
epameHHSI ITyHbl u o6pa~eHH.SI ee BOKpyr 3eMJIH 

paBHbl H IlOCTOHHHbl, a IlJIOCKOCTH op61n'bl H 3KB3-
TOpa Jiya1,1 cosna,ZJ.aJOT (orrmqeCKaSI ne6pa~ Jlyu1,1 
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OTCYTCTeyeT) H tJTO Ha ¢urypy JlyHhl He J:{eBCTByeT 
noTefflUlan CoJIHl.(a. 

Ilpmum 3TH AOll~eHIDI, MO)l{ffO HHTepnpempo
BaTb cyMMy op6HTan.bHOI'0 ABH)KeHHSI H BpameHIDI 
JlyHhl C yrnonoA CKOpOCTblO n BOKpyr OCH, npoXOJ:{$1-

~eH napannenhHO OCH HHepqHH JlyHbl ZHll 11epe3 
6apHI\eH1p CBCTeMbl "3eMm1-JlyHa". B TaKOM cny

qae JlyHa HaXOAH'fCSI B OTHOCHTCJlbHOM paeHpBeCRU, 

T.e. HenOJ:{BH)KHa OTHOCHTeJibHO op6HTaJibH0B CBC
TCMbJ KOOpJ:{HHaT. 

B cuny BToporo 3aKotta KenJiepa, ABH)KeHHe 
6ap1ui;eHTpa SIBJUtCTCSI ~eHTp8JibffbIM. Il03TOMy CCK

TOpHaJibHaSI CKOpOCTb OTHOCHTCJibHO COJIH~a no
CTOSIHHa u, CJICJ:{OBaTCJibHO, TpaHCBepcaJibHaSI co
C'raBmllO~aSI ycKopemrn 6apmi;eHTpa paBHa H)'JIIO. 

PaJ:{HaJibHOe ycKopeHHe MO)KffO IlOJIYl.JHTb, HCllOJlb-
3YSI ¢opMyny BHHe (enepn1,1e 3Ta ¢opMyJia 61,ma 
nony1.JeHa I1. HLIOTOHOM): 

w6 , = -c
2
u

2 
( u + ;:;). (22) 

r]lC C - IlOCTOjfHHa8, paBHaSI YJ:tBOOHHOH CCKTOpHam)

HOH CKOpOCTH, u = 1/p, p, <p- Il011SlpHbie KOOpABHa
Tbl 6apHl\eHTpa, nom1pHaS1 OCb COBllaJ:{aeT C OOJib

WOH nonyoCblO op6HTbl 6apm~eHTpa. IlpHHHMaSI BO 
BHHMaHHe H3BCCTHbJC COOTHOWCHHSI 

p ~ p/(1 + ecos<p), 

T= 21UJ.b/c, 
npeo6pa3yeM Bbipa)KeHue (22) K uimy 

(23) 

(24) 

2 '.l ( 1 e )
2 

W6 u = -w6.ua -;; +-;; cos<p , (25) 

r,:i;e co6.1.1 - l.(HKJIH'lJCCKaSI 'lfaCTOTa KOJie6aHHH 6apu
~eHTpa. B 3TOM CJiyqae BHellIHee B03]:l;CHCTBHe Ha CH

CTeMy 3eMJISI-JlyHa ocy~eCTBJISICTCSI 3a C'iCT KOJie-
03HHSI 6apHl.(CHTpa. 

OmuneM CMe~eHHe 6apHl.(CHTpa B DJIOCKOCTH 
op6HTbl JlyHLI no,q Bn.lUIHHCM COJIHl.l;a a BHAe 

x6.I.( = X 6.1.1cos.Ut. (26) 

Tor,z~a. paccMaTpHBaSI CHCTeMy 3eMJISI-JlyHa KaK 
CHCTeMy ABYX MaTepHaJibHhIX TOl.feK, HaXO)J;j!lll;RXCSI 
IlO)J; BOJACHCTBHCM CHJibl B33BMHoro rrpHT.sl)KCHHSI no 

JaKOHY HhlOTOHa H KOJie6aHlUI KOTOpbIX no JIHHHH 
3eMJIH-Jlyaa SIBJljfJOTCSI CBS13aHHbIMH, IlOJl)"lHM CJJe
AYIO~He ypaBHeHHSI .I{BH)KCHIISI: 

-• 2 ( 2 2) 2 r,. 
X3 +C03 X3 -0 C03 -con XJT = co6.~X0 1{C0Sut, 

. . 2 2 2 <27) 
x11 + conxn -o(co3 - con)x3 = 0, 

ni;e X3 , X J1 , X 3 , X n , C03, Wn - CMe~eHIDI, ycKopeHHSI H 
COOCTBCHHbIC qacTOTbl 3eMJil:f u JlyHhl, 

o= 1 + 1/(l+µ), µ=m11 /m3 , (28) 

mn, m3 - MaCCbl JlyHh[ H 3eMJIH. 

By,qeM HCKaTb pemeHHSI (27) a Blf~e 

x3 = X1 cos.Qt, xn = X2cos!lt. (29) 

B peJyJibTaTe IlOJIY'iHM Bbipa}KCHHe AJIJI ,qeyx aMn
JlHyYJ:{: 

CO2 (CO2 - .Q2)X 
Xi= - - - --0._1.1 __ 11 ______ 0_.u ___ _ _ 

2' 
( co! - .Q

2
)(co! - 0

2
) - cl ( co~ - co!) 

co" co
2 X X ~ n ~ 

2=------------- - - -~2· 

( co~ - !l2)(co~ - 0
2
) - cr2 

( co~ - co!) 

(30) 

3HaMeHaTeJIL B (30) 06pa~aeTCS1 a H}'Jih ape 

0 2

) 
ai = 112[ (ro; + O~) 'f 

=F J ( Ct)~ - Ct)~) 2 + 02 ( Ct)~ - Ct)~) 2 J 
(31) 

DJIH 

:; ) = I /2 [ ( ro; + ro~ ) Cf 

=r-Jt +cr
2
lco~ -co~I]. 

(32) 

TaKHM o6pa30M, CHOBa IlOJiytiaeM co6CTBemn,1e qac
TOTl,J .QI H Oi, T.e. t.f3CTOTbl CB060AHbIX KOJie6amm CH
CTeMbl 3eMJIR-JlyHa. BbI'tJHCJIHM 3TH ttaCTOTbl AIDI 

~ = 0.90543 qHKJI/rOA (P = 403.4 CYT, IIOJiytJeHO a [4]) 
R COn = 1 l.(HKJI/rO,t{. IIonyqHM co6cTeeHHLie tiaCTOTbl 
CHCTCMhl 3eMJiji-JlyHa 0.1 = 0.84227 ll;BKJI/roJ:{ 

(P2 = 433.65 cyT) H .{li = 1.05373 L\HKJI/rOA (P1 = 
= 346.62 cyr). IlepHOA P2 paBeH HaH6onee aepo.srr

HOMY JHatJeHHIO nepuo,ri;a t.I)lll, a P1 TOtJHO 
COOTBeTcTByeT npo,qOJI)KHTeJibHOCTH ApaKOHH'IeC
KOro ro,qa. 

5. 3AKJII0tJ:EHHE 

C fiOMO~bIO B,1lCaJIH3Hp0BaHHOH MO,llCJIH "3eM
m1-JlyHa" Mbl nonyqHJIH co6CTBCHHbIC qaCTOTbI CBC

TeMbl, COOTBCTCTBYIOlll;lte ABYM H3BeCTHbIM nepHo

,llaM: ,llp3KOHH'ieCKOM)' rOJW H tJ:)lil. 3TH 'iaCTOTbl He 
33DRC.srr OT BhI6opa KOOp,llHH3T. 0HH onpeAeJI.SIIOTCSI 
TOJibKO <flD3Ht:{eCKHMB CBOHCTBaMH CHCTeMbl. IlpH 

peweHHH CHCTCMhl ypaeHeHHH (27) Mbl orpaHHqH
JIHCb aHaJIH30M B3aHMOCBSI3CH Me~y 'laCTOTaMH H 
He o6cy)K,qaJIH B3aHMOCB$l3b aMIIJIHTy,q. B TO }KC Bpe

MSI H3 o6~ee: TeopHH KOJie6aHHH CBS13aHHbIX OC~HJI
JIS1T0p0B H3BeCTHO, 'lTO ecm, aMnJIHTYA3 KOJie6aHHU 
O,llHOro 113 CBS133HHbIX TCJJ Ha qaCTOTe C01 MO)KCT 
6h1Tb npOH3BOJ1bHOH (oHa onpeACJISleTCSI HatiaJibHhl

MH ycJIOBHSIMH), ro aMTIJIHTyAa KOJie6aHHH BTOporo 
Terra Ha TOH )KC qacTOTe ecerAa HaXO,llHTCH B onpe-
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AeJieHHOM OTHOIIleHHR K 3MilJIB1)'Ae KOJie6auuA 
nepBoro Tena. 3Ta 3aBHCHMOCTb onpeAeJ1S1eTCJ1 q>H-

3Hl.feCKHMH napaMe'fP3MH CHCTeMbl B onpeAem1eT 
xapaKTep eapHal.(HH COOTBeTCTBYJO~ aMDJIBTYA. 

I1po6neMa B3aHMOCBSl3eH aMDJIHT}'A co6C'l'BeH
HhlH KOJie6amm CHCTeMbl 3eMJUl-il yna 6yAeT ofn,
eKTOM H3WHX noCJieAYIOl.l(HX HCCJieAOBaHBii. 

Pa6oTa BbIIlOJIHeHa npH cJ>eaaHCOBOH IlOAACp}l(ICe 

PoccHHCKOro cJ>oHA8 q>yHAaMeHT8JlbHbIX UCCJICAOBa
HKH (KOA npoeKTa 93-02-03038.) 
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Chandler's motion of the Earth's pole in the Earth-Moon System 
© 1995 r. G. S. Kurbasova and L. V. Rykblova 

A mathematical description of Chandler's component of the coordinates of the Earth's pole obtained from nu
merical experiments is compared to the existing analytic solutions. An idealized model of coupled oscillations 
in the Earth-Moon system is considered. The solution to the problem of eigenfrequencies is obtained as a partial 
solution to the equations for coupled oscillators. Two known periods - draconic year (P1 = 346.62 days) and 
the period P2 = 433.6 ± 5 days- are obtained as the eigenfrequencies of this system. As a period of the Earth's 
proper oscillations we chose the magnitude of the pole's free motion obtained experimentally and close to that 
given in the Ware model (P = 403.4 ± 5 days). · 
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0 X.HHAMHtfECKOH HEYCTOD'IHBOCTII B orPAHH'lEHHOH 
IlP.HMOJIHHEDHOH 3A,llA 'IE TPEX TEJI 

© 1995 r. B. n. ,!loJ1ra11eu, E. n. KaJIHRHR8 
I 

AcmpoHOMU'lecKUu uHcmumym UM. II.K. /UmepH.6epza, Moc,caa, Poccu.R 
IlocrynHna B pe.QaK~HIO 01.03.95 r . 

PaccMaTpHBaIOTCJi CBOHCTBa TJ)aeKTOpHA 6ecKOHeqHo MaJIOH Macchi B orpaHH'feHHOH npstMO.JIHHeHHoH 3a
Aa1.1e TJ)eX TeJI. IlposeneHo MaCCOBOC BbJqHCJICHHe T3KHX TJ)3eKTOpKH nocpe,llCTBOM 'IHCneHHOI"O HHTerpH
pOB3HIDI paCCM3TJ)HB3CMOH 3anaqH H noJiy'feHa o6JJaCTb BblCOKOH 'l}'BCTBHTeJibHOCTH K HattaJlbHblM ycno
BHSl'M, o6yCJJOBJ1BBa10w;rut AHH3MH'leCKYIO eeyCTOH'IHBOCTJ, H B03MO>KHOCTb pa3BHTH$1 x aoca • .l1CCJienye
M3$1 38,llatta COrJI3CHO Bb16paHHhlM Haqam.HblM YCJIOBH$1M MO,llCJJHpyeT ABIDKCHHe " o6JJaKOB" B MeCTHOH 
rpynne ranaKTHK. 

1. BBE,UEHHE 

Ilpo6JieMa u3yqeHID1 CBOHCTB 1]>3eKTOpHH B or
paHB'leHHOH npntOJIBHeiiaoii 3a;l{a'le 1J>ex TeJI B03-
HHKaeT npH HCCJie_noeamm _nuHaMnqecKOB 3BOJIIO
~ MeCTHoa rpynllbI raJiaKTBK. 

B COOTBeTCTBHH C TeopHeii pacmupsno~eiicSI 
Bcenemmii 6y_neM npe.t{nonaraTb, 'ITO Ha paHHee: 
CT3AHD 3BOmO~B .nea ['Jl3BHblX Tena MeCTHOH rpyn
Ilbl - f anaKTHKa u M3 l (TyMaHHOCTb Aimp0Me)1hl) -
6bIJ1H 6JIB3KH :,wyr K ,n;pyry H y,n;aJUIJIUCb pa):UlaJibHO 
,n;pyr OT 11pyra. Moxrno npennonoxarrb, '<ITO e HaCTO
~ee epeMSI M31 ABHXCeTor K HaM, IlOTOMy 'ITO 
rpaBHT81.\HOHHOe npHTIDKeHHe Me~y .t{BYMSI TeJiaMH 
3aMe,n;nHno pa36eraHHe H o6pamno ero B c6n11xce
HBe. BecbMa Ba.Jl(HOH qepTOH . KOCMOI'OHB"leCKOI'O 
npol.\ecca, nporeKaio~ero H a coepeMeHHyIO 3noxy e 
MeCTHoii rpynne raJia.KTHK, oxaJbIBaeTor npo.t{OJixca
lO~eeor BbID~eHHe cpaBHll'l'eJibHO MaJiblX ( C MaCCOH 
102 - 105 M0 ) "o6naKoB" MexcranaKTBttecKoii cpeAbI 
Ha OCHOBHbie raJiaKTHKB rpynnbI, 'ITO BbJ3b1BaeT qe
JlblH psr.A aa6n10,n;aeMbIX 3¢<j)eKTOB [I]. 

Hccnep;oaaHHe 1J>aeKTopae 'laCTHqbJ 6ecKoHetJ
Ho MaJIOH MaCCbl B rpaBHTaQHOHHOM none, COJAaBae
MOM faJia.KTIIKoA H M31, KOTOpL1e PaJlHaJibHO c6JIH

.}Ka.lO'I'OI Apyr OTHOCHTeJibHO ,n;pyra, H npHBCJIO Hae K 
paceMOTJ)eHHIO H3BeCTHOH u He6eCHOU MeXamtKe or
paHH'tleHHOH npstMOJIHHeimo:e sa}J;a-.:rn TJ)ex TeJI. 

2. nocr AHOBKA 3A~A '(Hi H BhIBOP 
HA l.JAJihHbIX YCJIOBHH 

IlyCTb OXY - rrpHMoyroJibHaSI ueno,n;emKHruJ cec
TeMa KOOpJ:{BHaT. IlyCTb faJiaKTHKa u M31, npHHH
MaeMLie 33 MaTepHaJibHble TOt.fKH, HMelOT MaCCbl m1 
H m2 COOTBeTCTBeHHO, a npeHe6pe:>.K.HMO M3JIYIO Mac
ey 'laCTHl.\bI o6o3HaqeM qepe3 m3 • EyAeM npe,n;noJia
raTL, 'ITO np.SIMOJIHHeHHOe ABH}KeHBe KOHel{HblX 
Mace m1 H m2 npoHCXOAHT no OCH ox. 
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,[(Hq,cpepeH~aJihHble ypaBHeHIDI ABHXCeHIDI qac
TBQbl 6eCKOHe'lHO MaJIOR MacebI B yKa3aHHoii CHCTe
Me KOOp}J;HHaT IlOJJY'la.JOTCSI H3 craimapTHbIX ypaB
HeHHA o6~ee: 3~3llff TJ)eX TeJI [2} npu ycJIOBHll, l{TO 
m3 = 0. 3Ta CHCTeMa p;uq,q,epeHl(HaJibHbJX ypaBHe
HHH, KOTOprut pa11e KpaTKOCTH 3ACCb He npHBO,O:HTCSI, 
HMeeT TpH nepBblX HHTerpana: :n:ea HHTerpaJia )1BH
>KeHIDI :qeHTJ)a Mace Ten m1 u m2 , a TaKxce BHTerpaJI 
3HeprHH yKa3aHHblX KOHC"IHblX Mace. 3m HHTCI'paJibl 
HCilOJib3YIOTCSI A.JUI KOHipOJISI pe3yJILTaTOB "IBCJieH
HOI'O HHTeI'pHpOBaHIDI, B )1aHHOM C_nyqae - npaBHJilr 
HOCTH Bbl"IHCJieHIDI a6c~cc KOHelJHblX Mace u rue 
nepBblX npoB3BO,O:HbIX. 0TcyTCTBHe HHTerpanoe, co
.o:epxca~ Koop,n;BHaTbl 6eCKOHel{H0 MaJIOH M3CCbl, 
SIBIDleTCSI xapaKTepHOH qepTOB Bcex orpaim~IeHHbIX 
33,1:{alf, paccMaTJ)UBaeMblX B He6eCHOH MexaHHKC. 

"lJT06hI Il0BblCBTb qJH3HlfeCKyIO ,UOCTOBepHOCTb 
pe3yJibT3T0B OimC&IBaeMoro HH)l(e lfflCJieHHOI'O MO
AeJIBpOB8HIDI, B&I6epeM TaKue 3Ha'lJeHID1 napaMeT
poB CHCTeMl>I, KOTOpble 6bIJ1H 61,1 6JIH3KH K npmrn
TblM .o:m1 HRX 3H3'lJeHWIM. CornaCHO COBpeMeHHhIM 
npeACT8BJieHIDIM O _AHHaMBlfCCKHX CBODCTBax MeCT
HOH rpynnLI, cyMMapHrul Macca m1 + m 2 COCTaBmleT 
(2 - 3) x 1012 M 0 , npHqeM Macca M31 a 1.5 pa3a OOJibWe 
Mace1,1 faJiaKTHKH, paCCTOSIHHe Me)l(Jzy fanaKTHKOH H 

M31 o~emmaeTCSI e 700 ± 10 KilC, OTHOCHTeJibHaSI CKO
pocTh OOJIIDKCHIDI COCTaBJISleT 120 ± 20 KM/c [3, 4J. 

B1,16op ~OHKpeTHblX 3Ha"leHHH 3THX napaMeTJ)OB 
CHCTeMbl npoH3BOJJ:DTC51 nyreM pemeHIDI KpaeBOH 
3aJJ;a'IH ABYX TeJI. TaKrui 3a;u,a'<Ia HaMH 61,rna noCTaB
neHa u 6bIJia COCTaBJJeHa Bbl'IHCJIHTeJibHaSI npo
rpaMMa, pean113y10~aS1 ee pemeHue. Bo3bMeM OAHY 
H3 TJ)aeKTOpHH ABHXCeHIDI Mace m 1 H m2, napaMeTJ)bl 
KOTOpoH 6yAyr cnyxarrb HalfaJibHbIMH ycJIOBHSIMB 
,O:JI51 Hamett 38,U3tJ:D. 3Ta npSIMOJIHHeHHaSI 1]>8eKTO
pID1 6yAeT HCH3MeHSleMOH B npo~ecce tJ:HCJieHHoro 
MOp;eJIHpoBaHIDI ABIDKeHIDI qaCTH~bI m3. 

IlpHBe,UeM napaMeTJ)bl 3TOH HeB3MCH}IeMOH 
TpaeKTOpHB. B HalfaJJbHblH MOMCHT epeMeHH 
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npe,o;nonaraeTC.SI, qTo f a.11aKTHKa, M31 H ttaCTH~a m3 
BMelOT HyJieBbie CKOpoCTH e a6comomoii CHCJ'eMe 
Koop.n;BHaT. Haxo,I(.st:Cb Ha OJ(HHa.KOBOM OT Ha'laJia KO
op.n;UHaT paCCTOjJJ{Jffl, paBHOM 719 Kl1C, Tena m, H mi 
H3'1HH3IOT ,QBBraTbC.SI H3BCTpeqy .n:pyr Apyry no npg
MOJJBHeHHOH 'I'paeKTOpHH. qepe:1 15.4 MJip.t(. neT pac-

I 
I 
I 

I 

2 

Poe. 1. 0 6 naCTb 803 MO>KHOCTH ABH>KeHHff B o rpaHH'ICH
HOii npS!MOJlHHei\HOff 1a,11atte TpCX TeJl. SS• - OCh JCBa3H• 
CHMMCTpHH OB.LI.. 

s Y3, 105nc 

!6 
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,,", !4 
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/ I / 

/ I :2 I I 
' I ' ' I 

I .,, 
~ ·s·o 2 

X3, I05nc 

Poe. 2. nee THITH'IHhJe -rpaeKTOpHH <JaC1'HU:hl m3 e orpa
HH'ICHHOA npSIMOJlHHeAHOH ] aAa '-le TJ)ex Ten AJJSI CelfeHHff 
y = 500 Knc. SS' - oc1, KBaJHCHMMeTpHH OB.LI., LL' - ce•re
HHe o6nacrH OBA npSIMO II y ::; 500 ,me. 

CTO.slHHe Me~y m1 H mi COCTaBHT 706.7 KilC H QTHOCH
TeJlbHrul CKOpOCTb .n:ocmrHeT 120.2 KM/C. TaKrut wma
MBKa KoueqHbix Mace 6y,t(eT HMeTb MeCTo, ecm1 Macca 
faJiaKTHKH Bb16paua pasuoii m1 = 0.933 x 1012 M0 , 

a Macca M31, paBHM l.5m1, - COCTaBHT 1.4 x 1012 M0 . 

TaKRM o6pa30M, .n;aHHcUI TJ)3eKTOp1U1 OTBeqaeT co
BpeMeHHbIM Ha6J110,I(3TeJlbHbIM .0:3HHblM H IIO 3TOR 
npHquue 6y.n;eT C'UIT3TbC.sl onopHOH TJ)3eKTOpHei 
,[(BIDKeHH.SI m1 H mi B HailIHX pacqeTax. 

8 OilHC3HHOH noCTaHOBKe 3a~aqn npOBO.O:HJIOCb 
qacneHHOe BHTerpHp0BaHHe CHCTeMbI }:{Hq>ct,epeH
~Ha.JlbHbIX ypasHemm 8-ro nop.sr)'.{Ka npH pa3JII{qffbIX 
HaqaJlbHbIX 3HaqeHlfSIX KOOPAHH3T qaCTH~bl m 3 H 
Bhr6paHm.1x BhimeyKa3aHHbIM o6pa30M napaMeTJ)aX 
KOHeqffLJX Mace. l.JHCJieHHOe HHTerpHpOBaHHe ee
JIOCb no MeTo:n;y PyHre- KyTia- HHcrpeMa c ToqHoc
TbJO AO 5-n CTeneHH mara [5] . Illar HHTerpepoaaHIDI 
Bb1611paJIC.sl 3BTOM3TllqecKH, HCXOASI 113 33,I(aHHOH 
a6COJIIOTHOii TO'lHOCTil AJISI KOOp.O:HHaT H COCT3BJ1.SI
IO~HX CKOpOCTH, paBHOH lQ-IO. 

3. PE3YJihTATbl 'l[l1CJIEHHOfO 
11HTEfPHPOBAHl15I 

Hccnep;oBaHHe 3BOJl10l{HH qaCTHI.V,I m 3 npoBO.O:.H
JIOCb B o6JiaCTH aaqa.JlblfbIX 3HaqeH.Hu KOOPAHHaT X3' 

Y3' npe,D;CTasmuo~eH co6oif CHMMCTJ)HqHblH OTHO
CHTeJibHO OCH OY np.SIMOyroJibHHK co CTopoHaMH 
1438 x 719 KIIC, OOJlbmee OCHOBaHHe KOTOporo coena

A3eT C OCblO ox. B CHJiy CHMMeTJ)BH 33)'.(aqH .n;oCTaTO'l

HO paCCMOTpeTb CBOHCTBa T()3eKTOpHH qa~r TOJlb-
KO AM IlOJIO.>KHTeJibHbIX Hal.fa.JJ.bHbIX 3Ha'IeHHH X3, Y3. 

HccJie.r(OBaHHe CBO.HCTB TpaeKTOpHH qacTH~bl ~ 
npoBOAHJIOCb nyTeM Maccoaoro pacqeTa pa3JIH'IHbIX 
BapHaHTOB TpaeKTOpHH. IlpH 3TOM BapbHp0B3J10Cb 
HaqaJibHOe IlOJIO)KeHHe qaCTHl.\bl m3 . I-fa Bcero MHO

)l(eCTBa Bbl'IHCJieHHbIX -rpaeKTOpHH He06XO.r(HMO 

Bbl,[(eJIHTb TPH THna: 1) perym1pHbie TpaeKTOpHH 
qacTHL{bl m3, He HMeJO~He coy;napeHIDI C KOHeqHbI
MH MaCC3MH; 2) -rpaeKTOp1m coy.QapeHHjl qacTH~bl 
m3 c faJiaKTaK011; 3) TJ)aeKTopirn coy:n;ape1D1J1 qac
THIJ.bl m3 c M3 l. 

MHO)l(eCTBO HaqaJibHbIX ycJIOBHH, nopo)l(AaJO
~BX peryMpHbie TJ)aeKTOpHH, o6pa3yJOT o6JiaCTb, 
H33B3HHYJO HaMH o6naCTblO B03MO)KHOCTH ,D;BmKe

HH.SI (08.IJ:) H llOK333HHylO Ha pHC. 1. 
Puc. 1 nonyqeH B npe,llnOJIO)l{eHHH, qTo cneaa no 

OCH ox K HatJ.any Koop.n;11HaT ABH)KeTCJI ranaKTHKa, 
a cnpaaa - M3 l , TaK qTo qeHTp Mace cecTeMbI pac
nono)KeH npaeee HatJ.aJia Koop.I(HHaT. BHell.IHIDl 
rpa.HHQa o6nacrn HanoMHHaeT Kea;nparntiecKy10 na
pa6ony, C.I(BHHYTylO eneao B cropoHy MeHhme:e Mac
CbI m, ( fanaKTHKH) . KpoMe Toro, oonacTh OB.[( 
HMeeT OCb KB33BCHMMeTJ)JJH SS', KOTOpaSI napan

JieJihHa OCH OY (CHMMeTpHSI 6y.n;eT HMeTb MeCTO a 
cnyqae m1 = m2) . Hau.o;eHHrut o6naCTb He onycKaeTc~ 
B.I(OJlb OCH OY HH)Ke, tJ.eM AO 120 KilC. ,UpyrHMH CJIO
BaMH, ecnn: qacnu~a. npHo6peTjf Hynesy10 cKopoCTb, 
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OKIDKeTC.ff s nonoce y < 120 KilC, TO OHa o6,i:3aTeJibHO 
6yAeT 3axsaqeHa irn6o ra..'laic:THKOH, m,60 M3 l. 

BbIAemrn OBA, MO)KHO KpaTKO yx:a3aTb csou
crsa perym,pHbIX -rpaeKTOp~ii. Ha pHc. 2 B3o6paJKe
Hbl ABe TRilH'-lHbie perynS1pHb1e -rpaeKTOpHR qac
THI..\bl m 3 8 orpaHH'ieHHOH np$1MOJIHHeHHOH 3aAaqe 
-rpex Ten c aa1.laJibHbIMD ycn0BW1MH (x, 5 x 105), rAe 
x e OB):(. 3TH TpaeKTOpHH npeACTaBJUllOT co6oii ce
Mel'krso KpHBbIX, qacrb KOTOpbrx HMeIOT caMonepe
ce'IeHRe H KOTOpble AOCTHI'alOT MDHHMam.Horo 3Ha
tJeHHSI no y B 60JJbWHHCTBe CBOeM B OTJ'HD;aTeJibHOH 
o6JiaCTH op,D;HHaT. Ilo CBoeMy BHeWHeMy BHAY see 
-rpaeKTOpHH B orpaHHt.JeHHOH np.RMOJIHHeHHOH 3a.u;a
'1e -rpex Ten pa3AerutIOTC.R Ha ABa pe3Ko BhtpIDKeH
HblX KJJacca: a) KpHBbie C Ha~mm,HOH BOrHyTOCTblO, 
o6paLD;eHHOH K Teny m,, H 3BOJIIOl.(HOHHPYIOLD;Re 8 

JJeBO'ff no.nyn110CKOCTH, 6) KpHBbie C HaqaJibHOH BO
rli)'TOCTblO, o6paLD;eHHOH K TeJiy m2, H 3BOJllOl.(HOHH

pyiomHe B npasoif nonynnocKocru. 3TH ABa Knacca 
pa3Aem1eT cenapa'I'puca, npeAcrasJJBIOLD;aJI co6oii 
no'ITB sepTHKaJJhHYJO CJJa6o n3orHyry10 KpBsyio, 
TOtJKa MHHHM)'M3 no y KOTOpOH SIBJI.RCTCSI TO'iKOH H3-
JIOMa. 'facrnua m3, .u;sm1ey1..D;as1C.R no cenapaTJ)Hce B 

AOCTHrmajl HaHMeHbWeH Op.D;HH8Tbl, 6yAeT ABHraTb
CSI BBepx no TOH )Ke TpaeKTOpHB. 

TpaeKTOpHH coyAapeHHSI B CBOIO oqepe.u;b Il0A
pa3,IJ;eJI.RJOTCSI Ha .u;sa mna: 1) KOpOTKHe TJ)3CKTOpHH, 
T.e. 11>aeKTOpHH coy.u;apeHH.Sl JIH6o c ranaKTHKOB, 
JJH6o C M31, 33IlOJIIDIJO~e aepxmoio IlOJIYIJ]IOCKOCTb 
(y > 0); 2) AJIHHHLie TpaeKTOpHH, T.e. Ta.K.He Tpae.Kro
pHH coyAapelm.SI JIH60 C ra.naKTHKOH, JlHOO C M3 l , npH 
KOTOpblX qacrm~a m3 noAneTaeT K coy.u;apsreMOMY 
reny, paCJIOJIO>KeHHOM)' Ha OCH OX, HaXO.D;SICb B HH

)l(HeH nonynnocKocru (y < 0). 
KopOTKHe -rpaeKTOpHH peanH3ylOTCSI Ha'laJlhHbI

MH 3Ha'leHHSIMH KOOpAHHaT, pacn oJIO)KeHHbIMH BO 

BHemHe:u oKpeCTHOCTH OBA (pHc. 1). AnHHHbte -rpa
eKTOpHH peaJIH3YJOTCSI HatJaJibHbIMH 3H8'1eHIDIMB 
KOOpAHHaT, pacnoJIO)KeHHblMR BO BHyTpeHHeH, "nu
KOBOH" no,no6nacrH OBA. HMeHHO .D;JillllHhle TpaeK
ropm1 coy.u;apeHH.sr o6naAaJOT AHHaMW1ecK0B Heyc
TonqHeocrbro, paccMaTpHeaeMoii HH)Ke. 

Bbl 'IllCJUJ.SI -rpaeKTOpHH qa~I m3 AJISI pa3mN
HblX cetJeHmi OBJJ: y = const, Hoc HaqaJibHbIMB ycno
BWIMH, npHHa.D;JJe)Ka~HMH BHyrpeHHHM TOqJCaM OB.Lt 
Ml>I 6y,qeM HMeTb cne.u;yiow.yio Kapnmy. Perym1p
Hb1e TpaeKTop1rn, pea.nH3yeMbte Hat.JaJJbHbIMH 3Ha
tteHRSIMH KOOpAUHaT, npRHa.u;JJe}Ka~HMH BHYTJ>eH
HeH noAo6nacru OBA (6e3 "nHKoeo:ii" no.u;o6naCTB), 
Ka1.leCTBeHRO no.u;o6Bbl perym1pHblM TpaeKTOpHSIM, 
nOK333HHbIM Ha pHC. 2. 

'fro )Ke KacaeTCSI 'I'paeKTOpHH, peaJIH3YCMblX na
qaJU,HbJMH 3H3CJeHIDlMH KOOp.D;HHaT, npHHaAJie)Ka
W.HMH " mJKOBOif' no;no6JiaCTH OB.[(, TO 3,D;eCb Ha-
6JJJO,IJ;aJOTCSI npH CKOJlb yro.u;uo 6JIR3KHX Ha'laJibHblX 
yc11oem1x KaK TpaeKTopHH coy;napeHIUI c ranaKTH
KOH, TaK H TpaeKTOpHH coy,napeHHSI c M3 l. 6onee 
no,qpo6Ho 3TO SIBJieHHe HJIJI10CTpDpyeT Ta6JIHD;a. 

TloBe.iteHHe -rpaeKropuA 1.JaCTHI(b1 ~ npH H3MeHemrn ua-

1.Janbu1>1x a6CJ..{HCC 8 .l{Haml30He (-719 KUC, 719 KOC) H yf = 
=400Knc 

N2 Ha1.Ja111>Hb1e TloseAeHHe TJ)3eK-
a6cl.{HCCbJ, KnC TOpHH '13CTHJ.O,J m3 

1 OT - 719 AO -271 CoyAapeHHe C ranaKTHKOH 
• 

2 0,,-270 AO -76 HeT coyAapeHHH 

3 - 75, -74 CoyAapeHHe C ranaKTHKOii 

4 -73 HeT coyAapeHHH 

5 OT - 72 AO - 70 CoyAapeHHe c M3 l 
6 -69 CoyAapeHHe C f anaKTHKOH 

7 0T-68AO 140 HeT coy.itapeHlffl 

8 OT 141 .l{O 719 CoyAapeHHe c M3 l 

Yxa3aHHoe smneHHe H3BeCTHo KaK AffBaMWiecKHH 
xaoc, B03HBX3IO~ BCJJCACTBHe cne~q>Ht{ecKoit JIO
KaJibHOA HeyCTOH'iHBOCTII OTHOCHTeJJbHO CKOJib yro.u;
HO MaJiblX B03Mymemm Ha'l{aJibHbIX ycnosm't paccMaT
pesaeMoi AUHaMJJlleCKOH CHCTeMbl [6 - 8]. 

B uameM cnyqae 3Ta JIOKaJibHaJI aeyCTOkcmsoCTb 
,qonycKaeT npocroe MexaHH1.1ecKoe HCTOJIKoBaHHe. 

0 
B C3MOM AeJie, TeJJO m3 npH Ha'laJJbHOM X3 = 69 KilC 

(CM. Ta6muzy) CHatfaJia nponeTaeT B 6JIH3KOH OKpe
CfHOCTH M3 l, HO npu 3TOM no.nyqaeT TaKHe B03My
w.eHIDI OT M3 l , KOTOpbre npBBOW{T K coyµ;apeH.HlO c 
faJiaKTBKOH. HanpoTHB, TJ)8CKTOpW1 Tena m 3 npH 

0 
eaqaJibHOM X3 ::: - 70 KilC TaKoBa, 'ITO Teno m3' c6JIH-

3BBWHCb C M3 l, y)Ke He MO)KCT IlOKHH)'Tb OKpecr
HOCTb M3 l H TaKHM o6pa30M 3aXBaTbraaeTCSI 3TOU 

M3CCOH, He µ;oneTa.R AO ra.naKTHK.H. IlpH x~ = - 73 KIIC 

B03My~eHIDl OT f anaKTBKH H M3 l pacnpe;neru1IOTC$1 
TaKHM o6pa30M, 'ITO '°JaCT~a m3 6narononytJHo MH

eyeT OKpeCTHOCTB apHTHnmaeMbIX TCJI H npoAOJJ
)K3CT ABHraTbCH no perym1paoe: YpaeKTOpBH. 

Ilose.u;enHe OCTaJihHbIX eapea~TOB TpaeKTOpRR, 
yKa3a.HHbIX B Ta6nuue, ,qonycxaeT aea.norH'IHOe 
06'bSICHeHHe. 

IlpHBeµ;eHllbie 8 Ta6mn.\e AHCKpeTHbJC 3Ha'ICHWI 
Ha'laJJbHblX llOJIO)KeHHH t.JaCUJI..\bI m3 YK33b1Bal0T Ha 
cyw.eCTBOBtaHBe Ka'leCTBeHHO pa3JIH'IHblX ceMeiiCTB 
TpaeKTOpHH. 

BbtnOJIHeHHOC l{HCJieHHoe HCCJie,IJ;OBaHHe Tp3CK
Topmi qacTHqbl m 3 C HattaJibHbIMH Aa.HHblMH, npu

ua.u;Jie)Ka~MH µ;pyrHM ce'IeHitHM OBA, no3sonS1eT 
c.u;enaTh BhIBOA, 'ITO noae.u;eHue YpaeKropm'I qac
THI(bl m3 Ka'-IeCTBCHHO auaJIOfll'1HO TOMy, 'ITO npH

ee,qeHO B Ta6n~e. 
BbIJia TaK:lKe BbP·!HCJJeHa cepHSI TpaeKTOpmi AIDI 

ceqerflUI Y3 = 120 Knc H 6bJJJO ycraHOBJICHO, 'ITO HB B 
Oµ;HOM B3 eapHaHTOB 3Toro ce'IeHIDI He BCTpeTHJ18Cb 

-rpaeKTOpHSI, He HMelOI.qaJI coyAape1rnS1. KaK np3BH
JIO, AIDI 3TOro ce\lCHWI Bee TpaCKTOpHH C ttaqanbHOB 
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a6cq11ccoA, Jie)l(~ei npaBee oce SS', HMelOT coyJJ;a
peHue c M3 l, a Te TpaeKTOpBH, Ha'laJibHLie a~c
CbI KOTOpblX H3XOAS1TC.R neeee OCH SS', BMelOT coyAa
peHHe C f aJiaKTHKOit 0.QH3KO B3 3Toro q>3KT3 CJie
AYeT 6onee Bax<:Hbli BblBO]I;, 33KJIIO'l3IO~CSI B TOM, 
'ITO peryn.RpHOe ]l;BB)l(eUHe rena m3 C H3'1aJibHbIMH 

OPABHaTaMB Y3 < 120 KIIC eeB03MO)l(HO. 

Pe310MBpy.R ece e1,1wecKa3aeuoe, eeo6xo~o 
OTMeTHTb CJie]l;yJO~ee. HcCJie]l;OBaHHe 1'p3eKTopeii 
'13~bl 6ecKOHe'IHO Manoi M3CCbl B rpaBBT3qHOH
HOM IlOJie, C03]1;asaeMOM faJJaKTHKOH H M31, R03-
BOJIHJIO o6Hapy)l(HTb HeKOTOpble BHTepeCHble oco-
6eHHOCTB paCCMaTpHBaeMOH ]l;HH3MH'leCKOH 3~3'1B. 
K T3KHM oco6eHHOCT.RM CJie]l;yeT OTHeCTB npe~e 
ecero qecneuuoe o6Hapy)l(eHHe o6nacreu AHBaMB
qecKoA HeycroA'IHBOCTH e:ne: AHH3MB'IecKoro xaoca. 
f naBHaSI qepTa ]1;BH3MB'leCKHX CHCTeM C npB3HaKaMH 
AHH3MB"leCKOro xaoca COCTOHT B TOM, 'ITO MaJIOe 
B03My~eeue H3'IaJibHblX ycJIOBHit HJIB )Ke MaJIOe H3-
MeHeHHe napaMeTpOB caMoA AHH3MH'IeCKOH CHCTe
Mbl DpBBOAHT K eenpeACKa3yeMOCTH pe3yJibTHpyio
~ero ABH)ICeHWI 33 KOHe'IHOe epeM.R, KOTopoe R33bl
eaJOT ropH30HTOM npep;cKa3yeMOCTH [8, 9). 

IlpHMeHUTeJlbHO K eameii 33,-aqe AHH3MB'leCK3SI 
eeyCTOH'IHBOCTb npoS1BJIS1eTCS1 B TOM, 'ITO MaJioe H3-
MeHeHHe H3'I3JlbHhlX ycJlOBHB npHBOAHT K eenpeA
CKa3yeMOCTB noee]l;eewr TpaeKTopae Tena m3 : 3apa
eee HeH3BeCTHO, 6y.I{eT JIU coyAapeHHe C rnaBHblMB 
TeJiaMe HJIB TaKoro coyp;apeHH,<J ee npoH30ffAeT, a e 
CJiyqae coyAapeHHB HeSICHO, C KaJCHM TeJIOM KOHe"IHOH . 
MaCCbl OHO npOH30U)J;eT. 3a ropU30HT npep;CKa3ye
MOCTH MO:lKHO rrpHWITb Ha.HMeHl:.Iliee BpeMS1 no,:p1eTa 
K coyp;apaeMOMY Teny, T.e. eaeMeHLmee epeM.R no
JieTa no KOpOTKHM TpaeKTOpBSIM. 

HCCJie,noBaHHJO p;HHaMB"leCKoro xaoca nocesm~eaa 
o6mHpB3S1 JIHTeparypa, OAH3KO qffCJIO pa6oT, B KO

TOpblX 3TO StBJieHHe pacCM31'pHBaeTC$1 C TO'IKB 3peHID1 
ue6eCHOH MeXaHHKD, cpaBBBTCJibHO eeeeJIBKO. He 
CT3BS1 CBoeH ~e.llblO )];3Tb CKOJibKO-HH6YAb no,tpo6-
HbIH 0030p T3KHX pa6oT, yKa)l(eM TOJlhKO Ha paHHHe 
pa60Tbl [10, 11] u HeAaBHO ony6JIHKOBaHHYJO pa6o-

TY [12]. B pa6oTe [12] pacCM3TpHBaeTCJI 1{HH3MBtte
CK3SI HeyCTOit'IBBOCTb, npecyTCTBYJ0~3SI B aKTe 
1'pOitHoro ci5nIDKeHHSl TpeX KOHe'lJHbIX Mace, r,ne ,nea 
Tena paBROA M3CCbl ABIDK}7TC.R BAOJlb OCH ox no na
pa6oJIB'1eCKOMY 3aKoey, a TpeTbe Teno Koeeqaoe: 
MaCCbl .I{BIDKeTCB ne6o no OCH OY, ne6o see epe.MB 
H3XOJ\HTCSI B Ha'IaJie KOOPABHaT. 

CpaeHBBaSI TIOJJ}"leHHble Bblme pe3yJibT8Tbl C pe-
3YJibT8T3MB pa60Tbl [12], MO}KHO C)];eJiaTb BbJB01{, 
'ITO AHHaMBtteCKaSI HeyCTOH"IBBOCTb B03HHKaeT KaK B 
CJIY'l3e CHMMe'I'pB'IHO:i MOAeJIH cromrnosemm [12], 
T3K H B CJiyqae HeCHMMe1"pH'IHOH MOAeJIH CTOJIKHO

BeHIDI, paccMOTpeHHOH BLime. 

HecMOT})SI Ha orpOMHb[H HHTepec K npo611eMe 
AHH3MB'leCKOH HeyCTOH'CfHBOCTH, AO CHX nop OCTaeT
CJI HeSICHblM rJJaBHOe: qTo }Ke B KOHeqHOM C'IeTe or
paHH'IHBaeT epeMeHHYJO uenpe,ncKa3yeMOCTh noee
.I{eHIDI AHHaMH'leCJCHX cuCTeM? 
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The properties of trajectories of infinitesimal mass are considered in the recti)inear three-body problem. Exten
sive calculations of such trajectories are perfonned by numerical integration. The domain of increased sensi
tivity to initial conditions is obtained that detennines the dynamical instability and the possibility of developing 
chaos in the system. The problem studied simulates, in accordance with chosen initial conditions, the motion 
of clouds in the Local Group of galaxies. 
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EpyeeuLt E .A. Tipoq>Hnb nHHHH Ha B ra30AHHaMHttecKoA MOAenH conHettHhIX scn1,1rueK 

BMbmt.4 H.E. , /la10pa A.M., KMeHcKuu C.B., C.AblW B.H., Eye P., BUHH6epz A . Q63op 
MaJepoe Ha MeTaHone ea 'laCTOTe 95 fl'l.\ 

BepeU4{lZUH C.B., l/ynUHa H .B . Oco6eHHOCTH pacnpenenemur 3ee3n OKpeCTHOCTeA ConHu;a no 
:nexTJ)anbHblM KnaccaM 

BuHRUKUH E .H . Hccnenoeafflfe 11HHeiiHo-non,ipu3oeaHHOR KOMnoHeHTbI panuoH3JtytteHHJI 
8esep1mro nom,pHoro BblCTyna Ha BOJtHe 31 CM C BblCOKHM yrJIOBblM pa3peWCHHCM 

8bl02a A.A. CTaTHCTHtfCCKHK KpHTCpHH KOHACHC8QHB 
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8b10W A.A. CTaTHC1w1eCKHA KpHTepnA nom1pH38u;HH, BbJAemUOll{HH CTJ>YKT)'J)HOCTH nOnj( 
f anaKTHKH H MeTaraJJaKTHKH 

r omca B.<./>. , /OU4eH1W A .B . McCJJeAOBaHHC JJHHHH nornOlllCHJUI 3p6IDI 
a cneKTpax Conuu;a H npol.(HOHa 

TopwK08 A .I'., KOHHUICOBQ B .K. nepeMCHHOCTb Ha 'laCTOTax 3.9 H 7.5 ffu paAHOHCTO'IHHKOB 
113 3eJTCH'JYKCKOro o63opa C DOTOKaMH 6oJibllle 200 M5.IH 

TpaHKUH K.H.. H6pazu.uoe M .A ., K0Hi)pam1,ee B .E ., MeAbHUKOB C.10., llleetteHKO B.C. 
<l>OTOMCTJ)ff'{CCKOC nccneAOB8HHe CBOHCTB mrreHHo:A. BP8Jll8TeJibHOA MOAYJJlU.\HH WJSI cna6o-
3MHCCHOHHblX 3Be3A THna T Tenbu;a B TeMHbIX oonaKax Tenbl..\a-Bo3HH'lero 

.aaHUA08 B .M ., CeAe;mea A .4>. Ou;eHKH reoMeTp~ecKHX e AKR8Mll'{CCKHX napaMCTJ)OB 
ra30-3BC3J.\HblX KOMMCKCOB B faJJaKTHKe 

.ao/lza'le8 B .n .• KaAWtUHQ E.n. 0 AHH8MH\J!;.":KOA ReyCTOA'IHBOCTH B orpaHH'leHHOH 
npHMOJJHHCHHOH 33Aa'fe 1'peX TCJJ 

Jlpaec,cux A .<./>.,J},paecKux 3 .B . Ksa3apo1: C"'aTHCTHKa npOTeeope'{HT coepeMeHHblM 

npCACT8BJJCHHJIM. MoACJIHpoeaHHC 3Q>Q>CKT0B Ht5mOA8TCJJLHOA CCJJCKu;HH 

J],po3ooea H .10 .• Kuce.n.ee B.M. IlpHnHBHa,r 3BOJIIO~" cecreMbt 3eMJur-Jlyua: 
pacYeThl cornacuo TeopHn MaKAOHaJibAa- ronnpaAxa 

P,pn3008Q H.10., Kuce.11-eB B .M . 3BOJIIOl.(WI CHCTCMbl 3eMJu1-JlyHa cornaCHO 3MnHpH'leCKHM 
AaHHh lM n TeopnH MaJCAOHanLAa- fonApaHXa · 

Jlyoopoe A .E. OcTaTO'IHOe MarHHTHOe none 3BeJA THna T Tenbl{a 

EJJbKUH B .r . TimtcK 3BeJ.1J. c cHnbHblMH MarHHTHbIMH nomiMH cpeAH 3BeJn ropH30HTaJibHOA 
BeTBH H ropJl'IHX cy6KapJIHK0B 

EMeAb.R.Hoa H .B . Oco6eHHOCTe D33HMHbIX noKpbITHH H 38TMCHKH 
B CHCTeMe cnyTHHKOB CaTYf)HB 

EpMaK08 4'>.A ., 06puo,co B .H ., Ole;r.&muxi E/!. fno6anbHaJI MarHnronorn,i Conuqa: 
.[l0DOJIHHTCJ1bHble IIOTOKK H eCTCCTBCHHaJI lllKaJia l\H]CJIOB 

Ep.Ma1Co6 4'>.A ., ·06puo1<.o B .H .• DleAbmuHz E/!. fno6anbHaJI MarHHTonoreJ1 CoJIHL{a: 
CBOHCTBa TIOJIJtpHOI'O H 3KB8TOpH3JlbHOI'O DOJieH 

J1eaH06 A .B .• <./>u.t1ucmoa E.A .• l/epHUH A/!. 3BOJ1l0Ulfj1 TJ)OHHblX CHCTCM: CTOX8CTff'•leCKOe 
noBeAeHHe If l).HH3MH'ICCK8JI ueyCTOH'IHBOCTh 

J,/ouma E.A., Ky11u,coea E.X. CTpyKTypa nonJI CKopoCTeH B COJJHe'fHOH q>oToc<J>epe &6JJH3H Ha
BOJIOKOH 

J1cmoMUH H .H ., M ocRWH .a.B. Monen& npoucxo)l(,C(eHHJI raMMa-ecnnecKOB a Marunroc<J>epe 
crapblX HeHTpOHHb]X 3Be3A 

Ka11eH.c1<uu C.B. CTJ)oeHHe pa.11.noecTO'IHHKOB MeTaHoJia B o6naCTSlX 3Be3noo6pa30BaHHJI no 
AaHHblM Ha6J110j\CHHH Ha 44 H 95 ffu. 

KapemHuKOB B .T. , MeH'leHKoea E .B ., Ha3Q{}eHKO B.B. cJ>opMHpoeaHHe noroKa eell(ecrea 
8 ABOAHblX 3Be3)J.aX Tena w 3MeH 

Kapem1tu,coe B .r . , MeH'leHKoea E.B., Ha3ape11,co B .B . cJ>opMMpoeaHHe noToKa eell(eCTsa 
s n onypa3)J.eneHHbIX 38TMeHHblX ABOHHblX CHCTeMax THna AO KaccHoneK 

Kal{06Q M .M ., Jlpeu,c .a:JIC .• JlU8UtUl{ M .A. IlocneecnblWC'IH8JI KOpOH3JlbH3JI aKTHBHOCTb, 
1apernc-rpuposaHHaS1 c nyTHHKOM EUVE Ha 3Be3Ae AU Mic 

Kuc.Mi,coe A .I'., T epHep E .E . CTnon10CTb HAep MoneKyn,ipttbIX o6naKoe 
B JaBHCHMOCTJ.t OT }IX ranaKTOu;eHT}JH'ICCKOro paCCTO.llHHSI 
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KoeMeHKO A.B., llbtH3apb A.B., Yoa.Abl408 BA. Hcc.ne11oea11ee MC)l(3BC3J1HOro 
HOHH3HpoeaHHOro ra3a ranaxTHXe no Ha6moJ(CHHJIM norno~eHIDI H3JJ)"{CHHJI 
OCT3TK0B csepXHOBbIX 

KoM6epz E.B. HenOCTaTOtJHocTb " yHeq>el.O{posaHHoe cxeMbI" M" KJJacceq>eKal.UfJI aJCTHBHbJX 
ranaKTH1lCCKHX ,IJ\CP 

KoM6epz E.B., KoMna1reeu,tlA., Jly,caw B.H. KpacHbre KapJIHKH B Kopouax ranaKTHK 
B pone MACH0-o6»eKT0B 

Konb/../106 A.H., I'occ B.M., llapuucKuu 10.H. , Co6,Meea H.C. , X<.e11eHKoea o.n .. 
TeMupoea A.B., BumKoec,cuu. BM.8 ., Hayzom,Ha.R M.H., BepxoOaH08 O.B. Orrre11ecKMe 

OTO)l(J(CCTBJJCHH.11 noneb16opKH paneoHCTO'fHHKOB RC-KaTanora c KPYTbIMH cneKTpaMH 
C nOMOll\blO 6 - MCTpOBOfO TCJJCCKOna CAO p AH: ORTH'fCCKHC H36JJIOJ:{CHHff 

Konbl.Jloe A .H., I'occ B.M .. llapuuc1<uu 10.H., Co6oAeea H.C., X<.e.tteHK06a O.ll., 
TeMupoea A .B., BumKoecKuu BM.B., Hayw.111:,Ha.R M.H .• BepxooaHoe 0.B. OnTH'fCCKHe 
OTO)l(.QCCTB11CHH" nonsb16opKe paneoHCTO'l{HHKOB RC-KaTanora c KPYThIMH cneKTpaMH 
c noMOll\blO 6-MeTpoeoro TenecKona CAO PAH. Tpe6osaHHJI K KOOPAHHaTHOH TO'fHOCTH 
H rny61rne H306pa)l{ett1u1, Ha6monette.11 Ha VLA H cnoco6b1 ou.eHKH 
q>oTOMCTpHlfCCKOro KpacHoro CMCll\CHHJt 

Kocm10HUH B.B. CTaTHCTnqecKHe Koppem1u.en Me)l(Jly ocHOBHbIMH napaMeTpaMH JlHCKOBblX 
ranaKTHK 

KyopReu,ee C.M. 8b111ecneHee B03My~eHHA 3JICMCHTOB op6RTbl Cll)'THH.Ka Hee<pepHttHOA 
nnaHCTbJ Ha A11HTCJJbHblX HHTepeanax BpeMCHH. AHan:HTH'fCCKaJt TCOPH" n.AToro nopffJ(Ka 

KyopRUl06 A.£l., TymyKOB A.B. 06pa3oBaHHe paAHOaKTHBHblX smep H B03M0)KH0CTH 
Ha61I10AeHHJl raMMa-JJHHHH npn BCnbJWKax HOBblX 

KyJHetioB O.A . Pac'leT nonHTpoTIKbIX H BblpoQeHHblX paeuosecHblX KoH<t>Hrypa1.ud13BC3A 
8 ABOHHblX CHCTCMaX 

KyJbMUHbLX B.A. 06 onpe~eJJeHHH op6HT B03MYlllCHHOro KennepoBCKOfO ABH)KCHIUI 
no &e KTOpaM nOJJO)KCHHJIM 

Kyp6acoea r.c.. Pbix11oea Jl.B. '-lattnneposcKoe ABH)KCHHe nomoca 3eMJIH 
3 CJ1CTCMe 3eMmr-JlyHa 

Kypm B.I'., JlaM3uH C.A . 0 JJHHHH L0 B cneKTpax M0110Ab1X 3BC3A 

JleeuqKuuJI.C., Pt>LXAOeaJI.B., Cui>opeH1<oe H.C. IO)l{HOe xone<5aHHe 3nL-HHHbO 
.f HepaBKOMCpHOCTb spaw,eHH.11 3CMJJH 

Jleytu.uH B.B. MarHHTHOe none H COJJ,Cp>KaHHC )l(ene3a B aTMO<:<pepax oPeg H cpHer 

Jlexm E.E. BapHaU.HH Ma3epHoro HlJJY'ICKH.11 H20 HCTO'tlHHKa 043.8--0.1 
1 nepHOJ:l 1981 - 1994 rr 

Jlexm E.E. Mo1:tenb Ma3epa H20 B W75N 

Jlexm E.E., MeHOoca-Toppec 3 .. CopotteHKO P JI. HcCJieno&aHHe BOAitHoro Ma3epa 
1 ttc-rO'IHHKe ONl 

Jlunoe,ca A.A. PeweuHe CHCTeMbl ypaeHeHHA 6anaHca HaceneHHOCTeH KB8HTOBbIX yposHeii 

lTOMOB H MOJJCKyn 8 HeKOTOpblX lfaCTHblX cJJy'la.llX 

JlunyHoe B.M., llonoe C.E. 3BOJIIOUHK nepHOAOB H30JJHp0BaHHb1X HCHT'pOHHblX 3Be3J(: 
·eopeMa O 38MCAneHHH 

JlumeuHeHKO 10.3. PerynJIPHOe H xaOTH\JeCKOC ycKopeHHe 3JieK1'p0H0B 8 nepeCOCAHH$1JOII{HX 

'OKOBblX CJIOSIX Ha ConHue 

Jlomoea H.A ., BAaOuMUpc1<uu K.B., IOpoecKa.R H.10. , KopeA06 0 .A. KoppemUJ,HOHHbtC 

:apaKTepHCTHKH rrpouecca q>OpMHpOBaHH.11 ceepX3BYKOBOI'0 IlOTOKa COJIHe'fHOfO BeTpa 

Jlomoea H.A .. BAaOuMupcKuu K.B .. /OpoecKaR H.10., KopeAoe 0.A ., llucapeHKO H.B. 
lHarHOCTHKa npou.eccoB ycKopeHHJI COJIHC'IHOro BeTPa 
10 Ha6JHOAeHHSIM Ma3epHbl X HCTO\JHHKOB 

Jl106UMK06 Jl.C., Pa,..KOBCKllR. T.M. JJ,eot1Ha$1 Am-3Be3Aa RR Lyn: 
:ne KTp311bHbJe Ha6moneHHst H q>yHJJ,3MCHT3JlbHble napaMeTpbl KOMOOHeHTOB CHCTeMbl 
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Jho6UMKOB JJ.C., Pa'iKOBCK.aR T.M. ,[(eoAHaH. Am-3BE3,[(A RR Lyn: 
XHMH'leCKHH COCTaB KOMnOHCHTOB 

Jbo6uMKOB JJ.C.. Pa'iKOBCKall T .M. , Pocmon'iuH C.H., Tapacoe A.E . 
.QBOHH8Jl CHCTCMa c:xVir (CnHKa): <l>yHA8MCHT8JlbHLle napaMCTJ)LI KOMnoHeHTOB 
H pa3JlH\JHC B COACp:>KaHHH reJtHSI MC)l(AY HHMH 

MaKapoe B.H .• TAamoe A.I'. KpyrHJtbHaJI MOAa B sapHaUHH.X HHTCHCHBHOCTH 
conHe'IHOH KOpOHbl e JJHHHH FeXIV 5303 AB nepHOJl 1957 - 1991 rr 

MaKC(lMOB B.ll., EaKyHUH.Q H.A. nosel.{eHHe MKKpOBOJIHOBOro H3JiytteHH'1 alCTKBHblX o6JtaCTei't 
B6JIH3H JlHM60B 

Ma1we P..E. , C/yzyHoe KJ.B. Ma3epHbJH MexaHH3M paAHOH3ny'leHHSI nynLcapoe 

Ma110e H.<1>. Mo)leJib nynLcapa PSR 1822-09 

MaAoe 11.<1>., MaAoe O.H. 0 HeK0Top1>1x oco6eHHOCT'1X B pacnpeAeJieHH.IIX napaMeTpOB 
nynLcapoe 

MaAo e 11.<1>., MaAoe 0 .H . 3uepreTH'leCKHe xapaKTepHCTHKH AOJtronepHOAH'leCKHx 
H KOpOTKonepHOl.{H'leCKHX nynbcapoe 

Ma11.0xoc A.B. B3aHM0- HHTep<j>epeHQH0HHb1C H CTJ>YKTypHble CBOHCTBa H306pa)l(CHHH 
06'bCKTa B OKpeCTHOCTH KacnoBOH TOt.JKH rpaBHT8l{HOHHOA JIHH3bl. OreneHb B38HMHOH 
KorepeHTHOCTH H306pa)KCHHH 

Mm,o:,,coc A.B. B38HMO•HHTepcpepeHl{HOHHble H CTJ>YKTypHbIC CBOiiCTBa H3o6pa:iKeHHH 
06'beKT8 8 OKpeCTHOCTH KacnOBOH TO'IKH rpa8HT8l{HOHHOH JIHH3bl. CTJ)yKT)'pa H306pa>KeHHH 
e6JIH3H KacnoeoA TO'IKH 

Mapco.Koe B.A., meee.11ee KJ.I'. BepTHKaJtLHa'1 CTJ>YKTypa ranaKTH'lecKoro AHCKa 
B OKpecruoCTH Co11Hua 

MaU4eHKo C.H., CUAu'i C.A. Pac11IHp'110J..QHec,i o6onotfKH B ranaKTHKe Holl: cpaeueuHe 
pe3yJJbTaT0B 'IHCJieHHOro MO)\CJIHpOBaHHSI C ,n:aHHblMH Ha6JtlOACHHH 

MeAbHUKOB C.KJ., mee"eHKO B .C., I'paHKUH K.H., H6paw.Mo6 M .A., H1q6oe C.P.. 
HD 216629 = IL Cep, BHJ 71 H LkHa 350- sepoS1THb1e Ae/Be-3Be3Abl Xep6Hra 
a accouHall,HH Cep OB3. AccouHaQHSI Cep OB3 H BHJ 71 · 

MuHza.Auea M., Xa6pax.wmoe A. Hccne,n:oeaHHe cneKTpOB Bb16opKe pa,n:eoHCTO'IHHKOB 
KaTanora 87GB 

MupOH08 A .B .. MoUlKflAe8 B.r. AHaJtH3 cneKTJ)O<j>OTOMeTpH'leCKHX H <j>oTOMCTpH'leCKHX 
,n:aHHblX jlJljl 3Be3)l - nepBH'IBLJX cneKTJ)O<j>OTOMeTJ)H'ICCKHX CTaunapTOB 

Mumpo<:paH06 H.I'., llo3aHeH.Ko A.C., C/epHeHKO A.M., <t>uw.wm P.x., Kyee;iuomy K. , 
MuwH C/., lla'ieucac B ., Cazoee8 P.3. CTaTHCTH'ICCKHA aHaJIH3 nepeMCHHOCTH OOTOKOB 
H 3HepreTH'ICCKHX cneKTpOB KOCMH'ICCKHX raMM8-BCnJieCKOB, 3aperncrpHpoB8HHblX 
e 3KcnepHMeHTe BATSE o6cepeaTopee " KoMnrou" 

Mocynoe A.H., C/apwwa IO.E. CeepxroHKH speMeHKaJI CTpyx.Typa scnb110et.JHoro 
pa,n:HOHJJJy'leHHj) CoJtHl{a KaK oTpa>KeHue rnpocHHxpOTpOHHOH HeyCToH'IHBOCTH 
3JieKTpOHHhIX ny'IKOB 

M11KymuH B.H., fluc,cyHoe A .3. MeTOA Kanu6poBKH ,n:earpaMMbI repLlllmpyHra-Peccena 
no soJpacTaM H MaccaM 

06puoKo B.H., XapwUAao3e A.<1>., DleA&muHi B./l.. 0 CTeneHH ,n:ocroeepHOCTH CBJ13H MC:>KAY 
<f>aKTOpOM pacxo,n:.HMOCTH CHJIOBblX 11HHHH Ha Co11Hue H CKOpocTblO COJtHelfHOro BeTpa 

OpAOB B.B., llaxtteHKO H .E ., Pacmopzyee A.C. , Hl,feBU'i A.B. )J.BIDKyJ..Qeec.11 cKorureHH'1 3Be3A 
e oKpecTHOCTH CoJJHLla 

flae11oea JI.A . H3MeHeHne npocpnm1 3MHCCHOHHOA nHHHH Ha 
MOJIOAOH 3BC3Ab1 VY Mon 

llempoea A .B. KpHTHtfCCKHH aHaJIH3 pactJeToe nocroSIHHLJX ancu,n:anLHoro ,n:BH>KeHH$1 
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n empoea A .B . OoCT0$1HH1:>1e ancHA3JJbHOro ABH.)l(eHID1 H pac11eT1:,1 3Be3AHOH 3BomOL\>.fH 

ll0200UH 11.E., Illu6acaKU K. 06 HCCJJeAOB3H1fH MHKpopaAHOBCnJJeCKOB COJJHL\3 
Ha lf3C'TOTe J 7 fn_.{ 

llbtH3apb A .B . KoppeJIRI.\H$1 Me~y napaMCTpaMH paccesnuur H3JJY'ICHH$1 ny111:,capoe 
H Mepo n 3MHCCHH ranaK'TH'ICCKOro <t>oHa 

CaeaHoe H .C. AHoMaJIHH COAep)KaKHH 3JieMeHToe 
B 3TMOC$epax 6b1CTp0BpamaIOLUHXCJI Am-3Be3A 

CaeaHoB 11.C. H o eoe onpeAeJieHHe coAep.)l(aHHA aneMeHTOB 
e aTMoc<t>epe Am-3Be3Abl 15 Vul 

Caeem,ee B .B ., Cfe<1emKwt B .M. BHnom1pu1:,1e Te'leHHx B oKpeCTHOCTH epall.{aJOll.{erocH AHCKa 
C MafHH'THblM noneM 

Caxu6oe <JJ.X., CMupHoe M .A . Oco6eHHOCTH nornoll.{eHHSI ceeTa B ruraHTCKHX 06naCTS1X 
HII-KoMnJieKcax 3BC3Aoo6pa3oeaurur B ranaxTaxax.M33, EMO H NGC 2403 

CeKepxu~KUU B .C. 06 ypaBHCHHH COCTOJfHHJI paBHOBCCHOro CHJlbHO 3aMarHH'ICHHOfO 
3JICKTµOHHO-He~rrpOHH0· $1Aepnoro BCll.{CCTBa 

CumHUK r .<JJ. K sonpocy O npo<j)HJIJIX ceJJCKTHBHbIX K03cl><l>HL\HCHTOB HcnycKaHHR 
H DOfJlOll.{CHl:f.R 

CAblZU B.H., 5aaH B ., BMbm"' 11.E., KMeHcKuu C.B . IloHCKH H3nyt1eHHR MeTanona 
Ha 834" 1617 Mfl\: K-yABOCHHe JIHHHA 

CMupHO<J O.M., PR6"twcoea T .A . MULTIPROFILE - naKeT nporpaMM annpoKCHM3L\HH JJHHHfl 
B 3Be3AHblX cn eKTµ~X 

Cmap'ieHKo C.B. Bo36Y>KACHHe HeoceCHMMCTµH'IHbIX MarHHTHblX CTJ>YKTyp r anaKTHK, 
CoJIHl..la H nnaneT 

TamapHUKOB A.M .• KJoun 5 .<P. CTJ)OeHee H 3BOJJI0L\IUI ObIJieBOH o60JIO'IKH 
PostRGB-KaHAHAaTa 89 Her 

TpO<pUM.08 A.B., CfepHUH. A./l lllHpOKHe TpHIIJlCTbl ranaKTHK 
1rt npo6neMa CKpbITblX Mace 

Tpy6Ul{t1.Ha A .A. KoMnaKTHaJt 'te61:,1weBcKu annpOKCKMal(IDl BblCOKOTO'IHbIX TeopHii 
H}'Tal.(HH 3eM11H 

TymyKoe A .B . noecK nnaneT oKono 3Be3A rnaenoA nocneAOBaTenbHOCTH 
Manofr Macc1:,1 

TymyKo6 A.B. ObrneBb1e AHCKH OKOJIO M0110AbIX 3Be3A e OpHoHe 

YpMaH IO.M. O p HMeHeHHe MeTO.l{a HenpHBOAHMblX TCH30poe 
e Ja.Qa•1ax Heoecnoii MexaHHKlf 

Ypnw, B.A., IllMbl6K06 ,a.A . CsepxTeKy'lecTb HeiiTpOHOB H BJJHKHHe XOJIJJOBCKOro ,lij)eii<j)a 
Ha M8fHHTOTennoey10 380JJIOU,HI0 HCATJ)OHHblX 3Be3A 

<JJeceHKO 5 .11. 0 BHAHMblX H HCTHHHblX HaceJieHHOCT11X CKOOJICHJm ranaKTHK 

<l>u.Aunnoe 5 .ll., filU11oea H.C. 3pynTHBHbie npo,ry6ep attl.(bl 
H KOpoHaJibHbte Tµ8H3HeHTbl 

<JJpaH.f,i.MaH KJJJ., ll&t..M!Ba H.A. YrnepoAHbte 3Be3AbI e1:,1coxoA cseTHMOCTH n a paHHee CTaAHH 
acHMnTOTHYeCKOH eeTBH rnraHTOB 

ACTPOHOMH'IECKl11if )l(YPHAn TOM 72 M 6 1995 

959 

6-924 

1 - 95 

4 - 462 

5 - 733 

4 - 590 

1 - 139 

3-318 

2 - 263 

2 - 266 

2- 180 

6-848 

2 - 257 

1- 57 

3 - 308 

5 - 773 

3- 400 

3-397 

4 - 596 

3-374 

3 - 303 

2 - 222 

6 - 841 



960 ABTOPCKHH YKA3ATEJlh TOMA 72, 1995 r. 

Xe1tm06 A.A. K npo6neMe q><>pM He6eCHblX TeJI, H8XOJU1mHXc,t: 

B op6HTaJlbHO-BpaJ.UaTeJibHblX CHHXpOHH3M8X 

Xpy3uHa T.C., tJepenaw,yK A.M. Op6uTanbHble KPHBbJe 6necKa neoRHoA cncreMbI A0620--00 
B MOJ{eJlH onTH'leCKOH 3Be'.3J{bl C IUlTH8MH 

llla.n.RnUH B.H. Pac'leT AeikTBWl MHKp011HH3 MeTOlJ.OM "qacraua-ceTKa" 

llle6e/l.eB IO.I'., MapcaKOB B.A. H3MeHeHHe PllAHaJlbHOrO H eepTHKaJibHOfO rpanneHTOB 
MeTamrn•mpCTH B ranaKTH'leCKOM J{HCKe C 803paCTOM 

llluuioa B.H., Ma.1w<J,ee6 B.M., llbtWJap& A.B., CMUpHosa T.B. BnHsrHHe -ryp6yneHTHOA 
MeX<3De3)lHOit nna3Mbl Ha OTKJIHK pall,HOHHTepcpepoMeTJ)a 

llly1106 O.C., Konal,(KOR E.H. ,IlayxKoMnOHeHTHrut npHpona aHOMan1>HOH MeX<3Be3AHOH 
3KCTHH1'1~HH H nom1pH33UHH y W67 - 3Be3,llbl CKonneHH,t NGC 2264 

Il/ycmoe E.M. , Bu6e l]..3. B1>1MeTattue nbmH H3 ranaKTHKH 

3uzeHCOH A.M., ffqbtK O. C. CpaBHHTeJibHcUI icnacceq>HKa.I.OUI wapOBbJX CKOilJJCHllH rarraKTHKH 
H M31 C IlOMOJUblO KJiaCTepnoro 3H3JIH3a 

EereHHM fleTJ)OBH'I AxceHOB 

2-277 

2-203 

5.:...668 

3-321 

4 - 485 

5 - 687 

5-650 

5-641 

432 

CAaHo a Ha6op 19.07.95 r . IlOAfiHC8HO K ne'IaTJt 18.10.95 r. <l>opMaT 6yMarH 60 x 881 /g 
Oq,cernasi ne•taTb Yen. ne'l. n. 22.0 Yen. Kp.-o'IT. 13.4 TbJC. Y'I.-HlA, n. 22.5 IiyM. n. 11.0 

3aK. 34~9. THpa)l( 598 3K3. 

OTne'laTaHo B MocKoscKoH THnorpacpHH .1'i 2 PAH, 121099, MocKsa, r -99, llly6HHCKHH nep., 6 
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